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PREFACE

This publication contains the proceedings of a meeting held on October 10th 1979

at the Western Australian Institute of Technoclogy. A similar meeting in 1978
dealt with rehabilitation of mined lands. The success of that event gave the
impetus to this cne. It was considered that, in view of the large effects
agriculture has had on Western Australian land surfaces, a juxtaposition of
'agriculture’ and 'the enviromment' could attempt to clarify perceptions and
reconcile differences by way of informed discussion. To that end participants

at the meeting were able to read the contents of these proceedings beforehand, and
the authors were given a special brief to present their points with the understand-

ing that discussion would be a major component of the meeting.

This publication may be seen therefore as the second of a series of environmental

perspectives on resource issues related to land surfaces in Western Australia.

It should be stressed that the meeting was not conceived as a vehicle for placing
agriculture 'in the dock'. On the contrary it was seen as a forum for presenting
the position today of controversial aspects pertaining to agriculture and the
environment. People on the land have held a special position in Western Australia,
recognized by our system of representation. The long term prosperity of the State
must lie in the wise use of its renewable natural resources. We look to people on
the land as custodians of these resources. Our farmers and graziers have built up
expertise in cropping and grazing systems to the extent where some well-tried
methods may now be described as traditional. wNevertheless change is continually
complicating management procedures. In addition to the vagaries of the climate
such extraneous forces as markets and technology continually intrude into
calculations to alter variables in industries where ideally the operators would

prefer tc control as many variables as possible.

At a time when transport costs are rising more and more urbanites are loaoking to
rural areas for living space. Closer settlement nowadays entails many more
problems than in earlier times and it is probable that some patterns of settlement
could result in all groups being losers. Simultaneously the productive rural
enterprises continue to grow in size and contract to claose family units in terms

of population density. What can only be seasonal labour opportunity is increasing-
ly rejected by urbanites who seek mythical job security in times of job scarcity.

These contrasts provide a background to most of the topics included in this volume.

Rural communities are showing real concern for the enviromment. More and more
groups are forming where local people set aside time to examine the natural
features of their enviromment ¢.g. the Kojonup Ecological and Environmental
Protection Society and the Naturalist Clubs operating in a number of districts.
Local initiatives from such groupings will have an increasing effect on decision-

making and administrative controls deemed necessary in the broader public interest.
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Is There a Clash Between Agriculture and
Environmentalists?

N.J., Halse

Department of Agriculture, South Perth,
W.A., 6151.

Introduction

In this opening paper to ocur meeting on
Agriculture and the Environment T am not going
to deal with facts in an authoritative way but
rather to introduce the issues to be discussed
in this meeting. It appears to me that we
should ke thinking about these issues under two
headings which could be described as:

a. Agriculture versus the natural envircnment

b. The quality of the environment of the
agricultural landscape.

In discussing these topics I will mainly
emphasize the land occupation aspects of
agriculture. The area of land used by
agriculture represents by far its greatest im=-
pact on the environment.

Agriculture versus the Natural Environment

Let me say at an early stage that I believe
agriculture has had an enormous effect on the
environment of Western Australia. Few people
would deny this, the problem comes in trying to
put value judgements on the nature of the
effect agriculture has had.

There is no objective way of comparing an
agricultural environment with a natural environ-
ment. There can only be a census of subjective
judgements.

If you compare the natural landscape, before
man's interference, with the agricultural, or
man-manipulated landscape, what are the
differences? Generally there is a greater
variety of higher plant and animal species in
the natural environment. Man tends to destroy
competitors to his crops and animals whereas
natural competition is not fierce - subtle
differences are often adeguate to allow species
to co-exist. There is usually a greater
biomass present at any one time in the natural
landscape. This is because the harvest is
lower. The agricultural larndscape may easily
have a higher productivity.

Having made some factual observations about the
differences and recognized that it is difficult
to make an cbjective comparison, how, then, can
they be compared? Somecgne concerned with human
welfare could well conclude that both agricul-
tural and natural landscapes are desirable and
the proportion cof each should be determined by
the relative need cof the total community for a
higher population and/or more food and income
versus a need for more 'bush' for any of a
variety of recreational purposes.

Other people more inglined towards conservation
might wish to retain sufficient 'bush' to
ensure that nc plant or animal species would
be made extinct by man's agricultural
activities because this plant or animal may

one day be of some use or interest to man.

A real conservationist will question whether
man has any right to dominate so much of the
surface of the earth as he already has, to the
detriment of many other living species. Thus
such a conservationist would wish to see sub-
stantial areas of all types of habitats set
aside for minimum interference from man's
activities.

A superficial discussion of the subject of
agriculture and the environment makes it
apparent that the topic is a difficult one,
dominated by the frame of reference in which
the topic is examined.

Until recently I believe any discussicn of
agriculture and the environment would have
started from the anthropocentric assumption
that clearing virgin land for additional
agriculture was a 'good thing'. This may still
happen but the assumption is being more
frequently challenged. The causes of the
change are many. One is an awareness of the
rapidly diminishing area of natural environ-
ment, another is the fast growing recegnition
bheing given to the rights of 'mincrity' groups.
The recognition is spreading from disadvantaged
human minorities to seal puppies, whales and
one day, maybe, to bobtail skinks. Another
very important cause of change is the growing
belief that continuing to supply additional
food for a continually growing human population
merely defers the day or nature of the ultimate
limit to human populaticn.

If we look briefly at the impact of agriculture
on the environment in Westexn Australia, what
has happened? Twe striking changes come
readily to mind. The low rainfall forest of
salmon gum and gimlet which occupied the loamy
calcareous soils of the 300-400 mm rainfall
zone has been almost completely cleared for
agriculture. Areas left uncleared are too
small to properly represent the indigenous
flora and fauna of this area, The whole indi-~
genous ecosystem disappeared in the fifty
years, 1910-1960, before anycne thought
seriously about national parks. An even bigger
impact may have been wrought cn the pastoral
areas where an area of more than 50 million
hectares has been subjected to overgrazing by
the introduction of sheep and provision of
water with no management of grazing pressure.

1f some person were to think that these changes
were bad they might ask what is being done or
what could be done to ameliorate or reverse
these changes. The answer is that the pastoral
areas can be, and for econemic reasons perhaps
will be restored and we will hear more about
this later. However, it seems very unlikely
that the forest will ever be restored in any
substantial area of the wheatbelt. 2all that
can be done there is to ameliorate the effects
of agriculture that the community of the time
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considers to be undesirable. This brings us to
the second of the two issues T cutlined
initially.

The Quality of the Environment of the
Agricultural Landscape

The environment of the agricultural landscape
can never be a complete substitute for the
natural envircnment. However, an agricultural
landscape can satisfy many purposes other than
agricultural production. It can be aestheti-
cally pleasing, it can support a wide variety
of indigenous animals, particularly birds, and
it can allow many elements of the original
flora to be retained. However, to do these
things reguires effort on the part of the land-
helder.

Unfortunately for the enviromment farming in
Western Australia is new, economically viable,
and highly profit oriented. The farmer is
strongly motivated towards using his own land
for his own purposes, to make money. There is
very little feeling among farmers in Western
Australia that they are responsible for a
national rescurce and should consider its
value to the rest of the community and to the
future. It is suggested that such a change of
attitude will only develop very slowly and to
bring it about more guickly we need either
controls, incentives, education, social
pressures or perhaps a combination of these,

The most obvious bad features of the agricul-
tural landscape result from excessive clearing
and grazing. If sheep and rocky hills, water-
ways, saline flats and deep white sands were
left uncleared and protected from grazing there
would be a negligible effect on farm production
and little effect on farm profit other than the
cost of extra fencing. A great deal could be
done to reduce the bad image of agriculture in
the eyes of environmentalists if these steps
were taken. Farm landscapes would look better,
ercsion damage to productive land would be
reduced, and bird life would be enormously
increased on farms. Scme farmers already do
these things.

Another unfortunate feature is the tendency of
many farmers to see 'the bush' as their enemy.
This results in a desire to clear, thin eut by
grazing, or burn bush, guite apart from any
desire to use it for agricultural production.
This results in one of the most harmful effects
of agriculture on the natural environment; this
is the excesgive burning of uncleared country.
Farmers tend to set light to adjacent reserves
'to thin out the verxrmin' or to 'reduce the fire
risk'. Farmer members alse persuade authori-
ties responsible for such areas to adopt
excessive burning policies. An exaggerated
idea of the benefits of frequent burning of
uncleared land seems to have become
established.

Conclusion

There is a clash of interests between
agriculture and the natural environment.

In the past in Western Australia this clash
has always been resolved in favour of agricul-

ture. Thig may not be so in future but it wil}l
depend on how much pressure is exerted by
continuing population increase on supplies of
food and other agricultural products.

This clash between agriculture and the environ-
ment can be minimized in two ways. Firstly by
setting aside really large areas like the
Fitzgerald Reserve to represent natural
environments in an undisturbed condition.
Secondly by improving the guality of land
management on existing farms.




A Review of the Causes of Salinity in South
Western Australia

M.J. Muleahy

Department of Conservation and Environment,
Perth, W.A., €000.

Abstraet

Salinity, whether of soils or streams, is a
consequence of clearing, mostly for
agriculture, in south western Australia. It
results from the replacement of deep rooting
perennial native plants by shallew rooting
annual crops or pastures. The summexs are hot
and dry, so that limits to the growing season
are set by the duration of the seascon of winter
rainfall, and by the amount of soil water
stored in the shallow root zone. Under these
conditions, the change in vegetative cover
results in a decrease in transpirational loss
of water from the soil, and the excess
percolates through deeper layers, carrying
salts stored there, to lower lying areas or to
groundwater. The consequences are salinisation
of s0ils in certain landscape situations, and
increased salinity of rivers and streams.

Salinity of soil and water following
agricultural use of the land is a common
enough problem elsewhere in Australia and in
the world, especially where irrigation is
practised in arid areas. But salinity
associated with dry land agriculture is seldom
so widespread as it is in south western
Australia. This paper examines the combination
of factors which give rise to this. While no
one factor alone is unique, the combination of
them found here is certainly most unusual.

Introduction

This topic has been reviewed in various
contexts in recent times. Last year “Search"
published a number of articles on salinisation,
including one from Western Rustralia (Mulcahy
1978), in an issue largely devoted to
desertification, and the topic was discussed
again at the Hydrology and Water Resources
Symposium in Perth last menth. I have drawn
freely on the papers presented by my colleagues
at that Symposium, particularly Hurle and
Johnston (1979).

Causes of Salinity

Landscape History

The landscape of the Archaean Shield area of
the southwest is an extremely ancient one
(Johnatone et gl 1971), conforming in many
respects to the Davisian concept of a
peneplain. Thus it has low relief, ineffective
drainage systems, particularly in the inland
areas, and deeply and extremely weathered
soils which are therefore very infertile and
deficient in major and minor nutrient elements.
The glaciations which in many other parts of
the world effectively removed weathered
materials by ice action, or buried them

beneath fresh glacial and periglacial deposits,
here produced merely climatic fluctuations
involving periocdic expansion and contraction
of the inland arid centre at the expense of
the more humid marginal areas. Thus the old
soils persisted, and now support natural
ecosystems uniquely adapted to them. These
adaptations are many, and are only beginning
to be understood (e.g. Main 1979}, but one is
especially important in the present context.
That is the ability of the native vegetation
to fully utilise the abundant winter rainfall
and to survive the almost rainless and hot
summer period by exploiting the so0il's
capacity to store water.

Climate

The climate is a Mediterranean ocne,
characterised by cool, wet winters, and hot dry
summers. The winter rains bring with them sea
salts in dilute sclution, the inputs being as
much as 150 kg ha~l yr=1 in the high rainfall
coastal areas, and falling to 30 kg ha=! vr-

or less in the drier intericr {Hingston &
Gailitis 1976). Thus we have a situaticn in
which in winter there is a substantial input
of water and sclutes, and a capacity for them
to move within the landscape, either to ground-
water or to lowlying landscape situations.

But only a small proportion escapes from the
system since the inland drainage lines seldom
flow. In summer, the concentration of salts

in surface water increases by evaporation,

most obvicusly in the playa lakes, and the
perennial native plants continue to transpire
water while it is available, leaving the salts
to accumulate in the soil.

Sotl Conditions

The oldest landscape elements carry deep
lateritic soils characterised by surface
materials up to 6 m or more in thickness
which are sandy, and transmit water rapidly.
They overlie dense pale coloured c¢lays, the
so called pallid zcone, which may be a further
30 m or more in depth, Hurle and Johnston
{Zoe, ¢ft.) gquote figures for saturated
hydraulic conductivities of these materials of
2 m day™! for the surface soils and 102 m
day'l for the pallid zone., Thus water can
move rapidly in the upper parts of the
profile, but only wvery slowly in the deeper
subsoils. The groundwater table, usually
saline, is found at some depth in the pallid
zZone.

These soils contain appreciable gquantities of
salts. They are stored mainly in the subsoil
pallid zone clays, with the greatest amounts
usually above the water table level. Dimmock
et al (1974) have published depth functions of
the amounts of salt in the soil profile, and
their variation with topographic position and
rainfall. 1In general the amounts stored vary
from 104 kg ha™! in higher rainfall areas to
106 kg ha™ in the lower.

In younger landscape elements the lateritic
profile is truncated or totally removed, and
the soils are podsolic or duplex types with
sandy surfaces over clay subsoils. Where
pallid zone materials remain there is still
gignificant salt storage in the landscape.
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Only where major landscape elements, for
example the Avon Valley downstream of York,
are cut below the level of lateritic weather-
ing, are the soils relatively salt free, and
such areas form only a very small proportion
of the total landscape.

Processes of Salinisation

Clearing for agriculture, leading to permanent
removal of the native vegetation over large
areas is the dominant land use leading to
salinisation. Other practices, such as open-
cut mining, or sylvicultural thinning, which
also affect the water and salt balance of
catchments, make some contribution, though the
effect may be temporary. In all cases the
extra water remaining in the scil is

redistributed both horizontally and vertically.

The lateritic uplands occupy a large
proportion of the landscape and tend to have
few defined stream lines. With their
permeable surface soils they must therefore
constitute the major intake area for water,
and the processes of its redistribution
following clearing the lateritic soils is
important in the salinisation process. 1In the
surface materials, lateral flow and its
duration will be increased, as well as the
vertical fluxes of water, which will be
relatively small, to the underlying pallid
zone. Despite its low hydraulic conductivity
however, the latter has within it "preferred
pathways" such as ¢ld root channels (Hurle &
Johnson Ioe. eit.), which carry water
relatively quickly downwards to the ground-
water, so that its level rises and it may
intersect horizons above it with large
accumulations of solute. The groundwater
concentration is thus increased, and discharge
from it to drainage lines is alsc increased
due to a greater head of pressure. Rising
saline ground waters may intersect the land
surface, giving rise to saline seepages and
areas of saline soils.

On the duplex soils in the valleys below the
lateritic upland, a different process is also
invalved, Following clearing, in run-off on
the soil surface, or at the interface at
shallow depth between sandy surface and sub-
s0il clay, water moves laterally, leading to
waterlogging in lower landscape situations,
where solute concentration by evaporation can
lead to salt scalds.

Neither process necessarily excludes the
other, and particular occurrences of salinity
may ke due to a combination of both., 1In
general, salinisation of scils and streams is
more prevalent in lower rainfall areas, where
potential for evaporation is higher, salt
storage in the landscape greater, and leaching
potential lower. 1In higher rainfall areas,
the balance between increases in water and
solute losses from catchments may be such that
although the result is an increased yield of
both, salt concentrations remain below
acceptable limits.

Conclusion

Agricultural development in south western
Australia has had widespread environmental
effects, among which salinisation of soils and
streams must be one of the most serious. So
serious is it that it constitutes a real threat
to water supplies, and consequently the State
Government has implemented policies to minimise
the effects. On land controlled by the State,
proposals for alienation of Crown Land are
referred to the water supply authorities and to
the Department of Conservation and Environment.
On freehold land in catchments forming actual
or potential water supplies, legislation has
been introduced to contrcl clearing by farmers.
The guidelines under which the legislation is
administered are based on a catchment
classification and zoning derived from a
consideration of the factors I have outlined
above {(Sadler & Williams 1979).

Basically, the problem arises from under-use of
available water by the agricultural systems
presently practised. That is, a supposedly
scarce resource is not being fully used on the
farm, and the consequent increased yield
cannot, in most cases, be utilized as a water
supply because of its contaminaticn by salt
stored in the landscape. This suggests an
impertant guestion for your consideration.

The under-use of water by today's agricultural
systems must be common to much of southern
ABustralia's agriculture, even in areas without
salt stored in the landscape to act as an
indicator or tracer of the changes induced.

Can the agricultural systems be changed to give
both increased preduction, and at the same time
avolid its adverse effects on water supplies?
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Current Research On Salinity

7.0, Stoneman

Department of Agriculture, South Perth,
W.A., 6151.

Abstract

The main aim of the paper is to provide an
account of current research in progress in
Western Australia into various aspects of soil
and stream salinity by Government Departments,
tertiary institutions and private companies.

The paper also briefly reviews the extent of
s0il and stream salinity problems in Western
Australia and describes early research work on
soil salinity in particular.

Introduction

The purpose of this paper is to review the
research activities in progress in Western
Bustralia related to problems of soil and water
salinity. &As background to this coverage, I
believe it is desirable firstly, to briefly
indicate the extent of this State's salinity
proklems and to nete the earlier research
efforts.

Extent of Salinity Problems

Sotl Salinity In The Wheatbelt

Historically, it was recognised as early as the
1920's, that soil salinisation developed
following the clearing of the native vegetation
for agriculture. Patterson (1917) predicted
that salt problems were likely to develop in the
the Salmon Gums area and Teakle (19229) reported
that farmers on 29 properties in the wheatbelt
estimated that 3.1 per cent of the total area
of their farms was salt affected.

In more recent times, saltland surveys have
been carried out in 1955, 1962 and 1974 to
provide farmers' estimates of the total areas
of land affected by salt, but which had
previously been used for crops or pastures
(Burvill 1956, Lightfoot et al 1962, Malcolm
and Stoneman 1976).

In 1955, the estimate was 73,504 ha (0.5 per
cent of cleared land) and, in 1962 it was
123,591 ha (0.68 per cent of cleared land). By
1974 there were 167,294 ha of saltland in
Western Australia which had previously been
used for crops or pastures. The area represen-
ted 1.17 per cent of all cleared land but in
the Northern Agricultural Division the
proportion of saltland to cleared land was 1.67
per cent. In two shires it was up to 4 per
oant.

The 1974 saltland survey results undoubtedly
showed further increases in the area of salt
affected land in the agricultural areas of the
State. However, comparison of the 1962 results
with those for 1974 disclose many apparxently
anomalous results on a shire basis and casts
doubt on the reliability of many of the figures

presented.

A similar survey was repeated in March 1979,
but, to date, no results are available.
However, it is anticipated that the area
affected will have increased further.

In addition to the areas of once productive
land which have become salt affected, there
were reported to be a further 377,945 ha of
natyrally salt affected land in the form of
salt lakes efe., within farm boundaries in the
agricultural areas (Burvill 1956).

Stream Salinity

The second and egually serious salinity
development is the deterioration in water
gquality. It is now estimated that about 36 per
cent of the surface water resources of the
South West region of W.A. have increased in
salinity to such an extent as to seriously
limit their usefulness. In the last few years
Governments have acted to limit further deteri-
oration of these water resources by severely
restricting further clearing for agriculture on
five river catchments in the South West {(Anon
1979) .

Irrigation Areas

In addition to the dryland soil salinity
problems and stream and river salinity
increases, there is also concern with the
control and prevention of soil salinity develop-
ment in irrigation areas. Included here are

the Government controlled areas in the Swan
Coastal Plain, private irrigaticn schemes, and
the Carnarvon irrigation area.

Early Research Work

The first report of any consequence concerning
saltland emanating from the Department of
Agriculture was by Teakle (1928, 1929). Teakle
reviewed overseas and local work on soil
salinity and presented his own analysis of how
the problem occurred in Western Australia. It
is of interest that by 1929 it had been
recognised that the salt problem was at least
partly due to cyclic salt brought in with the
rainfall, that salt problems were more preva-
lent in areas where rainfail was low, that its
occurrence was influenced by topography and soil
type and that the removal of the natural vege-
tation was the basic cause of salt encroach-
ment.

The following two decades marked a period of
intense s0il survey activities in the agricul-
tural areas. The prediction of Professor
Patterson in 1917, concerning the likelihood of
salt problems develeoping in the Salmon Gums
area, proved to be substantially true and the
resulting problems with saltland led to exten-
sive soil surveys in the Salmon Gums areas, the
Lake Brown area, the Lakes District, the East
Pingrup-Lake Magenta area and the 3,500 Farms
Area to the south east of Southern Cross. Soil
surveys led to a much more detailed understand-
ing of the extent and nature of the salt
problem in Western Australian soils. In the
main these surveys were concentrated in the
areas of low rainfall and are therefore parti=
cularly relevant to the development of the salt
problem in the wheatbelt.
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From about the mid 1950's onwards, both the
Department of Agriculture and C.5.I.R.0O.
became involved in hydrological studies in
wheatbelt areas. These studies demonstrated
that highly saline ground water existed at
shallow depths beneath salt affected wheathelt
valleys and that the water was under pressure
and tending to flow to the soil surface (Smith
1962, Bettenay et al 1964).

During the 1960's a major effort in reseaxch
by the Department of Agriculture in relation
to salinity was directed towards the intro-
duction and selection of productive salt
tolerant perennial plants for use in the
wheatbelt areas of the State. This programme
was undertaken to increase productivity on
salt affected areas considered too saline to
devote to any other land use. The research is
currently at the stage where seed of selected
species is being multiplied and mechanised
harvesting and sowing methods devised (Malcolm
1974).

Current Research on Salinity

For the purposes of this paper, I have
included various research programmes commenced
since about 1970 under the term "current
research". The last 10 years, have seen a
great upsurge in salinity research directed
towards the higher rainfall areas of the State,
particularly as a consequence of the develop-
ment. of bauxite mining in the Darling Ranges,
woodchipping in the lower South West and
accelerated deterioration of potential and
actual surface water resources in these areas.
I have outlined the various projects being
pursued by the institution listed below, and
have endeavoured to make the list as complete
as possible.

C.8.1.R.0.

Research work by C.S.I.R.0. on salinity covers
the general areas of catchment hydrology,
evapotranspiration measurement, drainage,
agroforestry and reforestation.

*Catchment hydrology - Investigations are in
progress in three localities, (Bakers Hill,
Jarrahdale and Collie). At Bakers Hill, on
the C.5.I.R.0. Yalanbee Research Station, a
paired catchment study involves stream gauging
and groundwater monitoring of the effects of
clearing for agriculture {Williamson and
Bettenay 1979¢). In the Collie River catchment
area, a detailed study involving five catch-
ments with complete salt and water balance
calculations is being carried out and a variety
of clearing strategies are being investigated.

This project is a joint C.S5.I.R.Q.-P.W.D.
investigation.

The Bakers Hill and Collie catchments were
initially instrumented in 1968 and 1974
respectively.

At Del Park, near Jarrahdale, C.5.I.R.0. has
been pursuing, since 1973, a catchment study
of surface and groundwater changes following
bauxite mining.

*Evaporation measurements - C.S_.I.R.O.
researchers have in recent vears adapted the

ventilated chambher technigque for evapotrans—
piration measurement to enable data ta be
obtained from forest trees as well as smaller
native plants and introduced crops and
pastures. Such information is needed to enable
calculations to be made in regard to what
proportion of already cleared areas might need
to be replanted to various types of plants to
increase water consumption sufficientiy to
reduce stream salinity (Greenwood and
Beresford 1979}.

*Drainage - At Yalanbhee Research Station,
investigations are in progress to provide data
on the effectiveness of various forms of deep
drainage in reducing soil salinity (Bettenay
1978).

*Agroforestry - The pessibilities for some
form of combined agricultural and forestry
operations on the same area of land are being
studied in the upper Helena River catchment.
Measurements are also being made of the
effects of these combinations on ground water
patterns. The work is being conducted in
collaboration with the Forests Department
(Anderson and Batini 1979).

*Reforestation - Reforestation studies are
being conducted in three rainfall zones of the
Murray River catchment on sites upslope from
salt affected areas. The growth rates and
water use of different tree species and
changes in groundwater levels are being
measured in detail. The preject also includes
screening of tree species for salt tolerance.

Virtually all these studies include the gather-
ing of data on =oil salt storages, which are
being collated together with information
acguired by other researchers.

Department of Agriculture

The main salinity research programmes are
concerned with salt tolerant plants, evapo-
transpiration measvrement, catchmment hydrology
{including reforestation}, and studies of
salinity in the irrigation areas (Anon 1978a).

*Salt tolerant plants - A continuing programme
of introduction and testing of salt tolerant
perennial shrubs and grasses has been pursued
since the early 1960C's. Parallel to this
screening work there has been a lengthy series
of trials aimed at developing improved field
establishment techniques for the selected
species. At present, efforts are being
directed towards the creation of specialized
seeding machines for these plants and to the
develcpment of seed harvesting machinery in
order to encourage the application of research
results to farm practice. Work is also
proceeding to cbtain gquantitative data on the
grazing value of salt tolerant species.

*Evapotranspiration measurement - This work
complements C.S.I.R.0. investigations, by
extending the range of plants being measured
{(crops, pasture, salt tolerant species and
native plants) to the general wheatbelt areas,

*Catchment hydrology - Selected catchments at
Wongan Hills, Newdegate and Esperance are
being studied to guantify the various
components of the salt and water balance.
Particular emphasis is currently being




directed towards acquiring more data on un-
saturated hydraulic conductivities. All data
are to be used to develop a landscape
hydrology model for wheatbelt areas. The
hydrological work also includes a study of the
effect of partial reforestation of a cleared
catchment (east of Brookton) on groundwater
levels and extent of salt affected soils.

The Department of Agriculture is also monitor-
ing the effectiveness of interceptor banks in
alleviating salt affected land as proposed by
Whittington (1975). A detailed investigation
of the effect of such interceptor banks is
being conducted on an area near Quairading.

#*Salinity studies in the irrigation areas -

The Department of Agriculture is involved
within the irrigation areas of the State in a
number of studies related to the influence of
the increasing salinity of Wellington Dam water
on irrigation soils. All the studies are under
the auspices of the Irrigation Commission and
in co-operation with the Public Works Depart-
ment. Firstly, a water and salt balance study
is being conducted on an area of 200 ha of land
covering portions of three farms. Here, it is
possible to measure guite accurately the amount
and salinity of the irrigation water being
applied, the amount and salinity of drainage
water leaving the area in surface drains, the
rainfall and its salinity and also depths and
salinity of ground waters occurring beneath the
area.

At Benger an irrigation pasture experiment is
being conducted to determine the effects of
Wellington Dam water on pasture production.
At this site it is possible to apply both the
relatively fresh water from Stirling Dam and
the relatively brackish water from Wellington
Dam to irrigated bays within the same experi-
mental area.

A third study continuing within the irrigation
areas is in co-operation with both the P.W.D.
and the Geological Survey of W.A. Here, a
network of bores has been installed to monitor
the depth and salinities of underground water
tables within the irrigation areas.

A further trial just commencing is to study the
effectiveness of a number of forms of drainage
in removing salt and in encouraging improved
yield and composition of irrigated pasture.

A considerable amount of detailed study has
taken place on irrigated areas at Carnarvon in
relation to salt and boron contents of irriga-
tion waters and associated scil and plant
toxicity problems.

Forests Depariment

The Forests Department's research in the
Yarragil catchment near Dwellingup, the
Mundaring and Murray catchments., and in the
ponnybrook sunklands include study of the
effects of various forest management practices
e.g. intensity of logging, on gsalt flow from
the catchments. In additicn, the Department
has some 65 arboreta in agricultural areas
including many species of known salt tolerance
or capacity to transpire water and from which
much useful physiological data is being
obtained. In particular, new arboreta have
recently been established on farmland areas

east of Collie to further this area of
knowledge.

Public Works Department

As mentioned earlier in this paper the Collie
catchment hydrological studies are being
conducted jointly by P.W.D. and C.5.I.R.0. In
addition, the Public Works Department has
become heavily involved in quite broadscale
testing of various reforestation strategies
using different tree species on cleared areas
which already have a salinity problem. This
work is being conducted in collaboration with
the Forests Department.

A further P.W.D. salinity study is that being
conducted at Batalling Creek, east of Collie,
to assess the value of a system of interceptor
drains designed by Mr. H.S. Whittington to
improve stream salinity (Anon 1979hb) .

Aleoa of Australia (Ltd.}

Becanse of Alcoa's involvement in bauxite
mining in the Darling Ranges, the company's
environmental group are involved in continuing
research projects related to salinity. 1In
particular, their officers have been active in
co-operative modelling studies of the effects
on water gquality of baunxite mining in the
catchment of the South Dandalup Dam (Peck et
al 1977) and in studies aimed at identifying
areas of low salinity hazard (Slessar et al
1979). The company is also involved in studies
of techniques for revegetation after mining,
both on its own account and in co-operation
with the Forests Department.

University of Western Australia

*At the Faculty of Engineering detailed studies
are proceeding into the salinity and tempera-
ture stratification of reserveirs (Imberger

et gl 1978). Work of this nature on the
Wellington Reservoir has enabled the gevelop-
ment of a scouring procedure to remove some of
the more saline water impounded in the dam.

*Laboratory work is commencing in the Depart-
ment of Soil Science and Plant Nutritien in
the Faculty of Agriculture to examine the
infiltration and redistribution rates of water
and salts in duplex scil profiles. The
technigues to be used will include the use of
a newly developed gamma ray scanning system.
These studies will involve simulation of the
upward movement of saline water under pressurée
through soil columns and the process of
capillary rise from shallow watertables. The
work will also aim to gather data on hydraulic
conductivities and the role of preferred path-
ways in water movements in deep pallid zone
material.

*Staff and students of the Geography Department
have been active in studying the role of
shallow subsurface water movements in relation
to the development of salinity problems in the
agricultural areas (Conacher 1975).

