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THE DEVELOPMENT OF FOREST PRACTICE AND MANAGE-
MENT IN WESTERN AUSTRALIA.

The timber industry has plaved an important part in the indus-
trial life and development of Western Anstralia. Trial shipments
in the very early days of the colony established the excellent quality
of loeal hardwoods, and an appreciable demand from overseas buyers
has shown a steady inerease since 1850. By 1913 the export trade
had reached an annual value of £1,089,500, and no effort had been
made to regenerate or protect cut-over areas. During the period
1850 to 1920 the total deelared value of timber exports amounted to
£16,200,000. In addition the inereasing population had resulted in
a greater demand for timber for loeal consumption. To build up this
trade considerable capital has been invested in the industry, and a
comparatively large population has become dependent on the pre-
paration of indigenous timbers for the home and overseas market as
& source of livelihood. As early as 1904 a Parliamentary Commis-
sion reported among its findings that ““in the interests of the State
it would be a wise policy to discourage any increase in the rate of
timber cutting till the consumption of scantling sizes is apace with
the export of the larger sizes. State aequiescence in the destruction
of good timber, only because the export trade demands it, is a erime
against coming generations ; and any attempts to inerease the export
in the interests of foreign companies or with the object of inducing -
more men to join in timber getting at the expense of posterity, needs
wise resistance.”’ Apparently the Government of the day was not
prepared to face the problem of restrieting a growing primary in-
dustry in a eountry then largely dependent on gold mining, and the
Commission, unassisted in their deliberations by any forester, failed
to view the problem in its widest aspcet.  The forest was a timber
mine to be worked over and neglected. A better appreeciation of the
prineiples of forest ceconomies might have led to a suggestion that
““the erime against coming generations’” referred to by the Commis-
sion was associated not only with the failure to restrict exports, but
in the negligence to provide proper conditions for the protection and
regeneration of ‘‘cut-over’’ forests,

By 1910 eounditions had changed. Wheat and wool had S1p-
planted gold mining asg the principal primary industries of the State.
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Timber continued as the prineipal produet of the wel South-West,
but the big reserves of untouched forests were no longer available,
It was not until 1918 that a Forests Act, embodying the necessary
provisions for the control of timber getting on Crown lands, and the
proteetion and regeneration of timber trees on prime forest areas, was
placed on the Statute Book. It has proved a forfunate thing for the
State that early timber concessions and leases granted for long periods
on easy terms made provision that the land should remain the pro-
perty of the Crown, The last of these concessions expires in 1929,
and the last of the leases in 1933, when the land with any timber re-
maining on it, reverts to the Crown.

With the support of the legislative provisions countained in the
Forests Act, 1918, there hag heen a steady improvement in the posi-
tion with regard to timber on Crown lands. The restriction of out-
put and inereased values have resulted in the exploitation of in-
ferior forest types, whieh passed into private ownership as grazing
country many years before the value of the timber carried was ap-
preciated. The volume of timber on such land is limited, but it has
proved sufficient to maintain the total output of timber from the
State at its pre-war level. The tahulated statement herennder in-
dieates the extent to which conditions have changed in view of the
fact that prior to 1918 the velnme of timber obtained from private
property was negligible, and the bulk of the output from Crown
lands was bewn and sawn sleepers. The following fizures are for
the yvear 1926-27.—

|
Obtained from Crown Land (including :

Obtained from Private State Forests and Timber Reserves
Property. and land in the process of i
alienation). | ;
; fotal
Hewn | Sa}an l".“b”’ ; Hewn Sawn (Other Sawn
Sleepers. | inclading Sleeners Sleepers Timber
1 Sleepers. | HieEpers. PIOEPRTS. | :
= =S - :
3,758,846 Ba0L604 1,764,216 1,583,368 11,420,193 1,377,317
cubic fect . cubic fect cubic feet cubic feet | cubic feet cubic feet
valued at = valued at valued at valnad at valued at valued at

£719,856 £106,337 £220,527 £197,921 |£1,42'7,524 £2,672,165

27 per cent. - 4 per cent. | 8 per cent. 7 per cent. | 34 per cent. ‘ 100 per eent.

Of the total production of 21,377,317 cubic feet, the volume ex-
ported during the year amounted to 12,580,262 eubic feet, or 59 per
cent.. valued at £1,655,876. 1t is estimated that 8,000 men with their
families are directly dependent on the industry. Several million
pounds capital are invested in large mills with railway systems, town-
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ships, and all the associated machinery and plant. Timber consti.
tutes a big facior in railway revenue, returning 19.16 per cent. of
the gross receipts of the Government railways, compared with 13.93
per cent. from wheat. The prosperity of the ports of Bunbury and

Busselton, and, to a less extent, Fremantie, depends on the timber
trade.

Among the most difficult problems of forest management under
Western Australian conditions is the need for decision coneerning the
extent to which the combination of eeonomie factors, briefly indicated
above, may he allowed legitimately to influence the application of
rules and formule for the determination of the annual yield to be
extracted, as sawn or hewn timber, from each permit area. With
heavy capital investments in large sawmilling plants in certain dis-
triets, and reserves of untapped forests in other districts, it is evident
that purely loeal Working Plans cannot alone meet the position. The
two main forest types in Western Australia (Jarvah and K arri} may
be described ag comparatively pure compaet forest areas, and in con-
sidering questions of sustained vield must pe envisaged as single
units.

Among the clanses of the Forests Aet, 1918, provision was made
for a joint clagsification of timber country to he carried out hy
the Liands Department, representing agreicultural interests, and the
Forests Department, representing timber interests, so that an early
and precise determination should be made of the lands which are
suitable to he (a) permanently dedicated ag State Forests, or (b)

reserved from sale as Timber Restrves (Forests Aet, 1918, Section,
19).

This joint elassification diselosed the satisfactory position that
the bulk of the finest timber was not growing on arable fand, but
despite this faet it hag remained for the present administration, ten
years after the passing of the Act, to make the first serious attempt
to give effect to the intention of Parliament concerning the permanent
reservations of prime forest areas.

