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1 Abstract 
 
As an initial step for MLA to develop a Business Case and Investment Plan for soil-related research, 

development, extension, and adoption (RDE&A) projects to provide sustainability and productivity 

benefits for red meat producers, a scoping sǘǳŘȅ ǘƻ ƳŜŜǘ a[!Ωǎ ǊŜǉǳƛǊŜƳŜƴǘǎ ŀƴŘ ǘƻ ǊŜǾƛŜǿ 

previous studies, reports, literature, and other information was commissioned by the Soil CRC and 

produced by the South Australian Research and Development Institute, Federation University and 

NSW Department of Primary Industries. 

The review was extensive, covering outputs and outcomes from soil-related MLA investments over 

the past 10 years, significant changes in relevant soils based RDE&A over the past 10 years, regional 

soil constraints and opportunities, a review of international and national policies and frameworks, 

and several specific areas requiring more detail. 

A draft review was presented to MLA members on 11 April 2023. Feedback from MLA provided a 

final version of the review and a framework to guide MLA investment in soils. The framework had 

ŀƴ ƻǾŜǊŀǊŎƘƛƴƎ Ǝƻŀƭ ά¢ƻ ƳŀƴŀƎŜ ǎƻƛƭ ƘŜŀƭǘƘ ŀƴŘ ƛƳǇǊƻǾŜ ǊŜǎƛƭƛŜƴŎŜ ǘƻ ŎƭƛƳŀǘŜ events and impacts to 

ǎǳǇǇƻǊǘ ǘƘŜ ŦǳǘǳǊŜ ǇǊƻǎǇŜǊƛǘȅ ŀƴŘ ǎǳǎǘŀƛƴŀōƛƭƛǘȅ ƻŦ ǘƘŜ ǊŜŘ ƳŜŀǘ ƛƴŘǳǎǘǊȅέΦ 

The framework identified four key theme areas underpinning an enabling theme of soils extension 

and adoption. The four key theme areas are: 

¶ overcoming regional soil constraints, 

¶ optimising soil carbon storage and soil health, 

¶ managing soil impacts form extreme events, and  

¶ leveraging natural capital and marketing access. 

¢ƘŜ ŦƻǳǊ ǘƘŜƳŜǎ ƛƴ ǘƘŜ ŦǊŀƳŜǿƻǊƪ ŀƭǎƻ ǇǊƻǾƛŘŜ ǘƘŜ ŎƻƴǘŜȄǘ ǘƻ ƛƴŎƻǊǇƻǊŀǘŜ ǎǘŀǘŜƳŜƴǘǎ ƛƴ a[!Ωǎ 

future strategic plans to explicitly recognise the importance of soil to the future prosperity and 

sustainability of the red meat industry. 
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Executive Summary 
Meat and Livestock Australia (MLA) has commissioned a review on existing soil research, 

development, extension and adoption conducted by both the MLA and externally. This review will 

guide future investment priorities that will provide sustainability and productivity benefits for red 

meat producers. The review identifies past R, D, E and A and emerging areas of interest to inform 

future investment.  

{ƛƴŎŜ ƭƛǾŜǎǘƻŎƪ ŜƴǘŜǊǇǊƛǎŜǎ ŎƻǾŜǊ ƳƻǊŜ ǘƘŀƴ рл ǇŜǊ ŎŜƴǘ ƻŦ !ǳǎǘǊŀƭƛŀΩǎ ƭŀƴŘǎŎŀǇŜΣ ǘƘŜ a[! ƘŀǾŜ ŀ 

responsibility to prioritise soils. Additionally, since more than 60 percent of cattle are in rangelands 

systems, the review group ensured that rangelands were specifically sought out in terms or 

prioritising soil issues. 

In a review of MLA documents, the review team found that, while the MLA strategic plan did not 

explicitly mention soils, their importance was implicitly assumed. While there is no need to change 

the strategic direction of MLA to cater for soil needs, we recommend a[!Ωǎ ŦǳǘǳǊŜ ǎǘǊŀǘŜƎƛŎ Ǉƭŀƴǎ 

include a statement that specifically recognises the importance of soil to the future prosperity and 

sustainability of the red meat industry. The statement should include the role of soil metrics with 

reference to reporting obligations and future market access. Meat and Livestock Australia projects 

tracked closely with the broader publication of soil projects in the livestock sector. Specific 

recommendations were made to monitor progress on biological indicators and the soil 

microbiome. 

A review of external literature (Section 3) found that over the last ten years, interest had moved 

from single or a small group of indicators to multiple indicators. Defining soil health is difficult and 

indicators for soil health will change in different regions so there will be no universal soil indicator 

of soil health. Defining local soil health challenges and local soil management techniques should be 

a focus.  

The quality of data underlying maps for key soil types and soil constraints varies considerably from 

state to state (Section 4). While data is often dated, and new maps for some issues in some areas 

have not been updated for some decades, the latest spatial information available for soil issues and 

constraints are provided in Section 4. 

Extreme events (Section 5) are likely to increase in a changing climate, posing more challenges for 

the livestock industry. A review of the literature found that while resilient soils are preferable, a lot 

of factors contributing to resilience are inherent in the soils, and sometimes only few of those 

factors can be changed through management practices. A better understanding on permanent 

impacts of extreme events versus temporary impacts is needed, as recovery from these extreme 

events is often rapid.  

Soil carbon (Section 6), particularly in terms of carbon storage, is currently very popular. The 

benefits of accumulating soil carbon in terms of soil health and resilience should be promoted. 

Cycling of soil carbon is also important in a healthy soil and carbon will be moving in and out of 

healthy soils. However, care needs to be taken regarding measuring or modelling carbon storage 

and any subsequent selling of carbon credits. In terms of using carbon for trading and carbon 

neutrality, a robust verification system will be vital.  

Of all the sectors of the economy, agriculture is the most dependent on natural capital (Section 7). 

Natural capital is seen in two ways: natural capital accounting, and natural capital risk assessment. 
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There are significant natural capital risks and opportunities for farms. Some of these opportunities 

may come with productivity trade-offs. 

Soils are likely to be increasingly used in reporting and demanded by supply chains (Section 8). 

There are many international, European, and Australian soil initiatives which have the potential to 

impact or be used in future market access agreements and supply chain identification. While the 

red meat industry currently only aligns with the United Nations sustainability Development goals, 

there is potential to integrate with other frameworks. This integration will be complex and require 

significant thought. 

In terms of monitoring, extension, and adoption (Section 9), only 25-30 per cent of farmers 

regularly soil test, a figure that has remained stable for the past 20 years. Many farmers report 

using field observations rather than laboratory testing to assess soil health, and developing locally 

relevant soil health cards would work well to support this practice. The MLA already has a vast 

selection of soil health material on their Healthy Soils Hub and there is much more information 

available both in Australia and nationally. The Healthy Soils Hub is a high quality resource and the 

MLA should endeavour to maintain and expand this resource. Adoption or implementation of 

improved soil management practices on-farm has been relatively slow and can require strong 

economic, environmental, market or regulatory drivers. 

Remote sensing (Section 10) relies on a relatively small suite of sensors but has the potential to 

provide large amounts of useful spatial information if the data from the sensors can be well-

correlated with performance measures. In many cases for soil, remote sensing information is useful 

from bare ground only. Proximal sensors have the potential to supplement information from 

remote sensing, though are likely to be practicable only on smaller holdings.  

The information provided in this review was incorporated into a framework to guide investment by 

the MLA in soil issues (Figure i). The framework identified four key theme areas underpinning an 

enabling theme of soils extension and adoption. The four key theme areas are: 

¶ overcoming regional soil constraints, 

¶ optimising soil carbon storage and soil health, 

¶ managing soil impacts form extreme events, and  

¶ leveraging natural capital and marketing access. 
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Figure i. The MLA investment framework summary. 

 

Note: The Soil Carbon target needs to be reviewed for practical measurement and applicable scale. 

The target will demonstrate progress improving or maintaining attainable good soil carbon levels 

for the inherent soil properties, environmental conditions and best management practices. 

The four themes in the framework also provide the context to incorporate statements ƛƴ a[!Ωǎ 
future strategic plans to explicitly recognise the importance of soil to the future prosperity and 
sustainability of the red meat industry.   
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1 Introduction 

1.1 Background 

Soils are the basis for life on earth. Soil provides the habitat for a vast biodiversity and biomass of 

soil organisms, and stores most of the nutrients and retain the water that plants and soil organisms 

depend on to survive (Silver et al. 2021). Soil is increasingly being seen as a solution to 

environmental issues such as climate change, eutrophication and contamination of water, land 

degradation, and desertification (Lal 2008). The Australian beef industry is custodian to more than 

50 per cent of this naǘƛƻƴΩǎ ƭŀƴŘ Ƴŀǎǎ (MLA 2022). The services provided by soils in Australia are 

therefore more dependent on good management by livestock industries than any other group that 

manage soils.   

The last review on soil priorities conducted by MLA was a soil biology review and project 

prioritisation for the feedbase investment plan in 2013 (Hannam 2013). This review encompasses 

all aspects of soil and considers it within the context of the MLA strategic plan. This review 

continues from the last review, concentrating on the past ten years of work completed. 

MLA is seeking to develop an Investment Strategy for soil-related research, development, 

extension, and adoption (R, D, E & A) to guide future investment priorities that will provide 

sustainability and productivity benefits for red meat producers. The development of this 

conceptual framework will inform future priorities for soil investment and industry impact along 

the value chain. 

1.2 Objectives of review 

The objectives of this review are to: 

¶ Provide MLA with a review and the evidence base developed from published and grey 

literature, reports and other information for a clearer understanding of the current state of 

soil related R, D, E & A in relation to the livestock industry. 

¶ Deliver a scoping study that identifies livestock production and feedbase management 

options that should be pursued in the future to improve sustainability and productivity 

through enhanced soil performance. 

¶ Identify gaps in knowledge and test the recommended soil R, D, E & A priorities of 

relevance to red meat producers with MLA Managers through a workshop process that 

develops a Logic Framework and Investment Strategy. 

The sections are laid out with key points in a blue box at the beginning of the section. Information 

that we have wanted to highlight is in a green box. At the end of each section, there are broad 

recommendations that we have made. 
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Key points: 

¶ the MLA Strategic Plan aligns with Australian Government Science and Research priorities, 

Rural R, D, E & A priorities and the Red Meat 2030 Plan  

¶ soils are only explicitly mentioned in the strategy regarding new sources of revenue, and 

otherwise they are only implicitly assumed 

¶ care will need to be taken that soils are not just considered from an environmental 

perspective, but also when considering productivity, market access and grazing systems. 

2 MLA investment to date in soils  

2.1 MLA Strategic plan 

 

 

 

 

 

     

 

The MLA Strategic Plan 2025 (Anon 2020) has been written in the context of the broader red meat 

industry and national research and development priorities. The MLA 2025 Strategic Plan has six 

ƎǳƛŘƛƴƎ ǇǊƛƴŎƛǇƭŜǎ ǿƘƛŎƘ άǿƛƭƭ ƎǳƛŘŜ ŘŜƭƛǾŜǊȅ ƻŦ ǘƘŜ ǎǘǊŀǘŜƎȅ ŀƴŘ ǿƛƭƭ ŜƴǎǳǊŜ ƻǳǊ ǇƻǊǘŦƻƭƛƻ ƛǎ ŦƻŎǳǎǎŜŘ 

on deƭƛǾŜǊƛƴƎ ŀƴŘ ƳŀȄƛƳƛǎƛƴƎ ƛƳǇŀŎǘέΦ ¢ƘŜǎŜ ǎƛȄ ǇǊƛƴŎƛǇƭŜǎ ŀǊŜΥ 

¶ connecting the supply chain through alignment with Red Meat 2030 

¶ fƻŎǳǎƛƴƎ ƻƴ ŘŜƭƛǾŜǊƛƴƎ ƛƳǇŀŎǘ ǘƘǊƻǳƎƘ ΨŦŜǿŜǊΣ ōƛƎƎŜǊΣ ōƻƭŘŜǊΩ ǇǊƻƎǊŀƳǎ ƻŦ ǿƻǊƪ 

¶ maximising impact by connecting programs and R&D investments to customer, consumer 

and community insights and establishing clear adoption or extension pathways at inception 

¶ our investments contribute to a socially, environmentally and economically sustainable 

Australian red meat industry 

¶ taking a continuous improvement approach to the delivery of essential services 

¶ our strategy and programs undergo a constant cycle of review, refresh and inform that 

includes meaningful consultation with our stakeholders. 

There are a number of key performance indicators which could relate to soil although none 

specifically mention soil: 

¶ increased compliance to quality assurance and integrity systems 

¶ the number of producers deriving revenue from environmental services and/or natural 

capital trading markets has increased yearȤonȤyear 

¶ increased utilisation of data and evidence to inform productionȤled environmental 

outcomes 

¶ progress towards CN30 with improvement in carbon net position 

¶ significant contribution to improving preferential access to key markets and to a $1b 

reduction in technical trade barriers 

Alignment with the Red Meat 2030 plan (Red Meat Advisory Council 2019) priorities is central to 

the MLA Strategic plan. The six priorities within Red Meat 2030 are: 

¶ our people 

¶ our customers, consumers and communities 

¶ our livestock 

¶ our environment 

¶ our markets 
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¶ our system 

{ƻƛƭǎ ŀǊŜ ƳŜƴǘƛƻƴŜŘ ƛƴ wŜŘ aŜŀǘ нлол ƛƴ ǘƘŜ ŎƻƴǘŜȄǘ ƻŦ άŀŘǾŀƴŎƛƴƎ ǎǳǎǘŀƛƴŀōƛƭƛǘȅ ŦǊŀƳŜǿƻǊƪǎ ŀƴŘ 

ǎǳǇǇƻǊǘƛƴƎ ǘƘŜƛǊ ŀŘƻǇǘƛƻƴέ ŀƴŘ άƻǇǘƛƳƛǎƛƴƎ ŀƴƛƳŀƭ ǇǊƻŘǳŎǘƛƻƴ ŦƻǊ ǘƘŜ ŜƴǾƛǊƻƴƳŜƴǘ ŀƴŘ ǘƘŜ 

ƳŀǊƪŜǘέΦ ²ƘƛƭŜ ǘƘƛǎ Ƴŀȅ ǎŜŜƳ ƭƛƪŜ ŀ ǎŎŀƴǘ ƳŜƴǘƛƻƴ ƻŦ ǎƻƛƭǎΣ ǘƘŜȅ ŎƭŜŀǊƭy can fit within four of the six 

priorities: our livestock, our environment, our markets and our system.  

