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1 Abstract

As an initial step for MLA to develop a Business Case and Investment Planrfeatail research,

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

benefits for red meat producersiscopingsii dzR&@ G2 YSSG a[! Qa NBIljdzANBYSyi
previous studies, reports, literature, and other information veasnmissioned 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, coveringtjputs and outcomes from seiklated MLA investments over
the past 10 yearsignificant changes in relevant soils based RDE&A over the past 10 reg@vsal
soil constraints and opportunities review of international and national policies and frameworks,
and several specific areas requiring more detalil.

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

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

'y 2@SNINOKAy3a 32FE a¢2 YIylr3aS aedehts anKiBpatditk + yR A
adzZLILI2 NI GKS FdzidzNB LINPALISNAGE FyR adzadlAylroAfAGe
The framework identified four key theme areas underpinning an enabling theme of soils extension

and adoption. The four key theme areas are:

9 overcoming regional sodlonstraints,

9 optimising soil carbon storage and soil health,

1 managing soil impacts form extreme events, and
1 leveraging natural capital and marketing access.

¢CKS F2dz2NJ 6KSYSa Ay GKS FNIYSg2N] Ffaz LINPDARS (K
future strategic plans to explicitly recognise the importance of soil to the future prosperity and
sustainability of the red meat industry.



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 producersThe review identifies past B, E and A and emerging areas of interest to inform
future investment.

{AyOS ftA@Sait201 SYUuSNLINAR&aSa O20SNJ Y2NB (GKIy pn L
responsibility to prioritise soils. Additionally, since more than 60 percent of cattle are in rangelands

systems, the review group ensured that rangelands vegrecifically 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, weoramenda [ ! Q& Fdzi dzNB & G NI G S+
includea statement that specifically recognises the importance of soil to the future prosperity and
sustainability of the red meat industrifhe statement shoulhclude the role of soil metricsvith

reference toreporting obligations and future market accedvVieat 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 soail

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 differamigions 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 hew maps for some issues in some areas
have not been updated for some decades, the latest spatfarmation 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 inherentthe 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 soilcandon 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 verificatin system will be vital.

Of all the sectors of the economy, agriculture is the most dependent on natural cggetetion 7).
Natural capital is seen in two ways: natural capital accounting, and natural capital risk assessment.



There are significant natural capital risks and opportunities for farms. Some of these opportunities
may come with productivity tradeffs.

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 identifia&tide.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), oni@@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 assedshealth, 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 Australiand nationally. The Healthy Soils Hub is a high quality resource and the
MLA should endeavour to maintain and expand this resoukdeption or implementation of
improved soil management practices-tarm 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 sailpte 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 keye areas are:

1 overcoming regional soil constraints,

1 optimising soil carbon storage and soil health,

1 managing soil impacts form extreme events, and
1 leveraging natural capital and marketing access.



GOAL: To manage soil health and improve resilience to climate events and impacts to support the future
prosperity and sustainability of the red meat industry.

€
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Overcoming regional soil constraints Optimising soil carbon storage and soil Leveraging natural capital
health and market access

|

TARGET: Reduce the impacts of acidification, erosion,  TARGET: To be confirmed TARGET: Ensure short and long-term TARGET: Improvement in
and soil organi: carbon depletion to contribute to an productivity and sustainability of T e ST
e e e livestock production by reducing the  Aystralian production
OUTCOMES: impacts of extreme climatic events on practices, relative to other
o (alrETsIEae ; | tecti ini gz = soil function and health. el A o
ppropriate soil testing and condition Producers and advisors recognise the el and sheep producing
monitoring, underpinned by practical value nations.

propositions and impacts for industry, to understand
soil constraints on their production systems.
Producers and advisors understand the most

benefits and productive value of soil organic OUTCOMES:
carbon as a critical component of soil « Producers and|advisors understand

function. soil resilience critical limits. OUTCOME:
* Producers, advisors, and other stakeholders

X . . - . : ’
o ot o e e e U o g el oot oo rneete b mesoron
. rp?»i‘;::er:- ;F:,Zc;;lsgr::z:atre sk.nowled et for specific soils and regions. impacts of extreme climatic events indicators into natural capital
: 3 : * Producersand advisors have the knowledge on soil function and health and/or assessment and
T R e AR and tools to realise opportunities for more effectively manage soil environmental credentials
with productivity constraints. increasing or maintaining soil organic carbon recove ’
* The red meat industry monitors changes in key soil levels. -

constraint metrics over the longer term.

Soils extension and adoption Targeted soil management extension and adoption pathways are available and rel
to red meat producers across all regions.

Figure i.The MLA investment framework summary.

Note: TheSoil Carbonargetneedsto be reviewed for practical measurement and applicable scale.
The target wildemonstrateprogress 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 incorpstatemensA Yy a[ ! Qa
future strategic planso explicitlyrecognig 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 survivéSilver et al. 20215oil is increasingly being seen as a solution to
environmental issues such as climate change, eutrophication and contamination of water, land
degradation, and desertificatiofiLal 2008) The Australian beef industry is custodian to more than

50 per centofthisna A 2 Yy Q& (@MLARB22)Yhe sedvices 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 20¢8annam 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 foretgted research, development,
extension, and adoption (B, 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 bain.

1.2 Obijectives of review

The objectives of this review are to:

1 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.

91 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.

91 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 tdighlight isin a green box. At the end of each sectitimereare broad
recommendationghat we have made.
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2 MLA investment to date in soils

2.1 MLA Strategic plan

Key points:

i the MLA Strategic Plan aligns with Australian Government Science and Research pr
Rural R, D, E & A priorities and the Red Meat 2030 Plan

9 soils are only explicitly mentioned in the strategy regardimeyv sources of revenyeand
otherwise they are only implicitly assumed

9 care will need to be taken that soils are not just considered from an environme
perspective, but also when considering productivity, market access and grazing syster

The MLA Strategic Plan 2025 (Anon 2020)dsss written in the context of the broader red meat
industry and national research and development priorities. The MLA 2025 Strategic Plan has six
JdZARAY3I LINAYOALX S& 6KAOK agAff TFdzZARS RSEADGSNER 27
ondd AGSNAY3A | yR YIFEAYA&AAY3I AYLI OlGéd ¢KS&S &AAE LINJ
1 connecting the supply chain through alignment with Red Meat 2030
 20dzaAy3d 2y RSEAGSNAY3I AYLI OO0 GKNRdAdAK WTFSHSNE
1 maximising impact by connecting programs and R&D investments to customer, consumer
and community insights and establishing clear adoption or extension pathways at inception
9 our investments contribute to a socially, environmentally and economically sustainable
Australian red meat industry
9 taking a continuous improvement approach to the delivery of essential services
9 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 performanicelicators which could relate to soil although none
specifically mention soil

1 increased compliance to quality assurance and integrity systems

1 the number of producers deriving revenue from environmental services and/or natural
capital trading markets has increased y&aZ/ear

9 increased utilisation of data and evidence to inform producfied environmental
outcomes

1 progress towards CN30 with improvement in carbon net position

1 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:

1 our people

our customers, consumers and communities
our livestock

our environment

our markets

= =4 -4 4
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1 our system

{2Aft& INB YSyiliA2ySR Ay wSR aStd wnon Ay (KS 02yi
AdzLILI2 NI AY 3 GKSANI FR2LIGAZ2YE YR G2LIWGAYAAAY3T | YAYL
YNy Séd 2KAES GKAA YI @& &SSY yfcdnfitSithin fodr Gfkhg'six YSy (A 2
priorities: our livestockour environment our markets and our system.

