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SUMMARY

A detailed land resource assessment was undertaken in the Tunbridge area to identify
land degradation and salinity hazards, and how these hazards are expressed under
current cropping and irrigation management.  By assessing the impacts under current
conditions, an indication of the risk of these hazards causing land degradation or
salinity under intensified land use, (irrigation and cropping) was developed. The Land
Degradation and Salinity Risk Project was undertaken in response to changes in the
profitability of traditional farming and the developments in irrigation technology,
which have made intensive irrigated cropping an option for many landowners.  A
major objective was to assist farmers in identifying salinity and land degradation
risks, and to adopt practices to minimise any risk from intensified use.

The Tunbridge study site was selected due to low rainfall, localised salt-affected
areas, and a potential for increased irrigated cropping.  It is located in the Tasmanian
midlands within the central plateau rainshadow, and is regularly one of the driest
areas in the state, averaging less than 500 mm rainfall per year. The site is
approximately 6500 ha, comprising six properties of the "Tunbridge-Woodbury
Farmer Sustainablity Group".

The assessment was undertaken by collecting base-line land resource data to assist in
determining land degradation and salinity hazard.  This included:

Soil survey and characterisation
UMA mapping
Salinity assessment including;

-Electromagnetic survey (EM31 and EM38, Geonics Ltd.)
-Groundwater monitoring & investigation using bore information
-Rainfall collection and analysis for monitoring and prediction of salt-input

Soil Physics Characterisation
Assessment of potential hazards under land-use intensification
Development of broad management recommendations

Soil survey and UMA mapping was undertaken at a scale of 1:25 000. The soils of the
Tunbridge study area are highly complex, especially in alluvial areas.  Ten SPC's
were identified during the soil survey, along with numerous phases and variants.
Soils are formed from recent and relict river terrace alluvial landscapes, windblown
sands, Triassic sandstone and Jurassic dolerite-capped hills.  Identified soils include
black-cracking clays, and shallow duplex profiles with strongly sodic subsoils.
Structural decline of some soils is considered a major hazard due to sodicity (high
levels of sodium dominating the cation exchange complex). Other soil hazards include
winter waterlogging of slowly permeable clay soils, and wind-erosion due to weakly
structured sandy topsoils.

Soil physics investigations were performed to characterise the physical behaviour of
two dominant cropping soils under cropping and pasture, and to determine any
potential adverse soil effects under intensified cropping and irrigation. Preliminary
results indicated some structure damage under cropping, with the potential for
recovery when rested.
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The salinity investigation assessed the location and concentration of soluble salts in
the area, and the risk of this salt storage causing salinisation under increased cropping
and irrigation.  The salinity investigation included; electromagnetic survey to estimate
salinity magnitude and extent; borehole analysis to determine depth to potential saline
layers; rainfall analysis to assess additional salt inputs into the Tunbridge system; and
groundwater monitoring to identify areas of potential salt mobilisation.

The electromagnetic survey enabled the identification of broad-scaled areas with a
perceived salinity hazard, which is represented by the accompanying Map 2b.
Electromagnetic calibration and interpretation of salinity is a continually evolving
science, and was used in this investigation as an indicative tool for predicting broad-
area spatial conductivity. The calibration process applied at the time of the survey was
a commonly used and accepted methodology in Australia; however, future
developments in calibration technique could result in variation of ECese map values.
Despite this, it is believed that the ECese map developed for the Tunbridge site
displays a good reconnaissance-level indication of where salt occurs in the landscape.
(Paddock-scaled investigations are required to aid more detailed farm planning, using
a greater sample density with most recent calibration methodologies).  The map shows
average conductivity values of a soil saturated paste extract (ECese) to a depth of 5 m,
obtained by calibrating the electromagnetic instrument (EM31) against collected soil
samples.  The results indicate approximately 45% of the study area is rated as
moderately saline to a depth of 5 m, while 3% is rated as very saline, and 47% slightly
saline.  These saline areas are evident in small, localised areas of break in slope,
drainage depressions and low-lying landscapes.

Groundwater monitoring indicated an electrical conductivity of greater than 1 dS/m in
all bores, while half the monitored bores showed groundwater depth less than 2 m
from the surface.  These groundwater thresholds are considered to indicate a salinity
hazard due to a potential for capillary rise to mobilise soluble salts to the root-zone.
Depth to groundwater was found to be relatively static during the brief monitoring
period, with no sudden fluctuations in level or EC.  This may be due to impermeable
clay subsoils that impede groundwater recharge from rainfall and irrigation inputs.
Current irrigation and cropping practices were found to be having little impact on
groundwater and salinity, with no major groundwater fluctuations recorded during
irrigation periods.  However, this assumption was made with only 12 months of
groundwater monitoring data, and low-level and infrequent irrigation.  Future
groundwater monitoring is recommended if a substantial increase in irrigation is to
occur, to provide an early warning of potential salt movement and induced salinity.
Long-term groundwater trends would give a better indication of potential recharge
under a wider range of rainfall and evapotranspiration conditions.

Soil was sampled from each borehole and analysed to determine the soil salt profile as
an indication of salt concentration and the potential for this to be mobilised.  Depth to
maximum salt concentration was between 0.75 and 1.5 m for most profiles, which
indicates a potential hazard for the mobilisation of soluble salts to a typical crop root-
zone if groundwater levels were to rise.

To compliment the above findings, rainfall analysis was undertaken, indicating an
average salt input into the Tunbridge system of 85.1 kg/ha/year.  While this annual
figure is relatively low, longer-term salt accumulation may be significant due to
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insufficient flushing from low annual rainfall combined with high evaporation rates,
and a consequent accumulation of surface salts.

The various investigations suggest a number of hazards to agricultural land use are
present in the Tunbridge area.  However, the degree of risk imposed by these hazards
can be minimised using suitable land management techniques.  The major land
degradation hazards of the Tunbridge site are listed in Table 1, including soils
structural decline, salinity and wind erosion.

Maps are presented for each of the major hazards and show the extent over which
each identified hazard is considered a significant issue.  Non-prescriptive management
recommendations are presented for each hazard, where possible.

Hazard Rationale Area (%) (6250 ha)

Soil Structural Decline
due to sodicity (Map 2c)

Sodic subsoil, shallow
topsoil 34% (2090 ha)

Salinity (Map 2b) EM31 survey, moderate
to extreme salinity

48% (2230 of 4634 ha
mapped by EM)

Waterlogging
(Map 2d)

Poorly and Imperfectly
drained soils, low-lying
topography

23% (1441 ha)

Wind Erosion
(Map 2e)

Sandy, light textured
surfaces 30% (1871 ha)

Table 1.   Major agricultural land use hazards of the Tunbridge area
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1. LAND DEGRADATION & SALINITY INVESTIGATION
IN THE TUNBRIDGE DISTRICT

The Land Degradation and Salinity Risk Project aimed to investigate the impacts of
land use change in areas of known land degradation and salinity hazard.

The Tunbridge study site was chosen due to its low rainfall environment, current
cropping (both dryland and irrigated), grazing, and a potential for land use
intensification with irrigated cropping.  The area includes land with naturally
occurring salinity and saline groundwater, and is subject to current and potential land
degradation, including soil sodicity and wind erosion.

The project area includes land owned by members of the "Tunbridge-Woodbury
Farmer Sustainablity Group".  The group has been actively involved with DPIWE
extension officers, NHT and Landcare in addressing salinity and land degradation
issues in the area. Landowners were actively involved during the investigations,
providing valuable cropping information, and soil, climatic and groundwater
knowledge. Regular updates and project findings were provided to the farmer group,
who imparted valuable feedback into project directions and interpretation of results.

Data collection included:
Detailed soil investigation, (morphology, chemistry, physics and hazards)
1:25 000 UMA (Unique Mapping Area)
Salinity hazard assessment (EM31 and EM38 survey, groundwater and rainfall)

1.1 Tunbridge Study Area

The Tunbridge study area is located in the central midlands of Tasmania.  It is flanked
by the Central Plateau and Great Western Tiers to the west, and Bellevue Hill to the
south. It comprises six properties, totalling approximately 6500 ha, spanning the
Midlands Highway from Tunbridge to Woodbury, (centroid 537000 E,
5332000 N).

1.1.1  Climate

The study area is situated within the Central Plateau rain-shadow, resulting in an
average annual rainfall of less than 500 mm. The Bureau of Meteorology describes
the area as regularly one of the driest parts of the state (Bureau of Meteorology, 2002,
pers. comm).  Figure 1 (over page) shows average yearly rainfall for the study area
and surrounding district.
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Figure 1.   Tunbridge study area showing < 500 mm/yr rainfall isohyet

Table 2 shows data for nearest Bureau of Meteorology rainfall stations, (Bureau of
Meteorology 2002). Data indicates January, February and March are usually the driest
months, while July through to December the wettest.

Over the time frame of this project, 2001 was an above average year for rainfall in the
study area, totalling 550 mm.  2002 was a below average rainfall year, totalling 277
mm at a nearby Bureau of Meteorology site at Austin-Vale.  (This site was used due
to incomplete recording months for 2002 by the stations below).

B.O.M Rain
Station Years Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total Rain

Days

093016
(Woodbury -
Warringa)

1922
to

2002
37.9 29.8 34.1 43.4 35.9 35 42.3 43.2 37.4 46.6 43.6 49.5 479.8 107

93039
(Tunbridge -

Cheam)

1972
to

2002
40.9 22.6 33.5 36.8 36 32 41.8 39.1 40 42.9 44.8 42.2 457.1 119

93042
(Woodbury -

Warringa Old
Tier Rd)

1964
to

2002
39.5 25.8 39.6 43.9 38.8 38 52.6 52.2 44.5 48.8 48.1 48.8 525 86

Table 2.   Mean annual rainfall (mm) & mean total raindays

Other climate data (temperature, evaporation, frost and wind) are recorded by the
Campbelltown and Oatlands Post Offices (Tables 2 and 3), which receive an average
annual rainfall of approximately 561.6 mm, and 551.9 mm respectively, (Bureau of
Met. 2002). This is up to 100 mm higher per annum than the Tunbridge site.  The data
provides an indication of conditions likely to be experienced in the study area.
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Table 3 shows mean monthly pan-evaporation, (Bureau of Meteorology, 2002).
Evaporation could exceed rainfall for 8 months of the year. The area is also
susceptible to severe frosts in colder months, usually April through to October.

B.O.M
 Climate
 Station

Years Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total

093036
  Campbell-
Town PO

1964
to

1988
189.1 156.8 108.5 66.0 37.2 21.0 31.0 46.5 69.0 105.4 126.0 176.7 1133.2

093014
Oatlands PO

1882
to

2001
164.3 134.4 102.3 60.0 37.2 21.0 27.9 40.3 66.0 99.2 126.0 142.6 1021.2

Table 3.   Mean monthly evaporation (mm)

Table 4 shows average air temperature, (Bureau of Meteorology, 2002).  July is the
coldest average month of the year, while January is the warmest.

B.O.M
Climate
Station

Parameter Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual

093014 Mean max 21.9 21.7 19.3 15.9 12.4 10.1 9.4 10.6 12.8 15.2 17.4 19.6 15.4

Oatlands PO Mean min 8.8 8.7 7.5 5.7 3.4 1.7 1.1 1.8 3.1 4.6 6.1 7.7 5.0

1882 to 2001 Av. monthly 15.4 15.2 13.4 10.8 7.9 5.9 5.25 6.2 7.95 9.9 11.8 13.7 10.2

093036 Mean max 24.0 23.9 21.5 17.5 14.7 11.2 11.0 12.4 14.6 17.0 19.4 22.1 16.8

Campbell
Town PO Mean  min 9.2 9.5 7.9 5.3 3.3 0.9 0.3 1.6 3.2 4.3 6.4 8.1 4.5

1964 to 1988 Av. monthly 16.6 16.7 14.7 11.4 9.0 6.05 5.65 7.0 8.9 10.65 12.9 15.1 10.65

Table 4.   Air temperature (C°)

Prevailing winds are north-westerly and westerly, strongest in months September
through to December, and average approximately 18 km/h in these months, (Bureau
of Meteorology, 2002).

1.1.2 Geology

The study area is part of the 1:50 000 Interlaken geology map, (Forsyth, 1986).
Oldest exposed rocks are of the Late Carboniferous to Late Triassic age (286 to 213
million years ago).  The Triassic strata are intruded by Jurassic dolerite (213 to 145
million years ago) in a complex pattern, with numerous fault systems.  A west-north-
west trending dolerite fault system is found to the south of the study area near
Woodbury.

Jurassic dolerite caps older Triassic sandstone in the southeast, and forms part of a
base of overlying sequences dominated by lithic quartz sandstone.  In a complex
sequence, highly weathered, fine-grained sandstone is faulted against coarse-grained
sandstone within the study area.  Part of this sequence contains volcanic lithic
sandstone, lutite, coal, tuff, and silicified wood, which is found in the east and north
east of the study area.  Triassic sandstone occurs as both outcrops, and components of
Quaternary deposits (Forsyth 1986).
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Flats are dominated by unconsolidated Quaternary deposits consisting of alluvial
cobble fans and fine-grained alluvial material derived from surrounding Triassic and
Jurassic geologies, grading to terraced and braided stream deposits.  Quaternary
sediments also consist of aeolian dunes, sheets and lunettes, and dolerite fans
(Forsyth, 1986).

The area contains numerous saltpans, including the Glen Morey Saltpan, which have
accumulated soluble salts from surrounding dolerite and sandstone, (Matthews &
Latinovic, MRT, 2001, pers. com).  Groundwater has percolated through Jurassic and
Triassic geologies further up the catchment, and been trapped in the closed-depression
of the saltpans.  Groundwater has subsequently risen, and evaporated in drier months,
leaving behind crystallised salt.  This groundwater is potentially trapped by an
impermeable sandstone substrate, (Matthews & Latinovic, MRT, 2001, pers. com).

A small area of Tertiary basalt is present in the north east of the area.

Figure 2.   Glen Morey Saltpan

Deposits of sodium chloride are expected to have originated from a combination of
rainfall and the Triassic geologies of the area, while calcium salts and carbonates are
generally derived from the highly weathered dolerite substrates, (A.  Ezzy, MRT,
pers. comm.).

1.1.3 Topography

The highest topography of the study site consists of rolling dolerite hills to the south
and southwest, with an elevation range of approximately 200 to 350 m.  Intermittent
dolerite ridges and hills (including "Brents Sugarloaf", "Nessie Rise", "Red Ridge",
"Old Bailey", Paddy's Hill", and "She Oak Ridge") divert drainage to the Blackman
River.

Jurassic dolerite caps older Triassic surfaces, which form lower slopes and hillocks,
before gradually grading to flatter cropping areas.  These lower slopes occur between
altitudes of approximately 200 and 250 m.

The majority of the study area consists of low-lying plains.  These are generally flat,
with lowest elevation along modern-day flood plains, which follow actively flowing
watercourses.  Older, slightly higher alluvial terraces occur along relict river courses,
which grade steeply into higher and even older relict river terraces.
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The area also contains undulating surfaces with eroded remnant dunes and windblown
sand deposits.

1.1.4 Drainage

The majority of the study area is made up of alluvial plains forming part of the
Macquarie River Catchment.  It is drained by a tributary to the Macquarie, the
Blackman River, which runs from west to north.  To the South, the Currajong and
Tin-Dish Rivulets are also intermittently flowing, usually ceasing in drier months.

The drainage pattern is a radial stream flow emanating from surrounding hills, which
act as recharge areas for groundwater. The hills are weathered and highly fractured,
and contain soluble salts in the soil substrate.  These salts dissolve in rainfall, and
percolate through the substrate resulting in saline groundwater, (Matthews &
Latinovic, MRT, 2001, pers. com).

1.1.5 Land Use and Vegetation

The study site and surrounding area is predominantly used for grazing sheep, with
areas of irrigated and dryland cropping.  Common crops include poppies, barley,
wheat, canolla, oats, peas and occasional potatoes.  Irrigation is currently confined to
small areas of infrequent rotation using both centre-pivot and gun irrigators.  Water is
mainly sourced from local dams fed from the Blackman River and Tin-Dish Rivulet,
and ranges in quality from an EC of 0.1 dS/m, to 1.0 dS/m during peak irrigation
periods.

Much of the native vegetation cover has been cleared, with some remnant areas of
native grasses, and intermittent E. amygdalina and E. viminalis on the dolerite hills.
A small area of open savanna woodland/ dry sclerophyll forest consisting of the above
species is found to the southwest.

Recreational use includes an aero-club on Lowes Park.

1.1.6 Potential for Land Use Change

Irrigated cropping in the Tunbridge/ Woodbury area could expand over the next
several years, with proposed piping of irrigation water from the Blackman River via
the Currajong Rivulet to fill the existing Lowes Park dam.   This water source is
considered good quality, consistently measuring an EC of 0.1 dS/m during the study
period.  If the development proceeds, farmers in the area will be investing a
significant long-term outlay, and would therefore be expecting some form of financial
gain from the irrigation benefits it will bring. Landowners have indicated a planned
and substantial increase in area for potential future irrigation, although this is
dependent upon grower contract availability.

The Tunbridge landowners have recognised the occurrence of localised salt stores
within their properties, and are currently working to maximise their productivity while
minimising the risk of land degradation and salinity.  Many soils in the area are
suitable for cropping, but limited in terms of agricultural capability by low rainfall.
Future land use intensification may increase the risk of salinity, soil structural decline
resulting from soil sodicity, and wind erosion if appropriate land management
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techniques are not implemented. (A greater understanding of the soil's resilience to
present cropping management, and the behaviour of the soil with respect to drainage
and groundwater recharge is considered important in minimising any risk to land
degradation and salinity).

This potential intensification of land use will place pressures on the Tunbridge
cropping soils through greater cropping area, and expected increase in frequency of
cropping rotation to meet grower contracts and returns for irrigation development
investments.  Shorter crop rotations will results in less recovery time and potential soil
structural decline, increased erodibility risk from wind and water, and reduced crop
yields.  Increased irrigation rates could increase risk of salinity through raised
watertables, and lateral saline drainage across duplex soils.  The results of this project
will assist farmers to identify local hazards and to undertake land use intensification
in a positive manner, thereby ensuring long-term sustainability and productive
capacity.
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2. SOIL SURVEY & UNIQUE AREA MAPPING
A soil survey was undertaken to determine morphological, physical and chemical
characteristics of the soils of the study area, and their spatial distribution. An
understanding of soil types and their characteristics is required for assessing land for
degradation and salinity hazard, land capability and cropping suitability.  Parameters
such as drainage, structure, colour, texture, pH and electrical conductivity (EC)
determine how soil will behave under certain conditions, in terms of cropping
robustness, rotation length, and irrigation rates.  Soil map units have been grouped
into soils formed from the same parent material, topography and physical
characteristics.  This soil characterisation and spatial distribution will give an
indication of the hazards inherently present within each soil type, and how these
hazards might behave under intensified cropping and irrigation.

2.1 Soil Survey Methodology

The soil survey of the Tunbridge study site was undertaken at a 1:25 000 scale, and
complies with accepted Australian terminology, (McDonald et al 1988).  The
mapping scale corresponds to a minimum of four sites per square km, with a desired
range of 8 to 16 sites per square km (Gunn et al 1988).  Sites are a combination of
three description levels:

full description - a full and detailed description of a site's morphology (including
structure, colour, depth, texture, coarse fragments, segregations, macropores,
easting and northing)
observation - where a known soil profile class is identified, and a brief description
is made (including horizon, colour, texture, structure, easting and northing)
brief observation - where a recognised soil profile class name is recorded, and its
location (easting and northing)

Representative profiles for each Soil Profile Class (SPC) were sampled for chemical
and physical analysis, and used for general soil characterisation.  An SPC is a
grouping of soils with like characteristics, including structure, colour, parent material,
texture and landscape position.  Due to the natural variability in the soils surveyed,
chemical results are expected to vary within each SPC.  Further sampling and analysis
would therefore be required to determine site-specific chemical properties.  Soil
chemistry ratings of high, medium and low were applied where relevant, and are
relative to previously described Tasmanian soils, (see Appendix 9 - Chemical ratings
for Tasmanian Soils (Doyle, 1993) and Lab Methodologies). Descriptions were made
from hand-auger sites and intact 50 and 100 mm cores taken with a push-tube and
Edson RP70 Series Truck Mounted Drilling Rig.

Sites were selected using a free survey approach (Gunn et al 1988), in an attempt to
separate soils into unique landforms and parent materials.  Soils were initially mapped
using colour stereo aerial photography, differentiating units by topography, landform
and colour or tonal changes that may indicate differing soil types.  However, the only
available colour photo runs were at 1: 63 000 scale, which is not ideal for the
production of 1:25 000 soil maps form photo interpretation (1:15 000 photos are
required).  1: 50 000 geology maps were used as an indicator of soil boundary where
no clear boundary could be identified.
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These boundaries were transferred to digital orthophotos printed on stable film for
improved accuracy at 1:8000 scale.  Derived boundaries were then digitised using the
GIS, and overlayed with other coverages such as drainage, geology, contours and
elevation for further manipulation.  Soil boundaries were ground-truthed during the
survey, and amended where required.

Soil polygons were further divided using a Unique Mapping Area (UMA) technique,
which splits the landscape into units based on soil type and percentage estimate,
landform pattern, land element, morphology, slope, geology, soil parent material,
coarse fragments, and aspect (Appendix 1).  These categories could impact upon
different land use, and provide the foundation for production of suitability and hazard
maps.  Mapped units were then assigned a unique identifying number, linking the unit
to the recorded land attributes.

UMA boundaries were generated by digitally overlaying slope class and aspect
models over the soil coverage, and splitting these soil units into the new "unique"
units.  Small areas (< 2 ha) were deleted to avoid UMA complexities, and soil
boundaries used where digital discrepancies were encountered (eg "slivers").

The soil survey area totalled approximately 6453 ha using 550 sites (100 full
descriptions, 250 observations (partial descriptions), and 200 brief observations.  The
soil taxonomic unit used in the mapping process was the Soil Profile Class (SPC),
with up to 3 SPC's recorded in each UMA unit and percentage proportions of each
estimated.

For the initial reconnaissance phase of the survey, the Interlaken Soil Survey by
Leamy (1961) was used, along with the CSIRO- DPIWE correlated soil series to the
north and south.  Tunbridge SPC's were related to existing SPC's where possible.  Ten
SPC's were compiled in total, with each having at least one phase or variant. One was
identical to a previously described SPC, while three were split from an existing SPC.
The remainder were very similar to existing SPC's, but were classified as new soil
profile classes due to at least one significant characteristic which differed from the
original, (that is, significant variation to impact on soil management). The Interlaken
map formed the basis for the initial soils investigation of the study site.  Soil names of
the Interlaken sheet related to soil colour and parent material, which have been
updated to modern-day SPC naming convention. More detailed investigations have
been undertaken by Chilvers, 1998, which involved soil survey of selected cropping
sites on two properties within the area.  This information was also used to assist the
soil survey process of the Tunbridge study site.

Final soil map units are based on dominant soil profile class, (SPC), with dominance
determined by percentage estimates from the UMA table (Appendix 1). Many units
mapped were considered "pure" units, where a soil was mapped as being 100% of a
particular UMA.  However, small inclusions of other soils are likely to occur.

Miscellaneous soils occur on a small area of basalt to the north east of the area, and
were not mapped intensively due to limited occurrence, and low agricultural value
due to stoniness and adverse topography.

The soil survey and UMA mapping process resulted in the production of a 1:25 000
soil and UMA map.  This map was used for the production of land degradation and
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salinity hazard maps, and provides the basis for the hazard investigation.   (See Map
2a - Dominant Soils of the Tunbridge Area).

2.2 Soils

The following section describes the soils identified during the survey.  Soils types
have been grouped according to parent material and the landscape in which they
occur.  Twenty-two soil types and associated phases and variants have been identified
in seven different landscapes and/ or parent materials. Soil extent is shown on Map 2a
- Dominant Soils of the Tunbridge Area.

The sediments of the alluvial plains were incised by a major watercourse during the
early Quaternary, forming a terraced erosion surface.  The surface has since been
covered by alluvial and aeolian deposits to form present day soils.  The most recent
soils are formed from Quaternary aeolian deposits and are weakly developed due to
their young age.  Material most probably originates from eroded Triassic sandstone,
similar to the Panshanger soils to the north.

Recent flood plains and present day alluvial deposits are formed along watercourses.
These are the "Friable Canola" soils, ranging in elevation from 200 to 240 m.  "Heavy
Canola" soils are formed from Quaternary alluvium, which represent older surfaces,
ranging from 205 to 247 m in elevation.  These surfaces are remnant flood plains, and
would be of similar age to the Canola surfaces to the north.

Slightly older alluvial surfaces contain the Saltpan Plains soils.  These higher level
Canola surfaces or transitional Triassic/ Jurassic/ Quaternary zones range in altitude
from 205 to 268 m along the margins of sandstone and dolerite hills.

Remnant river terraces compose Woodbury and Brumby soils, formed from past
fluvial events.  They range in elevation from 200 to 270 m and 270 to 285 m
respectively. Older and higher alluvial surfaces form the Lowes Park terrace.  These
are derived from dolerite, ranging in elevation from 209 to 271 m.

The Jurassic dolerite to the south has formed dolerite fans and undulating to rolling
low hills of clay soils.  Dolerite hills form the highest elevations of the study area.
The entire sub-catchment is dominated by rounded dolerite cobbles that originated
from these hills, or higher in the catchment.  This caps older Triassic sandstone that
has formed lower slope soils, and complex patterns with the dolerite. Dolerite soils
range in elevation from 207 m at lower slopes, to 348 m along stony ridges.  The
Triassic material is found between 200 and 262 m.



10

SO
IL

L
A

N
D

FO
R

M
 T

Y
PE

SO
IL

 D
R

A
IN

A
G

E
 C

L
A

SS
A

U
ST

R
A

LI
A

N
 S

O
IL

C
LA

SS
IF

IC
A

TI
O

N
A

R
EA

M
A

PP
E

D
SO

IL
C

O
D

E
So

ils
 o

n 
M

od
er

n 
A

llu
vi

um

Fr
ia

bl
e 

C
an

ol
a 

SP
C

H
ea

vy
 C

an
ol

a 
SP

C
H

ea
vy

 C
an

ol
a 

Po
or

ly
 D

ra
in

ed
 V

ar
ia

nt
Sa

ltp
an

 P
la

in
s S

PC

D
ra

in
ag

e 
lin

es
, w

at
er

 c
ou

rs
es

 &
 fl

oo
d 

pl
ai

ns
A

llu
vi

al
 p

la
in

s
D

ra
in

ag
e 

de
pr

es
si

on
O

ld
er

 a
llu

vi
al

 p
la

in
s &

 a
lo

ng
 h

ill
 m

ar
gi

ns

Im
pe

rf
ec

t
Im

pe
rf

ec
t t

o 
Po

or
Po

or
Im

pe
rf

ec
t t

o 
Po

or

B
la

ck
 V

er
to

so
l

B
la

ck
 V

er
to

so
l

B
la

ck
 V

er
to

so
l o

r H
yd

ro
so

l
G

re
y 

V
er

to
so

l o
r H

yd
ro

so
l

21
6 

ha
77

6 
ha

28
6 

ha

FC
a

H
C

a

Sp
So

ils
 o

n 
L

ow
er

 A
llu

vi
al

 T
er

ra
ce

s

W
oo

db
ur

y 
SP

C
W

oo
db

ur
y 

D
ee

p 
Ph

as
e

W
oo

db
ur

y 
G

ra
da

tio
na

l P
ha

se
W

oo
db

ur
y 

St
on

y 
V

ar
ia

nt
B

ru
m

by
 S

PC
B

ru
m

by
 D

ee
p 

V
ar

ia
nt

Lo
w

er
 re

lic
t r

iv
er

 te
rr

ac
es

Lo
w

er
 re

lic
t r

iv
er

 te
rr

ac
es

 o
n 

ge
nt

le
 ri

se
s

Lo
w

er
 re

lic
t r

iv
er

 te
rr

ac
es

Lo
w

er
 re

lic
t r

iv
er

 te
rr

ac
es

Lo
w

er
 re

lic
t r

iv
er

 te
rr

ac
es

Lo
w

er
 re

lic
t r

iv
er

 te
rr

ac
es

Im
pe

rf
ec

t
Im

pe
rf

ec
t

Im
pe

rf
ec

t
Im

pe
rf

ec
t

Im
pe

rf
ec

t
M

od
er

at
e

B
la

ck
 S

od
os

ol
s/

 C
hr

om
os

ol
s

B
la

ck
 S

od
os

ol
s/

 C
hr

om
os

ol
s

B
la

ck
 S

od
os

ol
s/

 C
hr

om
os

ol
s

B
la

ck
 S

od
os

ol
s/

 C
hr

om
os

ol
s

B
la

ck
 C

hr
om

os
ol

s/
 S

od
os

ol
s

B
la

ck
 C

hr
om

os
ol

s/
 S

od
os

ol
s

48
2 

ha

15
1 

ha
83

 h
a

W
b

B
r

B
rd

So
ils

 o
n 

H
ig

he
r 

L
ev

el
 A

llu
vi

al
 T

er
ra

ce
s

Lo
w

es
 P

ar
k 

SP
C

Lo
w

es
 P

ar
k 

D
ee

p 
Ph

as
e

H
ig

he
r r

el
ic

t r
iv

er
 te

rr
ac

es
, d

ol
er

ite
 a

llu
vi

al
 fa

ns
H

ig
he

r r
el

ic
t r

iv
er

 te
rr

ac
es

, d
ol

er
ite

 a
llu

vi
al

 fa
ns

M
od

er
at

e
M

od
er

at
e

B
ro

w
n 

So
do

so
ls

/ C
hr

om
os

ol
s

B
ro

w
n 

So
do

so
ls

/ C
hr

om
os

ol
s

11
21

 h
a

Lp

So
ils

 o
n 

A
eo

lia
n 

D
ep

os
its

Sh
al

lo
w

 P
an

sh
an

ge
r S

PC
Pa

ns
ha

ng
er

 S
PC

D
un

es
, l

un
et

te
s &

 sa
nd

 sh
ee

ts
D

un
es

W
el

l t
o 

R
ap

id
R

ap
id

B
ro

w
n-

O
rth

ic
 T

en
os

ol
s

B
ro

w
n-

O
rth

ic
 T

en
os

ol
s

51
0 

ha
80

 h
a

sP
s

Ps
So

ils
 o

n 
T

er
tia

ry
 B

as
al

t

M
is

ce
lla

ne
ou

s 1
Lo

w
 h

ill
s &

 c
re

st
s

Im
pe

rf
ec

t
B

ro
w

n 
C

hr
om

os
ol

s
64

 h
a

M
1

So
ils

 o
n 

Ju
ra

ss
ic

 D
ol

er
ite

N
es

si
e 

SP
C

N
es

si
e 

Sh
al

lo
w

 S
to

ny
 P

ha
se

Ea
st

fie
ld

 S
PC

H
ill

 sl
op

es
U

pp
er

 sl
op

es
, c

re
st

s &
 ri

dg
es

H
ill

 sl
op

es

M
od

er
at

e 
to

 Im
pe

rf
ec

t
W

el
l

Im
pe

rf
ec

t

B
ro

w
n 

D
er

m
os

ol
s o

r S
od

os
ol

s
B

ro
w

n 
D

er
m

os
ol

s o
r S

od
os

ol
s

B
ro

w
n 

C
hr

om
os

ol
s o

r S
od

os
ol

s

15
11

 h
a

22
6 

ha
71

 h
a

N
e

N
es

Ea
So

ils
 o

n 
Tr

ia
ss

ic
 S

an
ds

to
ne

G
le

n 
M

or
ey

 S
PC

G
le

n 
M

or
ey

 P
oo

rly
 D

ra
in

ed
 P

ha
se

G
le

n 
M

or
ey

 D
ee

p 
Ph

as
e

G
le

n 
M

or
ey

 S
to

ny
 V

ar
ia

nt

H
ill

 sl
op

es
 a

nd
 lo

w
er

 sl
op

es
Lo

w
er

 sl
op

es
, d

ep
re

ss
io

ns
 a

nd
 fl

at
s

G
en

tle
 ri

se
s

H
ill

 sl
op

es
 a

nd
 lo

w
er

 sl
op

es

Im
pe

rf
ec

t
Po

or
 to

 Im
pe

rf
ec

t
M

od
er

at
e

Im
pe

rf
ec

t

B
ro

w
n 

C
hr

om
os

ol
s o

r S
od

os
ol

s
B

ro
w

n 
C

hr
om

os
ol

s o
r S

od
os

ol
s

B
ro

w
n 

C
hr

om
os

ol
s o

r S
od

os
ol

s
B

ro
w

n 
C

hr
om

os
ol

s o
r S

od
os

ol
s

79
1 

ha
85

 h
a

G
m

G
m

pd

T
ab

le
 5

.  
 S

oi
ls

 su
m

m
ar

y 
gr

ou
pe

d 
by

 la
nd

fo
rm

 &
 g

eo
lo

gy
1

1  A
ll 

ph
as

es
 &

 v
ar

ia
nt

s c
ou

ld
 n

ot
 b

e 
m

ap
pe

d 
at

 th
e 

1:
25

 0
00

 sc
al

e



11

Limited chemical analyses were undertaken to assist in classification, profile class
formation, and identification of soil management issues. Chemical properties that may
impact soil management have been summarised in the following section. (See
Appendix 2 for detailed morphology and chemical summary).

Analysis included Exchangeable Sodium Percentage (ESP), which refers to the
amount of sodium present in the soil's cation exchange complex, with an ESP > 6
usually indicating soil sodicity, and potential dispersiveness and structural decline
problems.  A low Ca:Mg (Calcium to Magnesium) ratio indicates soils relatively low
in calcium, which may exacerbate the effects of sodium and potential structural
decline.  For sodic soils, the excess of negatively charged clay particles (sodium ions)
in a 1:5 water suspension may affect the conductivity of the solution, and hence EC1:5
values.  Consequently, high conductivity ratings may be an overestimate of salinity
(Shaw 1999).

Organic matter is regarded as a vital component of a healthy soil, in terms of
maintaining structure and beneficial relationships with physical, chemical and
biological properties.  Organic carbon ratings are also included as an indicator of soil
“health” and risk of structural decline.

2.2.1 Soils on Modern Alluvium

Friable Canola Soil Profile Class

The Friable Canola Soil Profile Class correspond to the original Canola Soil Profile
Class developed by Nichols (1958) and Doyle (1993), but has been separated into
lighter textured, more recent and friable alluvial soils.  These soils were mapped by
Leamy (1961) on the Interlaken sheet as "Recent Soils on Alluvium", and as "Friable
Canola Black Clay" by Chilvers (1998).  They are formed from Quaternary alluvium
along drainage lines, watercourses and recent flood plains, and are considered the
most recent materials deposited by alluvial processes.

Physical Features

Friable Canola soils are slowly permeable and imperfectly drained when wet, and
become dry and cracked in summer months.  They are not as vertic as the Heavy
Canola SPC, with fewer slickensides, and less shrink-swell capabilities.  These soils
have friable (when dry), black to very dark greyish brown surface layers to 40 or 50
cm, grading from clay loam to light or medium clay with depth.  This overlies similar
greyish or yellowish brown medium clay subsoil to the other alluvial soils in the area.

Profile Variations and Phases

Depth to subsoil is variable depending upon proximity to watercourses.  These soils
grade into Heavy Canola soils, therefore transitional soils are common in broad areas.
No phases or variants were described.
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Classification

These soils were only classified to sub-order due to lack of chemical data.  The
Australian Soil Classification is Self-Mulching Black Vertosol, due to the self-
mulching, cracking and shrink-swell characteristics of these soils.

Chemical Properties

Friable Canola soils have alkaline topsoil and subsoil layers, and alkalinity generally
increases with depth.  Field EC1:5 values are low in the surface layers, and classified
as non-saline.  Subsoil layers are variable depending upon topography, ranging from
slight to high salinity.

Soil Mapping Units

Friable Canola soils have been mapped along watercourses and drainage lines, in
small "pure" units.  These soils have also been mapped as minor soils in association or
transition with the Heavy Canola SPC.

Land Use and Capability Class

These soils are cropped as minor soils in association with the Heavy Canola SPC, and
are assigned land capability class 5 due to drainage limitations.

Hazards

Friable Canola soils were mapped using the EM31 as moderately saline to 5 m (see
section 4 – Salinity Assessment).  With low EC1:5 measurements in surface layers,
salinity ratings (as per Appendix 9) are low, but increase with depth to moderate in
deeper horizons.  Where found in drainage depressions, soils would have a salinity
hazard due an accumulation of soluble salts transported from higher surfaces.  Soils
become imperfectly drained and slowly permeable when wet, and therefore
susceptible to waterlogging in depressions during wetter months. Erosion due to water
is a hazard due to a fine, self-mulching structure when dry.  Risk is greatest along
actively flowing waterways, especially if left void of stabilising vegetation.  Stream-
bank erosion is common, and witnessed in several areas, including the Tin-dish
Rivulet.

Heavy Canola Soil Profile Class

The Heavy Canola Soil Profile Class corresponds to the Canola Soil Profile Class
developed by Nichols (1958), but is separated to distinguish it from the Friable
Canola SPC.  These soils were mapped by Leamy (1961) on the Interlaken sheet as
"Black Cracking Clays", and "Heavy Canola Black Clays" by Chilvers (1998).

Heavy Canola soils are formed from Quaternary alluvium, on lower level alluvial and
flood plains.  Profiles are vertic, with medium heavy to heavy clay throughout, and a
thin self-mulching surface layer of light medium to medium clay. A horizons consist
of black smectite clays with shrink-swell properties that become massive when wet,
and crack when dry (vertic).  They are strongly structured and generally more alkaline
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than the Canola soils to the north, probably due to lower rainfall and reduced
leaching.

Physical Features

Canola soils are imperfectly to poorly drained when wet and swollen, with low
permeability.  The A horizons have faint mottles throughout, due to either mechanical
mixing by shrink-swell processes, or oxygen reducing conditions when wet.  Profiles
commonly crack in drier months, which may form groundwater recharge pathways for
rainfall or irrigation.

Profile Variations and Phases

The original Canola SPC has been separated into the Heavy Canola soils, the lighter
textured Friable Canola soils, and grey, less vertic, older alluvial plain soils classified
as the Saltpan Plains SPC.  Transitional soils between the three soil profile classes are
common.

The Heavy Canola SPC is highly variable due to the natural variations in alluvial
sediments. Vertic properties (self-mulching surface horizon, cracking and
slickensides) are highly variable in size and abundance.  Depth of the black vertic
horizon varies between 40 and 95 cm before passing to massive, yellowish brown clay
with numerous carbonates.

The Heavy Canola Poorly Drained Variant has been described in closed depressions,
where profiles are saturated in wetter months.  Subsoils are usually grey, anaerobic
and highly mottled.  Visual salinity (surface scalding) is commonly evident in these
profiles due to soluble salt accumulation.

