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PREFACE.

The following definition of ecology supplied by Dr, A,R, Main

of the University of Western Anctralia.u)

together with a natural
appreciation of our forest heritage which has stemmed from my interest
in beokeeping, has led to the undertaking of this staedy.

“Beology is that branch of biclogy dealing with the relations

between organiesme and their environment., The general term
organiems includes both animals and plante snd eince plants
are an integral part of the environment, it is important that
they be included."

Problems within environmente are accompanied by controle or
influences which are at work on the vegetation within a given loecality.
These forces may be either eclimatie, edaphic or physiographic in
natare. It is the intention, in Section One of this thesis, to
illustrate, as far as possible, within the limites of edaphic and
climatic factors in Western Australia, the significance of these
ecological aspects of forestry in relation to cur own use,

Sinee little research of thies nature is available for local con-
ditions, I have had to draw heavily upon overseas publications and my
eppreciation for assistance in this respect must be accorded to Miss
Margaret Redman, Librarian of the Forests Department, W.A.; and to
Mr. G. Brockway, Superintendent of Research, Arboriculture and the
Interior; aleo of the Wegtern Australian Forests Department,

So great is the diversity of ecological influences upon the vege-
tation of Western Australia that a truly complex flora has resulted.

The nawber of different species recorded ie in excess of 6.000.‘2)

(1) Main, A.R.: A Guide for Vataralists. ¥.A, Wataralists Clud Fand-
Mok 'o‘a P.m. p.ll

(2) See page 6

Il,
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The preeence of this multitude of individual plants, bushes and
trees affords ready material for the development of minor forest pro-
duets. Minor producte being distinct from the direct use of timber
for building and constructional purposes of all types, packing-case
material and the like,

It is an examination of these minor or secondary forest pmdncti
which is andertaken in Sections Two and Three, As far as possible,
their economic aspects, within the lim ts of availability of the source
material, methods of production, markets and financial data are pre-
sented. However the complete economic contribhution of some items is
not available because of the manner in which statictical returns are
compiled, This is particalarly evident when investigating particulars
of the sandal-wood, sandal-wood o0il and essential oil industry.

For Sections Two and Three, my thanke are again due to Miss Redman
of the Forests Department Library for her ready assistance with source
material; and to both Mr. Rock, Operations Manager, Plaimar Ltd., and
Mr, A. Baldock, Operations Manager, Indaustrial Extracts Ltd., These
gentlemen have volunteered relisble information and assisted furthere
more by proof reading the sections concerning tanning materials,
sandal-wood and the essential oile, Mr, Rock's and Mr, Baldock's
| contributions are particularly valuable as both gentlemen have long
and close associations with the commercial extraction of minor preo-
ducts from the ¥Western Australisn vegetation, Both men worked in close
collaboration with the late H,V, Marr, the man ncj:ouibh for early

investigations into the extrsection and properties of oile from local
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species of trees, and vas particaularly instrumental in perfecting the
extraction of tannin from Wandoo. Together with thies, the improved
method of distilling oil Trom the sandal-wood tree to csuch 2 degree
that it was accepted by the British Pharacopoeia to become a world
competitor with Bast Indian sandal-wood oil on world markete, is
accredited to the late Mr, Marr, Mr, Rock and Mr, mclock.



SECTION OWR

THE SIGNIFICANCE OF RECOLOGICAL INFVLUSNCES
ON TEE FNVIRONMENT OF VESTERN AUSTRALIA

WITH PARTICULAR EMPHASIS ON WOREST AREAS,




1. INTRODUCTION,

Over the centuries, and in present times, men look to their forest
covered areas for most of the natural resources they require. From
within such areas come minerals of variocus kinds; wood for buildings
and for fuel; foods for animals and man alike; shelter and water.

Torest areas provide the land with a protective covering, which
when left intact has the moderating effect of retaining natural land
forms and preventing soil removal so that mach good agricultural land
tocether with water catehment areas are secured against soil erosion.

As world populations increase, more and more land is reguired for
farming purposes. With the comsequent removal of nataral vegetative
covering to meet this requirement, the need for sound forest manage-
ment has arisen, Yach literature i: available on the resulte of
regearches conducted to determine the 2ffect of forest preservation
compared with forest denandation. Such results reveal the tremendous
advantages that are to be gained from forest preservation, reforestation
and afforestation. In this respect Vestern Australia is no exreception,
bat before considering in some detail the significance of ecological
inflnences on this State's nataral forests and vegetation, it will be
necessary to define in some detail the climatic, geomorphic and vege-
tative characteristics of this State.

The vegetation of Western Australia conforms to three naturel
regions which are termed "provinces," They are governed by temperature
and the amounts and incidence of the seacsomal rainfall and =o0il types,
and have been termed respectively, the Worthern, the Eremean and the
South-Vest Provinces.



Climatic Characteristies

The Northern Province extends over the Kimberley Division to some
foew milescouthwards from the Pitzroy River, thence contracting into a
narrow coastal isthmus in the vicinity of the Bighty ¥ile Beach, and
expanding southwards to include the De Grey River and the greater part
of the Yortesque system, It is the area lying to the north of the
Tropie of Capricorn, which recoives its rain entirely in the summer
months, with a seasonal rainfall daring the four wettest months
ranging from about seven inches in ite southern pértlem to over forty
inches in parts of the Kimberley Division. The season from the
commencement of April antil the end of October is relatively rainless.

The South-West Province extends from the southern end of Shark Bay
in the north to lsraelite Bay in the south; on the weet and scuthern
gides it is bounded by the ocean, whilet ite inland boundary passes
close to Mullewa, Morawa, Koorda, Bencabbin, Barracoppin, Yyden,
Ravensthorpe and Grass Patch. It ie a winter rainfall re:ion which
receives ites meximum rain from May to Augost, inclusive, and with the
exception of the southern portion, experiences a seasonal droaght
extending from Wovember to March or April,

The ¥Yremean Province lies sandwiched between the other two, and
occupiss approximately two thirds of the total area of the State of
Vestern Australia. It is intermediate in character between the other
tvo. Its rainfall ie received either from extencions of summer rain-
fall southwards (and this makes up the grester portion, especially
such rainfall as is received from tropical cyclones daring the late
summer months), or in the south from extensions of the winter systems,

while rarely a general rainfall may occar throughout.

3o



Vogota sti

The Yorthern Province ig essentially the savammah-steppe Province,
in that an herbaceons groondecovering mainly composed of grasses occars;
this varies from the rich gras:lands of Fimderley to the harsh spinifex
‘steppe' of the country southwards from the Pitszroy. Scrubland as
such is unknown, except to a very limited extent in the rough sandgtone
range country of north-weet Kimberley, and forests as such do not
occur; mulga too is absent, Botanically the Province is characterized
by the part played by the *'Indo-Nelanesian Element' in its comstitationm.
In places this element may predominate to the extent that amongst the
trees fucalyptus plays a secondary role, and deciduocus trees are
prominent, The Baobad is common, together with varions softewooded
troes, while the herbacecus growth is rich in menbers of the ¥Mibiscus
family end several others, With the exception of the river bank and
svamp formations, most herbaceous grovth is either dead or resting
daring the winter months,

The South Vest Province, on the other hand, is characterized by
a total absence of the Indo-Nelanesian influence, and its flora bears
a distinct southern or 'Antarctic' impression. Trees and shrubs pre-
dominate with a marked diminution of grasses, and there is no true
grassland; the herbaceous species are of winter growth, and the plants
remain dormant during the dry sammer months, especially the species
of Acacia and Casuarinaceae, The Proteaceae, which assume a minor
role in the North, here hold sway, ps do the Myrtaceae and Leguminosae.
The prinecipal formations are forest woodland and scrad land, with
extensive tracts of sgnd-heath; mulge and spinifex are abseant; the
various salt-bushes either exist as inhabitants of the physiologically
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dry salt pens, or occur only marginally., There is a distinctive plant
architectare amongst the woody plants in which the ef ect of the dry
season is apparent,

The Fremean Province is again intermediate., Floristically, it
is characterised by the "Australian Tlement," recruited from nerthern
and southern influsnces, and those hardy species which have arisem in
response to an adverse enviromment. Wotably there is an increase in
the spacing of plants due to root competition between neighbours; the
result is a ceries of "open formations” - Malga bush, consiasting of
leafless species of Acacia with resinous or stiff leaf-like phyllodes
together with a predominance amongst the shrubs of species of Acaecia,
Cassia and the attractive species of Sremophila, notable for the size
and colour of their blossoms. The Yorthern influence is expressed
most strongly in the Spinifex which is the dominant tusky grass of
the ligzhter and stony =o0lls, while the Mulga occupies the closer-
grained soiles, the true mulga (Acacia ancura) being restricted to
hard-pan soils. The Sonthern Nlement is most strongly evident in the
loose red sand and around granite rocks; the former carrying thoge
sand-1oving species for which the South-West ie famous, ¥Yven the
Blackboy extends into the heart of the Eremea, while the speclies near
the granite rocks owe their existence to an ilprmlent in the water
content of the soil in addition to the shelter and shade provided by
deelivities. In the northern portions of the Province we find, where
watercourses provide permanent pools and moister conditions than else-
vhere, an intrasion of the Forthern Plement especially in the grasses
and the herbaceous flora generally. Savannah and Steppe occur in the

¥orth., Molga and spinifex steppe occupy the middle areas, while in



the South we have woodlan! formations, with some degree of heath
development. The salt soile carry distinctive formations of salt
tolerant plante amonget which salt<dushes are prominent, and thie
sane formatiom oceurs on the limestones sofls of the Wallabor Plaim,
Forests are abmt.(n

This introduction has defined in broad outline the three
vegetative Provinces of Yestern Australia as well as showving the
ecological climex which hags taken place between the climatic
factors and soil types to dring abont the vegetative peculiarities
of each Province,

In a coantry comprising some 6,900 specles of nu..‘” it is
sarprising that so 1ittle is imown concerning the economic value of
many species for comparatively few have boen commercially examined,
Those which have roceived or are receiving attontioém in this
direction are mentionsd in Sections Two and Three of this work, while
general ecologienl aspects of the State's vegetation - in particular
its forest areas -~ are exanined in Section Ome,

(1) Gardner, C.A, 0Official Year Pook of Yegtern Australia. ¥Wo.l
1957. ppd2-52

(2) Gardner, C.A, Ibid. p.42,



11. THE ECONOMICS OF EROSION.

The soil 1: the souree of our food and clothing, and is our basic

7-

heritage which must be congerved if haman living stendards are to be developed,

maintained or even preserved. In the course of the last half contary, extra-

ordinarily rapid exploitation of wide areas of Vestern Australia has been
poseible because of modern transport and efficient machinery, At the same
time the importance of conservation wae not fully recognised, Yor y’oaro the
steady removal of the topeoil and decline in yields of crons were barely

() roveates only teo clparly
the deterioration of the soil and the maladjustments of the balance of

agricultare,
Daring the past quarter of & century the raral community in ¥estewrn

perceptible., Bat a succession of bad seasons

Australia, as in America and other countries, has become increasingly aware
of the threat of soil ercsion. In place of the former almost eanwitting
mining of the resources of the soil, farmers have taken active measures to
control erosion and to establish a stable basis of agricalture.

It was discovered that changes occurred with the way the land was
used, Ureater run-off of rainfall took place as water was absorbed more
slowly into the =0il. Some of the organic matter disappeared; the land
was harder to work inte a tilﬁh. shortages of various plant nutrients such
as nitrogen and other trace elements became apparent and the gquality of
crops was poorer than when the land was first farmed.,

Variouns measures have been developed to check the ravages of eoil
erosion. Cultivation on the contour, with greded banks and other
mechanical means of protecting the soil, have been practised,

(1) e.g. The 1914 drought.



However soil conservation involves the whole range of good husbandry,
backed by developing agricultural sciemnce, These principles can resist
and overcome the natural and man-influenced forees of deterioration and
restore already exhausted land to higher fertility.

