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Foreward
The 2018 National Soil Science Conference was held in Canberra, ACT from 18th to 23rd November
2018.
Planning for this conference began over two and a half years ago when the NSW Branch of Soil
Science Australia agreed to host the conference based in Canberra. The conference theme was:
‘Soil: The key to the past, the present and the future’.
This theme was based on four aims:
1.
To advance Soil Science knowledge
2.
To ensure professional standards are maintained
3.
To extend Soil Science knowledge to our various stakeholders
4.
To provide fellowship among our members.
These same four principles were applied to this organization of the conference. In doing so the
conference committee moved beyond the traditional soil science conference structure to placing
increased emphasis on content and participation by our members and by kindred organizations. The
increased emphasis on provision of soil science information reflects the increasing proportion of our
membership who are Soil Science Practitioners working in private industry. In some branches they
are more numerous than either the academic or government Soil Scientists. These private industry
members typically work in isolation, and conferences and themed meetings are critical in maintaining
their knowledge base as well as helping them to keep up to date on emerging issues.
These changes in the membership profile do not lessen the critical importance of academic and
government researcher members. In fact, they increase their importance because practicing soil
scientists have to rely on basic and applied information generated by academics and government
researchers to develop practical solutions to soil based problems. The academics and government
researchers now have a knowledgeable stakeholder group eager for more information.
It also means that soil science based students now have an additional career path: One where
mentoring by practicing soil scientists becomes more important.
The conference consisted of 23 scientific themes, focusing on critical issues in Soil Science. We had
seven key note addresses, six workshops, four field trips and a range of social activities including a
welcome reception on the Sunday, a cocktail party at the poster display on the Tuesday and the
traditional gala conference dinner on the Thursday. This was held in the Hyatt Ballroom and featured
two local bands that provided live music for delegates to relax (and dance) to. All these activities
were specifically designed to better equip Soil Scientists to fulfil their professional responsibilities to
themselves, their family, their profession and their nation. We also encouraged social and
professional networking, making new friends and strengthening existing relationships. Stiudent
participation was especially welcome.
Through these range of activities, the committee wanted to create a highly interactive information
exchange, full of vigorous, challenging debate and constructive criticism in a mutually respectful
environment.
The committee has never referred to you as attendees. You were participants!!!!
We emphasized content, content and content in your submitted papers. Almost 300 papers were
assessed. The Scientific Committee has arranged to send up to 30 papers directly to Soil Research
for evaluation to create full publications. Another group of papers from the Clay Mineralogy session
will be sent to an international clay mineral journal for publication. The papers will be selected on
merit, and subject to author permission. All oral and poster papers as well as theme synopsis will be
evaluated.
The committee hopes that at the end of this conference, you were a better informed, more capable
soil scientist, and hopefully, even a little wiser one. I believe the keynote presenters, the theme
leaders, the field trip leaders and the individual paper presenters put before you a week-long
information-feast. Bon appetit!!
I want to acknowledge the work of the committee. Without it there would be no conference. From the
beginning of 2017, the committee had regular monthly meetings. The conference committee was
largely Canberra based. This proved essential in that meeting attendance at the Fenner School,
ANU, was relatively easy for Canberra based committee members. I specifically want to
acknowledge the Canberra based contingent: Richard Greene, Tapas Biswas, Nilantha Hulugalle,

14
Craig Strong, Julia Jason-Smith, Susan Orgill, Peter Fogarty, Claire Docherty and Janice Trafford.
Zoe Read, our treasurer, helped with financial discipline. Kate Husband and Luke Mosley provided
our contacts with Federal Council.
An important aspect of the committee meetings was that Kaigi, the conference organizers, were in
attendance.
The historic Canberra Hyatt Hotel was a marvelous venue and the staff worked tirelessly with the
committee to ensure the success of the conference.
Our sponsors played a critical role. Without their assistance we could not have offered student
subsidies. The sponsors’ presence at the conference at exhibitors’ tables also enhanced the value of
the conference.
Finally I am sincerely grateful to our Professional Conference Organizer, Kaigi. The conference
would not be ‘professional’ without the efforts of Tricia Hopkins and Stacey Rupil McFadden. They
were superb!
I wish the organizers of the next National Soil Science Conference in Cairns the best of luck!
As for advice: ‘Set a clear vision of what you want to achieve and stick to it’!
And start planning early (2 years in advance).
Dr Peter Bacon, CPSS
Chair
Organising Committee for the 2018 National Soil Science Conference.
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The 2018 National Soil Science Conference Committee
Chair - Peter Bacon
Secretary - Nilantha Hulugalle
Local contact person - Richard Greene
Treasurer - Zoe Read
Scientific committee - Tapas Biswas (Chair), Nilantha Hulugalle, Richard Greene
Sponsorship - Craig Strong
Federal Council contact - Luke Mosley
Federal Council Executive Officer - Kate Husband
Equity and diversity, and International Participants – Robert Edis, Tapas Biswas
Early Career Scientist liaison - Vanessa Wong
Soil Judging – Stephen Cattle, Craig Strong, Peter Fogarty
Outreach – Jane Aiken
Communication – Abigail Jenkins
Federal Department of Agriculture and Water Resources Representative - Claire
Docherty
Australian Soil & Plant Analysis Council representative -Janice Trafford
Field trip organisers –
Susan Orgill
Peter Fogarty
Julia Jason-Smith
Richard Greene
Roy Lawrie
Student participation - Ben Macdonald, Vanessa Wong, Craig Strong
Branch representatives - Vanessa Wong (Vic.), Susan Orgill (Riv.), Tim Overheu (WA),
Luke Mosley (SA also National VP), Uta Stockmann (NSW), Silvana Santomartino (Qld),
John Cumming (Tas.)
Kindred organisations - Australian Soil & Plant Analysis Council, Australian Clay Minerals
Society, Australian Regolith Geoscientists Association
Conference logistics (Kaigi) - Tricia Hopkins
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Conference program
SATURDAY 17 AND SUNDAY 18 NOVEMBER 2018
Soil Judging Competition
Riverina Field Trip
Welcome Reception
MONDAY 19 NOVEMBER 2018
Welcome and housekeeping - National President of Soil Science Australia
Welcome to Country – Aunty Matilda House, Tjabal Indigenous Higher Education Centre
Conference opening – Major General the Hon. Michael Jeffery, AC, AO (Mil), CVO, MC (Retd)

OPENING ADDRESS – Dr Penelope Wensley AC - Soil Science responsibilities in the 21st
Century
KEYNOTE ADDRESS – Dr Michele Barson - Maintaining soil condition and ecosystem
services in the Australian environment
Announcement of the Soil Judging Competition winners

CONCURRENT SESSIONS and THEME LEADERS
Sustaining the soil resource: policy to practice - Mr Ian Thompson
Soil nutrients: balancing N and other nutrients’ availability and environmental risk - Professor
Deli Chen
Soils education and training: From schools to Citizen Science to CPSS and CSAM - Assoc.
Professor Damien Field
Erosion management: From buildings to cities, from puddles to the Great Barrier Reef - Dr
Brendan Roddy
What makes a good soil consultant? - Dr Rob Loch

Soil Science Society AGM
Early Career Professionals Networking
Individual Branch meetings
TUESDAY 20 NOVEMBER 2018
Soils Policy Breakfast
KEYNOTE ADDRESS – Mr Phillip Glyde - Balancing the Murray-Darling Basin's water
resources
KEYNOTE ADDRESS – Mr Philip Mulvey - Biogeoengineering: An opportunity for soil
scientists to participate in the debate on the future of the earth
CONCURRENT SESSIONS and THEME LEADERS
Waste management: Balancing benefits, protection and regulation - Dr Julie Cattle
Soil for food and fibre: In a changing climate – Dr Graeme Schwenke and Dr Gunasekhar
Nachimuthu
Soil forensics and archaeology: what lies beneath? - Dr Craig Strong
Contamination: Assessment, monitoring, classification and rehabilitation - Professor Nanthi
Bolan and Professor Chengrong Chen
Utilising the soil food web to create healthy soil - Dr Uffe Nielsen
Regolith geoscience: Tracing the interaction through soil - Dr Leah Moore
Managing soil degradation due to urbanisation, industry, transport, mines and military
activities - Dr Jane Aiken
Soil nutrients: balancing P and other nutrients’ availability and environmental risk - Dr Ashlea
Doolette
Clay and soil minerals: Progress, prospects and future challenges - Prof Tony Eggleton and
Robert Fitzpatrick. Includes the Keith Norrish Lecture

Poster Session
Australian Clay Minerals Society (ACMS) meeting
CPSS Board meeting
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WEDNESDAY 21 NOVEMBER 2018
FIELD TRIPS
1. Horticultural - Working with soils to improve horticultural productivity
2. Urban soils - Converting rural and contaminated soils into urban landuses
3. Winery soils - Soils as a controlling factor in wine quality and quantity

WORKSHOPS
ASPAC Soil and Plant Analysis Workshop – new thinking, extra value

PFAS workshop
THURSDAY 22 NOVEMBER 2018
KEYNOTE ADDRESS- Dr Annette Cowie - Soil science in a changing world: Meeting the
challenges of climate change and land degradation. Presented as the Harald Jensen
Lecture for 2018
KEYNOTE ADDRESS – Dr Gupta Vadakattu - Soil microbiology and biology both from
management perspective and ‘biological fingerprinting’
CONCURRENT SESSIONS and THEME LEADERS
Soil Organic Carbon sequestration in a challenging environment - Dr Susan Orgill, Dr Brian
Murphy and Dr Mehran Rezaei Rashti
Extreme soils: Management of acid sulfate conditions, terrestrial soil acidification, salinity
and sodicity - Dr Vanessa Wong and Dr Luke Mosley
New soil chemical testing technologies and recommendations for agricultural and
environmental benefit - Dr Andrew Biggs
Soil microbial ecology: Its adaptive roles in soil restoration and responses to stresses –
Associate Professor Tim Cavagnaro and Dr Lynne Macdonald
Soil in the digital age: Advances in proximal soil sensing and digital soil morphometrics Professor Budiman Minasny

WORKSHOPS
Soil Classification Workshop - Mr Bernard Powell
Workshop on the new National Acid Sulfate Soil Guidance - Dr Luke Mosley and Professor
Leigh Sullivan
Conference dinner and award presentation
FRIDAY 23 NOVEMBER 2018
KEYNOTE ADDRESS – Dr Lisa Lobry de Bruyn - Connecting soils’ knowledge to the
community: the reasons and means
KEYNOTE ADDRESS – Professor A. McBratney - Soil Science in the future: Adding value
and security in the 21st Century
CONCURRENT SESSIONS and THEME LEADERS
Managing soil physical constraints to productivity - Dr David McKenzie and Associate
Professor John Bennett
Soil Information Systems: Predicting soil genesis, classification and its spatial distribution,
digital mapping - Dr Neil McKenzie

Urban soils - Mr Simon Leake

Closing ceremony – Dr Luke Mosley: President of Soil Science Australia
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List of keynote speakers and topics
Dr Michele Barson - Maintaining soil condition and ecosystem services in the
Australian environment
Mr Phillip Glyde - Balancing the Murray-Darling Basin's water resources (presented by
Colin Mues)
Mr Philip Mulvey - Biogeoengineering: An opportunity for soil scientists to participate
in the debate on the future of the earth
Dr Annette Cowie - Soil science in a changing world: Meeting the challenges of
climate change and land degradation. Presented as the Harald Jensen Lecture for
2018
Dr Gupta Vadakattu - Soil microbiology and biology both from management
perspective and ‘biological fingerprinting’
Dr Lisa Lobry de Bruyn - Connecting soils’ knowledge to the community: the reasons
and means
Professor A. McBratney - Soil Science in the future: Adding value and security in the
21st Century

19
Editors’ note: Keynote speakers were invited to provide a synopsis of their talk. The ones received
are presented below.

Keynote speakers’ synopsis
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Balancing the Murray–Darling’s water resources
Colin Mues, Executive Director of Science and Knowledge, MDBA 1
Keynote address National Soils Conference, Canberra,
I’d like to begin by acknowledging the Traditional Owners of the land on which we meet today, and
pay my respects to their elders past, present and emerging, and offer similar respect to any Aboriginal
people in the audience today. Can I also acknowledge the elders of the more than 40 nations that are
the Traditional Owners of the Murray Darling Basin.
I’d also like to give my apologies for our Chief Executive Phillip Glyde, who has been called away to
an urgent meeting in northern NSW.
Today, I’d like to speak to you about how we are sharing the waters of the Murray–Darling Basin, and
how we are working to restore the Basin to health so it can be a great natural resource for current and
future generations of Australians. I’ll also speak about the lessons we’ve learned because that might
resonate with the challenges you face in your field of work.
The Murray–Darling Basin is a globally-significant resource.
The images behind me illustrate the values the Murray–Darling Basin Authority and the Basin Plan
are seeking to balance and protect.
The combination of clean water and fertile soil make the Basin Australia’s primary food bowl,
producing 40 per cent of Australia’s food and fibre from just 14 per cent of Australia’s land mass. Its
agriculture generates almost $25 billion for our economy each year.
But the Basin is more than just a big farm. It is place where Australians work, live and play. Around
2.6 million people live in the Basin, and tourism in the Basin is worth around $8 billion a year – more
than the value of irrigated agriculture.
More than three million people rely on Basin resources for drinking water, and as mentioned, it is
home to more than 40 Aboriginal nations who have ongoing responsibilities to culture and community,
land and water.
Water and soil, of course, are natural partners. They make up two of the four core elements of the
ancient world – Earth, Air, Fire and Water. It was believed that having those elements in the right
balance led to harmony in the world.
Today, we think of fertile soil, fresh air, warmth from the Sun, and clean fresh water as the key
ingredients for a healthy environment, healthy plants, healthy agriculture and healthy communities.
Keeping the balance is the key.
That balance is currently being tested by the drought conditions we’re seeing across much of New
South Wales and Queensland and parts of Victoria.
I think we all understand the ongoing impacts of the dry conditions and the challenges that drought
poses. Like everybody here today, we are hoping for rain to ease those tough conditions.
But while drought creates hardships, it’s also a blunt reminder of exactly why we have a Murray–
Darling Basin Plan in the first place.
It was the devastation of the Millennium Drought that prompted a fundamental shift in the way
Australia manages its rivers and water resources. Do you remember the water restrictions that were
in place where you live? It prompted everyone to reconsider how to use and conserve water.
At the time, the Murray–Darling Basin was also suffering. Stretching from Roma and Charleville in the
north down to Goolwa, the Lower Lakes and Coorong near the Murray Mouth, the river system was
on its knees. Salinity was on the rise, water quality was falling and the Murray was no longer making it
to the sea. These were clear signs that the water sharing arrangements at the time were
unsustainable.

1

Delivered on behalf of Mr P Glyde, Chief Executive MDMA

21
Something had to be done.
In late 2012, after five years of difficult negotiations, the government of the day passed the Basin Plan
with bipartisan support, and with a $13 billion budget to support change.
Designed using the best available science, the Basin Plan set out a multi-year plan to re-balance
water use in a Basin the size of France and Germany combined.
At its heart is the simple proposition that water in the Basin should be shared fairly and sustainably
between all users – farmers, irrigators, communities and the environment.
We’re now six years into a 12-year plan, and it is a good time to reflect on how far we’ve come.
The one difference between now and the start of previous droughts is that this time around, we’ve got
a Basin Plan in place. And in my view, this has made farmers, irrigators and communities much more
resilient in dry times.
Under the Plan, water for critical human needs is prioritised over other water uses, and there are clear
arrangements to share water under very dry scenarios.
Under the Plan, more water is available to sustain the environment. The environment now can get its
share. But it is important to remember that when it is dry, the amount of water the environment gets is
lower, just as it is for other water users. You can’t give out water that you haven’t got.
Under the Plan, irrigators have used Basin Plan funding to improve their irrigation efficiency meaning
they can better manage the dry times.
And under the Plan, the water market is more open and effective, and it’s being used by irrigators to
manage their own business risks. They can carry over some of their allocations to the next water
year, or sell or buy water on the temporary water market. As a result, water is also finding its way to
the highest value outcome. The water market is making a real difference.
It hasn’t been an easy transition. But the benefits of the Basin Plan are beginning to show.
I read in the Stock and Land newspaper a few weeks ago about a third-generation Riverina farmer
Chris Morshead. He said the water markets had helped his farm cope with the variations in water
availability.
Compared to the last drought a decade ago, his farm is now a different operation. Water is valued,
and crop types are changed quickly to maximise returns based on the conditions.
Even in the worst years, he says that he’s able to get some form of income, whether that be through
production or selling water to someone else.
The collection of reforms which culminated in the Basin Plan have made his farm much more resilient
to the changing conditions and water availability.
There are many more irrigation stories like this across the basin.
But at the same time, the environmental watering programs are delivering the sought after
improvements for fish, for waterbirds and for vegetation at the local level.
It will take time to convert these good local outcomes into overall Basin-wide improvements. But we
are making progress for everyone and everything in the Basin.
In 2017, we did a thorough review of the first five years of the operation of the Basin Plan.
The findings were promising, but not perfect. The Basin Plan earned a PASS mark, not a high
distinction.
More than 8,000 GL of water has been delivered to the environment over the past 10 years. There’s
early signs this is making a tangible difference.
More water is making its way through the system. It is being used over and over again as it travels
down the rivers, with some making it to the Coorong and out the Murray Mouth.
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And water quality is improving.
Soil and water are natural partners, but not when the water is too saline, and harmful to agricultural
production and the environment.
High salinity reduces production, damages crops, corrodes pumps and pipes, and damages the soil.
Managing salinity in the Murray Darling Basin is a natural resource management success story. It’s
the result of the long-running cooperation across state boundaries. This cooperation continues under
the Murray–Darling Basin Plan.
Together, New South Wales, Victoria, South Australia and the Commonwealth government run a
series of 14 salt-interception schemes. These schemes pump highly saline groundwater away from
the river into salt pans to stop it from making its way into the river.
On average these schemes divert more than 1,000 tonnes of salt a day away from the rivers,
meaning there’s less salt in irrigation water, and less salt being put onto our productive soils.
An independent audit of the Basin Salinity Strategy was released in July this year and it found that for
the eighth year in a row, the actions to control salinity, including the salt interception programs, have
either met or bettered the target for water quality at Morgan in South Australia.
In addition, more fresh water in our rivers is also helping to further reduce salinity levels.
This is all very positive, but we’re not claiming victory just yet.
The Basin Plan has a target to flush two million tonnes of salt a year out of the Murray and into the
Southern Ocean.
In 2016, a relatively wet year, we managed to export about 1.8 million tonnes of salt out to sea
through the Murray Mouth.
And the average in recent years has been just under one million tonnes a year. Over the long run we
need to double that. Put simply, we need to do more.
This isn’t easy, and sometime you can only do what you can, given the flow conditions that nature
gives you. Recent years in the Lower Darling have shown this all too clearly – water quality and
salinity are hot topics out there for very good reasons.
But clearly, this is an ongoing issue for the management of the Basin.
Now, as I’ve already said, more water is making its way through the system because of the Basin
Plan. By some measures such as relative to average inflows, the changes are relatively small. But by
other more ecologically important metrics, the changes are more substantial.
For example, in 2017-18, around 45 per cent of the water to reach South Australia was water that had
been delivered for the environment.
Don’t think that this water only benefits South Australia and the lower end of the Murray. Often the
water is delivered to one or two or more sites down the upper and middle parts of the river before it
reaches the SA border.
The Basin Plan is all about managing the water resources for the good of the entire Basin, not just the
bottom of the river.
There’s been another recent example that I want to talk about where a little bit of environmental water
made one heck of a difference. It was called the northern basin connectivity event.
In April, more than 23 gigalitres was released from the Copeton and Glenlyon dams into the Border
and Gwydir Rivers, and in turn these rivers flowed into the Barwon-Darling.
That’s not a lot of water when you realise it had to flow through a 2,000 km network of rivers, many of
which had started to dry out, to reach the Menindee Lakes near Broken Hill.
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It’s tremendously important to acknowledge here that the flow couldn’t have made it without
community support, and the New South Wales Government placing an embargo on irrigation
extractions during the flow event.
This event refreshed the deep pools and waterholes to help sustain plants, fish and birds, and brought
relief to communities along the way.
The flow event broke up several algal blooms along the Barwon Darling River. We used remote
sensing to monitor this, with some before and after shots clearly showing the water holes filling up
and connecting and the algal blooms disappearing. One near Collarenebri was clearly visible and
we’ve used these pictures in our communication materials.
In short, our work to restore river flows as a way of fighting salinity and improving water quality is a
real and very tangible achievement for the Plan, and this has provided enormous benefits for some of
our northern Basin communities currently in the grip of drought.
Before I wrap up, I should spend some time sharing some lessons learned.
When I travel out in the Basin, even back to the town where I grew up, I get plenty of free advice
about what’s wrong with the Plan or how the MDBA can do a better job.
But during those conversations, three things stand out:
First, people DO place a high value on protecting the Basin—on looking after our food and fibre
producers, on looking after our communities and industries, and on looking after our environment.
Secondly, they want all of these values protected, all at the same time.
And finally, many people base their views of the Basin’s management on snippets they’ve read or
heard from others.
What I take away from this is that the Basin’s intrinsic worth is valued, but many people don’t have the
full picture. It makes me wonder what I, or my agency, can do better. After all, everyone at the MDBA
thinks that they’re working hard to manage the waters of the Basin for the good of everyone in the
Basin, and in the national interest.
What I take away from this is that communication needs to be simple, and relentless.
I’ve also learned that we need to be open and transparent, and be honest about the impacts the Basin
Plan is having on local communities and industries.
This includes the effects of the transition to the new water sharing arrangements as much as the
benefits that the Basin Plan, and a healthy and sustainable environment, will provide to the people
and industries in the Basin in the long run.
Another lesson is that we must continue to deepen our engagement with regional Australia, and to
highlight our successes.
Next month, the MDBA will open our new office in Goondiwindi, which will operate as a hub for our
engagement in the Northern Basin.
The MDBA now has offices in Canberra, and regional offices in Goondiwindi, Albury, Toowoomba and
Adelaide.
We’ve also announced 12 new members of our 16 strong Basin Community Committee, who
represent diverse areas and interests across the entire Basin. The Basin Community Committee
members report to us on local issues and concerns in relation to water use, the environment and
aboriginal water issues.
And the MDBA has also made its Regional Engagement Officers program, introduced in 2016,
permanent. There are now eight dedicated engagement professionals who work across the Basin to
strengthen our relationship with communities.
Finally, the clear lesson from our water reform journey is to act early.
You don’t wait for things to reach crisis level before tackling the problems.
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Australia could not have allowed the Basin to collapse while we argued about the best solutions.
The MDBA approach has always been to use the best available science, to find the best available
solutions. As the science improves, so too will the solutions. That’s why the Basin Plan is an adaptive
Plan that can flex to fit in the new solutions as they’re uncovered.
Using the best science to find the best solutions will resonate clearly with almost every person in this
room, even though the problem you’re working on may not be water management!
The Basin Plan is complex. That’s not surprising given it has to balance the water-sharing needs of
four states, one territory and a national government, and meet the expectations of communities,
irrigation industries and environmental interests.
Water is a precious resource, and this is most strongly evident during the dry times.
But the overall message is simple. Through the Basin Plan, we are making good progress in
managing the Basin for everybody, to provide balance, and to provide outcomes.
The Basin Plan has to deliver a healthy working Basin for all Australians. And it’s starting to deliver
positive results.
We’re six years into a 12-year fully-funded bipartisan plan, and there’s much more to do. We need to
stay the course. There is no Plan B.
Following the latest successful amendments to the Basin Plan, we now face a clear path out to 2024.
Rather than looking in the rear view mirror, we are looking forward to the future. We want to monitor,
review, and improve.
That’s at the core of this major reform.
Healthy rivers, lakes, wetlands, industries and communities are essential now and for future
generations.
The Murray-Darling Basin is the largest and most complex river system in Australia.
It’s certainly worth saving.

25

Connecting soils’ knowledge to the community:
The reasons and means
Lisa A. Lobry de Bruyn

University of New England, School of Environmental and Rural Science, Armidale, NSW 2350;
Email: llobryde@une.edu.au

Introduction
This paper is stating why connecting soils’ knowledge to community is an important societal goal, but
is focusing more deliberately on how we achieve it. By sharing soil knowledge between people over a
sustained time period the most desirable outcome is improved soil management and consequently
soil condition and functioning. I think, as soil scientists, we are acutely aware of the reasons for
connecting soil knowledge to the community. The prism by which soil scientists value soil is driven by
a desire for “know why” as much as “know how”. Others may value soil purely as a means to an end,
but soil scientists tend to value soil as an end in itself. Nevertheless, these ascriptions for why we
value soil are just that – labels - that instead of enhancing how we can connect community to soil and
all its complexities it creates separate communities of interest, with very few opportunities or
mechanisms to learn from each other: interact, discuss and exchange ideas.
Reasons and means of connecting soils’ knowledge to community
There is no more pressing reason for sustaining our soil than ensuring those who manage it know
how to conserve soil and ensure its protection. More often than not, soil scientists and practitioners
work independently of each other, with limited opportunity to learn from each other and share their soil
knowledge. Often their interests diverge, taking a different pathway, to arrive at a similar destination in
their quest to understand soil and how it behaves. At the same time the loss of people with a depth of
experience, expertise and local knowledge of soil is growing with less people working directly with
soil, fewer research staff and fewer opportunities to train graduates in soil science (Lobry de Bruyn et
al., 2017). Yet society has not considered strategically how we will capture the legacy knowledge and
experience, and use it to inform and support the next generation of land managers or soil scientists
working in the field, laboratory, office or classroom. Hence blurring the lines between who are the
knowledge providers and who is seeking knowledge on soil is very much part of breaking down
barriers to knowledge exchange and finding common ground within varied audiences.
I plan to share with you some ideas for connecting soils’ knowledge so it is inclusive and accessible to
a wider audience than just ourselves - the soil science discipline - but to all those who have an
interest, and some would say “self-interest”, in soil and in its protection and conservation.
Understanding how a soil behaves and responds to an increasingly stressed and often compromised
environment –environmentally, socially and economically - is vital to those who want to: produce food
and fibre, rehabilitate a degraded system or enjoy the beauty and biodiversity of a landscape. Society,
and most importantly the soil manager, cannot apply their knowledge on soil if they do not know what
the soil is, how it behaves and will likely respond to management actions. For many people who
manage soil it is appreciating where along the continuum of soil condition their soil is, and how it will
respond to perturbations. Is it an inherent soil problem that needs to be addressed or is it a dynamic
soil property that can be managed, and what is the most relevant and applicable solution?
How will “fixing” one soil issue relate to other parts of the soil system? A recent soil forum in Armidale
NSW highlighted that the nature of soil information is patchy and incomplete, with land managers
relying on sporadic soil testing and limited local data on soil types and their behaviour (Figure 1). We
can improve what we provide, and improve its accessibility but how do we go about it, and what are
the limitations? Is the solution to a shrinking on-ground presence in soil management and advice to
increase investment in people (human capital), and support relationships between people to build a
mutual understanding of soils and how they behave and ultimately how to protect soil from further loss
and degradation?

26

Figure 1: Soil mapping data coverage for NSW. (Source: OEH website)

What is the role of placing information online, and are we able to balance what we place online with
opportunities to share information face to face, over a sustained period? Are we creating the spaces
for genuine partnerships between those with experience and those with expertise in soil to create a
dynamic learning environment, and with it a greater chance of sustainably managing the landscape
together? How can we ensure that we have the evidence that these blended forms of information
delivery actually work? I do not claim to have all the answers to these questions but hope to open our
minds to the possibilities and opportunities where we can change the system settings, and steer a
course that places energies towards similar goals if not more compatible ones.
There is a perception that soil information placed online will compensate for the shrinking resources
available to provide face to face soil management advice. Although online is a less tested medium in
terms of performance there is the promise of greater reach and flexibility, and potentially less reliance
on a team of dedicated soil knowledge custodians than the face-to-face experience. Online has the
ability to provide permanent, reusable content through Youtube demonstrations or talks or links via
Twitter that can be accessed anytime and anywhere (of course only if you have reliable internet
access). There is also an unchallenged assumption that online information can replace on-ground
expertise and personal connections. Nevertheless, most online platforms are a static display, not
necessarily interactive and rarely able to answer questions or provide local contextualised content like
a person can. There are compelling reasons to continue with face-to-face and group experiences in
soil, which provide tactile experiences to users and greater immediacy and feedback to providers on
engagement and impact with the participants (Ball et al., 2018).
There is also some debate that by providing soil information alone it does not necessarily result in
improved soil management or action on the ground (Lobry de Bruyn and Andrews, 2016), with no
significant declines in the loss of soil condition or rates of land degradation (Montanarella et al., 2016).
Often those who need the information are time poor and poorly supported to find the information that
best addresses their needs. Although online information is accessible by dispersed communities, its
unfettered proliferation makes it difficult for people, even for the most information literate, to find
useful and usable information they can easily apply. Therefore, online information may not increase
understanding or change behaviour in relation to soil use or management. We need to think more
creatively about how we can combine the speed and accessibility of the internet with the collective
wisdom of experienced land managers or soil scientists. How can we harness these human traits
along with trust and reciprocity to allow real-time connections between practitioners and soil
scientists?
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Most people have a smart phone and use the internet, but the proportion that use these devices for
accessing soil information is an unknown quantity. In the US there are mobile apps for retrieving local
soil data at 1: 5 000 scale, but there has been limited use of similar developments in Australia.
Amongst the soil science profession the use of the internet is a frequent daily occurrence (85%), while
other social media platforms are not as pervasive. In a survey of Soil Science Australia’ members it
was found on most days 26% of members used Facebook, and even a smaller proportion used
Twitter (6%). A survey of Australian farmers shows the internet was used primarily for information on
the weather and markets, and there was not a lot of evidence it was used for further education or
training in soil. It is also questionable whether social media serves any other purpose than promoting
an event, such as a field day or workshop, or raising awareness of soil. My own experience of Twitter
has found it to be a great way to stay in touch with current research developments, make new
contacts and gauge public interest in issues.
Soil scientists need to embrace other disciplinary knowledge or social networks, such as social
science, education and psychology to assist us in how we can connect soil knowledge more
effectively to the community in the form and level they require. It is vital to design learning
experiences that recognises the diversity of our audience. An important prerequisite in adapting
content to local conditions and local knowledge, is a richer and deeper understanding of the audience
before they connect to soils’ knowledge (Prokopy et al., 2017). A patchwork quilt approach to
knowledge exchange with the capacity to mix and match content tailored to audience’ needs is
required rather than a blanket message delivered to every audience in the same way. Recognition of
prior learning and varied audience priorities needs to be accommodated in the learning design and
communication formats used.
Part of connecting soils’ knowledge to the community is creating more opportunities for soil scientists,
soil educators and extension agents to share what they have learnt through research or practice so
that others can also learn from their experiences, whether they were successful or not (Ball et al.,
2018; Lobry de Bruyn et al., 2017). In fact, we can probably learn more from where experiences have
failed. However, we need to place a mirror up to our experiences and take the time to reflect on the
positives and negatives, and how those experiences can be used to improve on the types of
mechanisms and resources available to those wanting to learn about soil, and not simply - failing to
learn (Lobry de Bruyn et al., 2014). To improve the way we capture and share the experience and
expertise of scientists and practitioners it will involve a change in mind-set where we value equally the
soil knowledge of others, including: farmers, scientists, educators, extension staff, commercial sector
and the public.
Conclusion
We need to highlight for those working on soil and with practitioners how they have adapted their
mental model of soil to work with others. Many institutions are grappling with how best to achieve soil
knowledge exchange and sharing in similar contexts, but the experiences of those people working at
the coal- or chalk-face is rarely shared with a wider audience to showcase their work, and reflect on
achievements as well as deficiencies.
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Introduction
Productive and sustainable agriculture needs healthy soils. In cropped soils, life belowground is
diverse and is vital for food production, soil and water quality, climate regulation and also has cultural
value for people. Australian agricultural soils are often naturally low in biologically available organic
carbon, which is the primary energy source required for soil microbial activity. Growers are always
looking at ways to improve soil health and microbial activity in an effort to increase productivity and
ensure long term sustainability. To do so there is a critical need to be able to reliably measure the
activity and resilience of soil biota along with identifying factors that will improve their functionality in
cropping soils.
Previous research has shown that management practices such as crop rotation, reduced tillage and
fertilizer and compost application can modify microbial diversity and activity thereby influencing
carbon turnover, nutrient cycling, plant growth and disease suppression. With recent developments in
DNA based techniques, it is now possible to conduct soil biology research within farming systems
using a functional approach. A combination of microbial, molecular and biochemical tools and
measurements can be used to identify the drivers of critical/key biological processes within
management interventions that alleviate constraints or boost crop nutrition or health (Gupta et al.,
2008). Nutrient cycling in soils is a product of a series of biological processes carried out by specific
groups of organisms (functional groups) such as diazotrophs for N fixation or a product of multiple
biological processes that mediate both the release (e.g. N mineralization capacity) and loss of N.
Changes in the functional capacity of these specific microbial groups can now be measured using
high-throughput DNA based tests (Phillips et al., 2014; Gupta, 2016). Recent research has shown that
there is a diverse community of diazotrophs present in Australian soils (e.g. >120 genera). The
question is - what strategies will best amplify the beneficial interaction between diazotrophs and crop
plants?
Management effects and host – microbiome interactions
Cropping practices can significantly influence the composition and activity of soil microbial
communities and soil faunal activity with consequences for plant growth and production. Plant type
can affect the functional capacity of different groups of biota in the soil surrounding their roots and in
the rhizosphere, thereby influencing plant nutrition, beneficial symbioses, pests and diseases and
overall plant health and crop production (Figure 1).
Figure 1. Root microbiome interactions
influencing plant growth and production.
Microbial community composition and
activity are modulated by the soil faunal
activity and the overall soil biological
activity can be modified through
management practices.

The interaction between different
players in the rhizosphere is due
to the plethora of carbon and
nutritional compounds, rootspecific chemical signals and
growth regulators that originate
from
the
plant
and
are
modulated by the physicochemical properties of soils. A
number of plant and environmental factors and management practices can influence the quantity and
quality of rhizodeposition, root turnover and in turn affect the composition of rhizosphere biota
communities, microbe-fauna interactions and biological processes. Some of the examples of
rhizosphere interactions that are currently considered important are: proliferation of plant and variety
specific genera or groups of microbiota, induction of genes involved in symbiosis and virulence,
promoter activity in biocontrol agents and genes correlated with root adhesion and border cell quality
and quantity. The observation of variety-based differences in rhizodeposition and associated changes
in rhizosphere microbial diversity and function suggests the possibility for the development of varieties
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with specific root-microbe interactions targeted for soil type and environment i.e. designer
rhizospheres. Spatial location of microorganisms in the heterogeneous field soil matrix can have
significant impacts on biological processes. Therefore, for rhizosphere research to be effective in
variable seasonal climate and soil conditions, it must be conducted in the field and within a farming
systems context.
Biological capacity and resilience as a measure of soil biological health – ‘Biological
fingerprinting’
Maintaining soil biological health, an integral part of overall soil health, is critical for the improvement
and sustainability of the agricultural industry and its interaction with the overall health of terrestrial and
aquatic ecosystems regionally. Existing soil health indicator tests generally include a single measure
for soil biology such as microbial biomass or microbial activity. However, experience from both
cropping and natural systems has shown that such single property tests are inadequate for
determining the status of a diverse soil biota and their functional capacity in terms of C sequestration,
nutrient availability or loss and disease suppression. Recent knowledge from research in agricultural
systems worldwide has indicated that a functional approach to soil biological diversity and processes
provides a useful measure of soil health in terms of plant nutrition and health, nutrient use efficiency,
C sequestration and overall ecosystem health. New molecular techniques allow the quantification of
total and specific functional groups of microbiota which complement functional based assays in
providing a good indicator of soil health. Therefore, for an effective soil biological health test, it is the
functional response of soil biota to changing managements that should be measured and quantified in
order to develop cropping systems with improved functional capacity and resilience of soil biota.
Taking advantage of these developments, a ‘multi-tier testing system’ involving measures of (i)
catabolic diversity (carbon turnover), (ii) genetic potential (abundance of functional genes) and (iii)
functional capacity (biochemical tests) can provide a reliable and integrated measure of the capacity
of soil biology (Figure 2). These measures would also complement pathogen-based assessments that
determine disease risk and impacts on productivity. Such an integrated measure would also allow
quantification of the resilience of soil biological communities giving an integrated picture of the soil
biological capacity to withstand disturbance and chemical use. The individual layers of tests can be
linked to key microbial functions such as C turnover (sequestration), disease suppression and nutrient
supply capacity all of which can be directly interpreted in terms of plant health, production and
environmental sustainability. This approach allows the customization of the analysis platform to
address different experimental questions and to add/remove specific tests. This type of functionbased information would benefit the development of regionally specific benchmarks and interpretation
guides for soil biological health. Such measures could form part of an overall soil health test-set
including physical and chemical tests all of which could assist in the evaluation of different
management practices.

Figure 2. A multi-tier analytical approach to measure specific microbial functional capacity as part of an integrated testing
system using methods amenable for high-throughput analysis.

With the current focus on security of food to feed the growing global populations through sustainable
agricultural production systems there is a need to develop innovative cropping systems that are both
economically and environmentally sustainable. There is a large yield gap (>50%) between what is
attainable with current technology and which is actually achieved and this has been attributed to
diseases, nutrition, lack of water etc. Climate variability adds another uncertainty to the efforts to
reduce the yield gap and improve food production. Harnessing the power of microbes can help us
achieve this!
Keywords: microorganisms, fauna, functional groups, resilience, biological capacity
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Sustainable soil management is a critical requirement for maintaining Australia’s unique biodiversity,
agricultural landscapes and the people that rely on them. It’s also a nationally important requirement
for Australia’s future prosperity. Soil ecosystems harbour some of the most densely packed number of
organisms, which interact and contribute to global water, carbon and nutrient cycles that all life
depends on.
Soil processes are much longer than government processes. Soil management should be seen as a
long-term activity that transcends changes in political landscape.
Poor soil management leads to loss of nutrient-rich topsoils through wind and water erosion, and the
creation of dust storms, which can have negative health impacts on communities significantly distant
from eroded paddocks, including in major cities.
Sustaining Australia’s soils should be seen as part of a comprehensive approach to natural resource
management. A systems approach, which underpins resilience thinking, is best to get the ‘Big
Picture’, where physical soil management fit within bigger and complex social-ecological systems. Soil
is a biophysical resource that requires consideration of social, institutional, economic and financial
matters for its most effective management. Efforts should be geared towards the behaviour of this
system as a whole, rather than on individual components in isolation.
Soil management also cannot be separated from the currently ‘hot’ topic of climate change.
Resilience of natural resources, including soils, needs to respond to the challenges arising from a
changing climate that might bring known and unknown disturbances to social ecological systems that
rely on soils. This approach is critical especially for droughts that are an integral part of Australia’s
climate, and that are expected to intensify in frequency and impact in coming years.
Governments can provide institutional frameworks for sustainable soil management, including
investment in research to inform better soil management and policy, and a regulatory/compliance
framework. Adaptive governance and management are also required. This requires a participatory
approach that engages stakeholders from all levels of government, agricultural and natural resource
management industries/organisations, researchers, Indigenous owners of the land, and other
interested stakeholders. Effective communication and sharing of data among these stakeholders is
essential for sustainable soil management. This includes extension services that reach out to farmers
and listen to what they have to say and make use of their local knowledge of the land. Adaptive
governance also means an ongoing iterative process of collaboration among stakeholders. Long-term
monitoring and evaluation of the impact of management on soil health and productivity means policies
and regulations are periodically revisited and, if needed, amended to adapt to change.
Efforts should be focussed on assisting farmers to build their resilience as well as the resilience of
their soils. This means encouraging practices that maximise preparedness against droughts, such as
no-till methods and revegetation, including planting of shelterbelts to assist in reducing salinity,
improving soil carbon and soil health, improving biodiversity, and preventing wind and water erosion.
Direct support for farm families during times of financial hardship (including drought) might still be
needed, but there should be a culture amongst farmers and policy makers alike that prioritise
measures to prepare for droughts (and other major ‘shocks’), rather than a trusting that a ‘business as
usual’ approach will suffice.
Current investments by the Australian Government include: a targeted outcome on soil health for the
National Landcare Program Phase 2, which includes a new Community of Practice for the on-theground facilitators; the establishment of the Cooperative Research Centre for High Performance Soils,
with an investment of $39.5 million by the Commonwealth; and the continued implementation of the
National Soil RD&E Strategy.
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High resolution soil and land suitability mapping is critical for attracting high value agricultural
investment in northern Australia. With the injection of significant Northern Territory (NT)
Government funding over the past four years (2014-2018), the NT has reversed the declining trend
in soil survey in Australia and embarked on a regional soil and land suitability assessment program
to identify high value agricultural land. Outcomes from this program will underpin economic
development in regional areas, de-risk investment on pastoral and Aboriginal Lands and provide
real opportunities to address Indigenous disadvantage. Soil investigations have been undertaken
in parallel with an expanded water resource assessment program, and the intersection of available
soil and water resources have identified a number of potential agricultural precincts. These are
located across a range of climatic zones spread between the Tiwi Islands and Arnhem Land in the
north to Alice Springs in the south. Comprehensive crop suitability frameworks have been
developed in each region in collaboration with relevant government agencies and industry groups,
in particular the Northern Territory Farmers Association.
At a time when investment and training of new soil scientists across governments in Australia is
waning, the program represents not just a major investment in soil science and new information but
also the pedology profession.
Data collection and analytical quantification has been significant, and in many areas represents the
first data ever collected. Soil analytical data is severely lacking in a number of the study regions,
and the current program has seen the largest investment in a consistent set of soil laboratory data
in the NT’s history.
Table 1: Soil site data collected and published in the Northern Territory between 2014 and 2018.
Soil site data
Profile descriptions
Profiles laboratory analysed for standard suites
Laboratory pH, EC1:5 and Cl
Mid infrared (MIR)

No. of sites
2820
325
431 profiles (Barkly and Keep River
Plain)
443 profiles (2-7 samples/profile)

TopEndfarm and Centrefarm, the economic development arms of the Northern and Central Land
Councils respectively, have worked closely with the program’s leadership to prioritise projects on
Aboriginal Land. Investigations targeted areas where commercial scale soil and water resources
were prospective (Pascoe-Bell et al. 2014), and there was genuine interest from traditional owners.
Strong support has continued throughout the program, including public acknowledgement by these
organisations of the critical role the new information is playing in consultative work carried out by
the Aboriginal Land and Sea Economic Development Agency, and also more broadly with regard to
the economic advantages agricultural investment could bring to traditional owners.
The delivery of fifteen new mapping projects over the four years (Figure 1.) has ensured strong
support from Indigenous organisations and industry groups such as the NT Farmers Association
and the NT Cattleman’s Association, and combined with a local media campaign have contributed
to continued recognition within the NT Government about the value of land and water investment
as a means to furthering economic development in the NT. Outcomes from the current program
have facilitated a commitment from government to fund a similar natural resource program over the
next four years (Mapping the Future 2018-2022).
Keywords: Northern Territory (NT) Government, investment, Indigenous disadvantage, soil and
land suitability, agricultural precincts, Aboriginal Land Sea Economic Development Agency.
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Figure 1: Soil and land suitability study areas (2014-2018) with overlapping water resource study areas displayed.
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Through the Australian Government’s Cooperative Research Centre (CRC) Program, substantial
funding has been allocated to a new research collaboration that brings together researchers and
industry end-users to undertake research to address soil-based constraints to agricultural production
and performance. Commencing in 2017 with A$60 million cash funding over 10 years, plus access to
significant in-kind resources and additional funding sources, the CRC for High Performance Soils (Soil
CRC) brings together 39 partners, including eight universities, three state agencies, 24 farmer and
catchment groups and a range of other industry partners to form the biggest collaborative soil
research effort in Australia’s history.
Research capability in the Soil CRC is provided by the eight universities, (Charles Sturt, Federation,
Griffith, Murdoch, Newcastle, Southern Cross, Southern Queensland and Tasmania), the three state
agencies (NSW Department of Primary Industries, Agriculture Victoria and PIRSA) and Landcare
Research New Zealand. Each of these participants brings a differentiated discipline and geographic
capability to the CRC, which when combined, offers a unique collaborative capability.
A key feature of the Soil CRC is the involvement of farmer groups in setting the research priorities,
collaborating in the research activities and being involved in the dissemination and application of the
resulting new knowledge and techniques. Research will be multi-disciplinary bringing soil scientists
together with emerging expertise in nanotechnology, data analytics and sensor technology as well as
sociology, economics and the biophysical sciences.

•

The Soil CRC’s research program was shaped by the collaborative efforts and objectives of all
participants, which identified a number of key barriers to improving soil performance and which
strongly influenced the initial research program. These barriers can be summarized as:
Limited returns on investment in sustainable soil management

•

Inability to measure soil characteristics and performance in a timely manner and at an appropriate
scale

•

Limited set of products to solve complex soil constraints

•

Limited guidance on total and integrated solutions to soil-related issues for farms

With this background, four program areas were developed, which will form a basis for organizing the
Soil CRC’s research and adoption activity. These programs are:
1. Investing in high performance soils
2. Soil performance metrics
3. New products to enhance soil function and fertility, and
4. Integrated and precision soil management practices.
Following the completion of detailed scoping studies in each program, the Soil CRC has now
commenced research activities with projects in the following programs.
In Program 1, Consumer demand, the value chain, and communication strategies for promoting soil
stewardship will explore what incentives there are (financial or otherwise) for farmers to manage their
soil well. It will examine how good soil stewardship is promoted to consumers and how can that be
increased in order to reward farmers with a higher price for their produce when they are engaging in
good soil management practices.
In Program 2, there are two new projects. ‘Smart’ soil sensors will develop soil sensors, including a
smart shovel, below ground sensor data transmission and self-learning moisture sensors. Visualising
Australasia’s Soils: A Soil CRC interoperable spatial knowledge system is about harnessing the
available soil data and ensuring it is more Findable, Accessible, Interoperable and Reusable (FAIR).
From Program 3, there are three new projects. New cost-effective pathways to recover and evaluate
high-grade fertilisers from organic waste streams will develop and optimise technologies to recover
essential nutrients from organic waste streams such as poultry manure, pig manure, dairy farm
wastes, sewage and industrial effluents. The second project Develop and evaluation of novel nanoporous carrier materials to improve pesticide delivery efficiency will explore the use of nano-porous
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carrier materials to improve pesticide delivery efficiency aimed at keeping pesticide residue to a
minimum. The third project Evaluating alternative rhizobial carriers for improving soil performance will
be looking at finding alternatives to the non-renewable resource of peat for delivering efficient
rhizobial inoculants.
From Program 4, there are also three new projects. The first project Plant based solutions to improve
soil performance through rhizosphere modification will explore plant based solutions to improve soil
performance through rhizosphere modification. This project will identify crop rotations that enable
profitable integration of a range of species into farming systems. The second project Developing
knowledge and tools to better manage herbicide residues in soil will develop knowledge and tools to
better manage herbicide residues in soil. Herbicide residue is a soil constraint that is yet to be
accurately measured and determined. The third project for Program 4, Improving the representation of
soil productivity/constraints in existing decision support systems and modelling platforms is assessing
the different Decision Support Systems available to farmers and improving them by adding additional
soil constraint modules.
With long-term secure funding, the Soil CRC provides Australia’s soil science community with the
opportunity to undertake extended, innovative research, with the potential to make transformational
improvements to how farmers manage their agricultural soils for higher performance and productivity.
Further information on these inaugural projects and other aspects of the Soil CRC can be found at
www.soilcrc.com.au.
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Introduction
As livelihood expectations (better education for children, better housing, better food security, better
financial security) increase for many tropical rural farming communities, there has been a shift to
incorporating commercial market-oriented farming into traditional subsistence farming systems. Thus,
a previously nutrient-conservative system (subsistence farming) has changed to a nutrient export
system as crops (and nutrients within them) are moved from the farm to the market place. However,
many farmers do not invest in nutrient management strategies because they are either unwilling,
unable, or do not understand the importance of long-term nutrient management to maintain soil
fertility. “For example, it has been found that farm households use less fertilizer than they would have
used had they simply maximized expected profits” (Katic and Ellis, 2018). This paper, based on over
25 years of observation, discusses the many and varied reasons (disincentives) why many
smallholder farmer families in in the tropics do not invest in maintenance of soil fertility even though
the long-term maintenance of soil fertility is absolutely vital for long term improvements in livelihoods.
This paper highlights the role that uncertainty plays in decisions made by many smallholder farmers in
relation to soil fertility maintenance.
Uncertainty and its relationship to soil fertility management
Lack of Tenure
Many farming families have uncertain access and use over the patch of land they farm. This
uncertainty regarding land access may be because of population pressure on leasehold blocks;
uncertain allocation and use of specific plots of land on a long-term basis because of communal land
tenure rights under customary tenure; or land being ‘leased’ informally to farmers outside the
customary landholding group. Thus there is little incentive to invest resources (labour and money) in
maintaining soil fertility even if there is a clear crop response to soil fertility. The variability in crop
yield due to fertility is clear from a 2 x 2 m resolution yield map in Sokouraba, Burkina Faso (Fig. 1). It
was clear that the higher yielding areas were due to accumulation of nutrients through termite
mounds, tree-fall, litter accumulation, etc., yet there has been no attempt to address the obvious yield
gap through improved soil fertility because of uncertainty of tenure to this patch of land. Thus,
investments to improve soil fertility, in this case, would be at the cost of an individual, but the benefit
would be distributed amongst a wider group; therefore return on investment is not assured.

Fig. 1. Maize grain yield (2012) in a 1 ha plot in Sokouraba, Burkina Faso. Yields are shown as relative increase or decrease to
the mean yield of the entire plot. Map prepared by Apollinaire Traoré.

Population growth
In the late 1960s and early 1970s, high population densities is parts of Papua New Guinea, led the
Australian administration to resettle many families on 6 ha blocks (4 ha for oil palm, 2 ha for food
gardens) in West New Britain and Oro provinces under the Government’s Land Settlement Scheme.
However, with few off-block residence options, population pressure on the blocks has tripled resulting
in greater competition for income amongst co-resident households and thus a reluctance to invest in
soil fertility because an individual’s ‘return to labour’ is shared among multiple households. Again, the
return on such an investment is uncertain.
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Multiple uses of land; changing land allocation
A patch of land under customary ownership in Burkina Faso is used by more than one farmer.
Following crop harvest, animal owners have grazing rights on the stubble, as do nomadic herders.
Thus there is no certainty to improving soil fertility through organic matter as animal farmers tend to
use the manure collected in animal pens on their own food gardens. Thus, there is no incentive to
invest in fertilisers as the cropping farmer may not be allocated the same patch of land in the following
season and there is no certainty of access to the manure derived from stubble grazing.
Leased land
In Fiji, land is often leased to other farmers as a stable means of securing an income over several
years (certainty). However, as the leases are often for only a few growing seasons (uncertainty), the
lessee has no incentive to maintain soil fertility; indeed, they often run down (‘mine’) the natural
fertility and then move on to another lease. Furthermore, given the commercial nature of such
arrangements, there is often no fallow period to allow the soil fertility to rejuvenate.
Lack of Knowledge of Crop Response
When oil palm is grown, the fronds are regularly pruned to allow access to the fruit bunches. These
‘green-cut’ fronds contain about the same amount of N and K as that which is applied annually though
fertiliser. Thus, in fertiliser trials, it takes several years for the “zero” treatment to have an effect
(Fig. 2). Therefore, if smallholders fail to add fertiliser in any one year, they will not see an immediate
effect on productivity. Such an observation creates uncertainty about the value of fertilizer and
provides a disincentive to purchase and apply fertiliser in the following years.

Fig. 2. Annual fruit bunch yield of oil palm after N fertiliser withdrawn. Closed symbols, normal N fertiliser; open symbols, nil N
fertiliser; circles, fruit bunch yield; triangles, leaflet N concentration. Treatments were applied in 1998. Source: PNG Oil Palm
Research Association.

Lack of Savings Infrastructure
Many banks in The Philippines and PNG will not allow farming families to open bank accounts with
only small amounts of money. This makes it difficult to accumulate savings and therefore have
certainty in their ability to repay debts. Thus they are reluctant to borrow money to purchase fertiliser
in case of crop failure and thus an inability to repay the loan. As such, soil fertility gradually declines;
as does productivity and income.
Uncertainty of Infrastructure
Many road networks in some countries are rundown because of poor maintenance and uncertain
weather patterns. Uncertainty of market access means that many farmers will not invest in high value,
‘delicate’ crops. In the Philippines, farmers switched from low value, low input fibre crops (abaca) to
higher value, high input crops (tomatoes) following the construction of a sealed concrete road
because of certainty of market access.
Summary
While there is clear evidence that crops will respond to an input of nutrients, there are many
‘uncertainties’ which make smallholder farmers reluctant to provide the required resources. These
include uncertain returns to labour, poor infrastructure and institutional barriers that deter such
investments.
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A common misconception of science-based industries is that they do not and indeed cannot draw
upon the world of affect and/or emotion. Clewell and Aronson (2013), writing about ecological
restoration of mining land, suggest that whilst scientific language used to describe values is often
impersonal or stilted, there is an understanding that humans relate to land through a range of means.
Sixteen Earth Bowls is an installation of various Hunter Valley soils, fashioned into a shape often
associated with the provision of human sustenance. The audience is encouraged to (carefully) touch
the exhibit in order to create a haptic relation with each earth object.
Barrett (2007) writes of ethical or embodied forms of observation creating situated knowledges that, in
this work, are created through a melding of biophysical, conceptual and intuitive representation.
Materiality of the soil includes scientific understandings (such as pH, clay content and organic matter),
conceptual narratives (bowls, food and cracking of the objects), and intuitive perceptions (shape,
touch and relationship).
The use of the bowl format prompts questions about the place of soils in modern society. Are they
made from dirt to be cleaned away; or soil to be seen as a resource and provider for human wants; or
are they ritual objects made from a sacred material, earth? The work explores the complex
entanglements between our ecological footprint (Plumwood, 2008) and the respect (Rose, 2015) we
should afford our primary provider, our soils.
Keywords: Earth bowl, Hunter Valley, art and soil, materiality
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There is more soils data being collected that at any previous time in history, much of it through the
adoption of precision agriculture (e.g. grid sampling), sensor technologies (e.g. soil moisture sensors,
spectroscopy) and digital agriculture in general (e.g. machinery performance). The soils data is
stored in a variety of databases on disparate computer systems, in both the private and public
sectors, with an increasing volume in the private sector. It is recognised at all levels, from
international organisations to individual farms, that there would be benefits in bringing these data
together in a seamless and standardised way for improved decision support. The technological
systems architecture to do this has been proven at the international level (Ritchie et al. 2016), but the
social architecture is still lacking (Box et al. 2017).
The FAIR principles
The publication and global adoption of the FAIR principles: Findable, Accessible, Interoperable and
Reusable, for scientific data (Wilkinson et al., 2016) has created the potential to develop data
stewardship and governance frameworks for soils data. While the FAIR guidelines have been rapidly
implemented in many disciplines, the soils community has been slower at adopting them. To some
degree this tardiness reflects the changing custodianship of agricultural data, from public to private,
that has been recognised as a global trend (Antle et al. 2017).
Findable
This requires that soil data and metadata are easy to find by both humans and computers. Machine
readable metadata is essential for automatic discovery of relevant datasets and services. Every State
and Territory has open data repositories to compliment national initiatives such as data.gov.au and
Research Data Australia (researchdata.ands.org.au), where more than 2,500 data sets are available.
The Australian Soil Resource Information System (ASRIS), the Soil and Landscape Grid of Australia
(SLGA) and the CSIRO National Soil Archive are exemplary and extensive open resources.
By comparison, a vastly greater volume of soil data is held in the private sector, typically assembled
by soil testing services, fertiliser suppliers, agronomists and agricultural consultants. There are rare
examples of where private data is findable (e.g. Dahlhaus et al. 2018), but the vast majority is hidden.
Accessible
For accessibility, the limitations on the use of data, and protocols for querying or copying data must
be made explicit for both humans and machines. While not a technical barrier, there are challenges in
brokering the arrangements for data supplies, establishing the metadata (especially in relation to data
quality) and mapping those data to agreed standards. This need to develop social architectures (cf:
system architectures) requires data stewardship and governance models for custodians to clearly set
the rules under which access to their data, or parts of their data, is possible. FAIR does not mean
open, as some data may be made accessible at a cost, or under stipulated data agreements.
Interoperable
Put simply, interoperability means that the computer can interpret the data, so that they can be
automatically combined with other data. Data interoperability is usually specified as a series of levels
that provide increasing complexity (Box et al. 2015), viz:
•

technical interoperability requiring the use of communication protocols such as HTTP (hypertext
transfer protocol);

•

syntactic interoperability achieved through the use of common data formats such as XML (extensible
mark-up language);

•

schematic interoperability requiring the adoption and use of an agreed common information exchange
models; and

•

semantic interoperability achieved through the use of common vocabularies.
Different frameworks for interoperable spatial data may range from simple point to point i.e. direct
data producer and data user interaction; to fully federated systems where data is provisioned by
distributed custodians from heterogeneous soil data bases, using common community models (i.e.
schemas and semantics).
There are initiatives at all scales, from the international to the regional, that have developed soils data
interoperability and standards, but a globally unified standard is yet to emerge. Almost all of the
current developments have been in either the public sector, or the private sector, but not across both.
Reusable
This means that data and metadata are sufficiently well described for both humans and computers, so

42
that they can be replicated or combined in future research. To be reusable requires the data to be
tagged with a licence (e.g. Creative Commons), metadata and a standard, so that future discoverers
of the data can clearly understand the data provenance, quality, and conditions of reuse.
Establishing FAIR soil data
There are numerous published models that can be adapted and adopted to interoperably federate
soils data. These include three key components: a) the public-private data model conceptualised by
Antle et al. (2017), b) the systems architecture options by Box et al. (2015), and c) the FAIR Principles
for scientific data Wilkinson et al. (2016). By adopting these conceptual models, a soil data federation
could be achieved. However, it is often the underlying social, organisational and legal considerations
that are perceived as barriers to making soil data FAIR.
To overcome these social barriers, a clear value case is required to encourage data custodians to
participate in a data democracy where everyone has equitable, timely access to all the data required
to answer the frequently asked use-case questions in both the private and public sectors. Examples
of information systems will be presented, in which technological and social innovations have ensured
that FAIR data can: 1) offer practice solutions for a policy on soil information, and 2) be a source of
new discoveries in soil science and profitable decision tools for agricultural end-users.
Keywords: data interoperability, data stewardship, standards.
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Central to the global challenges
Soil accounts for 80% of Australia’s environmental assets and is estimated at over $3.5 billion. A
further $37 billion is generated through Agricultural production on 45% of the nation’s soil. This is
challenged with the ever-increasing demand being placed on more food with less, while sequestering
soil carbon. Preventing and repairing land degradation along with maintain and in some areas
increase biodiversity. All of which contribute to human and environmental health.
The lengthy discussions that have been had through concepts of Soil Quality, Soil Health, and more
recently Soil Security have highlighted the importance of education and training as central to
addressing these and future challenges.
Those who know, know of and are aware of soil
Some 3 years ago the Soil Science Society published estimates of needing 30 to 40 graduates per
year to soil knowledge that could meet that could meet Certified Professional Soil Scientist (CPSS)
requirements, ensuring we have enough expertise who ‘Know’ soil. These experts will work with
knowledge brokers, those from other disciplines, e.g. agronomy, environmentalist, financiers who
‘know of’ the importance of soil and can apply soil knowledge by connecting with soil experts as
needed. This needs to start early and tap into people’s ideas of care ensuring people are aware of
soil, though school programs (e.g. kitchen gardens) and developing a community of citizen scientist.
Aware of

Amateur
The study of soil for
utilitarian and survival
purposes (over 150 years
ago)

Know

Disciplinary expertise
The study of soil in its own
right;
development
of
theories,
concepts,
methods and analytical
procedures; a strong focus
on
agriculture
and
environment.

Know of

Interdisciplinary expertise
Linking soil science with
other
disciplines
and
engaging
with
other
scientists, politicians and
stakeholders to provide
information and solutions
to complex environmental
issues and problems

Aware of

Amateur
Members of the public
who engage with soil
science out of personal
interest, enthusiasm, and
care of the discipline and
its
impact
on
the
environment etc.

From Field et al. 2018.

Connecting an innovative soil learning environment
Protection of soil is achieved through training and this needs to start early. Integration of soil into the
school curricula is increasing and the benefits for these young learners is engaging them with ‘real’
meaningful science-based activities, where they develop their data analysis skills, and make
connections between the physical, chemical and biological sciences, (Abbott et al., 2015) and in some
cases with economics and social advocacy. These principles are the same that inspire innovative and
deep learning in higher education illustrated by in Figure 1, where discipline expertise (know) is
integrated across disciplines (know of) to solve ‘real’ problems that the broader community is aware
of.
Ensuring hands-on experiences complimented by recent innovations in virtual reality (VR), will
continue to challenge us to reinvigorate learning about soil. As will engaging in national and
international learning activities, such as Soil Judging (Cattle et al., 2015), and may even putting some
fun into learning.
Ongoing training and professionalisation
The pressing need for on-going education and professional development is placing a greater
emphasis on robust high-quality in-service training. This includes the concept of micro-transactions,
i.e. awards recognising discrete courses without the need for enrol in whole degree programs.
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Figure 1. The Teaching-Research-Industry-Learning (TRIL) framing a soil curriculum from Field et al., 2017.

Both the Australian Soil Network and Soil Science Australia have recognised this and now manage a
national working group and Training Board, respectively, to support the quantity and quality of
education and training to meet these national demands. This depends a quality curriculum provided
through a range of educational institutions that supports soil graduates and practitioners in providing
soil knowledge and advice that is relevant and valued by the community (Figure 2). These two bodies
also advise on educational strategies and opportunities with the view to meet the standards,
performance objectives and growth of the CPSS and related bodies (Figure 2), where it is suggested
at least a doubling of the current membership should be aspired too.

Figure 2. Interaction between education providers, community of professional bodies supporting graduates and practitioners of
soil science.
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Creativity and a sense of fun are essential when engaging with the community. Using these
elements can highlight the importance soil brings to humanity, not only for the current generations,
but also for those generations to come. In 2015 for the International Year of Soils, a soil themed
mascot was created as a resource to engage with the community at field days, workshops,
schools, etc.
The mascot represents the Victorian State Soil, a Mottled Brown Sodosol; therefore has been
named “Mottly”. He is a 1.2m tall wearable costume made from foam, polyester filling, internally
held together with cable ties, and dressed with a few different fabrics and a bath mat.
Mottly’s most important function is to create a curiosity with the public about who he is and what he
represents. This then creates opportunities for scientists and educators to further expand on the
importance of soils.
Over the last few years, he has been to many events including field days, World Soil Day events,
school visits and the Royal Sydney Easter Show. In the last three years, Mottly has already
attended 12 different events and that will increase to around 20 before 2018 is finished. Anytime
Mottly is at an event, he can be nothing but the central focus, generating strong interest and
excitement, with many people keen to have a photo with him. As the awareness of Mottly increases
throughout the soil community, it is expected that his event bookings will increase in number and
regularity in the years to come.
This presentation will tell the story of his creation and highlight many of Mottly’s engagements, the
excitement he has helped to create for soil, and the opportunities for soil based, fun education.
Maybe it is time to give all our Australian soils a personality and a fun character.
Keywords: Soil, education, mascot
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Introduction
Myanmar, like many developing countries, suffers from a shortage of soil information to underpin
land use planning and soil management advice provided by agricultural extension services. It also
suffers from a shortage of capacity in land evaluation, both in terms of trained staff and laboratory
facilities. A research for development project on land evaluation in the Central Dry Zone of
Myanmar is addressing these problems by developing appropriate land evaluation methods and by
building capacity in Myanmar agencies. This paper outlines our strategies for capacity building to
ensure the project has lasting impact.
Selection of suitable project partners is crucial if such a project is to successfully build local
capacity and achieve institutional change. Therefore it is important to work with the local agency
with the mandate for land evaluation and to ensure from the outset that they are open to the
possibility of change. Unless capacity is developed in the appropriate agency, it is unlikely to be
used after completion of the project. In our case the major project partner is the Land Use Division
of the Department of Agriculture since it has the remit for land evaluation and land use planning.
Other institutions such as universities can be involved, but with the purpose of more general
introduction to the benefits of land evaluation.
Selection of a suitable study area helps in demonstrating the usefulness of its outcomes. The
study area needs to be representative of the region both in terms of crops, soils, land degradation
and socio-economic conditions of the farmers. As with the choice of institutional project partners, it
is important to ensure that local authorities are enthusiastic about the potential benefits of the
project. Practical aspects such as accessibility are also important in the choice of study area to
facilitate project operations and allow international partners to spend substantial time in-country to
work closely with local project partners. The study area for our project is the Township of Pyawbwe
which covers 1650 km2 and exhibits a wide range of soils and landscapes with a corresponding
range in the suitability of the land for a range of crops.
We have found it important to acknowledge the abilities of Myanmar institutions and adapt
approaches to suit. Capabilities are not the same as in developed countries. Skilled experts are
often in short supply, so the approach can be adapted by using less-skilled staff and partitioning
activities. Labour costs are generally low so it is possible to use methods requiring many pairs of
hands instead of more expensive approaches. Building capacity and introducing new methods
frequently involves providing scientific instruments and equipment. It is important to choose
equipment that is cost effective, both to purchase and maintain, and robust given the climate and
power supply. For example, we commissioned a mid-infrared spectroscopy (MIR) laboratory for the
rapid analysis of soil samples. MIR was chosen over visible/near-infrared because it generally
provides stronger predictive capability despite having greater sample preparation requirements.
The costs of sample preparation, that might make MIR less desirable in a developed country, are
much less burdensome in a low labour-cost environment.
It is useful to develop complete workflows that are suitable and appropriate for the resources and
skills of the local partners. In an earlier project in the Philippines we developed operational
protocols for digital land resource mapping by combining existing technologies based on four
‘pillars’ (Ringrose-Voase et al. in press). These are: 1) statistically-based sampling strategy, 2)
simplified site protocols that concentrate on soil specimen collection rather than soil description and
classification, 3) rapid soil analysis by MIR spectroscopy to estimate soil attributes for all layers at
every site after developing local calibrations using conventional laboratory analysis and 4)
statistical spatial prediction to map a range of soil attributes using machine learning.
These protocols allow more efficient use of available pedological expertise by allowing much of the
routine work to be carried out by non-expert teams. For example, the statistically-based sampling
strategy uses pedological expertise to develop maps of landscape units in GIS format following a
brief reconnaissance of the survey area. Sample sites are then generated automatically and loaded
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into GPS units, which are used by the field teams to find the sample sites. This removes the need
for the expert to be in the field for the whole survey to choose representative sites, as in
conventional soil survey. The simplified site protocols remove the need for the expert to be at every
site to describe and classify the soil profile, because the emphasis is on sample collection. This is
made possible by the third and fourth pillars. The third pillar allows direct estimation of soil
properties at every layer at every site, rather than inferring them from soil classification. The fourth
pillar then allows the soil attributes to be mapped using readily available digital maps of terrain and
other properties.
We have developed or commissioned development of technology tools to improve data collection
and processing. Such tools range from the use of digital forms for site and soil profile description
using a CommCare app on tablets to software to automate DSM tools, to simple scripts to
automate data handling. The use of digital forms in the field resulted in fewer errors, such as
missed or mis-coded data fields as well as the removal of transcription errors. The app also
uploaded data immediately to a cloud storage facility, which allowed real-time checking of data.
We have found human development to be the most important aspect of capacity building. Our
approach has been to build confidence and skills by identifying leaders in their field, having
training courses for each component of the work, followed by on-the-job-training. So far we have
developed week-long courses on sample design, field survey and rapid soil analysis by MIR
spectroscopy. The courses are designed to achieve a level of competence in a particular skill using
as much hands-on experience as possible and combined with sufficient theory for trainees to
understand the underlying principles. We time the courses to immediately precede that activity in
the project schedule so that activity by the trainees can be closely supervised. This has the benefit
of reinforcing the training and building confidence, as well as being an opportunity to solve
problems not encountered during the training. We have then slowly and deliberately reduced the
involvement of international staff to allow local staff to increasingly take more control. The reduction
of involvement is a vital part of the capacity development as it allows local staff to get used to
decision-making and to sometimes make mistakes. During this period of reducing involvement it is
important that international staff nevertheless remain engaged to help with affirming decisions,
analysing mistakes and mentoring.
The long-term impact of capacity building also requires focus on the purpose of the project and
who benefits. The project purpose needs to be regularly reiterated and revisited so that all
partners and stakeholders are engaged. This can happen through regular meetings and formal
presentations at the start of training courses and farmer meetings. Project impact is enhanced by
involvement of all stakeholders – government agencies, NGO’s, industry and farmers – from the
start, with acknowledgement and incorporation of local knowledge into planning.
The above describes our capacity building to date within the project. As we have progressed the
following constraints to future successful implementation have been recognized: 1) staff turnover;
2) lack of a central database; 3) necessity of a senior project leader to coordinate all activities and
bring the work together; 4) lack of on-going funding once the project finishes.
Finally, capacity building must be made a major project objective so that the temptation for
international staff to get job done quickly to the meet scientific goals does not override the more
time-consuming process of having local staff learn-by-doing.
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Introduction
The Soil Knowledge Network (SKN) is a group of 15 retired soil specialists from around NSW. We
are a unique citizen group, in fact we think of ourselves as ‘science citizens’ and aim to transfer our
knowledge to affect positive land management decisions and ultimately influence policy.
The SKN has several goals which we are working towards (for more information see
www.nswskn.com). There are three which are of greatest importance –
• To improve the public appreciation and understanding of soils.
1. To capture and make digitally available hardcopy land and resource information that is currently
difficult to find or unable to be accessed.
2. To mentor a new generation of land managers.
Discussion
In this paper we reflect on our success as a group and also on our learning experiences. We
consider notions of trust, credibility and the often under estimated importance of people in delivering
positive outcomes. We evaluate the impact of the SKN on the public understanding of soils using
qualitative examples from our activities and metrics from social media. Lastly, we explore
opportunities for increasing engagement and participation in soil science.
The diversity amongst SKN members is high and this is one of our greatest strengths. Several
members have extensive experience in rangeland management, whilst others have strong
backgrounds in the tablelands, coastal or alpine areas of NSW, Australia. Some of us have strong
ties to education either as lecturers or teachers. Others are well experienced in soil and land
assessment, farm planning, soil chemistry, soil health, geomorphology, soil research, soil test
interpretation, soil carbon, soil policy and much more.
Since we began in 2013, the SKN has explored a range of communication platforms to share our
excitement for soils. We have held workshops and field days targeting farmers, community groups
and soil professionals (Figure 1). We have presented at national and international conferences,
published educational videos, online resources, lobbied politicians and used social media to promote
soil issues in public debate (Figure 2).

Figure 1: Technical soil workshop for soil professionals,
Wellington, 2015 (credit: Sally McInnes-Clarke, OEH)

Conclusions

Figure 2: Teaching soil profile description in Your Soils
From Top to Bottom (NSW SKN, 2014)
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The SKN set out to raise the public awareness of the importance of soils. Results from qualitative
assessment of our activities over the last 4 years, feedback from our workshops and social media
metrics indicate that we have done exactly that.
We have published online soil resources filling soil knowledge gaps but there is more do in this space.
We have promoted information sharing initiatives and provided access to valuable soil legacy
information and policy documents – and enjoyed ourselves while we have made a difference.
The SKN experience highlights a valuable, and in many ways essential, way to capture corporate
knowledge and wisdom at a time when government agencies are no longer supporting soils extension
activities nor supporting effective mentoring of new scientists. By appealing to the still active passion
of recently retired scientists, we have helped ensure that soils in NSW are valued, and hopefully, well
managed.
Keywords: citizen science, knowledge transfer, land management, mentoring.
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For over twenty years, soil information and knowledge in Victoria, Australia has been shared via the
Victorian Resources Online (VRO) website http://vic.gov.au/vro. This has been the primary online
repository for soil and landscape information generated from land resource assessment studies, field
days, training workshops, and the visualisation and animation of soil and landscape processes.
Qualitative feedback has highlighted the value of online soil information to users, particularly those
involved in agricultural research, extension, planning and education. Analytical profiling of VRO users
in recent years has highlighted it as a source of information and knowledge for a local, national and
international audience. This supports the notion that increasing access to public sector data and
information provides significant benefits.
The development of more sophisticated visualisation products such as animations, landscape
panoramas and 360O videos has provided interactive ways for users to engage with soil and
landscape information. These products have broadened the potential audience for this information
and been effective in capturing expert knowledge. Lessons learnt from enduring programs such as
VRO can inform future information and knowledge management initiatives.
Keywords: online, communication, visualisation, information management, knowledge management,
user evaluation
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An effective extension model for the vegetable industry
The Hort Innovation funded ‘Soil Wealth’ and ‘Integrated Crop Protection’ Phase 1 projects
established an effective model of delivering extension to Australian vegetable growers and advisors
(Soil Wealth and Integrated Crop Protection, 2018). The model integrates:
Demonstration sites
Grower groups
One-on-one support to growers and agronomists
Master classes
Field days, workshops and networking opportunities
Webinars
Benchmarking activities
Publications and videos
Online communication and knowledge management: website, social media (Facebook, Twitter,
YouTube), e-news
Integration of communication platforms and engagement methods contributed to improved awareness
and knowledge of soil and crop management in Phase 1 of the projects. The model addresses the
human dimensions (learning, social processes, goals, perceptions) as well as the technologies
(relative advantage, trialability) (Pannell, 2011). Demonstration sites are a key component of the
model.
Demonstration sites - making it real and relevant
There is a myriad of information available about soil management practices, from cover cropping to
reduced tillage. However, it needs to be adapted to different agroecological regions, farming systems
and individual farm businesses. For practices to build on the latest technical knowledge and R&D
outputs, the information needs to be applied in the context of individual farms and businesses.
Demonstration sites are effective for driving adoption of new practices. This is at least partly due to
farm managers being engaged in the process, and often driving it, compared to complex research
trials off-farm and not in commercial situations.
A key aspect of innovation and adoption is the process of learning about it. ‘Trialability’ of a practice is
an important factor influencing the learning process, especially at the stage of evaluating or trialing a
practice or innovation. Thus, the demonstration sites help with the evaluation phase of learning.
Practical insights are more likely to be identified and addressed via demonstration sites rather than
via complex replicated research trials. Replicated trials have an important place for testing or adapting
new techniques or products, answering research questions and collecting data and evidence to
support claims. However, they can miss important practical or economical insights.
While demonstration sites are not intended to be research trials, they need to be based on
scientifically sound information. Demonstration sites are not without their own challenges.
Demonstration site challenges
Incorporating practices into farming systems
While the farming system is considered when designing demonstration sites, farming systems are
dynamic and there are sometimes unexpected results or challenges.
One example of this is spinach crown mite. There is anecdotal evidence that spinach crown mite is an
increasing problem in Tasmanian and Victorian spinach crops. We still have a lot to learn about
spinach crown mite, but we know that fresh organic matter is a food source for them; they are more
abundant in soils that contain large amounts of fresh organic matter. Cover crops, use of organic soil
amendments and reduced tillage help to improve soil health but they may increase the risks of
increasing the spinach crown mite population by providing a food source for them, unless there is an
increase in overall biological diversity and thus predation of mites.
So, while the Soil Wealth and Integrated Crop Protection project has been effective at increasing the
adoption of practices that improve soil health, we are not sure what, if any, impact these practices are
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having on spinach crown mite populations. Remaining questions include: Does the intensity of soil
cultivation affect mite populations or incidence of damage by mites? (Saito, 2015); What effect does
the combination of: partly decomposed organic matter, cultivation and climate, have on risk of spinach
crown mite damage? What is the best way to manage cover crop residues and organic soil
amendments to reduce the risk of spinach mite?
Machinery
Lack of access to machinery can be a barrier to adoption of many practices. It is difficult to trial or test
a practice if you don’t have the necessary machinery and it can sometimes become “all too difficult”.
At one demonstration site, sowing of one type of cover crop was not possible using the existing
machinery. Although seed drills at the farm were inspected well in advance of sowing the cover
crops, still one type of seed caused problems with sponges in the seed drill.
At other sites, lack of machinery for termination of a high biomass cover crops created challenges
with dealing with a large volume of residues. This was due to not only lack of access to machinery
but also timing of termination and possibly the need to finely mulch the cover crop early enough
towards the end its growing season.
Conclusion
Demonstration sites are an important component of the Soil Wealth and Integrated Crop Protection
model. Demonstration sites are not without their challenges because incorporating practices into
farming systems is not as easy as we think. However, they are an effective way of putting research
into practice. There are sometimes unknown results or factors that are unexpected. Lack of
availability of machinery can be a barrier to implementing new practices. The Soil Wealth and
Integrated Crop Protection - Phase 2 project (2017-2022) will address this by providing access to
machinery through machinery loans. Phase 2 can build of lessons learned during Phase 1 and bring
new research outputs to the vegetable industry.
Keywords: on-farm trials, demonstration, farming systems, extension, vegetables.
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Introduction
The horizon nomenclature “M” is used in Queensland to denote the occurrence of a “modern” horizon
where found as a key morphological feature of a soil profile. Its main application has been to denote
spoil from acid sulfate soil disturbance, but its use has recently been clarified. The definition now
includes a range of recent soil surface deposits that are discontinuous with the soil material below.
Such discontinuities have important implications for site history and soil interpretations. This
document introduces the concept of the M horizon and how it is used in Queensland.
M horizon concept
There is no definition for an “M” horizon in the “Yellow Book” (NCST, 2009), although it uses the term
‘modern soil’ to describe an upper soil that overlies a buried soil. There are no known occurrences of
its use in other state, national or international schema. The concept of the M (modern) horizon, is one
or more surface layers (>0.03 m thick), that cannot confidently be described as an A horizon and have
been formed by the recent deposition of soil material.
The deposited material may be fill or spoil, recently aggraded material deposited by a flood event or
material deposited by sheetwash from local erosion upslope. Deposition may also occur as a result of
aeolian processes or mass movement. Primary defining features are that there is a lithological
contrast between the deposited material (the M horizon) and the underlying existing soil material, and
that there has been no post-deposition pedological development (no organic matter accumulation,
structure development, bleaching, etc,).
The importance or value of its use relates to the pursuit of knowledge about landscape processes. It
becomes a diagnostic record of material not related to the underlying soil profile, identifying a process
that does not necessarily relate to the development of the underlying profile and the wider site being
described. With sufficient annotation, it captures information relating to the modification of a soil or
landscape.
Describing a soil with an M horizon
The use of this modern horizon notation arose from a need to identify soil material not fitting the
definition of any other horizon notation. A and B horizons require a level of pedological development.
The C horizon, despite a lack of development, is considered inappropriate as in Australia it is defined
as being below the solum (the A & B horizons), as does the D horizon.
Its application and use has been guided by the principle of recording what is seen in a soil profile. If a
layer can be observed and morphological properties can be ascribed, then it should be recorded.
Other than horizon name, it is described as per any other mineral soil horizon in the profile (refer to
NCST, 2009).
The underlying soil material is signified as either a lithologic discontinuity and/or a buried soil. The
designation of the underlying horizons follows the “Yellow Book” (NCST, 2009) conventions (e.g.
2A1b).
M horizon in soil classification
Soil profiles that have an M horizon have mostly been classified according to the Australian Soil
Classification (ASC) as Anthroposols or as Anthropic phases of other soil orders. This is appropriate
where there is certainty that the material results from anthropogenic processes.
Modern depositional material may also be the result of indirect-anthropogenic (e.g. disturbance by
managed animals such as cattle), or natural, processes (e.g. flooding). In such cases, the material
would not meet the requirements of an Anthroposol classification. Nor would its features be easily
accommodated into other soil orders, which all have a requirement for some level of pedogenic
alteration (even in Tenosols and Rudosols).
In these instances, it is appropriate that the soil classification and local soil descriptions (e.g. Soil
Profile Class or SPC) are applied to the underlying or buried profile(s). The overlying material is
therefore regarded as a phase of the classified soil below (see Isbell and NSCT, 2016 pg. 8).
Where to from here
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The Queensland soil community is currently formalising guidance for the use of the M horizon. It is
recommended that consideration be given to it in a national context within the next edition of the
“Yellow Book”.
Key words: M horizon, A horizon, soil classification, soil profile description, lithologic discontinuity,
buried soil.
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What makes a good soil science consultant?
R. Loch
LandLoch Pty Ltd, Toowoomba, Qld, Australia lochr@landloch.com.au
To put this session in context, a number of other issues will be introduced.
Composition of SSA membership
The first is the changing composition of SSA membership. The recent (2017) survey of members
received 277 replies from approximately 825 members. Of those replies, 78 (34%) listed their
occupation as "consultancy", with 22% "government: and 19% "academic". A more comprehensive
survey of the entire membership may change those proportions somewhat, but it is clear that
practitioners and consultants are now an important, if not majority, component of SSA membership.
Consequently, this session is an important opportunity for consultants to showcase their work, its
value, and the issues they face, and to raise awareness of the work of this quite significant group
within SSA.
The importance of consultancy services
The second issue to be addressed is the importance of this group's work. Although seldom
considered by SSA, it appears that, in delivering benefits to Australian businesses and society (not to
mention the environment), soil science practitioners in general, and consultants in particular, are
responsible for major - if not the major - contributions.
Work is done in many forms, and it is not always possible to estimate exact benefits, but within one
small company, we can point to projects with payoffs up to several thousand times the project costs,
and benefits to clients in the order of many millions of dollars. Equally, work may be part of the
planning of large projects valued at billions of dollars. Consultant work includes:
•
•
•
•
•

Direct studies producing recommendations;
Information to guide and assist planning (soil surveys, soil assessments, for example);
Production of best practice guidelines, documented work practices, etc.;
Site management plans, expert advice; and
Work as an expert witness.
This list is by no means exhaustive. The range of industries, locations, fields of soil science, and
challenges dealt with by consultants is simply enormous; from contaminated land to construction and
mine sites, from erosion to soil survey, from soil productivity and its modification to considering safety
for construction.
When things go wrong
And apart from considering what makes a "good" consultant, it is appropriate to consider why and
how "bad" outcomes occur? This is not a topic that SSA seems to be comfortable discussing, but
there are numerous (too numerous) instances of:

•
•

Serious losses or damage due to incompetent soil science; and
Equally poor outcomes from a failure to apply soil science at all.
This is a topic area that does need to be openly discussed if SSA is to convince the business and
regulatory community that competent soil science pays off.
The qualities required of a good consultant
And after that introduction, what does make a good consultant?

•
•
•
•
•

Broadly, this is fairly obvious. Good consultants are, at the very least:
Technically highly competent (it pays to get the numbers right and use the right test);
Widely experienced (often, knowing what to do is easy, advising the client on how to do it is the more
challenging and important part of the task);
Ethical and honest (which makes answering the phone a less nervous activity);
Brave enough to tell the truth, no matter how unpalatable to a client, or how loudly an opposition
barrister may complain; and
Socially adept (good at working with clients, helping them to ask the right questions and to accept the
answers.)
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No doubt that base list of attributes could be expanded, or added to. Others that come to mind
include:
Business competence
Incisive thinking - cutting to the real problem and not being misled by "well known facts"
Strong writing and communications skills.

•
•
•

From the papers submitted, two points stand out. The first is that ethical behaviour is almost
unanimously considered to be the absolute keystone of good consulting. The second is the
importance of technical competence.
Other issues may well emerge from the presentations, with likely additional major points in the
submitted papers being:
Strong concern at the lack of soil science teaching and the lack of suitable graduates to be recruited.
The need for greater dialogue around financial and environmental impacts of competent and
incompetent work - though any dialogue with respect to consultant activities seems to be lacking at
present.
Perceived value of the CPSS system.

•
•
•

All presenters include case studies in their presentations to showcase their work and the issues dealt
with.
How to make improvement happen?
One question that will be asked of all presenters is what - in their opinion - SSA could do, or changes
that could be made, to benefit the work and success of soil science consultants.
Based on the abstracts presented, and from my experience, it is likely that suggestions will include:
•
•
•
•

Urgent action by SSA to address the lack of training in soil science;
Review of CPSS accreditation to incorporate greater emphasis on ethical behaviour;
Stronger promotion (to business and regulators) of the importance of CPSS; and
Greater engagement of SSA with its consultant membership
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Contributed Papers
What makes you a good soil science consultant?
D.E. Baker

Director, Soil Science Leader and Soil Chemistry Specialist Adjunct Professional Fellow SCU (EAL) ESSA Pty Ltd

This presentation would cover:
•






(a) Things covered in soil chemistry
Understanding the deficiencies of soil methods
Understanding and what makes a GOOD Soils Laboratory
Understanding the “figures” or how soil test calibration works
Understanding Soil Types and Soil Horizons variants
How to use Guidelines on Soil Chemical Parameters
Working with client to Inform and educate and why

(b) Case Studies (2)
1) Site with EPO with EPA Fine of $1M and potential $2M fix ups
2) Major highway through recognised Highly Dispersive Soils and successful treatment of both cut and
fill materials with “Site Soil”
(c) Challenges
1) Lack of Quality Soil Chemists
2) Lack of targeted Soil Chemistry Courses in Australian Universities.

‘Due diligence’ soil assessment for Indian Sandalwood plantations
across northern Australia
1

D.C. McKenzie1

Soil Management Designs, Orange, NSW 2800 Australia david.mckenzie@soilmgt.com.au

Introduction
Approximately 13,000 ha of Indian sandalwood (Santalum album) plantations have been established
across northern Australia. The main developer has been Tropical Forestry Services (TFS), re-branded
in March 2017 as Quintis. The sandalwood trees are produced under irrigation, mainly using drip
systems. Because S. album is a parasitic plant, it must be grown alongside nitrogen-fixing host plants
such as Sesbania formosa, Cathormium umbellatum and Acacia spp.
By 2013, about 40% (approx. 3,500 ha) of the Ord Irrigation Area, Western Australia was planted to
S. album. Large plantations of S. album also have been established in the Northern Territory (Douglas
Daly and Katherine regions) and north Queensland (Dalbeg district in the Burdekin Valley).
In 2016 the value of timber from S. album plantations was estimated by TFS to be approximately $1.5
million per hectare, at harvest time 15 years after planting. Over-harvesting of native stands of S.
album in India has created a global shortage of sandalwood timber. The aromatic wood is used for
carving and incense products, and provides an essential oil that is an important component of
perfumes, cosmetics and medicine.
TFS was the only tree plantation company in Australia using a ‘managed investment scheme’ (MIS)
business model to survive the agribusiness MIS collapses in 2009. The Australian Government
Senate enquiry into the failure of Timbercorp and Great Southern (Parliament of Australia 2009)
received evidence of poor quality work by commercial soil surveyors associated with some of their
projects. TFS worked hard to develop a professional approach to their soil assessment and
management that could withstand scrutiny from regulators and investors.
Description of TFS soil survey methodology
A protocol for assessment of potential new plantation sites, ‘SALADD; Soil assessment for land
acquisition due diligence’, was developed by TFS for use across northern Australia (Tropical Forestry
Services 2011). The main components were as follows:
1. Initial collation of information by TFS staff was undertaken where a new property was thought to be
available for purchase. This included preparation of a soil map based on available information from
state government soil surveys.
2. If the property was identified as having good potential for sandalwood, a soil assessment was
undertaken and signed off by an independent accredited soil surveyor.
3. Where the soil survey indicated presence of a significant area of land suitable for sandalwood
production, the property was purchased by TFS and a soil operations map was prepared with
assistance from an accredited soil scientist.
To improve TFS’s understanding of what constitutes an ideal soil for Indian sandalwood and its hosts,
a sandalwood growth model was developed via detailed soil sampling in existing sandalwood
plantations near Kununurra in 2009. A stepwise regression procedure was used to relate tree
performance to a broad range of topsoil and subsoil constraints and surface architecture parameters
(McKenzie 2009). Soil conditions exist which strongly restrict sandalwood growth.
•
•
•
•

The TFS soil survey work undertaken by Soil Management Designs had the following features:
Soil inspection pits were on a flexible grid with a spacing of approximately 400 m; in complex areas
with high spatial variability, the pit spacing was reduced to 100 m.
Soil profile description and photography to a depth of 1.3 m.
Soil sampling for chemical analysis; 0-10cm, 10-30cm, 30-60cm, 60-90cm, 200cm, 300cm.
There was a focus on quantification of soil water holding capacity based on field assessment of soil
structural form (SOILpak score), soil texture and coarse fragment content (McKenzie et al. 2008).

•

Subsoil and topsoil constraints under consideration included compaction, dispersion/sodicity, pH
imbalances, salinity and nutrient deficiencies/toxicities.
Other inputs included landscape modelling to predict water erosion hazards at NT sites (Ian
Hollingsworth, pers. comm. 2013) and airborne EM survey data to assess deep subsoil salinity.
Application of the SALADD system: ‘Ord West Bank’ soil survey
The most recent pre-development soil assessment for Quintis involving Soil Management Designs
was carried out by McKenzie et al. (2017) in the ‘Ord West Bank’ area near Kununurra WA. Parts of
the site had severe scalding and gully erosion caused by over-grazing. One hundred and four soil pits
on a flexible grid spacing of about 400 m were inspected and sampled. The most valuable layers of
information for planning of the proposed S. album plantation were elevation/slope, profile plant
available water, depth to waterlogged layer, electrical conductivity, pH, dispersion (ESP, ESI),
compaction severity (SOILpak score) and cation exchange capacity. A soil amelioration plan was
prepared, in conjunction with a map showing contrasting ‘irrigation management units’.
Pre-existing state government soil information for the area, and predictions from ‘Soil and landscape
grid of Australia’, lacked the required accuracy for plantation development.
Recent events and conclusions
Soon after their rebranding as Quintis in March 2017, TFS Corporation unfortunately went into
receivership. The collapse was triggered by an adverse assessment of the business by Glaucus
Research Group, a US activist short seller. Their director of research, Soren Aandahl, stated in an
ABC radio interview (Borello 2018) that: “This story is all about Wall Street, not about the soil”.
Glaucus was concerned about financial management issues rather than the quality of Quintis
sandalwood assets.
The future of the Quintis sandalwood plantations is uncertain. However sandalwood timber continues
to be a scarce and valuable commodity, so a very significant resource is in place. It is heartening to
know that unlike ill-conceived plantations associated with MIS failures of 9 years ago (Timbercorp,
Great Southern), existing sandalwood plantations mostly are on professionally selected soil types.
The routinely collected plantation performance data are confidential, but the soil management
systems in place appear to be appropriate.
Although the soil science consulting community in Australia has very few members, it was possible to
assemble a series of CPSS-accredited soil survey teams with the capacity to quickly and skillfully
address the soil-related challenges identified by TFS/Quintis in a cost-effective manner between 2009
and 2017.
Keywords: Santalum album, soil survey, root growth, subsoil constraints, soil amelioration
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Introduction
A typical job application includes two main categories, essentials and desirables.
What then should be the criteria used to determine a good soil science consultant?
•
•
•
•

There are many aspects to a soil consultancy but in our view there are four essentials:
Passion for Soil Science
Integrity,
Ethics and
Expertise
Soil scientists understand that soil is not a simple material. Soil chemical, physical and biological issues,
which can all arise in a single consultancy, are often different for farmers, horticulturists, foresters,
geotechnical engineers in urban situations.
Remember, the typical client employs you to solve a problem for them. They are not specifically employing
you to do ‘soil science’. However, the expectation is that soil science will be used to solve their problem.
However, if the issue needs to be resolved in court, ethically, consultants must provide the best scientific
information available to help the court resolve the problem.
Good soil consultants must be mindful of their specific expertise in relation to a job. Good soil consultants
need to know their limitations and be willing to seek advice from other soil scientists or soil professionals prior
to commencing a job or if unforeseen situations occur. Depending on the project you may be the lead
consultant, a sub-consultant with a relatively minor role, or the only consultant. Being included as part of a
team in a multidisciplinary consultancy is critical as recognition of your expertise.
Desirable characteristics include an ability to think laterally, good communication skills, and obvious
professionalism.
Finally, a consultancy is a business. The essential business skills include time management, money
management, especially cash flow, ability to ‘sell’ yourself and your skill set. The ability to identify and adapt
to new markets is also critical in the long term, especially if you are self-employed. Self-motivation is
absolutely essential. Being resilient is vital.
Two case studies will be used to demonstrate different consultancy issues.
Case study 1: using Soil Science knowledge
In NSW the owners of a property have absolute liability for actions of their tenants. SO if a tenant causes
environmental harm the property owner is potentially liable.
It was alleged that a tenant was upset at being evicted because they had not paid rent. So the tenants
apparently emptied the rainwater tanks through the septic tank. This allegedly led to contamination of a local
river and associated oyster leases.
The issue was complicated by the fact that the owner was a solicitor and could be disbarred if convicted of a
criminal charge (As the owner of the farm he had strict liability for his tenant’s actions.
SO how do you demonstrate that contamination could not have occurred when you first come to the site 18
months after the event?
It is too late to sample for faecal coliforms. So what does your soil science expertise tell you?

What chemical change are likely to have occurred which could act as a tracer?
Soil sampling and targeted testing was undertaken to demonstrate that the septic tank effluent could not have
reached the river in environmentally significant volumes. The case was abandoned by the prosecutor a few
hours before the trial commenced.
Application of Soil Science knowledge was critical is ensuring that the land owner was not disbarred.
Case study 2: Economics Vs. $
The Planning Assessment Commission (PAC) was directed to review the Drayton South Open Cut Coal Mine
proposal and its supporting studies; assess the potential impacts to the Coolmore and Woodlands horse
studs and recommend any additional avoidance and mitigation measures required. The consultancy was
multidisciplinary.
The aim of the of the soil science consultants was to address for the PAC the impact of the soil issues if the
proposed extension of Drayton South Coal mine was to proceed. This consultancy relied upon previous
reports for background information.
•
•

•
•
•
•
•
•
•

The questions to be answered were:
What are the impacts of the soil disturbance close to the Hunter River
What are the implications of apparent minimization and loss of BSAL and other agricultural lands from the
proposed mine expansion area?
Concerns
Shrinkage of BSAL area with each iteration of the EIS: The area of Biophysical Strategic Agricultural Land
shrank, then apparently ‘moved’ across the road and out of the mine lease????
Background information from soil surveys showed a shallow topsoil and areas of
sodic and saline topsoil and subsoil. The critical impacts of sodic soils were largely ignored in the final
iteration of the EIS.
Shallow saline soil was also to be disturbed, exposed and stockpiled. These soils are extremely costly and
difficult to rehabilitate. Use of the mix of topsoil and saline sodic subsoil to recreate Endangered Ecological
Communities (EEC) is highly problematic as the non-salt tolerant plants simply will not establish.
It would be impossible for large scale machinery to precisely remove a 0.1 m layer without disturbing the
subsoil
Exposure of sodic subsoil leading to increased erosion.
Exposure of saline subsoil will increase export salt to the Hunter River and degrade water quality.
The increase in sediment availability would contribute to the smothering of the bed of the Hunter River,
resulting in degradation of aquatic ecosystems.

Can Soil Science Australia respond to the needs of consultants?
1
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Introduction
In recent decades the Australian soil consultancy industry has grown to the point where demand for
good, problem solving soil scientists outstrips supply. On the supply side, many experienced baby
boomer scientists are retiring, leaving an increasing gap in capacity. In government they are often not
replaced, and in universities replacement post grads are mostly put on short term project-based
contracts with an R&D focus. This paper is a personal analysis of some aspects of the situation and
makes suggestions for the future role of Soil Science Australia (SSA) as part of the solution.
Discussion
This lack of capacity is felt most keenly in the private sector, where there is an increasingly severe
shortage of high quality scientists experienced in practical problem solving. Those experienced soil
consultants that remain are extremely time poor and often increasingly desperate to hire quality staff
or perhaps sell their business to an able, well-resourced replacement. However, few such
opportunities exist as most younger graduate scientists don’t have the resources and skills to readily
fill their shoes, but this is often where the business and job opportunities lie.
On the demand side, many institutions and industries increasingly require soil science expertise,
driven by government regulations and policies as well as the need for industries to improve
productivity and/or reduce degradation risk and maintenance costs. Many clients in need of soil
science services have engaged cost-cutting consultants with limited soil knowledge and skills, leading
to rejection of development applications, orders to cease work, limited productivity gain, land
degradation, potentially additional court costs and ultimately, client expense.
As an experienced soil scientist who only started part time consultancy in the past five years, I have
been involved in projects where clients have approached me to help overcome problems caused by
consultants weak in soil science. Two clients were affected by a change in government policy
requiring higher standards of soil science and needed assistance. It demonstrated to me the risks to
clients of engaging consultants without the requisite knowledge, skills and experience. Clients can
also be their own worst enemies by not accepting professional advice, risking not meeting regulatory
requirements and as a by-product potentially causing reputational damage to the professional advisor.
I have found to my dismay, it is better to not accept the job if the client refuses to accept your advice
in full.

•

In my recent experience I found a number of things besides your personal knowledge and skills are
required to make a good consultant soil scientist. These include:
A network of fellow soil scientists and relevant professionals (e.g. engineering, hydrology,
laboratories, ecology, GIS, IT, remote sensing, legal, business) with other specialist skills.

•

Judicious involvement with universities that are a good fit to your skill set can lead to unexpected
benefits and new knowledge

•

Building skills in areas that make the business run more efficiently

•

Act honestly and abide by a strict code of ethics

•

Don’t provide advice and services outside your area of expertise.
I accept that other consultant soil scientists may choose to be more general in the services they offer
and build knowledge and skills in other disciplines as well.
Conclusions
A key question is how can the SSA help protect clients from poor quality advice and services, improve
overall standards on soil consultancy and protect the profession from reputational damage? Some
things like the CPSS, a discounted business insurance broker and the establishment of a training
board are already in train. Although commendable, these measures are general in nature and
perhaps more specific initiatives should be considered. These could include post graduate training
specialising in sub-disciplines such as soil hydrology, soil erosion, soil chemistry, pedology, spatial
analysis and microbiology. Such training would need to involve not just knowledge but also
emphasize skills and interpretation to support practical solutions, not necessarily research skills. The
training need not be only the facilitation of formal training but could include a program of embedded
mentoring in a range of consultancy organisations. Partnerships with industry, government,
professional and community organisations may be needed to make this possible. I am sure other

possibilities exist that the SSA could canvas. The important thing is for SSA to recognize the
emerging issue of lack of capacity and to set in train a set of actions to help remedy the situation.

Five tips to communicate soil science successfully
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Introduction
There’s not much point spending time, money and effort on scientific investigations, technical support
for programs and applied research if the information and data just ends up in a report on a bookshelf
gathering dust. Good applied science needs to be accompanied by good communication. It doesn’t
matter if it’s top-notch innovative science—if it’s not communicated well, it won’t have the impact or
influence necessary to inform good decision making, or to instigate changes in understanding,
programs, policy and/or behaviour.
There are accepted ways of communicating within the scientific community, mainly through publishing
journal articles and giving presentations at conferences. But a different medium and skillset is
required for communicating to non-scientists and the clients of applied science.
Over the past 15 years, we have spent time communicating soil and land resource assessment
science to a wide variety of audiences. Ranging from basic information (e.g. what is soil, how to
texture soil etc) through to more detailed data and information (e.g. how to manage salinity,
interpreting lab results, cumulative assessments of landscape risk, site specific management
solutions etc) and specific project results.
We have learnt that there are a number of factors which make communication of soil and land
resource science successful.
Discussion
For those in the soils communication world, Rebecca Lines-Kelly is a recognised leader. In
November 2015, Rebecca was invited to give the annual Harald Jensen Lecture to NSW branch
members of Soil Science Australia. Her presentation was called “Sharing the love: two decades of
soil communication”, and, as per usual, she entertained while informing her audience. Rebecca
spoke about six key factors crucial to good communication. We have used Rebecca’s points and
combined them with our own experiences to develop the following five key factors to ensure
successful communication:
1. The audience comes first. Know your audience and target communication accordingly.
2. Think in pictures. Visualisation is essential. Remember that old saying, a picture paints a thousand
words.
3. What is the big picture? Start with the end in mind. Why are you doing what you’re doing? What are
the consequences and implications of the work? How does it benefit others?
4. Love what you do. Delight in your topic. Show genuine joy and wonder in what you do.
5. Engage your audience. Get them interested and involved and they will want to learn more. Hands on
activities and active participation work wonders.
These five factors apply to any situation, for example, operating a soils stall at a community festival,
running a technical soils training course for professionals, teaching nine year olds about erosion at
school or holding a soil pit day for landholders. If you apply the five factors, you are on track to
ensuring effective communication. Of course, willingness, passion and enthusiasm will only carry you
so far—you need to know your topic thoroughly as well.
Conclusion
Do we need to communicate better with colleagues, stakeholders and the general public? We believe
there is room for improvement.
Most organisations and institutions are good at internal
communication and communicating with other scientists, but we fall short on communicating with nonscientists. Those working in the soil science field understand its importance—our challenge is to
communicate that importance and relevance to others. This conversation needs to start from a young
age (early childhood to upper secondary students) and continue as adults.
Keywords: Communication, audience engagement
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Introduction
Applying the ‘FAIR’ principles to data (making data Findable, Accessible, Interoperable, and
Reusable) promotes the sharing and reuse of data, supports knowledge discovery and innovation,
supports data integration and helps data to become ‘machine’ readable, supporting new discoveries
through the harvest and analysis of multiple datasets (Australian Research Data Commons, 2018). As
the number of public and private soil data custodians contributing soil data to our existing soil
database at CeRDI grew, so too did the sources of the soil data (laboratory providers), tests being
used, properties being measured, units of measure, and variations in the ways the one soil
measurement could be described. It became clear that improvements were required to our soil data
service that ensured that soil data ‘FAIR’ for the data providers and custodians into the future. One of
the steps we took was to describe the soil data using soil domain accepted vocabularies. This
involved: 1. Working with partners at CSIRO to make standard Australian soil testing procedures and
codes available as published vocabularies with persistent URLs (web addresses) (see Australian
Government Linked Data Working Group, 2018 and W3C, 2014 – Working Document) and 2.
Mapping the existing data in our database to these standards.
Here we demonstrate the standard soil vocabularies that have been made available to the soils
community. We focus on the challenges encountered mapping a diverse soil dataset with multiple
contributors to these vocabularies, as these learnings may be useful in the governance and future
application of Australian soil vocabularies and code lists by the soil science community.
Methodology and Results
Strictly adhering to existing nomenclatures, we progressed making the following available as
“Australian soil vocabularies and code lists” in CSIRO’s Linked Data Registry:
1. Soil Chemical Methods, Australasia (SCM) (Rayment and Lyons, 2011);
2. Soil Chemical Methods currently used in CSIRO NatSoils where the source of the chemical test
was clearly derived from SCM nomenclature, and
3. Soil Profile classifiers from Chapter 8 of the Australian Soil and Land Survey Fieldbook (National
Committee on Soil and Terrain, 2009).
The Soil Profile classifiers vocabulary content was prepared by CSIRO using the CSIRO Linked Data
Registry service. To upload the Soil Chemical Method vocabulary content to CSIRO’s Linked Data
Registry, CeRDI used the Excel2LDR in development by CSIRO to assist domain specialists in easily
uploading content with the standard desktop tool Microsoft Excel (Yu J, Cox, S, 2018).

•
•
•
•

We then mapped the soil measurements in our existing soil database to these Australian soil
vocabularies and codes. Where standard soil vocabularies were not available, additional terms were
added to a vocabulary register specifically for the project, adhering to the standard nomenclatures
within Australian soil vocabularies and code lists where possible. Some of the challenges we
encountered mapping the soil data included:
The various levels of resolution that contributors used to describe their data needed to be catered for,
for example ‘soil pH’ down to ‘pH of a 1:5 soil/water suspension’;
In some cases, the Australian soil vocabulary terms did not provide the level of resolution required, for
example the different Mineral-N forms;
The resolution to which we could (or needed to) describe data was something we needed to consider,
with some Australian soil vocabulary soil test procedures having multiple underlying methods (for
example nutrient ratios);
Catering for superseded methods, lab-specific methods and the modification and extension of
standard methods and
Representing more recent and emerging soil test procedures, including those with underlying models
and validation methods such as soil property predictions by Mid Infrared (MIR) spectra.
Discussion and Conclusions
Soil Chemical Methods, Australasia and sections of the Australian Soil and Land Survey Field
Handbook are being made available as vocabularies in the CSIRO Linked Data Registry. Since this
information is encoded in a standard way that allows for information to be passed between computer
applications in an interoperable way (W3C, 2014 – Working Document) describing data with these

vocabularies has the potential to help identify and bring data together from heterogeneous data
sources (including from contributing farmers, academia and government organisations) to add power
to modelling and machine-based learning for the development of knowledge based products such as
soil maps and on-farm tools. At the basic level, describing our data with published soil vocabularies
and code lists are assisting CeRDI in making our soil services more manageable as the diversity and
volume of soil data being contributed grows. It has allowed us to ensure that the soil test data
contributed by stakeholders is described with a standard method and unit of measure via a persistent
URL (web address). This will assist with the interpretation of the data into the future and will help to
ensure the robustness of value-add tools that are delivered as part of this soil service (for example
comparisons of change in nutrient status of a farm over time or soil test benchmarking). We foresee
that describing data with other related vocabularies, such land-use and management, could also add
value to the analysis and interpretation of soil data for management at the farm, catchment and
landscape scale. Our experience and challenges as users suggests value in the active governance of
Australian soil vocabularies and code lists by the soil community.
Keywords: data, standards, Linked Data, vocabulary
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“Soil Science” has been greatly diminished in university BSc programs, which without exception have
been reduced in scope over the past 25 years from comprehensive 4-year degrees to generalist 3year degrees. A fourth (Honours research) year is possible but with the introduction of increasingly
higher university fees, students are skipping further formal training in favour of employment to help
pay off HECS debts. This places pressure on employers to provide on-the-job training, which in many
cases is inadequate and narrowly focused on commercial imperatives. Responsibility for professional
development now falls to each of us to seek training through less formal means and in our own time.
This is especially true for soil scientists because although many industries depend on soil, soil in itself
is not a commodity.
At the same time, specially-trained scientists are increasingly required to address problems in the
environment, agriculture, horticulture, forestry and fresh-water, all of which involve soil. Government
regulators and employers are increasingly dealing with soil in complex, whole-system problems and
they need suitably qualified people to advise on how to deal with them. If you are working in areas
requiring knowledge of soils, you will encounter issues for which you may not yet have adequate
training from your formal education. It is therefore crucial you engage in ongoing/continuing
professional development (OPD/CPD) in soil science throughout your career.
Soil Science Australia provides a ‘home’ for soil scientists; in this home a wide range and depth of
expertise and opportunities are available to you at each stage of your career. The scaffolding for
OPD/CPD in soil science is SSA’s accreditation program: the Certified Professional Soil Scientist
(CPSS). To become accredited, you need to demonstrate academic credentials, experience,
OPD/CPD and competency across the breadth of soil science, and agree to embrace and abide by
SSA’s ethical standards.
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Introduction
Atmospheric nitrogen deposition is linked to increased DOC production that may result in increased
heavy metal transport to deeper ground water layers. The aims of the study were to determine if soilsolution partitioning of metals is perturbed by changes in N deposition, and whether this is associated
with changes in soil solution pH, DOC and major anions and cations.
Methodology
A large mesocosm experiment was specifically designed and made use of a long-term experiment in
which soil/vegetation cores from the Isle of Skye, having Serpentine rock, known for its elevated
heavy metal concentrations such as Cu, Ni, Pb and Zn had been subjected to different rates of N
deposition, and different ratios from 1:9 and 9:1 of oxidized and reduced N, to determine the
ecological effects over a period of three years. Towards the end of the study, soil solution and soil
samples were taken for determination of metal concentrations.
Results and Discussion
The initial results showed no relationship between total N load and DOC concentration, however DOC
concentration was significantly higher where nitrate was the dominant nitrogen form in deposition.
Application of base cations in the form of lime (Ca and Mg) resulted in an increase of DOC leaching in
those treatments where ammonium was dominant. Metal mobilization of Cu and Pb was driven by
DOC concentrations and therefore expected to be higher in cores were nitrate in deposition is
dominant .Low pH and high ammonium were related to Cd and Zn mobility. The analysis showed
significant effects of liming, load, and ratio on pH and DOC, and also on concentrations of Cu and Zn,
but not Pb and Ni.
Conclusions
Nitrogen deposition in the forms of different ratios of ammonium and nitrate, should be applied in a
wider research programme that includes sites with high accumulated loads of metals, in order to better
understand the impacts of these different forms of deposited nitrogen through soil solution partitioning
models.
Keywords: Nitrogen, ammonium, Heavy metals, DOC, Mesocosm, Wet heathlands
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Introduction
Nutrient leaching from soil is an environmental issue of concern due to its deleterious effects on
aquatic ecosystems (Sims et al., 1998). Sandy soils, in particular, have been implicated to have high
nutrient leaching potential due to low water holding capacity and cation exchange capacity (Silva et
al., 2013). Organic amendment to soil, such as with wheat straw, has the potential to remove nutrients
from waste water (Aslan et al., 2004). However, little is known about the ability of organic
amendments to remove N and P from waste water when mixed into sand at different rates.
Methodology
Waste water was added to sand alone or amended with different wheat straw rates: 2.5, 5, 7.5, 10,
12.5 g wheat straw kg-1 so that the sand was covered with about 15 cm of waste water. Leaching was
carried out after 4, 8 or 16 days. Leachate ammonium and nitrate (inorganic nitrogen), inorganic P
and pH were measured. After leaching, soil was destructively sampled for determination of pH,
available N, P and microbial biomass N and P. Soil redox potential was measured before leaching.
Nitrous oxide (N2O) and carbon dioxide (CO2) emissions from each treatment were measured by gas
chromatography.
Results and discussion
In the amended sand, compared to sand alone, nitrate was about four-fold lower throughout the
experiment (Figure 1a). Ammonium concentration was two-fold higher at 12.5 g straw kg-1 throughout
the experiment, but at lower rates only on day 16 (Fig 1b). Throughout the experiment, redox potential
in sand alone was much higher than in straw amendments. Leachate inorganic N concentration was
up to 70-fold higher in sand alone than in amended soils irrespective of straw rate (Fig 1c). Retention
of inorganic N (Table 1) was about three-fold higher in amended treatments than sand alone
throughout the experiment. On day 16, P leaching (Fig 1d) was about three-fold lower and P retention
(Table 1) was 40% higher in all amended treatments than sand alone. Microbial biomass N and P
were relatively low and very little N2O was released throughout the experiment suggesting that
microbial uptake and denitrification were not the main processes in this experiment. Dissimilatory
nitrate reduction to ammonium (Liu et al., 2016) which then was adsorbed to the wheat straw-sand
mix is presumed to be the dominant process leading to N removal from wastewater, and P binding to
the straw and microbial uptake could be the processes leading to P removal in this study. Therefore,
wheat straw could be a potential absorbent in removing N, P in waste water (Table 1). The results
have potential implications for improved management strategies to reduce nutrient leaching from
sandy soils. Further studies are required to investigate effect of wheat straw mixing with different
natural soils which may have different adsorption effects on N and P removal from waste water.
Conclusion
It can be concluded that amendment of sand with wheat straw can remove large proportions of
inorganic N and P from waste water, even at low straw rates.
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(d)
Figure 1. Nitrate (a), ammonium (b), Leachate inorganic nitrogen (c), Leachate inorganic P (d) after leaching on day 4, 8
and 16. At a given sampling time, columns with different letters are significantly different (n=4, P ≤ 0.05).
Table 1: Percentage of inorganic N and inorganic P removal from applied waste water. On a given day, values with different
letters are significantly different (n = 4, P ≤ 0.05).
Treatment

Inorganic N removal

Inorganic P removal
(%)

Day
4

Day
8

Day

Day
4

Day
8

Day

16
Sand alone

16

30 a

29.0 a

25 a

64 b

65 a

76 a

2.5 g straw kg-1

99 b

100 b

98 b

84 d

92 c

95 cd

-1

5.0 g straw kg

99 b

98 b

97 b

83 d

91 c

96 d

7.5 g straw kg-1

99 b

98 b

98 b

74 c

86 c

94 bcd

-1

10.0 g straw kg

97 b

97 b

98 b

62 b

84 bc

92 bc

12.5 g straw kg-1

96 b

99 b

96 b

53 a

74 ab

91 b
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Introduction
Nitrogen use efficiency in sugarcane is generally low, due to losses via denitrification, leaching and
surface runoff (Bell, 2014). While being a financial consideration for farmers, N loss can also impact
on water quality and can contribute to Australia’s greenhouse gas inventory. Increasing evidence is
emerging that enhanced efficiency nitrogen (N) fertilisers (EENFs) can reduce nitrous oxide (N2O)
emissions from soils, but recent published meta-analyses suggest only limited benefit for productivity
(Rose et al., 2018). Common EENFs include urea with urease or nitrification inhibitors (Chalk et al.
2015) and slow release formulations. Recent field studies by Rose et al. (2017) have shown limited
mitigation of N2O emissions with nitrification inhibitors in a warm wet subtropical environment. While
lowering the N dose to the crop can often result in improved N use efficiency, it can also result in
lower crop yields, and lower soil N stocks. This paper reports research aimed at better understand
existing N stocks available in soil and to better match crop N demand with N availability using
controlled release polymer coated urea.
Methodology
To better understand soil N stocks, 27 paddocks across 3 catchments in NSW were sampled in
increments of 200mm to a depth of 1000mm, and analysed for mineral N, TC, TN and pH. Each
paddock was divided into 3 areas, with each area comprising at least 3 composited soil cores per
depth. An additional core was taken to evaluate the presence or absence of sugarcane roots to
determine whether deep soil N could be used by the plant. The soil mineral N store and potentially
mineralisable N from each paddock (at 0-200 and 200-400 mm soil depths) was estimated using 14
day and 6 month nitrification incubations, and these were correlated to soil respiration as a measure
of soil microbial activity.
Two of the sampled paddocks then had a biometrically designed field trial superimposed to develop
N-response curves from both urea and polymer coated urea (90 day product). Regular leaf sampling
was complimented by UAV based multispectral imaging to better understand the N-uptake dynamics
from each N dose/ treatment. One site (Tweed Valley) was harvested using commercial harvesting
equipment at 1 year, while the second site (Ballina) will be harvested in September 2018 as 2-year
sugarcane.
Results
Assessment of available N stores in the NSW sugarcane industry (Fig 1a) suggests that some sites
have existing mineral N and 14 day mineralisable N stores exceeding 200kg N/Ha. All three Tweed
Valley sites had high N availability, driven principally by the accumulation of ammonium to depth (data
not shown here). Interestingly, despite the Tweed field sites having generally a higher C content in the
soil, the mineralisable N was low. We will propose some theories on the accumulation of ammonium
to depth in these soils. Most sites had either low or negligible nitrate content indicating either limited
nitrification, and/or loss pathways for nitrate (denitrification).
Harvest of the Tweed Valley site has shown that the 90-day polymer coated urea had a similar yield
response curve to urea. While there was some response in yield to increasing N additions, we
propose that at this site much of the plant N was derived from existing soil stocks. This was supported
by the low N fertilizer use efficiency at this site (Fig 1b). Preliminary data from the Ballina site shows
greater N use efficiency, as this site had lower soil N stores than the Tweed site.
Due to the inherent challenges in taking monthly tissue samples, especially when the sugarcane
matures, we have developed a calibration for sugarcane leaf N content with NDRE. Correlations
approaching 0.9 (r2) have been obtained, thus allowing us to monitor crop N status (with continued
calibration) more intensively in new field trials being established in 2018.

Figure 1: a) Assessing field available N stocks from 3 sugarcane catchments prior to planting/ ratooning. b) calculated nitrogen
use efficiency from 2 field trials assessing “polymer” coated urea and “standard” urea. Error bars are ± S

Conclusion
Our results highlight the importance of assessing existing N stocks in soil prior to making decisions on
N-application rates. This is particularly the case on peat / Hydrosols in the Tweed Valley that have
large stores of ammonium at depth. Applying excessive N fertiliser to these sites can result in N use
efficiency under 20%.
Key words: Nitrification, Hydrosol, Carbon, Polymer coated urea.
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Introduction
Highly productive agriculture often occurs adjacent to natural ecosystems that may be sensitive to
export of fertiliser nitrogen (N). This study sought to provide proof-of-concept that inhibitors combined
with a sorbent can decrease N export via overland flow from a conventional fertiliser source
(ammonium sulfate) and a waste source (piggery pond sludge).
Methods
Treatments included a matrix of two N sources (4.29 g N m-2), 5 rates of bentonite (0, 40, 81, 162,
and 404 g m-2), and presence or absence of DMPP (0 or 75 mg of 3,4-dimethylpyrazole phosphate m2). The design included these treatments plus untreated background measurements (0 g N m -2),
defining 48 experimental units. For each experimental unit, a section of cut, homogenous kikuyu turf
(Pennisetum clandestinum; 0.4 m by 2.1 m, 0.04 m deep) was spread out in a tray sloping (2.5°)
toward a collection flume (Redding 2011). A rainfall simulator, built to published specifications
(Humphry et al. 2002), delivered a 20 minute simulated rainfall event (intensity of 70 mm h-1).
Formulations were incubated at 25 ºC for seven days prior to the experiment, then applied to the turf.
Three days were allowed after application to the turf for nitrification to proceed. Runoff samples were
analysed for mineral-N and total N in dissolved and particulate forms.
Results
Nitrate and nitrite mobilisation in runoff water did not rise significantly above background for the
sludge source, however, statistically significant effects of DMPP and bentonite are evident for the
ammonium sulphate source (P < 0.05; Figure 1A). Mobilisation of total N, also provided evidence of
statistically significant effects of source, DMPP, and bentonite rates (P < 0.05; Figure 1B).
A

B

Figure 1: Runoff mobilisation of total N. Pink shaded zone highlights the significant effect of DMPP on total N runoff losses from
the ammonium sulphate source (P < 0.05). The grey shaded zone covers the region where there is no significant difference
between data points and background losses from the untreated turf (P > 0.05).

Discussion
Both bentonite and the use of inhibitors appear to be technically viable managements to decrease
nitrate losses by overland flow for conventional fertiliser-N sources. None of the ammonium
sulphate+DMPP treatments exceeded background nitrate+nitrite losses in runoff. Bentonite additions
to the ammonium-N at the two highest rates successfully eliminated nitrate+nitrite losses above the
background level. This may be due to a physical pelletisation effect. At the highest rate, bentonite
eliminated total N losses above background level (Figure 1), though there was no evidence that this
was related to ammonium exchange. The use of sludge as a source of N may result in lower nitrate
and lower total N losses than the use of an equivalent quantity of ammonium-N. The inhibitor
treatment was less effective in total N retention, due to the mobilisation of particulate and dissolved
organic N forms which would not be influenced by the inhibitor (Figure 1B). This was evident for total

N losses from the low bentonite treatments (40, 81, 162 g m-2) which negated any effect of the
addition of DMPP for the ammonium sulphate treatments. It is likely that vegetative trapping (Dillaha
et al. 1988; Edwards et al. 1996), enhanced vegetative trapping (Redding et al. 2008), use of a less
readily mobilised cation exchanger, or more resilient pelletisation would improve retention of
particulate N forms.
Conclusions
Addition of DMPP to a conventional N source shows promise as a means to decrease nitrate+nitrite
losses in runoff. Likewise, sludge-N resulted in lower nitrate and lower total N losses than the use of
ammonium-N. The combination of an effective inhibitor with enhanced vegetative trapping or resilient
pelletisation may prove capable as a mitigation pathway for both particulate and oxidised N, and
provide the best overall benefit. Bentonite did not appear to be an effective cation exchange material
for ammonium capture in this case.
Keywords: Nitrogen, runoff, rainfall simulation, nitrification inhibitor, sorbent.
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Introduction
A trial was established in winter 2017 in a commercial cherry orchard in southern Tasmania, as part of
the broader More Profit from Nitrogen* project. The aim is to examine, in relation to different timings of
15N-enriched nitrogen (N) fertiliser application, N distribution within the trees, its uptake efficiency and
environmental losses. Treated trees will be excavated at dormancy in the winter and in the following
spring of 2018, to be fully analysed for 15N content. The separate timings of excavation will allow a
determination of the amount of tree-stored N remobilised following winter dormancy. Collection and
15N analysis of all leaves, fruit and prunings during the duration of the trial will aid in achieving the
overall aims, as will sampling of soil and soil gas emissions. The results of the trial are intended to
assist orchard managers in maximising yields of high quality fruit while minimising N losses. In this
paper we examine the 15N content in the soil and from nitrous oxide emissions after one season of
fertiliser application
Methodology
N application
The site, situated at Rosegarland, Tasmania (42.7099S, 146.9436E), is owned by Wandin Valley
Orchards. On a moderate north facing slope, with soil transitioning from a Vertosol to a Dermosol
(Isbell 2002), twenty-four 5-year old sweet cherry trees (Prunus avium L.) in one row were chosen for
the trial. Six randomly allocated N treatments were replicated in a four-block design, with a minimum
of one ‘guard’ tree on either side of each trial tree. The trees were fertilised with 15N-enriched calcium
nitrate (5 atom-%), applied by dripper fertigation to the schedule shown in Table 1, with treated trees
receiving a total of 67.5 g N, equivalent to 90 kg N ha-1. No other N is to be applied to trial or guard
trees from prior to the January 2017 harvest until after completion of the trial. Irrigation and other
fertilisers were applied via the orchard’s separate dripper system, with all sprays and foliar
applications part of general orchard management.
Table 1: Schedule of N fertiliser application and tree excavation.
Treatment
1
2
3
4
5
6

Time of fertiliser
application
n/a
Pre-harvest
Post-harvest
Pre-harvest
Post-harvest
Split 50:50

Number and timing
of N fertiliser applications
0 - control
4, weekly (from 8-11-2017)
4, weekly (from 17-01-2018)
4, weekly
4, weekly
2 pre- and 2 post-harvest, fortnightly

Gas emission
sampling






Time of tree excavation
At dormancy 2018
At dormancy 2018
At dormancy 2018
Prior to 2018-19 harvest
Prior to 2018-19 harvest
At dormancy 2018

Sampling
Soil gas emissions were sampled with static chambers, placed centrally above one of four drippers
applying N to each tree and in an equivalent position for controls. Sampling commenced one day prior
to each pre- and post-harvest application cycle (Table 1), until 3 weeks after the final N application of
each cycle by which time related emissions were expected to be minimal. It took place at least twiceweekly and was more intense early in each N application cycle and following substantial rainfall. Soil
sampling, using a Dutch-head auger, was commenced one day prior to the first pre-harvest gas
sampling, 12 days after its completion (14 days before commencement of post-harvest sampling) and
the day after completion of post-harvest gas sampling. Further samples will be taken in the week
preceding tree excavation.
Results
Emissions of nitrous oxide (N2O) are shown in Table 2, calculated by the trapezoidal method from 17
sampling events prior to harvest and 12 post-harvest, on account of drier soil conditions in the latter
period. Emissions from pre-harvest N treatments were significantly greater (p<0.05) than from zero-N
controls.

Table 2: Total emissions of N2O-N from the start of each pre-harvest and post-harvest N application cycles. Values followed by
the same letter are significantly different (p < 0.05, n=4).

Period
All 43 days
Highest 8 days
All 40 days

Pre-harvest
359.5a
266.9b

N application regime
Split 50:50 Control Post-harvest Split 50:50
Mean emissions (mg N2O-N m-2)
201.5
32.2a
175.1
23.6b
33.4
14.9

Control

20.9

Discussion
It can be seen from Table 2 that the emissions of N2O prior to harvest were much greater than those
following harvest. In fact the highest mean emission flux of N2O was from a full pre-harvest N
treatment, being 2.17 mg N2O-N m-2 h-1, while after harvest the highest mean flux was from a full postharvest N treatment, of 0.087 mg N2O-N m-2 h-1. The higher value occurred during an 8-day period of
high emissions (Table 2) that followed 3 days of solid rain, raising soil moisture to the highest levels
during the periods of emission sampling. Averaged over the 8 days the emissions were equivalent to
334 g N2O-N ha-1 d-1, in contrast to 83.6 g N2O-N ha-1 d-1 for the full 43 days and 26.5 g N2O-N ha-1 d-1
for the period with the 8 days excluded. This emphasised the well-recognised effect of high soil water
content driving N2O emissions through denitrification (e.g. Butterbach-Bahl et al. 2013). Interestingly,
all of these emission rates were considerably greater than the maximum of 5.27 g N2O-N ha-1 d-1
measured in another Tasmanian cherry orchard (Swarts et al. 2016). This could be due to a variety of
factors, including differences in any or all of soil chemistry, soil microbial activity, soil moisture or N
demand from trees. It does underline the importance of emissions measurement at numerous sites
under a variety of conditions. The influence of such factors, particularly lower soil moisture, is the
most likely explanation for the lower post-harvest emissions of N2O. An imminent 15N analysis of
emission samples will determine the proportion of N2O emissions that came from applied N, as
opposed to that already present in the soil, and reveal how this might be related to time after N
application. Emissions from around the tree treated with 65 at.-% 15N will be analysed for 15N-N2,
giving a guide to the extent of full denitrification of applied N.
Conclusion
The substantial emissions of N2O apparently resulted from denitrification of applied nitrate. The soon
to be completed 15N analysis of the emission samples will clarify the amount of gas that came from
that source. All organs of the trees about to be excavated are to be analysed for 15N content, as will
fruit, leaves, pruned stems and soil samples. This will enable determination in 2018/19 of where the
applied N has been apportioned throughout the trees, the efficiency of N uptake in relation to
application timing and the extent of remobilisation of stored N.
Keywords: Cherry trees, soil chemistry, 15N, nitrogen partitioning, N uptake efficiency, N losses
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Introduction
Dissimilatory nitrate reduction to ammonium (DNRA) is suggested to outcompete denitrification in
nitrate (NO3-) limiting ecosystems with readily available organic carbon (OC) (Van Den Berg, Van
Dongen, Abbas, & Van Loosdrecht, 2015). Rice paddies are NO3- limited with continuous OC supply
by the root exudates (Kögel-Knabner et al., 2010) which can provide favourable environment for
DNRA. However continuous N fertilization can affect NO3- and labile OC dynamics in rice paddies
(Dou, He, Cheng, & Zhou, 2016; Zhang, Zhu, Cai, Qin, & Müller, 2012) and subsequently suppress
DNRA and promote denitrification. However, little information is available on how DNRA and
denitrification, and their relevant gene abundances are affected by the history of N fertilization in rice
paddies. Here, we compared the rates of DNRA and denitrification, and their relevant gene
abundances in long-term high N fertilized and low N fertilized rice paddies.
Methodology
Soils from six different rice paddies, three each in Australia and Myanmar, were used for incubation in
the laboratory with 15NO3- to measure the rate of the DNRA and denitrification processes.
Approximately 0.25 g soil from each site was used for DNA extraction and subsequent quantitative
PCR analysis to determine the nrfA gene abundance which is related to DNRA and narG, nirK and
nosZ gene abundances which are related to denitrification process.
Results and discussion
Eight times more NO3- was reduced by DNRA than by denitrification in low N fertilized rice paddies,
whereas the NO3- reduction by DRNA was half the amount that was reduced by denitrification in high
N fertilized rice paddies. The nrfA gene related to DNRA was significantly higher in low N fertilized rice
paddies and was positively correlated with the process rates. However, there was no significant
difference in narG, nirK and nosZ gene abundances between the low and high N fertilized rice
paddies. The proportion of NO3- reduced by DNRA as compared to the total NO3- reduced (DNRA plus
denitrification) had a significantly positive correlation with SOC:NO3- ratio and negative correlation with
soil NO3- concentration.
Conclusions
Taken together, our results suggested that DNRA outcompetes denitrification in continuous low N
fertilized rice paddies while opposite is true for continuous high N fertilized rice paddies mainly due to
the fertilization effect on the soil NO3- concentration and OC supply.
Keywords: Long-term nitrogen fertilization, DNRA, Denitrification, Gene abundance
References
Dou, X., He, P., Cheng, X., & Zhou, W. (2016). Long-term fertilization alters chemically-separated soil
organic carbon pools: Based on stable C isotope analyses. Scientific Reports, 6, 19061.
Kögel-Knabner, I., Amelung, W., Cao, Z., Fiedler, S., Frenzel, P., Jahn, R., Schloter, M. (2010).
Biogeochemistry of paddy soils. Geoderma, 157, 1-14.
Van Den Berg, E. M., Van Dongen, U., Abbas, B., & Van Loosdrecht, M. C. (2015). Enrichment of
DNRA bacteria in a continuous culture. The ISME journal, 9, 2153.
Zhang, J., Zhu, T., Cai, Z., Qin, S., & Müller, C. (2012). Effects of long‐term repeated mineral and
organic fertilizer applications on soil nitrogen transformations. European Journal of Soil Science, 63,
75-85.

N fertiliser management can reduce N runoff from furrow-irrigated cotton
G.D. Schwenke1, C. Mercer1, A. McPherson1, J. Baird2, G. Nachimuthu2, B. Macdonald3
NSW Department of Primary Industries, Tamworth Agricultural Institute, NSW 2340, Australia
graeme.schwenke@dpi.nsw.gov.au
2
NSW Department of Primary Industries, Australian Cotton Research Institute, NSW Australia
3
CSIRO Agriculture and Food, Canberra ACT 2601 Australia

1

Introduction
Nitrogen (N) fertiliser is one of the major inputs for irrigated cotton production in Australia, even
though mineralised N from soil organic matter is the main source of crop N uptake (Rochester and
Bange 2016). The average amount of N fertiliser applied to irrigated cotton has increased from 125 kg
N/ha in 1997 to 298 kg N/ha in 2017 (range: 18–519 kg N/ha), while mean lint yields have increased
from 6.6 to 12.4 bales/ha over the same period (Roth 2017; CRDC 2018). Much of the Australian
irrigated-cotton crop is grown on slow-draining, alkaline, medium–heavy clay Vertosols. On these
soils, >50% of applied fertiliser N may be lost from the soil during the growing season, through
gaseous emissions, deep drainage and runoff (Freney et al. 1993; Macdonald et al. 2017). N fertiliser
application strategies vary among cotton growers and include pre-plant application (as anhydrous
ammonia or urea) and in-crop application such as side-dressing and broadcasting at varied
proportions, water-run application etc. There are few empirical studies comparing the effects of varied
N management practices, as well as controlled release N fertilisers, on seasonal runoff N losses. This
research, conducted as part of the More Profit from Nitrogen program (MPfN), quantified runoff N
losses with the ultimate aim of improving fertiliser N use efficiency in irrigated cotton production.
Methodology
A field experiment was conducted during the 2017-18 summer on a Grey Vertosol at the Australian
Cotton Research Institute, northwest NSW. Treatment comparisons included,
1. Pre-crop N applications of urea, nitrification inhibitor-coated urea (NI)(ENTEC™, Incitec-Pivot), or
polymer-coated urea (PCU)( N180™, Kingenta) were drilled into the plant bed below the depth of the
adjoining furrow in August 2017.
2. Split N treatment proportions were 100:0, 70:30, 30:70, or 0:100. The in-crop applications for these
splits were urea broadcast onto the soil surface the day before irrigation, applied in conjunction with
three consecutive irrigation events during December 2017–January 2018. The 70:30 split also
included an additional high total N-rate treatment.
3. Other in-crop N forms/methods included: water-run urea, urea ammonium nitrate and aqua ammonia;
side-dressed urea, and broadcast urea with urease inhibitor (UI)(NV™, Incitec-Pivot).
The N fertiliser rate for most treatments was 112 kg N/ha, based on pre-season soil mineral N and
80% optimal yield prediction (292 kg N/ha for high total N rate). N rate and N-timing treatments were
repeated under two irrigation deficit treatments: 50 mm or 70 mm. All treatments had 3 replicates.
Plots were 8 x 1m rows by 130 m length. At each irrigation event, head ditch water was sampled
hourly during the irrigation period (up to 8 hours), while tail drain samples were collected hourly during
runoff from combined irrigated/non-irrigated rows. Samples were preserved with phenyl mercuric
acetate, filtered (0.45µm), then frozen before FIA analysis of nitrate-N, ammonium-N, urea-N (urea
results not available for abstract), and total dissolved N. The volumes of water applied to the field and
running out of the field were measured by flow meters and automated flumes, respectively. Net N loss
was calculated as the runoff N concentration x outflow water volume – N input from the irrigation
water – N loss from nil-N fertiliser treatment. Statistical analysis was via ANOVA, main plots = deficits,
split-plots = N treatments. Only significant (P<0.05) treatment comparisons are discussed.
Results and discussion
The total irrigation volume and number of irrigation events for each deficit are presented in Table 1.
Results show that the loss of N in irrigation runoff can be substantial (>20%), so waterlogging-induced
denitrification emissions are not the only N loss pathway from these systems. While the N loss was
greater at the high N fertiliser rate, the proportional losses were similar between N rates. Higher N
losses were observed when a greater proportion of N fertiliser was applied pre-season, compared to
in-crop. Most came during the first two irrigation events (late-October, mid-December) when larger
volumes of irrigation water were applied to wet-up the soil profile, compared to later in the growing
season. This also explains the lack of differences in runoff N loss due to irrigation deficits, as these
treatments were identical until January 2018, by which time runoff N losses were small. Using either
physical (PCU) or chemical (NI) methods to delay nitrate accumulation after pre-crop N application
appeared to reduce N runoff loss compared to untreated urea (although the NI comparison was not
statistically significant). However, the price premium for their use needs to be justified by increased
yields, which did not occur in this trial (data not shown).

Table 1. Net ammonium, nitrate and total mineral N runoff as a proportion of applied N fertiliser for the 2017-18 cotton season.

N rate
(kg/ha)

N-timing
(pre:incrop)

Pre-crop
N form

In-crop
N form

In-crop
method

Net
Net NO3
NH4
runoff
runoff
(g
(kg
N/ha)
N/ha)
50 mm deficit (11 irrigation events, 10.0 ML/ha total applied)

Total N
loss (NH4 +
NO3)
(% applied)

0

-

-

-

-

-205

6.5

-

112

100:0

urea

-

-

-184

34.0

24.6

112

70:30

urea

urea

broadcast

144

20.5

12.8

112

30:70

urea

urea

broadcast

304

11.9

5.3

112

0:100

-

urea

broadcast

365

7.3

1.2

292

70:30

urea

urea

broadcast

850

69.2

21.8

0

-

-

-

-

-75

8.8

-

112

100:0

urea

-

-

-26

35.6

24.0

112

70:30

urea

urea

broadcast

420

32.6

21.7

112

30:70

urea

urea

broadcast

806

15.8

7.0

112

0:100

-

urea

broadcast

674

11.2

2.8

292

70:30

urea

urea

broadcast

1109

57.8

17.2

112

100:0

-

-

-104

16.3

6.7

112

70:30

PCUurea
NI-urea

urea

broadcast

383

20.6

10.9

112

30:70

urea

urea

broadcast

453

11.9

3.2

112

30:70

urea

UI-urea

broadcast

407

13.5

4.6

112

30:70

urea

urea

351

14.0

5.0

112

30:70

urea

UAN

sidedress
water-run

5,015

18.3

13.0 (20.3*)

112

30:70

urea

urea

water-run

997

9.1

1.2 (21.7*)

6.5

17.8

70 mm deficit (8 irrigation events, 8.9 ML/ha total applied)

112
30:70
urea
ammonia water-run
22,149
* Likely N loss including urea-N, estimated using total dissolved N analysis.

Treatments where a greater proportion of N was applied in-crop reduced overall runoff losses
because little of the broadcast urea would have converted to nitrate in the 1-2 day period between
broadcasting and irrigation. Losses as urea in the irrigation water may increase these total N runoff
loss figures. The total runoff N losses from water-run N applications (a popular option with many
farmers), approached those of the 100:0 pre-crop strategy. The main difference between these
strategies was the time of season when the main runoff losses occurred. It is also likely that the total
losses of N from the water-run ammonia treatment were much higher as volatilised NH3 in the air was
very noticeable at the tail drains of these plots during in-crop irrigation events.
Conclusions
The timing of split N application, use of inhibitors, and type/method of in-crop N fertiliser application all
had significant effects on the amount of ammonium and nitrate in irrigation runoff water. Fertiliser
applied pre-season was vulnerable to early-irrigation losses, while water-run N could be immediately
lost in irrigation runoff. Total mineral N losses via runoff water can be substantial and should be
considered in strategies to enhance fertiliser N use efficiency in the irrigation cotton industry.
Keywords: nitrogen, runoff, cotton, irrigation, nitrate, ammonium
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Introduction
Fertiliser use efficiency in the Australian cotton industry has shown that only 40-60% of the inorganic
N applied prior to sowing is taken up by the plant (Constable and Rochester 1988, Humphreys et al.,
1990, Rochester 2011, 2012, Macdonald et al., 2017), highlighting the importance of N mineralised
from the soil for crop nutrition. The rate of soil N mineralisation is influenced by soil temperature,
water content, porosity and soil organic matter content. In the Australian cotton industry different soil
water deficit (50 and 70 mm) thresholds are used by growers to initiate irrigations. The use of different
deficits will cause different N mineralization and dynamics.
Methodology
The experimental site was located on a Grey Vertosol at the Australian Cotton Research Institute
(ACRI), northwest NSW (30o20’ S, 149o59’ E). The field experiment was conducted during the 201718 summer cropping season. In-field N mineralization was quantified in nil-N plots of both 50 mm and
70 mm deficits (x 3 reps) using sequential soil coring. One meter of plants were removed at each
sampling time to prevent root uptake of newly mineralised N in between sampling events. The existing
roots from surrounding plants were cut using a spade. Prior to each irrigation, a new sample was
taken from the same location as the previous sample, and another new location sample was taken. In
one rep of each deficit only, samples were also taken from irrigated furrow, irrigated hill-side, plantline, non-irrigated hillside, and non-irrigated furrow – to see what differences may exist across the
bed-furrow system. The N results were corrected area weighted averages, irrigated furrow (12.5%),
irrigated hill-side (25%), plant-line (25%), non-irrigated hillside (25%), and non-irrigated furrow
(12.5%) and reported as kg N/ha.
Results and discussion
There was cumulative change in mineral N (nitrate + ammonium) in the 0-30 cm depth of the soil at
the various sampled positions (Figure 1). It is apparent that most N mineralisation activity occurred in
the middle of the plant bed, followed by the non-irrigated hillside position, while least N was available
in the furrows. It is also apparent that while the mineralised N in the 50 mm deficit was retained in the
soil between irrigations, there was a negative period during January in the 70 mm deficit treatment
where N losses through denitrification/leaching/runoff outweighed the gains from organic matter
mineralisation. During Jan 2018, the N losses exceeded the mineralization and were related to the
higher number of irrigations and irrigation volume in that month, although the irrigation frequency in 50
mm plots was higher than 70 mm. During January, the 50 mm deficit treatments received 3.4 ML/ha
of irrigation water, while the 70 mm deficit received 4.3 ML/ha. The 70 mm plots therefore are likely to
have had greater waterlogging. The frequent wetting and drying cycle in 50 mm compared to 70 mm
deficit enhanced the net mineralization during January 2018. This higher mineralization in 50 mm
could be related to the optimum soil moisture conducive for microbial activity on a large number of
days compared to the drier conditions under 70 mm. N mineralization exceeded the runoff and
denitrification losses between October to mid-December under both 70 and 50 mm deficit as they
were subject to similar management (Figure 1). However, between mid-December to early January, N
losses outside the plant line were higher than the N mineralization in the plant line leading to a net
decline in cumulative mineralization in the 70 mm treatment. The in-crop cultivation on 12th Dec
followed by the irrigation on 13th Dec may have led to N losses outside the plant line. This trend was
observed in 50 mm deficit as well. The net-N mineralised in the plant line averaged 37 kg N/ha in the
50 mm treatment and 20 kg N/ha in the 70 mm treatment. Leached N may still be accessible to plant
roots, but post-harvest soil coring did not reveal any bulge of leached nitrate within 120 cm of the soil
surface. Therefore, if the negative trends are the result of denitrification and runoff, then these
cumulative totals represent the likely mineralised N that was available for plant growth. The total net
mineralised N was 63 kg N/ha for 50 mm, and 27 kg N/ha for the 70 mm deficit (Figure 1) but variable
(Figure 2). The overall mean difference in nitrogen mineralisation is reflected in the observed yields in
the 50 mm (3500 kg/ha) and the 70mm (2950 kg/ha) plots. To achieve these yields the cotton plant
would require 210 and 184 kg N/ha, sourced from the soil N pool, which is significantly greater than
the measured mineralised N from sampled soil (0-30 cm).
Conclusions
The 50 and 70 mm treatments differed with respect to the cumulative net mineralised soil (0-30cm)
nitrogen content. This may be due to soil moisture differences and nitrogen losses between the
treatments. The plants accumulated between 180 and 210 kg N/ha in each plot, which shows the
potential of the soil to supply N to the crop.
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Figure 1 Average net N mineralization in each hill-furrow component and field total for the 50 and 70 mm deficit treatments
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Introduction
Australian growers sow 2.5M ha of inoculated legume seed annually. Nitrogen (N) fixation in
Australian legume crops is estimated at 2.7M t, equivalent to $4B fertiliser-N. However, recent field
surveys of over 250 paddocks in southern Australia revealed poor nodulation in grain and pasture
legumes (Burns et al. 2017; Hackney et al. 2017a). Soil constraints were identified as a key limitation
to nodulation at most of these sites. These findings are concerning given the role that both grain and
pasture legumes play in supporting Australian cropping and livestock production systems and may
indicate the current N-fixation estimates require revision. The role of agricultural advisors is key in
addressing the issue of poor legume nodulation. A survey of more than 250 growers in the mixed
farming and high rainfall zones of NSW reported that agricultural advisors were the main source of
information for decision making on-farm (Hackney et al. 2017b). Therefore, it is critical that agricultural
advisors remain up to date on soil management and inoculant technologies to optimise grain and
pasture legume performance. Similarly, inoculant manufacturers have significant opportunity to utilise
advisor networks to identify market requirements and ensure optimal use of their inoculant products.
This paper reports the results of an agricultural advisor and inoculant manufacturer survey to
determine: i) key factors affecting legume nodulation across the mixed farming and high rainfall
zones; ii) industry-perceived requirements to improve nodulation; and iii) information sources used by
advisors and manufacturers.