The Australian Government sets Science and Research priorities and Rural Research, Development 

and Extension (R, D, & E) priorities. Soil is explicitly named in both of these priorities. Soil and 

²ŀǘŜǊ ƛǎ ƻƴŜ ƻŦ ǘƘŜ ƴƛƴŜ {ŎƛŜƴŎŜ ŀƴŘ wŜǎŜŀǊŎƘ tǊƛƻǊƛǘƛŜǎΦ ά{oil, Water and managing Natural 

wŜǎƻǳǊŎŜǎέ ƛǎ ƻƴŜ ƻŦ ǘƘŜ ŦƻǳǊ wǳǊŀƭ w5ϧ9 ǇǊƛƻǊƛǘƛŜǎ ǿƛǘƘ ǘƘŜ ǎǘŀǘŜŘ Ǝƻŀƭ άǘƻ ƳŀƴŀƎŜ ǎƻƛƭ ƘŜŀƭǘƘΣ 

improve water use efficiency and certainty of supply, sustainably develop new production areas 

and improve resilience to climatŜ ŜǾŜƴǘǎ ŀƴŘ ƛƳǇŀŎǘǎέΦ 

DƛǾŜƴ ǘƘŜ ǎǘǊƻƴƎ ŦƻŎǳǎ ǇǊƻǾƛŘŜŘ ǘƘǊƻǳƎƘ ǘƘŜ !ǳǎǘǊŀƭƛŀƴ DƻǾŜǊƴƳŜƴǘΩǎ {ŎƛŜƴŎŜ ŀƴŘ wŜǎŜŀǊŎƘ 

tǊƛƻǊƛǘƛŜǎΣ ŀƴŘ ǘƘŜƛǊ w5ϧ9 tǊƛƻǊƛǘƛŜǎΣ ǘƘŜ ǊŜǾƛŜǿ ǘŜŀƳ ŦŜƭǘ ǿƘƛƭŜ ǎƻƛƭǎ ǿŜǊŜƴΩǘ ǎǇŜŎƛŦƛŎŀƭƭȅ ƳŜƴǘƛƻƴŜŘ 

in many areas of the MLA 2025 strategic plan ƻǘƘŜǊ ǘƘŀƴ Ψenabling new sources of revenueΩΣ ǘƘŜȅ 

were implicitly assumed, providing a reasonable framework on which to build integrated soil 

research programs. The MLA will need to be aware that soils are not just something to be 

addressed in environmental considerations but also to be considered in productivity, market access 

and grazing systems. 

 

2.2 MLA projects  

Key Points:  

¶ eighty-eight projects were selected based on measurement of soil indicators. 

¶ where soils were a key focus, grazing management projects were most common and 

included assessment of amendments such as alternative fertilisers, targeting fertiliser 

(especially phosphorus (P)) and lime applications to suit soil carrying capacity and 

effect on biomass production. 

¶ where soils were an incidental focus, there is often a broader view of the feedbase. 

Introduction of new legumes into farming systems, use of soil monitoring or remote 

sensing in digital agriculture, and P supplementation for animal health on P deficient 

soils (especially in the rangelands) were important. 

2.2.1 Analysis of soil related projects  

! ǎŜŀǊŎƘ ƻƴ ǘƘŜ a[! ǿŜōǎƛǘŜ ǳǎƛƴƎ ΨǎƻƛƭǎΩ ŀǎ ŀ ƪŜȅ ǿƻǊŘ ƛŘŜƴǘƛŦƛŜŘ уул ǊŜŎƻǊŘǎ ǘƘŀǘ ǿŀǎ ǊŜŦƛƴŜŘ ǘƻ 

431 records by filtering the search type as R&D. The records were collated into a spreadsheet and 

suitability determined if the project (i) measured or considered a single or multiple soil 

parameter/s and (ii) commenced post 20101.   

Eighty-eight projects were identified and further divided into:  

 
1 Project brief was to consider the last 10 years. 
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(i) those that had soil as a key focus of the project measuring several parameters, and 

those where soil was not the key focus but reported soil property as an incidental 

measure often soil type/texture, soil cover or estimate of soil moisture. 

(ii) MLA website areas.2 

(iii) Australian and New Zealand Standard Research Classification (ANZSRC)3 to enable an 

assessment of trends in soil research over time for projects. 

A summary of key trends is presented below, detailed tables are provided in Appendix 1 with a 

complete listing of projects in the MLA Soil Investment 2010-2028 spreadsheet.  

As expected, there were fluctuations in the number of projects funded each year (Figure ), with 

large peaks in years 2014, 2015 and 2022 for all projects and those where soil is a key focus. 

Interestingly there were a low number of projects (1) funded in 2020 where soil is a key focus 

compared to where soil has an incidental focus (12). Incidental projects completed during this time 

included environmental sustainability (greenhouse gas frameworks), producer adoption (forage 

systems) and animal health and welfare.  

 

Figure 2.1: Number of soil related projects to be completed between 2010 and 2028 in total (blue) and 
for those where soil is a key focus (orange). The dashed line denotes average number of samples for the 
18 year period. 

Where projects had a soil focus, grazing management projects were most common and included, 

assessment of amendments such as alternative fertilisers, targeting fertiliser (especially P) and lime 

applications to suit soil carrying capacity and effect on biomass production (  

 
2 MLA website areas included animal health and welfare, animal nutrition, capacity building, digital 
agriculture, environmental sustainability, feedbase, food safety and traceability, grazing land management, 
livestock production, processing productivity, producer adoption, producer demonstration sites. 
3 ANZSRC categories land capability and soil productivity, pedology and pedometrics, soil biology, soil 
chemistry and soil carbon sequestration, soil physics, other 
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Table 2.1). Producer demonstration sites are used to assess practice or application differences at 

the local scale. Where projects had soil as an incidental focus (soil was mentioned or often cursory 

assessment of the parameter) there is often a broader view. The feedbase, particularly introduction 

of new legumes into farming systems and use of soil monitoring or remote sensing in digital 

agriculture were important. 
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Table 2.1 Ranked MLA areas for projects where soil was a key or incidental focus based on the 
proportion of total samples. 

Rank Soil key focus Proportion Soil incidental focus Proportion 

1 Grazing land management 46% Feedbase 30% 

2 Environmental sustainability 15% Environmental sustainability 20% 

3 Feedbase 10% Producer adoption 13% 

4 Producer demonstration sites 10% Digital agriculture 9% 

 

The Australian and New Zealand Standard Research Classification (ANZSRC) enabled trends to be 

identified (Table 2.2, Appendix 1). Measurement of soil chemistry, where soil fertility was of 

interest for biomass production, was of high interest for both groups.  

For projects where soil was the key focus, biology, general fertility particularly P, and carbon were 

important, and recommendations often defined by and depended on soil texture. Where soil was 

an incidental focus, soil texture (often suitability for pasture species or selection of amendment on 

a sandy or clay soil) or moisture content (e.g. high or low). Soil cover for erosion control was 

mentioned for both groups.  

Projects with a biological measure were interested in a variety of issues including understanding 

the microbiome for drought resilience and pasture dieback, soil borne root diseases in the 

Southern region, rhizobia selection or establishment, and in the Northern region the potential of 

biocrusts to fix nitrogen (N) and unique use of soil microbes as a natural tick control for cattle 

(Probio-TICK). 

From 2019, there was a move away from measuring single soil parameters (e.g. chemistry or 

biology) and a move towards measuring multiple parameters, trying to unravel the complexity that 

comes with inherent or induced soil characteristics and the associated biological community.  

Table 2.1. Examination of ANZSRC categories identifying areas of interest where soil was a key or 
incidental focus based on the proportion of total samples. There were a number of projects that 
measured more than one soil parameter. 

ANZSRC Detail Soil key focus  
n=41 

Soil incidental focus  
n=47 

Chemistry Fertility 32% 26% 

  Carbon 27% 9% 

  Phosphorus 15% 2% 

  pH 2% 4% 

Physical Texture 17% 11% 

  Erosion 5% 4% 

  Moisture 2% 9% 

Biology   34% 13% 

 

2.2.2 Intensive and mixed farming zones 

Projects in the intensive and mixed farming zones focussed on improving production of pastures 

through selection of suitable species according to soil properties, fertility particularly N and P, 

application of amendments including lime to address acidification, overcoming soil constraints to 
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production and assessment of soil organic carbon (SOC) as an indicator of soil function and for 

greenhouse gas mitigation. 

2.2.3 Rangelands 

Projects in the rangelands focused on high level soil properties, soil cover for water movement and 

erosion, soil texture/type for suitability of introduction of legumes to improve forage. Specific areas 

were of interest such as P mapping to determine soil levels to improve animal health and 

productivity, constraints to production (sodicity), and soil carbon to mitigate greenhouse gases. 

Feed budgeting from remote sensing and refinement to map land types, land condition was also 

important. 

2.2.4 Project Highlights 

There are many notable projects with soil properties as a measured indicator and the three below 

are of interest for further discussion on how to improve skills and knowledge of healthy soils and 

pasture production, review of a novel process to manipulate methanotrophs to improve methane 

capture in soils and evaluating to use of biocrusts to fix N and improve pasture production and 

animal health in northern Australia.  

The Healthy Soils Project     
https://www.mla.com.au/globalassets/mla-corporate/extensions-training-and-

tools/documents/soil-poster_small.pdf 

L.FAP 1902, 2022 Southern Farming System 

The healthy soils package was developed as part of the Feedbase Adoption Plan and targeted at 

producers and advisors to use visual indicators to inform about the underlying soil condition, 

improve skills in soil assessment and identifying soil issues that are impacting pasture production.  

This project piloted the use of discussion groups and a variety of media posters, web-based 

information (booklet and learning module) and videos to build participant skills. It was reported 

ǘƘŀǘ ǘƘŜ ŘƛǎŎǳǎǎƛƻƴ ƎǊƻǳǇǎ ǿŜǊŜ ƴƻǘ ǘƘŜ ōŜǎǘ ŘŜƭƛǾŜǊȅ ƳŜǘƘƻŘ ǘƻ ƛƳǇǊƻǾŜ ǇǊƻŘǳŎŜǊǎΩ ǎƪƛƭƭǎ ƛƴ ǘƘƛǎ 

context. Sessions that built on knowledge and skills learnt in previous sessions were a key 

ingredient in producer skill development rather than having different guest speakers on standalone 

topics. Sessions that were designed to be as hands-on as possible were the most successful to build 

the skills in assessing different soil profiles and using appropriate tests (soil lab and field tests, plant 

tissue tests, check plant roots/nodules, assess ground cover, test strips) and ability to diagnose soil 

constraints. 

The discussion groups increased knowledge, but skill development needs a more targeted 

approach such as the delivery of smaller short course modules as a feeder course into PGS training 

packages. The suggested approach was two to three sessions of half day workshops related to soil 

assessment and management. They could concentrate on developing knowledge and less complex 

skills and be directed into the PGS pathway for more advanced skill development. Producers could 

choose modules, consisting of a two-hour inside training session, 1 hour field session to practice 

skills, half hour of dedicated discussion and half hour chat time (social interaction) which was 

deemed important for producers to share ideas and thoughts and strengthen the appeal of 

attendance. The modules created could add further value by being converted into online learning 

modules. Popular modules could be soil organic carbon, liming, waterlogging, nutrients, and soil 

biology all linking back to assessment of soil condition and improving pasture production. 

https://www.mla.com.au/research-and-development/reports/2022/the-healthy-soils-project/
https://www.mla.com.au/globalassets/mla-corporate/extensions-training-and-tools/documents/soil-poster_small.pdf
https://www.mla.com.au/globalassets/mla-corporate/extensions-training-and-tools/documents/soil-poster_small.pdf


 

18 
 

The visual poster and web information had high appeal for producers to identify their soil 

constraints affecting pasture production. There is a recommendation to simplify the five easy steps 

to P tool including simplifying the language and to include other macronutrients and soil 

constraints such as acidity and sodicity. 

Future research and recommendations were:  

¶ to develop updated information based on producer questions collated in the project 

for soil acidity and soil carbon. 

¶ for MLA to take an active role in promoting science backed soil management 

information and that conventional agriculture can create healthy soil systems that lead 

to highly productive pastures. 

¶ to present science-based facts in an easy to understand format. 

¶ to develop smaller, well-designed short course modules as feeder courses into PGS 

training packages with a complementary stand-alone training method to practice learnt 

skills and increase skill development. 