Though soil deterioration may be caused by any one of the following
set of conditions, it is the last mentioned which concerns the develop-
ment of this thesis and attention mus=t accordingly be devoted in that
direction:

1. Loes of nutrients, orcanic matter and lime,

2. Compaction and sealing of the sarface.
3. Soil erosion-stripping of the sarface soil.

50il erosion.

The most serious aspect of deterioration is the removal and
deposition of soil. If the soil were simply weathered or ground up rock
material, erosion or stripping of the sarface soil would not be so serious,
S0il however is more than this, It is weathered material which has been
acted upon by many agencies to develop layers, called "horizons" which
together form the =oil profile, In most =oils there are two main horizons,
the surface horizom and the subsoil horizon. Below the latter is the
weathered rock from which the soil has formed, The soil i: fertile only
vhen the different horizons are intact, when the different horizons ean
play their part in meeting the needs of plants.

S0il erosion is caused by two agencies - water and wind, These
agencies, by virtue of their movement, have energy, and this energy may
be used to canse soil ercsion., First, soil particles are detached from
the soil mass and then transported elsewhere. Frosion control therefore,
involves treatment that will reduce the energy of the agenciles and which
will deerease the amount of soil detachment and transportation.



The destruction of forest lands in Yestern Australia to make land
available for social and economic development of the settlers led to many
harmful land-use practices. The removal of native vegetative cover, to
clear the ground for planting agricultural crops laid bare many acres of
rich soil to the nvigo: of wind and water,

Light misty rain, with small drops gently falling, has little kinetie
energy to detach soil particles. This light rain may be completely
abgorbed into the soil as it falls thereby causing little run-off and
hence only a small amount of transportation. When moderate and heavy
rain occurs the drops are larger snd hencecause mtar diginterzration
of the soil as they strike the bare sarth. The energy of the wind will
cause erosion if the szoil i: unprotected and particles of soil are dew
tached., The wind moves the particles in two ways, as dust saspension in
the air, and s« grains or particles which are blown along the ground in
a process known as ssltation., These graine may push others along producing
sarface creep, These moving graine are transported, resulting in de-
pressions, or they pile up arcund ohstructions to form hummocks.

Vegetation acts as a blanket over the earth's surface, so that most
of this energy of wind and water is dissipated before the soil is affected.
Under nataral conditione a cover of forest vegetation decreases the rate
of run-off because of the many small pits and irregularities of the forest
floor and becanse the litter and humas collected there is highly absorbent
of moisture, thus tending to hold rain water antil it can escape slowly.
Yhen the nataral vegetation ie removed the soil is alternatively subjected
to rain and dried by sun and wind. It is then that the erosive influence
of these two factors become evident.

Farthermore, a voagetative cover rendere the goil itgelf more resgistant

9.
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to erosion, for the natural soil crambs when undisturbed by cultivation,

are harder to detach and remove., The growing plants too release water by
transpiration as well as evaporation, thus increasing the soil's capacity

to cope with rainfall., Ffven so, the roots of many agricultural crops such as
vheat and lupins have little effect in preventing soil erosion by water

once their tops are removed at ground level, for it is the surface cover
provided by the aerial portions of these plants which are of greatest

value in that they prodace a thick mat-like surface covering,

Vevertheless, in the growing of crops the farmer can do much to pre-
vent erosion, By maintaining a high degree of organic matter in the goil
and thereby preserving its self-binding structure and hence good drainage
and absorbing capacity; he will be employing sound remedial measures to
offset erosion. The ground should also be kept covered with vegetation
for as much of the year as possidle, Such cover can be effectively intro-
duced to depressions and gullies which are caused by ercsion, by first
f11ling them with soil obtained from ploughing the area on each side of the
gully or depression and bulldozing some of this loosened earth to level
off the adjacent groumd and then compacting the whole portion treated,
by driving over it. This area could then be planted to eventually proe
duce a windbreak structure,

Yhere erosion is a serious threat, trees play a very important part
ags a means of protecting the soil., Areas in this State which are more
sasceptible to erosion appear to lie near Perth in the vine growing dis-
tricte where the winds funnel between the rows, tearing the sandy soil
from the roote; in the wheatbelt; in agricultural areas of the Mallee

country; on the sand plains and in that area of the Scuth Yest which igs
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given over to the caultivation of orchards., Vast areas of Yimberley also
suffer from extensive wind and water erosion, =0 much so that present Iday
developments on the Ord River aim mot only at storing safficlent water to
irrigate large tracts of hitherto unproductive, yet fertile, land; bat
also to regulate the tremendous loss of sarface soil by both wind and
water agents. The raising of cash crops on the banks of the Ord will pro-
duce a vegetative cover and root systems which will result in a reduction
of erogion by wind and heavy rainfall. Constraction of the Ord Eiver
Piversion Dam will so regulate and control the amount of run-off that
only a very small amount of soil will be lost through flooding when com=
pared with that lost in previous yeare, Mention must be made of a tree
planting project at Zsperance which was commenced im 1960; and also the
planting of Marram grase on certain areas of drift sand on the coastal
strip from Shark Bay to Ffucla; both of these projects will arrest wind
erosion.

The area of land available for primary production in Yestern Australias
is controlled by factors of climate and geomornhology, together with the
direct social and economiec influences of isclation and distance from
markets, though the latter two have now been reducedto a large degree by
improved methods of communication and transportation., Wevertheless, the
approximate area of raral holdings in propertion to the whole area of the
State is only 37 per cent.(l) ¥ith this emall proportion, the main
avenueg of increased production lie in developing agricaltural areas and
in the more effective use of those areas which are already occupied.

It ic more than reagonable that both programmes proceed =ide by side

and it is antomatic that improved farming practices in the form of an

(1) offieial Year Book of Vestern Australia Vo.l. 1957. Govt. Print,
Perth, W.A, p.182,



awakened interest im soil ercsion are necessary to improve the heritage
of the soil., The farmer who allows soil deficiency to develop will be
allowing his principal asset to disappear bdefore his eyes., Yet many farm-
ers whom I have contacted do not appear to realize that soil erosion
seriously affects the value of land,

The primary responsibility for scil comservation and soil erosion
rests firmly with the farmer who occaples the land., e maet be able to
recognize the signs of soil ercsion and tnov the bect methods for its
correction. Further, he mast pat them into practice. Wo one knows his
farm like the farmer and no one can relieve him of his obligatioms te
himgelf, his land, and ite future productivity.

The ecological affinity of forests with the preservation of land
productivety shoald therefore occuapy an ever increasing part of everyone's
1life,
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111, STABILIZING CATCEMENT AREAS.

Water is necessary for the preservation of 2ll forms of life,
both plant and animal, Fven man, who has managed to adapt himeelf
to a variety of environments has not been able to adapt himself to
life without water, He neceds water to keep himself alive, and he
obtaing all his requirements in the way of food, clothing and shelter
from plants and animals which in their tarn mast have water in order
to keep alive,

The water resoarces of a country therefore play a big part in
governing the develorment of that coumtry, for man cannot develop
agricelture or baild cities and towne where water recuirements cannot
be met.

Western Anstralia is one of the driest regions of the world as
far as the sapply of nataral surface water is concerned. Nowhere on
ite surface are there large tracts of fresh water like the Great lakes
of Amerieca, or are there large fresh-water rivers like the Amagon and
7ile, Consecuently there ic a tremendoans need to conserve water for
agricaltural and pastoral industries as well ag meet the requirements
of towns and cities,

The main method of coneerving water here ies by the constrauction
of large dams., This means building dams in regions of high rainfall
and piping water to areas which receive less rain, The history of
large scale conservation in Western Australia dates from the opening
of Victoriy Meservolr on Manday's Brook in 1891, Other large scale
projects imclude two which were begun during the 1920's, one on the
Bickley Brook and the other on Churchman's Brook: the Canning Dam



in 1973; the Serpentine Pipehead Dam in 1957; and the la«t and more
rocently constracted Serpentine Dam, which is by far the large-t
ondertaking of its kind, containing 39,000 million gallons,

Vith rapid expansion of -econdary indastries in the State during
the 19%50's, consideradle attention had to be given to providing
additional water sapplies in those directions,

Mention must also be made of the Goldfields Vater Scheme, built
originally to bring water to the mining population on the Golden Mile
and which still supplies this need by carrying water from Mandaring
Yedr in the Darling Hanges nesr Perth., As the goldmining indastry
declined daring the early 1900'g, the fact that this water pipe
traversed large areas of good agricaltural and pasture lands in-
fluenced ax-miners to commence farming in those areas which it served,
Pregsent day extensions to the parent pipe are shown by the addition
of some 1,000 miles of emaller pipeline for the convenience of farm-
ers living to the north and south of the main line.

Similarly, the Comprehensive Vater Supply Scheme has enabled
towns from Koorda in the north to XKatanning in the south to be
connected with a dependable all year water supply.

Sueh projects, together with the Farvey Irrigation Scheme,
necessitate the con<truction of considerable storage arecas within
high rainfall regions which have suitable catchment areas.

The 'nt'r uger demands reliability in his water supply, i.e.

a regular availability of water, free from failare in times qf
drought and from damaging floods in tines of heavy rainfall. A sse-
ond requisite is that the concumer has an adequate quantity of water,

Thirdly, the suprly must be free of silt for domestic or industrial



purposes., As the population of this State hae increased rapidly
particalarly in the post war years, the need for increased storage
capacity and catechment areas has intensified resulting in the
addition of new storages.

Of the three requirements which the catchment and storage area
must satisfy, that of adequacy recéives greatest priority, and any
changing of land form which is already providing regular and adequate
ron-off mast be carefully examined,

Although the results and reports of experiments and measure-
ments of stream flow, run-off, and estimates of loss by evapo-
trangpiration from various land-form areas are namberous, the resalts
are often contradictory. Laurie ) cites instances of conflicting
results in hydrological investigations: ¥our reports from Russia
(lebedev, 1959; Boehkov, 195%a; Valek, 1959; Bochkev, 1959b) in-
stanced higher water yields from forest than from eclearings or
pasture, while a swmmary of 26 studies from ifferent countries
showed the opposite to be the case,

Laurie (2) agrees that there 1= some factual basis for the
generally accepted view that forest covered area produce clear per-
ennial streams, reduce silting end prolonz the base-flow, bat adds
that when it comes to finding critical experiments, there is less
supporting data.

One suach piece of evidence is supplied by an experiment cone-
ducted by Casparie (1959) in which an analysie of thirty years of

(1) learie, M.V, Vorests & Yater Sapplies, “ighth Britich
Commonwealth Forestry Conference, 1962. Forestry Commissiom,
London, p.2

(2) 1vid. p.3.

15.
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measurements of forested and mainly pastoral valleys showed that the
mean daily flow ie normally about 15 per eent higher from the
mainly pastoral area bat falle beiw that of the forested area after
five to six days of drought and remains steadily below it thereafter,
After a long enough drought, flow would cease from the mainly
pastoral area some time before that from the forested area.

On the graded slopes of the catchment area, the stadility of
the soil depends apon the natural vegetation. If this vegetation is
rich and flourishing it may bind the soil so that even on a steep

(1)

elope, streaming of the soil towards the lower storage area will

be arrested and only ereep (2)

permitted. When thie occurs, there
is a state of balance between the rate of removal of soil and the
rate of new supply by weathering., Fence sufficient soil i: being
maintained for the regrowth of vogetatiic cover, whether it be
forest or some other smaller growth, which in tarn produces its own
m; vfor soil enrichment and so maintains the balance of nature.
Vhen the nataral vegetation, whether forest or grass, is
interfored with, soil dissection begins, Clearing and darning the
foreet from any slopes seriously distarbes this state of balance
between the rates of erosion on the slope and weathering, JNemoval
of soil by erosion bacomes more rapid becaunse of the soil'ec in-
creaged exposure to rain-wash and wind transportation owing to the
absence of binding ground cover and consolidating root systems,
This loss of surface =0il and subsoil counld eventoslly result in

the exposure of the bare rock, which in tarn - in the far distant

(1) flowing.
(2) almost imperceptidle movement.
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future « and ag the regult of inereased run-off, could he ercded
to a geries of ravines. The resulting ravines wounld weather back
into the hilleide by head erosiom if nature were left to take its
own course, to form low convexr summits, Thas the catchment system
is broken up completely and with the excessive transportation of
unwelcome waste to the lower level, i.e. the valley of the storage
area, the whole conservation area is destroyed. There iz there-
fore, in Wegtern Apstralia ag in other parts of the world, a very
real need for rigid control of State forests in water catchment
areas if the State 1= to weet its water recuirements in the fature,
¥here there 1s abundant vegetation, the soil is largely pro=
tected from erosion. The rocks are not exposed at the surface,
woch of the rainwater soaks into the ground instead of evaporating
and is therefore conserved and draine into the storage area, there
is less erosion by rain on the slopes, lese flood action by streams
forming and the corrosive action of the wind i: at a minimam,

The effect of forest cover on catchment areas is controlled
by the following considerations, each demanding specisl investigatién,
{(a) The gquantities of rainfall intercepted hy varicus forms

of vegetation (forest as well as grass or fisld ecrops)

and held, ultimately to be lost by evaporation.