•
•
•
•
•
•
•
•
•

Methodology
Fifteen agricultural advisors (six private consultants, eight advisors representing major agribusiness
franchises and one adviser from an independent agribusiness reseller) from New South Wales were
surveyed to determine:
Use of grain and pasture legumes, success of nodulation, inoculants used by their clients
Issues perceived to contribute to poor nodulation in their region
Sources of information on inoculants and channels for dissemination
Current interactions with inoculant manufacturers
Formulation changes required to improve nodulation
In addition, five inoculant manufacturers provided feedback on:
Key decision-making processes in provision of strains/formulations
Channels for product information dissemination to advisors and growers
Major risks and opportunities for inoculant manufacturing
Results
On average 25% (range 0-80%) and 76% (range 20-100%) of advisors clients grew grain and pasture
legumes respectively. An average of 98% (80-100%) and 85% (50-100%) of grain and pasture
legumes, respectively were inoculated by clients each time they were sown. Advisors estimated 56%
of grain legumes achieved highly successful levels of nodulation. In comparison, nine of the 15
advisors indicated that only 45% of pasture legumes achieved highly successful nodulation and the
remaining six advisors indicated that pasture legume nodulation was rarely or never assessed. Peat
was the most common inoculant used for grain legumes (60% of advisors citing it as the first choice
for grain legumes) while 80% of advisors indicated pre-coated seed as the main form of inoculation
for pasture legumes. Advisors cited time since seed treatment (73%), soil acidity (62%) and poor
coverage of seed with inoculant (30%) as important reasons for poor nodulation in grain legumes. For
pasture legumes, survival of rhizobia on pre-coated seed and soil acidity were both cited equally as
the main reasons for poor nodulation (73% of advisors), and time since seed treatment (either as precoated or peat-inoculated) was also considered a key factor (47% of advisors).
Advisors obtained information on inoculants from a variety of sources, including research
organisations (53%) and journal papers (47%), with only 20% sourcing information from
manufacturers directly. Most advisors (80%) provide information on inoculants to their clients in faceto-face settings. Advisors cited increased survival time (80% of advisors) on seed and in soil as the
major step forward for improving formulations; with greater capacity to survive in acidic or dry soils a
major consideration.
The manufacturers surveyed as part of this review used sales history (60%) and strain effectiveness
(40%) to decide which strains and formulations to supply. Market information was derived from past
sales (80%), information from sales representatives (60%), direct grower feedback (60%) and ABARE
(40%). Manufacturers reported using a combination of sources for information, including: scientific

journals (60%), industry updates (40%), self-generated research data (20%) and/or direct information
from other research organisations (40%). Information dissemination to advisors was primarily through
face-to-face means via retail outlets (100%), while manufacturers (40%) also used field days, industry
updates and newsletters for next- and end-user communication. All manufacturers cited climatic and
environmental factors as the major risks to the inoculant industry due to the effect this has on the
capacity of growers to produce grain and pasture legumes. Similar to advisors, manufacturers
identified improvements to microbial carrier technology as the most important opportunity to improve
legume inoculation, with 40% specifically citing carrier protection from acidic soils, or improved
rhizobia tolerance to acidic soils, as a key factor.
Discussion
Based on this survey, the use of inoculated legumes by the advisors client-base is well above the
industry average of 50% for grain legumes (Dixon 2014). However, the proportion of legumes
achieving highly successful nodulation was relatively low and suggests failure to contribute to the
estimated 20-30 kg N/t DM produced. Poor rhizobia survival arising from time elapsed from seed
treatment to sowing and interaction with unfavourable soil conditions, specifically soil acidity appear to
be key constraints to the success of legume nodulation. The issue of rhizobia survival using current
inoculant technologies may be easily addressed for grain legumes where peat is the main inoculant
used. Here, dissemination of information to growers and reseller outlets on optimal seed treatment
and sowing intervals should improve nodulation. Alleviating issues surrounding poor nodulation in
pasture legumes may require greater effort given many advisors are not checking nodulation and lack
confidence in rhizobia survival on pre-coated seed (the dominant form of inoculant delivery to
pastures based on this survey). Collectively, advisors and manufacturers cited improvements in
carrier technology as critical to ensuring the success of grain and pasture legume performance going
forward. This survey suggests that improved collaboration and communication between these key
groups in the supply chain could contribute to overcoming current legume nodulation issues. Given
that both advisors and manufacturers rely heavily on information generated from research activities,
either directly from journals or via industry updates, it is critical that researchers make a concerted
effort to integrate these next-users into the R,D,E&A pathway to market.
Conclusion
Grain and pasture legume performance in terms of nodulation is currently sub-optimal. Improving the
capacity of legumes to supply biologically fixed N requires a concerted effort between soil
researchers, inoculant manufacturers and advisors. Such collaboration can provide a two-way
mechanism to ensure industry challenges are met with co-ordinated RDE&A strategies, activities and
a clear pathway to market.
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Introduction
Nitrogen (N) use in dairy pastures is driven by the requirement for feed for dairy cows. As a
consequence, around 480 kg N/ha may be applied annually under irrigated systems. Seasonally
different pasture responses to applied N are seen but growers often apply the same rate of N at each
fertilization time. This leads to differences in N utilization efficiency seasonally and influences the soil
nitrogen dynamics. This paper reports on preliminary findings from a field based investigation of
seasonal N dynamics in irrigated and rain-fed dairy pastures to better understand the contributions of
soil mineralized N. This is a sub-research project of the More Profit from Nitrogen Program and is
supported by The University of Melbourne, through funding from the Australian Government
Department of Agriculture and Water Resources as part of its Rural R&D for Profit Program, and
Dairy Australia
Methodology
Two small plot field trials (1 rain-fed and 1 irrigated) were established at a commercial dairy farm in
Mepunga West in SW Victoria in September 2016. The soil at the site is classified as a neutral (pHw
1:5 of 6.8 (0-10 cm)) brown Sodosol (Isbell, 2002), with a loamy sand surface horizon (82% sand (010 cm depth)) to 40 cm depth overlying a sodic (ESP 10%) clay B horizon (40 and 63% clay). Soil
bulk density ranged from 1.0 g/cm3 at 0-10 cm, to 1.8 g/cm3 at the topsoil boundary, and 1.3 g/cm3 in
the subsoil clay.
Deep soil cores collected from the control (non-fertilised areas) on 4th April 2017 showed that over 80
cm depth there was 229 ±15 t C/ha, 15.5 ± 0.7 t N/ha, 370 ± 96 kg S/ha, 288 ± 16 kg P/ha and 1.7 ±
0.3 t K/ha in the dryland plots. In the irrigated plots the values were 178 ± 0.8 t C/ha, 13.2 ± 0.8 t
N/ha, 431 ± 164 kg S/ha, 204 ± 20 kg P/ha and 592 ± 80 kg K/ha. Baseline soil nutrients reflected the
long-term management of each site as rain-fed or irrigated pasture. Basal nutrients (P, K, S) were
applied regularly at the same rate to all plots.
Nitrogen was applied to the treatment plots at 0, 20, 40, 60 and 80 kg N/ha as granular urea, with 40
kg N/ha reflecting typical standard practice rates for the region. Pasture biomass (3 leaf stage) and
soil samples (0-10 cm depth) were collected regularly reflecting the grazing cycle (initially at harvest
and then 2 weeks after fertilization from July 2017), and deep soil cores (80 cm) were collected on
April 4th 2017. 15N-urea (10 atom% enriched) microplots were installed on-site on April 4th 2017 with
10, 20 and 40 kg N/ha applied. Biomass harvests were collected from these plots for a 12 month
period. Ambient and soil moisture and temperature data were collected at each site.
Results
Biomass production response to N was related to season, with flat N response curves seen in both
dryland and irrigated sites over autumn (April) and late spring (end Nov) with production of 1
(irrigated) and 2 (dryland) tonnes of pasture herbage dry matter (DM) per hectare (data not shown).
During winter and early spring on both sites there was a good response to N with maximum
production (80 kg N/ha) of 4-5 t DM/ha, and in the irrigated sites this was also seen in summer (up to
6 t DM/ha). Soil mineral N fluctuated in response to season and fertiliser inputs (Figure 1). There was
no significant differences in soil ammonium (NH4+) concentration between treatments, particularly
when samples were collected at harvest (3 to 6 weeks after fertilization depending on season) but
differences were seen in soil nitrate (NO3-) concentration under both dryland and irrigated conditions
from February 2017 onwards.
In April, there was 90 ± 18 kg mineral N/ha (0.6% of total N) in the dryland plots and 48 ± 4.3 kg
mineral N/ha (0.4% of total N) in the irrigated plots (control treatment) over 80 cm depth, with the
majority (>77%) found in the top 40 cm, and >50% in the top 20 cm.
Results from the 15N microplot harvest on 27th April 2017 showed that the soil supplied between 77%
and 95% of the nitrogen taken up by the plant in both the dryland and irrigated plots, with greatest
contribution at the lower N application rate.
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Figure 1: Soil mineral N measured across the experimental period in the dryland and irrigated plots.

Discussion
The flat response curve seen on both sites at the autumn break in 2017 (April) indicates a
combination of lower growing conditions (moisture, ambient temperature and solar radiation) and
sufficient supply of N from mineralization to support this growth. Nitrogen removed by the irrigated
pasture at this time ranged from 44 kg N/ha (control) to 77 kg N/ha (80 kg N/ha treatment) indicating
that N was being supplied from mineralisation. In addition the results of the 15N microplots indicate
that mineralized N is supplying much (77% to 95%) of the N requirements of the pasture at this time.
During early spring (August) 2017, N removed in harvested irrigated pasture was highest than at all
other times of the experimental period indicating high rates of mineralization. The N removed ranged
from 47 kg N/ha (control) (similar to April-2017) to 170 kg N/ha (80 kg N/ha). This coincides with warm
wet temperatures stimulating microbial activity and mineralisation during early spring. The high N
response in spring (4-5 t DM/ha at 80 kg N/ha) reflects optimal growing conditions and provision of
additional N from the soil, leading to higher productivity than seen in April 2017 (1 t DM/ha).
Fluctuations in mineral N occur due to nitrogen application and also in response to mineralization (e.g.
Increases in soil NO3- N in late April (Figure 1)), soil moisture and temperature. The results show that
conditions were conducive for hydrolysis of urea and subsequent nitrification of NH4+ to NO3-. Nitrate
remained in the soil for up to 4 weeks post fertilization and higher levels of NO3- existed with higher
rates of N application even when the plants were removing excess N (e.g. spring 2017).
Conclusions
Supply of N via mineralization can be a significant component of N taken up by dairy pastures under
both dryland and irrigated environments in SW Victoria, even when high fertilization rates are used.
Autumn and early spring provided the greatest contributions of mineralized N for pasture nutrition with
pasture responses to this mineralized N dependent on the seasonal growing conditions. Changing
nutrient management to take advantage of soil mineralized N may be beneficial, however seasonal
long-term N balances must be considered to avoid depleting soil N stores.
Keywords: nitrogen mineralization, dairy pasture, mineral nitrogen
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Introduction
Controlled release fertilisers (CRFs) are of interest to a number of industries because they can
increase fertiliser nitrogen (N) use efficiency. The controlled release of N aims for better timing of N
availability to the crop and therefore reduces the risk of N loss to the environment. Demonstrating
these benefits experimentally has, however, proven difficult. Field trials measuring yield impacts often
result in no statistically significant treatment differences. Measurements of N loss benefits, usually
focused on one pathway, have had mixed results with CRF treatments sometimes showing higher N
loss. In this presentation we reflect on the lessons from a recent study into the role of controlled
release fertilisers in sugarcane systems in Australia (Verburg et al. 2017).
Results and discussion
Characterisations of a range of commercially-available CRF products demonstrated a variety of
release patterns affected by coating properties and integrity. Simulation analyses using the
agricultural systems model APSIM established that the experimentally observed temperature
sensitivity of the release would also lead to different release patterns depending on location and time
of application. This can impact on the achieved synchrony between N release and uptake by the crop.
Simulations also provided insights into the effects of achieved synchrony, seasonal variability and
management factors on agronomic and environmental benefits. The benefits were found to be highly
variable and affected by complex system interactions. This in turn contained lessons for the likelihood
of observing the benefits in experimental trials and how experimental design could be improved.
Experimental considerations include CRF product choice, measuring release in-situ, considering
likelihood and timing of N loss, assessing crop N requirements and measuring full response curves.
Keywords: Enhanced efficiency fertilisers, slow and controlled release fertilisers, nitrogen
management, nitrogen use efficiency, APSIM, modelling.
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Introduction
Nitrogen is an essential element in crop production, and is the largest input into agricultural systems
after water. As the use of synthetic nitrogen fertilisers has increased since their development in the
early 20th century, the potential for nutrient overuse has also increased. Overuse of nutrients can lead
to pollution of surface and groundwaters, excessive nitrous oxide emissions (a potent greenhouse
gas), and sub-optimal economic outcomes for farmers. Improving nitrogen use efficiency in
agricultural systems must be a multifaceted endeavour, addressing system inputs, management
practices, and economic incentives. This experiment explores nitrogen surface runoff losses during
irrigation, which is a single aspect of the wider nitrogen use efficiency story.
Methodology
This experiment was performed on irrigated cotton fields at the Australian Cotton Research Institute in
Narrabri, NSW, on black cracking clay vertosols. The trial site was side-dressed with solid urea prior
to planting, with no additional nitrogen applied during the growing season. Every second furrow was
flood irrigated with syphons, with alternate furrows eventually filling from lateral water percolation
through the hills from the irrigated furrows.
Samples were collected in a replicated trial design, where nitrogen concentration and speciation were
measured at the ends of irrigated and skip furrows separately. Sampling was performed for irrigations
1, 2 and 4, capturing the key nutrient mobilisation stage of the growing season. Flow in the skip and
irrigated furrows was continuously monitored using a flume setup, which allowed nitrogen
concentrations (mg L-1) to be converted to load values (mg min-1).
Results and Discussion
Distinguishing between the skip and irrigated furrows shows that the majority of the soil nitrogen loss
is coming from the skip furrows, with the irrigated furrows exhibiting negligible leaching of soil nitrogen
(Figure 1). This indicates that lateral water percolation through the hill is the major mechanism for soil
nitrogen mobilisation.

Figure 1: Total nitrogen concentration in irrigated and skip furrows across irrigations 1, 2 and 4. Results illustrate the significant
differences in soil nitrogen transport between the two types of furrows.

Within the skip furrows, leaching occurs in the first irrigations on the season, with negligible losses
occurring by the fourth irrigation (Figure 2). This suggests that the bulk of the readily soluble nitrogen
has been removed from the hill by the fourth irrigation.

Figure 2: Total nitrogen concentration in skip furrows across irrigations 1, 2 and 4. The hills are stripped of nitrogen by the
fourth irrigation.

At the trial site, irrigation water pH was slightly alkaline, and fertiliser application was conservative. In
operations with lower water pH and increased nitrogen fertiliser application, greater nitrogen leaching
losses would be expected.
Conclusion
The good news story here is that irrigation water running straight down furrows in vertosol flood
irrigation systems doesn’t appear to be stripping appreciable soil nitrogen. The bad news is that
lateral water percolation through the hills into the skip furrows is leaching significant nitrogen from the
soil profile. Greater nitrogen losses would be expected from commercial farms (as fertiliser application
rates are typically above those in this trial), and in places where irrigation water is more acidic.
This research should be viewed as a preliminary contributor to improving one aspect of nitrogen use
efficiency in irrigated agriculture. Further research into nutrient stripping mechanisms should be
undertaken before any management changes be recommended.
Keywords: Nitrogen, soil nutrients, nitrogen loss, flood irrigation, irrigation management, nitrogen use
efficiency, skip furrow, vertosol
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Introduction
Perennial-based pastures are a vital component of Central Tablelands livestock systems (King et al.
2006). These perennial-based systems are able to produce feed for livestock and also address many
of the land degradation issues faced by tableland landscapes. However, there are several factors
which may influence the persistence and production of these pastures. This paper discusses just two
of these factors, being soil nutrition and soil acidity. These were identified as affecting sustainability
and productivity during recent soil health workshops and the associated soil sampling of producer
paddocks.
In a recent survey, Central Tablelands producers were asked to rank the importance of feed base and
livestock factors in limiting the productivity of grazing enterprises. Producers ranked soil acidity and
soil nutrient deficiency just below feed based issues (Hackney et al. 2017a). The survey also asked
producers which issues they felt they required the most assistance with. Here, soil test interpretation
ranked high on the list. The participants also rated training days and programs very highly when
making decisions on adopting new technologies.
Over the last three and half years, 154 properties in the Bathurst, Oberon, Lithgow and Mudgee areas
have attended a two-day Central Tablelands Local Land Services Soil and Pasture Health workshop.
The primary aim of these workshops was to explain the components of the physical nature of soils,
the chemical, fertility and biological aspects of soil health and the impact of these on pastures. Topics
included the importance of groundcover and, in particular, the use of soil tests and how they help in
making decisions. This paper collates the 307 soil samples used in this aspect of the workshops.
They cover many different soil types across the tablelands, with the majority of the properties grazing
enterprises.
Methodology
The workshops were run as a two-day format. The first day involved discussion of basic soil physical
properties, some simple soil tests and how to take soil samples for laboratory analysis. Between the
first and second day of the workshop – a period of approximately 4-6 weeks – participating producers
were asked to collect soil samples (0-10 cm) from two paddocks on their property for analysis. Some
producers chose to diagnose problem soils while others collected samples from paddocks where they
had been monitoring soil conditions over time. The second day of the workshops involved
interpretation of laboratory soil test results, soil and plant nutrition and the interaction of soil organic
matter on soil health. The workshops held at Hartley, Hampton, Trunkey Creek, Oberon, Mudgee,
Bathurst, Meadow Flat, Capertee Valley and Rydal areas were part of the Soil and Pasture Health
workshop series (2014-18).
In addition, participants were asked whether they had taken soil samples in the past, to describe their
soils and pastures, and to provide paddock histories. As part of the second day, participants were
asked to share information on soil sample results, pastures and landscape limitations. Management
decisions were discussed as a group.

-

Results
307 samples from the 0 – 10cm were collated from the workshops.
pH (CaCl2) 86% of the samples were below a pH 5.5. Table 1 summarises the results for pH and
Aluminium percentage of total Cations.
77% of the samples were predicted to be responsive to phosphorus.
74% of the samples were predicted to be responsive to sulphur.
12% had Organic Carbon (Walkely & Black method) less than 1.5%.
Table 1: Soil pH (CaCl2) and Aluminium percentage of total cations for 307 soil samples taken from Central Tablelands, NSW
producers properties (2014 – 2018) as part of Soil and Pasture Health workshops. NSW DPI Environmental Laboratory,
Wollongbar
pH (CaCl2)
Aluminium %

<4.5
17.7
0- 5
55

4.5-5.0
50.2
5– 15
23

5.0-5.5
17.7
>15
22

>5.5
14.4

Discussion
The primarily purpose for taking these soil tests was to assist landholders in interpreting soil analysis
results and their relationship to soil and pasture health and productivity. Many of the soil tests were
taken for diagnostic reasons and to establish soil monitoring sites. Attendees also undertook simple
tests to learn about their soil structure, soil texture and soil biology. There may be a bias in the results
as a survey due to the different approaches to site selection and the possible variability in the

collection methodology. However, the results highlight soil acidity, low soil fertility and other soil health
issues that impact on pasture production, persistence and sustainability in this area.
A previous survey of 1200 soil samples from the Bathurst region (Clements et al. 1999) reported 47%
of samples recorded less than pH 4.5, while 35% were in the range of pH 4.5 – 5.0. In this smaller
project, 17.7% were below pH 4.5. These results still indicate potential soil acidity as a land
degradation issue, even though management practices such as liming have been available to
landholders in the area for a number of years
Subterranean clover is a vital component of pastures on the Central Tablelands. Soil acidity impacts
rhizobia function. With 86% of paddocks sampled recording pH of less than 5.5, there may be
considerable sub-optimal function of the rhizobia species. A smaller recent survey investigating
legume nodulation in the same area also found 87% of paddocks at less than the critical level of pH
5.5 (Hackney et al. 2017b). With 22% of samples in this series having Exchangeable Aluminium of
greater than 15%, there is also an impact on legumes and grasses in terms of root pruning.
Additionally, the legumes’ capacity to nodulate is likely to be reduced.
A large percentage of paddocks in this workshop series also presented with inadequate levels of
phosphorus and sulphur. This raises concerns of large deficiencies and resultant impacts on the
persistence and productivity of legumes and thus perennial grasses. Likewise, there are likely to be
negative pasture production effects. The flow-on impacts include diminished groundcover, weed
invasion, susceptibility to erosion and water infiltration and therefore long-term pasture sustainability.
These results will also have an effect on the survival and function of rhizobia.
Conclusion
This project focused on soil health concerns such as soil acidity and low soil fertility as land
degradation issues in high rainfall high elevation grazing landscapes. The workshops also built
confidence amongst the participants in interpreting soil analyses and the impact this has on soil health
and pasture productivity. Further investigations into soil acidity at depth (greater than 10cm) and
economical management practices are also recommended in this region. This would help to facilitate
the development of extension information to better manage these soils and pastures. Likewise, the
project emphasises the link between inadequate plant nutrients and the potential impact on pasture
production and persistence in the Central Tablelands. Furthermore, the project was also able to
discuss the impact of pasture stability, resource degradation and management, and the importance of
groundcover.
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Introduction
Clay amendment of sands using clay-rich subsoils has occurred on over 160,000 ha in southern
Australia, primarily to ameliorate water repellence. The implications of clay amendment for crop
nutrition have not been examined, nor has there been much consideration given to the variation in
subsoil properties and their effects on crop nutrition.
Methodology
Seven existing claying trial sites were assessed:
•

Clay rates by incorporation experiment at Dalyup, Esperance. Established by WANTFA in 1999 with
ongoing monitoring by DPIRD. Clay was applied at rates of 50, 100, 200 and 300 t/ha.

•

Long-term claying site at Esperance Downs Research Station (EDRS- E1). Established in 1998. Clayrich subsoil was spread at 0, 50, 100 and 150 t/ha and incorporated with a scarifier.

•

Clay by depth of incorporation at EDRS (EDRS-W7). In this experiment established by DPIRD in
20112, clay was spread at 175 t/ha and incorporated either shallow (15cm) or deep (35cm) using a
rotary spader.

•

Clay rate by incorporation method at Bolgart. Established by WANTFA and Wheatbelt NRM in 2010.
Clay was applied at three rates 0, 260 and 520 t/ha. Incorporation tools included offset discs, rotary
hoe and rotary spader. .

•

Clay delving and spading demonstration, Bolgart. Established as a replicated experiment by
landholder and WANTFA in 2013. The treatments were: no-till (the current system); spading alone;
delving followed by spading.

•

Clay rates by incorporation demonstration, Badgingarra Research Station (BRS-1). Established by
DPIRD and West Midlands Group in 2009. Clay applied at 5 rates, 0, 50, 100, 360 and 450 t/ha and
incorporated with either a rotary spader or shallow working (10 cm) offset discs.

•

Water repellent soil amelioration experiment, BRS (BRS-2). Established by DPIRD in 2009, soil
amendment treatments were nil amendment, lime at 3 t/ha and clay at 150 t/ha. Across these strips a
range of tillage and incorporation treatments were applied, including offset discs, deep ripping and
rotary spading.
Results
Bolgart
Clay addition (520 t of subsoil/ha) in the Bolgart experiment increased yields in 2010 and 2011, but
not at 260 t/ha or in any of the following four years. Indeed in 2014, there was negative effect of clay
addition on yield of lupin. At the Bolgart clay experiment, there was no obvious benefit of clay
amendment for K concentrations in sands or in crops. Indeed in 2014, clay treatment appeared to
decrease the concentrations of K in lupin leaves. The subsoil added at Bolgart contained 32-63 mg
Colwell K/kg and apparently contributed negligible plant available K. Even after 5 years, with annual K
fertiliser applications of 13 kg K/ha, there was no indication that clayed soils either contained more
plant available K or supplied more to crops.
Badgingarra
In five crops harvested since the BRS-1 experiment (started in 2009, clay addition had no significant
effect on crop yields. The subsoil used at BRS-1 was low in K (26-36 mg Colwell K/kg). However, the
sand to which clay was added in the clay rates experiment had more than adequate extractable K.
Hence, in that experiment there was little influence of clay addition on crop K nutrition.
At BRS-2, clay had positive effects on yield in 2013 and 2014. Even through the same subsoil
material was used as the clay rates experiment, the soil test values at the experiment were lower in
Colwell P and K than the clay rates experiment. With addition of clay, Colwell K was increased from
39 mg/kg, which is considered deficient for cereal crops, to 52 mg/kg which is adequate. Hence the
alleviation of K deficiency may explain the increase in crop yields with clay addition, but soil P levels
remained deficient. The increase in yield with clay addition was consistent with an increase in flag
leaf K from deficient to adequate concentrations.

Esperance field experiments

Two of the three experimental sites resulted in significant yield increases as a result of clay addition.
When averaged across all years, the addition of clay resulted in yield increases of 50% (Dalyup- 15
years), 42% (EDRS-E1 4 years), and 0% (EDRS-W7 5+ years) when compared to the control
treatments. In many seasons, emergence was not affected by clay addition yet grain yield increases
still occurred and may be attributed to increased nutrient levels and nutrient retention (CEC) as well
as improved water retention found in clay amended soils (Hall et al. 2010). The site (EDRS-W7) that
did not show any grain yield increase to the addition of clay had 3.6% clay without amendment, was
not highly water repellent (MED 1.6) and had soil K levels exceeding 130 mg/kg.
Clay amended soils had increased N levels in the soil at the long term Dalyup trial site and in plant
tissue analysis at EDRS (E1) trial in 2014. Nitrogen levels at the other sites were unaffected by clay
addition.
Soil P levels were increased as a result of clay addition at both long-term trial sites at Dalyup and
EDRS (W7). The higher PRI/PBI values found associated with subsoil clays also indicates that P is
more likely to be adsorbed and may even be less available as a result of clay amendment. The
consequence of this for crop nutrition will depend on whether soil P levels are above, near or below
the critical Colwell P values.
At the Dalyup site, the addition of subsoil at rates of 200 and 300 t/ha resulted in soil K levels
exceeding the minimum threshold (40 mg/kg). K levels in the clays used at the Dalyup and EDRS
(E1) ranged from 350 to 1000 mg/kg.
The effect of clay amendment on S nutrition was not conclusive. It is likely that low inherent levels,
leaching and sorption by added clay determine plant access to S.
Conclusions
Based on 7 field sites where sands were clay amended, there appears to be a positive effect of K in
subsoils on crop yield if the topsoil has low initial Colwell K, but not if the initial topsoil has adequate
K. On soils that already have above 60 mg Colwell K/kg, there were no responses to clay addition.
To maximise the returns on investment, soil testing of the subsoil and the topsoil to be treated is
highly advisable before undertaking claying. The key subsoil tests are clay%, EC, Colwell K, PBI/PRI
and boron. Subsoil testing can lead to more profitable decisions on which subsoils to select for
treatment, and the fields to treat or not treat. In addition, better fertiliser decisions can be made for
clay-amended sands, in particular for K nutrition.
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Introduction
The traditional focus of management in the Great Barrier Reef (GBR) catchments has been on
reducing the loss of sediment and dissolved inorganic forms of nitrogen (DIN). The impact of
nutrients on the Reef is dependent on their bioavailability, so as DIN is immediately bioavailable it
was the logical fraction of total nitrogen (TN) to focus on. Whilst DIN is important due to its
immediate bioavailability, monitoring of nutrient loads has shown that particulate and dissolved
organic nutrients comprise the majority of the end-of-catchment nutrient load.
Recent research indicates that a portion of the particulate nutrients will be transformed to DIN in short
timeframes (1-7 days were chosen as benchmarks) both in fresh and marine waters, thereby
becoming bioavailable to aquatic organisms such as algae (Burton et al. 2015, Garzon-Garcia 2014).
It was also found that measurements of particulate nitrogen (PN) and particulate phosphorus (PP)
are not good indicators of potentially bioavailable nitrogen (N) and phosphorus (P) pools (Burton et
al., 2015). The objectives of this project were to: 1) determine which are the best indicators of
particulate nutrient bioavailability to algal and diatom growth in fresh and marine water over a short
timeframe; and 2) develop a new, rapid bioassay for testing the effect of particulate nutrients on algal
growth over a short timeframe.
Methodology
The study was undertaken in two GBR catchments: one in the wet tropics (Johnstone River
catchment); and one in the dry tropics (Bowen River sub-catchment). Nine combinations of soil type,
land use and erodibility for the Bowen River sub-catchment and six combinations of soil type and
land use for the Johnstone River catchment were selected. Additionally, sediments were generated
from each soil sample by fractionation to <10 μm using settling columns. Soils and sediments were
analysed for a number of routinely performed soil tests that may be used as particulate nutrient
bioavailability parameters.
Sixteen lab-generated sediments were selected for “indicator calibration” bioassay experiments to
measure phytoplankton growth responses to sediments with varying particulate bioavailable nutrient
concentrations and determine the indicators of the bioavailability of particulate nutrients. The
bioassay methodology is described in full in Franklin et al. (2018).
The best indicators of the bioavailability of particulate nutrients were selected by all-subsets step-up
regressions. Validation experiments were performed on sediment samples collected the field during
rainfall events and results compared to those from the laboratory experiments.
Results
Using rapid algal bioassays as a validation tool we found that the potential effect of particulate
nutrients in fine sediment on algal activity in marine and freshwater conditions can be estimated by
various indicators. In marine conditions, where algae typically responded to N addition, the two
selected algal response to particulate nutrient bioavailability indicators (PNBm) are:
(1) 𝑃𝑃𝑃𝑃𝑃𝑃𝑚𝑚1 = 0.198 + 0.457 × 𝑃𝑃𝑃𝑃 + 0.004 ×
+

𝑃𝑃𝑃𝑃𝑃𝑃
𝑃𝑃𝑃𝑃

(2) 𝑃𝑃𝑃𝑃𝑃𝑃𝑚𝑚2 = 0.221 + 9.638 × 𝑁𝑁𝑁𝑁4 𝑁𝑁 + 0.402 × 𝑃𝑃𝑃𝑃𝑃𝑃 + 0.001 ×

𝑆𝑆𝑆𝑆𝑆𝑆

𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 𝑁𝑁

In freshwater conditions, where algae typically responded to N, or N plus P in combination, the three
selected algal response to particulate nutrient bioavailability indicators (PNBfw, PNPBfw ) are:
(1) 𝑃𝑃𝑃𝑃𝑃𝑃𝑓𝑓𝑓𝑓1 = 0.467 + 0.015 × 𝑃𝑃𝑃𝑃𝑃𝑃 − 0.001 ×
(2) 𝑃𝑃𝑃𝑃𝑃𝑃𝑓𝑓𝑓𝑓2 = 0.438 + 3.387 × 𝑆𝑆𝑆𝑆𝑆𝑆 + 0.001 ×

𝑃𝑃𝑃𝑃𝑃𝑃

𝑃𝑃𝑃𝑃
𝑆𝑆𝑆𝑆𝑆𝑆

𝑆𝑆𝑆𝑆𝑆𝑆

(3) 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑓𝑓𝑓𝑓1 = 0.451 + 13.28 × 𝑁𝑁𝑁𝑁4 + 𝑁𝑁 + 451.7 × 𝐷𝐷𝑅𝑅𝑅𝑅 + 0.0005 ×

𝑆𝑆𝑆𝑆𝑆𝑆

𝑆𝑆𝑆𝑆𝑆𝑆
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Discussion and Conclusions
In this study, particulate nutrients in sediment produced algal growth in bioassays. The results
confirm that particulate nutrients produce an important fraction of the DIN monitored at the end of
catchments as they are transported in rivers, and that this contribution to the generation of DIN will
continue in the marine environment. The potential effect of particulate nutrients in fine sediment on
algal activity in marine and freshwater conditions can be estimated by various indicators (i.e.
equations) calculated from a combination of bioavailable nutrient parameters (i.e. Particulate Nitrogen
(PN), Particulate Organic Carbon (POC), NH4+-N extracted by 2M KCl, mineral N extracted by 2M
KCl, Particulate Organic Nitrogen (PON), Soluble Organic Carbon (SOC), Soluble Organic Nitrogen
(SON), Dissolved Reactive Phosphorus (DRP)) that can be measured in the sediment, rather by one
single parameter. The proposed indicators include carbon pools that are not currently considered in
monitoring or modelling programs. This project has found that the type of carbon present affects the
bioavailability of particulate nitrogen. Protocols and methodology for measuring the necessary
bioavailable particulate nutrient parameters on soil, sediment and water samples were developed. A
rapid algal bioassay technique was successfully adapted to measure the effect of fine sediment in
suspension on algal growth using photosynthetic yield as a measure of photosynthetic activity and
used to validate selected indicators. PN is a first approximation of the effect of particulate nutrients on
marine algae, but it is not as good as the indicators proposed here, particularly for certain soil types.
PN is not a good indicator of key potentially bioavailable N pools in the sediment (2M KCl extractable
ammonium-N + potentially mineralisable N). Bioavailable particulate nutrient parameters used to
calculate indicators and to estimate bioavailable nutrient pools (e.g. potentially mineralisable N) can
be estimated from soil properties using ‘pedo-transfer functions’. Some of these parameters are
routinely measured as part of soil mapping programs and are stored in Queensland soil databases;
however, we recommend that some additional parameters (NH4+-N (extracted by 2M KCl), DRP,
SOC, SON) need to be routinely measured in order to increase our capabilities of using this database
for risk assessment.
In summary, this project has increased our understanding of the transformations, fate and impacts of
bioavailable particulate nutrients of terrestrial origin on the GBR; this understanding is essential to
target priority areas for mitigation and remediation. This work reinforces the importance of best
management practices for sugarcane and grazing that minimise soil loss to waterways. In grazing,
maintaining good land condition with a healthy cover of perennial, productive and palatable pastures
protects the surface soil from erosion and together with managing sub-surface erosion from gullies
and channel banks would minimise loss of soil and nutrients to waterways and the GBR.
Keywords: algae, bioavailability, particulate nutrients, sediment, soil, eutrophication
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Introduction
Once upon a time (and not that long ago), cycling of nutrients through soil organic matter was
assumed to be a process that was under chemical control. At that time, organic chemists were keen
to make a distinction between “primary” biopolymers, such as carbohydrates, proteins and nucleic
acids that they’d concluded were synthesized within living cells and “secondary” biopolymers, the socalled humic and fulvic acids, that they’d concluded were synthesized outside living cells through
“random polymerization” of small biomolecules. This process was referred to as “humification” and
the involvement of N- and P-containing molecules, such as in the Maillard reaction, was central to the
prevailing explanation of the large quantities of organic forms of N and P present in most soils. In
recent years, this explanation has lost favour (Lehmann and Kleber, 2015). Partly this is because
improved methods of chemical characterization have often not provided strong evidence for the
presence of a distinct class of “secondary” biopolymers. However, it also reflects a “power shift” from
chemistry to biology both in soil science and science more generally – our exponentially increasing
capacity to understand biological systems over recent decades predisposes us to “trendy” biological
explanations in favour of “passé” chemical ones. Here we present a defence of humification, based
partly on our continuing studies into the nature of soil organic P, and partly on some overdue
questioning of the prevailing “biology-only” explanation of nutrient cycling through organic matter.
Methods
Our methods for acquiring and interpreting 31P NMR spectra of alkaline extracts of both soils and
plant and microbial biomass can be found elsewhere (Doolette et al, 2011); all spectra that will be
presented have been published previously.
Results
Central to the dismissal of humification as an important process in nutrient cycling is that organic
forms of nutrients in soil be identical to those present in living organisms. The apparent dominance of
amide N in soils, as indicated by solid-state 15N NMR analysis (though recently brought into question,
e.g. Smernik and Baldock, 2005), has been taken as a key piece of evidence against humification,
which has traditionally argued for dominance of aromatic N in humic and fulvic acids. The situation for
organic P is diametrically different. We have established in a series of papers (Doolette and Smernik,
2016; Noack et al., 2012; Bünemann et al., 2008) that while 31P NMR confirms the vast majority of
organic P in living biomass can be identified as phospholipid, nucleic acid, and, in the case of plants
only, inositol phosphate, soils contain an additional form not detected in living biomass that gives rise
to a broad signal and which size separation confirms to be of high molecular weight (Doolette et al,
2011; McLaren et al., 2015). We have designated this form of organic P as “humic P” in recognition of
both its high molecular weight and apparent abiotic synthetic source.
Discussion and conclusion
Establishing that much of the organic P in soil does not have a direct biotic source, raises two
obvious questions: (1) What is the chemical composition of this “humic P”? and (2) By what process
or processes is it formed? Whilst we don’t yet have complete answers for either of these questions,
we have established that humic P (a) is mostly high molecular weight, (b) contains phosphate P
bound exclusively through one ester bond (i.e. it is monoester rather than diester), and (c) contains P
in a diversity of monoester environments. We have also established that monoester phosphate bonds
can be made and broken abiotically under surprisingly mild, solvent-free conditions. This last
observation raises another, curlier, question: Why should we NOT expect abiotic organic reactions
involving P to occur in the soil environment? The prevailing explanation of nutrient cycling through
organic matter posits that organic P is only produced within livings cells, either within plants, where
the ultimate source of P is orthophosphate taken up through plant roots, whilst the ultimate source of
C-containing organic fragments is photosynthesis, or within animals or microbes, where the ultimate
source of both C-containing organic fragments and P is in food consumed, in the latter case either as
orthophosphate or organic P. Likewise, conversion of organic P to orthophosphate is posited to occur
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only inside living cells. Under this scenario, organic P released to the environment through organism
or cell death requires microbial decomposition to be converted to orthophosphate, while
orthophosphate needs to be taken up by plants or microbes to be converted to organic P. This
explanation has its basis in a central tenet of biology: that the enzymes present in living cells provide
organisms with an incredible ability to carry out an amazing range of chemical reactions with
exquisite control under mild conditions. While this is undeniably true, it also ignores another central
tenet of biology: that the cell is required to maintain control over chemical conditions and to prevent a
range of chemical reactions that would otherwise occur in an uncontrolled manner. Thus, we argue
that rather than being surprising that complex P-containing organic substances are produced in soils,
that in fact it would be surprising if they weren’t! We further argue that similar processes should be
expected for organic N, although the details of the chemical reactions involved will be different than
for organic P.
Keywords: Humification, nutrient cycling, organic P, 31P NMR
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Introduction
As an important summer crop, maize is responsive to irrigation and elevated nutrient applications.
Under such conditions, however, the risk of nitrogen (N) loss caused by leaching and denitrification is
high (O Keefe 2009). Improving the nitrogen use efficiency (NUE) of maize is therefore of utmost
importance in order to reduce the environmental impacts of reactive N losses and the financial
implications of inefficient fertiliser use. Typically, plants utilise nitrogen most effectively at low fertiliser
rates, however, this generally results in sub optimal yields (Hirel et al. 2007). In order to determine
the point where NUE and yield are maximised, N calibration using a range of fertiliser rates is
necessary.
Methods
This trial, situated at the University of Queensland, Gatton, 90km west of Brisbane, examined the
response of Maize hybrid PAC606IT to increasing N rates (0, 62.5, 125, 175, 250 & 300kg ha-1)
under irrigated conditions. Nitrogen content and biomass were measured in the Youngest mature leaf
blade (YMB), stover (stem & leaves) and grains at four key growth stages (9 leaf, anthesis, milk stage
and physiological maturity). Leaf area was measured at 9 leaf, anthesis and milk stage, whilst
phenology was recorded throughout the duration of the experiment. A Parrot Sequoia multispectral
camera attached to an unmanned aerial vehicle (UAV) was used to create multispectral orthomosaics
in the red, green, near infra-red and red-edge wavelengths and several vegetation indices were used
to predict the N status and leaf area of the crop. Furthermore, a Minolta SPAD meter was used to
predict chlorophyll content of leaves at anthesis and milk stage.
Results
A two-way ANOVA indicated significant differences in N uptake across thermal time (p<0.001) and
between fertiliser N rates (p<0.001). The trend of N uptake across treatments was determined to be
quadratic (r2 = 0.95-0.99) and individual ANOVA analyses showed that there were significant
differences between treatment rates at 9 leaf stage (p<0.001), Anthesis (p<0.001), Milk stage
(p<0.001) and Physiological Maturity (p<0.001). Figure 1 illustrates the dynamics of N uptake across
N treatments and over thermal time, providing LSD values that indicate statistical significance
between treatment means at a given sample stage.
At 9 leaf stage, there was no significant difference between N rates above 125, 175, 250 & 300kg ha1 (Figure 1). At anthesis, there was no statistical evidence for differences between N rates above 175
kg ha-1, however, there was statistical evidence for variation between the control, 62.5 & 125 kg ha-1,
treatments. At milk stage, there was significant variation in N uptake between the control, 62.5 & 125
kg ha-1 treatments, whilst there was no significant difference between 175, 250 & 300kg ha-1
treatments. At physiological maturity there was significant difference in N uptake across all
treatments (p<0.001).

Figure 1: Relationship between N uptake, thermal time and fertiliser N rate in Maize 606IT hybrid. Samples were taken at 9
leaf stage, anthesis, milk stage and physiological maturity. Error bars indicate Least Significant Difference (LSD) from the
mean, which is indicated above each individual sample time.
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Increased N rate resulted in elevated grain yield, N uptake in grain and dry matter N accumulation at
physiological maturity, however Nitrogen Use Efficiency (NUE) was optimised at lower fertiliser rates
(see Table 1). There was a positive linear correlation between YMB N concentration and both
normalised difference vegetation Index (NDVI) and simple ratio (SR), with r2 values of 0.717 and
0.695 respectively (Figure 2). Similarly, SPAD readings had a strong, positive linear relationship with
YMB N concentration (r2 = 0.854). These values illustrate that YMB can act as an effective proxy for
N status in maize at the time of anthesis.
Whilst there was a clear delay n plant development under low nitrogen rates, especially after flower
ng, t s unclear whether these differences are accounted for in the APSIM maize model Further
investigations will explore the impact of fertilisation and phenological development in this trial and the
accuracy of the A S M model n foresee ng these events
Table 1: Relationship between fertiliser N rate, grain yield, biomass yield, grain N uptake, biomass N uptake and
NUE at physiological maturity. REN stands for N recovery efficiency, IE signifies internal utilisation efficiency and
AE stands for agronomic efficiency. *, **, *** indicate significance at p<0.05, p<0.01 and p <0.001, respectively. S
superscript letters indicate groupings based on Least Significant Difference (LSD) from group means.
Yield
Grain Biomass

Uptake
Grain

t ha-1

t ha-1

kg ha-1

kg ha-1

0

5.8 c

2.4

44.4

24.6

62 5
125
15
250
00

15.7 b
20.2 a
19.9 a
20.1 a
21.1 a

8.2 b
11.5 a
11.4 a
11.6 a
12.0 a

Applied N

Biomass

kg ha-1

p-value

***

c

e

114.1 d
183.2 c
193.5 bc
208.6 ab
220.1 a
***

***

kg kg-1

kg kg-1

AE
kg kg-1

-

-

-

1.1 a
1.1 a
0.9 ab
0.7 b
0.6 b

72.3 a
62.9 b
59.1 c
55.6 cd
54.4 e

91.8 a
72.1 b
51.1 c
36.5 cd
31.7 e

c

79.6 b
130.7 a
137.0 a
142.5 a
149.8 a

NUE
IE

REN

***

**

***

***

Figure 2. Linear regressions illustrating the relationship between concentration inYMB and (a) normalised
Difference Vegetation index (NDVI), (b) SPAD reading and (c) Simple Ratio (SR). The line of best fit for each
relationship, along with an associated r2 value is displayed within each graph
Keywords: Zea mays, nutrient uptake, nitrogen use efficiency, remote sensing
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Introduction
Bauxite residue sand (BRS) is the primary growth medium for rehabilitating Alcoa’s residue storage
areas in south-west Western Australia. Successful revegetation of highly alkaline BRS can be
hindered by its low nitrogen (N) use efficiency. Biochar, a carbon (C)-rich material, has been
suggested to have the potential to improve water and nutrient retention in soil. However, little is still
known about the effect of biochar amendment on N use efficiency in the alkaline BRS environment.
The aim of this study was to compare the adsorption capacity of acidic and alkaline biochars
produced from different feedstock materials and under different pyrolysis conditions in terms of N
availability and transformation in BRS.
Methodology
A 28 day incubation study was conducted to evaluate the impact of biochars with different
characteristics on N retention and dynamics in BRS. The BRS (pH 9.5 after being pre-treated with
1% gypsum and leached with water) was amended with the acidic biochar (pH 3.86; AC, from wild
fire) and alkaline biochars (pH 9.58–10.8; greenwaste, GW; Jarrah, JL; mallee, ML) at a rate of 10%
(w/w).
Results and discussion
The N loss via NH3 volatilization was much lower from the AC treatment (24% of di-ammonia
phosphate (DAP)-N added) than the alkaline biochar treatments (76–80% of the DAPN added). The
AC treatment retained three time more of N added to BRS than alkaline biochar treatments. This can
be attributed to the acidic nature and the greater NH4+-N sorption capacity arising from the presence
of a high density of the oxygen-containing functional groups on the surface of acidic biochar as
revealed by the FTIR spectroscopy.
Conclusions
The results from this study have significant implications for the application of acidic biochars for
enhancing N use efficiency in BRS and for remediating bauxite residual disposal areas and other
highly alkaline environments.
Keywords: Acid aged biochar, Ammonia volatilization, Adsorption, Bauxite residue sand, FTIR
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Introduction
The quantity and chemical composition of soil organic carbon (C) are the primary factors controlling
the growth and activity of soil microorganisms. However, availability of phosphorus (P) can also limit
microbial activity in soil because of its high requirement for the synthesis of their genetic and cellular
components, metabolism, and energy transfer. Little is known about the effect of P availability relative
to the availability of C varying in chemical composition on soil microbial activity. In this study, we
assessed the effect of different C substrates (glucose, oxalic acid and phenol), with and without P on
microbial C use efficiency (CUE), soil organic matter priming, gross nitrogen (N) mineralization and
nitrous oxide (N2O) emission from a grassland soil. We hypothesize that the variation in recalcitrance
among C substrates will change the efficiency of microbial C utilization as well as the rate of soil
organic C (SOC) and N mineralization; and the differences in degradation of C substrates will also
affect N2O emission from heterotrophic denitrification. We also hypothesize that the alleviation of P
limitation of soil microbes will positively contribute to all microbial processes mentioned above.
Methodology
Soils were treated with 20 atom% 13C-labeled glucose, oxalic acid or phenol (50 mg C kg-1) with and
without P (5 mg P kg-1) after the addition of labelled (33 atom% 15N-NH4+) and non-labelled (14N-NO3-)
N (15 mg N kg-1), and incubated for 20 days at 25% (g/g) soil water content. Gas samples were
collected at day 0, 1, 2, 8 and 20 of incubation to assess the carbon dioxide (CO2) and N2O emission
rates. Another set of similarly treated soil was also incubated for 20 days in a closed jar containing
sodium hydroxide (NaOH) to capture CO2 for subsequent analysis of total C and 13C. Microbial CUE
of the different C compounds added was assessed by following the 13C tracer into microbial biomass
and respiration. The increase or decrease in SOC mineralization (priming) was calculated by
subtracting the C respired from added substrate, from the total increase in respiration after substrate
addition (Brant et al. 2006). Gross rates of N mineralization were measured during a 48 hr incubation
of similarly treated soil using the 15N isotope pool dilution technique. Soil 15N recovery was measured
after 20 days of incubation to understand treatment effects on overall gaseous loss of N.
Results and discussion
Among all three C substrates, glucose was the most incorporated into microbial biomass with a small
amount being recovered in microbial respiration (during the 20 d) yielding a very high CUE (0.79)
compared to the other substrates; whereas oxalic acid was respired most and recovered least in
microbial biomass yielding a very low CUE (0.02). This suggests that microbes have preferences on
using different labile C substrates for different metabolic activities, such as, glucose is preferentially
used for biomass synthesis, while oxalic acid is predominantly used for energy production. Possibly,
due to having a more complex structure, requiring further extracellular enzymatic breakdown to be
used by the microbial community (Frey et al. 2013), and/or, toxic properties (Brant et al. 2006),
phenol was utilized least by the microorganisms given the low respiration rate and small incorporation
into microbial biomass; even though it had a significantly higher CUE (0.2) than oxalic acid. Although,
CUE may be expected to change depending on the availability of nutrients required for growth, such
as N and P (Manzoni et al. 2012; Creamer et al. 2014), P addition showed no effect on microbial
CUE.
All three C substrates showed positive priming effect during the 20-d incubation. The added labile C
substrates served as available energy source and stimulated the soil microbial community to produce
energetically more expensive extracellular enzymes to decompose native SOC (Hessen et al. 2004).
Although, the magnitude of the priming effect can be different for different added C substrates
depending on their energy content and chemical structure (Lonardo 2017), the three C substrates
(varying in energy and biochemical recalcitrance) were not significantly different in terms of
stimulating SOC mineralization. As expected, positive priming of soil organic matter (SOM) resulted
in increased rates of gross N mineralization (GNM) after oxalic acid and phenol addition, but
surprisingly glucose addition significantly reduced GNM rates. Higher uptake of glucose-C by
microbes for biomass production may have increased microbial demand for N, and may have
stimulated microbial immobilization of simple organic N forms made available during SOM
decomposition, such as amino acids, without further mineralization into NH4+, subsequently causing a
reduction in GNM. Total dissolved N (containing both inorganic and organic N) significantly reduced
with glucose addition further supporting this proposition. P addition significantly increased the priming
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effect of the added C substrates but had no effect on the mineralization of added C. Increased
availability of labile C and P may have induced N-limitation for microbial growth, and thus stimulated
microbes to decompose SOM for N acquisition (N mining theory). Surprisingly, P addition did not
show any effect on GNM rates. However, an increase in microbial biomass N with P addition (at the
end of incubation) could also suggest immobilization of organic N bypassing the common
mineralization pathway, thereby diminishing positive effects on GNM.
Although, increased availability of C and energy sources as well as alleviation from P limitation can
stimulate heterotrophic denitrifiers and thus N2O emission (Mori et al. 2013), both C and P addition in
this study showed no effect on N2O emission rates or cumulative N2O emission during the 20-d
incubation. However, C and P addition showed an interactive effect on soil 15N recovery and thus
gaseous N loss after 20 days of incubation, where addition of P reduced soil 15N recovery in the
presence of C, but increased 15N recovery when C was not added. Possibly, high availability of C
increased the reduction of N2O to dinitrogen (N2) during denitrification. Unfortunately, we did not
measure N2 emission. We suggest that, in the presence of high C availability, P-limitation of
heterotrophic microbes can reduce gaseous loss of N, possibly in the form of N2 through
denitrification.
Conclusion
This study shows that microbial CUE of different C substrates (glucose, oxalic acid and phenol)
varies depending on chemical structure of the C substrates but does not rely on P nutrition. Although
addition of all three C substrates caused a positive priming, the rate of C mineralization from SOM did
not change depending on the energy content and/or biochemical availability of the added C
substrates. P addition increased C priming of the added C substrates to acquire N from SOM to
alleviate the increased N limitation of heterotrophic microorganisms. P application, in the presence of
relatively labile C can increase gaseous loss of N, possibly in the form of N2 through denitrification.
Keywords Denitrification, gross N mineralization, microbial carbon use efficiency, N2O emission,
priming effect, soil 15N recovery.
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Introduction
While Papua New Guinea (PNG) soils are very fertile, there is concern that fertility has been declining
and yields of cocoa remains low. Presumably, soil nutrient management is a contributing factor. Initial
investigations into the use of NPK produced pleasing results (pod yield, plant health, etc.). The
current paper follows on from these preliminary findings and seeks to identify in greater detail the
opportunities to manage soil fertility to support cocoa intensification. Particular questions around the
best ways to advise farmers on these management techniques are being explored through this work.
CCI-Cocoa Board strategic plan places an emphasis on developing accessible extension materials
which can guide cocoa farmer decisions on soils fertility management with both organic and inorganic
options and in the past semi-structured interviews have been used to prepare such extension
material. There is a push from the PNG agriculture minister to develop a cocoa industry in the PNG
grasslands and highlands. Therefore one site in this study has recently been converted from
grassland to cocoa block (WAL-WIN). Further, cocoa in PNG is grown in general without fertiliser and
in this context, soil fertility management will be key to success. The objectives of this study is to
understand different soil types in major cocoa growing areas to be able to make soil type specific
fertiliser recommendations, further, develop diffuse reflectance spectroscopy (DRS) as a costeffective alternative to traditional wet chemistry-based soil testing in smallholding cocoa blocks in
PNG and to investigate in future if these values can be used to make soil type specific fertiliser
recommendations to minimise environmental risk of over-using fertiliser. Moreover, every 1 ton of
cocoa produces 10 tons of cocoa waste, therefore cocoa farmers should be encouraged to use green
waste from their blocks for compost production. This is not only an environmentally friendly option but
an excellent nutrient replacement option for smallholders who cannot afford mineral fertiliser. In
summary, the study aims to provide cocoa soil organic and inorganic management options for
different cocoa growers for example, smallholders, plantations and research stations didimans
(Agronomist) as not all farmers are the same.
Methodology
Soil samples were taken from 1 ha cocoa farms (Photo 1) in (1) Kavieng, New Ireland Province (NIP),
(2) Wewak, East Sepik Province (ESP), (3) Bougainville Province (AroB), and East New Britain
(ENB), in PNG. All these four sites represent major cocoa production zones in PNG
(SMCN/2006/031). A whole soil characterisation and spectral information for each trial site (soil
texture, organic matter and key nutrients) is presented in this paper. Initial treatments were applied,
and pod samples collected to calibrate fertiliser recommendation models such as QUEFTS and Soil
Diagnosis (Photo 2 & 3).
Compost preparation: Feedstocks for preparing the compost viz. cocoa pod husks, chicken
manure, topsoil, sawdust, and water were collected (Photo 3).

Photo 1: soil sampling at a trial site and adding pods to trenches, compost application and training farmers on compost
preparation

Results
Description of the sites’ physical and chemical properties in terms of Sand %, Clay %, SOC showed
that these properties differed greatly between sites in different Provinces (Figure 1). The trial sites in
NIP and ESP have coralline and alluvial soils respectively, and AroB and ENB soils have a volcanic
origin. More recently, a survey has been conducted to understand farmer soil knowledge (table 2) to
be able to make education, training and extension material.
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Figure 1: some results from different Provinces, New Ireland (LAU-PAN), East Sepik (WAL-WAL), Bougainville (BOAK-PAN)
and East New Britain (TSA-CCI).
Table 2: Local knowledge on soil.
Farmer
Village
Soil colour
Soil colour
Soil texture
Soil texture
(English)
(Local)
(English)
(Local)
Frances Whan
Banak
Loam/Clay/gravel
Bier/Beipu/Kwari
Eddy Salewa
Kambaraka
Black,
Tinkle, Kumutki,
brown,
Kambaki, Whyke
red, white
Raphael Kaiap
Kiskaup
Black
Nugun
Sand/gravel
Jingai/Budha
Jonathan Poema Paliama
Yellow
Perlhi
Clay/soil
Jongui/Hrekli
Moses Maka
Burui
Black and
Gili
Soil/Loam/sandy/gr
Kipma/Kuka/Bau/brasik
grey
avel
Damien Kitok
Kruragur
Black, red
Bismir, Bisisiar
Linda Muguduo
Maguen
Black
loam
Loam dark lowland soil is
brown
called Nibityegu. Stone mix
soil is called Utaben. Good
soil is called Amenab.
Toby Gaundu
Wingei 2
Sandy
Bagitui
Edmond Huiwali
Nomidokam
Black
Kri
Limestone
Karranas
Scott
Bararat
Black
Krihiba
Sandy
Sabmilia
Rambanara

Discussion and Conclusions
Once spectral algorithms are developed for a specific site, the total soil testing cost may be limited to
the cost towards soil sampling and spectral data acquisition without having to go through the full timeconsuming laboratory procedures.
Most farmers responded that (1) black soil is good for growing cocoa, (2) gravel soil is the worst and
they are unsure how kwari soil (gravel soil) can be improved? (3) Water logged soil stunts growth, (4)
“where I implement IPDM, cocoa grows better”, (5) where other fruit or vegetables are grown with
cocoa there are more pods and (6) few farmers in the kunai grasslands where soil is compacted have
been growing cassava to open up soil for cocoa root development and growth.
Future work is to investigate the calibration of models for fertiliser recommendations.
Keywords: Cocoa, Nutrients
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Introduction
The benefits of biochar application are well described in tropical soils, however there is a dearth of
information on its effects in temperate agricultural soils. Biochar added to arable soils exerts some
control over N dynamics (Clough et al. 2013) and has the potential to reduce N2O emissions from
soils (Felber et al. 2013). However, the evidence is not conclusive: some studies indicate the
opposite effect (Verhoeven & Six 2014), or no effect of biochar addition on soil N2O flux (Suddick &
Six 2013). Improved knowledge of the effects of biochar application to agricultural soils is thus still
needed.
Taking into account the above-mentioned concepts, the specific objective of this study was to
quantify the effects of biochar and biochar combined with N-fertilizer application on N2O emissions,
soil physicochemical properties in a Haplic Luvisol in a fully commercial setting.
Methodology
The experiment was established on Haplic Luvisol at the locality of Dolná Malanta (Slovakia) in 2014
and consisted of control, 10 and 20 t of biochar application ha-1 (B0, B10, B20) to soils combined with
three levels of nitrogen fertilization (0, 40 and 80 kg N ha-1) (N0, N40, N80). Biochar used for the field
experiment was produced from paper fiber sludge and grain husks (1:1 w/w) (company Sonnenerde,
Austria) by pyrolysis at 550°C for 30 minutes in a Pyreg reactor (Pyreg GmbH, Dörth, Germany).
Our measurements of N2O emissions and selected physical and chemical soil properties were
conducted during March-November, 2015 and the treatments in 2015 consisted of biochar applied a
year before (2014) and three levels of nitrogen fertilization applied to corn (0, 160, 240 kg N ha-1) (N0,
N160, N240) applied in 2015. The replicated (n = 3) trial plots (4 × 6 m) were laid out in a randomized
block design separated by a 0.5 m wide protection row
Gas sampling took place at weekly intervals using a closed chamber method. Gas samples were
analyzed for N2O using a gas chromatograph (GC-2010 Plus Shimadzu), equipped with electron
capture detector (ECD). Soil water content (SWC) at 0-10 cm depth (gravimetric method) and soil
temperature at 5 cm depth (Volcraft DET3R thermometer) were also measured at each gas sampling
event.
Soil samples for soil pH, ammonium (NH4+) and nitrate (NO3-) measurements were taken monthly
from each plot (March-November, 2015). Samples were processed in the lab, soil pH was determined
potentiometrically in 1 M KCl (1:2.5, soil : distilled water). Mineral N (NO3-N, NH4-N) was extracted
with 1% K2SO4 from field-moist soil. Amounts of soil NH4-N and NO3-N in isolates were determined
using a colorimetric method with a spectrometer (WTW SPECTROFLEX 6100, Weilheim, Germany).
Bulk density was measured right after application of treatments on 19th March and on 2nd May at a
depth of 2-7 cm using a soil core (100 cm3). Water-filled pore space (WFPS) was calculated using the
bulk density (measured monthly by the core method) in each plot assuming a mineral particle density
of 2.65 g cm-3.
Results and Discussion
Seasonal cumulative N2O emissions from B10N0 and B20N0 treatments decreased by 39 and 32 %,
respectively, when compared to B0N0. Cumulative N2O emissions from B10N160 and B20N160 were
also lower by 21 and 8 %, respectively, compared to its control without biochar (B0N160). However
the treatments with biochar combined with the higher level of N-fertilization (B10N240 and B20N240)
increased N2O emissions by 17 % and 34 % as compared to control (B0N240).
The Pearson correlation coefficient between observed soil physical properties (soil temperature, soil
moisture, water filled pore space-WFPS) did not show significant correlations except the influence of
WFPS on N2O in the treatments of B10N160 (r = 0,95; P < 0,001) and B20N160 (r = 0,95; P < 0,001)
and soil temperature in the treatment of B10N0 (r = 0,76; P < 0,001).
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Correlations didn’t reveal any significant relationship between the average daily N2O emissions and
the observed chemical properties of the soil (pH, NO3-, NH4+) except one treatment (B20N0) where
the statistically significant correlation was found between the N2O and NH4+ (r = 0,86; P <0.05).
The mechanisms explaining the observed reduction of N2O emissions following biochar application
are still uncertain. In aerobic soils, N2O is primarily a byproduct of nitrification (NH4+ to NO3-) and to
a lesser extent of anaerobic denitrification (NO3- to N2). Nitrogen availability strongly affects both
processes and in arable soils is directly related to N fertilizer addition or the organic N content of the
soil. Biochar-induced changes in N availability and enhanced plant uptake may reduce N2O emission
for soils (Steiner et al. 2007). In our study, monthly soil sampling showed that the seasonal soil NO3and NH4+ was not significantly different between any of the treatments so this mechanism wasn’t the
cause.
We have observed higher average pH in biochar amended soils, a result similar to findings of other
studies (Atkinson et al. 2010). Since soil pH exerts control over the N2O: N2 ratio during denitrification
(Simek & Cooper 2002), a higher pH seen in our biochar treatments might be the possible
mechanism responsible for reduction of N2O emissions in our field experiment.
Conclusions
The field experiment has shown that the application of biochar to the soil either alone or in
combination with medium level of N-fertilizer application appears to be a promising tool to improve
the sustainability of intensive agriculture through reducing nitrous oxide (N2O) emissions from the
soil, improving soil physical properties (improving the water holding capacity of the soil and improving
the soil structure through lowering the soil bulk density) as well as soil chemical properties (positive
soil pH increase).
Keywords: biochar, nitrogen fertilization, soil properties, N2O emission.
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Introduction
In Aceh Indonesia low soil carbon and nitrogen contents were identified as the major constraints to
yields of dryland crops. A suggested remedy to overcome these constraints was to increase total soil
carbon together with balanced fertiliser (Sufardi et al., 2018, submitted to National Soil Science
Conference, Canberra 2018). Application of soil amendments has the potential to address the issue
(Sukartono et al, 2011). However, there is a paucity of information in regards to the types,
application rates and placement of soil amendments, and the interaction between soil amendments
and fertiliser to produce optimal benefits. A collaborative project between Indonesia (the University of
Syiah Kuala and BPTP Aceh) and Australia (NSW DPI) is currently evaluating soil and crop
responses to the application of soil amendments in dryland soils. This paper presents the agronomic
yield and nutrient uptake of kangkung (Ipomoea reptans L.) grown in soil amended with rice husk,
rice husk biochar and cow manure in combination with NPK fertiliser.
Methodology
A soil amendment trial was established on a dryland Entisol in the Syiah Kuala University’s
experimental site. The treatments consisted of rice husk, rice husk biochar and cow manure, at two
comparable rates (2.5 and 5 t ha-1) each combined with 166 kg ha-1 of NPK fertiliser (15:15:15). The
NPK fertiliser rate used reflected the fertiliser regime normally applied by local farmers and was
therefore used as the control treatment, (it is referred to as NPK). Each of the seven treatments had
three replicates, resulting in 21 experimental plots laid out in a randomized block design. This was
part of one year crop rotation experiment consisting of vegetables (kangkung-maize-soybean) and
dryland rice, running from November 2017 to November 2018. Kangkung (Ipomoea reptans L), a
short season vegetable, was sown in November 2017. Soil chemical and physical analyses were
conducted at the start and end of the growing season of each crop in rotation. The soil contains 1322% clay, 63-84% sand, 1-15% silt, 0.74-1.5% organic C and 0.05-0.11% N, and had a CEC range of
9.4-14.6 cmol kg-1. In January 2018 the kangkung was harvested for dry matter determination
together with the nitrogen, phosphorus and potassium concentrations of the plant. Data of dry matter,
nutrient concentrations and uptake were analysed using analysis of variance followed by mean
comparison using HSD test (5%).
Results and Discussion
The mean dry matter yields of kangkung ranged from 1.13- 2.34 t ha-1 (Table 1) with the highest yield
of 2.34 t ha-1 (P<0.05), produced in soil amended with 2.5 t ha-1 cow manure + NPK fertiliser. This
was similar to yield produced in soil amended with 5 t ha-1 rice husk biochar + NPK fertiliser. The
yields obtained were much higher than the average dry matter yield of 0.30 t ha-1 kangkung by local
farmers (Kresna et al, 2016). These results indicate that the use of 2.5 t ha-1 cow manure has a
potential to increase kangkung production when applied with NPK fertiliser.
Table 1. Dry matter yields of kangkung grown in an amended Entisol. Letters in superscript indicate differences at 5% level
Treatments
Yield (t ha-1)
R1
Control (166 kg ha-1 of NPK fertiliser)
1.53 a
R2
Rice husk 2.5 t ha-1 combined with 166 kg ha-1 of NPK fertiliser
1.27 a
-1
-1
R3
Rice husk 5 t ha combined with 166 kg ha of NPK fertiliser
1.39 a
-1
-1
R4
Rice husk biochar 2.5 t ha combined with 166 kg ha of NPK fertiliser
1.13 a
R5
Rice husk biochar 5 t ha-1 combined with 166 kg ha-1 of NPK fertiliser
1.74 ab
R6
Cow manure 2.5 t ha-1 combined with 166 kg ha-1 of NPK fertiliser
2.34 b
-1
-1
R7
Cow manure 5 t ha combined with 166 kg ha of NPK fertiliser
1.19 a
HSD 5%
0.093

Plant tissue analysis
Treatments had no significant effect on nitrogen concentrations of the plant tissue (Fig.1). The mean
nitrogen concentrations of the kangkung ranged from 1.59 to 2.94% (P>0.05). Kangkung plants
grown in soil only with NPK fertiliser and in both soils amended with 2.5 t ha-1 of rice husk or rice husk
biochar combined with NPK fertiliser, were all deficient in nitrogen (Mengel and Kirkby, 2001). The
mean phosphorus concentrations of the kangkung plant ranged from 0.13 to 0.25% (Figure 1)
indicating that their phosphorus needs were met under all treatments. The highest mean P
concentration of 0.25% (P<0.05) was found in those produced from soil amended with 5 t ha-1 cow
manure + NPK fertiliser. The mean potassium concentration of the kangkung ranged from 2.47 to
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5.24% (Figure 1) with the highest potassium concentration of 5.24% (P<0.05) found in those
produced from soil amended with 5 t ha-1 cow manure combined with NPK fertiliser. Potassium
concentrations of plants in all treatments were above the critical level (< 1%) indicating potassium
supply was sufficient for optimal growth of kangkung.

Figure: 1. The concentrations of nitrogen, phosphorus, and potassium in plant tissue of kangkung by various amendment
treatments as described in Table 1.

Nutrient uptake
The mean total nitrogen uptake (20-52 kg ha-1) was not significantly affected (p>0.05) by different
types of soil amendment (Fig. 2 left). Phosphorus uptake in kangkung was significantly influenced
(p<0.05) by different soil amendments (Fig. 2 middle), with the highest uptake by kangkung that was
produced from soil amended with 2.5 t ha-1 cow manure + NPK fertiliser. Potassium uptake in
kangkung was significantly (p<0.05) influenced by different soil amendments (Fig. 2 right). Variation
in K uptake ranged from 28 to 82 kg ha-1 with the highest uptake in soil amended with 2.5 t ha-1 cow
manure + NPK fertiliser.

Figure 2. Nutrient uptake of kangkung by various amendment treatments as described in Table 1.

Conclusions
The application of 2.5 t ha-1 cow manure with NPK fertiliser to soil, improved nitrogen, phosphorus and
potassium uptake of kangkung by 25 kg ha-1, 2 kg ha-1, and 43 kg ha-1 respectively and resulting in
dry matter yield increase by 0.81 t ha-1.
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Introduction
Application of Nitrogen (N) fertiliser is a vital component of farm system inputs in Australia in order to
produce high yielding, quality crops, produce and pastures and is therefore a key profit driver for
farmers. Calculating the optimum amount to apply is often difficult as the N cycle is complex and
there are regional uncertainties associated with the contribution of mineralised N from the soil in the
uptake, cycling and use by key primary industry crops and pastures. N availability is also affected by
soil type and condition, climatic and seasonal variability, paddock management history, irrigation
management practices and applied fertiliser formulation, timing, rate and placement.
Given the potential risk of reduced yield from insufficient N, coupled with the relatively-low unit cost of
N fertiliser, producers generally err on the side of over-applying, resulting in poor N use efficiency
(NUE). Significant research has been undertaken on N input and management requirements across
Australian agricultural systems, however, the low NUE of many modern farming systems and impacts
upon economic and environmental imperatives means that N research remains relevant and
essential. A collaborative national research program in Australia, entitled: ‘More Profit from Nitrogen
(MPfN Program): enhancing the NUE of intensive cropping and pasture systems’ is a four year
national partnership between Australia’s major intensive users of N fertilisers: cotton, dairy, sugar and
horticulture. It is drawing upon an unprecedented multi-organisational research and extension effort
to address improvements in NUE.
The industries involved each share common markets which have growing expectations for product
producers to have evidence of sustainable farming practices and good environmental risk
management. Through greater collaboration, the MPfN Program outcomes will provide these
industries with much needed NUE improvement strategies resulting in more profitable use of N by
farmers and demonstration of quality food and fibre production with the lowest possible
environmental impact. Two years of research is already delivering evidence of increased farm
profitability and reduced environmental risk through trial of new technologies and management
practices which increase NUE. Moreover, it is developing resources and tools which increase farmer
understanding of soil, water and management influences which contribute to NUE.
Methodology
The MPfN Program is supported for 4 years by the Australian Government Department of Agriculture
and Water Resources, providing AUD$5.9 million via its ‘Rural Research and Development for Profit
program’ and contributions from industry, research agencies and the commercial sector totaling
AUD$9.8 million. It is undertaking research and trial to deliver enhanced NUE, improving profitability
and sustainable use, through better understanding the influence of the key factors contributing to
NUE. It is striving to:
•

Generate a greater knowledge and understanding of the interplay of factors to optimise N
formulation, rate and timing across industries, farming regions and irrigated/ non-irrigated situations;

•

Generate a greater knowledge and better understanding of the contribution (quantifying rate and
timing) of mineralisation to a crop or pasture’s nitrogen budget; and

•

Generate a greater knowledge and understanding of how enhanced efficiency fertiliser (EEF)
formulations can better match a crop or pasture’s specific N requirements.
The MPfN Program is providing a platform for cross industry collaboration on N management, the
results of which is fostering unprecedented information and knowledge exchange amongst Australia’s
leading scientists in NUE. It is also extending the ongoing outcomes of the research to engage
producers in the activities and increase likelihood of best management practice adoption.
Results
Ten research projects are being delivered by 8 lead research agencies: University of Melbourne,
Queensland University of Technology, Queensland Department of Environment and Science,
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Queensland Department of Agriculture and Fisheries, NSW Department of Primary Industries,
Northern Territory of Primary Industry and Resources, Tasmanian Institute of Agriculture/ University
of Tasmania and University of Southern Queensland (National Centre for Engineering in Agriculture),
supported by a further 24 collaborating research partners. The sub-research projects will ultimately
inform new N fertiliser formulations, application and measurement technologies, decision support
tools and best management practice guidelines. A total of 35 field-based experiments have been
established (see Figure 1). Field research is being supported by laboratory experimentation and
modelling.
Collaborative work between these projects is also underway in the areas of:
•
•
•
•

Standardising approaches to soil N mineralisation measurement methods;
Cross-sector agreement on potential NUE indicators and model parameters;
Establishing an agreed minimum data-set for research into NUE; and
The use of remote sensing technology in the collection of N plant content and yield data.
Dairy research- University of Melbourne (2 projects) &
Queensland University of Technology
Cotton research- NSW Department of Primary Industries
& University of Southern Queensland.
Sugar research- Queensland Department of Agriculture
& Fisheries, Queensland Department of Environment
and Science & NSW Department of Primary Industries.
Horticulture research- University of Tasmania (Cherry)
& Northern Territory Department of Primary Industry
and Resources (Mango)

Figure 1: Approximate location of the More Profit from Nitrogen Program’s 35 research trials across Australia for the cotton,
dairy, sugar and horticulture industries.

Conclusions
The MPfN Program is at the mid-way point of delivery but is already producing information and early
results which will be of widespread interest. Many of the ten research projects will deliver their
detailed progress findings at this conference. MPfN is a proactive collaboration formed to expedite
NUE across Australia’s intensive cropping and grazing industries to reduce environmental impact and
increase the long-term sustainability of Australian farming businesses by increasing yield, quality
product and overall profitability.
Key words: Nitrogen (N), nitrogen use efficiency, cross-sector, collaboration, N mineralisation, N
budgeting, enhanced efficiency fertilisers, N formulations, best management practices
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Introduction
Nutrient budget is perceived as a powerful tool for the valuation of critical components for
sustainability in agricultural production (Wijnhoud et al., 2003). It has been studied in many places
with different type of crops (Top et al., 2003). It provides an early indication of potential problem
arising from (i) nutrient surplus (inputs>outputs) which may lead to nutrient loss and (ii) nutrient deficit
(outputs>inputs) which may cause nutrient deficiency and lower crop yield. Nutrient budgeting is a
technique used to quantify or predict nutrient deficit or surplus, which is an attempt to improve
nutrient use efficiency and reduce nutrient loss. Morrison et al (2016) suggested that soil and farm
nutrient budget have to be developed to assist farmers in their management decisions. Samoa soils
are formed from volcanic activity, resulting in high organic matter hence it is fertile, however it is
highly porous and tend to be erodible on slopes. High temperature and rainfall makes Samoa prone
to leaching losses of nutrients, leading to decline in soil fertility which lowers crop yield, resulting in
low crop productivity. Crop uptake is a major component in nutrient budgeting. Taro (Colocasia
esculenta) is one of the major cultivated root crops in the PICs and ranked as the second export crop
commodity in Samoa. With increased demand for taro in the urban and export markets, production
has intensified. Intensification of taro production and farmers failure to replenish soil nutrients and
organic matter with continuous use of soil resources unsustainably leads to decline in soil fertility.
Declining soil fertility is thought to present a major threat to sustainable agricultural development in
the Pacific Island Countriess. Mulching could be an option that may reduce nutrient loss with water
runoff and leachate. The effect of legume mulching on taro yield has been studied for past years,
however, its influence on nutrient loss was not analysed. There has never been any work done on
comprehensive nutrient budgeting in the Pacific. Therefore, this research will be conducted to
quantify the nutrient balance of fertilised and unfertilised taro under legume and non-legume mulch,
the effect of legume and non-legume mulch on taro yield and its influence on nutrient loss.
Methodology
This research work will be conducted at the University of South Pacific, Alafua Crops Research Field
in Samoa on Typic Humitropept soil. The location experiences a humid tropical climate with an
annual rainfall of 2,500 to 3,500mm and an annual temperature ranging from 20-330C. The
experiment will be laid out in a Factorial Randomized Complete Block Design (RCBD) with three
replications and treatments comprised: two Fertilizer- No fertilizer and fertilizer (NPK) and three
mulches- No mulch, legume mulch (Macuna sp) and non-legume mulch (grasses). Test crop will be
taro (Samoa 2). Land will be ploughed and soften by tractor and taro will be planted at 1m x 1m
distance in a hole of approximately 15cm depth. Weed control will be throughout growing season to
ensure good crop growth. Fertilizer rate to be applied is 135kg/ha N, 70kg/ha P and 110kg/ha K,
based on the soil analysis of the trial site. Nitrogen will be applied in split applications (5, 10 and 15
week after planting (WAP)), phosphorus will be applied at planting while potassium will be applied
twice (half at planting and half 10WAP). Mulching treatment will be applied at planting. Soil samples
will be collected from 3 depths, 0-20cm, 20-40cm and 40-60cm respectively before planting and at
harvest for chemical and physical analysis viz. bulk density, moisture factor, soil pH, Total N, Total C,
Olsen P and Exchangeable bases (Ca, Mg, K). Plant parameters (leaf colour, height, corm yield
biomass etc…) and nutrient uptake will be measured on destructive sampling every month till
harvest. Soil solution will be collected at 30cm and 60cm depth respectively to be analysed for
leaching loss of nutrients (N, P, K, S and Mg). Nutrient budget will be calculated by the difference
between the Nutrient Inputs (rainfall, fertilizer, mulch, Biological N fixation) and the Nutrient Outputs
(soil runoff, leaching and crop uptake). Soil surface runoff will be measured using the Universal Soil
Loss Equation (USLE). Biological N fixation will not be measured in this research study and will be
used literature value.
Results/Discussions
N/A – This research work is yet to commence hence results will be available by November (Since the
work has just started, results should be available during the presentation).
Expected outcomes
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Comprehensive nutrient budgeting is of utter importance for improved soil fertility. Lack of soil
knowledge limits production knowledge hence potential skill of local farmers. Therefore, upon
completion of this study, it will:
Assist farmers, extension officers, policy makers in identifying proper nutrient management practices
that will boost taro production system in a cost effective manner
Improve the knowledge of soil nutrient management that will lead to increase in yield
Improve understanding of the flow of nutrients within the taro production system and indicating
consequences of farm management decisions on nutrient cycling process
Provide knowledge of nutrient budgeting on the application of legume and non-legume mulches in
taro with or without fertilizer application
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Introduction

In Australian dryland pasture systems, building the soil nitrogen (N) pool is primarily dependent on the
fixation of N by root-nodule bacteria (‘rhizobia’) forming symbiotic associations with legumes.
Generally, it is assumed N will be fixed at the rate of 20-30 kg N/t legume DM produced where a
symbiosis is successful (Drew et al. 2014). Success in achieving functional symbiosis can be
impacted by soil constraints such as acidity, aluminum (Al) toxicity, and inadequate availability of
pasture nutrients such as phosphorus (P), and sulfur (S) (Yates et al. 2016). Recent studies in the
mixed farming and permanent pasture zones of New South Wales suggests industry has continued to
assume that N-fixation is occurring at theoretical rates, even where nutrient deficiencies and/or
toxicities exist (Hackney et al. 2017). Specifically, this work identified inadequate legume nodulation in
more than 90% of the pasture paddocks surveyed with up to 20% of these paddocks containing
legumes without nodules. Key factors impacting nodulation included soil acidity, with more than 80%
of paddocks sampled being moderately to severely acidic and the availability of P and S.
In the Australian Capital Territory (ACT) approximately 39,000ha (15% of total land area) is under
pastures for sheep and beef production. Healthy and functioning pasture legumes are required to
underpin these production systems and reduce the need for mineral-N inputs. This paper presents the
findings of a field survey undertaken by ACT NRM in Spring 2017 in the ACT region to determine
legume and soil condition health parameters.

Methods

Thirty-four paddocks on commercial farms were sampled in Spring 2017. Soil types were
representative of the region and included Red Chromosols, Red Kurosols and Sodosols (Australian
Soil Classification). Farms were selected by expression of interest. Paddocks sampled were those
volunteered by the landholder with the only stipulation being they must contain an introduced legume
component. A 20m x 20m sampling area was established in a representative part of the paddock. A
minimum of 15 legumes of each dominant species (mostly subterranean clover, Trifolium
subterraneum L.) were carefully excavated and the root systems gently washed. Root systems in fine
textured soils were soaked to allow passive and intact exhumation. Nodulation on each individual
plant was scored using the 0-8 scoring system of Yates et al. (2016); where a score of 4 is considered
adequate nodulation. Soil samples (0-10 cm) for chemical analysis were collected from within the
sampling area using a soil core sampler and analysed through the Nutrient Advantage Laboratory,
Werribee Victoria. Management information including: fertiliser and ameliorant input, pasture age and
legume inoculant used were collected from landholders.

Results

All paddocks sampled as part of the field survey had less than adequate nodulation (Table 1) with
only 4.3% of individual plants sampled adequately nodulated (i.e. score ≥4). All paddocks were acidic
(Table 1) with 92% having a pHCa less than 5.5. Fifty-five percent of paddocks had pHCa of 4.5-5.0.
However, only 17% of paddocks had exchangeable aluminum levels greater than 5%. All paddocks
were relatively light-textured with a maximum cation exchange capacity of 12.4 cmol(+)/kg. Seventytwo percent of paddocks had Colwell P above critical levels and 52% had inadequate available S.
Mineral nitrogen varied between paddocks with an average of 16.2 mg/kg (Table 1). Seventy-percent
of sampled paddocks had fertiliser applied in 2017 with single superphosphate (SSP) accounting for
74% of all fertiliser used with 21% of the SSP applied containing molybdenum (Mo). Fertiliser was
applied to 53% of paddocks in 2016 with SSP accounting for 82% of applications. Single
superphosphate application rates varied from 100-250 kg/ha. Only 12% of paddocks had lime applied
in the period 2013-2017. Seventy-three percent of landholders did not know what form of inoculant
had been used when the pasture was sown. In some cases, this was due to the pasture sowing
occurring prior to current ownership. Where the form of inoculant was known, pre-coated seed
accounted for 67% of all inoculant forms. No paddocks sampled had received any additional inoculant
application since the pasture was sown.
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Table 1. Nodulation score and soil chemical results (average, minimum and maximum) for the 0-10cm soil layer from 34
paddocks sampled in a field survey of commercial pasture paddocks in the Australian Capital Territory, Spring 2017.
Measurement
Nodule score (0-8)
pHCa
Al (% of TCEC)
CEC (cmol(+)/kg)
Colwell P/Critical P
Available S (mg/kg)
Mineral N (mg/kg)
Total Carbon (g/100g)
Total Nitrogen (g/100g)

Average
2.0
4.9
2.2
5.3
1.5
12.4
16.2
2.4
0.22

Minimum
0.90
4.3
0
2.2
0.37
3.0
4.9
1.4
0.13

Maximum
3.3
6.7
7.5
12.5
5.0
57
76
4.2
0.41

Discussion
Legume nodulation was compromised with all paddocks sampled having inadequate nodulation.
Therefore, the capacity of pasture legumes to fix N to support high levels of pasture and consequently
livestock production may be limited. Similar results were reported by Hackney et al. (2017) where
average nodulation score was 2.2 across more than 200 paddocks in NSW. However, in that study,
7% of sampled paddocks had adequate or above adequate nodulation (≥ 4), but up to 20% of
paddocks in some sampling regions had a paddock nodule score of zero and this was associated with
moderate to severe soil acidity and limited availability of key plant nutrients. The narrow range in
nodulation scores in this study meant there was little capacity to determine relationship between
nodule score and soil parameters. However, more than 90% of paddocks had a pHCa (<5.5) where
sub-optimal performance of the symbiont for subterranean clover, the dominant legume sampled in
this survey, would be expected. Also of significant concern is the high proportion (55%) of paddocks
with pHCa 4.5-5.0. Legume growth and rhizobia survival is likely to be severely compromised in such
acidic soils (Drew et al. 2016) suggesting a need for amelioration in order to maintain or improve
productivity. This appears to have not been a significant priority for landholders, with only 12% of
paddocks limed in the previous five years. Soil fertility in terms of available P was at or above critical
P in the majority of paddocks, but half were deficient in S in the 0-10cm soil layer. Agricultural
extension programs in the ACT have invested heavily in training landholders in understanding and
managing soil P in training programs such as Landscan and the relatively high levels of available P
and active P management may be attributable to this investment. Similar investment in extension,
particularly with respect to amelioration of soil acidity in ACT pasture paddocks is warranted given
current low rates of lime use.
Conclusions
The results of this survey provide further evidence of the general poor state of legume nodulation in
south-eastern Australian pasture systems. This is likely to be constraining biological N-fixation, overall
pasture productivity and the potential to support high levels of livestock production. A clear finding of
this and the previous NSW survey is the large proportion of sampled paddocks at risk of severe soil
acidification. Urgent attention regarding amelioration of these soils is required to enable optimum
performance of legumes and their associated symbionts. In contrast, management of soil macronutrients, particularly P, appears to be quite good in the ACT with the majority of sampled paddocks
having adequate or above adequate available P. Further research is warranted to determine the
relative importance of soil and management factors in affecting legume nodulation.
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Introduction
Dryland areas in Aceh, Indonesia have not been optimally utilised or managed and have many
productivity constraints (Berek et al., 1995). The typical dryland Podzolic soil in the Jantho district of
Aceh has low levels of soil carbon and nitrogen, low cation exchange capacity and also has low soil
porosity and poor structure (Sufardi et al, 2018). This paper presents the response of soils and the
yields of soybean and sweet-corn grown in monoculture and mixed-cropping systems to the
application of rice husk biochar and cow manure. This is part of an ACIAR project aimed at increasing
the income of small farmers by improving the productivity of dryland crops.
Methodology
A field trial was conducted on a Podzolic soil in Jantho, Aceh Besar District, Aceh Province, Indonesia
from June 2016 to January 2017. There were five soil treatments consisting of 10 t/ha rice husk
biochar and 10 t/ha cow manure, each with and without 400 kg/ha NPK fertilizer (15:15:15). The 400
kg/ha NPK was used as the control treatment and it is referred to as NPK. The biochar had pH 7.5,
35% organic C, 0.53% total N, and 0.02% available P. The cow manure had pH 9.40, 28.5% organic
C, 2.8% total N and 2.6% available P. Soybean and sweet-corn were grown in three planting
configurations into each soil treatment (S1= soybean monoculture with 30 x 30 cm planting space, S2
= sweet corn monoculture with 70 x 30 cm planting space, S3= mixed crop planting of soybean
alternately between the rows of sweet corn. The sweet corn for both monoculture and mixed-crop
were planted 21 days after the planting of soybean. Each treatment combination had three replicates
resulting in 45 trials plots of 3.5 x 2.1 m each. The populations of soybean on monoculture and mixedcrop were 84 and 28 planting holes per plot respectively. Whereas, the sweet corn population both in
monoculture and intercropping were 35 planting holes per plot. The variables measured include soils
(pH, organic C, total N, available P, and exchangeable K at 45 and 95 days after planting (DAP) and
crops (weight of 100 soybean seed, number of imperfect soybean seed per plant, estimate of
soybean yield (t ha-1) from plot yield, fresh weight of corn seed per cob, fresh weight of cob with and
without husk, marketable cob per plot, and numbers of seed per cob. The soil and crop were analyzed
using analysis of variance and continued with LSD 5% if there was a significant difference between
treatments.
Results and discussion
Rice husk biochar increased soil organic C content from 0.57% to 1.08%, though not significantly
different from other treatments (Table 1). Adding nitrogen rich materials such as NPK fertiliser or cow
manure increased soil C to a lesser extent (~0.71%) which could be due to accelerated
decomposition of added or native soil organic matter under the elevated soil N. Except for soil
available P at 45 DAP, none of the soil properties responded significantly to the application of either
rice husk biochar or cow manure (Table 1). The increased available P in all treatments is mainly due
to the added P contained in the fertilizer and the amendments. The 10 ton ha-1 cow manure+NPK
treatment had the highest P due to higher P contained in the manure (23.4 ppm) compared to 12.9
ppm in the biochar. However at harvest (95 DAP) available P was similar for all treatments as most
had been used.
Soybean yield was not affected by soil amendments, while the marketable cobs and number of seed
per cob of sweetcorn significantly increased in soil amended with cow manure+NPK (Table 2). This
suggests that N added from NPK fertilizer or soil amendments alone was not sufficient to achieve
maximum crop yields. For corn, it was sufficient only to support cobs or seed development. The
amount of N applied in the 10-ton ha-1 cow manure + 400 kg ha-1 NPK is estimated to be 104 kg,
which exceeded the 40 kg N requirement for soybean (Salvagiotti et al., 2008) and 83 kg N
requirement for corn(Jellum and Kuo, 1996), suggesting a low efficiency of nitrogen use in this system
(Raun and Johnson, 1999). Therefore to significantly improve fertility of a severely degraded soil such
as this Podzolic, more than 10 ton ha-1 cow manure is likely to be needed (Abujabhah et al., 2016),
together with management practices to increase nitrogen use efficiency. This might not be
economically viable for most smallholder farmers in Aceh, though a small but regular application of
manure may be a more practical option. Although crop yields were not significantly different between
treatments, yield of sweet-corn obtained by using NPK fertilizer only (18.1 ton ha-1) was a large
improvement from 8 -10 ton ha-1 sweet-corn obtained by most dryland farmers in the area.
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For both crops, the monoculture cropping system produced significantly higher yield compared to the
mixed-crop system due to less competition for resources and solar radiation (Table 2). Monoculture
soybean produced 1.82 ton ha-1 compared to 0.63 ton ha-1 in mixed-crop system. Whereas for sweetcorn, the yield under monoculture system was 20.3 ton cob ha-1 compared to 15.07 ton of cob ha-1 in
the mixed-crop system.
Table. 1. Soil chemical changes at 45 and 95 days after planting (DAP) of soybean in a degraded Podzolic
various organic materials
Soil
Soil amendments 45 DAP
SL
Soil amendments 95 DAP
Chemical
SCA
A
A
A
A
A
A
A
A1
A2
A3
0
1
2
3
4
0
0
variables
6.83
6.15
6.19
6.44
6.22
6.12
ns
6.03
6.04
6.21
6.10
pH H2O
0.57
C-Org (%)
0.96
1.08
0.79
0.73
0.71
ns
1.12
1.11
1.14
1.02
0.15
N-total (%)
0.16
0.18
0.16
0.18
0.21
ns
0.14
0.14
0.15
0.15
2.08
P-Av. (ppm)
14.98
18.68
25.50
25.08
28.69
**
9.14
12.55
10.27
12.61

Exc.K (cmol
kg-1)

0.12

0.18

0.20

0.25

0.19

0.22

ns

0.19

0.22

0.21

0.22

soil amended with
SL
A4
5.90
1.06
0.14
14.43

ns
ns
ns
ns

0.28

ns

A0 = NPK 400kg ha-1 (Control), A1 = biochar 10- ton ha-1, A2 = cow manure 10-ton ha-1, A3 = biochar 10-ton ha-1 + NPK 400 kg
ha-1, A4 = cow manure 10-ton ha-1 + NPK 400kg ha-1. SCA=Soil character before amendment. SL=Significance level; ns=non
significant; **= Significance level at P=0.01
Table. 2. Yield of soybean and sweet-corn grown under monoculture and mix-crop systems.
Soil amendments
Cropping System
MixedVariables
SL Monoculture
A0
A1
A2
A3
A4
crop
(S1)/(S2)
(S3)
Soybean
Weight of 100 seed (g)
18.55
18.44
18.37
21.44
22.14
ns
20.83
18.75
ns
Weight of seed per plant (g)
15.64
15.07
17.79
18.13
14.69
15.89
16.64

Weight of seed per plot (kg)
Numb. of imperfect
seed/plant
Yield potential ha-1 (ton)

0.86

0.86

1.00

0.94

0.85

8.99
1.17

9.83
1.16

10.28
9.73
1.36
1.27
Sweet-corn

8.56
1.16

ns
ns
ns

SL

ns

1.34

0.46

ns
**

7.75
1.82

11.20
0.63

*
**

117.18
82.58
114.01
108.48
117.05
FW of seed/cob (g)
ns
124.80
90.92
**
FW of cob with husk/plant (g)
ns
254.43
181.65
**
222.69
192.77
208.47
230.50
235.77
FW of cob with husk/plot (kg)
ns
14.90
11.08
**
13.33
12.12
11.08
12.87
15.55
FW of cob without husk/plot
(kg)
ns
12.61
8.49
**
10.05
10.18
9.62
10.20
12.70
Marketable cob per plot
*
44.60
24.07
**
30.17
31.83
27.33
34.67
47.67
Numbers of seed per cob
*
478.27
353.27
**
409.00
352.00
398.83
449.83
469.17
FW of cob with husk ha-1
(ton)
ns
20.27
15.07
**
18.14
16.49
15.07
17.51
21.08
A0=NPK 400kg ha-1 (Control), A1=biochar 10-ton ha-1, A2=cow manure 10-ton ha-1, A3=biochar 10-ton ha-1 + NPK400 kg ha-1,
A4=cow manure 10-ton ha-1 + NPK400 kg ha-1, SL=sign. level, ns=non sign. **= sign. level at P=0.01, *= sign. level at P=0.05,
FW=Fresh weight.

Conclusions
The application of 10 t ha-1 rice husk biochar or cow manure into the degraded dryland Podzolic in
Jantho, Aceh Besar district, did not improve soybean yield. This suggests that this soil needs a higher
rate of amendments and better fertiliser management to significantly improve production. In a
depleted soil, it is better to grow corn and soybean crops in monoculture than in mixed-crop systems.
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Introduction
Currently in Western Australia, about twice as much P is applied to grain crops as is removed in
harvested grains (Weaver and Wong 2011). The proportion of unused P that accumulates versus that
lost will vary with soil type, landform and climate. In 100,000 agricultural soil samples in South-west
WA collected during 2008-2010, 90 % had soil test P levels above the critical concentrations for crop
growth. On P-adequate soils, there is a need to shift P fertilizer application to maintenance rates,
while increasing the application of lime if the soil is also acid. A major block to adoption of a P
maintenance fertiliser strategy is the availability of guidance on appropriate P rates and practices and
evidence that yield will not suffer. Growers understandably want to see evidence that using less P
would not adversely affect yield and profits. Since it is still unclear what P rates constitute a P
maintenance level, P rates were varied in the present field experiment in a high rainfall environment
from zero to > 20 kg P/ha/year and effects on yield of canola-barley-canola-barley crops, as well as
on soil Colwell-extractable P, were assessed over 4 years.
Methodology
The field experiment was started in 2014 on a farm 21 km south-west of Kojonup on a grey sandy
duplex that had been under pasture for seven years. Mean annual rainfall at the nearby Chamingup
station (BOM accessed 24 May 2017) is 543 mm. Before planting the soil had a Colwell-extractable P
level (0-10 cm) of 42 mg/kg while 0-10 cm pHCaCl2 was 5, dropping to 4.5 at 20-30 cm. The PBI for
0-10 cm depth is 30-33. The experiment varied P inputs to determine a suitable P maintenance level
with and without lime application (2 t/ha applied in 2014).
P treatments (kg P/ha/yr):
P treatment
1. Replacement P
2. Current P
3. Liquid starter P

2014 Canola

2015 Barley

2016 Canola

2017 Barley

Total in 4 years

2

21

13.6

5.3-6.4

41.9-43

13.6

13.6

13.6

13.6

54.4

2

2

2

2

8

4. No P

0

0

0

0

0

5. High P

27

21

21

21

90

The replacement P treatment added the amount of P removed in the previous year’s grain harvest.
The liquid starter P was designed to provide a soluble P supply close to the seed so that early
seedling growth was not hampered by limited available P. The high P treatment was added to ensure
that no P deficiency limited crop growth in the Current P rate, which is the rate applied by the farmer.
Results
The site was selected based on soil properties sampled on 11 February 2014 that confirmed more
than adequate Colwell-extractable P and an acid subsoil (Table 1). Over time, soil pH in unlimed plots
declined. Colwell P levels with the current rate of P fertiliser remained fairly steady between Feb 2014
and Jan 2018.
Canola yields in 2014 were high (3.4 t/ha) but were unaffected by either P rates (0-27 kg P/ha) or lime
application (0, 2 t/ha). There was no significant effect of the P rates and lime levels on Colwell P after
harvest in 2014. Lime increased pHCaCl2 at 0-10 cm depth in 2014 from 4.9 to 5.5. Removal of P in
canola seed was equivalent to 20.5 - 23.8 kg P/ha.
In 2015, again there was no effect of P treatments ranging from 0-21 kg P/ha on barley yield.
However, lime increased mean barley yield from 4.1 to 4.4 t/ha. In 2016, lime again increased canola
yield by 20 % (0.81 to 0.97 t/ha) while P treatments had no effect on yield. In 2017, with the same
treatments re-applied, barley yields increased with liming (4.5-4.9 t/ha) but not among the P
treatments. The Colwell P levels at 0-10 cm depth have begun to decline when no P was applied for 4
years, but not with the replacement P application.
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Lime response was not expected in year 1, given that pHCaCl2 in the 0-10 cm layer was 5 (Gazey
and Davies 2009). The pHCaCl2 increased with 2 t of lime/ha to 5.5 in 2014. The pHCaCl2 below 10
cm in unlimed soils was 4.5 - 4.2. In 2015, the 2 t of lime/ha increased barley grain yield which may
be related to either on-going acidification in the subsoil of control plots, the sensitivity of barley to
acidity or to the lower than average rainfall in July and October, which may have accentuated the
effects of subsoil acidity on root growth in unlimed plots. Lime continued to boost canola yield in 2016
and barley yield in 2017. These results, albeit from a single site, suggest that on acid soils with more
than adequate Colwell P, there is scope for shifting some expenditure from P fertiliser to lime
application.
Table 1. Soil properties during site selection (11 February 2014), after harvesting canola as crop 1 (22 Dec 2014), before
sowing canola as crop 3 (May 2016) and after harvesting barley as crop 4 (Jan 2018) (0-10 cm unless otherwise stated).
Values are means for unlimed plots.
Property
pH CaCl2 (0-10 cm)
pH CaCl2 (20-30 cm)
Org C %
Colwell P mg/kg
nd – not determined

Feb 2014
5
4.2
1.59
42

Dec 2014
4.90
4.47
2.27
46.6

May 2016
4.69
4.51
1.89
42.5

Jan 2018
4.52
4.55
nd
40.8

Conclusions
The results are in line with the hypothesis for the experiment. Given initial Colwell P levels of 42
mg/kg, which was well above the critical concentration for a sandy duplex (see Bell et al. 2013), we
predicted that available P supply would be more than adequate for crop growth. The plant available P
levels, even with no P fertiliser added, have apparently continued over 4 years to be sufficient for
yields of two canola and two barley crops. Over 4 years, the replacement P rate which achieved the
same crop yield and Colwell P levels (0-30 cm) over 4 years was about 2-3 kg of P/ha/yr less than the
current rates used by the farmer. The experiment will continue in 2018 and beyond to determine the
rates of P rundown over time where P is added at less than maintenance rates. Fractionation of P will
be assessed to determine the main pools of P that maintain plant available P. Further studies of this
type are needed over a diverse range of soil types and agro-ecological zones in the WA wheatbelt to
develop rules of thumb that can guide site-specific P maintenance rates for grain cropping, and to
more clearly delineate the soils where replacement P is adequate to maintain soil P levels from those
where P responses are still obtained when insufficient P fertiliser is applied, or where P rates applied
need to allow for on-going slow reactions of fertiliser P with soils.
Keywords: Colwell P, sandy loam, P uptake.
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Introduction
Phosphorus buffer capacity (PBC) is the slope of the soil P sorption curve relating solution P
concentration (x axis) to sorbed P (y axis), thereby describing the relationship between the Quantity
aspect (sorbed P) and the Intensity aspect (solution P) of P availability. Measurement of PBC is
essential for assessing soil P status for crop/pasture growth and the likely availability of applied P
fertilizer. It can also indicate the environmental risk to water quality of runoff (solution P) and sediment
(sorbed P) from fertilized soils, and assess whether sorbed P will desorb into the solution phase as
suspended sediment moves from a freshwater to an estuarine and marine environment in river
discharge. The single point phosphorus buffer index (PBI) (Burkitt et al., 2008) is widely used in
Australia to benchmark the PBC of soils, and this paper provides an overview of the various
productivity and environmental applications of PBI and associated measurements.
Methodology
Intrinsic P Buffer Capacity
Intrinsic P Buffer Capacity is the Freundlich equation- linearized slope of the P sorption curve passing
through the origin (x-axis zero solution P; y-axis zero sorbed P), and is determined using the
‘corrected’ PBI methodology whereby initial Colwell-P is added to freshly sorbed P to calculate
PBIColwell (Burkitt et al. 2002).
Segment P Buffer Capacity
Segment P Buffer Capacity is the slope of the segment of the P sorption curve straddling the current
soil solution P concentration and can be calculated by the following formula:
PBISegment

=

Psorbed from 1000mg P/kg addition (mg/kg)

∆ Psoln0.41
where ∆ Psoln is the solution P concentration (mg P/L) change caused by 1000mg P/kg soil.
PBISegment uses the same methodology as PBIColwell (Burkitt et al., 2008) but without addition of
Colwell-P to Psorbed. Colwell-P correction to Psorbed is not required because ∆Psoln is caused by the
freshly sorbed P only, and the Freundlich equation-linearized slope therefore measures:
∆Psorbed/corresponding ∆Psoln.
Case study soils- soil P status and fertilizer P requirements
Soil samples (0-10cm) were collected from Ferrosols at four localities under dairy pastures on the
Atherton Tableland (A-Kairi, B-Malanda, C-Millaa Millaa, D-Butchers Ck). At each locality, samples
taken from adjoining pastures with different histories of P fertilizer application (designated
‘Unfertilized’ and ‘Fertilized’). Samples were analysed for Colwell-P (Method 9B2, Rayment and
Lyons, 2011); P sorption curves (1:10 soil:0.01M CaCl2; 18h) were determined with added P
increments ranging from 20 to 1,000mg P/kg soil. PBIColwell and PBISegment were calculated as above.
Case study sediments- sorbed P transition from freshwater to marine conditions
Simulated (<10um) sediments were generated by laboratory sedimentation processes from
representative surface and sub-surface soils of the Johnstone and Burdekin-Bowen Catchments,
Queensland (Burton et al., 2015). PBIColwell was calculated for sediments suspended in either
deionized water (simulated freshwater) or 0.5M NaCl (simulated seawater).
Results
Intrinsic P Buffer Capacity is measured as PBIColwell and has been used to adjust critical soil P test
values for providing guidance on whether or not soils are potentially P deficient for specific crops
(Table 1). From an environmental perspective, PBIColwell has been used to assess the environmental
risk of off-site P movement and to infer the bioavailability of sediment-bound P as sediments move
from freshwater to marine environments (Table 1).

Table 1. Variants of PBI and accompanying analyses required for various productivity and environmental applications.
Application
Soil P status
P fertilizer requirement
Risk of P loss in runoff/ sediment
Water quality effects on sorbed P

Parameters
Critical Colwell-P for pasture: 41 (Soil A)-50 mg/kg (Soil C)
PBIsegment or PBIColwell
Colwell-P/PBIColwell; 0.30-0.48
PBIColwell

99

Reference
Moody (2007)
This paper
Moody (2011)
Burton et al. (2015)

From a productivity perspective, questions have been raised about the appropriateness of Intrinsic P
Buffer Capacity (measured as PBIColwell) for measuring the P buffer capacity of fertilized soils (Burkitt
et al., 2008). If PBIColwell shows a different response to fertilizer addition than PBISegment, then PBIColwell
is indeed inappropriate for assessing the P buffer capacity of fertilized soils. PBIColwell and PBISegment
were both significantly (P<0.05) lower for fertilized Soils A and C (indicating permanent blocking of
some P sorption sites by fertilizer addition), whereas both indicators indicated no fertilization effect on
P buffer capacity for Soil B (Table 2). However, the PBI indices gave conflicting results for Soil D. For
the unfertilized soils, PBISegment=0.964*PBIColwell (R2= 0.999), whereas for the fertilized soils,
PBISegment=0.865*PBIColwell (R2= 0.986), indicating PBIColwell systematically overestimates P buffer
capacity of fertilized soils.
Table 2. Changes in Colwell-P (mg/kg), PBIColwell and PBISement (0-10cm) caused by P fertilization of four Ferrosol.s. Standard
errors are in parentheses
A

B

C

D

Unfertilized

Fertilized

Unfertilized

Fertilized

Unfertilized

Fertilized

Unfertilized

Colwell-P

37

97

25

139

44

171

20

Fertilized
122

PBIColwell

259 (3)

226 (3)*

278(5)

298 (5)

526 (8)

357 (6)*

389 (7)

406 (2)

PBISegment

247 (3)

200 (3)*

270 (5)

256 (5)

503 (8)

299 (6)*

381 (7)

359 (2)*

From an environmental perspective, there is a risk of off-site P movement from all fertilised sites
except Site D (Table 1). For sediments, PBIColwell in marine water was related to that in freshwater
(Burton et al., 2015) by the equation: PBI(marine)=0.99*PBI(freshwater) (R2=0.897, n =21), indicating
no change in the P buffer capacity (P sorption ability) of sediments in response to increasing salinity.
Conclusion
PBIColwell can be used to measure the soil PBC for both productivity (soil P status) and environmental
(environmental P risk of runoff/sediments; effect of salinity on P buffer capacity) applications.
However, PBISegment gives a more accurate indication of the added P needed to raise the Colwell-P
status of the soil than PBIColwell. Note that PBISegment requires measuring solution P at zero added P as
well as at the 1000mg P/kg soil addition when determining PBI.
Keywords: Phosphorus buffer index, Colwell-P, sediments, soils, critical soil test values
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Introduction
Fertilizers are a significant input cost (range from 20 to 30%) of grain production in Australia.
Phosphorus (P) is the second most important nutrient for plant growth and modern agricultural
production systems rely on its application. Therefore, an accurate estimate of P application and plant–
soil interactions that enhance P availability to plants are of significance importance in making P use in
global agriculture more efficient and sustainable. In cropping systems, various species are grown in
sequence that have potentially different critical external P requirements. These differences in P
requirements are not well understood, especially for grain legumes for which there is renewed
commercial interest. In an effort to better understand likely P requirement differences among crop
species, a controlled environment study was undertaken comparing various crop responses to P
addition.
Methodology
Nine crop species, including seven grain legume varieties, (Table 1) were grown in a low P soil
(Colwell 8.6 and 4.2 mg/kg for the 0-10 and 10-40 cm respectively, PBI 42), amended by mixing
potassium (K) phosphate (KH2PO4) into the topsoil (0-10 cm depth) at 0, 15, 30, 60, 90, 140, and 250
mg/kg. Basal nutrients were added, K was balanced across P rate and the seven crop legume
species were inoculated with an appropriate rhizobium to ensure that only P was limiting. Plants were
grown in 40 x 10 cm diameter pots and harvested at 6 weeks from emergence. At harvest, shoot dry
matter was determined. Soil from the plant rhizosheath and bulk soil was tested for pH and P levels.
Roots were harvested in two sections: the topsoil (P-amended) layer (0-10 cm), and the un-amended
(10-40 cm) subsoil layer. Topsoil root measurements included: root length and average root diameter
using WinRHIZO, and root hair length. Root dry matter was measured in top and subsoil sections.
Specific root length (SRL) and root hair cylinder volume (RHCV) were calculated for the topsoil layer.
To explain the mechanisms of rhizosphere processes influencing P acquisition, we conducted a
metabolite profiling of rhizosphere soil. Results are presented for three of the nine species. These are
Triticum aestivum cv. Beckom, Lupinus albus cv. Luxor and Vicia faba cv. Samira. Data presented
include shoot dry matter (g/pot), rhizosheath pHCaCl2 in the 0-10 cm layer and rhizosheath Colwell P
(mg/kg).
Table 1. Genus, species, common name and variety of crop species grown.

Genus
Triticum
Hordeum
Brassica
Cicer
Cicer
Lupinus
Lupinus
Lens
Pisum
Vicia

Species
aestivum
vulgare
napus
arietinum
arietinum
albus
angustifolius
culinaris
sativum
faba

Common name
Wheat
Barley
Canola
Chickpea
Chickpea
Broadleaf lupin
Narrow leaf lupin
Red lentil
Field pea
Faba bean

Variety
Beckom
La Trobe
Pioneer 44TO2
Genesis 090
PBA Slasher
Luxor
Mandelup
PBA Hurricane
Oura
Samira

Results
There was a significant species by P rate interaction for shoot dry matter indicating that species
responded differently to increasing levels of applied phosphorus. Beckom wheat (Triticum aestivum)
and Luxor lupin (Lupinus albus) significantly increased shoot dry matter (P < 0.05) by 2.35 and 0.95
g/pot compared to the unamended (0 P applied) pots respectively. Critical soil P values applied P
mg/kg) for wheat and lupin were 133-178 and 89-145 for 90 and 95% of maximum yield. In contrast,
Samira faba bean (Vicia faba) showed no significant shoot dry matter response to applied P and
consequently no critical soil P value could be determined. Maximum shoot dry matter occurred at 140
mg/kg applied P for Beckom wheat and Luxor lupin. The proportion of P in shoot dry matter increased
with increasing P rate for Beckom and Luxor. However, tissue concentrations only reached levels
considered adequate at 90 mg/kg applied. P Samira faba bean had the highest tissue P at 0 and 250
mg/kg respectively.
Rhizoshealth soil pHCaCl2 in the 0-10 cm layer was significantly impacted by applied P in Samira
(P<0.05) but not in Luxor or Beckom. Samira showed a more consistent trend for lower pH at lower
levels of P while Luxor showed a declining pH with increasing rates of applied P and this was more
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prominent where the P0 application rate was ignored across P rate comparisons. There was no effect
of species or P rate on the soil bulk pH (pH 5.47 CaCl2) in the 0-10 cm layer.
Rhizosheath Colwell P (mg/kg) increased with increasing rates of applied P. There was also a
tendency for Luxor and Samira to have lower Colwell P rhizosheath values than Beckom. However,
this was only significant for Luxor compared with Beckom at the 60 and 90 rates of applied P. The
Colwell P values of the bulk soil showed no P x species interaction and were only significantly
increased by rate of applied P.
Table 2. Mean shoot dry matter (g/pot), rhizosheath pHCaCl2, proportion of P in shoots, and rhizosheath Colwell P (mg/kg) for
seven P rates in the 0 to 10 cm soil layer of pots growing Beckom, Luxor and Samira.
P rate (mg/kg)
Species
Wheat
Broadleaf lupin
Faba bean
Wheat
Broadleaf lupin
Faba bean
Wheat
Broadleaf lupin
Faba bean
Wheat
Broadleaf lupin
Faba bean

0
15
30
60
Shoot dry matter (g/pot)
0.629
1.107
1.384
2.237
2.064
2.279
2.387
2.284
4.745
4.449
4.239
4.429
Shoot P Concentration (P/g of shoot dry weight)
0.152
0.150
0.154
0.176
0.173
0.191
0.199
0.221
0.239
0.152
0.184
0.182
Rhizosheath pHCaCl2 of 0-10 cm layer
5.98
6.07
6.13
6.08
5.49
5.71
5.67
5.46
5.61
5.97
5.83
5.92
Rhizosheath Colwell P (mg/kg)
15.25
23.64
29.41
38.76
11.81
16.41
19.11
23.94
14.84
19.84
23.59
34.89

90

140

250

LSD 5%

2.339
2.567
4.507

2.982
3.014
4.703

2.939
2.879
4.789

0.6261

0.201
0.223
0.188

0.244
0.243
0.191

0.338
0.282
0.271

0.0586

6.04
5.44
6.13

5.93
5.26
5.95

5.89
5.37
6.23

0.424

51.61
31.21
45.79

55.54
49.29
48.11

111.15
88.84
99.76

10.4

Conclusions
The nine crop species (only three provided in this abstract due to space limitation) varied in P-uptake
and in physiological response when supplied with 0 to 250 mg/kg P. Considerable genotypic variation
in shoot weight, root weight, root length and root rhizosheath response was found. Some species
were more responsive with respect to root length and root hair cylinder volume (data to be presented),
while for other species change in biomass allocation were variable. Significant amounts of metabolites
were released, and carboxylate composition varied (data to be presented) with species and shoot P
status. Rhizosheath pH differed among species and with P status. Further testing is warranted to
determine the extent to which lupin and faba bean have lower external critical P requirements
compared with wheat.
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Introduction
The majority of phosphorus (P) in alkaline soils is present as sorbed and minerals forms, with calcium
phosphates (CaP) the predominant mineral form (Pierzynski, et al., 2005). The solubility of these
minerals increases as the pH decreases below 8 and as the concentration of calcium (Ca) and/or P in
solution decreases (Andersson et al., 2016). Slow equilibration and ongoing soil processes also
influence P solubility. Such process include repartitioning to sorbed (Weng, et al., 2011) or mineral
phases (Hinsinger and Gilkes, 1995). Here we investigated the effect on P phases of incubating three
alkaline Vertisols in solution at different pH levels, hypothesizing that 1) acidification of the Vertisols
will result in some P repartitioning from mineral to sorbed forms, and 2) the resultant P phases will
yield increased bicarbonate-extractable P concentrations.
Methodology
Samples of each of the three soils were incubated at 1:5 soil:solution ratios for 10 days in four
different solutions ranging from pH 7.5 to pH 3.8. The vials were tumbled for the first 16 h of
incubation, then shaken for two min on subsequent days to re-suspend the sediment. The final pH
was measured after 10 d and the concentration of P in solution was measured. The suspensions were
centrifuged and filtered, and residues were dried then homogenised and stored prior to analysis.
Synchrotron based P K-edge X-ray absorption near-edge structure (XANES) analysis (Andersson et
al 2016) and geochemical modelling Gustafsson 2015), along with measures of P sorption (PBI),
water-soluble P, bicarbonate-extractable P and BSES-P (Rayment and Lyons 2011), were used to
investigate the speciation and mobility of P in the soils. Soil mineralogy was measured by quantitative
Reitveld X-ray diffraction (XRD) (Raven and Self, 2015).
Results and Discussion
Each technique indicated that under acidic incubation CaP species initially present in the untreated
soils would dissolve and contribute to other P species. In each soil, modelling indicated
hydroxyapatite (and other CaP species in Soil 2) as a stable phase at the initial alkaline pH, then that
those previously stable phases would tend to dissolve in the acidic incubations. This modelling
supported the XANES analyses that identified decreasing concentrations of CaP species with
acidification and increasing smectite-P; smectite was the dominant clay mineral identified by XRD in
each soil. Further, increases in the concentrations of soluble and bicarbonate-extractable P with
acidification coincided with the decreases in the modelled stability and the concentrations of CaP
species. In the two moderate-P soils (total ~800 mg P kg–1), XANES indicated that approximately 160
mg kg–1 was repartitioned to sorbed phases (equilibrated at pH 5.1 in one soil and pH 4.4 in the
second soil) though only 64 and 45 mg kg–1, respectively, was in solution or extractable with
bicarbonate from the residual sediments. At pH 5.5 and pH 3.8 in the high-P soil (total 8900 mg P kg–
1), XANES indicated a decrease in CaP of 185 and 1170 mg kg–1, respectively, of which
approximately 40 and 390 mg kg–1 were in solution or extractable in bicarbonate. Measures of BSESP and PBI, however, were relatively stable.
The increased soluble and bicarbonate concentrations were only a small fraction of the CaP dissolved
in each soil. These findings indicate substantial repartitioning of P from mineral to intermediate
mineral and to sorbed forms. The sorbed forms may not be as available as prior to acidification and
repartitioning, so far as bicarbonate extractions represent relatively available forms, even though
increases in P sorption were not measured (e.g. Gérard 2016). Various crops acidify their rhizosphere
commonly by 2 pH units and up to 2.7 pH units (Gollany and Schumacher 1993). Such acidification
with concurrent plant uptake may draw down soil P more efficiently than acidification due to nitrate
leaching or the oxidation of elemental sulfur.
Conclusions
The availability of acid-soluble-P to plants will depend on the pH buffer capacity, plants’ capacity to
acidify the rhizosphere, the solubility of different CaP phases that constitute the P reserves, and the
characteristics of P sorption. Only low proportions of P dissolved to the soil solution by cultural
practices may be available to plants due to strong sorption or re-precipitation. In comparison,

rhizosphere acidification with concurrent P uptake may more efficiently utilize pools of CaP over a
longer period.

103

Keywords: Phosphorus equilibration, linear combination fitting, bulk P K-edge XANES, calcium
phosphate, repartitioning.
References

Andersson KO, Tighe MK, Guppy CN, Milham PJ, McLaren TI, Schefe CR, Lombi E (2016) XANES
demonstrates the release of calcium phosphates from alkaline Vertisols to moderately acidified solution.
Environmental Science & Technology 50, 4229-4237.
Gérard F (2016) Clay minerals, iron/aluminum oxides, and their contribution to phosphate sorption in soils — A
myth revisited. Geoderma 262, 213-226.
Gollany HT and Schumacher TE (1993) Combined use of colorimetric and microelectrode methods for evaluating
rhizosphere pH. Plant & Soil 154, 151-159.
Gustafsson JP (2015) Visual MINTEQ. V3.1. http,//vminteq.lwr.kth.se/.
Hinsinger P, Gilkes RJ (1995) Root-induced dissolution of phosphate rock in the rhizosphere of lupins grown in
alkaline soil. Soil Research 33, 477-489.
Pierzynski GM, Logan TJ, Traina SJ (1990). Phosphorus chemistry and mineralogy in excessively fertilized soils,
solubility equilibria. Soil Science Society of America Journal 54, 1589-1595.
Raven MD, Self PG (2015) XRD Report – Quantitative XRD Analysis of Vertisol Soil Samples. CSIRO, Australia
Weng L, Vega FA, Van Riemsdijk WH (2011) Competitive and synergistic effects in pH dependent phosphate
adsorption in soils, LCD modeling. Environmental Science & Technology 45, 8420-8428.

104

Estimating phosphorus concentrations for soils receiving high nutrient inputs
1

B. Enman1 and R.A. Lawrie2

Earthwise Environmental Consultants, Thirroul, NSW, 2515. E-mail: brett@earthwiseenvironmental.com.au
2
Soils and Landscape Studies, Scarborough, NSW, 2515

Introduction
Tracking phosphorus (P) concentrations in soils receiving high nutrient inputs is an important
component of good land management, especially when considering that phosphorus based fertilizers
are relatively expensive and if soil phosphorus concentrations are already adequate for plant growth
then further additions of P are unlikely to produce a growth response. Examples of farms which
receive high phosphorus inputs include market gardens, piggeries and dairy farms; especially in
laneways and adjacent to feeding troughs (Lawrie et al., 2004). In the case of intensive vegetable
gardens in western Sydney, Chan et al., (2007) found a mean (n= 30) P concentration (Colwell
extract) of 273 mg/kg and mean Total P (using hot acid extractable P method, USEPA, 1996)
concentration of 1436 mg/kg.
Other land areas which receive high nutrient inputs are usually found adjacent to food processing
plants producing high volumes of wastewater which cannot be disposed of directly to waterways for
environmental reasons, therefore land application is the most common re-use option. Soil P test
concentrations in these areas may exceed 500 mg/kg (Colwell P) and 2500 mg/kg (Total P).
Under the NSW Protection of Environment Operations Act 1997 the land application of nutrient rich
waste water is permitted providing beneficial re-use can be demonstrated and the land capability is
maintained in perpetuity. Many Environmental Protection Licences issued by the NSW EPA require
the licensee to test for both Total P and plant available P (either Bray or Colwell extracts). The total P
laboratory method (also known as the pseudo total) extracts around 70% of soil phosphorus (Norrish
& Rosser, 1983). We aimed to develop a model which can be used to estimate either Colwell P or
Total P concentrations provided there is sufficient baseline soil P data.
Methods
We collected data (n=99) on phosphorus concentrations from a range of soils from coastal floodplains
NSW (Tenosols, Dermosols, Chromosols, Kurosols and Hydrosols) with a long history of receiving
high nutrient inputs. We used soil data where both Colwell P and Total P was available. The data was
graphed to identify whether any correlations existed between the two (Figure 1). The majority of the
soils were tested at the NSW Department of Primary Industries soils laboratory, Wollongbar during
2016 and 2017. Some older data (from 2000) were from samples tested by the Incitec Pivot
Laboratory, Gibson Island in 2000. We calculated the proportion of Colwell P to Total P and used
regression analysis to see how the model fitted. We backed co-related the data to test the predictive
capacity of the regression.
Results and Discussion
Comparison of Total P & Colwell P (>50 mg/kg)
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Figure 1: Graphs showing the relationship between Colwell P and Total P for soils where Colwell P was than 50 mg/kg (left)
and then greater than 50 mg/kg (right).

Where Colwell P was less than 50 mg/kg the soils (n=30) were mostly from the subsurface or deeper
(100 cm max). Most of the high Colwell P group (n=69) were medium textured surface (0-10 cm) or
near surface (10-20 cm) soils. Where the Colwell P concentrations are greater than 50 mg/kg we
found a strong relationship between Total P levels and Colwell P (r2 = 0.9227) for this group of soils. A
similar correlation (r2 = 0.85) was found in Sydney market soils (Chan et al., 2007). Based on our data
the Colwell P test extracts about 19 ± 6.2% of the pseudo total phosphorus (note the high
standard.deviation).
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The soil pH of the high Colwell P group (i.e. > 50 mg/kg) ranged from 4.3 to 7.8 (in 0.01 M CaCl2)
suggesting that the relationship to Total P was not pH dependant in these nutrient rich soils, even
though the Colwell extract test is normally recommended for soils which are neutral to slightly
alkaline. Soils in this group usually have very high organic matter contents with many of our samples
containing over 5 % organic carbon. On the other hand in the group with Colwell P concentrations
less than 50 mg/kg the organic matter content was low (0.2 to 3% organic carbon).
The proportion of Colwell P to Total P was low in the group where Colwell P was below 50 mg/kg
(mean 3.9%, range 1 to 8 %, median 4%). This is comparable to the mean proportions found in the
market garden reference (uncultivated) soils; i.e. mean 4.7 % at 0-10 cm and 2.8 % at 10-20 cm.
(Chan et al., 2007).
For our high group the mean and median proportion of Colwell P to Total P was 19% with a range of 6
to 38 %. In the cultivated market garden soils the mean proportion was also 19 % at 0-10 cm and
19.6% at 10-20 cm (Chan et al., 2007).
Conclusions
For soil testing on a limited budget the hot acid extract test can be useful for not only determining
phosphorus concentration but also providing trace metal concentrations. Our model gave the best
estimate of Colwell P when Total P concentrations (from the same hot acid extract) were greater than
1000 mg/kg. Similarly, if only Colwell P test data is available and the figure exceeds 200 mg/kg the
model gave a reasonable estimate of the Total (or pseudo total) P concentration. Our data supports
the regression analysis performed on the market garden soils (Chan et al., 2007) and expands the
range of soils applicable to include those receiving nutrient rich waste from food processing factories
and paddocks receiving livestock manure.
Although there are other soil types which are inherently high in phosphorus which have not been
tested in this study our model can be useful to help determine either Colwell P or Total P
concentrations from past soil tests when either one of these tests was not performed or is available.
Keywords: phosphorus, monitoring, nutrients
References
Chan KY, Dorahy C, Tyler S, Wells T, Milham P, Barchia I (2007) Phosphorus accumulation and other
changes in soil properties as a consequence of vegetable production in the Sydney region, Australia.
Australian Journal of Soil Research 45,139-146.
Lawrie RA, Havilah HJ, Eldridge SM, Dougherty WJ (2004) Phosphorus budgeting and distribution on
dairy farms in coastal. New South Wales. SuperSoil 2004. 3rd Australian New Zealand Soils
Conference. Australia, University of Sydney. 5 – 9 December 2004. www.regional.org.au/au/asssi/
Norrish K, Rosser H (1983) ‘Mineral phosphate’, Soils: an Australian viewpoint’, Division of Soils,
CSIRO, pp. 335-61, CSIRO Melbourne.
US EPA (1996) “Method 3050B: Acid Digestion of Sediments, Sludges, and Soils,” Revision 2.
Washington, DC.

106

Influence of P removal or changes on P availability and P pools in
detritusphere soil
Kehinde O. Erinle, Ashlea Doolette, Petra Marschner

School of Agriculture, Food and Wine, The University of Adelaide, South Australia

Introduction
The effect of the addition of crop residues to soil has been extensively studied, however, little is
known about their effect on P pools in the detritusphere and how these pools change if P is removed
or added. Thus, an experiment was conducted to determine the effect of crop residue removal and
replacement with anion exchange membrane (AEM) on P pools in the detritusphere.
Methodology
Detritusphere soil was generated by placing faba bean residue (20 g·kg-1; C/P ratio 38) between two
PVC caps filled with loamy sand maintained at 50% water holding capacity. The residues were placed
between two fine nylon meshes. Then, the open ends of the caps were pressed together, and held in
place with rubber bands. The control had no residues between the caps. After two weeks incubation,
the residues and the meshes were removed and either replaced with three AEM strips (approximately
6×2 cm each), or not. The strips were replaced every two days for two weeks. P sorbed to the strips
(AEM-P) was determined after removal. After one and two weeks, bioavailable P pools (readily
available P pools: CaCl2 and anion exchange P; P bound to soil particles: citrate and HCl-P; and
microbial biomass P,MBP) were measured in soil at 0-1 mm from the surface. In a second
experiment, the influence of a change of residues types on P pools in the detritusphere was
determined. Detritusphere soil was generated with either mature barley straw (H; high C/P 255) or
faba bean (L: low C/P) residue. After two weeks of incubation, the residues were replaced with either
a H or L, resulting in four residue treatments: high-high (HH), high-low (HL), low-low (LL) or low-high
(LH). The control was unamended throughout. P pools were measured in soil at 0-1 mm from the
surface after the first (day 14) and second (day 28) residue additions.
Results and discussion
AEM-P was greater with faba bean than the control and greater after 7 days than 14 days. Removal
of P by AEM decreased most P pools in faba bean detritusphere. In the second experiment, P pools
and available N were higher, but MBP and MBN were lower in L than in H. In HL, readily available P
and available N were slightly higher, but MBP and MBN were lower, than in L. P pools, available N
and MBN were higher in LH than in H, but were lower than in L.
Conclusions
This study showed that within 14 days, P pools in the detritusphere are influenced by P supply and P
removal and that a change in the C/P ratio of added residue can either decrease or increase
concentrations of various soil P pools.
Keywords: C/nutrient ratio; Detritusphere; Nutrient availability.
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Introduction
Smallholder farming systems in Papua New Guinea (PNG) are intensifying and becoming increasingly
reliant on cash cropping. Farmers are now commercializing agricultural production to maintain a
consistent cash flow and improve their standards of living. The diversification from subsistence
farming to cash cropping has implications for nutrient dynamics and soil fertility. The aim of this work
was to quantify the movement of nutrients during crop harvest in smallholder food gardens in the
highlands of PNG.
Methodology
The study was conducted on six farms in Bena (6°04’S 145°27’E) in the Eastern Highlands of PNG.
Crops were sampled at maturity, separated into various parts, weighed, dried, ground and analysed
for nutrient contents.
Results and Discussion
Crop harvest management
When crops are harvested, they are separated into parts for consumption; for example, the tuber
crops are peeled or nuts are shelled. If sold in the market the whole product is taken to the market
resulting in loss of all nutrients from the farm. Broccoli was the crop with the highest concentration of
K in the exported product. Most of the K is located in the leaves (Table 1). When broccoli is
harvested, leaves that have been damaged by insects or disease are removed. If the crop is prepared
at home the leaves are fed to the pigs or applied to a garden near the house. To protect quality of
marketed broccoli, the leaves are left on top of the crop to help prevent them from wilting before sale.
If the crop is processed at the market, the leaves are discarded in the market rubbish area, which
represents an unnecessary loss of nutrients, especially K, from the garden system. Thus there is a
‘conflict-of-interest’ between soil nutrient management and product marketing
For many crops, the farmer can either uproot the whole plant (including stem and leaves) and take it
home for processing, or process in the garden. In peanut, most of the N, P and K are located in the
seed, but the leaves, stem and shell together export a substantial amount of nutrients if the whole
plant is uprooted and taken out of the garden (Table 1). If processed in the garden, the nutrients in the
stem and leaves are retained in the plots and added back to the soil. Longanathan and
Krishnamoorthy (1977, cited in Wichmann, 1992, pg. 202) also reported that, of the nutrients in
peanut plants, 40% of the N, 42% of the P and 17% of the K was in the kernel. Loss from the system
of nutrients in the seeds cannot be avoided. In-field processing is not possible for crops such as
pineapple, cassava and sweet potato, yet the skins and pineapple crown removed during preparation
for eating contain valuable nutrients that could be returned to the garden of the consumer.
This choice of home or garden processing is influenced by the distance of the gardens from the
house. For example, with peanut, if the garden is near to the house, the farmer prefers to uproot the
whole plant and process it at home, where it is more comfortable. This practice results in a loss of
nutrients from the garden. If the gardens are further away, the farmer might decide to process the
peanut in the garden before taking it home, to lessen the load to carry. Even so, the farmer often
prefers to process the peanut at the side of the garden, usually under a tree, away from the heat of
the sun. In this case, nutrients are still removed from the plot. However, it would be a fairly easy for
the farmer to disperse the waste leaves and stems back to the garden plot. Therefore, these
‘convenience’ factors determine whether nutrients are retained or lost from the garden.
Conclusion
The process of crop harvesting and preparation results in the production of residues or wastes that
might be better managed to retain nutrients. However, this option may be perceived as inconvenient
and not practiced because the value of the nutrients in the waste is not appreciated. Therefore,
adoption of nutrient retention strategies will require education about the value of nutrients in waste
products versus the value of convenience.

Table 1 Mean content of nutrients in plant parts of harvested crops
N
P
K
Plant part

g/kg FW harvested crop

Broccoli head

2.15

0.32

2.06

Broccoli leaves

1.93

0.23

2.93

Broccoli stem

0.47

0.08

1.22

Bulb onion flesh

1.30

0.24

1.35

Bulb onion leaves

0.37

0.04

1.06

Bulb onion skin

0.10

0.02

0.15

Cassava flesh

1.17

0.35

2.94

Cassava skin

0.43

0.05

0.51

Cauliflower head

0.54

0.05

0.77

Cauliflower leaves

2.19

0.17

2.44

Cauliflower stem

0.29

0.03

0.59

Peanut leaves and stem

2.51

0.16

0.90

Peanut seed

4.13

0.50

0.98

Peanut shell

0.32

0.02

0.29

Pineapple crown

0.18

0.03

0.24

Pineapple flesh

0.32

0.03

0.75

Pineapple skin

0.25

0.04

0.69

Sugarcane flesh

0.22

0.03

0.31

Sugarcane skin

0.27

0.03

0.35

Sweet potato flesh

1.34

0.30

3.00

Sweet potato skin

0.26

0.06

0.74

Keywords: nutrient export, crop residue, groundnut, cassava, broccoli, pineapple
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Introduction
Soil test – crop response calibrations are often displaying a low correlation. One of the factors that
this study explored to improve the correlation and thereby the confidence in soil sampling, is the
sampling depth.
Methodology
We compared two independent datasets of experimental field trials for yield responses to phosphorus
(P), one older dataset from DPIRD and one newer dataset from CSBP.
Results and discussion
Both datasets showed an increased correlation of the soil test – crop response calibration when soil is
sampled from 0-30cm instead of commonly practised 0-10cm. The correlation (r2) of the newer
dataset increased from 0.10 to 0.52 and from 0.20 to 0.87 for 0-10cm samples with a PBI+ColP < 55
and a PBI+ColP > 55 when compared with 0-30cm samples of the same PBI classes. The trend from
the older to the newer dataset indicated a decrease in plant available P which could be due to a
change in cropping management. This means that considering Colwell P in 0-30cm sampling depth
with other known factors such as PBI, cropping management, nutrient interactions and other soil
characteristics would allow to predict wheat requirements for P in Western Australia with greater
confidence to avoid the risk of over- or under-applications of P.

Figure 1. Soil test‒crop response (Relative yield as a % of maximum) curves for 0‒10cm (a and b) and 0‒30cm (c and d) for
the DPIRD dataset with n=64 (a and c) and the CSBP dataset n= 25 (b and d).

The DPIRD and CSBP datasets show the same trend of improved correlations when comparing 0‒
10cm with 0‒30cm sampling depths. For DPIRD 0‒30 cm dataset (n=64), the defined critical value
was 10 (9‒11) mg P/kg. However, for the CSBP 0‒30cm the PBI<55 dataset and the PBI>55 dataset
gave a higher critical value of 17 (15‒18) mg P/kg and 34 (32‒35) mg P/kg respectively.
Soil test results from an experiment conducted by CSBP near New Norcia in 2016 illustrate the
importance of subsoil sampling. This site is characterized by soil with high PBI+ColP values (156‒200)
and soil P test value of 35 mg P/kg (indicating sufficient P supply) in the 0‒10cm, but 15 mg P/kg
(indicating insufficient P supply) in the 0‒30 cm soil layer. In this experiment, 17 kg P/ha in the form of
Agflow Extra resulted in a wheat grain yield response of 1.24 t/ha.
Changes in the Western Australian farming system over time appear to have influenced the ability to
measure plant available P. In general, seeding systems have changed from cultivation to minimal
tillage. Use of P fertiliser has improved soil fertility of the 0‒10cm (Weaver and Wong 2011) and the
10‒30cm soil layer (Harries et al. 2015). Ongoing acidification of the soil and application of lime has
had an impact on P availability (Scanlan et al. 2015a). As a result, the ability of the Colwell P test
using the 0‒10cm sampling depth to predict wheat response to applied P has declined. Kocha et al.
(2018) have shown that subsoil P can contribute significantly to plant nutrition and the present results
illustrate how deeper sampling of the soil can improve the correlation between Colwell P and relative
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yield. The different critical values and the improved accuracy when the subsoil is sampled, especially
for the CSBP data, is argued to be due to the long P fertiliser history and thus the accumulation of P
in the soil layers below 10cm under no‒till practices. The long history of P application reduces P
adsorption (Barrow, 2008) and increases the accumulation of subsoil P especially for soils with low
PBI values. In general, soils of the WA Wheat‒belt have low PBI’s (Weaver and Wong, 2011).
Bell et al. (2013) showed using the 0‒10 cm sampling layer that there was an 8 mg P/kg increase in
soil P critical value when a comparison is made between the period 1994‒2011 with 1958–1993.
Similarly, we found such an increase when comparing the more recent CSBP dataset with the DPIRD
dataset (Anderson et al. 2015). The seeding practice changed from full to minimum tillage in 1994,
hence, Bell et al. (2013) argued under minimum tillage, P availability to roots has probably declined.
The relationships for 0‒10 cm, both for DPIRD and CSBP datasets, become more variable when all
sites are included in the analyses due to a higher diversity of soil characteristics and rotation history
and rainfall. Neuhaus et al., (2015) found the inclusion of other factors such as rotational history etc
important to further reduce variation resulting in even better predictions of P requirements for wheat.
Increasing the soil sampling depth for P to 30cm would bring the recommendations into line with
those for K and S (Anderson et al. 2015). Colwell P and K are measured at the laboratory using the
same extracting solution and instrumentation, and therefore it is cost effective to obtain both. Scanlan
et al. (2015b) have illustrated improved prediction of soil K plant availability using a deeper soil K test
on sand over clay soils where the soil K test in the 0‒10 cm is less 40 mg K/kg.
Conclusions
The 0‒30cm is a new approach to soil sampling. On sands, a 0‒30cm sample can be collected using
a soil pogo similar to the approach used to collect a 0‒10cm pogo. In this paper, the 0‒30cm soil P
test values have been calculated as the average of soil augur samples collected in increments of
10cm to a depth of 30cm. The 0‒30cm pogo approach of collecting soil samples is likely to be more
difficult on loams, clays and gravel soils and mechanical assistance may be needed.
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Context
“Dying is easy, comedy is hard” is a quote attributed to Shakespearean actor Edmund Gwenn. I
contend that this phrase could be altered to dying is easy, erosion management is hard. Industry
(agriculture, mining, construction) are increasingly under greater community expectations to deliver
upon their ‘social licence to operate’ especially in the environmental sphere. As an example,
Australian supermarkets have been responsive to community concerns regarding plastic bags, and in
turn UK major retailers are becoming more prescriptive about the required environmental practices of
farmers who supply the major retailers. As the title of this conference theme acknowledges, the
community’s expectations of erosion and sediment control are similarly attracting increased attention.
The erosion problem
Any management strategy for reducing catchment sediment sources relies on the identification of
major sediment generating areas and processes. In other words, the management of erosion relies on
the identification of erosion, and the effectiveness of erosion management strategies relies on
erosion measurement. This is where we run into the complexity of catchment scale erosion
generation and delivery. This is because:
Rather than functioning as a conveyor belt moving sediment from the hinterland to terrestrial and
marine sinks, the links between erosion and sediment yield are discontinuous, and the relationships
among sediment production, transport, storage and export in drainage basins accordingly are
complex and nonlinear (Phillips et al. 2007).