Western fustralian Imstitute of Technology

Currently the Department of Physics is under—
taking a survey and preliminary study of
salinisation of soils and groundwater in an
area near York. The study is largely the wark
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of a postgraduate student and will add useful
knowledge about an area lying between the main
wheatbelt to the east and the Darling Range to
the west, for both of which a considerakle
amount of data already exists.

Other Studies

Although the various projects briefly
described above have been listed under
individual institutions, I believe it important
to draw attention to and emphasize the very
considerable level of inter-Departmental and
interdisciplinary co-operation which occurs
within and between virtually all projects.

The reports of the Steering Committee on
Research into the Effects of the Woodchip
Industry and the Steering Committee on
Research into the Effects of Bauxite Mining
(Anon 1978b, Anon 1978¢)}, illustrate this
peint very well. Between them, the two
committees are responsible for twelve research
projects involving most of the Departments and
institutions listed above, plus the Geological
Survey of W.A. and the Metropolitan Water
Beard. The projects cover galinity modelling,
identification of areas vulnerable to salinity
increase, paired catchment studies, small
stream sampling studies, monitoring at stream
gauging stations., groundwater monitoring, and
rehabilitation studies.

Conclusion

The last ten years have seen the development

of a considerably expanded research effort in
Western Australia into the overall problem of
s0il and water salinity. Because of greatly
increased public awareness and concern about
the ramifications and implications of unchecked
salinity increases, even greater Govermment
investments in all aspects of salinity research
are likely in the future.
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The Salinity Problem of South-West Rivers and
its Management#

B.S. Sadler and P.J, Williams
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Abstract

The salinity problem of the South-west is
reviewed in terms of available water resources
to the region.

Catchment management in the form of clearing
controls and partial reforestation are
examined with consideration of costs and
alternatives.

Introduction

The South-west of Western Australia is a

region dependent mainly upon the modest

water resources of rivers and streams draining
from the south western corner of the Western
Plateau. A number of these rivers have serious
salinity problems or are at risk of developing
them as a result of clearing native forest or
woodland and a consequent slow release of

salts which are stored in the soils.

Already some 22 per cent of the potable
resources readily divertible to water supplies
are developed. PFurthermore, the region has no
economic prospect of further supplementation
from elsewhere. Tt is surrounded by a semi-
arid area to which it exports water ané the
cost of supply Erom the remote Kimberleys could
never compete with szea water desalination. BAs
a consequence of the finite limits of regional
resources, the growing level of demand, and
iseolation from other resources, the protection
of both the developed and the undeveloped water
resources from further degradation, has been
amphasised in recent pelicy decisions.

Spatial Variation of Salinity Potential

In general, the susceptibility of a stream to
salinity increase from the leaching of stored
salts after clearing is related to soil
conditions and to rainfall. Areas inland of
the 900 mm rainfall isohyet are mostly highly
susceptible and areas coastwards of the 1100
mm ischyet are usually not susceptible. The
area between, the so-called intermediate zone,
forms an area of irregular transition in which
the salinity potential is highly variable from
place to place.

The distribution of State Forest in relation to
these zones of susceptibility is of great
significance to protection of the water
resources of the region. State Forest extends
inlan@ from the Darling Scarp teo about the 800

* This paper is a slightly modified version
of a paper presented at the Hydrology and
Water Resources Symposium of the Institution
of Engineers of Australia, Perth, September
1979.
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mm or 700 mm ischyet.

General Effects of Salinity on Water Resources

In gross terms the total surface water
resources of the region have a mean annual dis-
charge of 6,100 million cubic metres (6100 x
106m3). However only 2600 x 108m3 per ammm of
these resources are divertible for water supply
purposes and as much as 34 per cenl of these
divertible resopurces have been degraded by
agricultural clearing to salinities in excess
of 1,000 milligrams per litre of total
dissolved solids (1000 mg 171 T.D.5.). only 47
per cent of divertible surface water resources
remain fresher than 500 mg -1 T.D.5., although
before settlement most resources would have
been so classified.

Table 1 illustrates the association between
rainfall, c¢learing and salinity for 19 major
rivers of the region which comprise 57 per cent
of gross streamflow and about 70 per cent of
divertible surface water resources. The
resources excluded from Table 1 are mainly
smaller streams draining from the scarp ox
ceastal plain and in such cases would be fresh
irrespective of clearing.

The rivers of Table 1 have been grouped in
three reasonably distinct categories.

Group 1 includes those shorter rivers afforded
the protection of being mostly in State Forest
with only limited porticons, if any, in
agricultural (largely cleared) areas in the
less than 900 mm rainfall zone. The 9 rivers
tabulated in this group are fresh and mainly
below 250 mg 1-1 7 p.s.

Group 3 on the other hand contains rivers
whose catchments extend well into low rainfall
areas where considerable portions of their
catchments have been largely cleared for
agricultural purposes., The 5 rivers in this
group are brackish to saline. Considering the
large area of agricultural land in their
catchments they would be extremely difficult
to bring under control by present salinity
management technigues.

Group 2 consists of an intermediate group of
rivers whose catchments contaih substantial
proportions of forest but extend sufficiently
inland to include areas of alienated land
whose clearing is seriously detrimental to
salinity, The 5 rivers in this group with a
total mean annual flow of 720 x 10°m represent
12 per cent of the gross surface water .
resources and a higher proportion (20 per cent)
of divertible resources. Because their
salinity is precarious, these rivers have been
the main focus of recent initiatives in
salinity control.

Catchment Management Measures

In the early years of our settlement, when few

Agriculture and the Envirownent in Western Australia.
Perth, 10tk Cctober, 1979 (W.A.I.T.

Bentley).
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Table 1. Major rivers of the South-west region,
Catchment Area Average Annual Rainfall
above Damsite* Range Across Catchment Mean*
. Annual Mean
River Land Extent Portion Salinity Annual
Area Inland Cleared Lowest Highest Level Flow
(km2) {km) (per cent) {mnn) () (mg 1~1 TDS) (m>x10%)
1. Brunswick 213 40 25 1 200 1 300 230 78
Margaret 443 45 30 1 100 1 250 200 135
Harvey 380 45 - 950 1 300 200 113
Shanncn 337 45 - 900 1 400 215 G4
Preston 603 60 40 200 1 200 250 97
Donnelly BOS 75 18 800 1 300 230 154
Deep 1 250 85 15 700 1 375 200 172
Serpentine 663 70 - 700 1125 200 81
Canning 754 70 - 700 1 125 400 65
2. Denmark 650 55 16 750 1 075 570 31
Collie- 2 830 100 23 600 1 300 750
Warren 3 890 140 33 550 1 400 725 356
Kent 1 650 g0 33 550 1 125 1 100 84
Helena 1 470 85 3 550 1 100 360 72
3. Hay 1 400 a5 70 600 1 000 2 000 71
Murray 6 840 170 70 450 1 125 1 800 351
Frankland 5 800 150 60 400 1 400 1 700 183
Blackwood 20 500 28Q B85 400 1l Q50 950 771
Swan/Avon 112 000 500 75 250 875 5 000 418

* Data given is related to an existing damsite or to the furthest downstream location at which
it would be practical to develop for water supply purposes.

of our water resources had been develcped or
were required, the deterioration through
salinity was relatively less important than
land development., Today, with the limitations
of water resources more apparent and with large
areas of land developed, the relative values
have altered in favour of protecting the
remaining fresh water resources.

The first major actions to result from the
gradual shifting of wvalues were in the early
1960's when bans on further land alienation
were introduced in some catchments. Since the
late 1960's research activities have been
steadily intensified and in 1976 an Act of
State Parliament introduced clearing controls
{(with provision for compensation payments) on
the Collie catchment. This action on the
Collie River was taken to protect Wellington
Reservoir, the largest water storage in the
Jouth-west.

At the end of 1978 State Parliament amended the
1976 legislation to extend clearing control to
the other four principal rivers shown in Group
2 of Table 1. Two of these, the Helena and
Denmark Rivers are already developed for water
supply. The other two, the Warren and Kent
Rivers are considered important resources for
future development.

As a consequence of clearing that preceded the
controls of 1976, it is predicted that the mean
annual salinity of the flows into Wellingten
Reservoir will rise to approximately

1100 mg 1~! T.p.S. by the mid 1990's. This is
far from satisfactory and it is necessary to

take some further action to protect the

quality of water supplied to the Great Scuthern
Towns Water Scheme. As a consequence during
1978 it was decided to implement a programme of
partial reforestation of the Wellington Dam
catchment area.

Detailed planning for the reforestation
programme is not yet completed, but a 10 year
programme reaching a planting rate of about
2000 ha per annum is envisaged. The programme
proposes a major review after 5 years and
flexibility will be maintained to allow changes
as experience is gained and as results of
research come in. The programme is sSeen as an
important pilot study for other areas.

Approximately 650 km? of the Wellington Dam
catchment has been cleared. Of this,
approximately 400 km? lies east of the 800 mm
rainfall isohyet in a highly salt susceptible
area. If salt leaching from this area was
restored to original levels, by strategically
located partial reforestation, salinity would
be reduced from 1100 to approximately

400 mg 11 r,p.s. This is an idealised
estimate but it is considered that a reasonable
target salinity for reforestation would be
below 750 mg 1-1 r.p.s. HNot all cleared land
will be reforested in areas under treatment but
portions will be retained under agriculture.

as far as possible planting will progress west-
wards from the upstream eastern extremity where
groundwater salinities are highest. Land
acquired through the processes of compensation
for clearing control will be used for refores-
tation and supplemented by land acquired on




15
Table 2. Rivers subject to clearing control regulations.
Alienated land Mean Annual Salinity Level
Area of Approximate
Catchment/ Mean Present Predicted Future Net Cost of
River Water Annual Clearing
Reserve Cleared Uncleared Total Flow With Without Control
(km2) (km2} {km?} (km2)  (m3x108) Clearing Clearing  {$ x 109)
Control Control
Collie 2830 650 350 1000 i85 750 1100 1700 1.5 - 2.5
Helena 1470 37 38 75 72 360 360 700 2.5 - 4.0
Denmark 650 103 31 134 31 570 640 850 0.3 - 0.5
Warren 3890 1251 538 1789 356 725 1000 1400 2.5 = 3.5
Kent 1650 550 450 1000 84 1100 1500 2500 2.0 - 3.5

Note: Estimated costs are based on 1977 land values. Costs given are net, i.e.
when holdings are purchased as a means of compensation it is assumed all
cleared land, dwellings and other fixed assets are resold.

the open market.

Costs and Alternatives - Protection

The new clearing control legislation makes
provision for compensation tc land owners
prevented from clearing., Table 2 gives an
egtimate cf the net cost (land purchase + cash
compensation — land resale} for each of the
five rivers.

The cost of clearing control in the Helena
catchment is relatively higher than for the
other catchments reflecting land values in an
area close to the Perth Metropolitan Region.
For the other four catchments a combined net
expenditure of between $6,300,000 ($6.3 x 10%)
and $10.0 x lO6 achieves the eguivalent to
preventing an increase of 524 mg 1~ r.p.s. for
their combined mean annual flow of 656 x 10Pm3
of water. Net expenditures, between $9 x 106
and $14 x 109 would appear to be small for
protecting these important rivers.

For the divertible portion cof the resources
(approximately 540 million cubic metres per
annum total for all five rivers) the average
cost of clearing control (allowing 10 per cent
interest charges) is 0.17 to 0.26¢ per m3
expressed as an increment to the potential cost
price of water. In the case of the two major
developed water sources namely the Collie and
Helena Rivers the estimated costs are
approximately 0.15¢ per md to 0.25¢ per m3 and
1¢ per m3 to 1.5¢ per m3 respectively when
expressed in terms of presently developed
supply rather than potential yield. These unit
costs could be compared with the present
average price (below cost) of 19¢ per m3 for
water supplied by Country Water Supply systems.
Even if these estimated costs of clearing
control prove optimistic and some escalation
occurs, there are no proven economically
competitive measures for maintaining the
quality of the developed scurces. In the case
of the undeveloped sources, normal discounting

of future costs and benefits would affect
these cost comparisons but the actions on
clearing contrel have been supported by
considerations of environmental responsibility.

- Costs and Alternatives - Restoration of the

Collie River

The cost of restoration of the quality of the
water flowing intc Wellington Reservoir
depends on the target salinity level. If 40
per cent of the 400 xkm? cleared area east of
the BCO mm ischyet is reforested and the
remainder left in agriculture the cost would
be in the region of $10 x 106 to $14 x 108.

Order of magnitude cost estimates of
alternatives to partial reforestation on the
Wellington Dam catchment have been made. A
study was made of the feasibility of diverting
any of the saline streams in the eastern
regions by pipeline out of the catchment. The
three most promising diversions together would
result in a reduction from 1100 down to
approximately 750 mg 11 T.D.S. at a cost of
$24 x 10% or more. There would be a reduction
of approximately 10 per cent in yield and it
is likely that disposal would present serious
problems. Other diversions to further improve
the guality become less and less cost
effective.

The cost of desalination to restore the gquality
of Wellington Reservoir would be an oxder of
magnitude higher than saline diversions. To
improve the guality of the full yield of 1u0 x
10%m3 per ammun would entail capital costs of
approximately $75 x 10 to $125 x 106 plus
approximately $30 x 106 per year operating
costs with a 15 per cent loss through blowdown.
Treatment of the 10 x 10Pm> domestic supply
portion would be proportionately less but wouid
be far from comparable with the cost of
developing an alternative source of supply.




Conclusions

With the introduction of clearing contrxol,
action has been taken to protect the guality of
the 5 remaining rivers of the region that
sontain areas of uncleared alienated land, the
clearing of which would have resulted in a
significant increase in salinity levels, All
other rivers of any appreciable size, are in
areas not susceptible to salt leaching, are
protected by being largely within State Forest,
are not economically feasible for clearing
contrel, or are already too saline to have any
forseeable potential as water supply sources.
Costs of clearing controls are very low in
comparison to costs of alternative measures but
for some rivers have the disadvantage of
incurring financial and social costs today for
benefits which will be realised only in the
future.

The technique of partial reforestation of a
catchment to restore water gquality is
essentially untried and the benefits cannot be
accurately assessed on present technical
knowledge. However, provided reforestation
achieves what appear to be reasonable expecta-—
tions it is superior to presently available
alternatives. This partial reforestation of
Wellington Dam catchment will provide
experience and contribute to the sum of know-
ledge necessary to enable a full assessment of
the cost, in dellars and in effects on
agriculture; and to assess the time that would
be required to restore the guality of presently
saline rivers or streams.

As the South-west region develops there will
inevitably be an increase in demand on the
rivers of the region from two directions., On
the one hand there will be the need to develop
more rivers and streams for water supply
purposes and from the other direction will be
the demand to preserve rivers in their natural
state for ecological, aesthetic and recreation-
al reascns. Inevitably these demands can only
increase the need to preserve quality where
possible and to continue present efforts to
develop improved techniques for rehabilitation.
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Abstract

In Australia as a whole, the arid and semi-arid
zones cccupy about 75 per cent of the total
land mass and the pastoral areas are located
within these zones. In W.A. about 38 per cent
of the land mass is given over to
pastoral pursuits and falls within the
definition of the arid zone within which rain-
fall is often inadequate and not conducive to
landscape stability. It is often variable in
intensity and spread and only the hardiest
perennials persist under these conditions and
are likely to be killed off in less favourable
years if subjected to overgrazing.

Droughts of varying intensities and duration
are regular features throughout the arid and
semi-arid pastoral areas of Australia causing
further economic problems to the industry and
contributing to the instability of an already
fragile vegetation which is an integral part of
the landscape and of the eco-system.

Control of domestic livestock and vermin and
careful regulation of grazing are basic to
successful pastoral area management if long-
term productivity is to be maintained and land-
scape stability preserved.

The foundation of the pastoral industry lies in
the carrying capacity of the land and its
associated vegetation. Permanent reduction in
the base resource means a permanent loss to
present pastoralists, to Governments and, more
importantly, to future generatiocns.

Introduction

Grazing by domesticated animals on pastoral
properties in arid environments has been
permitted and encouraged in most pastoral
regions throughout the world and almost without
exception has led to overuse, pasture
degradation, reduced productivity, accelerated
run off, increased erosion and, in extreme
cases, deserts.

Bare and severely eroded country is not
uncommen throughout the pastoral areas of the
world and Australia is no exception.
Particularly in our northern pastoral areas
there is evidence of widespread pasture
degradation, changes in botanical composition
of pastures, reduced carrying capacity and soil
erosion of varying severity {Fitzgerald 1976).

Traditionally, pastoral pursuits in Australia

have been relegated to areas of low and erratic
rainfall, often on areas of less fertile soils,
where conventional agricultural cropping would

be too risky due to inadequate and unreliable
rainfall. Periodic droughts are recurrent
features of the arid and semi-arid pastoral
zones and from time to time have caused
catastrophic stock losses and heavy financial
losses to pastoralists.

In prolonged droughts severe damage has been
recorded in both stocked and unstocked areas
but it is generally accepted that over-stocked
areas suffer the worst vegetation damage and
severest stock losses. The Kimberley region
enjoys a reascnably assured rainfall and is
less prone to drought damage than the remainder
of the pastoral regions of W.A.

Productivity of the arid zone in terms of
animal production is primarily dependent upon
the pasture components available and these are
mainly determined by climate, soils and manage-
ment although rainfall and length of growing
season are major factors in detexmining pasture
quantity and quality.

Stability within the arid grazing ecosystem is
largely determined by the susceptibility of

the deminant plant species to grazing and
trampling, drought and fire. Good pastoral
management seeks to maintain a productive
equilibrium between animals, plants, soils and
water and while this can be achieved, it is not
easy and is certainly not inherent in the arid
zone,

Accumulated evidence from the pastoral areas

as a whole suggests that much of the damage to
pastoral country has resulted from a build up
in stock numbers during a run of good seasons
and/or poor market conditions and the failure
of pastoralists to reduce stock numbers quickly
enough in less than average seaSons or in the
face of threatened drought. Quite freguently
these are brave decisions but the weight of
evidence suggests that owners who sell surplus
stock regularly and reduce numbers quickly
under adverse seascnal conditions are.the ones
who suffer less vegetation damage and are in a
better position to recover both financially and
ecologically when conditions improve.

The increased grazing pressure placed on edible
shrubs, fodder-trees and perennial grasses in
an attempt to maintain high stocking rates in
adverse seasons or in the face of drought, has
led to the destruction of the most important
pasture component and valuable drought reserves
on which stock depend when the annuals fail.
Ironically, the shrub components are usually
the slowest to regenerate with the return of
good seasonal conditions.

Marshall (1970) has emphasized the importance
of maintaining adequate shrub cover in an arid
environment since it is such plants which
reduce the erosive effects of wind, the
principle eroding force. Unchecked wind
continually causes landscape deterioration as
it results in surface deflation, abrasion of
the surface and destruction of existing
vegetation through sandblasting. The erosive
effects of water on unprotected surfaces and
the importance of maintaining an adequate
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protective cover of deep rocted perennial
species is well documented and recognised in
almopst every environment, The maintenance of
a complete vegetative cover can virtually
eliminate surface scouring and erosion and
ensure landscape stability.

Accelerated erosion often results from the
breakdown or removal of vegetative cover
following overgrazing or fire and on this basis
could be regarded as a result of rather than a
cause of, a change in productivity. However,
as accelerated erosion is usually associated
with a soil nutrient less and a reduction in
soil permeability, which further limits
secondary plant succession and establishment,
it is difficult to draw a clear line of
demarcation between cause and effect when it
occurs. The gquestion is purely academic as the
net effect is the same.

Evidence of Overstocking in Other States

Considerable evidence has been accumulated by
arid zone workers throughout the arid and semi-
arid areas of Australia confirming that serious
degradation has occurred on many land types.
The inevitable conclusion from all these
studies is that the major cause of pasture
degradation, reduced productivity and
subseguent erosion is the excessive removal of
vegetative cover by consistent and continuous
overgrazing by both domestic stock and vermin
under marginal rainfall conditions, The
effects of fire and pericds of drought are
additional factors aggravating an already
precarious situation,

On an Australia-wide basis the introduction of
grazing by both sheep and cattle into
Australia's rangelands initiated a downwards
trend in range condition (Perry 1970).

The degree to which changes in wvegetation of
the arid zones can be ascribed to grazing, as
distinct from climatic effects is difficult ‘to
ascertain over the short term. Over the longer
term the decrease in productivity in terms of
animal carrying capacity may be associated with
a recognisable decline in rainfall {(Tucker
1975). However, in the absence of sufficiently
long~-term rainfall records to support the
contention it appears logical to assume that
overstocking has been the major cause, Graphed
data (Perry 1268) on sheep and cattle numbers
spanning four (4) states over the 100 year
period 1860 to 1960 certainly supports the
assumption,

The N.3.W. Royal Commission of 1901 in a
comprehensive study of the drier areas in
N.S5.W. listed amongst the causes of pasture
deterioration an ill-advised land tenure
system and a gross over-estimation of the
carrying capacity of the Western Districts.

Beadle (1948) made one of the earliest in-depth
studies of pasture deterioration in Australia
and his early observations in western N.S.W.
still have application to most pastoral areas:
"Since sheep are selective grazers, plants
disappear in most cases in order of their
palatability. Furthermore, perennials
regenerate more slowly than anhuals and con-
seguently palatable perennials disappear before
palatable annuals".
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The decimation of stock population of semi-arid
areas plus major changes in vegetation were
inevitable because of the lack of knowledge of
vital ecological controls (Beadle 1260}).

In Queensland there is ample evidence of
degradation and erosion in dunefields where
areas have heen subjected to serious overgraz-
ing or burhing followed by overgrazing,
particularly in the spinifex~hummock grasslands
or areas adjacent to watering points.

Blake (1236) drew attention to vegetaticn
changes in Western Queensland and reported
major deterioration in grazing lands brought
about by the more or less complete disappearance
of edible plants and the replacement of
palatable species by less palatable cnes.

Roberts (1972} also reported deleterious

changes observed in the rangelands of the
Western Distriects of Queensland and suggested
reasons for some of the changes. Overgrazing
was an important factor but the possible effects
of changing rainfall patterns over the longer
term could not be discounted.

In South Rustralia seriocus degradation of salt-
bush pastures amounting to a national loss was
reported by Dixon as early as 1892, The salt~
bush vegetation of arid South Australia, despite
its hardy nature, had been sc depleted by 1936
that only an estimated 25 per cent of the
original cover still remained.

Ratcliffe {1937) reporting on erosion in the
driex pastoral regions as a whole stated,
"Whenever and wherever pastoral settlement is
imposed on sewmi-desert areas with an uncertain
rainfall the problem of the survival of certain
components is automatically raised".

Western Australia

The pastoral industry in the arid and semi-arid
areas of W.A. started in the 1860's, initially
in the Pilbara-De Grey areas and along the
Greenough and Murchison Rivers further south.
Sheep were introduced into West Kimberley in the
egarly 1880's while cattle became established in
East Kimberley and as far West as Fitzroy
Crossing by about 1885-86 (Wilcox pers. coim.) .

Sheep numbers in W.A. rose to a peak of about
5.5 million in 1935 but have declined to about
2.1 million at the present time, Sheep numbers
had reached a peak of about 320,000 in West
Kimberley by 1940 but have now dwindled to
insignificant numbers on one property on the
extreme southern end of the Kimberley Division.
At the same time, sheep numbers in the East
Pilbara and Port Hedland Shires have been
reduced to about 100,000 (Wilcox pers. comm.).

The dramatic drop in pastoral sheep numbers in
W.A. closely parallels the decline in the
Western lands of N.S.W. in the late 18%0's and
is consistent with the observations of Perry
(1967) for all of the pastoral areas of
Australia. Until gquite recently the bulk of
the pastoral area cattle in W.A. were confined
to the Kimberley area where they now number
about 800,000 head. Cattle numbers in other
pastoral areas are increasing but still only
total sbout 200,000.
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Rainfall is considerably more reliable in
Kimberley than in other pastoral areas of W.A.
and the vegetation there has been better able
to withstand the grazing pressure than in the
drought prone areas further south. Despite
this, there is evidence of severe pasture
degradation and active soil erosion in
Kimberley and current cattle numbers are
considered too high for the continued
maintenance of a stable landscape.

Following the disastrous 1935-39 drought the
Royal Commission W.A. (1940) reporting on the
effects of the drought stated "Some of the
country has suffered permanent reduction in
carrying capacity: some has been so seriously
affected that it will take many years to
recover. Evidence shows that many stations
have been overstocked in relation to improve-
ments and the losses in the drought have been
accordingly, much higher". Sheep losses in
the 1935-39 drought years were estimated by
the Royal Commission W.A, {(1940) at a
staggering 4.18 million with an additional
shortfall of 3.13 million in natural increase.

The following guotaticon from the Royal
Cormission of W.A. (1940) confirms the findings
and observations from other Australian states.

'In the past, cwing to a run of good seasons,
much of the developed couniry has been over-
stocked with the inevitable result that heavy
damage and losses were suffered in those areas
affected by drought. Quite frequently too
there is a tendency for pastoralists to restock
toc quickly after the bredaking of a drought in
an qttempt to pecoup their losses thus causing
further damage to the regenerating shrubs and
peremiial grasses that are slower to establish
than annuals.'

Two large river catchments in W.A. have been
grossly overused for grazing purposes and have
developed serious erosion problems as a result.
The Gascoyne Catchment in the North-West grazed
by sheep and the Ord River Catchment area in
East Kimberley, grazed by cattle, typify the
problem of overgrazing and are cited as fairly
typical examples.

The Fascoyne River Catchment

severe flooding occurred in the coastal town-
ship of Carnarvon in 1961, its nature suggest-
ing excessive runoff from its catchment, which
was confirmed by ground and aerial surveys.

The Pastoral Appraisement Board of W.A.
commissioned a joint Agriculture-Lands
Department survey team to examine in detail and
report on the vegetation and erosion status of
the catchment. Using the land system or
‘rangeland type' apprcach the survey team
recorded and reported con the pastures, degra-
dation and erosion status and made recommenda-
tions covering proposed stocking rates and
remedial treatment for each station within the
catchment.

The severely eroded areas were mostly associa-
ted with erodible scils supporting palatable
and desirable pastures that had been
preferentially grazed. Continued overuse of
these erodible areas under marginal rainfall
conditions had degraded the catchment, reduced
carrying capacity, induced erosion and created

a flood hazard downstream.

A reduction in sheep numbers from about
417,000 to 239,000 was recommended to prevent
further erosion and to assist in catchment
rehabilitation.

The Ord River Catchment

Severe erosion of the Ord River catchment in
East Kimberley posed a serious siltation
threat to the proposed Ord River Irrigation
Project where engineers calculated the silt
load of the river at approximately 20 million
tonnes per Qruwm.

Erosion susceptible areas were defined by
Teakle and Metcalfe (1944) and subsequently
described in more detail by a CSIRD Land
Research Survey in 1952, BAerial reconnaissance
by officers of the W.A. Department of
Agriculture in 1962 confirmed that most of the
erosion was confined to one major group of
soils developed over Upper Cambrian limestones,
siltstones and mudstones and forming fine
textured calcareous soils prone te wind and
water erosion when stripped of vegetative
cover.

The areas were amongst the earliest settled in
East Kimberley and had been subjected to
extremely heavy grazing pressure under a system
of open rangeland grazing based exclusively on
natural waters,

Approximately 1,000,000 ha was resumed, fenced,
cleared of stock and subjected to cultural and
reseeding operations as part of the Ord
Regeneration Project. Remedial treatment was
dirxected towards the basic cause of the troukle
- removal of vegetative cover through over-
grazing. Now, some 19 years after treatment
was initiated, the programme is regarded as an
cutstanding success with mixed perennial and
annual wvegetation re-established, the landscape
mainly stabilised, the silt load of the rivers
greatly reduced and livestock being reintro-
duced under controlled and experimental
conditions.

Regional Vegetation and Erosion Surveys

Following the initial success at Ord River and
the lead set in the Gascoyne Catchment
additional joint Agriculture-Lands regional
surveys have been commissioned by the Pastoral
Appraisement Board as part of an overall
programme covering the entire pastoral region
of W.A. to provide a complete pastoral resource
inventory.

West Kimberley

The West Kimberley survey of 1972 by Messrs.
Payne, Kubicki, Wilcox and Short reccrded
similar findings to those recorded for the
Gascoyne catchment.

Pagsture degradation was widespread
with erosion evident along the over-used river
frontages consistent with overgrazing by cattle
and vermin (wallabies and donkeys).

A substantial reduction in cattle numbers was
recommended for the affected stations,
together with a major effort to reduce vermin.




Subsequent to the release of the West Kimberley
report, a follow-up committee comprised of an
experienced officer from Lands Department and
Agriculture visited each station and reached
agreement on future safe carrying capacities
for most of the properties in the survey area.

Millarbor Plain

A joint Agriculture-Lands survey of a portion
of the Nullarbor Plain region by Messrs.
Mitchell, Hacker and McCarthy was carried out
in 1974, The remaining portion will be
completed when new aerial photography is
available. An interesting feature of this
survey, in which very extensive areas of
degraded country was examined and evaluated,
was the fact that it had not been stocked.

Most of the degradation recorded could be
attributed to the ravages of rabbits and wild
fires. Heavy pressure of grazing by rabbits
has seriously depleted the shrub population and
prevented re-establishment. Reduced competi-
tion from shrubs has assisted the establishment
and spread of annual grasses, providing fuel
for wild fires which has further reduced the
shrub population, creating something of a
vicious circle,

Due to the difficulty of finding suitable stock
water, the fragile nature of the vegetation and
the unreliability of rainfall, most of the
Nullarbor area surveyed is considered unsuit-
able for allocation as pastoral leases.

Ashburton Catchment

A similar survey of the Ashburton River catch-
ment by Messrs. Payne, Mitchell and Holman was
initiated in 1977. The field work has been
completed but the final report has not been
published. ©Once again there was ample evidence
of pasture degradation and some ercsion associ-
ated with over-use under marginal rainfall
conditions.

