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FOREWORD 

Without doubt salinity is the most serious environmental problem facing the State today. 

While salt has always been a major component of WA ecology as was found and reported 
by our explorers in their sightings of abundant salt lakes, flats and rivers long before 
European settlement had had time to affect nature. 

However, the traditional agricultural, forestry and other practices which the white man 
brought with him had a most unsettling effect upon our environment and while such 
practices could be sustained in their homeland, that was not to be in their new found land. 

The cutting down of the forest and the planting of crops resulted in less water usage than 
under natural vegetation and the surplus water has not only created a waterlogging situation 
but with crystaline salt in the soil this increased water has become saline, and killed both 
cultivated crops and pastures as well as natural vegetation as watertables rose. 

( If we are to continue to maintain a civilisation here in our State we have to reverse this 
process, for not only is it destroying the environment in which we live but also the water we 
need, not only for our sustenance and for industry, but also to grow the food we produce 
and export. 

( 

The capital value of our agricultural land is measured in billions of dollars, yet some Shires 
report that 10% is already rendered useless for crops, and others are losing 1 % a year. Yet 
other communities are expected to be wiped out through their agriculture becoming 
unviable. 

It is this situation we face in the year of Australia's bicentennary and I trust that 
Governments and the people of Western Australia will take heed of the warnings and not 
just live from year to year. The future of our children depends upon it. 

This document, I regret had to be hastily drawn up by a small group of people thrown 
together at the request of a Parliament whose responsibilities are diverse and time 
con trained. 

None of us had appreciated the full consequences of salinity before we started, but all have 
become shocked at the situation. 

This report is designed to be a discussion paper for both Government and landowners, 
householders and environmentalists, and we hope that your input and reaction to it will 
enable us to prepare a report and recommendations which will change the direction and the 
future of our State. 

The Committee has concentrated on assessing salinity as it affects the land. We have not as 
yet looked in any depth at the impact of salinity on the rivers and stream supply or the 
environmental, health and social effects of the salinity problem. These issues have been 
touched on in this report but will be covered in greater detail in our final report. 

The success of the Inquiry has depended largely on the contributions of many people. Most 
important are the many people who represent all sectors of the rural community, 
Government departments, private industry and public interest groups who have prepared 
submissions for our consideration. We also express our sincere gratitude to the many 
farmers and people representing various interested communities who gave of their valuable 
time to inform the committee of their concerns, and to local government councils and their 
staff who provided every assistance to the committee with inspections and advice. 
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Finally, I particularly wish to thank my fellow members of the Committee for their co
operation and support throughout the Inquiry and for the individual skills that they brought 
to it. 

My Committee particularly wanted to acknowledge the work of our Clerk, Ms Michele 
Cornwell, who has· played such a major role in getting our views to paper, and her group of 
workers who got this report typed and printed in time to meet the deadline of a closing 
Parliamentary session. 

Controlling the problems of salinity is a major challenge for our State. We trust the result 
of our work will assist the task and commend consideration of the report to the Legislative 
Council and the people of Western Australia. 

DA VlD WORDSWORTH 

Chairman 
Select Committee on Salinity 
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THE COMMITTEE AND ITS WORK 

TERMS OF REFERENCE 

When the Salinity Committee was established as a select committee of the Legislative 
Council in November 1987, it was given the following Terms of Reference: 

( (1) That a select committee of 4 members be appointed to inquire into and repon on, 
not later than May 18 1988*, salinity in Western Australia, more panicularly with 
regard to: 

( 

( a) what action has, or is being taken, to assess the magnitude of the problem; 

(b) what form of action can, or should, be taken to control salinity; 

( c) what legislative or administrative acts or incentives to the private sector are 
necessary or desirable to assist further in controlling or eradicating salinity. 

(2) A quorum of the Committee is 2 Members and the Committee's proceedings during 
the hearing of evidence shall be open to accredited representatives of the news 
media and the public. 

* this was later extended to November 1988. 

MEMBERS AND STAFF OF THE COMMITTEE 

In November 1987, Honourables Tom Butler, John Caldwell, Doug Wenn and David 
Wordsworth were appointed to the Committee. At its frrst meeting on July 1987, 
Honourable David Wordsworth was elected Chairman and Honourable Doug Wenn, deputy 
Chairman. The Clerk to the Committee was Ms Michele Cornwell. Specialist technical 
advice was provided by Dr R.A. Nulsen from the Department of Agriculture. 
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METHOD OF INQUIRY 

Visits and Inspections 

The Committee inspected salt affected properties and salinity control projects in Western 
Australia, Victoria and South Australia. The Committee was assisted during these visits by 
staff of Government departments, landowners, and officers of Shire Councils. 

• Hearings and Submissions 

The Committee advertised its hearings in the metropolitan and rural newspapers and invited 
evidence from interested people and organisations. Written submissions were received 
from people where names are specified in Appendix 1. 
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CONCLUSIONS 

Types of Salinity Problems 

1. Many parts of Western Australia are affected by increasing concentrations of salts in 
soil and water bodies. This problem also affects the economic usefulness and 
environmental amenity of these resources and threatens to degrade the resources 
further unless additional remedial action is taken. 

2. The principal social, environmental and economic effects identified by the Committee 
have been associated with dryland salting, in non-irrigated areas high watertables and 
salting in irrigation areas, river and stream salinity, effects on lakes and wetlands and 
groundwater salinity. 

Causes 

3. Before European settlement, salt affected soils, salt pans, salinas, salt marshes, saline 
streams and saline groundwater were a feature of the environment in Western 
Australia. The present salinity problems have resulted largely from human activities 
which, in the brief period since European settlement, have altered the natural water 
balance of the landscape and changed the distribution of salts. 

Rise in Watertables 

4. The major reason for many salinity problems of soil and water has been the rise in the 
levels of watertables in many parts of Western Australia. This has been caused by 
practices which have increased the rate of recharge of water to the groundwater 
thereby upsetting the hydrological equilibrium which previously existed. Such 
practices on the recharge zones of aquifers have included the replacement of forests 
through agricultural activities which intercept and transpire less rainfall, and the 
introduction of irrigation. 

5. 

6. 

The increased water flowing through the soil and weathered rock dissolves stored salts 
and transports it to the groundwater system. As the watertables rise, the saline water 
may discharge at a greater rate to streams or be brought sufficiently close to the 
surface of the land to evaporate, leaving concentrated salts in the soil. 

In dry land areas this had led to the development of saline seeps and contributed to the 
salinity of streams, water storages and lakes. While much of the dryland salinity is a 
consequence of past practices, particularly forest clearing, significant contributions to 
rises in watertables may also result from such ongoing activities as : 

removal of trees; and 

extensive fallowing and use of shallow-rooted plant species in agriculture. 

7. In irrigated areas, inputs to the watertables from rainfall are supplemented by inputs of 
irrigation water and seepage from the channels which distribute the water. Ponding of 
water on paddocks and in storage basins can further add to the accessions. 

8. The watertables in some of the irrigation regions of Western Australia are also 
influenced by pressure levels in the underlying deeper regional aquifers. These levels 
have risen as a result of recharge not only from the irrigation areas but from the 
dryland areas to the east. 
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9. There is lack of field measurements of the relative contributions to the watertable 
from each of the following sources: 

rainfall; 

irrigation practices; and 

regional groundwater flow. 

10. The data available is inadequate to assess the efficiency with which farmers use the 
irrigation water. The limited measurements suggest that the excess of water which 
reaches the watertable beyond that required to leach salts from the root zone, could 
be significant. 

Exposure of Saline Subsoil 

11. Salt scalds can be caused when erosion of topsoil exposes a saline subsoil. This has 
occurred in the pastoral region due to overgrazing. 

Decreased Diluting Capacity of Water Bodies 

12. Activities which limit the deletion of water bodies increase in the concentration of 
salt in those water bodies. 

Discharge of Saline Wastes 

13. Wastewater which contains significant qualities of salt is released from private and 
public drainage systems. Unless safely disposed of, this water can have deleterious 
impacts downstream. Thus the solution to one aspect of the salinity problem may 
contribute to another. The disposal of saline wastes from urban and industrial areas 
also adds salt to the environment. 

Trends 

14. Information provided to the Committee by many people indicates that the salinity 
problem in Western Australia is increasing. This problem is associated with a long 
term trend in the rise in watertables in the State as documented by Government 
authorities and observed by many landholders who presented evidence to the 
Committee. 

15. A third of the irrigation area is affected by rising water tables. 

16. The impact of agricultural develolpment on the levels of stream salinity in the 
south-west has been dramatic. Less than 50% of the divertible surface water 
resources remain fresh. The salinity levels of virtually all rivers draining 
agricultural land in areas with rainfall of less than 900mm per annum and continuing 
to deteriorate. 

Economic Effects 

17. The economic effects of salinity result from damages caused by both induced 
salinity and the costs of remedial measures. The effects of salinity on agricultural 
production, and on plant and water supplies have economic consequences. The total 
cost of salinity to Western Australia is about $75 million per year. If no more 
control measures are introduced, the damage due to salinity is likely to treble within 
the next thirty years. 
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18. The annual loss the gross in value of agricultural production in Western Australia as 
a result of salinity has been estimated as $44 million. 

Health and Environmental Effects 

19. Generally, the health of people in Western Australia is little affected by salinity in 
drinking water. The allowable concentrations of the various chemicals that 
contribute to salinity in water are well established and used by authorities to ensure 
that the water supply is of a satisfactory quality. 

20. Rising watertables and salinity levels have affected wildlife habitats in Western 
Australia. 

21. The contribution of high watertables to tree decline in non-irrigated areas of rural 
Western Australia is very significant. 

22. Wildlife habitat has been affected also by salinity control measures. Artificial 
drainage in irrigation areas has been constructed through small natural wetlands 
which, once drained, lose their value to wildlife. The disposal of saline waste into 
natural water supplies will become a problem whcih will need to be addressed in the 
near future. 

Social Effects 

23. The Committee has been exposed to strong concern voiced by many landholders 
whose property or region is affected by salinity. The effects on individuals and their 
community are substantially greater than might be suggested from the overall impact 
of salinity on the national economy. 

24. The affected landowner suffers, not only because of the immediate loss in farm 
production but also because he is afflicted with an ongoing problem that is 
inequitably distributed throughout the region. Further, he may have no guaranteed 
solution that is within his power to implement. In extreme cases the reduced profit 
and high cost of any remedial work that might be undertaken leads to despondency, 
stress and possibly social breakdown as farmers are forced to live with declining 
returns. 

Salinity Control Techniques 

25. Salinity control is currently directed at changing the consequences of salinity rather 
than at the causes. As a result, the problems continue to grow. 

26. The principal causes of salinity problems associated with rising watertables can only 
be addressed by treating the recharge zone of the groundwater system or by 
removing water from the aquifers. 

27. Treatment of a recharge zone requires selecting the most appropriate combination of 
techniques for a particular location. It also requires co-ordinating implementation 
throughout the recharge zone. 

28. Of particular importance is the control over any changes in the use of land in the 
recharge zone which may result in greater accessions to the sensitive groundwater 
systems. Such practices may include: 

clearing of deep rooted vegetation; 

excessive fallowing; and 
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inadequate drainage of floodwaters. 

29. The response of areas that are already salt affected to the treatment of the recharge 
zones will depend on the extent of treatment and on the nature and extent of the 
affected groundwater system. For localised systems, the benefits of treatment may 
be observed within several years. For regional systems, the response time may be 
several decades, even centuries. Thus, even with intensive implementation of 
techniques for controlling recharge of groundwater, many of the salinity problems 
will continue to grow before they begin to abate. 

30. The effectiveness and economic viability of many of the techniques is still uncertain. 
Preference must therefore be given to those techniques for which there are 
associated benefits besides salinity control. In dryland agriculture these may include 
tree planting and replacement of some shallow-rooted plants with deeper-rooted 
species. In irrigated regions they may include various methods of water 
conservation and re-layout of land to facilitate surface drainage and water 
application. Other techniques which should be available for future control of 
salinity, as appropriate, include: 

tile drainage and groundwater pumping, 

surface drainage by constructed or natural drainage lines, 

re-allocation of irrigation water away from sensitive recharge zones. 

31. The principal impediments to the greater application of the techniques of recharge 
control on farms include: 

lack of awareness and concern about salting; 

lack of understanding of the mechanisms of soil salting and related control 
measures; 

financial constraints; 

apparent inequities associated with the separation in distance and time 
between the cause and effect; and 

lack of co-operation between landholders. 

32. The control of salinity would therefore be facilitated by providing for the following 
in sensitive recharge areas: 

extended research and education programs; 

encouragement of preferred farming practices; 

encouragement of tree planting; 

encouragement of co-operation between landholders; 

encouragement of relayout of irrigated land; and 

transfer of entitlements for irrigation water. 

33. The potential of salinity problems to increase in the future justifies a major 
expansion in the program of recharge control and a transition from the current 
research phase to a broad-scale implementation phase. 
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34. Even in the event of widespread recharge control, there will remain the need to 
dispose of saline wastes will remain. These will result from the interception of 
saline groundwater or surface drainage. The three possible forms of disposal are by 
evaporation on land, discharge to rivers during periods of regulated flow, or 
transport to the sea. 

Regional Strategies 

35. The protection of agricultural productivity in irrigation areas will involve a co-
ordinated accelerated program of on-farm salinity control measures. These will 
include the encouragement of appropriate land layout, micro-irrigation of high value 
horticultural crops, private groundwater pumping and re-use, and demonstration of 
economic viability. 

Guiding Principles for Implementation 

36. Any arrangement for salinity control should: 

constitute an appropriate level of response; 

be durable; 

be adaptable; 

have the capacity to integrate salinity control with other aspects of land and 
water management; 

have the capacity to view all aspects of salinity as components of a single 
inter-dependent problem; 

use expertise and resources effectively; 

have the ability to involve all segments of the community; 

have the capacity for inter-governmental co-operation; 

be able to co-ordinate landholders effectively; 

provide appropriate incentives; and 

involve the private and public sector in a balanced way. 

Organisation and Management 

37. A major drawback to salinity control has been the fragmentation of responsibility for 
it between government agencies. The responsibility is currently divided between 
various Ministers. As a result, the capacity for an integrated salinity control 
program in the State is limited. There is currently a lack of State-wide objectives 
and policies, a State plan for salinity control, an integrated salinity control budget, 
overall evaluation and review of performance, and of a co-ordinated research 
strategy. The current arrangements for inter-departmental co-operation provide 
effective exchange of information but lack a mechanism for the formal co-
ordination of action. 

38. Community consultation in salinity control has been adequate to date but there will 
be an increasing need for community-based initiatives. Local government and local 
community groups have the potential to play an important role in the management of 
salinity. 
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39. An organisational framework which would allow these points to be addressed 
requires responsibility to be assigned for the preparation at the State level of 
objectives, policies and plans for salinity control, the capacity to ensure that the 
resulting strategy is implemented by the appropriate agencies, and the preparation of 
regional and sub-regional plans within which the action of agencies, landholders 
and other parts of the co=unity can be co-ordinated. 

Planning and Regulation 

40. Strategic planning for salinity control must take place at the State, regional and local 
level, and incorporate objectives, implementation schedules and associated research 
and education strategies. 

41. Regional planning for salinity control should occur at the level of broad catchments 
or irrigation regions, and should be closely integrated with more comprehensive 
planning processes. 

42. Sub-regional planning at the level of small sub-catchments is a necessary 
requirement for the effective co-ordination of salinity control measures on each 
farm. 

43. Farm planning has the potential to ensure that salinity control measures on a farm 
are integrated with other aspects of farm management and to assist in 
implementation of the sub-regional strategies. 

44. Regnlations should only be applied where voluntary co-operation is unlikely or will 
not be effective. The most effective and enduring changes in land management by 
private landholders will result from voluntary action in response to the provision of 
information and to encouragement by other landholders. 

45. However, further regulatory methods may be necessary to control certain practices, 
such as the clearing of vegetation, to facilitate the transfer of water entitlement, and 
to encourage changes in some practices at the required rate. 
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RECOMMENDATIONS 

Salinity Control Techniques 

(1) Salinity control programs should place greater emphasis on addressing the causes of 
salinity problems by controlling recharge of groundwater systems. 

(2) Codes of preferred farming practices appropriate to sensitive recharge zones in 
dryland and irrigated regions should be developed as guidelines for land users and 
managers. 

(3) The capacity to transfer water entitlements in irrigation areas should be introduced. 

Regional Strategies 

(4) The Government should develop a long-term strategy for salinity control in Western 
Australia. 

(5) Within the next ten years substantial additional funding should be provided from the 
public sector for salinity control in Western Australia. 

Organisation and Management 

(6) A sub-committee of Cabinet should be appointed to oversight and co-ordinate all 
policy matters concerning salinity. 

(7) A Western Australian Salinity Control Board should be established for an initial 
period of five years to recommend and review State policies and objectives for 
salinity control and to ensure that the policies and objectives are achieved through 
co-ordination of the activities of functional agencies and through community-based 
action. 

(8) The Salinity Control Board should consist of part-time members representing 
government agencies and sections of the community and should be the responsibility 
of a single Minister. 

( (9) The Department of Agriculture should be designated as the "principal agency" 
responsible for assisting in the day-to-day co-ordination of salinity control 
activities and for providing technical and administrative assistance to the Salinity 
Control Board. 

(10) The Salinity and Hydrology Research Branch should be provided with additional 
resources to enable it to fulfil its vital role in salinity control. 

(11) The Salinity Control Board should be responsible for ensuring that appropriate 
planning for salinity control takes place at the State, regional and local levels. 