Figure 1. Relationship between sediment sources (top bars), sediment sinks (bottom bars), and
sediment yield from drainage basins (De Vente and Poesen, 2005).
Erosion complexity can be broadly divided into spatial, temporal, and general variability of sediment
transport. For example scale plays an important role in spatial complexity. Popular methods such as
erosion plots and pins measure sediment transport past one point in the landscape, but extrapolating
the results up to the entire catchment does not account for factors such as source/sink coupling, and
the method will not account for processes in larger catchments such as mass movement (Figure 1).
Against this backdrop industry requires accurate and timely information on sediment sources for
increased environmental performance of development proposals, but traditional measurement
methods can be costly and take time to yield results. The increasingly popular method of modelling
erosion suffers from the paradox of estimating sediment yield without collecting data, but model
assumptions are underpinned by the quality of the collected data (Brazier 2004).
This session
Researchers in the erosion management theme have chosen a number of methods to explore the

measurement and management problems:
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•

A rapid catchment risk assessment approach to identify high risk areas to land and public safety,

•

Using design tools for effective implementation of riparian buffer strips to reduce sediment,

•

Bio-retention system to reduce the impact of stormwater,

•

Post fire landscapes are assessed for wind erosion, recovery, and fluvial responses,

•

Gully system assessment using variable scale techniques,

•

Larger catchment conditions are assessed by land surveys, modelling,

•

Catchment management for wind erosion using a criteria based approach, and practical rangelands
management to disperse concentrated runoff.
The soil science discipline has a critical role to play in contributing to balancing improved
environmental outcomes and industry production demands. Understanding material properties and
erosional processes will remain the bedrock of erosion management and identification/quantification
for practitioners. This is set against the backdrop of the gradual decline of the quantity and quality of
soil study and soil research.
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Introduction
The erosion of surface soils is a long-standing problem in Australia and many parts of the world. It is
often associated with land and water quality degradation. Long term soil erosion monitoring will help
identify the impact that changes in management practices are having on soil condition.
Monitoring of soil erosion by water can be achieved by direct local measurement with devices such as
flumes and sediment traps or water sampling techniques. However, erosion events tend to be highly
episodic and at any given location long intervals may persist between successive events. This paper
presents an improved modelling approach for hillslope erosion hazard on monthly and annual bases
over New South Wales (NSW), Australia.
Methodology
The methodology used in this study incorporated the most recent time-series satellite data, climate
model and Revised Universal Soil Loss Equation (RUSLE) in a geographic information system (GIS).
The rainfall-runoff erosivity (R) factor in RUSLE was estimated using a suitable daily rainfall erosivity
model for NSW and long-term historical rainfall records (Yang et al. 2016). The soil erodibility (K)
factor was estimated from recent digital soil maps and the Soil and Landscape Grid of Australia (Yang
et al. 2017). The slope length and steepness (LS) factor was calculated, on catchment basis, from
high resolution (30 m or better) digital elevation model (DEM) based on comprehensive algorithms
considering cumulative overland flow length (Yang 2015). We first incorporated the emerging time
series fractional cover products from Moderate Resolution Imaging Spectroradiometer (MODIS) into
RUSLE to provide a variable and timely estimate of ground cover impacts on soil erosion.
Comparisons between modelled erosion with field plot experiments in previous studies reveal
acceptable and consistent outputs in both spatial and temporal contexts. Results indicate uneven
spatial and seasonal variation in hillslope erosion, with the highest in late summer and coastal areas.
The average NSW hillslope erosion rate for this period (2000-2014) is calculated at 0.846 t.ha1.yr-1.
The areas of high erosion risk areas are the North Coast, Hunter and Greater Sydney regions. The
Western region has the lowest hillslope risk due to its the flat terrain (Figure 1).

Figure 1: Modelled mean annual hillslope erosion (t.ha-1.yr-1) in New South Wales, showing the high
erosion risk areas (in red).
Results and discussion
Hillslope erosion in NSW is generally decreasing (Figure 2). The average erosion rate in the last three
years (2015-2017) is 0.733 t.ha-1.yr-1, a reduction of 13.5% compared to the previous 15 year
(200014) average. This can be explained by a slight increase in the level of groundcover and a
moderate decrease in the intensity of erosive rainfall events. The increase in hillslope erosion in 2017
was
largely due to short and strong storm events (high rainfall intensity), such as those in March in eastern
and central NSW as erosion is more relevant to rainfall intensity rather than the amount.
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Figure 2: The trend of hillslope erosion (t.ha-1.month-1) in New South Wales, showing a decrease in
recent three years (2015-2017 in green) compared with the previous 15 years (2000-2014 in grey)
and the relationship with erosivity.
There is also great variation in hillslope erosion rates between seasons as well as years. Summer
(December to February) is the season with the lowest ground cover levels and highest rainfall
erosivity, thus the highest hillslope erosion risk. Based on the average monthly erosion rates over the
fifteen years (2000-2014), the hillslope erosion risk in February is about 10 times higher than that in
July. However, the average annual variation in hillslope erosion rates varies only by a factor of 2.46
times (refer Figure 2).

Figure 3: Monthly mean hillslope erosion (t ha-1 month-1) in NSW, showing the seasonal variation.
The resulting time-series erosion maps (100 m spatial resolution and monthly and annual time steps)
provide detailed erosion hazard information (e.g. erosion-prone areas) for continuous and consistent
erosion monitoring and management throughout NSW. The methodology and programs developed in
this study can be adopted as the basis for a nationwide erosion assessment to better inform
environmental policy for soil and water conservation.
Keywords: Hillslope erosion, RUSLE, State, Trends, New South Wales.
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Introduction
The Flood Area Assessment Team (FAAT) is a multidisciplinary team of experts who were deployed
for one week to assess the risks and impacts caused by the storms and floods associated with excyclone Debbie in the NSW Northern Rivers in March 2017. The team included specialists in assets
and infrastructure, flooding and erosion, biodiversity, cultural heritage, tourism and geographic
information systems (GIS).
The Northern Rivers, on the far north coast of NSW, is a unique area of outstanding geodiversity. It
has a unique combination of landscapes and soils derived predominantly from Neogene volcanism.
Much of the landscape has also developed on older sedimentary and metamorphic rocks. There are
extensive floodplains on the major river systems. Deep sands occur throughout the extensive coastal
Quaternary sand bodies. Acid sulfate soil materials occur throughout estuarine reaches of river
systems.
Methodology
The FAAT team adopted a rapid risk assessment approach which had been previously tested
following the Wambelong bushfire in Warrumbungle National Park in January 2013 (Burned Area
Assessment Team 2013, Chapman et al. 2011).
The flooding and erosion specialists in the FAAT considered increased risk for erosion, mass
movement, sedimentation, flooding and aquatic assets following the extreme weather conditions that
impacted the area. Mass movement, slope, and erosion hazards were assessed in the field with local
soil experts to develop an understanding of impact, threats and triggers (Figure 1). Advice was
sought from local area staff regarding local conditions and priorities. Available soil mapping was
accessed, and soil types and their characteristics were identified and assessed. Mass movement risk
was assessed using inherent soil stability, geology, landscape features, existing erosion and soil
regolith stability mapping. This information was combined with rainfall intensity to determine areas of
greatest risk (Figure 2). Soil erosion rates were modelled using radar data to estimate rainfall
erosivity and the Universal Soil Loss Equation. Risks from increased mass movement and soil
erosion were provided to the other FAAT disciplines for their assessment of potential threats and
triggers. Costed, risk mitigation options were reported, presented to and discussed with local staff,
local government officers and other experts.

Figure 1: Landslip, Mount Clunie road, Mount Clunie Nature
Reserve (credit: Mark Vagulans, NPWS)

Figure 2: Study area, reserves and rainfall map

Results and Discussion
The four highest risks identified by the flooding and erosion team were (Flooded Area Assessment
Team 2017) 1. Extreme priority - public safety at Broken Head. There was a significant risk of public injury and
ongoing erosion risk resulting from an unstable slope adjoining the beach. The site was open to the
public and presents a trip and fall hazard. Treatment includes fencing off the area and obtaining
geotechnical advice.
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2. High priority – soil erosion and landslips. Unprotected soil has a high risk of landslips, sheet, rill and
gully erosion and streambank erosion after a normal rain event. Treatment includes improved road
design standards, erosion and sediment control measures and planning to accommodate north coast
intensive rainfall and storm events. Also road drainage to be maintained and groundcover
established on bare areas.
3. High priority – beach access and public safety due to dune collapse and damage to beach access
points and infrastructure. Rapid erosion of the beach and foredune due to severe storm events.
Dunes are collapsing and are now unstable, with public safety, aboriginal heritage and biodiversity
implications. Treatment includes stabilisation of dunes, repairs to walking tracks, fence off dangerous
scarps and warning signs.
4. Moderate priority – reduced water quality and habitat degradation in estuarine areas and coastal
swamps associated with acid sulfate soils. Treatment is site specific and is likely to include testing,
treatment and monitoring through an acid sulfate soil management plan. Avoid disturbance where
possible.
Conclusion
The FAAT risk assessment is a valuable planning tool which complements broader recovery plans. It
is a strategic assessment of risk, mitigation options and costs which allows for progressive and
resilient management following severe events
Keywords: soil erosion, landslip, mass movement, risk assessment, risk mitigation, collaboration
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Overview
Urban environments are inherently connected to aquatic ecosystems due to the economic, social and
ecosystem values and services they provide. However, a consequence of urban development is
significant alterations to the natural water cycle due to a vast increase in impervious surfaces. These
alterations are mainly associated with differences in stormwater hydrology between natural
landscapes compared to a landscape dominated by impervious surfaces. Increased stormwater
volume, velocity, frequency and peak flow have all been associated with an increase in impervious
surfaces (Walsh, Fletcher, & Burns, 2012). These differences have caused major issues toward the
receiving aquatic ecosystems and landscapes, with as little as 5-10% total imperviousness causing
increased streambank erosion, deposition of sediment, increased turbidity and nutrient loading (Walsh
et al., 2012). Considering that most streams and rivers eventually drain into the ocean, an increase in
streambank erosion, deposition of sediment and nutrient loading can impact a vast suite of aquatic
ecosystems, ranging from local streams to such iconic aquatic ecosystems as the Great Barrier Reef.
Stormwater management strategies have started exploring alternative practices, particularly utilising
the properties of soil (and accompanying plants) in what is called a “bioretention system”, as a means
to manage stormwater runoff in an attempt to reduce stormwater runoff intensity. In a bioretention
system, specialised soil filter media has been shown to play a significant role in reducing hydraulic
flow peaks and volume caused by stormwater runoff by absorbing, filtering and discharging
stormwater (Davis, 2008). This is done by directing stormwater runoff into the bioretention system
where it is allowed to pool and infiltrate through a series of plant soil and mulch environments,
eventually discharging into surrounding aquatic ecosystems. Such soil properties like soil organic
matter content, soil structure, water holding capacity, field capacity, infiltration rate, evaporation,
evapotranspiration, and absorption all play a role in influencing the ways in which stormwater runoff
behaves when filtered through a bioretention system. Utilising and incorporating these soil properties
to effectively reduce stormwater runoff from urban landscapes may help to guard against erosion and
sediment deposition throughout Australia’s aquatic ecosystems.
This presentation will seek to:
−
−
−
−

Highlight key soil properties which may be useful in managing excess stormwater runoff.
Introduce bioretention systems as a management option, and the key role soil plays within these
systms.
Present the results from a case study where bioretention has successfully reduced stormwater runoff
intensity.
Promote the utilisation of soil within bioretention systems for managing stormwater runoff and explore
possible options for future works.
Methodology
To measure stormwater runoff parameters a flume and flow meter (FFM) set up will be used. Three
FFM set ups will be used to measure the bioretention system, with one being installed at the
upstream pit inlet, downstream pit inlet and one being installed to capture the overflow and
underdrainage flow as a control. While the measurement of unfiltered runoff will only require two FFM
set ups at both the upstream inlet and downstream outlet points. Two-Way ANOVA will be used to
analyse differences between unfiltered runoff and runoff which has been filtered through a
bioretention system. Three different volumes of water will be used, with different sets of flow rates to
replicate different precipitation events. Each level within each factor will be replicated 3 times.
Results
Instead of presenting results from past experiments, a new bioretention system will be tested so as to
contribute to the limited existing literature, and the results of which will be presented at this
conference if accepted. Hypothesis to be tested will be answering questions relating to measuring
differences in stormwater volume and velocity between outlets that have not been filtered through a
bioretention system, and an outlet which leads directly from a bioretention system. The results of a
past experiment using a similar set up will be presented in case of fallout.
Keywords: Bioretention, deposition, erosion management, soil hydrology, stormwater runoff.

119

References
Davis AP(2008) Field performance of bioretention: Hydrology impacts. Journal of Hydrologic
Engineering 13, 90-95.
Walsh CJ, Fletcher TD, Burns MJ (2012) Urban stormwater runoff: a new class of environmental flow
problem. PLoS One, 7, e45814.

120

Identifying the impact of land-use on nutrients discharged to the Great Barrier
Reef
Mohammad Bahadori1, Stephen Lewis2, Sue Boyd3, Mehran Rezaei Rashti1, Maryam Esfandbod1,
Chengrong Chen1

Australian Rivers Institute, Griffith School of Environment and Science, Griffith University, Australia, 2Catchment to Reef
Research Group, TropWATER, James Cook University, Australia, 3Magnetic Resonance Facility, School of Environment and
Sciences, Griffith University, Australia
1

Introduction
The Great Barrier Reef (GBR) is a huge wonder of nature and one of the most popular tourist
attractions in the world. Threats to the GBR have been growing over the last 50 years. One of the
main threats to the ecosystems of the GBR is the risk from nutrients and sediments discharged from
adjacent coastal river systems. This largely occurs during periods of flood plume in wet seasons.
Therefore, determining the sources and pathways through which anthropogenically derived sediments
and nutrients enter coral reefs is an essential prerequisite for ensuring their long-term sustainability.
The precise nature and relative importance of the potential active nutrient sources in the GBR
catchment are remained uncertain. A major part of these uncertainties is due to lack of reliable
methods to differentiate potential sources of sediments and nutrients in the GBR catchment.
Methodology
This study utilised a novel approach, by combining vegetative isotopic and geochemical signatures, to
discriminate between dominant land uses (sugarcane, banana, grazing and native forest) in the
Johnstone river catchment, Wet tropics, north-eastern Australia. The δ13C approach has been used to
discriminate between sediments and associated nutrients derived from sub-catchments covered with
different vegetative signatures. In addition, a stable isotope mixing model in R (SIAR) was used to
determine relative contribution of different sources of sediments and nutrients to the GBR lagoon.
Results and discussion
The results showed that a composition of both geochemical and vegetative properties (C and N
isotopic abundance) was able to clearly differentiate the sources of sediments and nutrients among
grazing, sugarcane, forest and banana land uses. It also revealed that lands covered by forest and
grazing are responsible for more than %60 of sediments, particulate organic carbon and nitrogen
discharging to the upper Johnstone River. As we move down to the lower section of the Johnstone
River, the estimated contribution of sources to the river bed sediment and associated particulate
nutrients change. Lands covered by banana and sugarcane become the dominant contributors (more
than %50) to both sediments and particulate nutrients discharging to the lower section of the
Johnstone River.
Conclusions
These results highlight the effect of land uses and the need to design new sediment and nutrient
mitigation strategies based on the type of source in question.
Keywords: Great Barrier Reef, fingerprinting, isotope, geochemistry, land use
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Introduction
Wind erosion in Australia has created interest for several decades due to its impact on agricultural
productivity (e.g. loss of vital nutrients, sand blasting of crops) and general health (e.g. air quality,
asthma and other respiratory problems). Thanks to recent improvement in land management
practices in South Australia, soils are now protected 93% of the time limiting soil loss through wind
erosion. However current global climate models predict overall warmer conditions for Australia and an
increased risk in extreme weather conditions such as floods and wildfires. Hence a future increase in
soil loss is likely but there is a limited knowledge about the link between bushfires and wind erosion.
Here we report on a rare study of soil loss immediately after a large bushfire. The logistic difficulties of
assessing wind erosion after wildfires are massive as wind erosion is generally most severe
immediately after a fire. Furthermore, the phenomenon is highly variable in space and time.
Methodology
We explored an inexpensive method to estimate spatial distribution of sediment transport. This
method follows a protocol developed by the US Department of Agriculture to monitor wind erosion on
a range of different landscapes. We installed an array of dust samplers at different heights on
adjacent burnt and un-burnt cropped paddocks.
Results and discussion
The results demonstrate how wildfires affect wind erosion risk. They show marked differences
between sites, a high spatial variability within sites and, as expected, an exponential decline with
sampling height. We discuss how the results of this research can be used for decision support in fire
prevention and post-fire management (e.g. clay spreading). The research outcomes may assist
landholders in land management planning as well. Additionally, the experimental layout is sufficiently
simple to be widely adopted for a broad-scale parameterisation and validation of soil erosion models.
Keywords: Erosion modelling, Land management, Future climate

Figure 1: Location map and extent of the Sherwood bushfire, Sherwood, South Australia.
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Figure 2: Experiment layout, showing the spatial distribution of sampling masts

Figure 3: Example of dust sampling mast and collectors
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Introduction
Globally, sugarcane cropping systems have high N application rates, and large environmental N
losses. Studies have linked increased levels of dissolved inorganic N found in underlying
groundwater, in particular at sugarcane fields, and high N concentrations in waterways leading into
the Great Barrier Reef (GBR) lagoon. The health of the reef has notably declined over the past 150
years particularly due to land use practices along the Queensland coastline. Compost amendments
have been shown to benefit soil physical and chemical characteristics through reducing bulk density,
allowing greater water retention through increased porosity, and providing residual nutrient support.
These attributes lead to improved nutrient retention capacity and soil fertility through improved cationexchange capacity (CEC), of which conventional fertilisation methods fail to provide. Despite the
debate surrounding organic amendment roles in reducing nutrient leaching, compost use is
increasingly becoming more popular in global agricultural industries. However, the adoption of
recycled organic soil amendments, particularly composts have received little attention on their roles in
affecting the water quality of catchments surrounding agricultural applications. This study investigated
suitable rates of green-waste as compost application in sugar cane fields to improve nutrient retention
capacity and cane yields without negatively impacting water quality and reduce environmental risks
associated with recycled organics.
Methodology
The treatments consisted of 1) a control with soil only (CK), 2) urea fertiliser (F), 3) C1 which
amended a low C:N ratio compost, 4) C2 which amended a high C:N ratio compost, 5) C1C2 which
amended equal N contents of both C1 and C2, 6) C1F which amended 2 parts C1 to 1 part urea, 7)
C2F which amended 2 parts C2 to 1 part urea, and 8) C1C2F which amended 1 part each of C1 and
C2 and 1 part urea.
Results, discussion and conclusion
The key findings showed that the use of recycled organics in sugarcane farming systems can
significantly improve water quality entering the GBR via reduced total dissolved nitrogen and nitrate
loads which is 6 time more in C1 and C2 than F, with little implications of environmental risks
associated with the use of green-waste based fertiliser.
Keywords: Organic amendment, Recycle organic, Compost, Sugar cane, Great Barrier Reef, Water
quality
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Introduction
Wind erosion is a major land management issue in the rangelands of south-eastern Australia, being a
major recorded cause of soil loss and land degradation. As an active process, predicting when and
where it will occur is extremely challenging process, with potentially disastrous consequences in the
advent of mismanagement. Wind erosion is a combined socioeconomic and biophysical issue with a
long palaeoenvironmental and recent history. Past management techniques have resulted in
accelerated wind erosion rates, leaving a legacy of degraded soils for current managers to work with.
Methodology
Over the past several decades, a range of land management tools have been developed to assist
landholders and policy-makers. These tools originate from a multifaceted array of sources, and have
very little designed interoperability. However, individually no single tool is capable of comprehensively
predicting wind erosion, generating the question of whether a combination of tools or a suite of
particular components could improve wind erosion management outcomes. Our research adopted a
hybrid approach- a criteria-based matrix analysis- with the aim of identifying components of each tool
that once combined enable tactical decision making. The matrix analysis process consists of
examining the available wind erosion management tools through a suite of criteria that investigate the
accuracy, relevance and accessibility of the tools to the relevant stakeholders. This is then groundtruthed through a workshopping process to ensure the validity of the process and fine-tune the
connection with the expected audience.
Results and discussion
Through this research, it was found that certain components of wind erosion management tools
improved capacity to report at the fine scales required for tactical decision making. When these
components are combined, a framework for further development of management tools can be
outlined. Furthermore, managers were strongly interested in the productivity benefits that tools could
provide, with a workshop process reinforcing the importance of connecting degradation processes to
management outcomes. This perception highlights the productivity-environmental conflict described in
the research and the importance of promoting awareness of proactive management of wind erosion in
Australia.
Conclusion
By proposing a suite of ideal features that a future wind erosion management tool would possess, this
research indicates a way forward to improve both productivity and environmental outcomes.
Keywords: Wind erosion, rangelands, degradation, management tools, criteria-based matrix analysiA
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Introduction
Sediment pollution has been identified as one of the major stressors in the Great Barrier Reef (GBR),
and gully erosion has been identified as contributing around 40% of the total sediment load to the
reef. A major effort is now underway to rehabilitate gullies and thereby reduce sediment loads to the
GBR (Wilkinson et al., 2016). This renewed focus on gully erosion management has highlighted the
need for a common nomenclature to help communication between various stakeholders, but more
importantly to help identify and target resources to the gullies that are producing the greatest
sediment and nutrient loads to the reef. To this end we have developed a comprehensive generic
classification to aid land resource managers and authorities in GBR catchments and across
Queensland more generally. Whilst the typology is spatially confined to the state of Queensland at
present , the typology should be more broadly applicable across Australia and internationally.
The purpose
a. To provide a scientific framework for gully description, classification, and management;
b. to provide a generic communication tool that simplifies the complexity of materials, form, and
processes associated with gullies.
c. to provide a desktop and field tool for prioritisation decision-making.
Methodology
The approach being developed incorporates a spatial/desktop component as well as a field-based
component. The spatial component will ideally be based on 3-D LiDAR derived topographic data
coupled with other 2-D spatial data layers. The full typology will be based on both the spatial and
field-based data, but it can also be partially applied using either the spatial or field data alone due to
the fact that there is overlap between the spatial/desktop analyses. To aid the field characterisation a
field guide, with photo-referencing, relating to the generic gully classification is also being developed.
Stage I classification: based on core criteria that relate to morphology and processes as well as
environmental conditions:
a. Climate/rainfall regime
b. Geomorphic – landscape setting, slope gradient, gully shape and complexity; erosion processes;
parent material domain; catchment area
c. Vegetation cover
d. Soil material
This is broadly based on the best LiDAR derived DEM data available; soil and material type; drainage
pattern and be sensitive to environmental and data scale complexity. This will then lead to a
regrouping of types to four categories (Categories 1-4) of sediment yield as a part of a decisionmaking process for prioritization of action and rehabilitation methods.
The conceptual approach taken for the initial Spatial Module is hierarchical, with modifiers to the core
classifier criteria. This is developed in parallel with the Field Module, of an aggregative field-scale
observational (mapping) structure with land management/rehabilitation purposes foremost.
The Field Module also incorporates a collation of practitioners and resource managers colloquial
discrimination of gully types and local schemes from which a field typing approach is developed for a
field guide product.
Results
Currently, the framework has four main Classifier components:
I)
G
eomorphic setting or ‘Landscape Domain’
II)
P
lan shape / system morphology or ‘Gully Pattern’
III)
C
ontributing catchment area (CA) or distance to drainage divide (DtD)
IV)
S
oil material types: ‘Soil Materials’
With three Modifiers for:
i)
C
omplexity of the system
ii)
S
econdary (or more) incision or multi-form systems
iii)
V
egetation cover.
Initially an indication of the scale of investigation and scale of system being identified is required.
Statements need to be made as to the definition of the gully systems or sub-systems being classified
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(e.g. complete gully systems defined from the outlet to the fluvial drainage system, and for all systems
in a tributary river system). This sets the scale level - ‘spatial extent’ and ‘resolution’ - of the
assessment for classification, or the data required for the level of assessment.
A decision must also be made on whether the system / feature is defined as a gully (or gully system)
or not (i.e. a stream channel). The gully / not-a-gully decision criteria have yet to be defined.

Figure 1: The working framework of the gully classification or taxonomy for all erosion gullies in Queensland.
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Figure 2: Examples of gully classification from the gully systems along the Laura River at Crocodile Station, Cape York
Peninsula, Qld.

Discussion and Conclusion
The multiple purposes to which the typology is to be put complicates the concept of a simple
framework. Some classification concepts are discussed further whereby the Spatial Module can
overcome the multiple scale issues and be able to mesh adequately with the local scale, ‘bottom up’
Field Module approach.
A key issue before embarking on the classification procedure is the categorical identification of an
erosion feature as a gully or as a stream channel. This had widespread policy and regulatory
implications if a stream line is classified as a gully, or vice-versa.
Keywords: Gully classification, erosion features, soil erosion, geomorphology terminology
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Introduction
Land resource survey provides an assessment of the land; its soils, geology, landform, vegetation,
water and related processes in order to describe what is present and how best to manage the
resources. The data collected can be used in a variety of ways to inform decision making, manage
and reduce associated risks, and improve natural resource and catchment management outcomes
within Reef catchments. This poster illustrates how data gathered from a recent land resource survey
in North Queensland (NQ) benefits the science behind activities aimed at improving water quality
entering the Great Barrier Reef lagoon.
The Burdekin River drains the second largest catchment flowing to the Great Barrier Reef,
contributing an approximate 3758 kilotonnes of sediment into the Great Barrier Reef Lagoon
annually1. Nearly all of this catchment is covered by broadscale land resources mapping with low
reliability where only general land use management inferences can be made across most of the
catchment. No more than 2% of this area has land resources mapping at an appropriate scale for
catchment management and intensive land use planning. Most of this is found on the lower coastal
floodplains.
In 2016, the Queensland Government undertook a medium intensity survey along the Burdekin River2
near the town of Charters Towers, west of Townsville in NQ, to support a proposed irrigation scheme.
This work greatly improved the level of detail and information available for a locality in the upper
Burdekin Catchment where significant land use change may occur.
Methodology
The survey described, mapped and recorded a considerable amount of data on the morphological
and chemical properties of the soils and land resources of the area, at a more intensive scale than
previously available.
Results and discussion
The information compiled supports natural resource management outcomes and the science behind
Great Barrier Reef catchment management by providing the necessary physical and chemical
properties of the land and soils to derive more accurate modelling of nutrient and sediment losses into
watercourses draining Reef Catchments. For example, soil properties such as clay contents, depth,
permeability, and surface and subsoil nutrients are used in both paddock scale and catchment scale
models for this purpose.
Along with increased spatial accuracy, land uses and land degradation risks that are impacting reef
water quality can be better quantified. The location and extent of erosive and dispersive soils, and
landscapes prone to other forms of degradation (e.g. secondary salinization) contributing to the
impacts on water quality can be been more accurately identified. Better estimations of annual
sediment movement can be modelled with more accurately derived pedotransfer functions. Risks
associated with a range of different land uses and management activities can be determined, and
measures to minimise or avoid land degradation can then be tested and implemented.
Conclusions
Detailed soil and land resource information better informs land managers and decision makers
highlighting where caution or improved land management practice is necessary. A better
understanding of land degradation processes is gained. Implementing best management practices
made in consideration of this information will lead to sustainable land and water resource
management outcomes, meeting the aims of Reef 20503.
This new information can be freely accessed by multiple end users across community, industry,
Government and non-government organizations. Data can be obtained by contacting the Queensland
Department of Natural Resources, Mines and Energy www.dnrme.qld.gov.au, or via the Queensland
Government’s open data portal www.data.qld.gov.au.
Key words: Great Barrier Reef, Burdekin River, land resource survey, land resource mapping, water
quality, soils, land degradation
References
1 2016 Reef Report Card, Reef 2050 Water Quality Improvement Plan
(https://www.reefplan.qld.gov.au)
2 Enderlin NG and Morrison DW (2018) Soils and agricultural suitability of the Burdekin River, Big
Bend to Fanning Downs. Queensland Department of Natural Resources, Mines and Energy.

128

Australian Government and Queensland Government (2017) Draft Reef 2050 Water Quality
Improvement Plan 2017-2022 for public consultation. Reef Water Quality Protection Plan Secretariat,
State of Queensland.
3

129

Mapping Soil Material for Alluvial Gully Management
R. N. Thwaites1 and P. R. Zund2
1

Centre for Coastal Management, Griffith University, Gold Coast, QLD 4111 Australia. r.thwaites@griffith.edu.au
2
Department of Environment and Science, Dutton Park, QLD 4102, Australia. peter.zund@qld.gov.au

Introduction
Federal- and State-funded programs are targeting the reduction of sediment and nutrient flows from
the major Queensland catchments discharging to the Great Barrier Reef (GBR) lagoon. A major part
of this initiative is investigating the role of alluvial gully erosion systems and effective methods of their
rehabilitation.
Understanding the soil and geomorphic materials in alluvial erosion gully systems is essential for
management and rehabilitation. Until now most soil mapping of these environments at the appropriate
scale for management and planning is, at least inadequate, and often non-existent.

•
•
•
•
•
•

•
•
•

•
•
•
•
•

The purpose and assessment of requirements
Mapping and assessment of the soil types and soil-geomorphic materials is necessary for aiding:
Conceptual site model construction – to understand each unique system under assessment
Prioritizing individual gullies or gully systems for remedial and rehabilitative management
Characterizing the soil and sediment system for environmental correlation to like occurrences
elsewhere in the region
Predicting soil material behavior for management and rehabilitation planning and design.
Knowledge transfer of the scientific and technical information to resource management groups and
rehabilitation works practitioners
Fill in knowledge gaps from previous surveys and assessments.
These differing, but related, purposes require different types and scales of soil and geomorphic
material data and information:
technical soil science data at broad spatial scales for environmental correlation and knowledge base;
scientific and technical material information at site scale for site assessment and works planning and
design;
localized and site scale data and information for conceptual model construction, knowledge transfer,
monitoring and management, prediction and prevention, and environmental correlation.
Methodology
In an attempt to serve most of these purposes and requirements, a coincident soils mapping and soilgeomorphic material assessment project was undertaken for both the Crocodile Station (Laura River
catchment, Normanby Basin, Cape York Peninsula), and Strathalbyn Station (lower Burdekin River
catchment, north Queensland).
Methods used were:
Conventional soil mapping with field sampling by soil coring with a vehicle-mounted hydraulic push
tube to max. 1.5 m penetration, using Australian Standard methods (NCST, 2009)
Soil material / regolith mapping with field sampling from gully head, wall, and floor, and streambank
exposures to maximum exposure depths (4+ m below ground level in places), using techniques
described elsewhere in this conference.
Use of LiDAR digital elevation model (DEM) data: 1 m resolution airborne LiDAR (2009); 10 cm
resolution airborne LiDAR (2015-16).
Absolute elevation of sample sites by terrestrial LiDAR benchmark triangulation; UAV altitude data of
sample point surface targeting; LiDAR DEM location.
Aerial photo imagery 1: 25 000 scale (Qld Govt); SPOT 2010 satellite imagery; imagery acquired from
Google Maps and Bing Maps online imagery and navigation.
Soils were mapped using local soil profile classes from the Soils of Cape York (Cape York Peninsula
Land Use Study (Biggs and Philip 1995), current extension of Lakeland Irrigation Area soils mapping
(N. Enderlin, pers. comm., in progress) and Soil Profile Classes of the Lower Burdekin Valley
(Thompson and Reid 1982) where available. Soils that did not correlate with published surveys
(mainly in the Crocodile Station area) where defined into new soil profile class.
Results
Examples of the reporting data tables and presentations, along with maps and visualization produced
from the exercises for the NRM groups and NGOs stakeholders are presented.
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Figure 1. a) Schematic cross-section of the Strathalbyn gullies complex showing Soil Material Systems and Units, and b) the
map of Soil Material Systems for the area.

Figure 2. a) Conventional soils mapping of the Crocodile Station research area with gully catchments outlined, and b) DEM
from 1 m resolution LiDAR imagery of the Crocodiles Station gullies system with research area outlined, c) Schematic cross
section of

Discussion and Conclusions
The differing but synergetic approaches used here have proved to be time and cost efficient within the
constraints of the project and have produced outputs that are technically and scientifically acceptable
whilst being appropriate for the intended purposes and users of the information. The data and
information ties in with the various guidelines employed by the users and their reporting requirements.
Keywords: soil mapping, alluvial soils, alluvial sediments, erosion gullies, gully mapping.
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Introduction
Sediment delivery from forested headwaters is typically controlled by high magnitude and low
frequency debris flow events triggered by post-fire runoff or mass-failure. The Warrumbungle National
Park (WNP) wildfire of January 2013 burnt 56,290 ha, including 95% of the park, 72% of it at highextreme severity. On 1 February a severe storm delivered between 60 and 90 mm of rain within 30
minutes. This event caused extraordinary flooding and soil erosion across WNP, including a number
of large debris flows and other forms of mass movements, particularly in areas that experienced high
rainfall erosivity.
Methodology
We examined the distribution, types, stratigraphic contexts and causes of both historic and prehistoric mass movements using a 1 m LiDAR Digital Elevation Model and ADS40 digital imagery. We
identified 485 separate movements >5 m wide, identifiable on the basis of a visible release head
scarp. Ninety-seven per cent of these movements originated in volcanic-derived soils and within 500
m of the Pilliga Sandstone-Warrumbungles Volcanics stratigraphic boundary. Movements could be
dated relatively on morphometric bases. One prehistoric movement was 1.1 km long, with an
estimated volume of 2 million m3.
A risk assessment was undertaken on several mass movements and to understand the processes
involved. In all cases mass failure was initiated in saturated colluvium and/or deeply weathered
volcanic regolith. Several such areas were associated with known springs. LiDAR revealed much
larger areas of instability immediately overlying the sandstone-volcanic boundary.
Results and discussion
A model is proposed whereby mass movements along this boundary are the major landform evolution
process shaping Warrumbungle National Park in the long-term.
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Introduction
The Warrumbungle National Park (WNP) wildfire of January 2013 burnt 56,290 ha, including 95% of
the park, 72% of it at high-extreme severity.
On 1 February a severe storm delivered between 60 and 90 mm of rain within 30 minutes. Analysis of
the storm based on pluviographic data (amount, duration and intensity of rainfall) and Bureau of
Meteorology (BoM) radar, validated by ground-level rain measurements, confirmed that the storm was
short and intense for between 18 and 30 minutes, with a maximum six-minute intensity of 118 mm/hr.
The erosivity of the storm was the 19th largest on record.
The 1 February event caused extraordinary flooding and soil erosion across WNP. The severe
impacts of this event were intensified because of the loss of SOM and the high antecedent soil
moisture conditions, which combined to prime the landscape for massive runoff.
Modelling using the Revised Universal Soil Loss Equation (RUSLE) indicated that soil loss from this
single event was up to 25 t/ha, compared to long-term mean annual soil loss of only 1.06 t/ha/yr. In
addition, much of the total sediment load was eroded from first and second order drainage lines,
which were often scoured to bedrock.
Methodology
In order to evaluate recovery, post-fire soil erosion, rainfall and intensity was measured at 12 closed
plots spread across the main geological/soil types and fire classes from May 2014. The weight and
particle sizes of eroded material was measured, as was groundcover fractions.
Results and discussion
The average rate of soil loss in the plots since May 2014 is 1.35 t/ha/yr, and appears to be declining,
with seasonal variation. Statistical analysis has shown that the main variables affecting erosion rates
are rainfall intensity, geology/soil type and groundcover. Rainfall intensity is the most important
variable which explains about 80% soil loss. Sandy soil types formed on Pilliga Sandstone generally
have the greatest rates of soil erosion. Trachytic soil materials, have lower rates of soil loss.
Groundcover percentages have generally increased after the fire and appear to be stabilising. There
is a strong seasonal component, with high rates of green groundcover in winter-spring, which then
dies off in the lead-up to summer. Groundcover and field spectrum measurements were taken at each
site in order to calibrate satellite data and therefore extrapolate the site-specific data to generate
cover factor maps across the entire park. Combined with the R, LS, and K factors,
RUSLE has been used to generate erosion maps across the entire park.
Keywords: Wildfire, erosion, rainfall erosivity.
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Introduction
The Warrumbungle National Park (WNP) wildfire of January 2013 burnt 56,290 ha, including 95% of
the park, 72% of it at high-extreme severity (Coroners Court of NSW 2015). We examined the effects
of the fire on soil organic carbon (SOC), nitrogen (N) and soil microbial activity, to better understand
the likely long-term post-burn recovery trajectory.
Methods
We sampled soils at 64 sites (5 sub-sites for each, and 4 depths according to Bowman et al. 2009 (05 cm, 5-10 cm, 10-20 cm, 20-30 cm)) across the main geological/soil types (trachytes and
sandstones) and four ground-truthed fire severity classes (0= unburnt, 1= slightly burnt, 2=
moderately burnt, 3= extremely burnt).
Soils were tested for LECO Total Organic Carbon (TOC), mid infrared SOC fraction estimations, and
N, across the range of fire severities. Soil microbial activity was measured by MicroResp at a sub-set
of 20 sites (0-5 cm)). Site data was extrapolated by 1m Light Detection and Ranging Digital Elevation
Model and a fire severity map based on RapidEye and ADS40 imagery (Storey 2014).
Results
It was found that almost half (48%) of the TOC in unburnt control sites in WNP is located in the top 5
cm, and almost three-quarters (74%) within the top 10 cm.
There were significant differences in TOC, SOC fractions, N and soil microbial activity between the
different rock/soil types and the fire severity classes for the 0-5 cm depth range, confirmed by
statistical models (Liner Mixed-effects Model and Analysis of Variance). TOC declined with increasing
fire severity − topsoil TOC in low severity sites was 14% lower than unburnt sites, and severely burnt
sites were 54% lower. These results were also reflected in losses in N and reductions in microbial
activity.
The highest TOC values were from unburnt volcanic topsoils (0-5 cm) (Figure 1). Sandier and
especially sandstone-derived soils had less SOC irrespective of the fire severity class, probably due
to the sandier nature of those materials, lower water-holding capacity and capacity for the
accumulation of SOC. The lowest TOC values were from severely burnt sandstone ridges, where
most of the remaining SOC occurs as resistant OC (including charcoal).
Particulate OC and Humus OC followed similar trends, although in relation to sandstone soils, the
more resistant OC forms expressed an inversion of the normal pattern, with more ROC in severely
burnt sites compared to moderately burnt sites, presumably due to the incorporation of burnt forest
necromass (Rashid 1987, Gonzalez-Perez et al. 2004).
At 5-10 cm, TOC showed a weaker but still statistically significant relationship to geology/soil type.
However, the fire severity class was not correlated with TOC, suggesting that the effects of soil
heating did not extend to this depth. In the deeper soils (10-20 cm and 20-30 cm), there were no
statistically significant relationships to TOC or SOC fractions.

Figure 1: Total Organic Carbon% by the major geological/soil types and fire severity classes.
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For each site, the average sample weight (0-5 cm) was divided by the volume of that section of the
core to obtain bulk density. This was multiplied by the proportion of TOC in the volume-standardised
bulked sample to obtain the TOC% in the sample. Average TOC for each fire class was converted to
t/ha. The difference between the control fire class 0 and fire classes 1-3 was calculated on a per
hectare basis according to the fire severity map, and this was then multiplied by the area of each of
the fire classes 1-3 to generate a ‘deficit’ TOC amount for each fire class compared to the control fire
class 0. The process was repeated for layer 2. The amount of SOC lost over the fire ground to 10 cm
was 2.47 Mt (43 t/ha), with ~74,000 t of N lost from soil to the same depth.
Discussion and Conclusions
The average TOC (0-5 cm) of sites not burnt in 2013 was 7.45% (trachytes 9.60%, sandstones
4.36%). These figures are much higher than averages in the central west of NSW – an analysis of
NSW Soil and Land Information System data shows that the mean topsoil TOC values in cropping
and pasture systems is 1.7%, thus underlining the importance of forested ecosystems including
national parks in carbon soil sequestration, and of WNP with its high proportion of trachytic and clay
soils, in particular.
Unfortunately, all WNP sites not burnt in 2013 were affected by the 1967 Exmouth fire. It is therefore
not possible to determine whether SOC recovery continues beyond several decades. Nevertheless, a
well-managed fire policy in the park has the potential to provide an equivalent sequestration into the
future. This underlines the significance of WNP, and of protected areas in general, for carbon
sequestration.
Keywords: Soil organic carbon, nitrogen, wildfire.
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Background
The Monler level spreader was developed specifically for use on Land Zone 5 soils in the Eromanga
District of Far Southwest Queensland. Eromanga lies in the semiarid zone, 1,000km to the west of
Brisbane. The District was first settled in the late 1800s. Overgrazing by the early settlers (who had no
understanding of how fragile the soils are) led to serious land degradation. Wind erosion was then
and still is a major contributing factor. The local livestock industry continues to be based on cattle and
sheep but today’s landowners now have a better understanding of the limitations to the carrying
capacity of the rangeland.
Petroleum exploration was undertaken in the district in the 1980s. Seismic lines were cleared, in
straight lines across the landscape, by two passes of a bulldozer. Where there was a surface mantle
of gibbers (small ironstone pebbles), these gibbers were pushed up into a windrow on either side of
the seismic line. The subsequent concentration of runoff water by these windrows has triggered gully
erosion at many locations.
Land Zone 5
Land Zone 5 is characterized by flat to gently undulating plains drained by widely-spaced swales.
Erosion is primarily caused by the rapid slaking of the soil (particularly the subsoil) when wetted. The
pedological reason for this rapid slaking is a combination of high clay content, low organic matter and
significant sodicity (Table 1).
Table 1: Soil properties at the Monler Western Boundary erosion site [Left photo below] (From Savory et al., 2018).
pH

EC
Org C
Emerson
us/cm
%
Class
T/soil*
6.2
24
0.7
3
S/soil*
7.1
83
0.2
3
* Topsoil 0-200mm; Subsoil 200-600mm

Fines
%
92
75

Sand
%
8
23

Exchangeable me%
Ca
Mg
K
Na
6.6
4.2
1.0
0.1
9.5
4.6
0.2
1.8

CEC
me%
11.9
16.2

ESP
1.2
11.1

Exch
Ca:Mg
1.6
2.1

It is in the swales that the most serious gully erosion has taken place over the past 30 years. But it is
also in the swales that the best grazing is to be found (Figure 1).
This gully-head on Belombre Station (R) has advanced by
1.9m over a 3 month period.

Figure 1. Destruction of valuable rangeland / pasture in swales in Land Zone 5. This gully on Monler Station (L) is within 10m of
the boundary fence with the adjoining property.Both landowners are members of the Eromanga Community Erosion Control
Group

Erosion control
The current practice for stabilizing individual gully-heads is by the construction of rock chutes (IECA
2008). However in many locations, and particularly in the swales, dendritic erosion has resulted in
multiple laterals and multiple gully-heads (Figure 2).
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Figure 2. Multiple dendritic gully-heads are the norm in Land Zone 5.

In order to control this erosion, it is necessary to construct a diversion bank across the slope above
the gully-heads. But then the problem arises regarding the safe disposal of the concentrated runoff
water at the lower end of the diversion bank. The installation of conventional level spreaders (IECA
2008) is not practicable in these fragile soils.
The Monler level spreader (Figure 3)
The Monler level spreader (developed on Monler Station) is a proven, low-cost structure for
dispersing concentrated runoff. Its over-riding attributes are (i) Installation without disturbing the
topsoil and, (ii) Easy construction from locally available materials.
Construction Best Practice
1. The location of the diversion bank / level spreader is first very carefully considered.
2. The layout of the spreader is surveyed in to the nearest 10mm, over its entire length.
3. Three, or preferably four, rows of rock (each rock ~300mm diam.) are installed on the level, with a gap
of ~100mm between all adjacent rocks. The second and subsequent rows of rock are offset against
the gap in the previous row.
4. The interface between the diversion bank and the level spreader is fortified with a commercial
cementing product (GeoSpray has been used successfully to date).

Figure 3. Level spreaders on Monler Station: (i) Western Boundary, (ii) Zoe’s Gully and (iii) Detail of a 4-row spreader.

Caution:
•
•
•
•

Gaps of less than 100mm between rocks tend to become blocked with bio-litter.
Each rock the must be positioned very carefully to ensure maximum effectiveness.
Work-in-progress:
Determining minimum level spreader lengths for any given catchment area / slope.
Testing alternative cementing products for the diversion bank / spreader interface.
Key words: Erosion; diversion bank; level spreader; slaking sodic soil, Eromanga.
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Introduction
The vegetation buffer strips are situated between aquatic and terrestrial ecosystems in landscape and
play important role in hydrological processes in watersheds (Lowrance et al. 1985). Naiman et al.
(2005) describe riparian systems as dynamic environments characterized by strong energy regimes,
substantial habitat heterogeneity, a diversity of ecological processes and multidimensional gradients.
Riparian vegetation influences stream water chemistry through diverse processes including direct
chemical uptake and indirect influences such as by supply of organic matter to soils and channels,
modification of water movement, and stabilization of soil (Dosskey et al. 2010). High infiltration rates
of undisturbed riparian zone soils allow finer sediments together with nutrients to enter into the soil
before reaching the stream bed and make possible that as much as 80 % of the phosphorus
adsorbed to sediment particles can be filtered from surface runoff by forested riparian buffer zones
(Welsch 1991). Diebel et al. (2009) states that in most watersheds a large proportion (approximately
70%) of sediment and phosphorus loads can be eliminated from streams with buffers. From pollutant
input reduction point of view dimensioning of riparian buffer zones should be based on sediment
reduction effectiveness of buffer zones. Our way of buffer strips design used Soil Conservation
Service Curve Number (SCS-CN) method that is one of the most popular methods for computing the
volume of surface runoff for a given rainfall event from small agricultural, forest, and urban
watersheds.
Methodology
Shultz et al. (2000) notice, that buffer zones are effective for sediment retention only if surface flow
through them is maintained as a sheet flow. Concentrated channel flow may destroy the continuity of
the filter strip. Various types of buffer zones have been proposed to complex protection of the running
water’s quality. The simplest ones are strips of herbaceous vegetation composed of one or several
species along streams. Grasses, legumes, and/or forbs are used according to site conditions and
widths varying from 3 to 61 m (NRC, 2002). The use of CN method is relatively quick and nonsophisticated tool for buffer zone (strip) width assessment. First we have to specify the hydrological
soil group (HSG) and determine the design rainfall that take into account the rainfall duration td,N
based on time of concentration tc [min.] and intensity of rainfall id,N [mm.min-1] with given recurrence
interval in years N (Antal 1996):
HZ =id,N . td,N
(1) For determination CN value of buffer zone CNB the condition (2) have to be fulfilled:

CN B <

5080
H z + 50,8

(2) From precalculated upper interval limit of CN values are assessed CNB for designed vegetative
cover of buffer zone according to it’s qualitative parameters (table 3) and calculate it’s potential
retention AB in mm (3) that affect retardance efficiency of buffer zone:

 1000

− 10 
AB = 25,4 
 CN B

(3) For given HSG we determine CNSL value of uphill slope and calculate potential retention ASL
(4) in mm and direct runoff HO,SL (5) in mm:


 1000
ASL = 25,4 
− 10 

 CN SL

(H Z − 0,2. ASL )
(4) H
O ,SL =
H Z + 0,8. ASL
(5) Then we determine the proper width of buffer zone W [m] for uphill slope length LSL [m] on base of
equation (6):
2

(6)

W ≥ L SL

H O,SL
0,2A B − H Z

Results and Discussion
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The values obtained by above-mentioned procedure give reliable results only in case of low CNB
values of designed buffer strip (table 1). The final results of the sediment trap efficiency of the buffer
vegetative strip with various characteristics may be presented graphically. Trap efficiency is related to
slope and width of buffer strip as well as a roughness coefficient of vegetation. The results show that
the small increasing of trap efficiency requires enormous widening of the buffer vegetative strip.
Table 1. Results of width of buffer zone calculation based on CN method
Characteristics

Units

LSL
Hz
CNSL
HO,SL
CNB>75%
CNB,MAX
AB
W

[m]
[mm
[mm
[mm]
[m]

A
100
50
72
7.1
39
50.4
119.5
27

Hydrological Soil Group
A
B
A
100
100
100
80
30
40
72
81
72
22.8
4.2
3.4
39
61
39
38.8
62.9
55.9
119.5
67.5
397.3
41
26
0

A
100
40
72
3.4
49
55.9
264.4
0

Conclusions
Dimensioning of buffer zones of riverine systems belong among the complex tasks of engineering
hydrology. Interdisciplinary nature, stochastic character and huge amount of factors that affect the
final design cause serious variance of recommended values obtained on basis of experimental or
analytical methods. In spite of recent advances it seems to be not avoidable to continue in research
activities at this field. The wide variety of sources reported results of observations and experiments
about these factors suggests that some region-specific field research will be necessary to answer
questions related to buffer design and development under differing biophysical conditions and buffer
efficiency goals.
Keywords: vegetation buffer strip, soil erosion, riparian vegetation
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Regolith and Soils Formation – The Overlap of Earth Systems in the Critical
Zone
Dr Leah Moore, University of Canberra
Regolith geology is the study of the physical and chemical weathering of rock (hydrolysis, hydration
and redox) and the formation of secondary mineral assemblages that are relatively stable at the Earth
surface. This includes understanding inorganic and biological processes that give rise to the
breakdown of rock, the mobilisation of regolith and soil materials in the landscape, controls on the
movement of water in the subsurface and controls on landscape evolution. Given that one of the key
influences on pedogenic processes, recognised as a factor of soil formation, is the nature of the
parent material, the study of regolith geology and soil science are complementary and commonly
overlap. In recent years the term critical zone has been coined to describe the “heterogeneous, near
surface environment in which complex interactions involving rock, soil, water, air, and living organisms
regulate the natural habitat and determine the availability of life-sustaining resources” (National
Research Council, 2001). Clearly studies of regolith geology and soil science are encompassed in this
description.
GEOSPHER

ATMOSPHER

CRITICAL
ZONE
HYDROSPHE

BIOSPHER

Figure 1. The Earth System Science construct allows us to reflect on the interaction of Earth processes, recognising that
changes in one always influences the others. The processes of regolith and soil formation,
or of the CRITICAL ZONE, sit at the intersection between the Earth System ‘spheres’.

The critical zone has been described as the interface where Earth System processes intersect (Figure
1). Understanding the controls on the breakdown of rock to progressively form saprock, saprolite and
soil and the influences on soil chemistry, biology and physics form part of the analysis of the critical
zone. It provides a foundation for scientific input into discussions on: sustaining soil health while
maintaining productivity; the partitioning of carbon in soils and regolith materials; controls on nutrient
cycling e.g. N, P and K) through the Earth System; the impacts of agricultural and industrial processes
and how these can be ameliorated so that sustainable practice can be maintained; the quality,
abundance and availability of fresh water; exploration for mineral resources under cover; and the
appropriate use of earth materials for construction, fuel, in industrial processes, to grow things in, to
build things on and more.
In a catchment, the configuration of soils in the landscape and the nature and distribution of
underlying regolith materials influences the infiltration and movement of water and other fluids in the
subsurface (Figure 2). Episodic interflow through the vadose zone and flow in the phreatic zone within
unconfined aquifers is largely controlled by the materials the water is flowing through. The
interconnectivity of intergranular pores, the presence of fractures of different length, spacing and size,
and the viscosity and density of the fluids, directly control the hydraulic conductivity of regolith and soil
media. Understanding how rocks of various types typically form, weather and contribute to soil
formation in different parts of the landscape, and an understanding of how structural geological
(folding, faulting, presence of dykes) influences permeability in the subsurface, helps us determine
how water is likely to move through aquifer systems in these materials.
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Figure 2. Hydrogeological Landscape (HGL) controls on the infiltration and movement of water in the subsurface (Wilford et al.
2010). The nature of and distribution of soil and regolith materials in the landscape is a principal control on where and how
water enters groundwater systems, and how it moves in aquifer systems.

•
•
•
•
•
•
•
•
•

Increasingly parallel and complementary studies of soil and regolith are informing new areas of ‘blue
sky’ and applied research. These include:
understanding the biological and inorganic breakdown of minerals via processes that cannot be
replicated in the laboratory as they occur in nature; using sedimentological, geochemical and
pedogenic clues to inform forensic studies;
reconstructing complex hydrological pathways in semi-arid (episodically wet) variably weathered
profiles in Australian landscapes to understand water quality and accessibility, salt storage and solute
flux;
evaluating potential impacts of introducing surface or subsurface water in particular parts of a
landscape;
explaining elemental partitioning and mobilisation in soil and regolith materials and how this is
influenced by vegetation;
exploring influences of land use change and likely climate change on our ongoing land use practices;
expected and unexpected impacts of urban and peri-urban development on soils, regolith and
hydrological systems;
understanding the part the soils and regolith play in maintaining aquatic ecosystem health;
use of innovative technologies to locally and remotely observe soil and regolith features, and
other fascinating analyses showcased at this meeting, that rely on an understanding of soil and
regolith processes combined.
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Introduction
Investigating the potential for deep drainage and groundwater recharge from new or expanded
irrigation developments is a contemporary issue for the Murray-Darling Basin in relation to the Basin
Salinity Management Strategy 2030. The risk of salt discharge to stream from a new irrigation
development in the Condamine catchment was investigated. The geology of the area consists of
Kumbarilla beds – which are made up of sedimentary rocks of Jurassic (200-145 Ma) to Lower
Cretaceous age. These include sandstones and fine-grained sediments that are generally deeply
weathered. The Gubberamunda Sandstone consists of permeable medium and coarse-grained,
poorly cemented quartzose sandstones and the Westbourne Formation consists of less-permeable
fine-grained siltstone and mudstone. The risk assessment process required investigation of shallow
regolith properties as existing data was limited and contradictory. This was relevant to understanding
the likelihood of groundwater flow towards the incised river channel. Electrical resistivity tomography
(ERT) imagery was used to determine depth of the solum, alluvium, presence of parent material
and/or hydrological impediment zones that will affect deep drainage.
Methodology
Stage 1
Utilising a cumulative risk assessment that is inclusive of existing data and developing a conceptual
model of regolith architecture is the first step to improving the understanding of the potential impacts
of any irrigation development. In order to understand the potential salinity risk of the increased water
application the historical land use was compiled from 1956 to 2015. Aerial photography and satellite
images were used to compile data from each decade up to 2015 to give background information
useful for deep drainage rates. Land use was divided into categories: such as grazing, dryland
cropping, irrigated cropping, total vegetation (thinned and natural), and mining. Mapping the current
and historical land use is also an essential step in determining the spatial pattern of groundwater
recharge and the proportional role of historical vs modern deep drainage, i.e. how much of the bucket
has been filled and how much salt has been leached? It is also required to evaluate and model the
relationships between deep drainage and unsaturated zones in irrigated areas and adjacent native
vegetation. Soil coring to 3 m and the development of land use chloride balance was used.
Stage 2
The ERT surveys were undertaken along all transects using an ABEM Terrameter LS resistivity meter
in various configurations. All transects except 3 (Thornton pasture), used a 2x32 (set of 2 electrode
cables with 32 take-outs each) increasing spread with the Gradient8 protocol all with a pin spacing of
2.5m. Transect 3 used a 2x32 (set of 2 electrode cables with 32 take-outs each) increasing spread
with the Gradient8 protocol all with a pin spacing of 5m. The overall length of each transect was
achieved by using the roll-along data acquisition technique. All data was processed to produce the
associated 2D inversion models and transect pseudosections using the RES2DINV software
package. Analysis of data from deep coring (4.6-14.6m) using a geoprobe and comparing this with
historical bore data was used to ground truth the imagery. This information is vital in determining the
size and depth of the bucket. It also enables a detailed information source to populate models such as
Hydrus.
Results and Discussion
From 1956 to 2015 land use changes occurred from the low deep drainage systems (0-1mm/yr) such
as Grazing, decreasing from 79% to 55% to higher systems such as: Dryland cropping (12-18mm/yr)
(increased 0.7%-17.5%) and irrigated cropping (18-43mm/yr) which increased from 1% in the early
2000s to 10% of the total area by 2015. The impact on movement of salts in the profile is shown in
Figure 1. In a relatively short time period, leaching of chloride had occurred from the upper profile into
the lower profile. The centre pivot and dryland cropping chloride and salinity profiles are not
significantly different due to the irrigation sites being in their infancy or had intermittent water
application. The ERT example shown in Figures 2 and 3 clearly identify the underlining
hydrogeological implications to water movement through the profile. Firstly the depth of the overlying
soil and alluvium averages 10m, and second the highly resistive areas situated below this depict a
large body of Gubberamunda Sandstone overlying Westbourne formation. This has the potential to
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allow any deep drainage to continue down until encountering an impermeable layer such as the
Westbourne formation. Other ERT images however depicted a conductive parent material that could
have implications for limiting the movement of water down the profile.

Figure 1 Limebush Chloride and ECse profiles (Standard error shown)

Figure 2 Thornton ERT survey across pasture paddock (800m) to a depth of 70m.

Figure 3 Interpretation of the Thornton ERT image with regards to geological implications.

The Hydrus Modelling was improved significantly by the information provided by the ERT surveys.
The model result showed that by 2030, if the current irrigation application continued, seepage would
still not occur, but the water level would be within the seepage risk zone of the Condamine River
(Figure 4).

Figure 4 Saturated zone development by 2030 for an example transect across the study area toward the Condamine River.

Conclusion
The outcomes of cumulative risk assessments such as those in the Fairymeadow Rd irrigation area,
helps inform assessments for the health of the Condamine River and the impacts on downstream
water supplies. The prompt delivery of applied science information will help landholders and planning
within the study area. The results from this project will also assist future irrigation schemes and the
mitigation of cumulative risk to ensure minimal environmental impact and sustainable resource
management.
Keywords: Irrigation schemes, deep drainage, electrical resistivity tomography, leaching salt
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Introduction
In agriculture soil plant-available potassium is one of the most important factors in determining the ability to
successfully grow pasture or crops. Soil fertility varies tremendously across the landscape and to help
farmers maximise their decision-making requires a large number of observations and chemical/physical
analyses. While these measurements can be made in situ and in the laboratory, the cost of the analyses is
prohibitive. Therefore, there is a need for more practical methods that deliver a large number of analyses in a
short time with minimal sample preparation in order to capture the spatial variability of soil properties. Diffuse
reflectance mid-infrared and near-infrared (MIR and NIR) spectroscopy provide alternative methods that are
complementary and replace some of the traditional work on soil analysis.
Potassium (K) is a macronutrient, the most abundant cation in plants and the dominant mineral ion in
humans. It is required for sustaining fundamental cell functions common to all living organisms. In crops K is
required for photosynthesis and stomatal control and it turns enzymes on for protein synthesis. The biggest
obstacle to potassium availability in agriculture is the rapid depletion of plant available potassium by
successive crops. Soil acidity, a sub-soil constraint (Keene, 2001), increases with many modern farming
practices, and may fix K in the soil further depleting plant available K.
Site
The field site is a catena on the NSW South Western Slopes (Macdonald, 2015), east of the topographic
divide north-north-east of Binalong between the Murray, Murrumbidgee, Lachlan and Macquarie River
catchments. The elevation is 420–480 m, local relief 20–60 m and slopes 3–10%. Soils have formed on
Silurian volcanic rocks associated with the Goobarragandra Volcanics. Parent materials consist of dacite,
quartzose rhyodacitic tuff and limestone.
Soil
The soils in the catena are a Brown Dermosol at the crest, a Brown Chromosol at the mid-slope and a Brown
Sodosol at the lower-slope (Isbell and NCST, 2016). The surface texture changes from gradational at the
crest to texture contrast at the mid and lower slopes. The crest soil is free draining and meets weathered
saprolite below 1.5m, whereas the soil from mid-slope to lower slope has increasingly restricted drainage in
the B2 horizon and soil thickness increases to more than 2 m. Salinity, sodicity, exchangeable sodium
percentage, and mottling increase down the slope whereas root growth decreases down the slope. Saturated
hydraulic conductivity decreases down the slope of the catena and down the soil profile.
Methodology
Visible-near infrared (Vis-NIR) spectroscopy with continuum removed technique (Viscarra Rossel, 2009) was
used to isolate specific absorption features to quantify the secondary minerals. Using particle size analysis for
clay and the continuum removed spectra of both pure minerals (Figure 1a and b) soil samples (Figure 2a and
b), the secondary mineral abundance can be calculated from first principles. The mineralogy will enable
calculation of the in situ potassium reserves by calculating an average value for potassium from the mineral
formula. The minerals may reflect the underlying geology allowing us to calculate the amount of potassium
available to crops in the future.
Results and discussion
The dominant clay minerals on site are illite and smectite, 2:1 clays, common in temperate soils with 1:1 clay
kaolinite, often occurring concurrently. The assemblage is dominated by kaolinite which has no potassium in
its structure, a very low cation exchange capacity and very low nutrient holding capacity. Therefore, the
potassium reservoir is more likely to be illite and smectite storing K in the interlayer. Understanding K
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distribution due to mineral weathering and pedogenesis can underpin development of a decision-making tool
for the farmers.
1.2
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Introduction
Investigations into alluvial gully erosion in Great Barrier Reef catchments requires new tools to
describe and classify the suites of materials, sometimes in complex associations. Conventional soil
mapping methods are inadequate to characterize and communicate the complexity of soil and
sediment material variation and associated soil formation in alluvial environments. Therefore, a
combination of pedological and geomorphological tools is being developed for alluvial gully erosion
management and rehabilitation purposes.

•
•
•

We are almost exclusively dealing with suites of sediments (here considered as transported regolith)
in which soils have formed, therefore, we need to describe, characterize and classify materials and
layers beyond the solum. The approach requires different types and scales of soil and geomorphic
material data and information:
technical soil science data at broad spatial scales for environmental correlation and knowledge base;
scientific and technical material information at site scale for site assessment and works planning and
design;
localized and site scale data and information for conceptual model construction, knowledge transfer,
monitoring and management, prediction and prevention, and environmental correlation.
A new system of investigation and classification and communication is proposed for further use and
development in all major gully systems for soil-geomorphic material identification and characterization
to do effective planning and designing. This system is attempting a cross-over in concepts and
communication between soils, geomorphology, engineering, and resource management.

•
•
•
•

•
•

Why soil material mapping?
Definition: A multi-purpose layer approach to soil and regolith interpretation to assign greater
significance to geomorphic processes and geoscientific principles.
The approach recognizes the ‘layer’, which may be a soil horizon or a sedimentary stratum and is
described independently of other layers.
The approach is particularly suited to localised regions for mapping, and for areas of depositional
materials.
Erosion gully exposures offer unique opportunities that for soil material / substrate / alluvial sediments
observation
The approach recognizes the relevance of substrate (regolith) materials, below that of the solum, to
gully remediation and rehabilitation.
‘Soil materials’ are made up of the surface soils (where pedogenic processes dominate as A and B
horizons) as well as the alluvial layers (or strata) below, which have also been influenced by surface
pedological and geomorphological processes, both past and present.
Like mapping geological strata, only the surface exposure of materials can be shown in twodimensional map form.
The layers below have to be mapped or visualised in a form of three-dimensions by a series of crosssections and fence diagrams, and, where feasible, digital 3-D spatial modelling.
We are characterising and mapping these materials in three dimensions, with photo and field
description of units, which is of direct use for gully erosion mapping, and rehabilitation planning and
management. The intention is to develop a system whereby scientists, geomorphologists,
geotechnicians, a suitable qualified person or trained, informed individual can undertake relatively
simple soil material assessment in the field by photos and sampling.
Methods
Soil material mapping is being carried out at two major alluvial erosional gully research sites at
Strathalbyn Station on the lower Burdekin River, and Crocodile Station on the Laura River in Cape
York Peninsula northern Queensland.
A form of regolith terrain mapping (e.g. Pain et al., 1995) technique, which is geomorphological and
sedimentological in nature, was employed. It comprises the concept of terrain units which can be
based on gully system catchments and soil material units. This system, in particular, has been used in
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erosional/depositional environments before (Thwaites, 2006), but this is the first attempt to use the
system in alluvial environments, for which it is particularly suited.
Initial desktop assessment was undertaken using the regolith residual-erosional-depositional scheme
at finer scales on imagery and LiDAR DEMs (Anand et al., 1998). It was combined here with digital
soil landscape modelling techniques to define the landforms.

•
•
•

Conventional soil mapping techniques were employed for the broader scale and region for soil type
associations (SPCs) and classify profiles to ASC (Isbell, 2012) standards. Field description and
sampling was carried out by:
augering and coring up to a maximum of 2.0 m, often less, using vehicle-mounted hydraulic push-tube
corer, around and beyond of extent of gully system;
observations of exposures within gullies in long- and cross-profile within selected gullies, primarily
those that were to be rehabilitated first;
a soil materials layer description approach (Atkinson, 1993; Thwaites, 2006).
Regolith terrain mapping using catchments and regolith-catenary unit (RCU) conceptual modelling
(Thwaites, 2006) were employed to create Soil Material Systems and Soil Material Units of the layers.
Figure 1. Schematic representation of soil materials as
layers (layers may be pedological horizons or
sedimentological strata). A Soil Material Unit can comprise
more than one layer. The top layer usually can be referred
to as the topsoil, if the topsoil has not been eroded. In that
case it is possible that the top layer is layer 2.

a)

b)

Figure 2. a) Soil-geomorphic layers (as Soil Material Units – SMUs) identified in Gully 7 at Strathalbyn Station; b) Soil Material
Units (SMUs), grouped by Soil Material System (i.e. LCA and BRF), correlated by elevation above AHD (by LiDAR and UAV
photogrammetry) from both gully exposure and soil core observations.

Results and discussion
The soil-geomorphic approach used here, while still in development, is proving to be effective and
efficient for both research outcomes as well as resource management communication and planning
purposes. The project has produced outputs that are technically and scientifically acceptable whilst
still appropriate for the gully management and rehabilitation purposes. The system presented here will
be eventually produced with formalized guidelines for use in all alluvial gully systems.
Keywords: soil geomorphology, regolith-terrain mapping, alluvial sediments, erosion gullies.
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Introduction
Excess deep drainage and groundwater recharge from irrigation areas can lead to lateral flow of
shallow groundwater and discharge to streams. An example of this was suspected to occur in the
Condamine River, as historical observations from aquatic ecologists noted increased biological
diversity in a stretch of the river. It was theorised that the increase was due to a ‘flush’ of groundwater
seeping from the surrounding banks into the river.
An investigation was undertaken to assess likelihood of discharge and landscape/river connectivity in
the Fairymeadow Road irrigation area. The study area is 48 300 ha, located in the Condamine
catchment in south west Queensland near the towns of Miles and Chinchilla (about five hours drive
west of Brisbane). This investigation focused on assessing connectivity between irrigated paddocks
and the Condamine River, i.e. could deep drainage due to irrigation make its way through the
surrounding landscape and into the river? If seepage areas were detected, this would help prove
connectivity. The results were used to assess potential risks to the environment associated with the
long term movement of nutrients including salts out of the landscape and into the Condamine River.
Methodology
In February 2016 three intrepid explorers set out by boat to identify potential seepage zones along a
section of the Condamine River within the study area. Over two days, 14.5 km was covered. Five
seepage points were located in a 4.4 km stretch (see Figure 1).

Seepage #1
and #2

Figure 1: Locations of five seepage points identified along the Condamine River.

Photos, locations and site descriptions were recorded at each of the five seepage sites. Field
electrical conductivity (EC) was measured on the water flowing out of Seepage #1 and Seepage #2
(as labelled on Figure 1) and in the river immediately adjacent to each seepage location. Water was
collected from both seepage sites and submitted for laboratory analysis. Subsequent sampling and
field visits focused only on Seepage #1 and Seepage #2 sites. Water samples from the two
seepages were collected and analysed in March 2017, May 2017 and March 2018 along with surface
water samples from a nearby centre pivot and from a storage dam.
In May 2017, an electrical resistivity tomography (ERT) transect was carried out, located parallel to
the two seepage sites. ERT is a geophysical technique for imaging sub-surface structures and the
imagery was used to identify possible flow paths of the seepage water. Two likely points were
identified and subsequently, two groundwater bores were installed in May 2017. Bores were purged
and groundwater samples were collected and submitted for laboratory analysis in July 2017 and
March 2018. Loggers were installed in the bores in July 2017 to track water level and EC.
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Results and Discussion
The water quality results from the investigation are listed in Table 1, showing a clear difference
between the seepage waters and groundwater from the bores, compared to the Condamine River
water and other surface water sources. The water collected from both seepages is saline, and is
sodium chloride dominated. The two bores adjacent to each seepage show the same trend.
Table 1: Averaged laboratory results for the seepages, bores, Condamine River, pivot and dam, from Feb 2016–Mar 2018.
Seepage #1
Bore #1
Seepage #2
Bore #2
River
Pivot
Dam
pH
7.3
6.9
7.5
7.2
7.3
8.7
7.7
EC (µS/cm)
4293
5275
4013
5420
181
510
334
Chloride (mg/L)
1266
1560
1139
1410
25
75
47
Nitrate (mg/L)
10
15
24
66
1
<0.6
3
Calcium (mg/L)
188
241
123
95
9
15
15
Sodium (mg/L)
509
597
577
375
20
73
39
SAR
7.1
7.3
9.4
10.3
1.3
3.5
2.0

Figure 1 shows the ERT image, with the location of the two seepages denoted by arrows. Dark blue
areas of the ERT image indicate a highly conductive zone (clay or moisture). Green areas indicate
either a weathered substrate or sandy clay. The red zones (low conductivity) indicate a sandy or dry
profile. Deep (14.6 m) cores were drilled to calibrate the results from the ERT image and
groundwater bores were subsequently installed at the two seepage locations. The water table was at
11.2–13.5 m in one bore, and 11.6–14.3 m in the second bore. In both bores, the water table was
sitting on weathered Gubberamunda Sandstone (see Figure 2). The results from the deep bores
match the results of the ERT image i.e. dark blue areas on the image correspond to the water tables
seen in the calibration cores, underlain by weathered substrate (green zones in the ERT image) which
was identified as Gubberamunda Sandstone in the calibration cores.

Figure 1: ERT transect for the area. The seepages (and groundwater bores) are located at 100 m and 225 m along the
transect.

Figure 2: Perched water table (11.2–13.5 m) on weathered Gubberamunda Sandstone in one of the calibration cores.

Land uses upslope of the seepage areas include irrigated centre pivots, dryland cropping and a
feedlot. The irrigated areas are the most likely source of shallow recharge and lateral flow, as
indicated by the higher nitrate levels in the groundwater (in results from Bore #1 and #2 in Table 1).
Conclusions
The identification of several seepage points along a stretch of the Condamine River has indicated that
connectivity between the surrounding landscape and the Condamine River exists i.e. water does
move through the interfluve area into groundwater and enters the Condamine River. Evidence
suggests that in this area, the underlying bedrock (Gubberamunda Sandstone) has very low
permeability so water moves laterally through the landscape. Whether connectivity existed prior to
agricultural development is unknown (it is possible that water is simply following old flow paths or
natural drainage lines), but it is likely that connectivity has been enhanced by agricultural
development.
The results from this study have informed the cumulative risk assessment to the environment
associated with the movement of nutrients including salt out of the landscape and into the Condamine
River.
Keywords: Seepage, lateral flow, water quality, landscape connectivity

150

Using geophysics to improve hydrogeological conceptualisation and to
monitor change at springs within the Great Artesian Basin
Sunny Jacobs1,2, Mark Crawford2, Andrew Biggs2, Jenny Foley2, Steven Flook3, John McLean
Bennett1
1

University of Southern Queensland, Toowoomba, QLD 4350 Australia, q1220709@umail.usq.edu.au.
2
QLD Department of Natural Resources, Mines and Energy, Toowoomba, QLD 4350 Australia.
3
QLD Department of Natural Resources, Mines and Energy, Brisbane, QLD 4000 Australia.

Introduction
Non-destructive geophysical exploration and investigation techniques such as Electrical Resistivity
Tomography (ERT) and Electromagnetic Induction (EMI) are uniquely suited to improve our
understanding of Great Artesian Basin (GAB) spring formation and function. An additional benefit of
the use of such geophysical techniques is that information can be collected with minimal impact on
these sensitively balanced and highly valued ecosystems. These methods are able improve the
general knowledge of springs and also show individual spring attributes.
Methodology
Ground based geophysical surveys were carried out at three spring complexes within the GAB. At all
sites ERT was carried out once, while EMI surveys were repeated four times over 12 months at each
spring complex. The use of both these geophysical techniques aim to improve spring
conceptualization and determine if such techniques can be utilised for monitoring the springs wetted
area.
Data Collection
EMI surveys were conducted with the Geonics’s EM38-MK2 and EM31-SH machines to collect the
apparent soil electrical conductivity (ECa). Initially, broad surveys over sections of the different spring
complexes were conducted to determine what spatial variability could be detected with the different
machines. Following the broad survey, transect lines that crossed a selection of the spring mounds
within each were marked out so that repetitive survey readings could be collected over 12 months.
EMI data collection occurred at approximately 3-month intervals throughout the 2017 calendar year
starting in February.
ERT surveys were conducted along transects crossing a number of individual springs using the
ABEM Terrameter LS multi-channel resistivity meter. ERT utilises an electrical current applied to a
series of probes laid out across a site to
Data Processing
The broad EMI data collected in the first round of sampling was interpolated in Surfer© using nearest
neighbour to convert point data files to a grid file of an appropriate size. This technique was chosen
because it does not extrapolate ECa grid values beyond the range of data. The EMI transect data
from each EMI survey required temperature correction so that the response values could be
compared from each collection event.
Results and Discussion
The EMI data has provided additional information to build on existing conceptual models. Figure 1
depicts EMI data collected over a section of the Lucky Last spring complex. An EMI grid was walked
from north-northwest of the springs to the treed area (at the bottom of Figure), in a rectangular block
parallel to and bounded by the fault on the eastern side. EM38 data from the 1m coil, relating to the
1.5m soil depth (Figure 1) revealed a pattern similar to that observed in previous geophysical
investigations of the area. On the eastern and western sides, the EMI values were more conductive,
while the centre area, where the majority of springs lie, was low in conductivity. Springs were clearly
delineated, despite the volume scale of the instrument. They are located within the dashed lines in
Figure 1. Even the smallest springs were discernible. The conductive areas on the western side
coincided with the only areas where salt burn of grasses was evident. The most striking feature was
an apparent flow path emanating from the northern side of the surveyed area and running downslope
to the southern edge, parallel to the fault. All this information builds on the existing conceptual
models.
EMI transect data produced some obvious trends over the four data collection/survey trips. An
example of this is shown in Figure 2. The west to east EMI transects for LL340 (Figure 2 and spring
indicated in Figure 1) depicted a consistent pattern on either side of the spring. A relatively flat and
consistent response was observed in the middle section with the EMI response spiking either side of
the spring. It was also observed that the T4 transects didn’t reach the point of data inflection, in this
instance it was the eastern side. This indicates that seasonal variability can be detected on the fringes
of the spring while the inner part of the spring remains consistent throughout the year. This would also
suggest that there is potential to use EMI as a monitoring tool.
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Figure 1: Lucky Last Spring Complex EM38 (Vertical 1.5m) response with red indicating areas of higher clay and salt content
which can be differentiated from areas of low clay and salt content shown in blue. Dashed line markings indicate saturated soil
extent surrounding individual spring vent.

Figure 2: A Lucky Last spring EM38 (Vertical 1.5m) response over 4 trips (February, May, August and November 2017).

Inversion of the ERT data has provided interesting results, illustrated in pseudosection from Figure 1,
shown in Figure 3. The spring mound can be easily distinguished from surrounding soil. The fault
boundary between the sandstone and mudstone formations is also quite evident.

Figure 3: The ERT conductivity pseudosection derived from the transect over the same Lucky Last spring complex.

Conclusions
ERT and EMI are useful tools to help build on the understanding of the formation processes that drive
spring development and also how springs vary naturally over time. Further analysis is required to
determine if other information can be obtained from these geophysical investigation techniques,
without the requirement for destructive validation techniques.
Keywords: Springs, Electrical resistivity tomography (ERT), Electromagnetic Induction (EMI).
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Introduction
Australia’s Alpine region is highly vulnerable to extreme climate events such rainfall and snow falls,
these events would subsequently effect erosivity and hillslope erosion in the region. In this study, we
examined the relationship between extreme rainfall indices and rainfall erosivity across the Alpine
region. We predicted rainfall erosivity and hillslope erosion based on the revised universal soil loss
equation (RUSLE). Time series (monthly and annual) of rainfall extremes and erosion risk for the
study area for a 60 years period have been produced and spatially interpolated to high spatial
resolution of 100 m in a geographic information system (GIS) using a spline interpolation method.
Methodology
Statistical tests were used to quantify the spatial and temporal changes of rainfall extremes and the
impacts on hillslope erosion based on the study area and its sub-regions. The time series maps for
the 60 years period are used to identify the high erosion risk seasons and areas across the study
area. Automated GIS scripts have been developed to calculate the time-series rainfall erosivity and
hillslope erosion so that the processes of large quantity NARCliM data are realistic, repeatable and
portable.
Results and discussion
The study demonstrates that extreme rainfall indices (e.g. Rx5Day) can be used to predict potential
high-risk areas of rainfall erosivity and hillslope erosion. The results show that rainfall erosivity and
hillslope erosion in the study area are predicted to increase by 10 and 14% in the near future (20202039), further increase by 24 and 30% in the far future (2060-2079) even if the groundcover is
maintained at the current level. The change in rainfall erosivity and erosion risk is highly uneven in
space and season.
Summer is projected to have the highest erosion risk with an increase about 25% in the next 20 to 50
years. The predicted changes in autumn range from 12% decrease in the Australia Capital Territory
(ACT) in the near future up to about 69% increase in the Murray Murrumbidgee (MM) in the far future.
The highest erosion risk areas within the study area are predicted to be in South East and the
Tablelands (SET, maximum rate: 19.95 t ha-1 yr-1), but on average ACT has the highest erosion rate,
which is above 1.3 t ha-1 yr-1 in all periods. The maximum rainfall erosivity in the region is predicted to
be in South East and Tablelands with 1233.87 MJ mm ha-1 hr-1 yr-1 in the far future. In the baseline
period, the snowmelt in spring is estimated to increase the rainfall erosivity by about 9% in the NSW
and ACT Alpine region, but the snow impact is predicted to be less (about 1%) or nil in the future due
to the predicted higher temperature and less snow depth in the future.
Keywords: climate change, remote sensing, rainfall erosivity, soil loss, geographic information
system.
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Introduction
The short answer is “yes, chloride balance is all it’s cracked up to be”. Chloride is a naturally
occurring ion in soil, and it is mobile, soluble, non-reactive and not significantly adsorbed onto mineral
surfaces. It can therefore be used as a tracer of water movement in soil i.e. track where chloride has
gone, and drainage rates can then be calculated. Deep drainage is water that moves beyond the root
zone. Understanding deep drainage and how it is affected by land use is critical to assessing salinity
risk.
The Fairymeadow Road Irrigation Project was set up to assess the risk of long-term leaching of salts
out of the landscape into the Condamine River, due to increased irrigation in the area. The study
area is 48 300 ha, located in the Condamine catchment in south west Queensland near the towns of
Miles and Chinchilla (about five hours west of Brisbane).
The transient chloride mass-balance method (as described in Tolmie et al. 2003) was used at three
different properties in the study area to compare chloride levels under various land uses. Results
were used to estimate deep drainage rates which were fed into the overall salinity risk assessment.
Methodology
Soils were assessed at three properties in the project area, under native vegetation, dryland cropping,
centre pivot irrigation and flood irrigation. Soils (grey vertosols) were cored to three metres under the
different land uses at each property, with replicates taken (see Figure 1). The profiles were described
in the field and soil samples were collected every 10 cm down the profile and analysed for chloride
(and other parameters). Land management practice history for each property was determined
through talking to the landholders and interpreting historical aerial photographs. Samples of irrigation
water were collected and analysed. Soil chloride results, land use history and water quality results
were entered into the SODICS model (Rose et al. 1979) to estimate deep drainage rates.

Figure 1a: One of the properties assessed, showing the
locations for dryland cropping (top left), native vegetation
(top middle) and centre pivot irrigated cropping (bottom
right). Three soil cores were taken at each site.

Figure 1b: Using the soil coring rig at the centre pivot
irrigation site on one of the properties.

Results and Discussion
From 1956 to 2015, land use in the study area changed from low deep drainage systems such as
native vegetation and grazing to higher deep drainage systems such as dryland cropping (increased
from 0.7% of the total area to 17.5%) and irrigated cropping (increased from 1% in the early 2000s to
10% of the total area by 2015). This change in land use obviously impacts on the movement of water,
and therefore salts, in the soil profile as shown in Figure 2.
The data shows that chloride has been leached under dryland cropping and irrigated cropping,
compared to native vegetation. In a relatively short time period, chloride has leached from the upper
profile (top 1 m) and has accumulated below 2 m (orange arrows in Figure 2). The irrigated cropping
and dryland cropping chloride profiles are not significantly different from each other due to the
irrigation sites being in their infancy and intermittent water application (i.e. not irrigated every year).
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Figure 2: Chloride profiles for two properties in the study area. The green line is native vegetation, red is dryland cropping, and
blue is irrigated cropping. Chloride has leached from the upper profile (top 1 m) and has accumulated below 2 m (orange
arrows) at both properties.

Soil chloride results from this study were entered into the SODICS model to estimate deep drainage
rates, as shown in Table 1.
Table 1: Deep drainage rates (from SODICS modelling) for Grey Vertosols in the study area.
Land Use
Drainage below depth (mm/yr)
1.5 m
3.0 m
Dryland cropping (began 1960s)
5–20
1.5–24
Irrigated cropping (began 2012)
0–30
0–38

The average drainage rate under native vegetation for Grey Vertosols in the district is 0.3 mm/yr
(Tolmie et al. 2003). Yee Yet and Silburn (2003) report average modelled drainage rates for Grey
Vertosols under grazing at Chinchilla as 1–2 mm/yr, dryland cropping as 7–20 mm/yr, and irrigated
cropping as 42 mm/yr. The results from our study correlate well with these published modelled
results.
Conclusions
The transient chloride mass-balance method tracks chloride movement down a soil profile. And
wherever chloride goes, water goes—meaning deep drainage rates can be estimated using models
such as SODICS. Such estimates of deep drainage allows investigation of fill times for the
unsaturated zone below irrigation projects—they help answer questions such as ‘how big is my
bucket of soil’ and ‘how long until my bucket fills up’.
This work has led to an improved understanding of deep drainage rates in Grey Vertosols under
various land uses within the study area. Data collected was fed into the overall cumulative risk
assessment to ascertain the likelihood of saline discharge to stream resulting from increased irrigation
in the study area.
Keywords: Deep drainage, chloride, leaching, salinity risk.
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Introduction
Climate change poses significant challenges to Australian agriculture. Adaptive crop and soil
management is essential to sustain and improve agricultural production. The changing climate is
already leading to changing land use, with implications for short and long-term soil management.
These changes range from short-term progressive changes as a result of gradual shifts in weather
patterns, to the more strategic planning of new crops to better suit the future climate. Sometimes,
plant based solutions can complement the management constraints of soil. In view of this, we present
a synopsis of soil management for food and fibre in a changing climate.
How is the climate predicted to change in Australia?
Climate change is a global phenomenon, but regional climates are strongly driven by differing weather
systems (e.g. ENSO, IOD, SAM) and therefore respond differently to changes in global-scale
influences. The most recent Intergovernmental Panel on Climate Change (IPCC) assessment (IPCCFifth report, 2016) predicts decreasing cool season precipitation over southern Australia associated
with a southward expansion of the sub-tropical dry zone. Precipitation changes in northeast Australia
are less certain. Australia as a whole is likely to continue to warm throughout the 21st century with
more frequent hot days and nights and less frequent cold days and nights projected. The intensity of
short-duration rainfall events is predicted to increase in most regions, but their frequency will diminish.
These changes will have negative implications for runoff (increased), rainfall infiltration (decreased)
and soil moisture storage (drier). Drier soils, higher temperatures and reduced rainfall will increase the
likelihood of extreme fire events and the severity of droughts with their concomitant impacts on soil
fertility degradation (Hughes et al. 2015). Further detail on regional predictions for Australia can be
found at https://www.climatechangeinaustralia.gov.au/en/.
What are the direct impacts of climate change on soils properties?
Several decades of free-air CO2 enrichment (FACE) experiments worldwide have generally indicated
increased crop growth and harvestable yield in future climates, although nutrient uptake into
harvested grains may decrease. The increased production implies potentially greater inputs of carbon
into stored soil organic matter, but concomitant increases in soil respiration and nitrous oxide
emissions may in turn accelerate climate change, as well might changing temperature and rainfall
patterns that accentuate soil organic matter decomposition. The dynamics of plant nutrients in soils
exposed to enriched CO2 has received much less research, but this session features presentations
from two researchers on the long-term effects of elevated CO2 on the availability of soil P and uptake
of P by various crop species in different soils (Jin et al. and O’Sullivan et al. this session).
The impact of climate change on soil properties may also be predicted by using relationships between
current soil properties and climate to digitally map the predicted changes to these properties resulting
from regional changes to temperature and rainfall patterns. A recent study by Gray and Bishop (2018
poster, this session), reported significant impacts on soil organic matter, pH and the sum of
exchangeable bases. Under projected climate change scenarios, the projected impacts varied both
positively and negatively, according to landscape properties and the degree of climatic change. Such
long term projections are a useful guide but should be periodically validated with measured values.
What are the likely impacts of climate change on soils landscapes?
Soils landscapes have evolved in response to climatic variability, but human activity has often
imposed land use changes that led to soil degradation. Climate change could further exacerbate
these degradative changes to soil and landscapes. To maintain or improve landscape sustainability
requires continual monitoring and assessment using digital technologies, such as remote sensing
(Hobbs et al, this session). Other recent programs in Australia, such as the integrated paddock-to-reef
monitoring and modelling program, also demonstrate this. The paper by Lippman et al. (this session)
gives an international example of an integrated monitoring and simulation study aimed to better
understand the impacts of climate on landscapes and vegetation.
Mitigation strategies
Climate change is a result of altered carbon balance in terrestrial, aquatic and atmospheric
environment. Less frequent but higher intensity rainfall events, coupled with higher temperatures, can
exacerbate the impact of existing soil constraints through increased soil erosion, accelerated
microbial decomposition of organic matter, higher emissions including N2O, and less carbon storage
in soil. The equilibrium in carbon balance between atmospheric, aquatic and terrestrial environments
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is affected by the intensity of anthropogenic factors which in turn are linked to world population
growth. In view of this, it is essential to monitor emissions of greenhouse gases, adopt mitigation
strategies and address crop production constraints through plant based solutions (Anderson et al.,
this session) and the greater use of locally-sourced organic amendments, such as pond sludge for
crop fertilizer (Chau et al., this session).
The concentrations of greenhouse gases in the atmosphere can be either directly reduced by carbon
sequestration into soil organic matter, or indirectly reduced by preventing the production of
greenhouse gases in the soil. Australian agriculture contributes around 20% of Australia’s greenhouse
gas emissions, so strategies to mitigate these emissions need continued research and practical
solutions. Strategies to store carbon deeper in the soil profile need to be investigated, which warrants
a better understanding of carbon cycling deep in the soil profile (Osanai et al, 2018, this session).
Mitigation of soil-sourced nitrous oxide, a greenhouse gas with 300 times the warming potential of
carbon dioxide, has received significant research over the past decade (Grace 2016). Several
nationally-coordinated governments and industry-funded research programs have measured field
losses of nitrous oxide from a variety of soils used for food (grains, dairy, horticulture, sugar) and fibre
(cotton) production. Data from these projects was used to update process-based models to better
simulate emissions of nitrous oxide, create industry ‘carbon footprints’ and localise the formulae used
for Australia’s annual greenhouse gas inventory. The models were also used to assess the
effectiveness of potential mitigation options under various future climate scenarios.
Adaptation strategies and new opportunities
Owing to predictions of increased temperatures and reduced rainfall frequency, reduced soil moisture
is commonly forecast for much of Australian agriculture in the future. Both plant and soil solutions can
be used to make the best use of available soil moisture, but we first need to understand what soil
constraints are limiting production so that any advancement in genetics and plant breeding can be
fully realised in the field. We also need to identify solutions for these constraints so that producers are
better equipped to deal with climate variability. The scoping study presented by Orgill et al. (this
session) aimed to identify the major constraints in various regions to direct research and resources to
where the biggest gains are to be made.
The changing climate is creating opportunities to extend current crop production regions but this too
creates challenges for soil management. A recent example is the gradual spread of the irrigated
cotton industry into southern NSW. Soil management for new cropping systems that fits cotton within
the rice and cereal-based cropping systems needs to be developed for southern NSW.
Summary
The changing Australian climate is predicted to bring about significant challenges to management of
soils used to produce food and fibre, both directly, through changes to the environmental conditions
that regulate soil processes and properties, and indirectly, through changes to plant productivity and
nutrient uptake. Soil scientists are tackling both the source of the problem, through research into
strategies for mitigation of greenhouse gas production, and are also helping to assess and monitor
the changes in soils occurring across the landscape, and formulate integrated soil and plant solutions
to allow agricultural systems to adapt to the changed conditions where possible.
Keywords
Climate change, soil moisture, FACE experiments, soil phosphorus, soil nitrous oxide emissions, soil
constraints, landscape mapping, soil carbon sequestration, digital soil mapping
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Introduction
Climate change will result in altered soil conditions that will impact on plant growth in both agricultural
and native ecosystems. Additionally, changes in soil carbon storage have implications for climate
change mitigation programs (Baldock et al. 2012). Few studies have attempted to map at fine
resolution the predicted changes in soil properties due to climate change over specific regions
(Minasny et al. 2013; Yigini and Panagos 2016). In this project, we mapped and examined potential
change in three key soil properties: soil organic carbon (SOC), pH and sum-of-bases (major macronutrients) due to projected climate change over south-eastern Australia until approximately 2070.
Methodology
Digital soil mapping techniques were applied, using multiple linear regression modelling based on
over 5000 initial data points derived from Queensland, NSW, Victorian and South Australian state
natural resource agencies and the CSIRO. Twelve climate change models were applied, representing
four global models downscaled with three regional models, sourced from the NARCliM program
(Evans et al. 2014). The three soil properties were examined over 0-30 cm and 30-100 cm depth
intervals, with mapping at 100 m resolution. By comparing the predicted future soil property digital
maps with current digital maps, the extent of change in these properties was derived.
Results
Based on means from the 12 climate models, SOC stocks are projected to decline over the study
region, with losses ranging between 0 to 10 Mg ha-1 up to a maximum decline of over 30 Mg ha-1 in
the southern alpine regions. An increase in pH (i.e., increasing alkalinity) is projected, generally
increasing from the north-east to the south and west, with the southern alpine areas displaying
increases up to and exceeding 0.5 pH units (see Figure 1). A 5 to 10% increase in the sum-of-bases
(reflecting macro-nutrients) is projected, but southern alpine areas may rise by 20%. For all
properties, the extent of change varies with different climate models, as demonstrated for pH in Figure
2.
The average changes primarily reflect the complex interplay of changing temperatures and rainfall
throughout the study region. For SOC, the changes were also dependent on the precise
environmental regime, with differing changes evident in the 36 current climate-parent material-land
use combinations. For example, the projected decline of SOC in the upper depth interval is less than
1 Mg ha-1 for dry, highly siliceous, cropping regimes but more than 15 Mg ha-1 for wet, mafic, native
vegetation regimes.

Figure 1: Change in pH to approximately 2070, 0-30 cm (mean of the 12 climate models)
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Figure 2: Absolute changes in pH at two soil depths, for the 12 climate models for both change periods

Discussion and conclusion
Despite several sources of uncertainty, such as shortcomings in all modelling processes, variation
between the different climate models and the time periods required for re-equilibration, the spatial
maps of change may help identify locations where changing soil chemistry may impact plant growth in
both agricultural and native ecosystems throughout south-east Australia. Plant species that are suited
to current soil conditions may be less suited to the altered soil conditions, particularly those with
narrow ranges of tolerance. The results for SOC may need to be considered for climate change
mitigation programs that are based upon increased soil carbon sequestration, as increases in stocks
may be less than initially anticipated.
Keywords: climate change, digital soil mapping, soil organic carbon, pH, nutrients
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Introduction
Elevated CO2 has been shown to increase nutrient uptake, particularly phosphorus (P) in agricultural
systems due to the CO2 fertilisation effect where carbon fixation in C3 plant species is enhanced.
Increased P uptake under elevated CO2 is frequently observed in crop species and is associated with
enhanced biomass production (Jin et al. 2017). There are two groups of P acquisition mechanisms
termed physiological or morphological adaptations. Physiological adaptations are mechanisms which
modify the rhizosphere environment including exudation of organic anions and plant-derived
phosphatases, and acidification. Morphological P acquisition traits involve increasing root length,
altering root morphology and increasing the root-to-shoot ratio enabling a greater soil volume to be
exploited for P. For example, wheat and faba bean have been shown to alter their root architecture in
response to P deficiency whereas species such as white lupin upregulate exudation of organic acids
or produce phosphatases to utilise non-labile phosphorus (Lyu et al. 2016). Elevated atmospheric
CO2 may affect physiological and morphological P acquisition traits differently between crop species
grown in a P-limited system. We aimed to assess the impact of elevated CO2 on the acquisition of
phosphorus in crops exhibiting contrasting adaptation strategies to P deficiency.
Methodology
In this study, five crop species (wheat without citrate exudation, wheat with citrate exudation, white
lupin, chickpea, faba bean and canola) were grown in a Chromosol with an Olsen P of 20 mg kg-1.
Plants were grown for 70 days. Phosphorus in rhizosphere soils was fractionated using a modified
Hedley sequential extraction (NaHCO3 and NaOH) to assess the utilisation of inorganic and organic P
pools of varying labilities.
Results
Elevated CO2 did not affect shoot plant dry weight across all crop species. Elevated CO2 enhanced
total P uptake in canola and white lupin but decreased it in wheat without citrate exudation and faba
bean. The shoot P concentration of citrate-exuding wheat was not affected by elevated CO2 however
the non-citrate exuding wheat cultivar showed a 21% decrease. Elevated CO2 decreased shoot P
uptake by 29% (Table 1). Phosphorus fractionation revealed a greater depletion of NaHCO3-labile
organic P in the rhizosphere of white lupin under ambient than elevated CO2. Elevated CO2 increased
NaOH-organic P by 7% and 6% in the rhizosphere of non-citrate exuding wheat and citrate-exuding
wheat respectively (Table 2).
Table 1. Shoot dry weight, shoot P concentration and shoot P uptake in wheat without citrate exudation (wheat –citrate), wheat
with citrate exudation (wheat +citrate), white lupin, chickpea and faba bean grown for 70 days under ambient (A) and elevated
(E) CO2.
Species
CO2
Shoot dry weight
Shoot P
Shoot P uptake
(g plant-1)
(mg g-1)
(mg plant-1)
Wheat -citrate
A
2.80 ± 0.05
2.17
± 0.23
6.03
± 0.57
E
2.75 ± 0.20
1.70
± 0.16
4.93
± 0.33
Wheat +citrate
A
2.69 ± 0.17
2.68
± 0.16
7.35
± 0.99
E
2.84 ± 0.07
2.63
± 0.13
7.47
± 0.55
White lupin
A
2.83 ± 0.33
1.44
± 0.18
3.64
± 0.55
E
3.26 ± 0.37
1.64
± 0.31
5.49
± 0.46
Chickpea
A
5.24 ± 0.32
2.50
± 0.29
12.36 ± 1.25
E
4.92 ± 0.55
2.22
± 0.24
10.97 ± 1.84
Faba bean
A
5.71 ± 0.37
2.74
± 0.12
15.56 ± 0.85
E
4.92 ± 0.55
2.22
± 0.24
10.97 ± 1.84
Canola
A
3.61 ± 0.36
1.78
± 0.23
6.58
± 1.53
E
4.15 ± 0.29
2.28
± 0.21
10.15 ± 1.10
Values represent means ± SEM

Discussion
Elevated CO2 did not enhance shoot dry weight across all crop species which could be due to low P
availability limiting enhanced plant growth elevated CO2 (Jin et al. 2012). Elevated CO2 may have
enhanced organic phosphorus mineralisation and led to enhanced P uptake in white lupin. Increased
mineralisation of organic P is supported by a reduction in the NaHCO3-labile organic P pool under
elevated CO2. Citrate exudation in wheat minimised the effect of elevated CO2 on the shoot P
concentration and hence shoot P uptake.
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Table 2. Sequential extraction of organic P (Po) in the rhizosphere soil of wheat without citrate exudation (wheat –citrate),
wheat with citrate exudation (wheat +citrate), white lupin, chickpea and faba bean grown for 70 days under ambient (A) and
elevated (E) CO2.
Species
CO2 NaHCO3 Po
NaOH Po
(mg kg-1)
(mg kg-1)
Wheat -citrate
A
27.3 ± 0.1 108.7 ± 0.6
E
25.4 ± 0.4 115.9 ± 0.8
Wheat +citrate A
24.9 ± 0.1 110.4 ± 0.6
E
26.8 ± 0.5 117.1 ± 0.9
White lupin
A
30.2 ± 1.1 117.7 ± 0.8
E
26.1 ± 0.4 113.0 ± 1.9
Chickpea
A
26.2 ± 0.6 105.7 ± 0.6
E
24.0 ± 0.4 113.4 ± 4.5
Faba bean
A
25.0 ± 0.6 108.7 ± 1.6
E
24.0 ± 0.4 113.4 ± 4.5
Canola
A
26.4 ± 0.7 114.9 ± 0.4
E
24.9 ± 0.8 115.1 ± 0.6
Values represent means ± SEM

Conclusion
It can be concluded that elevated CO2 does not universally enhance P uptake across various crop
species. Physiological adaptations for P acquisition may have minimised the effect of elevated CO2
on P uptake and biomass production. The lack of a consistent effect by elevated CO2 between crop
species might be linked to both the crop species adaptation to P deficiency and how these
adaptations are affected by elevated CO2.
Keywords: Triticum aestivum, phosphorus acquisition, phosphate, PUE, Vicia faba, eCO2.
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Introduction
In Australia, approximately 75% of agricultural soils have constraints that limit productivity (Dang and
Moody 2016). Soil constraints can be any physical, chemical or biological characteristic that limits root
access to moisture and nutrients or reduces plant function. Some examples of soil constraints include:
low water and nutrient holding capacity, acidity, alkalinity, dispersion, salinity, compaction, nonwetting soils and hard-setting soils. Identifying, understanding and managing these constraints are
major challenges to increasing agricultural productivity, especially when multiple constraints occur in
the same soil. Soil constraints may occur in the surface, subsurface or subsoil, and throughout the
profile. Although a number of amelioration strategies are available to manage some of these
constraints, there are fewer technologies developed for ameliorating subsoil constraints compared to
those that occur near the surface. Emerging technologies such as subsoil manuring and injection and
addition of clay and organic matter (OM) into bleached horizons of lighter texture soils are currently
being examined to manage subsoil constraints. This paper presents an overview of the cost-benefit
analysis of methods to ameliorate soil constraints to agriculture and identifies the future research
priorities to increase production on these soils.
Methods
This analysis (Soil CRC Scoping Study 3.3.01) utilised expertise across the spectrum of key
practitioners, managers, technical experts, advisers and innovators. Interrelated activities were
conducted, including a combination of reviews and mapping activities (to define the location, scale
and magnitude of soil constraints), technical working groups (to review literature and findings on soil
constraint mapping and amelioration products), and adviser and industry surveys (to collect baseline
information on current amelioration strategies and limitations to adoption; presented separately in
these conference proceedings (Cann et al. 2018)).
Results and Discussion
The scoping study examined dispersive clays, alkalinity, acidity, salinity, compaction, soils with poor
nutrient supply and problematic sandy soils. Key findings are summarised in Table 1.
Conclusions
• Extent and spatial distribution of soil constraints needs to be better defined by mapping specific
constraints at sub-paddock resolution, especially for areas where there are multiple interacting
constraints and soil-type specific responses to amelioration.
• Research investments into soil constraints should be guided by the potential for impact through
production and profitability gains. Any soil amelioration strategy must be ground-truthed with next(e.g. advisers) and end-users (e.g. producers) to maximise farm readiness and adoption.
• Effectiveness of soil constraint management should be evaluated in combination with, and not in
isolation to, other soil constraint research (i.e. multiple soil constraints).
• Amelioration strategies that are practical, feasible, accessible, system-integrated, and target the major
constraints are more likely to be adopted than expensive niche products.
• Machinery for applying ameliorants should allow for flexibility of soil amendment product choice, or
products should be designed to be used with existing farm machinery, so that growers can switch to
different materials depending on issue, season, availability and cost.
Acknowledgements
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Table 1. Overview of likely impact of investment in soil constraints for agriculture
Area (ha), location, industry
Main production benefits of overcoming constraint
Dispersive and alkaline
soils: Over 13.4M ha in
NSW, Vic, Tas, SA and WA
(Davenport et al. 2016).

13.2M t/yr if whole area is treated (Davenport et al.
2016) based on an increase in wheat yield with 60
to 80% water use efficiency. Amelioration can lead
to increased and more reliable production with

Research type required (applied or basic) and
likely adoption
Applied - determine how much, what form and
how often to apply amendments x soil types.
Basic - understand the impact of amendments
on soil function, structure and nutrient

Wide range of crops, grazing
and irrigated horticulture.

potential for higher value crops.

Soil acidity: 35M ha highly
acidic (pHCa <4.8); 55M ha
mod-slightly acidic (pHCa
4.9–6.0). ~ 50% agricultural
land pH <5.5Ca (AACM
1995). Issue in West; South;
Eastern Australia; cropping,
grazing and horticulture.
Salinity: Over 5.5M ha
(NLWRA 2000), with ~2M ha
agricultural (ABS 2002) and
140,000ha irrigated. Majority
of salinity is in WA (1.2M ha)
where severity is greater.
Compaction: Difficult to
determine the cost of
compaction to Australian
agricultural industries, as
many cropping soils are
already compacted.
Nutrient constraints: Most
agricultural soils. Insufficient
information to define subsoil
deficiencies. Cropping,
grazing and horticulture.
Sandy soils
>7M ha in WA and >3.5M
ha in southern Australia.
Grain cropping (most
species, except lentil and
chickpea), mixed farming
and grazing.

Estimated cost of acidity to the agricultural sector
is $1.58B/yr (Hajkowicz and Young 2005). Current
research indicates yield increases of 10-18% for
crops and GRDC research reported net benefit of
$85/ha due to pH correction in WA. Amelioration
can lead to increased and more reliable production
with the potential for higher value crops and
legumes.
Benefits primarily off-site whereas costs likely to
be incurred on-site. Cost to agriculture is ~$130M
in lost production potential (Hajkowicz and Young
2005), with a further $100M/yr worth of impact on
infrastructure. Total cost of salinity is $1.1B, of
which $130M is agricultural.
Lost potential yield valued at $330M/yr for crops
and pastures in WA (WA DPI 2018), $55 to
174M/yr for the sugar industry (Braunack, 2000),
$50M/yr for the grains industry and $60M/yr for the
cotton industry (Bennett et al. 2017).
Fertiliser comprises ~30% of crop production
costs. Widespread negative K and Mg balances,
and positive balances for P on farms. Magnitude of
subsoil nutrient deficiencies not known.
Area that could benefit from clay addition is >7.5M
ha (4.5M ha in WA; 2M ha in SA; 0.5M ha in Vic
and NSW) and OM inclusion is 10M ha. Yield
increases ~50% from clay addition (Esperance,
over 15 years) and 1.3 t/ha/yr (in SA). Co-benefits:
increased available P, K, S, pH buffering capacity;
decreased risk of erosion, frost damage and
waterlogging.
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availability; opportunities for novel products, e.g.
organic amendments and nanofertilisers.
Adoption rate 5-20yrs.
Applied - update acidification risks and modify
recommendations for modern farming systems.
Development and testing of new amendment
types and application technologies for
subsurface and subsoil acidity. Adoption rate
5yrs.
Applied – complex modelling and development
of landscape hydrology at a small catchment and
farm scale required. Adoption rate 5-10yrs, with
impacts for irrigated salinity likely to be faster.
Applied - quantify cost to production due to
compaction and hard-setting soils; framework for
determining the compaction benchmark on a
soil-specific basis; determine enduring solutions
for hardpans; further evidence on controlled
traffic farming (CTF) conversion options.
Applied – site-specific nutrient management.
Basic - novel fertiliser product development and
understanding role of subsoil nutrient supply.
Adoption rate 5-20 years.
Applied - determine package of clay and OM
amelioration practices x types of sand x rainfall
zones. Basic - role of subsoil OM and clay on
subsoil root function, water and nutrient
availability, and soil functions. Adoption rate 5-10
years.

Key words: acidity, alkalinity, amelioration, compaction, nutrient constraints, organic carbon
depletion, problematic sandy soils, salinity, sodicity
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Introduction
Poor crop establishment occurs on water repellent soils. This reduced establishment is most
pronounced when the crops are sown dry followed by low, insufficient rainfall to promote germination
and seedling emergence. This research is important because water-repellent soils affect about 10 M
ha of arable sandy soils which are used for agricultural production in southern Australia (Roper et al.
2015). Soil wetters are currently banded on top of and in the furrow to improve crop establishment on
water repellent soils in WA (Crabtree and Henderson 1999, Davies et al. 2016). Coating seeds with
surfactant to improve crop establishment is a new field of research (Madsen et al. 2016; Erickson et
al. 2017). This research examines if the surfactant seed coating technique developed by Madsen et
al. (2016) could improve cereal crop establishment compared to a commercial furrow-applied wetter.
Methodology
Two randomised complete block design field experiments, replicated three times, were conducted in
2017. One was on a grey sand (1.1%C and 6% clay) with a molarity of ethanol droplet (MED) test of
2.0 (moderate repellence) located 11 km northeast of Badgingarra, WA; the other was on a sandy
gravel (3.6%C, 48% gravel and 4% clay) with a MED test of 5.0 (very severe repellence) located 18
km south of Darkan, WA. Seeds were coated using the method of Madsen et al. (2016) at the
surfactant rate of 0, 1.0, 2.0 and 4.0 L/t or 0.065, 0.130 and 0.260 L/ha at a seeding rate of 65 kg
seed/ha. These treatments were compared to banding with a commercial soil wetter, SACOA’s
SE14™, placed either on top of the furrow or in-furrow near the seed at rates of 0, 1, 2 and 5 L/ha.
The Badgingarra experiment was sown to Scepter wheat at 65 kg seed/ha on 19 May 2017. The
Darkan experiment, was sown to Scope CL barley at 65 kg seed/ha on 12 May 2017. Measurements
conducted at the Badgingarra site included tiller numbers (tiller/m2) on 29 June, and biomass
production (t DM/ha). Unfortunately, at the Badgingarra site, only fourteen plots of replicate one were
harvested due to severe bird damage of the other plots. The average yield of the undamaged plots
was 1.6 t/ha. Measurements conducted at the Darkan site included plant density (plants/m2) on 31
May and grain yield on 2 December 2017.
Results
At the Badgingarra experiment, rainfall events after seeding were 12 mm between 20 and 22 May
which resulted in some wheat emergence, and 31 mm between 21 and 24 of June, 2017, which
resulted in more emergence. SE14 applied at 5 L/ha on the top of the furrow gave the highest
improvement in wheat tiller number (130%) compared to the control (Table 1). Surfactant coated on
the seed at 1–4 L/t and SE14 at 2 L/ha applied on top of the furrow had the next highest improvement
of 86-109%. This higher tiller number carried through to higher biomass, with SE14 placed at 2–5
L/ha on top of the furrow increasing biomass yield by 100%. Other treatments increased biomass by
40–73%. The exception was in-furrow applied SE14 at rates of 1 and 5L/ha which had a very little
impact on plant biomass (Table 1).
At the Darkan experiment there was 40 mm of rainfall between 14–21 May that promoted seedling
emergence. Treatments with wetter applied on top of the furrow, in-furrow and the wetters coated on
the seed increased barley emergence by 33–49% compared to the control (Table 1). Nevertheless,
uneven establishment remained at the site over the growing season despite 108 mm of rainfall in July
due to persistent water repellency and the presence of root diseases Rhizoctonia and Pratylenchus
neglectus. The in-furrow placement of SE14 main effect was observed to give a 9% increase in barley
grain which was significant at P=0.094.
Discussion
Improved establishment of grass species due to seed coating applications has previously been
observed by Madsen et al. (2016) and Erickson et al. (2017). In this study, we have observed
improved establishment of cereal crops. The difference between this study and other seed coating
studies is that in our study the seeds are sown below the soil surface while in the other studies the
seeds were broadcast onto the soil surface. This difference in seed placement could result in a
different mechanism acting to improve germination from wetter-coated seeds. Wetter application to
soil is used to reduce the surface tension of water at the soil surface resulting in increased water entry
into the repellent soil, particularly under dry conditions where wetters improve the uniformity of soil
water infiltration (Roper et al. 2015). The large responses in crop establishment, early growth and
nutrient uptake observed in our experiments were due to the very dry May-June seasonal conditions
and also because the experiments were sown dry. Improvements in plant establishment were
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observed to be higher than those observed by Crabtree and Henderson (1999) who showed that
furrow applied wetters improving cereal crop establishment by 10–18% using rates of 2–8 L/ha. They
also found reduced effectiveness in soils with higher soil carbon contents. Also, our observed
responses were higher than those in more recent studies (Davies et al. 2016) where wetter applied to
furrows increased plant density by 10–70% and grain yield by 0–29%.
Table 1. Tiller number (tiller/m2) and dry matter biomass (t DM/ha) at the Badgingarra experiment and plant density (plant/m2)
and grain yield (t/ha) at the Darkan experimental in 2017.
Treatment
Control
Seed coated 1.0 L/t
Seed coated 2.0 L/t
Seed coated 4.0 L/t
SE14 top of furrow 1 L/ha
SE14 top of furrow 2 L/ha
SE14 top of furrow 5 L/ha
SE14 in-furrow 1 L/ha
SE14 in-furrow 2 L/ha
SE14 in-furrow 5 L/ha
LSD (P<0.05)

Badgingarra, wheat
Tiller No. (tillers/m2)
44
82
82
92
69
84
101
61
56
51
11

Biomass (t DM/ha)
1.5
2.1
2.4
2.6
2.1
3.0
2.9
1.4
2.2
1.7
0.3

Darkan, barley
Plant density (plants/m2)
97
138
128
115
145
142
139
145
139
145
14

Grain yield (t/ha)
3.5
3.4
3.5
3.4
3.5
3.5
3.8
3.8
3.7
3.7
0.6

Conclusions
Coating wetters on seeds increased their agronomic use efficiency compared to applying them on top
of the soil or within the furrow. Seed coating at 0.065–0.260 L/ha of wetter achieved similar plant
density, tiller number, biomass yield and nutrient uptake as applying wetters at 1–5 L/ha on top or
within the furrow. Coating wetter onto the seeds also has the potential to increase the handling
efficiency of wetters used for water repellant soils. However, further work needs to be done with
commercial seed coating and cleaning companies to examine ways of adapting the seed coating
technique to their equipment.
Keywords: water repellent soils, seed coating, crop establishment.
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Introduction
The semi-coastal areas of the Vietnamese Mekong Delta are suited to the rice/shrimp farming system
which utilizes the wet season to cultivate rice and the dry season to produce shrimp when fresh water
is scarce and the canal systems carry saline water (Leigh et al. 2017). The production system has
high inherent risk with both rice and shrimp enterprises failing due to occasional extreme climatic
events (Stewart-Koster et al. 2017). Farmers seeking to increase profitability and resilience to losses
aim to decrease costs of production. Fertiliser costs are a significant percentage of the cost of rice
production whilst shrimp production produces biological waste sludge which settles at the bottom of
ditches surrounding and within the rice field. A controlled environment experiment was conducted to
determine the nitrogen (N) mineralisation potential of this sludge. The N fertiliser value of this sludge
was then evaluated in the field over two seasons on rice/shrimp farms at two locations in Vietnam.
Methodology
Two field locations in the Cai Nuoc and Thoi Binh Districts, Ca Mau Province, Vietnam were selected
for the study. The rice/shrimp system is the dominant land use in both areas.
The N mineralisation potential of sludge was determined by incubating subsamples of sludge taken
from representative areas of different rice/shrimp field locations. These areas included: the bottom of
the main ditches that surround rice fields; the small ditches which transect the rice field allowing
drainage; the rice field itself; and the bottom of adjacent intensive shrimp ponds. Samples from each
of these areas were individually mixed and 100g was aerobically incubated for 14 days, with five
replications. The ammonium concentration generated by the sludge was analysed colorimetrically
following sampling at day 0, 3, 7 and 14 of the incubation.
A randomized block field experiment was conducted at each location to test the N fertiliser value of
sludge for rice when applied prior to seedling transplanting. Plastic covered earthen bunds (10 cm
high) were constructed around each plot (5 x 5 m) to stop treatment contamination by movement of
water. Lime (1 tonne/ha) was added to all experimental plots during this time as per the
recommended practice in the area. Five treatments (Table 1) were then applied in four replicates.
Sludge was applied by pumping shrimp production bio-waste material from the bottom of the ditches
surrounding the rice field until the desired depth of treatment material was measured on the plot soil
surface. A short duration (100 day) and salinity tolerant (< 4ppt) rice variety (OM 6976) was
transplanted after nursery preparation for 3 weeks. The fertiliser treatments were based on local
recommended rates of 60 kg of nitrogen (N), 40 kg of phosphorus (P2O5) and 30 kg of potassium
(K2O) per hectare. Fertiliser was applied in three spilt applications at 3, 15, and 35 days after
transplanting (DAT) with the day 3 application being 25% of the N fertiliser only and the day 15 and 35
having 50% and 25% of the N added, and 50% quantities of the required P and K at each of these
days. Plant height, number of tillers and panicles were recorded at 15, 25, 35, 45 and 60 DAT. Grain
yield was recorded at harvest of the entire plots.
Table 1: Sludge and fertiliser treatments applied in field experiments at Cai Nuoc in 2014 and 2015 and Thoi Binh 2016 and
2017.
Treatment
Description
Application rate
T1
control
n/a
T2
Sludge
5 cm height
T3
Recommended Fertiliser
60kg N, 40kg P2O5, 30kg K2O
T4
2/3 fertiliser rate
40kg N, 27kg P2O5, 20kg K2O
T5
Sludge and 2/3 fertiliser
As for T2 and T4

Results
The amount of N mineralised during the incubation study varied depending on the source of the
sludge from the rice/shrimp farming system. The highest N mineralised came from the intensive
ponds (200±4) kg N/ha) but from within the rice/shrimp system, the small and main ditches in or
adjacent to the rice field produced large quantities of mineral N (88±5 and 123±9 kg N/ha,
respectively).
When the fertiliser value of the sludge was tested in the field there were no significant differences
between treatments at Cai Nuoc (Figure 1) during the 2014 rice season and no yield was recorded
during the 2015 season owing to crop failure. Significant treatment differences existed in both 2016
and 2017 at Thoi Binh (Figure 2). In both seasons, the combination of sludge and the reduced rate of
fertiliser maximised crop yields. In 2016, the sludge treatment produced a yield equivalent to the

167

reduced fertiliser rate. In 2017, the sludge treatment either alone or with a reduced fertiliser rate
produced the highest yield, significantly outperforming the traditional fertiliser recommendation
4

Yield (t/ha)

3

2

1

Sludge + 2/3 fert

2/3 of rec rate

Fertiliser

Sludge

Control

0

Figure 1: Yield of rice (t/ha) at Cai Nuoc in 2014 (white
hashed) and 2015 (grey) due to sludge and fertiliser
treatments. Data are treatment means of four replicates.
There were no significant differences (P=0.05).
4
lsd
2016

Yield (t/ha)

3

lsd
2017

2

1

Sludge + 2/3 fert

2/3 of rec rate

Fertiliser

Sludge

Control

0

Figure 2: Yield of rice (t/ha) at Thoi Binh in 2016 (white
hashed) and 2017 (grey). Data are treatment means of
four replicates. LSD (P=0.05) bar is indicated.
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Discussion
Sludge sourced from ditches is capable of providing adequate N for rice production (Tan et al. 1995).
The absence of a significant treatment effect on rice yield at Cai Nuoc in 2014 implies that plant
nutrition was not limiting growth in that season. It should be noted that the 2014 data show treatment
trends that match the significant treatment differences evident at Thoi Binh (Figure 1). This may imply
that the lack of treatment effects at Cai Nuoc may be due to factors other than nutrition. It is likely that
salinity was limiting yield in 2014 (Leigh et al. 2017) and may have increased within treatment variation
preventing significant differences between treatments being observed. Excessive salinity was the
cause of crop failure in the 2015 season (Leigh et al. 2017). Regardless of the limitation, the results
suggest a lower cost of production and subsequent profitability without a yield penalty by reducing
fertiliser application from their production systems. At Thoi Binh, where salinity was lower, the use of
sludge either alone or in combination with reduced fertiliser rates led to optimal rice yields. There was
a clear interaction of sludge and reduced fertiliser in both 2016 and 2017 seasons. This may be due to
the use of small quantities of fertiliser to supplement plant requirements at early growth stages when
nutrient release from mineralisation of sludge was initially below crop requirements or mineral fertiliser
increasing the uptake of nutrients mineralised from organic matter (Hijbeek et al. 2018).
Conclusions
Bio-waste sludge produced during shrimp production in the rice/shrimp farming system can be
effectively used as an alternative to conventional fertiliser and has been shown to provide a beneficial
interaction with lower rates of conventional fertiliser. This finding demonstrates potential savings to
cost of production to the rice/shrimp farmers of the Mekong Delta.
Keywords: mineralisation, biofertiliser, organic matter, waste, alternative fertiliser
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Introduction
Cropping and livestock industries across South Australia (SA) rely on the sustainable use of our soils
and native vegetation. Adverse changes in the condition or resilience of these vital assets have the
potential to threaten the viability of these industries at local and regional scales. To minimize or avoid
these threats land managers need better tools to assess changing conditions across their paddocks
and over time.
Department for Environment and Water (DEW) is currently developing novel remote sensing
applications to better understand the distribution of primary productivity, soil health and vegetation
condition in SA. These tools use hybrid sources of spatial data (e.g. dynamic satellite imagery, and
background soil mapping and digital elevation modelling (DEM)) over many years to quantify and
monitor changes in landscape productivity, health and resilience.
High spatial resolution (~30 m) Landsat thematic mapper (TM) satellites have been operational since
1986 and have routinely captured spectral data on a 16 day cycle. Higher temporal resolution (i.e.
daily) MODIS satellites have been operational since 2000 but at a much lower spatial resolution (i.e.
~500 m). A hybrid of these two data sources allow landscape condition analyses at both high temporal
and spatial resolutions (i.e. monthly and yearly 30 m products). A variety of vegetative and soil
properties can be detected from Landsat TM and MODIS data using combinations of spectral bands
within the satellite. Normalized Difference Vegetation Index (NDVI), and its enhanced versions, are the
most commonly used measures of vegetation cover. NDVI is a powerful and widely used metric for
estimating primary productivity and vegetative cover (e.g. Hobbs 1995). Over recent years improved
vegetative indices (i.e. Fractional Cover Index, Guerschman et al. 2009) have emerged that have
greater power to differentiate between green and dry vegetation and better recognition of bare soils.
Any assessment of vegetation or soil condition is only useful when desirable states or benchmark
conditions can be readily identified. While some of these benchmarks are absolute or simplistic (e.g.
no persistent bare soil, landscape-specific observed maximum vegetation cover) other benchmarks
can be dynamic in time or space and provide more powerful measures of relative condition.
Methodology
We chose Landsat and MODIS vegetation and soil cover data from the last 10 years as our baseline
from which to identify benchmarks relevant to recent climatic conditions, vegetation community states
and management activities. In landscapes with similar environmental conditions of climate,
topography, soil, water availability, land use and vegetation we have assumed that vegetation and soil
conditions are either relatively uniform or within a natural range of variability.
Changes in the cover of photosynthetically-active vegetation (“green”), non-photosynthetically-active
vegetation (“dry”) and bare soils over time have been used to quantify the persistence of vegetation
cover and plant growth, and provide surrogates for ecosystem functions and landscape conditions
(e.g. soil productive health). Spatial variations in vegetation and soil cover attributes can help identify
landscape patterns of vegetation types, water redistribution, primary productivity, soil health, grazing
intensity and human activities. Within a local region (i.e. 10 km radius) and landscape unit (i.e. similar
natural environmental conditions or soils) observed variations outside of the natural range have been
used to identify likely impacts of human-induced disturbances (e.g. livestock grazing, vegetation
clearance, erosion) or changes in soil health (e.g. salinity, water-logging). In some disturbed
landscapes, environmental conditions may be significantly altered over very large areas. In these
cases, quantification of the preferred natural states may not be possible, and it will be necessary to
identify the condition of the “best on offer” with the region and use this information to redefine locallyrelevant benchmark conditions.
Results
The relative condition metrics based on total vegetation cover (i.e. “green” + “dry”) and maximum
photosynthetically-active vegetation cover (i.e. maximum “green”) are strong indicators of vegetation
condition and altered soil properties. The first generation products created for monitoring soil and
vegetation condition in SA have been based on Landsat TM quarterly datasets for period between
2008 and 2017). Two spatial resolution variants of the relative condition metrics have been developed
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to match the native resolutions of the national soil and landscape grid data (i.e. ~90m) and Landsat
TM data (i.e. ~30m).
The medium resolution version (i.e. ~90m) has been applied statewide, and is used by the
Government of South Australia to assist in making legislated assessments of landscape condition on
pastoral leasehold lands used for livestock grazing (Figure 1). The landscape stratification used in
these analyses are based on 45 land unit classes derived from wetland, topography and soil texture
information. Areas with very low soil productive health (e.g. responsiveness) and poor vegetation
condition (e.g. high utilization) demonstrate landscapes (Figure 1) that are likely to be degraded and a
priority for management interventions.
The high resolution version (i.e. ~30m) has been applied in the Cooper-Eromanga Basin region (i.e.
the arid north-east corner of SA), and is used by the SA Native Vegetation Council to make legislated
assessments of native vegetation clearance and offset applications by the energy industry in this
region. The landscape stratification used in these analyses are based on the mapping of 29 vegetation
types within the region (Hobbs et al. 2018).
Discussion
There are many opportunities to better evaluate crop, pasture and vegetation dynamics in dryland
agriculture and pastoral grazing systems. We have addressed many key issues and limitations for
many monitoring programs, including inherent and management-induced variability across
landscapes, sampling versus total area assessments, repeatability of measurements; identifying
benchmarks for comparative assessments, and the timing and resolution of available satellite imagery.
The first generation of soil and vegetation condition metrics (i.e. based on Landsat TM quarterly data)
are already being used by the Government of SA, pastoral industry and energy industry to dramatically
reduce the cost of legislated assessments of landscape condition and has virtually eliminated the need
for on-ground surveys and detailed reports required under alternate approaches.
These applications provide uniform and consistent assessment results which eliminates biases or
errors which would result from field observations influenced by variations in seasonal conditions or
observer knowledge, interpretation and ecological skills. One of the greatest strengths of this approach
is that it provides mapping of important ecological and primary production assets, and permits forward
planning to minimise environmental risks and costs of new developments.

Figure 1: Changes in rangeland soil productive health (e.g. responsiveness) and vegetation condition (e.g. utilization) resulting
from grazing near pastoral water points.

Keywords: land condition monitoring, remote sensing, soil productive health, vegetation condition,
dynamic benchmarking, climate and landuse change.
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Introduction
Peatlands are ecosystems, which store 30% of land-based organic carbon (300–450 PgC; Bragazza
et al., 2013). A peatland is a water-saturated environment where the anoxic conditions lead to an
accumulation of partially decomposed organic matter. In their natural state, peatlands typically act as a
carbon sink. However, drainage leads to decomposition, bacterial oxidation and the net loss of total
organic carbon (Couwenberg et al., 2011). Over the past mellenium, peat drainage in the Netherlands
has led to substantial land subsidence and a significant dent in the soil carbon pool (Erkens et al.,
2016).
Sequestering soil carbon through peatland restoration/rewetting is considered as an option to mitigate
these problems. However, re-wetted peatlands become great releasers of methane (CH4) due to
reduced anaerobic CH4 oxidation and increased CH4 production (Vanselow-Algan et al., 2015). This
leads to restored peatlands becoming net greenhouse gas (GHG) sources rather than GHG sinks.
Due to the enhanced CH4 emissions that arise, sequestering carbon in peatlands may appear to be
less favourable than other forms of climate change mitigation. Most previous research has focused on
surface water level as the primary determining factor of GHG fluxes in peatlands (Bechtold et al, 2014)
with few having considered the role of vegetation on GHG fluxes. The influence of vegetation types on
GHG fluxes is, thus, poorly understood (Heijmans et al., 2008).
To quantify the relationship between vegetation types and long-term greenhouse gas emissions,
model simulations are necessary. A common way to represent vegetation types in ecosystem models
is by the characterisation of Plant Functional Types (PFT). Whilst some peatland models do include
PFT, these models lack either the adequate representation of belowground biogeochemistry or
representation of the aboveground vegetation functioning, which may influence GHG fluxes between
the soil and atmosphere. Our study provides insight into the role vegetation plays regulating the
carbon balance in peatlands. This study may encourage those in other sectors of wetland research to
quantify the role of vegetation in peat and non-peat wetlands.
Hypothesis
Subsequent to the rewetting of drained peatlands, those with peat forming vegetation emit fewer
greenhouse gases compared to those without peat-forming vegetation. Active vegetation management
more quickly allows former agricultural peatlands to become net carbon sinks.
Methodology
This study presents greenhouse gas fluxes obtained from observational field measurements and
model simulations using a new model, built upon improveming and reconfiguring an existing
belowground biogeochemistry model (Peatland-VU, Van Huissteden et al., 2006) and an ecosystem
bog model (NUCOM, Heijmans et al., 2008). The new model, Peatland-VUNUCOM (PVN) simulates
peat development and decomposition, & composition of and competition between plants types. The
simulated soil column is modeled using site-specific soil data and subdivided into multiple soil layers
representing the top ~1.5m of the soil column. Data used to develop PFT was sourced from field
campaigns and the TRY database (Kattge et al., 2011). Simulations compared the land-use scenarios
of two restored peatland sites located in the Netherlands. Year-round automatic chamber observations
and the PVN model were used to calculate the greenhouse gas fluxes and the net GHG budget at
both sites.
Both sites were previously drained and used for agriculture. The first site, Horstermeer, is an
abandoned dairy farm, the water level was raised to near surface level in 1993 and no active
vegetation management was undertaken. The second site, Ilperveld, was previously used for grazing
and dredging. As part of the restoration process which took place in 2007, the nutrient-rich topsoil was
removed, vegetation was actively managed by transplanting vegetation and water quality was
improved. Typha latifoli, a non-peat contributing reed abundant in wetlands has expanded over the
Horstermeer site, whereas at Ilperveld, a peat contributing moss Sphagnum was transplanted and has
since established itself. Vegetation restoration took place at the Ilperveld site whereas, vegetation
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was left as-is at the Horstermeer site. Missing observational data were estimated using a gap filling
technique and thereby labeled as ‘data estimate’.
Results and discussion
The Horstermeer site is a net GHG source 25 years after rewetting, whereas the Ilperveld site is a net
GHG sink 10 years after rewetting. Field results are consistent with modelled simulations (Figure 1).
Although parts of the Horstermeer site have become a net GHG sink, the majority of the site,
dominated by T. latifoli, emits very high CH4 emissions. Overall, the entire land area is a net GHG
source (see data estimate in figure 1). At Ilperveld, Sphagnum vegetation re-established within three
years after rewetting. In 2017, the site became a small GHG sink. Unlike vascular plants, Sphagnum
photosynthesises at lower temperatures than vascular plants, enabling it to sequester more carbon. In
Autumn, T. latifoli sheds large amounts of biomass, contributing to outgoing CH4 by oxidization.
Conclusions
Establishment of peat-contributing vegetation plays a role in the storage of carbon. Vegetation
management of restored peatlands may determine whether it acts as a GHG source or GHG sink. We
conclude that careful design and management of vegetation which may also require management of
water quality are key elements for carbon uptake in restored peatlands. These results are of relevance
to all countries with drained wetlands.

Figure 1: Simulated and observed annual greenhouse gas fluxes of two restored previously drained peatland sites.

Keywords: peatlands, modeling, carbon cycle, carbon sequestration, wetlands
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Introduction
Recent studies in the Australian cotton industry have demonstrated the potential of some systems
(e.g. cotton-maize) to increase carbon (C) in the deep soil profile (Hulugalle et al., 2014), yet the
processes and mechanisms that determine the rate of C cycling in deeper soil layers are relatively
unknown. Carbon isotope analysis is a useful tool to quantify C4-derived C (i.e. maize) in C3-cultivated
soils (i.e. cotton soil), utilising the difference in δ13C signatures between C3 and C4 plants. Soil C stock
is largely determined by the balance between C input by plants and C losses through microbial
respiration, and the δ13C signature of soil organic C (SOC) often reflects the δ13C signature of the plant
input, although microbial processes can also influence the δ13C signature (Ehleringer et al., 2000).
Thus, examining the δ13C of SOC may give some insights into the mechanisms that control C cycling
of the whole soil profile under different systems. Using a long-term field trial established in cottonbased cropping systems, we examined the effect of maize rotation on the vertical distribution of SOC
and examined how maize may impact SOC dynamics in the whole soil profile.
Methodology
We collected soil cores to a meter depth from three historical cotton-based irrigated cropping systems
(minimum tillage continuous cotton, maximum tillage continuous cotton and minimum tillage cottonwheat) with and without inclusion of maize in the rotation (i.e. 6 systems). Each soil core sample was
divided into five depths (0-15, 15-30, 30-50, 50-70 and 70-100 cm) to assess whether SOC dynamics
differ with depth. Field sampling was done periodically to capture the changes in C dynamics
associated with field management (e.g. cropping, tillage and fallow) over two years. Soil samples were
analysed for C, N, δ13C and δ15N using an IRMS-EA. Sub-samples were processed to obtain
particulate organic C (POC), mineral-associated organic C (MOC) and dissolved organic C (DOC)
fractions, and analysed for their C and δ13C signature.
Results
In all systems, SOC decreased with depth and became less depleted in 13C with depth. SOC
fluctuated substantially during the two year sampling period, however, inclusion of maize in crop
rotation increased SOC in the deeper profile, but only under minimum tillage cotton-wheat system
(Figure 1). No changes were observed in systems without maize or under maximum tillage.

Figure 1: Net changes in SOC under minimum tillage continuous cotton (Min Till/CC), maximum tillage continuous cotton (Max
Till/CC) and minimum tillage cotton-wheat (Min Till/CW) with and without maize rotation (+/-Maize) at the beginning (Oct 2015)
and end (Oct 2017) of the full treatment cycle.

Associated changes in δ13C signature seem to suggest that the increase in soil organic C in the
deeper profile is indeed maize-derived C. Preliminary analyses on POC, MOC and DOC fractions also
suggest that maize root C input as a likely cause of this increase. To assess whether changes in SOC
could be explained by changes in plant C input, we explored the relationship between the net changes
in SOC and δ13C signature. Due to the more negative δ13C signature of cotton plants in relation to that
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of SOC, for systems without maize, we expected that net increases in SOC would be associated with
net decreases in δ13C of SOC, while net decreases of SOC would be associated with net increases in
δ13C due to microbial fractionation (i.e. negative relationship). For the systems with maize, we
expected to see no relationship, as both plant C input and microbial decomposition should increase
δ13C signature (Ehleringer et al., 2000). While we did not find the expected relationships in the overall
dataset, different patterns emerged when analysed separately for each depth. We found the expected
relationships for topsoil (i.e. 0-30 cm), but not in subsoil (i.e. 30-100 cm, Figure 2).

Figure 2: Relationships between net changes in SOC and δ13C signature of SOC for topsoil (0-30 cm) and subsoil (30-100 cm)
in systems with and without maize rotation (+/-Maize). Asterisks (*) indicate a significant correlation (Pearson’s); ***P<0.001,
**P<0.01, *P<0.05.

Discussion
Maize rotation increased SOC in the subsoil, most likely through root C input. Different relationships
between the net changes in SOC and δ 13C signature with depth suggest that changes in δ13C
signature are not entirely due to the type of plant C input, but also due to microbial and physical
processes (i.e. vertical movement of DOC) that may dominate C dynamics at greater depth in these
soils. We are yet to determine whether this maize-induced SOC increase is due to increased root C
input or decreased root C decomposition, however, ongoing analyses on soil fractions will hopefully
identify the mechanisms that determine C cycling and soil C storage under these systems.
Keywords: soil organic carbon, deep soil carbon, carbon cycling, carbon isotopes.
References
Ehleringer JR, Buchmann N, Flanagan LB (2000) Carbon isotope ratios in belowground carbon cycle
processes. Ecological Applications 10, 412-422.
Hulugalle NR, Heimoana V, Kimber S, Powell J (2014) Managing Carbon in Cotton Based Farming
Systems - Final Report Submitted to Cotton Research and Development Corporation, NSW
Department of Primary Industries, Narrabri.

177

Sap Flow as an Indicator of Water Stress in the Vineyard
V. Bárek1, P.Halaj1, D.Igaz2 and V. Kišš1

Department of Landscape Engineering, 2Department of Biometeorology and Hydrology, Faculty of Horticulture and Landscape
Engineering, Slovak University of Agriculture in Nitra, Hospodárska 7, 949 76 Nitra, Slovak Republic, viliam.barek@gmail.com

1

Introduction
Agricultural production will need to respond to global change issues in the coming years. Frequent
drought seasons lead to a negative hydrological balance and reduction in yield production. Water
deficit stress refers to a condition in which plant cells and tissues have less than full turgor because of
transpiration demand in excess of root water uptake, adversely affecting the growth and development
processes and thus potentially limiting productivity. Transpiration rates for whole plants, their individual
branches or tillers can be determined by techniques, those measure the rate at which sap ascends
stems. During the last decade sap flow measurements have become increasingly popular especially
since several systems have been commercialized and continuous records of plant water use with high
time resolution can be obtained. Sap flow and transpiration rates provide benefits from accurate
irrigation schedules, improved irrigation set points and real crop evapotranspiration coefficients.
Methodology
The measurements were carried out in the botanical garden in the Nitra region of Slovakia (lat.
48°19′00″; lon. 18°09′00″) located at an altitude of 144 m a.s.l. The site is in the temperate climate
zone and the climatic region of the area is warm, dry, with mild winter. The average air temperature in
January is from -2 to -3 ° C, in July 19 - 20 ° C. The average rainfall in January ranges from 30 to 40
mm, in July it is less than 60 mm and the average annual sum is 500 - 550 mm. The soil humidity
regime is slightly moist. The base of the site consists of soils with a high content of clay fraction
formed by the Nitra River. The upper layer, the A horizon, comprises the topsoil - Gleyic Eutric
Fluvisols, associated with Fluvic Gleysols. These are mostly brownish soils that were formed in recent
water-deposited sediments, mainly on flood plains, fans, and deltas of rivers and small streams. The
parent material, C horizon, consists of the carbonate and non-carbonate alluvial sediments.
Stem-Flow Gages produced by Dynamax Inc. used in this study can be used for the measurements of
sap flow in herbaceous plants and trees. An advanced energy balance method derived from
a constant heat source monitors sap flow in plants from 2 mm to 150 mm in diameter. The gauges are
precision instruments that sense milliwatt power transfers from a heater strip to the ambient, to the
stem, and into the sap flow. The heater surrounding the stem radiates a constant heat to the sapwood.
This results in a heat flux loss in the radial and vertical direction. They are measured with a series of
thermocouples. The convective heat is absorbed by the sap flow, and thus the rate of water flux along
the stem can be calculated by subtraction from the heat supplied. The faster the sap flow increase, the
more it cools the sensor heater.
There were used 4 sensors for the measurements of sap flow of the 4 individual grape vines, (cultivar
Glenora) at the research site from 8th to 13th of July, 2017. Based on the measured and obtained data
from the weather station, we compared the sap flow changes to air temperature and precipitations.
Results and Discussion
The air temperature and precipitation influenced the sap flow. After precipitations, the flow increased,
which was visible especially on 12.07.2017 (precipitation above 18 mm) (Figure 1). The plant began to
absorb water from the soil, transpiration accelerated, and the sap flow increased by 100 g/h during the
day. Also, a reduced flow at elevated temperature was observed. The plant closed the stomata and
reduced the transpiration to keep enough water for the inner processes into their body. Conversely,
when the temperature decreases, especially at night, the flow increased (Figure 2).
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Figure 2: Sap flow compared to air temperature

There are also other factors influencing evapotranspiration such as wind speed, humidity, etc., which
may also affect the sap flow. However, we studied only effect of air temperature and precipitations.
Investigated method will lead to determine the basic parameter of plant expressions to water stress,
which should determine as precisely as possible the need to increase the moisture content of the soil
profile in real time.
Conclusions
According to results obtained can be concluded that the sap flow was influenced by air temperature
and precipitation. After precipitations, the plant began to absorb water from the soil, transpiration
accelerated, and the sap flow increased. From the results we conclude that measurement of the sap
flow is one of the ways to help determine the plants water stress, however for future further longer
measurements are needed.
Key words: sap flow, water stress, precipitation
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Introduction
In Aceh Indonesia, women farmers have traditionally been entrusted to develop and manage non-rice
land to produce vegetables, whilst the men develop and manage the primary family rice fields. Women
farmers generally have limited access to finance, bear most household responsibilities, and have
minimal input into farm and/or family decisions. In addition, the local culture, religious practices, and
traditional village lifestyle often suppress self-confidence and limit opportunities for education and
personal development. Although women spend a lot of time transplanting, fertilizing, weeding and
harvesting rice crops, their contribution is not equally acknowledged. In lowland areas where there is a
strong network of farmers, women farmers have greater opportunity to work in groups. In dryland
areas however, farmers are more isolated and active women farmer groups do not exist or are
inactive. A current ACIAR project covering Aceh Besar, Aceh Barat, Pidie and Biruen districts of Aceh
is aiming to increase farmer incomes by improving the productivity of dryland agriculture systems. This
paper presents several case studies highlighting the success of several women farmer groups to
generate extra family income through backyard vegetable production.
Methodology
The project supported 32 women farmer groups; a total of 775 women. Some of these groups were
reactivated and some newly established by the project. Each group is supported by a dedicated local
agricultural extension officer, providing soil management and agronomic guidance to grow several
types of vegetables on vacant village land. The project provides initial agronomic inputs and
introduced new soil, crops and post-harvest technologies to the group via the extension officer.
Members of the groups typically consume 10% of vegetables produced and sell the rest. They use
group activities and the vacant land as a learning site and transfer the knowledge gained to their own
backyard, which further contributes to the collective marketing pool. Most groups aim to produce
additional family income and, in the process, learn more about finances and marketing.
Results and discussion
Changes in group profiles
Most of the 32 groups were able to run their activities and produce vegetables for the family. There
were seven outstanding groups taking their business to a new level and expected to continue to grow
after the completion of this project. The changes observed in each of this group are shown in Table 1.
Table 1 Changes observed in key groups before and after receiving t support from ACIAR project.
Group name and
Before receiving support from project
After receiving support
location
Hidup Maju, Desa No group
Group forms and women have activities outside the home
Beurandeh
Aceh Women farmers have no activities outside Obtain new knowledge
Besar
looking after family
Vegetables part of daily family diet
KWT Mawar, Desa Did not know how to grow vegetables
Extra family income
Peunia Aceh Barat
Have to wait for money until their
Open to additional information
husband return from the sea to buy food
Support from local government and business
Families consumed few vegetables
Can prepare family meal earlier in the day
Teratai
Meuguna, Groups existed but were not active
Groups became active because extension staff are
Desa Ruyung Aceh Women worked individually
supported.
Besar
Group’s garden becomes a learning facility
There is no focus on crop type
Jeumpa
Puteh, No coordinated marketing strategy and
Using organic fertilisers and pesticides
Desa
Beuradeu
market power dominated by the
Growing vegetables guided by market demand
Aceh Besar
middleman
Organised rotations to provide continuous supply to
Evorbia,
Desa
market
Lambada Peukan Using traditionalal methods
Difficulty in accessing markets
Greater access and bargaining power in the market
Aceh Besar
Easier to access information
Tunas
Barona, Mostly used chemical fertiliser
Desa Pasi Pandan
Easier for extension staff to disseminate information
Aceh Barat
Access to local government support programs
Kasih Ibu, Desa
Blang
Bladeh
Bireuen

The use of soil organic amendments
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All the groups operate on non-fertile dryland that is also badly managed. Many of existing groups were
using chemicals on their vegetables, but they were also concerned about the costs and potential
health impacts of the practice on their own family. In response, groups were trained to produce and
use organic fertlisers and pesticides from localy available sources. The most commonly produced and
used organic fertiliser amongst the groups are compost and liquid organic fertilisers. They also learned
to produce and use biochar made from rice husk or coconut shell. Although the groups did not conduct
a scientific assessment of their activity, extension staff conducted some basic demonstration of the
use of organic amendments to aid the group learning approach. Some of the reported results include:
1.
T
he application of a fermented liquid fertiliser made from papaya to a mix of inorganic fertilizer, biochar
and compost improved yields of corn and water melon compared to those with inorganic fertilizer and
compost, compost and biochar, or compost only.
2.
T
he visual appearance and saleability of kangkung (Ipomea aquatica) a common vegetable in
Indonesia, is better when grown with inorganic fertiliser compared with organic fertiliser. This indicates
that the chosen organic fertiliser is not suitable for all plant types.
3.
ields of red onion are improved when fertilised with a complete organic fertiliser
(bokashi+compost+dolomite+fermented bamboo shoot) compared to those fertilised with inorganic
fertiliser.

