
8 SOIL CONSERVATION

Soil conservation is achieved when land is managed in a manner that maintains or improves the soil's stability and productivity
without detriment to other lands, to water supplies or to other resources.

Erosion and loss of the soil's chemical or physical condition involve processes inherent in the land. However, the rate of such
deterioration may increase when man uses the land, depending on the processes involved, the susceptibility of the land and the
effects of management. The interrelations between these factors are discussed below in the light of the land features and processes
discussed in previous chapters.

Susceptibility of lands to soil deterioration

Many parts of the catchment are particularly susceptible to disturbance due to a combination of adverse climatic, soil or
topographic conditions. The sub-humid to semi-arid climate in the centre and north place seasonal stresses on protective soil
cover. The dry conditions in recent millennia have also resulted in adverse soil features, such as weakly structured topsoils prone
to compaction and erosion, accumulations of salts and dispersible subsoils that become unstable when exposed. Steep slopes are
another hazardous feature in many areas.

Many forms of soil deterioration have been recognised in the catchment, notably sheet erosion, gully erosion, salting, structure
decline and nutrient decline. Wind erosion, landslips and streambank erosion are relatively minor problems. The quality and
regulation of underground waters have also been affected.

The susceptibility of components to broad categories of disturbance within each land system has been assessed in detail in the
previous chapter, based on field observation and current knowledge of relevant processes. Susceptibility is listed under the
heading of primary resultant deterioration. The word 'primary' must be stressed because of the complex series of processes that a
particular disturbance may activate. Chain reactions are particularly liable to occur when hydrological processes are altered, and
under these circumstances off-site deterioration can be expected, with ramifications further down the catchment.

A typical sequence of processes related to trafficking or trampling is surface compaction, reduced infiltration of rainfall,
decreased soil water content, weakened plant growth, decreased protective cover, increased sheet erosion and increased run-off.
Off-site processes may follow. For example, on the valley floor the sequence may be increased run-on and gully erosion resulting
in increased flooding and streambank erosion further down the catchment.

If the disturbance were reduction in the perenniality of vegetation and/ or depth of rooting without significant surface compaction,
the sequence of processes may be reduced transpiration, increased soil water content and increased movement of waters and salts
to groundwaters, leading to processes further downslope such as raised water table, increased evaporation, salting, reduced
protective cover, sheet erosion, rill erosion and gully erosion.

The susceptibility of lands to various forms of deterioration recognised within the catchment is summarised below, together with
remarks on the incidence.

Removal of trees from steep slopes has caused deterioration throughout the
catchment. Its forms include sheet and gully erosion, land slips, excessive
run-off, flash flooding, saline seepage areas, siltation and turbidity in water
storages.

Sheet erosion

In the process of sheet erosion, soil is transported by unchannelled water or by water in shallow impermanent channels known as
rills. The most critical factor affecting susceptibility is protective cover, usually afforded by vegetation or vegetative litter but also
by inorganic materials such as stones. Other factors relate to climate, soil erodibility and slope gradient.



Seasonal stress on plant cover increases from the humid south to the semi-arid north, and also seasonally, with the greatest stress
in late summer to early autumn. The hazard of soil detachment is further increased by the tendency for intense rainstorms to occur
during summer and autumn (as shown in Table 5), when plant cover tends to be relatively sparse.

Most of the soils in the drier northern and central areas are highly erodible, having weakly structured surfaces, low in organic
matter, prone to detachment by raindrop impact. In addition, most soils on gentler slopes have slowly permeable subsoils that
promote overland flow.

A further adverse factor is the common occurrence of steep slopes on hills composed of Ordovician sediments and granitic rocks,
and on ridges of metamorphosed sediments.

Sheet erosion reduces on-site productivity -through reduced soil water content resulting from runoff, reduced available soil water
capacity, which is particularly significant in inherently shallow soils, impairment of surface soil structure by scaling or by
exposure of raw subsurfaces and subsoils and loss of nutrients, which tend to be concentrated in topsoils. Off-site effects are
related to the generation of flash flows and sedimentation.