Biological-based or biological models for methane capture   
 
https://www.mla.com.au/globalassets/mla-corporate/research-and-development/final-
reports/2019/b.cch.2110-final-report-1.pdf 
 
B.CCH.2110, 2019 The Biomimicry Institute 

The project reviewed biological methods relating to methane sources or sinks in livestock grazing 

systems to inform producers on different agricultural practices that producers could adopt to 

improve soil and grassland health and increase methane (CH4) uptake. The largest anthropogenic 

source of methane in Australia is agriculture, releasing 3-5 Tg of methane per year largely from 

ruminants. In Australia, methane sinks are the troposphere (the lowest layer of the atmosphere of 

Earth) that removes approximately 12 teragrams per year (Tg/yr) of methane from the 

atmosphere, and soils via microbes are estimated to remove another 2 Tg/yr. Certain species of 

trees also have the potential to absorb methane from the atmosphere. 

Methanotrophs are bacteria that metabolise methane and act as a methane sink. Methanotrophs 

differ depending on the environmentΩǎ ƻȄȅƎŜƴ ŎƻƴŘƛǘƛƻƴǎ ŀƴŘ Ŏŀƴ ōŜ ŀŜǊƻōƛŎ ƻǊ ŀƴŀŜǊƻōƛŎΦ  

Methanogens are organisms that produce methane in hypoxic (little to no oxygen) conditions. They 

most commonly use carbon and hydrogen to make methane and water and are most commonly 

found in wetlands, landfills, rice paddies, and ruminant stomachs. 

Because the production and consumption of methane from soils occurs as a result of different 

microbial processes, controlling the factors that influence the growth of microorganisms may help 

to increase CH4 uptake and decrease CH4 output from the soil. These factors include precipitation, 

soil moisture, soil temperature, soil pH, nutrient availability, and fertiliser where best practice 

generally improves microbial activity and CH4 drawdown for methanotrophs. 

A recent review (Wang et al. 2022) determined that the greatest abundance of methane-oxidizing 

bacteria (methanotrophs) is in dryland soil with good aeration. About 82% of CH4 is absorbed and 

utilised by methane-oxidizing bacteria in the soil before being discharged into the atmosphere, and 

then enters the soil ecosystem. However, they did not recommend the use of methanotrophs as a 

feasible technology to control soil greenhouse gas emissions. 

https://www.mla.com.au/research-and-development/reports/2019/biological-based-or-biological-models-for-methane-capture/?_t_id=F8NIKP3goLEakIcpOMnzPg%3d%3d&_t_uuid=TzslVLmQRMCYfuRnuixrvg&_t_q=soil&_t_tags=language%3aen%2csiteid%3a4988ec6d-1845-4951-b859-a2586f428d99%2candquerymatch&_t_hit.id=Isobar_EpiServer_RDS_Domain_Models_PageTypes_FinalReportPage/_31fe0c15-699e-4767-8c88-827e486726d6_en-AU&_t_hit.pos=61
https://www.mla.com.au/globalassets/mla-corporate/research-and-development/final-reports/2019/b.cch.2110-final-report-1.pdf
https://www.mla.com.au/globalassets/mla-corporate/research-and-development/final-reports/2019/b.cch.2110-final-report-1.pdf
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Boosting natural regeneration of the nitrogen capital in grazing lands    
B.PAS.0502, 2019-2024 ς Rangelands, Northern Australia 

In extensive grazing systems in Northern Australia, it is difficult to affect pasture productivity, 

quality and animal performance through fertiliser due to the impracticalities and cost of 

application. This project is evaluating the potential of biological soil crusts (biocrusts) containing 

soil microbes to fix N in grazing lands to determine the impact of grazing, spelling, and fire practices 

on N capture by biocrusts and how it is recycled and made available to plants. The project will 

develop insight into the potential of biocrusts to improve pasture production, build SOC stores, and 

how management methods (fire, stocking and spelling) affect biocrust formation with added 

environmental (soil stability) outcomes. 

The project will create N-smart management strategies and is linked to international efforts on soil 

carbon sequestration, and in conjunction with Smart SAT-CRC, is appointing a PhD student to 

include on ground management of soil health through integration of proximal and remote sensing 

platforms. 

2.3 Recommendations 

¶ Monitor and provide information for producers and industry for biological parameters once 

the most suitable indicators to measure sustained change are assessed and understood.  

¶ Monitor work on understanding the soil microbiome and its effects on soil health. Provide 

information and monitoring when more information is available. 

¶ LƴŎƭǳŘŜ ŀ ǎǘŀǘŜƳŜƴǘ ǘƻ a[!Ωǎ ŦǳǘǳǊŜ ǎǘǊŀǘŜƎƛŎ Ǉƭŀƴǎ ǘƘŀǘ ǎǇŜŎƛŦƛŎŀƭƭȅ ǊŜŎƻƎƴƛǎŜǎ ǘƘŜ 

importance of soil and the role of soil metrics to the future prosperity and sustainability of 

the red meat industry, including reporting obligations and future market access. 

  

https://www.mla.com.au/research-and-development/reports/2021/boosting-natural-regeneration-of-the-nitrogen-capital-in-grazing-lands/?_t_id=ZmAtbCIXziFULLLIANKD3w%3d%3d&_t_uuid=LtCQybBeQhO3cHhlKN4q2Q&_t_q=Soil&_t_tags=language%3aen%2csiteid%3a4988ec6d-1845-4951-b859-a2586f428d99%2candquerymatch&_t_hit.id=Isobar_EpiServer_RDS_Domain_Models_PageTypes_FinalReportPage/_91b501d8-5835-42e4-8f5f-4ae9a2e3705b_en-AU&_t_hit.pos=65
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3 Scan of literature  
We searched using keywords and scanned the literature for recent publications related to soil 

properties and grazing management. Review papers, special issues of Australian journals, and grey 

literature of R, D, E, & A programs were assessed. 

3.1 Analysis of soil related projects 

Key Points: 

¶ in the last 10 years, there has been a change of focus in the scientific literature from 

largely measuring soil indicators from one maybe two of the ANZSRC categories e.g. 

chemical, physical biological to including indicators from all three categories  

¶ in the last 5 years, there has been an abundance of review and discussion papers 

defining what soil health is but not a huge consensus on what should be measured. 

¶ regenerative agriculture is discussed initially with a focus on soil carbon storage but not 

as many in recent years 

¶ sƻƛƭ ƘŜŀƭǘƘ ƛǎ ŀ ŎƻƴŎŜǇǘ ƻŦ ŎŀǇŀŎƛǘȅΦ ²Ŝ ƳŜŀǎǳǊŜ ŀ ǎƻƛƭΩǎ ŀōƛƭƛǘȅ ǘƻ ŦǳƴŎǘƛƻƴ ŎƻƳǇŀǊŜŘ ǘƻ 

a reference state or standard.  

¶ in agriculture, we ask more from our soils than natural systems, so it is not effective to 

compare soil indicators to undisturbed native vegetation sites. 

¶ relevant soil health indicators will change with location, soil type and management 

system. 

¶ as soil and environment change across a landscape, so should the references used for 

comparison. A soil's health is best evaluated against a local reference with similar 

capacity. 

¶ it is difficult to have a universal soil health index as factors that developed the soil and 

climate cause variations in the chemical, physical and biological soil properties across 

the landscape. 

 

A search of Soil Research (an Australian based journal) and Google Scholar ǳǎƛƴƎ ƪŜȅǿƻǊŘǎ ΨǎƻƛƭǎΩ 

!b5 ΨƎǊŀȊƛƴƎΩ ƛŘŜƴǘƛŦƛŜŘ ƻǾŜǊ олΣллл records during the last 10 years. On review, 119 records were 

compiled with suitability determined by publications that had a key focus on one or a combination 

of soil properties, soil health, soil management and grazing and/or pastures. Similar to the analysis 

of MLA projects in S2.2, records were collated into a spreadsheet and the Australian and New 

Zealand Standard Research Classification (ANZSRC)4 assigned to identify trends in soils and grazing 

research over time.  

A summary of key trends is presented below with a complete listing of projects in the spreadsheet 

Ψ{Ŏŀƴ ƻŦ bƻƴ a[! ǎƻƛƭǎ ŀƴŘ ƎǊŀȊƛƴƎ ǇǳōƭƛŎŀǘƛƻƴǎΩ: 

¶ single measurement of soil factors has declined, except for biology that had a number 

of papers investigating role of macroinvertebrates in a healthy soil (Figure). 

¶ there has been a change of focus in the scientific literature in the last 10 years, from 

largely measuring soil indicators from one maybe two of the ANZSRC categories e.g. 

chemical, physical biological to including indicators from all three categories and often 

 
4 ANZSRC categories land capability and soil productivity, pedology and pedometrics, soil biology, soil 
chemistry and soil carbon sequestration, soil physics, other  
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trying to understand these from a land capacity and/or productivity point of view 

(Figure  and Figure ).  

¶ in the last 5 years there has been a marked decrease in the number of publications 

with a major focus on soil carbon stocks with an increase in combined chemical, 

physical and biological indicators (Figure 3.3). Soil carbon is still measured but soil 

function assessment is as, if not more, important than the greenhouse gas mitigation 

aspect. This is largely due to heightened discussions on soil health since 2018 and a 

broader recognition of the multi-functionality of soils.  

¶ a large proportion of publications were global reviews, discussion papers or meta-

analysis of data predominantly on soil health indicators (Table 3.1). There was a spread 

of publications from Australia, New Zealand, North and South America, Asia 

(predominantly China), Europe and Africa. The highest proportion (25%) of publications 

were from Australia, 5% were from the Rangelands and 80% of Australian papers 

assessed were published in Soil Research, an international peer-reviewed scientific 

journal published by CSIRO Publishing. Interestingly 10% of publications were from USA 

and none were published in Soil Research. 

 

Figure 3.1. The number of publications sorted by the ANZSRC classification between 2014 and 2023. Note 
classifications with 1 publication are not displayed. 

Figure 3.2. Comparison of the number of publications sorted by the ANZSRC classification between 0-5 years 
(2019-2023) and 6-10 years (2014-2018). 
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Figure 3.3. Number of publications for key ANZSRC categories by year to highlight change over time. 

Table 3.1. Number of publications reported by Continent.  

Continent Number Comments 

Global 24 Global reviews or meta-analysis 

Australia 27 5% from the Rangelands, 80% are published in Soil Research 

New Zealand 16 100% published in Soil Research 

North America 15 10% (of total number) from USA, mostly published in other 
locations, not Soil Research. 
Also includes Canada and Mexico 

Asia 7 6% (of total number) from China 

Europe 7 Ireland, Spain 

South America 5 Brazil, Uruguay 

Africa 1  

Total 102 Publications with data allocated to Continent 
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3.2 So what does this all mean? 

At a broad level, soil health assessment determines soil functions that relate to multiple important 

ecosystem services, including environmental protection (e.g. water and air quality, prevention of 

erosion), production of food and fibre (e.g. storing and cycling nutrients), climate and greenhouse 

gas regulation, biodiversity and human health.  

In this report, we are largely considering agricultural soil health as it relates to the ecosystem 

services of food and fibre production, water supply and regulation, nutrient cycling, biodiversity 

and carbon cycling and climate mitigation. However, quantification of soil health is still dominated 

by chemical indicators, even if there is growing awareness and appreciation of biological measures. 

This shift largely comes from a focus on plant production, and that whilst an important 

agroecosystem measure, it is only one of many ecosystem services. 

 

 

3.2.1 Soil Health and Sustainability 

 

Definitions and contemplations 

Soil health is the continued capacity of soil to function as a vital living ecosystem that sustains 

plants, animals and humans, and connects agricultural and soil science to policy, stakeholder needs 

and sustainable supply-chain management (Lehmann et al. 2020). 

Agricultural sustainability is defined as the ability of a food and fibre production system to 

continuously produce without environmental degradation. 

Regenerative agriculture is both an attitude and a suite of practices that is stated to restore and 

maintain soil health and fertility, support biodiversity, protect watersheds, and improve ecological 

and economic resilience. It is often at the centre of discussion around soil health as soil is at the 

heart of all decisions made on-farm. The five core principles are to minimise soil disturbance, keep 

soil covered, maximise living roots year-round, maximise crop diversity and integrate livestock and 

align with sustainable agriculture principles that are already adopted by many producers. However, 

there is another principle regarding synthetic chemicals that depending on groups or countries, 

ƳƻǾŜǎ ŦǊƻƳ ŀ ΨƭƛƳƛǘ ǘƘŜ ǳǎŜ ƻŦΩ ǘƻ ΨŀǇǇƭȅ ƴƻΩ ǎȅƴǘƘŜǘƛŎ ŎƘŜƳƛŎŀƭǎΦ ¢Ƙƛǎ ǇǊƛƴŎƛǇƭŜ ƛǎ ƻŦǘŜƴ ǘƘŜ ƻƴŜ ǘƘŀǘ 

polarises producers to identify or not identify with regenerative agriculture. 

Inherent soil properties include texture, depth, clay type, gravel and are hard to change through 

management. 

Managed soil properties are dynamic and include soil nutrients including N and P, soil organic 

matter, biological activity and bulk density. 
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There is a lot of discussion around soil health, what are the most appropriate indicators to use and how 

to consistently measure them. More importantly, there is a drive to use soil health indicators and 

indices in environmental and natural capital reporting. 

Natural soil is a living ecosystem and can therefore be healthy or unhealthy. The health of a soil reflects 

its capacity to function and provide desirable ecosystem services. Healthy soil is the foundation of 

sustainable agriculture and can be deteriorated by improper land use and management practices (Guo 

2021). 

Not all soils can provide all ecosystem services equally nor simultaneously. There are often trade-offs 

between food and fibre production and other ecosystem services in agricultural soils (Norris et al. 