Y

4.
he combination of inorganic and organic fertilisers tripled the yields of mini cucumber compared to
compost only.

T

The project’s impact on the women farmer groups
The support provided by the project brings about positive impacts to the members of the women
farmer groups in terms of social, economic, health and capacity impacts. Social impacts are in the
form of recognition of their existence within the village bureaucracy due to their newly acquired ability
to express their interests during important village meetings. This allows them to network and solve
relevant issues within groups and outside their groups, use time more productively and gain new
knowledge of backyard gardening. Group activities are also seen as recreational and social,
increasing motivation and peer learning opportunities.
Economic impacts from the sale of excess produce and growing their own vegetables includes income
from produce sales which is used to meet family needs and support education. The range of annual
income of a group garden is A$20 - A$80 per member, and for those who manage their own backyard
garden an additional annual income of A$20 - A$1,800 could be generated depending on the
vegetable types grown. The small amount of income derived from group activities does not deter
members because the primary role of the group is for learning and most members can then take the
knowledge gained to their own backyard garden where greater income can be generated. The 10%
produce consumed by family provides an average monthly saving of A$180 – A$360. Therefore the
range of annual total income is around A$315 – A$2,000 per family (based on A$1 = Rp.10,000). The
groups also maintain a small loan system where members can access credit (A$20 – $50) from a
group account with an interest of around 10% for a six-month term; extremely useful for emergencies
or capital purchases.
Health impacts are anticipated by the increased consumption of vegetables providing improvements in
family nutrition, and a reduction in the use of chemical pesticides. The creation of a relaxed and happy
working environment is observed by the women to have improved their wellbeing.
Capacity impacts include an increased ability to access information and funding from local government
programs. The project has kept the groups active, developing group and small business skills, so
when the opportunity for funding has arisen, it has easier for to apply. In some cases the groups have
become the target of government funding programs. The seven groups listed above successfully
obtained cash or equipment assistance from government programs that support food security.
Challenges
The challenges faced by the groups are climate variability, pest and disease, and price fluctuations.
Lack of water is regularly reported as the main concern across the groups.
Conclusions
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The participation of women farmer groups in the ACIAR projects has proven to be effective in building
the capacity of women farmers across the study areas. Through group activities these women farmers
could additional annual income of A$315 – A$2,000, learn new skills in vegetable growing and postharvest processing, exchange information within and between groups, and form a productive network
that enhances their communication, organizational, management, marketing and small business skills.
The positive impacts of being part of the group to these women is not only in the form of increased
income but also in the social impacts, the health and well-being of members, and most importantly
strengthening family food security.
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Introduction
After the failure of the first crop at Farm Cove in Sydney, the agricultural settlement at Rose Hill (later
Parramatta) was established, 23 km to the west. In November 1788 a group of 40–50 convicts,
guarded by a detachment of marines started clearing the ground for the Government Farm on river
flats about I km upstream of the tidal influence. The crop was sown late, in June and July 1789, after
waiting for a fresh supply of seed grain from Cape Town. The harvest, in December 1789, produced
over 200 bushels (7280 litres) of wheat, equivalent to about 600 kg/ha, and 35 bushels (1274 litres) of
barley, together with a small amount of oats and maize. The fields were cultivated with hoes and no
manure or other fertilizer was used, apart from the ashes of the native vegetation. More land (200
acres, equiv. to 81.1 ha, including 40 acres for wheat and 30 acres for maize) was cleared for the
1790 crop on the flats south of the river. Yields up to 13-14 bushels/acre (870-943 kg/ha) were
achieved, enough to supply seed for the pioneer farmer James Ruse in 1791.
In July 1790 the township of Parramatta was laid out on the south side of the river, in the original area
used for cropping. Cultivation continued in areas immediately adjoining the early township, including
the land at Ruse’s farm on the eastern side of town. Cropping did not persist on the same field for
more than a couple of crops due to declining yields largely bought about by the absence of any
livestock to supply the manure needed to replace nutrients taken up by the crops.
Archaeological sites
Soil data from two sites associated with the earliest period of cropping are presented. One, where the
A1 horizon did not survive on the site, is on the northern edge of the Government Farm. The other is
from beside the former Post Office (now 3 Parramatta Square), in the middle of Parramatta’s CBD on
Macquarie Street, only one block south of the original main street. Here the soil chemical properties
and pollen data showed that the A horizon had been protected from disturbance by burial under a
layer of sandy fill.
Soils were analysed at the Wollongbar laboratories of the NSW Dept. of Primary Industries for a range
of major nutrients and trace metals. Phosphorus sorption testing was done at the Scone laboratory of
the Soil Conservation Service.

Figure I, left, Government Farm, A view of Government Farm at Rose Hill N.S. Wales, 1791, Port Jackson Painter, Watling and
Lambert Collection, Natural History Museum, British Museum.
Figure 2, right, Plough lines in former Civic Place, 3 Parramatta Square. Casey & Lowe 2017.

The Government Farm – Western Sydney Stadium site
This part of site of the original farm (painting, above left), lies at an elevation of 5 -12.5m AHD on a
series of eroded river terraces. The higher ground is 2-3m above the 1 in100 year flood level (about
9m AHD in this area). Preserved from subdivision as part of the Government Domain, and later
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Parramatta Park, part of the high northern section of the Farm was covered by up to 3m of modern fill
(some of which contained asbestos) to create a level training field for the football ground immediately
to the north. Archaeological studies were undertaken as part of the requirements for the
redevelopment of the new Western Sydney Stadium.
The soil was examined in July 2017, north of the fenced-off former training field, in places where the
remainder of the profile appeared to be undisturbed. A total of ten samples from the main horizons
exposed in excavated test pits were subject to chemical analysis with the aim of assessing the
impacts, if any, of land uses that may have affected soil properties in the past.
There appear to have been at least two older terraces at the Stadium site, both of which have been
partly eroded long before British settlement. Alluvial sediments up to 10m thick were found during site
investigations for the new stadium.
Differences in the natural development and separation of soil horizons suggest that there is an age
difference between the two profiles examined at the stadium site. The younger profile, with a lowcontrast solum (and lighter-textured subsoil) about 2m thick, was found perched on top of a third much
older terrace, distinguished by its spectacular coarse mottling. The higher pH (7.0 in CaCl2) below the
sandy loam A2 horizon of the other profile suggests leaching from a surface that was made alkaline by
additions of ash. The younger profile is quite acidic (pH 5.2) at a similar depth. Phosphorus sorption,
trace metal, organic matter and nutrient levels are low to very low in both profiles.
The soils are particularly low in total phosphorus (hot acid extract), with five of the ten samples having
less than 50 mg/kg. A low phosphorus content is strong evidence for the absence of any colonial
dwelling in the near vicinity (Lawrie, 1999). The potential impact of any ancient Aboriginal activity on
the subsurface soil properties here has not been obliterated by subsequent colonial or more recent
settlement. On the main part of the Farm closer to the river the soil properties await future
investigation.
Ploughed field – 3 Parramatta Square site, south of the river
The site sits at the junction of an alluvial terrace of the Parramatta River (450 m to the north) and the
base of rising ground to the south. The elevation is between around 10 m and 12.5 m AHD. At the time
of clearing and settlement and the drainage pattern, across the wavy, undulating surface of the alluvial
terrace, was erratic with several small, probably natural, depressions up to 1m lower than modern
street level. Of the eight profiles inspected in late 2015/early 2016, the best preserved one was seen
next to the Macquarie Street footpath, located only 20m from well preserved plough lines uncovered
beneath the roadway of Civic Place (see photo, above right).
Beneath a layer of sandy fill was a firm, crumbly, friable grey silty light clay containing abundant plant
roots. It became gradually paler with depth as the organic carbon content decreased (from 0.71 to
0.49%). The phosphorus content also fell (Colwell P from 6.3 to 2.5 mg/kg); hot acid extractable P
went from very low (85 mg/kg) to extremely low (23 mg/kg). The underlying B horizon is a light
yellowish grey silty clay with rusty mottles, unlike the lighter textured and more brightly coloured
sediments seen in the terraces on the other side of the river, 400m upstream.
Conclusions
Soil properties at archaeological sites around Parramatta are usually changed considerably by human
activity, especially as a consequence of British settlement. An elevated phosphorus content
associated with early urban development (Lawrie, 1999) is negligible or absent at the sites described
above. This suggests that early cropping may only have been successful for a couple of crops at these
Parramatta sites because the soils had been depleted of this essential plant nutrient. Levels were
sufficient initially to support the relatively low yields. More detailed studies are needed to detect
changes to soil chemical properties that may arise for example from repeated low-temperature
Aboriginal fires to see if they had an impact on soil phosphorus.
Keywords: archaeology, phosphorus, wheat production
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Soil scientists are professionally divided into separate disciplines - physics, chemistry, pedology,
mineralogy, microbiology and the like. We seem satisfied with this academic separation, but an
understanding of real problems being faced by the world community is not accomplished by such
separation. Divided disciplines cannot even conceptualize an environmental or agricultural question,
much less answer it. Soil and clay mineralogy experts are uniquely placed to provide practical
solutions for a remarkably wide range of emerging issues in engineering, environmental pollution,
mineral exploration, mining and mineral processing industries, forensic science, agriculture and
climate change – some of which will be highlighted in presentations of this session on Clay and soil
minerals: Progress, prospects and future challenges.
The symposium in Honour of Dr Keith Norrish (1924 – 2017) was planned to focus attention on new
areas of research that might challenge researchers and other students of soil mineralogy. Since the
advent of x-ray diffraction, a great part of our effort has been devoted to identifying the minerals in
soils. The most critical need for that information has been met in many parts of the world. Research
progress in clay mineralogy that was initiated by Dr Keith Norrish as early as the 1950’s (Fitzpatrick,
2018) surrounds interactions of clay minerals with salts. However, more recently a major focus led by
Dr Will Gates (http://www.deakin.edu.au/about-deakin/people/will-gates) has been on formulations of
bentonite able to maintain favourable geotechnical properties (high swell, low pressure transmission,
low hydraulic conductivity) at elevated ionic strength and continues to have major interest by industry.
Clay-water interactions in general continue to be an important focus having implications in
geotechnical engineering (Gates et al., 2018), remediation and biotechnology.
Halloysite: In a recent review by Churchman et al, (2016), interest in halloysite has been revived
mainly because since 2008 halloysite has been recognized as a nanomaterial, commonly known as
“halloysite nanotubes” whereas before its main industrial use was as a ceramic raw material in place
of kaolinite. Halloysite is used as a nanomaterial for strengthening plastics, in catalysis, as sites for
nano-reactions and as a carrier of e.g. drugs for humans and pesticides in agriculture, among other
burgeoning
applications.
(See
Halloysite
and
Soil
Clays
summary:
https://www.adelaide.edu.au/directory/jock.churchman# and then "Files".
Development of a global soil visible–near infrared (vis–NIR) spectral library. Viscarra Rossel et
al., (2016) have reported on the largest and most diverse database of its kind and have shown that the
information encoded in the spectral reflection bands can describe soil composition and be associated
to land cover. The group being led by A/Prof John Triantafilis (https://www.bees.unsw.edu.au/johntriantafilis) is exploring different approaches for building a vis-NIR spectral library across seven cotton
growing areas in Australia to predict clay content in either the topsoil and subsurface (Zhao et al.
2018). Field level digital mapping of soil mineralogy using proximal and remote-sensed data is (Nagra
et al 2018; this symposium)
Mineral-organic interactions in soil aggregation and protection of soil organic carbon:
Research being led by Prof Balwant Singh (https://sydney.edu.au/science/people/balwant.singh.php)
has determined the impact of biochar–mineral interactions on biochar stability and its potential for
improving soil condition and quality. The outcomes of this research will facilitate accurate accounting
of the greenhouse benefits of biochar technology, and thereby enhance the likelihood of acceptance
under carbon trading schemes (Singh et al 2017).
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The role of mineralogy in providing evidence for crime investigations involving a wide range of
earth materials. Fitzpatrick et al. (2017b; and Fitzpatrick et al. 2018 - this symposium) have
demonstrated how pedological (field work and soil/geological maps) and laboratory approaches
especially, involving traditional & synchrotron X-ray diffraction (XRD) methods (Raven and Self 2017)
and scanning electron microscopy have been critical in developing predictive, soil-regolith models,
from microscopic to landscape scales, to assist soil/geological-based criminal investigations.
Sediment particle size, mineralogy and phosphorus: Clarendon et al. (2018) have demonstrated
that the >2 mm fraction can be an important component of stream sediment influencing the retention
and release of P. The sediment can retain P if it has appropriate mineralogy and should be considered
when estimating sediment characteristics such as equilibrium P concentration.
Poorly crystalline iron minerals in acid sulfate soils: schwertmannite and monosulfides.
Research groups at Southern Cross University (Prof Ed Burton: https://www.scu.edu.au/researchcentres/southern-cross-geoscience/people/professor-edward-d-burton/) and in the Acid Sulfate Soils
Centre at the University of Adelaide (http://biological.adelaide.edu.au/acid-sulfate-soil/) have employed
state of the art techniques including XRD, SEM and synchrotron based XAFS, XRD and XRF in many
of their research projects to especially characterize schwertmannite in a range of natural (Fitzpatrick et
al. 2017b) and synthetic laboratory experiments.
Prof Rob Gilkes at the University of WA (https://research-repository.uwa.edu.au/en/persons/robertgilkes/publications/) continues to be a major contributor to our understanding of soil mineralogy in a
wide range of landscapes, including the Amazon tropical rainforest, quartz grain morphology
measurements to studying iron-rich duricrusts, southern Brazil, bauxites in Australia, acid sulfate soils
and post-active acid sulfate soils in Thailand rice paddies.
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Early Years, Education and Family Life
Keith Norrish was born on a farm in Kojonup, Western Australia, on July 9, 1924 and was an only
child. He was educated at the Christian Brothers College in Perth where he was Dux of school in
1941. In 1945 he graduated with a BSc with first class honours in physics at the University of Western
Australia. He went on to complete his MSc in 1946, involving X-ray studies on crystal structures of
minerals and analyses of rocks and soil colloids in Western Australia. While doing his MSc, Keith built
a simple Bragg spectrometer to solve problems associated with impurities in X-ray diffraction tubes.
The performance of this very simple spectrometer impressed him, so that when he joined CSIRO
Division of Soils in 1947, to commence diffraction studies of clays, he was aware that X-ray
spectrometry would be a valuable tool in soil science.
In 1949 he proposed that an X-ray fluorescence (XRF) spectrometer be built in CSIRO Division of
Soils as they were not then commercially available. This task was undertaken by Keith and Dr Ted
Radoslovich. This XRF was used in soil research for the next ten years, and enabled them to
undertake projects, which would have been impossible without it.
Keith was awarded a CSIRO Studentship from 1950 to 1952 to work in the Pedology Department of
Rothamsted Experimental Station in the UK where he completed his PhD at the University of London.
He returned to the CSIRO Division of Soils as Head of the newly formed Clay Mineralogy Section,
which he built up to be a group of international repute in soil mineralogy and geochemistry.
Scientific Career and Research Accomplishments
As a soil scientist and clay mineralogist, apart from developing suitable equipment and methods for
carrying out mineral analyses, Keith studied the chemical and physical properties of the minerals so
that the properties of soils could be better understood in terms of their components. Most of his studies
have been truly pioneering works and have provided new insights concerning problems in agriculture,
geochemistry and colloid chemistry. He did structural studies on micas, montmorillonites, chlorites,
iron oxides and other minerals. His studies also led to the discovery and naming of the new mineral
priderite (Norrish 1951).
Keith’s early work on the crystalline swelling of montmorillonite in both dilute and concentrated ionic
solutions (Norrish 1954a,b) is notable for the ingenious use of low-angle X-ray diffraction techniques
and for the theoretical analysis used, which is based on diffuse double layer theory (Norrish 1972a).
This study greatly aided our understanding of the swelling of clays and soils. Keith and his associates
showed that, contrary to current thinking at the time, that potassium in micas could be released to
plants. The exchange of potassium for other ions is diffusion controlled and they elucidated the factors
in the mica, and in the external solution, that controlled potassium release (Norrish 1972b).
Keith’s studies on iron with colleague Dr Reg Taylor (Norrish and Taylor 1961) were the first to identify
and quantify the amount of isomorphous replacement of iron by aluminium in soil goethites. Keith and
his associates were also the first to identify crystalline manganese oxides in soils, and to show that
these minerals were responsible for retaining native cobalt and for fixing Co applied as a fertilizer
(Taylor, McKenzie and Norrish 1964). These results had important practical implications in animal
husbandry. Despite very considerable work on soil phosphate, these minerals in soil were not
identified until Norrish showed that very stable, complex barium aluminium phosphates were present
in many soils (Norrish 1968). These minerals are very insoluble and explain the phosphorus
deficiency in some Australian soils. The investigations were later extended to a detailed analysis of the
forms of phosphorus in soils, and made use of the techniques of electron probe microanalysis.
X-ray fluorescence spectrometry: Keith pioneered the use of X-ray fluorescence spectrometry (XRF)
for chemical analysis. His seminal work with colleagues John Hutton (CSIRO) and Professor Bruce
Chappell (Australian National University) established, for the first time, accurate methods for the
analysis of a wide range of geological materials using XRF (Norrish and Hutton 1969; Norrish and
Chappell 1977).
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His work with John Hutton covered the theory and practice of a robust XRF fusion method, using a Li
borate flux with heavy X-ray absorber (La2O3) and matrix correction factors, which formed the basis of
XRF analysis at most laboratories across the world. Keith also developed many innovative design
modifications to commercial equipment, and these have been subsequently incorporated into current
commercial instruments. His research also concentrated on the applications of the technique for
accurate analysis of ores and beneficiated mineral products. His theory and methodology has been
very effectively transferred to industry through collaboration, participation with the work of the
Standards Associations and the Australian X-ray Spectrometry Schools.
As a consequence, all major mining and mineral processing industries in the world now use his
technique. His standard methods have formed the basis for quality control and thus value-at-sale of
iron ores, and this work continues, which is worth billions dollars to mining and mineral processing
industries world-wide. Keith also adapted the XRF technique to analyze plant materials for nutrient
and contaminant element concentrations (Norrish and Hutton 1977), and in this capacity has made a
very significant contribution to the agricultural industry.
Honours and Awards
For his achievements in soil science, Keith was awarded the prestigious Prescott Medal of Soil
Science by the Australian Society of Soil Science in 1977. He was elected a Fellow of the Australian
Academy of Science in 1977 and received the Commander Officer of the Order of Australia (AO) in
1989. Other honours have included the Australasian Institute of Mining and Metallurgy operating
technique award in 1995, Birks Award made by the Denver X-ray Conference in 1988 for excellence in
X-ray spectrometry, Bailey Distinguished Member Award received from the Clay Minerals Society
(USA) in 2001, Honorary Doctor of Science (Hon DSc) from the University of WA in 2002.
A new manganese mica mineral “norrishite” from the Hoskins mine, New South Wales, was named in
honour of Keith Norrish by Professor Tony Eggleton, ANU (Eggleton and Ashley, 1989). It was named
in honour of Keith in recognition of his major contributions to layer-silicate research, through both clay
mineralogy and the development of analytical methods.
The mineral has the chemical formula: K(Mn23+Li)Si4O12. The mineral structure of norrishite is shown
opposite (drawn by Dr Ian Grey, CSIRO).
All Keith’s work has been well supported by industry, and has been strongly directed to industry needs
because of his very close relations with the mining industry and with instrument makers. His
contribution is therefore an excellent example of the way a first-class scientist perceives the versatility
and great generality of scientific knowledge, and of his determination to see his knowledge applied
widely and effectively. Keith is without doubt, an exceptional example of an outstanding scientist who
has ensured that his work is effectively applied to general areas of critical importance to Australia.
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History and uses
Halloysite has always been of interest to clay mineralogists. Keith Norrish described (Norrish 1995)
probably the purest deposit of the mineral (“Patch Clay”). While always of some use in ceramics, it has
recently (since 2008) become potentially very useful as a nanomaterial (“halloysite nanotubes” HNTs),
reflected in an increase in the number of papers on halloysite, from tens, or less, per year before 2007,
up to 365 per year (1/day) in 2016. Among other uses, HNTs are proposed as non-toxic “nanobazookas” which “shoot their cargo against major diseases” (Leporatti 2017).
Early TEM found halloysites were tubular. Subsequently blocky, spheroidal, prismatic and platy
shapes were found. Halloysite is defined by current or past interlayer water (Churchman and Carr
1975).
An important paper from SW Bailey was given at the 1989 International Clay Conference (Bailey,
1990). He proposed that interlayer water is present in hydrated halloysite as hydrated exchangeable
cations held by extra charge through Al substituting for Si in the tetrahedral layer.
Recent research
Bailey’s proposal has been tested using a variety of techniques. (27Al-) NMR showed tetrahedral Al
(AlTet) values for several halloysites and standard kaolinites were very similar (Newman et al. 1994).
An alternative hypothesis has Fe(II) occupying the octahedral sites as the source of the extra charge
(Churchman 2015). However, halloysites with low total Fe (e.g. Patch clay, Fig. 1a) would hardly have
enough Fe (II) to confer significant charge, c.f. Te Puke halloysite (Fig. 1b)

Figure 1. TEMs of halloysites with contrasting Fe contents and shapes. a) Patch clay (WA) Fe2O3 = 0.11% (Norrish
1995) b) Te Puke halloysite (NZ) Fe2O3 = 3.2% (Churchman and Theng (1984).

However, Quasi-elastic Neutron Scattering QENS showed that water in hydrated (10 Å) halloysite is
strongly bound; more strongly than in smectites (with exchangeable cations), at the same relative
humidity (Bordallo et al. 2008). Interlayer water molecules in halloysite are strongly H-bonded to each
other. This is consistent with an absence of exchangeable cations in halloysite.
CEC data (Gray et al. 2016) indicate that the CEC values for halloysites (an average of 8.5 cmol(+) kg! at pH 7) are not high, confirming that there are no exchangeable cations in the interlayer.
Occurrence of halloysite
In soils, halloysite can form from many parent materials, but most commonly from volcanic rocks. Soils
from basalt in Mts Gambier and Schank in South Australia showed no halloysite under xeric (summer
dry) conditions. However, soils on volcanic rocks in northern California, also under xeric conditions
contain halloysite (Takahashi et al.1993). Their pHs differ. The South Australian soils are underlain by
limestone, giving pHs of 6.5-8.7, while the Californian soils have pHs of 3.3-6.9.
Hydrated halloysite occurs when water is abundant – at depth within weathering profiles (Churchman
and Gilkes 1989) and in higher rainfall zones and/or when drainage is poor (Churchman et al. 2010).
Charge
Zeta potentials show opposite charges on the alumina octahedral sheets (+ve) and silica tetrahedral
sheets (-ve) at pHs of 1.5-8. 5 (Abdullayev and Lvov 2013). Halloysite tends to form in acid
environments.
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Conclusion
Water, as H-OH, is held in the interlayers of halloysite by opposite charges on adjacent inner surfaces.
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Introduction
To maintain profitability in cotton growing areas of Australia, information on nutrient management
requirement and water use efficiency are needed. Information about clay content is necessary as it is
an indicator of fertility and water holding capacity. However, clay content determination is a timeconsuming laboratory analysis to undertake. An alternative is to use visible near infra-red (Vis-NIR)
spectroscopy, which has shown potential (Shepherd et al., 2002). This is because a number of
spectral reflection bands have been correlated to clay (Viscarra Rossel et al., 2016). Here, we
investigate whether predicted clay content using machine learning algorithm (Cubist) from Vis-NIR
acquired from topsoil (0–0.3 m) and subsurface (0.3–0.6 m) samples in seven cotton growing areas
can be developed. Our first aim was to predict clay content independently. The second was to
determine the ability of the samples of 6 areas to predict clay content in an area withheld from the
calibration. The third aim was to explore the potential to improve prediction using “spiking”.
Methodology
The study samples were collected in seven cotton growing areas, including; Trangie, Warren, Bourke,
Toobeah, Ashley, Wee Waa and Gunnedah; located in the Murray–Darling and characterized by
Vertosols (Huang et al., 2017). A portable spectroradiometer (ASD FieldSpec 4) with an ASD contact
probe was used to measure the vis-NIR spectra of samples. We used Cubist (machine learning
algorithm) to regress laboratory measured clay content based on hydrometer method and vis-NIR
spectra.
Results
Measured visible near-infrared (vis-NIR) spectra and relationship with soil properties
Figure 1 shows the mean reflectance and absorbance of measured visible near-infrared (vis-NIR)
spectra in the seven areas for topsoil (0–0.3 m) and subsurface (0.3–0.6 m) combined. The pattern of
mean absorbance for all wavelengths was similar regardless of study area. We note that absorbance
increased with Warren and Trangie samples smallest, followed by Toobeah, Wee Waa, Ashley with
Gunnedah having the largest absorbance. At wavelengths less than 1,000 nm, the area with the
smallest absorbance was Bourke due to influence of Aeolian dunes. With respect to clay content, the
smallest was measured in Warren and Trangie followed by Bourke, Ashley, Wee Waa and Gunnedah
in both topsoil and subsurface. Given the results of measured clay and spectra data, the mean
absorbance at mid- and large-wavelengths (> 1000 mm) showed an increasing trend.

Figure 1. Mean reflectance and absorbance of visible near-infrared (vis-NIR) spectra in seven areas.

Model performance: predicting clay content using various sample size
Figure 2a and b show the validation results of using samples from each area to predict clay content
independently of the other six areas. Using a small number of either topsoil or subsurface samples in
each area we can calibrate and validate clay satisfactorily. Improvement in validation was achieved
when the topsoil (0.83) and subsurface (0.81) were combined in each area.
Figure 2c and d show validation results of using samples from six areas to predict clay of the area
withheld, for topsoil and subsurface, respectively. When we combined the validation results, for the
topsoil (0.72) and subsurface (0.57), they were not as good when we consider all the independent
validations (see Fig. 2a and b). We conclude that while better calibration Lin’s concordance (a
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measure of the agreement between measured and predicted samples) can be achieved in either the
topsoil and subsurface, the ability to predict or validate clay was generally not satisfactory.
Fig. 2e and 2f, show combined validation results of spiking approach, for topsoil and subsurface
respectively. The validation was as good as those achieved considering all the topsoil (0.84) and
subsurface (0.75) and when only using the data in each area to establish the calibration and
independent of each other (Fig. 3a and 3b).

Figure 2. Validation results of using samples from each area to predict clay content independently of other six areas for a)
topsoil (0 – 0.3 m) and b) subsurface (0.3 – 0.6 m); validation results of using samples from six areas to predict clay content of
the area withheld, for c) topsoil (0 – 0.3 m) and d) subsurface (0.3 – 0.6 m); validation results of spiking approach, for e) topsoil
(0 – 0.3 m) and f) subsurface (0.3 – 0.6 m).

Conclusions
We explored three different approaches for building a vis-NIR spectral library across seven cotton
growing areas in Australia to predict clay content in either the topsoil and subsurface. The ability of
samples collected from each area to establish a calibration and to validate clay independent of the
other 6 areas was preferable compared to establishing a calibration from soil samples of the six other
areas. Improvements in the calibration and validation were possible using spiking.
Keywords: Vertosols; digital soil morphometrics; clay content; vis_NIR; cubist.
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Introduction
In regions with soils of low phosphorus (P) sorption capacity, as is the case on the south coast of
Western Australia (WA), understanding the movement of P through both terrestrial and fluvial
processes is important in reducing environmental risk associated with P loss. Significant effort has
been placed in providing management options at a paddock scale to reduce P loss from agricultural
systems, however, where successful, the reduction in P loss is not seen at a catchment scale.
Research has shown that sediment in drains and streams are an important component of the nutrient
cycle in agricultural systems (Sharpley et al., 2007).
Most research on retention and release of P from stream bed sediments has focused on the <2 mm
fraction as it is considered the most reactive component under natural conditions (Lucci et al., 2010).
Consequently, the threshold of 2 mm is the standard to distinguish between the notionally reactive
fine earth fraction (<2 mm) and larger, notionally inert fractions in soil science (Rayment and Lyons,
2011). However on the south coast of WA, sediment can consist of >30% material larger than 2 mm
and of lateritic origin against a relatively poor P retaining <2 mm fraction. This brings to question, the
possibility of measuring a range of particle sizes in determining the P sorption capacity of sediment.
This research also considers a useful adjunct measure of P sorbed per unit of surface area (mg P m-2)
to the commonly used unit measure of P sorbed per unit weight (mg P kg-1) to account for the sorption
of P which is generally limited to the surface of larger sediment material.
Methodology
The two sample sites (A & B) were located on the south coast of Western Australia in adjacent
catchments on grazing (Site A) and mixed farming (site B) enterprises. Composite samples for
simulated stream experiments comparing P uptake and release of different particle size were
prepared by collecting the top 3 cm of streambed sediment at a minimum of five random points along
a 75 m transect. The composite samples were air dried. As a comparison of P sorption by >2 mm
material against <2 mm material, a subsample of each sediment was sieved and the >2 mm and <2
mm material seperated and placed into seperate fluvarium channels. Duplicate subsamples of
sediments were left unseparated (whole sediments) and placed direcly into the remaining fluvarium
channels. For each P uptake phase, solutions with known concentrations of P were added and
passed over the sediment for 48 hrs. Similarly, solutions with no addition of P provided release
phases of P from the sediments. Sequential P uptake and relase phases were undertaken for each
site. X-ray diffraction was use to determine the mineralogy of each size fraction. Using some
assumptions including sphericity of sediment particles, the data were also presented as P sorbed per
unit of surface area.
Results

a)

b)

Figure 1: Cumulative phosphorus uptake and release for the >2 mm, <2 mm and whole sediment presented as a) mg P kg-1
and b) mg P m-2

The >2 mm material of lateritic origin at both sites, adsorbed the same or more P than the <2 mm
material (sand) (Figure 1a.). Out of the total amount of P added, at Site A the >2 mm material
adsorbed 36% and the <2 mm material adsorbed 26%. At Site B, the >2 mm material adsorbed 28%
of the total amount of P added and the <2 mm fraction adsorbed 25%. When calculating cumulative P
sorbed per unit of surface area (mg P m-2), the gravel adsorbed considerably more than all the other
sediment material (Figure 1b.).
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Discussion
As can be seen by measuring sorbed P in mg m-2, the types of minerals that comprise the >2 mm
fraction will inherently define the limits of this fraction to sorb P. The >2 mm fractions had P binding
minerals present including goethite (α-FeO(OH)), kaolinite (Al2Si2O5(OH)4) and gibbsite (Al(OH)3 by
contrast with the absence of iron (Fe) & aluminum (Al) compounds in the <2 mm fraction. Iron oxides
and oxyhydroxides are considered important in the sorption of P (Borggaard, 1983; Haggard et al.,
1999). Site A had goethite present in larger amounts in the >2 mm fraction than Site B. This may be
partly reflected in the difference of the amount of P sorbed at each site. Despite the limited surface
area of the >2 mm fraction, it adsorbed considerable amounts of P, highlighting the importance of
surface mineralogy and area of the >2 mm fraction.
Conclusion
We have demonstrated that the >2 mm fraction can be an important component of stream sediment
influencing the retention and release of P. The sediment can retain P if it has appropriate mineralogy
and should be considered when estimating sediment characteristics such as equilibrium P
concentration.Therefore, measuring only the <2 mm fraction in a sediment containing reactive
fractions in the >2 mm size class may underestimate the sediment’s capacity to adsorb P, particularly
when the <2 mm fraction is relatively unreactive to P. On the contrary if a sediment has a P inert >2
mm fraction, measuring the uptake and release of only the <2 mm fraction may overestimate
sediment P retention capacity. This is because the inert material occupies streambed volume, which
is not accounted for by measuring only the <2 mm fraction. Additionally, this research has
demonstrated that expressing P sorbed per unit area may be a useful adjunct to traditional mass
based P sorption metrics, and may assist with better understanding the potential for different
sedimentary components to retain P.
Keywords: environmental risk, particle size, phosphorus.
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Introduction
Earth materials such as soils, rocks, minerals and human-made mineral particles like bricks provide
excellent evidence to link criminals to crime scenes. Evaluative comparison of earth materials on one
article of evidence such as clothing compared to another, or compared to a known location, can and
has been used extensively as evidence in courts of law (e.g. Fitzpatrick, 2013; Fitzpatrick and Raven,
2012; Murray, 2011). The morphology and mineralogy of earth materials can be used to indicate or
compare provenance, and therefore have also been used extensively as intelligence and
subsequently evidence to narrow areas of search during a forensic investigation. Earth materials are
highly individualistic, are easily described by colour and via a range of analytical methods, and
transfer easily. Forensic soil scientists and geologists are also using advanced analytical techniques,
which have the ability to acquire information from smaller samples to make earth forensics an
increasingly popular tool in criminal investigations.
Through one successful case study involving a cold murder (33 years ago) investigation (Fitzpatrick
2015), this paper will demonstrate how pedological, X-ray diffraction (XRD) (i.e. from laboratory and
synchrotron X-ray sources), Scanning Electron Microscopy (SEM) and conducting laboratory
transference shaking experiments have been critical in developing reliable soil/geology forensic
information, from landscape to microscopic scales, to help in forensic investigations, which were used
as evidence in the South Australian Supreme Court.
Methodology, Results and Discussion
The Centre for Australian Forensic Soil Science (CAFSS) staff members are regularly subpoenaed to
testify in court. To meet these responsibilities CAFSS have developed guidelines for conducting soil
forensic investigations (Fitzpatrick and Raven 2016). The guidelines provide a systematic approach
and use of appropriate standard methods for sampling, characterizing and examining earth materials
for forensic comparisons. These guidelines require a range of techniques and experience to ensure
efficiency and accountability in the proper handling, storage and tracking of soil evidence. This
particular cold case provides examples of the importance of: (i) carefully cutting 3 questioned swatch
samples (~20mm X 10mm) from the 10 year old victim’s pyjama-top based on the intensity of
brownish stain/soil deposits, especially in the hem, (ii) sampling a wide range of known control
soils/sediments from the Onkaparinga estuary on the water edge and submerged under water
(subaqueous soils), (iii) morphological observations with the naked eye and by SEM to identify pyrite
(FeS2), diatoms and clumps of clay (layer silicates) (Fig 2), (iv) chemical analyses (pH) to classify Acid
Sulfate Soil features, (v) laboratory and synchrotron XRD to identify clay minerals and pyrite in situ on
the pyjama-top, (vi) conducting laboratory transference shaking experiments with clean strips of
pyjama-top fabric to verify that the mineral particles were dominantly on the surface of the pyjama
fabric using SEM, whereas in the questioned pyjama-top swatches the particles were deeply
impregnated in gaps between fibres of the fabric (Fig. 2), which likely originated under water with
force being applied on the pyjama top.
Conclusions
Synchrotron µ-XRD using the high-throughput XRD stage with high intensity X-rays provided greater
sensitivity and resolution than the laboratory XRD source to better identify pyrite and clay minerals on
the pyjama-top. These mineral particles in the pyjama top are mostly deeply impregnated in gaps
between the fibres of the fabric (Fig. 2), which likely originated under water with some force being
applied on the pyjama-top (i.e. implies the victim was drowned and pushed into the mud). This is
substantiated from transference shaking experiments where the mineral particles were observed to be
dominantly located on the surface of the pyjama-top fabric (Fitzpatrick 2015).
To conclude, the swatches cut from the pyjama top with questioned soil samples on/in the fabric and
known control subaqueous soil samples with prominent acid sulfate soil material features (i.e. pyrite
minerals) provided compelling evidence that they have virtually identical origins (i.e. a saline estuarine
environment similar to the Onkaparinga estuary).
Dieter Pfennig was found guilty by a Supreme Court judge of murdering 10-year old Louise Bell. In
2018 he lost an appeal against his murder conviction and was given a non-parole period of 35 years
for the crime.
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Figure 1: SEM (Electron Back Scatter Mode) and EDX spectra of soil particle between fibres in the hem of the pyjama-top.

Figure 2: Back-scattered electron image of swatch sample showing soil particles deeply impregnated in gap between fabric fibres in the
hem of the pyjama-top.

Keywords: Synchrotron µ-X-ray diffraction, SEM, Pyrite, Acid Sulfate Soils, soil transference tests.
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Introduction
The soil continuum is predominantly (i.e. ~ 95 %) made up of primary (e.g. quartz) and secondary minerals
(e.g. kaolinite, illite and expandable clay minerals). They are important because these minerals affect
productivity and the ability of soil to store water, nutrients and carbon. This is because their size affects
surface area and charge properties, which influence pore-space and cation exchange capacity. Despite its
importance, the literature is limited in terms of mapping soil mineralogy, because of the time-consuming
nature of preparation, the expense of analytical equipment (X-ray diffractometer). To add value to limited
mineralogical data, our aim was to use digital soil mapping (DSM) methods to couple ancillary data (i.e.
digital data numbers–acquired from digitized air-photo and apparent electrical conductivity (ECa) data using
EM38 and EM31 instruments) to quantitative estimates (from XRD) of mineralogical data for the subsoil
(0.90-1.20 m). We then develop digital soil maps showing the distribution of each mineral using multiple linear
regression (MLR). To account for the compositional nature of mineralogy, we use an additive log-ratio (ALR)
transformation. We compare these results to those that can be achieved against selected ancillary data.
Materials
The site studied was situated within the Namoi valley, northern NSW, Australia; located 3 km south-east of
Wee Waa. There were three sources of ancillary data; those obtained from a scanned colour aerial
photograph (remote), ECa from EM signal data (proximal) and GPS coordinates. The colour aerial image
(Figure 2a) was imported into ArcGIS (ESRI, 2005), geo-referenced and rectified. The data was imported into
Imagine (ERDAS, 2006), with Red [R], Green [G] and Blue [B] spectral brightness determined. EM
measurements of ECa (mS/m) were collected with an EM38 and EM31 in the vertical mode. Figure 2b shows
the 32 transect locations spaced 24 m apart. Approximately 30,000 sites were measured and geo-referenced
in the Map Grid of Australia (MGA94) by a Trimble Field Guide GPS. We also considered the Easting (X) and
Northing (Y) as ancillary data.

Figure 1: Study site, a) aerial photo, b) transects of EM31 and EM38 data, and c) location of 28 soil calibration points.

Approximately 7 g of soil was ground to powder (<1 mm). Water removed salts and mixed with sodium
hexametaphosphate (Calgon) to disperse clay (two hours). Using Stokes Law, top 20 mm was placed on a
glass-slide and placed in an ethylene glycol vapour overnight for clay mineralogical analysis by X-ray
diffraction (XRD). They were subject to XRD after heating at 400oC (1 hr) to collapse expandable structures.
Powdered samples and oriented clay slides were analysed using a PANalytical Empyrean II X-ray
-clay
ra dia tion. T

diffractometer with Co-K
minerals, while the latter allowed for more specific quantification of clay minerals. Powders were run from 4o
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SIROQUANT XRD analysis were used for quantitative mineralogical analysis.
Results of the MLR modelling for the ALR transformed mineralogical data, are shown in Table 1. When all the
ancillary data were considered the best results were achieved with quartz (Akaike Information Criterion-AIC =
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-7.54) and illite (7.04). When considering selected predictors, improvements were achieved. This was the
case for all minerals as exemplified by kaolinite (AIC = 0.02) and expandables (9.61). The best selected
predictors for quartz, kaolinite and illite were the EM31 and B DN. For the expandables the best selected
predictors were Y, EM38 and R DN.
Table 1: Summary statistics of ALR-MLR models and useful ancillary data including Red (R), Blue (B) Digital Numbers (DN) and
Northing (Y).
Mineralogy
ALR_Quartz
ALR_Kaolinitee
ALR_Illite
ALR_Expandabl

AIC
-7.54
17.06
7.04
24.27

0.15
0.23
0.19
0.27

RMSE

Selected predictors
EM31 & B
EM31 & B
EM31 & B
Y, EM38 & R

AIC
-23.22
0.02
-10.49
9.61

RMSE
0.14
0.21
0.18
0.25

Figure 2 shows the spatial distribution of the minerals using the reduced ALR-MLR models. Figure 2a) shows
quartz. Intermediate (55-60 %) to large (>60 %) quartz content characterises the southwest, in close
association with the small reservoir. Intermediate quartz (50-55 %) extends away toward the northeast
corner. The general trend from the southeast to the northwest corner is indicative of a prior stream channel
represented by intermediate to low quartz (45-50 %). Figure 2b shows the map of kaolinite and illite. The
areas where kaolinite and illite are abundant (> 44 %) coincide with the location of the areas associated with
the stream channel across the northern end. Conversely, percentages of kaolinite and illite are intermediate
to small (< 35 %) in the area directly to the east of the reservoir. The map of expandable clays is equivalent
(see Figure 3c). However, the proportions are much smaller, at the southern end with expandable clay
accounting only for a small part (~ 9%) of total clay. Nevertheless, this small proportion of swelling clay, as
well as other chemical properties such as high ESP (i.e. > 15 %) and low Ca/Mg (i.e.< 1) ratio (Triantafilis et
al., 2002) suggests sufficient amounts are present for the water to be held in the adjacent reservoir.
In contrast, the area associated with the band of intermediate-low quartz (45-50 %), intermediate expandable
clays (5-7 %) and intermediate-high kaolinite + illite (41-44 %) associated with site 19, which had low ESP
(i.e. < 6 %) and intermediate Ca/Mg ratio (i.e. ~ 1 %) (see Triantafilis et al., 2002), along with the lack of
dispersive chemical properties and the smaller proportions of expandable clay made this area more
susceptible to leakage. This was evident during wet cotton growing seasons and when the reservoir was full;
as indicated by waterlogged soil adjacent to the northeast corner of the storage. These conditions inhibit
heavy machinery traffic. As a similar suite of mineralogy prevailed at the northern end of the field, extension
of the storage in this direction would not be recommended.

Figure 2: DSM of a) quartz (%), b) sum of kaolinite and illite (%) and c) expandables (%) predicted using ALR-MLR.
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The useful properties of clays and/or clay minerals have been known since pre-historic times. Clays are
m
naturally occurring materials composed primarily of fine-grained minerals usually less than 2 to 4
whereas clay minerals refer to phyllosilicate minerals and other minerals which impart plasticity to clay and
which harden upon drying or firing (Guggenheim and Martin 1995).
Clay minerals possess several unique properties, such as fine particle size large specific surface area and
permanent and variable surface charge, which make them ideal for many environmental applications.
Additionally, clay minerals are widely available, occur in vast amounts and are relatively inexpensive.
The environmental applications of clay minerals are extensive and wide ranging, e.g. industrial processes,
agriculture, construction and environmental protection. In the last few decades the relevance of clay minerals
in soil carbon storage has been recognised. Mineral associated carbon accounts for up to 91% of the total
soil carbon and thus plays an important role in the cycling and storage of carbon in soils (Kleber et al. 2015).
Soil is the largest terrestrial carbon pool containing more than twice the carbon of the atmosphere (Ciais et al.
2013). Hence, small increases in the flux of soil carbon may result in greater atmospheric CO2 concentrations
and associated global warming. This presentation will explore the processes and mechanisms of organic
carbon and mineral associations in soils in relation to carbon sequestration in soils. The factors that affect the
mineral-carbon associations in soils will be discussed using laboratory and field examples.
Keywords: Soil carbon, clay minerals, organic carbon, mineral-organic interactions.
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Introduction.
Waterponding is an engineering method used to rehabilitate large swathes of highly degraded, scalded soils
in the semi-arid rangeland of the central west of NSW and elsewhere (Thompson, 2008). Waterponding is
successful on soils with shrink swell clays because it initiates a chain reaction of events commencing with
the retention of water in the landscape, leaching of soluble salts in the soil profile, provides a niche for seed
germination and leads to revegetation of the landscape. These series of events ultimately result in improved
landscape functionality (Read et al., 2016). A research project utilizing soil taken from scalded soil to
compare with soil from a chronosequence of waterponds aged 1 – 27 years was undertaken to examine the
soil carbon sequestration potential of soil, to 30 cm depth, rehabilitated by waterponding. The key finding of
the research was that following construction of waterponds and revegetation, scalded soil can sequester
carbon at a rate of up to 1.5 Mg C ha-1 yr-1 (Read, 2016) during the first five years following waterponding.
In earlier research, Ringrose_Voase et al. (1989) performed XRD analysis to identify the mineralogy of one
scald core. Those authors found the scald included roughly equal quantities of illite, kaolinite and smectite
and a lesser quantity of quartz. The current soil carbon research project is the first to compare the
mineralogy of a scald with that of an adjacent waterpond. For the current project a small subset of soil
samples were purposely selected to identify whether any mineralogical changes occurred to the soil profile
that could be attributed to waterponding. The findings of the mineralogical study are presented here.
Methodology
Two soil cores to 30 cm depth were obtained – one from a scald and the other from an adjacent 27 year old
waterpond. The soil samples were air dried, sieved to 2.0mm and stored for analysis. Powder diffraction
analysis was undertaken at the X-ray Diffraction Laboratory, Research School of Earth Sciences (RSES),
ANU, using a Siemens D501 Bragg-Brentano x-ray diffractometer. Bulk samples were milled and analysed
from 2-70o, 2-theta, with a step width of 0.02o, a scan speed of 1o per minute using CuKα radiation. Clay
fraction samples were separated using a settling method (Moore and Reynolds, 1997) and then analysed
following a series of treatments. Mineral identification was performed using DIFFRAC Plus Eva (2003) and
clay mineral quantification was performed using SIROQUANT V.3 software.
Major element analysis was undertaken using a lithium borate fusion and Inductively Coupled Plasma
atomic emission spectrometry (ICP-AES) method at the Bureau Veritas Minerals Pty Ltd laboratory,
Thebarton. The results are reported as oxides.
Results
XRD results for the scald showed quartz was dominant, followed by illite interlayered with 14 angstrom clays
and 10 angstrom illite, kaolinite, plagioclase and smectite + chlorite (Table 1). The dominant minerals in the
waterpond were found to be quartz, followed by illite, then illite interlayered with 14 angstrom clay. The
waterpond was found to have more quartz and kaolinite than the scald, but less illite (overall) than the scald.
Calcite is barely present in the waterpond, but is present in the scald. Smectite + chlorite interlayered with
illite was not detected in the top 20 cm of of the waterpond but was detected in the scaled to 30 cm depth.
The results of this current research found a higher percentage of quartz and less kaolinite and smectite than
the results found by Ringrose-Voase et al (1989). However, the percentage of illite was similar in both
studies.
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Table 1. XRD clay mineralogical quantification (%) ± SD in the 0-5 cm layer of one scald and one 27 year old waterpond
Site
Quartz
Kaolinite Illite
Illite interlayered with 14A
Smectite + chlorite interlayered with illite
clay
Scald
38 ± 0.6 8 ± 0.5
13 ± 0.7 26 ± 0.9
5 ± 0.9
Waterpond 43 ± 0.4 11 ± 0.3
20 ± 0.5 13 ± 0.9
Not detected

Calcite
2 ± 0.2
<1 ±
0.2

The oxide analysis showed that the scald sample had higher CaO, MgO and Na2O concentration than the
waterpond whereas the waterpond had higher Al2O3 and Fe2O3 below 5 cm depth (Table 2).
Table 2. Oxide analysis (%) showing differences between one scald and one 27 year old waterpond sample.
Depth (cm) Al2O3 CaO Fe2O3 K2O MgO MnO Na2O P2O5 SiO2 TiO2
Scald
0-5
13.1
1.3
5.85
1.81 1.72
0.17
1.12
0.09
63.7 0.82
5-10
12.8
1.92 5.76
1.80 1.69
0.16
1.17
0.08
63.3 0.80
10-20
12.4
2.6
5.62
1.78 1.71
0.14
1.17
0.09
63.1 0.80
20-30
12.7
1.87 5.72
1.82 1.72
0.12
1.25
0.08
64.8 0.83
0-5
5-10
10-20
20-30

13.6
14.6
14.7
13.9

0.42
0.49
0.49
0.90

5.88
6.51
6.36
6.08

1.8
1.93
1.82
1.78

Waterpond
1.12
0.19
1.27
0.17
1.33
0.15
1.44
0.14

0.66
0.69
0.75
0.90

0.08
0.08
0.07
0.08

66.3
63.1
62.5
64.2

0.86
0.86
0.87
0.88

Discussion
Whilst soil carbon sequestration cannot be directly attributed to any of the mineralogical changes identified
by this study, organo-mineral associations and associated physical function including stabilisation of soil
organic matter and aggregate formation are factors that can contribute to improving the recalcitrance of the
organic material and thus the long-term sequestration of SOC. Therefore, the relative increase in kaolinite,
or even the increase in the percentage of clay sized particles identified by particle size analysis suggest that
waterponding is leading to organo-mineral changes to soil. Such changes can be interpreted as being
improvements that will provide resources or mechanism leading to the physical protection of organic
material.
Further, it is hypothesized that aeolian deposition of material such as quartz and illite may be leading to the
accumulation of biochemical resources such a K for plant growth and enhancing the physical structure of
the soil. The presence of such wind-borne materials therefore may represent the embryonic stage of soil
formation on the reclaimed waterponded soil surface.
Keywords: Waterponding, soil carbon sequestration, mineralogical change, shrink-swell clay
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The role of management in sequestering carbon in Australian agricultural soils for carbon credits and climate
mitigation has received increasing attention over the past decade. In the 5 years spanning 2012 to 2017 the
Australian Government funded over $17M of soil carbon research under the Filling the Research Gap
Program. Despite this, and other industry- and State-funded soil carbon programs, two frequently asked
questions are:
“Are we still experiencing a decline in organic carbon in Australian agricultural soils?”and “Can we sequester
carbon in Australian agricultural soils and continue to increase production to feed and clothe a growing
population?”
Like for many such rhetorical questions, the most accurate answer is, “It depends”, but a more enlightening
insight can be seen by examining Figure 1, which shows the long-term average wheat yields for Australia.
The initial sharp decline in soil organic carbon (SOC) has been partially reversed by improved land
management practices such as crop rotations, superphosphate additions, pasture rotations including
legumes and erosion control and conservation cropping practices (Hamblin and Kyneur 1993; Williams and
Lipsett 1961; Russell 1960; Pratley and Rowell 2003; Nichols et al. 2012; Packer et al. 1992; Freebairn et al.
1993). By increasing biomass production, replacing soil nutrients and reducing the loss (erosion) or
degradation (soil respiration associated with cultivation) of soil organic matter, soil carbon levels have been
partially restored. Under agricultural production, the levels of SOC have generally not recovered to the initial
levels under native vegetation (Luo et al. 2010; Dalal and Chan 2001). Limitations imposed by climate,
especially variable and low levels of available soil moisture, limitations in soil nutrients and soil condition, and
the need for resources to be directed towards agricultural production, make Australia a challenging
environment to sequester soil carbon.
Soil organic carbon comprises about 50 to 58% of soil organic matter (SOM) by weight (Baldock and
Skjemstad 1999) and is an indicator of soil health and soil condition (Loveland and Webb 2003; Murphy
2015). Improvements in soil health and soil condition are associated with higher levels of SOC. Increasing
SOC is also seen as a method for removing carbon dioxide (CO2) from the atmosphere to mitigate climate
change (Batjes 1996; Minasny et al. 2017), and this is an important component of Australia’s carbon trading
scheme; the Emissions Reduction Fund (Dept Env 2014). There are then two fundamental reasons for
managing and measuring SOC, (i) improving soil health and soil condition and (ii) accounting for the carbon
sequestration with the aim of removing CO2 from the atmosphere. These two objectives for increasing SOC
both require the measurement of SOC.
In the papers presented in this session the emphasis has been on the prediction SOC at the landscape scale
(Gray et al.; Ma et al; Surfadi et al.; Yu et al.) using digital soil mapping methods. While this is a useful
scientific exercise and informs us of the capacity of landscapes to sequester carbon, the question has to be
asked; how can these predictions of SOC be used for monitoring, management and policy development?
Many of these studies predict that only a small amount of variation in SOC is caused by changes in land
management. However, studies such as those by Luo et al. (2010) and Chan et al. (2010,2011) show
significant effects of land management on SOC, and perhaps these demonstrate that broad studies may lack
the resolution and detail to identify the specific effects of land management on SOC stocks. We challenge the
authors of such broad studies to consider the “so what” question, often posed by JR Philip, the eminent soil
physicist. What can your work offer the farming practitioners and innovators responsible for managing
agricultural soils and the policy makers responsible for enabling them? Surfadi et al. uses the data to identify
where there are potential areas to increase SOC in Aceh and Yu et al. assess the effects of fire on SOC
levels. Certainly, the paper by Badgery et al. demonstrates the role and application of soil carbon science in a
carbon trading scheme, including using SOC data from landscape scale studies to inform and guide the
development and implementation of a carbon trading scheme. Badgery et al. identified the problem of
identifying risk with carbon trading, emphasising the importance of initial levels of SOC. They also identified
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the need for having guidelines for the expected levels of soil carbon sequestration and a standard repeatable
methodology for measuring changes in SOC across time at the field scale.
This raises the issue of measurement of soil organic carbon. Veerathipillai et al. propose a new method for
measuring total carbon but also SOC fractions using thermal analysis which can be quicker and cheaper than
existing methods and Fancy et al. have measured the amounts of dissolved SOC.
Increasing SOC is stochastic process that requires the input of biomass into the soil. This is a critical factor in
the Australian environment where in many years the input of biomass can be limited by environmental or
nutrient constraints. Despite the $17M of recent research funding, we are yet to discover the magic bullet for
increasing SOC. Singh and Fang provide some insights into the fate of carbon as wheat residues are
decomposed by soil microorganisms under different nutrient conditions, and estimate of how much carbon
actually ends up in different carbon pools. Mehra et al. demonstrates the different distributions of plant roots
in soils which can have an influence on carbon inputs (see Kuzyyakov and Scheckenberger 2004; Dignac et
al. 2017). The effect of land management practices on SOC are presented as a budget under irrigated cotton
(Nachimuthu et al.) and rotations in cotton (Weaver et al.).
While we talk of SOC, it is often SOM that is driving the processes that support agricultural production and
enhance soil condition. SOM can enhance the physical condition of the soil, and plays a pivotal role in
nutrient cycling (Janzen 2006). Several papers relate to the role of SOM in the mobilisation and recycling of
nutrients (Osanai et al.), including the process of priming (Xu et al.). The potential for compost materials
including biochar to increase the amount and longevity of carbon in soils are considered by McLeod et al. and
Grant and Warnken.
Two papers present the impacts of catastrophic fires on SOC (Tulau et al. and Yu et al.); a topic of particular
importance in the Australian environment. Much emphasis has been on SOC dynamics in dryland agriculture.
Now there is an expansion of interest to environments outside of agriculture to consider peat lands
(Lippmann et al.; Grover et al.) and coastal environments (Asanopolous et al.; Chan and Wong).
While identifying knowledge gaps in scientific fields is often fraught with uncertainty, we suggest that the long
road of soil carbon science now needs to focus on where action, traction and implementation are possible.
We suggest that it is at the field scale where there are opportunities to increase and improve the knowledge
of soil carbon dynamics and measurement, and the influence of soil carbon on nutrient cycling, soil condition
and soil health. The field scale is the operational level of soil monitoring, soil management, soil measurement
and ultimately the implementation of soil carbon policy. The effects of grazing intensity on soil carbon
sequestration offer one opportunity (Chen et al. 2015). Improvements in cropping practices to sequester soil
carbon requires a focus on improved agronomy and nutrient management. The restoration of degraded soil is
also a potential area for carbon sequestration that can be better utilised. The challenge now is to utilise the
valuable knowledge gained about soil carbon at the broader national and regional scales and apply it at the
more operational field scale.

Figure 1. Trends in Wheat yields since 1870 for Australia. (Adapted from Hamblin and Kyneur 1993).
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Introduction
Carbon fractions are important for modelling soil carbon dynamics for carbon accounting, and as an indicator
of soil quality (Baldock et al. 2013). In this project we modelled and mapped the distribution of the three
principal soil carbon fractions across NSW and gained insight into the factors controlling their distribution. The
fractions were particulate organic carbon (POC), humus organic carbon (HOC) and resistant organic carbon
(ROC), which represent fractions of increasing stability. There appears only limited previous attempts to
model and map soil carbon fractions (Vasques et al. 2010; Karunaratne et al. 2014; Orgill et al. 2017).
Methods
A dataset of 475 NSW profiles with mid-infrared spectroscopy (MIR) derived carbon fractions (following the
procedure referred to in Baldock et al. 2013), sourced from a 2008-09 NSW monitoring program (OEH 2014),
and a set of 16 predictor variables were applied. Random forest models for depth intervals to 30 cm were
derived. These were used to generate digital soil maps at 100 m resolution, plus variable importance plots.
Results
The initial models were of moderate strength, with validation results revealing Lin’s concordance correlation
coefficients for 0-30 cm of 0.82 for total soil organic carbon (SOC) mass and 0.67 to 0.71 for the fraction
masses. An example of a final map of carbon fraction stocks across NSW is shown in Figure 1 for ROC (0-30
cm).

Figure 1: ROC carbon fraction stocks over NSW, 0-30 cm

Variable importance plots revealed the main factors influencing absolute stocks of each fraction (e.g., factors
controlling whether stocks of ROC are 10 Mg ha-1 or 30 Mg ha-1). The results suggest the primarily controlling
factors are rainfall, lithology (silica index), total vegetation cover and maximum temperatures (Figure 2).
Uniform response trends are revealed, for example, increasing stocks of each fraction with increasing rainfall,
decreasing temperatures and increasing mafic lithology.
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Figure 2: Variable importance plots for absolute stocks of the three carbon fractions, 0-30 cm

The factors influencing the relative proportions of each fraction are more complex (e.g., factors controlling
whether the proportion of ROC to total SOC is 10% or 50%). The temperature variable appears to be the
most influential, with lithology, vegetation cover, weathering index and others being of lesser importance.
HOC appears to increase in relative abundance with increasing temperatures and more mafic lithologies
whereas POC and ROC show the reverse trends. Subtle variations are also evident depending on the depth
interval.
Discussion
Continuing investigations will further explore these important relationships. The results may lead to a better
understanding of factors controlling levels of soil carbon fractions in soils, in terms of both absolute quantities
and their relative proportions. Such knowledge may contribute to better simulation of carbon dynamics
through modelling programs such as RothC and Australia’s FullCAM. Ultimately, they may contribute to more
effective carbon accounting schemes and climate change mitigation programs.
Keywords: carbon fractions, digital soil map, controlling factors
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Introduction
Theoretical estimates of soil carbon sequestration in Australian farming systems often do not coincide
with measured values of soil carbon, possibly due to post sequestration carbon losses (Hulugalle et
al. 2013b; Nachimuthu and Hulugalle 2016). Most authors have assumed that this was associated
with microbial respiration (Huon et al. 2013). However, although largely overlooked in the past, part of
this decline is thought to be due to carbon losses through soil erosion (Chappell et al. 2015; Hulugalle
et al. 2013b; Kuhn et al. 2012) and mechanisms associated after the erosion event (Lal 2003). Some
losses may also be due to leaching of dissolved organic carbon (DOC) with deep drainage
(Nachimuthu and Hulugalle 2016). There is a paucity of empirical studies on the links between crop
management practices and carbon movement in terrestrial hydrological pathways in Australian cotton
and other irrigated row cropping systems. Thus, predicting carbon stocks using current accounting
systems do not fully account for all carbon loss pathways. The purpose of this investigation was to
study the impact of a range of management practices on irrigation induced carbon flow in intensive
cotton production systems.
Materials and Methods
A three year investigation on measuring runoff, deep drainage and associated carbon movement in a
furrow irrigated Vertosol was overlaid on a long term experiment (Nachimuthu et al 2018). The
experimental site was located at the Australian Cotton Research Institute, near Narrabri (149°47′E,
30°13′S), north-western New South Wales, Australia. The soil is a deep uniform grey clay and is
classified as a self-mulching, grey Vertosol, very fine (Isbell 2002). The soil at 0-0.3 m depth was
alkaline (pH in 0.01 M CaCl2 is 7.4 ), non-saline (electrical conductivity (EC1:5) is 0.11 dS m-1), nonsodic (ESP of 2.2) with exchangeable cation concentrations of 17, 8.8, 1.13 and 0.56 cmol (+) kg-1 for
calcium, magnesium, potassium and sodium respectively, and a particle size distribution of 53 g 100-1
g clay (<2 μm), 21 g 100-1 g silt (2–20 μm) and 26 g 100-1 g sand (20 μm–2 mm). Irrigation volume,
runoff, drainage, total and dissolved organic carbon (DOC) balance (DOC in irrigation water- DOC in
runoff+drainage) during irrigation were monitored during the 2014-15, 2015-16 and 2016-17 cotton
seasons. Runoff was monitored using automated ISCO samplers programmed to flow-weighted
sampling. The detailed methodology is presented in Nachimuthu et al. (2018). Deep drainage was
measured using chloride mass balance modelling and leachates with ceramic cup samplers
(Hulugalle et al. 2013a).
Results and Discussion
There was a positive carbon balance, i.e. a net gain (averaged across all treatments) of 19, 201 and
65 kg C ha-1 during the 2014-15, 2015-16 and 2016-17 seasons, respectively (Table 1). In Australian
cotton farming systems, previous studies have reported a decline of SOC over time with one
exception where an average increase of 280 kg SOC ha-1 yr-1 was reported (Rochester 2011).
Overall, the average seasonal net carbon gains from irrigation water were equal to mitigating 2.1, 23
and 7.4% of annual SOC (0 to 0.6 m) decline (-0.88 t ha-1 per year averaged over 20 years from 1993
to 2013) during the 2014-15, 2015-16 and 2016-17 seasons, respectively, in this experiment
(Hulugalle et al. 2014). Assuming that carbon concentrations in irrigation water in the study by
Rochester (2011) were similar to ours, estimated carbon addition would be of the order of 6.8 to 72%
of sequestered carbon reported in that study. Though, the DOC gains from irrigation water is less than
1% of total SOC stocks, this carbon gain is a significant proportion of overall annual soil carbon
balance in topsoil, suggesting the soil carbon flux in terrestrial hydrological pathways may significantly
alter the on-farm soil carbon balance in an irrigated cotton field. There were insufficient runoff
generating storm events during the three-year monitoring period of this study to definitively quantify
the impact of storm induced carbon losses. Long term monitoring is required to account for storminduced runoff and deep drainage carbon losses. A similar point can be made with respect to flood
events. Our results clearly show that research on soil carbon sequestration in irrigated farming
systems must account for carbon flow during irrigation as a contributory factor in the carbon balance.

Table 1. Net carbon balance through terrestrial hydrological pathways in a cotton field
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Carbon flow pathways

2014-15

2015-16

2016-17

Carbon gains (kg C ha-1) (Irrigation water)

+72

+248

+110

Carbon losses (kg C ha-1) (Runoff)

-30

-39

-43

Carbon losses (kg C ha-1) (Drainage)

-22

-8

-2

Net Balance (kg C ha )

+19

+201

+65

-1
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Introduction
Low soil fertility and low soil water availability are major constraints to crop production in dryland
agriculture systems worldwide due to prolonged nutrient mining, soil erosion, loss of soil carbon, soil
structure decline, and other forms of soil degradation. Biochar has been used to increase soil fertility
(Chan et al., 2007) while sequestering carbon. However, the interactions between biochar and other
organic materials in the soil are not well understood. Wardle et al. (2008) found that fire-derived
charcoal increased oxidation of organic material and suggested that biochar could pose a risk to
carbon sequestration. However, others found that biochar has the potential to protect organic matter
from oxidation and increase its resistance to degradation (Ngo et al., 2013; Zimmerman et al., 2011),
suggesting that biochar could increase the carbon sequestration potential of other organic
amendments. Long-term field data to support each of these hypotheses is scarce. Our field study
aimed to evaluate whether poultry litter biochar influenced the total carbon and nitrogen content of soil
amended with cow manure and maize stubble over a period of six years.
Methodology
We buried inert mesh bags (<1mm mesh size) within 10 cm depth in excavated holes and backfilled,
containing degraded Red Vertosol mixed with various amendments, to evaluate the changes in soil
carbon and nitrogen, at Tamworth Agriculture Institute, Tamworth, NSW. There were six mixtures,
each with five replicates, made of 200 g soil only as the control (C), soil+10 g cow manure (M), and
soil+10 g maize stubble (S), each with and without 10 g of poultry litter biochar produced by Pacific
Pyrolysis at 550oC. The mixtures containing biochar will be denoted as C+, M+, and S+. The soil
contained 1.5%C and 0.1%N (C:N~15); cow manure 37.5%C and 1.6%N (C:N~23), maize stubble
42.5%C and 0.4%N (C:N~106), and biochar 37%C and 1.7%N (C:N~22). Six months after the burial,
60 bags were recovered and analysed for total carbon and nitrogen and other chemical properties
and soil respiration. After another six months and annually thereafter, 30 bags were recovered for the
same analyses. All bags were completely recovered from the burial site after 72 months. This paper
focuses on the improvement in levels of soil carbon and nitrogen.
Results and Discussion
Total nitrogen of the unamended soil (C, open circle) was the lowest at all sampling times at ~ 0.12%,
and, as expected, all amendments increased soil nitrogen content (Figure 1). Adding cow manure (M,
open triangle) increased soil nitrogen content to ~0.21% (P<0.001), whereas adding maize stubble (S,
open square) increased it only to ~0.14% (P<0.05). However, within 12 months the total soil nitrogen
in the M treatment dropped significantly to ~ 0.14% and it remained between 0.14 - 0.17% for the 72
month period. Adding biochar to the mixtures (M+ and S+) increased soil nitrogen more than adding
M and S only. The elevation of nitrogen to >0.2% due to biochar was maintained for up to 72 months,
indicating the persistence of the nitrogen contained in biochar mixtures.

Fig 2. Cumulative loss of nitrogen over time.
Fig 1. Biochar increased soil nitrogen for at least 72 months.

The cumulative nitrogen loss (Fig. 2) was highest in M treatment with the total loss of ~ 0.06% (a drop
from 0.21 to 0.15%) over the 72 months period. The inclusion of biochar (M+) almost halved the total
nitrogen loss over the same period, indicating a degree of preservation of the manure by the biochar
as suggested by Ngo et al. (2013). The loss of nitrogen in the S treatment was insignificant because
of its low nitrogen content to begin with and there was a slight gain in total N, but adding biochar to
stubble (S+) seemed to enhance this nitrogen gain. In the absence of other organic materials total
nitrogen loss with or without biochar was negligible (~0.01%) indicating that the nitrogen contained in
the biochar is stable against degradation.
The addition of carbon-rich materials to this soil at least doubled the total soil carbon content initially
and decreased over time (Fig 3) which was expected. At the start, the total carbon in the M and S
mixtures was ~ 3.6% compared to 3.1% in C+ mixture. But the total carbon content in the M and S

213

mixtures, significantly decreased to ~ 2.2% within six months and fell to below 2% within 24 months.
In all biochar mixtures (C+, M+ and S+), the elevated soil carbon content also decreased sharply from
~5 to 3% within the first 6 months, but remained above 2.9% for the 72 month period indicating the
persistence of carbon contained in the biochar. The majority of carbon loss occurred within the first six
months followed by a more gradual loss from 24 months onwards. It is likely that the presence of soil
organic matter stimulated the co-mineralization of the more labile carbon components of biochar
within the first six months of the burial.
Total carbon loss from the stubble treatments (S and S+), was similar ~ 1.9 % after six years. In the
first 24 months the loss was lower in S+ compared to S, but from 36 months onwards carbon loss was
similar between the two (Fig.4). In the manure treatments (M and M+), total carbon loss was also
~1.9% (19 mg/g) after six years. But, the loss during the first 60 months was 0.12-0.72% less in M+
compared to M, indicating a degree of protection of manure by biochar in M+, as found by Ngo et al
(2013) and Zimmerman et al (2011). Our study indicated that this protection lasted for 24 months
when biochar was mixed with maize stubble (extremely high C:N ratio), and 60 months when biochar
was mixed with cow manure (medium C:N ratio). We did not find any evidence of biochar accelerating
carbon loss as suggested by Wardle et al (2008).

Figure 3. Biochar increased soil carbon more and for longer
compared to manure and stubble.

Figure 4. Cumulative loss of carbon over time

Conclusions
Soil amended with biochar elevated soil carbon and nitrogen for a period of at least six years. The
poultry-litter biochar used in this study has potential to increase the longevity in soil of nitrogen and
carbon from other organic materials such as manure and stubble when applied together.
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Introduction
Quantification of root phenotypic characteristics is an important way to study and can lead to
improved understanding of the root-soil interaction (Hulugalle et al., 2015). The type of tillage practice
adopted, or the short-term shift in these tillage practices (i.e., re-introduction of conventional tillage
(CT) in a no-tillage (NT) cropping system) alters the soil physical properties, thereby impacting the
belowground carbon (C) allocation by plant roots. The mechanical impedance created in the soil
through the re-introduction of CT may create unfavorable conditions for crop root growth by limiting
heterogeneous soil resources such as water and nutrients which impacts the crop yield (Fang et al.,
2012). In this paper, we report an empirical study on the influence of different tillage practices and
mulching effects on the root phenotypes (root length, root surface area, and root volume). In this
study, the root distribution of the wheat plants at different growth stages was monitored under
contrasting tillage systems (NT and CT). This study aimed to investigate the impact of the change in
tillage system on root phenotypic characteristic and soil-pore geometry and its subsequent effect on
the belowground carbon (C) allocation.
Methodology
The soil type at the Roseworthy campus of the University of Adelaide is classified as Chromosol
(Isbell, 2016) and from last 14-year site was under NT management. Intact soil core (diameter 4 cm
and length 20 cm) with a single plant sample were carefully collected manually from replicated (n=3)
fields under NT and CT systems at different mulching levels (0 and 5 t ha-1) and at different stages of
the plant growth at tillering, stem-elongation and maturity corresponding to 50, 100 and 180 days after
sowing. Micro X-ray computed tomography (µXCT) was used to visualise the 3D structure of the roots
inside the soil cores at a high-resolution scale of ~20µm. ImageJ software (ImageJ Website, 2016)
was used to analyse the µXCT data for root phenotypes (root length, root surface area, and root
volume). As a 3D volume, the root and soil pore components were manually segmented from the
µXCT scanned soil cores as shown in Figure 1. The results were analysed by three-way general
analysis of variance (ANOVA) containing tillage type, mulching, depth and all possible interactions as
explanatory variables using CPCS-I software (Cheema and Singh, 1993).
Results
The overall impacts of the shift in tillage practice on the root phenotypes over the plant growth stages
are significant (P<0.05) irrespective of the mulching treatment. Quantified root phenotypes over the
plant growth stages show that mean root volume was 9.6% higher in the top 20 cm of the soil in NT than
CT practice. The vertical distribution of roots and root architectural measurements evaluated through
µXCT indicated increased root length (8.7%) and root surface area (2.6%) under CT system compared
to NT. In addition, soil-pore distribution data indicated a higher macroporosity (13.4%) (>75 µm) under
the CT system and higher mesoporosity (9.6%) (30-75 µm) under NT system. The higher root volume
under NT system could be related to the presence of higher mesopores in the top 20 cm soil which have
the ability to store more water and nutrients (Murphy, 2014) than macropores thereby resulting in higher
root volume in the NT system compared to CT. Therefore, porosity results indicate that NT have better
soil structure, thereby enabling the plants to produce more root biomass in top 20 cm depth.
Conclusion
The greater root volume of plants under NT system is attributed to the presence of higher mesopores in
the top 20 cm depth. In contrast, the lower root volume under CT system suggests that the root
architecture influences with the availability of water and nutrients in the soil macropores.
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Figure 1: Processed output of Micro X-ray Computed Tomography and segmentation to get 3D root region. (a, b, c) 2D slices
of the 3D reconstruction in XY, YZ, XZ planes. (d) 3D rendering of the reconstruction with colour. (e, f, g) segmented 3D root
portion seen from three different camera positions.

Furthermore, µXCT quantified image analysis of the soil cores also revealed that surface layer of CT
system has weak soil structure and suggests the shift in tillage system ultimately influences the plant root
establishment, thus affecting the belowground root phenotypes. Therefore, it is likely that NT improves root
phenotypic characteristics thereby contributing to a higher level of organic matter input to the soil through
roots than the CT system (Mangalassery et al. 2014). However, this study requires more work to further
strengthen these results.
Key words: tillage, soil organic matter, micro X-ray computed tomography, soil-pore geometry, root
length density, root surface area
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Introduction
This study describes a rapid and relatively inexpensive method for the prediction of total organic
carbon (TOC) and its carbon fractions: Particulate organic carbon (POC), Humus (HUM), and the
Resistant organic carbon pool (ROC) (Baldock et al. 2013 a,b).
Methodology
The method presented here is based on thermal oxidation combined with partial least-squares
regression (PLSR) modelling as applied to a set of 74 soil samples with widely varying soil
properties. Reference carbon fraction data (part of the national Mid Infrared carbon fraction
calibration data set), required for building the dependent variables in PLSR calibration models, was
obtained from CSIRO (Agriculture and Food) and combined with thermally fractionated carbon (%C
as evolved CO2) as independent variables analytical data. The soil TOC, POC, HUM and ROC
content was in the range of 2-30, 0.04-14, 1-20, 1-13 g/kg respectively. Thermal carbon was
analysed at varying temperature set points by ramping temperatures from 110 ℃ to 1000 ℃ with
pre-determine temperature increments and time intervals using Leco® RC612 carbon analyser.
Samples were split into two sets for PLSR analysis using the Kennard-Stone algorithm: 54 samples
for calibration and 20 for validation. For PLS modelling, carbon measured (evolved as CO2) at
different temperature set points were used as x matric and soil carbon fractions were used as y
matrices. Leave-one-out cross validation for the calibration set resulted in R2 values of 0.99, 0.83,
0.88 and 0.74 for TOC, POC, HUM and ROC with the corresponding Root Mean Square Error
(RMSE) of 0.66,1.27, 1.81 and 0.83 respectively. Prediction accuracies for the independent
validation set were good, with R2 values of 1.00, 0.80, 0.85 and 0.90 for TOC, POC, HUM and
ROC with the corresponding Root Mean Square Error of Prediction (RMSEP) of 0.38, 1.21, 1.01
and 0.53 and the ratio of performance to deviation (RPD) of 17.3, 2.3, 2.7, and 3.2 respectively.
The statistically significant R2 and low RMSEP values of the prediction models indicated that TOC,
POC, HUM and ROC could be accurately predicted from thermal fractionation data for these soils.
Prediction performance potential for the ROC was further tested using two black carbon reference
soil standards (Mollisol and Vertisol). Predictions were excellent for the Vertisol reference standard
(predicted values were within ± 1 % of the reported value) but for Mollisol ROC was 30 % more
than the reported value possibly due to under representation of this soil in the calibration model.
Further the model prediction precision was estimated using an inhouse standard soil with 8
replicates. The Coefficient of variation (CV %) was 1.2, 5.3, 2.1, and 2.5 for TOC, POC, HUM and
ROC indicating high reproducibility of the thermal fractionation method. Soil samples used in this
study were carbonate free and inclusion of soils with varying carbonate content in the calibration
data set may improve the prediction accuracy of samples with carbonates.
These promising preliminary results, albeit from limited number of calibration samples, suggest that
thermal analysis (CO2 emission over time obtained with a defined heating regime) has the potential
to be a valuable routine analytical tool to estimate carbon fractions, particularly ROC and HUM
fractions which are extremely expensive to measure ($800-1000 per sample) and prohibitively time
consuming for routine analysis. Further, thermal analysis combined with chemometric predictions,
has the advantage of being relatively fast, requires minimal sample preparation and, most
importantly, may be applied universally to many soil types without the need to build calibration
models specific to different soil mineralogy. Further research should investigate reproducibility and
applicability of this technique for wider range of soil types (Including soils with high carbonate) with
qualitatively and quantitatively varying soil organic matter.
Keywords: Soil Organic carbon, Carbon Fractions, Humus, Resistant Organic Carbon, Thermal
fractionation, Chemometrics
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Introduction
Increasing soil organic carbon (SOC) in Australian farming systems has potential to offset greenhouse
gas emissions. Even though methods for soil carbon sequestration have been developed under the
federal governments Emission Reduction Fund (ERF), the scope for farm scale carbon sequestration
is poorly understood. A pilot scheme was developed in Central West NSW to trial the use of a marketbased instrument to encourage farmers to increase SOC. There were many aspects to this pilot, but
here we will mainly report on changes to SOC measured on farms that were successfully contracted
in the pilot.
Methodology
The area selected was a specific soil landscape where there was good information on the expected
changes in soil organic carbon stocks with changes in land management. Additional data was
collected as part of the Australia wide soil carbon project (SCaRP). The soil landscape incorporated
the Red Chromosols of the Cowra Trough geological formation. Initial samples were taken from
landholders who wished to participate to obtain an indication of the starting values of soil organic
carbon stocks. These initial values were based on a pedotransfer function converting 0- 10 cm soil
organic carbon concentration to soil organic carbon stocks rather than a full measurement of the soil
organic carbon stocks. These initial values enabled landholders to put in bids as to how much carbon
they would be able to sequester over a 5-year period after a change of land management. A reverse
auction process was used to select 11 landholders to be included in the project. The difference
between the estimated initial soil carbon stocks and estimated long term equilibrium values under the
different land management practices (estimated from the SCaRP information) was a key piece of
information in evaluating the bids. The sampling for soil organic carbon stock was design-based for
each field included in the project, with cluster samples that were bulked at randomized locations
across each field. Each field was divided into equal area strata and a random site sampled within
each stratum.
The 11 contracted farms were those that submitted the most cost-effective bids, with an average
price of $A37 per t CO2-e, mainly due to high predicted sequestration rates driven by low initial SOC
levels. At each site a minimum of 10 stations were sampled, with eight intact soil cores collected per
station and divide into three depths (0-10, 10-20 and 20-30 cm) then each depth was pooled for each
station and analyzed for total carbon (LECO) and bulk density calculated. SOC stocks (0-30 cm) were
assessed before (2012) and after the pilot (2017.
Results and discussion
Sixty percent of sites showing a significant increase in SOC at P<0.1 and 40% at P<0.05. The land
uses that were contracted in the pilot were classified into four categories: 1) reduced tillage cropping;
2) reduced tillage cropping with organic amendments (e.g. biosolids or compost); 3) conversion from
cropping land to permanent pasture; and 4) conversion from cropping land to permanent pasture with
organic amendments. This allowed an assessment of the main effects of land use (pasture or reduced
tillage cropping) and organic amendments (plus or minus). Pasture had higher SOC sequestration
(1.36 t C/ha/year 0-30 cm 2) than reduced tillage cropping (0.11 t C/ha/year0-30 cm) (P= 0.027). Organic
amendments had higher rates of SOC sequestration (1.10 t C/ha/year0-30 cm) than where they weren’t
applied (0.37 t C/ha/year0-30 cm) (P=0.067). The interaction of the two factors was not significant, but at
one site with reduced tillage cropping without organic amendments, soil carbon was lost over the pilot.
The rates of SOC sequestration were high over the initial 5-year period, and while rates will likely be
lower in the long-term, the pilot demonstrates the potential for significant sequestration. Further work
is required to determine the changes in greenhouse gas emissions across the entire system,
however, a case-study on one site found that there was no increase to overall emissions when
moving from continuous cropping of wheat and canola to grazed permanent pasture.
Conclusions

2

SOC sequestration was determined using the equivalent mass of soil measured at the beginning of the pilot in 2012.
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Some of the limitations of the project as a pilot for a carbon sequestration project was the high price
for carbon dioxide compared to what seems to available now. It needs to be remembered that any
carbon credits are paid on carbon dioxide which is 3.66 x carbon sequestered into the soil. A further
limitation was the project paid the cost of soil sampling and not the landholders. Land management
changes to cropping practices were under represented in the project, but this was probably a
consequence of the relatively advanced state of land holders with the cropping practices in the area.
Most had already moved towards stubble retention whenever possible, minimising tillage, cropping
rotations and nutrient management programs.
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Introduction
Intertidal sediments sequester significant amounts of C globally. C sources can be categorised into
organic C inputs from within the estuary (autochthonous) and inputs trapped within the estuary
derived from external sources (allochthonous). SOC can be divided into three C pools, particulate
organic carbon (POC), humus carbon (HC) and recalcitrant carbon (RC). Belowground organic
carbon stocks in mangrove and saltmarsh environments have been quantified in a number of
environments globally, identifying the potential to store substantial amounts of C. However, most
studies have focused primarily on saltmarsh and mangrove environments in tropical and sub-tropical
regions, and data are limited in temperate areas.
Methodology
We quantified SOC stocks in temperate saltmarsh and floodplain environments in Venus Bay, Victoria
and identified the contribution from three C pools. We sampled three saltmarsh sites (S1, S2 and S3)
and two mangrove sites (M1 and M2) to a depth of at least 1 m (Figure 1).

Figure 1. Site locations

Results and discussion
We found that saltmarsh sites had a higher potential to accumulate SOC compared to mangrove
areas, which was related to higher elevations of saltmarsh areas and deposition of sediment from the
creek network (Figure 2). The mangrove sites had a higher proportion of POC which have be related
to deposition of both allochthonous and autochthonous materials (Figure 3d and e), and dominated by
sand. The high proportions of POC at M1 and M2 may be a combination of sources of both
mangrove-derived SOC and SOC inputs carried in and deposited by the tides. The saltmarsh sites
had higher potential for C sequestration due to higher proportions of HC at depth (Figure 3a-c).
Accumulation of SOC in these coastal environments is a result of i) decreased decomposition rates
due to inundation; ii) deposition of POC, either from aboveground biomass or via tides, and iii)
increased elevation of the land surface as the root mass increases with vegetation growth.
Conclusions
These results highlight the importance of protecting these coastal environments, not only as they
provide a transitional environment between the coastal and terrestrial zone, but also as important
stores of more stable organic carbon.
Keywords: mangroves, saltmarsh, intertidal sediments, coastal zone, soil carbon
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Figure 2. TOC (Mg-C ha-1) for sites SM1, SM2, SM3, M1 and M2

Figure 3. Proportion of POC, HC, RC in a) SM1, b) SM2,c) SM3, d) M1 and e) M2
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It is widely recognised that depleted soil carbon levels need to be restored to improve soil function
and health in agricultural and horticultural systems. The Emissions Reduction Fund (ERF)
determinations for land carbon allows landowners to claim carbon credits for building soil carbon.
However, due to climate and soil types, building and maintaining soil carbon is difficult on many areas
of Australia. Practices such as reduced tillage, stubble retention, cover crops, and green manure and
pasture phases in cropping rotations can help to build soil carbon, but dry summers and drought
periods reduce the effectiveness of these practices.
Compost contains high levels of ‘slow’ or less labile organic carbon and are way landowners can build
soil carbon and health more rapidly and predictably than trying to grow the carbon in situ, and can
also improve the ability of soils to ‘grow’ and sequester carbon. Periodic application of compost
typically has significant agronomic benefit on low carbon soils and can be used to build and maintain
soil carbon. This paper will describe the carbon and agronomic benefits of using compost and the
potential for landowners using compost and other soil carbon building practices to access carbon
credits under the ERF.
Key issues covered include:
• Compost as a source of stable soil carbon. The composting process converts much of the labile
carbon present in organic matter into a ‘concentrate’ of more stable carbon that can persist in
soils for decades. One tonne of compost can contain about 190-200 kg of relatively stable
carbon and 1-10% of this can be expected to remain in the soil after 100 years. Over a 20-year
period, 20-60% of the soil carbon in compost can be expected to remain in the soil.
• Using composts as part of integrated carbon management that uses a range of practices to build
and maintain soil carbon. Regular low volume applications can help t build soil carbon over time
(see figure 1 below)
• Agronomic benefits of compost, including improving the ability of land to grow and store soil
carbon.
• The inclusion of compost in soil carbon projects under the Emissions Reduction Fund. Compost
is an allowed input and contributor to soil carbon under the soil carbo determination.
Keywords: Compost, soil carbon, sequestration, half-life decay modelling, Emissions Reduction
Fund, Australian Carbon Credit Units.

Figure 1:

Modelled effect of cumulative compost application at different application rates assuming a carbon ‘half-life’’ of 15
years
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Introduction
The long term cotton rotation farming system trial at the Australian Cotton Research Institute, Myall
Vale NSW was started in 1995 by the late Dr Ian Rochester. A paper on soil organic carbon (SOC)
was published from the long term trial in 2011 (Rochester 2011) highlighting the increase in carbon
over a 10 year period from 1998 to 2008. The results in this paper encapsulate these 10 years with
an additional eight years on from the published results to examine the effects of the millennium
drought that continue to persist.
Methodology
The experiment is located in Field 6 at the Australian Cotton Research Institute, Narrabri (149.68E,
30.28S), New South Wales, Australia. The soil is a fertile alkaline dark greyish brown cracking
medium clay, classified as a fine, thermic, montmorillonitic Typic Haplustert. Soil surface pH was
7.9, EC 1.2 dS m-1, CEC 35 meq 100 g-1, and Colwell bicarbonate-P was 61 mg kg-1. Annual rainfall
averages 645 mm but is highly variable (420 and 870 mm for first and ninth deciles) and is slightly
summer-dominant. The experiment is a randomized complete block design with the following
rotations replicated four times: continuous cotton (C~C~C – cotton every summer), continuous
cotton with green-manured vetch (Vicia villosa Roth.) each winter (CvCvC) or cotton with greenmanured vetch with a summer and winter fallow (CV~C), and three treatments that had cotton every
second year, either with wheat then fallow (CW~C), wheat then vetch (CWv) or faba bean (Vicia
faba L.) then fallow (CF~C). The ~ symbol represents a fallow period of 5–10 months. Soil was
sampled to a depth of 30 cm from 1998, however from 2004 the 30-60 cm was added followed by
the 60-90 cm depth from 2006. Soil organic carbon (by Walkley Black) was quantified in September
in each even-numbered year. Re-analysis of all soils have been undertaken using current best
practice analysis of high-temperature dry combustion coupled with mid infra-red analysis
(Sanderman et al. 2011, Baldock et al. 2013), and these are presented in this abstract. Soil
cumulative carbon mass was calculated for the 0-30 cm (from 1998), 0-60 cm (from 2004) and 0-90
cm (from 2006) depths (Wendt and Hauser 2013) using the re-analysed soil carbon results. The
reference soil mass layers were 3500, 8000 and 12000 t/ha for the 0-30, 0-60 and 0-90 cm depths,
respectively.
Results and Discussion
Soil Organic Carbon after 18 years
After 18 years of rotations the soil cumulative organic carbon mass (SCOCM) in the 0-60 cm depth
increased for all rotations (Table 1). The highest SCOCM was under the CvCvC and C~C~C
rotations (15.9 t/ha; Table 1 and Figure 1b). The CWv and CV~C rotations were calculated as the
second highest SCOCM at 15.3 and 14.1 t/ha, respectively. Considering just the 0-30 cm cumulative
depth, the highest SCOCM (2.97 t/ha) was measured in the C~C~C with the CV~C (2.12 t/ha) and
CvCvC (2.02 t/ha) rotations not far behind. All other rotations were either comparable to the starting
values in 1998 (Figure 1a) or had experienced a very slight loss over the 18 years.
In the 0-90 cm cumulative depth, all rotations, except for the CF~C (-13.6 t/ha), were shown to be
comparable to 2006 values (Figure 1c).
The steep increase in SCOCM in 2014 in the 0-30 cm depth for the CWv, CV~C rotations could be
attributed to the very hot soil temperatures in combination with frequent irrigations experienced in
January and February in both the 2013 and 2014 seasons (>40oC) assisting plant growth and high C
deposition. These rotations also produced the highest biomasses (wheat ca. 4 t/ha and vetch ca. 2
t/ha). The high accumulation rate was short lived though, as the SCOCM sharply declined two years
later when measured in 2016. In early 2012 there was a major flood at the ACRI that inundated field
6 for a number of days. This could explain the rapid sequestration rate into 2014 and then decline to
2016.
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a)

b)

c)

Figure 1: Equivalent mass calculated soil organic carbon (t ha-1) trend over 18 years of rotating cotton with legumes and
cereals for accumulated depths of 0-30 cm (a), 0-60 cm (b) and 0-90 cm (c). (Error bars are the standard error of the mean).
Note: the scale of the Mean Carbon (t/ha) axis differ for a, b and c.
Table 1: Equivalent mass soil organic carbon (t ha-1) loss (shaded) or gain after 18 years of rotating cotton with legumes and
cereals.

Rotation
C~C~C
CF~C
CV~C
CvCvC
CW~C
CWv

Depth and years soils sampled
0-30 cm
0-60 cm
0-90 cm
1998-2016 2004-2016 2006-2016
2.97
15.9
0.76
0.47
7.31
-13.64
2.12
14.08
-0.86
2.02
15.87
1.16
-0.63
11.73
2.71
-1.52
15.26
1.96

Keywords: Soil Organic Carbon, Cotton, Incorporation, Irrigation, Equivalent mass.
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Introduction
Wildfire can affect the hydrological cycle of forested catchments, both in terms of quantity and quality
of the stream water. One important result is the influence of fire on soil organic carbon content. The
soil surface organic layer is an important source of nutrients and helps maintain soil structure, and
any reduction in it can make soil more easily eroded, change infiltration rates and water holding
capacity. While past studies mainly focused on the impact of fire on soil organic carbon content
change, the result of this change on catchment water quality and quantity are less studied.
Methodology
In this study we tested wildfire effect on soil carbon content and then used the SWAT (soil and water
assessment tool) hydrological model to assess the effects of carbon change on stream water
quantity and quality. We achieve this with field sampling, use of the Landsat data cube and digital
soil map products from the Soil Landscape Grid of Australia.
The case study is the 2001/2002 wildfires around Sydney, New South Wales. Three catchments
were used to calibrate the SWAT model with 10 years’ pre-fire water quantity and quality data and
simulations were then performed for 1 year post-fire period under two scenarios (i) no change, (ii)
change in soil carbon. The soil properties used in these models are calculated from gridded maps.
Soil for each catchment were separated into polygon based on soil-landscape units and 6 layers, for
each layer, in each polygon, based on the median value of available water capacity, bulk density
clay, sand silt and organic carbon content were calculated and input into the models. These were
created from two soil map products; Soil-Landscape Mapping (SLM) (Bannerman and Hazelton,
1990) which is based on polygon mapping of soil-landscape units, and the Soil Landscape Grid of
Australia (SLGA) (Grundy et al., 2015) which gives predictions of soil properties on a 90m grid. Here
we found the median value for each soil property from the SLGA for each polygon in the SLM. To
estimate the correlation between initial soil carbon and post-fire soil carbon, we first collected 27
pairs of soil samples from 7 prescribed burn sites in NSW. The control (unburnt) sites were adjacent
(within 50 metres) to the burnt sites but in the area that was unburnt. Particle size fractions and soil
organic carbon were measured on the samples. The fire severities of these burnt catchments were
quantified by delta Normalized Burn Ratio (dNBR) (Miller and Thode, 2007) using Landsat images
downloaded from Australian Geoscience Data Cube (Lewis et al., 2016). A regression model was
used to predict the change in soil organic carbon based on the unburnt carbon content and fire
severity (adj. r2 = 0.54). Post-fire carbon content for each polygon in the top layer was calculated
based on observed fire severity.
Results and discussion
On average, we estimated a 23% decrease in soil top layer carbon content in the post-fire carbon
map. The new carbon map was then used to run SWAT in the post-fire period. The modelled
discharge and total suspended sediments output from the two scenarios were compared with each
other and with observed post-fire discharge and water quality observations. No change in flow but a
slight increase in total suspended sediment output in scenario (ii) was observed in one studied
catchment.
Conclusions
We concluded that soil carbon losses from wildfire had little impact on discharge and water quality at
the catchment outlet.
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Introduction
Soil organic carbon (SOC) sequestration and soil redistribution (through erosion and deposition) are
linked to soil physical, chemical and biological properties and, consequently, affect soil and
environmental quality. In a global-change context, the changes in spatial distribution and temporal
dynamics of both SOC and soil erosion remain uncertain, and the impact of soil redistribution on SOC
dynamics can lead to a SOC gain or loss. Most SOC forecasts are based on empirical semi-dynamic
scorpan models, meaning that first a scorpan model calibrated in an area, and subsequently, forecast
is done by modifying one or two of the empirical factors (climate and land use). Such models lack a
mechanistic and dynamic processes. This paper simulated soil evolution (soil redistribution, changes
in SOC stocks) over soil profiles of 100cm until ~2045 in the Lower Hunter Valley, NSW, Australia
using a mechanistic model.
Methodology
This paper used a modified SOC dynamics model RothC (version PC-1) which considers soil carbon
evolution down to 1 m and includes a soil redistribution component. The soil redistribution component
simulates water erosion based on a cellular automata technique using the D8 flow direction algorithm.
Historical precipitation and evapotranspiration data within the study area were used to get a realistic
erosion rate. Then we ran the model repeatedly with different inputs based on current observed SOC
data to get a representative C inputs and erosion rates.
Eighty simulations were conducted forecasting future soil carbon evolution by considering two factors:
climate (described by sixteen scenarios) and landscape (described by five scenarios). Sixteen climate
change projections comprised eight of the 40 CMIP5 (Coupled Model Intercomparison Project Phase
5) models:
•
A
CCESS1.0, developed by CSIRO-BOM, Australia;
•
C
anESM2, developed by CCCMA, Canada;
•
C
ESM1-CAM5, developed by NSF-DOE-NCAR, USA;
•
C
NRM-CM5, developed by CNRM-CERFACS, France;
•
G
FDL-ESM2M, developed by NOAA, GFDL, USA;
•
H
adGEM2-CC, developed by MOHC, UK;
•
M
IROC5 (non- commercial use only), developed by JAMSTEC, Japan; and
•
N
orESM1-M, developed by NCC, Norway.
Each of these climate data was forced by the Representative Concentration Pathways (RCPs):
RCP4.5 and RCP8.5. Historical land use change was estimated based on historical MODIS data. It
was found that from 2001 to 2013, the cropland area increased 13%-91%, and the grassland
increased 10%-158%. Five landscape scenarios for the 2018-2045 period were simulated using a
cellular automata technique in Python: i) baseline land use corresponding to land use in 2017, ii)
maximum area increase in cropland (91%), iii) minimum area increase in cropland (13%), iv)
maximum area increase in grassland (158%) and v) minimum area increase in grassland (10%).
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Results
The representative C inputs for the study area are around 0.9 t C ha-1 y-1 for the forest, 0.4 t C ha-1 y-1
for natural grassland, 0.4 t C ha-1 y-1 for grassland, and 0.3 t C ha-1 y-1 for cropland. The typical erosion
rate is 0.06 mm y-1 for the entire study area. Based on the above input values, mean SOC stocks were
simulated until ~2045 under the baseline landscape and climate change scenario. The impact of climate
change on SOC storage is quite uncertain. Compared with the business-as-usual scenario, marked
variations in SOC stocks were demonstrated with contrasting landscapes. These results indicated that
the primary factor influencing SOC dynamics was land-use change, followed by climate change.
Discussion
The uncertain impact of climate change on SOC change could be due to the balance between C
mineralization and plant growth, or soil redistribution dynamics. The landscape scenarios we used are
rudimentary, and the climate change scenarios are without external forcing and feedback. As a ‘light
coupling” model, several factors influence its behavior under contrasting situations: (i) further
accurately examine initial SOC stocks and C inputs which impact mostly the prediction; (ii) consider
another significant soil erosion process (tillage erosion) in agricultural landscapes; (iii) integrate the
impact of landscape elements and the characteristics and spatial distribution on soil redistribution; (iv)
adaption to landscape scenarios, e.g. effects of climate change on agricultural systems; (v) adaption
to climate change, e.g. descriptions of finer-scale scenarios and integrating socio-economic, political,
agronomic and technological factors.
Conclusions
This paper investigated soil redistribution and SOC dynamics under future climate and land use
through a spatially distributed and dynamic “light coupling” model. The results show that the main
factors influencing SOC changes considering soil redistribution are land use change followed by
climate change. This paper demonstrates the importance of incorporating soil redistribution into the
SOC dynamics modelling and also provides new thinking that soil erosion is not just the removal
process by surface runoff, such as developed in the Revised Universal Soil Loss Equation (RUSLE).
The soil erosion process by water should take three distinct stages into account: 1) detachment; (2)
transport/redistribution, and (3) deposition. On this basis, we then can discuss whether soil erosion is
a net carbon sink or source.
Keywords: soil erosion, soil organic carbon, climate change projections, dynamic modelling
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Introduction
A crop residue management practice, such as straw residue return in soil along with exogenous input
of nutrients is a topic of great interest to stakeholders, aiming to improve soil organic matter (SOM),
soil structure, microbial growth, and available nutrients to support crop productivity. However, there
are knowledge gaps on how the interaction of crop residue and supplementary nutrients influence the
fate and dynamics of residue-derived carbon (C) in modelling-relevant SOM pools and microbial-use
efficiency with implications for C storage in contrasting soils.
Methodology
In this study, two soils (Chromosol and Vertosol) were collected from two separate long-term grainbased farming system trials at Condobolin (NSW) and Hermitage (Queensland) in Australia. Each of
these two soils were supplied with wheat stem residue at two inputs (6.7 and 20.0 g kg-1 soil) and
nutrients (N, P and S) at three input levels (nil, low and high). The input of low or high nutrients was
based on the assumption of an additional 10 or 30% conversion of the residue to a stabilized form of
SOM (Fang et al., 2018). The residue- and nutrient-amended soils were then incubated for eight
months under a controlled environment. A two-pool 13C-isotope modelling was employed to quantify
the fate (allocation) of wheat residue-C (δ13C 494‰; C-content 43.5%), as a percent of added
residue-C, in total CO2 and various SOM pools. The SOM pools examined were: microbial biomass
and sequentially-separated free particulate organic matter (f-POM), heavy fraction (aggregate- &
mineral-protected OM), > 53 μm fraction [occluded POM (o-POM)], and < 53 μm fraction (silt-clay
protected OM) (see Figure 1). The microbial-use efficiency of residue-C at an ecosystem scale
(CUEE), which is net incorporation of residue-13C into microbial biomass per unit of residue-13C
consumed, including microbial death and recycling of residue-derived microbial products, was also
quantified (Geyer et al., 2016; Fang et al., 2018).
Results
After eight months, the majority (48−62%) of the residue-C was respired as CO2, and the remaining
residue-C recoveries were: 0.4−1.3% in microbial biomass, 22−41% in f-POM, and 14−20% in the
aggregate- and mineral-protected organic matter (Figure 1) across the combination of residue and
nutrient treatments in both soils. At the low residue, (6.7 g kg-1 soil), the low or high nutrient inputs did
not influence the fate of wheat residue-C to CO2 and SOM pools in both soils. However, under the
high-residue (20.0 g kg-1 soil), the nutrient inputs decreased the allocation of the residue-C to labile C
pools (f- and o-POM), while increasing residue-derived CO2 and the incorporation of residue-C in
microbial biomass and stable SOM pools (heavy C and silt-clay C fractions), in comparison to the nonutrient treatment in both soils (Vertosol > Chromosol). At the low residue, the nutrient inputs had no
impact on CUEE in both soils. Whereas, at the high-residue, the nutrient inputs increased residue
CUEE on day 3 and day 10 only in both soils. The CUEE was similar across the two input levels of the
residue on day 3 (i.e. 0.29–0.40 in the Chromosol and 0.41–0.50 in the Vertosol), but was 20–55%
lower in the high-residue (compared with low-residue) input after day 10. Across all the residue and
nutrient treatments, the CUEE decreased over time. The residue CUEE was higher in the Vertosol than
Chromosol across all the treatments.
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Figure 1: The allocation of residue-C, i.e. percent of added residue-C, in different soil organic matter (SOM) pools after eight
months in two contrasting soils (Chromosol and Vertosol). The SOM pools include: (i) microbial biomass, (ii) light fraction [free
particulate organic matter (f-POM)]; (iii) heavy fraction (aggregate- & mineral-protected OM); (iv) > 53 μm fraction [occluded
POM (o-POM)]; and (v) < 53 μm fraction (silt-clay protected OM).

Discussion
This study enhanced our understanding of the impact of combined inputs of crop residue and
nutrients (“integrated residue–nutrient management”) on the allocation of residue-C in modellingrelevant SOM pools, as well as the dynamics of residue-derived microbial biomass and CUEE in
contrasting soils. The results suggest that, only in the high residue treatment with high nutrient inputs
(aiming to actively achieve the stoichiometry of stable SOM), residue-C was rapidly mineralised and
utilised by microorganisms. The process of rapid microbial biomass growth and turnover may have
facilitated the incorporation of microbial metabolites/products in the stable SOM fractions (Figure 1).
Higher microbial biomass and higher CUEE in the Vertosol than Chromosol suggested that there was
a considerable impact of the soil type (with variations in SOC content and clay minerals) on the
conversion rate of residue-C to SOM. For example, the high smectitic-rich clay content in the Vertosol
could have caused greater protection of microbial metabolites and their reduced recycling, compared
to the Chromosol, with a relatively low clay content, and dominated by kaolinite-smectite minerals.
Further, the higher values of CUEE indicated a potential for greater build-up of SOC storage in
response to the residue input in the Vertosol, compared with the Chromosol.
Conclusions
This study showed that residue-C mineralisation and incorporation of residue-C in stable SOM pools
was influenced by the interaction of varying inputs of wheat residue and nutrients. Nutrient inputs
increased residue-derived microbial biomass, and stabilisation of residue-C into heavy (aggregateand mineral protected) C fraction in both soils at high residue input only (20 g kg-1 soil). The
information on the fate of residue-derived C in microbial biomass, SOM pools and residue CUEE from
this study can potentially be used to improve predictive performance of the models relating to soil
functions, such as SOM storage from the crop residue return in agroecosystems.
Keywords: Soil organic matter; density fractionation; carbon fractions; silt-clay fraction; residue-C
mineralization; microbial growth
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Introduction
Anthropogenic activities reported to contribute to rising atmospheric CO2 concentrations. Elevated
CO2 (eCO2) generally enhances plant photosynthesis and biomass production (Ainsworth and Long,
2004). It also drives more photosynthetic carbon (C) belowground as root biomass and rhizodeposits
(Pendall et al., 2004). The increased input of recently-fixed C could potentially stimulate microbial
growth and/or activity, and shift microbial community structure (Cheng et al., 2012), leading to
changes in soil organic C (SOC) decomposition. This phenomenon is termed ‘rhizosphere priming
effect (RPE)’ which is traditionally regarded as a short-term response of SOC. It remains unknown
whether long-term CO2 enrichment would affect SOC turnover and stability, and whether soil type
would affect the processes. We hypothesized that long-term CO2 enrichment would alter turnover of
SOC pools with more newly-input C and less protected C; as a result, the SOC under eCO2 would be
more vulnerable to substrate-induced decomposition and that this effect is more pronounced in soils
with low and unprotected SOC.
Methodology
The SoilFACE field experiment was conducted in Horsham, Victoria, Australia, which had been
continuously conducted in a wheat-field pea-canola rotation for 8 years before soil sampling. It
consisted of two CO2 concentrations (390 and 550 µmol mol-1), three soil types (Chromosol, Vertosol
and Calcarosol) and four replicates. Surface soil (0-5 cm) was sampled in June 2017 for physical
fractionation. Soil samples were also incubated with either water or 13C-glucose solution (500 µg C g1 soil week-1) for six weeks. Total CO respiration and its δ13C value were determined at a weekly
2
interval by back-titrating with HCl and an isotope-ratio mass spectrometry. A two-pool mixture model
was used to separate total soil respiration into glucose-derived CO2-C and soil-derived CO2-C.
Results
The Chromosol had 3.6 and 9.5 times more C than the Vertosol and the Calcarosol, respectively
(Fig. 1A). The CO2 enrichment for 8 years had no positive effect on SOC in all soils (0-5 cm depth).
Elevated CO2 decreased soil mineral N by 35% in the Chromosol and 29% in the Calcarosol (Fig.
1B). The highest MBC was found in the Vertosol, followed by the Chromosol and the Calcarosol.
Elevated CO2 increased microbial biomass C (MBC) of the Calcarosol by 28% (Fig. 1C). Elevated
CO2 history also increased soil pH of the Calcarosol (Fig. 1D).

Fig. 1 Total C, mineral N, microbial biomass C and pH of Chromosol, Vertosol and Calcarosol in a wheat-field pea-canola
rotation under either aCO2 (390 µmol mol-1) or eCO2 (550 µmol mol-1) for 8 consecutive years. Error bars indicate means of 4
replicates.

On average, eCO2 history increased the proportion of SOC in the coarse fraction (> 53 µm) by 12%
but decreased that in the fine fraction (< 53 µm) (Fig. 2). Soil priming effect (µg C g-1 soil) was
normalized based on SOC content (Fig. 3) to reflect the vulnerability of native SOC to microbial
decomposition. The Calcarosol exhibited the highest primed C per unit of SOC, followed by the
Vertosol and Chromosol. Elevated CO2 history increased the primed C per unit of SOC in the
Calcarosol only (Fig. 3).
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Fig. 2 Proportion (%) of soil organic C in the coarse (> 53
µm) and fine (< 53 µm) fractions of Chromosol, Vertosol
and Calcarosol under either aCO2 (390 µmol mol-1) or
eCO2 (550 µmol mol-1) for 8 consecutive years. Error bars
indicate means of 4 replicates.

Fig. 3 Weekly primed C per unit of soil organic C (mg C [g
SOC]-1 d-1) of Chromosol, Vertosol and Calcarosol under
either aCO2 (390 µmol mol-1) or eCO2 (550 µmol mol-1) for
8 consecutive years. Error bars indicate means of 4
replicates.

Discussion
Elevated CO2 did not increase total C for all three soils even after eight years of CO2 enrichment.
Plants growing under eCO2 conditions generally exhibit stimulated photosynthesis and enhanced
belowground C input via root productivity and rhizodeposition (Pendall et al., 2004). However, this
does not lead to an overall increase in SOC concentration in the topsoil because eCO2 could also
promote microbial decomposition of soil organic matter and soil C loss via enhanced priming effect.
The greater C input and decomposition under eCO2 may speed up SOC turnover. This is confirmed
by the finding that eCO2 history led to proportionally more C in particulate soil organic matter and
less in more-protected fine fractions.
SOC of the Calcarosol was the most sensitive and vulnerable to substrate-induced priming among all
soils, and this effect was further increased by eCO2 when compared to aCO2. This might result from
microbial N mining. The Calcarosol had 29% less mineral N under eCO2 than under aCO2. The
relative C-ample and N-limited conditions under eCO2 might have increased microbial decomposition
of soil organic matter for N through increase in microbial biomass (28%) and biosynthesis of more
extracellular enzymes (Carney et al., 2007). In addition, the long-term CO2 enrichment increased soil
pH of the Calcarosol by ~0.3 units. This might have also contributed to the higher priming as high pH
is conducive to microbial degradation (Aye et al., 2016). However, this eCO2 effect was not observed
in the Chromosol and Vertosol which have relatively high C, N and clay contents resulting in greater
chemical and physical protection of SOC (Parfitt et al., 2003).
Conclusion
Long-term CO2 enrichment did not increase SOC concentration in the 5-cm topsoil of three major
drylands in South-Eastern Australia. Elevated CO2 history speeded up SOC turnover with more C in
the coarse fraction. The SOC in the Calcarosol is more vulnerable to microbial decomposition under
eCO2, probably due to microbial mining of N and limited physical and chemical protection. The
results indicate that priming effect is more likely a long-term soil response and should be
incorporated into ecosystem models to better understand the effect of climate change on global C
cycling.
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Introduction
Dryland farming areas in Indonesia are typically poorly managed marginal lands with productivity
constraints. The national average yields of dryland rice are ~3.3 t ha-1 (compared to ~4.7 t ha-1 yield
potential), whilst in Aceh province dryland rice yields are significantly lower (~2.6 t ha-1). Moves to
improve the productivity of the 1,154,445 ha of marginal dryland areas in Aceh are expected to
significantly improve the incomes of 400,000farmers and contribute to the national food security
program. Information about soil quality and fertility status of dryland farming systems in Aceh is
sourced from outdated, small scale soil and topographic maps that are also used to produce crop
management guides and fertiliser recommendations at village/subdistrict levels, without site-specific
soil data. This knowledge gap, compounded by the traditional farmers’ view that dryland crops are
less significant, results in poorly managed dryland crops with suboptimal yields. This paper presents
the chemical characteristics and soil fertility status, and identifies major soil constraints to crop
production in dryland agriculture systems in Aceh Province.
Methodology
A soil survey was conducted on dryland farms across Aceh Besar, Pidie, Bireuen, and Aceh Barat
districts to identify specific production constraints of dryland systems in Aceh, and guide
management practices to improve crop yields. This was undertaken by the University of Syiah Kuala
Aceh in collaboration with NSW DPI (Australia) and BPTP Aceh in an ACIAR-funded project.
Approximately 400 soil samples were collected from 126 locations (each at 0-20 cm, 20-40 cm
depths) representing a range of soil types, land use, and depths. These samples were analysed for
soil pH (KCl and H2O), electrical conductivity (EC), organic carbon (Walkley & Black method), total N
(Kjeldahl method), available P (Bray 2), cations and CEC (1N NH4-acetate buffered at pH 7), and
exchangeable Al and H (1M KCl extract).
Results and Discussion
There is a large variation in soil types across the four districts, predominantly Entisols, Inceptisols,
and Ultisols (Soil Survey Staff, 2014), and for Aceh Besar there is a small inclusion of Andisols. Soils
in Pidie are different from soils in other districts due to the dominance of younger and non-acidic
Alluvial (Udifluvents), Regosol (Udipsamments), and Cambisol (Humudepts). These soils originated
from Fluviatile and marine alluvial (ATDR 2005) and are part of Entisol and Inceptisol (Soil Survey
Staff 2014).
The mean values of soil pH, exchangeable cations (Ca, Mg, K, Na, Al and H), and EC are not
significantly different across the four districts (Table 1). The values of these parameters are also
similar between the 0-20 and 20-40 cm depths. Significant differences are observed in soil organic
carbon (SOC), total nitrogen, available P, and CEC values across the districts and with depths. The
mean values of soil organic carbon and total soil N are generally higher in the 0-20 cm depth
compared to 20-40 cm depth, as expected. The soil available P (Bray 2) is highly variable across sites
as indicated by a large standard deviation.
Though soil pH was not significantly different between districts, soil pH in Pidie tends to be higher
than those from other districts (Table 1) due to the dominance of the Alluvial and Regosol soils. Soils
in Pidie also have a higher CEC values, resulting in low base saturation values (Table 1) when the
sum of cations is divided by the potential CEC to obtain the base saturation value. This is inconsistent
with the nature of pH neutral soils. Soil pHwater of 5.94-7.61 and the negligible values of exchangeable
Al suggest that soil acidity is not likely to limit crop production (Mengel and Kikrby, 2001) across the
study areas.
The resultant soil characteristic from the study area suggested that soils across the Aceh Besar,
Aceh Barat, Pidie and Bireuen districts of Aceh generally have low fertility status. The most
commonly shared characteristic is the low total organic carbon (<20 g kg-1), nitrogen (<2 g kg-1) and
low basic cations (Ca, Mg, K, and Na) contents, and low base saturation (<40%). Even though the
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cation exchange capacity (22.4-40.8 cmol kg-1) and available phosphorus (>23 mg kg-1) of these soils
are high, their productivity is far below potential. This suggests that the low availability of nitrogen,
magnesium, and potassium are the main factors limiting crop yields. Therefore, these soils should
respond to the application of organic or inorganic fertilisers. Given that the soil nitrogen content is
linearly correlated with the soil organic carbon content, increasing the soil organic carbon level to as
high as possible above 20 g kg-1 could increase soil nitrogen content and general soil fertility status,
and improve its productivity. These soils also have low water holding capacity and poor structure
(data not shown). The improvement of soil organic carbon content is also expected to increase soil
water holding capacity and improve soil structure.
Usually, when soil organic matter is low, it is accompanied by low levels of basic cations (Ca, Mg, K,
and Na) and low CEC. However these soils showed medium-high CEC values. This may be due to
the dominance of variable charge clays in the colloidal system of these soils, which is common in
tropical soils (Uehara and Gillman, 1981). Analysis of its clay mineralogy would confirm this, which is
currently being conducted in follow-up research by the University of Syiah Kuala Aceh.
Table 1. Means and the standard deviations of soil chemical characteristics from the surface (0-20 cm) and subsurface (20-40
cm) soils in dryland farming systems, across Pidie, Bireuen, Aceh Besar and Aceh Barat districts.
Soil chemical
characteristic

Pidie

Bireuen

0-20 cm

20-40 cm

0-20 cm

pH (H2O)

7.61±0.30

7.64±0.27

6.23±0.50

pH (KCl)
Organic C (g kg-1)

6.44±0.33
12.0±5.90

Total N (g kg-1)

20-40 cm

Aceh Besar

Aceh Barat

0-20 cm

20-40 cm

0-20 cm

6.27±0.54 5.97±0.39

6.15±0.41

5.94±0.73 6.03±0.73

20-40 cm

6.45±0.22
6.37±4.21

5.20±0.57 5.17±0.71 4.71±0.41 4.84±0.34
11.1±3.70 8.21±3.32 12.8±6.80 9.21±6.70

4.61±0.59 4.63±0.59
18.6±3.72 15.9±26.3

2.30±0.50

1.64±0.60

1.90±0.50

1.70±0.40 2.30±1.01

1.90±0.91

2.32±1.02 1.90±1.70

P (Bray 2) (mg kg-1) 117.6±34.6

101.1±169

59.4±98.9

54.5±100

8.69±14.4

5.87±11.1

23.0±68.9 25.7±85.2

Ca-exch. (cmol kg-1) 5.61±1.28

5.26±1.02

2.80±1.03

2.57±0.97 5.52±1.80

4.64±1.85

1.36±1.34 1.24±1.03

Mg-exch. (cmol kg-1) 0.68±0.31

0.66±0.26

0.41±0.26

0.37±0.21 2.43±2.01

1.92±1.88

1.01±1.47 0.92±1.28

K-exch. (cmol kg-1)

0.17±0.07

0.16±0.06

0.10±0.02

0.10±0.01 0.19±0.17

0.16±0.14

0.27±0.03 0.28±0.03

Na-exch. (cmol kg-1) 0.25±0.12

0.25±0.14

0.18±0.01

0.18±0.01 0.71±0.37

0.61±0.39 0.50 8±0.23 0.49±0.21

CEC (cmol kg-1)

40.8±11.3

39.4±11.4

26.1±10.8

24.8±10.2 24.1±9.13

24.1±9.29

22.4±7.65 21.8±7.52

Base saturation (%) 17.7±6.59

17.2±6.00

14.4±4.45

13.8±3.63 40.2±19.4

35.0±25.0

13.4±7.64 13.3±7.34

Al-exch (cmol kg-1)
EC (dS m-1)
Number of Samples

Not measurable
0.44±0.28

0.48±0.38

N = 25

Not measurable
0.12±0.08

Not measurable

0.11±0.11 0.07±0.05

N =29

0.05±0.04

N = 36

Not measurable
0.08±0.06 0.06±0.03
N = 36

Conclusions
The low soil carbon and nitrogen contents and the low base saturation of the soils across Aceh
Besar, Aceh Barat, Pidie and Bireuen districts of Aceh were identified as the main cause of low soil
fertility and low crop yields in dryland agriculture systems of Aceh. This low soil carbon content also
contributes to poor soil structure and low water holding capacity. A range of trials and demonstrations
using cow manure, rice husk, rice husk biochar, and NPK fertiliser are currently being conducted in
Aceh to find the best solution to reduce the yield gaps of dryland crops.
Key words: dryland farming system, soil chemical properties, soil improvement.
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Introduction
The Warrumbungle National Park (WNP) wildfire of January 2013 burnt 56,290 ha, including 95% of
the park, 72% of it at high-extreme severity (Coroners Court of NSW 2015). We examined the effects
of the fire on soil organic carbon (SOC), nitrogen (N) and soil microbial activity, to better understand
the likely long-term post-burn recovery trajectory.
Methods
We sampled soils at 64 sites (5 sub-sites for each, and 4 depths according to Bowman et al. 2009 (05 cm, 5-10 cm, 10-20 cm, 20-30 cm)) across the main geological/soil types (trachytes and
sandstones) and four ground-truthed fire severity classes (0= unburnt, 1= slightly burnt, 2=
moderately burnt, 3= extremely burnt).
Soils were tested for LECO Total Organic Carbon (TOC), mid infrared SOC fraction estimations, and
N, across the range of fire severities. Soil microbial activity was measured by MicroResp at a sub-set
of 20 sites (0-5 cm)). Site data was extrapolated by 1m Light Detection and Ranging Digital Elevation
Model and a fire severity map based on RapidEye and ADS40 imagery (Storey 2014).
Results
It was found that almost half (48%) of the TOC in unburnt control sites in WNP is located in the top 5
cm, and almost three-quarters (74%) within the top 10 cm.
There were significant differences in TOC, SOC fractions, N and soil microbial activity between the
different rock/soil types and the fire severity classes for the 0-5 cm depth range, confirmed by
statistical models (Liner Mixed-effects Model and Analysis of Variance). TOC declined with
increasing fire severity − topsoil TOC in low severity sites was 14% lower than unburnt sites, and
severely burnt sites were 54% lower. These results were also reflected in losses in N and reductions
in microbial activity.
The highest TOC values were from unburnt volcanic topsoils (0-5 cm) (Figure 1). Sandier and
especially sandstone-derived soils had less SOC irrespective of the fire severity class, probably due
to the sandier nature of those materials, lower water-holding capacity and capacity for the
accumulation of SOC. The lowest TOC values were from severely burnt sandstone ridges, where
most of the remaining SOC occurs as resistant OC (including charcoal).
Particulate OC and Humus OC followed similar trends, although in relation to sandstone soils, the
more resistant OC forms expressed an inversion of the normal pattern, with more ROC in severely
burnt sites compared to moderately burnt sites, presumably due to the incorporation of burnt forest
necromass (Rashid 1987, Gonzalez-Perez et al. 2004).
At 5-10 cm, TOC showed a weaker but still statistically significant relationship to geology/soil type.
However, the fire severity class was not correlated with TOC, suggesting that the effects of soil
heating did not extend to this depth. In the deeper soils (10-20 cm and 20-30 cm), there were no
statistically significant relationships to TOC or SOC fractions.
For each site, the average sample weight (0-5 cm) was divided by the volume of that section of the
core to obtain bulk density. This was multiplied by the proportion of TOC in the volume-standardised
bulked sample to obtain the TOC% in the sample. Average TOC for each fire class was converted to
t/ha. The difference between the control fire class 0 and fire classes 1-3 was calculated on a per
hectare basis according to the fire severity map, and this was then multiplied by the area of each of
the fire classes 1-3 to generate a ‘deficit’ TOC amount for each fire class compared to the control fire
class 0. The process was repeated for layer 2. The amount of SOC lost over the fire ground to 10 cm
was 2.47 Mt (43 t/ha), with ~74,000 t of N lost from soil to the same depth.
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Figure 1: Total Organic Carbon% by the major geological/soil types and fire severity classes.

Discussion and Conclusions
The average TOC (0-5 cm) of sites not burnt in 2013 was 7.45% (trachytes 9.60%, sandstones
4.36%). These figures are much higher than averages in the central west of NSW – an analysis of
NSW Soil and Land Information System data shows that the mean topsoil TOC values in cropping
and pasture systems is 1.7%, thus underlining the importance of forested ecosystems including
national parks in carbon soil sequestration, and of WNP with its high proportion of trachytic and clay
soils, in particular.
Unfortunately, all WNP sites not burnt in 2013 were affected by the 1967 Exmouth fire. It is therefore
not possible to determine whether SOC recovery continues beyond several decades. Nevertheless, a
well-managed fire policy in the park has the potential to provide an equivalent sequestration into the
future. This underlines the significance of WNP, and of protected areas in general, for carbon
sequestration.
Keywords: Soil organic carbon, nitrogen, wildfire.
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Introduction
Peat soils store one third of the world’s soil organic carbon. Tropical peatlands comprise a woodbased peat soil, formed under “Tropical Peat Swamp Forest” ecosystems. They are routinely 10-20m
deep due to the favourable growing conditions of the tropics. Extensive drainage of tropical peatlands
has occurred over the past two decades, for agriculture, forestry, roads and palm oil plantations.
Drained peatlands rapidly oxidise, releasing thousands of years of stored carbon to the atmosphere.
Drained peatlands are also susceptible to burning. The devastating “South East Asian Haze” is
caused by peat soil fires, anthropogenically lit for land clearly and accidently. The health and
economic impacts of The Haze, combined with international pressure over greenhouse gas
emissions, lead the Indonesian Government to announce the “Peatland Restoration Agency (BRG)”
at the Paris Climate talks. The BRG is mandated to restore 2 million hectares of drained peatlands by
2020. Rewetting and revegetating drained peat soils has the potential to reverse carbon emissions
and return tropical peatlands to a state where they can sequester carbon. The eco-physical and
socio-economic challenges, however, are substantial.
Methodology and Results
This paper will present initial results of an Australian-Indonesian collaborative study, which aims to
apply spectroscopic characterization of tropical peat soils to inform successful and cost-efficient
restoration. 13C CPMAS Nuclear Magnetic Resonance, Time Domain Nuclear Magnetic Resonance
and Mid Infra Red spectroscopy approaches will be compared, with regards to their ability to help us
understand the extent of decomposition, the potential for successful restoration and socio-economic
applicability to the problem across Indonesia. In our earlier research on tropical wood-based peat
soils and Australian Alpine moss-based peat soils we have identified the ratio of alkyl carbon to oalkyl carbon (a:a-o ratio) as a useful indicator of extent of decomposition. The carbonyl, aryl, o-alkyl
and alkyl carbon regions could predict hydraulic conductivity and water retention of Australian Alpine
moss-based peat soils (Grover and Baldock 2013) and this approach of linking chemical and
hydrological properties will be further explored in tropical wood-based peat soils in the present study.
Discussion and Conclusion
The high carbon content of peat soils makes them amenable to spectroscopic approaches that yield
insight into carbon structure. In order for these data to be useful to support landscape-scale
restoration of degraded tropical peatlands, several factors need to align. The link between chemical
and hydrological data for tropical peat soils needs a solid scientific underpinning. Furthermore, this
knowledge needs to be communicated to key stakeholders in the BRG, implementing agencies and
local land managers in an accessible manner. The current and potential future carbon storage
capacity of tropical peatlands will require sophisticated transdisciplinary collaboration in order to be
realized.
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Humans have been applying waste to land for a very long time. Our motivation has changed through
having a lack of waste management infrastructure, education and environmental awareness, to
reacting to increased government intervention and more stringent regulation. The waste hierarchy
encourages avoidance, resource recovery and then disposal. Key drivers for land application as a
waste management tool include government programs to reduce organic wastes disposed to landfill,
and economic incentives such as the waste levy.
More than 10 million tonnes of waste are recovered for reuse in NSW alone each year. Reuse is
much broader than just land application and includes use as alternative raw materials in
manufacturing and industrial processes, and return of waste materials to the productive economy. As
populations grow, the scarcity of available land makes it increasingly necessary to find innovative
waste management solutions including land application and energy recovery.
The nature of the waste we generate has changed considerably over the centuries and is now
dominated by plastics and emerging contaminants that have the potential to irreversibly and
negatively change soil. Soil is a “critical, strategic, national asset” that underpins food security and
provides ecosystem services. Waste application to land must be beneficial and not result in negative
legacy effects. Importantly, for success of any land application scheme there must be viable markets
for the waste.
Defining beneficial reuse versus opportunistic broad acre disposal is a challenge for environmental
regulators. Whether waste is land applied as a soil amendment or in earthworks or as an engineered
fill it must be beneficial/fit for purpose and must not cause environmental harm. Opinions differ on
waste to land activities maintaining the capability of land in perpetuity versus controlled
contamination. Currently, and for the foreseeable future, waste regulatory frameworks in Australian
jurisdictions vary considerably in their ability to facilitate and restrict reuse of recovered wastes.
Regulatory authorities have multiple stakeholders to consider and consult in making decisions about
environmental protection. There is at times a delicate balance to ensure that business can operate
and not cause environmental harm. Where the burden of proof should lie for whether waste will cause
harm to the environment is a source of frustration to consultants when the regulator rejects a proposal
or asks for more information. Governments have a responsibility to the community to ensure waste to
land activities are conducted sustainably and without loss of amenity. The precautionary principle
often applies in the absence of sufficient data. The regulator aims to provide certainty in the
marketplace, and consistency, transparency and rigour in policy and decision making.
Waste-derived soil amendments commonly applied to land include compost, processed animal waste,
grease trap waste, food waste, anaerobic digestate, ash from burning biomass, plasterboard,
acetylene gas lime slurry, steel furnace slag, pasteurised garden organics, mulches, biosolids,
manure, processed paper residuals, gin trash, and mixed waste organic outputs produced by
Alternative Waste Treatment facilities. More recently, outputs from 24 h food waste
decomposition/dehydration units have entered the recycled organics market. Waste derived materials
more typically land applied in urban soil environments (for example in road making, landscaping, or as
drainage media) include slags, cement fibre board, foundry sand, aggregate, excavated natural
material, basalt fines, recovered glass sand, and drilling mud.
Traditional contaminants such as heavy metals and pesticides have made way for emerging chemical
contaminants and physical contaminants, including plastics and glass, as the key issues for
consideration in assessing the suitability of waste for land application and the associated risks to the
environment. Pathogens, electrical conductivity and sodium concentration are also of interest with
increasing inputs of processed food to waste-derived soil amendments. This presents a challenge to
enable reuse of waste at application rates that will deliver a benefit while ensuring that the chemical
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and physical contaminants, and attributes such as sodium are not problematic for soil. Usually soil
characteristics at the land application site are unknown because of resistance in the industry to the
cost of sampling and testing. Research coordinated by the NSW Environment Protection Authority
into the land application of mixed waste organic outputs illustrates some of these issues.
Waste is also often highly variable. The data in the following table shows that even food waste can
vary appreciably in pH, conductivity, nitrogen and cation concentrations depending on whether it is
from manufacturing, commercial fruit and vegetables, or post-consumer waste from shopping centres,
clubs and cafes.
Table 1: Characteristics of food waste with different inputs & processing.

No. of samples
Moisture content
Total solids
Total N
TOC
pH
EC (dS/m)
Total Cl
Sol. Cl (mg/L)
Total Na
Total Ca
Total K
Total Mg
Sol. Na (mg/L)
Sol. Ca (mg/L)
Sol. K (mg/L)
Sol. Mg (mg/L)
ESP
EColi (mpn)
Zn
Flexible plastics
Glass, metal & rigid
plastics

Anaerobic digestate
(mg/kg)
20
63 (22-82)

Rapidly dehydrated food
(mg/kg)
31
11.29 (2-17.8)

44667 (28,000-54,000)

30,516 (14,000-47,000)
193,000 (90,000-360,000)
5.05 (3.4-5.9)
8.73 (5-20)
5000 (300-18,600)

7.2 (6.3-8.8)
7.3 (2.5-13)
3867 (640-5800)
539 (190-1000)
3460 (1500-6500)

395 (150-720)
103 (37-190)
429 (160-850)
30 (12-69)
23
46647 (<200-240,000)
178 (24-350)

Food sludge
(mg/L)
4
106,350 (22,300-212,000)
2068 (682-3200)

7000 (1,700-25,000)
27300 (1,100-77,600)
10200 (4,600-19,100)
1400 (800-2,100)

3.8 (3.3-4.3)
19.9 (4.6-60.6)
7562 (218-27,700)
4725 (151-17,100)
1255 (97-3730)
1466 (664-2030)
192 (61-338)

25 (10-36)
0.02 (0-0.16)
0.04 (0-0.6)

Keywords: waste, recycled organics, regulation, physical contaminants, microplastics.
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Introduction
The NSW EPA has granted a general exemption for ‘organic outputs’ derived from municipal solid
wastes (MWOO), to be used as soil amendments under certain land-use scenarios, including broadacre agriculture. The MWOO material is known to contain varying amounts of plant nutrients which
could then boost the productivity of receiving soils. But MWOO also contains a range of inorganic and
organic contaminants, which may have a detrimental effect on soil health. Continuation of the general
exemption for MWOO application is dependent on the examination of the environmental and human
health impacts of the MWOO materials. This presentation gives a brief summary of a field trial aimed
at describing the environmental benefits and risks from using MWOO as a soil amendment.
Methodology
The trial was located at the NSW DPI Centre for
Recycled Organics in Agriculture, Menangle,
SW of Sydney. The soil at this site is a Grey
Chromosol and is considered biologically and
chemically infertile (see Table 1)
Table 1: Chemical properties of soil and MWOO materials
used in this investigation
Parameter
Soil
MWOO1 MWOO2 Limit3
EC* (dS m-1)
0.1
7.6
4.6
N/A
pHW *
5.5
8.3
8.7
N/A
Cl (mg kg-1)
6700
4000
N/A
Total N (%)
0.1
2.1
1.3
N/A
NH4-N (mg kg-1)
16.9
880
250
N/A
NO3-N (mg kg-1)
39.5
52
300
N/A
TOC (%)
1.5
24
18
N/A
Total P (mg kg-1)
400
5900
3600
N/A
Avail.-P (mg kg-1)
261
52002
31002
N/A
CEC (cmol(+) kg-1)
8.7
N/A
ESP (%)
1.2
N/A
Total As (mg kg-1)
4
6
BD
20
Total Cd (mg kg-1)
0.08
2.0
4.2
3
Total Co (mg kg-1)
13
6
8
N/A
Total Cr (mg kg-1)
15.3
82
100
100
Total Cu(mg kg-1)
14
260
380
375
Total Fe (%)
0.4
1.4
1.6
N/A
Total Mn (mg kg-1)
1125
350
440
N/A
Total Mo (mg kg-1)
0.4
3
5
N/A
Total Ni (mg kg-1)
8
41
40
60
Total Pb (mg kg-1)
16
220
280
250
Total Zn (mg kg-1)
22
700
600
700
DEET (mg kg-1)
BD
11
19
N/A
BPA (mg kg-1)
BD
563
7314
N/A
DEHP (mg kg-1)
BD
302
292
N/A
*
= as measured in a 5:1 water soil extract; 1 = Colwell-P, 2 =
citrate soluble P; 3Max conc. Allowable in MWOO under
NSW EPA general exemption; BD = below detection; - not
analysed; N/A = not applicable

The soil response to two contrasting MWOO
materials (MWOO 1 and 2), representing the
range of materials available in NSW, were
compared with green waste (GWaste),
composted biosolids (Bio) and poultry manure
(Man); all of which were applied either to the soil

surface, or else incorporated to a depth of 15
cm. Rates of application range from 10 up to
200 dry t ha-1 for incorporation treatments and
up to 50 dry t ha-1 for surface applications.
Agricultural production benefits were assessed
via crop growth, changes in soil nutrient status
(N & P), and changes in soil physical properties.
Contaminant impacts are assessed via plant
uptake and microbial cycling of C & N, as well
as their effect on soil biota. We also assessed
the persistence of specific organic contaminants
as well as the potential for off-site movement of
inorganic contaminants using rainfall simulation.
Each treatment was replicated four times in a
completely
randomized
block
design.
Treatments were orthogonally partitioned
allowing data evaluation of incorporated versus
surface treatments, using analysis of variance
(and repeated measures analysis of variance).
Where appropriate, data was transformed to
achieve normality.
Results and Discussion
Analyses of the amendment materials show that
the MWOOs used, comply with NSW EPA
Mixed Waste Order, but MWOO 2 is suitable for
mine site rehabilitation only. The MWOO
materials had heavy metal concentrations
similar to biosolids (Cu 260–380 mg kg-1, Pb
220–280 mg kg-1 and Zn 600–700 mg kg-1) (see
Table 1), but also contained significant
quantities of a range of organic compounds that
are higher than those found in biosolids,
particularly phthalates (300 mg kg-1 DEHP) and
Bisphenol A (560 – 7,300 mg kg-1). There were
also quantities of DEET, a component of
commonly used insect repellents.
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Soil concentrations of both organic and inorganic contaminants increased post-application and were
higher in surface application treatments. For MWOO incorporation at rates above 100 t ha-1 (surface >
30 t ha-1), the soil metal limits were exceeded for Cd, Cu and Zn. For organic contaminants,
environmental risk limits (where these exist), were exceeded for phthalates found in surface
applications of MWOO at rates as low 20-30 t ha-1. Although the concentration of the organic
compounds decreased in subsequent years, they are still detectable in the amended soils, three
years after the initial application.
While early plant growth (millet and wheat) responded positively to the incorporation of the MWOO
and other amendment materials, these usually occurred at high application rates only (100 t ha-1) (see
Figure 1). Yield responses were less pronounced where materials were applied to the soil surface.
For wheat, applications 100 t ha-1 resulted in grain yields exceeding those of the control and control
fertilizer treatments. Similarly, incorporation of GWaste (100 t ha-1), Bio (incorporated at 60 t/ha), and
Man applications (incorporated at 10 and 20 t ha-1), resulted in yields greater than the control.
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Figure 2 The effect of fresh MWOO application on worm
avoidance behaviour. Note that l.s.d. (31%) indicates
significance at p< 0.05..

Figure 1: Millet (12 week) yield increases following treatment
application. Note that l.s.d. indicates significance at p < 0.05,
following repeated measures analysis of variance taking into
account the orthogonal partitioning of the treatment
structure. Application rates (dry t ha-1) indicated for each
treatment represented in the Figure. Control (C); Control
fertiliser, (CF).

High rate incorporation (200 t ha-1) and surface applications (>30 t ha-1) of MWOO reduced the
volume of run off following simulated rainfall on the treated plots. However, the concentrations of As,
Cd, Cr, Cu, Mo, Ni, Pb, and Zn in run off solutions increased and the overall export of these
contaminants was higher when accounting for differences in run off volumes, especially for surface
treated plots.
The application of MWOO at the ‘agronomically significant’ application rates discussed above, also
led to populations of soil macrofauna being affected, as worm avoidance was observed for soils
where MWOO was freshly applied at rates ≥ 20 t ha-1 (see Figure 2). Subsequent testing showed that
ageing of the MWOO treated soils in the field had lessened these effects.
Conclusions
In summary, the data presented does not provide support for the use of MWOO as a soil amendment
in agriculture. Consistently high application rates are needed to produce positive gains in crop
production, but these rates could also lead to a legacy of metal and organic residues in amended
soils; some of which approach or exceed relevant regulatory or environmental thresholds. Our data
shows that there are potentially detrimental effects on biology at these rates of MWOO application
and there is also the risk of persistence of organic contaminants applied with the MWOO. Surface
application of MWOO provided little soil health or agronomic benefits, and resulted in a greater risk for
environmental degradation through runoff and exposure to contaminants Although similar application
rates are needed with the use of other amendment materials (e.g. green waste), application of these
do
not
contain
the
same
concentration
of
contaminants.
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Introduction
Feedlot cattle excrete approximately 80% of their dietary N intake through manure. About 50-75% of
this excreted N is lost, before the manure can be collected, mainly through NH3 volatilization. This
loss of N poses environmental threats and also decreases the fertilizer value of the manure. Recently,
lignite (brown coal), when applied to feedlot pen surface, has been shown to reduce NH3 volatilization
from manure by 30-66%. Despite the ability of the lignite to retain N in the manure, N retention
capacity and mechanisms by lignite, its effects on the dynamics composting of the manure and the
agronomic value of the lignite amended manure compost are not well understood. This research aims
to address these gaps. The research approach involves the characterization of five Victorian lignites
for their N retention capacity and mechanisms, composting of the lignite amended manure and finally
the determination of the effects of the lignite-manure compost on soil properties and plant yield. This
paper will focus on the characterization of lignites for their N retention capacity and mechanisms.
Methodology
Five lignites (Bacchus Marsh, Yallourn, Latrobe, Morwell and Loy Yang) were characterized for their
physicochemical properties such as total and labile C, total N, pH, EC, exchangeable bases and Al,
cation exchange capacity, pH buffer capacity and total element concentration. The NH4+-N retention
capacities of the lignites were determined through an adsorption isotherm at varying solution pH. A
laboratory incubation study with 15(NH4)2SO4 is being conducted to determine N retention by lignite
due to microbial immobilization.
Results
Physicochemical properties of lignite
The type of lignite determined its physicochemical properties (Table 1). All lignites were acidic with pH
< 4 except for the Bacchus Marsh with pH 5.42. The highest pH buffer capacity was recorded for
Bacchus Marsh whilst the lowest was for Yallourn. Total C of the lignites were between 54.8 % and
63.2 % with labile C fraction ranging from 2.4 to 14.3 %. Apart from the Loy Yang lignite, at least 67 %
of the lignites CEC is attributed to exchangeable bases.
Table 1: Physicochemical properties of five Victorian lignites. Values represent mean (n = 3) ± standard error of mean. Values
within the same column followed by different letter are significantly different (Tukey’s HSD, p < 0.05).

Lignite
Bacchus Marsh
Yallourn
La Trobe
Morwell
Loy Yang

pHCaCl2
5.42 d
3.31 b
3.38 b
3.89 c
3.00 a

pH buffer capacity
(mmol / Kg/pH unit)
357.0 ± 0 e
152.3 ± 0.8 a
240.0 ± 1.9 d
174.4 ± 1.9 b
183.0 ± 3.0 c

Total C (%)
54.8 ± 2.3 a
60.4 ± 0.1 abc
63.2 ± 0.1 c
61.6 ± 0.1 bc
56.2 ± 1.5 ab

Labile C (%
of Total C)
8.3 ± 0.4 b
13.5 ± 0.9 c
2.4 ± 0.1 a
14.3 ± 0.3 c
11.9 ± 0.6 c

CECe
(cmolc/kg)
73.8 ± 4.6 d
19.9 ± 0.4 b
8.9 ± 0.7 a
28.1 ± 0.5 c
15.3 ± 0.6 ab

Base
saturation (%)
99.8 a
85.9 b
67.9 c
97.8 a
49.8 d

NH4+-N adsorption capacity and mechanism of lignites
All lignites exhibited increasing NH4+-N adsorption with increasing solution pH in the adsorption
isotherm experiment. A typical pattern is presented in Figure 1a. Figure 1b shows pooled data of Qmax
(maximum adsorption capacity) against pH, across the 5 lignites, indicating a marked increase in
adsorption with increasing pH, especially from pH ≥ 5 (Figure 1b). The effect of pH on NH4+-N
adsorption was more pronounced in lignites with initial pH of < 4. In the La Trobe, Yallourn and Loy
Yang lignites, the initial Qmax increased up to 3 folds when the initial pH of these lignites were
increased to about 7. At inherent lignite pH, the Qmax for the different lignites were 19.23 (Bacchus
Marsh), 14.41 (Morwell), 8.58 (Yallourn), 8.24 (Loy Yang) and 7.86 (La Trobe) mg NH4+-N/g. At
inherent lignite pH, there was a positive correlation between CEC and Qmax of lignites.
An incubation experiment to determine the contribution of the labile C content in lignite to the total N
retention capacity of lignite through microbial immobilization is ongoing.
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Figure 1: (a) A typical NH4+-N adsorption isotherm as a function of solution pH of the lignites studied. Isotherm shown here is
for La Trobe lignite. The rest of the lignites followed similar pattern. (b)The effect of pH on maximum adsorption capacity
(Qmax) of across all lignites.