The incidence of sheet erosion varies with land management standards but, in general, varies from severe on the cleared steeper
hills and ridges in the north to slight on the near-level alluvial plains.

Gully erosion

Gullies are relatively permanent, deep channels usually initiated by disturbances such as tracks, rabbit burrows or uprooted trees
(Dowries 1949, 1958). Tunnels are also initiated in this way, eventually collapsing to form gullies. Once established, a gully tends
to increase in length, width and depth until rock is reached. L. E. Milton (personal communication) has shown that several
processes are involved in the detachment and transport of soil, including scouring by surface run-off, tunnelling, earth flows,
sapping, block fall and spalling.

Severe gully erosion removes land from production, reduces accessibility and
causes off-site problems such as siltation and turbidity of streams and water
supplies.

A variety of mechanisms may occur in the one gully, and many factors affect susceptibility, including topography, vegetation,
climate and soil.

Gullies occur where run-off and seepage waters accumulate, most commonly in valley alluvium. The areas at the greatest risk are
the lower slopes and valleys on and adjacent to the steeper hills and ridges. Larger gullies tend to occur in the valley-floor
alluvium of large catchments.

Headward erosion is intermittent, being influenced by the intensity and duration of rainfall. Climate also influences the hazard
indirectly through effects on vegetation and soils.

Gullies have not been observed in areas with undisturbed native vegetation, where the deep-rooted, perennial species provide
mechanical resistance to soil detachment and keep the soils relatively dry. Reduction in leaf area, rooting depth and perenniality
following clearing has changed these conditions and further increased the hazard of soil detachment by promoting run-on from
upslope. The hazard is greatest towards the drier northern areas, where growth on agricultural lands is relatively weak.

In the central and northern areas, the subsoils tend to have high dispersion and slaking tendencies, encouraging soil detachment.
Increasing salinity in many low sites also promotes gullying through weakening of plant cover. In valley alluvium, layers of
differing permeabilities frequently provide pathways for seepage, enhancing mechanisms such as sapping and undercutting.



The incidence of gullies is most severe on and beside cleared, sheet-eroded hills and ridges in the central and northern parts of the
catchment where gully densities may be as high as 3 km per sq. km.

Although the amount of land directly lost to production is small, gullies reduce plant growth on adjacent land by promoting
excessive drainage. This leads to logistic problems, such as restriction of movement of vehicles, machinery and livestock. It may
also damage structures, including roads, bridges and culverts. The rapid drainage has off-site effects such as increased flooding,
sedimentation and streambank erosion.

Salting

A considerable amount of research has been done on secondary (man-induced) salinisation of soils and waters in catchments to
the north of the Great Dividing Range, including part of the Avoca catchment (Jenkin 1981).

Except for the leached landscapes in the humid southern parts of the catchment, soluble salts have accumulated in soils, rocks and
unconsolidated sediments. The main origin of the salts appears to be by rock weathering and accumulation of cyclic salt in the
past under different climatic conditions, as evidenced by the concentrations at depth in deeply weathered Ordovician rocks
beneath gentle landscapes.

Saline seepage can cause complete destruction of all vegetation in the affected area.

Clearing of the perennial, deep-rooted native vegetation and its replacement by crops, pastures and bare fallows has altered the
hydrological regime, resulting in, among other processes, increased seepage of salt-bearing waters. In the steeper areas, water
seeping through rock strata may emerge from the upper slopes to produce hillside salt seeps. In alluviated valleys, raised water
table levels result in valley-floor salt seeps.

The occurrence of salt seeps in the cleared central and northern parts of the catchment is affected by the permeability of soils and
sediments. The prime areas of water intake are those with permeable soils, notably the shallow uniform or deeper gradational
profiles of the steeper hills and ridges. These profiles lack clay subsoils of low permeability, which promote surface run-off rather
than deep percolation. Seepage waters tend to follow preferred pathways such as fractures in rocks or permeable beds in rocks or
unconsolidated sediments.