This classification served to show that early estimates of the
area of prime timher courtry of each species had been greatly in
excess of the actual area. The result of the classification may he sum-
marised as follows

Prime Jarvah forest (Euwcalyptus marginata)-—2,330,000 geres,
Prime Karri forest (Evcalyptus dfivera‘icoloa")l_TS,OO() ACTCS,
Prime Tuart forest {Fuecalyptus gomphocephala}—5 289 aeres,

. . Fucalypius Jaeksoni
Prime Tingle forest J AL ’ E‘ —8,662 acres.

! Bucalyptus Guilfoylei |
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Practically the whole of which are now being dedicated as State

forest.
In comparison with the total area of the State (624,588,800
acres) these areas are small, and represent a very low percentage of

the total wooded area. A large proportion of the State is earrying
a low volume per acre of hard and heavy Eucalypt timber which
at the present time. Large tracts are

cannot be marketed at a profit
growth of cereals, but extensive areas

being cleared ammually for the
of poor land bordering on the prime forest belt will be retained

under timber, and will help to inerease the total volume available
for trade purposes in the future, with higher values and more econ-
omical metheds of exploitation.

Sandalwood {(Senrfelum spicatum syns. Santaluni cygnorum, Fus-
wius spicatus) and Mallet Bark (Eucalypius astringens) are species
of considerable economic importanee, but do not oceur in extensive
pure forest formation, and were not dealt with in the first classifi-
eation. Considerable attention has been devoted to these fwo species
during the past three years, and comprchensive Working Plan re-
ports prepared, whieh will allow extensive reforestation measures to
procead as soon as initial experimental work in methods of establish-
ment by artificial sowings has been breught to a satisfactory con-
clusion,

A classification of Crown lands in the habitat of cach specles has
Jeen muade with the object of veserving suftficient avea for reforesta-
tion aperations. and the following areas have been set aside for the

purpose:— 5
Sandalwood reserves—205,176 acres.

Mallet reserves—325 716 aeres.

Sandalwood —The artifeial regencration of Sandalwood pre-
sents a number of unnsual hotanical and silvieultural problems. In
1990 it was definitely established that Sandalwood was a root para-
site, but it was not known to what extent this reot parasitism was
obligatory, at what stage in its Jife history the first eennection was
established. or the plants suitable for hosts. Hurly attempfs at re-
forestation were abortive, and after publication of Herbert’s work on
root parasitism of the species this was attributed o loeal destruelion
of host plants prior to planting operations. The problem was recon-
cidered in 1920, and the conclusion reached that for the successful
establishment of Sandalwood plantations, work would need to be
confined to country within the 18-inch to 20-inch rainfall beit, carry-
ing a erop of Aeacia acuminate, which was the only reeognised host
Two reasons were given for this conclusion:

plant at that time,
firstlv, the diffienliy of earryving over young geedlings after germin-
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o ation in lower rainfal arcas, except in very exeeptional seasons, and,
secondly, the slow rate of growth tg e expeeted in such areas, Care-
ful seareh had failed to revegl any extensive areas of Crown lands
considered suitable fop the purpoge. About 1991 attention was drawn
to the importanee of the physics] Properties of the of] distilled from
Suntalum spicatum. The optical votation of the oil, which is of some
Importance in enabling it to conform with B.1, standards, was foung
to vary with the distriet of origin of the wood, and weod from the
Tow rainfall areas of the Hasiern Goldfieldy Proved most satigfac.
tory to distillers, Aftention was thus drawn to the problem of re-
forestation in these distriets where extensive areas of Jand were avajl.
able, free from conflict ywitlh agricultural op pasforal intevests, A
carefal study of immatnre Sandalwood tg be found in an stages led
fo the Uncxpected conclusion that natural regeneration was reason.
ably plentitul in regions of 8inch to 10-inch rainfal; The numerous
flowering shrubs Such as Acaciag and Eremophilas oceurring in the
country arvound Kalgoorlie wore Tound to pe satisfactory hest plants,
and subsequent Investigationg have traced 77 distinet species of host
plant in thig region, Foliowing the remaoval of the Eucalypts ovar
large arcag for mining timpap and fuel thege shrubs hyve taken pos.
session and regenerated freely, ang where this eon dition of plentifnl
vigorous Browing host plants is associated with satisfactory condi.
tions of soil ang contour, large segle plantation expeciments are pow
being carried ouf.

Without attempting to trace the history of SOWing operations
Over a period of fonp years, during which 1,850 acres have been sown,
the present state of our knowledge may be summarised as follows —
(a) In low rainfaj aleas parasitising of the Sandalwood seedling on
the host plant withig a few weelky of germination ig essential; (1)
the most im bortant factor in selecting an ayeq to be planted is g satis-
factory stocking of hggt plants in g condition of vigorous develop-
ments {e) soil texture and contour are of importance, and early re.
sults indieste that, even on slopes, sandy loamg appear to hold the
moisture near the surface for g longer periad Tollowing heavy down.
Poirs than heavier soif on wide flatg; (d) sandalwood “nuts” huried
for several Years in the ground wil) vetain theiv germinating capacity
despite infrequent light rains ana germinate aftey heayy raing; (e)
s0il cultivation at time of S0wing, depth of SOwing, and size of huts
are all factorg of considerahle importance in tonnection with whieh
the series of eXperiments on varions spil t¥pes are proceeding; (f)
in rabbit-infested districts Young Sandalwood are freely attacked
during the sumuier monthsg, Attacks are continued yunt] the young
plant ig killed, partly hy destrnction of foliage ang partly by hark
damaga,
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Mallet —Mallet ({EBucalyptus astringens) presents an interesting ,

problem as a Eucalypt oceurring in comparatively small colonies
seatiered through forests of Wandoo (the vernacular name of
two associated species (Hucalyptus redunca, vor. elata, and Fuca- .
lyptus accedens). The colonies of Mallet are usually found clustered
on ridges where a peculiar conglomerate type of laterite occurs n
the form of large deposits, or on slopes covercd with gravel formed
by the deecomposition of this laterite. This rock formation has not
been fully investigated by either chemist or geologist, and exeept for
the ease with which large Doulders may be broken into eomponent
gravel, might be taken for the ordinary ferruginous laterite so com-
mon in the South-West of Western Australia.

