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About Soil Science
Soil Science Australia is a not-for-profit, professional
association for soil scientists and people interested in the
responsible management of Australia’s soil resources. We
have seven branches and are governed by an elected Federal
Council. Each branch has its own committee responsible for
organising local educational, professional development and
networking events.
Soil Science Australia provides accreditation for suitably
qualified members as Certified Professional Soil Scientists
(CPSS) setting the minimum professional standard of a
quality soil scientist and is a member of the International
Union of Soil Sciences.
The Hon. Penelope Wensley AC serves as Soil Science
Australia’s patron.

Vision
As the peak body for soils and soil science, Soil Science
Australia must educate, advocate and advise, at all levels, in
the interest of Australian prosperity ensuring that:
“Our soils are valued and protected by all, so that current and
future generations of Australians can thrive.”

Mission
Our mission is to promote the importance of soil in the
Australian environment, build a strong and collaborative
soil science community, influence policy and development,
as well as advance the professional capability of our
members.
We will achieve this by:
• Communicating and advocating for the importance of
soil with key stakeholders;
• Developing and supporting professional standards of
practise in soil science;
• Enhancing expertise and providing professional
development services accessible to all;
• Supporting educational opportunities for young
Australians through the development of soil science
activities and teaching material for incorporation in the
Australian curriculum;
• Recognising excellence in soil science within our
membership base and in the wider community;
• Providing value to our members and ensuring our longterm sustainability.

From The
President

3

Associate Professor
John McLean Bennett,
CPSS
Welcome to the first issue of the rebranded magazine of
Soil Science Australia – “Profile: Soil Policy Journal”.
In 2018, Soil Science Australia made the decision to
provide informative articles to help drive thought,
policy and industry with relation to soil management.
This publication is the result and is intended as a
resource for you, so any feedback is certainly welcomed
as we set out on this new journey.
Soils are Australia’s greatest natural asset, but they are
a finite resource and subject to some great challenges
in the short-term. For example, to satisfy domestic and
global requirements there is a requirement to produce
twice as much as the, so called, “Green Revolution”
in half the time. But soils are so much more than
agriculture, delivering vast social and environmental
value critical to human prosperity. We need integrated
systems and frameworks that consider all stakeholders
of soils in accounting for the use of Australia’s soils.
In this issue, we present a positioning paper on the
Soil Security concept that will provide the catalyst
to delivering this. However, all stakeholders will
be involved in making this change, so we present a
series of papers to encourage thought about what is
required, and who will need to contribute, as well as
the importance of the capacity and capability required.

Associate Professor John McLean Bennett CPSS
Federal President

2019 Membership Subscriptions Open
from 18 November at
The National
Soils Conference
Soil Science Policy Journal | Profile | Issue 1, 2018 | 3

“...a framework for multi-dimensional
assessment taking into account the
balance of social, economic and
environmental capital.”
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Soil Science Australia Position Paper

Soil Security
Prepared for Soil Science Australia by: Professor Alex McBratney, CPSS, Fellow of SSA;
Assoc Prof Damien Field, CPSS; Associate Professor John McLean Bennett, CPSS, Federal
President of SSA; Dr Darren Kidd, Dr Uta Stockman, Dr Craig Liddicoat, and Dr Samantha
Grover in consultation with the Soil Science Australia Editorial Board.
1. KEY CONCEPTS & RECOMMENDATIONS
In the preparation of this position paper there are a
number of key terms with specific meaning. These
have been identified in italics and are defined within
the glossary (Section 2).
We propose the development and adoption
of a national framework, based upon the
Soil Security concept, to provide a National
Account for Soil and thereby facilitating
world’s best land management practice of
Australia’s soils.
The Soil Security concept provides a market- based
approach to land assessment and management that
has the capacity to identify niche markets though
decommoditisation, whereby current commodities are
inextricably linked to land function and production
practices providing them enhanced value at the point
of origin.
The Soil Security concept supersedes traditional singledimension land capability assessment and provides a
framework for multi-dimensional assessment taking
into account the balance of social, economic and
environmental capital. Such a framework would be a
global first, cementing Australia as global leaders with
regard to land management. Importantly, the Soil
Security concept allows simultaneous management
of production and environmental systems, with
the potential to better inform public investment in
ecosystem services, as the private investment will be
market-driven.
To utilise the Soil Security concept as a national
management
framework,
the
following
recommendations are included:
• Development and reporting of a National Soil
Capability Statement at the appropriate scale that
underpins a National Account for Soil;
• Adoption of evaluation strategies and indicators of
the continuum of soil condition to inform best soil
management at local spatial and temporal scales;

• Reporting the value of the soil asset through
developing a statement of Australia’s Natural
Capital;
• Developing a National Account for Soil that
recognises the value that soil contributes to the
financial and business sectors;
• Increasing society’s connectivity with the soil by
recognising it as one of Australia’s greatest national
assets;
• Creating incentives for private industry and
landholders to provide their local soil sampling and
analysis information – achieved through publicprivate partnerships;
• Creating a set of agreed regionally and soil-specific
best land-management practices;
• Developing incentives that reward, or provide tax
credits for individuals or firms that adopt bestmanagement practice to secure their soil.
2. GLOSSARY
Australia’s National Capital – Australia’s natural
capital is considered a function of ecosystems services,
such as the capacity of the soil to store carbon, provide
riparian filtration, and biodiversity maintenance.
Natural capital14 places a value on natural resources
such that they can inform decision making processes;
value is in terms of the ecosystem function, and service
this delivers, as well as economic value. In some
cases, the ecosystem services value will be of more
importance than the economic value. For specific
definition of capital within the Soil Security concept,
see “Soil Security Dimensions: Capital” below.
Best-management practices; best land-management
practices – Methods or techniques found to be effective
and practical in achieving a production objective
within the context of sustainable natural resource
management, (such as preventing or minimizing
pollution) while making the optimum use of the
economic, social and environmental resources. A
singular, national scale best-management practice
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scheme cannot exist on the basis of soil variation, highly
complex and differing environments, and different land
uses. They need to be regionally tailored and industryspecific. Additionally, best-management practices
do not seek to optimise all factors, or objectives, as
individual aspects, but rather as the whole production
system and wider ecosystem the production system
exists within; i.e. suboptimal performance within some
system aspects, or objectives, can result in optimal
holistic system performance providing sustainable
benefits in perpetuity, which is why regionally tailored
and industry-specific best-management practices are
required.

provide the trajectories against that balance in a
regionally-specific manner, meaning that Australia
can account for its soils at any point in time and
forecast future projections. The Soil Security concept
provides the means for accounting, while the National
Soil Capability Statement provides a measure of this
account against the current vulnerabilities, providing
the soil management plans that would help the nation
achieve enhanced Soil Security, and the associated
production benefits this brings (See Soil Capability
Statement).

National Soil Capability Statement – Soils, like any
asset, have vulnerabilities to their value. In the case
Decommodity; Decommoditisation - in agriculture of soils, the condition (see Soil Security dimensions:
refers to the segregation of products (crops and Condition) and capability (see Soil Security dimensions:
animals) at source and their transport through supply Capability) determine the production capacity
chains to consumers. The principal reasons are to (economic and environmental), which in turn affects
gain consumer confidence (around product quality, the capital value. Soils will have current and potential
integrity and method of production) and thereby capabilities, which need to be accounted for (see
achieve a premium in a discerning market. High-value National Account for Soil), as well as vulnerabilities to
wine is the classical example.
these capabilities, which further infers that resilience
Ecosystem Services (reproduced from Footnote 15) to these is an important factor that requires addressing.
– Ecosystem services are the benefits provided to The national capability statement details soil capability
humans through the transformations of resources (or on a regionally-specific basis, nationally, and details the
environmental assets, including land, water, vegetation resilience of these soils to the identified vulnerabilities.
and atmosphere) into a flow of essential goods and These vulnerabilities might include erosion, salinity,
services e.g. clean air, water, and food. Some ecosystem climate change, urban encroachment etc.
services, such as the regulation and stabilisation of Soil Security – Rather than a single-dimensional land
climate, water flow, and the movement of nutrients assessment approach, such as land capability mapping
have been even less visible until recent times, when (largely considering only soil and landscape biophysical
disturbance to these systems has exacerbated climate features)13, the Soil Security concept incudes
change, soil erosion or eutrophication. Like all complex consideration of other allied soil facets, including
systems, ecosystems can appear to be working well societal connections, education, policy, legislation,
until they suddenly collapse, as the supporting base current land use, condition, and the economic and
may have eroded without obvious warning symptoms. environmental value of our soils. Soil Security does not
National Account; National Account for Soil – A simply identify discrete soils, rather aspires to quantify
National Account for Soil encompasses the concept of additional stimuli which could result in soil becoming
soil having capital value within production systems, unsustainable, or not secure, and in quantifying this
and the broader ecological systems these exist within. provide a framework for realising the potential for
The national account is, in essence, a bank balance improved productivity, function, and ecosystem
providing the current balance of soil capital. Most services. In this way, Soil Security is much more than
importantly, the National Account for Soils would soil health, or soil quality, which are encapsulated
within “Soil Security dimensions: Condition.”

6 | Soil Science Policy Journal | Profile | Issue 1, 2018

Soil Security dimensions (reproduced from Footnote
8):

This dimension encapsulates the social aspects of
the soil; how it is treated, valued, understood and/or
Capability – What can this soil do? i.e. Focusing on respected. Although difficult to quantify for many land
uses, in this case it is focused on the knowledge of the
what the soil is used for.
land manager in regard to appropriate and sustainable
The dimension aligns with the biophysical capacity soil management, identification of soil vulnerabilities,
of the soil to perform a task, and is interrelated with and risk minimization strategies. This could also
the soil’s condition. This, as well as more specific concern whether the land manager has access to the
land suitability, has been one of the major forms of appropriate tools to effectively manage their soil, for
soil assessment in the past, generally applied globally example, soil mapping, education, and training.
according to the FAO (1976)13. This has historically
been applied in Tasmania as a seven class land 3. ISSUES
capability assessment (Grose, 1999a; Grose, 1999b),
assessing soil attributes, landscape position, parent 3.1 Background leading to the need for Soil Security
material and climate.
The Soil Security concept9, initially developed in
Condition – Can the soil do this? i.e. ‘Is the soil being Australia and now receiving global recognition, provides
improved, maintained or degraded by a particular the opportunity to develop a national framework
supporting a National Account to address the issues
land use’?
raised below. This concept is motivated by sustainable
In this case, the soil’s condition can be considered as development and is driven by the need to secure food
the deviation of key soil attributes from known or and fibre production, preserve our biodiversity, and
perceived soil condition target or threshold values contribute to our water and climate sustainability, all
for different soil-land use combinations. This is of which are critical to human health and the health
often measured by long-term monitoring of the soil of the nation. It is therefore an integrated framework
attributes, for example, soil carbon or pH, for different identifying the economic value of our soils to multiple
soil type and land use combinations, and is often uses and providing a systematic way of determining
considered as a measure of soil health or quality.
land-use well beyond current compartmentalised
Capital – Placing a value on “things” ensures systems. This position paper aims to demonstrate how
contribution of said things to decision making the Soil Security concept can aid Australia to become
processes and asks, ‘What economic or ecosystem global leader in simultaneously managing our natural
value does the soil provide?’
assets for betterment of our domestic society, whilst
Soil capital can be difficult to quantify, also containing also meeting global requirement.
several different elements; economic, social and natural.
For the purposes of this example, we will consider the
economic and natural components. Economic capital
is considered as the potential earnings a soil landscape
could deliver for a particular land use or enterprise.
Codification – ‘What regulations guide or control
appropriate soil use?’

In reading this paper, it is important to note that Soil
Security is not intended to be a framework for locking
up soil (i.e. protection through legislation), but instead
a framework designed to empower and reward good
soil stewardship through decommoditisation; the
concept of decommoditisation, and how this can be
realistically achieved, is explained below in Section
2.4.1. In brief, the soil security framework utilises
the heightened, and inevitable, global demand for
traceability (‘provenance’) of food and fibre produce.
Traceability is clearly linked to quality control, but
it will inevitably be linked to the social licence for
agricultural organisations to operate that consumers
will demand.

Soil codification is considered as the public policy,
regulation, guidelines and legislation pertaining to
soil use, management and conservation. In Tasmania,
as per many parts of the world, soil regulation
and policy is limited; however, in determining soil
security, appropriate policies and incentives can
have a large bearing on the other four dimensions
in guiding, encouraging or enforcing appropriate Australia’s greatest natural asset is its soil. Soil accounts
assets with an
uses, management, identification of degradation and for 80% of Australia’s environmental
1
.
Some
45% of the
estimated
value
of
$3,860
billion
education.
nation’s soil is used for agricultural production, with
Connectivity – Those who know care, and those who 84% of this used for grazing, 8% for cropping and the
care lobby, and is focused on, ‘How much is known remaining for forestry and other practices2, resulting
about the soil and its appropriate use?’
in an output of $37 billion3. This is a share of 2.7% of
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all national industry, employing over 320,000 people.

30 cm of soil6, supported by a healthy soil biome.

There is increasing demand being put on the soil
resource, such as being able to produce more food
with less and at the same time to sequester carbon
to mitigate climate change. This is driven by the
need to ensure reliable, clean and nutritious food for
national markets, along with the longer-term vision of
Australia providing for the 70% rise in food demand
internationally, and food diversification globally
(FAO 2011). Adding to this is the need to restore the
productive capacity of degraded soil. While there is
continuing improvement, the loss of soil capability
through acidification, salinity, structural decline and
erosion remains a threat, especially related to gazing
land management4. This equates to a global requirement
to produce twice the output of the so-called ‘green
revolution’, in half the time (i.e. by 2050). To achieve
this Australia requires new and empowering marketbased approaches to soil resource management. This is
what a Soil Security framework offers.

Australia is the fifth largest country by size, covering
some 5% of the world’s land area. The capital value
of the world’s soil stock is equal to $325 trillion,
suggesting that Australia’s contribution is $16 trillion.
The annual value of ecosystem services contributed by
soil is estimated at $11.4 trillion, suggesting that soil
provides $570 billion to Australia’s ecosystem services
annually7.

An emerging issue is the loss of agriculturally useful
soil due to urbanisation, with urban and peri-urban
usage encroaching into agricultural green-fields
and flood plains around our non-capital cities4 and
resulting in the loss of horticultural soil around our
capitals. There is a growing need to consider the
optimal use of soil in and around cities to ensure its
security and maximise its potential, as the current
soil resource will already struggle to meet the global
production demand without minimising the available
land.
Globally soil contains 25% of terrestrial biodiversity.
Soil has a significant role in supporting and protecting
our biodiversity through its contribution to the
National Reserve System and providing a sanctuary
for soil biodiversity. CSIRO estimate that more than
25% of Australia’s above ground biological carbon
stock (i.e. 20 million hectares) exits in protected areas5.
More recently, the “soil carbon 4 per mille” initiative of
the Paris Climate Accord led from France has focused
the attention on developing soil carbon stocks. For
Australia, it is estimated that 25 GT is stored in the top

Australia is regarded as having a highly educated
and advanced land-holder population, which would
help facilitate best soil management practices.
Nevertheless, there is always a need around ongoing
soil and land literacy of these land-holders who are,
in a sense, the proxies for the whole population in the
care of much of our productive soil resource. Perhaps
more importantly, there is a clear disconnect with the
clear majority of the population and the land-holders,
and in turn the soil. Food is produced anonymously to
the consumer. However, there is a small but growing
demand by consumers for information on how and
where their food is produced. This growing connection
has the potential to link consumers back to the soil
through the concept of ‘provenance’. Such connection
will be vital in driving Chinese import of provenance
identified agricultural products; in recent history small
scale decommoditisation has resulted from Chinese
markets seeking premium Australian products.
Technologically this is becoming more feasible through
digital agriculture. Younger generations of Australians
are developing a strong social conscience, identifying
that domestic social licence to operate will be a key
economic driver of provenance-based markets. In
the future we imagine the general population to be
concerned about best management practice for soil via
the production for food and its associate social licence.
The continued development of remote and proximal
sensing technologies has increased the opportunity
to routinely assess the soil’s capability and condition
at both regional and local scales. The use of these
technologies is also increasing in Australia’s agriculture
sector, through precision agriculture and robotic
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innovations. This is coupled with the increasing
innovations and adoption in digital soil mapping
(DSM), united with digital soil assessment (DSA)8,
that is increasing the opportunity for recognising and
enabling best management practices.

delivery of initiatives and projects in the interest of
Australia’s soils and people.