Hillside seeps occur mainly on the steeper hills composed of Ordovician slates and sandstones, and on the metamorphic ridges.
The incidence is particularly severe in the Moonambel district. Valley-floor seeps are less numerous, but the aggregate area
affected is larger because of the relatively large groundwater bodies involved - for example, near Burkes Flat, where individual
affected areas are as large as 10 hectares.

Where salt-bearing perched waters or groundwaters approach the surface, increased salinity of subsoils may cause declining
yields, depending on the depth of rooting of trees, crops or pastures. Where the water levels lie within approximately 2 m of the
surface, evaporation of waters rising by capillarity concentrates salts at the surface, resulting in eventual death of conventional
crops and pastures and of native trees. Increased salinity of water supplies in farm dams and in the Avoca River is also a problem.

Changed hydrological conditions in the catchment also affect the salinity hazard on the Riverine Plain to the north, largely
because of increased intake of water to the Tertiary gravel beds (deep leads) beneath the plains of the Avoca and adjacent
catchments (Macumber 1969, 1978). Intake of water to the deep leads would be highest in the southern humid areas (themselves
free of salinity problems). Pressures exerted by the deep lead waters result in discharge of saline waters in dryland farming areas.
The pressures also hamper drainage in the irrigated areas further to the north (State Rivers and Water Supply Commission 1975).



Structure decline

Compaction of soils may occur directly by trafficking of vehicles and implements, or by trampling, usually of livestock. Indirect
causes include raindrop impact after soil has been bared by cultivation or erosion, loss of organic matter following weakened
plant growth, or settling of soil particles and fine aggregates following disruption of coarser aggregates by cultivation.

Susceptibility of the soils to structure decline has been deduced from the grade of topsoil structure observed at undisturbed sites,
increasing in the order of weak, moderate and strong structure. The predominant soils in the central and northern areas have
inherently weak topsoil structure, and their susceptibility has been rated as low. Soils with higher surface organic matter contents
have a moderate susceptibility - for example, in the humid south on alluvial plains originally vegetated by grassy woodlands and
in the north where the parent materials are calcareous aeolian dust.

Structure decline leads to loss of plant vigour through reduced infiltration of water, and it can hinder germination of seeds when
topsoil structure has been rendered particularly weak. Secondary effects are increased run-off, erosion and off-site effects such as
increased flash flows and sediment loads.

Nutrient decline

Little is known about the magnitude of processes that tend to reduce the nutrient status of soils in northern

Victoria following clearing of the native vegetation. Jenkin (1981) found that conversion of forests to dryland farms near Bendigo
may be accompanied by loss of soluble ions such as calcium, potassium, magnesium and sulphate, in addition to sodium and
chloride, which constitute the bulk of the ions in saline seeps. Some of these losses would be the result of erosion and removal of
nutrients in produce, but the increased salinity of seepage waters indicates that leaching is the main process.

With present knowledge, estimation of susceptibility of soils to nutrient decline can be tentative only, and based on soluble ions in
general rather than specific nutrients. In the previous chapter the estimate is based on leaching following reduction in leaf area,
perenniality and rooting depth of vegetation. The severity is gauged by the nutrient status of soils in the undisturbed condition and
their permeability.

On this basis the estimated hazard of nutrient decline varies greatly, ranging from high on the moderately permeable soils of high
nutrient status formed from calcareous aeolian dust in the north to low on old slowly permeable soils of low nutrient status formed
from gravelly Tertiary deposits.

Decline in nutrient levels may reduce production directly, depending on the original nutrient status of the soil, and any resultant
weakening of growth can lead to other forms of deterioration such as sheet erosion, gully erosion and structure decline. Off-site
effects on soils and water quality result from the increased movement of ions to perched waters and groundwaters.

Wind erosion

Bare or lightly vegetated surfaces that are weakly or finely structured and of loose consistence are prone to movement by the wind
through the processes of saltation and suspension. Such processes characteristically occur on soils with sandy surfaces, but loamy
and clayey topsoils will drift under adverse circumstances such as poor management and prolonged droughts. The hazard
increases towards the north with increasing aridity. Exposed situations such as the crests of rises are also vulnerable.