'The Jermings Report'

An in-depth study of the Pastoral Industry of
Western Australia by a committee under the
charimanship of Mr. Brian Jennings has recently
been completed. The final report, entitled
'The Present and Futurxe Pastoral Industry of
Western Australia - April 1979', is now
available to the public.

Some of the recommendations made in this report
will have far-reaching benefits and implica-
tiens for the pastoral industry in W.A.

Conclusion

The proper management of arid and semi-arid
pastoral lands should aim at the maintenance or
promotion of a stable and productive landscape.
The concepts of stability and productivity are
inseparable as management objectives and any
management system must be evaluated in terms of
koth.

Management decisions affecting landscape
stability must inevitably influence producti-
vity and in this context the call by Slatyer
(1969) to develop management standards which

20

maximise long term ecosystem stability rather

than short term animal productivity presents a
major challenge to pastoralists, land adminis-
trators, raﬁge ecolegists and conserxvationists.

Control of stock numbers and careful regula-
tion of grazing, including that by vermin, are
basic to successful pastoral area management
and the survival of the industry.
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Gavernment Involvement in Pastoral Practices

5.J. Tonkin

P.0, Box 576, Kalgoorlie, W.A., 6430.

Abstract

Present pressures on the Pastoral Industry are
reviewed from the viewpoint of the pastoralist
in terms of the effects of Government involve-
ment. The industry provides a significant
part of the Australian woolclip but preoducers
face uncertain futures largely due to Govern-—
ment policies. Particular attention is paid
to mining and its relation tc pastoralism.
Positive signs include recent recommendations
en rangeland improvement and restructuring,
and the benefits of Goverrment services.

Introduction

It is, I believe, appropriate at a meeting
such as this to discuss Government involvement,
at all levels: Federal, State and Local in the
Australian Pastoral Industry. Largely because
of pressures that have emanated from outside,
the industry has been under closer public
scrutiny in recent years than at any time
during its long and productive history.

It has always been my philoscphy that
pastoralists are in business in the same way
as other businessmen in the community and
should not expect preferential treatment
provided they are not being sericusly
disadvantaged by Government policies. 1In fact
the less Government involvement there is in my
operation the better it suits me. However,
because the Government is the landlerd and the
custodian, on behalf of the community, of
Crown Lands a certain amount of Government
interference is inevitable in the pastoral
operation.

It j= essential, for instance, for the Govern-
ment to intelligently monitor the condition of
rangelands held under Pastoral Lease to ensure
that it is not being wilfully degraded. The
majority of pastoralists these days, I believe,
gemuinely care for their land and have
sufficient information and experience at their
disposal to look after it. Human nature being
what it is there will always be the speculator
who is keen to exploit the resource, make a
"fast buck"” and get out. In this they are no
different to the doctor who exploits medibank -
very much in the minority and controllable!

On the other hand of course one nowadays finds
a vocal section of the community who would
like to close up the whole country and turn it
all back to the birds and animals - however, 1
suspect that these people would also en’joy
steak and eggs for breakfast.

It is a function of Government to try to

maintain an even balance between the twe
extreme viewpoints because if we are to main-
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tain the living standards we have all come to
expect the land has to be used. Equally if
the land has to be made to produce for our
purposes it aobviously cannot remain exactly as
it was - the important thing is to ensure that
the next generation to inherit the land
receives it in at least as good, and preferably
better conditionr, than it is now. It is
important also to set aside a reascnable amount
of land in National Parks and Reserves for the
general enjoyment of the community. One hears
the opinion expressed that because the semi-
arid areas of Australia are so fragile they
should not be used at all for animal produc-
tion. I believe that, because so much of this
continent lies in the semi-arid zones, we have
to judiciously use it if we are to justify our
presence here and in fact T see it as a
challenge to pastoralists and research
scientists to ensure that the country goes on
producing ad infinitwn for the henefit of all.

Significance of the Pastaral Industry

Figures that I have from the B.A.E. indicate
that there are 10,178 properties in the semi-
arid zone which is 5.9 per cent of the total
in Australia. These properties, however, run
53.2 million sheep or 36 per cent of the total
flock - these sheep produce 240 million kg of
wool which is 33 per cent of the Australian
production and 9.5 per cent of the world's
production of apparel woel. This is a very
significant proportion of our wool production
that is coming from the semi-arid areas and
whilst the Australian economy these days,
fortunately, is more broadly based and not so
heavily dependent on the wool industry, it
nevertheless, in my view, is an industry well
worth preserving.

It is a means of effectively utilising land
that is unspited for other forms of agriculture
and therefore because of the nature of the
operation it is especially important that
Governments appreciate the fact that the
industry is just as sensitive as the larnd on
which it is based.

Government policies, especially those cooked
up in such artificial environments as Canberra,
can have profound effects on people in the
pastoral zone and the more so in recent years
when rural incomes have been declining and an
increasing number of pastoralists are becoming
sceptical about the chances of present trends
being reversed and are therefore guesticning
whether they have a future in the pastoral
areas.

It is imperative, I believe, that Covernments
both State and Federal, and indeed the whole
Australian community appreciate the present
situation and act on it urgently. Pastoralists
need to know the envircnment within which they
will be required tc cperate in the future.

This reflects a clear recognition that the
rural sector forms part of a very interdepen-
dent Australian economy. Government action in
other areas can often impose severe and quite
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unintended costs on the rural sector. Many
rural problems are fundamentally caused by
restricted and unstable market access overseas,
rapid inflation in Australia, competition
within the Australian economy through massive
tariff protection to areas of manufacturing
industry and rapid mineral development.

The pastoral industry in Australia has always
faced climatic uncertainty with devasting
droughts, floods, fires and cother natural
disasters. Huge inland distances and remote
geographical location have accentuated
transport difficulties. There have been wide
and usually unpredictable fluctuations in
commodity prices on the world markets.

For most of the last thirty years policies have
been directed towards population growth and
expansion and diversification of the domestic
economy. In more recent years the rate of
inflaticn has accelerated to quite unacceptably
high levels with devastating effects to the
rural economy. The dependence of people in
remgote areas on road transport makes them
particularly susceptible to high fuel costs.
The justification for lowering the cost of fuel
in remote areas by public funding is to improve
access to service facilities and thus promote
equality of treatment of rural and city-based
citizens: particularly in respect of basic
services, health care and schooling, which are
now readily available elsewhere but are declin-
ing in the more remcte areas. The recent rises
in the price of aviation gasoline have
substantially raised the running costs of the
average station - by about $2,250 per anmm
according to a recent survey conducted by the
P.G.A.

The cumulative effect of these factors has
resulted in a rapid rundown in the population of
inland Australia making it increasingly
difficult to service those that remain with
reasaonable road, mail, telephene and medical
services.

ProbTems Facing the Pastoralist

Terms of Leasing

Assuming that it is desirable o have the
pastoral areas occupied by competent people,
there must be incentives and rewards to attract
them.

Large areas of country with long term leases at
low rentals are the first essential - these two
conditions will help to attract the experienced
lessee with the required capital and other
resources tc be successful.

This factor is more important now than ever
before because of the very high capital invelve-
ment, the low return on invested capital, and
the faect that it is no longer possible to get a
guick capital return. In fact capital invested
in a pastoral enterprise has depreciated during
the past 10 years at an alarming rate which is
in marked contrast to the position in the
agricultural areas.

There seems to me to be no case at all for the
retention of the million acre limit and it
should be abolished. In my opinion the success=-

ful pastoral operation of the future will
either be the relatively small, closely
controlled family operation, e.g. father and
son, or alternatively the very big operation
embracing a number of properties in different
districts to give an even spread across the
seasonal conditions in the State or perhaps
even in more than one State.

I have no doubt that unless there is a marked
change in our terms of trade much of the
pastoral country today will not stand the cost
of development. In fact, much of it is not
being properly maintained at present and we are
relying heavily on the work and money put into
the country years ago.

When cohe pays a rental and invests large amounts
of money, one could reasonably expect to be able
to generate an income and have some control

over the country. At the moment we have
neither: the country has been virtually
incapable of producing an income let alone a
return on capital.

We have very little contrecl as is instanced by
the activities of the Forests Department remov-
ing the sandalweod and mulga from properties as
they see fit. & pastoralist is looking down
the barrel if a mining company comes up with a
mine on his property having no right to
compensation for loss of country, production or
income.

Whilst we have no wish to inhibit mining on
Pastoral Leasehold Land there iz a strong case
for more protection for the pastoralist should
a mine develop on his land and I believe that
the Minister for Mines is working on this
problem.

Mining Operations

The Mining Act makes a clear distinction between
'Private Land' and 'Crown Land' when compensa-
tion provisions are dealt with; Sections 123(2)
and 123(7) and 125. In my view there is little
difference hetween 'Private Land' and Crown Land
that is held under Pastoral Lease.

I believe that there should be a separate
section in the Act to deal with 'Crown Land

held under Pastoral Lease' as distinct from
unalienated Crown land. When one leases a
house, a farm, or a ¢ar, providing the terms of
the lease are complied with and the payments
made on time, one is entitled to the peaceful
enjoyment of the leased article and has security
of tenure for the term of the lease. The
pastoral leases are now curxent to the year 2015,
We pay lease rents and comply with development
and stocking conditions. However, should a
mining operation develop on our land, or should
part of the lease need to be resumed for any
purpose, we are not entitled to compensation for
the loss of the land, loss of production or
lessening in value of the land adjoining the
mining operation or the resumption.

It is guite unjust, in my view, to assume, as
the Mining Act does, that the loss of land and
production from Crown Land held under pastoral
lease is less important than the loss sustained
on ‘private land'. It is well documented that

a large mining operation cannot exist side by
side with a pastoral operation without &isrup-
tion to the pastoralist from town dogs, shooters,
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people running all cover the lease leaving
gates open and general disturbance of stock.

Segtions 123(7) and 125 of the Act specifi-
cally preclude a pastoralist from recovering
¢compensation for anything except fixed improve-
ments that happen to be adjacent. No account
is taken of loss of production and lessening
of value of land and improvements over a much
wider area. In effect, this leaves the
pastoralist in the position where he has to
rely on the sense of fairness and generosity
of a Mining Company for the protection of his
investment.

Abuse of station facilities, disturbance and
theft of stock and equipment is so widespread
that more protection by way of realistic
penalties for offenders, is necessary. We
recently had the spectacle of a judge in Perth
advising the court that sheep stealing is no
longer the serious offence it used to be.

Wild Dogs

A major problem facing West Australian
pastoralists at the present time is the
increasing pressure on sheep flocks from wild
dogs. Whilst dogs, obviously, are net the
sole cause of the present troubles in the
industry, they certainly are a very signifi-
cant factor when added to other difficulties
such as escalating costs, an inadequate lahour
force and drought.

The recent crisis in wild dog contrel, in my
view, has arisen largely as a result of the
shortage of skilled labour on stations. The
aboriginals, many of whom were skilled in the
art of dogging have mostly left the stations
for the towns and white doggers and experienced
station hands are becoming increasingly hard
to find. It is my opinion that in the vears
to come, no matter how high the wage may be,
there just will not be the personnel available
to go out into the back country to live the
hard and lonely life of the dogger.

I believe, that with many other aspects of
property management in the Pastoral Zone, new
methods of wild dog control will have to be
adopted to replace those which have worked in
the past but are not possible in the future.

I therefore suggest that serious consideration
needs to be given to the feasibility of erect-
ing a Dingo Barrier Fence to enclose the proven
sheep Pastoral Zone of Western Australia.
Although the cost of a fence would be high a
project such as this would need to be

amortised over a pericd of no less than fifty
yvears and would inevitably mean State and

Local Government involvement.

Expensive bharriers, in terms of cost to
primary producers, are often raised to protect
Australian secondary industry and the people
employed in those industries - I refer to
Tariff Barriers. An influx of wild dogs is
equally as damaging to the Pastoral Industry
as a flood of cheap imports from Asia would be
to some secondary industries.

Positive Signs

The Jennings Report

The recently released report of the Pastoral
Industry Review Committee led by Mr. Brian
Jennings has highlighted some of the
difficulties faced by the Pastcral Industry
and has made recommendations designed to put
the industry on a more secure basis to face
the years ahead. Pastoralists will no doubt
disagree with some of the recommendations made
in the report but essentially, I feel, it is a
soundly based document which recognises the
need to improve the conditicn cof the rangeland,
to obtain more viable levels of operation by
restructuring properties and to strengthen the
administrative structure by the provision of a
Pastoral Board embracing increased industry and
technical representation. I think that the
Committee are to be commended for the many
hours of work they have put in examining in
great detail all aspects of an industry that
has been overtaken by rapidly changing
conditions in the community. I hope that in
this paper T have heen able to draw attention
tc areas where Government policies not directly
related to the industry c¢an still have a
significant effect upen it as well as to those
areas wWhere Government involvement is
necessary and desirable.

Government Services

Substantial benefits are derived for instance
by Govermnment funding of the Department of
Agriculture and much information is being made
available as a result of research work that is
continually going on in the Pastoral Zone.

The level of Government funding to the A.P.B.
has been of great benefit to the industry in
recent times of low wool and heef prices and
adverse seasonal conditions.

An extensive A.P.B, research program involving
the radio tracking of dogs has been going on
in the Pilbara area which has finally
demconstrated what we as pastoralists know all
along - namely that dingoes do kill sheep.
Whilst this may seem to be academic and a
waste of time to some, it is important te have
documented evidence that 'Dingces do attack
sheep' as there are strong moves within the
community to have the dingo completely
protected - this we have to prevent if our
industry is te continue. It could of course
be an argument in favour of a Dingo Barriey
Fence - it being preferable to fence wild dogs
out of sheep country rather than destroy them.

In my trip through the Eastern States last
yvear to look at vermin control methods I
gained the impression that the Pastoral
Industry in South Bustralia appeared to be
functioning well with a minimum of Government
interference and T alsoc gained the impression
that pastoralists in that State do not have
too much to complain about as far as the land-
lord is concerned. In N.S.W. it appeared that
Govermment intervention in the Western Lands
Division had resulted in pastoralists there
being on properties that really are too small
to be profitable under present conditions.
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Conclusions

In conclusion I wculd like to re-emphasise

that Government philosophy should be aimed at
helping the individual to help himself, to keep
restrictions to a minimum and to create a
favourable environment in which the industry
can progress.

Governments and the public at large have to
come to terms with the fact that, because of
changed econcmic conditions, the Pastoral
Industry is not as strong as it once was.
Policies may have to be implemented in the
future that sound like heresy to present day
ABustralians, for instance it may be necessary
to operate a compensation scheme for the removal
of livestock from a property for a time sc that
the rangeland can regenerate - such a scheme
operates in the South African arid lands.

One aspect that does concern me is that the
people who have the time to sit down and talk
about the problems of the inland appear to
heavily outnumber those who are prepared to get
out into the bush and actually do something
about it and the drift to the big cities
continues - from here on we are going to need
'toilers and not talkers®'.
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Subdivision and Long Term Planning

I. MacRae*

Town Planning Department, W.A., 6000.

Abstract

Emphasis is given toc techniques, other than
simple subdivision contreol, necessary for
long term planning of rural areas. Rural
planning commences from an understanding of
the quality of the land resource. There are
considerable pressures to subdivide areas more
suited for their resource use than for urban
or rural-residential activities. In those
areas close to Perth and country towns where
land has little agricultural value and where
subdivision would result in development
contrary to the planning of the urban areas
themselves, a considerable planning problem is
faced in finding a use for the land to
guarantee its mahagement.

There is conflicting evidence as to the value
of rural-residential or hobby farm uses in
rural areas. Certainly sexvicing costs may
result in considerable long term community
commitments. However, most of the problems
are evidenced on existing small; but
inappropriate, subdivisions. Consequently the
Town Planning Board has adopted a policy of
guiding these small holding users to areas
where land use conflicts are less likely to
develop, where services can be supplied and
whare a degree of development control can be
guaranteed. This policy has resulted in the
creation of 70 Special Rural Zones in the past
five years.

Various necessary techniques for the long term
planning of rural areas remain to be developed
in Western Australia. Some means of allevia-
ting the impact of rating on farming enter-
prises and of securing landscape protection
without public purchase are two areas in which
new techniques will have to be developed in the
future.

Introduction

subdivision control remains the most common
means by which rural areas can be planned but
it is a notoricusly imperfect tool. Sub-
division is controlled on the assumption that
certain land uses cannot be pursued on large
land units. For instance, only one, or at

most two, houses can be constructed on single
subdivisions. In brief, by prohibiting sub-
division one is controlling developwment without
specifically saying so. This paper will not
therefore address itself to subdivision policy
alone for rural planning already does, and
certainly in the future will, depend partly
upon other planning devices which more directly
control land uses and positively plan rural
areas.

* The views expressed in this paper are those
of the author and not necessarily those of the
Town Planning Commissioner.

The long term planning of rural areas invclves
three primary considerations. Firstly, the
need to manage certain rescurces essential for
specific markets. This includes planning for
the efficient supply of building materials for
urban areas, the planning for the supply of
fresh vegetables for specific communities, and
the protecticn of recreation areas for the
community.

Secondly, the need to safeguard resources
essential to the national economy - such as
good agricultural scils or areas of unique
conservation or ecclogical wvalue.

Thirdly, the planning for an efficient and
econcmic growth in settlement patterns. This
would include safeguarding areas for future
urban expansion and ensuring that settlements
can be economically provided with certain basic
services.

Some of these considerations of rural planning
have been in large part achieved by the actions
of Government through public purchase of land
{(National Parks and Regional Open Space) or
legislative provisions which restrict the
despoilation of land best used for a necessary
community purpose (such as the gazetting of
water catchments and their subsequent control).
However, some of these considerations are
thwarted by subdivision pressure, For instance,
land which could provide the most economic
source of future building materials is in scme
cases coming under pressure for subdivision.
Equally, scenic areas and coastal areas are
subject to subdivision pressure as are the most
valuable market gardening, vineyard and
orcharding areas. Moreover, irrigated farmlands
are undergoing development contrary to farm
activity. The premature subdivision of land
which will be required for the future expansion
of Perth or country towns creates considerakle
additional long temrm costs to eventual residents
and to public utilities, and the pressure to
subdivide areas unsuited to residential living
or difficult to service, c¢reates continual
additional costs at the local and the State
level,

Subdivisions in Western Australia are
determined by the Town Planning Board with an
appeal to the Minister or an Appeal Tribunal.
The Town Planning Board's policy for determin-
ing subdivisions stems from the considerations
of rural planning stated above. This policy
aims to safeguard various resources such as
agricultural land, water catchments, mineral
areas and conservation areas, and plan for
genuine demands for various lifestyles by
permitting subdivisions in suitable areas.
However, at this time the policy has to partly
rely on imperfect information. For instance,
we do not know how much land we should keep for
market gardens, building materials, or
recreation. We do not know what the real demand
for hobby farms and rural residential sub-
division is. Moreover, the practice of applying
minimum lot size criteria to certain rural uses
does not in itself guarantee the viability of
that use., For instance, applying a 20 ha
minimum lot sizZe to market gardening areas may
do less to guarantee their fyture viability
than would the surety that non-agricultural
uses will always be forbidden in the area.

Proseedings : Agriculture and the Enviromwment in Western fustralia.
Perth, 10th Uctober, 1978 {(W.A.I.T. : Bentley).
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Thus, the Town Flanning Board's current rural
gsubdivision policy brings a wide range of
considerations to bear on any subdivisicn
application to ensure that the rescurces
essential to the community are not sterilized
or misused by premature subdivision. However,
forward planning for the preservation of
resources depends upon precise information not
always available, moreover, it is not entirely
best implemented by subdivision control alone.

The Problem Faced in Rural Fringe Areas

The Present Position

Throughout the world as urban areas grow,
rural areas become disused and despoiled in
their path. Farmers near urban areas regard
the problems of e.g.: trespass from suvburban
communities; the effect of domestic animals
harassing stock; and increasing taxes and
rates, which are frequently based more on sub-
divigion petential than on current use value;
as being so severe that it no longer becomes
worth farming their land. There are few dairy
herds in the Metropolitan Region of Perth. 1In
fact it is the Department of Agriculture's
policy to encourage dairy farmers tc leocate
cutside the region.

How does one find a use for 240,000 ha of rural
land in the Perth region? Land must be used
to be managed and it canncot all be purchased
for parkland since purchase and management
costs would be prohibitive. Only a limited
proportion of fringe areas are valuable
resource areas. A substantial portion of our
rural fringe land is not suitable for anything
other than bush, or possibly the site for a
house - this presents a vast land use planning
proklem,

Preservation of the Rural Rescurce

While it is accepted that a special effort
must be made to preserve resource areas,
totally effective means of securing these
resources have not yet been adopted. For
instance, the areas suitable for market garden-
ing are not entirely occupied by people with
any intention of market gardening and while
zoning {the statutory specification of
permitted land uses) can prohibit certain uses,
it does not necessarily encourage desired uses.
Zoning for agriculture does not in itself
produce a farm any more than zoning for
industry produces a steel mill.

it is increasingly argued that as the
advantages of farmland close to the city accrue
to the whole community in cheaper and fresher
food and in the maintenance of a picturesque
open landscape, it is the community as a whole
who should help pay for its preservation. In
fact 42 states in the USA have taken this view
to varying degrees with the adoption of various
programmes to alleviate the pressures to sub-
divide farming land by rate concessions, the
purchase of the right to subdivide and develop
or the outright purchase of valued rural lands.
In Western Australia the Urban Farmland rating
systéem is aimed at preserving farming land,

but its operational inapplicability has not in
itself resulted in significant preservation of
the rural landscape and farmland that we
benefit from.

Unfortunately for planners, no policy similar
to that operative in the U,K., where the
strategic importance of the limited land has
resulted in strict development control through-
out all farming areas, would be acceptable. In
1974 a Working Group on Rural Policy in
Australia reported to the Prime Minister thats
'The physical quality of land for agriculture
does not iteelf justify reserving i{ts use for
agriculture <f 2t has a higher value for urban
use'.

In this context it is difficult to argue as is
done in the U.K. that all agricultural land is
sacrosanct. Australia's agricultural land
appears almost infinite - with 77 million ha
available for rain fed agriculture. The
greater portion of this land is already
developed and the development of new areas will
incur greater fuel costs. Nevertheless it is
difficult to counter subdivision arguments upon
agricultural land value alcne in the current
political climate, Although the future role of
agriculture in the economy of Rustralia is very
attractive according to most informed sources,
with increasing world demand particularly for
meat and wheat, it is no easy matter to counter
subdivision pressures with such hypothetical
projections. Despite these difficulties a more
selective approach to the preservation of
identified crucial agricultural resources
rather than blanket negative subdivision
controls throughout rural zones needs to be
initiated. i

Other Rescurces

In addition to the difficulty of substantiating
arguments in favour of maintaining agricultural
iand lies the difficulty of substantiating the
need for mineral resources. We do know that
the present cost of sand - an essential to
urban building industries -~ doubles with an
additicnal 20 km haulage. We also know that in
Australia we have been sadly deficient in
planning the exploitation of these resources.
For instance, land suitable for the excavation
of building materials is at such a premium near
Melbourne that it sells for $500,000 per ha -
compared with $150,000 per ha adjacent to
cities in the USA. It is believed that the
zoning of areas suitable for extractive
industry may prevent problems arising in W.A.,
but such zoning in advance of reguirements is
yet to ke undertaken.

Similarly, subdivision control alone is not the
method by which the preservation of recreation
and congervation areas in rural areas can be
assured. Short of the direct purchase of land
with a scenic or recreational value, a number
of techniques could be made available - such as
a grant to the owner to maintain walkways on
his property, or a subsidy for the maintenance
of a stand of trees. However, in Western
dustralia, direct purchase of land with a
scenic or recreational quality is the only
commonly accepted technique resulting in (for
instance) the MRPA purchasing 11,000 ha in the
Perth region with the continual public cost of
maintenance.

Future Poseilbilities
Current subdivision policy is meeting with a

certain degree of success in planning rural
areas. 1In the long term it is clear that the
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planning of our rural areas will require
technigques other than simple subdivision
control. Public involvement in the safeguard-
ing of various resources will become necessary
and this involvement should ideally fall short
of public acguisitien. Subsidies to land
holders in rural fringe areas either through
subsidised or deferred rating or as payment
for the amenity created by the open landscape
may be a preferred technique, but this will
have to be agreed upon and adopted before it is
too late. In addition, the large areas with
no definable public use will have to be
provided with a use other than urban if our
cities are to grow in a planned fashion at all.

Rural Residential Living

The problems associated with rural residential
lots include:

absentee landlords - a source of other
proklems;

soil deterioration due to over stocking;
insufficient use of fertilizers;

too fregquent cultivation;

cultivation of steep slopes;

lack of attention to weeds and pests;
straying stock;

inadequate firebreaks;

and, most important of all,

uneconomic service demands.

Often the problems stem from a small mihority
who have naively adopted a rural residential
lifestyle and before long return disillusioned
to the city. However, there is clear evidence
that the numbers adopting this lifestyle are
growing rapidly while the traditional farming
community in many areas is dwindling.

Costs to the Community ot Large

Small, inappropriate, ©0ld sulklivisions have
been bought up and developed by those seeking
a rural lifestyle throughout Australia. The
result has been a scatter of families across
the country petiticning their local authority
for better roads, for the collection of their
rubkish and for other services. This has
resulted in special legislation being enacted
in Victeoria to promote amalgamation of small
lots in rural areas. The number of scattered
small Iots is smaller in Western Australia but
most of the evident problems come from this
source. The purchase and development of
existing small rural lots for non farm activity
is usually beyond planning control. In some
cases the influx of rural residential dwellers
on to these old inappropriate subdivisions has
outnumbered the existing population who have
even been voted off the Council. A scattered
low density subdivision pattern does create
problems and does cost the community more even
if supplied with the most basic services.
Although in W.A. we do not have the situation
that has eventuated in Queensland where 200,000
subdivided rural lots supplied at great cost
with water and roads lie unused, it is clear
that the situation could arise where the

development independently of all small rural
subdivisions could result in & very heavy
financial commitment to the whole community
later.

There are a number of hidden subsidies to rural
dwellers of which rural residential dwellers
are direct beneficiaries 2.g. a telephone costs
perhaps ten times as much to install in a rural
as an urban area yet the houseowner pays the
same $120; SEC connections cost 55 per cent of
the real capital cost to the utility; social
services inevitably cost more; and school
busing (which now amounts to 30 per cent of
education budgets in some USA rural areas) is
more expensive when setitlements are scattered.
It is argued by some that rural dwellers de not
cost the community anything because they are
self-gsufficient in services such as water and
sewerage. While this may be the case sometimes,
it is certainly the experience of local
authorities in W.A. that dwellers on rural
residential properties have a guite different
expectancy of services than do the traditional
rural residents. A study in Serpentine-
Jarrahdale confirmed that rural residential lot
owners had a high expectancy of services.

Planning to Meet the Demand

In most States in Australia the perceived
problem of small holdings has led autherities
to attempt to stem the flow of pecple onto such
properties. In W.A. it has been the policy of
the Town Planning Board since 1974 to plan for
the provision of rural residential lots. The
basis of this policy is that by actually
planning for a demand that demonstrably exists
it is possible to provide some of the planning
safeguards through development control
provisions, while steering subdivision pressure
away from inappropriate areas.

Thus, through the use of Town Planning Schemes
and their associated zonings, areas for rural
residential uses are set aside in suitable
locations and developments are carefully
controlled and monitored. The advantage of
this policy was confirmed in surveys of small
lot owners undertaken in 1977 and 1979 which
confirmed that small holdings were used guite
extensively by people actually living on their
property or with the intention of deing so in
the foreseeable future thereby providing land
management rather than unused speculative
blocks. The issue was therefore to ensure that
these small lots were developed in suitable
locations and in harmony with the environment.
This is done by defining in advance acceptable
uses, development control provisions and sub-
division design with minimum permitted lot
sizes. In addition responsibility for the
supply of services is clarified.

The Town Planning Board has adopted a stringent
rural subdivision policy whereby except in
special cases subdivision is only permitted
where a "Special Rural Zone" Town Flanning
Scheme is drawn up by the local authority. It
is the policy of the Board to encourage the
assessment of local authority areas prior to
the adoption of any one Special Rural Zone so
that the most suitable locations for rural
residential uses are identified.

At the time of writing, 32 Special Rural Zones
have been approved in the Perth Metropolitan




Region, with 852 lots created in these zones.
Outside the Region, 38 Special Rural Zones have
been approved and 1719 lots created. An
informed guess would put the total lots
available in Special Rural Zones at about 3,000
inside the Region and 3,000 outside by 1981.
All these lots will be found on land without
significant agricultural, mineral, water catch-
ment or conservation value. In addition all
the created lots will be subject to a level of
development control formerly unknown in the
rural areas of Western Australia.

Social Implications

From evidence compiled through periodic

surveys in the Town Planning Department it is
clear that planning for the demand for rural
residential uses is being successfully tackled
through the operation of the Town Planning
Board's policy of approving carefully chosen
Special Rural Zone Town Planning Schemes.
However, the guesticon for the future lies in
establishing whether it is acceptable for rural
wedges, without any definable resource value,
to be uniformly subdivided down to a size
desired by those in pursuit of a rural residen-
tial lifestyle.

The social consequences of relatively isolated
dwellings c¢ould be severe in the long term,
especially in association with increased fuel
costs and its impact on mobility. Mothers
isolated from family networks and friends as
their husbands commute to work could be
envisaged as a significant future problem
resulting in a return to the city of rural
residential dwellers with wasted investment
within rural zones. Certainly we already know
that Special Rural Zone lots are being
purchased by people at a particular stage in
their lifecycle. Most, according to a recent
survey, are people in their 30's with 2
children desiring a place in a rural setting on
which te run some horses for the children, but
not desiring to derive their income from their
property. Although there seems little evidence
to justify the belief that the subdivisions
wiil be held for speculative purposes, this may
be because the demand is considerable and
prices are high., If prices fall, a different
kind of buyer could become involved in Special
Rural Zones. However, s¢ far the development
of one and two hectare Special Rural Zome lots
has resulted in the erecticn of expensive
dwellings which could be the best imaginable
safequard against further subdivision.