Australian Soil Classification

Heavy Canola soils have been classified as: Episodic or Epihypersodic, Self-
Mulching or Epipedal, Black Vertosols.  Episodic soils occur where the surface layer
(top 10cm) is sodic (ESP > 6). Epihypersodic-Endocalcareous soils occur where the
top 50 cm is strongly sodic  (ESP > 15), (Isbell 2002).  Epipedal soils tend to produce
a surface "flake", and are less self-mulching, and "platey" in structure (Isbell 2002).

Chemical Properties

The sampled Heavy Canola soils exhibit alkaline surface horizons, and alkaline
subsoils, with pH generally increasing with depth.

Organic carbon levels are high in surface layers, generally decreasing with depth, and
becoming very low in the B2 horizons.

Exchangeable Sodium Percentage (ESP) was very high in all but one profile, ranging
from 15 - 30%, while Ca:Mg ratios were generally less than 1.0.  These parameters
may indicate a potential structural decline hazard due to sodicity, however, field
dispersion tests found samples to be only slightly dispersive.  The vertic, shrink-swell
properties of these soils may be negating the adverse affects of excess sodium, while
high organic carbon levels may also be aiding structural stability.  High ESPs, base
saturation and alkalinity indicate lower leaching rates than the Canola SPC to the
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north, due to lower rainfall. Lab EC indicates a salinity rating range from slight to
high in surface and subsoil horizons, with a wide variation in field EC depending
upon topographical position and surface salt accumulation.

Soil Mapping Units

Heavy Canola soils occur on alluvial and flood plains, and drainage depressions in
association with;

the Friable Canola SPC along drainage courses and more recent alluvial plains and
depressions
the Heavy Canola Poorly Drained Variant in closed depressions
the Saltpan Plains SPC in older alluvial plains and proximity to the mineral soils
of the hills
the Woodbury and Lowes Park SPC's on higher level relict river terraces, and
grading from depressions
the Shallow Panshanger SPC on rises and dunes

Land Use and Capability Class

Heavy Canola soils are regionally used for grazing and cropping (dryland and
irrigated).  Crops include cereal and poppies.  Low rainfall would restrict these soils
to class 5 land capability.

Hazards

EC1:5 measurements of these soils range from low to high, while the EM31 indicates a
range of moderate, high and very high conductivity to 5 m.  Highest conductivities
correspond to the presence of shallow, saline groundwater, and drainage depressions.
Soils have a waterlogging hazard due to uniform clay profiles and low permeability
when wet and swollen.  Extremely flat areas would be prone to waterlogging under
heavy winter rainfall or excessive irrigation, and could benefit from shallow surface
drains. Structure is often damaged if worked or not excluded from stock when
excessively wet.  Soils become compacted, pugged and "cloddy", with reduced
trafficability.

Saltpan Plains Soil Profile Class

The Saltpan Plains soil type corresponds with the Canola Soil Profile Class developed
by Nichols (1958).  These soils have been classified as the Saltpan Plains SPC as they
fit into the more grey or greyish brown range of the Canola SPC.  Saltpan Plains soils
are also less vertic than the Canola soils, with less self-mulching present in the surface
layer, fewer slickensides, and a tendency to dry and crack for a shorter period than the
Heavy Canola soils.  The greyish colouring may indicate a lower percentage of
smectite clays within the solum than the Canola soils, which could explain the lack of
self-mulching and visual shrink-swell properties.  These soils therefore possess
inferior self-repairing capabilities than the Heavy and Friable Canola types, and are
consequently less versatile.

Saltpan Plains soils are possibly older than the Canola types.  Soils are formed from
Quaternary alluvium on older and higher surfaces, below sandstone or dolerite hills,
and found in transition with alluvial soils such as the Brumby or Woodbury.  The grey
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colours may also be due to past shrinking and swelling which may have mixed
windblown sands and translocated clays from surrounding hills throughout the solum,
diluting the smectite content over time. (See Appendix 2 for morphology and
chemical summary).

Physical Features

Saltpan Plains soils are slowly permeable and imperfectly or poorly drained when wet
and swollen.  Mottling is more red or rusty than the Heavy Canola SPC, implying
slightly poorer drainage.  As mentioned, these soils tend to crack a lot later in the drier
months than the Canola soils, and swell earlier, implying lower shrink-swell
capacities or greater moisture holding capacity.

Profile Variations and Phases

These soils are usually uniform in depth, but sand and clay content is highly variable
due to windblown additions.

Australian Soils Classification

Saltpan Plains soils have been classified as: Epipedal or Massive, Episodic or
Epihypersodic Grey Vertosols.  Epipedal or massive indicates these soils are only
weakly self-mulching, or massive in the top 10cm.  Episodic indicates sodic topsoil,
while Epihypersodic indicates a strongly sodic layer (ESP > 15) somewhere in the top
50 cm (Isbell 2002).

Chemical Properties

One profile was sampled and analysed for general chemical and physical
characteristics.  The Saltpan Plains soils have a slightly acid lab pH in the topsoil, and
alkaline subsoils, with pH increasing with depth. Lab EC1:5 indicates a salinity rating
from slight to high throughout the profile, while field EC1:5 was highly variable
depending upon topography.

Organic carbon levels are high in the upper surface layers, but decrease dramatically
below 30 cm to very low.

ESPs are high in all layers, increasing with depth.  They range from 5.6% in the
surface layer, to 11.3 and 24.3% in lower surface and subsoil layers.  Ca:Mg ratios are
all less than 1, indicating sodicity could be a problem with these soils.  Subsoils are
moderately dispersive, while surface layers are moderately to slightly dispersive.  The
high ESPs, base saturation levels and alkalinity detected in the Saltpan Plains soils
indicate very low leaching rates, again due to low rainfall and high evaporation.

Soil Mapping Units

The saltpan plains soils were generally mapped as pure units (100% in the UMA
table), but also occur in association with the Heavy Canola SPC in lower drainage
depressions, and the Shallow Panshanger SPC on rises and dunes.
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Land Use and Capability Class

The Saltpan Plains soils are used for grazing, but not cropped due to heavy textures,
poor structure, poor drainage and slow permeability.  Minimal self-mulching and
shrink-swell processes would reduce suitability for cropping, as these soils have lost
the "self-repairing" characteristics that enhance cropping suitability of the Canola
soils.  Potential waterlogging would also cause trafficability problems when wet.
These soils would be land capability class 5, or class 6 where poorly drained.

Hazards

The EM31 survey classes these soils as having moderate to high conductivity to 5 m,
while soil EC1:5 indicates a variable (low to high) salinity rating.  Salinity risk would
be greatest in low-lying areas where drainage is impeded and soluble salts
accumulate.  Greatest risk would also occur where shallow (< 2 m) and saline (> 1
dS/m) groundwater are present.  Soils are prone to waterlogging due to imperfect
drainage and slow permeability.

2.2.2 Soils on Lower Alluvial Terraces

Woodbury Soil Profile Class

The Woodbury soil type is similar to the Brumby SPC to the north, but generally
lacks the bleached A2 horizon common in Brumby profiles.  Subsoils are typically
browner, and more moderately structured, which could be due to the lower rainfall of
the study area than to the north, resulting in lower leaching rates. Profiles have
shallow sandy clay loam topsoil, clearly changing to a mottled dark grey to greyish
brown medium heavy clay subsoil at about 10 to 15 cm.  Subsoils are strongly sodic,
with weak to moderate coarse structure.  Some profiles display a very thin A2 horizon
(2 - 3 cm), but this is generally lacking.  The shallow topsoils may have been
incorporated and mixed with the A2 horizon due to past tillage practices.  Sodic
subsoil clays have also been mixed with topsoil in some areas.  (See Appendix 2 for
morphology and chemical summary).

Physical Features

Woodbury soils form from Quaternary alluvium, on flat to gently undulating relict
river terraces.  Permeability is slow due to high clay content and poor structure, with
massive horizons present lower in the profile.  Drainage is classed as imperfect due to
the greyish colours, mottles, and poor structure.  Topsoils have an aeolian component,
and consequently vary in depth and texture.  Dolerite gravels are common in many
profiles.

Profile Variations and Phases

The Woodbury Gradational Phase has a clay loam topsoil, gradually changing to a
light clay B1 horizon (non-duplex soils). The Woodbury Deep Phase has a deep
component of windblown sand from 25 to 30 cm over the clay subsoil.  These soils
are usually found on gentle rises. The Woodbury Stony Variant is described where
common dolerite surface cobbles are present.  Transitional Woodbury soils that are
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grading into black cracking clays are found on lower terraces and drainage
depressions.

Australian Soil Classification

The Woodbury soils have been classified as: Hypercalcic Mottled-Subnatric Black
Sodosols.  Hypercalcic refers to a calcareous horizon with > 20% soft carbonate,
while mottled-subnatric refers to subsoil which is mottled, with a sodicity range of
ESP between 6 and 15.  One profile classified as a mesonatric great group due to an
ESP range between 15 and 25 in the upper B2.

Chemical Properties

Four profiles were sampled and analysed.  Woodbury soils are slightly acid to neutral
in the surface, with alkaline subsoils.  Soil pH increases with depth, especially where
the accumulation of soft carbonate segregations occurs in the lower B2 horizon. EC
values increase with depth, and indicate slight salinity throughout the profile.

Organic carbon levels in the topsoil are medium, with a range from 2.68 to 3.62%,
and low to very low in the subsoils.  Woodbury soils have sodic to strongly sodic
subsoils (Isbell 1993), with ESP ranging from 10.8 to 21.9%.  Ca:Mg ratios are all
less than 1 ( 0.6), consequently, subsoils are moderately to highly dispersive, and are
poorly structured and slowly permeable.

Mapping Units

Woodbury soils occur in association with heavy Canola, Friable Canola, Saltpan
Plains and Shallow Canola SPC's, and as complexes with the Lowes Park SPC.
Lowes Park soils occur on slightly higher terraces than the Woodbury soils, and are
difficult to separate at the 1:25 000 scale.  They can also be morphologically very
similar, but vary dramatically in stone content.

Land Use and Capability

Woodbury soils are used for irrigated and dryland cropping, and improved pasture
within the study region.  Crops include cereal and poppies.  These soils would be
classified as land capability class 5 due to rainfall limitations, but are generally of a
class 4 standard where topsoil depth is adequate (> 15 cm).

Hazard

EC1:5 values indicate a salinity hazard, however readings maybe unreliable, as
strongly sodic soils can interfere with conductivity values due to charged clay
particles in the suspension, (Shaw 1999).  A moderate to slight conductivity to 5 m
was identified using the EM31, while surface salinity was not observed.  Soils also
have a waterlogging hazard due to slow permeability, flat topography and imperfect
drainage.  Risk would be greatest under excessive irrigation, with water potentially
perched above the clay B horizon, resulting in surface waterlogging on flatter sites.
However, this was not witnessed with current irrigation practices.

The shallow, sandy loam topsoils of the Woodbury series are susceptible to wind
erosion hazard.  This has been witnessed on recently ploughed ground, with evidence
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seen as deeper sandy accumulations around fence-posts and windbreaks.  Risk is
lower on flatter ground, and increases on windblown rises where accumulations are
deepest.  Risk is lowered by shorter fallow, maintaining groundcover during windiest
months (September to December), and using windbreaks.

A structural decline hazard exists due to soil sodicity (shallow topsoils over heavy
sodic clays).  Medium organic carbon levels in the topsoils would help in preventing
structural decline, but care would be needed to avoid mixing sodic subsoils with
topsoil.  Incorporation of sodic subsoil in surface layers is evident in several
paddocks, where this material has caused topsoil to become heavy, "cloddy" and hard
setting.  Risk is highest where depth to subsoil is shallow (<15 cm).  Soil moisture
would also require careful monitoring when irrigated so as not to saturate the sodic
subsoils, causing subsoils to disperse, collapse and become even less permeable,
increasing the risk of surface waterlogging.

Brumby Soil Profile Class

Soils that correspond to the Brumby Soil Profile Class were found in a small area to
the south west of the study area.  This SPC was developed by Nichols (1958), and
described by Doyle (1993) to the north. (See Appendix 2 for morphology and
chemical summary).

Physical Features

The Brumby soils are duplex with a black or grey sandy loam to loam topsoil from 5
to 20 cm.  This overlies a slightly bleached A2 horizon to about 40 cm, which clearly
changes to a brown or grey mottled medium to medium heavy clay subsoil.  Subsoil
structure is moderate to massive.  Due to low rainfall, soils have experienced lower
leaching rates than the Brumby types observed by Nichols and Doyle, and have more
alkaline pH's, and a higher percentage of carbonate segregations in the lower profile.
The A2 horizon is not classed as being bleached, which may also indicate less
leaching.

Profile Variations

Depth to subsoil is highly variable, with very shallow or non-existent A2 horizons
encountered in several observations.  A unit of deep brumby was found totalling about
50 ha, under a remnant stand of native vegetation (open woodland/ dry sclerophyll).
Depth of A2 was approximately 35 cm due to no long-term cultivation and associated
surface wind erosion, or aeolian accumulation due to the protection provided by the
vegetative cover.  Alternatively, the woodland cover could be present due to greater
depth to heavy clay.  Surface stone content is highly variable, with some areas
exhibiting common to abundant rounded dolerite cobbles in contrast to the generally
stone-free Brumby profiles to the north.

Australian Soil Classification

Brumby soils have been classified within the study area as; Bleached-Mottled,
Eutrophic, Black Chromosols.  This differs from the classification by Doyle (1993)
for the South Esk Brumby soils (Bleached-vertic, Sodosolic or Chromosolic Redoxic
Hydrosols). The analysed site used for full classification purposes was non-sodic,
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with subsoil ESPs around 3%. As with the Brumby soils to the north, it is expected
that subsoil sodicity will vary throughout the study area, as indicated by the "soapy"
subsoil textures observed in several profiles.  It is also unlikely that the Brumby soils
of the Tunbridge area would meet the requirements for Hydrosols due to low rainfall.

Chemical Properties

One profile was sampled and analysed for general chemical and physical
characteristics. Brumby soils of the study area have an acidic topsoil, a slightly acid
A2, and a neutral to alkaline subsoil.  Subsoil pH generally increases with depth.
Salinity ratings were generally low (< 0.2 dS/m) throughout the profile.

Organic carbon levels in the surface are medium, which rapidly decreases to low with
depth.

Subsoil ESP is < 6 (3.8%) in the sample, indicating a non-sodic profile.  However,
soapy textures and alkaline pH's in several sites indicate sodicity maybe variable in
these soils.  Due to a greater depth to subsoil than the Woodbury SPC, sodicity risk
would be lower and more manageable.  Ca:Mg ratios are generally high, ranging from
3 in the surface to 1.5 in the subsoil, which indicates sodicity risk may also be low.

The very low ECEC, cation concentration, silt (12%) and clay (20%) percentages of
the A2 horizon indicates some leaching.  High ECEC, clay content (58%), base
saturation and cation concentrations in the subsoil are consistent with the poorly
drained and slowly permeable nature of the subsoil.

Mapping Units

The Brumby soils occur in association with the Shallow Panshanger and Woodbury
SPC's, but are very dominant (up to 85% of the UMA).  The Woodbury soils form in
lower lying areas and terrace drop-off zones, while the Panshanger soils form on
gentle rises.

Land Use and Capability

The Brumby soils are used for cropping and grazing within the study area.  Crops
include cereal and poppies. Soils would be limited by low rainfall to land capability
class 5.

Hazards

Salinity ratings were generally low throughout, while EM31 investigations indicate
generally low conductivity to 5 m for Brumby soils.  Wind erosion is a hazard due to
sandy textured topsoil.  Risk would be greatest when left in fallow for excessive
periods, especially during windiest months (September to December), or in
unsheltered areas.  Soils also have a surface-waterlogging hazard due to slowly
permeable subsoils.  Risk is highest for flatter areas with shallow topsoil, where
lateral drainage is limited.  Structural decline hazard may be present in these soils
where subsoil sodicity is high.
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2.2.3 Soil Formed on Higher Level Alluvial Surfaces

Lowes Park Soil Profile Class

The Lowes Park Soil Profile Class was described by Leamy (1961) as "Brown Stony
Soils on Alluvium".  These soils are morphologically similar to the Woodbury soil
type, but have browner subsoils, better drainage and permeability, and are dominated
by dolerite stones and cobbles throughout the topsoil and upper subsoil.  They are
similar to the Nile soil type described by Nichols (1958) on the Longford Sheet.
Lowes Park soils are formed from Quaternary dolerite alluvium, on higher-level relict
river terraces and fans. (See Appendix 2 for morphology and chemical summary).

Physical Features

Lowes Park soils are duplex, having a dark brown sandy loam or clay loam surface,
which clearly changes to brown or dark reddish brown medium heavy clay subsoil
between 10 and 20 cm.  At about 60 cm, the profile abruptly changes to an older
sedimentary layer of clayey sand.  Drainage ranges from moderately well to
imperfect, while permeability is classed as moderate.

Profile Variations and Phases

Surface layers have an intermittent windblown sand component; consequently topsoil
depth and texture is highly variable.  Surface depressions have been in-filled by sands
in small pockets, either as alluvium or aeolian deposition.  Where windblown sand
has covered these alluvial soils, they have been described as Lowes Park Deep Phase
soils.

Australian Soil Classification

Lowes Park soils are classified as: Mesotrophic, Subnatric Brown Sodosols or
Chromosols.  Mesotrophic indicates a base status of > 15 cmol (+) kg-1 clay, which
implies low leaching rates in these soils.  Subnatric refers to a sodicity ESP range
between 6 and 15, implying relatively low sodicity rating (Isbell et al 1997). These
soils are also classified as Chromosols when subsoil ESP is less than 6.

Chemical Properties

One profile was sampled and analysed for general chemical and physical
characteristics.  The profile sampled had an A3 horizon, which is not typical of all
Lowes Park soils.  Lowes Park soils have a slightly acid topsoil, and alkaline subsoil.

Organic carbon levels are medium in the topsoil, but become very low in the subsoil.

Subsoils are strongly sodic, with ESPs ranging from 12 to 14.2%, and Ca:Mg ratios
slightly less than 1, indicating a potential sodicity hazard.  Effective cation exchange
capacity (ECEC) is medium in the surface, increasing with depth to high in the
subsoil.  Soil alkalinity, fewer subsoil carbonates, high base status and high ESPs all
indicate lack of leaching due to low rainfall, and/ or evaporation.
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EC1:5 throughout the profile indicates a slight salinity rating.  Although exchangeable
sodium is high, soluble chlorides are relatively low.  This implies the formation of
soluble salts (especially sodium chloride) would be low, and a low salinity risk for
these soils.

Mapping Units

Lowes Park soils exist as almost pure units, with small areas of Woodbury soils on
lower level terraces, Heavy Canola in drainage depressions, and Shallow Panshanger
soils on rises and dunes

Land Use and Capability

Soils are used for irrigated and dryland cropping, and grazing sheep.  Rainfall and
stoniness would limit these soils to land capability class 5.  However, much of the
area has been stone-picked and successfully cropped.  Ignoring rainfall limitations, a
great percentage of Lowes Park soils would be of class 4 standard.  Crops include
poppies, oats, wheat, rape, barley and occasional potatoes.

Hazards

Soil EC1:5 readings indicate a slight surface salinity rating for these soils.  The EM31
indicates a moderate to slight conductivity to 5 m.  Saline seeps could be a problem at
drop-off zones or break-in-slope if excessive irrigation is applied, causing lateral
drainage across impermeable subsoils.

Wind erosion could be a problem where small, intermittent areas of wind-blown sand
accumulation are left bare during windy periods. Soils have a waterlogging hazard
due to moderate permeability and imperfect drainage.  However, risk is low with
current rainfall and irrigation levels.  Risk would be moderate on flatter sites, where
topsoils could become saturated above the less permeable B horizon under excessive
irrigation.  Soils also have a structural decline hazard due to soil sodicity.  Risk would
be greatest when sodic material is mixed with surface layers by deep ripping.

2.2.4 Soils formed from Aeolian Deposits

Shallow Panshanger Soil Profile Class

These soils are morphologically very similar to the Panshanger Soil Profile Class
developed by Nichols (1958) but are generally shallower.  Previously, Panshanger
soils have been described "only when depth of sandy material is greater than 75cm",
(Doyle 1993).  However, the Shallow Panshanger soils have sandy material from 55
to 65 cm, and have similar management requirements to the original SPC.  Soils also
have similarities to the Tara SPC to the north, which are shallower and heavier
textured and formed on eroded remnant dunes.  Shallow Panshanger soils are formed
from aeolian sand deposits, on gently undulating dunes, lunettes, river terraces and
footslopes.  Profiles overlie older soil types, and are present in varying thicknesses.
Many of the dune features have been eroded, implying shallow Panshanger soils are
remnants of older windblown profiles. (See Appendix 2 for morphology and chemical
summary).
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Physical Features

The Shallow Panshanger soils have a dark brown weakly structured or single grained
loamy sand or sandy loam topsoil.  This passes at about 20 cm to a dark to yellowish
brown A2 horizon of sand or loamy sand with a single-grained structure.  At about 40
cm, this changes to a B2w horizon that has a slight accumulation of translocated
clays, and a weak subangular blocky structure.  These layers are usually dark
yellowish to yellowish brown, and loamy sand to light sandy loam in texture.  Profiles
are highly permeable, and well to rapidly drained.

Profile Variations and Phases

Depth of these sands is highly variable, as are colours and field pH measurements.
Much deeper profiles, classed as the Panshanger SPC, are found on sandstone hills to
the east of the study area.  These have formed deep (>1 m) dunes and accumulations
on windward hillslopes.  The original SPC is identical to the Shallow Panshanger SPC
provided in Appendix 2, varying only in depth of the sandy deposition, (> 0.55 m).
Shallow sheet deposits are also common across the alluvial plains, as well as deeper
sand ridges and low, flat dunes in some cropping areas.

Australian Soil Classification

The Shallow Panshanger SPC was classified as: Basic Lithic Brown-Orthic Tenosols
where sands directly overly sandstone bedrock.  Basic refers to a non-acid pH, while
Lithic and Orthic refer to the hard rock substrate.  Where less than 50 cm deep, they
are classified as Basic Lithic Leptic Tenosols.

Chemical Properties

One profile was sampled and analysed for general chemical and physical
characteristics.  The Shallow Panshanger profile has slightly alkaline topsoil and
lower sandy layers, with an alkaline buried subsoil at 55 cm.  Organic carbon level in
the surface layer is low (1.88%), which rapidly decreases with depth to very low.
Salinity ratings are low in sandy layers, but high in the clayey subsoil.

Mapping Units

Substantial areas were mapped as pure units of Shallow Panshanger to the north east
of the study area, with small pockets of the Panshanger Soil Profile Class.  Shallow
Panshanger soils also occur in association and in complex with most other soils of the
study area, including Woodbury, Lowes Park, Glen Morey, Heavy Canola, Saltpan
Plains and Nessie soils.

Land Use and Capability

These soils are predominantly used for grazing and occasional cropping, particularly
when in association with other cropping soils.  Land capability would be limited by
rainfall to class 5.
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Hazards

Surface salinity ratings (EC1:5) are generally low due to the high permeability of these
soils.  Deep subsoils have moderate ratings.  They have a low to conductivity to 5 m,
as indicated by the EM31 survey.

Soils have a wind erosion hazard due to fine, sandy surfaces.  Risk would be high
where surfaces are left bare and/ or unsheltered.  Consequently, these soils are not
intensively cropped. Any use would require application of minimum tillage and
stubble retention techniques, with maintenance of a vegetative cover, especially in
high wind seasons.  Active wind erosion has been witnessed in some cultivated
paddocks, and according to landowners, crop loss due to seedlings "blowing out" has
been a problem in these profiles.  The large, deeper units to the north east have been
generally fenced off and successfully planted with Pinus Radiata as a shelter-belt and
dune stabilisation technique.  Other exposed areas around this site are subject to
severe wind erosion.

2.2.5 Soils Formed on Jurassic Dolerite

Nessie Soil Profile Class

The Nessie soil type is morphologically very similar to the Bloomfield Soil Profile
Class, but is generally more alkaline, sodic and calcic.  They were previously
described by Leamy (1961) as Brown Soils on Dolerite.  Nessie soils are usually
alkaline throughout, with common to abundant calcium carbonates in the lower
profile due to low rainfall and lower leaching rates than the Bloomfield profiles to the
north.  A new SPC has been defined due to these chemical properties, and the
potential behavioural differences. (See Appendix 2 for morphology and chemical
summary).  Nessie soils form on moderate to steeply undulating (10 – 30%) mid to
lower slopes of Jurassic dolerite hills.

Physical Features

Nessie soils have a dark brown clay loam surface, clearly changing to a dark brown or
reddish brown sub-soil between 10 and 20 cm.  B2 horizons are clayey with
moderately developed coarse structure.  Drainage is rated as moderately well at mid to
lower slopes, to imperfectly drained at lower slope positions or depressions.
Permeability is slow due to medium heavy clay subsoils, and moderate, coarse
structure.  Surface run-off is fast to rapid, depending on wind-blown sand
accumulation.

Profile Variation and Phases

Topsoil depth and texture is variable due to accumulation of wind-blown sands.
Profiles generally increase in depth with lower slope position, where windblown sand
accumulation is also most common.  Deeper topsoils have been recorded as Nessie
Deep Phase, (> 25 cm).  Profiles are very shallow and stony at upper and steeper
slopes (32-56%) and hillcrests, with abundant dolerite cobbles, boulders and bedrock
outcrops. These soils have been mapped as Nessie Shallow Stony Phase.  Stone
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content is variable, with many dolerite cobbles through lower slope soils and across
the flats below.

Mid-slope profiles generally have a clay loam surface overlying a medium heavy clay
B2.  Lower slope profiles are gradational, with the presence of a light clay B1 horizon
due to translocation and accumulation of clays down slope by weathering processes.

Australian Soil Classification

Nessie soils have been classified as: Sodic Calcic Brown Dermosols for lower slope
gradational soils with a B1 horizon, where; Sodic refers to subsoil sodicity (ESP > 6),
while Calcic refers to horizons with > 10% carbonate (calcareous) segregations.
These soils have also been classified as: Subnatric Calcic Brown Sodosols for mid-
slope soils which are duplex (no B1 horizon).  Subnatric refers to a low subsoil
sodicity (6 > ESP > 15).

Chemical Properties

Two profiles were sampled and analysed for general chemical and physical
characterisation.  Nessie soils display a neutral to slightly alkaline topsoil, and neutral
to alkaline subsoils.  Soil pH increases with depth.

Organic carbon levels are medium in the topsoil, grading to low in the upper subsoil.

Subsoils are sodic in some profiles, with ESPs ranging from 5 to 14%.  This can cause
dispersion, and consequent erosion in some profiles.  TUNBR 234 has the highest
subsoil ESP, with a Ca:Mg ratio of less than 2, which may adversely impact on soil
structure.  TUNBR 326 had generally much lower subsoil ESP, and much higher
Ca:Mg ratios (greater than 2), which would be less likely to cause structural problems.
In general, the profiles described had low to moderate subsoil dispersion, with no
visible signs of erosion.

Soluble chlorides range from 25 mg/kg in the topsoil, to 447 mg/kg in the subsoil.
The excess sodium ions could potentially combine with soluble chlorides to form
soluble salts (sodium chloride), introducing salt into the system. However, EC1:5 as an
indicator of sodium chloride, range from 0.1 to 0.5 dS/m, which is classed as slightly
saline. Profiles have an accumulation of calcium carbonate soft segregations
increasing with depth, which is a major contributor of alkalinity.

Mapping Units

The dolerite of the Nessie hills has capped Triassic sandstone in many areas
throughout the study area, mixing with the Glen Morey SPC.  Nessie soils also occur
in association with the Shallow Panshanger SPC, with unmapped sand dunes and rises
throughout each unit.

Land Use and Capability

The deeper and sandier lower slope soils have been used for dryland and irrigated
cropping, with substantial stone picking undertaken to assist tillage and harvesting.
Crops include cereal and poppies.  Nessie soils would be limited by rainfall to land
capability class 5.  These soils would be otherwise classified as class 4 where stone-
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picked and slopes are < 28%. Soils are land capability class 6 on stony crests and
ridges, (Nessie Shallow Stony Phase).

Hazards

These soils have a slight salinity rating using EC1:5, with no visual surface salinity
recorded.  However, excessive irrigation on cropping soils could mobilise lower
profile salts, and potentially cause saline seepage points that would impact on lower
off-site areas.

Wind erosion is not generally a hazard due to clay loam surface textures with good
structure.  However, there would be a low to moderate wind erosion potential on soils
where surfaces are dominated by a windblown sand component. Soils also have a
moderate water erosion potential (sheet or rill) on steeper (> 28%) slopes. Structural
decline hazard also exists due to subsoil sodicity, however risk of structural decline
would be low due to sufficient depth to sodic subsoil to avoid topsoil mixing when
cultivated.

Eastfield Soil Profile Class

The Eastfield soils are similar to the Nessie Soil Profile Class, but have a bleached A2
horizon above greyish brown subsoil.  No SPC was developed for the purpose of this
study, as these soils were only found in small extent in the south west of the study
region.  Descriptions and observations made correspond morphologically with the
Eastfield Soil Profile Class developed by Stephens (1942) and Doyle (1993).

Physical Features

The Eastfield soils of the study area have a very dark greyish brown topsoil of sandy
loam to about 20 cm.  This passes into a light brownish grey sandy loam A2 horizon,
which abruptly changes to the B2 horizon at about 50 cm.  Subsoils are brown
medium heavy clay with moderately coarse angular blocky structure. Drainage is
classed as imperfect, and permeability slow.  They form on lower slopes of dolerite
hills, in a complex pattern with the Nessie soils.  (See Appendix 2 for morphology
and chemical summary).

Profile Variations

Depth to subsoil and presence/ absence of an A2 horizon is highly variable.  These
soils were not found to the east of the study area.  Due to only a small sample of
Eastfield observations made in this study, the original SPC is included from previous
surveys.

Australian Soil Classification

Eastfield soils to the south (Oatlands sheet) have been classified as Chromosols, while
profiles to the north have been classified as Sodosols. Eastfield soils within the study
area have been classified as both: Bleached Eutrophic Brown or Grey Chromosols for
Non-Sodic Subsoils, where soils have a bleached A2 horizon, Eutrophic refers to a
Bases status > 25 cmol (+)/kg clay, and subsoils are non-sodic (ESP < 6). Where
subsoils are classed as sodic, Eastfield soils are usually classified as: Eutrophic
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Mottled-Subnatric Grey or Brown Sodosols with low-range sodicity, and a high base
status.

Chemical Properties

The Eastfield soils of the study area were not sampled for analysis, due to their
limited extent and non-cropping usage. Field pH readings were generally more
alkaline than the included SPC summary (above), possible due to lower leaching rates
due to lack of rainfall.  EC values classed these soils as non-saline.

Mapping Units

The Eastfield soils occur in complex with the Nessie SPC, in areas where lateral
drainage has caused sufficient leaching to form a bleached A2 horizon.

Land use and Capability

Soil are used for grazing in the study area.  Topsoil structural loss and erosion would
be of management concern with these soils.  Possible sodicity of subsoils would also
be of concern if cropped. These soils would be land capability class 5 due to low
rainfall, or class 6 where stone content and dolerite outcrop is high.

2.2.6 Soil formed on Triassic Sandstone

Glen Morey Soil Profile Class

The Glen Morey soil type occurs on Triassic sandstone throughout the eastern section
of the study area.  These soils occur across both Lithic sequences to the south, and
fresh-water, cross-bedded quartzitic sequences to the north.  Although forming on
different sandstones, the soils are morphologically very similar, and have been
grouped into the same soil profile class, as they have similar management
requirements.  Glen Morey soils on fresh water sandstone are usually slightly lighter
in texture, and marginally sandier than the soils on Lithic sandstone.  However, both
geological formations are highly variable, inter-mixed with fine and coarse-grained
material, consequently soil types vary in texture and sand content. (See Appendix 2
for morphology and chemical summary).

Glen Morey soils form on lower slopes below dolerite hills.  Permeability is slow due
to high clay contents, sodicity and poor structure.  They are imperfectly drained and
can become poorly drained on flats and drainage depressions.

Physical Features

Profiles have a dark brown to dark yellowish brown sandy loam to light sandy clay
loam topsoil, which passes into a brown or greyish brown sandy medium to heavy
clay at 10 to 30 cm.  Subsoil has a moderate fine to medium structure, with soft
carbonate segregations in the lower profile.

Profile Variations and Phases

Topsoil depth and structure is highly variable due to aeolian sand movement and
mixing.  The Glen Morey Deep Phase has been described where aeolian sands have
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resulted in a topsoil depth of 30 to 40cm. Subsoils tend to be darker, greyer, more
mottled towards the bottom of slopes, and less well drained.   The Glen Morey Poorly
Drained Phase is found to the north on flats, depressions and below steeper sandstone
hills where subsoil lateral water movement is restricted by topography.  Transitional
poorly drained Glen Morey soils are found around drainage depressions, which grade
into the Saltpan Plains and Heavy Canola SPC's.  The Glen Morey Stony Variant is
found below dolerite hills, and contains common dolerite surface cobbles.

Australian Soil Classification

Glen Morey soils have been classified as: Hypercalcic or Eutrophic, Mottled-
Hypernatric or Mesonatric, Brown Sodosols.  Eutrophic refers to a high base status
due to low leaching rates, while Hypercalcic profiles have calcareous segregations in
the subsoil.  Mottled-Hypernatric refers to a highly sodic subsoil, (ESP > 25), while
Mesonatric refers to a moderate sodicity (6 > ESP > 25).

Chemical Properties

One profile was sampled and analysed for general chemical and physical
characteristics.  TUNBR 387 was chosen as a morphologically very typical soil,
however, it is expected these characteristics could be highly variable across the study
site.  Glen Morey soils have a slightly acid to neutral topsoil, and neutral to alkaline
subsoil.  Soils generally increase in pH with depth.

Organic carbon levels in the topsoil are classed as low, and are low to very low in
subsoils, which may inhibit soil structural stability and recovery rates after cropping.

The Glen Morey profile has strongly sodic subsoils, with ESPs ranging from 25.3 to
39.6% down the profile.  Ca:Mg ratios are all very low (< 0.39), which implies these
soils could be subject to structural decline due to sodicity.  Subsoils are moderately
dispersive; therefore, excessive irrigation should be avoided.  Cropped soils usually
have topsoils of sufficient depth to reduce the risk of mixing sodic material with
present tillage practices.

Mapping Units

Glen Morey soils occur in association with Heavy Canola and Saltpan Plains on flats
and drainage depressions, and Shallow Canola soils on dunes and rises.

Land Use and Capability

Glen Morey soils are used for dryland and irrigated cropping, and grazing.  Crops
include barley, wheat, poppies and canolla.  Soils would be limited by rainfall to land
capability class 5, however, they are generally of class 4 standard.

Hazards

Moderate sub-soil salinity is indicated by EC1:5 measurements, while soils have a low
to moderate conductivity to 5 m using the EM31 survey data. These was no visual or
measured signs of surface salinity.  Glen Morey subsoils would be a substantial
contributor of soluble salts into the Tunbridge system due to high ESPs (exchangeable
sodium percentages), presence of sodium cations, moderate to high electrical
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conductivities, and high level of soluble chlorides (1222 mg/kg in the B22).  Careful
irrigation practices would be required to ensure lateral drainage across the
impermeable subsoils would not cause saline seeps at lower points in the landscape
and break in slope.

Structural decline hazard would be present due to sodicity, with the risk of
incorporation of sodic subsoil material into topsoil by mixing under deep cultivation.
Sheet and rill erosion potential would be moderate on steeper slopes (> 18%), but
negligible on flatter surfaces, and could be minimised by maintaining cover during
wetter months.

2.2.7 Soils formed on Tertiary Basalt

Miscellaneous Soils (M1) on Basalt

A small area of basalt to the north east of the study area was described as
miscellaneous soils (M1), as these soils are considered low priority, found on upper
slopes, and not used for cropping.  M1 soils are shallow and stony, possibly not as
weathered as the basalt soils to the north due to low rainfall, or differently composed
tertiary basalt parent material.  Soils comprise a thin brown sandy loam, possibly
windblown, over fractured dolerite angular cobbles and boulders.  Profiles were
almost impossible to hand-auger, and would be classed as land capability 6 or 7 due to
shallow depth and high stone content.
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3. SOIL PHYSICAL CHARACTERISATION
A preliminary assessment of various soil physical characteristics was made to
determine possible impacts from land use intensification. Impacts from increased
frequency in cropping rotation, and the increased irrigation application rates expected
under intensified land use can be deduced by comparing the physical characteristics of
cropped and pasture sites.

Two commonly cropped soils were selected, and the following tests performed:
Infiltration – (however, results indicate a greater number of replicates were
required to provide conclusive results)
Aggregate Stability - to assess the "erodibility" of the soil, and the likelihood of
surface structure decline under irrigation and/or cropping
Bulk Density - to assess soil porosity and compaction due to cropping

Investigations were performed on two dominant cropping soil types.  For each soil
type, sites with two separate histories were selected, one used for frequent cropping,
and the other long-term pasture.  Soils investigated were the Glen Morey SPC (GM
sites), and the Woodbury SPC (Wb sites).  The above soils were chosen as they were
perceived to be the dominant cropping soils of the study site.

3.1 Infiltration Rates

Soil infiltration rates determine the rate surface water can enter the soil. If surface
water is applied at a rate greater than the soil can accept there is potential for surface
run-off and soil erosion; hence, soil infiltration rates are a good indicator of maximum
irrigation rates to avoid risk of erosion.  Soil infiltration rates can also provide an
indication of soil structural condition. Well structured, friable soils have higher
infiltration rates than degraded, poorly structured soils.  Soil infiltration tests therefore
aim to determine maximum irrigation rates and provide a comparison of the structural
condition between cropped and uncropped soils.

Soil infiltration rates and hydraulic conductivity investigations were performed using
a “ponded disc permeameter” technique for two soil types in the study site, under two
different land uses (long term pasture and recent cropping).  However, initial results
proved to be unreliable and inconsistent due to high variability in cropping soils.  It
was decided that considerably more work was required to ensure confidence in results
than time permitted.   Consequently, this component of the study was abandoned.

3.2 Aggregate Stability

3.2.1 Method

Aggregate stability was measured using wet sieving of air-dried soil (Herbert et al.
1992). This involves the cyclic movement of nested sieves submerged in water. The
sample is placed on the top sieve and as the sieves are oscillated through the water,
the aggregates are broken down and sorted depending on their structural strength.
Three surface samples (~20 cm deep) were taken at each treatment and measured in
duplicate.
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Results were expressed as a percentage of water-stable aggregates, with optimum
aggregate size for soil structural stability accepted as > 0.25 mm (Herbert et al 1992).
This is the percentage of soil mass left behind on a 0.25 mm sieve after moving
through water.

3.2.2 Results

Figure 3 shows percentage of water-stable aggregates > 0.25 mm, and shows soil
aggregate stability is slightly lower on cropped soils than pasture sites for both soil
types investigated.

Figure 3.   Graph of water-stable aggregates (Glen Morey and Woodbury soils)

3.2.3 Discussion

For both Woodbury and Glen Morey soils, percentage of water-stable aggregates
(>0.25 mm) was higher for pasture samples than cropped samples, indicating surface
soil structural strength has been degraded by cropping.   Reduction in soil structural
strength results in soil aggregates breaking apart and becoming smaller, reducing soil
pore space, reducing water infiltration, and becoming massive and limiting to rooting
depth.