The valuable topsoil on a cultivated alluvial terrace is shown being
removed by wind action.



Within the catchment, significant wind erosion is limited to duplex soils with sandy surfaces, particularly where fallows have
been prepared on aeolian rises in the north and, to a lesser extent, on heavily cropped alluvial plains. Minor drifting occurs on
other sandy topsoils, particularly where the parent materials are Tertiary gravelly deposits and granitic rocks. Clay plains at the
edge of the Wimmera will also drift during prolonged droughts.

The main effects of wind erosion on productivity arise through the removal of nutrients concentrated at the surface, and by the
exposure of hard-setting subsurfaces or subsoils.

Landslips

Mass movement of soils on steep slopes is initiated mainly by loss of strength in subsoil layers upon saturation with water.
Clearing of the perennial native vegetation increases the hazard by extending the periods when subsoils are wet, and by loss of the
anchoring effect of deep, thick tree roots.

The hazard of landslips is greatest on the steep slopes of the Pyrenee Range, the scattered metamorphic aureoles and the granitic
hills. However, the incidence is minor because such areas tend to remain forested.

Landslips reduce productivity through effects such as the exposure of raw subsoils. They may also bring about management
difficulties by hindering access, and cause damage to structures such as fences, buildings or roads.

Waterlogging and flooding

Significant loss of production through waterlogging is confined to minor areas such as the heavy clay soils on basalt in the south,
the high terraces formed on lacustrine material in the Natte Yallock area, the heavy clay soils on Tertiary deposits in the
central-west and the isolated depressions on the alluvial plains in the north.

Minor occasional flooding occurs on the drainage-floor components in many land systems. The main effect is subsequent
improved vegetative growth resulting from the additional soil moisture.

Streambank erosion

The Avoca River and its tributaries suffer only minor streambank erosion during flood periods. Each of the four land systems on
alluvium contains sections where the streams are deeply incised. Undercutting and the presence of layers of varying stability lead
to slumping of steep banks into the river. Red gum trees, which characteristically line the banks, frequently fall into the water,
creating turbulence and subsequent increased streambank erosion.

Land management

While the susceptibility of land to disturbance and the forms of deterioration are fixed by land type, the extent of deterioration
depends mainly on the forms of use and the management practices. To improve and then sustain the land's stability and productive
capacity, we need to understand the effects of management practices on complex on-site and off-site processes. This
understanding, and thus our ability to achieve soil conservation, varies considerably within the catchment depending on land type
and form of use.

Grazing

The establishment of long-term pastures with contour cultivation and subsequent maintenance of vigorous swards contributes
greatly to the achievement of stability and improved productivity. Considerable information is available from the Department of
Agriculture on grasses, clovers and fertilisers appropriate to various land types. Well-managed pastures can improve the
inherently low nutrient status and weak structure in many soils of the catchment. Such pastures have reduced deep percolation and
overland flow of water, but further improvement of hydrological conditions is required, through the greater inclusion in the
pasture mixture of species capable of rooting vigorously at depth in poorly structured subsoils. Phalaris (Phalaris tuberosa) and
lucerne (Medicago sativa) are used, but they do not appear suited to many of the land types, particularly poorly drained sites. A
range of species capable of deep vigorous rooting is required to meet soil conservation goals. The introduction of a limited
number of trees to pastured areas could well be the most appropriate management to improve and diversify production as well as
to improve the hydrological condition in many land types.

In the northern parts of the catchment, the low rainfall limits the successful establishment of introduced pasture species on the
steeper lands. Overgrazed native pastures predominate. Run-off results in severe sheet erosion and downslope gully and
streambank erosion. Excessive deep percolation leads to reduced productivity and severe off-site effects such as increased salinity
of soils and waters.



