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SUMMARY
The Waterhouse study is located on the north east coast of Tasmania within a large
coastal sand plain environment composed mainly of Quaternary sand sediments. These
sediments have been reworked by the wind and cover granite bedrock at depth. The
study area is 6500 ha in size and experiences a maritime climate, receiving variable but
winter dominated rainfall that averages approximately 700 mm per year.

A statewide trend, away from traditional dryland agricultural land use practices and
towards more intensive farming and irrigated cropping is also becoming evident within
the study area. DPIWE felt it important to commission this study into highlighting the
environmental risks and hazards associated with land management in order to raise
awareness of the issues, understand their processes and safeguard land from degradation
by the promotion management practices.

If the land use change trend is to continue, and/or increase at a rate seen elsewhere in
Tasmania during recent times, pressure on the land resource within the Waterhouse area
will also escalate and in turn result in an elevated risk of degradation.

The study has highlighted a number of land management issues and three main land
degradation hazards within the study area. These are salinity, wind erosion and
waterlogging. All three have the potential to impact upon future agricultural
productivity and sustainability if not addressed.

Electromagnetic surveys (using EM31v) have highlighted just over 10% of the
Waterhouse study area as having a very high to extreme (ECese 8-16 dS/m) salt storage.
EM31h and EM38 investigations have also indicated that the land within this category
is more likely to have salt storages within 2 m from the ground surface and therefore
could have an immediate impact upon agricultural production in certain circumstances.

EM31v mapping has also shown a further 74% of land with salinity levels between 4
and 8 dS/m (moderate salinity levels within 5 m of the ground surface). Shallower
focused EM studies however have indicated that salt storage within these areas is likely
to occur beyond 2 m from the ground surface. It should be noted that the EM survey
undertaken as part of this study should be considered to be at a reconnaissance level
only. The interpretation of the EM data, and the maps that have resulted, are an
indication of the extent and severity of salinity in the Waterhouse area and should not be
taken as a precise evaluation of salt storage in the area. The understanding and
interpretation of EM data continues to evolve and land managers should consider more
detailed investigations, utilising the most uptodate understanding, to enable more
informed land management decision making.

A soil salinity level of 4 dS/m (ECse) in the root zone has been identified as having a
significant impact (25% decline), on yield for most crops (though salt tolerance for
sensitive crops are well below this level). This level therefore has been used as the
determinant level to indicate a significant salinity hazard in the hazard assessment
process conducted by this project.

The salinity hazard assessment process has identified approximately 84% of the study
area to have a significant hazard. These areas will require further investigation and
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monitoring by land managers in order to determine the depth of this salt storage and
more accurately assess the risk to farm production.

Increased salt inputs from irrigation water, mobilisation of salt to lowland areas and
groundwater recharge may occur if larger areas or more frequent irrigated cropping
occurs without adequate consideration to the salinity hazard. It is currently unknown as
to how the natural system would cope with the extra salt load in the long-term, so a
conservative, pre-emptive approach is recommended to reduce the risk of future
salinisation occurring, especially in areas at lower elevation to where more intensive
agriculture is currently undertaken. Management strategies are detailed within the body
of this document.

Groundwater bore monitoring has indicated that the groundwater depths are shallow
(mostly within 2m of the surface) and of medium electrical conductivity (0.28-0.8
dS/m), with some extreme concentrations occurring at a few locations. Therefore any
change to the current hydrology which will elevate groundwater levels or their salt
concentration may impact upon agriculture in the future resulting in salt affected land,
crop yield reduction and/or waterlogging. Therefore, the application of appropriate
amounts of irrigation water and adequate management of run-off water from irrigated
sites is essential to minimise salt accumulation and to avoid groundwater recharge
within the landscape, especially at off-site lowland locations.

Rainfall has been shown to deliver up to 280 kg/ha of salt per year to the study area. It
is considered that rain together with salt that is delivered by the wind, provides the
source for most of the naturally occurring cyclic salt within the study area. While salt
inputs from the rain could be higher in wetter years, the relative amounts received
seasonally from irrigation water are potentially a greater and are a more significant
input to the area. Further investigation is necessary to determine the salt budget, (annual
inputs and outflows of salt), in order to quantify the amount of salt entering the system
from higher catchment position and see if the removal of salt from the system
outweighs the inputs.

While salinity appears to have had little visual impacts within currently cropped area it
has been observed at low landscape positions where it has the potential to accumulate
over time. The close proximity to a coastal or river outfall for drainage waters and
appropriate drainage helps to alleviate salt accumulation at these locations. At sites
further inland a heavier reliance on strategic and coordinated drainage water
management exists.

Bulk density and aggregate stability experiments conducted to determine if the current
cropping activities are impacting upon sandy soils within the area show that cropping
does change some soil characteristics. Increases in soil permeability and susceptibility
to erosion during cropping have been highlighted. If land managers fail to address these
issues and/or implement more intensive crop rotations than currently observed, the
sandy soils will become increasingly prone to degradation.

Land degradation hazard assessment has identified a number of hazards within the study
area (Table i.). An associated map has been produced to highlight the extent and
severity of each hazard and is also referred to within Table i. Wind erosion is the most
significant with 86.8% of the area containing susceptible soil types. Soil salinity and
waterlogging was also highlighted.
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Most of the soil types within the Waterhouse area have sandy to sandy loam topsoils. If
a greater incidence of cropping and establishment of pastures should occur at
Waterhouse, increased tillage and longer periods of fallow and times when the soil is
left vulnerable to the wind will result. Increased levels of wind erosion and inevitably a
decline in soil quality over time may occur if management strategies to address and
manage this hazard are not implemented. Such strategies could include modification of
machinery to accommodate minimum tillage and stubble/residue retention as well as
using cover crops and increasing windbreak numbers through the district.

Hazard Potential Category Total Area (ha) Percentage of
Waterhouse Study Area

Wind Erosion
(86.7% of study area)

(Map 3b)

Very High
High
Moderate
Other Areas

49.77
2045.91
3543.26
856.95

0.8%
31.5 %
54.5%
13.2%

Waterlogging
(47.5% of study area)

(Map 3c)

Very High
High
Other

175.31
2904.82
3415.76

2.7%
44.7%
52.6%

Salinity
(84.1% of study area)

(Map  3d)

Extremely Saline
Very Saline
Moderate Saline
Slightly Saline
Non Saline

30.8
613.8

4734.9
1019.3

1.1

0.5%
9.6%

74.0%
15.9%
0.02%

Table i.    The land degradation hazards, their categories, area (ha) and percentage of the study area.

Land with a high or very high waterlogging potential occupies 47.4% of the study area.
This is a natural occurrence that is dependent upon the seasonal level of the watertable.
While the impact of this hazard mainly occurs during the winter, the hazard is deemed
important within the region because it can cause delays to crop establishment and yield
loss if irrigation application is inappropriate or when heavy summer rainfall occurs.
Waterlogged areas can also indicate areas of likely salt accumulation and a strong
correlation with the salt storage map exists.

All hazard maps aim to highlight the extent and significance of each identified hazard,
to land managers within the study area. Should more intensive practices occur in the
future on a more regular basis and over a larger area, it is reasonable to expect that the
management of these hazards will become increasingly important in enabling
sustainable use of the land resource.

Within the Waterhouse area the hazards identified are not insurmountable. Improved
soil and land management practices can assist in reducing the risk of degradation. "Best
Practice" soil and land management strategies, which are designed to prevent or
minimise damage and avoid costly remediation, are available to land managers eg
Hamlet (2002) and Chilver (1996). More pro-active implementation of these strategies
by land managers and cropping contractors is encouraged and will help to keep the land
at Waterhouse in top condition and minimise the risk of land degradation. This will be
especially important should more widespread intensive land uses be adopted throughout
the area.
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1.   LAND DEGRADATION & SALINITY INVESTIGATION
IN THE WATERHOUSE DISTRICT

The Waterhouse region represents a traditional farming region dating back to soldier
settlements after the Second World War. It is noted for its spring pasture production,
wool, beef and prime lambs. In recent times a move toward irrigated crops, mainly
potatoes but some poppy, parsnip and asparagus crops have also taken place. This has
also brought with it a change in land management practices that revolve around more
regular soil tillage and the application of irrigation water to broad areas during summer.
Irrigation is mainly (but not solely) applied by centre pivot irrigation equipment.

It is this change in land management, together with the area being located within a low
rainfall (<750mm) zone, which resulted in this area being selected for this land
degradation and salinity risk study. The fact that a large amount of similar land along
the north-east coast could potentially undergo similar changes in land management also
made this area suitable for the study.

The study aims to determine whether the shift toward more intensive land use places the
land at risk from degradation. It also endeavours to highlight the main hazards to the
land resource and provide management strategies to assist farmers maximise
productivity and ensure sustainability.

Farmers within the Waterhouse region have demonstrated there commitment to and
importance of sustainable farming systems through a variety of activities organised by
the local Land care group (North East Landcare Group Inc) farmer group (The
Waterhouse Discussion Group), the Grasslands Society of Southern Australia and
Private Forestry Tasmania. These activities have ranged from fencing programs to
protect remnant native vegetation and provide wildlife corridors and habitat, a farm
salinity questionnaire, and trials of potential crops (TOPCROP), and salt and
waterlogging tolerant hybrid tree trial plots for windbreak and groundwater control.

1.1 The Waterhouse Study Area

The Waterhouse study area is located within the broader Waterhouse region described
above on the north east coast of Tasmania and is situated within the eastern portion of a
large coastal sand plain that extends from Bridport in the west to She Oak Hills. The
study area is just over 6500 ha in size and includes land from 11 separate farms.

1.1.1   Climate

Rainfall for the study area ranges from 600 mm per annum in the north west to
approximately 760 mm in the south-east as altitude and distance from the coast
increases (Figure 1).

The Bureau of Meteorology has two rainfall recording stations in the region; Barooga
station is located to the west of the study area and Tomahawk Station is located at
Carisbrooke homestead in the south-east (see Figure 1).
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Figure  1.    Modelled Rainfall Isohyet Map (using ESOCLIM) with rainfall stations indicated.

Rainfall figures from these stations are tabled below (see Table 1). Rainfall data for
Low Head, Bridport and Eddystone Point recording stations have also been displayed to
provide comparisons with other nearby coastal localities.

Station History J F M A M J J A S O N D Annual

Tomahawk 1965-2002 47 31 47 62 77 67 84 83 66 60 59 56 739

Barooga 1959-2003 40 33 40 57 70 60 77 70 58 55 53 51 664

Bridport 1913-2001 44 41 42 65 81 80 86 85 65 68 54 53 764

Eddystone Pt. 1908-2001 45 48 59 67 70 77 78 73 64 71 60 62 774

Low Head 1877-2001 37 35 43 55 67 77 81 71 60 59 47 46 678

Table  1.    Mean Monthly Rainfall (mm) for North East Coast.

The study area experiences a winter and spring dominant rainfall pattern with drier
summer and autumn months. Lowest ever annual rainfall received by Tomahawk station
was 478 mm in 1994 due to much lower than average spring rainfall, while the wettest
years on record have occurred when exceptionally higher than average mid winter rains
have fallen (1971– 1031 mm). The data also indicates the variability of falls over a
relatively small distance with Barooga receiving 10% less rainfall than Tomahawk even
though it is located a mere 15 km away.

Evaporation rates in the area have been reported by landowners as having significant
impact on the amount of moisture available to crops and pastures, especially during the
warmer and windiest times of the year. The study area has no evaporation data
collection site. Therefore, evaporation has been modelled using ESOCLIM climate
modelling software and the results are displayed in Table 2.

Location J F M A M J J A S O N D Annual

Tomahawk 171 146 112 70 45 34 41 52 74 102 125 155 1126

Barooga 171 146 112 69 44 34 40 51 73 101 125 144 1121

Table  2.    Modelled Mean Monthly Evaporation (mm) -Tomahawk and Barooga Met. sites.
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The figures show a distinct seasonal pattern with the months from May through to
September being the period of lowest evaporation and from October through to and
including March being the highest. January has the highest evaporation rate at both
sites. Evaporation exceeds rainfall received for 8 months in most years, creating a
moisture deficit between September and April. The data indicates that potential
moisture losses through evaporation can reach as high as 4 times that received by
rainfall in some months.

The two local Bureau of Meteorology stations do not record temperature information so
temperature data from the nearest coastal stations (Bridport, Low Head and Eddystone
point) are displayed in Table 3 below.

Station Period J F M A M J J A S O N D Annual
Max 21 21 20 18 16 14 13 13 15 16 18 19 17
Min 14 14 13 11 10 8 7 7 8 9 11 12 10

Eddystone
Point

1908-
2001

Ave 18 18 17 15 13 11 10 10 12 13 15 16 14
Max 20 21 20 17 15 13 12 13 14 15 17 19 16
Min 13 13 12 10 8 7 6 6 8 9 10 12 9

Low Head 1877-
2001

Ave 17 17 16 14 12 10 9 10 11 12 14 16 13
Max 22 23 22 19 16 14 13 14 15 17 19 20 18
Min 13 13 12 10 7 5 4 5 6 7 10 11 9

Bridport 1969-
1978

Ave 18 18 17 15 12 10 9 10 11 12 15 16 14

Table  3.    Monthly Average Temperatures (°C) for the north east coast region.

These stations are likely to reflect the general trend for temperatures along the north
eastern coastline. All 3 stations show their lowest minimum temperatures during May
through to October, with the coldest month being July for all stations. Monthly average
minimum temperatures range from 4 to 10 °C over this period, with average monthly
temperatures ranging from 9 to 13 °C.

The warmest months occur from November through to April with the hottest month
being February at all sites. Monthly average maximum temperatures range from 17 to
23 °C over this period with average monthly temperatures ranging from 14 to 18 °C.
The closest of the three stations to the study area is Bridport (approx 40 km to the west)
and it is this station that is most likely to reflect the study area temperatures.

Wind information for the study area is also unavailable. Low Head to the west of the
study area and Eddystone Point to the east, are the only sites on the north-east coast of
Tasmania that have wind information available. Their wind speed data are displayed
below in Table 4 to indicate the likely wind characteristics found at the study area.

Station Period J F M A M J J A S O N D Ann
9am 23 22 22 22 21 21 21 22 25 25 25 24 23
3pm 29 28 28 27 26 25 26 28 31 31 31 28 28

Eddystone
Point

1908-
2001

Average 26 25 25 25 24 23 24 25 28 28 25 26 25
9am 18 15 17 20 21 21 21 20 21 20 20 19 19
3pm 23 20 21 22 22 21 22 23 24 25 25 24 23

Low Head 1877-
2001

Average 21 18 19 21 22 21 22 22 23 23 23 22 21

Table  4.    Mean Monthly Wind Speeds (km/h) for the north east coast region

The wind speed figures indicate that, of the two stations, Eddystone Point has the
strongest winds at both 9am and 3pm. Wind rose data obtained from the Bureau show
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dominant winds for these stations blow from a west-north-westerly direction with wind
speeds ranging to over 30 km per hour (see Appendix 1 - Wind rose Data). An
important feature of the wind rose diagrams is that very few 'calms' (no wind speed
measured) were recorded at both 9am and 3pm.

Migrating sand dune systems and a proposed wind energy farm site located just to the
east near Musselroe Bay are testament to the windy nature of the study area.

1.1.2   Geology

The geology for the study area is covered by a combination of 1:50 000 and 1:25 000
maps (Monarch 5646 and Oxberry 5446 sheets) published by the Department of Mines
(now Mineral Resources Tasmania). An explanatory report associated with the 1:50 000
scale study provides detailed information relating to physiography, stratigraphy and
lithology (Department of Mines 1982).

Most of the study area is located on an alluvial plain, which was formed during the
Quaternary period during a time of much higher sea levels than we experience today.
The sea level rise enveloped the landmass, which consisted mostly of granitic rock
types of Devonian age and eroded Tertiary sediments. Enormous amounts of fresh
sediment (mostly sand) were then deposited covering the previous landscape.

When sea levels retreated in stages (evident by a number of old sea shorelines found
throughout the landscape today) these sediments became exposed. Through a process of
reworking, mainly from alluvial and aeolian (wind) processes, the modern day sand
plain was formed.

Occasionally the underlying rock types, such as the Devonian granite and Jurassic
dolerite, form outcrops of hills, tors and headlands. These features were either never
totally covered by sediment, or have been subsequently exposed by erosion of the
overlying sandy material. Table 5 shows the extent of each geological group within the
study area.

Geology Symbol Geological Group Area
(ha)

Percent of
Study
Area

Qpu, Qpsu, Qpso Older Quaternary Sediments - aeolian
sand, clay peat and gravels. Includes older
sand dunes and relict beach ridges.

5,550 85.5%

Qha, Qhb, Qpsm Younger Quaternary Sediments - aeolian
sand, shells, beach sand, gravel, stream
alluvium, swamp and marsh deposits

529 8.0%

Dbeam, Dbapc,
Dgaac, Dgafu, Dgafv,
Dmd, Dmg,

Medium to coarse grained porphyritic
Devonian granite/ adamelite. (Blue Tier
Batholith)

389 6.0%

Jdl Jurassic dolerite 26 0.5%

TOTAL 6,494 100%

Table  5.    Summary of geological units found within the study area
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The geology of the area is mostly classified as Quaternary alluvium made up of older
aeolian sands including dunes and younger deposits of clay, shells, sand, stream
alluvium as well as swamp and marsh deposits. Older basement rocks sometimes
protrude and include Devonian granite/adamelite and Jurassic dolerite.

1.1.3   Topography

Bass Strait bounds the area in the north whilst low hills occur to the west (Tobacco
Hill), south (White Rock Ridge) and east (She Oak Hills). The study area represents the
catchment area for all of these hills, the major watercourses being Sheepwash Creek in
the west and the Tomahawk River in the east.

The topography of the survey area can be broadly described as low relief, ranging from
sea level to 50 m.  The majority of the lower terrain is composed of a gently undulating
plain intersected by numerous drainage lines (both natural and man made). Sand dunes
and remnant shorelines that align themselves in a west north west to east south east
direction are also evident within this area. Two subtle terraces exist to form a lower and
a higher sand plain.

Some coastal dune systems show signs of recent migration activity while most of the
inland systems are stable under some vegetative cover. These sand dunes and ridges,
which range from subtle sandy rises 1-2 m from the plain floor to over 12-15 m in
height, often determine the course of the local drainage lines and can act as
impediments to drainage flow (see 1.1.4 below).

Ephemeral lagoons (some of which have been drained) occupy most of the major
depressions within the lower landscape. Estuarine mud and sand flats occur adjacent to
the mouth and lower sections of the Tomahawk River.

The higher landforms are characterised by occasional protrusions of the underlying rock
types (dolerite and granite) in the form of headlands (Tomahawk Point), tors or hills.
Sediment has often covered these rocks resulting in steep sided hills on the windward
side and gently sloping ridges of sand to the lee.

1.1.4   Drainage

The Tomahawk River, in the centre of the study area, is the main watercourse flowing
in a northerly direction to the sea. To the east a parallel drainage pattern feeds into the
Tomahawk River and to the west a more rectangular-trellis drainage pattern is evident.
Throughout the region landforms such as dunes and relict shorelines (that align
generally in an east to west orientation) impede drainage flows to the coast. The many
impediments to drainage have resulted in a large number of man-made drainage lines
and "cuts" through major dune obstacles. These drain water from surrounding areas and
carry overland flow during the wetter winter months. This results in improved
agricultural productivity.

1.1.5   Land Use

Agriculture is the dominant land use in the study area and traditionally has been focused
mainly on the grazing of beef cattle and sheep for wool and meat. Feed crops and small-
scale root crops have also been grown. In more recent times an increase in irrigated
cropping has seen the production of broad-acre potato and poppy crops. The
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development of on-farm water storage and access has run parallel to this activity with a
number of on farm dams having been built. Centre pivot irrigation machinery is now a
common sight in this area.

Nature conservation and recreational land uses in the area are found along the coastal
reserve in the north, and residential and tourism land uses are found within the sea side
settlement of Tomahawk.

1.1.6   Potential for Land Use Change

Land use change has already begun in the Waterhouse area with cropping activities
targeting sandy soils which have sandy loam topsoils. Irrigated cropping is being
undertaken with the aid of centre pivot irrigation. However, it seems that the limiting
factors are the number of on-farm water storage sites and availability of sufficient
quantity of water during the cropping season to guarantee yield, especially in dry
seasons like 2002-2003. During this season losses to potato crops due to water shortages
were recorded.

Large water storages are proposed for the upper reaches of the Tomahawk and
Boobyalla Rivers and a distribution scheme to provide farms with irrigation water is
currently in the feasibility stage and should trigger some land use change in the region if
it is realised.

Waterhouse soil types have been identified by the potato industry as favourable where
their drainage status allows for easy planting and harvest. Future development of new
land for potatoes may therefore require improvements to land drainage and water
supply. This will also require higher levels of land management in order to avoid soil
degradation.

A large amount of land exists outside the study area that could also undergo this sort of
land use change should water supply be available. Therefore the potential for increased
land use change to occur is high once water source and soil drainage issues have been
addressed.

A number of soil management issues relating to the intensified use of the land are
covered in Section 5 of this report.
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2.   SALINITY ASSESSMENT
Salinity is a form of land degradation that has reduced the productive capacity of vast
areas of land throughout Australia. Salt, once in contact with the roots of plants,
increases the osmotic potential within the cell structure, which reduces the ability of the
plant to take up water. The consequences are dependent upon the salt concentration
within the root-zone, but generally development of the plant is reduced. With time and
sufficient concentration of salt, accumulation within the plant will inevitably cause
death.

In areas that have undergone natural accumulations of salt, such as salt lakes, seeps etc.,
they are termed "Primary Salinity" areas, but where salinity has been induced by land
management these areas are described as sites of "Secondary Salinity".

The study area is situated close to the sea and therefore experience salt being introduced
from the sea spray via the atmosphere and in areas close to the estuary from tidal events.
These salt inputs have resulted in a number of Primary salinity sites of small extent.

Apart from the natural mechanism of salinization above the Waterhouse area has many
environmental characteristics that could potentially lead toward the occurrence of
secondary salinity occurring if farms within the area do not address salinity within their
management practises.

The area has relatively low rainfall and high evaporation rates, which promotes the
accumulation of salts within the environment. It also has high groundwater levels and
many poorly drained areas that could be collection and concentration zones for salts.
Hubble (1946) first conducted investigations of salt-affected land. His work identified
certain soil types as being more prone to salinization. Jackson (1996) conducted a small
study for the local Landcare group that indicated that salinity was present in small
isolated areas within the region. This study also was instrumental in raising the
awareness of salinity within the farming community of the wider Waterhouse region.

One of the main aims of this project was to determine the level of salt storage within the
Waterhouse Study area and to provide a spatial indication of this hazard Another was to
investigate various factors affecting salinity risk using a number of assessment
techniques.

The salinity assessment process undertaken by this project incorporated a number of
specific investigations. These investigations and their individual relevance are outlined
below:

Electromagnetic surveys of the Waterhouse study area – to attempt to ascertain if,
where, and at what depth, salt storage occurs within the landscape.
Soil analysis of bore samples to a depth of 5 m - to determine if and where salts are
stored in the soil profile and use this data to correlate the EM survey results.
Groundwater quality and depth monitoring - to better understand the groundwater
characteristics and to determine whether they are being impacted upon by irrigation
practices.
Rainfall collection and analysis - to determine natural salt load from precipitation.
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The results of these studies provide a snapshot of the current status of salinity within the
Waterhouse study area and clearly demonstrate the presence of a salinity hazard.
Assessing individual farm or paddock risk from salinity is a far more complex
undertaking, however, as the degree of risk is not only related to the distribution of salt
but also to land use and management practices. Individual property risk assessment
therefore needs to be undertaken on a case by case basis.

Important definitions for terms that are used within the following sections follow:

ECa or EC apparent, data is the actual values recorded by the EM31 and EM38
instruments;
EC1:5 is a measure of the conductivity of a solution of soil and water in the ratio one
part soil to five parts water;
ECw is a measure of the conductivity of a water sample;
ECse is a measure of the conductivity of a saturated extract taken from a soil
sample, and
ECese is the estimated form of this measure that uses texture multipliers to convert
EC1:5 data into ECese data.

2.1   Electromagnetic Survey

Electromagnetic induction instruments have been used successfully in many locations
throughout Australia to indicate soil salt concentration. They utilise the principle that a
highly saline soil will conduct high amounts of electricity while non-saline soils usually
conduct very little.

Several instruments to measure soil conductivity at different depth intervals exist. The
Geonics brand EM31 (Electromagnetic Induction Meter, model 31) is designed to
measure an average soil conductivity to depths of 3 and 6 metres from the ground
surface, depending upon its orientation (dipole). It can average to 3 m if oriented in the
horizontal dipole (EM31h) and 6 m in the vertical dipole (EM31v). When utilised by
this project the EM31 was mounted 1 m from the ground surface on a quad bike,
therefore this reduced the instruments’ range to 2 m and 5 m respectively

The primary focus of the EM surveys for the Waterhouse study area is to ascertain
whether a salt storage exists, irrespective of depth. Therefore the EM31 instrument was
used initially across the whole area measuring salt storage using the vertical dipole (5 m
depth) to get an indication of whether a salt storage actually existed within the soil.
After this an EM31 horizontal dipole survey was undertaken within a portion of the
EM31v survey area, in an attempt to ascertain the depth that salts were stored within the
soil profile ie. whether they occurred within 2 m of the surface. This horizontal dipole
survey was conducted at sites utilised for irrigated cropping or those sites identified by
farmers to be used in the near future for such a use.

Another instrument, the EM38, measures soil conductivity to shallower depths. It
averages between 0 - 0.75 m in the horizontal dipole and 0.75 – 1.5 m in the vertical
dipole. This instrument was utilised later in a small portion of the study area, in an
attempt to ascertain at what depth salts were stored in the shallower depth range. The
area selected for the EM38 survey had also been surveyed in both EM31 dipoles (5 m
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and 2 m). This instrument was not mounted on a quad bike during the assessment
process.

2.1.1   EM31 Methodology

6295ha was surveyed in August/September 2001 using a quad bike mounted EM31 in
the Vertical Dipole orientation, (EM31 mounted 1 m from the ground surface). This
survey followed transects spaced mainly at 200 m with some areas at 100 and 50 metre
spacings in areas identified by landholders as current or future cropping areas. A GPS
(Global Positioning System) and data logger unit collected instrument readings and the
spatial location of each data point simultaneously at 10 second intervals. This resulted
in data point spacing of approximately 30-35 m.

A total of 23 705 geo-referenced EM31v data points were recorded across the study area
(see Figure 2). By applying a weighted-interpolation method called kriging to the
EM31v data points, a GIS (geographic information systems) digital data surface
representing average ECav (apparent electrical conductivity read directly from the
instrument in the vertical dipole and converted to dS/m) in the top 5 metres was created
for the study area.

The next step was to identify the relationship between the apparent electrical
conductivity in the vertical dipole (ECav) and the actual conductivity of the soil. This
was done by comparing the ECav values with averaged estimated ECse (ECese) values
and the averaged moisture content data for a representative number of soil profiles in
the area.

Figure  2.    Distribution of EM31v Survey data points
(Denser data points indicate current or proposed irrigated cropping areas)
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A total of 44 boreholes were drilled throughout the area. These boreholes were drilled
for both this correlation process and for groundwater monitoring sites. Soil was sampled
at pre-determined depths and tested at the laboratory.

20 of the bores were drilled under contract by COFFEY for groundwater monitoring
and investigation purposes while 24 were drilled by DPIWE specifically for the
correlation purpose, three of which were later converted to groundwater observation
sites. (see Map 3d at the rear of this report for location of bores used for groundwater
monitoring purposes)

EM31 vertical and horizontal measurements (ECav and ECah) were made at each
borehole soon after drilling occurred.

The DPIWE bore sites were located using ESAP-95 mapping software (Lesch et al,
2000). This software selects sampling site locations and ensures that the locations are
representative of the range of ECa values found within a survey area. Some of the
ESAP-95 proposed locations were adjusted slightly to allow for fences, roads and
accessibility.

Bore soil samples were collected every 0.25 m for the first metre and every 0.5 m
thereafter to 5 m or until drill refusal. Each sample taken was sealed airtight and later
analysed at the laboratory using standard methods (McDonald et al 1988) to obtain
EC1:5, field moisture and field texture measurements. All laboratory results for the
samples are compiled within Appendix 2.

Different soil textures influence EM31 measurement due to the different water-holding
capacity and base saturation potential of each texture class. Therefore it is important to
remove this influence. This is achieved by converting EC1:5 measurements to ECse
(saturated extract). Laboratory EC saturated extract measurements approximates field
water content and equates more closely to a plant's response to salt. This test is extracts
a solution from a water-saturated paste, and measures its electrical conductivity.

However, it also common practice to estimate ECse by using texture 'multiplier' factors
that are specific to the clay percentage of the soil sample (Taylor, 1993). Such texture
multipliers were used by this study to convert EC1:5 data to ECese (EC estimated
saturated extract) data and are listed in Appendix 3.

ECese and moisture data for each profile was then averaged to a depth of 5 m. Multi-
variate linear regression analysis was then used to investigate the nature of the
relationship between ECa taken at the bore site (EM31v) and ECese and soil moisture
data both averaged to a depth of 5 m.

The relationship between ECa (EM31v) signal and ECese is described by the following
formula:

Y = (Slope x X ) + Intercept

where Y = ECese value
and X = EM31v signal (ECav)
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This equation allows for the conversion from ECav values to correlated ECese values
that have had the influences of soil texture removed. Once the relationship between
ECav and ECese has been determined the equation can be applied to all the data points
in the kriged ECav surface

The regression equation for the EM31 vertical dipole survey is displayed in the result
section below.

An EM31 horizontal dipole (EM31h) survey was also undertaken to better determine
conductivity over the upper 2 m of soil. The EM31h survey followed a similar survey
method to the EM31v, but used 50 m transects rather than 200 m and was targeted at the
designated cropping areas as identified by landholders. The total area covered by the
EM31h survey amounted to 1161 ha.

An identical correlation process to that described above for the EM31v data was applied
to the EM31h survey data, however the ECese and soil moisture data was averaged to 2
meters in depth.

2.1.2   EM31 Results

Multi-variate linear regression analysis to investigate any relationship between ECav
and moisture and ECav and texture revealed only a weak correlation. However the
relationship between ECav and EC1:5 showed a good correlation (R2 = 0.68).

When the EC1:5 data was converted to ECese (and the influence of texture removed) a
similar correlation (R2  = 0.67) occurred. From this we can deduce that 82% of the
variation in ECese can be explained by variations in ECav.

Figure 3 displays the data point distribution and the linear relationship. The Y intercept,
slope of the line and R2 are also shown on the top left of the graph.

Figure  3.    Relationship between EM31 ECav and ECese

The regression equation for the EM31 vertical dipole (to 5m depth) survey:

ECese value = (9.4207 x ECav) + 1.4261

y = 9.4207x + 1.4261
R2 = 0.6702
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Salinity ECese Class ( dS/m) EM31v
Hectares
identified

EM31v
% of Area

EM31h
Hectares
identified

EM31h
% of Area

Non Saline               0-2 dSm 1.1 0.02 0 0.00
Slightly Saline          2-4 dSm 1019.3 15.90 961.6 82.80
Moderately Saline    4-8 dSm 4734.9 74.00 174.6 15.00
Very Saline            8-16 dSm 613.8 9.60 24.7 2.10
Extremely Saline    >16 dSm 30.8 0.50 0.5 0.04

Total 6399.9 100.00 1161.4 100.00

The previous formula was then applied to the kriged EM31av GIS surface to result in
the ECese map for the study area (Figure 4).

The EM31h Survey used the same correlation process employed above and resulted in a
lower R2 value (R2 = 0.51), this indicates that the variability of ECah values can be
attributed to variations in ECese only 70% of the time.

The regression equation for the EM31 horizontal dipole (to 2m depth) survey:

ECese value = (9.9875 x ECah) + 2.7159

This formula was then applied to the EM31ah kriged GIS surface to generate the
EM31h ECese Map for the study area (Figure 5).

Table 6 summarises both the EM31v and EM31h survey maps (Figures 4 and 5) in
terms of the hectares covered and the percentage of land included in each salinity
category for each map. Figure 4 has been printed at a larger size (Map 3d) and
represents a Salinity Hazard map for the Waterhouse Study area (See Section 5).

Table  6.    The proportion of land in each salinity class for both the EM31v and EM31h ECese maps
(Shaded area (>4dSm) depicts significant levels of conductivity)

2.1.3   EM38 Methodology

To assist salinity management at the farm scale it is important to determine whether salt
stored in the ground is actually within the potential root-zone or located at depth. This
often means that extensive soil sampling and soil analysis is required. An alternative is
to conduct an EM38 survey incorporating some soil sampling and ground-truthing.

While it was not part of the initial project brief to conduct an EM38 survey for the study
area, the purchase of an EM38 instrument by the DPIWE at the time that this study was
being conducted allowed an opportunistic study to be undertaken.

The EM38 operates in a similar way to the EM31 but is shallower in its detection range.
Because the EM38 measures conductivity within the root-zone of many trees, crops and
pastures and, therefore, is well correlated with likely plant responses it is considered to
be a useful tool for identifying potential salinity stress up to depths of approximately
1.50 m (Slavich, 2002).
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Figure  4.    Waterhouse Study Area ECese Map – Average salinity to 5m

Figure  5.    Waterhouse Study Area ECese Map – Average salinity to 2m
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It was anticipated that by surveying a portion of the study area which had already been
surveyed in both EM31 dipoles (v and h), an EM38 survey would indicate more
accurately at what depth the salts that the EM31 had detected were located. An area that
had a good range of ECese values within it was chosen for this survey.

For the EM38 instrument the vertical dipole is more sensitive to soil characteristics
(such as soil conductivity) below 0.35 m than the horizontal dipole (Slavich, 2002, p4).
The EM38 horizontal dipole averages mostly between 0 and 0.35 m, both signals then
tail off to a depth of approximately 1.5 m.

The depth range used for averaging the vertical dipole data was therefore set at 0-1.5 m,
while the horizontal dipole depth range was set at 0-0.75 m. A similar survey procedure
to the EM31 survey was then followed, with the exception that the instrument was not
mounted on a quad bike but was carried by hand and both dipoles were recorded at each
site one after the other. Data was collected every 50 metres along 50 metre spaced
transects. 279 data points in total were collected and both the EM38 horizontal and
vertical data sets were up loaded to a GIS to create an EC apparent surface 62 ha in size.

Six calibration points were selected from areas indicating a high, medium or low EM38
ECa value and soil profiles sampled every 25 cm at these locations to a depth of 2 m.
Each sample was analysed for hand texture, EC1:5 and moisture. EC1:5 measurements
were then converted to ECese using conversion factors as per the EM31 surveys. All
data was averaged to a depth of 1.5 m and 0.75 m to produce data sets that could be
used for correlation of both the vertical and the horizontal dipole EM38 ECa data

All the soil sample data is recorded and displayed in Appendix 4.

Linear regression indicated strong correlations between the EC1:5 conductivity data and
both EM38 ECa vertical and horizontal signals. This procedure achieved R2 values of
0.85 and 0.61 respectively.

This strong relationship was again confirmed when both EM38 ECa vertical and
horizontal signals were correlated linearly with ECese data. A high R2 of 0.89 for the
vertical dipole and an R2 of 0.60 for the horizontal dipole were achieved. These results
show that within the EM38 study site at Waterhouse the EM38 instrument is a good
indicator of soil conductivity in both depth ranges.

During the regression analysis a natural logarithmic regression curve achieved the best
relationship with the data suggesting that the relationship between EM38 signal and
ECese is not a true linear relationship. Exceptionally strong relationships with an R2 of
0.988 for EM38 vertical dipole and an improved horizontal R2 of 0.7498 were achieved.
The equation from this logarithmic regression was used to correlate the data and
produce the two EM38 ECese maps in Figure 6 (the top two maps).

2.1.4   EM38 Results
The logarithmic regression equation for the EM38 vertical dipole survey:

ECese value = (3.3924 x (Ln38ECav )) + 9.6751

The logarithmic regression equation for the EM38 horizontal dipole survey:

ECese value = (2.2784 x (Ln38ECah)) + 9.4966
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Figure 6 displays the area chosen for the EM38 study and the four ECese maps from all
the EM surveys for the purpose of comparison.

Figure  6.    ECese Maps for EM38 study and corresponding sections from the EM31 survey

Both EM38 dipole surveys appear remarkably similar to each other, indicating very
little change to the salt distribution over the 0-1.5 m range. The EM38h map shows
slightly more of the moderate salinity class area at the expense of the non saline to
slightly saline categories when compared to the deeper EM38v data. The areas with a
very saline to extremely saline rating are very similar in area to each other.
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Salinity ECese Class ( dS/m) EM38v
Hectares
identified

EM38v
% of Area

EM38h
Hectares
identified

EM38h
% of Area

Non Saline               0-2 dSm 7.92 12.80 6.16 10.00

Slightly Saline          2-4 dSm 9.6 15.50 8.16 13.20

Moderately Saline    4-8 dSm 24.16 39.10 28.32 45.80

Very Saline            8-16 dSm 20.12 32.60 19.16 31.00

Extremely Saline    >16 dSm 0 0 0 0

Total 61.80 100.00 61.80 100.00

The area of lowest elevation within the EM38 survey area, which also has the heaviest
textured soil type, displays highest salinity rating. Data from a borehole monitoring site
located within this area (RB 34) also confirms a shallow and very to extremely saline
water table. Both EM38v and EM38h ECese measurements as well as EC1:5 profile
conductivity readings become lower with increasing relative elevation and are at their
lowest on sandy hills and rises that are underlain by granite rock to the east of the
survey area.

A summary of the EM38 ECese maps is found in Table 7. This table indicates the
proportion and the area of each ECese category.

Table  7.    The proportion of land in each salinity class for both the EM38v and EM38h ECese maps
(Shaded area (>4dSm) depicts significant levels of conductivity)

Figure 7 shows EC1:5 readings down each soil profile for each of the correlation sample
sites. This graph indicates the actual location of salt in the soil at these locations and
helps to explain the response signals that the EM38 recorded.

Figure  7.    EC1:5 data for the EM38 Survey
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2.1.5   EM Survey Discussion

EM31 Vertical Survey (0-5 m) – (Refer to Table 6 and Figure 4)

It is possible to see from Table 6, that approximately 74% of the Waterhouse study area
is shown as moderately saline. This table and Figure 4 indicate 10% of the study area to
have very saline and extremely saline (orange and red areas) locations, most of which
coincide with areas that have surface drainage impediments, such as ephemeral swamps,
drainage lines and closed depressions. During summer, water evaporates from these
natural drainage areas and deposits salt at the surface, thereby creating the salinity
hotspots identified by the EM31 survey results. Relatively poor vegetative cover
including salinity indicator species such as Sea Barley Grass (Hordeum marinum),
Buck's Horn Plantain (Platago coronopus) and Yellow Water Buttons (Cotula
coronopifolia) are characteristic of these areas and are especially noticeable in the
summer months.

Other hotspots are found where the soil type has clay subsoils or in areas suspected to
be preferential groundwater pathways where saline groundwater flows near to the
surface. Such sites are often found in low landscape positions also, such as adjacent to
drainage lines and close to the estuary of the Tomahawk River.

In the areas where the map indicates moderate salinity (green on the map), the land
surface rarely shows any obvious indication of salinity. EM31 can measure up to 5 m
below the surface and therefore, it is suspected that the instrument may be detecting a
salt storage lower in the profile such as a moderately saline groundwater, which is a
common feature throughout the area. The instrument could also be detecting salts that
have been flushed or leached from the immediate root-zone to a lower profile position.

The moderately saline areas that do have some surface expression of salinity (salt
crusting, salinity indicator species or poor pasture form present) are found
characteristically in break-of-slope positions in the landscape as well as commonly
found immediately surrounding or down slope from the very saline and extremely saline
regions.

Slightly saline or non-saline areas (light and dark blue on the map) often correspond to
the apex of sandy rises and taller dunes and hillocks. The soil at these locations is highly
leached of salt by rainfall and deep drainage. Other areas with low readings may also
indicate where moderately saline groundwater tables are furthest from the surface ie.
beneath sandy rises and dunes.