Towards Improvements in Long Term Rural
Planning

Alternatives to Rating

New solutions to the problem of safequarding
areas with significant resource potential will
have to be found before long. At present rating
is a major issue which is freguently used as an
argument for subdivision. Rating on the basis
of use, or on the rental value of the property
for its current use, would certainly counter
this argument, In return for this the
community would expect some assurance that the
landowner would not merely have his holding
costs reduced and the speculative value of the
land enhanced. Rate concessions could be
initiated with some sort of capital gains tax
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or rating pay back to be paid on sale to act

as a disincentive to speculate in land. Even
this albeit expensive technique is no guarantee
that the land most required for preservation
would be secured. For instance, the rate
deferment programme in California has attracted
the compliance of landowners owning only 30 per
eent of the land considered prime for agricul-
ture.

Public involvement in the purchase of the
development rights of land of resource
importance will have to be considered. It
should be noted that in some States in the USA,
where it is practised, the development rights
amount to 85 per cent of the total land costs.
The cost is a heavy burden to the taxpayer and
it can be questioned whether the authority
would not be better paying the extra 15 per
zent and owning the land outright. 1In any
event the costs are staggering. Suffolk
County in New York State set aside %21m for
the purchase of only 1,570 ha of prime
agricultural land. In Perth the purchase of
land identified as prime for market gardens
alone would cost roughly $75m (assuming an
average of $5,000 per ha for the 15,000 ha so
identified).

Landscape Preservation and Szttlement Pattern

The preservation of areas of landscape interest
is increasingly being seen as the right of the
community. In the USA legal action has been
taken c¢n behalf of trees to prevent c¢learing
to establish that trees, under United States
law, have legal rights. In Western Australia,
hopefully it will not be necessary to go to
these lengths to ensure that significant land-
scapes are preserved. Zoning controls would
be desirable aleng the whole length of the
Darling Scarp to ensure that clearing was
controlled and buildings developed in secluded
locations. However, as yet such a step has
not been taken except in isolated cases. The
lack of separate funds to finance the subsidy
of landowners for the maintenance of land of
scenic value is unfortunate and in the future
the expenditure of such funds may prove to be
an economy when compared with the cost of
outright purchase and continued maintenance
practised at present.

Rural land with no clear rescurce potential
will remain a planning problem in the future.
To propose stringent subdivision regulations
for this land even if acceptable would serve
no long term planning purpose. The properties
close to urban areas would become increasingly
vandalized and remain a dumping ground and a
fire risk. The planned rural residential
development of these areas on a large scale
with significant features protected and
residences clustered near servicing points may
be an attractive long term possibility in these
areas if the demand for such a lifestyie
continues at the current level.

Conclusions

Although local planners may bemoan the central-
ization of the Western BAustralian planning
system, it does have clear advantages over that
used in other States. One of these advantages
is that a consistent approach to rural subk-
division policy throughout the State is




possible and this prevents land holdings being
fragmented purely on the basis of the capacity
of a local council to resist pressure. In
1977 a rural study undertaken by the Town
Flanning Department established the priorities

- for rural subdivision policy and identified

certain resources needing special consideraticn.
Emphasis was given to the importance of the use
of Town Planning Schemes throughout rural areas
to guide development away from land use
conflicts. The policies set down in this Rural
Small-holdings Policy Study were adopted by the
Town Planning Board as a basis for their over-
all rural subdivision policy.

Despite the advantages of this Western
Australian approach of adopting a comprehensive
policy into which local initiatives can develop,
there were many detailed matters which were
left unresolved in 1977. These matters have
been the focus of much of this paper and are
now the basis of a study being undertaken with-
in the Town Planning Department. This study
will aim to:

1. estaklish the means by which valuable
resources near urban areas may be
protected, {the preservation of market
gardens, vineyards, mineral resources
and the Darling Scarp); and

2. determine the extent to which rural
residential subdivision may be permitted
in the balance of the rural zone.

The aforementioned study centres upon those
areas within commuting distance of Perth for it
is these areas most clearly under pressure for
subdivision. The study however, will
inevitably have implications for the planning
of all rural areas affected by subdivision
pressure and developing land use conflicts.
The major implication will probably lie in the
examination and recommendation of techniques
which can be used to more perfectly plan rural
land in the long term. Certainly subdivision
control, as a long term planning technique,
will have to be complemented by more positive
mechanisms.

3






Agriculture or Conservation - The Fitzgerald
Area

K.R. Newbey

Ongerup, W.A., 6336.

Abgstract

A land use survey of crown land north of
Fitzgerald River National Park involved
evaluation of agricultural suitability and
conservation status. The overlay method
highlighted areas of land use conflict.

Most of the plains in the survey area appeared
suited to agriculture though some areas were
rejected due to isolation. Approximate
boundaries were drawn for six farm and five
consoclidation blecks. A substantial portion
of the area was recommended for addition to
the National Park.

Introduction

Until comparatively recently little or no
consideration was given to conservation when
new areas of farming land were opened up for
development. Indeed, in, many locations only
small and inadequate areas were left as
reserves. Elsewhere the areas left were
cbviously unsuited tc agriculture e.g. the
Stirling Ranges. Since the second World War
some attention was paid to scil surveys as a
tool in determining agricultural suitability
of new land. Current policy has been reviewed
by Hogstrom {1972). The government presently
favours consolidation to better utilize infra-
structure or to expand farm size. Any new
land considered for agricultural use must be
referred to the Environmental Protection
Authority for comment.

Present environmental concern over land release
has coincided with decreased demand following
the farming recession of 1962, In that sense
perhaps we are now adopting a strategy which
will ensure the survival of examples of
vegetation types and of threatened species of
fauna. Similarly development plans must be
provided which seek to minimise the environ~
mental hazards consequent te clearing and
cultivation (Hogstrom, 1973). Publication of
the "Green Book" {Conservation Through Reserves
Commi, ttee* 1974) drew attention to the status
of vacant Crown Land adjoining Fitzgerald River
National Park (FRNP).

The present paper reports on a land use survey
undertaken by the author in the spring of 1977
(Newbey, unpublished), covering some 64,000 ha
of land between the northern boundary of FRNP
and existing farmland (Fig. 1).
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CTRC (1974) recommended that this area be
added to FENP. The Fitzgerald community
approached the Department of Lands and Surveys
in 1975 seeking release of suitable areas for
farming. The community sought land release to
increase district population sc as to maintain
essential services, and alsoc to increase grain
production to the level at which Co-operative
Bulk Handling would install grain bins., Mixed
farming was envisaged with 2-row barley, ocats,
sheep and cattle.

The ckject of my survey was to attempt
resplution of the issue in a practical manner
by examining the vegetation types for conser-
vation value, and assessing the agricultural
potential of the soil rescurces of the area.
It is believed to be the first attempt under-
takenr in Western Australia to demarcate
potential land use in this way.

General Features

The study area is long {75 km) and narrow

{(+ 10 km) in shape (Fig. 2) with its southern
boundary coinciding approximately with the
Stirling Fault, and alsc the southern margin
of the Yilgarn Block {Johnstone et al 1973).
The main bedrock types are granite/gneiss
complex and greenstone/granite complex.

suites of narrow dolerite dykes are common
near the fault and tend to decrease northwards.
The river valleys have small relict sedimentary
Plantagenet Beds (Cockbain, 1968) within 5 km
of the Stirling Fauit.

The area is an almost flat plain of an ancient
landscape (Mulcahy and Bettenay, 1971} which
has been dissected by three main river valleys
that underwent substantial rejuvenation during
the last major Ice Age. Areas with granite/
gneiss bedrock are drained by Jacup Type
valleys, and with greenstone/granite by
Cowerdup Type Valleys (Newbey, 1979). All
major streams are saline.

The plain soils are dominated by deep later-
itic profiles which have been truncated into
the mottled zone, with a shallow covering
dominated by gquartz sand. River rejuvenation
has affected about half of the study area,
including all the Cowerdup Type Valley, to the
point where valley scils are less than 1 m
thick. In these areas bedrock exposures and
skeletal soils are common. Overlying the
dolerite dykes are red crumbly clays, usually
less than 1 m thick, with rock and stone being
COMMOn .

The study area's valley types, with their
associated soils and vegetation, are poorly
represented in the FRNP.

* Referred to subseguently as CTRC.
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Fig. 1. Location of the Fitzgerald River
National Park (FRNP) and the study area.

Methodology

For undeveloped areas much weight has to be
placed on comparisons with develcoped areas.

In matching agricultural potential ideally one
should have ciimatic data in addition to
vegetation and scil assessments. The climate
could only be estimated from a single official
rainfall recording station (farmer) on the
study area's northern boundary, and his
observations of rainfall patterns over the
study area. Coastal stations of Hopetoun and
Bremer Bay were considered in estimating the
possible rate of rainfall increase towards the
coast.

My first step was to examine aerial photography
of the area at 1:40,000 to detexrmine vegetation
and landscape pattern. At this scale the
smallest practical unit mappable was 40 m in
diameter.

Vegetation Sampling

My study of nearby areas with similar valley
types, indicated that the vegetation classi-
fication of Specht {1970} based on structure
could be the basis for vegetation mapping.

His classification is defined from the upper
stratum using life form, height range and
projected foliage cover. In addition I defined
one or two dominant species to name associ-
ations or in some cases utilised gemneral
features locally characteristic e.g, Chenopod
low shrubland, Granitic tall open shrubland.
Where the vegetation was a complex mosaic with
structural changes below the level of practical
mapping units I named the association after a
major characteristic e.g. Spongolite Complex.

Table 1. Abundance classes for plants.

Field traverses were used to confirm aerial
photographic interpretation, and to elucidate
those complex areas which were accessibkle.
From the vegetation mapping typical sites were
selected subjectively for each plant associ-
ation. Plotless sites were used because
minimal area had not been established for the
plant associations present, and time was
limited.

At each site attributes of agricultural
constraints and conservation features were
recorded. Some attributes were used in both
categories. All percentages and heights above
1l m were wvisual estimates.

Vegetation data recorded were height range and
projected canopy cover of each stratum,

Canopy cover for the structural classes of
Muir (1977) was estimated, to assist Zocolo-
gists in determining the study area's habitat
range and species expected to be present.

The species present in each stratum were
listed, and their projected foliage cover
estimated for abundance classification (Table
1}.

Any additional plant species in other parts of
the plant associations were alsc recorded for
a species list.

While sampling the soil, surface conditions
were noted as depth and type of litter
determines potential habitats for some fauna,
as does rock shape, size range, and cover.

A sample site record is illustrated in
Appendix 1.

Abundance c¢lass

Very common Common Frequent Scattered Rare

Very rare

Projected foliage cover % 20 1lo-20

5-9

1-4 <}, few plants One or two plants




Wide-ranging plant associations would require
more than one site tc highlight any geographi-
cal variation. Few tracks, large areas of
rugged terrain, and limited time restricted
recording in most instances to a single site.
However, strong correlations were found between
vegetation and soils, geology and gecmorpheology.
Providing sufficient areas of each vegetation
association were to be conserved we may
confidently expect that most of the component
fauna species would also be conserved.

Agricultural Potential

A modified US bepartment of Agriculture (1962
and 1969) classification scheme of geomorphic
and soil attributes was devised for assessing
the agricultural potential of the study area.
The scheme had 5 classes ranging from ¢ (no
constraint) to 4 (total constraint). The aim
was to establish classes for each attribute
with a similar degree of constraint, This
meant that some attributes lacked ohe or more
classes ¢.g. salinity with only O (none) and 4
(salinity present). Attributes and their
classes, discussed briefly below, are listed
in Appendix 2.

Water erosion is strongly related to the degree
of slope. In the study area, slopes of 29-5°
require contouring to prevent erosion. Slopes
of more than 5°, breakaways and prominent
drainage lines are considered unsuitable for
agriculture. Rock outcrops, and stoniness
above certain levels, both interfere with
cropping but pasture can sometimes be grown

on stony seils. Flooding is undesirable for
cropped areas and rarely benefits pasture.
Closely associated with flooding is the A
horizon drainage. Poor drainage will cause
tractors and machinery to become bogged during
seeding operations. Potential crops of the
area, and some pasture plants, do not survive
or grow poorly in waterlogged soils, As
irrigation is not possible and the country
water scheme unlikely to extend into the study
area, on-farm water supplies for stock are
essential. Soil profile depth, incorporated
with A horizon depth, and the water-holding
capacity of B and C horizons determine whethexr
dams of sufficient size in impervious scils
can be constructed. The run-off potential into
the dams is determined by A horizon depth and
texture, degree of slope, and slcpe length.
However, troaded catchments and flat-batter
dams can provide sufficient catchment in most
difficult situnations.

Both water and wind erosion are potential
hazards of farming some of the study area
goils. Water erosion has been discussed in
relation to slope, but soil texture and depth
are important e.g. deep lcose sands to loams on
steeper slopes have a high erosion potential.
The A horizon of some soils is almost pure
quartz sand up to 60 cm thick. Careful manage-
ment is essential to ensure a sufficient crop
or pasture coverage throughout the year to
prevent wind erosion, To describe and evaluate
the soil profile (Appendix 2} a 50 mm heole was
augered to 1 m wherever possible. The thick-
ness of deeper profiles was estimated from
geomorpholegy and observations of dams on
adjacent farmland.
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The next stage was to study those plant
associations common to the study area and
adjacent farmland, to determine potential crop
vields and stocking rates. Much of the new
land, released in 1962, was in the early
stages of development before the full
potential of the land could be ascertained.
A successful original farmer, with a large
proportion of his land in full production,
was approached for crop yields that included
averages, highs and years of low returns orx
failures. Stocking rates for sheep and
cattle were investigated on the basis of the
stock being run as scavengers without the
conservation of grain or fodder.

Evaluation

The overlay method (McHarg, 1969) was used
for the evaluation of agricultural constraints
and conservation features. Two maps were
prepared for this purpose.

Vegetation Map

Shown on this map were vegetation, conserva-
tion status of each plant association, and
locations of rare or important plants or
fauna. Vegetation was mapped at 1:40,000 and
cohservation status of plant associations was
determined as follows:

a) adeguate representation in FRNP
b) poorly represented in FRNP
c) not present in FRNP

Some plant associations only occur infreguent-
ly in small areas e.g. Bucalyptus astringens
low open-forest on spongolite breakaways,
whilst others are extensive e.g, Bucalyptus
redunea tall open-shrubland on the plains.
Minimal area for long-term survival for each
plant association was impossible te define
objectively, as too little was known about the
ecology of component species. As a guide, the
frequency and area range were estimated for
those plant associations on similar landscapes
in adjoining areas.

Rare and important species of flora and fauna
were classified on the basis of their
representation in other reserves or Naticnal
rarks vizr

a) adequate
b) poor

¢) not represented

Determining minimal population size was not
possible because of incomplete knowledge of
the species, For plants, as a very general
guide, 200 individmals within fertilization
distance appeared to be regquired for annuals
or other species reproducing primarily or
wholly from seed. For species regenerating by
suckering, 20 appeared to be the minimal
number.
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Agricultural Constraints Map

Displayed on this map were the mappable
agricultural constraints: areas with a loose
sandy A horizon, areas of rock, and slope
categories.

aAreas with a loose sand A horizon, clearly
visible on aerial photography by their light
background celour, were marked "S", These
s0ils had a high wind ercsion potential. Rock
exposures visible on aerial photography were
marked "R",

Slope was mapped in three classes:

a) less than 29 which would not require
contouring

b) 2°-5% which would require contouring

o

c¢) more than 57, breakaways and major
drainage lines; all unsuited to
agriculture

Salinity was confined to the narrow channels
and, as most valleys were V=shaped, would only
spread a few metres up the slopes. On the non-
rocky areas with ferrain suitable to agricul-
ture, most component plant assogiations were
the same as those of adjacent farmland.

As a secondary, but still important consider-
ation, the conservation of large areas of the
different valley types would help to ensure
reasonable representation of the distribution
of component plant associations.

Results

The 33 sites sampled in the study area
represented 24 plant associations. Their
conservation status indicated that 7 were
adequateiy represented in FRNP, 11 were
inadequately represented and 6 were not
represented,

Yields on adjacent farmland suggested that
rainfall would be suitable for 2-row barley
and cats. As rainfall increased southwards
over the study area, wheat was excluded
becanse of the high rust-risk factor. Sheep
were viable but cattle were considered
marginal.

The overlay showed that, in general, conser-—
vation areas did not clash with areas of
agricultural potential. The plant associations
with high or moderate conservation value were
mainly confined to the valleys. Those with

low values occurred mainly on the plains but a
few areas of moderate value were also found on
the plain. When valley types were considered,
all the Cowerdup Type Valley was unsuited to
agriculture because of steep terrain, rock and
shallow soiis., This area alsc contained a
nunber of plant associations with high conser-
vation value., Slopes and drainage lines of the
Jacup Type Valley were well represented but the
plains were not.

The next step was to consider rare flora and
fauna. Here was the only major area of
conflict in the study. The Ground Parrot
{Pezoporus wallicus) and a rare plant species
(Seirpus sp. nov. KRN 4857) had been recorded
in an area east of Coompertup, which was
suited to agriculture but had some smali and
scattered areas of rock and shallow soils.
The Ground Parroct is rare in Western Australia
and the few previous sightings were close to
the coast e.g. Cape Riche (Serventy and
Whittel, 1967). It was decided to set aside
730 ha of this area {Area C, Table 2; Fig. 2b)
for conservation, possibly as fauna and flora
reserve (McKenzie 1973).

At this stage a new land block should be
defined, The State Government is under a
moral obligation to ensure that blocks made
avallable for agriculture have been proved to
be suited for this purpose by detailed land
use surveys, and that their best use is
agriculture. At least 90% of such blocks
should be suited to long-term cropping and
pasture e.g. not rocky or likely tc become
saline after clearing. Their size should be
at least the anticipated viable area 10 years
hence, or be offered as consolidation blocks
(Hogstrom, 1979).

Areas suited to agriculture were next examined
for area, shape and location. The size of a
viable block in the study area, from personal
farming experience, was estimated at 1,400 ha
in 1977. Consolidation blocks are much smaller
with a suggested size range of 100-400 ha.

All blocks should join existing farmland
because of the high infrastructure cost of
isolated blocks, and the vermin problems of
being completely surrounded by natural areas.
Block shapes need to be practical with regard
to surveying, fencing, and farm management.
Isolated areas of less than 500 ha were not
plotted (Fig. 2b) unless they were adjacent to
farmland. Table 2 lists the areas with
agricultural potential shown on Fig. 2a with
approximate sizes. The eight areas mapped
totalled about 15,070 ha, and ranged in size
from 500 to 6,800 ha.

Boundaries were drawn on the final land use
map to demarcate areas (Fig. 2b) as follows:

a4) to be added to FRNP 25,700 ha
b) with numerous mining claims 10,690 ha

¢) a reserve under W.A. Wildlife

authority 4,780 ha
d) available for farming 11,130 ha
¢) to remain as Crown Land 11,700 ha

The area with numerous mining claims has a
high conservation value, and as much as
practicable should be added to FRNP after
these claims have been fully evaluated.

The final land use decisions have reduced

the area suitable for agriculture from

15,070 ha to 11,130 ha. Isclated areas A and
H (Fig. 2a) have been discarded, and C has
been allocated teo conservation. Most sections
within the area to be added to the FRNP have
deep sandy A horizons prone to wind erosion.
The need for practical boundaries has caused
some other small losses. The shapes of those
areas best suited to agriculture were poorly
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Table 2. Areas suited to agriculture and their suggested final land use,

Size Area in new
i pyt
Locality {ha) 1and blocks (ha) Comments
A 1070 - Too isolated.
B 6800 5118 4 farm blocks. Southern sections with
sandy A horizon to FRNP.
c 730 - Conserved ~ presence of Pezcporus
wallicus and Seirpus sp. #ov. KRN 4578.
D 3650 3601 1 farm bleock and 3 consolidation blocks.
E 500 500 1 consolidation block.
F 2020 2020 1 farm block and 1 consolidation block.
G 2810 1210 1 farm block.
H 900 - Too iscliated.
* See Fig. 2a
suited for surveying into farm blocks. 5} Some areas are suitable for agriculture
However, 6 farm blocks (1518-1910 ha) and 5 provided that they are managed carefully
censolidation blocks (300-731 ha) were mapped. €.g. steep slopes or loose sands, The
Most of the blocks have substantial boundaries gquestion is: should these areas be made
with natural areas. available for agriculture? While new
land applicants can be screened to some
The area set aside for conserving the Ground degree, future owners can not. Once wind
Parrot was added to a major walley, resulting or water erosion has become extensive,
in a reserve of about 4,780 ha {item C above}. reclamation is costly and often impossible.
The area of FRNP would be increased by about Prevention of such deterioration on farm-
25,700 ha with only a small increase in land is paramcunt.

boundary length.
6) The viable area of new land blocks in
this general area, has increased from an
Discussion Points estimated BOO ha in 1950, to 1,400 ha in
: 1977. Much of the higher area require-
ment is due to increased borrowing, use
of larger machinery and demands for
higher living standards. What will be
the viable block size in 20 year's time
when the successful applicants, or their
sons, will still be farming these blocks?

This study highlighted a number of problems
even though the case was simply conservation
vs. farming. Included below are scome
potential problems for other areas where
similar land use surveys may be undertaken.

1) At present, only a few areas in Western
Australia have been surveyed in sufficient
detail to provide base data for a similar
type of land use survey.

7) In this case, the community of Fitzgerald
genuinely required more farmland to
maintain or attract essential district
services. However, this fact was not,
and should not be considered in land use
decisions. This social attribute is
largely dependent on rural peolitico-
economics and varies with location and
time.

2} Collecting base data for large areas is
very time consuming. Defining practical
base units, which have strong gecmorphic~
soil-vegetation correlations, and detailed
sampling of selected typical sites, is

time- ing. i
iAessaving 8) Where farms have a common boundary with

National Parks or reserves, there are
problems with fire control, and often
vermin. Discussion on remedying these
problems is outside the sccope of this
paper but they do need some consideration
in land use surveys. A successful
applicant should accept these problems as
part of the price to be paid for such new
land blocks. However, he rightly expects
the authorities controlling these areas

3) It may be important to attempt to define
minimal areas required for the long-term
survival of plant associations.

4) Evaluating the agricultural potential for
each plant association, or cother
vegetation unit, is difficult for people
with no practical experience of the types
of farming possible on these areas.




to have some fire prevention methods and
vermin control.

9) Local farmer involvement is essential in
determining yields of grain and stock.
As most potential agricultural areas
adjoin new land areas, Co-operative Bulk
Handling records are not an accurate guide
to yields as new land takes 8-10 years of
careful management to he brought into full
production. However, some care needs to
be taken with sources of local information.
Farmers, with a vested interest in new
land, will often supply exaggerated
information if the researcher is obviously
inexperienced in the types of farming being
discussed.

10) It is paramount that a suitable coverage
of unmanned weather stations, for rainfall
and evaporation, be established in
potential new land areas e.g. Lake King-
Salmon Gums=-Cocolgardie-Yellowdine, as soon
as possible. This will allow sufficient
data to be available if and when these
areas are considered for agriculture.

Conclusions

For this study, the vegetation classification
of Specht (1970) provided base units which were
strongly correlated to geomorphology and soils.
The smallest area of 40 m in diameter was of
sufficient size to be representative on maps
drawn from aerial photography (1:40,000). The
aerial photography was adequate for studying
plains and most slopes. However, a scale of
between 1:20,000 and 1:10,000 would have heen
useful in areas of fine-textured drainage.
Black and white photography was found to be
satisfactory for this area. The overlay
method was found to be useful in elucidating
potential land use conflicts.

The first map displayed vegetation, plant
association conservation status and sites of
rare plant and fauna sightings. The second
map showed agricultural constraints of slope,
and areas of rock and sandy A horizon. It was
found that most of the plains were suited to
agriculture, and the major valleys to conser-
vation. About 15,07C¢ ha were suited to agri-
culture but in the final analysis this was
reduced to 11,130 ha. Reasons for the decrease
were: isclated areas, 730 ha set aside for
Ground Parrot conservation, and some of the
sections with loose sandy A horizon were
included in a larger area for adding toc the
Fitzgerald River National Park. Approximate
boundaries were drawn for six farm and five
consolidation blocks.

Of the remainder, 10,690 ha included numerous
mining claims and could not be classified
until these had been evaluated. &An area of
25,700 ha was recommended as additions to the
Fitzgerald River Naticonal Park, with a further
4,780 ha for conservation of the Ground
Parrot, perhaps contrclled by the W,A. Wild-
life Authority, and 11,700 to ke left as Crown
Land.
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APPENDIX 1
Site Description

The description below is a sample of the data
recorded at each site and its presentation.
For an explanation of Muir Code see Muir
(1977) . PFC = Projected Foliage Cover. Soil
descriptions generally follow Northcote {1971).

EBucalyptus redunca Tall shrubland
Location: 5 km ESE. of Coompertup

Vegetation: sSite No. 609 Muir Code:

elKSi.xSAi.xSCi.Dy4.52

e, = Bucalyptus redunca

Stratum 1: 2-3 m, PFC 12%

frequent: Bucalyptus redunca;
Scattered: E. inerassata, E. uncinata:
2 other spp.

Stratum 2: 0.8-2 m, PFC 2%

4 spp.

Stratum 3: 0-0.8 m, PFC 25%

Scattered: dndersonia parvifolia, Beaufortia
micrantha, Bovonia erassifclia, Chorizema
nervosum, Coopermookia strophiolata,
Leucopogon tamminensis var. qustraliense,
Oxylobiwm tetragonoptyllum; 32 other spp.

Misc. Plants: PFPC 1%

Annuals: 3 spp.

Climbers: 1 sp.

Perennial Grasses: 1 sp.

Rogette Plants: 1 sp.
Sedges: 10 spp.
Sedge~like: 1 sp.

S0i1  wo. 14

LANDSCAPE UNIT: Undulating plain

ELEMENT: Traversing all

SQIL PROFILE: Truncated laterite

PRIMARY FORM: Duplex

SOIL ORIGIN: In situ

SOIL SURFACE: Cracking

DRAINAGE PATTERN: Coarse-textured dendritic
SLOPE RANGE: Less than 1° (0]

DEPTH TO BEDROCK: 1-3 m

PARENT ROCK: Quartz gabbro

LITTER: Under mallees broad leaves and twigs
2-4 cm thick, almost continuous.

ROCKINESS: 0%
DISTRIBUTION: - CLASS: (0}

STONINESS; 0%

DISTRIBUTION: - CLASS: (0}
RUN-OFF POTENTIAL: Good (1)
FLOODING: Rare (1)

DRAINAGE: Good

NORTHCOTE: Dy4.52

WATER HOLDING CAPACITY: Unsuited (2)
SOIL FERTILITY: Good (0)
SALINITY: At present: None (0)
AFTER CLEARING: Nohe

EROSION POTENTIAL: Water: Low (1)
WIND: Low (1)}

Profile

A 0-7 cm

Greyish brown (LOYR4.5/2) sand; sand fraction
15-20% medium and 15-20% coarse subrounded
guartz; roots fine and few; less than 2%
subrounded gravel 53-12 mm long; less than 2%
subangular gquartz 2-7 mm long; humus content
low; loose; pH 7.0; boundary sharp and wavy.

Bl 7-60 cm

Dull orange {(2.5YR7/7) sandy medium clay; less
than 5% angular guartz to 3 mm long; very
firm; massive; pH B.0; boundary gradual and
even.

32 60-100 cm

Pale yellow (2.5¥Y8/5) medium clay; mottles (a)
common, medium or coarse, distinct, clear,
white (2.5Y8/2}, and (b) few, medium, distinct,
clear, red (2.5YR4/6}.

SOIL REACTION TREND: Neutral

APPENDIX 2
Agricultural Constraints
The following attributes were reccrded in the

classes listed, at each site to assist in
defining agricultural potential.

Slope

0 - gentle undulating plain with slopes
less than 2°.

1 - flat plains.

2 = slopes 2°-5%; contouring required.

4 - slopes greater than 5%, cliffs or
breakaways, prominent drainage lines;
all unsuited to agriculture,

Rockiness

0 =~ none seen during field work or from
aerial photography.

1 - scattered; tillage possible.

2 - tillage impossible but can be sown to
pasture.

3 = natural grazing only.

4 = greater than 50% exposed rock.
Stoniness

0 +~ none, too few, or too small to interfere
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with tillage.

1 -~ 1limited interference with tillage.

2 =~ tillage impossible but can be sown to
pasture.

3 =~ natural grazing only.

4 -~ greater than 50% cover.

Flooding

0 - never.

1 - occasional, after abnormally heavy rain.

4 - numerocus floods expected each year.

Drainage (A horizon)

= 0
1

deep loose soils that drain gquickly.
shallow A horizon with good drainage.
soils that drain slowly due to slope
and/ocr micro-relief.

soils that are waterlogged most of
the year.

Topsoil (A horizon) Depth

Refers to the A horizon depth but has some
relation to the profile.

(a) Soils deep, profile greater than 0.8 m
thick.

o
1

- A horizon less than 25 cm thick.
= alluvial soils.
~ A horizon thicker than 25 cm.

(aa) Scoils shallow, less than 0.8 m thick.

- A horizon 0-10 cm thick.
- skeletal soils.

Run—~off Potential

clayey soil with more than 1° slope.
shallow sandy loam with slope as above.
scils requiring roaded catchments or
flat=-batter dams.

Water-helding Capacity

Refers to the ability of B and C horizons to
hold water in dams.

0 - good.

2 - unsuited.

Salinity

0 = none.

4 - saline, naturally or after clearing.
Water Erosion

0 - clay A horizon.

1 - shallow loamy sand A horizon.
2 - shallow sand B horizen.

3 - deep loamy sand A horizon.

4 = gdeep sand A horizon.

Wind Erosion

none.
prevented by average management.
prevented by sound management.
prevented by extremely careful manage-
ment.

very fragile and unsuited to any form
of agriculture.