Considered as a problem of ecology onc would be led to suggest
{hat the Mallet has been cansed fo retreat to the poorer hill tops by
the advancing Wandoo type of forest. The latier possess two very
great advantages over the Mallet. Both speeies of Wandoo, owing
1o their thick smooth harks, ave exceptionally resistant to damage
by fire, and have very strong power of reproduction by coppice shoots.
Mallet is thin barked, casily kilied by even radiant heat from a fire,
and coppiecs weakly.

Recent unpublished work by Mr. W. M. Carne, Eeonomic Bot-
anist and Plant Pathologist, Depariment of Agriculture, Western
Australia, undertaken in connection with consistently unsatisfaetory
results from cereal crops sown on eleared Mailet eountry, has led to
the suggestion that the go-ealled laterite of the Mallet hills gives rige,
on decomposition, to certain peculiar soil conditions. ‘Whether this
is due to the presence of certain definite metallic salts liberated in
the soil, or the effect of these salts on s0il acidity, has not been defin-
itely determined, but remarkable variation has been shown to exist
Letween winter and summer pll values of Mallet goils.

How far she Mallet habitat 1s determined by dependence on
these soil conditions remains to be shown, hut it is evident from a
study of the natural oceurrence of the respective speeies that Wandoo
can grow on practically all types of Mallet soil, but Mallet is not
likely to grow om cortain wide-spread types of Wandoo eountry.
Pending more careful field examination of the chemical character-
isties of Mallet soils, artifieial regeneration by spot sowing of seed
ig beipg undertaken only on 1and where smatl eolonies of Mallet, are

plentiful,

There is nothing novel in the method of sowing a small pinch
of seed in eultivated spots regularly spaced at intervals of 6 feet by
6 feet. Dest results are obtained from seed sown on ash beds where
the tops of large trees have been burnt, but it is not known how far
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this result is due to the fertilising value of the ash, or fo the elimin-
ation of competition by the destruetion of woody shrubs. It is prob-
able that both factors assist in promoeting rapid growth after ger-
it bior.

The encouraging vesults obtained from sowings on the Lol Gray
Working Cirele, where approximately 500 acres have now been estab-
lished, has led to proposals to establish a number of new Working
Cireles on which the first work fo be undertaken will be the protec
tion and thinning of existing regrowth. On the first two groups of
reserves dealt with the Working Plan reports show that in cach case,
within a radius of five miles of the proposed site of overseer’s house,
the following areas are available.—

Montague Working Cirele—

Area of Mallet regrowth fully stocked—-Sll'? acres.
Area of scattered Mallet regrowth—1,049 acres.
Area of country suitable for sowing of Mallet—2,847 acres.

Lol Gray Working Circle—

Area of Mallet regrowth fully stocked—345 acres.
Area of seattered Mallet regrowth—1,052 acres.
Area of country suitable for sowing of Mallet—2 831 aeres.

Jarrah—Jarrah {Ewcolypius marginata) is the prineipal timber
species of the State. Jarrah is also the most valuable of timbers
owing to its wide range of uses. Its unusual durability renders it use-
ful for all underground work, and the export of railway sleepers
forms a large part of the overseas trade at the present time. It is
equally well suited to cabinet work, and is heing used for flooring,
interior wood work and furniture in increasing quantities, When
dresgsed, it works up to a fine finish, takes an excellent polish, and re-
semhles Honduras mahogany.

Jarrah is found in practically pure forest formation, and the
area of 2,330,000 acres of prime forest oecurs as an almost continuous
belt, some 20 wmiles wide and 200 miles long, extending from Mun-
daring in the north to Manjimup in the south. It is a rough-barked
Eucalypt, developing under optimum conditions into a tree 150 feet
in height with a girth (b.h.) of 16 feet, and a clear bole of 60 feet.
According to BEuropean standards, it may be described as a light
demanding species with a fair spread of crown. The virgin forest is
usually open, baving a ground cover of woody shrubs about one to
two feet in helght. When the canopy is broken and the vitality of
remaining trees affected by frequent fires, a thicker and taller under-
storey develops. The geological formation throughout the Jarrah belt
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is granite, and the surface of the ground is practically covered with
a ferruginous laterite either in the form of broken capping or gravel.

The rainfall varies from 35 to 43 inches, practicaliy the whole of
which falls during the winter months. From December to March
high temperatures and absence of rain intensify the problem of the
survival of natural regeneration, particularly where such regener-
ation is endeavouring to develop in competition with seed trees and
woody undergrowth. Tt is appavent that, unlike Kuropean conditions,
the intense competition and siruggle for existence between the com-
ponents of the forest floor takes place not for light, but below ground
level in the attempt to secure sufficient moisture.

Jarrah ecoppices frecly, partieularly in early life. Eixtensive
aveas of first quality Jarrah forest have been worked through under
minimum givth restrietions by sawmillers or hewers, and in many
cases by both. Regulations have existed for many years prohibiting
the cutting of any free under 90 inches girth measured at 4 feet 3
inches above ground level, with the result that the canopy of the com-
paratively even aged mature virgin forest has been opened up, and
natural regeneration from seed has resulted in the “blanks’’ so formed
and oceasionally nnder the remaining crop. This regeneration has re-
eeived no care or protection, with the resuit that, while certain groups
of pole and pile grewth have developed, a very great deal of it re-
presents faulty advanee growth. In dealing with species which cop-
pice freely it is desirable both from an sconomie and silvienltural
point of view that use hbe made of this advance growth., Careful ob-
servations have shown that if cut back to ground level, small Jarrah
saplings may be expected to produce shoots which will develop more
rapidly than seedling growth of the same age, and grow into satisfac-
tory mill logs.

Jarrah seedlings are slow to develop after the first leaves replaee
the cotyledons. After two or even three vears they are frequently
only a few inches high, with halt a dozen tough leathery leaves, but
a much greater development of tap root takes place under ground.
After the first vear a pair of very pronounced woody nodules are

" formed at ground level, of the type characteristic in Buealypts having
the power of coppieing vigorously.

