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Factors affecting the time to establish a new equilibrium
include rainfall, geology, land use and time since
clearing. These factors are reflected in measured rates of
recharge, watertable rise and salt storage. A salinity
hazard rating may be drawn by integrating these
measurements. Figure 2.2 is a schematic diagram
showing salinity hazard zones and variation in major
factors along a transect from the coast to the edge of the
agricultural region.

2.2 Critical limits of land and stream
salinity

Soil salinity becomes an agricultural and ecological
problem when the concentration of salts within the soil
and water bodies exceed the tolerance limits of native
or introduced plants. Each species has a different
tolerance to salinity. Salt-affected soils may still be
productive, albeit at lower yields, using salt-tolerant
crops and pastures.

In agriculture, salinity is considered severe when the
yield of the preferred crop or pasture is reduced by
more than 50 per cent and moderate when the yields
are reduced by between ten and 50 per cent. For water
resources, salinity is severe if the water can no longer
be diverted for beneficial use and moderate when it
imposes additional costs (eg mixing of water sources,
damage of infrastructure). For natural environments,
salinity is significant if it modifies terrestrial or aquatic
ecosystems. In its most severe form, natural plant and
animal communities are either destroyed or replaced
by salt-tolerant species.

The severity of salinity can be assessed using soil and
water samples, visual and plant indicators, geophysical
equipment and groundwater observation wells. Water
considered desirable for drinking should have a total
soluble salt (TSS) content of less than 500 mg/L,
although the maximum permissible limit is 1500 mg/L.
Salt-sensitive plants die and salt-tolerant plants become
dominant when the conductivity of the root zone
exceeds 100 mS/m (ECa) and the watertable is within
one to two metres of the surface for most of the year.
Soil is usually considered saline when the electrical
conductivity of a field sample exceeds 400 mS/m (ECa)
or the terrain conductivity measured in the field with
geophysical instruments exceeds 50-70 mS/m (ECa).

Soils are continually gaining and losing salts as
watertables rise and deliver them to the root zone, while
rainfall and runoff flush them into groundwater or
streams. Soils may be more saline in drier seasons
(spring to autumn) and freshen after the opening rains
and during winter. In addition, soils may become more
saline following years of above average rains when
watertables are forced close to the surface during the
drier months, despite additional winter flushing. Rapid
growth in the area and severity of saline lands observed
after wet years are evidence of this. Similarly, farmers
may report that their saline areas have decreased in
extent or severity after prolonged dry seasons.

2.3 Current extent and trends

2.3.1 Agricultural land

Between 1955 and 1993 farmers estimated the extent of
secondary salinity within agricultural areas in response
to questions in the Australian Bureau of Statistics
Agricultural Census. Over this 38-year period farmers
reported that salinity increased by about 700 per cent.
While this method grossly underestimated the size of
the salt problem, it recognised that salinity was
increasing.

Recently, Agriculture Western Australia reviewed
estimates of the extent of salinity using air photo
interpretation, soil and landform mapping, farm and
catchment plans, satellite remote sensing, ground-
based geophysics and extensive bore records to derive
a best estimate of the area affected by salinity and the
area at risk (Table 2.3) in the hydrologic regions shown
in Figure 2.3,

Rates of spread are currently highest in the medium
rainfall areas, in the central south-west and along the
south coast (where extensive clearing has only recently
ceased) and slower in the eastern Swan-Avon and
northern regions where the rates of watertable rise are
lower. The latter regions will continue to become
saline as watertables rise under broad valleys.

The extent of salinity has also been mapped by CSIRO
(Leeuwin Centre) in five sample areas (Figure 2.3)
using satellite data obtained over several years, and
other landform attributes, particularly elevation data
(Table 2.4).










































shallow interceptor drains and contour banks to remove
excess water can improve plant growth, increase plant
water consumption, reduce erosion and recharge, and
improve farm productivity. However, surface drainage
alone will not prevent recharge and groundwater rise.
Furthermore, the disposal of excess water requires
careful planning to prevent problems being passed
downstream. Reducing waterlogging on salt-affected
land (eg shallow drains, mounds) is essential if
significant plant growth is to be achieved on discharge
areas.

In summary, this strategy indirectly addresses
groundwater control through reducing the time and
amount of water available to recharge groundwater. It
does not provide a solution alone and must be
complemented by other strategies to achieve
groundwater control.

Drain or pump, reuse and dispose of groundwater

Groundwater levels can be lowered with deep drains
and by groundwater pumping in areas where the soils
and subsoils are relatively permeable. The spacing and
depth of drains can be designed to keep groundwater
below a critical depth and either tube drains or open
drains may be suitable. Water pumped from aquifers
may be reused if the quality is suitable, or disposed of
into natural or constructed evaporation basins.