(12) A State Salinity Control Strategy should be prepared by the Salinity Control Board 
and form a component of more broadly based State Strategies. 

(13) The preparation of regional, sub-regional and farm plans for salinity control should 
be facilitated by assistance from government agencies co-ordinated through the 
Salinity Control Board. 

(14) Multi-<lisciplinary salinity control field teams should be formed for the dryland 
regions and for the irrigation regions. The field teams will provide an integrated 



8 

source of advice for farmers on the management of salinity problems and will assist 
extension officers operating within separate agencies. 

(15) Education authorities should recognise the place and importance of salinity control 
in environmental education programs at all levels. 

(16) Government agencies should co-ordinate their contributions to schools of education 
material on salinity problems and their control. 

(17) A well publicised community education program should be established at the State 
and regional level and co-ordinate through the Salinity Control Board. 

Research and Investigation 

(18) Salinity research by State Government organisations should be co-ordinated through 
a Salinity Research Co-ordination and Advisory Committee which should report to 
the Salinity Control Board. This Committee should include representatives from 
State Government agencies and other relevant organisations. 

(19) A State Salinity Research Strategy should be prepared by the Salinity Control Board 
as a component of the State Salinity Control Strategy. 

Funding 

(20) An extended Salinity Loans Scheme should be established for farmers in irrigated an 
non-irrigated regions. Initially, it should operate for a period of five years, and be 
implemented by the Rural and Industries Bank using criteria formulated in 
association with the Salinity Control Board. Loans at concessional rates should be 
made available by considering the following factors: 

the likely contribution that the measures will make towards mitigating 
salinity problems; 

the participation of the farmer in a group project; 

the extent of farm planning that has been undertaken; and 

the ability of the farmer to pay for the measures by other means. 

(21) A Salinity Grants Scheme should be established for an initial period of five years to: 

offset the cost of farm plans in designated areas; 

promote group conservation projects; 

encourage innovation in salinity control; and 

encourage field trials and demonstration projects. 

The criteria for the provision of the grants should be established by the Salinity 
Control Board and funds should be administered by the "principal agency". 

(22) Provision should be made by the Government for a "buy back" scheme to enable 
further purchase of private land located on sensitive groundwater recharge areas. 

(23) Government funding for all salinity control workin Western Australia should be 
provided through a single appropriation and be administered through the Salinity 
Control Board. 
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Inter--Governmental Co--operation 

(24) 

(25) 

(26) 

The Western Australian Government should explore with the Governmeni:· of 
neighbouring States and the Commonwealth the means whereby Western Australia 
is represented on the Ministerial Council of the River Murray Commission. 

The development of a Western Australian Strategy for salinity research, should take 
into account and promote the opportunities for joint research between Western 
Australia and other States. 

Consideration should be given to the opportunities for the use of common 
educational material on salinity by States and the establishment of common training 
programs for staff and land-holder involved in salinity control. 
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INTRODUCTION 

Soil degradation and salinity pose the most serious environmental threat in Western 
Australia. The productivity of farm land is suffering, trees are dying, river systems are 
being polluted and water resources for drinking and recreation are being despoiled. These 
are just the physical manifestations. The rural and urban co=unities will suffer greatly if 
our land resources decay further. 

The actual problem, however, is that we are still really a long way from understanding what 
is happening and our current efforts are not well co-ordinated. A study of current literature 
shows how scientific views about the cause of the problems are diametrically opposed. 
Further, certain members of the farming community feel that their genuine efforts are not 
being recognised and supported by public resources. Amongst some sectors of the farming 
community there is a distinct dissatisfaction with the efforts of government agencies. 
These farmers feel further frustrated because there is no effective mechanism for them to 
influence planning and decision making about soil conservation and research. 

Traditional rural land management practices are very fragmented. The co=on perception 
of individual farmers is that they are free to manage their land as they wish within the 
constraints of the law, which are not in any case significant or well understood. However, 
the problems of soil degradation occur on a broad ecosystem basis, regardless of the 
boundaries of rural land holdings, thus one person's management practices may affect 
many others. 

Similarly, the governmental administrative structures for dealing with soil and land 
conservation management do not seem to be organised on an ecological basis. The 
administrative techniques adopted also appear to be an ad hoc array of powers which may 
be exercised on an unco-ordinated basis. 

In summary, we have a very serious problem about which there are divergent views; in 
response to which management practices do not appear to be well co-ordinated. 
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CHAPTER ONE 

THE NATURE OF SALINITY 

Definition of Salinity 

Firstly, it is important to define exactly what is meant by the t= "salt affected land" (or 
salt land, or soil salinity). A Working Party on Dryland Salting in Australia (1982) 
provided the following definition: 

"Salt affected land is land which is saline, sodic, or strongly alkaline anywhere 
within the top metre of the soil profile." 

This definition was derived from that used by Northcote and Skene (1972) who considered 
the fact that sodicity and alkalinity are often associated with excess soluble salt, the main 
characteristic of salt affected land. 

( There are eight different types of salt affected land in Western Australia (Table 1). These 
can be broadly classified into three groups: naturally saline land (Types 1, 2 and 3), saline 
seepage (Types 4 and 5) and dry saline land (Types 6, 7 and 8). 

( 

Identification of Salt Affected Soils 

Soils which are salt affected can be readily identified by field observations of the soils 
themselves and the plants growing in them. However care should be taken because 
symptoms of saline soils can sometimes be caused by other problems. Saline soil symptoms 
include: 

bare areas that expand each year, particularly after a wet winter; 

free water at the soil surface all year round giving rise to continuous boggy 
conditions; 

white crystals (halite) on the soil surface; 

fluffy soil surface, particularly in su=er; and 

free water within one metre of the soil surface. 

Plant symptoms include: 

patchy, slow or no germination; 

slow early growth; 

burning of leaf tips or leaf die-back late in the season; 

early maturity; 

very good growth and late maturity in one season followed by a poor start the 
following season; 

degeneration of pastures to salt-tolerant species such as sea barley grass (Hordeum 
marinum) or curly ryegrass (Parapholis incurva); and 

degeneration or die-back of trees and shrubs. 
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TABLE 1: TYPES OE SALT AFFECTED LAND EOlJND IN WESTERN 
AI JSTRALIA. 

CODE CLASSIFICATION DESCRIPTION & EXTENT IN W.A. 

Type 1 Salt Marsh Coastal land with watertable, some 
1.15m ha, chiefly around the coaslal 
area in the N.W. of the State. 

Type2 Salt Pan Inland salt lakes, occur in valleys 
which mark 3.45m hectares. Old river 
courses above the Meckering line. 

Type3 Salt Flats Land with watertable below the surface. 
Naturally saline in subsoil or throughout, ( 

and carrying salt tolerant plants; 3.6m ha, 
chiefly along the present course of the 
Murchison River inland of the Great 
Northern Highway. 

Type4 Saline Seepage Seepage with watertable below the 
capillary range, resulting in a saline 
subsoil, e.g. agricultural areas in the S.W. 
315,000 ha. 

Type5 Dry Saline Lands Land without watertable, naturally saline 
. Saline Loam in the subsoil or throughout, and with 
(formerly Salt Scalds) uniform or gradational light textured soils 

in areas with less than 375mm annual 
rainfall. 2.8m ha. 

Type6 Dry Saline Lands Land without watertable, natural! y 
. Saline Clays saline in the subsoil or throughout, less 

than 300 mm rainfall; at least 5m 
hectares. Norseman district and are 
extensive in the Murchison and Pilbara 
areas. 351 000 ha. 

Type7 Scalds Where wind or water erosion has removed 
topsoil - common in pastoral areas, 1.2 m 
hectares. This is the focus of much of 
the contour furrowing and disc pitting 
work to aid revegetation in the pastoral 
areas. 
335 000 ha. ( 

Type8 Dry Salinised Land 8 000 ha. 
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HAZARDS OF SALT 

The acceptability of certain salinity levels depends on the proposed use of water or soils. 
The following is an outline of the effect that it can have on certain areas. 

Human Health 

High concentrations of salt affect the acceptability of water and certain levels can cause 
illness in humans. 

Animals 

Livestock may suffer from excessive salt concentrations in their drinking water, as well as 
from the toxic effects of specific salt. Unsuitable drinking water may interfere with 
reproduction and certain animal products. 

Plants 

( Plant growth and production can be reduced by salinity in four ways: 

(1) Excessive concentration of salt in the soil water can reduce the uptake of water by 
the plant. Affected plants cannot utilise all the water that is available in the soil and, 
unless frequently watered, wilt and die. 

(2) The toxicity of specific types of salts are absorbed by plants. 

(3) Salt can also affect plants by action on the soil itself. 

(4) Salt accumulation in the soil can lead to dispersion of the soil aggregates upon 
watering. Such soils become sealed and may limit the infiltration of water. 

Ecosystems 

By directly affecting the functioning of some plant or animals in an ecosystem, such as a 
river or lake, an increase in the concentration of salts can result in modifications to the 
ecosystem as a whole. 

Farming Improvements 

Other costs to farmers as a result of salinity include: 

(1) the reduction in the life of improvements such as fencing, sheds and sometimes 
homesteads; 

(2) need for special fencing to protect salted areas for pasture and fodder production; 

(3) loss of watering points; 

(4) consequent need for alternative sources of water and its reticulation; and 

(5) frequent disruption of access within farms. 

Many farmers become concerned about the aesthetic aspects of salt-affected land and the 
adverse effects on the market value of their property and on the ability to borrow money 
because of the present salted land and the later possibility of its expansion. 
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Road Materials 

There is some evidence to suggest that co=on salt in high concentration can reduce the 
strength of lime stabilised road materials. This, together with the problems of water
logging, can contribute substantially to the costs of maintaining roads. 

THE NATURAL MOVEMENT OF SALT IN THE ENVIRONMENT 

Water and HydrochernjcaJ Cycles 

Naturally occurring soluble salts are transported and redistributed through the landscape by 
water. The movement of salt is therefore intimately associated with the water cycle 
(hydrological cycle) and with its counterpart the hydrochemical cycle. When rain falls on 
the land a small proportion, about 4% -7% when averaged over Western Australia, 
percolates through the surface layers and recharges the undergroundwater. The rest either 
evaporates, is transpired by plants or flows along the surface into streams. 

The water which has infiltrated into the surface may leach soluble salts from the 
unsaturated zone. This water carrying the salts then moves into the saturated layer and 
through the aquifers so that it ultimately discharges to the land surface at a lower position in 
the landscape, or into streams, lakes or other wetlands. 

Groundwater Flow 

Both localised and regional movements of groundwater are responsible for the transport of 
salt 

Stream Flow 

In streams, the groundwater component forms the base flow. The effect of this 
groundwater discharge on the quality of water in the stream depends upon the proportion of 
total stream flow that is attributed to groundwater, and the proportion due to direct run-off 
of rainwater from the surface and the associated salt load of each component. The salt can 
be further transported in the streams to other locations. 

The Accnmulation of Salt 

The concentration of salt within the soil or groundwater can increase as a result of several 
processes: 

(a) leaching of soluble salts by water passing through the above strata, 

(b) evaporation of water by the sun's energy; or 

(c) extraction of water from the soil by the roots of vegetation. 

These mechanisms can contribute to the salinisation of inland water bodies and of soils. 

The natural distribution of inland salt is broadly reflected in the salinity of groundwater. 
The highest concentrations of salt in the south west of the State are associated with areas of 
low rainfall. Less saline groundwater in the Swan Coastal Plain reflects the higher rainfall 
and infiltration which more rapidly replenishes the groundwater in that region with fresh 
water. Between these two regions the groundwater contains salts at varying concentrations 
depending on the vegetation and the weathering processes associated with the geological 
and climatic history. Natural expressions of salinised land in Western Australia include salt 
flats, where the water table of the salty groundwater is sufficiently close to the surface to 
effect the vegetation and salt pans which represents the more or less permanent outcrop of 
the water table. 

C: 
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CHAPTERTWQ 

TYPES OF SALINITY PROBLEMS AND THEIR CAUSES 

Introduction 

Salinity in Western Australia is a problem that has continued to increase in extent and 
severity. Surveys published have shown that the area of salt land has increased with the 
amount of land cleared. Since the clearing rate has declined there is now an increasing 
proportion of cleared land which is being affected. Attempts to prevent salting, or to design 
treatments for restoring the productivity of salt land will require a clear understanding of 
the problem. 

This section contains information on the types of induced salinity problems and the 
available information on their causes are summarised. 

Groundwater 

A rise in the salinity of groundwater can directly impair the usefulness of the water for 
( agriculture and other purposes. As described in the following sections it can also contribute 

to the salinity of surface water bodies and of soil to which the groundwater discharges. 
Human activities can cause the salinity of groundwater to increase by 

(a) affecting the rate of recharge and associated movement of soluble salts from the 
unsaturated strata; 

(b) causing saline groundwater in one aquifer to mix with groundwater of a lower 
salinity in a neighbouring aquifer; or 

(c) inducing saline base into the groundwater system. 

Rivers 

Rising salinity levels in rivers and streams can reduce their usefulness as a supply of water 
and can also affect aquatic life. 

Increases in the concentration of salt in rivers and streams can be due to any of the 
following factors: 

( (a) natural seasonal variations in river flow and in the relative proportions of 
groundwater and surface inflows; 

(b) increased discharge of salt in surface water or groundwater following catchment 
clearing and other land use changes; 

( c) discharge of saline waste water from, for example, irrigation areas, industrial 
activities and sewage treatment plants; 

(d) reduced dilution as a result of upstream diversion of water; or 

( e) the construction of weirs and dams on the river causing a rise in water level with 
increased pressure on the underlying groundwater which may in turn force saline 
groundwater into the river down stream. 

Lakes and Wetlands 

Lakes and wetlands can be influenced by secondary salinity as a result of increased inflows 
of saline surface water and groundwater. In addition, evaporation of water from lakes 
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concentrates the salts. Some wetlands only occasionally fill with flood water and then 
evaporate to dryness in the intervening years. Salt accumulation may occur in these 
wetlands if they are not flushed out during flood. 

Reservoirs 

As changes in land use from forest to agriculture can modify stream salinity, so too can 
these changes modify the salinity of water stored in reservoirs. Salinity in stored water can 
increase because of evaporation if the storage basins cannot be adequately flushed. A 
particular example is the salinity of water in the Wellington Reservoir, which is a major 
source of water for the irrigation areas on the coast, and town and farm supply in the Great 
Southern. 

son. SALINITY IN DRYLAND AREAS 

Saline Scalds 

Saline scalds in the pastoral areas are areas of land with reduced production, in which a 
naturally saline subsoil has been exposed as a result of erosion of the topsoil. In Western 
Australia saline scalds occur mainly in the pastoral areas. 

Saline scalds appear in agricultural land when clearing of vegetation, overgrazing, or 
inappropriate cropping practices leave the topsoil unprotected, thereby allowing the fine 
sands to be easily blown or washed away. 

Saline Seepage Scalds 

Saline seeps occur when, as a result of man's activities, saline groundwater rises 
sufficiently close to the surface of the land to enable capillary transport and subsequent 
evaporation of the groundwater with a resulting accumulation of salts in the soil. The seeps 
typically occur in valley floors, at the break of slope on hillsides, adjacent to natural 
drainage lines, or above outcrops of impermeable strata. This is the most prominent form 
of salinity in the wheatbelt area. Symptoms of incipient salting are reduced growth of more 
sensitive crops or pastures leading to a decrease in plant yield and replacement of the more 
productive species by species more tolerant to salt. Areas of incipient salting may also be 
recognised by progressive dieback of tree species. As the seep develops, most of the 
ground cover is destroyed as high concentrations of salts develop at and near the soil 
surface. The bare salt patch can continue to grow and, without the protection of vegetation, 
becomes vulnerable to erosion. 

The Committee is aware that the development of saline seeps has been attributed to two 
different mechanisms. In the first, the seep is viewed as the outcome of rising regional or 
localised watertables. In the second, the seep is the result of local rainfall which, after 
entering the soil, is prevented from further downward movement by a "hardpan". Water 
flows over this layer to the seepage zone. The hardpan layer may be naturally occurring or 
a layer of reduced permeability resulting from soil compaction. 

The following specific causes of increased recharge to groundwater bodies have been 
suggested to the Committee: 

(a) Clearing of Trees 

Evidence that the clearing of forests has been the predominant cause of seepage 
salting is supported by the CSIRO, Department of Agriculture, Water Authority of 
Western Australia, and the Department of Conservation and Land Management. 
The removal of trees and replacement by some agricultural vegetation results in 
reduced utilisation of stored soil moisture, thereby permitting increased accessions 
of rain to the groundwater. 
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The length of time between clearing and the appearance of saline seeps depends 
upon many factors, which include the hydrologic characteristics of the cleared area, 
the intrinsic nature of the aquifer involved, the remaining storage capacity of the 
unsaturated zone of the aquifer, the salt content of the groundwater and the distance 
between recharge zone and seep. While response times of two to three decades 
might be expected in small localised aquifers, the period may be substantially longer 
in regional aquifers. Therefore, clearing of land almost a century ago may only now 
be resulting in dryland salinity. 

(b) Agricultural Practices 

The amount of rainwater utilised by dryland agricultural areas before it enters the 
groundwater depends on the type of pastures or crops, the methods of cultivation, 
the density and species of the plants, and the topography of the land. The attention 
of the Committee has been drawn in particular to the significant increase in 
groundwater recharge that is considered to be caused by periods of fallowing, the 
introduction of shallow rooted annual agricultural plants, and ponding of water in 
depressions on the land. 