The operations of mill fallers and hewers during a period of
50 years, working under this faulty selection system of depending
entirely on minimnm girth restrictions, have resulted in the cut-over
Jarrah forest containing an undualy high percentage of malformed,
over-mature and damaged trees, and the removal of these trees and
their replacement by a mew crop represent the main silvieultural
problem. Before endeavouring to seeure more complete utilisation,
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some reasonable assurance that a new erop ean he obtained economic-
ally and expeditiousiy is needed. The popular idea among bush
workers of long experience in the Jarrah forest was that a fire after
falling operations was inevitably associated with plentiful natural
regencration, resulting from seed in the ground being baked and
rendered fertile by the fire, Careful observation and germination
experiments disproved this theory, and showed the Importance of
seed years in securing adeguate regeneration by natural means. A fter
several years of careful study the factors controlling suecessful
natural regencration of Jarrah may be summarised as follows :

(1) Seed years ocenr every three to four years, but not uniformly
over the 2.330,000 acres. Practically every tree in omc
district will be heavily laden with seed, while there is little
or no seed to be found on trees in a distriet 50 miles dis-
tant,

(2) A strong swrface fire destroys practically all seed in and
on the ground, and natural regeneration is dependent on
seecl dropped from the trees standing on the area at the
time of the fire.

(8) Owing to the weight and size of seed, distribntion is poor,
and numerous seed trees arc neeessary to seeure an even
stocking by natural means. On a well-grown tree with a
large top, 10 ounces of seed may ripen in a favourable
season, made up of 10,000 to 20,000 fertile seed, but this
will seldom be distributed by natural means much further

from the bole than a distance equal to the height of the
tree.

(4) Natural regeneration is uniformly good in open spaces im-
mediately adjaeent to and under the canopy of trees bear-
ing seed where a ground fire has been put through the
forest during January, February or March following the
ripening of the seed. During a year when climatic con-
ditions are normal, the seedlings survive only in the open
or when the mother trees are killed before the summer
following rermination.

(6) Germination will take place without the summer ground fire,
but is not so uniformly good owing to a large quantity of
the sced remaining on the tree until the second yvear, and
the young seedlings suffer to a great extent from the rav-
ages of insects while in the cotyledonary stazes. Another
important consideration in praetice is the greater fire risk
to which the young erop is exposed, owing to the accumu-
lation of debris on the ground.
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(6) An ordinary surface fire does not kill advance growth on
the area, even when present as seedlings only a few years
of age, and in practically every compartment a full stock-
ing may be expected from sueh advance growth which, if
above 6 to 10 fect in height and malformed, is cut down
before the fire. Owing to the general oceurrence of this
advance growth, areas where the retention of seed trees is
necessary, are the exception rather than the rule.

With regencration operations proeeeding in 30 centres in the
Jarrah forest, and very limited professional staff, it has proved neces-
sary to standardise silvienltural practice and adopt certain arbiirary
standards, whieh longer esperience in dealing with the species and re-
sults from sample plots may show need modifieation. The silvicultural
system followed is most nearly described as ‘‘geleetion by groups,”’
and regeneration operations are divided into the removal of marked
trees by permit holders, generally referred to as trade cutting, fol-
lowed by regeneration eleaning by departmental employees. The
term ‘‘regeneration cleaning’’ has been adopted fo express the com-
pletion of the regeneration work which is started by the fallers who
extract the mature merchantable timber. Another point worthy of
explanation is the purpose of any valueless, over-mature trees whieh
may be retained as ‘‘seed’” trees. Under local conditions these trees
have no function as a shelterwood but are retained for seed ouly,
and must be destroyed by ring-barking (girdling) before the sum-
mer following seed fall, otherwise they may enter into moisture com-
petition with the seedling and eause total loss of the seedling crop
which germinated in the previous winter. The ring-barked trees re-
maining in this way may constitute a fire menace, but have never
been found to prove @ menace by breeding inseet or fungus diseases.
The disposal or utilisation of thé tremendous volume of dead tir-
ber remaining on a compartment after regeneration operations is a
serious econemic problem whieh it seems will not be solved until the
local population is many times the present figure. Its removal, apart
from the damage which may result to immature trees around, is an
economie impossibility under existing conditions.

Existing practice may be briefly summarised as follows:--

(1) Advanee burning.—The area to be worked over during the
ensuing twelve months is burnt over by a slow ground
fire in spring or antumn. The object of this fire is to
facilitate timber getting and reduce fire hazards result-
ing from lop and top after falling operations.




—

1 on
ears
ock-
h, if
own
this
es is

the
eees-
rary
d re-
nral
ps,’’
rked
fol-
The
com-
who
N2 Of.
‘hich
trees
only,
sum-
com-
erop
S Te-
ever
1A8e8.
tim-
18 a
1 the
apart
is an

g the
~ound

is to
esult-

13

(2} Tree marking.—An officer who is an experienced bush

worker, with a knowledge of timber values and some
training in the elements of silvieulture, brarnds the base
of every tree which may be taken out. No attention is
paid to the improvement by thinning of existing stands
of immature timber in the pole stage during this mark-
ing, but all marketable over-mature timber is removed
as far as eeonomically possible, therchy opening up
““blanks’’ on which regeneration may be seeured.

(3) Trade cutting operations are then carried out by falling

for milling or hewing, and provision is made that coupes
are worked through in regular order. This work is per-
formed by private companies operating under a permit
to eut on the particular area on & royalty basis.

(4) Regencration cleaning—This operation is confined to

work on the blanks left by trade cutting, and com-
prises all operations up to the time of the final burn.
Advance growth is cut back level with the ground ;
Xanthorrhoea, Banksia, and other useless species dare
cut down; debris is cleared away from around goad
groups and promising individual trees. In the excep-
tional cases where there is insufficient advance growth
already on the ground, useless Jarrah trees remaining
are partially ringbarked, a strip of bark about one
foot wide being left intact so that these trees may serve
as seed trees and be easily and expeditiously destroyed
when they have served this purpose.

