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INFORMATION MEMORANDUM
 

SUBJECT: Casuarina Species*
 

Casuarina are a group of 80 
or so shrubs and trees, 
native to the Southern
Hemisphere, notably to Australia. 
 There are some 35 tree-type Casuarina
species of which eighteen seem to have the most promise. Of the-se,asuarina

equisetifolia has been the most widely planted.
 

The casuarinas produce high quality fuelwood and charcoal and the wood is
easily split and has a low ash content. Casuarina wood burns with great heat
and has been called, "the best firewood in the world." 
 It burns readily, even
when green, and makes exceptionally fine charcoal. 
 The wood is very dense,
but it splits and warps and is not useful 
for lumber or furniture. However,
casuarina poles and beams are used for construction they are notably strong

and resistant to decay.
 

Casuarinas grow rapidly. 
 In parts of the Philippines, Casuarina equisetifolia
has been known to outgrow Le'icaena leucocephala and Gmellina 
arborea. In India
Casuarina equisetifolia has been measured as 
growing 3 m a year for saplings
and 25 year old trees may reach 30 m in height. Rotations as short as 7 years
are being used in firewood plantations. 
 Some of the species resprout
vigorously when cut and they can be managed under coppice rotations.
 

These resilient trees also have value for reclaiming land such 
as sand dunes,
eroding hillslopes, and marshy soils periodically inundated by fresh 
or ever
brackish water. 
The living trees are 
used for windbreaks and shelterbelts;
the f(',,mm 
 of their foliage makes them excellent for this, and most species are
windfirm and often retain branches to ground level. 
 They can make useful
shade trees. 
 Most make poor forage sources, but Australian farmers use them
extensively in times of extreme drought as an emergency animal 
feed. Newly
planted seedlings are subject to damage by browsing livestock.
 

Individual 
species tolerate a wide range of extremely harsh habitats, from
rainforest to 
the driest country, from the seashore to the tops of high
mountains, and from cool 
temperate regions to the hot, humid tropics. 
 They
have modest site requirements and are rapid-growing, carefree trees. 
 They
tend to be salt tolerant, wind resistant, and adaptable to moderately poor

soi ls.
 

Casuarinas are tolerant of a wide range of soil 
types, including some of the
most inhospitable. 
 They have the basic physiology for survival 
in diverse
situations, often serving as 
pioneers for revegetating poor sites. 
 They grow
on 
soils of low fertility, some thriving 
on light soils, others on heavy
soils. In inland India, 
for instance, casuarina is found 
on lateritic soils.
In Uruguay, Brazil, Senegal, 
and elsewhere Gasuarina equisetifolia thrives in
very deep sandy soils. In Hawaii 
 -Icanic sTite-s Tave been reclaimed by
 

*A major portion of the information in this memo wau extracted from a
upcoming National Academy of Sciences publication, Casuarinas: Tree
 
Resources for the Future.
 



Casuarina equisetifolia; the trees grow well in the sterile pumice. At a 
lime-grnding fac- o outhwest of Cairo, Eqypt casuarinas grow right in the 
lime, where no other tree survives. In Kenya Casuarina equisetifolia grows 
well around a cement works. The trees seem good candidates for such polluted 
areas. in Agrentina casuari-a has been observed colonizing abandoned land 
that is bare limestone.
 

Some casuarinas are salt tolerant. Close to Bangkok, Thailand there are 
commercial plantings of Casuarina junghuhniana in salt marsh areas sometimes 
inuonated with saline water. CasuarnaJaserana is the only tree to grow in 
the salt-lands of the wheat be1TofWestern Australia. Casuarina glauca grows 
na-cively on estuarine plains of Queens'and that are sometimes floode-Tth 
DracKi.,h, ti nay water. And Casuarina Equisetifolia thrives at the 
secm.de--often directly in t e path of-salt spray from the ocean. 

The tree also have great tolerance to heat. For example, Casuarina 
decaiseneana is almost the only tree to grow in parts of the coTro Australia 
where .a1Fly temperatures may reach 47 degrees C. 

To propagate most Casuarinas, even under primitive conditions, is easy. Seeds 
are usually set in abundance, they store well and germinate readily. Seed 
s%:.,',As for Casuarina species are listed in S&T/FNR's compilation, Technical 

: s No. S-Tected Tree Seed Sources in Australia, India, Holland and the 
'1,,1_' i I Lat(s. It is necessary to have both male and female trees present to 
otai -e1rtTTe seed production. The propagation of trees from root suckers 
may result in plantings of trees of one gender which would not produce viable 
seed. 

The plaints have fair resistance to pests and suffer no major diseases, and 
witih th'eir hardy nature, they need little care. However, it is extremely 
important Lo ensure that seedlings are inoculated with Frankia. A commercial 
source of Frania is not available, and generally plants are inoculated by 
chopping up-P-e $ine roots of a well established casuarina tree and mixing 
this with the potting soil (see enclosed papers).** 

The casuarina' s outstanding ability to grow vigorously on poor soils is 
largey due to their unusual symbiosis with a microbe that enables them to use 
niLroqern directl y from the atosphere. Only a few plants, other than legumes, 
can convert. niltrogJn ges from the atmosphere into a form they can use. 
Casuarias arc a groip of non-legumes that can, and the amounts of nitrogen 
they "Iix" is, a -l ast (IS muIch as 1eIuies 

When ni ec(ed wi Lh i speci al bac tri uL, cal 1ed Frankia , fine casuarina roots 
change shape and size, arld branch out repeatedly-_l'They become large masses 
that may covr several square meters of ground beneath the trees. These woody 
nodu,.; (re unnial and contai r the Fraqkia in the root tissue. The 
'nitru,el I-IXa tion" can he so extensivt---Yf-the casuarinas are able to grow 
viKor'osly u: soils would he too poor to sustain most other plants. In sand 
dunw s I I the ap Verde islands nitrogen in the soil around casuarinas has 
i.ur ,d ~ ani ly at. rates up) to 300 kg per . a. 

*Li: : rti se on Frankia and casuarinas are: Dr. John Torrey, 
harvard ForesIt, Petersham, Mss-,and Toa-s- -eary, U.S. Foyest Service, 
presently aT. Southeastern iorest Experiment Station, Lehigh Acres, Fla. 



Actually casuarina roots have symbioses with four types of organisms.
Bacteria of the genus Frankia that fix nitrogen help the trees grow in 
nitrogen-deficient soil is only one. In addition, two forms of mycorrhizal

fungi--one which remains on the root surface the other which 
 invades the root 
cells--facilitate the uptake of minerals, notably phosphorus, and perhaps also 
water. Furthermore, an unidentified fungus produces dense mats of "proteoid
roots" whose large surface area and inherent efficiency also helps solubilize
 
phon.horus and other vital minerals. Experiments have shown that proteoid 
roots can double the growth of casuarinas in soils that are very low in 
phosphorus (for further information on mycorrhizae see S&T/FNR Tech. Series
 
No. 4, The Comparative Advantages, Disadvantages of Root Trainers, Dibble 
rubes, PTAT Th -aa!'6Jf 7 

LiKe many plants, casuarinas can become weedy. Some species are agressive,
especially in fragile ecosystems. Root suckering of some species can become a 
problem arouno buildings, sidewalks and adjacent agricultural fields, however, 
this trait can bo advantageous in highly erosive areas and in fuelwood 
pl antati oris. 

Casuarinas have other limitations as well. Some species are sensitive to fire 
(suh as Casuarina equisetifolia). It has been reported that casuarinas 
s,,ofered i--Ti-r7FFVw down due to strong winds (hurricane force), 
n.wevr, his may have been the result of impropar nursery practices (see
 
S kir Tech. erie. no. 4, Ibid.) and many other trees suffered similar
 
damange in the same storms. The leaves of casuarinas arn often rich in 
seleniu,, silica -nd salt. This makes the copious leal litter under 
casuarinas toxic to many plants. it is thougt that on some sites the thick
 
litter under the trees may contrbute to acidification (which could prove 
advanageous on highly alkaline sites) or salinization of the soil and 
casuarinas are generally not good companicn crops because of this 
allelopathy. In both these cases the effects are probably similar to those of 
pine trees. dow ver, in New Guinea, casuarinas are planteo in abandoned 
slash-anJ-barn agricultural areas as a fallow-cover crop to enrich the soil. 
After a few years rest, the trees are harvested and the fields are again 
plan td rO ,gricul tural crops. 

During orne ast ,etury most casuarinas have been largely neglected whereas 
Australian i ucalyptus species have become established forest resources in many
of the wur 4, war , dry regions. But casuarinas warrant increased 
recognition for their qualities. 

I am inn uing in this comPi lation some papers relevant to casuarinas and I 
will enure tna the N.A.S. publication on Casuarinas, which is presently in 
press, s sent to the Field as soon as it is available. Seed sources and 
nursery teni liques can he found in the two S&T/FNR Technical Series 
compl1aLions mnenioned in the text of this memorandum. 

Michael D. Benge 
S&T/FNR Agro-forestation 
Rm. 515D, SA-18 
Agency for International 

Bevel opment 
Washington, D.C. 20523
 
July ?1, 1982 
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ABSTRACT 

Notes are provided for fifteen Australian Casuarina species and subspecies with value or 

potential for planting. The two-page de- , iption of each species includes a map of geographical 

distribution and photographs showing . ee, habit, "cone' and ussially bark. The accompanying 

text gives information on size and form, botanical features, geographical occurrence, climate. 

topography, soils, vegetation types and utilization. The main characteristics and uses of each 

species are tabulated. 
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INTRODUCTION
 

The genus Casuarina (as distinct from t-7 recently described genus Gymnostoma) consists 
of about rf-.-,i* species and most of these occur in Australia. Individual species range in 
size from bushes less than one metre high to forest trees some 20-30 m tall. Casuarinas occupy 
a wide variety of habi'at types ranging from the arid desert to high rainfall coastal sites, 
and occur in both tropical and temperate zones. In addition, many species inhabit sites of 
very low fertility, a feature which is thought to be eiihanced by the capacity to form symbiotic 
root nodules which are capable of fixing atmospheric nitrogen. There is also the possibility 
of mycorrhizal associations. 

The wood of most species of Casuarina is heavy, dense and very hard. It makes an 
excellent fuelwood, producing good heat while being relatively smokeless. Sawing may be 
difficult, but the appearance of the wood, caused by the usually dark coloured, wide, 
medullary rays renders it attractive for wood turnery and parquetry. The timber is also used 
for pulp in the Philippines and Okinawa. C.equisetifolia has been used as windbreaks, for 
street trees and in parks, for sand stabilization atter beach mining activities, and on mining 
spoil dumps; individual trees lend themselves for ornamental purposes. The branchlets of 
some species (e.g. C.cristata, Cstricta) can be lopped and fed to stock during periods of 
drought. C.glauca and its allies can spread from root suckers and have become a problem 
in some areas overseas. 

The aim of this article is to give basic information on some Australian Casuarina species 
as background for this meeting. The choice is necessarily subjective and includes species 
that are already in fairly wide-spread use about the world (e.g. C.cunninghamiana, 
C.equisetifolia), although their full potential may not as yet be fully realised. Little-known 
species that possess particular attributes suggesting that they ha/e potenial for use in certain 
environments are also included. 



Casuarinacampstri%M iq. A SHEOAK 

Principal feature%: Subspecis canmpesfris is often a very bushy, multi -stemned shrub 1-3 m 
high and hn gr wing In the open 1-2 times as wide as high. It may also grow with a 
more erect habit hut even in this form the crown is dense, especially on Young plants.
Based oni lrn lCdcollections subsp, eriochlany: has the same height range and is erectly 
br'inched; jubsp. groeou also has the same heights and tends to be bushy, whilst subsp. 
tesx'llatu is an erect shruh with a narrower crown and comparable heights. The bark of 
subsp. campestris is flaky-fibrous and rough on the lower parts of the main stems, but 
smoother on the smller branches 

The deciduous branchlets of subsp. campestris are slender and tending to he sub-erect. 
Thc minute icaf-teeth are in whorls of 7-9 (8-9 in subsp. grossa). Ilhe "cones" arc globular 
to-sub-cylindrical. 1.3.-4 x 1.2-1.6cm. with surface of the fruiting bracteoles smooth and 
undivided. The "cones" of the other subspecies vary both in shape and size from subsp. 
cainpestris:details are given by L.A.S. Johnson Vzo, sia 1(3), 261-5 (1972). 

Geographical occur,-ence: This Is a species of south-western Western Australia, where it occurs 
on the inland side of the Darling Range from the southern end of Shark Bay to the southern 
co ilirne. It approaches to within 100km of Perth arid extends eastward to a line from 
ic:ar Menzies, north of Kalgoorlie to Esperance on the coast and the Ml Ragged area. 
The altitudinal range is from near sea level to about 375 m. 

Climate: The distribution is mainly in the warm semi-arid climatic zone, but nears the warm 
sub--hurtid zone ibout 1(X) km inl~inid from Perth. Two of the new (1972) subsp. extend to 
the warm arid zone. Frosts arc only absent from northern and southern coastal areas, 
dsewhere the range is mainly 1-12 per year. The 50 percentile rainfall is 225-400mm, and 
the lowest or, record 140-250 nn There is a clearly defined winter maximum. 

Topographv and ;oils: The region of the Western Shield where this casuarina is found has 
been planed do%n to form an extensive plateau with occasional, conspicuous, low lateritic 
breakaway,, (,4 granitic outcrops. Apart from the dominant granite throughout the area 
Cca,upesirr. has been recorded on soils derived from cemented laterite, greenstone, 
ferric--conglomcrattc, broken quarttile and limestone. Although it grows on coloured sandy 
soils it is riot a cormn spccies o" sand plains. It has been recorded on loams, shallow 
clays over latcrotc and comrse gra%cll ,oils at the bases of breakaways. 

Vegetatioa type: The broad tpes are open-woodland or tall shrubland and, at times, shrub 
steppe in places r_-ducCd to grassy open-scrub. It also may be abundant in scrub-heath 
when grow.ing over laterite. The region is rioted for its many shrub genera, as well as a 
rich eu,.ilvpt ii ra. 

Fodder: ,r'ohahl , nni racti( i) stock 

Wlood: 'lcchuiiW 4'pelrcis rot kilo\%i Onlv available in small diameters. 

Other iw : "lic ;c i, ,thi',,h miulli iiecd hahit of this species provides Alrnost the ultimate 
in wind pr*f0 '1thii fro muicroundInd el iup, Single row, with plants 2-3 n apart will provide 
first cI "h,li-enI tol shecp 'ld c atIe and huintl h;ihnlatlof. but care need', to be given to 
av nidIne c :m0,: rM (.'tl l' fe of soiluz1/,ti\[ cr,, iq,h level prolect ion when planed for 

coI", , aCnI%II p t-rp ,t.,, 
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(asuarina crstata M iq. sbsp. crtwtata BEILAH 

Principal featurc." liclih i, ii l' -Im oderately small iree 10 20 m ti height It has an 

erect habit and In nrndcratel densc stand, the rmain stern issraight and more than half 

theetotal te helrI heore ii dividc, Open-groL ing trees deselop a wide dense crown. 

The baik otire [tllrunk _ie\ dark grey to almost black, thick (up to 4-5 cii). corrugated 

to sonmcwhit c.i\ ( the),) rairchs iIt isthinner and solllother 

The slendec r ic,,.crinc112 dCCIdtoUlo branch) cts (0.5-- 8 mm in diameter) carry whorls of 9-16 

leaf--teeth. Pccl inc leaf'- teeth ;a1C 1 fciture of the tips of the permanent branches. The "cones" 

are woody, sirintcx\,h,t rmunded r Soub-c lindrical and mli I --2.5 \ 1 5-2.0 cnil and haveed 

characteristic:all) long thin bracteocs and pale seed. 

(, ogriaphical )ccurrecc: This i. aIspecies of eastern Australia where it grows in a belt about 

1300 x 400 km on the inland side of the Great Dividing Range in New South Wales and 

southern Quccwiiand, but eterchdig to near the coast in the relatively drier area near 

Rockhampt,,n. Altittlde I,,isminlv inl the range of 175-325 rn. 

Clifnate. In NN So ILh \Valc, most of tire distribution is ol tile higher rainfall side of the 

Wa_:r;; Cnii-Arld cli.itic zoie but with an rnportant occurrence ill the drier part of the 
., ;1r1 soub-huilld <i,1C I teary frosts occur and range in frequen,:Cy fron 2-50 per year. 
The 50percentile r:tinfiall i-, 550-()50nmm and the lowest on record 200-300 mm. The 

seasi nal irncidencc iric , fr nt~nearl Lirti form Illthe sonuth to a strongly developed summer 

mraxirntm if) the far north. 

i'opogral/iy and soil : Typicaill, and altit, best belah grows on heavy soils, often black soil 

plains, ;llh alkailnc arid ( on lower topography. Atii frclCtlin l')catcd relatively the other 

extree ii ins, mtci recorded i I.ev-il 1 quart/ate hills arid dissected saldstone plateaux. 

Oihler rcCker, ic eklcital soils, red and grey lcarns, light grey sand, gravelly to deep 

heavy clay<. as well as imlpressivc pure stands on the red clay of river flats 

V'egetatitilm l,: i tici riaii broad type is woodland but varies from low open-forest to low 

open--woodlati.d/tall shrubltnd. The species often grows in pure dense stnuds but may be 

assocliated v, ith .,-cac, Eucalyptus. ,Italaya, t eterodendron and Cal/'ris species. 

Fodder: Thil,, sptecics is gcnerall\ regarded as a useful fodder tree in times of drought, for 

both sheep and caittle. It must be used in mixture since the deciduous branchlets have an 

astiingeri effect (m ,tock and are reputed to cause impaction. 

lf'od: The heartwood is bro, ilish--red and the sapwood narrow. It is heavy, density 

1155 k ii , hiiard. otugh and issilc ,,,aresult of well-developed nredullary rays. It does 

not ,aw rea l, LI! P, exccl lin t t'r urrierv and, ili the past, has been) used for shingles, 

stas\',, ranKii-., [', liridl, ,lid tirniamental Items. The he',lrwood Is sufficiently but no0t 
exccpii,,ll',. (11ar'tiicr'ah lr uc as fencing material and in the constructioll of stockyards. 

, sF-uce\ d .i l Ci lic's aic excellent 

Oth ' u e;. (e) ieirrr site, i It i atie area miid With a r nfall prcl'erably greater than 

400 rn:, hcL~i ;-, tii c cllcl ll( f)r .,iriglo: kur t\so--ro\ ed wii ribleaks aid makes an 

:t rct[i\t e ' ii :ar trcriial sjiecie , Spe.'iii the if Il- i i1r openll del a deln,1e crol(%nearlY 

ieC hitto grluntde Ro<i k hae beCer repterLd 



CDm 

%r $ 

y .4 t~~ 
I . 

A 01~. 
1w/ 

I.~a ] 4'LrIJI1U iLC!' ' 2 'ta, Im 

12U 



7
 

(asuarina cristata Miq. subsp. pauper (FMuell.ex Miq.)L.Johnson BLACK SHEOAK 

Prinicipal features." This casuarina aries from a bushs shrub only O6m in height to a 

moderately well-formed tree of 10-16 m. Trees of the species usually have a straight main 

stem which dilisdS into se-eral ascending main branches at 4- tree height The cron 

are only of moderate density, but exceptionally good for the very arid and severe conditions 

under which it grows. The hark is grev and finely corrugated to the smoother branches. 

Whilst displaying the ,,anic general botanical characteristics as subsp.cristata. L.A.S. 

Johnson ( 1972) notes that kubsp.pauper differs by having usually thicker and more 

waxy--si rfaced branchlets and in the shorter fruiting bracteoles of the "cones", which are 

often persistently tawny-pubescent. 