( SOIL SALINITY IN IRRIGATION AREAS 

In irrigation districts, salt can affect agricultural production as a result of either a rising 
saline watertable or the application of excessively saline irrigation water. The major 
problems in Western Australia are the results of high watertables. 

The Department of Agriculture has estimated that 6 200 ha (17.8%) of the Waroona, 
Harvey and Collie Irrigation Districts are salt affected. A further 6 000 ha (17.3%) is 
marginally affected. The problem is caused by high soil salt concentrations in the plant 
root zone resulting from the close proximity of underlying saline water tables. No evidence 
is available to indicate that salinity problems in the Collie Irrigation District have been 
caused by the high salinity of supply from Wellington Reservoir. Nevertheless salinity 
problems in the irrigation districts are serious. Continued irrigation of low permeability 
soils where high underlying saline water tables exist will exacerbate the current salinity 
problem. 

Watertables will rise if the volume of water entering the unconfined aquifer beneath the 
irrigation area exceeds the volume of water that is being discharged either within or outside 
the area. A reduction in plant production may occur when a saline watertable is one - two 

{ metres below the root zone. However, if more irrigation water than that required for plant 
growth is applied, sufficient salt may be leached to avoid any salt accumulation within the 
soil profile. Where saline groundwater is close to the surface, intensively irrigated areas are 
likely to be less salt-affected than areas infrequently irrigated. Once saline watertables 
reach a level of less than two metres below natural surface, evaporation can concentrate 
salts near the soil surface. 

The depth to the watertable depends upon the balance between the inflow and outflow of 
water to the shallowest aquifers. Inflow may occur by the downward percolation through 
the soil of rainfall and irrigation water, and by leakage of water from irrigation channels 
and water storages. There may also be an upward contribution from a deeper aquifer. 
Outflow may take place by evapotranspiration to the atmosphere, subsurface tile drainage, 
groundwater pumping and lateral discharge into streams and drains. It may also occur by 
downward flow into unsaturated parts of deeper aquifers. 

The solution could be the use of trickle or spray irrigation which requires less water and 
return less to the sub-soil. This application is most suitable to horticultural areas. 

STREAM SALINITY 
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The magnitude of the impact of agricultural development on water resource quality can be 
gauged by its impact on the total divertible surface water resources of the South-West. The 
total divertible resource is an estimate of the maximum amount of water which could be 
diverted from potential dam sites, usually located at the lowest point of development on 
major river systems. 

Prior to agricultural development, virtually all the divertible surface water resources were 
believed to be fresh. Current estimates by the Water Authority of Western Australia are 
that only 48% of the divertible water resources remain fresh and 35% have become so 
saline they are no longer potable. The remaining 17% are of marginal quality and require 
active catchment management to minimise their further deterioration. Definitions of the 
salinity levels for fresh, marginal, brackish and saline waters are given in Table 2. 

TABLE 2 - WATER RESOURCE SALINITY CLASSIFICATIONS 

Classification Salinity Level 

Fresh Less than 500 mg/I 
Total Soluble Salts (TSS) 

Marginal Greater than 500 mg/I and 
less than 1000 mg/I TSS 

Brackish Greater than 1000 mg/I and 
less than 5000 mg/L TSS 

Saline Greater than 5000 mg/I TSS 

~ Fresh and marginal waters are generally classified as potable (drinkable). Waters 
between 1000 mg/I and 1500 mg/I TSS are usually safe to drink although they have a 
distinct salty taste.] 

The "Water 2000" report on salinity issues, prepared for the Co=onwealth Government in 
1983, estimated that the annual damage costs due to salinity in Western Australia was $37 
million (1982 values). In December 1987 dollar terms the damage cost would be $55.5 
million. Of this, about $35 million could be attributed to water salinity problems. More 
recent assessments in Victoria would suggest that the real costs are much higher, possibly 
twice as large. 

The impact of agricultural development on the quality of large scale water resources has 
therefore been dramatic. 

( 

( 
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CHAPTER THREE 

TRENDS 

Little data is available on long-term trends in the salinity of groundwaters. However, of 
those municipalities with groundwater salinity problems, some considered the quality was 
deteriorating. Groundwater quality deterioration was also noted by many farmers who gave 
evidence to the Committee. 

An important fact is that groundwater salinity levels will generally lag some time behind 
responses in aquifer water pressures. Pressure differences may be recorded soon after 
increased input to groundwater, but salt must physically move. Accordingly a response in 
aquifer pressures further down the catchment may not be followed by an associated 
increase in salinity until many years later. 

( Stream Salinity 

Stream salinity is expected to continue to increase in the immediate future as a result of past 
and present agricultural development. Rising groundwater tables and associated increases 
in dry land salinity will mean that further small water courses will become saline. The 
Water Authority in its submission estimated that only 48% of all streams and rivers remain 
fresh and 35% have become so saline that they are no longer potable. The remaining 17% 
are of marginal quality and require active catchment management to minimise their further 
deterioration. 

Local Water Resource Impacts 

The impact on local, smaller scale resources has also been substantial and probably 
underestimated. There is virtually no area, with an annual rainfall less than 900 mm per 
annum in the South-West, where a creekline dam can supply potable water if agricultural 
development has occurred within its catchment Average annual salinities of creeks and 
rivers draining agricultural areas are invariably brackish or saline. Farm water supplies in 
this region are usually restricted to very small storages which collect seepage and runoff 

( water from hillsides. 

Agricultural development in the 900 to 1100 mm rainfall zone of the Darling Range has 
also led to significant increases in stream salinity. Average annual salinities range between 
fresh and marginal levels depending on the degree of clearing and local characteristics of 
soil salt storage. Low flows at either the start or end of the season are frequently brackish. 
This deterioration has restricted the ability to utilise small resources for either potable water 
or small-scale irrigation of fruit and vegetable crops. 

Salinity Levels, Trends and Predictions 

Appendix 2 summarises the average salinities from the last five years of record for major 
rivers in the South-West Also included are the annual average rates of increase in salinity 
over the last 20 years. The salinities of all major river systems are continuing to increase. 
Action has been taken to control further clearing on the most critical existing and potential 
water supply catchments. However, because of the slow response of groundwater systems 
affected by clearing, increases in salinity as a result of previous agricultural development 
can be expected to continue well into the next Century. 

The delay times to reach the peak effect vary with annual average rainfall. Delay times in 
the order of 10 to 20 years occur in the high rainfall area of the Darling Range, but can 



20 

increase to well over 100 years in the eastern wheatbelt region of low rainfall. In the 
eastern portion of catchments of major concern to the Water Authority, groundwater 
simulation srudies suggest that peak streamflow salinities will be within 5% of their peak 
by the year 2010, some 30-40 years following the last large-scale clearing. Further 
deterioration will gradually occur until ultimate peak levels are reached by the year 2040. 

The time scales for salinities to naturally decrease as salts are gradually leached from the 
landscape are much longer. The current estimates are of the order of 200 to 500 years for 
areas of major concern to the Water Authority. Time scales would be considerably longer 
for the agricultural areas of the w heatbelt. 

Salinity Variability and the Effect of Dry Years 

Salinities can vary from day to day, season to season and year to year. As salinities 
increase over time the rate of increase tends to be larger in the drier years. 

Dry years in the late 1970s and the mid 1980s caused some particularly high stream 
salinities and emphasised the severity of the problem. In two cases (Balinup and 
Denmark), small town water supplies were so adversely affected that it necessitated the 
planning and development of expensive alternative sources. In the Denmark River case the 
average salinity over the last 5 years has been higher than the predicted long term average 
of past clearing. Streamflows over this period have been particularly low. 

High salinities in Wellington Reservoir (Collie River catchment), partly as a result of the 
dry years and partly as a consequence of the rapid clearing within the catchment in the 
1960s and early 1970s, have also necessitated the development of a major new source for 
the Great Southern Towns Water Supply Scheme (The Harris Dam Project). 

The salinity variations of large river systems such as the Kent, Frankland, Blackwood and 
Avon, are particularly complex. The salinities are strongly affected by the distribution of 
rainfall within the catchment each winter and the resultant proportions of salt and water 
eminating from the cleared and forested portions of the catchment. High salinities 
generally occur in dry years. There can be cases, however, where there is insufficient 
streamflow from agriculmral areas of the catchment to transport salts down the river 
system. Lower than expected salinities in such dry years can result. 

The "Greenhouse Effect" 

Climatologists have predicted significant global warming as a result of an increasing 
accumulation of "greenhouse gases" in the atmosphere. The expected changes of climate in 
the South-West are likely to significantly reduce winter rainfalls. 

Climatic change will therefore alter the catchment water balance and cause further changes 
to the salinity regime of rivers. Changes in saline discharge will respond to these 
reductions in rainfall much more slowly than will changes in volume of streamflow. 
Stream salinities are therefore expected to increase more severely for 20-30 years than 
would occur without climate change. The longer term effect of climatic change on stream 
salinity is less certain. 

If, as expected, stream salinity tends to increase in the medium term the most significant 
effect would be on water resources now classified as marginal in salinity terms. These 
rivers are those now subject to current priority in reclamation and control effort. They 
include the Collie River for which further decline could be critical to a major part of the 
South-West irrigation district. Any permanent degradation of these marginal rivers will 
place increased pressure on the remaining resources of the South-West. Given climatic 
changes, currently fresh resources could become marginal. Examples include the Donnelly, 
Deep and Thompson Brooks. 
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Extent of Salinity Problems 

The area of land that is affected by seepage salting is increasing. This was reported by the 
Department of Agriculture as well as the many farmers who gave evidence to the 
committee. It was also confirmed by a municipal survey in which almost half the 
responding farmers with a dryland salinity problem considered the situation to be getting 
worse. The worst expansion of seepage salting occurs following very wet years. In dry 
years although minor reversion may occur the situation is rarely returned to its original 
status. 

The Department of Agriculture has provided the following assessment of the current and 
potential areas of soil salinity in each of the five regions in the South West land division. 

Northern Agricultural Region 

The region covers that area serviced by the Geraldton, Three Springs and Moora offices of 
the Department of Agriculture. 

( Current Status 

The Australian Bureau of Statistics 1984 survey reported 86 400 ha of previously 
productive land now salt-affected. The most severely affected areas are the broad, low 
gradient valleys in the Shires of Carnamah, Coorow, Dalwallinu, Moora, Morawa, 
Mullewa, Perenjori and Wongan-Ballidu. Shires with a greater degree of landscape 
dissection (e.g. Chittering) or with more recent development of sand plain soils (e.g. 
Dandaragan) have low levels ofland salinisation. 

Potential Area 

Surveys done in association with Soil Conservation Districts in the region indicate that 
valley salinity is the major problem with the potential for all valley soils to become 
salinised. These are virtually all cleared and constitute up to 15% of the area of some of the 
eastern catchments. 

In a detailed study of a 13 900 ha catchment east of Perenjori, valley floors constitute 13% 
of the catchment. Current watertable depths in this valley range between one and three 
metres. A further 9% of this catchment was classified as valley floors with current 

( 
problems of ephemeral waterlogging and the potential to develop saline seeps. A total of at 
least 17.5% of this catchment has a high potential salinity risk under current land use 
practices. 

Little salinity has developed on the West Midland sandplain. However, there have been 
recent outbreaks near Coomallo Creek and, given the experience of the Esperance 
sandplain, the West Midland sandplain may have a large potential salinity problem. 

On the basis of the above it is estimated that the potential area at risk to salinisation is some 
600 000 ha. A significant proportion of this potential will be realised under current land 
use practices within the next 20 years. 

Strategies 

(a) Current 

These are generally being implemented on an individual basis with little coordination 
within catchments. 

interceptor banks; 
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drainage - deep open drains; 

trees - mainly on the margins of salt-affected land; 

salt tolerant shrubs - reasonable adoption in the eastern areas where the economics 
have been demonstrated; and 

higher water use rotations - increasing areas of lupin - cereal rotations on sandy 
soils. 

(b) Preferred Strategies 

Water management on a coordinated catchment basis with emphasis on dealing 
with problems in the early stages of degradation; 

Water management to emphasise surface water control on slopes and valleys to 
reduce waterlogging; 

Proper design of drains in valley floors to minimise silting and ensure adequate 
capacity to handle large storms - this will involve increased culvert capacity at 
roads and railways and careful management of disposal areas; 

Improved soil surface management systems to maintain ground cover and soil 
structure and to encourage leaching of salt; and 

Intensive and well maintained tree plantings in and around emerging sandplain 
seeps. 

Central Agricultural Region 

The region includes the 10 Shires of the Campion Zone and the four shires of the Lakes 
District and 11 Shires from the Avon region (Dalwallinu and Wongan-Ballidu are excluded 
as they are in the Northern Agricultural Region). Data used is from the 1983-1984 
Australian Bureau of Statistics census. 

Current Salt Affected Areas 

Northam Advisory area 

Merredin Advisory area 

Lake Grace Advisory area 

Total salt affected 

40,698 ha 

24,888 ha 

26,388 ha 

91,974 ha 

The most severe salinity problems in the Central region occurs between the 450 = and 
350 = isohyets, along a zone between the Shires of Goomalling, Tammin, Quairading 
and Kondinin. This zone lies to the east of the Meckering line which separates the active 
drainage system of the Darling Range from that of the central wheatbelt. The Shires of 
Tammin, Goomalling and Dowerin are the most seriously affected having 5.5, 4.1 and 4.0% 
of their arable area saline. 

Two major types of secondary salinity occur in the Central region. Valley floor salinity is 
responsible for most of the problems in the abovementioned areas. However to the east, in 
areas with less than 350 = of rainfall sandplain seeps are the most co=on form of 
salinity. 

The Potential Area Which Could Become Saline 
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The salinity potential of the Central region can be estimated from either extrapolating 
existing ABS data, using quantitative water balances or from qualitative field observations. 

(a) Existing ABS survey data 

Five salt land surveys have been carried out since 1955 (ie. 1955, 1962, 1974, 1979 
and 1984). The data suggests that saline land has increased from 0.5% to 1.64% of 
the arable area farmed in the South West If it is assumed that the current growth 
can be approximated by a straight line, then the growth rate is 0.04% per year. 

The discrepancy caused by the results of the 1979 survey, and subsequent decline in 
1984, is not generally supported by farmers' observations. Most report a rapid 
growth of salinity in the 1960's, followed by sustained growth throughout the 
1970's and 1980's. Although some suggest their salt land has stabilised over the 
last few years, little proof exists. 

Continued growth at about 0.04% per year would increase the total area affected to 
4.15-5.40% by 2050, and perhaps as high as 10% by 2150. Owing to the lack of 
data sets, and lack of quality control over the surveys, it is unreasoonaable to extend 
this method beyond 2050. 

In the Central region, an increase in the area of salt affected land by a factor of 3 or 
4 would cause some Shires to be between 10-20% salt affected, especially in the 
severely affected zone portion of the Avon district. However salinity spread in the 
eastern part of the Central region may not be as significant owing to the greater 
depth to the watertable in many catchments. 

(b) Water balance 

(c) 

Groundwater systems and watertables are currently changing in response to the 
clearing of native vegetation and consequent decrease in evapotranspiration due to 
the imposed new agricultural systems. A knowledge of the hydraulic properties and 
behaviour of aquifiers before clearing (at equilibrium) and at present, can be used to 
calculate water balances for groundwater systems. 

Little is known about the time required for catchments to reach a new equilibrium. 
However the CSIRO suggests it may be of the order of lOO's of years in the Darling 
Range and perhaps thousands of years in the central and eastern wheatbelts. 
Recharge rates and areas of recharge zones, and discharge rates and areas of 
discharge zones could be used to estimate areas of potential salinity. 

Observations 

Field Observations in severely saline catchments corroborate the fact that up to 20% 
of the catchment is required to balance the incoming recharge. Examples can be 
seen in the Wongan-Ballidu, Tammin and Wickepin Shires. 

In these catchments severely saline soils occur across the entite valley floor, and 
have moved upslope at the head of major valleys. This may be what could be 
expected in many central wheatbelt valleys and eventually in all valleys unless 
management strategies are adopted to reduce recharge rates and/or increase 
discharge rates. 

Time to Develop 

Salinity will continue to develop as a result of the need for groundwater systems to balance 
increased recharge caused by clearing. This growth in the area of groundwater discharge 
will continue until recharge is balanced by discharge. As suggested previously, this may 
take in the order of 100' s to 1000' s of years to achieve. 
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A reduction in this time scale will only occur if recharge control or discharge enhancement 
measures are adopted. The area of salt land will then reflect a compromise associated with 
the effectiveness of these methods. · 

In the Northam Advisory District salinity growth is expected to be rapid, as most of the 
major valley systems currently free of salinity are underlain by shallow groundwater table. 
Evidence of rates of watertable rise from the Narrogin area, which is environmentally 
similar, suggest increases of between 0.1-0.5 metres per year, across the entire landscape. 

In the drier, eastern wheatbelt, rates of rise appear to be much slower. However, with only 
two years of monitoring available no clear trend has emerged. The greater depth to 
watertables (often up to 10 metres below regional valley soils) suggests salinity will not be 
a major problem in the near future. Some valleys do show groundwater levels closer to the 
surface and will therefore become affected sooner. 

Major salinisation in the central wheatbelt will occur within the next 0-100 years and in the 
eastern wheatbelt with in 50-200 years. 

Strategies Available for Salt land Control 

Farmers in the Central region have not adopted many salinity control or soil conservation 
measures because they lack any immediate financial incentive. However, many are aware 
of the options available and have experimented with some of them. A pre-occupation with 
the idea that one strategy alone will solve the salinity problem, and a lack of any thorough 
understanding of processes involved, has restricted the adoption of remedial measures. 