EM31 Horizontal Survey (0-2m) – (Refer also to Table 6 and Figure 5)

The areas that are very saline to extremely saline along drainage lines on the EM31v
map are shown to have reduced in size on the EM31h map. The general trend, however,
still follows that displayed by the EM31v map. This suggests that, a component of the
signal response in the EM 31v dipole was detecting salt storage at a greater depth but a
significant storage was being detected by the EM31h dipole within the top 2 m of the
soil profile. The soils within these low landscape positions often have visible signs of
salt at the surface during summer months and are also more likely to have shallow (<2
m), moderately saline water tables. It is recommended that close monitoring be
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established in these areas to more fully understand the relationships between
groundwater quality, height and soil conductivity.

It would seem that high permeability in the sandier soil types of the Waterhouse study
area allows salts to readily flush from the surface, either laterally into drainage lines or
into the underlying groundwater, especially during periods of high rainfall. This appears
to reduce salt loads within the topsoils leaving them relatively unaffected by salinity.
Agricultural production at these sites greatly relies upon the annual occurrence of this
natural flushing process. Areas with heavier soils do not allow this process to occur so
readily.

Consequently, the salt that enters the landscape via rainfall or through application of
irrigation water or that which has been deposited and concentrated by
evapotranspiration of groundwater, can be mobilised by this flushing action. Salt
therefore can accumulate and concentrate in off-site area such as drainage basins and
watercourses (that have heavier soil types) and has the potential to enter the
groundwater flow systems at these locations. If impediments to drainage are
encountered which prevent or hinder drainage waters reaching the ocean or river,
salinity has the capacity to occur at these locations. The east-west orientated
longitudinal dune fields can be such an impediment and results in an indirect route for
drainage water to reach outflows.

Soils with clay B horizons in the Waterhouse area have been found to be sinks for salt
due to the ability of clay to bind and store free salt that is moving within the system. It
is in these areas, and in others that have sandy soils with high saline groundwaters
(within 2 m of the surface), that one might expect salt to migrate to the surface from
capillary rise processes and more readily result in salt-affected land. Capillary rise
appears to be less effective in the sandy soil profiles than in those with heavier soil
textures.

EM38 Survey (Refer to Table 7, Figure 6 and Figure 7)

The main purpose of the EM38 survey was to determine whether or not the salt that the
EM31 survey found (especially the EM31h) occurred at depth (i.e. >1.5m) or was
nearer to the surface (<1.5m). Because both dipole surveys indicated high ECese values
in the north of the EM38 study area and both ECa data sets had such a high correlation
with site soil profile conductivity data (ECese), this small study seems to confirms that
salt does occur within 1.5m of the surface within the EM38 study area. This also
indicates that a salinity hazard exists within the northern part of the EM38 study area
and that the likelihood of plants being affected by salinity in the future in this area
would be high.

Interestingly apart from EC1:5, measurements of the soil horizons and the existence of
extremely high near surface groundwater conductivities, little evidence of salinity is
being expressed at the surface through indicator species or by poor pasture vigour. It is
felt that this may be due to a number of factors which, in combination, alleviate the
effects from salt within the soil of this area, and similarly in other areas of the
Waterhouse study area.

Firstly, the sandy and porous topsoil textures assists annual flushing by rainfall and
lateral groundwater drainage and facilitates the leaching of salts away from the pasture's
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immediate root-zone (0-10 cm), allowing pasture to grow but with lower yield.
Secondly, lower capillary rise potential in sandy soils may keep salt from reaching the
immediate root-zone during times of high evapo-transpiration. A thick shallow root mat
found in long-term pastures and under native vegetation also confirms that root
penetration in these sandy soils is rarely any deeper than 12-15 cm. This is a depth
mostly outside that of any significantly high soil salt bulges encountered during the
survey of these soils.

When compared to the other EM surveys (see Figure 6) both EM38 dipole maps show
significant similarity with the EM31h survey, indicating that at this location the salt
being detected by the EM31 survey is indeed likely to be mostly within the top 2 m of
the soil. EC1:5 results graphed in Figure 7 confirm this, with salt bulges occurring within
2 m of the surface especially at sites 2, 3, 4 and 5.

In the lowest landscape positions, however, the results suggest that salt at significant
concentrations is present from within 70 cm of the surface to depths of approximately
5 m (see site 2 in Figure 7). By reviewing all available soil profile conductivity data for
the site and comparing these to the results from the other EM surveys, the results
indicate that salt may be found at any depth between 0 and 5 m in the lower lying,
northern region of the EM38 study area. It is however more likely to be encountered at
higher concentrations between 50-100 cm. Near surface groundwaters (average depth of
77 cm) with conductivities ranging from 3.9-7.9 dS/m have been monitored in a bore
located within this high conductivity area (r34), and are likely to be the source of the
salt being detected.

The findings from this EM38 study have important ramifications for areas with similar
low-lying characteristics indicated to have a high ECese conductivity, on Map 3d. It is
likely that these areas will also have salt at near-surface positions and in some locations
at depth also.

2.2   Calibration Bores and Groundwater Monitoring

For this component of the study forty four boreholes were drilled within the Waterhouse
area. Twenty were drilled by Coffey (WHMB1, 2, 3 etc.) and twenty four by DPIWE.
The soil samples collected from all bores were primarily used for the calibration of the
EM Surveys (see section 2.1.1) and were also used to indicate the variable depth at
which salt was found within the borehole profiles. Three bores were later drilled to
deeper depths . The results for all bores are found in the Appendix 2.

Twenty seven of the boreholes became observation bores that were used for monitoring
changes in both groundwater depth and in electrical conductivity (see section 2.3
below). The location of these groundwater monitoring bores are shown on the ECese
Map (Map 3d).

2.2.1   Analyses of Borehole Soil Samples

Salt stored within the soil profile and within regolith that becomes mobilised close to
the surface by raised groundwater levels has been the primary cause of many salt-
affected areas within mainland Australia. With this in mind all bores were soil sampled
and analysed to determine salt occurrence and concentration. This data was also used to
calibrate the EM survey data.
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Methodology

Samples were collected at the time of drilling of each bore. Approximately a kilogram
of soil was taken from each sample depth. Sampling occurred between 0 - 0.25 m, 0.25
- 0.5 m, 0.5 - 0.75 m and 0.75 - 1.00 m and at every 0.5 m thereafter. Sampling
continued to a depth of 5 m (where possible). All samples were sealed in air-tight bags
to prevent moisture loss. These samples were assessed for EC1:5, moisture and hand
texture at the laboratory.

All assessments followed Australian Standard procedures. Chemical procedures were
used from the Australian Laboratory Handbook of Soil and Water Chemical Methods,
(Rayment and Higginson, 1992). EC1:5 measurements followed method 3A1 "EC of1:5
soil/water extract". Where EC1:5 measurements were converted to ECese, conversion
multipliers modified from Taylor (1993) were used.

Moisture determination was calculated using method 2B1 "as received moisture
content". The physical measurement of texture was determined using the field texture
measurement procedure as indicated in Australian Soil and Land Survey Field
Handbook, (McDonald et al, 1990).

Results

Typical EC1:5 profiles have been selected from the bores to indicate the variability
between bore soil profiles (Figure 8). EC1:5 measurements have been plotted against
depth to indicate the variability of salt concentration and location within each borehole.
This and other EC1:5 profile data in Appendix 2 confirm the complexity and variability
of salt distribution in the borehole profiles at Waterhouse.

Figure 8 also shows that, apart from the uniformly non-saline profiles (such as those
bores to the far left of the graph), salt storage can occur anywhere in the soil profile at
Waterhouse and is not confined to any stratigraphic layer. This demonstrates that it is
also possible to get a number of concentration zones or "bulges" within a borehole
profile. Each bore EC1:5 profile in Figure 8 was chosen to represent each category of
ECse in the adjacent table.

Six of these bores indicate a moderate or above ECese (>4 dS/m) measurement within
the top 1.5 m of the soil profile. This salt is considered to be within the range whereby
salts could be easily mobilised by capillary rise and/or be brought to the surface by
periods of elevated groundwater. These measurements, therefore, indicate that an
elevated risk of salinity exists at these bore sites and that there is the possibility of salt
being transported elsewhere by groundwater flow. All six bores are listed in Table 8
(see section 2.2.2) which displays all bores with shallow groundwaters and/or saline
groundwater. Three of the six are also in the highest salinity risk category (NSW Salt
Action 1 2001) with water table depths <1 m and groundwater conductivities >0.8
dS/m.

Most of the DPIWE bore profiles (which were deliberately located in higher ECese
categories for correlation purposes) show high conductivity values both at the surface
and throughout the profiles. Salt bulges are shown to occur at many different depths,
some profiles even show a number of salt bulges eg. RB34 (Figure 8).
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Figure  8.    Typical EC1:5 Profiles for a selection of boreholes in the Waterhouse study area.

Coffey bores profiles, however, appear mainly non-saline throughout or non saline
ranging to slightly saline overlying a moderately saline or very saline layer at
approximately 75 cm.

Calibration  Bores Discussion

Salt content and depth of storage is highly variable in each bore profile. This makes
predicting the concentration and depth of salt storage very difficult. More extensive
sampling of particular soil types and landscape positions would be required to give a
clearer pattern of these characteristics.

It would seem that salt concentration and location of this salt can be determined by the
presence of clay horizons within some bores. A number of field observations and EC
measurements have confirmed this. Other factors that influence the location of a salt
concentration (bulge) include drainage impediments due to landscape position or
hardpan development. Both can lead to surface ponding or perched water tables which,
when concentrated by evaporation, can lead to high salt concentrations at near surface
positions. Another major factor is the presence of a near surface saline groundwater. It
is suspected that many of the high ECese readings are due to seasonal incursions of
saline groundwater. Comparing groundwater depth-range data, groundwater ECw
readings and soil ECese measurements supports this theory. Salt accumulation is often
found in the soil horizons that are seasonally saturated by high saline groundwaters.
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2.2.2   Groundwater Monitoring

Changes in groundwater depth and quality have been found to play an important role in
inducing salinity in many parts of the Australian landscape. Groundwater has the
capacity to dissolve salt that it comes into contact with, transport it through
underground pathways or to provide a reservoir of salt, which can potentially be
introduced into the root-zone by groundwater incursion or in some soil types through
capillary rise processes.

In order to determine whether salt mobilisation and capillary rise is likely to occur in the
Waterhouse area, studies of groundwater behaviour and characteristics, involving the
monitoring of groundwater depth fluctuation and electrical conductivity over a period of
time was undertaken.

Methodology

Observation bores were constructed by embedding 50 mm PVC pipe (which was slotted
to just below ground level, to allow groundwater in-flow) into drill holes which were
back filled with gravel and sealed at the top with bentonite. Twenty six observation
bores were created and monitored each fortnight for a total of eighteen months, for
depth to groundwater and electrical conductivity (ECw). The location of each
monitoring borehole has been marked on the Salt Storage to 5 m map (Map 3d).

Groundwater samples were also tested for ECw using a handheld TD Scan 4 electrical
conductivity probe.

The data has been collated and displayed in Appendix 5.

This data from these bores has been used within hydrological studies (COFFEY, 2002)
to assist in the creation of a hydrogeological model for the area.

Results

Depth to Groundwater
Figure 9 shows the depth to groundwater for each bore over the monitoring period.
Average, maximum and minimum groundwater depth measurements for each bore are
shown in Figure 10.
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Figure  9.    Groundwater depth readings for each borehole during the study period.

Figure 10.   Average, Maximum and Minimum Groundwater depth for all boreholes.
(Red lines indicate future salinity risk category, Square dots indicate mean measurements)
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Groundwater Quality

The ECw results recorded for each borehole, at each monitoring date, have been plotted
on Figure 11 below. Average, maximum and minimum ECw measurements for each
bore are shown in Figure 12.

Figure 11.   Groundwater ECw readings for each borehole during the study period.

Figure 12.   Average, Maximum and Minimum ECw readings for each borehole.
      (Red lines indicate the different Irrigation Water Categories, Square dots indicate Mean measurements)
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Groundwater depth in all boreholes appears reactive to seasonal trends in rainfall.
Groundwaters rise in the winter beginning in June/July when the heaviest rainfall
occurs, and are shallowest in late September. They then fall steadily from October as
rainfall declines through the spring and summer. From field observation made of
groundwaters approaching the surface in some locations after a period of intensive
rainfall, it is suspected that some bores will reflect individual rainfall events and are
highly reactive. Fortnightly monitoring data cannot always show these peaks however.

It is interesting to note that groundwater depth in November 2001 was shallower than
that in the same month in 2002 indicates the variability between years, due to
differences in seasonal rainfall patterns. Recession of groundwaters was also later in
2001, beginning to recede in December (rather than in October as in 2002) after an
unusually wet spring.

The majority of bores (75%) have groundwater depths 2 m or less below the ground
surface for most of the time. Over 50% of bores have groundwater depths of less than
1.5 m for the majority of the time. The deepest groundwater depth is logged at 3 m,
while the shallowest occurs consistently at around 0.5 m.

Approximately half of the boreholes have ECw values of 0.8 dS/m or less. This is
equivalent to Classes 1 and 2 irrigation water (See Appendix 6 adapted from
Stackhouse, 1984). The remaining 50% are distributed in the high, very high and
extreme salinity irrigation classes, indicating that the water at these locations contains
sufficient salts to cause significant yield losses to crops if used for irrigation or if
groundwaters rise and come into contact with plant roots. The highest recorded reading
for groundwater was 7.92 dS/m (bore 22). The highest average is 6.91 dS/m (bore 34)
and the lowest average 0.3 dS/m (bore 23).

The trends in Figure 11 and the range bars indicated in Figure 12 show that ECw
readings are very changeable throughout the year in some boreholes, while others
remain relatively steady. Little is known about the processes that cause the fluctuations
in these bores but they are likely to be related to concentration change brought about by
rainfall, leaching and the channelling of groundwater through preferential pathways.

The NSW Salt Action group at Dubbo uses the 1-2 m groundwater depth range to
indicate a "Medium" risk of soil salinisation occurring, where groundwaters are salty
(New South Wales, Salt Action 2001, 1). This is based on the presumption that capillary
rise processes will transport salt into the root-zone from this depth. Less than 1 m is
rated at "High" due to the closer proximity of salts to the root-zone and greater capacity
for capillary rise to occur (See Figure 10).

Therefore if an area has a saline groundwater within 2 m of the surface, or has a salt
storage within the 2 m of the surface in combination with a shallow (<1.5 m) water
table, it may have the potential to induce salinity through capillary rise and/or salt
mobilisation.

Table 8 summarises and displays the important bore information with regard to
determining the potential for the bore sites to develop or induce salinity via these
processes.
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This table indicates that there are a number of bores with shallow water table depths
(<1.5 m) which have a significant ECese reading (indicating salt storage/occurrence)
within the fluctuation range of the shallow water table. These high ECese values may,
in some cases, be caused directly by salts being deposited by receding saline
groundwaters, or by the presence of a saline water table at the sampling time.

Characteristics
(Based on Averages)

Number
of bores

Percentage
of total
bores

Bore Identification

Bores with a water table depth <1.5 m
from surface

15 58 2, 3, 6, 8, 10, 11, 15, 20,
21, 22, 24, 25, 28, RB19,
RB34

Bores with a water table EC > 0.8 dS/m 13 50 c2, c4, c8, c10, c11, c12,
c13, c15, c22, c24, RB11,
RB19, RB34

Bores with a water table depth <1 m
from surface

9 35 c3, c10, c11, c15, c21,
c24, c25, RB19, RB34

Bores with a water table < 1.5 m from
surface and with soil sample ECese
indicating a moderately saline
(>4dS/m) and higher salt storage
within 1.5 m of the surface

6 23 c10, c11, c22, c25, RB19,
RB34

Bores with a water table <1 m and
water table ECw > 0.8 dS/m

6 23 c10, c11, c15, c24, RB19,
RB34,

Table  8.    Summary of Waterhouse Monitoring Bores.

2.2.3   Groundwaters Discussion

By comparing long-term monthly rainfall records and monthly rainfall received during
the study period in 2001-2002, a number of months in 2002 appear to be clearly well
below the "all years" monthly average. This significant shortfall from the average
occurred particularly in the months that led into winter (March, April and May 2002)
and also in the summer months (November and December 2002). The data collection
period is therefore shown to have occurred in an abnormally dry period and the graphs
potentially show groundwater depths at their deepest throughout the district. During
wetter years groundwater tables would be expected to be much closer to the surface and,
if saline, could contribute to a greater salinity hazard.

Measuring depth to groundwater over eighteen months (the length of the project) is
considered too short a period to get an accurate determination of the "normal" annual
behaviour of groundwater. It only provides a small insight to the general behaviour and
characteristics of groundwater within the study area (e.g. is it saline, deep, shallow or
reactive to rainfall?) It does not reflect or incorporate other abnormal seasons and
extremes. A much longer term monitoring period would be required to achieve this
more successfully.
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Saline groundwaters appear to be more likely to occur in low landscape positions (bores
rb11, rb19), especially in lower catchment areas adjacent to the beach or estuary (bores
10, 4), and/or in areas that appear to be in regions where groundwater flow pathways
have converged (bore RB 34). These areas also often have shallow groundwater depths.
Some bores with saline groundwater (such as bore WHMB 22) may occur higher in the
landscape. These and similar areas would provide good points for local land owners to
continue monitoring both the behaviour and quality of the groundwater, by way of
keeping a "watching brief" on salinity risk.

2.2.4   Issues and Implications for Land Managers and Land use Change

The results from this section of the study indicate that near surface saline groundwaters
do occur in Waterhouse. The results show that, while it is difficult to predict the depth
of groundwaters (apart from in lower catchment and drainage areas), shallow
groundwater depths can occur. The results also show that groundwaters can be both
shallow and saline to a degree that could induce salinity and impact upon crops. This
study has shown the variability in groundwater quality and the need for regular
monitoring if this water is used for irrigation purposes.

It has also been highlighted that groundwaters (even those that contain small
concentrations of salts) have the potential to deposit salt within the soil profile through
capillary rise processes or evaporation, if groundwater comes close enough to the
surface.

If saline groundwater or poor quality surface water is used for irrigation purposes a salt
accumulation may occur in the soil profile under deficit irrigation practices (deficit
irrigation aims to only wet the root-zone of the crop that is being grown). Tests at
boreholes within centre pivot circles practising deficit irrigation, have indicated little
change to groundwater depth during the irrigation season. Therefore, the risk of
groundwater recharge exists at this time of the year and the risk of capillary rise
processes occurring appears low at the current irrigated cropping intensity. Salt
accumulation at the soil surface however has been found in some locations due to the
collection and evaporation of run off and drainage water in areas down slope of irrigated
paddocks.

Irrigation wetting-front measurements have also confirmed that an average application
rate of 4 mm per day on sandy soils is insufficient to wet beyond a depth of 0.5 m.  The
chance of any salt deposits being carried down to the groundwater therefore appears to
be slim at these irrigation application rates, especially during the 2002-2003 growing
season when most of the monitoring bores indicated groundwater depths greater than
1 m during the irrigation season. In wetter years however (such as in the growing season
of 2001-2002), groundwater tables are closer to the surface (see Figure 9) and the
potential for groundwater recharge to occur from irrigation increases.

Because salts are entering the soil through irrigation water application and not regularly
being mobilised (through recharge) to the groundwater or flushed away by high
goundwater during this the cropping season, a salt accumulation in theory at least, could
occur within the soil over this period. This may reach levels sufficient to cause yield
decline to sensitive or deep rooting crops. The degree and depth of this accumulation
will depend upon the quality and quantity of water applied and the climatic condition at
the time of watering. Land managers are encouraged to monitor and test their soil and
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irrigation water for salt during the irrigation period to determine whether salt
concentrations are likely to cause an adverse affect on yield.

The seasonal flush by rains and elevated groundwater after the irrigation season is likely
to mobilise this salt store and result in a 'slug' of salt entering the drainage system (both
surface and sub-terrestrial). It is therefore very important that this flushing process is
not impeded. Landholders, even those not actually undertaking cropping, should ensure
that their drainage systems are uninhibited and able to safely dispose of saline water at
this time.

If drainage systems are inadequate and unable to transport these salty drainage waters
safely to a river or sea outfall, salt can accumulate at certain locations where drainage
waters have collected through evaporatiion of ponded water. Sometimes drains have
overflowed inundating parts of paddock. This way the risk of salinity is transferred
physically from one location to another. Small depressions within the centre pivot area
have shown ponding from run-off water, due to slower infiltration rates at these
locations

It is at these locations where drainage waters collect, that a serious salinity problem may
begin to appear. It is felt that the winter 'flush' plays a major role in reducing the salt
budget for the broader region, but its effectiveness depends upon the quality and
capacity of the drainage systems in place.

The practice of deficit irrigation (which is commonly practiced in the Waterhouse study
area under pivot irrigation) generally protects groundwater from salts carried in, or
mobilised by, the irrigation water. Farmers are encouraged to continue this practice but
ensure that a complementary drainage system is in place to carry salty water away
safely. Simple and effective irrigation and groundwater monitoring is also advised to
provide information that can be used to help determine the long-term risk of salinity
occurring.

2.3   Salinity in Rainfall

2.3.1   Aim

The purpose of this component of the project was to determine the contribution of
rainfall to the salt budget, and ascertain whether this is significant in terms of future
salinity risk for the area. Previous work by Dell (2000) at Cape Portland (a similar
coastal environment north-east of Waterhouse) suggests that annual rainfall can deliver
over 600 kg/ha per year to the salt budget.

2.3.2   Methodology

Two rainfall collection sites were established within the study area at both the Bureau of
Meteorology rainfall monitoring stations - Tomahawk Station 091173 (Carisbrooke
homestead) and Barooga 091121. Figure 1 (Section 1.1.1) indicates the location of these
stations in relation to the study area

The collection devices were placed next to the Bureau of Meteorology rainfall gauges
so that a comparison of official rainfall figures could be made with those collected as
part of this study. The devices were comprised simply of a plastic container with a clip
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down lid and a 7.5 cm radius funnel inserted into the lid. The funnel was fixed into the
lid using silicone sealant and was covered by gauze mesh to prevent contamination from
leaves and insects.

Over the duration of the project period, monthly rainfall samples were collected,
measured for EC using a TetraCon® LF 330 Conductivity Meter and their volumes
recorded. The samples were then sent to the Mineral Resources Tasmania laboratory for
Total Salts content measurements and a confirmation of EC measurements. This data
was collated and is contained in Appendix 7.

Rainfall volumes (mm3) from the collection devices were converted to Calculated
Rainfall (mm) taking into account the funnel radius, using the following formula:

Calculated Rainfall (mm)=  V  / r2

Where r = radius of collection funnel (75 mm) and V= Volume collected in device in 1 month in mm3.

Salt Concentration was estimated by converting Laboratory EC (dS/m) to mg/l using the
following formula:

Salt Concentration (mg/l) = EC x 640

EC = Laboratory Conductivity (dS/m)
640 = a value representing the salt concentration of a solution dominated by sodium ions (Dell 2000)

Salt received per hectare is calculated using the above concentration in the following
formula and is expressed as kilograms per hectare (kg/ha).

Salt Received per Hectare (kg/ha) = Calculated Rainfall x {Salt Concentration }
100

Extremely strong comparisons were found between calculated rainfall received and the
actual rainfall received figures at each site (Bureau of Met.). The deficit found between
the annual actual rainfall and the calculated annual rainfall totals is approximately 90-
100 mm/year for both sites. This equates to an average monthly difference of 8mm
between the two methods of rainfall measurement. This difference was deemed to be
insignificant and most probably due to evaporation from the collection containers
during each collection month. See Table 9.

Total over
study period

Annual
(Jan 02-Dec 02)

Tomahawk Calculated Rain (mm) 856.3 470.7

Tomahawk Actual Rainfall (mm) 992.6 570.2

Barooga Calculated Rain (mm) 828.1 471.1

Barooga Actual Rainfall (mm) 955.4 566.4

Table  9.    Calculated and actual rainfall
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2.3.3   Results

Figure 13 shows monthly rainfall received and its associated conductivity for both
collection sites.

Figure 13.   Rainfall received each month and conductivity of sample.

Both sites measured similar total amounts of calculated rainfall over the study period,
even though some monthly differences indicate localised rainfall at one site and not the
other. The variability of monthly salt concentration between stations however is a more
notable feature of the data with some months recording lower conductivity than the
previous month despite the rainfall more than doubling (Barooga - March/April).

The major spike found on the graph in October 2001 is believed to be a result of
contamination of the rainfall sample. The lack of corresponding spike in EC at the
Tomahawk station and also the magnitude of the EC spike recorded for Barooga drew
attention to this. The collection unit at Barooga was located low to the ground and could
well have received weedicide drift or possibly farm dog urine. The amount for October
therefore has been excluded when average monthly rain salt received in rainfall (kg/ha)
was calculated for this site.

Even with this month removed Barooga received marginally more rainfall-derived salt
than Tomahawk with an average monthly salt load of 22.4 kg/ha compared with 19.6
kg/ha. Figure 14 indicates the monthly load of salt (kg/ha) received at the collection
sites over the study period.

There appears to be a distinct seasonal trend with large salt loads in rainfall received
from June to November (winter/spring months) in 2002 and much lighter ones in the
summer /autumn months.
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Figure 14.   Salt received by rainfall (kg/ha) during the study period.

Table 10 shows the total salt received (kg/ha) from rainfall for each site during the study
period. It also gives an annual total from January 2002 to December 2002 as well as an
average monthly figure that was calculated over the whole study period.

Rain Salt
Total over

study period
Aug 2001-Dec2002

kg/ha

Rain Salt
Annual Total
Jan 02-Dec 02

kg/ha

Average Monthly
Rain Salt

kg/ha

Tomahawk
Rain Salt

kg/ha
333.1 241.8 19.6

Barooga
Rain Salt

kg/ha
449.8 271.4 22.4

Table 10.   Salt received in rainfall per month for each collection site (kg/ha)

2.3.4   Salinity in Rainfall Discussion

It is predictable to find that Barooga received more rainfall-derived salt than the
Tomahawk site with Barooga located closer to the coast and, therefore, much more
likely to receive sea spray with rainfall.

The variability of salt concentration from month to month could be a function of the
prevailing wind directions and storm front origins. If strong wind or storms originate
from the west, north, or north-east, salt loads are likely to be higher. This theory could
explain instances when high measured salt concentration occurred in months where a
relatively low volume of rain was received such as March 2002. Conversely southerly
weather is less likely to bring with it any significant salt content. Southerly rain could
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then also result in a dilution of the salt concentration within the collection device, this
may explain the lower salt concentration even though more rain was received during the
March/April at Barooga. The average salt concentration of the rainfall measured at the
laboratory was 0.07 dS/m for Tomahawk and 0.08 dS/m for Barooga. These figures are
fairly low when compared with the salt load from Class 2 irrigation water (approx 0.5
dS/m) being used for crops in the area (see below).

In the 2001-2002 growing season, 288 mm of water having an average EC of 0.5 dS/m
was applied to potato crops. This represents inputs of 922 kg of salt for each irrigated
hectare for the 2.5 month irrigation period. This figure is almost three and a half times
that, which naturally comes in on the rain per year at each station for 2002. Irrigating is
therefore adding a considerable amount more salt to the system each year even when
good quality (Class 2) water is being used compared to the rainfall load. This total
amount could in time potentially accumulate within the soil if leaching and drainage do
not remove it. This example is meant as a guide only, since calculations of the rainfall
contribution have been made using salt load from rainfall collected over a relatively
short period of time and also during an abnormally dry period.

A complete salt budget is unable to be calculated without longer term rainfall
monitoring for salt and without knowing the leaching rate or output of salt from the
Waterhouse system. Other information about other sources of salt entering the system
would also be required. Further work to determine this information would allow more
accurate evaluation of future salinity risk within the study area.

2.4   Salinity Assessment Overall Conclusions

The EM surveys and salt in rainfall studies indicate that the Waterhouse study area does
contain salt within the landscape. It is stored in the soil and the groundwater and has
been detected in rainfall.

EM31 surveys show that most of the Waterhouse area falls into the moderate salinity
class. Salt levels are lowest in the sand dunes and sandy rises that represent the soils
with greatest leaching and are highest in the soils within low lying areas of impeded
drainage or in closed depressions. These latter areas are often the zones of natural
accumulation of salt and are closest to water tables with variable salt content. The depth
to salt storage within the profile is also variable and appears dependent upon
groundwater depth and subsoil texture.

The EM31 survey work has undoubtedly proven valuable in our understanding of the
extent and distribution of salt stores within the Waterhouse study area. Given the many
complicating factors influencing the interpretation of the EM31 data it is important
when reviewing the salt storage map, not to place to much emphasis on the absolute
value of salt indicated by the map. Rather, the map should be considered to display the
relative distribution of areas likely to contain differing amounts of salinity. Areas
indicated on the map that are dark blue or blue will likely be non or slightly saline
respectively, while areas in red will almost certainly be highly saline.

The EM38 study and associated soil sampling found that salts can occur close to the
surface within the capillary rise zone (generally accepted to be within 2m of the surface
but is dependant on soil texture and pore space). However in a number of areas in the
study area identified by the EM38 to have a moderate salinity hazard, visual evidence of
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these salts occurring close to the surface and impacting upon the root-zone of pastures is
not evident. This suggests that the salt is beyond the limits of capillary rise and unable
to be transported to within the plant root zone or that capillary processes only are only
operating within these sandy soils at very near surface depths.

In elevated landscape positions, EM38 indicated lower salt concentrations but still
within the moderately saline class. Depth to salt and distance from water tables also was
observed to increase at these locations.

Groundwater monitoring indicated that depth to groundwater is typically less than 2m.
While groundwater conductivity varied between bores, many bores recorded
conductivity readings >0.8dS/m at some point during the monitoring period, (8 dS/m
equates to a salt load of 5120 kg of salt per megalitre of water). The source of the salt
within the groundwater is thought to be cyclic salt that has been mobilised from the soil
profile by water (either rainfall, irrigation or groundwater) and into the preferred
groundwater pathways that inturn act as concentration zones for the salt.

The combination of shallow and saline groundwater characteristics results in a near
surface saline groundwater hazard that could pose a significant threat to agricultural
production if salt accumulates within the soil. Generally periods of high watertable
occur during winter when cropping is not being undertaken which limits the impact on
crops yield. Pasture yields in the areas that have such groundwater characteristics are
most likely being impacted upon by this salinity hazard. Periods of high groundwater in
winter, while they impact upon plants are also believed to mobilise (flush) salts that
have been concentrated in the root-zone during the previous summer. Thus this seasonal
period of high groundwater may be alleviating the salinity hazard by mobilising and
flushing salt from the soil profile during this time.

This study has confirmed that salt is entering the Waterhouse environment via rainfall
events in the Waterhouse area. The levels received, 260 kg/ha (Tomahawk) and 280
kg/ha at Barooga, although appearing high compared to other areas of the state, are not
as significant as the salt input from irrigation water currently being applied to crops in
the area. The high permeability is characteristics of most top soils in the Waterhouse
area allows the leaching of salt from the immediate rootzone of plants to occur. This
inturn reduces the impact of the salt that arrives with rain.

Salt concentration in rainfall seems dependant upon seasonal weather patterns and the
origin of rainfall fronts that arrive at Waterhouse. Late winter and spring time are
characterised by increased salt concentration in rainfall as well as more and intensive
rainfall events. Strong coastal breezes that deliver sea spray are also believed to
contribute to the salt load of the rain. This may mean that in wetter years salt inputs to
the area could be much higher than those measured during this abnormally dry study
period.

With the potential for an increase in irrigated cropping area in the future, an increase in
salt input to the system through application of irrigation water is also likely (Class 2
irrigation water currently being used in the district ranges from 0.28 - 0.8 dS/m). Field
observations during the survey suggest that cyclic salt will gravitate to the low positions
in the landscape through a natural flushing/leaching process and collect in coastal
wetland areas or be discharged to the sea through drainage lines and watercourses
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during periods of high drainage flow. Salts can also accumulate within poorly drained
sections within cropping areas unless adequate drainage prevents this accumulation.

Implementation of a regular monitoring system before the expansion of cropping occurs
will help to determine whether the natural system is able to cope over time. Salt
accumulation areas may provide a useful early warning of salinity budget imbalance. If
monitoring should show a rise in salinity levels over time at low positions in the
landscape, this could indicate that the natural system is becoming stressed from higher
salt input levels.

2.4.1   Data Limitations Identified

The outputs from the EM31 surveys is unsuitable to base planning and management
decisions on at the paddock or even perhaps at the farm scale (depending on farm size)
without further, more detailed investigations. The survey methodology used is designed
for broad scale or reconnaissance use. More detailed investigation would require the use
of a methodology more appropriate to that scale of study, complemented by additional
and strategically placed correlation sample sites.

Electromagnetic survey and calibration procedure used for this survey was, at the time
of the study, considered widely accepted around Australia. EM survey procedures
however continue to evolve and recent improvements of algorithms used to process
collected data may show an improved ability to quantify the level of salt within the soil
especially at depth.

Computer models can assist in the prediction of land degradation risk, especially
salinity risk, but they require detailed land and hydrological information. This specific
soil, crop, hydrological and environmental information is scarce in Tasmania. Future
work hopefully will address this data shortage and allow computer modelling to play a
larger role in land management decision making. This shortage of groundwater
information especially, occurs within most agricultural regions. More regular and long
term monitoring of groundwater characteristics would help to develop a more accurate
understanding of depth and solute trends of this water.

Land degradation issues within the Waterhouse study area appear to be closely linked
with relative position and altitude within the landscape. A more comprehensive
understanding of the relationships and extrapolation of the findings from this study,
(based upon these relationships), could be achieved if more spot height (altitude)
information was available for the study area. Future work of a type similar to this study
would greatly benefit from the collection of spot height information through
photogrammetry or by GPS techniques. This additional elevation data would allow the
creation of much more detailed digital elevation model (DEM) that would allow clearer
understanding of the areas more likely to accumulate salt in the landscape and/or high
groundwater. This information could also be used to assist determining soil boundaries
and assist in drainage management recommendations and implementation plans. The
DEM could also become the basis for extrapolation and prediction in locations outside
the study area.

This better understanding of the relationships between the degradation hazards and
landforms and soils would also assist in the production of a comprehensive salt budget
model for the district.
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3.   SOIL SURVEY AND UNIQUE AREA MAPPING
Soils in the region surrounding the study area have been named and described by G.D
Hubble in 1943-44 whilst undertaking 1:63 360 reconnaissance soil mapping for the
CSIRO Division of Soils. The CSIRO Soils Bulletin No. 204 (Hubble 1946), was
produced and describes each of the soil associations identified. This bulletin has been
invaluable, assisting in the recognition of soil types during fieldwork for this project.
For the sake of simplicity and for future soil correlation purposes soil names are
consistent with the terminology used by Hubble where possible.

This project has produced a 1:25 000 scale soil map for the study area, covering a total
of 6503.1 ha. (Refer to Map 3a - Dominant Soils of the Waterhouse Area). This map
displays Unique Mapping Areas (UMA's), that reflect the soil types and other land
characteristics found within the area. The UMA approach aims to identify areas of land
that are as uniform as possible with respect to soil, landform, land element, slope,
aspect, and geology. The map units are marked with a unique number to allow the user
to refer to the UMA Table. This table contains all the UMA numbers and their
associated data and may be found within Appendix 8 (UMA Table for Waterhouse
Area).

3.1   Methodology

Soil investigations were undertaken in accordance with the Australian Soil and Land
Survey Handbook Specifications (Gunn et al). A combination of survey description
sites was used to produce the 1:25 000 soil map. These included:
1. Full soil profile descriptions used to provide a full and detailed representative

description for a known soil type including site morphology, profile characteristics
and comprehensive soil chemistry (19 recorded*);

2. Intermediate observation sites used to develop soil profile class characteristics
containing information such as horizon designation and depths, pertinent features of
the soil, soil type name and sometimes pH and EC values for each horizon (132
recorded*);

3. Soil type identification sites that were used to confirm a known soil type location
(essentially a spot check with little site and soil information other than soil type
name and grid reference) (143 recorded*).
(* Includes existing DPIWE Soil Database reference sites descriptions from previous CSIRO & DPIWE soil investigations).

This total of 294 descriptions meets the recommended minimum requirements of 4 sites
per square kilometre for 1:25 000 soil mapping (Gunn et al).

A free survey approach to mapping was employed with preliminary aerial photo
interpretation using 1:25 000 colour aerial photographs that were taken in 1999. These
assisted the determination of preliminary soil boundaries and the identification of areas
that required field checking. Spot checks and traverse (catena) mapping techniques were
also used in an attempt to cover most landforms found in this complex soil landscape.

Soil profiles were obtained by using a hand auger or by viewing existing soil exposures
in drain cuts and the eroded sides of dunes. In the field, boundaries were scribed onto
the colour aerial photos or onto colour, digitally registered, orthophotos with 1:25 000
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cadastre, drainage, roads and contours overlain. The latter were used where cadastre,
relief, drainage or road features were either difficult to see or were absent on the aerial
photo.

The field boundaries were then transferred to a stable map base and digitised to create
the GIS soil data layer.

Mapping units were then subdivided into UMAs. These were created with the assistance
of digitally derived slope and aspect maps based on 10 m contour information. When
subdividing soil units into UMAs, no units were divided into a size less than 4 ha.
Linework was then drafted manually onto base maps and then digitised to form a GIS
data layer. Each UMA is therefore characterised by the soils identified within it and its
associated slope and aspect information.

Due to the very gently undulating nature of the landscape, its low relief dune systems,
and the relatively low number of cartographic spot heights available to create a Digital
Elevation Model (DEM), some difficulties were encountered digitally deriving accurate
slope and aspect classes in some areas of the map. This instigated the introduction of
"Variable" and "Flat" (0-3%) slope classes as well as "Variable" and "No aspect" aspect
categories.

The soil map produced by this study displays the dominant soil type for each map unit
only. The proportion of other soil types found within an area may be obtained by noting
the UMA number and referring to the UMA Table to see if a subdominant soil(s) exist
and to also determine its/their relative proportion for the UMA.

The term 'minor soils' has been applied to soils with small total map area. These areas
often have often had little more than cursory investigations and have little or no soil
chemistry information available other than that supplied in Hubble (1946). The ability
to say a great deal about these soils is, therefore, restricted. This is reflected in the
following sections of this chapter that focus on soil characterisation.

Where possible, soil units represent a single soil type or association and have been
labelled using a letter code (e.g. Tomahawk Sand = T). However, due to the complexity
and changeable nature of the landforms within the study area, it was common to find
areas where a number of soils occur together (a Soil Complex). Gunn et al defines this
as "a soil mapping unit that represents a group of soils that occur in a complex and
intricate pattern, which may or may not be repeated and which cannot be separated
without unwarranted effort." Therefore where a soil complex was found the relative
percentage of each soil was estimated. (e.g. T 80% + Wm20%). Up to a maximum of 3
soils have been identified within the soil complexes on the map.

The minimum UMA size used is 4 ha. However, some smaller areas exist where
specific landform features relating to soil type are clear and able to be mapped
accurately and/or are significant to land management. These small areas include rock
outcrops, prominent dunes and peat swamp depressions. Other areas that also fall below
this 4 ha limit include those at the edge of the map and which continue beyond the study
boundary.
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3.2   Soils of the Waterhouse Area

Soils in the Waterhouse study area consist mainly of deep sandy profiles that have
developed from sediments deposited during times of higher sea levels. Subsequent
reworking of this sediment mainly by wind and some alluvial processes has lead to the
formation of many landform types.

These landforms occur in an intricate pattern within the study area. Each landform in
turn produces a different soil type, mostly reflecting the change in soil drainage status
and parent material present. The effect is a complex and changeable soil pattern that has
prevented the identification of many pure soil units on the soil map and the necessity to
group soils into soil "complexes" and associations.

A number of peat soils occur in closed depressions and ephemeral lagoons where
conditions have allowed for the accumulation and slow decomposition of organic
material.