Fewer stable soil aggregates imply soils are less able to withstand damage by water,
cultivation and wind.  Yield decline is also expected, with less space available for
rooting oxygen and moisture requirements.  Organic matter is important in
maintaining the structural stability of surface soils, hence a decrease in organic matter
under certain cropping practices may exacerbate the above results, for example,
burning of stubble.
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3.2.4 Conclusions

Aggregate stability results are initial only, with a greater number of replicates and
samples required to confidently assess the impact of cropping on aggregate stability
and soil structural strength.  Results indicate that in all samples processed for
aggregate stability, the percentage of water-stable aggregates was lower in cropped
samples than pasture samples, increasing the likelihood of soil structural decline for
both Glen Morey and Woodbury soil types under cropping.   The results also suggest
that soils that have been cropped in the past can recover aggregate stability after
periods of rest, as indicated by the greater number of water-stable aggregates present
in pasture samples.

Under land use intensification, it is expected that greater cropping areas will lead to
more frequent cropping rotations, and less recovery time for Glen Morey and
Woodbury soil types.  The risk of topsoil structural decline will therefore increase
under intensified use, unless current cropping rotations are maintained.

3.3 Bulk Density

3.3.1 Method

Surface and subsurface samples were taken for bulk density at six sites for each
treatment. After clearing surface vegetation, a metal ring (7.5 cm deep/7.3 cm
diameter) was carefully pressed into the ground until it was level with the ground
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
subsurface sample. Ten samples were taken for each depth at each treatment. Intact
bulk density samples could not be successfully removed for Wb2 site soils due to
subsoils being too hard and dry.

3.3.2 Results

Figure 4 and 5 (over page) show average topsoil and subsoil bulk density for Glen
Morey and Woodbury soil types.  (See Appendix 7 for complete results).

Glen Morey Soil Profile Class

Glen Morey sites had recently been sown to pasture after a cropping cycle.  Average
surface (0 - 7.5 cm) bulk density in both Glen Morey SPC sites (GM1 and GM2) was
higher under cropping than pasture, possible due to compaction from heavy
machinery during cropping.  Average Bulk density of subsoils (30 - 37.5 cm) was
slightly lower in cropped sites than control, which would imply that subsoils have
been "broken up" by cultivation practices such as deep ripping.  Care would be
required in this practice on Glen Morey soils due to subsoil sodicity, and the
consequences of mixing sodic materials with topsoil, (see Soils and Implications
From Land Use Change Sections).
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Figure 4.   Graph of Glen Morey soils average bulk density

Figure 5.   Graph of Woodbury soils average bulk density

Woodbury Soil Profile Class

Average topsoil bulk density in both Woodbury SPC sites (Wb1 and Wb2) was lower
for cropping than pasture samples.  Cropping sites were recently ploughed and sown
for fodder, resulting in loose and “broken-up” topsoil.  The cultivation process had
affectively increased the proportion of air space between topsoil aggregates,
affectively lowering bulk density values.  Pasture sites were relatively compacted
from years of stock movement, and exhibited higher bulk densities than crop samples.
Average subsoil bulk density in both control and cropping treatments remained
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relatively unchanged, implying tillage is not impacting upon soils at the depth
sampled.

Topsoil and subsoil bulk density values were very close in magnitude, even though
topsoil samples were expected to be more aerated than the medium heavy clay
subsoils, which indicates topsoil compaction is occurring.

3.3.3 Discussion

A greater sample of crop rotation, soil type and replication would be required to
confidently assess any impacts of different management on bulk density and
compaction.  Results obtained from the small sample number are preliminary, and
provide an initial indication of compaction occurring under present cropping
practices. Soil profile classes are also naturally variable in topsoil and subsoil texture,
depth and structure, resulting in some variability in results.  Bulk density results are
also highly dependent on cultivation practices and history.  Recently cultivated soils
will have lower bulk density than pasture soils that have been compacted by farm
traffic and stock movement over several years.

3.3.4 Conclusions

For Glen Morey Soils:
Topsoil Bulk Density is higher under cropping, which implies surface compaction
is occurring during the phase of cropping investigated
Subsoil bulk density is lower under cropping, which implies deep ripping could be
impacting on sodic subsoil material

For Woodbury soils:
Topsoil bulk density is lower under cropping, which implies surface compaction is
not occurring
Subsoil bulk density remains unchanged from control to cropping sites, implying
present cultivation practices are not impacting on sodic subsoils

The period of the cropping phase and time of sampling with respect to fallow length
would also impact upon results.  Bulk density would be lowest immediately after
cultivation, but would increase over time as surfaces "settle" and compact by rainfall,
stock and gravity.

3.4 Soil Physics Conclusions

Bulk density and aggregate stability results have indicated some structural decline
from the physical and mechanical impacts of cropping.  Structural decline is also
evident in both soil types due to sodic subsoils that have been incorporated into
topsoil layers through deep cultivation.  This sodic material has led to surface crusting
and clod formation, as discussed in section 2 (Soils).  Soil structural decline risk is
further discussed in section 5 (Risks from land use intensification), identifying
sodicity as the major hazard.

Comparing Glen Morey cropping and pasture soils, higher bulk density values and a
decrease in percentage of water-stable aggregates in cropped sites indicate some



34

structural decline and compaction is occurring.  However, these results may also
indicate some structural recovery has occurred in areas not cropped for several years.

Although bulk density results indicate Woodbury soils have been aerated and
loosened during the cultivation process, aggregate stability results indicate the
percentage of water-stable aggregates have decreased under cropping.  Fewer water-
stable soil aggregates indicates topsoil structure, and its ability to maintain good crop
yields and resist erosion from water and wind, has been degraded by cultivation.  The
increase in aggregate stability in pasture sites may also indicate some structural
recovery in these soils when rested.

Results have implied that both soil types investigated have some ability to recover and
not remain damaged.  However, more intensive land use may result in more frequent
cropping of the Glen Morey and Woodbury soils, and less time for recovery, which
may impact upon the soils long-term structure and ability to sustain good cropping
yields.  Under land use intensification, current cropping rotations should therefore be
maintained to ensure adequate time for the structural recovery of these soils, and
minimise the risk of structural decline, yield reduction and land degradation.
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4. SALINITY ASSESSMENT
A salinity assessment was undertaken in the study area using several data collection
techniques. The collected data was used to predict the spatial extent of salt throughout
the site, and determine whether present farming practices, and any land use
intensification, would increase or worsen salt-affected areas.  The assessment
included electromagnetic survey to estimate the extent of ground conductivity as an
estimate of salinity class, soil analyses to determine depth of salt store, groundwater
monitoring to assess risk of groundwater salt behaviour, and rainfall salt load analyses
to determine any significance to the region salt budget.

Various measurements of both soil and water electrical conductivity (EC) were used
as an indication of salinity, with dS/m as the basic unit.  Measurements included EC1:5
as an indication of soil salinity in a 1 part to 5 soil-water solution, and ECese, as an
estimation of ECse (EC of a soil saturated paste extract).  The ECse technique
involves forming a soil-water “paste”, and measuring the conductivity of the solution
extracted from the paste by centrifuge.  The technique is considered a better indication
of plant response and sensitivity to salt due to more realistic field moisture conditions
than the EC1:5 technique, but is a time-consuming process for large sample numbers.
Commonly accepted conversion factors were therefore used to estimate ECse from
EC1:5 measurements based on field texture (Appendix 3).  These estimated figures
have been referred to as ECese throughout this report.

4.1 Electro-magnetic Survey

An electromagnetic (EM) survey was undertaken to determine the extent and severity
of salinity across the study area.  The technique involves the measurement of the
average electrical conductivity of the ground using an electromagnetic field, where a
receiver coil transmits an EM signal, and a receiver picks up the reflected field.  (The
ratio of these fields is used to provide an estimate of the average ground conductivity
to a specified depth, ECa).  Two instruments were used, a Geonics Ltd. EM31 and
EM38.  The EM31 measures average ground conductivity to a depth of 6 m in the
vertical orientation, and 3 m in the horizontal orientation.  The EM38 measures to a
depth of 1.5 m in the vertical orientation, and 0.75 m in the horizontal. The
conductivity value obtained from the instruments is referred to as the “apparent”
conductivity, EC apparent (ECa).

The magnitude of ECa provides an indication of the amount of salt in the ground;
however, it is also influenced by soil clay percentage, porosity, temperature, and
moisture, hence calibration of the instrument for salt was necessary.  Calibration
involved drilling holes to the depth of the instrument signal, and sampling at set
intervals.  Samples were analysed in the laboratory for field texture, EC1:5 and
moisture, and averaged for each hole to provide a relationship between ECa and
estimated average soil salt content.

The majority of the study area was surveyed using the EM31 in the vertical mode
(EM31v) to predict major average salt levels with respect to landscape, (to a depth of
5 m).  Areas under present and potential irrigation were surveyed in the horizontal
mode (EM31h), to provide an idea of “shallow” average salt depth (< 2 m).  Finally, a
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small pilot area was surveyed using the EM38, to provide estimates of salt storage
depth, and an indication of root-zone salinity.

4.1.1 EM31 Survey Methodology

The survey was executed using the EM31 attached to the back of a quad bike,
allowing relatively large areas to be covered, (approximately 300 ha per day
depending upon topography and paddock size).   The instrument was mounted at 1 m
from the ground, resulting in conductivity measurements to 5 m depth in the vertical,
and 2 m in the horizontal orientations.  Consistency of measurements was obtained by
setting the instrument read-out to a fixed location (of constant conductivity) on a daily
basis.  The EM31 was connected to a GPS (Trimble Pathfinder Pocket) and guidance
system with data logger (Trimble AgGPS 160), which enabled digital recording of
both coordinate position and EC Apparent (ECa) with 2 to 5 m accuracy. The
guidance system directed the operator to produce a series of ‘transects’ spaced at 200
m, 100 m or 50 m, the closer spacings used in areas identified with potential for
irrigated cropping or perceived salinity from landscape position. The logger was set to
record the EM31 ECa readings every 10 seconds, which corresponded to an average
25 to 35 m interval along each transect when driven at as constant velocity as terrain
allowed.

The raw data was downloaded and manipulated using GIS software to produce a grid
covering 4634 ha (Figure 6), where each point represented an ECa value to 5 m depth.
The value between each point was predicted using a GIS “kriging” technique to create
an ECa surface, which was subsequently converted to a map showing average ECese
to 5 m, based on the results of the calibration process.

Figure 6.   Orthophoto showing EM31v survey points
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EM31 Calibration

Calibration required prediction of the average ECese for corresponding ECa values.
The process involved drilling a number of holes to a maximum depth of 5 m, and
analysing soil sampled at 0.25 m in the top 1 m, and 0.50 m intervals thereafter.

Hole locations were determined using ESAP95 software (Lesch et al 2000), which
statistically determines optimum hole placement with the lowest degree of clustering.
(Actual bore locations were modified to facilitate the drilling process, and to ensure
an equal coverage of sample points for each soil type while still maintaining a good
statistical spread).  Twenty-one holes were sampled by MRT and Coffey Geosciences
Pty Ltd as part of groundwater monitoring (see Borehole Analysis), with a further 31
holes drilled by DPIWE.  Each hole was re-measured using the EM31 in both vertical
and horizontal orientations to obtain reference ECa values, and reduce any calibration
error resulting from GPS inaccuracies.

Samples were analysed in the DPIWE laboratory for EC1:5, hand texture (McDonald
et al 1990), and field moisture (oven dry at 105º C, Rayment & Higginson 1992,
Method 2B1). Individual EC1:5 values were multiplied by corresponding texture
conversion factors (Appendix 3) to produce estimated ECese values, which were then
averaged over each hole (as discussed).

The relationship between ECa and average ECese was investigated using various
methods of statistical analysis, including Principal Components Analysis, multi-
variate regression, regression by layer, and linear regression. The most suitable
technique was found to be a simple linear regression between ECa and average ECese
(section 4.1.2).   The relationship uses the graphed "line of best fit" between the
plotted ECa and ECese values, and produces an equation using slope and intercept
values to estimate an ECese value from each ECa surface cell. The result was used to
produce a map showing estimated average ECese to 5 m, separated by salinity class,
showing areas of major salinity, (see Map 2b - Salinity Classes of the Tunbridge Area
(based on average ECese to 5 metres)).

ECa was also mapped in certain areas using the EM31 in the horizontal mode, with
calibration performed as above using average ECese to 2 m.

4.1.2 EM31 Results

Table 6 shows R-squared and correlation coefficients for vertical EM31 Apparent EC
(0 - 5 m) linear regression analyses (all regressions use a 95% Confidence).

Relationship Correlation
Co-efficient R-Squared

Apparent EC v average ECese 0.76 0.58

Table 6.   Calibration to 5 m (vertical orientation)
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The following EM31 Apparent EC to Average ECese Equation was derived:

Average ECese to 5 m = 4.18(ECa) + 0.58

Figure 7 shows the linear regression trend-line, and scatter of average ECese for each
ECa value, with standard error values.

Figure 7.   Graph of ECese v ECa (EM31v) with "standard error" error bars

Similarly, the following results show the linear regression relationship between
horizontal (0 - 2 m) Apparent EC and average ECese to 2 m.

Relationship Correlation
Co-efficient R-Squared

Apparent EC v average ECese 0.77 0.59

Table 7.   Calibration to 2 m (horizontal orientation)

EM31 Apparent EC to 2 m Average ECese Equation:

Average ECese to 2 m = 6.47(ECa) + 2.28

See Appendix 4.  "Borehole Analysis for Tunbridge Study Site" and Map 2b.
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Table 8 shows percentage area for each salinity class for vertical survey results, while
table 9 shows horizontal EM31 results, based on average ECese for the corresponding
depth, with classes derived by the Grape and Wine Research and Development
Corporation (CRCV), (1998).

Salinity Class (average ECese to 5 m) Area (ha) % of area

non saline (0 - 2 dS/m) 212.08 2.07
slightly saline (2 - 4 dS/m) 2189.68 47.24
moderately saline (4 - 8 dS/m) 2080.64 44.90
very saline (8 - 16 dS/m) 150.68 3.25
extremely saline (> 16 dS/m) 0.84 0.02

total area 4633.92

Table 8.   Proportions of land in each salinity class from EM31v results

Salinity Class (average ECese to 2 m) Area (ha) % of area

non saline (0 - 2 dS/m) 3.12 0.25
slightly saline (2 - 4 dS/m) 215.16 17.05
moderately saline (4 - 8 dS/m) 869.28 68.88
very saline (8 - 16 dS/m) 168.80 13.38
extremely saline (> 16 dS/m) 5.60 0.44

total area 1261.96

Table 9.   Proportions of land in each salinity class from EM31h results

Laboratory results indicated that moisture level in all horizons was greater than 10%,
which is sufficient to enable soil conductivity for EM31 survey (Beasley, EM Section,
Tasmanian Regional Drought Initiative, 1999).

An R-squared value of 0.58 suggests that the EM31 is a reasonable indicator of soil
salinity to 5 m in this study area, and indicates approximately 76% of the signal
response can be attributed to soil salinity.  With similar R-squared values in the
horizontal orientation, EM31 is also considered a reasonable indicator of salt-storage
to 2 m.  (However, due to high regression intercept values and difficulty in developing
a better relationship using natural logarithms, exponential, polynomial and power-
series functions, the EM31h (2 m) data should be treated with caution).

Map 2b - Salinity Classes of the Tunbridge Area (based on average ECese to 5
metres), shows almost half of the study area (45%) is classed as 'Moderately Saline’
(4 dS/m < ECese < 8 dS/m), while approximately 48% of the area is  'Moderately' to
'Very' saline.
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Average ECese to 2 m estimations indicate 82% of the area falls within the
'Moderately' to 'Very' Saline category, (> 4 dS/m), with the majority (69%) falling
into the ‘Moderately Saline’ category.

4.1.3 EM38 Survey Methodology

A small (47 ha) trial was investigated with a Geonics Ltd. EM38 to assess surface and
root-zone potential salinity, and to compare with EM31 results.  The EM38 measures
ECa to 1.5 m in the vertical mode (EM38v), and 0.75 m in the horizontal (EM38h).
When compared with EM31 results, the EM38 can provide a more detailed indication
of depth of maximum conductivity within the soil profile, and hence depth to
maximum salt concentrations.

A 50 x 20 m grid survey was completed in a cropping area containing a broad range
of EM31 ECa values.  Measurements were recorded manually, with the instrument
used at ground level as per Geonics Ltd. methodology.  Horizontal (0.75 m) and
vertical (1.5 m) readings were recorded with GPS coordinate. The spatial grid of
conductivity was then 'kriged' to form an 'Apparent EC' surface using the same
technique as per the EM31 survey.

Calibration was performed using a similar process to the EM31 calibration.  Six
points were chosen for soil sampling, with EM38 reading ranging from high to low.
Holes were hand-augured and sampled at 0.25 m intervals.  Calibration samples were
tested for moisture, filed texture and EC1:5.  ECese was then estimated for each EC1:5
value and texture using Appendix 3 multipliers, and ECese averaged for each hole.

Various statistical relationships were used to obtain best calibration results, that is
best R-squared values with low y-intercept values.

4.1.4 EM38 Results

Average calibration sample moisture was >10%, which is considered adequate for
EM survey, (Beasley, TRDI EM section, 1999), (see Appendix 10 for full results).

Using liner regression, a calibration R-squared value of 0.63 was obtained for the
vertical component of the EM38 survey, indicating 77% of variability in EM38 signal
is able to be attributed to salt.  However, a horizontal R-squared value of 0.26 implies
a poor linear relationship between ECese and ECa.  Y-intercept values of 4.00 and
3.36 were obtained in the vertical and horizontal modes respectively, which
effectively adds these figures to any surfaces derived from a linear relationship,
potentially overestimating ECese. Relatively low R-squared values and high y-
intercept values imply that the EM38 relationship for horizontal (0.75 m) and vertical
(1.5 m) is not a linear function.  The intercept values of 4.00 and 3.36 respectively
would imply that the EM38 is not sensitive to average soil ECese values below these
figures, with the entire area mapped in the moderately saline category "at best".

The calibration data was plotted using various functions including exponential,
logarithmic, power series and polynomial.  It was found that the best intercept and R-
squared were obtained using a second-order polynomial function.  The derived
equations are shown below, achieving R-squared values of 0.93 and 0.73 respectively.
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This indicates the EM38 is a good indicator of average ECese in this trial site, and the
equations below would give a better calibration result than the linear derivations.

EM38v equation (1.5 m), (R-squared = 0.93):

Average ECese to 1.5 m = -4.05(ECa)2 + 12.07(ECa) + 0.60

EM38h equation (0.75 m), (R-squared = 0.73):

Average ECese to 1.5 m = -3.81(ECa)2 + 8.88(ECa) + 0.25

Figure 8 shows a comparison of average ECese results for various depths, derived
from the EM38 and EM31 calibration process.  These surfaces show ECese to within
the top 0.75 m as being predominantly slightly saline (light blue, 2 - 4 dS/m) to
moderately saline (green, 4 - 8 dS/m).  Average ECese increases to a depth of 1.5 m,
and decreases again to 5 m, which is indicative of the EC "bulge" between 1.0 and 1.5
m, as verified by the EC profiles sampled in the area, (orange indicates "very saline",
(8 - 16 dS/m).

 Average ECese (0 - 0.75 m) (EM38h) Average ECese (0 - 1.5 m) (EM38v)

Average ECese (0 - 2 m) (EM31h) Average ECese (0 - 5 m) (EM31v)

Figure 8.   Comparison between EM8 and EM31 ECese surfaces
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4.1.5 EM Survey Discussion

EM31

Salt storage is closely related to topography and drainage, with soluble salt
accumulations found in areas of moisture accumulation.  This is consistent with the
findings of Beasley (1999) in sites just north of Tunbridge. Beasley found for
Northern Midlands soils that salinity was confined to lowest topography and break in
slope, and concluded this was probably due to mobilisation of inherent salt across clay
B horizons.

The EM31 results from this study also found distribution of areas with high
conductivity to have a good relationship with topography (areas of average ECese to 5
m > 8 dS/m).  These areas are generally found in lower elevations, break-in-slope and
drainage depressions.  Low conductive, non-saline areas (ECese < 2 dS/m) were
found on hillslopes, while terraced land was generally in the moderately to slightly
saline category (4 to 8 dS/m, and 2 to 4 dS/m).  The most extensively saline area
identified on Map 2b (salinity map) is supported by visual surface scalding, presence
of salt tolerant indicator species (Sea-Barley Grass), and shallow (1 to 2 m), saline
(~25 dS/m) groundwater.  The "hot-spot" coincides with an area containing Friable
and Heavy Canola soils with high to moderate ECese values. High conductivity
values are due to the low-lying position in the sub-catchment, and impeded
groundwater flow due to a Triassic sandstone intrusion to the north. These factors
result in shallow depth to groundwater and an accumulation of soluble salts from
capillary-rise and evaporation.

Horizontal results generally agree with vertical readings, that is, high vertical (5 m)
conductivities are high in the horizontal (2 m) orientation.  This would imply that
conductive layers are near surface, or within 2 m, which is verified by laboratory soil
EC values that generally show a conductivity "bulge" (maximum EC1:5 values) at
around 0.75 to 1.0 m (see Figure 10 - Soil EC1:5 graphs).  Similar depth to EC "bulge"
was reported by Beasley during TRDI EM31 calibrations.

Figure 9.   Surface scalding in area classified as "Extremely Saline”
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Several salt-affected areas fall outside 'extremely' or 'very' saline zones on the salinity
map, for example, the areas surrounding TMB18 and the Glen Morey Saltpan have
severe surface scalding, but are only mapped as 'moderately' to 'very' saline
respectively.  This could be explained by a rapid decrease in salinity below the
surface layer, affectively lowering the average ECa value recorded by the EM31 over
the entire 5 m depth. Average conductance over this depth is therefore significantly
lower than visual signs suggest.  Calibration holes in scalded areas generally indicate
a surface EC bulge, which rapidly decreases from 0.25 m with depth, supporting the
above theory.

While EM31 technology is considered a valuable tool for mapping salt affected areas,
some uncertainty regarding the precise relationship between ECa and ECese is well
recognised.  Other possible sources of error in the study include:

Low calibration sample density.  It is assumed that a better relationship between
Apparent EC and ECese could be obtained with a greater number of sample bores.
However, this was not possible due to time and budgetary constraints.
Inability to drill to 5 m for every hole (due to high stone content); some average
ECese estimates were only calculated to depth of hole, as opposed to the entire
5 m
The subjective nature of hand-texturing soil texture used in converting EC1:5
values to ECese.
ECese conversion factors may not be ideal for Tasmanian soils.  The conversion
factors were developed for NSW soils (Appendix 3;Taylor 1993; Slavich 1993),
and may not be reflective of the relationship between ECese and EC1:5 for
Tasmanian clay mineralogy.
Soil Sodicity can result in inaccurate EC1:5 values, as charged clay particles in a
1:5 water suspension may contribute to electrical conductivity (EC) readings.
Interference from other conductive parameters (bulk density, porosity,
temperature, groundwater, geology, fences, underground cables and pipes)
Interference from near surface saline layers preventing EM31 signal penetrating to
constant depth.  It is theorised that the EM31 signal will only measure to the first
conductive layer, and will give a false indication of conductivity to 5 m (Beasley,
EM Section, Tasmanian Regional Drought Initiative, 1999).
EM31 signal response may not be linear, and not as responsive to deeper profile
conductivities, which may result in under-estimation of average ECese.

EM38

EM38 ECese calibration results using non-linear relationships show a 'moderately' to
'very' saline range for 0.75 and 1.5 m depths respectively.  However, despite these
levels of conductivity, reasonable yields of poppies are still achieved.  The EM38
results suggest that higher salinity levels occur at greater depth, ie. Below 0.75 m, a
result confirmed by soil analyses taken from calibration holes. This may indicate
maximum salt concentration is occurring below the rooting depth of the poppies.

Possible causes of low to moderate correlation results are similar to EM31
conclusions, including:

Low calibration sample density
Inability to auger to 2 m in each sample point due to high stone content
The subjective quality of hand-texturing
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ECese conversion factors may not be ideal for Tasmanian soils
Soil Sodicity may have given inaccurate EC1:5 values
Interference from other conductive parameters (bulk density, porosity,
temperature, groundwater, geology, fences, underground cables and pipes)
Surface and subsurface dolerite cobbles affecting EM signal.  The EM38 signal
appeared to vary with high surface stone content, as spatial variability of an
electromagnetic field can be influenced by change in geology (Williams et al
1990).  This could be due to the magnetic properties of dolerite, eg. iron, affecting
the electromagnetic signal.

4.1.6 EM Survey Conclusions

The EM31 is a reasonable indicator of average ECese to 5 m in the Tunbridge area,
with an R-squared value of 0.58, (ie. 76% of the ECa signal can be explained by
ECese).  Forty-five percent of the surveyed area (4634 ha) is concluded as being
moderately saline to 5 m, with 3 percent "very saline". Similar correlations and
salinity ratings were derived by Beasley (TDRI 1999) for the Tunbridge area.  The
salinity range indicated by the EM31 survey is supported by the evidence of primary
salt throughout the area, saline scalds, salt pans, and documented salt mining earlier in
the 20th century.

The problems encountered during the EM31 survey would require resolving for future
work, including:

Verification of ECese conversion factors for Tasmanian Soils (as discussed), or
actual ECse measurements used.
A greater number calibration sites and improved (deeper) drilling practices (as
discussed).
Larger areas of horizontal (shallow) data, which may be of greater relevance to
crop yield and root-zone salinity.

Knowledge of major salt storage is useful in assessing the extent of a salinity hazard
in the area, and potential for off-site effects.  Higher conductive areas can be targeted
for future, more intensive investigations, which would concentrate on root-zone
salinity.  This would be of greater benefit to the landowner in assessing areas of
potential crop yield reduction or mortality, or possible off-site effects resulting from
increased irrigation.  In summary, EM31 survey, together with EM38 investigations,
is a very useful tool in rapidly assessing large areas of potential salinity.

The EM38 appears to be a good indicator of salinity in the vertical orientation (to 1.5
m), and a good indicator of surface salinity in the horizontal orientation (to 0.75 m)
for Tunbridge soils, using non-linear calibration.   However, only six calibration sites
were analysed due to time, cropping and soil moisture constraints.  The magnitude of
calculated results should be taken as an initial indication only.  Confidence in these
results would be improved with a greater sample density.

The limited EM38 investigations basically demonstrated that for the area surveyed,
the moderate to high salinity subsoil ratings of the EM31 were also present within the
root-zone, with small, localised "hot-spots" evident in these layers. The EM38 is
considered a useful tool for investigating surface salinity, as well as salt-sensitive crop
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site selection, but the results obtained should be treated with caution until more
calibration investigations are undertaken in the area.

Electromagnetic survey calibration and interpretation is a continually evolving
science.  It was used in this investigation as an indicative tool for predicting spatial
conductivity using relatively low calibration sampling density.  The calibration
process applied at the time of the survey was a commonly used and accepted
methodology in Australia, however, recent and impending developments in the
calibration process could result in slightly different conversions from ECa to ECese
values.  Despite this, it is believed that the ECese map developed for the Tunbridge
site provides a good reconnaissance-level indication of where salt has accumulated in
the broader landscape.  This map should not be used for detailed farm planning, or
considered as an “actual” value of average ECese without further “paddock-scaled”
investigations using the most current methodologies.

4.2 Calibration Bores and Groundwater Monitoring

Depth to and quality of groundwater was investigated as part of the salinity
assessment.  This was achieved by drilling and converting holes that intercepted
groundwater into observation bores, allowing regular monitoring of groundwater
depth and conductivity. Groundwater is considered an important aspect of any salinity
assessment, with groundwater EC > 1 dS/m considered medium to highly saline
(DPIWE, 1992).  Groundwater that reaches depths of 2 m or less from the surface in
clay soils can be subject to "capillary rise"; potentially mobilising soluble salts from
saline groundwater to within the root-zone of crops, causing yield decline or
mortality.

Soil samples were collected when drilling bore holes, and sampled at set depth
increments for lab analysis.  These were used to calibrate EM values, and plot soil EC
profiles to determine depth to maximum conductivity layers.

Consideration of groundwater and depth to soil layers of high salinity is necessary to
assess salinity hazard, and determine the risk of this hazard inducing or increasing
salinity under certain conditions.  These include:

rise in groundwater under land-use change, and the potential for recharge and
consequent groundwater rise under intensive irrigation
the potential for saline seepage points in lower landscapes (off-site salinity) from
perched groundwater and movement over impermeable saline soil layers
increase in groundwater salinity by mobilisation of soluble salts from saline soil
layers

Investigations into soil EC profile, and groundwater depth, quality and behaviour will
help determine whether the conditions are present for the above circumstances to
occur and the presence of a salinity hazard.
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4.2.1 Analysis of Soil Samples

Methodology

As part of groundwater investigations in the area, Mineral Resources Tasmania
(MRT) and Coffey Geosciences installed 21 bores to monitor depth to groundwater,
measure soil hydraulic properties, and undertake modelling of potential groundwater
flow.  Soil was sampled at regular depths down each hole, and used for the calibration
of the EM31 survey.  Holes were drilled using a 100 mm solid stem auger and a MRT
drill rig, and disturbed samples collected from the auger at required depths.  Samples
were collected every 0.25 m in the top 1 metre, and every 0.50 m below this depth to
5 m, where drilling conditions permitted.  A further 32 holes were drilled by DPIWE
for EM31 calibration purposes, and sampled according to the above.  Samples were
analysed in the DPIWE laboratory for EC1:5, hand texture and moisture, as outlined in
the EM31 calibration process.

Results

In general, soil EC1:5 was found to be slightly saline, with various layers in the
moderate to very high category, (see Appendices 4 & 10).  The majority of profiles
display a maximum EC layer between 0.75 and 1.5 m depth, while scalded areas
contain profiles with maximum EC1:5 in surface to lower root-zone layers (0.90 m).

The following bores were selected due to significant depth to EC1:5 “bulge’. Figure 10
(over page) shows these selected EC1:5 profiles.  Visual signs of salinity, such as the
indicator species sea-barley grass and bucks horn plantain, and scalded surfaces were
present in many of these locations, generally correlating with high EC1:5 values within
the accepted root-zone (< 1 m).  Ratings for EC1:5 were applied as per Appendix 9,
while ECese ratings were applied from Cooperative Research Centre for Viticulture,
CRCV (1998) classes.  See Appendix 4 for full analyses.

Bore: TMB7

TMB 7 recorded a maximum soil EC1:5 value of 1.47 dS/m at the 0.50 to 0.75 m
sample depth, with an overall conductivity "bulge" between the 0.25 to 0.50 m, and
1.00 to 1.50 m sample depths.  This classifies as a "High" salinity rating.  Figure 10
shows maximum EC1:5 is in upper profile layers, which corresponds to a maximum
ECese value of 8.79 dS/m, also rating as “Highly Saline”, (CRCV 1998).  Soil EC1:5
gradually decreased with depth to a "Slight" salinity rating of approximately 0.45
dS/m.

Bore: TMB9

TMB 9 had a soil EC1:5 "bulge" at the 0.75 to 1.0 m sample depth, peaking at 2.59
dS/m, and an “Extremely Saline” rating for ECese of 18.13 dS/m.

Bore: TMB15

TMB 15 displays a maximum soil EC1:5 "bulge" at the 0.50 to 0.75 m sample depth.
This has a "High" salinity rating of approximately 2.8 dS/m. Soil type is Woodbury,
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which is a duplex profile.  The base of the massive and impermeable, medium heavy
clay subsoil is at approximately 0.75 to 1.0 m, before gradually changing to a horizon
of lighter textured, sandy clay loam sediment.  Maximum ECese corresponds to a
rating of “Extreme Salinity” of 17.91 dS/m.

Bore: TMB16

TMB 16 has a similar conductivity bulge to TMB 15, with a maximum soil EC1:5 of
1.74 dS/m, occurring at a sample depth of 0.50 to 0.75 m.  Maximum ECese rated as
“Highly Saline” , at 11.29 dS/m.

Figure 10.   Soil EC1:5 versus depth (m) for selected profiles
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Bore: TMB18

TMB 18 is situated in a severe salt-scalded zone, within a large drainage depression.
Maximum soil EC1:5 is present in surface layers, (0 to 0.25 m), and rates "Very High"
salinity, peaking at 3.00 dS/m.  Maximum ECese was 20.95, rating as “Extremely
Saline”.

Bore: TMB19

TMB 19 has a near-surface maximum soil EC1:5 value (2.02 dS/m) at a sample depth
of 0.25 to 0.50 m, and ECese 12.17 dS/m (Highly Saline). Soil type is a duplex Lowes
Park SPC.

Bore: TMB20

TMB 20 has maximum soil EC1:5 values at depths of 0.25 to 0.50 m, rated “High” at
1.73 dS/m, and ECese of 11.3 dS/m, (Highly Saline). Soil type is transitional Heavy
Canola and Saltpan Plains.

Discussion

The depth to maximum soil EC1:5 and ECese layer appears to coincide in most
profiles with the transition between a heavy clay B horizon, and lighter textured lower
sedimentary layers.  It is assumed that capillary rise is transporting salts to the base of
the impermeable clay zone, and is consequently prevented from rising further towards
the surface.  Alternatively, the conductivity "bulge" could be due to past water-table
levels that have receded leaving behind a salt accumulation.  Lateral drainage from
higher elevations may have also accumulated salts below the impermeable zone. It is
assumed however that maximum soil EC levels are due to maximum groundwater
levels, which recede in drier months and leave soluble salts behind.

EC1:5 bulge appears to be at surface or near-surface layers in visibly scalded areas,
which is due to an accumulation of soluble salts in drainage depressions.  These salts
have been transported by lateral surface drainage, capillary rise, and / or groundwater
discharge, and subsequently left behind after evaporation (supported by the
hydrogeological map produced by the Coffey Geosciences modelling).

In the majority of profiles, EC1:5 bulge is present above average groundwater levels,
which implies salts have been left behind after groundwater levels have risen to this
depth, lateral movement of salt accumulation, or a capillary rise process is occurring.

Maximum soil EC1:5 layers appear to be developed by two possible modes of
operation for Heavy Canola soils.  A near surface salt "bulge" is caused by saline
groundwater lateral discharge to drainage depressions, or alternatively, shallow saline
groundwater is resulting in transportation of soluble salts by capillary rise.



49

4.2.2 Groundwater Monitoring

Methodology

Fourteen of the Coffey Geosciences bores intersected groundwater.  Bore data was
used for the generation of a flow model, (see Hydrological Studies for the
Examination of Soil Salinity - Coffey Geosciences Pty Ltd).  These bores were
located to monitor the flow patterns through a sub-catchment of the study area.

A further three groundwater bores were installed by DPIWE for investigations into
the impacts of irrigated cropping and any consequent impact on adjacent groundwater.
Sites were located below terrace drop-off zones to assess the effect of cropping on
low-lying areas of potential salinity risk.  Site numbers were limited due to drilling
difficulties in the areas of interest, (eg. cash crops, high stone content) (see Map 2b
and Figure 13).

Bores were installed according to "Saltpak" procedures, (McMahon & Bell, 1992).
This involved drilling to 5 m where possible and recording the initial depth to
groundwater.  50 mm PVC pipe was slotted and capped to allow groundwater
movement, and inserted into each hole.  Crushed dolerite was in-filled around each
pipe to allow groundwater movement, and capped with a bentonite and concrete plug
to avoid surface recharge.

Groundwater depth and EC were recorded on a fortnightly basis, using a graduated
string line, and hand-held digital EC unit (TDScan 4 Waterproof hand-held EC meter,
range 0 - 19.90 dS/m (19.90 mS/cm)).  Full groundwater analysis was performed
monthly through MRT, with four bores electronically logged for depth to
groundwater.  Bores were monitored over a 12-month period; hence, future
monitoring is required to confidently assess long-term groundwater trends under
various irrigation, rainfall and evapotranspiration scenarios.  Figure 11 and 12 (over
page) indicate general groundwater trends.  See Appendix 6.  "Tunbridge Monitoring
Bore Records" for detailed groundwater results.

Groundwater Results

Groundwater at bore locations varied in depth from 0.50 m, to almost 5 m, depending
upon topography and catchment position (see Appendix 6).  No groundwater was
recorded in the dolerite lower slopes to the south, due to drilling conditions and
shallow bedrock.

Figure 11 (over page) shows depth to groundwater for each monitoring bore recorded
over the study period, with a moving average trendline.

Figure 12 (over page) shows groundwater EC recorded for each monitoring bore, with
a moving average trendline, while Table 10 (over page) shows average depth, average
EC and general features of bores of interest with perceived salinity hazard, (shallow
(< 2.0 m) depth, and low quality (EC 2.0 dS/m) groundwater).  Again, saline indicator
species such as sea-barley grass were recorded to support salinity assumptions.
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Figure 11.   Graph of bore depth to groundwater against time

Figure 12.   Graph of bore groundwater EC against time
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Bore
Average
 Depth

(m)

Average
 EC

(dS/m)

Max Soil
EC1:5

depth (m)
Landscape Position Surface Features

DPIWE1 2.46 25.0 2.00 Alluvial terrace at edge
of drop-off zone

Windblown sands,
crop yield reduction

DPIWE2 1.29 25.0 1.00 Alluvial flat below
DPIWE1

Surface scalding, salt
indicator species.

DPIWE3 1.22 2.0 1.5 Below drop-off zone of
alluvial terrace

No scalding, some
waterlogging

TMB9 1.26 6.4 1.00 Alluvial flats below
dolerite hills

Slight scalding, salt
indicator species.

TMB15 2.09 1.87 0.75
Alluvial flats, at
transition of remnant
flood plain

No scalding, salt
indicator species.

TMB16 0.95 1.3 0.75 Flood plain, adjacent to
watercourse

Waterlogging and
inundation, no visual
salinity

TMB18 0.66 7.85 0.25 Drainage depression
below alluvial terrace

Severe scalding,
waterlogging

TMB19 1.57 5.15 0.50
Lower terrace above
TMB18 and saline
lagoon

No visual salinity or
waterlogging

Table 10.   Bores located in areas with potential or present salinity (see map 2b)

Figure 13 shows distribution of Tunbridge groundwater monitoring bores.

Figure 13.   Groundwater monitoring bore locations
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Bores: DPIWE1 & DPIWE2

Bores DPIWE1 and DPIWE2 are located less than 50 m apart, and display similar EC
and depth to groundwater patterns.  DPIWE2 is placed topographically below
DPIWE1.  An adjacent poppy crop to DPIWE1, with surface sloping gently upwards
from this site, was gun-irrigated throughout the spring and summer months of
2001/2002.  Soils consist of shallow windblown sands over Woodbury soil type (see
soils section).  No fluctuations in groundwater were recorded with increased
irrigation, due to impeded groundwater recharge by the slowly permeable Woodbury
SPC subsoils, and deficit irrigation practices.  Visual crop yield reductions were
identified by the landowner, increasing down-slope towards DPIWE1.  Crop mortality
occurred in adjacent drainage depressions, which could imply the extremely saline
groundwater (25 dS/m) was having a capillary-rise effect on lower lying areas of the
crop.  Moderate soil EC values were obtained for root-zone soil samples within these
areas.  Good yields and low mortality rates were obtained further up-slope, where
depth to the saline watertable is presumably greater.