Discussion
The main mechanism for N loss from manure involves the hydrolysis of urinary urea to NH4 and
subsequently loss through NH3 volatilization due to the usually high pH of manure. Hence, the cation
exchange capacity, pH, pH buffer capacity as well as C content are the key properties of lignite
expected to determine its N retention capacity in manure. A more acidic lignite with higher pH buffer
capacity, CEC and labile C is expected to retain more N when applied to manure.
The carboxylic acid functional group is the most important site responsible for ion exchange in lignites
(Lafferty & Hobday 1990). The complete dissociation of this carboxylic functional groups causes the
CEC of lignite to increases continuously and reversibly as pH increases (Skodras et al. 2014). This
might explain the increased in NH4+-N adsorption as solution pH increases. At very acidic pH, the ion
exchange sites are largely protonated and are less available for exchange (Durie 2013). Though
lignites also contain phenolic groups which participates in ion exchange, this usually happens at pH >
8 (Durie 2013). When lignite is applied to feedlot pen surface, N retention is expected to increase over
time as manure with higher pH is continuously deposited on the pen surface.
Conclusion
Understanding the N retention mechanism and capacity of lignite, with respect to its use as manure
amendment, is critical to its use in feedlot manure management and subsequent utilization of the
amended manure. The key determinants of N retention capacity of lignites, when applied to manure,
are expected to be CEC, pH, pH buffer capacity and labile C. Increasing the pH of lignites resulted in
increased NH4+-N adsorption and this might be due to the dissociation of functional groups in the
lignites.
Keywords: Lignite, adsorption isotherm, feedlot manure, nitrogen retention.
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Introduction
Digestates are a by-product of the anaerobic digestion process which produces methane (green
energy) from agricultural and industrial wastes. Digestates have been successfully used as an
alternative to fertilisers and soil conditioners. Internationally, digestates may be applied to agricultural
land in certain circumstances according to particular regulations, e.g. the UK Environmental
Permitting Regulations allow digestate applications to land at 50 t/ha in a 12 month period (pg. 100,
SI, 2010). The application of digestate to soils in Australia is an emerging practice and therefore
requires further development of regulation to consider soil impacts.
Food waste, as a feedstock for anaerobic digestion, is growing internationally. Food waste (and
related organic wastes) digestates may have great agronomic value due to their high nutrient and low
heavy metal content (Tampio et al., 2016). However, research on the digestates produced is lacking
in comparison to other feedstocks (e.g. manure). In particular, the effect on greenhouse gas
emissions and soil nitrogen (N) turnover requires further investigation. This research aimed to
preliminarily assess the effects of selected food waste-sourced digestate application on soil N
concentrations, leachate and greenhouse gas emissions in column experiments.
Methodology
Three digestates were obtained from anaerobic digestion companies in the Netherlands. Digestate 1
(DIG1) and Digestate 2 (DIG2) originated from a mesophilic digester with a mixture of supermarket
food wastes. Digestate 2 was the thickened fraction (paste) of Digestate 1 (liquid). Digestate 3 (DIG3,
solid) was the thickened fraction from a thermophilic digester with vegetable, fruit and yard waste.
A 33-day soil column trial was conducted, using a slightly acidic grassland Tenosol sourced locally in
the Netherlands. Five treatments were applied: control columns of untreated soil, soil treated with
inorganic fertilisers (urea and potassium phosphate) and three digestates at 250 kg/ha total nitrogen
(TN) equivalent rate. Six replicates of each treatment were prepared. The application rates were
based on N application rates regulated for vegetables in the Netherlands (RVO, 2017) and digestate
application limits specified in UK regulations (SI, 2010). Based on these regulations, digestates were
applied, once off, in a range of 21-43 t/ha.
Ammonium (NH4+) and nitrate (NO3-) concentrations were colorimetrically analysed in leachates
following leaching events conducted one per week over 4 weeks. Methane (CH4), nitrous oxide (N2O)
and carbon dioxide (CO2) soil emissions were collected intermittently throughout the trial by capping
the columns with a lid with a rubber septum. Gas analysis was done by a gas chromatography system
using thermal conductivity and flame ionization detection.
Results and discussion
Application of the conventional fertiliser treatment resulted in the highest cumulative NH4+ and NO3concentration losses in leaching events (100% of applied N) (p= <0.001). Digestates 1 and 2 had
similar cumulative losses of applied N in leachates (45–46%). Digestate 3 had low losses of applied N
(4.6%) likely due to high total solids, predominantly woody material, with reduced leachability.
Complete leaching of applied N in fertiliser control treatment is likely due to high relative amounts of
mineral N in the initial application. Course-textured soil, continued water saturation and the absence
of plants are the likely reasons for high N losses.
Residual NO3- concentrations in the soil differed with treatments (p= <0.001), observing a
FCON>SCON= DIG1>DIG2>DIG3 trend, with equals indicating similar concentrations. Digestate 2
had the highest soil NH4+ concentrations. This indicates that there was a slower N turnover rate within
Digestate 2 soil columns.
The application of Digestate 1 increased cumulative N2O soil emissions compared to other treatments
(p= <0.03), indicating a higher N turnover rate. Cumulative CO2 soil emissions were increased in all
digestate treatments (p= <0.005) compared to untreated and inorganic fertiliser treated soils. Previous
studies have suggested digestate applications can induced a soil priming effect, increasing CO2 and
N2O soil emissions (Coban et al., 2015, Eickenscheidt et al., 2014).
The application of Digestate 2 produced high cumulative CH4 soil emissions (p= <0.005, Figure ),
slowing N turnover processes. These CH4 emissions are considered high for this soil category
(aerobic soils), but low for anaerobic/wetland soils (Le Mer and Roger, 2001). High CH4 production
could be a result of residual easily biodegradable organic carbon compounds in biogas residues and
water saturated soil.
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Figure 1. Cumulative CH4 soil emissions at different time points throughout the soil column trial. SCON= soil control, FCON=
fertiliser control, DIG1= Digestate 1, DIG2= Digestate 2, DIG3= Digestate 3. Error bars denote standard error, n= 6.

Conclusions
This study suggests mineral N leaching and CH4 soil emissions may be an issue after digestate
application from sandy textured, highly saturated, soils in some circumstances. Further research is
suggested using a wider range of digestate applications on soils with different degrees of
aerobic/anaerobic conditions.
Keywords: Anaerobic digestate, biogas residues, food waste, soil emissions, N leaching.
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Introduction
The Western Australian (WA) Broiler growing industry produces in excess of 225,000m3 of spent
broiler litter per annum. Land application of spent litter can improve crop yield, carbon storage and soil
quality (Bolan et al. 2010; Abbott et al. 2018) but its application could also increase the risk of stablefly (Stomoxys calcitrans) development (Cook et al. 1999). Stable fly outbreaks are becoming an
increasing economic problem for the beef cattle and horse industries and rural communities of WA
through loss of land for grazing, recreational activities and tourism (Cook et al. 2011). Consequently,
the stable fly was made a declared pest under the Biosecurity and Agricultural Management Act in
2013. Under this Act, the application of raw poultry manure to cropping and horticulture is banned in
12 Shires surrounding Perth. This regulation has led to the loss of important poultry spent litter
markets causing significant financial cost to the West Australian broiler growers (> $4 million). As
increasing quantities of broiler litter (100,000 t in WA or 1.2m t nationally) are being produced
annually, its disposal needs a sustainable management strategy. Although alternative use options
such as composting or combustion to energy exist, the majority of poultry litter is currently transported
to broadacre agricultural zones outside the banned Shires. The high freight costs associated with
transporting manure outside the Shire threatens the viability of the local poultry industry.
The aim of this research was to develop the best application practice of spent litter (fresh, semicomposted or composted) to cropping that reduces stable fly breeding without having an impact on
crop yield. A field trial was undertaken using adult fly emergence cages to identify and quantify fly
development after the application of spent litter to a broadcare farming systems. Additionally, the
agronomic and economic benefits of applying the spent litter treatments in terms of soil quality and
crop productivity was also assessed.
Methodology
A field trial evaluating the effectiveness of amending soils with different manure application methods
to reduce stable fly and other nuisance fly emergence was established on a rain-fed, cropping system
in the Western Australian Wheatbelt. The poultry litter was applied in combination with synthetic
fertiliser at a reduced rate (60% of district practice, 60 kg ha-1) to assess whether it could partially
replace the synthetic fertiliser and lower the input cost. The experiment had eight treatments including
poultry litter (applied fresh, semi-composted or composted) plus synthetic fertiliser at 60 kg ha-1, pig
manure (applied fresh or composted) plus synthetic fertiliser at 60 kg ha-1, synthetic fertiliser (applied
at 60 and 100% district practice) and unamended (control). The field trial was arranged in randomised
block design with four replicates per treatment. The trial was planted with wheat (Triticum aestivum cv
Carnamah) to a soil depth of 3-4 cm with no tillage using an airseeder. The plot size for each
treatment was 10 m long by 2 m wide and separated by an unfertilised 1m buffer zone in the row.
A base fertiliser was applied at seeding (80 kg ha−1 ‘MacroPro’®) at two rates of 100% and 60% (40
and 24 kg N ha−1, respectively). The manure and compost treatments (20 kg N ha−1) were also
applied at seeding. Manure and compost was broadcast across the surface of the soil then
incorporated to a depth of 5 cm by hand. All treatments except the unamended control (nil) received a
further surface applications of liquid N (25 L ha-1 UAN). Herbicides were applied both pre-emergence
(1.4 kg ha-1 Terbyne, 1 L ha-1 propyzamide and 1.5 L/ha Roundup Ultramax) and post-emergence
(500 mL ha-1 Select and 200 mL ha-1 Brodal). Pesticides were applied both pre-emergence (500 mL
ha-1 chlorpyrifos) and post-emergence (100 mL ha-1 Transform).
The crop yield and grain quality (protein content and screening) were determined at harvest. Plant
biomass and nitrogen (N) uptake in the plant and grain were also measured. All plant material was
dried in an oven at 60°C for 7 days in before recording the dry biomass and analysing for total N using
a CNS analyser.
Purpose-built fly emergence cages (0.5 m2) were used to identify and quantify fly development after
the application of different manure, compost and fertiliser treatments to broadacre farming systems.
The fly cages were placed over the soil after crop emergence and left for 6 weeks. After 6 weeks the
impact of different fertiliser treatments on oviposition (egg laying), larval development and successful
adult fly emergence (stable flies and other nuisance flies) were assessed.
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The impact of soil amendments on plant performance and fly emergence was analysed using linear
regression and ANOVA with post hoc Tukey's HSD test. All statistical and modelling analyses were
performed in the R statistical package.
Results and Discussion
There was no significant difference in grain yield between the manure and composts treatments and
100% and 60% synthetic fertiliser treatment. Although this experiment is only a year field trial, if the
trend continues, farmers on mixed cropping and livestock enterprises could potentially partially
replace their synthetic fertiliser input by 40% without affecting productivity.
Overall, there was no stable fly emergence from any of the treatments (Table 1). The emergence of
other nuisance flies was also very low from the soil amended with manure and compost. The
application method (fresh, semi-composted or composted litter) had no significant influence on stable
fly development and emergence. Moreover, stable fly and nuisance fly emergence from soils
amended with chicken manure or compost was comparable to soils amended with pig manure or
compost.
Table 1: The mean (± standard error) number of flies emerging from soil amended with synthetic fertiliser, manure or compost
at the field trial site (Pingelly, WA)
CV

ANTH

PFF

RHIN

CA

SAR

SF

Pig manure

5.1±0.9

20.4±3.6

0.9±0.4

0.9±0.3

0

0

0

Pig compost

4.8±1.0

23.3±4.4

0.9±0.3

1.4±0.4

0

0.1±0.1

0

Chicken litter

2.8±0.4

24.1±5.1

0.8±0.2

0.9±0.2

0.1±0.1

0

0

Chicken semi compost

4.4±0.9

26.2±5.7

1.3±0.4

1.1±0.3

0

0

0

Chicken compost

5.3±1.7

28.6±4.4

0.8±0.2

0.6±0.2

0

0

0

Synthetic fert low

6.4±1.1

16.2±3.8

0.6±0.2

0.7±0.3

0

0

0

Synthetic fert high

5.4±1.2

18.6±4.1

1.3±0.4

1.1±0.4

0

0

0

Unamended (nil)

2.8±1.6

12.6±4.0

0.1±0.1

0.9±0.3

0

0

0

CV = Calliphora vicina (European blue bottle blowfly); ANTH=Anthomyiid flies (flower flies); PFF = Pepper Fruit Fly (Atherigona
orientalis); RHIN = Rhiniinae (sub-family of calliphoridae blowflies); CA = Calliphora albifrontalis (western golden haired
blowfly); SAR=Sarcophagidae (flesh flies); SF = Stomoxys calcitrans (stable flies)

Conclusions
Based on these research findings and other horticulture and broadacre field trials across Western
Australia, an amendment to the Biosecurity & Agricultural Management Act 2007 has been made to
permit the application of poultry litter and compost to broadacre agriculture in previously banned
Shires.
Keywords: stable and nuisance flies, manure management, broadacre, regulation.
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Almond industry waste: A valuable source for Green energy, Potassium
source and soil
Upul Gunawardena
Select Harvests Ltd, Wemen, Vic, Australia
Australia is the 2nd largest Almond producer in the world, and the industry has grown at a rapid rate
(10-15%) over the last five years, following intensive industry development and promotion of the
almond product as a super food. In Australia, Almonds are mainly grown in 3 districts.
a. Riverland (SA)
b. Sunraysia (Vic)
c. Riverina (NSW)
From the beginning, Australian almond industry has adopted the production and growing practices of
Californian almond industry. The majority of almond orchards are in sandy soil; however, some are
also grown in heavy clay soil. The primary features of almond cultivation practices are, fertigation and
foliar application method combined with pulse irrigation based on Evapo-transpiration, drives the
nutrient uptake.
The almond industry is highly regulated by Food industry standards. Since harvesting is done by
mechanical shaking combine with floor sweeping methods, almond orchards need to maintain a high
standard of hygiene. Since animal manures and green waste composts have the risk of contaminating
almond floor, compost application is a prohibitive action in the industry.
Select Harvest Ltd is the largest integrated almond producer in Australia and produces more than
25% of total Almond in Australia. Select Harvest Ltd has its own processing plant based near
Robinvale (Victoria) in the banks of Murray River. The processing facility handles more than 70,000t
tonnes per annum, which leaves more than 50,000t of waste material (almond Hull and Shell). These
have limited commercial interest as a feed stock material for cattle, depending on feed availability (on
rain fall), and the market price of beef etc. Therefore, all almond processing facilities have
accumulated their almond waste in over the last 20 years, which has a significant environmental risk.
In 2016, Select Harvest invested in for a Co-Gen energy plant in Australia, which generates 3.1MW of
electricity. The main raw material for this Co-Gen plant is almond hull. Select Harvest has
successfully developed a procedure to extract Potassium from hull waste during this Co-Gen energy
production. Almond hull waste has 40% K, in the form of K2O subsequent to energy generation.
Potassium extraction technology is a two step process; in the first step it uses almond hull for energy
production, and then combines with a composting process to produces a high K Compost product,
which recycles K and other minerals such as P, Fe, Ca, S, Mg, N and other trace elements back into
almond soils.
Select Harvest has carried out series of trials to investigate how to modify existing almond technology
to combine this high K Compost product into their fertiliser application method. Trials have
demonstrated a number of benefits by combining high K compost product with almond technology
including:
•
•
•
•
•
•
•

Successfully substitute K fertiliser
Improve N uptake (reduces leaching effect)
Improve soil wetting pattern and root biology
Improve soil structural factors such as CEC, Soil organic matter, and K: Mg ratio etc..
Reduce salinity level
Improve water efficiency
Improve Almond Yield and quality.

The mechanism of N management, K substitution and water efficiency was critically evaluated in this
study, which has demonstrated high level of nitrate, and K remain in the root zone in high K
composted area against no-composted area. The trial is continuing and expanded into different
Almond orchards, in different soils.
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Biochar produced from low density wood has greater plant available water
than biochar from high density wood
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Introduction
Soil water limitations can potentially restrict plant growth and yield in rainfed environments across the
world, including agricultural, forestry and urban systems. Biochar amendment can increase water
retention in soils, mitigating limited water availability (Abel et al., 2013). However, biochars differ
greatly in their properties due to differences in feedstock and processing method (Sohi et al., 2010).
The most commonly used feedstock for biochar production worldwide is hardwood (IBI, 2015).
However, there is great variation amongst different hardwood species regarding their density and cell
structure. Generally, hardwood with greater density has smaller cell diameters and cell walls are
thicker (Zieminska et al., 2013). Wildman and Derbyshire (1991) showed that these cell structure
properties are retained in the pore structure of the resulting biochar. Since the biochar pore structure
determines its plant available water holding capacity (Gray et al., 2014), we hypothesised that
differences in feedstock wood density would result in differences in plant available water holding
capacity of biochar.
Methodology
We measured wood density of 18 Eucalyptus species of equal age, grown in a common garden
experiment. Air dried wood density was measured by water displacement and basic wood density was
measured by x-ray absorption (Evans et al., 2000). All wood samples were then pyrolysed under
equal conditions at 550 °C in an industrial, batch-pyrolyser. Following pyrolysis, each biochar sample
was standardised to ensure that they all had the same particle size distribution and their physical
properties including plant available water, maximum water holding capacity and bulk density were
measured. Plant available water was determined by using the filter paper method described by
Greacen et al. (1989), maximum water holding capacity was measured by using a tension table at a
negative suction of -10 KPa (Carter and Gregorich, 2008) and bulk density was determined according
to the Australian Standard for Potting Mixes (AS 3743-2003).
Results and discussion
Overall, wood density of the feedstock material was strongly correlated with plant available water and
water holding capacity of the resulting biochar (Figure 1). Basic wood density determined by x-ray
absorption was strongly correlated with air dry wood density measured by water displacement and
both wood density measures were correlated with biochar bulk density.
Our results show that biochar made from low density wood has greater amounts of plant available
water than biochar made from high density wood.
Conclusions
The ability to predict biochar water holding properties based on the simple measure of feedstock
wood density can inform feedstock choices for producing biochars with greater plant available water
that may be better for soil amendment in water limited environments.
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Figure 1. Relationship between air dry wood density and biochar plant available water. R square and significance value in grey
as figure annotation. Shaded area indicates 95 % confidence region for regression fit.

Keywords: Biochar, plant available water, water holding capacity, Eucalyptus, wood density
References
Abel S, Peters A, Trinks S, Schonsky H, Facklam M, Wessolek G (2013) Impact of biochar and
hydrochar addition on water retention and water repellency of sandy soil. Geoderma 202, 183–191.
Evans R, Stringer S, Kibblewhite RP (2000) Variation of microfibril angle, density and fibre orientation
in twenty-nine Eucalyptus nitens trees. Appita Journal 53, 450-457.
Greacen EL, Walker GR, Cook PG (1989) Procedure for filter paper method of measuring soil water
suction. CSIRO Division of Soils, report 108.
Gregorich EG, Carter MR (2007) Soil sampling and methods of analysis. CRC Press.
Gray M, Johnson MG, Dragila MI, Kleber M (2014) Water uptake in biochars: The roles of porosity
and hydrophobicity. Biomass & Bioenergy 61, 196–205.
Sohi SP, Krull E, Lopez-Capel E, Bol R (2010) A review of biochar and its use and function in soil.
Advances in Agronomy 105, 47–82.
Standards Australia, 2003 AS 3743-2003: Australian Standards for potting mixes.
Wildman J, Derbyshire F (1991) Origins and functions of macroporosity in activated carbons from coal
and wood precursors. Fuel 70, 655–661.
Zieminska K, Butler DW, Gleason SM, Wright IJ, Westoby M (2013) Fibre wall and lumen fractions
drive wood density variation across 24 Australian angiosperms. AoB Plants 5, plt046.

252

Using micromorphology to assess physical contamination of topsoil amended
with a mixed waste organic output
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Introduction
In NSW, Australia, mixed waste organic outputs (MWOO), which are similar to municipal solid waste
composts, have been land applied in various settings. This reflects the commitment by government
bodies to reduce the amount of waste going to landfill and to reuse waste beneficially. However, an
inevitable consequence of land applying recycled organic waste is that some amount of metal,
organic and physical contamination is applied to the soil. Although maximum allowable concentrations
of such contaminants are prescribed, in the case of physical contaminants such as glass and plastics,
there is little experimental data to indicate whether these maximum allowable concentrations mitigate
potential negative impacts.
Methodology
We used micromorphological techniques to describe the distribution and features of physical
contaminants found in agricultural topsoil one year after a MWOO had been applied at four different
rates, prior to the planting of a wheat crop.
Results and discussion
Thin section analysis of the soil to a depth of 0.25 m revealed that glass and plastic fragments had not
migrated beyond the depth of tillage and MWOO incorporation, but that these physical contaminants
were present in a variety of sizes and morphologies. In the higher MWOO application rate soils,
physical contaminant particles occupied a variety of positions in the soil depending on size and
shape; large, gravel-sized rigid plastic and glass particles tended to act as bridges between
microaggregates and organic matter, sand-sized particles tended to act as ‘nucleating agents’ for soil
mineral material or to be located in large pores, and rugose (wrinkled) film plastics tended to reside in
pores, often acting as partial blockages. Film plastic also tended to encapsulate organic and mineral
material. Glass fragments were somewhat difficult to distinguish from quartz grains in thin section,
although inspection of sand-sized grains under reflected light microscopy showed glass fragments to
be more angular and jagged than quartz grains in the unamended control soil. Particle size analyses
of the treated soils showed that the gravel and coarse sand fractions were increased at the higher
rates of application. These results suggest that at the higher rates of MWOO application, soil
hydraulic conductivity may be compromised if enough physical contaminants are present to block the
majority of large pores, especially if the soil naturally coalesces, or consolidates, over time and
organic matter is broken down.
Conclusions
Measurement of hydraulic conductivity in previously amended and now re-consolidated soils would be
prudent.
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Converting cocoa pod husks into organic fertilizer in Papua New Guinea
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Introduction
Cocoa remains an important cash crop in Papua New Guinea (PNG) and the government aims to
increase production to 300 000 tonnes by the year 2030. Inspite of these, a large proportion of the
present harvested crop comes from cocoa trees that are continuously grown on the same land area
for more than 10 years with little or no fertilizer inputs. At the current average of 40 000 t dry cocoa
beans exported annually, approximately 700,000 t of cocoa waste is generated each year by the PNG
cocoa industry. With this, 20,000 t of N; 128,000 t of P; 10,000 t of K; 108,000 t of Ca; and 117,000 t
of Mg are lost annually. These losses may lead to a deficiency in one or more nutrient elements, thus
limiting plant growth and development, maximum yield potential, and sustainable production of cocoa.
Converting cocoa wastes into a cheap valuable soil amendment would contribute to the recycling of
soil nutrients in cocoa farming systems. In light of these implications, this paper follows on from
previous and current work by the authors in producing cocoa pod husk (CPH) compost and
determining its effectiveness on the growth of cocoa seedlings. Thus, the objective of this study is to
produce cocoa pod husk (CPH) compost as an organic byproduct.
Methodology
Compost hut was built at the trial sites (Photo 1) in Bokavera - Autonomous Region of Bougainville
(ARoB), Panameko - New Ireland Province, Winge - East Sepik Province and Tavilo – East New
Britain Province. Feedstocks for the compost were collected locally at each site and piled in the
compost huts in layers to produce compost. The feed stocks used were purposely selected because
of their local availability and to improve the quality of composts produced.

Photo 1. Compost hut, CPH collection and composting.

Compost production
In producing compost, 130 kg of sawdust (SD) was firstly placed at the base of each pile in the
compost box to absorb moisture. Secondly, 325 kg of CPH, 108 kg of chicken manure (CM) and 87
kg of topsoil (TS) were added consecutively for three layers. Water was added to parts of the layers
where dry. One to two weeks old cocoa husks were collected and cut or beaten into small chips (1.0 3.0 cm3) using machetes and wood. TS was added in the piles as starter for decomposition. Turning
of the compost pile was done after every 15 days for 3 months. On maturity at 3 months, the compost
was turned and allowed to dry for 2 weeks.
Results
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Important chemical properties and nutrient content of the feed-stocks used and the matured compost
are presented in Tables 1.0 and 2.0 respectively.
Table 1. Nutrient composition of feed-stocks and additives used
Parameters
Topsoil
Cocoa pod
EC (dS/m-1) (1:10)
0.047
6.31
pH (1:10)
7.25
5.66
Total OC (%)
2.04
30.9
Total N (%)
0.24
0.82
C:N
8.50
37.7
Total P (%)
0.11
0.32
Total K (%)
0.96
2.52
Total Ca (%)
2.42
0.18
Total Mg (%)
0.75
0.26
Total S (%)
0.06
0.13
Table 2 Nutrient composition of the matured compost
Parameters
pH
OC (%)
N (%)
Value
7.36
9.47
1.27

P (%)
0.61

Chicken manure
3.80
6.29
36.5
2.10
17.4
1.02
1.03
1.00
0.35
0.24
K (%)
7.51

Ca (%)
3.92

Sawdust
0.23
3.45
56.1
0.08
701.3
0.03
0.01
0.24
0.03
0.02
Mg (%)
0.99

S (%)
0.03

Discussion and Conclusions
The pH values of the major feed-stocks were within the range of 3.0 and 7.0 (Table 1). Topsoil had
the highest pH (7.25) whilst chicken manure, cocoa pods and sawdust had pH of 6.29, 5.66 and 3.45,
respectively. Chicken manure contained higher amounts of N, P and S than topsoil, cocoa pods and
sawdust. However, topsoil contained high levels of Ca and Mg whilst cocoa pods contained higher
amounts of K than topsoil, chicken manure and sawdust. In contrast, sawdust was poorer in N, P, K,
Mg and S but had higher Ca and OC content than cocoa pods. Topsoil had lower level of OC (2.04%).
In the matured compost, N limitation is very remote as the cocoa pods had a C/N ratio of ~38 which
could be an easily decomposable material. Quality parameters for the finished composts require all
mature composts to have C/N ratio below 25 (Canadian Compost Guideline, 1996). The compost
produced conformed to this important guideline.
Key Words: Cocoa, Feedstocks, Compost
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Introduction
In NSW various organic waste streams are applied to land under NSW EPA resource recovery
exemptions. These exemptions specify controls to ensure sustainable application. Exempted
products include liquid food waste, solid food waste, biosolids, manure, effluent, treated grease trap
waste, compost and acetylene lime slurry. The products varied greatly in pH, nutrient content,
moisture content, organic carbon/BOD content, and salinity. Land application changes a potential
waste product into a product with potentially beneficial impacts on the soil. But how much is too
much? Can a relatively infertile soil become highly productive? What are the associated risks? This
paper reports on changes in soil conditions after up long term application of exempted waste.
Methodology
The three ‘commercial-in-confidence’ sites have been receiving exempted waste for approximately
20 years. Site 1 received a very wide range of food-derived wastes. It also received stable
sweepings. Site 2 received combinations of liquid food waste, lime, biosolids and treated grease trap
waste. Site 3 received piggery effluent. Statistically significant difference was assumed at the 95%ile
level of confidence based on samples taken in 2015 to 2017. There was no information on
pretreatment chemistry.
Each of the three sites was sampled to detect waste application impacts on the soil. In two of the
sites the treated soils were compared with ‘untreated’ adjacent areas. At the third site an area
receiving heavy applications of piggery effluent was compared with an area receiving ‘light’
applications. Sampling depths (50 to 900 mm) and attributes tested varied with location. The results
below are designed to document changes.
Results
All three sites have very obvious increases in pasture health, colour and productivity.
Site 1.
Table 1 shows that waste additions significantly increased pH, salinity, Bray 1 available P, Nitrate-N,
Ammonium-N, Total-N, ECEC, Exch Ca, Exch Na, Exch Ca : Exch Mg ratio and ESP. It significantly
decreased P sorption capacity, Exch Al and the Ca : Mg ratio in the surface 150 mm.
Table 1. Soil attributes in the treated and untreated areas of site 1 (0-150 mm).
Un
Treated
treated
Comment in impacts of waste applications
areas
Attribute
Units
Sign
areas
based on Hazelton and Murphy, (2016).
Average
Average
pH (5:1)
units
5.9
7.1
*
1.2 unit rise in pH
EC Sat paste extract
dS/m
0.53
1.86
*
Increase in salinity, but soil still non-saline
Phosphorus (Bray 1)
mg/kg
2.3
20.1
*
9 fold increase in available P.
Phosphorus Sorption
mg/kg
975
774
*
21% decrease in P sorption
Phosphorus Sorption
kg/ha
1317
1045
*
Nitrate Nitrogen
mg/kg
1.8
8.4
*
Sign increase, but concentration is low
Ammonium Nitrogen
mg/kg
4.8
9.2
*
Sign increase, but concentration is low
Total Nitrogen
%
0.4
0.4
NS
No difference
ECEC
cmol+/Kg
9.9
19.0
*
Doubles the ECEC
Exch Calcium
cmol+/Kg
3.0
11.2
*
Almost 4 fold increase
Exch Sodium
cmol+/Kg
0.2
2.1
*
Over 10 fold increase
Sodium - ESP
%
2.4
13
*
Treated soils are strongly sodic
Exch Aluminium
cmol+/Kg
1.0
0.0
*
Treated soils have no exchangeable Al
Calcium / Magnesium Ratio
1.0
2.9
*
Treatment ‘improves Ca:Mg ratio
Total Carbon
%
6.7
6.8
NS
No sign. difference
Carbon/ Nitrogen Ratio
ratio
16
15
NS
No sign. difference

Beneficial impacts include significant increases in pH, available P, mineral-N, ECEC and exch Ca.
Potentially detrimental effects include: Increased salinity, decreased P sorption capacity, major
increase in ESP and increased Exch Na concentration.

Site 2
Apart from Cu (21 mg/kg in untreated soil 0-150mm compared with 40 mg/kg in treated soil), there
were no statistically significant changes in trace elements concentrations. The NEPM Health
Investigation level (HIL) for Cu of 1500 mg/kg for residential lands is 33 times higher than the 95%
highest concentration in the treated soils (NEPM, 2013). Trace element concentrations were not an
issue. Table 2 shows that the key concern was the increase in nitrate-N concentration to luxury

256
concentrations. However the regional groundwater is saline and not used. Runoff containing
dissolved nutrients, especially nitrate-N could also be an issue. Benefits included a reduction in soil
acidity, increase in CEC and exchangeable Ca, and increase in soil organic carbon.
Table 2. Soil attributes in the treated and untreated areas of site 2 (0-150 mm).
CONTROLS
TREATED
Sign
Attribute
Units
SOILS
SOILS
diff
pH (5:1)
units
5.6
7.8
*
EC sat paste
dS/m
0.7
4.5
*
Bray 1 P
mg/kg
3.8
40.5
*
P sorption
kg/ha
805
710
NS
Nitrate-N
mg/kg
10.8
99.2
*
Ammonium-N
mg/kg
7.5
7.2
NS
N
%
0.28
0.52
*
ECEC
cmol+/Kg
9. 6
33.5
*
Exch Ca
cmol+/Kg
4.1
29.2
*
Exch Ca
%
42.9
86.6
*
Exch Na
cmol+/Kg
0.25
0.8
*
Exch Na
%
2.7
2.4
Exch Al
%
5.7
0.3
*
SOC
%
4.3
6.2
*
SOC
t/ha
56.2
71.1
*
C:N
ratio
15.8
12.1
*

Comments identifying changes due to
waste application
Reduced acidity
Increased salinity
Increased P availability
NS fall in P sorption
Increased Nitrate-N::leaching runoff risk
No change
Increased soil N. Relate to SOC stock
>3 fold increase in ECEC
>7 fold increase in Exch Ca
Change from deficient to slightly high
Exch Na increase, but still ‘low
NS change in ESP
>10 fold reduction in exch Al
Increase in SOC, therefore increase in N
and P retention capacity
Reduction in C:N ratio More labile?

Site 3
Key results shown in table 3 include major ‘improvements’ in pH, total P, P sorption capacity, Nitrate
and total N, CEC and exch Ca. NOTE: There was no evidence of nitrate and P accumulation at depth.
Runoff containing dissolved P may be an issue.
Table 3. Soil attributes in the heavy and light effluent application areas of site 3 (0-50 mm). (Data: NSW EPA).
Attribute
Units
‘Heavy’
Sign ments
applicatio
d
‘Light’
n
i
f
application
f
.
pH
CaCl2
4.7
5.8
*
Reduced acidity
Salinity (EC 5:1)
uS/cm
275
370
NS
No sign change in salinity
Total P
mg/kg
1208
3511
*
More than double total P
Bray No. 2 P
mg/kg
231
332
NS
No sign change in available P
P sorption
mg/kg
885
1320
*
Increased P sorption capacity
Nitrate-N
mg/kg
4
22
*
Increased nitrate, but not excessive
Total N mg/kg
%
0.15
0.61
*
Increased total N
Cation exchange capacity
cmol+/kg
9
23
*
More than double CEC
Exch Ca
cmol+/kg
6
10
*
Increased Exch Ca
Exch Na
%
2
3
NS
No sign change in ESP

Conclusions
• There was no evidence of trace elements in toxic concentrations.
• Reduced acidity was a major beneficial impact.
• Both N and P concentrations increased in the surface soil.
• SOC increased. This could explain increase in total N, CEC and P sorption capacity.
• Exch Ca also increased.
Concerns

•
•
•

Increased salinity and sodicity (so do not accept saline wastes).
Nitrate-N leaching (aim for balance between application rate and net plant demand).
N mineralization rate Vs plant growth.

Questions?

•
•
•

Is there merit in applying ‘beneficial’ waste at high application rates, or should the focus be on
lower rates over larger areas?
Are wastes largely simply ‘products out of place’?
When do changes to soil chemistry change its classification? For example from a Chromosol
to an Anthroposol?
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The issue
Soil contamination with heavy metal(loid)s, pesticide residues, hydrocarbons and industrial chemicals
(e.g., PFAS) is a major global issue. Soil contamination leads to environmental degradation and
human health implications. Soil contamination occurs in mine sites (e.g. metals such as lead (Pb) and
hydrocarbons), industrial sites (e.g., chromium (Cr), trichloro ethane), agricultural lands (e.g.,
cadmium (Cd), pesticide residues) and urban land (e.g., herbicide residues, asbestos). Most of the
work in Australia has focussed on contamination in mine sites. However, in New South Wales, there
are thousands of hectares of land that have been adversely affected by agricultural practices. For
example, the potentially hazardous pesticide residues found in former and current banana plantations
and cattle dips on the North Coast. Other intensive agricultural industries that might leave
contamination include cotton, sugar cane, vegetable gardens, fruit orchards, potatoes, and corn.
Although contamination problems are usually most prevalent in rural areas, problems are also
expected around urban fringes where there is intensive small cropping. The main document that gives
a framework for investigating any contaminated land in this State, including contaminated agricultural
land, is the Australian and New Zealand Guidelines for the Assessment and Management of
Contaminated Sites, prepared by the Australian and New Zealand Environment and Conservation
Council (ANZECC, 1992).
With increasing demand for safe disposal of wastes generated from agricultural and industrial
activities, soil is not only considered as a source of nutrients for plant growth, but also as a sink for the
storage of these waste materials. As land treatment becomes an important waste management
practice, soil is increasingly being seen as a major source of contaminants, including heavy
metal(loid)s and pesticide residues, reaching the food chain. This is mostly via plant uptake and
animal transfer. For example, waste disposal into soil have led to significant accumulation of a wide
range of metal(loid)s, such as arsenic (As), Cd, Cr, mercury (Hg), Pb, selenium (Se), and zinc (Zn).
Entry of soil-borne metal(loid)s into the food chain depends on the amount and source of metal(loid)
input, the properties of the soil, the rate and magnitude of uptake by plants, and the extent of
absorption by animals. The ‘cleaning’ action of soil is controlled largely by the physico-chemical
reactions of contaminants with soil components carrying surface charge. Redox and pH play
significant roles in determining metal availability. Soil microorganisms can facilitate processing and
breakdown of organic contaminants.
Health authorities in many parts of the world are becoming increasingly concerned about the effects
of contaminants including heavy metal(loid)s and pesticide residues on environmental and human
health. For example, historically, heavy metal(loid) toxicity to human health received attention
primarily as a result of series of widespread poisoning. Case in point are the many cases of “Gasiogas’ poisoning, in which arsenic trioxide in wallpaper glue was converted into volatile poisonous
trimethyl arsine or “Gasio-gas” [(CH3)3As]. Likewise relevant are the hundreds of cases of human
poisoning of Minamata Bay in the city of and Niigata in Japan (Minamata disease) in the late 1950s.
These poisonings in Japan were believed to have occurred from the ingestion of fish containing
methyl mercuric compounds probably derived through biomethylation of mercuric salts by aquatic
organisms. Other cases of direct methyl mercury poisoning have occurred from the use of these
compounds as fungicides on seeds that were subsequently fed to swine as flour and thereafter eaten
by humans.
More recently high concentrations of heavy metal(loid)s, such as As, Cd, Cu, Pb, and Zn in soils have
been reported in number of countries including Australia. For example, significant adverse impacts of
As in drinking water on human health have been recorded in Bangladesh, India, and China, and it is
claimed that millions of people are potentially at risk from As poisoning. Similarly, Cd accumulation in
the offal (mainly kidney and liver) of grazing animals in New Zealand and Australia made it unsuitable
for human consumption and affected access of meat products to overseas markets. Furthermore,
bioaccumulation of Cd in potato, wheat, and rice crops has serious implications to local and
international commodity marketing. Australia and New Zealand have been proactive in promoting the
use of low-cadmium phosphate fertilizers, thereby resulting in the reduced input of Cd to agricultural
soils. Similarly there have been concerns about urban development of horticultural sites which
contained toxic levels of Cu in soils resulting from excessive use of Cu containing fungicides as well
as Pb and As.
Recently, there have been major concerns about contamination of groundwater sources with Polyand perfluoroalkyl substances (PFASs) PFAS compounds in defense sites that have been testing
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aqueous film forming foam (AFFF) for firefighting. Poly- and perfluoroalkyl substances (PFASs) are a
diverse group of synthetic fluorinated compounds which are bio accumulative and toxic to humans
and the environment. Since these chemicals are resistant to heat, water, and oil, they have been
widely used in general applications (non-stick cookware, grease-resistant paper, fast food wrappers,
stain-resistant carpets and fabrics and water-resistant clothing. In addition, PFASs have also been
used in different industrial applications (used as surfactants, medical applications, plastic
manufacture, textiles, and leather). Incidences of PFAS contamination of soil and groundwater
sources have been noticed beyond defense sites that include landfills and wastewater treatment
plants. Biosolids and landfills are two other major diffuse sources of PFAS input to soil and
groundwater sources. Many studies have found PFAS compounds resulting from aqueous film
forming foam (AFFF) used in fire fighting sites, especially in defense sites. There have been limited
research on PFAS compounds from other sources and their subsequent contamination in soil and
water resources. The roles of soil properties in sequestering and degrading PFAS is the subject of a
workshop at this conference.
Future research opportunities
With greater public awareness of the implications of contaminated soils on human and animal health
there has been increasing interest amongst the scientific community in the development of
technologies to remediate contaminated sites. This is especially necessary since traditional methods
of soil removal and replacement of clean soil is often cost prohibitive. For diffuse distribution of
contaminants (e.g., fertilizer-derived Cd input and pesticide residues), remediation options generally
include amelioration of soils to minimise the contaminant bioavailability. Bioavailability can be
minimised through chemical and biological immobilization of contaminants using a range of inorganic
and organic soil amendments. The more localised contamination found in urban environments (e.g.,
Cr contamination in timber treatment plants) is remediated by contaminant mobilization processes
that include bioremediation (including phytoremediation) and chemical washing. Removal of
contaminants through phytoremediation techniques and the subsequent recovery of the contaminants
or their safe disposal are attracting research and commercial interests. However, when it is not
possible to remove the contaminants from the contaminated sites by phytoremediation, other viable
options, such as in-situ immobilization should be considered as an integral part of risk management.
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Introduction
Biosolids (i.e., treated sewage sludge) are an excellent source of nutrients and organic matter for
agricultural and degraded soils. Beside the agronomic beneficial values, they contain a number of
emerging contaminants including pharmaceuticals, per- and poly-fluoroalkyl substances (PFAS), and
particulate plastics. Amongst these contaminants, particulate plastics which are synthetic polymer
particles measuring less than 5 mm in diameter enter into soils with the land application of biosolids. It
can be estimated that over 280 billion particulate plastics could enter the Australian soils through
biosolids application in 2017 (ANZBP 2017; Wijesekara et al., 2018). Breakdown and degradation of
plastic mulch and compost produced through municipal solid wastes are also main sources of
particulate plastics input to soil. Although particulate plastics are recognised as emerging
contaminants in soils, their impact in soil environment remains largely unclear, particularly on
microbial functions. We quantified the amount of particulate plastics in biosolid samples. We also
conducted a laboratory incubation study to examine the impact of particulate plastics contamination
on microbial activity in soil.
Methodology
Particulate plastics were extracted from a number of biosolid samples. Two types of particulate
plastics: pristine polyethylene (PPP) and surface modified (BSPP) plastics were used in the laboratory
incubation study. The PPP: size ~ 100 μm (Microscrub®) were purchased from Micro Powders, Inc.
Tarrytown, New York, USA. The BSPP were prepared by facilitating the PPP to adsorb biosolids
derived dissolved organic carbon (DOC). Sandy soil samples collected from Grenfell, NSW were
mixed with the two types of particulate plastics and two types of contaminants: perfluorooctane
sulfonate (PFOS) and copper (Cu) (Table 1).
Table 1: Metal, perfluorooctane sulfonate (PFOS) and particulate plastics concentrations in soils
Sample

Cu (mg kg−1 soil)

PFOS (μg kg−1 soil)

Control soil
Soil + Cu
Soil + PFOS
Soil + Cu + PFOS
Soil + PPP
Soil + BSPP
Soil + Cu + PPP
Soil + PFOS + PPP
Soil + Cu + BSPP
Soil + PFOS + BSPP

500
500
500
500
-

1000
1000
1000
1000

PPP or BSPP
(%)
6.4
6.4
6.4
6.4
6.4
6.4

After twelve days of soil incubation period, soil basal respiration, microbial biomass carbon (MBC),
dehydrogenase activity (DHA), and microbial carbon use efficiency (CUE) were measured.
Statistical analysis was performed using IBM SPSS statistics version 24.0.0.1. In order to evaluate the
correlation between treatments, one-way analysis of variance (ANOVA) was used to determine the
significance of differences (P < 0.05) between variables.
Results and discussion
The amount of particulate plastics in the biosolids samples tested were 352, 146, 324, and 174
particles kg-1 for <50, 50-100, 100-250, 250-1000 µm size fractions, respectively. The results from the
incubation study indicated that soil basal respiration was less in soil samples mixed with Cu, PFOS,
and a combination of the both contaminants, thereby indicating their toxicities to soil microbial activity.
The addition of particulate plastics resulted in an increased soil respiration during the study period in
both uncontaminated and contaminated soils. The effect (i.e., increased respiration) was higher when
BSPP was mixed with soil indicating the utilisation of biosolids derived substrate (i.e., organic matter
that had sorbed to particulate plastics) by the soil microorganisms, thereby increasing their activity.
Surface modified particulate plastics (BSPP) are likely to retain the contaminants through their
interaction with the contaminants and reduce the toxicity to soil microorganisms. The improved soil
aeration (i.e., porosity) caused by the addition of PPP or BSPP could be a reason for an increase in
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the microbial activity (Chen 2016). Similar to the soil respiration observations, increased DHA and
MBC were observed in particulate plastics added contaminated and uncontaminated soils.
In the presence of particulate plastics addition, the microbial CUE values for uncontaminated soil
samples were slightly less (P > 0.05) than in the absence of particulate plastics in soil (Table 2).
When PPP was mixed with Cu and PFOS contaminated soils, the microbial CUE slightly increased (P
> 0.05) to 0.86 and 0.93, respectively. These observations provided evidence for increased (i.e., nonsignificant) microbial activity in the presence of PPP or BSPP additions to both contaminated and
uncontaminated soils, with the effect being more pronounced in the former soils.
Table 2: Effect of particulate plastics and contaminant toxicity on microbial carbon use efficiency (microbial CUE).
Control
soil

Soil +
Cu

Soil +
PFOS

Soil +
Cu +
PFOS

Soil +
PPP

Soil +
BSPP

Soil +
Cu +
PPP

Soil +
PFOS +
PPP

Soil +
Cu +
BSPP

Soil +
PFOS +
BSPP

0.921

0.823

0.900

0.877

0.919

0.864

0.866

0.928

0.925

0.860

Conclusions
Our observations through soil basal respiration, DHA activity, MBC and microbial CUE experiments
indicate that particulate plastics addition helps to modulate contaminant toxicity to soil microbial
activity. However, it is important to examine the long-term effects of particulate plastics on the
microbial activity in soil using these parameters.
Keywords: Sewage sludge, microplastics, soil contamination, soil health
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Introduction
The per- and polyfluoroalkyl substances (PFAS) National Environmental Management Plan (NEMP)
provides nationally agreed environmental guideline values for use in site investigations. Leaching,
groundwater transport and the contamination of surface water and/or groundwater are key indirect
exposure pathways for PFAS. To address these issues, the NEMP designates a perfluorooctane
sulfonate (PFOS) soil guideline of 0.14 mg/kg. Environment and Climate Change Canada (ECCC)
(2017) derived this guideline using a hydrogeological model.
For the development of generic screening levels, the ECCC hydrogeological model incorporates a
variety of default input assumptions. The of use of generic screening levels may inaccurately estimate
PFAS exposure risks and affect site-specific PFAS management decisions, depending upon the
hydrogeologic setting and environmental and human exposure scenarios applicable to an individual
area of PFAS contaminated soil. This presentation details the development of site-specific
investigation levels (SSILs) for PFOS and perfluorooctanoic acid (PFOA) in soils across Australian
Defence bases. The SSILs provide a refined site-specific assessment of indirect PFAS risks
compared to the NEMP guideline. The aim of the SSILs is to assist Defence in making more efficient
and robust site-specific management decisions of PFAS contaminated soils, by making immediately
available the soil concentrations of PFAS that require no further risk assessment or management, no
matter where on base the soils are located.
Methodology
Aerial imagery, government geo-spatial databases and site-specific reports were used to identify the
potential environmental and human PFAS exposure scenarios applicable to each base.
Hydrogeological and geological input parameters specific to each base were then used in conjunction
with the ECCC hydrogeological model to derive SSILs for a range of source-receptor separation
distances. The SSILs for each base were plotted into geo-referenced zones, relative to the location of
the identified environmental and human receptors.
The other potentially important migration and exposure pathways for PFAS contaminated soils were
also evaluated for each base, including PFAS migration via surface water runoff and direct contact
PFAS exposures.
Results and Discussion
SSILs have been developed for Defence bases distributed across Australia. A range of distinct
environmental and human exposure scenarios and hydrogeological and geological settings
characterize these sites. The SSIL derived ranged from <0.005 mg/kg to >20 mg/kg. Table 1 presents
comparisons between the key ECCC (2017) default input assumptions and those applicable to
Defence bases.
Table 1: Comparison between the input assumptions adopted in the ECCC (2017) hydrogeological model and those applicable
to Defence bases.
Parameter

Unit

ECCC (2017)
Default Inputs6

Range of Inputs Applicable Across the Defence
Estate

6.81 (aquatic
0.00023/ 0.132 (aquatic environments); 0.073
environments)
(drinking water); 0.73 (recreational water use)
Source-Receptor separation distance
m
10
10 – 8,000
Hydraulic conductivity
m/yr
320
10 - 8,760
Hydraulic gradient
0.028
0.005 - 0.02
Soil organic carbon content
%
0.2
0.2 – 1.54
Aquifer organic carbon content
%
0.2
0.2 – 0.3
Depth to groundwater
m
3
0.4 - 10
Effective porosity
0.3
0.05 – 0.3
Organic carbon-water partition coefficient
L/kg
1145
3725
PFOS Investigation Level
mg/kg
0.14
<0.005 - >20 mg/kg
1
ECCC (2017) federal environmental quality guideline for PFOS in surface water
2
ANZECC and ARMCANZ (technical draft default guideline values for the protection of 99% and 95% of species, as presented
in the NEMP
3
Australian Government Department of Health (2017) health-based drinking water and recreational water guidelines
4
Upper limit of 1.5%; based upon maintaining the adsorption-desorption distribution coefficient (Kd) within the lower 25th
percentile of the range measured in field studies reviewed by Li et al. (2018)
5
US EPA (2015), DEPA (2015) and EFSA (2008)
6
Franz (2012)
Target concentration at the receptor

µg/L

As a group, the SSILs illustrate the scenarios where the NEMP PFOS soil guideline of 0.14 mg/kg is
most likely to overestimate PFAS exposure risks and quantify the potential magnitude of this
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inaccuracy. The process of deriving SSILs across the Defence Estate has also highlighted some of
the gaps in the site-specific environmental datasets and the scientific literature, with the greatest
potential to influence the risk profile for PFAS contamination at a site.
This presentation provides case study examples, demonstrating the SSILs applicable under a variety
of hydrogeologic, environmental and human exposure settings that support robust site-specific
management decisions related to PFAS contaminated soils.
Keywords: Per- and Polyfluoroalkyl Substances, risk assessment, hydrogeology, partitioning,
leaching.
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Introduction
Cadmium (Cd) is a biotoxic heavy metal, which is accumulated by plants and animals and thereby
enters the human food chain (Gray et al. 2003). The application of phosphate fertilisers has also
resulted in the long-term accumulation of Cd in agricultural soils around the world, including New
Zealand (NZ). In 1997, the main source of NZ phosphate fertilisers was changed from Nauru island
phosphate rocks (450 mg Cd kg-1 P) to a variety of phosphate rocks with lower Cd concentrations,
in order to meet more stringent Cd limits in P fertiliser. Following this change, the accumulation of
Cd in topsoil samples from the Winchmore research farm (South Island, NZ) was evaluated and
was found to have plateaued post-2000 (McDowell, 2012). In this study, stable isotope analysis
was used to trace the fate of Cd in Winchmore farm soils in order to determine the cause of the
plateau.
Methodology
114/110Cd) was measured in pre-2000 and post-2000 phosphate fertilisers,
The isotope ratio of Cd ( 
phosphate rocks, topsoil (0-7.5 cm) and control (unfertilised) subsoil (25-30 cm) samples from the
Winchmore site. The analysed topsoil samples were archived samples collected over the period
114/110Cd = 0.08 ± 0.03 to
1959-2015. The isotopic compositions of fertilised topsoils ranged from 
 Cd = 0.10 ± 0.05 to
114/110Cd = 0.27 ± 0.04, which were comparable to pre-2000 fertilisers ( 114/110
114/110Cd range of -0.17 ± 0.03 to 0.01 ±
0.25 ± 0.04) but distinct from the post-2000 fertilisers ( 
 Cd = -0.33 ± 0.04) (Salmanzadeh et al., 2017). We combined this
0.05) and control subsoil ( 114/110
stable isotope data with Bayesian modelling to estimate the contribution of different sources of Cd.
An open source Bayesian isotope mixing model implemented in Matlab (Arendt et al., 2015) was
used here with some modifications to estimate the fractional contribution of different sources of Cd
through time including pre- and post-2000 fertilisers, and the control soil. The Matlab code of
Arendt et al., 2015 was modified to consider only one isotope system (rather than two), and fewer
sources. This modelling confirmed the dominant contribution (about 80%) of Nauru-derived (i.e.
pre-2000) fertilisers in increasing the Cd concentration in Winchmore soils.
To help constrain the soil Cd mass balance we used an existing model (CadBal) (Roberts and
Longhurst, 2005), to estimate residual soil Cd and output fluxes based on known P fertiliser
application rates, the initial Cd concentration, farm and soil type, and soil dry bulk density. We
incorporated the isotope data into the mass balance expression in order to evaluate the
performance of CadBal in estimating past topsoil Cd accumulation and predicting future
concentrations and isotope ratios of Cd (up to 2030 AD).
Results
Mass balance modelling confirmed that recent applications of phosphate fertilisers have not
resulted in an accumulation of Cd during the most recent period, thus Cd removal by either
leaching or crop uptake has increased, which is consistent with the modelled isotope data (Figure
1).
Conclusions
It is possible to distinguish the sources of Cd within the soil using stable Cd isotopes (Imseng et al.,
2018) and that the residual Cd in topsoil at Winchmore still mainly originates from historical
phosphate fertilisers (Salmanzadeh et al., 2017). One implication of this finding is that the
contemporary applications of phosphate fertiliser are not resulting in further Cd accumulation. We
aim to continue our research into Cd fate, mobility, and transformations in the NZ environment by
applying Cd isotopes in soils and aquatic environments across the country.
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Figure 1. Results of Cd mass balance modelling in CadBal for the
period of topsoil fertilisation including a prediction up to the year
2030 AD. (a) Mean concentration of Cd in the dryland treatment
of Winchmore long-term irrigation trial (symbols) and the CadBal
model (lines) outputs (red symbols = this study- plot 15 of
Winchmore site; grey symbols = McDowell study-average of all
plots; solid black line = dryland optimized CadBal from McDowell
(2012) for all irrigation plots; black dashed line = Plot 15 dryland
optimized CadBal-this study, first scenario; blue line = Plot 15
dryland optimized CadBal-this study, second scenario; red line =
Plot 15 dryland optimized CadBal-this study, third scenario; red
dashed line = Plot 15 dryland optimized CadBal-this study, fourth
scenario); (b) Measured and modelled Cd isotope ratios based on
CadBal outputs, isotope ratios measured in fertilisers and the
fractionation factors of Wiggenhauser, et al. (2016); lines
designate modelling scenarios as in (a), red dots are the third
scenario with no fractionation (
 fa ctor not a ppl
scenario 3 (solid) and scenario 4 (dashed) isotope ratios in
topsoil (red lines), leachate (blue lines) and pasture (green lines).

Keywords: Cadmium, Phosphate fertiliser, Isotope
technique, New Zealand
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Introduction
The Dry Zone of Sri Lanka has one of the world’s highest incidents of chronic kidney disease (CKD)
considered of multi-factorial origin with more than 20,000 reported related deaths (Chandrajith et al.,
2011). Exposure to cadmium (Cd) and arsenic (As) sourced from the agrochemicals used in rice farming
has been proposed as one of the possible causes (Jayasumana et al., 2014). In this study, we examined
As and Cd in the soils and rice seeds of dry zone Sri Lanka and considered relationships and
associations with different soil factors to understand drivers of bioavailability and risk.
Methodology
Surface soil samples (0–15 cm) were collected using systematic sampling from four different locations
including three CKD hotspots (four (4) subsampling locations at each location), Padaviya (P) (57
samples), Medawachchiya M (44 samples), Giradurukotte (G) (40 samples) and a non-affected area (two
(2) subsampling locations) Hambanthota (H) (41 samples) in the Dry Zone, Sri Lanka (Figure 1).
Soils were assessed for total Cd and As, and other trace elements, pH, electrical conductivity (EC), soil
texture, available phosphorus (P) (Colwell method) and total nitrogen (N) and carbon (C) (LECO method).
Rice seeds from CKD affected areas were also analysed for As and Cd. All data analysis was carried out
in R version 3.5.0.
Results
Soil characterization
The control area (H) showed significantly (p<0.05) greater mean pH and EC compared with other
locations (Table 1), while location G showed the lowest pH and EC values. The greatest mean
concentration of available phosphorus was also at sampling location H. The organic matter (OM)
concentration was significantly (p<0.05) smaller in paddy soils at location G compared to other sampling
locations.
Arsenic and Cadmium in soils
There was a significant difference (H=94.13, df = 3, p<0.001) in Cd
concentration between sampling locations in the dry zone Sri Lanka
(Figure 2). The greatest mean Cd concentration was at sampling
location G, the moderately CKD affected area, and this was
significant (p<0.05). The lowest mean Cd concentration was
recorded at location P, one of the highest CKD affected areas and
H, the control area.
Arsenic concentrations between sampling locations were
significantly different (H=33.03, df = 3, p<0.001). In contrast to Cd,
the average As concentration at H (control) was significantly greater
(p <0.05) than that at M, P and G, the CKD affected areas (Figure
2). However, As (0.00-3.50 mg kg-1) and Cd (0.00-7.32 mg kg-1)
concentrations detected in all samples collected in dry zone paddy
soils are less than sensitive land use health investigation levels
(HIL) in Australia (As-100mg kg-1 and Cd-20mg kg-1) (NEPC, 2011).
The As/Cd concentrations of rice samples were all ≤ 0.1mg kg-1
below than guideline values for Cd Figure 3. The soil sampling locations in the Dry
in rice set by FSANZ (2008).
zone of Sri Lanka

1)

(0.1 mg kg-1) and As (1mg kg-

Discussion
The data demonstrated that As and Cd in the paddy soils sampled in CKD affected areas in dry zone Sri
Lanka were not elevated above accepted guidelines. Interestingly, the control (H) indicated the greatest
As concentration (3.5 mg kg-1), but this is within the range of values for uncontaminated soils (0.1 and 55
mg kg-1) (Alloway, 2013). The dry zone soil Cd values ranged between less than detection limit to 7.32 mg
kg-1 and this exceeds the background range of 0.01 mg kg-1 to 2.7 mg kg-1 reported by (Kabata-Pendias,
2010). The greatest value (7.32 mg kg-1) was recorded at location G an area with moderate CKD
incidence. According to Alloway (2013), soil Cd concentration can be increased by about 0.1- 0.3 mg kg1 through the addition of P-fertilizers and atmospheric deposition. The rice farming in dry zone depends
greatly upon agrochemicals and Cd and As are known to be elevated in some products (Dissanayake
and Chandrajith, 2009). These are therefore a potential source of the elevated Cd detected in G soils.
Further, there was no evidence of Cd and As in rice, suggesting that in these areas of Sri Lanka other
factors are contributing to CKD incidence rather than intake through local rice products.
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Table 1. Soil parameters across different soil sampling locations in chronic kidney disease (CKD) affected areas in Dry Zone Sri
Lanka. (M- Medawachchiya; P-Padaviya; G- Giradurukotte; H- Hambantota). Numerical values are arithmetic means ±
standard error.
Soil Parameters
Sampling Locations
P
M
G
H (Control)
PH(1:5Soil:0.01M CaCl2)
5.61±0.06 (b)
6.04±0.14 (c)
5.15±0.09 (a)
7.03±0.06 (d)
EC (µscm-1)
88.01±6.89 (b)
116.45±10.27 (c)
51.41±4.03 (a)
149.36±8.69 (d)
Total N (%)
0.13±0.01 (b)
0.15±0.01 (b)
0.09±0.01 (a)
0.14±0.01 (b)
OM %
2.70±0.11 (b)
3.10±0.25 (b)
1.85±0.14 (a)
2.72±0.12 (b)
Ava. P (mg kg-1)
20.66±1.74 (a)
23.18±3.39 (a)
24.84±3.31 (a)
67.21±8.14 (b)
Soil Texture
Fine sand
Sandy clay loam
Sandy loam
Sandy clay loam
*Means followed by different letters indicate significant difference within a row

(a)

(b)

Figure 2: Mean (± standard error) (a) Cd concentrations and (b) As concentrations in soils across sampling locations in chronic
kidney disease (CKD) affected areas in Dry Zone Sri Lanka. (M- Medawachchiya; P- Padaviya; G- Giradurukotte; HHambantota). Means followed by different letters indicate significant difference within a graph.

Conclusions
Intensive use of agrochemicals and resulting elevated As and Cd in soils and produce has been
described as one factor contributing to high CKD incidence in Sri Lanka. This study indicated that some
of the paddy soils sampled in CKD affected areas in Sri Lanka were indeed slightly contaminated with Cd
but this was not the case for As. This represents the first systematic survey in some of the affected areas
but to fully evaluate the actual risk presented by any As and Cd in the affected environments additional
targeted seasonal soil and water sampling are required together with bulk soil sampling to examine the
sorption behaviour and mobility of As and Cd in dry zone soils, Sri Lanka.
Keywords: arsenic, cadmium, soils, rice, Sri Lanka, chronic kidney disease.
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Introduction
Petroleum contamination has been known as global issues. Traditionally, the determination of the
contamination is through laboratory processes using a gas chromatography coupled with a flame
ionization detector. This conventional laboratory process is not only laborious but also timeconsuming. Recently, infrared spectroscopy has been pursued as a viable alternative to the
conventional method. Sample scanning with the spectroscopy takes several seconds, requires no
chemicals, and provides the possibility of determining various properties simultaneously.
Infrared spectroscopy utilized the various length of electromagnetic energies. The most commonly
used electromagnetic ranges are the visible, near-infrared and mid-infrared. Mid-infrared (MIR)
spectroscopy provides the fundamental peaks for organic bonds, while visible-near-infrared (vis-NIR)
spectroscopy provides overtones and broad spectra found in the mid-infrared region. However, the
MIR is affected by particle size and surface area; while the NIR is a more robust field instrument.
This study aims to determine the potential combination of MIR and vis-NIR in providing a more robust
method to determine petroleum contamination in the field. Various method of combining the two
spectra will be evaluated, such as low-level, mid-level as well as high-level data fusion. Low-level data
fusion simply refers to spectra concatenation. Mid-level data fusion involves feature extraction from
each spectrum which was then used to create the regression. In high-level data fusion, the regression
is determined from each spectrum, and the final model is created by combining the two models from
each spectra. The use of neural network regression will also be evaluated and compared against the
various level data fusion.
Methodology
The conjunction uses of spectroscopy with chemometrics have resulted in successful determination of
various soil physical and chemical properties, such as sand content, clay content, pH, total carbon,
etc. The mid-infrared (MIR) spectra were obtained from the RemScan (Ziltek Pty Ltd., Adelaide,
Australia) which collected reflectance between 6000 cm-1 and 650 cm-1 with ~2cm-1 sampling interval.
The visible near infrared (vis-NIR) spectra were obtained from AgriSpec (Analytical Spectral Devices,
Boulder, CO, United States) with 1 nm sampling interval.
Results and discussion
From preliminary results, the spectra data has been proven to be able to quantify petroleum
contamination in the soil using the absorbance between 2990 – 2810 cm−1 in the MIR region, and
between 2300 - 2340 nm in the NIR region. The use of PLSR model for MIR spectra shows a good
prediction for TRH prediction (R2 = 0.75), while the performance of the PLSR model with NIR spectra
showed lower accuracy (R2 = 0.58). Nonetheless, the presence of moisture in the soil could worsen
the prediction accuracy in the MIR region.
Due to a limited number of petroleum contaminated samples, the theory will first be tested on
determining various soil properties prediction (sand, clay, pH, CEC and carbon content) using the
combination of these spectra ranges and the theory will be applied to the petroleum contaminated soil
samples.
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Soil biology and contaminant levels in Northern Tasmanian Soils
Declan McDonald,
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Introduction
The Tasmanian Soil Condition Evaluation and Monitoring (SCEAM) project commenced in 2004
establishing 300 long-term soil monitoring sites across the state. Re-sampling was recommended every
five years. Soils were sampled for key chemical and physical properties including pH, EC, organic
carbon, phosphorus, exchangeable sodium, bulk density and water stable aggregates. Soil biological
and contaminant measures were opportunistically included in 2009 but results have not been
communicated to date.
Methodology
Seventy three SCEAM sites in the northern Cradle Coast region comprising the majority of soil orders
and principal land uses were sampled. Soil biological testing included active and total bacteria, and
active and total fungi. Soil contamination assessed nine heavy metals and thirteen commonly used
pesticides.
Results and discussion
Microbial analysis showed that forestry sites were mainly fungal-dominated while the majority of
perennial horiculture, cropping and pasture sites were bacterial-dominated. With the exception of
cadmium, heavy metals were detected across the range of soil types and land uses. Ferrosols recorded
the highest median value for arsenic, chromium, copper, manganese, nickel and zinc. Dermosols had
the highest median value of cobalt, and podosols recorded the highest median value for lead. Median
values of heavy metals were below the contaminant levels for agriculture as per the Tasmanian
government’s Approved Management Method for Biosolid Reuse.
The pesticides boscalid, chlorothalonil, MCPA, metsulfuron-methyl and simazine were detected at
thirteen sites. Ferrosols under intensive cropping had the highest frequency of detected pesticides, and
one ferrosol under native forestry recorded a pesticide. Two dermosols under perennial horticulture
detected pesticides. No relationship was found between levels of pesticide residue and total fungal and
bacterial biomass.
Conclusions
This work provided an important benchmark of microbial biomass, heavy metals and a measure of
contamination from agricultural chemicals in soils of northern Tasmania.
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The soil is the surface on which we walk, on which we grow our food, fibre, and timber, create our
environments, and build our places for recreation, industry, housing, transport and commerce. Urban
soil science covers all fields of traditional soil science, but it also deals with a larger number of soil
uses and characteristics than occur in rural areas. Our focus in this session is the management of soil
degradation due to the various impositions from an urban, industrialised society.
Soil management in cities is almost exclusively in the privilege of civil engineering (Levin et al., 2017,
Chapter 1.1, p 4), and soils mostly remain a marginal component when it comes to urban planning
and urban management. This is largely due to Soil Science itself, as it had long ignored urban areas.
Soils of urban areas were not considered as “real” soils until the pioneering works 40 years ago (e.g.
Blume & Runge, 1978).
Contributions from soil science to the management of the urban soil is now in the third decade of
development and is an important environmental discipline. Under the title “Managing soil degradation
due to Urbanisation, Industry, Transport, Mining and Military Activity our conference session presents
the emerging theme of the SUITMA.
SUITMA is a group of soils that has changed physical, chemical and biological values SUITMA have
moved from the traditional values (IUSS, 2006) of the agricultural conditions to the environmental and
management aspects of soil research in highly anthropogenic environments (Morel, et al., (2017, p.
1).
The SUITMA was adopted to encompass all soils under the strong human influence, and to
emphasise that the so-called “urban soils” are found in a large variety of strongly anthropised areas.
SUITMAs have common features: They frequently contain significant concentrations of organic and
inorganic contaminants, e.g. (hydrocarbons and metals) therefore investigations of urban soils are
often focussed on acute pollution and risk to human and environmental health. The SUITMAs often
contain a high proportion of coarse material (Burghardt et al., 2015), mostly of technic origin, urban
waste (e.g. ash, bricks, coal, concrete, garbage, glass, gravel, oxides, plaster, plastic, rubble, sand,
wood) and industrial waste (e.g. asphalt, ballast, dredged sediments, excavated bedrock, mine spoil,
slag). SUITMAs are now recognised in soil classifications or reference bases, e.g. Technosols and
Anthrosols of the WRB (2006), and many may belong to the Regosol group as young soils, with
qualifiers such as ekranic, linic (Charzynski et al., 2013) and recently proposed dialeimmic (Burghardt
and von Bertrab, 2016).
In urbanised areas soils are distinct from others by 1) transformation through mixing, compaction,
levelling, sealing, excavation and (ii) exportation and input of soil and exogenous material (i.e.
technogenic) wastes (organic, inert, toxic) and dredged materials (De Kimpe and Morel, 2000). They
are deeply transformed soils under strong anthropogenic influence. In this context -, some soils are
designed to fulfil specific functions and provide a range of ecosystem services, e.g. (transportation,
water management, waste processing from stormwater and green infrastructures).
All papers in this session have one or more of the attributes that represent the impact of our urban
lifestyles on the soil. The first paper in this session is by Oliver et al. They identified in tropical soils
that the chemical contaminant polyfluroakyl substances can be managed through functional
chemistry, the role of surface charge and the effect of pH adjustment of the interaction with soil
absorption of the polyfluroakyl substances. This paper is a great example of how we as soil scientists
can find a predictable method for achieving land rehabilitation. In an entirely different environment,
the solution to managing erosion on total soil form lies in the use of landform evolution models
(Hancock et al.). These authors demonstrate the modelling that will provide essential, immediate
information on the likely erosional stability of the reconstructed landscape – that is; how and when
erosion will occur using a state of the art dynamic modelling method. Importantly, their model leads to
solutions to landform stabilisation issues.
SUITMAs are also young soils, and often polycyclic with evolution remarkably fast as observed in
former battlefields (e.g. Verdum) and slag fields (Burghardt et al., 2000), in constructed soils (Sẻrẻ et
al., 2010) and mine spoil heaps. Similar to the natural soils, SUITMAs undergo a pedogenic evolution
that is closely dependent on parent material and environmental conditions (e.g. local climate). Milner
et al. demonstrates a 30-year-old evolving pedogenesis on the volcanic breccia from a remnant
quarry landscape of mullock heaps. The soil pedogenesis is defined by the physical (e.g. texture
gradation with depth), the chemical (e.g. organic matter and nutrients accumulation near the surface)
with the exchangeable Ca accumulation, and Fe and Al accumulation in deeper soils; and the
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biological (e.g. bioaccumulation) processes at the soil surface. Milner et al. identify that these
accumulations are evident in a quarry overburden that now has a soil functioning as a growth media
for the critically endangered Sydney Blue Gum High Forest Ecological Community.
A key component of this session is that the authors identify the need to describe the evolving
pedogenic changes over time as a quantitative tool in the soil management process. They have also
engaged with the question of when will the soil classification change based on change in pedogenic
characteristics? In Milner et al, the SUITMA soil is initially classified by source and process with the
classification of Spolic Anthroposol. The Spolic class is used to describe “soil forming or formed on
mineral materials moved by earth moving equipment for mining”. The Anthroposol class represents
“soils resulting from human activities which have led to a profound modification, truncation or burial of
the original soil horizons or the creation of new soil parent materials by a variety of mechanical
means”. For a SUITMA the soil classification represents a valuable management tool. The critical
consequence is an increased impact of Soil Science in the decision-making process for the
sustainable management of the urban environment.
The diversity in the management options for a SUITMA as a soil group and landform as a whole, is
demonstrated by Butler et al. Their study presents a dune landform following silica sand mining. They
identify the quantification of rehabilitation as a total landform entity. Their methodology modelled three
landform elements, the slope aspect, slope angle, and relief. They compared mined and rehabilitated
areas regarding landform element richness at different scales and then matched these with vegetation
community distribution to quantify landscape change.
The heterogeneity of the SUITMA is still not comprehensively described. The SUITMA is soil in a
range described across a continuum from pseudo-natural soil to the techno soils, representing the
range of soil of the urban forest or urban agriculture, to the engineered, dumped and sealed soils of
various compositional components. Technogenic materials often contain carbonates (concrete,
mortar, lime) and in many cases, they have properties of calcareous soils, with high pH. (Hiller, 2000).
Moreover, SUITMAS with a high percentage of sand and gravel can have high infiltration rates.
Conversely, compaction is also very common, leading to reduced infiltration in the topsoil and subsoil
(Burghardt, 1996). The compaction can also inhibit root development and distribution. Thus, the
potential impacts of varied mineral, contaminant, textural properties (Hiller, 2000) need to be well
understood in relation to the soil’s saturated hydraulic conductivity. The papers on clay mineralogy
(Zhu et al.) and the concentration of alkali metals magnesium (Ali et al.) showing the influence on soil
hydraulic conductivity are relevant for the management and study of urban soil.
Our objective in the broader discussion is to interpret the scope and breadth of issues relevant to this
topic. We have highlighted that the shift in focus in soil science from agriculture, to a more general
environment aspect, is simplified within the term SUITMAs. One decade ago in 2006, the IUSS
Deputy Secretary-General Alfred Hartemink reflected on the role and future of soil science in a rapidly
changing world (IUSS, 2006). He identified that in the previous twenty years there were suggestions
for a new type of soil scientist (Warkentin, 1999), a new type of soil science that is more holistic
(Bridges and Catizzone, 1996), part of a network society (Bouma, 2001), geared towards a soil care
approach (Yaalon, 1996), or in a closer relation with society (McCracken, 1987; Simonson, 1991;
Yaalon and Arnald, 2001). These management philosophies remain fundamentally relevant to the
study of and applications to, solving the conundrum that is urban soils.
The urban soils are a practical tradable commodity of commercial value that serves primarily as cover
for land intended for development (Blume and Schleuß, 1997). The terms environment, sustainability
and the circular economy are now well embedded within the lingua franca of the urbanised economies
and within the global discourse. This creates an emerging responsibility and a huge challenge for Soil
Science.
In many Australian municipalities, over twenty percent or one-fifth of the municipal waste landfill is
soil. Similarly, the same proportion of a landfill volume is food. Therefore, some forty percent of
municipal waste to landfill is either soil or a product of the soil. Our most important global fabric and
the essential commodity of any urbanised economy is a waste, a waste without a place. Dialogue is
necessary between urban managers and soil scientists to continue to identify the value of urban soils.
The starting point is the two major issues, the functions of SUITMAs (Nehls and Wessolek, 2011) and
the ecosystem services they provide (Morel et al., 2014).
This session is a primer. By no means does this session represent an entire context that is this critical
area of soil and research management. Traditionally focus is on different aspects of environmental
assessment, monitoring and management of urban and technogenic soils. Australia may host the
tenth SUITMA congress in 2021. This is an opportunity to demonstrate that the global outreach, of
SUITMA, a formerly European initiative, is emerging as a significant stream for Australian soil science
research. For further reading, the SUITMAs (the Soils of Urban, Industrial, Traffic, Mining and Military
Areas) are strongly represented topics within the IUSS publication “Soils Within Cities” (Levin et al.,
2017).
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Introduction
Per- and polyfluoroalkyl substances (PFASs) were first developed in the late 1940s and found
widespread applications in industry due to their unique chemistry of surfactant-like properties.
However, concerns about these chemicals have been growing due to their long-term persistence in
the environment, potential for bioaccumulation and toxicity to human and ecological health. These
concerns led the 3M Company in 2000 to start phasing out production of perfluorooctane sulfonic acid
(PFOS), perfluorooctanoic acid (PFOA) and related compounds (Krafft and Riess, 2015).
A major factor controlling the fate and behaviour of chemicals in the environment is their phase
partitioning between water and solid phases such as sorption to soils and sediments. Traditionally,
organic matter in soils and sediments has been considered as the principal sorbent phase for nonionic organic contaminants. However, PFASs are characterized by a partial or fully fluorinated alkyl
chain and a terminal functional group, which is negatively charged under environmental pH
conditions. Consequently, the soil phases involved with sorption would be considered to extend
beyond organic carbon (OC) alone and include any charged surfaces on mineral and organic phases
in soils. This study investigated the effect of changing pH and surface charge on sorption behavior of
three PFASs (PFOS, PFOA and perfluorohexane sulfonic acid (PFHxS)) in tropical soils.
Methodology
Determination of sorption coefficients
Soils (10-25 cm) were collected from Queensland, air-dried and sieved <2 mm. Sorption coefficients
were determined using a modified version of the OECD 106 standard protocol for the adsorption –
desorption of chemicals using a batch equilibrium method (OECD/OCDE, 2000). Briefly, all soils (1.5
g) were weighed into polypropylene (PP) tubes and pre-equilibrated for with 7 mL of 0.5 mM CaCl2
(Higgins and Luthy, 2006). Over a week pH was adjusted with 1 N HCl or 1 N NaOH until the desired
pH was achieved. Then 0.5 mL of a spiking solution (2% methanol) of a mixture of PFOS, PFOA and
PFHxS was added to give a final volume of 7.5 mL (soil:solution ratio of 1:5) with 0.03% methanol
content. The sorption solution was shaken for 24 h, centrifuged at 2012 x g for 30 min and an aliquot
(125 µL) was withdrawn and added to a PP insert in a liquid chromatography (LC) vial. Methanol
(125 µL) was then added to the insert and the sample analysed by high performance LC coupled with
tandem mass spectrometry (LC-MS-MS). In each batch, the spiking concentration was measured as
a spiked sample with no soil and this concentration was used in the determination of the sorption
coefficient. Blanks (0.5 mM CaCl2 only with no soil and no spike) were also run with every batch.
Five replicates were run for all samples. After centrifuging a separate aliquot was taken for
measuring electrical conductivity and pH.
Determination of surface charge on soils after pH adjustment
The method for determining total surface charge after pH adjustment was taken from Gillman (1984).
Initially the 7 selected soils (2 g) were weighed in duplicate, 20 mL 0.1 M CaCl2 added and shaken on
end-over-end shaker for 2 h. Samples were then centrifuged at 2739 x g for 15 mins and the
supernatant was discarded. An aliquot (20 mL) of 0.002 M CaCl2 was then added, samples were
shaken for 30 min on end-over-end shaker, centrifuged and the supernatant was discarded. This was
repeated 3 times but on the third washing adjustment of pH commenced using 1 N HCl or 1 N NaOH.
The adjustment of pH continued over a week with samples being returned to the end-over-end shaker
after addition of alkali or acid. After approximately one week the required pH stability was achieved.
The sample was then centrifuged at 2739 x g for 15 mins and the supernatant was analysed for
cations and chloride (Cl-). The samples were then weighed to determine the residual 0.002 M CaCl2
remaining in the sample and then 20 mL 1 M NH4NO3 was added. The samples were shaken for 2 h,
centrifuged and the supernatant was analysed for cations and Cl-.
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Results and Discussion
The total charge on all soils became less negative with decreasing pH (Figs. 1a and 1b). Electrostatic
interaction is one of the major sorption mechanisms for PFASs and at environmental pH values these
chemicals usually exist as anionic species due to their low pKa values (Burns et al., 2008).
Electrostatic interaction can occur between the negatively charged functional head of the PFAS
molecule and the positively charged surfaces of the adsorbents. Some studies have observed
increased sorption of PFASs at lower pH values (Higgins and Luthy, 2006), while other studies have
found only weak or no relationship between sorption and pH. A recent review and meta-analysis of all
literature Kd data and pH found there was no significant relationship for Kd values and pH for PFOS
(pH range 2.5 to 8.5, R2 = 0.06) or PFOA (pH range 4.5 to 10.0, R2 = 0.07) (Li et al., 2018).
In this study three general responses of sorption behaviour of the 3 PFASs with decreasing pH was
observed: no change in sorption until a specific pH was reached (example shown for Soil A in Fig 1a);
or significant increased sorption with decreasing pH (example shown for Soil B in Fig. 1b); or
negligible change in sorption with decreasing pH. Two of the soils that showed the highest sorption
had the highest OC contents and two of the soils with the lowest sorption had the lowest OC content.
Conclusions
This is the first study in the published literature that has determined the effect of surface charge of
tropical soils on sorption behaviour of PFASs. While total negative charge for all soils decreased
linearly with decreasing pH the sorption of the three PFASs assessed did not increase linearly for all
soils. This study has shown that sorption of PFASs involves a range of soil properties and the
importance of these properties varies between soils and the pH of the soil. This study has shown that
in order to fully quantify the sorption behavior of PFASs an understanding of the role of pH and soil
mineralogy, including form and content of sesquioxides in soils, is needed. Sorption of PFASs in soils
is complex and a number of properties including OC, total surface charge, pH and nature of cations in
soil solution contribute to the sorption.

Figure 1: Relationship between PFOS sorption coefficient and pH for a) soil A (R2= 0.93) and b) soil B (R2= 0.77) and total
charge with pH changes for a) soil A (R2=0.92) and b) soil B (R2=0.96).

Keywords: sorption coefficient, organic carbon, pH, surface charge, transport
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Introduction
Mining provides essential resources for the global economy as well as considerable employment and
economic benefits for the community. Mining is necessary for the modern economy. However, in
recent decades the scale and environmental impact of mining has grown in line with the global
demand for resources (Hancock and Willgoose, 2018). This requires ever increasing areas of land to
be disturbed. In particular, open-cast mining removes topsoil, disrupts aquifers and removes
uneconomic material to depths of many hundreds of metres. Post-mining, this highly disturbed
landscape system requires rehabilitation. The first and most important component of this process is to
construct an erosionally stable landform which then can ecologically integrate with the surrounding
undisturbed landscape. The scale and importance of this process cannot be overstated as without
planned rehabilitation it is likely that a degraded and highly erosional landscape system with result.
Post-mining landscapes are required to geomorphologically and ecologically integrate with their
surrounds. Geomorphic solutions are becoming a global requirement and critical in mining. Designing
and constructing an erosionally stable landform is the first and arguably most important part of the
rehabilitation process. Without an erosionally stable landform topsoil and nutrients are lost and
shallow groundwater is depleted. Further, when excessive erosion occurs suboptimal materials can
be exposed. This new branch of knowledge and practice (including principles, design, software
development, modelling, construction and monitoring) is developing alternative approaches to
traditional engineered landforms in land rehabilitation.
Methodology
Here we discuss computer based landform evolution models which provide essential information on
the likely erosional stability of the reconstructed landscape (Tucker and Hancock, 2010; Coulthard et
al., 2013; Hancock and Willgoose, 2018). The advantage of the approach is that a design can be
developed and immediately tested. The landscape evolution modelling can identify areas of low
erosional stability which can be immediately improved. The result being a succession of iterative
designs iteratively producing low erosion rates and a management of the erosion process – that is
how and where it occurs. The joint use of the geomorphic design software with landscape evolution
modelling showed complementary capabilities for best landform design in mine rehabilitation.
These models use a digital elevation model to represent the landscape and then dynamically adjusts
the surface in response to erosion and deposition (Figure 1). They provide information on soil erosion
rates at the storm event time scale through to annual time scales. The models can also be run to
assess landscape evolution at millennial time scales. They also provide information on the type of
erosion (i.e. rilling, gullying) and likely gully depths (and if they will occur). Importantly, the latest
models have vegetation, armouring and pedogenesis submodels incorporated into their formulation.
This allows both the surface and subsurface landscape evolution to be assessed. These models
have been widely used and have huge benefits for the assessment of reconstructed landscapes as
well as other disturbed landscape systems. Here we outline the state of the art.
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Figure 1. Propose rehabilitation design for the ERA Ranger mine in the Northern Territory (top) and the landscape after 1000
years of erosion (bottom). Dimensions are metres and the grid size is 10m.

Keywords: Landscape Evolution Model, mine rehabilitation, soil erosion, digital elevation model,
sediment transport.
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Introduction
A volcanic diatreme located within Old Man’s Valley, Hornsby was the second largest in the Sydney
area before being mined out, with quarrying ceasing in the early 2010s. Weathered volcanic breccia
associated with the diatreme was discarded in overburden heaps over land adjoining the quarry in the
1990s; these overburden heaps have since been colonized largely with Privet (Ligustrum vulgare) and
Sydney Blue Gum (Eucalyptus saligna). Previously, the vegetation of breccia-capped parts of the
area was dominated by the Sydney Blue Gum community, which thrives on the highly fertile soils
associated with residual breccia.
Since the emplacement of the weathered breccia in the 1990s, the material has undergone little
further anthropic disturbance, with narrow, winding mountain bike tracks representing the only
landuse. This presents an opportunity to observe the extent and rapidity of pedogenesis in a Spolic
Anthroposol in a humid, sub-tropical climatic regime. In this paper, we describe the morphological,
chemical and geochemical attributes of the soil profiles developing on the breccia overburden.
Methods
At multiple locations in the land adjoining the Hornsby Quarry to the northeast, shallow soil pit faces to
a depth of between 0.3 and 1.0 m were excavated. Detailed morphological descriptions were carried
out of these profiles, identifying the main horizons present and estimating various elemental
concentrations at 10 cm depth increments using a portable X-ray fluorescence (pXRF) spectroscopic
device. Each of the horizons was sampled for soil chemical characterization in the laboratory, with pH,
cation exchange concentration, organic matter and total acid digestible calcium (Ca) and phosphorus
(P) estimated. For the sake of comparison, we also characterized the elemental concentrations of
nearby soil weathering from the sandstone that surrounds the diatreme.
Results and Discussion
The 30-year-old Spolic Anthroposol profiles show some profile differentiation, with a weakly to
moderately developed B horizon forming underneath an A horizon characterized by strong organic
matter accumulation in the surface 100 mm. Physically, most horizons exhibit a sandy clay loam
texture grade with a fine crumb structure becoming weaker with depth. Colour ranges from very dark
grayish brown (10YR 3/2) in the surface to dark brown (7.5YR 3/3) at 100-200 mm depth to dark
yellowish brown (10YR 4/4) below 200 mm.
Chemical analysis shows that differentiation is more advanced than soil profile development and
strong bioaccumulation of nutrients was demonstrated. Organic matter varies from 6 to 9 % w/w in the
surface 100 mm compared to <1% w/w below 250 mm. Exchangeable Ca has accumulated from a
background of around 1000 mg/kg in the weathered breccia to between 2,200 and 4,000 mg/kg in the
surface 100 mm. Total Ca has accumulated from just over 0.1% w/w in the breccia to over 0.6% w/w
in the surface 100 mm. In contrast, the elemental data measured by pXRF indicates incipient
argilluviation, with Fe and Al concentrations increasing with soil depth.
In these soil profiles, A, B and C horizons can be described morphologically and recognized but the
distribution of important plant nutrients by bioaccumulation processes more clearly identifies the
degree to which pedogenesis has occurred.
Table 3. Chemical properties of 30-year breccia profile.
SSample Name
pH in CaCl2
Mg % CEC
H % CEC
eCEC meq/100g
PO4 mg/kg
K mg/kg
Ca mg/kg
Mg mg/kg
Organic Matter %

Conclusions

BH16 0 -100mm
6.21
42.2
0
37.5
27.8
508
4070
1925
9.2

BH14 0-75mm
5.6
50.7
0
25.5
9.23
410
2250
1572
5.8

BH14 75-250mm
5.3
44.3
22.6
20.2
5
245
1170
1087
1.2

BH14 250+mm
5.46
59.4
2.1
14.5
0
150
999
1046
0
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Soil profile development, as evidenced by prominent A horizons and weakly to moderately developed
B horizons, can occur relatively rapidly in undisturbed environments through bioaccumulation of
organic matter and nutrients. This has been demonstrated in a 30-year-old Spolic Anthroposol profile
at Hornsby Quarry in northern Sydney, which is now providing an ideal growth medium for the
endangered Eucalyptus saligna. Although soil classification is not the focus of this study, our results
beg the question ‘When does an Anthroposol undergoing pedogenesis become another soil type?’
Keywords: breccia, diatreme, bioaccumulation, krasnozem, Anthroposol, Kandosol
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Introduction
The presentation describes work conducted at Cape Flattery Silica Mine (CFSM) in north
Queensland. It lies within a coastal dunefield containing an unusually diverse range of constructional
and erosional landforms. The mosaic of landforms types (19) and vegetation mapping units (27) is an
intrinsic dunefield characteristic.
The rehabilitation strategy developed in the 1980s and 1990s recognised the natural heritage
significance of the dunefield through the commitments made in the statutory Environmental
Management Overview Strategy (EMOS). This was prepared through a consultative process involving
the mining company, Traditional Owners, government agencies and conservation groups. The
consultative approach was, and remains, a rarity because it involved a wide range of stakeholders in
the negotiation of rehabilitation performance targets.
A change to the administering authority and governing legislation in the 2000s saw a transition to an
Environmental Authority (EA) with statutory conditions. The EA did not specify rehabilitated landform
criteria, and it included poorly defined or unachievable soil and ecological rehabilitation performance
targets. The uncertainty created has prevented the validation of rehabilitation progress to date. To
resolve this, the EA holder commissioned a review of rehabilitation objectives and completion criteria.
The post-mine replication of pre-existing landforms through rehabilitation is not proposed.
Nevertheless, important rehabilitation objectives include the re-creation of assemblages of landform
elements (unique combinations of slope, elevation and aspect) that are characteristic of the unmined
landscape and the generation of landform element richness at different spatial scales.
Methods
Lidar data was available for an area that includes all currently active CFSM leases and a good
proportion of the surrounding dunefield. Using 0.5 m contour data, a Digital Elevation Model (DEM)
was created using a triangulation method with a 2 m cell size. Slope aspect, slope angle and relief
grids were generated, with class divisions that chosen to reflect key characteristics of the dunes at
Cape Flattery. The main axis of the dunes is consistent with the south-easterly prevailing wind and is
130-135o. Slope aspect classes were selected to allow north-east and south-west facing slopes,
which dominate dunefield landforms, to be shown. Slope angle and relief classes were selected to
differentiate the characteristics of the main landforms in the dunefield. The leeward slopes of the
dunes are steep-sided (generally 30-35o), inter-dune sand plains are generally featureless with slopes
<10% and windward faces generally fall between these classes. The relief of small coastal dunes
ranges from 10-25 m, large elongate dunes up to 50 m and sand ridges from 10-35 m. Inter-dune
sand plains and other low elevation features are variable, but many areas are <5 m.
The combined slope aspect, slope angle and relief grids created 48 landform elements as shown in
Table 1. Each landform element was given a unique code. For example landform element 331 = 10–
35 m relief, >30° slope and south-easterly aspect.
Table 1: Landform characteristic classes used to generate landform elements
Relief
<5 m
5 m – 10 m
10 m – 35 m
>35 m

Code identifier
100
200
300
400

Slope angle
<10°
10° – 30°
>30°

Code identifier
10
20
30

Slope aspect
87.5° - 177.5°
177.5° – 267.5°
267.5° – 357.5°
357.5° – 87.5°

Code identifier
1
2
3
4

Figure 1 shows the distribution of landform elements across the dunefield within the boundaries of the
DEM. The data was used to compare mined and rehabilitated areas with unmined areas in terms of
landform element richness at different scales, the relative distribution of land between the different
landform elements, and the dominance of landform elements with aspects characteristic of the
unmined dunefield.
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Figure 1: The distribution of landform elements across the Cape Flattery dunefield.

Results and Discussion
To assess whether sufficient landform element richness (the number of different elements occurring in
a given area) had been created in each rehabilitation area (representing an area treated in a single
campaign), data was compared with that from unmined areas at a similar scale. A 200 m x 200 m grid
was overlaid on the unmined area within the DEM and the number of landform elements within each 4
ha cell was counted to measure the range of landform element richness across the dunefield.
The distribution of landform elements (principally the land area occupied by each landform element)
was measured within unmined areas of each of the 19 landform types previously mapped and within
each rehabilitation domain (representing a group of rehabilitation campaign areas from the same
locality). The analysis demonstrated that although landforms are complex at CFSM, some landform
elements are well represented across all landform types. The landform element distribution data for
each landform type and rehabilitated domain was analysed to determine the most appropriate
measures of commonality that could be used to derive effective completion criteria.
The assessment of landform element richness and distribution provided a valuable tool for comparing
rehabilitated and unmined landforms, and this allowed the development of meaningful rehabilitation
objectives and completion criteria consistent with EMOS commitments to retain the essential
character of the dunefield post-mining.
In most areas, landform rehabilitation objectives and completion criteria have been met and these
areas can be regarded as successfully rehabilitated for this attribute. In some areas, particularly
where land is awaiting final rehabilitation, not all landform completion criteria have been met. The
approach for assessing rehabilitation performance described here will be used to determine which
landform elements are under-represented and need to be included in future rehabilitation works.
The landform element distribution data will also greatly assist the assessment of progress in meeting
ecological objectives and completion criteria. The complexity/heterogeneity in landform patterns at
CFSM is reflected in similar complexity/heterogeneity in vegetation community distribution. This
complexity has confounded previous attempts to characterise “reference” vegetation communities for
assessing rehabilitation performance. To ensure that the post-mine ecological targets are legitimate
and appropriate, the landform element distribution data will be used to select reference areas in
unmined landforms that have a similar distribution of landform elements to the rehabilitated areas
being assessed.
Keywords: mining, rehabilitation, completion criteria, landforms
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Introduction
Wastewater containing an appreciable amount of magnesium is increasingly used in farming due to
the scarcity of good quality irrigation water. However, to date, there are limited studies on the effect of
magnesium (Mg2+) on soil permeability and structural stability, relative to calcium (Ca2+) and sodium
(Na+) effects. The information that does exist suggests Mg has conflicting positive and negative
effects.
Methodology
Soil parameters
In this study, three Australian soils (sieved to <2 mm) of different dominant clay mineralogy,
specifically kaolinite, illite and montmorillonite, were used to investigate the specific effect of Mg on
soil structural stability. Some original properties of the soils are presented in Table 1.
Table 1: Selected soil physical and chemical properties and locations
Soil
units
pH
EC
S/m
CECeff
mol/kg
ESP
EDP
Dominant clay mineral
Clay content
Location

1
6.3
0.05
3.56
3.16
10.13
Kaolinite
15
Gore, QLD

2
6.7
0.15
8.10
1.44
6.46
Illite
29
Adelaide, SA

3
7.3
0.18
45.08
2.68
5.21
Montmorillonite
56
Dalby, QLD

Hydraulic conductivity
Soil columns were prepared by packing 85 g of soil into PVC cylinder (10 cm length and 4.25 cm
diameter). To investigate the effect of Mg on hydraulic conductivity as compared to Ca, four groups of
solutions were prepared, labelled as G1, G2, G3 and G4. The ionic composition and concentration of
treated solutions are presented in Table 2. The columns were soaked in the baseline solutions
overnight, i.e. G1&G2, 0.5 M of CaCl2 and G3&G4, 0.5 M of MgCl2, and soil columns were leached
with approx. 25 pore volumes of baseline solutions. After saturation with baseline solution, the
columns were sequentially leached with 8-stepwise reduced concentration solutions including 0.25,
0.1, 0.05, 0.025, 0.01, 0.005, 0.001 and 0.0001 M. Finally, the columns were leached with 1 liter
deionized water. The saturated hydraulic conductivity (Ksat) of soils was determined after each
leaching solution. Twelve soil columns were prepared for each group, including three samples for Ksat
measurements and nine samples for exchangeable cation measurements after each leaching
solutions. The soils were collected and air-dried after each treatment. The exchangeable cations of
soil samples were analyzed using ICP-MS.
Table 2: The ionic composition and concentration of baseline treatment solutions and subsequent leaching solutions used to
treat three soils of different clay mineralogy
Group No.
G1
G4

Baseline treatment
0.5 M CaCl2
0.5 M MgCl2

G2
G3

0.5 M CaCl2
0.5 M MgCl2

0.25

Subsequent leaching solutions
CaCl2 concentrations in leaching solutions (M)
0.1
0.05
0.025
0.01
0.005
0.001

Final solution
0.0001

0.25

MgCl2 concentrations in leaching solutions (M)
0.1
0.05
0.025
0.01
0.005
0.001

0.0001

DI water

Results and discussion
The Ksat values of three soils after each treatment are shown in Fig. 1. Noticeably, after baseline
saturation, the Ksat values of all Mg treated soils were lower than that of Ca treated soils, regardless of
soil clay mineralogy. However, kaolinite soil had minimal difference between the Ksat values of Mg and
Ca baseline treatment than the other two soil clay minerals. This can be related to the low cation
exchange capacity (CEC) of kaolinite mineral and low clay content in the kaolinite soil.
For each soil, an initial increase of Ksat was observed when leached with successive solutions of
MgCl2 (G3) or CaCl2 (G1). This can be related to the decreasing viscosity of percolating solution
(Jarsjö et al. 1997; Artiola et al. 2004). Furthermore, the initial increase of Ksat can also be related to
the increased soil aggregation degree (particle size), due to stronger covalent bonding formed
between divalent cation Mg (or Ca), and clay particles by replacing exchangeable monovalent cations
Na and K (Marchuk and Rengasamy 2011). There were negligible amount of exchangeable Na and K
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left on the exchange sites after Mg and Ca treatments. The highest Ksat varied depending on soil
minerals and the type of exchangeable cations, i.e. 0.05 M for Mg- and Ca- kaolinite soil, 0.25 M for
Mg- and Ca- illite soil, 0.01 M for Mg- montmorillonite soil and 0.005 M for Ca- montmorillonite soil.
The highest Ksat of Mg- montmorillonite soil was of 3.33 cm/h, which was twice as the baseline Ksat
value of 1.64 cm/h. This could also be related to the layer structure and shrink-swelling capacity of
montmorillonite clay. In these three soils, illite soil started the decline at higher concentration than the
other two soils. Decline in Ksat was observed at low EC, suggesting that soil structure started to
deteriorate. In general, rapid decline was observed after leaching with 10-4 M solution and deionized
water.
(a) kaolinitic soil

(b) illtic soil

2.2
2.0
1.8
1.6

G1
G4
G2
G3

1.4
1.2

G1
G4
G2
G3

5.0
4.0

1.4
1.2
1.0
0.8
0.6

Ksat (cm/h)

1.0
Ksat (cm/h)

Ksat (cm/h)

(c) smectitic soil
6.0

1.6

G1
G4
G2
G3

0.8
0.6

3.0
2.0

0.4

0.4

1.0

0.2

0.2
0.0

0.0
10-1

10-2

10-3

Molar concentration mol/L

10-4

10-5

10-1

10-2

10-3

10-4

10-5

0.0

Molar concentration mol/L

10-1

10-2

10-3

10-4

10-5

Molar concentration mol/L

Treatment combinations G1: Ca-Ca G2: Ca-Mg G3 Mg-Mg G4: Mg-Ca
Figure 1: The differences in saturated hydraulic conductivity Ksat (cm/h) in three soils following the sequential leaching with the
Mg and Ca solutions as described in the methods section and in Table 2. (a) Kaolinite soil. (b) Illite soil (c) Montmorillonite soil.

For G2 (Ca-Mg), an abrupt reduction in Ksat was observed in each soil as compared to G1 (Ca-Ca).
To the contrary, in G4 (Mg-Ca), an obvious increase of Ksat was found than G3 (Mg-Mg) treatment.
The results demonstrated that Mg had a specific effect on soil structural stability by reducing hydraulic
conductivity as compared to Ca. This specific effect of Mg can be attributed to the specific degree of
ionic bonding between clay and Mg cation. As compared to Ca; despite similar charge, the two
cations have different ionic potential (Huheey et al. 1993) and Misono’s softness parameter (Sposito
2008).
Conclusions
1. This study demonstrated that Mg had a specific effect on soil structural stability by causing a
greater reduction in hydraulic conductivity as compared to Ca.
2. When Ca saturated soils were leached with Mg solutions, an abrupt reduction in Ksat was
observed in all soils, irrespectively of soil dominant clay minerals.
3. Mg had greater capacity of reducing Ksat on illite or smectite soils than kaolinite soil due to the
specific clay mineralogy and clay content.
Keywords: Magnesium, hydraulic conductivity, soil structural stability, clay mineralogy
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Introduction
There is an increasing need to use marginal quality water, including industrial treated wastewater and
saline and sodic water for irrigating land in arid and semi-arid regions globally. The use of marginal
quality of water potentially increases soil structural degradation, decreasing permeability (Shainberg et al.
1981), whereby excess sodium (measured as the sodium adsorption ratio, SAR) can result in both intraand inter-crystalline swelling leading to eventual dispersion (Dang et al. 2018a). Furthermore, this effect
can be enhanced or reduced depending on electrical conductivity (EC) of the irrigation water (Dang et al.
2018b). The effect of SAR and EC on saturated hydraulic conductivity (Ks) was classically studied by
Quirk and Schofield (1955), with the body of work since identifying that the Ks reduction due marginal
quality water depends on soil clay content and mineralogy, soil organic matter, and the electrolyte
composition and concentration (Bennett and Raine 2012). However, the effects of marginal water pH and
alkalinity on the extent of Ks reduction are less well understood, especially in relation to a soils initial pH
and alkalinity. Naturally formed soils usually have a pH ranging from 4 to 10 (Szabolcs 1989), and the soil
pH in a specific soil is basically a function of the soil clay minerals, organic portion, associated ion
exchange, and hydrolysis reactions (Sumner et al. 1991). The aim of this study was to investigate the
impact of different pH and EC of treatment solutions at SAR 20 and 40 on Ks reduction for Kaolinitic soils
with different original pH values, enhancing the current understanding of Australian soils.
Methodology
Three Kaolinitic soils were selected in this study, and the properties of soils are given in Table1. The soils
were sieved through 2.36 mm, and packed into PVC cylinders (87.5 mm inner-diameter) with bulk density
of 1.4 gm/cm3. The Ks was measured using similar concept to the Mariotte bottle to supply solutions via
plastic bottles placed on the top soil columns. Each soil column was initially leached with the most
concentrated solution of the desired pH and SAR treatments. When the Ks of the soil columns and pH of
the effluent had stabilised, the next more diluted solution of the same SAR and pH was applied.
Table1: Original chemical and physical properties of the soils used
Total
pH
EC (1:5)
SAR (mol0.5
CROSS
Soils
alkalinity
(1:5)
(dS/m)
/m1.5)
(mol0.5/m1.5)
(mg/L)
Soil1 4.5
0.08
0
0.9
1.2
Soil2 7.1
0.05
55
0.1
0.5
Soil3 8.8
0.3
157
4.3
4.6

ESP
26.3
8.0
10.6

CEC
clay
Soil texture
(meq/100g) content %
2
7.6
25.4‡

15
12.5
33.8

loam
sandy loam
clay loam

Australian
taxonomic class
Kurosol
Kandosol
Dermosol

‡ soil3 has a mixture of clay minerals of Kaolinite, Illite and Montmorillonite, and Kaolinite is a dominant clay mineral.

The changes in hydraulic conductivity between treatments were represented as a hydraulic reduction
(RKs; Eqn. 1) for comparison purposes, the Ks values were compared to the initial Ks (Ks(i)) values
determined with the 10 dS/m, SAR 20 solution, or 50 dS/m, SAR 40 solution.
The chemical compounds NaHCO3, MgCl2. 6H2O, and NaCl were used to obtain a desired level of
solutions. The use of CaCl2 was avoided to prevent CaCO3 precipitation at high pH and low SAR. The
desired pH achieved by adjusting the HCO3-/Cl- ratio and carbon dioxide partial pressure (PCO2) with
±0.05 units of the desired pH using CO2 gas with 99% purity. This natural approach was used rather than
addition of other alkali or acidic compounds for pH adjustment to avoid the change in ionic composition,
and electrolyte concentration of solutions.
Results and discussion
The Ks of each soil, leached with solutions with various concentrations at SAR 20 and 40, and different
pH, are presented as RKs in Fig. 1. The Ks were mainly dependent on pH at higher concentrations, and
this effect were more evident for acidic soil. However, soils behaved differently at high electrolyte
concentration depending on soil pH. For all three soils, the onset of decrease in RKs occurred at EC of
the water ≤ 2.5dS/m at SAR 20, whereas at SAR 40 reduction started from EC ≤ 5dS/m due to the higher
concentration of Na in water resulting in greater degree of clay dispersion. The pH dependence of Ks in
acidic, and neutral soils was greater than that for alkaline soil. The greatest Ks reduction happened in
neutral soil, due to the balance of hydroxyl and hydrogen ions in the soil solution. However, pH 9
instigated highest Ks reduction for all soils in particular at low EC values due to an increase in
exchangeable cation capacity, and clay dispersion at high pHs as was expected (Chorom et al. 1994).
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Figure 1 Effects of wastewater pH 6, 7, 8 and 9 on hydraulic conductivity at different electrical conductivity for soils at SAR=20
and 40. Bars represent HSD values for each event.

Conclusions
1. The relative hydraulic conductivity fell with fall in electrolyte concentration for all initial pH and
SARs.
2. Effects of pH of irrigation water on saturated hydraulic conductivity are soil specific and also
depends on the EC of the itrrigation water.
3. The effect of the solution pH was greatest for the originally acidic soil.
4. In this study the soil of neutral pH exhibited the highest Ks at the same pH of the water comparing
to the acidic and alkaline soils, in particularly when the EC of the irrigation water was below 2.5
and 5.0 dS/m for SAR 20 and 40 respectively.
5. To accurately predict the Ks of the soil it is essential to take into account the original pH of the soil
and the pH, EC and SAR of the irrigation water.
Keywords: irrigation wastewater, pH, hydraulic conductivity, soils of different pH
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Urban Soils: An Overview
Simon Leake, Theme Leader
One could rightly point out that all soils used by humans become impacted by them but in our
increasingly urbanised world (50% of us have lived in urban areas since 2005) soils can be impacted
to levels ranging from the extremes of being completely obliterated and completely reconstructed. The
term “Anthroposol” is adopted by ASC in an attempt to describe such soils but more widely the
international community of soil science defines them as “Technosols”.
Traditionally soil scientists jump to contamination as the usual human impact and become
environmental consultants, for which they are well equipped, but scalping, burial, inversion, mining
and urban shenanigans more commonly disturb the ancient profiles. Increasingly common and
spacially and socially important on the urban scale, is purposeful reconstruction and, indeed,
construction of facsimile soil profiles becoming. Put simply, if people and their companion animals live
in high-rise accommodation they need accessible open and green space; it is necessary to the human
soul. For it to remain green specially engineered technosols are necessary.
The skills required to make functional urban technosols are those of the well trained generalist soil
scientist, able to think across the disciplines but backed up by the specialist researcher. The soil
science community, at least in Australia, has neglected this area for so long one could postulate that
the higher the density of population the lower the density of soil scientists. This reminds me to modify
the old adage, “agriculture makes life possible but amenity horticulture makes it worthwhile.”
The presentations today will give some idea of the scope and range of horticultural problems the soil
scientist is increasingly asked to address themselves to under the banner of “Urban soil science”
when, in fact, it is simply the re-purposing of classical soil science training.
Tim O’Hare’s wonderful work rehabilitating an old industrial site for the 2012 London Olympic games,
required all his training in pedology, soil chemistry and physics to recreate a sustainable soil
landscape and stormwater treatment system that is now a vital open space park for both human
enjoyment and ecosystem services in the very heart of London. With a startling irony he used urban
wastes, excavation fill and composted organic waste, to repair an urban landscape. The startling
parallels with Sydney Olympic Park in 2001 demonstrates that well trained and experienced soil
scientists, working 12,000 miles apart come to much the same solutions using the same science. The
job teaches you how to do it.
My session presents a rational way of classifying sporting fields based on performance requirements
and soil construction types. According to the Australian Government Sports Commission (BCG 2017)
over $12 billion was spent on sporting venue installations in 2017 with total value of the sector of
around $50 billion. According to the ABS the total value of agricultural production in 2016/17 was
$60.8 billion. Until recently even the most elite sporting field installations have suffered complete
failures or high on-going maintenance costs by not employing properly trained and experienced soil
scientists, instead relying upon engineers or turf managers, few of whom had tertiary training in soil
physics.
It is so pleasing that the National Soils Conference has attracted an international contribution from
Namfon Tongtavee of Thailand. His experiments with the intriguing problem of combining a seemingly
natural lead contaminated water treatment waste, pomello peel with soil in a series of classic
desorption experiments is a cautionary tale of beneficiating one waste only to make another
contamination problem. A common urban dilemma.
We also welcome the papers of Kathryn McGilp from the ANU working on the use of Mixed Waste
Organic Outputs (MWOO) on rehabilitation of post mining landscapes. This paper combines two
apparently intractable problems: the most heavily “urbanised” waste available for application to land,
MWOO, with devastated and sulphidic metal contaminated land. The paper advances our
understanding of the proper balance between regulatory restrictions and beneficial uses. You will also
see that it crosses the boundaries with other sessions as well.
Pete Somerville comes from an educational institution specialising in urban soil science; Burnley
Campus of Melbourne University. His interest is improving the growth and success of our urban
forests in heavily built up and especially hard surfaced city environments. The success of increased
urban forestry is vital to amelioration of the urban heat island effect that will continue to worsen with
urban development and the progress of global warming. It will never succeed without solutions to
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providing urban trees with functional soil in sufficient volume to enable the tree to evaporate water
and cool its surroundings. Again, combining classical physics of the soil surface with practical urban
agronomy.
Many of us know Pam Hazelton’s excellent publications and her teaching of soil science to students
outside the discipline who will employ these skills in the urban context as engineers, architects and
landscape architects to name but few. The concern expressed in her presentation, that we all share,
is the lack of application of soil science to the encroachment on agricultural and ecologically important
soil communities on the fringes of expanding Sydney. Nothing can stop this Behemoth but with people
like Pam around, perhaps we can get just a little more order out of such chaos.
As theme leader could not have asked for better examples of the broad spectrum of opportunities that
exist for the researcher, the practitioner and the student that fall under the banner of “Urban Soil
Science”.
BCG (2017) Intergenerational Review of Australian Sport 2017. Australian Government Sports
Commission and Australian Institute of Sport.
https://www.ausport.gov.au/nationalsportplan/downloads/Intergenerational_Review_of_Australian_Sp
ort_2017.pdf
http://www.abs.gov.au/ausstats/abs@.nsf/mf/7503.0
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Introduction
The Olympic Park was at the time the largest regeneration project ever attempted in the UK. The site
occupied over 100 hectares of highly contaminated Brownfield land, from which no soil could be reused for future landscape purposes. This presentation sets out the design and implementation of the
soil strategy for the park’s landscape scheme. It covers the early design phases, the design
specification, and the landscape construction period. It discusses the considerations that were made
through the design process and the necessity for a coordinated approach amongst several
disciplines. It highlights some of the technical solutions to common soil problems on large
construction projects and looks at the quality of the soils 7 years after they were installed.

•
•
•
•
•
•

Urban Soil Functions
Soil fulfils many functions which are central to social, economic and environmental sustainability. In
the urban environment, they are generally present at the land’s surface in the form of public open
spaces and parks, gardens and allotments, derelict land, roadside verges, sports fields and wetlands.
In these environments they carry out, to a greater or lesser degree, a number of functions and
services for society. These are:
Support of the landscape: the plants growing in the soil.
Support of ecological habitats and biodiversity: soil fungi, bacteria, larger organisms (particularly
earthworms) within the soil and the birds, insects, etc, which rely on the plants for food and protection.
Environmental interaction: this includes the exchange of gases with the atmosphere, sequestration of
carbon, regulating the through-flow of water and the degradation, storage and transformation of soil
organic matter and nutrients, wastes and contaminants deposited by human activities.
Providing water attenuation and filtration: soil acts as a natural reservoir for billions of cubic metres of
water and is a key component of any Sustainable Drainage System (SuDS).
Protection of cultural heritage: soils may cover the remains of buildings, burials and other
archaeological features and include a variety of artefacts and other materials resulting from human
activity
Production of food, which in the urban environment is largely limited to vegetable growing in
allotments and gardens.
Soils also have a large social function, through providing the basis for public open space, gardens,
and sports fields. These provide cultural and social benefits that include increased well-being,
physical and psychological health, and connection with nature. It consequently plays a crucial part in
how people live.
Soil Types
The determination of soils for the construction of the Olympic Park’s landscape scheme was very
much part of the whole landscape design process. This is emphasised by the number of factors and
drivers that had to be taken into consideration, including: landscape and ecology design, remediation
strategy, drainage strategy, sustainability and programme constraints. From this design process, a
total of seven soil types were identified as necessary to construct the landscape scheme.
Table 1: Soil types and soil volumes used for the Olympic Park landscape scheme (pre-Games).
Soil Type
Multipurpose Topsoil
Moisture Retentive Topsoil
Low Nutrient Topsoil
High Permeability Turf Soil
River Edges & Wet Woodland Topsoil
Structural Tree Soil
Subsoil

Volume (m3)
23,220
1,680
16,450
3,970
750
1890
36,180

Soil Profiles
Overall soil depths were mainly controlled by two factors – the need for a clean cover system as part
of the site’s Remediation Strategy, and the anticipated rooting depth of the plants to be established.
Traditionally, landscape designers have placed topsoil to depths of up to 1m in tree pits and planting
beds on the basis that ‘the more topsoil the better’. It has been proven that this is not the case, and in
many instances, topsoil placed unnaturally deep is harmful to the soil and the plants that grow in it.
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Topsoils do not normally perform well below a depth of 300-400mm from the surface, where there is
an increase in self-compaction and where the biochemical oxygen demand (BOD) often exceeds the
rate of aeration.
Soil Specification
The mechanism for delivering the Soil Design was a series of Soil Specifications (and associated
drawings) that were incorporated within the main landscape engineering specification documents for
the Park. A separate specification was produced for each soil type. Each document contained
information on the nature and properties that the soil should possess including: visual characteristics
(soil structure, consistency, foreign matter, visible contaminants), physical properties (sand, silt, clay,
stones, permeability, porosity), chemical parameters (pH, salinity, exchangeable sodium percentage,
calcium carbonate, major plant nutrients, organic matter, carbon:nitrogen ratio) and potential
contaminants (heavy metals, hydrocarbons, cyanide, phenol, asbestos).
Sampling and Testing Protocols
Each specification presented detailed sampling and testing protocols that needed to be followed as
part of the soil selection and approvals process to ensure that all soils were fit for purpose. This
required the soils to be independently sampled using qualified soil technicians. The sampling protocol
was developed to ensure that samples were taken to approve the initial source of each soil, and then
allow for regular sampling during the soil importation process. This was to avoid the problems of noncompliant soils arriving at the Park, to then have to either receive further treatment or be removed.
Soil Handling and Management
The establishment of the new landscape on what was essentially a construction site required a
completely new soil profile to be installed using imported topsoils and subsoils. The manner in which
this was carried out had a significant bearing on the soil’s function, and particularly its ability to drain,
attenuate, aerate and support the new trees, shrubs and grass. This problem was highlighted as a
major risk to the success of the park, both at its initial establishment, but also for its long-term
sustained development. Soil management practices were therefore incorporated within the Soil
Specification.
Manufactured Soils
As the Olympic Park soil design required a number of distinct soil-types with very specific properties,
it was quickly established that soil manufacture was going to be an essential part of the Strategy. This
offered several benefits over the use of natural ‘as-dug’ soils. These included: consistent composition
and tighter quality control, year-round availability, reduction in weed seeds, absence of contaminants,
options to modify soil composition by altering mixing ratios of the various components and/or adding
particular materials to the mixture, the use of recycled and sustainable materials.
7 Years On
Questions were asked about the longer-term viability and sustainability of manufactured soils. A study
of the soils was conducted in 2018 to assess their health and condition 7 years after placement, the
findings of which showed up some surprising and unexpected results.
Keywords: regeneration, SuDS, strategy, landscape, specification, sampling, testing, manufactured,
management
References
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Introduction
While there are systems developed for grading the performance of sporting surfaces in Australia (ACT
Government, 2006; McAuliffe, 2012, McAuliffe and Roche, 2009), there exists no single, unified
system of classifying the grade and performance characteristics of the construction methods and the
root zone media used to construct sports fields. Since there is a direct correlation between playing
surface quality and construction and maintenance costs, decision makers need to clearly understand
the differences in performance levels between different construction methods and their associated
costs. The intent is that all stakeholders go into a design and construction understanding what level of
performance, and hence cost, is appropriate for the venue and the available construction and
maintenance budgets.
Key factors that influence the performance of a playing field include climate, features of the soil
profile, including soil texture and drainage, surface properties, irrigation, maintenance practices and
the expectations of use by the user groups.
Although this paper considers all the above determinants of surface performance, the primary focus is
placed on the soil profile characteristics and its construction features.
Methodology
The paper presents a classification system using six gradings, with an associated construction
category, to describe usage potential, limitations, capital and maintenance costs and typical soil
construction types ranging from low cost "social sport" or passive recreational areas up to high grade
sand profile and synthetic fields with virtually no play limitations and increasing cost and maintenance
implications. This most closely follows a system introduced by Sheard (2012) in Canada and is
summarised in Table 1 which presents the salient features of each classification and construction
category. Details of each construction category is given in the full paper.
Also lacking is a universally accepted method of specifying soils and construction methods leading to
many construction failures (Beehag 2010). The work of Leake and Haege (2014) is used as a basis
for developing construction specifications including laboratory test methods for physical properties
including those of McIntyre (2004), McIntyre Jakobsen (1998), ASTM F1815-11 (2011) and AS
1289.3.6.2 (1995) to objectively specify soil performance. This includes typical quality control and
assurance process through the use of hold points and certification processes best supervised by the
professional soil scientist.
Table 1: Grade of sports field based on potential performance and construction type

Grade
A+

A

B+

Examples of
use
Hockey;
tennis;
synthetic
material (turf or
other)
Premier
football;
leading multiuse stadiums;
major race
courses
Top level
community
sports fields;

Assessed usage
potential

Capital and
maintenance costs

Typical construction type
and category.

No major limitations
(other than a need for
maintenance, repair and
replacement)

Maximum usage
potential (virtually
no limitation)

High capital cost;
lower (but still
significant)
maintenance cost

Synthetic turf surface (Cat.
1);
Drainage, Lighting
essential

Virtually guaranteed use
in all weather
conditions. Return to
play < 1 hour;
Limited turf robustness

High usage
potential (20+
hr/week, with
possibly more if
using hybrid
systems)

High capital outlay;
high maintenance
budget

Sand profile with or without
reinforcement (Cat. 2 & 3);
Effective systematic
drainage system &
watering system essential

Limited maintenance
resources and poor
usage control can limit
overall performance.
Return to play < 4 hours
after rainfall

High use (20+
hours per week)
with slight
restrictions during
excessively wet
spells

Medium level
construction and
maintenance cost.
Regular renovation
and winter
oversowing in cold
climates.

Top layer of sandy or
sandy loam material with
intensive sub-soil drainage
(Cat. 4); Watering system
essential

Potential limitations
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Grade

Examples of
use

Potential limitations

Assessed usage
potential

Capital and
maintenance costs

Typical construction type
and category.

Medium to low;
possibly 2 to 4
fertiliser applications
and one renovation
per year. Winter
oversowing in cold
climates.
Low; possibly 1
fertiliser per year; no
or very basic
watering system

Includes profiles with a
topsoil or sand carpet layer
over an impermeable
subsoil and no sub-surface
drainage (Cat. 5); reliance
for drainage on surface
shaping
Soil-based systems with no
topsoil development and
generally limited
maintenance budget (Cat.
6); drainage heavily reliant
on surface runoff.
Commonly wear at
goalmouth and centre.

Minimal; mowing and
marking only

Includes very hard, bumpy
and bare sports fields built
on capped landfill sites and
re-levelled natural sites

B

Mid-tier
community
level; country
race courses

Seasonal limitations;
good performance when
dry but regular closure
during wet spells.
Return to play < 24
hours

High use possible
in dry seasons but
significant
limitations during
wet spells

C

Low grade
community
level; includes
typical school
fields

Significant limitations
including poor drainage,
loss of turf cover and
hardness when dry.
Return to play > 2 days

Moderate to low
usage and very
seasonal
performance
(< 5 hours per week
and regular closure)

C-

Social sport;
landscape turf
areas

Very significant
limitations including
drainage, levelness, turf
cover and hardness

Low usage
capability and yearround very poor
overall quality

Keywords: Sports field, grading system, sports field soil, root zone media
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Introduction
Biosorption using materials such as pomelo peel can be an efficient low-cost process to remove toxic
metals from waste water. However, inappropriate management of biosorbed wastes can caused the
secondary soil contamination. This current work particularly focused on the lead desorption from this
waste after it was dumped on the soil surface. The amounts of available Pb and its fractionation are
discussed.
Methodology
The desorption experiments were carried out in a glass column (2.5 cm O.D. x 30 cm length). Soil
(0.023 kg) was packed into the column followed by the load-enriched waste pomelo peel, which had
been used to remove lead as part of water treatment (0.0023 kg; 10%w/w). A solution of 0.01 M
Ca(NO3)2 10 mL was added three times a week in order to leach the available Pb from the solid
waste, to then cumulated into the receiving soil at the bottom of the column. Soil samples were
collected at different interval times, starting from 1 week, 2 week, 1 month, 2 months and 3 months.
The collected soils samples were air dried and then available Pb was evaluated using a single
extractions of 0.04 M EDTA and sequential extraction (Tessier’s scheme: 0.01 M Mg(NO3)2 for
exchangeable phase, 0.11 M CH3COOH for acid soluble phase, 0.1 M NH2OH•HCl pH 2, 96 0C for
reducible phase and 30%H2O2:0.02 M HNO3(8:3 v/v), 850C for oxidizable phase). The effect of soil pH
were also investigated which could be affect to the amounts of Pb desorption.
Results and discussions
A single extraction with 0.04 M EDTA has revealed that Pb availability in contaminated soils were
increased when the experimental time increased and found the highest amounts of Pb availability at
three months. This indicated that the lead desorption from the solid waste could occur and would
result in higher accumulation in the soil over time. In order to evaluate the Pb pollutant accumulations
and its chemical forms, our sequential extraction data demonstrated that there are significant
increases of anthropogenic Pb in soil samples found in the first two most mobile fractions; the
exchangeable and acid-soluble fractions. However, the most available Pb was present in the
reducible fraction due to the ability of soil oxides to fix Pb (up to 75%). This result was in agreement
with earlier reports that soil oxides are important scavengers of heavy metals in soils. Sequential
extraction experiment is a good tool to distinguish between contaminated and native control soil. The
mineral phases that hold lead metal appear to be significantly different in the native soils compared to
contaminated soils. Lead of anthropogenic waste sources has considerably higher proportions in
mobile fraction, and correspondingly lower proportions in residual phases. Finally, soil pH did not
show significantly different on the effect to lead desorption at this stage.
Conclusions
The phenomena of lead desorption from solid waste-based sorbent after water treatment and
accumulation into the soil were observed. The results indicated that the disposal of contaminated
solid waste resulting from water treatment is a serious issue in waste management. It determines the
potential risk of lead metal mobilization and transfer to other parts of the environment such as soil,
plants or underground water.
Keywords: Available, column leaching, desorption, lead, sequential extraction.
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Introduction
Minesite Rehabilitation
The aim of minesite rehabilitation is to assist natural ecosystem regeneration, to a condition
representative of it's state prior to the disturbance. When an ecosystem undergoes a significant
disturbance, as is the case with mining, it is rarely feasible to rehabilitate the ecosystem to its
previous state. Therefore, most rehabilitation practices aim to restore the ecosystem to a selfsustaining state that is suitable for the future intended land uses. Mine rehabilitation often requires
extensive re-engineering of the landscape, including soil amelioration and/or enrichment before
suitable vegetation can be established. The soil resources of a minesite often undergo unwanted
changes to the physical or chemical properties. Land clearing followed by topsoil removal result in a
subsoil vulnerable to erosion and a remaining “soil” low in natural propagules. Through either minesite
operations or attempted rehabilitation often the topsoil chemistry can be impacted by acid soils,
heavy metals, salinity and changes to the carbon-nitrogen balance (Grant et al., 2016).
Project Site
The project site, Woodlawn mine near Tarago NSW, operated as a zinc and copper mine for 20 years
before closing in 1998. Extensive rehabilitation was undertaken after these operations with moderate
short-term success and variable long-term success, which is suggests rehabilitation methods were
not optimal for the site. With the mine renewed for further operation, this provides an opportunity to
develop a more suitable long-term rehabilitation plan for the site, with the main focus on building
stable topsoil. To build topsoil in this project an onsite waste product; mixed-waste organic outputs
(MWOO) is used. The MWOO is produced onsite by a mechanical-biological treatment system which
separates out the organic fraction of household waste. The use of MWOO for rehabilitation as a
topsoil substitute or for soil enrichment at mine sites is a relatively new practice and thus is the focus
of this study.
Aims
The aims of this project are:
1. to assess the ecosystem state of the Woodlawn mine, and determine the extent of soil degradation
onsite whilst identifying factors potentially limiting successful rehabilitation; and
2. conduct a series of greenhouse trials to determine the suitability of MWOO to enhance existing soil
properties and encourage native plant growth.
Methodology
The study has included onsite ecosystem assessment of the landscape and soil properties, and
greenhouse trials of various soil treatments with MWOO. There are two target sites at Woodlawn;
Site 1 a biodiversity offset site (BOS) which has been used for grazing and is located adjacent to the
area of direct mining operations, and, Site 2 is the waste rock dump (WRD) of potentially acid forming
(PAF) material extracted during the previous mining operation and having been rehabilitated with clay
capping and native revegetation since 1998.
Onsite Ecosystem Assessment – Soil Analysis and Landscape Function Analysis
Soil chemical properties (pH, EC, C-N, CEC and potential heavy metal contaminants) at both sites
were assessed. The same assessment was made for the MWOO. Ecosystem functioning across sites
was measured using landscape function analysis (LFA) to establish the baseline condition of the two
Sites and assess how physio-chemical and biological resources move through the system (Tongway
and Hindley, 2004).
Results
Onsite Ecosystem Assessment - Soil Analysis and Landscape Function Analysis

Preliminary chemical analysis results for the BOS soil and the MWOO indicate several elements
occur at concentrations greater than the thresholds which can be tolerated by plants (ie phytotoxic).
Both the BOS soil and MWOO is potentially phytotoxic for aluminium (AL), iron (Fe), lead (Pb), total
phosphorus (P), potassium (K) and zinc (Zn). MWOO is also potentially phytotoxic for boron,
chloride, copper and sodium (Table 1). The BOS soil is slightly acidic which is typical of the
surrounding felsic landscape, whereas the MWOO is alkaline. Total available carbon is low in the
BOS soil and high in the MWOO, however the C-N ratio is low in both the BOS and MWOO.
Preliminary LFA suggests that both Sites are affected by erosion, and both show variable topsoil
retention, depending on the slope and vegetation density.
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Table 1: Preliminary soil analysis of pH, CEC, carbon and nitrogen as well as metals, for the BOS soil and the MWOO. The
minimum and maximum thresholds included represent levels of phytoxicity when vegetation is negatively affected. Results in
gray are within the phytotoxic range for plants (Gough LP, 1979).
Phytotoxicity Le ve ls

V alue s
pH
Total Nitrogen
Total Organic Carbon
C – N Ratio
Cation Exchange Cap.
A luminium
Boron
Calcium *
Chloride
Copper
Iron *
Lead
Magnesium *
Phosphorus
Potassium
Sodium
Zinc *

pH
(mg/kg)
(mg/kg)
C-N
(cmol/kg)
(mg/kg)
(mg/kg)
(mg/kg)
(mg/kg)
(mg/kg)
(mg/kg)
(mg/kg)
(mg/kg)
(mg/kg)
(mg/kg)
(mg/kg)
(mg/kg)

MINIMUM
5.5
15 – 1
5
7
2
300
5
10
0.5
10
20
150
12

MA XIMUM
7.5
40 – 1
100
14
10
2300
300
1000
100
100
350
200
50

Soil Tr e atm e nts
BOS SOIL
5.8
2490
50000
20 – 1
6
5040
<10
1680
18
98
16400
177
696
336
433
38
398

MWOO
7.9
13800
262000
19 – 1
71
10200
32
43600
10800
314
10100
192
1910
3670
7570
10500
903

Discussion
Soil analysis indicated that the main limiting factor were low pH, low carbon and contamination from
heavy metals. Similarly, the MWOO showed high levels of heavy metals, as well as sodium and
chloride at potentially phytotoxic levels. The minimum data for phytotoxicity thresholds comes mostly
from studies on agricultural plants which are usually annuals, whereas long-lived trees and some
grasses can exhibit higher tolerances for heavy metals (Gough, 1979). L. longifolia was selected
because it is fast growing and has exhibited tolerance for acid soils and contamination by some heavy
metals (Archer and Caldwell, 2004).
High levels of Calcium (Ca) and Magnesium (Mg) are known to remediate soils contaminated with
high Fe, Pb and Zn. Since the MWOO is high in both Ca and Mg, this could have a positive effect on
available metals in both the mine soils and in the MWOO.
Common soil enrichment can include adding clay-based organics which reduces the bio-availability of
many heavy metals, including Zn, Cu, Pb and Al (Khalid et al., 2017). The addition of silica
treatments, has also been shown to reduce the bio-availability of heavy metals (Emamverdian A et
al., 2018). Further, carbon-rich soil ameliorants can mitigate the effects of heavy metals, increase the
soil C:N ratio and improve water infiltration (Khalid et al., 2017). These additional ameliorants were
incorporated into the soil treatments to re-mediate heavy metals found in both the BOS soil and in the
MWOO, and to increase the C:N ratio.
Conclusion
There are many options for soil rehabilitation through amelioration and/or enrichment, with success
dependent on the underlying soil processes and limiting factors to achieving regenerated soil. The
use of MWOO for rehabilitation of degraded lands is relatively new in Australia. The findings of this
study, when completed, will inform the suitability of MWOO for use as topsoil replacement in mine site
rehabilitation.
Keywords: Mining, soil, rehabilitation, mixed-waste organic outputs, contaminated land, heavy
metals, soil enrichment, amelioration, growth trials.
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Introduction
As space to plant trees in cities can be limited, and the soil conditions in these spaces compacted or
degraded, there is a growing need to remediate urban soils to enable the benefits that large healthy
trees can provide to cities (Jim and Ng 2018; Scharenbroch et al. 2005). These degraded soils can
include roadside verges, brownfield sites and converted construction zones (Haaland and van den
Bosch 2015; Jim 2003). Trees transplanted into the urban environment can suffer from mortality rates
as high as 40% (Nowak et al., 1990), and this is often due to low water availability in disturbed urban
soils (Gilbertson and Bradshaw 1990). Due to compaction and other degradations, urban soils may
not only hinder water movement into the soil profile, but also suffer reduced water holding capacities
(Craul 1985; Gregory et al. 2006; Kozlowski 1999). Composted municipal green waste (Cogger 2005;
Curtis and Claassen 2005) and biochar (Ghosh et al., 2015; Scharenbroch et al. 2013) are two
organic matter amendments that may improve these soil qualities and aid the establishment and
growth of trees by 1) increasing water infiltration into the soil, and 2) increasing the plant available
water within the soil. Further, it has been suggested that the use of a combination of compost and
biochar, blended together, may provide synergistic benefits to tree growth when incorporated into
urban soils (Fischer and Glaser 2012; Ghosh et al. 2015).
Methodology
An experiment was conducted, in a glasshouse at The University of Melbourne, Burnley campus, to
compare the effect of organic matter amendments (compost, biochar and a compost\biochar mix),
incorporated into two substrate types (clay and sand), on the growth and water status of trees. Two
tree species from different habitats (Corymbia maculata (spotted gum) – mesic environments and
Eucalyptus torquata (coral gum) – xeric environments) were grown in six litre pots with each substrate
mix and a control of substrate only (no amendment) under well-watered and water deficit conditions.
There were five complete randomised blocks in the glasshouse. After an establishment period the
water deficit plants were subject to a watering regime equal to 20% of the water use of the equivalent
well-watered plants. The water deficit plants were placed under a restricted irrigation ration until the
evapotranspiration (water use) of those plants fell to 20% of the water use of the equivalent wellwatered plants. At this point, the water deficit plants were irrigated back to full pot water capacity and
the restricted irrigation ration commenced again. The plants underwent 3 drought cycles, at the end
of which all plants were harvested to calculate biomass and biomass partitioning. Pre-dawn and
midday leaf water potentials were measured on a rolling basis throughout the study; two complete
blocks were measured each day. Further, on the third drought cycle, each water deficit plant and its
well-watered equivalent plant had their pre-dawn and midday leaf water potentials recorded the day
after the water-deficit plant had a measured water use less than 20% of the well-watered equivalent
plant.
Results and discussion
The use of organic amendments increased the pot water holding capacity and the plant available
water content in sand but decreased the plant available water content in clay (Table 1). For the
Corymbia maculata trees (high water users) in sand, the increase in available water did not increase
tree growth because, even though there was an increase in available water, this was a low
percentage of the daily water use for that tree. The organic amendments increased the available
water by 10% compared to the sand alone. For the C. maculata, this only equated to an extra 4.8
hours of water use. Similarly, in clay, the decrease in water availability was only a small percentage
of the daily water use, and did not result in decreased tree growth. Eucalyptus torquata, which uses
comparatively less water than C. maculata, consequently did experience a comparative increase in
tree growth due to the increased water availability with the use of organic amendments compared to
the control. The extra water equated to nine hours of water use for E. torquata in sand. Although we
found that there were significant differences for both the pre-dawn and midday leaf water potentials
between the well-watered and the water deficit trees (for both C. maculata and E. torquata) there
were no differences amongst the treatments in either clay or sand substrates for either species.
Conclusions
Organic matter amendments may increase plant available water in sandy soils, but may decrease it in
clay soils, possibly due to an increase in soil porosity in the finer textured substrate. Therefore, the
success of using amendments to improve tree establishment and growth in urban soils may be
determined not only by understanding the texture of the soil but also by appreciating the water use
characteristics of the proposed plantings.
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Table 4: Pot water capacity, plant available water and daily plant water use of Corymbia maculata and Eucalyptus torquata.
Numbers in parenthesis represent standard errors of the mean (n = 5) and letters within a substrate type denote significant
differences using Tukey’s HSD at α = 0.05.
Pot capacity
Plant available water
Plant available
C. maculata
E. torquata WW
water per pot
WW daily use
daily use
Substrate
gravimetric (g g-1)
gravimetric (g g-1)
(g)
(g)
(g)
Clay
0.429 (0.003) b
0.221 (0.005) c
1124.9
474
299
+ compost
0.410 (0.005) a
0.174 (0.012) a
758.6
419
310
+ biochar
0.419 (0.004) a
0.206 (0.008) b
871.4
483
399
+c&b
0.417 (0.007) a
0.161 (0.010) a
618.2
445
377
Sand
+ compost
+ biochar
+c&b

0.109 (0.010) A
0.149 (0.005) B
0.175 (0.007) C
0.192 (0.014) C

0.101 (0.007) A
0.124 (0.007) AB
0.139 (0.006) B
0.144 (0.011) B

665.3
737.8
752.8
709.9

342
408
383
356

184
355
336
296

Keywords: Organic amendments, water-deficit, biochar, compost, Corymbia maculata, Eucalyptus
torquata
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Introduction
The Cumberland Plain, the original the food bowl of the colony of NSW, has over time been
urbanized and the productive agricultural land in areas such as Campbelltown and Camden have
been developed as residential, commercial and industrial sites. The subsequent transformation of the
landscape has resulted in the loss of farmland, horticultural and forest areas. Additionally, remnant
bushland with potentially endangered species and ecological communities (EEC),that by law must be
conserved, has been cleared. From an engineering perspective the properties of the soil in-situ in
these new urban areas pose constraints such as shrink /swell for construction and design for
engineers. However, another major constraint preventing a project from either proceeding or requiring
a redesign is the presence of EECs. This paper addresses an urban development in an area of
potential EECs.
The individual Scientific Final Determination for EECs define the specific vegetation required to be
present and often include a description of the soil and landform characteristics. Legal implications
underlie the constraints of the removal of endangered ecological communities and for a legal decision
to be made in the Land and Environment Court of New South Wales as to whether there is an EEC on
site, it is necessary for all of the parameters described in the Determination to be present.
The Environment Protection Biodiversity and Conservation Compliance and Enforcement Policy Act
1999 (amended in 2014) includes proactive compliance measures, as well as a range of enforcement
mechanisms to address non-compliance. These mechanisms include civil or criminal penalties that
can apply to individuals and corporations that contravene the requirements for environmental
approvals under the Act, including the provision of false or misleading information to obtain approval.
Therefore prior to the planning of a development, areas of land suitable for and capable of
conservation need to be identified and preserved.
Case Study
The final stage of the residential development of the Bingara Gorge Estate, a farming area near
Wilton NSW, was impacted by the potential constraints of the presence of two EECs, Shale
Sandstone Transition Forest (SSTF) of the Sydney Basin Bioregion and Cumberland Plain Woodland
(CPW) of the Sydney Basin Bioregion as described by the Final Determination of the NSW Scientific
Committee.
According to The Scientific Determination SSTF is recognised as a distinct assemblage with a
variable species composition that occurs on soils overlying the transition between shale and
sandstone lithologies. Variation in species composition depends on the composition of adjoining
communities and the relative influence of the underlying sandstone and shale lithologies. Shale
Sandstone Transition Forest may occur on sites where Triassic sandstone or interbedded shalesandstone (Mittagong Formation) is outcropping provided the soil retains a shale influence, either
from an eroded shale cap or where there is colluvial deposition from shale upslope.
Cumberland Plain Woodland is the ecological community in the Sydney Basin Bioregion associated
with clay soils derived from Wianamatta Group geology, or more rarely alluvial substrates, on the
Cumberland Plain.
Despite lengthy discussions by ecologists, delineation of the EECs, on the site was unable to be
resolved. Hence further vegetation surveys were undertaken but this time in conjunction soil surveys.
The report of these findings presented in the Land and Environment Court.
Methodology
The background characteristic features of the terrain and the variety of soil types within Bingara
Gorge Development Site were initially determined from various mapping sources including soil
landscape maps and soil Bore Logs from the Engineering Consultancy firm, Douglas and Partners,
undertaken in some of the area in question in 2006 and 2014. Also, it was concluded from the
geological information available that the soil types at the site resulted from the weathering of variety of
geological formations: Wianamatta Shale (Bringelly Shale and Ashfield Shale), Minchinbury
Sandstone, Hawkesbury Sandstone and Mittagong Formation.
To assist ecologists in the preparation of a vegetation map for the potential presence of EECs on the
site, initially two soil transects were established at right angles to the contours and soil pits excavated
by a backhoe in all of the vegetation quadrats. The soil was sampled from the cleaned face of the
profile to a depth of approximately 1m depending on refusal. During the project the soilprofiles from
more than 90 pits were described as in McDonald et al., 2009.
Results
The characteristic soil type and a significant species assemblage of the Cumberland Plain Woodland
as described in the Final Determination for the EEC, were found to be present and a boundary was
able to be delineated on a site map. However, statistically there were insufficient vegetation species
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and no evidence in the area surveyed of the soil described in the Final Determination for Shale
Sandstone Transition Forest.
Conclusions
The area of the Cumberland Plain Woodland was excluded from the development. It was then
necessary for a revision of the position, design and lot size of the initial residential plan before any
construction could proceed. Lengthy and complex legal proceedings prevented any construction
occurring for over one year on the site, resulting in financial hardship and loss of jobs. Hence,
identification of soil type to determine the presence of the EECs was essential in satisfying the legal
requirements for the final development to proceed.
Keywords: Endangered ecological community, final determination, soil pits
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Session overview
Healthy soils are essential for ecosystem functions that support a large proportion of Earth’s food, fuel
and fibre production and the provisioning of ecosystem services critical to human wellbeing, ranging
from agricultural products to clean water and air to disease suppression (Nielsen et al. 2015; Wall et
al. 2015). Global change drivers, including land use, have substantial impacts on belowground
communities that can impair ecosystem functions and ecosystem service delivery. However, there is
evidence that more targeted and evidence-based practices focused on soil health can be
implemented to alleviate these effects with substantial benefits to human wellbeing.
It is well established that microbes act as the ‘engine room’ of soils governing key biogeochemical
cycles that support plant growth, while the larger soil fauna broadly enhances mineralization through
grazing of microbial biomass, comminution and modifications of the soil itself. Moreover, plants
benefit heavily from the presence of both symbiotic and free-living microbes. Estimates indicate that
some 5-20% of nitrogen, and up to 75% of phosphorus, uptake by plants is through symbiotic
nitrogen-fixing bacteria and mycorrhizal forming fungi, respectively (van der Heijden et al. 2008).
Free-living bacteria can also contribute more than 3 kg N per Ha in some ecosystems (Cleveland et
al. 1999), while other bacteria enhance plant growth through the release of certain hormones or
through the suppression of pathogens. In comparison, very few soil biota are inherently pests or
pathogens, although some species can cause significant damage manifested as reduced yield in
agro-ecosystems, when they are not kept in check by the soil food web more broadly or agrochemicals.
There is strong evidence that soil food web structure can be utilized to moderate ecosystem functions.
For example, soil food web structure was found to be a good proxy for carbon cycling processes
across three contrasting land use types in four European countries (De Vries et al. 2013). Similarly,
soil food web structure is related to the resistance and resilience of ecosystems to extreme events.
Research has shown that ecosystems with a more fungal-dominated food web is more resistant to
drought impacts than those that are more bacterial-dominated (de Vries et al. 2012). Such knowledge
could be incorporated into management practices; however, management practices rarely take full
advantage of the contributions that soil biodiversity make.
This session starts with a broad introduction to the state of soil food web ecology as a field of
research and how this might be measured and used to guide management.
Throughout the session speakers will discuss how ‘soil health’ might be quantified and how
management practices from cover crops to soil amendments can be used to promote desirable
ecosystem traits that underlie crop production ranging from soil processes to disease and pest
suppression. The speakers will specifically link their results to soil biodiversity at levels ranging from
focused insights into the suppression of specific plant pests to the role of soil food web structure more
broadly. The session will be wrapped up with an open floor discussion with the objective to bring this
knowledge together and provide insight into how we can best further this field of research.
Evidence-based management of the soil food web hold great promise to reduce the reliance on agrochemicals and improve the sustainability of managed ecosystems. Specifically, there is much to gain
from managing soil biodiversity and food web structure to enhance ecosystem functioning and the
delivery of ecosystem services that support agro-ecosystem productivity and human health more
broadly. However, there is still a great need for further research to guide adaptive management
strategies and inform policy making and implementation of management practices that incorporate
soil biodiversity explicitly.
Key words Soil health, Food web structure, Ecosystem services, Productivity, Biogeochemistry
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Introduction
The practical use of soil microbiology testing is constrained to some extent by the absence of
production system and climate-specific guide levels. For the first time, sufficient data from a single,
large, multi-year survey is available to determine specific guide levels for sugar cane and dryland
grazing production systems in the Dry Tropics region of Queensland.
Methodology
Soil samples were collected from different management treatments in cane and grazing sites.
Treatments included different soil conditioners and rates, N forms and rates, soil depths, and
fungicide applications. The survey, undertaken by NQ Dry Tropics, analysed soils for microbial
community, nitrogen cycling, arbuscular mycorrhizal (AM) fungi and other biological and chemical
parameters. Microbial community analysis was conducted using the Microbe Wise test
(Microbiology Laboratories Australia, Adelaide), a molecular test (GC-FAME/PLFA) commercially
available to land managers.
Results and discussion
The microbial community analysis showed that populations of some microbial groups differed
significantly (P<0.05) with soil management practices, and reflected the level of sustainable
management soils received. Also, total bacteria were significantly (P < 0.05) positively correlated
with soil organic matter, and mycorrhizal fungi were significantly (P < 0.05) positively correlated
with both soil water content and Nematode Channel Ratio. The results will be relatively easily
transformed into normal distributions that indicate High, Median and Low ranges for different soil
microbial properties and nitrogen cycling.
Keywords: Soil function, soil health, nutrient cycling, phosphorus, nitrogen mineralization.
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Introduction
Commercial vegetable production places intense pressure on soils. Short crop cycles, intensive
cultivation, fallows and limited crop residue result in low organic matter input into the soil and
enhanced losses from the soil. This effective “starving” of the soil food web has implications for key
processes mediated by soil biology including soil structure stability and expression of soilborne
diseases.
In intensively cropped systems there are limited opportunities to improve soil health. The
rediscovery of cover crops is a potential powerful and practical way of building healthier soils
through increasing both the amount and diversity of organic inputs into the soil. However, cover
crop practices need modernising to meet the scale and exacting demands of today’s vegetable
production systems, and the new insights in soil biology being unlocked by the “omics”
technologies.
This presentation will report on a field trial established on a large commercial vegetable farm
(Houston’s Farm) in southern Tasmanian to evaluate if different cover crops can:
1. directly reduce soilborne disease pressure by Sclerotinia minor by reducing inoculum (sclerotia).
2. indirectly reduce soilborne disease incidence/severity by improving soil structure and general soil
health.
Methodology
Field site
The trial was located on Houston’s Farm Strelley property at Richmond, Tasmania. The site had
been under intensive vegetable production for more than 15 years growing a range fresh salad
crops such as baby leaf and heading lettuce.
The soil characteristics prior to the trial are outlined in Table 1.
Table 1: Trial site soil characteristics prior to cover crops.
Organic pH
CEC
Ca
matter
Depth (cm)
(%)
(CaCl2)
(meq/100g)
0-15
3.3
6.2
19.9
9.4
15-30
3.1
6.1
19.4
9.5

Mg
8.0
7.5

K
1.0
0.9

Olsen P
(ppm)
71
63

Trial design and management
A randomized block design was used with four replicates and the following six treatments: 1.
Perennial ryegrass (20 kg/ha), 2. Black oats (80kg/ha), 3. Japanese millet (30 kg/ha), 4. Tillage
radish (6 kg/ha), 5. Oats/tillage radish (40 & 3kg/ha, respectively), and 6. Bare fallow. Each plot
was 162 m2. Cover crops were sown on 25 October 2017 and terminated 15 January 2018 and
mulched and incorporated on 18 January 2018.
Lettuce seedlings were established on the 16 March 2018. Irrigation and fertiliser was applied as
per commercial practice.
Soil sampling
Soil samples were taken at three times; 1. prior to the cover crops being sown soil samples
(October 2017), 2. after cover crop incorporation (March 2018), and at maturity of the lettuce crop
(May 2018). At each time soil samples were collected for; 1. soilborne diseases DNA using specific
primers, 2. soil microbial community analysis based on procedures describe for the Biome of
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Australian Soil Environments using general primers for bacteria: 16S rRNA V1-3 region using
primers 27F/519R
eukaryotes: 18S rRNA V9 region using primers 1391F / EukBr, and fungal: ITS2 region using
primers fITS7-ITS4, and 3. soil chemical (labile and total carbon) and physical properties
(aggregate stability and soil strength).
Cover crop and lettuce crop measurements
Cover crop above ground biomass was determined prior to termination and incorporation. The
incidence of Sclerotinia minor was assessed at 8 and 11 weeks after transplanting. Commercial
harvest and total biomass were assessed 11 weeks after transplanting.
Results
Organic matter input varied between the cover crops, ranging from 7.5 to 12.5 t/ha (Table 2).
Sclerotinia minor was present across the site prior to cover crops being established with values
ranging from 44 – 3,533 kDNA copies/g soil. Results will be presented on the levels following the
cover crop and after the lettuce crop.
Table 2: Above ground biomass input from cover crops.
Cover crop
Biomass (DW t/ha)
Average

Std error

Fallow

1.5

0.2

Ryegrass

8.0

0.6

Oats (O)

9.3

0.2

Millet

7.5

0.5

Tillage radish (TR)

10.9

1.0

O/TR

12.5

1.8

The incidence of Sclerotinia minor varied following the cover crops. The cereals Japanese millet
and black oats reduced the incidence of S. minor, compared to the fallow, from 18.0% to 13.3 and
12.5%, respectively, of infected lettuce plants. The other cover crops had no effect on disease
incidence. Results from the soil chemical and physical assessment and soil community analysis will
be presented to determine if the impact on soilborne disease was due to specific effects of the
cover crops or due to general improvements in soil health.
Discussion
Reductions in soilborne diseases are often observed following fallow. However, fallow further
exacerbates the negative impacts of vegetable production on soils. To successfully incorporate
cover crops into vegetable production systems, options must be identified which do not increase
loses from soilborne diseases. This study has identified cover crops which reduce S. minor disease
incidence in lettuce.
Some cover crops (Japanese millet, black oats) reduced the disease incidence directly, through
reductions in inoculum, or indirectly through creating a healthier soil which suppressed soilborne
diseases. The roots can liberate a range of molecules (e.g., sugars, amino acids) during the
growing period (Börner, 1960) which can directly influence the community composition and
biomass of soil microorganisms (Ladygina & Hedlund, 2010). Alternatively, cover crops may
directly impact on soilborne diseases through defense responses such as oxalate oxidases
exudates. Cover crops changed both the soil microbial community and specific soilborne diseases.
Keywords: Vegetable production, soilborne disease, cover crops, soil biology.
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Introduction
Soil health is the ability of a soil to keep producing healthy plants and efficiently supporting all the
organisms, animals and people that depend on it (Doran & Ziess 2000; Arias et al. 2005). The
challenge in agriculture is to conserve this ability while maximising productivity. So, a healthy soil in
agriculture not only has to be productive, but must provide a number of important functions for both
agriculture and the environment (Stirling et al. 2016). Getting this balance right will require different
strategies in different soils and production systems. In the Smeaton district, a pilot study
conducted for the Smeaton Farming for Sustainable Soils group by Darren Cribbes and
Microbiology Laboratories Australia in 2014-15 found that the most critical factor limiting soil health
was the availability of soil phosphorus (P) to crops and pastures, probably due to poor soil P
cycling (function). Nitrogen (N) is also a major input to some farming systems in the district. The
Smeaton group decided to undertake a larger study incorporating some soil management practices
that could help to cost-effectively improve crop phosphorus and nitrogen supply and simultaneously
improve soil health. Such management strategies could improve both the sustainability of farming
enterprises and soil by meeting the parallel aims of soil health: to efficiently produce healthy plants
while conserving soil health and maximising productivity.
Methodology
Two farms on similar soil types but different overall management practices (conventional and
biodynamic) were selected for the study. The aim of the study was not to compare overall
management practices, but rather to see if the practice of sowing a summer green manure crop
consisting of a known P-solubilising crop (buckwheat) (Arcand et al. 2010; Teboh & Franzen 2011)
combined with a nitrogen fixing legume (sunhemp) could improve P and N supply to a following
wheat crop, and how this might play out on two different farms. On each farm, replicated (n= 4)
plots were sown either to wheat (control) or buckwheat and sunhemp (‘Buck+Leg’) in early summer
(Dec 2015), followed by wheat in winter (Jun 2017). Challenges included an unusually wet cereal
season and farm animals grazing plots. Soils were analysed for plant-available P (Olsen), nitrate,
nitrogen and phosphorus cycling function (N Wise and P Wise, Microbiology Laboratories
Australia), microbial community (Microbe Wise for Soil, Microbiology Laboratories Australia) and
other soil chemical properties before sowing the green manure crops and before sowing the
following wheat crop.
Results and Discussion
The results presented show the differences in soil plant-available P (Fig. 1), nitrate (Fig. 2) and N
mineralisation (Fig. 3) before sowing the green manure crop, and before sowing the following
wheat crop. Despite some challenges (see above), meaningful results for soil data were obtained.
Plant-available P on both farms tended to be higher where the green manure crop of buckwheat
and sunhemp was sown before the following wheat crop. This was not associated with any
microbiological differences (results not shown) so was probably due entirely to the phosphorus
solubilising capacity of the buckwheat (Arcand et al. 2010; Teboh & Franzen 2011). Nitrate and N
mineralisation on Farm 1 (conventional) also tended to be higher leading up to wheat sowing where
it followed the buckwheat and legume cover crop. The absence of this trend on Farm 2
(biodynamic) may be explained by more consistent microbiological function as a result of overall
management practices, as revealed by microbial community analysis (results not shown in this
abstract). Many of the results were statistically significant at or above an 85% probability level,
which is an acceptable level of statistical significance for field-based studies related to soil
microbiology.
Conclusions
In the highly P-adsorbing soils of the Smeaton district the use of a summer green manure crop
consisting of buckwheat and a legume can result in higher soil plant-available P for winter cereal
crops. This practice may also help to improve soil nitrogen and nitrogen mineralisation on some
farms. Including a green manure crop of buckwheat and a legume in crop rotations can help to
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make farming more sustainable through more efficient P use while simultaneously addressing a
major limiting factor to soil health in the Smeaton district.

