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Director’s foreword
Sustainable regional development is a priority for the Australian, Western Australian, Northern
Territory and Queensland governments. In 2015 the Australian Government released the ‘Our
North, Our Future: White Paper on Developing Northern Australia’ and the Agricultural
Competitiveness White Paper, both of which highlighted the opportunity for northern Australia’s
land and water resources to enable regional development.
Sustainable regional development requires knowledge of the scale, nature, location and
distribution of the likely environmental, social and economic opportunities and risks of any
proposed development. Especially where resource use is contested, this knowledge informs the
consultation and planning that underpins the resource security required to unlock investment.
The Australian Government commissioned CSIRO to complete the Northern Australia Water
Resource Assessment (the Assessment). In collaboration with the governments of Western
Australia, Northern Territory and Queensland, they respectively identified three priority areas for
investigation: the Fitzroy, Darwin and Mitchell catchments.
In response, CSIRO accessed expertise from across Australia to provide data and insight to support
consideration of the use of land and water resources for development in each of these regions.
While the Assessment focuses mainly on the potential for agriculture and aquaculture, the
detailed information provided on land and water resources, their potential uses and the impacts
of those uses are relevant to a wider range of development and other interests.

Chris Chilcott
Project Director
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Preface
The Northern Australia Water Resource Assessment (the Assessment) provides a comprehensive
and integrated evaluation of the feasibility, economic viability and sustainability of water and
agricultural development in three priority regions shown in Preface Figure 1:
• Fitzroy catchment in Western Australia
• Darwin catchments (Adelaide, Finniss, Mary and Wildman) in the Northern Territory
• Mitchell catchment in Queensland.
For each of the three regions, the Assessment:
• evaluates the soil and water resources
• identifies and evaluates water capture and storage options
• identifies and tests the commercial viability of irrigated agricultural and aquaculture
opportunities
• assesses potential environmental, social and economic impacts and risks of water resource and
irrigation development.

Preface Figure 1 Map of Australia showing the three study areas comprising the Assessment area
Northern Australia defined as that part of Australia north of the Tropic of Capricorn. Murray–Darling Basin and major
irrigation areas and large dams (>500 GL capacity) in Australia shown for context.
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While agricultural and aquacultural developments are the primary focus of the Assessment, it also
considers opportunities for and intersections between other types of water-dependent
development. For example, the Assessment explores the nature, scale, location and impacts of
developments relating to industrial and urban development and aquaculture, in relevant locations.
The Assessment was designed to inform consideration of development, not to enable any
particular development to occur. As such, the Assessment informs – but does not seek to replace –
existing planning, regulatory or approval processes. Importantly, the Assessment did not assume a
given policy or regulatory environment. As policy and regulations can change, this enables the
results to be applied to the widest range of uses for the longest possible time frame.
It was not the intention – and nor was it possible – for the Assessment to generate new
information on all topics related to water and irrigation development in northern Australia. Topics
not directly examined in the Assessment (e.g. impacts of irrigation development on terrestrial
ecology) are discussed with reference to and in the context of the existing literature.
Assessment reporting structure
Development opportunities and their impacts are frequently highly interdependent and,
consequently, so is the research undertaken through this Assessment. While each report may be
read as a stand-alone document, the suite of reports most reliably informs discussion and decision
concerning regional development when read as a whole.
The Assessment has produced a series of cascading reports and information products:
• Technical reports, which present scientific work at a level of detail sufficient for technical and
scientific experts to reproduce the work. Each of the ten activities (outlined below) has one or
more corresponding technical reports.
• Catchment reports for each catchment that synthesise key material from the technical reports,
providing well-informed (but not necessarily scientifically trained) readers with the information
required to make decisions about the opportunities, costs and benefits associated with irrigated
agriculture and other development options.
• Summary reports for each catchment that provide a summary and narrative for a general public
audience in plain English.
• Factsheets for each catchment that provide key findings for a general public audience in the
shortest possible format.
The Assessment has also developed online information products to enable the reader to better
access information that is not readily available in a static form. All of these reports, information
tools and data products are available online at http://www.csiro.au/NAWRA. The website provides
readers with a communications suite including factsheets, multimedia content, FAQs, reports and
links to other related sites, particularly about other research in northern Australia.
Functionally, the Assessment adopted an activities-based approach (reflected in the content and
structure of the outputs and products), comprising ten activity groups; each contributes its part to
create a cohesive picture of regional development opportunities, costs and benefits. Preface
Figure 2 illustrates the high-level links between the ten activities and the general flow of
information in the Assessment.
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Preface Figure 2 Schematic diagram illustrating high-level linkages between the ten activities (blue boxes)
Activity boxes that contain multiple compartments indicate key sub-activities. This report is a technical report. The red
oval indicates the primary activity (or activities) that contributed to this report.
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Executive summary
The Northern Australia Water Resource Assessment (the Assessment) aimed to support decision
making for sustainable regional development. It did this by clarifying the scale and nature of the
opportunities for agriculture and other uses of water resources in three study areas in northern
Australia: the Fitzroy catchment in Western Australia; the Wildman, Adelaide, Mary and Finniss
catchments in the Northern Territory (the Darwin catchments); and the Mitchell catchment in
Queensland. Together these represent 197,000 km2, on which the predominant agricultural land
use is extensive livestock grazing. The Assessment was commissioned by the Australian
Government, in collaboration with the governments of Western Australia, Northern Territory and
Queensland who respectively identified the three priority areas for investigation.
A fundamental input to the assessment of water resource development, principally for agricultural
purposes, is an understanding of the soil and landscape resources available, their spatial
distribution, and their limitations to use. Specifically, an understanding of the potential suitability
of soils for a range of crops, planting seasons and irrigation management is vital.
This report details the digital soil mapping conducted by the Assessment. The objective of the
work described in this report was to produce soil attribute and soil generic group data. Soil pH,
clay content, A-horizon depth, soil depth, plant available water capacity, permeability, drainage,
rockiness, erodibility, exchangeable sodium percentage, surface condition, structure, surface
salinity, texture, and microrelief were all required as input to the land suitability analysis reported
by the companion report Thomas et al. (2018). Three major tasks were completed. First, new soils
data were collected using a statistically robust field sampling strategy. Second, soil attribute and
soil generic group data and maps for the three study areas were modelled at a spatial resolution of
three arc-seconds (grid cell of approximately 90 m on the ground). Third, the reliability of the data
produced was evaluated following field validation and model testing.
A data set of soil generic groups was derived for the three study areas through digital soil
mapping. These groups are aligned with the Australian Soil Classification and were principally
intended to aid communication of the soil types found in the catchments as part of the broader
Assessment reporting, although the data also played a minor role in the land suitability analysis.
The Assessment ultimately produced a set of land suitability data and maps for 126 crop by season
by irrigation type combinations for all three areas at a spatial resolution of three arc-seconds. It
also produced land suitability data and maps for aquaculture, all of which are reported in Thomas
et al. (2018). The soil attribute data were also used to evaluate suitability of off stream storages
and as input to hydrological models. They are available publicly via the CSIRO Data Access Portal
for consideration of other land uses as appropriate.
Data from nearly 60,000 existing soil survey sites in the three jurisdictions, north of latitude 20º S,
were combined with data collected from a total of 736 new sites in the three study areas.
Environmental covariates chosen to represent soil formation processes were used to implement a
stratified random sampling design for the collection of new data using conditioned Latin
hypercube sampling. The covariates were also used to predict values for soil attributes for three
arc-second grid cells across the three study areas. Soil and landscape features were determined in
Executive summary | ix

the field, through chemical and physical laboratory analyses (386 samples) and through midinfrared spectroscopy (2500 samples). Soil attributes and soil generic groups were modelled and
predicted using a Random Forest algorithm. Typically, the attributes modelled with the highest
accuracy, as determined by data collected during a validation field trip, were rockiness,
microrelief, and surface salinity.
A novel approach was taken for the determination of spatially explicit, quantitative, reliability of
the final data and maps. This estimate shows, for each of the data and map products, the areas of
each catchment where there is greater confidence in the accuracy of the output and where there
is lesser confidence. This information will be a valuable resource for those seeking to make
decisions about development in the three study areas, and will help direct future surveys and
sampling effort.
The work reported here should be considered within the context of the other Activities within the
Assessment which included: climate; surface water hydrology; groundwater hydrology; agriculture
and aquaculture viability; water storage; socio-economics; Indigenous water values, rights and
development aspirations; and aquatic and marine ecology. These have been reported on
individually, along with a number of catchment summary and individual case study reports.
The digital soil mapping and subsequent land suitability analysis were a collaborative approach
between CSIRO and the three jurisdictions of Western Australia, the Northern Territory and
Queensland. All three jurisdictions were heavily involved in field data collection, the iterative
improvement of the data layers and the development of the land suitability framework.
It is important to emphasize that this is a regional-scale assessment: further data collection and
detailed soil physical, chemical and nutrient analyses would be required to plan development at a
scheme, enterprise or property scale. This is because data and map outputs generated in the
Assessment are not suitable for the planning of a specific development at the scales required.
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Introduction

Knowledge of soils and the landscapes they occupy is critical for determining the opportunities for
land intensification, especially irrigated agriculture. Much of the soil in northern Australia is
ancient and highly weathered (Reimann et al., 2012). This means that these soils frequently have
low fertility status (i.e. low in available phosphorus, total nitrogen, organic carbon, and
exchangeable cations). They may also be saline (Webb et al., 1974) or have poor structure. The
generally low fertility status of northern soils combined with extended dry-season climate patterns
often results in naturally sparse vegetation leaving soils vulnerable to erosion (Brooks et al., 2009;
Pillans, 1997). However, there are significant areas of soils across northern Australia that have
characteristics that make them potentially suitable for irrigation (e.g. typically younger Quaternary
alluvium, cracking clay plains and deeper red and yellow loamy soils). Whilst there are only a
limited number of extensive tracts of these and other suitable soils in northern Australia, some
considerable areas do exist. Given the vastness of the area in question, these areas may be
individually large enough, or even locally combine, to make irrigated agriculture a viable
proposition. In locating these areas it is necessary to firstly understand the location and
characteristics of their soils, then secondly to assess their suitability in the context of broader
water, landscape, environmental and economic factors.
This report describes the approaches used in the land suitability activity of the Northern Australian
Water Resource Assessment. The combined Assessment area is approximately 197,000 km2 and
encompasses the Fitzroy catchment in Western Australia (WA), the Darwin catchments
(comprising the Finniss, Adelaide, Mary and Wildman catchments) in the Northern Territory (NT),
and the Mitchell catchment in Queensland. These three study areas are shown in Figure 1-1.
This activity addresses the shortcomings identified in the 2009 desktop land evaluation study for
northern Australia (Wilson et al., 2009); namely that the potential for agricultural intensification is
severely restricted by a lack of suitable soil attribute mapping at appropriate mapping scales to
systematically understand the broad agricultural opportunities presented in the Assessment area.
The activity’s reporting is split into two companion technical reports corresponding to the key
phases of work. This report describes the methods used to produce soil and landscape attribute
data and maps. The data are then incorporated into the process of land suitability analysis,
addressing options for multiple irrigated crop and aquaculture options which are described in the
companion land suitability technical report (Thomas et al., 2018).
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Figure 1-1 Northern Australian coastal drainage and relief patterns
The Fitzroy catchment, Darwin catchments and Mitchell catchment study areas and significant settlements are shown. Inset highlights the catchments in relation to northern
drainage divisions and the area north of the Tropic of Capricorn.
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Context of this activity within the Assessment
The content of this technical report and the approach taken within the land suitability activity
needs to be considered in the overall context and scope of the Assessment. The Assessment was
designed to explore the scale of the opportunity for cropping, horticulture, forestry (irrigated and
rainfed) and aquaculture development in the Fitzroy, Darwin and Mitchell catchments. It does not
seek to advocate any specific development per se, or assess or enable any particular development.
Rather, it identifies the resources (particularly land and water) that could be potentially utilised to
support irrigation or aquaculture enterprises, evaluates the feasibility of development (at a broad,
reconnaissance scale), and broadly quantifies the size of the opportunities that might exist
throughout the Assessment area.
The Assessment did not consider that particular areas within the three study areas were in or out
of scope and did not assume, as a starting point, a given regulatory environment. For example, all
land tenures are included even though some may currently exclude development. The activity
identified those soils and landscapes that are most suited for agricultural or aquaculture
developments and, by inference, those that are unsuitable. The activity is fundamentally a soil and
land resource assessment, the results of which can be used to inform planning decisions by
citizens, investors, and the different, relevant tiers of government.
Functionally, the Assessment adopted an activities-based approach to the work with the following
activity groups: climate, land suitability, surface water hydrology, groundwater hydrology,
agriculture and aquaculture viability, water storage, socio-economics, Indigenous water values
rights and objectives, and aquatic and marine ecology. These have been reported on individually,
along with a number of catchment summary and individual case study reports. The approach
taken was to allow various users of the activity reports, data and map outputs to combine their
outputs in a way that provides relevant information for their own particular development
interests.
Additional aspects that may influence land suitability have been addressed in other reports
associated with the Assessment. For example, flood inundation in the three study areas was
investigated within the surface water hydrology activity (Karim et al., 2018). Flooding risk can, in
many instances, be altered by major changes to catchment hydrology or alleviated to some extent
by engineering solutions. For example, the water storage activity (Petheram et al., 2017) notes
changes in inundation areas due to the construction of water storages upstream. The economic
viability of engineering or other solutions for a particular area of land would need to be
determined by a prospective developer, taking into account environmental risks. Other economic
considerations of agricultural production at the farm scale were examined in three technical
reports (Ash et al., 2018a; Ash et al., 2018b; Ash et al., 2018c), and at the scheme or regional scale
in the companion technical report on socio-economics (Stokes et al., 2017).
While basic climate attributes were used in the land suitability framework (Appendix B in (Thomas
et al., 2018) a more comprehensive analysis of the climate of the three study areas can be found in
the report by the climate activity (Charles et al., 2018). The climate activity considered current
climate data as well as data reflecting a future where the global mean surface air temperatures
are 2.2 °C higher relative to 1990s global temperatures under an emissions scenario for the year
4 | Digital soil mapping of the Fitzroy, Darwin and Mitchell catchments

2060. The land suitability framework developed by this Activity is structured in such a way that
future climate data could be incorporated if that was the subject of particular interest. Charles
et al. (2018) also provide information on tropical cyclones, which can have an influence on land
suitability, especially for tree crops.
Access to water is another component required when considering the suitability of a particular
area of land for development. Groundwater for the three study areas is considered within a
number of reports from the groundwater activity (i.e. Taylor et al., 2018a; Taylor et al., 2018b;
Turnage et al., 2018) and surface water availability was investigated by Hughes et al. (2018).
Regulation, licensing of water and the impacts of land tenure in the three jurisdictions is detailed
in Macintosh et al. (2018), while the cost of water delivered to crops is considered in the
agriculture viability activity and socioeconomic activity technical reports (i.e. Ash et al., 2018a; Ash
et al., 2018b; Ash et al., 2018c; Stokes et al., 2017). Aquaculture also forms a component of the
agriculture viability activity; species and growing methods are discussed in Irvin et al. (2018).
Risks in relation to off-site impacts were explored for nutrients, herbicides and pesticides (Ash et
al., 2018a; Ash et al., 2018b; Ash et al., 2018c), while aquatic and marine ecological impacts were
also investigated (Pollino et al., 2018).
The Assessment did not have the resources to provide a land suitability analysis at any more than
a regional, or reconnaissance scale. Nor did it have the resources to provide an analysis of a
complete suite of factors affecting land suitability. For example, it did not consider the potential of
breeding new varieties of crops and forages for northern Australia which could alter the impact of
some of the limitations included in the suitability framework, nor did it consider technological
advances in farm machinery. It did not consider the outcomes of competing societal, political or
cultural interests or the costs of development to present day ecosystem services.
Similarly, resource limitations severely constrained the extent to which it was possible to consider
the potential development of secondary salinisation. Impacts related to potential secondary
salinisation were not evaluated in this activity because to develop the required mechanistic
models (and their validation) was well beyond the time and resources available. However,
secondary salinisation developed through irrigation (rising saline groundwater and off-site,
downstream salinity) has been addressed at least on a conceptual level by the groundwater
activity for some locations deemed potentially prospective for irrigation in the Fitzroy (Taylor et
al., 2018b) and Mitchell catchments (Taylor et al., 2018a), where irrigation-induced salinisation
was considered a potential risk given the soil and geological settings. Local knowledge and field
evidence pointed to little risk of salinisation in the Darwin catchments.
The set of factors detailed above has material implications for readers of this technical report and
users of the data it represents. As Rossiter (1996) states, land evaluation has often been
“pedocentric” emphasising the soil resource and not the range of other factors that have an
impact on suitability. The list of possible limitations is almost limitless and each exercise in land
suitability analysis must take into account those limitations that are particularly relevant to the
objective of the analysis. Extreme caution should be employed when using the suitability maps at
fine scale or for individual planning purposes. The mapping outputs are designed to provide a land
and soil-centred, strategic overview of the agricultural potential in each of the three study areas.
Further, more detailed analysis of a wide range of factors would be required to plan and
implement development at the enterprise or property scale.
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Assessment area
The sections that follow describe the physiographic, cultural and post-European developmental
characteristics for each of the three study areas covered in the Assessment. Due to the existing
and potential impact of soil erosion across the tropical north, particular attention in these
discussions is given to this form of land degradation. Each of the sections concludes with a review
of the most significant soil and resource assessment surveys completed to date, some of which
provides more detailed information for particular areas (especially the Darwin catchments) than
has been provided here in this report at the reconnaissance scale of assessment that this provides
readers.
The three study areas are not pristine environments. Land degradation, especially in the form of
soil erosion, is a feature of all three study areas. By and large, soil erosion by water is the
dominant form, although wind erosion is also significant in some areas, notably parts of the Fitzroy
catchment. Erosion is a natural process but has been substantially accelerated by land use changes
post-European settlement. In particular, over-grazing by the extensive pastoral industry has
removed ground cover and resulted in degraded areas within all three study areas, as it has across
much of northern Australia. While much of this land degradation is insidious, a number of
degradation events due to drought and excessive grazing pressure have been identified in
northern Australia (Stafford-Smith et al., 2007). Shellberg et al. (2016) list a number of published
examples of gully erosion in northern Australia, including within the three study areas or very
similar landscapes. Tothill and Gillies (1992) found widespread decline in the rangeland resource
across northern Australia.
Caitcheon et al. (2012) note that the impact of soil erosion on northern Australian rivers has
received relatively little attention. All three study areas contain features that can potentially lead
to accelerated soil erosion. Shellberg et al. (2016) have recently found widespread gully erosion in
low gradient rivers in northern Australia, and that exposure of sodic soils has the potential for a
substantial increase in rates of erosion.
O'Gara (2010) notes that, while ‘soil loss occurs on all land regardless of cover and management’;
poor cultivation and cropping practices have the capacity to dramatically increase soil loss. The
main factors leading to increased soil erosion are: bare soils, particularly leading into the wetseason; high intensity and sometimes long-duration tropical rainfall; cultivation and practices that
lead to low residual mulch or trash; dispersible, sodic soil types; and slope of the land. O’Gara
(2010) finds that in the NT at least (and relevant elsewhere in northern Australia) water or
hillslope erosion is the most serious form of erosion. Sheet erosion is common on large, gently
sloping cultivated areas. Long slopes are particularly susceptible, and even long gentle slopes of
1% to 2% can suffer damage due to the energy and speed of the run-off water, while the greater
the slope the greater the speed of overland flow. Slope, along with K-factor, is used to determine
the water erosion limitation in the land suitability framework presented in this report (for details
see Appendix B). Rill erosion (an erosion channel up to 30 cm deep) usually occurs where there is a
concentration of runoff. Left unchecked, rills can become gullies deeper than 30 cm. Gullies can
eventually become very deep and difficult or practically impossible to halt. Alluvial soils and soils
with highly dispersible (sodic) sub-soils are particularly vulnerable.
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While O'Gara (2010) highlights the extent of surface soil loss from water erosion, Caitcheon et al.
(2012) conclude that surface soils are a minor component of the sediment being transported in
large river systems in northern Australia compared with channel and gully erosion. It is likely that
this is consistent with the predominant land use being extensive livestock grazing. Cropping and
the practices associated with it, is more likely to lead to a more intense rate of soil erosion,
although over relatively small areas in comparison with the grazing industry. However, Wasson et
al. (2010) reported that the Daly River water in the NT had seen no discernible increase in
sediment load despite an increase in cropping in the previous 30 years in land adjacent to the
river, although the authors note that only a small proportion of the catchment had been cleared.
There are a number of farming practices that can ameliorate the risk of erosion (O'Gara, 2010).
These include minimising soil disturbance through direct drilling or no tillage, maintaining high
levels of mulch and stubble, particularly on fallow soils, and in the design and location of the
cropping system itself in terms of slope and soil type. Indeed, recognition of the negative impacts
of erosion on farming and land use sustainability is bound within the land suitability framework
used in this activity. That is, soil and landscape attributes that contribute to soil erosion, including
slope gradient, inherent soil erodibility (K-factor), soil type (SGGs), surface condition, etc., are
factored in so that land inherently vulnerable to erosion will be assigned a reduced suitability
rating, including an unsuitable class if erosion potential is high enough.

1.2.1

FITZROY CATCHMENT

The Fitzroy catchment covers approximately 94,000 km2 of the Kimberley Region in northern WA
(Figure 1-2). The river rises in the King Leopold Ranges and drains into King Sound, thence into the
Indian Ocean. Being more than 700 km long and with a mean annual discharge (recorded at
Willare) of 8045 GL/yr, the Fitzroy River is one of Australia’s largest river systems. Most of the
catchment is contained within three bioregions (Dampierland, Ord Victoria Plain, and Central
Kimberley) but contains parts of the Northern Kimberley and Great Sandy Desert bioregions.
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Figure 1-2 Fitzroy catchment, showing localities, the Fitzroy River and tributaries and overlying relief

The Fitzroy catchment’s largest settlement, Derby (population 3,261; Australian Bureau of
Statistics, 2012), is located on King Sound. Fitzroy Crossing, the next largest settlement (population
1,144; Australian Bureau of Statistics, 2012), is located towards the centre of the study area. Halls
Creek (population 1,443; Australian Bureau of Statistics, 2012) lies just beyond the western
watershed in the eastern highlands. The administrative and commercial hub of the West
Kimberley region is Broome, which lies approximately 100 km south of the Fitzroy River’s western
watershed. The Fitzroy catchment is served by the Great Northern Highway connecting Broome to
the south-west, and Kununurra in the north-east near the NT border. Approximately 80% of the
people are Indigenous, belonging to 55 communities (Department of Water, 2009). The main land
use is pastoralism (95%), with nature conservation and Indigenous Protected Areas (IPAs) covering
the remaining parts of the study area.
The Fitzroy catchment has a semi-arid to arid monsoonal climate. The wet-season is usually
between November and April. Mean annual rainfall from north to south is in the range of
1000 mm to 400 mm, although annual rainfall in the past 20 years was 15% higher than the
previous mean. Rainfall is seasonally erratic and notably is less reliable than most areas of
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northern Australia with a similar mean annual rainfall. The mean annual rainfall averaged over the
Fitzroy catchment is 552 mm. Class A annual pan evaporation is between 3300 to 3500 mm.
Temperatures above 37 °C are common from August to the start of the wet-season. Mild frosts
may occur away from the coast from June to August (Bureau of Meteorology, 2017).
The estimated mean growing season for rainfed pastures is in the range of 10 to 12 weeks.
However due to the irregular rainfall, the study area is generally considered to be unsuitable for
rainfed cropping. Nevertheless, some pastoralists have progressed with, and continue to progress
with, small-scale rainfed cropping.
The Fitzroy River and its tributaries have their headwaters in the rocky uplands of the Kimberley
Plateau and Fitzroy uplands, which cover the north-east half of the catchment. The uplands consist
of intrusive granites, quartzites and sedimentary rocks of Proterozoic Age. Relief is mainly
between 250 m and 750 m above sea level (ASL). The soils here are commonly shallow and
gravelly with minor areas of well-structured clays and red loamy soils associated with dolerite and
basalt lithology. Bordering the uplands is a Devonian reef complex consisting of sedimentary
carbonates that are associated with the Napier Range, which is visible as a low scarp just north of
Fitzroy Crossing. Soils commonly encountered on these carbonate rocks are shallow calcareous
loams and alkaline cracking clays. The Fitzroy Plain dominates the western half of the study area.
It is part of the Canning Basin, which mainly consists of marine and continental sediments of
Devonian and Permian Age. The sedimentary rocks have deep regolith, and the landscape has
been strongly reworked by fluvial and aeolian activity. Red sandy and loamy soils are dominant
here. Grey and brown cracking clays are associated with the floodplains. Relief across the Fitzroy
plain is generally below 150 m Australian Height Datum (AHD). Extensive areas of very gently
undulating sandplains and dune fields occur along the western area of the catchment. These areas
are locally referred to as Pindan and are characterised by deep red sands and sandy loams that
carry scattered trees and Acacia shrubland.
Pastoral cattle grazing is historically the mainstay agricultural industry of the region, although
mining and energy resources have generated higher revenue in the past, and may develop more in
the future. The most significant remaining land uses of the Fitzroy catchment include nature
conservation and IPAs. Sheep and cattle grazing was established in the 1880s, and within 30 years
extensive areas of erosion and scalding had occurred throughout the catchment because of poor
land management – particularly along prime river frontage country.
During the early 1950s a major irrigation scheme initiated by Kimberley Durack, backed by the WA
Government, lead to the construction of the 17 Mile Dam to harness the water resources of the
Fitzroy River, and rice, cotton and various seed crops were grown. However, the scheme and other
subsequent large-scale developments were abandoned in 1983 as it was not possible to manage
periodic floods, pests and diseases effectively, and to sustain adequate dry-season water supplies.
In the 1990s Western Agricultural Industries Pty Ltd proposed to dam the Fitzroy River at Dimond
Gorge, and also at sites along the Margaret and Leopold rivers. This proposal did not proceed due
to strong opposition by Indigenous communities on environmental, cultural and social grounds
(ACIL Economics and Policy, 1993).
An erosion and range condition survey in the west Kimberley in the mid-1970s intersects an area
covered by much of the Fitzroy catchment. In that study by Payne et al. (1979) it was reported that
nearly 30% of the survey area was in bad rangeland condition with widespread and severe
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erosion. Nearly 51% of the land assessed was in fair rangeland condition and nearly 20% was in
good condition. Moderate or severe erosion (wind and/or water) was found on 26.4% of traverse
recordings, while 52.9% had some form of soil erosion. About 692,000 ha was considered to be
degraded to the ‘point of irreversibility’. Typically, the good condition land was in areas of low
inherent productivity. Conversely, the most degraded land tended to be in the more productive
areas, i.e. alluvial frontages, levee crests, levee back slopes and undulating interfluves where
livestock find the most nutritious feed and hence linger the longest. The natural productivity of
these areas means that these are often the most promising for cropping.
The catchment-wide survey reported by Payne et al. (1979) has not been repeated. However, the
WA Government has an ongoing program of pastoral lease inspections and rangeland monitoring
through which it can draw conclusions about range degradation and soil erosion. A recent report
card (Department of Agriculture and Food, 2017) suggests that range condition has been stable
since the early 2000s in the northern rangelands. However, the report notes that there was a
slight increase in soil erosion in the Derby-West Kimberley Land Conservation District that broadly
intersects with the Fitzroy catchment.
There have been a series of broad-scale soil and land resource assessments for WA areas,
including the Fitzroy catchment. All are based on a land systems survey mapping approach, which
involves mapping units that aggregate distinctive patterns of soils, landform, vegetation and
parent material (Christian et al., 1960; McKenzie et al., 2008) rather than soils per se. The
approach means that land system mapping is generally presented at a coarser scale
(e.g. 1:250,000). The earliest surveys including the Fitzroy catchment that covered the whole West
Kimberley region were undertaken by CSIRO during 1954 and 1959, and published in 1964 (Speck
et al., 1964). Subsequently, the soil-landscapes of WA’s rangelands and arid interior were
published in Tille (2006). Payne and Schoknecht (2011) built on CSIRO’s west Kimberly land
systems mapping using emerging land assessment technologies, including digital elevation models
(DEM) and satellite imagery, to refine land system boundaries and mapping legends. An overview
of soil attributes, nutrient status and field nutrition experiments of ten main Kimberley soils
covering the northern part of the upper Fitzroy catchment Mt Barnett, area was carried out by
Isbell et al. (1986). Limited key sites on the clays derived from limestone where described by Kew
(2008 unpub). Localised soil mapping of the Fitzroy alluvial soils was carried out by Churchward
and Bettenay (1962). Areas of Pindan sandplain near Derby have been mapped by Smolinski
(2015).