DPIWE2 has shallower average depth to groundwater than DPIWE1. The site is
showing signs of severe scalding, probably due to saline groundwater that is drawn up
by capillary rise, and evaporating and depositing salt at or near the surface.  Soils at
this site are Heavy and Friable Canola types, with large surface cracks forming in
drier months.  Groundwater recharge may occur with the first heavy rains after a
period of cracking, but no sudden fluctuations were recorded.

DPIWE 1 and DPIWE2 were very stable, and only varied in groundwater depth by
< 0.10 m throughout the monitoring period.  EC was also stable and was only
measured by dilution calculations, as values were higher than the maximum for the
hand-held EC instrument used.

During drilling, groundwater was initially registered at a lower depth than the first
recorded depths after bore installation.  After installation, water level immediately
rose to a much higher level, before settling to measured depths, which was the case
for the majority of installed boreholes.  Variation between the depth water was struck
and the standing water level after installation implies the groundwater in the area is
subject to a 'positive pressure'.  Groundwater is unable to rise due to capping by the
impermeable upper sub-soils described in the soils section.  The implication of
monitoring groundwater depth at equilibrium with gravity pressure is that the readings
are shallower than the true confined groundwater level. Thus groundwater proximity
to capillary-rise zones may not be as greater hazard as indicated by borehole results (if
the confining upper soil horizons are laterally homogenous, (A. Ezzy, MRT, pers.
comm.).

The problems in monitoring bores with positive groundwater pressure could be
overcome by the installation of nested piezometers, which allow measurements at
different depths in a close proximity.  These are useful in monitoring different levels
of the hydrostratigraphy where perched or confined groundwater systems exist (A.
Ezzy, pers. comm.).
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Bore: DPIWE3

DPIWE3 was placed at the bottom of a steep drop-off zone at the Lowes Park Soil
terrace.  This zone and immediate neighbouring paddock were cropped with poppies
in 2001/2002 and irrigated with a centre-pivot system.  DPIWE3 dropped gradually in
depth by about 0.50 m in the first 6 months of monitoring (Figure 11).  This could
have been due to ending of irrigation after harvest. No data "spikes" were recorded
during centre-pivot activity.

The bore is located within the flood zone of low-lying Heavy Canola soils, at the base
of a large dam/ wetlands area, fed by the Tin-Dish Rivulet.  After an unseasonably
higher summer rainfall in January and February 2002, a dry winter/ spring period
followed.  Flow rates of the Tin-Dish were very low across winter, and non-existent
from spring 2002 (visual recordings). Groundwater levels are likely to have dropped
with lack of off-site lateral recharge from rainfall.

EC values were very stable over the monitoring period, and did not vary from 2.0
dS/m in latter months, (see figure 12).  This groundwater is less saline than the bores
to the east of the sub-catchment.  There are no visual signs of surface scalding, but the
indicator sea-barley grass is abundant.  Surface waterlogging was witnessed during
wetter months (when groundwater levels were highest).

Bore: TMB9

TMB9 is a MRT/ Coffey Geosciences bore located at the base of dolerite hills.
Groundwater has showed little fluctuation over the monitoring period, decreasing in
depth in drier months.  Levels were usually around 1.3 to 1.5 m, with EC of
approximately 7.0 dS/m.  Soils are the Heavy Canola type.  The area is used for rough
grazing, with no visual signs of surface salinity.  The site is covered by sea-barley
grass, and infested with scotch thistles.

Bore: TMB15

TMB15 is situated in an alluvial plain, at the edge of a Heavy Canola soil unit.
Average groundwater depth is approximately 2.09 m, with an average EC of 8.6
dS/m.  The surface is not visually suffering from salinity, however, the site is
vegetated with sea-barley grass, indicating potential low-level salinisation.
Groundwater depth is stable and generally trends downwards with lack of rainfall.

Bore: TMB16

TMB16 is located at the edge of the Tin-Dish Rivulet, which feeds a large dam and
wetlands.  The groundwater is generally shallow (~1 m), with an average EC of just
over 1.0 dS/m.  Groundwater varies with the height of the rivulet due to its close
proximity, (~ 2 m).  Flow rates of the Rivulet have decreased markedly in drier
months, with no water found within the bore as at December '02 (1.56 m).  There is
no visual scalding, with surfaces of sea-barley grass and moderate waterlogging.  The
EC of the dam to the north had a value of approximately 0.9 to 1.0 dS/m in February
2002.



54

Bore: TMB18

TMB18 is located at the base of terraced cropping areas, in a severely scalded and
waterlogged zone at the base of Brent's Lagoon (Figure 14). EC of the lagoon in
winter 2002 measured 13 dS/m.  The bore is extremely saline with shallow
groundwater (EC of approximately 9 dS/m, and groundwater depths of 0.5 m).  Depth
to groundwater increases in drier months, and does not vary with adjacent irrigation
on adjacent terraced land.

Soils are a Poorly Drained Heavy Canola Variant, with mixed alluvial gravels and
sediments, and grey anaerobic layers.  The surface is void of vegetation, with
occasional bucks-horn plantain (a saline indicator).  The scald extent appears to be
relatively stable, with no visual increase detected using aerial photograph
approximations (comparisons between 1961 and present-day photographs).

The scald is on the verge of terraced crops, so care would be needed in not over-
irrigating. This would potentially decrease depth to the water table, and result in
possible yield decline and crop loss.  This risk is low due to the impermeable subsoils
of the cropping areas and the use of pivot irrigation technology.  Risk would be
greater with crops left in fallow for excessive periods, which could potentially
decrease depth to water table due to lower water usage through evapotranspiration.

Bore: TMB 19

The location of TMB19 is potentially hazardous in terms of salinity, with the depth to
groundwater less than 2 m and "Very Highly Saline" groundwater of about 5.5 dS/m.
The bore is located at the base of the terraced land as described above.  The area
shows no signs of visual salinity, with a limited coverage of sea-barley grass along
fence-lines.

Figure 14.   TMB18 positioned in low-lying saline scald
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Collective Observations (Depth and EC)

All groundwater recorded EC > 1.0 dS/m, (Class 3 (> 0.8 dS/m) - high salinity),
(DPIWE, 1992)
Six of the bores recorded average depths within the 2 m 'capillary-rise' zone, while
eight bores recorded depths of less than 2 m during the monitoring period.
Groundwater was generally static, with small variations recorded in depth (ie. no
data 'spikes')
Depth to groundwater typically exhibits seasonal trends

- Gradual rise in wetter months
- Gradual increase in drier months

EC generally increased as depth to groundwater increased (indicating conductive
layers (potential salts) are present in the lower profile)
Surface scalding is occurring in areas with bores recording shallow depth and high
EC, (bores: TMB 16, TMB 18, DPIWE 2)
Complete chemical analyses indicate all monitored groundwater is greatly
dominated by sodium cations, despite high levels of calcium in lower soil profiles

Groundwater Discussions

The groundwater investigated through the sub-catchment of the study area is
generally shallow, with EC values indicating high to extreme salinity.  Bores were
located in alluvial deposits, and monitored mainly unconfined / semi confined
aquifers. General flow pattern of this groundwater is north to the Blackman River,
with small, localised drainage areas around depressions and saltpans.  Principal
groundwater recharge of the area is provided by rainfall, with a large percentage of
recharge originating outside the study area, (Hydrological Studies for the Examination
of Soil Salinity - Coffey Geosciences Pty Ltd).

The information collected is limited to demonstrating short-term localised
groundwater trends at each location.  Overall groundwater flow is expected to be
variable and complex due to numerous local groundwater system (see Coffey
Geosciences Groundwater Flow Model, Hydrological Studies for the Examination of
Soil Salinity - Coffey Geosciences Pty Ltd).  Groundwater levels for the entire study
area would not be as shallow as results indicate, as groundwater is considered to be at
positive pressure / semi confined (as discussed), and bores were located in low-lying
areas with the purpose of striking groundwater.

Shallow depth to groundwater was found in depressions and lowest landscape points,
indicating groundwater generally follows topography. Bores in higher terraced
cropping areas would be useful in investigating perching of water tables above
impermeable layers.  The subsoil impermeability could potentially cause saline
discharge at lower landscape points, but this was not observed during the study.
Nested piezometers would also be useful assessing the above and in overcoming the
positive groundwater pressure of the region.  Percussion drilling additional hard rock
bores would aid in identifying the lithological hydraulic boundary conditions that
appear to exist between the soil profiles and the bedrock groundwater systems, (A.
Ezzy, MRT, pers. comm.), which would enhance understanding of groundwater
movement and salinity risk in the area.
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All groundwater is rated as highly to extremely saline, so caution would be needed in
not raising levels to within the capillary-rise zone (2 m) of the surface through
recharge.  Significant decrease in depth to groundwater does not appear to be
occurring with current irrigation practices, however, these assumptions are made on
short-term data.  Practices such as long fallow periods with low groundwater use
would require monitoring, to ensure groundwater is kept as deep as possible.

Significant fluctuations in EC can be seen in figure 12, especially bores TMB11,
TMB20 and TMB 15, with variations of approximately ± 3 dS/m.  These
inconsistencies could be due to different instruments being used by DPIWE, Coffeys
and MRT, however, comparisons between instruments showed little variation, and is
therefore considered an unlikely error.  Another source of variation would be due to
bore "purging".  Bores were sampled by MRT according to Australian / New Zealand
Standard AS/NZS 5667:11:1998, (A. Ezzy, MRT, pers. comm.).  Purging involved
removing three times the water column before monitoring field primary water quality
parameters and collecting samples for laboratory analysis.  This would reduce any
oxidisation or contamination of the sample. However, past trials have shown no
change in EC pre or post purging, (J. Finnigan, pers. com).  Purging was not
performed by DPIWE due to time and equipment constraints.

For detailed groundwater flow patterns, soil hydraulic properties, and prediction of
groundwater salt concentrations, see Hydrological Studies for the Examination of Soil
Salinity - Coffey Geosciences Pty Ltd.

Peripheral Groundwater and Salinity Investigations

Southern Farming Systems Tasmania has been working in conjunction with
landowners on an adjoining property of the study area, Annandale, to assess impacts
on salinity from intensive cropping.  The property contains similar soil and
groundwater to the Tunbridge site, and is within the same rainfall regime.  The
investigation included groundwater monitoring of cropping areas to gain an
understanding of irrigation impacts on groundwater with respect to potential salinity.
The collected data was invaluable in the landowner's understanding of the property,
and awareness of drainage and salinity issues by other landowners was improved
through field days, resulting in more informed land use decision making.  Findings
were similar to those obtained across the Tunbridge region during this project, and
demonstrated that depth to groundwater decreased in winter and spring months during
higher rainfall.   Irrigation of poppies at a particular study site during November and
December had minimal impact on groundwater.  However, groundwater was quite
responsive to fluctuations in rainfall at one centre-pivot site with shallow depth to
groundwater.  "Hump and hollow" drainage was installed, which was shown to have
positive outcomes by lowering groundwater and reducing recharge, (George
Manifold, Southern Farming Systems, pers. com. 2003).

4.2.3 Calibration Bores and Groundwater Monitoring Conclusions

Soils of the area generally have maximum salt storage between 0.75 and 1.5 m, which
usually coincides with the base of a slowly permeable, massively structured heavy-
textured B2 horizon.  This horizon appears to be confining local groundwater, which
is under positive pressure.
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Groundwater recharge from rainfall and irrigation is low due to the impermeable soils
of the area. However, the presence of shallow and saline groundwater may pose a
salinity hazard to future agricultural intensification.  Several areas were identified as
having a salinity hazard due to detrimental groundwater depth and quality within the
capillary-rise zone (depth < 2 m, and EC > 1.0 dS/m).  Under future land use
intensification, groundwater depth and quality will require careful monitoring to
ensure increased irrigation rates and variations in cropping regime are not
exacerbating the capillary rise process or groundwater recharge, and therefore
increasing the likelihood of salinisation. Increased irrigation rates may also lead to an
increase in perched water moving laterally across the top of subsoil layers, with
potential saline seepage or groundwater recharge in adjacent low-lying landscapes.
This lateral water movement would also require monitoring under increased irrigation
through the installation of nested piezometers.

4.3 Salinity in Rainfall Investigations

The introduction of salt into the Tunbridge system via rainfall was investigated as part
of the over-all salinity assessment.  This was performed by collecting monthly
rainfall, and analysing for salt-content.  Salt in rainfall determination will give an idea
of the magnitude of outside sources of salt, and whether salt in the rainfall will impose
a significant salinity hazard to more intensive future land use.

4.3.1 Methodology

Collection buckets with mesh funnels were placed at ground level in 2 locations.
Locations were chosen at two active monitoring sites, and separated in an east-west
direction. The site at "Cheam" was a Bureau of Meteorology site with manual rain
gauge, while the Glen Morey site was monitored by the landowner for farm use.

Collection buckets were left in the ground, and emptied monthly.  Collected rainfall
samples were measured for volume and EC in the DPIWE lab, and sent to MRT for
laboratory analysis.

Estimates of the salt load brought in by rainfall (kg/ha/month) were calculated as
follows:

Calculated Rainfall = V / r2 ………….Eq. 1

Where r = Radius of collection funnel (mm), and V = Volume Collected (m3)

Salt concentration of the rainfall sample was estimated following the method adopted
by Dell (2000).

Salt concentration (mg/l) = Lab EC x 640  …………Eq. 2

Where EC = Electrical Conductivity (dS/m), while '640' is the accepted multiplier for
calculating NaCl values from EC1:5 (Texas Agricultural Extension Service 1998).

Salt input per month was calculated using the above concentration over one hectare.
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Salt Input (kg/ha/month)
  = Calculated Rainfall (mm) x (Salt concentration (mg/L) / 100) …..Eq. 3

Samples were collected from September 2001 until January 2003.

4.3.2 Rainfall Results

Figure 15 shows calculated rainfall and sample salt concentration from Glen Morey
and Cheam rainfall buckets. Figure 16 shows corresponding salt load calculations for
each month, indicating how much salt is expected to be input to the Tunbridge
system.  The estimate is obtained by calculating the sample salt concentration by the
rainfall quantity, (Eq. 3).

Figure 15.   Graph of monthly salt concentration and calculated rainfall

Figure 16.   Graph of monthly salt load

0

5

10

15

20

25

30

35

Sep-01 Oct-01 Nov-01 Dec-01 Jan-02 Feb-02 Mar-02 Apr-02 May-02 Jun-02 Jul-02 Aug-02 Sep-02 Oct-02 Nov-02 Dec-02

month-year

R
ai

nf
al

l S
al

t L
oa

d 
(k

g/
ha

/m
on

th
)

Calculated Salt Load Chem

Calculated Salt Load Glen Morey

0

20

40

60

80

100

120

140

160

180

Sep-01 Oct-01 Nov-01 Dec-01 Jan-02 Feb-02 Mar-02 Apr-02 May-02 Jun-02 Jul-02 Aug-02 Sep-02 Oct-02 Nov-02 Dec-02

month-year

Sa
lt 

C
on

ce
nt

ra
tio

n 
(m

g/
l)

0.00

10.00

20.00

30.00

40.00

50.00

60.00

70.00

80.00

90.00

100.00

C
al

cu
la

te
d 

M
on

th
ly

 R
ai

nf
al

l (
m

m
)

Glen Morey Rainfall Salt Concentration (mg/l)

Cheam Rainfall Salt Concentration (mg/l)

Cheam Calculated Rainfall

Glen Morey Calculated Rainfall Rainfall



59

Table 11 shows monthly average calculated rainfall, average salt concentration, and
calculated yearly totals.

Site

Average
Monthly Rainfall

(calculated)
(mm)

Average Rainfall
Salt

Concentration
(mg/l)

Average
Monthly Salt

Load
(kg/ha/month)

Yearly Salt
Load

(kg/ha/yr)

Glen
Morey 30.3 28.1 5.7 67.9

Cheam 30.7 42.4 8.5 102.3

Average 30.5 35.3 7.1 85.1

Table 11.   Average salt in rainfall per month, and yearly total

4.3.3 Rainfall Analysis Discussion

The results obtained were subject to several collection and analysis errors:
Possible contamination by airborne particulate, farm dogs and insects.  Samples
have been observed to contain insect larvae and fine sand sediment.
Low sample volume (below laboratory's minimum requirements) due to low
rainfall.
Sample loss by strong-winds or stock trampling of sample buckets.

Several samples were lost due to high winds or farming activities knocking collection
buckets from the ground. Evaporation would be expected, as collection was
performed in exposed areas as per rainfall sampling protocols, and would be subject
to intensive sunlight and wind. Yearly totals were obtained by multiplying average
monthly salt input by 12, as opposed to totalling 12 months of input, due the to
sample loss in some months.  Laboratory measurements for chloride require a
minimum sample volume of 100 ml, which was not obtained in several months, hence
laboratory EC measurements were used to calculate salt volumes.

Extreme outliers were obtained in months January 2002 for Cheam, and November
2002 for Glen Morey, (see figure 15). Because these outliers occurred in different
months for each site, it is assumed that the samples are not measuring rainfall salt, but
some form of localised contamination event. This could have been due to
contamination by airborne particulate, as the Cheam BOM site is located at ground
level with an exposed windblown sand surface.  Sand blown into the container would
potentially increase the EC of the sample, which could also explain the overall higher
salt content for the Cheam site.  However, these figures were still included in
calculations, as contamination assumptions were not conclusive.

Ignoring outliers, Glen Morey salt calculations were highest in November 2001.  This
was recorded during periods of higher than average rainfall.  According to the
landowners, heavier rainfall usually originates from easterly weather patterns,
probably due to lesser rain-shadow effects than the westerly origins (see climate
section).  Increased salt concentration in heavier rainfall could be due to the potential
easterly source of these events. This could imply a marine-source salt input, as the
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study region is approximately 40 to 50km from the Tasmanian East Coast.  Monthly
rainfall salt totals were highly variable, ranging from 1.2 to 20.6 kg/ha/month at Glen
Morey, and 2.4 to 30.8 kg/ha/month at Cheam (excluding two outliers > 38
kg/ha/month) (see Appendix 5).

The derived value of 85.1 kg/ha/yr is reported from conductivity measurements as an
indicator of total salts present in rainfall sample.  This would include salts other than
sodium chloride. The calculated totals are not considered a substantial salt
contribution, and are lower than the previous estimates of approximately 410 kg/ha/yr
of salt introduced by rainfall (Dell 2000).  However, these relatively low numbers
could be considered a significant contributor of salt to the Tunbridge system over
many years.  If salt input was not expelled from the system via leaching and drainage,
salt would accumulate in flatter areas where surface run-off and soil permeability is
low.

4.3.4 Rainfall Analysis Conclusions

Salt input of approximately 85.1 kg/ha/year into the Tunbridge system would not be
considered significant in the short term, but could have longer-term impacts if salt
was not being adequately removed from the system, (a positive salt budget).
Monitoring of catchment flow and salt levels with respect to rainfall would be useful
in assessing the region’s salt budget.  By determining the magnitude of salt input (by
rain) and output (by drainage), detailed salinity risk and relative impacts of salt input
from various quality irrigation sources could be determined.  Although the
measurement of salt in rainfall is not precise, it is considered to provide an adequate
estimation of likely salt inputs.

4.3.5 Overall Salinity Investigation Conclusions

The Tunbridge study area contains areas of primary salt, derived from surrounding
geologies and soils, (predominantly Triassic and Jurassic in origin).

Electromagnetic survey and soil investigations found highest salt-stores are present in
lower lying landscapes, drainage depressions, and break in slope or terrace drop-off
zones.  EM31 and EM38 technology is a reasonable indicator of this salinity in the
Tunbridge area.  EM31 results show almost half (48%) the area has an average ECese
to a depth of 5 m, corresponding to a salinity class in the moderate category (4 - 8
dS/m), with 3% in the "very" saline category.  Root-zone investigations with the
EM38 indicate similar salinity ratings, although this was shown to be at lower root-
zone depths.

Tunbridge bore monitoring sites have highly saline groundwater (average water EC
values > 1 dS/m), half of these are within the 2 m capillary-rise zone (depth of 2 m or
less).  Highly saline and shallow bores display visual and measurable surface salinity,
with abundant saline-indicator species and severe surface scalding.  The short-term
monitoring found groundwater to be relatively static, with no sudden fluctuations
recorded in periods of rainfall or irrigation.  Maximum soil EC values are found at
approximately 1 m, in many cases at the base of a slowly permeable B2 horizon.
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An estimated average of 85.1 kg/ha/yr of total salts is introduced to the Tunbridge
system from rainfall, which is not considered of substantial magnitude.  However,
accumulation of surface salts may occur over time if not flushed from the system.

The results obtained are initial only, with longer-term trends, and more root-zone
investigations required to quantify the extent of salinity risk for the Tunbridge area.
Preliminary investigations suggest:

Major salt-stores are present throughout the area
Groundwater is generally highly saline, and causing surface to root-zone salinity
in lower-lying areas by capillary rise or lateral movement
Areas presently affected or at risk of salinity are lower-lying landscapes, break in
slope, terrace drop-off zones, and drainage depressions
Affected areas are relatively small and localised, and generally not in cropping
soils
Irrigation appears to be having no impact on groundwater levels, or causing saline
seepage points in lower landscapes with current deficit irrigation practices.
However, a substantial increase in irrigation volume and area would need
monitoring due to increased risk of lateral saline seepage over duplex subsoils.
Maximum soil EC layers are generally at the base of the root-zone

Current irrigation and cropping practices are having little impact on Tunbridge
groundwater and salinity based on the limited data collected over the study period.
However, if agricultural land use and irrigation was to intensify, continued monitoring
would be required to ensure depth to groundwater is not impacted, and brought to
within capillary rise zones.  Surface soil salinity monitoring would also be required in
irrigated areas, as the use of deficit irrigation with low quality water, combined with
rainfall salt loads could result in an accumulation of surface salts due to inadequate
flushing.



62

5. HAZARD IDENTIFICATION & CONCEPTS FOR RISK
MANAGEMENT

During the soil survey and salinity assessment of the study area, several hazards were
identified which are currently contributing to land degradation, or have the potential
to cause further degradation with any intensification of land use.  Some hazards are
presently having little adverse impact, with risk of adverse impact only evident under
certain conditions.  For the purposes of this project a hazard is defined as "an event,
process or condition with the potential to cause undesirable consequences", while risk
is defined as "the probability of the hazard occurring".  The risk of each hazard
causing land degradation, salinity or yield loss was not determined due to the broad
range of processes or conditions impacting upon the identified hazards.

5.1 Hazard Identification in the Tunbridge Area

The major hazards identified in the Tunbridge study are outlined in Table 12.  These
hazards were identified using the results of the soil and EM31 surveys.  The salinity
hazard assessment has also been derived from soil investigations, but largely based on
the EM and groundwater studies.  Hazards were determined according to the potential
for that hazard to significantly affect agricultural land quality.  Management
recommendations are included outlining methods of minimising the risk of identified
hazards.  These recommendations are not prescriptive, but broadly defined and
accepted, soil-specific, standard management practices.

Hazard Basis Consequence
Total

Area (Ha)
(6250 ha)

Soil Structural
Decline (sodicity)

Soil Sodicity, shallow
topsoil

Loss of soil fertility, hard
setting, clodding, erosion 2090

Salinity
Visual salinity, EM Survey,
Saline Soils, Shallow saline
groundwater

Fertility Decline, Loss of
Productive Land 22322

Waterlogging
Poorly and Imperfectly
drained soils, low
permeability

Loss of productivity, soil
compaction, trafficability
problems

1441

Wind Erosion Sandy, fine-structured top-
soils

Loss of topsoil, crop loss and
damage 2549

Table 12.   Summary of major hazards for the Tunbridge study area

5.1.1 Soil Structural Decline

Soil physics investigations (section 3) found a decrease in the number of water stable
aggregates in cropped soils in comparison to soils presently under pasture, indicating
some soil structural decline under cropping.  Soil structural decline is considered as

2 Calculated from a total of 4634 ha of EM survey
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deterioration in the soil health indicators that are beneficial for supporting crops and
vegetation.  These indicators include size of soil aggregate, strength of aggregate, air
space between aggregates, and organic matter content.  Good soil structure requires
many soil aggregates of good size and shape, allowing space for water storage but
also good drainage, beneficial aerobic condition and root penetration, and resilience to
rotational cropping. Frequent cultivation without adequate rest periods may result in
destruction of soil aggregates, compaction and increased bulk density, poor rooting
ability, low moisture holding capacity, reduced drainage and consequent decline in
fertility.  The structural decline of the region’s soils may be exacerbated by loss of
organic matter, with soil chemistry results indicating an organic carbon range of low
to medium (see soils section).  Few analyses were performed due to budgetary
constraints, thus more detailed analysis of organic matter loss with respect to cropping
practices and soil structural decline would be required to assess potential impacts on
soil structure.

Soil physics results also indicated some structural recovery when soils are rested in a
cropping rotational cycle.  It can therefore be assumed that risk of structural decline
from physical cropping damage will be low providing sufficient “rest” periods are
incorporated into cropping rotations.  However, soil structural decline due to sodicity
is considered a major land degradation hazard in the Tunbridge study area.  Sodic
soils have an excess of sodium ions attached to clay particles, and are defined as soils
with an exchangeable sodium percentage (ESP) > 6 (Isbell 2002).  Sodium ions tend
to reduce the binding strength of clay particles, allowing soil aggregates to break
down or disperse when water is added, increasing risk of dispersion and reducing soil
pore space.

Soils most at risk of structural decline are those with strongly sodic subsoil directly
underlying shallow topsoil, increasing the risk of mixing sodic material with surface
layers under deep cultivation.  The incorporation of sodic clays into cropping topsoil
was observed in several cropping areas within the study site. Incorporated sodic clays
tend to disperse when exposed to moisture, filling pore spaces within the topsoil and
degrading structure. Topsoil will set hard and form a surface crust, become
impenetrable to plant roots and moisture, and form large clods.  Subsoil permeability
is also usually low in these soils due to their dispersive nature, and could be worsened
under excessive irrigation, causing subsoils to become massive, preventing root
penetration, impaired drainage and poor aeration (Peverill et al 2001).

Soils were subjectively rated according to their potential for soil structural decline
based on the identified criteria.  Assessment is based on physical and chemical
characteristics of soils, and the landscape in which they occur.  Structural decline
hazard due to sodicity is considered significant for shallow topsoil, (< 15 cm),
strongly sodic subsoils (ESP > 6%), and low Calcium- Magnesium ratios (< 1.0).
Table 13 (over page) shows the calculated area of soils considered to have a
significant potential for soil structural decline due to sodicity.
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Soil Structural
Decline Potential Soils Affected Rationale Area (ha)

High Woodbury SPC
Shallow (10 - 15 cm) topsoil,
sodic subsoil (ESP > 10)
Ca:Mg ratio ~ 0.6

255 (4%)

Medium to High Lowes Park SPC
Variable (15-25 cm) topsoil,
sodic subsoil (ESP > 10)
Ca:Mg ratio ~ 0.97

1219 (20%)

Low to medium Glen Morey SPC
Deeper topsoil (13 - 30 cm),
sodic subsoil (ESP > 10)
Ca:Mg ratio ~0.39

616 (10%)

TOTAL AREA 2090 (34%)

Table 13.   Soils with potential for structural decline due to sodicity.

Woodbury soil type is considered to have the highest risk of soil structural decline due
to very shallow (10 to 15 cm) topsoils, strongly sodic subsoils, and the occurrence of
structural decline already witnessed in several areas.  Sodicity potential is considered
slightly lower on Lowes Park soils, as they can have greater depth to subsoil,
generally lower ESP, and a higher Ca: Mg ratios.  (A high percentage of exchangeable
magnesium with respect to calcium, that is, a Ca: Mg ratio < 1, is considered to
enhance the dispersive and surface-sealing effects of sodic soils.  Conversely, higher
levels of calcium tend to replace sodium ions in clay particles, increasing the binding
strength of the clays, and hence aggregate stability).  However, structural decline was
observed in Lowes Park cropping soils where cultivation depth has exceeded depth to
sodic subsoil layer.  Glen Morey soils are considered to have the lowest potential due
to greater depth to sodic layers.  Structural decline hazard is present due to the
presence of strongly sodic subsoils, while initial soil physics investigations indicate
topsoil-subsoil mixing is occurring.

Approximately 34% of the study area consist of soils with a structural decline hazard
due to sodicity.  Maps were produced based on UMA polygons with percentage
estimates of sodicity affected SPC’s, (see Map 2c - Areas with Significant Potential
for Soil Structural Decline Resulting from Sodicity).  The map shows soils with
significant potential for structural decline hazard from sodicity, and is split into four
categories: dominant soils with high potential (for structural decline), dominant soils
with moderate potential, sub-dominant soils with high potential, and sub-dominant
soils with moderate potential.  Dominant soils are defined as highest SPC percentage-
estimates of a UMA, while sub-dominant are lower-percentage soils within a UMA.

Although Heavy Canola, Friable Canola and Saltpan Plains soils have sodic subsoils
and a consequent structural decline hazard, these soils were not included as having
significant potential for structural decline due to a greater depth to sodic subsoil.  The
likelihood of this material being incorporated into surfaces by tillage is therefore
negligible.

Several Nessie soil profiles also exhibited sodic subsoils, but either have sufficient
depth to sodic B2 horizons to minimise mixing, or sufficient carbonates to offset
sodium effects.  However, maintenance of vegetation on these slopes is considered
important in minimising risk of subsoil dispersion and erosion.
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Management Recommendations

To avoid exacerbating the sodicity potential for structural decline of these soils, some
basic recommendations have been made.  However, variations in management will be
required for specific sites.

Avoid deep cultivation (minimum tillage) in areas of shallow topsoil, minimising
the risk of mixing sodic material with surface layers.
Avoid over-irrigation, minimising the risk of dispersion, degraded surface and
subsoil structure, and consequent crusting.
Treat affected topsoils with gypsum to ameliorate clodding and hard-setting
problems.  Gypsum has been demonstrated to ameliorate the effects of sodicity by
suppressing clay dispersion and swelling through raising soil moisture EC.
Gypsum also adds exchangeable calcium to replace sodium ions in the clay cation
exchange complex (Rengasamy & Churchman, from Peverill et al 2001).  Lime
applications could also be beneficial for the amelioration of some soils, also by the
addition of calcium.
Stubble incorporation to increase organic matter content. Increased organic matter
is found to maintain soil structure and aggregate stability, counteracting the
dispersive effect and aggregate breakdown of sodic material.
Monitor irrigation water quality to ensure EC is high enough to avoid dispersion.
Lower quality irrigation water has been shown to suppress the effects of sodicity,
however care would be needed in not raising surface salt to levels detrimental to
crops and pasture.
Avoid high-impact crops such as potatoes in areas of shallow topsoil, to minimise
sub-soil mixing, (Chilvers 1998).

Relatively few sodicity calculations were obtained due to analysis costs, with further
sampling required to determine the full sodicity hazard of the study site cropping
soils.  Sodicity values were found to be naturally variable for the soils investigated,
while depth to sodic layer also fluctuated with landscape position and depth of cover
sand.

The project identified an extensive soil structural decline hazard in duplex cropping
soils throughout the site, with the accompanying map (2c) indicating areas of concern,
and potential for these areas to suffer land degradation.  Due to the above-mentioned
variability, management recommendations would require site-specific development to
minimise the risk of soil structural decline and loss in agricultural productivity.

Under intensified land use and irrigation, dispersion of sodic material may lead to
greater surface crusting in areas where subsoil-topsoil mixing has occurred, while
subsoil permeability may be reduced.  Application of slightly saline irrigation water
may suppress these sodicity effects, but care would be needed to avoid a build up of
surface salts from deficit irrigation, with lack of adequate flushing mechanism.
Gypsum application may help to offset the detrimental effects of any additional
sodium from irrigation water, through increasing calcium levels, (as discussed).

It is considered that intensified land use implies greater cropping areas will be in use
at any point in time, which could lead to more frequent rotation rates, and less time
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for topsoil "rest".  Structural decline risk may therefore increase due to more frequent
cultivation of these soils, and loss of organic matter through harvesting.

The risk of soil structural decline from the incorporation of sodic subsoil material into
topsoil should not be increased under intensified land use, providing depth to sodic
subsoil is determined, and cultivation depth is set to avoid mixing.

5.1.2 Salinity

Loss of productive land due to salinity is also considered a hazard for a proportion of
the Tunbridge study site.  Project results indicate small, localised areas are affected by
salinity, however, the EM31 5 m survey results shows almost half the area falls into
the moderately saline category (45%).

Areas considered as having a significant salinity hazard include:
Moderate to highly saline areas on Map 2b – (salinity map derived from the EM31
survey).  These areas have an average ECese in the top 5 m > than 4 dS/m,
indicating areas of substantial salt concentrations within the deeper soil profile.
Areas with groundwater less than 2 m from the surface, and EC > 1dS/m,
considered as threshold values for potential movement of soluble salts to root-
zones via capillary rise.
Low-lying areas with saline soils, usually associated with shallow, saline
groundwater, and accumulated soluble salts via lateral drainage from higher
landscapes.
Areas with visual salinity - surface scalding, salt-tolerant indicator species,
(including buck's horn and sea-barley grass varieties).

Area with significant salinity hazard (moderately to very saline, (4 to 16 dS/m)) has
been calculated from the salinity map (Map 2b) as 48% of the surveyed area, totalling
2232 ha out of a total 4633.92 ha. (see Table 8 in EM31 Survey Section).

Risk of salinity would increase if irrigation rates were sufficient to raise saline water
tables, and would be greatest if groundwater was highly saline and within the 2 m
capillary-rise zone.  However, using short-term monitoring data, current irrigation
practices are having no impact on groundwater levels at monitored sites (no rise in
groundwater was recorded in periods of irrigation).  This is due to deficit irrigation
rates, and impermeable subsoils preventing groundwater recharge.  Excessive
irrigation or rainfall could produce saline seepage points due to lateral drainage across
potentially saline subsoils, but this was not observed during the survey.  Long periods
of fallow or low water-use crops could also potentially raise water tables in areas at
risk.

Areas currently affected by salinity are those in poorly drained, low-lying areas where
extremely saline (>5 dS/m) and shallow (<2 m) groundwater has mobilised salts to the
surface.  Through capillary rise and evaporation, surface salts have been left behind,
leaving surfaces scalded and void of vegetation.  Lateral drainage may have also
discharged saline water to these locations, adding to salt inputs.

Salinity risk would also be increased where low quality irrigation water (> 0.8 dS/m)
is applied, as surface salts could accumulate after evaporation unless flushed from he
system by sufficient rainfall.
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In general, the Tunbridge study area has been assessed as having small areas of
primary salinity.  Salt throughout the area is naturally occurring, originating from the
surrounding geologies, with some input from rainfall.  Severely affected zones usually
occur in poorly drained depressions, and are not cropped.  However, some cropping
areas are shown to have moderate salt concentrations when averaged to a depth of 5
m, and are slightly up-slope or above terrace drop-off zones from these low-lying
areas.  These cropping areas would require careful management to avoid decreasing
depth to groundwater in adjacent depressions through lateral water movement, which
could potentially spread saline scalding into cropping zones.

Management Recommendations

It is difficult to determine whether current or future intensified farming practices will
increase these small saline areas, but certain management recommendations can be
implemented to minimise any risk of further salinisation. These would include:

Further monitoring of groundwater to ensure EC and depth are not rising under
certain practices (irrigation, cropping and fallow) or environmental conditions.
Monitoring would assist development of optimum cropping and irrigation
practices for minimum impact on groundwater.  Avoiding conditions that appear
to reduce depth to groundwater or raise EC values would minimise risk of salinity.
Deficit irrigation rates to avoid surface saturation and potential lateral drainage
and saline discharge at lower landscapes. However, care would be required to
avoid surface salt accumulation with use of low quality irrigation water.
Use of pivot irrigation for optimum control of application rates
Use of perennial salt tolerant cover species in affected areas to minimise surface
erosion and maximise groundwater use from transpiration, and exclusion of stock
in these areas until cover is established (eg.  Tall fescue, Puccinellia, (Hamlet
2002))
Short fallow periods to minimise groundwater rise during these periods.  During
periods of fallow, groundwater use is reduced due to lack of transpiration from
cover vegetation.
Sub-surface drainage in certain areas to implement removal of shallow
groundwater (although consideration would be required on the impacts on where
saline waters are drained to)
Protection of remnant vegetation and planting of salt tolerant trees to assist in
water table control through transpiration and wind protection of scalded land.
Raised bed cropping (Hamlet 2002), to improve lateral drainage and therefore
minimise groundwater recharge, and effectively increase the depth to saline
groundwater and sodic subsoil.
More detailed assessment at the paddock, or 1:10 000 scale, before any substantial
irrigation intensification is implemented
Consideration of the "SCRAMM" process, (Salinity Containment Monitoring and
Management) as per the brochure produced by Manifold 2002 - "Salinity and
Irrigation.  Issues to consider".  Southern Farming Systems, Tasmania and
DPIWE.

Irrigation water quality will impact on long-term topsoil salinity in flatter areas with
impermeable subsoils.  Irrigation water quality used by the study site farms ranged
from Class 1 (low salinity, 0.1 dS/m), to the lower end of Class 3 (High salinity, 0.8
dS/m) during the study period.  The low rainfall and irrigation rates of the Tunbridge
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area could contribute to long-term surface salt build-up due to a lack of salt
"flushing".   Several areas were recorded as having irrigation water quality between
0.1 and 0.8 dS/m, (low to medium salinity ratings (McMahon & Bell 1992)).
However one source was recorded as 1.0 dS/m during peak irrigation periods, but
increased to 2.6 dS/m by the end of the relatively dry summer of 2002/ 2003, as dam
storage levels subsided.

The above recommendations are non-prescriptive, with individual areas requiring
varying implementation of the above practices depending upon land use, soil type,
drainage, topography, and groundwater characteristics.  Although current irrigation
rates are having little impact on groundwater, increased irrigation area and rates
would require careful monitoring, to ensure groundwater was not approaching
capillary rise levels (< 2 m).  Intensified irrigation in the terraced cropping areas
would also increase salinity risk in lower lying areas, by discharging potentially saline
lateral drainage to these zones.

5.1.3 Waterlogging

The spatial hazard of waterlogging is closely related to salinity, as this also occurs in
low-lying depressions, and areas of poorly drained, impermeable soils where soluble
salt is deposited after evaporation.  Soils most at risk are the Heavy Canola Soil
Profile Class and the Saltpan Plains Soil Profile Class (see soils section and Map 2d -
Areas with Significant Potential for Waterlogging - Tunbridge).  Although the hazard
has been identified, based on soil permeability and potential drainage, the likelihood
of waterlogging in the Tunbridge area is low due to low rainfall and deficit irrigation
practices.  However, the hazard has been recognised by the Tunbridge landowners,
and would require consideration during above average rainfall periods, or
substantially increased irrigation rates with the potential increase in irrigation water
availability under the proposed Blackman River irrigation venture.