Figure 1: Soil plant-available P (Olsen) in soils from both farms before and after green manure crops of either wheat or
buckwheat and sunhemp. Error bars are the standard errors of means (s.e.m.).

Figure 2: Soil nitrate in soils from both farms before and after green manure crops of either wheat or buckwheat and
sunhemp. Error bars are the standard errors of means (s.e.m.).

Figure 3: N mineralisation in soils from both farms before and after green manure crops of either wheat or buckwheat
and sunhemp. Error bars are the standard errors of means (s.e.m.).

Keywords: Soil function, soil health, nutrient cycling, phosphorus, nitrogen mineralization.
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Introduction
The use of biochar as an organic soil amendment has been widely investigated and promoted for
the improvement of agricultural soil, and as a means to promote plant growth. Among its many
reported benefits, biochar is claimed to promote plant growth, improve soil water-holding capacity,
alter soil microbial diversity and population dynamics and reduce nutrient leaching loss, (Verheijen
et al. 2010; Lehmann et al. 2011; Spokas et al. 2012; Bierderman and Harpole 2013).
Methodology
We applied 47 Mg ha-1 Acacia biochar to a Bleached Mottled Grey Kurosol (Planosol) in a high
input commercial apple production system in Tasmania, Australia. The biochar was acacia whole
tree green waste that had undergone pyrolysis in a continuous flow kiln at temperatures up to
550 C
̊ for 30–40 min. The trial design was a randomised complete block in which each block
consisted of 3 trees. The biochar had a pH of 6.4 with concentrations of nutrient as follows: 8.93 %
organic C, 3 mg kg-1 NH4 +, 1 mg kg-1 NO3 -, 234 mg kg-1 extractable P and 1117 mg kg-1 K.
Soil physical properties and water relations were determined by in situ tension infiltrometers,
desorption and evaporative flux on intact cores, pressure chamber analysis at −1,500 kPa, and wet
aggregate sieving. The pore size distribution of the biochar was determined by scanning electron
microscope and mercury porosimetry. Three Tranzflo passive-wick flux meters (Gee et al., 2009)
were installed in each of two adjacent biochar and control plots to measure nutrient leaching from
the base of the A1 horizon. The flux meters consisted of a 200-mm-diameter × 250-mm-deep intact
soil core from the A1 horizon installed above a 65-cm-long fiberglass wick that was connected to
the soil via a sand/diatomaceous earth pad. The Hydrus 2D/3D suite of models were
parameterized using measured soil water retention data and calibrated using field data collected
over a 596-d period. The model was used to explore the effect of current management practices on
nitrate leaching and explore options for reducing irrigation and nitrate loss.
Trees were measured for; girth, trunk cross sectional area, blossom clusters, fruit yield, colour, and
firmness. Tree water use was measured by sapflow, monthly gas exchange and leaf water
potential measurements were carried out on the same day on trees installed with the sapflow
probes from November 2012 to April 2013. Photosynthetic capacity (A1500) and stomatal
conductance (gs) were measured using a Li-Cor 6400 infrared gas analyser.
Results
Despite the biochar being dominated by pores within the PAWC range, biochar application had no
significant effect on; soil moisture content, unsaturated hydraulic conductivity <-0.25 kPa, vanGenuchten retention parameters, drainable porosity (–1.0 kPa and -10 kPa), field capacity, PAWC,
or aggregate stability. However, the biochar amended soil appeared to have attracted earthworms,
whose burrowing appeared to have been responsible for the increased near saturated hydraulic
conductivity and total porosity, associated with the creation of large (> 1200 μm) macropores.
Biochar application resulted in significantly greater loss of potassium and phosphorous from the
topsoil, however biochar application had no significant effect on nitrate leaching.Leaching
accounted for loss of between 53 % to 78 % of the applied nitrogen, 5 % to 11 % of the applied
phosphate, and 69 % to 112 % of the applied potassium from the topsoil (Figure 1).
Application of biochar resulted in modest changes in the type and function of microbial
communities, however the relative abundance of soil bacteria was unaffected. Biochar application
also had no significant effect on fruit yield or fruit quality, photosynthetic capacity, leaf nutrient
concentration, or daily tree water use.
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Figure 1. Comparison between the cumulative applied nutrients and cumulative nutrients lost below the A1 horizon for the
biochar and control treatments. Values refer to the tree row. Stars indicate the timing of green fowl manure application.

Simulations demonstrated the orchard was inherently and profoundly ‘leaky’ with between 15 and
33% of the average annual rainfall being lost via runoff and deep drainage under rainfed conditions
Modelling showed that the current young trees resulted in loss of 38.1 kg N ha–1 yr–1 or 46% of the
applied nitrate, and 34.6 cm yr–1 of rainfall and irrigation as drainage below 2.0 m depth. For
mature trees, model scenarios predicted that converting from sprayers to drippers, would reduce
the required irrigation by 44%, reduce nitrate requirement by 21%, and reduce deep drainage and
nitrate leaching by 37%. Deficit-based irrigation and fertigation scheduling had minimal effect on
the amount of deep drainage and nitrate leaching.
Conclusion
Despite persistent claims to the contrary, we found that application of a single rate of acacia
hardwood biochar within a commercial apple orchard, had no significant effect on soil hydrological
function, soil water availability, nutrient retention, tree water use, tree growth, fruit quality, or fruit
size. Application of biochar had significant negative consequences including reduced pH and
increased leaching of phosphorus and potassium. Minor changes in soil density, earthworm
abundance, and microbial communities were also observed.
Keywords: Biochar, soil hydrology, hydrus, nutrient leaching, apple
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Introduction
A wide range of fungi known generally as endophytes can live in mycelial form in plant tissues.
They do not cause obvious harm to their plant hosts and have been found to have roles defending
their hosts against insect pests, diseases and environmental stresses (Stirling 2014). Fusarium
species including (Fusarium oxysporum and F.solani) have been associated with a range of plant
diseases however there have also been many non-pathogenic strains of F. oxysporum in particular
identified as potential biocontrol agents due to there association in disease suppression (Nel et al
2006). In this research, fungal endophytes isolated from grain growing soils were tested for their
ability to suppress multiplication of the root-lesion nematode, Pratylenchus thornei. This nematode
is a serious pest in the northern grains region affecting the yield of multiple host crops, especially
wheat (Triticum aestivum).
Methodology
Soils from several paddocks across southern Queensland and northern New South Wales grain
farms were placed in pots and planted to wheat (cv. Sunvale). Following 12 weeks of plant growth,
the roots were removed from the soil, surface sterilised and pieces plated on ¼ strength Potato
Dextrose Agar, followed by incubation at 24oC for three days. Approximately 20 fungi were isolated
from the roots with 8 identified on morphological features as being Fusarium species. These were
retained and then subcultured to provide pure cultures. They were then identified using molecular
techniques.
Two separate glasshouse trials were conducted. The first trial was with just one Fusarium isolate
(identified as F. nygamai) that was isolated from soil from a property at North Star in NSW. The
second trial involved 6 Fusarium isolates from various locations across southern Qld and northern
NSW. Two wheat (cv. Sunvale) plants were grown in pots (1.5L capacity) of sterilized soil and
spores of the Fusarium species suspended in water were added to the soil at planting. Root-lesion
nematodes were added two weeks post planting, again in suspended in water poured around the
base of the wheat plants. Plants were grown for 8 weeks and given water and nutrients in
unlimited supply. The design was a replicated randomized block design with factorial treatments of
with or with nematodes x with or without Fusarium isolate/s. Ten replicates were harvested to
measure above ground biomass and nematodes numbers in roots and soil and two replicates were
used to re-isolate Fusarium from the roots as a check that they had colonized the roots.
Results
The first trial with one of the isolates, Fusarium nygamai, showed a 40% reduction in root-lesion
nematode multiplication in the roots and soil compared to the control. There was no significant
difference in plant biomass.
Table 1: Above ground biomass and Pratylenchus thornei population after 8 weeks growth of wheat in plants inoculated with
nematodes with and without the addition of Fusarium nygamai at planting.
Treatment
Plant biomass (g)
P. thornei (nematode/kg dry soil)**
Control
0.547
1317 a
Fusarium nygamai
0.570
785 b
LSD (P=0.05)
n.s.
272

A second trial with multiple isolates tested their impacts on nematode multiplication. Four of the six
isolates were found to significantly reduce root-lesion nematode multiplication by between 50 and
55%. No difference in above ground plant biomass was observed due to with the different isolates.
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Table 2. Above ground wheat biomass and Pratylenchus thornei population after 8 weeks growth of wheat plants inoculated
with nematodes with and without the addition of various Fusarium isolates at planting
Isolate code
Treatment/
Isolate Plant biomass (g/pot)
P. thornei (nematode/kg dry soil)**
name
Nil
Control
0.34
1019
Fo
F. nygamai
0.34
500
2A1
F. solani
0.33
995
2D1
F. oxysporum
0.30
457
3A
F. oxysporum
0.34
833
3C
F. oxysporum
0.33
505
5C
F. nygamai
0.32
477
LSD (P=0.05)
n.s.
302

Discussion
The results show that particular fungal endophytes isolated from wheat grown in soils from grain
growing properties can significantly reduce root-lesion nematodes by 40-55% in wheat grown in
glasshouse pot experiment. Both isolates identified as F. nygamai (one was the same isolate as
that used in the first experiment) plus two others identified as F.oxysporum were therefore able to
suppress multiplication of the nematode. Two others however, identified as F. solani and another F.
oxysporum, did not control or suppress the nematodes. Importantly, plant growth was not
significantly reduced by the presence of the endophytes indicating they were not pathogenic and
that nematodes were not reduced simply due to a lower level of their food source.
Conclusions
Fungal endophytes can provide considerable protection for plants against known pathogens. In
this work, endophytes identified as Fusarium nygamai and Fusarium oxysporum consistently
reduced the parasitic nematodes by 40-55%. They therefore show promise as biocontrol agents
and warrant future research in field environments to verify their potential for nematode suppression.
Keywords: Fusarium, Pratylenchus thornei, endophytic fungi, disease suppression.
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Introduction
Panama disease, caused by the fungal pathogen Fusarium oxysporum f.sp. cubense (Foc), has
had devastating effects on banana production globally and is now threatening Australia’s largest
banana production region, Far North Queensland (O’Neill et al., 2016). Severity of the disease, and
growth of the causal organism have been linked to soil properties in other parts of the world, but
not in this key agricultural region of Australia (Deltour et al., 2017 ; Peng et al., 1999). Disease
severity is determined by the host plant, the pathogen and the environment. For soil-borne
diseases such as Panama disease the soil microbial community is a particularly important aspect
of the environment. The host plant, pathogen and soil microbial community are all influenced by
abiotic characteristics of the soil. The aim of this study was to determine a) if Panama disease
severity differs between soils of Australia’s main banana growing area, b) which abiotic soil
characteristics are influential, and c) if a rapid assay can be used to rank soils for their effect on
disease severity.
Methodology

Twenty-eight soils from Far North Queensland were compared; 6 (representing 62% of soil types currently
cultivated to bananas) were tested in a greenhouse pot experiment measuring disease severity, and all 28
(representing >95% of soil types) in an in-vitro assay measuring pathogen growth. The soils were analysed for
a wide range of abiotic characteristics. Generalised linear models were used to identify soil characteristics
correlated with disease severity and pathogen growth.

In the greenhouse pot experiment, 6 contrasting soils were inoculated with Foc Race 1 (R1), a
variant of Panama disease endemic in Far North Queensland, or left non-inoculated, after planting
with susceptible bananas (Musa AAB cv. Lady Finger). There were 6 replicates. After 16 weeks
plants were harvested and analysed for fresh mass, dry mass and disease severity (Carlier et al.,
2003).
In the in-vitro assay, all 28 soils were inoculated with Foc R1 and incubated moist for 28 days. A
section of banana pseudostem (Musa ABB cv. Ducasse, also susceptible to Foc R1) was then
placed on the soil and incubation continued for another 7 days. Cross sectional samples of the
pseudostem were then plated on a Fusarium-selective media to quantify saprophytic colonization.
Results and discussion
The greenhouse pot experiment showed a significant difference in disease severity between
several of the six soils (Figure 1). Soil with high plant fresh weight had low disease severity and
vice versa. Disease severity was negatively correlated with soil clay content and concentrations of
extractable boron and total iron, copper and cadmium.
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Figure 1: Disease severity (proportion of rhizome discolored) of plants in the six pot trial soils.

For the in-vitro analysis, pathogen colonization differed between soils (Figure 2) and was positively
correlated with soil concentrations of clay, total phosphorus, iron, chromium and manganese,
organic matter and oxalate extractable iron, water holding capacity and phosphorus buffering
index. Pathogen colonization was greatest in soils with basaltic parent material and least in poorly
drained alluvial soils.

Figure 2: Pathogen colonization (proportion of pseudostem sections infected) in the in-vitro assay of all 28 soils (grey bars
indicate soils used in both the assay and greenhouse pot trial).

It is of particular interest that the correlations for these two tests were essentially opposed. The
conditions of good water and nutrient availability leading to vigorous saprophytic growth of the
facultative pathogen in the in-vitro assay also led to vigorous plant growth in the pot experiment. In
the pot experiment it appears that the positive effects on plant growth enhanced the plants’ ability
to resist the pathogen.
Conclusion
Soils of Far North Queensland differed in their effect on Panama disease severity. The better the
conditions for plant growth, especially clay content and associated variables, the lower the disease
severity. An in-vitro assay involving the pathogen, but no living plant, identified differences between
inoculated soils in the level of saprophytic growth, which can help us understand soil colonization.
This research identified key soil characteristics for further investigation to reduce the severity of this
economically important disease.
Keywords: Fusarium oxysporum, disease suppression, banana, soil chemistry, vascular wilt.
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Introduction
Soil bacteria is an important component of soil microorganisms and plays key roles in
biogeochemical cycles. Soil bacteria diversity and community structure are usually used as
indicators of soil and ecosystem conditions and have been widely investigated in previous studies.
Alien species especially leguminous species such as black locust can increase soil nitrogen (N)
pools and fluxes and reduce nutrient retention and carbon storage to accelerate N cycling. All these
processes affect the soil bacteria biodiversity and structure and thus lead to alterations of
ecosystem functions. Black locust has widely planted in the Loess Plateau of China as a pioneer
species for ecological restoration, and many studies have investigated the impact of black locust on
soil microbial communities. However, these studies are site specific and inconsistent, preventing an
accurate evaluation of the effect of black locust on local ecosystems.
Methodology
We selected pairwise sampling sites of black locust forest and local communities in different
vegetation zones. At least four pairwise sampling sites were selected in each vegetation zone. To
reduce the impact of local topographical changes, all sample sites have similar aspects and slope
positions. Totally twenty-four sampling sites were selected. At each site,a plot of 10 m × 10 m was
selected to collect soil samples.
Soil dry weight (DW) ,Organic carbon,N contents, P contents ,Soil pH was measured using
classical methods (Bao, 2000; Solly et al., 2014). High-throughput DNA sequencing technologies
were used to identify soil microbial taxa (Oberauner et al., 2013; Uroz et al., 2013).
Table 1. bacteria richness and diversity at each sampling site
Results
The numbers of
Sample
Richness and diversity estimates
Sequencing results
OTUs and sequences
Chao1
ACE
Shannon
Total
Total
from 16S rRNA
Sequences
OTUs
genes were higher in
FL
12951±1210b
14502±1520b
7.6±0.12a
50277
8079
samples from EL and
FN
15174±5195b
18639±9192ab
7.65±0.17a
51326
8533
EN sites than other
EL
22581±4975a
28459±8720a
7.74±0.15a
56381
10492
sites (especially at
the FL and FN)
EN
17540±4404ab
19965±5161ab
7.77±0.30a
62375
10015
(Table 1). The
SL
16107±2179ab
18571±3356ab
7.77±0.06a
56025
9172
richness estimators
SN
15043±1732b
17149±2512b
7.72±0.11a
53651
8752
(Chao1 and ACE)
and the estimated
Different lower-case letters in column indicate a significant difference at the 0.05 level.
FL- Black locust in forest zone; FN-Native communities in forest zone; EL-Black locust in forestShannon alpha
Steppe zone: EN-Native communities in forest-steppe zone; SL-Black locust in steppe zone; SNdiversity index were
Native communities in steppe zone.
similar in these soil
samples in terms of the numbers of OTUs and sequences, but the Shannon index was not
significantly different. The alpha diversity was lowest in samples from the FL. The dominant phyla
were the same across these samples, but their relative abundances were different. The proportion
of Actinobacteria varied among different samples, ranging from 42.76 to 51.85%. The proportion of
Actinobacteria reached its lowest value in FN samples and highest value in EL samples, and the L
(black locust) samples had a higher proportion of Actinobacteria sequences than N (native
community) samples (Figure 1).

At the phylum level, differences were also detected in the soil bacterial communities in black locust
forest (Figure 3). The detected phyla overlapped along the environmental gradient. The
overlapping EL and FL phyla were FCPU426 and Kazan-3B-28, and the common phylum in SL and
FL was OP11. Distinctively, no phyla were present in both EL and SL samples.
The results showed that the introduction of L caused significant differences in microbial
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communities in different vegetation zones. RB25 and Thermomonas were always detected in FL
samples, and Actinobacteria and Chloroflexi were defined as the only biomarkers of EL and SL,
respectively. The abundances of Acidobacteria and Proteobacteria were highest in FL samples,
and the lowest abundances of Actinobacteria and Chloroflexi were found in FL samples. However,
these phyla did not significantly differ in EL and SL samples. The abundance of
Gemmatimonadetes was highest in FL samples and lowest in EL.
Table 2. The ANOSIM and PERMANOVA results
ANOSIM

Figure 1. The relative abundances of major
taxonomic groups at the phylum level for bacteria

PERMANOVA
2

R

P

FL-FN

0.4891

0.008**

0.16096

R

0.003**

Pr

EL-EN

0.5832

0.028*

0.27099

0.024*

SL-SN

0.4711

0.001***

0.09319

0.001***

FL-EL

0.8942

0.004**

0.22653

0.002**

FL-SL

0.9835

0.001***

0.20385

0.001***

EL-SL

0.2373

0.07

0.09583

0.062

Total

0.7235

0.001***

0.12976

0.001***

the bacteria communities of L and N samples were significantly different in
each paired group and that the microbial community composition changed
when L was introduced into different vegetation zones.
Table 3. Pairwise comparisons between vegetation types
t

p

-0.1287

0.8981

EL-EN

4.8271

0.000***

0.890192

SL-SN

-20.436

0.000***

0.737851

FL-EL

-0.1649

0.8703

0.798948

FL-SL

2.279

0.02577*

0.811249

EL-SL

-11.616

0.000***

0.723917

FL-FN

∅

0.799391

*P<0.05, **P<0.01, ***P<0.001. Values represent the univariate t-statistic
(t), the p value and the average between-group Bray-Curtis similarity (∅)
Figure 2. Pairwise comparisons of β
diversity between vegetation types

The differences between L and N samples in each group were significant
with the exception of that between FL and FN. In addition, FL and SL beta
diversity clearly differed from that of EL along vegetation zones (Figure 2;
Table 3).

Conclusions
Our results showed that the introduction of black locust could
increase the bacteria diversity in steppe and forest-steppe
zones while it reduced the bacteria diversity in forest zone.
The relative abundances of Acidobacteria and Planctomycete
in Ns were more abundant than those in L in in forest and
forest-steppe zones while Actinobacteria was more abundant
in L samples than in N samples in steppe zone. The impact of
black locust is variable along environmental gradient.
Keywords: Black locust, HiSeq sequencing, Alpha diversity,
Bacterial phyla, Bacterial community

Figure 3. Venn diagram showing the
bacterial phyla found in vegetation types
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Introduction
Arbuscular mycorrhizal fungi (AMF, Glomeromycota) are considered to play a pivotal role in the
terrestrial ecosystems as they enhance plant health and soil function. Despite their importance,
their abundance and diversity are largely unknown in most regions of Australia.
Methodology
In this field study conducted in Tasmania, real-time quantitative PCR (qPCR) was conducted to
determine AMF abundance in vineyards of different soil types. We sampled 16 sites including
vineyards and adjacent native vegetation for comparison in key vine growing regions of Tasmania.
Results and discussion
AMF abundance varied significantly between different soil types (F = 394.7; P <0.001). Sandy loam
vineyard soils had the highest mean DNA copy numbers (6.0 ± 2.7 ng nl-1), while Vertosol had the
least among the soil types (0.2 ± 0.2 ng nl-1). The difference between sandy loam and Dermosol
was more significant (P < 0.001) than between Vertosol and Ferrosol (P = 0.03). The results of this
study highlight the major influence of soil type on AMF abundance.
Conclusions
AMF abundance in soils is mostly related to the physical and chemical properties of the soils. Such
a quantitative alteration in AMF community could have consequences on local soil ecosystem
functioning and therefore the growth of host plants.

Figure 1: AMF abundance of different vineyard soil types; dermosol, sandy loam, vertosol and ferrosol (n = 54). On the left
graph shows the average values of AMF DNA copy number in soils within each vineyard sample (error bars represent +/-2
standard error), while on the right graph shows the means of AMF DNA copy numbers across all vineyards of each soil type
are presented.
Table 1: Mean DNA copy number (per gram soil) and two-way ANOVA using the general linear model for the effect of soil
type, as well as, their interaction of dependent variable of AMF DNA copy numbers at P < 0.05.
Source of variation Means ± SD F-value
P-value
R2(Adjusted)
Soil type

394.7
Dermosol

7.0 ± 2.0

<0.001 (0.85)

0.86 (n=54)
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Soil type* Vineyard

Sandy loam

6.0 ± 2.7

Vertosol

0.2 ± 0.2

Ferrosol

0.9 ± 0.7
19.9

<0.001 (0.36)

0.86

Keywords: Arbuscular mycorrhizal fungi (AMF), AMF abundance, real-time quantitative
polymerase chain reaction (qPCR), soil type, vineyards.
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Introduction
Recent studies have indicated a high incidence of poor pasture legume nodulation in south-eastern
Australia (Hackney 2017). This is concerning as fixation of nitrogen (N) by the legume-rhizobia
symbiosis is a crucial source of N in these systems. There are a range of soil physicochemical
factors that may contribute to this problem (Hackney 2017; Yates et al. 2014). There may also be
biological factors involved. Nodules within a single root system may be occupied by multiple
rhizobia strains and recent studies indicate that a high diversity of other soil bacteria co-inhabit
legume nodules (De Meyer et al. 2015; Lu et al. 2017; Wigley et al. 2017). Some of these, such as
some Pseudomonas spp., have demonstrated beneficial interactions in the rhizobia-legume
symbiosis (Egamberdieva et al. 2010). However, the importance and role of most of these is
unknown and the importance of the sub-clover nodule microbiome in relation to poor nodulation in
south-eastern Australia has not been investigated. In this presentation we report on a preliminary
study in which we evaluated the efficacy of rhizobia in field nodules and identified the rhizobia
strains and dominant genera of co-inhabiting bacteria.
Methodology
Four sub-clover (Trifolium subterraneum) root samples were collected from three commercial
grazing properties in the ACT as part of a pasture legume survey conducted by McIntosh et al.
(2018). Eight nodules were excised from each sample, surface sterilised by washing in ethanol
followed by 4% bleach, rinsed in sterile Type 1 water, transferred to 2 mL sterile Type 1 water and
then macerated using a glass rod. The resulting suspension was used to inoculate surface
sterilised and pre-germinated sub-clover seed sown into sterile vermiculite pre-moistened with N
free plant nutrient solution. Three controls were included: 1) negative; 2) +N; 3) WSM1325.
Treatments were repeated ten times. Seedlings were kept in a growth chamber with 12 hour
day/night cycles at 22oC - 25oC. After 6 weeks the plant tops were removed and dry weight
biomass was recorded. Root samples were harvested and submitted to the MALDI-ID service
(http://maldiid.com/) for rhizobia strain identification. Three nodules were analysed for each sample.
Surface sterilised nodules were also submitted to the ACE sequencing service
(http://ecogenomic.org/) for Illuimina MiSeq next-generation amplicon profiling of nodule
communities (V3-V4 region; 341F/R806 primers). Database matches with less than 80%
confidence and OTUs making up less than 1% of the total number of reads were filtered out prior to
analysis.
Results
Mean dry weight biomass for sub-clover seedlings for inoculated and N control treatments ranged
between 47 mg and 56 mg (Figure 1) and 14 mg for the negative control was which was
significantly less than all other treatments (P<0.01). MALDI-ID results for the field nodules indicated
a number of dominant rhizobia strains. The current Group C strain (WSW1325) was dominant in
Winslade 1 and Reedy Creek samples. A mix of older Group C and other strains were dominant in
Winslade 2 and Kerrabee nodules. There was little relationship between the rhizobia that colonised
test plant nodules and rhizobia identified in field nodules used for inoculation. However, the quality
of MALDI-ID results was affected by the immaturity of nodules for the laboratory test plants.
A total of 18 bacteria genera were identified by Illumina sequencing for field and laboratory nodules
(Figure 2). Rhizobium were the most dominant genera ranging from 33% of amplicon reads for
Winslade 1 to 83% for Winslade 2 field nodules. Other dominant genera for these sites included
Pseudomonas and Variovorax but these made up less than 1% of reads in the Kerrabee and
Reedy Creek nodules. Most of the genera detected in the field nodules transferred to the laboratory
nodules. Rhizobium was the most dominant and Pseudomonas, Variovorax, Flavobaterium and
uncultured Enterobacteriacease were the most dominant non-rhizobia bacteria in laboratory
nodules.
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Figure 1. Effectiveness test results for rhizobia
occupying subclover nodules.

Figure 2. Dominant genera associated with sub-clover nodules as
identified by Illumina next-generation sequencing.

Discussion
Under ideal growing conditions rhizobia occupying all field nodules demonstrated effectiveness in
laboratory tests. This occurred despite all field root samples having poor nodulation scores
(MacIntosh et al. 2018). MALDI-ID results indicated dominance of the current Group C strain WSM1325 - for subclover in some nodules but overall there was a mix of older commercial and
other rhizobia strains in field plants. Our attempt to identify which rhizobia strains transferred from
the field nodules to the laboratory nodules was affected by immature nodules yielding low target
proteins required for MALDI-ID. Despite this, the field nodule rhizobia that colonised the laboratory
nodules were as effective as the +N and WSM1325 controls. This indicates that there were
efficacious strains in the field nodules. Thus poor nodulation observed in the field may be due to
field conditions (Hackney 2017; Yates et al. 2014) rather than an absence of effective rhizobia.
In addition to MALDI-ID we carried out next-generation sequencing of bacterial DNA extracted from
field and laboratory nodules. To simplify analysis for this forum we only gave consideration to the
most dominant genera. However, similar to the findings for other legume species (De Meyer et al.
2015; Lu et al. 2017; Wigley et al. 2017) we noted that there was a high diversity of bacterial
genera within the cohort that made up <1% of total reads (data not shown). As expected,
Rhizobium were the most dominant genera in field and laboratory nodules. Among the non-rhizobia
genera Pseudomonas, Variovorax, Flavobaterium and uncultured Enterobacteriaceae were present
in the field nodules and were among the more dominant non-rhizobia in the laboratory nodules.
Pseudomonas are known to stimulate formation of ineffective nodules in the absence of rhizobia
and also coinhabit nodules with rhizobia (Wigley et al. 2017) resulting in increased plant
productivity (Egamberdieva et al. 2010). Thus the Pseudomonas observed in our study may have a
beneficial role in the rhizobia-sub-clover symbiosis. The other rhizobacteria identified in this study
may have a beneficial or antagonistic role, however, their specific function within the microbiome of
sub-clover nodules is yet to be determined.
Conclusions
Efficacious rhizobia are present in pastures that have low nodulation scores. However, their ability
to effectively nodulate sub-clover may be constrained by field conditions that are impacting plant
health, with subsequent consequences for the rhizobia-sub-clover symbiosis. Illumina sequencing
of bacterial DNA extracted from nodules provided insight into the complexity of microbial
interactions within sub-clover nodules. While this preliminary study was limited in scope, the results
highlight an opportunity for Australian soil microbiologists to investigate the importance and role of
non-rhizobia bacteria in the rhizobia-legume symbiosis.
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Introduction
Climate change is expected to bring about major changes to the function of soils, both through
direct changes to the composition of soil microbial communities through changed rainfall and
increased temperatures, and indirect and longer term changes to the composition and structure of
associated vegetation communities. Whilst such impacts are notoriously difficult to directly quantify,
transects allow a space-for-time comparison, where spatial gradients in aridity or other variables
can be observed and provide an indication of changes that are likely to occur with similar temporal
climatic change.
This study used a transect established under the Terrestrial Ecosystem Research Network (TERN)
along the Adelaide geosyncline that runs for 900 km from Cape Jervis in the south to Murnpeowie
Station, 150 km north of Arkaroola Wildlife Sanctuary at the head of the Flinders Ranges in the
north of South Australia. It covers a rainfall gradient of nearly 900 mm difference, and thus provides
an excellent tool with which to assess linkages between climate, vegetation community structure,
soil microbial community composition and function, and soil organic matter chemistry, that can
provide insights into the likely changes we can expect within this system under future climatic
change.
Methodology
Sampling and initial sample preparation and use of publicly available data
Soil and litter samples were collected from sites along the transect in autumn 2016. At each site, a
25 x 25 m sampling area was established on the site previously sampled under the TERN Ausplots
programme (Guerin et al. 2013), and 20 soil samples were taken at random within this area from
the 0-10 cm layer and these were homogenized to form one composite sample. Additionally, 10
grab-samples of litter were also taken from within the study area and composited. Samples were
immediately refrigerated at 4ºC with a sub-sample being preserved at -20ºC for onward microbial
analysis. Samples were then processed either in the field or within 24 h and extracted with MQ
water, 0.01 M CaCl2 or 0.5 M K2SO4 for the determination of soluble, loosely bound or
exchangeable DOC, DON and DIN and the extracts filtered and frozen for onward analysis. A
second sub-sample was fumigated in CHCl3 for 24 h immediately upon return from the field and
also extracted with 0.5 M K2SO4 for the estimation of microbial biomass C/N pools. The remaining
sample was air-dried and preserved for onward analysis.
Soil and litter carbon content and chemistry
Total C/N were determined in the composite dried litter and soil samples by Leco following
carbonate removal by the H2SO3 method where required. Organic C chemistry of the litter and soil
samples was then characterised using solid state 13C nuclear magnetic resonance (NMR)
spectroscopy following established protocols. For soil samples, these were pre-treated with 2% HF
to concentrate the organic matter and remove paramagnetics (Sanderman et al. 2017).
Microbial community structure and function
To examine the composition of the soil microbial community, DNA was extracted from the frozen
soil sample using standard procedures and analysed for bacterial and archaeal (16S), fungal (ITS),
and microeukaryotic (18S) domains by Illumina MiSeq next-generation sequencing (NGS). Reads
were quality checked, processed, and matched to databases for taxonomic identification using
established bioinformatic approaches. As an additional and PCR-independent step, phospholipid
fatty acids (PLFAs) were extracted and quantified by GC/MS in order to obtain total bacterial and
fungal biomass, to quantify fungal to bacterial ratios.
To quantify the active microbial community, 13C-stable isotope probing (13C-SIP) was undertaken
using glucose (Neufeld et al. 2007) on air-dried soils after pre-incubation for 10 days at 35% waterholding capacity. First, in order to select the appropriate time for destructive sampling, a pre-
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experiment was conducted using 14C-labelled glucose to estimate its half-life in the soil after
trapping evolved 14CO2 and quantifying it by liquid scintillation (Farrell et al. 2015). An identical
incubation was then conducted using 13C-labelled glucose, and after 49 h (median t1/2 of glucose
across the 42 samples) samples of soil were extracted for DNA before isopycnic graduation by
ultracentrifugation, quantification of fractions by qPCR, and finally analysis of active (13C-labelled)
and passive (unlabelled) fractions by NGS as above. The unlabelled controls were used to verify
that isopycnic fractionation was due to incorporation of the labelled glucose and not due to shifts
towards heavier DNA sequences due to a greater incidence of G/C bases.
Results and Discussion
Vegetation community composition and structure was found to be systematically influenced by
climate, particularly aridity along the transect. Though significant multivariate correlations were
observed between the litter and SOM organic C chemical composition (ρ = 0.224, P = 0.014), it
was interesting to observe that SOM chemistry was more strongly related to vegetation community
structure (ρ = 0.356, P ≤ 0.001). This perhaps highlights a more indirect influence of plants on SOM
through their regulation of the microbial community and thus the chemical composition of their
necromass (Clemmensen et al. 2013), rather than direct C flows from primary inputs. However,
there was a stronger correlation between aridity and the alkyl / O-alkyl ratio (a measure of
decomposition status) of the litter than the SOM, perhaps reflecting greater rates of decomposition
in the wetter southern sites (Baldock and Preston 1995).
When examining relationships between microbial community structure, aridity and SOM chemistry,
it was clear that aridity rather than SOM chemistry was the major driver, with bacteria and archaea
(16S sequences) being influenced to a greater extent than fungi (ρ = 0.764 and ρ = 0.454
respectively, both P ≤ 0.001). Though there was no relationship between fungal community
structure and SOM chemistry, bacterial and archaeal community structure was also influenced by
SOM chemistry (ρ = 0.269, P ≤ 0.001). Thus, we focussed solely on the bacterial and archaeal
domains when probing the active microbial community through 13C-SIP, the results of which will be
presented at the conference. Given past and more recent observations that a significant proportion
of DNA in soils is from non-active microorganisms (Carini et al. 2016), this distinction is
increasingly recognised as necessary to understand the structure of the portion of the microbial
community which is currently active.
Conclusions and ongoing work
This 900 km transect, along with the high quality vegetation data provided through TERN has
provided an excellent opportunity to explore the relationships between climate, vegetation, organic
matter chemistry and the soil microbial community. We have demonstrated more indirect, rather
than direct relationships between vegetation and microbial community structure and SOM
chemistry, whilst highlighting the overriding direct influence of climate on community structure.
Ongoing work, particularly the finalisation of the 13C-SIP activity, will help elucidate linkages
between these datasets and their functional role in the environment.
Keywords: Stable Isotope Probing, Soil organic matter, Environmental Transects, Microbial
ecology, NMR
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Introduction
Agronomic practices such as crop residue return and additional nutrient supply are recommended
to increase soil organic carbon (SOC) in arable farmlands. However, changes in the priming effect
(PE) on native SOC mineralization in response to integrated inputs of residue and nutrients are not
fully known. This knowledge gap along with a lack of understanding of microbial mechanisms
hinders the ability to constrain models and to reduce uncertainty with carbon (C) sequestration
predictions.
Methodology
13C 494‰), this 126-day incubation study examined the
Using a 13C-labelled wheat residue ( 
dominant microbial mechanisms relating to microbial enzyme activity and gene abundance that
underpin the PE response to the variable inputs (low or high) of wheat residue and nutrients
[nitrogen (N), phosphorus (P), and sulphur (S)] in two contrasting soils. The two soils, i.e. (i) Red
Chromosol (Condobolin, New South Wales) and Vertosol (Hermitage, Queensland), were collected
from long-term field trials under grain-based farming systems. The nutrients were added along with
the crop residue to the soils to match the C-to-nutrient stoichiometry of stable soil organic matter.
Results
A conceptualized model is presented (see Figure 4) based on the key findings from this study on
the dominant microbial mechanisms related to the PE at the low or high wheat residue input, with
or without nutrients. The “microbial nutrient mining” and “microbial stoichiometry decomposition”
mechanisms relating to nutrient availability mainly operated at the high wheat residue input. See
further details in the full publication (Fang et al. 2018).

Figure 4: A conceptual model showing the dynamics of the PE, influenced by the interactive effects of wheat residue and
nutrients [nitrogen (N); phosphorus (P); sulfur (S)] at different inputs (low or high), as well as the underlying biotic
mechanisms in relation to microbial community growth and extracellular enzyme activities in the two soils (Fang et al.,
2018). In addition to biotic mineralization, nutrient availability in soil may also be supported by an abiotic mechanism (e.g.
chemical mobilization of nutrients from the soil reserves). (a) Low residue input level (6.7 g kg-1 soil); and (b) High residue
input level (20.0 g kg-1 soil). Solid black lines show the fluxes induced by native soil. Solid blue lines show the fluxes
enhanced by the presence of residue. The solid and broken red line represented that nutrients had an increase and no
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effect on the fluxes, respectively. The dark green lines indicated the change of gene abundance over time with residue
input. The input of residue decreased enzymatic C-to-nutrient stoichiometry.

331
Discussion
The input of wheat residue caused positive PE through “co-metabolism”, supported by increased
microbial biomass, C and N extracellular enzyme activities (EEAs), and gene abundance of certain
microbial taxa (Eubacteria, β-Proteobacteria, Acidobacteria, and Fungi) in both soils. The residue
input could have induced nutrient limitation, causing an increase in the PE via “microbial nutrient
mining” of native soil organic matter, as suggested by the low C-to-nutrient stoichiometry of EEAs.
On the other hand, after an initial decrease in the PE at the high residue with nutrients (for
example, via alleviation of nutrient mining, supported by the low gene abundance of Eubacteria and
Fungi), the PE increased to the same magnitude as without nutrients over time. This suggests the
dominance of “microbial stoichiometry decomposition”, supported by higher microbial biomass and
EEAs, while Eubacteria and Fungi increased over time, at the high residue with nutrients cf. nonutrient in both soils.
Conclusions
This study enhances understanding of the underlying microbial mechanisms relating to the priming
of native SOC mineralization in response to the supply of crop residue and balanced nutrients in
soils with different properties (e.g. clay content) and particularly over a crop growing season. These
findings should be explicitly considered to improve process-based models to better predict SOC
dynamics and their responses to integrated residue-nutrient management with implications for SOC
sequestration in arable farmlands.
Keywords: 13C isotope, copiotrophs, enzymatic stoichiometry, extracellular enzyme activity, gene
abundance, oligotrophs
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Introduction
As climate change proceeds, a change in the frequency and intensity of fire events is expected to
affect soil organic matter (SOM) transformations within forestry systems. While the effect of fire on
microbial community structure and function in field soils has been studied in a variety of pine forest
systems, less is known about direct effects of the addition of charred non-woody forest materials on
microbial community diversity. The relationships and reactions between soils, fire, organic matter
and the microbial biomass are complex and changes after a fire are difficult to attribute to specific
factors. For example, microbial diversity has been shown to increase after low severity fire but
decrease in soils amended with biochar derived from oak heartwood (Quercus laurifolia) and
Eastern gama grass (Tripsacum dactyloides) (Khodadad et al. 2011; Fontúrbel et al. 2012). In this
study we aimed to determine the effect of adding thermally altered organic matter on microbial
diversity without the confounding effects of fire. We incubated non-woody OM that was heated to
four temperatures (40
C, 150C, 26
incubated soils for microbial activity and community diversity.

Methods
Live Pinus radiata needles <1 year old and bulk soil was collected from a managed forestry
C be fore be in
plantation. Needles were dried at 40
at three temperatures (150
C, 260C, a n
carbon and nitrogen loss (Table 1), solid-state 13C nuclear magnetic resonance spectroscopy
(Table 1), mid infrared spectroscopy, and incubated nitrogen responses from a previous
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experiment with a larger range of temperatures (n= 10). After heating, needles were coarsely
ground and screened (0.5-1.0 mm fraction retained). Soil and thermally altered litters were mixed
thoroughly in five treatments (four temperatures and one control; n = 5) and incubated under
optimal conditions for soil respiration for 43 days. Soil respiration was measured throughout, and
soil microbial diversity was analysed using soil frozen on day 43 with illumina next generation
sequencing (amplicon targets 16S:27F-519R and ITS1-ITS2).
Results
Characterization of the litters shows C is lost to a greater degree than N, leading to enrichment of N
in the litters treated to higher temperatures. Of the carbon that remains, the relative proportion of
alkyl, O-alkyl and di-O-alkyl structures decreases, and aryl and O-aryl structures increase. From a
previous experiment, these changes in litter chemistry lead to substantial changes in the net
movement of nitrogen during a short term (2 week) incubation. In that experiment, N was
progressively more immobilized in the soil over the first week of incubation with increasing thermal
alteration temperature even though C:N ratio of the litter amendments decreased.

Although data from the DNA sequencing has only recently been acquired, preliminary observations
from the incubation study indicate amendment thermal alteration temperature clearly affected
microbial biomass activity. Soil respiration (when considered per gram of organic carbon) indicates
microbial activity was increased by approximately 300% in soils that received low temperature
75%
, 150
in soils
C) re la tive to the c
amendments (40
C
C, 320C). S
that received high temperature amendments (260
resulted in a larger change in soil bacterial community structure compared to the high temperature
litters which had little effect on community composition. Fungal community data has not yet been
received.

Table 1: carbon and nitrogen loss (determined by dry combustion), and carbon species (determined by solid-state
nuclear magnetic resonance) for fresh Pinus radiata needles heated to the four temperatures used in this experiment.

C 150

C 260

C 320

Temperature:

40

C (mg/g)
C loss (%)
N (mg/g)
N loss (%)

482.0
0
13.31
0

503.0
4.3
13.89
4.3

613.4
28
19.78
16

643.7
56
28.10
30

Alkyl
N-Alkyl/Methoxyl
O-Alkyl
Di-O-Alkyl
Aryl
O-Aryl
Amide/Carboxyl
Ketone

17.2
5.1
42.0
10.2
12.8
6.7
5.2
0.7

16.2
5.4
43.6
10.3
13.1
5.4
5.1
0.8

21.2
4.9
19.5
6.9
30.8
9.7
4.9
2.1

5.4
1.9
2.7
5.0
62.2
14.4
5.4
2.8

C

13

C

Discussion and conclusion
It is clear from the preliminary results that the changes to organic matter caused by heating directly
influence soil microbial diversity, and that there is a step change in the effect of heating between
C a nd 260C
150
decreased microbial availability occurs at approximately 200
e
Ctested
in th Pinus radiata
needles. Using data generated from this study, we hope to address a gap in the literature relating
to the effect of canopy scorching on soil microbial diversity and nutrient cycling in Pinus radiata
plantations.
Keywords: Pinus radiata, microbial community diversity, fire, incubation, next generation
sequencing, 13C NMR
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Introduction
Organic amendments are mostly rried out on the soil surface layer to mitigate the decline in soil
health, however, the effects of subsoil application of composts on soil carbon (C) and nutrient
dynamics and plant performance are largely unknown.
Methodology
A 4years sugarcane field trial was conducted at Maryborough, Australia, to investigate the effects
of subsoil application of compost on soil C and N cycling, associated biological processes and
sugarcane productivity. The trial included four subsoil (ca. 25cm) amendment treatments of control
(CK, without amendment); gypsum (GP); compost (CP); and mineral fertilizer (FE).
Results and discussion
Overall, the compost treatment increased concentrations of soil NH4+-N by 30% and NO3−-N by
40% at subsoil (10–25cm) amendment layer. Soil microbial biomass C and N at the 0–10cm depth
were also significantly higher in the compost treatment than the other treatments. The CO2
respiration in the compost and fertilizer treatments, were significantly higher than in the control and
gypsum treatments at the subsoil amendment depth. The compost treatment had greater β–
glucosidase activities than other treatments at the 10–25cm soil depth. Subsoil application of
compost increased inputs of labile organic C and N (HWEOC, HWETN) at the application depth
(10–25cm), but did not affect total soil C and N contents. The HWEOC and HWETN pools were
positively related to the cumulative sugarcane yield during the 4 years cropping cycle.
Conclusions
Application of compost to subsoil improved soil chemical conditions, increased the supply of
organic C and N for soil microbial community, enhanced nutrient cycling processes, improved soil
health for sugarcane growth and thus increased sugarcane productivity.
Keywords: Compost, Gypsum, Soil acidity, Metabolic quotient (qCO2), Labile organic C and N
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Introduction
The majority of microbial soil research is limited to the top 0-30 cm of the soil profile, with the
common belief that is where the bulk of microbial activity and subsequently, nutrient cycling, is
situated (Bell et al. 2006; Bissett et al. 2016). In the cotton industry, the same holds true (Dalal et
al.1991; Hulugalle and Scott 2008; Hulugalle et al. 2015; Shrestha et al. 2015; Trivedi et al. 2015).
However, we know that cotton tap roots extend to at least one metre down the soil profile, providing
a larger surface area for potential nutrient uptake. Given that cotton is commonly grown in vertosol
soils, which have a cracking, self-mulching nature, there is the potential for the mixing of soil
carbon and other nutrients (i.e. N and P) into the sub-soil (Hulugalle et al. 2015; Isbell 2016). This
proliferation of nutrients down the soil profile, means there is the potential for sub-soil microbial
nutrient cycling.
Materials and methods
In an effort to understand the nutrient cycling role of soil microbiota under rotational cotton crops,
we collected soil cores to the depth of one metre from continuous cotton and cotton-maize plots in
regional New South Wales. As a comparison, we collected cores from nearby native vegetation to
see how cropping management has impacted upon microbial biomass and activity. Cores were
divided into five depths (0-15, 15-30, 30-50, 50-70 and 70 cm) and each segment analysed for
microbial activity (respiration incubations) and microbial biomass (based on substrate induced
respiration data) (Anderson and Domsch 1978; Nordgren 1988).
Results and discussion
In a time where the maintenance and improvement of soil productivity is of utmost importance to
combat an increasing world population in a time of climate change, an understanding of the key
players in soil nutrient cycling is vital. Our results show a higher microbial biomass under the
cropped systems to the native vegetation. Under the cropped system the biomass in the 0-30 cm
samples represented 41% of the total biomass to one metre, whilst in the native veg this fraction
represented only 28%. Biomass was comparable in the 0-30 and 30-70 cm depths in both the
continuous cotton and cotton-maize. The microbial activity in the 0-30 cm fractions of the native
vegetation represented 82% of the activity to one metre. In contrast the 0-30 cm activity was 65%
and 46% of the total to one metre in the cotton-maize and continuous cotton systems, respectively.
Conclusion
The results obtained in these experiments indicate a need to investigate beyond the 0-30 cm of the
soil profile when assessing microbial function. Our observations imply that the soil microbiology has
increased in size and activity with cropping, compared to the prior native state. The drivers for this
change is most likely the increase in plant residue returns, application of mineral fertilisers and,
most importantly, the intensification in wetting drying cycles of the soil due to crop irrigations.
Keywords: Cotton, vertosol, microbial activity, biomass, diversity.
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Introduction
Soil functionality holds a direct relation with the microbial communities that live within. Hence, an
adequate characterization of the soil biological activity and diversity is crucial. Modern studies lack
of a more pragmatic use of microbial information, mainly due to the high cost and complexity in the
analysis (Krause et al., 2013; Liu et al., 2014; Lozupone and Knight, 2007).
The aim of the present study is to characterize the diversity of microbial communities, more
specifically Bacteria, Fungi and Archaea kingdoms under natural (baseline) and managed
conditions. Secondly, to map this diversity using both scenarios (crop and natural) in order to have
a reference level of diversity for different types of soils (sub-order level) and for different agro
climatic scenarios in NSW. Materials and Methods The study area was designed comprising two
orthogonal transects across NSW (800,642 km2) with a total of 98 sampling sites. A north-south
(NS_transect) and west-east (WE_transect) transects were designed orthogonal across NSW.
NS_transect extended ~ 1000 km from Queensland to Victoria and WE_transect extended ~ 1000
km from Coffs Harbour to the western town of Wanaaring. The state possesses great diversity of
stable habitats (with minimal geological activity) encompassing 17 of out of the 89 Australia’s
bioregions. NSW encompasses approximately 37% of the Wheat-belt East region, i.e. Australia’s
most important rainfed agricultural area (ABARES, 2012; EPA, 2012). Soils of NSW comprise
twelve out of the fourteen soil orders of the Australian Soil Classification System (ASC) from which
Vertosols are the most dominant followed by Calcarosols, Sodosols and Kandosols (ABARES,
2012).
Methodology
Soil microbial composition was characterised based on a DNA metabarcoding PCR-based
approach (Taberlet et al., 2012) using 16S rRNA (bacteria and archaea) and ITS (fungi) paired-end
sequencing protocol on the Illumina MySeq platform. In addition, 20 soil properties where analysed
including pH, Total Carbon, Total Nitrogen, Exchangeable cations, CEC, conductivity, particle size
analysis among others.
Results
Predictions of soil microbial diversity where made in the supercomputer of the university of Sydney
“Artemis” using a set of environmental covariates. Figure 1 shows the modeled bacterial diversity
using only samples obtained under natural vegetation
While the results showed a consistent reduction in diversity under cropping landuse, this reduction
was different depending on the agro-climatic
conditions (data not presented).
The performance of the baseline predictive
models for the entire NSW (models only
created using natural samples) was successful
(R2 : 0.64 on a totally external validation
dataset), however the models for the cropping
scenario where slightly biased toward lower
values, somehow exaggerating
the final
results.

reduction

of

diversity

Table 1 shows an extract of the results table
(original table is at sub-order level) where this
between
natural
and
cropping

conditions is evident and it was directly associated with the reduction of rare communities (data not
).
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Table 1 Example
five soil orders.
Order
CA
VE
SO
OR
CH

of mean predicted Exponential of Shannon’s diversity for Cropping and Natural ecosystems in NSW for
Nat (Baseline)
4576
4421
4364
4324
4266

Crop
3153
2924
2950
2692
2822

Conclusions
A reduction of microbial diversity is evident under cropping conditions. The main factor associated
with this reduction was the elimination of many rare communities of microbes. The results showed
that the total functionality of the edaphic ecosystem was greatly affected under copping conditions,
however this change was also controlled by varying agro-climatic conditions.
Keywords: Soil microbial diversity, Bacteria, Fungi, Archaea, Digital Soil Mapping.
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Introduction
Increasing herbicide use over the last two decades has led to concerns over potential effects on
soil biology and the services that soil organisms provide for crop production (Rose et al., 2016).
This is particularly the case for the non-selective herbicide glyphosate, which now accounts for
more than twice the amount of any other herbicide used worldwide (Benbrook, 2016). Although
there is a substantial amount of information about the effects of glyphosate on soil biology and
function in the literature (Nguyen et al., 2016; Rose et al., 2016), comparative studies of different
herbicide groups in multiple soil types are scarce. There is also little information about the effects of
repeated applications of glyphosate on soil biology and function. This paper reports on our recent
experiments to address these knowledge gaps and place the risk of glyphosate toxicity to soil
biology and function into perspective.
Methodology
Seven different herbicides (including glyphosate) and one fungicide were applied to five contrasting
Australian cropping soils (5 g microcosms) at recommended and five-times recommended label
rates. After mixing, the soils were incubated at 60% water-holding capacity (WHC) and maintained
at 20°C for 28 days, with four replicates per treatment. Samples were destructively analysed at 7
and 28 days for soil enzyme activities (eight different enzymes involved in cycling organic C, N, P
and S) and ammonium and nitrate concentrations using methods from ISO (2010) and OECD
(2010), respectively. Data were explored using non-metric multidimensional scaling, then the
effects of herbicides relative to control soil were partitioned within time- and soil-type using a oneway ANOVA with post-hoc Dunnett’s test.
The potential effects of glyphosate at higher application frequencies were investigated in an
additional incubation study, in a subset of three of the soils. The three soils (100 g microcosms of a
Vertosol, Chromosol or Tenosol) were incubated for 10 months at 60% WHC/20°C, under different
frequencies of glyphosate (as Roundup CT ®) application: either 0 (control), 1 application (start), 1
application (end), 4 (quarterly), or 9 (monthly) applications of 2.2 kg active ingredient ha-1. Soil
enzyme activitites were assessed as above and substrate-induced respiration was measured using
the Microresp ® system (reference). At the end of the incubation, bacterial DNA was amplified
(16SrRNA genes) and sequenced using Illumina technology. One- or two-way ANOVAs to
separate treatment effects were performed with post-hoc Tukey means separations if treatments
were significant. All statistical analyses were performed using R.
Results and Discussion
In the first study, herbicides applied at either rate had very few and mostly inconsistent effects on
soil function measured by enzyme activities. Importantly, glyphosate had no significant effects on
mineral N dynamics in any of the soils. In comparison, metsulfuron-methyl and 2,4-D at 5 times the
recommended label rate significantly affected N-transformations in all soils. The effect of the
herbicides on mineral N concentrations in the Chromosol is shown in Figure 1.
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Figure 1: Effect of herbicides on mineral N concentrations in the Chromosol (mg N/kg) after a 28-day incubation. Bars in red
are significantly different from control values and received five-times the label rate..

In the second study, glyphosate had no significant effect on soil microbial biomass or enzyme
activities at any of the application frequencies in the Chromosol or Vertosol. In contrast, monthly
application (i.e. nine doses) of glyphosate in the sandy, low organic matter Tenosol, significantly
reduced basal respiration, respiration of simple sugars (glucose and arabinose) and cellulase
activity, with a concomitant increase in phosphatase activity. A greater number of operational
taxonomic units were affected by glyphosate application in the Tenosol compared with the other
two soils.
Table 1: Number of bacterial OTUs affected by repeated glyphosate application in different soil types.
Soil

Total number of OTUs
detected

Number of OTUs affected by
glyphosate (P<0.05)

Percentage of OTUs
affected by glyphosate
(P<0.05)

Tenosol
Chromosol
Vertosol

430
397
475

27
6
11

6.3
1.5
2.3

Conclusions
Herbicides applied at recommended label rates had negligible effects on soil enzyme activities and
N-transformations in Australian cropping soils. Even at a five times label rate, glyphosate did not
affect these functions, whereas higher rates of some other herbicides (particularly metsulfuronmethyl and 2,4-dichlorophenoxyacetic acid) modified N-transformations in a number of soil types.
Repeated applications of glyphosate to a subset of three contrasting cropping soils demonstrated
resilience to glyphosate-induced perturbations in microbial community structure and function,
except in the Tenosol, which was altered by monthly application of 2.2 kg ha-1 glyphosate for 10
months.
Keywords: Tenosol, N-cycling, soil biology, ecotoxicology, herbicide
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Introduction
Semi-arid regions are widely used for agricultural production, and currently support one fifth of the
world’s population (Galbally et al. 2008). As these areas are likely to expand with climate change,
they will play an increasingly important role in sustaining agricultural productivity and global food
security for a growing population (IPCC, 2007). However, semi-arid soils are generally of low soil
quality, characterized by poor soil structure and low soil organic matter (SOM), making them
susceptible to external stresses, particularly water stress (Hoyle et al. 2013). Applications of
compost and clay to ameliorate soil constraints such as water-stress are potential management
strategies for sandy agricultural soils. Water repellent sandy soils in rain-fed agricultural systems
limit production, and have negative environmental effects associated with leaching and soil erosion.
The aim was to determine whether compost and clay amendments in a sandy agricultural soil
influenced the rhizosphere microbiome of Trifolium subterraneum under differing water regimes.
Soil was amended with compost (2% w/w), clay (5% w/w), and a combination of both, in a
glasshouse experiment with well-watered and water-stressed (70% and 35% field capacity)
treatments. 16S rRNA Ion Torrent sequencing and PICRUSt analysis of functional gene prediction
were used to interrogate the rhizosphere bacterial community and its functional component
involved in nitrogen (N) cycling and soil carbon (C) degradation.
Methodology
A pot experiment was used investigate the influence of clay and compost on rhizospheric bacteria
and any correlation with plant growth under well-watered and water-stressed conditions. The
experimental design consisted of two factors: four soil treatments (compost 2% w/w, clay 5% w/w,
the combination of compost 2% w/w with clay 5% w/w, and un-amended), and two water
treatments (well-watered 70% field capacity and water-stressed 35% field capacity) in a
randomized block design with four replicates. Watering of individual pots occurred twice per day in
non-draining sealed pots. The amount of each soil amendment (compost and clay) was selected
based on that which was previously reported to stimulate microbial activity and influence soil
strength and aggregation (Djajadi et al. 2012). Trifolium subterraneum L. cv Dalkeith was grown in
a water repellent agricultural soil, with homogenously applied clay, compost or the combination of
both, under well-watered and water-stressed conditions in a glasshouse experiment. Plants were
thinned to 7 per pot after emergence and watered accordingly to maintain either well-watered (70%
FC) or water-stressed (35% FC) soil conditions. A soil water retention curve was used to calculate
the field capacity of the soil, where 100% field capacity was calculated at -10 KPa and permanent
wilting point was -1500 KPa.
Plants were harvested 60 days after emergence. Shoot and root biomass was measured at harvest
after oven-drying at 60°C for 72 h. Total N and P from soil and plant tissue were determined using
a Kjeldahl digest. To examine the soil rhizosphere bacterial community structure, community DNA
was extracted from soil sample using MoBio PowerSoil® DNA Isolation Kit. The bacterial 16S
rRNA genes were PCR amplified from the DNA using Golay barcoded universal primers (515F and
806 R) fused to Ion Torrent adapters as described (Mickan et al. 2018). Sequencing was performed
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on the Ion Torrent Personal Genome Machine (Life technologies, USA) using 400 base-pair
chemistry. Following sequencing, individual sequence reads were filtered, checked for quality and
analysed using the Mothur pipeline. To investigate molecular-level functional traits a Phylogenetic
Investigation of Communities by Reconstruction of Unobserved States (PICRUSt:
http://picrust.github.com) was performed (Mickan et al. 2018).
The impact of soil amendments and water stress on plant performance and bacterial diversity was
analysed using linear regression and ANOVA with post hoc Tukey's HSD test whilst the impact on
bacterial community structure was assessed using a Nonmetric Multidimensional Scaling (NMDS).
All statistical and modeling analyses were performed in the R statistical package.
Results and Discussion
Under both well-watered and water stressed conditions, shoot biomass was increased with
application of compost singly whilst root mass and P uptake were unaffected. In contrast, the
application of clay either singly or combined with compost led to a reduction in root, shoot and P
uptake. Soil treatments increased the relative abundance of copiotrophic bacteria, decreased
labile C and increased the abundance of recalcitrant C degrading genes. Predicted N cycling genes
increased with clay (N2 fixation, nitrification, denitrification) and compost + clay (N2 fixation,
denitrification), and decreased with compost (for denitrification) amendments. Water-stress did not
alter the relative abundance of phylum level taxa in the presence of compost, although copiotrophic
Actinobacteria increased in relative abundance with addition of clay and with compost + clay. A
significant role of compost and clay under water-stress in influencing rhizosphere bacteria and their
implications for N cycling and C degradation was demonstrated.

Figure 1: The percentage variation of genes for soil treatments as compared to the unamended control soil within wellwatered conditions (70% FC) of the most abundant PICRUSt predicted N cycling genes (a), and C degrading genes (in
order of complexity from labile to recalcitrant) (b). Soil treatments consisted of amending soil with; compost 2%w/w, clay 5%
w/w, and the combination of compost 2%w/w & clay 5% w/w. Post hoc Tukey HSD significant P values are indicated by *
and *** corresponding to P < 0.05 and < 0.001, respectively. Bars represent the mean value for each treatment and error
bars are the standard error of the mean (n=4). From Mickan et al. (2018).

Conclusions
Applying compost improved shoot growth and P uptake in pasture soils under water stress much
more effective than clay. Secondly, water stress impacted on the rhizosphere bacterial community
in all soil treatments except the compost only amended soil, indicating that the compost increased
the resistance of rhizosphere microbiome to water-stress. The average cost of soil amendment
practices (such as liming or adding clay) across grain growing regions in WA is about is about
$124/ha/year. Compost could be a cheaper option if the cost of transport can be lowered by back
loading CBH freight trucks.
Keywords: rhizosphere bacterial gene frequency, PICRUSt, water-stress, arbuscular mycorrhiza.
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Extreme soil conditions: challenging environments to manage
“Extreme soils,” those soils which include properties such as high acidity, salinity and sodicity, have
been extensively studied and occupy large areas of Australia. These studies approach this topic
from number of different perspectives, ranging from understanding the physical, biological and
chemical processes, the impact on yields, improving management practices, developing effective
natural resource management policies through to understanding land manager behaviours. Our
understanding of these extreme soils and the most appropriate management approaches has
come a long way, however, as this session shows, there are still many challenges to overcome and
novel solutions to be developed.
Acid Sulfate Conditions
Acid sulfate soils, which contain potentially oxidisable (“sulfidic”) or already oxidised (“sulfuric”,
pH<4) iron sulfide materials, occur in a number of different environmental settings. The oral and
poster presentations cover a range of topics including:
• Developing more accurate mapping and spatial analysis, and measurement techniques for
acid sulfate soils
• Improving our understanding of formation and remediation of acid sulfate soils
• The release of several National Guidances for the identification, sampling and analysis of
acid sulfate soil materials
• The National Guidance materials will also be discussed in greater detail in the Acid Sulfate
Soil Workshop at this conference
Terrestrial Acidification
Terrestrial acidification is a critical and challenging land management issue, highlighted by the
presentations at this conference, which include:
• Developing methods to ameliorate sub-surface acidity
• Ensuring amendments are effective at depth
• Effect on, and effect of plant growth in broadacre agricultural settings
• The research suggests that acidification issues are expanding and management of soil
acidification, particularly in the sub-surface will require a number of different approaches.
Saline and Sodic Soils
Australian research on salt-affected soils, those soils affected by salinity and/or sodicity, has been
instrumental in understanding the physical, chemical and biological processes that occur in these
soils, and methods used to ameliorate and manage these environments worldwide. The topics
covered at this conference include:
• Overcoming sub-soil constraints for plant growth
• Mapping and characterising soil variability for both improved environmental and agricultural
outcomes
Whilst there have been a number of larger programs focused on salt-affected soils, it is apparent
from these presentations and others at this conference that there is still a number of unknowns and
scope for developing new techniques for assessment.
Future Opportunities in Extreme Soils
The presentations at this conference highlight the challenging environments in which these soils
occur and the associated problems for land managers to overcome. One of the biggest challenges
is improving sub-soil conditions, particularly in the case of acidic and sodic soils. Exploration of the
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range of methods available in the use of ripping, amendments and vegetation has yielded some
good results.
Furthermore, developing methods to accurately characterise spatial variability for targeted
management strategies will also require novel approaches. Managing and characterising extreme
soils will require continued input soil scientists across both the sciences and social sciences for
successful strategies.
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Introduction
Understorey vegetation monitoring has been undertaken in the Barmah-Millewa Forest over the
past 10 years, as funded by the Murray-Darling Basin Authority, within 72 established sampling
quadrat sites located in 11 wetlands within the floodplain forest, leading to the collection of a
substantial dataset.
Analysis of this understory vegetation data is investigating links with observed changes in
vegetation and the hydrological regimes from environmental watering. Soil properties and canopy
shading could also be influencing understory vegetation trends in condition and the nature and
diversity of species present.
Objective
This project aimed to assist with the analysis of vegetation responses to flooding, by investigating
soil properties and the degree of canopy shading in each of the quadrats being used by the
understorey vegetation monitoring project. This paper focuses on the results from the assessment
of soil properties, and the data collected will be presented and discussed in more detail in the
presentation of this paper.
Methods
At each of the 11 wetland monitoring sites, there are 2 transects from the wetland radiating
outward. Along each transect is 3 – 4 sampling quadrats 20m x 20m, with a defined photo point at
one corner of the quadrat. The soil sample collection was undertaken over four days during May
2017. Representative composite surface soil samples were collected from each quadrat. The
composite comprised of a minimum of three 0 – 10cm core-samples and three 10 – 20 cm core
samples that were collected from along the diagonal transects across each quadrat, starting from
the photo point corner. The three core samples were then combined to form one representative
composite sample for that quadrat. The composite samples were sent to CSBP Ltd, for chemical
analysis.
In addition to the core soil sample collection, one augur hole was dug around 1m in from the photo
point corner on the diagonal transect. Soil profile samples were collected from four depths down
the soil profile for assessment of some soil physical characteristics including texture, soil colour,
and soil structural stability. These physical properties and the chemical analysis were used to
approximately classify the soil profiles to a Soil Order level using the Australian Soil Classification
System (Isbell, 2016).
Results
A clear pattern of soil type and distance from the wetland emerged with Vertosols generally found
in the lowest points of the wetlands. Sodosol soil types were found in the transition zones
immediately surrounding the lower parts of the wetland. Both Chromosol and Dermosol soil types
were generally found on slightly higher ground and further out from the wetland.
The majority of the quadrats had organic carbon percentages above 2% and had surprisingly high
levels of phosphorus (P) for native forests in the 0 – 10cm samples. Fifteen out of the 72 quadrats
sampled had Colwell P levels of above 50 mg/kg and the highest level was found at Duck Lagoon
with 132 mg/kg.
All sites were considered acidic which is typical for soils in the region and 16 out of the 72 quadrats
had high levels of Exchangeable Aluminium (above 5%) in the 0 – 10cm samples. The majority of
quadrats had Ca/Mg ratio of less than 2 in the surface soil and at depth.
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All quadrats had very high levels of iron and manganese, particularly in the surface soil samples.
Salinity levels measured using electrical conductivity (EC), were all well below critical levels and
not considered limiting for plant growth.
Eleven out of the 72 quadrats had high levels of sulphur (more than 15mg/kg) in the 0 – 10cm
samples. Typically the quadrats with higher levels of sulphur were closer into the wetland and
generally associated with higher levels of soil organic carbon in the 0 – 10cm samples.

Discussion and Conclusions
The implications of these results for environmental water planning and for vegetation responses
are that the Vertosols soil types, found in the lower parts of the wetlands, will tend to be slow
draining providing prolonged periods of waterlogging. It is likely that plants tolerant of these
conditions will dominate these areas. Sodosol soil types are also very poorly drained, with a hard
setting surface soil, creating more difficult conditions for plant establishment. Both Chromosol and
Dermosol soil types have a lighter texture topsoil, and can dry out quickly after rain or flooding
potentially favouring shorter season vegetation types.
The high levels of P, found at some sites, would tend to encourage weed growth, potentially
outcompeting native regeneration, and could also reduce the frequency and effectiveness of soil
mycorrhizal associations forming that maybe important for the establishment of some native
species. Soils with a Ca/Mg ratio of less than 2 are often poorly structured, with low porosity
creating a very difficult environment for root growth and penetration through the soil profile. The
high levels of iron and manganese, combined with acidic soil pH levels and flooding and draining
regimes, could/may result in the formation of acid sulphate soils in the future. Further exploration of
these conditions and potential management strategies are recommended as areas for future work
in the forest.
Keywords: Soil Type, wetlands, phosphorus, iron, manganese, aluminium, acid sulphate soil.
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Introduction
Subsoil acidity is one of major constraints limiting crop yield in vast areas of Australian farming
systems. The objective of the current study was to test the effectiveness of a range of inorganic soil
amendments on the amelioration of subsoil acidity and agronomic performance over three years
(2015-2017). Given the renewed interest in ameliorants other than lime, a novel product,
magnesium silicate (MgSi), was evaluated.
Methodology
A 3-year field experiment was conducted at Holbrook, NSW on a Yellow Chromosol soil. There
were 9 treatments with 4 inorganic amendments, including lime, magnesium silicate (MgSi, a blend
of 70% Doonba dunite and 30% F70 superfine lime), calcium nitrate and gypsum. Lime and MgSi
were applied on the surface and compared with deep placement. Gypsum was deep-placed while
calcium nitrate was top-dressed each year at an equivalent nitrogen rate to urea. For all deep
placement treatments, a single tyne ripper with the manual feeding system was used to deliver the
soil amendment at 30 cm. The initial soil samples were taken before treatments were implemented
in year 1 down to 100 cm, and the soil samples in year 3 were taken down to 60 cm using a multicore sampler (Lowrie et al. 2018 in this proceeding). The site was sown into Hyola 970CL canola in
2015, EGA Wedgetail wheat in 2016 and 2017. Crop agronomic performance was monitored each
year.
Results
Soil chemical properties
Both deep lime and deep MgSi treatments increased soil pH significantly at the 20–30 cm depth
(P<0.001) where soil amendments were applied compared with the no amendment treatment three
years after treatments were implemented (Figure 5). However, there were no significant differences
in soil pH between deep lime and deep MgSi treatments at 10-20 or 20-30 cm. In the current study,
the MgSi was blended with 30% of F70 lime to improve the efficiency of MgSi, and the neutralising
value of the MgSi blend was assumed to be equivalent to F70 lime. There was no difference in soil
pH between different ripping widths of 50 and 80 cm. As expected, deep placement of gypsum had
no effect on soil acidity.
There was a significant difference in exchangeable Al% between treatments at 10-20 (P < 0.01)
and 20-30 cm depths (P < 0.05) (Figure 6). The exchangeable Al% tended to be lower in the deep
MgSi treatment compared with the deep lime treatment, but no significant difference was found
between deep liming and deep MgSi treatments. Further research is required to explore whether
MgSi is more efficient in decreasing Al toxicity than lime as claimed by Castro and Crusciol (2013).
Agronomic performance
There was a significant difference (P < 0.001) in seedling density for the canola crop in year 1, but
not for wheat crops in years 2 and 3 (data not shown). In year 1, all ripped treatments had lower
seedling densities, probably due to the uneven seedbed, or increased evaporation due to the
ripping operation (Poile et al. 2012). There was a similar trend for seedling density in year 2, but
not in year 3.

350
Soil pH in CaCl2
4.0

4.5

5.0

5.5

0-10cm

6.0

6.5

4.0 4.5 5.0 5.5 6.0 6.5
n.s.

n.s.

10-20cm

n.s.

20-30cm

*
*

30-40cm

***

n.s.

n.s.

40-60cm

n.s.
Control
Surface liming
Deep liming
Surface MgSi
Deep MgSi
Deep gypsum
Deep ripping+urea
Deep ripping+Ca(NO3)2

n.s.

60-80cm

n.s.

80-100cm

n.s.

Year 3 (2017)

Year 1 (2015)

Figure 5. Soil pH in CaCl2 under different soil
amendments in autumn in years 1 and 3
Exchangeable Al%
0.0

10.0

n.s.

0-10cm
10-20cm

30.0

0.0

10.0

20.0

**

*

*
n.s.

40-60cm

n.s.

60-80cm

n.s.

80-100cm

n.s.

30.0

n.s.

n.s.

20-30cm
30-40cm

20.0

n.s.
n.s.

Year 1 (2015)

Control
Surface liming
Deep liming
Surface MgSi
Deep MgSi
Deep gypsum
Deep ripping+urea
Deep ripping+Ca(NO3)2

Year 3 (2017)

Figure 6. Soil exchangeable Al% under different soil
amendments in autumn in years 1 and 3

351
At anthesis, all deep ripping treatments tended to have higher dry matter production for the canola
crop in year 1 at P = 0.06, but there were no differences in anthesis DM of treatments for wheat crops
in years 2 and 3 (data not shown). Canola yields from treatments including surface liming, surface
MgSi and the control, had slightly, but significantly higher yield than those from deep lime, deep MgSi
or deep gypsum treatments (P < 0.05,
Figure 7). No difference was found in
wheat grain yield in year 2, most likely
due to ample in-crop rainfall in that
year. The Ca(NO3)2 treatment in year 3
had a significantly higher yield than the
other treatments and control (
Figure 7), presumably due to less
nitrogen volatilisation losses than
would occur with urea application.
Figure 7. Grain yield (t/ha) in response to
different soil amendments in years 1-3

Conclusions
The deep ripping operation had an adverse effect on canola establishment and grain yield in the
establishment year, but no yield penalty was observed in the wheat crops in years 2 and 3. Deep
placement of lime and MgSi increased soil pH and decreased exchangeable Al% significantly
compared to the control at 20-30 cm, where the soil amendments were placed. Deep placement of
gypsum had no effect on soil acidity or yield.
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Introduction
Successful establishment of lucerne and ‘acceptable’ grain yields from acid-sensitive species such as
canola and barley are used by industry as an indication that lime application strategies are effectively
managing soil acidity in the medium and high rainfall mixed farming zones of central and southern
NSW. Despite widespread adoption of minimum tillage systems and considerable changes in
agricultural practices, the pH of soil collected from traditional 0-10 cm samples guides liming
decisions, with re-liming triggered by critical pHCa values from 4.8 to 5.2. Recent investigations by
Burns et al. (2017) found that undetected moderate (pHCa 4.5-5.0) to severe (pHCa < 4.5) acidic layers
within the 5-15 cm depth negatively impacted on nodulation, root growth and vigour of pulses.
Previous studies reported substantial pH stratification in agricultural soils, with a higher pH in the
surface 0-5 cm, an acidic throttle at 5-15 cm and pH increasing with depth (Paul et al. 2003; Scott et
al. 2017). Conyers et al. (2003) found that surface-applied lime, incorporated by the sowing operation
in no-till or zero till systems, resulted in intense pH stratification within the 0-10 cm layer. This paper
presents results from a 2015-17 survey of commercial paddocks sown to acid-sensitive pulses and
lucerne, which examined soil pH to a depth of 20 cm. Although these paddocks had received up to
three lime applications since the early 1990s, sampling at 5 cm intervals detected moderate to severe
subsurface acidity at 5-20 cm. We also review two surveys, conducted in 1995 and 2006, and discuss
the implications of changed farming practices on the suitability of traditional soil sampling procedures
and the effectiveness of current liming programs in amending subsurface acidity.
Methodology
Survey 2015-17 was undertaken from 2015 to 2017 in 29 paddocks within 50 km of the Olympic
Highway, between Albury and Woodstock (500-700 mm annual average rainfall). The paddocks are a
biased sample, sown to either pulses (faba bean, lentil and chickpea) or lucerne, into soil with pH
presumed by the producer to be suitable for these acid-sensitive species. Two sites were selected
within 19 of the paddocks that presented visual crop differences, giving 38 sites and 10 paddocks for
a total of 48 sampled sites. Soil was collected from representative areas at each site and sampled (0–
5 cm, 5-10 cm, 10-15 cm and 15-20 cm) using 20 cores per composite sample. Soil pHCa was
measured according to Rayment and Lyons (2010). Using the mean soil pH of all Survey 2015-17
sites, the pH profile was compared with those from two surveys of Scott et al. (2017); from Temora to
Albury in 1995 (Survey 1995), and about 30 km north-west of Junee, in 2006 (Survey 2006).
Results and discussion
Soil types sampled for Survey 2015-17 represent some of the more productive soils in the mixed
farming zone, ranging from Yellow Chromosols with an effective cation exchange capacity (ECEC) of
4, to Kandosols, Red and Brown Chromosols, Rudosols and Dermosols with an ECEC of up to 14
(Isbell 1996). Sites were grouped on the basis of recent liming history: Group 1 (n= 33): sites limed
within the last 5 years; and Group 2 (n=15): 2 unlimed sites and 13 limed > 5 years before. The mean
soil profile pH of both Groups (Figure 1a) showed pHCa was highest in the shallow surface layer (0-5
cm), lowest in the 5-15 cm layer, and then increased with depth. Liming history had a small but
significant effect on pH at 0-5 cm and 5-10 cm depths (P = 0.05). The recent application of lime in
Group 1 exaggerated the stratification of the shallow surface soil, with pHCa declining from the 0-5 cm
to the 5-10 cm layer by 0.97 pHCa units in Group 1, compared with 0.49 pHCa units in Group 2. This
intense stratification would not be detected by testing samples from traditional depths of 0-10 and 10–
20 cm. For example, using the estimated means of pH, the soil pHCa in the 0-10 and 10–20 cm layers
of Group 1 would be 5.33 and 4.74, while in Group 2 the values would be 4.74 and 4.83, respectively.
The comparison of mean soil pH values for Surveys 1995, 2006 and 2015-17 (Figure 1b) reflect the
influence of changing cultivation practices on pH profiles. Only 5 of the 19 sites in Survey 1995 had
received lime, presumably incorporated by full cultivation, the common practice at the time. In Survey
2006, 25 of the 32 sites were limed; at 21 of these sites lime was incorporated by a single scarifying
before sowing and by sowing alone at the other 4 sites. This reflected the shift toward zero tillage at
that time. In Survey 2015-17, only 2 sites had no lime history (i.e. 46 limed). At 3 of these 46 sites
lime was incorporated by a single pass with a Speedtiller® before sowing and by sowing alone at the
other 43 sites. Irrespective of lime or cultivation history, the mean soil pHCa for all surveys was
highest at the 0-5 cm depth. The lowest mean pH value in Surveys 1995 and 2006 was in the 5-10 cm
layer, whereas, the lowest mean pH value in Survey 2015-17 was in the 10-15 cm layer, with 23 of
the 48 sites of pHCa < 4.5 at 10-15 cm and 20 sites with pHCa < 4.5 in the 5-10 cm layer.
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Fine sampling at 5 cm intervals highlighted the intense pH stratification in the surface layers,
indicating that the lime was concentrated in the shallow surface (0-5 cm), and had limited effect on
neutralising acidity below 10 cm. Producers and advisors using traditional sampling depths of 0-10
and 10-20 cm do not detect the moderate (pHCa 4.5-5.0) to severe (pHCa < 4.5) acidity within the 5-15
cm depth. Knowledge of pH within this depth would be most informative in guiding liming decisions
and species choice. For example, at a sowing depth of 5-8 cm, the germinating pulse seed and
rhizobia is placed in an undetected hostile layer. The proportion of sites in Survey 2015-17 with pHCa
< 4.5 in the 5-15 cm layers was unexpected and is concerning, particularly given the lime history and
chemical properties of soils in this biased sample. The trend toward lower pH at the 10-15 cm depth,
indicated by the mean of Survey 2015-17 sites, has not been reported in this region previously, and
when compared with the means of Surveys 2006 and 1995 sites, suggests current practices (e.g. lime
rates and incorporation methods) are ineffective in preventing acidification below 10 cm.
Conclusions
Industry knowledge and approach to amending subsurface acidity need revision in line with changing
farm practices. Stratified pH identified by sampling at 5 cm intervals shows that at current rates, lime
applied in minimum tillage systems is concentrated in the shallow surface. Use of strategic cultivation
to incorporate adequate rates of lime to a depth of 10 cm should be considered to hasten amelioration
of acidic layers at 5-15 cm. Occasional finer sampling is recommended to locate acidic layers, gauge
the effectiveness of liming programs and guide species choice. At the industry level, long-term,
systematic monitoring is needed to quantify subsurface acidification rates.
Keywords: lime, stratification, acid throttle, nodulation, incorporation.
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Introduction
Conventional glass electrode methods for measuring soil pH suffer deficiencies with unpredictability in
liquid junction potential (Millero, 1986), high drift (Yuan and DeGrandpre, 2008) and the necessity for
electrode calibration with variable ionic strength solutions (Wiesner et al., 2006). Other problems for
use in soils involve clogging of the porous fiber of electrodes (Skoog et al., 2007), and suspension
effect (Essington, 2015).
Spectrophotometric methods using indicators as an alternative to potentiometric pH measurement
eliminate many of the issues with glass electrode mentioned above. This method have been widely
used in the marine field due to the high accuracy (>0.01 pH units) caused by instant indicator
equilibrium (Yao and Byrne, 2001). Moreover, this method does not require the use of calibrating
buffers once the dye properties are determined (Clayton and Byrne, 1993).
It would be beneficial to develop a more accurate pH measurement technique for soils on a proper
scale as a change of just a few pH units can induce significant changes in the bio- chemical
processes in soil (Sauvé et al., 2000). Colorimetric methods using the standard color chart have been
previously used to determine the pH of soils by Raupach and Tucker (1959). However, the accuracy
of this method is much lower (0.5 pH units) than glass electrode methods. Therefore, the
development of novel spectrophotometric method would be advantageous for more accurate soil pH
measurements as it could circumvent many potential inaccuracies associated with the conventional
glass electrode method.
Methodology
For novel application of spectrophotometric pH measurement methods to soils, a sulfonephthalein
dye stock solution (3 × 10-5 mol L-1 to 6 × 10-5 mol L-1) was added into 4 mL of soil extract in a 1 cm
glass cuvette. The absorbance maxima of conjugate acidic and basic indicator dye species was
acquired using a dual-beam spectrophotometer (GBC UV/VIS 916). The temperature of soil solutions
was kept constant at 25°C using a water thermostat.
pH on the free hydrogen ion concentration (mol H+ kg-1) scale can be calculated using the following
equation (Yao and Byrne, 2001):
pH = - log [H+] = pK2 + log [(R - e1) / (e2 - Re3)] – 4A [µ1/2 / (1 + µ1/2) – 0.3µ]
where pK2 is the second acid dissociation constant of the dye; R is the ratio of light absorbance at the
absorbance maxima of base (I2-,) and acid (HI-,) dye species; e1-e3 are indicator molar absorbance
ratios which are measured at extreme pH values where either acid or base form of each dye was
exist (Clayton & Byrne, 1993). The last term is the Davies equation for correcting for ionic strength
effects on ion activity. For further details see Bargrizan et al. (2017).
Results and discussion
A spectrophotometric method was successfully developed for soil pH measurement in the typical pH
range of 5-8.5 using single indicator dyes (phenol red and bromocresol purple) with high precision
(0.02-0.08 average standard deviation of triplicate measurements). The method showed a strong
relationship (r2>0.95) with values determined using a glass electrode (Figure 1a).
The application of the method has been extended to ultra and extremely acidic (pH<5) soils with high
metal availability (r2>0.99 compared to glass electrode measurements). For this purpose, molar
properties of bromocresol green at low ionic strength were determined through the measurement of
maximum absorbance of acid and base forms of dye (Figure 1b).
As conventional spectrophotometric method using single indicator dyes are limited by the narrow
working pH range of single dyes (approx. ±1 pH units from their pKa) (King and Kester, 1990), a mixed
dye (equimolar bromophenol blue, bromocresol purple, m-cresol purple, and thymol blue) method was
developed to cover a wide soil pH range (3-9). pH was calculated based on ratio of absorbance at
selected two wavelengths and individual dye properties using fundamental equations derived from
Beer’s law. The accuracy of the method was found to be within ±0.00-0.06 pH units against certified
pH buffers.
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Figure 1: (a) Correlation between spectrophotometric and glass electrode pH values for soil solutions (1:1 w/v 25 g soil/25 mL
water) (from Bargrizan et al., 2017). (b) Absorbance Vs wavelength for the base (I2-) and acid (HI-) forms of bromocresol Green
(from Bargrizan et al., 2018).

The method is now being extended to in situ measurement in soils and this will involve development
of novel technologies for use in the field. We hope the impact of the research will lead to
breakthroughs in the understanding of the role of pH in soils, e.g. for study of biogeochemical
processes, in particular metal speciation and inorganic carbon system.
Keywords: Spectrophotometric soil pH, glass electrode, sulfonethalein indicator, extended pH range
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Introduction
Carnarvon is situated on alluvial soils of the Gascoyne Mega Delta that border the Gascoyne River.
The climate is arid with a mean annual rainfall of 223mm and mean evaporation of 2665mm/yr. The
main horticulture soils (Stratic Rudosols, Regolithic Red-Orthic Tenosols and Sodic Eutrophic Red
Kandosols) have formed on levees of the Gascoyne alluvial layer (Bettenay et al 1971). On
backplains the Gascoyne layer partly overlies sodic or saline soils (Sodic Eutrophic Red Kandosols,
Sodic Eutrophic Red Chromosols and Epihypersodic Pedal Hypocalcic Calcarosols) of the
Doorawarrah alluvial layer. Most recent alluvial soils within the region have inherently saline or sodic
subsoils (Tille & Smolinski 2003) that have developed due to limited leaching under shrubland
vegetation while older highly saline/sodic soils have formed on dense clay substrates of low
permeability (Young &Young 2001). The spatial extent of saline/sodic subsoils is highly variable and
difficult to map by traditional soil survey methods.
Methodology
As part of the Gascoyne Food Bowl Project a ground EM38 (Geonics Ltd 1998) survey was carried
out in 2012 on uncleared land adjacent to the Carnarvon irrigation precinct to identify 800ha of
potential horticulture land. 1500ha of acacia/saltbush shrubland was surveyed by foot on a 100x50 m
grid. The established irrigation blocks and plantations, covering 2000ha, were surveyed with an EM38
sled to determine the extent of soil salinity, gauge the success of ameliorating saline soils by
comparing salt loads under adjacent shrubland and identify gypsum responsive soils. EC analysis
from the upper 60cm of 50 soil profiles indicate a strong relationship between EM38(H) and soil EC
(Figure 1).

Figure 1. EM38 ECa vs soil EC 0-60cm

Subsequently, in 2013, airborne electromagnetics (AEM) covering a 2km strip along the Gascoyne
River was flown east of the Carnarvon irrigation area (Davis et al 2013).
Results and discussion
An ECa map developed from the AEM 0-5m depth layer was field checked with EM38 and soil EC
(H2O 1:5) from 25 auger holes drilled to 4m. Simple regression analysis identified a strong
relationship between (maximum soil EC 0-4m) and AEM 0-5m depth slice (Figure 2).
The AEM can identify non-saline soils and areas with low conductivity substrates that are associated
with highly permeable alluvial sands and gravels. Saline/sodic soils developed over highly permeable
substrates can be ameliorated with gypsum and leaching. In contrast, saline or sodic soils with deep
impermeable substrates are difficult to ameliorate.
AEM is a rapid appraisal method of potential agriculture land where inherent soil salinity is a limitation.
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Figure 2. AEM 0-5m ECa vs max soil EC 0-4m

Figure 3. EM38 map of the Carnarvon Irrigation Precinct. Dark red lines are sled transects

Conclusions
Ground EM38 mapping (Figure 3) is a valuable extension tool used to identify paddock variability,
gypsum responsive soils, aid irrigation design, guide soil nutrient sampling and crop selection.
Figure 3 EM38 map of the Carnarvon Irrigation Precinct. Dark red lines are sled transects
References:
Bettenay E, Keay J, Churchward H (1971) Soils adjoining the Gascoyne River near Carnarvon,
Western Australia, Soils and Land Use Series No. 51. Division of Soils CSIRO Australia.
Davis AC, Munday TJ, George R (2013) Gascoyne River airborne electromagnetic survey - System
Assessment Report. CSIRO: Water for a Healthy Country Flagship Technical Report (EP-1311-353).
Geonics Ltd (1998) EM38 Ground conductivity meter operating manual. Mississauga, Ontario
Canada.
Tille P, Smolinski H (2003) Lower Gascoyne Land Resources Survey Land Resources Series No.17
Department of Agriculture, Western Australia.
Young A, Young R (2001) Soils in the Australian landscape. Oxford University Press, Victoria.

358

Modern cropping techniques and implications for erosion, acidity and salinity
on sandy mallee landscapes in South Australia
1

B.W. Hughes1, G.R. Forward2, T.N. Herrmann2, T. Randall3 and B.K. Masters1

Primary Industries and Regions, South Australia, Nuriootpa Research Centre, Nuriootpa SA 5355, brian.hughes@sa.gov.au
2
Department for Environment and Water, South Australia 3 Natural Resources, SA Murray Darling Basin

Introduction
Sandy mallee landscapes across South Australia(SA) are characterized as parallel or jumbled
siliceous sand dunes and spreads interspersed by swales with soils which include deep sands, sand
over clay soils, loam over clay, calcareous loams and highly calcareous sandy loams. They are
widespread in South Australia on Eastern and Upper Eyre Peninsula, throughout the Murray Mallee
and in parts of the Mid North and York Peninsula region. Approximately 4 million ha occur in SA with
similar land systems in northern Victoria.
Changes to land use over the last 20 to 30 years has included adoption of no tillage, increased
cropping intensity, improved summer weed control and a significant increase in crop yields.
Historically the deeper sandy areas had restricted cropping or were established to pasture (veldt
grass) due to the risk of erosion which was observed in various studies. (Hughes et al, 1992) This
paper summarises assessments of wind erosion risk, acidity potential, and salinity development in
these landscapes from both predictive and observational studies.
Methodology
Wind erosion risk was determined by systematic observational roadside surveys that have been
conducted in SA agricultural areas since 2000 (Forward, 2015).
Predictions of the potential spread of soil acidity prone soils over the next 50 years have been made
by the Department for Environment and Water (DEW) soil mapping group by considering both the
broad buffering capacity of different soils types within the Mallee systems and land use. This
assessment has been complimented by studies of pH variability in five case study paddocks in the
Southern Mallee and point assessments of pH change based on soil buffering capacity and predictive
annual acidification rates based on farmer inputs and yields.
Assessment of salinity (Mallee dune seepage) was undertaken in conjunction with Hall et al, (2016) at
three sites. These sites included the installation of ground water monitoring wells and broad soil
assessment.
Results
The average risk of wind erosion on agricultural land in SA has decreased from about 61 days in 2002
to 20 days in 2017 (Figure 1). This is mostly due to the adoption of no till and stubble retention
systems. The proportion of agricultural crops sown with no till has increased from 16% in 1999 to 83%
in 2016 (DEW 2017 farmer surveys). Better grazing management, improved seeding technology,
fertiliser practice, weed control and in some cases claying or similar on sandy rises has also
contributed to reducing wind erosion risk. Yields have generally increased significantly on the sandy
soils with cropping intensity increasing to every year in some cases.

Figure 1: Risk of wind erosion (days, 3 year rolling mean) on agricultural land in South Australia. (DEW SA 2017).

Soil acidity is an emerging issue in the sandy soils in these landscapes. Table 1 highlights the
estimated time some soils in the Southern Mallee have for pH to change one unit based on annual
acidification rate (AAR) and buffering capacity of each soil.
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Table 1- Soil properties and estimated time (years)
acidification rate ( between pH 5.5 and 7.5)
Soil Type
Texture %
OC%
Clay
mean
30cm
Calcareous Loam
SL over dispersive
clay

for one unit of pH change based on buffering capacity and annual
Buffering
Capacity
t/ha

Carbonate
as %

Lime
Reserve
t/ha

Years at AAR of
75 kg lime/ha/yr

SCL

27

1.2

4.03

11

462

6214

SL

15

0.5

2.27

0

0

30

Clayed sand over clay

LS

8

0.3

1.54

0.3

13

188

Thick S over clay

LS

8

0.35

1.61

0

0

21

Deep Sand

S

5

0.24

1.26

0

0

17

Mallee seeps have been recorded on over 80 properties in the mallee and increasing in incidence in
other regions. Three sites were investigated in the mallee and key characteristics included occurrence
of impermeable Blanchetown clay throughout the catchment, recent changes to increasing cropping
intensity, improved summer weed control (increased recharge) and sandy soils with leaking subsoils
(Hall et al, 2016).
Discussion
While modern farming techniques have resulted in large benefits to the landholder by allowing
increased cropping intensity and yields, changes in farming methods have resulted in a significantly
higher rate of acidification from product removal, increased use of nitrogen fertiliser and increasing
loss of land from salinity/seeps as a result of increased infiltration and recharge to local aquifers and
perched water tables.
The application of soil risk maps to highlight acidity and allow focused treatment with lime or other
alkaline material will be required along with development of higher water use options to restrict water
table development are required to minimise further loss of productive land.
Conclusions
Positive productivity changes in sandy mallee landscapes, including a reduction in erosion risk has
resulted in unintended land management consequences – acidification and secondary salinity.
Keywords: erosion, acidity, mallee seeps, land use change.
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Introduction
Sodic soils have a range of physico-chemical constraints that adversely affect crop and pasture
biomass production and yield. In Australia, over 60% of cropping soils are affected by sodicity
(Rengasamy, 2002), particularly in the subsoil. To ameliorate the constraints resulting from sodic
subsoils, inorganic amendments (such as gypsum) have been traditionally used. More recently, the
application of organic amendments (such as crop stubble and by-products from cropping industries)
to ameliorate sodic subsoils has gained interest. Not only can organic amendments potentially
enhance soil structural stability (i.e., soil aggregation) but also soil fertility, because sodic subsoils are
often inherently low in soil organic matter (SOM). However, the mechanistic linkages between the
decomposition processes of organic amendments, microbial C use efficiency, and the formation of
soil aggregates are still unclear. Although the application of organic amendments with nutrients may
enhance microbial activities, there is uncertainty as to whether lowering resources’ carbon (C)-nutrient
ratio can increase soil aggregation in sodic-subsoils.
Methodology
The distribution and dynamics of organic amendment-derived C in different C pools (i.e., total CO2
respiration and soil aggregates) can be determined by using δ13C signatures at natural abundance.
By using isotope-mixing models, C mineralization from three different sources [organic amendments
(LOM), native soil organic C (SOC) and soil inorganic C (SIC)] can be partitioned. Briefly, in an
ongoing laboratory incubation experiment at 20°C, a C3 Sodosol (δ13C-SOC: -24‰) from 20–40 cm
depth was uniformly mixed with C4 organic amendments (i.e., sorghum stubble, bagasse, sugar press
mud and/or press ash; δ13C-SOC: -13 to -15‰) at an application rate of 6.2 g C kg-1 soil, and/or
gypsum (7.2 g kg-1 soil) with or without nutrients. The nutrients added were based on the assumption
of the stabilization of an additional 30% of the LOM-C with the commonly assumed C:N:P
stoichiometry of 1:0.0833:0.02 of stable SOM (Kirkby et al., 2013). In the experiment, there are 10
treatments (Figure ). A microbial inoculum solution made from the Sodosol was added to all the
treatments before incubation, in order to stimulate soil microbial growth after storage. The soil
moisture was maintained at 65% of water holding capacity during the incubation. The microbial C use
efficiency of organic amendments over time will be quantified to understand the C stabilization
mechanisms (Fang et al., 2018). The interactive influence of organic amendments, nutrients and/or
gypsum on (i) soil aggregation and (ii) the fate of organic amendment-derived C in aggregates
(macro-aggregates, micro-aggregates and silt-clay) will be determined over time. The basic soil
properties are presented in Table .
Results
After 17 days of incubation, the cumulative total C mineralization ranged from 220 to 2000 mg CO2-C
kg-1 soil, across organic amendments with or without gypsum and nutrient treatments, equating to 2–
17% of the sum of LOM-C and SOC. Of the cumulative total C mineralization, 43–87% of C was
derived from LOM. The LOM-derived C mineralization ranged between 100 and 1770 mg CO2-C kg-1
soil across different treatments, and in the order of sorghum > bagasse > press mud ± press ash, and
the nutrient application increased LOM-C mineralization relative to non-nutrient or gypsum treatments
(Figure ).
The CO2 emission from SIC dissolution was 67 mg CO2-C kg-1 soil in the control and 76 mg CO2-C kg1 soil in the gypsum + nutrients treatment, respectively. The dissolution of SIC caused by the
application of gypsum was small, and also possibly by LOM, and can be ignored. The application of
organic amendments in the soil has significantly primed the loss of native SOC, in the order of
sorghum > bagasse, press mud ± press ash.
Discussion
These preliminary results showed that the application of nutrients along with the amendments
increased the turnover of LOM. This may have increased the production of LOM-derived microbial
residues and their incorporation in aggregates-associated C pools, with potential to increase the
formation of macro-aggregates. This improvement of soil structure in sodic-subsoils may further
increase yield of grain crops in dryland farming systems (Weng et al. 2018 in this proceeding). The
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results of (i) microbial use efficiency of LOM-derived C, (ii) distribution of LOM-derived C in different
aggregate size classes and (iii) aggregate size distribution will be presented at the conference.
Conclusions
Our study helps to address knowledge gaps relating to the impacts and mechanisms of biological
decomposition of organic amendments and soil aggregate formation in a dispersive sodic-subsoil.
Table 1: The basic properties of Sodosol and organic amendments.
Properties
Sodosol
Sorghum
Sugarcane bagasse
Sugarcane mud
Sugarcane ash
ESP (%)
20±2
pH
8.52±0.01
5.02±0.02
7.99±0.02
7.39±0.01
EC (μs cm-1)
284.08±4.57
395.29±8.57
92.95±2.85
Sand (%)
40.3±0.5
Silt (%)
8.5±0.8
Clay (%)
51.3±0.9
TC (g kg-1)
6.56±0.13
412.97±0.37
369.63±0.77
135.37±0.20
57.73±1.01
SOC (g kg-1)
5.77±0.18
SIC (g kg-1)
0.85±0.02
δ13C-TC (‰)
-23.73±0.02
-12.78±0.02
-14.26±0.02
-14.06±0.05
-14.95±0.10
δ13C-SOC (‰)
-24.47±0.06
δ13C-SIC (‰)
-12.14±0.33
TN (g kg-1)
0.52±0.00
7.85±0.02
7.49±0.04
11.44±0.01
0.54±0.01
-1
TP (g kg )
1.27±0.08
0.44±0.03
8.19±0.09
1.42±0.02
C:N (mass ratio)
13±1
53±1
49±1
12±1
107±3
C:P (mass ratio)
328±19
850±50
17±1
41±1
The number after “±” is the standard error of the mean (n = 3 or 4). ESP = exchangeable sodium percentage, EC = electrical
conductivity, TC = total organic carbon, SOC = soil organic carbon, SIC = soil inorganic carbon, TN = total nitrogen, TP = total
phosphorus. “–” means it was not applicable or measured.
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Figure 1: Distribution of carbon (C) mineralization (mg CO2–C kg-1 soil) across different C-sources, including added organic
amendments (sorghum, bagasse, press mud and/or ash; i.e. LOM), native soil organic carbon (SOC), and soil inorganic carbon
(SIC), in Sodosol over the 17-day incubation period. Note the mineralization of SIC by the addition of amendments or gypsum
was neglected. Error bars show standard error of the mean (n = 4).
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Introduction
Variable landscapes supporting perennial grass-based pasture systems dominate the tableland areas
of NSW. Land prices here have risen dramatically in recent years making it cost-prohibitive for
landholders to increase agricultural production through acquisition of more land. To remain viable,
landholders need to increase production per unit of land area. Manipulating pasture productivity and
whole-farm profitability is reliant on the use of fertiliser, predominately single superphosphate (SSP).
Response to SSP is driven largely by the legume component of the pasture, which in tableland areas
is mainly subterranean clover (Trifolium subterraneum). Despite the innate differences in landscape
characteristics, most producers continue to manage pasture paddocks uniformly with regard to
fertiliser application. The aim of this study was to determine whether uniform fertiliser applications in
pastures on the Tablelands should be reviewed. This was achieved by i) identifying the variability in
soil physicochemical characteristics, ii) measuring changes in available soil P and S following fertiliser
application and iii) determining pasture response to fertiliser application.
Methodology
This trial was located near Burraga, NSW (34o01’S, 149o33’E) on a Kurosol. The total paddock size
was 40 ha and the pasture dominated by Microlaena stipoides over which subterranean clover had
been introduced in the 1960’s. The site had received three applications of SSP (8.8% P, 11% S) at
125 kg/ha each time in last 10 years with the most recent application of SSP (as molybdenum SSP)
made two years prior to commencement of the trial. The site had an elevation of approximately 70 m.
The fertiliser rate trials were located at north upper (NU), north lower (NL), south upper (SU) and
south lower (SL) aspect/slope positions, referred to as ‘locations’ henceforth. Single superphosphate
was applied at rates equivalent to 0, 10, 20, 40, 60 and 80 kg P/ha/yr (0-100 kg S/ha/yr) for three
years, and replicated twice on plots 4 m x 4 m at each aspect/slope position. Composite soil samples
consisting of 10 cores per plot (0-10 cm) were collected prior to commencement of the experiment
(April 2001) and at its conclusion (May 2004). Two cores (5 cm diameter, 80 cm depth) were taken
from each aspect/slope position to determine coarse particle fraction (CPF; particles >2mm). Fifteen
pasture assessments (production and composition) occurred over three years, with pastures mown to
a height of 5 cm and residue removed after each assessment.
Results
Significant differences in soil physicochemical characteristics were found despite historic uniform
management strategies (Table 1). Soil pHCa was strongly acidic with significantly higher exchangeable
aluminum (Al) in the NU and SL sectors compared to the other sectors. Available P ranged from 1152% of critical P. Coarse particle fraction was significantly higher at the NU and was more than 8.5
times greater than the SL location. Increases in P availability with P-application was linear (y = a + bx,
where y= available P, a = available P at nil P application (intercept value), b = rate of available P
increase and x = P-application rate) at all locations and significantly higher at SL compared to all
other locations. Available S increased linearly with S-application, but with no difference in the rate
between locations and was only 8-22% of P accumulation rate.
Given low initial available P and S, an increase in herbage production would have been expected at
all locations. Increases in total Dry Matter (TDM) production (bTDM) with SSP application occurred at
all locations except the SL with a greater response at the NL compared to NU (Table 1). Where
increases in herbage production did occur, it was attributable to an increase in legume production,
which was predominately subterranean clover. The rate of increase in legume growth (blegume) with
SSP application did not vary between the nutrient responsive locations. Significant differences in
herbage production were noted in the absence of SSP application (aTDM and alegumeDM) within this site.
The cumulative production was 13.3 t DM/ha (4.4 t DM/ha/yr) more at the most productive location
(SL) than the lowest location (NU) over the trial period. While non-responsive to SSP application, SL
was the most productive location (though not significantly different to the SU).
Discussion
The greater increase in available P at the SL compared with other locations was likely due to failure of
the pasture to respond to SSP application resulting in more rapid accumulation of soil available P.
Smaller but significant increases in available S compared with P are attributable to both the mobility of
S in the soil solution and preferential adsorption of P. The lack of response in herbage production with
SSP application at the SL may be due to higher exchangeable Al. High Al reduces the capacity of
legumes to respond to available P due to root pruning and direct effects on rhizobia survival
particularly where exchangeable Al exceeds 15% (Evans et al. 1988). Investigation of the legume root
systems across this site revealed root stunting and poor nodulation which was particularly severe at
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the SL (data not presented). Low available S may also have limited response of legumes in the
pasture which represented 44% of TDM, through restricting both plant and/or rhizobia function
(O’Hara 2001). No response to SSP application despite inadequate P and S levels was reported by
Hackney et al. (2009) in 50-75% of total paddock area in separate studies in an improved pasture on
the Central Tablelands and a naturalised pasture on the Monaro due to soil physicochemical factors.
Table 1: Soil chemical and physical characteristics for north upper (NU), north lower (NL), south upper (SU) and south lower
(SL) aspect positions in a native-based pasture near Burraga NSW prior to commencement of three-year study. The
relationship between P and S availability with P and S application in the form of y = a + bx, where y= available P (or S), aP or S =
available P (or S) at nil P (or S) application intercept value), bP or S = rate of available P(or S) increase and x = P (or S)application rate and the linear relationship between total dry matter (kg TDM/ha) and legume DM (kg/ha) and P-application rate
also where aTDM or legumeDM = DM at nil P application and bDM or legumeDM = rate of increase in DM with P-application. P-application
ranged from 0-80 kg/ha/yr and S-application 0-100 kg/ha/yr for three years.
pHCa (Rayment and Lyons 2011; Method 4B1)
Al (%CEC)
Coarse particle fraction (%)
Colwell P (mg/kg) (aP) (Rayment and Lyons 2011; Method 9B2)
PBI
Critical P (mg/kg)
P gradient (mg available P/kg P applied) (bP)
Extractable S (mg/kg) (aS) (KCl-40; Rayment and Lyons 2011; Method
9B2)
S gradient (mg available S/kg S applied) (bS)
TDM intercept (t DM/ha) (aTDM)
TDM gradient (t DM/kg P applied) (bTDM)
Legume intercept (t DM/ha) (alegumeDM)
Legume gradient (t DM/ kg P applied) (blegume DM)

NU
4.4a
15.5b
62c
3.3a
55
30
0.19a
3.6a

NL
4.6b
9.9a
22b
7.5ab
29
27
0.17a
3.8a

SU
4.6b
8.9a
29b
11bc
62
30
0.23a
5.7b

SL
4.4a
20.7c
7.3a
14c
30
27
0.46b
4.0a

LSD (5%)
0.03
4.1
5.2
4.5

18.4a
0.12b
5.1a
0.13b

0.037
22.6a
27.4b
0.19c
0.14bc
6.3a
12.8b
0.18b
0.18b

31.7b
0a
14.0b
0a

4.62
0.06
4.6
0.07

0.10
0.32

Conclusion
Application of SSP at this strongly acidic site resulted in significant increases in available P. The
variability in response across the landscape was likely due to variation in soil texture and differences
in P- removal rates as a consequence of changes in herbage production arising from SSP application.
Where the greatest increase in available P occurred there was no associated increase in herbage
production. This location, representing 25% of total paddock area had high levels of Al which probably
restricted legume growth, nitrogen fixation and subsequent pasture response to fertiliser. The findings
of this study indicate producers need to consider within paddock landscape scale variation in soil
physicochemical characteristics when devising fertiliser application strategies and should consider
addressing soil acidity issues or other key limiting factors in combination with nutrient management. A
uniform approach to the management of nutrient deficiencies or other constraints such as acidity in
such landscapes is unlikely to yield optimal economic return on the investment.
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Acidic subsoils (pH < 5.5) severely limit agricultural productivity in many parts of the world, primarily
due to high Al3+ and Mn2+ concentrations which are toxic to plants. Direct incorporation of lime
(CaCO3) and organic amendments into deep acidic soil layers (10-30 cm) has gained recent attention,
since lime applied on the soil surface moves very slowly through the soil profile and is not suitable to
ameliorate these deep soil layers in the short term. Organic amendments generate alkalinity as they
decompose, improving soil physiochemical properties while also providing essential crop nutrients.
On-farm materials may be more economical because of reduced transport costs. However, the
decomposition of crop residues grown in situ does not result in any net change in alkalinity within that
soil profile, but instead represents the redistribution of alkalinity between soil layers. Novel materials
have been shown to be highly effective ameliorants, and these may be practical and/or profitable if
the costs associated with their purchase and transport are not excessive. Furthermore, the ability of
such materials to expedite the dissolution of lime and the movement of alkalinity down a soil profile is
unknown. The current research investigates novel organic (dairy compost, mixed manure compost,
poultry litter) and inorganic materials (K-humate) as suitable amendments. Their relative effectiveness
in increasing soil pH and decreasing toxic Al concentrations, particularly below the amended layer, as
compared with lime and gypsum, was assessed in a 3-month soil column leaching study. This
research aims to generate new knowledge to assist growers and land practitioners to better manage
acid soils. It is part of a GRDC project (DAN00206) investigating innovative approaches to managing
subsoil acidity in the southern grain region of Australia.
Keywords: Subsoil acidity; acidification; amelioration
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Much more lime is needed on southern Australian acid soils
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Extensive soil acidification in southern Australia was first recognised in the late 1970s but little lime
was applied commercially until the mid-1990s. The earliest widespread liming coincided with
adoption of well adapted but acid-intolerant canola cultivars. Since then the amount of lime applied
generally followed the canola area. The profitability of canola and the higher yield of a following cereal
easily paid for the lime. While farmers applied lime for continuous cropping and phased crop-pasture
systems containing canola there was little applied to permanent pastures, apparently because grazing
systems were not sufficiently profitable to pay for lime. Averaged across the ~40 m ha of acidic soils,
the amount of lime applied is sufficient to neutralise less than half the increase in soil acidification.
While acidification continues the acid layer becomes deeper and it becomes more and more difficult
for lime to neutralise the subsurface acid layers. The only species and cultivars that grow well on
acidified, unlimed soil are those that have natural acid tolerance or have been bred to tolerate acid
soil. It has been argued that growing acid-tolerant crops and pastures can pay for lime and buys time
for lime to move into the subsurface. There is no evidence that increased liming accompanies or
follows adoption of acid-tolerant crops and pastures. The problem of soil acidification remains but has
now bifurcated. One form is continuing whole-profile acidification, mainly on permanent pasture land.
Given that lime application on cropping land followed a profitable crop, a promising solution to acidity
on permanent pasture land may be to identify pasture systems that become more productive when
limed and promote them if, or when, the system becomes sufficiently profitable. There is a unique
opportunity in 2018 when prices of animal products are high.
The other problem, mainly on continuous crop or phased crop-pasture land is subsurface acidity,
where a layer of acidified soil, known as an acid throttle, is sandwiched between a limed surface soil
and a naturally neutral or alkaline subsoil. This throttle appears to be getting thicker as the lower
boundary gets deeper. There is evidence that canola yield is not reduced by an acid throttle provided
the topsoil is limed. This is good news in the short term because additional lime is not needed to
neutralise the acid throttle. In the long term the acid throttle will become thicker and limit the yield of
many potentially profitable crop and pasture species.
There is need for research on the acid throttle and whether it differs in effect from surface acidity.
Which species or cultivars tolerate an acid throttle provided the surface soil is limed? Are there crop
or pasture species that are more profitable than existing species provided the acid throttle is
neutralised? How rapidly is the thickness increasing? How long have we got before the extension of
the acid throttle limits yield of all species?
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Introduction
Rice/shrimp farming is practiced by farmers in the peri-coastal area of the Vietnamese Mekong Delta
where saline intrusion in the dry season creates conditions suitable for shrimp production. Shrimp
require ditches (approx. 1.4 m deep) to be constructed around the rice fields to create habitat suitable
for shrimp survival. As acid sulfate soils (ASS) are common in the region, construction of shrimp
ditches often leads to the exposure of pyritic material in the excavated soil that forms earthen banks
around the rice field. Hence the products of pyrite oxidation can be washed into the ditches where
organic wastes from shrimp production, known as sludge, also accumulate. The decomposition of
sludge in ditches creates conditions favouring reduction and the formation of sulfide which is toxic to
shrimp (Goppakumar and Kuttyamma, 1996). The magnitude of sulfide produced and the potential
toxicity to shrimp may then depend on the presence of sludge and the severity of the acid sulfate soil
in the ditch or bank.
An incubation study was conducted to determine the potential hydrogen sulfide production from bank
soil and ditch sludge taken from two farms of contrasting severity of acid sulfate soil (high and low
total potential acidity). A glasshouse column study, replicating field conditions, was conducted to
determine the actual sulfide concentration produced in water over ditch soil, sludge or sludge with
eroded bank soil taken from the same two farms.
Methodology
A soil survey was conducted within 12 rice/shrimp farms in Cai Nuoc district, Ca Mau Province,
Vietnam. Within each farm, ditch sludge from five randomly selected locations was sampled and a
composite sample analysed for redox potential and total potential acidity (TPA) as measured by the
SPOCAS method (Sparks, 1996). From this initial survey, two farms, one with high jarosite presence
and high TPA and one with very little jarosite and low TPA, were selected for detailed study. From
these two farms, soil from banks and sludge from ditches were collected using an auger from 10
randomly selected locations from each farm. These then formed the treatments of the experiment;
High TPA bank and sludge, low TPA bank and sludge. Treatments were replicated 3 four times. Soil
was air dried, ground to pass a 2 mm sieve and then 20 g air dry soil was placed into 100 mL glass
serum bottles with 1 g of fresh sludge added to inoculate the microcosm. To this, 60 mL of water,
collected from the field, was added to each bottle before capping with a self-sealing rubber stopper.
The headspace was then purged with nitrogen gas and the bottle inverted to ensure no gas could
escape during anaerobic incubation. Over a period of 150 days, the gas was then taken from the
headspace every two weeks by inserting a syringe with a 23 gauge needle into the rubber stopper.
The gas sample was then injected into a solution of zinc acetate in a capped bottle and the hydrogen
sulfide concentration analysed (Eaton et al. 1998).
The column experiment was conducted using soils taken from the same two farms (High and Low
TPA). At these sites, the ditches were drained of water and sludge removed from some areas whilst
others were left in their natural state with sludge present. To these areas PVC cores, 150 cm long and
60 mm internal diameter, were inserted 30 cm into the ditch so that there was 30 cm of soil or soil
plus sludge. These cores formed the foundation of the experimental treatments conducted in three
replicates on the two soils (High and Low TPA): ditch soil (sludge removed, 30 cm soil); sludge (20cm
soil and 10 cm sludge); and sludge with eroded soil (20cm soil and 10 cm sludge plus 20 g of bank
soil added to simulate an erosion event from the bank to the ditch). Water taken from the source
farms was then added to each column to form a 1 m water column above the soil/sludge treatments.
Columns were housed in a glasshouse for 135 days with water samples taken every 15 days from
approximately 10 cm above the surface of the soil/sludge material using a 1 m long plastic tube
connected to a syringe. A volume of 500 mL was collected for analysis of sulfide concentration by the
method of Eaton et al. (1998). Water columns were then made back to a 1 m water height using water
taken from the source farms. Data were analysed using analysis of variance. Treatment means and
standard deviations are reported.
Results
The field survey of 12 farms at Cai Nuoc indicated that, within the surface 1 m of soil, the average
TPA was 1570 mol H+/t, standard deviation (SD) 1050. The farms with the maximum (3340 mol H+/t)
and minimum (280 mol H+/t) TPA were then selected for the subsequent incubation and column
experiments. The mean redox potential in the material at the bottom of the ditches of the farms were 240 mV (SD 40). The TPA of the soil determined the magnitude of the hydrogen sulfide released from

367

Hydrogen sulfide released (mg/kg)

the incubation experiment. The cumulative hydrogen sulfide was significantly higher for the farm
exhibiting high TPA compared to the farm of low TPA (Figure 1). The main effect for TPA was
statically significant from day 45 onwards. There was no significant difference in the cumulative
hydrogen sulfide released from bank and sludge treatments within a soil TPA (high or low) of the
incubation experiment (Figure 1). The rate of hydrogen sulfide production within treatments was
relatively constant through time after 45 days.
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Figure 1 Release of hydrogen sulfide (H2S) (mg/kg) from incubated soil of earthen banks or ditch sludge taken from high or low
total potential acidity (high TPA and low TPA, respectively) farms. Error bars represent standard deviation.

The sulfide concentration of the column study was variable through time and there were no significant
differences between treatments (Figure 2). However at all sampling times the sulfide concentration in
the water column was higher than the LC50 of the shrimp species grown.
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Figure 2 Sulfide concentration (mg/L) in water columns over soil, sludge, and sludge with eroded bank soil for two farms (high
TPA and low TPA). Error bars represent standard deviation. The LC50 sulfide concentrations for shrimp are indicated by a
horizontal line (Goppakumar and Kuttyamma 1996).

Discussion
The field survey demonstrated that soils used for rice/shrimp farming systems often exhibit high TPA
and low redox potential values (-240 mV) which enable sulfidogenesis to occur. The TPA of soil is the
major driver for the potential production of hydrogen sulfide regardless of where the material is found
within a farm. That is, soil material in the ditch or bank of a farm with high TPA has the potential to
create sulfide. This is probably due to the presence of high background concentrations of sulfate, the
substrate for sulfide production, associated with acid sulphate soils.
The actual release of sulfide was more variable in the column study than the incubation however it
was demonstrated that within the sites tested, even the low TPA soil produced concentrations of
sulfide in the water column that would be toxic to shrimp (Goppakumar and Kuttyamma 1996).
Conclusions
This work demonstrates that the capacity of soil to release hydrogen sulfide is greater in rice/shrimp
fields exhibiting high TPA (heavy ASS) than low TPA (low ASS). However in columns simulating field
conditions, both high and low TPA soils produced sulfide at concentrations that are toxic to shrimp.
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In Australia, acid sulfate soils science and management represents a relatively recent area of concern
and activity. Since the late 1980’s there has been a growing recognition and understanding of the
potential and actual harm these soils can have on the environment and on the ecology of surrounding
areas if they are not managed appropriately. Scientific assessment and observation speak to an
‘avoid disturbance’ approach as the primary objective to managing acid sulfate soils.
The literature on the analysis and identification of acid sulfate soils has been rapid in its development
and considerable in its extent. Legislation, policies and guidance materials have been developed for
the identification, assessment and management of these soil materials (Sullivan et al, In press a) in
recognition of the potential for severe degradation of the environments that contain these materials as
a consequence of mismanagement. Examples of degradation includes: severe contamination of
waterways by acidification, deoxygenation, metal pollution as well as degradation of these waterways
by acute effects including fish kills, as well as by chronic effects such as the promotion of disease in
aquatic and benthic organisms and impacts on fish recruitment.
A scholarly response to the production of an abundance of literature on an important issue is often the
compilation and distillation of that literature into a rational and coherent document that can provide
useful guidance for scientists, managers and regulators and other interested parties.
Furthermore, an issue often intrinsic to guidance material is the almost simultaneous development of
regionally-based guidance. Whilst regionally-based guidance is well-suited for one particular region it
may, due to regional differences in environmental characteristics or legislative landscapes, not be as
relevant for other regions. It can even be misleading when applied outside that particular region.
Another problem with guidance material in any rapidly developing field of science is that such material
generally has a ‘use by date’ resulting from new findings that challenge or improve what had been
considered as recommended or ‘good’ practice when the guidance material was being compiled.
Clearly there is a need for regular review of guidance material whenever the science underpinning
that guidance no longer represents our best knowledge or practice.
To address such issues, a national exercise has been recently concluded to provide consistent
national guidance relating to acid sulfate soil identification, assessment and management. This
exercise, the National Acid Sulfate Soils Project, was conducted under the auspices of the National
Committee for Acid Sulfate Soil (NatCASS), a nationally-recognised peak advisory body on acid
sulfate soil issues. NatCASS is in a unique position to produce authoritative national guidance - the
integrated package of national guidance has been reviewed and endorsed by representatives of all
the main relevant stakeholders in acid sulfate soil issues in Australia. These stakeholders include all
state and territory governments, and the Commonwealth Government, as well as agencies such as
CSIRO, the Australasian Land and Groundwater Association (ALGA) and Oceanwatch, as well as
academics and consultants recognised for their expertise in the field of acid sulfate soil sampling,
assessment, analysis interpretation and management.
This NatCASS-endorsed package of national acid sulfate soil guidance is broad in scope and
recognises that regional differences in environmental characteristics or legislative landscapes means
that region-specific guidance will remain both a useful and necessary accompaniment to the national
acid sulfate soil guidance material to provide advice within those specific regions. Consequently, as
well as accessing the national guidance material on acid sulfate soil there also remains a need to
contact relevant state or territory or local government departments for specific local information and
advice.
Here we provide a brief introduction into the recently-released national acid sulfate soil guidance
material and specifically, to detail some of the main changes and rationale for those changes in the
recommended approaches to the sampling, identification, analysis and interpretation of acid sulfate
soil materials especially for management purposes. The new package of national acid sulfate soil
guidance provides clear information and advice and is comprised of six manuals and other
publications, and includes:
1. Acid sulfate soils guidance: a synthesis (Sullivan et al, In press a)
2. National Acid Sulfate Soils Sampling and Identification Manual (Sullivan et al, In press b)
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3. National Acid Sulfate Soils Identification and Laboratory Methods Manual (Sullivan et al, In press
c)
4. Guidance for the Dredging of Acid Sulfate Soil Sediments and Associated Dredge Spoil
Management (Simpson et al, In press)
5. Guidance for the dewatering of acid sulfate soils in shallow groundwater environments (Shand et
al, In press)
6. Overview and Management of Monosulfidic Black Ooze (MBO) Accumulation in Waterways and
Wetlands (Sullivan et al, In press d)
As well as providing nationally consistent approaches to acid sulfate soil sampling and assessment,
the guidance material also incorporates recent developments in this area. This presentation details
three of the main changes to the assessment of acid sulfate soil materials in two of these manuals:
the ‘National Acid Sulfate Soils Sampling and Identification Manual’ (Sullivan et al, In press) and; the
‘National Acid Sulfate Soils Identification and Laboratory Methods Manual’ (Sullivan et al, In press),
which also addresses the interpretation of laboratory results.
1) Revised Acid Base Accounting (ABA) method Net Acidity = Potential Sulfidic Acidity + Actual Acidity + Retained Acidity – Acid Neutralising Capacity
The approach to determining Net Acidity (the proxy for quantification of the acidity hazard) via the
ABA method differs from previous approaches in that:
1) the Fineness Factor used in previous ABA methods to moderate the effectiveness of the measured
Acid Neutralising Capacity (ANC) has been dispensed with, and
2) ANC is only included in the quantification of Net Acidity if the effectiveness of a soil material’s
measured ANC has been corroborated by other data that demonstrates the soil material does not or
would not experience acidification during complete oxidation under field conditions.
2) Method recommendation for the determination of Potential Sulfidic Acidity - Potential Sulfidic
Acidity is a key component of the ABA and is measured using either the Chromium Reducible Sulfur
(SCR) method or the Peroxide Oxidisable Sulfur (SPOS) method. Whereas the SCR method is
recommended for all soil materials, the SPOS method is not recommended for soil materials with
organic matter contents >0.6 % organic carbon, as the organic matter in many soil materials with
organic carbon contents >0.6 % is capable of producing false positive identifications when using the
SPOS method. The sulfur from organic matter, even at these relatively low concentrations, can be
erroneously included in the SPOS determination at levels that exceed action criteria. Furthermore, if
SPOS is used to quantify the Potential Sulfidic Acidity of soil materials, it is recommended at least 15%
of samples are also analysed by the SCR method to allow verification of the SPOS values.
3) Acid soil vs acid sulfate soil - There has been confusion in the identification and assessment of acid
sulfate soil materials in that ‘naturally-occurring’ acidic soil materials (e.g. those often found within
Kurosols, Acidic Ferrosols, Acidic Organosols, Kurosolic Hydrosols, Acidic Kandosols, etc.) can
exceed the acidity criterion triggering the need for further acid sulfate soil assessment and
management of these soil materials even though it is abundantly clear that, as their acidity is not
derived from the oxidation of sulfidic minerals, these acidic materials are not acid sulfate soil
materials. The mis-identification and consequent mis-management of naturally acidic soils as if they
were acid sulfate soils represent a waste of resources. More importantly the arising mis-management,
e.g. liming of naturally acidic ecosystems, may lead to unnaturally alkaline environments potentially
resulting in severe ecological damage. In the new national guidance literature it is made clear that
‘naturally-occurring’ acidic soil materials should neither be identified nor managed as if they were acid
sulfate soil materials.
Keywords: Acid sulfate, sampling, identification, laboratory analysis
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Introduction
The vast majority of horticultural production in Carnarvon is located on the Gascoyne soils, most of
which are not sodic or are only marginally sodic within the top metre of soil. However, when these
levels of exchangeable sodium are combined with low electrolyte levels, irrigation practices can result
in significant clay dispersion. This causes soil structural problems such as water logging and poor
infiltration (Rengasamy et al. 1984). Frequent cultivation also contributes to low levels of organic
matter in these soils, which may then undergo slaking when irrigated. When dry, these soils suffer
from crusting and hard setting problems that can limit crop establishment, and ultimately cause yield
decline (Greene et al. 2002). To address these issues and to develop suitable management
strategies, a gypsum/tillage trial was carried out from 1995-97.
Methodology
The effects of applied gypsum (0, 2 and 10 t/ha), tillage [reduced tillage (RT) and conventional tillage
(CT)] were investigated on a marginally sodic Yellow Kandosol soil near Carnarvon, Western
Australia). These soils have formed on levees of the Gascoyne alluvial layer (Bettenay et al. 1971).
During irrigation soil aggregates suffer from structural breakdown as a result of slaking and
dispersion.
Results and discussion
After 2 years of irrigation with water having a low sodium adsorption ratio (SAR) (≤ 2) and low
electrical conductivity (EC) (approx. 0.5 dS/m), the ESP and soil EC levels were significantly (P<
0.01) reduced by over 50% on all plots. This reduction was attributed to the sandy texture of the soil
at the site, which allowed deep penetration of the good quality irrigation water into the soil profile, and
concomitant leaching of the exchangeable sodium and salt.
Although irrigation was a dominant factor in this experiment, the gypsum treatments were also shown
to have a significant effect on soil properties. Clay dispersion in plots treated by 10 t/ha gypsum was
significantly (P<0.01) reduced by up to 70% at two depths, i.e. 0-150 mm and 500-800 mm, when
compared with control plots. This decrease in dispersion was associated with significant (P<0.01)
gypsum-related increases in soluble and exchangeable calcium, and with reductions in the
exchangeable sodium percentage and an increase in electrical conductivity (EC). Micromorphological
examination of thin sections from the surface 0-5 cm depth also showed that gypsum application at 10
t/ha improved soil structure by decreasing swelling (and dispersion). However, the tillage treatments
were found to have minimal direct effects on soil chemical and physical properties.
The apparent solubility of gypsum was found to be higher in plots treated with 10 t/ha gypsum (G10)
compared with those treated with 2 t/ha (G2), i.e. 980 and 833 mg/L respectively. These differences
were attributed to greater gypsum-water contact and/or improved soil hydraulic properties in G10
plots compared with G2 plots. This higher solubility implies that the loss of gypsum from the surface
soil and its leaching through the profile and into the subsoil will be higher when larger application
rates are used. However, the leaching of gypsum will have the advantage of decreasing dispersion in
the subsoil.
Conclusions
This trial has shown that the use of good quality irrigation water is an effective means of reducing
surface sodicity in a light textured soil. However, because leaching of gypsum by irrigation reduces
soil EC, re-application of gypsum will be required to minimize clay dispersion. The inherently low
organic carbon levels (0.2-0.9%) need to be increased to overcome problems of surface aggregate
breakdown and crusting due to slaking.
Keywords: sodicity, dispersion, Yellow Kandosol, tillage systems, soil structure, irrigation.
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Introduction
The loss of coastal wetland ecosystems through land-use change has accelerated in recent decades
(McLeod et al. 2011). Common causes of habitat loss include conversion to aquaculture, agriculture,
industrial use, dredging, eutrophication of overlying waters, urban development, and conversion to
open water due to accelerated sea-level rise. Healthy coastal ecosystems are critically important
maintaining and protecting biodiversity, water quality, fisheries and economic resources. Current
degradation of coastal ecosystems results in estimated release of approx. 0.45 Pg CO2 per year to
the atmosphere (Pendleton et al. 2012), equivalent to annual fossil fuel emissions of the U.K. Given
the past destruction of these environments, increasingly there is a focus on preservation and restoring
these systems.
Salt has been produced by evaporating seawater at the Dry Creek salt field (4,000 ha) north of
Adelaide since 1940. The salt production operation is currently ceased with portions of the site being
transitioned to alternative land uses. One potential management option for the seaward South
Australian Government-owned land is to restore tidal connections to try to transition the land back to a
natural salt marsh-mangrove ecosystem. There are however large challenges in doing so given that
significant environmental hazards are present, in particular hypersaline soils and water, and build-up
of iron sulfides (pyrite and monosulfide black oozes). Any restoration process needed to be carefully
managed to ensure impacts on the surrounding environment are minimised as the site is adjacent to
important aquatic ecosystems and marine reserves. There is also growing interest to assess whether
coastal wetland restoration activities can deliver “carbon credits”.
Methodology
To trial a tidal restoration strategy at the salt field, tidal gate infrastructure was designed and installed
in the levee bank of a 38 ha pond (XB8A)(Figure 1). The infrastructure consisted of 4 x 1.2 m
diameter x 10 m long polyethylene pipes and controllable tidal gates. The system operated off solar
power and is able to be controlled remotely. A water quality sensor was installed at the tidal gate with
remote data delivery and an automated alert system. Monitoring of soil chemistry (e.g. pH, electrical
conductivity, metals, organic and inorganic carbon, acid volatile sulfide, reduced inorganic sulfur),
water quality, and hydrology was undertaken at ten sites prior to tidal restoration, and at 1, 3, 6, and 9
months after tidal restoration commenced (on 29 July 2017).

Figure 1: (left) Aerial photograph of the Dry Creek tidal restoration trial site that was reconnected to the adjacent mangrove-salt
marsh coastal ecosystem via (right) tidal gates

Results and Discussion
Tidal connection was successfully restored to pond XB8A with regular wetting and drying cycles
occurring driven by the natural tidal variation. Surface water salinity in the pond was rapidly restored
to near coastal seawater values.
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Salinity (EC) has showed reductions from
the conditions in the hypersaline salt
ponds prior to tidal restoration due to
dilution and salt export.
Organic carbon has showed an apparent
decrease in the upper sediment layer at
this site, some other sites in the pond
have shown some sequestration (likely
due to seagrass inflow).
pH has showed minor decreases but no
acidification occurred following drainage.

0.5

0.8

1.0

0.0

10-20 cm

10-20 cm
XB8A-04

0-10 cm

20-30 cm

Baseline

30-65 cm

9 months

10.0

2.0

4.0

30.0

20-30 cm

30-65 cm

pH (1:5)

Organic C, %
0.0

20.0

7.2

6.0

0-10 cm

0-10 cm

10-20 cm

10-20 cm

7.4

7.6

7.8

8.0

8.2

8.4

XB8A-04

•

Acid volatile sulfide (AVS, measure of iron
monosulfide material content) has showed
substantial reductions due to introduction
of wetting and drying cycles.
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The changes in soil quality following tidal
restoration have been variable in space and
time. Figure 2 shows results from one profile
which was at higher elevation and well
drained from baseline (pre-tidal restoration) to
9 months after tidal restoration.
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Figure 2: Soil properties; acid volatile sulfide (AVS), electrical
conductivity, organic carbon and pH at Site XB8A-04 at the Dry
Creek tidal trial site before (baseline) and after 9 months of
tidal restoration (see Mosley et al. 2017 for further details)

Conclusions
Restoring coastal ecosystems is very important locally and globally. Tidal exchange and wetting and
drying cycles can potentially accomplish reduction in environmental hazards such as reducing
salinisation and sulfidisation. The Dry Creek tidal restoration trial has shown that if the key processes
in the system are well understood, then remediation strategies can be successfully designed and
implemented. Once the hydro-physical-chemical conditions are restored ecological recovery will
begin. Improved sediment and water quality conditions at the Dry Creek tidal site have enabled
recolonisation by benthic invertebrates and native vegetation, with the restored intertidal mudflat
habitat being utilised by local and migratory shorebirds. Carbon sequestration outcomes are still being
assessed but indications are that it could potentially add value to restoration projects if markets can
be found and projects are done on a large enough scale. There is large potential for wider restoration
of thousands of hectares of degraded coastal land at the Dry Creek salt fields and elsewhere in
Australia.
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Introduction
Coastal acid sulfate soils (ASS) are soils, sediments and other materials containing reduced
inorganic sulfur, predominantly iron sulfides. When disturbed and exposed to oxygen, these soils
oxidise releasing sulfuric acid and soluble iron (Dear et al. 2014). These soils are costly to manage
with impacts on water quality and infrastructure extending from the coastal floodplains to near
shore environments. Queensland has a legacy of acidified coastal landscapes that are
inconsistently mapped with a level of detail suitable for management. A range of spatial data
products and tools were assessed to evaluate the potential for improving coastal ASS mapping in
un-surveyed areas.
Method
The Maroochy River floodplain pilot area was selected due to the existence of reliable ASS and
National ASS datasets (Malcolm et al. 2002, CSIRO 2011). Spatial analysis and modelling
methods were used to investigate the potential of improving existing ASS mapping. Following a
literature review and evaluation of available spatial data, a number of datasets were assessed
including Regional Ecosystem (RE) vegetation, LiDAR and one arc-second SRTM Digital Elevation
Models (DEM), geology and wetland waterbodies. Radiometric data was investigated, however,
much of coastal Queensland is covered by sub-standard data (1500 m line spacing) limiting its
potential use. All data sets were cross-checked with existing ASS mapping and other relevant
spatial data.
Multi-resolution Valley Bottom Flatness (MrVBF) (Gallant et al 2016) was used to delineate
erosional and depositional landscapes. High resolution (2m) LiDAR DEM data was used to produce
the MrVBF data using SAGA (Conrad et al. 2015) and ArcGIS software.