Geographical occurrence: Black sheoak occurs in southern Australia and extends in a wide 

and rather irregular belt from the Die Hardy Ranges in Western Australia, across the mainly 

central latitudes of South Australia to western New South Wales nearly as far as Bourke 

and Cobar (here there is a transition zone about 50-100 km wide with subsp. cristata). It 

also occurs in north-western Victoria, especially Mildura to Swan Hill. Altitudinal range 

is 25-100 m. 

L';iiaate: Most of the distribution .s in the warm arid climatic zone with "very hot" summers 

and "cool" winter nights. The more southern occurrences extend into the warm semi-arid 

zoiie. The area generally experinccs 1-10 frosts per annum with a few places having 11-17. 

The 50 percentile rainfall is 175-275 mm and the lowest on record 50-150mm. Seasonal 

and yearly incidence varies considerably and potential evaporation is a very high 

250()--3300 mnm a year. 

TopographY and -;oils:The greater part of the occurrence of black shcoak is on the Western 

Shie:J, a very old ,And stable land mass. The resultant topography is gentle or plain-like 

with some sInail m,esa, often only 50-100 m in elevation. The species frequently occurs on 

sandy' soils over limcstone or calcrete. Other soil types include arid loams, red sands and 

alkaline soils. 

Vegetcliwn tYpe: This includes low open-woodland, tall shrubland and tree and shrub steppe. 

Where the subspecies is growing best it may either be the only small tree in the landscape, 

or secondary to (tee-sized eucalypts. Throughout the area there are many genera and species 

of both ,mall and large shrubs. Acacia has many representatives with A.aneura being the 

most common species. 

Fodder: Of soic value in times of drought, but the somewhat woody branchlets have an 

astrIn,!(ni effect on stock and are reputed to cause impaction 

Wood. The dark colinred hea rtwood is sufl-cientily durable for uIse as fencing material and 

for rough fIarm1 c'istruction, although n)m,'ad'iyS the timber is little used. It is heavy, hard, 

tough an1d cissile i result of well-dveloped medullary rays The wood is a very', as 

good lto.
 

Olher use.s: it ;:.rnoic suited to drier (down to 25) mn-,m of rain *myear) iand har cr conditions 

than subsp. c:' es as to areas wl.hci eticr,' is It also appearsAt, ell llletonc in the soils 

tO be for t w ,Me sa l t iecilol ,fillg' ,stock as well asSuitlblc 'S ill, colltl Pt troti 


rabbits and hires is :,,ential if youn[g j)laris are to b0 'ConC CsmabliithCd
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Ca.suarina cunItinghainiana Niq. RlVF.R Sf1EOAK 

usually 

in height and 0.5-1 5 m an diameter. It is the 


Principalfeature%: C.cunnnainal4wuaja Ias a medium-sized to tall tree attaining 20-35 m 
largest species of the genus in Australia, 

although inopen couItlr in ithe north of the area of occurrence, such as southeast of the 
Gulf of Carpentaria IIIOucclald, and inthe Northern Territory itmay be only 12 m in
height and straggly III appearance The bark isrelatively hard and dark grey an colour. 

The thinl decd idos branchlets are soft and short and carry the leaf-teeth in whorls of 
6-8. The permainent branches have peeling leaf-teeth. The subglobose "cone" issmall. 
0.8-1 x 0.8-1 cm, on a stalk ih')ouL () 3-0.8cm long; bracteoles are relatively thin and dehisce 
rapidly when mature. 

Geographical occurrence: River sheoak typically occurs in narrow belts along fresh water 
streams throughout eastern Australia from southern New South Wales to north Queensland
and the Northcrn Territory. It occurs on both sides of the Dividing Range with its eastern 
boundary being determined by the presence of fresh water as it is replaced by swamp oak 
(Cglauca) on coastal rivers as the water becomes more saline. The westernmost occurrences 
in New South \Vales overlap the easternmost limits of river red gum (Eucalyptus
camaldulensis). A distinct race isfound along the larger rivers in the higher rainfall areas 
of the Northern Territory. The species has a wide altitudinal range from sea level to about 
1000 rn. 

Climate: The climate varies from warm sub-humid to warm semi-arid. The species is able 
to tolerate LiP to 50 frosts per year; such incidences mainly occur in the southern parts of 
its distribution. Rainfall varies from 500, to about 1500mm per annum, but as the tree is 
of riverinc occurrence rainfall alone is no indication of the total moisture available . The 
incidence of the principal rain varies from a weak summer-autumn maximum in southern 
New South Wales to a strongly defined summer maximum inthe north (monsoonal in the 
far north). 

Topography and soils.: River sheoak mainly grows on river and stream banks, especially in 
the belt between normal water level and maximum flood level and occasionally on adjacent
river fiats. The species may extend for a short distance Ip rocky hillsides, chiefly on
!imestone. The soils range from light textured sands through to gravels in terraces of old 
river courses. 

Vegetation type: The species occurs as pure stands in narrow riverine belts. 

Fodder: The foliage whilst not having a high nutritive value can be used by stock an times 
of drought. 

If'ood: The heart ,nod is dark reddish or purplish brown, fissile, close-grained except for 
the riidullaIr InIMdCralc!], Strong aradiery 
 tough hen seasoned. conparatlively durable 
for a casila trianmJr:ilt v hir vy, density 0() kg m The timber is occasionally used for 
heads of clSks, a.c handlc,, alld .,rnaineaatal turinerv Formerly it was used for shingles 
arid bullock yokes It is an excellent fuel and was used in the past for burning in baker's 
ovens. 

Other ". es. The tree isof handsone appearance and can he used for ornamental planting as 
well a-., for shade and shelter ira suitable Ioc ltin,S.It isfully protected iII New South Wales. 
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DESERT SHEOAKCasuarina decaisneana F.Mueli. 

Principal feature.: This is one of the remarkable species of the cen'tre of Australia as it 

grows to 15 m height (though usually 9-12 m) in some of the hottest and driest conditions 

of the continent. The tree typically has an erect and straight main stem, which is often 

unbranched for half the total height and pendulous, branches and branchlets. The bark is 

very dark in colour, thick and deeply fissured. 

The deciduous branchlets of desert oak are slender, wiry, articulate and about 1-2 mm 

in di,'meter Ihe leaf-teeth are in whorls of four and are 2-5 mm long. The "cones" are 

sessile or only shortly pedunculate and amongst the largest in the genus; ovoid-oblong, 

3-5.5 x 2...-3.5 cm, with conspicuous wooden bracts. 

Geographical oc('urrence: Desert sheoak grows in entral Austraha extending from the 

south-western parts of the Northern Territory, for over 300km into Western Australia 

and southwards into the far north-western corner of South Australia. Outside of this region 

there are several w-cil-authenticated isolated occurrences Altitude ranges from 250-700 m. 

Climate: uhe distribution is In the arid climatic zone with very high summe: temperatures, 

frt ,t, -12) in winter and a potential evaporation in the range of 2500-3300mm a year.. 

I ,;c :0percentile rainfall is 2(X-250 mn and the lowest on record 40-65 mm. Seasonal 

patterns of rainfall vary greatly between years although long term means give a summer 

maximum. Representative meteorological stations include Alice Springs and Giles. 

Topography and soils: The part of the Western Shield where desert sheoak grows consists 

mainly of plains including the Great Sandy Desert and the Great Victoria Desert. There 

are also a number of m,rnall residual ridges, sometimes of sandstone, but on which desert 

sheoak only grows to a very limited extent. 

In the dcserts the tree mainly grows on the interdune areas or on the lower slopes of 

the dunes and along relatively I w-lying drainage lines which receive run-off from 3djacent 

gentle slopes in timaes of the rare heavy falls of rain. Further to the east and also south of 

Alice Springs it may grow on low sand ridges. The soils are mainly deep sands, sometimes 

red, and occasionally deep coarse clayey sands. 

Vegctation t'pe: The broad vegetation types are hummock grassland, low open woodland and 

desert complex. in its area, desert sheoak is an impressive dominant and commanding tree 

of the landscape, occurring as scattered individuals or in groves of irregular size, density 

and dihibution It is frequently the only tree species present and even large shrubs are 

not commin. 

iFodd'r: Thc .oupng foliage is rather sharp and hard and is unattractive as fodder. Nutritive 
value Is l(m 

mid: The leart',vuod is dark, red-brown, strong and moderately durable against termites 

anl ii tI c ,rrid. asilc density is about 1050 kg m . Local uses include exterior 
dc0 sltiiiiit,,i, ti r i anllafuel. 

Olhir u' .":IJli'. species" has reLci.ed little attentioni for anienity planting, but cerlainlly merits 

climaticconulelcratiun lr pairk, ,ierltjc and shade pla,,ting ir it', arid soil environment. 

http:reLci.ed
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Casuaritadielsiana C.A.G'rdn. DIELS SHEOAK 

Principal features: This sheoak is a small tree, commonly 5-8 m high,*but sometimes reduced 
to 4m on the top of dry gravelly ridges or attaining 9-10Mr on moderately good sandy 
loams. The crown tends to he carried in the upper part of the trunk, whilst the lower 
parts are thinly branched. The hark is rough to the smaller branches, greyish and scaly in 
irregular plates. 

The deciduous branchlets carry whorls of ti-8 small leaf-teeth. The woody "cones" are 
ellipsoidal to subglobose, about 2-3 x 1.75-2.5cm in size. The back of the bracteoles of 
the :ndividual fruit are prominently striate. 

Geographical occurrence: This is a species of Western Australia, where it occurs in a belt 
about 750 kn long and 150-200 km wide. The north-western end is just south of Shark 
Bay and the species Is found near the coast from Kalbarri to Geraldton, from whence the 
belt extends south-east towards the northern side of Southern Cross. The range in altitude 
is 50-375 ki. 

Climate: Diels sheoak occurs in the warm semi-arid climatic zone, though very close to the 
ari zone on the inland side of the jistribution, especially north of Southern Cross. Northern 
coastal :.:s are frost-free, but inland, and especially towards Southern Cross the values 
are I-IlI per annum. The 50 percentile rainfall is 275-400 mm, and the lowest on record 
125-250 mm. There is a clearly defined winter maximum. 

Topographv and soil.: The occurrence of C.dielsiana is on the Western Shield. This species 
is typically found around or on the more rocky and rugged sites and whilst it may edge 
sandplains it is rarely found on them. The soils are mainly sandy, sandy-loams or 
stony-skeletal. Other types include gravels on ironstone ridges and light red oams associated 
with granitic outcrops. 

Vegetation tYple: Diels sheoak is nainly found in shrubland, sometimes with scattered trees, 
sometimes in areas approaching shrub steppe and only edging low open-woodland. Whilst 
this species may occur as an important constituent in small localised situations, it is nowhere 
a dominant species over large areas and is generally seen as scattered specimens. 

Fodder: Unk nown. 

Wood: Unknown. 

Oiher use.s: Most casuarinas have a role in their climatic and soils areas for nenity planting 
or for the production of fuel-wood and timber but this species, possibly due to its area of 
occurrence, has rcccived little attention. It is sug'gested that Diels sheoak merits small scale 
trials oveisca, where conditions are comparable to those of its native habitat. It wil? tolerate 
very high summer temperatures, a low and erratic rainfall and sites which are rocky and 
freely-drained. 
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COAST SHEOAKCasuarinaequiselifolia Forst. var.equisetifolia 

and C.equisetifolia Forst. var.incana Benth. 

Principalfeatures: In Australia the var. equisetifolia is mainly a smallish tree, 8-16 m high, 

bent stem of less than half total tree height. The crown is typicallyusually with a somewhat 
may have a width nearly as great as the very open-branched and open-growing specimens 

tree is high. The var. incana is not more than a small tree and may be only a large shrub 

a very open canopy. The bark is grey-brown. tight,6-'0 rn high. Stem form is poor with 


with small lenticular protuberances on young branches.
 

The slender, pale green, deciduous branchlets are about 1.5-2.5 mm in diameter; they 

are drooping or semi-drooping. The minute leaf-teeth appear in whorls of 6-8 on the 

deciduous branchlets. In the case of var. incana the "cone", 1-2.3 x 1-2 cm, is covered in a 

fine white pubescence while green; bracteoles are acute and the bracts shield-like. 

Geographical occurrence: Tht var. equisetifolia occurs in a narrow coastal strip from the 

Darwin area of the Northern Territory along the north coast of Queensland to the Cairns 

region. From Cairns to Mackay there is some intergradation with var. incana:. The latter 

variety extends southwards to near Port Macquarie, New South Wales. 

in the hot humid climatic zone with some extensionClimiate: The var. equisetifolia occurs 

into the hot sub-humid zone, whilst var. incana has its main distribution in the warm 

sub-humid zone. Frosts are absent on all of the coastal strand, though in the south there 

may be 1-3 a year, within a few kilometres of the sea. The 50 percentile rainfall is mainly 
very wide rangelfX)0-15(X)mm (Cairns, 2150mm) and the lowest on record has a 

175-1 iOO mm. Seasonal distribution varies from a moderate summer maximum in the south 

to a strong monsoonal pattern in the north. 

Topography and soils: The topography includes both dunes, sandy flats immediately behind 

near he sea. The var. incana may occur towards thefrontal dunes and very gentle slopes 
bases of rocky headlands. The soils are typically of a sandy nature often 2 m or more of 

onsand above a more retentive layer, sandy loams and var. incana has been recorded 

conglomerate rock. 

be theVegetation tYpe: In the strand vegetation where coast sheoak mainly occurs, it may 

only tree or shrub present, whilst the ground cover includes various grasses and herbs. 

The species may also grow in narrow belts immediately adjacent to mangroves, or scattered, 

but sometimes in small groups in open woodland where it may be associated with eucalypts. 

Fodder valu: Probably of limited value during times of severe drought. 

Wood: ihe heartwood is dark brown, very hard, very heavy (density 1000kgrmn-), strong 

and durable in the ground or submerged in saltwater. It is one of the worlds b.st f);ewoods 

an fine charcoal.and hurns satisfactorily even when green. It also makes exceptionally 


Shingles or small items such as oars may be produced. It is difficult to use for fine carpentry.
 

Other u. c: Coast sheoak ha, ben widely planted in the tropics for a variety of purposes 

which vary from allne it,,planting, reclamation worl, on coastal plains., medicinal purposes. 

tannin, dyes, pulp and tim;er production (used mainly in the round or partly squared). 
mm a year) carl, grow"thGiven iavoirable conditions in coastal zones (rainfall of I(X)- 15(X) 


may be rtmarkably good.
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(asuarina frawrn Mil. FRASERS SHEOAK 

I'rincipalfeature.:At its best iI the jarrah fores.ts this sheoak is an erect. somewhat pyramidal 

tree with straight hole for , of the tree height, and a somewhat open cro, n.Under such 
conditions it is cornmolly 9-12 rn high but in particularly faourable areas heights of 
14-15 il occur Eerr o)rilatertic clay itheheight may be 10n, PLiii on poor sties such ias 

dry sandy plains or rocky areas the height may be reduced to 2-5 m The bark is smooth, 
grey Incolour with a fine-textured surface. 

The slenler decIduLtus branchlcts la ,ewhorls of 6-8 small, leaf-teeth. tihe woody "cones" 

are large, suhghbose to cylindrical. 2-4 x 2-3 cm, on a stalk 0.5-3 cm long. The bracteoles 

are very thick, shortly exserted, f-rruginously pubescent. dorsal surface rugose with multiple 

protuberances. 

Ceographical ocurrence: This is a species of the coastal belt of southwestern Western 

Australia, from about 150 km north of Perth to less than 100 km east of Albany. The main 
belt is generally less than 75km wide and in the Darling Range is predominantly on the 
seaward side, although sonie locations have been recorded a few kilometres on the inland 

side. The range in altitude is from 50 m to about 500 m. 

CLimate: This is typically a species of the warm humid climatic region of the far southwest 
of Western Australia, with only a minor extension into the higher rainfall parts of the 
adjacent warm sub-humid zone. Areas immediately adjacent to the sea are frost-free while 
at higher altitudes away from the sea frosts may average up to I I per year. The 50 percentile 
rainfall is 900- 1250 ram, and the lowest on record 500-750 mm. There is a well-developed 
winter maximuni rainfall. 

Topography and soils: Frasers sheoak occurs on the southwestern edge of the Western Shield. 
The topography is undulating to hilly, the latter especially in the Darling Range system. 
The species Isalso found on the coastal plain. Although it typically attains large sizes on 
lateritic clays and gravels of jarrah forests this sheoak is also found on a fairly wide range 
of soils which include deep white sands as well as extending in poor form to skeletal types 
on ironstone" hills. 

kegelafion type: The broad vegetation type is open-forest with limited extension to woodland 

and tall shrubland. Characteristic of the better and more extensive growth of the sheoak 
is eucalypt forest with tn.arginlaw as the dominant species, but often with a significant 
mixture of'Lcaloph',lla. In such forest the sheoak grows as scattered specimens or in small 
groups. It is also found !ncasuarina-banksla shrubland. 

Fodder.: his spcies is not kno'nito ha,e ally value for stock 

14ood: The he.irtwood is dark red rn colour, density 830kg ni In 1981 there was only one 
licensed tinber cutter for casuarinas in the southwest of Western Australia and the firm 
concerned ;sis onl titilrsi ng C.frurru The products were m11il) wood turnery - goblets, 
plates. saticer,., hom , pwirio lews, wkith ..onle roof shingles and veneer board for panelling. 

Another coMpain. used to take reject logs from the first and make dowelling, niouldings 
and pIiCLr-C frariles,. Firewood is ,!ill CUt Ifriml this species for the Perth inarket 

Other u.%v,: :rasers shcoak Is little used for anieinit. planting Ill W ,esternAustralia Other 

local and se\eral eastern sheoaks hae become better kno\, i iII the State for ihls purpose. 

http:fores.ts
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Casuarina glauca Sieb. ex Spreng. SWAMP SHEOAK 

Principal features: C.glaucu is an erect, medium-sized tree, usually iII the height range of 
10-14 m, though sometimes reported up to 20 m. The main stem, which may be buttressed 
and fluted, is noder cl, striiehit and typically dominant for most of the tree height. 
Frec-grow,g specimens have t somewhat sparse habit and narrow crowns. The bark is 
hard, grcilsh to light black with a tessellated appearance. 

ihe slender deciduous ran (At in diameter) carry 12-16 small leaf-teethalc I mm 
in widely staccd wkhorls The permanent branches display peeling leaf-teeth. The "cones" 
are sub-gloho-c to shortly cylindrical, often pubescent when young and mainly 
1-2 x 1-1.5cr in size 

Geographical occurrence: Swamp shcoak is found in a very narrow coatal belt in eastern 
Australia from lBega in southern New South Wales to Rockhampton in Queensland, with 
all insular ()ccurrence oin Fraser Island. In only two regions does it extend far inland: and 
these are in the Sydnev region (about 50kin) and Singleton area (about 80kin). This 
casuarirt is oost common along the edges of tidal reaches and is often found in estuarine 
location", t(ough socmetimes on or near beach fronts. Occasionally it may be found on 
lo'., :ocky and hilly slopes near the sea. The range in altitude is from sea level to 30 m. 

Climate: The distribution is in the warm humid and sub-humid climatic zones. Whilst 
locations immediately on the sea front are frost-free, there may be 1-5 a year at places 
only a kilometre or so inland. The 50percentile rainfall is 900-1150mm, and the lowest 
on record 325--500non. The rainfall incidence varies from a weak summer-autumn 
maximum inI the south to a strongly defined summer maximum at Rockhampton. 

