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A population of at present 680,000 persons is estimated to increase to

1,000,000 within the next few decades.

Western Australia uses 9B per cent. hardwood to 2 per ceni softwood in

evelyday use. Under this preseut arrangement high quality hardwoods are
being used where softwoods would suffice.

Local supplies of softwoods will permii a much sounder timber balance
in the above respect.

Apart from being & drain on the economy of the community, softwood
impofis may not be fully available in the future. It is possible that present'

exporting countries may have to drastically cut down on the quantities avail-
able to western Australia within the next few decades.

SECTION I (b)

Climate
The position of Western Australia \tith refe{ence to its range in latitude

(almost equally tropical and extra -tropic al ) , its low elevation and unifo lL

topography, together with the fact that it lies on the Western side of the'

continent, and is therefore subjected to the desicca,ting efiect of the South-

Easterly trade winds, are ru"t" oi ruttaat""ttTir-lfrF6iiaft;-tr-6fr-ffi6a1ffiiG
ffi;apofii:T6se-6;ts account for the difierent climatic systems, and for the
gleat arid middle region which represents the Wesiern prolongation of the

desert of Central Australia.

Three climatic zones may be recognised' a No*hern area of summer raln-

fall of a monsoonal character' with a cool dry season; a South-western area

of yfinter rainfall with a pe od of summer drought' and a Yast central area

of low and unreliable rainfall of uo marked periodicity, depending entirely

upon ettensions ol the climatic systems which dominate the Nolthern and

Southern areas.

It is only vtithin the South-western region of winter rainfall that"

commercial pine growth is at present considered'

The South-Western CtinLatic ll'egiolt of Western Australi(L'

The South-Western portion of Western Australia enioys a Mediteranean

climaie with cool wet winters and hot dry summers'

During the summer months the go"liltre'rn half of Western Australia lies

under the iniuence of hiqh Pressure systems and summer drought' Little or

no rain falls over the maiodty of the area' except that brought by occasional

thunderstorms which are directly or indirectly influenced by the low pressure

systems to the No*h. Ttre extreme South-West and Southern littoral resion'

however, receives from five to ten inches of rain due to Northward sureings

of the sysiems cauied along by the "roaring forties" at all seasons in the'

Southern Ocean.

drought in November.
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(c) Limestone hills and sands over-lying limestone at shalow depth:
The "Umestone" is usually wind transpofted se& sand cemented
by carbonate of lime. Sometimes comparatively high hills have
been formed by these lime bearing sands and the stone occurs as
floaters in brown surface sands or ii may be coyered to a depth
of several feet by yellow-grey sands.

The soil survey ol the plantations of the State has made colsiderable
progress with the object of studyilg the relationship of pille growih to soil
type and analyses data,

!'rom a careful study of a lalge number of analyses giving for difierent
holizons the phosphorus, Ditrogen, calcium and potassium present, the yalue
of the phospha,te (P,O5) flgure as an indicator has emerged.

As a general guide in considering afiorestation proposals and problems,
the following standards have been tentatively adopted:-

For P. radiata a, P,Or content ol at leasi 250 parts per million is
required in the surface and sub-surface soils.

For P. pitxaster a P'O5 content of not less than 1S0 pads per million
is required in the surfa.ce and sub-surface soils.

In this connectiou it is desirable to emphasise the following poitts:-

The P,O5 conteni is suggested as an indicator flgure only, and it
is not intended to imply that the amount of phosphorus present
in the soil is in itself the factor limiting the development of the
pine stand.

The P,O' content ceases to be a useful indicator in the case of
areas which have been cultivated previously for agricultu-ral pur-
poses. h other words, the fertility of any site can be increased
by methods such as intense culuvaiion without any corlesponding
i4crease in ihe P,O5 flgure obtained by analyses,

On the coa€tal sands lrom the results of analyses of samples taken
at greater depths, ii is possible that where the phosphate content
of the surface saud does not reach the a,bove standard, satisfactory
c(ops of P. pinaster may be grown U the P,Os content over a
considerable depth is of the order of 50 pads per million. This
must be regarded as a tentative standard subject to verification
in ihe light of furttrer data.. These coastal sands are largely
dune sands of recent origin, and have been sampled to depths
usually not greater than 20 feei.