Heavier textured soils also are found in low landscape positions and drainage lines
where clay sediments, presumably derived from granite feldspars, accumulated on the
plain. These heavier soils are mostly covered with a thin veneer of windblown sand.

Very shallow soils or those that display little pedological development have been
identified where depth to underlying bedrock is shallow and/or where bedrock outcrops
to the surface.

The major soil types are described below. A short description of the soil mapping units,
land use and land capability classification as per Grose (1999) and is followed by a few
dot points indicating the most important land management issue(s), chemical and/or
physical features of the soil. The soils have been grouped according to the landform
group in which they are most commonly found.

Detailed type profile descriptions and soil chemistry data for a selection of the soil types
is found within Appendix 9 of this report. Minor soils have received a briefer
description due to the limited amount of information available for them, their small
extent and lower agricultural use.

All dominant soil types are listed in the summary table below (Table 11).
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3.2.1   Soils of the shoreline, headlands and estuary (127 ha)

Most of the soils within this landform group are termed 'minor soils' and are located at
the fringe of the mapping area or make up a very small total area. Hence, brief
descriptions of the soil type occur below with reliance on previous descriptions by
Hubble (1946) as well as more recent field observations.

Estuarine Soils (E) (Minor Soil)

Located at and near the mouth of the Tomahawk River these soils have a diverse
range of profiles ranging from Hydrosols to Organosols. The profiles are
characteristically sandy in nature with some horizons of clayey sand to sandy clay
loam textures including shell fragments in the lower parts of the profile.

Organic rich A1 horizons are often speckled in appearance due to the incorporation of
light coloured sand within the matrix. These overlie grey and grey to yellow mottled
horizons that are distinctly influenced by impeded drainage.

Inundation of this area occurs during spring or 'king' tides causing these areas to have
very little or no vegetation. Clumps of tall grass and rushes have established on
pedestals in places, which keeps roots elevated from the sea water.

No agricultural use of these areas is made and soil conductivity readings as expected
indicated extreme salinity.

Skeletal Soil on Dolerite (Skd) (Minor Soil)

These soils occur at Tomahawk Point and the areas flanking it to the south. They have
very little soil depth and are characterised by thin sandy topsoils overlying dolerite
stones and shingle, some of which are often found on the surface (Figure 15).

Figure 15.   Skeletal Soils on Dolerite
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These areas are often overlain by wind blown sand drifts of varying depths that show
similar profile development in their topsoils to the soils found on the plain. pH tend
toward neutral. Gradients range up to 18%. Little use is made of this land due to its
rocky nature.

Calcareous Sand Dunes (D), (Minor Soil)

Where sand has accumulated to form large active dunes Calcareous Sand Dune soils
are identified. The main occurrence is on the leeward side of Tomahawk Point. Some
shell fragments may also be found within this aeolian deposit. Little vegetation occurs
apart from some tufts of marram grass. These are the youngest sand deposits within
the Waterhouse area and are characterised by very little accumulation of organic
matter at the surface and have few signs soil forming processes occurring in the lower
sandy horizons. Soil pH trend is alkaline to neutral. No productive use of the land is
made due to its mobile nature and poor nutrient and water holding capacity
characteristics.

Swanage Sand (Sw) (Minor Soil)

The Swanage Sand soil type is found on the smaller coastal dunes and blow-outs that
have been partially stabilised by vegetation. This stabilisation has allowed soil
forming processes to begin and is evidenced by the formation of a thin organic surface
horizon and underlying horizons that have been partially leached of calcium
carbonate. Field pH measurements indicate a trend from neutral to alkaline in the
topsoil to neutral in the underlying horizons. In terms of age this soil type represents
an older, more leached, Calcareous Sand Dune soil (Figure 16).

Figure 16.   Swanage Sand
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Little agricultural use is made of areas with this soil due to a very high to extreme
wind erosion potential as well as low nutrient and water holding ability. Shallower
profiles are also found overlying peat and other soils within drainage depressions.
This demonstrates the ability of windblown sands to bury other soil types within this
active sand plain environment.

3.2.2   Soils of the ephemeral lagoons, floodplain and drainage lines (973 ha)

Miscellaneous alluvial soils (Am) (Minor Soil)

A small extent of land containing miscellaneous alluvial soil occurs on the eastern
bank of the Tomahawk River just south of the Waterhouse Road bridge. Here, a small
terraced flood plain collects sediments carried by river water when the river floods
during high flow events. Poor access to this land hindered field examination, but
examinations of soils on similar landforms by Hubble (1946) indicate that these areas
are likely to contain soils with heavier textured, mottled, profiles with clay horizons at
depth which are overlain by an admixture of sediments including silt, sand and
gravels.

Land Use and Land Capability

Land use of these areas is confined to grazing where they have been cleared from
native vegetation. Land capability ranges from Class 4d (drainage), where imperfectly
drained soil occurs to 6f, in the areas of high flooding frequency.

Chemical and Physical Properties

Hubble (1946) noted that soils in similar sites tested high in nitrogen content,
phosphate and potash.

Major Management Issues and/or Hazard

Flooding
Impeded drainage

Waterhouse Peat

Mapping Units (W)

Small areas containing Waterhouse Peat are found within closed depressions where
organic matter has accumulated overlying sandy Quaternary alluvium. The thickness
of the organic horizons is typically 46-90cm. Below this sand and gravelly clay
horizons are often encountered. Soil pH becomes increasingly acidic with depth often
to extremely low levels.

The areas with these soils lie wet for most of the year. Some are associated with
ephemeral lagoons while others have been extensively drained (Figure 17). Small
areas in the north of the study area near Tomahawk Point have been found under
recently windblown, calcareous sands of notable depth (>60cm). These areas have
been mapped as ‘Swanage Sands overlying peat’ and are found in a soil complex with
Tomahawk Sand Deep Phase (the dominant soil type).
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Figure 17.   An area of Waterhouse Peat (under pasture) surrounding an ephemeral lagoon

Land Use and Land Capability

Where more intensive drainage of this land has occurred, only marginal increases in
productivity have resulted, mostly due to the very acidic nature of some of these soils.
These soils, once drained, can also become droughty due to the irreversible drying of
the organic material contained within the upper part of the profile. The dominant use
is grazing and a land capability classification of Class 5d (drainage) would cover most
of these drained areas. In undrained locations, with very poor soil drainage conditions,
Class 6d would be more appropriate.

A number of management issues and hazards relate to this soil type. Drainage is the
most commonly occurring hazard and restricts agricultural use. The naturally acidic
nature of this soil type also restricts development and limits pasture production. Less
acidic areas (e.g. UMA 149) also occur, reflecting slightly better drainage status.

In some locations pH levels have been observed at <3 and are very likely attributed to
acid sulphate soil conditions. At these locations it is suspected that the underlying
sediments contain iron sulphide (acid sulphate soils). Intensive drainage of these soils
can lower water tables to a point where air reaches the iron sulphides, causing
oxidation to occur. A by-product of this oxidation process is sulphuric acid and
associated extremely low pH values (Hubble 1946).

The main risks for these areas are that the highly acidic leachate is then flushed into
waterways and drainage ditches by rainfall (especially after a long dry period) and can
severely impact upon water quality for stock, the riverine ecosystem and other
downstream users. Acid groundwater can also result in acid scalds where it comes into
contact with plant roots (UMA 189).
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While a few areas have been positively identified the extent of the pyritic sediments in
this area is currently unknown and detailed investigation is strongly recommended
prior to any future drainage development especially on the peat soil types.

Chemical and Physical Properties

The peat soils in the Waterhouse area often test high to total nitrogen, due to organic
compounds found within these soils. The nitrogen however is not always available to
plants due to the high carbon : nitrogen ratios (commonly 27:1). Nitrogen figures
alone should not be taken as a direct indication of soil fertility (Hubble 1946).

Areas with Waterhouse Peat and other peat soils often accumulate salt flushed from
the surrounding areas into drainage water. This water makes its way to these low-lying
positions. It is not uncommon to find very saline levels in these soils. Most severely
saline recordings have been made in the lower horizons of peats that have not been
drained.

Major Management Issues and/or Hazard Profile
Drainage is the most important issue for these soils.
Soil acidity is also a barrier to agricultural production on some of these peat soils

      (also see reference to acid sulphate soil above).
Wind erosion and irreversible drying if over drained and cultivated.

Type 5 Peat (Minor soil)

Mapping Units (Ty5)

The Type 5 peat soils have a range of profiles. Their relatively shallower peaty upper
horizons and lower organic matter content however distinguishes them from their
close relative the Waterhouse Peat. Some profiles have sandier organic upper horizons
mostly due to deposition of windblown sand. Others show signs of organic staining in
the underlying sandy horizons resembling lower horizons within Podosol profiles
developed on the plain. All overlie clayey sand at depth that is often gritty. These soils
while classified as acidic tend to be less so than the Waterhouse Peat especially at
depth.

Type 5 peats are often found at the fringe of the same drainage depressions as the
Waterhouse Peat. Their shallower organic horizon indicates that these soils are better
drained and have higher rates of organic matter decomposition that inturn results in a
smaller amount of organic matter accumulation. These shallower profiles may also
reflect a younger than the Waterhouse Peat.

Land Use and Land Capability

Type 5 peat has a land capability rating of 5d, which is similar to the Waterhouse Peat
above, with the greatest land use being grazing. They are better drained and, therefore,
have better carrying capacities during winter months.

Chemical and Physical Properties

The peat soils in the Waterhouse area often test high to total nitrogen. The nitrogen
figures alone should, therefore, not be taken as a direct indication of soil fertility.
(Hubble 1946). These soils can also be very acid (see Waterhouse Peat above).
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Major Management Issues and/or Hazard Profile
Drainage is the most important issue for these soils. See Waterhouse Peat (above).
Wind erosion and irreversible drying if over drained and cultivated frequently.
Soil acidity is also a barrier to agricultural production on some of these peat soils.

Whitemarsh Complex
Mapping Units (Wm)

The Whitemarsh complex is a group of soils that occur in an intricate pattern. Hubble
identifies three related soil types that range from the most poorly drained and clay
textured (Type 1) through to better drained (Type 3) that has lighter textured topsoil
and brighter coloured mottling within the subsoils. Type 1 soils have the deepest
organic topsoils of the three types. No evidence of sand occurs within this horizon
although some profiles of all three types showed a recent deposit of wind blown
material above. Topsoil thicknesses and organic matter reduces in Type 2 and again
further in Type 3. Whilst all three have considerable textural variation “the sequence
and depth of colours within the profile are fairly uniform” (Hubble 1946). All have
dark to very dark grey A horizons underlain by grey to light grey primary colours with
some yellow mottling within the sodic, clay B horizon that results in profiles being
strongly texture contrast and to experience impeded drainage. Soil pH range from
acidic to approaching neutral through out the profile for all the Whitemarsh Complex
soils. The heavier textured soils tend more toward acidic especially in the topsoil.

The distribution of the three Types is strongly influenced by drainage status of the
land and the nature of the underlying sediments. While Hubble (1946) describes three
main soil types this survey has found two more minor soils that appear to relate to the
Whitemarsh Complex. These are a Type 6 found in close proximity to paperbark
swamps that has a characteristic silty topsoil texture and a Type 7 that is best
described as a gritty version the Type 3 but occurs in the marsh areas and drainage
lines within the higher sand plain landform.

On the map, Whitemarsh Complex soils have not been differentiated due to there
spatial complexity and have been collectively grouped together and mapped as a
"Whitemarsh Complex".

The main areas of these soils occur below the footslopes of the hills in the south and
in areas adjacent to formed drainage lines in the western and central part of the study
area. While the majority of the areas mapped as a Whitemarsh Complex occur within
the low sand plain environment they are not confined to this landform group. They
have also been identified and mapped in similar positions within the landscape within
the higher sand plain landform.

Land Use and Land Capability

These soils are found within and at the fringes of contemporary marshes as well as
those marshy areas that have been developed and drained for agriculture. Local land
managers have targeted most of the developed areas for cropping purposes. Their
deep, organic topsoils and clay subsoils provide good moisture holding abilities and
provide higher yield in early summer than the Podosol soils. The heavier textured,
sodic subsoils of the Whitemarsh Complex often results in slow internal drainage that
can lead to surface ponding and perched water tables especially during winter and
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after heavy irrigation. Yield reduction from waterlogging and salinity has been
encountered in irrigated areas during fieldwork for this study. The practicality of
draining some of these areas is often a limiting factor and most Whitemarsh Soil areas
are classified as Class 5d (drainage). Where surface drainage can be easily
implemented the land capability is 4d.

These soils are known as sodic soils because they contain high levels of sodium
(exchangeable sodium percentage of >5) within the soil profile, especially in the
subsoils. High levels of sodium in soil can cause clay particles to disperse and fill the
pores that make up the natural drainage network. This structural decline leads to poor
soil internal drainage and increased incidence of waterlogging and surface ponding.

Deep cultivation is not recommended on the Whitemarsh complex soil types as this
could incorporate dispersive materials from lower in the profile into the topsoil.
Although most cultivation occurs well above these layers such action could lead to
clay dispersion in the topsoil that can cause cloddy topsoils. Cloddy topsoils require
more tillage to acquire desired tilth and due to their dispersive nature can result in
surface crusting and sealing under irrigation as well as poor seedling emergence due
to topsoil crusting and sealing. Other problems associated with sodic soils include the
generation of more irrigation run-off due to the inability of the soil to drain freely
internally. These areas have a land capability class of 4s (Soil limitation- sodicity) and
require careful soil management.

The extent of Whitemarsh Complex soils that have sodic clay B horizons close to the
surface, that would lead to such problems is small in proportion to the total survey
area. A sodicity land degradation hazard therefore has not been considered as a major
issue within the Waterhouse area.

Salt levels in these soils can also affect production. They often appear to be related to
the presence of shallow saline groundwater that perches upon the clay layers within
the profile or where drainage has not been implemented and water ponding and
evaporation has concentrated salts in the topsoil.

Varying depths of windblown sand are often encountered overlying the soils of the
Whitemarsh Complex and can make them prone to wind erosion if left bare after
cultivation. The areas that have such a covering of sand are, therefore, classified as
land capability Class 4a (aeolian (wind) erosion).

Chemical and Physical Properties
Whitemarsh complex soils can have subsoils that are high in sodium (>5
exchangeable sodium percentage (ESP)), which classifies them as sodic soils.

Low permeability

Major Management Issues and/or Hazard Profile
Soil Drainage
Soil Structural decline as a result of Sodicity
Salinity
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3.2.3   Soils of the low sand plain (1947 ha)

The lower sand plain environment is characterised by a group of related and
intricately distributed soils that are distinguished by site drainage. Tomahawk Sand is
the lowest positioned soil within this landscape group, occupying broad areas (23% of
the total map area). Subtle rises and ridges that have better drainage indicate areas of
Tomahawk Deep Phase soil type and the drainage areas, seeps and watercourse in
between the Tomahawk deep phase soils are identified as Type 4 soils.

Tomahawk Sand

Mapping Units (T)

A substantial area with this soil type has been identified. It collectively represents over
20% of the mapped area and is distributed mostly in the northern and central area of
the study area where the low sand plain landform occurs. It is often found in
conjunction with its deep phase and Type 4 soil and some soil map units also
incorporate small areas of peat and Whitemarsh Complex soil types that are too small
to map independently.

Figure 18 shows a range of soil profiles that includes a typical profile of the
Tomahawk Sand (Ob 96) with its diagnostic iron/organic pan, within 75cm of the
surface.

The Tomahawk Sand is classified as a Semi-aquic Podosol. This weakly structured
uniform sandy soil and has a deep sandy profile. Textures range from sandy loam and
loamy sand in the topsoils to sands (and sometimes clayey-sands) at depth. Figure 18
also shows the better drained Tomahawk Deep Phase soil (Ob101 and Ob102) as well
as Type 4 (Ob95) and Flagstaff Sand (Ob 99) that is often found in association with
Tomahawk Sands.

Land Use and Land Capability

In winter these soils become poorly drained due to high water tables. In summer they
dry out quickly and are capable of supporting infrequent cropping practices with the
assistance of irrigation. Without drainage this land would have a land capability class
of 5d (drainage limitation) but with improved drainage, irrigation during the drier part
of the year, and the application of minimal tillage techniques this land would be
classified at Class 4a (wind erosion limitation).

Chemical and Physical Properties

A cemented organic/iron pan always occurs within 76cm of the surface, which
indicates the seasonally impeded nature of profile drainage. The underlying B horizon
is composed of fine sand. Soil pH is usually mildly acidic throughout.

Major Management Issues and/or Hazard
Wind erosion
Drainage
Organic matter management
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Figure 18.   Tomahawk Sand (Ob 96) and its other associated soils.

Tomahawk Sand Deep Phase

Mapping Units (Td)

The Tomahawk Sand Deep Phase is found on slightly more elevated areas than
Tomahawk Sand. It is characterised by similar horizons to the Tomahawk Sand but
with deeper profiles, thicker bleached A2 horizons (see Figure 18, Ob101 and Ob102)
and is found on more elevated sandy banks and subtle dunes that have migrated from
west to east, over the low sand plain.

Land Use and Land Capability

With the increased distance from the water table these soils are better drained in the
winter than Tomahawk Sand profiles. Therefore, waterlogging and delays to spring
cultivation are less of an impediment to farmers. However, they have a higher wind
erosion risk that limits the land to infrequent cropping use, with the use of irrigation
and implementation of long rotations. The land capability class is Class 4ac (wind
erosion and climatic limitation).

Chemical and Physical Properties

A cemented organic/iron pan is found below 76 cm reflecting the deeper watertable
height. Soil pH is mildly acid throughout the profile.
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Major Management Issues and/or Hazard

These soils are highly susceptible to wind erosion in the spring after tillage and
harvest due to their poor moisture holding capacity and sandy textures. These soils
also have deeper, highly permeable underlying horizons, than the Tomahawk Sand,
which leach nutrient more readily.

Type 4 Soils (Minor Soil)

Mapping Units (Ty4)

Type 4 soil is a deep, weakly structured, uniform, sandy soil with sandy loam topsoils
overlying paler coloured A2 horizon of variable depth, overlying a deep sandy B
horizon that is often very wet.

It has been mapped in narrow depressions and seepage points on the plain between
low sand hills. This soil is commonly found in a complex with both the Tomahawk
Sand and its deep phase.

Land Use and Land Capability

Type 4 soil suffers from imperfect drainage for the majority of the year and also from
wind erosion when the soil is left bare. It is classified as land capability Class 4d
(drainage) and 4a (wind erosion).

Chemical and Physical Properties

Soil pH trends from acid in the topsoil through to mildly acid deeper in the profile.

Major Management Issues and/or Hazard
Soil drainage
Wind erosion

3.2.4   Soils of the higher sand plain (2202 ha)

Thorpe Sand
Mapping Units (Tp)

Thorpe Sand soils (Figure 19. - Ob 40) have been mapped on the broad sandy banks
of the higher sand plain especially in the southern and central parts of the study area.
They comprise a significant proportion (15%) of the study area.

Often stands of remnant vegetation (Eucalyptus pauciflora), or evidence that this tree
has existed, identify the extent for this soil. This vegetation type is a reflection of the
better drainage conditions found on this soil type. Thorpe Sand occurs in close
association with the Thorpe Sand Shallow Phase (a poorer drained version of the
Thorpe Sand) and has also been mapped together with the Whitemarsh Complex that
has been covered by windblown sands and small areas of Badger Sands and Skeletal
soils formed on granite. Soil pH is mildly acid.

Land Use and Land Capability

Most of this land has been cleared for grazing purposes but some areas of native
vegetation exist. Loamy sand topsoils and deep sandy A2 horizons below make this
soil type droughty during the summer and highly prone to wind erosion if left bare.
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During winter, in some areas, high regional groundwater tables and perched water
tables above an organic pan (occurring >75 cm below the surface) result in imperfect
drainage conditions.

Figure 19.   Thorpe Sand and Thorpe Shallow  Phase soil profiles

These areas are mostly utilised for grazing purposes but have been incorporated within
cropping areas in recent times. Their land capability is Class 5a (wind erosion
limitation) in their natural state but with additional high management inputs such as
drainage and appropriate windbreaks this land is classified as 4a and 4d (wind erosion
and drainage limitation).

Major Management Issues and/or Hazard
Wind erosion - Poor moisture holding capacity and the large depth of fine sand

result in these soils being highly susceptible to wind erosion in the spring after tillage
and later in the season after harvest.

Nutrient Loss - These soils also have deep highly permeable underlying horizons
that can leach nutrients more readily.

Thorpe Sand Shallow Phase
Mapping Units (Tps)

This shallow phase soil is found in close proximity to the areas of Thorpe Sand
described above. It is found mainly in the south of the study area and comprises
approximately 17% of the study area. This shallow soil phase is found on the higher
sand plain environment but at slightly lower relative elevations to the Thorpe Sand. It
also is a weakly structured, uniform, sandy soil with sandy loam to loamy sand surface
horizons overlying a moderately bleached fine sandy A2. An organic/iron pan that
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occurs within 75 cm from the surface characterises the B horizon and indicates mean
winter water table height, differentiating this soil from the Thorpe Sand (Figure 19
Ob13). Soil pH is mildly acid. This shallow phase soil is found and mapped together
with Thorpe Sand and also the Whitemarsh complexes.

Land Use and Land Capability

Being found in lower positions this soil type becomes poorly drained during the wetter
months of the year. This impedes early paddock preparation and crop establishment.
This landscape position and the occurrence of a cemented pan within 76cm of the
surface often results in waterlogging during winter and after heavy rain. Complex
topographic pattern often makes drainage of this land difficult and most land is
classified as Class 5d (drainage) but, with good drainage infrastructure implemented,
management at the higher Class 4 level is achievable.

Major Management Issues and/or Hazard
Drainage

Whitemarsh Soil Type 7 (Minor Soil)

Mapping Units (Wm7)

Areas displaying similar soil type to the Whitemarsh Soil Type 3 (See Whitemarsh
Complexes) have been mapped within this landform group. This soil type has been
named Whitemarsh Complex Type 7 and is differentiated from the Type 3 by having
gritty soil horizons. Coarse angular fragments of weathered feldspar and quartz appear
dispersed throughout the Type 7 profile. Although they possess similar sodic clay
subsoils these soils are better drained than the other Whitemarsh Soils, as they occur
higher in the landscape and shed much of their surface water and drain laterally. They
appear also to have formed on a part of the higher plain that has been a collection zone
for weathered clay and granite material eroded from hills to the south and west of the
study area. Soil pH are mildly acid increasing in acidity depth.

Land Use and Land Capability

These areas with Whitemarsh Type 7 soils are imperfectly drained and have a land
capability class of 4d (drainage). Some areas with a covering of windblown sand are
prone to wind erosion and are classified as 4a.

Major Management Issues and/or Hazard
Soil drainage
Sodicity (See section 2.2.2 - Whitemarsh Soils)

3.2.5   Soils of the inland dunes, sand ridges and sandy banks (696 ha)

Flagstaff Sand
Mapping Units (F)

Areas of Flagstaff Sand have been mapped on the areas of strongly undulating sand
drifts and very gently sloping sandy rises and dunes that stand above the low sand
plain landscape. They are found in close association with Tomahawk Sand,
Tomahawk Sand Deep Phase and the Flagstaff Sand Dune Phase.



52

These soils are weakly structured, uniform, sandy soils with loamy sand to sandy loam
surface horizons overlying paler grey, loose A2 horizons of variable depth. Yellow
brown, weakly cemented B horizons are a prominent feature of this soil type (Figure
20). Soil pH is weakly acidic to neutral.

Remnant vegetation of Xanthorrhoea australis communities and occasional Banksia
marginata specimens are often found in areas where this soil has been identified.

Land Use and Land Capability

These areas are utilised for grazing and due to their droughty and erodible nature are
classified as 5a (wind erosion). Many areas have been left out of pasture production
due to the steepness of the terrain. To establish improved pasture on these areas
requires a number of passes by tillage machinery due to the abundance of
Xanthorrhoea australis roots. A considerable risk of mixing topsoils with underlying
material and exposure to wind is present during this process. Recent Landcare farm
fencing programs have recognised the fragility and significance of these areas as
remnant vegation areas and have resulted in the exclusion of stock in many areas.

Figure 20.   Flagstaff Sand Profile

Major Management Issues and/or Hazard
Wind erosion – soil loss, blow-outs and scarring
Low water-holding capacity

Flagstaff Sand Dune Phase
Mapping Units (Fd)

This soil type is found in similar positions to that of Flagstaff Sand but on higher and
steeper landform elements. Prominent sand ridges that perhaps were once old
shorelines and older dune systems that have migrated across the low sand plain are
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characteristic of the areas where this soil type has been mapped. Most sand ridges
extend in a west to east orientation. Similar vegetation and soil profile characteristics
to that of the Flagstaff Sand are found, although A horizon depths tend to be shallower
and A2 horizons deeper within the dune phase soil type. This soil is mapped together,
and in close association with, Tomahawk Sand and its deep phase, Flagstaff Sand.
Very occasionally this soil type surrounds drainage depressions containing
Waterhouse Peat in a cresent dune lunette formation.

Land Use and Land Capability

Due to the steep sided, narrow, linear landform pattern that is associated with this soil,
this soil type is not conducive to cropping activities or intensive grazing. Its
vulnerability to prevailing winds also gives it a very high wind erosion risk. Land with
this soil type is classified as 5a (wind erosion) and 6e (erosion general) where very
steep sided dunes are mapped. Fertility of these soils is heavily reliant on applied
fertilisers and together with shallow topsoils and high rate of nutrient leaching these
characteristics make this soil expensive to keep in top condition.

Major Management Issues and/or Hazard
Wind erosion – soil loss, blow-outs and scarring
Low Fertility
Low water-holding capacity

Badger Sand

Mapping Units (Bg)

Badger Sand occupies identical landscape position and landform in the high sand plain
as Flagstaff Sand and it’s deep phase does in the lower sand plain. Soil profiles are
also practically identical in appearance (Compare soil profiles in Figure 20 and Figure
21).

However where native vegetation is still evident larger vegetation species including
more Eucalypt spp. and a lower storey dominated by Lomandra longifolia occurs on
the Badger Sand. It is not known why this difference in vegetation occurs between the
Flagstaff Sand and the Badger Sands. A few theories suggest that the more inland
landform (Badger Sand), has experienced a lower incidence of fire and/or is perhaps
an older landform displaying its climax vegetation community. Subtle differences in
drainage status due to topographic variability, increased water uptake by the trees
and/or perhaps soil acidity may also play a role being generally more acid in nature

Land Use and Land Capability

Identical to Flagstaff Sand and Flagstaff Dune Phase 5a and 6e (refer above).
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Figure 21.   Badger Sand Profile

Major Management Issues and/or Hazard
Wind erosion - soil loss, blowouts and scarring
Low Fertility

3.2.6   Soils of the low granite hills, foothills and tors (502 ha)

Tobacco Hill Association (Minor Soil)
Mapping Units (Th)

This group of soils has formed from granitic colluvium and alluvium on the gently
sloping foot slopes of granitic hills. The main areas are located in the west of the map
and skirt Tobacco Hill, which constitutes the main relief feature in the area. Other
smaller areas are scattered throughout the surveyed area and have often been mapped
in complexes with Skeletal Soils on Granite. Varying depths of windblown sand
commonly overlie the profiles. The Tobacco Hill Gritty Loam (type profile located in
Appendix 9), is the most frequently encountered soil type from the Tobacco Hill
Association within the study area. Another soil, the Tobacco Hill Gritty Sandy Loam
also has been observed. Highly variable duplex soils are characteristic of the Tobacco
Hill Association due to their alluvial/colluvial origin. Fine gritty sandy loam to loam
topsoils, overlie gritty, fine sandy A2 horizons of variable depth. Below this a coarse,
gritty and mottled light medium to heavy sodic clay B horizons are commonly
encountered. Occasionally larger fragments of weathered granite are found within the
profile as well as a few surface stones. Soil pH range from acid to mildly acid.

Land Use and Land Capability

A considerable amount of the area identified as Tobacco Hill Association has been left
vegetated due to shallow gravelly or stony soils. These soils have very low water
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holding capacity and are extremely droughty in summer. Their gritty nature also
assists nutrient to leach from the profile making these soils expensive to fertilise and
keep in production should they be cleared. Land capability classification for these
areas is 6s (soil limitation).

The areas that have been improved for agriculture occur adjacent to the many
watercourses. These locations have comparatively deeper and heavier topsoils with
better moisture holding characteristics (often reflected by higher pasture yield during
the drier months of the year). Grazing is the dominant use of this area while the
dominant limitation to its use is seasonal wetness (land capability class 5d). Some of
these areas are also found to have a covering of windblown sand, which make them
susceptible to wind erosion during the drier months if they are left bare after
cultivation.

Major Management Issues and/or Hazard
Low water holding capacity in summer
Low fertility
Drainage

Skeletal Soils on Granite (Minor Soil)
Mapping Units (Skg)

Like those formed on dolerite, Skeletal Soils on Granite have been identified in areas
that have large amounts of rock outcropping at the surface. These soils have formed
on, but not necessarily from, granitic material and are often just a thin depth of
windblown sand, showing little pedological development, covering granite bedrock.

Granitic tors (outcrop) are evident in many locations throughout the study area.
Skeletal soils on granite are mostly found in association with Tobacco Hill and Thorpe
Sands, and these soils are invariably included within the soil complex where a Skeletal
Soil on Granite is mapped as the dominant soil. Few pure areas are found on the map
due to their small size. Many areas that are too small to map separately have been
included as sub-dominant soils in a soil complex dominated by Tobacco Hill
Association soils, Thorpe Sands or Badger Sands. Profiles are mostly weakly
structured topsoils of windblown origin overlying bedrock or weathered granite
boulders. Leached A2 horizons are sometimes present overlying clay layers that have
weathered from the granite. Soil pH is mildly acid to acid throughout.

Land Use and Land Capability

The areas mapped with Skeletal Soils on Granite are used very little for agricultural
purposes other than rough grazing. Forage grazing by cattle in the past has impacted
severely on the native vegetation in most of these areas such as those on the south
western boundary. Tree die back is also evident especially in the south east. Some
farmers believe that the history of heavy foraging is linked to tree die back in this
area.

Land capability classification of 6r (rock outcrop or stoniness limitation) is assigned to
areas where rock outcrop is the dominant limitation, and 6s to areas that have shallow
gritty topsoils and gritty clay subsoils overlying hard or weathered granitic rock. In
very small areas the extent of rock outcrop combined with very steep slopes, results in
a land capability of Class 7ers indicating that this land is unable to support sustainable



56

agricultural use due to the limitations imposed by the erodible nature of these rocky
and shallow soils.

Major Management Issues and/or Hazard
Vegetation decline from die back (Phytophthora cinnamomi)
Rock outcrop
Low water-holding capacity

3.3   Management of the Soils in the Waterhouse area
If broad scale land use change takes place within the study area, the soil resource will
come under increasing pressure from more frequent tillage and cropping activities.
Most of the soil types have sandy topsoils and are prone to organic matter loss and
wind erosion. Very high levels of soil management will be required in order to
produce high quality crops and maintain the land resource in good condition.

The soil mapping process has highlighted the degree of variability of the sandy soils
within the study area and, hence, some of the difficulties that a land manager may face
when utilising this land. Two main soil management classes have become apparent
within the study area. These are sandy soils and wet soils. Each have their own
distinct management issues and associated management practices.

Farmers within the area have to be able to manage these two soil groups well, because
there are many sandy soils in the district and a great number that also suffer from
periods of wetness especially during the winter months when groundwater and rainfall
is high.

A soil type can belong to both groups. For example the Type 4 soil is sandy soil that is
very wet during winter but in summer it dries out and is capable of being utilised for
cropping. Each group has a number of management requirements that need to be
addressed by farmers should they wish to undertake irrigated cropping. The important
characteristics of these soils are found in Table 12 below.

Sandy Soils Wet Soils
Poor natural structure Drainage/Waterlogging
Low natural soil fertility Groundwater recharge
High nutrient leaching rate Salinity
Low water holding capacity
Elevated wind erosion risk

Table 12.   The main soil management groups and their main management issues.

A number of land degradation hazards have been identified in Section 5, which also
contains management recommendations that are aimed at minimising degradation.
Broad management information for both of the soil management groups is displayed
below. More specific information, including management recommendations to assist
farmers deal with the main degradation hazards found are detailed in Section 5.

3.3.1   Management of Sandy Soils
Sandy soils have lower natural fertility than clay soils, are more prone to drought, and
have higher nutrient leaching rates. Intensive cultivation and short crop rotations in
other parts of Tasmania (Cotching, et al 2002) and mainland Australia (Moore, 1998)
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have been shown to reduce organic carbon levels and inhibit the ability of sandy soils
to fix nutrients. Should these soils become highly depleted of organic carbon, farmers
may experience difficulty establishing a ground cover after tillage, which will, in turn,
result in an elevated risk of wind erosion.

High nutrient leaching rate, low water holding capacity and low natural soil fertility
all revolve around the fact that water can move relatively easily through these soils,
vertically or laterally. When adding nutrient to a sandy soil for cropping and pasture
renewal purposes, a considerable amount is lost because the soil is unable to bind it
and 'lock it up' within the soil. A sandy soil relies mostly on organic matter within the
topsoil to trap nutrient. Organic matter management is the key to keeping a sandy soil
in good condition. If organic matter levels are kept high, a reduction in fertiliser
application can be achieved and increased levels of nutrient become available to the
plants being grown. Cost savings and increased yield are therefore also possible.

It is also important not to work these sandy soils too deeply and to avoid diluting the
topsoil with the pale leached A2 horizon that can occur directly under the topsoil. This
will only dilute the organic matter accumulated within the topsoil. ‘Top working’ and
preferably, using direct drilling techniques where possible, is recommended.
Occasional deep ripping may be required but only when compaction has been detected
at depth.

Generally when irrigation water is applied to freshly cultivated cropping paddocks or
fallow paddocks that have sandy soil there is a far greater opportunity for this water to
find its way beyond the root-zone than before the soil was it was cultivated. It is,
therefore, extremely important that the application rate of irrigation water is
appropriate for the crop type, the stage of the crop and the soil type being watered, in
order to avoid wastage and reduce the chance of excesses water recharging local
groundwater systems. Most farmers in the area are aiming to deficit irrigate, but in
some locations due to soil complexity and the undulating nature of the terrain, this is
very difficult to achieve.

Should over-watering occur, water wastage and waterlogging that often results in
groundwater recharge are not the only impact to the land. Nutrient removal via
leaching and an elevated risk of surface salinity in off-site areas (drainage
depressions) are also considerations.

Simple monitoring of irrigation wetting fronts within the soil profiles during irrigation
application can assist farmers adjust their application rates for the different soil types
that they farm and avoid yield reduction. Applying appropriate rates within areas that
have a complex soil type pattern is much more difficult, and will require higher levels
of management input. This will include implementing adequate drainage in the wetter
areas and regulating water application in certain parts of the paddock (in the case of
pivot irrigation this may require adjusting pivot speeds, nozzles etc depending upon
the characteristics of the dominant soil type).

If a larger area of previously grazed land is converted to irrigated cropping or irrigated
dairy land in the future, the potential for ground water recharge to occur in the low
lying areas will increase due to the larger land area being made more permeable
through tillage.
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3.3.1   Management of Wet Soils
Prior to the sand plain being cleared and improved for agriculture, the vegetation
present assisted in keeping groundwater levels down through evapotraspiration. After
clearing, groundwater levels are likely to have risen but the implementation of surface
drainage and a number of deeper main drains in the area have resulted in an easing of
the soil wetness problem on the plain. However some areas still suffer from soil
wetness especially during the winter months.

Wet soils include those soils that receive run off from higher in the catchment as well
as those that 'wet-up from below' as groundwater rises after heavy rainfall. Some wet
soils experience both these processes and where they do, they often display heavier,
deeper, organic topsoils and mottled clay subsoil.

Due to topographic complexity it is almost impossible to farm a uniform soil type
within a paddock or cropping pivot within the Waterhouse study area. Therefore, wet
soils are often incorporated into production (see Figure 22). Waterlogging in the lower
parts of production areas, causes yield losses in crops such as potatoes and poppies.
Salt within the water results in further stress to a crop and can amplify the effect from
waterlogging.

If areas are obviously causing crop damage or reduced yield farmers may explore
other potential uses of these areas. They simply may want to use the area to site a
surface drain that would assist overcoming the localised soil drainage problem. They
may wish to leave the wet areas out of production completely (ie. under pasture).
Where there is a sizeable area of wet ground there may be an opportunity to fence it
and re-establish a native wetland. Creation of a wetland can assist lowering local
groundwater levels if water and salt tolerant, deep rooting native species are planted or
allowed to re-establish in large numbers.

Figure 22.   Variable terrain and soils often result in wet soils being incorporated into production areas.

A difficult balance exists between soils that are too wet and those that become too dry
and droughty in summer. Where soils are not extremely wet and can be utilised for
intensive crop or pasture production, the soils provide good levels of growth well into
the spring and early summer. This is because they have access to soil moisture for a
longer period into the drier part of the season than the surrounding more freely
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draining soils. These areas have been, and continue to be, utilised by graziers, who
take full advantage of this soil characteristic to run or agist stock to obtain market
advantage at stock sales at this time of year.

Soils such as the Podosols and soils of the Whitemarsh complex are often prone to
perched water tables that are caused by pans within the soil profile (Podosols) or clay
textured, sodic subsoils (Whitemarsh). Additional drainage that assists these soils
drain their near-surface horizons may benefit production during the wetter periods of
the year.

Many of the soil types (including the sandy soils) in the Waterhouse study area
indicate high levels of sodium within the profile especially in the subsoils. This
characteristic causes clay within the soil to be dispersive and result in crusting and
sealing problems if subsoil material is incorporated into the topsoil through
cultivation. Surface crusting and sealing will, in turn, result in localised ponding (see
section 3.2.2).

Trampling by livestock and trafficking by machinery is known to result in soil
compaction and a reduction in the size of pores within the soil and can reduce
permeability. It is advisable to control stock numbers and restrict paddock traffic
especially after recent cultivation. This will promote deeper plant rooting which in
turn results in increased water availability to these roots during drier periods and
greater productivity. It will also reduce water ponding because of less compaction and
greater evapotranspiration.

The slow permeable subsoils of the duplex soils can reduce the potential of
groundwater recharge in upper landscape positions where a surface gradient exists, but
can also result in quantities of lateral drainage and run off that can accumulate in
lower landscape positions. This inturn causes ponding and waterlogging which can
elevate the risk of groundwater recharge at these lower locations.

The gently undulating terrain makes applying the correct amount of irrigation to soils
within the Waterhouse area difficult (see Figure 22). Sandy soil types with better
drainage and infiltration make up the majority of the cropping paddocks and require
higher water applications than those soils found in the network of drainage lines,
hollows and depressions, which contain heavier poorly drained soils. Farmers are
forced to apply the amount that the most freely draining soil requires. Depending on
the season, this may result in yield reduction from waterlogging and may cause
recharge to the groundwater in the low-lying areas.

If an increase in irrigation water application occurs in the Waterhouse region and
many more centre pivot areas are created and located in close proximity to one
another, the impacts upon the regional groundwater from recharge could be
significantly different to those seen to date, especially if deficit irrigation is not
practised.

Additional information on wet soil management in the study area is found in Section
5.3.
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4.   SOIL PHYSICAL CHARACTERISATION
In order to determine the physical characteristics of one of the most commonly
occurring soil types in the Waterhouse area and to see how these characteristics are
affected by different land management systems, three sites were chosen for a number
of soil experiments.

All three sites were located within areas of Tomahawk Sand soils (See Section 3 for
soil description). This soil has a sandy profile with sandy loam to loamy sand topsoils
and has been used for the production of potatoes and poppies under irrigation in the
Waterhouse area.

At each site two soil physics assessments were undertaken:
Aggregate stability: this is a measure of soil structure and can be used as an
assessment of soil strength and resilience to tillage.

Bulk density: this is a measure of soil porosity and structural condition and can be
used to indicate both the ability of a soil to drain and the condition of the rooting
environment for plants. It is also used to measure compaction within degraded
soils.