(5) Final burn-—Where there is suffcient advance growth

to supply a veasonably full stocking, a ground fire is
run through the treated compartment in the summer
following treatment. The prineipal object is the reduc-
tion of fire hazards in subsequent years. Where re-
generation from seed is desived, the compartment is
protected from fire until a satisfactory seed year
oceurs, when it is burnt in the summer following the
maturing of the seed vessels. This fire eauses a simul-
taneous fall of all seed on the trees, and provides that
the seed falls on a satisfactory germinating bed of
ash or mincral soil, from which it starts in the next
winter on more or less equal terms with the competing
undergrowth,

{6) Final ringbarkine. -As soon as possible after the final

burn the ringbarking of seed trees partially done dur-
ing regeneration cleaning is completed.
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During the past five years 24,000 acres of Jarrah forest have
heen treated for regencration in this manner, and provision is being
madle o extend this work as rapidly as men can be trained and
houses built.

Reference has been made to the fact that no improvement work
in existing groups is associated with regeneration cleaning. In train-
ing staff to aetually cayry out the work without interferenee with
eroups or unnecegsavry clearing of sccond-storey species under the
groups, this has been found neccssary. As overscers become more
experienced, the removal by ring-barking of useless trees over-top-
ping promising trees in e group is frequently authorised. Improve-
ment work, principally thinning in groups which have reached the
pole and pile stage, is not justified until such time as a market can
he established for the poles, and this has not proved practicable to
date. Younger stands still in the sapling stage have been treated
in certaln centres, where they oeeur over extensive areas following
heavy trade eutting 15 to 20 vears ago. This work is of a partien-
larly urgent nature, as the saplings have not yei suffered from the
doginance of faulty mature timber left after the falling, although
freguently the dominants among the saplings themselves are bad
forms rvesulting from sueccessive fires. Jarrah thing itself compar-
atively satisfactorily, and it is a moot point whether thinnine will
be justified as sound economic practice in a treated forest which
hav reecived reasonmable protection from fire damage following sil-
vieultural treatment, but it is certainly necessary if the natural re-
generation, referred to above as still in the sapling stage, is to be
converted into a forest in which the dominants are trees with the
best form.

Eleven hundred acres of young Jarrah have been improved by
the removal of dominants of the previous erop and erown thinning
during the last twelve months, and the work is being extended as
sultable areas of natural regrowth are located, '

Karri—The Karri forest is restricted to the hicher rainfall
regions of the extreme South-West (40 to 60 inches). It is the only
forest in the State which approaches the temperate rain fdrest type,
in that the undergrowth and trees of the lower storey have a softer
foliage. The Karri trecs tower to a height of 200 to 250 feet, with
& girth of 120 to 200 inches, and although larger specimens are fre-
quently found, it is questionable whether any trees over 300 feet in
height exist to-day. The timber resembles Jarrah in general appear-
ance, but is stropger. It is not durable in the ground unless treated,
and does not work to a satisfactory finish as readily as Jarrah, but
these characteristics do not affect its value for superstructional work,
wagon building, ete. '
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The tree hag a clean light-eoloured bark, and in pure forest
formation is most impressive, The areas of pure forest arve restricted
to belts and patehes of a few thousand acres, but it oceurs ag the
predominating species mixed with Marri (Euc. colophylla) and
Jarrah over 240,000 acres in sufficient guantities to render milling
payable even under present conditions. In pure forest, yields of up
to 20,000 cubic feet of merchantable log timber per aere have been
recorded.

The soil of the mixed Karri and Marri and, to a less extent the
pure Karri, has attracted considerable attention during recent years
for intense culture, with the result that areas eut out by bhig saw-
mills have been subdivided for settlement, but the work of dedi-
cating pure Karvi country as State fores! iy now proceeding. Within
the first area dedieated, 7,500 acres of country which have heen
milled over have received silvieultural treatment. The removal of
the large trees and heavy loadage results in the destruction or dam.
age of avarly all the immature trees which may exist in the virgin
forest. Sufficiert dumaged smaller trees and faulty over-mature
trees remain after sawmilling operations to provide seed, so that
the subscquent regeneration operations amount to © clear felling, ™
with the retention of odd immature trees or groups of immature
trees from the original erop, The procedure adopted has been o
fall the understorey of Casuaring decussute and other species; hold
pending a seed year; burn in midsnmmer and immediately ringbark
the worthless seed trees, as even in the Karri forest the competition
for moisture in summer may prove sufficient to eanse fhe death of
the seedlings. Five hundred acres of treated country were com-
pleted by a ““final burn’’ last vear, so that by the end of next sum-
mer our knowledge of the species wili be considerably increased,