Fertility (For crops and pasture}

1 - soils require phosphate.
2 - soils require phosphate and trace
elements.

Soils

Apart from rock and stone, other scil surface
attributes reccrded are:

surface conditions e.g. hardsetting and loose.

Pavements: main size range, material and
percentage cover.

Litter: narrow or broad leaves, bark, twigs,
branches, dead trees; thickness of deposits
and average distance apart.

The terminclogy of scil profile attributes
generally follows Northcote (1971). When
present, the following are recorded for each
horizon: thickness, colour, texture,
inclusions, humus, consistence, mottling, pH,
and lower boundary.
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AgricuTtural Fertilizer Runoff and Its
Potential for Causing Eutrophication of
Surface Water Systems

P,.B. Birch

Department of Conservation and Environment,
Perth, W.A., 6000.

Abstract

The routes by which fertilizer nitrogen and
phosphorous may enter water bodies are
discussed. While types of fertilizers and
s0ils may show different rates of loss the
increased use of agricultural fertilizers in
recent years suggests some cause for concern.

Studies of phosphorous loading in the Peel=-
Harvey Estuarine System imply that more local
research into aspects of agricultural runoff is
required.

Introductiaon

The use of agricultural fertilizers has
increased steadily cver the past 30 years in
both Australia and overseas [e.g. Viets, 1971)
although usage appears to have levelled off in
recent years in Western Australia as is
depicted in Fig. 1. Along with the increase in
fertilizer use has been a growing concern as to
what proportion of farm fertilizers might be
ultimately destined for rivers, lakes and
estuaries where they could cause excess ferti-
lization of the water. This process, known as
eutrophication, generally leads to over-
production of algae and other aquatic¢ plants
which in addition to being unsightly and foul
amelling can cause other ecological preblems.

In this paper attention will be focussed on
nitrogen (N) and phospherus (P) as these two
elements are mostly in shortest supply relative
to plant growth requirements in aquatic eco-
systems (Vollenweider 1971}, in addition to
being the two most widely used fertilizexrs. In
order to appreciate how agricultural fertilizers
may enter surface water systems the relevant
processes have been summarized in Fig. 2. 1In
this diagram it is seen that fertilizers can
enter surface waters as a component of surface
and subsurface runoff, and as dust.fall from
fertilized soils. It is important to note that
the nutrients transported in the above
mechanisms not only come from fertilizers but
also from soil mineral and organic matter,
people and animals, which together constitute
agricultural runoff and because of the diffuse
nature of these inputs it is often difficult to
evaluate the fertilizer component (Viets 1971).
In order to make this assessment it is necessary
to have an understanding of the processes
involved and factors affecting nutrient losses
via runcff and erosion.

These may be listed as:

The chemical nature of the fertilizers and
their reacticon with soil

The efficiency of fertilizer use by plants.

The time and manner of fertilizer incor-
poration into the soil.

The amount of surface runoff and soil
erosion.

The amount of leaching and subsurface runoff.

Chemical Nature of Fertilizers and 5011
Reaction

Phosphorus is applied as superphosphate
double superphosphate or as a component of
composite P and N fertilizers. The amount

of solukle P in these fertilizers ranges from
7.6 per cent to 17.5 per cent. Nitrogen
fertilizers are applied as urea, ammonium
nitrate or as part of composite fertilizers in
which soluble N ranges from 12 per cent to 46
per cent.

There are several important differences in the
chemistry of N and P fertilizers which affect
the manner and amcunt by which they may be
exported from the catchment and into surface
waters.

Phosphorus has the ability to be strongly
adsorbed or bound onto c¢lay and organic matter
in the so0il, or rendered very insoluble by
reactions with compounds of iron, aluminium
and calcium (Wild 1950). Thus, varying amounts
of soluble P will be bound in the soil depend-
ing on the amount of clay, organic matter and
other minerals present. Previous fertilizer
history is also important in terms of how much
of the P binding capacity of the soil has
already been utilized.

Some important work on the binding capacity of
soils has been done by Ozanne et al {1961) who
found that sandy Western Australian soils with
low native P (< 100 ppm) and less than 6 per
cent organic matter have a poor ability to
bind P. The P losses from leaching in the
seven soils examined ranged from 17 per cent
to 81 per cent of applied P with the lowest
loss recorded from a gravelly soil, and the
highest from a grey sand. In soils higher in
native P, clay and organic matter losses of P
through leaching are generally very low.
{Saunders 1959, Walker e? al 195%). Thus the
main mechanism for P loss from agricultural
catchments would be through surface runoff
except in sandy soils where leaching assumes
greater importance.

The ammonium form of N like P can alsc be
bound by soils, thus the concentration of
ammonium is not usually high in the soil
solution. 1In contrast the nitrate form is
extremely soluble and thus can be readily
leached down the soil profile making losses
from the catchment by this method potentially
much more important. (Biggar and Corey 1969).

Proceadings : Agriculture and the Envirowment in Western Australia.
Perth, 10th October, 1978 (W.A.I.T. : Bentley).




44

187

-
(=]
T

SUPERPHOSPHATE —.

TONNES x 10 8

o
th
L)

4
7’
1946 1950 1954 1958 1962 1966 1970 1974 1978

YEAR

Fig. 1. Farm fertilizer usage in Western Australia over the period 1945/46 to 1977/78.
(Data Source: Australian Bureau of Statistics).

Fig. 2. The routes by which

agricultural ferti-
FARMLAND lizers may be trans-
ported into surface
APPLIED FERTILIZER water bodies.

crop V pasture

DUSTFALL FROM
FERTILIZED PADDOCKS
|

leaching |

\




Efficiency of Fertilizer Use by Plants

The efficiency of fertilizer use by plants
depends on the availability of the applied
fertilizer to the plant in relation to
potential piant growth. It will be appreciated
that the fraction of available fertilizer can
be quite variable and often quite low due to
binding or leaching. As fertilizer is
successively added to increase plant yield,
efficiency of nutrient use is maintained until
maximum yield for the prevailing conditions is
attained. If fertilizer is added beyond this
point the efficiency of use decreases rapidly
thus increasing the amount of fertilizer
potentially available for loss via the various
mechanisms. This point is clearly demonstrated
in Fig. 3 extracted from the work of Fried et
al (1976).

Incorporation Into the Soil

The timing and manner of fertilizer incorpor-
ation into the soil is important because
greater loss of fertilizer may occur if
application is well before wet seasons
{(Klausner et al 1974). Surface broadcast
fertilizer is more subject to loss by surface
runcff than is fertilizer incorporated into the
soil. For example, Holt et al (1270) detected
only low concentrations of dissclved P in run-
off water from soils having deep incorporation
of fertilizers. Similar results were chtained
by Romkens et gl (1973) in their work of relat-
ing minimum tillage practices to N and P
content in runoff.

Fertilizer Loss by Surface Runoff and Soil
Erosion

The amount of surface runcff and seil erosion
cccurring in agricultural land and its control
has been the subject of many studies especially
in the U.S. (e.g. Wischmeier 1960, Chepil and
Woodruff 1963}. Surface runoff (or overland
flow) occurs when the rainfall rate exceeds its
infiltration rate intc the soil and as water
moves downhill it removes surface soil
particles, the amcunt depending on the

velocity of flow, the soil type and its surface
coverage. During this process of erosion soil
nutrients are lost both by dissolution into the

runoff water and in the suspended sediment load.

Spil nutrients are also lost in dust by the
process of wind ercosion but only a fraction of
these soil nutrients would be derived from
applied fertilizers. For example, in a study
of a rural catchment in New York State,

Johnson ¢t al (1976) determined that less than
1 per cent of the P applied to the landscape as
chemical fertilizer and manure was lost from
the catchment in dissolved form.

In other studies it has been shown that only a
small percentage of applied fertilizers
(usually less than 1 per cent)are lost via
surface runoff (Dunigan et al 1976, Alberts et
al 1978). 1In his discussion on agricultural
mitrient losses Vollenweider (1971) suggests
that somewhere betwsen 10 and 25 per cent of
applied N fertilizer (both artificial and
natural) finds its way into surface water. No
distinction was made between the surface and
subsurface mechanisms but in view of the high
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solubility of nitrate it is reasonable to
assume that the major part of the above
percentage loss would be through the subsurface
route. As far as P is concerned Vollenweider
(1971} suggests between 1 and 5 per cent, again
not distinguishing the mechanisms of loss. 1In
this case surface runcff is probably the
dominant route for P loss except in cases where
very sandy soils are involved.

Although more studies are neaded to evaluate
the fertilizer component in surface runcff
there are several investigations which
demonstrate that increasing the fertilizer rate
can increase the amcunt of nutrient loss in
surface runoff. Alberts et al (1978} found
that nitrate loss doubled and soluble P,
sediment N and P losses increased by 13 to 15
per cent when very high fertilizer rates were
used. R8mkens et al (1973) showed that more P
was lost from fertilized soil because of
enrichment by added fertilizer while RBmkens
and Nelson (1974) demonstrated a linear
relationship between P added as fertilizer and
aoluple P in runoff. They applied superphos-
phate at the rates of O, 56 and 113 kg P per
ha (kg ha~l) and observed resulting concentra-
tions of soluble P of 0.07, 0.24 and 0.44 mg
per litre (mg 171y in runoff water. The latter
two concentrations are very high in terms of
algal growth requirements but the levels of P
fertilizer used to produce the concentrations
are also very high. Also the final outcome
would depend on the quantity of this runoff
relative to other sources into receiving
waters.

One generalization which can be drawn from the
titerature on surface agricultural runoff is
that most N and P is lost in the particulate
form (Alberts et @l 1978) which highlights the
fact that factors which minimise seoil erosion
will minimise fertilizer losses. According to
wischmeier (1960) soil loss caused by erosion
is a function of the climate, scil type,
topography and combinations of cropping,
management and conservation practices. Thus,
except for terracing, it is through cropping,
management and conservation practices that soil
losses can be minimised. For example, in a
study of the effects of tillage methods on the
composition of surface runoff, Rémkens et al
(1973) clearly demonstrated that minimum
tillage methods reduced fertilizer N and P
losses via surface runoff. This was because
plots receiving minimum tillage methods had a
higher coverage of plant material, less loose
soil and greater surface roughness than conven—
tionally tilled plots. Generally similar
results are being obtained in studies conducted
by B. Marsh of the W.A. Department of Agricul-
ture.

Data on fertilizer loss via wind ercsion are
very sparse. There is no doubt that dust
particles suspended in the air from fertilized
fields would contain a proportion of applied
fertilizers. These losses could be agronomi-
cally significant in certain circumstances.
as far as conseguences for the eutrophication
of water Vollenweider (1971) ceoncludes that
aeolian inputs are normally small relative to
other sources and only in cases where the
water bodies are fed by very nutrient poor
waters or are very shallow could atmospheric
inputs be important.
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Fertilizer Loss by Leaching and Subsurface
Runoff

The amcunt of fertilizer which is not used by
plants or bound to the soil is subject to
leaching and eventual discharge into surface
water by subsurface and groundwater seepage.

Of particular importance is the nitrate form of
nitrogen because of its solubility. HNitrate
losses by leaching are highest in areas of high
rainfall and where excessive irrigation and
fertilization are practiced {(Smith 1967). 1In a
recent study Chichester (1976) found that the N
contents of springs draining agricultural land
were related to fertilizer N use. Springs
draining moderately fertilized cropped land had
very high inorganic nitrogen contents of 10-50
mg 171 while a spring draining an unfertilized
mixed woodland pasture had low levels of less
than L mg 171, In similar work Burwell et al
{1976} determined that subsurface discharge of
nitrate increased from 3 to 5 times when the
yearly fertiliizer rate was increased from the
normal rate of 168 kg ha“l up to 448 kg ha~l
per grnuum. These authors concluded that to
control the discharge of N and subsequent
pollution of streams it was necessary that N
fertilization did not exceed ¢rop needs and
that conservation practices that minimised soil
loss and deep percclation be adopted.

Baker et al (1975) conducted measurements for
four vears of subsurface drainage of phosphate
and nitrate from croplands in Iowa. They found
that annual discharges were highly variable but
the trend was for relatively low average
concentrations and discharge rates of phosphate
(0.005 mg 1~! and 0.003 kg ha~l per anmm,
respectively). The situation for nitrate was
guite different. The overall flow weighted
average was 21 mg 17! double the U.S. Public
Health potable water limit of 10 mg 171, The
average yearly nitrate discharge was 31 kg ha”
These high results were somewhat surprising in
view of the relatively moderate levels of N
fertilizer used (224 kg ha * of N over 5 years).
This fact in combination with the large year to
year variation left a very unclear picture with
the authors as to what was the actual contribu-
tion of the fertilizer N. Monitoring of the
Skunk River, which drains the agricultural
catchment of the study area, indicated some
relationship between concentration peaks of
nitrate in subsurface drainage and in the river.
Even so, no definitive conclusions could be
drawn. Nevertheless the results do indicate a
potential hazard@ from subsurface seepage of
nitrate into surface waters but a lot more work
needs to be done to clarify the picture,
particularly the role of fertilizer N. However,
in view of the moderate levels of N fertilizer
used in this study one suspects that minerali-
zation of soil organic nitrogen into nitrate is
playing a substantial role. This effect was
clearly demonstrated by Barrow (1969} who
studied accumulation of soil organic matter
under pasture in a Western Australian sandy
s0il. He showed build up of soil organic N
with time as a result of establishing pasture
which had been fertilized with superphosphate.
In addition there was substantial buildup of
mineral N in the surface 12 cm of seil during
spring and summer as organic N was mineralized.
In autumn when the first rains came there was a
rapid decrease in soil mineral N from about 20
kg ha-l to about 15 kg ha~l. Thus up to 75 kg
ha-l of mineral N was remcved from surface soil

l-
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by a combination of surface runoff, leaching
and subsurface runoff. The ultimate fate of
this N and its impact on the quality of
surface water systems in the area is yet to be
fully evaluated. wNevertheless this study
demenstrates that agricultural pastures in the
absence of N fertilizer can result in
significant quantities of mineral N in soil
potentially available for runoff and enrich-
ment of receiving waters.

It would seem from the literature that sub-
surface discharge of P is usually relatively
small because of the high capacity of most
soils to bind P. However, in view of the work
of Ozanne et al (1961) which showed that up to
80 per eent of applied P can be leached from
the surface 10 cm of sandy W.A. soils there is
a need for studies of water systems draining
sandy agricultural catchments to evaluate
whether leached P is causing eutrophication.
0f equal importance there is a need for further
agronomic studies aimed at more efficient
utilization of fertilizer P in sandy soils.

Agricultural Fertilizer Runoff in Context

After having reviewed the mechanisms by which
fertilizers can be lost from agricultural
catchments it is negessary to put these losses
in context. In agronomic texrms fertilizer
losses would generally be insignificant except
in sandy soils where leaching is significant

or when excessive erosion cccurs and research
on this aspect iz presently underway by B.
Marsh of the W.A. Department of Agricultuxre.
From the water quality point of view it has
been shown how fertilizer may be exported into
surface waters but their eutrophication
potential has not yet been clearly established
in Western Australia. In Eurcope and Nerth
America some information is available although
even here the complexity of agricultural runoff
makes assessment difficult. However, a good
example comes from the work cof Vollenweider
(1971) who estimated N and P export values from
a hypothetical "representative” catchment in
Europe. The catchment has a population density
of 150 inhabitants per kmZ with 30 per cent of
the area as cropland upon which the fertilizer
applicaticn rate is 78 kg N ha~l and 33 kg P
ha—l. Aafter suggesting that some 10-25 per
cent of the fertilizer N and between 1 and 5
per cent of the fertilizer P reaches a surface
water body the calculated annual export from
the catchment due to fertilizer runoff is
2.3-8.0 kg N ha~! and 0.1-0.5 kg P ha~l. For N
this is 14-29 per cent of the total catchment
export; for P it is 6-20 per ceni. The other
sources included wastes of human and animal
origin, pastures, detergents, highway,
industrial and forest runoff.

The enrichment potential of nutrient export
from catchments depends on numerous factcrs
primarily the chemical form (hence availability
for plants), the rate of discharge, the type of
receiving water body and the ratio of the water
body's area to the catchment area. The value
of the area ratio must be multiplied by the
catchment export to obtain the loading rate
into the receiving water. For many lakes the
ratio is between 10 and 20. Assuming a ratio
of 10 the total annual loading rates for a lake
in the hypothetical model calculate cut as 170
to 270 kg N ha~l and 17 to 25 kg P ha~l of




48

which the amount attributable to fertilizer
runoff is 23-82 kg N ha~l and 1-5 kg P ha~l.
The significance of these figures may be
deduced from the relationships between loading
rate and trophic states of lakes developed by
Vollenweider (see Vollenweider 1971, Vollen-
weider and Dillon 1974). From these relation-
ships one can determine the 'permissible' load-
ing rates for N and P for a lake of known
average depth and flushing rate. If the load-
ing rates exceed the 'permissible' rates then
the lake is likely to become eutrophic. As an
example, the loading figures mentioned above
greatly exceed 'permissible' levels for all
except very deep ( >»100 m} well flushed lakes.
Even the fertilizer components alone,
especially for N, could have a significant
enrichment effect on lakes in the average depth
range 3 m te 50 m. This is, of course, a
hypothetical example for European gonditions,
although it should be pointed out that Vollen-~
welider's model shows general agreement with
actual measurements made in Europe, for example
the Lake of Zurich. The situation in Australia,
and in particular Western Australia would be
different in many respects especially fertili-
zer application rates which are about one-third
of the European fiqures menticned above. Other
differences include methods of farming, soil
types and climate.

An impression of the local scene is obtained
from measurements of P loading into the mildly
eutrophic Peel-Harvey Estuarine System (Hodgkin
and Lenanton 1979, McComb et al 1979). The
Harvey river and associated agricultural drains
which flow into this estuarine system have a
catchment area of about 104,000 ha (Black,
pers. comm.) upon which it is estimated that
approximatley 9,000 tonnes (t) of superphos-
phate were applied per year in recent years
(A.B.S. 1977, 19278, 1979). Using Vollen-
weider's (1971) suggested fertilizer loss
value of 1-5 per cent then about 20-450 t of
superphosphate or 9-45 t of P would f£ind its
way into the estuary from this source each
year, 1In 1977/78, a year of average water
flow, the P loading into the estuary was
measured as 59 t (Black, pers. comm.). Thus
fertilizer P could have contributed from 15 up
to 76 per cent of the total P input. TIf the
higher figure is anywhere near the mark then
fertilizer P is a significant nutrient source
for the estuarine system.

The Murray River which alsco drains into the
Peel~Harvey Estuarine System has a catchment
area of about 700,000 ha upon which the annual
superphosphate applicaticn rate of recent years
has been approximately 30,000 t (A.B.S. 1977,
1978, 1979). Using the above assumptions an
annual loading due to fertilizer P of 30-150 t
of P would be discharged by the Murray River.
In 1977/78 only 25 t of P were measured to
enter the estuary from this source (Black,
pers. comm.). Even if the measured load was
an underestimate one concludes that even a 1
rer cenl loss rate is too high for at least
this catchment. However, unlike the heavier
soils of the Murray River catchment (McArthur
et al 1977) which would be expected to retain
P, the generally sandier soils of the Harvey
River and drain catchment may not, making the
need for further studies on the nature and
amount of agricultural runoff very necessary.

Conclusions

1. Agricultural fertilizer use has increased
greatly over recent years causing some
concern for the eutrophication potential
of fertilizer runoff into surface water
bodies.

2. Fertiligers can enter surface waters as
a component of swurface and subsurface
runcff and as dustfall from fertilized
soils.

3. Nutrients in agricultural runcff come
from a variety of sources including
fertilizers, soil mineral and organic
matter, animal and human wastes. It is
generally very difficult to evaluate each
component.,

4, The amount of fertilizer runoff depends
on:

i) The chemical nature of the ferti-
lizer and its reaction with soil;

ii) The efficiency of fertilizer use
by plants;

iii) The time and manner of fertilizer
incorporation into the soil;

iv} The amount of surface runoff and
soil erosion;

v} The amount of leaching and sub-
surface runcff.

5. Research in Europe suggests that a
significant contribution to total
nutrient export from catchments there
could come from fertilizers on the basis
of suggested loss rates of 10-25 per
cent from N and 1-5 per cent from P.
Applying similar assumptions to the
Western Australian situation also
indicate possibly significant effects.
However, for at least one catchment the
loss rate of applied fertilizer P is
less than 1 per cent. These results
indicate the need for more local
research into all aspects of agricultural
runoff.
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Abstract

Pesticides consist of a wide wvariety of
chemical compounds and include insecticides,
herbicides, fungicides and rodenticides.
About 500 tonnes worth over $10 million are
used annually in Western Australia on an area
of 1.5 million hectares. The behaviour of a
pesticide in the enviromment is complex
depending on the physical and chemical
properties of the substance and hence
persistence, and on the type of environment
{soil, water, air) in which it exists.

The use of pesticides is essential to modern
agriculture to control pests and maintain high
yields. Problems with the use of pesticides
are economic and envirommental. Economic
problems may arise from the development of
registance within the target organism or from
trade barriers if pesticides are present at
excessive levels in agricultural produce.
Effects on the enviromment include destruction
of non-target species and destruction of the
habitat of wildlife.

Many of the problems with pesticide usage in
the past have involved persistence. Today,
because of a hetter knowledge of pesticide
behaviour in the total environment, such
difficulties are being overcome and we can
hopefully locok forward to a future where
effects due to pesticide usage will not cause
environmental damage.

Introduction

Since the publication of Rachel Carson's
'Silent Spring' in 1963 pesticides have been
reported in newspapers as having all types of
effects on the environment. We must ask our-
selves two questions. What is the real impact
of pesticides on our environment? Do we
always get a true and balanced view of
pesticides? TIn dealing with the persistence
of pesticides a better understanding may be
gained and thus help tc obtain a balanced view
of the environmental effects of pesticides at
the present time.

The National Health and Medical Research
Council define a pesticide as: 'a substance or
compound used or capable of being used or
intended for use for agrieultural, pastoral,
horticultural, domestic or industrial purposes
Ffor controlling, destroying or preventing the
growth and development of any fungus, virus,
insect, mite, moliuse, nematode, plant or
animal or for amy other related purpese'. A
pesticide residue may be defined as ‘a residue
in or on g food of any pesticide or any

substance that may be derived from a pesti-
eide'. Thus pesticides include a wide range
of chemicals all with differing chemical,
physical and biclogical properties and hence a
wide range of persistence and effects on the
enviromment {see Appendices 1 to 5). The
persistence of pesticides can range from hours
for dibrom to years for organochlorines such
as DDT.

Usage

Pesticides are used in all areas of agricul-
ture. In Western Australia the areas treated
with pesticides are considerable, being of the
order of 1.5 million ha annually, mainly in
connection with broadacre farming. Of the 500
tonnes worth £12.5 million used annually in
W.A., over 80 per cent is used directly by
agriculture, the rest being used for public
health, building protecticn against pests, and
other industrial uses. Tables 1 and 2 give
partial statistics on pesticide usage in W.A.

Table 1. Herbicide and insecticide treatment
to cereals and sown pastures.

Area Sprayed ('000 ha}

Year

Herbicides Insecticides
1975=6 1154* a5%*
1976-7 1025 78
1977-8 1504 109

* Tncludes vegetables, corchards, etc.

Source: Bureau of Statistics.

Table 2. Pesticides sold in Western Australia
1978 (Partial 1ist}.

Category of Pesticide (:?égg)
Insecticides
Pest Contrel, Public Health etc. 540
Organochlorines 240
Organophosphorus 260
Carbamates 80

Fungicides {including seed dressings) 1100

Herbicides
Phenoxy acids 1320
Triazines 230
Substituted ureas/uracils 250
Other 4740
Non Crop 170

Source: Agricultural and Veterinary Chemicals
Association

Proceedings : Agriculture and the Envircowment in Western Australia.
Perth, 10th October, 1979 (W.A.I.T. : Bentleyl). ()
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Introduction
of chemicals

Fig. 1. Environmental phases and the transport of a chemical. (After Residue

Reviewes, 52, p.9l).

The major trends in pesticides usage are:

1. the use of less persistent compounds with
greater specificity;

2. the phasing out of the more persistent
chemicals (DDT, HCB, organcmercurials and
arsenicals); and

3. the increasing use of fungicides and
herbicides.

Behaviour in the Environment

The behaviour of chemicals, including pestici-
des, in the environment depends on the
properties of the chemicals and the character-
istics of the environment. Once a chemical is
introduced into the environment it becomes
distributed between the phases (soil, water,
‘atmosphere, plants, animals) of the envirorment
(refer Fig. 1). 1Its persistence and ultimate
fate in the environment is affected by a wide
range of factors including volatility,
solubility, ultra-viclet irradiation, surface
adsorption, hydrolysis, and chemical rearrange-
ment. The weathering actions of light, rain,
wind, humidity and temperature play important
roles. Once in the soil the effects of soil

type, moisture, micro-organisms and cultivation
are seen. Pesticides can find their way into
both surface and ground water from scil. The
persistence of pesticides in air is a function
of physical properties, means of application
and the atmospheric conditions.

Today not only are pesticide residues monitored
in food, but alsoc in the total environment -
thus hopefully avoiding some of the pitfalls of
the past and whilst improving food production,
reduce pollution of the environment. The most
troublesome problems have involved chemicals
which are persistent, mobile and possess an
affinity for fatty materials. These are
capable of concentrating in the food chain of
aquatic and terrestrial animals. The group of
pesticides with these properties is the organo-
chlorine group whose members are being phased
out for agricultural use.

There are two ways in dealing in more detail
with pesticide behaviour in the environment.
These are:

a. to deal with each group of pesticides; apnd
b. to consider each phase of the environment.

Because of the wide range of pesticides used,
the latter approach will be taken.
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Table 3. Pesticide properties affecting persistence.

Pesticide Properties Soil Characters

Environmental Features

TYpe. Type.

Volatilit&. Structure,
Solubility. Organic content.
Concentration. Clay content.
Formulation. Mineral Ion content.

pH

Temperature.

Rainfall, leaching and soil moisture.
Plant cover.

Microbial content of soil.

Cultivation.

Source: Edwards, C.A.; FResidue Reviews 13, p.83 ff.

Sotl

The most persistent pesticides in soil are
organochlorine insecticides. The persistence
depends on the inter-relationships between:

1. properties of the pesticide;
2. characteristics of the soil; and

3. environmental features as shown in Table 3.

DDT has keen shown to have a long persistence
in soils heavily treated (up to 50 kg per ha
over several vears) for control of pests in
cotton. A slow, although variable, reduction
in levels has been recorded as taking place
over a three year period after its last use.
Leaching was evident to at least 1 m in depth
in these soils. Organophosphorus and carbamate
insecticides are far more reactive and break
down rapidly having a persistence measured in
weeks rather than years. Herbicides exhibit a
wide range of persistence, ranging from weeks
to months. Appendix 4 summarises the
persistence over time of individual pesticides
in soil.

Some, but not all, herbicides are subject to
leaching. TIeaching to over 2 m can be seen
with picloram where residues are partly bound
and trapped near the surface and the remainder
are leached out, being present at a depth of

2 m with very little at 1 m. Other compounds
such as linuren and diuron are only subject te
slight leaching effects. Their persistence in
W.A. soils would however appear to be greater
than that suggested in the literature for work
carried out elsewhere {(Appendix 4).

Microbiclogical activity in soil can play a
significant role in degrading pesticides. This
has been shown with 2,4-D (Residue Reviews 29,
pp 192-4) which is used extensively in this
State.

Water

Pesticides enter water by runoff, leaching,
aerial transport, misapplication, spillage and
fauity disposal of wastes. Herbicides are used
on channels and channel banks in irrigation
areas to control weeds. The contribution made

by each process has not been guantified.
Nearly all peasticides, except for organo-
chlorines, degrade in water and are deposited
and deactivated in sediment. Similar factors
to those affecting residues in scoil apply to
water.

The levels of organcchlorine pesticides have
been monitored in rivers in this State and
whilst DDT and dieldrin are present, the levels
are very low and appear to be declining still
further. They are usually associated with
suspended matter in the water due to their low
solubilities (Residue Reviews 20).

Groundwater has been menitored in areas with a
history of high application of DDT and
camphechlor. These compounds have been
detected at levels apprcaching the maximum
permissible level for drinking water indicating
the effects of leaching of soil.

Air

Pesticides enter the atmosphere either directly
or indirectly. Direct entry occcurs during
application, mainly with aerial spray applica-
tion. Indirect entry occurs by veolatilization
from plants and soil after application. &Air

is a global transport medium and worldwide
results of monitoring would suggest that
certain residues are ubiquitous. The amounts
present are low.

Pesticides occur in air as vapours, aercsols
and adsorbed on dust particles. The air may
transport pesticides aver large distances
before depositing them back to the surface as
may be shown by the transport of 2,4-D over
distances of 20-80 kilometres in Washington
State, U.5.A. (refer Robinson and Fox 1278)
where damage was caused to grapevines by
airborne residues.

Living Receptors

Since pesticides do persist in the environment
from weeks to years it is possible for them to
be taken up by plants and animals either on
the site of application or at a distance. For
instance, fish in rivers receiving drainage
water from an irrigation area will be exposed




tc any pesticides in the runoff.

Plants grown on land treated with herbicides
the previous season may be affected if the
herbicide is persistent enocugh. Expesure of
animals is mainly through food although
exposure due to air and water can occur.

Exposure to pesticides can lead to calamitous
results if the species exposed is susceptible.
An example is the effect seen in Perth on the
'"Willy Wagtaili' during the argentine ant
control programme in the 1950's, using
dieldrin. In that peried numbers in the
metropolitan area were reduced considerably.
This was a combination of the indirect effect
of the pesticides combined with the growth of
urbanization.