1.2.2

DARWIN CATCHMENTS

The Darwin catchments area is delineated by the Finniss, Adelaide, Mary, and Wildman River
catchments, in addition to the smaller subcatchments of Bynoe and Darwin Harbours. The
Reynolds River is also included in the Finniss catchment and is closely associated to the Daly River
basin to the south. The combined area is approximately 30,000 km2. It extends from Kakadu
National Park in the east, to the mouth of the Daly River on the Timor Sea coast in the west, and
the town of Pine Creek to the south (Figure 1-3). These four catchments fit mostly within the
Darwin Coastal and Pine Creek bioregions but contain parts of the Daly Basin and Arnhem Plateau
bioregions on the southern and eastern flanks respectively.
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Figure 1-3 Darwin catchments, showing localities, the rivers and overlying relief

In terms of centres of population, the Greater Darwin area (comprising Darwin city, Palmerston
and Litchfield) has a combined population of 140,400 (Australian Bureau of Statistics, 2017d).
A significant peri-urban fringe extends 60 km south of Darwin, and this land is commonly used for
rural living, commercial horticulture and market gardening. Land use in the study area is
dominated by conservation and natural environments (38.4%), production from relatively natural
environments (32.0%), production from dryland agriculture and plantations (1.5%), production
from irrigated agriculture and plantations (0.3%), intensive uses (3.5%) and water (24.4%) (Staben
and Edmeades, 2017). A significant area is set aside for military training.
The Darwin catchments experience a distinct wet and dry-season, and most of the rain falls during
the wet-season (November to April) although northern parts of the Mary and Wildman
catchments receive rain during the wet-season build-up (September to October). The mean annual
rainfall averaged over the Darwin catchments is 1423 mm.
In southern parts of the study area, undulating to steep, granite and metasediment landscapes
have developed, with Cambrian sediments also outcropping. Further north near Adelaide River,
metasediments dominate the geology, although granites also outcrop in the Batchelor area.
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Overlaying these sediments are dissected plateaus of quartzose sandstones in the vicinity of
Litchfield National Park. North of Acacia Gap, Cretaceous sediments completely mantle the older
rocks. Areas of deeply weathered Tertiary (lateritic) plains dominate some areas of the north,
especially in the vicinity of Darwin, Humpty Doo, Gunn Pt, Marrakai, Wildman and the Cox
Peninsula.
The major rivers of the Darwin catchments originate as incised channels in the southern uplands
before broadening into alluvial plains. These then pass through extensive coastal floodplains
before flowing into the sea. Some floodplains are more than 30 km wide in extent, and are
annually inundated, often for several months. Chenier plains and relict beach ridges are often
found along the coast, with extensive littoral zones fringing estuaries.
European settlement commenced in 1869, and with this, establishment of small-scale agriculture
in and around Darwin (Forster, 1960). This situation prevailed until the scale of farming was
extended during World War II and by 1953, a range of crops including peanuts, tobacco, rice,
cereals, fruits, vegetables and sugarcane had been trialled or grown in the region (Christian and
Stewart, 1953). The pace of agricultural expansion continued during the 1950s with the
establishment of the Humpty Doo Rice Project on the Adelaide River floodplain.
Since the 1970s numerous land resource surveys (e.g. Fogarty, 1980; Fogarty et al., 1979; Lynch
and Manning, 1998; Mangion and Parkinson, 2012; Napier and Steen, 2002; Olsen, 1985) covering
approximately 70% of the Darwin catchments and undertaken in urban, agricultural, pastoral and
conservation lands, have consistently reported concerns over the potential for, and management
of, soil erosion. Key concerns include granitic soils in drainage depressions within the lower Finniss
catchment, particularly where these soils have been cleared (Hill et al., 2002), yellow earths within
the upper Adelaide catchment (Forster and Fogarty, 1975), and coarse granitic sands, fine siltstone
‘bulldust’ earths and sodic soils of the upper Mary River catchment (Napier and Steen, 2002).
Land resource mapping of the Darwin catchments was first published by CSIRO during 1953
(Christian and Stewart, 1953). This was the first mapping in Australia to employ the concept of
land systems pioneered by (Christian et al., 1960). In keeping with the current official NT
government policy to promote economic growth, numerous contemporary soil surveys to assess
land potential have either been completed, or are underway for the Darwin catchments area to
explore opportunities to expand agriculture. This mapping ranges in scale from fine
(1: 5,000 to 1: 25,000 and 1: 30,000 to 1: 50,000) to broader mapping scales (1:100,000) in
remaining small areas. Importantly, there exists a legacy of over 8,000 soil landscape survey sites
within the catchments from existing surveys. The 1:25,000 irrigated agricultural land suitability
assessments for the Wildman and Gunn Point areas have recently been published (Easey et al.,
2016; Easey et al., 2017).
Investments made in the 1980s in soil mapping, groundwater assessment and integrated land use
planning facilitated the establishment of horticultural precincts at Wanderrie Road, Lambells
Lagoon, Middle Point and Berry Springs. Soil mapping has continued to the point that it now
covers a large proportion of the Darwin catchments. Recent land use mapping (Staben and
Edmeades, 2017) estimated 7,392 ha was under irrigated agriculture in the study area. Recent
investigations by the NT Farmers Association suggest that horticultural industries in the Litchfield
Shire are now valued at $122.7 million annually (Northern Territory Farmers Association Inc.,
2015).
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1.2.3

MITCHELL CATCHMENT

The Mitchell catchment covers an area of 72,000 km2 of northern Queensland. The Mitchell River
flows into the Gulf of Carpentaria near the settlement of Kowanyama, while the headwaters are in
the highlands of the Great Dividing Range on the eastern margin of the catchment, which to the
south overlooks the coastal city of Cairns. The highlands reach an elevation of approximately
1200 m AHD along the watershed. The watershed highlands dominate the city of Cairns below,
which lies just outside the Mitchell catchment on the coastal plain skirting the Coral Sea. The
western portion of the catchment is dominated by lowlands and extensive alluvial plains, which
are characterised by braided river channels (Figure 1-4).

Figure 1-4 Mitchell catchment, showing localities, the Mitchell River and tributaries and overlying relief

The Mitchell catchment is very sparsely populated with less than 6000 people. The eastern side is
the more populated, and features the settlements of Chillagoe (population 192; Australian Bureau
of Statistics, 2017a) and Dimbulah (population 1,414; Australian Bureau of Statistics, 2017b). The
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largest settlement in the western part is Kowanyama with a population of 1031 (Australian Bureau
of Statistics, 2017c). The main land use is pastoralism (95%) on large grazing leases where cattle
generally graze native pastures and shrubs. There is minor clearing of trees to support sown and
improved pastures or crops. Conservation reserves are the second largest land use, but only cover
3% of the Mitchell catchment. There are locally significant irrigation areas (horticulture and
sugarcane, comprising 0.3% of the study area) in the far eastern area of the catchment as part of
the Mareeba Dimbulah Water Supply Scheme. Here, irrigated cropping is dominated by sugarcane
and horticulture. This scheme was established with the building of a dam on the Barron River in
1958 (Sunwater, 2017). The Queensland Government, through its SunWater Corporation, owns
and operates the irrigation infrastructure.
The Mitchell catchment is spread across four different bioregions defined by different
environmental conditions. The dominant bioregions are the Einasleigh Uplands, the Gulf Plains
and Cape York Peninsula. Minor parts of the eastern edge of the study area occur in the Wet
Tropics bioregion. The catchment has a distinct wet and dry-season with generally more than 90%
rainfall occurring in the wet-season (November to April). The mean annual rainfall ranges from
approximately 800 mm in the far south-east of the catchment to over 1300 mm in the north-west.
The east and south-east of the Mitchell catchment are dominated by granitic rocks in the upland
areas, with residual material in the valley floors. Stratified rock types, including volcanic and
metamorphic units, containing greywacke, siltstones and mudstones are common. The western
half of the catchment is dominated by patterns of sedimentary rock units in the more elevated
areas and with extensive areas of residual and older alluvial material across the flat-to-undulating
lower parts of the landscape. The far western tracts of the catchment are dominated by coastal
and estuarine sediments and current alluvial plains, often with highly braided river channels.
There is considerable gully erosion in the Mitchell catchment, with much of it occurring postEuropean settlement in the period 1880 to 1950. Furthermore, there has been rapid increase in
gullying since 1949 (Shellberg et al., 2016). Direct rainfall and infiltration-excess runoff, along with
the influence of ground vegetation left on the sodic, hard setting, silt and clay soils of the Mitchell
River floodplains, leaves these soils vulnerable to structural breakdown, surface sealing and gully
erosion (Shellberg et al., 2013). Caitcheon et al. (2012) found that alluvial gully erosion in the
Mitchell catchment was a significant source of sediment carried in the river, as well as channel
bank erosion. The researchers also noted that surface soil erosion was a relatively minor
component of the total sediment load. Similar results were reported in two other northern
Australian rivers (Flinders River, Queensland and the Daly River, NT) which also have similar
characteristics to those in the three study areas (Caitcheon et al., 2012).
The first systematic survey of areas covering some or all of the Mitchell catchment was
undertaken by CSIRO in the late 1960s, which mapped soils and landforms information at a scale
of 1:1,000,000 (Isbell et al., 1968). Soon after in 1970, CSIRO integrated that data and mapping
with new survey data to produce 1:1,000,000 scale land systems mapping for the MitchellNormanby area (Galloway et al., 1970). The next systematic survey of the Cape York Peninsula
covering the Mitchell catchment was undertaken by the Queensland Government in the mid1990s (Biggs and Philip, 1995b). This survey produced a soil map as well as generalised cropping,
pasture and horticulture suitability information. While the soil survey was conducted at
1:250,000 scale, for cartographic reasons the land suitability maps were published at a scale of
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1:1,000,000. A small part of the Mitchell catchment coinciding with the Atherton and Einasleigh
1:250,000 map sheet was mapped for irrigation potential at a scale of 1: 100,000 (Grundy and
Bryde, 1989), and areas along the upper Mitchell River (with other river fringing areas in the
Queensland Gulf Region) were assessed and mapped for agricultural potential (Wilson and Philip,
1999). This study was conducted using limited, reconnaissance-level soil survey supported by
airborne gamma radiometrics survey. Finer scaled 1:25,000 soil mapping and land suitability
information exists for the Mareeba Dimbulah Water Supply Scheme in the far east of the
catchment (Enderlin et al., 1997a). In some of these surveys, the intensity of site observations is in
excess of that of the published mapping scale.

Scientific approach
The scientific approach applied in this Activity draws heavily on the research legacy of its
predecessor, namely the Flinders and Gilbert Agricultural Resources Assessment (FGARA;
https://www.csiro.au/en/Research/LWF/Areas/Water-resources/Assessing-waterresources/Flinders-Gilbert) (FGARA, CSIRO, 2014; Harms et al., 2015; Thomas et al., 2015). FGARA
demonstrated the value of modern digital approaches in land suitability analysis at broad scales,
and the benefits accrued from increased operational efficiencies, speed of analysis, utility of digital
outputs, and an objective understanding of the quality of outputs. Figure 1-5 shows the broad
workflow followed by this activity, which closely echoes that of FGARA. The workflow highlights
the tasks of soil sampling design, digital soil mapping and land suitability analysis, while also
showing the dependencies feeding into these, including environmental covariates, soil attribute
data, data quality metrics, and the land suitability framework that drives the land suitability
analysis. One major difference with FGARA concerns the spatially explicit, quantitative estimation
of reliability in the land suitability output data that arises from propagation of uncertainty in the
input site and DSM data.
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Figure 1-5 Land suitability analysis workflow and key inputs and processes
Brown components are the focus of this report and blue, the focus of the companion Land Suitability report
(Thomas et al., 2018).

The land suitability analysis carried out in this activity was largely focussed on the assessment of
cropping, horticulture and forestry opportunities. This took into account crop requirements, soil
and landscape limitations, and climate parameters across the three study areas. A lesser
component of the land suitability work also addressed opportunities for aquaculture from the
perspective of soil and landscape limitations, and proximity to seawater for marine species. The
land suitability needs for each of the themes (agriculture and aquaculture) were finalised during
the early scoping phases of the work in consultation with expert officers possessing a strong and
wide ranging legacy of technical and local experience.
In the agricultural assessment, each land use represents a unique combination of crop type,
irrigation method and growing season, but a few cases of rainfed (non-irrigated) options are also
included for consideration. For aquaculture, each land use was based around combinations
relating to a selection of species and their specific growth requirements (matched to soil attributes
like pH) and land management considerations (e.g. depth of soil and microrelief), as well as other
characteristics of the site deemed important.
Through this process land use options were identified that are either
• already known to be viable in northern Australia, or
• thought to have the potential to be viable in the opinion of local research horticulturalists and
industry representatives, or
• currently being considered by potential developers (e.g. industry) to be worth testing.
For the agriculture component, 41 crops were identified and are listed in Table 1-1. Combined
with various farming practices (cropping season and irrigation type) these result in the 126 crop by
season by irrigation land uses considered in this activity (Thomas et al., 2018).
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The decision to include a total of 126 land use combinations in this activity was made principally to
aid communication in the wider Assessment. A comprehensive list of these combinations is
presented in Appendix B of Thomas et al., (2018). Such a high number of combinations is atypical
in comparison to stand-alone land suitability projects as normally conducted by state and territory
governments, but needs to be seen in the context of the objectives of the Assessment as provided
by the client (i.e. to identify what cropping opportunities might be possible and to test their
viability, in this case through a land suitability framework, rather than actual crop trials). The idea
was to provide potential investors and other stakeholders with a more comprehensive feel for the
types of crops that could be planted and the limitations that might apply to them. It is
acknowledged that for many of these crop x season x irrigation type combinations there is limited
agricultural information known for northern Australia and crop trials may be required to resolve
the uncertainties. However, the activity has provided an enduring land use framework that can be
updated in the future as better information becomes available. As for many of the factors
reported in this activity and in the wider Assessment, anyone wishing to develop land in the three
study areas will need to conduct their own, more detailed and site-specific analysis of the
opportunities and the risks.
A number of aquaculture land uses were also considered in terms of land suitability for the
construction of ponds, both lined and unlined (earthen).
Table 1-1 Land use categories and crops evaluated in the activity
LAND USE CATEGORY

CROP EXAMPLES

Cereals and pseudo-cereals

Chia, maize (grain), millet, quinoa, rice (lowland and upland), sorghum (grain)

Food legumes (pulses)

Chickpea, lentil, mungbean, navy bean

Forage grazing, hay, silage

Rhodes grass, maize (silage), sorghum (forage)

Forage legume

Lablab

Industrial crops

Cotton, sugarcane

Intensive horticulture (vegetables)

Asian vegetables, asparagus, capsicum/chilli, cucurbits (melons), snake bean, sweet
corn, tomato

Oilseeds

Poppy, sesame, soybean, sunflower

Root crops

Cassava, peanut, sweet potato

Silviculture (plantation)

African mahogany, Indian sandalwood, teak

Tree crops/horticulture (fruit)

Avocado, banana, citrus (generic), coffee, lychee, mango, papaya

Tree crop (nuts)

Almond, cashew, macadamia

The following sections summarise the components of the scientific approach captured by the
workflow. More in-depth discussion of the methods of the scientific approach are presented in the
methods section (Section 2) and in the companion technical report on land suitability (Thomas et
al., 2018).

Chapter 1 Introduction | 17

1.3.1

SAMPLING DESIGN

Because of potential biases in sampling sites selected during previous purpose-driven surveys and
the dearth of samples in the Fitzroy catchment, it was important to collect new soil and landscape
data in the field instead of relying solely on pre-existing (legacy) data or modelling. A stratified
random sampling approach (McKenzie et al., 2008) was used to remove human bias in the
selection of soil sampling sites, and to maximise the spread of sites so the full range of soillandscape variability was sampled. These characteristics of soil sampling design are a pre-requisite
of reliable digital soil mapping (DSM) (discussed below). The sampling design relied on conditioned
Latin hypercube sampling (cLHS), which is described in Minasny and McBratney (2006). CLHS
ensures sampling points capture the empirical distribution of the environmental covariates 1
chosen to represent the full variability of soils across the Assessment area. The number of
sampling points is determined a priori as a function of the budget and logistical considerations,
such as access.

1.3.2

DIGITAL SOIL MAPPING

Given the size of the three study areas (197,000 km2), the variability of soil types, and the time
constraints to delivery, it was impractical to use traditional soil mapping to supply the soil mapping
needs of the Assessment. Instead, the alternative mapping approach, DSM, was adopted. DSM has
co-evolved with gains in computing power, adoption of statistical methods, and increased access
to covariates (particularly in Australia, as underscored by Bui (2006)), with routine access to
reliable climate, remote sensing, digital elevation models (DEMs) and derived terrain attributes,
and gamma radiometrics (mineralogy, landscape evolution). DSM outputs include data and
consequent maps of soil attributes and soil types created in geographic information system (GIS)
raster (i.e. gridded) data format, which represent natural patterns of soil changes across the
landscape. DSM also allows production of companion maps of uncertainty (and inversely,
reliability) in the prediction surfaces that show where the soil attribute data are more or less
reliable, so that on-ground or modelling users can make objective decisions about how to apply
the data for their requirements. These qualities make DSM outputs suitable for direct
incorporation with land suitability analysis frameworks, as discussed in Section 1.2.3.
Comprehensive texts on DSM are for readers to consult include (e.g. Grunwald, 2006; Hengl and
Reuter, 2009; McBratney et al., 2003).
DSM has a growing track record in large-area assessments in Australia (Bui et al., 2006; Kidd et al.,
2015; Kidd et al., 2014; Thomas et al., 2015; Viscarra-Rossel et al., 2015) and overseas (e.g.
Behrens and Scholten, 2007; Hartemink et al., 2010; Hartemink et al., 2013).

1.3.3

DATA QUALITY EVALUATION

The data and map products produced by this activity are considered suitable for use at low
intensity or reconnaissance map scales, suggesting that they can be used for the prediction of land
resources present at a given location and to provide an overview of land resources in the
1 Environmental covariates (or simply covariates) are spatial geographic information system (GIS) raster format datasets that bear functional
relationship to on-ground soil attributes, and so can contribute to prediction of soil attributes. For example, slope may support prediction of soil
depth, relief patterns for soil water accumulation, or remote sensing for soil colour.
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Assessment area (Schoknecht et al., 2008). The recommended use is at a printed map scale of
1:250,000. Mapping outputs from this activity should therefore not be considered sufficiently
detailed for use in resource allocation, decision making or planning at an enterprise or property
scale.
Reliability of the land suitability data depends on the availability of site data and its quality, the
quality of the environmental covariate data used to model soil and landscape attributes, and the
quality of the DSM predictions:
• Where field teams collected new soil data, the reliability of modelled outputs is likely to be
higher. However, as large parts of the Assessment area were either inaccessible or impractical
to access within the time available, reliability of the DSM and suitability data in many areas is
low.
• The covariate layers include a variety of remotely sensed information. The accuracy of these
data varies depending, for example, on the sensor used, atmospheric interference, data
processing, and the geographic location of the measurement. For example, Australian elevation
data derived from the 1-arc-second Shuttle Radar Topography Mission has a reported absolute
accuracy of 7.582 m at the 95th percentile with a root mean squared error of 3.868 m in open,
flat terrain (Gallant et al. 2011).
• Quality assessment of the DSM was conducted using both (1) statistical (quantitative) methods:
testing the quality of the DSM models using data withheld from model computation; estimating
the reliability of the model outputs; collecting independent external validation data (Brus et al.,
2011); and (2) on-ground expert (qualitative) examination of outputs during validation field
trips.

1.3.4

LAND SUITABILITY ANALYSIS AND FRAMEWORK

Land suitability analysis (or simply land suitability) is the process of determining the potential of
land for specific uses on the basis of the local range of environmental attributes and qualities
(Rossiter, 1996), which are collectively termed limitations.
This activity built an analytical land suitability rule framework by matching land use (combination
of crop x irrigation x season) requirements to soil, land and climate limitations following the Food
and Agriculture Organization (FAO) approach to land evaluation (FAO, 1976; 1985) which involves
a comprehensive assessment that integrates multiple limitations including biophysical (edaphic
and climate), social and economic themes (FAO, 2007). The land suitability analysis applied in this
activity deviates from the FAO’s strict framework to constrain analysis to biophysical limitations
since other social (e.g. land tenure) and environmental (e.g. water availability, flooding risk) and
economic (production and industry development) aspects are largely covered elsewhere in the
Assessment, as detailed in Section 1.1.
The edaphic components of the land suitability mostly relate to soil attributes that have a key
bearing on the growth and productivity of the irrigated crops, or the amount of land preparation
and maintenance of farming infrastructure needed that may affect the financial viability of the
irrigation enterprise. For example, soil permeability affects the rate of water application, and
rockiness relates to the intensity of rock picking required in land preparation, root crop harvesting
and wear on machinery.
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The land suitability framework applied in this activity is described in the companion technical
report on land suitability (Thomas et al., 2018).

1.3.5

SOIL LANDSCAPES AND SOIL GENERIC GROUPS

Adding to the knowledge base and conceptual understanding of the soil landscapes of the
Assessment area allows methods to be augmented and refined, new investigations to be directed,
assumptions to be tested, and ultimately the quality of data and mapping to be improved. This
was achieved mainly through field-based activities drawing on conventional soil landscape wisdom
and paradigms (Hudson, 1992), by applying geomorphic principles to assess the distribution of
soils within the landscape. From these, descriptions could be generated of major geomorphic units
within the various geological settings. The process provided an estimate of the age of the units
(e.g. Quaternary, Tertiary, Mesozoic, etc.) and degree of weathering: knowledge that is important
for identifying land units likely to be suitable for agriculture (e.g. Quaternary alluvium), or
understanding soil landscape processes such as erosion and deposition, leaching, flooding,
waterlogging, and salinity.
As with a traditional soil survey, the knowledge gained was formalised into soil type descriptions
encapsulating the key concepts of soil attributes and their occurrence. The soil type units arrived
at, Soil Generic Groups (SGGs), were designed to simultaneously cover a number of purposes: to
be descriptive so as to assist non-expert communication regarding soil and resources; to be
relatable to agricultural potential; and to align, where practical, to the classes of the Australian Soil
Classification system (ASC) (Isbell and National Committee on Soil and Terrain, 2016). SGG
mapping was also used as a minor input into the land suitability framework but primarily as a
communication tool.