( 4 ,

(b)

( c ,

sEcrroN r (il)
Exotic Establishm.ent

und,er
Westerm Australian Conditians

Before any working Plan for a plantation proposal is received, the area
must satisfy a careful soil survey. Soil factors, particularly availa.ble phos-
phorus, are the most critical determinants for successful establishment in
western Australia and, in most cases, are the limiting lactors involved. This
initial soil survey not only determines the exotic species which are to be planted,
but also permits a decision as to the necessity of subsequent fefilizer applica-
tion.

wherever possible, tdal pIots, usually of one acle extent are established
on the likely new Planting aleas.
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Plan preparation and preliminary sub-division is completed at least flve
Vears in advance of clearing operations for each plantation.

Cl:ed,ring the Area.

Prior to clearing opelations, the area is protected for a minimum period
of three years to ia,cilitate an efiective fina1 burn. The whole clearing opera-
tions aim at attaining a clean, thorough final burn.

All merchantable logs and economical firewood are removed from the area,
the scrub knocked flat and allowed to dry out. Following a lapse of at least
12 monihs to permit drying, the area is burnt in the winier or early spring as a
safeguard to the plantation.

Cultioation oJ the Pl,antirlg Area.

On most types of couniry available for planting, ttle ground cover consists
of a dense grorvth of woody shrubs which have ramifying and persistent root
systems. Experience has shown that the deshuction of this indigenous scrub
is benencial to the pines on almost aU soil types.

A thorough ploughing is carried out prior to planting. Ploughing aims at
a depih of penetration of I inches to 10 inches

Plantitug Operetions.

Experience and time of planting studies have confined planting operaiions
to definite months of the year. These are as follows:-

(1) June 1st to Julv 31st, South of an Easl-West line through Bunbury'
(2) June 15th to July 31st, North of an East-West line through

Bunbury.

Planting lines are set out at right angles to a selected baseline which is'

normally, a compartmental boundary. Planting is by machine, wherever
feasible, and by hand in difrcult situations for machine operation.

Machine planting has proved entirely successful on the coastal plain,
particularly at Gnangara Plantation, where ihe flat teEain and sandy soil are
particularly suited to this method.

Machines have IIot yet been extended to the Darling Ranges and the
Southern coastal Plain areas. The former is normally rocky and hilly and
together with Southern plain areas, has not provided a sufrcient acreage
each year to warrant machine trials.

Initially, machines were not entirely satisfactory, but several corrections
in design ascompushed at Gnangara, have resulted ln a suitable machine
and technique for this particular area at least.

Alignment of hand planting is achieved by the planting crew working in
echelon formation vrith an experienced No. 1 clew membe! providi[g the
standard spacing and direction. Spacing sticks are set in along the baseline
and alignment sticks placed along plantilg rows to aid the crew, when this
is considered necessary.

spacing used is generally 8ft. x 8ft. or gft. x gft. for Pinus radiata and
?fi. x ?ft. for Pinus Pinaster.

Wherever topography and clearilxg methods permit, provision is made tq
miss one low in every two chains of width across the compartment. Such
blanks serve as access lines for nre fighting Yehicles prlor to the time the
plantation receives its flrst thinning. They also may be used later as log
extraction routes.
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(4) The notches or holes must be deep enough to permit the roots to
be disposed mole or less ve$ically without bending.

One-year seedlings will not be root pruned subsequent to tifting.
some long side roots of two-yeat stock may have to be pruned
back to 12in.

(5) Care musi be taken io avoid undue drying oI the plants, particu-
larly in high wind or on clear sunny days. The total of the
exposures to which the roois are subiected in the various opera-
tions from lifting io planting under careful supervision has been
estimated to amount to two minutes.

Application of Artif,ciat Pertiliser o,nd. Mituor Elelnents.

Where it has been found essential to apply artincial fertilisers to a planta-
tion to maintain normal growth, the type, quantity and method of application
is determined from experience obtained from trial plots previously established
on the specinc soil type. continuing research is being made into the methods
of application and modiflcation of the various implements used.

Zinc and phosphorus are the two main elements at present in use. Zins
is generally applied in the form of 2* per cent. solution of ZnSO4, an ordinalT
Ladywood knapsack spray such as is used for fire fighting being used to apply
the solution. Time of application is often detelmined by ffrst signs of deficiency
symptoms but on known deficient areas, is standard practice from 3 to 5 year$
from planting date.