The re-establishment and maintenance of native grasses on steep lands in northern Victoria are being examined by the Soil
Conservation Authority (S. Zallar, personal communication). Certain species such as kangaroo grass (Themeda australis) have the
capacity to root vigorously at depth, but the maintenance of vigorous swards is difficult. The steep lands have a limited grazing
potential, and re-establishment of trees may frequently afford the only practicable means of protecting more productive adjacent
lands.

A dense stubble layer protects a sandy, erodible topsoil from possible intense
summer thunderstorms.

In the cropped northern and central parts of the catchment, short-term introduced pastures are used in rotation, to improve crop
yields through improvement of factors such as nitrogen status and surface tilth.

Cropping
Cropping greatly increases the hazards of soil deterioration, particularly structure decline, nutrient decline and erosion, plus
off-site gully erosion, sedimentation, salting and flooding,

Cultivation impairs soil structure, and this is particularly significant on the widespread red duplex soils with inherently weak
structure in topsoils. Under intensive cultivation these topsoils become hard when dry and they lose strength upon wetting. When
this condition is reached, two or more consecutive years under pasture are required to restore surface structure. The use of
ameliorants such as gypsum is being tested by the Department of Agriculture (R. S. B. Greene, personal communication).

Removal of soil nutrients is increased under cropping through removal of grain, stubble burning and processes such as erosion
and leaching on bare fallows prepared to maximise soil moisture contents. Phosphorus, sulphur and calcium are applied in
superphosphate, and nitrogen is restored by legumes in pastures (Ellington et al 1979). Other nutrients such as potassium and
magnesium are not being replaced. The lower horizons of the more-fertile cropping soils tend to be well endowed with such
nutrients.
The hazards of erosion are severe on much of the cropping land. Wind erosion occurs widely, while sheet erosion by water tends
to be confined to the undulating areas. These problems are accentuated by the use of long, bare fallows, with which the highest
yields in the area are recorded (Sims 1977). Alternatives to finely worked bare fallows - involving stubble mulching with the use
of implements such as rod weeders and sweep blades, or chemical control of growth on fallows - usually result in lower
immediate yields, but are likely to be economically justified in the long term (Marston 1978). Other means of reducing sheet
erosion by water are contour cultivation and contour or graded banks surveyed by officers of the Soil Conservation Authority.

Pressures exerted by intensive cropping have also increased the incidence of gully erosion in drainage floors, particularly on
undulating lands. Arrest of the movement of gully heads up the drainage floors is achieved by improved management in the sub-
catchments. This frequently requires costly measures - for example, gully head structures installed to Soil Conservation Authority
specifications.

Forestry

Hazards of land deterioration are relatively low under forestry because alteration to the hydrological regime and soil disturbance
tend to be confined to the infrequent establishment and harvesting phases. Selective loggings causes minimal disturbance - for
example, in the box-ironbark forests of the north and the messmate-blue gum forests of the Mount Avoca-Mount Lonarch areas.
Relative to the early days, these forests are now well managed, with retention of slash and litter, fire-protection, control of grazing
and well-maintained access tracks.

Only near Lonarch in the extreme south of the catchment is the climate regarded as sufficiently humid for the production of pines.
Stringent practices are required to minimise land deterioration on the steeper slopes, such as contour windrowing of burnable



native vegetation, contour cultivation, leaving undisturbed native forests in drainage lines, and locating roads on or close to ridge
tops. These and other practices are contained in prescriptions prepared by the Forests Commission of Victoria.

Eucalyptus-oil production
Land deterioration has been particularly severe in undulating areas on Ordovician sediments near Wedderburn and St Arnaud
where mallee scrub is harvested for the distillation of eucalyptus oil without significant use of fertilisers. Branches are cut close to
ground level at about 2-year intervals, leaving the soil

bare, and resulting in sheet erosion of the originally shallow soils, compaction and nutrient decline. Increased flash flows and
sediment loads affect adjacent, better-quality land.

Many aspects of management require attention if soil conservation is to be achieved under this form of use, such as harvesting
only the gentler slopes, leaving a proportion of stems and leaves to protect the soil, deep ripping on the contour to improve water
penetration, maintaining well-sited access tracks and using fertilisers.