1.3.6

ACID SULFATE SOILS

Acid sulfate soil (ASS) is a broad term given to a range of soils containing sulfur-bearing minerals
(i.e. sulfates and sulfides). These soils are either strongly acidic (actual ASS; pH <4) or have the
potential to become strongly acidic (potential ASS; pH>4) if exposed to atmospheric oxygen (e.g.
are unearthed or drained) (Fanning and Fanning, 1989; Sullivan et al., 2010). If disturbed or
improperly managed, water can leach strong acid and dissolved heavy metal contaminants from
the ASS, posing serious risks to water quality and the health of sensitive aquatic environments
(Fältmarsch, 2006; Ljung et al., 2009). The ASS soils in the three study areas are restricted to the
coastal fringes where aquaculture is likely to be the only possible option for land use
intensification. Here, land development will attract jurisdictional assessment and legislative
requirements; for example, coastal land development in WA will be guided by that state’s
protocols (Department of Environment Regulation, 2015), as is the case in Queensland
(Queensland Government, 2016), while the NT is guided by both WA and Queensland protocols.
A simple method, consistent with regulatory guidelines, was developed to map ASS in the three
study areas to guide land use decisions and an understanding of possible legislative impacts for
developers.
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Objectives of this report
The objective of this report is to provide a description of the methods and results of the DSM
process as highlighted by the brown components in Figure 1-5. The use of these outputs for the
land suitability activity is described in the companion technical report (Thomas et al., 2018).
In further detail, the work involved production of digital soil attributes and SGG data and maps
using a DSM process from which land suitability data and maps could then be derived. In achieving
these, three major tasks were completed. First, new soils data were collected using a statistically
robust field sampling strategy. Second, digital soil attribute and SGG data for the three study areas
were produced. These were then used in the land suitability part of the activity (Thomas et al.,
2018). Third, the reliability of the data produced following field validation and model testing was
evaluated. The soil attribute mapping provides a broad understanding of the distribution of soils
and their attributes across the Assessment area, and will also be applied directly in a land
suitability framework to identify, at a regional scale, areas that may be suitable for agricultural
intensification (i.e. irrigated and rainfed agriculture and horticulture) and aquaculture. The data
produced in this activity are equivalent to low intensity to reconnaissance type surveys
(Schoknecht et al., 2008). Users should be guided by the grid resolution, reliability, and the
cartographic concept of the minimum legible delineation size of the data products (Hengl, 2006;
Rossiter, 1996). It is important to realise that the information provided here identifies broad areas
that are potentially suitable for land use intensification. We recommend use at 1:250,000 printed
map scale. Additional, detailed on-ground investigation will be necessary to plan development at
the enterprise or property scale.
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2

Methods

The following sections describe previous soil surveys comprising site and analytical data that were
potentially suitable for this activity to use. Also presented is a discussion on the selection of
covariates used in DSM to model the soil attributes to be used as limitations in the land suitability
analysis (Thomas et al., 2018). The design of sampling strategies for collecting new soil data are
presented, and the field methods explained. Approaches employed in the DSM to predict the new
soil attribute data and produce data and maps are described, as well as quality metrics. Finally, the
factors not applied in the land suitability analysis are discussed.

Selection of legacy soil data
As highlighted in Section 1, numerous surveys have been completed by various jurisdictions in and
around the Assessment area. For some jurisdictions, programs are still ongoing to capture an
extensive backlog of soil legacy data. The quality of the data varies according to the data
standards at the time of capture and the original intention of the investigation. Despite these
issues and others, such as analytical techniques used, much of this legacy data, generally collected
from the 1960s to as recently as 2015 in the case of Wildman River in the NT (Easey et al., 2016),
were considered potentially useful. A collation of all legacy soil data was conducted for the
Australian mainland areas north of latitude 20º S. Using this spread of site data from outside
catchment boundaries acknowledges that the soils and landscapes within the Assessment area are
also sometimes repeated beyond it (i.e. analogous soil-landscapes), and so external sample data
may potentially be applied to improve the quality of the DSM outputs. Databases held by the
governments of WA, NT, Queensland and the CSIRO (NATSoil; Karssies et al., 2011) were queried
and decisions made around their final inclusion data. Initially, all existing WA and Queensland soil
data sites were accepted, while the NT sites were accepted if tagged with a locational accuracy
better than less than or equal to 100 m. Final acceptance of legacy soil data involved meeting the
following conditions:
• if multiple records existed for one site (e.g. for monitoring), or multiple record identifiers
wrongly existed for the same record, the most recent record was accepted
• geographic coordinates had to be to a minimum of four decimal places (decimal degrees) or to
tens of metres if the original coordinates were captured as projected coordinates
• records had to include at least some soil profile information (i.e. more than a surface
observation).
Many errors in data entries had to be corrected. Further filtering of the legacy data took place in
order to fit specific DSM attribute mapping needs (e.g. record age for time-sensitive attributes,
such as soil pH). This is explained in Section 3.1.2 and Appendix A .
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Land use limitations applied in the suitability activity
The land suitability framework for the activity is described in full in the companion technical report
on land suitability (Thomas et al., 2018). The framework defines the limitations for various land
uses and so guides the selection of soil attributes to be modelled and used as diagnosis of the
severity levels of each land quality in the land suitability analysis. The development of the
framework is an iterative process drawing strongly on agronomic and land resources expertise.
The framework allocates to each data pixel a 5-Class land suitability rating for each crop under
consideration, ranging from Class 1 (highly suitable) to Class 5 (unsuitable). The most limiting
factor to productive crop growth is identified for Class 2 to Class 5. Inclusion of the most limiting
factor allows users to gain appreciation of management options available to them to overcome
the limitation. Table 2-1 presents the soil and non-soil land use limitations and their sources that
were applied in the suitability framework.
Table 2-1 Land use limitations applied in the land suitability framework with the specific soil and landscape data
elements used to model their distribution and produce the suitability outputs
The aquaculture suitability framework applies a subset of these limitations (see Thomas et al. 2018).
LIMITATION

DESCRIPTION (LAND USE
REQUIREMENT)

DATA METRICS

SOURCE

Climate (rain)

Sufficient annual rainfall.
Used for rainfed (dryland)
cropping only

Mean annual rainfall

SILO climate database (Jeffrey et al.,
2001)

Climate (heat stress)

Free of temperature
Mean number of days
extremes that damage crops >35 °C

SILO climate database (Jeffrey et al.
2001)

Climate (frost)

Free of frost that damages
crops

Mean number of days with
minimum temperatures
<2°C

SILO climate database (Jeffrey et al.
2001)

Climate (intra-annual
temperature variation)

Cool seasonal temperatures
are required for some crops
and damaging to others

Mean minimum monthly
temperature <15 °C

SILO climate database (Jeffrey et al.
2001)

Water erosion

Soil loss due to water
erosion needs to be
minimised

K-factor (soil erodibility
factor), % slope

DSM created from field
observations, laboratory analysis
data, calculated data and
environmental covariates; slope
derived from the 3 arc-second SRTM
(Gallant and Austin 2015)

Wetness

Site and soil conditions that
provide adequate aeration
for crop growth

Site drainage and soil
profile permeability

DSM created from field observations
and environmental covariates

Soil water availability
(plant available water
capacity, PAWC)

Adequate water storage in
the soil profile to maintain
plant growth. A critical
parameter for rainfed
cropping and for water use
efficiency of irrigated land
uses

15 bar and 1/3 bar
moisture content; bulk
density; clay content; sand
content, soil depth

DSM created from laboratory
analysis data and environmental
covariates

Nutrient balance

Soil pH is suitable for plant
growth and does not cause
nutrient toxicities or
deficiencies

Soil pH in top 10 cm of soil

DSM created from field
observations, laboratory analysis
data and environmental covariates
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LIMITATION

DESCRIPTION (LAND USE
REQUIREMENT)

DATA METRICS

SOURCE

Soil depth

Adequate soil depth for
physical support and plant
edaphic requirements

Soil depth

DSM created from field observations
and environmental covariates

Rockiness

Minimal impact from gravel,
stone and rock at the
surface and in the surface
soil

Rock outcrop, surface
gravels and coarse
fragments in the top 30 cm

DSM created from field observations
and environmental covariates

Microrelief (gilgai)

Level land surface, free of
severe microrelief

Vertical interval of
microrelief

DSM created from field observations
and environmental covariates

Soil physical restrictions

Favourable soil physical
conditions for plant growth
and/or machinery
operations. Relates to
surface infiltration, soil
adhesiveness, workability,
vertic effects and seed
germination

Depth of A horizon; surface
ESP; Soil Generic Group;
soil surface condition; soil
surface texture; soil surface
structure

DSM created from field
observations, laboratory analysis
data and environmental covariates

Irrigation efficiency
(furrow and bordercheck flood irrigation)

Minimise deep drainage and
prevent waterlogging at top
end of furrows

Soil infiltration rate implied
from whole soil profile
permeability

DSM created from field observations
and environmental covariates

Irrigation efficiency
(spray and trickle
irrigation)

Ease of soil profile recharge
(wetting up of soil profile)

Soil infiltration rate implied
from whole soil profile
permeability

DSM created from field observations
and environmental covariates

Clay content
(aquaculture)

Clay content as an
engineering property – used
only for farm-scale dam and
aquaculture pond suitability

Maximum clay % in soil
profile to 2 m depth

DSM created from laboratory
analysis data and environmental
covariates

Salinity (soil surface)

Minimise plant stress due to
high levels of salt in the soil

Presence/absence of
excessive soil surface
salinity

DSM created from field observations
and environmental covariates

Acid sulfate soil
potential

Minimal environmental and
agronomic damage from
acid drainage water (due to
presence of soil sulfides)

Elevation above mean sea
level, < 5 m EGM96

Elevation from the SRTM, LiDAR and
land system mapping where
available

Selecting environmental covariates
As outlined in Section 1.3.2, the covariates were selected as proxies for factors of soil formation
(i.e. climate, parent material, biota, and topography; Jenny, 1941). These were then used in two
tasks covered in this report: (i) the selection of new sampling sites (Section 2.4), and (ii) predicting
new soil attributes using DSM (Section 2.7). The covariates are presented in Table 2-2 in ‘scorpan’
order, a formalisation by McBratney et al. (2003) that puts Jenny’s factors of soil formation into a
DSM framework. Selection of covariates was made by an expert panel and involved choosing
those that were deemed to be strong soil predictors in the areas north of 20º S.
The covariates used are in the form of digital GIS raster files in GeoTIFF format. Raster files are
especially adept at showing natural patterns (soil, landscape and climate) and transitions across
landscapes, and the finer the ground resolution of the composite raster cells, the more detail can
be displayed. The covariates were co-registered to a common datum (WGS84), and re-sampled
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according to the required ground resolution. A ground resolution of 1 arc-second (approximately
30 m) was selected for the rasters used for generating the new sampling design, whereas a 3-arcsecond (approximately 90 m) ground resolution was selected for the rasters used in the DSM soil
attribute mapping (Table 2-2).
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Table 2-2 List of covariates used in new sampling design for new site selection in the Fitzroy (F), Darwin (D) and Mitchell (M) catchments and in digital soil mapping (soil
attributes and Soil Generic Groups)
‘SCORPAN’
SOIL
FORMATION
FACTORS

COVARIATE

DESCRIPTION

CUSTODIAN/SOURCE

Soil

Kaolinite (%); Illite
(%); Smectite (%)

Clay mineral surfaces, 0 - 0.2 and 0.6 – 0.8 m
depth intervals

CSIRO

Sodium (Na);
Potassium (K)

Total elemental geochemistry, 0 - 0.2 and
0.6 – 0.8 m depth intervals

Geoscience Australia (John Wilford, pers. comm.)

Prescott Index

Index of soil leaching and effect on soil
formation

CSIRO

Rainfall (summer)

Mean rainfall (summer)

BoM,
http://www.bom.gov.au/jsp/ncc/climate_averages/rainfall/index.jsp



Thunder days

Mean annual thunderstorm (days)

BoM, http://www.bom.gov.au/jsp/ncc/climate_averages/thunderlightning/index.jsp



Rainfall variability

Rainfall variability (annual)

BoM, http://www.bom.gov.au/jsp/ncc/climate_averages/rainfallvariability/index.jsp



Rainfall
(summer:winter
ratio)

Mean rainfall (summer:winter ratio)

TERN SLGA (Ross Searle, pers. comm.)



National Dynamic
Land Cover dataset

Vegetation community types based on
seasonal dynamics in MODIS data,
responding to climate and soil type

Geoscience Australia

Mean FPAR

Fraction of Photosynthetically Active
Radiation (FPAR)- Mean AVHRR time series

CSIRO, https://remote-sensing.nci.org.au/u39/public/data/avhrr/fparclw/v4/Aust_Persistent_fPAR_1km_v4.zip



Mean bare ground
fractional cover

Fractional cover Bare Soil-Mean MODIS time
series

CSIRO, https://remotesensing.nci.org.au/u39/public/data/modis/fractionalcover-metricsabares/v2.2/Userguide_MODIS_FC_V2.2_Metrics.pdf



Mean
photosynthetic
fractional cover

Fractional cover Photosynthetic VegetationMean MODIS time series

CSIRO, https://remotesensing.nci.org.au/u39/public/data/modis/fractionalcover-metricsabares/v2.2/Userguide_MODIS_FC_V2.2_Metrics.pdf
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NEW SAMPLING
DESIGN (30-M
PIXELS)

DSM SOIL
ATTRIBUTE
MAPPING (90M PIXELS)



(Grundy et al., 2015; Viscarra-Rossel, 2011)
F, D



F, D, M



(Gallant and Austin, 2015)

F, D



(Lymburner et al., 2011)

‘SCORPAN’
SOIL
FORMATION
FACTORS

Relief

COVARIATE

DESCRIPTION

CUSTODIAN/SOURCE

Green vegetation
persistence

Landsat 2000-2010 Persistent GreenVegetation Fraction

TERN,
http://data.auscover.org.au/xwiki/bin/view/Product+pages/Persistent
+Green-Vegetation+Fraction

Trend EVI

Vegetation index based on seasonal
dynamics in MODIS data

Geoscience Australia (Tan et al., 2011)

Elevation

1 arc-second (~30 m) DEM

CSIRO

NEW SAMPLING
DESIGN (30-M
PIXELS)

DSM SOIL
ATTRIBUTE
MAPPING (90M PIXELS)



M



F, D, M



F, D, M



(Gallant et al., 2011)
Slope (%)

Slope gradient

CSIRO
(Gallant and Austin, 2015)

Parent
material

Age

Relief aspect

Landform solar exposure

CSIRO (Gallant and Austin, 2015)



Focal range 1,000 m

Elevation range in 1,000 m window; longer
range landform patterns

CSIRO (Gallant and Austin, 2015)



Focal range 300 m

Elevation range in 300 m window; longer
range landform patterns

CSIRO (Gallant and Austin, 2015)



MrVBF

Landscape erosional and depositional zones

CSIRO (Gallant and Austin, 2015)



Plan curvature

Landform curvature along the contour

CSIRO (Gallant and Austin, 2015)



Profile curvature

Landform curvature directly down slope

CSIRO (Gallant and Austin, 2015)



Roughness

Landform relief complexity

CSIRO (Gallant and Austin, 2015)



Potassium (K);
Thorium (Th);
Uranium (U)

Gamma radiometrics

Geoscience Australia

Gravity

Geologic Bouguer gravity anomaly

Geoscience Australia



Magnetics

Geologic magnetism

Geoscience Australia



Weathering
Intensity Index (WII)

Index of soil-regolith weathering and its
effect on soil formation

Geoscience Australia (Wilford, 2012)

M



(Minty et al., 2009)

D
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This section presents a small selection of covariates used in the activity and discusses their
pedogenic rationale as covariates. These include slope %, gamma radiometrics, Prescott Index, and
Weathering Intensity Index. The covariates for the Fitzroy catchment are shown in Figure 2-1, for
the Darwin catchments in Figure 2-2, and for the Mitchell catchment in Figure 2-3.
Slope is an important covariate for erosion potential and water accumulation. For example, as
shown in image (a) of Figure 2-1, Figure 2-2 and Figure 2-3, areas with steep slopes are likely to
result in shallow soils because of slope instability and a stronger potential to erode. Low gradient
slopes are likely to act as depositional areas, so soils are likely to be deeper, and accumulate water
and salts.
Gamma radiometrics is the measure of natural emissions of radiation in the surface 0.3 m of soil
from elemental potassium (K), thorium (Th) and uranium (U) (Minty, 1997), and so can be treated
as geochemical maps. The radiometric elemental responses show the geochemistry of parent
material and evidence of landscape evolution. Strong potassium (K) signals are associated with
fresh felsic igneous rock (e.g. granites) and depending on local lithology, may be associated with
shallow or rocky soils and their weathering products, such as illite clays. Potassium is a relatively
mobile element, and tends to be most common in younger soils, becoming increasingly sparse in
deeply weathered landscapes where most mobile elements have been leached. Thorium (Th) is
also commonly associated with felsic igneous rocks, but is concentrated in resistant minerals
which tend to remain stable and are weathered very slowly. This leads to higher concentrations of
Th in very weathered (ancient, Cenozoic) soils, and a strong association with iron oxides and
bauxitic material. Strong Th signals are commonly associated with residual landscapes that,
because of their antiquity, tend to be highly leached and nutrient-poor, and also deep because the
landscape has been stable for a considerable amount of time. Uranium (U) is often associated with
certain minerals that are sometimes abundant in granite and may be readily leached by alkaline or
acidic conditions and transferred in solution through the landscape in groundwater and
precipitated (e.g. in carbonates). The ternary images (b) in Figures 6-8 apply red to the K signal,
green to the Th signal, and blue to the U signal. As such, these images show the relative
abundances of these elements, so where red dominates, so does K. Terrain hillshade as shown in
image (b) of Figure 2-1, Figure 2-2 and Figure 2-3 makes for easier interpretation of the ternary
gamma radiometric patterns. Dark or black ternary patterns show where all of the signals are
subdued (i.e. contain little of the three elements) and is associated with silica-rich minerals.
Typically, areas that are red are associated with fresh and shallow rock (i.e. shallow or skeletal
soils); green-dominant patterns indicate soils that are often deep, on low gradient slopes, and
have poor nutrient status; blue areas may indicate shallower and rocky soils, or areas influenced
by groundwater.
The Prescott Index (Prescott (1950), is indicative of leaching rates. High values in image (c) of
Figure 2-1, Figure 2-2 and Figure 2-3 show where annual soil evaporation exceeds annual rainfall,
hence soil leaching is restricted so soils are prone to salt accumulation (carbonates, sulfates and
chlorides) and slow weathering. Conversely, where annual rainfall exceeds annual evaporation
(low values), soils tend to be better leached of salts and deeply weathered. Gallant and Austin
(2015) describe an adapted version used here that incorporates landform aspect to superimpose
the effect of solar incidence angle; landscape facets facing the sun will heat more to experience
higher evaporation rates, hence soil properties will correspond to local landscape facet variations.
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The Weathering Intensity Index (WII) shown in image (d) of Figure 2-1, Figure 2-2 and Figure 2-3 is
based on the gamma radiometric signals of K, Th and U, and incorporates terrain to add landscape
evolution context (Wilford, 2012). High values show where soils are expected to be stable, ancient
and highly weathered; while medium values indicate fresher and potentially deep to moderately
deep soils and may be associated with fresh Quaternary deposits. Low values likely indicate areas
that have signals from recent, unweathered bedrock, and possibly the location of shallow or
skeletal soils.

Figure 2-1 Covariates used in Fitzroy catchment digital soil mapping: (a) % slope; (b) ternary potassium, thorium and
uranium radiometrics signals; (c) Prescott Index, and; (d) Weathering Intensity Index
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Figure 2-2 Covariates used in Darwin catchments digital soil mapping: (a) % slope; (b) ternary potassium, thorium
and uranium radiometrics signals; (c) Prescott Index, and; (d) Weathering Intensity Index
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Figure 2-3 Covariates used in Mitchell catchment digital soil mapping: (a) % slope; (b) ternary potassium, thorium
and uranium radiometrics signals; (c) Prescott Index, and; (d) Weathering Intensity Index

Sampling design
2.4.1

NEW SAMPLING DESIGN

A stratified random sampling design based on conditioned Latin hypercube sampling (cLHS)
(Minasny and McBratney, 2006) was selected to satisfy the new site sampling required for the
DSM, namely an unbiased selection of sites covering the full range of soil variables from the
covariates in the Assessment area. The design was implemented in the R computing environment
(R Core Team, 2014) using the clhs package (Roudier et al., 2012). The soil-landscape variability
was captured in the design by an expert panel selecting covariates to represent the factors of soil
formation (Fitzpatrick, 1980; Jenny, 1941) in the Assessment area, and have a low correlation
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between covariates. The covariates selected for the sampling design in each of the three study
areas included (Table 2-2):
• Fitzroy catchment: Prescott Index, DEM, slope%, total Na and K maps, Dynamic Land Cover
classes (DLCD)
• Darwin catchments: Prescott Index, DEM, slope%, total Na, Weathering Intensity Index (WII),
Dynamic Land Cover classes
• Mitchell catchment: Prescott Index, DEM, slope%, gamma radiometrics: K-, Th-, U-dose, trend
EVI mean.
The activity budgeted for 500 new sampling sites and study area allocations were made according
to the number of legacy sites present in each. In this way 200 sites were allocated to the Fitzroy
catchment, 100 to the Darwin catchments, and 200 to the Mitchell catchment. Surveys were
conducted by vehicle and pragmatism dictated that sampling sites should be within a 500 m buffer
each side of mapped roads and tracks (preferably less) therefore distance from the road was used
as a condition. To check that these sites adequately captured the landscape variability of each
study area, a clustering algorithm (Clustering Large Applications, implemented using clara function
in the R cluster package) was applied to map areas of soil-landscape similarity. The new sites were
intersected with the similarity clusters and found to cover the clusters in acceptable proportions,
so giving confidence that the sampling design succeeded in the primary objective of representing
the Assessment area soils.
A further practical contingency was built into the sampling design to cater for obstacles to site
access (e.g. fences, locked gates, floodways, etc.). This involved identifying contingency sites
within a radius of 500 m of the primary cLHS sites with similar covariate characteristics to the
primary site. The methodology to find contingency sites followed the similarity index methodology
presented in Brungard and Johanson (2015). For contingency sites to be accepted, their similarity
index must exceed 0.8 of the primary site. While this deviates from true probabilistic sampling,
another 57 sites across the three study areas were also selected for sampling by the field
surveyors.
Field work occurred during the period May to October 2016. In the Fitzroy and Mitchell
catchments, 35 out of the 200 sites were sampled for laboratory analysis, whereas 17 out of 100
sites were selected for sampling for laboratory analyses from the Darwin catchments. These sites
were selected to capture environmental variability in the original 200 (or 100 in the case of
Darwin) sites also using the clhs package (Roudier et al., 2012) implemented in R.

2.4.2

VALIDATION SURVEY

A two-week field trip was undertaken in each of the three study areas during the period May to
July 2017 to collect external validation sites. These sites are independent from those used to build
models from the legacy and new survey data (see Section 2.7). Again, a stratified random sampling
strategy was employed based on cLHS (Minasny and McBratney, 2006) to select 40 validation sites
in each catchment area, within a 100 m buffer of mapped roads and tracks. Mapped reliability
estimates from DSM soil attributes that showed different spatial patterns (Section 2.7) were used
as covariates in the cLHS. The reliability attributes employed included depth of A-horizon, total soil
depth, plant available water capacity (PAWC) at 0.0 – 0.6 m depth (PAWC 60), and
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PAWC 0.0 – 1.5 m depth (PAWC 150), drainage, ESP, K-factor, microrelief, rockiness, SGG, salinity,
and surface condition. In the field, 60 additional opportunistic validation sites were described, as
reported in Section 3.1.1.

Field methods
This section describes the field practices to collect soil samples. The rationale built on fieldwork to
define the Soil Generic Groups (SGG) follows. Field methods used Australian standards for survey
guidelines (McKenzie et al., 2008), soil and site description (National Committee on Soil and
Terrain, 2009), and Australian Soil Classification (ASC, Isbell and National Committee on Soil and
Terrain, 2016). Survey timing was primarily dictated by field access and season; outside cyclone
season and before soils had set too hard to sample effectively by late dry-season. Field teams
were formed between CSIRO and state and territory partner staff. Two or more field-ready
vehicles were used to carry out the field work.