Soil Science Australia developed, and continues to
support, the professional standards of practise in soil
science. The Certified Professional Soil Scientist (CPSS)
In order to address the issues discussed above, there accreditation is the hallmark of professional confidence
is need for sustainable development that secures food in expertise. As an organisation, Soil Science Australia
and fibre production, preserves biodiversity, and is well positioned to assist governments in developing
contributes to water and climate sustainability, all and driving frameworks, such as Soil Security, both in
of which contribute to human health and the health terms of our mission and our professional technicalof the nation. The Soil Security concept provides capability.
the foundation from which to construct such a Soil Science Australia works closely with the
framework. Soil Security, as a multidimensional National Committee on Soils and Terrain, which
concept, is underpinned by the need to assess and is the Government peak body for soils and land
manage our soil determined by its capability and management, consisting of State and Territory
asks the question, ‘what can this soil do?’. This can be Government representation, as soils are managed at
reported as a National Capability statement. Both at the State level. Soil Science Australia will need the
local and regional scales the continued monitoring support of the other professions to help achieve its
of the soil’s condition will provide the information policy goal of Soil Security.
needed to ensure sustainable use of the soil inline with adoption of best-management practices. 3.3 How do ‘soil health’ and ‘soil quality’ relate to
The concept also incorporates the need to value Soil Security?
soil’s contribution to ecosystem services along with There is a current focus on ‘soil health’ and ‘soil quality’
production systems, i.e. it’s capital, contributing to in Australian agricultural and environmental industry.
a statement of Australia’s Natural Capital. This is all These terms are similar, and often used synonymously,
affected by people’s connectivity to soil or knowing and but do have some nuances. In general, both terms
valuing soil as one of Australia’s greatest assets. The describe that soil exists on a continuum in terms of being
need to develop governance, i.e. codification, both in somewhere between good and bad. These approaches
the public and private sectors to ensure appropriate use seek indicators that are measurable to subsequently
and management of soil is also recognised in the Soil report in a quantitative manner as to how good/bad a
Security concept. The five dimensions of capability, soil is in relation to the numerous indicators, providing
condition, capital, connectivity, codification ensure a means to understand production capability and what
a holistic approach to securing soil by encompass might be done to improve it.
the biophysical, social and economic dimensions. A
proof of concept has been implemented in the state Soil Security is more encompassing than soil health
of Tasmania as a first approximation of Soil Security or quality, whereby soil health/quality are essentially
equivalent to the soil condition criteria of the Soil
demonstrating the feasibility of the approach10.
Security concept (1/5 criteria).
3.2 Role of Scientific Professions in achieving Soil
It is useful to consider the cases of decommoditisation
Security
and land-use planning, in further understanding the
The implementation of a national land management Soil Security concept.
framework based upon the Soil Security concept will
require concerted effort from scientific organisations, 3.4.1 Soil Security and decommoditisation:
working in tandem with State and Federal Government, incentivising agriculture
and their counterparts, as well as all stakeholders of Decommoditisation in agriculture refers to the
soils. As the non-governmental peak body for soil segregation of products (crops and animals) at
and soil scientists, the role of Soil Science Australia source and their transport through supply chains to
is to act as the scientific custodians of Australia’s soil consumers. The principal reasons are to gain consumer
resource. To recognise its capability and condition confidence (around product quality, integrity and
and to provide to government concepts and methods method of production) and thereby achieve a
that can facilitate good public policy for the security premium in a discerning market. High-value wine
of our soil. Soil Science Australia is an organisation is the classical example. The proposition is that with
that provides information and education about soil sensor and digital technologies this can be achieved at
to government and the general community, via the scale for all products. It requires new systems and the
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education of consumers.

soil this is the dimension called Condition – and
would be measured by properties such as soil
carbon, pH, microbial diversity, bulk density,
salinity etc. Additionally, this information
could provide localised information on the
ancillary ecosystem services provided by the
environment in which the crop or animal is
grown – the ecosystem services – this is the
capital dimension of Soil Security.

So, where does soil come in? With a ‘decommodity’ one
can think of a consignment moving through a supply
chain from producer to consumer. The consignment
consists of the ‘product’ along with information
about the product. When the consumer searches
with the intent to purchase, ‘product + information’
is found, whereby the information provides consumer
confidence in the product quality, but also the
sustainability of its production; the information
contributes to the value add. The information which So, we see immediately that decommoditisation, which
is attached to the consignment, by say blockchain is a way of assuring quality and sustainability of
agricultural products and thereby attracting a financial
technology, would consist of:
premium, connects growers and consumers and
(1) Compositional information on the product
utilises a number of the dimensions of Soil Security.
itself; minimally quality criteria (protein
Through this approach consumers can evaluate soil
content, contaminants) and more generally
condition, capability and capital and the linking of
compositional characteristics that could
consumers to producers. All of this is encapsulated in
indicate place of production (provenance,
a digitally-enabled market-based mechanism which
terroir) (e.g., stable isotope composition, DNA/
can increase confidence for consumers, producers,
metagenomics information – such information
business and governments. Soil Security is a key part
will largely reflect the soil environment.)
of agricultural decommoditisation, and also is likely to
(2) Information on the method of production (a
be achieved via this mechanism. There IS a marketcompilation of digital information from digital
based mechanism for achieving Soil Security.
farms records on how the crop or animal was
As an example, Australia is currently highly reliant on
grown, e.g. for a crop – sowing dates, fertilisers,
a live export market in terms of meat as a commodity.
herbicides applications etc., harvest date,
However, live export to Europe is not feasible due
irrigation). Part of the decommoditisation
to distances and restrictions on live export. The
dividend comes from ‘Certified’ or BestSoil Security framework, with concerted industry,
Practice approaches. For soil, Best practice
government and peak-body effort, could realise a
would suggest growing crops or animals on
significant European market. It is entirely possible
soil that is highly suitable for that purpose, and
through a market-based Soil Security approach that the
in a manner that is sustainable – the capability
meat industry could develop a sustainable and gourmet
dimension of Soil Security.
niche market to Europe, where ecosystem service
(3) Information on the state of the environment
where the crop or animal was grown (this is a
time-stamped or longitudinal record of the state
of the environment at the place of production –
this would include a number of environmental
entities, but vegetation and soil would the key
ones. A key part of the decommoditisation
dividend comes from evidence of sustainability
– a stable or non-declining environment. For

contribution (soil capital) and sustainable practices
are the value-add that realises decommoditisation. This
would bolster the Australian industry through the
creation of new markets, while augmenting existing
markets simultaneously (e.g. Chinese demand for
quality assurance and genuine product).
3.4.2 Soil Security as a superior land planning
framework
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The analogy of ‘urban creep’ into productive land, in
relation to the concepts of soil health/quality, allows
better understanding of the interrelation of soil health
and soil quality terms, and how soil condition provides
a metric with more clarity.

Soil Security provides governments with a framework
that simultaneously rewards land stewardship via
decommoditisation, improving ecosystem services
through this incentivised improved land management,
strategically identifying urban development locations,
Focusing on just soil health or soil quality and their and better defining where public money needs to be
indicators does not directly address urban creep into spent on managing environmental services.
primary production land. If a soil is healthy/high 3.4 Outcomes sought through a national framework
quality, or the reverse, this ranking does not formally 1. A national soil capability statement and map at the
affect the ability to make decisions about urban
resolution of 100 m. Updatable to accommodate
development; building an urban precinct on it, for
new capability requirements, i.e. crops, land uses.
example.
2. Regionally differentiated national evaluation
On the other hand, if this urban precinct is built, it
protocols of soil indicators and condition.
will have some effect on the quantum of land used for
11
primary production. The question then is: “If the urban 3. Annual statement of soil natural capital (varies
with condition).
precinct was built on poorer health/lower quality
land would this have less of an effect for Australia as 4. Delivery of an Industry-relevant National
a whole than if it were built on healthy/high quality
Account for Soil account.
land?” The short answer is yes. Covering productive
land with urban development places pressure on the 5. Facilitate decommoditisation of agriculture to
improve profitability and product and consumer
remaining productive land to either produce more,
awareness, thereby better connecting consumers
or expand into less productive regions. To quantify
to land-holders and the land.
this somewhat, a square meter of high productivity
coastal land (e.g. Hunter Valley, NSW) is roughly 6. A reimbursement scheme to provide a proportion
equivalent to a tennis court worth of land12 in less
of the costs of soil sampling analysis to landholders
productive regions (e.g. Dubbo, NSW). This means
who make their local soil information publicly
for every hectare of productive land lost 10,000 tennis
available.
court equivalents of land would need to be introduced
7. An agreed set of regionally- and soil-specific bestto replace this lost land. With a rapidly diminishing
management practices.
capability to farm new land, this actually equates to
increasingly immense pressure on current production 8. An incentive scheme for landholders that adopt
agreed best-management practices to secure soil.
systems.
In this analogy, knowing whether the soil is healthy
or of high quality does not allow us to make land-use
decisions in a systematic fashion. It might inform such
decisions, but not within a single framework. The Soil
Security concept provides the framework with which
to make these decisions well informed, not just on the
productive land in the region, but on a larger scale
and across mores aspects (e.g. ecosystem services).
The soil health and quality intentions are captured
within ‘soil condition’ and then expanded on through
the framework to directly inform such issues as urban
creep via quantifying the natural capital of the land
within a single framework.
A Soil Security framework allows Australia’s food
and fibre producing land to be protected from undue
minimisation through urban encroachment, but it
is not done at the expense of urban development. It
allows the most strategic land for urban development
to be simultaneously identified in the same assessment
that strategic agricultural land is identified. That is,

4. CONSULTATION ON THE POLICY
This position has been developed after extensive
consultation on the Soil Security concept at a global
level. Global Soil Security Symposia were held at
in Texas (2015) and in Paris (2016) with the 3rd
instalment to be held in Sydney this year (4-6th of
December 2018). The first two symposia provided
rigorous discussion of the Australian conceived Soil
Security concept, leading to refinement over several
years with contribution from some of the world’s best
scientists and leading stakeholder organisations.
The December symposium in Sydney provides a
unique and open platform for government, scientists,
and stakeholders to further develop an Australian
framework through consultation. This platform could,
and should, be used to demonstrate that Australia is a
global leader in Soil Security.
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5. IMPLEMENTATION OF THE POLICY
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Various approaches have been used in Australia for assessing and mapping good quality agricultural land
(variously described as ‘Prime Agricultural Land’, ‘Strategic Agricultural Land’ or ‘High Quality Agricultural
Land’) to inform land use planning at local, regional or statewide levels. These have usually been driven by state
and territory government policy and utilised various land evaluation approaches, underpinned by traditional
soil and landscape mapping. More recent ‘Digital Soil Mapping’ approaches (as discussed in another article
in this edition of Profile) now provide opportunities to predict new information to support land evaluation
activities. Examples of various approaches used in WA, NSW and Tasmania are provided in this article.
Viewing the soil resource from a ‘Soil Security’ perspective offers a new approach to identify agricultural land
in terms of its present and long-term sustainability, and what might be required to maintain this.

INTRODUCTION
The population of Australia has doubled since 1970
and growth in urban areas places pressure on the
coastal zone and its hinterland to provide more
land for urban and peri-urban dwellers (Thackway
2018). A key issue for planners in many regions is the
conversion of agricultural land for urban and periurban utilisation, and in some regions to mining.
In a report to the Australian Farm Institute, Bridge
et al. (2011) note that, at a national scale, the loss of
agricultural land to residential and mining uses may be
relatively small, but losses can be significant at a local
level. The recognition that soils are a finite resource
underpins land use planning legislation, policy and
programs across Australian states and territories that
aim to protect land from incompatible development
(Percy 2015).
Australia’s peri-urban areas are responsible for almost
25% of the total gross value of agricultural production
but comprise less than 3% of land used for agriculture

in the five mainland states (Houston 2005). Fortyseven per cent of Australia’s perishable vegetables are
grown here (Sinclair 2016). Often these areas have
highly productive soils and are close to markets –
particularly important for perishable items. Statistics
for Melbourne’s peri-urban food bowl show that it
produces 81% of Victoria’s chicken meat, 67% of eggs,
47% of vegetables and 12% of dairy products (Sheridan
et al. 2015). A key issue facing the nation is the loss of
good quality agricultural land, particularly suited to
intensive horticulture, due to urbanisation in the periurban areas surrounding many Australian cities.
Australia’s soils and landscapes are key assets that
provide critical services such as food and fibre
production. Identifying and mapping land of high
biophysical quality is essential for managing competing
land uses proposed for this land. It allows land to
be potentially protected for agricultural purposes
through appropriate land use plans and planning
controls (e.g. zoning, planning overlays). Identifying
potential landscape constraints to development is
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also important, for example areas with potential acid
sulfate soils or prone to erosion. Each Australian state
and territory has responsibility for land use policy,
planning and management and each has varying
legislative drivers and land use pressures. These can
include controlling the expansion of urban areas into
high-value agricultural lands and/or mitigating the
impacts of mining developments on surrounding land
uses (Hicks 2018). Each state or territory has also used
at least one land evaluation framework to identify
and map land suitability or capability, often based on
a similar suite of soil and landscape attributes (Percy
2015). Some of these are discussed in this article to
highlight a diversity of approaches.
LAND EVALUATION TO IDENTIFY AND MAP
GOOD QUALITY AGRICULTURAL LAND
There are numerous definitions of what should be
described as good quality, or ‘prime’, agricultural land.
Going back to the early 1990s, a ‘Review of Rural Land
Use in Victoria’ (Victorian Government 1991) defined
‘prime agricultural land’ as “land that has deep, well
drained soils capable of regular cultivation in areas
with minimal slopes and with good growing seasons
for a range of crops due to advantageous climate and
supporting infrastructure”. These lands are usually
capable of supporting, on a continuing basis, a high
level of production for a range of crops. The definition
covers land where intensive horticulture either occurs,
or else has the potential to be carried out.
Land evaluation has been described as the process of
estimating the potential of land for alternative types
of land use (Dent and Young 1981). Soil and landscape
mapping should underpin any land evaluation and
is, therefore, implicitly used in land use planning
frameworks across Australia. Many rule-based land
evaluation systems have assigned ratings to mapped
land units, usually according to the ‘most limiting
factor’ affecting a specific land use, and often based
on the FAO Framework for Land Evaluation (FAO
1976). The FAO Framework developed by the Soil
Conservation Service of the USDA (Klingbiel and