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

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

2 GSNI Aa 2yS 2F GKS yAyS ol ViaeSafidntanabing Ratme$ a S+ NOK t N
wSaz2dz2NODSa¢ Aa 2yS 2F (GKS F2dzNJ wdzNF £ w539 LINA2NR G
improve water use efficiency and certainty of supply, sustainably develop new production areas

and improve resilience toclimét S@Sy Ga FyR AYLI Olaé o

DAGSY (KS aitdNRBy3d F20dza LINPPARSR GKNRdIzZZK (GKS ! dzad
t NA2ZNAGASAET YR GKSANI w539 t NA2NAGASEAE GKS NBOJAS
in many areas of the MLA 2025 strategic pfafi K S N&nébknk yew Séurces of revem@e (i K S @

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

research programshe MLA will need to be aware that soils are not just something to be

addressed in environmental considerationg lalso to be considered in productivity, market access

and grazing systems.

2.2 MLA projects

Key Points

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

1 where soils were a key focus, grazing management projects were most common and
included assessment of amendments such as alternétintdisers, targeting fertiliser
(especially phosphorus (P)) and lime applications to suit soil carrying capacity and
effect on biomass production.

9 where soils were an incidental focubgre is often a broader viewf the feedbase
Introduction of new legumes into farming systemse of soil monitoring or remote
sensing in digital agricultur@nd P supplementation for animal health on P deficient
soils (especially in the rangelandgre important

2.2.1 Analysis of soil related projects

I aSIFNOK 2y (GKS a[! 6So0aAiridsS daiy3a waziataq +a | |
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 calesied a single or multiple soll

parameter/s and (ii) commenced post 2010

Eghty-eight projectswere identified and further divided into:

1 Project brief was to consider the last §€ars.
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® those that had soil as a key focus of the project measuring several paranaatdrs
thosewhere soil was not the key focus but reportedil property as an incidental
measureoften soil type/texture, soil cover or estimate of soil moisture.

(i) MLA website area%

(i) Australian and New Zealand Standard Research Classifi(AhtSRE)o enable an
assessient oftrends in soil research over time for projects

A summary of key trends presented below, detailed tables are provided in Appendix 1 with a
complete listing of projects in the MLA Soil Investment 20008 spreadsheet.

As expected, there were fluctuations in the number of projects funded each Kregré¢), 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). brdi@ projects completed during this time
included environmental sustainability (greenhouse gas frameworks), producer adoption (forage
systems) and animal health and welfare.

12
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Figure 2.1Number 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 ommaies 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 productivitypducer adoption, producer demonstraticites.

3 ANZSRC categories land capability and soil productivity, pedology and pedometrics, soil biology, soil
chemistry and soil carbon sequestration, soil physics, other

14



Table 2.). 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. gbdlfase, particularly introduction

of new legumes into farming systems and use of soil monitoring or remote sensing in digital
agriculture were important.

15



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

Rank | Soil key focus Proportion | Soilincidental 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%

TheAustralian and New Zealand Standard Research Classifi(Aht#SRC) 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 pargt 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 thehgm region the potential of
biocrusts to fix nitrogen (N) and unique use of soil microbes as a natural tick control for cattle
(Probie 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 assatiztdogical community.

Table 21. Examination of ANZSRC categories identifying areas of interest where soil was a key or
incidental focus based on the proportion of tosimples. There were a number of projects that
measured more than one soil parameter.

ANZSRC Detail Soil key focus Solil incidental focus
n=41 n=47
Chemistry Fertility 32% 26%
Carbon 27% 9%
Phosphorus 15% 2%
pH 2% 4%
Physical Texture 17% 11%
BErosion 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 acidificea 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 theangelands focwed on high level soil properties, soil cover for water movement and
erosion, soil texturéype for suitabilityof introduction of legumes to improve forage. Specific areas
were of interest suls asP mapping to determine soil levels to improaaimal 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 manipulatthanotrophs 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/miaorporate/extensiongraining-and-
tools/documents/solposter small.pdf

L.FAP 1902022 Southern Farming System

The healthy soils package was developed as part of the Feedbase Adoption Plargatet at
producersandadvisorgo use visual indicators to inform about the underlying soil condition,
improve skills in soil assessmantd identifying soil issues that are impacting pasture production.

This project piloted the use of discussion groups and a variety of media posterbaset

information (booklet and learning module) and videosouild participant skills. It was reported
GKFG GKS RA&AOdzaaA2y 3INRdzLJA 6SNB y2i GKS o0Sai
context. &ssions that built on knowledge and skills learnt in previous sesgiere a key

ingredient in producer skill development rather than having different guest speakers on standalone
topics. Sessiorthat were desigedto be as hand®n as possiblevere the most successfto build

the skillsin assessing different soil profiles and using appropriate tests (soil lab and field tests, plant
tissue tests, check plant roots/nodules, assess ground cover, test stnigsbility to diagnose soil
constraints

The discussion groups increadatbwledge 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 tmasto 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
choosemodules, consisting of a twloour 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. Tie 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 negstaduction.
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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

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 othacronutrients and soil

constraints such as acidity and sodicity.

Future research and recommendations were:

9 to develop updated information based on producer questions collated in the project
for soil acidity and soil carbon.

9 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.

9 to present sciencdased facts in an easy to understand format.

9 to develop smaller, wellesigned short course modules as feeder courses into PGS
training packages with a complementary staaldne training method to practice learnt
skills and increase skill development.

Biologicalbased or biological models for methane capture

https://www.mla.com.au/globalassets/miaorporate/researchand-development/final
reports/2019/b.cch.211dinal-report-1.pdf

B.CCH.2110, 2019 The Biomimicry Institute

The projectreviewedbiological methods relating to methane sources or sinks in livestock grazing
systemgo inform producers on different agricultural practices that producers could adopt to
improve soil and grassland health and increase methang) (@thke.The largest anthropogenic
source of methane in Australia is agriculture, releasiigT?) of methane per yedargely from
ruminants.In Australiamethane sinks aréhe troposphere(the lowest layer of the atmosphere of
Earth) thatremoves approximatly 12 teragrams per year (Tg/yr) of methane from the
atmosphere, and soilga microbesare estimated to remove another 2 Tg/yr. Certain species of
trees also have the potential to absorb methane from the atmosphere.

Methanotrophs are bacteria thahetabolisemethane and act as a methane siikethanotrophs

differ depending on the environmef®d 2 E&3Sy O2yRAGA2Yy & | yR Oly ©6S |
Methanogens are organisms thptoducemethane in hypoxic (little to no oxygen) conditions. They

most commonly use carbon and hydrogen to make methane and veaitéare most commonly

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

Because the production and consumptiohmethane from soils occurs as a result of different
microbial processes, controlling the factors that influence the growth of microorganisms may help
to increase Cluptakeand decrease Ghbutput from the soil.These factorinclude precipitation,

soil moisture, soil temperature, soil pH, nutrient availability, and fegtilivhere best practice
generally improves microbial activity and &fawdown for methanotrophs.