Implications of waterlogging include trafficability problems, shorter working
windows, and loss of productivity due to excessive moisture and potential anaerobic
condition.

Approximately 851 ha (14%) of the surveyed area is classed as having a moderate
waterlogging potential, while 570 ha (9%) of the area is considered to have low
potential (see table 14 over page).  Areas were again calculated for each UMA
polygon using percentage estimates of each soil type, with minor UMA soil
percentages included.

The shrink-swell characteristics of the Heavy Canola and Saltpan Plains soil types
cause profiles to become swollen and impermeable when wet, which could result in
surface waterlogging in wetter months.

Duplex soils such as the Woodbury SPC and Glen Morey Poorly Drained Phase have
a surface waterlogging potential due to impermeable subsoils.  Risk is greatest with
the application of excess surface water, which could result in saturation of the topsoil
in flatter profiles, as these are unable to provide lateral drainage.  However, this risk is
considered low, again due to low rainfall and irrigation rates.
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Waterlogging Potential Soils Affected Rationale Area (ha)

Moderate Heavy Canola SPC
Uniform medium heavy to heavy
clay profiles, massive structure
when wet

604 (10%)

Moderate Heavy Canola Poorly
Drained Variant

Uniform medium heavy to heavy
clay profiles, massive structure
when wet

7 (< 1%)

Moderate Saltpan Plains SPC
Uniform medium heavy to heavy
clay profiles, massive structure
when wet

240 (4%)

Low Woodbury SPC Massive, mottled, impermeable
subsoils 225 (4%)

Low Glen Morey Poorly
Drained Phase

Massive, mottled, impermeable
subsoils 50 (1%)

Low Friable Canola SPC Massive, mottled, impermeable
subsoils 295 (5%)

TOTAL 1441 (23%)

Table 14.   Soils with waterlogging potential

Low-lying depressions in the area are waterlogged during wetter periods year.  These
soils exhibit salinity problems, and consequently not cropped (Heavy Canola Poorly
Drained Variant).  Of the soils listed as having a waterlogging potential, only the
Heavy Canola and Woodbury soils are currently cropped.

Management Recommendations

Waterlogging would only be a problem in the Tunbridge area in the soils outlined
during wetter months or intensive irrigation periods.  Due to low rainfall of the area,
the period when the black clay soils are too wet to work would be shorter than soils
further to the north.

Some basic management principles would be:
Avoid traffic on Heavy Canola soils during wetter months
Develop surface and subsurface drainage systems (using drainage consultant)
Deficit irrigation rates to avoid saturation
The use of pivot irrigation with fine spray adjustment to ensure even distribution
of water and avoid surface ponding

Intensified land use and irrigation may increase waterlogging risk in the soils outlined
in Table 14, especially if irrigation application volumes are increased.



70

5.1.4 Wind Erosion

A wind erosion hazard exists in the Tunbridge study area on soils with loose, light
textured, sandy and fine structured topsoil, (see soils section).  Many soils are formed
from wind-blown sand deposits, and are therefore highly susceptible to wind erosion.
Soils with loamy sand or sand topsoils have a higher wind erosion potential than soils
with sandy loam or clay loam surfaces.

Risk of wind erosion in sandy soils is greatest when:
Surfaces are left without a vegetative cover (fallow) or cultivated during windy
periods
Surfaces are dry
Unprotected areas exposed to high winds (lack of wind-break)
Slopes exposed to prevailing winds
Higher landscapes such as dune formations which tend to "catch" wind flow

Wind erosion has been witnessed in several fallow paddocks under high winds.  Sand
accumulations on the windward side of shelter-belts and fence-lines was also
witnessed at several sites, which denote past erosion events.  Anecdotal evidence from
landowners has also indicated wind erosion is a problem in certain soils, with crop
loss due to seedlings "blowing-out" of the ground.

Implications of wind erosion include:
Loss of topsoil and soil structure
Loss of fine organic carbon fractions
Reduction in depth to sodic clays
Loss of crop seedlings by "blowing out"
"Sandblasting" of crops and pasture (Hamlet 2002)

The areas in Table 15 (over page) were mapped and displayed using collected UMA
data, (see Map 2e - Soils with Significant Potential for Wind Erosion - Tunbridge).
Although 30% of the study area is considered to have some wind-erosion potential,
only about 8% of the area is considered to have a high potential.

Most duplex and wind-blown sandy soils are considered to have greater wind erosion
potential if they occur higher in the landscape, which is evident in the north of the
study area where exposed hillslopes are experiencing active wind erosion.

The mapped areas indicate that soils with a wind erosion hazard occur within mapped
boundaries, and not the entire highlighted surface.  Surface textures can be highly
variable across short distances, with small patches of windblown cover-sands present
throughout the entire study region.  The percentage of each potentially erodible area
can be estimated from the UMA map (Map 2a), and are presented in the associated
table (Table 15).

Although the soils listed have low to high wind erosion potential ratings, not all areas
are at equal risk of wind erosion, as substantial areas are under permanent pasture and
never cropped.  Risk mapping for wind-erosion has not been undertaken, as risk
would need to be defined for too many scenarios to be practicable.
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Wind Erosion Potential Soil Type Rationale Area Affected
(ha)

High Panshanger SPC Deep fine sands & loamy sands
on higher dunes 497 (8%)

Moderate to High Shallow Panshanger
SPC

Moderately deep fine loamy
Sands & sandy loams on lower
dunes and flats

514 (8%)

Moderate Glen Morey Deep
Phase

Moderately deep fine loamy
Sands & sandy loams

Unmapped at
1:25000 scale

Moderate Brumby Deep Phase Moderately deep fine loamy
Sands & sandy loams 20 (< 1%)

Low Glen Morey Poorly
Drained Phase

Shallow loamy sands, sandy
loams and sandy clay loams 7 (< 1%)

Low Woodbury SPC Shallow loamy sands, sandy
loams and sandy clay loams 255 (4%)

Low Brumby SPC Shallow loamy sands, sandy
loams and sandy clay loams 37 (< 1%)

Low Lowes Park Shallow loamy sands, sandy
loams and sandy clay loams 1219 (20%)

TOTAL 2549 (41%)

Table 15.   Soils with wind erosion potential

Intensified land use will potentially lead to an increase in cropping area, and expose a
larger surface area to wind erosion during crop establishment or fallow periods.
Therefore, risk of wind erosion is likely to increase under these circumstances, but
could be minimised by employing the following standard management
recommendations.

Management Recommendations

Management recommendations are general, with individual sights requiring differing
management techniques to minimise the risk of wind erosion.  Basic management
practices for soils prone to wind erosion include:

Avoid fallow or bare surfaces during windy periods
Practice minimum tillage
Avoid cultivation under high winds or during dry conditions
Maintain vegetative cover in sandier or elevated areas
Maintain stubble cover and implement direct drilling practices where possible
(Hamlet 2002)
Establish windbreaks in areas of concern to increase shelter and break down wind-
flow
Maintain perennial pasture in sandy, exposed areas, and exclude from stock if
severe erosion is present
Use of cover crops to protect exposed areas under germination and shield high-
value crops from sandblasting (Hamlet 2002)
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Use of adequate stocking rates to avoid over-grazing and loss of vegetative cover

5.2 Risk Analysis Tools

A simple qualitative risk assessment may be undertaken by land managers at the
paddock scale to assess individual risk of land degradation or salinity from specific
activities.   The process uses the following tables to assess the likelihood of a hazard
occurring and the relative consequence, which is then used to determine the level of
risk and possible implications.

For example, waterlogging is identified as a hazard for low-lying, slowly permeable
heavy clay soils.  Using Table 16, the likelihood of waterlogging occurring in such a
paddock under the average monthly Tunbridge rainfall and present irrigation rates is
considered to be Level D (unlikely). However, the consequence of waterlogging to
crop yield would be considered as Level 3 (severe), (Table 17).

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 16.   Qualitative measures of likelihood

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 17.   Qualitative measures of consequence

Using the derived likelihood and consequence ratings, the risk obtained from Table 18
(over page) would be low to moderate, with the implications of this level of risk
outlined in Table 19.
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Consequences to PropertyLikelihood 1. Extreme 2. Very severe 3.Severe 4. Minor 5. Insignificant
A  Almost Certain VH VH H H M
B - Likely VH H H M L-M
C - Possible H H M L-M VL-L
D - Unlikely M-H M L-M VL-L VL
E - Rare M-L L-M VL-L VL VL
F - Not Credible VL VL VL VL VL

Table 18.   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 19.   Risk level implications
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6. REGIONAL CONCLUSIONS & RECOMMENDATIONS

6.1 Regional Conclusions

The Tunbridge region contains reasonably productive agricultural land, which is
limited by low average annual rainfall.  Primary salinity is evident in the area and is
currently confined to small, localised patches.  Initial investigations indicate current
irrigation and cropping are having little impact on groundwater levels, and not
contributing to salt-affected areas.  This is due to slowly permeable subsoils that
impede groundwater recharge.  However, current irrigation is limited to small areas
on a rotational basis.  With a perceived increase in future irrigation area and intensity
due to the proposed Blackman River development, groundwater impact and lateral
saline drainage would require careful monitoring to provide early warning of
conditions which may induce secondary salinity.  Conclusion are based on 12 months
of groundwater monitoring data, which would need to encompass many years of
differing rainfall, irrigation and evapotranspiration to give a more accurate indication
of groundwater recharge under varying conditions.

Salinity hazard was based on mapped salinity classes, derived from EM31 work.
Almost half the area was rated as 'moderately' saline using average ECese values to 5
m, providing farmers with an indication of where salt is concentrated within their
landscape.  These areas were shown to be low-lying landscapes, drainage depressions
and break-in-slope.  This information allows farmers to identify areas at risk of
salinity, and target management practices for minimising salinity risk under
intensified land use.

Regional groundwater reacts slowly to rainfall events, with depth from surface
gradually decreasing in wetter months.  All monitored groundwater was classed as
highly saline to extremely saline. Surface scalding and mobilisation of soluble salts to
the surface is occurring where shallow, (< 2 m), and extremely saline (> 5 dS/m)
groundwater was detected.  Severe surface scalding is present in areas with extremely
shallow (< 1 m) and saline groundwater, with EC in excess of 20 dS/m.

Salt introduced to the Tunbridge system from rainfall (85.1 kg/ha/year) was not
considered substantial, but could have a longer-term significant impact due to
Tunbridge's low rainfall and slowly permeable sub soils.  Under these conditions, a
surface salt accumulation could occur, especially in conjunction with use of low
quality irrigation water (< 0.8 dS/m).  However, high quality irrigation water should
be avoided on sodic soils due to increase in risk of dispersion and subsequent
structural decline.  It is recommended that further work be required to calculate the
optimum irrigation water EC to avoid sodicity and salinity issues.

Most soils are susceptible to land degradation hazards, including waterlogging, wind
erosion, and structural decline from sodicity.  Of these hazards, soil structural decline
caused by incorporation of sodic subsoils into cropping surfaces is considered the
greatest risk to the Tunbridge agricultural land resource.  Structural decline was
observed during the project in several areas, where past tillage in the area has been too
deep, bringing sodic subsoils to the surface.  By subjectively rating soils into potential
structural decline categories, mapping these areas, and developing general
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management recommendations, farmers are considered better equipped to identify
areas at risk, and avoid these areas for high impact future use, such as potatoes.

Wind erosion was identified in areas with sandy, loose topsoil and under strong
winds.  Standard management practices were recommended to minimise wind erosion
risk. Risk is dependent on topsoil structure, topographical position, and vegetative
cover.  Waterlogging hazard was identified in certain Tunbridge soils, but risk of
waterlogging is low due to the low rainfall environment, and current deficit irrigation
practices.  Farmers in the study group acknowledge this hazard despite the low risk.

The above hazards will always exist, but risk of the hazards degrading farmland is
minimised under certain conditions and best management practices.  Through farmer
meetings, field days and workshops, farmers have become more aware of the
identified Tunbridge hazards, and the impacts of these from future land use
intensification. Through these discussions, it is perceived the farmer group is keen to
modify current management practices to minimise the risk of land degradation under
land use intensification, and have already been successfully managing many of these
issues.

6.2 Recommendations for Further Work

6.2.1 Soil Chemistry

The soil survey and UMA component of the assessment was completed at a regional
or sub-catchment scale at 1:25000.  Relatively few full chemical and physical
analyses were undertaken due to time and budgetary constraints. Due to highly
variable ESP results, increased sodicity sampling would give a better understanding of
the structural decline risk present in the soils of the area.

Future investigations into irrigation water quality would be useful to determine how
the sodic soils of the region behave under application of a range of irrigation water
EC.  This would help determine the risk of soil dispersion and consequent soil
structural decline if high quality (low EC) irrigation water is supplied to the area from
the Blackman dam irrigation scheme, and calculate best mixing ratios using lower
quality water if required.

6.2.2 EM Survey

The EM31 survey intensity was considered sufficient for interpretation at a scale of
1:25 000.  However, greater areas of horizontal (2 m) survey would also be useful in
assessing shallower salt-stores, and would give a better indication of near root-zone
salinity, and shorter-term overview of salinity risk.  This work would target areas for
further EM38 survey, to assess root-zone salt-storage and map potential yield loss.

Further EM31 and EM38 calibration investigations would also be useful for
developing better relationships with salt, and an understanding on where any storage
is positioned in the profile.  The capacity to drill every hole to the required depth (5 m
maximum) would also need to be developed, and would ensure a greater consistency
with any regression analysis.  Automation of EM38 using a quad bike with logged
GPS signal would allow rapid data collection, and hence greater areas to be surveyed
within the same time frame.
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Future EM survey over the study site would allow a comparison with 2001 results,
and may give an indication of cropping and irrigation impact by determining change
in conductivity distribution. Assessing the change in EM surface with respect to
cropping and irrigation would be extremely useful in determining salinity risk under
intensified land use, and whether mapped salinity is spreading or becoming more
concentrated with increases in irrigation.

Conversion factors to determine soil ECese from EC1:5 and texture may not be ideal
for Tasmanian soils and clay mineralogies, and require further investigation.

6.2.3 Groundwater Monitoring

Groundwater data was collected within a sub-catchment of the study area, and
provides a reasonable short-term indication of the groundwater behaviour under
typical soils and landscapes.  A greater intensity of groundwater monitoring wells
would give a better indication of groundwater-flow patterns, with positioning to
enable irrigation impacts. Continued monitoring of these bores would be required
over many years to develop a greater understanding of longer-term trends with respect
to cropping, climactic conditions, and for the early detection of groundwater rise
under increased irrigation and intensified land use.
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APPENDICES

Appendix 1.   UMA Table for Tunbridge Study Site
(Codes as per McDonald et al 1990)

UMA LANDFORM
PATTERN

LAND
ELEMENT

ELEMENT
MINOR

AVERAGE
SLOPE  %

GEOLOGY
BEDROCK

SOIL
PARENT SOIL 1 SPC SOIL

1%
SOIL 2

SPC
SOIL
2%

SOIL 3
SPC

SOIL
3%

ROCK
OUTCROP

ASPECT
CAT

AV ALTITUDE
(m)

AREA
HECTARE

0 HIL HSL 8 Jdl Jdl Ne 100 0 3 237.217 9.66

2 ALP BKP DUN 2 Qa Sp 100 0 0 197.494 22.61

3 ALP BKP DUN 2 Qa HCa 85 sPs 15 0 0 227.857 176.21

4 TER TEP DUN 2 Qah Lp 90 sPs 10 0 0 252.757 4.11

5 DUN DUC 8 Qd sPs 100 0 1 201.173 7.92

6 HIL HSL 8 Jdl Jdl Ne 100 0 3 258.474 8.12

7 TER TEP DUN 2 Qaf Qah Lp 85 sPs 15 0 0 228.066 92.58

8 HIL FOO 8 Tb Tb M1 100 0 1 223.31 14.37

9 DUN DUC 2 Qaf Qd Ps 100 0 0 244.471 10.25

10 TER TEP DUN 2 Qah Lp 80 sPs 20 0 0 252.485 12.63

11 TER TEP DUN 2 Qah Lp 80 sPs 20 0 0 241.583 53.66

12 TER TEP DUN 2 Qah Lp 80 sPs 20 0 0 228.539 4.72

13 ALP BKP 2 Qa FCa 80 Sp 20 0 0 205.691 4.34

14 HIL FOO 8 Tb Tb M1 80 sPs 20 0 2 230.265 6.94

15 ALP BKP DUN 2 Qa Qa Sp 60 FCa 40 0 0 198.526 4.85

16 LOW FOO DUN 8 Rp Rp Gm 80 FCa 20 0 3 211.913 7.29

17 ALP BKP DUN 2 Qa Qa HCa 100 0 0 227.584 4.94

19 TER TEP DUN 2 Qaf Qah Lp 80 sPs 20 0 0 253.808 4.02

20 LOW FOO DUN 4 Qd Rp Gm 80 FCa 20 0 2 208.208 8.33

21 ALP BKP 15 Qa FCa 70 Sp 30 0 3 224.616 7.36

22 TER TEP DUN 2 Qa Qah Lp 80 sPs 20 0 0 247.706 24.04

23 ALP BKP DUN 2 Qa Qa HCa 100 0 0 230.013 6.46

24 TER TEF DUN 2 Qah Wb 70 Sp 30 0 0 200.451 17.94

25 HIL FOO 8 Tb Tb M1 100 0 2 230.646 2.61

26 TER TEP DUN 2 Qa Qah Lp 70 sPs 30 0 0 254.027 9.98

27 ALP BKP DUN 2 Qa HCa 100 0 0 230.076 15.88

28 LOW FOO DUN 8 Rp Rp Gm 80 sPs 20 0 2 220.108 8.08

29 ALP DDE 2 Qa FCa 85 Sp 15 0 0 202.148 4.14

30 ALP BKP DUN 2 Qa HCa 100 0 0 242.021 13.78

31 ALP BKP 2 Qa FCa 80 Sp 20 0 0 200.005 27.38

32 DUN DUC 2 Qd Qd sPs 80 FCa 20 0 0 203.699 2.37

34 HIL HSL 2 Jdl Jdl Ne 90 Lp 10 0 0 234.777 4.13

35 DUN DUC 2 Qd sPs 100 0 0 225.275 4.75

36 HIL HSL 2 Jdl Jdl Ne 100 0 0 238.379 2.57

37 TER TEP DUN 2 Qa Qah Lp 80 sPs 20 0 0 242.923 4.81

38 HIL HSL 2 Jdl Jdl Ne 100 0 0 232.539 10.49

39 TER TEP DUN 2 Qa Qah Lp 80 sPs 20 0 0 240.671 5.06

40 TER TEP DUN 2 Qaf Qah Lp 100 0 0 243.419 22.24

41 HIL FOO 3 Tb Tb M1 100 0 4 235.118 19.04

42 LOW FOO DUN 8 Rp Rp Gm 75 sPs 25 0 4 221.478 9.36

43 DUN DUS 2 Qd sPs 75 FCa 25 0 0 201.281 14.93

44 HIL FOO 3 Tb Tb M1 100 0 3 234.617 5.41

45 LOW FOO DUN 3 Rp Rp Gm 80 sPs 20 0 2 234.079 4.65

46 TER TEP DUN 2 Qah Lp 100 0 0 226.171 8.31

47 TER TEP DUN 2 Qa Qah Lp 80 sPs 20 0 0 246.396 4.80

48 DUN DUC 2 Qd Qd sPs 100 0 0 221.056 23.79

49 TER TEP DUN 2 Qa Qah Lp 80 sPs 20 0 0 250.369 24.28

50 LOW PLA DUN 2 Rp Rp Gmpd 60 Gm 20 sPs 20 0 0 204.62 3.16

51 TER TEP DUN 2 Qah Lp 100 0 0 239.007 9.87

52 ALP BKP 3 Qa FCa 85 HCa 15 0 2 201.659 14.54

53 HIL FOO 8 Tb Tb M1 100 0 3 221.977 4.29

54 TER TEP DUN 2 Qaf Qah Lp 80 sPs 20 0 0 218.674 69.50

55 HIL HSL 2 Jdl Jdl Ne 90 Lp 10 0 0 230.225 12.78

56 ALP BKP DUN 2 Qa HCa 65 FCa 35 0 0 223.552 6.84

57 ALP BKP DUN 2 Qa Qa HCa 65 FCa 35 0 0 225.544 2.87

58 LOW FOO DUN 3 Rp Rp Gm 80 sPs 20 0 1 234.115 19.79

59 DUN DUS 2 Qd Qd sPs 100 0 0 201.258 10.33

60 HIL HSL 2 Jdl Jdl Ne 90 Lp 10 0 0 254.414 6.48

61 HIL HSL 8 Jdl Jdl Ne 100 0 1 255.952 6.53

62 DUN DUC 2 Qd Ps 100 0 0 220.049 8.30

64 LOW FOO DUN 8 Rp Rp Gm 85 sPs 15 0 1 224.266 4.38

65 LOW FOO DUN 3 Rp Rp Gm 80 sPs 20 0 1 220.212 2.71

66 TER TEP DUN 2 Qah Lp 80 sPs 20 0 0 217.354 3.43

68 DUN DUS 2 Qd sPs 100 0 0 202.917 0.16

69 ALP BKP DUN 8 Jdl Qa HCa 100 0 4 222.345 5.39
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70 DUN DUC 2 Jdl Qd sPs 100 0 0 215.562 54.41

71 ALP BKP 8 Qa HCa 100 0 4 222.345 24.13

72 LOW FOO DUN 3 Rp Rp Gm 80 sPs 20 0 2 221.387 21.85

73 ALP BKP DUN 2 Qa HCa 60 FCa 40 0 0 218.21 4.66

74 LOW FOO DUN 8 Rp Rp Gm 80 sPs 20 0 3 223.423 8.39

75 DUN DUS 7 Qd Ps 85 Gm 15 0 3 224.712 8.94

76 DUN DUS 3 Qd sPs 100 0 4 203.787 9.81

77 ALP BKP DUN 2 Qa HCa 65 FCa 35 0 0 233.649 8.02

78 LOW FOO DUN 3 Rls Rp Gm 70 sPs 30 0 3 218.707 11.28

79 TER TEP DUN 2 Qa Qah Lp 80 FCa 20 0 0 217.775 33.37

80 ALP BKP DUN 2 Qa Qa HCa 70 FCa 30 0 0 223.269 9.06

81 LOW FOO DUN 3 Rls Rp Gm 80 sPs 20 0 1 206.013 14.93

82 LOW PLA DUN 2 Rp Rp Gmpd 80 sPs 20 0 0 208.796 5.37

83 LOW PLA DUN 3 Rp Rp Gmpd 80 sPs 20 0 4 205.328 18.59

84 HIL PLA 2 Tb Tb M1 80 sPs 20 0 0 208.178 14.20

85 TER TEP DUN 2 Qa Qah Lp 100 0 0 217.932 5.18

86 ALP BKP DUN 2 Qa Qa HCa 60 FCa 40 0 0 218.835 4.57

87 HIL HSL 4 Jdl Jdl Ne 90 Lp 10 0 1 234.37 6.40

88 HIL HSL 4 Jdl Jdl Ne 90 Lp 10 0 4 237.669 4.07

89 TER TEP DUN 2 Qa Qah Lp 80 sPs 20 0 0 217.157 12.65

90 ALP BKP DUN 3 Qa HCa 60 FCa 40 0 2 214.84 23.37

91 DUN DUS 3 Qd Ps 100 0 2 209.823 1.01

92 ALP BKP DUN 3 Qa HCa 70 Wb 30 0 2 219.151 5.87

93 HIL HSL 4 Jdl Jdl Ne 90 Lp 10 0 1 243.979 7.46

94 ALP BKP 3 Qa HCa 60 FCa 40 0 2 214.84 6.29

95 LOW FOO DUN 3 Rp Rp Gm 80 sPs 20 0 1 206.936 10.04

96 LOW PLA DUN 2 Rp Rp Gmpd 80 sPs 20 0 0 208.839 4.61

97 HIL HSL 8 Jdl Jdl Ne 100 0 1 249.411 75.49

98 HIL HSL 4 Jdl Jdl Ne 90 Lp 10 0 2 225.134 10.47

99 DUN DUS 7 Qd Ps 80 Gm 20 0 4 214.335 7.45

100 TER TEP DUN 2 Qah Lp 60 Wb 40 0 0 221.03 7.50

101 HIL HSL 8 Jdl Jdl Ne 100 0 4 254.942 4.21

102 DUN DUS 3 Qd Ps 100 0 1 211.385 11.21

103 HIL HSL 8 Jdl Jdl Ne 90 Lp 10 0 2 231.691 5.80

104 HIL HSL 4 Jdl Jdl Ne 90 Lp 10 0 1 226.763 5.15

105 DUN DUC 8 Qd Ps 80 Gm 20 0 4 223.131 6.47

106 ALP BKP DUN 3 Qa HCa 80 FCa 20 0 4 205.944 20.95

107 HIL HSL 4 Jdl Jdl Ne 100 0 1 262.359 5.10

108 DUN DUC 8 Qd Ps 100 0 4 229.638 8.10

109 TER TEP DUN 2 Qah Lp 80 Wb 20 0 0 218.794 6.37

110 HIL HSL 8 Jdl Jdl Ne 100 0 2 250.373 10.13

111 DUN DUS 3 Qd Ps 100 0 1 208.606 6.42

112 DUN DUC 3 Qd Ps 100 0 4 206.715 6.16

113 TER TEP DUN 4 Qah Lp 100 0 1 220.249 14.06

114 DUN DUC 3 Qd Ps 100 0 4 207.888 13.99

115 DUN DUS 2 Qd Ps 80 Gm 20 0 0 210.706 9.10

116 TER TEP DUN 2 Qah Lp 100 0 0 218.376 11.30

117 DUN DUS 8 Qd Ps 100 0 1 220.076 7.71

118 TER TEP DUN 4 Qah Lp 100 0 2 222.574 8.87

119 ALP BKP DUN 4 Qa Qa HCa 80 FCa 20 0 4 247.035 7.03

120 HIL HCR 3 Jdl Jdl Nes 100 15 4 219.574 5.24

121 HIL HSL 4 Jdl Jdl Ne 90 Lp 10 0 4 246.261 7.08

122 DUN DUS 8 Qd Ps 80 Gm 20 0 3 223.179 6.06

123 TER TEP DUN 3 Qaf Qah Lp 70 Wb 30 0 2 220.417 7.74

124 HIL HSL 4 Jdl Jdl Ne 100 0 4 266.673 4.13

125 DUN DUS 3 Qd Qd Ps 100 0 2 217.606 1.37

126 LOW FOO DUN 6 Rp Rp Gm 100 0 1 211.793 6.89

127 HIL HSL 8 Jdl Jdl Ne 90 Lp 10 0 1 240.124 2.22

128 HIL HSL 8 Jdl Jdl Ne 100 0 1 277.904 4.31

129 DUN DUS 3 Qd Ps 80 Gm 20 0 4 211.711 13.41

130 DUN DUS 3 Qd Ps 100 0 4 212.048 5.21

131 DUN DUC 3 Qd sPs 100 0 4 207.178 14.81

132 TER TEP DUN 2 Qah Lp 70 Wb 30 0 0 219.694 3.29

134 DUN DUC 3 Qd sPs 100 0 4 208.225 30.03

135 DUN DUS 3 Qd Ps 70 Gm 30 0 4 218.656 30.27

136 TER TEP DUN 4 Qah Lp 80 Wb 20 0 2 223.006 4.68

137 HIL HSL 8 Jdl Jdl Ne 100 0 2 269.257 20.25

139 DUN DUS 2 Qd Ps 80 Gm 20 0 0 208.869 6.36

140 LOW FOO DUN 6 Rp Rp Gm 100 0 4 219.816 5.67

141 LOW FOO DUN 2 Rp Rp Gm 80 sPs 20 0 0 206.819 16.83

142 ALP DDE 2 Qaf Qa FCa 100 0 0 207.499 3.95

144 HIL HSL 8 Jdl Jdl Ne 90 Lp 10 0 2 245.182 12.49

145 LOW FOO 3 Rp Rp sPs 80 sPs 20 0 3 214.052 4.56

146 LOW FOO DUN 6 Rls Rp Gm 100 0 2 212.121 15.16

147 LOW FOO 3 Rp Rp sPs 100 0 2 221.653 22.91
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148 HIL HSL 8 Jdl Jdl Ne 90 Lp 10 0 1 245.401 11.46

150 HIL HCR 3 Jdl Jdl Nes 100 15 1 222.982 0.34

151 LOW FOO DUN 6 Rp Rp Gm 100 0 4 208.663 10.56

152 TER TEP DUN 2 Qah Lp 70 sPs 30 0 0 220.359 36.68

153 HIL HSL 8 Jdl Jdl Ne 100 0 4 274.707 15.42

154 TER TEP DUN 2 Qah Lp 85 Wb 15 0 0 221.477 2.03

155 DUN DUC 2 Qd sPs 70 Lp 30 0 0 222.79 2.79

156 HIL HSL 8 Jdl Jdl Ne 90 Lp 10 0 4 262.266 32.84

157 TEF TEP 3 Qa Qa FCa 100 0 4 206.43 10.61

158 LOW FOO 3 Rp Rp sPs 100 0 4 212.398 7.04

159 TER TEP DUN 2 Qah Lp 80 Wb 20 0 0 223.44 9.04

160 TER TEP DUN 2 Qah Lp 80 sPs 20 0 0 226.128 12.47

161 LOW FOO DUN 6 Rp Rp Gm 100 0 4 212.571 12.52

162 0 pan 100 0 0 206.879 10.37

163 DUN DUS 3 Qd Ps 100 0 3 206.497 5.50

164 HIL HSL 15 Jdl Jdl Ne 90 Nes 10 0 1 300.309 10.52

165 DUN DUS 8 Qd Ps 70 Gm 30 0 3 209.675 7.76

166 ALP BKP DUN 2 Qa HCa 100 0 0 207.251 6.70

167 DUN DUS 2 Qaf Qd Ps 85 Wb 15 0 0 207.119 0.87

168 TER TEP DUN 2 Qah Lp 90 Wb 10 0 0 222.729 7.88

169 ALP BKP DUN 2 Qa HCa 100 0 0 206.783 2.42

170 DUN DUS 2 Qd sPs 75 Wb 25 0 0 208.226 11.46

171 LOW FOO DUN 2 Rp Rp Gm 80 sPs 20 0 0 210.193 9.69

172 LOW FOO DUN 8 Rp Rp Gm 80 Sp 20 0 3 201.611 7.85

173 ALP BKP DUN 3 Qa HCa 65 Sp 35 0 4 207.87 5.49

174 LOW FOO DUN 2 Rp Rp Gm 80 sPs 20 0 0 209.486 4.96

175 DUN DUS 3 Qd Ps 100 0 4 207.108 8.95

176 HIL HSL 8 Jdl Jdl Ne 90 Lp 10 0 1 268.986 8.42

177 HIL HCR 3 Jdl Jdl Nes 100 15 1 226.71 7.60

178 DUN DUS 2 Qd sPs 75 Wb 25 0 0 206.445 11.18

179 LOW FOO DUN 3 Rp Rp Gm 80 Sp 20 0 4 199.248 4.74

180 LOW FOO 3 Rp Rp sPs 100 0 4 203.825 8.64

181 LOW FOO DUN 3 Rp Rp Gm 65 Ne 35 0 1 215.821 6.39

182 HIL HSL 8 Jdl Jdl Ne 90 Nes 10 0 2 290.232 10.60

183 TER TEF DUN 2 Qah Wb 100 0 0 206.623 5.94

184 HIL HSL 8 Jdl Jdl Ne 100 0 1 272.137 8.03

185 LOW FOO 3 Rp Rp sPs 100 0 4 209.699 7.85

187 0 Qm Qm pan 0 0 196.56 12.61

188 HIL HSL 8 Jdl Jdl Ne 100 0 4 267.682 19.32

189 HIL HSL 8 Jdl Jdl Ne 90 Lp 10 0 1 237.203 18.73

190 HIL HSL 8 Jdl Jdl Ne 90 Lp 10 0 2 265.77 97.65

191 HIL HSL 8 Jdl Jdl Ne 90 Nes 10 0 2 293.952 9.77

192 LOW FOO DUN 2 Rp Rp Gm 80 sPs 20 0 0 208.875 17.34

193 HIL HSL 8 Jdl Jdl Ne 90 Lp 10 0 2 276.91 7.31

194 LOW FOO DUN 2 Rp Rp Gm 80 sPs 20 0 0 210.078 6.42

195 TER TEP DUN 2 Qaf Qah Lp 75 Wb 25 0 0 209.449 5.87

196 LOW FOO DUN 8 Rp Rp Gm 70 Ne 30 0 4 220.511 4.62

197 HIL HCR 8 Jdl Jdl Nes 100 15 1 315.028 27.21

198 LOW FOO DUN 2 Rp Rp Gm 80 sPs 20 0 216.437 2.56

199 TER TEP DUN 15 Jdl Qah Lp 75 Wb 25 0 1 242.29 6.26

200 ALP BKP DUN 2 Qa HCa 100 0 0 207.07 4.83

201 ALP BKP 2 Qaf Qa FCa 100 0 0 209.1 10.20

202 HIL HCR 8 Jdl Jdl Nes 100 15 1 231.519 10.76

203 LOW FOO DUN 2 Rls Rp Gm 80 Sp 20 0 0 204.038 8.86

204 HIL HSL 4 Jdl Jdl Ne 100 0 4 256.653 9.36

205 HIL HSL 4 Jdl Jdl Ne 100 0 4 265.602 23.57

206 ALP BKP DUN 2 Qa HCa 100 0 0 207.749 7.82

207 LOW FOO DUN 3 Rp Rp Gm 100 0 1 237.019 13.31

208 HIL HSL 8 Jdl Jdl Ne 90 Lp 10 0 2 266.265 12.22

209 HIL HSL 8 Jdl Jdl Ne 100 0 3 291.256 10.18

210 ALP BKP DUN 2 Qa Sp 65 HCa 35 0 0 206.131 15.07

211 HIL HCR 8 Jdl Jdl Nes 90 Ne 10 15 4 277.891 4.15

212 HIL HSL 15 Jdl Jdl Ne 100 0 1 281.138 16.94

213 ALP BKP DUN 2 Qa Qa Sp 80 HCa 20 0 0 207.083 7.46

214 ALP BKP DUN 2 Qa Sp 80 HCa 20 0 0 208.617 7.61

215 LOW FOO 3 Rp sPs 75 Ne 25 0 1 215.949 7.44

216 TER TEP DUN 2 Qah Lp 80 sPs 20 0 0 210.047 10.97

217 HIL HSL 8 Jdl Jdl Ne 100 0 2 269.834 17.10

218 HIL HSL 8 Jdl Jdl Ne 90 Lp 10 0 1 272.464 5.38

219 HIL HSL 2 Jdl Jdl Ne 100 0 0 262.462 8.44

220 HIL HSL 2 Jdl Jdl Ne 100 0 0 263.639 5.42

221 LOW FOO 8 Rp sPs 100 0 1 218.665 9.17

222 LOW FOO DUN 2 Rls Rp Gm 80 sPs 20 0 0 209.711 25.39

224 TER TEP DUN 2 Qah Lp 100 0 0 259.862 6.66

225 TER TEP DUN 2 Qaf Qah Lp 80 Wb 20 0 0 210.291 6.63
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226 ALP BKP DUN 2 Qa Qa Sp 100 0 0 258.61 8.63

227 ALP BKP DUN 2 Qa Sp 100 0 0 257.606 11.81

228 HIL HSL 3 Jdl Ne 90 Gm 10 0 4 217.804 8.78

229 HIL HSL 3 Jdl Jdl Ne 90 Lp 10 0 2 270.495 8.58

230 DUN DUC 3 Qa Qd Ps 100 0 2 205.217 6.45

231 HIL HSL 8 Jdl Jdl Ne 90 Lp 10 0 2 280.577 6.71

232 LOW FOO DUN 2 Rls Rp Gm 80 sPs 20 0 0 213.606 4.56

233 ALP BKP 2 Qa FCa 75 Sp 25 0 0 209.702 8.19

234 LOW FOO 8 Rp sPs 100 0 3 215.363 21.61

235 ALP BKP DUN 2 Qa Sp 85 sPs 15 0 0 207.613 4.61

236 HIL HSL 8 Jdl Jdl Ne 90 Lp 10 0 2 307.891 7.84

237 HIL HSL 8 Jdl Jdl Ne 100 0 1 276.333 35.24

238 HIL HSL 8 Jdl Jdl Ne 100 0 4 239.34 4.61

239 HIL HSL 8 Jdl Jdl Ne 100 0 1 289.815 8.41

240 HIL HSL 3 Jdl Ne 90 Gm 10 0 0 216.795 18.15

241 ALP BKP DUN 3 Qa Qa HCa 90 Ne 10 0 0 205.79 6.53

242 LOW FOO DUN 2 Rp Gm 80 sPs 20 0 0 209.597 4.12

243 ALP BKP DUN 2 Qa Sp 90 HCa 10 0 0 208.514 4.41

244 DUN DUC 2 Qd sPs 80 Lp 20 0 0 210.077 5.06

245 TER TEP DUN 2 Qah Lp 60 Wb 40 0 0 212.409 5.70

246 LOW FOO DUN 2 Rp Gm 80 sPs 20 0 0 211.091 21.80

247 LOW FOO DUN 8 Rp Gm 100 0 4 238.016 7.38

248 HIL HSL 8 Jdl Jdl Ne 100 0 1 263.106 22.13

249 ALP BKP DUN 2 Qa Sp 80 sPs 20 0 0 209.396 1.43

250 HIL HSL 15 Jdl Jdl Ne 100 0 1 295.944 12.49

251 HIL HSL 15 Jdl Jdl Ne 90 Nes 10 0 3 307.675 12.44

252 LOW FOO DUN 8 Rp Gm 70 Ne 30 0 1 231.072 5.08

253 HIL HCR 4 Jdl Jdl Nes 90 Ne 10 15 2 280.233 7.30

254 HIL HSL 8 Jdl Jdl Ne 100 0 2 292.995 5.01

255 HIL HSL 2 Jdl Ne 100 0 0 209.774 23.43

256 HIL HSL 8 Jdl Jdl Ne 100 0 1 292.51 9.24

257 HIL HSL 2 Jdl Ne 100 0 0 208.185 19.74

258 HIL HSL 2 Jdl Ne 100 0 0 276.127 8.69

259 HIL HSL 15 Jdl Jdl Ne 100 0 2 336.829 5.68

260 HIL HSL 8 Jdl Jdl Ne 100 0 1 315.708 5.86

261 ALP BKP DUN 2 Qa Sp 85 sPs 15 0 0 209.083 3.58

262 HIL HCR 8 Jdl Jdl Nes 100 15 4 304.829 20.95

263 HIL HSL 2 Jdl Ne 100 0 0 210.792 24.47

264 HIL HSL 8 Jdl Ne 100 0 1 294.044 6.99

265 HIL HSL 15 Jdl Jdl Ne 90 Nes 10 0 4 300.257 5.92

266 TER TEF DUN 2 Qah Wb 70 Lp 30 0 0 211.255 14.04

267 LOW FOO DUN 2 Qaf Rp Gmpd 100 0 0 210.038 6.05

268 ALP BKP DUN 3 Qa Qa HCa 90 Ne 10 0 4 207.538 5.85

269 LOW FOO DUN 3 Rp Gm 100 0 4 209.119 7.73

270 LOW FOO DUN 2 Rp Gm 80 Lp 20 0 0 210.428 6.55

271 HIL HSL 4 Jdl Jdl Ne 90 Ne 10 0 3 303.382 36.41

272 HIL HSL 8 Jdl Ne 100 0 4 276.382 5.31

273 HIL HSL 8 Jdl Jdl Ne 100 0 2 285.629 5.85

274 HIL HCR 15 Jdl Jdl Nes 100 15 4 287.049 17.21

275 ALP BKP DUN 2 Qa Sp 100 0 0 209.558 3.41

276 ALP BKP DUN 8 Qu Qa Sp 100 0 1 263.827 8.28

277 HIL HSL 8 Jdl Jdl Ne 90 Nes 10 0 1 301.939 2.20

278 HIL HSL 4 Qa Jdl Ne 100 0 4 265.485 4.39

279 HIL HSL 8 Jdl Ne 100 0 3 303.169 8.87

280 ALP BKP DUN 3 Qa HCa 100 0 4 207.505 4.55

281 LOW FOO DUN 2 Rp Gm 100 0 0 210.827 2.65

282 HIL HSL 8 Jdl Jdl Ne 100 0 1 257.262 4.95

283 HIL HSL 8 Jdl Ne 90 Lp 10 0 1 224.252 6.83

284 LOW FOO DUN 3 Rp Gmpd 80 sPs 20 0 4 209.97 5.88

285 HIL HSL 8 Jdl Jdl Ne 100 0 4 241.004 2.16

286 LOW FOO DUN 2 Rp Gm 80 sPs 20 0 0 210.947 9.10

287 ALP BKP DUN 8 Qa Sp 100 0 2 268.855 5.45

288 ALP BKP DUN 2 Qa Sp 100 0 0 210.715 4.73

289 HIL HCR 4 Jdl Jdl Nes 100 Ne 15 3 280.569 13.15

290 HIL HSL 2 Jdl Ne 90 Ne 10 0 0 210.559 5.81

291 DUN DUC 3 Qd Ps 100 0 1 208.891 8.72

292 HIL HCR 8 Jdl Jdl Nes 100 15 3 318.054 27.40

293 TER TEP DUN 2 Qah Lp 80 Wb 20 0 0 211.784 8.31

294 LOW FOO DUN 2 Rp Gm 80 sPs 20 0 0 210.831 2.61

295 HIL HSL 2 Jdl Ne 100 0 0 210.859 3.78

296 HIL HSL 2 Jdl Ne 90 Lp 10 0 0 219.869 7.49

297 DUN DUC 3 Qd Ps 100 0 1 208.569 13.81

298 HIL HSL 8 Jdl Jdl Ne 100 0 4 262.089 6.63

299 HIL HSL 2 Jdl Ne 90 Lp 10 0 0 220.523 28.77

300 HIL HSL 8 Jdl Jdl Ne 100 0 2 281.917 22.67
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301 HIL HSL 8 Jdl Jdl Ne 90 Nes 10 0 2 315.146 15.75