Many deep drainage methods used to date are not cost-
effective. In addition, they can be environmentally
unsound on grounds such as damage to downstream
land and water resources. Discharge to streams can
adversely affect environmental values and the prospect
of damage to other properties usually makes off-site
disposal unacceptable. This strategy is only likely to be
applicable to rapidly protect or restore valuable assets
such as towns, conservation reserves, high value
agricultural systems, wetlands or infrastructure at sites
where the land has suitable hydrologic properties and
disposal is environmentally sound.

Improve protection and management of remnant
native vegetation

Privately-owned (2.75 million hectares) and publicly-
managed (4.52 million hectares) native vegetation
occupies 7.27 million hectares out of over 25 million
hectares in the agricultural region. While its condition
varies considerably, it is particularly valued for salinity
control where:

* individual remnants or reserves are large enough to
affect recharge at a catchment or sub-catchment
scale; or where
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¢ smaller remnants or reserves occur on high recharge
zones (deep sands and around rocky outcrops) or
discharge zones (eg drainage lines, swamps and
lakes).

All remnants, when combined with appropriate
revegetation systems, will contribute to the local
management of salinity and protect nature conservation
assets. However, the current water use of remnants is
often limited by poor management and their degraded
condition. Privately-owned remnants are commonly
exposed to grazing, often have poor natural
regeneration, are subject to high watertables in the
lower slopes and may be subject to extraction of timber
without adequate regeneration. Recharge may occur
under these remnants. Protective fencing, rehabilitation
of degraded remnants, and on-going management will
maintain or increase water use.

4.1.2 Relative priority of water management
practices

Successful groundwater control will usually involve the
integrated use of practices from each of the categories
of water management. However, some categories have
particular advantages and should attract priority in
development and implementation.

Increased plant water use has the advantage of putting
surplus water into plant growth and thereby potentially
increasing the production and profitability of
agriculture. Practices able to achieve better plant water
use should therefore attract some priority over drainage
and pumping practices where these involve disposal of
water to the environment.

Woody trees and shrubs have the greatest water use
potential and the development of a wide range of
commercial perennial species and products is clearly a
major priority in improving groundwater control.
These plants can be used strategically to provide large
capacity to reduce recharge. However, the fixed
location and limited reach of woody perennials, even in
widely dispersed planting arrangements such as alley
farming, must be complemented by improved water
use and management of other perennial and annual
crops and pastures. The development of lucerne in both
cropping (phase-cropping) and grazing systems
provides a method of broadacre control which can
complement revegetation, particularly in the Great
Southern and south coast.

Shallow drainage is attractive in that it involves
conventional technologies which, if soils and site
conditions allow, may quickly improve the productivity
of waterlogged and saline areas. Drainage can initially






Simple multi-criteria frameworks such as these can be
used to assess and rank alternative practices at the farm,
catchment and regional level. They highlight water
management practices that are immediately available
for adoption (eg tagasaste in the medium rainfall zone),
as well as those that may require economic incentives or
further research and development before large scale
implementation becomes feasible (eg oil mallee in the
low rainfall zone).

4.2.3 Farm and catchment planning

Farm and catchment planning allows the integration of a
range of water management practices into efficient and
profitable farm management systems. Planning
combines biophysical and economic information with
the farmer’s and the local community’s particular
preferences. Planning is a complex social process. It is
also a dynamic process. It inevitably involves
communication, learning, changing attitudes,
identifying research gaps and building commitment.

4.3 Stages of technological
development

In most areas the opportunity to design effective salinity
control systems is constrained by the limited selection
of water management practices and planning tools.
Ideally a full and balanced menu of practices and
planning tools should be available. However, this will
take some time to achieve. Three stages can be
recognised in the development of salinity control
systems.

Systems for today. Combine practices known to be
locally effective and currently available for adoption.
These practices consist of methods such as
revegetation, farm forestry (bluegums, pines), remnant
vegetation management, perennial fodder shrubs
(tagasaste), perennial pastures (lucerne) along the south
coast and south-west, surface drainage and some
aquifer pumping systems. These practices have been
shown to prevent or control the severity of salinity on
the local scale. Adoption is limited to suitable regions
(bluegums in high rainfall zone) but may also be
constrained by poor availability of planning tools,
especially biophysical and economic information.

Systems just around the corner. These will incorporate
practices considered to be promising but not yet fully
developed (i.e. likely to be developed within two to ten
years). Practices include further advances in high water
use crops and pastures (eg phase-cropping of
perennials), salt-tolerant agronomic systems, farm
forestry and new commercial tree crop species
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(eg oil mallees). In many cases the practices are
emerging, but demonstration and evaluation of their
performance in whole systems is lacking.

Systems for the future. These include practices which
could be developed but will have a lead time of more
than ten years. They include practices based on
perennial woody crops (eg biofuels, extractive
products), perennial legumes (in addition to lucerne)
and grasses, domestication of native species, and
pumping, desalination and re-use of groundwater and
use of the extracted salt.

A description of each of the major salinity control
practices is presented in Appendix 8.2. The list is not
exhaustive, but highlights the practices and issues to be
addressed.