The over-arching aim was to measure these three soil characteristics in the Tomahawk
Sand under each of the three different management systems (soil treatments) at each
site in an attempt to determine the impact on the soil by each management system.

The three treatments, their definition and the assessments conducted at each site are
listed in Table 13.

Treatment (management system) Characteristics assessed for each treatment
(including number of repetitions per area)

Cropped (current crop, with history
of cropping)

Pasture (long-term, with no cropping
history)

Recovery (previously cropped, (at
least 1 year of potatoes) and currently
restored to pasture.)

Bulk Density- Topsoil and Subsoil (10 repts.),
Aggregate Stability- Topsoil (6 repts.)

Table 13.   A summary of the treatments and the assessments conducted at each site.

Because irrigated cropping has been a relatively new practice for the Waterhouse area,
no long-term, regularly irrigated, cropping areas exist within the study area. None of
the three sites initially chosen within the study area had a cropping history of more
than one crop of potatoes (the most commonly irrigated crop in the area). This makes
any reliable estimate of the effect of long-term cropping on this soil type impossible.
In an attempt to overcome this problem the third site (Site 3) was selected at a location
outside the study area which had a significant cropping history especially at its
recovery treatment site.
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Each long-term pasture area had approximately 10 years of pasture history. These
areas were to act as comparison areas at each site in the experiment. Each cropped
area apart from that at Site 3, had previously been in a long-term pasture phase prior
to a crop of potatoes and all measurements were taken prior to harvest.

Sites 1 and 2 had recovery areas with management histories that included a crop
within the past 5 years. At Site 3, however, an area with a heavier cropping history
was chosen to investigate the effects of more intensive rotations on soil
characteristics. The history of the recovery area at Site 3 included three crops of
potatoes in ten years, as well as lucerne and pyrethrum crops, prior to being returned
to pasture.

As well as the above experiments, investigations were also undertaken to determine
the impacts of wind erosion on cropping paddocks. If more cropping is to occur in the
future within the study area, then the extent of bare soil that is exposed each year to
wind erosion will increase. Wind erosion will become a larger issue over time and
threaten the sustainability of the sandy soils used for potato production in this region if
not adequately managed.

In an attempt to highlight the likely long-term consequences from wind erosion on soil
health and also to stimulate increased management of this form of degradation within
the region, a collection program for windborne particles was established (Section 4.4).
Analyses of the samples collected down wind from cropping areas were conducted to
assess losses from the cropped area and the impact upon soil nutrient status.

All data collected for these soil physical assessments are displayed within Appendices
10, 11 and 12

4.1   Infiltration Rates

A soils’ infiltration rate determines the rapidity with which surface water can enter the
soil profile. It is controlled by soil structural condition, soil texture, surface condition,
vegetation and soil moisture. By determining infiltration rate and the impact on this
rate from different land management systems, an estimate of risk of groundwater
recharge under irrigated cropping may be made. It is also useful to know the rate of
infiltration to assist with determining irrigation rates and leaching rate of soil
nutrients.

If surface water is applied at a rate greater than the soil can accept, then the potential
for surface run-off and soil erosion exists. Hence soil infiltration rates have been used
to indicator optimum irrigation rates that will avoid the risk of erosion, especially on
sloping land. Soil infiltration rates can also be considered to be a measure of soil
structural condition. Uncompacted soils have higher infiltration rates than degraded
compacted soils.

Soil infiltration tests therefore were considered an appropriate tool to determine
maximum irrigation rates and provide a comparison of soil condition between cropped
and uncropped soils in the Waterhouse area. A series of ponded disk permeameter
experiments were therefore undertaken on the dominant cropping soil within the area.
However the results from these tests proved to be unreliable and inconsistent. It
became apparent that significantly more time and effort was required to achieve sound
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and reliable results. The project time frame and resources did not permit this and
consequently this component of the soil physical characterisation was discarded.

4.2   Aggregate Stability

Aggregate stability is an indication of the resistance of soil aggregates to breakdown
by water (Charman et al 1991). This is normally measured by the degree to which the
different size fractions of the soil sample are broken down during a wet sieving
procedure. Aggregate stability gives an indication of how robust the topsoil aggregates
are and, therefore, the potential for degradation of soil structure. Measurements of
aggregate stability may also be used comparatively (see 4.2.1) to determine if there
has been any impact upon soil aggregates from different management systems.

4.2.1   Methodology

Aggregate stability was measured by wet sieving, a sample of air-dried soil (Herbert et
al, 1995). The results have been obtained using the Mean Weight Diameter technique.
In brief, the method involves the cyclic movement of nested sieves submerged in
water. The sample is placed on the top sieve and, as the sieves are moved up and
down through the water, the aggregates are broken down and are sorted according to
their structural sizes. The mean weight of the resultant aggregates were then
multiplied by their aggregate diameter class to provide the figures that appear in the
graph below (Figure 23). Low aggregate stability indicates unstable soil structure with
weak structural strength, higher values indicate more robust soils.

At all sites, three samples were taken within 20 cm of the surface for each treatment
and measured in duplicate. This depth corresponds to the potential plough layer.

4.2.2   Results

Aggregate stability results could only be measured for samples from Site 2 (Figure
23). Samples from both Site 1 and Site 3 did not have enough structural integrity to
survive initial sieving and, therefore, indicated a naturally, very fragile soil structure
that is highly susceptible to degradation when cultivated and/or exposed to the
weather.

Figure 23.   Aggregate Stability Site 2 - Average Mean Weight Diameter.
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Site 2 results indicate that aggregate stability appears to diminish after soils that have
been in long-term pasture have been 'worked' and planted with potatoes. After having
undergone a number of years under long-term pasture since the crop was harvested,
the mean weight diameter is still lower than that of the long-term pasture site. This
implies that cultivation has negatively impacted upon aggregate stability at this site
and that while improvement of mean weight diameter has occurred during the
recovery phase the size and stability of the aggregates has not yet reached that of the
long-term pasture treatment. Full recovery therefore, is likely to take many years.

4.2.3   Discussion

The fact that Sites 1 and 2 soils failed to provide any stable aggregates indicates the
very weak natural structure of the Tomahawk soil type.

At Site 2 where a slightly heavier, better structured sandy loam topsoil occurs, the
negative impact from cultivation and the slow recovery of aggregate stability, even
after a number of years is a concern and has implications for the management of these
soils under a cropping management system.

It could be argued that these sandy soils have a very weak structure naturally and so
cultivation has only a small impact on soil structure and strength and, therefore, soil
health. However, cultivation does appear to decrease aggregate stability and has the
capacity to make the soils more prone to wind erosion and that is a major land
degradation concern.

Minimal tillage and organic matter management aimed at minimising the effects of
wind erosion are, therefore, extremely important and should be practised when tillage
take place on sandy soils. Additional soil conservation strategies such as windbreak
establishment and stubble/residue incorporation are also recommended to help
minimise the effects of wind erosion

4.3   Bulk Density

Bulk density is the mass of a known volume of soil divided by that volume. It
indicates the looseness or compactness of a soil (Leeper 1993) and, therefore, is useful
to determine how many gaps there are between the soil particles (pore space), which
are usually occupied by either water or air. This measurement can, therefore, indicate
potential water movement through a soil and also the degree of compaction or loss of
structure that may be attributed to different land management techniques relative to an
unaltered site.

4.3.1   Methodology

Both surface and sub-surface samples were taken for bulk density determination. After
clipping and removal of surface vegetation, a metal ring (7.5 cm deep with a 7.3 cm
diameter) was inserted into the topsoil until it was flush with the surface. A hole dug
beside the inserted ring allowed clean removal of the contained sample. The hole was
further excavated to 30 cm and the process repeated for the sub-surface sample. Ten
samples were taken for each depth for each treatment. The surface sample for the
cropped treatments were taken both in the 'row' (on top of the potato mould) and in the
'inter-row' or furrow location (between the moulds). Samples were oven dried at 105
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degrees Celsius and then their weights recorded. Then the mass of the sample was
divided by the volume of the metal ring, to arrive at a bulk density measurement.

4.3.2   Results

Surface bulk density results (Figure 24) show a reduction in bulk density in the
cropped treatments compared to the long-term pasture treatments. At each site the
Crop 'inter-row' treatments show slightly higher bulk densities than the Crop 'row'
treatment measurements.

Figure 24.   Surface (0-7.5 cm) Bulk Densities for Waterhouse

The most interesting feature of the surface bulk density results is that the recovery
treatment at every site shows higher bulk density values than those of the long-term
pasture and the crop treatments.

All sub-surface bulk density results (Figure 25) indicate much higher bulk density
measurements than those found in the surface samples for all treatments.

Figure 25.   Sub-surface (30-37.5cm) Bulk Densities for Waterhouse
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Little significant difference is seen between each treatment at each site, other than a
slight increase in bulk density in recovery treatments compared to cropped treatments
at each site. The marked increase in sub-surface bulk density at Sites 1 and 3 indicates
very compact subsoil (a tight arrangement of fine sand grains).

4.3.3   Discussion

The surface bulk density results (Figure 24), show how tillage, relating to potato
planting, can reduce soil bulk density in the 'cropped' treatments compared to the
long-term pasture treatments. This is an expected result as the current method of
preparation and planting potatoes in this area includes the use of rotary implements
when cultivating virgin ground. This machinery breaks up and combines both the
thick root-mat and soil material, sometimes incorporating loose underlying A2
material to achieve the required mound depth and tilth. While this process may
provide great tilth for planting potatoes, it also results in a soil that has very little
protection from wind erosion and one that is more prone to tight settling and
compaction. Also the reduction of bulk density within this soil layer can result in an
increased ability for water to infiltrate to lower depths which in turn reduces runoff
rates and surface ponding.

‘Inter-row' surface bulk densities being slightly higher than the 'row' measurements is
likely reflecting the compaction produced from vehicle wheels and compression from
the moulding equipment. It is also perhaps due to the more tightly compacted soil
profile material that the samples had been taken from (this location has been scalped
and the ‘real’ topsoil material has been used for the creation of the potato mould).

The recovery treatment at every site shows higher surface bulk density measurements
than its corresponding long-term pasture and the crop treatments. This demonstrates
that harvesting as well as management post-harvest may affect bulk density. Studies
have shown that sandy soils can suffer from compaction and therefore increased bulk
density after cropping, particularly after potatoes (Cotching et al 2002). Theoretically,
over time, this situation is remedied if a long enough fallow and pasture phase is
incorporated into the rotation. These findings however show that the impacts of
cropping are still evident in soils at least 3-4 years after cropping. Land managers are
therefore advised to consider this when determining the frequency of cropping, as well
as controlling the type and rate of stocking in paddocks directly after potatoes.

The much higher sub-surface bulk density measurements than those found in the
surface samples for all treatments was expected at Site 2 due to the clear differences in
texture between the surface and the heavy clay sub-surface samples. In the deep sandy
soils of Sites 1 and 3 however, the high sub-surface bulk densities, compared to those
found at the surface for corresponding treatments, are somewhat unexpected. There
appears a natural mechanism for compaction in these soil layers because little
influence from the three management systems is obvious.

Some evidence that trafficking by heavy machinery may be causing some effect on
bulk density within the sub soils is found when recovery treatment at each site show
higher relative bulk densities to the cropped sites. This trend is especially evident at
the most heavily cropped site (Site 3) where bulk densities are even higher than the
long-term pasture site.
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Overall, Site 1 shows good management with lower bulk densities under a cropping
management system and measurements still below that of the long-term pasture two
years after the crop.

Site 2, which has clay subsoils, shows a similar but more dramatic disparity between
'long-term pasture' and 'crop' and the ‘recovery’ treatment. It is likely that some of this
could also be attributed to older, heavier harvesting machinery which was used at this
site, as well as the different subsoil material found at the site.

Site 3's higher intensity cropping history most probably resulted in an increase in bulk
density in the recovery treatment, especially at the surface.

4.4   Wind Erosion

During the course of the fieldwork for this study two major and a number of minor
wind erosion events were observed within the study. As cropping becomes a more
common land use in the Waterhouse region, more ground will become exposed and
the chance for wind to erode unprotected soil will increase (Figure 26). The
Waterhouse region has large areas of light textured soils and being in a coastal
location endures very strong and prolonged westerly winds. This combination of
factors results in unprotected soils being eroded and depleted of organic matter and
nutrient Regular exposure through increased cropping will require this major land
degradation issue to be addressed to ensure sustainable use of the soil resource.

Figure 26.   The result from wind erosion on unprotected sandy soils

This small investigation aims to highlight the impact of wind erosion on cropping
paddocks with a view to refining management of these soils when undertaking
cropping. The study collected material blown from paddocks used for potato
production. From this, the stages of production most likely to result in wind erosion
can be determined. Sampling the material collected has also demonstrated how wind
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erosion can impact upon soil fertility and the long-term sustainability of these sandy
soils.

4.4.1   Methodology

Wind erosion collection units were installed at three separate sites within the
Waterhouse study area. The sites selected were adjacent to potato crops grown under
pivot irrigation. The units were installed on the longest run due east of each pivot to
maximise collection from the prevailing westerly wind. (Figure 27)

Figure 27.   Wind Erosion Collection units installed beside a potato crop.

The trial was conducted from mid-October and continued through to mid-March. This
period was divided up into three crop stages (See Appendix 13). The first was a period
'before crop cover' that included planting and the time when soils were freshly
cultivated and bare. The next stage then extended from a point when 'crop cover' was
well established through to harvest time. The final stage 'post-harvest' extended from
the point at which the potatoes were removed and the soil left bare once more until
several weeks after harvest. The post-harvest collection period varied for each of the
sites (For Site 1 it was a six week period, for Site 2 a four week period and the harvest
had not commenced at Site 3) therefore only Sites 1 and 2 were monitored during the
post-harvest stage. Site 3 still had not been harvested by the termination of the study.

Two collection units were mounted at the same location at each site, on the lee side of
a potato pivot as close as practical to the edge of the pivot. At each site collection
units were positioned at 30 cm and 70cm from the ground. The dimensions of the
collection aperture for each unit were 2.3 cm wide and 4.7 cm deep.

The windward runs varied for each site. The Windward Run is defined as the distance
between the windward edge of the pivot and the collection unit itself. This distance
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was accurately measured and checked using a GPS (global positioning system). It is
assumed that each collection device collected material from an area with the same
width as the device and breadth as long as the Windward Run (Collection Area). The
Collection Area for each site was then calculated by multiplying the collection unit
width by the Windward Run for each site (Table 14).

Site Collection unit width (m) Windward run (m) Collection Area (m2)
Site 1 0.023 1800 41.4
Site 2 0.023 540 12.4
Site 3 0.023 1000 23.0

Table 14.   Collection areas and windward run for each site

The collection area size varied for each individual site depending on the size and
formation of the pivot layouts. Site 1 has an extraordinarily large collection area
because two pivots were located next to each other.

The collection units were emptied every two weeks and the material collected, was
oven dried at 105 degrees Celsius and weighed. The recorded weights for each
collection date are listed in Appendix 13.

To investigate the process of soil particle sorting and nutrient stripping effects often
associated with and caused by wind erosion, another small investigation was
undertaken. Material was collected during and after a particularly severe wind erosion
event (23/03/2003).

A standard 20 cm diameter soil sieve and pan was used to collect the sample during
the severe wind erosion event. It was positioned 45 m downwind from and outside of,
a cropping pivot area. The 2000 micron mesh allowed windblown soil material to
enter the collection unit and reduced losses of material being blown back out.

The pivot area had been recently harvested and sown down to ryegrass. The soil
therefore, had little protection from the windstorm that occurred, (see Figure 27).
Material was collected from the unit the following day and is referred to in the results
section as 'material blown from the paddock'

Two topsoil samples were also taken one from within the pivot (‘Cropped’) and one
from the uncultivated fringe of the pivot circle ('Un-Cropped'). Another sample was
taken from the material that had blown outside the pivot to make an obvious ‘sand
drift' shown in Figure 26.

All samples were then sent for standard soil laboratory analysis and the results then
compared.

4.4.2   Results

Tables 15 and 16 show the collection amounts totalled for each cropping stage for
each of the study sites. Soil losses generally follow a similar pattern at each site.
Greatest loss occurred in the ‘before crop cover’ stage and comparatively, minor
losses occurred in the ‘crop cover’ stage at each site. Site 1 shows a definite increase
in material collected during the ‘post harvest’ stage compared to the crop cover stage,
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while Site 2 showed a significantly high loss in one of the two collection periods
during this stage.

Site Before Crop
Cover

Crop cover Post-harvest Total

1 512.03 4.9 66.57 583.5
2 7.34 5.59 5.09 18.02
3 1.63 0.32 NA 1.95

Table 15.   Wind Erosion Losses recorded in grams collected at a height of 30 cm.

Site Before Crop
Cover

Crop cover Post-harvest Total

1 152.71 2.66 34.92 190.29
2 4.96 1.77 0.99 7.72
3 1.79 0.41 NA 2.2

Table 16.   Wind Erosion Losses recorded in grams collected at a height of 70 cm.

The period of maximum loss coincided with times when the soil surface was the most
unprotected by vegetative cover, loose and most vulnerable to wind action i.e. during
cultivation, crop establishment and post-harvest.

The second experiment to investigate sorting or partitioning of the soil particles shows
evidence that wind erosion events are removing, mostly very dark fine sand particles
and organic matter fragments from the paddock soil. The material collected within the
collection sieve outside of the paddock contained this fine dark material compared to
the coarser, heavier, sand particles in the obvious sand drifts formed at the pivot edge
by the windstorms (see Figure 26).

Nutrient analyses for each of the sample sites for this experiment are shown in Figures
28 and 29. Figure 28 compares nutrient levels within the samples collected while
Figure 29 displays their organic carbon content (%). It should be noted that this
analysis has not been replicated and these results represent a guide only of the likely
nutrient stripping effects of wind erosion.

Figure 28.   The nutrient levels for each of the samples collected.
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The obvious feature of Figure 28 are the much higher levels of nutrient found in the
material that was blown from the paddock. This highlights the fact that while the most
obvious losses from a wind erosion event are the drifts of light coloured sand, there is
also an important invisible loss from the paddock in the form of dark coloured,
organic and mineral material. Soil tests show that this material is extremely important
to soil fertility.

It is also interesting to note that results for the sample collected from the un-cropped
topsoil exceeds the fertility levels of the cropped topsoil sample. The cropped topsoil
sample inturn closely resembles the results from the sand drift sample, (apart from the
levels of reactive iron).

Soils require good levels of organic carbon to bind nutrients. It was suspected, from
the colour of the material ‘blown from the paddock’, that organic carbon losses could
be occurring through wind erosion and, therefore, could be reducing the ability of the
soil to hold natural nutrients notwithstanding those applied for crops.

The levels of organic carbon within each sample are compared in Figure 29. High
organic carbon levels roughly equivalent to those found in the un-cropped topsoil
sample were also found in the material that was blown from the paddock. This
supports the suspicion that organic carbon losses were occurring through wind erosion
events.

Figure 29.   Organic carbon losses.

It is very interesting to note that reduced levels of organic carbon are found in the
cropped topsoil sample compared to the uncropped sample, and the very low levels
found within the sand drift material.

4.4.3   Discussion

The wind erosion experiment utilising the soil particle collection devices indicated
that windborne material was being removed from paddocks within the study area
mostly at a height close to the ground but also at 70 cm. Of the collection sites, Site 1
clearly had the greatest wind erosion losses at both the 30 cm and the 70 cm heights.
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aligned next to each other and with the prevailing wind direction. The exposure and
susceptibility of the soil was also greater at this site with the presence of lighter
textured soil (loamy sand to sand) on subtle sandy rises within the pivot.

The other two sites, particularly Site 3, while having smaller windward runs also had
slightly heavier (less vulnerable), sandy loam soil textures.

The collected material for all sites was dark coloured, very fine sand and organic
matter. The wind appears to have sorted and removed the lighter, less dense soil
constituents such as very fine sand, organic matter, clays and silts. Thus, it appears to
have mobilised the most fertile part of the soil which, if removed from the paddock
regularly and in large quantities, would lower the productivity of the soil over time
(Lyles, 1975).

The series of experiments undertaken confirmed that wind blown material has a high
nutrient load and a very high organic carbon content. Wind erosion, therefore, has
been demonstrated to deplete the soil of nutrient and reduce a soils’ capacity to bind
nutrient.

This reduction in organic carbon content not only represents a loss in the capacity to
bind and retain essential nutrients, it also brings about a reduction in the soil’s water
holding capacity which is crucial in such light sandy soils during drier months of the
year. In order to conserve organic carbon levels in their soils, farmers are encouraged
to retain as much organic material (stubble, residue etc.) and to keep the number of
machinery passes and the intensity of these passes to a minimum.

Strong wind events can occur at any time of the year in a coastal location such as
Waterhouse but landholders have reported an increase in wind severity at certain times
of the year. Figures in Table 4 (Section 1.1.1) support this observation with wind
speeds at Low Head and Eddystone Point at their highest during the spring and early
summer. Unfortunately, from a soil conservation viewpoint, this coincides with the
period that cropping soils are at their most vulnerable ie. little pre-crop cover with
large areas of unprotected soil.

Minimal loss has been demonstrated once the crop has become established and the
ground is covered and mostly protected by the crop’s vegetative canopy. It has been
shown that soils require a 30% ground cover to prevent wind erosion (Moore, G. et al.
1998). Farmers in the area have used centre pivot irrigators to dampen soil during high
wind speed days and when groundcover is low. While assisting to lower amounts lost
this still is not enough to prevent losses occurring.

Farmers in the region are not currently cropping sites at the intensity whereby ground
is being cropped successively year after year, but some farmers are experimenting
with two successive years of potatoes and then a long-term pasture. As pressure on the
land increases, the length of rest a paddock receives between crops such as potatoes
may become shorter. Soil types, especially sand ones need chance for organic matter
to return and regular use may affect the long-term sustainability of the resource.

More discussion on the wind erosion hazard present in waterhouse is presented in
Section 5.2 together with recommendations and management strategies to help
minimise the impact from wind erosion.
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4.5   Overall Conclusions For Soil Physical Characterisation

Presently the rotation for potatoes is one crop in ten years. The future may see a more
intensive rotation, which may place soils at greater risk from degradation such as
structural decline, compaction, and wind erosion. Should this occur then increased
levels of management input would be needed to sustainably farm these sandy soils
into the future.

Due to time constraints the soil physical characterisation tests conducted by this study
have not included the effects from harvest into the 'crop' treatment. This treatment was
measured while the crop was still present in the ground so results only indicate
potential impact from paddock preparation and planting only. The results therefore do
not incorporate the full impact of cropping on the soils ie. inclusive of harvesting. Had
they done so the effects upon bulk density and aggregate stability are likely to have
been more pronounced. Potato harvesting in particular is notorious for causing
compaction along wheelings and headlands during harvest due to the size and weight
of machinery involved as well as resulting in a great deal of mixing of soil and loss of
structure as potatoes are lifted.

4.5.1   Aggregate Stability

The fact that most topsoil samples other than Site 2 produced no water stable
aggregates indicates that these soils are naturally very fragile and require careful
management which aims at retaining soil structure and preventing wind erosion.
Cropping these soils would require management practices that build up, or at least
retain, organic matter levels in the topsoil to do this. The use of minimum tillage and
trafficking procedures would also benefit these soils by reducing the impacts of
implements and machinery.

It appears that the aggregates of the Site 2 soils (that had better structure due to higher
clay content- sandy loams) became more unstable after crop establishment due to the
physical affects from tillage. With time however it is shown in the recover treatment
that long-term pasture or rest phase will result in some improvement in aggregate
stability.

Crops in close succession may reduce the number of aggregates to a level where the
soil becomes so loose that it makes moisture holding and hence re-establishment of
pastures difficult. This intensity of cropping would also result in the soil being more
prone to wind erosion. Again, appropriate soil management and rotations will help to
combat these impacts.

4.5.2   Bulk Density

High bulk density can reduce water infiltration and, therefore, increase the incidence
of both water ponding and surface run-off. It also reduces rooting depth and
development, gaseous exchange and the number of soil biota.

Tillage has been shown by this study to reduce bulk density in both the surface
(topsoils) and the sub-surface depths, during the cropping period. However, after
harvest and into the recovery or rest period (apart from the sub-surface soil at Site 1)
bulk density increases to above that of the long-term pasture treatment. This may be
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the result of compaction caused by heavy trafficking by machinery during harvest
time.

It is not known how long compaction as a result of harvest lasts for in these soils but
results from this study indicate that the effects are still reflected in the recovery bulk
density figures a number of years after cropping has occurred.

Careful management aimed at retaining soil structure and practices such as using
minimum tillage, avoiding trafficking and high stocking rates (especially cows) in wet
conditions is critical to reduce the impact of compaction on these soils.

4.5.3   Wind Erosion

Field observations and farmer consultations have indicated that very little windblown
material is lost from land under long-term pasture. It is only when pasture renewal or
cultivation for cropping activities are performed that cause disturbance to the topsoil
that soils become prone to wind erosion. Therefore, an increase in cropping area
and/or intensity in the future will cause a corresponding increase in the potential for
wind erosion to occur on the sandy soils of Waterhouse.

The experiments carried out for this study indicate that significant amounts of material
are being lost when cultivated ground that has little cover is exposed to high wind
speed events. The ramifications of such losses is that nutrients and also the organic
matter that assists these sandy soils to bind nutrient, is removed from the paddocks
when such an event occurs.

As cropping becomes more widespread in the Waterhouse area, effective soil
management strategies need to be employed to minimise nutrient and topsoil depletion
brought about by wind erosion. Ideally, minimum tillage or direct drilling techniques
would assist to minimise losses from wind erosion, as would the use of irrigation to
dampen light soils during wind events, maximising ground cover at the most
vulnerable time and the creation of more windbreaks to lower wind speed. The latter
would also provide shelter and better growth conditions for pastures, crops and
livestock.
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5.   HAZARD INDENTIFICATION AND CONCEPTS FOR
RISK MANAGEMENT

The following section describes the hazard assessment procedure employed for this
study as well as the main hazards found to impact upon land management within the
Waterhouse area. It displays these hazards in map form and describes their
implications to future land use intensification.

5.1   Hazard Identification in the Waterhouse Study Area

Three dominant land management hazards have become apparent during the field
survey stages of this study and through discussions with the local landholders. These
are Wind Erosion, Waterlogging (seasonal) and Salinity.

5.1.1   Hazard Assessment

When conducting a hazard assessment it is important to understand what is meant by
the term "Hazard". A hazard in the context of this study, is defined as an event,
process or condition with the potential to cause undesirable consequences.

While a number of hazards have been identified in soil types that make up a large
portion of the Waterhouse study area, this does not mean that the undesirable
consequences are already present or in fact that they will even occur.

This assessment aims to highlight the land areas where a 'Hazard' has been identified
and hence, where potential may exist for that hazard to begin to impact. A risk
assessment of the hazard causing the undesirable consequence has not been fully
undertaken by the project other than to group soil types according to their potential to
be impacted by the hazard, based upon their physical characteristics.

Risk is not synonymous with the term hazard and is separately defined as the
probability of a hazard occurring, taking into account the consequences of the hazard
happening. (More discussion of risk and risk analysis processes occurs in Section 5.5)

This hazard assessment process serves to remind land managers of the importance of
appropriate management to avoid or minimise the occurrence of undesirable
consequences. It also offers strategies to assist with management.

During discussion meetings related to this project, land managers have indicated that
they clearly understand that the Waterhouse environment has a number of hazards
present and that the land is "fragile country" from the agricultural point of view. They
have also demonstrated a practical understanding of some of the hazards identified
within the area, that has lead to the better management practices already (eg. irrigating
on windy days to reduce wind erosion when soils are most suceptible).

This study has mapped each hazard spatially for a number of reasons:
To determine the extent of each hazard and hence, reinforce the importance to land
managers of continued efforts in managing that hazard in an attempt to avoid
and/or minimise any undesirable consequences.
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To assist in farm planning decision making with respect to the location of
infrastructure, fencing, centre pivot irrigation areas, windbreaks, main drains,
surface drains, areas to graze at the wettest time of year etc., in order to maximise
productive capacity whilst minimising land degradation.
To provide information data sets that could assist and guide in strategic planning
and future developments at the district level, including suitability studies for new
crops, drainage trust establishment, irrigation schemes etc.
To raise the awareness of appropriate land management practices on particular soil
types.

Suggested management strategies found within this section are a combination of
material taken from 'best practice' guidelines, technical work both internationally and
nationally, and input from landholders within the study area. Some are inexpensive to
implement. Others are more labour intensive and/or costly. It is left to the judgement
of each landholder to determine their own level of risk (see section 5.5) and decide
which techniques they may wish to apply to their land.

5.1.2   Hazard Identification

The identification of potential hazards to agriculture in the Waterhouse area is based
upon an interpretation of the various soil type characteristics and the known
relationships between those characteristics and the potential hazards.

The hazard assessment process identified the dominant soil types that had the
necessary physical characteristics (or potential) to lead to an undesirable consequence.
A classification of these soil types based upon their hazard characteristic followed.
The soil types that were found within the top 3 (higher potential) categories for wind
erosion, and the top 2 categories for waterlogging were displayed on their respective
hazard map.

A method was used that queried the UMA table (Appendix 8) to identify the areas that
contained soils with the specific characteristics that resulted in a significant hazard
rating. It is important to acknowledge that map units depicted on the hazard maps
created by this methodology are not pure and may contain up to two subdominant soil
types that may not possess a hazard rating. As such the spatial extent of the hazard
categories depicted on the map is over estimated.

Summary tables of each hazard map are found within the relevant sections below.
These tables provide a description of the hazard categories used, the susceptible soil
types associated with each hazard category and the rationale used to develop each
map. Total area for each hazard category has been calculated using the percentage of
each soil type (including sub dominant soils) found within each UMA and represents a
far more accurate indication of hazard present than that shown visually by the map.

The map showing salt storage to 5 m (average ECese), is the same map as that
produced by the Salinity Assessment component of this study. It identifies the relative
presence or absence of salinity in the landscape. The methodology for producing this
map differs from the other hazard maps (see Section 2). The classification system
employed and discussions relating to interpretation of the data are addressed in
Section 2.
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5.2   Wind Erosion Hazard

"All soils are susceptible to wind erosion given certain conditions" (Moore 1998).
Different soils require different levels of disturbance, either from mechanical or
animal action, which leave them prone to soil loss through wind erosion. The soil
texture, surface condition, moisture content, landscape position and surface cover of
the soil (e.g. the amount of crop residue or pasture) influence the level of disturbance
required. Seasonal variations and climatic conditions also can cause some affect. This
study has assessed the physical qualities of the soil types found, in order to classify
them in order of susceptibility.

The Waterhouse study area is subject to very windy conditions. Its low relief and
proximity to the coast allows winds to sweep across the area. Wind rose data for
similar north coast localities obtained from the Bureau of Meteorology are displayed
in Appendix 1 and show very few calm days. West to north-westerly winds in excess
of 30 km/h can occur in all seasons. With many sandy soils found throughout the area
all that is needed is for topsoil disturbance or reduction of the protective vegetation to
occur for soil to 'blow' or erode. This disturbance usually takes the form of cultivation
or clearing for agricultural purposes.

A number of major wind erosion events were witnessed during fieldwork for this
project. Actual measurement of amounts of soil moved and chemical analysis of the
material that was blown from the paddocks has determined that the material is mostly
composed of organic matter, while also containing some very fine sand particles (See
Section 4.5). The importance of organic matter to soil is well understood, but to sandy
soils it is of special importance. Sandy soils not only rely on retained organic matter to
increase moisture-holding capacity and provide some structural stability, it is also
fundamental in providing binding sites for nutrients. Without sufficient binding sites
the fertility of these sandy soils is severely impaired. Sandy soils that have been
stripped of organic matter, either by wind or through cultivation (oxidation), become
more reliant upon applied nutrient for their fertility, and are prone to higher nutrient
leaching rates. Both cause an increase to the cost of management in these areas.

5.2.1   Methodology and Results

Table 17 defines the criteria for the wind erosion classes used and lists the susceptible
soil types and their areas within each category.

The classification process took into account soil textures, topsoil depth, moisture
holding capacity and landform characteristics associated with each soil type. The
sandy soils with shallow topsoil, lower soil moisture holding capacity and which
occur on raised dunes (exposed landforms) have a high hazard rating, while those with
heavier textured profiles, deeper topsoils, higher moisture holding capacity and
occurring on less exposed landforms received lower hazard rating.

Map 3b, 'Areas with Significant Potential for Wind Erosion - Waterhouse', shows the
spatial distribution of the hazard within the study area.

Due to the sandy nature of most of the topsoils, the windy environment and the level
of exposure to prevailing winds within the survey area, nearly all soil types within the
study area have been identified as having some level of wind erosion potential.
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Potential
Rating

Susceptible Soil Types Rationale Total
Area
(ha)

Percentage
of Total

Map Area
Soils with
Very High
Potential

Swanage Sand,
Calcareous Sand Dunes

Areas with soils at greatest exposure to
wind i.e. on very prominent, steep dunes
and soils with loose, poorly developed
sandy topsoils.

49.77 0.8

Soils with
High

Potential

Tomahawk Sand (Deep Phase),
Thorpe Sand.
Badger Sand,
Flagstaff Sand
Flagstaff Sand (Dune Phase)

Areas with soils types that have
prominent dune landforms or shallow
(but developed) A1 horizons overlying
loose, deep sandy A2 or B horizons, or
those soils that have an A1 horizon
texture ranging from loamy sands to fine
sand. These areas often will contain
evidence of recently active or currently
active sand drifts, or blow-out scars.

2045.91 31.5 %

Soil with
Moderate
Potential

Tobacco Hill ,
Skeletal Soils on Dolerite,
Skeletal Soils on Granite,
Tomahawk Sand,
Thorpe Sand Shallow Phase,
Type 4,
Type 5,
Waterhouse peat,
Whitemarsh Complex (Type 7)

Areas that contain soil types with A1
horizon textures ranging from peaty
sand, clayey sand or sandy loam. These
soil types have higher relative soil
moisture than Classes High and Very
High together with more development
and organic matter in their A1 horizon.

3543.26 54.5 %

Other Areas

(not mapped)

Estuarine Soil,
Misc. Alluvial Soil,
Whitemarsh complex,
Whitemarsh complex, (Type 6)

Areas that contain soils that are moist
for most of the year and have heavier
soil textures and therefore not identified
as having a significant hazard.

856.95 13.2 %

Table 17.   Wind erosion hazard categories, their soil characteristics and map areas.

Less than 1% of the total area has a very high potential for wind erosion, most of these
occur along the northern coastal fringe and include prominent, steep dunes or beach
ridges.

Those UMA's containing soils which have characteristics that are necessary for a high
wind erosion potential occupy 31.5% of the area and are clearly seen on Map 3b as
having a characteristic long, linear, east-west trending shape. These landforms are
mostly raised sandy banks, old migrated dune remnants and old shorelines.

Areas with a moderate potential for wind erosion makes up the majority (54.5%) of
the wind erosion hazard map. Most of these occur on the level, to gently undulating,
sand plain landforms and, importantly they cover most of the arable land within the
Waterhouse region.

Only the heavier textured soils (clays) within drainage lines and large closed
depressions that remain wetter for longer periods of the year have been identified as
having a minimal hazard. The areas with these soils are included in the 'Other Areas'
category in Table 17. Even these soils have a slight wind erosion potential should their
drainage status be changed and if excessive cultivation occurs during summer months.

5.2.2   Discussion

The fact that most of the study area has some kind of wind erosion hazard potential
(86.8%), indicates that wind erosion is a major issue for the soils within this
agricultural region, especially if expansion of cropping is to occur in the area. Wind
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erosion only becomes evident when soil is left bare from cultivation for a variety of
farming purposes (cash cropping, pasture regeneration, feed cropping etc.).

The main difficulty faced by most land managers when undertaking cultivation in this
area is the complexity of the soil types across a management unit such as a paddock or
pivot circle, (see Figure 22). Often a management unit is composed of a number of
soil types having different susceptibilities to wind erosion, mostly due to texture or
moisture content.

Land with high or very high wind erosion risk is generally excluded from cropping
activities mainly because of restrictions due to the landform (e.g. steep slopes etc.) but
inevitably some areas are incorporated into pivot circles or paddocks leaving them
prone to erosion after cultivation or harvest has taken place. Increased soil disturbance
from such activities within the area will also result in an increased opportunity for
wind erosion to occur.

Soils identified as having moderate wind erosion potential make up the majority of the
areas used for cropping purposes. Erosion management strategies are recommended in
these areas due to their increased frequency of cultivation. These areas also have a
complex soil pattern, and contain soil types with both higher and lower wind erosion
potential occurring within them. Land managers are advised that the accuracy of this
map is reliable only at a scale of 1:25 000. It is recommended that if it is to be used for
paddock planning, more detailed ground truthing should be undertaken.

The studies in Section 4, and also visual evidence, indicate that the worst losses
caused by wind occur at paddock preparation time (up until the crop or pasture covers
most of the ground surface), and after crop harvest when soils are left bare or have
little protection from the wind.

Ideally, the land managers must identify their most erosion prone areas within the
paddock or pivot circle prior to cultivation and minimise the disturbance of these areas
by either leaving them out of production entirely or using a minimum tillage or direct
planting technique. At present little of this is being undertaken. Few windbreaks
protect production areas within the study area.

If increased cropping is to occur within the Waterhouse area, the long-term
sustainability of this land will be threatened by this hazard unless careful
management, which is sensitive to the erodible nature of this land, is applied. Below
are a number of management recommendations that have been collated to assist land
managers minimise the effects of wind erosion.

5.2.3   Management Recommendations

Two soil management texts specifically designed for Tasmanian farmers include
Chilvers, 1996 and Hamlet, 2002. Land managers are urged to review the relevant
sections of these reports. Both texts, as well as other national and international
literature, emphasise three crucial management objectives to avoid and minimise the
effects from wind erosion on sandy soils.

1. Maintain an adequate ground cover - including the use of cover crops where
necessary and irrigation of pastures to provide protective cover sooner etc.



79

2. Minimise the intensity and number of cultivations by direct planting and by
correct implement selection.

3. Incorporate erosion reduction strategies such as paddock assessment to identify
prone areas, use wind breaks to protect crops, irrigate during erosion events, align
beds across the prevailing wind direction etc.

Moore (1998) provides a self assessment process to determine paddock status and
susceptibility ratings which are in use in Western Australia and which can assist land
holders to determine their level of risk from wind erosion. It checks whether
protection is available from windbreaks, surface stone, gravel or from plant cover. It
then assesses surface condition and soil structure. Depending upon the levels of
protection or soil condition a paddock can be readily assessed for its susceptibility to
wind erosion.

5.2.4   Recommendations Specific to the Waterhouse Area

If more areas are to go into crops and broad areas of pasture renewal are to occur in
the future, the incorporation of many more windbreaks into the farm plan will be
required to minimise soil degradation via wind erosion. Farmers have indicated a lack
of suitable windbreak species that are able to survive the harsh conditions found
within the Waterhouse area. Many of the Pinus radiata windbreaks that currently exist
in lowland positions are showing signs of decline and many have become unsafe
and/or ineffective. The reasons for this have mostly been attributed to old age, high
groundwater tables causing drowning and the saline nature of some of the
groundwaters within the root-zone of the trees. New windbreak sites will also require
establishment but what to use?

An initiative by the farm forestry industry to trial two new eucalypt hybrids as an
economic farm forestry option may provide some solutions to the shortage of hardy
species that would suit the Waterhouse environment. Trials have been planted at
Westpoint in 2002 in the north of the study area, as part of the broader trial program.

The two hybrids Eucalyptus camaldulensis/grandus and Eucalyptus
camaldulensis/globulus have been planted with a view to exploring the potential for
timber production on farms in this area. Should these be successful, they could
provide other options for windbreaks. Other native species such as manuka and
boobyalla may also provide useful options where wind protection is required.
Strategically placed breaks will not only minimise soil degradation and crop damage
but also provide welcome shelter for stock during the winter months.