302 DUN DUC 3 Qd Ps 100 0 4 210.503 4.93

303 LOW FOO DUN 2 Qd Rp Gm 100 0 0 212.334 8.76

304 HIL HSL 8 Jdl Ne 100 0 1 277.345 3.88

305 DUN DUC 3 Qd Ps 75 Lp 25 0 1 208.293 7.76

306 HIL HCR 8 Jdl Jdl Nes 100 15 2 341.647 4.20

307 LOW FOO DUN 3 Rp Gmpd 100 0 1 210.582 7.03

308 LOW FOO DUN 2 Rp Gm 100 0 0 210.327 16.04

309 ALP BKP DUN 2 Qa Sp 100 0 0 210.903 23.30

310 ALP BKP DUN 2 Qa Sp 100 0 0 210.749 7.47

311 0 water 0 0 207.208 4.71

312 HIL FAN 2 Jdl Ne+Gm 50 Gm 50 0 0 221.438 7.42

313 HIL HSL 3 Jdl Ne 90 Ne 10 0 4 210.758 8.39

314 HIL HSL 8 Jdl Ne 90 sPs 10 0 1 215.355 3.79

315 LOW FOO DUN 2 Rp Gm 100 0 0 210.527 5.53

316 ALP BKP DUN 2 Qa Sp 80 Gm 20 0 0 213.657 5.11

317 HIL HSL 15 Jdl Ne 90 sPs 10 0 4 228.007 4.64

318 HIL HSL 2 Jdl Ne 100 0 0 210.925 5.02

319 HIL HSL 8 Jdl Jdl Ne 100 0 3 296.772 53.14

320 HIL HSL 8 Jdl Ne 100 0 2 209.943 5.32

321 HIL HSL 8 Jdl Ne 100 0 2 290.303 8.22

322 LOW FOO DUN 2 Ql Rp Gm 80 sPs 20 0 0 210.456 19.58

323 HIL HSL 8 Jdl Ne 100 0 3 251.305 11.12

324 DUN DUC 2 Qd Ps 80 Lp 20 0 0 212.701 102.03

325 DUN DUC 2 Qd Ps 70 Gm 30 0 0 220.625 9.14

326 HIL HSL 15 Jdl Jdl Ne 90 Nes 10 0 3 318.2 6.14

327 0 Qa water 0 0 209.943 8.72

328 HIL HCR 8 Jdl Jdl Nes 100 15 1 230.65 85.50

329 HIL HSL 15 Jdl Ne 100 0 3 280.094 4.26

330 LOW FOO DUN 2 Rp Gm 80 sPs 20 0 0 211.091 8.48

331 HIL HSL 15 Jdl Ne 100 0 3 320.101 93.13

332 ALP DDE 3 Qa Hcap 100 0 4 207.208 6.85

334 LOW FOO DUN 8 Qu Rp Gm 100 0 3 237.515 17.81

335 TER TEP DUN 2 Qaf Qah Lp 80 Wb 20 0 0 213.159 20.73

336 HIL HSL 2 Jdl Ne 100 0 0 210.94 2.52

337 ALP BKP DUN 3 Qa Sp 100 0 4 210.334 12.32

338 TER TEF DUN 4 Qa Qah Wb 100 0 1 268.663 5.56

339 TER TEF DUN 2 Qah Lp 80 Wb 10 sPs 10 0 0 218.173 11.02

340 HIL HSL 15 Jdl Ne 100 0 4 258.171 27.80

341 TER TEP DUN 2 Qaf Qah Lp 80 Wb 20 0 0 213.792 64.99

342 ALP BKP DUN 3 Qa Gm 65 Sp 20 sPs 15 0 1 217.318 15.56

343 TER TEF DUN 2 Jdl Qah Wb 100 0 0 270.098 9.64

344 TER TEP DUN 2 Qaf Qah Br 85 Wb 15 0 0 274.066 4.21

345 LOW FOO DUN 2 Rp Gm 100 0 0 213.007 4.46

346 TER TEP DUN 4 Qa Qah Br 100 0 2 275.651 20.21

347 HIL HSL 8 Jdl Ne 100 0 2 273.475 5.60

348 LOW FOO DUN 2 Rp Gm 75 sPs 15 Ne 10 0 0 230.539 5.61

349 TER TEP DUN 4 Qah Br 100 0 3 281.651 8.26

350 HIL HSL 7 Jdl Ne 90 Ne 10 0 3 218.058 6.37

351 TER TEP DUN 2 Qah Lp 80 Wb 10 HCa 10 0 0 271.203 99.64

352 HIL HCR 3 Jdl Jdl Nes 100 15 1 240.335 3.11

353 TER TEP DUN 2 Qah Brd 100 0 0 288.813 12.44

354 TER TEP DUN 2 Qah Lp 80 Ne 20 0 0 214.887 11.51

355 TER TEP DUN 2 Qah Lp 80 Ne 20 0 0 213.404 5.25

356 HIL HSL 8 Jdl Ne 100 0 3 267.969 4.09

357 LOW FOO DUN 3 Rp Gm 80 Ne 20 0 4 240.863 0.60

358 TER TEP DUN 8 Jdl Qah Br 100 0 1 285.74 4.60

359 HIL HSL 8 Jdl Ne 100 0 2 227.152 48.93

360 TER TEP DUN 2 Qa Qah Br 100 0 0 283.895 0.21

361 TER TEP DUN 2 Qaf Qah Brd 100 0 0 282.222 7.55

362 HIL HSL 3 Qu Jdl Ne 100 0 2 242.875 3.34

363 HIL HCR 9 Jdl Jdl Nes 100 15 1 249.836 4.98

364 LOW FOO DUN 15 Rp Gm 75 sPs 25 0 4 262.592 20.02

365 HIL HSL 2 Jdl Ne 100 0 0 214.729 5.62

366 ALP BKP DUN 2 Qa Sp 75 HCa 25 0 0 209.586 6.24

367 HIL HCR 3 Jdl Jdl Nes 100 15 2 248.522 13.29

368 ALP BKP 2 Qa Qa FCa 80 HCa 20 0 0 209.943 5.03

369 DUN DUC 3 Qd Ps 75 Gm 25 0 3 230.369 3.11

370 DUN DUC 2 Qd Ps 100 0 0 216.006 4.99

371 TER TEP DUN 2 Qaf Qah Lp 80 sPs 20 0 0 222.241 8.83

372 HIL HCR 3 Jdl Jdl Nes 90 sPs 10 15 4 248.238 11.52

373 HIL HSL 9 Jdl Ne 90 sPs 10 0 1 235.164 5.48

374 ALP BKP DUN 2 Qa Sp 50 Wb 30 Lp 20 0 0 210.338 21.21

375 LOW FOO DUN 3 Rp Gm 80 Ne 20 0 4 230.061 9.86

376 TER TEP DUN 2 Qaf Qah Lp 90 sPs 10 0 0 215.986 6.32
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377 HIL FOO 4 Jdl Jdl Ne 100 0 4 214.942 4.30

378 TER TEP DUN 3 Qah Lp 100 0 2 241.692 5.34

379 HIL 3 Jdl Jdl Ea 60 Ne 40 0 3 269.967 8.61

380 TER TEP DUN 3 Qah Lp 100 0 2 239.765 7.11

382 HIL HCR 2 Jdl Nes 100 15 0 278.87 11.50

383 TER TEP DUN 3 Qaf Qah Lp 100 0 2 239.094 33.06

384 ALP BKP DUN 2 Qa Sp 70 Gm 30 0 0 219.318 4.73

385 ALP DDE 2 Qa Qa FCa 60 HCa 40 0 0 219.866 12.97

386 HIL HCR 3 Jdl Nes 100 15 2 243.596 17.59

387 DUN DUC 2 Qd Ps 100 0 0 216.718 7.97

388 TER TEP DUN 3 Qu Qah Lp 75 Ea 25 0 1 246.124 20.33

389 ALP BKP 2 Qa Qa FCa 70 HCa 30 0 0 215.638 9.24

390 HIL HSL 3 Jdl Ne 100 0 3 220.05 5.21

391 HIL HCR 8 Jdl Nes 90 sPs 10 15 3 261.6 9.30

393 HIL 3 Jdl Ea 100 0 3 268.598 0.78

394 TER TEP DUN 2 Qah Lp 100 0 0 219.918 111.70

395 HIL HSL 8 Jdl Jdl Ne 100 0 1 265.786 5.08

396 ALP BKP DUN 2 Qa HCa 100 0 0 218.528 18.08

397 HIL FAN 2 Jdl Gm 50 Ne 50 0 0 220.733 5.65

399 TER TEP DUN 3 Qaf Qah Lp 80 Ne 20 0 2 231.636 5.08

400 HIL HCR 9 Jdl Jdl Nes 100 15 1 248.462 4.08

401 TER TEP DUN 2 Qah Lp 80 sPs 20 0 0 219.941 4.42

402 TER TEF DUN 3 Qah Wb 80 Lp 20 0 1 210.209 7.20

403 HIL HSL 8 Jdl Jdl Ne 100 0 2 264.753 15.10

404 HIL HSL 15 Jdl Ne 90 sPs 10 0 3 241.567 7.55

405 HIL HSL 9 Jdl Ne 90 sPs 10 0 2 238.512 8.39

406 HIL FAN 3 Jdl Gm 50 Ne 50 0 2 223.382 64.09

407 ALP BKP DUN 2 Qa Qa Sp 60 Wb 30 Lp 10 0 0 218.025 13.31

408 TER TEP DUN 3 Qah Lp 100 0 3 241.04 42.28

409 ALP BKP DUN 2 Qa Qa HCa 100 0 0 218.443 4.89

410 ALP BKP DUN 2 Qa Qa HCa 80 FCa 20 0 0 217.724 34.44

411 ALP BKP DUN 2 Qa HCa 70 FCa 30 0 0 217.962 14.88

412 ALP BKP DUN 3 Qa Sp 100 0 3 217.975 4.86

413 DUN DUC 2 Qd Ps 100 0 0 220.101 12.97

414 TER TEP DUN 2 Qa Qah Lp 100 0 0 217.354 5.21

415 HIL HSL 15 Jdl Ne 90 sPs 10 0 3 251.059 8.11

416 HIL FOO 3 Lt Lk 100 0 4 287.357 10.89

417 TER TEF DUN 2 Qaf Qah Wb 70 sPs 15 Lp 15 0 0 215.576 12.37

418 DUN DUC 3 Qd Ps 100 0 3 230.09 8.32

419 HIL FAN 2 Jdl Gm 45 Ne 45 sPs 10 0 0 223.456 5.77

420 TER TEF DUN 2 Qa Qah Wb 90 sPs 10 0 0 218.339 11.90

421 HIL HCR 9 Jdl Jdl Nes 100 15 3 265.485 5.81

422 TER TEP DUN 2 Qah Lp 100 0 0 240.484 6.81

423 LOW FOO DUN 3 Rp Gm 100 0 3 228.304 11.74

424 HIL HSL 8 Jdl Jdl Ne 90 Ea 10 0 1 267.801 4.73

425 ALP BKP 2 Qa Qa FCa 80 HCa 20 0 0 218.577 11.01

426 TER TEP DUN 2 Qah Lp 70 Gmpd 30 0 0 220.107 4.60

427 HIL HSL 8 Jdl Jdl Ne 100 0 2 271.134 4.20

428 HIL 3 Jdl Ea 100 0 4 249.502 17.24

429 LOW FOO DUN 3 Rp Gm 60 sPs 20 Ne 20 0 4 227.575 10.79

430 HIL 3 Jdl Ea 100 0 2 256.929 5.20

431 ALP BKP DUN 2 Qa Qa HCa 70 Sp 30 0 0 209.988 4.48

432 TER TEF DUN 2 Qa Qah Wb 80 sPs 20 0 0 218.822 6.97

433 HIL HSL 3 Jdl Jdl Ne 100 0 1 245.985 18.42

434 TER TEP DUN 2 Qa Qah Lp 100 0 0 219.641 14.64

435 TER TEP DUN 2 Qa Qah Lp 100 0 0 219.6 5.38

436 LOW FOO DUN 3 Rp Gm 70 Ne 30 0 4 210.545 6.60

437 TER TEP DUN 2 Qaf Qah Lp 60 Gmpd 40 0 0 220.119 5.58

438 TER TEP DUN 3 Qaf Qah Lp 100 0 2 243.071 16.69

439 TER TEP DUN 2 Qa Qah Lp 100 0 0 218.543 14.57

440 LOW FOO DUN 3 Rp Gm 70 Ne 30 0 1 213.598 11.17

441 ALP BKP DUN 3 Qa Qa HCa 80 Sp 20 0 4 215.294 9.17

442 HIL HSL 3 Jdl Jdl Ne 100 0 2 265.394 3.69

443 HIL FAN 3 Jdl Gm 45 Ne 45 sPs 10 0 3 225.154 4.39

444 HIL HSL 2 Jdl Jdl Ne 100 0 0 238.905 3.78

445 DUN DUS 2 Qd Ps 100 0 0 219.986 7.28

446 TER TEP DUN 2 Qah Lp 80 Ne 20 0 0 222.303 7.57

447 LOW FOO DUN 2 Rp Gm 70 Ne 30 0 0 221.145 4.20

448 DUN DUC 2 Qa Qd Ps 100 0 0 218.031 54.41

449 DUN DUC 2 Qa Qd Ps 100 0 0 217.874 11.43

450 DUN DUC 2 Qd Qd Ps 100 0 0 220.102 8.85

451 TER TEF DUN 2 Qah Lp 75 Wb 15 sPs 10 0 0 219.502 5.02

452 LOW FOO DUN 3 Rp Gm 80 sPs 20 0 4 231.59 11.91

453 HIL HCR 2 Jdl Jdl Nes 100 15 0 238.03 7.95

454 LOW FOO DUN 2 Rp Gm 80 sPs 20 0 0 238.499 7.87
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456 LOW FOO DUN 2 Rp Gm 80 Ne 20 0 0 220.044 4.41

457 ALP BKP DUN 2 Qa HCa 70 FCa 30 0 0 222 2.73

458 HIL HCR 4 Jdl Jdl Nes 100 15 1 247.308 5.44

459 LOW FOO DUN 8 Rp Gm 70 Ne 30 0 219.331 6.15

460 ALP BKP 2 Qa Qa FCa 80 HCa 20 0 0 219.528 28.88

461 TER TEP DUN 2 Qah Lp 100 0 0 219.836 3.83

462 LOW FOO DUN 3 Rp Gm 80 sPs 20 0 4 230.316 8.49

463 LOW FOO DUN 2 Rp Gm 80 sPs 20 0 0 232.759 8.20

464 HIL HSL 8 Jdl Ne 100 0 1 228.512 25.93

465 LOW FOO DUN 3 Rlg Rp Gm 80 sPs 20 0 4 231.068 2.37

466 HIL HCR 8 Jdl Jdl Nes 100 15 1 248.86 6.49

467 ALP BKP DUN 2 Qa Qa HCa 80 FCa 20 0 0 223.492 6.78

468 DUN DUS 2 Qd Ps 100 0 0 219.805 3.94

469 HIL HSL 4 Jdl Jdl Ne 100 0 4 252.084 10.63

470 HIL HSL 8 Jdl Ne 100 0 2 231.257 6.95

471 HIL HCR 8 Jdl Jdl Nes 100 15 1 244.508 3.12

472 ALP DDE 2 Qa FCa 90 HCa 10 0 0 219.134 15.74

473 TER TEP DUN 2 Qd Qah Lp 100 0 0 219.942 15.92

474 HIL HSL 9 Jdl Ne 100 0 3 235.552 9.80

475 DUN DUC 2 Qd Ps 100 0 0 220.031 1.88

476 HIL HSL 8 Jdl Ne 100 0 1 228.797 5.25

477 ALP BKP DUN 2 Qa HCa 80 Sp 20 0 0 216.187 7.21

478 TER TEF DUN 2 Qaf Qah Wb 70 sPs 15 Lp 15 0 0 217.63 34.30

479 HIL HSL 2 Jdl Ne 100 0 0 229.391 12.49

480 ALP ALP 2 Qa Qa Wb 70 Lp 20 sPs 10 0 0 219.152 6.01

481 TER TEP DUN 2 Qah Lp 100 0 0 219.95 2.94

482 ALP BKP DUN 3 Qa Qa HCa 90 Sp 10 0 3 215.887 4.77

483 ALP BKP DUN 2 Qa Qa HCa 100 0 0 221.876 7.07

484 ALP BKP 2 Qa Qa FCa 80 HCa 20 0 0 220.02 13.92

485 TER TEP DUN 3 Qah Lp 100 0 4 248.299 6.16

486 TER TEP DUN 2 Qa Qah Lp 100 0 0 221.356 30.68

487 LOW FOO DUN 8 Qa Rp Gm 80 Ne 20 0 3 221.617 1.39

488 HIL HSL 2 Jdl Ne 100 0 0 228.133 14.66

489 ALP BKP DUN 2 Qa Qa HCa 80 Sp 20 0 0 214.021 2.60

490 HIL HSL 8 Jdl Jdl Ne 100 0 1 244.778 6.24

491 HIL HSL 4 Jdl Jdl Ne 100 0 2 250.294 22.74

492 TER TEP DUN 2 Qah Lp 70 Gmpd 35 0 0 219.823 10.41

493 HIL HSL 8 Jdl Ne 100 0 3 249.205 13.70

494 LOW FOO DUN 2 Rp Gm 100 0 0 225.032 7.83

495 HIL HSL 8 Jdl Ne 100 0 2 238.798 8.45

496 TER TEP DUN 3 Qah Lp 80 HCa 20 0 3 246.616 40.94

497 HIL HCR 8 Jdl Jdl Nes 100 15 1 262.114 7.78

498 HIL HSL 3 Rlg Jdl Ne 100 0 4 228.73 7.96

499 ALP ALP 2 Qa Qa Wb 70 Lp 20 sPs 10 0 0 219.161 9.02

500 HIL HSL 3 Jdl Ne 100 0 4 230.28 2.70

501 ALP BKP DUN 2 Qa HCa 90 FCa 10 0 0 222.86 24.15

502 ALP DDE 3 Qa FCa 90 HCa 10 0 2 244.635 46.58

503 ALP BKP DUN 2 Qa HCa 80 Sp 20 0 0 221.757 19.46

504 HIL HSL 2 Jdl Ne 90 Lp 10 0 0 219.824 17.67

505 LOW FOO DUN 8 Rp Gm 100 0 3 239.702 3.18

506 LOW FOO DUN 3 Rp Gm 100 0 3 235.571 3.68

507 DUN DUC 3 Qd Ps 100 0 1 220.746 5.82

508 TER TEF DUN 3 Qah Wb 70 Lp 30 0 1 222.474 28.37

509 TER TEF DUN 3 Qah Wb 80 sPs 20 0 1 211.489 17.51

510 TER TEF DUN 2 Qah Wb 70 HCa 15 Lp 15 0 0 214.297 8.56

511 DUN DUC 2 Qd Ps 100 0 0 224.499 7.30

512 ALP BKP DUN 8 Qa HCa 80 FCa 20 0 2 239.516 51.24

513 ALP DDE 4 Qa Qa FCa 90 HCa 10 0 3 234.536 4.64

514 ALP ALP 3 Qa Wb 70 Lp 20 sPs 10 0 1 222.159 3.66

515 ALP BKP DUN 3 Qa HCa 80 Sp 20 0 1 229.049 32.21

516 TER TEF DUN 2 Qah Wb 85 Lp 15 0 0 224.597 9.30

517 TER TEP DUN 3 Qa Qah Lp 90 HCa 10 0 1 247.026 9.28

518 ALP DDE 2 Qa FCa 90 HCa 10 0 0 229.879 4.85

519 DUN DUC 2 Qd Ps 100 0 0 220.765 16.11

520 LOW FOO DUN 3 Rp Gm 100 0 1 228.637 4.01

521 ALP DDE DUN 3 Qa Qa Sp 100 0 1 245.972 7.35

522 HIL HSL 3 Rlg Jdl Ne 100 0 1 230.513 4.24

523 ALP DDE 2 Qa FCa 100 0 0 226.108 16.92

524 TER TEF DUN 2 Qah Wb 70 HCa 20 Lp 10 0 0 214.253 6.07

525 TER TEP DUN 3 Qah Lp 100 0 1 249.105 18.84

526 TER FAN DUN 3 Qah Lp 80 Sp 20 0 1 216.957 5.28

527 HIL HSL 2 Jdl Ne 100 0 0 217.24 5.03

528 ALP DDE 2 Qa FCa 90 HCa 10 0 0 234.714 5.07

529 ALP BKP DUN 3 Qa HCa 80 Sp 20 0 1 218.301 4.93

530 TER TEP DUN 3 Qa Qah Lp 100 0 4 218.581 4.60
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531 HIL HSL 8 Jdl Ne 100 0 1 239.779 15.01

532 TER TEF DUN 8 Qah Wb 75 Lp 25 0 1 248.406 21.97

533 TER TEP DUN 3 Qd Qah Lp 100 0 4 220.43 4.07

534 ALP BKP DUN 3 Qa Sp 80 Lp 20 0 4 236.788 6.84

535 ALP BKP DUN 3 Qa HCa 75 Sp 25 0 1 222.983 10.56

537 TER FAN DUN 3 Qah Lp 100 0 1 218.142 1.78

538 DUN DUC 2 Qd Ps 100 0 0 228.012 0.56

539 DUN DUS 4 Qd Qd sPs 80 Wb 20 0 2 220.63 13.21

540 HIL HSL 15 Jdl Jdl Ne 100 0 1 298.283 7.51

541 DUN DUS 3 Qd sPs 80 Wb 20 0 1 218.228 8.31

542 HIL HSL 8 Jdl Ne 100 0 1 237.217 8.64

543 TER TEP DUN 3 Qah Lp 100 0 1 224.485 2.24

544 HIL HSL 8 Jdl Jdl Ne 100 0 1 275.09 5.35

545 LOW FOO DUN 3 Rp Gm 100 0 1 220.078 9.85

546 DUN DUC 3 Qd Ps 100 0 1 223.75 47.41

547 TER TEF DUN 8 Qah Wb 70 Ne 20 Lp 10 0 1 231.143 4.64

548 HIL HCR 8 Jdl Nes 100 15 2 246.424 5.90

549 LOW FOO DUN 3 Rp Gm 100 0 1 228.695 3.08

550 LOW FOO DUN 8 Rp Gm 70 Ne 30 0 4 237.485 9.15
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Appendix 2.  Soil Profile Class Morphology and Chemistry

Friable Canola Soil Profile Class

Concept

Aust. Soil Classification
Mapping Units
Parent Material
Landform
Vegetation
Surface Conditions
Permeability
Drainage
SRT

Friable black, self-mulching, vertic soils formed on recent Quaternary alluvium.

Black Vertosols
FCa
Recent Quaternary Alluvial deposits
Drainage lines, over-bank wash and water courses
Mostly cleared
Self Mulching
Slowly Permeable (when wet)
Imperfectly Drained
Alkaline

A11

A12

A13

B21t

B22t/BC

C

0cm

30

40

60

100

140

A11:

A12:

A13:

B21t:

B22t/BC:

C:

Black to very dark greyish brown (10YR 2/1, 3/2); clay loam to
light clay; strong < 2-5 mm angular blocky structure; weak (dry)
consistence; rough ped fabric; fine to medium cracks; no coarse
fragments; common live roots; pH 7.8 - 7.9, EC 0 dS/m; clear to
gradual change to

Black to very dark greyish brown (10YR 2/1, 3/2); light to light
medium clay; moderate to strong <2-5 mm angular blocky
structure; weak (dry) consistence; rough ped fabric; fine cracks;
occasional faint slickensides; few live roots; pH 7.9 - 8.3;
EC 0.1 dS/m; gradual change to

Black to very dark greyish brown (10YR 2/1, 3/2); occasional faint
light brown mottles; light to medium clay; moderate to strong 2-10
mm angular blocky structure; weak (moist) consistence; rough ped
fabric; fine cracks; few 2-6 mm carbonate soft segregations; few
slickensides; pH 8.1 - 9.1; EC 0.1 - 0.4 dS/m; clear change to

Dark grey to dark greyish brown (10YR 4/1, 4/2); sandy light to
medium heavy clay; few distinct orange mottles;  moderate 20-50
mm angular blocky structure; firm (moist) consistence;  rough ped
fabric; common 6-20 mm carbonate soft segregations;
pH 8.3 - 9.2; EC 0.3 - 1.1 dS/m; clear change to

Brown to greyish brown (10YR 5/3, 2.5Y 5/2); few distinct red
mottles; clay loam sandy to sandy medium clay; weak medium
angular blocky structure; weak (moist) consistence; rough ped
fabric; common to many 2-6 mm carbonate soft segregations; pH
9.2; EC 1.1 dS/m; clear change to

Brownish yellow (10YR 6/6); sandy medium clay; massive
structure;  very firm (moist) consistence;  common 2-6 mm soft
segregations;  20-50% strong rounded mudstone coarse gravels; pH
9.4; EC 0.9 dS/m

Morphological Sites: TUNBR 11, TUNBR 252, TUNBR 269, TUNBR 270, TUNBR 414
Analysed Sites: na
Related soil names: Recent Soils on Alluvium, Friable Canola, Canola light phase, Canola clay loam, Canola
Series, Canola SPC
Previously described by: Cowie (1961), Chilvers (2000), Doyle (1993)
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Heavy Canola Soil Profile Class

Concept

Aust. Soil Classification

Great Soil Group
Principal Profile Form
Mapping Units
Parent Material
Landform

Vegetation
Surface Conditions
Permeability
Drainage
SRT

Black cracking heavier clays associated with modern flood plains, stream valleys and
drainage depressions.

Episodic, Epihypersodic-Endocalcareous or Endocalcareous, Self-Mulching or Epipedal, Black
Vertosol
Black earth, Wiesenboden or Chernozem
Ug5
HCa
Quaternary Alluvium
Alluvial Plains

Cleared, sea-barley grass
Firm, cracking or self mulching depending on moisture
Slowly permeable
Imperfectly to Poorly drained
Alkaline

A11

A12

A13

B2t

C:

0cm

30

40

60

100

140

A1:

A12:

A13:

B2t:

C:

Black (10YR 2/1); light medium to medium clay; moderate to
strong 5-10 mm angular blocky plus moderate 2-5  mm granular
structure; very firm (dry), firm (moist) consistence; stiff penetration
resistance; rough fabric; <5  mm cracks; pH 7.2-8.8;  EC1:5 0.1
dS/m; sharp to clear change to

Black (10YR2/1) with 0-2% faint grey or light brown mottles;
medium to heavy clay; moderate to strong 20-50 mm angular
blocky or prismatic structure; very firm (dry), firm (moist)
consistence; firm to stiff penetration resistance; <5 mm cracks; 2-
50% distinct slickensides; pH 8.1 - 8.8; EC1:5 0.5 - 0.7 dS/m; clear
to gradual change to

Black to very dark grey (10YR 2/1, 3/1) with 2-10% faint grey
mottles; medium heavy clay; weak to moderate 20-50 mm angular
blocky structure (massive structure if moist); firm (dry or moist)
consistence; stiff penetration resistance; rough fabric; 2-50%
distinct slickensides; 2-20% calcareous soft segregations or
concretions; pH 7.7  - 9.0; EC1:5 0.3 - 2.1 dS/m; clear to gradual
change to

Dark yellowish brown to dark greyish brown (10YR 4/2, 4/4, 2.5Y
5/2, 5/3) with 20-50% faint yellowish brown to brown mottles; light
to medium heavy clay; massive structure; firm (dry), weak (moist)
consistence; firm penetration resistance; rough fabric; 0-10% faint
slickensides; 10-20% calcareous concretions or soft segregations;
pH 7.7 - 8.4; EC1:5 1.2 - 2.1 dS/m; diffuse change to

Brown (10YR 5/3) with 20-50% distinct reddish brown mottles;
fine sandy light clay; massive structure; weak (moist) consistence;
soft penetration resistance; 20-50% calcareous concretions; pH 7.9;
EC1:5 2.1 dS/m

Morphological Sites: TUNBR 22, TUNBR 40, TUNBR 246, TUNBR 227, TUNBR 187, TUNBR 202, TUNBR
21, TUNBR 27, TUNBR 175, TUNBR 185, TUNBR 188, TUNBR 196, TUNBR 217, TUNBR 226, TUNBR 280,
TUNBR 359
Analysed Sites: TUNBR 227, TUNBR 187, TUNBR 202
Related soil names: Black soils on alluvium, Canola Association, Canola series, Canola Soil Profile Class
Previously described by: Leamy 1961, Doyle 1993, Nichols (1958
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Saltpan Plains Soil Profile Class

Concept

Aust. Soil Classification
Mapping Units
Parent Material
Landform

Vegetation
Surface Conditions
Permeability
Drainage
SRT

Dark grey vertic soils formed on alluvial plains

Epipedal or Massive, Episodic or Epihypersodic Grey Vertosols
Sp
Quaternary alluvium
Older alluvial  plains below Jurassic dolerite and Triassic sandstone hills

Cleared, pasture
Firm
Slowly permeable
Imperfectly drained
Neutral to alkaline

A11

A12

A13

B21t

B22t

0cm

30

40

60

100

140

A11:

A12:

A13:

B21:

B22:

Dark brown to very dark greyish brown (10YR 3/3, 3/2) light to
medium clay; moderate 10-50 mm subangular or angular blocky
plus 2-5 mm granular structure; weak (moist) consistence; firm
penetration resistance; rough ped fabric; medium 5-10 mm cracks;
1-5 mm macropores; 0-10% dolerite medium gravels; pH 5.2 - 7.2;
EC1:5 0.1 - 0.2 dS/m; clear to abrupt change to

Very dark greyish brown to black (10YR 2/1, 3/1, 3/3) with 0-10%
faint red mottles; light to medium heavy clay; moderate 20 -50 mm
parting to 10-20 mm subangular blocky structure; strong (moist)
consistence; firm penetration resistance; rough fabric; 0-10%
distinct slickensides; pH 7.8; EC1:5 0.1 - 0.2 dS/m; clear change to

Dark grey to brown (10YR 3/3, 3/1) with 2-10% yellow-brown and
red mottles; light to medium heavy clay; moderate 20-50 mm
subangular blocky structure; firm (moist) consistence; firm
penetration resistance; rough fabric; 10-50% distinct to prominent
slickensides; 0-2% calcareous soft segregations; pH 6.8 - 7.9; EC1:5
0.1 - 0.3 dS/m; gradual to diffuse change to

Yellowish to greyish brown (10YR 4/3, 5/4, 2.5Y 5 4/2) with 2-
10% brown or orange mottles; heavy clay; massive to moderate 10-
20 mm angular blocky structure; very firm (moist) consistence; hard
penetration resistance; rough fabric; 0-50% distinct slickensides; 2-
10% 2-6 mm calcareous nodules and/or soft segregations; pH 7.6 -
9.0; EC1:5  0.5 - 1.6 dS/m; gradual change to

Brown (10YR 4/3) with 2-10% yellow brown mottles; heavy clay;
massive structure; firm (moist) consistence; stiff penetration
resistance; rough fabric; 2-10% calcareous concretions; 0-2%
rounded gravels; pH 7.6 - 9.0; EC1:5 1.6 dS/m

Morphological Sites: TUNBR 63, TUNBR 64, WTRBG 15 I, TUNBR 214, TUNBR 85, TUNBR 112, TUNBR
125, TUNBR 130, TUNBR 191, TUNBR 417
Analysed Sites: TUNBR 214
Related soil names: Black soils on alluvium, Canola, Heavy Canola, Canola SPC, Canola Series, Unnamed
alluvium
Previously described by: Cowie (1961), Doyle (1992),
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Woodbury Soil Profile Class

Concept

Aust. Soil Classification
Principal Profile Form
Mapping Units
Parent Material
Landform

Vegetation
Surface Conditions
Permeability
Drainage
SRT

Greyish brown texture contrast sodic soils formed on Quaternary alluvial terraces

Hypercalcic Mottled-Subnatric Black Sodosols
Du
Wb
Quaternary alluvium
Flat to gently undulating relict river terraces

Cleared, crops and improved pasture spp.
Firm
Slowly permeable
Imperfectly drained
Alkaline

A1

B21

B22

B23/B2C

0cm

30

40

60

100

140

A1:

B21:

B22:

B23/B2C:

Dark brown (7.5YR 3/2, 3/3, 10YR 3/3); loam or fine sandy clay
loam to silty clay loam; weak to moderate 2-5 mm subangular
blocky plus weak <2 mm granular structure; weak (moist)
consistence; soft penetration resistance; pH 7.0 - 7.6; EC1:5 0 - 0.1
dS/m clear change to

Dark brown to very dark greyish brown (7.5YR 3/2, 3/3, 3/4, 10YR
3/2) with 2-20% distinct red mottles; medium to medium heavy
clay; moderate 10-50 mm angular blocky or prismatic structure;
firm to very firm  (moist) consistence; firm to stiff penetration
resistance; 0-10% subangular dolerite medium gravels or grit; pH
7.2 – 7.4; EC1:5 0.1 - 0.4 dS/m; clear to gradual change to

Dark yellowish brown to very dark greyish brown (7.5YR 3/2, 3/3,
10YR 3/1, 4/4, 2.5Y 3/2, 4/2) with 2-10% distinct red or yellow
mottles; medium heavy to heavy clay; weak to moderate10-20 mm
subangular or angular blocky structure; firm (moist) consistence;
firm to stiff penetration resistance; 2-20% soft carbonate
segregations; 2-10% subangular dolerite medium gravels or grit; pH
7.1 - 9.0; EC1:5 0.2 - 1.9 dS/m clear to gradual change to

Strong brown to greyish brown (7.5YR 4/6, 2.5Y 5/3, 6/3, 10YR
4/4) with 2-10% distinct yellow or orange mottles; light medium to
medium heavy clay; massive structure; firm (moist) consistence;
stiff penetration resistance;  10-50% soft carbonate segregations; 2-
20% subangular dolerite medium gravels or grit; pH 8.3 - 9.2; EC1:5
0.2 - 0.3 dS/m

Morphological Sites: TUNBR 182, TUNBR 173, TUNBR 157, TUNBR 43, TUNBR 346, TUNBR 180,
TUNBR 207, TUNBR 209, TUNBR 360, TUNBR 172, TUNBR 237, TUNBR 274, TUNBR 362, TUNBR 499,
TUNBR 511
Analysed Sites: TUNBR 182, TUNBR 173, TUNBR 157, TUNBR 209
Related soil names: Brown Soils on Alluvium, Brumby SPC, Woodbury Deep Phase, Woodbury gradational
variant, Woodbury aeolian phase
Previously described by: Leamy 1961, Doyle 1993
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Brumby Soil Profile Class

Concept

Aust. Soil Classification
Great Soil Group
Principal Profile Form
Mapping Units
Geology
Landform

Permeability
Drainage
SRT

Sodic, grey or brown texture contrast soils with shallow rooting depth, developed on
river terraces sediments.