(b) The porosity or rather rate of acceptance of water Yy

the soil ('infilteradbility') under different kinds of

land usage, 30 as to be able to estimate the rate of

rainfall that will resalt in sarface rum-off starting,

and the rate of entry of water into the soil.

{e) The effective rooting depth of different forme of

vegotation, i.e. the denth from which roots can adstract

moisture from the soil, and below which lose of moisture

by transpiration of the vegetation is negligible,

(d) The distribation of moisture in the sffective rooting
zone, not only in depth, bat also laterally. This may
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be important in forest where soil wetting from stem-flow
or from tip-dribble may be irregular, and as the soil
water is taken ap by the roots, parts of the soil may
remain above field capscity und contribate to ground
water flow after other parts have been relatively dried
out by the roots. The stage at which stomatal control

of tranepiration commences ander !on:t/-u be at a
higher average moisture content in the effective rooting
zome than onder a crop like grass, owing to irregular
drying-out of the soil in the regions of active root tips.

(e) For different types of vegetation, the quantity of rain
- reqaired to saturate the vegetation and to charge the
effective rooting szone of the soil to field capacity
needs to be determined, as it is only after that stage
is reached that water can percolate downwards and con-

tribvate to ground water flow, The complications due
to uneven wetting under forest need also to be taken
into consideration.

(f) The rate of loss of water under varying meteorological
conditions from the soil in the rooting zone by both
direct evaporation and transpiration.

(g) The effect of follage wetting on the rate of transpiration
and on net water loss, 1.e., the extent to which redaced
transpiration compensates for loss by evaporation of
intercepted water,

(h) The variation in rate of transpiration under different
conditions of incident radiation, atmosphereic humidity,
wind speed, alr temperature, ete. and, in particular
the ability of vegetation to control evaporation in times
of water stress.

(1) The differences in rate of transpiration by different
specieg under the same atmospheric and soil molstare
conditions. To what extent is water consamption
corralated with rate of growth?

(3) To what extent can any reduction in combined evaporation
and transpiration losses be effected by (a) choice of
species, (b) redaction in undergrowth, and (c¢) thinnings
in the upper storey. Similarly in arable crops or grass,
doeg density of stocking affect the amount of water lost,

(k) Hydrological conditioms in the soil below the rooting zome.
Hate of relesse of water as base flow when (a) at or abeve
field capacity,and (b) when below field capacity. Moisture
gradients and general moisture distribution im the soil
below the rooting zone, where, presumable, losses by
evaporation are negligible.” (1)

(1) Forests & VWater Sapply, M.V. Laarie, Eighth British and Commone-
wealth Forestry Conference, 1962, Forestry Commission.londom.pp.5.6.



1V. WIND RBUEAKS AWD SHELTER EELTS.

As has teen previously stated, erosicu can be caused by either wind
or water or a combination of both. The eceol gical aspect of forestry

and vegetation ir this State with relation tc the preventiém or diminution

of goil erosion embraces man's adaptation of guitable trees, shrabs,
plants and grasses in an attempt to reduce such erosion and provide pro-
tection for stock from ssnd-laden winds,

The provision of shelterbelts and windbreaks of trees and shruobs is
not the complete answer to wind erosion, though in many cases the wheat-
belt farmer considers this tc be so. Trash-ploughing; and the degree to
which grazing is permitted together with suitable cropping techniques,
are of far greater importance. But, the destructive effect of wind is
reduced by the pregence of belts of trees,

Very little baffling end resistance to wind is necessary to prevent
soil being picked up and ecarried along by winds. The comfort to be found
on the lees side of a belt of timber on a windy day is apparent to both
man and animal., The trees and scrub reduce the speed of the wind within
a few feet of the ground and therefore have their place on every farm,

In many instances though, no thought is given to providing a shelterbelt
aroumnd a homestead or farm buildings. I have witnessed during this week,
the erection of a new home in the wheatbelt. The house site i: atterly
devoid of any protection whatscever. The nearest shelterbelt to this
house is around the next door neighbour's home two and a quarter miles
away. The front door of the new home looks out in a north easterley
direction acrogs miles of cultivated land and almost directly into the
eye of hot, dry, easterley winds, which blow for mest of the year,

In places where belts of natural vegetation in the form of shrubs or

19.
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trees have been left along fence lines or roasdsides, very little
accumulation of wind-blown soil is evident. On the other hand, where no
such nataral bash is evident, it 1s not anaseal to see drifts of soil
piled up alng fences and across roads. This is especially so in the
light sandy country of the wheatbelt., Many farmers in the Bruce Rock
area have recently commenced planting shelterbelts and w&nﬁhm to help
reduce erosion and provide shelter for stoeck. Similar activities are
receiving attention in the Eaperance district.

Soms considerable research has been done to determine the
effectivencss of certain types of shelterbelts and windbreak structures
and the following appear to be most important.

Heignt. 'feducing the wind gspeed at ground level on farm i:uddockn

is the key to reducing or preventing soil erosion by wind.' (1)

Though belts of timber do reduce the speed of the wind both on the
leewood and to & mach lesser extent on the windward side, (2 the area
of ground so affected is very small, “enerally speaking, there is close
relation between the area over which a reduction in wind speed is ex-
perienced and the height of the shelterbvelt,

Caborn (?) hag shown that the most bemefitial coverage is ex-
perienced within an area of 15 or 20 'shelterbelt heights' downwind of
the btarrier, and in addition, that there is a falling-off in wind speed
up to 10 windbreak heights in front of a shelter, 'according to the

degree of open-neses of the structure, 3

(1) Barvill, 6,7, V¥indbreake and Shelterbreake in Helation to Soil
Erosion. Dept. of Agricalture, Perth, V.A, 27 (2) Jame, 1950.
PP 180’18‘0

(2) Cavern, J.¥. The Dependence of the Shelter Effect of Shelter Belts
upon their Structure, Fifth Vorld Forestry Conference, 1960. p.l

(3) 1vid. p.l



Density. Studies conducted so far, to reveal the effeets of the
density of Shelterbelt structures, have revealed that the more porous
the design, the more shelter ig provided in terms of shelter for field
crops. 'It is now gemerally agreed that a shelterbelt which filters
the wind rather than arrests it completely, prodaces a longer range of
effective shelter.' (1) Demce windbresks - those having a degres of
porosity to the wind of less than 40 per cent - afford a pronocunced
vind abatement immediztely to leeward but this is counteracted by
vigorous downdraughts and the free wind speed is regained relatively
quickly. With shelterbelts moderately penetrable (@) to the wind,

the minimom velocity is found a short distance, usually between 2 and
5 heights, to lomid and there is & more graduasl resumption of the
opea groand velocity. The more open is the structure, the further from
the belt 1: the minimum wind speed attained and the degree of wind
abatement 1s progressively decreased, Farthermore, structares which
are open near the ground cause an acceleration of the wind as it
funnels through the shelterbelt, often to values far in excess of the
free wind speed. Sach an acceleration is undesirable but can be
offset by planting a margin of low shrabs or scrub within the belt.
The total shelter prodaced by dense belis is not necessarily less than
that afforded by a moderately porous belt, baut there is a difference
in its lecward distridation, Dense belts show a greater wind
reduction near the belts but a Ilesser effect downwind, and it is
considered that thie is less desirable for the protection of crops

(1) 1Ibid. p.1

(2) Caborn recommends the optimum degree of penetrability to the
wind for a shelterbelt is approximately 40 per ceunt.



and soils though more apvropriate for sheltering stock against
severe weather conditione,
Yidth. The width or depth of a shelterbelt, measured parallel to
the wind, would seem to have no direct effect on wind abatement ox-
cept that it relates to the degree of penetrabdility of the structure,
Thus, depending on the closeness of the trees, two belts of unequal
widthe could have the same degree of wind porosity., The most
economical belt them would appear to be one in which adecuste plante
ing ie practised in accordance with sound forestry principles.
Henee, the marrower n belt ean be whilst still ziving maximum pro-
tection, the greater is the area of land uanahvlo.‘ for agricultaral
parsoits,

It has also been shown that once the width of a belt passes a
eritical point, the pattern of winé flow may alter as the
wide belt 'consumes' some of ita own shelier thereby reducing its
effectiveness,

Crose Seetional Profile. The most affective shelterbdelte heve heen

proved as being those whose crose sectional profile regembles that
of & gable roof with a wide sweep at the eaves.'l) Thig design has
been cced extensively in the majority of shelterbelts planted in

the Great Plain's Shelterbelt Project of the United States of Americes
during the 1930's. Caborn (1960) ecites the baecis of shelter cone
straction as 'breaking the uniform carrent of the air, shattering the
cutting bdlaste and throwing them into eddies, thus ameliorating

th.' air to some distance from them,

(1) 1Ivdd. p.3.



The only criticism of sach a design 1o that the main helight growth
is concentrated within one or two rovs and in the event of their
dying out in the coarse of time, the offect of th shelter provided
ie quite suddenly redaced. Caborn states that such a reduction could
be in the order of 30 per cent,

The Crown Sarfacs. Focently it has deen suggested that a broken
erown sarface may be more offective than a smooth roanded sarface

in breaking up wind carrents and thas prodacing shelter, If thie is
the case, the planting of future windbdreaks in ¥estern Aastralia
will have to follow the Camadisn procedure wheredy trees of different
species and height are planted in each row, Apparently the general
'gable-like' pattern could be rotained whilst dreaking ap the smooth
ovenness of each sloping side. As Cadborn points out, sach a planting

- procedure would ensure maintaining a shelterbelt of optimum density

while guaranteeing permanence,

Conclusion. ¥ith the preseant rapld clearing of many mew areas of

light land in the State by modern machimery, all too little attemtion
13 being paid to the retention of nataral belte of scred, mallee or
trees to form shelterdelte. In cases where insufficient shelter ls

left, consideration will eventuslly have to be given to prodecing

these by allowing natural recrowth or mew planting, Yhere the latter
is the case, carefal consideration of the types of trees selected

- for planting will e necessary, if the resalting protection bdelt is
%0 be as efficient as possidle., Expenditore of time and money ine

volved in poriviing a shelterbels in"such ‘het every precaation
should be evalaated defore planting or elearing the land, seo that

the resulting structure will de as efficient as possible,
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Consideration of such vitally important factors as rcot competition
with nearby crops, density of follage, height of foliage above ground
level, maximum height of growth, soil sauitebility and resistance to
aridity and wind 2ll play their part in producing a shelterbelt of
maximam portection from soil erosion and wind,

Suitable trees recommended for windbreak planting in Vestern
Australia are suggested hy the State Forestry Department and are
listed for refarence in alphabetical order:- Acacia acuminata,
(Baspberry Jam); Actinostrobas pyremidalis, (Wative Cypress);
Callitris glauca, (¥ative Pine); Callitris robusty, (Rottnest Pine);
Cupressas arizonica, (Arizona Cypress): Fuealyptus botryoides,

(Palse Mahogany); Fucalyptus brockwayi, (Dandas Mahogany);
Facalyptus camadulensie, (River Gum); Pacalyptus lehmanni, (Bald
Island Marlock); Fucalyptus sargentii, (Salt River Gum); Pinus
Canariensis, (Csmary Island Pine); Pinas pinaster, (Maritime Pine);
Pinus pinea, (Stome Pine); Pinus radiata, (Monterey Pine); Populas

niara, (Black Poplar).