Another recommendation is to identify the larger areas of high and very high, wind
erosion hazard classification and leave them out of crop production and not disturb
them apart from occasional pasture improvement that should be done in a sensitive
manner eg drilling. Where these areas do occur within cropping paddocks/pivots they
could remain under pasture or native vegetation provided the later passes beneath
irrigation equipment etc. These actions would dramatically reduce soil losses caused
by the wind. Some of these may be suited to be set aside for winter grazing purposes
where drier areas with good feed are required. Some where appropriate, could also be
incorporated within a strategic plan for on farm windbreak or shelterbelt
establishment. If they are to be utilised for production then they ideally will require
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the highest level of management applied to minimise the occurrence of wind erosion
(see management recommendations above).

Prevention of wind erosion on the coastal dune systems is far easier to achieve than to
stop a blow-out advancing. Therefore, all areas identified with a very high potential
classification need extremely careful management to keep the vegetative cover at a
level that prevents sand movement. This is usually done by fencing and stock
exclusion.

5.3   Waterlogging Hazard

Soil drainage has been identified as an important issue in the Waterhouse area. Many
surface drains have been installed in some areas to carry surface run-off to larger
(main) drains, waterholes/dams or directly to the Tomahawk River. This gives some
indication of the large amounts of water, which collect on this plain environment
through the winter period.

Drainage impediments in the area are caused by a combination of low run off rates,
seasonally high groundwater tables, some slowly draining permeable soils, and
topographic complexity which causes interrupted surface drainage e.g. dune barriers,
closed depressions, swales and marshes.

Ponding of surface water occurs in lower landscape positions after major rainfall
events causing soil saturation and can remain for a number of weeks. Other areas,
often surrounding or in close proximity to the ponding areas, have soils that approach
saturation and are termed "waterlogged".

Waterlogged soils are defined by Moore (1998), as soils with an excess of water in the
root-zone accompanied by anaerobic conditions. Water inhibits gaseous exchange in
the soil and biological activity uses up all available oxygen in the soil, air and water,
essentially asphyxiating plants (Figure 30).

While it is uncommon to find true anaerobic conditions in the soils within the study
areas, evidence does exist that indicates that periodic waterlogging is affecting
potential pasture yield. Thick, dense root mats underlie most established long-term
pastures indicating that roots are being confined to the upper part of the soil A horizon
and rarely develop to any great depth. This limits the growth/yield potential of the
plants. In some soils this relates to poor nutrient status within the A2 horizon. In
lowland positions where leached A2 horizons are uncommon, it is likely that
waterlogging relating to seasonally high groundwater levels is reducing oxygen levels
to a point whereby they begin to inhibit root development. This root mat has been
shown to also inhibit the rate of surface water entry into the soil thereby increasing the
potential for ponding to occur. Therefore, during high intensity rainfall, or afterwards
when groundwaters may discharge to the surface, ponding occurs more commonly and
remains for longer periods on soils containing a dense root mat in the topsoil.

This soil characteristic can be alleviated through installation of appropriate and good
quality drainage especially at pasture renewal time.
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Figure 30.   Potato yield loss caused by a combination of waterlogging and salinity

This study has not been able to differentiate between those areas that have had
drainage installed and those that are currently not drained. Therefore all soils that have
the characteristics to be waterlogged in their unimproved state are identified by this
hazard assessment (see section 5.3.1).

A number of management issues are associated with waterlogging. Graziers of the
wider Waterhouse area have been actively addressing footrot eradication and
prevention with some success. Waterlogged soils can contribute to the occurrence of
this disease at certain localities.

Cropping farmers also are impacted by waterlogged soils. The areas containing these
soils are the last areas to dry out in spring and can cause delays to paddock
preparation. They are also the wettest soils within the crop and can result in crop
losses and yield reduction in these localised areas. Generally, if waterlogging occurs
for a lengthy period, irrespective of the enterprise, roots and plant growth are impaired
and root death can occur, resulting in lower yield and cover. Waterlogging also lowers
the tolerance of plants to the effect of salt and can result in losses from salinity (see
Figure 30).

5.3.1   Methodology and Results

The waterlogging hazard classification process has taken into account for each soil
type: soil drainage status as per McDonald et al (1998) (see Appendix 14), subsoil
textures, presence of pans that can lead to perched water tables and the position in the
landscape. Soils were then listed against these characteristics (see Table 18).
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Potential
Rating

Susceptible Soil Types Rationale Total Area (ha) Percentage
of Total

Map Area

Soils with
Very High
Potential

Estuarine Soil,
Waterhouse Peat

Soil types with very poor
drainage due to uniform clay
soils, closed depression
landforms, low topographic
position and the occurrence of
tidal and river inundation

175.31 2.7 %

Soils with
High

Potential

Misc. Alluvial Soil,
Type 5,
Whitemarsh Complex,
Whitemarsh Complex (Type 6),
Thorpe Sand Shallow Phase,
Tomahawk Sand,
Tobacco Hill alluvial variant

Soil types with poor drainage
due to low topographic
position, duplex soil profiles
and organic pans that occur
within 75 cm of the surface and
lead to a perched water table.

2904.82 44.7 %

Other Areas

(not mapped)

ALSO

Tomahawk Sand Deep Phase,
Thorpe Sand.
Whitemarsh Complex (Type 7),
Type 4.

Badger Sand,
Calcareous Sand Dunes,
Flagstaff Sand
including Dune Phase,
Swanage Sand,
Tobacco Hill,
Skeletal soils

Imperfectly drained ranging
to moderately drained soils,
restricting factors include
topographic position and
deeper organic pans (>75 cm)
that cause slow infiltration rates

Well drained soils ranging to
rapid drainage due to highly
permeable soil materials or
shallow soils with low
permeability with slope that
result in surface run off.

3415.76 52.6 %

Table 18.   Waterlogging hazard categories, their soil characteristics and areas.

Soils have been allocated to the most commonly observed drainage category. Where
soils range from imperfectly to poorly drained depending upon landscape position
they have been classified as poorly drained. Therefore, a degree of over-estimation of
this hazard occurs, especially involving UMA’s that contain Whitemarsh Complexes.

This process does not take into account whether an area has had drainage installed by
the landholder. Where a soil type is classified as poorly drained, all other areas with
that same soil type will also appear as poorly drained on the map even where drainage
may have been installed or local features allow better drainage to occur. Where
intensive drainage has been installed the land will naturally be better drained than
indicated on the map. The map, therefore, displays the areas with soil types that in
their unimproved state have the potential to become waterlogged. Map 3c, 'Areas with
Significant Potential for Waterlogging-Waterhouse' shows the spatial distribution of
the hazard within the study area.

47.4% of the study area has soil types that can be susceptible to waterlogging. Fewer
than 3% includes land where the soil has a very high potential for waterlogging. These
areas are found mostly in closed peaty depression, marshy areas underlain by clay,
low landscape positions or areas subject to inundation adjacent to the Tomahawk
estuary. These areas usually represent low productivity areas that carry poorer quality
pastures and are often also found to be saline and/or extremely acid. Some drainage
has been installed in a few of these areas, resulting in a reduced length of time for
which these soils remain waterlogged.
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44.7% of the study area includes land where the soil has a high potential for
waterlogging, mostly during winter. These areas comprise soils found on both the low
and high sand plains and include the majority of the land that is currently utilised for
grazing and crop production. These soil types have shallow groundwater tables and
can often, but not always, display shallow pans or clay lenses at relatively shallow
depths within the soil profile. These pans and clay lenses restrict vertical soil drainage
and result in perched water tables. Furthermore, the gently undulating nature of the
plain landforms and the existence of neighbouring longitudinal dunes that are aligned
across the natural fall line make drainage of these areas difficult. Very little overland
flow occurs in this sandy country with sub surface water movement being the main
mode of water transfer to open ditch drains.

Over 50% of the area is regarded as not having a significant waterlogging potential
and includes areas with soils which experience a significantly shorter, wetter period to
those found in the high and very high waterlogging potential categories. Most of these
areas include soil types of the prominent dunes, sand hills and sandy rises.

5.3.2   Discussion

This study has identified approximately 47% of the areas as having a significant
waterlogging hazard. It should be noted that waterlogging is most likely to occur
during the period of high rainfall during winter and outside the crop growing season
but heavy rainfall events during summer time can also result in waterlogged effects
especially following an irrigation.

A small percentage of the study area remains wet throughout the summer months,
such as some of the depressions and areas adjacent to watercourses and drainage lines.

The majority of soil types display relatively shallow groundwater depth, around 1 to 2
metres below the surface even throughout the summer months (see groundwater
monitoring results Section 2.2). After heavy rainfall on the plain and higher in the
catchment these have the potential to rise rapidly and result in waterlogged conditions.

Waterlogging, therefore, may then appear to impact upon grazing activities more
greatly, due to the length of time areas are waterlogged for in the winter. This is
somewhat offset by the high moisture availability well into late spring and early
summer that often results in high and rapid growth rates.

Some of the areas that are classified as having a high potential for waterlogging
include some of the most productive cropping areas within the study area, largely due
to the installation of surface drainage. Cropping farmers often experience delays early
in the season, during the paddock preparation and planting stage, but this is
compensated for by high moisture availability and lower irrigation costs during the
early summer period.

Caution is needed when designing drainage for those parts of the study area identified
as having a high potential for waterlogging and which contain Podosol soils. The
poorly drained history of these areas has resulted in the accumulation of organic
matter in the topsoils. These organic topsoils allow greater soil fertility by providing a
greater number of binding sites for nutrients (both natural and those applied by land
managers). Over drainage could theoretically reduce the productivity of these areas in
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the short-term by lowering soil moisture availability during the early summer months
(Hubble, 1946). It could also reduce long-term fertility and sustainability by lowering
the rates of organic matter accumulation in the topsoils and, hence, the ability of these
soils to bind nutrients. Therefore, if drainage is to be implemented in these areas,
careful planning, including organic matter management, is required to avoid these
soils becoming degraded over time.

Conversely, appropriate soil drainage will allow deeper root development and higher
productivity in pastures during winter months. In summer this larger root network
provides the plant with greater access to soil moisture resulting in greater productivity
and survival at this time of the year.

Draining of the peat soils, which in their natural state have a very high potential of
waterlogging, requires special care and investigation to avoid the risk of causing acid
sulphate soils (see Section 3.2.2 Waterhouse Peat Soils). Generally shallow surface
drainage is recommended but this will depend if and at what depth sulphides are
encountered within the soil profile. Investigations should precede any drainage
development of these areas.

5.3.3   Management Recommendations

The Waterhouse study area is ideally suited to a community drainage scheme.
Relatively short distances to river and sea outfalls should allow an appropriate design
to shed winter excesses and control water table heights while continuing to allow high
early summer production to continue. Farmers are urged to collectively seek an
integrated solution to land drainage in this area. Strategic drainage of some areas will
also reduce salt accumulation (see Section 5.4.3).

Ensuring that existing drains flow and can carry water quickly and safely to
appropriate outflows and ensuring that each drain has an appropriate depth to achieve
a localised reduction in groundwater level can be accomplished by strategic drain
placement and regular drain maintenance. This will more effectively drain the
agricultural area of Waterhouse and also ensure that during the peak wet periods,
when saturation and surface ponding may occur, water is removed faster and less time
is spent in a waterlogged state.

In locations where surface flows and standing water occur some farmers have
expressed difficulty in getting surface water to flow into the drains that they have
installed. Provided that the drain is placed in the correct location, the problem is
usually due to spoil material that has been excavated from the drain initially being
placed adjacent and parallel to the drain and/or being inadequately spread back away
from the drain. This material can divert water away from the drain (the opposite of
what is intended). An alternative to spreading spoil properly using a grader which is
time consuming and costly, is to make a number of piles of the spoil material next to
the drain with sufficient gaps between them to allow water to reach the drain. Another
alternative is to use 'W' shaped drains. 'W' shaped drains are drains which have the
spoil material placed in the middle essentially resulting in two drains running parallel
to each other. This allows surface waters to flow into the drain unimpeded from both
sides.
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Extremely high ryegrass pasture growth rates and yield have been demonstrated in
pastures sown in areas recently utilised for cropping. Cultivation for crop
establishment has removed the restrictive root mat. Good levels of residual nutrient
from crop fertilisers and decomposed residues as well as that from decomposed root
mat material also appears to complement fertilisers applied during sowing.

Land managers should aim to have short fallow periods with vigorously growing deep
rooted pastures or equivalent. This will assist to 'de-water' the soil throughout the
wettest winter months and assist in keeping the local watertable as low as possible.
Water usage by plants can reduce the risk of groundwater recharge, the frequency and
duration of waterlogging is also minimised.

Some small areas within the study area have had the installation of small-scale hump
and hollow drainage to distance roots from the drainage/ground water to improve crop
productivity, with some success. This practice is widespread in the north west of
Tasmania, mainly in dairy farming areas and has not been widely used on the drier
north-east coast. This drainage may benefit intensive dairy enterprises rather than land
being cropped. Raised bed farming has also been shown to alleviate soil drainage on
soils that suffer surface water ponding in the Tasmanian Midlands, but has not been
extensively trialed in the north-east of the state. Waterhouse has a much drier climate
than the north-west and has lower waterholding capacity soils compared to the
midlands. Hence care must be taken when implementing additional drainage, to not
over-drain and create droughty and erosion prone soils during summer.

Other areas are also obviously natural drainage water collection zones and in some
cases still have great bio-diversity value. These areas, even when drained, often have
poor stock carrying capacity and are usually too wet to cultivate or crop. These areas
may warrant fencing-off and revegetation with native species. This in itself will help
to keep local groundwaters down due to the water uptake of the plants. The native
species also tend to be waterlogging and salt tolerant and if fenced-off can provide
long-term stock shelter to the leeward side.

5.4   Salinity Hazard

Findings from the EM31 survey (Section 2) indicate that the Waterhouse area has a
salt storage of a significant level (moderately saline >4 dS/m), within 5 m of the soil
surface. This encompasses approximately 85% of the study area. It is difficult to
establish the exact depth to this salt storage and, therefore, the impact it may have
upon agricultural production both now and long-term. However, these levels of
salinity are such that further investigation is warranted and they demonstrate the need
for good management to reduce the likelihood of increased salinity occurring within
the survey area.

5.4.1   Methodology and Results

Salinity hazard assessment uses the ECese map (Map 3d) created from the EM31
survey (Section 2). Hazard categories and the basis for their classification, including
the most commonly occurring soil types found are displayed below in Table 19.
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Salt storage levels greater than 4 dS/m within 5 m of the surface have been used as the
determinant level to indicate a significant salinity hazard (see unshaded area in Table
19 below).

Map 3d shows the spatial distribution of the hazard categories within the study area.

The moderately saline category (4-8 dS/m) is the largest, covering 73% of the study
area. This area corresponds to the highest quality and most agriculturally productive
land within the Waterhouse study area. It is used either for intensive grazing or
cropping purposes and shows little evidence of impact from the salinity hazard
indicated.

Salt storages with higher conductivity levels (very saline and extremely saline)
collectively make up 14% of the study area and correspond to the lower landscape
areas. Areas with <4 dS/m correspond to soils from the higher landscape where any
salt present is leached quickly away from the sandy soil types.

Hazard
Category

(conductivity
determined by
EM31 Survey)

Soils that occur in each hazard category
on the map,

(a soil type may occur in more than one category)

Total Area (ha) Percentage of
Map Area

Extremely Saline
>16 dS/m.

Estuarine Soil
Tomahawk Sand
Tobacco Hill gritty sandy loam
Thorpe Sand
Type 5 (peat)
Waterhouse Peat
Whitemarsh complexes

30.8 0.5 %

Very Saline
8-16 dS/m.

Tomahawk Sand
Tobacco Hill gritty sandy loam
Thorpe Sand
Thorpe Sand Shallow Phase
Waterhouse Peat
Whitemarsh Complexes

613.8 9.6 %

Moderately Saline
4-8 dS/m

Tomahawk Sand
Tomahawk Deep Phase
Tobacco Hill gritty sandy loam
Thorpe Sand
Thorpe Sand Shallow Phase
White marsh Complexes

4734.9 74.0 %

Slightly Saline
2-4 dS/m

Badger Sand,
Flagstaff Dune Phase
Skeletal soil on granite
Tomahawk Sand
Tomahawk Sand Deep Phase
Tobacco Hill gritty sandy loam
Thorpe Sand
Thorpe Sand Shallow Phase
Whitemarsh Complex

1019.3 15.9 %

Non Saline
0-2 dS/m

Skeletal soils on granite
Tomahawk Sand
Tomahawk Sand Deep Phase
Whitemarsh Complexes

1.1 0.02 %

Table 19.   Salt storage to 5 m hazard categories and their respective areas

5.4.2   Discussion

A discussion focusing on the results of the EM31 survey together with conclusions
from that work and are found within Section 2 of this report. The following
paragraphs relate specifically to the salinity hazard assessment results.
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Although a significant portion of the study area is indicated to have a salinity hazard
(salt storage within the top 5 metres of soil), it does not necessarily indicate that this
area will develop into or display salt-affected land. The salt storage hazard map only
shows that salt exists within the ground within a range of 5m. Whether salinity will
impact upon the land will depend upon the depth of that salt storage and the
management that is applied within the survey area and collectively throughout the
district.

Because of the inverse relationship between conductivity ECa and relative altitude
(low points in the landscape generally have the highest conductivity), the EM31
instrument may also be detecting near saline groundwater systems within 5 m of the
surface. It is interesting to note the strong correlation between the areas which have a
conductivity of >4 dS/m and those areas which have very high and high waterlogging
hazards (see Section 5.3).

Map 3d highlights that a salt storage exists within the study area and indicates the
need to be pro-active in managing against salinity becoming a larger issue within the
district.

5.4.3   Management Recommendations

The hazard map indicates a salt storage relatively close to the surface (<5 m). EM31h
and EM38 studies have both also shown that some areas have salts located higher in
the soil profile. Land managers within the Waterhouse study area therefore, are
especially urged to investigate the areas on their farms which have salinity levels
above moderately saline and determine where in the soil the salt is being detected.
They are also encouraged to review the list of suggestive recommendations below and
to determine what they can do to minimise their risk of developing salt-affected land
and maximise their productivity in areas that are currently salt effected.

General Recommendations:

Check that good quality irrigation water is being used and monitor this throughout
the season.
Aim to use good irrigation practices (e.g. don’t over irrigate, irrigate during the
coolest period of the day, aim to deficit irrigate).
Adequately drain the closed drainage depressions that are to be incorporated into
the production area. Keep run-off water moving toward the outflows by removing
impediments and barriers within the drain, prepare a drain maintenance program,
use 'w' drains on very flat country.
Get to know the behaviour of local groundwater through monitoring for quality
and depth at strategic points on the farm. Maybe include surface waters from time
to time to determine point sources of high salt concentration moving through the
farm drainage system. This will result in a better assessment of future salinity risk
and can assist with management of salt affected areas.
Exclude and divert drainage water with high EC's away from irrigation dams.
Aim to have short fallow periods. Having plants removing moisture form the soil
during the wettest winter months (via evapo-transpiration processes) will assist
keeping the local watertable as low as possible and result in a lower chance of
groundwater recharge occurring. This practice will keep saline groundwaters
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further from the root-zone as well as reduce the chance and duration of
waterlogging which can result in salt accumulation and concentration at the soil
surface.
Investigate and plant (where appropriate) de-watering crops during fallow periods
to keep water tables low and reduce the chance of topsoil contamination by salty
groundwater.
In permanent centre pivot sites contract an EM38 survey to determine the areas to
leave out of production when growing salt-sensitive crops.

Recommendations for where salt affected land is already evident:

Monitor areas already scalded by salt to determine any growth/shrinkage of area.
Sow salt tolerant pasture species when not under crop to keep groundwaters low
and to minimise the effect that salt has on pasture production e.g. tall wheat grass,
puccinellia, strawberry clover etc.
Select salt tolerant crops/varieties where possible.
Maintain main drainage channels to provide a safe, effective and efficient means
of transporting surface water, and the salts dissolved within it, from the farm. This
will often require an integrated approach with neighbouring farms.
Drain depressions and hollows that have high soil conductivity readings, as salt
will continue to accumulate over time. Ensure safe disposal of water (see above).
Look at excluding areas which are already salt-affected, from production and re-
establishing native vegetation or salt-tolerant vegetation that could be used within
the farming system, e.g. farm forestry, shelter-belts, windbreaks.

More detail and information can be obtained on some of these recommendations in
soil management texts such as Chilvers (1996), Hamlet (2002), SALTPAK-
McMahon and Bell (1992) and Wise Watering – Irrigation Management Course
modules (2001).

A Salinity Containment Risk Assessment Monitoring and Management process
(SCRAMM) has been developed by the Department of Primary Industries Water and
Environment (DPIWE) and tested in the field by Southern Farming Systems Tasmania
(SFST). The process has been designed to assist farmers assess and reduce their
salinity risk when undertaking or planning irrigated cropping. A brochure developed
by SFST, “Salinity and Irrigation – Issues to Consider”, details the process and is
available from most DPIWE offices.

5.5   Concepts for Risk Management

This project set out to identify the hazards to long term sustainable agricultural land
use in the Waterhouse area.

Estimating levels of risk for each hazard however could not be undertaken by this
project due to the complex nature of this task. The number of variables involved in
determining the risk level is the main issue. Risk level may change from paddock to
paddock from property to property depending upon management procedures, climatic
conditions, soil type etc. The following section aims to provide a mechanism by which
landholders can assess their own level of risk for particular areas of their property that
have been identified as having a hazard present. They can then also consider
appropriate management options to minimise the probability of the hazard impacting
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and resulting in degradation. The qualitative risk assessment process detailed below
has been modified but is based on that developed by Australian Geomechanics
Society, Sub Committee on Landslide Risk Management (2002).

For example, wind erosion is identified as a hazard at Waterhouse due to the sandy
nature of the soil types and the very strong wind events that can be experienced at any
time of the year. The level of risk is determined by management systems applied.

To illustrate this, two scenarios are employed. Both are cropping paddocks and have
deep sandy soils (therefore are identified as having a wind erosion hazard) but are
managed differently by the landholder.

Scenario one is a cropping paddock that has substantial periods of time during the
cropping period (after initial cultivation and crop emergence and again after harvest
before pasture is re-established) that soils are left vulnerable to the wind with little
coarse organic matter to provide a surface cover.

The likelihood of wind erosion occurring in this paddock is considered as ‘likely’ (B)
(Table 20). While the consequence to crop yield may be considered ‘insignificant’
(unless sand blasting and removal of young seedlings has occurred), the impact on
sustainability from the organic matter removal and fertility loss caused by the wind
erosion event are considered to be ‘severe’ (3) (Table 21). Using the Risk Analysis
Matrix (Table 22) a ‘high’ level of risk is indicated. Table 23 lists the risk levels and
corresponding example implications.

Senario two is similar cropping paddock but one that has used minimum tillage and
organic matter retention practices to combat wind erosion. A significant proportion of
the paddock is also located in the lee of a tall windbreak. A cover crop was also
utilised during the establishment phase, grazed, then sprayed out shortly before
cultivation and planting. Pasture was promptly established on the area after harvest
and irrigated to achieve fast ground cover.

In this paddock the likelihood of wind erosion occurring is now reduced to ‘possible’
(C) (Table 20). The consequences of wind erosion occurring within area remains at a
‘severe’ level, in terms of future sustainability of the soil. The Risk Analysis Matrix
therefore now arrives at a reduced level of risk – ‘moderate’ risk for the paddock.

Level Descriptor Description
A
B
C
D
E
F

Almost Certain
Likely
Possible
Unlikely
Rare
Not credible

The event is expected to occur
The event will probably occur under adverse conditions
The event could occur under adverse conditions
The event might occur under very adverse circumstances
The event is conceivable but only under exceptional circumstances
The event is inconceivable or fanciful

Table 20.   Qualitative measures of likelihood
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Level Descriptor Description
1 Extreme Considerable crop damage/yield loss. High cost of remedial works or

remedial action not worthwhile. Detrimental impact likely to be long
lasting.

2 Very Severe High crop damage/yield loss. Significant costly remedial measures
required.  Detrimental impacts likely to carry over into subsequent years.

3 Severe Moderate crop damage/yield decline to sensitive crops which cannot be
sustained other than on an occasional basis. Minor damage to less
sensitive crops. Remedial measures costly but achievable.

4 Minor Limited crop damage/yield loss to sensitive crops. Land requires minor
remedial works to ensure sustainable production.

5 Insignificant Minor impact. Nil or minor costs of remedial works.

Table 21.   Qualitative measures of consequence

CONSEQUENCES to PROPERTY
LIKELIHOOD

1. Extreme 2. Very severe 3.Severe 4. Minor 5. Insignificant
A  Almost Certain VH VH H M L
B - Likely VH H M L-M L
C - Possible H H M L VL-L
D - Unlikely M M L-M VL-L VL
E - Rare L L L VL VL
F - Not Credible VL VL VL VL VL

Table 22.   Qualitative risk analysis matrix

Risk Level Example   implications
VH Very High Risk Unacceptable. Significant yield losses. Generally very costly land

management required to reduce risk; probably too expensive or not
practical.

H High Risk Generally unacceptable. High yield losses. May require extensive land
management practices or implementation of a variety of treatment
options to reduce risks to acceptable level; may be beyond capacity of
most farmers.

M Moderate Risk Tolerable provided appropriate land management is implemented to
reduce risk. May be accepted with high management inputs probably
achievable by most farmers.

L Low Risk Usually Accepted. Some yield loss. Requires limited specific land
management to reduce risk

VL Very Low Risk Acceptable. Minimal yield loss. No or only very minor management
practices required

Table 23.   Risk level and example implications

Once a risk analysis has been completed an evaluation of that risk by individuals is
usually the next stage in the process. The objective of risk evaluation is to decide
whether to accept or treat the risks and to set priorities. Risk evaluation involves
making judgements about the significance and acceptability of the estimated risk.
Acceptance of a given risk will vary from farmer to farmer depending on the likely
cost of the consequence, the cost/benefit ratio of accepting or treating the risk and the
financial constraints faced by the farmer.
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Risk treatment is the final stage of the risk management process and provides the
methodology for controlling risk. Possible options include:

Accepting the risk.
Avoiding the risk (seeking an alternative site or land use).
Reduce the likelihood (eg. use best management practice, incorporate organic
matter within the soils, etc).
Reduce the consequences (change location of crop, install wind breaks or adopt a
less vulnerable land use/different crop).
Monitor and evaluate situation with a view to managing risk on an interim or
permanent basis.
Transfer the risk (take out insurance).
Postpone the risk pending further investigation.

The choice of option will depend on relative cost benefits and individual attitudes to
risk acceptance.
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6   REGIONAL CONCLUSIONS & RECOMMENDATIONS
This study highlights a number of potential land degradation and salinity risk issues
for the Waterhouse area. Most relate to a complex combination of factors involving
soil type, climate, topography and land use. These include high water tables, sandy
soils, gently sloping to flat terrain, complex soil pattern, seasonal variations of rainfall,
temperature, evaporation and wind occurrence.

Electromagnetic (EM) induction surveys and studies of salt in rainfall indicate that the
soil can contain salt, and at significant levels in some areas. EM31 surveys indicate a
moderate salinity level for the majority of the study area. This demonstrates that it is
likely that a salinity hazard could exist in the soil within 5 m from the surface in
locations adjacent to the study area that have similar soils and landscape
characteristics. In these locations conductivity levels will likely be highest in and
confined to the soils within low-lying areas displaying impeded drainage.
Conductivity levels will be lowest in the sand dunes and sandy rises that represent the
soils with greatest leaching.

Shallower EM38 studies and soil sampling has found that significant conductivity
levels can occur close to the surface as well as within the potential capillary rise zone
(up to 1.5 m from the surface).

Due to the small amount of surface expression of salt (scalds etc) displayed in the
areas indicated to have a moderately salinity hazard, it is believed that the salt storages
being detected by the EM31 instrument may be occurring beyond the depth at which
capillary rise can bring salts to the surface. Additionally salt may be being leached
(flushed away) by rainfall and the natural periods of high groundwater during winter.
This being the case reduces the likelihood of salt affected land and crop damage due
to salinity.

Salt has also been found to be stored within the soil and the groundwater. This is a
characteristic that is likely to extend beyond the extent of the study area into the
surrounding plain landform. Monitoring of bores throughout the study area have found
that while groundwater depths are highly variable they are characteristically within 2
m of the surface. This constitutes a high to medium risk for future salinity occurring in
soil, especially those with clay field textures at the times when the groundwater is
saline. Future regular monitoring to determine the times when groundwaters are high
and saline will assist landholders to better assess their risk and apply appropriate
management to their land

The exact depth at which capillary rise processes occur in sandy soil is not known and
fully understood. This makes determining salinity risk at these locations more
uncertain. It is also assumed that the depth range of capillary rise will be shallower
than that experienced by clay soils. The level of risk of future salinity occurring from
groundwater within the Waterhouse study area is therefore, most likely over-
estimated. The study has raised the awareness among landholders that salt is present in
both the soil and groundwater and that any subsequent change to the hydrology will
have a bearing upon salinity risk in the future.
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With groundwaters being at such shallow average depths, issues relating to
waterlogging impacts upon parts of the area especially in the winter months. While
waterlogging can impact on land management schedules and activities, as well as
cause reduced growth rates and yields, the locations at which it occurs can also
become a site for salt accumulation and storage. Salinity and waterlogging will
combine to elevate stress experienced by plants at these locations.

This study has discovered through its monitoring program that the salt concentration
within groundwater is highly variable. Concentration levels range from no salt evident
to extremely saline (>5.5 dS/m) Generally groundwater ranges between 0.4 and 1.2
dS/m. These levels are equivalent to Class 2 and Class 3 (medium to high salinity)
irrigation water. Groundwater is not commonly used for irrigation within the area.
Where it is, conductivity readings are generally within the Class 2 range of 0.28-0.8
dS/m. Monitoring all irrigation water (groundwater sourced or otherwise) regularly, is
important an will assist land managers assess their yield loss risk and also adjust their
irrigation practices if necessary.

This study also confirmed that salt is entering the Waterhouse environment via rainfall
and was measured at an annual level of 260 kg/ha and 280 kg/ha at the two monitoring
sites. Recordings were made during an unusually dry period. This therefore means that
salt input from rainfall to the area could be expected to be higher in wetter years. The
highly permeable nature of the soils within the study area assists leaching of this salt
away from the root-zone and so reduces the impact of the salt that arrives with rain.
Appropriate collection of salty drainage water and provision to enable it to reach
outfalls easily will assist its removal from the landscape.

The 1:25000 scale soil survey of the Waterhouse study area has revealed an intricate
and changeable soil pattern consisting of mainly deep sandy soils, with small areas of
peat and shallow soils related to the granite and dolerite bedrock. The most productive
agricultural areas are characterised by the sandy soils that have formed on the plain.

The unique mapping area (UMA) approach used by the soil mapping process has
allowed the identification of areas of land that are as uniform as possible with respect
to soil, landform, land element, slope, aspect, and geology. This process has
highlighted the degree of variability of the sandy soils within the study area and
hence, some of the difficulties that a land manager may face when utilising this land.

While a large diversity of soils occur within the study area, two broad management
groups are evident; those that have sandy soil textures and those that are seasonally
prone to soil wetness. Each group has a number of management requirements that
need to be addressed by farmers should they wish to undertake more intensive
practices than traditional dryland grazing. The important management characteristics
include poor natural structure, low natural soil fertility, high nutrient leaching rate,
low water holding capacity and elevated wind erosion risk in the sandy soils and
drainage/waterlogging and risk of groundwater recharge on the wetter soil types.

The experiments focussing on the impacts of cropping on sandy soils have found that
sandy soils under a crop become more permeable due to the physical mixing from
tillage itself and the removal of the pasture root mat that commonly occurs near the
surface in older pastures. Therefore, the capacity for water to move into the porous,
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sandy horizons below is elevated. Groundwater recharge therefore becomes more
likely, especially if irrigation water is applied at too high a rate.

Aggregate stability results from these experiments indicate that sandy soils have very
few water-stable aggregates. This demonstrates a very fragile soil structure. When
cropped, a further reduction in stable aggregates can occur, leaving the soil more
prone to wind erosion and to becoming droughty. With time, these soils recover under
a long-term pasture or rest phase.

Tillage has been shown to reduce bulk density levels in both the surface and the sub-
surface soil depths during a cropping period. Within the recovery part of the rotation
(after harvest), bulk density increases again most probably due to compaction caused
by heavy trafficking during the harvest. The effects from the harvest appear to be
evident for a number of years after cropping has occurred.

Studies on the impact of wind erosion demonstrate that erosion occurs only when the
soil is disturbed and high wind speed events take place. When cropping is undertaken,
the site establishment/planting and pasture renewal stages are the most vulnerable
periods and are accompanied by the greatest soil losses. Climatic data confirms that,
although unpredictable, the likelihood of high wind speed events occurring during the
cropping season is high.

Therefore, any increase in the area or regularity of cropping increases the potential for
wind erosion to occur and to result in greater losses each year, especially where soils
are particularly sandy. The ramification of such losses is that both nutrient and the
organic matter is lost from the paddocks leaving the soils depleted and its future
sustainability reduced.

If broad scale land use change continues to move towards more regular tillage and
cropping the soil resource condition will come under greater pressure. Soils in the
region will require higher levels of management especially organic matter
management and minimum tillage practices in order to maximise production whilst
maintaining the soil and land resource in good condition.

Effective soil management strategies exist and can be employed to minimise the
negative effects of cropping and to maximise the sustainability of soils found in the
region. These include management aimed at retaining soil structure through increased
organic matter return to the soils employing practices such as using direct drill and
planting, minimum tillage, and reducing traffic within cropped areas, especially in wet
conditions.

Three dominant land management hazards have been identified using a hazard
assessment process that has utilised the soil information obtained during the soil
survey and soil physical characterisation components of this study, as well as from
discussions with local landholders. These are wind erosion, waterlogging and salinity.

Cropping farmers within the wider region or those with the intension of cropping in
the future should carefully assess their soil types and cropping practices with a view to
minimising their risk of degradation.
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6.0.1   Recommendations in Brief

If more intensive cultivation is to occur on the soils in the Waterhouse area the
production of 'best management practices' specific to the soils and the climate of the
area are required to safeguard the productive capacity of this land for the future. The
support of relevant agricultural industries to assist in the development and
implementation of these will be extremely important.

To minimise any future risk from salinity it is recommended that regular monitoring
programs be continued in the area to better understand the relationships between
groundwater quality, depth, and salinity hazard, especially in areas where saline
waters are in close proximity to the surface. While groundwater is not extensively
used for irrigation purposes in the study area, it can be an important indicator of
potential future salinity risk for the areas.

If widespread irrigation is to occur in the Waterhouse area in the future, studies to
more accurately ascertain the hydrology characteristics and salt leaching rates for the
Waterhouse soils would be beneficial in determining appropriate irrigation application
rates.

In addition it will be important to determine if, and how, salt enters this area from the
upper catchment positions and to ascertain more accurately the capillary rise zones for
sandy soils under different land uses/crops.

Waterhouse is presently and has the potential to remain, a viable and productive
agricultural area on the north-east coast of Tasmania. It is fortunate that many of the
preventative management guidelines, strategies and techniques to avoid and minimise
land degradation from intensive land uses already exist. All that is required is for their
increased adoption and implementation into every day farm management. This will
require motivation, advice and support from industry groups, agricultural consultants,
DPIWE officers and farmers within the wider region.

The existence of these management strategies reduce the risk and extent of land
degradation, places farmers in the Waterhouse district in a very strong position indeed
to avoid and minimise the impacts of land use intensification. This is a huge
advantage for the region when compared to those areas that have needed expensive
reactive strategies, which focus on the rehabilitation and revegetation of land.

The best land management strategy to combat degradation is to avoid and minimise it
in the first instance. Prevention of land degradation is easier to achieve and less costly
in the long-term than remediation.
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APPENDIX 2.