The conflict between WISALTS and the research co=unity has polarised many people, 
and left the remainder sitting on the fence. From this position most appear unwilling to 
become an "adopter" and prefer to wait for results. 

It is the lack of understanding about the processes and the time frame involved that causes 
much of the problem. Farmers are accustomed to responding to trial results, which are 
presented annually with, more or less, conclusive answers. Salinity problems do not 
respond instantly to management changes and consequently it is difficult to enthuse farmers 
who must alter an existing practice for an undemonstrated long-term benefit. It is difficult 
for researchers to produce demonstration of success, since the time scales involved and 
degree of land use change needed are both great and expensive to implement. 

The nett result is that the only management procedures currently being adopted are ones 
which have a short response time. These are often ineffective and expensive. Groundwater 
pumping and larger dozer built earthworks are good examples. Others such as sandplain 
seep drainage using tube drains, lupin-wheat rotations and tree belts are both economic and 
effective. 
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(i) Strategies being adopted in the Central Region 

Management Type Adoption & 

(a) Salt land agronomy 6 

(b) Eucalyptus replanting - on saline areas 3 

Eucalyptus replanting- on recharge areas 3 

(c) Groundwater pumping 2 

(d) Tube drainage 3 

(e) Open drainage 4 

(f) Large dozer built banks 7 

(g) Reverse bank seepage interceptors 4 

(h) Soil ameliorants 4 

* Adoption and success both scored, 0-10 (10 = very good; 0 = poor). 

(As.assessed by the Department of Agriculture) 

Success 

3 

1 

3 

1 

2 

2 

1 

4 

4 

There are some notable exceptions to this list, namely rotation management and historical 
soil conservation earthworks. Rotations for recharge and salinity control are fortunately 
directly linked to current farm profitability, however adoption is based on economics not 
salinity. Soil conservation earthworks fall in much the same category. 

A comprehensive list of management strategies directly associated with salinity control is 
presented in Table 3. Although the list is not exhaustive it details many of the techniques 
currently available which are worthy of consideration for each major soil salinity problem 
in the region. 

Farmers should consider each alternative on each soil-landform, and would probably chose 
several for each. A total of over 100 procedures could be adopted by any individual farmer 
to reduce a catchment's salinity problem. In cases where individual farmers do not manage 
all of the catchment which influences their property, conservation groups can be formed to 
assist with cost sharing, research and implementation of a treatment program. 
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CatchmeMt managent~nt reconmendations and considerations for salt7""=~JeCted' soils ln the central agricultural region 
(' >, I,_ '} 

---- <,_,; ~L-

Catchment divide or Hidslope Lower slope Valley soils 
hillside soils soi 1 s soils 

Soils and landform units• Ulva Danberrin Booraan Acid sands Norpa Sandplain Coll gar Herredin Belka Saline soil Saline soil 
(gravels (outcrop (clayey ( 'Wodgil ') (deep seeps (mids lope (heavy (sandy (non saline (complex) 
& sands) & soils) upslope sands) (saline duplex) clay valley groundwater) 

soils) sands) soils) soils) < 10,000 ppm 

Revegetation techniques 
Saltl ana· agronomy X X X X X -./ X X X -./ -./ 
Eucalyptus -./ -./ -./ -./ -./ -./ -./ -./ -./ -./ -./ 
strips(sf plantations(p) s p s p s s s s s s p 
salt tolerant(st) st st 

Perrenial fodder trees -./ -./ X -./ -./ X X X X X X 
Perrenial fodder crops X -./ X X -./ X X X X X X 
Agroforestry -./ X -./ -./ -./ X X X X -./ X 

Cropping rotations•• 

~ H~ 
1. BBB X X X X X X X -./ X -./ X 
2. wwo ,-./ -./ X -./ X X X X X X X 
3. LWW X X X X -./ X -./ X X X X 
4. WWW -./ -./ X X -./ X -./ -./ -./ X X 
5. WPWP -./ -./ -./ X X X -./ -./ X X X 
6. LWT (0) X X X -./ -./ X X X X X X 
7. WWF X -./ X X X X -./ -./ -./ X X 
8. PPP X X -./ X X X X -./ X X X 
9. LWP X X X X -./ X -./ X X X X 

Engineering methods 
Pumping (for water supply) X -./ X X -./ -./ -./ X X -./ X 
Pumping (for salt control) X -./ X X X X X X X -./ -./ 
Flood structures (banks) X X X X X X -./ -./ -./ -./ -./ 
Tube drainage X X X X X -./ -./ X X X X 
Open drainage X X X X X -./ -./ -./ -./ -./ -./ 

Banks/waterlogging control 
Large level(l)/goods(g) banks 1 X 1 X X X g X X g g 
Small contour(c) grade(g) 
banks X C C C C C g X X g g 

Small reverse banks X X X X X X -./ X X -./ -./ 
Working lines -./ -./ -./ -./ -./ -./ -./ X X X X 
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Catchment divide or Hidslope 
hillside soils soi 1 s 

Soils and landform units• Ulva Danberrin Booraan Acid sands 
(gravels ( outcrop (clayey ( 'Wodgil ') 
& sands) & soils) upslope 

soils) 

Soil conservation practises 
Contour working ,/ ,/ ,/ ,/ 

Conservation fencing ,/ ,/ ,/ ,/ 

Soil ameliorants X X ,/ ,/ 

Stubble management ,/ ,/ ,/ ,/ 

Conservation tillage ,/ ,/ ,/ ,/ 

Key: x • not worth considering 
V = worth considering or recorrmended 
• • landform units derived from Betteney tl al. (1961-1964), 

nomenclature also relevant in Avon district via Mulcahy and 
other works 

**=each rotation must include the best varieties, tillage and 
other agronomic practises possible to maximise profit and 
water use 

Note: 1. The recommendations listed In this table are based on past and 
conti~uing research, and on farmers' and Departmental staff 
observations. 

2. Final advice, and strategies will depend on individuals position 
within the catchment, farmer group participation and local 
hydrogeologic and geomorphic characterists. 

Norpa 
(deep 
sands) 

,/ 

,/ 

X 

,/ 

,/ 

3. The landform units describe 11, of 14 major provinces recongised in 
the Herredin Soil Conservation Manual - in preparation. 

Lower slope Valley soils 
soils 

Sandplain Coll gar Merredi n Belka Saline soil Saline soil 
seeps (mids lope (heavy (sandy (non saline (complex) 

(saline duplex) clay val 1 ey groundwater) 
sands) soils) soils) < 10,000 ppm 

,/ ,/ ,/ ,/ ,/ ,/ 

,/ ,/ ,/ ,/ ,/ ,/ 

X X ,/ ,/ X X 

,/ ,/ ,/ ,/ X X 

,/ ,/ ,/ ,/ ,/ ,/ 

"-11 

,I ,l 



Great Southern Region 

Current Saline Area 

Census 

1979 
1984 

Shires: 

[Note: 

Comments 

Area (ha) 

60,261 
65,532 

28 

% of cleared land (1979 figures) 

1.96 
2.03 

Boddington, Brookton (1/2), Broomehill, Corrigin, Cranbrook, 
Cuballing, Dumbleyung, Gnowangerup, Katanning, Kojonup, 
Narrogin, Pingelly, Tambellup, Wagin, West Arthur, Wickepin, 
Williams, W oodanilling. 

Brookton figures were halved (Totals: 1979 - 5078 ha; 
1984- 4333 ha). Cranbrook was included (Totals: 1979 - 913 ha; 
1984- 127 4 ha).] 

Farmers usually underestimate saline areas. 

From a quick survey of typical landscape types the following was evident: 

Kojonup District 

Broomehill District 

Kwobrup 

Nyabing District 

Balganip River catchment above Kojonup-Frankland Road. 
Slopes are about 5%. Valley floors are 200m to 500m wide. 
Exposed rock - granitic and basaltic - is very co=on. Salinity 
occurs in drainage lines, approaching the catchment divide in 
places, and as discrete hillside seeps. 

Catchment area: 19,500 ha 
Salt-affected area: approximately 10% (ie. 2000 ha) 

Catchment north of Broomehill, flowing eastward. Surveyed east 
of Great Southern Highway to Nymanip Pool. Slopes about 1 %. 
Valley floors from 500m to several kilometres wide. Dykes are 
co=on and some rock is exposed. Salinity mainly affects the 
broad valley floor. It only affects drainage lines higher up the 
catchment where dykes influence groundwater. Discrete hillside 
seeps occur. 

Catchment area: 10,500 ha 
Salt-affected area: >1000 ha (>9.5%) 

Surveyed cleared area south of Kwobrup Swamp, adjacent to the 
naturally saline, uncleared, broad, flat valley floor. (The uncleared 
vegetation north of the surveyed area is dying.) Slope from 
catchment boundary to valley floor is 0.5%. 

Cleared catchment area: 2650 ha 
Salt-affected cleared area: 450 ha (17%) 

Surveyed a catchment south of Nyabing flowing southwards to the 
Coblinine system. Slopes: valley sides 2 to 2.5%, valley floor 
approximately 0.5%. Valley floor takes up about 55% of the 
catchment. Dykes are very co=on. At present, salinity occurs 
along drainage lines and is only mild. The main drainage at the 
base of this catchment is more severely affected. 
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Catchment area: 3900 ha 
Salt-affected area: 375 ha (9.6%) 

North Stirling Basin It is estimated that at least 10% of the 50,000 ha basin area is 
presently salt-affected. 

It appears that the present salt-affected area within the Great Southern District is higher 
than the 2% recorded in the 1979 and 1984 census, and is actually in the range 5 to 10%. 

Potential Saline Area 

Salinity is likely to spread out from drainage lines to the break of slope in valleys, up 
drainage lines on valley sides, and dyke and rock-bar seeps are likely to increase. 

For the districts considered in the previous section: 

Approx Approx 
potential increase potential saline area (%) 

Kojonup 3x 30% 

Broomehill 3x 30% 

Kwobrup 3x 50% 

Nyabing >5x 55% 

N. Stirling 8x 80% 

For the Great Southern Region, it is possible that between 30 and 50% of the cleared land 
could become salt-affected. 

Time 

With average rainfall and current landuse, some 70% of the potential area could be affected 
within 10 years, and 95% of the potential area within 20 years. 

Strategies 

(a) Currently in use (although extent of adoption is very limited) 

fencing salt land ; 

surface drainage on salt land; 

surface drainage around salt land; 

tree planting on salt land for cover and groundwater water-use; 

establishment of salt-tolerant grasses and forage shrubs; 

deep drainage - open drains (farmer's own design); 

pumping groundwater from bores, open pits etc. (farmer's own design); 

WISALTSbanks;and 
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treatment prescribed by consultants - pumping, relief wells, deep drainage, 
etc. 

(b) Preferred 

farmers concentrate too much on treating the salt land and not enough on the 
rest of the catchment (which is where the problem is caused); 

farmers should have three aims: 

(i) decrease recharge; 

(ii) increase discharge; and 

(iii) improve production of salt-affected land. 

Decreasing Recharge 

Decreased recharge can be achieved by increasing water-use throughout the landscape and 
by more appropriate choice and placement of crops, pastures and trees. More research is 
required to define the most suitable and economic approach in specific areas. More 
extension and site specific advice is required where recommendations can currently be 
made: 

- improving surface drainage in areas prone to waterlogging; 

- by disposing of excess surface water safely. 

Increasing Discharge: 

Increased discharge can be achieved by: 

engineering means where feasible and economic. More work is required to identify 
economic methods; 

biological means, ie. trees, where feasible and economic. 

Improving Production of Salt land: 

Economic production from saline land can be achieved by: 

- adequate fencing and drainage; 

- establishment of salt-tolerant shrubs and gtasses. 

South West Region 

This region is covered by the Bunbury, Busselton, Manjimup and Harvey offices and 
includes the irrigated areas of the Swan Coastal Plain. 

Current Status 

Australian Bureau of Statistics survey in 1984 indicated that 3090 ha was salt-affected. 
However, this figure is considered to be a significant underestimate as it was estimated 
from a survey done in 1986 that about 35% or 6000 ha of the irrigation area was then salt
affected. 

Potential Area 
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There are large areas of the Swan Coastal Plain that are considered to have the potential to 
become saline. Some 15-20% of the plain is at risk. This represents between 96,000 and 
130,000 ha. However there is insufficient knowledge of the hydrology of the area to assess 
what proportion of this potential will be realised and when it will be realised. 

Time to Development Potential 

Current expansion of salinity in the area is rapid. Potential could be realised within 20 
years. 

Strategies 

(a) Current 
Dryland areas: 
Irrigation areas 

Surface drainage and tree planting 
None with the exception of some limited grain feeding 
and adoption of laser levelling of irrigation bays. 

(b) Preferred 

Current methods of control involve intensifying surface drainage to reduce 
waterlogging and, along with fencing, encourage and manage pastures to 
provide ground cover principally in the late-spring, which is when capillary 
rise occurs. The aim is therefore to manage the surface soil to encourage as 
much flushing of salts as possible and minimise capillary rise by maintaining 
good ground cover. Over a number of years badly salinised land can be 
returned to productive pasture. 

Trees can be successfully grown on salt land using mounding to improve 
surface drainage and by placing trees on the mounds so that they are away 
from the main zones of salt accumulation. Puccinellia, a salt tolerant grass, 
is well suited to the area. However, this is currently not extensively used. 

Lack of knowledge of the hydrology of the salinity problem inhibits the 
formulation of further management options. Considerable hydrogeologic 
and other resource information are however available for the Swan Coastal 
Plain which is in urgent need of re-interpretation in relation to the 
occurrence and distribution of saline soils. 

( Irrigation Salinity: On-farm Water Use 

Careful water management is needed to obtain the benefits of irrigation without the adverse 
effects of increased salinity and waterlogging. Good water control ensures that the required 
amount of water can be uniformly applied when it is needed, without large losses of water 
to the groundwater. For maximum pasture production it is generally desirable to avoid 
water stress by maintaining low soil moisture deficits. Gravity irrigation systems offer less 
scope than sprinkler or trickle irrigation systems for close control of water applications. 
Gravity systems can be modified to allow better water control though the use of laser 
controlled land-levelling and automated water inlet gates. The move to laser levelling and 
re-layout of irrigation paddocks has progressed rapidly. However automated water 
controls have not been adopted. 

The full benefits of laser levelling are currently not being realised because very little local 
information exists on required bay dimensions and water application rates to achieve 
uniform water distribution with a minimum of water loss. Moreover there is a lack of local 
experimental data to enable the determination of both the optimum watering frequency and 
the amount of water required to "re-fill" the soil at each irrigation. 
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With gravity irrigation systems, labour and operating costs are minimised by decreasing the 
irrigation frequency (resulting in higher application rates per irrigation) but yields and 
water use efficiency are generally increased by increasing irrigation frequency. There is 
thus a trade-off between production (frequency of irrigation) and profitability. At current 
levels of irrigated pasture production and quality it is doubtful that the incentive is there to 
increase irrigation frequency. Only by improving the overall production of the farming 
system will farmers be able to make the necessary investments in water management 
systems that will improve water-use efficiency and reduce accessions to the groundwater. 

Irrigation Salinity: Off-Farm Distribution System 

A restraint to improved on-farm water use and reduced groundwater accessions is the 
irrigation water distribution system. 

The current open channel distribution system was designed to supply water on a fixed 
rotation basis but a few years ago this was changed and farmers can now receive water on 
demand within three days of notification. Efficient on-farm water use requires that water 
be delivered on demand and if an effective water scheduling system causes a concentration 
of water demand there are some doubts about the capacity of current supply channels to 
deliver. Introducing greater flexibility into the water supply system inevitably reduces 
conveyance efficiency. Improved and better maintained channel liners will reduce, but not 
eliminate, channel seepage but is very expensive. A pipe conveyance system, as installed 
in the Harvey Irrigation Area, virtually eliminates seepage losses and because the 
gravitational potential of the supply is harnessed provides more options for distribution 
management, on-off controls and irrigation methods. Modernisation of the distribution 
system to this degree, though tremendous from a water efficiency point of view, is 
expensive. The Harvey scheme, completed in 1987 after nine years of construction, cost 
$9.2 million, or $7500 per hectare serviced. A feasibility study prior to commencement of 
the project indicated that channel re-lining was more expensive. 

Clearly, the injection of such levels of capital into the other irrigation areas can only be 
economically justified if it is applied to the best soils, allows transfer of water rights to 
these areas and results in more water efficient and productive farming systems. It is 
unlikely that this scenario could apply to irrigated pasture production or that it would 
receive broad public acceptance. 

Land Drainage 

To control root-zone salinity levels, a sufficient downward flux of water is required to 
leach salts added in the irrigation water. Heavy winter rainfall assists this process. 
However, beneath permanent pasture watertables need to be maintained between 1.0 to 
1.2m below the surface (Lyle 1984) to prevent salinisation of the surface over the summer. 
With cropping systems, where greater soil evaporation can occur, greater watertable depths 
are needed. 

Where efficient water management cannot reduce groundwater accessions sufficiently, for 
example, where foreign water from channel seepage or groundwater discharge impinges on 
an area, groundwater drainage will be required. Tube drainage will require spacings of 
about 10--15m to be effective and is currently uneconomic. 

Pumped drainage is also feasible and although initial tests in the Waterloo District were not 
encouraging, further testing is warranted. Pumped drainage offers the prospect, in areas of 
fresh goundwater, of conjunctive use of groundwater and channel irrigation water. 
Pumping would involve the de-watering of the Leederville aquifier, a valuable 
groundwater resource, causing salinity management and groundwater resource management 
to be in conflict. 