V. LIMITATIONS ON ZVAPORATION,
Rainfall that falls on any land areas is dissipated in either

of three ways. It either evaporates, runs off the surface oOr pente
trates the soil to form ground water supplies. The amoant that is
drawvn from the soil by vegetation and transpired through the leaves
is termzed evapotranspiration,

¥ater is lost from all land sarfaces whether they be covered
by vegetation or not. Under Yestern Aastralian conditions, this loss
is dependent upon the amount of water svailable and temperature, In
the main, supplies are from rainfall, this being the State's major
precipitation form., Insignificant falls of gnow occur on rare
occasions and even then affect an area of only a fow square miles,
g0 that this contribution of snow a2s a source of water supply is
negligable., Vater loss is aleo variable depending upon differing
land surface characteristies.

In a State of vast areas receiving a low rainfall - half the
area of the State has less than 10 inches per annum - seasonal
droughts are o feature. It is not surprising therefore to find that
conditions governing vegetation here are in almost total opposition
to those which were present in the cool temperate lands of Farope
from where the principles of forest management emaulated, In
Earopean countries the two most variadle factors which influence
transpiration and evaporation in forest areas are the amount of
solar energy avallable as well as the temperature range. Until
guite recently it was thought that these two variables exerted
similar infleaences on water loss in forested areas the world over.

Alas, foresters in Western Australia realised very early in the



centary that such generalizations could not be applied in the same
manner to the selerophyllous and savannah type land coverings which
wvere found in this country. They found the sunlight more abundant,
reliable and intense; temperatures generally higher and less ex-
treme; and the percentage of moisture smaller though more stadble,
In view of this appreciated divergence in basic climatic conditions,
the need for a re-oriented approach to ascertain which conditions
governed the promotion of local foreets became obvious,

There is probably no part of Vegtern Australia where evapor-
ation is balanced by rainfall throughout the year, as is the case
in cocl temperate Ureat Britian and Furope and it mast be remembered
that it was from these countries that former forestry practices were
derived, Perhaps in Kimberley, daring the 'wet' season, and in
the south western corner of the State, this balance may occur for
short periods. However exhaustive experiments have yet to be
andertaken to support this hypothesis.

In view of this set of new conditions, it was soon realized
that "Water was the variabdle, the greatest limiting factor govern-
ing growth characteristics, regeneration and further development
of the hard-leafed evergreen forests, and not, light." )

Bearing in mind the fact that Vestern Australia is already
short of nataral water supplies and that such shortage may further
be depleted through tranepiration and evaporation in forest areas,

an examination of the extent of sach lose from varions types of

(1) Lane-Poole, C.BE, The Forest and Vater. Extract from Feport
of Science Congress, Uovt., Print, Canbderra. 1933. p.l.
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vegetative cover under local conditions should now be undertaken to
determine the economics, or otherwise, of preserving present forest
reserves, The outcome of such research, providing safficient funde are
made available to ensure its entire conduct without interruption, would
indicate the valee of retaining preseant forest ateas or the advisability
of their replacement with some other saurface cover in the light of
conserving the State's water supplies by reducing the loss of present
precipitation through evapo-transpiration.

As 2 gemerality, evapo-transpiration will inerease with increased
supplies of available soil water, up to the point at which sctual
evapo-transpiration equale 'potential': i,e, the maximum amount of water
which will be consumed throogh evapo=tranepiration under a given set of climatic
conditions, given an ample supply of water to the roots of vegetation.
This means that evapo-transpiration is expected to increase with annual
precipitation until it reaches the level of potential evapo=transpiration
at which point it should tend to stabilize.

In very wet climates, total evapo-transpiration may even tend to
decrease with increases in precipitation. The mesophytic (1) forest of
the extreme south west corner of Wéstern Australia may be suggested as a
possible example when this takes place., There, where an annual rainfall
of about 50 inches per year is recaived the forest cover is dense, and
thick undergrowth prevails, A comparison of precipitation and run-off may
indicate that total evapo-transpiration is surprisingly low, even though
temperature iz somewhat tempered by the close proximity of the sea.

In the lizht of African studies (2) it is suggested that with over-

(1) Karri.

(2) McCullock and Dagg. Hydrological aspects of Protective Forestry last
Africen Agriculture and Researcg Organization. Muguga. Kenya, 1962.p.4-5.
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abundant precipitation and continuously wet soils, the opportunity for
evapo-transpiration is decidedly less than in more moderate climates

such ag those of the sclerophyllous (1) region where lower precipitation -
20 to 30 inches per annum - and periods of drought conditions, from
November to March, are experienced,

Evapo-transpiration losses depend also upon limitations in available
water caused by factors other than total precipitation., If, for example,
the scil horizons are shallow above some impervious clay or rock structure,
the roots of vegetation will have access to considerably less water
supply that can be developed in deeper soil mantles., YWater storage in
the soil may also be limited by comparatively impervious layers at or near
the surface of the ground. If the soil surface is compacted by tramp-
ling, by erosion, or by the“impact of falling water, much of the
precipitation in any storm may be lost through overland flow and not get
into the seoil storage at all., Then, drought-like water storage
conditions are produced, even in areas with otherwise ample rainfall,

With respect to the vegetation itself, transpiration may be
expected to increase with increasing volume of the vegetative cover, up
to the point where the soil becomes fully occupied with roots,

Direct evaporation from the upper soil, on the other hand, may be ex-
pected to decrease with increasing vegetative density. In shallow soils,
where the depth of the root systems is comparable to the depth of the
soil appreciably affected by direct evaporation, the changing losses
with changing vegetation density may so offset each other that their

combination tends to remain constant.

(1) Jarrah.



¥hile exceptions to these generalizations mast exist, VAT O
transpiration from an area of low rainfall and high temperature ex=
tremes even after the complete recharge of soil water storage in .
the root range must add to the trees' saffering water shortage in the
dry season and affect their adaptadility to resist drought conditions
in our Mediterranean and semi-arid climates,

Beplacement of natural vegetative cover by some other form mast
be preceded by intense research to ascertain the permanency of such
cover daring dry periods which are so notadle in this State. To re-
place an already stable covering with one possessing lover evapo-
transpiration qualitles may appear justified ander Yestern Australian
conditions to reduce water loss by evapo-transpiration, provided that
the alternative cover can be guaranteed to retain its permanency
under our pmanm climatic conditions. Unless this guarantee can
be proved, the soil may be laid bare to erosive agents and the whole
land surface changed completely resulting in the utter loss of
present water conserving factors.

Obviously, there is an apparent opening for research along
these lines in Vestern Australia, bdut decause of the many factors
controlling evaporation and evapo-transpiration and because of the
few records of these phenomena available so far, only aprroximate
formalae have been evolved for its measurement. Dr, Gentilli @)
saggests their clascification as followss

1. Fonetions of annual total precipitation and mean temperature.

2. Punctions of annual total precipitation and maximum and

minimam temperatures,
3. Fanctions of total precipitation, number of wet days, and

temperatare,

(1) Gentilli, J. Unpadlished paper, University of Western Australia,
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4., ¥onctions of annual total preecipitation, temperatare, and
latitude,
2. Fanctions of seasomal precipitation and sessonal temperatare.
« Punctions of monthly total precipitation, latitade (length
of day) and mean monthly temperature.
7. Functions of monthly total precipitation and mean monthly

m!‘m.
8. Punctions of precipitation and saturation vapour pressare.

9. Fanctions of precipitation and relative humidity.
10. Functions of precipitation and saturation deficit.
11. Functions of preeipitation and evaporation.

12, Punctions of precipitation and evapo-transpiration.

Some of the formulae fall within more than one class because
they aim at expreseing the ratio between precipitation and evapor-
ation indirectly, by using temperature and nhtiﬁ humidity data
instead, Others are evolved for annual data only, some for monthly
data only, and ceveral ase either sets of data, and some are for
data relating to shorter periods as nll.u)

¥hile there is little doadt as to how much precipitation is
received at any given time and place, there is an argent need for
co-ordinated work by plant phyeiologists and soil scientists on the
one hand, and by climatologzists on the other, to determine the re-
lative proportional values of precipitation disposal,

Such work wounld be costly. However, with growing popalation
figures forecast for the State over the next half-centory, inecreas-
ing attention will Ye focussed upon increasing the esources of water
saprly and comserving the marimum quantity poseible, In thege
respects, all possible avenuee will bear investization and 1t will
be interssting to witness the out-come of sach investigations in the
1ight of techniecal progress in the nee of such substitutes as steel,

concrete and almminiam, for wood,

(1) 1vid.
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VI, THE FOREST AND CLIMATE,

The sabject of climatic change provides an extremely fascinating,
thoagh highly epeculative aspeet of climatoloty which has long inter-
ested botanists. In recent years the change of ocutlook by botanists
with an ever increasing emphasis on ecology has led to the explor-
ation of fresh avenues cof approach to the subject. It has become
evident that the climstic element in the plant environment is not
stable, as was once thought, dbut i= rather a constantly floctuating
control; the concept of a ‘climax' vegetation is no lonzer unconditione
ally valid,

Climatic change seems to have taken place everywhere in the
world baut often at different times. There is no widespread change
in any one direction and as yet the problem of how and why these
changes took place is unsolved although there are many theories in
existence which attempt an answer,

One of the most widespread conjectures on the effects of forests
on climate, concerns the effect upon total precipitation falling over
a given area or region.

Precipitation.

For a namber of reasons this effect is difficult to establish
guantitatively, Therefore, althoagh it seems probablp that some
changes in precipitation are likely to be accompanied with the de-
nudation or refore-tation of large land areas, the actusl magnitude
of sach changes i» conjectural. ¥evertheless, forezters have
maintsined for a long period of time that extensive areas of forest,
of the order of scuare miles, have an ameliorating effect uponm
climate and hence on the rainfall of the region. Some early evidence



advanced in Europe saporting the view thst rainfall in forest
clearings tended to be ap to 10 per cent greater than that in the
open, may well have regulted from differences in exposure of rain
guages than from differences in precipitation.

It is well known even from direct observation, that in areas
subjeet to low cloud or mict, quantities of water can be withdrawm
from the atmosphere through interception by vepgetation., I have
seen this at Mount Chadalup near Pt., B'Entrecasteaux, on the scuth
west coast of this State where 200 feet high Karri trees appear
to be perpetually shrouded in low cloud and mist as though the two
possessed an affinity for each other, In this case precipitation
in the form of condemsation takes place on account of a relatively
high humidity, about 97 per cent, and the presence of 2 most
effective nuclei of condensation in the form of salt particles
blowr across from the nearby ocean spray.

Such precipitation by interception is naturally proportional
to the area of the receiving surface, Fven in the case of a single
tree a considerable surface area is available and considerable
guantities of water may so be extracted from the atmosphere, Vater
intercepted by this method is termed "occult precipitation” and
reaches the groand sarface by drip and by stem flow, A simple |
experiment to invectigate the quantitative magnitude of this oecnn-
ence in South Africa is being undertaken at Muguga Forest. @

In addition to sach directly measurable precipitatiom, it is

possible for the aerial parts of vegetation to take up emall quantities

(1) Kerfoot, 0. and MeCulloch, J.5.G. (1962). Eighth Commonwealth
Forestry Conference, ¥ast Africa.
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of water from the atmosphere by direect absorpuon.u) Any water which
remains on the vegetation may be considered guantitatively as a nett
gain in precipitation, since the energy used in its evaporation from
the leaf surfaces, when misty conditions have ceased, would have been
used in the trancpiration of an amount of water from the soil surface
available to the plant., The concervation of soil water in this way
may be an important factor in “occult precipitation,”

Trangpiration.