Fhosphorus is applied in the form of superphosphate or glound phosphate
rock. Small areas are generally dressed by hand and large areas with a drill.
An H. V. McKay horsedrawn vineyard drill with two runs has been used
extensively in the past to apply superphosphate. 'Ihe two runs ale modified to
feed into a single outlet and ihe phosphate trickled along the row of trees ai
the prescribed rate. Application is normally at the rate of 2 oz. per tree
iDitially.

Pine Nurserg Practice in Western Australia,

Nursery practice in \Mestern Ausiralia i5 generally standard as compared
with that of other countries. There are however, several modiflcations which
were necessary to suit local conditions. Nursery procedure aims at producing
one year plants of Pinus pinaster of 12in. heieht with a lower whorl of
branches developed, while with Pinus radiata, the height should average 12-15
inches, and although no side branches are present, the plants must be sturdy'

Mucorrhi?a,
Satisfactory nursery conditions can only be obtained by initiaUy innoculat-

lng f,he nursery soil with mycorrhizal material from mature pine stands or old
established nurseries, Past practice of innoculation has been to spread soil from
the old nursery o)] a mature pine stand over the new site.

Tine ol SolDiw End Spacing.
Spring sowing is practiced to provide one year plants for planting out. In

cases where such has not proved entirely suitable, autumn sowing, about mid-
May, has permitted sturdier plants to be ave,ilable at lifting time, The aim is
to produse fully deyeloped planting stock by the following winter.

Depending on the results of germination tests on the s€ed, the Planet
Junior: seed driu is set to provide a maximum of 24 viable seeds per foot of
nursery line. The depth of the drill is set to twice the diamet€r ol the seed
measured across its smallest dimension, that is a depth of ;in. fo! Pinus
pinaster and +iu. for Pinus radiata,

o
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In 1917-1918 came the first proposal to plant pinus pinaster on the coastal
sands north of Perth. Further plantings of pinus pinaster had continued
at Ludlow, much of this direct sown, particularly on failed pinus radiata areas.
By 1922,300 further acres ol pinus pinaster had been established at Ludlollr.

In 1922, Pinus pinaster trial plots dtect sown at cnangara (12 mites north
of Perth) proved a failure. planting had been extended to Mundaring district
and Collie. In 1925, the extent of this pine at Ludlow was 5?0 acres.

In 1926, Pinus pinaster was planted at Applecross and Gnangara, adjacent
to Pelth on sands; at Mundaring Weir on laterite and at Uyalup near Harvey
and Ludlow on coastal sands.

Further extension of planting was as follows, the bulk of the eftective areagiven being of pinus pinaster.
1925-1935-1,502 acres extended to 9,204 acres.
1935-1945-9,204 acres extended to 13,609 acres.
1945-1955-13,609 acres extended to 19,000 acres.

From 1940 on it was decided that most seed previously purchased had
resulted in undesirable strains and it xTas made policy that in future all pinus
pinaster sown should be of Leira strain purchased direct from a reputable seed
firm in Poftugal.

5,-Pr6ent Ertent ol Plan;ting.
At pTesent the Forests Department plants approximately 1,500 to 2,000

acres per year, the bulk being of Maritime pine. Future extension is to occur
at the rate of 2,000 acres per annum tovrards a maximum total of 200,000 acres,
largely of Pinus pinaster established on coastal sands. The tow nutrient status
of the soils available for planting has forced the general use of pinus puasler
instead of the faster growing pinus radiata.

(a) Present approximate total effective pinus pinaster plantation of
all strains is 1b,996 acres.

(b) Approximate age distribution within the planting area.

Ag" > 3 0
yeals.

6---Climatic Zones in w:llich plonted,.

Planting is restricted to the south-western climatic province described in
Section 1(b). The bulk of the planting area available is coastal, occuurng
within 25 miles of the sea and with an average approximate reliable rainfall
of 30 inches occuuing during the winter months.

ltosts are at a minimum and ofier no problems.
'1.-Descriptians ol Soits end Sites Prefened,.

These are provided in Section 1(c). Under virgin conditions the sandy soil
types of the coastal plain carry poor jarrah and marri forest and sand heath
types in the north, and tuart lorest in the southern and central areas.

'Ihe coastal sands, particularly type (b) consisting mainly of flats are
considered most suitable to the species of all the types available for plant-
ing. Fertiliser technique permits most sandy types to grow fair to average
L€iria stands.

20-25 | 15 20 10 15
years. yearc. years.
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Root-rot: Planting out losses have been accredited to rooi-rotthg due to an
unidentined species of llhizoctonia fungus. The incidence of this disease is
intermittent.