General conclusions were made following studies
in California between 1963 to 1966 regarding
organochlorine pesticides in the enviromment
(American Chemical Socciety 1978). These were:

1. Residues were common beth in wildlife and
their environment.

2. Species that depended on wetland or aguatic
environments appeared to be more heavily
exposad.

3. Exceptions among dryland species are
carnivorous forms such as predatory birds
at the top of the food chain.

4. BRiclogical concentration plays an important
role in the presence of residues.

Significance

Without pesticides it would not be possible to
produce food at the current levels of produc-
tion. Their use has improved vields by elimi-
nating ingect pests, fungl and competing
species. The most impeortant type of pesticide
in agriculture in W.A. is the herbicide group.
Fortunately this very diverse group of
chemicals is of low persistence with few
exceptions. On the basis of experiments in
severzl countries it has been estimated that
the contrel of wild oats in cereals could
result in increases in yield of from 3 to 148
per cent (Perring and Mellanby 1977}).

Apart from these positive effects on levels of
agricultural production there are some dangers.
These are both economic and envirommental.
Economic dangers are twofold being:

1. The development of resistance within the
target organism as has been seen with
insect pests in cotton crops in the Ord
River Irrigation Area, and

2. The unacceptability of food produced for
consumption either locally or on the
export market.

Problems of resistance means either applying
higher rates of the same compounds or using
alternatives which will be more expensive to
use. In both cases the net return to the
producer will be decreased. With unaccepta-
bility of produce due to residues, export
markets may be lost or the consumer may receive
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higher than the acceptable daily intake of the
pesticide concerned.  Fortunately this country
has had a good record with pesticide residues
in food and this good record is getting better.
(NH&MRC 83rd Session 1977 p.36).

The significance of the use of pesticides in
agriculture on the enviromment is harder to
assess. Certainly there is still a great deal
of research yet toc be done. Until the
introduction of modern methods of analysis
capable of detecting very minute gquantities of
pesticide residues in the 1960's little was
known. These modern methods have enabled the
gathering of information to pinpoint problem
pesticides such as the organochlorines. These
have been and are being phased out of use for
agriculture, although their use for long term
protection of buildings and industrial and
public health uses still continues.

Because of the time lag between the introduc-
tion of individual pesticides overseas and to
this country in the past and the generally
lower rates of usage here, many of the problems
encountered with effects on the environment
have been avoided or have been of lesser
significance. This time lag is not the case
today as release of a product in W.A. is often
within a year of that in other countries.
However, requirements for registration are now
very stringent and such things as toxicity.
persistence and effects on the environment are
all considered before registration (Department
of Primary Industry 1974}. This is not to say
that problems with the usage of pesticides will
not occur in the future. Hopefully research
will continue to pinpoint problem areas.

The Future

Pesticide usage has increased rapidly since the
Second World War and may continue to do so in
the future. Many of the environmental effects
of pesticides are known and those compounds
found to be harmful have been withdrawn or
their use restricted. Most problems found to
date have involved persistence and thus the
transport through the environment to non-target
organisms.

Ways in which our current usage of pesticides
may be modified will include:

The introduction of more specific compounds.

The altering of the use of pesticides to
include other methods of control such as
bioleogical control.

Introduction of resistant crops.

Alteration in agricultural practices.

Conclusions

It can be seen that pesticides persist in the
envirconment in periods ranging from hours to
yvears. The methods of transport of pesticides
in the environment are complex and involved.
The longer the period of persistence the
greater the area over which these compounds
may be transported and the greater the danger
of envirommental damage taking place. Modern
technology has improved our understanding of
pesticides and is producing safer and more
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efficient compounds for use in agriculture.

The greatest dangers are in the overuse and
misuse of pesticides and all involved in
agriculture have a responsibility to follow
'good agricultural practice' to minimize
dangers to the enviromment. A basic overview
of the behaviour of pesticides in the environ-
ment has been given above and should help those
using pesticides to appreciate some of the
possible side effects on the environment.
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APPENDIX 1
CHEMICAL STRUCTURE OF REPRESENTATIVE PESTICIDES
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PHYSICAL PROPERTIES OF REPRESENTATIVE PESTICIDES

Solubility in water

Name Melting point Boliling peoint Vapor pressure torr ng per 1
(°c) (°c) (ec) (°cy
. -7 o 0
Atrazine 173-175 3 x 10 (207} 33 (207)
carbaryl 142 >5 x 10 3 (26°) 40 (30°)
-7 o o
DDT 108.5 1.0 x 10 {207) 0.001 {257
Dibromochloxropropane 196 0.8 (2101 1000
Dicofal 79 decomp
Dieldrin 175 7.8 x 1077 (25%) 0.5 (359
Dinoseb 42 50
Malathion 156-157 4 x 1075 (309 145
(0.7 torr)
Nabam decomp negligible 3 x 105
Paraquat >300 decomp negligible very high
Parathion 3} 157-162 3.8 x 10‘.5 (200) 24
(0.6 torr)
Phenylmercuric acetate 149-153 sublimes 9 x 10 © (350} 438
2,4,5—T 158 <6.46 x 1076 [2501 278
Trifluralin 49 96-97 2 x 104 (29.59) 24
(0.18 torr}

Source: American Chemical Society

(1978) p.331.
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PESTICIDE CLASSIFICATION

Name Use Classification
Aldrin Insecticide Chlorinated
hydrocarbon
Atrazine Herbicide Triazine
BHC Insecticide Chlorinated
hydrocarbon
Carbaryl Insecticide Carbamate
Chlordane Insecticide Chlorinated
hydrocarbon
2,4-D Herbicide Phenoxy
pDT Insecticide Chlorinated
hydrocarbon
Dibromochloro-  Nematicide Halogenated
propane alkane
Dichlorvos Insecticide Organophosphate
Dicofol Acaricide Chlorinated
hydrocarbon
Dieldrin Insecticide Chlorinated
hydrocarbon
Dinoseb Herbicide Phenol
Endrin Insecticide Chleorinated
hydrocarbon
Heptachlor Insecticide Chlorinated
hydrocarbon
Malathicn Insecticide  Organophosphate
Methyl bromide Nematicide Halogenated
(fumigant) alkane
Nakam Fungicide Dithiocarbamate
Paraquat Herbicide Pyridinium
Parathion Insecticide Organophosphate
Pentachloro= Herbicide, Phenol
phenol fungicide
Phenylmercuric Herbicide, Mercurial
acetate fungicide
2,4,5-T Herbicide Phenoxy
Toxaphene Insecticide Chlorinated
hydrocarbon
Trifluralin Herbicide Dinitroaniline
Zineb Fungicide Dithiocarbamate
Source: American Chemical Society (1978)

P.326.
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APPENDIX 4

PERSISTENCE OF INDIVIDUAL PESTICIDES IN SOILS

a. Organochlorine insecticides

Chlordane
DDT

BHC, Dieldrin

5 years
4 years

3 years

>18 months

Heptachlor, Aldrin, Metabolites

2 years

h. Urea, triazine and picloram
Propazine, Picloram 18
Simazine 12
Atrazine, Monuron 10
Diuron 8
Linuron, Fermron 4
Prometryne 3

(-3 years}

herbicides
3-18 months

months
months
months
menths
months

months

c. Benzoic acid and amide herbicides

4. Phenoxy, toluidine and nitrile herkicides

2,3,6-TBA 12
Bensulide 10
Diphenamide 8
Amiben 3
CDAA, Dicamba 2

Trifluralin
2,4,5-T
Dichlobenil
MCPA

2,4-D

H w bk 0NN

2-12 months
months
months
months
months

months

1-6 months
months
months
months
moenths

menth

e. Carbamate and aliphatic acid herbicides

TCA
Dalapon, CI
CDEC

IPC, EPTC

Barban

12
PC 8

6
4
2

f. Phosphate insecticides

Diazinon
Di-Syston
Phorate

Malathion,

12
4
2

Parathion 1

2-12 weeks
weeks
weeks
weeks
weeks

weeks

1-12 weeks

weeks
weeks
weeks

week

Source:

Kearney et al 1969.
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APPENDIX 5
VAPORIZATION AND LEACHING

Comparative environmental behaviour of pesticides in soill

. )
Compound ing:ioiziiilzzil) Leaching3 index
Herbioides
Alachloxr 3.0 1.0-2.0
Propanil 2.0 1.0-2.0
Trifluralin 2.0 1.0-2.0
Dalapon-Na 1.0 4.0
MCPA (acid) 1.0 2.0
2,4-D (acid) 1.0 2.0
2,4,5-T7 (acid) 1.0 2.0
Ingecticides
Carbaryl 3.0-4.0 2.0
Malathion 2.0 2.0-3.0
Naled 4.0 3.0
Dimethoate 2.0 2.0=-3.0
Fenthion 2.0 2.0
Diazinon 3.0 2.0
Ethion 1.0-2.0 1.0-2.0
Oxydemeton-methyl 3.0 3.0-4.0
Azinophosmethyl - 1.0-2.0
Phosphamidon 2.0-3.0 3.0-4.0
Mevinphos 3.0~4.0 3.0-4.0
Methyl parathion 4,0 2.0
Parathicn 3.0 2.0
DOT 1.0 1.0
BHC 3.0 1.0
Chlordane 2.0 1.0
Heptachlor 3.0 1.0
Toxaphene 4.0 1.0
Aldrin 1.0 1.0
Dieldrin 1.0 1.0
Endrin 1.0 1.0
Fungicides
Captan 2.0 1.0
Benomyl 3.0 2.0-3.0
Zineb 1.0 2.0
Maneb 1.0 2.0
Mancozeb 1.0 1.0

Source:

Estimated from best available information for loam scil at ZSOC under annual rainfall
cf 150 cm.

A vaporization index number of 1 vapor loss of less than 0.1 kg/ha/year, 2 = from
0.2 to 3.0 kg/ha/year or more, 3 = 3.5 to 6.5 kg/ha/year or more, and 4 = 7 to 14 kg/
ha/year or more.

B leaching index number indicates the approximate number of centimeters moved through

the soil profile with an annual rainfall of 150 cm; thus, an index of 1 = <10 ecm, 2 =
<20 cm, 3 = »35 ¢m, and 4 = >50 cm.

Residue Reviews. b2, p.95.






Agriculture and the Environment - Changing
Agricultural Techniques

M.L. Poole

Départment of Agriculture, South Perth,
W.A., 6151.

"Not so many years age 1t would have been a
madman's dream to suggest that wheat fields and
haystacks would now be standing at & place that
wae once the homz of the dingo’.

'The chetacle to rapid settlement is the weight
of truly magrificent timber it beare. IThe
trees cleared - and it shocks one to think of
saerificing them even for marketable timber -
the soil exposed will be of the very best'.

'How are the trees to be cleared?’ 'The trees,
even those of considerable dimensions, are
readily pulled downm by a simple pulley ond two
horses. The men become experts in a day or twe
at blowing up the larger trunks with cartridges;
and finally the heaped timber is effectively
burnt. Very foir wheat and potatoes are growing
where red gqum flowurished a year ago’.

Quotes from 'Western Australia 1925 - an
official handbook for the information of
commercial men, migrants and tourists'.

Introduction

Bgriculture is the largest modifier of the
natural environment. Most agriculture, as
opposed to rangeland, involves almost complete
removal of natural vegetation. Nature strips
and shelter belts which are left are sometimes
typical of the original upper story vegetation
but lower stories are severely modified by
grazing and intrusion of exotic grasses and
herbs. Roadside reserves are deliberately
burnt and aerial sprayers pass over them taking
out the more delicate members of the community.

Agriculture, particularly broadscale wheat and
sheep farming, makes few concessions to
protection of the natural environment. Native
fauna in particular is in conflict with
agriculture and if it is to be preserved very
large national parks are required (Burbidge and
Evans 1976, Conservation Through Reserves
Cormmittee 1974).

However, while causing greater changes to the
natural landscape than anything else man does
the results may be more or less aesthetically
satisfying depending on ones point of view.
parkland clearing fregquently allows trees to
grow and spread. The redgum parkland of the
Gingin area is typical of this type of clearing.
The whole world goes to England te admire the
mosaic of hedgerows and stone walls of British
agriculture. Agriculture may alsc open up
vistas in what was previously dense bush, These
aspects of agriculture versus natural environ-
ment have been dealt with by Halse in these
proceedings. Other general reviews are those of
Ehrlich and thrlich (1972}, Naticnal Estate

61

(1974) and the U.S.A. Yearbooks of Agriculture
1967 and 1971.

This paper will concentrate on the effect of
changing agricultural techniques within the
already alienated agricultural environment.

Farmers wish to live in balance with their
environment. They must exploit the land to
produce food and fibre to make a living but
they wish also to improve their farms, in an
agricultural sense at least, rather than
degrade them. Most Australian farms are family
owned and may stay in the same family for
generations. Farmers are natural conservation-
ists of their agricultural resource because
their livelihocd, and that of their children,
depends upon preserving their farm for the
fyture. However, many of the changes which
they inflict upon the landscape may have subtle
cumulative effects which in rare cases bring
about disaster. They may affect their neigh-
bours, or if in watersheds, communities far
removed from their farms. Some local examples
of this with salinity are given by Mulcahy and
Stoneman elsewhere in these proceedings.
Pollution of rivers and lakes in the U.S.A.
from nitrogen accumulation from farmland is we’ .
documented (Ehrlich and Ehrlich 1972).

Sometimes farmers are victims of economic
forces or natural disasters which bring about
massive changes to the landscape although
generally these can be more or less repaired
with careful management. Years of drought and
low sheep prices, leading to overstockirg,
combined with cataclysmic events such as cyclone
'Alby' provide examples of this. Permanent
damage to the agricultural environment arises
when country goes salty, unstable dunes are
cleared or deep gullying of hillsides occurs.
This is seldom extensive. Complete degradation
of the natural and agricultural environment
occurs if the country is abused, but even in
these situations management will usually
rehabilitate the agricultural environment at
least. Much of the so—called 'fertile crescent'
of the middle east, home of the Garden of Eden,
carried oak forests - today it is denuded range
land with not a tree left. But with effort it
could be rehabilitated for agriculture. However
most changes which the farmer inflicts on the
environment are beneficial in an agricultural
sense. They bring about increases in producti-
vity without destroying the basic land resource.

In an attempt to illustrate some of the changes
which technology brings to the agricultural
environment I will trace the major developments
which have taken place in the cereal belt of
W.A. from clearing to the present day, and with
trepidation, likely future changes.

The Natural Environment

The majority of the cereal belt originally
consisted of broad, flat valleys with internal
drainage along saline flats to salt lakes. The
valley floors consisted of clay through to
loamy soils supporting Salmon Gum ~ Gimlet -
Morrel open forest. The hillsides and tops
consisted of leamy sands and sands frequently

Progeadings @ Agriculture and the Enwiromment in Western Australig.

Perth, 10th Qctober, 1879 (W.A.I.7.

: Bentley).




over clay or gravel, carrying mallee - tamma -
wodgil scrub. Clearing of the more fertile
forest soils for agriculture began following
the goldrush of the 1820's. These soils had
sufficient natural phosphate and nitrogen
levels to support wheat crops although they
have subsequently been shown to respond further
o poth (Callaghan and Millington 1956).

The lighter soils were infertile and most of
them could not support a wheat crop without the
addition of superphosphate and trace elements,
and either legume or fertilizer nitrogen. But
large scale development of these soils came
much later in the 1940's and 50's.

Alienation of land for agriculture is shown in
Table 1.

Table 1. Alienation of Land and Area of Crop
and Sown Pasture in Western Australia

Area of Sown

Alienated  Area of Crop Pasture

{'000 ha) {'000 ha) ('000 ha)
1829 212 neg
1900 2,679 81 neg
1910 7,013 346 neg
1320 9,317 730 7
1530 14,585 1,938 129
1940 13,127 1,614 477
1350 13,515 1,834 1,435
1960 16,343 2,734 3,074
1970 19,761 3,831 6,588
1975 19,505 4,207 7.447

(BBS Statistical Register and Year Books).

Although many reserves do exist (Muir 1976} the
natural environment of most of the wheatbelt
has been destroyed but large tracts of almost
untouched country highly suitable for agricul-
ture still exist east of the rabbit proof fence
in the Hyden - Lake King region (Gartrell, in
press) . This area is worth a visit and the
question of whether or not to develop it is
central to the theme of this conference.

The Use of Fertilizers

Superphosphate

Next to clearing itself, application of super-
phosphate across all agricuitural land in
Western Australia probably represents the next
largest modification to the envircnment by man.
The growth in the use of superphosphate is shown
in Table 2.

Initially large doses of phosphate are required,
particularly on gravelly light land, to achieve

maximum yields of crop and pasture. As resigdual
phosphate builds up lower dressings are applied

until finally a low maintenance level is )
reached. Eventually all agricultural land
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should arrive at this point. These mechanisms
have been described by Bowden and Bennett
{(1974) . The impact of phosphate on agricultural
production is enormous. In the most extreme
situations no vield at all is achieved without
superphosphate.

Table 2. Use of Superphosphate in Western
Austraiia (tonnes)

1300 neg

1910 33,000
1920 66,600
1930 236,000
1940 270,000
1950 352,000
1960 600,000
1970 1,120,000
1975 846,000

(ABS Yearbooks).

Many millions of tonnes of superphosphate have
been applied over the years and this massive
improvement in the agricultural environment has
been wrought by the almost complete destruction
of Nauru and Christmas Islands, a resource which
will in time be exhausted completely. There is
a trend now towards fertilizers with higher
phosphate concentrations than superphosphate

and towards N-P compound fertilizers. This
trend will continue with some effects on the
agricultural environment which will be mentioned
later.

Trace Elements

Early attempts to crop lighter s50il types were
often disastrous and utilization was not
possible until the requirements for the trace
elements copper, zinc and mclybdenum were
recognized, during the 1940's {Burvill 1971}.
Following an initial application of these
elements further application is not regquired
for many years (Gartrell 1979). Most of the
light land which has been treated has shown
dramatic effects on the agricultural producti-
vity of these soils. This is an example of a
cheap, once only, application of technology
having a long term bensficial effect on the
agricultural environment. As new fertilizers
are introduced into cropping systems, care must
be taken that trace element requirements axe
met. For example, marginal zinc deficiency has
appeared in some cases recently when Di~ammonium
phosphate has replaced superphosphate which
contained small amounts of zinc.

Nitrogen

Nitrogen fertilizer use in Western Australia
was reviewed by Roberts et al {1966). The
general use of fertilizer nitrogen on cereal
crops did not commence until 1960. Since then
its use has grown rapidly with an annual use
now of about 40,000 tonnes of nitrogen. 1In
recent years there has been a swing toward N-P
compound fertilizers.
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The general use of nitrogen fertilizers is
unlikely to have serious effects on the agricul-
tural environment except in one very important
area. The use of acidifying nitrogen fertili-
zers is increasing rapidly at present. The
zontinued use of these fertilizers will lower
s0il pH on many soils causing nutriticnal
problems (Mason 1975). These fertilizers do
have an important side benefit of reducing the
amount of the fungal root rot disease 'take-all’
(McNish 1977). This is an excellent example of
credits and debits accrueing to a single manipu-
lation within the agricultural environment which
¢can have important far reaching implications.

It is an obvious area for research.

Legume Pastures

"The three-jyear rotation is the ideal set for
the former - first year crop, second year eheep,
third year fallow. Eventually this will become
the accepted practice, though the general rule
in all new districts at present is alternation
of erop and fallow'. ({(Western Australia, 1925).

It was not until 1934 that Dunne and Shier
demonstrated the value of lequue pastures in
crop rotations in Western Australia. Since
then the area sown has rapidly increased as
shown in Tabkle 1.

The widespread sowing of Dwalganup and later
maturing strains of subclover in the 40's and
50's and the subsequent release of Geraldton
subclover in 1959, and Cyprus barrel medic in
1961, coupled with superphosphate and trace
elements established the agricultural envireon-
ment of the period 1950-1970. A highly stable
agriculture based generally on a one year Crop,
two year legume, pasture arcse.

While enormous benefits accrued from the use of
improved pastures this change in technology has
also brought its share of problems. Examples of
thege are the sheep infertility problems
attached to the use of high oestrocgen subclovers
Dwalganup and Dinninup (Bennetts, Underwood and
Shier 1946). So successful are these clovers
that they are very difficult to replace and in
many places appear to have hecome a permanent
part of the agricultural environment with
continuing effect on sheep fertility. The
introduction of annual yvegrass, while having
large grazing benefits, has brought with it the
worst weed problem of cereal crops in Western
Australia, and ryegrass toxicity of sheep in the

Great Southern region. It is often very
difficult toc assess at the outset the future
problems the imposition a particular piece of
technology will have upon the environment.

Tillage, Machinery, Herbicides and Cropping
Intensity

'We have made enquiry from every source at our
disposal and report that no tractor yet
introduced into Australia ie altogether suitable
for Australion requivements and none of the
types which have been tried will enable the
farmer to dispense with his horse'. (1917
Royal Commission into Agriculture in W.A.).

From the 1890's-1930's the horse and mouldboard
plough dominated W.A. agriculture. To grow
encugh crop to make a living the farmer spent
nearly the whole year fallowing or seeding in
a wheat-fallow rotation. This gradually gave
way to the tractor and disc plough or scari-
fier and legume ley-crop rotations, which
changed very little until the 197C's. Wheat
quotas, low sheep prices, inflatien, drought
and many other forces local and worldwide have
brought a technological revolution in tillage
and cropping techniques in the 1970's, which
will have far reaching effects on the
agricultural environment.

Economic forces have pushed fewer and fewer
farmers towards growing more and more cCrop.
Table 3 shows this trend in two typical wheat-
belt shires. Technology here is affecting the
social environment of many wheatbelt towns.

In mych of the wheatbelt 50 per cent or more of
the farm is in crop. At the wetter edge of the
cropping areas, crop is pushing into areas
previcusly used almost solely for grazing.

A major revolution in tillage practices is
taking place. On the one hand in the past 3
or 4 years the 90HP tractor pulling a 22 disc
plough or a 24 run combine has given way to
the "maxi" 3COHP 4WD tractor pulling matched
gear-wideline cultivators, triple hitch
combines and airseeders. On the other hand we
have seen the development of minimum or zero
tillage technigues where the soil receives
minimal cultivation and weeds are controlled
with herbicides {Table 4).

Coupled with these has been a massive increase
in the use of herbicides in cropping with
obvious environmental implications (Table 5
and Table 6).

Table 3. Area of farm, number of farmers and percent farm in crop in typical wheatbelt shires.

Kellerberrin Merredin
1954 1964 1974 1979 1954 1964 1974 1978
No. of farmers 210 7 175 150 140 250 235 200 190
Area of farm ('C00 ha} 900 1,00 1,300 1,500 1,000 1,200 1,500 1,650
Per cent farm in crop 32 40 43 55 32 40 45 60
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Table 4. Use of spray-seed (Paraquat/diquat) Table 5. Use of some new herbicides in W.A.
in minimum tillage systems (ha). cereal cropping {ha treated).
1971 10,000 Year Trifluralin  Hecegrass Diuron/MCPA/ 24D I
1972 11,000
1973 28,000 1973 Exptl.
1974 70,000 1974 4,000 l
1975 22,000 1975 11,500
1976 22,000 1976 108,000
1977 25,000 1977 370,000 Exptl. Exptl. l
1978 40,000 1978 466,000 12,000 430,000
1979 100,000 1979 749,000 192,000 780,000 I
(R. Crook, pers. comm.). Approximately 1,000,000 ha sprayed with 24D
each year. (G.A. Pearce, Pers. comm.). I
These changes in technology will have good and
baé effects upon the agricultural environment. Although this is highly beneficial to the crop,
The use of trifluralins allows less tillage leading eventually to a complete lack of weeds,
but their incorporation requires preparation sheep are left with nothing to eat in the years
of a very fine seedbed prone to wind and water between the crop. Where will the future
erosicn. Minimum tillage practices give balance lie? Are we moving towards continuous
protection of the soil surface and lead to a crop, no sheep agriculture over much of our
build-up of soil structure and soil flora and traditionally wheat and sheep areas? What are
fauna - beneficial effects. But they involve the envirommental implications of this? Will
continued use of a range of chemicals which the shift from the highly stable crop-pasture
although apparently safe, may in the long run rotation to crop monoculture eventually invite
lead to detrimental effects on environment. disaster? Farmers view with great concern the
The literature is littered with examples of increase in percentage cropped area. They are
apparently safe chemicals later being discarded holding back from 100 per cent crop which
for environmental reasons. technologically they could handle immediately.
But economic forces drive them towards it.
The use of these efficient cultivation tech-
nigues combined with chemicals in many cases is Will other options or political or economic
leading to much lower weed burdens heing forces take over? Is continuous crop invelving
carried over from cne crop to the next. grain legume-cereal crop rotations the best l
Table 6. Estimated areas treated with various herbicides for the control of weeds in cereals in
1978 and 1979. (Pearce 1979).
bLrea treated - ha
Weed Problem Herbicide
1978 1979
Annual Ryegrass Pre-emergence 496,000 749,000 I
Post~emergence 12,000 122,000
Wild OQats Pre & Post emergence 64,300 110,000 .
Broadleaved Weeds 2,4-D 1,016,000 1,155,000
Broadleaved Weeds Dicamba plus MCPA or 224,000 176,000
2,4=-D
Broadleaved Weeds Dicamba 98,600 77,000
Breoadleaved Weeds Diuron (plus MCPA) 2,4-D 43,300 780,000 l
Broadleaved Weeds Sprayed 3-5 leaves 132,000 592,000
TOTAL 2,086,200 3,298,700 l




option? The lupin-wheat rotations look to
have great promise in the northern wheatbelt.
Will energy eventnally become the dominant
factor in shaping farming practices?

The technological changes which are taking
place in agriculture now are moving faster

and are opening up more options than our
agriculture has experienced for decades. Is
this rapid rate of change a danger in itself
in not giving us time to assess the effects of
these practices on environment?
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Research on Agro-Forestry

G.W. Anderson

‘Division of Land Resources Management,

C.5.I.R.0., Wembley, W.A., RD14.

Introduction

Oon world standards the efficiency of Western
Australian production of food and fibre is
very satisfactory. But when agricultural
development includes the extensive and almost
total removal of trees then landscapes are
created which must be very intelligently
managed or they may deteriorate. Loss of
quality can be through lowered soil fertility
and stability, erosion by wind or water,
disappearance of native fauna and flora, or
through development of salinity. Such cleared
landscapes shed water readily but this may
have levels of dissolved salts which render it
unacceptable for catchment.

Much of our natural forest has been badly over-
cut (and it regenerates slowly), parts of it
are threatened by disease, and its overall
productivity is generally low because of the
infertile scils it grows in. In Western
Australia, cutflow of high gquality water ranges
from moderate in the western slopes to almost
nil further east., Native fauna are abundant
though little seen by many. Plantations of
pine, though economically viable, are generally
considered to be aesthetically unattractive and
require the continued exercise of stringent and
expengive fire contrel methods throughout the
rotation.

Role of Agro-Forestry

Agro-forestry is a land use offering many
possibilities between the above extremes,
Suitably fertilized pastures which have a
reasonable clover content will maintain the
fertility of the soils while widely spaced
trees can contrel erosion by reducing the
velocities of winds and watexr, and help to
maintain soil stability by their constant
additions to scil organic matter from leaf and
litter fall. The trees may provide a habitat
sufficiently attractive to entice back the
native fauna, particularly the birds and small
marsupials. Livestock not only return some
income while the trees reach marketable size
but alseo break down litter and maintain low
fuel where fire control ceosts are much reduced.
In the western landscapes pines grow well and
are the preferred species because they will
provide a much needed scurce of timber in the
medium and long term. In these areas the
development of agro-forestry (and the tree
stocking rates used} could be used to balance
the needs of the region for water, timber, meat
and wool. Further east, agro-forestry with
eucalypts could become a valuable technique
allowing the management or rehabilitation of
marginal saline areas and crop or pasture
production to proceed simultanecusly.

Recent Progress in Agro-Forestry

In a collaborative research program, the LRM
Division of CSIRO and the Forests Department
of W.A. have set up large scale experiments to
evaluate sheep grazing and softwood production
at various tree stocking rates and at two

phases of the pine rotation.

The length of a pine rotation (25-30 years)
prohibits its complete study. We have chosen
the rapidly changing development phase (the
first ten years}) and a more stable phase
following considerable thinning and pruning
(15-20 years) for studies of pasture and live-
stock production and their interactions with
tree form and growth.

The first experiment follows preliminary
studies which developed methods for establish-
ing clover under 13 year old pines and which
showed that reasonable production and
persistence could be expected under such
conditions.

Egperiment I

This has Seaton Park clover sown under 15
year old Pinug radiata at 70, 120 and 150
stems ha™l, P. pinagster at 90 stems ha™l and
control areas from which the pines were clear-
felled and removed. The trees have been
pruned to 6 m.

Fences have been erected so that treatments
can be individually grazed by sheep each year
at rates that will fully utilize the pasture
by early summer. Liveweight changes and wool
growth of the sheep are being measured. Trees
are being measured annually for growth rates,
and at three yearly intervals for changes in
form and nutrient uptakes. Dendrometers are
used to monitor seasonal growth patterns,

Other areas were alsc thinned and pruned but
left without pasture. Half of these areas
have been fertilized with superphosphate at
the same rates as the pasture plots. This
allows assessments to be made of thinning
alone, thinning + fertilizing, and thinning +
fertilizing + grazing of pastures, on tree
growth rates eta.

About 5 plants dm—2 were established from the
initial sowing in June 1977 and these made
satisfactory growth considering the low rain-
fall in that season. Yields_of clover herbage
ranged from 2500-4500 kg ha™} and seed vields
were high on the P. radiata plots. On the
drier and less fertile soils of the P.
pinaster site herbage yields were only
1200-1500 kg ha~! and seed yields were also
reduced, The F. radiata pastures were grazed
down to about the level of the P. pinaster
pastures after the end of the growing season.