Topography and Toil. consists of swampy often only 10-100 mThe typical topography flats, 
mstuartesalong reaches maywide, near and tidal of rivers. The flats be only marginally 

above tidal limits and the water table is usually close to the surface. The soils are mainly 
dark with humu, r tCail ald sand prominent in the top 0. 1-0.2 m, below which it becomes 
clayey and influenced In many cases by the underlying parent rock. Salt content is higher 
then for "normial" soils. In complete contrast to this are occasional occurrences on rocky 
headlands with steep slope-, and soils which may be almost skeletal. 

'e tatioti type This shcoi:k typically occupies the coastal river flats fringing mangroves on 
the one hand mnd. where there is an abrupt change in topography and soils, edging woodland 
or open-forcst types on the other. Where the topography remains flat there is often a 
transition from the brackish habitat of C glauca to fresh-water swamps in which Melaleuca 
quinqufni(rv i ii, grow inI denIse, pure stands. 

cI,s h;as ,Aloueloddcr: hi-. ,,) little as a drought fodder, 

H$ood: The hctrt .toodis reddish hIrovn coloured a ndl has conspicuous rays, hard, tough and 
fisshl, hcia' , dens1ity 9180 kg in ' Except for firewood for which it is excellent, this species 
IS little used o', ida,, I Ithit aIstit was used for hanidlts, fencing rails, rafters, shingles, 
stakes, small piles in sea water and for flooring and turnery. Whilst it was used for cabinet 
work, the timher Jote, not ,eai<in readily and has a tedency to s,arp 

Oilier use: Stii, l ih ak i,,an e"cclni trce fmr amlcitry plaintig and shelter bell,, especially 
in coatAl e, i l -il e firoutl ti, sy'sicrn is, believed to he rclati\ely shallow 
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Casuarina huegeliana Nliq. GRANITE SHFOAK 

Principal fature,.: (. ranite shcoak is a small tree commonly in the height range of 5- 12 M, 
though sometimcs attaining 14 nl under favourable conditions. On very adverse sites it may 
be reduced (o 2-3 m Y UNg .rees and mature ones in closed stands have a columnar habit 
whil open-- ro,,,inc spcim-n, ha,,e a ivde crow,, and at main stem which divides it 
of plant height. The hark on the trunk is vcr, hard, dark grey to almost black, rough. 
strongly is,,urcd and s b-filbrous. The smaller branches are smo0oth. 

The slender dcidUOus branchlets carry the whorls of 8-12 leaf-teeth, each about I mm 
loiq. [he "cones" are truncate, cylindrical-subglobular, 1 4-3 x 1.4-2.4 cm with bracteoles, 
smoo0,th ,surfaced. ,WOidV and rather blunt-tipped 

(;co,raphicl owccrrenc:~u Thi, casuarina occurs in the southwest of \Vetern Australia 
eXchidiIng tie hivher rainfall belt from Busselton to Pemberton and Denmark. It is locally 
corn m i froim Pcrth t NIerredin and southwards to Albany and the Ravensthorpe areas. 
F.a,,tw, 1rd, it is toun i earlv to( Coolgardie, Norseman and in the Israelite Bay area. North 
of Pcotn granite shcoak is not common about but then infor 250 km, is found several 
l(cd1.1 , ;s Far is tlit Ne Lurc:son River gorge. 

,,,e': The great-r part of tihe distribution is in the warm semi-arid climatic zone, but 
the r-cnt 1mom. Perth to Albany Is the warm sub-humid zone. An apparent disjunct occurrence 
rnear Leonorl i, iI the warmi arid zone. Areas on the coast and in the far north are frost-free, 
ott clS%hcrc the averagc number of frosts are 1-6 per year With the exception of Perth, 
Albanv mid Esperance which have relatively high rainfall, the 50percentile is 300-50Omm 
andlth. lo,cst on record 175-225 mm. The whole area is in a winter rainfall zone with 
dry to very dry summers 

Topoglaplhv and .soil: C./tuegehuna typically occurs on and around the scattered granitic 
outcrop,, of the Great Western Shield, but is also found on sand plains and on highly 
fcrrugincos handed ionstone. Whilst this casuarina is often found on coarse granitic sands, 
it has hccn recorded from anwide range of soil types. These range from yellow clay-sands 
to sandy and gravelly oams, sandy clays, sandy types of all gradations and lateritic clays. 

Vegeatin tipe". heibroad vegetatin types Include woodland in the main sheep-wheat belt 
Cast i'Pron , adrd woodla nd Iil association with grassy open-shrub and some heath as well 
as a, lile .,hrnbbv open--shrub over the remaining area. Much of the area of occurrence is 
rich ill spc(.ics of sinali shrubs 1-5 n tall and there is a wide range of eucalypts. 

[.'dde'r: t. in kit s in 

I~oil: Lii kin ,.n 

Otlier ::,o,, lhe Forests Departmrnt of the State consider that this species merits greater 
atenltioll !h it his hitherto received for shade planting on poor, shallow sandy soils with 
a 1nintinn in ,iii0nLil A, .:8( 111111.II Is less suitable for shelterbelts since the moderately dense 
crown is carried on the tipper part of the stern, though it can be used In association with 
low.r -tiIe, .hrohs winiis(., pe.tr I he Species also deserves corsideiltion for 
orn l tmit p aii in ,1 i drifr/ till site" 
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Casuarina littorali" Salish. BLACK SHEOAK 

Principal features: C.littoralis is usually a large shrub or small tree in the height range of 
3-12 rn. In forest and shrubland associations this species has an erect habit and narrow 

crown, but on windsw,-pt coastal heaths and very poor soils itmay be reduced to a 
procL .' nt plant ),Il high, or ,ismall shrub to 2 m where conditions are less severe. 

The bark is very dark in co!our, hard but with somewhat corky hyers, corrugated, Ipto 

about 3cm thick. 

The deciduous branchlets may be slender (0.5 mm diameter) or somewhat coarse 
(1--1.5 mm), usually erect but may be drooping on long thin permanent branchlets. They 

carry the whorls of 6-8 leaf-teeth. The "cones" are Shortly ellipsoid to cylindrical, about 
2-3 x 1.5-2cm. The wooden bracts are conspicuous ",hen open. 

Geographical occurrence: 13lack sheoak has the widest geographic and altitudinal range of 

any Australian ,'asuarlia emtending from Cape York at the north,rn lip of Queensland, 
southwalis in a t clt mainly within 100 kin of the sea to Tasmania. In a few localities it 
extends to the inland side of the Divide arid up to about 300 km from the sea. Whilst 
most plentiful under about 300m altitude it is often common at elevations up to 1200m 

'NI:; N.S.W.).Mt.WarnIing, 

Climate: With such a wide geographical occurrencc there is a correspondingly large variation 

in climate. Most of the occurrence is in tae warm sub-humid and humid climatic zones. 
There are appreciable areas in the cool, sub-humid zone and some in the hot humid zone. 
Very little occurs in the cool humid areas. The incidence of frosts varies from 1-10 at 

southern, low altitudes to 30-70 at the highest altitudes in New South Wales. The 
50percentile rainfall i,;650-1250 mm and the lowest on record 300-500mm. In the far 

north rainfall foll,,.s -a ,,rc-og monsoonal pattern with very dry springs. This pattern 
changes so iihw:trds to a more or less uniform distribution in Tasmania. 

Topograpli- and soi/s: Black sheoak grows on almost all sites from lowland flats to undulating 

topography and mountain peaks, though it is most common on well-drained hill and 
miourinil Slopes. It may hc: found in rocky gorges, near the edge of swamps. on heathlands 
and on sandy lowlands behind sandunes. The most common soils types are sands, podzolics, 
skeletals and rocky areas where ,oil is almost absent. 

Vegetation type: This ca,,uarina is mainily an understorey species of open-forest and tall 

open--forcst, but occurs in woodland areas and in the more open patches with closed forest. 

It may also be present inboth low and tall shrubland and in some mixed scrub may be a 
domlant species A,,',,ciated tree genera include Eucalyptus, Angophora, Syncarpia, and 
C1,hllari, i,th ;awilde rige of shrubs. 

Fddcr: Theildcidiuis hranclhlets are eaten by stock only during times of major drought. 

Wood: Ilhc l is ro.d ith brown, it is strong, moderately durable and very fissileh artv,,,(, 
-duC to tihe ,cry tpntoinneuil medullary rays. Density is about 960 kg m 3.It is a first-class 

fuel. In tOil pa,,t lack sheoak was used for a wide range of purposes including turnery, 

silngles, hilaiilh",, yokes, rough furniture and il farmi biildings. 

Other . i."tlac- is :III;k;il xc c't trCe I'Mr rClairvely low, narro\% Shelter belts and for 

use ili a \it'lltt. cl i ger trees are Uldesirrale. Well- rainet sites are preferred. 
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('asuarina luehmannii R.T.Bak. 	 BUL.L SHEOAK 

Principalfeaturev: Bull sheoak is a small io moderate-sized tree usually in ihe height range 

of 9-15 an, though only 6-8 m on unfavourable site. The trunk is erect and dominant for 

most of the tree height, and usually of moderately good form. The bark is blackish and 

furrowed. 

The slender deciduous branchlets are more robust (mainly 1-1.5 mm diameter) than in 

most casuarinas, erect and rather wiry. They carry the whorls of 9-15 (often about II) 

minute leaf-teeth (0.5-1 mm long). The leaf-teeth of the permanent branchlets remain 

characteristically adnate to the stem. The fruit are unusual in that they are crowded into 

squat cylindrical "cones" in which the length is distinctly less than the diameter, about 

1-1.25 x 1.25-1.75 cm. 

Geographical occurrence: The main istribution of bull sheoak is in a belt 60-150 km wide 

which extends from a small area in south-eastern South Australia, across central Victoria, 

along the Western Slopes of New South Wales into south-eastern Queensland as far as 

about 26'S latitude. In addition to this there is a large area where the species is relatively 

rare, including a disjunct occurrence in the far north (16-17-4iS). 

zoneClimate: Throughout its range bull sheoak is mainly in the warm sub-humid climatic 

and with only a limited extension into the warm semi-arid zone in New South Wales and 

Victoria. Heavy frosts occur and average 4-18 (range 0-50) per year. The 50percentile 

rainfall is 425-650 mm and the lowest on record 225-300 mi. The seasonal pattern varies 

from a slight winter maximum in the south to a weak summer maximum in central New 

South Wales and a well-developed summer peak in most of Queensland (monsoonal in 

the far north). 

Topokraphy and soil.: Bull shcoak grows mainly on plains and gentle slopes, including the 

lower foothills of the Great Dividing Range. Only locally does it occur on ridges and other 
steep topography Whilst the species mainly grows on sandy soils and light Ioams it has 

been reported from a wide range of soils including brown soils of heavy texture, stony 
and gravelly types and even inland sandhills. 

Vegetation type: The broad vegetation type is mainly woodland, sometimes low open forest 

and, on margial area,, sometimes tall scrubland. The main associated tree genera are 

Eucalyptus, Calhtris and Angophora and a wide range of shrub species. 

Fodder: The deciduous hranchlets of this species are relatively coarse and wiry and are 
considvird (if negligible value for stock fodder. 

H'ood." The hai iftw,,d Is red, with rather coarse grain and prominent medullary 	rays. It is 
-1 very heavy, hard and ,of moderate durability. Pasic density is about 1100kgm . It does 

not seasm readIli and Is liable to splitting. The wood is an excellent fuel and has been 

usCd for InIiY Il iiiII the past. 

Other u r': Bull shcok is suitable for amenity planting in parks or avenues in its climatic 

area. It will pi-m.ide ,satisfac ory but somewhat open shelterbelt protection and on moderately 

good ste,, carls growth i,, relativclv fast Under ,imle conditions the species develops a 

suckering, litabit mnd there are reporis that it will v, ithstand sone seasonal inuindatimi 

http:1.25-1.75
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Casuarinaoe.sa Nfiq. WESTFRN AUSTRAILIAN SWAMP SIEOAK 

Principal fea ure%: This cauarina varies from a shrub i-2 m high oa' very unfavourable sites 
to a small tree 0-- 14 rn high along stream banks and other sites with a favoturable water 
regime. The main sten i,hranchless for much of the tree height and is usually moderately 
straight iII closed ,tanrd, inI the better growing situtat ions The bark is hard, greyish with 

a tessellated appearantc 

The deciduous brawhlets may be erect and are of intermediate diameter for the genus 
(mainly I-1.25 rum' I moderately fleible. The whorls of leaf-teeth are 9-11 in number 
and the individu;l I. a tend to be longer (1-2 mm) than in many of the Australian species 
of the genus. The leaf-teeth on permanent branches tend to peel off The woody "cones" 
are globular, truncate, 1.5-2 x 1-1.5 cm, with thin, obtuse bracteoles. 

Geographical occurrence.: It appears possible that this casuarina had a much more extensive 
distribution in the past, than it has today. The main location is in southwestern Western 
Australia from the ,lurchison River to east of Esperance, and from near Perth to 
Kalgoorlie. This excludes the higher rainfall in the far southwestern corner of the State. 
In addition it has been collected in the drier and hotter parts of the State in what could 
be disjunct occurrence: - near Cue south of Lake Carnegie and in the Lake Throssell area. 
Outside Western Australia it has been reported in western Victoria and in one small area 
in southern New South Wales The range in altitude is from near sea level to about 300 m. 

Climate: Most of the Western Australian distribution is in the warm sub-humid and warm 
semi-arid climttic zone,,, but there are what appears to be disjunct occurrences in the warm 
arid zone. Coastal areas, especially Perth northwards, are frost-free, but elsewhere there 
are 1-12 frosts per annuro. With the exception of' Perth and Esperance, which have higher 
than typical rainfall, the 50 percentile is 250-500 mm, and the lowest on record 125-275 mm. 
There is a strongly defined winter maximum. 

Topography and soils.- Tlhe area of the Western Shield where Cobesa grows consists mainly 
of plains and gently undulating topography. The species has been collected from flats near 
high tide limits, river banks, the edges of salt (including gypsum) lakes and, somewhat 
atypically, from small hillsides. The soils include a wide range of sands and silts. Other 
types which have been recorded include pink granitic sands, stoney red soils, red clay loams 
and swampy soils. Only to a limited extent has it been noted on calcareous types. 

Vegetation type: The broad vegetation types are mainly woodland and tall shrubland, but 
with smaller areas of grassy open-shrub and even some heath. Within these types Cobeso 
often occupies distincti,,e niches: low-lying seasonal swampy flats only just above high tide 
limits, al,ng river banks as only a narrow belt often only 20-40 in wide and, inland, or 
the elgcs ,fsalt lakes In these areas it may grow as pure, dense thickets or as the principal 
large ,hruh s. tree trees.-,ill vith other 

Eodter: .lnkr.on 

Wood: Itappears to possess the general attributes of the genus - striking medullary rays. 
very hard, heva,, sonie, hat difficult to work and a First class firewood. 

Other u. ,": C.ob'.c hasi,, a role in shelter belt, avenue arid ornamental planting ini its climatic 

area. InI Westeri Australia !I,.: demand bY farmers for planting oin salt-affected lands. 
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Casuarina .1ricta Ait. DROOPING SHEOAK 

Principal featurv%: This is typically a small tree with a ,,iraighi but Usually short main stern 
and a total height of 6-9 in In the common, open-grorwing situation the crown is dense, 
deep and almost as wide as the tree is high. Occasionally C stricta may be reduced t, a 
bushy shruh of 2--3 m height. The hark is dark brown and Fissured. 

The deciduous branchlets are long, slender (about 0.75-1 mm diameter) anc, carry the 
whorls of 9-12 leaf-teeth. Typically the branchlets are drooping althoagh this character is 
somewhat variable. The "cones" are large, 2-5 x 2-3.1 cm, with large acute bracteoles. 

Geographical ccurrence: Drooping sheoak occurs in the higher rainfali parts of South 
Australia from the linders Ranges to the south-east, most of Victoria (except the 
north-vest and higher mountains), the Western Slopes, Southern Tablelands and Central 
and South Coast o. New South Wales, and on the east coast and adjacent lowlands as 
well as parts of the north coast of Tasmania. The range in altitude is from near sea-level 
to about 750in. 

Climate: Most of ihe mainland distribution is in the warm sub-humid climatic zone but, on 
the nland side, edging the warm semi-arid zone. Both in Tasmania and at the higher 
iAtiiudes on the mainland the climate is cool sub-humid. Immediately on the coast narrow 
strips are frost--free, but elsewhere the number of frosts per year are 2-40. The 50 percentile 
rainfall is 60X-()00 mm and the lowest on record 250-375 mm. Seasonal incidence varies 
from a nearly uniform distribution to a well-defined winter maximum. 

Topographv and Soils: Drooping snoak grows on a wide range of topography which varies 
from level or gentle countryside to exposed coastal headlands and cliffs, rocky gorges and 
ledges and niunttln ridges. The generally poor soils show ,iwide range. 

Vegetation tYpe: The broad forest types include woodland and low woodland/tall shrubland 
as well as gaps in open-forest. Only occasionally is it the dominant plant, but it should 
be rioted that many areas where it was once common have now been cleared or partly 
cleared for farming. Species with which it may be associated include many acacias, banksias, 
eucal, pts and cypress pines. 

Fodder: A useful fodder plant, attractive to stock. The trees stand lopping well and this 
a!low most of the smaller branches of the crown to be cut off in times of severe drought 
without the trees dying. 

Wood: The lieart,,ood is heavy, hard, fissile and with large medullary rays typical of the 
genu. Itcan he easily machi ned arid takes a ready polish. Durability in the ground is 
suffcicent for u,,c as fence posts. Nowadays the timber use is restricted to fancy articles 
(turnery ) andt fucl for v hich it isoutstanding. Formerly it was used for bullock yokes. 
wheel--spokes. a.me-han(lles, staves and shingles. 

Other it' ." ()n ec'en moderate1l,-g ood soils open-grown specimens are useful for shade and 
ornarneni, is well as being available for drought fodder in areas where rainfall is as low 
as 350nni, bul prcft.ribl. ,ibo e 45() mm. IIcght growth fbr the first 3-5 years, Isusuall, 

exccllent hut pllmit , 11mu11 hr pr(tcctted from br,..,sin, t stock arid rabbi,, 
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Casuarina Iorulosa Ait. FOREST SHEOAK 

Principal feature.s: Forest sheoak is a medium-sized tree attaining 12-20 m in height and 
0.3-0.o m india nctcr and is usually an understory spccies . -)n favourable sites trees attain 
about 25 i in hciglht and I i in diametcr The bole is half or more of owe height, the 
main hranches .e spre:ading t(o erect and the crown has an open appearance. 'hc bark is 
thic,, very dark grey to almost black, sub-tessellate and deeply furrowed. 

The slcdel, green (often coppery), drooping deciduous branchlets have whorls of 4(-5) 
small leaf--teeth. The woody "cone is globular to sub-cylindrical with a flattish op, 
2-3 x 1.8-2.3 cut, on a long, thin stalk. 

Geographical occurrv';cc-" '.his is a species of the coastal ranges of eas-n Australia from 
Coen in north Queensland to south of Nowra in central New South Wales. It occurs 
throughont the tierthern and central coastal, and coast range regions of New South Wales 
but only to a limied e tent in the south, whilst in Queensland it is found in coastal areas 
and on the tipper slopes of the Dividing Range. It also occur, on Fraser Island, Biackdown 
Tableland and the Eungella Range. The altitudinal range is from near sea level to 1loom. 

C.late: "1hc dl[i utltor is in the ,arm sub-humid and humid climatic regions. For the 
iorlhinrn areas thc nuather of frosts are 1-5 per year at high ahitudes but absent at sea 
level, whil,'t fuiher south the numnbcr is about 5-20. The 50percentile rainfall is 
950-1250nm i,and the lowest on record 4(0-600mm. Maximum precipitation is in the 
sum inur. 