A recent review(Wang et al. 2022)etermined that the greatest abundance ofthaneoxidizing
bacteria(methanotrophs) isn dryland soil with good aeration. About 82% of,@&+absorbed and
utilised by methaneoxidizing bacteria in the soil before being discharged into the atmosphere, and
then enteristhe soil ecosystemHowever, they did not recommend the use of methanotrophs as a
feasible technology to control soil greenhouse gas emissions.
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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

Boosting natural regeneration of the nitrogen capital in grazing lands
B.PAS.0502, 2013024 ¢ Rangelands, Northern Australia

In extensive grazing systems in Northern Australia, it is difficult to affect pasture productivity,
guality 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 fiNin grazing lands to determine the impact of grazing, spelting fire practices

on N capture by biocrusts and how it is recycled and made available to plEmesproject will

develop insight ito 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 Mdmart management strategies and is linked to international efforts on soil
carbon sequestration, and in conjunction with Smart $AC, is appointing a PhD student to
include on ground management of soil health through integrattbproximal and remote sensing
platforms.

2.3 Recommendations

1 Monitor and provide information foproduces and industry for biological parameters once
the most suitable indicators to measure sustained change are assessed and understood.

1 Monitor work on understanding the soil microbiome and its effects on soil health. Provide
information and monitoring when more information is available.

f LyOftdzRS | adGraSySyid (2 a[! Qa TFdzidzNB &G NF GSIAC
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 markeeasc
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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

3  Scan of literature

We searched using keywords and scannedliteeature for recent publications related to soil
properties and grazing managemeiReview papers, special issues of Australian journals, and grey
literature of RD, E & A programsvere assessed.

3.1 Analysis of soil related projects

Key Points

1 inthe 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

1 inthe 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

9 regenerative agriculture is discussed initially with a focus on soil carbon storage but not
as many in recent years

f 2Af KSFIfGK A& | O2yOSLIJi 2F Ol LI OAGed 28
a reference state or standard.

9 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.

1 relevant soil health indicators will change with location, soil type and management
system.

9 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.

9 itis 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 o8oil Researcfan Australian based jourfand Google Scholaiza A y 3 1 S& ¢ 2 NRa
b5 WINIT AYIQ ARSMdidirfdtieeRast 204&aks) Qn refiew/1149 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 theisna

of MLA projects in S2.2, records were collated into a spreadsheet and the Australian and New
Zealand Standard Reseh Classification (ANZSR&3signed to identify trends in soils and grazing
research over time.

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

W{OFY 2F b2y a[! a2Aafa FyR 3ANITAY3I Lot AOFGAZ2YAC

1 single measurement of soil factors has declined, except for biology that had a number
of papers investigating role of macroinvertebrates in a healthy(Bjlure.

1 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 categoriesfeerd o

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 productipitynt of view
(Figure andFigure).

1 inthe 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 indicatofBigure 3.3)Soil carbon is still measured but soil
function assessment is @génot 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 muHiunctionality of soils.

1 alarge proportion of publications were global reviews, discussion papers ormeta
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
(predominanly 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 Researcimtamational peefreviewed scientific
journal publishedby CSIRO Publishirigterestingly 10% of publications were from USA
and none were published in Soil Research.
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Figure 3.1The number of publications sorted by the ANZSRC classification between 2014 and 2023. Note
classifications with 1 publication are not displayed.
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Figure 3.2Comparison of the number of publications sorted by the ANZSRC classification betvgear@
(20192023) and 610 years (2014£018).
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Table 3.1 Number of publications reported bgontinent.

Chemistry + C, Biology, Physical

2023

Continent Number | Comments

Global 24 Global revievs or metaanalysis

Australia 27 5% from the Rangeland®0% 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 andlityg nutrients) climate and greenhouse

gas regulation, biodiversigndhuman 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 cyclingnd climate mitigationHowever, quantification of soil health is still dominated

by chemical indicatorgven if there is growing awareness and appreciation of biological measures.
Thisshift largely comes from a focus on plant productiandthat whilst an important

agroecosystem measuyi is only one of many ecosystem services.

3.2.1 Soil Health and Sustainability

Definitions and contemplations

Soil healthis 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 supplyhain managemenfl_ehmann et al. 2020)

Agricultural sustainabilityis defined as the ability of a foahd fibreproduction system to
continuously produce without environmental degradation.

Regenerative agriculturés both an attitude and a suite of practices thastated torestore 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 eilarm. Thefive core principlesreto minimise soil disturbance, keep

soil covered, maximise living roots yaaund, maximise crop diversity and integrate livestack

align wth sustainable agriculture principles that are already adopted by many producers. However,
there is another principle regarding synthetic chemicals that depending on groups or countries
Y2@3Sa FTNBY I WEAYAG GKS dzaS 2FQ (2 WIHLLX e y2Q
polarises producers to identify or haentify with regenerative agriculture

Inherent soil propertiesnclude texture, depth, clay type, grawsidare hard to changérough
management.

Managed soil propertiesre dynamic and include soil nutrients includM@nd 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 naturehpital 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 deterioratedimproper land use and management practices (Guo
2021).

Not all soils can provide all ecosystem services equally nor simultaneously. There are oftesffsade
between food and fibre production and other ecosystem services in agricultural oilsq 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 (fband fibre production, water cycling, nutrient

cycling, biodiversity, greenhouse gas mitigation). In effeatds 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 massified 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 fagricultural and environmental sustainability across the
landscapgNorris et al. 2020)

To be useful as a soil health indicatBigure, a parameter needs to satisfy several criteria. It needs to
be (i) relevant to soil health, its ecosystem functions and services, (ii) semsile to detect change
quickly and able to distinguish between seasonal fluctuations, (iii) cheap, practitahort turn

around and (iv) informative for managemefhtehmann et al. 2020)

{2Af GSEGdINB YR RSLIIKEI ¢KAtf&G FLEftAy3d 2dziaAiARS
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 th&ab8A (
3.2;National Soil Health Measurements to Accelerate Agricultural Transforma8oit 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.

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

Table 3.2Different tiers of soil health indicators as shown by Guo (2021).

Soil Health

Indicators Criteria Examples
Soil texture
Soil bulk density
Soil aggregate stability
Available water-holding capacity
) . . oo . Saturated hydraulic conductivity
e Widely considered effective to indicate soil health g4 pH
e Defined regionally and by soil groupings Soil electrical conductivity
e Known thresholds to index outcome-based soil  ati0n exchange capacity
Tier1 health status Base saturation
¢ Responsive to land use and management Extractable P, Ca, Mg, K, Fe, Mn, Cu, Zn
practices for soil function improvement Extractable Al, As, B, Ba, Cd, Co, Cr, Mo, Ni, Pb, Si, Sr
Soil total nitrogen content
Nitrogen mineralization rate
Soil organic carbon content
Short-term carbon mineralization
Crop yield
Soil sodium adsorption ratio
Macro-aggregate stability
. Soil stability mdex
e Proven relevant to soil health Soil active carbon
& Impacting trends on soil health are clear Soil protein index
s Ranges and outcome-based thresholds are Soil p-glucosidase
Tier 2 known for some regions Soil N-acetyl-B-D glucosaminidase
e Improvement strategies can be suggested Soil phosphomonoesterase
e Additional research is needed for further Soil arylsulfatase
validation Soil phospholipid fatty acid (PLEA) profile
Soil fatty acid methy] ester (FAME) profile
Soil microbial genomics
Soil reflectance
*  Has the potential to be a soil health indicator
Tera e« More mesearch is needed before users can have Soil microbial community structure
T

adequate confidence in its measurement, use,
and interpretation

Soil microbial DNA extraction and sequencing
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3.2.1.1 Is ascore card or single soil health index approsetul?