2020). Due to how soils are formed, their chemical, physical and biological properties vary across the 

landscape. The inherent soil properties (texture and parent material) and location (climatic parameters) 

largely determine the soils capacity to function (food and fibre production, water cycling, nutrient 

cycling, biodiversity, greenhouse gas mitigation). In effect, sands generally have lower capacity than 

loams to clays, as do soils in low rainfall environments compared to high rainfall environments. 

Management systems (e.g. intensive or extensive grazing) and applied practices impact the soil health 

that is measured.  

As so many factors influence soil function, a soil's health is best evaluated against a local reference with 

similar capacity. An agricultural soil in the Queensland rangelands will be very different from a high 

rainfall soil in Victoria but both could be classified as healthy if using local references.  

This variability makes it difficult to have one set of indicators to measure soil health and the reason for 

so much debate and a challenge for scientists to determine reliable and robust measures for producers 

and policymakers that promote soil health for agricultural and environmental sustainability across the 

landscape (Norris et al. 2020). 

To be useful as a soil health indicator (Figure), a parameter needs to satisfy several criteria. It needs to 

be (i) relevant to soil health, its ecosystem functions and services, (ii) sensitive ς able to detect change 

quickly and able to distinguish between seasonal fluctuations, (iii) cheap, practical and short turn-

around and (iv) informative for management (Lehmann et al. 2020).  

{ƻƛƭ ǘŜȄǘǳǊŜ ŀƴŘ ŘŜǇǘƘΣ ǿƘƛƭǎǘ ŦŀƭƭƛƴƎ ƻǳǘǎƛŘŜ ƻŦ ǘƘŜ ΨǳǎŜŦǳƭΩ ƛƴŘƛŎŀǘƻǊǎΣ ŀǊŜ ōƻǘƘ ŜǎǎŜƴǘƛŀƭ ǘƻ ǇǊƻǾƛŘŜ ǘƘŜ 

context to the measured parameters and can be used to identify the soils potential or capacity 

(Lehmann et al. 2020).  

Guo (2021) summarised soil health indicators as identified by the Soil Health Institute in the USA (Table 

3.2; National Soil Health Measurements to Accelerate Agricultural Transformation - Soil Health 

Institute). At a local scale, soil health indicators can be used to monitor change over time. Furthermore, 

there needs to be a consistency in the selected test or method used for comparison to ensure data is 

accurate and comparable. 

 

 

άwŜǎŜŀǊŎƘŜǊǎ ǎƘƻǳƭŘ ŜƳōǊŀŎŜ ǎƻƛƭ ƘŜŀƭǘƘ ŀǎ ŀƴ ƻǾŜǊŀǊŎƘƛƴƎ ǇǊƛƴŎƛǇƭŜ ǘƻ ǿƘƛŎƘ ǘƻ ŎƻƴǘǊƛōǳǘŜ 

knowledge, rather than as only a property to measure. In this way, soil health could become better 

established as a scientific field to which many disciplines can coƴǘǊƛōǳǘŜΦέ (Lehmann et al. 2020). 

https://soilhealthinstitute.org/news-events/national-soil-health-measurements-accelerate-agricultural-transformation/
https://soilhealthinstitute.org/news-events/national-soil-health-measurements-accelerate-agricultural-transformation/
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Figure 3.4: Soil health indicators and relevance to assessment ς extracted from (Lehmann et al. 2020). 

 

Table 3.2: Different tiers of soil health indicators as shown by Guo (2021). 
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3.2.1.1 Is a score card or single soil health index approach useful? 

As there is a multitude of soil-health indicators, a desire exists among some scientists and stakeholders 

to integrate them into one single test score (an index). However, Lehmann et al. (2020) found only 5 

single indices in over 500 studies, with the greatest difficulty in developing a single score for broad 

scale reporting being the overriding influence of climate, soil and mangement system on indicators.  

This difficulty to generally apply a single indicator means that different indictors should be used in 

different systems. A weighting factor would need to be applied to each indicator to enable creation of a 

single score so there is a balance between the chemical, physical and biologal components. However, 

the balance would be defined by what the key focus of soil health assessment is for plant production 

(more chemical), water health (more physical), biodiversity (more biological) and climate (more physical 

and biological). 

Lehmann et al. (2020) suggest that the development of soil-health-quantification standards should be 

spearheaded by governmental or intergovernmental organisations such as the Global Soil Partnership. 

International standards need to be developed for suitable indicators, analytical or visual methods and 

weighting factors to develop a single soil health index. This considered and comprehensive soil health 

index should then be referenced by local, regional or national jurisdictions and organisations to guide 

decisions that impact soil and its functions to benefit sustainability goals.  
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3.2.2 Generalised Effect of Grazing on Soil Properties 

 

Key Points 

Grazing can affect the soil by changes to:  

¶ fertility, through biomass removal and redistribution of nutrients via manure.  

¶ physical properties, through trampling that affects the soil density and pores spaces and 

thus water movement and availability, and through removal of aboveground biomass that 

encourages pasture root growth and production of exudates. 

¶ biological properties, largely as a result of physical changes affecting shelter and chemistry 

which in turn affect food source and nutrients for soil microbial activity and function. 

 

A number of meta-analyses in recent years have investigated the effect of grazing intensity on soil 

health (Byrnes et al. 2018, Lai and Kumar 2020, Tobin et al. 2020, Zhan et al. 2020). Similar findings 

are reported that grazing: 

¶ does not negatively affect the majority of soil properties studied except those listed below. 

¶ increases soil compaction (bulk density) in moderate and high intensity compared to no or 

light grazing. 

¶ at a high intensity decreases soil water storage, nitrate and SOC concentration, and 

microbial biomass C. 

¶ at a moderate intensity can increase root biomass compared to light and high intensity. 

¶ at a light intensity increases SOC and ammonium. 

¶ at a reduced intensity through rotation or moving from high to moderate intensity can 

improve SOC, bulk density and microbial activity. 

¶ cattle had higher impact than sheep. 

The next sections examine in greater detail the effect of grazing in Australian systems for the 

Intensive and Mixed farming zones and Rangelands. 
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3.3 Intensive and mixed farming zones 

 

Key Points: 

¶ addition of cover crops and good grazing management to cropping systems can improve 

soil organic carbon, carbon fractions, bulk density and water infiltration at some sites and 

depths but will depend on site specific factors. 

¶ correct soil sampling technique, selection of appropriate soil indictors and analytical or 

observational method is critical for successful interpretation of results. 

¶ good pasture soil standards for phosphorus, potassium and sulphur. 

¶ soils under dairy and cropping are likely to have adequate P whilst those grazed for meat 

and wool production are likely to be deficient in P. 

¶ surface and subsurface acidity are becoming an increasing problem. Regular and more 

refined monitoring is required and if necessary, liming programs need to be established. 

¶ little evidence for a positive change in SOC stocks where management (e.g. rotational, 

regenerative) has been changed in existing livestock systems and could be due to a number 

of reasons. 

¶ fires are an inescapable part of Australian systems and contribute carbon in the form of 

charcoal to the soil. Charcoal is now commonly estimated by MIR spectroscopy as 

recalcitrant organic carbon (ROC) or pyrogenic organic carbon (PyOC).  

¶ pasture growth responses to the addition of organic or microbial amendments can be 

variable and often occur where a soil constraint has been addressed e.g. plant nutrients, 

organic matter or plant growth substances.  

 

3.3.1 Soil fertility  

Gourley et al. (2019) conducted a meta-analysis of data from a large number of sites and 

established fertility benchmark ranges for P, potassium, and sulphur in pasture soils. These fertility 

benchmarks provide a basis of national standards for soil test interpretation and fertiliser 

recommendations for the grazing industry. Guidelines do exist for other nutrients derived from 

research undertaken for certain soils or plants (Peverill et al. 1999, Brennan et al. 2019). Efforts to 

understand and refine fertility management continues through field measurements, modelling, and 

isotopic and spectroscopic studies including P use efficiency. A common discrepancy which persists 

in some sectors of the industry is how to interpret soil test results. While not in the last 10 years, 

the messages of Kopittke and Menzies (2007) and Menzies et al. (2011) still hold, that while 

ǇǳǊǎǳƛƴƎ ŀƴ ΨƛŘŜŀƭΩ Ǌŀǘƛƻ Ŏŀƴ ōŜ ǇǊƻŘǳŎǘƛǾŜΣ ŘƻƛƴƎ ǎƻ ƛǎ ƎŜƴŜǊŀƭƭȅ ŀ ƳƻǊŜ ŜȄǇŜƴǎƛǾŜ ŀƴŘ ƛƴŜŦŦƛŎƛŜƴǘ 

means of reaching the same goal as reaching a sufficiency level. 

Plants take up nutrients in inorganic forms, regardless of whether the nutrients may have been 

applied or cycled as inorganic ions or been applied as organic materials that have been mineralised 

to inorganic forms. There are close beneficial interactions between plants and the soil biological 

community, interactions that continue to be discovered (Coonan et al. 2020; Hermans et al. 2020; 

Majdura et al. 2023). The lack of established general benchmarks for most of the essential 

nutrients, and the interest around alternative sources and systems, invites trialling products and 

rates. Such trials may be the use of common ameliorants such as manufactured fertilisers, lime, 
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gypsum, or a growing number of products such as composts, microbials, humic teas etc (Edmeades 

2011). The utility of various products in grazing systems in southern NSW was assessed recently 

over a six-year trial where P was a limiting factor by Leech et al. (2019). They applied the products 

as recommended commercially and found that those applications with substantial quantities of P 

resulted in significantly higher pasture growth and clover content, of which superphosphate 

provided the most effective source of P, a finding generally consistent with Edmeades (2002). 

While Leech et al. (2019) observed large differences in pasture growth between their treatments, 

there was no major effect of the on soil microbial community structure, particularly where P or 

other factors such as acidity was still limiting. Which microbial indicators may be actually useful to 

assess soil health is an ongoing area of investigation (Fierer et al. 2021). 

Crawfordet al. (2020) assessed soil fertility and pH across 234 paddocks in East Gippsland and 

found that many paddocks are now strongly or very strongly acidic and deficient in molybdenum 

(Mo) and boron (B). They identified that dairying and cropping are more likely to have adequate P 

but those grazed for meat and wool are likely to be deficient in P. These findings are in broad 

agreement with McKenzie et al (2017), who reported that induced acidity and the application of P 

and N fertiliser generally reflect the intensity of production, but other nutrients can be lacking, and 

nutrient mining still occurs where native fertility supports production. 

All agricultural production systems acidify soil through the application of N based inputs (including 

fertilisers, legumes or manures) or elemental S, and redistribution or export of product. Low soil pH 

reduces the availability of nutrients for plant growth, can increase aluminium in the soil solution 

that is toxic and can impair root growth, and detrimentally affects nodulation of Rhizobia in most 

pulses. Surface and subsurface acidity are becoming an increasing problem and regular monitoring 

is required and if necessary, liming programs need to be established. Precision soil pH mapping 

offers an alternative to traditional paddock or zone sampling and provides detailed information on 

soil pH zones and recommended liming rates (e.g. https://acidsoilssa.com.au/). There needs to be 

refinement of the sampling technique for successful use in pastures due to artefacts of practices 

emerging to the cropping and pasture phases. Increasingly high-performance cropping phases have 

accelerated the development of stratified acidification in the rootzone (Condon et al. 2021). 

Meanwhile, decreased tillage in the cropping phase or the absence of the disturbance has led to 

alkaline residue at the surface (B. Hughes, pers comm). Without refined sampling these artefacts 

can lead to misleading results. 

Correct soil sampling so as to provide sensible information from laboratory testing is still very 

important. It is important to remove natural variability of soil properties as much as possible at the 

source, during sampling, so references to benchmarks for relative yield or expected responses to 

fertiliser can be done reliably (Gourley et al. 2019). The basic importance of correct sampling for 

fertility assessment is not new (Colwell 1971, Webster and Butler 1976), but its importance has 

been reiterated recently to ensure the industry provides reliable guidance to producers (Webster 

2011, Gourley and Weaver 2019, Schut and Giller 2020, Singh and Whelan 2020, Hayeset al. 2022). 

3.3.2 Grazing 

Tobin et al. (2020) investigated the short-term impacts (1-2 years) of implementing good grazing 

management (40% - 60% biomass removal) and adding cover crops to cropping systems and found, 

at some sites and depths, a positive effect on total SOC and fractions, bulk density and water 

infiltration rate. Site specific properties such as soil type, mineralogy, climate, and inputs would 

affect the results as would the starting SOC and fertility levels. 

https://acidsoilssa.com.au/
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The majority of studies assessing a change in grazing management (e.g. rotational, regenerative) in 

existing livestock systems have found changes to pasture productivity but no significant change to 

SOC stocks (Sanderman et al. 2015). This could reflect the short-time frame in which projects were 

assessed (often 1-3 years), the limitation of adjacent paddock or farm comparisons, or that many 

pasture soils are near their SOC capacity, or are limited by other factors such as nutrients, rainfall, 

biomass inputs etc. or have reached equilibrium with the microbial community. These interactions 

will be discussed in Section 6. 

Capturing and utilising soil moisture is important for productivity in grazing systems, particularly 

with the decrease in southern rainfall being observed and expected with climate change (CSIRO 

and BoM 2018). Selection of pasture types, be they legumes, native grasses or shrubs, tropical or 

temperate grasses, or forage crops, influences infiltration and water use efficiency through the 

effective groundcover they provide, their effective rootzone, and the timing of growth (Murphy et 

al. 2017, Murphy et al. 2019). Species selection, adequate fertility management, and flexibility 

around grazing management can be used to manage grazing systems with variable rainfall patterns 

(Badgery et al. 2017, Boschma,  et al. 2017, Murphy et al. 2017, Hayes et al. 2019, Murphy et al. 