Topfq;raplhy anid soils The major land form in which this species occurs is the geologically 
complex aicrn Uplands. Forest sheoak has been recorded on steep slopes, moderate 
hillsides, tahlh Atds, and undulating lowlands, whilst rock types noted include tertiary 
basalt,, rhyolite, qu:artzite, various sedimentary rocks, sandstone and shale. Apart from 
deep po ols, the .oi is vary from sandy alluvials to rather heavy clays. 

Vegetatior 'vp." tres: sncoak is typically an understory species in open-forest to tall 
open-forest formations. Over !uch a wide geographicai occurrence, it is not surprising that 
it is often ;iso,iiited with a large numer of trees which include the major commercial 
species of castern 'Australia. Apart from a wide range of Eucalyptus species it is o:'ten 
associated vith .5'vYnarpia, ristania, /Alphilonia, 4ngophora and Acacia species. 

Fodder: Unknown but unlikely to be of value. 

Wood. rhl1c pale sapwood is itarrow (only a few centimctres) whilst the dark red heartwood 
ha, vecy larce romddllIry rays of .avy (je~i~y()()) 3a darker colour. I i,heavy, dei1sity 100 1' 1_-3,i , hard, 
strong, ine- raitncd oiher than for the rays, very tsil filari machuts and turns well. It 
dries slowly ind isprone to checking on hak-.awnt boards. \Wherevei Qitable logs arc 
available incLrrent foi 

work, t:mv tuirnery and special ener.,. ! 1,; 


logging areas it is rmillo an id r nrin , parquei , siiall cabinet 
-till ti,-l for shingles required for 7estoration 

of historic buildings. This species wa> rated \cry highl. foi hurniig in hake ', ovens. 

Oh,- !!.;es." [ni ,st hlcoak should he 'orsitterW , Iinii'1 s21 i iv ai eas. it 
can be se'd for sin _,- -ro)\k Sht - he ,,with <spinn g hIv,'n trees nf 3 4 in, I in staggered 
two-row vells. 
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(; LOSSA R Y 

bract." .....	 A modified leaf that supports the flower. In casuarina "cones" it is usually 

a small, thin, laterally disposed structure beneath the bracteoles. 

bracteoles. . . .Of casuarina flowers and fruit. Each samara is enclosed by one laterally 

disposed biac:t and two vertical bracteoles. It is the bracteoles that are 

usually most conspIcuOus on mature "cones". The backs of the bracteoles 
are either smooth or have markings that often characterise a species e.g. 

markings may be striations, tessellations, rounded or long awl-like 

protuberances. 

'cones. ......	 These have been also called "infructescences". In casuarina they consist of 
compact, attenuate whorls of female flowers (consisting of one bract plus 

two bracteoles and a samara). The arrangement of flowers is homologous 
with the arrangement of leaf-teeth on the branchlets; the number of flowers 

per whorls being often closely similar. When flowers are fertilised (by wind) 
the "cones" become very woody. The cone is supported by a short stalk. 
"Cones" may fall early or persist over several seasons depending upon 
species. 

deciduous 
branchlets: 	 These are the branchlets of determinate length that are borne on the 

permanent branchlets and carry out to the main photosynthetic role. As 

the tree ages these branchlets die and fall (usually lasting 1, 2, or 3 years) 
as whole units. 

kgm -. : .......	 Of wood density. Kilograms per cubic metre, determined at 12% moisture 

content (air dried). 

leaf-teeth." .... 	 Of casuarina leaves. Small scale-like triangular projections collectively 
forming a whorl at the joints on the branchlets. Easily observed by breaking 
the dccidiius branchlets at any joint. The leaf-teeth are considered to be 
the true leav',, (or the ,xtremity of' a leaf adnate to the stem) of casuarinas. 

The juvenile" 1cit'-form of somne species e.g. ('.campe.¥tris and C.acutivalyis 
prodluce quite el gatd succulcnt leave,. The adult leaf-forni of' all 

Ca;isula i Ira,I" 11111h, reductd. 

medullary raY." . Thin, \errncAl plate of par.nchv'.1'i ,ucls, oneC to ,'.Cr;l Cell,, ',Aide, running 
radiall\ thrm j,,h the tissues ot the ,(cle 'I he function ot th,: ilt.'dullary rays 

us i ce cmoduIt' 1 fto'd. Very~~ur inIrulal id, ynthnsil :'natcliju 
,
l[II darker thanl stironitu jIei,

tIm e', 1tiler 0hm) .,l" 

plo-ll1litr1l t 	 ,iirilra .eing , ood and many 
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periianentbranches/
 
bran 'hlets. Of casuarinas. These are the branches (in older trees) of determinate length
 

that bear ihe deciduous branchlets. As branchlets they may be similar or 
quite distinct from deciduous branchlets. As permanent branchlets age the 
photosynthetic role is lost and they become very enlarged and woody. Ver, 
distinctive in the 	C.glauca and Ccunninghamniana group of species. 

seed. 	 O......casuarina seed. Really a samara or winged achene. A dry. one-seeded. 
winged fruit formed from a single carpel, with no special method of opening 
to liberate the seed. In Casuarina the seed are usually smooth-sided but 
"seed" in a few species are hairy e.g. C.grevilleoides. The wing is usually 
thin with the remins of the style, being centrally and longitudinally located 
and embedded in the wing. 

sheoak: ...... .The word "she" has been attributed to various origins. One is the occurrence 
of female (as well as male) trees in the genus Casuarina. Ailother suggestion 
is the sound (shee) that the branchlets make as the wind gently tosses the 
tree crowns. The term "oak" refers to the resemblance of the figure of the 
casuarina wood (with medullary rays etc.) to that of the oaks (Quercus spp.) 

striate. ...... 	 Used in reference to the back of the bracteoles in the "cone". Marked with 
fine longitudinal more or less r,a,",lll lines: as grooves ridges.or 
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TABLE - A SUMMARY OF THE MAIN CHARACTERISTICS AND USES OF FIFTEEN AUSTRALIAN 
CSUARINA SPECIES. 

Reference Code 
I = very suitable for the purpose 
2 = can be used for the purpose. but may be subject to limitations as indicated in the text. 
R 	 = recommended for trial planting (in many cases species are considered suitable, e.g. for amenity planting but 

have not been used for such purposes or only to a limited extent in Australia). 
X 	 = not suitable for the purposes lisled (as far as is known). Where there is no entry it means there is no reported 

use of the species for such purposes and also does not fall into category 'R* 

Geographical occurrence 	 Climatic sumnmary 

Botanical name, 1$Aeteorologcal 	 Climatic zones 
contnon nane reference 

Lat. 'S States Alt. m stations 

Casuarina eampesiris 27-34 T WAs'vestern,but 0-375 Geraldton, Warm semi-arid 0-12 
a shcoak not in vettest SW Merredmn,EsperanoeWarm arid 

• ). I ' 	 !Warm semi-arid 
Ccristota subsp.cristata 2 -2-3T44Qld,NSW,manly on 175-3251 EmeraldMiles, I d 
belah Inlaid side of NarrabriDubbo Warn sub-humid 2-50 

coastal ranges i " 

C:ristaw suhsppauper 26-36 WASA.W of N SW. 25-400 Kalgoorlie. Kimba Warm arid 1-17 
black sheoak Iedge' of QId & Vic fMildural3o),rke Warm semi-arid I 

C.c~~ininm.,limiana 12 -37 Coastal streams of I 0-1000 Katherine, Warm sub-humid 
riser sheoak NI.QId & NSW I Bundaberg. Warm semi-arid 0-50 

CasnoCanberra 

C'.decai ita 21 427 Southern NT. 250-700: Yuendumnu,
 
desert oak adjacent SA & WA i Alice Springs Arid 1-12
 

-i-Curtin Spritgs 

C.die/tana 264T-3 1 	 Western WA near 50-375 (jerahlton, Warm semi-arid 0-11 
SSharks 	 lla\ to Southern Cross. 
Southern Cross I till,'.a 

C. cqit'iqoljha I I4--I Coastal N I.Id i 0-100 Darvn Hlot humid 
var. qu~ot l/ 'a Cairns Hot sub-humid 
coast she. ik. ... . .. .. ... .. ... . .... .. . i - - .--- . . . . . ...- ..- -.... . .	 \Varii sub-humid_ _ _ _---,_ _ _ 

C.equiscth11-ia %a.r intcamu 19-31 4 Coastla Qld NSW I--00) H iiabe rg. I-ot sub-hiurid 0-3 
coast shcoak Kempse, 

C.jrawraa 31-35 Coastlzl belt of 50-500 Pcinhcrtoi, Warm humid Il 
fraser,. hcoa,ik sooLth sern WA Perth Warm sub-humid 

C, 'loic 23-3 0 .. asal,trip. 0-3(0 Itlndaberg. Warn humid I 
swaiip shcoak Rockhanipto i )ld., Parramatia, Warm sub-hunid 0-5 

it leg NSWWega, 

C. hutc'l,'hano 27 -3 5 SiiShsesitern WA 0-450 ,lerredin. Warm semi-arid 10-6 
granie sheoak Norseinan Warn sub-humid 
C. hIwo r 1 10',-4.', 	 (oat & near 0- 120)0 At(h e on.ItotghaIn. lot/.\arn humid 

black shct,,k rarnc,.C York ild liri~sbaiic.I)oriigo. Warnt sub-hunid 0-7( 
--l r--to \ ,V , lj l Orh Cool sub-hund ii) , I ,tllobatil 

C./unanno 16-37 .hrasierl(Qld. I.,ral 0- [)O lIng!I\ood, Warm sub-hund 
bull 	shroik 1NWrrhern \i. IV[)hho~tctdl'o. Warm semi-arid O-I8 

edg - 4" S,' [ ojldert(w.n 

C otihew 26 3, 7 '5iiii .wc",l' WA\ 0I) -3;1 - Q' ul.diol, ,rni sh-htliid 
Wesierii Ausiliali Ilio , c1[L I : K.ilg( rlicW .rm ms uiu-arud 0-12 

shico,iks 	 namp iII -"\ Nof 'ciahnli Warnl ,ld.0 

C.strcia 31 3-' S-iouthern Aiii ,)i 0 - 5) [ Keith. to t n * i\ irrn ii" -hthunild 
droopmig schoak V,N\kL', , It rim -ISA. b tcnll.lh \\,rm rid 0-40) 

- ; (.tI~i~h,-i 7a. I )iuhibo C i siih humid 

C tori/o1,I 1515 - -3 ')) .Ii ,& ' c t 1) i t toi n Ii s ow i ', i '11h h itld 
forest shetiak to ),) Irt'e hut 0-20ranuigc.'airrns 	 Doill I \karni iid 

Ifejeiirilii 	 Ililts 

http:tcnll.lh
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Rainfall 

Ck 

225-400 W 

Size 

a0. 

2-3 

The more important uses which have been reported 
The living tree Timber 

%3 
,t4 

l-LnQ 

1 1 2 x x x 

Season 
S ­ summer 
W - winter 
U - uniform 

550-650 U-S 10-20 I 2 I 1 2 2 2 2 .1 1 

175-275 

500-1500 

W-S 

S 

10-16 

10-35 

2 2 

1 1 

2 

2 

2 

I 

2 2 2 

2 

2 

2 

1 

I 

I 

I 

250-700 U-S 9-15 R R R 2 I I I 

215-400 W 4-10 2 2 2 2 2 

5000-2150 S 9-16 2 2 1 

1000-1500 

900-1250 

S 

W 

6-10 

5-I5 

2 X 

R 

2 2 

R 

2 

R 

I 

R 2 2 1 

I 

I 

900-1150 S 10-14 I 2 2 I I I 2 I I I 

30O-500 

650-1250 

W 

Ui-S 

5-12 

4-12 

2 

I 

2 

2 

2 

I 

2 

2 I 2 I I 

I 

1 

425-650 W-U-S 9-15 2 2 I 1 2 2 2 1 - I 

250-500 W 6-14 I I I 

600-900 W-U 6-9 I I 2 I I 2 I I 

950-1250 S 12-20 2 2 I I I 2 1 I 
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CASUARINA OLIGODON 

IN THE EASTERN HIGHLANDS PRJ)VINCE 

PAPUA NEW GUINEA 

INTRODUCTION 

The Office of Forests association with casuarinaoliaodon dates back 

to the early 1950's when the Forests Department advised the Patrol 

Officers to set up nurseries throughout the Highlands, especially 

in the Eastern Highlands Province, which provided a source for 

distzibution of seedlings of casuarina oliodon, and at the Bametime 

the local people were taught the value of "YAR" (casuarinaolipodon) 

and so the previously known "YARm culture of the Chimbu Province was 

spread. 

This had come about due to the predcninance of grasslands, mainly 

Kangaroo grass (Themeda australis) with various species of kunai graas 

(Imperata species), all maintained by frquent firing carried out 

by the local people during hunting and for safety purposes where 

hostile neighbouring tribes were prevented from hiding in the bushes 

and ambushing them. 

The process of burning off the grass killed off any young trees and 

shrubs from growing, causing the valleys to be short of wood as a 

source of fuel wood, housing, fencing materials, etc and this in aoe 

cases caused people to do their cooking with dried pitpit (Saccharum 

species). 

Seeing the problem of wood shortage the Patrol Officers discouraged 

the annual burrnings of the grasslands and the change in social 

behaviour with regard to tribal warfare helped the extension programme 

by both the Patrol Officers and the Office of Forests of casuarina 

olicodon together with many Pinus, Araucmria and Eucalyptus species 

both native and exotic, to changr the landscape which about thirty 

(30) years ago was mainly grasslarn to an attractive and varied 

landscape with trees and shrubs of mny kinds, with casuarina olicodon 

being the domInaznt species, dotting the landscape and every village 

to have its sharte of trees. 
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E. 	 Fruit - Fruit proper is a mall samaral It Is hold 

by the enlarged and hardened scales which are fused 

into a small woody cone less than 1= In diameter. 

.It must be noted that the species in Papua Now Guinea 

are similar in most aspects but casuarina oll aodon 

differs by having smaller cones (diameter less than icm) 

(7am) and widely spaced broad rays in the wood. 

2.2 	 NATURAL DISTRIBUTION 

2.2.1 	 Climate 

The species grows in areas where the rainfall ranges fron 

1 900=m to 2 600m with high relative humidity througbout 

the 	year. 

2.2.2 	Soil
 

Casuarina oli.odon is mostly found in sandy soil. along 

creeks 	and rivers but grows well in colluvial soils, 

humic brown clay soils, alluvial and meadow soils. 

2.2.3 	Topographu 

The species is found mostly in the Highland valleys at 

altitudes ranging from 1 500m to 1 800m and occurs 

commonly on stream banks and ridge tops and on old garden 

and village sites. 

2.2. 4 	 Associates 

Casuarina oligodon forms ertensive pure stand; along 

river beds but at times is seen to be associated with 

C. Papuana. 

2.3 	 VARIATION 

i Provenance differences in growth. 

ii Form 

' 	 With regard to this no research has been done, however, 

tLre seem to be no noticable difference between 

provenances. 
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2.5.3 	 Cometition 

What can be seen with casuarina oligodon Is that it can 

do well even with competition from grass (Imperata exaltata, 

saccharzu robust=n, themeda auscralls etc) and trees and 

shrubs 	found in old garden sites, river beds, etc. 

2.5.4 	 Wind 

The species ability to withstand high winds is high except 

in cases where branches being too heavy causes them to snap 
off. 

AFFORESTATION WITH CASUARINA OLIGODON 

As the Office of Forests In the Eastern Highlaids Province does rot 

carry out afforestation through plantations of C. oligodon, the 

following information is related only to extension plantings. 

3.1 SITE
 

Most sites in the Highland valleys which are mostly covered 

by grass are ideal for affor-station with the species, hoovever, 

afforestation in pure grasslands areas on steep mountain slopes 

might provide limitations and needs looking into. 

3.2 SEED SOURCZS 

3.2.1 	 Provenance
 

At present our seed collections are from any available/free 

tree sources that can be found in the Province as no 

provenance trials have been made of the species. 

3.2.2 	 Storage
 

Storage of casuAriJna olicoodon seedx are in household 

rafrigeratorswhere they are kept till needel for sowing 

in sed!ing beds. 

.3.2.2 	Testing 

No testing is done of see-&& as all seeds are germinated 

on a sod bed and pricked after they are ready for 

transplanting into black poly!thene tubes. 
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3.4.6 	 Special Foatures
 

Since the Highland valleyg 
are mostly grasslrAds any 
natural regeneration of c. olicodon is welcomed and, 
therefore, has not created any problems as a 	 weed. 

4 USES OF CASUAPJNA
 

4.1 	 ANIrYAL FEED
 
The species has not 
been used as a feed source 	 for animals in 
the 	Bighlands which could be due to sufficient grass species 
available for use as animal feed. 

4.2 	 WOOD PRoDUCTS 

i 	 Durabilitu
 
Casuarina oligodon is 
 moderately durable to durable with 
regard to resistance of untreated heart-wood to attack by 
wood-destroying fungi and termzites.
 

Li 	 Preservatives
 

With regard to tzeaznnt of tamaber of cz 
 uarna clocodon, 
it has been found by Portthe Forest Research Centre in 
Noresby that the permeabhility of preservatives of the species 
is not good mainly with the heart-wood with the exception of 
the sap wood and so is generally considered as untreatable. 

iii 	 Uses
 
Round posts for construction, poles, 
 fences 	suitable for use 
in the ground and for unprotected extension use in 	 buildings, 
protected extension and intension work.
 

Speciality uses of c. olodon include tool handles, shuttles 
and permanently submerged freshwater piles. 

4.3 	 FUEL WOOD
 
The demand for fuel 
and the fact: that many Highland reas have 
gone to grasslands make c. olicodon, which is a good source of 
firewood, to be very useful. 

No research on the calorific value of the 	specie, has bet. done 
by Forest Resurch in Port Moresby, but has been recozmkinded as 
a good source of charcoal. 
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CasuarIna eqisetifolin 

Botanic Name Casuarina enuisetifolia L. 

Synonyms Casuarina lit terea 

Common Names Casuarina, she-oak, horsetail oak, Australian 

beefwood, Australian pine, ironwood, whistling pine, agoho
 

(Philippines), ru (Malaysia), filao, nokonoko (Fijian)
 

Family Casuarinaceae
 

Main Attributes Almost all of the approximately 35 Casuarina
 

species produce top-quality firewood. There are rapid-growing,
 

carefree species for sites and climates as varied as coastal
 

sand dunes, high mountain slopes, the hot humid tropics, and 

seipiarid regions. They tend to be salt tolerant, wind resistant,
 

and adaptable to moderately poor soils. Although they ate not 

legumes, they do have the ability to fix atmospheric nitrogen. 

Casuarina equisetifolia is, perhaps, the most widely used 

so far, but other Casuarina species deserve more attention and 

testing. 

Description Viewed from a distance, casuarinas look lik.e
 

somber pine trees with long, drooping, gray-green needles and 

small cones. They are medli,,m to lofty evergreens with open, 

feathery crowns that appear to be leafless. The leaves are 

actually reduced to small sheaths on the needle-like branch­

lets. By dispensing with leaves, the plants have reduced the 

surface exposed to the leiients and this makes them adaptable 

to dry sites and tsalt spray.
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Casuarina equisetifolla can attain heights of up to 50 m,
 

to 18 cm. However, it is commonly only
with diameters 	of up 


15 - 25 m tall. 

native to the Southern
Distribution Casuarina species are 


Bemisphere from tropical India to Polynesia. Most are native
 

to Australia where they occur in subtropical and tropical
 

coastal regions as well as in the arid central areas.
 

to north and northeast
Casuarina eauisetifolia is indigenous 


from Indonesia and Malaysia
Australa, some Pacific Islands, and 


to India and Sri Lanka. It has been introduced for firewood,
 

to India, Pakistan, East,
beautification, and other purposes 


as wfell as to
Central, and West Africa, and West Indies, 


and the Gulf of Mexico area in the United States.
Flcrfd&9 

Use as Firewood The wood of Casuarina equisetifolia 1,,rns 

with great heat and has been called "the best firewood in the
 

It is used for both domestic qnd industrial fuel. In
world." 


railroads and in the State of Karnataka,
India, it fuels 	some 


Is the major species planted for firewood. It
for exauple, it 

burns readily, even when green, and the ashes retain heat for 

a lon , tire. It makes exceptionally fine charcoal. It has 

a specific gravity of 0.8 - 1.0 and calorific value of 4,950 

kcal per kg.
 