2.5.1

SOIL SAMPLING AND SITE DESCRIPTION

All geographic coordinates (longitude, latitude) at sampling sites were recorded using a GPS in
GDA94. Samples were taken using a 50 mm diameter vehicle-mounted push corer (Figure 2-4) to
a maximum depth of 1.5 m, or to refusal if bedrock or impenetrable layers (e.g. indurated) were
encountered. Cores were extruded and described adhering to Australian soil survey standards
(National Committee on Soil and Terrain, 2009) (Table 2-3), and the cores divided into samples
according to the standard depth intervals: 0 – 0.1 m, 0.2 – 0.3 m, 0.5 – 0.6 m, 0.8 – 0.9 m,
1.1 – 1.2 m, 1.4 – 1.5 m.
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Figure 2-4 Collecting soil cores for profile sample collection. A vehicle-mounted push core rig was used to collect
samples to a maximum depth of 1.5 m

Soil sub-samples were analysed in the field for:
• pH (Raupach, 1957)
• electrical conductivity (EC), by 1:5 soil/water ratio
• Sodic dispersion, using a modified ‘Emerson test’ (McKenzie et al., 2002).
From the specific sites selected for conventional laboratory analysis, up to 1 kg of soil sample by
depth layer was bagged (Section 2.6.1). From every single site by depth approximately 200 g of soil
was bagged for the mid-infrared spectroscopic analyses (Section 2.6.2). Approximately 1 kg
complete core samples were taken from sites representing major agriculturally important soils for
full laboratory analysis. These included 35 samples from the Fitzroy and Mitchell catchments and
17 samples from the Darwin catchments.
Standard field sheets were used to ensure that site and soil descriptions were recorded
systematically, and then later transcribed to each jurisdiction’s corporate database.
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The validation surveys, completed in the second year of the project following the DSM attribute
mapping, included a full soil and site description (as above), as well as the accuracy of the
following DSM soil attribute values that were taken into the field for assessment:
• rockiness
• microrelief
• surface condition
• drainage
• permeability
• surface texture
• surface structure
• depth of A horizon
• soil depth
• surface pH
• surface salinity
• SGG class
• PAWC 60 (down to 0.6 m), PAWC 100 (down to 1 m) and PAWC 150 (down to 1.5 m).
At each validation site, results were recorded as either ‘correct’, ‘accept’, or ‘fail’. The following
rationale is used to determine acceptability according to the attribute type:
• Continuous attributes: the value is accepted if it falls within the range defined in the suitability
framework (as outlined in the companion land suitability report (Thomas et al., 2018)) and so
would have no impact on suitability class because the mapped value is close enough to the
actual value.
• Categorical attributes: the value is accepted if it is in the next class and will not affect the
suitability outcome (reflects the variability in the soil within an acceptable margin of error). For
example, drainage Class 3 modelled and Class 4 actual is acceptable but not Class 3 modelled
and Class 2 actual as this is a cut off in suitability.
Validation was only performed for soil attributes that could be tested in the field (e.g. pH, EC,
dispersion) or site characteristics that could be expertly assessed, including observational site
attributes as per above list of rockiness, microrelief, surface condition, drainage, surface texture
and depth of A horizon). Draft predicted land suitability data accuracy was also assessed during
the validation survey, and is also discussed in the companion land suitability report (Thomas et al.,
2018).
The DSM attribute results were used in a statistical validation, and in some cases the data was
used to refine DSM inputs to the land suitability framework before final data were generated.
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Table 2-3 Field based soil attributes and methods of analysis. NCST methods indicates use of National Committee on Soil and Terrain (2009) descriptions
QUANTITATIVE SOIL FEATURES

ATTRIBUTE

METHOD

PURPOSE

Location

Unique id, projection, datum, x, y

GPS

Location information for mapping, modelling and data management

Classification

Soil class

ASC in field or office

Defined soil class from the ASC, facilitates communication and correlation

Landscape

Landform element

NCST in field

Describes the landform immediately surrounding site

Landscape

Landform pattern

NCST in field

Describes the broader landform around the site

Landscape

Slope

Measured in field (clinometer)

Influences runoff, erosion, crop types and management factors

Soil surface attribute

Rock outcrop

NCST in field

Influences crop types and management operations

Soil surface attribute

Surface coarse fragments

NCST in field

Influences crop types and management operations

Soil surface attribute

Surface condition

NCST in field

Influences crop establishment, seedling emergence and water infiltration

Soil surface attribute

Surface structure

NCST in field

Affects infiltration, erosion and workability

Soil surface attribute

Microrelief

NCST in field

Impact on machinery operation, drainage and irrigation efficiency

Soil water regime

Drainage

NCST in field

Summarises wetness conditions likely to occur at a site

Soil water regime

Permeability

NCST in field

Describes capacity of the soil profile to transmit water internally and
influences soil wetness and plant root aeration

Soil water regime

Soil mottles

NCST in field

Indication of hydrological attributes of soil profile

Soil physical depth for plant
growth

Rooting depth

Measured in field and laboratory

Indication of chemical or physical barrier to root growth

Soil physical depth for plant
growth

Soil depth restriction (before 1.5 m)

Measured in field as depth to
impermeable layers or bedrock

Defining characteristic of the soil, driver for a range of other attributes
including rooting depth and plant-available water (PAWC)

Soil profile attributes

Field texture

NCST in field

Influences soil physical attributes and water storage capacity

Soil profile attributes

Structure

NCST in field

Affects infiltration, erosion and workability

Soil profile attributes

Soil colour

NCST in field

Indication of nutrient levels and soil water regime

Soil profile attributes

Segregations

NCST in field

Hard segregations impact on machinery use, other segregations may
indicate soil hydrologic conditions and depth of water percolation in the soil

Soil chemistry

pH

Measured in field and laboratory

Affects balance of nutrients in soil, including potential deficiencies and
toxicities

Soil chemistry

Clay %

Measured in laboratory

Suggests nutrient retention and capacity of soil to store moisture
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QUANTITATIVE SOIL FEATURES

ATTRIBUTE

METHOD

PURPOSE

Soil chemistry

Electrical conductivity

Measured in field and laboratory

Indicator of salinity; may restrict root growth

Soil chemistry

Dispersion class

Measured in field and laboratory

Indicator of potential erosion and permeability

Soil chemistry

ESP

Measured in laboratory

Affects erosion and influences soil structure stability

Sample analysis

Bulk density and porosity

Measured in laboratory

Affects rooting depth, permeability and drainage and soil workability

Sample analysis

Plant-available water capacity (PAWC)

Estimated by pedotransfer function
from a range of data

Capacity of soil to store moisture for plant use
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2.5.2

DEFINING SOIL GENERIC GROUPS

An understanding of how soils are formed and distributed is important for identifying the
opportunities for land limitations to agricultural development. DSM was used to map the SGGs to
represent the main soils of northern Australia. Soils within a group share a similar profile
morphology and soil chemical and physical characteristics in terms of general land use potential.
The approach used to allocate the SGG across each study area involves classifying the soil at each
field site according to ASC (Isbell and National Committee on Soil and Terrain, 2016) and then
allocating the soil to a SGG (see Table 3-8). If the ASC had not existed at historical sites, in some
cases an ASC classification was approximated by expert opinion using the available site
information and soil data.

Laboratory methods
2.6.1

CHEMICAL AND PHYSICAL ANALYSES

Soil chemical and physical attributes (Table 2-4) were analysed using conventional laboratory
methods (McKenzie et al., 2002; Rayment and Lyons, 2011; Thorburn and Shaw, 1987). The data
were recorded in a digital database.
Table 2-4 Soil chemical and physical analyses
MEASUREMENT

ELEMENTS AND METHODS

REFERENCE

Particle size (% sand, silt,
clay)

Sieve and hydrometer method

(Thorburn and Shaw, 1987)

Moisture

15-bar moisture, 1/3 bar moisture

(Rayment and Lyons, 2011)

pH, electrical
conductivity (EC),

1:5 soil/water

(Rayment and Lyons, 2011)

Exchangeable cations

Cation exchange capacity (CEC); exchangeable calcium;
magnesium; sodium; potassium; exchangeable sodium
percent (ESP)

(Rayment and Lyons, 2011)

Exchange acidity

Exchangeable aluminium, H+

(Rayment and Lyons, 2011)

Total elements (total
carbon and nitrogen)

Dry furnace

(Rayment and Lyons, 2011)

Extractable trace
elements

Iron; manganese; copper; zinc

(Rayment and Lyons, 2011)

Surface soil fertility

Organic carbon (Walkley and Black); total nitrogen
(Kjeldahl); extractable P (Colwell); extractable
potassium; extractable sulfur

(Rayment and Lyons, 2011)

Dispersion

R1, Dispersion ratio R1 is the ratio of aqueous dispersible (Angus Mcelnea, Queensland DSITI,
silt and clay to total dispersible silt and clay
pers. comm.)

(legacy data only)

R2, Dispersion ratio R2 is the ratio of aqueous dispersible
clay to total dispersible clay. As R1 and R2 are ratios,
their values can be unreliable when clay or silt + clay
percentages are small (i.e. in sandy soils)
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2.6.2

MID INFRARED SPECTROSCOPY

Infrared spectroscopy can be used for rapid soil characterisation when there are calibration sets
(Viscarra Rossel et al., 2006). Mid infrared spectroscopy was considered more suitable than visible
infrared or near infrared spectroscopy due to the higher incidence of spectral bands in the
Assessment area, as well as the higher intensity and specificity of the signal (Viscarra Rossel et al.,
2006). Mid infrared spectroscopy was used to predict fractions of coarse sand, fine sand, silt and
clay, as well as electrical conductivity (EC), soil pH, effective cation exchange capacity (ECEC),
exchangeable calcium (Ca) and moisture content at 15 and 1/3-bar potential.
The 200 mg soil samples collected in the field and stored in small containers were dried at 40 °C in
a forced draught oven to a constant dry weight. Samples were then ground in a puck mill to a grain
size of 0.5 mm, and a sub-sample taken for mid infrared spectroscopy scanning. All samples were
loaded in quadruplicate onto the sample plates and the diffuse reflectance mid infrared
spectroscopy (DRIFT) spectra were obtained. This was achieved using a Bruker Vertex 70 FTIR
spectrometer (Bruker, 2011) fitted with a liquid nitrogen cooled mercury cadmium telluride (MCT)
detector operating at a spectral range of 7500-600 cm-1. Wave numbers from 6,000 to 600 were
used for the attribute predictions, and each replicate scanned 64 times for 32 seconds.
The mid infrared spectroscopy sample spectra from all calibration sites were analysed using
principal component analysis for each study area and subsets were chosen for each using the
Kennard-Stone (1969) procedure embedded in the Bruker OPUS Quant 2 software module. The
Kennard-Stone procedure picks an optimal subset of samples for calibration based on their
spectral attributes. Partial least squares regression (PLSR) models between the spectra and soil
attributes were then constructed with the calibration samples using the Quant 2 module (version
7.0; Bruker, 2011). Each soil attribute was calibrated individually for each study area. The PLSR
models were then used to predict the soil attributes for all the remaining samples, using their MIR
spectra.
The four replicate predictions for each sample were examined and any predictions that were
either outliers based on their Mahalanobis distance from the calibration set (De Maesschalck et
al., 2000), or were outside the calibration range, were excluded. The mean of the remaining
predictions was then used as the result for the soil attribute value. However, if there were less
than two acceptable predictions, the result was reported in the database as ‘NP’ (i.e. no
prediction) for the sample. Values for the coefficient of variation and standard error of the mean
were reported for the replicate averaging and the Mahalanobis distance and probability based on
the F-statistic (Hicks et al., 2015) reported as a reliability measure of the prediction.

Soil attribute mapping
Many DSM modelling approaches rely on correlative models that establish statistical relations
between soil observations and data at points and covariates (McKenzie and Ryan, 1999). Some of
the best performing models use data mining and machine learning to capture spatial distribution
of soil properties without prior assumptions about the form of the complex relations between
soils and covariates, such as the ‘scorpan’ factors (i.e. soils, climate, organisms, relief, parent
material, age, and position, McBratney et al., 2003) already introduced in Section 2.3. The
covariates representing ‘scorpan’ factors used in soil attribute mapping are presented in Table 2-2.
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These covariates were used at a ground resolution of 3 arc-second (approximately 90 m) for soil
attribute mapping for several reasons:
• the expected reliance on legacy data, where positional accuracy is variable and not better than
50 m because of built-in signal degradation due to selective availability of GPS prior to May 2000
(refer to http://www.gps.gov/systems/gps/modernization/sa/ for details)
• in order to reduce the computational burden of the DSM modelling (see below), and also to
estimate the effect of uncertainty in the soil attribute data through the land suitability rules
discussed in the companion land suitability report (Thomas et al., 2018).
DSM models can be expressed as statistically-based rules representing the relationship between;
(i) soil data at the sampling sites; and (ii) the values of the covariates at these sites. Multiple, coregistered covariates are used in environmental correlation - effectively in a stack of raster
covariates (predictors) - as represented in Figure 2-5. The soil attribute to be mapped is predicted
at an unsampled location using the data values of the covariates in the stack and the rules. This
process of rule–to-covariate matching is applied to the whole area of interest (raster stack area) to
compile the complete final soil map. The environmental correlation approach can be thought of as
a digital analogue of the traditional soil mapping method, which relies on experts to build models
(rules) from patterns of relief, drainage or vegetation (i.e. soil covariates) (Hudson, 1992). In the
DSM analogue, the expert is represented by the statistical modelling process.

Figure 2-5 DSM models built from the spatial intersection of observations and covariates

A major benefit of DSM compared to traditional soil mapping is that it is possible to statistically
quantify and map the uncertainty - termed ‘reliability’ - associated with the soil attribute
prediction at each pixel. Additionally, DSM also allows mapping approaches to be consistent so
that there is no methodological or operator bias, and users of the mapped outputs can be
confident that all areas in the output are systematically comparable. Furthermore, this makes
updating models, data and maps a straightforward process once new soil observations or better
covariates become available.
In addition to predicting soil attributes, this activity applied DSM to produce data and maps of SGG
units for the Assessment area (Section 3.3). These data and maps predict soil classes based on soil
morphological descriptions and soil-landscape relationships, and are designed to assist in
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communication about soils to the general public. The SGG class for sodic clay subsoils is also used
as direct input into the land suitability framework (Thomas et al., 2018).

2.7.1

RANDOM FORESTS

The R statistical programming environment (R Core Team, 2014) was used for DSM computing. All
soil attributes and SGGs were modelled using a Random Forest (RF) approach (Breiman, 2001)
implemented in the ranger R package (Wright and Ziegler, 2015). RFs have a proven track record in
environmental attribute prediction and have little tendency to overfit (Breiman, 1996). The
approach constructs a multitude of decision trees during the algorithm training phase. Decision
trees are ideally suited for the analysis of high dimensional environmental data; a mix of
continuous and categorical covariates that exhibit non-linear relationships, high-order
interactions, and missing values can be used to predict continuous soil attributes (regression trees)
or categorical ones (classification trees). Each individual decision tree splits a dataset into more
and more homogeneous subsets. Random Forests are an ensemble learning method that
combines Breiman's (1996) ‘bagging’ (bootstrap aggregation) idea, such as growing each tree from
a random selection (with replacement) of samples in the training set, made with random selection
of predictors (the covariates) in order to construct a collection of decision trees with controlled
variance. Bagging allows estimation of the error rate; some input data points are omitted each
time a tree is built, and then these ‘out-of-bag’ (OOB) sample points are used to test and report
the prediction accuracy of the realisation. Random selection of predictors during RF-building
allows the relative importance of individual predictors to be assessed (in other words, if a
predictor is left out, how poorly does the model perform?). After a large number of trees have
been fit, training and test error tend to level off. This means that subsetting the data into training
and test set is not necessary and all the data can be used to grow a RF model (Breiman, 2001).
Random forests output the class that is the mode of the predicted classes (classification) or mean
prediction (regression) of the individual trees. The ranger package is the fastest and most
memory-efficient implementation of RF algorithms available in R (Wright and Ziegler, 2015).
Permeability, drainage, surface condition, surface texture, surface structure, and SGGs are
categorical attributes comprising multiple classes, whereas microrelief, rockiness, and salinity are
binary class attributes (i.e. present or absent). All were modelled using RF of 500 classification
trees. Beyond the reported OOB prediction error, the kappa coefficient (Cohen, 1960) of the
output confusion matrix was used to assess these RF model results; kappa adjusts for chance
agreement due to size of classes.
Depth of A horizon, clay %, surface ESP, soil erodibility (K-factor), soil depth and effective rooting
depth, surface pH, and PAWC are continuous attributes, thus were modelled using RF of 500
regression trees. Model reliability was evaluated two ways: the OOB prediction error and R2. For
continuous attributes, Lin's concordance correlation coefficient (Lin, 1989) was calculated to
assess agreement between RF predictions and the original attribute values. The concordance
correlation coefficient (ρc) combines measures of both precision (the tightness of the data about
its reduced major axis) and accuracy (nearness to the line of perfect concordance, that is, the 1:1
line) to determine how far the observed data deviate from the line of perfect concordance. For
categorical attributes, the kappa coefficient and other output from the confusionMatrix function
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of the caret package (Kuhn, 2016) were used to assess model results. In all RF models, relative
importance of predictors (covariates) was assessed by permutation.
During model development, various options were trialled for selection of the best training data.
Initially all data were used with different training to test data ratios. Mapped results generally
showed these to be unable to identify the soil-landscape patterns expected by the expert soil
surveyors. Various options for selection of training data were investigated and tested against the
new soil attribute data. Generally the model results looked weak in terms of their OOB statistics
and their performance on the test data. In the end, for the Fitzroy catchment where little legacy
data existed, generally all WA data were used as training data for the final RF models. For the soil
attributes with a large amount of legacy data (> 50,000 points in Queensland and NT combined),
generally final RF models were selected from three options used as training data:
• all Queensland and Northern Territory data
• only post-2001 Queensland and Northern Territory data
• only stratified random sampling data (in effect FGARA and new NAWRA Queensland and
Northern Territory data).
Finally, all RF models built from points were extrapolated to map the soil limitations necessary to
implement land suitability rules over the extent of the three study areas.

2.7.2

RELIABILITY OF DATA OUTPUTS

We used the 500 individual trees of the RF models to generate 500 datasets of each soil attribute
and used these to estimate model reliability for each attribute. For categorical values, the method
for estimating reliability of predictions follows that described in (Burrough et al., 1997) following
the formula:
CI = Pmax / P max-1
Where:
CI is the confusion index
Pmax is the probability of the most probable soil class
Pmax − 1 is the probability of the second most probable soil class.
A CI of 0 is the most reliable, and a CI of 1, the least reliable.
For continuous soil attributes the estimate of reliability of predicted values is the coefficient of
variation, that is, the standard deviation of the 500 predictions divided by the mean, expressed as
a percent, at a particular grid location.
The modal prediction at every grid location was mapped and the resulting soil attribute data was
evaluated by the expert soil surveyors. These are shown in the figures in section 3.4. The
predictions from the models were assessed for accuracy against new validation observations made
in the field. The soil and landscape attributes that were recorded during the validation survey are
explained in Section 2.4.2, and the results presented in Section 3.1.2.
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2.7.3

ACID SULFATE SOILS

Acid sulfate soil (ASS) mapping is available at 1:50,000 in the Darwin catchments across the coastal
zone from the mouth of the Finniss River to the mouth of the Adelaide River (Hill and Edmeades,
2008). Outside this area, ASS data is restricted to the interpretation of general soil laboratory data
and soil morphological descriptions. Current ASS data is negligible in the Fitzroy and Mitchell
catchments. This is a consequence of their remoteness and the lack of previous interest in
developing these coastal areas. The presence of ASS in these areas correlates well with areas
influenced by marine tides (Fitzpatrick et al., 2008); here sulfur-rich materials are replenished from
marine and upstream freshwater sources, and fixed in the system by high levels of organic
materials. Losses are restricted by the clay-rich soils that predominate in these coast-fringing
areas. For this reason, potential ASS coastal soils were defined in this activity as those coastal
areas below ≤5 m EGM96, referenced in legislation of state jurisdictions. Whilst the 5 m EGM96
threshold is useful in delineating areas where there is an increased risk after disturbance, ASS can
often be found at depth in soils where the natural land surface is between 5 m EGM96 and 20 m
EGM96.
The potential ASS areas (≤5 m EGM96) were estimated using the Shuttle Radar 1-arc-second digital
elevation model (approximately 30-m pixel on edge). Shuttle information was corrected in
absolute terms (by subtracting 4.0 m) based on LiDAR-derived elevation available in some areas.
Due to the broad, flat nature of potential ASS landscapes and thick woody vegetation that often
predominates, the 5 m EGM96 contours generated from this process were complex and lacked
clear definition in some areas. These complex and poorly defined areas were interpreted visually
and simplified using SPOT satellite imagery; and aerial photography in the Fitzroy catchment,
where the 5-m contour was modified to include areas mapped as tidal flats in existing WA
datasets. As part of this interpretation process, consideration was given to landscape patterns and
the DEM, including likely interference from thick woody vegetation.
It should be emphasised that the ≤5 m EGM96 contour is indicative and should only be used as a
guide for general catchment scale planning. High risk activities in these areas would include
exclusion of tidal water, drainage, dewatering and excavation of permanently saturated soils.
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3

Results
Field data

As part of this activity, 58,916 soil sites comprising new, validation and legacy sites were collated
or collected, as shown in Table 3-1. New and legacy sites were used in the DSM modelling,
although not all legacy site records were used for all DSM attribute predictions because some
records may have missed one of the soil attributes needed. The new Assessment area soil sites
were collected during the main survey (May to October, 2016), and augmented during the
validation survey (May to August, 2017).
Table 3-1 NAWRA soil sites used in digital soil mapping, including sources and mode of use for Assessment areas
SITES, INCLUDING PURPOSE

New NAWRA
Legacy (i.e. north of 20o South)

WA

NT

213

QLD

TOTAL

101

243

557

3,368

28,047

26,944

58,359

(inside Assessment area)

(74)

(8,117)

(774)

(8,965)

Total inside Assessment area

287

8,218

1,021

9,526

3,581

28,148

27,187

58,916

Validation (stratified random sampling)

40

39

40

119

Opportunistic

32

16

12

60

Total (for modelling use)

The distribution of survey sites for the Fitzroy catchment, Darwin catchments and Mitchell
catchment are shown in Figure 3-1, Figure 3-2, and Figure 3-3, respectively.
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Figure 3-1 Fitzroy catchment soil sites, including main survey sites, validation sites, and legacy sites
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Figure 3-2 Darwin catchments soil sites, including main survey sites, validation sites, and legacy sites

46 | Digital soil mapping of the Fitzroy, Darwin and Mitchell catchments

Figure 3-3 Mitchell catchment soil sites, including main survey sites, validation sites, and legacy sites

3.1.1

NEW SURVEY DATA

Modelling data
A total of 557 new Assessment area sites were sampled (Table 3-1) and of these 213 were from
the Fitzroy catchment (Figure 3-1), 101 from the Darwin catchments (Figure 3-2), and 243 from the
Mitchell catchment (Figure 3-3). Adding to this, 60 opportunistic sites were also sampled during
the validation survey to add to the new Assessment records, although none of these were used in
validation. Opportunistic sites were selected by convenience and expert surveyor judgement (‘free
survey’), and were typically chosen to address knowledge gaps.
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Validation data
A total of 119 validation sites were sampled (Table 3-1) of which 40 came from the Fitzroy
catchment (Figure 3-1), 39 from the Darwin catchments (Figure 3-2), and 40 from the Mitchell
catchment (Figure 3-3).