2019). 

3.3.3 Effects of fire on soil  

The legacy of historic fire on soils is evident in visible charcoal in soil profiles (Badgery et al. 2014). 

The hotter a burn, and the longer burn time, the greater the effect on soil properties, including SOC 

combustion (Santin and Doerr 2019). The effects of different fire intensities were reviewed after 

the Warrumbungles fire in 2013 by Tulau et al. (2019) and is being undertaken post the 2019-2020 

fires (Purdie et al. unpublished), and in a cultural burn across NSW from the SE rangelands, south 

coast and northern tablelands (M. Tulau, pers comm). The abundance of charcoal is commonly 

estimated by MIR spectroscopy as ROC, or more recently termed PyOC (Lutfalla et al. 2017, Tulau 

et al. 2020). 

3.3.4 Effects of organic and microbial products  

There is a burgeoning industry in organic and microbially based soil amendments (e.g. manures, 

composts, humic products, microbial teas etc) to improve pasture productivity. A number of trials 

and reviews have been conducted across Australia and New Zealand and have found varied pasture 

response. A positive pasture response often occurs where a constraint has been overcome ς for 

example, provision of depleted nutrient/s or response to changed soil conditions resulting from 

physical incorporation of the product into the soil. Little to no plant response often occurs in soils 

with few production constraints (e.g. good fertility, soil structure and biological activity) or where 

the product does not contain sufficient concentrations of plant nutrients, organic matter or plant 

growth substances ((Edmeades 2002).  

Despite differences in pasture production with the addition of products, there are often no 

significant changes to the microbial community structure reported ((Leech et al. 2019). Short term 

microbiome changes could be expected with change/s to food provided, soil structure and water 

availability. So, in effect the microbiome is highly dynamic in response to its environment so 

changes to the structure and function of the soil microbiome would occur over short periods, but 

over longer timeframes (months to years) would be self-regulated and dependant on the functions 

required to address the change in the soil.  
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3.4 Rangelands  

 

Key Points: 

¶ rangeland soils are commonly more alkaline, more saline and have less leaching of 

nutrients than higher rainfall areas 

¶ pasture benchmarks have limited applicability due to the uneconomic prospect of applying 

fertilisers 

¶ where P is a key limiting factor of livestock productivity it is more effectively supplied 

through direct animal supplementation than application of fertiliser through the soil 

¶ the use of remote sensing data combined with field data for vegetation condition and 

cover, rainfall and fire history used to recommend adjustments to livestock grazing number 

to avoid degradation in Western Australia could be applied more broadly 

¶ soil erosion is an area of key research for soil conservation, redistribution of soil carbon, 

ǘƘŜ ǊƻƭŜ ƻŦ ŎǊǳǎǘǎ ǘƻ ǎǘŀōƛƭƛǎŜ ǎƻƛƭΣ ǊŜƘŀōƛƭƛǘŀǘƛƻƴ ƻŦ ΨǎŎŀƭŘŜŘΩ ŀǊŜŀǎ ǘƻ ƛƳǇǊƻǾŜ Ǉƭŀƴǘ 

establishment and water infiltration, and for the protection of significant assets such the 

Great Barrier Reef 

¶ grazing management focusses on long-term carrying capacity of livestock numbers to 

minimise soil erosion and sustain the pasture 

¶ links between concentration of soil carbon stock and tree density and surface litter in the 

Darling Riverine Plains and the Cobar Pedeplain in NSW 

¶ early season burns may be an order of magnitude cooler than late season burns. Fire 

intensity and the effect on soil may change due to future climate scenarios. 

 

Rangelands cover approximately 80% of Australia and are characterised by rainfall too low or 

irregular to generally support cropping 

(https://www.dcceew.gov.au/environment/land/rangelands/acris) as well as challenging the 

management of grazing systems (Stone et al. 2021). Characteristic features of the relatively low 

rainfall results in soils that are commonly more alkaline, and often more saline, in the profile (see 

Section 4). There were 115 publications identified for grazing Rangeland soils in the last 10 years. 

Below are topics with relevant recent research.  

 

3.4.1 Soil fertility  

The benchmarks developed for P, K, and S in pasture soils (Gourley et al. 2019) have limited 

applicability due to the uneconomic prospect of applying fertilisers. A key limiting factor of 

livestock productivity in large parts of the northern rangelands is P deficiency, which can be more 

effectively supplied in the extensive systems through direct animal supplementation than via 

fertilisers applied to soil (Bowen, Chudleigh et al. 2020, Dixon et al. 2020, Schatz et al. 2023).  

The limited leaching of the rangelands soils does mean that nutrients are not as naturally depleted 

as in higher rainfall areas, though their solubility, for example P, may be limited by high soil pH 

(Andersson et al. 2016). Little soil testing is routinely undertaken in the rangelands, though doing 

so would be a useful guide as for producers to understand where they sit in relation to level of 

nutrient excess or depletion (McKenzie et al 2017). Accurate sampling would again be important 
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(Gourley et al. 2019, Gourley and Weaver 2019), as will selecting the appropriate test for the 

conditions (Speirs et al. 2013, Gourley et al. 2019). 

Soil organic matter and soil carbon is a common topic that crosses over research of other soil 

attributes and management practices and will be addressed separately in Section 6. 

3.4.2 Soil erosion  

The condition of pastoral rangelands at a regional level in Western Australia is summarised 

annually in the pastoral rangeland condition and trend reports (Department of Primary Industries 

and Regional Development 2020). The reports use remotely sensed and field data of vegetation 

condition and cover along with rainfall and fire history to recommend adjustments to livestock 

numbers to avoid degradation including decreased infiltration, diverted flows, soil erosion, and 

decline in the feed base.  

Bulk loss of soil by gully erosion has been an area of research in Queensland reflecting concern over 

the effects on the Great Barrier Reef (Koci et al. 2020, Bartley et al. 2023). Monitoring and 

stabilisation of wind erosion is a common topic, both regarding soil conservation (Zhang et al. 2022, 

Yang et al. 2023) and relative C enrichment in lost sediments (Webb et al. 2014, Chappell et al. 

2019). Specialised research including the role of soil biocrusts in stabilising rangeland soil is a less 

common area than other topics but continues in the lower rainfall zones of the rangelands, e.g. 

(Webb et al. 2014, Williams et al. 2022). Recovery of eroded soils in the rangelands, where the 

ǘƻǇǎƻƛƭ Ƙŀǎ ōŜŜƴ ƭƻǎǘ ƭŜŀǾƛƴƎ ŀ ΨǎŎŀƭŘŜŘΩ ǎǳōǎƻƛƭ ŀǎ ǘƘŜ ƴŜǿ ǎǳǊŦŀŎŜΣ ƛǎ ŀƴ ŀǊŜŀ ƻŦ ƛƴǘŜǊŜǎǘ ōŜŎŀǳǎŜ 

plant establishment and infiltration are both slow (Williams et al. 2022, Bartley et al. 2023, Vincent 

and Mihailou 2023). Understanding biocrusts in a stabilising and pioneering role is important when 

some advice promotes disturbance as a necessary component of rangeland recovery and 

functioning (Briske et al. 2014). 

 

3.4.3 Grazing  

Grazing research rangeland systems inherently concerns soil and focusses on the livestock numbers 

that can be carried in the long term while sustaining pasture condition and minimising soil erosion 

(Johnston et al. 1996). Following three decades of research, synthesized findings involving 

modelling have been incorporated in a recent publication for Queensland (Stone et al. 2021, Zhang 

et al. 2021). Waters et al. (2017) investigated the effect of grazing intensity on soil and biodiversity 

in the Darling Riverine Plains and the Cobar Pedeplain in NSW, finding correlations between the 

concentration of soil carbon stock and tree density and surface litter. Other research 

demonstrating increased groundcover with effective grazing management suggests that grazing 

management has the potential to positively influence SOC levels, though statistically significant 

effects may not be evident for as long as 20 years (McDonald et al. 2018, Waters et al. 2019, 

McDonald et al. 2020, Bartley et al. 2023). However, more intensive grazing management (cell 

grazing) can have a negative effect on SOC levels compared to continuously grazed or grazing 

exclusion, e.g. various soil types and climatic regions throughout Queensland (Allen et al. 2013).  

As a determinant of soil moisture, infiltration rates are a key driver of rangeland productivity. For 

the northern rangelands, Fraser and Stone (2016) found that there was an underlying effect of soil 

texture on infiltration rate (with a minimum rate at 64% sand), while aboveground biomass had the 

dominant influence. Minimising disturbance of soil structure and compaction by livestock are 
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important, as they found that the highest infiltration rates were where grazing had been excluded. 

Grazing animals may disturb physical crusts that can allow plants to establish in an otherwise hard 

surface, however compaction and the destruction of biocrusts can decrease infiltration and have 

the opposite effect on germination (Neilly et al. 2016).  

There is a long history of disparity between producer observations and scientific findings on the 

effects of grazing management practices on soil properties (e.g. Norton 1988, Briske et al. 2011, 

Teague et al. 2013, Gosnell et al. 2020). Resolution may lie in recognising that what can work for 

one situation or set of management objectives does not necessarily apply generally, and a 

framework linking experience with experiments is required for flexible rangeland management 

(Briske et al. 2011). Broad guiding principles to do so proposed by Hacker and McDonald (2021) 

were to 1) manage grazing within a risk management framework based on the concept of tactical 

grazing, 2) develop infrastructure to allow best management of both domestic and non-domestic 

grazing pressure, 3) incorporate management of invasive native scrub, where required, into overall, 

ongoing property management, and 4) manage grazing to enhance biodiversity conservation at 

landscape scale. 

 

3.4.4 Effects of fire on soil  

Reid and Murphy (2022) recently reviewed tropical savanna burns in Australia. Prescribed or early-

season burns in the tropical savannas occur close to the surface because the canopy cannot sustain 

a crown fire. The early season burns are generally patchier and may also be an order of magnitude 

cooler than late season burns. Future climate scenarios could lead to fewer days available for 

hazard reduction so increasing the intensity of fires. Similarly, increased fuel loads with the 

encroachment of invasive grasses may increase fire intensity. Fire management in the savanna 

rangelands is also relevant to emissions reduction programmes (Maraseni et al. 2016), from which 

potential income streams may result in a greater capacity to manage burn programmes (Reid and 

Murphy 2022). 

3.5 Gaps 

In the last two decades, the level of producer participation in soil testing has remained steady 

across Australia and USA with only 25-30% undertaking soil analysis (Lobry de Bruyn and Andrews 

2016). In Australia, most of the results come from the more intensive cropping and grazing areas 

(McKenzie et al. 2017). Benchmarks are based on these samples and will be skewed to these areas 

and management practices, leaving a large gap of information in the Rangelands.  

The National Soil Strategy led Pilot Soil Monitoring Incentives program intended to collect and 

ŎƻƭƭŀǘŜ ǎƻƛƭ Řŀǘŀ ŦǊƻƳ ŀŎǊƻǎǎ !ǳǎǘǊŀƭƛŀ ōǳǘ ǳƴŦƻǊǘǳƴŀǘŜƭȅ ǳǇǘŀƪŜ ǿŀǎƴΩǘ ƭŀǊƎŜΣ ŀƴŘ ǘƘŜ ǇǊƻƎǊŀƳ 

ceased (https://www.agriculture.gov.au/agriculture-land/farm-food-drought/natural-

resources/soils). While there are robust and reliable soil chemical and physical standards for the 

intensive cropping and pasture areas, there could be local refinement for new tests being 

developed, especially for biological indicators (Fierer et al. 2021). Identification of the most suitable 

soil indicators in the mixed and intensive farming and rangeland areas to measure soil function in 

relation to the soil ecosystem services of food and fibre production, water supply and regulation, 

nutrient cycling, biodiversity and carbon cycling and climate would be welcome. 
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There is a gap in cohesive collation, storage and assessment of soil data in Australia that can be 

used for monitoring, establishing benchmarks and creating local/regional soil references for 

comparison of soils capacity and capability.  

3.6 Recommendations 

¶ Collation and interpretation of measured and observational data and the metadata 

(contextual information) should be a priority for all MLA projects. This can provide a basis 

for assessment of change in soil properties and soil health due to a number of 

management practices in different areas in Australia. 

¶ Targeted soil sampling should occur in regions where there is limited soil data ς this will 

need to be funded by industry, state, or federal initiatives, especially in the rangelands 

where information is limited. 

¶ A universal soil health index will be difficult to develop and is best left to governments or 

organisations such as the Global Soil Partnership to determine relevant indicators and 

weighting factors with subsequent local refinement. 

¶ Local soil health references could be developed for areas that have sufficient, reliable 

indicators by industry, or States at the regional scale. There is likely to be more information 

for chemical and physical indictors, but as more information becomes available for suitable 

biological tests, they can be incorporated. The local soil health references can be used as a 

way for producers to benchmark their soil in their local (potentially regional) areas and 

provide a measure of capacity (e.g. how close their soil is to reaching a good or bad 

standard). 

¶ Define local soil management challenges and priorities that are suited to the climatic, soil 

and farming system. 

¶ Continue to remain abreast of trends in soil research including soil health and 

environmental and sustainability reporting requirements nationally and internationally. 

¶ Validate and calibrate remote sensing tools and combine with artificial intelligence to 

determine accuracy and sensitivity to changes in ground cover, length of greenness, 

pasture productivity (biomass) and soil properties, inherent and managed (particularly 

carbon). 
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4 Key soil types, difficult soil types, soil constraints in the 

context of grazing systems. 
 