Montgomery 1961) was considered a substantial
improvement from previous land evaluation systems
at the time. Its prime aim was to assess the degree of
limitation imposed by land characteristics, usually
considered reasonably permanent, and interpret
information associated with detailed (1:20 000 scale)
US county soil surveys, so that it could be more readily
understood by a range of users, including farmers and
planners. Such an approach focused on agriculture,
more broadly, without providing an explicit basis for
assessing trade-offs between competing land uses (van
Gool et al. 2008).
The currency and scale of soil and landscape mapping
can vary between regions and often reflects land use
diversity and intensity. Survey data is usually gathered
at a scale suitable for state, regional or catchment scale
planning and is not always directly useful for locationspecific or paddock scale assessment. Mapping scale is
an important consideration for land use planning (e.g.
Gunn et al. 1988, McKenzie 1991, Rossiter 2000). The
largest (i.e. most detailed) scale mapping (i.e. <1:10
000 scale) is most suited to planning for intensive
land use development (e.g. horticulture) and detailed
farm-scale (precision agriculture) planning. High
intensity mapping (i.e. 1:10 000 to 1:25 000 scale)
is suited to strategic planning for intensive land use
developments and local government planning for
development of rural land in areas experiencing high
land use pressures (e.g. peri-urban areas). Broader
scale mapping (i.e. 1:100 000 to 1:250 000) is most
commonly available in many areas of Australia but is
best suited to broader assessment for more extensive
land uses and for regional scale planning. A valuable
feature of information associated with existing soil
and landscape surveys is that it can be repeatedly used
for a range of applications (Craemer and Barber 2007).
Cost-benefit analyses have demonstrated the value of
good quality soil and landscape mapping for many
purposes including agricultural land management,
regional development, land use planning, climate
change adaptation and water resource management
(ACIL 1996).
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Land qualities (e.g. drainage, nutrient availability,
workability, toxicities, erosion hazard) are attributes
of the land that influence how suitable it is for a
specific use. Often these attributes are not directly
measured or estimated in routine soil/land survey,
so need to be inferred from a set of diagnostic land
characteristics (van Gool et al. 2008), and preferably
by experienced land resource assessment practitioners
with pedological expertise. As well as requiring some
type of consistent land attributes, the reliability of base
land-resource mapping can be limited by several other
factors largely related to scale, but also influenced
by the survey method, mapping date (an indicator
of the spatial reliability of the information) and land
complexity. It could be the case, for example, that a
lower quality map at 1: 50 000 scale may be less reliable
than a high quality 1: 100 000 scale map. The published
survey report can be used to provide some indication
of map reliability. It does need to be recognised,
however, that many maps and the associated data may
have been updated since the publication of the original
reports (van Gool et al. 2005).
Conventional surveys have often adopted ‘proportional
mapping’ where a series of land units are described
but not mapped. The proportion of a mapping unit
occupied by these land units is often expressed in
percentage terms. The use of proportionally mapped
information shows the variability associated with
map units and helps identify high or low values which
may be significant to land use or land management. A
difficulty in the past has been that most conventional
survey maps only show the average condition, hence
these high or low values are not evident. Due to the
resolution of the mapping and natural environment
features, there may well be components within some
land units that are suitable for more intensive uses,
but are not able to be mapped separately. A soil/
landscape mapping unit (1:100 000 scale) may, for
example, consist of five landscape components that
are not spatially distinguished. It may be that a minor
component (i.e. that may occupy only 10% of the
map unit for example) has suitable soils for irrigated
agriculture. Further work would then be required
to disaggregate these mapped landscapes to better
spatially define specific soil type occurrences. This
may be warranted if the area becomes prospective
for agricultural development (e.g. a new source of
irrigation water becomes available).

has gained wide acceptance and adoption from a
range of users, including planners, land managers and
farmers (Brown et al. 2008). Assessment is based on
the intrinsic biophysical limitations of the land, i.e.
that act as constraints, and cannot be readily removed
or ameliorated with reasonable management (and
with an associated economic cost). Land Capability
also assesses the ability of the land to sustain a land
use without irreversible land degradation occurring,
and is often linked to the concept of ‘versatility’;
whereby the greater the capability, the more land use
options (including higher-value uses) are possible.
Traditionally ‘Land Capability’ has utilised a five-class
system.
Land Suitability has been defined as the ‘fitness’ of a
land type for a specified land use (FAO 1976, 1983).
It requires a good understanding of the specific
biophysical requirements for a specific land utilisation
type (e.g. a specific crop). Land suitability assessments
should ideally account for a range of non-biophysical
factors that may influence the viability of a land type,
including various socio-economic factors (e.g. access
to markets and labour, transport, land cost, access to
water and power, local and regional infrastructure).
‘Capable’ areas can become ‘suitable’ with increasing
management intervention (e.g. drainage, landforming)
and infrastructure (e.g. irrigation, power). Including
these additional factors, rather than relying solely on
biophysical factors, allows an assessment to move from
being more of a determination of ‘prime’ agricultural
land assessment to a more integrated assessment of
‘strategic’ agricultural land.
Land Capability systems are usually more suited
to broader scale planning purposes, at regional or
statewide levels. Land Suitability mapping is better
suited for detailed planning that requires evaluation of
land utilisation types (e.g. a specific crop or enterprise).
An agricultural capability rating will most likely not
change significantly over time, whereas suitability may
change if product demand or factors relating to its
location change (e.g. availability of water). Van Gool et
al. (2008) describe the advantages and disadvantages
of land capability and suitability approaches. A key
disadvantage noted by them is that a map of land
suitability often fails to provide the land manager or
planner with the information they directly need and
options for land management are often ‘lost’ in the
final ratings.

Land Capability identifies the potential of an area of
land for different broad uses. As the information can
be presented in a non-technical way this approach
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WESTERN AUSTRALIAN APPROACHES
Western Australia has a relatively long history
of developing approaches to define and identify
prime agricultural land that began with the former
Department of Agriculture and Food (DAFWA) in
the 1980s. Viv Read (1988) introduced the concept of
‘prime agricultural land’ in a discussion around the
idea of protecting these areas in WA. Information from
this report was included in the Western Australian
Planning Commission’s DC 3.4 Rural Land Use Policy
(1992). This definition included agronomic and
environmental factors, but also considered additional
details such as infrastructure and the significance
of relative location. By 2002 the concept of ‘prime
agricultural land’ had evolved into the term ‘priority
agricultural land’ (State Planning Policy 2.5) based on
further input from DAFWA (Kininmonth 2000). This
term was essentially derived from agricultural areas of
state or regional significance and was recommended
as a zone in town planning schemes to clearly identify
and protect such areas.

Figure 1 Land capability maps for specific land uses.

While this more complex style of mapping can be quite
useful for examining potential of individual parcels of
land, it was considered that there could be problems
in its application for broader scale planning (i.e. state,
regional or local level), including that:

Mapping can appear very intricate when viewed at a
broad scale, resulting in the ‘big picture getting lost in
Land Capability assessments have been based on soilthe detail’.
landscape mapping units using the methodology of van
Gool et al. (2005), with subsequent modifications to The legend is complex and can be difficult to interpret.
include land uses not covered in that report. Capability
classes were assigned to the unmapped ‘Zone Land Assimilating information provided by numerous
Units’ (ZLUs) for individual land uses, using a five- different industry or commodity-specific capability/
class rating system, ranging from Class 1 land (very suitability maps into a coherent overview of the ‘best
high capability with few physical limitations present land’ is conceptually difficult.
and negligible risk of land degradation) to Class
5 land (very low capability with severe limitations Some local governments in WA managed to zone
and associated risk of land degradation). This was ‘priority agricultural land’, but most found it challenging
undertaken for a variety of land uses, to create maps to interpret multiple land capability maps and combine
colour coded according to the proportion of Class 1, 2, this with water resource information. This led to a new
3, 4, and 5 land. Examples related to specific land uses approach, referred to as ‘High Quality Agricultural
Land’ (HQAL) mapping, that combines soil, land
are shown in Figure 1.
capability, water resource and rainfall data to highlight
the most productive and ‘versatile’ areas for either
irrigated or broadscale agriculture. It was considered
that land use planners could more easily use this
information, in consultation with local communities,

16 | Soil Science Policy Journal | Profile | Issue 1, 2018

to identify and protect priority agricultural land in
their local planning schemes. The planning process
does not, however, apply to mining developments in
WA (Percy 2015).

was more of a focus. When rainfall and groundwater
information was combined with land capability, areas
of higher production potential became more obvious.
Consequently, the project had two themes of land
use with a focus on agricultural potential and the
requirement for access to good quality land and water,
i.e. irrigated agriculture and broadacre cropping. Land
‘flexibility’ was an important consideration in this
approach. Some land may have a high capability for
one specific crop, or land use, but poorer capability
for other crops or uses. At times, when a certain crop
is popular, the land most suitable for it may be the
most valuable in a region. However, if that land stops
performing well in the marketplace then it may be
considered a less valuable resource in comparison to
land more suited to a range of well performing crops.

From a WA perspective, HQAL identifies the best
available land with access to water. Priority Agricultural
Land (PAL) gathers information about land and water,
identified in the HQAL process, and combines it with
social and economic requirements for the agricultural
industry, such as distance to market, labour availability
and infrastructure. This combination of information
can be used by planners and help determine the
relative importance of different areas on a broader
state and regional scale. Many components need
to be considered for HQAL to be clearly identified,
including soils and landforms, land capability, rainfall
for broadacre agriculture, groundwater and surface Figure 2 shows the final map of Agricultural Land
Area (ALA) groupings for the Geraldton planning
water supplies for irrigated agriculture.
region. Since this pilot study was completed, new
Geraldton Planning Region
groundwater quality and potential yield information
has become available which will significantly alter the
An assessment of High Quality Agricultural Land
map of potential irrigation resources and in turn the
(HQAL) was more recently conducted by DAFWA
irrigated agriculture potential mapping.
in the Geraldton Planning Region (Tille et al. 2013)
to identify land exhibiting a combination of qualities
considered valuable to the agricultural industry and
worthy of protection for future production potential.
This pilot project developed and tested a methodology
for identifying areas of HQAL at both regional and
local planning scales. It aimed to synthesise a range of
land capability, water resource and other data related
to land use into more easily understood formats to
enable state, regional and local planners to incorporate
multiple layers of land capability information into
land use planning. A key focus for the work was to
reduce the number of complex-style maps and make
the simplified style of mapping more definitive. In the
complex style, the multiple maps showing capability
for a variety of specific land uses were combined to
produce two maps of agricultural potential—one
for broadacre agriculture (rain-fed field crops and
pastures) and one for irrigated agriculture (such as
fruit, vegetables and flowers).
The Geraldton project also analysed current crop
performance across the region to attempt to predict
potential trends in the agricultural industry. In
areas with few groundwater resources, the emphasis
was on broadacre cropping - where relative wheat
yields are related to growing season rainfall, along
with land resources. In areas of moderate to good
groundwater allocations, horticultural production

Figure 2 Map of Agricultural Land Areas (ALAs) in the
Geraldton Planning Region of WA (Tille et al. 2013) with seven
classes ranging from Group A (greatest versatility) to Group G
(limited agricultural potential).
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NEW SOUTH WALES APPROACHES
In NSW, a series of mapping projects and associated
rule sets has been developed over the past 15 years
to identify valuable agricultural land. Summarised
below are three of the most significant schemes:
Farmland Protection Mapping, Biophysical Strategic
Agricultural Land (BSAL) assessment and the current
Important Agricultural Land (IAL) mapping project.
Farmland Protection Mapping
The Northern Rivers Farmland Protection Mapping
Project, covering the Richmond, Tweed and
Brunswick catchments, commenced in 2003/2004
and was completed in 2005. The similar Mid North
Coast Farmland Mapping Project, completed in 2006,
was based on Local Government Areas rather than
catchments. Both projects were initiated by the NSW
Department of Planning and involved a collaborative
effort with the predecessor of the NSW Office of
Environment and Heritage (OEH) and the NSW
Department of Primary Industries (DPI), with input
from local government representatives. The protection
of farmland was an important consideration for
the catchment management plans that were being
developed at that time. These projects relied on soil
landscape mapping (existing, draft and some new)
to derive classes of agricultural land based on: slope,
soil depth, soil type (fertility), drainage, rock outcrop,
stoniness, waterholding capacity, specific landscape
aspects (e.g. flooding). The Northern Rivers project
identified (i) ‘state significant land’; (ii) ‘regionally
significant land’ and (iii) ‘other farmland’. Due to
differences in landscape properties, the Mid North
Coast project only identified ‘regionally significant
farmland’ and ‘other farmland’. To be mapped as
farmland, land satisfying the criteria required a
minimum area of contiguous occurrence (i.e. between
500 – 1000 ha, depending on the category). The ‘other
farmland’ category also included land that satisfied all
criteria other than the minimum area. The farmland
mapping projects have since provided important

baseline data for local government planning and the
North Coast State Regional Plan (NSW Department
of Planning).
Biophysical Strategic Agricultural Land
In NSW there has been a focus on protection of
agricultural land from the impacts of mining and
Coal Seam Gas (CSG) activities. This led to the
determination of ‘Biophysical Strategic Agricultural
Land’ (BSAL) to identify areas of land with high
quality soil and water resources capable of sustaining
high levels of productivity. BSAL therefore is land with
the best quality landforms, soil and water resources
that is naturally capable of sustaining high levels
of productivity and requires minimal management
practices to maintain this high quality. BSAL can be
sustainably used for more intensive purposes such
as cultivation, being inherently fertile and generally
lacking significant biophysical constraints. The NSW
Department of Planning and Environment undertook
an assessment of Biophysical Strategic Agricultural
Land (BSAL) in 2013 (NSW Government, 2013). A
total of 2.8 million hectares of BSAL was identified and
mapped at regional scale (not at property boundary
level) across NSW (including 1.74 million hectares
in the Upper Hunter and New England North West
regions).
Regional mapping that identifies BSAL has met the
following criteria (NSW Government, 2013):
•

properties with access to a reliable water supply defined by: rainfall of 350 mm or more per annum
(in 9 out of 10 years), or a regulated river (maps
show those within 150 m), or a 5th order or higher
unregulated river (maps show those within 150
m), or an unregulated river which flows at least 95
per cent of the time (maps show those within 150
m), or highly productive groundwater sources, as
declared by the NSW Office of Water.

AND
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•

land that falls under soil fertility classes ‘high’
to ‘moderately high’ under the Draft Inherent
General Fertility of NSW (OEH), where it is also
present within Land Capability class I, II or III
under the Land and Soil Capability Mapping of
NSW (OEH).

Important Agricultural Land (IAL) mapping

An ‘Important Agricultural Land’ (IAL) mapping
project is currently being undertaken by NSW DPI
in conjunction with a nested ‘Hotspot’ project led
by NSW OEH. Both projects are in partnership with
the NSW Department of Planning and Environment
OR
(DP&E). NSW DPI (2017) has produced ‘A guideline
to identifying important agricultural lands in NSW’
• land that falls under soil fertility classes ‘moderate’ (available online) to assist local and state government
under the Draft Inherent General Fertility of develop information that supports strategic planning
NSW (OEH), where it is also present with Land at local, sub-regional or regional scales.
Capability class I or II under the Land and Soil
Capability Mapping of NSW (OEH).
IAL is land considered to be highly suitable for
agricultural industries and it is envisaged that mapping
A site verification process was developed under it will enable improved decision making about current
the State Environment Planning Policy (Mining, and future agricultural land uses and supporting
Petroleum Production and Extractive Industries 2007) planning to:
to determine the existence of BSAL at sites of potential
• reduce land use conflict
development. This enables mining and coal seam gas
• provide certainty for agribusiness
operators to verify if land is classified as BSAL. The
interim protocol for site verification and mapping of
• choose appropriate zones for non-agricultural
BSAL (see Figure 3) is available online on the NSW
development
Planning and Environment website.
• enable compatible development in zones that
permit agriculture
• support essential agricultural assets
• support the agricultural supply chain
• Identify future opportunities for agricultural
industries.