As there is a multitude of sdllealth indicators, a desire exists amosgmescientists and stakeholders
to integrate them into one single test score (an indedwever, Lehmann et al. (2020) foumdly 5
single indicedn over 500 studieswith the greatest difficulty in developing a single score for broad
scale reportingoeingthe overriding influence of climate, soil and mangement system on indicators.

Thisdifficulty to generally apply a single indicataeans 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
andbiological).

Lehmann et al. (2020) suggest that the development oftsealth-quantification standards should be
spearheaded by governmental or intergovernmental organisations such as the Global Soil Partnership.
International standards need to be developed for suigaindicators, 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

1
1

fertility, through biomass removal and redistribution of nutrients via manure

physicalproperties,through trampling that affects the soil density and pores spaceb
thuswater movement and availabilitgndthrough removabf abovegroundbiomasshat
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 fewil microlal activityand function

A number of metaanalyses 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. 68 findings
are reported that grazing

T
1

1

does not negatively affect the majority of soil properties studied except those listed below.
increasesoil compactioni{ulk density in moderate and high intensityompared to no or

light grazing

at a high intensitydecreases soil water storage, nitrate and SOC concentration, and
microbial biomass C.

at a noderateintensitycan increase root biomass compared to light and higénsity.

at a Ight intensity increases SOC and ammonium.

at a reduced intensity through rotation or moving from high tmoderateintensity can
improveSOC, bulk density amdicrobial 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

9 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.

9 correct soil sampling technique, selection of appropriate soil indictors and analytical or
observational method is critical for successful interpretation of results.

9 good pasture soil standards for phosphorus, potassamd sulphur.

1 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.

1 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.

9 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.

9 fires are an inescapable part of Australian systems and contribute carbon in the form of
charcoal to the soil. I@&rcoal is now commonly estimated by MIR spectroscopy as
recalcitrant organic carbon (RO&)pyrogenic organic carbon (PyOC).

9 pasture growth responses to the addition of organic or microbial amendments can be
variable and often occur where a soil constraint has been addresseplangnutrients,
organic matter or plant growth substances

3.3.1 Saoil fertility

Gourley et al. (2019onducted a metanalysis of data from a large number of sites and
established fertility benchmarkanges 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 industuidelines do exist for other nutrients derived from
research undertaken for certain soils or plafPeverill et al. 1999, Brennan et al. 201fforts to
understand and refine fertility management conties through field measurements, modelling, and
isotopic and spectroscopic studies including P use efficighcgmmon 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 dfopittke and Menzies (200@hdMenzies et al. (20114ttill hold, that while

LJdzNE dzZAy 3 |y WARSFEQ NIXdGA2 OFy 0SS LINPRAZOUGAOSE
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 interactiostsvieen plants and the soil biological
community, interactions that continue to be discover@bonan 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 aund 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 sucltasposts microbiak, humic teas etdEdmeades
2011) The utility of various products in grazing systems in southern NSW was assessed recently
over a sixyear trial where P was a limiting factor bgech et al. (2019Yhey 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 soae of P, a finding generally consistent wiimeades (2002)

While Leech et al. (201@)bserved 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 ballgaiseful to
assess soil health is an ongoing area of investigékmrer et al. 2021)

Crawfordet al. (20203ssessed soil fertility and pH across 234 paddocks in East Gippsland and
found that many paddockare 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 andgpkcation of P

and N fertiliser generally refte the intensity ofproduction,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 prddmetsoil pH
reduces the availability of nutrients for plant growttan increase aluminium in the soil solution

that is toxic and can impair root growtand detrimentally affects nodulation &hizobia in most
pulses.Surface and subsurface acidity are becoming an increasing problem and regular monitoring
is requiredand 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 (etigps://acidsoilssa.com.ay/ 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. Increasinglygegiormance cropping phases have
accelerated the development of stratifietidification 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 ® 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 benchmarkselative yieldor expected responses to

fertiliser can be done reliablgGourley et al. 2019)he basic importance of correct sampling for

fertility assessmenis not new(Colwell 1971, Webster and Butler 1976t its importance has
beenreiterated recentlyto ensure the industry provides reliable guidance to produ@/sbster

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

3.3.2 Grazing

Tobin et al. (2020hvestigated the shorterm impacts (32 years) ofimplementing goodyrazing
management (40%60% biomass removaindaddingcover crops to cropping systeraad found,
at some sites and depths positive effect omotal SOC anéfactions, 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 S@xl fertility levels.
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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 stock&Sanderman et al. 2015Fhis could reflect the shetime frame in which projects were
assessed (often-3 years), the limitation of adjacent paddock or farm comparisons, or that many
pasture soils are near their S@&pacity, or are limited by other factors such as nutrients, rainfall,
biomass input 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 ck@sgeO

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 thengrof growth(Murphy et

al. 2017, Murphy et aR019) Species selectioadequate 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 p(Bfldgery 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 2019Fhe effects of different fire intensitiegsere reviewed after

the Warrumbungles fire in 2013 Bylau et al. (201%andis being undertaken post the 2022920

fires (Purdie et al. unpublishedynd in a cultural burn across NSW from the SE rangelands, south
coast am northern tablelandsN]. Tulau, pers comm). The abundance of charcoal is commonly
estimated by MIR spectroscopy as ROnore recently termed PyQCutfalla 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 deatahhave found varied pasture
response. A positive pasture response often occurs where a constraint has been overflame
example, provision of depleted nutrient/s or response to changed soil conditions resulting from
physical incorporation of the prattt 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, orgamitenor plant
growth substanceqEdmeades 2002)

Despite differences in pasture production with the addition of products, there are often no
significant changes to the microbial community structure reporig@¢ch et al. 2019%5hort 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 thestructure and function ofhe soil microbiomewould occur over short periods, but
over longer timeframes (months teegrs) would be selfegulated and dependant on the functions
required to address the change in the soil.
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3.4 Rangelands

Key Points

9 rangeland soils are commonly more alkaline, more saline and have less leaching of
nutrients than higher rainfall areas

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

1 where P is &ey limiting factor of livestock productivity it is more effectively supplied
through direct animal supplementation than application of fertiliser through the soil

9 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

1 soil erosion is an area of key research for soil conservation, redistribution of soil carbon,
GKS NRfS 2F ONHzala G2 adGroAfAasS a2AfI NBKIFOACT
establishment and water infiltration, and for the protection of significassets such the
Great Barrier Reef

1 grazing management focusses on letegm carrying capacity of livestock numbers to
minimise soil erosion and sustain the pasture

9 links betweerconcentration of soil carbon stock and tree density and surface littére
Darling Riverine Plains and the Cobar Pedeplain in NSW

9 early season burns may be an order of magnitude cooler than late season Binss
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 systerfstone 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)lgstars.
Below are topics with relevant recent research.