Transferable Water Entitlements 
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The establishment of an open market in irrigation water should, in theory, result in overall 
improved productivity of the irrigated areas by shifting water use to the more efficient 
managers and the more productive and less salt prone soils. Transferable water 
entitlements would lead to a greater concentration of irrigation on the better soils and 
possibly exacerbate salinity and waterlogging problems unless excellent water control can 
be achieved at the same time. 

At present the over concentration of irrigation activity is prevented by the even geographic 
spread of water allocations throughout the irrigation areas and the restricting of irrigation 
ratings to one-third of the farm. · 

South Coast Region 

This region is covered by the Albany, Jerramungup and Esperance offices and includes the 
Shires of Esperance, Dundas, Ravensthorpe, Albany, Denmark, Plantagenet and 
Jerramungup. 

TABLE 4, AREAS OE SALT LAND IN THE SOUTH COAST REGION 

Shire Area (ha) Ratio 1284 area 
1272 1284 1272 area 

Esperance 2643 3773 1.43 
Dundas 75 556 7.41 
Ravensthorpe 736 923 1.25 
Albany 42 136 3.24 
Denmark 10 104 10.4 
Plantagenet 1764 2933 1.66 
Jerramungup 560 792 1.41 

Total 5830 9217 1.58 

[NOTE:* Jerramungup Shire was included in Gnowangerup Shire in 1979. The estimate 
was made from the Gnowangerup Shire figure.] 

Potential Area 

The ABS figures (which must be treated with caution) indicate that salinity is expanding 
rapidly in the region. Overall for the region there was a 58% increase in the saline area 
between 1979 and 1984. The area with the largest potential for increase is considered to be 
the south coast sandplain. Data from borefields at Mt Beaumont, Cascades, Fitzgerald and 
North Stirlings indicate that saline watertables are rising at between 0.3m/year 
(Mt Beaumont) and 0.48m/year (Cascades). The groundwaters in the region are saline to 
very saline and often within 5 to 10m of the surface. When these waters get within 1.5 to 
2m of the surface salinity problems will emerge. There are some 1.1 million ha of low 
gradient land on the south coast and 10-15% of this could become saline under current land 
use and climate, ie. 110,000 to 165,000 ha. 

Time to Realise Potential 

Linear extrapolation of the rates of the watertable rise suggest that much of the potential 
will be realised within the next 30 years. A large area will become saline within the next 
10 years - perhaps 75,000 ha. 

Current Strategies 
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There has been some adoption of high water consumption land use strategies ( eg. lucern) in 
the area. A number of farmers are planting trees, some have installed surface and deep 
drains; a few are planting salt tolerant pastures. However, there is little co-ordination on a 
catchment basis, although the local Soil Conservation Districts are making significant 
progress in this area. · 

Pref erred Strategies 

The appropriate land management strategy to prevent future salinisation involves 
earthworks to control waterlogging, planting deep, well drained soils to perennial pastures, 
appropriate agronomic practices on cropping soils and strategic tree plantings on features 
such as lateritic or rocky ridges and upslope of intrusive dykes. Methods are available for 
identifying the landscape units and progress has been made in devising successful 
establishment methods of trees and perennial pastures. 

Regional Summary 

Region Area 1984 Potential Area Time to 
{ha) ilia) d1:Y1:l211 {l:i:ars) 

Northern 86,400 600,000 20 
Central 91,974 656,000 50-200 
Great Southern 62,532 930,000 20 
South West 3,090 96,000 20 
South Coast 9,217 165,000 10-30 

253,213 2,447,000 

The potential for salinisation is thus estimated to be about 10 times its current extent. 

;· 
'G 
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CHAPTER FOUR 

ECONOMIC, ENVIRONMENTAL, AND SOCIAL EFFECTS 

The costs and expenditure in reducing or controlling the current salinity level must also be 
considered. 

On Farm 

Dryland 

Except where economic benefits can be gained from cropping, the cost of rehabilitation of 
salt scalds has militated against their treatment Farmers have mainly treated seepage 
salting sites by sowing salt tolerant vegetation and/or fencing the area at a cost of about 
$110 ha. The total expenditure by individuals on either the treatment of discharge sites or 
recharge areas to assist in controlling salinity is unknown 

The Water Authority compensates farmers whose properties are in major water catchment 
areas and who are prevented from clearing. So far $32.2 million has been spent on 
compensation and land purchase. 

In 1987/88 the Department of Agriculture spent $1,367,000 on research and investigations 
of salinity. Of this total $989,000 was provided by the State Government and $378,000 
from external sources. The expenditure by farmers on salinity control measures is not 
known. 

Irrigation Areas 

Indirect costs have included -landforming and laser grading. The total expenditure 
undertaken by individuals on these projects is unknown. 

Environmental, Health and Social Effects 

In addition to those impacts which are measurable in financial terms, salinity can affect the 
environment and the community in ways that have no direct economic repercussions. 

( (a) Environment 
Salinity can influence the natural environment either directly, as a result of salt 
concentration, or indirectly, where the causes of salting are also responsible for 
losses in flora and fauna. Seepage salting and scalds normally affect cleared 
agricultural land, but nearby areas supporting remnant natural vegetation can be 
damaged with a resultant change in habitat. 

The causes, effects and control strategies involved with salinity can all either 
modify or destroy natural wetlands. The major consequences are to modify the food 
chain, and the ability of the vegetation to provide refuge or breeding habitats for 
wildlife so that the ecosystem loses its original species diversity and ecological 
values. 

Saline groundwater inflow can modify or destroy vegetation which provides 
roosting, feeding and nesting habitat for many species of birds. 

Data for riverine habitat is available; it indicates a direct cause and effect 
relationship between rising salinities and observed changes in aquatic life along the 
Avon River over the past half century. 
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More detailed studies have been undertaken to assess the effects of secondary 
salinisation on wetlands in the South-West. The Northern Arthur River Wetlands 
Committee initiated comprehensive studies of Lake Toolibin. Lake Toolibin is one 
of the few remaining inland, freshwater lakes with a healthy emergent (lake-bed) 
vegetation, but the natural aquatic ecosystem of the lake is being threatened by 
salinity. 

The study showed that Lake Toolibin has a healthy emergent vegetation which 
provides a wide range of niches that meet the specific requirements of many 
waterbird species and that the lake is one of the most important breeding habitats for 
waterbirds in the South-West. However, there is evidence that groundwater levels 
and salinity have risen since clearing around the lake with agricultural land use 
having made a considerable impact on the catchment. 

The Committee has been advised that if the trend of increasing salinity continues at 
Lake Toolibin and the lake becomes truly saline, the number of resident and 
breeding species will drop by at least 50%, and there would be an overall reduction 
in waterbird production in the South-West. 

The Northern Arthur River Wetlands Committee has also reported that large areas 
of the river flats are at risk of becoming saline from shallow, saline groundwater 
which is slowly rising towards the surface. This Committee emphasised that an 
actively transpiring lake vegetation appears vital to control watertable levels and 
prevent salts accumulating in the lake bed. Encroaching soil salinity on the western 
bank of the lake has killed vegetation there and, without restorative action, salt 
encroachment will continue to expand outwards from this area. 

It has also been reported that wetlands in the area of the Great Western Plateau east 
of the Darling Scarp which experience a mean annual rainfall of less than 900 mm, 
are commonly short lived and vulnerable to salinisation. Changes in the 
hydrological cycle, mainly a rise in the groundwater table following clearing of 
native vegetation, results in saline water being discharged in the lower parts of the 
landscape where wetlands are situated. Thus, most of the wetlands of the Great 
Western Plateau are now too saline to support waterbird broods, although some are 
utilised as subsistence habitat. In a study of broods of 34 species of waterbirds in 
relation to water acidity and salinity in the South-West. It has found that salinity 
and acidity together influence the success of breeding by waterbirds. 

Conservation of flora and fauna and the retention or enhancement of related values 
such as landscapes and aesthetics are difficult concepts to evaluate and their 
maintenance can be technically difficult to achieve for the long term. Nevertheless, 
they are important values that need to be fully considered in evaluating the need for, 
and nature of, salinity control programs. The evidence presented to the Committee 
indicates that salinity is contributing to environmental degradation. 

(b) Health Effects 

Currently within Western Australia, the health aspects of salinity in drinking water 
supplies appear to be minor. 

However, salinity in the water supply is significant. 

( c) Social Effects 

The social consequences of salinity result principally from its economic effects. 
They are reinforced by anxiety associated with a problem that is often not easily 



( 

( 

37 

explained, is inequitably distributed in the community and appears to be inexorably 
growing. 

( d) Economic Base and Community Structure 

Salinity can have serious economic and social effects on rural commumnes, 
especially those small rural communities with no other economies besides 
agriculture to sustain them. Experience in, for example Tammin and Kellerberrin, 
has shown that long term reductions in farmers' incomes will change the structure 
of a rural community. As the productivity of the land decreases, the younger, more 
adaptable farmers are likely to leave the region while the older, more established 
farmers with few family or loan commitments will tend to remain. Those who stay 
will either expand their land base to maintain mobility, survive on a lower income 
or seek off-farm employment. If there is little likelihood for off-farm employment 
in the surrounding district, then absentee ownership is likely to increase. This 
increase means less time would be devoted to maintaining the soil resource and 
result in further detrimental effects. 

Not only can the salting of farmland mean either a decrease in the number of 
farmers or the same number of poorer farmers, but also lower incomes mean lower 
investment and lower expenditure in local towns and service centres. Economic 
multiplier effects spread through the local community. 

Similar processes occur in towns. Businesses are sold to others with lower 
expectations of profit and expansion. Government authorities and banks downgrade 
the level of managerial and other skills required in their offices as the population 
declines. Associated services, such as transport, are reduced and outside 
investment, tourism and injection of new ideas from new residents declines. 

With these changes, communities lose their esteem and may develop an apathy and 
parochialism that is not aimed at achievement but at maintaining the status quo. 

Psychological Effects 

The perceptions and emotions of individual farmers and communities with respect to 
salinity influences their actions and decision making. One major restraint is the admission 
to oneself that salinity is a possible threat. For example, in an irrigation district where 
salinity is an increasing problem, many farmers believed they were not threatened and were 
not monitoring watertables on their property. This lack of awareness must be overcome if 
control strategies are to be implemented. A vital element is the farmer's self-esteem. 
Salting is often seen as an irreversible threat to the productive base and a reflection of the 
farmer's ability. Once salinity is present and acknowledged, farmers can suffer stress, 
despondency, and frustration at not being able to do anything, especially as the cause of the 
problem may not be on their property. Aesthetic value of rural areas and pride in local 
areas are also affected by salinity. 

Community Division/Cooperation 

Because of the differences in the location between the causes and effects of salinity, tension 
may develop between farmers and communities in these different locations. This tension 
may be caused by self interest or lack of knowledge, or both. 
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CHAPTER FIVE 

SALINITY CONTROL TECHNIQUES 

Introduction 

This section contains the Committee's finding on the applicability of the physical and 
biophysical techniques that can be used to control salinity. The techniques may be used to 
prevent the onset of salinity problems, control the severity of the problems, or reclaim parts 
of the environment. The range of techniques is shown in Table 5. Some are aimed at 
preventing or limiting the extent of the problem by addressing the causes which have been 
described earlier. Others seek to mitigate the effects. Several techniques result in the need 
to dispose of saline waste. In this section each technique is assessed separately. A brief 
description of the method is given, its current application and its apparent benefits, and 
future potential described. The Committee received substantial information on the control 
techniques through submissions from landholders, community groups and government 
departments. 

Dryland Agriculture 

Techniques that can be used for the control of dryland salting. They are directed either at 
the treatment of the effects of salinity in the discharge zone of the groundwater or at the 
treatment of the causes by reducing the rate of recharge. 

Treatment of Salt Affected Sites 

Techniques for the treatment of exposed saline subsoils (salt scalds) requires soil 
rehabilitation by cultivation, application of gypsum and sowing of vegetation. Attempts at 
rehabilitation of these sites depends on the future productivity of the land and costs 
involved. As indicated by Dr Nulsen of the Department of Agriculture, implementation is 
occurring where former cropping land is now being used for grazing. In other areas even if 
rehabilitation is only partly successful, advantages of preventing further degradation by 
erosion are gained. 

For saline seeps where the groundwater has risen, the most common practice in all areas 
has been the establishment of salt tolerant species - both grasses, shrubs and trees - fencing 
and careful stock management. In areas of severely salinised soils high costs can limit 
adoption as the cost of rehabilitation is more than the lands replacement value. The soil 
conservation committees recommend treatment of salt affected sites by this method so as to 
prevent further degradation by salinity and erosion and further detrimental consequences on 
controlling water quality in streams. 

Recharge Reduction in Dry/and Areas 

Techniques available for the reduction of recharge on farms include the better utilisation of 
brackish water by plants, and practices which modify either the soil or landscape to reduce 
input of water to the groundwater. 

Retention of Existing Tree Cover 

The maintenance of the density of native vegetation in recharge zones of a catchment can 
maintain the hydrological balance and needs to be recognised as a control mechanism. The 
most immediate benefits are the maintenance of the native flora and fauna, influence on 
water quality in streams and aesthetic value. At present, implementation is not widespread 
on a voluntary basis because of the cost of fencing and loss of land for grazing and shelter. 
The State Government has introduced policies to restrict the clearing of vegetation from 
public lands such as roadsides. 
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Revegetation 

Revegetation involves the replacement or supplementation of shallow rooted agricultural 
species with deeper rooted trees and shrubs. These plants can extract water from deeper in 
the soil and assist in reducing the volumes of water percolating to the groundwater. Forms 
of revegetation can vary from commercial or non-commercial forestry, open woodland 
through the cleared catchment, or agro-forestry in shelter belts. Associated benefits of 
revegetation can include forestry products, improved water quality, erosion control and 
improved agricultural productivity due to shade and shelter. Enchancement of aesthetic 
and environmental factors also occur. However, these benefits only accrue after the trees 
have become established. Evidence from the Department of Agriculture suggests that the 
technique would be successful in areas with localised groundwater problems. · At present 
there is wide community interest in trees with many landholders undertaking plantings on 
limited areas at their own expense. 

Major costs are incurred during the early years ofestablishment due not only to the costs of 
establishment but also to the loss of grazing from surrounding land. 

The committee was pleased to hear that assistance in the form of works and materials, 
grants of money or supply of trees has been available from Men of the Trees, Greening 
Australia, Alcoa and others. Total expenditure on the planting of trees is unknown but the 
Water Authority says that they have spent about $3.4 m. Major restraints to the 
implementation are the capital costs and labour requirements to plant and maintain the trees 
during the early years of growth. Other restrictions are the economic losses of removing 
land from agricultural production and lack of information on methods to incorporate 
revegetation into farm management practices. 

Agricultural Practices 

There are a range of agricultural practices which can reduce the rate of recharge to the 
groundwater. Of particular interest are those which result in the maintenance or 
improvement of agricultural productivity. Specific techniques include the replacement or 
supplementation of shallow rooted agricultural species with deep rooted species such as 
lupins, lucerne, the use of perennials, the elimination or reduction of time that land remains. 
under cultivated fallow, and the timeliness of farm operations. Soil ameloriation and 
aeration - ploughing - may also assist by allowing roots to penetrate deeper into the soil. 
In dryland catchments knowledge about the effects of these techniques on the profitability 
of farming in recharge areas is known only for some location. The Department of 
Agriculture is presently undertaking some research in relation to this matter. 

Major disincentives include the lack of reliable information on the consequences of 
necessary farm management changes. 

As the Department of Agriculture outlined, suitability of soil and other factors may limit 
the applicability of these techniques. Other disincentives include the need to purchase or 
invest in the capital equipment that may be required to undertake changes, and lack of 
finance to make changes that may not have an immediate effect. However, the replacement 
of the cultivated fallow by chemical fallowing is already occurring because of economic 
advantages in some locations. Present implementation of changes to agronomic practices is 
generally unco-ordinated on a catchment basis. Improved agronomic techniques would be 
an important component in any strategy but specific recommendations would have to be 
formulated on a regional or location specific basis which offer both individual and 
community benefits. 
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Surface Drainage 

The purpose of surface drainage is to change the pattern of over-land flow so that surface 
water is transferred away from both discharge and recharge zones. 

Grade Banks 

Banks can be constructed to direct over-land flow away from seeps and prevent further 
excessively wet conditions occurring. Banks are used predominantly for water erosion 
control and assistance in water harvesting in most locations in the State and occasionally 
for seep control. Many of the farmers that the Committee spoke to; explained how grade 
banks and grassed waterways had helped contain saline seeps but did not reduce their 
severity. 

WISALT and other Interceptor Banks 

Interceptor banks and drains are used extensively throughout the State. Banks of earth are 
constructed from excavated subsoil at right angles to the downslope. These banks are 

( 
intended to intercept water that is flowing over an impermeable layer in the subsoil and 
divert water away from the discharge site. This reduces water logging and thus aids plant 
growth on mildly salt affected sites. 

On the evidence presented to the Committee, we believe that interceptor banks play a major 
role in controlling run-off in high downpours which would otherwise cause considerable 
washouts and soil erosion and are important for collecting stock water. 

However in some cases they may not have been suitably constructed or surveyed. Their 
role in salinity control is not universally accepted on the grounds of cost and effectiveness. 

Groundwater Pumping 

This is the direct method of managing the water table on either a local of regional scale. 
The effectiveness of pumping will depend upon the characteristics of the aquifer from 
which water is pumped, the interrelationship with other aquifers and the feasibility of 
accommodating the pumped water by reuse when suitable or disposal. 

If the pumped water could be used for stock water and/or irrigation the returns may cover 
I operating costs. The committee inspected one project that was being undertaken of 
"- groundwater pumping at Cranbrook and was very impressed with what had been achieved. 