Tuart—Tuart {Eucalyptus gomplocephaly) is o Buealypt of
restrieted habitat, providing a timber speeially valued for railway
wagon construction. Problems of natural regeneration referred to
in connection with Jarrak oceur in an exaggerated form, and in con-
sequence have beer the subjeet of special investization. Toart grows
on a sandy soil, having a depth of usually 10 to 20 feet over lime-
stone. It is one of the few forests in Western Australia which
carries a crop of grass, and this faet, vesulting in heavy grazine
and annual grass fires, has been responsible for the absence of natnral
regeneration during the last 80 or 40 years. With fericing and fire
prevention it was anticipated that a crop of Tuart would rapidly
re-establish itself on many of the extensive blanks. Seed Vears were
found to be infrequent, but, following a heavy seeding and treat-
ment under the Group Selection System on lines indicated for
Jarrah, a earpet of seedlings was noted in the following winter. By
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{he middle of summer practically every seedling, except those- on as in
“¢ash beds,”” where debris such as the tops of fallen trees had been wood
burnt, were dead. Results in subsequent years confirmed the eon- contr
clugion that satisfactory natural regemeration could oniy be ex- of a s
pected on ash beds. A study of ““ash bed’’ conditions suggested that -
«mrvival was due principally to the fertilising value of the ash, but p.
it has not proved possible to develop a technique of sowing on more b stand
restricted and better distributed spots giving similar results. Trans- the p
planting of seedlings from ash beds to surrounding blanks during | fund:
the winter following germination has proved reasonably successful, petiti
and planting in bamboo tubes and from trays has shown that artifi- mer 1
cial regeneration is feasible, but the form of the single-planted speci- regen
mens in their -early years, following the attacks of bark and leaf- suffic
cating insects, is not promising. A further problem is introduced by not f
excessive regeneration of peppermint (Agomis flexuosa), a second- used
storey speeies which has regemerated and coppiced to such an ex- able v
tent, following repeated fires and over-grazing, that it has rendered but tl
the prospect of snecessful regeneration of Tuart being established on in mi
¢ertain compartments, at reasonable cost, unlikely. At the present or bl
time eonsideration is being given to a proposal to introduce a rota- Iine %
tion of Pinus pinaster, retaining only vigorously growing young open
Tuart as standards, with the object of restoring satisfactory forest can S
condifions for the future regeneration of Tuart. uble s
entl
Fire Protection.—Reference has already been made to the part ineria
played by fire in the regeneration of the forest. Omne of the greatest of hu
problems is the protection of the young erop from fire after estab- orowi
lishment. It may be accepted as a literally correct statement that imporn
prior to 1920 the whole Jarrah forest was burnt over by surface has ii
~ fires every three years. Ouly the great registance of Jarrah bark a sath
and timber to fire, and the power to coppice freely, have saved the Pendi
species from extinetion. Frequent bush fires were looked upon as such 1
inevitable and rather to be encouraged, in that a fire every two or of ;rr{;
three years was much less of a menace than a raging conflagration -

in a forest which had escaped burning for a long period of years.
Large scale operations during the past five years have shown that

with proper organisation, fire protection is economically possible fact

; . actor

in Jarrah forest. Permanent look-outs are necessary during the five i
viding

dry sgmmer months, so that outbreaks of fire may be detected early. R
Provis

Rapid communication by telephone or heliograph between look-out
and workmen engaged in the forest on effective work is essential, and
finally it is necessary that the workmen themselves shall have some
training in fire-fighting methods.

At the same time it should be realised that for many years eon-
trolled burning will play a large part in forest protection, as well
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as in gilvieultural practice, and that very often in dealing with hard-
wood forests it will prove safer and more economical to run a slow
controlled fire through a sapling or pole forest than run the risk
of a serious fire at the height of summer.

Any attempt to analyse the effects of surface fives on a growing
stand of a fire-rvesistant Hucalypt such as Jarrah after it has reachoer]
the pole stage further illustrates the urgent need for researeh into
fundamental problems of Australian sitvieulture.  Moisture com-
petition in surface layers of g Euecalypt forest in areas of low sy
mer rainfall has already heen discussed in connection with natural
regeneration. The light penetrating the canopy of a Jarrah forest i«
sufficient to support a pround cover of woody shrubs, Jarrah does
not form a foor covering of forest humus in the sense the term is
used in European forest practice. Javrah certainly casts a consider-
able volume of debris in the form of dead branches, twigs and leaves,
but this is not gradually decomposed iu such u manner as “‘to form,
in mixture with the upper layer of mineral substances, the mouid
or black earth of the forest.” Decomposition is fairly rapid; the
line between leaf litter and mineral soil is sharply defined. It iy
open to question bow far such rapidly decomposing vegetable matter
ean serve tle recognised funetion of humus, and as a source of sol.
uble salts of use as plant food. other than nitrogen whieh is appar-
ently present in sufficicnt quantities in local soils, its value may bhe
mereased by burning. Other factors to be considered are the effeets
of burning on shallow root systems, soil organisms, the trunk of the
growing tree and canopv. Consideration of these factors shows the
impertance of the intensity of the fire. A slow burn on a cool day
has little apparent eff eet, bt a stronger fire on a hiot day will prove
a sofbaek to the younger trees even if no permanent injury results.
Pending the establishment of s research station equipped to stuidy
such nroblems, = series of sample plots for measurement of the rate
of yrowth under varions methods of treatment have been esiablished
in several districts.

Forest Management.—The TForests Aet, 1918, provides g satis-
faetorv hasis on which it has been pessible to build a2 system pro-
viding for the continuity of policy and management,  Tegisiative
provision is made for—

(1) A properly constituted Department of the Government Ser-
vice, having a professional staff of fally qualified men.

(2) A trust fund into which is paid threefifths of the net rey-
ente from the forests for expenditure on reforestation
measures,
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(3) The permanent reservation of prime forest areas.
(4) The preparation and enforcement of Forest Working Plans,
which may specify—

(a) the maximuwn area from which forest produce may
be taken annually;

(b) the maximum quantity of forest produce that may
be disposed of annually;

(¢} the gilvicultural operations necessary to assure the
regencration of the hest species of forest produce
on areas which have been cut over; and

(d) such other matters as the Conservator may think
fit.

Sinee 1921 700,000 acves have been hrought under more inten-
sive management. requiring the preparation of 56 Working Plan

doeumenta.

For reasons diseussed in parvagraphs dealing with the history
of the sawmilling industry. local Working Plans restricted to arcas
where reforestation operations ean be undertaken forthwith witl not
meet the urgent nced for control of the output of timber of eaca
species. partienlarly Jarah and Karri. In some centres the need for
extensive improvement fellings, and in others cconomie factors, limit
the application of sustained yield principles, so that correlation be-
tween the provisions of numerous Working Plans relating to annual
output becomes necessary. To meet this need General Working Flans
for Jarrah and Karri are nearing completion.