3.4.1 Soil fertility

The benchmarks developed for P, K, and S in pasturgGailsley et al. 201%ave limited
applicability due to the uneconomic prospect of applying fertilisers. A key limiting factor of
livestock productivity in large parts of tmorthern rangelands is P deficiency, which can be more
effectively supplied in the extensive systems through direct animal supplementation than via
fertilisers applied to soilBowen, Chudleigh et al. 2020, Dixon et al. 2020, Schatz et al. 2023)

The limited leaching of the rangelands soils does mean that nutrients are nat@slly depleted
as in higher rainfall areas, though their solubijliigr example Pmay be limited byigh soilpH
(Andersson et al. 2016)ittle 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 agaimpbrtant
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(Gourley et al. 2019, Gourley and Weaver 2048)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 separatedctin® 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 rep@epartment of Primary Industries
and Regional Development 2020he 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 Rg#oci et al. 2020, Bartley et al. 2028pnitoring and

stabilisation of wind erosion is a common topic, both regarding soil conserv@iwang et al. 2022,

Yang et al. 2023)nd relative C enrichment in lost sedimefi#gebb et al. 2014, Chappell et al.

2019) Specialised research including the role oflsimtrusts in stabilising rangeland soil is a less
common areahan other topics but continues in the lower rainfall zones of the rangelands, e.g.

(Webb et al. 2014, Williams et al. 202Recovery of eroded soils in the rangelands, where the
G2La2Af KlFa 0SSy ftz2ad tSH@Ay3a I waolfRSRQ adzmazai
plant establishment and infiltration are both sldqWilliams 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 disturbae 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)ollowing three decades of researsknthesized findings involving

modelling have been incorporated in a recent publication for Queend|8tahe et al. 2021, Zhang

et al. 2021)Waters et al. (2017nvestigated the effect of grazing intensity on soil and biodiversity
in the Darling Riwéne 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 ydktsDonald et al. 2018, Waters et al. 2019,
McDonald et al. 2020, Bartley et al. 202Hpwever, more interige 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 Queer{giéel et al. 2013)

As a determinant of soil moisture, infiltration rates are a key driver of rangeland productivity. For
the northern rangelandg;raser and Stone (2018)und 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 bi@tsican decrease infiltration and have

the opposite effect on germinatio(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 propefges. Norton 1988, Briske et al. 2011,
Teague et al. 2013, Gosnell et al. 20R@solution 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. 2011Broad guidingrinciples to do so proposed Backer 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 andomestic
grazing pressure, 3) incorporate management of invasive nativé sethere 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 (2022gcently reviewed tropical savanna burns in Australia. Prescribed orearly
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 patemd 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 invasivergsses may increase fire intensity. Fire management in the savanna
rangelands is also relevant to emissions reduction programiesaseni et al. 2016from which

potential income streams may result in a greater capacity to manage burn progra(Reigsand

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 only3&3% undertaking soil analy¢lsobry de Bruyn and Andrews

2016) In Australia, most of the results come frahe 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

02ttt 0S az2Aaf RIGI FTNRY | ONR&aa ! dzadNYfAlF odzi dzy¥2
ceased littps://www.agriculture.gov.au/agriculturdand/farm-food-drought/naturat

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 indicat@erer et al. 2021)ldentification of the most suitable

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

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

nutrient cycling, biodiversity and carbon cycling and clinvabelld 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

1

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 samplinghouldoccur in regions where there is limited soil datthis will

need to be funded by industrgtate, or federal initiativesespecially in the rangelands

where information is limited.

A universal soil health index will befitiult to develop ands best left to governments or
organisations such as the Global Soil Partnership to determine relevant indicators and
weighting factorswith 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 indictotsut as more information becomes available for suitable
biological teststhey can be incorporated. The local soil health references can be used as a
way forproducess to benchmark their soil in their local (potentially regional) areas and
provide a measure of capacity (e.g. how close theitis 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 (particular
carbon).
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4

Key soil types, difficult soil types, soil constraints in the

context of grazing systems.

Key Points

T

Grazing systems occur across a wiaege of soil types in Australia.istvery 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 assessent 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.dreere

opportunities to leverage and work in combination with public and private data collections
to gain further insights on evolving trends and behaviours for industriggramic

monitoring.

A suitabilitybased assessment should be undertaken to better consider agricultural
versatility and where soils and lands are better suited for grazing purptissscan then
be prioritised for industry development and expansion, eathern 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 o fertilisers.

The integration of indicators that matter to the different production systearsl linkages
to key soil functions and threats required to present land managers with tailored
information that matters to their enterprise. The role of new information (e.g. fungi,
bacteria)presentsexciting opportunities.

The intensification of land use morthern Australishasimplications for soil and land
conditionand requires thegrovision of specific information on best management practices.

Protection of onfarm assets such as organic carkritoh 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 practisegquired

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 incthdingtional review

of soil trends and priorities to improve soil condition (McKenzie et al. 2017). This may include
confidential oryet to be publicised soil maps and products that are in preparation.
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4.1 Key soil typesaandlandscapes

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
landscapeshat are most conducive for these production systems (Figut® To date there have
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mapping pasture species suitabilig.§.Smith et al. 2019) including amelioration options, land
suitability of mixed gramg systems (Fazel et al. 2012) and the GEMINI Project (Maskell and

Griffiths 2019).
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Figure4.1: 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

1944by a detailed and largscale continental assessment of the major soil zones and types.
Prescott initially designated ten soil groyp$ which at least four are prominently sandy soils.
Maps and corresponding classification systems were generated in the following decades including
Stepheng1953), Stace et a]1968), Northcote et a[19601968) and Isbell1996) that built upon
the foundational discoeries and understandings of Prescott. Ashton and McKenzie (2001)

produced a national map of the Australian Soil Classification (FHgiréhat was founded on the
scheme developed by Isbell (1996) and the continental map base of Northcote et ak1@6®80
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ASC soil order
Calcarosol
Chromosol
Dermosol
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M organosaol
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M Rock
Rudosol

M sodosal

I Tenosol
Vertosol

fasmaria

Figure4.2: 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
(SLGAGrundy et al. 201pwhich 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 e8,06:15, 1530, 3660, 663100 and 10-200

cm.

These maps include the soil properties:

o bulk density (g crifor whole earth)

0 organic carbon (%)

0 particle size fractions (clay, sand and silt)
0o pH(CagG)

o totalN (%) and totaP (%)

o effective cation exchange capacigngol kg)

An update to these maps hascentlybeen completed as part of a national investment through the
Terrestrial Ecosystem Research Network (TERN) infrastructure
(https://esoil.io/TERNLandscapes/Public/Pages/SLGA/indeX.hiihis update, known as version 2
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of the SLG/Aalso include maps of available phosphorus (FighBg SOC fractions (Figutel),

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

the Australian Soil ClassificatihSC)The newASGnodelled 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.

NRM regions

Non-agricultural land

Available phosphorus (mk/kg) (0-5 cm)
High : 204

Low: 1

Figure4.3. Available phosphorus (mg/kg) prediction for 0 to 5 cm.
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High : 0.23

Low :-0.29

Figure4.5. Non-metric multidimensional scaling (NMDS)bhcteria.
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Figure4.7. Soil bacteria NMDS ternary image of Australia.
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Figure4.8. Soil fungi NMDS ternary image of Australia.
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Figure4.9. 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 Apf@ndix
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 stressalar approach, the new diffusadiation 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 g@%day.

From this research, Donohue et al. (2018) were able to generate national pasture productivity
datasets using MODIS imagery for 2@ 8. This includes the dynamics of grassland/pasture
Gross Primary Production (GPP), Net Primary Production (NPP) and @eb® 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 o€gr?/day. The grass carbon mass is the above ground
mass of grasslands and pastures @yhNote that for this report, NPP assessments for the NRM
regions have not been included. For each y#sare 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 (Figuret.10).