Figure 1 Comparison between 1 arc-second (~30m) MrVBF and the LiDAR-based MrVBF (2m) in low relief areas

Results
Holocene and Pleistocene geologies; wallum/peat and acid soil REs; and wetland mapping were
useful preliminary indicators of ASS with some obvious accuracy limitations. Initial results (Figure
1) show potential for more accurate prediction of ASS occurrence using LiDAR-based MrVBF in
comparison to one arc-second SRTM-based MrVBF, allowing better delineation of the depositional
areas where ASS are likely to occur. Using a combination of LiDAR-based MRVBF, RE mapping,
geology and wetland mapping indicated precursory improvements to national mapping (Figure 2
and 3). Field validation of the mapping is required to verify the work, quantify reliability and
determine potential for extrapolation into un-surveyed reef catchments.
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Figure 2 National Atlas of Australian ASS (CSIRO 2011)

Figure 3 Preliminary ASS probability mapping results after spatial analysis of a combination of LiDAR-based MrVBF, RE,
geology and wetland datasets

Conclusions
Preliminary results showed good correlation with existing 1:25 000 coastal ASS mapping and
improvements over parts of the National ASS Atlas data. Phase 2 requires validation of the spatial
products using field and laboratory investigations. The goal of the project is to extend the method into
un-surveyed areas within high priority reef catchments.
Keywords: acid sulfate soils, spatial analysis and modelling, multi-resolution valley bottom flatness
(MrVBF), regional ecosystems, LiDAR digital elevation model (DEM).
References
Conrad O, Bechtel B, Bock M, Dietrich H, Fischer E, Gerlit L, Wehberg J, Wichmann V, and Böhner J
(2015) System for Automated Geoscientific Analyses (SAGA) v. 2.1.4, Geosci. Model Dev., 8, 19912007, doi:10.5194/gmd-8-1991-2015, URL viewed 1 June 2017 http://saga-gis.org/en/index.html.
CSIRO (2011) Atlas of Australian Acid Sulfate
http://www.asris.csiro.au/themes/AcidSulfateSoils.html

Soils,

URL

viewed

1

July

2017

Dear SE, Ahern CR, O’Brien LE, Dobos SK, McElnea AE, Moore NG and Watling KM (2014)
Queensland Acid Sulfate Soil Technical Manual: Soil Management Guidelines, Department of
Science, Information Technology, Innovation and the Arts, Brisbane Queensland.
ESRI (2011) ArcGIS Desktop: Release 10, Redlands, CA: Environmental Systems Research Institute.
Gallant JC, Dowling T and Austin JM (2016) Multi-resolution Valley Bottom Flatness (MrVBF), version
3. Commonwealth Scientific and Industrial Research Organisation, URL viewed 1 June 2017
http://portal.tern.org.au/multi-resolution-valley-flatness-mrvbf/17351
Malcolm DT, Hall IR, Barry EV and Ahern CR (2002) Maroochy Caloundra Acid Sulfate Soil
Sustainable Land Management Project Volume 1 Report on Acid Sulfate Soil Mapping, Department of
Natural Resources and Mines, Indooroopilly Queensland.
Queensland Herbarium (2015) Regional Ecosystem Description Database (REDD). Version 9.0, April
2015, Queensland Department of Science, Information Technology and Innovation, Brisbane.

376

Acidification of an extensively managed permanent pasture soil
Mark R. Norton1,2,3, Mark K. Conyers1,4, Denys L. Garden3, Philip Armstrong1

NSW Department of Primary Industries, Wagga Wagga Agricultural Institute, NSW 2650 Australia
mark.norton@dpi.nsw.gov.au
2
Graham Centre for Agricultural Innovation, Locked Bag 588, Wagga Wagga, NSW 2650, Australia.
3
NSW Department of Primary Industry, GPO Box 1600, Canberra ACT 2601, Australia.
4
11 Finch Place, Mt Austin, NSW 2650, Australia
1

Introduction
Dolling (2001) estimated that there are 50 m ha throughout Australia with a pHCa <5.5 and associated
increase in soil Alex. Soil acidity constrains pasture productivity limiting production from grazing
animals. Research has concentrated on the effects of lime incorporated into the 0-10 cm soil profile.
However, incorporation is only an option where land is arable. On the NSW tablelands, there are
large areas of non-arable soils, acidic to depth, producing wool, sheep meat and beef. The only option
to ameliorate acidity in these soils is to surface apply lime. To sustain production soil managers and
agronomists require accurate quantification of acidification and re-acidification across a range of soil
types under various management scenarios. This paper presents results from a soil on the Southern
Tablelands of NSW under permanent pasture grazed by Merino sheep.
Methodology
The site used for this replicated experiment which commenced in 1998 and concluded in 2008 was
located near Sutton, NSW (35.12° S, 149.27° E). The soils were predominately shallow and stony
with texture contrast having brown loam topsoils overlying reddish to reddish brown light clays and
clay loams. Two soils are found over the plots with Red Chromosols covering the larger area while
Leptic Rudosols (Isbell 1996) are confined to the higher portions of the landscape.
Lime was surface-applied without any incorporation at three rates, nil (L0), lime to raise pHCa of 0-10
cm to 5.0 (low rate, L1) and 5.5 (high rate, L2). To avoid the possibility of excess lime application, half
of the lime required was applied in October 1998 and the remainder in early 2000, after data on pH
changes were available. Two rates of superphosphate were applied, 125 kg ha-1 every 2/3 years,
which mimics commonly applied rates in the district and 250 kg ha-1 yr-1, sufficient to ensure no P
deficiency . Plots were continuously grazed with Merino wethers at average stocking rates of 5 and
7.9 sheep/ha.
Acidification (unlimed) and re-acidification (post liming) rates were calculated firstly as an annual rate
of pH decline in the 0-10 cm depth of soil. Subsequently, a field titration curve, based on the field plot
data relating lime application rate to the maximum pHCa, measured two years after lime application
was constructed.From this, the annual decrease in pH as the equivalent annual rate of loss of
limestone could be determined (Helyar and Porter 1989).
Results and Discussion
Acidification and re-acidification rates of the three lime application treatments (L0, L1, L2) were
studied on individual plots using the pHCa values for the 0-10 cm profile sampled on an annual basis.
All the data (not shown) were plotted against time with the L1 treatment, pHCa declining 2 years
(2002) after the final lime application which occurred in 2000. Under L1, a decline of pHCa of 0.05
units per year (coefficient of -0.0496) was observed. This was equivalent to 167 kg CaCO3 /year or
3.34 Kmol+/ha/year.
Table 1. A summary of the coefficient values with their respective probabilities for the linear regressions between time (from
2002, two years after the final lime application) and pHCa of the 0-10 cm profile for each of the different lime application rates
(nil, lime to raise 0-10 cm profile pHCa to 5.0 (L1) and 5.5 (L2)) using individual plot values from a surface-applied lime
application experiment at Sutton, NSW.
Lime application
L0
L1
L2

Lime rate required (t ha-1)
0
4.36
7.72

Coefficients
-0.00207
-0.0496
-0.02357

Standard error
0.002874
0.020472
0.01671

t statistic
-0.72048
-2.42294
-1.41059

P-Value
0.472962
0.018379
0.167724

At both the nil (L0) and L2 application rates no net decrease in pHca was discernible in the 0-10 cm
profile (Table 1). In the L2 treatment lack of re-acidification is probably due to the high rates of lime
applied (ranging from 6.15 to 11.28 t ha-1) that had not all dissolved by 2002. Therefore, the ongoing
dissolution of limestone from 2002 to 2008 matched the underlying re-acidification rate. In the nil
treatment (L0) negligible change in pHCa was measured at 0-10 cm over this period although it is
possible that net acidification was occurring deeper in the soil and this will be the subject of a later
study.
Conclusions
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At the acidification rates calculated here it would be necessary for land managers to apply lime every
15 years, if they were to use the regional standard application rate of 2.5 t ha-1, provided that an
initial application to raise the pHCa in the surface 0-10 cm to 5.0 was made.
Little information is available documenting acidification rates of major Australian soil types nor of
those rates under a range of landuses, e.g. annual or perennial crops, pastures and rangelands,
forestry. Such information is essential to assist land managers maintain the productivity and
sustainability of their operations as well as to limit ‘off-site’ degradation (e.g. dryland salinity) which
can occur as a result of acidification processes.
Keywords: acid addition, re-acidification, soil amelioration, topdressing.
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Introduction
Agricultural production in Australia and around the world is limited by the prevalence of acidic soils
(pH < 5.5) of which many contain phytotoxic levels of aluminium (Al3+) and manganese (Mn2+) and
deficient levels of various essential plant nutrients. While lime (CaCO3) is an effective soil acidity
ameliorant when applied directly into acidic layers, its slow dissolution renders it largely ineffective at
remedying deep soil layers below the point of application in the short to medium term. Various organic
amendments are being studied as potential soil acidity ameliorants to use as substitute or in
combination with lime. As opposed to lime, these organic amendments provide a wider range of
benefits to the soil such as increasing soil pH through their decomposition or alkaline nature,
improving various soil physiochemical properties and providing essential plant nutrients (e.g.
phosphorous) that are often limiting in acid soils. One such organic amendment group that has
received significant focus has been biochars which are created by pyrolysis from plant and animal
sources. Biochars typically have high pH values, and significant exchangeable surfaces that can
remove phytotoxic elements such as Al3+ from the soil solution. Biochars generated on-site from onfarm materials such as crop stubbles and cover crops could be a potentially beneficial and costeffective management tool to remedy soil acidity.
Methodology
Biochars of four on-farm materials (wheat, canola, vetch and lucerne) and poultry litter were
compared with their raw feedstocks and lime in their ability to ameliorate soil acidity. Aluminumsensitive wheat was grown in two acidic soils from Welshpool, Victoria and Kalannie, Western
Australia. The aim of this study was to obtain new knowledge that will enable farmers and other land
managers to better manage soil acidity. This research is part of a GRDC project (DAN00206)
investigating innovative approaches to managing subsoil acidity in the southern grain region of
Australia.
Keywords: Soil acidity, Aluminium toxicity, Biochar, Plant residues, Phosphorous.
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Introduction
Soil acidity is known to limit agricultural production in much of southern Australia. Whilst amelioration
of surface soil acidity is best achieved by incorporating high quality lime into the soil via cultivation,
the acidity existing below the cultivated layer remains untreated as downward movement of lime is
negligible in all but sandy soils. Therefore, to ameliorate subsurface acidity, it is necessary to deep rip
alkaline amendments to the depth of acidity. Whilst lime is the most commonly applied amendment for
soil acidity, a range of deep placed soil amendments were evaluated in a field experiment sown to
canola in 2017.
Methodology
A three-year, replicated field experiment was established at Rutherglen, Victoria. The site has a
history of more than 20 years of clover pasture, which was grazed and cut for hay. The absence of
any lime applications to the site during this time has resulted in highly acidic soil of pHCa 4.55, 4.22,
4.32 and 5.05 in the 0-10, 10-20, 20-30 and 30-40 cm layers, respectively. This acidity resulted in the
layers exhibiting high exchangeable aluminium (Al) of 12, 30, 10, and 3% for the corresponding
layers.
Existing pasture was sprayed out and 11 amendments implemented in March 2017 in a randomised
block design with three replicates, with plots measuring 5m x 20m. The treatments (Table 1) include a
nil control (no additions) while all other treatments received surface application of superfine lime
(neutralising value = 98%) at 1.7 t/ha to achieve a calculated soil pH in the 0–10cm of pH 5.0 to
ameliorate aluminum toxicity. An additional treatment received a higher rate (2.7 t/ha) of surface
applied lime to achieve a target pH of 5.5 in the surface layer (surface lime) to represent current best
practice.
Deep amendment treatments included: lime, dolomite, magnesium silicate (MgSi), lucerne pellets,
reactive phosphate rock (RPR) and liquid phosphorus. These amendments were placed 10–30cm
deep in the profile at a 50cm row spacing using the 3D ripper machine engineered by NSW DPI. A
deep-ripped control, which had surface lime (pH 5.0), was included to contrast physical aspects of the
deep amendment treatments. Deep amendments were applied at rates to achieve a target pH 5.0
based on short-term laboratory incubation studies conducted at Charles Sturt University.
Table 5 Surface and deep amendment treatments applied to the Rutherglen, Victoria trial site during 2017
Surface lime
Deep amendment
Deep amendment application
Treatment
application
(placed 10–30 cm deep)
rate (t/ha)
rate (t/ha)
Nil control
0
n/a
n/a
Limed control
1.7
n/a
n/a
Surface lime
2.7
n/a
n/a
Ripping only
1.7
Deep ripping only
n/a
Lime
1.7
Lime
2.5
Dolomite
1.7
Dolomite
2.3
MgSi
1.7
Magnesium silicate
8
Lucerne pellet
1.7
Lucerne pellets
15
RPR
1.7
Reactive phosphate rock
8
P
1.7
Liquid phosphorus
15 kg P/ha
P + Lime
1.7
Liquid phosphorus + lime
15 kg P/ha + 2.5t/ha Lime

Canola (Hyola 559 TT) was sown on 3 May 2017 at 3kg /ha, with 75kg MAP/ha placed with the seed
using a cone seeder on a 25cm row spacing. The site was harvested on 22 November 2017 using a
plot harvester. Yield data were statistically analysed using ANOVA and a Student-Newman-Keuls
test to determine treatment differences. The mean yield data are graphically represented here using
least significant difference (LSD) for simplicity, as results for statistical analyses were analogous.
The soil from each plot was sampled after harvest by taking two 44mm diameter cores on the rip-line
and two cores between rip lines to a depth of 140cm. Core samples were divided into depth
increments of 0–10, 10–20, 20–30, 30–40, 40–60, 60–80, 80–100, 100–120, 120–140 cm with depth
increments from duplicate cores bulked to produce representative soil samples for each sampling
depth, on and off the rip-line. Each soil sample was analysed for soil water content and soil pHCa.
Results
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The application of lime to the surface (0–10 cm) soil increased soil pH (Figure 1) compared with the
untreated control (nil). However it can be seen that where only surface application of amendments
occurred (limed control, surface lime, deep ripping only) the soil pH in the subsurface remained
unchanged and acidic conditions persisted at depth. All deep amendments increased the pH of the
soil at the depth of placement with the exception of the ripping only and deep phosphorus treatments,
which had no alkali-producing material
added.
3.4

0

3.2

Nil
Limed control
Surface lime
Lime
Dolomite
MgSi

2.4

RPR
P
P + Lime
Lucerne Pellets
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4.0
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P

P + Lime
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Figure 1. Profile soil pH (CaCl2) measured post canola
harvest (November 2017) of amendment treatments at
Rutherglen site. Data are means of three replicates

Figure 2. Yield of canola for amendment treatments at
Rutherglen. Data are treatment means of three
replicates. LSD (p=0.05) bar is indicated

Large increases in soil pH of the amended layer were recorded for MgSi and lucerne pellets. The soil
pH below the depth of placement was unchanged by treatments and exhibited considerable variation
consistent with field sampling of subsoils.
Liming the surface (0–10 cm) soil increased grain yield (Figure 2) compared with the untreated control
(nil) indicating that unchecked acidity was limiting yield. However, the deep placement of
amendments did not increase yield over the limed control, with the exception of RPR and lucerne
pellet treatments, which returned yield gains of about 0.5t/ha higher than the limed control.
Discussion
Amendments are not equal in their ability to increase soil pH and improve plant yield. The magnesium
silicate treatment was effective in increasing pH but did not increase canola yield whereas the RPR
and lucerne pellets were able to improve both in year one of this experiment. This would suggest that
the yield increase of RPR and lucerne pellets, relative to other treatments that also increased soil pH,
was due to improved nutrient supply.
The deep P, with or without lime, did not match the yield increase possible with RPR but this may
have been a result of the potentially lower P dose added via deep P. Whilst it is possible for soluble
phosphate to complex with soluble aluminium to form insoluble compounds, the P only treatment
produced yield not significantly different to the limed control. This suggest that subsurface pH (Figure
1) and aluminium chemistry remained unchanged by P alone. Based on the first year results of this
trial it would appear that once subsurface acidity is ameliorated, crop yield is limited by nutrient
deficiency of the subsoil. Thus to capitalise on the improved yield potential via amelioration of
subsurface acidity, further investigation of subsoil nutrition is warranted.
During the growth of the canola crop, visual symptoms consistent with manganese toxicity were
observed above the row of incorporation of the lucerne pellet treatment. It is possible that microbial
decomposition of lucerne pellets in the poorly aerated subsurface soil resulted in anaerobic conditions
favouring the reduction of manganese and the increase of plant available manganese at toxic
concentrations. The effect of this on yield was not determined in this experiment.
Conclusions
Deep placement of organic matter, such as lucerne pellets, may induce manganese toxicity due to
enhanced oxygen consumption by microorganisms resulting in O2 limited conditions. The increase in
yield with RPR and lucerne pellets may be due to both a pH increase and improved nutrition at depth.
Therefore, the interaction of these factors needs to be investigated for growers to realise efficiency
gains by applying amendments at depth. A wheat crop has been sown in the experiment in 2018.
Keywords: aluminium, acidity, stratification, acidic soil, subsurface, reactive phosphate rock
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Introduction
Conditions of acidic soil are known to decrease plant productivity. However, acidity often occurs
below the easily amended surface soil. It is difficult to amend the pH and/or available Al in an acidic
subsurface layer with lime, due to lime’s low reactivity and slow vertical movement down the soil
profile.
Soil ripping and the simultaneous placement of lime is the most common approach in addressing the
amelioration of subsurface soil acidity. However, this method may result in bands of ameliorated soil,
with low lateral movement of the lime/alkaline effect still resulting in acidic subsurface zones. This
may then result in problems with plant establishment.
Alternative organic and inorganic amendments have long been suggested as for addressing soil
acidity but many have yet to be properly evaluated for implementation into broad-acre agriculture.
A pot experiment was conducted to determine the effects of placement of various amendments on soil
pH, available Al and plant growth in reconstructed soil columns exhibiting acidic subsurface layers
reflecting those obtained in the originating field. The amendments tested were lime, gypsum,
magnesium silicate (a blend of 70% Doonba dunite and 30% lime), calcium nitrate and finely ground
dry lucerne pellets.
Methodology
Soil samples were collected from the top 40 cm in layers (i.e. 0-10, 10-20, 20-30 and 30-40 cm, 1st to
4th layer respectively) from a Yellow Chromosol near Holbrook, NSW. The soil was air-dried and
passed through a 1 cm sieve and stored until use. The quantity of each added amendment per layer
was chosen from an incubation experiment (Tavakkoli, unpublished) with a target pH of 5.0 in CaCl2.
Each of the top 3 soil layers were individually mixed with a single amendment; the 4th soil layer was
not amended. The 4 layers (with or without amendment) of soil were then repacked in 10x50 cm PVC
pots, with a sealed bottom, maintaining the order and thickness of each layer, except for the 30-40 cm
layer which in the pots occupied the last 17 cm of the pot. The amended soil layers were arranged in
8 different configurations (see Table 1, 2).There was a control without any amendment in any of the
layers.
Prior to sowing, the pots were watered to 100% field capacity (FC) and, through the duration of the
experiment, watered to 80 %FC by weight every 2-3 days. Each pot was sown with 5-7 seeds of
wheat cv. Axe, a cultivar sensitive to acid soil and plants were grown in the glasshouse with 13 hrs
day length (Wagga Wagga, November, 2015). The pots were fertilized regularly with a water soluble
fertilizer (Aquasol) to ensure luxury nutrient supply to all treatments. The experiment was conducted
as a randomized complete block design with 3 replicates.
The shoots were harvested 31 days after sowing and the pots stored at 4ºC for 3-5 days for soil
sampling and root washing. Plant shoot and roots were dried (65ºC) to determine dry mass per pot
and in each layer, respectively. Two soil cores perpendicular to the soil column per soil layer were
taken for determining soil chemical characteristics.
Results and Discussion
In general, both shoot and root biomass were not significantly improved regardless of the kind of
amendment or its placement in the soil profile, even though the wheat cultivar Axe is considered
sensitive to soil acidity. This is not surprising, however, since in a reconstructed multi-soil layered pot
experiment of this duration the root density tend to accumulate on the side and at the bottom of the
pots resulting in a diminishing contact with the soil and its effects. Furthermore, and more importantly,
water and nutrients were non-limiting and thus it would have reduced the intrinsic effect of the
stresses (i.e. pH, Al) on plant growth.
Among all the amendments, lucerne incorporation resulted in a significant (p < 0.05) reduction of
shoot and total root growth compared to the lime treatment and this effect was exacerbated if the
lucerne was placed in the top soil layers. Visual observations indicated the likely development of
reducing conditions due to the high amount of lucerne, its fine size resulting in visual discoloration of
the soil layers where incorporated (redox potential measurements have yet to be analysed). This
would have contributed significantly to the lower performance of plant growth even though the pH was
significantly increased with a concomitant lowering of available Al.
As expected, lime, magnesium silicate and lucerne gave the greatest pH increases (p < 0.05). Except
for the lucerne treatment, the increase in pH and associated lowering in Al, had only an effect in the
depth of placement (e.g. lime Table 1). The effect of lucerne on pH was in the layer of incorporation
and more importantly, in the layers below its incorporation, including the 30-40 cm layer (Table 1).
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There was no effect in any layer above the incorporation layer. The greater the number of layers into
which lucerne was incorporated, the greater was the effect upon pH in lower unamended layers.
Conclusion
The incorporation of the fine ground lucerne dry matter in the layer above the acidic layer or
incorporated in the acidic layer itself was effective in amending the pH of the relevant subsurface
acidic layer. However, the possible reducing conditions resulting from the addition of the organic
amendment may have limited a positive plant response.
Keywords
Organic amendment, acid soil, subsoil acidity, leaching, aluminium
Table 1: Effect of placement of lime and ground lucerne pellet (LP) amendments on mean pH in CaCl2 of soil layers of
reconstructed soil columns of acidic soil at the termination of the experiment. Colours indicate relative intensity of pH in each
layer: Red = <4.2, Orange = 4.2-4.5, Yellow = 4.5-5.0, Green = >5.0.
Soil layer placement of lime or ground lucerne pellet (LP)

Control
Soil
layer
(cm)
1st
(0-10)
2nd
(10-20)
3rd
(20-30)
4th
(30-40)

1st layer

2nd layer

3rd layer

1st & 2nd
layers

1st & 3rd
layers

2nd & 3rd
layers

1st, 2nd, &
3rd layers

None

lime

LP

lime

LP

lime

LP

lime

LP

lime

LP

lime

LP

lime

LP

4.6

5.2*

5.1*

4.6

4.6

4.6

4.6

5.1*

5.5*

5.1*

5.2*

4.6

4.6

5.2*

5.5*

4.2

4.2

4.5*

5.4*

5.5*

4.2

4.2

5.4*

5.7*

4.2

4.8*

5.4*

5.7*

5.4*

5.8*

4.2

4.2

4.4

4.2

4.5*

4.7*

5.4*

4.2

4.9*

4.6*

6.0*

4.7*

6.0*

4.7*

6.2*

4.4

4.4

4.6*

4.4

4.6*

4.4

4.6

4.4

4.9*

4.4

4.9*

4.4

4.9*

4.5

5.5*

* = indicates significant differences (LSD = 0.196, at p < 0.05) of a pair-wise means comparison of the pH between the layer of
the control pot (unamended layers pot) and the corresponding layer of the amended pots; where not indicated it is not
significantly different. This LSD value is a conservative statistic for pair-wise means comparisons across soil layers and
treatment combinations.
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Introduction
Estimates are that 2.1 million hectares of agricultural land in South Australia are inherently prone to
soil acidification. Acid soils are associated with a decline in soil health and are estimated to cost
South Australia $88 million annually in lost production (DEWNR 2017).
Soil sampling and computer modelling suggest that acidification is occurring at much higher rates
under current farming practices than traditional estimates. Annual acidification rates can be expressed
as kilograms of lime required per hectare per year. Monitoring of pH change by sampling 40
surveillance sites on acid prone soils on Eyre Peninsula showed that, under current farming practices,
acidification is occurring faster than even the highest rates estimated for continuous cropping systems
of around 250 kg lime ha-1 year-1 (Masters 2015). The average lime replacement required across all
sites was 250 kg lime ha-1 year-1, but on high intensity cropping sites this increased to 350 kg lime ha-1
year-1, with some sites in excess of 400 kg lime ha-1 year-1. This increase in annual acidification rate is
largely associated with high use of nitrogen fertiliser, greater cropping intensity and higher crop yields.
These annual acidification rates reflect those estimated by Primary Industries and Regions South
Australia’s (PIRSA)’s excel based ‘Lime maintenance rate calculator’ using paddock management
data from crop producers on Lower Eyre Peninsula. By inputting crop rotations, fertiliser inputs,
rainfall and yields the model estimated replacement lime rates for 4 year crop/pasture rotations in the
region to be in the order of 150 to 200 kg lime ha-1 year-1, whilst acidification rates for high input
continuous cropping rotations ranged from 250 to more than 400 kg lime ha-1 year-1 (Masters 2016).
It is estimated that to address the annual acidification rate on acid prone land around 200,000 t of lime
year-1 is required. However monitoring of lime use in South Australia over the last 10 years identifies
that only around 75,000 to 130,000 t lime year-1 is being applied annually, resulting in an annual
deficit of 70,000 to 100,000 t lime year-1. This target does not factor in the estimated 2.5 million
tonnes of lime required to raise surface pH above the target of 5.5 (CaCl2) in areas which are already
acidic (DEWNR 2017). Improved mapping by the Department for Environment and Water (DEW),
using inherent soil characteristics and current land use, predicts that without treatment the area
affected by soil acidification will continue to expand over the next 50 years and could affect up to 5
million hectares of agricultural land in South Australia (DEWNR 2017).
Soils which are particularly at risk include the low buffering sands to sandy loams in the medium to
high rainfall cropping zones (350 – 550 mm) where improved agronomic practices in recent years has
resulted in higher yields. Coupled with a lack of profitable grain legume options for acid soils in these
rainfall zones, higher gross margins from canola production and changed production enterprise mix,
many producers now have continuous cropping systems consisting of canola followed by two cereal
crops, which has required increased rates of nitrogen fertiliser to be applied.
Methodology
Paddock scale pH mapping was conducted with ‘on-the-go’ machines. These have been instrumental
in identifying and quantifying low pH surface soils in areas which were not typically thought to be at
risk of acidification.
Results and discussion
Mapping of cropping paddocks on Eyre Peninsula and in the South Australian Mallee with historically
alkaline red brown earths or neutral siliceous sands, has identified areas where surface pH values are
well below the target 5.5 (CaCl2) (Hughes and Harding 2017; Masters 2016). Soil acidity has also
begun to impact the growth of acid sensitive high value legume crops such as lentils and faba beans
in the Mid North and Yorke Peninsula with chlorosis of plants and poor nodulation. Mapping of the
paddocks has shown a good correlation between poor growth of these crops and low pH (A. Harding,
personal communication, June 4th 2018).
Mapping of more than 2000 hectares across a range of soil types on Lower Eyre Peninsula in 2016
and 2018 identified that more than 60% of the area mapped had surface pH values lower than the
target of 5.5 CaCl2 and more than 30% had surface pH values below 5.0 (Masters 2016b, Masters and
Harding 2018). Only 13% of the area mapped was considered to be in the optimum pH range for crop
production. These figures are similar to DEW’s estimates from analysis of data from statewide
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surveillance/monitoring sites (2007 to 2016) of around 67% of the 2.1 million hectares of acid prone
surface soils are below pH 5.5 (CaCl2), and about 39% below pH 5.0 (G. Forward, personal
communication, June 1st 2018).
In addition to the very high proportion of low pH surface soils there was a high degree of pH variation
within paddocks with pH varying by 3 to 3.5 units on average.
Paddock scale mapping can help to improve the understanding of spatial variation of pH within and
between paddocks and increase the cost effectiveness of liming programs. When reviewing the maps
from the 2016 ‘Farming Acid Soils Champions’ program, on average there were potential cost savings
of $2,242 (41%) on the total cost of the lime operation using lime rates prescribed by the mapping
compared to a uniform application rate of 2.5 t/ha (a common application rate for the district), even
when the cost of pH mapping was accounted for (Masters 2016b). These potential cost savings were
reduced on paddocks which had high proportions of land requiring more than 3.0 t/ha to increase low
surface pH values above 5.5 (CaCl2).
In addition to surface soil acidification an increasing proportion of sites had subsurface layers below
the critical value of 5.0 (CaCl2). Forward estimates that 46% of the 1.4 million hectares in South
Australia with subsurface soils prone to acidity have subsurface pH below 5.0 (CaCl2). This is of great
concern as, where surface pH levels are very low (<4.5 CaCl2), surface applications of lime do not
appear to be acting quickly enough to prevent subsurface acidification and a number of growers are
measuring subsurface pH values below 5.0 (CaCl2) even after surface applications of lime within the
last 5 years.
To prevent the expansion of soil acidity in South Australia further programs are required to improve
understanding of soil acidification rates, soil buffering capacity, soil pH stratification, appropriate
liming rates, contribution of nitrogen fertiliser, precision paddock assessment techniques and
mitigation.
Keywords: acidification, emerging acidity, pH, mapping, lime rate
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Introduction
Subsurface soil acidity (pHCa < 4.8 below 0.1 m) is a widespread phenomenon in south Western
Australia (Gazey et al. 2014) and many parts of the world (Sumner et al. 1986). At low soil pH, toxic
forms of aluminium increase in concentration and significantly limit root growth and crop yield. In
Western Australia, agricultural lime is usually spread on the soil surface due to wide adoption of
minimum tillage farming. Without tillage, it takes many years to increase subsurface soil pH, and
subsequently crop yield, via surface-applied lime (Conyers and Scott 1989; Whitten 2002) but the
major factor influencing this timeframe is unclear. Because crop yield increases (comparative to
unlimed soil) occur in subsequent years, the economic benefit is cumulative. However, the upfront
cost of applying lime remains a barrier for many growers, warranting further research on more costeffective methods of ameliorating soil acidity. We need to identify if factors such as soil type, lime rate
and amount of rainfall can enhance the deeper movement of alkalinity. If these factors play a limited
role, the most effective tillage operation to incorporate lime for quick amelioration of subsurface soil
acidity will need to be determined. As the requirement for lime has become more widely accepted,
many farmers have applied agricultural lime to the soil surface a number of times and this lime—up to
6 tonnes per hectare—is believed to have become stratified in the top few centimeters of the soil. It is
therefore also essential to estimate the amount of undissolved lime in the surface soil and identify a
strategic tillage operation to incorporate 'limed topsoil' throughout soil profile in a cost-effective way.
We conducted a series of laboratory experiments and field trials to (i) identify the factors that
determine the movement of alkalinity into the subsurface (ii) estimate the amount of undissolved CO3
in the topsoil and (iii) evaluate the feasibility of ameliorating acidic subsurface soil using this residual
lime and extent of amelioration that is possible.
Methodology
Sites and Soils. An incubation experiment used soil from lime trials at Wongan Hills (established
1994) and Merredin (established 2008), a soil column leaching experiment used soil from the
Merredin trial site and a residual lime incorporation experiment was conducted on the 1994 lime trial
at Wongan Hills. The 1994 Wongan Hills trial received up to a cumulative rate of 8.5 t per ha and the
Merredin trial received 2 applications totaling 6.0 t per ha.
Incubation experiment. Soil profile samples, at 100 mm increments, were collected from the
untreated control and lime-treated plots to measure pH and Al. A separate set of bulk soil samples
were collected from 0–20, 20–40, 40–60, 60–80, 80–100, 100–150, 150–200 and 200–300 mm
depths. Bulk samples were used to measure pH and Al as well as undissolved CO3 using the
pressure calcimeter principle. Surface soil with the highest amount of CO3 was then incorporated with
the acidic subsurface soil at 5 ratios and incubated in petri dishes for 6 weeks before reanalysing pH,
Al and undissolved CO3.
Soil column leaching experiment. Bulk soil samples were collected from 0–100 and 150–300 mm
depths from both untreated and lime-treated plots in Merredin. These soils were air-dried and sieved
using 4 mm mesh. Two soils were treated with a complete factorial of 3 rates (0, 3.0 and 6.0 t per ha)
of lime x 3 rates (0, 1.5 and 3.0 t per ha) of gypsum. A rigid PVC tube (500 mm height, 100 mm
diameter) was used and five 2.5 mm diameter holes at five depths were drilled to install rhizon
samplers. Treated topsoil was filled at 0–100 mm depth and untreated subsoil was filled at 100–500
mm depth. Fifty-four soil columns were prepared for each soil source. Half of columns received 400
mm ‘rainfall’ while the other half received twice the amount. Each rainfall amount was delivered using
26 equal amounts of fortnightly applications and soil solution was collected bimonthly using a rhizon
sampler (Rhizosphere Research Product) to measure pH and Al.
Field based tillage experiment. A rotary hoe was used to incorporate surface soil that had lime
stratified in the top few centimetres to three depths (0, 150 and 250 mm). There were four replicated 2
x 30 m plots for both untreated control and lime treatments. A wheat crop was grown, plant
emergence was counted, plant dry biomass and changes in soil pH and Al were measured.
Results
Lime applied to the soil surface had significantly increased subsurface soil pH (Figure 1) in both the
Wongan Hills and Merredin trials. However, subsurface soil pH remained well below the
recommended pHCa of 4.8, 24 or 10 years after lime application. A large proportion of the surfaceapplied lime has remained undissolved in the top 40 mm of the soil profile. Data from incubation
experiments shows that 40 mm of this topsoil has the capacity to increase the pH of 80–400 mm of
the acidic subsurface soil by 1–2 units depending on the total amount of lime applied. Under field
conditions we found that incorporation of topsoil to the subsurface soil using a rotary hoe increased
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soil pHCa to > 4.8 to the maximum depth of incorporation (250 mm) within one growing season and
significantly improved crop growth and estimated grain yield.

Figure 1: Changes in pHCa profile for (a) Wongan Hills, and (b) Merredin soils following lime application.

Results to date from the column leaching experiments indicate some factors are more important than
others at enhancing the deeper movement of alkalinity. However, the overall rate of alkali movement
is only ~50 mm in 9 months (Table 1).
Table 1: Changes in soil solution pH extracted from the column experiment after 9 months of leaching.
Soil solution pH
Control soil
Pre-limed soil
Sampling
400
mm
rainfall
800
mm
rainfall
400
mm
rainfall
800 mm rainfall
depth (mm)
0 t/ha
3 t/ha
6 t/ha
0 t/ha
3 t/ha
6 t/ha
0 t/ha
3 t/ha
6 t/ha
0 t/ha
3 t/ha
6 t/ha
lime
lime
lime
lime
lime
lime
lime
lime
lime
lime
lime
lime
75
5.23
6.54*
7.21** 5.20
6.75*
7.39** 7.42
7.51
7.54
7.56
7.64
7.59
125
4.07
4.09
4.31*
4.13
4.19
4.31*
4.21
4.21
4.25
4.41
4.50*
4.56*
225
3.89
3.89
3.91
3.93
3.95
3.91
4.03
4.00
4.03
4.11
4.10
4.08

Discussion and Conclusions
Our results suggest that surface incorporation of higher rates of lime in higher rainfall regions might
have an advantage to treat subsurface soil acidity but the rate of improvement in pH is very slow and
slower than what was observed by Whitten (2002). This justifies our finding of only about 0.5 unit
change in soil pH 10–24 years after lime application, noting that the sites have been subjected to
acidification from the continuous cropping. These results agree with Conyers and Scott (1989). We
found most of the surface-applied lime remained undisolved and stratified in top 40 mm, which has a
potential to raise pHCa to above 4.8 to 400 mm soil depth if it can be incorporated and adequately
mixed. We conclude that under current conditions of low subsurface soil pHCa (<4.5) in many parts of
the agricultural region of south-western Western Australia, incorporation of lime using cost-effective
strategic tillage is likely to be necessary. The opportunity to address multiple soil constraints (for
example compaction) in the same operation will help to make soil amelioration more cost-effective.
Keywords: subsurface acidity, alkalinity, lime, gypsum, strategic tillage, dryland cropping.
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High concentration of manganese (Mn) is a significant problem in many agricultural acidic soils
resulting in Mn toxicity in agricultural crops. Extreme environmental conditions such as waterlogging
and dry, hot conditions can also induce high concentrations even on some limed and near-neutral pH
soils. The use of Mn tolerant cultivars would allow producers to maximise their yields where Mn
toxicity is a problem. Selection of Mn tolerant crop germplasm is mostly carried out in nutrient
solution assays because of the difficulties with field screening. However, solution assays do not
reflect the natural Mn-root-soil interaction that may be required for evaluating Mn tolerant germplasm.
Developing a soil assay high in Mn that reflects field conditions for screening rapeseed (Brassica
napus L.) genotypes is necessary given its sensitivity.
Methodology
Soil samples with pH 4.10Ca (pH in 1: 5 soil: 0.01 M CaCl2) were treated to induce high Mn
concentrations in the soil solution. The 8 treatments consisting of a combination of soil drying, soil
heating (60ºC), 80% field capacity and waterlogging, were applied over a period of 19 days (Table 1).
Two B. napus genotypes known to differ in their response to high Mn concentration in nutrient solution
were used to evaluate the treated soils. Induced soil Mn concentrations ranged from 2.2 to 31.1 μg ml1 (CaCl extractable).
2
Results and discussion
The intermediate Mn tolerant genotype performed significantly better than the Mn sensitive genotype
in 7 of the 8 treatments with high Mn.
Table 1. Treatment means for soil pHCa and Mn concentration prior to sowing.
Treatment
number

Processesa

pHCa

Mnb (μg ml-1)

T1

GD 19d

4.34

1.71

(5.52)

T2

GD 17d → OD 2d

4.35

1.94

(6.97)

T3

OD 2d → GD 17d

4.37

2.07

(7.91)

T4

80%FC 3d → OD 2d → GD 14d

4.36

1.91

(6.75)

T5

GD 14d → 80%FC 3d → OD 2d

4.37

1.93

(6.88)

T6 (control)

80%FC 19d

4.32

0.77

(2.16)

T7

WL 15d → GD 4d

5.31

3.29

(26.92)

T8

WL 16d → OD 2d → GD 1d

5.10

3.44

(31.08)

SED

0.011

0.029

LSD0.05

0.023

0.057

d: days; GD: glasshouse drying; OD: oven dry at 60°C; 80%FC: 80% field capacity: WL: waterlogged.
Mn response has been transformed using natural logarithms. Least significant differences (LSD) were
determined on the transformed scale and back-transformed means are provided in brackets () for reference only.

a
b

Conclusions
Some of the soil treatments that reproduce the environmental conditions that give rise to high Mn
concentrations in the field can be used to develop a consistent soil assay for screening genotypes of
Brassica for resistance of excess Mn.
Keywords
Soil acidity, abiotic stress, nutrition, rapeseed
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Introduction
Plant growth is negatively affected by soil acidity due to the toxicity of ion aluminium (Al3+) and/or
manganese (Mn2+) and nutrients deficiency. The most successful strategy in agricultural practices to
improve plant productivity in acidic soils is raising soil pH by applying alkaline amendments. It is
relatively simple to increase surface soil pH by incorporating lime (CaCO3) or dolomite [CaMg(CO3)2].
However, it is very difficult to alleviate subsurface (soil layer below 10 cm) soil acidity.
Previous experiments
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The results from glasshouse experiment under controlled conditions showed that organic matter (e.g.
lucerne pellets) was able to increase soil pH not only where it was placed but also the soil layers
below its placement. However, application of fine ground (< 2 mm) lucerne pellets did not improve
plant growth but actually had negative effects on growth. In a subsequent pot experiment, a number
of lucerne pellet sizes (i.e. approximately 20 mm (LP1), 10 mm (LP2), 5 mm (LP3) and 1-2 mm (LP4))
were evaluated with or without incorporation of lime in the soil surface layer. Results showed that all
sizes of lucerne pellets increased soil pH in both incorporated layer and the soil layers below.
Interestingly, lucerne pellets in combination with lime increased soil pH of the layers below placement
layer greater than lucerne pellets alone. However, soil pH commenced to decline at 21 days after
incorporation in this experiment. This effect might be a result of net nitrification of organic nitrogen
from organic materials. We also found that the fine ground lucerne pellets 1-2 mm had negative
effects on plant growth at early growth stages compared with the bigger pellet sizes. Therefore, it is
hypothesed that incorporation of lucerne pellets in combination with lime in the soil surface layer will
alleviate subsurface soil acidity and improving crop growth in the field.
Current experiment
In autumn 2018, a two-year field experiment was established at the Ferndale field site, Dirnaseer,
west of Cootamundra, NSW, Australia (34o38’S, 147o49’E). The surface 5 cm soil layer was
incorporated either with lime, lucerne pellets (~5 mm), lucerne pellets in combination with lime, or no
addition (nil control) with four replicates. Two wheat cultivars, Lancer (acid soil sensitive) and Gregory
(acid soil resistant), were used as reference crops. The experiment was designed as a split-plot with
genotypes as the main plot and amendments as the sub-plot. Lime and lucerne pellets were applied
at 2.5 t/ha and 15.0 t/ha, respectively. Soil samples will be collected at 0-5, 5-10, 10-15, 15-20, 20-30
and 30-40 cm of the soil profile before incorporation, during plant growing and after harvest for
analysing soil pH and exchangeable Al3+. Ammonium and nitrate of the soil samples will be analysed
to identify the occurrence of nitrification. Total root length, root area and root dry weight will be
measured at each soil layer to compare the effects of treatments on root growth. Agronomic
measurements including number of seedling, anthesis biomass, and grain yield for both sensitive and
resistant wheat cultivars will be evaluated. The experiment was sown on 9th May 2018 and the data
will be collected as per experimental protocol and the experiment will be continued in 2019.
Keywords: Lucerne pellets amendment, subsurface soil acidity, combination of organic and inorganic
amendments, surface amelioration
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Large areas of Australia are affected by the processes of salinity and sodicity and they are
important processes to understand as they can result in the degradation of agricultural lands
used for both intensive cropping and extensive grazing practices. Sodic soils are defined as
those having ESP of at least 6% in Australia. Northcote and Skene (1972) estimated that of
Australia’s total area of 770 M ha, 39 M ha was affected by salinity and 193-257 M ha by
sodicity. However, in a more recent publication, Rengasamy (2006), quoted the areas of
saline and sodic soils as 66 M ha and 340 M ha respectively.
The soils affected by sodium in Australia include a large group of contrasting soils (Northcote
and Skene 1972). Based on the Australian soil classification, included are:
•
•
•
•
•

Alkaline, strongly sodic to sodic clay soils with uniform texture profiles – largely
Vertosols, 666 400 km2
Alkaline, strongly sodic to sodic, coarse and medium textured soils with uniform and
gradational texture profiles – largely Calcarosols, 600 700 km2
Alkaline, strongly sodic to sodic texture contrast soils – largely Sodosols, 454 400 km2
Non-alkaline, sodic and strongly sodic, neutral, texture contrast soils – largely
Sodosols,134 700 km2
Non-alkaline, sodic, acid, texture contrast soils – Sodosols and Kurosols, 140 700 km2

Many Australian sodic soils have not developed by the traditional solonetz process of
leaching of a solonchak, but rather have developed by the accumulation of sodium on the
cation exchange complex in preference to the other exchangeable cations without any
recognisable intermediate saline phase occurring. This is especially the case for the sodic,
non-alkaline texture contrast soils or Sodosols.
The major sodic soil group in WRB is the Solonetz soils. These require the presence of a
Natric horizon which has to contain illuviated clay and at least 15% ESP. However, there is
provision for Sodic qualifiers with at least 6% ESP for many other reference Soil Groups
including the Vertisols, Luvisols, Calcisols and Planosols which would have some relationship
to Australia’s sodic soils.
Other important issues to be considered are:
1. Links between the classification of sodium affected soils in the Australian Classification
and the World Reference Base classification
2. Processes in the formation of sodic soils and saline soils
3. Critical values of ESP for classification
Keywords: Sodicity, ESP, soil classification, critical values, soil formation
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Introduction
Increases in soil acidity under pasture based grazing systems have been widely reported (Scott et al.,
2001). While soil acidification is a natural process, there is concern that acidification rates are
increased with pasture improvement. However, there are few long term data sets that quantify
acidification rates in different production systems.
Twenty years after the establishment of a long-term grazing experiment at Hamilton Victoria, Cayley
et al. (2002) reported on the changes in pH in response to six different superphosphate rates and
three different stocking rates. Surface soil pH had decreased only slowly over time due to high pH
buffering capacity of the soil, with no effect of stocking rate or consistent trends with fertilizer. In this
paper we re-visit this long term grazing trial, analyzing the data over a 38 year period from 1979 to
2016.
Methods
The Long-Term Phosphorus Experiment (LTPE) was established on the Agriculture Victoria research
station at Hamilton (37°49′S, 142°04′E, elev. 205 m) in 1979. It was established on a basalt derived
soil detailed in McCaskill and Cayley (2000), classified as a Ferric-Sodic, Eutrophic, Brown
Chromosol. The trial was established when an area of naturalised pasture dominated by onion grass
was sown to perennial ryegrass (cv Victorian), phalaris (cv Australian) and subterranean clover (cv
Bacchus Marsh and Mount Barker). Treatments imposed were 6 rates of annual superphosphate
application x 3 stocking rates. There were 18 grazing plots with an area of 0.45 to 0.81 ha, and a total
site area of 11.1 ha. Over the period 1979 to 2016 the 6 rates of fertilizer have averaged 0, 4.0, 7.9,
15, 23 and 31 kg P/ha applied as single superphosphate (designated P1 to P6).
Composite samples consisting of 30–40 cores (10 cm deep by 2 cm diam.) were collected every 1-5
years from 1979 to 2016. Samples, taken in a transect through the middle of each plot (avoiding camp
areas) were bulked, air dried and analysed for pH (in water and CaCl2), and Olsen P as described in
methods 4B4 and 9C2a of Rayment and Lyons (2011). All samples were analysed by the State
Chemistry Laboratory of Victoria and its successor laboratory at MacLeod. These laboratories used a
set of overlapping internal standards through the entire period. Statistical analysis was conducted by
linear regression in time (as the treatments were not replicated) using Genstat 18th Edition, with P rate
and stocking rate as discrete factors. In the results presented here, stocking rate is not reported as it
only had significant impact on pH results as a second or third order interaction.
Results
Over the 38 years, pHwater declined by an average 0.0072 pH units per year across all P rates (Fig 1a)
(P< 0.001). The rate of decline was significantly lower for the lowest P rate (decline of 0.0046 pH
units/year) than for all other P rates (0.0078 pH units/year) (P<0.01). Over 38 years this resulted in a
decrease of 0.17 pH units at the lowest P application rate (P1), and 0.30 pH units for all other P
application rates. Phosphorus rate did not have any significant effect on changing the intercepts of
these relationships. Years when sampling was undertaken following periods of below average rainfall
tended to be below the long term trend line. These below trend years were 1982, 1987, 1994, 1999,
2007 and 2010, each of which had below average monthly rainfall for the 3 months prior to sampling.
Data for pHCaCl2 were only available for the last 32 years of the trial, also showing a significant decline
in pH averaging 0.0046 pH units per annum (Fig 1b) (P< 0.001). However, in contrast to the previous
results, when the pHCaCl2 results were analysed, P2 had the greatest rate of pH decline (0.0068 pH
units annually) and P6 had the lowest rate of decline (0.0030 pH units annually). Despite the
differences in treatment effects the seasonal changes (in response to dry years) were consistent with
the pHwater results, with seasonal decreases in pHCaCl2 observed in the same 6 years, however the
deviation from the long term trends were not as notable.
The soils on the LTPE have a pH buffering capacity of 3.21 cmol H+/kg in the 0-10 cm layer, which
was above the average of 2.63 cmol H+/kg on a series of research sites across southern Australia by
McCaskill et al (2003). The higher value on the LTPE is due to the basalt derived soils combined with
a high organic matter content (4.6% oxidisable organic carbon). Nevertheless, despite a high pH
buffering capacity, all treatments have seen a significant decrease in pHwater and pHCaCl2 over time.
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Figure 1: Soil pH in water and CaCl2 solution of the surface soil (0-10cm) for P fertiliser treatments P1-P6 on the LTPE’s at
Hamilton, Victoria.
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Figure 2: Olsen P of the surface soil (0-0cm) averaged
over stocking rate treatments on the LTPE’s at Hamilton,
Victoria.

After 38 years phosphorus fertility (Olsen P)
ranged from 2 to 42 mg P/kg (Fig 2). During the
first half of the maintenance phase (1988 to
2009), Olsen P levels tended to increase at the
highest three applications rates (P4-P6), which
were subsequently reduced with the aim of
maintaining P levels. In all of these treatments
even the lowest P levels, subterranean clover
was able to persist, although over time the level
of perenniality in the pastures decreased
especially in the lowest P treatments and the
high P-high stocking rate treatments. The
fertility and level of perenniality were not
reflected in the soil pH despite the potential
impact on production and the potential for N
leaching.

Concluding Discussion
Acidification of these soils is a slow natural process through product export (meat and wool),
accumulation of organic matter and the leaching of nitrate. After an additional 18 years of pasture
production and fertiliser application on these sites, the rates of soil acidification averaged 0.007 and
0.005 units per year for pHwater and pHCaCl2 respectively. While statistically there were differences
between the levels of P fertiliser applied and the rates of pH change over time, these differences were
small and not consistent between the two measurement techniques. As such there is limited evidence
that the rate of acidification was directly related to the rate of application of fertilizer in this
environment. More importantly in a well buffered soil like this the seasonal variation observed,
especially in the pHwater measurements, was greater than the long term trends. These results highlight
the need for long term data, especially in well buffered systems, to identify trends in soils where the
long term trends are small in comparison to the short term temporal variability due to climate and
other environmental variables.
Keywords: Soil acidity, pH, long term trials
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Introduction
Clay dispersion from soils on wetting destroys soil structure and affect the soil physical properties
such as water and air movement, subsequently reducing plant productivity. Dispersive soils also lead
to different types of soil erosion such as tunnel and gully erosions. They also affect the geotechnical
behaviour of clay soils which support buildings and other infrastructure. It is well known that sodic
soils with high exchangeable sodium percentage (ESP) are highly dispersive with constraints to
agricultural production. Traditionally, ESP of soils or sodium adsorption ratio (SAR) measured in soil
water extracts has been used to characterise soil dispersivity. However, the effects of sodicity (ESP or
SAR) on clay dispersion are influenced by several other factors such as clay mineralogy,
exchangeable cations other than Na, organic matter, soil pH and electrolytes in soil solution.
Therefore, several contradictory reports on the use of ESP and SAR as the parameters of dispersive
soils have been published.
Recent publications (Rengasamy et al. 2016 and Rengasamy 2018) have elaborated the processes
leading to clay dispersion from soil aggregates and proposed a new paradigm of net dispersive
charge. Based on the principles enunciated in these papers, they have defined dispersive charge and
flocculating charge as follows:
Dispersive charge

= (Ca) + 1.7 (Mg) + 25 (K) + 45 (Na)

Flocculating charge = 45 (Ca) + 27 (Mg) + 1.8 (K) + (Na)
Where, in the case of dispersive charge, concentrations of exchangeable cations measured at the soil
pH are expressed as cmolckg-1, and the coefficients of each cation are their respective dispersive
powers relative to Ca. In the case of flocculating charge, the concentrations of cations in the
suspension are expressed as cmolckg-1(on soil basis). The coefficients for each cation are their
respective flocculating power in relation to Na.
Net dispersive charge (Dispersive charge – flocculating charge) determines the amount of clay
dispersed. At zero point of dispersion (complete flocculation), dispersive charge is equal to the
flocculating charge. As the pH of the soil influences negative charge, exchangeable cations measured
at pH 7 will not be realistic in deriving dispersive charge. It is tedious to estimate exchangeable
cations at a given soil pH. However, net dispersive charge can be easily determined by conducting
flocculation experiments at soil pH (Rengasamy 2018).
We have determined the net dispersive charge (NDCfloc) from flocculation experiments performed at
the pH of the soil. This is compared with the net dispersive charge (NDCex.cat) derived using
exchangeable cations measured at pH 7 and soluble cations.
Methodology
Seven alkaline sodic soils from South Australia were used. Exchangeable cations were determine by
using ammonium chloride (pH 7) method. Soluble cations and pH were measured in 1:5 soil water
extracts. Dispersive and flocculating charges were calculated using the equations above. Dispersed
clay was estimated by the method described by Rengasamy et al. (2016).
Net dispersive charge was estimated by flocculating the dispersed suspension by adding a known
amount of 0.01M CaCl2 solution until complete flocculation was achieved, using the method outlined
by (Marchuk and Rengasamy 2012). Soil pH was maintained appropriately during flocculation. Net
dispersive charge was derived from the amount of Ca added and the flocculating power of Ca.
Results and Discussion
The following Table gives the data on soil pH, net dispersive charge estimated using exchangeable
cations (NDCex.cat), and estimated by flocculation method (NDCfloc). Dispersed clay is given as % on
soil basis.
The results clearly show that as pH increases, clay dispersion increases. Comparing NDC measured
by flocculation method with that measured using exchangeable cations, NDCfloc is always higher than
NDCex.cat indicating the effect of increasing pH on increased net dispersive charge. The correlation
between NDCex.cat and dispersed clay, although significant (R2= 0.84), the correlation with NDCfloc is
superior (R2 = 0.96), clearly showing the pH effect on dispersive charge being taken care of.
Flocculation experiments are much easier compared to the estimation of exchangeable cations at the
soil pH.
Soil

pH (1:5 water)

1
2
3
4
5

8.3
8.4
8.6
8.8
9.0

NDCex.cat
Cmolckg-1
80.2
101.8
115.6
120.4
130.3

NDCfloc
Cmolckg-1
96.6
120.4
130.8
141.7
160.5

Dispersed clay %
(soil basis)
1.01
1.52
1.65
1.77
2.02
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6
7

9.2
9.5

141.5
158.7

178.6
190.8

2.24
2.43

Conclusion
Net dispersive charge estimated by the flocculation method takes care of the differential effects of
various cations, organic matter and pH on clay dispersion. Net dispersive charge thus estimated can
be used to devise the management of dispersive soils using appropriate quantities of inorganic Ca, Fe
or Al amendments, and also organic amendments which can reduce net dispersive charge.
Keywords: Dispersive soils, exchangeable cations, dispersive charge, flocculating charge, Net
dispersive charge
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Introduction
Soil chemistry has always been a mainstay of soil science and at times has achieved high
prominence – for example acid sulfate soils. In the twentieth century, during the period of agricultural
expansion in Australia, soil chemistry research and application was very much led by government,
primarily through agricultural agencies. Over the last 20 years, the questions that soil chemistry has
been required to answer have broadened to include environmental impacts from agriculture and there
has been a shift away from government led programs to industry driven models. This has led to some
very focused soil chemistry research but has also posed many new challenges, requiring not only the
development of new methods but also some re-consideration of, and sometimes revision of, longestablished methods.
The standard suite of soil chemical analyses for agricultural or environmental investigations has
changed little over the decades – most methods were developed in the mid- to late twentieth century
and have only been refined since. The development of new soil carbon and acid sulfate soil methods
are certainly notable exceptions. This may suggest that the soil chemistry methods developed early
on remain acceptable and relevant today. It may also suggest that insufficient energy is being
devoted to the development of soil chemical methods to address contemporary issues in a nation with
so many agricultural, environmental, urban and engineering challenges related to soil chemistry.
Perhaps it is a bit of both.
Contemporary issues requiring improved soil chemical approaches
Studies of, and methods concerning, soil fertility and the bioavailability of nutrients have been at the
heart of soil chemistry since its inception. In the last 20 years there has however been a subtle shift
in focus from a purely agronomic productivity context to a more holistic view of the fate of nutrients in
terrestrial nutrient cycles – whether it be gaseous or other losses. The broader environmental
perspective has become highly relevant, in particular in relation to greenhouse gases and water
quality. Such contexts have driven some recent advances in methods, such as the measurement of
gas emissions in the field. There has also been a resurgence in method development for more rapid
analysis of nitrogen and phosphorus in soils – the paper by Oudyn and Janke in this session being an
example.
The impacts of agrichemicals in the environment continue to gain prominence and glyphosate in
particular has recently received considerable attention. Non-agricultural chemicals can also quickly
gain importance, as the conference session dedicated to PFAS illustrates. Such issues often ask
questions of existing soil chemistry methods and bring to light a lack of capacity or the need for
alternative, more cost-effective or rapid approaches. The history of chemicals in agriculture certainly
suggests that the development of new detection methods and a greater understanding of chemical
behavior in the landscape can lead to re-consideration of the use of particular compounds because of
potential ecotoxicological risks.. More efficient methods for measurement of glyphosate and the
prediction of its sorption in soils are described by speakers in this session. These works are good
examples of the need for soil chemistry to rapidly respond to emerging questions and devise
‘compromise’ methods that may be less accurate but more readily applied in a cost-effective and
practical manner.
The rise of proximal sensing technologies, whether in-field or in the lab, as a substitute for intensive
wet chemistry approaches, has represented a long-held vision for many. In-field approaches, such as
described by Arshad et al. in this session, potentially reduce the need for sampling and wet chemistry
and represent a valuable long-term goal. While such methods have been promoted for a number of
decades, the development and adoption of them has been slow and primarily hindered by technology.
Rapid technology changes occurring now may help bring some proximal sensing methods to fruition
and widespread use. However, the need to develop soil specific calibration for proximal sensing
methods is a common thread in much of the pioneering work and clearly remains a constraint.
Another consideration is the requirement for all methodologies, whether laboratory-based or in-field,
to have documented, robust quality assurance/ quality control processes to ensure precision and
repeatability of reported results. This harmonization of outputs across soil chemistry providers
highlights the broader need to incorporate individual’s works into a widely available open-access
libraries. The development of NIR & MIR and related sensors for use in laboratories and the field has

396
involved some progress in terms of development of universal calibrations, but a hybrid approach
utilizing local calibration is often required in both research and practical applications (Demattê et al.
2019). Despite the potential long-term cost savings to be obtained via proximal sensing technologies,
their development surprisingly seems to progress in a somewhat ad hoc manner.
Interpretation and communication
The interpretation and communication of soil chemistry results to a range of audiences remains a
significant challenge. Like many soil chemistry methods, interpretive criteria in common use can often
be traced back to the mid-twentieth century (and may often be poorly supported by sound science). A
number of good reference manuals have been produced along the way, including Peverill et al. (1999)
and Hazelton and Murphy (2016), but these texts ultimately rely on the basic science, some of which
has not advanced far. Is that because the science is perfect or is it because everyone assumes ‘it will
do’? How many potential users of soil chemistry data become disengaged because it is all too hard to
understand or find an expert?
The implications of method choice on results and interpretation can be significant but are often poorly
communicated. Unfortunately, the interpretation of soil chemistry data all too frequently results in an
answer of ‘it depends’ by those with full knowledge of the topic, or with answers that are given with
perhaps too much confidence by those who are not cognisant of all of the detail. The nature of soils
and their chemistry is such that definitive methods may never be found for some analytes, thus
greater effort must be put towards intelligent interpretation and communication of results to a wide
breadth of audiences.
Despite the presence of NATA and ASPAC accreditation, it is still not uncommon to find invalid results
propagated in the public arena and their source is not restricted to any particular sector. Greater
effort is required to publish and apply quality control frameworks for the range of providers in
existence – from commercial laboratories to large government soil chemistry databases – not just for
new data but also the large amount of existing data. Related to this, it is clear that the growth of the
non-government sector and decline of the government sector in soil chemistry has led to data decentralisation, creating difficulties in achieving maximum value from investment. Much talk has been
made of ‘big data’ in recent years and there are many benefits to be derived, but the vision remains
far from realised. Invariably technology is not the barrier to achieving such outcomes, rather it is
policy, mindset and privacy concerns.
Soil chemistry in Australia has come a long way in the last 75 years but some would argue that its
continued evolution via innovation has slowed. It has a great deal to offer to an ever-increasing range
of audiences but there is no doubt a more collaborative approach is required to improve efficiencies in
both method development, adoption and interpretation.
Keywords: soil chemistry.
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Introduction
Glyphosate represents one quarter of global herbicide sales, and there is growing interest in the fate
of glyphosate residues in soils and their potential to cause phytotoxicity to non-target plants. However,
assessing glyphosate bioavailability to plants in soil remains challenging. To address these questions,
we aimed to establish the boundary conditions for the use of diffusive gradient in thin-films technique
(DGT) with glyphosate and to test the potential for the DGT technique to quantify glyphosate
availability in different soils.
Methodology
In this study, four soils with different glyphosate sorption properties were dosed with up to 16 mg kg-1
of glyphosate, and phytotoxicity to wheat (Triticum aestivum) and narrowleaf lupin (Lupinus
angustifolius) was measured against the DGT-glyphosate concentrations using a root elongation
based on the International Organization for Standardization (ISO) 11269-1 (ISO, 2012). The effect of
different solution chemistry (pH, phosphate and bicarbonate concentrations) on glyphosate
accumulation by DGT was quantified to assess the boundary conditions of this technique (Mason et
al., 2010). Glyphosate sorption-desorption isotherms were established to provide an estimate of the
dissolved fraction of soilborne glyphosate residues at equilibrium. Six different concentrations of
glyphosate (0.5, 1, 2, 4, 8 and 16 mg glyphosate/kg soil) were used to construct isotherms. 1 g of
each soil was immersed in 5 mL of 14C-enriched glyphosate solution and mixed on an end over end
shaker at 25 ˚C for 24 hours to equilibrate. The Freundlich sorption coefficients describing the
sorption process and the pseudo-adosrption isotherm for each soil was calculated (Mamy and
Barriuso, 2007).
Results
DGT was able to effectively measure available glyphosate across boundary conditions typical of the
soil environment: pH 4-9, P concentrations of 20-300 µg P L-1 and NaHCO3 concentrations of 10-1800
mg L-1. A single dose response curve was obtained for root elongation of wheat and lupin across soil
types when DGT-glyphosate was used instead of alkaline-extractable glyphosate (Figure 1). Total
extractable glyphosate concentrations of 2.6 and 5.0 mg glyphosate kg-1 in the sandy Tenosol,
equivalent to 2.9 and 6.5 µg L-1 DGT-extractable glyphosate, reduced the root length of lupins (but not
wheat) were by 32-36% compared with the untreated control. The ability of DGT-glyphosate to
estimate the soil solution glyphosate concentration was supported by a strong correlation with the
predicted dissolved fraction, compared to a weaker correlation with the total extractable glyphosate
concentrations across soil types.
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Figure 1: Dose-response of wheat and lupin to measurable glyphosate concentrations across four contrasting soil types. (A)
and (C) show the response of lupin and wheat, respectively to total measured glyphosate concentrations; whereas (B) and (D)
show the response to DGT-measured glyphosate concentrations. Solid lines show best-fit sigmoidal response curves, with the
shaded area representing 95% confidence regions. RMSE = root mean squared error. Note that no fit could be obtained for
wheat response against total measured glyphosate concentrations.

Conclusion
The present approach enables the precise and robust determination of glyphosate availability in
different soils across a range of soil pH, soil P and bicarbonate concentrations. Our results highlight
the importance of assessing the impact of bioavailable glyphosate on plant toxicity, which is currently
neglected by traditional analysis of soil-borne glyphosate residues
Key words: phytotoxicity, wheat, lupin, soil-glyphosate-DGT, sorption desorption isotherm, XRD
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Introduction
The analysis and comparison of stable isotopes (2H, 18O) in soils, vegetation and water (rainfall,
surface water and groundwater) is an established method for determining the water sources utilised
by vegetation. The method is commonly used in ecohydrological studies concerned with groundwater
dependent ecosystems (GDEs). To date, no one has explored the effects of gilgai microrelief on
stable isotope profiles in soils and whether or not this influences the sampling approach required.
This is surprising given that Brunel et al. (1995) alluded to the likelihood of lateral heterogeneity in soil
isotope studies, particularly in relation to microtopography. There are potential implications for both
the scientific rigour of the approach as well as the associated cost of sampling.
Methodology
Detailed sampling of multiple gilgai (large and small vertical interval) at two sites in the Border Rivers
floodplain, Queensland, was undertaken as part of an ecohydrological study into brigalow (Acacia
harpophylla) and belah (Casuarina cristata). Both of the sites were an epihypersodic-endoacidic,
crusty to epipedal, brown Vertosol. One site (LG), had large gilgai (vertical interval 0.5-1.0 m,
horizontal interval 10-15 m) while the other (SG), had small gilgai (vertical interval <0.1 m, horizontal
interval 8-10 m). Depressions occupied approximately two-thirds of the areas at both sites. A key
difference between the two sites, apart from the size of the gilgai, was the depth to bedrock (strongly
weathered Griman Creek Formation), which is relatively impermeable. At the LG site, depth to
bedrock was about 3 m, whereas at the nearby SG site it was about 10 m and saline groundwater
(~50 000 µS/cm) was encountered just above bedrock.
Three adjacent mounds (m1, m2, m3) and depressions (d1, d2, d3) were sampled (single core) at
each site in April 2015 to investigate isotopic variability between gilgai components. Approximately 95
mm of rain fell in the preceding 30 days and a total of 320 mm fell in the preceding 10 months. No
rain fell in the 7 day period prior to soil sampling. During a subsequent sampling in August 2015, three
closely spaced cores (spanning a distance of approximately 0.3 m) were taken in mound 2 and
depression 2 at the LG site to investigate isotopic variability between cores within a gilgai component.
No rain occurred for 19 days prior to the sampling, but approximately 175 mm of rain fell between the
two sampling events, leading to ponding of water in depressions for extended periods (days to
weeks). Consequently LG2 was chosen for sampling primarily on the basis of accessibility (the
depressions of LG1 and LG3 were waterlogged).
Isotope sampling cores were cut into 0.1 m increments and samples were immediately wrapped in
clingfilm and placed in sealed glass containers. Isotope analysis was conducted at the Queensland
Government Analytical Centre, Dutton Park. A modified version of the azeotropic method was used
to extract the water from soil material in subsamples sufficient to be representative of the bulk sample.
Large subsamples of soil were used as the bulk could not be milled to homogeneity due to the
potential loss of water and isotopic fractionation. Fractionation related to crystalline (gypsum) water
and higher flask temperatures was minimised by insulating the elbow and round-bottom flask allowing
a temperature of around 105 °C in the flask and a temperature closer to 84 °C at the elbow.
Validation of the approach was achieved by drying a soil at 105° C, then spiking with water of known
stable isotope composition and assessing the isotope ratios post extraction. The variation in natural
abundance of the stable isotopes (2H and 18O) were determined with each sample run in duplicate
and 10% in triplicate. Instrument results were corrected for linearity, drift and normalised against
IAEA certified reference standards. All data is reported in delta notation (δ) as (‰) relative to Vienna
Standard Mean Ocean Water (VSMOW). The Local Meteoric Water Line (LMWL: δ2H = 7.10δ18O
+8.21) of Liu et al. (2010) has been used as a reference.
Results
There was only minor variation in δ18O values down the profile in the mounds and depressions at both
sites with the exception of the upper 0.5 m of mound 3 at the LG site. There was also little difference
between the large gilgai (LG site) and small gilgai (SG site) in terms of absolute values. δ18O was
generally static below 0.6 m in all profiles but δ2H was more variable both between mound and
depression and down the profiles. In the SG depression profiles, δ2H continued to decline slightly
with depth to the bottom of sampling, whereas in the LG depressions and all mounds, the declining
trend ceased below a depth of about 1 m. LG mounds had the least variability in δ2H in the subsoil.
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The degree to which δ2H trends mirrored δ18O trends down the profile varied. For example, the δ2H
profile in LG_d2 was quite different to that of the other two depressions at that site, despite the fact
that δ18O values for all three profiles were very similar. The zone of greatest variability in the δ18O to
δ2H ratio occurred in the uppermost 0.3 m in the mounds, whereas it was deeper in the profile in the
depressions.
The overall difference between mound and depression was further evaluated by plotting a linear
regression for each group of data (mounds and depressions at each site). The two groups of mound
data yielded very similar regressions, as did the two groups of depression data. The slope of the lines
did however differ slightly between mounds and depressions, as did the calculated intercepts with the
LMWL. Mound data had a lower slope line than depressions, suggestive of a greater degree of
evaporation (Clark and Fritz 1997). While there are multiple potential influences on evaporation,
infiltration, water uptake and deep drainage both broadly and locally at the sites, the data generally
showed only minor differences between mound and depression, even where the gilgai were large.
The replicated samples for mound and depression 2 at the LG site indicate a very low level of
variability between cores for δ18O, although some differences between cores existed in the upper 0.2
m, particularly in the mound. A greater amount of variability between cores was evident for δ2H,
particularly in the depression. The mean of δ18O for both mound and depression was very similar and
within the error tolerances of the method for most of the profile
Discussion
Despite the potential influences associated with the gilgai and their influence on surface water
ponding/infiltration, as well as variations in vegetation (only present on the mounds) and surface cover
at the sites, there was surprisingly little difference in isotopic profiles between gilgai components.
This suggests that the scale of the effects from many of the potential influences is small compared to
other, more dominant factors/processes that influence the isotopic profile. Minor differences between
isotopic profiles in the LG site gilgai appeared to relate to differences in period of ponding after rainfall
events. Vegetation pattern appeared to have little influence, which may be the result of root
distribution patterns not correlating to above-ground vegetation patterns – for example roots were just
as frequently observed in cracks and cores in depressions as in mounds.
Conclusions
Specific sampling of mounds and depressions within a gilgaied brown Vertosol has identified only
minor differences in stable isotope absolute values and profile trends between the two gilgai
components. Size of gilgai did not appear to be a consequential factor nor did presence/absence of
vegetation or differences in surface condition/cover. The general uniformity of the trends down the
profile would suggest matrix flow filling of the profiles, although one sample was indicative of
macropore flow. δ18O and δ2H were generally related, but δ2H was more variable than δ18O. A small
number of samples would sufficiently characterise the stable isotope signature of the soil profiles
below 0.6 m for either mound or depression. However, given the wide diversity of gilgai in
Queensland, our findings may not always apply, particularly in instances where there are greater
morphological and chemical differences between mound and depression and all other factors are
more uniform – for instance linear gilgai in grasslands. Further work in other gilgai types is required
before a conclusive statement can be made concerning isotopic variation in all gilgai.
Keywords: Acacia harpophylla, stable isotopes, gilgai
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Introduction
Coastal wetlands and environments are becoming increasingly vulnerable, as human influence
causes rapid physical and biological changes. A major challenge facing coastal environments over
the next 100 years will be the increase in storm surges, seawater intrusion and flooding as a result of
climate change-induced sea level rise. The response of coastal wetland environments to seawater
intrusion is currently poorly understood in Australia and it is uncertain how the geochemistry of
previously unsaturated or semi-saturated coastal soils will respond as a result. It is likely that the
transition to a submerged, salt water dominated system will stimulate cation exchange processes;
redox/pH changes (Burton et al., 2006; Harriman et al. 1995; Vepraskas & Faulkner, 2001); iron and
sulfur cycling et al., 2014); productivity/nutrient cycling (Ardon et al., 2013; Craft et al., 2009);
microbial organic matter mineralization, and plant community changes (Hopfensperger et al., 2014;
Weston et al., 2006; Weston et al., 2010). To investigate the geochemical response in coastal soils in
more detail, a novel laboratory based soil column experiment was developed to simulate progressive
sea level rise in a condensed timeframe.
Methods
Intact soil cores (70 cm) were collected using a modified double PVC tube hand-coring device (85 cm
in length) following the method outlined by (Tratt & Burne, 1980). 4 cores (each with 2 replicates)
were taken from 2 locations along the South Australian coastline along a transect line predicted to be
progressively inundated by sea level rise by 2100 (0 to 1 m above current high water mark). The
intact cores were then assembled in the laboratory on a customized bench and progressively
inundated from the bottom up over the course of 12 months. A method was developed to inundate 12
cores simultaneously with saline inundation from a single seawater reservoir flowing into the bottom of
the column under a gravity pressure head. The height of the reservoir was able to be varied to create
variable pressure heads (water table heights) in the column. Ten cm rises in “sea level” were
conducted every 8 weeks with soils reaching their new equilibrium slowly as the gravity head was
equalized with the source water. Pore water samplers (Rhizon CSS) were inserted at alternate 10 cm
sections to the level rises, along the length of the core, and pore water was suctioned under syringe
pressure to retrieve samples for analysis (samples were filtered with 0.45 μm filters when required).
Changes in redox, pH, alkalinity, sulfur/sulfide, iron, trace metals, cations, sulfur and strontium
isotopes, nutrients (NH4-N, NO3-N and P) were observed over this time frame.
Results and Discussion
The method developed in this study successfully allowed 12 intact soil cores to be simultaneously and
progressively inundated by seawater from the “bottom up”. The water table in the columns was able to
be precisely controlled to simulate progressive but slow sea level rise in a condensed timeframe. Pore
water was able to be extracted along the length of the core with minimal disturbance to the soil in the
column. Changes in pore water geochemistry were examined before, during and after the inundation
occurred.
Conclusion
The method developed in this experiment allowed the investigation of geochemical changes likely to
occur in coastal soils under a sea level rise scenario. A more detailed understanding of the soil
response is crucial to the understanding of how the coastal environment and ecology will be
transformed over the next century. The data can also help formulate and validate simple HYDRUS 1D
and 2D hydro-geochemical models, potentially allowing the prediction of likely geochemical changes
in a variety of coastal soil types following progressive sea level rise.
Keywords: sea level rise, geochemistry, soil inundation, column experiment, coastal soils, climate
change

402

Foam boards with a
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Figure 1 – Schematic diagram of column set-up
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Introduction
Glyphosate (N-(phosphonomethyl)glycine), is one of the most widely used herbicides globally, and
until recently has been considered relatively environmentally benign due to its high breakdown rate
and adsorption capacity. However, recently glyphosate and its main breakdown product
aminomethylphosphonic acid (AMPA) have been shown to be ‘pseudo-persistent’ in soil due to
frequency of use and moderate persistence leading to build up (Primost et al., 2017). As such,
glyphosate has been detected in a wide variety of environments, including sediment (Battaglin et al.
2014), water (Saunders and Pezeshki, 2015), soil (Silva et al., 2018), and even in the atmosphere
and rainwater (Chang et al., 2011). It has also been shown that glyphosate adsorbed to soil may be
rereleased by the addition of phosphorus fertiliser, possibly causing crop damage (Rose et al., 2017).
Current testing methods for glyphosate in soil can be prohibitively expensive and time consuming, as
they generally rely on chromatographic methods. Even glyphosate “quick tests” require derivitisation
of the glyphosate prior to testing. The development of a predictive tool for glyphosate residues in soil
could avoid the need for this testing, significantly reducing cost to farmers.
Prediction of glyphosate persistence in soils relies both on climactic modelling, and initial soil
properties such as the sorption affinity of the soil for glyphosate. Sorption testing generally requires
expensive 14C or HPLC studies to construct adsorption isotherms. Despite the factors influencing
glyphosate sorption being relatively well-known, there have been few attempts to formalise a
predictive model for estimating glyphosate sorption based on soil properties. Previous papers by
Paradelo et al. (2015) and Sidoli et al. (2016) have attempted to develop such a model using soil
physiochemical properties and infrared spectra. However, due to a limited number of sample sites,
these models have lacked generality required for use in outside soil sites.
The aim of this work is build a dataset of soils with widely varying properties in order to develop a
statistical model capable of predicting glyphosate sorption based on a small subset of commonly
known soil properties (e.g., pH, phosphorus content, organic carbon content, etc.). By using a large
data set, comprised of 40+ sites from across Australia, divided into 2 depths, a universal model may
be produced, capable of predicting glyphosate adsorption affinity in many soils outside of the initial
data set.
Methodology
Soils were collected as part of the NSW-DPI national paddock survey, and thoroughly characterized,
including pH, PBI, carbon content, particle size distribution, EC, phosphorus content (Colwell P) and
mid infrared spectra. Adsorption testing was then carried out using 14C enriched glyphosate at various
concentrations at a 1:5 soil to liquid ratio, and the results used to construct linear, Freundlich and
Langmuir isotherms. Soils were sterilized under 254nm light prior to these experiments in order to
limit microbial degradation of glyphosate during the 24 hour equilibration period.
Following the production of these isotherms, multiple linear regression and statistical modelling [in the
form of a generalized additive model (GAMS)] were performed to produce predictions for sorption
affinity. While the Langmuir isotherms were a better fit for the data, Freundlich isotherms were a good
fit at environmentally relevant concentrations, and are computationally far easier to work with, due to
the lack of relation to a maximum adsorption value. As such, Kf values (slope of Freundlich isotherm)
were used as an estimate of sorption affinity of glyphosate to a given soil for all modelling.
Results
During the initial multiple linear regression analysis, Colwell P, PBI, clay content, and organic carbon
content were found to be the most important factors in glyphosate sorption. However, when pH was
allowed to interact with the other variables [i.e., pH*PBI and pH*(clay content) as standalone
variables], these “interaction variables” became the most important, showing pH was important due to
its impact on the other components of the soil, rather than its impact on glyphosate itself. When using
the GAMS modelling, it was found that clay content, pH and PBI were the three most important
variables. The relationships of these variables to Kf can be seen in the figure below, with contours
showing adsorption hotspots in relation to these variables.
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Figure 1: Contour maps of Kf showing relationship of clay content, pH and PBI to glyphosate sorption

Unsurprisingly, the predicted Kf of a soil was significantly impacted by any residual glyphosate and
AMPA found in the tested soil. This was used as a variable in the model rather than added to the total
glyphosate concentration during sorption due to the significant hysteresis of “aged in” glyphosate.
The final model is to be verified using a set of outside soils. At present, four outside soils have been
tested for verification, with 3 of 4 producing predictions within 15% of the experimental Kf value. The
fourth soil is a low pH, high PBI soil. This region as shown by Fig. 1, is under-represented in the initial
data set. As such, more soils are currently being tested to fill in this gap in the data set.
Conclusion
Using a large data set with a wide variation in soil physiochemical properties allowed for the
production of a general statistical model capable of predicting the adsorption affinity of glyphosate to
soils not contained within the initial dataset. It was found the most important properties governing this
adsorption are pH, PBI and clay content. These results may provide significant environmental and
economic benefits through the improvement of herbicide management strategies, reducing runoff,
leaching and possible crop injury in later crop rotations.
Keywords: Sorption, glyphosate, persistence, prediction, herbicide, weed management
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Introduction
Of the three soil particle size fractions (clay, silt, sand), clay is the most important because of its
small size i.e. <2 µm (Guggenheim & Martin, 1995) and large surface area which render clay the
greatest potential to store nutrients, retain water and form stable aggregates (Page et al., 1952).
Owing to its substantial role in maintaining soil quality and health, knowledge of field level clay is
important. Contrarily, acquiring clay data is time-consuming and expensive to collect. In this
research, we used a digital soil mapping (DSM) approach to value-add to limited topsoil (0-0.3 m),
subsurface (0.3-0.6 m) and subsoil (0.9-1.2 m) clay data. This is because ancillary data are
cheaper to acquire, and value add to the limited clay data. The most commonly used ancillary data
include, digital elevation models (DEM), gamma-ray spectrometry and electromagnetic (EM) data.
One of the problems with DSM is understanding map uncertainty; which does not provide end
users with information about the reliability of the map. To model the uncertainty, we can use
Bayesian statistics as this method treats the model parameters as probabilistic variables with joint
posterior probability density functions. The study aims were to 1) make DSM of topsoil (0–0.3 m),
subsurface (0.3–0.6 m), and subsoil (0.9–1.2 m) clay, 2) determine DSM uncertainty using
credibility intervals (CI), and 3) compare model performance by using all and different sources of
ancillary data. Lower deviance information criterion (DIC) indicates a better model fit.
Methodology
The study area is located on the experimental farm of Herbert Cane Productivity Services Ltd.
(HCPSL), Ingham, Queensland, Australia (18°39’32”S, 146°8’10”E). The main land use is dryland
sugarcane (Saccharum officinarum). For calibration and validation, samples were collected from
the transects used to collect ancillary data. Fifty sites were sampled, on transects 2, 7, 11, 15 and
20. The samples were taken from topsoil (0–0.3 m), subsurface (0.3–0.6 m), and subsoil (0.9–1.2
m) followed by laboratory analysis to determine clay as shown in Figure 1d, e and f, respectively.
Proximally ancillary data was collected from three sources, including: a digital elevation model
-ray) spectrometer (RS700) which provided radioelement (e.g. Th –
(DEM); a gamma-ray ( 
Thorium and TC – Total Count) data; and, an electromagnetic (DUALEM-421) instrument which
measured soil electrical conductivity (e.g. 1mPcon and 4mPcon). To understand uncertainty in the
DSM, a Bayesian inference approach called Integrated Nested Laplace Approximation with
Stochastic Partial Differential Equation (INLA-SPDE) was used. Root mean square error (RMSE)
and Lin’s concordance were also calculated to determine the validation of clay predictions.

Figure 1: Google Earth Imagery of the study area with soil sample numbers; b) transects of gamma-ray ( 
-ray) spectrometry
and DUALEM-421S and soil sample locations, c) digital elevation models (m – above mean sea level), and contour plots of
measured clay (%) at various depths, including; d) topsoil (0–0.3 m) e) subsurface (0.3–0.6 m) and f) subsoil (0.9–01.2 m)

Results
Using more than one source of ancillary data, in various combinations, proved better at predicting
topsoil (DIC = 310.90) than subsurface (326.43) and subsoil (368.75) clay (Table 1).
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Table 1: Summary results of various ancillary data used in combination to establish INLA-SPDE models for prediction of a)
topsoil (0-0-3 m), b) subsurface (0.3-0.6 m) and c) subsoil (0.9-1.2 m) clay
Clay (%)
Topsoil (0–0.3 m)
Subsurface (0.3–0.6 m)
Subsoil (0.9–1.2 m)

Ancillary data (combinations)
Elevation, TC, 1mPcon
Elevation, TC, 4mPcon
Elevation, Th, 1mPcon

DIC
310.90
326.43
368.75

RMSE
5.42
6.80
9.71

Lin’s concordance
0.78
0.65
0.67

Better models could be developed to predict clay using elevation, 
-ray or EM on their own, as
shown in Table 2 which shows the summary statistics of various INLA-SPDE models. For topsoil,
elevation produced equivalent DIC (310.19). In the subsurface (0.3-0.6 m) DIC was smaller for TC
(325.25). In subsoil, the DIC (368.92) was best for gamma-ray (i.e. Th) with the DIC (368.75).
Table 2: Summary results of various ancillary data used individually to establish INLA-SPDE models for prediction of a)
topsoil (0-0-3 m), b) subsurface (0.3-0.6 m) and c) subsoil (0.9-1.2 m) clay
Clay (%)
Topsoil (0–0.3 m)
Subsurface (0.3–0.6 m)
Subsoil (0.9–1.2 m)

Ancillary data (individually)
Elevation
TC
Th

DIC

RMSE

Lin’s concordance

310.19
325.25
368.92

5.46
6.54
9.65

0.78
0.66
0.67

Figure 2 shows the DSM of predicted clay when created by using various combinations of ancillary
data. Predicted topsoil clay (Figure 2a) reflects contour plot of measured clay (Figure 1d). The
same can be said for subsurface and subsoil clay. Figure 2 shows credibility intervals (CI);
calculated by difference between 2.5% and 97.5% percentiles. The increasing CI with depth
reflects model uncertainty was small in the topsoil. We attribute this to the better signal-to-noise
ratio. The increasing CI toward the margins was a function of edge effects.

Figure 2: Spatial distributions of predicted clay (%) by INLA-SPDE using all ancillary data for a) topsoil (0–0.3 m), b)
subsurface (0.3-0.6 m) and c) subsoil (0.9-1.2 m) and credibility interval of predicted clay (%) by INLA-SPDE for d) topsoil e)
subsurface and f) subsoil

Conclusions
We conclude INLA-SPDE provides an alternative to simulation-based approach to quantify model
uncertainty (credibility interval) in DSM when using different ancillary data. The best set of data,
when used alone, for DSM of clay in the topsoil was DEM (DIC = 310.19), followed by TC (325.25)
in the subsurface and Th (368.92) for subsoil. Additional data from adjacent fields will reduce edge
effects.
Keywords: elevation; gamma-ray spectrometry; electromagnetic induction; digital soil mapping;
uncertainty; INLA-SPDE.
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Introduction
Cotton wicks were used to monitor the movement of urea and chemical inhibitors of
nitrification and ureolytic activity through soil by diffusion instead of common soil extraction
procedures.
The low concentration of each of the nitrification inhibitor (NI) 3,4dimethylpyrazole-phosate (DMPP) and urease inhibitor (UI) N-(n-butyl)thiophosphoric
triamide (NBPT) in the chosen urea-based fertilisers (urea granular as a control, ENTEC,
Green Urea and Agromaster Tropical) meant that interference from co-extractives would
likely have a significant impact on detection of the analytes of interest. The concentration
gradient of each analyte from the point of application meant that the detection limit for the
chemical inhibitors was required to be as low as possible. Our previous experiments using
2M KCl and aqueous soil extracts (Douglas and Bremner 1970) for urea had already
highlighted the aforementioned interferences and the difficulty in conclusively detecting the
chemical inhibitors. The methods detailed in Benckiser et al. (2013) for DMPP extraction
and purification were considered to be too labour intensive and costly. An alternative
methodology was developed that would meet requirements for all analytes of interest.
Methods and materials
Cotton rope was chosen as a suitable source for the experiment due to its strength, durability
and water holding capacity. The rope should be cleaned by repeated extraction in water to
remove possible sources of contamination prior to use. The cleaning procedure was
confirmed to be acceptable by high performance liquid chromatography (HPLC) analysis for
the analytes of interest and free of the presence of interfering peaks. An alternative to cotton
rope is sterile cotton balls; these were found to contain no contaminants on extraction.
However, they compress irregularly when compacted in soil, were harder to remove, and
contained more soil particles on removal than the rope.
Cotton rope purchased from a local hardware store was cut into pieces of approximately 1g
weight and dimensions of 45mm x 6mm (Photo 1). The pieces were first cleaned in acetone
to remove organic contaminants and then rinsed 3 times in ultra-pure water (Milli Q ultrapure water system).

Photo 1: an example of the cotton wicks used in all experiments.

Experiment 1 tested the recovery of the analytes of interest from the wicks immersed in
solution. Pre-weighed clean wicks were placed into solutions of known concentration of urea
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and nitrification inhibitor. The wicks were removed and placed on a clean tissue to remove
excess solution. Each wick was then reweighed to calculate the solution content. Following
this, each wick was placed into a separate 50mL centrifuge tube, 20mL of ultrapure water
was added, capped and then shaken for an hour in an end-on-end tumbler. The solution
was then centrifuged, filtered using 0.2um nylon syringe filter and analysed for urea, DMPP
and NBPT using modified versions of the method detailed for urea (MicroSolv 2010), for
DMPP (Benckiser et al 2013) and European Standard EN 16651 (2015) for NBPT.
Experiment 2 validated this method for use with soil samples. Wicks (3) were placed into
two (2) soil types; a Vertosol and a Dermosol. This was to evaluate the transfer of the
analytes of interest to the wicks from the soil matrix and to determine the interference of
other soluble components that also transfer to the wicks from the soil. Two (2) stages of the
experiment existed, the first was to infuse each soil type with a solution containing the urea
fertiliser + chemical inhibitor (either DMPP or NBPT) and the second was a control without
urea fertiliser + chemical inhibitor.
Pre-weighed wicks were moistened to a similar moisture content as the soil and placed
within the soil. The soil was then lightly compacted and the system was allowed to
equilibrate for 2 hours before removing the wicks and performing the extraction and
analytical procedures.
Results
Experiment 1 resulted in better than 97% recovery of urea and nitrification inhibitors with an
uncertainty of 5%. Experiment 2 showed that the analytes of interest transferred to the wicks
as well as other soluble components, which based on sample colour, peak retention times
and shapes are likely to be humic and fulvic acids (Benckiser et al., 2013) along with mineral
salts.
Discussion and Conclusion
This method was shown to be efficient in recovering urea and the chemical inhibitors, DMPP
and NBPT, from the surrounding solution to better than 97% accuracy with an uncertainty of
5%. The limits of reporting were 0.5ppm for urea and 0.15ppm for nitrification inhibitors;
these limits of detection are 1/10th those of 2M KCl and aqueous soil extracts previously
mentioned.
Experiment 2 data were not used to determine recoveries but only to confirm that the
analytes of interest diffused into the water held within the wick and were detectable with
minimal interference at suitable concentrations. The wick extraction solutions were shown to
be much lower in concentration of interfering analytes previously described compared to the
2M KCl and aqueous soil extracts that appear to be overloaded. Therefore, using cottons
wicks is an acceptable method allowing the monitoring of the movement of urea and
nitrification inhibitors in the fertiliser + nitrification inhibitor band application experiments.
Keywords: Soil extraction, Urea, Fertiliser, Nitrification Inhibitors
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The demand for high-quality laboratory soil analysis
The past three decades has seen an acceleration in demand for soil testing services in
Australia. In agriculture, this development reflects an increasing awareness by farmers that
there are tangible benefits from the regular use of soil analysis, as an essential part of their
sustainable agricultural management. Soil testing for environmental and construction testing
purposes has also grown, driven by regulatory requirements and an increase in the
understanding of the importance of land care. With consultants, advisors, and soil scientists
placing an increasing reliance on soil testing laboratories to provide accurate measurements
for their assessments of effective land use, the desire and importance of reliable, accurate
soil testing services has never been greater, requiring laboratories to increase their capacity,
service quality and customer ease of use.
End-to-end soil quality assessment
In a broad sense, soil testing is any chemical, physical or biological measurement that is
made on a soil. Nevertheless, through common usage, the term “soil testing” has been
given both a more restricted and a much broader meaning. The term is restricted in the
sense that it has come to mean rapid chemical or physical analyses to assess the available
nutrient/contaminant status, or structure of a soil, and broadened to include interpretations,
evaluations, and user applications such as fertiliser recommendations or construction
concerns based on results of lab analyses and other environmental considerations. It is
necessary, therefore, to distinguish between those factors that represent technical data and
those that are interpretive judgements when making assessments on quality.
The oral presentations presented in this session highlight many of the issues central to
quality assurance for Australian soil and plant tissue testing for agricultural assessment,
including:
•
•
•

Trace metal contamination during grinding of plant samples
The keys to a successful soil testing consultancy
Quality assured soil and plant test interpretation and recommendations for farmers
In-field soil sampling quality assurance
It is critical for consultants and advisors to establish the reason for sampling and/or the
objectives of the client before sample collection. This will normally dictate the sampling
method, the type of test, and where and when the sample is collected. Using an appropriate,
consistent sampling protocol can be expected to have a major impact on the interpretation of
analytical results.
Industry standards outlining best practice sampling methods should be followed to minimize
errors from poor sampling, including issues from spatial variability, contamination and test
method specific requirements. Fertcare Australia, with advice from with the Australasian Soil
and Plant Analysis Council (ASPAC), have defined appropriate sampling instructions and
accreditation programs for agricultural soil testing advisors to collect soil samples in the field
and conduct in-field tests, or transport samples to a suitable laboratory.
Laboratory Quality Assurance
With advances in analytical methodology, computing and automation, the accuracy and
precision of soil chemical testing as well as sample throughput and turn-around time have
improved greatly. However, in many situations quality assurance and quality control, rather
than instrumental techniques, remain the significant obstacles to overall laboratory
performance (McLaughlin et.al. 1999). Likewise, test method errors in correctly assessing
soil properties are often more likely due to the failure of the method to extract available
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nutrient forms and to poor result/yield correlations than to the chemical reproducibility of the
test.
The method of preparing collected samples for analysis largely depends on the test methods
to be employed. The potential for contamination, alteration of soil particulate size, and loss
or transformation of chemical composition by drying at inappropriate temperatures is to be
avoided and must be frequently checked. The choice of appropriate crushing or grinding
equipment for the application is paramount.
Well documented laboratory procedures should follow industry standardised protocols, for
example ISO standards, AS/NZ standards, or in the case of chemical analysis in Australia,
the comprehensive methods outlined in the ASPAC endorsed manual “Soil Chemical
Methods – Australasia.” (Rayment & Lyons, 2011).

•
•
•
•

•
•
•
•
•
•

In conjunction to selecting the appropriate test method, a comprehensive quality control and
quality assurance system in the laboratory is necessary to ensure accurate, repeatable
results. Laboratories should have in place robust procedures and processes, including:
Well documented processes, verified to consistently measure results to the expected
accuracy levels
Technically competent, qualified staff
A quality control system to internally assess all steps in a method are within defined
tolerances
Regular participation in inter-laboratory proficiency testing programs to externally assess the
laboratory’s technical performance of methods, ensuring result consistency with other
laboratories. While proficiency certification is not available for every soil test method in
Australia, proficiency certification by can provide assurance for both laboratory managers
and customers alike that accurate test method results can be produced by the laboratory.
A comprehensive corrective, preventive and improvement action system. Robust root cause
analysis is required to correctly identify problems, identify remedial actions, and avoid future
testing error.
Regular equipment calibrations, traceable to suitable reference materials. Equipment
maintenance schedules should be in place and followed
An internal auditing system to ensure conformity of practice to documented processes.
A thorough customer complaint and investigation process.
Unambiguous reporting of soil test results and where requested by users, specifications,
interpretations or informed recommendations for the user’s application.
A secure, traceable system for recording and reporting data. While most laboratories now
utilize some form of a Laboratory Information Management System (LIMS, the management
of change protocols for IT systems are often less robust than other laboratory processes.
These minimum quality measures and more are covered within the ISO 17025 standard.
Laboratory accreditation to meeting this standard in Australia for soil physical, chemical and
biological testing is available through a comprehensive audit assessment by the National
Association of Testing Authority, NATA.
Interpretation and Application
In agricultural and environmental assessments, the interpretation of soil test results involves
the consideration of each result for deficiencies or toxicities against application specific field
calibrations or government regulations. In the interpretation, it is necessary to consider the
sample location information, historic use, environmental peculiarities, any crop or plant
growth, and the client’s management skills, available equipment and financial issues.
Certified soil scientists and agronomists with knowledge, training and experience in the
specific application are best placed to provide qualified advice.
Keywords: soil testing, quality assurance, quality control, ISO 17025, result interpretation
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Introduction
All field samples are processed in some way so that small, representative subsamples can
be taken for analysis in the laboratory. This routinely requires drying and grinding, often
using stainless steel equipment. However, laboratories rarely apply quality assurance
measures to these aspects of sample preparation and we document a case of stainless steel
wear metals causing serious contamination during grinding of cabbage leaves.
Methodology
Twenty-two cabbage crops were sampled in the Sa Pa and Bắc Hà districts of Láo Cai
Province, North-Western Việt Nam to establish baseline fertility of the farms. Fresh samples
were returned to Ha Noi where they were dried and ground at the Soils and Fertilisers
Research Institute. The mill used was stainless steel. Analysis was performed in Australia for
a large range of elements using inductively coupled plasma–mass spectrometry.
For reasons explained in the results, we subsequently ground a sample of Australian, short
grain brown rice through this mill, and had the unground and ground samples analysed sideby-side through the same laboratory in Australia.
Results
In the 22 ground cabbage samples, the chromium
(Cr) and nickel (Ni) concentrations were strongly
related (r2 = 0.94, Fig. 1), and unexpectedly high
which indicated contamination.

Figure
1:
Relation
between
measured
concentrations of chromium and nickel in cabbage
samples from two districts in Láo Cai Province,
North-Western Việt Nam.

We hypothesised that the contamination was mainly due to the stainless steel grinder and
tested the hypothesis by using Australian short grained brown rice – yes, like taking coals to
Newcastle, but it avoids quarantine issues in getting the materials back into Australia –
grinding through the same mill and analysing as described in the
Methodology
The data (Table 1) show appreciable contamination of the ground brown rice with Cr and Ni
relative to the unground material. The Cr: Ni ratios for the brown rice and the cabbage
samples were similar, supporting the hypothesis that the stainless steel mill was the common
contamination source. Furthermore, the rice data revealed appreciable contamination by iron
(Fe), molybdenum (Mo) and cobalt (Co).
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Discussion
Brown rice is considered an abrasive plant material because of its naturally high silica
content (Blakeney et al. 1999), yet the median Cr and Ni concentrations in the cabbage
samples was about 3-fold greater than that in the ground rice. That is, cabbage caused more
abrasion than brown rice. On that basis, the data for Fe, Mo and Ni in many of the 22
cabbage samples are likely to have been too inflated to be useful indices of sufficiency when
the true concentrations were approaching deficiency levels (Bryson and Mills, 2014).
Table 1: Trace metal concentrations in brown rice
Sample

Stat

Co

(n = 3)
Unground

Cr

0.022
CV

Ground

12
0.036

CV

Fe

Mo

Ni

Element concentration (mg/kg)

5.8

< 0.07

12.33

0.56

0.35

0.00

3.8

1.7

5.9

1.03

18.7

0.65

0.83

11

1.9

7.0

12

Conclusions
Quality assurance protocols for trace metal analysis of plants, and certainly of materials with
more aggressive constituents such as soils, should include testing for grinder wear metals.
Brown rice appears to be suitable for investigating contamination of plant tissues during
grinding, and the cause(s) of the unexpectedly high grinder wear caused by cabbage merits
further investigation.
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Farmers are trying to balance maximising crop or pasture yield with the cost of inputs like fertilizer and
soil amendments. Clearly it is in farmers interests to optimise the return on fertilizer investments while
managing risks such as weather and environmental risks.
Unfortunately, the quality of soil and plant nutrition advice farmers receive from both fertilizer supply
companies and independent advisory businesses varies widely. Whilst the authors are not aware of
any formal studies on the quality of farm nutrient advice in Australia, anecdotal evidence suggests a
significant proportion is unlikely to meet minimum standards. Advice to farmers does not always
adequately address matters such as, crop yield and quality, profitability, nutrient use efficiency,
environment and food safety, and may ignore the available evidence
Currently there are no legal or registration requirements to qualify an individual to provide soil
management, plant nutrition or fertilizer recommendations to farmers. Anyone can call themselves an
agronomist and start providing nutrient advice to farmers, either as part of a service package
associated with the supply of soil and plant nutrition products, or as an independent advisory
business.
Soil and fertilizer advice given to farmers will come under increasing scrutiny from not only the
recipients, but also a range of other stakeholders including branded food processors, Natural
Resource Managers, Government and consumers.
The Fertcare® Accredited Advisor (FAA) program provides an objective basis to assess the
competence of advisors providing soil management, crop nutrition and fertilizer recommendations.
•
•
•
•
•
•

The presentation will outline:
The minimum standards of farm nutrient advice i.e. the FAA Performance Standards,
Linkages of the Performance Standard with ASPAC proficiency requirements
The role of published scientific literature,
Key components of the FAA program,
How the FAA program is being used in policy implementation, and
Why agronomists should become Fertcare Accredited Advisors.
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The keys to a successful soil testing consultancy
D.J. Lyons

Chair of the Australasian Soil and Plant Analysis Council (ASPAC)

A successful soil testing consultancy would need to ensure customer satisfaction over time by
providing quality assured data and advice to all stakeholders of soil analysis. Customers could
include fellow scientists, who too may have a good understanding of the basic fundamentals of soil
analysis, such as what are the most appropriate soil tests to use and interpretation standards.
There are three components of effective soil testing (McLaughlin et al 1999):
• consistent protocols for sampling soils
• analytical methods that are appropriate, accurate and cost effective for clients (Rayment and
Lyons 2011)
• interpretation of test results. This requires experience and appreciation of the many factors that
influence paddock performance.
A sample taken in the field needs to be both representative of and appropriate to the section of the
paddock to be tested and the rooting depth of the crop. Compositing of soil is an effective way to
reduce spatial variation of samples within each section, while minimizing analysis costs. Separate
samples should be taken from sections of different soil type and paddock history. One of ASPAC’s
objectives is to promote the adoption of reliable interpretation standards for soil tests. With this in
mind, ASPAC has assisted Fertiliser Australia to develop accreditation programs for advisors who
collect soil samples in the field, and who interpret soil test results. Advisors are also trained to ensure
the integrity of the soil is not compromised during transport to the laboratory.
Procedures too for the preparation and analysis of a soil sample in the laboratory, must ensure that
the integrity of the original soil is not compromised in any way; this means the sample or sub-samples
thereof must remain representative of the bulk soil sample collected in the field. Sub-sampling will be
required during drying, grinding and weighing of soil for analyses. Significant errors can occur during
routine soil sample preparation. These include contamination and incomplete grinding and mixing of
the soil, both of which compromise the integrity of the soil. Moreover, grinding of soil to a much finer
particle size (e.g. <0.1mm) than required (usually <2 mm) increases the surface area of the soil that
will be in contact with the extractant in the empirical soil test, resulting generally in higher elemental
concentrations. For plants, particle size is less critical as most plant tests are total elemental
determinations.
In the laboratory, it is the responsibility of laboratory management to pay close attention to total
quality management (Quality Assurance and Quality Control). This involves taking account of factors
such as: proficiency performance (which ASPAC certification is based on) technical competence and
procedures, sample preparation, records of corrective actions, customer complaints, instrumental
accuracy checks and maintenance, staff training/qualifications, standard-solution preparations,
method validation/verification, internal audits, batch quality control, reports to clients, etc. Laboratory
accreditation to ISO-IEC 17025 standard covers all of these. The National Association of Testing
Authorities (NATA) is responsible for laboratory accreditation and compliance in Australia. In effect,
certification is a subset of accreditation, considering only one (arguably the most important) of the
factors assessed for accreditation.
ASPAC have shown clear evidence of improvements in the performance of soil (and plant) testing
since inception of their inter-laboratory proficiency programs in 1995, but more so in the last 10 years.
This can be attributed to both the proficiency and training programs that they run, as well as the
desire by laboratories, for formal recognition of technical competence through involvement in the
certification and accreditation processes on offer.
Guidelines for sampling and analysis are well documented. So too are interpretation standards for
soil tests. But the interpretation of soil test results requires more lateral thinking and this is where
experience is important, as compared to just basing fertilizer recommendations on an interpretation
chart. Many factors can influence interpretation of test results - these include weather, diseases,
fixation of nutrients, sub-soil constraints which may not have been checked, and rooting depth of the
crop. An experienced consultant would get as much information as possible from the client such as:
reasons for analysis, any previous soil test results including plant analysis data, previous paddock
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history, and appearance of the crop. Empirical soil tests need to be adopted for the same conditions
(crop, sampling depth, soil type, region) as used by researchers when developing the original soil test
calibration. Problems occur when interpreting test results for entirely different conditions as those
above. Also soil test results should not be used in isolation nor in place of good management
practices and decision making. For some nutrients, soil testing may not be the preferred diagnostic
tool. For example, when identifying deficiencies of calcium, magnesium and iron, plant test results
will likely be more sensitive.
Keywords: quality assurance, accreditation, soil sampling, sample preparation and analysis,
interpretation experience.
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A New Mechanism to Mitigate Slaking and Dispersion
John Saad

CHT Australia Pty Ltd

Introduction
In Australia much of the agricultural soils are clays, sodic and at times hydrophobic, which contribute
significant complexity and compromise in the delivery of irrigation programs. Of all the functions that
water serves in irrigation, none is more important than its mobility through these soils and much effort
has been expended at optimizing and conserving water usage.
Established Agriculture practices call for the use of Gypsum or Lime to help modify soils particularly
sodic clays through an ion exchange mechanism to free the soil from exchangeable sodium promote
water infiltration and reduce dispersion tendency for greater friability. Establish practices also
countenance the use of high volumes of organic matter to retard slaking and increase water retention.
These concepts appears to have limitations and the irrigation market is looking for alternative more
efficient, fast acting and long lasting solutions.
Our hypothesis that Polyether modified Siloxanes will enhance wetting tendency and assist in the
movement of water through the soil profile as well as the additional hypothesis that Silicone Quats will
provide an avenue for ion exchange to displace sodium is tested in field activity and reported in this
paper. It is noted that when these chemistries are used together the effect of reduced surface tension
and higher cationic charge provide a directional guide for water and electrolyte movement with
significant implications of dispersion and slaking behaviour of the soil as well as for environmental and
cost issues arising out of irrigation processes.
By their nature polyether modified siloxanes are Inorganic polymers that are surface active agents
presented as micro emulsions rather than solutions, they exhibit high affinity and sorb on to soil
resulting in their low mobility, they are robust chemicals that originate from sand and ultimately return
to sand.
Time to think about a slaking Index
Laboratory evaluation of the slaking rate of reconstituted soil samples under immersion stresses
demonstrate an interruption to dispersion tendency, increased coarse particle stability and increase
water stability for high slaking soils. Water stable clay soils are shown to increase their water uptake
while retaining their water stability.
Figure 1 below demonstrates slaking behaviour seen in one high fast slaking soil from NSW.
Figure 8

Control
C1
C2
C3
C4
C5

Replicate 1
Replicate 2
Replicate 3
Replicate 4
Replicate 5

Time in minutes
0
1.5

3

4.5

6

12.3
12.21
12.42
12.28
12.13

11.23
9.22
9.8
14.4
12.36

0
0
5.8
11.71
8.51

0
0
0
0
0

14.06
13.55
14.04
15.28
13.75

While figure 2 below demonstrates the change in slaking behaviour with treatment of the same soil
with 200pm of Aqua-Sil Soil Conditioner
Figure 2
Treatment
T1
T2
T3
T4
T5

9

Replicate 1
Replicate 2
Replicate 3
Replicate 4
Replicate 5
wet weight of
slaking soil ball

12.04
12.11
12.05
12.04
11.98

16.21
16.65
14.81
16.05
15.92

15.18
15.45
14.7
16.34
15.9

15.49
15.1
14.36
16.18
15.71

15.49
15.1
14.36
16.18
15.71
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The improvement in interrupting the slaking behaviour becomes evident in many sources of clay soils
and it is also clear from visual observation that dispersion is eliminated when the slaking behaviour is
altered to such an extent.
Data such as these suggest that the mechanism of non-metallic ion exchange introduced by the
surface active polymer of Aqua-Sil is a real opportunity to counter the use of Gypsum and organic
material in soil remediation strategies.
A further observation that is also evident across many soil types, is the reduction in variation of the
slaking rate of the treated samples compared to the control.
Field trial data from Werribee South and from the Yarra Valley support this concept and find that
greater infiltration of soil can be achieved, resulting in the release and expulsion of sodium from soil
as well as achieving lower electrical conductivity in the growth zone.
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A multi-core sampler improves accuracy of soil test results
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Introduction
Farmers and their advisers rely heavily on soil test results to make more effective farm management
decisions and recommendations about application of fertilisers and/or soil ameliorants. Similarly,
researchers need reliable soil test results to draw valid conclusions. Taking representative soil
samples is the first step to get sound soil test results. When farm productivity is limited by subsoil
constraints, such as subsoil acidity, sodicity or compaction, soils are often being ripped with soil
ameliorants being placed in the subsoil. Under such situations, it is often a great challenge to mark
and re-locate the rip lines for continued monitoring into the future. A permanent mark can be placed
above ground to identify the rip line, however, there is a high risk that the mark could be misplaced in
the course of normal farming operations such as sowing. Finding a below-ground mark is laborious
and time consuming, and re-placement of the mark would increase the inaccuracy of the location of
the rip line. Using the latest GPS technology is one of the effective ways to re-locate the rip line,
however, 2-cm accuracy is not close enough to eliminate the sampling bias from positioning individual
soil tubes. This case study is to introduce a multi-core sampler to reduce the sampling error, hence
improving the accuracy of soil test results.
Methodology
The study was conducted on a long-term field experiment at Dirnaseer, west of Cootamundra, NSW.
There were 6 treatments including surface liming, ripping only, deep liming, deep organic amendment
(OA) in form of lucerne pellets, deep liming plus OA, as well as a nil amendment treatment. More
details of treatments and experimental design were described in Li and Hayes (2017). Soil
amendments were placed in the 10-30cm depth with 50 cm row spacing using the 3D Ripper with 5
ripping tynes designed and fabricated by NSW Department of Primary Industries (Li and Burns 2016).
The central rip line in each run of the machine was marked immediately after the ripping operation by
measuring the distance from a permanent metal peg driven into ground level in the laneway as a
reference point for future soil sampling.
Soil samples were taken at three times during autumn and spring 2016 and autumn 2017 using two
different sampling techniques. At the first soil sampling, before treatments were implemented, a large
soil tube (44 mm in diameter) was used and 3 intact cores down to 100cm were taken randomly for
each plot, composited every 10 cm from 0 to 40cm and every 20 cm from 40 to 100 cm. At the second
soil sampling, 6 months after treatments were imposed, a small soil tube (25 mm in diameter) was
used. Two sets of 3 intact cores positioned at 0, 12.5 and 25 cm from a rip line were taken down to 60
cm from each plot, composited to 0-10, 10-20, 20-30, 30-40 and 40-60cm. At the third soil sampling,
12 months after treatments were imposed, a new multi-core sampler (Plate 1) was used. The multicorer consists of 6 equally-spaced small soil tubes (25 mm in diameter and 700 mm in length) in a
line, placed perpendicularly across a rip line over 25 cm. At each plot, two sets of 6 soil cores were
taken and composited to 0-10, 10-20, 20-30, 30-40 and 40-60cm for each plot. Soil mineral N
concentrations (NO3--N and NH4+-N) were analysed as described by Rayment and Higginson (1992).
Results and discussion
There was no significant difference in soil mineral N in the 0-60 cm depth at the initial soil sampling as
expected (Figure 1). Six months after treatments were imposed, there was significantly more soil
mineral N on the plots with OA than other treatments due to the high N content (3.15%) of the lucerne
pellets. However, the soil mineral N was much lower on the deep lime plus OA treatment than that on
the deep OA treatment despite lucerne pellets being applied at the same rates on both treatments
(Figure 1). The primary cause for this discrepancy in soil mineral N was due to the sampling error. It is
likely that at least one of the soil cores was misplaced and did not hit the rip line, thus missed soil
amendments on that treatment. In contrast, at the third soil sampling, 12 months after treatments
were imposed, both deep OA and deep lime plus OA treatments had significantly higher soil mineral
N than other treatments, but there was no difference in soil mineral N between two treatments with
OA. This result clearly demonstrated a great improvement of sampling accuracy using the multi-core
sampler. It is suggested that a multi-core sampler be used to reduce sampling bias for the deepripping experiments where possible.
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Plate 1. A new multi-core sampler
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Figure 1. Soil mineral N (kg/ha) in 0-60 cm soil profile under different soil amendment treatments in autumn and spring in year
1, and autumn in year 2 at the Cootamundra site
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Soil in the digital age: Advances in proximal soil sensing and digital soil
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Proximal soil sensing tools are now widely used in soil science, either as a tool for rapid soil
assessment or as an ‘on-the-go’ mapping of soil properties. In particular, the infrared diffuse
reflectance spectroscopy in the visible, near-, and mid-infrared frequency has been proposed as a
rapid, and low-cost technology for soil analysis. Infrared spectroscopy has many benefits compared
to conventional lab analysis, as it requires little sample preparation, non-destructive, and
reproducible. The visible-near-infrared (Vis-NIR, 400-2500 nm) spectrometers has been
demonstrated to be able to estimate many important soil properties, such as soil texture, soil
organic carbon, macronutrients, and micronutrients.
However, techniques for soil observation have not changed much in the past decade. Digital soil
morphometrics was proposed to expand and compliment the pedologists’ tool kit to observe soil in
the field. Digital soil morphometrics is defined as the application of tools and techniques for
measuring, mapping and quantifying soil profile properties and deriving depth functions of soil
properties.
The oral and poster papers presented in this session relate to advances in sensing soil properties
in the laboratory and the field. This introduction aims to highlight some of the current trends in the
area of soil sensing and morphometrics.
Soil pit observations – digital morphometrics
Various proximal sensors and tools have been tested to measure soil properties, such as colour,
texture, carbon content, CEC. Compound attributes (horizons, structure) are usually harder to
measure than single soil properties. Instruments such as the Vis-NIR and portable XRF allowed us
to make detailed observations of soil profiles in the lab or the field (Stockmann et al., 2017).
Variation of soil properties with depth can now be measured in detailed using hyperspectral images
as well as fine scale sampled data. Studies have shown that changes in soil properties with depth
and variation within the soil horizon are a continuum (Roudier et al., 2016). Soil properties are
observed to vary throughout the profile, contrasting the assumed uniformity of soil properties in soil
horizons.
Sensor Fusion
Soil can be sensed along the electromagnetic spectrum, from the microwave region to the gamma
radiation. These sensors are commonly used by itself, but various sensors have complementary
capabilities (Poggio et al., 2018). For example, vis-NIR is known for its capability to measure soil's
organic component and mineral components. Meanwhile, XRF is known to accurately measure the
soil's total inorganic element concentration. Data from vis-NIR and XRF can be combined to
produce improved estimates of soil properties. The combination can be in terms of data
combination or model averaging. Data combination involves combining the spectra from various
instruments as a single input to a model. Meanwhile, model averaging combines outputs of
prediction of a soil property from different instruments.
Studies showed that model averaging procedures improved or maintained the prediction status of
vis-NIR and XRFmodels for a wide range of soil properties of agronomic importance (O’Rourke et
al., 2016).
Measuring functional pedodiversity using spectroscopic information
Pedodiversity studies generally involve a calculation of soil classes variation within an area.
Pedodiversity of an area could be calculated by considering the simultaneous variation of soil
properties within that area. Soil Vis-NIR reflectance values can be used as a measure of
pedodiversity. An example was illustrated by Fajardo et al. (2017) who developed indices derived
from Vis-NIR soil spectra. The indices successfully represented the pedodiversity of a transect
across NSW.
The use of off-the-shelf portable infrared spectrometers
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In recent years, many miniaturized NIR spectrometers have emerged in the market promising to be
portable, fast and inexpensive instruments for the assessment of food and other materials. New
technology such as MEMS (Micro-Electro-Mechanical Systems) enabled the creation of
miniaturized spectrometers at low cost. However, the spectral range of these instruments are
limited. For example, researchers at the James Hutton Institute developed a low-cost, in-field
device at wavelength 450-750 nm, which showed great potential in crop condition and nutrient
status assessments (Aitkenhead et al. 2017).
Commercial products examples are the SCIO spectrometer which covers a wavelength of 7401070 nm. Another instrument includes the NIRscan Nano EVM from Texas instrument covers a
wavelength of 900 - 1701 nm. The Spectral Engines miniaturized NIR spectrometer covers a
wavelength of 1550–1950 nm. McLaughlin et al. (2017) evaluated several portable spectrometers
for prediction of soil properties, and concluded that instrument performance is ‘you pay for what
you get.’ Nevertheless, a proper assessment of the cost and accuracy trade-off of these
miniaturized instruments is required.
Keywords: soil sensing, soil carbon, infrared, soil profile.
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Introduction
Soil carbon and nitrogen isotopic compositions (δ13C and δ15N) have been widely used as tools to
gain insight into carbon and nitrogen cycling in terrestrial ecosystems. The common methods of
determining δ13C and δ15N, however, are expensive and time-consuming when applied to a large
number of samples and, hence, alternative low-cost and rapid methods are sought to address this
issue. This study evaluated the potential of hyperspectral image analysis to predict the values of
δ13C and δ15N in soil samples.
Methodology
120 soil samples were collected from Toohey Forest located in south east Queensland, Australia in
different seasons. The reference values of δ13C and δ15N were analysed using isotope ratio mass
spectrometry.
Hyperspectral images were captured from the ground soil samples using a 12-bit line-scanner
laboratory-based camera (Pika XC2, USA), operated in the in the spectral range of 400-1000 nm.
The spectral resolution of the camera was 1.3, producing overall 462 wavelengths. The spectral
data of the images were extracted using a data acquisition software (SpectrononPro 2.94,
Resonon, USA) and calibrated using white and dark calibration (Tahmasbian et al., 2018). The
data were then randomly divided into calibration (n = 96) and test (n= 24) datasets. Partial least
squares regression (PLSR) models were developed using the calibration dataset to correlate the
values of δ13C and δ15N, obtained from isotope ratio mass spectrometry method, with their spectral
reflectance. Different data transformations were applied before PLSR modelling to increase the
signal to noise ratio. To reduce the inter-correlation among the wavelengths and facilitate the
computation, the wavelength with lower β coefficients (lower than their standard deviation) were
considered uninformative and removed from the models (Tahmasbian et al., 2017). The models
were then redeveloped using the remaining wavelengths (informative wavelengths). Variable
importance in projection (VIP) index was used to select the most important (predictive)
wavelengths from the informative wavelengths, where the VIP>1 for each specific wavelength.
Results and discussion
The results showed that the most predictive wavelengths for δ13C prediction were 400, 405, 407,
778, 961, 973, 976, 978 and 984 nm and for δ15N were 953, 967, 973, 975, 986 and 998 nm. The
models provided acceptable predictions with high coefficient of determination (R2) and low root
mean square error (RMSE) of the calibration set for δ13C with R2 of 0.82 and RMSE of 0.27 ‰ and
for δ15N with R2 of 0.90 and RMSE of 0.29 ‰. The models were then tested using the spectra of
the test dataset and provided acceptable predictions with high R2 and the ratio of performance to
deviation (RPD) of the test set for δ13C (R2t = 0.80; RPD = 2.00) and δ15N (R2t = 0.81; RPD = 1.94).
It has been suggested that it is the correlation between δ13C and δ15N and total C and N that
enables the quantification of δ13C and δ15N using hyperspectral reflectance data (Hobbie et al.,
2000; West et al., 2009). Although the correlation of δ13C with total C (r = – 0.50) might be the
reason why we could measure δ13C in this study, there was no significant correlation between δ15N
and total C and N. We are unsure of why we were able to predict δ15N independent of total C and
N, however, other literature have mentioned that successful quantification of δ15N may be affected
by absorption features related to the wave motion of molecular bonds involving N, and this might
be altered in samples with considerable values of 15N (Elmore and Craine, 2011; Lorentz, 2013).
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Conclusions
The results indicate the potential of laboratory-based hyperspectral image analysis for predicting
soil δ13C and δ15N. However, in our future studies, the developed models need to be improved
using a wider range of soils samples. The mechanisms of δ15N prediction need to be understood
possibly by finding the correlations between δ15N and soil chromophore properties.
Keywords: VNIR, chemometrics, δ13C, δ15N, Urban Forest, Hyperspectral Image Analysis
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Introduction
The adaptation of electromagnetic (EM) induction instruments which measure the soil bulk
apparent electrical conductivity (ECa) to agriculture was largely motivated by the need for reliable,
quick, and easy measurements of soil information at field and landscape scales (Corwin and
Lesch, 2003). To better represent the stratigraphic nature of soil properties, the ECa data are
increasingly being inverted into calculated true electrical conductivity (σ) at depths of interest;
otherwise known as electromagnetic conductivity imaging (EMCI) to map soil properties at different
depths. However, the EMCI consist largely of localized patterns which makes extracting predictive
information difficult. In addition, the scale is critical to modelling associations between variables
measured through space as patterns can change both qualitatively and quantitatively with changes
in scale of analyses. Therefore, processing is often required to obtain a better and more predictable
model after inversion (Reninger et al., 2011). Here, we apply a wavelet based multiresolution
analysis (MRA) which is a signal decomposition that partitions variance according to a precise
deﬁnition of scale to extract the multi-scale natures in EMCI. It is the objective of this paper to
present a case study that illustrates the use of MRA to improve the prediction performance of
EMCI. To do this, (1) we generated EMCI using 3-D inversion of ECa data acquired from a single ca n be corre
frequency multi-coil DUALEM-421 instrument and show how
carbon (SOC); (2) using MRA to extract the natures of EMCI at different scales and get the smooth
representations (SR) by filtering out those components at finer scale; and, (3) compare the
 da ta a nd the
calibrations performed by partial least square regression (PLSR) using the original
selected SR to show how the MRA can improve the prediction performance of electromagnetic
induction.
Methodology
The EMCI was generated using EM4Soil software package (EMTOMO, 2014) and data collected
from DUALEM-421 ECa data collected along 50 transects across a sugar cane field located in the
Burdekin Valley in far north Queensland. The wavelet based MRA was used to calculate the
wavelet coefficients at different scales and locations (Daubechies, 1992). The detailed theory of
MRA was described by Percival and Walden (2000). For this study we apply MRA as follows: (1)
extend EMCIs to a square array (555 × 555 grid), (2) define the spatial scale, and (3) smooth the
EMCIs by filtering out those components at finer scale. We measured SOC at 182 locations and at
the topsoil (0-0.15 m) and subsoil (0.3-0.45 m).
Results and discussion
Figure 1 shows the spatial distributions of detailed EMCI components at the different scales of
calculated true electrical conductivity (
-0.15
ta for
Figure
the tops
1a, oil
b and
(0 c show
) dam).
that the highest frequency element of
t scale
(6 m)a tand
the the
fine slower frequency

occurs
occurs at the larger scale (192 m), respectively. Figure 1d, e and f show that the smoothed
 at
finest scale (6 m), intermediate-large (48 m) and largest scale (192 m), respectively.

Figure 2a shows that using PLSR modelling between ECa and SOC, produced poor predicted
topsoil SOC (R2 = 0.52). Figure 2c shows the equivalent results for the subsoil were similarly poor
 i.e .S R
(0.63). Figure 2b shows that using PLSR modelling between smoothed
SOC, produced improved predictions (R2 = 0.74). Figure 2d shows the equivalent results for the
subsoil were similarly improved (0.76).
Table1 shows the correlations between
topsoil SOC was best correlated with SR6 (0.86) and in the case of subsoil SOC, it was SR3.

 a nd MR A s m
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Figure 1: Spatial distribution of detail components of
EMCI for topsoil at scale a) 6 m, b) 48m, c) 192 m and
smooth representations (SR) at scales d) 6 m, e) 48 m
and f) 192 m.

Figure 2: Plots of measured and predicted topsoil
organic carbon by PLSR using a) original
 da ta a nd b)
 a nd s ubs oil
smoothed representation (SR) of
organic carbon using soil organic carbon (SOC) using c)
 da ta a nd d) s m oothe
original

Table 1: Pearson’s correlation (r) coefficients between true electrical conductivity (σ) and multi-resolution analysis (MRA)
smooth representations (SR) of EMCI with measured soil organic carbon (SOC) at topsoil and subsoil.
SR1
SR2
SR3
SR4
SR5
SR6
σ
6m
12m
24m
48m
96m
192m
Topsoil 0.71
0.78
0.81
0.83
0.81
0.82
0.86
Subsoil 0.78
0.83
0.84
0.85
0.84
0.83
0.79

Conclusions
The EM4Soil software package is capable of providing modelled estimates of electrical conductivity
 =
(σ) at discrete depths. The EMCIs are achieved when used the CF model, S1 algorithm and
 = 0.9 for s
0.3 for topsoil and CF model, S1 algorithm and
(MRA) can be used to extract the natures of EMCIs at multi scales. The dominant scale of variation
occurred at 6 m (40.90 % of total variation) for topsoil and 192 m (32.21 %) for subsoil,
on
 into the wa ve le t
respectively. By transforming
of the data, the overall prediction performance of electromagnetic induction was improved, and the
multivariate calibrations were more accurate.
Keywords: DUALEM-421, EM inversion, multi-resolution analysis, wavelet
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Introduction
Most of Australia’s dryland cropping is characterised by unreliable rainfall with frequent long gaps
between falls. Stored soil water is therefore essential to support crop growth during the growing season
while water stored during fallows has varying importance, depending on soil type and rainfall patterns in
relation to cropping periods. For example, a winter crop at Walpeup in Victoria derives 10% of its water
supply from soil water at planting while a winter crop at Emerald will access 80% of its water supply
from stored soil water (Thomas et al 2007). Even when dependence on stored water is small, extra
water can make a valuable difference to crop yield and profitability, especially in typical dry-finish
seasons (Kirkegaard et al 2014). An understanding of available water before a crop is planted can
influence management decisions (area planted, fertilizer rates). Estimating plant available water (PAW)
also requires an estimate of a soils ability to store water, its plant available water capacity (PAWC).
This paper presents some observations of soil water from a 17-year study comparing water balances
(runoff, evaporation and deep drainage) for a set of small contour bay catchments near Roma in
southern Queensland. Our aim is to demonstrate some of the challenges associated with field
measurement of both PAWC and PAW. This analysis is an extension of a detailed description of the
development of SoilWaterApp (Freebairn et al. 2018).
Method
As part of a long term (1982-2000) hydrology and water quality study at Wallumbilla (Freebairn et al
2009), soil water was measured gravimetrically at least three times per year: after winter crop harvest;
mid fallow and soon before planting around May. Soil samples were collected from hydraulically driven
soil cores to a depth of 1.5m. Each core was separated into six depth intervals (0-10, 10-30, 30-60, 6090, 90-120, 120-150cm) with nine cores collected within each of four ~4 ha contour bay catchments
2.4-5.9 ha in area (Figure 1).

Figure 1: Aerial composite of the Wallumbilla catchment study (right) showing four contour bays with outlets (blue arrows),
approximate location of soil sample sites in each catchment (white dots) and general flow of water (white arrow) and (left),
increase in PAW during fallows (blue arrow) over 16 seasons (Bay 3). Percentage values indicate proportion of rainfall stored in
the soil (fallow efficiency).

PAWC was estimated from field measures of PAW over the 17 years, being the difference between the
wettest and driest sample date (mean of nine cores). The mean lower limit or wilting point and bulk
density for each soil depth was used to calculate PAW (Lawrence et al 2005). Soil water data were
typically analysed to provide a single value of PAW for each bay and sample date. Data for individual
sample sites were available for a limited number of dates and are used to describe spatial variability in
estimated PAW.
Results and discussion
Wettest and driest soil water profiles are presented for the four bays in Figure 2a while estimates of
PAW for Bay 3 on 25/5/98 are presented in Figure 2b.
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Figure 2: Gravimetric moisture content for the driest and wettest sample dates (mean of nine samples) over the duration of the
study (1982-2000), including PAWC values (a); and individual gravimetric soil moisture values for a single sample date at the end
of a fallow (25/5/1998) (b).

The data used in this analysis has been collected over 17 years, sampling a range of seasons in a
small area (25ha) chosen to be relatively uniform and representative of the region. PAWC estimates for
the four contour bays vary by 50mm (Figure 2a). Given the focus of the study used in this analysis was
on runoff and erosion, less attention was given to soil water except to provide a reasonable estimate of
soil water gains and losses over fallows and crop periods. This analysis shows that spatial variability in
soil water is high even within a contour catchment of ~4 ha (Figure 2b), with PAW values ranging from
55-170 mm over the nine sample locations.
This raises the question: if planning to locate a soil moisture monitoring site, where should it be
situated? Clearly, we are unlikely to understand field variability without a sampling strategy such as
employed here. While gravimetric soil moisture estimates are less prone to systematic errors,
uncertainty in lower limit and bulk density remain.
One approach to deal with uncertainties due to estimates of lower limit and bulk density or locating a
“representative site” for a soil moisture measuring device, is to use a water balance simulation
approach such as employed in Yield Prophet (https://www.yieldprophet.com.au) or SoilWaterApp
(http://www.soilwaterapp.net.au). But the issue of soil description remains. How important is soil type in
estimating available soil water? The answer will be – it depends, but it is not necessarily a deal breaker
if it is only loosely described. For example, for the current fallow at Wallumbilla (1/11/2017 to 8/6/2018),
model estimates of gains in soil water range from 50-80mm for soil types with PAWC values of 120 to
200mm. Of course, this simple example would not hold for a wet fallow where shallow soils will fill
quickly and deeper soils will store towards their capacity (PAWC). A combination of simulation tools and
readily accessible soil descriptions available from the National Soil Grid of Australia will alleviate some
of these challenges, at least to a point where farmers and consultants can progress to reasonable
estimates of their soils PAWC and PAW
(http://www.clw.csiro.au/aclep/soilandlandscapegrid/).
Keywords: soil water, water balance, monitoring
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Introduction
The sustainable management of irrigated land requires reliable information about soil hydraulic
properties. Amongst these, available water holding capacity (AWC) is a key attribute. Since direct
measurements are costly, pedotransfer functions (PTF) are often used for estimating AWC,
leveraging statistical relationships with properties that are easier to measure, such as texture, bulk
density, and organic carbon content. This study evaluates visible near-infrared spectroscopy (Vis-NIR) as an alternative to PTF to predict volumetric water content at field capacity (FC) and permanent
wilting point (PWP) --- AWC being the difference between PWP and FC.
Methodology
A suite of 930 Vis--NIR soil spectra, recorded from air-dried 2-mm sieved soil samples, were
associated with FC and PWP analytical data obtained from New Zealand's National Soil Database.
Approximately 10% of all soil samples currently recorded in the New Zealand soil spectral library had
measurements of volumetric water content at FC and PWP. All major agricultural areas of New
Zealand were captured by the sampled soils.
Partial least squares (PLS) regression and support vector machines on PLS latent variables (PLSSVM) were used for spectroscopic modelling. The calibration step used repeated 10-fold crossvalidation with 100 repeats. Model performance was quantified by metrics calculated on samples from
the validation set that was put aside before calibration of the models.
Results
The sample set has a comprehensive range of FC values from 2.75 to 75%, with a mean value of
39% and a standard deviation of 11%. PWP varied from 1.10 to almost 50%, with a mean value of
20% and a standard deviation of 10%. The large variations observed for both FC and PWP reflect the
diversity of soil types represented in the National Soil Database.
The performances of PLS-SVM were found to be better than those of the linear PLS models.
This was especially the case for FC, for which despite the high number of latent variables retained by
the final PLS model, the low and high FC values were not adequately predicted. Using SVM on the
latent variables, as opposed to a linear model, mitigated the impact of non-linear relationships, and
helped reducing prediction errors significantly.
Final estimates showed promising results with regards to FC with a root mean squared error (RMSE)
below 6%, while slightly more accurate predictions were found for PWP with an RMSE below 4%.
These models outperform the most recent PTF estimates for New Zealand soils. The way this
difference can be interpreted is that those PTF do not have access to quantitative estimates of critical
covariables for FC and PWP, such as carbon or clay, while the correlation of these attributes with Vis-NIR spectroscopy is well documented. This difference in performance illustrates the potential of Vis-NIR spectroscopy to be included as a routine measurement in national soil information systems.
Conclusions
PLS-SVM models, calibrated for water content at field capacity and permanent wilting point, were
successfully tested with RMSE values of 5.97% and 3.88%, respectively, and outperformed the more
traditional PLS model. Hence, our results indicate that Vis--NIR spectroscopy can be used to model
key soil hydraulic properties and that SVM regression after data compression based on PLS factors is
an effective and efficient tool to do so.
Keywords: Soil spectroscopy, Soil spectral library, Partial least squares regression, Support vector
machines, Field capacity, Permanent wilting point
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Introduction
Bulk density is one of the major parameter that indicates the soil’s capability to support structural
integrity, movement of water, movement of solutes in the soil, and soil aeration (Kramer and Boyer,
1995). Physical, chemical and biological measurements are taken on a volumetric basis for soil quality
assessment (Arshad and Martin, 2002). Bulk density can be an indication of soil compaction, which
determines the rate of seed germination and root penetrability (Bengough et al., 2005). In addition,
bulk density is required in the calculation of soil carbon stock. However, measurement of bulk density
can be tedious and time consuming. The requirement is to have an efficient and rapid density
evaluation, at a minimum cost, which also must be balanced with the appropriate precision and
accuracy. While gamma radiation is highly accurate, its radiation source limits its practical application.
This paper tested the use of shear wave velocity measurements as a viable alternative to soil density
estimation. We used shear wave velocity measurements as piezoelectric sensors are now widely
available and presents a relatively cheap technology that can be readily used.
Methods
We developed an apparatus for measuring soil density as follows:
• Two piezo-electric sensors separated by a distance of 120 mm, where one sensor acts as
the transmitter and the other as a receiver.
• The piezo-electric transmitter produced a square wave signal that travels through the soil
medium and reaches the receiver after some time
• The piezo-electric receiver then converts the received signal into digital information
• That information is then analyzed and the shear wave velocity is calculated
Glass beads and sands were compacted at different density using a vibratory feeder and the output
signals for shear wave were analyzed for three initial condition (no compaction), 10, 20 and 30 minutes
of compaction to achieve different densities. We also tested the input signal square waves of 10Hz,
20Hz and 50Hz. The time required for transmitting the signal from receiver to the transmitter ware
analyzed to obtain the shear wave velocity.
Results

Figure 1: Travel time of shear wave

From the analysis using different sizes of glass beads and sand, a model was generated for the
relationships between the Shear wave velocity and the density of soil at various frequencies.The best
root mean square error (RMSE) was found at 10 Hz square wave with an R2 value of 0.93.
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Figure 2: Empirical relationship between Shear wave velocity and Density of soil.

In both cases, a sharp increment of shear wave velocity can be observed at the higher density
materials. For both frequencies, shear wave velocities can be found within the range between 50-650
m/s.
Conclusions
From the results, we can observe that the shear wave velocity is related to soil density, and an
empirical relationship can be derived. Further investigation is required to observe the effect of different
particle sizes and soil environmental conditions. Piezo sensors appear to be a useful tool for
investigating other physical properties such as porosity, and shear strength of soil.
Keywords: bulk density, shear strength, shear wave velocity, piezoelectric sensor.
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Managing soil physical constraints to productivity in rural Australia
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Contemporary issues requiring soil physics input
Soil physics experts are uniquely placed to provide practical solutions for a broad range of ‘hot political
challenges’ across rural Australia. Community issues requiring soil physics input include:
•

Improvement of farm management to avoid erosion losses, and irreversible damage to soil
structure, during drought;

•

Reduction of ‘yield gaps’ (Grains Research and Development Corporation 2017) by making the
most of rain, when it falls, through better control of waterlogging and excessive runoff;

•

Protection of prime agricultural land under consideration for mining projects;

•

Energy planning.

Resolution of these highly important soil-related topics will not occur, however, unless there is
enlightened ‘human resource management’ for the participating professionals, and effective
communication between the scientists and clients via modern decision support systems.
The oral and poster papers presented in this session relate to several of the ‘community interest’
challenges listed above; they add to existing knowledge bases and highlight the soil physics expertise
that is available across Australia:
•

Progress in the Western Australian wheat belt with major one-off profile modification to improve
soil water intake and increase the amount of transpiration by plants;

•

The refinement of ‘controlled traffic farming’ (CTF) systems, despite challenges with poorly
configured wheels and tracks on imported farm machinery;

•

Discussion about SOILpak, a successful decision support system that has become outdated;

•

Landscape rehydration based on ‘landscape function analysis’ (Mulloon Project).

Upcoming ‘Soil Science Australia’ conferences hopefully will feature soil physics even more
prominently, and include presentations that deal with the following emerging issues.
Improvement of farm performance, and boosting of farm valuations, via provision of soil
structure that optimizes plant growth in both extremely dry and very wet years
A feature of the 2018 drought in NSW was unusually high rates of evaporation during winter (Fig. 1),
which makes storage of water for plant growth and maintenance of groundcover increasingly difficult to
manage. When significant rain does eventually fall, waterlogging (associated with narrow ‘limiting water
range’ values in compacted/dispersed soil, and/or poor surface architecture) can ruin crop and pasture
performance. To reduce the large yield gaps that currently exist, soil physics inputs are needed to
better define the soil structure requirements of the roots of the plant species being grown, and to
provide those conditions through enhanced soil assessment and management. A new approach to farm
valuation is needed that rewards these improvements (McKenzie 2013).

Figure 1. July pan evaporation for eastern Australia, 1975-2018; the red bar shows the extreme result for the 2018 drought
(Hannam 2018).