From the point of view of the atmosphere, fore-ted lands generally
provide an evergreen, tranepiring cover. This continued tranepiration,
throughout the dry ceason, except in the case of deciduous species,
results in a marked alteration in the diarnal heat balance over a
forest as compared with other forms of land use., Pereira and HcCulloch(a)
shoved that the heat flux from forested areas was, in the dry season,
generally about one helf that from subsistence crops and goat pasture,
The same conclusion could in all probability be applied to sheep
pastures and wheat farming districts in Yestern Australia. Such a re-
duction in heat returned to the atmosphere i: noticeable to travellers
in light aircraft., Under hot dry conditions, flight is less hampy
over dense forect or open water than over agricultural or grazing lend.
Thie is particalarly noticeable daring a flight from Albany to Perth.

“hen forest covers areas of high ground, the combination of

cooling due to transpiration and orography (3) may well resalt in

(1) Slatyer, R,0. (1956) Aastr. Journ. Biol. Sei. 9 (4).
Slatyer, R0, (1958) 1Ibid. 2, III.

(2) Periera, W.C, and MeCulloech, J.5.¢., (1960) Proc. Manitalp Syp.,
Hairobi,

(3) Pregence of forests on mountain aslopes.



heavier rainfall over the area in general. It is therefore possible
that removal of such forests conld result in a reduction in total
rainfall or at least the number of days on which rainfall is received.
Such rainfall would temd to be more spasmodie with heavier individual
storms., However, replacement of indigenous vegetation by a similar
perennial cover, such as plantation trees,(pinus pinasta and pinus
radiata) which give complete ground cover throughout the year and
continue to transpire throughout the year, would be unlikely to cause
any appreciable differemce in the local climate. Such hag been the
case with respect to local aforestation near Perth, Yestern Australia.
Micro-climates,

:(h a smaller scale, forests may cause amelioration in the microe-
climates of crops in the immediate vacinity.

The appreciation of the importance of the secience of ecology has
resalted in active work on animale and plant microclimates by ecologists.
The importance and megnitude of microclimatic effects is demonstrated
vy Getger ‘1) when he remarks that the daily difference of temperature
between Agsam, in the Libyan desert, and Alexandria, on the shores of
the Mediterranean, i: frequently exceeded by that between the actual
groand surface and the air a few feet above it in the same meadow
anywhere in Sarope.

The climate of the air near the ground depends apon twoe sets of
factors, those which are due to the mere presence of the ground and
those which resalt from the type of ground covering. The most useful

(1) Geiger, R, Dag ¥lima der bodennahen Luftechicht. Die Vieeenschaft,
Vol.78, Vieweg, Braunschweig. 1927 & 1942 resp.



concept is that of the outer ~round surface which i+ the surface at
which absorption of the san's energy mainly occars and from which it
is mainly radiated. Vhether this is the surface of the ground itgelf
or, as in the ea.n of forests and shorter vegetation, the main region
of leaf development, it is the level at which the highest day=time
and lowest night-time temperatures are usually recorded. In other
words, it is here that most extreme climate occurs.

The utb.n of the soil sarface has been a great influence on the
amount of heat recuired to bring about a given change in temperature,
Colour texture and water content are of ocutstanding importance, the
firest two governing the ratio of abeorbed to reflected energy, the last,
owing to the high latent heat of water, soverning the rate of rise in
temperatare, The effeet of plants ie normally to reduce the steepness
of temperature gradients above bare earth and to change the height
at wvhich the outer active sarface occurs. The redaction in temperature
variation is due to the distribution of thias outer surface through a
greater vertical depth, the damping effect of the latent heat of
vaporization on water (on plant surfaces, and produced ny transpiratién)
and a namber of other factors. The formation of dew at night, with the
resultant liberation of latent heat, results in a considerable re-
duction in the amount of cooling which occurs.

HeCulloch and Dagg (1) investigate this matter in the light of
naintaining soil water in tea gardeng planted in forest eclearings and

claim that such gardens are less subjeet to extreme eoil molisture stress

(1) dMeCalloch, J.5.G, and Dagg, M. Wydrological aspects of Protection
Forestry., (1962). Bast African Agricultare and Foreastry Research
Organization, Maguga, ¥enya. p.3.
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during the long dry season then gardens without the bdenefit of the
forest sarround. They also point out however, that this compensation
mast be paid for in terms of root and s0il moisture competitiom om
the periphery. This they sugsest may be overcome by planting shade
trees throughout the gardens, Wowever they conclude dy stating,
"While recent work with both tea and cocao has shown that maximam
yields are obtainable without shade at all, under more rigorous
conditions the shade trees serve to reduce é:tuan of temperature,
hamidity and wind, " (1)

Considering thie laet plece of research and the generalizations
stated above, there can be little dondt that micro-climatic effects
are dependent upon the vegetative cover, whatever ites form.
Conclusion.

Ag a general theory, 1t may safely be stated that each forest
land area hae a characteristic critical level which determines the
comparative salety or danger of any manipulation of the forest
~environment, Some environmental changes are indaced whenmever the
forest cover is manipulated in a silvicultural operation. These
activities are safe as long as the forest complex tends %o re-
generate good conditione over a reasonabdle period of time., If the
manipulation strikes too severe a dlow at the fore«t community how-
ever, an accelerated eycle of degenerative change ie likely to
eccear., As a rule of thamb, it may be said that this state of dis-
ropair is reached when excecsive volumes of sarface run-off begin

to appear, starting surface erosion. When this haprens, slight

(1) 1bvdd, p.3



degeneration ig likely to become progressively more severe as sach
intense storm tends %o build up surface run-off and erosion, The
end of thie degenerative cycle is a newly established condition of
low infiltration and storage capacities of the watershed, high rates
of surface run-off and flood discharges from the streams, and large
volumes of sediment moving down the channelg to the valleys below,

If caught early enough after the ortticﬂ level hag been pnssed. T8
generation can be established with considerable ease through re-
planting and structursl works., As the degeneration is allowed %o
proceed, the restoration process becomes progressively more difficult

and more expensive,
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I. TAFNIN RESOURCES,

The foregoing chapters have attempted to picture ecolozical ine
floences which act apon the nataral vegetation, in particular the
forested areas of Yestern Australia and to zive gome impression of the
nature and extent of the changes which such influences may bring sbout,
These infloencee could be interpreted broadly as improving or destroye
ing man's nataral heritage, the forest aress.

The ecologicel conditions under which foreet cover may de maine
tained having been established, the economic ealue to be derived from
such preservation will now be considered,

The value of the timbers themselves is tremendous; their atilize
ation for railway eleepers both locally and abroad; their qualities
of darability and strength with consequent suitability for all manner
of constructional purposes, affords an economic return to the State
which is obvicus.

lLarge quantities of minor or secondary forest produce are
harvested annually from the forest lands of Yectern Australia and their
value to the State in 1962 was an estimated cz,sos.ooo.(”

The principal minor ecomomic forest product at the present time
appears to come from Tannin extracts. For the year ended June 1957,
195,066 cwte of tamnin substances of nataral origin were exported to
other Commonwealth States as well as Puropean, A-ian, Far Fastern and
American countries for a total income of £58%, 544, () Daring the

(1) w®arris, A.C, Report on the Operations of the Forests Department,
Yestern Agstralia, 1962, p.l11

(2) Report of the Forests Dejartment, Vestern Aaustralia, 1962,
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year ended June 1962, 87,345 cwts were exported to the same arsas for a
total return of £281,364.1) 1t 1s mfortuncte that owing to the natare
of the returns submitted to the Forests Department, an estimate of the
total economic value of tannin materials produced within this State
cannot be presented.

The main tannin substances come from either of the following
sources: fucalyptus var.elata (VYandoo) and from Fucalyptus astringens,
(Brown Mallett),
¥andoo as a source of tamnin extract.

Eucalyptus redunca, var elata has a tannin content of up to 20 per
cent in the (air dry) bark and up to 11 per cent in the (air dry) wood.
It occurs in extensive forests along the magin of the jarrah areas
of the State and the quantity of raw material for extract manafacture
Justified the establishment of a plant at Belmont by Industrial Exe
tractes Ltd., which commenced commereial extraction in 1972,

Other similar plants were subsecuently opemed at Boddinston (1975)
and Toodyay (1952)., The retention of the Toodyay mill and closure of
the other two (Jelmont, 1958 and Boddington, 1960) has been governed
in no small measure by economic pressares,

The general scarcity of indigenous tamning materials in the State,
notably Brown Mallett which had been ruthlessly exploited in previous
years, provided the economic opportunity for the estabdlishment of this
industry to meet the existing contingency. The man to realize this was
H.V. Marr, then a young industrial chemist in this State, Ye was
mainly responsible for the foundsation of the firm Indastrial ¥xtracts

(1) HReport of the Forests Department, Western Australia, 1962.



Limited which, during the last few years, has experienced fluctuating
fortunes due mainly to severe competition on overseas markets where
price cutting has led to conditions of some instability,

The extract produced by this company ié known commercially as
'Myrtan' wood extract, TFor its production the whole tree is taken,
incloding the bark, comprising the trunk and 1imb, down to six inches
in diameter at the smallest end. ILeaves are not used, At Toodyay,
the only factory working today, the timber is cut within a maximum
radius of 50 miles from the factory and up to 30 milee west of the
town, The tree is sawn into lengths of 10-12 feet in the bmsh and
brought in loads of 24 tons each, At the factory, the raw material
(in the green state) is reduced to a pulp by rasping machines, which
cut transversely across the grain, In this state it is fed into
stainless steel auvtoclaves where the tannin is removed by a process
of counter press leaching, The resultant liquid (referred to by
factory operators as a 'liquor!) resembles a solution of weak tea
containing about 4 per cent of tannin., This liguor is passed through
a triple stage Evaporator where it is concentrated %o a viscous
liquor (referred to as liquid extract) by removal of approximately
50 per cent of the water,

Finally the liquid extract ig drawn into Calandria single-stage
finishers where it is boiled under vacuum until the moisture content
is reduced to between 18 and 20 per cent,

The product from these finishers is run whilst still hot into
jute bags of approximately 1 cwt each., On cooling it solidifies and
in this condition is shipped to overseas markets,

An alternative finishing method offers the 'Myrtan' in a powder



form, Liquid extract is sprayed at a pressure of 2,500 lbs per
square inch into a current of air heated to 320 degrees Fahrenheit.
Upon contact with the hot air, moisture in the extract is given off,
the dried particles falling to the floor as a powder. From here
they are removed to the bagging machine by a screw auger,

Brief mention has been made earlier of recent ’price cubting
on world markets as an economic aspect of the fluctuating fortunes
of this Company, GCooper (1) exaggerates the effect of trading
difficulties which have had to be contended with, going so far as
to state that this is the reason that Industrial Extracts has
"fallen so miserably", It is difficult to accept this stricture -
any Company whose dollar earnings alone approximate half-g-million
per annum is still the driving force, Couple this thought with
a vigorous and sustained programme, born of the Company's outlook
that difficulties are merely made to be overcome, and one must
realize that there is determination here that will overcome any
setbacks due to the mere mechanics of trading. (2)

Farther to the matter of price cutting aforementioned, it can

be stated that the principal offenders were the manufacturere of Quebracho.

(L) Cooper, J.¥, Unpublished. Teachers' Higher Certificate
{(.,¥.,A, Bducation Depariment). Tannin Resources of W.A,
with special reference to Brown Mallet and Wandoo.

(2) Private notes of a discussion with A,L, Baldock, Operations
Manager, Industrial Extracts Ltd., April, 1963.
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tannin extract in South America, who, in 1961 acting lupetuously,
following removal of certain rigorous governmental trading restraints,
reduced the price of this product by no less than 25 per cent. Their
object being %o grasp a larger share of the market, Quebracho extract,
it chonld be noted, is 2 somewhat chseper product than Myrtan to
manufactare, dne mainly to the consideradly higher tannin content of
the wood of the quebrache tree,

In such eircums=tances it is easy to see how Myrtan foand it
difficalt to compete., It takes time for adjustment to be achieved
in face of slump conditions., It seeme evident, however, that the
poseibility that some guch development could occar, albeit in
_ milder form, had long been realized by the management, snd the
application of tammin for parposes other than for tanning hides had
been investigated,

one of these possibdilities lay im oil drilling operations, The
addition of certain tannin for thimming oil drilling mud reduces
resistance on the rotation of the drill, Artificial drilling mads
are composed chiefly of bentonite material which occars when it has,
at some time, been subjeet to bBoleanic setion, It is a clay like
deposit vhich can be quarried out and ground extremely finely. Thise
material is thixotropiec i.e. it is naturally rather thick when
motionless dut changes to & thinner consistency when stirred, It
has been found that certain tannins, added to lYentonitic drilling
mads, whilet not adversely affecting its thixotropic qualities, act
as thinning agents whilet the drill is actually operating. Such
thinning means & reduced viscosity and therefore reduced resistance
on the drill stem's rotation.