Yield On good sites in Malaysia and the Philippines the tree
 

corm2rIIy grow; 2 - 3 in a year. In general, the iield per ha
 

varies from 75 	- 200 t, on a rotation of 7 - 10 years, with
 

a spaclng, between plants of about 2 m. In the Philippines, 
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even higher yiclds have been noted. 

Othcr USOeS; 

a Wood. Timber is generally dark colored, fissile,
 

strong, heavy, and very tough. It is used for house posts, 

rafters, electric poles, mine props, roofing shingles, tool
 

handles, oars, yokes, and wagon wheel.s.
 

o Erosion control. Because it is salt tolerant and 

can grow and reproduce in sand, Casuarina equisetifolia is 

used to control erosion along coastlines, estuaries, riverbanks, 

and waterways. 

o Windbreak. An abundance of switchy twigs absorb wind 

amazingly well. A wind strong enough to blow hats off can be 

stripped of its force by a belt of casuarinas 2 or 3 deep, 

lcaving the leeward air heavy and still. 

o Dye, tanning. The bark contains 6 - 18 percent tannin 

and has been used extensively in Madagascar for tanning
 

purposes. It penetrates the hide quickly and furnishes a fairly
 

plump, pliant, and soft leather of pale reddish-brown color.
 

o Pulp. The wood has been found to make a good pulp 

by use of the neutral sulfite semd-chemical process.
 

Environmental Requirements 

° Temperature. This is a species for warm to hot subtropical 

and tropfcal c].Jrate. The monthly mean maximum temperature in 

its native areas are 100 - 33°C, but it is adapted to a wide 

range of temperatures. It Is not frost-hardy, although some 
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other Casuarina species are.
 

0 Altitude. This is a lowland tree which can be planted
 

from sea level up to 1,500 m.
 

a Rainfall. 
 In Its natural habitat, rainfall is from
 

700 to 2,000 mir. annually, often with a dry season of 6 - 8 

months. However, it has been planted successfully in areas
 

with as little as 200 - 300 mm rainfall or as much as 5,000 mm
 

annually.
 

o Soil. Casuarina equisetifolia trees have root nodules
 

containing nitrogen-fixing actinomycetes bacteria. They are
 

therefore not dependent on soil nitrogen for good growth. The
 

species tolerates calcareous and slightly saline soils, but
 

it grows poorly on heavy soils such as clays. It can withstand
 

partial waterlogging for a time.
 

Establishment The trpec przdtice seed plentifully. Normally,
 

seedlings are raised in a nursery fo, transplanting to the field.
 

Transplanting is carried out 
at the orset of the rainy season,
 

4 - 18 months after sowing. In dry sites, irrigation may be
 

needed immediately after transplanting and as long as the first
 

3 years.
 

0 Seed treatment. When seeds are planted outside their
 

natural range, the soil should be inoctJated with crushed 

nodules from natural stands. They should also be treated to 

repel arts. 

o Ability to compete with weeds. Initially poor, 

especially in dense grass cover.
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Pests and Diseases Seedlings are vulnerable to attack by 

ants, crickets, and other insect pests. They are also susceptible 

to root rot. 

Main Limitations Casuarina equisetifolia can exhaust the
 

moisturc in the soil, lower the water table of the site, and
 

restrict growth of a healthy understorey, leaving the soil
 

exposed. The tree is fire sensitive and can be browsed only
 

lightly without being damaged. Although other Casuarina species
 

coppice readily, C. equisetifolia does not.
 

In some cases casuarinas tend to 	be aggressive plants.
 

C. cunninghamiana and C. glauca have invaded Florida displacing
 

much native vegetation and are proving nearly impossible to
 

control. 

Related Species 

Other Australian species worth testing as firewood crops
 

are: 
Adaptation
 

o 	 Casuarina cQris.ata Mlq. Arid and semiarid zones; 

(syn. C. lepidophloia) prefers moderately heavy 
soils; tolerates alkalinity
 

o 	 C. cunn~nghainiana MIq. Coastal tablelands and 

higher elevations 

o C. decaisnenna F. Mucl Arid sandy soils 

C. glaucn Seb. ex Spreng. Saline and swampy ground; 

tidal flats; heavy soils;
 
warm temperate and tropical
 

coasts
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C. leuhmannii R.T. Bak 


o C. littoralis 


0 
 C. stricta Dryand. 


C. torulosa Ait. 


Arid and semiarid zones;
 

saline, clay soils
 

Infertile, tropical and
 

temperate acid soils
 

Warm 	temperate zones;
 

poor coastal sands and
 
clays; calcareous and
 
saline soils
 

Tropical and subtropical
 

coastal tableland and high­
altitude regions
 

Papua 	New Guinea species for firewood include:
 

o 	Casuarina oligodon High elevations, including
 
ultrabasic rocks
 

a C. 	papuana
 

Indonesian species include:
 

o 	Casuarina lunphuhniana Mlq. High elevations
 

(syn. C. montana)
 

o 	 C. sumatrana Jungh. Lowland pod-ols
 

(syn. Gvmaostoma nobills nomen)
 

Fiji 	species include:
 

o C. nodiflora (Forst) Wetter areas (2,000 ­

3,000). A larger tree used
 
for firewood and posts. 
A potential timber but so 
far little used as such. 
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CASUARINAS IN FLORIDA (USA) AND
 

SOME CARIBBEAN ISLANDS
 

by T. F. Geary 

Casuarinas are ubiquitous in the Florida peninsula from its southern
 

tip at 24"30'N latitude to about 290N. 
Elevations are rarely more than
 

30 m and most are less than 15 m above sea level. Australian-pines, as
 
the casuarinas are known locally, are very common on the coast, along
 

roads and property lines, on ditch and canal banka, and around buildings.
 

Despite their conspicuousness, casuarinas occupy a very small percentage
 

of the total land in the region.
 

The casuarinas have not been studied in detail in Florida.
 

Identification of the species that occur is uncertain, but it appears
 

that almost all, if not all trees, are C. equisetifolia, C. glauca,
 

C. cunninghamiana, or their hybrids. 
 Trees are found that seem to have
 

characteristics of all three species. 
C. cristata (synC. lepidophloia)
 

is reported as widely planted in Florida (Little, 1979), but this may be 

a misidentification of C. glauca.
 

Casuarinas were once highly regarded for landscaping, windbreaks,
 

and shade, because they grow well on acid and alkaline soils, sand dunes,
 

calcareous rocky soils, muck and many other soils (Conover and McElwee,
 

1971). Now plantings are regarded as a mixed blessing.
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C. equisetifolia is the only species that is truly naturalized. Ic
 

regenerates and spreads by seed. It is common along the coast, where it
 

is appreciated for its shade and the pleasant sensation produced by the
 

wind "whispering" through the foliage. However, on fore-shore dunes
 

C. equisetifolia roots can prevent sea turtles from digging nests for
 

their eggs, and sometimes turtles are trapped by the roots.! / On coastal
 

areas subject to wave erosion, toppled casuarinas act as groins, increasing
 

loss of sand.1 /
 

A key concern of -hose who discourage planting in coastal areas is
 

public safety. C. equisetifolia is the largest coastal tree,.with heights
 

to 30 m. Trees of this size if toppled by hurricanes, to which Florida is
 

prone, can cause substantial property damage. The major fear, though, is
 

that C. equisetifolia planted along roads and on causeways may fall and
 

block evacuation routes from low-lying coastal areas during hurricanes.
 

This species has a bad reputation in some cities in the northern part of
 

its range, because large trees killed by a record freeze became a public
 

nuisance due to falling limbs and tops. Removal of dead trees and debris
 

was costly. C. equisetifolia is nc¢, common inland, as it cannot s,,rvive
 

the harder inland freezes. Its tolerance of fire also limits its ability
 

to spread uninhibited in the fire-dominated environment of southern
 

Florida.
 

/Personal communication from Richard W. Workman, Thomas M. Missimer
 

& Assoc., Inc., Cape Coral, Florida.
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C. glauca is found in coastal areas, usually around brackish waters,
 

but it is more prominent inland as 
an ornamental, windbreak, and grove
 

for cattle shade. 
 The species is propagated by transplanting root suckers
 

of male trees, and it is uncertain if there are any females of genetically
 

pure C. glauca in Florida. 
 Prolific root suckering characterizes stands
 

of this species. 
 This property has caused C. glauca to be considered a
 
pest, and some counties legislated against planting it And other members
 

of the genus (Conover and McElwee, 1971). 
 Because of the desirable
 

ornamental value of the dense, dark green crown of C. glauca, it is
 

sometimes grafted onto rootstocks of _ equisetifolia, which does not
 

have root suckers, and sold for landscaping (Conover and McElwee, 1971).
 

Planting of C. glauca as an agricultural windbreak has fallen into
 

disrepute, because reductions In crop yields at field margins due to
 

shading and root 
feeding exceed benefits of the windbreak. Windbreaks
 

have been felled because of this. 
 Old plantings along roads, 
so common
 

in southern Florida, are slowly disappearing as roads are widened.
 

Planting of trees near road edges is now discouraged to prevent collision
 

of cars with trees.
 

C. cunninghamiana is the least common of the three species in Florida,
 
even though it io 
the most cold hardy and is the least objectionable to
 

environmentalists. 
 The species' lack of popularity may be caused by its
 

relatively low visual appeal as 
an ornamental, its intolerance of coastal
 

sites, and relatively slow growth.
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Casuarina stands, particularly those of C. glauca, appear impressive
 

in standing volume compared to native forest. But the timber is no!: used
 

commercially. Interest has developed in growing casuarinas in Florida as
 

a source of fuelwood for industrial boilers, but experimental plantings
 

have been disappointing. The growth rate of casuarinas has been substantially
 

less than that of eucalypts. Lack of nodulation of the experimental plants
 

may have caused the unexpectedly slow growth. If commercial plantations
 

of casuarina are established, Clitocybe root rot could be a serious problem
 

(Rhoads, 1952).
 

The Dominican Republic is on the island of Hispaniola at about 18N
 

latitude. Trees of C. equisetifolia were very common in the coaPe-l city
 

of Santo Domingo until hurricanes in 1979 blew them down. Trees 20 to 25 cm
 

diameter at breast height snapped off from 3 to 5 m above ground, while
 

larger trees were uprooted.-! Streets were clogged with debris from these
 

downed trees, and cleanup was costly. C. aquisetifolia is being replanted
 

in some sections of the city, but whether the tree again becomes a common
 

ornamental remains to be seen.
 

Casuarinas are r.re outside of Santo Domingo. But trial plantings
 

by a private company, Falconbridge Dominicana, of C. equisetifolia on 

strip-mined land in a humid climate zone have grown faster than eucalypts 

of unknown species and Pinus caribaea var. hondurensis. In the dry zones 

of the Island, on alkaline soils, there are a few trees of casuarina of 

unknown species that have grown to a large size. Because the Dominican
 

Republic is heavily dependent on charcoal and wood for home cooking, and
 

the existing forests have been heavily exploited, casuarina plantations
 

could become important to the fuelwood industry of the island.
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In Puerto Rico, an island just east of the Dominican Republic,
 

C. equisetifolia is the only casuarina commonly planted. 
 It is found
 

along the coast, and less commonly in the lower mountain regions (Little
 

and Wadsworth, 1964). It is recommended as nn outstanding species for
 

beaches and windbreaks (Schubert, 1979). 
 Planting close to buildings is
 

-not recommended because a disease, probably Clitocybe root rot, sometimes
 

kills old trees, and there is danger of the trees being blown over by
 

hurricanes. Natural regeneration is rare in Puerto Rico because ants eat
 

nearly all the seeds (Little and Wadsworth, 1964).
 

In screening trials cf trees for commercial timber production on*
 

granitic uplands in Puerto Rico, C. equisetifolia grew faster in height
 

than Pinus caribaea var. hondurensis and a variety of other gnnnosperms
 

and angiosperms (Geary and Briscoe, 1972). 
 Only Eucalyptus tereticornis
 

grew faster. As in Florida, the trees' 
timber is rarely utilized, if at
 

all. 
 Utilization of the wood of casuarina in Puerto Rico is not anticipated;
 

in contrast to the Domini-n Republic, fuelwood and charcoal use of any
 

species in Puerto Rico is negligible.
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ABSTRACT
 

Casuarina is the most important actinorhizal plant of the tropics.
 
The genus comprises well 
over sixty species of woody, dicotyledonous plants
 
whose roots are capable of symbiotic association with the filamentous bac­
terium Frankia of the A,-tinomycetales. 
 The root nodules which develop con­
tain the dinitrogen-fixing endophyte whose activities lead to nitrogen accre­
tion in the soil environment at rates equivalent to herbaceous legumes. 
A
 
review is presented of the published literature on nodulation and dinitrogen
 
fixation in Casuarina and an 
assessment is made of experimental and practical
 
measures which should be taken to understand the symbiosis better and to im­
prove the contributions made by Casuarina to agriculture and forestry in tropical

and subtropical countries where Casuarina can be grown. 
 The following topics
 
are discussed: 
 early studies on symbiotic nitrogen fixation, the ecological
 
role in the nitrogen economy, laboratory studies of nitrogen fixat-on, nodule
 
initiation and development, the ultrastructure of nodules, handling the micro­
organism in culture and in nodule suspensions, inoculation of nursery seedling
 
stock and the distribution of Casuarina and its actinomycetous endophyte.
 



INTRODUCTION
 

Casuarina i; a woody dicotyledonous plant native to Australia but wide­
spread in tropical and sub-tropital (ountries around the World where it has been
 
disseminated by the activities of man. 
 Its roots 
are nodulated following invasion
 
of the filamentous soil 
bacterium, Frankia of the Actinomycetales and this symbiosi!

resuits in dinirrogen fixation at 
rates comparable to nodulated legumes (Torrey

1978). 
 These trees occupy a diverslty of sites ranging from tropical rain forests
 
to arid deserts 
or .andy coastal dunes, 
 The genus encompasses more 
than sixty

species, only a few of them at present of economic 
significance. 
In Australia
 
Casuarina cunnin hamiana, the riversheoak, grows along fresh water river banks,

reaches a height of up to 
36 meters and produces a straight, hard wood trunk useful
 
as timber. 
 Casuarina equisetifolia is distributed around the world in the tropics

and in many countries 
is in common use 
for shelter belts, 
for erosion Control,
 
land reclamation and 
as a furage and fuel 
tree. 
 The species diversity and adapt..
 
ability to 
climatic variability and 
harshness of habitat 
within the genus have
 
hardly been 
explored. 
 By virtue of their 
symbiotic nitrogen fixing capacity, many'

members of the genus Casuar-ina 
serve as pioneer species 
in diverse localities pre­
ceding and making possible the establishment of forested stands.
 

An effort 
has been made to bring together here the available 
information
 
')n nodularion and dinitrogen fixation in Casuarina in 
the hope of developing a
 
better understanding of the significance of the genus in its present habitats and
 
to explore the possibilities for better utilization of these plants in world-wide
 

tropical agriculture and forestry
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EARLY STUDIES ON SYMBIOTIC NITROGEN FIXATION
 

Although Janse (1897) reported the presence of nodules on 
roots of Casuarin;
 
and later Miehe 
(1918) and McLuckie (1923) inferred that 
root nodules on Casuarina
 
were implicated in fixation of atmospheric nitrogen, the first direct studies of
 
symbiotic nitrogen fixation in Casuarina were made by Aldrich-Blake (1932) and
 

Mowry (1933).
 

Working in Dehra Dun, India, Aldrich-Blike surface-sterilized seeds of
 
C. equisetifolia, planted them in sand in pots watered with nutrient solution
 
lacking nitrogen, and inoculated them with ground nodule suspensions from mature
 
plants collected in the field. 
Uninoculated plants were carried as controls and
 
watered with nutrient solution lacking nitrogen or supplemented with NH4NO3. 
The
 

experiment lasted about 
15 months.
 

Uninoculated plants showed no nodules on 
the roots. Inoculated roots
 
showed numerous root nodules ranging up to 
3.8 cm in diameter and nodules repre­
sented 11.7% of the dry wt 
of the whole root system. 
Height growth of nodulated
 

plants was more than triple that of uninoculated plants and the dry wt per shoot
 
more 
than 50x the control plants. Kjeldahl analyses of the blants showed that the
 
average nitrogen content per shoot was more 
than lOOx that of the uninfected con­

trol plants not provided fixed nitrogen.
 

Mowry (1933) reported successful inoculation of nine different species
 
of Casuarina seedlings grown in pots in sterile soil by Inoculation of the soil
 
with small pieces of fresh nodules taken from plants growing in the field. 
 From
 
these studies he concluded that a single strain of the infective organism was ef­
fective in causing nodulation of all 
the species. From comparative growth studies
 
of inoculated and uninoculated plants, Mowry concluded that fixation of atmospheric
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nitrogen oc:curred 
in the nodules resulting from a symbiotic relation between host
 

and soil microorganism which he believed to be 
a bacterium, The trees grew vigor­

ously in Florida on 
sand dunes and other sites of low fertility. In 20 different
 

locations in Florida, he found no trees of any size which did not have nodules on
 

the roots.
 

Other early workers reported the occurrence of root 
nodules on Casuarina
 

(Kamerling 1915, Narashimhan 1918, Rao 1923, and Parker 1932) and most of these
 

observers made the connection between the presence of root nodules and satisfactory
 

plant growth, probably related to nitrogen fixation. These nodules were presumed
 

to be produced by a soil micrunrganism (Chaudhuri 1931) 
and early efforts were
 

made to isolate and culture it (Shibata and Tahara 1917, Narashimhan 1918).
 

In his review Becking (1977) attempted to list the earliest account in
 

the literature of nodulation in each of the Casuarina species reported. 
He noted
 

that 18 species of a total of 45 
(as then interpreted) had been reported nodulated.
 

The list could doubtless be extended 
 but this effort becomes a fruitless exercise
 

in the face of the uncertain and changing view of the taxonomy of the group. 
 In
 

field collections of Casuarina nodules in Florida, Hawaii 
and Australia, including
 

some 
10-1S species (Torrey, unpublished), in only one situation was it not possible
 

to find nodulated roots. It is to be presumed that all of the species of the genus
 

are capable of root 
infection and nodulation by the appropriate Frankia. Whether
 

one or more strains of Frankia are involved remains to be demonstrated.
 

ECOLOGICAL ROLE IN THE NITROGEN ECONOMY
 

Evidence for a significant ecological 
role of Casuarina in the nitrogen
 

economy of a given environment 
can be traced back to reports of agricultural prac­

tices involving Casuarina plantations. Silvester (1976) cited the role of Casuarina
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in traditional rotational agricultural practise in highlahd New Guinea in which
 

Casuarina is planted in cleared areas, grown for. 5-20 years, then cleared for
 

firewood or timber and the land planted to yams or other crops which profit from
 

the nitrogen accretion attributable to nitrogen fixation and litter fall from
 

Casuarina.
 