Key Points: 

¶ Grazing systems occur across a wide range of soil types in Australia. It is very likely that 

stocking intensity reflects a combination of soil and environmental limitations that 

preclude higher stocking rates. Testing of appropriate plant nutrient management systems 

and assessment alongside the suitability of the land for a given land use is required. 

¶ Soil and land data and information (e.g. mapping) across Australia is inconsistent and often 

outdated for dynamic soil properties, especially where there have been significant changes 

in management practices and land use. Sodicity is a prime example. There are 

opportunities to leverage and work in combination with public and private data collections 

to gain further insights on evolving trends and behaviours for industries ς dynamic 

monitoring. 

¶ A suitability-based assessment should be undertaken to better consider agricultural 

versatility and where soils and lands are better suited for grazing purposes, they can then 

be prioritised for industry development and expansion, e.g. northern Australia, high rainfall 

zone of southern Australia. 

¶ Soil acidification remains a key threat to grazing production systems with 

recommendations to better understand current practices and linkages with nutrient excess 

and increased use of N fertilisers. 

¶ The integration of indicators that matter to the different production systems, and linkages 

to key soil functions and threats, is required to present land managers with tailored 

information that matters to their enterprise. The role of new information (e.g. fungi, 

bacteria) presents exciting opportunities. 

¶ The intensification of land use in northern Australia has implications for soil and land 

condition and requires the provision of specific information on best management practices. 

¶ Protection of on-farm assets such as organic carbon-rich soils in peatlands, forests and 

grazing lands may align with evolving national priorities in biodiversity protection and 

enhancement. 

¶ A quantitative social science investigation into the factors that limit the uptake of soil 

conservation and sustainable management practices is required. 

 

This assessment of key soil types, difficult soil types and soil constraints builds on a previous review 

by Orgill et al. (2018). This chapter provides a current synopsis of the latest mapping and key 

information in the context of grazing systems across Australia. An environmental scan includes the 

latest products accessible online or as published reports and papers including the national review 

of soil trends and priorities to improve soil condition (McKenzie et al. 2017). This may include 

confidential or yet to be publicised soil maps and products that are in preparation. 
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4.1 Key soil types and landscapes 

Soils, their management, environmental factors, vegetation, disease and pestilence, water access, 

livestock and type of grazing system are all important factors in defining the key soil types and 

landscapes that are most conducive for these production systems (Figure 4.1). To date there have 

ōŜŜƴ ƭƛƳƛǘŜŘ ŀǘǘŜƳǇǘǎ ŀǘ ƛŘŜƴǘƛŦȅƛƴƎ ŀǊŜŀǎ ΨǎǳƛǘŀōƭŜΩ ŦƻǊ ƎǊŀȊƛƴƎ ǿƛǘƘ Ƴƻǎǘ ŜŦŦƻǊǘǎ ŦƻŎǳǎŜŘ ƻƴ 

mapping pasture species suitability (e.g. Smith et al. 2019) including amelioration options, land 

suitability of mixed grazing systems (Fazel et al. 2012) and the GEMINI Project (Maskell and 

Griffiths 2019). 

 

Figure 4.1: Potential factors and variables in consideration of soil suitability for different grazing 

systems. 

 

4.1.1 Soil maps 

The first national map of the soils of Australia was produced by Prescott in 1931, soon followed in 

1944 by a detailed and large-scale continental assessment of the major soil zones and types. 

Prescott initially designated ten soil groups, of which at least four are prominently sandy soils. 

Maps and corresponding classification systems were generated in the following decades including 

Stephens (1953), Stace et al. (1968), Northcote et al. (1960-1968) and Isbell (1996) that built upon 

the foundational discoveries and understandings of Prescott. Ashton and McKenzie (2001) 

produced a national map of the Australian Soil Classification (Figure 4.2) that was founded on the 

scheme developed by Isbell (1996) and the continental map base of Northcote et al. (1960-1968). 
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Figure 4.2: Soil orders of the Australia Soil Classification (Ashton and McKenzie 2001). 

 

Recent mapping efforts at a continental scale include the Soil and Landscape Grid of Australia 

(SLGA: Grundy et al. 2015) which provides soil attribute predictions across Australia at a ~90 x 90 m 

resolution for 11 properties. All maps were made in compliance with GlobalSoilMap.net 

specifications including depth prediction intervals of 0-5, 5-15, 15-30, 30-60, 60-100 and 100-200 

cm. 

These maps include the soil properties: 

o bulk density (g cm-3 for whole earth) 

o organic carbon (%) 

o particle size fractions (clay, sand and silt) 

o pH(CaCl2) 

o total N (%) and total P (%) 

o effective cation exchange capacity (cmol/kg) 

An update to these maps has recently been completed as part of a national investment through the 

Terrestrial Ecosystem Research Network (TERN) infrastructure 

(https://esoil.io/TERNLandscapes/Public/Pages/SLGA/index.html). This update, known as version 2 

https://esoil.io/TERNLandscapes/Public/Pages/SLGA/index.html
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of the SLGA, also include maps of available phosphorus (Figure 4.3), SOC fractions (Figure 4.4), 

fungi and bacteria and ternary products (Figures 4.4 to 4.8), and modelled soil types according to 

the Australian Soil Classification (ASC). The new ASC modelled soil types (Searle 2021) have been 

used as a basis for soil type assessments across the NRM regions of Australia in this report (Figure 

4.9). 

 

Figure 4.3. Available phosphorus (mg/kg) prediction for 0 to 5 cm. 
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Figure 4.4. Soil organic carbon fractions (MAOC, POC and PyOC) ternary map of Australia. 

 

Figure 4.5. Non-metric multidimensional scaling (NMDS) 1 -bacteria. 
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Figure 4.6. Non-metric multidimensional scaling (NMDS) 1 -fungi. 

 

Figure 4.7. Soil bacteria NMDS ternary image of Australia. 
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Figure 4.8. Soil fungi NMDS ternary image of Australia. 

 

Figure 4.9. Modelled and fine scale map of the ASC orders: Data from Searle (2021). 
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An updated inventory of soil mapping by state and territory agencies is provided in Appendix 3, 

which includes soil constraints relevant to agricultural systems including grazing. 

 

Primary productivity 

Donohue et al. (2018) evaluated a remote sensing based model (DIFFUSE) for estimating 

photosynthesis of green vegetation, carbon fluxes and ultimately the gross primary productivity of 

vegetation. Known as a stress-scalar approach, the new diffuse-radiation based photosynthesis 

model (DIFFUSE) was deployed using MODIS satellite data and testing against vegetation classes 

including tree, C3 grass and C4 grass. Results against flux towers were favourable with daily errors 

across all sites of 0.12 mol CO2/m2/day. 

From this research, Donohue et al. (2018) were able to generate national pasture productivity 

datasets using MODIS imagery for 2001-2018. This includes the dynamics of grassland/pasture 

Gross Primary Production (GPP), Net Primary Production (NPP) and Carbon mass. For this report we 

have presented the NPP which is the net rate of carbon fixed through photosynthesis (GPP minus 

plant respiration) for grasses, in units of g C/m2/day. The grass carbon mass is the above ground 

mass of grasslands and pastures (t/ha). Note that for this report, NPP assessments for the NRM 

regions have not been included. For each year, there are 23 scenes (one every 16 days) that 

coincide with the interval of MODIS data collection. We present 4 scenes for 2018 for comparison 

purposes: February, May, August and November that demonstrate seasonal fluxes in primary 

productivity (Figure 4.10). 

 

  

  

a

. 

d. c. 

b. 
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Figure 4.10. Net Primary Productivity (NPP) for Australia in 2018: a. February; b. May; c. August; d. 

November. Units are g C/m2/day. Data from Donohue et al. (2018). 
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4.1.2 Soil type summary including difficulties and constraints - ASC soil orders (Isbell and NCST 2021) 

A summary of the key diagnostic features, potential constraints and where the soils are found in Australia are provided in Table 1. Note that the new soil 

order (Arenosol) is detailed although not mapped as this map preceded this new addition to the Australian Soil Classification system. 

 

Table 4.1. Key diagnostic features of soil orders associated constraints and where these soils are commonly found (NRM or IBRA7 regions). 

Soil order Key diagnostics Key associated difficulties and constraints for grazing Dominant areas found 

Vertosol Clay rich soils (>35% clay 
throughout) with shrink-swell 
properties and prone to 
cracking 

¶ High shrink-swell soils causing local irregular ground 

surface (melon hole/gilgai) for livestock. Can cause 

rooting depth limitations. 

¶ Can be calcareous (soft segregations or nodules) 

and/or sodic at depth. 

¶ Subsoils can be dense and compacted. Surfaces can 

be self-repairing from compaction. 

Queensland: Desert Channels; Southern Gulf; 
Condamine. 
Northern Territory: Michell Grass Downs. 
New South Wales: Liverpool Range, Darling 
Riverine plains, alluvial fans of the channel 
country and Mulga lands bordering 
Queensland; Riverina, Monaro. 
Victoria: Wimmera. 

Sodosol Soils strongly influenced by 
sodium (sodic B horizon) and 
strong texture contrast 
between A and B horizon 

¶ Sodic and dense subsoil limiting root access and 

penetration. Can be cracking. 

¶ Potential surface sealing and compaction, water 

repellency. 

¶ Subsoils can be calcareous. 

¶ Surface often have low soil strength. 

Queensland: Burnett-Mary; Fitzroy; Mackay-
Whitsunday. 
Western Australia: South Coast; South West. 
New South Wales: Broken Hill complex, prior 
streams, lakes, and levees of the Darling 
Riverine plain and Riverina, sedimentary 
parent materials in the western slopes, 
tablelands and Alps. 
Victoria: Wimmera; Corangamite. 
South Australia: Kangaroo Island, Adelaide. 
ACT: eastern side. 

Dermosol Well-structured soils and lack 
a clear textural change with 
depth 

¶ Can be stony and of variable depth. 

¶ Surface and sub-surface compaction can occur, 

limiting water and air movement. 

Queensland: South East; Wet tropics. 
New South Wales: Hunter; North Coast; South 
Coast and Northern Tablelands, related to 
Ferrosols. 
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Soil order Key diagnostics Key associated difficulties and constraints for grazing Dominant areas found 

Victoria: North East; East Gippsland; West 
Gippsland; Port Phillip and Westernport. 
Tasmania: all regions. 

Chromosol Soils with a strong texture 
contrast between A and B 
horizons and are not sodic or 
strongly acidic 

¶ Surfaces can experience water repellency and 

nutrient loss where sandy. 

¶ Compaction of surface and sub-surface may occur 

in wet conditions. 

¶ Strongly dense subsoils may limit root growth and 

water extraction. 

¶ May be shrink-swell due to clay rich B horizon. 

Queensland: Burdekin. 
New South Wales: granitic, sandstone and 
non-sodic sedimentary soils of the western 
slopes, tablelands, and North Coast. 
Victoria: North Central; Glenelg-Hopkins; 
Goulburn Broken. 
Western Australia: Peel-Harvey. 
South Australia: Adelaide Hills and Fleurieu. 

Ferrosol Soils that are high in free iron 
oxide in the subsoil and lack a 
texture contrast between A 
and B horizons 

¶ Stoniness may vary along with depth of soil. 

¶ High clay content and compaction may occur due to 

trafficking. 

¶ Can be strongly acidic in the surface. 

Queensland: Burdekin; Wet tropics. 
Tasmania: Northwest; North. 
Northern Territory: Ord Victoria Plain. 
NSW: basaltic tableland, western slopes and 
north coast soils  

Kurosol A strong texture contrast 
between the A and B horizons 
and strongly acid in the subsoil 

¶ Strongly acidic throughout ς limiting plant and 

animal nutrition. 

¶ Can be highly prone to water erosion ς often 

located in high rainfall environments. 

¶ Periodic waterlogging often occurs due to dense 

subsoils. 

¶ Gravels may occur, also the surface may be quite 

weak under animal and machinery trafficking. 

New South Wales: Hunter; North Coast, 
Northern Tablelands, central western slopes. 
Victoria: Corangamite. 
Tasmania: South. 
ACT: Western side. 

Tenosol Soil that are weakly pedal that 
have deep sandy profiles 

¶ Water repellency is a major issue along with 

nutrient deficiency and leaching. 

Western Australia: Rangelands; Northern 
Agricultural; Swan. 
South Australia: Southeast (Limestone Coast); 
Alinytiara-Wilurara. 
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Soil order Key diagnostics Key associated difficulties and constraints for grazing Dominant areas found 

¶ Sub-surface pan may be present ς limiting root 

growth and water movement into the subsoil. 

¶ May be acidic in higher rainfall environments. 

New South Wales: Alps, tableland escarpment 
and gorges.  

Kandosol Strongly weathered soils with 
a weak to massive subsoil and 
little to no texture change with 
depth 

¶ Soils can be quite deep and tend to be well drained 

(whole coloured). 

¶ Ironstone nodules and gravels are common. 

¶ Surface can be easily degraded by trafficking 

leading to surface crusting and sealing. 

¶ Tend to have low nutrition, hence predominantly 

native pastures. 

Queensland: Cape York; Co-operative 
Management Area; Northern Gulf; Southwest. 
New South Wales: Sydney Basin, upper Hunter 
valley, western slopes, Cobar Peneplain, Mulga 
lands and Simpson-Strzelecki dunefields in the 
Northwest. 
Western Australia: Avon River; Rangelands. 
Northern Territory. 
South Australia: South Australia Arid Lands. 