Prior to 1953 the only tannin aused for this purpose was quebracho



becanse there was no other commercial tannin suitable to sach an
extent, About this time the investigation of an Industrial Extract's
tannin product revealed that in some drilling situations 1t possessed
properties equal to, if not superior to, those of quebracho, ‘louis,! .
the locally mnfae‘tuid concentrate for drilling muds, is now lﬁht—-
ed in either 501b waterproof sacks or 401b lug covered containers,
and dering 1953-1956 when drilling was at its peak on the American
mainland, approximately 20 per cent of the tannim requirements for
mud thinning were exported from Western Australia., At the present,
April 1963, 1t is being used in all Australian mainland States cone
ducting oil drilling activities, as well as many overseas locations,
notably United States of America, Canada, Indonesia and New Zealand.

Pregent day production figures of Industrial Extracts are about
3,500 tons of tannin extract, of which approximately 2,500 tons is
exported to America as 'Lovie' and 'Myrtan', the remainder being
ased chiefly on the Australian mainland.

A farther use of tannin extract and one which has also been ex-
ploited by Indastrial Extracts, is as a 'Boiler Compound Additive!
to prevent the formation of scale. It hag been found that the
addition of tannin to boiler feed water, though it does not prevent
the separation of the mineral matter dissolved in the water, which
constitates its hardness, indaces it to remain in the form of a very
fine sludge which can be dlown out by normal blow down procedare
instead of accumulating as scale on the heating surfaces. Jecondly,
its valuoe as an additive is to prevent corrosiom by forming irom
tannate on the internal surfaces in the form of a very thin layer,
This protects the metal saorface against corrosiom withoat in-



hibiting in any way the transfer of heat., In addition it zhsorbs
disscolved oxygen, which otherwiee would exerciee a powerful corrocive
effect. 'Index Boiler Compound' i1+ the tannin product manufactured
and marketed by Industrial Extracts Limited to enadble doiler operators
to prevent eorrosion and incrustation on internal surfaces.

In addition to these avenues of disposnl, a larze quantity of
Myrtan wae sold on overseas markets in 1946 for the tamning of cotton
fishing nets, The chief buysr was Norway, where the fishing industry
was recovering after the setback caased by the intervention of World
War II. The highest export figure for Myrtan tn meet this need was
2,000 tonms in one year, More receatly, the market has declined owing
to the introdaction of nuylon fishing nots,

In conelading this, a consideration of the activities of Industrial
Extracts tanning prodacts, it should bde mentioned that agente and
atable export markets are established in the American continent,
Faropean countries chiefly Yeet Geormany and Austria, in South-fast
Agian coumtries, VWew Zealand and locally im all Australian states,

The Comrany has natarally cat out much Wandoo lying within
acononic reach of its Poddington or Belmont factories, which has
neces 1tated their closure, dat plans can be put in hand to erect
others in varions parte of the VWandoo foreet as required.

In the Toodyay ares, the occarrence of Vandoo 1s confined to
areas which were at one time unssitabdle for agricaltursl parposes
owing to the presence of Gastrolobium calyeinum Benth (York Road
roieon, This was the firet pea-flowered poison plant to be dis

covered in Yestern Apstralia, ita common nawme arising from the heavy
losses in sheep and cattle experienced in the early years of settle-
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ment on the York Hoad between Greemmount and the Halfway Houae.(l)
Fortunately in recent years, more efficient methods of grubbing, plough-
ing and reploughing have led to the utilization of some of this cleared
land for agricultural pursuaite,

Finally one of the unhappy aspects of the eclosure of the Boddington
mill has been the dismissal of approximately 160 employees, These men,
together with their families, had settled in the township which the
Company established for their accommodation. Some were offered employ=
ment at the Toodyay works but for meny the prospect was one of finding
alternative work, At Toodyay, where there is a more modern and
efficient plant, the labour foree numbers about 70 men,

Lucalyptus astringens (Brown Mallet).

The other source of tannin from the forest of the State which claims
cconomic attention is the brown mallet, the bark of which has & tannin
(2)

content of about A% per cent. This bark yield depends upon the density
of the stand, age of the tree, the height from the groand at which the
bark is taken and to individual differences in trees,'-’ Howsver, the
bagic fact remains that very early in the present century the tannin
properiies of the Brown Mallet were realized and the tree was so'extensiv-
ely exploited for both local and overseas markets that a rapid decline

in production followed as trees were destroyed because of stripping of

bark, fire and removal during the clearing of land for farming uase,

(1) Gardner, C.A, and Bennets, M.V, The Toxie Plante of Vegtern Australia,
Perth, Vestern Australian Newspavers, 1956, p.6l.

(2) Brockway, G.%, and FMillis, W.%, Tan Bark Fucalyots of the Semi-Arid
Regions of South Vestern Aunstralia, Empire Forestry Beview 34 (1)

1955. p.38.
(3) 1vid. p.36.
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In addition to the commercial importance of its bark, if.hs wood
itself attained fair prominence as a commercial commodity due to its
suitability as tool handles and as a mining timber,

The Mallets - there are two others besides Brown Mallet whose
bark has been used commercially as a source for tannin, viz; facalyptus
gardneri Maiden (Blue Mallet) and Pucalyptus falcata Turez (Vhite
Mallet) - occar in the south-west portiomn of the State inm a roughly
triangular shaped area, the apex of which being some few miles souath
of Canderdin, the western boundary following the Great Southera rail-
way south to Katamnning, the eastern boundary marked by a line joining
Canderdin, lake Grace and Ravemsthorpe and the southern limit being
a2 line from Xatanning to Ravensthorpe. The whole of this area follows
closely the 15-20 inch isohyets.

As a source of tannin Mallet Bark has the distinet advantage over
Wandoo tannin extract in that costly processing is unnecessary. The
bark can be bought by tanners and uneed almost entirely in its natural
state, In the early years most of the bark was exported to Germany.
In 1905, the year of mavimom returns for the industry, 20,700 tons
were exported. Total production for 1962 was a mere 194 tomns, 127
tons of which came from thinnings on Departmental mallet plantations,
9 tons from Crown Land and Regerves and only %8 toms from private
property. (1) It would be fairly safe to state that amlmost the entire
~ production in 1905 would have come from private property. As the

average quantity of tan bark ased in the state is aporoximately 300

(1) Annual Feport of the Forests Department of W,A, for 1962, p.11
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tons per nmn.u) the vield of 1962 was insufficient to meet even the
local demand,

This situation is all the more remarkable when it is realized that
the present extent of State Mallet Forests covers am 58,887 acres.
The drop in production from such a large area is purely m‘of SEoN-
omics, There is obviously a considerable guantity of hark available
but the high costs of labour and transportation do not allow a
safficient margin of profit for the Foreste PDepartment on the one hand,
to fully exploit its plantations at Dyandra; and on the other, the low
royaltieas paid do not encourage ite widespread collection from private
lands, Competition by 'Myrtan' (whieh has now been perfected as a
major blend for use with other tanning substances) has not affected
overseas demand for Mallet bark, in fact a large unsatisfied demand
for it exists.

In concluding the discussion on the significance of tannin beare
ing trees in Western Australia, mention should be made of the .datailod
work pablished by Coghill im 1927. Titled "A Survey of the Tamning
Materials of Augtralia®, the treatise covers 221 different species,

60 different gemera and 26 different natural orders, Of the 221
different species he found that spproximately 6 per cent contained
30 per cent or more of tannin; about 7 per cent contain between 20
per cent and 30 per cent; aboat 1% per cent contain 15 per cent to
20 per cent; and that the balance all contain below 15 per cent.

Vestern Apstralian timbers which received attention and deserved

(1) official Year Rook of Y. A, 1957. ¥o.l. Government Print, Perth
P.242. :
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special mention by Coghill as possible future sources of tannin
inclede the following; Fucalyptus alba (from the Kimberleys),
Eucalyptas diversicolor (Karri), Taucalyptus gomphocephala (Tuart), |
Fucalyptus ecalophylla (Red Gun kino), Mangrove barks, Acacia
Acominata (Jam Wood) and Acacia microbotyra (Manmna Vattle). It is
interesting to note that Yandoo received nothing more than passing

attention,



50

I1. SAVDAL-¥OOD, SAWDAL-¥OOD OIL AFD WOOD DISTILLATION.

The story of the sandalewoed and sandal-wood oil trade of
Yestern Aastralia is one of the most colourful and intriguing
of any of this State's industries,

Daring the late 1800's, the tree Santalam spicatum, was found
as far west as Toodyay and ¥ortham in the Parling Ranges. Specimens
25 feet in height were not ancommon and the tree's occuarrence was
fairly videspread extending in an eastern direction to the semi-arid
reglons. Wy reason of its ready availadility together with a very
great demsnd for the wood by the Chinese (by whom it is still highly
prized), settlers and gold prospectors eagerly undertook ite
collection to angment their income,

By 1892, exports of sandal-wood were valued at £42,870 ) ana
by the end of Jame 1920, 331,205 tome of the wood had been exported
for the very handsome return of £3,061,662, (2) Sach a profitable
industry, at that time in the State's history, would have bdeen a
tremendous economic asset.

Unfortanately though, the industry was anadle to continue in
euch an affleent manner because of over exploitation of the trees
daring the years to follow. At the present time only adbout 700 tonms
of wood are produced each year, most of this being odtained from the
gseni-arid areas east of Kalgoolie., The distillation of sandal-wood
0il which was commenced daring the 1920%g 1g still an active industry
but the whole concept of the sandal-wood and sandal-wood oil trade

(1) official Year Book. ¥o.3. 1962, p.%04. Government Print, Perth,
(2) Forests Department, Yestern Australia. Bulletin ¥eo.2 (1921) p.132.
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hss declined in magnitade, so mach so that it is governed by rigid
controls which have been developed through close consaltation and
agreement by bdoth Govermmental and Private parties. in ‘Order For
Sandalewood From Crown Land! which appears in Appendix A gives some
impression ofthe complicated conditions governing the removal of the
wood from where it grows to the nearest railway eiding, bBat, for a
complete coverage of the regulations covering the indastry as a whole,
a perasal of 'The Sandalewood Act' is recommended.

Keen competition existe betwesn duyers om oversess markets for both
sandalewood and its oil., In the face of this competitive aspect, the
Western Australian exporting compeny and the Forests Department, are
keen to maintain and improve where possidle such markets which have ale
ready been established. Ome of the procedares they adopt to achieve
this end 1s by strictly adbering to a policy whereby no values whatsoever,
relating to sandal-wood or its oil are made publie, Statistics con-
cerning actual costs within the industry which have to be submitted
for Governmental Feturns are combined with those for similar sabdstances
under the collective classification - Esgential 0fls. 1In the absence
of supporting figures it is not possidle to jJustify the following cone
-eluiou. however, I wish to state that the course of this investigation
has led me to believe that vast amounts of hoth sandal-wood and sandale-
wood oil were exported furing the late 1920's and early 193%0's compared
with present day production and farthermore, that the export price of
Sandal-wood oil could have increased considerably since the years
preceding Yorld Yar II.

The only present-day figures concerning the indastry are relative
to tomnage of wood produced and pounds weight of oil distilled, These



statistics are available from Annual Reports of the Forest Tepartment
and have Yeen ased here to show within the limits which they impose,
‘the present economics of the hdutri.