Estimates of the contribution to the nitrogen status of sandstone soils
 

near Sydney, Australia made by Casuarina littoralis were reported by Hannon (1956).
 

Analyses of the plants of the low scrub forest 
showed IOO00-12,900ppm nitrogen
 
on a dry-weight basis. 
 Litter fall and dry-matter increment represented 29.0 tons
 

per hectare per year which at 
1% nitrogen content represented an acqretion of
 

290 kg N/ha/yr, largely attributable to symbiotic dinitrogen fixation.
 

Dommergues (1963, 1966) reported the nitrogen fixation by Casuarina
 

eguisetifolia in sandy soils of the Cape Verde Islands off Portugal. 
 By measuring
 

soil nitrogen and plant nitrogen, he was able to estimate a yearly increment of
 

about 58 kg N/ha/y-r, mostly derived from dinitrogen fixation by the nodulated
 

plants. Beadle (1964) 
referred to Casuarina sp. in reference to the nitrogen econon
 

of arid areas in Australia.
 

Silvester (1917) reviewed the descriptive evidence for the importance of
 

Casuarina equisetifolia in the revegetation of Krakatau Island, 
Indonesia following
 
volcanic destruction of the vegetation. 
On a small 
scale, a similar sequence of
 

revcgetation involving Casuarina equisetifolia can be observed on 
the island of
 
Hawaii. 
 Opportunities for quantitative studies of establishment and succession 

of Casuarina euisetifolia exist at the Punha site near Hilo where volcanic ash 

wiped out a stretch of vegetation from the volcano to the sea in 1960. New seed­

lings and young trees of Casuarina which invadcd the site were well nodulated and
 
flourishing together with small 
sedges in a location otherwise devoid of vegetation
 



(Torrey, unpublished observations).
 

LABORATORY STIEhS OF NITROGEN FIXATION
 

Careful laboratory and greenhouse studies of symbiotic nitrogen fixation
 

by Casuarina are relatively sparse. Bond and his associates in Glasgow, Scotland
 

contributed significantly to our understanding of the symbiosis over a period of
 

about twenty years. Casuarina cunninLharlana and C.. equisetifolia were grown in
 

water culture or in sand provided a modified Crone's inorganic nutrient solution
 

and inoculated with nc ule suspensions from field-collected nodules provided from
 

natural sites around the Wo Id.
 

Bond (]9S7a) determined shoot height, dry weight and total nitrogen values
 

for nodulated and non-nodulated plants and showed from growth data the iwportance
 

to plant development of dinitrogen fixation by nodules. Bond (1957a) calculated
 

.that a mean fixation of 50 mg atmospheric nitrogen per plant occurred in seedlings
 

of C. cunnixnhamiana over a period of six months in water culture. In similar
 

studies Rodriguez-Barrueco (1973/74) reported that plants of C. torulosa showed
 

accumulation of 430 mg N per plant in twelve months. Bond (1957b, 1964) showed
 

further using I5N2 provided in the atmosphere that detached nodules of Casufrina
 

incorporated the dinitrogen into fixed nitrogen. Nodules showed a nitrogen content
 

of nodule dry matter of 3.0 percent and an increase in isN content of up to 0.368
 

atom percent of total nitrogen over the normal value during a 19-hr period. In
 

these experiments (Bond 1961) the inhibition of dinitrogen fixation in de­

tached nodules by molecular oxygen at concentrations above 20% was demonstrated.
 

In other experiments with detached nodules of Casuarina Bond (1960) showud that
 

fixation of dtnitrogen in root nodules was inhibited by gaseous hydrogen at 20
 

percent (-50% inhibition) and higher, showing a sensitivity comparable to dinitrogen
 



fixation in nodules of lc$,rs. 

Using water tuliutv or sand culture, Bond and his colleagues demonstrated 

the essentil:-: for rritrngen fixation by Casuarina of molybdenum (Hewitt and
 

Bond 1961). nhalt (Rond and Hewitt 1962, 
 Hewitt and Bond 1966) and copper (Bond
 

and Hewitt 1967) provided in the inorganic nutrient solution. 

Studies on the (rffccls of ccmbined nitrogen on nodulation and nitrogen
 

fixation 
have heen made by Stewart 
(1963) and by Rodriguez-Barrueco, Macintosh
 

a,,u Bond (1970) 
 Stewart showed that ammonium nitrogen provided as (NH 4 ) 2 So 4 at
 

10 ppm nitrogen Facilitated the 
nodulation and development of young seedlings inoc.u­

lated with a nodule suspension. NH4+ nitrogen up to 
100 ppm did not significantly.­

reduce the number of nodules formed. 
 Stewart concluded that under most 
field con­

ditions Casuarina nodulaTion would not be affected by levels of nitrogen usually
 

in the soil RodrigIe.7 Bi rueCo (1972) also reported that low levels of ammonium
 

nitrogen did not interfYe with 
 nodule development in seedlings of C. cunninghamiaana 

although the ammc,nitim ton hecame inhibitory at high levels. Fixation of iN was
 

less effiLcient in the presence of the ammonium ion.
 

Rodriguez. Bai rue,) e.t 
 al. 
 (1970) studied the effect of combined nitrogen
 

on dinitrogen fixatjo, hy ('asaRTina plants already nodulated. Plants grown in
 

nutrient solutions conuiiiing different levels of 
(NH4 ) 2 So 4 were provided N2 in 

the atmosphere. After 14 
weeks plants were harvested and analyzed for total
 

nitrogen and 
isotopic riLrogen. Plants provided ammonium nitrogen grew well, moree 

or less in proportion to the anunonium supplied. The presence of fixed nitrogen
 

however reduced dinitrogen fixation of a)l plants even at 10 ppm nitrogen. Nodule 

growth was likewise reduced. 
 Plants provided no fixed nitrogen, although well nodu­

lated, did not grow as well as 
those provided ammonium nitrogen, suggesting that
 

nitrogen fixation itself utilizes photosynthate which might otherwise go to grow-tth.
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Coyne (1973) reported that tombined nitrogen as Ca(NO3)" 2 provided at 56 ppm N inhi 

bited nodule formatinn hy as muiich as 75% 
under optimum pH conditions in water
 

culture. A,t ording to Coy-v, J.ii:,en-fixation wa, negligible in nodulated plants 

provided with nitrate nityl, jin the1 nutrient solution. 

Bond and Mackintosh (1975) 
studied daily rates of fixation by detached
 

nodules incubated in isN2 
 They found that fixation varied diurnally, showing a
 

low rate in early morning. reat.hed a relatively high level for several hours in 

mid to late afternoon and then decreased. 
 Light intensity and temperature to­

gether influenced fixation v,:tes. According to these authors the of dinitro­rate 

gen fixation increased cteadily from 10 to 36 C with the maximum rate of fixation
 

by nodules of Casuarina cunninghamiana at 360 C. Waughman (1977) also observed
 

a simple exponential 
response in nitrogenase activity in C. equksetifolia to in­

creasing temperature. Rodriguez Barrueco 
(1973/74) found that detached nodules 

of C. torulosa showed the highest fixation rates in late afternoon and early
 

evening rathex than in mid m-nlng.
 

NODIJI.F INVIIATION AND DEVELOPMENT 

Structural studies of root 
nodules of Casuarina were directed first at at­

tempts to localize and identify the endophyte. Thereafter attention was paid to
 

the modification of root stiowture and the anomalous iorm and development of root 

nodules. More recently tilt rast uctural studies have made possible a demonstration 

of root hair infection, 
root cortex invasion and the proliferation of multilobed
 

modified lateral root branches to form thetv-pical nodules with nodule roots. Miehe 

(1918), McLuckie (1923) and Aldrich Blake (1932) all made anatomical studies of younj 

nodules. 
A review of these early anatomical studies has been written 
(Torrey 1976).
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Bond 
(1956, 195/) first called attention to the presence of vertically-up­
wird growing nodule roots on Casuarina nodules. 
These nodule roots can be quite
 
striking in young phni, 
 , wn 
in water culture. In field-collected nodules,
 
nodule roots may have ,i ;ed up and shriv,,lled 
so 
that their presence is totally
 

missed or ignored.
 

The present evidence supports the view that infection by the soil or­
ganism-causing root nodules on 
roots of C. cunninghamiana occurs by root hair
 
invasion (Callaham et al. 
 1979), 
as has been shown as well in Alnus, Myrica and
 
Comptonia. 
 The endophyte within the root hair shows multiple filaments, "ach of
 
which is surrounded or encapsulated by a polysaccharide capsule formed by the
 

host plant cytoplasm.
 

The filaments invade the cortical cells of the root, dissolving the cell
 
walls and middle lamella,often forming wide strands of invading filaments (Torrey
 
1976, Tyson and Silve-- 1979). 
 Filaments are septate and branched, ramifying
 
through the cells of the root cortex, causing cortical cell proliferation followed
 
by cell hypertrophy (Torrey 1976). 
 The structure of the microorganisis that of
 
a filamentous bacterium of the group Actinomycetales.
 

Coincident with the first invasion by the actinomycete, the root at 
the
 
site of invasion is stimulated to 
form multiple lateral root primordia which are
 
in turn 
invaded in the newly formed cortex tissues, forming swollen lobes where
 
the actively fixing association of host and endophyte is presumed to occur 
(Torrey

1976, Kant and Narayana 1977). 
 Only after the hypertrophy stage when the endophy-te
 
has filled 
the cortical 
tiSSuCs does the nodule root elongate from the pointed tip

lobe of each successively formed nodule root. 
 The result is the formation of a
 
cluster of swollen nodule lobes at 
each infection site with upward-elongating nodule
 
roots. 
 The nodule 
roots remain uninfected by the bacterium. 
Silver et 
al. (1966)
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attempted to interpret the peculiar negative geotropism of nodule roots in terms
 

of abnormal metabolism of the plant growth hormone. indole-3-acetic acid within
 

the developing nodules.
 

ULTRASTRUCTURE OF NODULES 

There are few reports of the ultrastructure of Casuarina root nodules.
 

Enough work has been published using transmission electron microscopy to conclude
 

that the microorganism in the nodule cortical cells is an actinomycete of the
 

Frankia type. The septate filaments of approximately 1 pm diameter are branched
 

and ramified. All filaments are surrounded by a polysaccharide capsule and in­

ternally show the characteristic nucleoid regions along the filament (Newcomb,
 

Pankhurst and Torrey 1981).
 

In nodules of actinorhizal plants vesicles are the demonstrated site of
 

the nitrogen-fixation enzyme, nitrogenase (see Tjepkema et 4j. 1980, 1981) and have
 

been reported to occur in mature nodule cortical cells in almost all actinorhizal
 

plants studied structurally. According to studies by Tyson and Silver (1979),
 

Dart (personal communication), Torrey (1976) and Newcomb et al. (1981), Casuarina
 

nodules do not show these typical terminal swollen filamentous structures termed
 

vesicles.
 

There exists one report illustrating nodule vesicles in Casuarina - a re­

port by Gardner (19,76) which included an ultrastructural survey of a large number 

of different genera and species. In her paper, she pictured a section of a nodule 

of Casuar~na (Plate 34.4a) in which she designated a vesicle. The identification
 

of this structure is confused by the fact that in her Table 34.1 she gave the
 

average dimensions of club-shaped vesicles in C. cunninghamiana as 1.0 Pm in diametel
 

and 2 .Op m long while the vesicle illustrated was about 3.6 pm in diameter. If
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her figure is in fact taken from a nodule of Ca.sual.ina, i't seeis jore likely that 
the septate swollen structure 
is a sporanguin. No other illustrations of sporangia
 

in nodules of Casuarina have been published although Gardner has described Fig. 
34.5b in the 
same paper as a section of 
Casuarina showing "bacteroids", which
 

would be the products of sporangial release. Clearly, more work on 
the ultra­
structure of nodules of Casuarina is needed. 
As noted by Gardner and others, the
 

presence of polyphenols and tannins in uninfected cells of root nodules makes fixa­

tion and sectioning for light and electron microscopy difficult, especially with
 

older mature nodules. 

The lack of convincing evidence for the presence of vesicles in the endo­
phyte in root nodules of Casuarina raises the very interesting question as to the 
locus of nitrogenase activity in the nodules of this genus. 
 One must reserve
 
judgment on 
this question, pending a more comprehensive and careful ulcrastructural
 

stud), of nodules fixed for microscopy at 
a time when nitrogenase activity is
 

demonstrable.
 

The evidence is good that the normal 
vesicle structure of cultured Frankia
 
provides protection of the oxygen-labile enzyme nitrogenase from inactivation by
 
ambient 0 concentration (Tjepkema et al. 1980). In the absence of a typical 

vesi(:ular structure in Casuarina, how would nitrogenase be protected? An intriguin, 

possibility is that special modifications have evolved in this case. Davenport 

(1960) reported the occurrence of haemoglobin in root nodules of C. cunninghamiana.
 

Efforts of to thisothers confirn observation have beennot successful. Here is 

another area needing further study. 

HANDLING THE MlCROORGANISM 

Efforts to isolate Frankia from nodules and grow it in culture: -
The ideal
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situation for the study of host-microorganism symbiosis is to be able to cultivate
 
each of the components separately and to understand the behavior of each independen

of the other. 
One can germinate seeds of Casuarina, grow them in water or 
sand
 
culture and provide them with essential 
macro- and micro-nutrient salts and grow
 
the host plants independent if Frankia. 

Unfortunately, it is not 
yet possible to grow in pure culture the Frankia
 
which causes nodulation of Casuarina roots. 
 Thus far, the effective endophyte has
 
resisted isolation efforts. 
 Uemura (1961, 1964) attempted isolation of the micro­
organism from nodules of C. e_uise'-ifolia and was able to grow a Streptomyces-like
 
actinomycete in sterile culture. 
 He failed to achieve reinfection of axenically
 
grown seedlings inoculated with this isolate. 
 Using methods developed and applied

successfully in the isolation of Frankia species from Alnus, Comptonia, Elaeagnus
 
and other genera, Torrey (unpublished) has been unable thus far to isolate the en­
dophyte from nodules of a number of species of Casuarina, collected in Florida, in

Hawaii and in Australia. 
 Baker (unpublished) has applied sucrose 
layered-gradient
 
methods 
to nodule suspensions of Casuarina without 
success.
 

Gauthier et al. 
 (1981) used microdissection methods and serial dilution to

isolate an 
organism from Casuarina nodules which when grown in culture showed
 
Frankia-like characters. 
 The Frnkia organism cultured by Gauthier et al. 
(1981)

is of considerable interest 
since when grown in vitro it produces terminal vesicles
 
and can be shown to reduce acetylene, presumably due to nitrogenase activity. 
 Un­
fortunately, attempts tu 
demonstrate infection of Casuarina seedlings with this or­
ganism have failed. 
 Tho reasons 
for failure in these effor'ts 
are not clear and
 
further attempts at isolation and culture must be made.
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Inoculation usin nodule suspensions. - In lieu of Inocula prepared from
 

the cultured organism, methods have been devised to achieve inoculation of seed­

lings from nodules collected in the field 
or from nodulated plants propagated in
 
the greenhouse. Bond 
(1957a) reported successful inoculation with the following
 
method, used also by Torrey (1976). Seeds were germinated in sand and watered with 

nutrient solution, then transferred to water-cultre vessels containing modified
 

Crone's solution, either at full strength or one-quarter strength. Nitrogen was
 
provided as anunonium sulfate at 20 mg N. At the time of inoculation, plants were 
transferred to nutrient solutions lack.ng nitrogen at about pl-s 6.4. The healthy
 
condition of the seedlings at the tiJe of inoculation was critical to success.
 

Fresh nodule material was 
ground in distilled viater at a ratio of about
 
1 g/20 ml water, filtered 
through muslin and the nodule suspension brushed on 
to
 
the seedling roots. Plants were 
grown in the greenhouse under natural 
light con­
ditions. 
 Young nodules were apparent in approximately 4-5 weeks. 
 Others have re­

ported similar procedures for experiments conducted in water or sand culture.
 

Coync (1973) studied the importance of certain variables affecting successfu
 
inoculation of plants grown in water culture. 
 Initial pH of the solutions at the
 
time of inoculation was critical; 
almost no nodulation occurred in plants at pH
 
4.0 or at p1H 9.0. Optimum pH for nodule formation in two species (C. glauca and 
C. cunninghtumiana) was pH 6.0 with good nodulation still at pH 7.0 and 8.0 but poor 
at pH 5.0. Bond (195 7 a)reported good nodulation in C. cunninghamiana at pH 6 and 7. 
According to Coyne, the presence of combined nitrogen in the form of nitrate
 

Ca(No3 )2 at 56 NJ
ppm reduced the number of nodules initiated but did not in­
fluence the optimu pit for_ nodulation. The effects of combined nitrogen on nodu­
lation and nitrogen fixation were discussed earlier, Kitamura et al. (1965) also
 
studied the effect of p1 on the grovith of several actinorhizal trees grown in water 
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culture, including Casuarina.
 

In his later studies with Casuarina Bond and Mackintosh (1975) started
 

Casuarina seedlings in water culture with modified Crone's solution lacking nitro­

gen but supplemented the first month with 10 mg/1 ammonium nitrate nitrogen.
 

Plants were transferred to nitrogen-free solutions at the time of inoculation;
 

thereafter nodules appeared after 3-4 weeks. 
 Using this procedure, Torrey (1976)
 

observed first visible nodules at the earlies at 
19 days.
 

Prepara.tion of nodule suspensions: -- Alternative methods for preparing 

the inoculun have been described or discussed but no systematic study has been
 

published. From accounts of inoculation of other genera, the following modifica­

tions could be expected to prove effective. Following the methods used with
 

Rhizobium, Torrey (unpublished) found it possible to 
inoculate successfully with
 

dried nodule preparations. To prepare the nodules, he placed small field samples
 

of nodules of C. eguisetifolia in.a vial containing silica gel 
which caused rapid
 

dessication of the nodule. 
Dry storage of nodules up to three months over silica
 

gel could still be followed by inoculation with a dry powder prepared from the
 

dessicated nodules, causing successful 
infection and nodule development in water­

cultured seedlings of the same species. 
 How long nodules can be safely stored in
 

this way remains to be determined.
 

When ground in distilled water fresh nodules rapidly turn brown and then
 

gray, presumably due to the release of polyphenols and/or tannins. In order to
 

prevent the damage due to release of such potentially toxic substances, noduies
 

can be ground up in the presence of polyvinylpyrrolidone (PVP). We have used 1%
 

PVII-40 and found that its presence retards the blackening reaction. Similarly,
 

activated charcoal 
can be used as an adsorbent. We have tested 10% 
activated
 

charcoal 
(wt/vol) in distilled water and found the nodule suspension after filtratic
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to be clear. 
 Another method desLribed by Lalonde 
for Alnus nodules (1979) is to
 
use 0.6-1% 
sodium chloride for the grinding solution. 
This also results in a
 
clear light yellow fluid after filtration. No systematic study of the relative
 

effectiveness of these methods has been made.
 

These empirical tests all 
suffer from the 
common difficulty that we do
 
not know for certain the nature of the infective particle which must be present
 
in the inoculum and whose activity we are 
attempting to preserve.
 

Inocu.lation of nu.rs.ry 
seed.linj stock: 
 There seems to be no published
 
account of procedures for inoculation of seedlings of Casuarina grown for nursery
 
stock. Observations made of operations in government forestry nurseries in Hawaii
 
and in Australia and New Zealand suggest that little attention has been paid by
 
growers to assuring that the effective organism for nodule formation is present
 
in the soil. 
 Since most nurs.ery operations routinely use sterilized soil mixes
 
for seedling plantations, 
one cannot expect the infective actinomycete to be
 
present in the root 
environment. 
 Some arrangement must be made to introduce the
 
organism into the rooting medium. 
Foresters have become most familiar with this
 
problem in working with mycorrhizal fungus introductions.
 