WATERHOUSE EM31 CORRELATION AND BORE DATA
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Code Hole Depth upper Depth lower  Field moisture
%

Field Texture ECese
Multiplier

EC 1:5 (dS/m) Average EC
dS/m

(surface
weighted)

ECese Average
ECese dS/m

(surface
weighted)

EM31v
dS/m

EM31h
dS/m

DPIWE 6 0.00 0.25 75.60 CL 6 0.00 0.02
DPIWE 6 0.25 0.50 27.64 SCL 6 1.89 11.36
DPIWE 6 0.50 0.75 27.19 SL 16 1.60 25.66
DPIWE 6 0.75 1.00 34.14 SL 16 1.28 20.48
DPIWE 6 1.00 1.50 30.96 LS 17 1.29 21.98
DPIWE 6 1.50 2.00 32.06 LS 17 0.99 16.86
DPIWE 6 2.00 2.50 26.61 LS 17 1.36 23.15
DPIWE 6 2.50 3.00 29.61 LS 17 1.22 20.79
DPIWE 6 3.00 3.50 27.66 SL 16 1.52 24.30
DPIWE 6 3.50 4.00 31.99 SL 16 1.75 28.05
DPIWE 6 4.00 4.50 24.45 LC 13 1.54 19.99
DPIWE 6 4.50 5.00 23.91 MC 10 1.39 1.32 13.85 18.88 0.19 0.16
DPIWE 7 0.00 0.25 16.82 LS 17 0.14 2.31
DPIWE 7 0.25 0.50 14.42 CS 16 0.11 1.70
DPIWE 7 0.50 0.75 16.27 LMC 12 0.44 5.26
DPIWE 7 0.75 1.00 16.42 MC 10 0.79 7.87
DPIWE 7 1.00 1.50 22.64 MC 10 1.11 11.06
DPIWE 7 0.50 2.00 18.08 MC 10 0.51 5.07
DPIWE 7 2.00 2.50 17.64 MC 10 0.34 3.43
DPIWE 7 2.50 3.00 17.72 LMC 12 0.27 3.26
DPIWE 7 3.00 3.50 19.66 LMC 12 0.43 5.15
DPIWE 7 3.50 4.00 20.65 LMC 12 0.39 4.73
DPIWE 7 4.00 4.50 26.96 LMC 12 0.22 2.70
DPIWE 7 4.50 5.00 23.49 LMC 12 0.29 0.42 3.50 4.67 0.78 0.45
DPIWE 10 0.00 0.25 21.02 SL 16 0.60 9.54
DPIWE 10 0.25 0.50 21.50 LS 17 0.81 13.82
DPIWE 10 0.50 0.75 20.71 LS 17 0.55 9.35
DPIWE 10 0.75 1.00 22.70 LS 17 0.51 8.74
DPIWE 10 1.00 1.50 27.13 LS 17 0.43 7.33
DPIWE 10 1.50 2.00 30.89 LS 17 0.57 9.76
DPIWE 10 2.00 2.50 36.48 LS 17 0.56 9.45
DPIWE 10 2.50 3.00 30.04 LS 17 0.39 6.58
DPIWE 10 3.00 3.50 27.56 LS 17 0.31 5.32
DPIWE 10 3.50 4.00 25.26 LS 17 0.47 7.97
DPIWE 10 4.00 4.50 25.94 LS 17 0.38 6.39
DPIWE 10 4.50 5.00 19.48 CS 16 0.19 0.48 3.03 8.11 0.35 0.30
DPIWE 11 0.00 0.25 13.16 SL 16 0.13 2.12
DPIWE 11 0.25 0.50 9.55 LS 17 0.06 1.10
DPIWE 11 0.50 0.75 11.76 LS 17 0.06 1.02
DPIWE 11 0.75 1.00 12.83 SL 16 0.08 1.28
DPIWE 11 1.00 1.50 17.50 LMC 12 0.10 1.15
DPIWE 11 1.50 2.00 21.25 LS 17 0.13 2.13
DPIWE 11 2.00 2.50 17.06 LS 17 0.28 4.68
DPIWE 11 2.50 3.00 19.97 LS 17 0.20 3.40
DPIWE 11 3.00 3.50 19.52 CS 16 0.29 4.66
DPIWE 11 3.50 4.00 21.83 CS 16 0.27 4.38
DPIWE 11 4.00 4.50 18.14 LS 17 0.34 0.18 5.71 2.87 0.18 0.08
DPIWE 12 0.00 0.25 19.41 SCL 15 0.34 5.12
DPIWE 12 0.25 0.50 18.18 SL 16 0.12 1.92
DPIWE 12 0.50 0.75 15.59 SL 16 0.16 2.63
DPIWE 12 0.75 1.00 13.59 CS 16 0.17 2.78
DPIWE 12 1.00 1.50 15.43 SL 16 0.35 5.63
DPIWE 12 1.50 2.00 21.33 SCL 15 0.81 12.11
DPIWE 12 2.00 2.50 24.86 SCL 15 1.25 18.74
DPIWE 12 2.50 3.00 27.26 CS 16 1.43 22.82
DPIWE 12 3.00 3.50 27.87 LS 17 1.44 24.45
DPIWE 12 3.50 4.00 24.71 CS 16 0.76 12.10
DPIWE 12 4.00 4.50 29.11 SCL 15 0.86 12.84
DPIWE 12 4.50 5.00 26.15 SCL 15 0.69 0.70 10.29 10.95 0.43 0.01
DPIWE 14 0.00 0.25 34.48 ZCL 14 0.46 6.38
DPIWE 14 0.25 0.50 19.27 SL 16 0.44 7.09
DPIWE 14 0.50 0.75 20.07 SL 16 1.35 21.65
DPIWE 14 0.75 1.00 24.22 LMC 12 1.82 21.88
DPIWE 14 1.00 1.50 26.02 MC 10 1.87 18.69
DPIWE 14 1.50 2.00 21.38 SL 16 1.34 21.36
DPIWE 14 2.00 2.50 21.69 MC 10 1.52 15.17
DPIWE 14 2.50 3.00 23.41 MHC 9 1.43 12.83
DPIWE 14 3.00 3.50 24.09 MHC 9 0.89 8.02
DPIWE 14 3.50 4.00 29.80 MHC 9 1.77 1.29 15.94 14.90 0.36 0.22
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Code Hole Depth upper Depth lower  Field moisture
%

Field Texture ECese
Multiplier

EC 1:5 (dS/m) Average EC
dS/m

(surface
weighted)

ECese Average
ECese dS/m

(surface
weighted)

EM31v
dS/m

EM31h
dS/m

DPIWE 15 0.00 0.25 17.72 LS 17 0.30 5.05
DPIWE 15 0.25 0.50 18.63 LS 17 0.35 5.88
DPIWE 15 0.50 0.75 18.42 LS 17 0.37 6.32
DPIWE 15 0.75 1.00 18.93 LS 17 0.41 6.92
DPIWE 15 1.00 1.50 23.11 LS 17 0.60 10.13
DPIWE 15 1.50 2.00 21.54 LS 17 0.49 8.25
DPIWE 15 2.00 2.50 24.11 LS 17 0.45 7.60
DPIWE 15 2.50 3.00 24.71 LS 17 0.57 9.61
DPIWE 15 3.00 3.50 27.51 LS 17 0.94 15.91
DPIWE 15 3.50 4.00 28.43 LS 17 1.09 18.51
DPIWE 15 4.00 4.50 27.85 LS 17 1.06 17.97
DPIWE 15 4.50 5.00 26.67 LS 17 1.59 0.68 27.10 11.60 1.20 0.98
DPIWE 16 0.00 0.25 23.37 LS 17 0.10 1.76
DPIWE 16 0.25 0.50 14.45 MC 10 0.31 3.09
DPIWE 16 0.50 0.75 13.90 MC 10 0.31 3.07
DPIWE 16 0.75 1.00 12.66 MC 10 0.25 2.52
DPIWE 16 1.00 1.50 9.35 MC 10 0.18 1.82
DPIWE 16 1.50 2.00 4.91 SL 16 0.11 0.21 1.72 2.33 0.10 0.06
DPIWE 17 0.00 0.25 11.77 ZS 17 0.11 1.81
DPIWE 17 0.25 0.50 9.47 LS 17 0.07 1.13
DPIWE 17 0.50 0.75 11.27 CS 16 0.07 1.19
DPIWE 17 0.75 1.00 12.34 CS 16 0.07 1.20
DPIWE 17 1.00 1.50 7.22 LS 17 0.05 0.79
DPIWE 17 1.50 2.00 18.23 S 17 0.06 0.97
DPIWE 17 2.00 2.50 22.40 LS 17 0.07 1.15
DPIWE 17 2.50 3.00 20.74 LS 17 0.05 0.92
DPIWE 17 3.00 3.50 24.32 LS 17 0.05 0.87
DPIWE 17 3.50 4.00 22.20 LS 17 0.04 0.71
DPIWE 17 4.00 4.50 20.04 LS 17 0.04 0.71
DPIWE 17 4.50 5.00 20.23 LS 17 0.43 0.09 7.36 1.57 0.00 0.00
DPIWE 19 0.00 0.25 58.04 SCL 15 0.28 4.14
DPIWE 19 0.25 0.50 29.78 SL 16 0.07 1.10
DPIWE 19 0.50 0.75 24.19 SL 16 0.07 1.14
DPIWE 19 0.75 1.00 21.00 LS 17 0.08 1.39
DPIWE 19 1.00 1.50 28.54 LS 17 0.21 3.55
DPIWE 19 1.50 2.00 29.35 LS 17 0.32 5.47
DPIWE 19 2.00 2.50 27.63 LS 17 0.43 7.31
DPIWE 19 2.50 3.00 28.17 LS 17 0.27 4.66
DPIWE 19 3.00 3.50 29.14 LS 17 0.36 6.05
DPIWE 19 3.50 4.00 27.60 LS 17 0.37 6.32
DPIWE 19 4.00 4.50 27.49 LS 17 0.25 4.22
DPIWE 19 4.50 5.00 26.55 SCL 15 0.31 0.25 4.71 4.17 0.30 0.10
DPIWE 21 0.00 0.25 19.02 ZCL 14 0.23 3.24
DPIWE 21 0.25 0.50 14.65 LC 13 0.14 1.85
DPIWE 21 0.50 0.75 12.84 MC 10 0.10 0.95
DPIWE 21 0.75 1.00 18.21 MC 10 0.09 0.90
DPIWE 21 1.00 1.50 20.90 MC 10 0.23 2.33
DPIWE 21 1.50 2.00 25.50 CL 14 1.24 17.39
DPIWE 21 2.00 2.50 22.50 SL 16 1.00 15.98
DPIWE 21 2.50 3.00 23.14 SL 16 1.18 18.85
DPIWE 21 3.00 3.50 27.36 LMC 12 0.78 9.30
DPIWE 21 3.50 4.00 20.31 LMC 12 0.50 5.99
DPIWE 21 4.00 4.50 24.96 MC 10 0.62 6.18
DPIWE 21 4.50 5.00 21.83 MC 10 0.42 0.54 4.21 7.26 0.56 0.34
DPIWE 22 0.00 0.25 61.56 LC 6 1.89 11.31
DPIWE 22 0.25 0.50 25.40 SCL 6 0.59 3.55
DPIWE 22 0.50 0.75 29.15 SL 16 0.79 12.61
DPIWE 22 0.75 1.00 28.85 LS 17 0.55 9.42
DPIWE 22 1.00 1.50 26.63 LS 17 1.33 22.68
DPIWE 22 1.50 2.00 32.70 LS 17 1.34 22.78
DPIWE 22 2.00 2.50 32.12 SCL 15 0.93 14.01
DPIWE 22 2.50 3.00 17.01 LMC 12 0.40 0.98 4.74 12.64 1.30 1.10
DPIWE 25 0.00 0.25 21.59 LC 13 0.20 2.59
DPIWE 25 0.25 0.50 18.75 MC 10 0.45 4.51
DPIWE 25 0.50 0.75 17.25 MC 10 0.57 5.66
DPIWE 25 0.75 1.00 13.78 MC 10 0.77 7.65
DPIWE 25 1.00 1.50 18.62 MC 10 1.01 10.14
DPIWE 25 1.50 2.00 19.56 MC 10 0.66 6.63
DPIWE 25 2.00 2.50 7.27 CS 16 0.42 6.64
DPIWE 25 2.50 3.00 7.27 LS 17 0.27 4.54
DPIWE 25 3.00 3.50 27.01 LC 13 0.69 8.91
DPIWE 25 3.50 4.00 23.96 MC 10 0.84 8.39
DPIWE 25 4.00 4.50 30.79 MC 10 0.57 0.59 5.72 6.49 0.80 0.45
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Code Hole Depth upper Depth lower  Field moisture
%

Field Texture ECese
Multiplier

EC 1:5 (dS/m) Average EC
dS/m

(surface
weighted)

ECese Average
ECese dS/m

(surface
weighted)

EM31v
dS/m

EM31h
dS/m

DPIWE 28 0.00 0.25 29.85 SCL 15 0.20 2.97
DPIWE 28 0.25 0.50 16.90 LS 17 0.27 4.51
DPIWE 28 0.50 0.75 14.73 LS 17 0.27 4.61
DPIWE 28 0.75 1.00 15.47 LS 17 0.33 5.68
DPIWE 28 1.00 1.50 16.74 LS 17 0.57 9.76
DPIWE 28 1.50 2.00 23.14 LS 17 0.69 11.70
DPIWE 28 2.00 2.50 18.00 CS 16 0.62 9.90
DPIWE 28 2.50 3.00 27.30 CS 16 0.61 9.76
DPIWE 28 3.00 3.50 21.84 CS 16 0.51 8.19
DPIWE 28 3.50 4.00 20.68 CS 16 0.43 6.91
DPIWE 28 4.00 4.50 20.69 CS 16 0.61 9.68
DPIWE 28 4.50 5.00 21.90 CS 16 0.88 0.50 14.14 8.15 0.55 0.35
DPIWE 29 0.00 0.25 4.66 LS 16 0.07 1.12
DPIWE 29 0.25 0.50 3.34 S 17 0.04 0.74
DPIWE 29 0.50 0.75 3.80 S 17 0.02 0.35
DPIWE 29 0.75 1.00 4.11 S 17 0.02 0.28
DPIWE 29 1.00 1.50 14.50 LS 17 0.04 0.65
DPIWE 29 1.50 2.00 23.16 LS 17 0.05 0.91
DPIWE 29 2.00 2.50 23.56 LS 17 0.09 1.49
DPIWE 29 2.50 3.00 20.79 LS 17 0.07 1.22
DPIWE 29 3.00 3.50 21.56 LS 17 0.10 1.71
DPIWE 29 3.50 4.00 25.53 LS 17 0.18 3.10
DPIWE 29 4.00 4.50 21.61 LS 17 0.32 5.42
DPIWE 29 4.50 5.00 24.83 LS 17 0.48 0.12 8.21 2.10 0.00 0.00
DPIWE 30 0.00 0.25 23.64 LMC 7 1.36 9.53
DPIWE 30 0.25 0.50 17.19 SL 16 1.16 18.53
DPIWE 30 0.50 0.75 17.47 CS 16 1.20 19.14
DPIWE 30 0.75 1.00 18.74 CLS 14 1.12 15.65
DPIWE 30 1.00 1.50 19.73 SCL 15 0.63 9.41
DPIWE 30 1.50 2.00 18.95 SCL 15 0.69 10.31
DPIWE 30 2.00 2.50 17.00 SL 16 0.62 9.95
DPIWE 30 2.50 3.00 20.78 CS 16 0.59 9.49
DPIWE 30 3.00 3.50 19.70 LS 17 0.78 13.33
DPIWE 30 3.50 4.00 25.06 LS 17 1.17 19.84
DPIWE 30 4.00 4.50 20.26 SL 16 0.87 13.87
DPIWE 30 4.50 5.00 18.63 MC 10 0.81 0.92 8.07 13.09 1.30 1.00
DPIWE 31 0.00 0.25 47.18 CL 14 0.48 6.72
DPIWE 31 0.25 0.50 21.18 LS 17 0.32 5.36
DPIWE 31 0.50 0.75 23.48 LS 17 0.36 6.05
DPIWE 31 0.75 1.00 25.47 LS 17 0.32 5.47
DPIWE 31 1.00 1.50 22.41 LS 17 0.34 5.81
DPIWE 31 1.50 2.00 24.22 LS 17 0.25 4.18
DPIWE 31 2.00 2.50 19.06 LS 17 0.23 3.97
DPIWE 31 2.50 3.00 18.62 LS 17 0.23 3.96
DPIWE 31 3.00 3.50 20.89 LS 17 0.42 7.07
DPIWE 31 3.50 4.00 26.12 LS 17 0.41 6.89
DPIWE 31 4.00 4.50 28.13 LC 13 0.28 3.59
DPIWE 31 4.50 5.00 21.40 LC 13 0.23 0.32 2.97 5.17 0.15 0.08
DPIWE 34 0.00 0.25 42.97 LMC 12 1.20 14.35
DPIWE 34 0.25 0.50 25.19 LMC 12 0.92 11.04
DPIWE 34 0.50 0.75 27.66 MC 10 1.90 19.04
DPIWE 34 0.75 1.00 35.09 MHC 9 3.51 31.59
DPIWE 34 1.00 1.50 14.52 SL 16 1.19 19.04
DPIWE 34 1.50 2.00 25.91 CS 16 1.92 30.78
DPIWE 34 2.00 2.50 25.79 LC 13 1.38 17.95
DPIWE 34 2.50 3.00 60.50 LC 13 4.03 52.39
DPIWE 34 3.00 3.50 26.68 SCL 15 2.94 44.10
DPIWE 34 3.50 4.00 39.93 LC 13 2.89 37.57
DPIWE 34 4.00 4.50 27.34 LC 13 2.88 37.44
DPIWE 34 4.50 5.00 30.55 SCL 15 1.90 2.22 28.53 28.65 2.10 1.50
DPIWE 35 0.00 0.25 CL 6 3.96 23.76
DPIWE 35 0.25 0.50 CL 6 4.92 29.52
DPIWE 35 0.50 0.75 SCL+ 6 3.77 22.62
DPIWE 35 0.75 1.00 SCL+ 15 3.52 52.80
DPIWE 35 1.00 1.50 SCL+ 15 2.43 36.45
DPIWE 35 1.50 2.00 SCL 15 2.30 34.50
DPIWE 35 2.00 2.50 SL 16 1.91 30.59
DPIWE 35 2.50 3.00 SL 16 2.16 34.48
DPIWE 35 3.00 3.50 MC 10 1.75 17.49
DPIWE 35 3.50 4.00 MC 10 1.26 12.56
DPIWE 35 4.00 4.50 MC 10 1.33 2.66 13.33 28.01 1.60 1.50
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Code Hole Depth upper Depth lower  Field moisture
%

Field Texture ECese
Multiplier

EC 1:5 (dS/m) Average EC
dS/m

(surface
weighted)

ECese Average
ECese dS/m

(surface
weighted)

EM31v
dS/m

EM31h
dS/m

DPIWE 36 0.00 0.25 177.73 ZCL 6 1.05 6.27
DPIWE 36 0.25 0.50 27.11 LS 17 0.46 7.84
DPIWE 36 0.50 0.75 24.40 LS 17 0.48 8.16
DPIWE 36 0.75 1.00 27.91 LS 17 1.16 19.65
DPIWE 36 1.00 1.50 41.47 SCL 15 0.85 0.80 12.74 10.93 0.45 0.40
DPIWE 37 0.00 0.25 35.40 SCL 15 0.24 3.60
DPIWE 37 0.25 0.50 16.31 LC 13 0.27 3.56
DPIWE 37 0.50 0.75 21.50 MC 10 0.48 4.83
DPIWE 37 0.75 1.00 18.41 LC 13 0.35 4.55
DPIWE 37 1.00 1.50 25.72 LS 17 0.68 11.61
DPIWE 37 1.50 2.00 23.17 LS 17 1.01 17.19
DPIWE 37 2.00 2.50 24.78 LS 17 0.73 12.43
DPIWE 37 2.50 3.00 20.54 LS 17 0.79 13.45
DPIWE 37 3.00 3.50 22.20 LS 17 0.64 10.83
DPIWE 37 3.50 4.00 29.15 LS 17 0.89 0.61 15.16 9.72 0.55 0.39
DPIWE 38 0.00 0.25 45.95 CL 14 1.62 22.65
DPIWE 38 0.25 0.50 25.45 LC 13 1.25 16.24
DPIWE 38 0.50 0.75 19.65 MC 10 1.11 11.14
DPIWE 38 0.75 1.00 21.02 MC 10 1.20 12.00
DPIWE 38 1.00 1.50 21.94 SL 16 0.85 13.66
DPIWE 38 1.50 2.00 20.96 SL 16 1.30 20.86
DPIWE 38 2.00 2.50 28.78 LS 17 1.18 20.09
DPIWE 38 2.50 3.00 38.12 LC 13 1.29 16.71
DPIWE 38 3.00 3.50 31.41 LC 13 0.99 12.92
DPIWE 38 3.50 4.00 33.29 CL 14 1.60 22.44
DPIWE 38 4.00 4.50 80.78 SL 16 4.51 1.54 72.16 21.90 1.30 0.98
DPIWE 39 0.00 0.25 57.39 LMC 12 0.67 8.03
DPIWE 39 0.25 0.50 21.53 LS 17 0.35 5.93
DPIWE 39 0.50 0.75 19.88 LS 17 0.45 7.57
DPIWE 39 0.75 1.00 20.29 LS 17 0.54 9.16
DPIWE 39 1.00 1.50 22.96 LS 17 0.71 12.09
DPIWE 39 1.50 2.00 26.28 LS 17 0.64 10.81
DPIWE 39 2.00 2.50 17.83 LS 17 0.49 8.33
DPIWE 39 2.50 3.00 23.58 LS 17 0.47 8.01
DPIWE 39 3.00 3.50 21.43 LS 17 1.14 19.31
DPIWE 39 3.50 4.00 19.24 LS 17 0.95 16.10
DPIWE 39 4.00 4.50 13.06 LS 17 1.21 20.55
DPIWE 39 4.50 5.00 23.48 LS 17 0.73 0.69 12.33 11.52 0.45 0.35
DPIWE 40 0.00 0.25 22.84 LC 6 1.68 10.06
DPIWE 40 0.25 0.50 21.18 CS 7 1.19 8.34
DPIWE 40 0.50 0.75 20.06 LS 17 1.44 24.53
DPIWE 40 0.75 1.00 20.11 LS 17 1.56 26.52
DPIWE 40 1.00 1.50 27.78 SL 16 1.53 24.46
DPIWE 40 1.50 2.00 30.58 LS 17 1.68 28.59
DPIWE 40 2.00 2.50 19.51 LS 17 1.97 33.56
DPIWE 40 2.50 3.00 27.21 LS 17 1.67 28.41
DPIWE 40 3.00 3.50 21.94 LS 17 1.21 20.49
DPIWE 40 3.50 4.00 19.51 SL 16 1.36 21.73
DPIWE 40 4.00 4.50 18.87 MC 10 1.31 13.05
DPIWE 40 4.50 5.00 20.01 MC 10 1.18 1.48 11.80 20.96 1.75 1.45
Coffeys 2 0.00 0.25 18.43 S 17 0.24 1.46
Coffeys 2 0.25 0.50 11.59 SL 16 0.09 4.05
Coffeys 2 0.50 0.75 17.13 CS 16 0.08 1.49
Coffeys 2 0.75 1.00 18.11 LS 17 0.07 1.20
Coffeys 2 1.00 1.50 19.26 LS 17 0.11 1.24
Coffeys 2 1.50 2.00 18.39 LS 17 0.09 1.82
Coffeys 2 2.00 2.50 20.10 LS 17 0.09 1.46
Coffeys 2 2.50 3.00 20.21 LS 17 0.09 1.51
Coffeys 2 3.00 3.50 19.73 LS 17 0.20 1.51
Coffeys 2 3.50 4.00 16.61 LS 17 0.09 0.10 3.43 1.97 0.04 0.00
Coffeys 3 0.00 0.25 45.15 SL 16 0.13 2.13
Coffeys 3 0.25 0.50 20.75 CS 16 0.08 1.25
Coffeys 3 0.50 0.75 18.49 LS 17 0.12 1.99
Coffeys 3 0.75 1.00 21.41 CS 16 0.15 2.40
Coffeys 3 1.00 1.50 24.06 CS 16 0.13 2.10
Coffeys 3 1.50 2.00 22.90 LS 17 0.17 2.96
Coffeys 3 2.00 2.50 22.06 LS 17 0.25 4.25
Coffeys 3 2.50 3.00 20.14 LS 17 0.26 4.42
Coffeys 3 3.00 3.50 18.54 LS 17 0.28 0.17 4.78 2.92 0.06 0.01
Coffeys 4 0.00 0.25 21.78 SL 16 0.27 4.27
Coffeys 4 0.25 0.50 23.63 SCL 15 0.20 2.93
Coffeys 4 0.50 0.75 20.86 CS 16 0.31 4.88
Coffeys 4 0.75 1.00 25.39 CS 16 0.40 6.34
Coffeys 4 1.00 1.50 18.51 CS 16 0.28 4.54
Coffeys 4 1.50 2.00 15.93 CS 16 0.39 6.18
Coffeys 4 2.00 2.50 24.22 MHC 9 0.43 0.32 3.85 4.71 0.90 0.03
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Code Hole Depth upper Depth lower  Field moisture
%

Field Texture ECese
Multiplier

EC 1:5 (dS/m) Average EC
dS/m

(surface
weighted)

ECese Average
ECese dS/m

(surface
weighted)

EM31v
dS/m

EM31h
dS/m

Coffeys 5 0.00 0.25 11.65 LS 17 0.12 2.04
Coffeys 5 0.25 0.50 5.86 S 17 0.04 0.70
Coffeys 5 0.50 0.75 4.90 LS 17 0.06 1.07
Coffeys 5 0.75 1.00 3.42 S 17 0.07 1.24
Coffeys 5 1.00 1.50 3.77 S 17 0.06 1.09
Coffeys 5 1.50 2.00 5.23 S 17 0.06 0.95
Coffeys 5 2.00 2.50 7.87 S 17 0.06 1.05
Coffeys 5 2.50 3.00 16.86 S 17 0.09 1.58
Coffeys 5 3.00 3.50 15.90 S 17 0.08 1.39
Coffeys 5 3.50 4.00 17.71 S 17 0.09 1.55
Coffeys 5 4.00 4.50 18.54 S 17 0.09 0.08 1.51 1.29 0.00 0.14
Coffeys 6 0.00 0.25 26.03 SL 16 0.11 1.70
Coffeys 6 0.25 0.50 21.17 LS 17 0.04 0.61
Coffeys 6 0.50 0.75 18.95 SL 16 0.06 1.01
Coffeys 6 0.75 1.00 17.99 CS 16 0.07 1.06
Coffeys 6 1.00 1.50 19.18 CS 16 0.07 1.10
Coffeys 6 1.50 2.00 21.24 LS 17 0.07 1.16
Coffeys 6 2.00 2.50 23.06 CS 16 0.06 0.99
Coffeys 6 2.50 3.00 22.18 LS 17 0.07 0.07 1.11 1.09 0.00 0.00
Coffeys 7 0.00 0.25 15.62 SL 16 0.13 2.13
Coffeys 7 0.25 0.50 9.18 LS 17 0.06 1.07
Coffeys 7 0.50 0.75 12.09 LS 17 0.06 1.00
Coffeys 7 0.75 1.00 17.49 LS 17 0.05 0.87
Coffeys 7 1.00 1.50 15.94 LS 17 0.06 1.04
Coffeys 7 1.50 2.00 16.69 SCL 15 0.06 0.90
Coffeys 7 2.00 2.50 39.15 CS 16 0.13 2.02
Coffeys 7 2.50 3.00 27.73 CS 16 0.16 2.58
Coffeys 7 3.00 3.50 12.16 CS 16 0.11 0.09 1.73 1.48 0.38 0.25
Coffeys 8 0.00 0.25 17.32 fLS 17 0.10 1.77
Coffeys 8 0.25 0.50 10.87 fLS 17 0.04 0.61
Coffeys 8 0.50 0.75 20.24 LS 17 0.07 1.21
Coffeys 8 0.75 1.00 21.15 fSL 16 0.07 1.04
Coffeys 8 1.00 1.50 22.09 fCS 16 0.05 0.77
Coffeys 8 1.50 2.00 27.66 fCS 16 0.18 0.08 2.83 1.37 0.06 0.04
Coffeys 9 0.00 0.25 34.56 LS 17 0.12 2.09
Coffeys 9 0.25 0.50 15.17 LS 17 0.08 1.31
Coffeys 9 0.50 0.75 7.91 S 17 0.04 0.66
Coffeys 9 0.75 1.00 7.37 S 17 0.04 0.65
Coffeys 9 1.00 1.50 16.81 CS 16 0.11 1.73
Coffeys 9 1.50 2.00 14.70 LS 17 0.08 1.29
Coffeys 9 2.00 2.50 8.05 LS 17 0.08 1.31
Coffeys 9 2.50 3.00 18.25 CS 16 0.06 0.98
Coffeys 9 3.00 3.50 23.20 CS 16 0.07 1.10
Coffeys 9 3.50 4.00 17.25 S 17 0.11 0.08 1.82 1.29 0.00 0.00
Coffeys 10 0.00 0.25 25.85 SL 16 0.09 1.41
Coffeys 10 0.25 0.50 16.24 LS 17 0.12 2.02
Coffeys 10 0.50 0.75 25.56 CLS 14 0.32 4.54
Coffeys 10 0.75 1.00 29.23 LC 13 0.64 8.33
Coffeys 10 1.00 1.50 21.04 SL 16 0.49 7.76
Coffeys 10 1.50 2.00 20.54 CS 16 0.57 9.06
Coffeys 10 2.00 2.50 22.39 CS 16 0.63 0.41 10.03 6.16 0.24 0.00
Coffeys 11 0.00 0.25 29.13 LC 13 0.21 2.78
Coffeys 11 0.25 0.50 33.34 MC 10 0.31 3.13
Coffeys 11 0.50 0.75 22.98 MC 10 0.22 2.17
Coffeys 11 0.75 1.00 28.88 MC 10 0.49 4.87
Coffeys 11 1.00 1.50 29.36 LC 13 0.64 8.37
Coffeys 11 1.50 2.00 24.58 LS 17 0.39 6.56
Coffeys 11 2.00 2.50 23.46 LS 17 0.33 5.59
Coffeys 11 2.50 3.00 23.58 LS 17 0.45 7.70
Coffeys 11 3.00 3.50 24.37 CS 16 0.49 0.39 7.76 5.44 0.12 0.32
Coffeys 12 0.00 0.25 18.44 SL 16 0.20 3.12
Coffeys 12 0.25 0.50 15.09 LS 17 0.12 2.07
Coffeys 12 0.50 0.75 16.94 SL 16 0.18 2.80
Coffeys 12 0.75 1.00 20.02 CLS 14 0.19 2.69
Coffeys 12 1.00 1.50 19.44 SL 16 0.26 4.10
Coffeys 12 1.50 2.00 27.19 LC 13 0.32 4.19
Coffeys 12 2.00 2.50 20.20 SCL 15 0.36 5.34
Coffeys 12 2.50 3.00 23.32 SCL 15 0.39 5.85
Coffeys 12 3.00 3.50 28.20 SL 16 0.56 0.29 8.96 4.35 0.17 0.58
Coffeys 13 0.00 0.25 29.75 SL 16 0.23 3.63
Coffeys 13 0.25 0.50 7.65 LS 17 0.06 0.97
Coffeys 13 0.50 0.75 9.62 LS 17 0.06 1.02
Coffeys 13 0.75 1.00 11.66 LS 17 0.07 1.16
Coffeys 13 1.00 1.50 18.58 LC 13 0.13 1.74
Coffeys 13 1.50 2.00 19.39 LS 17 0.12 2.04
Coffeys 13 2.00 2.50 18.71 CS 16 0.25 3.92
Coffeys 13 2.50 3.00 19.23 CS 16 0.28 0.15 4.42 2.36 0.28 0.02
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Code Hole Depth upper Depth lower  Field moisture
%

Field Texture ECese
Multiplier

EC 1:5 (dS/m) Average EC
dS/m

(surface
weighted)

ECese Average
ECese dS/m

(surface
weighted)

EM31v
dS/m

EM31h
dS/m

Coffeys 15 0.00 0.25 28.11 SCL 15 0.16 2.43
Coffeys 15 0.25 0.50 16.42 SL 16 0.12 1.92
Coffeys 15 0.50 0.75 15.35 CS 16 0.14 2.19
Coffeys 15 0.75 1.00 17.80 CS 16 0.20 3.26
Coffeys 15 1.00 1.50 17.49 CS 16 0.22 3.50
Coffeys 15 1.50 2.00 19.22 CS 16 0.19 2.96
Coffeys 15 2.00 2.50 17.49 LS 17 0.14 2.31
Coffeys 15 2.50 3.00 19.38 LS 17 0.14 2.31
Coffeys 15 3.00 3.50 20.23 CS 16 0.19 2.99
Coffeys 15 3.50 4.00 17.92 CS 16 0.21 3.38
Coffeys 15 4.00 4.50 16.33 16 0.37 0.19 5.97 3.02 0.10 0.08
Coffeys 19 0.00 0.25 37.09 SL 16 0.12 1.98
Coffeys 19 0.25 0.50 19.14 CS 16 0.35 5.55
Coffeys 19 0.50 0.75 17.49 CS 16 0.49 7.81
Coffeys 19 0.75 1.00 19.94 CLS 14 1.12 15.65
Coffeys 19 1.00 1.50 22.46 SL 16 0.84 13.46
Coffeys 19 1.50 2.00 24.31 CSL 15 0.91 13.59
Coffeys 19 2.00 2.50 21.24 MHC 9 0.50 4.51
Coffeys 19 2.50 3.00 19.60 MC 10 0.49 4.90
Coffeys 19 3.00 3.50 17.31 MC 10 0.24 0.56 2.40 7.76 0.32 0.00
Coffeys 20 0.00 0.25 19.90 LS 17 0.08 1.38
Coffeys 20 0.25 0.50 21.53 LS 17 0.06 1.07
Coffeys 20 0.50 0.75 23.62 CS 16 0.06 0.99
Coffeys 20 0.75 1.00 38.22 CLS 14 0.08 1.16
Coffeys 20 1.00 1.50 25.79 SCL 15 0.07 1.04
Coffeys 20 1.50 2.00 22.76 SCL 15 0.07 1.05
Coffeys 20 2.00 2.50 19.39 SL 16 0.05 0.86
Coffeys 20 2.50 3.00 23.61 SL 16 0.07 1.15
Coffeys 20 3.00 3.50 21.68 CS 16 0.10 0.07 1.55 1.14 0.03 0.00
Coffeys 21 0.00 0.25 38.53 SCL 15 0.11 1.59
Coffeys 21 0.25 0.50 20.07 CS 16 0.04 0.69
Coffeys 21 0.50 0.75 23.58 CS 16 0.07 1.04
Coffeys 21 0.75 1.00 21.21 LS 17 0.05 0.82
Coffeys 21 1.00 1.50 23.45 CS 16 0.06 1.02
Coffeys 21 1.50 2.00 21.77 LS 17 0.17 2.86
Coffeys 21 2.00 2.50 22.78 LS 17 0.10 1.77
Coffeys 21 2.50 3.00 21.51 LS 17 0.07 0.08 1.22 1.38 0.26 0.00
Coffeys 22 0.00 0.25 16.34 CS 16 0.08 1.23
Coffeys 22 0.25 0.50 13.18 LS 17 0.05 0.82
Coffeys 22 0.50 0.75 20.89 SL 16 0.17 2.78
Coffeys 22 0.75 1.00 18.82 CS 16 0.26 4.16
Coffeys 22 1.00 1.50 22.88 CS 16 0.29 4.56
Coffeys 22 1.50 2.00 21.28 LS 17 0.31 5.24
Coffeys 22 2.00 2.50 20.28 LS 17 0.22 3.71
Coffeys 22 2.50 3.00 20.39 LS 17 0.35 0.22 6.00 3.56 0.14 0.00
Coffeys 23 0.00 0.25 9.78 CS 16 0.10 1.54
Coffeys 23 0.25 0.50 7.18 LS 17 0.05 0.82
Coffeys 23 0.50 0.75 10.90 LS 17 0.05 0.85
Coffeys 23 0.75 1.00 8.69 SL 16 0.05 0.82
Coffeys 23 1.00 1.50 14.02 LS 17 0.06 0.94
Coffeys 23 1.50 2.00 15.34 LS 17 0.04 0.66
Coffeys 23 2.00 2.50 21.62 LS 17 0.07 1.11
Coffeys 23 2.50 3.00 22.21 LS 17 0.17 0.07 2.91 1.20 0.02 0.00
Coffeys 24 0.00 0.25 26.37 SCL 15 0.22 3.29
Coffeys 24 0.25 0.50 20.70 SL 16 0.12 1.90
Coffeys 24 0.50 0.75 14.15 LS 17 0.08 1.28
Coffeys 24 0.75 1.00 16.01 LS 17 0.08 1.34
Coffeys 24 1.00 1.50 22.42 CS 16 0.10 1.60
Coffeys 24 1.50 2.00 19.90 CS 16 0.12 1.89
Coffeys 24 2.00 2.50 19.33 CS 16 0.12 1.97
Coffeys 24 2.50 3.00 23.79 CS 16 0.13 2.11
Coffeys 24 3.00 3.50 18.65 CS 16 0.15 0.12 2.32 1.97 0.04 0.00
Coffeys 25 0.00 0.25 23.09 SCL 15 0.20 2.99
Coffeys 25 0.25 0.50 21.57 CLS 14 0.30 4.24
Coffeys 25 0.50 0.75 18.71 CLS 14 0.56 7.88
Coffeys 25 0.75 1.00 18.69 CLS 14 1.18 16.53
Coffeys 25 1.00 1.50 22.23 LC 13 1.10 14.27
Coffeys 25 1.50 2.00 21.16 MC 10 0.79 7.85
Coffeys 25 2.00 2.50 18.45 MC 10 0.52 5.15
Coffeys 25 2.50 3.00 15.87 MC 10 0.34 3.40
Coffeys 25 3.00 3.50 15.13 MC 10 0.16 1.56
Coffeys 25 3.50 4.00 12.84 LMC 12 0.14 1.66
Coffeys 25 4.00 4.50 26.31 LC 13 0.17 2.26
Coffeys 25 4.50 5.00 23.80 LC 13 0.17 2.21
Coffeys 25 5.00 5.50 18.08 LC 13 0.08 0.98
Coffeys 25 5.50 6.00 19.97 CLS 14 0.07 0.41 0.95 5.14 0.50 0.00
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APPENDIX 3.

TEXTURE MULTIPLIERS FOR EC 1:5 - ECese CONVERSION

Texture Name Texture Code EC1:5 Multiplier
Peat P 6
Sandy Peat SP 6
Medium Heavy Clay MHC 6.5
Sapric Loam PL 6.5
Medium Clay MC 7
Sapric Sand PS 7
Light Medium Clay LMC 8
Light Clay LC 8.5
Sand Clay Loam (Heavy) SCL+ 8.5
Clay loam CL 9
Clay loam sandy CLS 9
Sandy Clay Loam SCL 9
Silty Clay Loam ZCL 9
Silty Loam ZL 10
Fine Clayey Sand FCS 13
Coarse Sandy Loam KSL 14
Fine Sandy Loam FSL 14
Sandy Loam SL 14
Clayey Sand CS 16
Fine Loamy Sand FLS 17
Loamy Sand LS 17
Sand S 17
Silty Sand ZS 17

Modified form Taylor, 1993, Dryland Salinity - Extension Notes.
Department of Conservation and Land Management. Bathurst, NSW, Australia.
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APPENDIX 4.

EM38 CALIBRATION SOIL CORE DATA
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APPENDIX 5.

BORE MONITORING DATA
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APPENDIX 6.

IRRIGATION WATER QUALITY CLASSES

Irrigation water can be classified in terms of the measured conductivity level. These classes
are outlined below.

Class ECw (dS/m) Salinity Level

1 0.0 – 0.28 Low
2 0.28 - 0.8         Medium
3 0.8-2.3 High
4 2.3 - 5.5 Very High
5 >5.5 Extremely High

• Class 1: Suitable for most crops on most soils, with little chance of developing a
salinity problem.

• Class 2: May cause leaf scorch on sensitive crops, especially at high
temperatures.

• Class 3: Should not be used on soils with restricted drainage. Under adequate
drainage, management for salinity control will be needed.

• Class 4: Very high salinity water, not suitable for irrigation under ordinary
conditions. For this water to be used, soils must be permeable and drainage adequate,
water must be applied in excess to provide considerable leaching, and salt tolerant
crops should be selected.

• Class 5: Extremely high salinity water, may be used only on permeable, well
drained soils under good management, especially in relation to leaching and for
salt tolerant crops, or for occasional emergency use.

Detailed chemical analysis to determine the specific salinity components is recommended
only for Classes 3, 4 and 5 waters, or for waters likely to be unnaturally contaminated.

All water used in irrigation should be tested for conductivity prior to application. Simple
and quick self monitoring can be achieved using a hand held conductivity meter (available
with SALTPAK).

Reference: Adapted from Keith Stackhouse, (1984), "Farm Water Quality", Department of
Agriculture, Tasmania, Farmnote No 166.
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APPENDIX 7.

RAINFALL SAMPLES DATA
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APPENDIX 9.

SOIL TYPE DESCRIPTIONS,
PROFILE DIAGRAMS AND CHEMISTRY DATA
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Soils of the shoreline, headland and estuary

Estuarine Soil (Minor Soil)

Name
Concept

Aust. Soil Classification
Map Unit Code
Geology
Landform
Vegetation
Surface Conditions
Permeability
Drainage
Land Capability

Estuarine Soils (E)
Weakly structured sandy deposit with sandy loam to loam topsoils surface horizons
overlying bands of heavier textured B sediments that display a mottled appearance
with a gley horizon at depth. Developed from Quaternary Alluvium
Organosols and Hydrosols
E
Quaternary Alluvium – Sandy Sediments
Flat to very gently sloping marshy flats.  Adjacent to the Tomahawk River
A range of rushes and sedges.
Soft
Slow permeability
Very poorly drained
7d

A1

A3

B2

BC

C
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A1:

A3:

B2:

BC:

C:

Dark grey sandy loam to loam with abundant organic matter, very
weak (moist) consistence; sandy fabric; gradual change to

Dark grey sand to sandy clay loam; single grained, weak (moist)
consistence; sandy fabric, clear change to

Dark grey to grey or yellow grey, sandy clay to sandy clay loam;
yellow mottles; massive structure; gradual change to

Dark grey to yellow grey fine sandy clay loam to clayey sand;
massive structure; clear change to

Blue grey wet sand

Morphological sites: PINK 8873
Analysed sites: Nil
Related soil names: Estuarine Soil
Correlation references: Hubble, (1946), Dimmock and Graley (1960)
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Skeletal Soils on Dolerite (Minor Soil)

Name
Concept

Aust. Soil Classification
Map Unit Code
Geology
Landform
Vegetation
Surface Conditions
Permeability
Drainage
Land Capability

Skeletal Soils (Skd)
Weakly structured, shallow windblown sands, overlying a shallow poorly
developed soil overlying bedrock. Leached A2 horizons are prominent if present.
Melanic, Lithic, Bleached-Leptic, Tenosol
Skd
Jurassic Dolerite.
Coastal headland and cliffs.
Little or no vegetation.  (See Table 6 Vegetation)
Soft to firm
Highly permeability
Rapid
6s-7e

  A1
  A2

                   2A1

                2R
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A1:

A2:

2A1:

R:

Black to very dark grey (10YR 2/1, 3/1 moist); loamy fine sand to
sandy loam; weak polyhedral structure; Loose (dry) to very weak
(moist) consistence; sandy fabric, common 1-2mm live roots; gradual
change to

Grey to light grey (10YR 6/1, 7/1 moist); sand to loamy sand, single
grained, loose (dry) to very weak (moist) consistence; sandy fabric;
gradual change to

Very dark brown (10YR 2/2, 3/2 moist); clay loam to loam; weak
subangular structure; very weak (moist) consistence; sandy fabric,
abrupt change to

Bed rock- either granite boulders or dolerite slab
Morphological sites: Profile created from site observations during survey and descriptions by Hubble (1946)
Analysed sites: Nill
Related soil names: Skeletal Soils on Granite, Skeletal Soils on Dolerite, Soils on granite and metamorphic rock (2)
Correlation references: Hubble, (1946), Dimmock and Graley (1960)(2)

Calcareous Sand Dune (Minor Soil)
Name
Concept

Aust. Soil Classification
Map Unit Code
Geology
Landform
Vegetation

Surface Conditions
Permeability
Drainage
Land Capability

Calcareous Sand Dune (D)
Calcareous windblown sands with negligible to no soil development evident
formed from recent Quaternary aeolian sand.
Calcareous Arenic Rudosols
D
Quaternary Aeolian sands
Coastal foreshore and beach ridges.
Little vegetation apart from marram grass, Acacia sophorae and vegetation that
has been enveloped by recent sand migration.
Loose
Highly permeability
Rapid
7a

Uniform
Sand

0cm
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many
metres

Pale yellow to grey (2.5Y 7/3, 10YR 5/2 moist); fine sand, single grain
structure; Loose (dry) to very weak (moist) consistence. Some small shell
fragments.