Bleached-mottled eutrophic black Chromosols or subnatric Sodosols
Solodized Solonetz, Solodic
Dy, Db
Br
Quaternary Alluvium
Flat to gently undulating river terraces

Slowly permeable
Imperfectly drained
Neutral to alkaline

A1

A2e

B21

B22t

B3/B23

BC/C

0cm

30

40

60

100

140

A1:

A2e:

B21:

B22t:

B3/B23:

BC/C:

Black or grey (10YR 2/2, 3/1, 3/2, 4/2, 7.5YR 3/2, 4/2); sandy loam
to loam; weak to moderate, 5-20 mm sub-angular blocky structure;
very weak to weak (moist) consistence; pH 5.5 - 7.2; abrupt to clear
change to

Occasionally mottled, bleached, grey (10YR 5/2, 6/2, 6/3, 6/4);
loamy sand to loam fine sand; massive weak 5-20 mm angular
blocky structure; very weak to weak (moist) consistence; few <2 mm
ferruginous nodules; pH 5.5 - 7.1; abrupt to clear change to

Mottled; brown to grey (2.5Y, 5/4, 4/2, 5/3, 4/3, 10YR 4/3); medium
clay; moderate 100-200 mm, prismatic structure parting to moderate
20-50 mm angular blocky structure; firm (moist); consistence; very
few <2 mm mangniferous nodules; pH 6.0 - 7.4; gradual to diffuse
change to

Mottled; brown (2.5Y 3/2, 5/3, 5/4, 4/3, 4/2); medium to heavy clay;
massive to moderate 20-50 mm angular blocky structure; very firm
(moist) consistence; very few 0-2% 2 mm manginferrous nodules
present in some profiles; pH 6.0 - 8.0; EC 0.2 dS/m; gradual to
diffuse change to

Mottled; brown (7.5YR 5/8, 2.5Y 5/4, 5/3); sandy medium clay to
heavy clay; massive to weak 20-50 mm angular blocky structure; 2-
10% calcareous soft segregations; pH 7.0 - 8.0, EC 0.5 dS/m; gradual
change to

Massive clay to sandy clay; pH 8.0; EC 0.2 dS/m

Morphological sites: CSIRO H14, H13: SOILCO 21, 25, TUNBR 494
Analysed sites: CSIRO H14, H13, TUNBR 494
Related soil names:
Correlation references: Laffan et al (1995), Nichols (1958)
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Lowes Park Soil Profile Class

Concept

Aust. Soil Classification
Mapping Units
Parent Material
Landform

Vegetation
Surface Conditions
Permeability
Drainage
SRT

Brown stony soils formed on higher level alluvial terraces, with intermittent shallow
windblown cover sands

Mesotrophic, Subnatric Brown Sodosols or Chromosols
Lp
Quaternary alluvium
Higher level Quaternary alluvial terraces

Mostly cleared, crop and improved pasture spp.
Firm, 2-10% dolerite cobbles
Moderately permeable
Moderately well drained
Alkaline - neutral

A1

B21

B22

B2C

2C1

0cm

30

40

60

100

140

A1:

B21:

B22:

B2C:

2C1:

Dark brown to very dark brown (7.5YR 2/3, 3/2, 3/3); fine sandy
loam to clay loam; weak to moderate 2-10 mm subangular blocky
plus single grained structure; weak to very weak (moist)
consistence; soft penetration resistance; 10-20% rounded dolerite
coarse gravels and cobbles; pH 6.8 - 7.7; EC1:5 0 - 0.4 dS/m; clear
change to

Dark brown to dark reddish brown (5YR 3/4, 7.5YR 3/2, 3/3) with
2-10% faint red mottles; light medium to medium heavy clay;
moderate 10-20 mm angular blocky to prismatic structure; firm
(moist) consistence; stiff penetration resistance; 2-10% rounded
dolerite gravels and/or cobbles; pH 6.8 - 7.4; EC1:5 0 - 0.2 dS/m;
gradual change to

Dark brown (7.5YR 4/2, 10YR 4/3) with 2-10% faint red or orange
mottles; medium heavy to heavy clay; moderate 10-20 mm angular
blocky structure; firm (moist) consistence; stiff penetration
resistance; 0-2% carbonate soft segregations; 2-10% rounded
dolerite grit or gravels; pH 6.9 - 7.5; EC1:5 0 - 0.2 dS/m; clear
change to

Brown (7.5YR 4/2); gritty medium to medium heavy clay; massive
to weak structure; weak to firm (moist) consistence; stiff
penetration resistance; 20-50% calcareous soft segregations; pH
8.1- 8.2; EC1:5 0.4 dS/m; abrupt change to

Light yellowish brown; clayey sand; massive structure; pH 8.8;
EC1:5 1.00 dS/m

Morphological Sites: TUNBR 13, TUNBR 19, TUNBR 35, TUNBR 256, TUNBR 264, TUNBR 307, TUNBR
257, TUNBR 9, TUNBR 19, TUNBR 35, TUNBR 210, TUNBR 222, TUNBR 256, TUNBR 327, TUNBR 257
Analysed Sites: TUNBR 257 (deep phase)
Related soil names: Brown Stony Soils on alluvium, Nile SPC
Previously described by: Leamy 1961, Nichols (1958), Doyle 1993
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Shallow Panshanger Soil Profile Class

Concept

Aust. Soil Classification
Mapping Units
Parent Material
Landform

Vegetation
Surface Conditions
Permeability
Drainage
SRT

Highly variable, moderately deep wind-blown sands covering medium to heavy sodic clays
and/ or bedrock

Basic Lithic Brown-Orthic Tenosols, or Eutrophic Subnatric Brown Sodosols
SPs
Quaternary aeolian dune and sheet deposits
Gently undulating dunes and lunettes on fringes of lagoons, river terraces, and plains

Improved pasture spp.
Loose (when bare) to firm
Highly permeable
Well to rapidly drained
Neutral

A1

A2

B2w

2B2

2BC/2C/2R

0cm

30

40

60

100

140

A1:

A2:

B2w:

2B2:

2BC/2C/2R:

Dark brown (7.5YR 3/3, 3/4, 10YR 3/3); loamy sand to sandy
loam; weak 2-5 mm subangular blocky plus/ or single-grained
structure; very weak (moist) consistence; soft penetration
resistance; sandy fabric; moderate to strong water repellence; pH
5.8 - 8.3; EC1:5 0 dS/m; gradual  to clear change to

Dark brown to yellowish brown (7.5YR 3/4, 10YR 4/4, 5/8);
loamy sand; single-grained structure; very weak (moist)
consistence; soft penetration resistance; sandy fabric; pH 6.2 -
7.8; EC1:5 0 - 0.1 dS/m; gradual change to

Dark yellowish brown to yellowish brown (10YR 4/6, 5/8);
loamy sand to light sandy loam; weak 2-5 mm subangular blocky
plus single-grained structure; very weak (moist) consistence; soft
penetration resistance; sandy fabric; pH 7.6 - 7.8; EC1:5 0 - 0.2
dS/m; clear change to

Dark yellowish brown to yellowish brown (10YR 4/6, 5/4) with
0-2% faint orange mottles; sandy medium clay; firm (moist)
consistence; stiff penetration resistance; sandy fabric; 0-2% fine
gravels; pH 7.6 - 8.1; EC1:5 0 - 1.6 dS/m; sharp change to

Weathered substrate (mainly sandstone)

Morphological Sites: TUNBR 253, TUNBR 154, TUNBR 286, TUNBR 94, TUNBR 251, TUNBR 295, TUNBR
380, TUNBR 389, TUNBR 410, TUNBR 415
Analysed Sites: TUNBR 154
Related soil names: Panshanger Soil Series, Panshanger SPC, Tara SPC
Previously described by: Doyle 1993, Nichols  (1958)
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Nessie Soil Profile Class

Concept

Aust. Soil Classification
Great Soil Group
Principal Profile Form
Mapping Units
Parent Material
Landform

Vegetation
Surface Conditions
Permeability
Drainage
SRT

Structured, stony brown soil with  loamy topsoil and clayey subsoil developed on dolerite

Sodic, Calcic brown Dermosols, and Subnatric, Calcic brown Sodosols
Calcic brown soils
Db
Ne
Jurassic dolerite
Moderate to steeply undulating mid to lower slopes of dolerite hills

Mostly cleared, remnant E. viminalis & E. amygdalina
Firm
Slowly  permeable
Moderately well to imperfectly drained
Alkaline

A1

B1

B21

B22

BC

0cm

30

40

60

100

140

A1:

B1:

B21:

B22:

BC:

Very dark Brown to dark reddish brown (10YR 2/2, 7.5YR 3/3,
5YR 3/2); fine sandy clay loam to clay loam; weak to moderate 5-
10 mm subangular blocky plus <2 mm granular structure; weak
(moist) consistence; soft penetration resistance; earthy fabric; 2-
10% dolerite medium coarse gravels and cobbles; pH 6.7 - 7.8;
EC1:5 0 dS/m; clear change to

Dark brown (7.5YR 3/2, 3/3); light to medium clay; moderate 5-20
mm angular blocky structure; firm (moist) consistence; firm
penetration resistance; rough fabric; 0-2% ferruginous nodules; 2-
10% dolerite angular medium gravels; pH 6.5 - 7.8; EC1:5 0 dS/m;
gradual change to

Dark brown (7.5YR 3/4, 10YR 3/3) with 0-2% faint orange or red
mottles; medium to medium heavy clay; moderate 10-20 mm
angular blocky or prismatic structure; very firm (moist) consistence;
stiff penetration resistance; rough fabric; 2-10% dolerite angular
medium gravels or cobbles; pH 6.8 - 7.6; EC1:5 0 - 0.2 dS/m; clear
to gradual change to

Strong brown to dark reddish brown (7.5YR 3/2, 4/6, 5YR 3/4,
10YR 5/3) with 10-20% faint orange or red mottles; medium to
medium heavy clay; massive to moderate 5-10 mm subangular
blocky structure; firm (moist) consistence; stiff penetration
resistance; 0-20% carbonate veins or soft segregations; 2-10%
dolerite angular medium gravels or cobbles; pH 8.1 - 8.3;
EC1:5 0.2 - 0.3 dS/m; clear change to

Dark reddish brown (5YR 3/4) with 10-20% faint red mottles; gritty
medium clay; moderate 10-20 mm angular blocky structure; firm
(moist) consistence; stiff penetration resistance; rough fabric; 10-
20% carbonate soft segregations; 2-10% dolerite cobbles; pH 8.6;
EC1:5 0.5 dS/m

Morphological Sites: TUNBR 234, TUNBR 313, TUNBR 326, TUNBR 341, TUNBR 456, TUNBR 132,
TUNBR 133, TUNBR 314, TUNBR 478
Analysed Sites: TUNBR 234, TUNBR 326
Related soil names: Brown Soils on Dolerite, Bloomfield, Tea Tree SPC
Previously described by: Leamy 1961, Doyle 1992, Cowie 1959
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Eastfield Soil Profile Class

Concept

Aust. Soil Classification
Great Soil Group
Principal Profile Form
Mapping Units
Parent material
Landform

Permeability
Drainage

Brown, mottled, texture contrast soils with dolerite fragments throughout, loamy topsoils, sandy
sub-surface, with ironstone, and clayey subsoils developed on dolerite hills.

Eutrophic Brown or Grey Chromosols and Sodosols
Grey-Brown Podzolics & Soloths
Db, Dd
Ea,
Jurassic Dolerite
Moderately to steeply undulating hills

Slowly permeable
Imperfectly drained

A1

A2e

B21g

B22g

B3/C

0cm

30

40

60

100

140

A1:

A2e:

B21g:

B22g:

B3/C

R:

Grey to black (19YR 2/1, 3/1, 3/2, 4/1, 4/2, 5/2): sandy loam to
loam: massive or weak structure, 2-10 mm, subangular blocky
structure, very weak to weak (moist) consistence, very few, 2-6
mm, ferruginous concretions, variable amounts of dolerite stones
and boulders; pH 5.5- 7.0; clear to gradual change to

Conspicuously bleached (10YR 4/2, 5/1, 5/2, 6/2): fine loamy sand
to fine sandy loam; single grain or massive structure; very weak to
weak (moist) consistence; co mmon to abundant, <2-6 mm,
ferruginous concretions, variable amounts of dolerite gravels, stones
or boulders; pH 5.5-7.0; sharp to abrupt change to

Mottled: brown (10YR ¾, 4/3, 4/4, 4/6, 5/4): medium to heavy clay;
massive to weak or moderate, 50-200 mm angular blocky, firm to
very firm (moist) consistence, few slickensides; clay skins co
mmon; cracks present; very few to few 2-6 mm, ferruginous
nodules; variable amounts of dolerite fragments, stones or boulders;
pH 6.5 – 7.0; abrupt to clear change to

Mottled: brown (2.5Y 4/4, 4/6, 10YR ¾, 4/3, 4/4, 4/6, 5/4, 7.5YR
4/4, 5/6, 4/6, 5YR 3/3); medium to heavy clay; massive to weak or
moderate 50-100 mm, angular blocky structure; firm to strong
(moist) consistence; very few to few 2-6 mm, ferruginous nodules;
variable amounts of dolerite stones and boulders; slickensides and
clay skins co mmon; pH 6.5 – 7.5; sharp to clear change to

Occasionally mottled; brown (2.5Y 5/4, 5/3, 4/3, 4/4); light to
medium clay; strong (moist) consistence; occasionally calcareous
soft segregations present; variable amounts of dolerite stones or
boulders; slickensides co mmon; pH 7.0-7.5

Jurassic dolerite

Morphological sites: CSIRO H86, H78, H24, H163, H125, H237, H128, H250; LRRBD L6, 34, 93, 126;
SOILCO 70, 72, 73, TUNBR 504
Analysed sites: CSIRO H86, H78, H24, H163, H125, H237, H128; LRRBD L12, 43
Related soil names: Eastfield Series, Eastfield Sand, Type 1, Eastfield SPC, Podzolic on dolerite, Shawfield
Series, Type 4
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Glen Morey Soil Profile Class

Concept

Aust. Soil Classification
Mapping Units
Parent Material
Landform

Vegetation
Surface Conditions
Permeability
Drainage
SRT

Brown, duplex clay soils formed on Triassic quartz sandstone

Hypocalcic or Eutrophic, Mottled Hypernatric or Mesonatric,  Brown Sodosols
Gm
Triassic Lithic and Quartz Sandstone
Lower slopes

Mostly cleared, cropping and improved pasture spp.
Firm
Slowly Permeable
Imperfectly Drained
Neutral to alkaline

A1

B21

B22

BC

C

0cm

30

40

60

100

140

A1:

B21:

B22:

BC:

C:

Dark brown to dark yellowish brown (10YR3/3, 3/4, 4/2, 7.5YR3/2,
3/3); sandy loam to light sandy clay loam; weak to moderate 2-5
mm granular plus single grain structure; very weak to weak (moist)
consistence; soft penetration resistance; 0-2% subangular sandstone
stones; pH 6.9 - 7.5; EC1:5 0 - 0.2 dS/m;  clear to sharp change to

Dark brown to dark greyish brown (7.5YR3/4, 4/4, 10YR 3/3, 4/3,
4/4) with 10-50% medium distinct light brown or yellowish brown
mottles; sandy medium to sandy heavy clay; moderate 5-20 mm
angular blocky or prismatic structure; firm (moist) consistence; firm
to stiff penetration resistance; 0-10% subangular sandstone gravels;
pH 6.9 - 7.6; EC1:5 0.1 - 0.2 dS/m; gradual change to

Dark brown to yellowish brown (7.5YR5/8, 10YR 4/3, 4/4, 5/6)
with 2-10% distinct light brown mottles; sandy medium  to sandy
medium heavy clay; massive to moderate 10 mm prismatic
structure; firm (moist) consistence; firm penetration resistance; 0-
20% ferruginous nodules; 0-2% carbonate soft segregations; 0-2%
subangular sandstone gravels; pH 6.8 - 9.1; EC1:5  0.2 - 0.7 dS/m;
clear change to

Strong brown to yellowish brown or light olive brown (7.5YR8/4,
10YR 5/3, 4/4, 5/6, 2.5Y5/4, 6/3) with 2-20% dark brown to dark
yellowish brown mottles; sandy light medium to sandy medium
heavy clay; massive structure; weak to firm (moist) consistence;
firm to stiff penetration resistance; 0-20% carbonate soft
segregations; 2-10% subangular sandstone stones; sometimes
moderately cemented; pH 7.5 - 9.2; EC1:5  0.4 - 1.4  dS/m; clear
change to

Yellow to pink (7.5YR8/4) with 10-20% faint white mottles; sandy
light clay; massive to single grained structure; very weak (moist)
consistence; soft penetration resistance; 10-20% carbonate soft
segregations; pH 8.7; EC1:5 0.4 dS/m

Morphological Sites: TUNBR 28, TUNBR 59, TUNBR 69, TUNBR 103, TUNBR 220, TUNBR 298,
TUNBR 392, TUNBR 378, TUNBR 376, TUNBR 403, TUNBR 428, TUNBR 437, TUNBR 387
Analysed Sites: TUNBR 387
Related soil names: Brown Soils on Sandstone
Previously described by: Leamy 1961,

Notes:
Subsoils tend to be darker and greyer at bottom of slopes, (less well drained) topsoils have windblown
characteristics.
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Appendix 3.  EC1:5 to ECese Conversion Factors based on Hand Texture
(Adapted from Taylor, S.  1993.  Dryland Salinity - Introductory Extension Notes.  Department of
Conservation & Land Management.  Bathurst, NSW, Australia.)

texture multiplier
fine sand 17
sand 17
coarse sand 17
loamy fine sand 17
loamy sand 17
loamy coarse sand 17
clayey fine sand 16
clayey sand 16
clayey coarse sand 16
fine sandy loam 14
sandy loam 14
coarse sandy loam 14
loam 10
Loam, fine sandy 10
Loam, coarse sandy 10
silty loam 10
fine sandy clay loam 9
sandy clay loam 9
coarse sandy clay loam 9
clay loam 9
clay loam fine sandy 9
clay loam sandy 9
clay loam coarse sandy 9
silty clay loam 9
light clay 8.5
sandy clay 8
silty clay 8
fine sandy light clay 8.5
sandy light clay 8.5
coarse sandy light clay 8.5
silty light clay 8
light medium clay 8
fine sandy light medium clay 8
sandy light medium clay 8
coarse sandy light medium clay 8
silty light medium clay 8
medium clay 7
fine sandy medium clay 7
sandy medium clay 7
coarse sandy medium clay 7
silty medium clay 7
medium heavy clay 6.5
fine sandy medium heavy clay 6.5
sandy medium heavy clay 6.5
coarse sandy medium heavy clay 6.5
silty medium heavy clay 6.5
heavy clay 6
fine sandy heavy clay 6
sandy heavy clay 6
coarse sandy heavy clay 6
silty heavy clay 6



109

Appendix 4.   Borehole Analysis for Tunbridge Study Site

Code hole depth
upper

depth
lower

tray
weight

total wet
weight

oven dry
total

weight

 Field
moisture

%

Field
Texture

clay
estimate

%

average
clay

estimat
e%

EC 1:5
(dS/m)

EM31
dS/m

vertical

EM31
dS/m

horizont
al

average
EC

dS/m

texture
saturated

extract
multiplier

ECese
dS/m

average
ECese
dS/m

average
ECese

dS/m (to
2 m)

MAX
EC

dS/m

TMB 1 0.00 0.25 9.06 60.51 43.28 50.34 MC 50 0.331 7.0 2.317
TMB 1 0.25 0.50 9.03 62.18 45.42 46.06 HC 65 0.229 6.0 1.374
TMB 1 0.50 0.75 9.09 62.89 51.05 28.22 HC 65 0.407 6.0 2.442
TMB 1 0.75 1.00 9.29 69.72 60.89 17.11 HC 65 0.391 6.0 2.346
TMB 1 1.00 1.50 9.14 107.37 91.47 19.31 MC 50 0.332 7.0 2.324
TMB 1 1.50 2.00 9.15 25.18 23.94 8.38 MC 50 58 0.936 0.287 0.060 0.438 7.0 6.552 2.893 2.893 0.936
TMB 2 0.00 0.25 8.95 67.96 60.28 14.96 L 25 0.217 10.0 2.171
TMB 2 0.25 0.50 9.01 63.86 59.92 7.74 L 25 0.277 10.0 2.766
TMB 2 0.50 0.75 9.28 71.98 61.06 21.09 SLC 40 0.433 8.5 3.683
TMB 2 0.75 1.00 9.00 79.25 67.93 19.21 SLC 40 0.472 8.5 4.014
TMB 2 1.00 1.50 9.04 66.51 57.68 18.15 LMC 45 0.465 8.0 3.717
TMB 2 1.50 2.00 9.07 65.13 58.64 13.09 LC 40 0.473 8.5 4.023
TMB 2 2.00 2.50 9.15 72.51 62.10 19.66 LC 40 0.499 8.5 4.244
TMB 2 2.50 3.00 9.10 69.98 60.12 19.33 LC 40 0.474 8.5 4.032
TMB 2 3.00 3.50 9.32 62.75 54.44 18.42 LC 40 0.348 8.5 2.958
TMB 2 3.50 4.00 8.97 74.69 64.61 18.12 KSL 13 0.401 14.0 5.613
TMB 2 4.00 4.50 9.03 71.61 62.39 17.28 CLS 30 0.362 9.0 3.258
TMB 2 4.50 5.00 9.23 81.75 71.19 17.04 SLC 40 35 0.310 1.040 0.230 0.394 8.5 2.636 3.593 3.280 0.499
TMB 3 0.00 0.25 8.97 61.42 52.46 20.60 SCL 30 0.107 9.0 0.961
TMB 3 0.25 0.50 9.18 76.23 62.92 24.77 CLS 30 0.084 9.0 0.756
TMB 3 0.50 0.75 9.31 73.24 60.56 24.74 SCL 30 0.149 9.0 1.339
TMB 3 0.75 1.00 8.94 65.15 57.41 15.97 KSLMC 45 0.264 8.0 2.109
TMB 3 1.00 1.50 8.98 56.16 51.15 11.88 KSMC 48 0.222 7.0 1.551
TMB 3 1.50 2.00 9.27 64.92 58.38 13.32 SMC 48 0.214 7.0 1.498
TMB 3 2.00 2.50 9.20 61.65 50.86 25.90 LMC 45 0.365 8.0 2.922
TMB 3 2.50 3.00 9.38 91.95 76.72 22.62 LMC 45 0.594 8.0 4.755
TMB 3 3.00 3.50 9.13 87.16 73.77 20.71 LMC 45 0.575 8.0 4.599
TMB 3 3.50 4.00 9.11 85.49 70.97 23.47 MC 50 0.681 7.0 4.766
TMB 3 4.00 4.50 9.09 62.37 50.69 28.08 MC 50 0.936 7.0 6.551
TMB 3 4.50 5.00 9.28 80.49 69.99 17.30 MHC 60 44 0.438 1.153 0.420 0.386 6.5 2.845 2.888 1.369 0.936
TMB 4 0.25 0.50 9.03 65.12 48.41 42.44 SMC 48 0.138 7.0 0.966
TMB 4 0.50 0.75 9.07 69.73 54.30 34.12 SMC 48 0.199 7.0 1.393
TMB 4 0.75 1.00 9.05 64.26 56.16 17.19 SL 15 0.487 14.0 6.818
TMB 4 1.00 1.50 9.17 78.11 71.44 10.71 SLC 40 0.445 8.5 3.783
TMB 4 1.50 2.00 9.03 77.43 70.63 11.04 SL 15 0.685 14.0 9.590
TMB 4 2.00 2.50 8.97 82.17 76.28 8.75 SL 15 0.580 14.0 8.120
TMB 4 2.50 3.00 9.06 71.57 66.21 9.38 SL 15 0.588 14.0 8.232
TMB 4 3.00 3.50 9.09 60.12 55.92 8.97 SL 15 0.524 14.0 7.336
TMB 4 3.50 4.00 9.10 98.75 91.73 8.50 KSL 13 0.413 14.0 5.782
TMB 4 4.00 4.50 9.02 62.87 58.94 7.87 KSL 13 0.417 14.0 5.838
TMB 4 4.50 5.00 9.19 59.73 45.37 39.69 KSL 13 23 0.280 0.630 0.110 0.432 14.0 3.920 5.616 4.232 0.685
TMB 5 0.00 0.25 9.36 79.00 67.60 19.57 L 25 0.089 10.0 0.889
TMB 5 0.25 0.50 9.32 93.60 79.02 20.92 MC 50 0.072 7.0 0.502
TMB 5 0.50 0.75 9.09 87.34 80.59 9.44 SCL 30 0.047 9.0 0.424
TMB 5 0.75 1.00 9.06 151.5 142.91 6.42 SCL 30 0.104 9.0 0.932
TMB 5 1.00 1.50 9.01 112.43 102.47 10.66 CL 32 0.062 9.0 0.554
TMB 5 1.50 2.00 9.25 84.96 79.08 8.42 SCL 30 0.045 9.0 0.401
TMB 5 2.00 2.50 9.23 91.63 84.88 8.92 SCL 30 0.052 9.0 0.471
TMB 5 2.50 3.00 9.10 110.72 99.92 11.89 SCL 30 0.057 9.0 0.512
TMB 5 3.00 3.50 9.07 97.84 82.99 20.09 HC 65 0.155 6.0 0.931
TMB 5 3.50 4.00 9.08 110.42 99.27 12.36 LC 40 0.176 8.5 1.495
TMB 5 4.00 4.50 9.24 73.25 66.22 12.34 SLC 40 0.184 8.5 1.561
TMB 5 4.50 5.00 9.08 83.03 76.16 10.24 LMC 45 37 0.227 0.870 0.210 0.106 8.0 1.816 0.874 0.617 0.227
TMB 6 0.00 0.25 9.19 62.19 46.24 43.05 HC 65 0.316 6.0 1.896
TMB 6 0.25 0.50 9.04 63.71 47.76 41.20 HC 65 0.427 6.0 2.562
TMB 6 0.50 0.75 9.10 64.67 51.46 31.19 HC 65 0.669 6.0 4.014
TMB 6 0.75 1.00 9.18 61.40 50.25 27.15 HC 65 1.053 6.0 6.318
TMB 6 1.25 1.50 9.09 64.64 54.46 22.44 HC 65 0.916 6.0 5.496
TMB 6 1.50 2.00 9.26 76.24 65.62 18.84 HC 65 0.850 6.0 5.100
TMB 6 2.00 2.50 9.19 73.69 61.56 23.16 HC 65 0.711 6.0 4.266
TMB 6 2.50 3.00 9.17 71.51 61.06 20.14 HC 65 0.562 6.0 3.372
TMB 6 3.00 3.50 9.02 108.13 82.81 34.31 HC 65 0.500 6.0 3.000
TMB 6 3.50 4.00 9.13 75.92 51.81 56.49 HC 65 0.631 6.0 3.786
TMB 6 4.00 4.50 8.98 111.84 91.65 24.42 HC 65 0.366 6.0 2.196
TMB 6 4.50 5.00 9.18 70.30 57.94 25.35 HC 65 65 0.359 1.257 0.650 0.613 6.0 2.154 3.680 4.231 1.053
TMB 7 0.00 0.25 9.15 60.88 44.44 46.58 HC 65 0.546 6.0 3.276
TMB 7 0.25 0.50 8.99 72.51 55.06 37.87 HC 65 1.299 6.0 7.794
TMB 7 0.50 0.75 9.10 64.55 55.01 20.79 HC 65 1.465 6.0 8.790
TMB 7 0.75 1.00 9.10 82.41 70.99 18.45 HC 65 1.272 6.0 7.632
TMB 7 1.00 1.50 9.05 63.20 50.04 32.11 HC 65 1.084 6.0 6.504
TMB 7 1.50 2.00 9.22 62.18 51.73 24.58 MC 50 0.611 7.0 4.277
TMB 7 2.00 2.50 9.19 99.21 84.50 19.53 MC 50 0.472 7.0 3.304
TMB 7 2.50 3.00 8.97 73.43 61.11 23.63 MC 50 0.424 7.0 2.968
TMB 7 3.00 3.50 9.02 63.26 53.90 20.86 HC 65 0.349 6.0 2.094
TMB 7 3.50 4.00 9.19 79.86 68.10 19.96 MC 50 0.326 7.0 2.282
TMB 7 4.00 4.50 8.98 84.07 70.98 21.11 MC 50 0.328 7.0 2.296
TMB 7 4.50 5.00 9.08 103.79 79.52 34.45 MC 50 58 0.353 0.940 0.320 0.711 7.0 2.471 4.474 6.379 1.465
TMB 8 0.00 0.25 8.98 61.85 51.76 23.58 MC 50 0.133 7.0 0.930
TMB 8 0.25 0.50 9.16 70.79 54.36 36.35 HC 65 0.232 6.0 1.392
TMB 8 0.50 0.75 9.01 58.98 47.99 28.18 HC 65 0.655 6.0 3.930
TMB 8 0.75 1.00 9.23 71.38 58.35 26.52 HC 65 0.673 6.0 4.038
TMB 8 1.00 1.50 9.09 75.90 69.13 11.28 SCL 30 0.447 9.0 4.023
TMB 8 1.50 2.00 9.21 80.77 72.92 12.32 CLS 30 0.349 9.0 3.141
TMB 8 2.00 2.50 9.26 75.53 68.78 11.34 CLS 30 0.197 9.0 1.777
TMB 8 2.50 3.00 9.74 67.35 61.74 10.79 KSLC 40 0.216 8.5 1.837
TMB 8 3.00 3.50 8.94 87.38 80.54 9.55 CLS 30 45 0.199 0.490 0.150 0.345 9.0 1.788 2.540 2.909 0.673
TMB 9 0.00 0.25 9.12 59.63 44.74 41.80 LMC 45 0.804 8.0 6.432
TMB 9 0.25 0.50 9.09 60.98 46.65 38.15 LMC 45 1.500 8.0 12.000
TMB 9 0.50 0.75 9.17 99 71.74 43.57 MC 50 2.162 7.0 15.134
TMB 9 0.75 1.00 9.14 59.52 40.53 60.50 MC 50 2.590 7.0 18.130
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TMB 9 1.00 1.50 9.05 60.37 43.69 48.16 MC 50 1.142 7.0 7.994
TMB 9 1.50 2.00 9.07 76.40 55.43 45.23 MC 50 1.201 7.0 8.407
TMB 9 2.00 2.50 9.29 63.90 46.34 47.40 LMC 45 1.327 8.0 10.616
TMB 9 2.50 3.00 9.01 68.67 51.65 39.91 LMC 45 48 0.877 1.870 0.860 1.450 8.0 7.016 10.716 10.774 2.590
TMB 10 0.00 0.25 9.03 64.00 49.44 36.03 KSL 13 0.390 14.0 5.460
TMB 10 0.25 0.50 9.29 59.27 45.96 36.29 MC 50 0.913 7.0 6.391
TMB 10 0.50 0.75 9.02 71.07 58.47 25.48 KSLC 40 0.588 8.5 4.998
TMB 10 0.75 1.00 9.15 71.10 62.02 17.17 LC 40 0.181 8.5 1.539
TMB 10 1.00 1.50 9.23 76.68 67.76 15.24 SLC 40 0.202 8.5 1.717
TMB 10 1.50 2.00 8.95 85.42 76.88 12.57 KSCL 28 0.214 9.0 1.926
TMB 10 2.00 2.50 9.19 78.92 72.50 10.14 KSL 13 0.183 14.0 2.562
TMB 10 2.50 3.00 9.01 67.39 62.37 9.41 CLS 30 0.209 9.0 1.881
TMB 10 3.00 3.50 9.03 73.91 67.19 11.55 CLS 30 0.218 9.0 1.962
TMB 10 3.50 4.00 9.15 75.50 69.71 9.56 KSL 13 0.212 14.0 2.968
TMB 10 4.00 4.50 9.18 86.66 69.80 27.81 CLS 30 30 0.216 0.593 0.120 0.321 9.0 1.944 3.032 3.672 0.913
TMB 11 0.00 0.25 9.20 64.66 52.93 26.82 LC 40 0.913 8.5 7.761
TMB 11 0.25 5.00 9.30 64.88 54.19 23.81 HC 65 1.532 6.0 9.192
TMB 11 0.50 0.75 9.33 70.95 58.42 25.53 HC 65 2.131 6.0 12.786
TMB 11 0.75 1.00 9.00 78.53 64.64 24.96 HC 65 0.002 6.0 0.014
TMB 11 1.00 1.50 9.07 91.87 75.05 25.49 HC 65 0.002 6.0 0.015
TMB 11 1.50 2.00 9.07 109.94 100.03 10.89 MC 50 0.885 7.0 6.195
TMB 11 2.00 2.50 9.21 79.45 72.97 10.16 SCL 30 0.979 9.0 8.811
TMB 11 2.50 3.00 9.02 98.05 33.00 271.22 SL 15 0.602 14.0 8.428
TMB 11 3.00 3.50 9.05 77.41 71.34 9.75 SL 15 0.519 14.0 7.266
TMB 11 3.50 4.00 9.12 74.37 68.86 9.22 SL 15 0.547 14.0 7.658
TMB 11 4.00 4.50 9.03 89.67 82.63 9.57 SL 15 0.634 14.0 8.876
TMB 11 4.50 5.00 9.09 73.70 67.85 9.96 SL 15 38 0.582 1.817 0.860 0.777 14.0 8.148 7.096 5.994 2.131
TMB 12 0.00 0.25 9.08 77.30 63.25 25.93 HC 65 0.293 6.0 1.758
TMB 12 0.25 0.50 205.99 390.83 341.37 36.53 HC 65 0.474 6.0 2.844
TMB 12 0.50 0.75 9.40 104.67 86.69 23.26 HC 65 0.612 6.0 3.672
TMB 12 0.75 1.00 9.02 112.07 97.72 16.18 HC 65 0.790 6.0 4.740
TMB 12 1.00 1.50 199.27 408.73 371.97 21.29 HC 65 0.997 6.0 5.982
TMB 12 1.50 2.00 205.96 401.48 374.67 15.89 HC 65 0.736 6.0 4.416
TMB 12 2.00 2.50 9.10 115.89 102.68 14.12 HC 65 0.478 6.0 2.868
TMB 12 2.50 3.00 269.18 403.10 388.35 12.38 MC 50 0.425 7.0 2.975
TMB 12 3.00 3.50 203.56 402.65 385.50 9.43 SCL 30 0.343 9.0 3.087
TMB 12 3.50 4.00 9.14 118.64 110.60 7.92 SCL 30 0.409 9.0 3.681
TMB 12 4.00 4.50 268.30 395.12 384.62 9.03 SCL 30 54 0.289 1.153 0.610 0.531 9.0 2.601 3.511 3.902 0.997
TMB 13 0.00 0.25 262.52 404.95 364.90 39.12 MC 50 0.462 7.0 3.234
TMB 13 0.25 0.50 8.87 103.72 78.45 36.32 HC 65 0.606 6.0 3.636
TMB 13 0.50 0.75 9.10 74.65 58.53 32.61 HC 65 1.124 6.0 6.744
TMB 13 0.75 1.00 8.99 62.09 48.90 33.05 HC 65 1.572 6.0 9.432
TMB 13 1.00 1.50 9.04 64.19 51.96 28.49 HC 65 1.462 6.0 8.772
TMB 13 1.50 2.00 9.04 74.48 63.94 19.20 CLS 30 0.731 9.0 6.579
TMB 13 2.00 2.50 9.31 108.13 93.43 17.48 CLS 30 0.520 9.0 4.680
TMB 13 2.50 3.00 9.09 101.91 91.05 13.25 CLS 30 0.381 9.0 3.429
TMB 13 3.00 3.50 9.23 126.47 113.16 12.81 CLS 30 0.315 9.0 2.835
TMB 13 3.50 4.00 9.13 97.88 88.25 12.17 CLS 30 0.285 9.0 2.565
TMB 13 4.00 4.50 9.23 84.58 77.81 9.87 CLS 30 0.269 9.0 2.421
TMB 13 4.50 5.00 8.99 67.03 61.92 9.65 CLS 30 43 0.234 0.457 0.150 0.663 9.0 2.106 4.703 6.400 1.572
TMB 14 0.00 0.25 8.90 71.12 57.40 28.29 CL 32 0.167 9.0 1.503
TMB 14 0.25 0.50 9.26 60.80 49.92 26.76 MC 50 0.187 7.0 1.309
TMB 14 0.50 0.75 9.16 59.87 46.45 35.98 MHC 60 0.549 6.5 3.569
TMB 14 0.75 1.00 9.04 60.79 47.50 34.56 MHC 60 1.502 6.5 9.763
TMB 14 1.00 1.50 9.11 60.22 49.89 25.33 HC 65 1.072 6.0 6.432
TMB 14 1.50 2.00 8.97 60.95 50.83 24.18 MHC 60 0.913 6.5 5.935
TMB 14 2.00 2.50 9.18 89.55 79.10 14.95 MC 50 0.457 7.0 3.199
TMB 14 2.50 3.00 9.08 65.06 56.93 16.99 MC 50 0.401 7.0 2.807
TMB 14 3.00 3.50 8.99 76.16 64.63 20.72 MHC 60 0.344 6.5 2.236
TMB 14 3.50 4.00 9.00 74.16 62.18 22.53 MC 50 0.295 7.0 2.065
TMB 14 4.00 4.50 9.06 68.28 57.90 21.25 MC 50 0.303 7.0 2.121
TMB 14 4.50 5.00 9.09 60.90 51.91 20.99 MHC 60 54 0.309 1.153 0.680 0.542 6.5 2.009 3.579 4.752 1.502
TMB 15 0.00 0.25 9.00 61.86 50.11 28.58 MC 50 1.221 7.0 8.547
TMB 15 0.25 0.50 9.10 59.17 45.08 39.16 MHC 60 2.001 6.5 13.007
TMB 15 0.50 0.75 8.93 62.38 47.86 37.30 MHC 60 2.756 6.5 17.914
TMB 15 0.75 1.00 9.35 61.45 49.10 31.07 MHC 60 1.780 6.5 11.570
TMB 15 1.00 1.50 8.97 86.20 76.64 14.13 SLMC 43 0.883 8.0 7.064
TMB 15 1.50 2.00 9.09 85.24 77.05 12.05 SCL 30 0.487 9.0 4.383
TMB 15 2.00 2.50 8.95 66.50 61.40 9.72 CLS 30 0.487 9.0 4.383
TMB 15 2.50 3.00 9.17 152.13 112.74 38.03 SL 15 44 0.869 1.290 0.550 1.311 14.0 12.166 9.879 10.341 2.756
TMB 16 0.00 0.25 9.19 59.22 49.83 23.10 CLS 30 0.517 9.0 4.653
TMB 16 0.25 0.50 9.18 60.19 49.48 26.58 LMC 45 1.116 8.0 8.928
TMB 16 0.50 0.75 8.95 61.10 49.01 30.18 MHC 60 1.738 6.5 11.297
TMB 16 0.75 1.00 9.26 63.20 51.90 26.50 MHC 60 0.747 6.5 4.856
TMB 16 1.00 1.50 8.80 59.68 52.11 17.48 MC 50 0.292 7.0 2.044
TMB 16 1.50 2.00 9.11 67.67 53.90 30.74 FSLC 35 0.471 8.5 4.004
TMB 16 2.00 2.50 9.24 61.09 50.02 27.14 KSL 13 42 0.048 0.627 0.320 0.704 14.0 0.672 5.208 5.685 1.738
TMB 17 0.00 0.25 9.06 64.67 55.25 20.39 CLS 30 0.144 9.0 1.296
TMB 17 0.25 0.50 9.03 67.88 59.82 15.87 CLS 30 0.354 9.0 3.186
TMB 17 0.50 0.75 9.02 69.21 63.65 10.18 SLC 40 0.404 8.5 3.434
TMB 17 0.75 1.00 9.15 68.84 56.66 25.63 KSLMC 45 0.853 8.0 6.824
TMB 17 1.00 1.50 9.08 70.52 58.19 25.11 FSMHC 55 0.337 6.5 2.191
TMB 17 1.50 2.00 8.95 63.21 56.63 13.80 SLC 40 0.197 8.5 1.675
TMB 17 2.00 2.50 9.02 59.86 54.22 12.48 SLMC 43 0.296 8.0 2.368
TMB 17 2.50 3.00 9.05 74.77 65.64 16.13 SLMC 43 0.211 8.0 1.688
TMB 17 3.00 3.50 9.19 85.66 77.22 12.41 SLC 40 0.176 8.5 1.496
TMB 17 3.50 4.00 9.31 66.63 60.87 11.17 CLS 30 0.118 9.0 1.062
TMB 17 4.00 4.50 9.02 89.65 74.84 22.50 SLC 40 0.187 8.5 1.590
TMB 17 4.50 5.00 9.10 63.91 53.87 22.43 SLMC 43 40 0.404 0.550 0.310 0.307 8.0 3.232 2.503 3.101 0.853
TMB 18 0.00 0.25 8.98 64.89 45.92 51.35 MC 50 2.993 7.0 20.951
TMB 18 0.25 0.50 9.30 63.09 51.87 26.36 SMC 48 1.322 7.0 9.254
TMB 18 0.50 0.75 9.21 63.14 51.09 28.77 FSMC 45 1.192 7.0 8.344
TMB 18 0.75 1.00 9.08 63.18 51.66 27.06 FSMC 45 0.950 7.0 6.650
TMB 18 1.00 1.50 9.14 69.98 57.64 25.44 SMC 48 0.853 7.0 5.971
TMB 18 1.50 2.00 9.12 85.56 71.56 22.42 SMC 48 0.614 7.0 4.298
TMB 18 2.00 2.50 8.97 75.86 63.69 22.24 FSMC 45 0.569 7.0 3.983
TMB 18 2.50 3.00 8.90 66.97 53.70 29.62 LMC 45 0.608 8.0 4.864
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TMB 18 3.00 3.50 9.09 92.77 66.59 45.53 MC 50 1.030 7.0 7.210
TMB 18 3.50 4.00 9.08 98.76 71.34 44.04 MC 50 0.839 7.0 5.873
TMB 18 4.00 4.50 8.99 83.85 58.66 50.71 MC 50 1.118 7.0 7.826
TMB 18 4.50 5.00 9.08 64.62 49.02 39.06 MC 50 48 0.660 1.500 0.720 1.062 7.0 4.620 7.487 9.245 2.993
TMB 19 0.00 0.25 9.02 68.46 54.18 31.62 FSMC 45 0.735 7.0 5.145
TMB 19 0.25 0.50 9.02 65.21 52.06 30.55 HC 65 2.028 6.0 12.168
TMB 19 0.50 0.75 8.98 63.67 53.86 21.86 HC 65 1.352 6.0 8.112
TMB 19 0.75 1.00 9.07 62.42 49.34 32.48 HC 65 1.334 6.0 8.004
TMB 19 1.00 1.50 9.03 63.77 49.83 34.17 HC 65 0.869 6.0 5.214
TMB 19 1.50 2.00 9.23 65.80 55.52 22.21 SHC 60 0.448 6.0 2.688
TMB 19 2.00 2.50 9.04 63.47 52.82 24.33 SMC 48 0.460 7.0 3.220
TMB 19 2.50 3.00 9.07 62.70 49.30 33.31 FSMC 45 0.517 7.0 3.619
TMB 19 3.00 3.50 9.00 66.46 52.53 32.00 FSMC 45 0.477 7.0 3.339
TMB 19 3.50 4.00 9.17 64.02 49.51 35.97 FSMC 45 55 0.349 1.143 0.580 0.857 7.0 2.443 5.395 6.889 2.028
TMB 20 0.00 0.25 9.13 63.58 46.40 46.09 MHC 60 0.568 6.5 3.692
TMB 20 0.25 0.50 9.16 60.75 45.14 43.38 MHC 60 1.732 6.5 11.258
TMB 20 0.50 0.75 9.22 62.54 49.31 33.00 MHC 60 1.600 6.5 10.400
TMB 20 0.75 1.00 8.96 63.77 54.64 19.99 MC 50 0.950 7.0 6.650
TMB 20 1.00 1.50 8.98 66.04 55.82 21.82 SMC 48 0.584 7.0 4.088
TMB 20 1.50 2.00 9.02 64.94 53.50 25.72 FSMHC 55 0.477 6.5 3.101
TMB 20 2.00 2.50 9.15 65.19 53.22 27.16 SMC 48 0.413 7.0 2.891
TMB 20 2.50 3.00 9.01 66.89 53.37 30.48 LMC 45 0.657 8.0 5.256
TMB 20 3.00 3.50 8.98 60.71 49.14 28.81 SMC 48 0.726 7.0 5.082
TMB 20 3.50 4.00 8.95 62.86 51.31 27.27 MC 50 52 0.641 1.687 0.780 0.835 7.0 4.487 5.690 6.531 1.732
TMB 21 0.00 0.25 9.10 61.92 47.40 37.91 MHC 60 0.484 6.5 3.146
TMB 21 0.25 0.50 9.08 61.18 46.02 41.04 MHC 60 1.308 6.5 8.502
TMB 21 0.50 0.75 9.32 62.90 52.80 23.23 MHC 60 1.310 6.5 8.515
TMB 21 0.75 1.00 9.06 61.18 50.12 26.94 HC 65 1.142 6.0 6.852
TMB 21 1.00 1.50 9.08 61.40 52.33 20.97 MHC 60 0.583 6.5 3.790
TMB 21 1.50 2.00 9.16 61.67 50.41 27.30 MHC 60 0.670 6.5 4.355
TMB 21 2.00 2.50 9.28 59.89 50.67 22.27 MHC 60 0.489 6.5 3.179
TMB 21 2.50 3.00 9.09 69.41 58.75 21.47 LMC 45 0.474 8.0 3.792
TMB 21 3.00 3.50 8.96 71.02 65.06 10.62 LMC 45 0.224 8.0 1.792
TMB 21 3.50 4.00 9.02 77.47 69.33 13.50 MC 50 0.287 7.0 2.009
TMB 21 4.00 4.50 9.21 83.11 75.41 11.63 MC 50 0.209 7.0 1.463
TMB 21 4.50 5.00 9.06 79.82 66.71 22.74 MHC 60 56 0.222 0.970 0.420 0.617 6.5 1.443 4.070 5.860 1.310