Soil or 
leafy litter from around effectively nodulated plants may serve
 
as an adequate 
inoculum for seedlings planted in soil mixes in the nursery. 
More
 
likely to be effective wou!d be inoculation from ground up nodules 
from field colle,
 
tions or nodulated plants in the plantation area.
 

Choice of inoculation material presents uncertainties at 
our present state
 
of knowledge. 
 The most 
likely procedure for successful 
infection following inocu­
lation is to prepare a ground-up inoculum from freshly collected field nodules of
 
the same species. 
 We have reports of successful cross-inoculations 
among species
 
as described for example, by Mowry (1933). 
 This question was reviewed inerestingl)
 

http:nu.rs.ry
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by Allen and Allen 
(1965). 
 We still do not 
know whether 
a single Frankia
 
strain from Casuarina will 
infect all species or whether there may be 
more
 
than one 
strain. 
 Some authors 
(e.g., Coyne 1973) have suggested there may be
 
more than one type of Frankia, specific to different Casuarina host 
species.
 
This question can only be resolved when an 
infective Frankia isolate is avail­

able in pure culture.
 

ldea3ly, 
one would like to be able to culture a Frankia species iso­
lated from Casuarina nodules which could be used to prepare an 
inoculum to be
 
introduced at will 
to seedling stock grown in the nursery. 
Then one should be
 
able to select the most 
infective strain to assure nodulation and also the most
 
effective in nitrogenasp act ivity to assure 
maximum rates of dinitrogen fixation
 
and thus most 
effective plant growth and dry matter production.
 

In nursery practise, as 
in the laboratory, successful inoculation of
 
seedlings and nodulation in container-grown plants depends upon sustaining the
 
seedlings in a healthy condition by providing fixed nitrogen to the seedling until
 
the induced nodules 
are actively fixing and can provide nitrogen directly from di­
nitrogen incorporation. 
 One must provide fixed nitrogen at 
low levels for plant

maintenance but not 
at levels or 
in forms 
inhibitory to nodulation. 
From the
 
earlier discussions 
one can conclude that 
a container mix supplemented with NH4-ni
 
gen in amount not 
in excess of 100 ppm nitrogen should meet 
these needs. NitraLe
 
nitrogen should be avoided in the soil 
mix. 
 It might be possible to provide seed­
lings with a foliar spray of 
urea to sustain seedling growth while nodulati%, pro­
ceeds in inoculated soil 
mix.
 

Once seedlings are planted out, they respond to adequate water su,;ly.
Kant and Narayana (1978) reported experiments with young plants of (:-suarina watered
 
every day, every other day or 
every third day. 
 After six months they measured
 
height, weight of shoots and roots, number, size, weight and nitrogen content of
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nodules. All measured parameter- decreased in relation to 
the reduced water supply
 

DISTRIBUTION OF CASUARINA AND ITS ACTINOMYCETOUS ENDOPHYTE
 

Casuarina spe'ies 
are wide spread throughout the tropics and sub-tropics
 

wherever it has been taken by man beyond its origins in Australia. Success in es­

tablishment of Casuarina depends upon plants obtaining 
sources of fixed nitrogen
 

provided naturally or added as 
inorganic or organic nitrogen fertilizer or from
 

symbiotic dinitrogen fixation when Frankia forms root nodules and the enzyme
 

nitrogenase develops.
 

Many reports from around the world show that Casuarina has adapted to
 
many ecological sites in many countries. 
Most evidence from laboratory research
 

demonstrates that the actinomycete is not transmitted with the seed 
 either within
 

it or on the surface. Racher, 
Frankia is transported in nodule material or in the
 

soil in a form which we do not yet 
know for certain. The presumption,based on
 

structural 
evidence, is that. spores are the most resistant form and presumably can
 

survive in dessicated state for long periods and/or distances. 
The interesting
 

question is how the effective Frarkia species reached the many distant 
lands
 

where Casuarina now occurs 
 One can find no 
reports in the older accounts suggestin
 

that soil samples or 
nodules should accompany seeds for successful establishment. 


is possible that Frankia spores can be circulated by the winds and this explanation
 

seems a reasonable one for situations such as the Punha volcanic site in Hawaii
 

where existing stands of nodulated Casuarina plants are only a few hundreds or thou­

sands of meters away. 
Greater distances provide great difficulties and puzzles.
 

In recent travels in New Zealand 
I 

.-ey, unpublished) it was interesting
to study the occurrence of Casuarina in p1.: sites or in forestry nurseries in
 
the North and South Island. 
 New Zealand winter minimum temperatures are sufficientl
 
mild to allow Casuarina to survive even as 
far south as Dunedin (at least in pro­

I 



tected sites). With the (ooperat ion of personnel of the Forest Research Institute:-.
 

(FRI) at vaTious locations in New Zealand 
samples of roots of Casuarina trees
 

were made. In some Lases exava1 ons of whole root systems (in nursery plantation!
 

were made in Ranginia nrat 1h. itchurch, in the nurseries and field plots of the
 

Aokauterre Science Center. Palmer--ton North, at the FRI at Rotorua and in urban
 

plantings, some of considerable age, in Auckland (with the help of Jack Rattenbury
 

Several different species (ifC.asuarina were examined including C. cunninghamiana
 

and C.. stricta. In no case were root nodu!es observed! Plants were surviving on
 

fixed nitrogen available in the nurseries of field sites. Some plants were not
 

very healthy.
 

Accounts were given of fairly extensive efforts in the North Island of
 

New Zealand to develop C asuariia stands as a wind-break or 
fence rows but experi­

mentation was abondoned as 
the plantsfailed to establish successfully. One would
 

assume this failure occurred because the plants did not 
form nodules and therefore
 

could not perform as 
they do in countries where the endophyte occurs. New Zealand
 

has very strict laws concerning soil and plant material importation and it may be
 

that Frankia, effective on an imported genus such as Casuarina, has never reached
 

that country. Examination of root systems of Elaeagnus and Alnus species at the
 

nursery at Rotorua showed abundant nodulation by those Frankia species it seems
so 


unlikely that soils in New Zealand are deleterious to Frankia. New Zealand offers
 

an interesting experimental 
situation for the careful and systematic introduction
 

of the appropriate Frankia strains for use 
with Casuarina plantations. Other re­

ports are scattered through the literature of areas in which Casuarina occurs but
 

in which nodules have not been found or occurred only sporatically. Bond (1976)
 

quoted reports of studies made in Indonesia showing that of 83 trees of C. equiseti 

folia growing in a latosol soil only 3 plants were nodulated. Of 72 trees of C. 



sumatrana examined in another Iocation, all 
were nodulat-ed. Bond (1957a) also
 

noted that specimen-; of Casuarina in Botanical Gatdens in the British 
Isles seemed
 

to lack riodi1es. a fact noted by Miehe (1918) for Botanic Gardens in Germany and
 

also Italy. These exotic plants were presumably sustained by regular nitrogen
 

fertilization. 
The failure of nodulation suggests the difficulty of transport
 

of Frankia by seed and the lack of distribution in soils in the temperate climatic
 

areas.
 

Casuarina may also show mycorrhizal infection in addition to nodulation
 

by Frankia., The fungal associations have been little studied. 
 Doriuergues (1976)
 

reported such association in Casuarina. 
Recently studies have been initiated by
 

Bamber et al. (1980) in Australia. Effective mycorrhizal association may offer
 

another mechanism to assure survival 
and adequate mineral nutrition.
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INOCULATION METHODS FOR CASUARINA
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April 26, 1982
 

Dr. Tom Geary 
Southeastern Forest Experiment
 

Station
 
P.O. Box 938
 
Lehigh Acres, FL 33936
 

Dear Tom: 

Enclosed is 
a summary of methods that have been successful for
 
inoculating Casuarina.
 

Sincerely yours, 

/I, 

Donald L, Rockwood
 
Associate Professor
 

DLR/mp
 
encl
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I hutii hr lle iii oo| mil Aqtlll rdl Sciices is an Equal EmlnoymenIt Oppor [inily Affrmatlve Action Employer authoritma1 to provirIe research,'flun,ii l i'I- ni ll, I .1 l l (ther StirviCos only to iliitVidtilf int 11itistittiltir s that trn o i ' thout reqard to race, color, sex, or al anin'igin. 



J .IiOuI tio n.eMc:tbods .fo.r... a rina 

The metho'(ds used tU :Lnocu.jlaL;e Ca"udc.I:: I wi. th the root 

i rif'c.i: i riicic, hut:l wi 1.1 der ,.JF'or r i t.h.w :;r.: :hrl.i s arend ,: 


hanl.edr an d whether noit
Or the- s:ieel.Jinls are aire-du
 

Mrowi in contai.i",; I aim 
 assuminsl here that cortairners 

ar'e l;uroblock:s. ir seed are Plraned direct.luid infto
 
,Y, rob].oc:ksy or s:eu.dlina s 
 irnuit .al lu g-.ermina,. ted :in f lats,! 

and then tr;nr's'lanted to sturub].oc..i..'y the f'ollowirE 

inou..lation methods can be used. 

Thre a,re .o :.... sOur'ces of' the ern'uohwte that irnfec'ts 

a."ua~r -, T~ese are leaf litt ry so:i] a.nd the root 

Ile .vnI . mse.lvoin s. For leilf li.t eri and o.i t abe. o 
P.,"f:.vM Ni,,, knolu:7.]Lmsy ithou must be c:olle:cte:d wi.thirn feet 

V y1 ,' lt. (Ifr w lol] Y. matur,'. e Casualir:a Root
 
nodu,.l e" D.(:, n,(sL inr mn. 
:r'e abundv.0,(arnt thi Deon 'his(.?;()'G t,::lc 

.Lh,.r,, i',. Pv, thle onrI* hw:Le: ihs assumned l.e::. -. ...... r n.,lt 

I..f.r litter, soil, or root nodules are mixed directlu
 

" I I ". : d' to
.,:i.in.;- i:i,.rn :ior fiilil"li the sturablr c ,s, 

F:inely v. leaf litter or root nodules. to mid mim'nao If 

leaf ]itter or soil are used thew should constitute at 

least :10O Per(:ert of the Pottir'm medium bw Rootweight* 

noduj es ar'e a more ef'fective inoculump b.. .Ar e more 

http:P.,"f:.vM


dirf.i.:ul't to cul]ect, If 
roo't rodules.:!, are to be stored 

for cl qer thai 30 w ;J bIL'eli FL)e'C bi i us:edy we recolmTlnld 

dr'Ji. them l o 10 C toL. avoid rt ti .t.snt duJri . st:)ra:.(., 

F r'u:i.n;. at maidermt- tlmP Yr'aL, ur'-s does :o't, zdversetu ,:..'"
e: t 

the ij -,ct,j n.,.abi. i L,. of the ::rdOPh.ute,
 

lau(.) t.,d I. F re'i h' iJeJ] :i.J5('?(1 ias 'the itS.? sIO(2ul.[lIl theuOljrce 

qhIoul.,"I comp:.ri ',. at, least I Pe rent of tre rottingl mediumj . 

rnodCln. '.wsey atIf dried .w; ar'e l.eaist 0.1* . Qrce::o."t of" th 

r'utti n.. me.di. im bA we:.:ight shoJ.d be i dJ.es. 

I.F e:.<ed]inri.<dt.1s are alreadw ,drowir:. in sturoblocksy and
 

nree.d to: be inoculated use 
r:ot nodul.:s as the inoculum
 

Sr ,'' Collect 
root ro:dules and fiinelyw chor * F reweiaih 

chop.erd rrot rodules into 9 Pound one.ot.; M*ix lot root 

nudules with 20 gallons inwater a iarve, shallow 

:on~tainer, (a childs; wadin r.,ool works A1reat). Dip. whole 

st.u froblocks into tho.. solutiory siubmerNi.n- the blo:.ck for at 

.o'osft. Iinute tomi:: al.low for sajturat iur of the so l, 

S tirhe itture frecnuel-it1 to insu.re mai.mu'm oIintiact 

bLit.w cott, m1rlhl Ied:IIi and the chopped root, nodules. Add 

more water' and root nodules as neededy Preferablw in 

batches of 8 Pounds root nodules to 20 ial.lons water to
 

maintair 
the Proper ratio, This Proceedure , if Performed 

2 uo, L". rio' to o.J'ut,.lF-lanting resulted in aPproximatelw 50 

Percent nodu].atior, in treated seedlir,ns, Good luck,
*END 

*(0 
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SECTION VII
 

AUSTRALIAN SEED SOURCES FOR CASUARINAS
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D1iiON of Forest RoAea h Ou,.s,on of T10) ni'ur , 8of.g6ca, Re ca 
Banks SIteel Yafalumlia Canberra AC T 

JCD/VB 1'j Bc.* 4008 Canr-:rra A' -OUR REF: 74/609 Tewonone rj6Li 83if2'I~i fla'Tfieqrams :cresedrcn ance;ra re, 62-L 

14 October 1980
 

Mr Michael D. Benge,
 
DS/AGR/TSWM, 420, SA-18,
 
-Office o! Agriculture,
 
Bureau of Development Support,
 
Agency for International Development,
 
WASHINGTON, D.C. 20523, U.S.A.
 

Dear Mr Benge,
 

Your letter of 5 September 1980 refers.
 

Sorry for the omission of our leaflet 'Australian Suppliers of

Tree Seed' from my letter of 26 February 1980,
 

Since writing in February, this Division has undertaken field
trips in an attempt to improve our seed stocks of Casuar6na species and
provenances. 
We now hold good stocks of 
a wide range of provenances of
E. cristata, C. cunninghamianacleuhmannli
 
' C. stricta, C. torulosa and
other species not on 
your list such a C. glauca, C. decaisneana and a
comprehensive range of Western Australian seedlots. 
Our work so far has
concentrated on arid zone, temperate and sub-tropical provenances and
we are yet to undertake collections in the far north 
(planned for 1981).
 

If it is not already too 
late, I would like this Section inrcluded
in your list of contacts for research and seed supply. 
We can provide
seed samples for research or 
refer buyers of large quantities of seed to
appropriate private suppliers (eg. Australian Tropical Plant Supplies for
seed of C. equisetifolia and tropical provenances of C. cunninghamiana).
 

For advice on the availability of C. oligodon seed you might
wish to write directly to the Director, Office o" Forests, P.O. Box 5055,
Boroko, Papua New Guinea and for C. Junghuhniana seed to the Chief,
Direktorat Reboisasi danRehabilitasi, Sub. Direktorat Benih, Kompleks SKMA,

P.O. Box 42, 
Bogor, Indonesia.
 

Yours sincerely,
 

. Doran
 
Se ect ion
 



AUSTn J.IAN SUPPLIERS OF TREE SEED
 

provided with the compliments of
 

Division of Forest Research, CSIRO
 
PO Box 4008, Canberra ACT 2600
 

Australia
 

A note to potential purchasers -


Most commercial seed collectors can specify the origin of the seed they

supply. There is however no tree seed certification scheme operating in
Australia, and it is recommended that the purchaser ascertain details of 
the seed origins before entering into any purchase agreement. Purchasers 
should not assume that the seed of eucalypts or other Australian genera
will necessarily be supplied from trees growing in Australia. Seed from 
exotic plantations is now comon in the seed trade. 
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AUSTRALIAN SUPPLIERS OF TREE SEED
 

Federal Government:
 

Seed Section, CSIRO Division of Forest Research
 
PO Box 4008, Canberra, ACT 2600
 

Telephone (062) 818ll1 Telex: 62751 Telegrams: 	FORESEARCH
 
Canberra
 

The Seed Section of the CSIRO Division of Forest Research
 
provides a central seed supply service and acts 
as a national seed
 
cobrdinating centre for Australia.
 

Limited quantities of seed 
are available for research. seeds
 
of about 400 Eucalyptus species, other Australian native trees and some
 
exotic species are held in stock. For most eucalypt species a range -:
 
seed origins (provenances) or individual tree collections is available.
 
All seed lots are tested for germ-nation capacity, and fumigated prior
 
to despatch. Seed certificates and phytosanitary certificates are
 
issued. informato' and advice on the choice of species and other
 
aspects of the growing and utilisation of eucalypts will be provided *n
 
request.
 

Prices: A service charge of $5 per seedlot plus S3. S4 
or S5
 
for each 10 g of seed depending on specics (includes postage or airfreight,
 
as appropriate). Some seed is available for exchange with government
 
research organizations.
 

A catalogue Ls not available, quotations are provided on
 
request.
 

Terms of trade: Payment in advance by bank draft.
 

State Governments: 

Forestry Commission of New South Wales 
GPC Box 2667. Sydney, N.S.W. 2001 

Telephone (02; 20236 Telegrams: NEWFORESTS Sydney 

Seeds of a wide range of tree species (both Australian and 
exotic) are available. A price list is available on request.
 

Terms of trade: Prices include all handling charges and
 
delivery costs within Australia. Postage on overseas orders is free of
 
charge by surface mail, but where air postage is specified payment
 
should be included in remittance.
 

Payment in advance is requested.
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Forests Commission, Victoria
 
GPO Box 4018, Melbourne, Vic. 3001
 

Telephone (03) 6179222 Telex: 	 PREMVIC AA32636
 
Attention FORESTS COMMISSION
 

Telegrams: FORESTCOM MELB.
 

Seeds of trees native to Victoria.
 

Seed prices on request, no catalogue available.
 
Terms of trade: cash in advance.
 

Queensland Forestry Department
 
Mineral House
 
41 George Street, Brisbane, Qld 4000
 

Postal: Box 944 GPO Brisbane, Qld 4001
 

Telephone: (07) 2240515 	 Telegrams: FORESTRY, BRISBANE
 

Seeds of a wide range of tree species, both exotic and native
 
are available.
 

Orchard grade seed of Pinus elliottii var. elliottii and Pinus
 
taeda is availaole; also seed of Pinus caribaea vaz. 
hondurensis.
 

A price list is available 	on request.
 

Terms of trade: Payment in advance is required.
 

Woods and Forests Department, South Australia
 
135 Waymouth Street, Adelaide
 

Postal: Box 1604 GPO Adelaide, 	S.A. 5001
 

Telephone: (08) 2170402 	 Telegrams: W-ODFOREST, ADELAIDE
 

Telex: AA82231
 

Material available: only Pinus 	radiata
 

Standard grade - unsupervised collection
 
Select grade - multiple-thinned stands over c.40 years old
 
Orchard grade - polycross orchard collections.
 

Collected from departmental plantations or orchards in the Mount
 
Lofty Ranges or Lower Southeastern Region uf South Australia.
 

Prices: Standard grade $34 per kg

*Select grade $42 per kg
 

(1980) *Orchard grade $91 per kg
 

*Available only when surplus to 	Departmental requirements.
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Forests Department, Western Australia
 
54 Barrack Street, Perth, W.A. 6000
 

Telephone (092) 258077
 

Seeds of tree species native to Western Australia.
 

A catalogue and py:ice list is available post free, on request.
 

Terms of trade: remittance or letter of credit with order.
 

Forestry Commission, Tasmania
 

GPO Box 207B, Hobart, Tas. 7001
 

Telephone: (002) 302014
 

Seeds of Tasmanian eucalypts and acacias.
 

Price list is available on request.
 

Terms of trade: Cash, 30 days.
 

Private:
 

Tasmanian Forest Seeds
 
'Sunmerleas Farm', Kingston, Tas. 7150
 

Telephone: (002) 296387
 

A wide range of trees anQ shrubs native to Tasmania. Many

species cannot be held in stock and orders for these are met by seasonal
 
collection.
 

A price list is available on request.
 

Terms of trade: 
 Charges for postage and customs certificates
 
will be added where applicable. Payment may be made by bank draft to
 
Commercial Bank, Hobart.