Figure 3 Diagram of interim protocol for site verification and
mapping of Biophysical Strategic Agricultural Land (BSAL) (,
NSW Government, 2013)

The IAL ‘Hotspot’ project targets 40 priority regional
centres in NSW. Datasets will be produced to provide
accurate information on soil type, soil fertility and
soil and land capability data at a local scale for a 20
km radius area around each of the centres. The aim is
to provide an order of magnitude greater resolution
to IAL mapping in areas surrounding regional
centres which are often the areas with greatest
development pressure and threat to agricultural
lands from urban and peri-urban developments. To
achieve this improved mapping resolution, various
Digital Soil Mapping (DSM) approaches are being
utilised to enhance the conventional soil/landscape
mapping. The core of the IAL Hotspots project is
the disaggregation of existing soil landscapes into
landform elements (e.g. crests, upper slopes and lower
slopes) using landform modelling, with validation
from land resource assessment staff and strategic
ground truthing. Modelling is being supported by a
suite of spatial datasets such as gamma radiometrics,
geological mapping, digital elevation data and satellite
imagery.
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TASMANIAN APPROACHES
Identifying important agricultural areas has been a
complex process in Tasmania due to its highly variable
soils, terrain and climate. There is a large range of
different and mixed enterprises across the state, with
relatively small but intensively used freehold areas
compared to mainland Australia. Since the late 1990s
a program of 1:100 000 scale Land Capability mapping
was undertaken by the Tasmanian Department of
Primary Industries Parks Water and Environment
(DPIPWE) to identify ‘Prime Agricultural Land’ as
Classes 1, 2 and 3 from a 7 class system (Grose 1999).
Field mapping at a scale of 1:100 000 was completed
in areas most likely to contain ‘Prime Agricultural
Land’, using guidelines to identify areas that might
support a wide range of conventional agricultural
practices, based on suitable soils, parent material,
topography and climate. Modelling was used to map
Land Capability in other (non-prime) agricultural
areas. Protection of ‘Prime Agricultural Land’
from non-agricultural development now relates to
the Protection of Agricultural Land (PAL) policy
(Tasmanian Government 2009). This has been largely
applied by local councils, who also have the power,
under the PAL policy, to identify and protect nonprime, but still ‘significant’, agricultural land from
non-agricultural development, usually through sitespecific or additional higher-detail Land Capability
mapping.
From 2011, a combination of funding from state,
federal and private sources initiated the development
of several new irrigation schemes in Tasmania. In
response, the Water for Profit
Program was developed by DPIPWE, University of
Tasmania (UTAS) and the Tasmanian Institute of
Agriculture (TIA) to provide tools for farmers to
better prepare for, and utilise, new irrigation resources.
This included ‘Enterprise Suitability Mapping’ (ESM)
to identify and map areas of the state most suitable
for 20 different enterprises (including horticultural,

cereal and vegetable crops as well as opium poppies)
aimed at stimulating agricultural intensification
and diversification. Land Suitability mapping was
completed in 2018 at 30 m grid resolution for the entire
state, using a combination of Digital Soil Mapping
(DSM), climate modelling, and utilising legacy data,
strategic soil sampling and an array of temperature
sensors (Webb et al. 2014, Kidd et al. 2015a, Kidd
et al. 2015b, Webb et al. 2015). Suitability maps are
available on the publicly accessible spatial information
portal (www.theLIST.tas.gov.au) to allow identification
of suitable areas for each crop, vulnerable soils, and
manageable soil or climate limitations.
Many important Tasmanian agricultural areas have
been placed under increasing pressures from nonagricultural development, such as urban expansion. In
2017, the Tasmanian Department of Justice, Planning
Policy Unit, as part of a newly developed state-wide
planning scheme, commissioned a mapping project to
identify a new ‘Agricultural Zone’. This project aimed
to better identify not only prime agricultural land, but
also significant and important agricultural land for
improved planning purposes to facilitate protection
from non-agricultural development. This involved
using the DSM-based ESM to develop five broad
‘Enterprise Suitability Clusters’ (ESCs). All suitability
surfaces were combined to identify areas potentially
suited to many enterprises (i.e. most versatile), including
irrigated perennial horticulture, vegetable production,
irrigated (dairy) grazing, broadacre cropping and
livestock, and dryland pastures (Macquarie Franklin
and Esk Mapping and GIS 2017). This mapping was
combined with identified areas of available irrigation,
based on distance and net elevation from the source;
the irrigation requirement of each enterprise cluster,
and areas of existing forestry uses that may have high
agricultural potential. The resultant mapping was then
aligned to existing cadastral parcels to produce a more
efficient planning tool. A follow-up constraints analysis
identified where agricultural use might be impacted by
various factors such as high capital value, agricultural
isolation, neighbouring conflicting land uses, and
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amalgamated land use size. The resultant mapping
produced a spatial product (see example map in Figure
4) showing land potentially suited to being included
in the Agricultural Zone as either ‘unconstrained’ or
‘potentially constrained’ agricultural land (Macquarie
Franklin and Esk Mapping and GIS 2017).

but also what level of natural services are being
provided?
3. Connectivity – what do the current land
managers know about their soil to support
sustainable management?
4. Codification – what regulations or guidelines
help with its appropriate long-term use?
The recent development and application of Digital
Soil Mapping capacity in Tasmania has formed the
foundation for quantifying and mapping Soil Security
for Tasmania. Enterprise Suitability maps produced
for the Water for Profit Program have been combined
to produce a spatial ‘Enterprise Versatility Index’,
showing areas of the state suited to the most crops. This
has formed part of an initial Soil Security mapping
process, as the ‘Capability’ dimension (Kidd et al.
2018). The latest delineation of the Agricultural Zone
in Tasmania identifies components of the ‘Capability’
and ‘Capital’ dimensions and provides some direction
in addressing the ‘Codification’ dimension. This
more holistic Soil Security approach could enhance
the identification of agricultural land in terms of its
present and long-term sustainability, and what might
be required to maintain this. Figure 5 is an example
of preliminary ‘Soil Security Index’ mapping for
Tasmania.
SUMMARY AND OPPORTUNITIES

The challenge in land resource assessment is to
effectively understand the nature, distribution and
Figure 4 Preliminary ‘Soil Security Index’ mapping of
condition of the soil and land resource to enable more
Tasmania.
effective land management and land use planning.
Mapping Soil Security
Various approaches have been used in Australia for
assessing and mapping good quality agricultural
It is expected that substantial improvements to the
land (variously described as ‘Prime Agricultural
identification of agricultural land can be achieved by
Land’, ‘Strategic Agricultural Land’ or ‘High Quality
incorporating the current and expected sustainability
Agricultural Land’) to inform land use planning at
of its use, through combining five ‘Soil Security’
local, regional or statewide levels. These have usually
dimensions of assessment (McBratney et al. 2014).
been driven by state and territory government policy
This includes the biophysical, natural value, current
and utilised various land evaluation approaches,
and trending condition, as well as socioeconomic and
underpinned by traditional soil and landscape
regulatory components;
mapping. Soil and landscape information and mapping
Capability – can the land or soil support the current or (at various scales and levels of accuracy) is implicitly
used in land use planning frameworks across Australia
planned agriculture?
as it underpins land evaluation, including Land
1. Condition – how is the soil affected by its use, Capability and Land Suitability assessments. More
recent quantitative (Digital Soil Mapping) approaches
and can it continue to support the use?
provide opportunities to predict new information, and
2. Capital – what is the expected economic return, at improved resolution, to support land evaluation
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activities. Ultimately though, an understanding of the
land resource itself (i.e. specific soil types, landscape
features) and appropriate management options is
required, and this is not always apparent from the
derived maps.
Conventional land evaluation approaches (Land
Capability and Land Suitability approaches) remain a
useful foundation for the assessment of key agricultural
land – with the more recent ability to refine using
various quantitative approaches (e.g. to disaggregate
landscapes and predict and map key soil properties). A
useful approach might be to start with a foundational
Land Capability assessment and then undertake
appropriate Land Suitability assessments that factor
in relevant biophysical and industry-relevant factors.
In addition, descriptions (and maps) of the actual
soil, land types and hydrogeological resources that
ultimately need to be managed on-site could also be
provided. Considering the diverse agricultural uses
of soils (e.g. growing different crops with dissimilar
soil requirements) and the different optima associated
with each specific use, Sojka and Upchurch (1999)
emphasised the importance of understanding the
soil resource rather than just rating it in terms of
soil quality. This provides a better framework to
context soil-specific best practice land management.
Capturing the expert knowledge of experienced land
resource assessment staff, especially with expertise in
pedology is also important and building this into soil
and landscape databases should be a priority.
Adopting a ‘Soil Security’ focused approach offers a
more holistic soil assessment process that recognises
soil as a multi-dimensional asset. Rather than
traditional single dimensional assessment approaches,
such as Land Capability mapping, that largely consider
only biophysical attributes, the Soil Security concept
considers social aspects, education, policy, legislation,
current land use, condition and the natural and
economic value of soil to society. This approach can
identify discrete soils that are currently being used
within their capacity, and areas where a use might be

unsustainable, i.e. not secure. In reality, however, there
is usually a ‘continuum’ of potential soil (and land)
condition for a particular soil/landscape mapping
unit. A Land Capability exercise, using broader scale
mapping as an input, is usually based on a modal
soil type and generally assumes that it is in ‘average’
condition. Measuring condition of the soil resource
allows potential threats (e.g. acidification, erosion,
soil structural decline) to be quantified with respect to
management regimes. An example may be a cracking
clay soil (Vertosol) as shown in Plate 1, where any
management induced compaction will limit its full
productive potential. It is not practical to map these
variations in condition across broad areas; however,
understanding the nature of soil and land types
and their susceptibility to degradation is important
when considering ‘Soil Security’. Developments in
remote and proximal sensing technologies may offer
new opportunities to routinely assess and map soil
condition at more local to regional scales.

Plate 1 A soil type such as this Grey Vertosol can vary
in condition based on management. Severe sub-surface
compaction on the left-hand side vs undisturbed soil profile
nearby (in a roadside reserve).

Further ground-based soil and landscape assessment
and mapping may be recommended for highercapability areas, particularly if additional water
resources become available (e.g. via new water
pipelines) in areas not previously mapped in detail.
Digital Soil Mapping approaches may also be suitable
for areas with good quality mapping for a range of
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key environmental variables. This would improve the
confidence ratings associated with Land Capability
and Suitability assessments and enable finer scale
mapping to better meet local planning requirements.
For known high value agricultural areas facing short
term (i.e. <5 years) development pressure, a focus
could be on developing and applying land evaluation
methods that are tailored to specific planning strategy
needs and produce outputs that planners require now.
Discussions with planners would also be beneficial to
assist them to better understand various land resource
assessment products. Some field-based extension
(e.g. soil pit field days) may assist planners better
understand the soil and land resource itself.

Kidd, D., Field, D., McBratney, A and Webb, M. 2018. A
preliminary spatial quantification of the soil security dimensions
for Tasmania. Geoderma 322: 184-200.

References:

Macquarie Franklin and Esk Mapping and GIS. 2017. Agricultural
Land Mapping Project - Identifying land suitable for inclusion
within the Tasmanian Planning Scheme’s Agriculture Zone Background Report. Department of Justice, Planning Policy Unit.

ACIL. 1996. The Development of and Economic Framework
and Instruments for Assessing the Benefits and Costs of Land
Resource Assessment in Australia. ACIL Economics and Policy
Pty Ltd.
Bridge, T., Butt, A., Kennedy, M., Buxton, M and Tremain,
D. 2011. Does Australia need a national policy to preserve
agricultural land? Research Report, Australian Farm Institute,
Surry Hills NSW.

Kidd, D., M. Webb, B. Malone, B. Minasny and A. McBratney.
2015a. Digital soil assessment of agricultural suitability, versatility
and capital in Tasmania, Australia. Geoderma Regional 6: 7-21.
Kidd, D., Webb, M., Malone, B., Minasny, B and McBratney,
A. 2015b. Eighty-metre resolution 3D soil-attribute maps for
Tasmania, Australia. Soil Research 53(8): 932-955.
Kininmonth, I. 2000. Identifying areas of agricultural significance,
Miscellaneous Publication 15/2000. Agriculture Western
Australia, Perth.
Klingbiel, A.A. & Montgomery P.H. 1961. Land capability
classification. Agriculture Handbook 210, US Department of
Agriculture, Washington, D.C.

McBratney, A., Field, D. and Koch, A. 2014. The dimensions of
soil security. Geoderma 213: 203-213.
McKenzie, N. 1991. ‘A strategy for coordinating soil survey and
land evaluation in Australia’. Divisional Report No. 114 (CSIRO
Division of Soils: Adelaide).

Brown, I., Towers, W., Rivington, M and Black, H.I.J. 2008.
Influence of climate change on agricultural land-use potential:
adapting and updating the land capability system for Scotland.
Climate Research 37:43-57.

McKenzie, N.J. and Austin, M.P. 1993. A quantitiave Australian
approach to medium and small scale surveys based on soil
stratigraphy and environmental correlation. Geoderma 57 4: 329355

Craemer, R. and Barber, M. 2007. Building a Business case
for Investment in Soil Information. National Land and Water
Resources Audit.

NSW DPI. 2017. A guideline to identifying important agricultural
lands in NSW. NSW Department of Primary Industries. https://
www.dpi.nsw.gov.au/agriculture/lup/agriculture-industrymapping/pub16-323-a-guideline-to-identifying-importantagricultural-lands-in-nsw

Dent, D and Young, A. 1981. Soil Survey and Land Evaluation.
Allen and Unwin, London.
FAO. 1976. A framework for land evaluation. Soils Bulletin 32,
Food and Agriculture Organization, Rome.
FAO. 1983. Guidelines: Land evaluation for rainfed agriculture.
Soils Bulletin 52, Food and Agriculture Organization, Rome.
Government of Victoria. 1991. A Review of Rural Land Use in
Victoria. Part 1: The Loss of High Quality Agricultural Land as
a Planning issue and Part 2: Rural Land Use Policy and Planning
Issues. Department of Agriculture and Office of the Environment,
Department of Conservation and Environment.
Grose, C. 1999. Guidelines for the Classification of Agricultural
Land in Tasmania. Department of Primary Industries, Parks,
Water and the Environment. Tasmania, Australia.
Gunn, R. H., Beattie, J.A., Reid, R.E. and van de Graaff, RHM.
1988. In: Australian soil and land survey handbook : guidelines
for conducting surveys. Inkata Press, Melbourne.
Hicks, R 2018. Responding to Land Use Pressures: a State and
Territory Perspective. In: Land Use in Australia Past, Present and
Future. R Thackway ed. ANU.
Houston P 2005. Re-valuing the fringe: some findings on the
value of agricultural production in Australia’s peri-urban regions,
Geographical Research 43: 2, pp. 209-223.

NSW Government. 2013. Interim protocol for site verification
and mapping of biophysical strategic agricultural land.
NSW Office of Environment and Heritage. 2012. The land and
soil capability assessment scheme. Second approximation. A
general rural land evaluation system for New South Wales.
Office of Environment and Heritage, Department of Premier and
Cabinet NSW.
Percy H. 2015. How soil information guides land use planning in
Australia. Soil Science in Australia. Issue 2. Australian Society of
Soil Science Inc.
Read, V.T. 1988. The concept of prime agricultural land: a Western
Australian perspective, Resource Management Technical Report
72, Department of Agriculture, Perth, https://researchlibrary.
agric.wa.gov.au/cgi/viewcontent.cgi?article=1064&context=rmtr
Rossiter, DG. 2000. Methodology for soil resource inventories
(2nd edition). Soil Science Division, International Institute for
Aerospace Survey and earth Sciences, Enschede.
Sheridan, J., Larsen, K and Carey, R 2015. Melbourne’s foodbowl:
Now and at seven million. Victorian Eco-Innovation Lab, The
University of Melbourne.
Sinclair I 2016. Growing food in a residential landscape, State of
Australian Cities Conference 2015, The Gold Coast, Queensland.

Soil Science Policy Journal | Profile | Issue 1, 2018 | 23

Sojka, R.E. & Upchurch, D.R. 1999. Reservations regarding the
soil quality concept. Soil Science Society of America Journal 63
1039-1054.
Tasmanian Government. 2009. State Policy on the Protection of
Agricultural Land. Tasmanian Government, Tasmania, Australia.
Thackway, R. 2018. Australian Land Use Policy and Planning: The
Challenges. In: Land Use in Australia Past, Present and Future. R
Thackway ed. ANU.
Tille, P., Stuart-Street, A. & Van Gool, D. 2013. Identification
of high quality agricultural land in the Mid West region: stage
1 – Geraldton Planning Region. Second edition. Resource
Management Technical Report 386. Western Australian
Agriculture Authority.