Construction uses

In many parts of the catchment, specific land features impose limitations on constructional uses. The swelling clays that occur on
lacustrine alluvium, basalt and calcareous aeolian deposits cause many problems in foundations. The uneven pressure or heaving
effect of the swelling-shrinking clays after seasonal wetting cause warping, buckling and cracking of floor slabs, roads, runways
and foundations and the tilting of fence posts and telephone and power poles.

Hardpans in the subsoil restrict the water-holding capacity of the soil and therefore have severe limitations for absorbing waste
effluent from septic tanks or industry. They also increase the cost of excavation and place a physical limitation on the depth and
effectiveness of water storages. In obtaining gravel for constructional uses, deep pits are preferable to surface stripping of large
areas, even if drilling and blasting through hardpans is necessary. The area of disturbance and off-site effects are thereby
minimised.

The widespread weakly structured topsoils are prone to severe compaction when subjected to only light pressure on construction
sites. Once they are compacted, a vegetative cover becomes difficult to maintain. Compacted areas not only present a dust
problem during the dry periods of the year, but after intensive rainfall quickly become areas of flash flooding or rapid run-off.

Contour banks and grassed waterways allow the safe collection and
disposal of overland water flow.

Constructional uses involve disturbance to vegetation and soil, resulting in soil erosion and sedimentation to a degree dependent
on the susceptibility of the area and the preventive measures taken. Usually the practice on a new construction site is to
completely remove the vegetation and push the topsoil aside. Infiltration of rain is reduced on the compacted surfaces and surface
run-off from the site increases. The short time interval to peak flow and the increased volume of water cause soil detachment.

Deterioration on-site includes sheet and rill erosion, gully erosion and a decline in soil structure. The off-site effects can cause
considerable costs to the community - for example, increased flooding with related damage and inconvenience, increased water
turbidity and related costs of water treatment, death of fish and other aquatic life and streambank erosion. Detailed guidelines for
minimising erosion and sedimentation from construction sites have been published by the Soil Conservation Authority (Garvin et
al 1979). These include planning work activities to minimise the time in which the site is most susceptible to deterioration.
Topsoil can be stockpiled, for spreading and seeding once operations have been completed. Fencing out the newly seeded areas
allows most rapid recovery. Silt traps and sediment basins minimise the movement of soil off-site.



Soil conservation research

Many techniques have been developed to combat deterioration on the sensitive lands widespread in the catchment, with emphasis
on erosion problems. However, further investigations are required into the nature and magnitude of processes involved in the
several forms of deterioration outlined above, and the implications for management. The complexity of such investigations will
vary according to processes and uses.

Considerable progress has been made in estimating the susceptibility of soils to sheet erosion and the management techniques
required using formulae such as the universal soil-loss equation (Wischmeier and Smith 1961). This equation has factors for the
erosive power of rainfall, erodibility as determined by soil characteristics, slope length and gradient, vegetative cover and
conservation practices such as contour banking. Further improvements to the local use of such formulae are being studied by the
Soil Conservation Authority - in particular, estimation of the erodibility of local soils (D. Cummings, personal communication).
Such studies of erodibility are also required for wind erosion.

Similar methods need to be developed for other forms of deterioration, particularly structure decline, nutrient decline, gully
erosion and salting. Studies of gully erosion are relatively complex because of the effects of off-site factors on the hydrological
conditions and the several possible mechanisms involved in gully initiation and expansion (L.E. Milton, personal
communication).

Even more complex is the problem of secondary salinity, in which alteration to the hydrological regime may occur at a local or
regional scale (Jenkin 1981). Control is required both in recharge and discharge areas. Recharge may be greatest in the
higher-rainfall areas, themselves free of saline soils or waters. Treatment of discharge areas will vary with locality, but
investigations are needed into treatments such as drainage and leaching or the use of halophytic crops and pastures.

Considerable research is required before soil conservation can be achieved in its fullest sense on the many sensitive lands of the
catchments.
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