The assessment which has preceded the preparation of these
plat . shows that the present stand of mature milling timber is in
the case of Jarrah 1,125.7 million eubie feet, which will provide
supplies for existing sawmills on present output for 28 years, and
in the ease of Warrl 301.65 million cubic feet, having a life of 66
vearg,

There 18 & scrigus deficieney of older age classes of growing tim-
ber on country cut over for the past 50 years, owing to failure to
nrovide conditions for regenevation and profection. Immature tim-
ber now developing will he imsuificient to meet the need for the
balanee of a 90-year rotation, and a considerable reduction in out-
put is propoesed in the immediate future. '

In the preparation of more detailed loecal Working Plans where
it is pot possible to provide adequately for sustained yield, it is
nevertheles< esscntial to provide for sustained work for staff em-
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ployed on the forest and timber workers necessary for fire protec
tion purposes, and this principle of sustained work becomes fre-
quently a guiding factor in many provisiong of the plan. The prin-
ciples involved and the methods of organisation adopted in conpec-
tion with local Working Plans will be illustrated by rveference to
the Jarrah forest only. Satisfactory maps on which to base sub-
division into eompartments for vefersmee and working were fonnd
to be essential. At firsl it was considered that this stthdivision
should, as far as possible, be based on permanent topographical fea-
tures, particularly watercourses. The Jarrah forest taken as a whois
is an undulating platean broken by occasional deep river heds. The
peeuliar laterite and laterite gravel formation serves to render tracks
which have been used for heavy timber traffic remarkably free from
undergrowth for man:y vears. Bxperience in fire fighting showed
the value of thesc tracks, and in consequence these oid lines of trans
portation in eut-over bush have heen surveyed, and are used as
compartment houndaries in preference to shallow depressions ey N
ing water for a month or two only each year. Where a high ridge
impassable to hauling. or a deep creek bed occur, they arve used,
bt sueh promivent nel‘ml'u] features more usually form ** Bloek’’
bonndaries, Survey of internal lines has been carried out by pris-

"matie eompass, using a tnpod and chaining., Provision is made for

tying on to theodolite snrveys every few miles, and reasonable accur-
acy 1s maintained. All reference marks at the intersection of tracks.
cld timber tramway formations, and branches of streams are cut on
trees aceording to a system of squares which extends over the whoje
timber region. In this manner a system of forest maps is being buili
up which will wltimately extend over all timhered areas. and will
have great utility, not only in the management of forests but in the
extraction of timber bv road and rail. This work has necessitated
the running of 6,350 miles of traverse, covering an area of 918,000
acres,

Prior to 1920 the division of the favest into sawmilling permits
was based on Novth, Sonth, East and West lines, and the permit
areas vanged from 10,000 acres to 230,000 acres. Tt was evident that
such areas bore no relation to the eentonr of the country, and would
have to be disearded as the old sawmilling rights lapsed. As a resnlt
of topographical survervs, new divisions, varying from 7,500 o 15.00¢
acres, were mapped ont and designated ““DBlocks.” An attempt h(]s
been made to confine eaeh hiock to a natural logging seetion, so that
it may be bounded by topozraphical features which mayv vender haul-
ing from adjoining hloelss diffienlt or impossible, but within the Bloek:
itself all timber may he hauled to one or more milling sites Waving
a eommon outlet to main Jines of transport.
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Tt ig intended that each Block shall ultimately carry a complete
series of age classes making up a normal forest. Meantime every
effort is being made to restriet the output to provide a sustained
yicld from the Block, and provision is made that regeneration oper-
ations shall form the souree of permanent work for the resident over-
seer, who lives on the Bloek. The Block is further divided into a
number of compartments approximately 500 acres in area.

A standard form of Working Plan headings and tabulations is
in use so that all such documents shall eonform to the same general
pattern, The first section eontains a summary of facts relating to
the area; the second section deals with proposals for future man-
ugement. The last chapter eontains concise instructions coneerning
the actual operations to be carried out during the period of the
plan, usually five years, at the end of which period provision is made
for a revision to eover operations for a further period of probably
ten . years.

In practice, Minor Working Ilans are usually prepared for
caeh Block and serve to control the operations on sueh Bloek for the
fivst four or five years, until the area treated for regeneration reaches
about 2,000 acres. It g considered that to this stage the resident
Overseer ean be reasonably expected to protect the young erop from
fire damage. Adjoining Blocks are then brought under a Major
Working Plan and central fire control with look-out towers estah-
lished.

Systems of accountancy, annual statements of work and costs, and
progress plans have beem evolved, so that provigion is made for the
proper observance of Working Plan conditions, and the eollection of
dafa on which the periedie revision of the Working Plan may be
based. These systems involve features of interest fo the practising
forester as adaptations to meet special Australian conditions.

Tt may be elaimed that Forest Management in Western Ausira-
lia has emerged from the experimental stage. The lines of work
are set out, and it now remains for a rational reduction in the rate
of cutting to be effected with a view to eliminating the gap which
otherwise will inevitably oceur between the exhaustion of the virg.n
forests and the first yield from the regenerated forests.

Afforestation.—In the absence of indigenous softwood forests the
people of Western Anstralia have learnt to use hardwoods for many
purposes for whieh softwood timbers are used in other countries.
Despite this fact the value of softwoods imported annually amounts
ta over £150,000. A modest pine-planting programme will meet local
needs for some years to come, and until such time as experimental
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work in determining species and methods best adapted to loeal con-
ditions has progressed further, the establishment of 1,000 aeres of
new plantation per annum iy proposed.

There has been some delay in reaching this figure owing to
speeial problems arising largely out of the dry swmmer eonditions
experienced in the vicinity of Perth. The raising of satisfactory
nursery stock in new nurseries was found to be the first diffieulty,
and after a lengthy series of experiments the trouble was traced io
absence of necessary soil organisms. Recent work has shown thai
the factor missing in loeal soils is a mycorrhizal fungus. Without
the plentiful association of the myecorrhiza with the roots of the
pine in the nursery, satisfactory stock cannot be raised in average
nursery sites, and the pine eannot stand up to field conditions when
planted out. Soil inoeulation in new nurseries is now a recognised
Dractice, and is found LeCessary even in opening up new beds
in a norsery established for some years.