3.1.2

LEGACY DATA

The summary of legacy site data is presented in Table 3-1, and their distributions are shown in
Figure 3-1 for the Fitzroy catchment, Figure 3-2 for the Darwin catchments and Figure 3-3, for the
Mitchell catchment. Data from the collation was used to provide the values of the attributes to be
modelled. A data mining exercise was carried out and extraction queries built to allocate the
values through four approaches (see Appendix A for details):
• Actual value: a direct measured value is extracted for the attribute, e.g. permeability
• Synthesised value: the final attribute value is a result of interrogating more than one measured
attribute (e.g. soil depth derived from; depth to R horizon, depth of C horizon, ASC family for soil
depth)
• Calculated value: the final attribute value is a result of a pedotransfer function and includes
values of attributes (e.g. K-factor, Loch and Rosewell, 1992a)
• Spline value: the value for the attribute to be modelled is extracted at a certain depth from a
spline of the data of all its available depths for each site (Bishop et al., 1999a), i.e. pH at
0.2 – 0.3 m, PAWC 0.0 – 0.6 m (PAWC 60), 0.0 – 1.0 m (PAWC 100), and 0.0 – 1.5 m (PAWC 150).
Table 3-1 shows data for 58,916 sites were retained in the legacy dataset. In WA there were 3,368
sites of which 2% (74) were from inside the Fitzroy catchment. The NT had 28,047 legacy sites, of
which 29% (8,177) came from the Darwin catchments. Finally, Queensland yielded 26,944 legacy
sites, of which approximately 3% (774) came from within the Mitchell catchment.
There is a clear difference in the geographic intensity of legacy sites between the three study
areas. The Fitzroy catchment has extremely sparse legacy data, with only a few sites on Gogo and
the recent Mowanjum survey providing a concentration of sites near the town of Derby. The La
Grange area, along the coast to the south and the Ord River in the north-east (outside the Fitzroy
catchment), have also been surveyed in the last 15 years. In the NT, conventional surveys at fine
scales exist in key focus areas expected to have potential for land use intensification; other areas
have been surveyed at lower sampling intensity (e.g. eastern areas of the Kakadu National Park).
Queensland legacy sites fall mainly outside the Mitchell catchment. Many sites are in the Mareeba
Dimbulah Water Supply Scheme which sits partially inside the Mitchell catchment. Other
intensively surveyed areas on the Atherton Tablelands and wet tropical coast are where
agricultural production has already been established.
The legacy data were combined with the new soil sampling data discussed in Section 2.4.1 in a
relational Microsoft ACCESS database following national soil data protocols (see: “Soil Information
Transfer and Evaluation System (SITES) – Database design and exchange protocols” Version 2.0,
Jacquier et al., 2012). The main soil attributes accompanying the legacy site data used in the soil
attribute mapping were presented in Table 2-3 and Table 2-4.
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Section 2.6.1 described the methods used in the traditional laboratory analyses, which were also
used to calibrate the mid infrared spectroscopy analyses described in Section 2.6.2. The number of
analyses completed is presented in Table 3-2. This shows that 156 samples were analysed using
traditional methods for the Fitzroy catchment, 70 for the Darwin catchments, and 160 for the
Mitchell catchment (total 386) for subsequent mid infrared spectroscopy calibration. The
calibrations generated were used to predict soil attributes for 901 samples from the Fitzroy
catchment, 484 from the Darwin catchments, and 1165 from the Mitchell catchment (total 2550).
The reliability (R2) of mid infrared spectroscopy prediction for each attribute is presented in
Table 3-3.
Table 3-2 Number of laboratory analyses (traditional and mid infrared spectroscopy)
SAMPLES

WA

NT

QLD

TOTAL

Traditional analyses

156

70

160

386

Mid-infrared

901

484

1165

2550

Table 3-3 Reliability of mid infrared spectroscopy soil attribute predictions for each of the study areas
SOIL ATTRIBUTE

FITZROY CATCHMENT

DARWIN CATCHMENTS

MITCHELL CATCHMENT

R²

R²

R²

pH

84.11

85.31

74.58

Electrical conductivity

75.82

66.22

63.09

Organic C

85.80

64.95

80.20

Exchangeable Ca

96.42

61.97

89.37

Exchangeable Mg

93.12

95.87

86.44

Exchangeable K

64.46

61.44

70.67

Exchangeable Na

84.28

87.22

74.78

Effective cation exchange
capacity (ECEC)

98.11

88.45

94.80

Exchangeable sodium percent

72.93

52.31

71.91

Base saturation

46.57

53.25

54.86

ECEC/Clay

52.29

74.79

79.00

Sand- coarse (200-2000 µm)

79.99

82.63

83.11

Sand-fine (20-200 µm)

79.76

76.62

74.97

Sand (20-2000 µm)

94.78

94.13

92.31

Silt (2-20 µm)

81.25

79.31

80.38

Clay (<2 µm)

92.17

93.65

93.11

Dispersion Ratio 1

38.40

67.98

40.65

Dispersion Ratio 2

36.46

54.64

61.45

Water content at 1/3 Bar

85.70

79.98

80.71

Water content at 15 Bar

90.61

72.68

75.02
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Attribute evaluation
3.2.1

MODEL EVALUATION

More than a hundred RF models were produced and mapped for the activity overall. Generally for
any given soil attribute, there was little difference between the model statistics, and therefore it
was difficult to choose a model on the basis of statistics alone. The final decision on which model
to accept for the final product was based on expert appraisal of the resulting data—key focus
areas such as Wrotham Park in the Mitchell catchment had to be predicted accurately—and their
patterns of reliability. The consistency of predicted data across related soil attributes was also
taken into account in the final model selections. The results of each attribute’s chosen RF model is
presented in Table 3-4. The continuous attributes are listed first, and then followed by the
categorical ones. For continuous attributes the OOB prediction error is equivalent to the mean
squared error and is a value in the same units as the attribute; for categorical attributes, it is the
proportion of misclassified data points.
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Table 3-4 Random forest soil attribute modelling results
For continuous attributes, e.g., depth of A horizon, PAWCs, %clay, ESP, K-factor, surface pH, and soil depth (in the Darwin and Mitchell catchments only), the OOB prediction error
is a value in the same units as the attribute; for categorical attributes, e.g., soil depth in the Fitzroy, drainage, microrelief, permeability, rockiness, surface salinity, SGG, surface
condition, surface structure, and surface texture, it is the proportion of misclassified data points.
ATTRIBUTE

FITZROY

Depth of A horizon (m)

sample size: 1,686
OOB prediction error: 0.15;

PAWC 60 (mm)

DARWIN

sample size: 39,434
R2:

% clay
ESP
K-factor
Surface pH

Soil depth (m)

Drainage

0.35

OOB prediction error: 0.023;

0.25

0.44

OOB prediction error: 0.023;

R2:

0.25

sample size: 677

OOB prediction error: 598.19;

R2:

0.53

sample size: 677
R2:

COMMENTS

sample size: 39,434
R2:

sample size: 677
R2:

sample size: 182
OOB prediction error: 888.95;

PAWC 150 (mm)

0.34

sample size: 182
OOB prediction error: 388.29;

PAWC 100 (mm)

MITCHELL

OOB prediction error: 598.19;

R2:

0.53

sample size: 677

OOB prediction error: 1585.34;

R2:

0.53

OOB prediction error: 1585.34;

R2:

0.53

Same model for Darwin and Mitchell;
Fitzroy model updated after
validation trip

sample size: 677

sample size: 677

OOB prediction error: 1994.40; R2: 0.41

OOB prediction error: 3164.96; R2: 0.48

OOB prediction error: 3164.96; R2: 0.48

sample size: 2,500

sample size: 2,510

sample size: 2,510

OOB prediction error: 183.03; R2: 0.40

OOB prediction error: 181.85; R2: 0.41

OOB prediction error: 181.85; R2: 0.41

sample size: 297

sample size: 297

sample size: 297

OOB prediction error: 16.05; R2: 0.17

OOB prediction error: 16.05; R2: 0.17

OOB prediction error: 16.05; R2: 0.17

sample size: 472

sample size: 472

sample size: 472

OOB prediction error: 0.0001; R2: 0.46

OOB prediction error: 0.0001; R2: 0.46

OOB prediction error: 0.0001; R2: 0.46

sample size: 4,178

sample size: 27,000

sample size: 4,178

OOB prediction error: 0.45; R2: 0.48

OOB prediction error: 0.34; R2: 0.46

OOB prediction error: 0.45; R2: 0.48

sample size: 2,744

sample size: 48,095

sample size: 4,086
0.40

OOB prediction error: 0.38;

R2:

Same model for Darwin and Mitchell;
Fitzroy model updated after
validation trip
Same model for Darwin and Mitchell;
Fitzroy model updated after
validation trip

sample size: 175

R2:

Same model used in Darwin and
Mitchell; uses QNT combined data

OOB prediction error: 0.27; Kappa: 0.51

OOB prediction error: 0.37;

0.39

sample size: 455

sample size: 4,442

sample size: 29,429

OOB prediction error: 0.52; Kappa: 0.34

OOB prediction error: 0.44; Kappa: 0.36

OOB prediction error: 0.49; Kappa: 0.34

same model for Darwin and Mitchell;
uses QNT combined laboratory data
Same model for all; uses only
laboratory data
Same model for all; uses legacy data
only
Field pH data. Same model for
Fitzroy and Mitchell; uses post-2001
data only
Fitzroy modelled as 5 discrete depth
classes that accord with land
suitability rules; Darwin and Mitchell
models are log (soil depth). Mitchell
uses post-2001 data only.
Darwin uses post-2001 QNT data
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ATTRIBUTE

FITZROY

DARWIN

MITCHELL

COMMENTS

Microrelief

sample size: 1,687

sample size: 29,932

sample size: 2,811

OOB prediction error: 0.0006; Kappa: 0.0

OOB prediction error: 0.07; Kappa: 0.32

OOB prediction error: 0.04; Kappa: 0.65

Darwin uses QNT combined data;
Mitchell uses post-2001 QNT data
only; Fitzroy model updated after
validation trip

sample size: 280

sample size: 23,966

sample size: 536

OOB prediction error: 0.37; Kappa: 0.46

OOB prediction error: 0.36; Kappa: 0.44

OOB prediction error: 0.42; Kappa: 0.50

sample size: 212

sample size: 4,854

sample size: 5,067

OOB prediction error: 0.10; Kappa: 0.57

OOB prediction error: 0.047; Kappa:
0.35

OOB prediction error: 0.055; Kappa:
0.49

sample size: 287

sample size: 630

sample size: 630

OOB prediction error: 0.13; Kappa: 0.47

OOB prediction error: 0.087; Kappa:
0.31

OOB prediction error: 0.087; Kappa:
0.31

sample size: 2,061

sample size: 23,684

sample size: 44,269

OOB prediction error: 0.35; Kappa: 0.74

OOB prediction error: 0.46; Kappa: 0.45

OOB prediction error: 0.45; Kappa: 0.40

sample size: 38,833

sample size: 38,174

sample size: 540

OOB prediction error: 0.26; Kappa: 0.40

OOB prediction error: 0.26; Kappa: 0.40

OOB prediction error: 0.25; Kappa: 0.40

sample size: 1,105

sample size: 31,184

sample size: 546

OOB prediction error: 0.31; Kappa: 0.45

OOB prediction error: 0.16; Kappa: 0.50

OOB prediction error: 0.22; Kappa: 0.31

sample size: 1,656

sample size: 45,446

sample size: 548

OOB prediction error: 0.12; Kappa: 0.75

OOB prediction error: 0.29; Kappa: 0.49

OOB prediction error: 0.37; Kappa: 0.49

Permeability
Rockiness

Surface salinity

SGG
Surface condition

Surface structure
Surface texture
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Mitchell uses stratified random
samples
Fitzroy uses WA data only. Darwin
uses post-2001 QNT combined data.
Mitchell uses all QNT data.
modelled as discrete classes - ‘high’,
‘moderate’, ‘low’, or ‘no’
Darwin uses NT data only; Mitchell
uses combined QNT data
Fitzroy uses all data; Darwin uses
QNT data; Mitchell uses only
stratified random samples
Darwin uses QNT data; Mitchell uses
only stratified random samples
Darwin uses QNT data; Mitchell uses
only stratified random samples

3.2.2

EXTERNAL VALIDATION

Modelled soil attribute data were assessed against the new validation data (not used in the DSM
modelling) using field data acquired during the validation survey (Section 2.4.2). Once the surveyor
had arrived at the site, the modelled attribute data was recorded as ‘correct’, ‘accept’, or ‘fail’ at
that location. Recorded results were assessed as a proportion of the total number of new
validation sites. For most attributes, the validation results show that the modelled data are better
than would be expected on the basis of the model statistics alone. This finding underscores the
importance of the collection of new independent, external validation data to evaluate the
attribute mapping and surveyor knowledge.
The accuracy results for the Fitzroy catchment are presented in Table 3-5. These results indicate
that the strongest predictions (>75% correctly predicted) were seen in rockiness (91%), microrelief
(97%), and surface salinity (97%). Weaker predictions (<75% correct) were seen in surface
condition (66%), permeability (74%), surface texture (61%), permeability (74 %), soil depth (43%),
surface pH (50%), and SGG (48%). The PAWC predictions were generally weak with predictions of
34% (PAWC 60), 27% (PAWC 100), and 36% (PAWC 150). Depth of A horizon predictions were also
weak (38%).
New models were produced for all PAWC, soil depth and microrelief. The original microrelief
model was good, but it over-predicted the extent of the very small area with gilgai. There is an
imbalance in the distribution of the two classes (few present, many absences) and a model that
does not predict any gilgai was preferred.
Table 3-5 Fitzroy catchment external validation results
DSM ATTRIBUTE

CORRECT

ACCEPT

FAIL

TOTAL

Depth of A horizon

26

19

23

68

%

38

28

34

100

PAWC 60cm

20

17

22

59

%

34

29

37

100

PAWC 100cm

16

12

31

59

%

27

20

53

100

PAWC 150cm

21

10

28

59

%

36

17

47

100

Surface pH

34

24

10

68

%

50

35

15

100

Soil depth

43

12

14

69

%

62

17

20

100

Drainage

44

19

7

70

%

63

27

10

100

Microrelief

68

2

0

70

%

97

3

0

100

DSM ATTRIBUTE

CORRECT

ACCEPT

FAIL

TOTAL

Permeability

52

11

7

70

%

74

16

10

100

Rockiness

64

0

6

70

%

91

0

9

100

Surface salinity

68

0

2

70

%

97

0

3

100

SGG

30

10

22

62

%

48

16

35

100

Surface condition

46

8

16

70

%

66

11

23

100

Surface structure

43

15

12

70

%

61

21

17

100

Surface texture

47

7

16

70

%

67

10

23

100
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The accuracy results for the Darwin catchments are presented in Table 3-6. This shows that the
strongest predictions (>75%) were for rockiness (93%), microrelief (100%), surface condition
(93%), surface texture (92%) and depth of A horizon (83%). Weaker accuracies of less than 75%
were achieved for drainage (69%), PAWC 60 (58%), PAWC 100 (65%), PAWC 150 (66%) and SGG
(66%).
Table 3-6 Darwin catchments external validation results
DSM ATTRIBUTE

CORRECT

ACCEPT

FAIL

TOTAL

Depth of A horizon
(m)

24

22

9

55

%

44

40

16

100

PAWC 60

19

10

21

50

%

38

20

42

100

PAWC 100

22

7

15

44

%

50

16

34

100

PAWC 150

20

6

13

39

%

51

15

33

100

Surface pH

44

10

1

55

%

80

18

2

100

Soil Depth (m)

18

17

20

55

%

33

31

36

100

Drainage

21

17

17

55

%

38

31

31

100

Micro relief

55

0

0

55

100

0

0

100

%

DSM ATTRIBUTE

CORRECT

ACCEPT

FAIL

TOTAL

Permeability

45

7

3

55

%

82

13

5

100

Rockiness

51

0

4

55

%

93

0

7

100

Surface salinity

53

0

0

53

100

0

0

100

SGG

33

3

18

54

%

61

6

33

100

Surface Condition

50

1

4

55

%

91

2

7

100

Surface Structure

51

1

3

55

%

93

2

5

100

Surface Texture

27

24

4

55

%

49

44

7

100

%

The accuracy results for the Mitchell catchment are presented in Table 3-7. The results indicate
that the strongest predictions (>75%) were rockiness (94%), microrelief (96%), surface condition
(88%), surface structure (90%), and surface salinity (90%). The weakest predictions were
experienced in depth of A horizon (31%) and soil depth (26%). PAWC predictions were of
moderate quality, with PAWC 60, PAWC 100 and PAWC 150 at 49%, 47% and 50% correct,
respectively.
Poor results received after expert assessment for preliminary soil depth mapping prompted the
adoption of a log-transform model for the final soil depth data across the Darwin and Mitchell
catchments. In the Fitzroy catchment, final soil depth was modelled as five classes consistent with
the land suitability rules (Thomas et al., 2018). A log-transform model did not improve the data for
depth of A horizon. The SGG data were also updated using insights gained from the validation trips
and corrected legacy data.
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Table 3-7 Mitchell catchment external validation results
DSM ATTRIBUTE

CORRECT

ACCEPT

FAIL

TOTAL

Depth of A horizon

15

24

9

48

%

31

50

19

100

PAWC 60

23

11

13

47

%

49

23

28

100

PAWC 100

22

11

14

47

%

47

23

30

100

PAWC 150

23

5

18

46

%

50

11

39

100

Surface pH

22

21

4

47

%

47

45

9

100

Soil Depth (m)

12

18

17

47

%

26

38

36

100

Drainage

33

10

5

48

%

69

21

10

100

Microrelief

46

0

2

48

%

96

0

4

100

DSM ATTRIBUTE

CORRECT

ACCEPT

FAIL

TOTAL

Permeability

33

9

6

48

%

69

19

13

100

Rockiness

45

0

3

48

%

94

0

6

100

Surface salinity

48

0

0

48

100

0

0

100

SGG

30

2

15

47

%

64

4

32

100

Surface Condition

42

3

3

48

%

88

6

6

100

Surface Structure

43

2

3

48

%

90

4

6

100

Surface Texture

31

6

11

48

%

65

13

23

100

%

Soil and landscape descriptions and Soil Generic Groups
Soils often occur in complex patterns resulting from the interplay between soil forming factors
(Jenny, 1941). As a consequence, soils can be highly variable across a landscape, with different
soils having different attributes that determine their suitability for growing different crops and
their management needs. Data and maps of soil and their attributes provide a spatial
representation of how soils vary across a landscape and are fundamental to regional-scale land
use planning by providing an overview of the distribution of land resources. To that end, soils in
the Assessment area were categorised into SGGs listed in Table 3-8. These soil units provide a
means of grouping together soils that have broadly similar attributes and management
considerations. The distribution of these soils and their attributes closely reflects the geology and
landform of the immediate and surrounding areas.
The following sections describe the distribution of SGGs across each of the three study areas,
along with a brief discussion of the opportunities and limitations for agricultural intensification
offered by the soils. Soil classes from ASC (Isbell and National Committee on Soil and Terrain,
2016), generally shown in parentheses, are also highlighted in the discussions to facilitate better
interpretation of soils typically found in these SGGs.
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Table 3-8 Soil Generic Groups, description, Australian Soil Classification correlation and management considerations
SGG

SGG OVERVIEW

GENERAL DESCRIPTION

LANDFORM

MAJOR MANAGEMENT CONSIDERATIONS

ASC ORDERS USED TO GENERATE SGGS

1.1

Sand or loam
over relatively
friable red clay
subsoils

Strong texture contrast between
the A and B horizons, A horizons
generally not bleached. B horizon
not sodic and may be acid or
alkaline. Moderately deep to deep
well drained red soils

Undulating plains to hilly areas on a wide
variety of parent materials.

The non-acid soils are widely used for
agriculture; the strongly acid soils are
generally used for native and improved
pastures

Red Chromosols and Kurosols
except those with strongly
bleached A horizons (the AT, AV,
AY, AZ, BA or BB subgroups)

1.2

Sand or loam
over relatively
friable brown,
yellow and
grey clay
subsoils

As above but moderately well
drained to imperfectly drained
brown, yellow and grey soils

As above

As above but may be restricted by drainage
related issues

Brown, yellow and grey
Chromosols and Kurosols except
those with strongly bleached A
horizons (the AT, AV, AY, AZ, BA or
BB subgroups)

2

Friable noncracking clay or
clay loam soils

Moderate to strongly structured,
neutral to strongly acid soils with
little or only gradual increase in
clay content with depth. Grey to
red, moderately deep to very deep
soils

Plains, plateaus and undulating plains to
hilly areas on a wide variety of parent
materials.

Generally high agricultural potential
because of their good structure, their
moderate to high chemical fertility and
water holding capacity. Ferrosols on young
basalt and other basic landscapes may be
shallow and rocky

Ferrosols and Dermosols without
sodic B horizons (EO HA HC HO BA
or HB subgroups)

3

Seasonally or
permanently
wet soils

A wide variety of soils grouped
together because of their seasonal
or permanent inundation. No
discrimination between saline and
freshwater

Coastal areas to inland wetlands, swamps
and drainage depressions. Mostly
unconsolidated sediments, usually
alluvium.

Require drainage works before
development can proceed. Acid sulfate soils
and salinity are associated problems in
some areas

Hydrosols and Aquic Vertosols and
Podosols with long-term saturation

4.1

Red loamy soils

Well drained, neutral to acid red
soils with little or only gradual
increase in clay content at depth.
Moderately deep to very deep red
soils

Level to gently undulating plains and
plateaus, and some unconsolidated
sediments, usually alluvium.

Moderate to high agricultural potential with
spray or trickle irrigation due to their good
drainage. Low to moderate water holding
capacity, often hard setting surfaces

Red Kandosols

4.2

Brown, yellow
and grey loamy
soils

As above but moderately well
drained to imperfectly drained
brown, yellow and grey soils

As above but more common in lower parts As above but may be restricted by drainage
of the landscape
related issues

5

Peaty soils

Soils high in organic matter

Predominantly swamps
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Low agricultural potential due to very poor
drainage

Brown, yellow and grey Kandosols

Organosols

SGG

SGG OVERVIEW

GENERAL DESCRIPTION

LANDFORM

MAJOR MANAGEMENT CONSIDERATIONS

ASC ORDERS USED TO GENERATE SGGS

6.1

Red sandy soils

Moderately deep to very deep red
sands. May be gravelly

Sandplains and dunes; aeolian, fluvial and
siliceous parent material.

Low agricultural potential due to excessive
drainage and poor water holding capacity.
Potential for irrigated agriculture

Red Tenosols and Red Rudosols

6.2

Brown, yellow
and grey sandy
soils

Moderately deep to very deep
brown, yellow and grey sands. May
be gravelly

As above but more common in lower parts Low agricultural potential due to poor water Brown, yellow and grey Tenosols.
of the landscape
holding capacity combined with seasonal
Rudosols and Podosols without
drainage restrictions. May have potential
long-term saturation
for irrigated agriculture

7

Shallow and/or
rocky soils

Very shallow to shallow <0.5m.
Usually sandy or loamy, but may be
clayey. Generally weakly developed
soils that may contain gravel

Crests and slopes of hilly and dissected
plateaus in a wide variety of landscapes.

Negligible agricultural potential due to lack
of soil depth, poor water holding capacity
and presence of rock

Most soils <0.5 m, mainly very
shallow to shallow Rudosols,
Tenosols, Calcarosols and
Kandosols

8

Sand or loam
over sodic clay
subsoils

Strong texture contrast between
the A and B horizons; A horizons
usually bleached. Usually alkaline
but occasionally neutral to acid
subsoils. Moderately deep to deep

Lower slopes and plains in a wide variety
of landscapes.

Generally low to moderate agricultural
potential due to restricted drainage, poor
root penetration and susceptibility to gully
and tunnel erosion. Those with thick to very
thick A horizons are favoured

Sodosols; bleached Chromosols and
Kurosols (those with AT, AV, AY, AZ,
BA or BB subgroups) Dermosols
with sodic B horizons (EO HA HC
HO BA or HB subgroups)

9

Cracking clay
soils

Clay soils with shrink-swell
properties that cause cracking
when dry. Usually alkaline and
moderately deep to very deep

Floodplains and other alluvial plains. Level
to gently undulating plains and rises
(formed on labile sedimentary rock).
Minor occurrences in basalt landscapes.

Generally moderate to high agricultural
potential. The flooding limitation will need
to be assessed locally. Many soils are high in
salt (particularly those associated with the
treeless plains). Gilgai and coarse
structured surfaces may occur

Vertosols

10

Highly
calcareous soils

Moderately deep to deep soils that
are calcareous throughout the
profile

Plains to hilly areas

Generally moderate to low agricultural
potential depending on soil depth and
presence of rock

Calcarosols
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3.3.1

FITZROY CATCHMENT SOIL AND LANDSCAPE DESCRIPTIONS AND SOIL GENERIC
GROUPS

The SGGs and soil attributes in the Fitzroy catchment are modelled from field observations,
laboratory analysis data and covariates from this activity (Section 2.7) whist also drawing on
previous surveys conducted in the area by the Western Australian Government (e.g. Payne and
Schoknecht, 2011).
The spatial distribution of these SGGs (Figure 3-4) closely reflect the geology and landform. The
corresponding areas for each SGG and their proportions as a percentage of the total Fitzroy
catchment area are presented in Table 3-9. All area calculations are based on an Albers Equal Area
Conic projection. Management considerations are also summarised.