24
Pedology
A Vanishing Skill In
Australia?
Prepared for Soil Science Australia by:
Andrew Biggs, Greg Holz, David McKenzie,
Richard Doyle, Stephen Cattle.

As described by LR Basher (1997) and others before him,
pedology is “… the branch of soil science that integrates
and quantifies the distribution, formation, morphology
Van Gool, D Tille PJ and Moore GA 2005. Land evaluation and classification of soils as natural landscape bodies.”
standards for land resource mapping: assessing land qualities and Soil survey (mapping the distribution of soils) is the
determining land capability in south-western Australia. Dept
natural extension of pedology. In 1997, LR Basher
Agriculture and Food, Western Australia, Perth. Report 298, 137p
wrote a seminal paper on the state of pedology at the
Van Gool, D., Maschmedt, D.J. & McKenzie, N.J. 2008.
time in Australia and New Zealand. He asked four
Conventional land evaluation. In Guidelines for Surveying Soil
and Land Resources. Eds. NJ McKenzie, MJ Grundy, R Webster questions in the context of the future of pedology:
and AJ Ringrose-Voase. CSIRO Publishing.
• Do we need pedology and soil survey; can we use
Webb, M., D. Kidd, C. Grose, R. Moreton, B. Malone, A. McBratney
the soil resource sustainably without knowing
and B. Minasny. 2014. Integrating climate into the Digital Soil
its extent, distribution, properties, suitability for
Assessment framework to assess land suitability. GlobalSoilMap:
and vulnerability to land use?
van Diepen, C.A., Van Keulen, H., Wolf, J and Berkhout, J.A.A.
1991. Land evaluation: from intuition to quantification. Advances
in Soil Science 15, 140-204.

Basis of the global spatial soil information system: 393.

Webb, M., A. Hall, D. Kidd and B. Minasny. 2015. Local-scale
spatial modelling for interpolating climatic temperature variables
to predict agricultural plant suitability. Theoretical and Applied
Climatology: 1-21.

•

Should pedology be technology driven or useroriented?

•

What are the appropriate media for presenting
soil information?

•

What is the appropriate vocabulary for
presenting soil information?

Basher was not the only person of that era to ask
questions about the state and future of soil science
in general, or particular components of it such as
pedology. Many others before and after him have
proposed similar thoughts – for example White (1993),
Díaz-Fierros Viqueira (2015), Hartemink and Bouma
(2012) and a number of the authors who contributed
to Hartemink (2006). Many of the views expressed
by those authors remain as relevant today as the day
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they were written. It is 21 years since Basher posed his
questions and an opportune time to re-consider them,
evaluate how pedology in Australia has progressed
(or not) and consider whether as a profession we have
taken heed of the sage words of our predecessors or
have ignored the warnings. Will we reach the end of
the International Decade of Soils with less pedological
skill in the nation? We also provide recommendations
for action by the soil science community and the
broader stakeholders of land management, in the
context of pedology.
Do we need pedology and soil survey?
There is often a poor understanding of what pedology
is, the skill set of a good pedologist and how those skills
apply within and outside of soil science. Pedology is a
unifying discipline that presents a holistic view of soils
as entities (Arnold 1992). Pedologists work across
the many sub-disciplines of soil science and integrate
qualitative and quantitative knowledge and data of
soil morphology with geomorphology, stratigraphy,
hydrology, botany, soil physics and soil chemistry as
part of their daily work (Wilson et al. 2008). It is both
an interpolative and extrapolative science (Sposito
and Reginiato 1992). No other discipline within soil
science operates in such an integrative manner, so
consequently pedology is often seen as the ‘face’ of soil
science.
Pedologists also provide the link between soil science
and other disciplines. This is an often under-stated
role for pedologists and one that has been poorly
explored in Australia. Such linkages are not just
about data, but more importantly concern knowledge.
The skills of pedologists and the conceptual models
of pedogenesis and soil/landscape/vegetation
relationships that they develop make them highly
valuable in circumstances where a holistic landscape
or natural resource management approach is required
to respond to problems – for example ecological
studies of fauna habitat (Forster 2008) and vegetation
(Paz et al. 2016); spatial studies of erosion (Jelinski
and Yoo 2016); deep drainage estimation (Tolmie et al.
2011); contaminated land studies (Filzek et al. 2004);
wetlands characterisation (Bryant et al. 2008); palaeoclimate patterns (Rittweger 2000) and archaeology
(Gerlach et al. 2012). McKenzie (2013) provides a good
illustration of how the many skills of a pedologist are
critical to the evaluation of paddock-scale limitations
to agricultural production.

range of audiences, both technical and non-technical,
from school children to farmers to other scientists.
The role of pedologists in communicating landscape
knowledge is also essential to on-going changes to
landscape management paradigms (McKenzie et al.
2008). Basher and others have all highlighted the many
opportunities for soil scientists to engage audiences
other than the traditional agricultural one, but this has
not occurred to any large extent in the last 30 years.
Soil Science Australia has acknowledged this and is
working towards political and public engagement, but
a greater cohort of advocacy is required.
Soil classification is a key component of pedology.
It is often viewed as an arcane art, yet pedologists
classify soils for the same reasons that botanists
classify plants and zoologists classify animals – a
means of scientific communication in a defined
language. Soil classification, just like the classification
of animals and plants (until recent years), relies upon
visual observation of features of the entity, and like
the classification of biological entities, the use of
hierarchical approaches reflects a natural tendency in
the human mind (Ibáñez et al. 2005). Interestingly,
botanical and zoological taxonomists are a recognised
position within various organisations (e.g. Herbaria,
museums and many academic institutions), but soil
taxonomists are not. From a discipline perspective,
we have failed to make the case for taxonomy. This
has not been helped by the numerous soil taxonomies
(both formal and informal) that have evolved over
time in Australia and internationally. While the
evolution of the Australian Soil Classification since
1990 has represented a more stable approach to soil
classification in Australia, we must be more proactive
in communicating the value of, and reasons for, soil
classification.

The link from pedology to soil survey is the means
by which point-based data is spatialised across the
paddock, the catchment or the nation. The demand
for spatial data at all scales has continued to escalate
in the last two decades in line with predictions of
Basher and others, but the pedological discipline has
struggled to meet expectations, despite favourable
technological and methodological advances. There
is no doubt that demand outstrips supply in terms
of data and knowledge products. The creation of the
ASRIS (Australian Soil Resource Information System)
framework and the various iterations of nationally
combined data, including the most recent National
Pedologists have always played a key role in the Soil Grid of Australia have been important steps
communication of soil science. They derive and forward in meeting a particular type of data demand,
communicate the stories of landscapes to a wide but they remain ad hoc in their nature and, if anything,
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highlight inconsistencies in data across the nation. The
national collation of site data is not updated regularly
and the facilities and arrangements supporting such
efforts are more tenuous than ever.
A number of recent reviews have clearly articulated
the need for soil survey and pedology in Australia,
including the case for an Australian Soil Assessment
Program (NCST 2013) and the soils RD&E stocktake
(Anon 2011). Despite these, and the advent of the
National Soils RD&E strategy and the Australian Soil
Network, little progress has been made in creating
significant on-ground change in support for soil
survey and pedology – everyone wants soil data, but
few are willing to pay for it. It is always perceived as
‘too expensive’ despite evidence to the contrary. Some
thought needs to be given as to why this is the case.
Part of the reason may be that pedology as a discipline
has not developed much beyond the traditional
agricultural development paradigm of the last 60 years
and has been relatively unsuccessful at engaging and
proving its worth to new audiences. This is despite
the fact that environmental concerns about land
degradation and associated impacts are greater than
ever, providing ample opportunity for wider use of
pedological data and knowledge.
The current state of pedology in Australia
Have we progressed or regressed in the last 21 years?
Optimists would argue that the profession has
progressed, but there is significant evidence to suggest
that we have not travelled far. Measuring the state of
the discipline is no simple task. We have chosen to
use a number of proxies such as number of practising
pedologists, number of sites recorded – as well as
consideration of methods and practices.

allowed a simple tally of pedologists. No data was
provided by Basher on the age profile of pedologists
at the time.
What has happened since? Unfortunately we are
in a similar situation in terms of determining the
numbers. Derivation of current statistics required
personal contacts/knowledge around Australia and
a lot of ‘legwork’. In some states, the numbers were
fairly certain, while in others there was considerable
variation depending on who tallied them up. As a
profession of scientists, this is a decidedly unscientific
approach and highlights that the number of pedologists
in the nation is not well understood. To progress, we
(Soil Science Australia) are making greater efforts to
understand the nature of our members and profession
- i.e. collect appropriate demographic and skills data –
as such data is not captured elsewhere
While it is highly likely our data collection method
has led to the omission of some people, the statistics
are likely to be a reasonable representation of the
demographics. In total, there are about 88 practising
pedologists in Australia and at least 45 retired/nonpracticing. The latter figure is most certainly an
under-estimate – the number of retired pedologists
could easily be double that. In terms of practising
pedologists, this represents a nominal increase from
21 years ago. The majority are in the NT, Qld and Tas
(Figure 1), where the most active soil survey programs
are and typically have been over the previous 30
years. The majority of the ‘baby-boomer’ pedologists
employed in the height of the soil survey era have,
however, retired and there is a lack of young graduates
being employed.

Demographic
Basher (1997) provided an estimate of the number of
pedologists in Australia (11 in CSIRO and ~50 in state
agencies). These numbers were derived from personal
communication with RF Isbell and NJ McKenzie.
There was no data held by any organisation that
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that ‘we know enough’ and the cessation of the
agricultural development phase of the last 150 years.
In other jurisdictions though, particularly Tasmania
and the Northern Territory, there has been a renewed
interest in greenfield agricultural development and an
associated surge in government funded surveys in the
last 5 years.

Figure 1 Age of practising pedologists in Australia in 2018

Amongst the practising pedologists, the majority
remain in government (Figure 2), especially in states
such as the NT (87%), Qld (73%) and Vic (56%). In
Western Australia, Tasmania and South Australia,
there are more pedologists in the private sector than
in government. This represents a significant shift in
paradigm from the past. Historically, the majority of
pedologists in all states were employed by Government.

The number of sites in jurisdictional soil survey
databases (Figure 3) is a readily obtainable metric that
conveys some sense of the quantity of soil survey in the
nation. The data shows the peak of site description in
the 1990s and the subsequent decline, suggesting that
government investment in soil survey and pedology as
a whole in the nation has declined in real terms over
the last 20 years.

Figure 3 Number of soil survey sites collected around Australia
since 1950

a) Government
Figure 2 Percentage of practising government and private
sector pedologists by state

Quantity of soil survey
Hartemink and McBratney (2008) postulated that
a soil science renaissance was upon us. The level of
investment in soil survey is one possible measure
of whether this has been realised. Unfortunately,
determining this historically and currently is difficult.
The States and Commonwealth have traditionally
been the primary funding source for surveys and this
was the case into the 1990s. Anecdotal data suggests
that since then there has been a gradual decline in
the number of soil surveys around the nation. This
appears to have often been coupled with a perception

This does not necessarily mean that there has been
an overall decline in investment in soil survey and
pedology in Australia. The recent 5-10 year mining
boom in states such as Western Australia and
Queensland created an order of magnitude leap in
expenditure by the private sector in the areas of soil
survey and soil management. What is the legacy of
this investment? Very little it appears, with one or two
notable exceptions, such as a rejuvenated interest in
managing sodicity in relation to coal seam gas water
and disturbance of sodic soils. As a nation, we have
generally failed to capitalise on the massive investment
in primary data collection by the private sector. For
example, industry experts suggest that more than 10
000 soil profiles were described by the private sector
in Queensland alone, with an unknown number
subject to chemical analysis. None of this data has
been captured in a manner that allows use beyond the
immediate requirement, which has since passed. The
reasons for this are many and will not be fully explained
here, but the case illustrates how our discipline has
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missed an opportunity to enhance our basic data, in a
country where data paucity remains a problem (Anon
2011). The soil science profession must work with
State and Federal Government to ensure that such data
is captured into the future, as a public benefit from
private industry. The profession also clearly missed an
opportunity in terms of providing targeted standards
and training to upskill the private sector, thus creating a
lasting legacy of skilled pedologists. The development
of the Certified Professional Soil Scientist (CPSS) Soil
Survey Competency standards unfortunately came
too late to capitalise on the mining boom, but will
be inherently important for future public and private
industry development.

to find a pedologist (or even a soil scientist) employed
in environment protection agencies. Perhaps as
White (1993) suggested, soil scientists have been too
introspective, unimaginative and lacking in vision,
although it is more likely a combination of factors
internal and external to the profession. Many reasons
have been suggested by Basher (1997), Zinck (1993)
and others for the decline in investment in pedology
and soil science and it would be easy to consider many
of them (such as funding) as externalities beyond the
influence of the profession. In reality though, many of
them (including funding) are within the influence of
the profession.

Soil management has always been closely tied to
pedology and the mining boom also represented
a massive surge in interest in soil management – in
particular management of unstable soils (primarily
sodic soils) in civil engineering works through
the landscape, e.g. pipelines. This was another key
opportunity that the soil science profession did not
successfully engage. Few significant advances have
been made in soil management recommendations
in decades and age-old paradigms from agricultural
contexts continue to be utilised in non-agricultural
contexts with little proven basis. The focus has been
on generics management, whereas a systems based
approach for land management is required at a finer
scale. Pedologists certainly have a key role to play in
developing landscape based soil-specific management
approaches.

Most pedologists over the age of 40 in Australia
learned the basics of their profession via a soil science
or agricultural science degree with a specialty in soil
science. The changes in teaching of such degrees
around Australia (and the world) have been well
documented by Hartemink and McBratney (2008),
Field et al. (2017) and others. In simple terms, the
way in which soil science is taught at Universities
has changed substantially and there is no longer a
strong link between agriculture and pedology, or
even between pedology and some other aspects of
soil science. While Universities continue to generate
graduates with some training in soil science, fewer
students with core training in pedology are graduating.
The trend of incorporating soil science degrees into
broader courses does, however, create an opportunity
for better demonstrating to students the integrative
nature of pedology.

Soil health was an area that Basher forecast should
be further investigated and this has certainly come to
fruition, particularly via agricultural industry funded
science programs. Pedology has not, however, been
strongly engaged in these, primarily due to a lack of
numbers, but also because the growth in interest in
soil health came at a time when many government
agencies were re-focussing from agriculture towards
environmental management. Despite that change in
focus, pedology in Australia remains poorly engaged
in environmental management – for example, it is rare

Teaching, training and accreditation

Once graduated from University, the older generations
of pedologists learned the bread and butter of their
trade by conducting soil surveys – usually in an
agricultural development context. Such surveys were
conducted in an era of strong discipline development,
training/mentoring and an ample allowance of time.
Importantly, conventional survey methods meant that
pedologists developed a strong understanding of not
just the soils but also the landscapes – for example
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pedogenetic processes, soil-vegetation relationships
and limitations to agricultural production. Younger
pedologists today, particularly in the private sector,
are more likely to have learned their skill in short
timeframe projects and often with limited mentoring
by highly skilled practitioners – simply because of the
lack of highly skilled practitioners in the market. It
is also more common for workers of the modern era,
whether private or government, to be ‘drive in/drive
out’ or ‘fly in/fly out’ on projects, thus their experience
in the landscape is often transient and biased by
seasonal/climatic conditions at the time. To many this
may seem a minor issue, but those experienced in the
profession know that a pedologists skill is very much
determined by the time spent in landscapes.

of certified soil scientists. However, State and National
Government provide the guidance to industry for use
of our nation’s soil resource, meaning that there is an
important policy discussion to be had as to why such
accreditation is not already a requirement.
Methods and technology
Basher asked the question of whether pedology
should be technology driven and this has proven to be
prescient. There have been many technology changes in
the last 21 years that have been beneficial to soil science
in general. Apart from increased computing power,
technologies such as global positioning systems (GPS)
and digital cameras have created significant benefits
for pedology and soil survey. GPS units became more
widely available and used in pedology during the 1990s
and improvements in accuracy since then have further
enhanced their value. The ability to derive an accurate
location in seconds has become taken for granted and
few recall the historical approach of determining a site
location with an aerial photograph, a topographic map
and a ruler. Digital cameras have been a revolutionary
tool for both technical and communication purposes.
Has much else changed? Not a lot in terms of field
practice. Pedologists still use their hands to field
texture and still use a colour book.