NPP (gCim2/day) NPP (gCim2/day)

o7

43



Figure4.10. Net Primary Productivity (NPP) for Australia in 2@L.&ebruaryp. May;c. Augustd.
November. Units are §/n?/day. Data from Donohue et al. (2018).

44



4.1.2 Soil type summary includingifficulties 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 providkedlinN@e that the new soil
order (Arenosol) is detailed although not mapped as this map preceded this new addition to theliAn$@l Classification system.

Table4.1. Key diagnostic features of soil orders associated constraints and where these soils are commonly found (NRM or IBRA7 regions)

depth

limiting water and air movement.

Soil order Key diagnostics Key associated difficulties and constraints for grazing Dominant areas found
Vertosol Clay rich soils (>35% clay 1 High shrinkswell soils causing local irregular grou| Queensland: Dese@hannels; Southern Gulf;
throughout) with shrinkswell surface (melorhole/gilgai) for livestock. Can caus¢ Condamine.
properties and prone to rooting depth limitations. Northern Territory: Michell Grass Downs.
cracking New South Waled:iverpool Range, Darling
I Can be calcareous (soft segregations or nodules} Riverine plains, alluvial fans of the channel
and/or sodic at depth. country and Mulga lands bordering
. QueenslandRiverina Monara
1 Subsoils ca'n' be dense and co'mpacted. Surfaces Victoria: Wimmera.
be selfrepairing from compaction.
Soils strongly influenced by 1 Sodic and dense subsoil limiting root access and| Queensland: BurnetMary; Fitzroy; Mackay
sodium (sodic B horizon) and penetration. Can be cracking. Whitsunday.
strong texture contrast Western Australia: South Coast; South West
between A and B horizon ' Potential surface sealing and compaction, water | New South Wales: Broken Hill complex, priof
repellency. streams, lakes, and levees of the Darling
. Riverine plain and Riverina, sedimentary
 Subsoils can be calcareous. L
parent materials in the western slopes,
1 Surface often have low soil strength. tablelands and Alps.
Victoria: Wimmera; Corangamite.
South Australia: Kangaroo Island, Adelaide.
ACT: eastern side.
Welkstructured soils and lack 1 Can be stony and of variable depth. Queensland: South East; Wet tropics.
a clear textural change with ) New South Wales: Hunter; Nor@oast;South
9 Surface and suburface compaction can occur,

Coast andNorthern Tablelandsrelated 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

9 Surfaces can experience watepellency and
nutrient loss where sandy.

1 Compaction of surface and slirface may occur
in wet conditions.

9 Strongly dense subsoils may limit root growth ang
water extraction.

1 May be shrinkswell due to clay rich B horizon.

Queensland: Burdekin.

New South Walegranitic, sandstone and
non-sodic sedimentary soils of the western
slopes, tablelands, and North Coast
Victoria: North Central; Glenelgopkins;
Goulburn Broken.

Western Australia: Pedfarvey.

South Australia: Adelaide Hills and Fleurieu.

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

9 Stoniness may vary along with depth of soil.

1 High clay content and compaction may occur dug
trafficking.

1 Can be strongly acidic in the surface.

Queensland: Burdekin; Wet tropics.
TasmaniaNorthwest North.

Northern Territory: Ord Victoria Plain.

NSW: basaltic tableland, western slopes and
north coast soils

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

1 Strongly acidic throughout limiting plant and
animal nutrition.

1 Can be highly prone to water erosiqroften
located in high rainfall environments.

1 Periodic waterlogging often occurs due to dense
subsoils.

1 Gravels may occur, also the surface may be quitg
weak under animal and machinery trafficking.

New South Wales: Hunter; North Caast
Northern Tablelands, central western slopes
Victoria: Corangamite.

Tasmania: South.

ACT: Western side.

Soil that are weakly pedal tha]
have deepsandy profiles

1 Water repellency is a major issue along with
nutrient deficiency and leaching.

Western Australia: Rangelands; Northern
Agricultural; Swan.

South AustraliaSoutheas{(Limestone Coast);
AlinytiaraWilurara.
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Soil order Key diagnostics Key associated difficulties and constraints for grazing Dominant areas found
1 Subsurface pan may be preseqtimiting root New South Wales: Alps, tableland escarpme
growth and water movement into the subsoil. and gorges.
1 May be acidic in higher rainfall environments.
Kandosol Strongly weathered soils with 1 Soils can be quite deep and tend to be well drain{ Queensland: Cape York;-Gperative
a weak to massive subsoil ani (whole coloured). Management Area; Northern GuBouthwest
little to no texture change with New South Wales: Sydn8asin, upper Hunter|
depth I Ironstone nodules and gravels are common. valley, western slopes, Cobar Peneplain, Mu
§ Surface can be easily degraded by trafficking ﬁgﬂ;ﬁ:ﬁtslmpseﬁtrzeleckl dunefields in the
leading to surface crusting and sealing. . .
g g g Western Australia: Avon River; Rangelands.
f Tend to have low nutrition, hence predominantly | Northern Territory.
native pastures. South Australia: South Australia Arid Lands.
Hydrosol Saturation of the greater part 9 Seasonally or permanently wet soils that are Queensland: Cape York;-Gperative
of the profile for prolonged generally unsuitable for grazing. Management Area; Northern Gulf.
periods (23+ months) Western Australia: Avon River.
1 Waterlogging is common, often with clay rich Northern Territory: Pine Creek.
subsoils that can shrirgwell.
Podosol Sandy soils with a Bh (organi 1 Nutrient deficiency and leaching and water Victoria: GlenelgHopkins; Corangamite; West
aluminium), Bhs (organic repellency are major limitations of these sandy | Gippsland.
aluminium or iron) or Bs (iron) soils. South AustraliaSoutheast
horizon TasmaniaNorthwest North.
1 Subsurface pan may be preseqgtimiting root
growth and water movement into the subsoil.
I Tend to be acidic throughout with variable amoun
of aluminium or organic compounds.
Rudosol Negligible pedological 1 Nutrient retention is a limitation of these shallow | Queensland: Northern Gulf; Sowtlst.
organisation soils. Western Australia: Avon River; Rangelands.
_ . Northern Territory: Victoria Bonaparte.
' Low water holding capabilities. South Australia: South Australia Arid Lands.
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Soil order Key diagnostics Key associated difficulties and constraints for grazing Dominant areas found
1 May have variable stone content.
Calcarosol Calcareous throughout 1 Surfaces can be water repellent and can be pron( Western Australia: Rangelands.
to wind erosion. New South WaledMurray Darling depression
o ' o Victoria: Mallee.
access to plants. Yorke; Murraylands and Riverland; South
1 Often weak to poorly structured in the surface an Australia Arid Lands.
are vulnerable to structure decline due to
trafficking.
9 Calcareous gravels and segregations may occur.
Organosol Dominantly organic soil 1 Seasonally or permanently wet soils with peaty | Tasmania: SouttNorthwest
material surfaces that are largely unsuitable for grazing.
1 Poorly drained, often with artificial drainage to
remove water for agricultural purposes.
1 Quite acidic throughout the profile.
Anthroposol | Soils significantly impacted or 9 Variablelimitations, however, not used often for | Major and rural urban centres across Austral
altered by human activities agricultural purposes (mainly urban development
including mixing, truncation,
or burial
Arenosol Deep sandy soils with <15% 1 Nutrient deficiency and leaching and water Western Australia: Rangelands; Northern
clay within the upper 1m of repellency are major limitations of these deep | Agricultural.
the profile sandy soils. Victoria: Mallee.
Northern Territory southern arid lands
1 Vulnerable to wind erosion with little structure South Australia: AlinytiarsVilurara; Eyre

throughout the profile.