Hydrosol Saturation of the greater part 
of the profile for prolonged 
periods (2-3+ months) 

¶ Seasonally or permanently wet soils that are 

generally unsuitable for grazing. 

¶ Waterlogging is common, often with clay rich 

subsoils that can shrink-swell. 

Queensland: Cape York; Co-operative 
Management Area; Northern Gulf. 
Western Australia: Avon River. 
Northern Territory: Pine Creek. 

Podosol Sandy soils with a Bh (organic-
aluminium), Bhs (organic-
aluminium or iron) or Bs (iron) 
horizon  

¶ Nutrient deficiency and leaching and water 

repellency are major limitations of these sandy 

soils. 

¶ Sub-surface pan may be present ς limiting root 

growth and water movement into the subsoil. 

¶ Tend to be acidic throughout with variable amounts 

of aluminium or organic compounds. 

Victoria: Glenelg-Hopkins; Corangamite; West 
Gippsland. 
South Australia: Southeast. 
Tasmania: Northwest; North. 

Rudosol Negligible pedological 
organisation 

¶ Nutrient retention is a limitation of these shallow 

soils. 

¶ Low water holding capabilities. 

Queensland: Northern Gulf; Southwest. 
Western Australia: Avon River; Rangelands. 
Northern Territory: Victoria Bonaparte. 
South Australia: South Australia Arid Lands. 
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Soil order Key diagnostics Key associated difficulties and constraints for grazing Dominant areas found 

¶ May have variable stone content. 

Calcarosol Calcareous throughout ¶ Surfaces can be water repellent and can be prone 

to wind erosion. 

¶ Sodicity at depth is very common, limiting water 

access to plants. 

¶ Often weak to poorly structured in the surface and 

are vulnerable to structure decline due to 

trafficking. 

¶ Calcareous gravels and segregations may occur. 

Western Australia: Rangelands. 
New South Wales: Murray Darling depression. 
Victoria: Mallee. 
South Australia: Eyre Peninsula; Northern and 
Yorke; Murraylands and Riverland; South 
Australia Arid Lands. 

Organosol Dominantly organic soil 
material 

¶ Seasonally or permanently wet soils with peaty 

surfaces that are largely unsuitable for grazing. 

¶ Poorly drained, often with artificial drainage to 

remove water for agricultural purposes. 

¶ Quite acidic throughout the profile. 

Tasmania: South; Northwest. 

Anthroposol Soils significantly impacted or 
altered by human activities 
including mixing, truncation, 
or burial 

¶ Variable limitations, however, not used often for 

agricultural purposes (mainly urban development). 

Major and rural urban centres across Australia. 

Arenosol Deep sandy soils with <15% 
clay within the upper 1m of 
the profile 

¶ Nutrient deficiency and leaching and water 

repellency are major limitations of these deep 

sandy soils. 

¶ Vulnerable to wind erosion with little structure 

throughout the profile. 

Western Australia: Rangelands; Northern 
Agricultural. 
Victoria: Mallee. 
Northern Territory: southern arid lands. 
South Australia: Alinytiara-Wilurara; Eyre 
Peninsula; Northern and Yorke; South Australia 
Arid Lands. 



4.2 Land uses and grazing systems. 

DǊŀȊƛƴƎ ƛǎ !ǳǎǘǊŀƭƛŀΩǎ ƭŀǊƎŜǎǘ ƭŀƴŘ ǳǎŜ ŀǘ оΦтa ƪƳ2. Other land uses including Other minimal use (1.04M km2), Dryland 

cropping (342,551 km2) and Irrigated pastures (7,817 km2) which are also used for grazing purposes (Figure 4.11). In 

total, two-ǘƘƛǊŘǎ ƻŦ !ǳǎǘǊŀƭƛŀΩǎ ƭŀƴŘ Ƴŀǎǎ ƛǎ ǳǎŜŘ ŦƻǊ ƎǊŀȊƛƴƎ ǇǳǊǇƻǎŜǎΦ ¢ƘŜ !ǳǎǘǊŀƭƛŀƴ wŀƴƎŜƭŀƴŘǎ ŎƻǾŜǊ ул҈ ƻŦ 

Australia, overlapping with many of the grazing land uses (Figure 4.12). For this report, those land uses considered to 

be agricultural have been combined (Figure 4.13). 

 

Figure 4.11. Australia land uses. Source: https://www.agriculture.gov.au/abares/aclump/land-use. 
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Figure 4.12. Australia Rangelands (Source: the Australian Government, Department of Climate Change, Energy, the 

Environment and Water and Australian Collaborative Rangelands Information System - ACRIS). 
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Figure 4.13. Agricultural land from the Catchment scale land use of Australia (update December 2018): 

https://www.agriculture.gov.au/abares/aclump/land-use/catchment-scale-land-use-of-australia-update-december-

2018. 

4.3 Soil constraints and threats in grazing systems 

In this section, we summarise some key examples of available mapping products related to soil constraints in 

!ǳǎǘǊŀƭƛŀƴ ƎǊŀȊƛƴƎ ǎȅǎǘŜƳǎΦ ¢ƘŜǎŜ ǇǊƻŘǳŎǘǎ ƘŀǾŜ ōŜŜƴ ǊŜǾƛŜǿŜŘ ŀƴŘ ƎǊƻǳǇŜŘ ŀŎŎƻǊŘƛƴƎ ǘƻ ŀ ǎƻƛƭ ŎƻƴǎǘǊŀƛƴǘ ΨǘƘŜƳŜΩ 

with additional mapping products that directly or indirectly relate to the soil theme also included. A brief overview of 

the soil constraint is provided to contextualise the maps. 

¶ Sodicity and subsoil carbonate 

¶ Acidity 

¶ Salinity 

¶ Waterlogging 

¶ Structure decline (including compaction) 

¶ Nutrient status 

¶ Toxicity (e.g. boron, manganese) 

¶ Water repellence 

¶ Wind erosion 

¶ Water erosion 

https://www.agriculture.gov.au/abares/aclump/land-use/catchment-scale-land-use-of-australia-update-december-2018
https://www.agriculture.gov.au/abares/aclump/land-use/catchment-scale-land-use-of-australia-update-december-2018
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Sodicity  

Northcote and Skene (1972) estimated that around 2 million hectares are impacted and suffering side effects of 

structural, nutritional and salinization problems (Naidu 1993). High boron and other associated nutrient toxicities 

can occur, but invariably these soils limit the capacity of plants to make full use of stored soil water. Some of these 

sodic soils have high concentrations of exchangeable sodium (e.g. Exchangeable Sodium Percentage > 25%) in the 

subsoil at depths of 50-100 cm that reduce infiltration and restrict root growth. 

Mapping of sodic soils has been a recognised priority for some time (Naidu 1993) and while there have been local 

and state/territory efforts at mapping sodicity, there are no contemporary national maps of Exchangeable Sodium 

Percentage (ESP) available. Estimates of the distribution of sodic soils for each state and territory vary or are 

incomplete. In Victoria, it is estimated that nearly 74 % of agricultural land is affected by sodicity (Ford et al. 1993) 

while in Tasmania, over 1.5Mha is believed to be impacted (Doyle and Habraken 1993). Isbell and National. 

Committee. on. Soil. and. Terrain (Australia) (20021) and the recent national map by Searle (2021) are the best 

examples noting where Sodosols are likely to occur (Figure 4.14). 

 

 (a) 
(b) 

Figure 4.14. National Sodosol distribution maps of Isbell and National. Committee. on. Soil. and. Terrain (Australia) 

(2021) (a) and Searle (2021) (b). Note the maps have been generated using different techniques, therefore variations 

in the distributions of Sodosols. 

Sodic soils are extensive across the grazing lands of Australia including south-west Western Australia, western 

Victoria, north-west NSW and south-east Queensland. The source for this sodium is attributed to the weathering of 

sedimentary parent materials of marine origin, atmospheric salt accessing or from groundwater or aeolian sources. 

In NSW for example, these soils are concentrated in the in the arid western regions and northern cropping districts 

where alkaline variants are widespread (McKenzie et al. 1993). A high proportion of land and impacts to primary 

production (pasture or crops) for these regions is attributed to sodicity (Orton et al. 2018). The distribution of sodic 

soils in the Australian Rangelands under-represents the prevalence of sodicity because Sodosols are duplex (texture 

contrast) soils, while most of the region has Vertosols and less developed Arenosols, Rudosols, Tenosols and 

Kandosols, which may still contain sodic materials (Figure 4.15). However, this may also be an artefact due to a 

paucity of soil sites and surveys undertaken for this extensive land expanse. 
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Figure 4.15. Distribution of Sodosols (red) for Australia with a noticeable absence in the Australia Rangelands. 

 

Subsoil carbonate 

Soils containing carbonates of calcium, and to a lesser extent magnesium, are widespread across southern South 

Australia and western Victoria (mainly Calcarosols: https://www.soilscienceaustralia.org.au/asc/ca/calcsols.htm), particularly 

in the less than 400 mm rainfall zone. They can occur as finely divided segregations mixed with sand and clay 

particles, as hard nodules or concretions (rubble), or as sheet rock or calcareous hardpan (calcrete). Fine carbonates 

reduce the availability of several nutrients, restrict the performance of a range of crops and pastures, and retard the 

breakdown of some herbicides. These effects are amplified in very highly calcareous soils. Hard carbonates reduce 

available water holding capacity, and in the case of calcrete, limit root zone depth. As an example, the presence and 

proportion of subsoil carbonate in South Australia has been mapped (Figure 4.16). Note that there would likely be an 

extension of subsoil carbonate into the southern rangelands, but the mapping was focused on the higher rainfall and 

more intensively used areas of South Australia. 

 



 

54 
 

 

Figure 4.16. Subsoil carbonate presence and abundance map for agricultural lands of South Australia 

(https://data.environment.sa.gov.au/Content/Downloads/SoilAttrib_SA_SubsoilCarbonate.pdf). 

 

Acidity 

Soil acidity assessments over the last 3-ŘŜŎŀŘŜǎ ǎǳƎƎŜǎǘ ǘƘŀǘ ƴŜŀǊƭȅ ƘŀƭŦ ƻŦ !ǳǎǘǊŀƭƛŀΩǎ ǇǊƻŘǳŎǘƛǾŜ ŀƎǊƛŎǳƭǘǳǊŀƭ ƭŀƴŘ ƛǎ 

impacted by acidity (Figure 4.17). It is of greatest concern where management practices result in a net acid addition 

to the soil, where soils are poorly or lowly buffered against such practices, or where soils are inherently low in pH 

due to soil forming processes (McKenzie et al. 2017). Aluminium and manganese can also be of concern with many 

ǇƭŀƴǘǎΩ ǎŜƴǎƛǘƛǾŜ ŀǘ ǎƳŀƭƭ ŎƻƴŎŜƴǘǊŀǘƛƻƴǎ ǿƘere strongly acid soil conditions occur. 

Significant areas of pasture and grazing land in south-west Western Australia, Tasmania, central and southern slopes 

of Victoria, eastern New South Wales and lands in northern Australia are all impacted by soil acidity. While potential 

productivity benefits of remediating acidity in cropping have been estimated at $380 million/annum (Orton et al. 

2018), it is unclear what the likely future cost and benefits will be for grazing systems should acidity continue to 

increase as it is anticipated to do so if maintenance lime requirement rates are met (McKenzie et al. 2017). An 

emerging threat is the increased acidity of subsoils where amelioration options are currently difficult to implement 

and expensive. 

Experience in some jurisdictions indicates that problems can be solved by supplying improved information on 

acidification risk and appropriate responses (e.g. precision liming, lime quality information, acid tolerant pastures 

and mixes), but identification of where such investments are best made is needed. 
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Figure 4.17. Acidification risk in agricultural lands: from McKenzie et al. (2017). 

 

Salinity 

Non-ǿŀǘŜǊǘŀōƭŜ ǎŀƭƛƴƛǘȅ όƻǘƘŜǊǿƛǎŜ ƪƴƻǿƴ ŀǎ ΨŘǊȅ ǎŀƭƛƴŜ ƭŀƴŘΩύ ƛǎ ǿƘŜǊŜ ǎƻƛƭǎ Ŏƻƴǘŀƛƴ ŜƭŜǾŀǘŜŘ ƭŜǾŜƭǎ ƻŦ ǎƻƭǳōƭŜ ǎŀƭǘǎ 

that are not associated with a watertable. Soil root zone salinity occurs throughout Australia, ultimately affecting 

plant performance and resilience. It is caused by natural processes (e.g. climate, landscape evolution and 

hydrological processes) and anthropogenic factors (e.g. land clearance, replacement of perennials with annual 

species). Generally, these accumulations of salt in soil occurred from aeolian accessions and subsequent leaching, 

marine aerosols, or via saline groundwaters which are no longer influencing the land surface. Salt accumulations in 

ǘƘŜ ǎǳōǎƻƛƭǎΣ ƪƴƻǿƴ ŀǎ Ψǎŀƭǘ ōǳƭƎŜǎΩΣ Ǉƻǎǎƛōƭȅ ǊŜŦƭŜŎǘ ƭŜŀŎƘƛƴƎ ǇǊƻŎŜǎǎŜǎ ŀƴŘ ŀƴ ƛƳǇermeable subsoil layer that 

prevents further flushing of salts deeper into the substrate. 

Salt in soils is widely distributed occurring in agricultural landscapes and rangelands alike. In Western Australia alone, 

agricultural productivity losses due to dryland salinity are estimated to be >$500M/yr from 1.75M ha of salt affected 

land (Caccetta et al. 2022). In South Australia, there are estimated to be 320,000 ha impacted by dryland salinity 

(Barnett 2000), Victoria has 262,000 ha impacted by dryland salinity (Clark and Harvey 2008), NSW has 120,000 ha 

impacted (Smith 2000), 107,000 ha in Queensland (ABS 2003) and 71,200 ha in Tasmania (Bastick and Walker 2000). 