Morphological sites: PINK 8802, 8803
Analysed sites: Nil
Related soil names: Coastal Drifts of Calcareous Sand, Recent Calcareous Sands (2)
Correlation references: Hubble (1946), Dimmock and Graley (1960)(2)
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Swanage Sand
Name
Concept

Aust. Soil Classification
Map Unit Code
Geology
Landform

Vegetation

Surface Conditions
Permeability
Drainage
Land Capability

Swanage Sand (Sw)
Very weakly structured deep uniform sandy soil with leached subsoils, developed from
calcareous sand. Shallow A horizons overlying pale, leached horizons. Developed from
Quaternary wind blown sand.
Calcareous, Arenic, Rudosol
Sw
Quaternary Alluvium – Calcareous aeolian sand
Stabilised low dunes with some steep side, adjacent to the beach or where inland
migration has occurred.
Where undisturbed, native species include a variety of grasses, scattered stands of
stunted Banksia Marginata and Xanthorrhoea australis ,elsewhere a range of exotics
such as Acacia sophorae and Boxthorn cover most of these areas.
Loose
High permeability
Rapid drainage
6e-7e
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                  B1
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                  B3
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A1:

A2:

B1:

B2:

B3:

C:

Very dark grey brown to grey brown (10YR 3/2/, 5/2 moist); fine sand to
loamy fine sand; weak polyhedral structure to single grained; Very weak to
loose (moist) consistence; sandy fabric, pH 6.2-7.6; EC 0-0.22 dS/m; Many
medium (2-5 mm) roots; clear change to

Light browny grey (2.5Y 6/3 moist), fine sand; single grained, loose (dry)
to very weak (moist) consistence; pH 5.8-8.6; EC 0-0.05 dS/m; Few (1-5
mm) shell fragments; common (1-2 mm) roots; clear change to

Grey (10YR 5/1 moist), sand ; single grained; loose (dry) very weak
(moist) consistence; pH 7.0; EC 0-0.02 dS/m gradual change to

Grey brown (10YR 5/2 moist); sand; single grained; loose (dry) very weak
(moist) consistence; pH 6.9; EC 0-0.01 dS/m gradual change to

Light grey (10YR 7/1 moist); sand; single grained; loose (dry) very weak
(moist) consistence; pH 6.9; EC 0-0.04 dS/m gradual change to

Light browny grey (2.5Y 6/3 moist); sand; single grained; loose (dry) very
weak (moist) consistence; pH 6.7-9.2; EC 0 dS/m; Few (1-5 mm) shell
fragments

Morphological sites: PINK 8735, 8804, LDRWH 1031 1032 1033
Analysed sites: PINK 8735, 8804, LDRWH 002 005
Related soil names: Swanage Sand Association,
Correlation references: Hubble, (1946),
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Soils of the ephemeral (seasonal) lagoons, floodplain and drainage areas

Miscellaneous Alluvial Soil (Minor Soil)
Name
Concept

Aust. Soil Classification
Map Unit Code
Geology
Landform

Vegetation

Surface Conditions
Permeability
Drainage
Land Capability

Miscellaneous Alluvial Soil (Am)
Weakly structured, uniform silty loam to sandy loam soils overlying gleyed clayey
B horizons composed of a variety of sediments ranging from clay through to
gravels.
Hydrosol
Am
Quaternary Alluvium – Sand and clay and gravel
Flat to very gently sloping terraced land often containing small marshy
depressions.
Manuka (Leptospermum scoparium), Swamp paperbark (Melaleuca ericifolia) and
a variety of rushes and reeds including juncas spp and Lomandra longifolia.
Soft
Moderate to slow permeability
Imperfect to Poorly drained
4d-6f
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A1:

B1:

B2:

C1:

C2:

Grey to brown (10YR 2/1, 5/2 moist);  silty (organic) loam to sandy
loam; pH4.6–4.8; EC 0.01-0.1 dS/m;

Grey to dark grey; silty clay loam; pH 4.5-5.3; EC 0-0.03 dS/m; rusty
and grey coloured mottles

Dark grey; clay; pH 3.6-5.6.0; EC 0.04-0.13 dS/m  rusty and grey
coloured mottles

Dark grey to bluish grey; silty clay loam; pH 2.8- 5.5, EC 0.04-2.08
dS/m

Blue grey sand; pH 5.5; EC 0-0.04 dS/m;

Morphological sites: PINK 8864 8868
Analysed sites: Partial analysis PINK 8864 8868
Related soil names: Alluvial Soils of the Great Forrester flood plain (limited information available)
Correlation references: Hubble, (1946),
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Waterhouse Peat
Name
Concept

Aust. Soil Classification

Map Unit Code
Geology

Landform
Vegetation

Surface Conditions
Permeability
Drainage
Land Capability

Waterhouse Peat (W)
Organic accumulation forming a forming a shallow sapric peat ranging in depth from
46cm to no deeper than 90cm, overlying sand and gravelly clay. Developed from Recent
Quaternary alluvium.
Moderately thick, granular, terric or regolithic, acidic (sometime suphidic), sapric,
Organosol
W
Quaternary Alluvium accumulated organic remains of plants (overlying sand and
gravelly sand)
Closed depressions of the coastal plain including ephemeral lagoons and marshy flats.
Mostly improved pastures for grazing, while a range of rushes and sedges also occurs in
the wetter areas.
Soft
Low to Moderate permeability
Very poorly drained
5d–6d

O1

O2

                   O3
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B3/C
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B3/C:

Black (10YR 2/1 moist); sapric peat to peat, moderately developed,
fine, subangular blocky structure; loose (moist) consistence; no
segregations of pedogenic origin; pH4.7–5.5; EC 0.2-2.7 dS/m; few
very fine (<1mm) to common fine (1-2mm) live roots; gradual change
to

Black (10YR 2/1 moist); hemic to sapric peat; moderately developed,
fine to medium, angular blocky structure; very weak (moist)
consistence; no segregations of pedogenic origin; pH 4-6; EC 0.4-2.7
dS/m; few very fine (<1mm) live roots; gradual change to

Black to very dark grey (10YR 2/1,3/1 moist); peat, moderately
developed, fine, subangular blocky structure; very weak (moist)
consistence; no segregations of pedogenic origin; pH 3.5-5; EC 0.3-1.5
dS/m; few very fine (<1mm) live roots; clear change to

Black to very dark brown (10YR 2/1,3/3 moist), sand to clay loam;
massive structure; very weak (moist) consistence; no segregations of
pedogenic origin; pH 4.3-5.4; EC 0.2-1.4 dS/m; gradual change to

Dark grey brown to very dark grey (10YR 4/2 - 2.5Y 3/1moist); sand to
sandy light clay; massive structure; very firm (moist) soil consistence;
no segregations of pedogenic origin; pH 4.2-4.8, EC 0.3-1.1 dS/m;
clear change to

Very dark grey brown (10YR 3/2 moist) ); sand to sandy light clay;
massive structure but occasional platy structure indicating layers of
argillaceous sediments; very firm (moist) soil consistence; occasionally
very few (<2) argillaceous laminae; pH 3.5-4.0; EC (not recorded)

Morphological sites: PINK 8775, LDRWH 007 012 1028 1041 1042 1148 1149 1150 1207
Analysed sites: PINK8775 (partial), LDRWH 007 012
Related soil names: Sheepwash Peat#, Type 5 Peat#, Soils of the Lagoon Floors*
Correlation references: Hubble#, (1946), Dimmock and Graley* (1960)
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Waterhouse Peat Laboratory Data

Soil Profile Class
Grid Reference

Profile
No..

Horizon Sample
Depth

cm

pH
water

1:5

EC
dS/m

Avail
P

mg/kg

Avail
K

mg/kg

Org.
Carb.

%

Total
N
%

C/N
Ratio

Ca
meq

Mg
meq

Na
meq

K
meq

Waterhouse Peat WH 01 0-12 4.7 0.215 30 113 5.93 1.62 4
558856 E 12 02 12-23 4.0 0.641 54 110 5.13 1.35 4 21.72 7.28 2.58 0.28
5471365 N 03 23-53 3.5 1.51 112 157 4.16 1.87 2 17.04 8.99 4.02 0.37

B1 53-60 4.3 0.242 3 70 1.04 0.03 35 1.02 1.07 0.43 0.16
B2 60-100 4.2 0.278 2 71 0.62 0.01 62 0.92 1.49 0.41 0.18

Soil Profile
Class
Grid Reference

Profi
le

No.

Horizon Sampl
e

Depth
cm

Total
Bases

ECEC
Sum
meq

BASE
SAT
%

ESP
%

Ca/Mg
Ratio

Gravel
>2000

µm
%

Sand
Coar

se
>250
µm
%

Sand
Fine
<250
µm
%

Silt
%

Clay
%

Waterhouse
Peat

WH 01 0-12 0 12 30 22 35

558856 E 12 02 12-23 31.86 8.1 2.98 0 20 30 17 32
5471365 N 03 23-53 30.42 13.2 1.90 0 15 27 9 48

B1 53-60 2.68 16.0 0.95 0 41 51 0 8
B2 60-100 3 4.41 68 9.3 0.62 0 38 47 1 14
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Type 5 (Minor Soil)
Name
Concept

Aust. Soil Classification
Map Unit Code
Geology

Landform
Vegetation

Surface Conditions
Permeability
Drainage
Land Capability

Type 5 (Ty5)
Organic accumulation forming a forming a shallow (<45cm) sapric peat, overlying sand
and gravelly clay. Developed from Recent Quaternary alluvium.
Thin, granular, terric (sometimes placic), acidic (sometimes sulphidic), sapric, Organosol
Ty5
Quaternary Alluvium accumulated organic remains of plants (overlying sand and
gravelly sand)
Depressions on the coastal plain including ephemeral lagoons and marshy flats.
Mostly improved pastures for grazing, while a range of rushes and sedges also occurs in
the wetter areas.
Soft
Low to Moderate permeability
Poorly drained
5d
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B3/C
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O1:

O2:

B1:

B2(HSM):

B3/C:

Very dark brown (7.5YR 2.5/2 moist); loamy peat to sandy peat,
moderately developed, fine, subangular blocky structure, loose (moist)
consistence; pH4.7–6.2; EC 0.3-0.7 dS/m; common fine (1-2mm)
roots; gradual change to

Very dark brown (7.5YR 2.5/2 moist); loamy peat to peat, moderately
developed, fine to medium, angular blocky structure very weak (moist)
consistence; pH 5.8; EC 0-0.8 dS/m; common fine (1-2mm) roots; clear
change to

Grey to grey brown (2.5Y 5/1, 5/2 moist), sand; single grained; very
weak (moist) consistence; sandy fabric, pH 5.1; EC 0.1-0.2 dS/m;
occasional fine (1-2mm) roots; gradual change to

Black (10YR 2/1 moist); sand to gravelly, clayey sand , forming a
moderately cemented horizon with organic staining; massive structure;
very firm (moist) soil consistence; pH 3.78- 5.9, EC 0.3-0.5 dS/m;
occasional fine (1-2mm) roots; clear change to

Dark greyish brown (10YR 4/2 moist); sand to gritty, clayey sand,
massive structure, very firm (moist) soil consistence occasionally
coarse (6-20 mm), quartz fragments; pH 4.1-6.4; EC 0.7-0.8 dS/m.

Morphological sites: PINK 8730, 8762, LDRWH 011 1011 1055 1141 1142 1165
Analysed sites: PINK 8730, 8762,(partial) LDRWH 011
Related soil names: Sheepwash Peat#, Waterhouse Peat#, Soils of the Lagoon Floors*
Correlation references: Hubble#, (1946), Dimmock and Graley* (1960)
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Type 5  Laboratory Data

Soil Profile Class
Grid Reference

Profile
No..

Horizon Sample
Depth

cm

pH
water

1:5

EC
dS/m

Avail
P

mg/kg

Avail
K

mg/kg

Org.
Carb.

%

Total
N
%

C/N
Ratio

Ca
meq

Mg
meq

Na
meq

K
meq

Type 5 WH 01 0-10 6.2 0.293 36 155 5.76 1.57 4 24.94 11 4.44 0.39
558696 E 11 02 10-23 5.8 0.796 25 88 5.44 1.22 4 18.02 10.43 5.23 0.22
5471925 N A1 23-30 5.7 0.506 11 83 4.77 0.32 15 7.93 5.94 2.54 0.18

B1 30-63 5.1 0.106 2 66 0.43 0.02 22 0.66 0.87 0.45 0.16
B2 63-80 3.8 0.321 1 48 0.24 0.01 24 0.19 0.47 0.41 0.09
C 90-100 4.1 0.793 1 160 2.35 0.09 26 2.22 4.99 2.14 0.43

Soil Profile Class
Grid Reference

Profile
No.

Horizon Sample
Depth

cm

Total
Bases

ECEC
Sum
meq

BASE
SAT
%

ESP
%

Ca/Mg
Ratio

Gravel
>2000

µm
%

Sand
Coarse
>250
µm
%

Sand
Fine
<250
µm
%

Silt
%

Clay
%

Type 5 WH 01 0-10 40.77 10.9 2.27 0 8 22 34 36
558696 E 11 02 10-23 33.9 15.4 1.73 0 7 18 40 35
5471925 N A1 23-30 16.59 17.02 97 14.9 1.34 0 27 37 11 25

B1 30-63 2.14 2.57 83 17.5 0.76 0 44 48 1 7
B2 63-80 1.16 2.26 51 18.1 0.40 0 44 51 0 5
C 90-100 9.78 21.9 0.44 0 37 42 4 17
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Whitemarsh Soil   Type 2
Name
Concept

Aust. Soil Classification
Mapping Units
Geology
Landform
Vegetation

Surface Conditions
Permeability
Drainage
Land Capability

Whitemarsh soil Type 2 (Wm)
Duplex soil, weakly structured, sandy loam topsoil overlying bright yellow to brown,
mottled, sodic clay subsoil. Developed from Quaternary alluvium.
Sodic, Tenosolic, Redoxic, Hydrosol
Wm
Quaternary Alluvium –alluvial  and colluvial sediments including sand and clay.
Adjacent to and including the drainage areas within the sandplain.
Mostly improved pastures for grazing, uncleared areas display marshland species
including a range of rushes and water tolerant plants.
Soft
Slow permeability
Poorly to Imperfectly drained
5d-4d

                    A1

                    A3

                     B1

                     B2

                     B3

                     BC
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A1:

A3:

B1:

B2:

B3:

BC:

Black to very dark grey (10YR 2/1, 3/1 moist); sandy loam to gritty sandy
loam; weak to moderate, very fine (2-5mm) polyhedral structure; weak to
very weak (moist) consistence; pH 5.5–6.0; EC 0.1-0.2 dS/m; common
very fine (<1mm) roots; gradual change to

Black to very dark grey to dark brown (10YR 2/1, 3/1 moist); sandy clay
loam; massive structure; pH 5.0-6.5; EC 0.1-0.2 dS/m; clear change to

Dark grey (10YR 4/1 moist); clay loam to sandy clay ; common, distinct
dark yellowish brown (7.5YR 4/4) mottles; massive structure; very firm
(moist) soil consistence; pH 5.7 - 6.8, EC 0.08-0.1 dS/m, gradual change to

Very dark grey (7.5YR 3/1moist); sandy clay to clayey sand, common
distinct strong brown to yellow brown (7.5YR 4/6), mottles; massive
structure; very firm (moist) soil consistence; common (20-60mm)
ferruginous concretions and nodules; pH 5.4-6.7; EC 0-0.25 dS/m; gradual
change to

Very dark grey (7.5YR 3/1moist); sandy clay; common, distinct strong
brown to yellow brown (7.5YR 4/6), mottles; massive structure; very firm
(moist) soil consistence; common (20-60mm) pH 5.5-6.6; EC 0-0.2 dS/m;
gradual change to

Strong brown (7.5 YR 4/6 moist); sandy clay; with a few (2-10%) dark
grey to very dark grey (10YR 3/1) mottles; massive structure; very firm
(moist) consistence; pH –6.3-6.7; EC 0.17-0.2 dS/m.

Morphological sites: PINK 8750, LDRWH 130
Analysed sites: PINK 8750, LDRWH 130
Related soil names: Whitemarsh Complexes types 1, 3
Correlation references: Hubble, (1946)
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Whitemarsh Complex Laboratory Data

Soil Profile Class
Grid Reference

Profile
No..

Horizon Sample
Depth

cm

pH
water

1:5

EC
dS/m

Avail
P

mg/kg

Avail
K

mg/kg

Org.
Carb.

%

Total
N
%

C/N
Ratio

Ca
meq

Mg
meq

Na
meq

K
meq

White marsh WH A1 0-15 5.2 0.15 15 68 4.09 0.47 9 4.8 2.97 0.32 0.16
Complex 9 A3 15-16 5.5 0.72 8 57 1.43 0.13 11 1.74 2.45 0.41 0.14
557650 E B1 15-17 5.9 0.43 4 47 0.56 0.05 11 0.64 0.99 0.23 0.08
5468700 N

Soil Profile Class
Grid Reference

Profile
No.

Horizon Sample
Depth

cm

Total
Bases

ECEC
Sum
meq

BASE
SAT
%

ESP
%

Ca/Mg
Ratio

Gravel
>2000

µm
%

Sand
Coarse
>250
µm
%

Sand
Fine
<250
µm
%

Silt
%

Clay
%

Whitemarsh WH A1 0-15 8.25 9.07 91 3.5 1.62 0 28 46 4 21
Complex 9 A3 15-16 4.74 5.4 88 7.6 0.71 0 32 49 4 15
557650 E B1 15-17 1.94 2.28 85 10.1 0.65 0 44 46 3 7
5468700 N

WMComplex Type 2 Lab Data (Buried soil)

Soil Profile Class
Grid Reference

Profile
No..

Horizon Sample
Depth

cm

pH
water

1:5

EC
dS/m

Avail
P

mg/kg

Avail
K

mg/kg

Org.
Carb.

%

Total
N
%

C/N
Ratio

Ca
meq

Mg
meq

Na
meq

K
meq

WMComplex WH 1A1 0-14 5.4 0.123 17 94 2.77 0.23 12 5.1 1.74 0.52 0.25
Type 2 03 1A21 14-35 5.3 0.377 13 62 1.87 0.12 16 2.39 3.38 0.95 0.12
564600 E 1A22 35-52 5.7 0.182 4 40 0.57 0.05 11 1.24 1.44 0.63 0.1
5471100 N 2B1h1 52-75 6.2 0.102 2 100 0.57 0.05 11 1.46 2.71 0.64 0.24

2B2hS1 75-90 6.4 0.089 2 79 0.41 0.04 10 1.12 2.48 0.6 0.17
2B2hS2 90-107 6.5 0.069 2 35 0.29 0.03 10 0.95 1.87 0.47 0.05
2BC 107-130 6.6 0.083 2 30 0.22 0.02 11 0.77 1.49 0.47 0.04

Soil Profile Class
Grid Reference

Profile
No.

Horizon Sample
Depth

cm

Total
Bases

ECEC
Sum
meq

BASE
SAT
%

ESP
%

Ca/Mg
Ratio

Gravel
>2000

µm
%

Sand
Coarse
>250
µm
%

Sand
Fine
<250
µm
%

Silt
%

Clay
%

WMComplex WH 1A1 0-14 7.61 8.11 94 6.4 2.93 0 20 64 3 13
Type 2 03 1A21 14-35 6.84 7.18 95 13.2 0.71 0 16 67 3 14
564600 E 1A22 35-52 3.41 3.55 96 17.7 0.86 0 21 69 3 7
5471100 N 2B1h1 52-75 5.05 5.27 96 12.1 0.54 0 29 57 2 12

2B2hS1 75-90 4.37 4.55 96 13.2 0.45 0 34 54 1 11
2B2hS2 90-107 3.34 3.44 97 13.7 0.51 0 42 49 3 7
2BC 107-130 2.77 2.95 94 15.9 0.52 0 42 50 0 8
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Whitemarsh Type 6 Laboratory Data

Soil Profile Class
Grid Reference

Profile
No..

Horizon Sample
Depth

cm

pH
water

1:5

EC
dS/m

Avail
P

mg/kg

Avail
K

mg/kg

Org.
Carb.

%

Total
N
%

C/N
Ratio

Ca
meq

Mg
meq

Na
meq

K
meq

Whitemarsh WH A1 0-9 5.4 0.363 51 185 5.82 0.58 10 4.2 1.85 1.62 0.49
Type 6 Complex 6 A2 9-35 5.6 0.309 28 48 6.09 0.5 12 3.9 2.08 1.7 0.14
567325 E A3 35-75 6.0 0.212 5 30 2.05 0.13 16 1.43 1.49 1.3 0.06
5471165 N A4 75-110 6.4 0.142 3 49 0.63 0.06 11 0.77 1.14 0.78 0.11

Soil Profile Class
Grid Reference

Profile
No.

Horizon Sample
Depth

cm

Total
Bases

ECEC
Sum
meq

BASE
SAT
%

ESP
%

Ca/Mg
Ratio

Gravel
>2000

µm
%

Sand
Coarse
>250
µm
%

Sand
Fine
<250
µm
%

Silt
%

Clay
%

Whitemarsh WH A1 0-9 8.16 9.34 87 17.3 2.27 0 20 57 6 17
Type 6 Complex 6 A2 9-35 7.82 8.76 89 19.4 1.88 0 25 55 6 13
567325 E A3 35-75 4.28 4.54 94 28.6 0.96 0 23 64 4 9
5471165 N A4 75-110 2.8 2.94 95 26.5 0.68 0 37 54 2 7

WhitemarshType 7 Laboratory Data

Soil Profile Class
Grid Reference

Profile
No..

Horizon Sample
Depth

cm

pH
water

1:5

EC
dS/m

Avail
P

mg/kg

Avail
K

mg/kg

Org.
Carb.

%

Total
N
%

C/N
Ratio

Ca
meq

Mg
meq

Na
meq

K
meq

Type  7 WH A1 0-10 5.5 0.193 25 105 5.49 0.72 8 10.35 3.9 1.05 0.23
568125 E 10 A21 10-30 5.4 0.12 10 41 2.52 0.2 13 2.86 1.43 0.57 0.08
5469250 N A22 30-48 5.1 0.116 9 46 1.36 0.08 17 1.16 1.03 0.56 0.12

B1 48-63 5.3 0.081 5 38 0.41 0.04 10 0.59 0.58 0.35 0.11
B2 63-97 5.2 0.18 3 64 0.31 0.03 10 0.6 2.49 1.16 0.13
B3 97-100 5.2 0.174 3 76 0.29 0.03 10 0.42 2.21 1.09 0.19

Soil Profile Class
Grid Reference

Profile
No.

Horizon Sample
Depth

cm

Total
Bases

ECEC
Sum
meq

BASE
SAT
%

ESP
%

Ca/Mg
Ratio

Gravel
>2000

µm
%

Sand
Coarse
>250
µm
%

Sand
Fine
<250
µm
%

Silt
%

Clay
%

Type  7 WH A1 0-10 15.53 15.83 98 6.6 2.65 0 17 48 13 21
568125 E 10 A21 10-30 4.94 5.6 88 10.2 2.00 0 21 54 13 11
5469250 N A22 30-48 2.87 3.73 77 15.0 1.13 0 45 37 8 10

B1 48-63 1.63 2.17 75 16.1 1.02 0 55 29 6 10
B2 63-97 4.38 5.48 80 21.2 0.24 0 36 29 5 30
B3 97-100 3.91 4.65 84 23.4 0.19 0 42 25 10 23
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Soils of the low sand plain

Tomahawk Sand
Name
Concept

Aust. Soil Classification
Map Unit Code
Geology
Landform
Vegetation

Surface Conditions
Permeability
Drainage
Land Capability

Tomahawk Sand (T)
Weakly structured uniform sandy soils with sandy loam surface horizons overlying
shallow, paler, leached A2 horizons. B horizons display weak-moderately cemented iron
and organic pans beginning above 75cm. Developed from Quaternary Alluvium

Humose to Parapanic, Humic to Humosesquic, Semi-Aquic to Aquic, Podosol
T
Quaternary Alluvium – Marine Terrace- Aeolian Sands
Flat to very gently sloping sand plains containing small marshy flats and watercourses.
Mostly improved pastures for grazing, uncleared areas display native heath and
grassland communities that include scattered stands of stunted Banksia Marginata and
Xanthorrhoea australis. Epacris impressa appears to be the dominant heath while a
range of rushes and sedges also occurs in the wetter areas.
Firm
Moderate to slow permeability
Poorly drained
5d
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A1:

A21:

A22:

B1HS:

B2hs:

B3:

C:

Black to grey brown (10YR 2/1, 5/2 moist); loamy sand to sandy loam;
weak polyhedral structure; Very weak (moist) consistence; sandy fabric,
pH4.9–6.7; EC 0-0.2 dS/m; common fine (1-2mm) roots; gradual change
to

Dark grey to dark grey brown (10YR 4/2, 4/1 moist), grey to light grey
(10YR 5/1,7/1 dry); fine sand to sand; single grained, loose (dry) to very
weak (moist) consistence; sandy fabric, pH 5.0-6.1; EC 0-0.03 dS/m;
clear change to

Grey to greyey brown (10YR 5/1,5/2 moist), grey to light grey (10YR
5/1,7/1 dry); fine sand to sand; single grained; loose (dry) very weak
(moist) consistence; sandy fabric, pH 5.1-6.0; EC 0-0.02 dS/m clear
change to

Black to dark brown ranging to dark reddish brown (7.5YR 2/1, 3/4, 5YR
3/3 moist); Sand to clayey sand, forming a moderately cemented, organic
pan with massive structure; very firm (moist) soil consistence; sandy
fabric; pH 4.7- 6.6, EC 0-0.04 dS/m, clear change to

Black to dark brown (10YR 2/1, 2/2 moist); sand to loamy sand; forming
a moderately cemented, organic pan with massive structure; very firm
(moist) consistence; sandy fabric; occasionally common, coarse (6-20
mm), manganiferous nodules and few (2-10%) dark yellow to brown
(10YR 3/3,5/4) mottles; pH 5.1-6.5; EC 0-0.05 dS/m; gradual change to

Yellowish brown to strong brown (10YR 5/6, 7.5YR 5/8 moist); wet sand
to sandy clay, massive structure; very firm (moist) consistence; sandy
fabric, pH 5.1-5.3; EC 0-0.42 dS/m; no live roots; clear change to

Very dark grey brown to grey brown (2.5YR 3/1, 10YR 5/2 moist); wet
sand; massive, weak (moist) consistence; sandy fabric, pH 5.8–6.4,
EC 0-0.14 dS/m

Morphological sites: H111, PINK 8493, 8779, LDRWH 002 005 1001 1008 1016 1017 1023 1026 1030 1035 1079 1096 1107
1113
Analysed sites: H 111 PINK 8493 8779, LDRWH 002 005
Related soil names: Tomahawk Association, Tomahawk Sand (deep phase)
Correlation references: Hubble, (1946), Dimmock and Graley (1960)
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Tomahawk Sand Laboratory Data

Soil Profile Class
Grid Reference

Profile
No..

Horizon Sample
Depth

cm

pH
water

1:5

EC
dS/m

Avail
P

mg/kg

Avail
K

mg/kg

Org.
Carb.

%

Total
N
%

C/N
Ratio

Ca
meq

Mg
meq

Na
meq

K
meq

Tomahawk Sand WH A1 0-12 5.2 0.125 16 76 2.46 0.22 11 2.26 0.87 0.51 0.2
565791 E 5 A2 12-42 5.5 0.037 7 49 0.35 0.03 12 0.42 0.22 0.16 0.1
5472010 N A3 42-70 6.1 0.044 3 35 0.51 0.05 10 0.62 0.37 0.26 0.08

A4 70-96 5.9 0.056 3 29 0.2 0.02 10 0.35 0.45 0.27 0.06
A5 96-100 6.1 0.095 3 38 0.21 0.02 11 0.44 0.86 0.4 0.11

Soil Profile Class
Grid Reference

Profile
No.

Horizon Sample
Depth

cm

Total
Bases

ECEC
Sum
meq

BASE
SAT
%

ESP
%

Ca/Mg
Ratio

Gravel
>2000

µm
%

Sand
Coarse
>250
µm
%

Sand
Fine
<250
µm
%

Silt
%

Clay
%

Tomahawk Sand WH A1 0-12 3.84 4.18 92 12.2 2.60 0 17 75 4 4
565791 E 5 A2 12-42 0.9 1.12 80 14.3 1.91 0 17 77 3 3
5472010 N A3 42-70 1.33 1.71 78 15.2 1.68 0 27 66 1 6

A4 70-96 1.13 1.35 84 20.0 0.78 0 26 70 0 5
A5 96-100 1.81 1.91 95 10.9 0.51 0 20 74 2 4
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Tomahawk Sand (Deep Phase)
Name
Concept

Aust. Soil Classification
Map Unit Code
Geology
Landform
Vegetation

Surface Conditions
Permeability
Drainage
Land Capability

Tomahawk Sand Deep (Td)
Weakly structured uniform sandy soils with sandy loam to sandy surface horizons
overlying moderately bleached A2 horizons. B horizons display weak to moderately
cemented iron and organic pans below 75cm. Developed from Quaternary Alluvium.
Parapanic, Humic to Humic/Humosesquic, Semi-Aquic, Podosol
Td
Quaternary Alluvium – Marine Terrace- Aeolian Sands
Flat to very gently sloping sand plains and low sandy rises
Mostly improved pastures for grazing, uncleared areas display native heath and grassland
communities that includes scattered stands of stunted Banksia Marginata and
Xanthorrhoea australis. Epacris impressa appears to be the dominant heath.
Soft
Moderate permeability
Imperfect drainage
5e
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A1:

A2:

B1hs:

B2hs:

C:

Dark grey (10YR 4/1 moist), sand to sandy loam; weak to single grained
structure, loose (dry) to very weak (moist) consistence; sandy fabric,
occasionally a few (2-10%), subangular, fine (2-6mm) quartz gravels;
common, fine (1-2mm) live roots; pH 5.0-6.1; EC 0-0.03 dS/m; gradual
change to

Light grey to light brownish grey (10YR 7/1,6/2 moist), white (10YR 8/1
dry); fine sand to sand; single grained; loose (dry) very weak (moist)
consistence; sandy fabric, pH 5.3-6.5; EC 0-0.03 dS/m clear change to

Grey(10YR 5/1 moist); sand, forming a moderately cemented, organic
pan with massive structure; very firm (moist) soil consistence; sandy
fabric; pH 5.4-6.2, EC 0-0.08 dS/m, clear change to

Black to grey brown (10YR 2/1, 5/2 moist); sand to loamy sand; forming
a moderately cemented, organic pan with massive structure; very firm
(moist) consistence; sandy fabric; pH 4.6-6.2; EC 0-0.08 dS/m; gradual
change to

Light grey (10YR 7/1 moist); sand; single grain, firm (moist)
consistence; sandy fabric, pH 5.6- 5.9, EC 0-0.02 dS/m

Morphological sites: PINK 8740, 8833, LDRWH 1020, 1133, CARDS C 0166
Analysed sites: PINK 8740, 8833
Related soil names: Tomahawk Sand Association, Tomahawk Sand
Correlation references: Hubble, (1946), Dimmock and Graley (1960)
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Tomahawk Sand (Deep Phase) Laboratory Data

Soil Profile Class
Grid Reference

Profile
No..

Horizon Sample
Depth

cm

pH
water

1:5

EC
dS/m

Avail
P

mg/kg

Avail
K

mg/kg

Org.
Carb.

%

Total
N
%

C/N
Ratio

Ca
meq

Mg
meq

Na
meq

K
meq

Tomahawk Sand WH A1 0-18 5.2 0.089 10 121 5.78 0.55 11 7.3 1.64 0.25 0.28
(Deep Phase) 02 A21 18-40 5.0 0.029 4 30 1.11 0.06 19 0.97 0.22 0.1 0.07
564600 E A22 40-59 5.1 0.022 5 27 0.41 0.04 10 0.37 0.14 0.07 0.07
5470575 N B1h 59-83 5.3 0.031 5 32 0.44 0.04 11 0.47 0.32 0.26 0.09

B2 83-112 6.2 0.061 2 35 0.08 0.04 2 0.44 0.35 0.28 0.09

Soil Profile Class
Grid Reference

Profile
No.

Horizon Sample
Depth

cm

Total
Bases

ECEC
Sum
meq

BASE
SAT
%

ESP
%

Ca/Mg
Ratio

Gravel
>2000

µm
%

Sand
Coarse
>250
µm
%

Sand
Fine
<250
µm
%

Silt
%

Clay
%

Tomahawk Sand WH A1 0-18 9.47 9.81 97 2.5 4.45 0 34 56 5 6
(Deep Phase) 02 A21 18-40 1.36 1.9 72 5.3 4.41 0 45 50 3 2
564600 E A22 40-59 0.65 1.07 61 6.5 2.64 0 46 50 1 4
5470575 N B1h 59-83 1.14 1.84 62 14.1 1.47 0 49 46 2 3

B2 83-112 1.16 1.3 89 21.5 1.26 0 44 49 4 3



148

Type 4 Sand
Name
Concept

Aust. Soil Classification
Map Unit Code
Geology
Landform

Vegetation

Surface Conditions
Permeability
Drainage
Land Capability

Type 4 Sand (Ty4)
Weakly structured uniform sandy soils with sandy loam surface horizons overlying paler
A2 horizons. B horizons are moist to very wet and vary in colour depending upon their
drainage status. Developed from Quaternary Alluvium
Tenosolic, Redoxic, Hydrosol
Ty4
Quaternary Alluvium – Marine Terrace- Aeolian Sands
Narrow depressions on the plain between low sand hills. Seepage slopes below catchment
areas and larger hills.
Mostly improved pastures for grazing, uncleared areas display, Banksia marginata,
Casuarina spp, Manuka (Leptospermum scoparium), Swamp paperbark (Melaleuca
ericifolia) and a variety of rushes and reeds including juncas spp and Lomandra longifolia.
Firm
Moderate permeability
Imperfect to Poorly drained
4d-5sd
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A1:

A21:

A22:

B1:

B2:

C:

Black to very dark brown or grey (10YR 2/1, 2/2, 3/1 moist); loamy sand
to sapric (organic) sandy loam; weak, fine (5-10mm), polyhedral
structure; Very weak (moist) consistence; sandy fabric, pH4.7–6.3; EC 0-
1.2 dS/m; few fine (1-2mm) roots; clear to gradual change to

Grey to Greyish brown (10YR 5/1, 5/2 moist), loamy sand; single
grained; very weak (moist) consistence; sandy fabric, pH 4.9-6.8; EC 0-
0.22 dS/m; few fine (1-2mm) roots; gradual change to

Grey to light brownish grey (10YR 5/1, 6/2 moist); sand to loamy fine
sand; single grained; very weak (moist) consistence; sandy fabric, Very
few (<2%); fine (2-6mm), sub-rounded, ironstone gravels; pH 6.4 -6.6;
EC 0-0.20 dS/m; few fine (1-2mm) roots; gradual change to

Greyish brown to strong brown (10YR 5/2, 7.5YR 4/6 moist); sand to
loamy sand; single grained; very weak (moist) soil consistence; sandy
fabric; Few (2-10%), medium (5-15mm), strong brown and grey (7.5YR
5/6, 5/1) mottles; Very few (<2%), fine (2-6mm) sub-rounded, ironstone
gravels; pH 4.7- 6.3, EC 0-0.03 dS/m, clear change to

Greyish brown to yellowish brown (10YR 5/2, 5/6 moist); sand to loamy
sand; single grained; very weak (moist) consistence; sandy fabric; very
few (<2%), medium (5-15mm), strong brown and grey (7.5YR 5/6, 5/1)
mottles; pH 5.4-6.5; EC 0-0.05 dS/m; clear change to

Dark greyish brown to very dark grey (10YR 4/2, 7.5YR 3/1 moist); wet
fine sand to clayey sand; single grained; very weak (moist) consistence;
sandy fabric; pH 5.9-6.5; EC 0-0.05 dS/m

Morphological sites: PINK 8785 8853, LDRWH 004 008 1002 1021 1029 1081 1082 1083 1093 1158
Analysed sites: PINK 8785 8853, LDRWH 004 008
Related soil names: Tomahawk Association,
Correlation references: Hubble, (1946)
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Type 4 Laboratory Data

Soil Profile Class
Grid Reference

Profile
No..

Horizon Sample
Depth

cm

pH
water

1:5

EC
dS/m

Avail
P

mg/kg

Avail
K

mg/kg

Org.
Carb.

%

Total
N
%

C/N
Ratio

Ca
meq

Mg
meq

Na
meq

K
meq

Type 4 WH A1 0-13 6.0 0.031 4 38 0.24 0.02 12 0.3 0.33 0.14 0.1
565772 E 8 A2 13-24 5.6 0.498 24 101 3.3 0.29 11 2.02 1.56 2.77 0.26
5471580 N A3 24-70 5.7 0.05 5 49 0.46 0.03 15 0.5 0.35 0.23 0.12

A4 70-100 5.9 0.03 2 105 0.25 0.02 13 0.44 0.48 0.16 0.24

Soil Profile Class
Grid Reference

Profile
No.

Horizon Sample
Depth

cm

Total
Bases

ECEC
Sum
meq

BASE
SAT
%

ESP
%

Ca/Mg
Ratio

Gravel
>2000

µm
%

Sand
Coarse
>250
µm
%

Sand
Fine
<250
µm
%

Silt
%

Clay
%

Type 4 WH A1 0-13 0.87 0.97 90 14.4 0.91 0 43 52 2 3
565772 E 8 A2 13-24 6.61 7.03 94 39.4 1.29 0 20 63 5 12
5471580 N A3 24-70 1.2 1.5 80 15.3 1.43 0 22 70 6 5

A4 70-100 1.32 1.42 93 11.3 0.92 0 25 65 5 5

Type 4 Laboratory Data

Soil Profile Class
Grid Reference

Profile
No..

Horizon Sample
Depth

cm

pH
water

1:5

EC
dS/m

Avail
P

mg/kg

Avail
K

mg/kg

Org.
Carb.

%

Total
N
%

C/N
Ratio

Ca
meq

Mg
meq

Na
meq

K
meq

Type 4 WH A1 0-15 5.3 0.371 50 109 2.94 0.25 12 2.6 1.36 1.25 0.28
566850 E 4 A2 15-25 5.5 0.221 15 48 0.53 0.05 11 0.75 0.51 0.58 0.1
5472300 N A3 25-75 5.9 0.122 4 35 0.21 0.02 11 0.52 0.5 0.52 0.06

A4 75-100 5.9 0.142 2 42 0.43 0.04 11 0.38 0.81 0.75 0.11

Soil Profile Class
Grid Reference

Profile
No.