I
A Western Wildlife Supply 
'Terrara'
 
PO Box 90, Gilgandra, N.S.W. 2827
 

Telephone: (068) 472473
 
Telegram and Cable: EUCOSEEDS, Gilgandra, N.S.W.
 

Specialises in Eucalyptus, but has a range of other Australian

species, including cycads and palms. Minimum quantities 250 g. Bulk

orders may require some time, as many species do not set large crops of
 
seed each year.
 

Price list is available. Where clients require collections
 
from specific provenances, prices subject to negotiation.
 

Terms of trade: Bank draft or letter of credit.
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Australian Seed Company Pty Ltd
 
Robertson, N.S.W. 2577
 

Telephone: (084) 851274
 

This company speclalises in bulk orders for tree, snrub,
 
4round-covex and erosion controi seeds. 
 I! has a good rang6 of native
 
species, mostly from temperate regions, and a Limited range of non­
native species.
 

A catalogue is available.
 

Terms of trade: Cash or letter of credit. Prices include
 
packing and handling charges.
 

Australian Tropical Plant Supplies

Pinnacle Road, Julatten, Qld 4880
 

Seeds of indigenous tropical Queensland trees, chiefiy economic
 
and commercial species. Mainly eucalypts but will quote for special
 
collections of any tropical Queensland tree species. Normal area o
 
operation is from about 15 S to 180S and inland to about 1440E.
 

Terms of trade. J0 days from receipt of invoice; overseds
 
customers by oank draft.
 

£L.~ / I North Australian Native Seed SuppliesI PO Box 40003, Casuarina, N.T. 5792
 

Telephone: Darwin tO89) 85241J
 

Seeds of plant species native to the Northern rerritory and 
the Kimberleys, Western Australia (north of 180S), specialising Lfl palms 
and cycads. 

Price list is available on request.
 

Terms of trade: Letter of credit against presentation j'
 
invoice and airway-bill.
 

H.G. Kershaw
 
Postal: PO Box 88, Mona Vale, N.S.W. 2103
 
Business: 'HighView', Cabbage Tree Road, Bayview, N.S.W.
 
Telephone: 9976239
 

Has a large range of ornamentals, including many Australian
 
trees and shrubs, mostly from temperate regions.
 

A catalogue is available.
 
Terms of trade: Cash with order. Postage or carriage extra.
 



Nindethana Seed Service
 
Narrikup, W.A. 6326
 

Telephone: (098) 466205
 

Has a wide range of native trees and shrubs, most of which
 
are from temperate regions. A good selection of Acacia species and 
ornamental trees.
 

A catalogue is available. 

Seeds for Preservation
 
Lot 6, Badgerup Road, Wanneroo, W.A. 6065
 
Telephone: (092) 4051032
 

Supplying seeds of Western Australian native plants, specialising
 
in Proteaceae Banksia, Dryandra, Hakea) Myrtaceae (Eucalyptus, Melaleuca,
 
Beaufortia) but covering many other plant varieties. Wholesale only.
 

Catalogue is available on application.
 

Southern Seed Sales
 

35 Wilhelmina Avenue, Launceston, Tas. 7250
 

Telephone (003) 319187
 

Suppliers of Taemanian Eucalypt and Acacia seed. Provenance
 
collections a speciality. A catalogue is available.
 

Terms of Trade; Existing clients, 30 days credit. New 
clienzs Bank draft or letter of credit. 

A.P.M. Forests Pty Ltd
 
Technical Section,
 
129 Argyle Street, Traralgon, Vic. 3844
 

Telephone: (051) 741274
 

Details of seed available -

A. Pinus radiata 

1. 	 Late thinnings and clearfellings - seed from selectively thinned stands. 
Combined selection intensity for vigour, stem straightness and branching 
approximately 1 in 10. 

2. 	 Seed Production Area - seed from two areas specially thinned to 100
 
trees per hectare. Combined selection intensity of c. I in 20.
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 Seed Orchards - seed available from Golden Gullyi Saxton's and
Balook orchards. 
 The composition and development of each orchard

and expected gains are described in 
a seed sales brochure. 

B Eucalyptus regnans - seedling seed orchard 

Details of avilability and price suppiied on request.
 

A seed sales brochure including price list is available on request.
 

Terms of trade: Payment by cash or bank draft prior 
to despatch,
except for approved customers where 30 day payment 
on invoice will
 
apply.
 

Flamingo Enterprises Pty Ltd
 
PO Box 1037, East Nowra, NSW 2540
 

Telephone: %044) 24876, Internationai: 61 44 L47T6 
Telex: AA 21025 (SHLTVL). 

Seeds of a wide range ')f palms, trees, snrumbi .­idoor oiants and 
climbers are offered. 

A catalogue is available.
 

Terms of trade: 
 Cash with order unless urioz 
.redit arrancementi
 
are made.
 

H. Grant
 
2 Sandra Place, Dubbo, NSW 2830
 

Seeds of Australain trees; 
also shrubs, herbaceous and ground-cover

plants. Western New South Wales 
a specialit%.
 

Catalogue posted on application (enclose 2 postage stamps).
 

Terms of trade: 
 Cash witn orders for packets (50c each,, 30

days for bulk supplies. 
 Postage payable un all orders.
 

Silvan Improvements Pty Ltd
 
PO Box 42, Watson, ACT 2602
 

Telephone: (062) 411075 or 
474328
 
Telegram and Cable: 
 'Silvan, Canberra'
 

A wide range of trees 
and shrubs native to Australia are available.
Many species are 
not held in stock but, if available, can be met
by collection. SeeO 
from South Africa together with provenance

details and germination test results 
can be supplied if required.
 

Quotacions are provided on request.
 

Terms of trade: Bank cheque foz 
small orders. Letter of Crediz
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Dendros Seed Supplies
 
59 Mirrool Street
 
Duffy ACT 2611
 

Telephone: (062) 881490
 

Specialising in bulk or provenance collections of Eucalyptug.
 

Prices available on request.
 

Terms of trade: 
 Bank draft or letter of credit.
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ill I-PIINE 904-392 1792 

A I ? REC'D
 

April 26, 1982
 

Dr. Tom Geary
 
Southeastern Forest Experiment
 

Station
 
P.O. Box 938
 
Lehigh Acres, FL 33936
 

Dear Tom:
 

Enclosed is a summary of methods that have been successful for
 
inoculating Casuarina.
 

Sincerely yours,
 

' / / 

Donald L, Rockwood
 
Associate Professor
 

DLR/mp
 
encl
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SECTION VII
 

AUSTRALIAN SEED SOURCES FOR CASUARINAS
 



FILE COPY

Division of Forest Research O, 1s-on ot ine ini (ri ,;f 8 ',ugical
Banks Street YareaIumIa Canberra AC T 

JCD/VB 11 Bt4108 Caor"('a A ;600 
OUR REF: 74/609 Teofjonone C0621, ' ­81 

reiegrams '-Gresed(r :anre6rraJ 7-,0(, 4 v-rco 
14 October 1980
 

Mr Michael D. Benge,
 
DS/AGR/TSWM, 420, SA-18,
 
-Office of Agriculture,
 
Bureau of Development Support,

Agency for International Development,

WASHINGTON, D.C. 20523, U.S.A.
 

Dear Mr Bengc,
 

Your letter of 5 September 1980 refers.
 

Sorry for the omission of 
our leaflet 'Australian Suppliers ot
Tree Seed' from my letter of 26 February 1980.
 

trips in 
Since writing in February, this Division has undertaken field
an attempt to improve our seed stocks of Casuarina species and
provenances. 
We now hold good stocks of a 
ide range of provenances of
E. cristata, C. cunninghamianat.leuhmannli 
 C. stricta, C. torulosa and
other species not 
on your list such a C. glauca, C. decaisneana and 
a
comprehensive range of Western Australian seedlots. 
 Our work so far has
concentrated on arid zone, tempecate and sub-tropical provenances and
we are yet to undertake collections in the far north (planned for 1981).
 

If it is not already too late, I would like this Section included
in your list of contacts for research and seed supply. 
We can provide
seed samples for research or refer buyers of large quantities of seed to
appropriate private suppliers (eg. Australian Tropical Plant Supplies for
seed of 
C. eguisetifolia and tropical provenances of C. cunninghamiana).
 

For advice on the availability of C. oligodon seed you might
wish to write directly to the Director, Office of Forests, P.O. Box 5055,
Boroko, Papua New Guinea and for C. Junghuhniana seed to the Chief,
Direktorat Reboisasi danRehabilitasi, Sub. Direktorat Benih, Kompleks SKMA,
P.O. Box 42, Bogor, indonesia.
 

Yours sincerely,
 

J. (~JDoran
See~Section
 



AUSTRALIAN SUPPLIERS OF TREE SEED 

provided with the compliments of
 

Division of Forest Research, CSIRO
 
PO Box 4008, Canberra ACT 2600
 

Australia
 

A note to potential purchasers -

Most commercial seed collectors can specify the origin of the seed they

supply. There is however no 
tree seed certification scheme operating in

Australia, and it is recommended that the purchaser ascertain details of

the seed origins before entering into any purchase agreement. Purchasers

should not assume that the seed of eucalypts or other Australian genera
will necessarily be supplied from trees growing in Australia. Seed f'rom
exotic plantations is now oownbn in the seed trade. 



AUSTRALIAN SUPPLIERS OF TREE SEED
 

Federal Government:
 

Seed Section, CSIRO Division of Forest Research
 
E PO Box 4008, Canberra, ACT 2600
 

Telephone 	(062) 818211 Telex: 62751 
 Telegrams: 	FORESEARCH
 
Canberra
 

The Seed Section of the CSIRO Division of Forest Research

provides a 	central seed supply service and acts as 
a national 	seed
 
cobrdinating centre for Australia.
 

Limited quantities of seed are available for research. 
 seeds
of about 400 Eucalyptus species, other Australian native trees and 
some
exotic species 
are held in stock. For most eucalypt opecies a range 7f
seed origins (provenances) or 
individual tree collec".ions is available.
 
All seed lots are tested for germinaztion capacity, and fumigated prior

to despatch. 
 Seed certificates and phytosanitary certificates are

issued. Information and advice 
on the choice of species and other
 
aspects of the growing and utilisation of eucalypts will be provided in
 
request.
 

Prices: 
 A service charge of $5 per seedlot plus S3, $4 or S5
for each 10 g of seed depending on species (includes postage or airfreight,
 
as appropriate). 
 Some seed is available for exchange with government
 
research organizations.
 

A catalogue Ls not available, quotations are provided on
 
request.
 

Terms of trade: Payment in advance by bank draft.
 

State Governments:
 

Forestry Commi:ision of New South Wales
 
GPO Box 2667. Sydney, N.S.W. 2001
 

Telephone 	(02) 20236 Telegrams: NEWFORESTS Sydney
 

Seeds of a 	wide range of 
tree species (both Australian and
 
exotic) are available. A price list is available on request.
 

Terms of trade: Prices include all handling charges and
delivery costs within Australia. Postage on overseas orders is free of
charge by surface mail, but where air postage is specified payment

should be included in remittance.
 

Payment in advance is requested.
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Forests Commission, Victoria
 
GPO Box 4018, Melbourne, Vic. 3001
 

Telephone (03) 6179222 Telex: 	 FREMVIC AA32636
 
Attention FORESTS COMMISSION
 

Telegrams: FORESTCOM MELB.
 

Seeds of trees native to Victoria.
 

Seed prices on request, no catalogue available.
 
Terms of trade: cash in advance.
 

Queensland Foresury Department
 
Mineral House
 
41 George Street, Brisbane, Qld 4000
 

Postal: Box 944 GPO Brisbane, Qld 4001
 

Telephone: (07) 2240515 	 Telegrams: FORESTRY, BRISBANE
 

Seeds of a wide range of tree species, both exotic and native
 
are available.
 

Orchard grade seed of Pinus elliottii var. elliottii and Pinus
 
taeda is available; also seed of Pinus caribaea vaz. hondurensis.
 

A price list is available on request.
 

Terms of trade: Payment in advance is required.
 

Woods and Forests Department, South Australia
 
135 Waymouth Street, Adelaide
 

Postal: Box 1604 GPO Adelaide, 	S.A. 5001
 

Telephone: (08) 2170402 	 Telegrams: WOODFOREST, ADELAIDE
 
Telex: AA82231
 

Material available: only Pinus 	radiata
 

Standard grade - unsupervised collection 
Select grade - multiple-thinned stands over c.40 years old 
Orchard grade - polycross orchard collections. 

Collected from departmental plantations or orcnards in the Mount
 
Lofty Ranges or Lower Southeastern Region of South Australia.
 

Prices: Standard grade $34 per kg

*Select grade $42 per kg
 

(1980) *Orchard grade $91 per kg
 

*Available only when surplus to 	Departmental requirements.
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Forests Department, Western Australia
 
54 Barrack Street, Perth, .A. 6000
 

Telephone (092) 258077
 

Seeds of tree species native to Western Australia.
 

A catalogue and price list is available post free, on request.
 

Terms of trade: remittance or letter of credit with order.
 

Forestry Commission, Tasmania
 

GPO Box 207B, Hobart, Tas. 7001
 

Telephone: (002) 302014
 

Seeds of Tasmanian eucalypts and acacias.
 

Price list is available on request.
 

Terms of trade Cash, 30 days.
 

Private:
 

Tasmanian Forest Seeds
 
'Summerleas Farm', Kingston, Tas. 7150
 

Telephone: (002) 296387
 

A wide range of trees and shrubs native to Tasmania. Many
 
species cannot be held in stock and orders for these are met by seasonal
 
collection.
 

A price list is available on request.
 

Terms of trade: Charges for postage and customs certificates
 
will be added where applicable. Payment may be made by bank draft to
 
Commercial Bank, Hobart.


I- y Western Wildlife Supply
 
'Terrara'
 
PO Box 90, Gilgandra, N.S.W. 2827
 

Telephone: (068) 472473
 
Telegram and Cable: EUCOSEEDS, Gilgandra, N.S.W.
 

Specialises in Eucalyptus, but has a range of other Australian
 
species, including cycads and palms. Minimum quantities 250 g. Bulk
 
orders may require some time, as many species do not set large crops of
 
seed each year.
 

Price list is available. Where clients require collections
 
from specific provenances, prices subject to negotiation.
 

Terms of trade: Bank draft or lettAr of crPdit­
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Australian Seed Company Pty Ltd
 
Robertson, N.S.W. 2577
 

Telephone: (084) 851274
 

This company specialises in bulk orders for tree, shrub,
 
jround-cover and erosion controi seeds. It has a good range if native 
species, mostly from temperate regions, and a limited range of non­
native species. 

A catalogue is available.
 

Terms of trade: Cash or letter of credit. Prices include
 
packing and handling charges.
 

*,|
I	Australian Tropical Plant Supplies
 
Pinnacle Road, Julatten, Qld 4880
 

Seeds of indigenous tropical Queensland trees, chiefly economic
 

and commercial specjes. Mainly eucalypts but will quote for special
 
collections of any tropical Queensland tree species. Normal area of
 
operation is from about 15 S to 180S and inland to about 144 E.
 

Terms of trade. 30 days from receipt of invoice; overseds
 
.ustomers by oank draft.
 

~'sqck>)-/ Australian Native Seed SuppliesINorth
PO Box 40003, :asuarina, N.T. 5792
 

Telephone: Darwin t089) 852410
 

Seeds of plant species native to the Northern rerritory ind
 
the Kimberleys, Western Australia (north of 180 S), specLalising in palms
 
and cycads.
 

Price list is available on request.
 

Terms of trade: Letter of credit against presenat*on j:
 
invoice and airway-bill.
 

H.G. Kershaw
 
Postal: PO Box 88, Mona Vale, N.S.W. 2103
 
Business: 'HigniView', Cabbage Tree Road, Bayview, N.S.W.
 
Telephone: 9976239
 

Has a large range of ornamentals, including many Austraiian
 
trees and shrubs, mostly from temperate regions.
 

A catalogue is available.
 
Terms of trade: Cash with order. Postage or carriage extra.
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Nindethana Seed Service
 
Narrikup, W.A. 6326
 

Telephone: (098) 466205
 

Has a wide range of native trees and shrubs, most of which
 are from temperate regions. A good selection of Acacia species and
 
ornamental trees.
 

A catalogue is available.
 

Seeds for Preservation
 
Lot 6, Badgerup Road, Wanneroo, W.A. 6065
 
Telephone: (092) 4051032
 

Supplying seeds of Western Australian native plants, specialising

in Proteaceae 
(Banksia, Dryandra, Hakea) Myrtaceae (Eucalyptus, Melaleuca,

Beaufortia) but covering many other plant varieties. 
 Wholesale only.
 

Catalogue is available on application.
 

Southern Seed Sales
 
35 Wilhelmina Avenue, Launceston, Tas. 7250
 

Telephone (003) 319187
 

Suppliers of Tasmanian Eucalypt and Acacia seed. 
Provenance
 
collections a speciality. A catalogue is 
available.
 

Terms of Trade: Existing clients, 30 days credit. 
New
 
clients Bank draft or 
letter of credit.
 

A.P.M. Forests Pty Ltd
 
Technical Section,
 
129 Argyle Street, Traralgon, Vic. 3844
 

Telephone: (051) 741274
 

Details of seed available -

A. Pinus radiata
 

1. Late thinnings and clearfellings - seed from selectively thinned stands.Combined selection intensity for vigour, stem straightness and branching

approximately i in 10.
 

2. Seed Production Area ­ seed from two areas specially thinned to 100
 
trees per hectare. Combined selection intensity of c. I in 20.
 



3. 	 Seed Orchards - seed availablt, from Golden Gully- Saxton's and 
Balook orchards. The compcz!ttcn and development of each orchard 
and expected gains are described in a seed sales brochure. 

B Eucalyptus regnans - seidling seed orchara 

Details of avilabitity and price suppiiec on request.
 

A seed sales brochure including price list is available on request.
 

Terms of zrade: Payment by sash or bank draft prior to despatch,
 
except for approved customers where 30 day payment on invoice will
 
apply.
 

Flamingo Enterprises Pty Ltd
 

PO Box 1037, East Nowra, NSW 2540
 

Telephone: (044) 24876, International: 61 44 .4d76 

Telex: AA 21025 (SHLTVL).
 

Seeds of a wide range )f palms, trees, snruni .'idoor oiants and
 
climbers are offered.
 

A catalogue is available.
 

Terms of trade: Cash with order nless tra' .redi. arranqement.
 
are made.
 

H. Grant
 
2 Sandra Place, Dubbo, NSW 2830
 

Seeds of Australain trees; also shrubs, herbaceous and ground-cover
 
plants. Western New South Wales a specialit .
 

Catalogue posted on application ienclose 2 postage stamps).
 

Terms of trade: :ash witn orders for packets (50C each-, 30
 
days for bulk supplies. Postage payable on all orders.
 

Silvan rmprovemnents Pcy tid
 
PO Box 42, Watson, ACT 260
 

Telephone: (062) 411075 or 474328
 
Telegram anc'dble: 'Silvan, Canberra'
 

A wide range of trees and shrubs native to Australia are available.
 
Many species are not held in stock but, if available, can be met
 
by collection. Seed from South Africa together with provenance
 
details and germination test results can be supplied if required.
 

Quotations are provided on request.
 

Terms of tradp! R.~nk r-h. riiip f-r cm~ill -4 T- 4.- -A,* 



7.
 

Dendros Seed Supplies
 
59 Mirrool Street
 
Duffy ACT 2611
 

Telephone: (062) 881490
 

Specialising in bulk or provenance collections of EucalyptuS.
 

Prices available on request.
 

Terms of trade: Bank draft or letter of credit.
 