While there are some maps of salinity occurrence at the state and territory level, there are no recent national maps 

of soil salinity since that of Northcote and Skene (1972). 
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Waterlogging 

Waterlogging occurs when all or part of the soil profile is saturated with water. The ASC soil order Hydrosol is an 

exemplar here where soils are saturated for at least 2 to 3 months each year. Some soils are effectively never 

waterlogged (e.g. sands or sites with good drainage), while others are saturated all the time. The degree to which a 

soil becomes waterlogged depends on how much water enters the soil and how quickly it leaves, either by deep 

percolation, lateral seepage or evapotranspiration. Low lying ground is more prone to waterlogging, particularly in 

high rainfall areas. Higher ground and areas with excessive runoff or little rainfall are unlikely to be significantly 

affected. The permeability of the soil, depth to watertable, and position in the landscape all affect susceptibility to 

waterlogging. It should also be noted that waterlogging also leads to N loss. Other significant considerations are 

degradation of soils and pastures due to animal trafficking (e.g. pugging) and in some cases plant death where 

insufficient oxygen conditions prevail. Waterlogging is also strongly linked to soil strength and its reduction when soil 

particles loose binding strength due to saturated conditions. Shaw et al. (2013) summarise the impacts and 

responses of plants to waterlogging conditions. 

A direct impact on livestock should also be considered where 

waterlogging occurs. Lameness due to soils losing their strength 

(leading to pugging), or just generally being immersed in water and 

standing on wet ground, can also lead to other impacts such as 

abscesses and other foot and hoof problems. 

In Australia, there are vast areas of grazing land that are susceptible 

to waterlogging and its impacts on net primary productivity. In 

Western Australia, it is estimated that 1M ha is highly to very highly 

susceptible to waterlogging with agricultural losses estimated at 

$46M/yr (https://www.agric.wa.gov.au/waterlogging/waterlogging-

western-australia). In south-east South Australia, southern Victoria 

and Tasmania (Figure 4.18) and south-east NSW, these areas are also 

prone to seasonal waterlogging, although mapping and information 

on occurrence, frequency and impact is difficult to ascertain. 

 

 

 

Compaction 

Soil compaction can have a detrimental effect on root growth when bulk density (Figure 4.19) exceeds 1.6 g/cm-3. 

When combined with wet soil conditions, livestock trafficking and a reduced soil strength, compaction can 

significantly impact water infiltration and nutrient access to plants. Appropriate grazing management on west soils is 

critical to avoiding subsoil compaction issues that can impact water movement and root development in the soil. 

It has also recognised that this is an issue not just for agricultural lands, but in rangelands also where soil water 

limitations due to compaction in the topsoil have been noted (Donkor et al. 2002). Soil compaction is estimated to 

decrease the value of crop and pasture production in Western Australia alone by $330 M/yr 

(https://www.agric.wa.gov.au/soil-compaction/soil-compaction-overview) and cost Australian agriculture $850 

M/year in lost production (Walsh 2002). In cotton, a recent study has identified that yields were reduced by 27% due 

to machinery impacts (Jamali et al. 2021). The production and financial impacts of compaction to grazing systems are 

unclear in an Australian context. 

 

 

Figure 4.18. Waterlogging susceptibility 

map of Tasmania. 

https://www.agric.wa.gov.au/waterlogging/waterlogging-western-australia
https://www.agric.wa.gov.au/waterlogging/waterlogging-western-australia
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Soil structure decline 

Soil structure in this context refers to the degree of resistance offered by the soil to root penetration and seedling 

emergence; to the free movement of air and water; and to the ease of cultivation and other surface management 

operations. It is therefore an integration of assessments of strength, aggregation and porosity. Surface soil condition 

varies significantly across the landscape and is affected by management practice as well as by inherent properties of 

the soil. 

Surface sealing, which can occur for hard setting soils, can result in low water infiltration, increased surface runoff 

and potentially erosion. Hard setting soils will have a narrow moisture range for effective working, which can result 

in patchy emergence of pasture seeds and crops. Often these soils have low organic matter, and the soil may be 

dispersive in wet conditions. An example for South Australia is presented below (Figure 4.20) 

Figure 4.19. Bulk density estimated for 

Tasmanian soils. 
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Figure 4.20. Surface soil condition for agricultural soils of South Australia (from the Department of Environment, 

Water and Natural Resources). 

https://data.environment.sa.gov.au/Content/Downloads/SoilAttrib_SA_SurfaceCondition.pdf 

 

Subsoil structure 

Poor subsoil structure is commonly attributable to sodic or dispersive clay (often Sodosols), although in soils where 

there is an abrupt break between the topsoil and subsoil, non-dispersive materials can impede water, air movement 

and root growth. Poorly structured subsoils at shallow depth present a greater plant production limitation than 

those which are deeper in the profile. The assessment of subsoil structure is therefore a combination of structure 

type and depth. 

A hardpan is defined as material which is too hard to dig with hand tools, and at shallow depth, influences the 

effective rootzone of plants and impacts on engineering uses of land. Hardpans (including calcrete, ferricrete and 

silcrete) are generally relatively young cemented or indurated materials occurring within or below the soil. Calcrete 

is by far the most common, being widespread on the Eyre and Yorke Peninsulas, Murraylands, the South East and 

Gulf Plains (Figure 4.21) and in parts of western Victoria. Hard rock is distinguished from hardpan as it tends to 

become harder with depth, in contrast to hardpans which are generally hardest at the top and become softer with 

depth. Some hardpans are the result of trafficking and human induced practices as a form of compaction. 

Management options for these hardpans include amelioration and mechanical implements such as deep ripping and 

placement of amelioration materials. There is considerable research in this area especially for grains production 

systems. 
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Figure 4.21. Subsoil structure limitations for agricultural soils of South Australia. 

https://data.environment.sa.gov.au/Content/Downloads/SoilAttrib_SA_SubsoilStructure.pdf 

 

Nutrient Status  

Inherent fertility is a relative indicator of the soil's capacity to retain and release nutrients for uptake by plants. 

Rankings are based on soil properties such as texture, leaching capacity, exchangeable cation characteristics, 

susceptibility to acidification, and carbonate and ironstone content. Soil fertility is a complex and highly variable 

property to assess. Soils at the extremes of fertility set the limits of the classification, and all other soils are fitted in 

between. Self-mulching black cracking clays (Vertosols) are considered the most chemically fertile soils, while highly 

leached sands are the least fertile.  

Poor sands have low inherent fertility. These soils have other constraints that limit yields such as water repellence, 

low soil water storage, rapid soil permeability, acidic topsoil and subsoil and wind erosion (van Gool 2016). The NLP 

prioritisation (McKenzie et al. 2017) noted that nutrient decline can occur as a widespread and chronic problem that 

can threaten viability (e.g. central Queensland cropping lands). Nutrient excesses are often more localised and 

associated with high input systems (e.g. dairy, sugar cane, intensive livestock production). Priority areas can be 

readily mapped if land use is used as a proxy but identifying effective interventions and investment opportunities is 

complex. An example is presented for the agricultural lands of Western Australia (Figure 4.22). 
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Figure 4.22. Inherent soil fertility ratings for the agricultural zone of Western Australia: from van Gool (2016). 

 

Micronutrient toxicity (e.g. boron, manganese) 

Micronutrients (boron, cobalt, copper, chlorine, iron, manganese, molybdenum and zone) are essential plant 

nutrients but also play critical roles in the health and well-being of livestock. Copper deficiency in cereal crops may 

lead to shrivelled grain and yield losses. Toxic effects to some micronutrients are more marked in dry seasons when 

roots penetrate deeper into the soil. 

Boron is an example of an essential trace element which occurs naturally in most soils, although at high 

concentrations it is toxic to many agricultural plants. High concentrations of boron tend to occur where marine 

sediments have influenced soil formation. Because boron salts are slightly soluble, they are leached out of the 

rootzone in higher rainfall areas. However, in lower rainfall areas or where impermeable subsoil clay layers prevent 

leaching, boron concentrations can be high. Excess boron cannot be removed from soil or treated in any way under 

dryland farming conditions. Deliberate breeding for boron tolerance has produced a range of cultivars which are 

appropriate for affected soils. An example below notes the higher boron concentrations in northern Victoria (Figure 

4.23). 
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Figure 4.23. Boron concentration in soils of Victoria. 

 

Water Repellence 

Water Repellence is caused by hydrophobic organic materials, mainly waxes, contained in plant remains within the 

soil. The waxes coat the soil particles causing water to bead on the surface. This causes uneven wetting of the upper 

part of the soil profile, with large masses of soil remaining dry. Patchy plant establishment, uneven and poor growth 

usually result, increasing susceptibility to water erosion, wind erosion and sand blasting of newly emerged plants, 

while also decreasing water use efficiency and contributing to increased recharge (elsewhere due to preferential 

drainage). Water repellence is most common on acid to neutral sands, but calcareous and loamy soils can also be 

affected, although not as severely. Water repellence is tested by observing the absorption into a soil sample of 

either water or 2M ethanol. This assessment is based on limited soil testing and extrapolation between similar soils 

in similar environments, hence indicating the potential (rather than actual) extent of the problem. 

Water repellency is a major issue in agricultural zones of Western Australia (Figure 4.24) where it is critically 

important especially in lower rainfall zones. Repellent soils are commonly associated with other constraints of sandy 

soils such as low water storage, low fertility, acidity and wind erosion (van Gool 2016). Although water repellence is 

a widespread issue in WA, affecting agricultural production, the exact severity, extent and overall cost to production 

is unknown. Yield increases of 100% have been recorded in some trials where the water repellence has been 

ameliorated, with improvements in soil organic matter and greater nutrient uptake efficiencies (Carter et al. 1998). 

The average annual opportunity cost of lost agricultural production in the south-west of Western Australia from 

water repellence is estimated at $251M.  

Water repellency is widespread across southern Australia with other impacted areas including south Australia, 

western Victoria and south-western NSW, affecting some 5 M ha (Tate et al. (1989) in Roper (2004)). The impacts on 

rangelands are not well understood, especially in southern areas. 
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Figure 4.24. Water repellency susceptibility in Western Australia: from van Gool (2016). 

 

Wind erosion 

Wind Erosion Potential indicates where wind erosion could be a problem where soil disturbance and weather 

conditions are conducive (not where wind erosion has been or is currently a problem). The assessment is based on 

inherent soil and land characteristics such as surface texture, thickness of erodible soil material and topographic 

features, as well as average annual rainfall (on the basis that higher rainfall areas can generally provide more ground 

cover). Vegetation and other protective cover occurring at the time of assessment are ignored as these can vary 

significantly over time, including loss due to bushfire. 

Australia has an estimated 110 Mt of dust eroded each year of which most is from the Australian rangelands 

(Aubault et al. 2015). Wind erosion hazard occurs on exposed land with loose topsoil. Wind erosion is typically 

associated with sandy soils that often have other major constraints, such as acidity, non-wetting and low soil water 

storage (van Gool 2016). For prime agricultural soils under grazing, wind erosion can be accelerated where 

vegetation cover is not maintained above acknowledged thresholds. Continual grazing can impact soil erodibility 

(reducing soil aggregation in the surface) and impact stability of biological crusts and vegetation. As noted by 

Aubault et al. (2015), maintaining land condition and adopting low and/or flexible stocking rates can significantly 

reduce the likelihood of wind erosion.  

Wind erosion rates remains a national priority for agriculture. The recent assessment by Zhang et al. (2022) 

estimated an annual erosion rate of 0.29 Mg/ha/yr for 2001 to 2020 (Figure 4.25). The authors also identified that 

there were significant variations in wind erosion rates relative to seasonal and monthly differences across Australia 

(Figure 4.26). 
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Figure 4.25. Mean annual wind erosion rate (Mg/ha/yr) estimates for 2001 to 2020. Data from Zhang et al. (2022). 

 

 

Figure 4.26. Monthly mean wind erosion rate by state/territory for 2001 to 2020: from Zhang et al. (2022). 
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Water erosion 

Water erosion is usually caused by a loss or reduction of vegetative cover. There are different forms of water region 

ς classified as sheet and rill and gully and tunnel erosion. As summarised in McKenzie et al. (2017), it has been 

suggested that rates of soil erosion by water should be tolerable at 0.2 t/ha/yr (Bui et al. 2010) with national 

estimates for sheet and rill erosion of 1.86 t/ha/yr (Teng et al. 2016) and soil formation rates of 0.1 t/ha/yr (Pillans 

1997). This suggests that for some regions with shallow topsoils there may be significant agricultural productivity 

constraints within the next century. 

McKenzie et al. (2017) provide a detailed review on hillslope erosion (sheet and rill) and propose management 

strategies for relevant NRM regions to reduce the area and magnitude of land impacted by erosion. Zhang et al. 

(2022), using a dynamic model, have estimated water erosion rates across Australia of 0.17 Mg/ha/yr (Figure 4.27) in 

contrast to 0.69 Mg/ha/yr of Teng et al. (2016). Zhang et al. (2022) also assessed variations in water erosion rates 

relative to seasonal and monthly differences across Australia (Figure 4.28). 

 

Figure 4.27. Mean annual water erosion rate (Mg/ha/yr) estimates for 2001 to 2020. Data from Zhang et al. (2022). 
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Figure 4.28. Mean monthly water erosion estimates for Australian states/territory: from Zhang et al. (2022). 

 

 

 












































































































































