In 1978 the pastures regenerated well
producing 800-1400 kg ha~l by the end of June,
sufficient to allow sheep grazing to commence.
our aim of maintaining similar ¢razing
pressure (hence also similar liveweights) on
all plots was achieved by adjusting sheep
nuambers per plot to pasture availability as
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estimated periodically. The mean liveweights
of the sheep increased from 39 kg in June to
53 kg in December. By January most flocks
were losing weight and there was only around
50¢ kg ha™+ of herbage left, so the sheep were
removed. From the number of sheep days of
grazing per treatment we calculated the
approximate carrying capacities, for the whole
year, to be 10, 9, 7 and 6 sheep ha~% on_the
P. vadiata (0, 70, 120 and 150 trees ha™*
respectively} and 7 and 6 sheep ha~! on the 0
and 90 trees ha~l treatments of P. pinasten.

The sheep grazing part of this experiment will
continue for a few years and the tree growth
measurements somewhat longer. From the
carrying capacities of the pastures and the
estimated timber yields it will be possible to
make econcmic comparisons of the pine and
pasture combinations used. The combination of
high pruning and heavy winter and spring
grazing creates a very low fire risk situation
by December, requiring no other fire control
than maintenance of fire breaks.

Experiment 2

This required the planting of 24 ha of pines
and 3 ha of eucalypts on old pasture land and
this was completed in July 1978. The design
of this experiment allows several objectives
to be met. The first is to compare the
effects of planting density (0, 3B0, 760, or
1140 trees ha~l) of P. radiata on tree growth
rate and form, and on pasture production.

The second compares the effects of P. radiata,
P. pinaster and Eucalyptus camaldulensis each
at 760 trees ha"! on pasture growth and
composition. The third will measure the
effects on tree growth and pasture production
of varying row spacings, planting pattern,
time and severity of pruning and methods of
treating trash, all with P. radiata planted at
760 trees ha~l. The pastures will not be
grazed until 1280 so that damage to the trees
by livestock can be avoided. Twelve piezo-
metric wells have been drilled to bedrock so
that changes in groundwater and salt levels
may be monitored as the trees developed. A
further twelve shallow wells monitor perched
groundwater tables. No results are available
at this stage.

Trees and Salinity

Where part or all of the landscape is used

for farming, development of soil salinity can
occur and the yield and quality of water
reaching streams and dams is affected. We

are investigating land management systems that
will allow agriculture to continue but which
will have less harmful effects on soil and
water salinity. Central to this work is
revegetation of parts of catchments with trees
to act as water pumps and so change the
hydrologic balance back towards that occurring
before trees were cleared.

Experiments in the Hotham and Helena valleys
and at Bakers Hill are investigating which
tree species are suitable both agronomically
and hydrelogically. The effects of planting
different proportions of the landscape to
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trees is being examined, and management of
land in young tree plantations is being studied
with the aim of minimising losses in
agricultural production.

Blocks of 100 trees of E. wandoo were planted
in old pasture land in 1977, to compare the
effects of landscape position and size of tree
blocks on the composition and productivity of
pastures downslope.

Blocks of E. wandoo, E. comaldulensis, P.
radiata and P. pivaster were also planted in
lower slope positions to compare the effect of
species. In each tree block one shallow and
one piezometric well has been installed so
that groundwater level and salinity changes can
be monitored. The trees have established and
are growing well but changes in water levels
and productivity have not yet occurred.




Private Rural Reserves

M.L. Isbister

Ranfurly Park, Box 9, Moora, W.A., 6510D.

Introduction

Probably the most important step in setting
aside a reserve for the preservation of wild-
life is to isolate the area before clearing or
burning takes place. This retains the
ecological balance of food, cover from
predators and natural breeding sites.
Consideration should be given to the inclusicn
of tall trees, dense scrub, waterways, hills
and rocks where possible. By far the most
important factor is that they be fenced off
from livestock.

Function

Land treated in this manner can serve two
other important purposes. The first is to
give a windbreak and protection to livestock.
Secondly, such timbered areas help restrict
the rise of the saline water table and alsc
reduce runoff that may deposit salt on the
lower levels.

The practice of bulldozing an entire area then
putting a fire through and allowing regrowth
on the rough hills is not recommended as
grazing stock allew only a few trees to survive
and few, if any of the wildflowers. Further-
more, nesting sites and food are gone and birds
leave the area, also the small marmals are
unakle to escape the fire.

Granite or laterite hills previously timbered
with wandoo, York gum or jam and reduced only
to a few trees because of fire and natural
death may be regenerated by fenging off for a
pericd of, say, three or four years. This will
allow seeds to germinate and enable the young
trees to get beyond the reach of sheep. This
process will be assisted if old logs or debris
are burnt during the avtumn. This has the
effect of heat-treating the dormant seeds and
providing a sterilised seed bed for the young
plants. In the case of an excessive regrowth,
the timber may be thinned and used for fencing
material. Areas treated in this way will help
retard the progress of salt encroachment and
can later be returned to grazing if reguired,
when regrowth is out of grazing reach.

Examples

At Ranfurly Park we have set aside some 324 ha,
of the total 11,020 ha property, as flora and
fauna reserves since 1941. Some 60 pegr cent
of reserves are potentially arable. Examples
follow:
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Bunynooca and Wandawallah Pools

This reserve is on the banks of the Moore
River and is timbered with wandoo, York gum,
jam and scrub. It provides cover for about 30
euros, possums and wildfowl. Prior to the
training of the river this area carried large
numbers of wildfowl. The area suffered severe
hailstone damage in 1951 and the pools have
largely silted up following the river training.

Merrawalla

This area is mainly rough stoney ground. It is
105 ha in size and is a good example of
regeneration. By 1958 much of the timber had
died or been killed by fires. We put a burn
through it and c¢losed it off from stock. As a
result hundreds of young trees have appeared
providing a source of fencing materials while
old hollow trees are nested in by owls, parrots
and galahs.

The Forest

This reserve of 42 ha is shown on an old map of
the property as an area of scrub which had been
partly cleared but allowed to grow again. It
has a dense cover of salmen gum, wandoo and
York gum, perhaps one of the few stands of its
type and size in the agricultural areas. It is
fenced from livestock and provides cover for
numercus birds.

Merri Hills

This location consists of two fenced-coff
reserves totalling 36 ha. These provide
sanctuary for the smaller birds such as blue
wrens, robins and the scrub birds that once
abounded in the area and are now scarce.
about half of this area is arable and due to
past clearance has a semi parkland appearance.
It contains kangaroo, brush wallaby and
echidna, and is also noteworthy for its wild-
flowers.

Lupin Valley

This area of 121 ha includes some rocky hills
with dense dryandra scrub, blackboys and
redgum. These, with stands of wattle and
redgums surrounding the area, are a haven for
white-tailed black cockatcocos. The area
carries about 100 kangaroo as well as some
kbrush wallaby.
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Land Clearing Legislation and the Community

W.7.5. Frost

President, Shire of Plantagenet, Mount Barker,
W.A., 6324.

This submission to the meeting 'Agriculture

and the Environment in Western Australia' is
representative of the opinions expressed by a
wide cross section of the Plantagenet Community
representing Local Government; business,
farming and the man in the street following the
introduction of the State Government's Clearing
Legislation earlier this year. It is not
intended to try to offer a solution to the
Government's problem but to express the point
of wiew of the effect on our community as we
see it.

Concern has been expressed at the manner in
which the Legislation was introduced. No prior
discussion was held with local organisations,
such as Local Government, Zone Development
Committee, or Farmers organisations, an action
which in many cases immediately alienated those
from whom the Government should have been
seeking support and co-operation. Further, it
left whole communities in a state of bewilder-
ment because of the complete reversal of
Government policy. After 30-40 vears of a
policy encouraging land development in known
potentially vulnerable areas, suddenly land
holders were faced with shattered hopes when
their only mistake had been that they accepted
the Government's assurance that these areas
held a future for them and their children.
Concern was the greater in that the Government
had set an example by the expenditure of
millions of dollars of taxpayers money on its
development of War Service Land Settlement
farms in this Shire alone, together with
ancillary services such as roads, schools,
telephone, water, S.E.C. and generally all
those things which make a viable and centented
community. Tts reversal of policy is not only
seen as bringing about a rapid decline in the
community but without assurance of making very
great progress in reducing soil salinity and
river pollutien. It has in fact encouraged
panic clearing in areas adjacent to the defined
catchment area because of the fear that it may
be their turn next and soc land that must have
an incidental effect on soil salinity and
waterways pellution, but could have remained
timbered for scme years to come, has been
prematurely cleared.

Tt is felt that insufficient cognizance has
been taken of the economic and social affects
of this Government policy on the communities
involved without any guarantee of success in
the control of the problem. A more raticnal
approach would have been to discuss and formu-
late experimental projects in co-operaticn with
people already resident in the area and whose
very livelihood was at stake; rather than say
we are going to stop all development and some

time in the future we may be able to take
action to reverse the present situation of salt
build-up. At the moment Government decision
seems to pin its hopes on re-afforestation, but
it is felt that a situation which is c¢laimed
has developed in 10 to 20 years could take
hundreds of years to reverse because of the
impervious nature of subsoils and the slow
leaching action likely to take place in these
soils. The opinion is generally held that
unless the Government changes its approach we
could end up with neither farmlands or potahble
water and that in the process many viable
communities could wither and die.

Although a system of compensation prevails for
land holders no monetary contribution can
compensate for the loss of good farm lands and
no provision has been made to alleviate hard-
ship in affected communities.

A past Director of Agriculture, Dr. T. Dunne,
frequently discussed salt problems with the
writer and expressed the opinion that in higher
rainfall areas such as Plantagenet soil
salinity was a passing phase associated with
land development and that the source would be
leached away when development stabilised; a
contention that can be substantiated to some
degree in areas where clearing has been static
for a number of years, and here I refer to
experience in our own locality. Unfortunately
the recent series of yvears with a below average
winter rainfall pattern is an element that does
nothing to assist this process.

I have not substantiated my submission with

any figures but would point out that 136 or 23
per cent of the farming properties within the
Shire of Plantagenet come within the restricted
area. On some of these the impact will be
slight, others will be barred forever from
becoming viable properties and so the process
of farm buildup by amalgamation will be
accentuated. Plantagenet has lost considerable
numbers of residents in the past seven years in
spite of some compensating increase in its town
population, and so an accelerated loss of
people from the rural areas is something that
just cannot be afforded.

Proceedinge ! Agriculture and the Emviromment in Western Australia.
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Reguiations Governing Pesticides

W.H. Moyle

Piblic Health Department, Perth, W.A., €000.

Introduction

Regulations governing pesticides in Western
Australia are based on legislation administered
by both the Public Health Depariment and the
Agricultural Department. They cover the
production, labelling, sale, storage and use
of pesticides.

The legislation includes:-

1. Pesticide Requlations {(Health Act}.
2. Food and Drug Regulations.
3. By-Laws adopted from the Health Act.
4. Poisons Act and Schedules.

5. Agricultural and Related Resources
Protection Act.

6. Aerial Spraying Control Act.

The objectives of the legislation are:-

1. To protect the health and safety of users.
2. To safeguard public health.
3. Te safeguard the environment.

4, For the protection of crops and other farm
produce.

I intend to restrict my paper to legislation
administered by the Public Health Department
which relates to the first three objectives
listed.

Health and Safety of Users

The registration of pesticides, which is
conditional on satisfactory toxicity data,
type of container and labelling details, has
as its prime objective the occupational safety
of the user, and secondarily the safety of the
environment. The provisions of two sections
of the Pesticide Regulations are worth
recording to elaborate on the aspect of user
safety. The Commissioner of Health may refuse
to register, or may cancel the registration of,
a pesticide formulation which, in the opinicn
of the Pesticide Advisory Committee, is
advisable on one or other of the following
grounds: -

a. toxicity, physical properties, formulation,
recommended usage, or if for any other

reason whatscever is dangerous to health; or

b. prescribes a faulty formula for mixing or
diluting; or

c. is not suitable for the purpose for which
it is sold; or

Proceedings @ Agriculture and the

~d. is not suitably packed; or

e. for any other reason does not conform to
the regulations.

Every package containing a pesticide shall
have durably affixed a label, which shall
contain the following particulars:-

a. the distinctive name, if any, of such
pesticide;

b. the name and business address of the whole-
sale dealer;

o. the name of every active ingredient and its
percentage proportion to the whole;

d. the nett weight or volume as the case may
reguire;

e. directions and precautions for its use.

The label shall not contain any statement,
claim, design, device, name or abbreviation
which is false or misleading. A person shall
not sell a pesticide the label relating to
which contains a statement or claim that it is
non-poisonous or harmless to humans.

The Protection of Public Health

The Regulations provide that the manufacture,
storage, packaging and transport of pesticides
shall take place in such a manner that contami-
nation of food should not take place.

Special provisions restrict the use of the
more toxic materials such as sodium f£luoro-
acetate, methyl bromide and the cyanide
compounds. In the case of sodium fluoroace-
tate it may only be used for rabbit and wild
dog control and strict control is exercised
over its use in the field. The commercial use
of the Ffumigants is restricted to people
licensed by the Department after approval by
oral examination. The wide range of commercial
activities ranging from domestic, industyial
and agricultural pest control to fumigation
procedures is subject to a reguirement that
the firms be registered and operators licensed.
Once again the operator is subject to approval
by oral examination. This has helped to
standardise and upgrade somewhat the safety
and effectiveness of treatments.

It is worth recording that legislation does
not prevent a farmer or anyone else for that
matter from doing his own pest control
provided, of course, the chemicals are avail-
able legally to him.

The Food and Drug Regulations provide for an
acceptable upper limit of pesticide residue in
a wide range of food products. Monitering of
food products is carried out by officers of
poth the Department of Agriculture and Public
Health Department. This checking must serve
to reduce excessive and illegal use of pesti-
cides, but its effectiveness is limited as it

Enpironment in Westerm Australia.

Perth, 10th October, 1878 (W.A.I.T. : Bentley).
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Table 1. Merredin farmers blood test for pesticides.

Individual . .

REC Chol Plasma Heptachlor DDE Dieldrin oDT
M 73 90 Nil* 0.003 0.002 Nil+
D 77 73 Nil 0.002 0.005 Nil
a 74 75 Nil 0.003 0.002 Nil
W 80 68 Nil 0.003 0.002 Nil
R 68 a3 Nil 0.002 ¢.002 Nil
G 71 76 Nil 0.002 0.001 Nil
L 74 96 Nil 0.002 0.003 Nil
AW 78 a7 Nil 0.902 0.001 Nil
H 76 71 Nil 0.002 0.003 Nil
Mean 74.5 79.8 0.0023 ¢.0023
Range 68-80 68-96 0.002-0.003 0.001-0.005
Perth 80 91 0.006 0.011 0.01 0.004
FC
Operators

* Nil = 0.001 + Nil = .002

is only possible to monitor a small percentage knowledge or use of chemicals accrues is
of produce. However, the results of testing obviously necessary.
do not indicate there are current grounds for
concern.

Departmental monitoring to check on chemicals
with a cwnulative effect on people in the pest
control industry is carried out to help prevent
poisoning. These pecple are probably the most
exposed in the population. In 1978, because of
local conecern, a small group of farmers in the
Merredin area were blood tested for organo-
chiorine and also for cholinesterase levels.
The findings are presented in Table 1 with a
comparison giving the mean values for a group
of pest contral operators in Perth. The
figures for the Merredin farmers can be seen to
be very satisfactory.

Environmental Protection

This is achieved to some degree by the phasing
out. of certain chemicals such as lead arsenate,
cadmium compounds, organo-mercurials and
restricting the use of persistent pesticides
such as the organg~chlorine compcunds including
dieldrin and DDT. During 1971 and 1972 the
P.W.D. organised an interesting survey of
underground water in the metropolitan area with
a view to ascertaining water levels of organo-
chlorine, organo-phosphates and 2,4-D. The
levels found were minute (Table 2).

From experience in the Division of Occupational
Health it is possible to conclude that the
legislation controlling use of pesticides is
reasonably effective in 1979. Vigilance and
appropriate changes in legislation as new
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Alcoa Alumina and Agriculture

R.J. Devenish-Meares, D.P. Olsen and
J.A. Guilty

Alcoa of Australia Ltd., Kwinana, W.A., 6l67.

Introduction

Alcoa of Australia Limited operates in Western
Australia to mine and refine Darling Range
bauxite. The Company has refineries at
Kwinana and Pinjarra and construction is in
progress on a third refinery at Wagerup.

The Kwinana refinery is located on the shores
of Cockburn Sound, at the northern end of the
Kwinana industrial beit. The Pinjarra and
Wagerup refineries, on the other hand, are
lacated in rural situations, and they are
surrounded by 5,800 and 4,500 hectares
respectively of Alcoa-cowned farmlands. These
extensive areas of farmland have been secured
for two major purposes:

1. Te provide an area where the large
guantities of residue generated in the
refining process can be safely impounded.

2. As a zone to buffer the interface between
refinery operations and neighbouring rural
areas.

Having acquired the areas with these broad aims
in mind, a third goal bkecomes primary in their
management and that is to run the farmlands as
profitable and progressive rural enterprises.

Red Mud Disposal

For each tonne cof alumina produced approximate-
1y 2 tonnes of red mud residue are generated.
This residue is depcsited in large sealed
impoundments or mud lakes built up above the
surrounding terrain. While sizes have variegd
in the past, each future mud lake will cover an
area of approximately 50 ha.

During construction and subsequent filling this
land is, of course, alienated from rural use.
However, when each lake is filled, it will ke
rehabilitated using techniques developed on mud
lakes at Kwinana. The rehabilitation process
takes up to 5 vears, by the end of which time
the mud lake surface is restored to agricultural
or pastoral producticn.

Thus any parcel of land occupied by a mud lake

will bhe alienated from production for several
vears, but the loss is temporary.

Buffer Zone Management

The land surrounding the Pinjarra and Wagerup
refineries serves as a buffer between the

refineries and the surrcunding agricultural
environment. This zone is not intended to
form a barrier between Alcoa and the surround-
ing rural community. Rather it is managed
with a view to assimilating the refinery inte
the existing physical and social environment.

Pastoral/Agricultural Production

Approximately 20 holdings engaged in heef, wool
and fat lamb preduction were purchased in 1969
to form the Company's Pinjarra farmlands.
Approximately 4C heldings - largely dairy
enterprises - were purchased at Wagerup in
1976-78 to form the Wagerup farmlands. The
latter included 485 hectares of irrigated lang.

At Pinjarra management of the farmlands has,

to the present, concentrated on beef produc-
tion, whilst maintaining a small flock of sheep
for wool and fat lambs.

The beef cattle herd was established initially
by purchasing 1,800 Aberdeen Angus, Hereford
and Shorthorn breeder cows with a view to
increasing to 3,000 breeders. By 1374 the bheef
herd had risen to 3,500 cows. However, due %o
a combination of reduced beef prices and a
programme to eradicate brucellosis, the herd
was reduced to 1,800 and additional steers were
then purchased for fattening.

Present strategy is aimed at carrying 2,500
breeder cows and 3,000 breeding ewes. A lot
feeding programme has been adopted using oats
and lupins grown on the farm, and recent
initiatives include the purchase of prime stud
cows with a view to developing a Hereford Stud,
and a plan to establish a 50 ha trial
agroforestry project. This last preoject is to
be a co-operative effort between the W.A.
Forests Department, C.S.I.R.0. and Alcoa.

At Wagerup present management is for beef
production, with irrigated land used for summer
fattening. Friesian cows purchased together
with the original holdings are being joined to
Angus bulls to develop a crossbred breeding
herd.

Cther forms of production are to be examined in
the near future. Particular attention will be
directed to the potential for oil seeds and
other crops, making maximum use of areas
available for irrigation.

Landseaping

Landscape planting is a major feature on areas
of the farmlands leading up to and surrounding
the refineries and mud lakes. This work aims
at aesthetic improvement of the Company's
operations.

At Pinjarra much landscape planting has already
been carried out within the refinery site.
Efforts are now being directed at making the
approach road more attractive by ground shaping
and planting a strip bordering this road for a
distance of 5 km. Tree and shrub species are
being selected for their effectiveness in

Proceedings : Agriculture and the Envirowmment in Western Australig.
Perth, 10th Qotober, 1978 (W.A I.T7. : Bentley).
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screening the mud lakes which are, at present,
readily apparent from this road, and also for
the contribution they can make to the attract-
iveness of this approach tc the refinery.

At Wagerup 2 areas totalling 80 ha were
selected for establishment of plantations this
year — around the refinery site and future mud
lake locations, and along the plant access
road. Trees planted on these areas have
provided a head start in establishment of
screening vegetation.

Next year a further 150 ha scattered over a
wide area of the farmlands will be similarly
planted to complete the greater part of screen-
ing work and landscape enhancement required
arcund the refinery site and its approach road.

Screen and landscape plantings alienate land
from pastoral use for a time, as stock are
excluded from plantations until the trees are
well enough established to withstand trampling
or foraging. It is, however, a positive aim to
have stock grazing these plantations as early
as possible, both to simplify control of ground
cover and to return the land to productive use.




Direct Drilling Systems - Their Potential for
Increasing Cropped Area Within the Avon Valley
With Particular Reference to the Laterite Free
Zone,

A.d. Janes and T.L. Wallise

Muresk Agricultural College, via Northam,
W.hA., 5401.

Introduction

The adoption of more intensive cropping
rotations has been a recent feature of farms in
the wheatbelt due to relatively high gross
margin for the wheat enterprise compared to
sheep and cattle enterprises. Farmers in the
Avon Valley have not been able to increase the
percentage of the farms under crop because of
difficulties associated with topography and
soils which restrict working area and increase
the potential erosion hazard. These
difficulties may be overcome by farmers
abandoning conventional cultivation and adopt-
ing direct drilling.

—Class 1/

Ironstone
Pallid Zone

Country Rock

Transitional Zone
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Description of the Avon Valley

The district called the Avon Valley consists

of four shires: Toodyay, Northam, York and
Beverley. The total area of these shires is
749,000 ha. The laterite free zone (Mulcahy
1967) occurs where the valleys of a few rivers
have been sufficiently entrenched into the arch
of the Darling Range or the country to the east
so that lateritic material is absent from the
valley sides. The fresh rock which is exposed
gives rise to non-calcic brown seoils, br 2,22
(Dimmock 1960), on the eastern edge or on
dolerite intrusions red brown earths Dr 2.33,
ogcasicnally podsolics Dy 3.8l. On the
alluvial deposits farming terraces along the
Avon River there are areas of solonized grey
soils. These soils are relatively fertile in
comparison with other soils occurring in south
western Australia which accounts for early
development in the region.

The main land surfaces, the York and the Avon
surface are distinguished by Mulcahy and
Hingston (1961). The York surface occurs on
the side slopes of the valley where the
lateritic surface has been removed exposing

Fig. 1. Land classes after Negus (1978).

Class 1 Ircnstone

2 Breakaway falls and mallet hills

3 Slopes below mallet hills

4 Gravelly slopes and ridges

5 Deep sand hollows

*6 Grey sandy slopes with scattered granite outcrops

*7 Red brown loamy Soils with scattered dolerite

ountcrops

*g Steep rocky hills

*g Granite bosses
*10 Lower slopes - Wandoo

*11 Valley flats, salmon gum, gimlet
*12  Natural drainage depressions

*13 Main creek and river channels.

* Land classes occurring in the Avon valley.

Proceedings : Agriculture and the Environment in Western Australia.
Perth, 10th October, 1978 (W.A.I.T.

: Bentley).
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fresh country rock. Where the valley is
incising inte the Belmunging surface of the

old plateau it gives rise to the Malebelling
series consisting of gritty brown or grey sand
to sand loam over sandy clay loam. The York
series which is about the same age as the
Malebelling can he divided inteo ¥, the shallow
soils cccurring on ridges and spurs; Y, with
a deeper profile occupying the middle and lower
slopes; and Y3 where the parent material is
basic rock.

The Avon surface occupies most of the valley
floocr and drainage is wvariable accerding to
the parent material on which the profile has
developed and the location of the floor within
the topography.

Land Classes

Negus (1978) describes 13 land classes accord-
ing to the suitability of the land for the
predominant purposes in the upper great
southern. The land classes which occur in the
Avon Valley are land classes 6,7,8,9,11,12 and
13 (Fig. 1}.

& useful guide to land capability classifica-

tion in the Avon Valley is slope. The steeper
slopes characterise areas where active erosion
is occurring which results in undevelcped
profiles, a shallow A horizon over fragmented
parent rock (C horizen). Frequently rock out-
crops make the area non-arable because of
shallow scil, fragmentation of working areas
and the risk of high intensity runoff causing
erosion.

The middle and lower slopes are of sufficiently
low gradient that rate of soil formation
exceeds soil loss resulting in the development
of mature profiles, consisting of well
developed A, B and C horizons.

The Avon surface is developed on alluvial
deposits which have few restrictions except
where water logging occurs.

A land capability classification of the Aven
Valley has been suggested by Janes
(unpublished). This is summarised in Table 1.

Application of the land use capability
classificaticon to the Muresk Agricultural
College property where conventional cultivation
is undertaken shows that about 53 per cent of
the property is arable, about 17 per cent of

Table 1. Land capability cTassification, Avon Valley.
Class % Slope Qther Restrictions Use
Class la) 0-3 Nil. Rotation continuous crop.
b) 0-3 Water legging on occasions. CHh-P*
Class 2Za) 3-8 Nil. Rotation C — P - P,
Contour banks.
)] 3-8 FErosicn present. Rotation C - P - P - P.
Rock outcrops. Contour banks.
Class 3a) 8-12 Nil. Rotation ¢ - P - P = P.
Contcur banks.
h) 8=-12 Rock outcrops. Occasional crop only.
Contour banks.
Class 4a) >12 Nil. Occasional crop.
b) >12 Rock outcrops. Pexmanent pasture.
Class 5 Granite bhosses Useful as water catchment.
Class 6 Depressions Remain uncleared and uncultivated.

* € = Crop. * P = Pasture.

Land capability classification based on description of land surfaces
(Mulcahy and Hingston 1961) and description of land classes (Negus

1978} .

{See Table 2 for comparisons).
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the property is available for cropping in any Direct Drilting Systems
year if a desirable long term rotation is
maintained while a maximum area available over
a short period would be 21 per cent (see Table
3.

Their Potential for Soil Conservation

One problem which occurs when considering this
work is that of the changes in terminology
which have occurred over recent years. The
following definitions are accepted at the
moment : -

Table 2. Comparability of classifications.

Land Surface®*
(Mulcahy & Land Class
Class % Slope Hingston 1961) (Negus 1978)

Conventiongl cultivation is the normally
accepted ground preparation for a district.

Reduced cultivation is any sSeries of operations
which are substantially less than conventional

cultivation. This may be only one cultivation

b) ©-3 followed by sowing with appropriate application
of herbicide before or after sowing.

Class la) 0-3 A; Yq 11

Class 2a) 3-8 Y21 ¥3 7 Direct drilling is any technique involving the
b) 3-8 Y3 drilling of seed directly into undisturbed
soil. It is usually carried out in this State
Class 3a) 8-12 ¥y: Y3 7 by a rigid tyned conventional combine, a
b)  8-12 Mgy 6 modified combine or a triple disc drill.
Class 4a) >12 ¥1: Mgy 8 It is well known that conventional cultivation
practices increase soil loss by destroying
b) >12 crop residues and vegetative cover, reducing
soil structure and infiltration of rainfall
Class 5 Granite g with concomitant increase in runoff and soil
bosses loss. Direct drilling in particular reduces
soil disturbance and ercsion risk. This
Class 6 Natural 12; 13 reduction in soil erosion may allow intensive
depres- cropping of areas of high erosion risk. A
sions paddock which has not been cropped for 15 years
at Muresk with slopes of 8-14 per ceni has heen
cropped in 1979. A dry season has meant that
* A = Avon Surface. Y = York. Mg = Malebell- there has been no evaluation of erosional
ing. losges. Fig. 2 shows the soil conservation

benefits of minimum tillage and no-tillage
(direct drilling).

Table 3. Alternative management strategies.

Desirable Rotation Maximum Rotation Direct Priltin
Conventional Cultivation in the Short Term ¢
Rotation
Area % Total Area % Total Area % Total
1:1 ) 0] 20.2 2.25 438.2 48.75
1:2 46.8 5.21 78.5 8.73 36.7 4.08
1:3 50.5 5.62 64.8 7.21 0.0 0.0
1:4 48.6 5.41 16.9 1.88 0.0 0.0
1:5 0.0 G.0 9.3 1.03 0.0 0.0
1:10 5.9 Q.66 1.4 .16 0.0 0.0
TOTAL 151.8 16.90 191.1 21.26 474.9 52.83
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Using direct drilling, it is considered that
the area presently available for cropping could
be sown each year. This would double the area
available to cropping frowm 23 per cent to 49
per cent. A further 4 per cent of the Muresk
property which is now considered non-arable,
would become available for cropping on a 1:2
rotation {see Table 3).

The 1910 figures in Table 4 reflect the
percentage of cleared land at that time. Aerial
seeding and top-dressing of superphosphate after
World War II increased the area utilised for
sown pastures and stock production.

Table 4. Land use in the Avon Valley.

Percentage of

Year
Category cleared land

1210 Under crop 43

Under fallow 25

TOTAIL 6B
1929 Under crop 30
1939 Under crop 27
1957 Under crop 18
1979 Under crop 29

There is good reason to believe that the Muresk
property is an average landscape for the Avon
Valley between Beverley and Toodyay so there is
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obvious scope for increasing the arable area
under crop by between 10-20% with the adoption
of direct drilling systems.

Agronomic considerations

Reduced tillage and direct drilling offer a
high degree of flexibility within a cropping
system, The extent of multiple c¢ropping has
greatly increased overseas due to direct
drilling (Marsteon 197B). Less time is required
to sow the crop. This improves timeliness,
reduces labour costs and resulting time savings
give the farmer a choice between increasing the
area under crop or devoting more time to other
enterprises,.

Yield

A long term tillage trial commenced at Muresk
in 1976, comparing conventional cultivation
with combine direct drilling and triple disc
drilling on the vield of wheat (see Table 5).

Observations began in 1971 and continued in
1972, 1973 and 1979 when paddocks were direct
drilled (see Table 6). Yields from areas
combine direct drilled have always been egual
to those sown by the conventional plough -
workback - sow system. Generally the triple
disc drill sown crops have not performed as
well in the long term tillage trial.