In 1957, the demand from overgeas markets exceeded the sapply
which reached 788 toms., Although me orders for wood wers placed by
loecal oil distillers, 111 tons of roots and butts, severed from log-
wood, wore deliverdd to the distillers for oil extraction. These 111
tons yielded 6,686 1bs of Sandalewood oil, all of which was exported,
During the same year, increased prices for the wood were secured on
Singapore and Yong Hong markets, making it possible for pullers to
work farther afield in new areas. At the present time (May, 1963)
the *getter' is paid £31 per tom on rail., An additional bonus of
£4 per ton is pald if the wood is cat over 100 miles from the nearest
rail eiding and £9 per ton if it is cat in difficalt areas over 100
miles from the nearest rail siding.

A similur report in 1962 quotes the estimated area of Sandalewood
in State Forests as being 1,930 acres with a farther 23,100 acres held
ander timber reserves. The stock delivered to Fremantle for the year
was 729 tons (59 tons less than im 1957) and of this amommt 114 tons
were delivered to oil distillere (5 tons mere tham in 1957). The
yield of 10,662 1bs of oil shows an increase of 3,976 1bg over that for
1957. This suggests an increase of 40 per cent of oil recovered from
almost identieal quantities, (111 tons in 1957 and 114 tone in 1962),
over a five year period., In the absence of financial returns to illus-
trate the value of this Sandale-wood 0il, any attempt to explain this
increased recovery mast e conjectaral, Fevertheless, it would te
fairly safe to say that markets for bYoth the wood and oil have remained
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sound, so mach so that only the waste parts, roots and butts, are
availadble for processing and an increased yield of oil per ton of
rav material has been obtained over the last five years., The chief
overgeas markets for both the wood and oil are Fong Kong, Burma,
Ceylon, Oreat Britian and Singapore, while some iz s0ld in the other
mainland states of Australia,

The wood is utilized in the form of paste or as incense in
worship to the gode in eastern countries; in religious ceremonies;
expressions of joy and sorrow: in Finde marrisges the bride and
bridegroon offer sandelewood to each other ag a token of their union:
the gift of sandalepaste is an act of hospitality at social functions;
the casting of fageote of sandal-wood on the pyre is the last sad
offering of affection at a NHindu funeral; it is atilized for wood
carving, inlaid and cabinet work:; and is employed in the decorative
snbas t5?

Daring the early history of the Sandal-wood indastry (1914)
intermittent attempts to produce sandalewood oil were undertaken in
Yestern Australia dut owing to inadequate methods employed, the
product was anacceptable for medicinal use and hence 1little attention
was paid to it by medical aathorities when using it for combatting
disease. In the early 1927%'s more exacting methode of extraction were
developed by the firm Plailmar Limited, of Perth, with the result that
ap %111 1948 the ol was accepted by the 3ritish Pharmacopoeia for
its therapeutic properties in the treatment of gonorrhoea. In come

(1) rarry, 2.7, Sandalewood 01l., Published by the Government of
Mysore, p.45.
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respects chemical and medieal research digclosed that the loeally
prodaced oil from Santalum spicatum was medically superior to the
more msuseous ofl from the Sast Indian species, Santalum Aldum, 1)

With the advent of modera druge all Sandale-wood oil (Zast Indian
and Australiasn) was deleted from the British Pharmacopoeia and the
demand for it has decreased. It is now used almost entirely for pere
fumery parposes,

Around the late 1920's, Plaimar Lte. had perfected their Sandalewood

oil to such a degree that it claimed world-wide prominence., Sast Indian
Sendale-wood oil had, amtil this time, ben the major world source of this
highly prized prodact, and so under threat of competition from Anstraliasn
prodacers considerable rescarch was andertaken in Fast India to dispel
the growing belisf that the Australian oil possessed equal or superior
medicinal properties, This research even went so far as to discredit

the tree se being Sandal-wood. Comsequently, intemsive chemical and
botanical investigations of the Fast Indian Sandal-wood tree and its
Aastralian coonterpart, and their oils, were conducted in both countries,
An interesting report of thie work may be found in the publication,
‘Sandalewood 011 by %.J, Parry, which was prodaced at the request of

the Government of Mysore whem the supremacy of Rast Indian o1l (Santalam
album) was deing challenged by the oil of Santalum spicatum (Aunstraliem
Sandal-wood). As mentioned above, a further use for the oil is as a
fixative in soaps and perfumes. ZEecsuse of its high boiling point, it
diseches the odoriferoas matter, allowing the perfame to come off
gradaally.

(1) ¥arr, 5.Y. Acstralian Porestry Journal, 8 (7). 1925. The Therapeautie
Properties of Australisa Seandalewood 041,
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A sandalewood re-afforestation project at Warrogin has beon ander-
taken jointly by the local firm Plaimar ILtd., in conjamctién with the
Western Aanstralian Forests Vepartment. Thi:= venture is complicated
becanse of the following factors: not only is sandalewood semie
parasitic in nature and hence difficalt to regenerate on a host, dat it
is also very slow growing, also very little is known about the factors
which influenve the formation of heartwood which is the most valaadble
part of the tree owing to its high content of volatile ofl., When these

E] three aspects are considsred 1t will be seen that the experiment is a
doubtful esconomic proposition, Work of this natere in Timor, has en-
countered similar difficalties, )

Perhaps the features of the sandalewood and sandal-wood oil ine
dastry in thie State at the present time could be summed ap by saying
that sandal-wood exporters as well as sandal-wood oil producers, work
in close collaboration with the Foreats Department through whom all
sapplies are obtained, The industry is rigidly controlled to
preserve what trees are left and to ensare the continaed stadility of
overseas markets for as long as Western Auctralia is adle to market
either sandal-wood or sandal-wood oil.

In conclasion, I have deen given to understand that the value of the
wood has been of greater economic siznificance than has that of the oil.,
¥ood Pistillation.

The destrauctive distillation of waste hardwood commenced in
Western Australia in 1948 when the State Govornment opened its sav-
milling, wood-distillation and charcosl-iron plant asing locel materials.

(1) Ormeling, ¥.J. (1957). The Timor Problem, Njakarta, p.172.
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the hot charcoal are removed to tunneletype steel coeclers and allowed
to remain for forty-eight hours. The charcoal is then transforred to
bing for hoisting to the blast furnace, About 1.25 metric tons of
charcoal are obtained from each buggy. This charcoal is uded instead
of coke in the production of about 10,000 toms of pig iron annually,
It is employed instead of coke, together with flaxing sgents such as
limestone and manganesite, for reducing the iron ore to metallic ironm,
The ulnltant-product ie of a higher grade than that prodauced by the
uge of coke, as it is particularly low in sulphur phosphoras and trace
elements,

The vapouars given fo daring the process of carbonization are
collected from the retorts and cooled. The condensed ligquids so
formed are piped to a refinery., The gas which is not condensed, is
washed with water and barnt under the retorts, together with the dlast
farnace gas, thas prodacing aboat one third or move of the fuel re-
qux;od. The crade liqaid which is piped to the refinery is treated
with processes of distillation and extraction until they yield acetie
acid, methanol and wood tar. The anneal prodaction of the factory
is approximately 500 metric tons of acetic acid, 250 metric tone of
methanol, and 1,200 metric tons of wood tar, together with the pig
iron mentioned above, These products have found a ready market since
1948,

The Vundowie project which is financed and controlled by the
State Government illustrates the successfal establichment of a

conbined wood-distillation, charcoaleireon and steel.industry which
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is repated to be the only plant of its type in the world., Further-
more, it demonstrates the complete utilization of the Fucalypt

forest.
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I11. HONEY FIOW,

Beekeeping in W,A, ie carried on chiefly in the Jarrah and
Marri, Yandoo, Mallet and Xarri forests as well as in the sand-plain
country along the coast scuth of CGeraldton and around ®gperance, The
occurence and distribotion of thess forest areas is dependent apon the
climate, =0ils, physical features and vegetation of the country and
these are therefore all correlated in forming a close comnection be-
tween the State forests and homey indastry,

In Yesgtern Australia the principal supply of nectar comes from
the eacalpyts and a few other native trees and plants which lie
roughly westward and southward to the coast on a line joining Geraldton
in the north to Katanning in the south-west and thence in an easterly
direction to Ssperance, This area conforms roughly to the 15" isohyet,

Movement of hives into areas of new blossom as soon as that
of the sarrounding environment becomes exhaasted of nectar snd pollen
is common in thie State, In th&és respect the Foreste Department
grants permits for apiary sites in State forests dependent upon
certain conditions being observed by the beekeeper, For the year en-
ded June, 1962, the number of such permits granted was 528,

To be able to undertake migratory beekeeping techniques with
a measurable degree of success, the beekeepers must be excellent
students of the nectar and pollen bearing flora, This demands the
ability to foretell which trees will blossom next, and when, the
extent of the honey flow, the quality _and quantity of the nectar
and pollen produced and how long the blossom will remain as a profit-
able source of honey and pollen,

Within Yestern Australia there are approximately 7%c¢ registered

beekeepers who can be divided into three categories; commercial,



60,

~ gemi-commercisl and hobbyists. Apart from the hobbyists who own
five or loﬁ hives, all employ migratory methods and the honey they
produce is almost wholly gathered from the natural forest areas
mentionad, A relatively ineignificant quantity comes from orchards
and gardeng, At the precent time there are some 37,500 productive
hives, (the number of anproductive is an estimated 10,000), produce
ing © million potnds of honey and heeswax combined, valued at
£225,000,

The majority of honey is marketed through the Western Australian
Yoney Pool and some is sold locally direct to the consumers by pro-
docers,

Since 1947 substantial overseas markets have been esgtablished
in Great Britian, YWest Cermany amd other Puropean countries and it
is anticipated that a new demand may come from Japan and other Agian
countries in the very near fature,

Vith the introduction of the Mitchell Two Point Plan 1)

daring
1963, more stable and profitable price will be abailadle to the pro-
ducer and a more intensive ealen promotion campaism will he carried
out Shrocghout the Commonwealth, At the time this thesis is being
typed, the price of honey has increased from lees tham 104, per
pound (to the producer) to over 1/=, due to the commencement of the

Mitchell Plan.

(1) A Marketing plan under Commonwealth Covernment legislation.

Note: For a further treatment of the topic of Honey Flow, the
reader is referred to-
Smith, J.¥., The development of Apiculture in Vestern
Australia. Tnpublished Teachers' Higher Certificate
Thesis., (¥,A, Bducation Department) 1963,
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1. BOROFIA OTTO.

Boronia otto or flower oil
In Western Australia, Poronia - there are 48 species - zrows

in the swamp lands of the south-west region, mainly in the karri
forest and southern limits of the jarrah forest, It flowers during
July, August and September,

The scented variety, Boronia megastigma, has flowers of a rich
chocolate brown colour on the outside and a greemich-yellow inside.
Gardner ) mentions that fagcinating effect which the intensity of
the cdour has on the olfactory senses. Yhen at close range, it ie
of soch intensity that the senses become undalanced and are unable to
detect its presence., I have experienced this peculiarity in the
Tingledale area near the Valley of the Giants,

It i the dlossoms of this variety, (mezastigma), which are
collected for the prodaction of Boronia otto, or flower oil, the
rroduction of which has been carried out by Plaimar T.td., since 1925,
The boronia collector is paid 4/6d, per pound weight of dlossom
(1963 figure), free of leaves and twizs., The quantity of dlessom
harvested for the year ended June 1962 was 1,317 lb-.(z) The
processing company has sugegested that 14 1bs of blossom are required
to preduce one ounce of otto, the walue of this end-product being in

the vieinity of £7 per ounce,

(1) Gardner, C.A. Yildflowers of Yestern Auctralia, Yestern Aastralian
¥ewspapers, Perth. 1959 ».77

(2) Weport of the W, A, Forests Department, Perth. 1962,
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11, THE ESSENTIAL OILS OF THE CYPRUS PINE AND EUCALYPTUS O1L,.

Investigations were conducted by Plaimar Ltd., doring the mid
1820's to ascertain whether the oil of Callitris glauca (Cypras Pine)
contained sufficient termite resistant properties to warrant ite

(1)

commercial extraction, The nublished report of this stedy indicates

that some inconclusive results were obtained and a further report on
minor forest producte in Mstulu(z) does not mention that its ex=
traction was being continued,

Fucalyptus oil.