Peninsula; Northern and Yorke; South Austré
Arid Lands.
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4.2 Land uses and grazing systems.

DN} T Ay3a A& ! dzad NI t A QGthef landNBS indudif@thef Rinimzd (B¢1.04M kd)dDrymnd] Y
cropping(342,551 kM) andlrrigated pasture7,817 kni) whichare also used for grazing purposes (Figuid). In

total, two-il KANR& 2F ! dzAGNIfAFQa fFyR YlIaa A& dzaSR FT2NJ aNT
Australia, overlapping with many of the grazing land uses (F&§L8). For this report, those land uses considered to
be agricultural have been combined (Figdt&3).

2,800
Kilomelres;

Figure4.11. Australia land uses. Source: https://www.agriculture.gov.au/abares/aclumpflessd



NRM regions

' Rangelands (ACRIS

Figure4.12. Australia Rangelands (Sourtiee Australian Government, Department of Climate Change, Energy, the
Environment and Water and Australian Collaborative Rangelands Information SyA@R15
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Agricultural land

Figure4.13. Agricultural land from the Catchment scale land use of Australia (update December 2018):
https://www.agriculture.gov.au/abares/aclump/landse/catchmeniscaleland-useof-australiaupdate-december
2018

4.3 Solil constraints and threats in grazing systems

In this sectionwe summarisesomekey examples of available mapping products related to soil constraints in
ldzZaGNF ALY 3INITAy3d aceadasSvyao ¢KSasS LINRPRdAzOGA KI @S 6SS
with additional mapping products that directly or indirectly relatethe 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

=A =4 =4 =4 =4 4 -4 4 4

Water erosion
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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 tlse 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 5200 cm that reduce infiltratio 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 statef/territory efforts at mapping sodicity, there are no contemporary national maps of Exchangeable Sodium
Percentage (ESP) available.ifaates 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 Tasmanigover 1.5Mha is believed to be pacted (Doyle and Habraken 1993). Ishelll National.

Committee. on. Soil. and. Terrain (Australia) (20@21) the recent national map by Searle (2021) are the best
examples noting where Sodosols are likely to occur (Figarm.

Legend

NRM region:

Sodosols

i
- Dominant ¢ ?

¢ Sodosol
: a) (b)
Figure4.14. National Sodosol distribution maps of Iskatid National. Committee. on. Soil. and. Terrain (Australia)

(2022) (@) and Searle (2021b). Note the maps have been generated using different techniques, therefore variations
in the distributions of Sodosols.

Subdominant

Sodic soils are extensive acrtiss grazing lands of Australia including sowtlest Western Australia, western

Victoria, northwest NSW and southast Queensland. The source for this sodium is attributed to the weathering of
sedimentary parent materials of marine origin, atmospheric salessiog 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 widespredddKenzieet 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 Rangelangsderrepresents 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 materiglgure4.15). However, this mayalsobe an artefact due ta

paucity of soil sites anslurveys undertakefor this extensive land expanse.
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Figure4.15. 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 Victorignainly Calcarosolsttps://iwww.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 (rubhle) 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 vghjyhtalcareous seil Hard carbonates reduce
available water holding capacity, and in the case of calcrete, limit root zone d&ptn examplehe presence and
proportion of subsoil carbonati South Australia has been mapp@dgure4.16). Note that there would likely be an
extension of subsoil carbonate into the southern rangelabdsthe mapping was focused on the higher rainfall and
more intensively used areas of South Australia.
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SUBSOIL CARBONATE

Classes are based on an interpretation of soil
landscape map units, within which depth to highly
calcareous subsoils can vary. Each map unit is
classified on the proportion of its area with highly
calcareous subsoils within 30 cm, or 30 - 60 cm, of
the surface.

Proportion of land with highly calcareous subsoils
within 60 cm of surface

Negligible
Up to 30% (30 - 60 cm)
More than 30% (30 - 60 cm)

Up to 30% shallower than 30 cm, and
up to 30% at depths of 30 - 60 cm

Up to 30% shallower than 30 cm, and
more than 30% at depths of 30 - 60 cm

30 - 60% shallower than 30 cm, and 0 100
up to 30% at depths of 30 - 60 cm

30 - 60% shallower than 30 cm, and

VICTORIA

Kilometres Kingston SE#

more than 30% at depths of 30 - 60 cm Main road
[ More than 60% shallower than 30 cm The tap oaplays alrestons] byeriovs g 31 o1dd 1ot be e A2 oo
conclusions about specific locations. Based on an interpretation of soil
Not applicable landscape map units which account for variable conditions found within

each map unit. Boundaries between map units should be treated as
transition zones. Land assessment: DEWNR Soil and Land Program 2009.

DEH-ID: 20126131

Figure4.16. Subsoil carbonate presence and abundance map for agricultural lands of South Australia
(https://data.environment.sa.gov.au/Content/Downloads/SoilAttrib_SA_SubsoilCarbonaje.pdf

Acidity

Soil acidity assessments overthe lai®$ OF RSa adza3Sad GGKFG ySIENIeée KIEF 27F
impacted by acidity (Figur17). 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 inhereilptow

due to soil forming processes (McKenzie et al. 2017). Aluminium and manganese can also be of concern with many
LX FyGaQ aSyaAridi@S drestroaghyladidisoil CodditionS gtéuNd G A 2y a oK
Significantareasof pasture and grazing land in soutfest 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 potentia
productivity benefits of remediatingcidity in cropping have been estimated at $380 million/anr(@rion 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 $onaintenance 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 identificationf where such investments are best made is needed.
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Acidification Risk (cross-classified)

I Low .
I:I Medium 9

] High q %

Figure4.17. Acidification risk in agricultural lands: from McKenzie et al. (2017).

Salinity

Nong I GSNIFoftS alfAyArAde o020KSNBAAS 1y26y 4 WRNE alfa
that are not associated with a watertable. Soil root zone salinity occurs throughout Australia, ultiaféeting

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 aoculations of salt in soil @urred from aeolian accessions and subsequent leaching,
marine aerosols, or via saline groundwaters which are no longer influencing the land surface. Salt accumulations in
0KS adzmaziataszs 1y26y a Walftd o0dzZ 3 aneable dulsaildagfeothat NS F €
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 alot
agricultural productivity losses due to dryland salinity are estimated to be >$500M/yr from lhZ@%5¥salt affected

land (Caccetta et al. 2022). In South Australia, there are estimated t8h@0® ha impacted by dryland salinity

(Barnett 2000) Victoria haf62,000ha impacted bydrylandsalinity (Clark and Harvey 20Q8YSW ha420,000 ha
impacted(Smith 2000)107,000 ha in Queelad (ABS 2003nd 71,200 ha inTasmanigBastick and Walker 20Q0)

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 otes 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. Lowgyjround 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 indhdscape all affect susceptibility to
waterlogging. It should also be noted that waterlogging also leadisloss. Other significant considerations are
degradation of soils and pastures due to animal trafficking (e.g. pugging) and in some casesgtlanidee
insufficient oxygen conditions prevail. Waterlogging is also strongly linked to soil strength and its reduction when so
particles loose binding strength due to saturated conditions. Shaw et al. (2013) summarise the impacts and
responses of plas to waterlogging conditions.