Ips.' Ips grandicoUs has been found in P. pinaster in several plantation
areas yet has not ca,used damage of any extent.

Bla,ck Cockatoos: The white-tailed Black Cockatoo, CalyptoEhyDcus
baudini has caused trouble by taking the pine cones and eating the seed,
During such operations, young growing tips ale damaged and the bark is ofteD
stripped from the trullk.

Mo"gpi6: It, has been standard practice for B0 years to coat plne seed
with red lead before sowing to prevent destruction by magpies, of the seedling
emerging above the ground after geuination.

-Rabbits.' Rabbit damage to young stock is often considerable, particularly
in Southern plantation areas. Fencing and/or baiting are often necessary to
ensure successful establishment.

73.-Other Dalnage.
The limited area of plantation in Western Ausiralia suffers from numerous

soil deflciency diseases. These have been described in detail in the severa"l
publications mentioned in 18,

L4.-Note on Seed, Bearing-
Locally collected seed has proved unsuitable for plantation establishment

due to a great variation in the progeny, It is believed this is due to crossing
of poor with good strains in the collection areas.

Cones are nrst produced on lJeiria strain at the age of approximately four
years. The staminate inflorescences begin to appear by the middle of August.
By the end of September all pollen is shed and the flowers begin to fall.

L',-N q,tural Begener o,tion,
Natural regeneration is not encouraged and has not been considered of

signiicance, It does occur but only to a limited extent.

16.-Ti1tubef .
Timber produced by plantations up to date has mainly been in the form of

thinnines. It is of small section and knotty.

77 .-Potentialit! ol the Species iL the No,tiqnat Econ(nnv.
The widespread adoption of Pinus pinaster in plantations in Western

Australia has been due to the necessity to use very poor soils for the establish-
ment of plantations. Pinus pinaster has shown a greater tolerance, and
adaptability to these soils than any other species tried. It has, therefore
been chosen to form the main planting stock.

Even this species has bee! unable to form stands in some plantations with-
out the application of fertilisers. In future, a concentration on known seed
of Leiria strain ald a rational use of fertilisers based on past experrences,
should pemit the necessary plantation aims in this State to be met.

7g,-Published 111,1 of nuLtion.
Kessell, S. L.-Some Observations on Estabtishment of pine Nurseries

in W.A. Aust. Assoc. Advanced Science, Vol. XVIII.
Kessell, S. L.-Soil Organisms-Dependence of certain pine specres on

a biological soil factor. Empire Forestry Journal. (VI)(i).
Burbidge, N.-Root Development in pinus pinaster and the Seasonel

Variation of its Mycorrhiza. Australian Forestry. Vol. 1, No. 1, 1936.
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Further trials of Pinus radiata on eoastal sands continued at Gnangara,
(12 miles north of Perth), Applecross and Collier in the metropolitan area,.
and at Myalup, west of Harvey. Growth was generally unsatisfactory.

In 1923, work of planting up farming lands resumed on the weir catch-
ment area commenced in the Mundaring district. Pinus radiata was planted.
on many areas and has formed excellent stands on the limited areas of red
basic soils. On the laterites which had been cleared from virgin bush, how-
ever, growth has proved exceedingly unthrifty.

Similar results have been obtained at crimwade Plantation east of Kirup.
On the better basic soils growth is exceptionally good, but is very poor on most.
laterite areas.

Growth, hoivever, on all but good basic soils is extremely disappointing.

5.-Prqent Ertent ol Planting.

Future planting of Pinus radiata will be on plantation basis but conflned
to the known available areas of good basic soils. 18,000 acres are at presenti
available for planting.

Approximat€ total area of effective Pinus radiata plantation in
Westeln Australia i$ 5.000 acres.
Approximate age distribution:-

( a )

(b )

Ago > 3 0 25 30 20-25
yeaxs.

15 20
years.

1,021

6.-CZimatic Zones.

Planting is conflned to the south-western climatic region which experi-
ences a Meditenanean-type climate (c.f. section 1(b)). Distribution within
this region is determined purely by edaphic factors. Rainfall variation is
from 25 inches to 45 inches.

cenerally, the species is quite at home within this climatic region so long
as it is restlicted to suitable soils.

The only imposition placed by climate is in the planting time, set at:
June and July. Planting out into the fleld in months other than these two
can result in drastic establishment losses.