Figure 3-4 The Soil Generic Groups of the Fitzroy catchment produced by digital soil mapping
The inset map shows the data reliability, based on the confusion index as described in Section 2.7.2.
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Table 3-9 Area (ha) and percentage area of each Soil Generic Group (SGG) in the Fitzroy catchment
SGG

SOIL GENERIC GROUP (SGG) DESCRIPTION

1.1

Sand or loam over relatively friable red clay subsoils

1.2

Sand or loam over relatively friable brown, yellow and grey clay subsoils

2

Friable non-cracking clay or clay loam soils

3

Seasonally or permanently wet soils

4.1

AREA (HA)

PERCENT
COVERAGE

115,031

1.23

3,812

0.04

175,595

1.85

36,108

0.38

Red loamy soils

880,658

9.39

4.2

Brown, yellow and grey loamy soils

460,960

4.91

5

Peaty soils

n/a

n/a

6.1

Red sandy soils

1,596,765

17.02

6.2

Brown, Yellow and Grey sandy soils

26,740

0.29

7

Shallow and/or rocky soils

5,213,688

55.58

8

Sand or loam over sodic clay subsoils

117

0.00

9

Cracking clay soils

861,623

9.19

10

Highly calcareous soils

10,821

0.12

SGG 1.1 and 1.2 are a negligible area of 1.2% of the Fitzroy catchment with soils of sand or loam
over friable clay (mainly Chromosols) and restricted to wind deposited sand of the sandplains over
buried red clays developed from the underlying Proterozoic, Devonian, Permian and Jurassic
geologies. Soils are moderately suited to a range of grain and horticultural land uses.
SGG 2 is predicted in only a small percentage of the Fitzroy catchment (1.9%). The minor areas of
well drained, very deep (>1.5 m), frequently flooded, brown soils (Dermosols) on the Fitzroy River
levees with very high soil water storage (>100 mm) are well suited to agriculture during the dryseason. Variants: Relatively small areas of friable clays and clay loam red (Dermosols, Ferrosols)
and brown, yellow and grey friable clay soils (Dermosols) are associated with the gentle lower
slopes of the less resistant intermediate to basic igneous and metamorphic rocks in the upper
northern catchment and suited to a wide range of agriculture in the wet and dry-season. The soils
with moderate soil depth (0.5 to 1 m) overlying rock are predominantly well drained to
moderately well-drained red and yellow soils (Dermosols) contain some rock fragments and hard
segregations, have moderate to high soil water storage (50 to 100 mm) and on gentle slopes are
well suited to intensive horticulture. However, these soils are frequently highly fragmented by
creeks resulting in few areas suitable for large-scale agricultural development.
SGG 3 is the seasonally wet or permanently wet soils (Hydrosols and aquic Vertosols, 0.4%) and
are scarce in the Fitzroy catchment, being restricted to the saline clay pans and internally drained
depressions throughout the sandplains, low lying alluvial clay plains adjacent to the Fitzroy River
estuary, and the coastal marine salt pans and mangroves. All seasonally wet or permanently wet
soils have limited potential for agricultural development, although a certain proportion of these
soils dry out sufficiently in most dry-seasons to potentially permit cropping. The coastal soils often
have acid sulfate deposits (Fanning and Fanning, 1989) in the profile, which when disturbed and
exposed to the atmosphere create sulfuric acid and other contaminants (Fältmarsch, 2006; Ljung
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et al., 2009). Many of the soils with surface salinity throughout the catchment are seasonally wet
or have seasonal water tables in the soil profile.
SGG 4 are the deep loamy soils, divided by colour reflecting their landscape position and soil
properties. The red loamy soils (SGG 4.1; Kandosols, 9.4%) where there is acacia present is
referred to as Pindan, and are well drained and usually occur in the upper landscape positions.
Brown, yellow and grey loamy soils (SGG 4.2; Kandosols 4.9%) while moderately well drained to
imperfectly drained are mainly associated with the lower parts of the landscape. These Kandosols
occurs across level to gently undulating sandplains in the southern and western parts of the
catchment, and level to gently undulating deeply weathered sedimentary and granite plateaus in
the upper catchment. These soils are usually nutrient deficient, hence irrigated cropping requires
very high fertiliser inputs when soils are initially developed. After the initial high application,
fertiliser rates follow recommended crop requirements. Irrigation potential is limited to spray and
drip irrigated crops. Variants: The moderately permeable sandy surfaced well drained red and
moderately well drained to imperfectly drained brown and yellow soils of the sand plains are
predominantly very deep (>1.5 m) with low to moderate soil water storage (<50 to 75 mm).
Abundant gravels are characteristic of the moderately deep (0.5 - 1 m) red loamy soils developed
on the deeply weathered plateaus in the upper eastern catchment, while less gravel is
encountered on the Fitzroy plain. Soil water storage on these ranges from very low to moderate
(<30 - 75 mm) depending on soil depth and quantity of gravel in the profile. Moderately deep
(0.5 – 1 m) red and brown loamy soils with few to abundant rock fragments also occur on gently
sloping lower slopes and pediments and plains on a range of sedimentary rocks in the central,
upper northern and eastern catchment.
SGG 5 the peaty soils are non-existent in the Fitzroy catchment being too arid.
SGG 6 are deep sandy soils, divided by colour reflecting their landscape position and soil
properties. These sandy soils represent the most extensive SGG class with agricultural potential
and the red sandy soils (SGG 6.1; Tenosols, Rudosols, 17.0%, Figure 3-5) in upper landscape
positions are known as Pindan. The brown and yellow sandy soils (SGG 6.2; Tenosols, Rudosols,
0.3%) occur in the lower landscape positions on the level to gently undulating wind deposited
sandplains (Tenosols) and on the sand dunes (Rudosols) in the southern and western parts of the
Fitzroy catchment, particularly those areas adjoining the Great Sandy Desert. These highly
permeable deep to very deep (>1 m) soils have very low to low soil water storage (<50 mm),
having potential for irrigated horticulture utilising trickle or drip systems, otherwise they have very
limited agricultural potential. Extensive surface salinity is associated with the lower slopes of the
shallower sands overlying the Jurassic-Permian sedimentary rocks in the southern parts of the
catchment and on the yellow sands in drainage depressions throughout the sandplains (Figure
3-6). Variants: Moderately deep to very deep (0.5 – >1.5 m) red sandy soils and very deep (>1.5 m)
brown and yellow sandy soils. Well drained red and moderately well drained to imperfectly
drained brown and yellow soils. Wind-blown sands of moderate (0.5 – 1.0m) soil depth over the
underlying hard rock geology in the central, southern and western parts of the catchment usually
have rock outcrop. This range of Pindan soils also develop in situ on various sedimentary
geologies.
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Figure 3-5 Fitzroy catchment; Pindan deep red sands (SGG 6.1)
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Figure 3-6 Fitzroy catchment; severe surface salting in drainage lines on of the sandplains (SGG 6.2)

SGG 7 is expansive in area being all shallow (<0.5 m) and/or stony soils (mainly Rudosols, Tenosols,
Kandosols and Calcarosols, 55.6%), occurring extensively throughout the ranges and upper
northern and eastern catchment. This group of soils occupy the steep to undulating, hills, rises,
strike ridges and scarps of various complex and folded geologies. These soils have very low soil
water storage (<30 mm) often with abundant rock and/or rock outcrop, predominantly steep
slopes subject to erosion, a fragmented landscape due to intense drainage patterns, and a limited
potential for agricultural development. Natural surface salinity is associated with lower slopes and
drainage lines of many of the scarp retreat areas in the deeply weathered Permian and Jurassic
geologies.
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Figure 3-7 Fitzroy catchment; steep scarps on dissected deeply weathered plateaus (SGG 7)

Chapter 3 Results | 63

Figure 3-8 Fitzroy catchment; limestone outcrop with shallow calcareous soils on lower slopes (SGG 7)

SGG 8 occupies a negligible part of the Fitzroy catchment (<1%). These soils are characterised by
sodic subsoils and are typically sand or loam over sodic and intractable clays (Sodosols). These
slowly permeable moderately well to imperfectly drained soils predominantly have very low to
low soil water storage (<50 to 75 mm) due to soil chemistry, and are subject to erosion on slopes,
particularly gully erosion adjacent to scarp retreat areas. Agricultural potential is low to moderate.
Soils are dominated by moderately deep (0.5 – 1.0 m) hard setting sandy surfaced texture contrast
soils with sodic, dispersive clay subsoils. They occur to a limited extent on gently undulating to
undulating lower slopes of rises and low hills on the intrusive and metamorphic rocks of the upper
catchment, particularly the granites.
SGG 9 - the slowly permeable cracking clay soils (Vertosols, 9.2%) - occur extensively on the level
to gently undulating treeless plains and rises overlying Devonian limestones in the centre of the
Fitzroy catchment (Figure 3-9); elevated non-flooded level to very gently undulating old (TertiaryQuaternary) alluvial plains overlying a broad range of older geologies in the upper northern and
eastern catchment (Figure 3-10); and extensively as alluvial grass plains of the river and its major
tributaries (Figure 3-11). All these clay soils (except saline soils) are suited to a variety of grain,
forage and pulse crops but surface sealing and potential scalding, which limits water infiltration
and promotes wind and water erosion, requires careful management. These soils have a very high
soil water storage (>100 mm). The frequently flooded alluvium associated with braided channels is
generally less suited to agricultural development due to potential erosion from high velocity flood
flows. Surface salinity may be associated with scalded surfaces, especially in the narrow alluvial
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plains of the upper catchment. Minor rill and gully erosion is evident on steeper slopes (>3%
gradient) adjacent to flood channels. Variants: The deep to very deep (>1 m) moderately well
drained slowly permeable soft self-mulching dark alkaline cracking clays on limestone have high to
very high soil water storage (75 to > 125 mm, depending on soil depth) and minor areas have large
(>0.6 m diameter) limestone floaters on the surface. These soils frequently have small (<0.3 m
high) gilgai. The deep to very deep (>1 m) moderately well drained very slowly permeable ‘old’
alluvial clays with hard setting surfaces have a restricted rooting depth at <1 metre due to very
high salt levels. These old clay soils also frequently have small (<0.3 m high) gilgai. The very deep
(>1.5 m) moderately well drained very slowly permeable alluvial clays with hard setting surfaces
also have a restricted rooting depth at < 1 m due to very high salt levels in the subsoil and usually
receive regular flooding every 3 to 10 years.

Figure 3-9 Fitzroy catchment; cultivation on very deep cracking clays on limestone (SGG 9)
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Figure 3-10 Fitzroy catchment; Tertiary clay plains overlying metamorphic geologies (SGG 9)
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Figure 3-11 Fitzroy catchment; cultivation on alluvial cracking clays (SGG 9)

SGG 10 occupies another negligible part of the catchment (<1%). Characterised by their highly
calcareous nature, moderately deep (0.5 – 1.0 m) red and brown soils (Calcarosols) occur to a
limited extent on the gently sloping lower slopes of the Devonian limestone hills and ridges in the
centre of the Fitzroy catchment and on the thin bedded Tertiary limestone deposits that overly a
range of older Proterozoic geologies in the upper eastern catchment. Agricultural potential is
moderate for irrigated horticulture and tree crops on larger areas. Variants: the moderately deep
(0.5 - 1 m) red and brown soils on Devonian limestone have a moderate to high soil water storage
(50 - 100 mm), usually with abundant limestone fragments throughout the profile, agricultural
development is usually limited to small areas due to the proximity of the rocky hills and ridges on
upper slopes. The gently undulating to undulating plains and rises with moderately deep to deep
(0.5 – 1.5 m) brown and red highly calcareous soils derived from Tertiary limestone are generally
fragmented resulting in relatively small and/or narrow areas. These Tertiary limestone soils may
have abundant (>50%) gravel on the surface and moderate amounts (<20%) throughout the
profile.

3.3.2

DARWIN CATCHMENTS SOIL AND LANDSCAPE DESCRIPTIONS AND SOIL
GENERIC GROUPS

The SGGs and soil attributes in the Darwin catchments are modelled from field observations,
laboratory analysis data and covariates from this activity (Section 2.7) while also drawing on
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previous surveys conducted in the area by the Northern Territory Government (Easey et al., 2016;
Fett, 1985; Fogarty, 1980; Fogarty et al., 1984; Forster and Fogarty, 1975; Hill, 2004; Hill and
Edmeades, 2008; Hill et al., 2002; Lucas and Czachorowski, 1980; McLeod and Manning, 1989;
Napier and Steen, 2002; Olsen, 1982; 1985; Story et al., 1969; Van Cuylenburg and Czachorowski,
1984; Wells and Harrison, 1978).
The spatial distribution of these SGGs (Figure 3-12) closely reflect the geology and landform. The
corresponding areas for each SGG and their proportions as a percentage of the total area for the
Darwin catchments are presented in Table 3-10. Management considerations are also
summarised.

Figure 3-12 The Soil Generic Groups of the Darwin catchments produced by digital soil mapping
The inset map shows the data reliability, based on the confusion index as described in Section 2.7.2.
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Table 3-10 Area (ha) and percentage area of each Soil Generic Group (SGG) in the Darwin catchments
SGG

SOIL GENERIC GROUP (SGG) DESCRIPTION

1.1

Sand or loam over relatively friable red clay subsoils

1.2

Sand or loam over relatively friable brown, yellow and grey clay subsoils

2

Friable non-cracking clay or clay loam soils

3

Seasonally or permanently wet soils

4.1

AREA (HA)

PERCENT
COVERAGE

88

0.00

188

0.01

2,370

0.08

1,238,894

41.83

Red loamy soils

410,026

13.84

4.2

Brown, yellow and grey loamy soils

422,693

14.27

5

Peaty soils

3

0.00

6.1

Red sandy soils

2,197

0.07

6.2

Brown, yellow and grey sandy soils

8,922

0.30

7

Shallow and/or rocky soils

876,310

29.59

8

Sand or loam over sodic clay subsoils

69

0.00

9

Cracking clay soils

72

0.00

10

Highly calcareous soils

1

0.00

SGG 1.1 and 1.2 occupy very minor areas of the Darwin catchments (<1%). The sand or loam over
friable clay (Chromosols, Kurosols) are associated with the gentle lower slopes of hills and rises on
the less resistant metamorphic rock in the upper catchments and the back slopes of levees on the
major rivers. Soils are moderately suited to a range of grain and horticultural land uses. However,
these soils are frequently in narrow, ribbon form in the landscape limiting opportunities for
agricultural development.
SGG 2 the friable clays and clay loam soils (Ferrosols, Dermosols) occur to a very limited extent
(<1%). The soils are suitable for irrigated agriculture and horticultural crops. Variants: Deep
(1.0 – 1.5 m) hard setting loamy surfaced soils over friable mottled yellow and brown clay subsoils
(Dermosols) developed on limestone, dolomitic siltstone, mudstone and siltstone of the Daly Basin
occur in the Reynolds River catchment while moderately deep (0.5 – 1.0 m) red friable clays
(Ferrosols) are limited to basic metamorphic rocks (for example gabbro, dolerite) in the undulating
to steep rises and hills of the upper catchment near Pine Creek. The soils are suitable for cropping
and horticultural tree crops. Moderately deep to deep soils (0.5 – 1.5 m) with clay loam surfaces
over mottled structured yellow and brown clay subsoils (Dermosols) occur in association with the
yellow and brown loamy soils (SGG 4.2) on gentle lower slopes (<5%) of pediments of the
metamorphic geologies in the upper catchments are usually highly fragmented due to abundant
drainage lines and short slope lengths between rock outcrops. These units can occupy relatively
large areas (e.g. 100 ha), they may prove usable for horticultural land uses. Very deep soils
(>1.5 m) with clay loam to silty surfaces over mottled structured yellow and brown clay subsoils
(Dermosols) also occur to a limited extent as levees on the alluvial plains of the major rivers
throughout the catchments. These soils are highly suited to irrigated agriculture but the narrow,
ribbon form in the landscape may limit infrastructure layout and hence agricultural opportunities.
SGG 3 the seasonally wet or permanently wet soils (Hydrosols and aquic Vertosols, 41.8%) occur
extensively on a range of swamps, drainage lines, lower slopes and low-lying alluvial, coastal and
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marine plains. The inland low-lying seasonally wet alluvial plains of the upper Adelaide and Mary
rivers (Figure 3-13 and Figure 3-14) are suited to dry-season irrigated agriculture. All other
seasonally wet to permanently wet soils have limited potential for agricultural development,
although a certain proportion of these soils dry out sufficiently in most dry-seasons to potentially
permit cropping. Variants: The coastal alluvial plains of all river systems and very poorly drained
saline coastal marine plains subject to tidal inundation have very deep strongly mottled grey noncracking and cracking clays, with potential acid sulfate deposits in the profile (section 1.3.6) and
subject to storm surge from cyclones. The lower slopes and drainage lines of the extensive gently
undulating deeply weathered Tertiary plains throughout the coastal plains have seasonally wet
sands and loams over mottled grey subsoils, frequently with large amounts of iron nodules and
iron pans at shallow depths in the profile. Closed drainage depressions in the deeply weathered
Tertiary plains often have sands and loams deposited over poorly drained clay. On granitic plains
and rises, and especially in the lower Finniss River catchment minor areas of seasonally wet soils
with sandy surfaces over strongly mottled grey sodic clay subsoils occur on plains, lower slopes
and in drainage lines.

Figure 3-13 Darwin catchments; poorly drained grey clay soil with dense grass cover on the lower Adelaide River
floodplain (SGG 3)

70 | Digital soil mapping of the Fitzroy, Darwin and Mitchell catchments

Figure 3-14 Darwin catchments; dry-season hay production on the poorly drained clay soils of the Adelaide River
floodplain (SGG 3)

SGG 4 are the deep loamy soils, divided by colour reflecting their landscape position and soil
properties. The red loamy (SGG 4.1; Kandosols, 13.8%) and yellow and grey loamy (SGG 4.2;
Kandosols, 14.3%), occur extensively on a variety of geologies and landforms throughout the
Darwin catchments. Soils are highly suited to irrigated agriculture and horticulture. In areas the
narrow, ribbon form in the landscape may limit infrastructure layout and hence agricultural
opportunities. All SGG 4 soils are usually nutrient deficient, hence irrigated cropping requires very
high fertiliser inputs when soils are initially cultivated. After the initial high application, fertiliser
rates follow recommended crop requirements. Irrigation potential is limited to spray and drip
irrigated crops on the moderately deep to deep soils with low to high soil water storage
(50 to 100 mm) and fewer iron nodules. Variants: The level to gently undulating deeply weathered
Tertiary sediments throughout the Darwin coast usually have sandy to loamy surfaced well
drained red (SGG 4.1) soils on the upper slopes while moderately well-drained to imperfectly
drained yellow and grey (SGG 4.2) soils occur on the plains and lower landscape positions. The
depth to iron pans and the amount of iron nodules relates to position in the landscape. Generally,
the intact level and deeply weathered surface have deep (1.0-1.5 m) red (SGG 4.1) soils with small
to moderate amounts of iron nodules throughout the profile grading to shallow (0.5 m) soils with
abundant iron nodules and iron pans on the eroded edges of the plains and upper slopes of rises.
Exposed laterite (Stoops and Marcelino, 2010) is common. Moderately deep (0.5-1.0m) soils with
abundant iron nodules and iron pans frequently occur on mid to lower slopes. Narrow levees
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adjacent to the major rivers and tributaries and prior streams on the alluvial plains throughout the
catchments have very deep (>1.5 m) well drained massive soils with sandy and loamy surfaces
over red (SGG 4.1), brown and yellow (SGG 4.2) loam to clay subsoils. Soils are highly suited to
irrigated agriculture but the narrow, ribbon form in the landscape may limit infrastructure layout
and hence agricultural opportunities. Moderately deep to deep (>0.5 – 1.5 m) sandy surfaced red
(SGG 4.1) and yellow soils (SGG 4.2; Kandosols) also occur on upper to mid slopes of gently
undulating to undulating granite geologies in the upper catchments. These granitic soils usually
have rock outcrop on upper slopes and are dissected by numerous drainage lines. These
moderately permeable soils have low to moderate (30 to 75 mm) soil water storage. The lower
slopes (<5%) of pediments derived from sandstones and siltstones of the metasediment hills and
rises in the upper catchments usually have moderately deep (0.5 - 1 m), moderately well drained
to imperfectly drained, sandy to loamy surfaced, yellow and brown (SGG 4.2) massive soils
frequently with rock fragments throughout the profile. Iron nodules in the profile also frequently
occur, especially on lower slopes. However, as these units can occupy relatively large areas
(e.g. 100 ha), they are usable for horticultural land uses. Moderately deep to deep (0.5 – >1 m),
well drained to imperfectly drained, red (SGG 4.1) and mottled yellow (SGG 4.2), hard setting
loamy surfaced massive soils occur in association with friable loamy soils (SGG 2; Dermosols) on
the gently undulating rises and plains developed on the limestone, dolomitic siltstone, mudstone
and siltstone of the Daly Basin in the Reynolds River catchment to the south-west. Well drained
red (SGG 4.1) and yellow (SGG 4.2) soils occur on the upper slopes while moderately well drained
to imperfectly drained yellow soils occur on the plains and lower landscape positions. All soils have
numerous manganiferous nodules throughout the massive soil. These moderately permeable soils
have moderate to high (75 – 100 mm) soil water storage and highly suited to a broad range of
irrigated crops.
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Figure 3-15 Darwin catchments; red loamy soil developed on deeply weathered Tertiary sediments in the Wildman
catchment SGG (4.1)

SGG 5 the peaty soils <1%, only occur in extremely minor areas within permanent swamps on the
coastal plains and have no potential for agricultural development.
SGG 6 are deep sandy soils, divided by colour reflecting their landscape position and soil
properties. These deep (>1 m) sandy soils occur to a limited extent (<1%) as very deep (>1.5 m)
sands on the beach ridges along the coast (SGG 6.2; Rudosols, Tenosols, Podosols), as moderately
deep to deep (>0.5 m) well drained to imperfectly drained red (SGG 6.1, Tenosols) and yellow
sands (SGG 6.2, Tenosols) on the deeply weathered sediments throughout the coastal plains, and
as very deep (>1.5 m) red (SGG 6.1, Tenosols), yellow and grey (SGG 6.2, Tenosols) sand on levees
and prior streams on alluvial plains. These highly permeable soils with very low soil water storage
(<50 mm) have potential for irrigated horticulture utilising trickle or drip systems, otherwise the
agricultural potential is low.
SGG 7 is the shallow (<0.5 m) and/or stony soils (mainly Rudosols, Tenosols and Kandosols 29.6%)
occurring extensively throughout the upper catchments on metamorphosed and igneous rocks,
quartz sandstone plateaus and exposed laterite of the deeply weathered Tertiary sediments on
the coastal plains. All shallow and gravelly soils have very low to low soil water storage (<50 mm),
predominantly slopes subject to erosion, a fragmented landscape due to intense drainage patterns
and have limited potential for agricultural development. Variants: Soils of the steep to rolling hills
and rises to the south of the coastal catchments are dominated by shallow red, brown and yellow
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gravelly soils (Rudosols, Tenosols) with abundant rock outcrop on the resistant metamorphosed
sedimentary and igneous rocks (Figure 3-16), and non-metamorphosed intrusive rocks (mainly
granites). Very shallow (<0.25 m) Tenosols, Rudosols and Kandosols also occurs extensively as
sandy and loamy soils with abundant sandstone or lateritic gravels and rock outcrop on the scarp
areas of the dissected quartz sandstone hills and dissected plateaus of the deeply weathered
granites and sediments. Very shallow (<0.25 m) Kandosols and Tenosols with abundant iron
nodules, iron pans and exposed laterite also occur on the eroded edges of the plains and upper
slopes of rises of the deeply weathered Tertiary sediments of the Darwin coast.

Figure 3-16 Darwin catchments; rocky very shallow red soils on hillslopes of metamorphosed sandstone (SGG 7)

SGG 8 is scattered in minor areas throughout the Darwin catchments (<1%). These soils are
characterised by sodic subsoils and are typically sand or loam over sodic and intractable clays
(Sodosols, sodic Dermosols). Agricultural potential is low to moderate with management of
irrigation timing, structural amelioration (gypsum rates) and erosion. Soils are dominated by hard
setting sandy loam, clay loam to silty clay loam surfaced mottled brown and yellow gradational
and texture contrast soils with strongly sodic, dispersive, structured clay subsoil usually at <0.3 m.
All soils are slowly permeable and moderately well drained to imperfectly drained predominantly
with low to high soil water storage (50 to 100 mm). They are subject to regular flooding
throughout the lower catchments, and are subject to erosion on slopes - particularly gully erosion
adjacent to deeply incised stream channels. These soils on the alluvial plains grade to seasonally
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wet soils (SGG 3) lower in the catchments. Variants: On all Darwin coast rivers, the occasionally
flooded alluvial plains in the mid to upper catchments are generally deeply incised by the main
channel resulting in relatively narrow plains. The lower catchments are characterised by regularly
flooded broad plains with numerous flood channels that become more numerous and meandering
closer to the coast. Sand and loam over mottled yellow or grey sodic clay are associated with
lower slopes (pediments) of rises and low hills, and occasionally plains on the intrusive (mainly
granites) and metamorphic rocks in the upper catchments. The agricultural potential of this latter
group is low due to low soil water storage (<50 mm) and erosion on slopes, particularly gully
erosion.
SGG 9 the slowly permeability cracking clay soils (Vertosols, <1 %) occur on the alluvial plains
throughout the Darwin catchments. These very deep, imperfectly drained, slowly permeable black
surfaced cracking clays are usually strongly sodic at depth with soft self-mulching,hard setting or
massive surfaces. Soils have high to very high water holding capacity (>75 mm) but may have a
restricted rooting depth due to very high salt levels in the subsoil. The self-mulching and
structured grey cracking clay soils are suited to a variety of dry-season grain, forage and pulse
crops. These clay plains are subject to regular flooding and frequently have small (<0.3 m rise)
gilgai. These soils on the alluvial plains grade to seasonally wet soils (SGG 3 aquic Vertosols) lower
in the catchments.
SGG 10, the highly calcareous soils, were not present in the Darwin catchments.