However, we recognise that the costs and physical problems of installation and disposable 
are major limitations. 

The Committee notes that the Department of Agriculture is now recommending this 
technique be used where it is economically viable for land reclamation to be undertaken or 
where some valuable resource, ie a dam or building, is threatened. 

Irrigated Agriculture 

Treatment of Salt Affected Sites 

The treaunent of salt affected sites in irrigated areas follows basically the same principles 
as in dry land agriculture. The object is to reducezthe salt rise associated with the rising 
water table. The more salt tolerant species can be utilised to maintain plant cover and water 
logging reduced by drainage. In addition irrigation water can be used to leach salts and 
maintain a degree of productivity. However, as in dry land areas, treaunent of discharged 
areas does not provide a long term solution and further information is needed on how water 
tables can be managed. 
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Recharge Reduction in Irrigation Areas 

Techniques that reduce recharge to the groundwater from both rain and irrigation can assist 
in the control of salinity. 

Land Forming and Grading 

Land forming is the process whereby the natural topography of the land is altered. In 
irrigation areas, land forming usually refers to providing a graduated slope. Grading refers 
to the smoothing of the existing slope to provide less irregularities on the surface. In 
irrigation areas both processes are now being aided by laser technology which improves 
accuracy and precision. Benefits from land forming and grading are the provision of a 
more controlled and uniform distribution and drainage of the irrigation water and rain. 
Land forming to adequate grade is expected to reduce accessions to the groundwater but 
this remains to be demonstrated practically. 

The costs of land forming and grading vary from $250 to $500 per ha depending upon the 
cut and fill needed. These costs include survey and design work, •but not pasture re
establishment. At present laser levelling is being widely adopted in the flood irrigation 
areas in the south-West. 

On Farm Drainage 

Provision of on-farm drainage reduces waterlogging, improves pasture production and 
reduces recharge to groundwater. Maintenance of on farm drains is often inadequate, and 
resulting in water logged paddocks and surplus water lying in natural depressions or 
roadsides until it percolates to the groundwater, or evaporates. Collection and reuse of 
drainage water is not a common practice. 

Improved Irrigation Water Distribution - Water Application 

Improvements in on-farm irrigation water distribution systems enables better control over 
the amounts and timeliness of water applied and can potentially reduce groundwater 
recharge in permeable soils. Changes from sprinkler to trickle also reduce the effect of 
foliar damage to horticulturalplants and improve water use efficiency. Specific techniques 
include the use of under-tree sprays, micro irrigation and better construction and 
maintenance of on-farm channels. 

Tile Drainage 

In areas with suitably permeable soils, tile drains or slotted plastic pipe drains can be 
installed at depths of 1.5 to 2 metres and spaced at intervals that maintain the water tables at 
sufficient depth to prevent salinisation and waterlogging in the root zone. Tile drainage is a 
proven technique in the south west area, however capital cost could be as high as $2 400 
per ha, depending upon soil type and crop species to be protected. 

Transfer of Water Entitlements 

The relocation irrigation water can take several forms including the partial or total removal 
of water rights from a farm. Localities in areas that contribute disproportionately to the 
groundwater, and the retirement of all or a large part of irrigation region. The effectiveness 
of reducing the water rights to an individual property would depend upon the characteristics 
of agricultural land use. However, this could result in aggravated salinisation of water of 
land due to an adequate leaching of salt from the soil. A reduction in the quality of the 
irrigation water delivered may be justified in cases where irrigation on higher, more 
permeable soils can be positively identified as contributing to water logging and 
salinisation in areas of lower topography. 
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Partial reallocation of water may have the additional benefits that water can be utilised 
more efficiently for agriculture production of areas. Existing constraints on partial 
reallocation of water include legislative constraints on the transfer of water entitlements and 
lack of data on high recharge areas. 
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CHAPTER SIX 

ORGANISATION AND MANAGEMENT 

The effective control of salinity depends upon co-ordinated action by landholders, local 
communities and a range of government agencies. The manner in which such action is 
organised and managed is therefore of major importance. In this section the Committee 
will outline the current arrangements, assess their adequacy and, propose improvements. 

Current Arrangements 

Salinity control activities in Western Australia are currently spread across a large segment 
of the Government's administrative structure, they involve: 

three government ministries - Agriculture, Water Authority, Conservation and Land 
Management; 

two central agencies of government - the Departments of Budget Management and of 
the Premier and Cabinet; 

a number of inter-departmental co-ordination and liaison committees, such as the 
Steering Committee for Research on Land and Stream Salinity and Research Co
ordinating Committee; 

various departmental-community consultative and liaison bodies, including the Soil 
Conservation District Advisory Committees; and 

each ministry and agency's set of inter-governmental links, in particular, the Australian 
Water Resources Council, Integrated Management Catchment Committee, with their 
various committees and working groups. 

Regional Arrangements and Community Involvement 

At the regional level interaction between State Government agencies and the community 
occurs through the work of extension officers and the activities of advisory boards which 
have been formed under the Soil and Land Conservation Act. At present, the only example 
of arrangements which have been specifically designed to co-ordinate the action of 
landowners within a catchment have been on a voluntary basis, as for example the 
Jerramungnp Catchment Groups formed within the Jerramungup Soil Conservation District. 

The Committee was very impressed with the concept of non-departmental co-ordinators 
working with landholder groups which we saw in Victoria. They have been very effective 
and have significantly raised an awareness of salinity problems and heightened community 
interest in jointly tackling the problems. 

The Committee is also aware that local government can play an important role in raising 
community awareness of salinity and providing a focus for attention. This potential has 
been demonstrated by the Tambellup Shire Council which has organised a survey of salt 
affected land and is proposing a strategy for the investigation and control of salinity in the 
Shire. Some other municipalities have also collected information on the salinity problems 
in their areas and are providing assistance for tree planting. 

The Committee has received submissions from many community groups in salt affected 
areas. Such groups play an important role in motivating the community and ensuring that 
Governments are aware of the community's concerns. 
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Integrated Salinity Control Program 

While recognising the substantial co-ordination which already exists between the activities 
of the State Government agencies, the Committee believes that the extent of this co
ordination is insufficient to achieve the objective of an integrated salinity control program for 
the State. In particular, the Committee notes there is no overall set of objectives and policies 
for define salinity control tasks, nor is there a process for policy development, co-ordination 
and review function across all salinity control activies. Similarly there is no State plan for 
salinity control which can identify all the elements of proposed salinity control projects and 
activities in terms of their relationships, sequence and priority. There is also no integrated 
budget for all salinity control activities, only a series of State departmental budgets which, to 
a varying extent, recognise and identify their salinity control expenditures. There does not 
appear to be any attempt to allocate funds within the total framework of salinity control 
activities across agency and ministerial boundaries. Because of these factors it is virtually 
impossible to systematically monitor and evaluate the efficiency and effectiveness of all 
salinity control activities as a whole. 

The Committee is not aware of any on-going programs to ensure a co-ordinated effon 
amongst landholders within salt affected catchments. The Committee believes that for 
salinity control to be effective there must be more action taken by individual landholders to 
be co-ordinated at the sub-catchment and catchment level. This applies in both irrigated and 
dry-land agricultural regions. 

During our inspections of various salt affected regions we were greatly impressed by the 
skills and dedication of the staff who guided us during our trips and who have also presented 
us with so much worthwhile information. The Committee believes that Western Australia 
must fully utilise the abilities of these people. Unfonunately, salinity control at field level 
suffers from insufficient extension and technical staff who have a knowledge of salinity to be 
able to assist landholders with their particular problems. 

Community Consultation and Involvement 

Community consultation has been the significant feature of salinity management in Victoria. 
It has usually taken the form of a presentation by government agencies to the affected 
communities of a set of options, followed by a period for public comment which the agency 
has taken into account when making the decision. It is a model that has great potential for 
Western Australia. The Committee urges the Department of Agriculture to adopt this model 
in pursuing a strategy for community consultation. 

Assessment of Current Arrangements 

The success of the extension and education programs of government agencies must be judged 
mainly by the awareness of landholders and the resulting action they have taken. From our 
fieldtrips throughout the State much has been achieved. The Department of Agriculture 
acknowleged the growing awareness of salinity problems in particular regions and of rising 
water tables and thus potential salinity in other areas. It also has identified increasing 
adoption of laser technology for land layout, pumping of groundwater and whole farm 
planning. However awareness of salinity amongst landholders is cenainly not universal. The 
Department has emphasised to us that there is still a large percentage of farmers who are 
unaware of the presence of significant salting on their farms. Whether this situation 
represents ignorance of salting or an unwillingness to either acknowledge or rationalise the 
problem was not clear. Evidently, there is a need to create a more widespread understanding 
amongst landholders of salinity problems and processes to bring about comprehensive 
adoption of salinity control measures. A major contribution to be made is a marketing 
program at state and regional levels to focus and reinforce attention at the local level where 
control strategies must be implemented. 
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Future Arrangements 

It is apparent that any future arrangements for salinity control must be able to provide the 
following: 

(1) clearly defined responsibility for salinity control throughout the State; 

(2) integration of salinity control on a state-wide basis; 

(3) effective use of the operational expertise of the relevant government agencies; 

( 4) co-ordination of action by landholders within salt affected regions; 

(5) co=unity involvement in developing and implementing schemes for salinity 
control; 

(6) measures that are adaptable to different regions and to changing conditions; 

(7) effective integration with other forms of land and water management; 

(8) adequate capacity for inter-governmental co-operation; and 

(9) encouragement of a multi-disciplinary approach to the problems. 

To achieve these requirements the Committee believes that there should be the capacity to 
establish a framework of State objectives, policies and plans within which a series of regional 
and local strategies would operate. This approach would enable the responsibility for salinity 
control at the State level to be clearly defined and an integrated policy developed. It would 
also enable the specific and different needs of each region to be properly taken into account. 

The Committee believes the following functions are required at State level to provide a 
properly integrated management of salinity control: 

(1) policy development and co-ordination; 

(2) planning and programming of salinity control; 

(3) financial management and budgeting; 

(4) evaluation and review; 

(5) research co-ordination; 

(6) education and dissemination of information; and 

(7) consultation and co=unity involvement; 

The Committee believes that there are three basic options for the management of these 
functions. Firstly a new agency could be established with responsibilty for all the functions. 
Secondly, the central management functions of existing agencies could be independently 
strengthened. Thirdly an existing agency could be given responsibility for the functions. 

The Committee does not favour the first option, although it could provide a focus for salinity 
management and a strong independent approach. It would add a further structure to the 
already complex bureaucracy, would consume additional resources and would tend to isolate 
salinity control from other aspects of land and water management. 

( 
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The central management function of existing departments and the co-ordination of their 
activities can be strengthened in a number of ways. The Committee favours ministerial 
responsibility for central management of salinity control residing with one minister and for 
that minister's department to be the principal agency with the capacity to assist substantially 
in the day to day co-ordination of salinity control. We favour the Department of Agriculture 
having this responsibility. 

A Salinity Control Board 

. The Committee further suggests that, at least within the immediate future, the development of 
policy and the oversight of the central management functions should be the responsibility of 
an independent Salinity Control Board composed of part-time members and serviced by a 
Salinity Control Bureau located within the principal agency. In this way a well defined 
independent focus for salinity control is immediately provided, without the need to create 
another agency. A forum would be available for representatives of government departments 
and the co=unity to develop and assess salinity control strategies. 

The Salinity Control Board would be responsible for the development of a state-wide 

( 
strategy for salinity control and for ensuring co-ordination of the activities of the operational 
agencies. Operational responsibility for implementing salinity control within the guidelines 
of the strategy would remain with those agencies. The Board would report directly to the 
responsible minister. The Board would also have the responsibility for preparing an 
integrated budget for government expenditure on salinity control in Western Australia and for 
allocating the relevant funds for the salinity control programs of each agency. The Board 
would also be responsible for establishing guidelines for the distribution of funds under the 
Salinity Control Loans Scheme. 

The Board should consist of the following part-time members: 

a Chairperson appointed by the responsible minister; 

the Permanent Heads of the Department of Agriculture, Department of Conservation 
and Land Management, Water Authority of WA, Environmental Protection Authority; 

three representatives of the rural co=unity, two of whom should be nominated by the 
WA Farmers' Federation and one by the Pastoralists and Graziers; 

( one representative of conservation groups; 

one representative of non-metropolitan local government; and 

an officer of the Salinity Control Bureau. 

The Committee favours the Department of Agriculture as the agency with the principal 
responsibility. This policy has a number of advantages. The Department has an existing 
major involvment in the control of salinity in WA; it has an extension role throughout the 
State, it has regional offices throughout the State, it has research facilities at several centres 
and salt affected regions, and it has major expertise in agronomy and hydrology. 
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CHAPTER7 

PLANNING AND REGULATION 

Statewide Strategic Planning 

Strategic planning for salinity control must take place at the State, regional and local level. It 
requires the setting of objectives, defining the means of achieving the objectives and 
establishing schedules and priorities. Such planning will concern the use of both water and 
land and be characterised by long term considerations. It will play an important role in co
ordinating the activities of landholders, government agencies and other sections of the 
co=unity. 

The strategy should be developed by the Salinity Control Board and should include: 

(1) broad objectives for salinity control in this State; and 

(2) 

Farm Plans 

the short and long term measures for achieving these objectives, including 
research and educational strategies, schedules for the implementation of the 
measures, priorities for the allocation of finance and manpower, allocation of 
responsibilities to appropriate agencies 

Currently, farm plans are prepared at the initiative of the landholder. Although the 
importance of farm plans was stressed at Committee hearings by a number of organisations, 
they acknowledge that there was little awareness of their value by most landholders and no 
major incentive for their implementation. Costs of up to $10,000 were quoted for the 
preparation of plans by consultants in some areas. Toe Department of Agriculture has on 
some occasions provided advice to groups on the preparation of farm plans. However, it is 
acknowledged by the Department that only a very small percentage of farmers have these 
plans. 

As farm plans will show structural work to control water and to stabilise drainage lines, they 
will play a vital role in salinity control and could be an effective method of providing the 
landholder with information on salinity control methods, could assist in the integration of 
salinity control with other aspects of farm management, and could assist in relating activities 
on the farm to regional and sub-regional planning. 

Today's farmer not only has to have a knowledge of what is on the surface of his farm such 
as fencing, buildings, shelter belts, creeks and the like, but he has to know what is under the 
surface and what are its characteristics as to soil types, fertility and its drainage capacity. 

Certain parts of a landscape are free draining and allow easy access of rainfall into the sub 
surface and are known as intake areas and these need to be identified and treated differently 
to discharge areas. 

It is generally accepted that trees should be planted on recharge areas yet farmers not having 
the benefit of farm plans are planting haphazardly, because of a lack of information. 

Toe Committee sees the concept of full planning as very desirable and believes that financial 
incentives should be offered to encourage the preparation of farm plans. 

Regulations 
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The Committee believes that the most effective and enduring changes in land management by 
private landholders will result from voluntary action in response to provision of information 
and to encouragement by other landholders. Regulations should only be applied where 
.voluntary co-operation is unlikely or will not be effective. The Committee concedes that 
regulatory methods may be necessary to control certain practices, such as the clearing of 
vegetation, to facilitate the transfer of water entitlement, and encouragement of changes in 
some practices at the required rate. 

The Committee believes that the legislative capacity that the State Government has to 
influence tree clearing has been a great advantage and has significantly contributed to the 
control of salinity in some areas. 

The Committee emphasises that no regulatory controls should be introduced unless voluntary 
co-operation has failed. 
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CHAPTER EIGHT 

EDUCATION AND COMMUNITY AWARENESS 

The Committee has already stressed the importance of action by landholders as part of a co
ordinated approach to salinity control. While recommending the use of some financial and 
regulatory measures to encourage the appropriate use of land, the Committee recognises that 
the success of salinity control programs will depend largely on voluntary action by farmers. 
The effectiveness of such action will depend upon the knowledge on which it is based. 
Adequate provision of relevant and reliable information and advice to landholders is 
therefore essential. 

The Committee notes that salinity is not just a problem for the landholder but is a widespread 
environmental problem with significant economical and social effects. Awareness of the 
problem throughout the wider community is therefore important. 

Current Arrangements 

State Government Agencies 

Up to four government agencies provide advice on salinity control to landowners in the 
community, including: Department of Agriculture, Water Authority, Environmental 
Protection Authority, Dept of Conservation and Land Management, Geological Survey of 
WA (Mines Department). 

The principal agency is the Department of Agriculture which provides advice on a broad 
spectrum of agronomic, financial and animal husbandry subjects across the State, but its 
specialist activities in salinity management are basically concentrated in Merredin, Narrogin, 
and Stirling districts where in the past the Department has stationed its hydrologists. As part 
of their responsibilities these officers provide advice on farm planning, land layout, use of 
saline water and crop selection. 

Given the magnitude of the problem, this is obviously an insufficient number and before the 
Department of Agriculture can hope to come to grips with the effects and control of salinity, 
the State Government must realise the need for additional officers. The task is too large to be 
part of normal duties of advisory officers. We believe that salinity should be given an overall 

( higher priority in Departmental budgets and activities. 

Other Organisations - Education Institutions 

In Victoria, the Rural Water Commission and the Soil Conservation Authority provide 
assistance to schools and community groups to enable the preparation and distribution of 
literature and plays and competitions to be organised to raise awareness of salinity problems 
in the community. The Committee believes this educational approach is most beneficial and 
has certainly encouraged a number of people to take more interest in the conservation of their 
land. The Committee was disturbed from their discussions with the Select Committee on 
Agricultural Education that little instruction is given on salinity as part of TAFE or Adult 
Education Courses and recommends that more attention be given in this direction. 