The following species have been planted on an experimental
seale in various districts within the 30 to 50-ineh rainfall region of
the South-West:—Piceq sttchensis, Pinus Bdnksiana, Pinus canar-
tensis, Pinus Coulteri, Pinus caribea, Pinus densiflora, Pinus echin-
ata, Pinus halepensis, Pinus wnsignis, Pinus laricio, Pinus Mas-
soniena, Pinus muricate, Pinus palustris, Pinus patula, Pinus Dt
aster, Pinus pineq, Pinus ponderosa, Pinus Lambertiana, Pinus
strobus, Pinus Jeffreyi, Pinus Torreyana, Pinus Thunbergii, Pseu-
dotsuga taxifolia, Libocedrus decurrens, Lariz epilopsis, Larix

europea, Sequoia sempervirens, Tazodium distichum, Tazodium
mucronatum,

Pending the result of thege experiments, Pinus insignis and Pinus
pinaster will form the bulk of the planting stock.

The planting of Pinas wnsignis will be confined to the better soils
of the Darling Ranges, where g system of pit planting, after clear

felling and burning of indigenous forest of worthless species, is
followed.

On the coastal sand-plain on which Perth is sitnated, Pinus
pimaster has shown itself to be thoroughly at home, onee established.
Clearing of the stunted tree growth is easy, but a burn does not:
prove sufficient set back to the woody shrubs which form a dense
low under-growth. The root competition for moisture during the
summer months becomes too intense for survival of the pine unless
the land is plonghed prior to planting. The following record of
rainfall for the six months of last summer gives some idea of the



22

severity of summer conditions, which are associated with constant
low humidities and absence of elonds:—

Total.
Ny [ Jia ek M il —
Tar i Pointa

Ralnfall ... i 0 E [Pl ) | LR 1T [RELRY e b=

The winter rains are regular, but dry spells even in midwinter are
not infrequent. Frosts are rare and snow unknown.

-—— Wisv. | June. | July Ay Sppiy | Lt
Inchies: | Pointe.

Feagnind] .. | Ba 7-95 m-24 -4 s 0T 52

The above figures give a total rainfall for the 1927-1928 period
of 34 inches 62 points. The endurance shown by Pinus pinaster to
summer drought on deep sand following thorough eunltivation prior
to planting, is remarkable; for example, losses last year on Collier
plantation were 4.6 per eent. The seed was sown in August, liffed
direet from the nursery lines for planting out in the following June;
planted out on ploughed ground 6 feet x 6 feet, and given no further
attention. The eount referred to above was made over 50 acres in
April, at the end of six months during which less than 2% inches of
rain fell. A well recently sunk on this plantation went down through
sand 60 feet, at which depth permanent water was struck. A series
of soil moisture determinations, earried out at weekly intervals last
summer to ascertain the effect of different methods of soil cultivation
prior to planting on ecoastal sand-plain eountry, would appear to
indicate that moisture becomes a limiting factor in the growth of
Pirus pinaster at 2.5 per cent., and death oceurs rapidly in young
pines when the moisture in the layer in which the roots are develop-
ing, drops below 1 per cent.

In higher rainfall areas nearer the South coast planting con-
ditions are much less severe, and a number of experimental areas
have been established with the objeet of testing the value for pine
planting purposes of certain lands hawving no agricultural value.
These may ultimately be used for large seale pine planting oper-
ations, but for the immediate future plantations in cloge vieinity
of Perth, as the prinecipal industrial eentre in the State, will have
a greater economic value. The area of effective plantation at the
present time is 3,300 aeres.

{
the T
velop
one o
trolli;
other
parin
resean
wood
Resul
fully-
bariw
speecin
tribut
of dej

S
to far

T
half o

D
tation
the inc
kept p.
ment o

19

19
19
19z
192
192
192
192
192




stant

47

eriod
fer 1o
prior
ollier
lifted
June ;
irther
reg in
hes of
rough
series
s last
vation
ar to
rth of
voung
velop-

r ¢on-
areas
r pine
value.
- oper-
ieinity
1 have
at the

23

Conclusion.~— During the ten years which have elapsed sinee
the Forests Aet, 1918, became law, the Forests Department has de-
veloped from a small policing and reveneue-collecting organisation to
one of the more important branches of the Government Serviee, eon-
trolling wide-spread aectivities in many parts of the State. Among
other important activities which form an integral part of the De-
partment’s work the following may be briefly mentioned :—A modest
research programme has been carried out, eovering problems of
wood technology, seasoning, preservation and minor forest produats.
Results have emphasised the need for the early establishment of a
fully-equipped Forest Products Laboratory in Australia. A her-
barium collection of the woody plants of the State, including 2,000
specimens, has been established. A seed store for the collection, dis-
tribution and sale of indigenous seed, and the handling and testing
of departmental seed requirements is attached to head officc.

Bixty-five thousand trees are distributed anmmally at cost price
to farmers and local! authorities in country distriets,

Ten million cubie feet of timber are inspected annually on be-
half of local railways and overseas buyers.

Despite the inauguration of a vigorous programme of refores-
tation associated with limitation of output from prime forest regions,
the increase in revenue during this 10-year period has more than

kept pace with the expenditure, as indieated by the following state-
ment of gross revenue and expenditure :—

Balance of

Year. Revenve, | Expenditure Revenne over

Expenditure.

== == 1l £

1912-13 ; I B, 287 T1463 J0TT74
191920 T 27,632 31,588
1620-21 75,460 32,892 | E2ATT
1921-29 | 88,5630 47,886 £, a4
1922-23 L5 | 87,658 | 38,827 15,831
192324 : 127,253 48,333 TR, L)
192425 . | 177,764 | 77,423 (L TN
192526 ; - 227,061 101,321 ‘ 125,740
1926-27 L il 222,607 103,319 116,188
1B27-28 228,615 l 125,745 102,570

0T | 600,000

Total 1,204,077 634,378 |
|
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The next decade will be the most- eritical in the history of
Western Australian forests. The framework of an organisation neces-
sary for the establishment of Forestry as a permanent rural industry
is set up, but a great deal remains to be done, and sacrifices in im-
mediate gain for the future welfare must be faced. The goodwill
which exists between the Department, the sawmiller and timber
worker augers well for the completion of the task which the Govern-
ment faced with the passing of the Forests Act in 1918,

By Authority: ¥rEp. Wi, Bimpsox, Government Printer, Perth. -