3.3.3

MITCHELL CATCHMENT SOIL AND LANDSCAPE DESCRIPTIONS AND SOIL
GENERIC GROUPS

The SGGs and soil attributes in the Mitchell catchment are modelled from field observations,
laboratory analysis data and covariates from this activity (Section 2.7) whist also drawing on
previous surveys conducted in the area by the Queensland Government (Biggs and Philip, 1995a;
Biggs and Philip, 1995b; Enderlin et al., 1997b; Heiner and Grundy, 1994).
The spatial distribution of these SGGs (Figure 3-17) closely reflect the geology and landform. The
corresponding areas for each SGG and their proportions as a percentage of the total area for the
Mitchell catchment are presented in Table 3-11. Management considerations are also
summarised.
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Figure 3-17 The Soil Generic Groups of the Mitchell catchment produced by digital soil mapping
The inset map shows the data reliability, based on the confusion index as described in Section 2.7.2.
Table 3-11 Area (ha) and percentage area of each Soil Generic Group (SGG) in the Mitchell catchment
SGG

SOIL GENERIC GROUP (SGG) DESCRIPTION

1.1

Sand or loam over relatively friable red clay subsoils

55,188

0.77

1.2

Sand or loam over relatively friable brown, yellow and grey clay subsoils

25,028

0.35

2

Friable non-cracking clay or clay loam soils

483,059

6.76

3

Seasonally or permanently wet soils

1,228,775

17.19

4.1

Red loamy soils

562,602

7.87

4.2

Brown, yellow and grey loamy soils

740,330

10.36

5

Peaty soils

n/a

n/a

6.1

Red sandy soils

49,250

0.69
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AREA (HA)

PERCENT
COVERAGE

SGG

SOIL GENERIC GROUP (SGG) DESCRIPTION

6.2

Brown, yellow and grey sandy soils

7

Shallow and/or rocky soils

8

AREA (HA)

PERCENT
COVERAGE

428,143

5.99

2,618,103

36.64

Sand or loam over sodic clay subsoils

850,284

11.90

9

Cracking clay soils

105,500

1.48

10

Highly calcareous soils

15

0.00

SGG 1.1 and 1.2 have a very minor distribution in the Mitchell catchment (SGG 1.1, 0.8% and
SGG 1.2, 0.4%). The sand or loam over friable clay soils (Chromosols and Kurosols) are associated
with the gentle lower slopes of hills and rises on the less resistant intermediate igneous and
metamorphic rock in the upper catchment, and on levees and prior streams on the alluvial plains.
Soils on the igneous and metamorphic rocks are predominantly well drained to moderately well
drained red (SGG 1.1) and yellow (SGG 1.2) soils that are moderately deep (0.5 to 1 m) with low to
moderate soil water storage (30 to 75 mm). Where they occur on gentler slopes (<5%) these soils
are well suited to intensive horticulture. However, they are frequently highly fragmented by
creeks resulting in few areas that are suitable for large-scale agricultural development. Variants:
the very deep (>1.5 m) well drained to imperfectly drained red, brown and yellow soils
(Chromosols) on the alluvial plains with moderate to high soil water storage (50 to 100 mm) are
well suited to intensive horticulture. However, their narrow irregular occurrence makes large-scale
development difficult.
SGG 2 the friable non-cracking clays and clay loam soils (Ferrosols and Dermosols, 6.8%) occur to a
very limited extent on the Undara and Atherton Basalts, and on the lower slopes and pediments of
basic igneous and metamorphic rocks (including Chillagoe Marble) in the south-east, east and
north-east of the upper catchment. These soils are highly suited to irrigated agriculture. Variants:
the well-drained red non-cracking clay soils (Ferrosols) have moderate to high nutrient levels.
These soils on the Undara Basalt in the upper Lynd River catchment are generally unsuitable for
cropping and horticultural tree crops due to the large number of boulders (>0.6 m diameter) on
the surface and throughout the soil profile, which are generally uneconomical to remove. The soils
on the Atherton Basalts occur to a very limited extent in the catchment near Mareeba but are
used extensively for cropping, especially where irrigation is available. The moderately deep to very
deep (>1.0 m) red and yellow clay loam soils (Dermosols) on pediments and lower slopes (Figure
3-18) of the metamorphic geologies are usually highly fragmented due to abundant drainage lines,
short slope lengths between rock outcrops and highly variable soil depth. However, relatively large
occurrences (100 ha) may be usable for cropping and horticultural land uses, especially in the
Julatten area. Red and yellow friable clay loam soils (Dermosols) also occur to a limited extent as
active narrow levees on the alluvial plains of the major rivers (Mitchell, Walsh, Palmer, Lynd
Rivers) throughout the catchment. These soils are highly suited to irrigated agriculture but the
narrow, ribbon-like occurrence in the landscape may limit infrastructure layout.
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Figure 3-18 Mitchell catchment; moderately deep to very deep red friable clay loam soils on metamorphosed
limestone (Chillagoe Marble SGG 2)

SGG 3 the seasonally wet or permanently wet soils (Hydrosols and aquic Vertosols, 17.2%) occur
extensively on a range of level low-lying landscapes. All soils have limited potential for agricultural
development, although a certain proportion of these soils dry out sufficiently in most dry-seasons
to potentially permit cropping. Variants: The Mitchell River alluvial plains and delta frequently
have swamps with poorly drained clay soils especially in the lower delta area around Kowanyama.
Very poorly drained saline coastal marine plains which were deposited during previous sea level
rises all along the Gulf coast and now occur above tidal inundation, have very deep, strongly
mottled, grey non-cracking and cracking clays (aquic Vertosols), frequently gilgaied (<0.3 m rise).
The marine plains are also subject to storm surge from cyclones. The coastal salt pans and
mangroves subject to regular tidal inundation near the coast often have acid sulfate deposits in
the soil profile, which when disturbed and exposed to the atmosphere create sulfuric acid and
other contaminants. The extensive level alluvial plains, outwash and alluvial fans to the north and
south of the Mitchell River alluvium/delta and the plains on Tertiary sedimentary rocks to the
north and south of the Mitchell River in the centre of the catchment frequently have seasonally
wet sands and sand or loam over grey sodic clay subsoils supporting broad-leaved tea-tree
communities (Figure 3-19). Soils on the Tertiary landscapes frequently have large quantities of iron
nodules and iron pans at shallow depths in the profile.
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Figure 3-19 Mitchell catchment; seasonally wet sands and loams over intractable grey sodic clay subsoils supporting
broad-leaved tea-tree communities (SGG 3)

SGG 4 are the deep loamy soils, divided by colour reflecting their landscape position and soil
properties. The red (SGG 4.1, Kandosols, 8%), yellow and grey (SGG 4.2, Kandosols, 10.4%) loamy
soils occur on a variety of geologies and landforms throughout the Mitchell catchment. Well
drained red soils (SGG 4.1) usually occur on the upper slopes while moderately well drained to
imperfectly drained brown, yellow and grey soils (SGG 4.2) occur on the plains and in lower
landscape positions. All Kandosols in the study area are nutrient deficient, hence irrigated
cropping requires high fertiliser inputs when soils are initially cultivated. After the initial high
application, fertiliser rates follow recommended crop requirements. Irrigation potential is limited
to spray and drip irrigated crops. Variants: elevated flood free level to gently undulating red,
yellow and grey sandy surface soils with loamy subsoils occur on sandplains derived from ‘old’
(Tertiary-Quaternary) alluvium generally adjacent to the major river channels in the catchment.
Rounded gravels often occur on lower slopes where dissected by creeks. Loamy surfaced very
deep (<1.5 m) well drained red massive soils also occur on ‘old’ alluvium occur in a restricted area
on the upper slopes of gentle rises and low hills in the south east of the Lynd catchment. Areas of
these red loamy soils are generally limited in size (<100 ha) and elevated above streams and
creeks. Narrow levees adjacent to the major rivers and tributaries throughout the catchment and
on prior streams throughout the delta have well drained very deep (<1.5 m) red, brown and yellow
soils. Moderately deep to deep (0.5-1.5 m) Kandosols also occur in the ‘Desert’ in the northern
part of the catchment and occasionally on upper slopes of gently undulating to undulating granite
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geologies in the upper catchment. These mainly red Kandosols some with a high sand content in
the upper part of the profile, are moderately well drained and predominantly deep to very deep
(>1.0 m) with low to moderate soil water storage (50 to 75 mm). The deeper more loamy surfaced
soils have a higher soil water storage (75 to 100 mm). Lower slopes and drainage lines are
moderately well drained to imperfectly drained Kandosols and tend to be yellow and grey in
colour.
SGG 5 the peaty soils have not been predicted at this scale in the Mitchell catchment. They are
extremely minor, being confined to certain swamps and wetlands.
SGG 6 are deep sandy soils, divided by colour reflecting their landscape position and soil
properties. These soils have a limited distribution as yellow and grey sands usually Podosols
(SGG 6.2, 6.0%) on the beach ridges along the coast, and as very deep well drained red sands
usually Tenosols (SGG 6.1, 0.7%) on the Jurassic-Cretaceous quartz sandstone plateaus of the
Great Artesian Basin in the central (Elizabeth Creek area) parts of the catchment. These highly
permeable soils with low soil water storage (<50 mm) have potential for irrigated horticulture
(tree and small crops), utilising trickle/drip systems, otherwise their agricultural potential is low.
SGG 7 are the shallow (<0.5 m) and/or stony soils (Rudosols, Tenosols and Kandosols) occurring
extensively throughout the upper catchment. These soils have very low water storage (<30 mm)
and often have abundant rock outcrop. They are commonly on steep slopes subject to erosion, in
a landscape fragmented due to intense drainage patterns and have limited potential for
agricultural development. Variants: soils of the steep to rolling hills and rises to the east and south
east of the catchment are dominated by shallow red, brown and yellow gravelly soils with
abundant rock outcrop on the resistant metamorphosed sedimentary and igneous rocks (Figure
3-20) and non-metamorphosed intrusive rocks of the Etheridge and Hodgkinson Provinces. This
soil group also occurs extensively as very shallow sandy and loamy soils with abundant sandstone
or lateritic gravels and rock outcrop on the scarp areas of the dissected Jurassic-Cretaceous quartz
sandstone tablelands (Figure 3-21) Elizabeth Creek area and the low dissected plateaus of the
deeply weathered Tertiary sediments (north and south of the Mitchell River in the centre of the
catchment).
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Figure 3-20 Mitchell catchment; granite outcrop (SGG 7) with shallow gravelly sand over sodic clay (Sodosols) on
pediments (foreground SGG 8)
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Figure 3-21 Mitchell catchment; shallow sandy soils with abundant sandstone outcrop on dissected tablelands
(SGG 7)

SGG 8 occurs extensively throughout the Mitchell catchment (11.9%). These soils are characterised
by sodic subsoils with either sandy or loamy surface soil (Sodosols and sodic Dermosols). Normally
this soil group would be dominated by Sodosols, but in the Mitchell catchment a large proportion
of the soils are sodic Dermosols, which lack the abrupt textural change above the subsoil that is
characteristic of Sodosols. The most extensive areas of these soils are on the regularly flooded
broad delta with numerous flood channels which become more numerous and meandering closer
to the coast. These delta soils are mainly sodic Dermosols with hard setting clay loam to silty clay
loam surfaced brown or grey gradational soils with strongly sodic, dispersive coarse structured
clay subsoil at <0.15 m below the surface and supporting sparse Eucalyptus woodland. These
slowly permeable moderately well drained to imperfectly drained soils generally have moderate
soil water storage (50 to 75 mm), they are subject to regular flooding and erosion on slopes –
particularly gully erosion adjacent to stream channels (Figure 3-22). Agricultural potential is low to
moderate. Variants: on all alluvial plains upstream of the confluence of the Palmer and Mitchell
Rivers the occasionally flooded narrow alluvial plains are generally deeply incised by the main
channel resulting in relatively narrow usable areas. Minor areas of Sodosols are associated with
lower slopes and pediments of rises and low hills, and occasionally plains, on the intrusive (Figure
3-20) and metamorphic rocks of the Etheridge and Hodgkinson Provinces; and frequently on the
plains of the Tertiary sedimentary rocks. The agricultural potential of this group is low to moderate
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due to low soil water storage (<50 mm), restricted drainage, poor root penetration and erosion on
slopes, particularly gully erosion.

Figure 3-22 Mitchell catchment; severe gully erosion on sodic soils of the Mitchell River alluvia (SGG 8)

SGG 9 the slowly permeable grey and black cracking clay soils (Vertosols, 1.5%) occur to a limited
extent in the Mitchell catchment. The more prominent examples occur on the gently undulating to
undulating plains and rises on Cretaceous sedimentary rocks of the Great Artesian Basin (Figure
3-23) at Wrotham Park, upstream of the confluence of the Mitchell and Walsh Rivers. These
moderately deep to very deep (>0.5 m), moderately well drained grey and black cracking clays
with a soft self-mulching surface have high water holding capacity (75 to 125 mm) but may have a
restricted rooting depth on lower slopes due to high salt levels in the subsoil. These clay soils are
suited to a variety of dry-season grain, forage and pulse crops. The naturally high salt levels in the
subsoil may result in saline seepage on lower slopes caused by irrigation raising water tables.
Minor rill and gully erosion is evident on steeper slopes (>3% gradient). Overall, these soils require
further investigation to assess the likelihood of salinity issues developing under irrigated cropping.
Variants: The imperfectly drained coarse structured grey cracking clay soils have a minor
distribution on the alluvial plains of the Mitchell Delta that support grasslands or very sparse
Eucalyptus communities (Figure 3-24), are suited to a variety of dry-season grain, forage and pulse
crops. These clay plains are subject to regular flooding and frequently have small (<0.3 m high)
gilgai. Very minor Black Vertosols are associated with the McBride Basalt flows down the Lynd
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River alluvial plains. These soils have abundant boulders (>0.6 m diameter) making soils unsuitable
for agricultural development.
SGG 10 extent is negligible (<1%), soils are characterised by their highly calcareous nature
(Calcarosols) with moderate potential for irrigated horticulture and tree crops if areas are large
enough.

Figure 3-23 Mitchell catchment; very deep self-mulching black cracking clays on sediments of the Great Artesian
Basin (SGG 9)
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Figure 3-24 Mitchell catchment; grasslands on hard setting cracking clays of the Mitchell River delta (SGG 9)

Soil attribute data and mapped predictions
A selection of the DSM attribute data used in the land suitability analysis documented in the
companion report (Thomas et al., 2018) are presented and discussed below. These attributes
include surface pH, soil depth, surface texture, permeability, rockiness, and PAWC 100. The figures
show predictions produced by DSM; the associated reliability indicates the relative confidence we
have in the accuracy of the predictions. Interpretation of spatial patterns is aided by reference to
the SGG mapping from each study area, as discussed in the preceding sections.

3.4.1

FITZROY CATCHMENT ATTRIBUTES

The pH value of a soil reflects the extent to which the soil is alkaline or acidic. This is important
because pH affects the extent to which nutrients are available to the plant and hence plant
growth. Most plant nutrients have highest availability in the soil pH range 5.5 to 6.5. Nutrient
imbalances are common on soils with pH greater than 8.5 and less than 5.5. The pH of soils is
closely related to their parent material with the Vertosols of the Fitzroy River alluvium (SGG 9) and
clays overlying the Devonian limestones having alkaline soils (surface pH 7-8.5) due mainly to the
calcareous parent material (Figure 3-25). The remaining soils have an acid surface pH (5.5-7.0)
reflecting the acid parent material, either the hard rock geologies throughout the Fitzroy
catchment or the wind-blown sands adjoining the Great Sandy Desert. The reliability of the pH
predictions reflects the intensity of field sites within the catchment and the uniformity of the soils,
with lowest reliability in the rugged complex geologies of the upper catchment and the saline tidal
mud flats along the coast where access is extremely limited. Soil pH can rapidly become acidic with
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fertilizer use in sandy soils receiving moderate to high rainfall as sand has poor buffering capacity
and is readily leached of bases. Clay dominated soils (finer textures) generally have mineralogy
with good to reasonable buffering capacity and their low permeability means that bases are less
readily leached from the soil. Under typical circumstances moderately acidic soils can be managed
cost-effectively through application of lime if sources of lime can be easily accessed. There is
presently no high acidity in the Fitzroy catchment, as there is no agricultural history. Farm and
paddock scale planning of agriculture development should rely on local soil testing and use these
data only as a guide to soil pH.

Figure 3-25 Fitzroy catchment (a) surface pH and (b) reliability of predicted surface pH is based on the coefficient of
variation (Section 2.7.2)

Soil depth defines the potential root space and the amount of soil from which plants obtain their
water and nutrients. Shallow soil depth (<0.5 m) is associated with the shallow sandy and stony
soils (SGG 7) which occur extensively throughout the upper northern and eastern parts of the
Fitzroy catchment (Figure 3-26). Moderately deep soils (0.5-1 m) are scattered throughout the
study area, mainly associated with the red (SGG 4.1), brown and yellow loamy soils (SGG 4.2) on
the level to gently undulating sandplains in the southern and western parts of the catchment, as
level to gently undulating sedimentary and granite plateaus in the upper catchment, and as friable
clays and clay loam red and brown friable clay soils (SGG 2) associated with the gentle lower
slopes of the less resistant intermediate to basic igneous and metamorphic rocks in the upper
northern catchment. The reliability associated with mapping of soil depth is predominantly low in
areas of the central and upper catchment where complex geology results in complex soils
distribution and limited access and therefore restricted field site information. The highest
reliability occurs on the clay soils of the river alluvium and limestones where site density is high,
and the deep sandy soils (SGG 6.1 and 6.2) of the sandplains in the southern and western parts of
the catchment are predominantly low to moderate PAWC (30-75 mm).
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Figure 3-26 Fitzroy catchment (a) soil depth and (b) reliability of predicted soil depth is based on the confusion
index (Section 2.7.2)

Soil texture refers to the amount of sand, silt and clay sized particles that make up the mineral
fraction of a soil. Surface texture influences soil water holding capacity, soil permeability, soil
drainage, water and wind erosion, workability and soil nutrients levels. Light soils are generally
those high in sand and heavy soils are dominated by clay. Sandy surface textures dominate the
Fitzroy catchment, associated with the metamorphic, granitic and sedimentary geologies
throughout the study area, and the sand plains in the central and western parts (Figure 3-27).
Loamy surface textures are relatively minor on fine grained sedimentary rocks in the southern part
of the catchment, and the intermediate to basic igneous and metamorphic rocks in the upper
catchment. Clay surface textures predominate on the cracking clay soils (SGG 9) on the level to
gently undulating treeless plains and rises overlying limestones in the centre of the catchment; on
the elevated non-flooded level to very gently undulating clay plains overlying a broad range of
older geologies in the upper northern and eastern catchment; and extensively as alluvial grass
plains of the Fitzroy River and its major tributaries. Soil surface texture is mapped with most
reliability where soils are uniform over extensive areas such as the clay soils (SGG 9) of the river
alluvium and limestones and the deep sandy soils (SGG 6.1 and 6.2) of the sandplains. Areas
adjacent to the river and tributaries (where there is more mixing of soils) and southern areas are
less reliable.
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Figure 3-27 Fitzroy catchment (a) surface texture and (b) reliability of predicted surface texture is based on the
confusion index (Section 2.7.2)

Permeability is a measure of how easily water moves through a soil. Flood and furrow irrigation is
most successful on soils with low and very low permeability to reduce root zone drainage
(i.e. water that passes below the root zone of a plant), rising watertables and nutrient leaching.
Spray or drip irrigation is more efficient on soils with moderate to high permeability. Highly
permeable soils occur extensively on the deep sandy soils (SGG 6.1 and 6.2) of the sandplains and
the shallow sandy soils developed on the coarse grained sedimentary, metamorphic and granitic
geologies (SGG 7) in the upper Fitzroy catchment (Figure 3-28). Moderately permeable soils
predominate in soils with non-sodic loamy to clayey textures, mainly associated with the finegrained Permian and Devonian sedimentary rocks in the central catchment and the metamorphic
geologies of the upper catchment. Slowly permeable soils are restricted to the cracking clay soils
(SGG 9), the saline tidal mud flats along the coast, and the sand or loam over sodic and intractable
clays (SGG 8) which occur to a limited extent in the Fitzroy catchment. There are areas of low
permeability in areas fringing the river and tributaries associated with alluvial deposits (clays and
silts). Reliability of permeability predictions is generally low, with highest reliability where soils are
uniform over extensive areas such as the deep sandy soils (SGG 6.1 and 6.2) of the sandplains in
the southern and western parts of the catchment.
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Figure 3-28 Fitzroy catchment (a) permeability and (b) reliability of predicted permeability is based on the confusion
index (Section 2.7.2)

The rockiness of the soil has both an impact on agricultural management and on the growth of
some crops, especially root crops. Coarse fragments (e.g. pebbles, gravel, cobbles, stones and
boulders), hard segregations and rock outcrop in the plough zone can damage and/or interfere
with the efficient use of agricultural machinery. Surface gravel, stone and rock are particularly
important and can interfere significantly with planting, cultivation and harvesting machinery used
for root crops, small crops, annual forage crops and sugarcane. The distribution of the rocky soils
strongly reflects the patterns from the previous attributes (Figure 3-29). For example, the uplands
are dominated by rocky soils associated with the shallow soils of SGG 7. The reliability of the
rockiness predictions is variable, with more reliable predictions associated with the deeper soils in
the lower catchment. In fact, there is a strong lowland/upland divide with the strongest
predictions in the sand-dominated lowlands, and weakest in the uplands. Low reliability in the
central and upper Fitzroy catchment is associated with the complex rugged geology and limited
access restricting field site information.
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Figure 3-29 Fitzroy catchment (a) rockiness and (b) reliability of predicted rockiness is based on the confusion index
(Section 2.7.2)

Plant available water capacity to 100 cm (PAWC 100) is the maximum amount of water the soil can
hold for plant use in the upper 100 cm of soil. The higher the PAWC 100 value, the greater the
capacity of the soil to supply plants with water. For irrigated agriculture it determines irrigation
frequency and volume of water that needs to be applied to wet up the soil profile. Low PAWC 100
soils require more frequent watering and lower volumes of water per irrigation. For dryland
agriculture PAWC 100 determines the capacity of crops to grow and their health during dry spells.
High PAWC (>100 mm) are associated with the deep to very deep cracking clay soils (SGG 9) on the
level to gently undulating treeless plains and rises overlying limestones in the centre of the Fitzroy
catchment; on the elevated non-flooded level to very gently undulating clay plains overlying a
broad range of older geologies in the upper northern and eastern catchment; and extensively as
alluvial grass plains of the Fitzroy River and its major tributaries (Figure 3-30). The remainder of
the catchment is extremely variable reflecting soil depth and texture. Generally, moderately deep
to deep soils (>0.5 m) with loamy to clayey textures on plains and lower slopes of hills and rises
(SGG 1.1, 1.2, 2,4.1, 4.2 and 10) have moderate PAWC (50-100 mm). Most of the shallow and/or
rocky soils (SGG 7) have very low to low PAWC (<50 mm). The deep sandy soils (SGG 6.1 and 6.2)
of the sandplains in the southern and western parts of the catchment are predominantly low to
moderately low PAWC (<60 mm). Figure 3-28 indicates a reasonable degree of reliability in the
PAWC 100 predictions across most of the catchment, with low reliability in the central and upper
catchment where complex geology results in complex soils distribution and limited access has
restricted field site information.
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Figure 3-30 Fitzroy catchment (a) PAWC 100 and (b) reliability of predicted PAWC 100 is based on the coefficient of
variation (Section 2.7.2)

3.4.2

DARWIN CATCHMENTS ATTRIBUTES

The pH value of a soil reflects the extent to which the soil is alkaline or acidic. This is important
because pH affects the extent to which nutrients are available to the plant and hence plant
growth. Most plant nutrients have highest availability in the soil pH range 5.5 to 6.5. Nutrient
imbalances are common on soils with pH greater than 8.5 and less than 5.5. Soils in the Darwin
catchments are dominated by acid surface pH (5.5-7.0) generally reflecting the high rainfall and
leaching environment of the coastal catchments (Figure 3-31). Even the soils developed on the
limestone and dolomitic rocks of the Reynolds River subcatchment within the Finniss catchment
have acid surface pH. The coastal marine plains have a neutral to alkaline pH (7.0-8.5) due to the
influence of sea water. The reliability associated with pH predictions is high, with only moderate
reliability on the coastal flood plains and swamps due to limited access and site data. Farm and
paddock-scale planning of agriculture development should rely on local soil testing and use these
data and maps only as a guide to soil pH.
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Figure 3-31 Darwin catchments (a) surface pH and (b) reliability of predicted surface pH is based on the coefficient
of variation (Section 2.7.2)

Soil depth defines the potential root space and the amount of soil from which plants obtain their
water and nutrients. Deep to very deep soils occur on the alluvial plains and coastal wetlands, the
deeply weathered coastal plains and plateaus, and lower slopes of the hills and rises in the upper
parts of the catchments (Figure 3-32). Shallow soils are dominant on the upper slopes of the hills
and edges of plateaus in the upper areas, and mid to lower slopes of the deeply weathered coastal
plains. The reliability associated with predictions of soil depth is generally moderate to high, with
lower reliability associated with the complex rugged geologies of the upper parts of the
catchments where access and site information is limited (Figure 3-32 b).

Figure 3-32 Darwin catchments (a) soil depth and (b) reliability of predicted soil depth is based on the coefficient of
variation (Section 2.7.2)
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Soil texture refers to the amount of sand, silt and clay sized particles that make up the mineral
fraction of a soil. Surface texture influences soil water holding capacity, soil permeability, soil
drainage, water and wind erosion, workability and soil nutrients levels. Light soils are generally
those high in sand and heavy soils are dominated by clay. Sandy surface textures dominate the
catchment, reflecting the geology dominated by sandstones on coastal plains, the metamorphic
sandstone hills, and the granites of the Finniss River catchment and areas around Pine Creek
(Figure 3-33). Loamy surface textures are mainly associated with the loamy soils (SGG 4.1) on the
deeply weathered coastal plains in the west, various shallow soils (SGG 7) on the fine grained
metamorphic geologies, and on the friable clays and clay loam soils (SGG 2) developed on
limestone, dolomitic siltstone, mudstone and siltstone in the Reynolds River subcatchment within
the Finniss catchment. Silty surface textures are mainly associated with the sodic soils (SGG 3 and
SGG 8) on the alluvial plains of the major rivers grading to clay textures (SGG 3 and SGG 9) lower in
the catchments. Soil surface texture is predicted with most reliability in areas with uniform soils
with good access and site information, such as the alluvial plains and coastal plains. Low reliability
is mainly associated with the complex rugged geologies of the upper catchments.