Weeds

Under paddock conditions satisfactory control
of weeds has been achieved where sprayseed has
peen used. A high grazing pressure was
maintained in the year prior to cropping, over
summer and following the break of season, to
control weeds and provide satisfactory
conditions for the application of sprayseed.

In the long term tillage trial weed control has
been unsatisfactory because of the d&ifficulty
of stocking the area in the year the plots are
out of crop. Plants which are not normally
weed problems in conventionally sown crops have
caused serious competition. These weeds are
silver grass (Vulpia spp.) and Patersons Curse
{Eckliwnm plantaginewn). Delaying the applica~
tion of the herbicide until after a full
germination of silwver grass appears to give
effective control of the grass, while a post
emergent herbicide such as Linuron or 2,4D
adequately controls Patersons Curse.

Qther Considerations

Workability

Workability of a paddock is related t¢ access
and ease of working. Access to Avon Valley
paddocks is restricted during wet periods under
conventional cultivation systems. This makes
weed control or pest control difficult where
pre-emergent spraying is reguired. Where
direct drilling is used, access is easier as a
fibrous root mat holds the soil together and
reduces bogging prokblems., In very wet years
such as 1963 and 1974, it proved difficult to
sow the c¢rop by conventional means.
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I Table 5. Cultivation trial at Muresk.
a. Yield Results
I Mean Yield (tonnes per ha)
Yeaxr Treatment Continuous Wheat Pasture:Wheat
I +N =N +N -%
1976 Conventional Cultivation 3.37 2.64
I Direct Drilled Combine 3.09 2.61
Direct Drilled Triple Disc 3.12 2.51
I 1977 Conventional Cultivation 1.07 1.25 1.03 1.45
Direct Drilled Combine 1.33 .96 1.96 1.59
I Direct Drilled Triple Disc 0.70 .55 1.62 0.80
1578 Conventional Cultivation 1.57 0.68 2.02 1.22
(Standard error) {(0.08) (0.16) (0.1G) (0.04)
I Direct Drilled Combine 1.57 1.05 1.85 1.30
{Standard error) (0.43) (0.39) (0.19} (0.15)
Direct Drilled Triple Disc 0.47 0.25 1.42 0.53
(Standard error) (0.08B} (0.09}) (0.26} (0.10)
I b. Analysis of Variance
Source S5.5. daf M.S. F*
l 1977
Blecks 379,835.16 2 189,917.58 2.6 ns
Nitrogen 239,067.11 1 239,067.11 3.37ns
Error 141,876.56 2
Main Plot TSS 760,778.85 5
Rotation 1,736,245.44 1 1,736,245.44 19, 35%*
l Rotation ¥ Nitrogen 336,6B2.55 1 336,682.55 3.75ns
Error 358,742.16 4 89,685.54
Subunit S5.5. 3,192,449
Tillage 1,794,587.16 2 897,293.58 B.8O%**
Nitrogen x Tillage 1,179,736.89 2 589,868.44 5.85ns
Tillage ® Rotation 536,272.73 2 268,136.36 2.65ns
Nitrogen x Tillage x Rotation 55,398.44 2 27,699.32
Error 1,613,894.8 16 100,824.6
TSS 8,730,881 35
1978
I Blocks 1,462,122.4 2 731,061.2 2.04ns
Nitrogen 3,715,256.3 1 3,715,256.3 10.4 ns
Error (a) 714,185 2 357,256.3
I Rotation 1,878,270.25 1 1,878,270.2 5.8 ns
Rotation x Nitrogen 92,517.4 1 92,517.4 0.28ns
Error (b) 1,295,924.2 4 323,9B81.8
l Tillage 4,374,655 2 2,187,377 T.]2%%
Rotation x Tillage 188,158.3 2 94,0792.1 0.31lns
Nitrogen x Tillage 186,216.2 2 93,108.1 0.30ns
Nitrogen x Rotaticn x Tillage 249,535.5 2 124,767.7 0.40ns
Error 4,912,994.48 16 307,062.15
TSS 12,069,834.98 35
l *ng  Not significant ** Significant 97.5% confidence level *%x Highly significant.
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Table 6. Summary of paddock yields; Muresk cultivation trial.

Fertilizer :
Year/ . . . Date Weed Yield
Cult
Paddock ultivar Cultivation N(kg ha) . Sawn control (t ha)
1971/72
Bank Gamenya Sprayseed CDD 5 16/6 Nil l.e
Adjoining Gamenya Conventional 5 14/6 Nil 0.7{frost)
Farm Average - 1.25
1972/73
% Sub Gamenya Sprayseed CDD 4 20/6 Nil 1.4
% Sub Gamenya Conventional 4 20/6 Nil 1.5
Farm Average - 1.36
1973/74
Sub Gamenya Sprayseed CDD 25 5 Nil 2.05
Farm Average - 2.04
1978/79
Sub Gamenya Sprayseed CDD 14 14 Nil 1.95
Gamenya Sprayseed TDD 14 14 Nil 2.36
Farm Average - 2.07

The yield data indicates that satisfactory wheat c¢rops can be grown using the combine

direct drilling technique.

Ease of working is enhanced by large working
areas with long leads. The wheatbelt farmer
can crop areas of 100-200 ha or more without
obstacles whereas the Avon Valley farmer is
restricted by small paddocks further cut by
obstacles to ecultivation such as depressions,
rock outcrops and contour banks. Molnar (1970}
showed a loss of efficiency due to reducing the
working area from 60 to 20 ha and lead length
by 400 m was 14 per cent for initial ploughing,
11 per cent for working back and 7 per cent for
seeding. The limited size of the croppable
areas in the Avon Valley alsc limits the cost
economies which can be achieved by using large
machinery. This puts the wheatbelt farmer in
an advantageous position with respect to his
Avon Valley counterpart. Direct drilling
offers the Avon Valley farmer the means of
reducing the cost disadvantage he suffers in
cropping in comparison to the wheatbelt.

Energy, Fuel and Labour Saving

Considerable saving in energy, fuel and labour
has been reported elsewhere in Australia and
overseas but work remains to be done on these
aspects under Western Australian conditions.

In a trial examining different levels of
cultivation over a 4 year peried Hutchings
{1974) showed that fuel required for establish-
ing winter cereal crops from direct drilling

was 67 per cent of the conventicnal 3 month
fallow. Savings on labour inputs were of a
similar order. Green and McCulloch (1976}
showed that the typical value for the amount of
energy required in carrying out a mechanical
weeding operation is 0.56 G T/ha (1.5 gals
diesel fuel/acre} which compares with 0.056 G
T/ha (0.15 gals diesel/acre) for a typical weed
control spraying operation. Direct drilling
and minimum tillage technigues, using
herbicides to control weeds save 1 G 1/ha of
total energy (equivalent to 30 of diesel fuel/
ha).

Conclusion

The adoption of direct drilling systems on
farms in the Avon Valley would enable farmers
to cash in on high returns being achieved by
grain growing enterprises by allowing more land
to be put more frequently under crop without
adding to erosion risks. Providing weed
control can be achieved, combine direct drilled
crops yield about the same as those established
using conventional cultivation.

Many of the problems associated with croppihg
in the Avon Valley such as access and
convenience of working and lack of economies
of scale are offset by direct drilling.




significant cost savings are inherent in direct
driliing systems compared tc conventional
cultivation. Further work urgently needs to be
done on energy, fuel and labour saving which
can be achieved by using direct drilling in the

© Avon Valley.
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Effects of Land Use Changes on Salt and Water
Transport

D.R. Williamson* and C.D. Johnston™*

#  ©,5.I.R.0. Division of Land Resources
Management, Wembley, W.A., 60l4.

4%  pepartment of Conservation and Environment,
Perth, W.A., 6000.

Introduction

Studies of the effects of land use change on
salt and water transport are conducted by
CSIRO in nine small catchments in the Darling
Range. The paired catchment approach is used
in three sets of catchments in the 1100 mm,

700 mm and 600 mm annual rainfall zones west of
Collie, east of Collie and at 'Yalanbee',
Bakers Hill, respectively. WNon-paired catch-
ments are monitored at Del Park {1350 mm per
annwm, bauxite mining) and at ‘'Yalanbee'
(agriculture}. In all except cone catchment,
hydrologic measurements have been made both
before and after the clear felling of the dry
sclerophyll forest for the development of
agriculture or extraction of bauxite. Measure-
ments include quality and quantity of stream-
flow, rainfall, and groundwater, plus soil
water content (to & m) and soil salt storage.

This communication surmarises some of the
research firndings recently published in much
greater detail elsewhere (Williamson and
Bettenay 1979; Johnston et al 1979; Sharma et

@l 1979). As preliminary results and interpre-
tations are alse included, it is requested
that the authors be consulted before data are
referenced, reproduced or used in other
andalyses.

Salt Storage

The quantity of salts stored in the landscape
is a significant factor in the maintenance of
salt redistribution to streams. 1In Table 1

the average salt storage of the seoil profile

is given as the measured chloride content in
CSIRO research catchments. Values are the
average of five holes, cored in most cases to
bedrock, except for Yalanbee where data for
nineteen holes were used. Sodium and chleride
contribute 8¢ per cent of all ions in solution.
The similarity of the ionic composition of
solutes to rainfall, plus the long and
intensive period of leaching associated with
the laterite formation, support the conclusion
that the salts at present stored in the land-
scape are derived from atmospheric accession in
rainfall. The ratio of chloride input in rain-
fall to stored chloride is 0.0025 per annum
for Wights catchment, and 0.00015 per anwuwn
for Lemcn catchment.

Table 1 shows that chleride storage increases
with decreasing average rainfall, as does the
average chloride concentration of the soil
water since there is little difference in
average soil water content with decreasing

Table 1. Average salt storage (as chloride ion) in CSIR0 research catchments.

Rainfall average CR™ Average
Averadge cL™ Profile Chloride Conc. of Water
Catchment Rainfall conc. Depth Storage Scil Water Content
(mm yr=1) (mg ™1 {m} (kg m~2) (mg ¢1) (m3 m-3)
Del Park 1350 10.8 0.7 100 .38
Wights 1100 6.5 13.7 2.7 &£20 .32
Salmon 1100 6.4 19.1 5.4 830 .34
Lemon 750 4,2 25.4 2G.7 2580 .32
Dens 700 18.7 27.8 5120 .29
Ernies 700 28.9 22.9 3650 .22
Yalanbee* 600 5.1 22.5 51 - -

* Source: Dimmeck et al {1974) using CL/7sS = 0.54

Proceedinge : Agriculture and the Ewvirorment in Western Australia.
Perth, 10th Qatober, 1978 (W.A.I.T. : Bentley).
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Fig. 1. Chloride concentration in soil water.

rainfall. Under forest conditions, most of the Salt and Water Balances
solute is found in the unsaturated zone. 2&an
analysis of 161 bore holes drilled in the
Manjimup Woodchip License Area showed similar
trends where rainfall is <1050 mm per annum,
with salinity parameters varying also with
depth and topographic position.

Salt and water are received by the catchments
in rainfall and lost from the catchments in
streamflow and groundwater flow, in addition
water is lost by evaporation. The stream may
be made up of runoff, near surface groundwater
perched on the clays, and groundwater from the
deeper clay aquifers. Use can be made of the
differences (a factor of about 102) in chloride
concentration of these waters to estimate the
volumetric contribution of each source to the
stream.

Table 2 gives data for the outflow/inflow ratio
of water and chloride for catchments at Bakers
Hill and Collie. Tables 3 and 4 give the data
leading to the calculation of the raties in
Table 2. The steady state condition for
chloride is when the outflow:input ratio is
1.0. A catchment may be accumulating chloride
when the ratio is less than 1.0 but where this
occurs it is known that there is groundwater
flow in the deep clay aquifer (often saline}
across the lower boundary of the catchment.
However for Wights and Salmon catchments, the
weirs are built on the basement rock so that
streamflow includes all the groundwater flow
from the catchment. With these catchments,
under a land use of production forestry, there
was a net loss of chloride.

Figure 1 shows the characteristic shape of the
chloride concentration of soil water as a
function of depth for the cored holes in five
Collie catchments. Core hole 1351 is from
Salmon catchment which is in a higher rainfall
area than core hole 9351 from Lemon catchment.
The 'bulge' type profile is the most universal,
particularly where there is permanent ground-
water, the peak concentration being close to
but above the water table. There appears to be
a correlation bhetween root distribution and the
solute profile. The peak concentration becomes
smazller and c¢loser to the soil suxface with
increasing rainfall. Another typical solute
profile found elsewhere in the Darling Range,
particularly in higher rainfall areas, has a
monotonic increase with depth.

The greater salt storage observed in areas of
lower rainfall is not reflected in the ground-
water salinities for forested land. Average
salinities of groundwater for Wights and Lemon
are 540 and 500 milligrams of chloride per

litre (mg ce-e—1y respectively. This may be
changed following clearing. Hence, pre-clearing
groundwater salinities may not indicate the
potential increase following clearing which salt
storage would suggest, particularly when the
groundwater level rises into the 'bulge' zone.

As the name implies, the Subdued Drainage
catchment (area 80.3 ha) has a poorly defined
stream line, and contrasts with the guite
deeply incised streams of the other Yalankee -
catchments. In the Subdued Drainage catchment,
the increase in chloride flow/fall ratio was
directly related to the contribution of saline
groundwater to the stream when the potentio-
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metric head was less than 1 m below ground
surface after 1972.

In 1968-69 the salt content of the sandy/
gravelly so0il {0.73 m depth} above the deep
clay was 450 kg c& ha"l (30 sampling sites).
For the 1972=76 period when chloride outflow/
input ratios exceeded unity, the catchment
contributed 1416 kg Cc2~ ha=l to the saltflow.
Thus the salt storage in the more permeable
surface soils was not sufficient to account
for the net loss of salt. Between 1969 and
1976 annual flow-weighted concentration of

stream flow increased from 60 to 2630 mg C&~
=1,

The post-c¢learing results for West catchment
and Wights catchment show an immediate
increase in output of both chloride and water
following clearing based on the correlation
with the paired control catchment. For West
catchment the increase has been about cone order
of magnitude, while in Wights catchment stream-
flow has increased by a factor of 2.4 in 1977
and 3.1 in 1978, and chloride flow increasing
by a factor of 2.7 in 1977 and 4.9 in 197B.
The flow-weighted annmal average concentration
of chloride in streamflow for Wights was 64,
167, 422, 177 and 216 mg =1 for the years
1974-78 respectively, showing that increased
runcff has kept the average salinity within
acceptable levels. However, the rate of
increase in chloride flow is greater than in
streamflow suggesting a consequent increase in
average salinity. A number of seepage zones
existed in both Wights and Salmon catchments
before c¢learing, those in Wights having
expanded in the two post-clearing years. In
the West catchment at Yalanbee, to date, no
seepage of saline groundwater has developed
since clearing.

In Wights, 70 per ceni of the increase in
chloride output cccurred in the 3 months
following the first major runoff event in May
(1978) or June (1977). The increase in the
proportion of rainfall passing directly to the
stream in runcff accounts for less than 4 per
cent of the increased chloride outflow.

]
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Assuming that the present cutflow:inflew ratio
of 7.4 is maintained the removal of stored
salt and attainment of a new equilibrium
condition would take in the order of 70 years
for Wights catchment.

A different approach has to be used to
establish the effect of clearing on salt and
water outflow for Lemon catchment due to a
poor correlation with the catchment monitored
as i1ts uncleared pair. Based on catchment
outflow response to rainfall, there appears to
be an increase in both salt and water output
following clearing. The major area for runoff
generation is the broad flat valley floor of
35 ha extending about 200 m upstream from the
gauging station. The streamflow in 1975 could
be generated by a runoff:rainfall ratio of
0.06 for that valley floor, but in 1878 with
similar rainfall the ratio was 0.34. With the
flow weighted chloride concentration of stream-
flow similar for those two years, the net
chloride output was greater by a factor of 5.4
in 1978. Groundwater, at 1000 mg Ci~ &% is
at a depth greater than 16 m below the scil
surface in the valley floor and does noct
contribute to the stream.

For the three catchments subiected to clearing,
salt accumulated in surface soils appears tao
be more important than saline groundwater as
the spurce for the increase in salt export
during the immediate post clearing years. The
increase in baseflow (Wights}) and the develop-
ment of seeps (Wights, and eventually Lemon and
West), expected as a consequence of rising
groundwater levels already observed, will
probably contribute a smaller volume than the
increased runoff already occurring. However,
due to the high chloride concentration of the
groundwater at existing and potential seepage
locaticns (of order 750 mg £~1 in Wights, 1000
mg #~1 for Lemon, and 11,000 mg 271 for west
catchment at Yalanbee)}, the effect on stream
chloride concentration is expected to be more
significant. The salt storage in the upper
soil layers will contribute to inc¢reased stream
salt output for a relatively short period of
time (arcund 10 vears), pbut the high salt

/

MAY JUNE JULY AUG

Fig. 2. A comparison of the pattern of chloride concentration of streamflow in 1975 for
Wights Catchment (includes seepage) and for Lemon Catchment (no seepage).
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storage which would be mobilised by a rising
water table would provide a more sustained
contribution to stream salinity {say about 100
years). The extent and duraticn of
contributions to stream salinity from the
various scources as a function of time, when
available for these and other experimental
catchments, will help to clarify their relative
importance. The use of differences in
chloride concentration of the varicus sources
of stream water is beinhg examined as a teool for
establishing the relative contributicn of the
sgurces.

Solute Composition as an Indicator of Flow
Pathways

The large differences of chloride concentration
in runoff (<10 mg l'l), of shallow perched
groundwater (<200 mg £71) and of deeper,
usually saline, groundwater (»200 mg £~1) allow
the annual pattern of stream chloride concen-
tration to indicate sources of water for the
stream even under forest vegetation.

Figure 2 shows the contrasting patterns for
stream chloride concentration with (Wights) and
without (Lemon} a saline groundwater
contributicn. The high concentration of the
initial streamflow in Wights indicates the
dominance of seepage contribution; the
subsequent reduction resulting from an
increasing volume of runoff generated by winter
rainfall. The steady increase in concentration
for the remainder of the vear reflects the
contribution from shallow groundwater and the
increasing proportion of saline groundwater
contributing to streamflow. With no
contribution from saline seepage, the
fluctuation in streamflow concentration for
Lemon is only marginally affected by runoff
events.

The annual variation of stream chloride
concentration should be a useful tool for
making a preliminary assessment of the salinity
hazard of induced hydrologic changes in a
forested catchment, and for gauging the
effectiveness of methods used to reduce or
eliminate seepage in a farmed catchment.

Applying the principle of conservation of mass,
it can be shown that -

C V. = V_+C V +C_V
s s r r u u g g

where C is solute concentration and V is the
component volume in the streamflow with the
subscripts being streamflow, s, runoff, r,
through flow in surface sandy or gravelly soil
layer, u, and groundwater, g. In many situa-
tions the groundwater flow component in stream-
flow is only part of the total groundwater flow
from a catchment. Sharma et al (1979) have
taken chiloride concentrations measured in
several catchments to estimate the contribution
of solutes to the stream from various sources
within the landscape. The analysis suggests
that with a change in land use from forest to
agriculture, not only will there be a signifi-
cant increase in the contribution from ground-
water and/or the upper scil layer, there may
also be increased contribution from surface
runoff. Based on the analysis applied to a
hypothetical catchment and two experimental

catchments, it is suggested that land clearing
may cause a significant increase in any of the
three components depending on the configura-
tion of the catchment, solute distributicn in
the profile and differential hydraulic
properties of various sub-components of the
catchment. It is unlikely that either the
rising groundwater or throughflow hypotheses
for salinity development put forward by Wood
(1924} and Conacher (1975) respectively, could
be shown tc be exclusive. In many catchments,
a flow model which includes the two pathways
in a dynamic form may be more realistic.

Changes in ionic composition of catchment
waters provide a useful tool for analysis of
hydrologic response. On an annual basis, the
differences of icnic composition of the wvarious
sources of water for streams appear to be to0
small for quantitative analysis. However the
seasonal changes, using ion to chloride ratios,
appear to be significant particularly for
s04~", K*, ca*t and Mgt*. By comparison with
rainfall (or throughfall), ratios of K+, cat+t
and 5047" with chioride are significantly
reduced as a result of downward redistribution
of water to the groundwater system, leading to
groundwater ratios being the lowest in the
hydrologic system. Consequently, the lowest
ratios for streamflow reflect a high proportion
of groundwater in streamflow, and the highest
ratios (and lowest Si content) correspeond with
periods of maximum runoff.

Analysis of seasonal changes in ionic composi-
tion is continuing. Some other general results
are:=-

1. The pH ranges from 3.5 to 4.0 in the
unsaturated pallid zone, but from 5 to 7
in the deeper weathering zone, the higher
values being assocliated with saturated soil.

2. The higher s0,7~/C&~ ratio for rainwater
compared to seawater suggests an effect of
regional industrial activity. Higher
kt/CL~ ratios may be due to forest fires.
Ratios of ions to chloride in rainfall
differ significantly from the ratios of
throughfall for all major ions except catt.
In addition C&~ concentration is higher
in throughfall than in rainfall.

3. Ratios of total extractable ions to
chloride for soils are higher than the
ratio for rainfall. However, the ratios
for soil saturation extracts are signifi-
cantly lower than for rainfall. This
indicates that the soil profile is adsorbing
ions such as K+, Ca++, Mg++ and S047".
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Changes in Groundwater Systems After Clearing
for Agriculture

A.J. Peck, M.I. Height, D.H. Hurle and
P.A. Yendle

C.3.I.R.0. Divisicn of Land Resources
Management, Wembley, W.A., 6014.

Cne objective of catchment studies in the
Darling Range is to determine characteristics
of groundwater systems, and the changes which
can be attributed to agricultural development
of previocusly forested land. In this region
the native forest is dominated by jarrah and
marri (Bucalyptus marginata and E. calophylla
respectively), while the conventional form of
agriculture is grazing on annual pastures
which germinate in early winter and senesce in
early summer.

This note presents a resumé of observaticons in
three widely-separated areas of the Darling
Range. The results are preliminary and
interpretations may change after the analysis
of longer postclearing data sets, chleride
concentrations in the groundwaters, details of
the bore hydrographs, eée.

Observations Near Baker's Hill

In the early 1970's cobservation bores were
drilled in three small catchments on 'Yalanbee'
an experimental farm near Baker's Hill, W.A.
Average rainfall in this area is about 600 mm
per annum.

One of the catchments was cleared in the late
1950's and early 60's. Records of the
potentiometric head in a saline {(chloride
104 mg 2~1) aquifer at a depth of 7.5 m begin
in May 1969. At that time the head was about
2.1 m below ground level, and was varying
seascnally with awplitude of about 0.5 m.
Pressure has steadily built up in this aquifer
which is now {at least) semi-confined. The
potentiometric head reached ground level in
1574, and now stands above it throughout the
vear. Flow-weighted chloride concentrations in
the stream draining this catchment have
increased from ~ 260 mg 2™l in 1971 to » 3000
ng 21 in 1976.

The remaining two catchments form a pair, one
of which was cleared in December 1973. After
the catchments were instrumented for streamflow
measuremants in 1969, drilling revealed
differences in subsurface conditicns,

-Only four of nineteen hores encountered

aquifers in the West catchment before it was
cleared. The head of water in all four of
these bores has increased since clearing at
rates of hetween 0.5 and 1.6 m per anmm,
Another three bores in this catchment have made
water since clearing. In these bores the heads
are increasing at between 0.7 and 1.2 m per
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annuwm, A characteristic of the deeper

(v 20 m) aquifers in this catchment is that
they show little seasonal response. This
guggests little recharge and may be associated
with the frequency of Ary bores. Five of the
remaining bores stand on relatively shallow
{<1C m) rock and occasionally make water in
winter.

By contrast, fifteen out of sixteen bores
encountered water in the neighbouring East
catchment which remains uncleared. In fourteen
bores the head varies seasonally with amplitude
v 0.4 m, and increased slowly until 1976.

Since then, the trend has been a slow degrease
of head. The head in another bore increased
slowly from 1973 to 1978 with little (< 0.1 m)
seascnal amplitude. The remaining bore in this
catchment was dry until 1976, and since then
the head has varied erratically with no
apparent trend.

Fig. 1 illustrates the hydrograph of one bore
from each of the 2 areas in the paired catch-
ment study.
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Fig. 1. Hydrograph records of one bore of each
of the East and West catchments,
paired catchment study at 'Yalanbee'.

Lemon Catchment

This catchment lies about 30 km NE of Collie,
W.A. It receives an average rainfall of about
750 mm per annwm. In the summer of 1976/77
the lower half {(about 184 ha)} of the catchment
was cleared and sown to annual pasture.
Groundwaters are observed in deeply weathered
granite at depths cof ~ 30 m, and at depths of
<5 m in the more permeable surface soils of
the laterite profile.

Out of twenty four shallow bores, five have
always been dry, and another three have only
rarely made water. Five of the shallow bores
have been wet every winter since 1975, and
another ten have been wet in all but one winter
(1976). The remaining bore in this set is only
rarely dry. Any effects of clearing on the
shallow aquifer are not readily detectable
against the variations due to rainfall
differences from year to year.
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Three out of nineteen deep (v 30 m)} kores in

the area which is now farmed were dry on drill-

ing; two of these have made water since clear-
ing, and heads are increasing at v 0.5 m pen
annun. In another eleven bores which always
intersected the deep aguifer, heads are
increasing at rates up to 1.3 m per awmnmum

{(median 0.8 m per annum) since clearing. There

are significant (amplitude ~ 0.5 m) seasonal
changes in some of the bores. Three of them
respond to rainfall, but have not responded to
clearing. Another two bores in this catchment
show little variation of head in time, either
seasonally or since clearing.

Fig. 2 shows the hydrographs of twe bores in
the cleared area of this catchment; in one
bore the head is affected by winter rain, but
not clearing, while the other has responded

to clearing, but is not influenced by seasonal
recharge.
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Fig. 2. Hydrograph records of two contrast-
ing bores Lemon catchment, Collie.

Dons Catchment

This catchment lies in the 700 mm per anmum
rainfall zone about 35 ki NE of Collie, W.A.
It was partly cleared in the summexr of 1976/77
in special patterns designed to prevent the
development of salinity from groundwater
seepage. As in the case of Lemon catchment,
not all the borehole data have been examined
in the preparation of this note.

The data from eleven bores in uncleared
sections of the catchment have been examined.
One of them has been dry since drilling, and
another two are now dry after holding water
until 1976. The head of water is currently
falling in another four bores in the uncleared
area, and is essentially constant in three
more. Since clearing, there has been a small
rise in head of water in the remaining bore
which is situated in a 30 m wide strip of
trees between two 350 m wide strips of farmed
land.

The head of water has increased slightly since
1977 in four out of six bores in cleared
sections of this catchment, and has remained
essentially constant in the other two.

Fig. 3 shows the hydrographs of two bores: one

within and the other outside of cleared areas
on this catchment.
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Fig. 3.. Hydrograph records of two bores. one
in cleared area one not cleared,
Dons catchment.

Wights Catchment

This catchment lies about 16 km W of Collie,
W.A. in an area of about 1100 mm per awnum
average rainfall. Essentially all of the
catchment was cleared in the summexr of 1976/77.

Five bores in this catchment are drilled to
clay layers at depths of 0.5 to 2.5 m for
observations of perched water tables. Two of
these bores have been wet only once (in both
cases since clearing). The remaining bores
make water in winter, but cne of them remained
dry through 1976. No trends in the head of
water' in the shallow aguifer can be identified,
but perhaps the perched water system develops
more freguently and persists for a greater time
now than it did before clearing.

Thirty bores have been drilled to hard rock

(2 to 39 m) for observations of the deeper
aquifer in this catchment. Twenty two of these
bores are placed on a 200 m square grid.

only two of the deep bores did not intersect a
permanent aquifer, and these bores, which were
seasonally dry before clearing, are now
permanently wet. In 1978 the head of water in
one of these hores reached the top of the
casing. The trend of the head of water in
these, and several other bores within the
catchment, is obscured by total saturation of
the soil profile, and local groundwater dis-
charge each winter.

Significant increases of head since clearing
are apparent in the hydrographs of twenty three
bores in this catchment. Rates of increase
range up to 3.5 m per annum, with a median
value of about 2 m per annum. Increasing heads
have been observed in bores which show both
very slow (heavily damped) seasonal response to
rainfall, and others in which the response is
almost instantaneous and ranges in amplitude
up to v 5 m.

There is no obvious trend since clearing in
the head of water in five bores, One of these
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has been fully artesian (head above ground
level) since 1974, while the seasonal response
of two others suggests that they also inter-
sect confined agquifers. One of the remaining
pores is slightly outside of the cleared area.
‘Since 1977 the head of water in this bore has
increased at about 0.5 m per gqmmwm, but it is
still below levels reached in 1974 and 1975.
The remaining boxre is well within the cleared
area. In 1974 the head rose n» 12 m in this
bore, and then fell by v 10 m over the next 2%
years. Since September 1977 {the end of the
first winter after clearing) water has risen a
net 0.76 m in this bore, but the significance
of this change is not easily assessed in view
of the earlier behaviocur.

Fig. 4 shows the hydrographs of 2 bores in
Wights catchment.
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Fig. 4. Hydrograph records of two bores,
Wights catchment.

Conclusions

Clearing has had no definite effect on the
head of water in aquifers which develop
seascnally in the more permeable near-surface
material of lateritic profiles in the Darling
Range. However, this aquifer may now develop
more frequently, and hold water for a longer
pericd of time than it did before clearing.

Where data are sufficient to indicate a trend
after clearing, the head of water is increas-
ing in 80 per cent of the bores which inter-
sect permanent aquifers in the deeply
weathered soils of the Darling Range. Water
ie rising in these bores at rates of around
0.8 m per gwmgm in a 750 mm per gnmgm rainfall
zone, and 2 m per gmuwn in a 1100 mm per gnnum
zone. Since water levels have been falling
for several years in 80 per cent of the bores
examined for uncleared areas, it is likely
that the effects of clearing have been under-
estimated in this analysis.