A direct impact on livestock should also be considered where

Legend

waterlogging occurs. Lameness due to soils losing their strength Waterlogging Hazard 30m

Rating

(leading to puggingpr just generally being immersed in water and
standing on wet groundcan 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 susceptil
to waterlogging and its impacts on net primary productivity. In
Western Australigit is estimated that 1Mha is higly to very highly
susceptible to waterlogging with agricultural losses estimated at
$46M/yr (ttps://www.agric.wa.gov.au/waterlogging/waterlogging
westernraustralig. In southeast South Australia, southern Victoria
and Tasmania (Figu#e18) and soutkeast NSW, these areas are als
prone to seasonal waterlogginglthough mapping and information
on occurrence, frequency and impact is difficultaigcertain

Figure 4.18 Waterlogging susceptibility
map of Tasmania.

Compaction

Soil compaction can have a detrimental effect on root growth when bulk density (Fidi®eexceeds 1.6 g/ct

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 i
critical to avoiding subsoflompaction 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 alo®&30y/yr
(https://www.agric.wa.gov.au/soitompaction/sodcompactionoverview) and costAustralian agriculture $850

M/year in lost production (Walsh 2002h cotton, a recent study has identified that yields were reduced by 27% due
to machinery impactg§Jamali et al. 2021)he production and financial impacts of compaction to grazing systems are
unclear in an Australian context.
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Figure 4.19.Bulk densityestimated for
Tasmania soils

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 thereforan 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
the soil.

Surface sealingvhich can occur for hard setting soiésin 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 havegamic matter, and the soil may be
dispersive in wet conditions. An example for South Australia is presented below (F2Qye
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PHYSICAL CONDITION OF
SURFACE SOIL

Classes are based on an interpretation of soil
landscape map units which are classified
according to the proportion of the surface
area susceptible to hard setting / sealing soils.

Proportion of land with surface soils
susceptible to hard setting or sealing

VICTORIA

Negligible
0 100 200

Less than 10% | —— — { A
: ) J ;
10 - 30% Kilometres Kingston SE o
Naracoorte' 1
30 - 60% Main road ] { LS5
| More than 60% The map displays a regional overview and should not be used to draw g - ,,!
conclusions about specific locations. Based on an interpretation of soil { I

i landscape map units which account for variable conditions found within +-

Not applicable each map unit. Boundaries between map units should be treated as 1

transition zones. Land assessment: DEWNR Soil and Land Program 2009,

DEH-ID: 2012-6131

Figure4.20. 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,-dipersive materials can impede water, air movement
and root growth. Poorlgtructured subsoils at shallow depth present a greater plant production limitation than

those which are deeper in the profil@he assessment of subsoil structureahsreforea 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 relaely 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 (Figuré.21) and in parts of western VictariHard 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 practicesras affoompaction.

Management options for these hardpans include amelioration and mechanical implements such as deep ripping an
placement ofameliorationmaterials. There is considerable research in this area especially for grains production

systems.
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NEW SOUTH WALES

STRUCTURE OF SUBSOIL ) e
(degree of limitation) Y

Classes are based on an interpretation of soil
landscape map units, within which subsoil
conditions can vary. Each map unit is classified
on the most limiting subsoil structure condition,
where it occupies at least 30% of the area.
Limited occurrences (10 - 30%) of sub-optimal
subsoil structure are indicated as subclasses.

Degree of limitation due to subsoil structure

Low

Low with 10 - 30% moderately
low to moderate

VICTORIA

Moderately low

Low to :noderate!y low, with ) 0 100 200
10 - 30% moderate to very high e
Moderate Kilometres
High —— Main road
| Very high The map displays a regional overview and should not be used to draw
conclusions about specific locations. Based on an interpretation of soil
Not app"ca ble landscape map units which account for variable conditions found within

each map unit. Boundaries between map units should be treated as
transition zones. Land assessment: DEWNR Soil and Land Program 2009.

DEH-ID: 20126131

Figure4.21. Subsoil structure limitations for agricultural soils of Soétistralia
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 acidifiation, 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 ane fitted i
between. SeHmulching black crackinclays (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 NLI
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. dasygar 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 We#tastralia (Figuré.22).
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Figure4.22. 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 wisding of livestock. Copper deficiency in cereal crops may
lead to shrivelled grain angeld losses. Toxic effects to some micronutrients are more marked in dry seasons when
roots penetrate deeper into the soil.

Boron is an examplef anessential 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 saltsligitetly 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 canmetrimved 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 nolffeoria (Figure

4.23).
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Figure4.23. Boron concentration in soils of Victoria.

Water Repellence

Water Repellence is caused by hydrophobic organic materials, mainly waxes, contained in plant wéthiirise

soil. The waxes coat the soil particles causing water to bead on the surface. This causes uneven wetting of the upp
part of the soil profile, with large masses of soil remaining dry. Patchy plant establishment, uneven and poor growth
usually esult, 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 magtmmon 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 limitédesting 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 (Figdirevhere it is critically

important especially in lower rainfall zones. Repellent soils are commonly associated with other constraints of sand?
soils such as low water storage, low fertility, acidity and wind erosion (van Gool 2016). Although watenoepisl|

a widespread issue in WA, affecting agricultural production, the exact severity, extent and overall cost to production
is unknown. Yield increases of 100% hagerbrecorded 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 irstheh-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 soutlvestern NSWaffecting some 5 M h@ate et al. (1989) in Roper (20D4)he impacts on
rangelands are not well understopéspecially in southern areas.
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Figure4.24. 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 characteristicuch 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 grour
cover). Vegetation and other protective cover occurrihgha 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 t@yisdilerosion is typically
associated with sandy soils that often have other major constraints, such as acidityetkimy and low soil water
storage (van Gool 2016). For prime agricultural soils under grazing, wind erosion can be accelerated where
vegetaion cover is not maintained above acknowledged thresholdsti@ead 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 (Fi4@&). The authors also identified that

there were significant variations in wind erosion rates relative to seasonal and monthly differences across Australia
(Figure4.26).
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Figure4.25. Mean annual wind erosion rate (Mg/hal/yr) estimates for 2001 to 2020. Data from Zhang et al. (2022).

0.20
TL
> 0.15
|
P State
o B wa
E B sa
S 0.10 B nr
o NSW
LIEJ B o
i B vic
g B s
< 0.05
=
O

000 I — e e e M : L .

1 2 3 4 5 6 7 8 9 10 11 12
Months

Figure4.26. 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 regior
¢ classified asheet and rilandgully and tunneérosion. As summarised McKenzieet 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/hieyrs(Pi

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 modgdhave estimated water erosion rates across Australia of 0.17 Mg/halyr (FigRirgin
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 Alist{Figuret.28).
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Figure4.27. Mean annual water erosion rate (Mg/ha/yr) estimates for 2001 to 2020. Data from Zhang et al. (2022).
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Figure4.28. Mean monthly water erosion estimates for Australian states/territory: from Zhang et al. (2022).
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