Figure 3-33 Darwin catchments (a) surface texture and (b) reliability of predicted surface texture is based on the
confusion index (Section 2.7.2)

Permeability is a measure of how easily water moves through a soil. Flood and furrow irrigation is
most successful on soils with low and very low permeability to reduce root zone drainage
(i.e. water that passes below the root zone of a plant), rising watertables and nutrient leaching.
Spray or drip irrigation is more efficient on soils with moderate to high permeability. The Darwin
catchments are dominated by moderately permeable soils (Figure 3-34), the friable clays and clay
loam soils (SGG 2) in the Reynolds River subcatchment within the Finniss catchment; particularly
the red, yellow and grey loamy soils (SGG 4.1 and 4.2); and most of the shallow and stony soils
(SGG 7). The highly permeable soils are restricted to the sands (SGG 6.1 and SGG 6.2) on the beach
ridges along the coast; the red, yellow and grey sands developed on the quartz sandstones; and
the shallow sandy soils, mainly of granite origin, on the hills in the upper catchment. The slowly
permeable to very slowly permeable soils are associated with the cracking clay soils of the river
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alluvial plains and floodplains (SGG 3 and SGG 9), the soils with sand or loam over sodic subsoils of
the river alluvial plains and floodplains (SGG 3 and SGG 8) and some of the shallow sandy and
stony soils (SGG 7) with sodic subsoils. Reliability of predicted permeability is highly variable due
to the complex interactions in the soil forming factors, particularly the complex geology, landscape
position, and the age of the various landscapes. In general, the coastal plains and alluvial plains
with uniform soil distribution have a higher reliability.

Figure 3-34 Darwin catchments (a) permeability and (b) reliability of predicted permeability is based on the
confusion index (Section 2.7.2)

The rockiness of the soil has both an impact on agricultural management and on the growth of
some crops, especially root crops. Coarse fragments (e.g. pebbles, gravel, cobbles, stones and
boulders), hard segregations and rock outcrop in the plough zone can damage and/or interfere
with the efficient use of agricultural machinery. Surface gravel, stone and rock are particularly
important and can interfere significantly with planting, cultivation and harvesting machinery used
for root crops, small crops, annual forage crops and sugarcane.
The distribution of the rocky soils (Figure 3-35) strongly reflects the patterns from the previous
attributes (e.g. Figure 3-32 and Figure 3-12). For example, the uplands are dominated by rocky
soils associated with the shallow soils of SGG 7. The reliability of the rockiness predictions is
variable, with more reliable predictions associated with the deeper soils in the lower catchments
area. Low reliability in the central and upper catchments is associated with the complex rugged
geology and limited access restricting site information.
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Figure 3-35 Darwin catchments (a) rockiness and (b) reliability of predicted rockiness is based on the confusion
index (Section 2.7.2)

Plant available water capacity (PAWC) is the maximum amount of water the soil can hold for plant
use. PAWC 100 is the maximum amount of water that the top 100 cm of soil can hold for plant
use. The higher the PAWC 100 value, the greater the capacity of the soil to supply plants with
water. For irrigated agriculture, it determines irrigation frequency and volume of water that needs
to be applied to wet up the soil profile; low PAWC 100 soils require more frequent watering and
lower volumes of water per irrigation. For dryland agriculture, PAWC 100 determines the capacity
of crops to grow and their health during dry spells.
The PAWC 100 is highest on the seasonally wet to wet clay soils (SGG 3 and SGG 9) of the lower
floodplains (Figure 3-36). A majority of the sodic texture contrast and gradational soils on the
alluvial plains (SGG 8), some of the deep friable clays and loams (SGG 2) and the loamy surfaced
loamy soils (SGG 4.1 and SGG 4.2) have moderate PAWC. Minor sands (SGG 6.1 and 6.2) and
shallow coarser grained or stony soils (SGG 7), particularly those developed on granite and quartz
sandstones, have very low PAWC 100. The remaining soils, particularly the sandy surfaced loamy
soils (SGG 4.1 and 4.2) and some of the shallow soils (SGG 7) have moderate (50-75 mm) PAWC
100 values. The reliability of the PAWC 100 predictions across most of the Darwin catchments is
moderate to high. On the alluvial plains and coastal plains there is moderate to high reliability in
areas with uniform soils with good access and site information, such as the alluvial plains and
coastal plains. Low reliability is mainly associated with the complex rugged geologies of the upper
catchments.
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Figure 3-36 Darwin catchments (a) PAWC 100 and (b) reliability of predicted PAWC 100 is based on the coefficient of
variation (Section 2.7.2)

3.4.3

MITCHELL CATCHMENT ATTRIBUTES

The pH value of a soil reflects the extent to which the soil is alkaline or acidic. This is important
because pH affects the extent to which nutrients are available to the plant and hence plant
growth. Most plant nutrients have highest availability in the soil pH range 5.5 to 6.5. Nutrient
imbalances are common on soils with pH greater than 8.5 and less than 5.5. Surface pH is
consistently 5.5 - 6.0 throughout the Mitchell catchment with the highly weathered brown, yellow
and grey loamy soils (SGG 4.2), brown, yellow and grey deep sands (SGG 6.2), and sandy surfaced
wet soils and marine clays (SGG 3) at the lower end of this range (Figure 3-37). The self-mulching
cracking clay soils at Wrotham Park have a surface pH consistently 6.5 – 7.0. The friable loams
(SGG 2) in the high rainfall Julatten area in the north-east of the catchment are strongly acid
(pH<5.5) in the surface. The reliability associated with pH predictions is highly variable across the
Mitchell catchment. Predictions are strongest in the most southern upland areas and lower
catchment northern areas, and weakest along the coastal fringe, central lowland/upland
transitional area, and eastern uplands. Consequently, farm- and paddock-scale planning of
agricultural development should rely on local soil testing and these data and maps of soil pH
should be used as a guide only.
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Figure 3-37 Mitchell catchment (a) surface pH and (b) reliability of predicted surface pH is based on the coefficient
of variation (Section 2.7.2)

Soil depth defines the potential root space and the volume of soil from which plants obtain their
water and nutrients. What is shown here is the minimum soil depth (Figure 3-38) predicted from
field observations; some soils may be deeper than the 1.5 m length of the drill rig corers used in
this study. Soil depths may be underestimated on the sand or loam over sodic clay subsoils (SGG 8)
because the firmness of the clay subsoils limits auguring during field survey. Soils developed on
the alluvial plains and delta of the Mitchell catchment on Tertiary and Quaternary sediments are
very deep (>1.5 m). Soils on the hillslopes and crests of the metamorphic and intrusive mountains,
hills and rises of the upper catchment and the edges of the deeply weathered plateaus in the
centre of the catchment are predominantly very shallow to shallow (<0.5 m). The soils on basalt in
the upper Lynd catchment to the south-east are also shallow. The remaining soils on the gently
sloping lower slopes of the hills and rises, including the self-mulching clays at Wrotham Park, are
predominantly moderately deep to deep (0.5-1.5 m). The reliability of soil depth predictions is
generally high, and is highest in the central and western parts of the Mitchell catchment.
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Figure 3-38 Mitchell catchment (a) soil depth and (b) reliability of predicted soil depth is based on the coefficient of
variation (Section 2.7.2)

Soil texture refers to the relative proportion of sand, silt and clay sized particles that make up the
mineral fraction of a soil. Soil texture influences soil water holding capacity, soil permeability, soil
drainage, water and wind erosion, workability and soil nutrients levels. Light soils are generally
those high in sand and heavy soils are dominated by clay. Sandy surface textures dominate the
Mitchell catchment, particularly the metamorphic and intrusive geologies of the upper catchment,
the deeply weathered sandstone geologies of the central and northern parts, the ‘old’ alluvial
plains and rises, the levees and prior steams of the alluvial plains, and the alluvial plains to the
north and south of the delta which are derived from sandy parent material (Figure 3-39). The
complex metamorphic and intrusive geologies of the upper catchment have a high proportion of
loamy surfaced soils, particularly in the Julatten area in the north-east of the catchment. Silty
surface textures are dominant in the extensive delta of the Mitchell River, often grading to clay
surface textures associated with the cracking clays soils. Clay textures are restricted to the coastal
marine plains, the cracking clay soils of the delta, the gently undulating plains and rises at
Wrotham Park upstream of the confluence of the Mitchell and Walsh Rivers, and to a very limited
extent on the basalts of the upper Lynd Catchment to the south-east. The predictions are most
reliable for areas with sandy surface texture in the northern part of the Mitchell catchment and for
clay in the Wrotham Park area.
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Figure 3-39 Mitchell catchment (a) surface texture and (b) reliability of predicted surface texture is based on the
confusion index (Section 2.7.2)

Permeability is a measure of how easily water moves through a soil. Flood and furrow irrigation is
most successful on soils with low and very low permeability to reduce root zone drainage
(i.e. water that passes below the root zone of a plant), rising watertables and nutrient leaching.
Spray or drip irrigation is more efficient on soils with moderate to high permeability. The Mitchell
catchment is dominated by moderately permeable soils (Figure 3-40) especially the sands or loams
over friable clay (SGG 1.1 and 1.2), the friable clays and clay loam soils (SGG 2), the red, yellow and
grey loamy soils (SGG 4.1 and 4.2), and most of the shallow sandy and stony soils (SGG 7). The
highly permeable soils are restricted to the sands (SGG 6.1 and SGG 6.2) on the beach ridges along
the coast; the red, yellow and grey sands developed on the sandplains to the north of the delta,
the quartz sandstones in the centre of the catchment; and the shallow sandy soils, mainly of
granite origin, on the hills in the upper catchment. The slowly permeable soils are associated with
the cracking clay soils (SGG 9), the soils with sand or loam over sodic subsoils (SGG 8), the wet and
permanently wet soils (SGG 3). Much of the coastal fringe (marine plains) is very slowly
permeable. Reliability is highest in the old delta of the catchment.
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Figure 3-40 Mitchell catchment (a) permeability and (b) reliability of predicted permeability is based on the
confusion index (Section 2.7.2)

Soil rockiness has an impact on both agricultural management and on the growth of some crops,
especially root crops. Coarse fragments (e.g. pebbles, gravel, cobbles, stones and boulders), hard
segregations and rock outcrop in the plough zone can damage and/or interfere with the efficient
use of agricultural machinery. Surface gravel, stone and rock are particularly important and can
interfere significantly with planting, cultivation and harvesting machinery used for root crops,
small crops, annual forage crops and sugarcane.
The distribution of the rocky and gravelly soils in the Mitchell catchment (Figure 3-41) strongly
reflects the spatial patterns of the previous attributes. For example, the uplands are dominated by
rocky soils associated with the shallow soils of SGG 7, and associated with the occurrence of
residual stones after incomplete weathering, and the presence of out-cropping on steep slopes.
They are also associated with more recent parent material like basalt that has had little time to
weather. Alternatively, the non-rocky soils are found in the extensive lower-lying areas of the
central or lower areas which feature alluvial deposits, marine plains or deeply weathered material,
leaving no residual rockiness. The reliability of the rockiness predictions is higher in the western
and central parts of the catchment and variable throughout the rest.
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Figure 3-41 Mitchell catchment (a) rockiness and (b) reliability of predicted rockiness is based on the confusion
index (Section 2.7.2)

Plant available water capacity (PAWC) is the maximum amount of water the soil can store and
make available for plant use. Figure 3-42 shows the maximum amount of water that the top 1 m of
soil can hold for plant use (termed PAWC 100 in this report). The higher the PAWC 100 value, the
greater the capacity of the soil to store and supply plants with water. For irrigated agriculture,
PAWC 100 influences the irrigation frequency and volume of water that needs to be applied to
wet up the soil profile; soils with low PAWC 100 require more frequent watering and lower
volumes of water per irrigation. For dryland agriculture, PAWC 100 determines the capacity of
crops to grow and prosper during dry spells.
The soils with the highest PAWC 100 (> 125 mm) are the cracking clays (SGG 9) in the central part
of the catchment. Other areas of high PAWC 100 (100-125 mm) are associated with alluvium on
the delta and coastal plain, for example soils with sand or loam over sodic subsoils (SGG 8, mainly
Dermosols) and seasonally wet soils (SGG 3). Areas of high PAWC 100 predicted in the central east
part of the catchment (north of Chillagoe) do not match the SGG mapping and are doubtful to
occur as indicated by the relatively low reliability. Areas of moderate to moderately high PAWC
100 (50-100 mm) occur on a variety of SGGs across the catchment. The areas with the lowest
PAWC 100 (<50 mm) are deep sands (SGG 6.1 and 6.2), some of the deeper loamy soils (SGG 4.1,
4.2 – probably those with more sandy textures in the upper profile), and the shallow or stony soils
(SGG 7) of the eastern and western uplands. Reliability is lowest in the rocky basaltic areas in the
north-east and the metasediments of the southwest and highest in the western and eastern parts
of the catchment.
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Figure 3-42 Mitchell catchment (a) PAWC 100 and (b) reliability of predicted PAWC 100 is based on the coefficient of
variation (Section 2.7.2)

3.4.4

PROPAGATION OF ARTEFACTS IN DSM ATTRIBUTES

A few cases exist of artefacts in the predicted data (e.g. unnaturally crisp edges with no clear
physiographic rationale). These may be inherited from the covariates, or in DSM approaches using
decision trees, propagated from the algorithm in deciding the threshold of splits (Section 2.7.1).
The example in Figure 3-43 shows in (a) an apparent artefact (see boundary circled by red line) in
the Mitchell catchment PAWC 100 DSM attribute. Investigation of the model (Figure 3-43 b) shows
that the climate covariate ‘Clim-tdayan’ (mean annual thunderstorm days) is the most important
covariate in the Random Forests model, and Figure 3-43 (c) shows highlighted transitional patterns
in Clim-tdayann that are propagated in the PAWC 100 attribute. While the example in Figure 3-43
illustrates a continuous covariate that has propagated an artefact, their appearance is more
commonly caused by a categorical covariate like geology polygon maps (this did not occur here
because no categorical covariates were used). There is the potential that artefacts can also be
inherited in subsequent modelling from DSM attributes, as addressed in the companion land
suitability report (Thomas et al., 2018).
While mapping artefacts sometimes draw the eye, overall mapping quality is best judged against
the quantitative data suite (i.e. statistical error and reliability mapping).

102 | Digital soil mapping of the Fitzroy, Darwin and Mitchell catchments

Figure 3-43 Propagation of an apparent artefact (circle highlighted) in (a) PAWC 100 attribute mapping for the
Mitchell catchment; (b) shows the climate covariate Clim-tdayann (mean annual thunderstorm days) to be the most
important covariate in PAWC 100 prediction, and (c) shows pattern in Clim-tdayann

3.4.5

APPROPRIATE ON-GROUND USE OF SOIL ATTRIBUTE DATA

The DSM attribute grids have a ground resolution of 3 arc-second (i.e. each grid cell of the data
represents approximately 90 m x 90 m (8100 m2 or 0.81 ha) on the land). As such, each attribute
value in the data represents the mean response over the 8100 m2. For example in the attribute
grid showing depth of A horizon, a value of 0.2 m for a selected cell implies that the whole
8100 m2 has a constant depth of 0.2 m. This is unrealistic as depth of A horizon often varies
significantly over short distances, as do other soil attributes (e.g. pH). Other forms of uncertainty
are derived from inaccuracy of prediction, which may be due to poor modelling input data,
including database entry errors, errors in site geographic coordinates (the site allocated to the
wrong covariate grid cell), and inaccurate or lack of precision in the soil analyses (laboratory and
mid infrared spectroscopy calibration errors). These factors combine to create weaker data for
building DSM models. Finally, different model algorithms will produce different results and any
model is itself a simplification of the real world and thus is imperfect. Sources of DSM modelling
error are discussed in Robinson et al. (2015). As discussed in Section 2.7.2 and presented in the
discussions on the quality of attribute predictions for the three study areas (Section 3.4), attribute
reliability mapping will guide users.
The cartographic concept of a 40 mm2 minimum legible delineation (MLD) size on a paper map
(Rossiter, 1996) can guide usage of the data products generated in this activity. At a printed map
scale of 1:100,000, the MLD represents 40 ha and would correspond to an area of 7-by-7 cells on
one of the grids. At a printed map scale of 1:250,000, the MLD represents 250 ha and would be
approximately 18 by 18 cells (pixels) on one of the grids. We recommend use of the data
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generated in this activity at 1:250,000. It is the obligation of users and decision makers to consider
critically whether DSM attribute data are suitable to support on-ground decisions as in all cases
additional detailed site investigations will be necessary before land is cultivated.
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4

Summary of results

Soil properties can limit the potential for sustainable regional development and therefore soil type
(SGG) and attribute data are critical to assess the suitability and management options for
agricultural and other land uses. To improve our knowledge of soils in the Assessment area, three
major tasks were undertaken within this activity. The first was the collection of new soil data using
a statistically robust, stratified random, field sampling strategy. A conditioned Latin hypercube
sampling (cLHS) approach was used to identify 500 representative sites for new soils data
collection. This was a pragmatic design that took into account distance from roads and other
access issues. Soil data were collected from more than 200 new sites across each of the Fitzroy
and Mitchell catchments and more than 100 sites in the Darwin catchments. All new samples
underwent mid infrared spectroscopy analysis and a subset of the new soil samples were
processed using traditional laboratory analyses.
The second task was to use this new soil data, along with previously acquired (legacy) soil and
landscape data, to produce digital soil attribute data and maps of the Fitzroy, Darwin and Mitchell
catchments. The prediction of soil attributes from each data point in each catchment was achieved
using an environmental correlation approach. More than 50,000 sites of new and legacy data were
combined with the spatial covariates to predict the spatial distribution of key soil attributes using
machine learning. The spatial distribution of the reliability of predictions was also presented for
each attribute. A total of 17 digital soil attribute datasets were produced as well as a soil map that
puts the distribution of SGGs in a landscape context. For brevity, this report presented the spatial
results for SGG and six of the key attributes in each of the three study areas: surface pH, soil
depth, surface texture, permeability, rockiness, and plant available water capacity at 1 m depth
(PAWC 100). These and the results for the other attribute datasets layers (clay %, depth of A
horizon, drainage, erodibility (K-factor), PAWC 60 , and PAWC 150, surface ESP, surface salinity,
soil surface condition, soil surface structure, and microrelief) are made available through the
CSIRO Data Access Portal.
The third task undertaken was an independent field validation of a select number of attributes.
The DSM produced in this activity worked well for the categorical data and SGG (correctly
classified ranges from 38% to 100%) and for the numerical data outputs (from 26% to 80%
predicted within the margin of error for land suitability Classes) across all three study areas.
PAWC, soil depth, and depth of A horizon were the weakest predictions. The best predictions were
not necessarily those that had the most legacy data. The attribute and SGG data have been used
to determine the area of land suitable for various agricultural production options and aquaculture
through land suitability analysis and represents a central activity of the overall Assessment. After
the validation trips, new models for PAWC 60, PAWC 100, PAWC 150, and microrelief for the
Fitzroy catchment, and for soil depth and SGG in all three study areas, were generated to give
better predicted land suitability outcomes. The methods and outcomes of the land suitability
analysis are found in the companion report (Thomas et al., 2018).
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Appendix A Land use limitations derived from
digital soil mapping and elevation data
Apx Table A-1 Overview information on the selection criteria applied to input data for attributes and which
attributes work in combination for each limitation
The source and relevant reference standards for each attribute are also listed.
LIMITATION

MODEL
DESCRIPTION

ATTRIBUTE(S)
APPLIED

DATA SOURCE

METRIC/METHODOLOGY

DATA/ANALYTICAL
STANDARDS FOLLOWED

Water erosion

K-factor (Renard
et al., 1991)
modelled
independently
and slope
calculated from
3 arc-second
SRTM

1.
2.

1.

1.

1.

Drainage and
permeability
modelled
independently

1.

K-factor from (Loch
and Rosewell, 1992b)
using analytical data
extracted from the
database, including
organic carbon, clay
%, silt %, fine sand %
coarse sand %.
Morphological data
extracted from the
database; ped grade,
ped size, ped type,
permeability
Drainage classes 1, 2,
3, 4, 5, 6
Permeability classes
1, 2, 3, 4

Soil water
availability
(plant
available
water
capacity,
PAWC)

PAWC model, at
3 depth ranges:
0 – 60 cm, 0 –
100 cm and 0 150 cm

1.
2.
3.

(Rayment and Lyons,
2011)

Nutrient
balance

Surface pH
model

pH in top 10
cm of soil

1.

Wetness

Soil depth

K-factor
Slope

2.

2.

Site
drainage
Site
permeabil
ity
1/3 bar
15 bar
Soil depth

Soil depth model Soil depth

NAWRA
project
collated
database
Slope %

NAWRA project
collated
database

1.

NAWRA project
collated
database

1.
2.

Analytical data
extracted from
database
Equal area quadratic
smoothing splines
applied (Bishop et al.,
1999b)

NAWRA project
collated
database

1.

Field pH

2.

Analytical methods
soil/water and mid
infrared spectroscopy 2.
for the surface
horizon where pH >0
and <14

NAWRA project
collated
database

2.

1.

Depth to C horizon

2.

Depth to hard pans

3.

Depth to R horizon

4.

Lower depth of B3
horizon (assume
augering stops due to
rock fragments)

5.

6.

118 | Digital soil mapping of the Fitzroy, Darwin and Mitchell catchments

(National Committee on
Soil and Terrain, 2009)

(National
Committee on Soil
and Terrain, 2009)
(Rayment and
Lyons, 2011)

1.

(National
Committee on Soil
and Terrain, 2009)

2.

(National
Committee on Soil
and Terrain, 2009)

3.

(National
Committee on Soil
and Terrain, 2009)

Australian Soil
Classification, to
family level soil depth 4.
All other sites
maximum lower
depth of site horizons

(National
Committee on Soil
and Terrain, 2009)
for morphological
data. (Rayment and
Lyons, 2011) for
analytical data

(National
Committee on Soil
and Terrain, 2009)

LIMITATION

Rockiness

MODEL
DESCRIPTION

Rockiness model

ATTRIBUTE(S)
APPLIED

Rock outcrop,
surface coarse
fragment,
coarse
fragment and
hard
segregation
abundances in
the top 10 cm

DATA SOURCE

NAWRA project
collated
database

METRIC/METHODOLOGY

1.
2.

3.
4.

DATA/ANALYTICAL
STANDARDS FOLLOWED

5.

(Isbell and National
Committee on Soil
and Terrain, 2016)

6.

(National
Committee on Soil
and Terrain, 2009)

Rock outcrop or
(National Committee on
boulders >2%
Soil and Terrain, 2009)
abundance
Surface coarse
fragments and coarse
fragments in the top
10 cm
a) cobbles or
stones (60 – 600 mm)
>20% abundance
b) coarse gravel (20 60 mm) >50%
abundance
c) medium gravel (6 20 mm) >90%
abundance
Hard segregations
>50% abundance
Or where the
combined total of
any of the above field
observations had an
abundance greater
than 50% at the
surface or top 10 cm
of soil

Microrelief
(gilgai)

Microrelief
model

Vertical
interval of
microrelief

NAWRA project
collated
database

Microrelief types: A C G L
M N U, vertical interval
>0.29 cm

(National Committee on
Soil and Terrain, 2009)

Soil physical
restrictions

Physical
restrictions
modelled
independently

1.

Surface
condition

1.

1.

2.

Surface
texture

NAWRA project
collated
database

(National
Committee on Soil
and Terrain, 2009)

2.

3.

Surface
structure

(National
Committee on Soil
and Terrain, 2009)

4.

Surface
ESP

3.

5.

Soil
Generic
Group

(National
Committee on Soil
and Terrain, 2009)

4.

(Rayment and
Lyons, 2011)

6.

Depth of
A horizon

5.

(Isbell and National
Committee on Soil
and Terrain, 2016)

6.

(National
Committee on Soil
and Terrain, 2009)

Irrigation
efficiency

Furrow irrigation Site
permeability
Flood irrigation
Spray irrigation

2.
3.
4.
5.

6.

NAWRA project
collated
database

Surface condition
classes: C, F, G, H, L,
M, S
All texture classes
All structure classes
ESP analytical data
Australian Soil
Classification, to
order and subgroup
level
Max lower depth of
site A horizons

Permeability classes 1, 2,
3, 4

(National Committee on
Soil and Terrain, 2009)

Trickle irrigation
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LIMITATION

MODEL
DESCRIPTION

ATTRIBUTE(S)
APPLIED

DATA SOURCE

METRIC/METHODOLOGY

Clay content
(aquaculture)

Clay content
model

Clay %

NAWRA project
collated
database

Analytical data, maximum (Rayment and Lyons,
clay % in soil profile to 2 m 2011)
depth

Salinity (soil
surface)

Surface salinity
model

Presence/abse
nce of
excessive soil
surface salinity

NAWRA project
collated
database

1.

EC analytical data for
A horizon

2.

Surface condition = Z

3.

Observation sites
collected on field
trips

Elevation

3 arc-second
SRTM

Acid sulfate
soil (ASS)
potential

No model
created
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Elevation above mean sea
level <5 m EGM96

DATA/ANALYTICAL
STANDARDS FOLLOWED

1.

(Rayment and
Lyons, 2011)

2.

(National
Committee on Soil
and Terrain, 2009)

External data source
with publicly available
metadata
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