During the last 21 years, there have been developments
and revisions of Australian pedology and soil survey
related standards (the ‘Handbooks’) and widespread
adoption of the Australian Soil Classification. These
standards, however, remain very much government
led and maintenance/further development of them is
now being restricted by reduced government activity.
Unlike many other professional disciplines, private
practitioners have not been strongly involved in the
development of pedological and soil survey standards
in Australia, with the exception of the linear soil survey
The availability of remotely sensed data, in particular
guidelines produced by Soil Science Australia.
radiometrics and high resolution satellite imagery,
The CPSS has continued to grow and improve and the has significantly improved the ability of pedologists
Specialist Competency in Australian Soil Survey within to identify soil and landscape features at the paddock
the CPSS scheme, releasing the specialisation in 2013. to regional scale. Coupled with more accurate
Uptake of it though has not been large. Why is this topographic data in the form of digital elevation
the case? If compared to the Specialist Competency models, these advances have substantially improved
in Contaminated Site Assessment and Management many aspects of soil survey of all types. They have also
(CSAM) which was released more recently, the given considerably greater insight into pedogenesis
answer is relatively clear. Uptake of the latter has and landscape processes. Paddock scale remote sensing
been faster and more significant because of regulatory (proximal sensing) with tools such as electromagnetic
requirements. There are currently few specific induction has not, however, improved at the speed
regulatory requirements in Australia for pedology and that many had hoped, and it is an area of technology
soil survey. In states such as Queensland and New South that remains plagued with highly variable standards of
Wales, where specific legislation was enacted to protect use and is not widely used in routine soil survey.
agricultural land, the relevant legislation left the door
open for a variety of non-accredited practitioners to Basher also discussed the need to move soil survey
meet the regulatory requirements. This presents a risk forwards from traditional approaches of data capture,
to the profession through creation of the perception analysis and presentation, and noted the need to
that a skilled pedologist is not needed to ‘do the move towards methods to map the distribution of soil
job’. Adoption of the CPSS Soil Survey Competency attributes. Changes in methods, data availability and
will not grow unless there is a market demand for it, computing over the last 21 years have certainly seen
and as with contaminated land and many other sub- this vision realised to an extent. The late 1990s to early
disciplines, that market demand is invariably driven 2000s witnessed considerable effort devoted to the
by regulation. Soil Science Australia and CPSS must development of digital soil mapping (DSM) methods,
be, and are becoming, more effective in engaging which have been employed in many states. This has
regulatory agencies and demonstrating the relevance of course encouraged a reductionist approach to soil
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survey compared to the traditional holistic approach
and changed the way in which data is produced (pixels
instead of polygons). At the time, Basher stated that
“the general-purpose paper soil map and soil survey
report has been largely superseded as a medium for
presenting soil information” and that “increasingly
it will be replaced by computer-generated special
purpose, interpretive soil maps that are based upon
soil-landscape models and include more objective,
statistically estimated information on soil variability”.
To a degree this has come true, but ‘old-fashioned’ maps
and reports remain the dominant communication
media of soil information to most audiences.
Authors such as Clayden (1992), Arnold (1992) and
others have all described pedology as a field science,
thus the increasing trend of ‘doing it from the desk’
is at odds with the core nature of the discipline.
Traditionally trained pedologists are able to sit at a desk
and proffer highly accurate thoughts on the nature of
soils in a given area with simply a satellite image to go
from, but they can only do so as a result of decades
of field experience and the formulation of extensive
pedogenetic models and landscape concepts in their
head. The modern era is not providing that same
field experience and some new soil survey methods,
such as DSM, are ironically, counter-productive in
that regard. For example, DSM projects collect few
sites compared to conventional surveys, consequently
DSM approaches may appear to provide an advantage
in faster survey times (assuming equal reliability), but
it is at the expense of less training and development of
pedologists and importantly, less collection of primary
data. Traditional and newer survey methods are by no
means mutually exclusive and each has their place in
the sun as they have their own unique benefits. Soil
survey is, however, only an extension of pedology and
if pedological skills decline, then by default, so will
the quality of soil survey, resulting in poor returns
for investment by both the Government and private
industry.

involved practising pedologists in both the modelling
and validation process, and the knowledge of the
pedologist was crucial to the development of the DSM
models. In their discussion of the recent history of
digital soil mapping, Minasny and McBratney (2016)
indicated the rationale of DSM is to “… discover the
knowledge embedded in completed surveys, or reverse
engineer the surveyors soil landscape mental model
…”. Basher (1997) commented on the growing use
of soil-landscape models in DSM approaches, but as
methodologies have evolved, there has been a move
away from these towards more ‘black box’ recipe
based approaches that can be (and sometimes are)
conducted in the absence of practising pedologists –
often by necessity, due to the paucity of pedologists.
This does, however, implicitly propagate a view that
a practising pedologist is not needed to create a soil
attribute map via DSM approaches – i.e. it only requires
a GIS expert or geostatistician. The current situation
is reminiscent of the rise of remote sensing by satellite
imagery in the 1970s-80s and the view at the time
that ‘it could all be done from the office’. A similar
but smaller debate ensued in the 1990s when gamma
radiometrics became adopted in soil survey. Decades
on, neither satellite imagery nor gamma radiometrics
have become the magic solution – they are just more
tools in the toolkit for pedologists and others. While
it is important that we develop the technological tools
to expedite soil survey, it is equally important that we
develop the traditional soil pedology capacity to work
in concert with DSM efforts.

Despite the development of various nationally adopted
soil survey and pedology standards over the last few
decades, it is clear that inconsistencies in data across
the nation is a key reason that pedological data has not
been utilised as widely as it could be. Unfamiliar users
are not able to easily access nor utilise pedological data
with confidence for a variety of reasons, including a
lack of meaningful digitally published metadata and a
lack of data quality statements, along with the presence
Similarly, the role of pedologists in DSM has changed of poor-quality data (Biggs and Searle 2017). While
over the years. Early DSM works in Australia intimately there are common standards for site description and
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database format, the underpinning paradigms of soil
survey still vary between some jurisdictions, which
continues to present challenges to communication
and interpretation of data. The soil and landscape grid
of Australia has been a valuable attempt to provide
a uniform product, but by its very nature (a raster
product), it creates its own new challenges to use,
interpretation and communication.

will be a vital tool in successful soil science advocacy.

The primary learning/communication pathway for
pedologists has been verbal/visual in the field with
mentors rather than reading journal papers (Arnold
1992), primarily because pedology is largely experiential
and best taught via real examples. The Australian
Collaborative Land Evaluation Program (ACLEP) was
a Government funded initiative that commenced in
The suite of data collected in soil survey has not the 1990s and delivered excellent national outcomes
changed significantly in most states in decades. This is in terms of practical communication for pedologists
largely for good reason, but it also illustrates a failure to via multiple mechanisms, including written material,
progress and adapt to new demands. For example, the workshops and field trips. Unfortunately, it is no
ability to derive soil attribute data, whether via DSM or longer supported and national communication within
conventional approaches, is still constrained as much the discipline has suffered as a result.
by the use of archaic paradigms and pedotransfer Hartemink and McBratney (2008) and others have
functions as anything else. This has become more and commented on the requirement for soil science in
more relevant as the quality of ancillary data layers general to engage better with the wider community
that pedologists rely upon has improved enormously and become more effective in delivering material
over the last 20 years. For example, it is now possible that clients want. Since 1997, there have been some
to access 1 m digital elevation models in parts of significant changes in how pedological data has been
Australia, but our management recommendations communicated and presented. The most notable of
around sodic soils remain limited and inconsistent, course has been the decline of hardcopy materials and
particularly outside of agricultural contexts. This the growth of the digital medium. There are many
illustrates one of the significant challenges for pedology good examples around Australia and the world of
and soil survey - to work more effectively with other pedological data and information being communicated
soil science colleagues to devise better methods to in new and relevant ways using digital media e.g. NSW
interpret existing data and make it relevant, to a wider eSpade. There is certainly a long way to go however,
range of uses in both a spatial and non-spatial context. as most systems only convey a portion of the large
Good quality primary data will always be exactly that, quantity of data held, do not sufficiently convert data
but better interpretations can make a large difference into information to cater for specific client groups,
to end-use.
and fail to convey appropriate metadata. Despite the
COMMUNICATION
Two of Bashers original questions and a considerable
part of his paper concerned communication of
soil information.
He correctly suggested that
the pedological discipline has failed to effectively
communicate with a range of audiences. A key aspect
of effective communication is a user-oriented focus.
Interestingly, nearly all of the previous works referred
to in this essay, particularly those concerned with the
state/future of soil science, were published in journals
design to be read by the soil science profession. Perhaps
the audience that should have been targeted were people
who do not read journals, rather than preaching to the
converted? Maybe the warnings of the past regarding
the state of pedology were never heard by the right
people because the wrong communication medium
was used? This current article, too, will not solve the
communication conundrum, but is an important
example of stakeholder directed communication that

advent of many new digital communication pathways
(or perhaps because of them), even less energy is
devoted to targeted pedological communication now
than 20-30 years ago. The extension programs of
previous decades are now largely absent and where
they do exist, pedologists are largely absent – primarily
due to insufficient numbers. Simply dumping data on
the internet is not enough as far as communication is
concerned, but it is all too often seen as the default
approach.
The change in nature of data produced by pedologists
has also created further communication challenges.
Clients now don’t know which to use – a traditional map
or a newer raster product, let alone understand how to
interpret raster products. An oft-quoted value of DSM
is the ability to quantify the uncertainty associated
with the output. Does an average user understand or
use the uncertainty data? Typically not. More must
be done to make DSM products understandable and
usable to a wider audience rather than them being the
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engage more effectively. The broadening of pedology
out of an agricultural focus into more contexts should
be seen as a positive trend and one to be encouraged
through teaching. While teaching time at Universities
THE FUTURE
is highly competitive, better engagement in crossAs alluded to earlier in this essay, many authors have
discipline teaching (e.g. soil science to engineers) will
described the real or perceived threats to soil science
undoubtedly yield rewards in the long-term.
over the last 20-30 years. The current demographics
illustrate one obvious threat to the future of pedology in There must also be a significant step forward in
Australia. We do not have enough young pedologists. pedological professional training. Unlike many other
There are also many opportunities ahead. As Basher disciplines, it is very hard for pedologists to improve
did, we outline a few (but by no means all) of these. As their skills in pedology via attendance of dedicated
history has proven, there are many potential new uses training courses – there are none available. The
profession must engage more openly and willingly in
for pedological data that are yet to be discovered.
the provision of pedological training courses (‘Master
classes’) and the provision of more targeted training
TEACHING AND TRAINING
material, rather than just telling people to ‘look it up
The challenges associated with the quantity and in the book’. The Qld Branch of Soil Science Australia
quality of graduates highlights the need for stronger has for many years offered basic training courses with
links between academia and those practising a pedological focus, but it is time to move into more
pedology to ensure that the graduates produced are advanced training. In some states, retired pedologists
appropriately skilled within the limits of courses. For are freely offering their time to mentor younger staff
this to occur, the pedological profession must become and share their knowledge. The requirement for more
more engaged with those teaching, particularly advanced training, and the valuable resource we have
in the field/practical components of courses. The in our retired pedologists, has been acknowledged by
development of the annual Soil Science Australia Soil Science Australia in the forming of the Training
national soil judging competitions has been an Committee within Soil Science Australia, to develop
important step in this direction and should continue training and professional development opportunities as
to be actively promoted and supported by Soil Science part of a national curricula of vocational development.
Australia and Universities. It not only has great However, more needs to be done at the national level
potential for students, but provides an important to ensure that we retain a soil survey capacity, and all
venue for knowledge transfer between academics and stakeholders in the soil resource are responsible for
practitioners. For this to happen however, employers this.
(private or government) must recognise that unless
the current generation of experienced pedologists is
METHODS AND TECHNOLOGY
allowed to become more involved in education and
training, the graduates of the future will be less skilled Technology will no doubt continue to evolve at a rate
and require more on-the-job training to bring them to faster than it can be adopted into operational practice
a credible skill level. Field et al. (2017) have proposed in pedology and soil survey. There are currently, and
a framework for improved teaching of soil science will continue to be, many potential technologies that
that provides a good basis for the education of current can be used, but the challenge will be to not adopt
graduates but the successful use of such an approach anything and everything new that comes along, but
will require practicing pedologists and academics to instead be deliberate and considered in choosing
domain of high-end users with large computing power
and method-specific knowledge.
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which technologies will yield long-term benefit. For
example, Gómez-Robledo et al. (2013) and others
more recently have described the successful use of
smart-phones to derive soil colour. This presents
an interesting opportunity, particularly given that
the conventional approach can be subject to error.
Such technology, coupled with field data collection
devices presents some opportunities to make soil
(and other) data collection more consistent, accurate
and easier for those who are not highly skilled in
pedology – for example as part of student teaching
and for occasional users. Ground cover assessment
by digital photography is another developing area that
could be coupled with soil data collection. The most
notable technology change at present is the growing
use of drones and unmanned aerial vehicles – this is
undoubtedly an area of technology that is likely to
have significant positive impacts for small area studies
and monitoring.

analysis of cost-benefit in the long-term. DSM projects
collect little new primary data; thus they create little
future value. Unless there is a renewed effort to clearly
identify and fill primary data gaps, we will be no better
off in 21 years’ time.