Local Government 

Several shire councils in salt affected regions have provided a focus for discussion and 
distribution of information and discussion about salinity and their role connot be understated. 
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Community groups 

Cci=unity organisations have played an important role in fostering an awareness of salinity 
problems and promoting solutions. They include groups that have been specifically formed 
to address salinity problems, such as various Catchment Committees, regional interest groups 
and farmer organisations and conservation groups as well as tree promotion groups and 
professional institutions. 

Co--ordination of Landholders 

Group Projects 

Many submissions stressed the importance for salinity control of co-ordinating the action by 
landholders ithin a catchment or sub-region. The Committee saw this concept in operation in 
Victoria and was very impressed with what had been achieved. 

Basically, the organisation and operation of regional action groups is largely left to the 
responsibility of the landholders. Government departments only provide specialist advice, as 
necessary. 

The Committee believes group approaches will encourage and reinforce salinity control 
measures by each individual landholder and could enable benefits to a property that are the 
result of action on another proprty to be more equitably shared. 

Sub-regional Planning 

The Committee believes there is a need for regional plans to guide the preparation of 
individual farm plans. 

The plan should include the nature of on-farm works to be undertaken and a schedule for 
their implementation. We also suggest that the provision of subsidies for on-farm salinity 
control measures should be designed to encourage the preparation of sub-regional salinity 
control plans. 

Co-ordination 

The Salinity Control Bureau should co-ordinate salinity related extension activities and 
ensure that all activities conform to any regional or sub-regional plans for salinity control 
and that each salinity problem is addressed by the full range of available expertise. 

The Committee is also keen to see salinity control field teams ( similar to the model used in 
Victoria) providing as 'one stop shop' source of advice for farmers with salinity problems 
and also assisting extension officers. 
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CHAPTER NINE 

RESEARCH AND INVESTIGATION 

Current Arrangements 

The Committee. was advised that the Salinity and Hydrology Research Branch within the 
Department of Agriculture has the major responsibility for land salinity research in Western 
Australia. · 

Their research program on salinity control has been broadly sub-divided into five major 
areas: 

(1) catchment hydrology; 

(2) land drainage; 

(3) salt land agronomy; 

(4) waterlogging; and 

(5) agroforestry. 

The Committee notes that the research aspect of salinity control has been the major focus of 
the Branch's work. The research resources of the Department in salinity are small. In 
dryland salinity there are three permanent Research Officers in hydrology, one in salt land 
agronomy and one in waterlogging. Irrigation salinity research is being done by two 
permanent Research Officers. These seven officers are supported by seven Technical 
Officers and the research effort is supplemented by a varying number of externally funded 
officers (three in February 1988). Thus, the research input is minimal and in many areas of 
the State reco=endations for treatment must be based on tenuous extrapolation from distant 
sites in different landscapes. In our discussion with Department of Agriculture officials in 
Victoria and South Australia, they stated that Western Australia was considered to be in the 
forefront with salinity research. We were also advised that there was a fair degree of co
operation between the States in exchanging information about the results of various projects. 

Throughout our inquiry the Committee received criticism from many groups to the effect that 
too much emphasis was placed on research effort and practically no resources were allocated 
to disseminating the results of this work. 

The Committee believes there is a considerable body of research information available about 
the causes of salinity problems and about the techniques for controlling it but little data has 
been distributed to farmers and conservation groups about the results of the various research 
projects. 

The Committee was very impressed with the technical booklet prepared by the South 
Australian Department of Agriculture which outlined in plain language the options for 
treatment. Apparently, the booklet had widely distributed and landholders found the book of 
considerable value. 

The Committee also believes that greater emphasis should be placed on co-ordinating 
research and investigation between different agencies; this needs to be part of a State 
strategy for salinity research. As part of this strategy, priorities need to be set and results 
evaluated. · 
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The Committee is also keen to see the Department of Agriculture encourage experimentation 
and field trials on a farm scale by landholders and assist with the monitoring of the results. 
Involving farmers in various field experiments would result in spin-off effects to the 
Department of Agriculture and landholders would be encouraged to adopt an innovative 
approach to salinity control. 

It has also been pointed out to the Committee that the amount of money allocated to dryland 
salinity research work has been reduced over the past three years as priorities have been 
shifted to other areas. The Committee believes that the current level of funding should be 
maintained in real terms. Table 6 clearly identifies this. 

TABLE Iii SUMMARY OF EXPENDITURE BY DEPARTMENT OF 
AGRICUJ,, TURE ON DRYLAND SALINITY RESEARCH 1981/82 -1987/88 

Salt land Hydrology, Research 
agronomy drainage and laboratory Total 

regional research 

$ $ $ $ 

1981/82 110,935 220,956 65,153 397,044 

1982/83 125,805 303,580 86,668 516,053 

1983/84 149,656 328,014 97,567 575,237 

1984/85 179,151 414,719 113,263 707,733 

1985/86 182,747 490,774 135,596 810,117 

1986/87 214,045 459,990 148,958 822,933 

1987/88 194,500 483,600 145,300 823,400 

The Committee is aware that many important gaps remain in the knowledge of salinity 
problems and this restricts the development of reliable salinity control programs. The 
Commitee notes that there is considerable confidence that the causes of salinity problems are 
known in principle but there is often inadequate understanding of the precise reasons for 
specific cases. This limits the capacity to forecast the development of problems and to select 
appropriate control measures. 

The available information enables a reasonable assessment of the distribution of salinity 
problems throughout the State. However, substantial uncertainty about the rate of change in 
the extent and severity of salinity limits the capacity to take anticipatory action and to assign 
priorities to a salinity control program. 

The physical consequences of elevated levels of salt in the environment are understood in 
principle but the lack of reliable data on the full range of physical and socio-economic 
effects of salinity limits our understanding of the magnitude of the problem. 

The understanding of salinity control techniques has advanced substantially in recent years 
and some can now be used with confidence. Nevertheless, knowledge is often inadequate to 
enable the reliable selection of a control measure, or set of measures, which will counteract 
the problems effectively and at least cost. 

( 

€ 
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The selection of the most appropriate policy instruments with which to implement a salinity 
control program requires an understanding of the likely response of the community to various 
forms of incentives. While this can often be judged from past experience, the opportunity for 
innovative measures is limited by the uncertainly of their success. 

Priorities 

Information on the following is of particular importance: 

Causes and mechanisms of salinity: 

* Location of preferential recharge zones for groundwater bodies that are associated 
with salinity problems. 

* The consequences of various types of land and water management for the 
development of salinity problems. 

* The role of flooding and periods of high rainfall in the development of salinity 
problems. · 

* The socio-economic factors which affect the manner in which land is managed. 

Extent of salinity problems: 

* 

* 

* 

Trends in the extent and severity of soil salinity in irrigated and non-irrigated areas. 

Rates of change in the levels of watertables and estimates of the period required for 
equilibrium to be reached. 

Potential for the development of further salinity problems. 

Effects of salinity: 

* 

* 

* 

The social impact of salinity. 

The economic impact of salinity. 

Effects on human health of long-term dietary intake of elevated levels of salt. 

Control measures: 

* 

* 
* 
* 
* 

The effectiveness of alternative agricultural practices, including plant selection and 
soil management, in reducing recharge rates to groundwater. 

The effectiveness of reafforestation and agroforestry as control measures. 

Opportunities for the use of salt tolerant plants. 

Effectiveness of various drainage systems. 

Optimum location and design of groundwater pumping. 

Waste Disposal: 

* Management of irrigation waters. 

* Management of waste pump water and saline drainage. 
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The Department of Conservation and Land Management has conducted research and 
investigation into the effect of salinity on trees and the identification and development of salt 
tolerant species of trees and has also examined the effect of trees in reducing recharge and 
increasing discharge. 

The Geological Survey within the Department of Mines has a joint project with the 
Department of Agriculture concerning the application of geophysics to salinity areas and has 
provided regional hydrological assessments to the Department. 

The CSIRO is no longer involved in salinity research work in Western Australia. The 
Committee understands that they are currently undertaking work in this field in Thailand. 

Very little research into salinity problems is undertaken by universities and other academic 
institutions. The Committee is very concerned at this situation as these institutions provide 
an important alternative and stimulus to State Government research. 

The Committee was also told that apart from Kimberley Seeds, who are involved in the 
development of seeding machines and new species of salt tolerant plants, very little effort 
from non-government areas is directed towards research into salinity. The Committee 
believes this is a situation that needs to be addressed and would strongly urge the Department 
of Agriculture to engage in co-operative research projects with non-government bodies and 
tertiary institutions. 
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CHAPTER TEN 

LEGISLATIVE AND ADMINISTRATIVE ACTIONS 

This section is mainly an assessment. of the present administrative structures existing under 
the Soil and Land Conservation Act 1945-1982. This assessment is not intended to be a 
comprehensive analysis of all aspects of the Act. Rather, it focuses upon those features 
which are most relevant to designing an appropriate administrative system. 

Criteria for Administrative Structures 

Part IIIA of the Act relates to soil conservation districts. It seems that there are no criteria 
governing the areas or regions over which such districts shall be created. The only criteria 
indicated are in section 22(1a) which require the Minister to consult with the Council of each 
shire whose district coincides with the proposed soil conservation district. The Committee 
believes that the boundaries of the soil conservation district should be drawn to reflect 
ecological units. For example, in dealing with the problems of soil salinity and erosion, these 
boundaries should be drawn on a watershed basis, as the problem is essentially one of surface 
and groundwater flows. It is suggested also that the extent of the soil conservation districts 
should be designed to permit an effective representation by the various land holders and users 
in the district. Thus, a very large area would be inappropriate if it meant that there would be 
too many land holders to meet and deal with their land conservation problems. 

Constitution and Functions of District Advisory Committees 

Section 23 provides for the establishment of a district advisory committee for each soil 
conservation district. The Committee believes the criteria for membership of such advisory 
committees too sparsely represents the land holders of the soil conservation district. Further, 
the various functions of the advisory committees, which are listed in section 24, all appear to 
be useful functions, but only of an ad hoc nature. The urgency of the conservation problem 
now demands that all land users take action to protect their ecosystems, and if they do not 
take any action they should justify this decision to their neighbours who do so. There needs 
to be a planning process instituted at a fairly detailed level to facilitate the necessary co
ordinated action. 

Each advisory committee representing each soil conservation district (as reorganised on an 
ecological basis explained above) should be required to prepare watershed plans of the 
conservation measures and actions to be taken by individual land holders. The plans would 
be signed by each land holder in the district (or by their representatives on the committee) 
and take effect as an agreement between each of the land holders concerned. 

The Commissioner of Soil Conservation or his nominee would represent the government 
interest in the planning process and would sign the plan to indicate the government's 
agreement to it taking effect. This planning technique would give far more autonomy to the 
land holders involved and utilise their self interest in conserving their own land resources. 

Finance 

The Committee received no evidence as to how the current system of district levy and funds 
under Division 2 of Part IIIA of the Act is operating. Our brief analysis is based simply on a 
reading of the Statutory Provisions and our intuitive judgment about how land holders may 
react. The Committee agrees in principle that the revenues for financing conservation works 
should primarily come from the land holders and users of the relevant region. However, it 
appears that the current system of district committees has produced a reluctance to 
recommend the levying of rates under Section 25A. 
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Because of lack of incentive the Committee believes that Government could well make 
grants to District Committees on a $ for $ basis with landowners using Section 25A to find 
matching funds. If there were any questions of inequity of distribution of the funds, then a 
limit could be placed on the amount of funds to be distributed to each district 

Enforcement of Soil Conseryation Practices - Part Y: Soil Conseryation Notices 

The system represents a crisis management approach to conservation and is 
bureaucratically top heavy. Conservation measures under the notices can only be initiated 
upon an order of the Commissioner. It is not certain how this infonnation is gathered or 
analysed. The Committee is unaware as to how effective it has been, but as a structure it 
leaves much scope for complacency. Once a notice is issued, the liabilities incurred seem 
appropriate for maximising the responsibility of land holders for conservation work. The 
exception to this is that under section 45 complaints can only originate from the executive 
arm of government. If some planning system similar to that which it proposed were to be 
adopted then the contractual effect of the plan would enable the neighbouring land owners 
to take civil action to enforce the agreement against those who do not comply. The 
government's ability to enforce the conservation measures would arise from the fact that it 
would, through its nominee, also be a signatory to the plan agreement At least in the short 
t= the current system of soil conservation notices should continue, and there may be 
some case for continuing them after an effective planning system was in place. 

The ad hoc nature of the system of conservation notices is partly ameliorated by the &ill 
and Land Conservation Re~)ations 1984 which require at least 90 days notice to the 
Commissioner before commencement of land clearing activities. Even so, this control is 
effectively only a stop gap measure to provide more time for crisis management. The 
essential point remains: there is no effective system for prospective planning of land 
management and conservation. 
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CHAPTER ELEVEN 

FUNDING 

The Committee believes that in determining whose responsibility it is to pay the costs of 
salinity control, the following factors must be taken into account: 

(1) That the precise cause of the salinity problem is often uncertain. 

(2) That the action that has led to the problem has frequently been undertaken by past 
generations in ignorance of the consequences and with the support of the 
community. 

(3) That the length of time between the causative action and the appearance of a salinity 
problem is often several decades. 

( 
Because of these factors the Committee believes an equitable arrangement will involve 
funding by governments. In the case of farm-based measures, this funding should be 
directed at assisting and encouraging landholders to undertake action which otherwise 

( 

would be unprofitable to them. 

Private Expenditure on Fann Based Measures 

To date, farm based works which may contribute to the control of salinity have been 
financed from farm income and normal sources of credit, such as trading banks. 
Frequently, the motivation for undertaking such works has not been the control of salinity 
but rather the immediate benefits for farm production. The Department of Agriculture 
advises that land layout is often seen by the farmer to aid productivity, reduce labour 
requirements and enable more productive utilisation of water. Groundwater pumping in 
Victoria is attractive to the farmer principally because it can augment the channel supply of 
irrigation water. Adoption of some salinity control measures in irrigation areas may 
therefore continue without government intervention. The implementation of other 
measures will require further incentives. 

In dryland agricultural areas where treatment of the preferential recharge zones does not 
have immediate economic benefits, private expenditure has been directed mainly to the 
treatment of the saline ground at the discharge site. Some landholders whose properties we 
visited have commenced to treat recharge areas by planting trees or changing their farming 
practices. However, it is evident that without further incentives, treatment of the recharge 
areas by landholders will be constrained by financial factors. 

Financial Incentives for Farm Based Measures 

Types of Incentives 

Possible financial incentives to encourage the adoption of appropriate farming practices 
include indirect assistance, such as taxation concessions, and direct assistance. Direct 
assistance can include grants and loan concessions, such as subsidised interest rates, long 
term loans, repayment holidays and concessions on loan security. In these cases, the 
government partly offsets the cost to the landholder of salinity control measures. 

Taxation Concessions 

At the Commonwealth level, the Income Tax Assessment Act has provided concessions to 
users of land for primary production .. Provisions of. the Act that may encourage landholders 
to adopt sound water and land conservation practices include immediate or accelerated 
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write-off of capital expenditures and investment allowances. Capital expenditure on 
conserving and conveying water for primary production purposes is a deductable item as 
are expenditures related to soil conservation and drainage. However, some techniques to 
improve irrigation efficiency, such as land levelling operations, do not give rise to a 
structural improvement. Consequently expenditure on such operations is not deductible 
under the Act. It has been suggested to the Committee that a broader interpretation of the 
Income Tax Assessment Act is warranted to ensure that there is investment in water 
conservation techniques and in drainage 

Grants 

Grants for on-farm works associated with salinity control have been provided in Victoria 
through the Soil Conservation Authority's scheme of assistance for erosion control works 
and the Tree Growing Assistance Scheme administered by the Department of Conservation, 
Forests and Lands. Grants for special projects have been made available in Western 
Australia through the National Soil Conservation Program and the State Assistance to Soil 
Conservation scheme. Although the latter scheme distributes only a little over $200 000 
per year. However, the Committee notes that whilst these grants are of some benefit, there 
is need for a major injection of funds to stimulate great incentive for on farm salinity 
control capable of effecting the macro problem. 

The Committee's Assessment 

Financial Incentives 

The Committee believes that financial incentives are justified as a means of encouraging 
farm-based measures for salinity control. 

Concessional loans are generally preferred to grants because loans allow: 

greater flexibility through variation in interest rates and the length of loan period; 

capital to be repaid with interest and therefore it can be recirculated to assist further 
landholders; 

greater administrative control, and opportunity for better assessment of the 
management ability of the landholder; and 

greater economic efficiency because the applicant must be able to repay the loans. 

Loans provided by the Government have the advantage of being available for recycling, but 
the Government must bear the administrative costs. There is, therefore, justification for an 
interest subsidy scheme in which loans are provided through normal lending institutions, 
but for which the interest rate paid by the farmer is reduced by a government subsidy. 

On the other hand, grants may be justified for the following purposes: 

to stimulate action by a group of farmers when there would be difficulty in the 
farmers reaching a cost-sharing agreement; 

to encourage innovation in salinity control and to support projects that can be used 
as a special trial or for demonstration purposes; and 

to provide a catalyst for action that will lead to more widespread forms of salinity 
control. 

Water Pricing 
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It has been suggested to us that a rise in the price of irrigation water should be used as an 
incentive for salinity control. It has been argued that higher prices of irrigation water 
would encourage the farmer to introduce water practices which would result in a decreased 
recharge of water to the watertable. 