DPIWE 4 0.00 0.25 8.77 78.33 60.59 34.23 MHC 60 1.135 6.5 7.378
DPIWE 4 0.25 0.50 8.72 90.17 74.80 23.26 MC 50 1.682 7.0 11.774
DPIWE 4 0.50 0.75 9.04 86.45 71.33 24.27 MC+ 53 2.098 6.5 13.637
DPIWE 4 0.75 1.00 9.30 97.60 82.61 20.45 MHC 60 1.785 6.5 11.603
DPIWE 4 1.00 1.50 9.08 76.07 68.36 13.01 MC 50 0.788 7.0 5.516
DPIWE 4 1.50 2.00 9.07 75.68 68.28 12.50 LMC 45 0.460 8.0 3.680
DPIWE 4 2.00 2.50 8.97 74.08 69.22 8.07 LC 40 0.467 8.5 3.970
DPIWE 4 2.50 3.00 8.94 72.81 68.01 8.13 LC 40 50 0.461 1.410 0.550 1.110 8.5 3.919 7.684 8.816
DPIWE 5 0.00 0.25 9.00 84.05 67.13 29.11 MHC 60 0.329 6.5 2.139
DPIWE 5 0.25 0.50 8.81 88.74 75.05 20.67 MC 50 0.899 7.0 6.293
DPIWE 5 0.50 0.75 8.78 74.63 63.76 19.77 HC 65 1.259 6.0 7.554
DPIWE 5 0.50 0.75 8.88 87.24 70.70 26.76 MHC 60 1.106 6.5 7.189
DPIWE 5 0.75 1.00 8.84 88.04 77.33 15.64 HC 65 1.199 6.0 7.194
DPIWE 5 1.00 1.50 8.73 79.15 69.92 15.08 FSLC 35 1.361 8.5 11.569
DPIWE 5 1.50 2.00 9.19 76.94 70.44 10.61 SLMC 43 0.429 8.0 3.432
DPIWE 5 2.00 2.50 9.15 83.44 75.93 11.25 SLMC 43 0.388 8.0 3.104
DPIWE 5 2.50 3.00 9.07 80.85 74.94 8.97 CLS 30 0.356 9.0 3.204
DPIWE 5 3.00 3.50 9.06 74.49 70.01 7.35 CLS 30 0.259 9.0 2.331
DPIWE 5 3.50 4.00 8.82 84.66 78.85 8.30 SLC 40 0.319 8.5 2.712
DPIWE 5 4.00 4.50 8.81 88.53 82.74 7.83 SLC 40 0.259 8.5 2.202
DPIWE 5 4.50 4.75 8.89 79.30 73.41 9.13 SLC 40 46 0.224 1.068 0.342 0.645 8.5 1.904 4.679 6.451
DPIWE 6 0.00 0.25 8.71 77.39 58.90 36.84 MHC 60 0.780 6.5 5.070
DPIWE 6 0.25 0.50 8.88 88.88 77.61 16.40 MC 50 0.651 7.0 4.557
DPIWE 6 0.50 0.75 8.80 94.58 76.67 26.39 MHC 60 0.782 6.5 5.083
DPIWE 6 0.50 0.75 9.23 83.52 68.84 24.63 MHC 60 0.630 6.5 4.095
DPIWE 6 1.00 1.50 9.20 77.71 65.05 22.67 MHC 60 58 0.512 0.524 0.107 0.671 6.5 3.328 4.427 4.427
DPIWE 7 0.00 0.25 8.70 91.02 69.48 35.44 HC 65 1.031 6.0 6.186
DPIWE 7 0.25 0.50 9.22 87.20 65.54 38.46 HC 65 3.541 6.0 21.246
DPIWE 7 0.50 0.75 8.94 95.48 71.05 39.34 HC 65 3.420 6.0 20.520
DPIWE 7 0.75 1.00 8.74 89.70 75.66 20.98 HC 65 2.520 6.0 15.120
DPIWE 7 1.00 1.50 8.77 84.91 75.39 14.29 MC 50 1.279 7.0 8.953
DPIWE 7 1.50 2.00 8.90 79.29 70.55 14.18 LC 40 0.785 8.5 6.673
DPIWE 7 2.00 2.50 8.65 96.30 86.53 12.54 SLMC 43 0.879 8.0 7.032
DPIWE 7 2.50 2.80 8.87 89.71 80.34 13.11 LMC 45 55 0.755 1.973 1.390 1.776 8.0 6.040 11.471 13.116
DPIWE 8 0.00 0.25 8.75 78.73 62.29 30.71 HC 65 1.156 6.0 6.936
DPIWE 8 0.25 0.50 8.91 78.67 62.14 31.05 LMC 45 55 1.169 1.139 0.650 1.163 8.0 9.352
DPIWE 9 0.00 0.25 8.83 75.61 66.01 16.79 CLS 30 0.215 9.0 1.935
DPIWE 9 0.25 0.50 8.99 76.78 65.02 20.99 CLS 30 0.256 9.0 2.304
DPIWE 9 0.50 0.75 8.75 88.86 80.08 12.31 CLS 30 0.192 9.0 1.728
DPIWE 9 0.75 0.90 8.76 82.45 76.11 9.41 CLS 30 30 0.173 0.357 0.155 0.209 9.0 1.557 1.881 1.881
DPIWE 10 0.00 0.25 8.71 85.62 66.62 32.81 HC 65 0.147 6.0 0.882
DPIWE 10 0.25 0.50 8.89 85.08 64.87 36.10 HC 65 0.459 6.0 2.754
DPIWE 10 0.50 0.75 8.98 77.54 62.01 29.29 HC 65 0.423 6.0 2.538
DPIWE 10 0.75 1.00 8.90 81.91 69.25 20.98 MHC 60 0.409 6.5 2.659
DPIWE 10 1.00 1.50 8.84 84.66 72.08 19.89 MC 50 0.415 7.0 2.905
DPIWE 10 1.50 2.00 8.76 90.52 79.15 16.15 MHC 60 0.338 6.5 2.197
DPIWE 10 2.00 2.50 8.70 92.47 80.36 16.90 MC 50 0.316 7.0 2.212
DPIWE 10 2.50 3.00 8.77 83.73 73.29 16.18 MHC 60 0.287 6.5 1.866
DPIWE 10 3.00 3.50 8.87 91.42 80.90 14.61 MHC 60 0.182 6.5 1.180
DPIWE 10 3.50 4.00 9.31 82.79 74.23 13.19 MHC 60 60 0.133 0.890 0.460 0.311 6.5 0.863 6.450 2.322
DPIWE 11 0.00 0.25 8.92 77.74 60.66 33.01 MC 50 0.245 7.0 1.717
DPIWE 11 0.25 0.50 9.29 91.25 70.36 34.21 MHC 60 0.465 6.5 3.023
DPIWE 11 0.50 1.00 8.74 81.43 65.19 28.77 HC 65 1.251 6.0 7.506
DPIWE 11 1.00 1.50 8.74 78.52 60.28 35.39 HC 65 1.378 6.0 8.268
DPIWE 11 1.50 2.00 8.62 75.96 56.31 41.20 MHC 60 1.405 6.5 9.133
DPIWE 11 2.00 2.50 8.80 75.59 57.39 37.46 MHC 60 1.205 6.5 7.833 6.246
DPIWE 11 2.50 3.00 9.25 70.97 53.45 39.64 MHC 60 1.202 6.5 7.813
DPIWE 11 3.00 3.50 9.28 84.55 62.52 41.38 MHC 60 1.318 6.5 8.567
DPIWE 11 3.50 4.00 8.82 83.16 62.87 37.54 MHC 60 1.223 6.5 7.950
DPIWE 11 4.00 4.50 9.11 68.25 51.31 40.14 MHC 60 0.380 6.5 2.470
DPIWE 11 4.50 5.00 8.80 70.80 53.02 40.21 MHC 60 60 1.182 1.700 1.000 1.023 6.5 7.683 6.542 6.246
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DPIWE 12 0.00 0.25 9.14 77.08 56.91 42.22 MHC 60 0.330 6.5 2.145
DPIWE 12 0.25 0.50 8.97 80.24 57.73 46.16 MHC 60 0.847 6.5 5.506
DPIWE 12 0.50 0.75 9.23 82.85 61.63 40.50 MHC 60 0.962 6.5 6.253
DPIWE 12 0.75 1.00 9.21 74.37 62.70 21.82 LMC 45 0.876 8.0 7.008
DPIWE 12 1.00 1.50 8.82 71.72 63.49 15.05 MC 50 55 0.522 1.000 0.400 0.707 7.0 3.654 4.913 4.913
DPIWE 13 0.00 0.25 8.70 82.02 60.50 41.54 MHC 60 0.552 6.5 3.588
DPIWE 13 0.25 0.50 8.96 94.73 76.97 26.11 MHC 60 2.129 6.5 13.839
DPIWE 13 0.50 0.75 8.72 79.23 67.36 20.24 MHC 60 1.684 6.5 10.946
DPIWE 13 0.75 0.85 9.31 97.24 84.11 17.55 MHC 60 60 1.680 1.800 0.800 1.511 6.5 10.920 9.823 9.823
DPIWE 14 0.00 0.25 8.82 73.24 60.39 24.92 LC 40 0.379 8.5 3.222
DPIWE 14 0.25 0.50 9.06 68.07 51.59 38.75 HC 65 0.535 6.0 3.210
DPIWE 14 0.50 0.75 9.25 78.06 63.46 26.93 HC 65 0.805 6.0 4.830
DPIWE 14 0.75 1.00 8.66 74.50 62.82 21.57 MHC 60 58 0.749 1.610 0.600 0.617 6.5 4.869 4.033 4.033
DPIWE 15 0.00 0.25 8.98 95.44 77.43 26.31 MHC 60 0.155 6.5 1.009
DPIWE 15 0.25 0.50 8.79 93.15 73.81 29.74 MHC 60 0.655 6.5 4.258
DPIWE 15 0.50 0.75 8.70 80.66 60.29 39.48 MHC 60 1.465 6.5 9.523
DPIWE 15 0.75 1.00 8.76 74.34 58.12 32.86 MHC 60 1.099 6.5 7.144
DPIWE 15 1.00 1.50 8.77 78.05 58.42 39.54 MC 50 0.682 7.0 4.774
DPIWE 15 1.50 2.00 8.77 78.58 61.86 31.49 FSMC 45 0.474 7.0 3.318
DPIWE 15 2.00 2.50 8.83 85.07 66.51 32.18 FSMC 45 0.414 7.0 2.898
DPIWE 15 2.50 3.00 9.08 84.81 64.07 37.72 SLC 40 0.401 8.5 3.409
DPIWE 15 3.00 3.50 9.14 89.98 71.36 29.93 CLS 30 0.267 9.0 2.403
DPIWE 15 3.50 4.00 8.79 79.63 63.98 28.36 CLS 30 0.214 9.0 1.928
DPIWE 15 4.00 4.50 9.08 81.51 64.00 31.88 CLS 30 0.209 9.0 1.880
DPIWE 15 4.50 5.00 9.37 98.09 78.60 28.15 CLS 30 45 0.318 1.100 0.600 0.529 9.0 2.862 3.784 5.004
DPIWE 16 0.00 0.25 9.07 86.05 68.52 29.49 MC 50 0.292 7.0 2.044
DPIWE 16 0.25 0.50 9.19 85.41 64.82 37.01 MHC 60 1.515 6.5 9.848
DPIWE 16 0.50 0.75 9.11 81.46 66.63 25.78 MHC 60 1.817 6.5 11.811
DPIWE 16 0.75 1.00 9.16 86.17 70.51 25.53 MHC 60 1.378 6.5 8.957
DPIWE 16 1.00 1.50 9.13 82.02 65.09 30.25 MC 50 0.969 7.0 6.783
DPIWE 16 1.50 2.00 9.30 85.84 68.67 28.92 MC 50 0.624 7.0 4.368
DPIWE 16 2.00 2.50 8.83 93.51 76.26 25.58 LMC+ 47 0.504 6.0 3.024
DPIWE 16 2.50 3.00 8.74 92.84 72.66 31.57 MC 50 0.435 7.0 3.045
DPIWE 16 3.00 3.50 8.77 73.89 58.08 32.06 MC 50 0.451 7.0 3.157
DPIWE 16 3.50 4.00 8.83 70.70 56.12 30.83 MC 50 0.404 7.0 2.828
DPIWE 16 4.00 4.50 8.81 78.65 62.68 29.65 MC 50 0.338 7.0 2.366
DPIWE 16 4.50 5.00 8.73 71.54 56.45 31.62 MC 50 52 0.395 1.400 0.800 0.760 7.0 2.765 5.083 7.302
DPIWE 17 0.00 0.25 9.13 82.96 59.81 45.68 HC 65 0.851 6.0 5.106
DPIWE 17 0.25 0.50 8.81 91.27 67.61 40.24 HC 65 0.629 6.0 3.774
DPIWE 17 0.50 0.75 8.98 75.75 56.41 40.77 HC 65 1.544 6.0 9.264
DPIWE 17 0.75 1.00 9.12 87.33 69.85 28.78 HC 65 1.278 6.0 7.668
DPIWE 17 1.00 1.50 9.09 73.33 55.78 37.59 HC 65 0.971 6.0 5.826
DPIWE 17 1.50 2.00 9.25 91.54 70.16 35.10 HC 65 0.598 6.0 3.588
DPIWE 17 2.00 2.50 9.05 80.79 60.66 39.01 HC 65 0.585 6.0 3.510
DPIWE 17 2.50 3.00 9.12 80.07 61.29 36.00 HC 65 0.637 6.0 3.822
DPIWE 17 3.00 3.50 8.74 74.71 56.38 38.48 HC 65 1.035 6.0 6.210
DPIWE 17 3.50 4.00 8.72 81.67 61.66 37.80 HC 65 0.643 6.0 3.858
DPIWE 17 4.00 4.50 8.74 80.31 59.56 40.83 MHC 60 65 0.541 1.200 0.600 0.847 6.5 3.517 5.104 5.871
DPIWE 18 0.00 0.25 8.86 79.64 58.58 42.36 LMC 45 0.323 8.0 2.584
DPIWE 18 0.25 0.50 9.06 74.63 65.88 15.40 MC 50 0.180 7.0 1.260
DPIWE 18 0.50 0.75 8.95 81.44 66.84 25.22 MC 50 0.249 7.0 1.742
DPIWE 18 0.75 1.00 9.04 82.78 67.89 25.30 MHC 60 0.352 6.5 2.288
DPIWE 18 1.00 1.50 8.76 77.79 64.39 24.09 FSMC 45 0.473 7.0 3.311
DPIWE 18 1.50 2.00 8.96 80.85 65.39 27.40 FSMC 45 0.382 7.0 2.674
DPIWE 18 2.00 2.50 8.73 77.02 61.85 28.56 FSMC 45 0.152 7.0 1.065
DPIWE 18 2.50 3.00 8.99 77.05 58.40 37.75 LMC 45 0.332 8.0 2.656
DPIWE 18 3.00 3.50 8.78 80.02 61.16 36.01 LC 40 0.186 8.5 1.578
DPIWE 18 3.50 4.00 9.01 84.53 64.86 35.22 LC 40 0.098 8.5 0.836
DPIWE 18 4.00 4.50 9.19 80.84 61.71 36.42 LC 40 0.155 8.5 1.314
DPIWE 18 4.50 5.00 8.90 81.98 64.99 30.29 LC 40 45 0.172 0.600 0.100 0.254 8.5 1.458 1.897 2.229
DPIWE 20 0.00 0.25 9.08 83.77 64.53 34.70 ZLC 37 0.285 13.0 3.705
DPIWE 20 0.25 0.50 9.02 78.88 66.56 21.41 ZLMC 42 0.206 8.0 1.651
DPIWE 20 0.50 0.75 8.89 83.74 73.25 16.30 MC 50 0.246 7.0 1.723
DPIWE 20 0.75 1.00 8.93 81.53 70.68 17.57 FSMC 45 0.354 7.0 2.478
DPIWE 20 1.00 1.40 9.22 71.84 65.47 11.32 MC 50 45 0.179 0.600 0.100 0.254 7.0 1.255 2.163 2.163
DPIWE 21 0.00 0.25 8.85 75.82 65.57 18.07 MC 50 0.228 7.0 1.596
DPIWE 21 0.25 0.50 8.70 77.89 64.28 24.49 MHC 60 0.342 6.5 2.223
DPIWE 21 0.50 0.75 8.75 75.46 60.29 29.43 MHC 60 57 0.610 0.700 0.200 0.393 6.5 3.965 2.595 2.595
DPIWE 22 0.00 0.25 8.82 71.79 52.19 45.19 MHC 60 0.444 6.5 2.886
DPIWE 22 0.25 0.50 8.85 77.82 55.16 48.93 MHC 60 0.508 6.5 3.302
DPIWE 22 0.50 0.75 9.29 87.93 68.01 33.92 HC 65 62 0.493 0.700 0.200 0.482 6.0 2.958 3.049 3.049
DPIWE 23 0.00 0.25 8.73 81.88 72.47 14.76 SCL 30 0.210 9.0 1.890
DPIWE 23 0.25 0.50 9.09 80.66 64.84 28.38 MC 50 0.199 7.0 1.393
DPIWE 23 0.50 0.75 9.04 80.96 66.26 25.69 LMC 45 0.302 8.0 2.416
DPIWE 23 0.75 1.00 8.81 77.71 65.28 22.01 LMC 45 0.306 8.0 2.448
DPIWE 23 1.00 1.50 8.89 78.74 67.63 18.91 LMC 45 0.319 8.0 2.552
DPIWE 23 1.50 2.00 8.71 78.73 64.98 24.44 LMC 45 43 0.352 0.800 0.300 0.281 8.0 2.816 2.253 2.253
DPIWE 24 0.00 0.25 8.00 78.09 63.23 26.91 LMC 45 0.218 8.0 1.746
DPIWE 24 0.25 0.50 9.12 76.65 59.07 35.20 HC 65 0.473 6.0 2.838
DPIWE 24 0.50 0.75 8.93 74.09 57.40 34.43 HC 65 1.013 6.0 6.078
DPIWE 24 0.75 1.00 8.76 81.15 68.04 22.11 HC 65 1.026 6.0 6.156
DPIWE 24 1.00 1.50 9.07 73.99 63.22 19.89 MHC 60 1.160 6.5 7.540
DPIWE 24 1.50 1.80 9.04 79.29 69.73 15.75 MHC 60 60 0.817 0.487 0.340 0.785 6.5 5.311 4.945 4.945
DPIWE 25 0.00 0.25 9.06 81.26 72.10 14.53 SL 15 0.255 14.0 3.570
DPIWE 25 0.25 0.50 9.21 78.24 62.80 28.81 HC 65 0.388 6.0 2.328
DPIWE 25 0.50 0.75 9.12 76.65 62.52 26.46 HC 65 48 0.394 0.673 0.081 0.346 6.0 2.364 2.754 2.754
DPIWE 26 0.00 0.25 8.96 78.86 56.82 46.05 LMC 45 0.370 8.0 2.960
DPIWE 26 0.25 0.50 8.75 81.62 66.71 25.72 MHC 60 0.824 6.5 5.356
DPIWE 26 0.50 0.75 8.75 91.38 76.48 22.00 MHC 60 0.953 6.5 6.195
DPIWE 26 0.75 1.00 8.78 81.20 66.50 25.47 LMC 45 0.842 8.0 6.736
DPIWE 26 1.00 1.50 8.20 74.99 61.31 25.76 LC 40 0.279 8.5 2.372
DPIWE 26 1.50 2.00 8.77 82.36 67.52 25.26 LC 40 48 0.201 0.753 0.300 0.578 8.5 1.706 4.221 4.221
DPIWE 27 0.00 0.25 8.79 81.95 63.25 34.34 MHC 60 0.303 6.5 1.970
DPIWE 27 0.25 0.50 8.69 87.22 70.36 27.34 MHC 60 0.756 6.5 4.914
DPIWE 27 0.50 0.75 8.93 85.51 72.07 21.29 MHC 60 1.205 6.5 7.833
DPIWE 27 0.75 1.00 8.78 82.13 70.25 19.33 MHC 60 60 1.047 0.800 0.610 0.828 6.5 6.806 5.380 5.380
DPIWE 28 0.00 0.25 8.74 94.66 74.46 30.74 ZMC 48 0.223 7.0 1.562
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DPIWE 28 0.25 0.50 8.98 85.50 64.41 38.05 ZMC 48 0.384 7.0 2.688
DPIWE 28 0.50 0.75 8.93 75.99 58.90 34.20 MC+ 53 0.605 6.5 3.933
DPIWE 28 0.75 1.00 8.83 88.51 68.01 34.64 MC+ 53 0.995 6.5 6.468
DPIWE 28 1.00 1.50 8.75 93.68 73.02 32.15 MC 50 1.265 7.0 8.855
DPIWE 28 1.50 1.80 8.83 86.92 75.02 17.98 LMC 45 50 0.819 1.370 0.460 0.715 8.0 6.552 5.009 5.009
DPIWE 29 0.00 0.25 8.76 83.63 65.33 32.35 ZMC 48 0.320 7.0 2.240
DPIWE 29 0.25 0.50 8.80 85.51 67.92 29.75 ZMC 48 0.431 7.0 3.017
DPIWE 29 0.50 0.75 8.98 76.99 63.44 24.88 ZMC 48 0.463 7.0 3.241
DPIWE 29 0.75 1.00 8.81 84.86 71.48 21.35 MC 50 0.600 7.0 4.200
DPIWE 29 1.00 1.50 8.78 74.54 61.12 25.64 MC 50 0.724 7.0 5.068
DPIWE 29 1.50 2.00 8.75 73.30 61.24 22.98 MC 50 49 0.743 1.057 0.360 0.547 7.0 5.201 3.828 3.828
DPIWE 30 0.00 0.25 8.75 83.60 63.73 36.14 MC 50 0.458 7.0 3.206
DPIWE 30 0.25 0.50 8.76 76.79 60.76 30.83 MHC 60 0.954 6.5 6.201
DPIWE 30 0.50 0.75 8.76 78.11 64.80 23.75 MHC 60 1.153 6.5 7.495
DPIWE 30 0.75 1.00 8.82 74.58 61.93 23.82 MHC 60 0.718 6.5 4.667
DPIWE 30 1.00 1.50 8.87 85.28 70.62 23.74 MC 50 0.304 7.0 2.128
DPIWE 30 1.50 2.00 9.07 75.51 60.95 28.06 MC 50 0.370 7.0 2.590
DPIWE 30 2.00 2.50 8.81 81.69 64.35 31.22 MC 50 0.092 7.0 0.647
DPIWE 30 2.50 3.00 8.80 79.04 64.19 26.81 MC 50 0.118 7.0 0.829
DPIWE 30 3.00 3.50 8.96 72.22 58.63 27.36 MC 50 53 0.073 0.610 0.200 0.471 7.0 0.509 3.141 4.381
DPIWE 31 0.00 0.25 8.82 92.30 75.19 25.78 MHC 60 0.829 6.5 5.389
DPIWE 31 0.25 0.50 8.82 90.32 80.14 14.27 MC 50 55 0.410 0.720 0.140 0.620 7.0 2.870 4.129 4.129
DPIWE 32 0.00 0.25 9.17 75.45 58.95 33.15 MHC 60 0.151 6.5 0.979
DPIWE 32 0.25 0.50 8.85 78.28 61.40 32.12 MHC 60 0.216 6.5 1.406
DPIWE 32 0.50 0.75 8.78 76.03 62.92 24.21 MHC 60 0.220 6.5 1.429
DPIWE 32 0.75 1.00 8.78 72.68 60.60 23.31 MHC 60 0.129 6.5 0.840
DPIWE 32 1.00 1.50 8.76 71.52 60.22 21.96 MHC 60 60 0.141 0.897 0.230 0.171 6.5 0.915 1.114 1.114
DPIWE 33 0.00 0.25 9.15 75.38 65.84 16.83 MHC 60 0.895 6.5 5.818
DPIWE 33 0.25 0.50 8.84 76.72 62.71 26.01 HC 65 3.008 6.0 18.048
DPIWE 33 0.50 0.75 9.19 73.89 61.86 22.84 HC 65 3.010 6.0 18.060
DPIWE 33 0.75 1.00 9.12 101.74 88.19 17.14 HC 65 2.065 6.0 12.390
DPIWE 33 1.00 1.50 8.89 85.68 58.59 54.51 HC 65 64 2.100 3.017 2.011 2.216 6.0 12.600 13.383 13.383 3.010
DPIWE 34 0.00 0.25 8.72 78.17 71.71 10.26 LS 7 0.465 17.0 7.905
DPIWE 34 0.25 0.50 8.72 96.51 60.51 69.51 MC 50 1.999 7.0 13.993
DPIWE 34 0.50 0.75 8.73 94.33 74.43 30.29 MHC 60 1.749 6.5 11.369
DPIWE 34 0.75 1.00 8.77 88.31 73.50 22.88 LC 40 1.773 8.5 15.071
DPIWE 34 1.00 1.50 LC 40 1.523 8.5 12.946
DPIWE 34 1.50 2.00 8.81 83.99 62.70 39.51 LC+ 42 1.335 8.0 10.680
DPIWE 34 2.00 2.50 8.84 82.00 63.92 32.82 LMC 45 1.075 8.0 8.600
DPIWE 34 3.50 4.00 9.22 88.30 68.84 32.64 SCL 30 1.259 9.0 11.331
DPIWE 34 4.00 4.50 8.89 77.54 61.29 31.01 LC 40 39 1.469 1.477 0.780 1.405 8.5 12.487 11.598 11.994
DPIWE 35 0.00 0.25 8.70 85.73 66.60 33.04 MHC 60 0.651 6.5 4.232
DPIWE 35 0.25 0.50 8.75 81.71 65.73 28.04 HC 65 1.682 6.0 10.092
DPIWE 35 0.50 0.75 8.71 75.23 63.08 22.35 MC 50 2.124 7.0 14.868
DPIWE 35 0.75 1.00 9.19 74.61 62.80 22.03 MHC 60 1.795 6.5 11.668
DPIWE 35 1.00 1.50 9.03 79.04 64.16 26.99 MC 50 1.202 7.0 8.414
DPIWE 35 2.00 2.50 9.26 92.37 79.66 18.05 MHC 60 0.782 6.5 5.083
DPIWE 35 2.50 3.00 9.00 85.28 72.03 21.02 HC 65 59 0.850 1.280 0.683 1.298 6.0 5.100 8.494 9.059
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Appendix 7.  Bulk Density Sampling Tunbridge

GM1 Crop 1 0-75 1.26 Wb1 Cont 1 0-75 1.26
2 0-75 1.24 2 0-75 1.22
3 0-75 1.20 3 0-75 1.25
4 0-75 1.30 4 0-75 1.27
5 0-75 1.15 5 0-75 1.30
6 0-75 1.22 6 0-75 1.29
7 0-75 1.16 7 0-75 1.29
8 0-75 1.15 8 0-75 1.24
9 0-75 1.15 9 0-75 1.28
10 0-75 1.21 1.20 10 0-75 1.26 1.27

GM1 Crop 1 300-375 1.21 Wb1 Crop 1 0-75 1.08
2 300-375 1.15 2 0-75 1.07
3 300-375 1.25 3 0-75 1.03
4 300-375 1.32 4 0-75 1.14
5 300-375 1.32 5 0-75 1.12
6 300-375 1.41 6 0-75 1.01
7 300-375 0.94 7 0-75 0.93
8 300-375 1.34 8 0-75 0.99
9 300-375 1.19 9 0-75 1.05
10 300-375 1.22 1.23 10 0-75 1.01 1.04

GM1 Cont 1 0-75 0.88 Wb1 Cont 1 300-375 0.94
2 0-75 1.01 2 300-375 1.19
3 0-75 0.90 3 300-375 1.34
4 0-75 1.12 4 300-375 1.44
5 0-75 0.69 5 300-375 1.28 1.12
6 0-75 1.08 Wb1 Crop 1 300-375 0.92
7 0-75 0.99 2 300-375 1.12
8 0-75 0.98 3 300-375 1.07
9 0-75 0.74 4 300-375 1.08
10 0-75 0.78 0.92 5 300-375 1.07 1.15

GM1 Cont 1 300-375 1.07 Wb2 Cont 1 0-75 1.10
2 300-375 1.16 2 0-75 1.19
3 300-375 1.44 3 0-75 1.17
4 300-375 1.22 4 0-75 1.12
5 300-375 1.08 5 0-75 1.17
6 300-375 1.27 6 0-75 1.24
7 300-375 1.52 7 0-75 1.17
8 300-375 1.46 8 0-75 1.19
9 300-375 1.34 9 0-75 1.15
10 300-375 1.43 1.30 10 0-75 1.15 1.17

GM2 Crop 1 0-75 1.21 Wb2 Crop 1 0-75 1.03
2 0-75 1.13 2 0-75 1.08
3 0-75 0.98 3 0-75 1.01
4 0-75 1.06 4 0-75 0.95
5 0-75 1.04 5 0-75 0.96
6 0-75 1.09 6 0-75 1.03
7 0-75 0.98 7 0-75 1.02
8 0-75 1.28 8 0-75 1.04
9 0-75 1.00 9 0-75 1.06
10 0-75 1.05 1.08 10 0-75 1.02 1.02

GM2 Crop 1 300-375 1.03
2 300-375 0.97
3 300-375 1.01
4 300-375 1.00
5 300-375 1.19
6 300-375 1.11
7 300-375 1.04
8 300-375 1.16
9 300-375 1.08
10 300-375 1.09 1.07

GM2 Cont 1 0-75 0.90
2 0-75 0.95
3 0-75 0.98
4 0-75 0.98
5 0-75 0.93
6 0-75 1.01
7 0-75 1.06
8 0-75 1.03
9 0-75 0.94
10 0-75 0.89 0.97

GM2 Cont 1 300-375 1.14
2 300-375 1.25
3 300-375 1.18
4 300-375 1.19
5 300-375 1.09
6 300-375 1.20
7 300-375 1.15
8 300-375 1.39
9 300-375 1.18
10 300-375 1.09 1.19
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Appendix 9.   Rating table for analytical properties & Lab Methodologies

General analytical properties

Very low Low Medium High Very High
Organic Carbon (%) <1 1-2 2-4 4-8 >8
Total Nitrogen (%) <0.1 0.1-0.2 0.2-0.4 >0.4
Total Phosphorus (mg/kg) <100 100-200 200-500 500-1000 >1000
CEC (meq/100g soil) <6 6-12 12-25 25-50 >50
Base Saturation (%) <20 20-40 40-60 >60

Note: Organic matter content can be estimated by multiplying organic carbon contents by
1.724.

Colwell Extractable Phosphorus and Potassium

Light soils (sandy loams) Low Medium High
P (mg/kg) <10 10-35 >35
K (mg/kg) <100 100-200 >200

Heavy soils (clays) Low Medium High
P (mg/kg) <30 30-80 >80
K(mg/kg) <150 150-300 >300

Salinity (based on soil EC1:5)

None Slight Moderate High Very High
(dSm-1) <0.2 0.2-0.7 0.7-1.2 1.2-3.0 >3.0

Soil Acidity

Slightly Moderately Strongly Extremely
pH range 6.5-6.0 5.9-5.3 5.2-4.5 <4.5

Tables adapted from Doyle (1993) p115.

Lab Methodology

Soil pH

method 4A1 (Rayment & Higginson 1992, p.17) 1:5 soil/ deionised water, electrode

EC (conductivity)

method 3A1 (Rayment & Higginson 1992, p.15) 1:5 soil/ deionised water, electrode (ms/cm)

Chloride

method 5A2 (Rayment & Higginson 1992, p.26) 1:5 soil/ water extract, automated colour (mg/kg)
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Nitrogen

method 7B1 (Rayment & Higginson 1992, p.45) Water soluble nitrate, colorimetry (mg/kg)

Phosphorus

method 9B2 (Rayment & Higginson 1992, based on Murphy & Riley (1962), p.66). Bicarbonate-
extractable phosphorus, colorimetry, (mg/kg).

Calcium, Magnesium, Sodium, Potassium

method 15A1 (Rayment & Higginson 1992, p.138).  Exchangeable bases - 1M ammonium chloride at
pH 7.0., (meq/100g).

Copper, Zinc, Manganese, Iron

method 12A1 (Rayment & Higginson 1992, p. 110).  0.005M DTPA - extractable micronutrients

Air-dry moisture content

method 2A1 (Rayment & Higginson 1992, p.10). expressed as %

Particle size Analysis

Expressed as % coarse sand, fine sand, silt & clay.

Organic Carbon

method 6A1 (Rayment & Higginson 1992, p.29).  Organic Carbon %- (Walkley & Black (W&B)).

Total Nitrogen

method 7A2 (Rayment & Higginson 1992, p.41).  Total Nitrogen semimicro Kjedahl, automated
colour,%.

Boron

method 12C2 (Rayment & Higginson 1992, p.115, based on methods described by Gupta & Stewart
(1975), Gupta (1979), Parker & Gardener (1981), and Bloesch (1985)).  Calcium chloride extractable
boron - manual colour.  (mg/kg).
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