Altitudes of planting sites available vary from approximately 900 feet
above sea level on the Darling Range and pl4teau areas to approximately
100 feet ahove sea level on the few coastal areas tried.

1 .-Soils and, Sites Prelerred.

A distinct preference has been noted for the better class soils derived from
basic igneous rocks. A P,O5 value of 250 parts per million in the surface and
sub-soil is often used as a minimum criterion of suitabiliiy for this pine under
natural conditions.

Such soils are raied as high quality in this State and usually carry good

eucalypt forest.

8.-T echniquq ol E stqbtishment.

Refer to section 1 (d).

g.-EarlE Crop DeDeIoPmerLt.

Good pine makes approximately 4-6 feei per year in heighi glowth after

the first two years,

1B
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|I-Potentiali,ties ol the speci$ in the National Econolnu.

Pinus radiata is recognised in western Australia as the source of a rapid
grown, quality, softrtrood timber whlch is much needed within the State. The
only limitation imposed on this species is the restricted area of suitable soil
a,vailable for planting. An energetlc programme is being carried out to locaie
all suitable areas for planting.

7a,-Publisked, InI onnation-
A complete list is provided under this heading lor Pinus pinaster.

SECTION II (c)

Pinus halepensis
7.-Scistltifi.c Nane.

Pinus halepensis var. brutia. Elwes and Heuy.

2.-Trad,e q,nd, Iacal Name,.
Aleppo Pine.

3,-Cotturtrg ol Otigin.
Cyprus. Seed used was delivered by the Forests Department, Nicosia,

Cyprus. This seed is certifled as couected from elite trees'

4.-Historical.
P, halepensis was planted in the nrst plantation established in 1896, and

has had a varied success throuehout 50 odd years of planting' Early seed
planted was consideled unsatisfactory, but since attention has been paid to

source of seed, a ]imited success has resulted' Early seed Ytas uot the brutia

variety.
A few acres of thriftv pioe of this Yarietv planted in 1931 exlsts at Somer-

ville Plantation iD the Perth metropolitan area and is growing well on small
areas at Mvalup,. East of Harvey.

In both of these sites, a distinct limestone innuelxce is recorded,

5.-Presellt Efient ol Plq'nti1lg .

Present planting is limited to small areas ln which limestone is prevalent'

Work is still mainly experimental. The present approximate total area estab-
tished is less than 250 acres.

6,-ctinLo;tic zorres ln which planted. Planting is in specialised areas withi[ the
defined Pinus pinister and Pinus radieta plantations.

7 .-Soils q.tud Sites Preterted.

From trial areas, it seems that Aleppo pine is best planted on soils with

a deflnite surface limestone influence. Such soils aDd sites are unsuitable for
other piDes.

8,-Teckniques ol Estqbl hnLEn't'

As outllned for P. pinaster arld P. radiata in Section 1 (d).

g,-E orlu CtoP Detelopment.

crowth on areas in which residual limestone boulders occur at the sur-

fs,ce is quite satisfactory in most ca$es. The good plot existing at somerville

Plantation has received s,ttention from visiting foresters, indicating that this

species should receive further experimentation under Western Australian

conditlons.
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8-T echniqu% ol E stahlislunent.
As for Pinus radiata and Pinus pinaster'

9, 10, ll-Due to the limited nature of planting, no deflnite figures are available'
In no instance has this species proved superior io Pinus radiata on good

soils and Pinus pinasier on poorer, sandy or laterite soils.

12, 1?, 14, 15, 16-No data available.

l7-Potentialities ol the Species in the National EconomY,

Fresent indications point to slash pine proYing a subsidiary species in

Western Australia conifer plantations, reserved for those a'reas of a sw&mpy

nature.
consideratlon is being given fo" trial" of this sp. s vrhich

up to now have proved unsatisfactory with all species and technique tried'

7q-Refercnces to Published, lnfometiqtu: None.

SECTION II (e)

Species of Experimental Trial Only

Pinus laricio.
.. canariensis.

t ,, echinata.

,, clausa.
r " r i .o+r

,, coulteri.

,, jeffreyl.

,, murr&yana'

r r t . h t r a n c i c

,, strobus.
,, rigida.

,, pinea.
,, loDgifolia,

,, taed&.
./ ,, palustris.

,, Patula.
,, a.ttenuata.

,, ponderosa,.

,, lambertiana.

,, cofforla.

,, messonlena.

,, torreyana.
./ ,, sylyestris,

,, bankslana.

4,.
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