The assumption that there would be a significant effect on the watertable level pre
supposes that the quantity of applied irrigation water which now reaches the watertable is 
substantially in excess of the minimum quantity required to leach salts from the root zone 
and that its contribution is significant relative to the other sources of groundwater. 

At this stage, a rise in the price of irrgation water cannot be justified solely for the purpose 
of salinity control. 

Proposed Incentive Schemes 

Special encouragement to the following is warranted in designated areas: 

adoption of preferred salinity control techniques; 

preparation of farm plans; 

formation of group projects; 

innovative approaches to salinity control; and 

demonstration projects. 

This should be through an extended Salinity Loans Scheme and a Salinity Grants Scheme. 

Extended Salinity Loans Scheme 

We propose the introduction of a Salinity Loans Scheme which would be available to 
farmers in irrigated and non irrigated regions. The Scheme would make available loans 
specifically for salinity control measures. The availability of loans at concessional rates 
should be influenced by: 

the likely contribution that the measures will make towards mitigating salinity 
problems; 

the participation of the farmer in a group project; 

the extent of farm planning that has been undertaken; and 

the ability of the farmer to pay for the measures by other means. 

The scheme should be implemented by the Government using criteria formulated in 
association with the proposed Salinity Control Board. Adequate provision must be made 
for agency staff, including the proposed inter-agency field teams, to provide expert advice 
to the applicant. The initial duration of the scheme should be five years. 

Salinity Grants Scheme 

A Salinity Grants Scheme is proposed which would provide grants for the following 
purposes: 

to off est the cost of farm plans in designated areas; 

to promote group conservation projects; 
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to encourage innovation in salinity control; and 

to encourage field trials and demonstration projects. 

The criteria for the provision of these grants should be established by the Salinity Control 
Board, taking into account grant schemes which already exist. The criteria should include 
the provision of adequate monitoring of the proposed project to enable its success to be 
evaluated. 

The funds would be administered by the Salinity Control Bureau- and be provided directly 
to the successful applicants or through a functional agency. The initial duration of the 
scheme should be five years. 

"Buy Back" Scheme 

On private land within major groundwater intake areas where the only feasible option to 
reduce recharge is reafforestation with native trees, "buy back" and reversion of the area to 
crown ownership is one option to be considered. "Buy back" offers a number of advantages 
over other means of encouraging reforestation for salinity control. The advantages are: 

it provides control over future management of the area, i.e. it avoids problems 
arising from changes of ownership and unsympathetic future management; 

it releases landholders from the burden of managing land of low productivity and 
enables funds to be allocated to more productive areas of land; and 

it establishes a community asset. 

The major disadvantages of the "buy back" option are the high initial cost and the long term 
costs of management of the area. The Committee believes consideration must be given to 
the provision of funds for this purpose. 

Administration of Funds 

We propose the following procedure for administration of Government funds that relate 
directly to salinity control: 

preparation of an integrated budget by the Salinity Control Board; 

co-ordinated approach through the Board to the Commonwealth Government for 
funding as appropriate; 

allocation of funds through the Board to each functional agency to finance its 
salinity programs; 

provision of Salinity Control Loans for farmers via their own Banks; and 

provision of Salinity Control Grants from the Board through the principal agency 
and functional agencies. 

Financial Incentives 

Under the Income Tax Assessment Act landholders are able to write off capital expenditure 
incurred in overcoming all forms of land degradation which includes soil salinity (Section 
75(D)(l)). Landholders are also able to claim deduction under Section 51 for establishment 
of trees on recharge areas which cause land salinisation. They can also claim for fencing of 
these areas under Section 75(D)(l). Thus, there are provisions for tax relief for some 
control measures. 
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GLOSSARY 

Salinity problems have been accompanied by a proliferation of terms which are not always 
used consistently. This section provides definitions of terms used in this report. 

(a) Aquiclude 

A layer of material in the earth's surface which, although porous and capable 
of transmitting water slowly, effectively excludes water from being 
transmitted at a rate fast enough to furnish an appreciable supply. 

(b) Aquifer 

A stratum or layer of rock or sediment below the earth's surface capable of 
transmitting water. 

( c) Capillary Rise 

Upward movement of water in the soil from the saturated zone (water table) 
as a result of surface tension in soil pores. The smaller the pores the greater 
the possible height of capillary rise but the slower the rate of rise. 

(d) Connate Salt 

Connate salts are entrapped salt solutions present in former marine 
sediments. 

( e) Cyclic Salt 

Salt, mainly cons1stmg of sodium chloride, which is carried into the 
atmosphere from the surface of the sea and taken inland in air streams, and 
finally deposited in precipitation is referred to as cyclic salt because its 
eventual destination is back to the sea again. 

(f) Diffusion 

Movement of dissolved salts slowly from areas of high salt concentration to 
areas oflower salts concentration. 

(g) Dryland Salting 

All areas of salting where irrigation is not present. It may be due to natural 
or induced causes or a combination of both. Dryland salting is further 
subdivided on the basis of location in the terrain and predominant cause. 

(h) Hydraulic Conductivity 

A measure related to the flow rate of water under a hydraulic gradient of one 
through any material, measured in either centimetres per hour or metres per 
day. 

(i) / nfiltration 

The downward entry of water into the soil expressed as a one dimensional 
vertical flow. 
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(j) Leaching Fraction 

The proportion of the water entering the soil that soil conditions will allow 
to pass below the root-zone. 

(k) Pans Per Million (pmm) 

Parts of solid per million parts of water. A measure of concentration of a 
solution. 

(I) Piezometer 

A tube inserted in and sealed into the ground but with the bottom end open. 
The pressure of water in the soil at the bottom of the tube causes water to 
rise to a height in the tube which is a measure of the hydraulic pressure at 
the bottom of the tube. This is commonly referred to as the piezometric 
level. 

(m) Primary Salting 

A salting problem which existed under natural conditions. The impact of 
human activities can exacerbate the problem and generate secondary salting. 
Primary salting can be further divided into scalds, saline depressions, and 
saline flows (Mitchell et al 1978), or salt marshes, salt pans, salt flats and 
dry saline land (Working Party on Dryland Salting in Australia 1982). 

(n) Saline Soil 

Soil is usually considered saline when the electrical conductivity of an 
extract from the saturated soil paste exceeds 4,000 S/cm (microsiemens per 
centimetre). The Soil Science Society of America has recommended that 
this limit be reduced to 2,000 S/cm because many crops can be damaged in 
the range 2,00Q..-4,000 S/cm. However, due to the relatively high 
proportions of sodium and chloride ions in Australian soils, Northcote and 
Skene (1972) used the limits of 1,000 ppm salts in the saturated soil solution 
(loams and courses soils) or 2,000 ppm (clay loams and clays) of sodium 
chloride in the surface layer as criteria for a saline soil. A limit of 
3,000 ppm has been set for saline subsoils (Peck 1978). 

(o) SaltPan 

Refers to a generally flat or gently sloping area in a valley floor, usually 
devoid of all but the most salt tolerant vegetation and showing obvious signs 
of salt accumulation at the surface. Mitchell et al (1978) further divide this 
category into "wetpan" and "hardpan" on the basis of seasonal moisture 
regime. Salt pans are also referred to as valley salting (Smith 1962), 
lowland salting (Matheson 1968) and Type A or C salting (van Dijk 1969). 

(p) Secondary Salting 

Refers to areas where soluble salts have accumulated as a consequence of 
human activities, such as irrigation, agricultural practices or forest clearing. 
Secondary salting is further divided into dryland salting and secondary 
salting of soils associated with irrigation areas ( or irrigation salinisation). It 
is not always possible to distinguish between primary and secondary salting. 

C 

C 
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(q) Seepage Salting 

Seepage salting occurs on hill slopes where seasonal or permanent seepage 
of saline water has developed (Cope 1958). Also known as hillside seepage 
(Matheson 1968) and Type B salting (van Dijk 1969). 

(r) Sodic Soil · 

(s) 

(t) 

The conventional boundary between sodic and non-sodic soils was an 
exchangeable sodium percentage of 16% or more of the soil cation exchange 
capacity. The Soil Science Society of America has recommended that the 
Sodium Adsorption Ratio (SAR) of the saturation extract is simpler to 
measure and less subject to error, and an SAR value of 15 has been retained 
as the dividing line. 

Stream Salinity 

Strictly refers to the total dissolved solids in water after all carbonates have 
been converted to oxides, all bromide and iodide have been replaced by 
chloride and all organic matter has been oxidised. In practice, simpler and 
quicker estimates of salinity are used. Total dissolved solid (IDS) are 
usually measured in mg/L. The same measure is used for groundwater, 
wetlands, reservoirs and lakes. 

Watenable 

The watertable is the surface of the groundwater body the pressure of which 
is equal to atmospheric pressure. The soil below the watertable is fully 
saturated. 

(u) Wetland 

Wetland is an area of land subject to permanent or ephemeral water cover. 
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APPENDIX I 

LIST OF SUBMISSIONS RECEIVED 

1. ARBORETA PLANTINGS PTY LTD, Michael B. Kelly, Environmental 
Consultant, 

2. J.D. McGREGOR, DENBARKER 

3. F.A. CRAIG, Fanner, Vernamo, DARKAN ( 

4. DEPT OF CONSERVATION & LAND MANAGEMENT, Barry Hodge, MLA, 

5. BRYAN R. YATES, ACSM, MIMM, CEng., Mining & Mineral Exploration 

6. MEMTEC LIMITED, Gil Deane, Sales Engineer 

7. W.A. SCHOOL OF MINES, Dr J.H. Kyle, Lecturer in Metallurgical Chemisty 

Mr Ian Keally, B.Sc (Forestry) MIFA, Act. Regional Manager, Dept 
Conservation & Land Management 

Mr Tony Petersen, B.Sc (Agric), Research Officer, WA Dept of Agriculture 

8. J.B. DUNCAN, Valuer-General 

9. ALCOA OF AUSTRALIA LTD, E.D. (Dave) Kabay, Snr Staff Environmental 
Scientist 

10. JOHN F. WALDEN, Consultant, Rockingham 

11. AUSTRALIAN INSTITUTE OF HORTICULTURE INC., E.D. (Dave) Kabay, 
National Secretary 

12. WES1ZEO BIOTECHNOLOGY 

13. RICHARD V. FINNEY, (Irrigation-Hydrology Consultant) MANNING 

14. SUSTAINABLE AGRICUTURE RESEARCH INSTITUTE, J.J. Nugent, 
Administrative Director, and K.R. Layfield ( 

15. Mrs J. SMITH, Farming Group Representative, Katanning 

16. J.B. GA YLLS, New Court Fann, Trayning WA 

17. SELWYN DA VIES, Bencubbin WA € 

18. WOODANILLING SOIL CONSERVATION DISTRICT, Eric Crossley 

19. SOIL CONSERVATION DISTRICT ADVISORY COMMITTEE, Jerramungup 

20. STIRLING ZONE COUNCIL, Bremer Bay, R. Tozen, Hon.Sec. 

21. SMALL TREE FARM, Balingup WA 
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23. 

24. 
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26. 

27. 

28. 

29. 

30. 

( 31. 

32. 

33. 

34. 

35. 

36. 

37. 

38. 

39. 

( 40. 

41. 

42. 

43. 

44. 

45. 

46. 

47. 

48. 

49. 

50. 
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EAST YORNANING SOIL CONSERVATION DISTRICT COMMITTEE 

YARALLAPASTORAL COMPANY 

A.J. HART, BSc(For)WA, Dip For Canb ACT 

J.W. & M.W. ERSKINE & SONS, Farmers, Mt Barker 

WA FARMERS FEDERATION, Borden Branch 

LAND MANAGEMENT SOCIETY, West Perth 

H.S. WHITTINGTON, Soil & Water Consultant, Brockton WA 

SOIL CONSERVATION DISTRICT COMMITTEE, WICKEPIN 

WA DEPARTMENT OF AGRICULTURE, Narrogin 

COUNTRY REGIONAL COUNCILS ASSOCIATION OFWA, Corrigin 

TAMMIN SOIL CONSERVATION DISTRICT ADVISORY COMMITTEE 

ALEX GARDNER, Lecturer in Law, University of WA 

W.I.S.A.L.T.S. Inc (Whittington Interceptor Salt Affected Land Treatment Society 
Inc) 

JAMES E. GARDNER, Tammin 

DENMARK SOIL CONSERVATION ADVISORY COMMITTEE 

E.J.S. COOK, Dandaragan 

D.J. DRAGE, Mt Barker 

GREENING AUSTRALIA (WA) INC. 

CSIRO 

SOIL CONSERVATION DISTRICT ADVISORY COMMITTEE, Mt Marshall 

A. GELMI, Farmer, Guairading 

DUMBLEYUNG SOIL CONSERVATION DISTRICT COMMITTEE 

WA DEPARTMENT OF AGRICULTURE 

MANY PEAKS SOIL CONSERVATION DISTRICT ADVISORY CO:MMITTEE 

P.J. WILLIAMS AND A.L. HILL 

WATER AUTHORITY OF WESTERN AUSTRALIA 

ENVIRONMENTALPROTECTIONAUTHORITY 

SOIL CONSERVATION DISTRICT ADVISORY COMMITTEE, Ravensthorpe 

JOHN C. CULLINANE, Community member 
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51.. T. & F.H. HALLIGAN, Farmers, Margaret River 

52. AUSTRALIAN REVEGETATION CORPORATION LID, Osborne Park 

53. DEPT OF CONSERVATION AND ENVIRONMENT, Perth 

54.. C.A. PARKER,MDA,BScAgric,PhD,FAIAS, UNI OF WA 

55. SOIL CONSERVATION DISTRICT ADVISORY COMMITTEE, Mt Marshall 
(John Dunne, President) 

56. WA SOIL CONSERVATION ADVISORY COMMITTEE (O.E. Butcher, 
Chairman) 

57. L. JOB, Fanner, Ninghan 

58. GREAT SOUTHERN DEVELOPMENT AUTHORITY 

59. R.N. & H.M. WARREN, Farmers, Gerdacuttup via Ravensthorpe 

60. DEPT OF CONSERVATION AND LAND MANAGEMENT- Steering 
Committee for Research on Land Use and Water Supply 

61. THE PRIMARY INDUSTRY ASSOCIATION OF WESTERN AUSTRALIA, 
Merredin 

62. WESTERN AUSTRALIAN FARMERS FEDERATION, Perth 

Additional Information Supplied to the Committee: 

1. DARKAN FARM MANAGEMENT ADVISORY SERVICE INC. 

2. DA YID BEDBROOK & AS SOCIA TES, Rural Consultants, West Perth 

3. DA YID REES, Fann Consultancy Service, Albany 

4. JOHN CHADWICK & ASSOCIATES, Fann Management Consultant, Margaret 
River 

5. AGRIPLAN PTY LID, Fann Management Consultants, Nedlands 

6. G.R.D. BYRES & CO., Fann Management Consultants, Kulin 

7. H.S. WHITTINGTON, Soil & Water Consultant 

8. WlSALTS AT WORK, Series 1-L. & D. Hardie, Narrogin 

Series 2 - J. & L. Dawson 

Series 3 - P & D. Kerin 

Series 4- B.E. & B. Edwards 
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APPENDIX2 

STREAM SALINITY TRENDS OF MAJOR RIVERS 

Average Rate of 
NGSN ( 1) Period Area salinity sa 1 in·i ty 

of cleared over last increase 

record (%) 5 years since 

of record 1965 

(mg/1) (mg/1/yr) 

603136 1960-86 17 890 26 

604053 1956-86 40 1870 SB 
605012 1940-86 35 2192 74 

607220 1940-86 36 870 15 

607004 1961-86 19 3410 117 

607144 1961-86 33 863 14 

609025 1956-86 as 2192 58 

610129(2) 1959-76 50 423 14 

611049 1955-75 so 354 11 

611111 "1957-85 45 534 17 

612033 1940-86 24 730 24 

614006 1939-86 75 2792 93 

614196 1966--86 90 2425 95(3) 

614224 1966-86 85 3711 89(3) 

616001 1965-86 so 2092 39 

616019 1963-86 65 2040 72 

616216 1966-85 10 1257 48(3) 

NGSN - National Gauging Station Number 
Also includes record from 610219 
Salinity trends are all statistically significant 
except those marked 

Figure 1 shows the increase in salinity of inflow to Wellington 
Reservoir over time. It is typical of many of the major 
streams in the south west. Also shown are predictions of the 
effect of previous clearing and of the effect if clearing 
controls had not been introduced. Figure 2 shows the salinity 
trends of three other major river systems in the south-west. 
Table A shows the predicted average salinities of the rive most 
important marginal water resources. 
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Average Trend Without 
Current Clearing Controls 
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DENMARK Increase 26 mg/I/yr 
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Stream salinity trends on three major river 
systems in the south-west 
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Table A 

SALINITY PREDICTIONS FOR THE MOST IMPORTANT MARGINAL WATER 

RESOURCES 

Ultimate Estimated 

Catchment State Private land average Average 

area Forest & salinity Salinity 

Reserves Uncleared Cleared resulting if all 

from privately 

clearing owned land 

to date* were cleared 

(km2) (%) (%) (%) (mg/1) (mg/l/yr) 

2830 65 12 23 1150 1700 

1470 95 2.5 2.5 665 1030 

567 79 5 16 720 790 

4040 54 14 32 1270 1500 

1850 45 15 40 1500 2120 

* Estimates for Helena, Warren and Kent Catchments based on studies in 1981. 

Estimates for Collie and Denmark are based on 1986 studies. 

* Figures do not tnclude any allowance for the Greenhouse Effect. 

( 

( 