4.4 Case studies

There are many examples of the successful use of
particular water management practices. However, there
are no examples of the integration of several water
management practices to create successful salinity
control systems on the farm or catchment scale. In this
section two examples of potential systems are
described, and some of the additional requirements
necessary to make them effective systems are
discussed.

(i) Low rainfall wheatbelt

A successful system in the low rainfall wheatbelt
would include:

a) high water using crop and pasture systems;

b) introduction of deep-rooted woody perennials;

c) surface and sub-surface drainage, often combined
with storage;

d) protection and enhancement of remnant vegetation.

Current management practices to reduce salinity
include revegetation, sub-surface drainage of sandplain
seeps to dam storages, and the management of remnant
vegetation.

While these practices are valuable, they are not
sufficient. Two other components are essential for an
effective salinity control system.

Firstly, it is essential that improved cropping systems
are more widely adopted so that potential to use water is
maximised. Wheatbelt cropping systems are currently
achieving an average of about 70 per cent use of rainfall
for grain production. Increasing grain yields by another



300 kg/hectare has the potential to use an additional 30
mm of water for grain production. While this is the
same magnitude as the long-term average recharge rate,
this water did not necessarily go to recharge at the lower
yield. It may have been used in growing weeds, gone as
runoff or used in vegetative production that was not
converted to grain yield. So annual cropping, even at
high yields, will not necessarily be enough to prevent
recharge and salinity. This is because much of the
recharge responsible for salinity takes place in wet
years, during periods of poor water uptake by plants
(early and mid-winter), following out-of-season rainfall
events (summer storms, floods), or on poor cropping
soils. Therefore, additional management practices are
necessary for an effective low rainfall wheatbelt system.

One of these practices is the use of perennial, woody
vegetation. This must be present in the right proportion
and arrangement to provide a back-up water use
capacity to consume additional recharge that may
occur. Vegetation can either be located on areas of high
recharge (eg deep sands) or be widely dispersed in a
way that does not obstruct large scale cropping or be
vulnerable to grazing (eg alley farming). Ideally, the
woody crop should generate economic return so that it
can contribute to the profitability of the system.

The planting of mallee for eucalyptus oil production is
one potential commercial wheatbelt tree crop now
under development. Pre-commercial planting has been
undertaken on full operational scale at several
wheatbelt centres. The objectives are to test and
develop production systems and to build up a sufficient
resource for product and market development. Farmers
have quickly adopted oil mallee into practical
management systems and it has greatly accelerated
their overall tree planting. The project presents a clear
indication of the potential for adoption of
commercially attractive tree crops.

(if) Medium rainfall south-west and south coast

A successful system in the medium rainfall south-west
and south coast would include:

a) higher water use annual pasture and cropping
systems;

b) introduction of commercial timber crops
(bluegums, pines);

¢) introduction of perennials such as lucerne in
selected areas;

d) surface and sub-surface drainage, often combined
with surface storage for horticultural production;

e) protection and enhancement of remnant vegetation.

The introduction of these practices across the landscape
would provide many of the elements of an effective
salinity control system. Increasing the water use of
annual crops and pastures, the appropriate use

of drainage systems, and the management of remnant
vegetation will reduce recharge and increase
profitability in the shorter term. However, the
development of commercial farm forestry and
increased plantings of other perennials is essential to
control salinity.

The Farm Forestry Task Force (1995) reported that the
potential scale of commercial farm forestry in the
wetter south-west, assuming a maximum tree planting
proportion of 20 per cent, was 349,500 hectares. This
includes the potential for planting Eucalyptus globulus
(bluegums), Pinus radiata and P. pinaster (Maritime
pine). Such an industry would extend from the west
Midlands (40,000 hectares), through the south-west
(223,000 hectares) and Great Southern (54,000
hectares), to the south-east (32,000 hectares), and
would add $540 million of extra economic activity to
the region, employing up to 2600 people.

A more recent assessment by CALM indicates that
commercial tree farming with Maritime pine is
possible on land with an annual rainfall limit of

400 mm and on sands north and south of Perth in the
high rainfall zone. This means 500,000 hectares are
available for planting Pinus pinaster alone.

These timber producing species and the industries they
support provide commercially attractive farm forestry
opportunities. With skilful integration into the farm
these crops can provide the water use capacity to
consume recharge while maintaining farm profitability.

At one site near Bridgetown evidence of successful and
economic salinity management is becoming apparent.
At this site watertables have been falling at rates of up
to 0.7 metres/year throughout the catchment and a
downslope salt-seep no longer flows during summer
(Figure 4.3). This is being achieved with a planted area
of 35 per cent of the cleared area arranged in a close-
spaced belt configuration. This configuration markedly
reduces grazing production in the second half of the
production cycle. Smaller proportions of planting may
result in lower but acceptable rates of watertable
reduction without such a large late rotation loss of
grazing.
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