Horizon Sample
Depth

cm

Total
Bases

ECEC
Sum
meq

BASE
SAT
%

ESP
%

Ca/Mg
Ratio

Gravel
>2000

µm
%

Sand
Coarse
>250
µm
%

Sand
Fine
<250
µm
%

Silt
%

Clay
%

Type 4 WH A1 0-15 5.49 5.75 95 21.7 1.91 0 24 66 2 7
566850 E 4 A2 15-25 1.94 2.08 93 27.9 1.47 0 20 73 3 4
5472300 N A3 25-75 1.6 1.7 94 30.6 1.04 0 24 71 0 5

A4 75-100 2.05 2.27 90 33.0 0.47 0 26 66 3 5
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Soils of the higher sand plain

Thorpe Sand
Name
Concept

Aust. Soil Classification
Map Unit Code
Geology
Landform
Vegetation

Surface Conditions
Permeability
Drainage
Land Capability

Thorpe Sand (Tp)
Weakly structured uniform sandy soils with sandy loam to loamy sand surface horizons
overlying moderately bleached, deep, fine sandy A2 horizons. B horizon displays weak-
moderately cemented iron and organic pans below 75cm. Developed from Quaternary
Alluvium
Parapanic, Humic to Humosesquic, Semi-Aquic to Aquic, Podosol
Tp
Quaternary Alluvium – Marine Terrace- Aeolian Sands
Flat to very gently sloping sand plains including broad sand ridges and sandy rises
Mostly improved pastures for grazing, uncleared areas with native vegetation include
scattered stands of wind-swept Eucalyptus pauciflora, amygdalina and viminalis with
Lomandra longifolia and mature Xanthorrhoea australis also occurring within the
understorey.
Firm
Moderate permeability
Imperfect drainage
4de-5e
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A1:

A12:

A21:

A22:

BHS

C

Black to very dark grey (10YR 2/1, 3/1 moist); loamy fine sand to sandy
loam; weak polyhedral structure; Loose (dry) to very weak (moist)
consistence; sandy fabric, pH 5.7-6.0; EC 0 dS/m, common 1-2mm live
roots; gradual change to

Very dark greyish brown (10YR 3/2 moist); loamy sand to sandy loam;
weak polyhedral structure; Loose (dry) to very weak (moist) consistence;
sandy fabric, pH 5.7-6.2; EC 0 dS/m; common 1-2mm live roots; sharp to
abrupt change to

Grey to light grey (10YR 6/1, 7/1 moist); Sand to loamy sand, single
grained, loose (dry) to very weak (moist) consistence; sandy fabric, pH 5.6-
6.0; EC 0 dS/m; few <1mm live roots; gradual change to

Pale Brown to grey (10YR 6/1, 6/3 moist), Sand to loamy sand, single
grained, loose (dry) to very weak (moist) soil consistence, sandy fabric, pH
5.7- 5.9; EC 0 dS/m; no live roots; clear to abrupt change to

Black to very dark grey ranging to dull red (10YR 3/1, 2.5Y 3/2 moist);
clayey sand forming a moderately cemented, organic pan with massive
structure; firm (moist) consistence; sandy fabric, pH 5.4-5.5, EC 0-0.02
dS/m; no live roots; diffuse to gradual change to

Yellow brown (2.5YR 6/2, 6/3 moist); gravelly sand to sand; massive
structure, weak (moist) consistence; sandy fabric, pH 5.9 – 6.3, EC 0-0.02
dS/m; no live roots

Morphological sites: PINK 8839 8745, LDRWH 1012 1039 1040 1238, CARDS C0813
Analysed sites: PINK 8745
Related soil names: Thorpe Association, Thorpe shallow phase
Correlation references: Hubble, (1946), Dimmock and Graley (1960)
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Thorpe Sand Laboratory Data

Soil Profile
Class
Grid Reference

Profi
le

No..

Horizon Sampl
e

Depth
cm

pH
wate

r
1:5

EC
dS/m

Avail
P

mg/kg

Avail
K

mg/kg

Org.
Carb.

%

Total
N
%

C/N
Rati

o

Ca
meq

Mg
meq

Na
meq

K
meq

Thorpe Sand WH A1 0-20 4.8 0.123 27 65 6.19 0.58 11 9.92 2.92 0.56 0.16
563600 E 01 A2 20-42 4.8 0.059 14 33 0.69 0.06 12 0.83 0.53 0.26 0.08
5473225 N B1h 42-60 5.0 0.105 19 25 1.17 0.11 11 0.57 0.83 0.49 0.05

B2h 60-80 5.1 0.07 5 24 1.29 0.07 18 0.29 0.36 0.31 0.04
C 80-100 5.3 0.064 4 39 0.41 0.04 10 0.3 0.5 0.25 0.1

Soil Profile Class
Grid Reference

Profile
No.

Horizon Sample
Depth

cm

Total
Bases

ECEC
Sum
meq

BASE
SAT
%

ESP
%

Ca/Mg
Ratio

Gravel
>2000

µm
%

Sand
Coarse
>250
µm
%

Sand
Fine
<250
µm
%

Silt
%

Clay
%

Thorpe Sand WH A1 0-20 13.56 14.62 93 3.8 3.40 0 30 52 9 9
563600 E 01 A2 20-42 1.7 2.6 65 10.0 1.57 0 25 70 1 4
5473225 N B1h 42-60 1.94 5.18 37 9.5 0.69 0 27 67 1 5

B2h 60-80 1 3.06 33 10.1 0.81 0 58 35 1 6
C 80-100 1.15 2.21 52 11.3 0.60 0 61 34 0 5
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Thorpe Sand (Shallow Phase)
Name
Concept

Aust. Soil Classification
Map Unit Code
Geology
Landform
Vegetation

Surface Conditions
Permeability
Drainage
Land Capability

Thorpe Sand Shallow (Tps)
Weakly structured uniform sandy soils with sandy loam to peaty sand loam surface
horizons overlying moderately bleached, shallow, fine sandy A2 horizons. B horizons
display moderately cemented iron and organic pans occurring above 75cm. Developed
from Quaternary Alluvium
Parapanic, Humic to Humosesquic, Aquic, Podosol
Tps
Quaternary Alluvium – Marine Terrace- Aeolian Sands
Flat to very gently sloping sand plains including small subtle sandy rises
Mostly improved pastures for grazing, uncleared areas with native vegetation include
sparse Eucalyptus pauciflora, amygdalina and viminalis with Lomandra longifolia and
mature Xanthorrhoea australis. Remnant heath, and plants such as Leptospurnum
scoparium and Melaleuca ericafolia are also found in the wetter depressions.
Firm
Moderate to slow permeability
Poor drainage
5de
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C

Very dark grey (10YR 3/1, 7.5YR 3/0 moist); Loamy sand to sapric sandy
loam; Fine 5-10cm, weak, polyhedral and granular structure; Very weak
(moist) consistence; rough-ped fabric, occasionally 10-20% fine, sub
angular, quartz gravels; pH 5.1-5.8; EC 0.04-0.12 dS/m; common, 1-2mm,
live roots; gradual to diffuse change to

Very dark grey to dark grey (10YR 3/1, 7.5YR 4/0 moist); Loamy sand to
sandy loam; 5–10cm, weak, polyhedral and granular structure; Very weak
(moist) consistence; rough-ped fabric; occasionally 10-20% fine, sub
angular, quartz gravels; pH 5.1-5.8; EC 0-0.02 dS/m; common 1-2mm, live
roots; abrupt to clear change to

Very dark grey to light browny grey (10YR 5/1,6/2 moist), Bleached light
grey (10YR 7/1 dry), Loamy sand to sand, single grained to massive
structure, loose (dry) to very weak (moist) consistence; sandy fabric;
occasionally 10-20% fine, sub angular, quartz gravels; pH 4.9-5.3 EC 0.02-
0.06 dS/m; few, <1mm, live roots; gradual change to

Grey brown to white (10YR 5/2, 8/1 moist), Bleached white (10YR 8/1
dry), Sand to loamy sand, single grained to massive structure; loose (dry)
to very weak (moist) soil consistence, sandy fabric; occasionally 10-20%
fine, sub angular, quartz gravels; pH 5.1-5.5; EC 0.02-0.03 dS/m; no live
roots; clear to abrupt change to

Very dark grey brown to dark brown (10YR 3/2, 7.5YR 3/2 moist); moist
loamy sand to clayey sand forming a moderately cemented, organic pan
with massive structure; firm (moist) consistence; sandy fabric, pH 5.0-5.4;
EC 0.01-0.11 dS/m; no live roots; gradual change to

Dark grey brown to strong brown (10YR 4/2, 7.5YR 5/6 moist); wet sand
to loamy sand forming a moderately cemented, organic pan with massive
structure; very firm (moist) consistence; sandy fabric, pH 5.3-5.5; EC 0.03-
0.66 dS-m; no live roots; gradual change to

Very dark grey brown to dark brown (10YR 3/2, 7.5YR 3/4 moist); wet
sand to clayey sand forming a moderately cemented, organic pan with
massive structure; very firm (moist) consistence; sandy fabric, pH 5.7-6.5;
EC 0-0.52 dS/m; no live roots; diffuse to gradual change to

Dark yellowish brown to dark brown (10YR 3/6 –7.5YR 3/4 moist); wet
gravelly sand to sand; massive structure, weak (moist) consistence; sandy
fabric; pH 4.8 – 6.5; EC 0.06-0.2 dS/m; no live roots

Morphological sites: PINK 8500 8790 8826, LDRWH 001 1006 1009 1013 1045 1067 1077 1080 1106 1125 1167 1231
1237 1243, CARDS C016 C017 C0172 C0173 C1416 C1417 C1418
Analysed sites: PINK 8500 8790 8826, LDRWH 001
Related soil names: Thorpe Association, Thorpe Sand
Correlation references: Hubble, (1946), Dimmock and Graley (1960),
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Soils of the inland dunes, sand ridges and sandy banks
Flagstaff Sand Soil

Name
Concept

Aust. Soil Classification
Map Unit Code
Geology
Landform
Vegetation

Surface Conditions
Permeability
Drainage
Land Capability

Flagstaff Sand (F)
Soil type of the undulating to rolling sand plain and broad sand ridges. Weakly
structured, uniform sandy soils with loamy sand to sandy loam surface horizons
overlying paler, leached A2 horizons of variable depth. Distinctive browny yellow
Bhs horizons also display weak to moderate cementation by iron and organic
compounds. Developed from Quaternary Aeolian sand.
Fragic, Humosesquic-Sesquic, Aeric, Podosol
F
Quaternary Alluvium –Aeolian Sands
Undulating low dunes and rolling sand plain.
Some areas have been cleared for pastures, uncleared areas display Xanthorrhoea
australis communities, scattered stands of Banksia marginata and some native
grasses.
Loose
Highly
Rapidly
5e-6e
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Very dark grey and brown to dark grey and brown (10YR 3/1,3/2-
10YR 4/1,4/2 moist); fine sand to loamy sand; weak-very weak
polyhedral structure; Loose to very weak (moist) consistence; sandy
fabric, pH 5.4-6.8; EC 0-0.03 dS/m; common fine (1-2mm) roots;
gradual change to

Dark grey to light grey (10YR 4/1,7/1moist), and grey (2.5Y 5/1
dry); fine sand to loamy sand; single grained structure, loose (dry) to
very weak (moist) consistence; pH 5.6-6.4; EC 0-0.03 dS/m; few
fine (1-2mm) live roots; clear change to

Light browny grey to light grey (10YR 6/2,7/1 moist), light grey
(10YR 7/1 dry); fine sand; single grained; loose (dry) very weak
(moist) consistence; pH 5.6; EC 0-0.02 dS/m; few very fine live
roots; sharp, wavy boundary changing to

Dark yellow brown to yellowish brown (10YR 3/4, 10YR 5/4
moist); iron cemented sand with few (2-10%) iron soft segregations,
massive structure; very weak (dry) consistence; pH 6.0-6.0; EC 0-
0.02 dS/m; no live roots; gradual change to

Yellowish brown to pale yellow (10YR 5/4, 2.5Y 7/3 moist); iron
cemented sand with few (2-10%) iron soft segregations, massive
structure; very weak (dry) consistence; pH 6.0-7.0; EC 0-0.02 dS/m;
no live roots; gradual change to

Pale brown (10YR 6/4 moist); sand; single grain structure, loose
(dry) consistence; pH 6.3-7.0; EC 0-0.02 dS/m

Morphological sites: PINK 8809 8381 8390 8395 8405 MISC 13
Analysed sites: PINK 8809
Related soil names: Tomahawk Association, Flagstaff Sand Dune Phase
Correlation references: Hubble, (1946) Zund (1998)
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Flagstaff Sand (Dune Phase)
Name
Concept

Aust. Soil Classification
Map Unit Code
Geology
Landform
Vegetation

Surface Conditions
Permeability
Drainage
Land Capability

Flagstaff Sand Dune Phase (Fd)
Soil type of the broad dune and sand ridges found adjacent to the low alluvial sand plain. Weakly
structured, uniform sandy soils with loamy sand to sandy loam surface horizons overlying paler,
leached A2 horizons of some depth. Distinctive browny yellow Bhs horizons also display weak
to moderate cementation by iron and aluminium compounds. Developed from Quaternary
aeolian sands
Fragic, Sesquic, Aeric, Podosol
Fd
Quaternary Alluvium –Aeolian Sands
Steep sided (upto 18%), sand ridges and dunes (>10m high) of the alluvial sand plain
Some areas have been cleared for pastures, uncleared areas display Xanthorrhoea australis
communities, scattered stands of Banksia marginata and some native grasses.
Loose
Highly
Rapidly
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Very dark grey (10YR 3/1 moist); fine sand to fine sandy loam; weak
polyhedral structure; Very weak (moist) consistence; sandy fabric, pH 6.2; EC
0-0.01 dS/m; common fine (1-2mm) roots; gradual change to

Dark grey (10YR 4/1 moist), and grey (2.5Y 5/1 dry); loamy sand; single
grained, loose (dry) to very weak (moist) consistence; pH 5.5; EC 0-0.006
dS/m; few very fine (<1mm) live roots; clear change to

Grey (10YR 5/1 moist), light grey (10YR 7/1 dry); fine sand; single grained;
loose (dry) very weak (moist) consistence; pH 6.0; EC 0-0.01 dS/m; no live
roots; sharp, tongued boundary changing to

Dark yellowish brown to yellowish brown (10YR 4/4, 10YR 5/8 moist); iron
cemented sand, massive structure; very weak (dry) consistence; pH 7.3; EC 0-
0.01 dS/m; no live roots; gradual change to

Yellowish brown (10YR 5/8 moist); iron cemented sand; single grain structure,
weak (moist) consistence; pH 6.5; EC 0-0.08 dS/m

Morphological sites: PINK 8724, LDRWH 1025
Analysed sites: PINK 8724
Related soil names: Tomahawk Association, Flagstaff Sand
Correlation references: Hubble, (1946)
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Badger Sand
Name
Concept

Aust. Soil Classification
Map Unit Code
Geology
Landform
Vegetation

Surface Conditions
Permeability
Drainage
Land Capability

Badger Sand (Bg)
Soil type of the broad dune and sand ridges found on the alluvial sand plain. Weakly
structured, uniform sandy soils with loamy sand to sandy loam surface horizons
overlying paler, leached A2 horizons of variable depth. Distinctive domed B horizons
also display weak-moderately cementation by iron and aluminium compounds.
Developed from Quaternary Alluvium
Fragic, Sesquic, Aeric, Podosol
Bg
Quaternary Alluvium –Aeolian Sands
Low broad sand ridges and dunes of the alluvial sand plain
Mostly improved pastures for grazing, uncleared areas display grassland communities
that includes stands of stunted Eucalyptus pauciflora, Banksia marginata and Lomandra
longifolia
Loose
Highly
Rapidly
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Very dark grey (10YR 3/1 moist); fine sand to fine sandy loam; weak
polyhedral structure; Very weak (moist) consistence; sandy fabric, pH
5.9; EC 0-0.09 dS/m; common fine (1-2mm) roots; gradual change to

Dark grey (10YR 4/1moist), and grey (2.5Y 5/1 dry); loamy sand;
single grained, loose (dry) to very weak (moist) consistence; pH 5.8;
EC 0-0.01 dS/m; few very fine (<1mm) live roots; clear change to

Grey (10YR 5/1 moist), light grey (10YR 7/1 dry); fine sand; single
grained; loose (dry) very weak (moist) consistence; pH 5.9; EC 0-0.03
dS/m; no live roots; sharp, tongued boundary changing to

Dark yellowish brown to yellowish brown (10YR 4/4, 10YR 5/8
moist); iron cemented sand, massive structure; very weak (dry)
consistence; pH 5.7; EC 0-0.01 dS/m; no live roots; gradual change to

Yellowish brown (10YR 5/8 moist); iron cemented sand; single grain
structure, weak (moist) consistence; pH 6.1; EC 0-0.06 dS/m

Morphological sites: LDRWH 1007 1065 1068 1069 1091 1233
Analysed sites: PINK 8821
Related soil names: Thorpe Association, Badger Sand
Correlation references: Hubble, (1946)
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Soils of the low granite hills, foothills and tors

Tobacco Hill Association
Name
Concept

Aust. Soil Classification
Principal Profile Form
Map Unit Code
Geology
Landform
Vegetation

Surface Conditions
Permeability
Drainage
Land Capability

Tobacco Hill Gritty Loam (Th)
Highly variable duplex alluvial/colluvial soils with gritty fine sandy loam topsoils often
covered by recent windblown sand. Gritty, fine, sandy A2 horizons of varying depths,
overlying coarse gritty, mottled light medium clay subsoils. Developed from Granitic
sediments.
Mesotrophic to Humose, Mottled Mesonatric, Brown–Grey, Sodosol
Th
Quaternary Alluvium and Colluvium derived from Devonian Granite
Plain margins below low granite hills, gently sloping hills, footslopes and terraces
formed from the accumulation of transported granitic sediments.
Mostly improved pastures for grazing, uncleared areas display a woodland environment
with Eucalyptus amygdalina and viminalis as the dominant species.
Firm
Moderate to slow permeability
Imperfectly drained
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Black to grey (10YR 2/1, 5/1 moist); loamy fine sand to gritty sandy loam;
weak to moderate, fine (5-10mm) polyhedral structure; weak to very weak
(moist) consistence; sandy fabric; pH5.4–6.6; EC 0-0.2 dS/m; common
very fine (<1mm) roots; gradual change to

Very dark grey to dark brown (10YR 3/1, 5/2 moist); sand to coarse sand,
single grained, very weak (moist) consistence; sandy fabric, pH 5.1-6.8;
EC 0-0.3 dS/m; clear change to

Very dark grey to light browny grey (10YR 4/1,6/2 moist), gritty light
medium clay to clayey sand,; massive structure; very firm (moist) soil
consistence; rough ped to sandy fabric; few subangular to subrounded (2-
6mm) quartz fine gravels; pH 5.8 - 6.4, EC 0-0.3 dS/m, gradual change to

Dark grey to yellow brown (10YR 4/1, 5/4 moist); gritty light medium clay
to clayey sand, common strong brown to yellow brown (7.5YR 5/8,10YR
5/8) mottles; massive structure; very firm (moist) soil consistence; rough
ped fabric; common subangular to subrounded (2-6mm) quartz fine
gravels; pH 5.4-6.5; EC 0-0.3 dS/m; gradual change to

Yellow brown to Olive grey (10YR 5/6 ,5Y 4/2 moist); gritty light clay,
few strong brown (7.5YR 5/8) mottles; massive structure; very firm (moist)
soil consistence; rough ped fabric; common subangular to subrounded (2-
6mm) quartz fine gravels; pH 4.0-6.6; EC 0-0.2 dS/m; gradual change to

Yellow brown to grey (10YR 5/6, 6/1 moist); gritty light medium clay;
with a few (2-10%) strong brown (7.5YR 5/8) mottles; massive structure
very firm (moist) consistence; rough ped fabric; common subangular to
subrounded (2-6mm) quartz fine gravels; pH6.0; EC 0-0.3 dS/m.

Morphological sites: PINK 8484 8858, LDRWH 013 1015 1018 1022 1064 1086 1190 1245 1246
Analysed sites: PINK 8484 8858, LDRWH 003
Related soil names: Tobacco Hill Association, Tobacco Hill gritty sandy loam, Mixed granitic soils, *Podsolic Soils on
Granite and Metamorphic Rocks
Correlation references: Hubble, (1946), Dimmock and *Graley (1960)
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Tobacco Hill Gritty Loam Laboratory Data

Soil Profile Class
Grid Reference

Profile
No..

Horizon Sample
Depth

cm

pH
water

1:5

EC
dS/m

Avail
P

mg/kg

Avail
K

mg/kg

Org.
Carb.

%

Total
N
%

C/N
Ratio

Ca
meq

Mg
meq

Na
meq

K
meq

Tobacco Hill WH A1 0-16 6.0 0.174 49 108 6.39 0.82 8 16 5.06 0.86 0.23
Gritty Loam 13 A3 16-30 5.8 0.128 11 45 1.93 0.19 10 4.31 3.99 0.73 0.11
557475 E B1 30-70 5.8 0.173 3 43 0.58 0.07 8 1.64 4.42 1.01 0.11
5470700 N B2 70-100 6.0 0.531 1 82 0.25 0.03 8 1.63 7.82 2.89 0.19

Soil Profile Class
Grid Reference

Profile
No.

Horizon Sample
Depth

cm

Total
Bases

ECEC
Sum
meq

BASE
SAT
%

ESP
%

Ca/Mg
Ratio

Gravel
>2000

µm
%

Sand
Coarse
>250
µm
%

Sand
Fine
<250
µm
%

Silt
%

Clay
%

Tobacco Hill WH A1 0-16 22.15 22.58 98 3.8 3.16 0 25 33 14 28
Gritty Loam 13 A3 16-30 9.14 9.73 94 7.5 1.08 0 37 31 9 23
557475 E B1 30-70 7.18 7.37 97 13.7 0.37 0 49 22 5 24
5470700 N B2 70-100 12.53 12.78 98 22.6 0.21 0 65 10 4 22
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Skeletal Soils on Granite (Minor Soil)
Name
Concept

Aust. Soil Classification
Mapping Units
Geology
Landform
Vegetation

Surface Conditions
Permeability
Drainage
Land Capability

Skeletal Soils (Skg)
Weakly structured, shallow windblown sands, overlying bedrock. Leached A2
horizons are sometimes present.
Melanic, Lithic, Bleached-Leptic, Tenosol
Skg.
Devonian Granite.
Gently sloping to very steeply sloping tors (hills with rock outcrop) and hills.
Generally cleared of native vegetation where gentler slopes have allowed for the
establishment of grazing pastures. Inland locations on the plain show re-
establishment by Lomandra longifolia and where fencing has prevented grazing
Eucalypt and Casuarina spp and smaller shrubs are evident. Very steep slopes with
much outcrop, often has little or no vegetation.
Soft to firm
Highly permeability
Rapid
6-7s

A1
A2

                   2A1

                2R

0cm

10

20

30

40

50

60

70

80

90

A1:

A2:

2A1:

R:

Black to very dark grey (10YR 2/1, 3/1 moist); loamy fine sand to
sandy loam; weak polyhedral structure; Loose (dry) to very weak
(moist) consistence; sandy fabric, common 1-2mm live roots; gradual
change to

Grey to light grey (10YR 6/1, 7/1 moist); Sand to loamy sand, single
grained, loose (dry) to very weak (moist) consistence; sandy fabric;
gradual change to

Black to very dark brown (10YR 2/1, 2/2 moist); gritty loamy fine
sand to gritty sandy clay loam; weak polyhedral structure; Loose
(dry) to very weak (moist) consistence; sandy fabric, abrupt change
to

Bed rock- either granite boulders or dolerite slab

Morphological sites: Profile created from site observations during survey
Analysed sites: Nill
Related soil names: Skeletal Soils on Granite. Soils on Granite*
Correlation references: Hubble, (1946), Dimmock and Graley *(1960)
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APPENDIX 10.

AGGREGATE STABILITY DATA
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Sample ID Sieve Stable Aggregate/g Primary/g Agg % Wt of total Mean Dia Agg% x MD MWD
(Mean
Weight

Diameter)

%>0.25m
m

Average
MWD

Average
%>0.25mm

Site 2 Crop1 A 2mm 30.74 0.85 0.61 3.375 2.05 2.14 62.55 Crop Crop
1mm 4.39 0.24 0.08 1.5 0.13 2.17 67.45

0.25mm 8.36 10.94 -0.07 0.625 -0.04
Site 2 Crop1 B 2mm 23.77 0.47 0.47 3.375 1.59 1.76 56.33 Pasture Pasture

1mm 6.57 0.21 0.13 1.5 0.19 2.78 79.12
0.25mm 8.38 9.78 -0.03 0.625 -0.02

Site 2 Crop2 A 2mm 35.41 1.12 0.70 3.375 2.37 2.44 71.00 Recovery Recovery
1mm 4.19 0.44 0.08 1.5 0.11 2.28 69.51

0.25mm 6.61 9.34 -0.07 0.625 -0.04
Site 2 Crop2 B 2mm 35.09 0.51 0.70 3.375 2.36 2.44 70.20

1mm 4.66 0.32 0.09 1.5 0.13
0.25mm 6.42 9.8 -0.08 0.625 -0.05

Site 2 Crop3 A 2mm 29.24 0.55 0.58 3.375 1.96 2.13 72.16
1mm 5.38 0.42 0.10 1.5 0.15

0.25mm 8.32 6.52 0.04 0.625 0.03
Site 2 Crop3 B 2mm 28.82 0.55 0.57 3.375 1.93 2.14 72.43

1mm 6.61 0.35 0.13 1.5 0.19
0.25mm 7.77 6.62 0.03 0.625 0.02

Site 2 Pasture1 A 2mm 40.66 2 0.81 3.375 2.72 2.78 80.71
1mm 4.31 0.77 0.07 1.5 0.11

0.25mm 2.29 5.42 -0.07 0.625 -0.04
Site 2 Pasture1 B 2mm 38.24 2.53 0.75 3.375 2.54 2.65 78.95

1mm 5.69 0.7 0.10 1.5 0.15
0.25mm 2.96 5.79 -0.06 0.625 -0.04

Site 2 Pasture2 A 2mm 42.35 1.32 0.84 3.375 2.84 2.84 77.36
1mm 2.88 0.55 0.05 1.5 0.07

0.25mm 2.33 7.3 -0.12 0.625 -0.07
Site 2 Pasture2 B 2mm 41.45 1.35 0.82 3.375 2.78 2.82 77.23

1mm 4.19 0.26 0.08 1.5 0.12
0.25mm 2.32 7.84 -0.13 0.625 -0.08

Site 2 Pasture3 A 2mm 40.87 1.52 0.81 3.375 2.74 2.82 81.62
1mm 4.71 0.18 0.09 1.5 0.14

0.25mm 2.45 6.23 -0.09 0.625 -0.05
Site 2 Pasture3 B 2mm 39.72 1.53 0.79 3.375 2.66 2.75 78.85

1mm 5.52 0.21 0.11 1.5 0.16
0.25mm 2.66 7.2 -0.11 0.625 -0.07

Site 2 Recov1 A 2mm 30.18 7.75 0.61 3.375 2.06 2.16 66.52
1mm 4.01 0.83 0.07 1.5 0.11

0.25mm 1.37 2.1 -0.02 0.625 -0.01
Site 2 Recov1 B 2mm 28 7.41 0.55 3.375 1.87 1.98 61.85

1mm 4.04 0.84 0.07 1.5 0.11
0.25mm 1.96 2.35 -0.01 0.625 -0.01

Site 2 Recov2 A 2mm 23.3 9.06 0.64 3.375 2.17 2.26 69.35
1mm 2.38 0.51 0.06 1.5 0.09

0.25mm 1.6 1.93 -0.01 0.625 -0.01
Site 2 Recov2 B 2mm 25.05 9.69 0.71 3.375 2.41 2.50 75.43

1mm 3.01 0.7 0.08 1.5 0.11
0.25mm 0.85 1.91 -0.04 0.625 -0.02

Site 2 Recov3 A 2mm 25.21 12.09 0.66 3.375 2.24 2.30 69.89
1mm 2.24 0.57 0.05 1.5 0.08

0.25mm 0.8 1.31 -0.02 0.625 -0.01
Site 2 Recov3 B 2mm 24.96 8.21 0.71 3.375 2.39 2.48 74.01

1mm 2.99 0.5 0.08 1.5 0.12
0.25mm 0.45 1.84 -0.05 0.625 -0.03
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APPENDIX 11.

BULK DENSITY DATA
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Sample ID Depth Bulk Density Average Sample ID Depth Bulk Density Average

Pasture1 0-75 1.06 Crop Row 1 75-150 0.94

2 0-75 1.05 2 75-150 0.98

3 0-75 1.29 3 75-150 0.88

4 0-75 1.14 4 75-150 0.95

5 0-75 1.14 5 75-150 0.92

6 0-75 1.01 6 75-150 0.93

7 0-75 1.19 7 75-150 0.89

8 0-75 1.12 8 75-150 0.89

9 0-75 1.05 9 75-150 0.98

10 0-75 1.12 1.12 10 75-150 0.83 0.92
Pasture1 75-150 1.29 Crop Interrow 1 0-75 0.92

2 75-150 1.16 2 0-75 0.94

3 75-150 1.10 3 0-75 0.93

4 75-150 1.32 4 0-75 0.96

5 75-150 1.36 5 0-75 1.01

6 75-150 1.30 6 0-75 0.91

7 75-150 1.34 7 0-75 0.94

8 75-150 1.27 8 0-75 1.00

9 75-150 1.30 9 0-75 1.08

10 75-150 1.28 1.27 10 0-75 0.98 0.97

 Pasture1 300-375 1.48 Crop Interrow 1 75-150 1.27

2 300-375 1.49 2 75-150 1.15

3 300-375 1.48 3 75-150 1.20

4 300-375 1.49 4 75-150 1.35

5 300-375 1.48 5 75-150 1.43

6 300-375 1.54 6 75-150 1.23

7 300-375 1.50 7 75-150 1.20

8 300-375 1.53 8 75-150 1.43

9 300-375 1.50 9 75-150 1.29

10 300-375 1.49 1.50 10 75-150 1.32 1.29

Crop 1 300-375 1.40 Recovery 1 0-75 1.31

2 300-375 1.47 2 0-75 1.29

3 300-375 1.44 3 0-75 1.28

4 300-375 1.47 4 0-75 1.13

5 300-375 1.43 5 0-75 1.21

6 300-375 1.46 6 0-75 1.18

7 300-375 1.41 7 0-75 1.29

8 300-375 1.45 8 0-75 1.33

9 300-375 1.47 9 0-75 1.28

10 300-375 1.45 1.45 10 0-75 1.26 1.26

Crop Row 1 0-75 0.96 Recovery 1 300-375 1.47

2 0-75 0.94 2 300-375 1.50

3 0-75 0.94 3 300-375 1.44

4 0-75 0.93 4 300-375 1.50

5 0-75 0.95 5 300-375 1.47

6 0-75 0.95 6 300-375 1.49

7 0-75 0.79 7 300-375 1.48

8 0-75 0.92 8 300-375 1.49

9 0-75 1.01 9 300-375 1.50

10 0-75 0.90 0.93 10 300-375 1.56 1.49

SITE 1



163

Sample ID Depth Bulk Density Average Sample ID Depth Bulk Density Average

Pasture 1 0-75 0.77 Crop Interrow 1 0-75 0.78

2 0-75 0.70 2 0-75 0.80

3 0-75 0.58 3 0-75 0.91

4 0-75 0.66 4 0-75 1.00

5 0-75 0.68 5 0-75 1.02

6 0-75 0.83 6 0-75 1.04

7 0-75 0.91 7 0-75 0.79

8 0-75 1.00 8 0-75 0.85

9 0-75 0.71 9 0-75 0.77

10 0-75 0.93 0.78 10 0-75 0.85 0.88
Pasture 1 75-150 1.10 Crop Interrow 1 75-150 1.34

2 75-150 1.18 2 75-150 1.54

3 75-150 0.77 3 75-150 1.57

4 75-150 0.73 4 75-150 1.53

5 75-150 0.87 5 75-150 1.52

6 75-150 1.07 6 75-150 1.48

7 75-150 1.23 7 75-150 1.47

8 75-150 1.06 8 75-150 1.24

9 75-150 0.78 9 75-150 1.36

10 75-150 1.24 1.00 10 75-150 1.25 1.43

Pasture1 300-375 1.49 Recovery 1 0-75 1.09

2 300-375 1.33 2 0-75 1.06

3 300-375 1.23 3 0-75 1.11

4 300-375 1.24 4 0-75 1.02

5 300-375 1.40 5 0-75 1.07

6 300-375 1.37 6 0-75 1.01

7 300-375 1.50 7 0-75 1.01

8 300-375 1.46 8 0-75 1.08

9 300-375 1.36 9 0-75 1.09

10 300-375 1.49 1.39 10 0-75 1.08 1.06

Crop 1 300-375 1.44 Recovery 1 300-375 1.58

2 300-375 1.38 2 300-375 1.59

3 300-375 1.42 3 300-375 1.56

4 300-375 1.48 4 300-375 1.62

5 300-375 1.34 5 300-375 1.51

6 300-375 1.33 6 300-375 1.54

7 300-375 1.43 7 300-375 1.64

8 300-375 1.32 8 300-375 1.66

9 300-375 1.49 9 300-375 1.53

10 300-375 1.58 1.42 10 300-375 1.55 1.58
 Crop Row 1 0-75 0.61 Pasture 1 0-75 1.07

2 0-75 0.49 2 0-75 1.01

3 0-75 0.50 3 0-75 0.93

4 0-75 0.48 4 0-75 1.13

5 0-75 0.62 5 0-75 1.12

6 0-75 0.46 6 0-75 0.97

7 0-75 0.50 7 0-75 1.06

8 0-75 0.51 8 0-75 1.05

9 0-75 0.52 9 0-75 1.35

10 0-75 0.49 0.52 10 0-75 1.22 1.09

Crop Row 1 75-150 0.62

2 75-150 0.56

3 75-150 0.59

4 75-150 0.66

5 75-150 0.71

6 75-150 0.71

7 75-150 0.63

8 75-150 0.66

9 75-150 0.71

10 75-150 0.57 0.64

SITE 2
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Sample ID Depth Bulk Density Average Sample ID Depth Bulk Density Average

Pasture 1 300-375 1.52 Crop Interrow 1 0-75 1.01

2 300-375 1.47 2 0-75 1.15

3 300-375 1.48 3 0-75 1.08

4 300-375 1.48 4 0-75 1.16

5 300-375 1.45 5 0-75 1.07

6 300-375 1.48 6 0-75 1.19

7 300-375 1.46 7 0-75 1.22

8 300-375 1.48 8 0-75 1.10

9 300-375 1.48 9 0-75 1.18

10 300-375 1.52 1.48 10 0-75 1.08 1.12

Crop 1 300-375 1.51 Recovery 1 0-75 1.42

2 300-375 1.45 2 0-75 1.41

3 300-375 1.50 3 0-75 1.34

4 300-375 1.48 4 0-75 1.38

5 300-375 1.50 5 0-75 1.47

6 300-375 1.48 6 0-75 1.53

7 300-375 1.49 7 0-75 1.44

8 300-375 1.51 8 0-75 1.41

9 300-375 1.50 9 0-75 1.40

10 300-375 1.50 1.49 10 0-75 1.41 1.42

Crop Row 1 0-75 1.05 Recovery 1 300-375 1.53

2 0-75 1.02 2 300-375 1.53

3 0-75 1.05 3 300-375 1.52

4 0-75 1.02 4 300-375 1.58

5 0-75 0.99 5 300-375 1.56

6 0-75 1.05 6 300-375 1.55

7 0-75 1.09 7 300-375 1.55

8 0-75 1.10 8 300-375 1.53

9 0-75 1.06 9 300-375 1.55

10 0-75 1.13 1.06 10 300-375 1.53 1.54

SITE 3
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APPENDIX 12.

WIND EROSION STUDY DATA

Collection
Date

Site 1 grams material Site 2 grams material Site 3  grams material

30cm 30cm
Cumulative

70cm 70cm
Cumulative

30cm 30cm
Cumulative

70cm 70cm
Cumulative

30cm 30cm
Cumulative

70cm 70cm
Cumulative

01-Nov-02 355.67 355.67 95.6 95.60 4.33 4.33 2.85 2.85 0.25 0.25 0.36 0.36

11-Nov-02 137.72 493.39 45.8 141.40 2.38 6.71 1.74 4.59 0.98 1.23 1.18 1.54

25-Nov-02 18.64 512.03 11.31 152.71 0.63 7.34 0.37 4.96 0.4 1.63 0.25 1.79

09-Dec-02 0.63 512.66 0.85 153.56 1.08 8.42 0.58 5.54 0.09 1.72 0.24 2.03

23-Dec-02 1.53 514.19 1.09 154.65 1.62 10.04 0.54 6.08 0.15 1.87 0.14 2.17

06-Jan-03 0.09 514.28 0.03 154.68 0.39 10.43 0.11 6.19 0 1.87 0 2.17

20-Jan-03 0.61 514.89 0.18 154.86 0.54 10.97 0.1 6.29 0.01 1.88 0.01 2.18

03-Feb-03 2.04 516.93 0.51 155.37 1.82 12.79 0.44 6.73 0.07 1.95 0.02 2.20

17-Feb-03 6.47 523.40 2.33 157.70 0.14 12.93 0 6.73 0 1.95 0 2.20

03-Mar-03 43.43 566.83 26.61 184.31 4.29 17.22 0.64 7.37 0 1.95 0 2.20

17-Mar-03 16.67 583.50 5.98 190.29 0.8 18.02 0.35 7.72 0 1.95 0 2.20

Legend
Before crop cover
Crop cover
Post-harvest
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APPENDIX 13.

DRAINAGE CLASS DEFINITIONS

Drainage is a useful term to summarise local soil wetness conditions, that is, it provides a
statement about soil and site drainage likely to occur in most years.  It is affected by a number of
attributes, both internal and external, that may act separately or together.  Internal attributes
include soil structure, texture, porosity, hydraulic conductivity, and water-holding capacity, while
external attributes are source and quality of water, evapotranspiration, gradient and length of
slope and position in the landscape.

1 Very poorly
drained

Water is removed from the soil so slowly that the water table remains at,
or near, the surface for most of the year.  Surface flow, groundwater and
subsurface flow are major sources of water, although precipitation may be
important where there is a perched water table and precipitation exceeds
evapotranspiration.  Soils have a wide range of texture and depth and often
occur in depressed sites.  Strong gleying and accumulation of surface
organic matter are usually features of most soils.

2 Poorly drained Water is removed very slowly in relation to supply.  Subsurface and/or
groundwater flow, as well as precipitation, may be a significant water
source.  Seasonal ponding resulting from run-on and insufficient outfall
also occurs.  A perched water table may be present.  Soils have a wide
range  in texture and depth; many have horizons that are gleyed, mottled,
or possess orange or rusty linings of root channels.  All horizons remain
wet for periods of several months.

3 Imperfectly
drained

Water is removed only slowly in relation to supply.  Precipitation is the
main source if available water storage capacity is high, but subsurface flow
and/or groundwater contribute as available water storage capacity
decreases. Soils have a wide range in texture and depth.  Some horizons
may be mottled and/or have a range or rusty linings of root channels and
are wet for periods of several weeks.

4 Moderately well
drained

Water is removed from the soil fairly slowly in relation to supply, due to
low permeability, shallow water table, lack of gradient, or some
combination of these.  Soils are usually medium to fine in texture.
Significant additions of water by subsurface flow are necessary in coarse-
textured soils.  Some horizons may remain wet for as long as one week
after water addition.

5 Well drained Water is removed from the soil readily but not rapidly.  Excess water flows
downward readily into underlying, moderately permeable material or
laterally as subsurface flow.  The soils are often medium in texture.  Some
horizons may remain wet for several days after water addition.

6 Rapidly drained Water is removed from the soil rapidly in relation to supply.  Excess water
flows downward rapidly if underlying material is highly permeable.  There
may be rapid subsurface lateral flow during heavy rainfall provided there
is a steep gradient.  Soils are usually coarse-textured, or shallow, or both.
No horizon is normally wet for more than several hours after water
addition.

Source: McDonald et al