One way of achieving this is better engagement with
the private sector, as they are now a major collector
and consumer of soils data.
The commercial
imperative associated with private-sector data does
create some challenges regarding the improvement of
government soil data collections, but these challenges
are by no means insurmountable. As discussed above,
government agencies have historically failed, even
in recent ‘ideal’ years, to capitalise on the collection
of private sector data. While the potential exists for
centralised collation of data at either the state or national
level, it remains far from reality due to numerous
real and perceived barriers and a lack of willingness
by government agencies to actively support such an
To capitalise on the potential benefits of new technology activity, despite the need to do so being recognised in
requires considered thought and some trial and error. the national soil RD&E strategy. A new leap forward
At present, many organisations are ‘going it alone’ and must be taken to make this a reality for the nation.
there is little in the way of real national co-ordination/ The private sector must also be engaged more effectively
collaboration. Consequently, competition for scarce in the both the development of standards and methods
funds and a lack of shared knowledge will continue to for pedology and soil survey and the provision of
hinder progress. CRCs and similar arrangements often relevant training. Furthermore, effective engagement
resolve this in research fields but pedology is rarely of the private sector is needed to better understand
present in these in a meaningful way. Opportunities the ‘critical questions’ relating to soil management
to ‘crowd-source’ data are also clearly associated and the costs associated with them. While there are
with new technology, but this requires considerable good examples of this in agricultural contexts, it has
advancements in soil survey data quality standards as not occurred effectively in non-agricultural contexts.
there are currently many known issues. Many of the There is no doubt that better identification of costs will
technology advances and opportunities, such as high lead to a market response that the profession should
temporal frequency remote sensing data also come be ready and waiting to engage.
with the challenges of ‘data overload’ and creating
useful interpretations.
COMMUNICATION
Some thought needs to be given to the implementation
There has been a resurgence in soil science
of DSM methods and the implications for the
communication by Soil Science Australia over the
development of future generations of pedologists.
last 10 years and this trend should be supported and
Most practitioners regard DSM and its components as
expanded into the future. A renewal of understanding
simply another tool in the toolkit, to be used where
of communication methods and better engagement
appropriate and in the context of other influencing
with clients is essential to this occurring effectively.
factors – such as cost, accessibility etc. The choice
While new technology offers many new opportunities
of using DSM approaches should not be regarded
for communication, and these should be embraced
any differently to the choice of whether to dig a pit,
where appropriate, it is notable that hands-on
push a soil core or use an auger – one of the skills of
communication activities remain a major drawcard,
a pedologist is understanding the most appropriate
particularly for non-soils people. The leadership
tools to derive the necessary data to the necessary
shown through Soil Science Australia’s ‘Soils in
standards within the required time/cost framework.
Schools’ initiative must be translated more broadly to
There is a growing trend however of considering
create better engagement at high school and university
DSM approaches as the ‘automatic solution’ without
level teaching – for example soil science in engineering
first considering all relevant factors, including a true
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but more importantly outside the profession. There
is a challenge for existing pedologists to expand their
horizons and better demonstrate the value of their
knowledge as a unifying discipline through proactive
Much of the future path for pedology in Australia will communication. This challenge has been stated before,
be determined by how we choose to communicate but pedology as a discipline has failed to embrace it
in the next few years. Clearly the approaches used and the consequences are clear to see. There are many
over the last 10-20 years have not been effective and exciting opportunities presenting themselves for
many of the ‘problems’ we and others have discussed pedology and soil science in general, but we require a
ultimately relate to ineffective communication. A paradigm shift if we are not to repeat the mistakes of
renewed approach to this should involve better the last 21 years.
identification of the audiences interested in pedological
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Conclusions
Many of the predictions regarding the future of
pedology in Australia (both good and bad) of LR
Basher and others from 20-30 years ago have come
true. Many exciting developments have occurred,
but as a whole the profession is in decline – despite
the apparent increase in numbers. Core skills
development in pedology and soil survey is not
happening to the extent that it once was – from the
beginning of careers, as students, through to on-thejob professional training. Consequently, the prospect
for the future is not bright and if action is not taken
now, then pedological expertise in Australia will be
very limited in 20-30 years’ time. It is certainly the
case that there are too few pedologists now, despite
an ever-increasing demand for pedological expertise
and data. Communication remains the key, within,
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Digital Soil
Mapping:
Application,
Opportunity and
Challenges
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Digital Soil Mapping (DSM) has gained increasing
traction and application across the globe in assessing
and mapping the world’s soil resource. There are
now numerous scientifically published approaches
and case-studies detailing how and why it is being
used, its advantages, the diverse techniques, successes
and comparisons to traditional/conventional soil
mapping and pedology. This is especially true for
Australia, where it has increasingly become part of
the methodology used by federal, state and territory
agencies to map soil and inform various land resource
assessment activities, such as agricultural land
suitability mapping, assessment of erosion potential
and ecological modelling.
WHAT IS DSM?

DSM is a broad term, coined by Alex McBratney[1],
for an approach that produces quantitative maps of
soil attributes and soil types. It encompasses many
scientific disciplines including pedology, predictive
modelling, geostatistics, pedometrics, remoteRittweger, H (2000) The ‘Black Floodplain Soil’ in the sensing and GIS. DSM utilises the concepts described
Amoneburger Becken, Germany: A lower Holocene marker by Hans Jenny[2] in his work, “Factors of Soil
horizon and indicator of an upper Atlantic to Subboreal dry
Formation: A System of Quantitative Pedology”, to
period in Central Europe? Catena 41 (1-3), 143-164. 10.1016/
build mathematical relationships between measured
S0341-8162(00)00113-2
soil properties and environmental covariate data to
Paz, CP, Goosem, M, Bird, M, Preece, N, Goosem, S, Fensham,
R, Laurance, S (2016) Soil types influence predictions of soil
carbon stock recovery in tropical secondary forests. Forest
Ecology and Management 376 74-83. https://doi.org/10.1016/j.
foreco.2016.06.007

Soil Science Policy Journal | Profile | Issue 1, 2018 | 35

estimate the spatial distribution of soil properties.
These spatial environmental covariate datasets
typically include terrain derivatives (generated from
digital elevation models), vegetation, geology, landuse, existing soil maps, proximal and remotely-sensed
data; anything that might be related to a ‘soil-formingfactor’. DSM can also involve disaggregating existing
soil association maps. Disaggregation involves
estimating the spatial distribution of the individual soil
type components from the qualitative data contained
in traditional soil association maps. DSM methods
can also assist in generating statistically sound and
unbiased soil sampling designs. More recently DSM
has been utilised as the basis for comprehensive,
quantitative Digital Soil Assessment (DSA).
DSM can produce quantitative, 3-D, gridded
(pixelated) maps of soil attributes, with prediction
uncertainty ranges. Whereas traditional mapping
approaches typically produce categorical estimates of
attribute values, DSM generated grids can represent the
gradational spatial changes in soil attributes, and the
uncertainty ranges can provide a confidence measure
of the estimated attribute values. DSM has become
more viable for use in recent times due to advances
in computer-power, readily available GIS software,
improvements in GPS accuracy, the broad availability
of a range of remote-sensing platforms, and the rapid
development in machine-learning technologies.
HISTORY AND DSM DRIVERS IN AUSTRALIA
Predictive spatial modelling techniques were first
used in mineral exploration in the 1960s, and later
applied to soil mapping in the 1970s and 1980s. These
techniques were largely based on spatial interpolation
techniques such as ‘kriging’. Gradual improvement in
mapping accuracy and validation were achieved when
spatial correlation with a soil-forming factor was
introduced, initially with one predictor variable, then
more, until a full environmental correlation approach
was being applied, using many explanatory variables.

McKenzie[3] from CSIRO tested a stratified soil
sampling method with environmental correlation
of geology, climate and landform to produce digital
spatial prediction maps of various soil properties at
25m resolution. This produced promising results,
explaining between 42 and 78% of the soil property
variance, described as ‘unmatched’ by traditional
mapping validation at the time. Many more DSM
theoretical and methodological advances were made
during and after this period across the globe. However,
DSM, even up to and until about 2012 was still
considered as largely an academic exercise; although
things were gradually shifting.
Conventional soil survey and mapping had served its
purpose well during the 20th century but demands
on spatial soil information were shifting to soilproperty specific requirements, with greater emphasis
on quantitative solutions. The heads of National Soil
Survey Organisations in a workshop in Enschede
(Netherlands, 1992) identified that the requirements
for soil information were shifting in this direction to
inform sustainable development and environmental
management. Zinck [4] warned that soil survey
faced an uncertain future; soil survey agencies should
embrace modern technologies to remain relevant and
adequately funded. Basher [5] at the 1996 AustralianNew Zealand Soil Science Conference in Melbourne
postulated whether “pedology is dead and buried”?
Basher noted the funding reductions in traditional
pedological research and decline in trained soil
scientists. Issues of temporal trends in soil properties
and their distribution were also gaining momentum.
Basher identified the emergence of computergenerated models and the need for traditional soil
science to adopt these technological advances.

Through the early 2000s in Australia, a program of
‘Enhanced Resource Assessment’ (ERA) was being
promoted through the Australian Collaborative Land
Evaluation Program (ACLEP) and guided by the
National Committee on Soil and Terrain (NCST);
driven by recognition of a lack of technological uptake
As an example, in Australia around 1999, Neil
in Land Resource Assessment (LRA) in Australia (and
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elsewhere). One of ACLEP’s chief objectives was to
foster the effective use and uptake of new technologies,
particularly; working in a gridded data environment,
incorporating DEMs and derivatives, using digital
datasets of soil-forming factors (such as gammaradiometrics), improved data systems, GIS, GPS, and
statistics. This coincided with dramatic development
and advances in DSM methods, driven by the CSIRO
and the University of Sydney through Alex McBratney.
From the early 2000s, a series of Global DSM and
Pedometric Workshops were occurring biennially
across the world, at first demonstrating examples of
new DSM techniques, disaggregating legacy soil maps,
comparisons of output diagnostics to traditionallyderived maps, and the shift in Agency-based soil
survey (such as the USDA) to incorporate these new
technologies. Later workshops started to address
“bridging the gap” between research and operation
(Sydney University, 2012). This uptake of applying
DSM research to operation, in the form of government
agency LRA, gained massive traction and transition
from conventional to operational DSM in 2010, when
Mike Grundy (CSIRO) secured funding to send
several State, Territory and Federal soil scientists to the
3rd Global DSM Workshop in Rome, Italy, endorsed
by the NCST, ACLEP, and the University of Sydney.
For many of these soil scientists, this was their first
exposure to DSM technologies. Many of the attendees
realised the potential of DSM approaches to assist in
addressing funding issues and the benefits of possible
application of technological advances to conventional
soil mapping, detailed in the report presented to the
NCST “Recommendations for the Advancement of
Digital Soil Assessment in Australia” [6]. This led
to formation of the (currently active) Digital Soil
Assessment Working Group (DSAWG) to advise and
guide the NCST on the direction and uptake on DSM
in Australia, and training of Agency staff in DSM
techniques by The University of Sydney (through
ACLEP). From this point, DSM has become an active
Agency-based LRA discipline across the country, both
as stand-alone and in integrated conventional soilsurvey approaches.
SOME BRIEF AUSTRALIAN DSM EXAMPLES
As a result of this shared and collaborative learning
over the last ten or so years, DSM has become an
accepted part of the soil assessment toolkit. There are
now many examples of DSM techniques being used
to generate products to address a range of policy and
development questions. This list is not exhaustive

but indicative of the types of work being undertaken
across Australia.
Perhaps the greatest example of collaborative DSM
across Australia is the Soil and Landscape Grid of
Australia (SLGA), funded by the National Collaborative
Research Infrastructure Strategy (NCRIS) through the
Terrestrial Ecosystem Research Network (TERN) to
provide a new consistent and standardised continental
soils information resource. Led by CSIRO (Mike
Grundy), with guidance from the University of
Sydney (Alex McBratney and Budiman Minasny), this
work was a collaboration between Federal, State and
Territory Agencies, to produce a suite of 3 arc-second
resolution (approximately 90m) soil property maps
of predicted values, with upper and lower prediction
limits (uncertainties) at six standard depths. These
products adhere to the GlobalSoilMap specifications
and are Australia’s contribution to the GlobalSoilMap
effort. Figure 1 shows a website screen-shot of available
clay % layers, at 3 arc-second resolution.

Figure 1 Soil and landscape Grid of Australia - Clay %

The products have been used for national
ecosystem modelling, agricultural assessments and
environmental reporting by a range of federal, state
and local government agencies, as well as academic
institutions and private consultants.
Other DSM example summaries from around
Australia include;
CSIRO
•

Northern Australia Water Resources Audit
(NAWRA) digital land suitability assessment,
126 Land Use Types with attached suitability
ratings and associated uncertainties

•

Flinders and Gilbert Agricultural Resource
Assessment

•

Digital Australian Soil Classification Map of
Australia.
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South Australia
Queensland
• DSM disaggregation, quality and purity
• Soil erodibility mapping for the ‘Office of
assessment of polygonal SA soil maps, capturing
the Great Barrier Reef water quality science
prior expert knowledge.
program’ in the Fitzroy and Burdekin.
• Remote-sensing for determining landscapes for
• Land Suitability Mapping in the Fitzroy and
soil health.
Burdekin catchments.
• DSM Soil Carbon mapping for the SLGA.
• Total N & P DSM and soil erodibility mapping
using disaggregated soil maps for ‘South East
Queensland Water (SEQWATER)’ in the Upper New South Wales
• Suite of new DSM surfaces published for NSW
Brisbane Valley.
(100m res, SLGA specs) through OEH data
• Disaggregation of Legacy Soil Maps for soil
portal, with eSPADE integration,
constraint mapping in coastal areas
• Spatial predictions of NSW soil attribute changes
• Mapping land suitability for Biofuel crops
under climate change.
throughout Queensland using DSM methods.
• Modelling soil C fractions across NSW.
• Attribute modelling from legacy soil maps.
• State of Environment reporting – specifically
Northern Territory
decadal changes in soil C and pH (2005 – 2015).
• DSM for Land Suitability in the Roper
Western Australia
Catchments, showing promising initial results.
• DSM soil attribute modelling, Northern region.
Tasmania
• DSM disaggregation for the SLGA.
• State-wide Enterprise Suitability Mapping for 36
• Sand Plain DSM
crops at 30 m resolution using base DSM and
• DSM gravel extent, abundance and type spatial
digital climate modelling has been completed
predictions, and implications to agriculture.
in 2018, upgrading previous 80m resolution
• New DSM work in the Pilbara for Land Suitability
mapping (and the Tasmanian Government’s
Assessment.
enterprise sustainability toolkit.
•

Soil Vulnerability Mapping using DSM at 30 m
resolution (soil erodibility, sodicity, salinity and
waterlogging).
Draft Australian Soil Classification Map of
Tasmania using DSM at 80 m resolution.
Draft Sol Security Mapping of Tasmania using
DSM.

GLOBAL DSM EXAMPLES

Australia, through the University of Sydney and
CSIRO, is a key player in developing DSM-based
research and integration into operation, however,
there are also numerous examples of DSM being
•
actively used elsewhere in country-based, continentalbased and global soil mapping. This is evident with
Victoria
the formation of a Digital Soil Mapping Working
• State-wide DSM as enhancements to the Soil Group under the International Union of Soil Sciences
(IUSS), and the GlobalSoilMap project. This project,
and Landscape Grid of Australia.
through an international consortium, is developing
accurate and up-to-date soil grids across the globe
at 3 arc-second resolution for a suite of standard soil
•
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attributes and depths, in response to pressing needs
such as global food and water security. Australia is part
of the GlobalSoilMap Oceania Node. The previously
mentioned SLGA form Australia’s contribution to
GlobalSoilMap, one of the first and most complete
contributions to date. Other global examples include
the world-wide ‘Soil Grids’ developed and hosted by
ISRIC (International Soil Reference and Information
Centre), as well as numerous country-based mapping
efforts from France, the UK, the Netherlands, and the
USA for a variety of purposes (too many to document
here).
DSM VERSUS CONVENTIONAL MAPPING
A traditional soil surveyor frequently uses an
environmental correlation approach to create soil
maps, effectively predicting changes in soil types
by relating observations made at a site to variations
in landform patterns. This is done using expert
landscape interpretations in the field, and by using a
variety of existing underlying data sources that might
help explain changes in soil formation, such as geology
and vegetation maps, and aerial photo interpretation
(API) to determine landscape patterns. Increasingly,
remotely-sensed data such as elevation models are
being used in conventional soil mapping to remove
some of the inherent subjectivity. It is evident that
much of the DSM undertaken is essentially using
the same approach, interpolating changes in soil
attributes (or types) between existing calibration sites
using underlying explanatory data but quantifying the
subjectivity through processes such as data-mining
and machine-learning.

Figure 2 DSM Sand% near Burnie, Tasmania.

Using a Tasmanian example, it can be seen from Figure
1 that DSM for surface sand % at 80 m resolution
spatially agrees with the legacy soil mapping (black
polygon lines) undertaken by Loveday and Farquhar
(CSIRO) in 1958 [8] at a scale of 1: 63,360, where
minor soils were described as being ‘in association’
with the major soil types, but could not be physically
mapped out. It does, however, show that we now have
the capacity to identify the minor soil components and
variations within soil types that was not previously
possible at the scale or resources available to the
surveyors at the time, e.g. available aerial imagery,
allotted time, personnel and funding. It also highlights
that Loveday and Farquar did a great job working with
what they had!
FUTURE CHALLENGES OF DSM

As mentioned, there are numerous examples of DSM
However, despite the published research and real-world now being used around the world. As with any scientific
examples demonstrating the success and benefits of discipline, there are always challenges to overcome
DSM, even enhancements to traditional soil mapping, that will improve the development and application of
it is still met with resistance by some traditional soil DSM further into the future. These include;
scientists. Ahrens et al. [7] compared the introduction
• Obtaining good quality observed soil attribute
of API into conventional soil survey as a technological
data. Just as in traditional approaches, access to
advancement in soil science, that was also met with
relevant observed soils data is key to producing
resistance by soil scientists at the time, much the same
useful products. The continued funding of
way that DSM is still criticised in some facets of soil
ongoing field and laboratory data collection is a
science. They acknowledged the potential of DSM,
challenge for the entire soils community.
but a reluctance to adopt it stating “DSM has the
• Validation of those mapped areas that have been
potential to deliver the needed information and in fact
extrapolated from sparse input data
may provide better and more accurate information.
• Obtaining good quality, fine resolution spatial
However, the technology of DSM must overcome the
explanatory data – DEMs, radiometrics, multi
scepticism associated with any new technology in the
and hyper-spectral remotely sensed data
traditional world of soil survey where new technologies
have been few and far between” [7]. DSM is not seen
• Ensuring DSM practitioners have good
as replacing conventional (and legacy) soil mapping,
pedological
training
and
landscape
but as providing the capacity to enhance it.
understanding. Being able to provide enough
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•
•

•

•
•

•

•

Satellite data), proximal soil sensing, digital soil
morphometrics and modelling processes

resources (personnel) to ensure realistic
products are being produced and evaluated by
soil experts

•

Capturing
soil
expert-knowledge
and
geomorphic processes into the DSM modelling

Incorporating DSM into biophysical modelling
to make it ‘spatial’, such as APSIM.