This was never economically produced in Yestern Australia to any
extent., Various attempts to do so over the years have produced moderate
amounts of 0il which have heen eold overseas but such extraction is not
now carried on., Yucalyptus salmonophloia (Salmon Gum) and the mallee,
Yaealyptus spathulata (Swamp Gimlet) are species which received attention
in thie direction,

The important constitusnt of medicinal eucalyptas oils is eucalyptol,
also known as cineol, Eucalyptus Kochii which yields an oil contain-
ing approximately 90 per cent of this material, and occurs in the Tringes
of the north-eastern wheatbelt, has come under notice as a possidle
source of eucalyptus oil since the end of the Second Vorld VYar., Attempts
to produce oil from this species by Plaimar Ltd. failed owing to the low
vield of oil and a scarcity of the raw material. Apparently moderately
large stands of Fucalyptas Kochii were growing many years ago on land
now utilized for agricultural purposes.

(1) The Australisn Forestry Journal, 8(10), 1925, pp 267-260.

(2) ¥ilson, D. Minor Forest Produce in Australia. Aust. Forestry
24(2), 1960. p.90.
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Export valaes of all esgential ofls to the State since records
(3)
were firet kept in 1914 amcomts to £2,694,823. As previcasly
pointed out in $his thegls, this figure covers all commodities such as

Sandal-wood oil, For the year ended Jume, 1962, essential oils exporte
ed, were worth £81,%506,

(3) Annual Report of the Forests Fepartment of W,A, 1962,
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III. NATURAL TREES FOR TOWN AND COUNTRY PLANTING; DISTRIBUTION,

In 1962, 73,351 plants were sold from the Forests Department's
Hamel and Dryandra narseries to meet the neede of farmers and towmse
people, Open rooted pines for private plantations and windbreaks
received greatest demand while Sugar Gam was the most popular species
sought after, A total of 110 species are available,

Total revenue for these sales amounted to almost £8,070,

In 1962 a project unicue in the State's history was undertaken at
Espercuce, a treelecss area, when the Foreste Department guaranteed
to provide trees, labour, fertilizer, transport and supervision for
the planting of 66 miles of shelter trees on the understanding that
local landholders undertook to prapare, to Departmental specifications,
caltivated stripe on the road verges covering their properties.
Unfortunately, owing to the shortcomings of the loecal conmunity,
only 23 miles wers planted., The success of the scheme has been de-
pendent apon the thoroughmese of ground preparation and the counter
action of depredation caused by rabblts,

In many districts the adventages of tree planting along high-
ways, country roads, in streets and parks, in industrial and business
centres as well as on home sites has been realized by local Shire
Councile who have taken active steps to encoarage 2 wider atilization
of trees along these lines, Shire and Municipal Councils are placing
orders with the Forestry Department for trees, on behalf of local
citizens and are promoting an ever increasing awareness of sneh pro-
jects by offering assistance in tree planting, protection and general
growth. 1In 1961, ordere for 4,290 trees were placed by Shire Councils

resalting in a retura of approximately £5,000,



IV, PAPER MANUFACTURING.

An agreement hag been reached between the Western Australian
Government and the Australian Paper Manufacturers Limited for the
establishment of a manufacturing inductry on a 400 acre site at
Spearwood before the end of 1966, Construction of the project is to
commence in 1963 and it is expected that 300 men will be employed on
the construction of the mill and it should provide employment for
300 persons when production commences,

Initially the pulp will e imported, though the Government
is hopeful that, in the light of research during the laet 20 or 30
years, puch of our local forest waste in the form of certain thinn-
ings and timber that is not millable by ordinary economic standards
may be utilised. The commencement of this industry conld therefore

integrate another basic forest project from our vegetative areas.

e
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V. MIFING TIMBYR: FENCE POSTS: STRAINER POSTS: (
BRAN STICKS; SLYTPWRS FOR GOLDFIWLIDS WOOD LINE: PILRS AND POLES,

1)

Although the sctual valas of these itemes is not available the
production quantities of sach s susrarised as followst-

Degeription Total Productions
¥ining Tiwmber 18,932 tons
Fence Posts i
St¢rainer Posts 9,842
Bean Sticks 23,9%

Sleepers for Goldfields ¥eod
Line T+244 cu.ft,
Piles =nd Poles 886,517 linear ft.

The sale of 8,734 Christmas Tress by the Yorest Nepartment
in 1961 yielded a retarn of £1,583, These are supplisd from
thinningze in the Department's afforested areas.

(1) Forests Department Ammual Report, 1962. p.ll.
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VI, FIRE¥OOD PRODUCTION AND CORSUMPTION.

The firewood consumption for t e State was estimated at 761,260
tons almost half of vhich was used for industrial ard mining fuel,
The quantity of sawdust harnt as fuel was 121,292 tons.

The following table accounts for approximately 51 per cent. of
the firewood consumed, the balance being obtained from private property
for which specific records are not available,

Of the total quantity €onsumed 46 per cemt. was odtained from

Crown land, Crown Private Total
Land Property tons,
tous. tons.

Production

Domestic Firewood-

Pirewood Permits (Southeiest) 61,519 a7 61,616
Mill Yaste sold as firewood

(estimated 50 per cent. of total 37.& 17.674 55,458
Domeetic use on Goldfields 25, - 25,906

Total Domestic Firewood as shown
by retarns 125,209 17,7 142,980

Industrial Firewood =
Supplied under Licence Yos.3 to

8 rumps. 17,16 - 17,16
Other Pamps 635 6!;
Factories ete., 73,605 97 73,702

?111 Vaste sold as ﬁrevogd —_ o - o %
stimated 50 per cent. of to ® » .
ll:ll Waste used as firewood g;.‘rﬁ} Z.?ZS 72,708

Total Indastrial Pirewood as shown
by returas 194,978 24,695 219,673

Mining Firewood 26,473 - 26,473

T:,hl”::::c;od Produced (as shown sal.ite g w5, a8




Consumption tons

Domestic (estimated) 420,000 (at 2 tons per dwelling)
Industrial 306.382 (ex Govt, Statistician)
Pumping Stations },l. 05 (as per .0, Psturns)
Mining 2

+A73 (as per ¥.D, Teturns)

Total 761, 260 )

(1) Thic section has been taken directly from the 1962 Annual Report
of the Western Australian Forests Pepartuent. pp.llel2,
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CONCLUSION,

Yot only does Section Ome of this treatise illustrate the
ecolozical eclimax which takes place in Western Australia to produce
the environmentally acceptable or unacceptable conditions Imown to
man; bat also it has attempted, by studying the results of overseas
investigations, to suggest where ponibli. that certain man-made changes
may be used to induce scological influences to produce a more saite
able environment for man in the future. Vhile presenting these
sugegested changes, I have endsavoured tec bear in mind, and mske men=
tion of, the pos=ible dangers which sach manipulations may bring about
by tampering too greatly with nature, Thie has been done in the
hope that as balanced an evaluation as possible may be presented.

A rather detailed examination of the climatic, geomorphic
and vegetative characteristice of the State has been upresemted to
illastrate how the interaction of these factore form the three
Provinces i.e. The Northern, The South West and the Eremean,

The mechanice of erosion by wind and water and their respective
significance to the Stale as a whole and the primary producer ia
particular, reveals thet much aradble land is lost by careless land
use practices., Sugge-tions for arresting this loss are mentioned
and specific endertakings such as the Ord River Diversion Dam and
fixatlon of Sand Dunes are cited,

The degres of effectiveness of retaining or replacing certain
existing vegetative cover on water catchment aress to ensure sulte

able and adequate supplies of water for both industrial and domestic

plirposes has received attention, The outeome of which shows that in



this State, where supplies of fresh water are at a premium and the
need for reliable eatchment areas within areas of high rainfall is

a first priority, there are many variable factors governing the
effectiveness end value of retaining certain types of forest cover
on catchment areas., Tach one of theee factors reguires investigation
under loecal conditions,

Vind-breaks and shelter-belts help stop wind erosion as well as
providing shelter for homee and animals, The obvions effectiveness
of thege structures hae led %o the conclusion that many munieipal
bodies and private land owners could profitably commence this type
of planting for ree-afforestation or afforestation programmes which
they mey be considering, There is a great need in this country,
particalarly in the treeless and wheat growing areas, to provide
shelter from the prevailing eastwinds,

Arother aspect of water conservation (mentiomed previously in
the conclusion) is dealt with in 'Limitations on ®vaporation', see
Part 7V, Section Ore, It has been found that water losses throngh
eveporation and transpiration are consideradle, On the other hand,
some precipitation is induced in areas where tall trees prevalil,
thereby countering to come extent the loss by evapo-tramspiration.
Perhaps, with the increased demand for more and more plastics and
alloys, the uses for wood will become less and lecseg, so that the
replacement of present vegetative covering possessing a high evapo=
transpiration rate would de Justified, providing certain bhasie
principals of foreet management were observed,

It hag been found that forest cover hag an ameliorating effect



upon temperatare and that some enmvironmental changes are induced
whenever the forest cover is manipolated, Too severe silvicaltaral
operations could begin degeneration of the whole area which, if not
caught early enocugh, would hecome lmost impossidle to restore,

The Secondary forest products of Section Two, together with the
Vinor products of Section Three are valued at an ectimated
£2,505,000 ) but owing to the nature of available statistice it is
not possidle to produce a complete tadle 1llustrating the value of
each prodmcts individusl contribution.

The commercial extraction of taunin appears te he sound, with
woll establiched overseas and Anstralisn marikets for Myrtan (leather
tanning ertract), Lovis (ol drilling additive) snd Index Roiler
Compound (a2 boiler-water-feed additive), large quantities of
tanning bark from Browm Mallet i: avallshle for utilization and an
overseas demand existe dependent upon a return to more advantageous
harvesting costs and marketing prices , this indoetry could be ree-
opened,

Fow that traneportation methods have heen =ffactively developed
the A4{fficalty of entabliching decentralised extracting plante hae
been overcome to o large extent and in view of the favourable eucalyptus
0il content of many Woet Anestralian speéies, tho developmont of
ogeential oils may alco become a sound investment, Such development
would be very largely dependent upon the nature of receptive markets
together with loeal production coste,

¥With regard to the supply of mining timber, fence posts ete.,

(1) Annual Report
of
1962, p.11, the Western Australisn Porest, Department,
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the fature development of mining activities and the ever increasing
popularity of steel fence posts determines the future of this
at present, stable indastry.

A new and more intensified marketing and salespromotion
campaign for honey has already shown signs of better fimancial
returns to the honey producer and it should follow that future
production figures will rise, thoogh it mast be borne in mind that
retarns from beekeeping are dependent to a very large degree on the
{lowering cycles of trees, this in turn being governed by such
variables as temperature, rainfall, humidity and the degree of
foreazt dernudation,

Tree planting, seed disposal and paper manufacturing indastries,
together with honey production would aprear to he the main avenues
for future development. The need for tree planting in hitherto
treeless areas to provide shade and shelter as well as for aesthstic
reasons is already appreciated and activities are being undertaken
in this direstion so that increasing sales of trees and seed are
resalting.

Porhapas the greaiest economic value of minor forest preduacts
will come from the results of research into the snitability of
local timbers for wood pulping. The commencement of such an indastry
would have far reaching direct economic effects on the Stete, so
nach co that fabture gonerations would come to regard it as another
groat iadustrial achievment.

Wood distillation at Jundowie has been heavily financed by the
Government and ite future will be govermed by the intensity of

prosent gilvicultural activities, contineed Government finance and
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the effsct of the Prokem Will Proprietory ventures at Koolyanibbing and
Kwinsna,

In the lizht of this summary, there is every expectation that
present economic nspects of forest products will be meintsined and
farthermore, there is every reason to believe that future production
of thig nature will de ex;u,.adod. Porsibly the only exception to this
generaligzation 1iee within the Sandal-wood trade., Althongh markets
are available for both the wood and o0il, loeal scurces are rapidly
diminishing,

However, the introduction of government controls over forestry
operations and a sound policy for silvicaultare, re-afforestation and
afforestation undertakings, have averted mach danger to the forest
induetry which s now estadblished on a firm basie, the secondary and
minor industries of which make a considerable contribation to both

primary and secondary production,
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