•

Spatial and Temporal Assessment of Soil Security

Continued demonstration of the efficacy and
utility of DSM and integrated approaches for CONCLUSIONS
addressing policy and development questions
Both traditional soil mapping and DSM systematically
Adequate processing power, data storage and use an environmental-correlation approach. The
delivery systems – some DSM datasets are former is more subjective, but uses soil expert
becoming huge depending on area size and knowledge, the latter more quantitative and repeatable.
resolution
If the DSM practitioner is a soil science expert, (or
Testing Global vs Local variations, and capturing works closely with soil experts), the advantages of both
disciplines can be realised. The challenge and future
this within the modelling process chosen
of DSM is in building close working relationships
Removing artefacts due to modelling method between expert pedologists and DSM practitioners.
and underlying spatial variables – i.e. making DSM is here to stay in agency-based land resource
realistic maps
assessment. The future is in making a concerted effort
Making more easily understood and better use to understand the technology, collaborating in DSMof DSM uncertainties in final products, as a based projects, and embracing it as a powerful tool
to enlist for producing the highest-quality soil maps
measure of confidence
Ensuring that statistical DSM sampling designs possible; maps that are ‘fit for purpose’, which help
have the flexibility to allow soil scientists to secure and promote appropriate and better use of our
develop morphological understanding of the soil resources; a goal that traditional pedologists and
inherent soil forming processes in the field, pedometricians are both striving to achieve. It is also
which is important in validating final products up to the pedometricians to ensure that soil scientist’s
(not just statistical validation, but validation in knowledge and skill is effectively utilised and captured
into components and final evaluation of DSM outputs
terms of ‘real-world’ soil patterns).

WHERE TO NEXT – THE FUTURE OF DSM

References:

To date, DSM has produced fine resolution LRA and
associated products, typically focussing on continuous
soil attributes rather than soil types. DSM has also
incorporated uncertainties (as a measure of confidence
and probability) into map products and produced
raster-based outputs that can represent the gradual
changes of soil properties within landscapes (as
opposed to crisp polygon boundaries), i.e. “prettier”
maps. Some recent DSM projects have also been
reasonably high-profile, enabling and reinvigorating
funding and collection of new soil site information
that had been gradually declining over past decades.
DSM continues to evolve, with present development
heading into some exciting directions;

1. McBratney, A.B., M.L. Mendonça Santos, and B. Minasny, On
digital soil mapping. Geoderma, 2003. 117(1-2): p. 3-52.

•

•

2. Jenny, H., Factors of soil formation. 1941: McGraw-Hill Book
Company New York, NY.
3. McKenzie, N.J. and P.J. Ryan, Spatial prediction of soil
properties using environmental correlation. Geoderma, 1999.
89(1–2): p. 67-94.
4. Zinck, A., Soil survey: perspectives and strategies for the 21st
century. World Soil Resources Reports, FAO., 1995.
5. Basher, L., Is pedology dead and buried? Australian Journal of
Soil Research, 1997. 35(5): p. 979-994.
6. Robinson, N., et al., Recommendations for the Advancement
of Digital Soil Assessment in Australia. 2010.
7. Ahrens, R.J., et al., Digital soil mapping with limited data. 2008:
Springer.

Dynamic modelling, producing new products
8. Loveday, J. and R. Farquhar, The soils and some aspects of land
‘on-the-fly’ as new calibration and landscape use in the Burnie, Table Cape, and surrounding districts, Northdata is collected
West Tasmania. 1958, CSIRO: Melbourne : Division of Soils,
Better resolution and diagnostics through Commonwealth Scientific and Industrial Research Organization,
Australia.
improved explanatory data (such as Sentinel

40 | Soil Science Policy Journal | Profile | Issue 1, 2018

Classifying Australia’s Soil Resources
A major revision of the Australia Soil Classification
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Prepared for Soil Science Australia by: James Hall, Noel Schoknecht, Bernie Powell,
Ben Harms.
INTRODUCTION
Soils are complex, highly variable, and a key natural
resource that support life, provide food, as well
as providing many other essential environmental
services and product, such as being a storehouse
of environmental carbon and biodiversity. Soils
also require classification – just like other natural
entities – especially as an aid to communication and
understanding.
The Australian Soil Classification (ASC) is the
nationally accepted scheme for Australia and is
undergoing revision – as do all classification schemes
– to incorporate new knowledge, understanding and
uses.
The National Committee on Soil & Terrain (NCST)
– part of the COAG inter-governmental committee
system – oversees the ASC Working Group, an
expert group of soil scientists providing guidance on
improvements to the ASC.
The Working Group has recommended a major
revision of the ASC to incorporate a new Soil
Order – the highest level of organisation within the
classification – of which there are currently 14. The
new Order is the Arenosols, which will comprise deep
sandy soils (more than one metre of sand) and take
its place alongside existing Soil Orders such as the
Calcarosols, Chromosols, Hydrosols, Podosols and
Hydrosols. Arenosols are widespread across Australia,
and present significant challenges to land use and
management, as well as to broader environmental
management.
Soil complexity needs to be rationalised via a
classification system to aid communication; help
describe and codify the characteristics of soil
profiles as well as landscape mapping units; as an
aid to understanding land use and management
requirements, and as an input into environmental
modelling for uses varying from strategic land use
planning to climate change scenario modelling.

Figure 1 A proposed ‘Yellow Arenosol’ from the Western
Australian North Coastal Plain, supporting a lupin crop –
currently a Yellow-Orthic Tenosol. [Noel Schoknecht]

The Australian Soil Classification
The Australia Soil Classification (ASC) was developed
to simplify and improve the classification of Australia’s
soil resources – with the first edition published in
1996, followed by a revised edition in 2002, and a
second edition in 2016 (Isbell 1996, Isbell 2002, Isbell
& NCST 2016).
Prior to the ASC, several soil classification schemes
were in use in various parts of the country with no
single nationally accepted system. Many will be
familiar with earlier Australian systems: the ‘Great
Soil Groups’ (Stace et al. 1968) and the ‘Factual Key’
(Northcote 1979). The ASC has both built-upon and
improved-upon these older systems (as well as utilising
parts of other systems of classification such as US Soil
Taxonomy and the South African classification) and is
now the nationally accepted soil classification scheme.
It has proven to be a boon for soil scientists and others
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for better understanding and communicating about
soils within Australia.

Soil classification information is part of the National
Data Infrastructure

Databases containing site and spatial descriptions
utilising ASC classifications also form part of Australia’s
key data/information infrastructure – for example,
within the Australian Soil Resource Information
System (ASRIS), the Terrestrial Ecosystem Research
Network (TERN), and the various state and territoryThose with experience of using the ASC – who also based data systems (such as the SALI database in
have experience of other systems of soil classification Queensland, SALIS in NSW, and the State Land & Soil
– appreciate its straightforwardness, ease of use, Information Framework in South Australia).
applicability to Australian soils and conditions, and These site and spatial datasets can be utilised within
usefulness for a range of purposes across a range of agricultural, environmental, and climate change
disciplines (e.g. hydrology, ecology, climate science, modelling to answer key management and policy
agricultural land management, land use planning, questions, such as the prioritisation of issues for the
environmental carbon studies). It focuses on soil allocation of limited available public and private
characteristics that can be observed in the field, with resourcing.
minimal requirement for laboratory testing. And The process to support change
where such testing is required but not available,
estimates can be made to enable classification to As new knowledge is gained, new understanding
achieved, and new uses discovered, corresponding
proceed.
changes to all classification schemes are required.
Consequently, the National Committee on Soil &
Terrain (NCST) oversees the dedicated expert working
group that reports back on potential improvements to
the ASC. The wider soil science community—through
their professional body Soil Science Australia—are
also able to have their say on potential changes.
The ASC was first established by Ray Isbell of CSIRO
following an unprecedented level of consultation with
State and Territory land and soil mapping programs
– which were then active owing to funding arising
from the ‘Accelerated Program of Land Resource
Assessment’ in the ‘Decade of Landcare’ (1990–2000).

Figure 2 A aerial shot of red longitudinal sand dunes of the
Great Sandy Desert – part of the vast sand dune network of
Australia’s arid interior – also showing circular soaks in the
interdune swales. [Landgate WA]

The ASC Working Group relies on in-kind
contributions from experts from around Australia,
including Mark Imhof and David Rees (Victorian
Department of Economic Development, Jobs,
Transport & Resources), Ted Griffin (Western
Australian Department of Primary Industries &
Regional Development), Ben Harms (Queensland
Department of Environment & Science), Brian Lynch
(Northern Territory Department of Environment &
Natural Resources), David Morand (NSW Office of
Environment & Heritage), Dr Mark Thomas (CSIRO),
and specialist soil consultants Noel Schoknecht
(former Science Leader - Soils, Western Australian
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Government) and James Hall (former Principal Soil
Scientist, South Australian Government). The very
able Chair of the group is Bernie Powell, formerly a
Principal Scientist with the Queensland Government.

high wind erosion risk and often low agricultural
productivity levels. However, they can present benefits
as well, such as a deep potential rootzone, with most
soil water being available for extraction by plant roots,
and often high suitability for irrigation of deep-rooted
crops. Significant agricultural industries depend on
Arenosols.
Arenosols also support many diverse and important
natural habitats – with some of Australia’s most
biodiversity-rich habitats supported by these deep
sandy soils.

Figure 3 A proposed ‘Bleached Arenosol’ from South
Australia’s Upper South East, supporting a cereal crop and
showing ‘Argic’ layers at depth – currently a Bleached-Orthic
Tenosol. [SA Soil & Land Program SC Site MM099]

A proposed new Arenosol soil class at the highest level
of classification
The Working Group has recommended a major
revision of the ASC, which involves the creation of
a new Soil Order – the highest level of organisation
within the ASC – to be called the ‘Arenosols’.
(The Latin word ‘arena’ means ‘sand’ or ‘sand-strewn
place of combat’ – as the ancient Romans covered the
floor of the Colosseum and other arenas with sand to
absorb the blood produced by their human and animal
spectacles. So, the modern English word ‘arena’ is
derived from the Latin word for ‘sand’.)

Figure 4 A proposed ‘Calcareous Arenosol’ from South
Australia’s Mid North agricultural region – currently a Calcic
Calcarosol. [SA Soil & Land Program SC Site CU020]

Silica sand – a key, and often dominant, component
of many Arenosols – is mined; for example, at Cape
Flattery in Queensland, which is the largest silica sand
mine in the world and has the highest proportion of
indigenous workers of any Australian mine. Silica
sand is put to many uses with the best-known being
glass manufacture.

Arenosols are deep sandy soils that are more widespread
and extensive than of any of the other Soil Orders and
cover about 25% of Australia. Currently these soils The revised ASC will also enable classification of
are incorporated within the Rudosol, Calcarosol and mineral sands within the Arenosol Soil Order –
helping to pinpoint and map potential mineral sand
Tenosol Soil Orders.
resources.
In Western Australia and South Australia, and to a lesser
extent Victoria, Arenosols are widely used for dryland Shell sands – deep sandy soils dominantly composed
and irrigated agriculture, and across the whole of of sand-size particles of calcium carbonate derived
Australia they have distinct land use and management from shells and other aquatic skeletons – are mined at
requirements and issues – such as poor water and various sites across southern Australia as a source of
nutrient retention, often high soil acidification risk, lime for agricultural use to combat soil acidification.
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use and management. The continuing acidification,
and corresponding degradation, of many agricultural
sandy soils and adjacent water bodies, is a cause for
concern, funding and action. Moreover, the ASC will
align more closely with international classification
Moreover, the whitest beach in Australia, which is systems that include a dedicated soil order for the deep
composed of highly reflective silica sand grains, can be sands.
found at Lucky Bay in Cape Le Grand National Park For a range of complex reasons, the level of action and
effectiveness in understanding, benchmarking and
on Western Australia’s south coast.
classifying Australia’s soil resources has been limited
since the Decade of Landcare (1990–2000). In order
to improve the situation – as the soil management
challenges facing Australia are large, and there is
a clear need for much better information on soil
condition and trends – the NCST has advocated for
at least some renewal of the survey, monitoring and
complementary RD&E activities, and believes they are
essential. The NCST addressed this issue by preparing
a report for the National Soil RD&E Strategy outlining
the proposed Australian Soil Assessment Program.
While ‘Little Sahara’ – an extensive field of high, bare
and mobile jumbled sand dunes, also dominantly
composed of sand-size calcium carbonate grains
– is a key tourist attraction of the southern coast of
Kangaroo Island.

Figure 5 A severe ‘dust storm’ during the summer of 2011,
Dalwallinu, NE Wheatbelt, Western Australia – wind erosion
is a serious potential risk on deep sandy soils, especially in
dry years when vegetative cover can be poor. [WA Dept of
Agriculture & Food]

The Australian Soil Assessment Plan proposal provides
a comprehensive plan for re-engineering the national
soil information infrastructure so that it can provide
the required data and information to regularly assess
the condition of soils and their responses to land
management across Australia, as well as provide input
data for a range of other environmental monitoring
and modelling.

A workshop to be held at the National Soils Conference To underpin all these initiatives, a comprehensive
understanding of our soil resources is paramount, and
in Canberra
an improved ASC helps deliver this.
The ASC Working Group is still discussing – via vigorous
but respectful scientific debate – the finer details of the
Arenosol proposal, but the broad thrust of the changes References:
has been agreed upon. A workshop is to be held at Isbell RF (1996). The Australian Soil Classification. First Edition.
the Soil Science Australia ‘National Soils Conference’ CSIRO Publishing, Melbourne, Australia.
in Canberra in November (soilscienceconference. Isbell RF (2002). The Australian Soil Classification. Revised
org.au) to present the proposed changes and take on Edition. CSIRO Publishing, Melbourne, Australia.
board additional suggestions from the soil science
Isbell RF and The National Committee on Soil & Terrain (2016).
community. All are welcome to attend!
The Australian Soil Classification. Second Edition. CSIRO
Following this, there will be a period of extensive Publishing, Melbourne, Australia.
field testing before a final proposal is presented to the Northcote KH (1979). A Factual Key for the Recognition of
Australian Soils. 4th edition. Rellim Technical Publications,
NCST, with publication planned for late 2019.
What will this mean for Australia?

Glenside, South Australia.

Stace HCT, Hubble GD, Brewer R, Northcote KH, Sleeman

The National Soil Research, Development & Extension JR, Mulcahy MJ and Hallsworth EG (1968). A Handbook of
Strategy (https://soilstrategy.net.au) – ‘Securing Australian Soils. Rellim, Glenside, South Australia.
Australia’s soil for profitable industries and healthy
landscapes’ – and its five priorities will benefit from
an ASC (and corresponding site and spatial datasets)
that has greater focus on key productive soils, such
as the Arenosols, and the issues associated with their
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