There is a serious lack of knowledge about the soil physical requirements of soil microorganisms that
have crucial functions in both agricultural and native settings (Jansson and Hofmockel 2018). Similar
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deficiencies exist with our understanding of Australian native plants that have potential to improve soil
hydrological conditions through processes such as water storage in tubers and ‘hydraulic lifting’ by
deep rooted trees and shrubs.
Productivity of soil disturbed by mining, in relation to the status of pre-existing landscapes
degraded by agriculture
In NSW there is community resistance to the development of new mining projects in areas that are
reputed to have ‘biophysical strategic agricultural land’ (BSAL), as defined by NSW Government (2013).
Soil physicists are well placed to develop rehabilitation plans that allow disturbed mining areas to be
returned to farming, in a condition that is better for plant growth than on the pre-existing agricultural
land that often is degraded. Scientific studies are essential to fine-tune this process.
Impact of solar farms on soil physical processes
Concern has been expressed about possible deleterious effects of large solar farms on soil physical
fertility (Courtney 2018). Soil physics input is required to assess the impact of solar panels on soil
temperature, rainfall concentration at night from tilted ‘parked’ panels, and consequences for pasture
production and soil carbon cycling.
Human resource management to enhance the provision of soil physics services
Australian farmers usually get their soil management advice via agronomists. Soil physicists tend not to
be hired. Unfortunately many commercial agronomists – when attempting to assess soil-related
constraints to crop and pasture productivity across farms – limit themselves to assessment of topsoil
nutrient status and pH, and electromagnetic induction (EM) surveys that often give poor predictions of
key soil factors. This approach is inadequate: Agronomists instead need to team up with soil physics
experts, in a way that is analogous to the relationship between general practitioners and specialists in
the world of medicine (McKenzie 2013). Australia should build an expanded network of well-trained and
accredited soil science ‘knowledge brokers’ (including soil physics specialists) who must be richly
rewarded to make this type of work the ‘profession of choice’ amongst talented young people (Bouma
2014). There needs to be a strong emphasis on semi-quantitative visual soil evaluation techniques that
require inexpensive equipment and generate immediate results for clients that correlate well with
quantitative measurements of soil physical properties (Emmet-Booth et al. 2016).
Better use of soil physics information by farmers perhaps can be facilitated by including comprehensive
‘whole farm soil management plans’ as a component of government assistance packages, eg. as part
of the low-interest loan process for drought affected farmers via the federal government’s new Regional
Investment Corporation.
Keywords: drought management, mine rehabilitation, solar farm soil, training of soil physicists.
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Introduction
Soil physical constraints are difficult to characterize and often are not prioritised when managing
agricultural enterprises. While the ability of farm managers to combat soil physical problems in soils has
increased due to the development of zero till and controlled traffic in cropping systems, expert advice
on diagnosing and remediating soil structural problems is declining and the ability to quantify lost
potential production is difficult. This paper outlines the history behind SOILpak, the largest and most
successful initiative to tackle soil structural problems in Australia and questions whether a modern
equivalent is possible.
History of SOILpak
The original concept of SOILpak was prompted by yield declines following a series of wet years in the
1970’s which were not attributed to pest incursions or soil chemical properties. Soil compaction was
suspected (Daniells et al., 1996). The publications aimed to provide collated and accessible soils
information as a module to SIRATAC, a cotton pest management computer program used to provide
management advice to an audience that rarely read scientific literature. The module was to be called
‘Compu-Clod’. Following a soil management training program delivered by NSW Agriculture in the late
1980’s (Abbott, 1991), feedback from soil advisors revealed that they would prefer to receive the
information in a loose leafed, updatable binder.
The SOILpak manual originated through researchers in the Macquarie Valley, NSW collaborating with
farmers and advisory staff. Experiments and subsequent management recommendations were
summarised and these were expanded to include findings of experiments in the Namoi Valley. A key
issue was the introduction of reduced tillage with controlled traffic to minimise wheel compaction
damage following soil structure improvement (Hulme et al. 1996; McGarry 2007).
The creation of SOILpak was a significant undertaking and comprised two separate projects: the
production of a manual and the development of on-farm diagnostic methods. Daniells and Larsen
(1991) stated that an important feature of the SOILpak approach was the cooperation between
individuals and agencies in providing knowledge and in organising soil management workshops. Whilst
a team from NSW Agriculture (now the Department of Primary Industries) wrote the manual, information
relevant to the Australian cotton industry came from research and extension officers in Queensland
Department of Primary Industries, CSIRO, universities, private consultants and cotton growers. The
result was production of a series of SOILpak manuals for cotton (Daniells & Larsen, 1991; McKenzie,
1998). SOILpak training courses in the late-1990s allowed comprehensive soil profile data to be
compared with yield map information across the cotton industry from Emerald Qld in the north to
Hillston NSW in the south (McKenzie & McGarry 2000).
The success of the Cotton SOILpak manual provided the impetus for more manuals following the same
format but relevant to other cropping systems and other soil types. Each manual was developed under
separate project funding; each required around three years to consult with industry, scientists and
advisors and to tailor soil physical advice to that system. The other manuals were:
•

Northern Wheatbelt SOILpak™: a Soil Management package for Dryland Farming in the Summer
Rainfall Zone (Daniells, 1992)

•

Southern Irrigators SOILpak™ (Hughes & Evans, 1999)

•

SOILpak™ for Dryland farmers on the Red Soil in Central Western NSW (Anderson et al., 1999)

•

SOILpak™ for Vegetable Growers (McMullen, 2000)

•

Southern Dryland SOILpak™ (Brown & Green, 2001)

All the publications comprise sections on diagnosis of soil issues (including how to complete a SOILpak
description sheet), management options with background information on district specific soil
descriptions and problems. The SOILpak scoring system is a recognized, peer reviewed rapid
diagnosis system for assessing soil physical condition (McKenzie, 2001).
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Discussion
Given the difficulty in attributing a potential loss in production to soil structural issues, it is a hard sell to
be able to provide significant investment into diagnosis and management without a rapid return on
investment. Whilst providing a clear measurement such as a SOILpak score is easy at the paddock
scale, scaling up this information at a catchment, state or national scale is very difficult. It is difficult to
accurately estimate the impacts of soil compaction – even in the same paddock, impacts can be lower
in favourable seasons but exacerbated in drier seasons through reduced plant available water and in
wetter seasons through waterlogging
The investment in SOILpak was significant, both in monetary terms and in goodwill, as the success of
the project relied on collaboration and trust between many organisations and individuals. The ability to
bring together researchers, advisors and farmers is more difficult now with the agricultural advisory
sector having undergone significant changes, with farmers relying more on industry advisors and less
on government sector advisors for productivity advice.
Conclusion
So can a modern initiative match the effectiveness of the SOILpak initiative? To do so would require
significant collaboration between public and private organisations, and be led by passionate soil
practitioners. Does this passion and collaborative spirit still exist in today’s soil practitioners?
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Introduction
Soil water repellence, subsoil compaction, subsoil acidity and poor soil water and nutrient retention
are common constraints on sandplain soils used for dryland grain cropping in Western Australia.
Occasional or one-off deep tillage, often in combination with soil amendments, can be used to
strategically overcome a number of these constraints simultaneously within what is otherwise a
minimum tillage, stubble retention cropping system. Deep tillage approaches range from deep ripping
with narrow tines to shatter subsoil hard pans with minimal topsoil disturbance through to full soil
inversion using mouldboard or modified one-way ploughs. Understanding the comparative impact of a
range of strategic deep tillage options on soil properties and crop growth over time is important for soil
amelioration investment decision making by the grains industry.
Methodology
A replicated plot experiment was established within a commercial fully-matched controlled traffic
cropping paddock in 2017, near Meckering (-31.625, 116.876), Western Australia. The topsoil is water
repellent sand, grading to bleached clayey sand over ironstone gravel at 400-500mm with a sandy
clay loam matrix (Ferric Bleached-Orthic Tenosol, Isbell 2002). The untreated topsoil is moderate to
severely water repellent with an average molarity of ethanol droplet (MED) measure of 2.2. Soil pH
(CaCl2) averages 5.9 in the surface 100mm, 5.2 at 100-200 and less than 5.0 at 200-400mm,
although acidity has not yet reached a level that would reduce yield of wheat. Soil organic carbon
ranged from 0.8% in the surface to less than 0.2% below 300mm. Soil electrical conductivity was low,
0.08 dS m-1 in the surface and 0.04 dS m-1 or less in the subsurface to 900mm. In 2015, prior to the
experiment being implemented, 2 t/ha lime sand was applied to the site. A compaction layer exists
from 200-420mm with a cone penetration resistance in excess of 2 MPa, peaking above 3 MPa at
300-360mm. Prior to seeding in 2016 a total of 12 strategic deep tillage treatments were applied to
plots 4.5m wide and 45m long, with 2 plots located between pairs of permanent wheel tracks, thus
avoiding any machinery re-compaction of treated plots by cropping machinery. Seeding and all incrop applications of pesticide and fertilizer are undertaken by the grower, with harvesting undertaken
by a small plot harvester for each individual plot. Site was sown to wheat (Triticum aestivum L.) cv.
Scepter in both 2016 and 2017. Growing season rainfall (Apr-Oct) was 323mm in 2016 and 253mm
in 2017, with a long-term average of 388mm. Deep tillage treatments, applied once only, include:
‘standard’ deep ripping to ~350mm without (DR) or with topsoil inclusion (DRI); very deep ripping to
~650mm without (VDR) or with (VDRI) topsoil inclusion; rotary spading following deep ripping
(DR+SP) or very deep ripping without (VDR+SP) or with topsoil inclusion (VDRI+SP); one-way
ploughing alone (OWP) or following very deep ripping (OWP+VDR); mouldboard ploughing (soil
inversion) alone (MBP) or with very deep ripping (MBP+VDR) applied after the first season but prior to
the 2018 season; and an untreated control (CON). Where combinations of treatments have been
used the order and timing of application reflects the most logical approach and grower best practice.
Results and Discussion
The impact of strategic tillage on topsoil water repellence was dependent on the degree of topsoil
mixing or inversion. Deep ripping alone does not significantly change the soil surface condition and
did not reduce repellence. The addition of wide opener plates onto deep ripping tines for topsoil
inclusion reduced the repellence to a moderate MED of 1.3-1.6 due to greater topsoil disturbance.
OWP, which partially inverts the soil, reduced the repellence to low with an MED of 0.5 or less. Rotary
spading and soil inversion with MBP and OWP lifted a considerable amount of clayey sand subsoil to
the surface which reduced the topsoil repellence to nil (data not shown). Treatment impact on subsoil
compaction reflected the tools working depth. Soil was considered loosened if it had a cone
penetration resistance at field capacity less than 2.5 MPa. DR, SP, OWP and MBP all loosened the
soil to a depth of 300-360mm. Treatments with VDR loosened the soil to 620-650mm, which meant
the tool loosened the top of the gravel layer (data not shown). Crop establishment was significantly
reduced by tillage due to a range of factors including poorer depth control, furrow infill and surface
crusting in tillage treatments. Most affected were the ploughing treatments with reductions of 21-27%
for one-way and 34-45% for mouldboard ploughing. In both season plant establishment in the control
treatments has been adequate with 169 and 148 plants/m2, respectively. In both seasons there was
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evidence of improved tissue nutrient concentrations for many of the tillage treatments, particularly for
K, S and P (data not shown). Grain yields ranged from 2.1-3.2 Mg ha-1 in 2016 and 3.8-5.3 Mg ha-1 in
2017 (Table 1). While 2016 was a good season the yield potential was lower due to late sowing on 28
June. In 2017 yield potential was higher with earlier sowing on 29 May, despite lower growing season
rainfall. In 2016, those tillage treatments which included deeper ripping (VDR) had the biggest yield
increases over the control, ranging from 0.81-1.05 Mg ha-1, an increase of 38-49% (Table 1). DRI,
DR+SP and OWP increased grain yields in 2016 by 0.57-0.74 Mg ha-1 (26-34%; Table 1). In 2017 the
only deep ripping treatments to still provide a significant yield benefit over the control were those that
had also been spaded (DR+SP; VDR+SP; VDRI+SP), with increases of 0.92-1.25 Mg ha-1 (24-33%;
Table 1). Proportionally this increase was similar to that achieved in 2016. Similar yield increases in
2017 were also seen for those treatments that included some soil inversion, with OWP increasing
yield by 0.97 Mg ha-1 (26%) and MBP or MBP+VDR by 1.21-1.49 Mg ha-1 (32-39%; Table 1). The
cumulative net financial benefit (gross benefit minus treatment costs) demonstrates that all treatments
have been profitable over the first 2-years (Table 1). The greatest benefits have been for OWP, which
has a low implementation cost, VDRI+SP, DR+SP, MBP+VDR and VDR (Table 1). Had better
establishment been achieved with MBP and OWP treatments in the first year, the grain yields and
hence benefits from these would likely be greater.
Table 1: Impact of a range of strategic deep tillage treatments on head density, grain yield, yield change, cost and cumulative
net benefit for 2016 and 2017 at Meckering, Western Australia. Head density and yield values significantly higher than control
are underlined for LSD at 5% level.
2017 Wheat

2016 Wheat
Strategic
Tillage
Treatment

Head
No.

Grain
Yield

Yield
Change

# m2

Mg ha-1

Mg ha-1

CON
DR
DRI
DR+SP
VDR
VDRI
VDR+SP
VDR+OWP
VDRI+SP
OWP
MBP
MBP+VDR
LSD (0.05)

236
224
220
237
250
256
249
216
249
235
269
216
37

2.14
2.47
2.71
2.88
2.97
2.97
2.95
2.40
3.19
2.86
2.37
2.51
0.49

0.33
0.57
0.74
0.83
0.83
0.81
0.26
1.05
0.72
0.23
0.37

Head
No.

Grain
Yield

Yield
Change

%

#/m2

Mg ha-1

Mg ha-1

%

15
26
34
39
39
38
12
49
34
11
17

204
241
223
280
225
228
246
233
273
263
248
219
57

3.80
3.99
4.09
5.05
4.34
4.28
4.72
4.15
4.98
4.77
5.01
5.29
0.72

0.19
0.29
1.25
0.54
0.48
0.92
0.35
1.18
0.97
1.21
1.49

5
8
33
14
13
24
9
31
26
32
39

Economic Benefit
Cumulative
One-off
2016+2017
treatment
net benefit
cost
over control
($/ha)
($/ha)
n/a
n/a
45
75
50
148
150
310
90
228
95
208
190
210
140
6
195
321
50
352
120
217
200
236

Conclusions
Removal of deeper compaction and improving root access to water, K and N at depth were critical
drivers of improved productivity in the first year. More sustained and larger yield responses in year
two were achieved with those treatments that had additional topsoil and subsoil modification with
deep soil mixing (spader) or inversion (one-way or mouldboard). In this environment, removal of water
repellence and deeper incorporation of organic matter and nutrients, which promotes greater root
growth at depth and enhances water and nutrient access, are important for lasting benefits.
Keywords: soil amelioration, compaction, soil water repellence, deep ripping, rotary spading,
mouldboard plough, one-way plough, wheat, grain yield.
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Introduction
Compaction of agricultural soils through machinery traffic is estimated to cost Western Australian
grain growers $54/ha/year (Peterson, 2017). Sandy soils in WA wheatbelt are particularly susceptible;
with their lack of clay and organic matter they are unable to self repair after damage.
Deep ripping is the most effective way of loosening soil hardpans. This practice has been used
consistently by growers on sandplain soils for almost 30 years giving yield responses in the order of
30% over unripped soil, with ‘re-ripping’ occurring every 2 to 3 years. Since the inception of deep
ripping in WA farm machinery has become larger and heavier which has increased the depth of the
compaction layer. The ripping depth of 300mm is no longer sufficient to remove the hard pans that
have been measured to 500mm in sandy soils throughout the northern WA wheatbelt.
The deep ripped sands re-compact under machinery traffic. Confining the machinery traffic to
permanent traffic lanes in a Controlled Traffic Farming system, reduces the area of paddock wheeled,
thereby maintaining ‘softer’ soils for longer. However yellow loamy sands can settle through the
wetting and drying cycle to self-compact to high strength levels so deep ripping is required again.
Organic material is known to assist in the stabilisation of soils to improve soil structure and may assist
in reducing the self-settlement of the sandy soils.
The topsoil slotting plate (TS) was developed to investigate the feasibility of topsoil burial in the
stabilisation of soils after ripping. Topsoil slotting plates are bolted behind the ripping tines and are set
at the base of the topsoil allowing it to fall down into the ripping slot. It is hypothesised that the topsoil
slotting plate with inclusion of topsoil organic matter will maintain a yield response for longer. The
intention of this research is to increase the return on the deep ripping investment by lengthening the
periods between ripping through combining controlled traffic and topsoil slotting.
Methodology
The trials presented in this paper were implemented in 2015 using a shallow leading tine deep ripper
designed specifically for small plot trial work. It consists of parabolic leading tines, taken from a
Grizzly Deep Digger™, with capacity of ripping to 300mm with trailing tines, AgrowPlow 28” shank
with hanger extension, with maximum depth of ripping to 600mm. Treatments also included paired
topsoil slotting plates attached to the trailing tines. Plate dimensions are 28cm long, 43.5cm deep and
are separated by 130mm. Ripping treatments were applied only once in 2015 and have been sown
and managed by the respective grower each season under their controlled traffic farming system.
Both sites discussed in this paper are comparable deep coloured sand, yellow-orthic tenosol. Moora
site has sand silt clay percentages in the 0-10cm layer of 94.5, 2.5, 3 respectively, changing to 94.7,
0.6, 4.7 in the 40-50cm layer respectively. Binnu site has sand silt clay percentages in the 0-10cm
layer of 95.4, 1.7, 2.9, changing to 93, 1.2, 5.8 in the 40-50cm layer respectively. Each site has nil rip
and shallow rip, 300mm, treatments. Both sites, Moora and Binnu were ripped to 550mm to get below
hard layers to 500mm. Binnu site position, -27.980889, 114.8400849. Moora site position, 30.755463, 115.851371.
Results

Figure 1: Soil strength profiles for Binnu (A) and Moora (B) four seasons after ripping treatments applied.

A Soil strength (kPa)
Depth (mm)

0
200
400
600

1000

2000

B Soil strength (kPa)
3000

Nil
300
500
550TS

0
Depth (mm)

0

200
400
600

0

2000

4000

Nil
300
550
550TS
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Table 2: Percentage yield response from deep ripping loamy yellow sand under two separate environments and cropping
rotations.*Significance level 0.1 when compared to nil rip.
Moora

Binnu

Ripping Depth (mm)

2015

2016

2017

2015

2016

2017

Crop type

Canola

Barley

Lupin

Wheat

Lupin

Wheat

Nil rip t/ha

1.46

1.43

1.14

1.9

2.05

0.37

300 (response %)

0

1

1

-21

5

-3

550 (response %)

83*

33*

54*

18*

9*

-5

550TS (response %)

77*

45*

29

76*

-13

15

Discussion
Yield responses, in conjunction with soil penetrometer analysis, have been used to assess the value
of the ripping. The level to which the topsoil slotting plates are contributing to the yield response is
variable and driven by crop type.
Shallow ripping, 300mm, has not provided a positive response in year one at either site. Unseasonal
hot conditions during August and September 2015 burnt the crop off as roots were constrained to
300mm. In contrast the deeper ripping gave significant responses, 83 and 18 percent at Moora and
Binnu respectively, in the first season as roots were able to access moisture at depth during these hot
days. Topsoil slotting provided a positive response during 2015 at both sites.
Responses from deeper ripping have been variable across each season. 2016 favoured the growth of
biomass in lupins at Binnu. Plots with topsoil slotting continued to put on large amounts of biomass
over the production of pods and yield which resulted in a negative response. The response of barley
was positive at Moora in the same year.
Season 2017 provided very challenging growing conditions with early season drought and hail
damage in spring. The yields presented for Binnu are approximations taken by scaling up from grains
per head and heads/m2. Small changes in estimated yield give large changes to percentage
response.
Topsoil slotting appears to have a continued positive influence, though not statistically significant, on
yield three years after application. There is still positive yield response to deeper ripping. These yield
responses complement the soil strength measurements (not shown) at each site where soil strength
remains low, below 1.5MPa, in each of the deeper ripping plots three years since ripping.
Conclusions
Topsoil slotting has a role to play in the amelioration of subsoils during the alleviation of subsoil
compaction. The influence of organic matter, in narrow trenches, in the subsoil can be better
understood with time. This work has shown inconsistent positive response to topsoil slotting in these
loamy yellow sands likely due to crop type and seasonal conditions.
Subsoil compaction is only one of the soil constraints present in these soils. Sub-soil acidity continues
to increase under the current farming system and is not remedied by deep ripping. Industry asks the
question which soil amelioration treatment to pay for first. This work indicates that deeper ripping of
sands, with or without topsoil slotting, gives a yield response that is capable of paying for lime to
combat the subsoil acidity in future seasons. Also there is a cost that comes with the increased
physical requirements to pull topsoil slotting plates through the soil. To gain the most from this
increased ripping cost it is better to have the topsoil ameliorated prior to slotting to assist in subsoil pH
amelioration.
Key words: soil compaction, deep ripping, topsoil slotting, sand
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Introduction
Sandy soils account for approximately 30% of cropping soils in the low rainfall environment of the
Southern region. These sandy soils are often limited by multiple soil constraints including high
penetration resistance and poor nutrient supply. Common approaches to overcome physical
constraints include ripping and spading. Spading is typically more costly to implement, and can have
higher erosion risks. It can however be used to address multiple soil constraints. The mixing action of
spading (~30 cm) not only improves the physical environment for root growth, but can reduce issues
of water repellence, or enhance nutrient fertility through incorporation of amendments (crop residues,
organic amendments, lime, fertilisers, or clay). In comparison the ripping zone is far more discrete,
and ripping benefits are often reported to be short-lived.
This paper presents results from co-located field trials aiming to overcome physical and nutritional
constraints on under-performing sandy soil in the Mallee region. including a) ripping depth
with/without deep placement of fertiliser packages; b) spading with/without incorporation of a range of
amendments.
Methodology
Field experiments were established in the Victorian Mallee [-35.067;142.319; 213 mm growing season
rainfall] on a deep yellow sandy soil (Tenosol, clay <3%, OC <1%, pH 6, EC <5) with strong
penetration resistance (>2500 MPa) and poor sub-surface fertility. The ripping trial included shallow
(20 cm) and deep (30 cm) ripping treatments with/without placement of nitrogen (N) or nutrient
packages (P, K, S, Zn, Cu, Mn) at the target depths. Surface banding (~7.5 cm) treatments were
included as controls. The trial design allows the impact of physical disruption to be isolated from
nutrient placement. The spading trial included spading (30 cm) with/without the incorporation of a
range of organic amendments (vetch hay, oaten hay, vetch-oaten mixture, chicken litter, compost),
and/or fertiliser. Trials were established in May 2017. The soil profile characteristics, including
penetration resistance and nutrient stocks were measured in July 2017. Trials were harvested in
December 2017, including plant biomasses, N uptake, yield components, and crop water-use.
Results & Discussion
Deep ripping and spading had a similar impact on soil strength in the top 30 cm, but shallow ripping
had no impact (Figure 1). The yield gains associated with reduced soil strength were an increase of
0.85 t ha-1 for deep ripping and of 0.4 t ha-1 for spading above the control (1.4 t ha-1). Spading resulted
in an establishment penalty, which may have contributed to the lower relative gains compared to
ripping.
Shallow ripping (20 cm) had no impact on yield.
Improved profile nutrition through either mineral nutrition with ripping, or incorporation of organic
matter through spading had contrasting effects. Deep placement of mineral nutrients, as nitrogen
alone or as a comprehensive nutrient package, had no effect on production above the physical impact
of ripping. All spaded treatments outperformed the non-spaded control, with the exception of the
spaded oaten hay which likely immobilised nitrogen. Incorporation of N rich organic matter (vetch hay,
chicken litter, compost) significantly increased yield (0.6 and 1 t ha-1), grain protein, and harvest
index. Ongoing monitoring (2018) will evaluate the continuing effects on penetration resistance,
nutritional legacy effects, rates of decomposition, and crop water-use. The impact on stubble returns,
second year profile N, and in-field rates of decomposition will be discussed.
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Figure 1: Profile penetration resistance (MPa) in a deep Tenosol of the Victorian Mallee: 1st panel = the average
(solid line) with the upper and lower range (grey) encountered across the site; 2nd panel = impact of shallow
ripping (20cm, square) and deep ripping (30 cm, diamond), relative to the control (triangle); 3rd panel = impact of
spading (30 cm, triangle), relative to control (square); where data were collected over 4 replicate plots, and bars
are a standard error.

Conclusions
First year results indicate that overcoming physical constraints through ripping or spading played an
important role in improving yield on a deep sand with high penetration resistance and poor nutrient
supply. Ripping through the layer of high penetration is important, while shallow ripping (20 cm) was
ineffective. Deep placement of fertiliser had no additional effect above the physical impact of ripping in
a season with a relatively dry finish. Spading of nitrogen rich organic matter resulted in the greatest
yield gains at the site. The one pass spade-and-sow approach resulted in rapid ground cover, but
establishment counts were lower and more variable compared to the no-till control.
Keywords: rotary spader, ripping, penetration resistance, root growth, broad-acre, soil constraints.
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Introduction
Soils with strongly sodic subsoils, defined as having an exchangeable sodium percentage (ESP)
greater than 15 % cover almost 6 million of the WA wheat belt (van Gool pers. com). When exposed
to rainfall, high levels of sodicity cause aggregates to disperse resulting in reduced water infiltration,
drainage, aeration, crop emergence and root growth (Cochrane et al., 1994). The combination of
impaired drainage and cyclical salt from rainfall has further resulted in the development of transient
salinity (Barrett-Lennard et al., 2016). The management of sodic soils requires knowledge of how
crops respond to sodicity, how sodicity and other soil properties effect dispersion and how to identify
dispersive soils in order to tactically remediate them where gypsum or other amendments are
required. This paper outlines the research being conducted in southern Western Australia to
investigate these issues.
Methodology
Soil and crop yield data was collected from Nth Ravensthorpe and Lake Grace. The soils are calcic
grey or brown Sodosols. Each of these sites had either a gypsum rate trial or a gypsum x tillage trial.
The Nth Ravensthorpe and lake Grace 1 sites are crop yield responsive to gypsum whereas Lake
Grace 2 was not. Soil samples were collected at three depths at 10 cm intervals to 30 cm. Samples
were analyzed for pH, electrical conductivity (EC), organic carbon (OC) %, prewashed exchangeable
cations and dispersion using a modified Emerson dispersion index (DI). An all subsets regression was
used to determine the strength of the relationships between DI and exchangeable sodium percentage
(ESP), EC, OC, Ca:Mg ratio, EC/ESP (Hulugalle et al., 2003), pH and Stability Index (Needham et al.,
1998). The Lake Grace sites were ground surveyed using electro-magnetic (EM) induction and
gamma radiometrics to produce EM0-50, EM0-300, and gamma potassium (K %), Thorium (Th ppm) and
Uranium (U ppm) paddock maps (Galloway 2014). Crop yields (biomass or grain) were collected in
the same location as the soil samples and converted into relative yields as a percentage of the
maximum yield. Soil properties for each site are shown in Table 1.
Table 1.

Soil properties for the Nth Ravensthorpe (n = 32) and Lake Grace (n = 30) sites including pH(CaCl2), organic carbon% (OC%),
electrical conductivity (EC dS/m) , exchangeable cations (cmol+/kg) , exchangeable sodium percentage (ESP) and dispersion
index (DI).
Site/Location
Depth
Texture
pHca
OC
EC
Exch
Exch
Exch
Exch ESP
DI
Ca
K
Mg
Na
Nth
10
Loam
Ravensthorpe
7.10
1.40
0.28
1.97
0.22
2.52
0.63
11.3
1.33
S33.4566
20
Loam
7.85
0.54
0.46
2.39
0.24
2.61
1.27
19.5
5.83
E119.7228
30
Loamy Clay
8.07
0.24
0.61
4.45
0.35
3.30
1.76
22.2
5.33
Lake Grace 1
S33.0896
E118.6821

10
20
30

Clay Loam
Clay
Clay

6.36
7.15
7.80

1.38
0.75
0.44

0.24
0.17
0.20

2.02
1.25
1.12

0.18
0.12
0.12

0.75
1.50
1.95

0.11
0.39
0.79

3.8
10.9
20.8

0.00
3.65
7.00

Lake Grace 2
S33.0931
E118.6756

10
20
30

Clay Loam
Clay Loam
Clay

7.04
7.75
8.11

1.43
0.83
0.51

0.12
0.14
0.17

10.33
12.58
11.85

0.88
0.62
0.46

3.21
5.68
6.99

0.13
0.41
0.71

1.1
2.8
3.8

0.00
0.50
1.00

Results
Relative yield declined with increasing ESP more so at the Nth Ravensthorpe site than Lake Grace
(Figure 1). The values presented suggest that the decline in relative yield is greater in southern WA
compared to previously published data (Rengasamy 2002). The lower yields with increasing ESP
found in this are attributed to the contributing factors of boron toxicity and transient salinity. Boron
levels exceeding 15 mg/kg were found at both sites while transient salinity (> 0.5 dS/m) was evident
at Nth Ravensthorpe.
Regression analysis between dispersion and soil chemical properties showed that exchangeable
sodium explained the most variation in dispersion at both sites with adjusted r2 values of 0.88 and 0.5
at Lake Grace and Nth Ravensthorpe respectively. Including all significant (P<0.05) terms from the all
subsets regression at Lake Grace (ESP, pHca, EC/ESP) increased the variation in DI accounted for
to 0.9. Similarly, including all the significant terms at Nth Ravensthorpe (ESP, pHca, EC) increased
the amount of variation in DI accounted for to 0.61. All other terms including OC, Ca:Mg ratio and
Stability Index, did not significantly account for any more of the variation in dispersion at these sites.
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Figure 1. Relationship between relative yield % and exchangeable sodium percentage (ESP) for the Nth Ravensthorpe and
Lake Grace sites.

Soil chemistry was able differentiate between soils that were crop yield responsive to gypsum and
those that were not at Lake Grace. Gypsum responsive soils had ESPs greater than 10, Ca:Mg ratio
< 1 and EC/ESP <0.02 within the 0 – 30 cm layer. From the geophysical survey, Gamma Thorium
and EC0-50 explained 62% of the variation in dispersion. Of the geophysical parameters, only
Gamma Thorium was able to differentiate between gypsum responsive and unresponsive soils at the
Lake Grace site.
Discussion and Conclusions
Sodicity is common in the wheat belt soils of WA and has a major impact on reducing crop yields.
The yield reductions resulting from sodicity in southern WA would appear to be larger than those
previously published. One of the reasons for this is the presence of boron and transient salinity at
levels that restrict plant growth within the subsoil. Dispersion was found to be mainly correlated with
ESP in the soils tested although pHca EC, and EC/ESP improved these relationships in terms of the
variation in DI accounted for. The values of ESP, Ca:Mg, EC/ESP that differentiated between gypsum
responsive and unresponsive soils are close to those previously published to assess dispersion from
other parts of Australia. However, the use of gamma Thorium to differentiate between soils
responsive and unresponsive to gypsum is new. The specific reasons for the greater differentiation
with Th compared to EM, gamma K and U are currently unknown but may be related to the degree of
decomposition of the granitic parent material (Cook et al., 1996). Further research is required to
assess whether this finding is site specific or more universal to other soil types and locations.
Keywords: Sodicity, gypsum, relative yields, dispersion, gamma radiometrics, Western Australia.
Acknowledgement: GRDC funding provided through project DAW00242.
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Introduction
Hostile subsoils occur across some 70% of the cropping soils in medium and high rainfall zones of
south-eastern Australia and significantly limit the yield of dryland crops. Recently, machinery to apply
high rates of organic matter into the subsoil by deep ripping has been developed to ameliorate poorly
structured subsoils. Despite the demonstrated step change in crop yields that can be achieved by this
management strategy, the local availability and high cost of suitable organic ameliorants delivered inpaddock resulted in poor adoption of this practice change. Therefore, a key research question is
whether farm-grown, nutrient-rich, organic amendments can ameliorate poorly-structured subsoils,
and associated constraints. A series of glasshouse and field experiments was established to
understand the amelioration process when nutrient-rich crop biomass materials are placed deeply in
dispersive subsoils.
Table 1: Chemical properties of amendments

Methodology
Controlled environment experiments
Four soils (Vertosol, Calcarosol, Sodosol and
Chromosol) were used in the temperaturecontrolled experiments in Wagga Wagga and
Horsham between January and April 2017. The
soils represent the major soil groups used for
grains production in the Medium and High
Rainfall Zones across the south-eastern region.
The exchange sodium percentage (ESP %) of
test soils was ranged from 2% to 12.5% at
depth of 200-400 mm and pHH2O from 8.5 to 9.0 at the same depth. A factorial design comprising nine
different ameliorant treatments comprising both organic and inorganic forms by four rates of
application were assessed viz. (Table 1): composted pig bedding litter, mulched bean stubble
(greenchop), wheat stubble, wheat stubble + nutrients, wheat stubble + greenchop, compost, poultry
litter (5, 10, and 20 t ha-1); gypsum (2.5, 5, and 10 t ha-1); NPKS nutrients (75, 150, 300 kg N ha-1; 31,
62, 125 kg P ha-1; 75, 150, 300 kg K ha-1, 31, 62, 124 kg S ha-1). A watering system was developed to
ESP (%)
evenly water the sodic clay subsoils. The
0
5
15
20
25
30
10
0
physiochemical properties of soils and crop
growth and
Control
ionic relations were analyzed.
10
20

Ripping

Depth (cm)

Field experiment
Deep pea+ gyp+ NPK
30
The field experiment was established on a
Deep gypsum
40
with highly dispersive-sodic subsoils at Rand,
(35°27’40’’S, 146°40’54’’E) on 2017. The soil
50
averaged 5.5 at 0-100 mm, and increased
60
to pH 8.8 at 400-800 mm. ESP increased
70
at 0-100 mm to 12% at 100-400 mm and 25%
80
mm. There are 10 core amendments in the
combination of nutrients, inorganic and
Figure 1: ESP (%) at depths of
materials as modified from the glasshouse
Sodosol
with
deep
placed
experiments. The experiment is a randomised
block design (n = 4). Crop agronomic performance was monitored.

Sodosol
NSW
pHH2O
with depth
from 4.2%
at 400-800
organic
complete

Results and discussion
Soil chemical properties- glasshouse vs. field
To assess the changes in physicochemical properties soil was sampled after six weeks of incubation.
ESP was lowered in both the Sodosol and Chromosol amended with gypsum, compost bedding and
wheat stubble at the amended subsoil layer. Similarly, in the field, %ESP was reduced from ~11% in
the control to 8-9.8 % with pea + gypsum + NPK at 20-40cm two months following the deep
placement of the amendments (Figure 1). Chemically-balanced organic amendments may enhance
structural properties of subsoil as well as improved nutrition, leading to increased root growth and
water use by crops (Fang et al. 2018 in this proceeding).
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Agronomic performance- glasshouse vs. field
In the glasshouse experiment, aboveground biomass was increased up to 20% in the Sodosol and
60% in the Chromosol compared to the unamended control when wheat stubble + NPKS, poultry litter
and NPKS was applied. However, biomass was reduced by 20% in the Sodosol and 40% in the
Chromosol compared to the unamended control when wheat stubble alone was applied. This may be
partly explained by N immobilization after the incorporation of the wheat stubble with high C: N ratio of
165.
In the field, for deep placed amendments, the yield of barley was increased with organic amendments
cf. the control on the ripping lines by 4-27%. The highest yielding treatments (Figure 2) were deep
pea + gypsum + NPK (6 t ha-1, 27% increase cf. the control), deep manure (5.9 t ha-1, 22% increase
cf. the control), and deep pea (5.8 t ha-1, 21% increase cf. the control). The lower yield following
surface pea application may be due to N immobilisation resulting from the high C: N ratio (i.e. 34) of
the pea cf. C: N ratio of 11 of the compost manure.
6

Yield (t/ha)

5

Rand, SNSW 2017, Barley LaTrobe
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Figure 2: Field experiment, Rand, NSW. Yield in all plots in t ha-1. For deep ripping amendments, yields from on (black) and off
(grey) ripping lines were reported. LSD0.05 was listed.

Conclusion
We show great potential in improving structure and crop productivity using deep placement of
manure, pea straw, and pea+gypsum+nutrients. The results from glasshouse and field experiments
suggest that high rates of nutrient-rich organic amendment will need to be added to achieve
significant on-going crop yield responses. The crop response in dispersive subsoils in the short-term
(i.e. eight weeks) was largely driven by nutrient response. Our results also suggest that C to nutrients
ratio is a critical factor in ameliorative potential of amendments.
Key words: chemicophysical constraints, deep ripping, organic amendments, sodicity, dispersion
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Introduction
The Mulloon Community Landscape Rehydration Project is a whole of catchment study monitoring the
hydrological, biological and pedological effects of rehydrating a farming landscape. This study
compares sites at properties with differing land use and management strategies in the Mulloon Creek
catchment, NSW. Assessing landscape functionality pre (baseline) and post (pilot project 2007)
rehydration implementation. Differences in soil characteristics and permeability are cross-referenced
with Landscape Function Analysis to indicate landscape health and productivity. Cattle and sheep
grazing is the main land use, with some properties having pastured chickens or other mixed land use.
Land management practices include conventional and time management grazing, organic, and
holistic methods aiming for full pasture recovery.
Methodology
Fourteen Landscape Function Analysis (LFA) monitoring transects (approx. 50m in length) have been
established across six properties in the Mulloon catchment, most having multiple assessments. The
LFA method (Tongway 1994) provides an analytical breakdown of the functionality between plants
and soil surface to provide a quantitative measure of soil infiltration, stability and nutrient cycling
components. LFA thus provides a score for functionality and an indicator of landscape productivity.
Sites selected are located in the floodplain zone, the most productive zone for all farms in the study.
At each LFA transect a soil profile was examined (midway along the transect). A hole 100mm in
diameter was augured to maximum depth of 1.7m depending on the depth to bed rock. Cored
material was sequentially laid out on a plastic sheet to enable field characterisation and horizon
identification. Taxonomic classifications were conducted in the field according to Australian Soil
Classification (Isbell, 2002). Soils were described using field tests for soil texture, gravel percent, pH,
soil aggregate stability (Emerson aggregate test (Emerson, 1967)), soil colour (Munsell soil colour
charts (Munsell, 1954)) and horizon depths. Photos of each site, surrounding vegetation cover, the
soil profile and the Emerson aggregate tests were taken.
The soil profile description was used to identify the location of surface and subsurface layers for
subsequent measurements of surface infiltration using a disc permeameter (White 1989) and subsurface permeability using a tube-well permeameter (Talsma 1980).
LFA measurements, soil profile characterisations and permeability measures through the soil profile
were then combined to assess any difference due to land use and management, and the rehydration
pilot project at Mulloon Creek Natural Farms (2007). Sites were located in the floodplain zone of
permanent and ephemeral creeks.
Results
Results from the LFA assessments for 6 properties indicate differences between land use and
management practices when compared at similar locations in the landscape. Sites 1 to 4 in Figure 1
have the lowest indices for infiltration and nutrient cycling, these utilise conventional farming practices
with cattle and some sheep grazing. Sites 8 to 12 have the highest indices for infiltration and nutrient
cycling, these utilise holistic organic grazing management with cattle, and pastured chickens with
cattle grazing (11 & 12). Due to extended dry conditions, management of these 3 properties have
reduced stock numbers in the past 6 to 12 months. Site 9 & 10 are the only sites to have extensive
rehydration works (2007 leaky weir pilot project) to encourage greater soil water availability. Sites 5 &
6 (organic timed grazing) are recovering from a fire in 2016 (destocked and chicken manure compost
applied). Site 5 & 6 are positioned on a less extensive and mature floodplain of Shiel Creek, an
ephemeral tributary to Mulloon Creek. Stability is moderate to good for all sites, with sites using
holistic grazing management indicating higher stability levels related to area of mature tussocks and
litter availability and incorporation into soil surface.
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Currently the data from the soil profiles and disc permeameter, and tube-well results are being
collated. The results from the soil profile and permeability measurements will also indicate any
underlying differences in LFA scores and observed differences in the vegetation and soil surface
related to productivity.

Figure 10: Landscape Function Analysis floodplain site transects indices

Land use and management category for site number depicted in figure 1: conventional grazing (1 &
2); conventional time grazing (3 & 4); organic timed grazing (5 & 6); holistic organic grazing (7 & 8);
holistic organic with leaky weirs (9 & 10); holistic organic pasture chicken with beef grazing (11 & 12).
Discussion
Landscape Function Analysis provides a methodology for assessing landscape functionality of the soil
surface and vegetation components that are primary zones of productivity and importance for land
managers. The analysis of the soil profiles and measurements of permeability at the surface and in
the sub-soil provide more information about what is occurring in the deeper root zone and beyond that
may be limiting or encouraging vegetation growth and productivity. Combined, these results provide a
very good assessment to differentiate land use and management impact on soils. Highlighting this
information to land managers provides an understanding of how land use and management can have
a negative or positive effect on the soil, vegetation and productivity. Rehydration works can
compliment the soil regeneration process and increase water availability accessible to the roots of
plants.
Conclusion
LFA results provide evidence indicating there is significant effect on the landscape relative to land use
and management. Landscapes that have mature stands of perennial pasture and encourage high
litter levels, have an increased ability to protect and build soil and trap resources, particularly water,
increasing growth and productivity. If managed well these activities will continue to improve
functionality and productivity. Conversely, landscapes lacking mature perennial pasture and litter have
reduced capacity to retain resources, resulting in reduced functionality and productivity. Increasing
landscape functionality builds resilience to challenging seasonal conditions.
Keywords: Land Function Analysis, soil infiltration, productivity, land management, Mulloon Creek.
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Introduction
Since about 2004, significant areas of prime mallee farmland have become non-arable owing to seep
formation and soil saturation. This is occurring in mallee districts with sandy mallee soils (sandy
Tenosols-Calcarosols), as well as sand-over-clay soils (sandy Chromosols-Sodosols) and deep
bleached sands (sandy Tenosols) on Eyre Peninsula, Yorke Peninsula, the SA Murray Mallee, and
Victorian Mallee (Hall 2017, McDonough 2017).
Seep formation is the result of ‘mallee dune seepage’ and
landscape water imbalances. It is occurring in what are
regarded as low-moderate rainfall cropping lands, which
include some of the driest successful dryland cropping districts
in Australia and the world. The appearance of seeps has,
therefore, been both unexpected and, to many land managers,
inexplicable.

Murray Mallee to determine
amelioration
and
agronomic
water use and soil moisture
seepage), test strategic plantings of
and perched groundwater.

Methods
Comprehensive investigations, monitoring and field trial work
have been undertaken
Figure 11: The main risk areas for mallee dune at four subcatchments
seepage and the formation of seeps in South
Australia shown on a map highlighting Land in the southwest SA
Types (Hall et al. 2009), with mallee sand processes, test soil
districts outlined in red and bleached sand practices that increase
districts outlined in orange.
storage (and so reduce
high-water-use perennial plants, and monitor both soil moisture

Investigations include soil characterisation, deep drilling, characterisation
of regolith, plus land unit mapping. Monitoring infrastructure (piezometers,
soil moisture probes, rainfall loggers) has been installed. A farmer survey
has also been conducted.
Results
Processes involved in seep formation have been established at
investigated subcatchments: (i) drainage of excess soil water below the
rootzone; (ii) formation of perched groundwater upon underlying restrictive
clay; (iii) seepage of perched water along the clay; (iv) the formation of
seeps where the restrictive clay is within approximately 1–3 m of the land
surface.
Figure 2: The main risk areas
for mallee dune seepage and
the formation of seeps in
Victoria (outlined in red) shown
on
a
map
highlighting
Geomorphic Units (Victoria
Resources Online).

events, with as little as 10
sands. Of 79 farmer
mallee and SA Murray
about economic losses
problem (McDonough 2017).

Monitoring well data shows rises in perched
groundwater with both summer (under dry
stubble) and winter (under crop) rainfall
mm causing watertable rise under poorer
survey respondents from across the Victorian
Mallee, a staggering 85% were concerned
caused by seeps and see it as a growing

Discussion
Soil profile indicators (chemical and morphological) show only minor-moderate seepage of water
along clay loamy to clayey subsoils, with the majority of excess water draining downward through the
soil. Drilling highlighted the presence of Blanchetown Clay at depth, and a saturated perched
groundwater zone directly above this material. See
Figure 4.
Changed farming practices are the likely cause of the
dramatic increase in seeps – i.e. the move to
Figure 3: A large seep area – with no crop growth owing
to soil saturation – on a slope near Karoonda. Cereal
crop can be seen either side of the seep in the
background.
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continuous cropping and much-improved summer weed control, resulting in decreased annual water
use by subcatchment plants and increased drainage. This in turn leads to increased formation of
perched groundwater and seepage, and an increase in extent, distribution and severity of seeps
(discharge areas).
Degradation of seep areas (erosion and increasing surface salt levels) is a significant issue. Providing
cover (e.g. using waterlogging tolerant species) is the key to minimising soil exposure and
evaporation. Additional deep drainage and recharge into regional groundwater also risks increased
salt discharge into the River Murray.
Seep formation is a symptom of a much larger issue – i.e. less-than-optimal overall water use by
productive plants. In similar areas not underlain by
Blanchetown Clay or equivalents, a comparable loss
of water no doubt occurs, but with no surface
expression.
Trial work testing soil amelioration with clay and/or
organic matter shows great promise for improving
crop water use and productivity, and so reducing
drainage and seepage. But improving winter crop
performance alone is not likely to be enough. Better
overall water use could be achieved via the strategic
utilisation of deep-rooted perennials (e.g. lucerne), as
well as strategic incorporation of summer cropping
into farming systems. The best opportunities for
summer cropping are on deeper sands and Figure 4: Mallee dune seepage – stratigraphy and where
perched groundwater can be beneficially hydrology showing seepage and perched groundwater
upon Blanchetown Clay surface together with a seep –
accessed by crop roots over summer.
based on a toposequence at Kulde (Wynarka West).

From Hall 2017.
Conclusion
There are economic, social and environmental consequences of the inadequate subcatchment water
use highlighted by the formation of seeps; the foremost of which is the opportunity cost associated
with lost potential productivity and income to South Australian and Victorian farmers and communities.
It has been estimated that the cost of lost production from seeps alone is $100 million over 10 years
across the Victorian mallee and SA Murray Mallee (McDonough 2017); whereas an additional $250
million estimated return is possible over 10 years if only an extra 10 mm of water currently ‘lost’ to
drainage were utilised in crop production (Hall 2018). Water balance and economic spatial modelling
of farming systems – with a focus on matching land use and management to land type – are required
to guide farmers toward increased farm water use, as well as increased profitability and sustainability.
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Introduction
Soil compaction is a well-known risk with most cotton soils and can have significant consequences for
productivity. Research and extension through the 1980’s and early 1990’s focused on avoiding land
preparation under incorrect soil moisture conditions, the effect of in-season field traffic, identification
of compaction problems and the removal of compaction by deep ripping or the use of rotation crops
(Daniells, 1989; McGarry and Chan, 1984; Hulme et al. 1991) However, cotton production has
changed dramatically, not just in the varieties grown, but also the equipment used. New equipment,
such as the new round bale pickers, offer significant benefits in terms of timeliness and efficiency of
operations and this has resulted in rapid uptake across the industry during the 2010/11 season.
These new pickers are far heavier (32 t) than basket pickers (18 t). This substantial increase in weight
raises the question ‘what implications does this have for compaction and will our current harvest and
rotation strategy be sufficient to manage any damage that does occur’? To begin to answer these
questions we measured the strength of soils before and after they were driven over with empty or fully
loaded pickers in a cotton field during the last weeks of the 2010/11 cotton season.
Materials and methods
Soil strength (to 0.6 m) was measured with a recording penetrometer across eight or twelve rows
depending on whether a four or six row picker was being assessed: basket picker 4 rows, round
module picker 6 rows). To ensure accuracy and consistency of measurement we modified a hand
held penetrometer unit by building a frame and attaching a battery driven ram which pushed the probe
into the soil at a constant rate. The unit automatically recorded depth using an ultrasonic sensor and
force with a load cell. Soil samples were also collected at the time of traffic so we could assess soil
moisture. The pickers also were weighed empty and full to determine axle loads. The basket picker
ran on single wheels, with the round module picker on dual wheels on the front axle. It is not possible
to make direct comparisons between the round module picker and basket picker as both were not
operating in the field at the same time. Details of the soils, pickers, soil water content at the time of
traffic and the corresponding soil plastic limit (PL), wilting point (WP) and drained upper limit (DUL)
are given in Table 1. The round module picker was twice the weight of the basket picker. To estimate
potential yield loss due to compaction the uncalibrated (for cotton) model of Arvidsson and
Håkansson (1991) was used.
Results
Measurements taken at a site at Hillston are presented as a typical example of the change in soil
cone index after traffic by cotton pickers. At the sites sampled we found soil strength profiles changed
after traffic compared with before traffic with greater changes being measured under fully laden
pickers compared with empty pickers. The soil moisture profile was wetter on the round module picker
site than the basket picker site while the profile plastic limit was higher for the basket picker site. The
contour lines in the soil strength profiles indicate soil strength, where the <= 2000 kPa lines indicate
soil with low strength where roots will grow while strengths > 2000 kPa indicate zones where roots will
experience difficulty in penetrating the soil. After traffic, higher soil strength occurred closer to the soil
surface under both pickers, with columns of higher strength developing under the round module
picker being more evident than for the basket picker. Picking under wet soil conditions by both
pickers’ results in a yield (0.5 -1.8 bales/ha) and economic loss ($500-$550/ha) to growers. The loss
depends on whether the soil is uniformly wet or dry at the time of picking with minimal loss under dry
soil conditions at picking.
Discussion
At both sites there was a degree of compaction before harvest. Soil strength profiles before traffic are
the result of previous operations; such as listing, fertilizer application, sowing and other operations
and exhibit a degree of variability reflecting the variation in soils and soil water at the time of
trafficking. Before traffic the zones with higher soil strength were generally deeper at all sites while
after picker traffic these zones encroached closer to the soil surface. The change in soil strength has
implications for root growth of the next crop and crop performance. Bennett et al (2017) compared a
standard round module picker with a modified (CTF) round module picker and determined that
compaction under both machines occurred to a depth of 80 cm confirming the work reported here.
The major benefit of the modified machine was the 50 5 reduction in wheel tracks. Restricted root
growth limits water and nutrient uptake by the plant and ultimately final yield. Resource use efficiency
will be impacted as growers compensate by increasing fertilizer application and frequency of applying
irrigation, which can have environmental repercussions. Nevertheless the difference in changes in
strength seen between picker types on soils with similar soil moisture content signals a risk.
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Conclusions
In-field traffic by both round module and basket pickers result in an increase in soil strength both near
the surface and at depth. The module picker generates columns of high soil strength corresponding to
wheel position. A simple traffic model provides an indication as to potential yield and economic loss to
growers. Growers should attempt to harvest cotton under dry soil conditions.
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Table 1. Soil and picker parameters for both sites at Hillston
PSA
Picker
Weight (t)
Clay
35
45

Silt
25
25

Empty
32
16

RMB
Basket

Full
37
20

Profile water
(%)

PL

WP

DUL

19
23

17
22

13
13

36
36

Figure 1 Soil strength before harvest and after harvest with a round module and basket picker at Hillston.
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Introduction
Cotton is a relatively sensitive plant to soil compaction and research suggests that soil strength higher
than approximately 2 MPa can decrease root growth (Taylor and Ratliff, 1969). Above this soil
strength, water and nutrient intake by the plant will be effected, which then decreases the potential for
crop performance (yield). The compaction of soil is driven by soil moisture, clay content and soil
strength preceding traffic (Saffih-Hdadi et al. 2009). A John Deere 7760 cotton picker was used in
multiple configurations to determine which systems performed better than others in terms of soil
compaction. Systems included decreased tyre pressure and controlled traffic farming (CTF) and nonCTF systems.
Methodology
This study was conducted on a commercial farm located in Jimbour, Queensland, which has
implemented CTF management for the past 15+ years over a Black vertosol. Soil moisture was
increased to field capacity (to a depth of 80cm) by uniformly applying water using an irrigation grid.
Once field capacity moisture content was achieved, the soil was trafficked using a JD7760 cotton
picker. Dual front and single rear tyre sizes were 520/85R42-R1 and 520/85R34-R1 respectively and
were inflated to the manufacturers recommended tyre inflation pressure (front: 0.25 MPa, rear:
0.32MPa). Tyres were then tested at 50% of the manufacturer’s recommended inflation pressure,
which was used to simulate a low ground pressure system. A modified CTF JD7760 cotton picker was
utilised as a comparison to the conventional dual wheel picker. The CTF machine was set up with
single front and rear tyres (front: 620/70R42, rear: 520/85R34-R1) that were used at manufacturer’s
recommended tyre pressure (front: 0.34 MPa, rear: 0.32 MPa).
Transects perpendicular to the travel direction of the picker were established to incorporate both
trafficked and non-trafficked soil. Soil pits were excavated along the chosen transects in order to
measure the soil strength, which indicates the maximum strength that can be applied to a soil before
permanent plastic deformation is observed (Franti at al. 1985). Measurements were taken on the pit
face 10 cm apart, laterally and at depth (to a depth of 80 cm). A profile-meter was used to measure
the rut created by the different picker systems, using the method outlined in Vero et al. (2014).
Results and Discussion
Figure 1 shows the results obtained from the shear strength test using the shear vane. Tyre
configuration contribute to significant differences (p<0.05) between shear strength measurements.
Wheel rut centreline shear strength results from the permanent traffic lanes (single wheel picker) were
higher (p<0.05) than the dual wheel picker. This is expected because the permanent traffic lanes are
exposed to many more passes, compared to the system that the dual wheel picker utilizes.
Manufacturer’s recommended tyre pressure for the dual wheel picker resulted in a higher shear
strength than tyres with reduced pressure.
The single wheel CTF machine was passed over a non-wheeled soil to compare shear strength with
the permanent lanes. It was found that this resulted in both the permanent and non-wheeled soil
having similar shear strength measurements, which infers that most of the potential traffic-induced
compaction can occur after a single traffic event (Fekete, 1972; Raghavan et al., 1976; Raper, 2005).
As depth increases below 40 cm, tyre inflation pressure has a relatively lower effect on shear strength
due to the high axle load (Raper, 2005a-b). Tyre inflation pressure did not influence shear strength
measured at the machine centerline (between wheels). Lateral soil displacement was then only
significant near the tyre edge, as supported by previous studies (Vero et al. (2014)).
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Figure 1. The effect of tyre configuration and tyre inflation
pressure on soil strength following traffic with a JD7760
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at Standard inflation pressure, while in the top-right
inflation was at 50%, while the bottom-left is the CTF
machine at full inflation driven over permanent traffic
lanes, and with an extra pass performed to determine the
effect of this tyre configuration on previously nontrafficked soil, which is denoted by the ‘single pass’
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Introduction
Soils in the irrigated areas of the Riverine Plain of the Murray and Murrumbidgee valleys are known to
have dense sub-soils with low final infiltration rates. Whilst these soils are well suited to growing rice,
restricted infiltration and low available water holding capacity present difficulties for other crops. This
experiment investigated the nature and extent of the problem.
The non-limiting water range (NLWR) concept (Letey, 1985) was used to assess the effect of soil
structure on crop growth due to its simplicity and ease of measurement at crop monitoring sites. While
) was used because it
soil water content was suggested by Letey (1985), soil matric potential ( m
provides a measure of both aeration status and plant water stress, and does not require calibration for
different soil types. The relationship between PR and 
m defines the soil strength characteristic
(Hignett, 2002).
Methodology
Matric potential ( m
) and cone penetrometer (PR) readings were made at 0.03, 0.15 and 0.3 m over a
range of moisture contents under irrigated wheat crops during 2015 and 2016 at 23 sites in the

irrigation areas of the Murray and Murrumbidgee valleys. The PR readings were correlated with m
readings obtained from Watermark™ sensors attached to a data logger.
Results
Most soils fitted a common PR-m relationship at the 0.03 and 0.3 m depths (blue closed circles in
Figure 1). This common group comprised 20 of the 23 sites and included all soil types commonly
found on the Riverine Plain: red chromosols; red, brown and grey sodosols; grey, epipedal vertosols;
and grey, self-mulching vertosols. The soil at 3 sites, all self-mulching vertosols, was markedly
different, having a lower PR across the range of ψm measured at all 3 depths, as well as a lower rate
of increase in PR with increasing ψm at the 0.15 and 0.3 m depths (green triangles in Figure 1).
There was a clear difference between the duplex soils (chromosols & sodosols; open blue circles in
Figure 1 middle) and the uniform clays (vertosols; closed blue circles and green triangles in Figure 1
middle) at the 0.15 m depth. The duplex soils had a zone of very high soil strength at 0.1-0.15 m,
whereas the vertosols did not. Soil strength in the duplex soils increased more rapidly in this zone
than in the rest of the profile when they dried, whereas in the vertosols it increased more uniformly
through the profile (Figure 2).
Discussion
Aeration in soils is considered limiting at m
> -10 kPa (Dexter, 1988) and irrigation should be applied
to obtain maximum yields of cereals when 
m at the bottom of the active root zone (i.e. 0.3 m)
reaches of -60 kPa (Haise and Hagan, 1967). Furthermore, very few roots are able to penetrate a soil
when PR > 2.4 MPa (Hazelton and Murphy, 2016). Based on these criteria, 85% of the sites tested in
this survey had a NLWR restricted by high soil strength at 0.15 and 0.3 m.
Crop root growth through these soils is only likely to occur when they are fairly moist. This may not be
a problem for winter crops, as active root growth occurs under conditions of higher soil moisture and
lower evaporative demand. However, summer crops are likely to experience a period of low root
growth during every irrigation cycle as PR at 0.15 and 0.3 m in these soils becomes limiting well
before the -60 kPa irrigation trigger point is reached at the 0.3 m depth.
Conclusions
Roughly 85% of sites investigated had soils in which PR would inhibit root growth before the
recommended irrigation trigger point of -60 kPa at 0.3 m depth. This highlights the prevalence of hard
sub-soils in all soil types commonly found under irrigated systems in southern NSW. The impact of
this on productivity, its cause, and possible solutions requires further investigation.
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Figure 1. Soil penetration resistance at 0.03 m (left), 0.15 m (middle) and 0.30 m (right), obtained over a range of matric
potentials during 2015 and 2016, at 23 sites under irrigated wheat in the Murray and Murrumbidgee valleys. Sites have been
seperated based on response of penetrometer resistance to matric potential. The horizontal dashed line indicates the soil
strength at which root growth is limited (2.4 Mpa). The vertical dashed lines indicate the drained upper limit (-10 kPa) and the
matric potential at which soil strength became limiting for the “best” soils (i.e. three sites with vertosols).

Figure 12. Soil penetration resistance in a grey, epipedal vertosol (left) and a red, subnatric, sodosol (right)
showing changes in soil strength with wetting and drying.

Keywords: matric potential, penetration resistance, non-limiting water range
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Introduction
Soil constraints, such as compaction, water repellency and organic matter deficiency, limit crop
productivity by reducing crop establishment, restrict root development into the subsoil and limit the
capacity of crops to uptake water and nutrients (DPIRD, 2018). In order to overcome these
constraints in the soil, whether they are physical, biological or chemical, a wide range of agricultural
machines/tools are often used to achieve loosening, incorporation of amendment and mixing of
surface applied products. Addressing different soil constraints requires the selection of different
machines/implements which each have a specific function and interaction with the soil. However,
physically testing the performance of each machine is costly and time consuming and can only be
performed at certain times of the year. If the soil-machinery interaction can be accurately represented
using computer simulations, different operating conditions can be tested without the need for such
field tests.
Methodology
With the advancement of computer processing power and software development, discrete element
method (DEM) a dis-continuum numerical modelling method has become popular to simulate soil-tool
interaction. Recent studies by Ucgul et al, 2017 showed that by using DEM, tillage forces and soil
movement can be accurately simulated for a range of soil manipulating tools. In this study three
different agricultural tools used for addressing constraints and ameliorating the soil have been
analysed at different operation depths and speeds using DEM. The tools used in the study were a
mouldboard plough for burying water repellent top soil, a rotary spader for mixing surface applied
amendments and deep rippers with inclusion plates for soil loosening and top-down surface layer
incorporation. These simulations all used a calibrated soil and the results were validated against soil
bin or field tests.

(a)

(b)

Figure 13. Mouldboard plough (a) field tests (b) DEM simulation

(a)

(b)

Figure 14. Rotary Spader (a) field tests, (b) DEM simulation
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(a)

(b)

Figure 3. Deep Ripper with Inclusion plate (a) soil bin tests, (b) DEM simulation

Results and discussion
Results of the study have shown that increasing the speed reduces (1) water repellent top soil buried
by mouldboard ploughs, (2) uniform mixing capability of the rotary spader and (3) top-down organic
matter incorporation with inclusion plates. Additionally, increasing the depth of operation does not
significantly (1) increase the water repellent top soil buried by a mouldboard plough, (2) improve the
soil mixing (by rotary spader) and (3) increase the top-down organics matter incorporation with
inclusion plates.
Conclusion
Computer simulation methods such as Discrete Element Method can be used to understand the
operation of many tools that are currently being used to overcome soil constraints in Australian
farming practices. Future work will focus on investigating more machines under different operating
conditions in different soil types.
Keywords: Discrete element method (DEM), mouldboard plough, rotary spader, inclusion plate, soil
constraints
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Introduction
The detrimental effects of soil compaction (e.g. Hamza and Anderson, 2005; Lipiec and Hatano,
2003), and the comparisons between controlled traffic farming (CTF) and conventional systems (e.g.
Li et al., 2007; Hao Chen et al., 2008) are well documented. This body of work shows that in many
environments growers who adopt full CTF systems gain both direct benefits, such as increased yield
and reduced input costs, as well as system benefits including better timeliness of operations. Impacts
of trafficking on soil compaction are, however, varied and difficult to predict, and even more so for
yield responses. Causes for variation can be attributed to a complex mix of: initial conditions, soil and
crop type, soil water content when trafficking occurs, and the frequency, axle load, and tyre pressure
of the trafficking vehicles.
Adoption of CTF in the low rainfall zone (LRZ) of south-eastern Australia is below 10% of grain
growers compared to over 40% in several other Australian regions (Umbers, 2017). This may be
because much of the reported work on the benefits of CTF has been from higher rainfall zones with
different cropping environments to the LRZ. Many LRZ soils are coarse textured, easily erodible and
have constraining subsoils, with no mechanisms for natural self-repair. Yet, in terms of both area and
grain production, the LRZ is a very significant part of the south-eastern region of Australia. If CTF
could lift yields across half the estimated 5 million hectares of cropping area of the LRZ by 0.25 t/ha,
this would produce more than 0.6 Mt of grain annually, or an extra 2% of national production with a
farm gate value of $187 million per annum. For these reasons, GRDC initiated and co-funded a
project to evaluate the potential benefits of CTF in the LRZ of south-eastern Australia. A major activity
of this project was monitoring crop performance and soil condition following increasing levels of
trafficking in four representative environments of the LRZ.
Methodology
Four sites were selected on important soil types for the LRZ. The sites vary in clay content from a
sand to a sandy-clay-loam in the 0–10 cm depth and from a loamy-sand to a clay in the 30–50 cm
depth. Long-term growing season rainfall varies across sites from 196 mm to 274 mm and long-term
annual rainfall varies from 270 mm to 424 mm. Three different trafficking treatments were imposed
across these four sites by varying the number of trafficking passes under different soil water contents.
At each site the maximum axle weight available (8–24 t) was used to traffic plots with increasing
compacting potential from: i) one-pass (overlapping) in dry conditions to ii) one-pass (overlapping) in
moist conditions to iii) three-pass (overlapping) in moist conditions. The water content at the time
treatments were imposed was dependent on the natural rainfall at the time and optimal soil water
contents for maximum compaction were not necessarily achieved. However, moist treatments were
generally imposed after approximately 15–20 mm of rainfall in the previous 2–3 days. In addition to a
control treatment, a ripping treatment was also included at most sites to represent a soil compaction
amelioration process. Each plot was at least 3 m wide by 40 m long and each treatment replicated
four times in a randomised complete block design. All in-season operations were carried out by the
farmer identically to the remainder of the paddock.
Results and discussion
Cereal crops have been monitored over two seasons and a range of soil properties measured. The
sites and seasonal conditions have been quite different and results presented provide an example of
some of the treatment responses found. Despite the paddocks having been in CTF for several years
prior to the trials being instigated, and generally the growers believing there had been improvements
in soil health, when the paddocks were compared to adjacent non-agricultural sites using
penetrometer resistance, it was apparent that the sites still showed severe historical compaction.
Trafficking treatments varied in the depth and severity of their impact at each site. Generally only the
moist treatments showed changes in soil condition, and these varied from only surface effects at two
sites to slightly deeper though smaller effects at the other two sites. Despite some quite large
differences in apparent penetrometer resistance, especially for the most severe trafficking treatment,
soil water release characteristics showed only minor differences which were most apparent in the
saturated soil water values.
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Only one site showed a consistent yield decrease (P<0.05) due to trafficking in both seasons, and this
was only for the most severe trafficking treatment. Whereas, the least severe treatment (dry onepass) had no statistically significant negative impact on yield at any site in either season. In the
season after treatments were imposed, the most severe trafficking treatment resulted in a 5 to 40%
decline in mean yield (140 to 1030 kg ha-1) across all sites, which were statistically significant at 3 of
the 4 sites (P<0.05).
Trafficking is generally thought to have negative impacts, except when improving soil-seed contact or,
under some circumstances, reducing water loss from evaporation. Yet trafficking treatments in this
study have sometimes resulted in yield increases (P<0.05). At one site all treatments had higher
yields than the control which may have been due to a lower incidence of Rhizoctonia in the trafficking
treatments. At another site, very wet conditions in one season resulted in higher yields compared to
the control in trafficking treatments.
Conclusions
The lowest level of trafficking (one-pass dry) did not affect soil physical conditions nor crop yields.
However, these trial paddocks still showed levels of historical compaction and therefore the lowest
level of trafficking might not be expected to result in further measurable compaction. This might not be
the case if greater remediation of the soil has occurred either through natural or mechanical means.
The highest level of trafficking in this experiment further damaged these soils, an effect which
persisted over several seasons on at least one site. Yield increases are possible in the low rainfall
zone if the adoption of CTF restricts repeated wet trafficking to a smaller proportion of the paddock.
However, reducing those operations carried out on historically compacted dry soils to a small
proportion of the paddock is unlikely to improve crop productivity. In contrast to higher rainfall zones,
the soils in the LRZ are drier for longer periods and therefore, until economic amelioration of soil
compaction occurs, the benefits of reduced trafficking from CTF are likely to be lower than other
regions. Some positive yield increases were also found at some sites which illustrates that our
understanding of how trafficking impacts soil conditions and yield requires further work.
Keywords: Compaction, density, water release characteristics, penetrometer, trafficking
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Introduction
Soil compaction is caused when soil particles pack closely together to create a dense layer in the soil
profile, decreasing pore space and increasing the soils bulk density. Soil needs adequate macropores
so roots can access air, water and nutrients, and soil biology can be housed. Compaction is estimated
to cost over $850 million per year in lost production in Australian agriculture (Walsh 2002). Under
‘conventional’ farming systems, heavy machinery is driven across the paddock during sowing,
spraying and harvest, where unmatched widths of machinery can result in up to 50% of the paddock
being tracked each year (Tullberg et al., 2007). Controlled Traffic Farming (CTF) systems use
matched machine working and wheel gauge widths to restrict all heavy traffic to permanent,
compacted lanes, which reduces the area trafficked to 10-15% and reduces soil compaction across
the paddock.
These CTF systems are used for almost 30% of all Australian grain production (ABS, 2017), but is
less than 6% in the southern low rainfall zone (LRZ) region. Now into its fourth and final growing
season, the Grains Research and Development Corporation (GRDC) co-funded project, ‘Application
of CTF in the LRZ’, has been developing activities and extension programs, targeted at answering
questions being asked by growers about the practicalities and economics of CTF in this LRZ.
The project is combining the use of research sites [Minnipa SA (calcareous red sandy loam), Swan
Hill VIC (sandy loam), Lake Cargelligo NSW (red brown earth) and Loxton SA (deep sand)],
development activities, as-well-as digital and traditional extension services, to gain new knowledge
about the practice of CTF, investigate the impact of machinery traffic on soil compaction on lighter
soils and to determine whether CTF is a suitable practice in the LRZ in this region.
Methodology
One of the first activities was a survey of growers’ attitudes and barriers to adoption, to which >200
responded. This data was used to inform 19 different development activities that were established by
the project team and the five partner Farming System Groups (FSGs). Some of these activities have
been replicated across all FSGs and multiple years of the project. At the project’s completion, the
entry survey will be repeated, and will identify any changes in the LZR farming community and their
attitudes to CTF adoption. A summary of the project results will also be produced.
Results and discussion
The results of the research and demonstration activities have been extended through a variety of
channels. This includes one television interview, one radio interview, 14 written articles, 36 workshops
and field days (attended by over 2,350 landholders), two webinars, four written case studies and two
videos for YouTube. In addition, the project also established a community of practice with 792
followers through the use of a twitter account (@CTF_Grains), that have made 224 promotional
tweets to date.
This combination of research, development and extension delivery methods has been one of the
highlights of the project that has given such a high level of landholder engagement. The projects
reliance on the five partner FSG’s has been key, in not only the extension of material, but the
undertaking of regionally specific development activities and validating observations in their local
area. Standout development activities thus far, have included:
CTF Calculator http://www.ctfcalculator.org/
One hundred farmers participated in an analysis of their paddock traffic patterns. They provided
information on machinery wheel alignment which, with the CTF calculator, provides an estimate of the
percentage of a paddock area affected by wheel traffic. Figure 1 is an example of the information
farmers received, in this case indicating 24% of paddock area was heavily trafficked.
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Figure 1. CTF calculator report on estimation of wheel traffic across a paddock

On/off wheel track plant sampling
Forty six sites, equalling 460 plant cuts on wheel tracks verses off track have been taken across the
five FSG areas. Thirty six of these were used in data analysis which demonstrated a 16% increase in
grain yield when measurements are taken off a wheel track compared to on a wheel track. It can then
be surmised that if trafficking is reduced from 40% to 15% of a paddock in a CTF system, this could
equate to a 4% increase in yield across the entire paddock.
Digital Cone penetrometers
The penetrometer records soil resistance at regular intervals as the shaft is pushed into the soil. This
provides insight into how compact a soil is down the soil profile, reflecting the constraints roots might
encounter. Figure 2 is an example of interpreted data collected from the penetrometer along a
transect. Values within specified ranges are clustered and represented by different colours. At the
one meter distance, coinciding with a wheel track, a spike in resistance is observed, indicating greater
compaction. This tool has enabled landholders to feel (when the penetrometer is inserted) and
visualize (with graphs and soil resistance transects) soil compaction.

Figure 2. Soil resistance measured using a digital cone penetrometer
Energy reductions in CTF systems
A tillage energy unit with four identical instrumented tines was used at four LRZ sites (deep sands to
sandy loams over clay) to assess traffic effects on seeder draft, and a pullmeter was used to assess
rolling resistance effects. The results demonstrated a mean wheel track tine draft increase of 9.6%,
and a mean reduction in rolling resistance of 25%. Both CTF effects were smaller and more variable
than those found in clay soils of QLD. This reduction in energy use can lead to fuel saving in CTF
systems.
Where to next?
CTF and deep ripping: Following a small-scale trial suggesting large benefits of deep ripping, five
ripping trials this season will test deep ripping effects (25 cm to 50 cm depth), and their longevity with
and without CTF. Soil Biology in CTF systems: Two of the research sites in the project will undergo
analysis for the impact of CTF and compaction on soil biological communities. Case Studies: Four
case studies have been produced looking at farmers converting to CTF systems, the benefits and
drawbacks. There will be a further 10 case studies developed in the final year of the project.
Conclusions
Through development and extension programs, and supported by research, this project has been
able to address questions surrounding CTF systems and their place in the southern LRZ. One of the
most significant gains for the farming community has been the increased awareness of the amount of
land that is trafficked in conventional, guidance and CTF (partial and full) systems, reflecting the
amount of soil being exposed to compaction. The project will conclude in June 2019.
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Introduction
Understanding the interaction between loading characteristics of agricultural machinery and soil
moisture to depth and its influence on soil compaction risk is vitally important for the sustainable
management of any agricultural system. With modern machinery exceeding weights of >36Mg and
operating in situations of varied moisture contents and soil conditions, it is often difficult for an
agricultural producer to assess the potential soil degradation caused by a given operation
Predicting soil compaction risk is however difficult to quantify, due to the dynamic and varied nature of
agricultural soils, as well as the level of empirical data that is available for them. Traditionally, soil
compaction risk has been assessed by predicting the likely increase in bulk density under certain
loading conditions using soil deformation models such as O’Sullivan et al. (1999) and Bailey et al.
(1995). Whilst these models have shown to provide reasonably good predictions in European soils,
their performance in Australian soils is impeded due to the lack of localized empirical training data. In
such a situation, Bayesian Belief Networks are of great value as they can be employed to substitute
qualitative information in the form of expert opinion when empirical data is not available (Smith et al.
2007).
Trolborg et al. (2007) recognised that it is often difficult to provide empirical predictions of
environmental factors due to their complex nature, and suggested that it is more beneficial to predict a
risk value to give the end user an understanding of the likelihood of a certain soil threat occurring
under different management conditions. They proposed a generic environmental risk framework,
using soil compaction as an example to map the risk of soil compaction at a national scale based on
management practices, inherent site characteristics and climate using a Bayesian Belief Network.
Whilst the model was able to predict the likelihood of serve, moderate and low compaction risks under
different management and climatic conditions, this could only be achieved on a regional basis using
broad assumptions surrounding soil loading characteristics to infer compaction vulnerability, and soil
wetness combined with site characteristics to infer compaction vulnerability. We therefore see great
value in the Trolborg et al. (2007) network being refined down to the field scale such that agricultural
producers can use the tool to calculate the compaction risk to depth on their farm, using their
management practices and likely climatic/soil-depth conditions at a given point in time.
We propose a Bayesian-based compaction risk model that negates the need for such regional
assumptions by using available soil stress distribution models (Sohne, 1953, Keller et al 2007) to infer
vulnerability, and water balance models (Littleboy et al. 1992) to infer susceptibility and therefore
calculate the risk of soil compaction at a given point in time.
Methodology
The developed model takes on a structure to that depicted in Figure 1 below. Surface loading
conditions are first calculated from user-defined wheel characteristics (wheel load, tyre dimensions
etc.) using Keller (2005) which then forms the upper boundary condition for stress propagation
calculations under the given load using Sohne (1953). The output of these calculations produces a
soil stress profile (in kPa) under the wheel center (i.e. maximum loading stress) thus providing values
of soil stress at given depth increments. These calculations were used to infer the compaction
vulnerability node of the BBN. The daily time-step water balance model, HowLeaky, was used to
calculate the soil moisture profile at a given time under a user-defined cropping situation at the same
depth increments as the stress distribution. Coupled with soil site characteristics, this was used to
infer the compaction susceptibility node. The Trolborg et al. (2007) Bayesian model was then
engaged to predict the risk of soil compaction based on the vulnerability and susceptibility
calculations.
Results and discussion
Soil compaction risk under varied loading conditions and soil moisture status was predicted using the
BBN displayed in Figure 2. The model was validated against a localized soil compaction dataset to
insure confidence in predictions. Soil stress was categorized into high, medium and low categories,
and soil moisture was categorized into dry, moist and wet categories to feed into the developed BBN.
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Figure 15: Structure and flow of computations of developed soil compaction risk model

During any one cropping season, soil
compaction risk varied dramatically, depending
on soil moisture status, as well as the
presence of different machinery types and their
associated loading conditions. The developed
model enables users to infer their soil
compaction risk at any point in time for a given
machine. As an example, soil layer with high
clay content (60-80% clay) and low initial bulk
density, experiencing ‘high’ soil stress in ‘wet’
moisture
conditions,
exhibits
85.4.1%
likelihood of a high soil compaction risk. On
this same soil, under the same conditions, if
loading conditions were reduced to exhibit a ‘medium’ exposure, the likelihood of ‘high’ compaction
risk is reduced to 52.8%. Furthermore, a soil layer with low clay content (0-20% clay) and low initial
bulk density, experiencing ‘high’ soil stress in ‘wet’ moisture conditions, exhibits a reduced 49.9%
likelihood of a high soil compaction risk. Such inference allows users to identify the sensitivity of a
particular soil type to compaction risk, throughout the profile.
Figure 16 Refined and validated Bayesian Belief Network

The developed model also enables users to calculate what conditions are required to reduce soil
compaction risk. For example, in a system that displays a ‘high’ soil compaction risk, the user must
either reduced loadings conditions such that ‘medium’ exposure exists (i.e. reduce machinery weight
or soil surface pressure), or reduce soil wetness (i.e. wait for soil moisture conditions to dry out). This
allows users to identify what elements of the compaction system need be altered to reduce
compaction risk to an accepted level.
This presentation discusses the practical limitations of the approach and the resulting tool. In doing
this, future directions for research and model refinement are presented and discussed. Importantly,
this presentation will demonstrate a means to aid on-farm risk management where data does not
exist, or is hard/expensive to obtain, but the relationship between variables is generally well
understood.
Keywords: Bayesian Belief Network, compaction, risk prediction, stress propagation, soil moisture
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Introduction
Poorly-structured subsoil is a widespread constraint on the growth and functioning of crop roots, and
hence grain yield. The deep-placement of nutrient-rich organic amendments, such as poultry litter,
has been shown to improve subsoil structure and increase grain yields (Gill et al. 2008; 2009), but its
widespread adoption is limited by the availability and cost of organic amendments. An alternative
option is to incorporate N-rich, farm-grown material such as field pea shoots (green chop) into the
subsoil.
Methodology
A series of soil column experiments investigated the effectiveness of green chop, placed in three
subsoils with contrasting soil chemical and physical properties, on wheat growth.
Results and Discussion
The first experiment found significant differences in the wheat response, to the green chop, between
three soils. Compared to the control, shoot biomass decreased when the green chop was placed in
Sodosol and Chromosol subsoils, but doubled in Vertosol subsoil (Figure 1). Adding extra fertiliser
nutrients to the green-chop in the Vertosol subsoil resulted in an additional 100 mg N uptake by the
wheat shoots (Figure 1). However, there was no response by the wheat plants to the extra nutrients
with the green-chop in the Chromosol and Sodosol subsoils. These plants were seemingly too
constrained to respond to the extra available N in the subsoil.

Figure 1: The effect of incorporating different amendments into the subsoil of a Chromosol, Sodosol and Vertosol on the shoot
dry weight and shoot N uptake of wheat plants at the booting stage. Vertical error bars represent ± the standard error of each
mean.

A second column experiment tested the hypothesis that the poor root growth in the Sodosol and
Chromosol subsoils would be caused by toxic compounds released from the decomposing green
chop. The addition of lime to the subsoil of Sodosol or Chromosol did not increase the shoot growth
response to the green chop. However, the plant growth was improved by addition of activated carbon,
capable of adsorbing or neutralizing phytotoxic compounds, to these green-chop-amended subsoils.
A liquid chromatography tandem-mass spectrometry (LC-MS/MS) technique was then used to identify
phytotoxic compounds in the extracts of decomposing green chop in the subsoil. Five allelopathic
compounds, pisatin, anhydropisatin, afrormosin, maackian, and pseudobaptigenin were identified in
the extracts. All these allelochemicals were present in the field pea shoot material. Their
concentrations were considerably higher in the residues recovered from Sodosol and Chromosol
subsoils, than from the Vertosol. It is likely that these allelochemicals are more readily transformed
into non-toxic forms in the well-structured Vertosol, with good aeration and relatively higher microbial
biomass and activity. In Sodosol and Chromosol, the reduction of phytotoxicity only occurred with an
extended pre-incubation period, or with prolonged growth, indicating that microbial degradation of the
allelochemicals in these poorly-structured subsoils was at a much slower rate.
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Conclusions
The inhibitory effect of the green chop on wheat growth in Sodosol and Chromosol subsoil is therefore
attributed to phytotoxicity produced under anaerobic conditions, rather than to low nutrient supply or
low soil pH. Caution is required with the deep-placement of field pea residues in poorly-structured
subsoils to minimize the expression of this allelopathic effect.
Key words: Allelopathy, field pea residue, LC-MS/MS, phytotoxicity, poorly-structured subsoil, wheat
growth response
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Introduction
Maintaining turfgrass quality under limited water supply is especially problematic in sandy soils, which
have a relatively low water retention and are thus highly dependent on frequent summer irrigation.
Although soil wetting agents may improve turfgrass colour (Barton & Colmer 2011), presumably by
increasing water infiltration, a significant fraction of irrigation water may still drain beyond the root
zone. Incorporating fine-textured soil amendments would likely reduce deep drainage and may lead to
a more efficient use of irrigation water. Indeed fly ash incorporation in the top 100 mm of a sandy soil
allowed a reduction in turf irrigation (Pathan 2004), however, due to health concerns this technology
was not taken up. More recent work (Poot & Azam, unpublished) showed that incorporation of a range
of soil amendments (e.g. bentonite, compost, kaolinite, spongelite & zeolite) in the top 100 mm of
sandy soil, despite increasing soil water holding capacity, did not improve turf quality. Although
irrigation water infiltrated deeper into the non-amended control plots it did not drain beyond the turf
root zone. Additionally, the amended plots presumably lost more water through soil evaporation as a
much larger percentage of water was held close to the soil surface. Subsequent hydrological
modelling of water flows in sandy soils with and without incorporated amendments (HYDRUS 2D,
version 2.03) showed that incorporation of amendment bands deeper in the soil could potentially
reduce the amount of water lost through soil evaporation.
Methodology
To test the potential benefit of placing amendment bands deeper in the soil we conducted an
experiment with PVC columns (650 mm deep, 300 mm in diameter) which were placed in a trench at
the UWA Shenton Park field site. Soil profiles in the columns were constructed to either reflect the
onsite soil profile with 150 mm of grey sand on top of 450 mm of coarser grained yellow sand, or had
yellow sand throughout. Bands of compost or bentonite were positioned either in the top 100 mm of
the soil profile, or at a depth of 50-150 mm, with some columns left as un-amended controls.
Amendment incorporation rates (weight of product/dry weight of soil) were 5% for bentonite and, 10%
for compost and were based on rates nearest to suppliers’ recommended rates. Apart from soft leaf
buffalo (Stenotaphrum secundatum), we also included kikuyu (Pennisetum clandestinum) in this
experiment as well as soil columns without turf. The experiment consisted of 3 turfgrass ‘species’
treatments, 2 soil profiles, 5 banding treatments and 5 replicate columns per treatment combination,
resulting in 150 soil columns. Circular pieces of turfgrass were cut and placed inside the soil columns
in early November 2015. Experimental
Property
Commercially available amendment
irrigation rates (hand watering) were imposed
Compost
Bentonite
from mid-January 2016 and were increased
% Clay
10
30
from 50 to 60% ET replacement (hand
% Silt
19
23
watering) in early February 2016. Regular
% Sand
72
48
measurements included: turfgrass colour
Ca cmol(+)/kg
55
9
(Chroma Meter), growth, surface temperature
Mg cmol(+)/kg
13
10
(Infrared Camera), column evapotranspiration
K cmol(+)/kg
8
1
(custom made dome with temperature and
Na cmol(+)/kg
7
33
humidity sensor) and soil moisture (Sentek
ca tions cmol(+)/kg
83
54
Diviner). Fertiliser and mowing regimes were
ESP %
8
62
ECe dS/m
9.3
19.8
kept as similar as possible to the previous
pH (1:5 H2O)
6.7
8.7
field experiment. Physical and chemical
pH (1:5 CaCl2)
6.6
8.3
properties of both amendments are
Organic C%
5.4
0.3
summarised in Table 1.
Table 1. Physical and chemical properties of the soil amendments.

Results
Turf colour was largely independent of sand type (i.e. specific soil profile) and turfgrass species. Turf
colour quickly deteriorated after onset of irrigation treatments and only slowly started to recover after
an increase in irrigation rates from 50 to 60% ET replacement in early February (Figure 2).
Treatments with the amendments incorporated in the topsoil had a similar or marginally better colour
than those of control plots. However, independent of soil profile or turfgrass species, treatments with
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amendments incorporated deeper in the soil (i.e. 50-150 mm depth), were invariably greener than
those from the other treatments. These plots also tended to evaporate more water and had cooler
surface temperatures, both observations suggesting a better water supply.

Figure 2: Time course of turfgrass colour (‘Hue value’) as dependent on turf species, sand profile and amendment treatment,
during the summer of 2016 in the soil column experiment. Amendments were either placed at 0-100 or at 50-150 mm depth.

Discussion
Results strongly suggest that incorporating amendments below the soil surface can significantly
improve turfgrass colour, water status and overall system water use efficiency, and thus may be
highly relevant under future warmer climate change scenarios. The effect of deeper-placed
amendments is presumably due to the fast infiltration of water into the non-amended surface sandy
soils and the tighter bonding of water in the deeper amended soil layers, which keeps the water
further removed from the evaporative demand from the atmosphere. Subsequent independent
hydrological modelling of these specific soil profiles without turf (HYDRUS 2D, version 2.03), showed
that deeper amendment bands indeed can reduce soil evaporation by maximally 20% when
compared to non-amended controls. The modelling suggested that a top layer of sand of at least 3 cm
would allow irrigation water to infiltrate fast thereby reducing initial evaporative losses associated with
slow infiltration in surface amended soils. Once in the amendment layer the water would be more
tightly bound and less likely to escape back to the atmosphere, reducing overall evaporative losses.
Conclusion
Placing fine-textured amendments in a layer below a sandy soil surface can significantly improve turf
grass quality. Future work should further investigate the effect of amendments with different soil water
retention characteristics and variable incorporation depths and rates to further optimize potential
water savings.
Keywords: Turfgrass, amendments, water use, soil water retention, soil evaporation.
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Introduction
Soil constraints can be any physical or chemical characteristic that limits root access to moisture and
nutrients and reduces biological activity. Approximately 75% of Australia’s agricultural soils have
constraints that limit productivity. Some examples of soil constraints that cropping, pasture and
horticultural systems face include: nutrient deficiencies, acidity, alkalinity, salinity, sodicity, dispersion,
compaction, gravel layers, non-wetting sands and hard setting soils. Identifying, understanding and
managing these constraints are the major challenges to increasing agricultural productivity.
The Cooperative Research Centre for High Performance Soils (Soil CRC) is the biggest collaborative
soil research effort in Australia’s history, bringing together scientists, industry and farmers to find
practical solutions for Australia’s underperforming soil. There are 39 participants comprising farming
groups and research entities contributing to the Soil CRC through both cash and in-kind contributions.
This paper presents the results of a farm advisor survey which was a component of a Soil CRC
Scoping Study (3.3.01 - Mapping projects on ameliorating soil constraints, and review of soil
constraints, products and technologies). The purpose of the survey was to better understand the
impact and management of soil constraints to production from the perspective of farm advisors.
Methodology
An online survey targeted at farm advisors comprising of 14 tick box or qualitative questions was
developed by Agriculture Victoria, NSW DPI and University of Tasmania staff for completion on
Survey Monkey. The survey link was emailed out to key stakeholders, consultancy firms and key
industry representatives, to complete and to forward through their networks. Social media was used to
further promote the survey. The key advisor-supported industries were the cropping, beef, sheep,
dairy, sugar cane, rice, cotton, irrigated cropping and fruits and vegetable industries. The objective of
the survey was to identify soil constraints to production, barriers to adoption of amelioration strategies,
innovative amelioration techniques, and the biggest gains to be made in the industry/region by
undertaking change. The survey was open for four weeks (5th April to 11th May 2018). Key industry
representatives were interviewed to gather further information.
Results and discussion
A total of 162 people responded to the survey and 135 were eligible to advance to the remainder of
the survey with 108 identifying as ‘advisors’ and 27 as ‘other’. All questions were voluntary. Ninetyeight of the 135 respondents identified the region they worked; 55 VIC, 29 NSW, 13 SA, 8 QLD, 7
TAS and 6 WA. Ninety-six respondents estimated working with a total of 3275 clients, with 81% of
clients citing farming as their primary source of income. Advisors worked across a broad spectrum of
industries (Figure 1). Of the 99 advisors who responded to this question, 80% serviced dryland
cropping, 75% sheep, 68% beef producers, respectively. Thirty-five and 34% of advisors serviced
irrigated cropping and dairy producers respectively. Relatively few advisors in the survey were
working with rice and sugar cane producers (5% and 3% respectively).
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Figure 1. Industries represented by advisors undertaking the survey

The total area serviced by farm advisors across the various industries accounted for 11% (Table 1) of
Australia’s agricultural land (100.7 M ha, excluding rangelands and intensive agricultural industries
(ABARES 2016)). Only 64 advisors responded to this question, thus this probably under-estimates the
total area of impact of advisor services.
Table 1: The area (ha) represented in this survey, based on industry type.
Industry
Beef
Cropping
Sheep
Dairy
Irrigated cropping

Area (ha)
1,399,200
1,148,100
709,500
102,150
63,100

Industry
Rice
Cotton
Fruits/Vegetables
Not specified

Area (ha)
13,000
12,650
5,600
7,757,657

TOTAL

11,210,957

Farm advisors were able to list up to six soil constraints of greatest concern to their clients. Overall,
without discrimination by industry type, acidity, nutrient decline and nutrient deficiencies rated
extremely high; low organic carbon, compaction and sodicity rated very high; and waterlogging, water
use efficiency, loss/lack of soil structure and drainage rated high. Participants were also asked to
identify where the biggest production and financial gains can be made in the industries they service.
Forty-six percent identified water and fertiliser use efficiency as key productivity gains and financial
gains come from increased yield and more efficient use of inputs (24%). Advisors identified that for
clients to address the most limiting soil constraints increasing economic return (37%), increasing
productivity (21%) and confidence in information provided (10%) to change management were the
most critical considerations.
Ongoing survey analysis will investigate current amelioration techniques used to address key soil
constraints across industries, and innovative/new technologies advisors would like to see validated in
their regions to overcome key soil constraints to production.
Conclusion
In addition to the cost of intervention, the key barriers to practice change are farmers knowledge,
skills and confidence to undertake the change. From the survey it is clear that a wide variety of
channels for communication and extension are necessary prior to the appropriate innovative
technology being taken up in an industry or at a regional level.
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Introduction
Cropping farmers have readily adopted precision agriculture (PA) technologies such as GPSguidance, controlled-traffic and yield mapping. As such, they are the custodians of large datasets,
including EM38 surveys (EM), yield maps, NDVI maps and soil analytical results. The oft-heard
question from early adopters of PA technology is “I have filing cabinets and hard-drives full of data,
but what can I do with it?”.
This project evolved somewhat organically from initial discussions with farmers of the Riverine Plains,
with the quest of understanding if the existing datasets already being collected by farmers can be
used to create something greater; predictions of in-paddock variability, with a strong focus on
developing predictions of variation in plant-available water (PAW) within a paddock; which could then
be used to create meaningful zones for nutrient management (especially nitrogen).
To further this understanding, Riverine Plains Inc, with funding from GRDC, partnered with several
organisations with a range of skills and expertise to explore the value of this approach. Riverine
Plains Inc acted as the hub to identify the required inputs through farmer consultation, manage the
data and drive the interpretation through connecting the specialist skills provided by the other
organisations.
Methodology
Four cropping paddocks were selected through the Riverine Plains region, at Howlong, Rutherglen,
Yarrawonga and Dookie. The soils at these sites were duplex or gradational, with clay content
increasing at depth. All sites had low pH values, especially in the 10-20cm layer. Sodicity at depth
was an issue at some sites, while salinity was low across all sites. EM maps were used to generate
three initial zones for each paddock, labelled the “High, Medium, and Low EM zone”. A weather
station was located at each paddock to provide local climatic data, and 1.4m depth capacitance
moisture probes installed into the “High” and “Low” zones to determine the comparative depth and
degree of moisture extraction by plants.
All sampling was done at common GPS-locations across each paddock; incremental soil sampling
was done down to 0.6m, for spatial soil chemistry, intact cores were taken for PAW measurement,
and incremental deep soil nitrogen and biomass sampling done through the growing season and postharvest.
Subsamples from all intact cores were used to measure PAW. This was done using ceramic pressure
plate analysis, with water extraction from saturated samples at 10 and 1500 kPa. These subsamples
were then air-dried and processed through MIR spectral scanning and regression models to predict
PAW directly from the spectra. The infrared spectra were recorded by diffuse reflectance for 10 sec in
a range from 8000-400 cm-1 on <2 mm, 0.5 g sub-samples, with the 4000-700 cm-1 MIR region used
to derive the Partial Least Squares Regression (PLSR) calibration models.
Existing EM surveys were accessed, two sets of NDVI satellite images were taken through the
season and yield maps were collected. An example of the spatial data collected is shown in Figure 1.
All datasets were collated, aligned and interpolated in order to layer disparate datasets in a webbased mapping tool, and so interrogate and determine the relationships between them.
Results
The chemistry data showed low variability within each zone, but significant differences in each
parameter across the paddock zones. PAW was also clearly delineated. Common trends were
identified across the range of datasets within each paddock, indicating that other datasets may
provide some surrogates for PAW determination, or may be used as indicators of zonal change,
identifying where PAW measurements should be taken within the paddock. This will be explored in
depth, to understand the key drivers of variability across the paddocks.
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The MIR predictions were very well aligned (R2 ~ 0.87, St Error ~ 0.03) with the pressure-plate
analysis results, indicating that the MIR approach for PAW measurement may be a key step forward,
reducing the labour and cost of collecting PAW information at meaningful spatial scales. This result
was in line with previous MIR predictions from a wide range of soil types confirming the wide
application of this method. As predictions of 10 kPa moisture was less successful, a combination of
MIR-predicted 1500 kPa data with laboratory-determined 10 kPa data may be required.
The interrogation of the spatial datasets is ongoing, specifically the correlation of parameters with the
relative variation of yield (‘delta’-yield), and how this can be used to inform further analysis.
Discussion
This research continues to evolve, on the basis that when this project commenced, the potential to
use this approach to understand PAW variation in-paddock was unknown. Therefore, the
methodology was designed to collect all datasets which may be of value in answering this question.
Moreover, this research has opened up the development of software designed to provide predictions
of PAW variability, based on the input of existing spatial datasets, in addition to a set of key
parameters specific to each region and climatic zone.
Conclusions
While this project has not yet achieved the end-point goal of using existing spatial datasets to predict
in-paddock variation in PAW, and so inform variable rate zoning for in-crop nitrogen application, it has
contributed to new knowledge around in-paddock variability, and an understanding of the key drivers
of change. Moreover, it has challenged existing approaches around management of spatial data, and
how disparate datasets can be processed to enable ‘cross-scale analysis’, which is likely to contribute
to further learnings in future work.
Most importantly, this project has demonstrated that effective project learning can be achieved
through partnerships built on a common vision of what could be, and an appreciation that sometimes
you need to just make a start on a problem, in order to learn what you need to know.
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Introduction
Brazil is a major producer of chicken and swine meat, thus generating large amounts of residues such
as chicken manure and swine liquid manure. These wastes are commonly used as organic fertilizers,
aiming to provide nutrients to the crops at low cost. Although animal wastes can improve soil chemical
attributes, their influence on aggregate formation and the intrinsic structural changes associated with
macrofaunal activity are less well known.
Here, we aimed to evaluate the influence of animal waste on chemical and structural changes on soil
aggregate formation and the pathway involved.
Methodology
The experimental area is located in Londrina, Paraná, Brazil (latitude -23.367°, longitude: -51.167°,
altitude: 585 m), in a Rhodic Ferralsol (IUSS Working Group WRB, 2015) developed from basalt (77%
of clay, 17% of silt and 6% of sand) and cultivated with annual crops. Chicken manure (CM) and
swine liquid manure (SLM) have been applied for 9 years, twice per year, in function of the demand of
the crops for N (150 kg ha-1) for corn or P2O5 (60 kg ha-1) for soybean (1 and 2 times the demand - 1X
and 2X), plus a control without organic waste. The samples were collected (0.0 – 0.1 m) and the
aggregates (18 – 9mm) visually separated regarding its formation pathway. Aggregate porosity was
evaluated in a Skyscan1173 by computerized tomography and the zeta potential of the clay fraction in
a Zeta-APS by electroacoustic spectroscopy. Standard methods for the State of Paraná were followed
for the routine chemical and analyses.
The experimental design used was 5x2 factorial randomized block where factors were the manure
(Control, CM 1X, CM 2X, SLM 1X and SLM 2X) and aggregate formation pathway (biogenic – biologic
processes or physiogenic – physical processes).
Results
Porosity difference (%)
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Figure 1: Representative physiogenic and biogenic aggregates of a Rhodic Ferralsol, their mass proportion and porosity
difference after the continuous application of animal wastes. Porosity difference calculated by the porosity of the physiogenic
minus the porosity of the biogenic aggregate.
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Figure 2: Dispersion degree, relationship between dispersion degree and bases saturation and zeta potential of a Rhodic
Ferralsol after the continuous application of animal wastes.
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Table 1: Chemical attributes of a Rhodic Ferralsol after the continuous application of animal wastes.
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Attribute
pH
P
Al3+
Ca2+
+
-1
-1
Unity
-log[H ]
mg kg
cmolc kg
cmolc kg-1
Treatment
Biog.
Fisiog.
Biog.
Fisiog.
Biog.
Fisiog.
Biog.
Fisiog.
Control
4.98Ac
4.8Bc
19Ac
13Bc
0.24 aA
0.36 Aa
6.44 Ab
4.79 Ab
CM 1x
5.55Aab
5.03Bab
59Ab
17Bb
0.05 bB
0.26 Aa
9.75 Aa
5.83 Bab
SLM 1x
4.88Ac
4.8Bc
93Aa
58Ba
0.36 aA
0.53 Aa
5.42 Ab
4.41 Ab
CM 2x
5.63Aa
5.23Ba
161Aa
54Ba
0.06 bB
0.21 Aa
11.71 Aa
7.89 Ba
SLM 2x
4.98Abc
4.93Bbc
176Aa
69Ba
0.41 aA
0.43 Aa
7.25 Ab
5.70 Aab
Attribute
Mg2+
K+
V
CEC
Unity
cmolc kg-1
cmolc kg-1
%
cmolc kg-1
Treatment
Biog.
Fisiog.
Biog.
Fisiog.
Biog.
Fisiog.
Biog.
Fisiog.
Control
2.49Aab
2.42Bab
0.39Ac
0.16Bc
76Ab
70Bb
6.44 Ab
4.79 Ab
CM 1x
2.85Aa
2.28Ba
0.88Aa
0.47Ba
84Aa
76Ba
9.75 Aa
5.83 Bab
SLM 1x
2.50Ab
1.70Bb
0.50Ab
0.33Bb
72Ab
67Bb
5.42 Ab
4.41 Ab
CM 2x
2.92Aa
2.26Ba
1.03Aa
0.71Ba
87Aa
81Ba
11.71 Aa
7.89 Ba
SLM 2x
2.49Aab
2.30Bab
0.50Ab
0.24Bb
74Ab
73Bb
7.25 Ab
5.70 Aab
Attribute
C
Humin
Humic acids
Fulvic acids
Unity
g kg-1
g kg-1
g kg-1
g kg-1
Treatment
Biog.
Fisiog.
Biog.
Fisiog.
Biog.
Fisiog.
Biog.
Fisiog.
Control
26.73Ad
22.63Bd
10.47Ac
8.42Bc
3.71Ac
3.30Bc
3.16Ac
2.76Bc
CM 1x
45.10Ab
41.95Bb
13.35Ab
11.74Bb
9.15aAa
8.59Ba
5.37Aa
4.81Ba
SLM 1x
35.65Ac
29.51Bc
13.54Ab
11.25Bb
6.56Ab
6.00Bb
4.76Ab
4.28Bb
CM 2x
49.80Aa
46.69Ba
17.02Aa
14.50Ba
9.72Aa
8.80Ba
5.95Aa
5.03Ba
SLM 2x
42.46Ab
39.15Bb
15.96Aa
13.78Ba
7.73Ab
6.88Bb
5.50Aa
4.77Ba
Uppercase letters compare the manures in the column and lowercase letter compare the formation pathway of
aggregates by the Tukey’s test at 5% of probability.

Discussion
Macrofaunal activity and the consequent transformation and accumulation of organic compounds
improved chemical (Table 1) and physical attributes (Figure 1) assessed. Chicken manure showed
greater potential of improvement of the chemical attributes of the soil through, but not exclusively, the
formation of biogenic aggregates in comparison to the swine liquid manure, which was superior only
to the Control. The best results of the chicken manure may be due to the higher amount of organic
matter applied, as a consequence of its higher C:N ratio, and the solid nature of the manure, which
was an energy source to the macrofauna for a longer period than the swine liquid manure.
Despite nutrient concentration improving, phosphorous can be harmful to plant growth because of
zinc precipitation. In these soils, it is suggested that P levels be kept below 60 mg kg-1 (Pauletti and
Motta, 2017), which was achieved in some treatments (Table 1). The higher C:P ratio of the chicken
manure, when compared to the swine liquid manure, is also advantageous, because would allow a
more constant supply of organic compounds throughout the years.
The improvement of large pores (> 0.08 – 0.12 mm) in the biogenic aggregates (Figure 1) can play an
important role in these Rhodic Ferralsols because they are slowly drained when under poor soil
management conditions. It is expected a higher water infiltration rate, which can reduce the transport
of particles by hydric erosion.
However, the intensification of zeta potential and increment of bases saturation caused by the
manures can strengthen the dispersion of the clay fraction when the soil is exposed to mechanical
breakdown of its aggregates (Figure 2). When dispersed, the clay fraction can clog soil pores and
favor the transport of contaminants to water bodies. This reinforce the need of continuous soil cover
by plant residues, which can be improved by the use of crop rotation and the adoption of
conservationist systems, such as no-tillage.
Conclusions
Animal wastes improved the formation of biogenic soil aggregates, which is related to a better
chemical and physical condition to the development of plants and functioning of the soil. However, the
protection of the soil against mechanical breakdown of aggregates becomes more important due the
higher potential of clay dispersion.
Keywords: Zeta potential, x-ray microtomography, organic fertilization, clay dispersion.
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Introduction
Soil water repellence is a primary cause of poor crop establishment and reduced productivity in broad
acre agriculture in WA. This is particularly important in low rainfall areas or in seasons with belowaverage rainfall, when soil water repellence is highly expressed. The objective of the experiment is to
assess the effectiveness of combinations of tillage and clay spreading for the amelioration of water
repellent soils. This paper presents a summary of the main results from a site in Western Australia
under the dry conditions of the 2017 growing season.
Materials and methods
The soil at the experimental site established near Moora, in Western Australia (-30.755, 115.850),
was a deep sand (mean clay content below 5% in the top 1m of soil profile)and it was classified as a
Yellow-Orthic Tenosol (Australian Soil Classification, Isbell 2002). The treatments, applied in 2016,
were a combination of four rates of clay-rich subsoil with different post-claying incorporation methods
(i.e. tillage). The subsoil (sandy clay loam with 31% mean clay content) was excavated from a pit
within the property and spread using a heavy duty multi-spreader. The rates of clay were 0, 100, 150
and 250 Mg ha-1 and were based on local knowledge and previous research. The incorporation of the
clay into the topsoil was achieved by different tillage approaches including no incorporation (‘Nil’), a
‘shallow’ incorporation (by using off-set discs) and a ‘deep’ incorporation (by using a rotary spader).
The effect of the treatments on the severity of water repellence was measured by the Molarity of
Ethanol Droplet method (MED) from topsoil samples collected before the site was sown to Barlock
Lupin (Lupinus angustifolius) on May 2017. The effect of the treatments on crop establishment and
canopy development was assessed by plant counts and fractional green canopy cover (FGCC,
Patrignani and Ochsner 2015) from high resolution digital images taken by a drone in July and August
2017. Grain yields were obtained by plot harvester. In early 2018, a rainfall simulator was used to
apply solutions of blue dye and water on of the treatments with 0 and 250 Mg ha-1 of subsoil clay.
Quantitative analyses of digital images taken from the exposed dye-stained soil profiles were used for
the evaluation of soil wettability affected by the treatments under dry conditions.
Results
The 2017 growing season (April-October) at Moora was drier than usual, with total rainfall of only
240mm (decile 2, WA Agriculture Authority 2018). The dry conditions were particularly severe in the
initial stages of crop growth, between April and mid-August 2017 (below decile 1). As a result, the
effects of the soil modifications on soil water repellence and early plant establishment were obvious.
Deep tillage in combination or not with clay spreading significantly (p<0.001) reduced the severity of
water repellence (Fig 1 left). Nevertheless, when the topsoil was ‘nil’ or ‘shallow’ mixed by tillage, low
water repellence (MED<1, King 1981) was obtained only at rates of subsoil clay above 150 Mg ha-1
(red dots in Fig 1 left). In contrast, the ‘deep’ tillage treatments were the most effective methods for
the alleviation of soil water repellence; in these treatments, the MED values were completely reduced
to zero (non-repellent soil, green dots in Fig 1 Right), independently from the presence or not of clayrich subsoil. This was because ‘deep’ tillage effectively diluted the hydrophobic compounds present in
the soil surface by mixing water repellent topsoil with wettable subsoil and lifted wettable topsoil to the
surface. The effect of the treatments on topsoil wettability quantified by the analyses of dye-stained
images of the soil profiles (Fig 1 Right) was also consistent with the MED results.
In general, increasing rates of subsoil clay and depth of tillage improved early crop emergence and
promoted more even crop establishment. However, it was also observed a trend with declining
numbers of plants when the highest rate of clay (250 Mg ha-1) was either ‘nil” or ‘shallow’
incorporated. This was attributed to excessive amount of subsoil clay creating a hard crust that
affected crop emergence and reduce water availability near the soil surface for the emerging crops.
Grain yields of Barlock Lupin were consistent with the plant establishment measured by FGCC in both
in July and August (Fig 2 Left). As expected, the highest yields were obtained from all the ‘deep’
treatments with or without clay (Fig 2 Right). Nonetheless, the highest yielding treatment was the
combination of deep with 100 t/ha of clay, that produced 0.6 Mg ha-1 more that the control treatments.
No significant differences were found between yields of treatments with ‘nil’ and ‘shallow’ tillage.
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Figure 1. Left: Relationship between application rates of clay-rich subsoil and topsoil water repellence as measured by Molarity
of Ethanol Droplet (MED) method. Vertical black bars represent average LSDs for comparing treatment with at the same
subsoil rate (0.63, left bar) or with the same tillage method (0.65, right bar). Right: effect of some of the tillage and claying
treatments on topsoil wettability quantified by digital images of blue dye-stained soil profiles.
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Figure 2. Left: relationship between fractional green cover canopy (FGCC) measured in July and August 2017 and grain yield of
Barlock Lupin at the Moora site. Right: effect of the treatments on grain yields of Barlock Lupin at the Moora site. Vertical black
bars represent average LSDs for comparing treatment with at the same subsoil rate (0.351 Mg ha-1, left bar) or with the same
tillage method (0.184 Mg ha-1, right bar).

Conclusion
The results clearly indicate that the improvement of plant establishment on water repellent soils is
critical for increasing crop productivity, particularly in dry seasons such as the one experienced at the
Moora site in Western Australia. Deep tillage (achieved by rotary spader) was the most effective
method in reducing soil water repellence. In these treatments, yields of Lupin increased by up to 0.6
Mg ha-1 in comparison to the control treatment and, most importantly, this was achieved
independently from the presence or not of clay-rich subsoil. Subsoil clay added to the topsoil, also
reduced water repellence and improved plant establishment. However, we found negative effects on
plant establishment and crop productivity when high application rates of subsoil (>150 Mg ha-1) were
combined with ‘nil’ or ‘shallow’ incorporation. These preliminary results suggest that high application
rates of subsoil clay should be avoided in low-rainfall areas.
Keywords: soil water repellence, tillage, broad acre agriculture, clay
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Introduction
Applications of biochar to agricultural soils have been extensively analyzed in several environmental
studies. Biochar was primarily discussed from the point of view of carbon sequestration, and its
potential to reduce greenhouse gas emissions to the atmosphere (Lehmann et al., 2011). Various
studies have shown that biochar has the potential to influence the physical characteristics of soil
(Castellini et al., 2015; Herath et al., 2013; Buchkina et al., 2017) and thus change the rootzone water
balance of ecosystems.
Methodology
Field experiment was established in the spring of 2014 at the experimental site of the Slovak
University of Agriculture located in Malanta municipality, in the Danubian Upland (48°19´00´´ N;
18°09´00´´ E). The altitude of the site is 175 m, the soil is classified as Haplic Luvisol and the topsoil
contains 249 g kg-1 of clay, 599 g kg-1 of silt and 152 g kg-1 of sand, giving it a silt loam texture. The
soil is slightly acidic (pH 5.71) and low in organic carbon content (9.13 g kg-1). The locality is
characterized by a warm lowland climate with long, warm and dry summers, and short dry winters and
only a very short duration of snow cover.
The biochar used for the experiment was made from the mixture of paper fiber sludge and cereal
husks in a weight ratio 1:1 and was produced by Sonnenerde, in Austria using pyrolysis at 550 °C for
30 min in a Pyreg reactor (Pyreg GmbH, Dörhe, Germany). On average the biochar contained 57 g
kg-1 of Ca, 3.9 g kg-1 of Mg, 15 g kg-1 of K and 0.77 g kg-1 of Na.
The N-fertilizer was manually applied at two times: 80 kg N ha-1 on 24 April, 2015 and 80 kg N ha-1 on
5 August, 2015, and was in the form of calcium-ammonium nitrate.
The soil moisture was determined from disturbed soil samples by the gravimetric method (g g -1)
every week during the growing season (March 2015 - October 2015). The gravimetric water content
(w/w) was determined according to the weight of soil sample before and after drying as the ratio of the
weight of water (mw) in the sample to the weight of the dried soil (ms) after drying at 105 °C in the
oven until reaching a constant weight. Subsequently, the mass water content (w/w) was multiplied by
the soil bulk density (ρd) to calculate the volumetric water content (θ, v/v).
Results and Discussion
The impact of the single application of biochar biochar at 0, 10 and 20 t ha-1 (with or without N
fertilization 160 kg ha-1) in March 2014 on the water content dynamics in 2015 under the corn crop
(Zea mays L.) is presented in contribution. The water content trends are influenced by precipitation
and the subsequent dry down due to transpiration, soil evaporation and drainage runoff. Prior to, and
during the spring, the highest average soil water content was in Biochar10+N and Biochar20+N
treatments and the lowest in the control treatment. From early May 2015, soil water contents started
to diverge, with higher values across all treatments compared to control. This difference in this trend
was subsequently observed throughout the whole growing season.
An interesting effect of biochar application on the water content was recorded in the relation to the
crop (Zea mays L.) and its growth phases. Corn is a water demanding plant, particularly during crop
emergence and then subsequently from silking until the beginning of kernel milk stage. During
germination (15th May 2015) soil water contents were ranked in the following order: Control < B10 <
B20+N < B10+N < B20. Next, at the beginning of silking stage (8th July 2015) the soil water contents
increased in the order: Control < B10 < B10+N < B20 < B20+N. At the beginning of the kernel milk
stage (31st July 2015) the soil water contents increased as follows: Control < B20 < B10 < B20+N <
B10+N. At this growth stage, the corn root system had reached a depth of 0.4 - 0.5 m, while our soil
water contents were determined just at the depth of 0.05 - 0.1 m. So the water contents here
represent only the water content of biochar-enriched surface layer of soil and not the available water
storage needed for transpiration.
In the period from 17th up to 18th August 2015 an intense rainfall event occurred (57.6 mm). After
subsequent soil sampling (24th August 2015) the water contents increased in the order: Control <
B10 < B20 < B10+N = B20. We conclude that the biochar-enriched soil is capable of retaining more
water after such rainfall events compared to the soil without biochar. This has a positive effect on the
rainfall-runoff processes and presumably the storage of available water in the root zone.
The soil water content in 2015 reached its minimum during the dry period lasting for 20 days (7th July
up to 28th July 2015). That was interrupted only by two episodes with little rainfall of 0.4 mm (13th
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July 2015) and 0.05 mm (25th July 2015). The soil moistures ranged in the order: Control < B20+N+<
B10 = B20 < B10+N. The ability of biochar to maintain higher water contents during the dry period of
20 days agrees with the results of several authors (Jones et al., 2010; Karhu et al., 2011).
Conclusions
Biochar application with, and without N fertilizer, positively influenced the soil water content in our
loamy soil during the corn growing season of 2015. Due to the biochar application, the soil moisture
was higher in all treatments during dry summer period, as well as wet season later in the year.
Keywords: Biochar, soil water content, Zea Mays
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Introduction
Western Australia is known for its coarse sandy soils, which drain rapidly (along with soluble
nutrients) and hold little water for plant growth – this makes fertigation of lawns, golf greens and other
amenity areas rather inefficient. By mixing fine-textured minerals and organic matter (from
commercially available waste products) with the sand, this study attempted to evaluate whether
leaching of water (and its rate) could be reduced and plant available water, PAW, increased.
Methodology
Surface sand was mixed with six different commercial ‘amendments’ (Readygrit® Rg, Spondolite SP,
Zeolite Ze, Bentonite Be, Kaolinite Ka, and Compost Cp) at rates of 2, 5, 10 and 20% by weight in the
laboratory. Properties of the amendments are listed in Table 1.
Table 1. Physical and chemical properties of the soil amendments.
Property
Commercially available amendment
Cp
Ka
Ze Rg®
Be
Sp
% Clay
10
46
50
10
30
27
% Silt
19
12
21
4
23
17
% Sand
72
42
29
87
48
56
Ca cmol(+)/kg
55
9
7
2
9
2
Mg cmol(+)/kg
13
6
2
0.1
10
11
K cmol(+)/kg
8
1
1
0.04
1
1
Na cmol(+)/kg
7
15
11
2
33
39
ca tions cm ol(+)/kg 83
31
20
4
54
53
ESP %
8
49
53
57
62
74
ECe dS/m
9.3 48.2 0.1
2.0
19.8 44.8
pH (1:5 H2O)
6.7
8.1
6.7
9.4
8.7
4.4
pH (1:5 CaCl2)
6.6
8.0
6.2
8.7
8.3
4.4
Organic C%
5.4
0.5
0.1
0.1
0.3
0.2

Compost was also added to another set of the same mixtures at a rate of 10% by weight. Triplicate
mixtures were placed into 20 cm long columns, saturated with distilled water, and the saturated
hydraulic conductivity was measured by a falling head method (after Reynolds and Elrick 2002).
Separate triplicate samples were packed into 5 cm x 5 cm rings on porous ceramic plates and their
volumetric water retention measured at 0.1, 1, 3, 5, 10, 500 and 1500 kPa matric pressures
(Cresswell 2002). The water retention data were fitted to van Genuchten’s equation and plant
available water (PAW) was calculated by integrating the differential water capacity between 10 and
1500 kPa. Additional saturated samples were placed on ceramic plates at constant matric pressures
and water contents measured after 1, 8, 24, 48 and 96 h when they stopped changing.
Results
Saturated hydraulic conductivity
Addition of small quantities (i.e. 2%) of amendments such as Readygrit, Spongolite, Bentonite or
Kaolinite increased Ks by as much as 50% relative to Sand-only but further additions of these
amendments (5, 10 or 20%) generally decreased Ks by as much as 50% relative to Sand-only.
Addition of Zeolite, by contrast, increased Ks of sand, presumably because of its coarser-grained
nature relative to the Sand. Adding any quantity of Compost to sand increased Ks and the more
compost added, the greater the effect (e.g. 2% Compost increased Ks of Sand by a factor of 1.2; 5%
compost increased it by a factor of 2; 10% Compost increased it by a factor 4, and 20% Compost
increased it by a factor of nearly 7 times that of Sand). When 10% Compost was also added to the
mixture of amendment plus Sand, Ks always increased by a factor of between 1.5 and 3 times that of
the same mixtures without 10% Compost; the extent of the increase depended upon the type and
amount of the amendment in the mixture. The greatest increases in Ks occurred when Zeolite plus
Sand were mixed with Compost, presumably because the organic matter in the compost stabilised
large pores between the coarse grains of zeolite. Combined with Readygrit®, however, Compost
increased Ks by about 3.5 times regardless of the amount of Readygrit®.
Water retention
The only amendment that had any real influence on PAW was Bentonite, which increased PAW by a
factor ranging between 1.1 (at 2% Bentonite) and 4.5 (at 20% Bentonite) relative to Sand only.
Importantly, the effects were diminished in combination with Compost, indicating the organic matter in
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the compost increased water retention at the wet end (by stabilizing large pores) but also at the dry
end (by retaining water in very small pores) so there was no net increase in PAW. Addition to the
Sand of either Kaolinite or Spondolite on their own generated small increases in PAW at the larger
application rates but there was no additional benefit of mixing these with Compost. Addition to the
Sand of Compost, or Readygrit or Zeolite alone had no effect on PAW, and similarly there was no
additional benefit when mixed with Compost.
Field capacity
The rate at which the water content reached ‘field capacity’ was slowest for bentonite (data not
shown); other amendments had little impact on this rate, consistent with the Ks results.
Discussion
The present work suggests mixing compost with sand increased the saturated hydraulic conductivity
rather than decreased it – presumably, the average size of pores in the mix was increased in the mix.
Compost also had no positive impact on the amount of water available to plants – it simply increased
water retention at both ends of the scale, which means it increased the number of very large and very
small pores in approximately the same proportions.
Mixing in other amendments had variable effects on saturated hydraulic conductivity and PAW. The
only amendment that altered these properties advantageously was Bentonite – it significantly
increased water retention and PAW while at the same time reduced the saturated hydraulic
conductivity, thereby retaining water in the soil for longer and making it more available. Kaolinite had
a similar but much less pronounced effect. Combinations with compost made things worse. Addition
of Readygrit®, which was comprised of nearly 90% sand and contained almost not clay (Table 1),
served only to exacerbate the unfortunate properties of the sand (large saturated hydraulic
conductivity, low water holding capacity, rapid drainage to ‘field capacity’).
Of interest from an agronomic perspective was that many of the amendments had chemical properties
that would need to be ameliorated prior to use. For example, Compost, Kaolinite, Bentonite and
Spondolite all contained large quantities of salt (high ECes), which would need to be leached before
mixing; they were also highly sodic, so would require gypsum treatment to prevent hard-setting. Also,
Kaolinite, Bentonite and (especially) Readygrit® were all quite alkaline (high pH), which would require
leaching plus addition of acidifying nitrogen or sulfur fertilizers to prevent nutrient lock-up. By contrast,
Spondolite was quite acidic (pH < 5) and would therefore require significant liming to bring pH into a
more neutral range suitable for plant growth.
Conclusions
This study focused on soil hydraulic rather than chemical properties of sands treated with
commercially available soil ‘amendments’; most of them offered little improvement to the physical
properties, and in fact presented other significant limitations for plants. Only Bentonite increased PAW
whilst also reducing the saturated hydraulic conductivity, thus allowing greater time for water (and
soluble nutrients) to be extracted rather than being leached. Application of Bentonite, however, would
first require significant leaching itself to remove excessive soluble salts, plus acidifying fertilizers to
bring the alkaline pH down into a more neutral pH range, and gypsic materials to alleviate their highly
sodic properties to avoid deleterious impacts on plant growth.
Keywords: Sandy soil, amendments, compost, PAW, hydraulic conductivity, field capacity
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Introduction
Yellow-Orthic Tenosols (acidic yellow deep sands) in the Western Australian grainbelt often have
multiple constraints to crop production which include non-wetting, subsoil compaction and acidity. As
a result of these multiple limitations these soils have been considered poor cropping soils with
estimated costs in lost production exceeding $200/ha. A systems approach to managing these soils
has been developed to improve crop production which includes a winter fallow, lime application and
incorporation in late winter and seeding canola in the following autumn. This paper reports on the
improvements in crop production that have occurred within this novel system and identifies key
components of the system that have contributed to the yield increases.
Methodology
The trial site was selected in April 2015 at South Burracoppin about 50km south-east of Merredin (Lat.
-31.505˚; Long. 118.652˚). The soil at the trial site is classified as a Yellow-Orthic Tenosol (acidic
yellow deep sand). These soils are highly compacted with penetration resistance exceeding 3.0MPa
within 0.15-0.25m. There were considerable variations in soil physical and chemical properties among
the soil profile at different depths. The topsoil (0-0.2m) is consists of 78-80% coarse sand, 8-10%
clay, moderately acidic (pH 5.4-6.2 CaCl2) with low total cation exchange capacity (CEC 1.03.0cmol/kg) and low soil organic carbon (0.3-0.8%). The subsoil (0.2-0.8m) is consists of 68-70%
coarse sand, 14-15% clay, acidic (pH <4.5 CaCl2), potentially aluminium toxic (Al> 5mg/kg), with very
low CEC (<1.0cmol/kg) and organic carbon (<0.2%). Twelve treatments were laid out in a complete
randomised block design with four replicates. The treatments consisted of four tillage treatments;
Control (no tillage), Disc plough (to 0.2m), Deep ripping (to 0.45m) and Deep ripping plus Disc plough
and three rates of limesand (CaCO3) 0, 2.5 and 5.0t/ha with a neutralising value of 90%. In 2016,
canola (Brassica napus L) and in 2017 wheat (Triticum aestivum L) were sown following standard
agronomic practices. At maturity, the centre1.8m of the each plot was harvested using a plot
harvester. A summary of the major operational activities in the trial site are given in Table 1.
Table 1: Trial site major activities since July 2015.
Activities
2015

2016

2017

Canola

Wheat

Variety

Bonito

Calingiri

Seeding date

7 April

23 April (dry sown)

Seeding rate (kg/ha)

4

50

Plant biomass cut

14-July

6-September

Crop harvested

16-November

29-November

Growing season rainfall (mm)

264 (April-Sept)

182 (May-Oct)

414

315

Limesand (90% nv)

31 July

Tillage

2 August

Crop

Chemical fallow

Annual rainfall (mm)

400

Results and Discussion
Canola establishment not affected by the tillage and limesand treatments. Wheat establishment was
varied from 52-69 plants/m2 among the treatments. Plant growth and early vigour as measured by
NDVI, using a handheld GreenSeeker at different growing stages was significantly higher (p<0.001)
on the deep ripped plots, irrespective of limesand incorporation (Figure 1ab). This was also reflected
in the visual assessment and shoot dry matter of the all deep ripping treatments. Improved early
vigour was mainly due to deep ripping reducing the soil penetration resistance significantly within the
compacted layer between 0.15 and 0.35m, and increasing the depth of roots and nutrients available
for plants (Pathan et al. 2017). Canola (Figure 2a) and wheat (Figure 2b) grain yield was significantly
(p<0.001) higher between the treatments and the highest grain yield was observed in the deep ripping
+/- limesand incorporations. In 2016 the canola grain yield was increased by 250 to 570 kg/ha and in
2017 wheat grain yield increased by 290 to 370 kg/ha on deep ripping +/- limesand incorporations
compared to those not ripped (Figure 2ab). Recent research has shown that there are potentially yield
benefits from deep ripping of canola, lupin and barley across the Western Australian grainbelt
(Blackwell et al. 2016; Davies et al. 2015). Deep tillage loosened the subsoil and significantly
increased root length, shoots dry weight, and increased the proportion of roots in the 0.3-0.6m soil
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layer (Pathan et al. 2017). Initial grain yield increases are attributed to deep ripping as opposed to
limesand. It is known surface applied lime takes many years to ameliorate subsoil acidity (Davies et
al. 2015) and lime is required to manage subsoil acidity in the longer term.
0.6
0.5

0.6

NDVI (plant vigour)

NDVI (plant vigour)

0.7

0.5
0.4

Control

0.3

Disc plough

0.2

Deep rip

0.1

Deep rip +
Disc plough

0.4
Control

0.3

Disc plough

0.2

Deep rip

0.1

Deep rip +
Disc plough

0
35
114
130
55
76
98
Days after seeding (DAS)
Days after seeding (DAS)
(a) Canola plant NDVI 2016
(b) Wheat plant NDVI 2017
Figure 1: Effect of tillage on canola (a) and wheat (b) plants growth at different growing stages, irrespective of limesand
incorporations.
0

35

Nil

Lime 2.5t/ha

Nil

Lime 5.0t/ha

Grain yield (t/ha)

Grain yield (t/ha)

Limesand 5.0t/ha

2.0

2.0
1.6
1.2
0.8
0.4
0.0

Limesand 2.5t/ha

Control

Disc plough Deep rip

(a) Canola grain yield 2016

Deep rip +
disc plough

1.6
1.2
0.8
0.4
0.0

Control

Disc plough

Deep rip

Deep rip +
disc plough

(b) Wheat grain yield 2017

Figure 2: Effect of tillage and limesand amendments on canola (a) and wheat (b) grain yield.

Conclusions
Improved plant growth and crop grain yield were observed in acidic yellow deep sand in consecutive
years as a result of deep ripping. Deep ripping loosened the compacted layer which presumably
benefited crop growth performance, access to nutrients and water down the soil profile. Therefore, on
compacted and acidic deep sand the combination of limesand with appropriate deep tillage will
potentially minimise multiple soil constraints and offer better return on investment in the longer term.
Keywords: Subsoil acidity, compaction, deep ripping, lime, canola, wheat.
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Introduction
Soil inversion through mouldboard, square or one-way ploughing is an effective practice for
ameliorating soil water repellence (Roper et al. 2015). The technique is applied as one-off strategic
intervention that buries the hydrophobic topsoil layer and brings hydrophilic subsoil to the surface. A
number of experiments have demonstrated that this process can improve the uniformity of
germination and increase crop yields for more than ten years (Davies et al. 2017). Additionally soil
inversion can also aid in the deep placement of soil amendments (i.e. agricultural lime for increasing
soil pH) and reduce weed competition by the burial of the weed seed bank. However isolated reports
of dramatic crop establishment failures following soil inversion have compelled further research of the
soil factors that could be contributing to the losses.
Inverting the soil may degrade the soil structure and organic matter levels in the ameliorated topsoil.
Potentially this can alter the behavior of pre-emergent herbicides. Glasshouse studies have shown
that with the reduction in organic carbon, less herbicide will be adsorbed and will more readily leach
deeper into the soil profile (Bakker and Poulish 2015). Therefore we believe that standard label rates
of pre-emergent herbicide are more active and are reaching the crop root zone at higher
concentrations on inverted soils and that this can contribute to incidents of poor establishment in the
first year after soil inversion.
Materials and Methods
Experiment at Corrigin, WA (-32.292, 117.772)
The soil at the experimental site was a repellent pale deep sand over gravel at 0.35-0.45m (Ferric
Bleached-Orthic Tenosol) (Table 1) (Isbell 2016). The soil was inverted using a commercial
mouldboard plough in May 2017 to a depth of approximately 0.3m. An untreated control and four preemergent herbicide treatments Diuron®, Treflan®, Sakura® and Boxer Gold® were applied to the
inverted soil using a logarithmic sprayer in June with 85 L/ha of water (Table 2). The starting herbicide
rate was five times the label rate and this fell to half the label rate over the 50m length of each plot
(Moore and Jettner 2002). The trial was a randomised block design with six replications, each
containing the herbicide treatments and a control with no herbicide. Immediately after herbicide
application the plots were sown to barley cv Compass (80kg/ha) using knife points and press
wheels.
Table 1: Soil profile properties for the trial site.
Depth (m)

Organic carbon %

pH (CaCl2)

%Clay

% Sand

% Silt

0-0.1

1.12

4.6

5.47

2

1.505

0.1-0.2

0.61

4.55

6.39

2

0.99

0.2-0.3

0.22

4.45

7.81

2

0.01

0.3-0.4

0.17

4.35

9.18

2

0.97

0.4-0.5

0.18

4.35

8.26

2

0.975

Table 2: Herbicide trade names their respective active components and soil mobility information
Registered
Label rate
Active
Concentration Adsorption coefficient Solubility
herbicide
constituent
Koc mL/g
mg/L
Sakura®
118 g/ha
Pyroxasulfone
850g/kg
95
3.49
Logran®
35 g/ha
Triasulfuron
750g/kg
191
815
Diuron®
550 g/ha
Diuron
900g/kg
480
42
Boxer Gold®
2.5 L/ha
S-metolachlor
800g/L
200
488
Prosulfocarb
120g/L
1853
13.2
Treflan®
2 L/ha
Trifluralin
480g/L
8765
0.3

Octanol-water
ratio Kow
2.39
0.31
589
794
4.65
118,000

Results
All herbicide treatments at the Corrigin site reduced crop emergence when applied at both three and
two times the label rate. Diuron®, Sakura® and Treflan® treatments significantly reduced crop
emergence when applied at the label rate. Diuron® and Sakura® also caused significant impact when
applied at half the label rate. For all herbicide treatments there was an increase in crop emergence as
the herbicide rate dropped. Diuron® and Sakura® significantly reduced yield when the maximum
applied was at the label or three times the label rate (Figure 1).
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3x label rate

label rate

1/2 label rate

Yield mean difference to
control t/ha

2.0
1.5
1.0

Lsd 0.05

Boxer Gold

Diuron

Sakura

Treflan

0.5
0.0
-0.5
-1.0
-1.5

* *

*
*

-2.0
Figure 17: Mean difference for Barley yield (t/ha) compared to the control where no pre-emergent herbicide was
applied at the Corrigin trial. The control had an average final yield of 2.3 t/ha. Bars marked with a * are significant
(Lsd P=0.05=0.8).

Discussion
The active constituents of each pre-emergent herbicide differs in: crop sensitivity, solubility, what
binds them to make them insoluble, how residual they are and what environmental conditions are
required to break them down (Weed Science Society of America 2014). Soil type and rainfall also
influences the likelihood of leaching (Congreve and Cameron 2014). Each herbicide type is likely to
behave differently within the unique environment created by inversion ploughing and the interaction
with seasonal conditions.
Due to the instability of the furrows and the mobility of Diuron® even where seeding is undertaken
with knife points, this herbicide is not well suited for use in the first season or two after inversion
ploughing. Managing water repellant soils with inversion ploughing and following with appropriate
herbicides and agronomy can be a powerful tool in combatting herbicide resistance and reducing
weed burden. The scale to which the crop is damaged by herbicide will be different depending on the
size and timing of the first rainfall event, herbicide and crop type interactions. Further research is
required to determine what effect inversion tillage might have on pre-emergent herbicides several
years after a tillage event, how this will impact break crop species and how the risk can be managed.
Key words: herbicide damage, Soil water repellence, soil inversion, strategic tillage
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Introduction
Deep placement of nutrient-rich organic residues, commonly labelled ‘Subsoil Manuring’, has been
used to overcome constraints posed by poorly-structured subsoils. The practice has shown large
increases in grain yield of broad acre crops in the Victorian high rainfall zone, although conjecture
remains as to the basis for the crop responses. Research is currently being undertaken in the
GRDC Project DAV00149 to identify alternative cost-effective subsoil amendments for use by grain
producers who farm on poorly-structured subsoils.
Methodology
A column experiment using a reconstructed Sodosol profile with a highly dispersive subsoil was
conducted on the effect of pre-sowing incubation (± 7-week incubation at 25oC) of selected
amendments in moist subsoil on the shoot response of wheat plants at booting and crop maturity.
The experiment was carried out in a controlled environment room. Amendments placed in the upper
subsoil layer included poultry litter, inorganic fertilizer and wheat straw with the same loading of
inorganic fertilizer.
Results
Pre-sowing incubation reduced the shoot dry matter at booting (Table 1) and at crop maturity (Table
2) for the wheat straw enriched with inorganic nutrients, however, it did not affect the final grain yield
(Table 3) for both amendments.
Table 1. Shoot dry matter increase (g pot-1) at booting stage
Amendment
Pre-incubation (w)

NPKS

Straw + NPKS

Poultry litter

0

5.6

9.1

5.3

7

5.9

5.7

6.4

LSD = 2.4
Table 2. Dry matter increase (g pot-1) at final harvest
Amendment
Pre-incubation (w)

NPKS

Straw + NPKS

Poultry litter

0

72.8

95.3

49.5

7

80.9

70.6

57.5

LSD = 7.6
Table 3. Grain yield increase (g pot-1) at final harvest
Amendment
Pre-incubation (w)

NPKS

Straw + NPKS

Poultry litter

0

7.8

9.6

5.6

7

9.0

8.2

5.6

LSD = 2.8

Keywords: Deep placement, Organic residues, Water use, Grain yield,
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Introduction
Soil crusting is a global issue which results in reduced infiltration, runoff, erosion, reduced seedling
emergence, poor irrigation efficiency, and difficulty with crop-soil modelling. Soil crusts are thin
transient soil-surface layers that are less porous than the material immediately beneath them. Their
formation results in considerable modification to the physical properties of the soil surface including
lower porosity, high bulk density, reduced size and continuity of macropores and lower degree of
aggregation, compared to the underlying bulk soil (Hussein, et al., 2010; Miralles-Mellado, et al.,
2011). Surface crusts control infiltration processes and thus play a critical role in partitioning rainfall
into infiltration and runoff.
Despite the obvious importance of soil crusts on hydrological process few crop simulation models,
catchment hydrological models or soil hydrological models explicitly include soil crust routines. Of the
models that do account for crusting many simply use generic USDA curve numbers to arbitrarily
partition rainfall into runoff and infiltration based on generic soil type and surface condition. Currently
no model considers the soil crust to be a spatially explicit soil layer possessing unique soil water
retention and hydraulic conductivity properties as described by van Genuchten-Mualem parameters.
This lack of routines for simulating the occurrence of soil crusts is in large part due to limited
understanding of the effects of crusting on soil pore size and function, and by a lack of in situ and
laboratory approaches for measuring the physical properties of soil crusts.
Methodology
The cause, consequence and management of soil crusting at the Houstons farms (42.72532 South,
147.43182 East) was studied over a 3 year period. Intensive studies were conducted on a Brown
Chromosol in which the topsoil (0-5 cm depth) contained 55.9 % sand, 10.8 % silt, and 33.3 % clay;
and had a pH(water) of 6.0, electrical conductivity (EC) of 0.42 dS/m, organic carbon of 2.3 %, cation
exchange capacity (ECEC) of 13.9 cmol(+)/kg soil, and exchangeable sodium percentage (ESP) of
3.96 %. The site was irrigated with approximately 3-5 mm / day between day 1 and day 34 as per
normal practice for salad production over summer.
Laboratory trials compared different means of determining aggregate stability including; wet sieving,
rainfall simulation and ultrasonic vibration using a range of fluids (Almajmaie, et al., 2017). In situ soil
physical properties were monitored 1, 8, 28 and 71 days after cultivation, they included; crust density,
penetration resistance, minidisk infiltration, 200 mm diameter tension infiltration, and steady state
infiltration from droplets falling from 2 cm and 120 cm height. Crust porosity was determined from
epoxy resin impregnated blocks, and scanning electron microscopy (SEM) for crust collected on day
71. The soil water retention function was determined at the dry end using WP4C dew point
hygrometer, and at the wet end by RETC parameter estimation of the unsaturated hydraulic
conductivity function K(ψ) determined by mini-disk infiltration, and by inverse estimation of van
Genuchten parameter values from the cumulative minidisk infiltration at sequential supply potentials
using the soil water model Hydrus 2D.
Results
Aggregate breakdown was disproportionately due to slaking by differential clay swelling, and raindrop
impact. Dispersion and slaking by air entrapment were relatively minor processes. Aggregate stability
and thus crust formation were closely related to sand / quartz content, ECEC, exchangeable Ca+2 and
exchangeable K+ content. Curiously, aggregate stability was not related to liable carbon and only
moderately related to total carbon and sodicity. Over the 71 day period soil crusting increased surface
soil density from 1.17 g/cm3 to 1.51 g/cm3, penetration resistance increased from 0.31 kg/cm2 to 1.44
kg /cm2, infiltration dropped from 474 mm/hr to 33 mm/hr, whilst unsaturated hydraulic conductivity at
-0.5 kPa decreased from 203 mm/hr to 3 mm/hr.
Determination of the van Genuchten parameter values by inverse estimation of cumulative infiltration
proved difficult. Whilst their was good agreement between the measured and inversely estimated
cumulative infiltration curves, differences in simulation approach resulted in very poor agreement
between predicted retention curves. van Genuchten parameter values were found to be strongly
influenced by whether the saturated moisture content (θs parameter) was included in the objective
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function or provided by independent measurement. Furthermore, independent measurement of the
saturated moisture content of the soil crusts proved surprisingly difficult. These difficulties principally
arose from uncertainty as to whether methods such as the water replacement determination of bulk
density, wax impregnated laboratory determination of porosity, and in situ placement of soil moisture
sensors measured the properties of the soil crust, or that of the soil crust and underlying soil.
Estimated van Genuchten parameter values were to a lesser extent also dependent on whether
independently measured WP4C data were included in the objective function.
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Figure 1: Change in soil water retention curves over time. Estimated by inverse estimation of minidisk cumulative infiltration in
which (a) WP4C data, total porosity determined by water replacement, and Ksat determined by RETC extrapolation of K(ѱ) to
ψ = 0, and (b) only provision of Ksat determined by RETC extrapolation of K(ѱ) to ψ = 0 included in the solution data, in which
all other van Genuchten parameters were included in the objective function. Day refers to days since cultivation.

Conclusion
This study has provided valuable data and insights on how the physical properties of soil crusts
change over time. We explored, refined and evaluated existing and novel approaches for measuring
and estimating soil crust physical properties. However the potential use of inverse estimation to
determine van Genuchten parameters from stepwise infiltration experiments remains problematic,
especially in relation to the saturated water content parameter θs.
Keywords: crusting, hydrology, Hydrus, parameter estimation, van Genuchten
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Introduction
Access to soil moisture is a key factor for crop production in dry marginal areas of the Western
Australia wheatbelt. In these areas, soil constraints such as soil water repellence (SWR) and subsoil
compaction reduce plant growth and yield by reducing topsoil wettability at germination and limiting
root access to soil moisture at depth during the late stages of crop growth. For a sustainable
approach in dry, short-season, environments we tested soil modifications with the following intentions:
i) to maintain SWR to aid water harvesting into the crop furrow, ii) to improve subsoil root exploration
by reducing subsoil compaction and iii) to incorporate topsoil or a soil amendment to improve subsoil
physical and chemical properties to promote subsoil root development.
Methodology
A replicated small-plot field experiment was established in 2017 on
water repellent deep yellow sand (Yellow-Orthic Tenosol, Isbell
2002) near Binnu, Western Australia. The experiment compared
different methods of incorporating mixtures of subsoil clay and
compost for the management of water repellence in combination with
deep ripping (with or without topsoil inclusion, see Image 1) for the
reduction of subsoil compaction. The compost, generated from urban
organic waste, contained 30% organic carbon and 1.2% nitrogen
while the locally sourced clay-rich subsoil contained 23-28% clay and
6-10% silt.
The clay/compost mixture was applied at an approximate rate of
72000 kg ha-1 (approximately 62000 kg ha-1 of clay and 10000 kg ha1 of compost) and incorporated with either offset discs or a deep
ripper, with or without topsoil inclusion plates. A new method for
deep placement of clay/compost was also carried out through the
use of a pipe placed behind ripper tines, between the topsoil
inclusion plates so that the material was placed in a seam at
approximately 0.50 m completely by-passing the soil surface.

Image 1: Topsoil inclusion
behind a deep ripping tine, note
clay/compost amendment in
seam at bottom of the ripping
line (shown by arrow).

The site was sown to Mace wheat on 17 May. Plant counts (plants
m-2) were carried out on 19 July and soil profiles were excavated for
a single replicate of each treatment in September to count root
numbers using a 0.05 m by 0.05 m grid (0.9 m wide and 0.7 m deep). The experiment was harvested
on 14 November to determine grain yield and quality. A rainfall simulator was used in early 2018 to
apply blue dye coloured water to the different treatments to look at the influence of each treatment on
water infiltration into the soil profile.
Results
The 2017 growing season (April-October) was dry at Binnu, with only 176 mm of rainfall, compared to
a long-term average of 288 mm for the same period. In 2017 there had been significant summer rain
and crop access to this stored soil moisture was an important driver for grain yield outcome. Grain
yield increased by more than 1000 kg ha-1 through the use of deep ripping, showing that soil
compaction was a major constraint at this location. The addition of topsoil inclusion plates to the
ripping tines, which allow for the partial incorporation of the water repellent topsoil into the subsoil,
increased the yield by a further 420 kg ha-1 compared to standard deep ripping (Table 1). Grain
screenings (a measure of split, small and shrivelled grain) were higher for the control and offset
treatments than for the deep ripped treatments (Table 1). This result was explained by the improved
topsoil wettability and subsoil root growth as a consequence of topsoil inclusion (Figure 1). For the
control and offset disc treatments with no or shallow tillage root growth below 0.25 m was minimal
(Figure 1). Deep ripping improved rooting depth to 0.6 m on the rip line while topsoil inclusion resulted
in improved root density at depth but encouraged more growth between the rip lines also (Figure 1).
Water infiltration studies in summer of 2018 demonstrated improved wetting of the top 0.15 m for the
deep ripping and deep ripping with topsoil inclusion treatments compared to the control and offset
disc treatments (data not shown).
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Table 1: Mean Mace wheat grain yields and grain quality in relation to the different soil modification treatments
Early crop
Grain yield
Protein
Weight
Screenings
Treatment
establishment
(kg ha-1)
(%)
(kg hl-1)
(%)
(plants m-2)
Control

20

950

11.6

80.7

6.2

Clay/compost spreading + offset discs

48

1150

12.0

81.1

5.3

Deep Ripping 600mm (DR)

53

2000

10.9

81.7

4.4

DR with topsoil inclusion

61

2420

11.0

81.4

4.1

Clay/compost spreading + DR with
topsoil inclusion

59

2560

11.0

81.7

3.9

DR with topsoil inclusion + deep
incorporation of clay/compost

59

2640

11.0

82.0

3.6

Least Significant Difference (P= 0.05)

25

390

0.4

0.5

0.7

Figure 1: Graphical representation of root density obtained by counting roots from exposed soil profiles using a 0.05 m by 0.05
m grid for control, deep ripping and deep ripping with topsoil inclusion. Dashed black arrows represent the approximate
locations of deep ripping lines.

Discussion
All tillage treatments significantly improved plant numbers early in the season, particularly those
treatments that involved topsoil inclusion. Deep ripping with and without topsoil inclusion improved
subsoil root growth with plants better able to access moisture and nutrients resulting in an increase in
grain yields. Improved access to subsoil moisture accounts for lower screenings in the deep ripped
treatments as the control and offset treatments hayed-off earlier towards the end of the season.
Conclusion
The fact that deep ripping alone increased yield by more than 1000 kg ha-1 implies that soil
compaction was the main soil constraint at this site. Nevertheless, topsoil wettability, subsoil root
growth and thus grain yields were further improved when deep ripping was combined with topsoil
inclusion. There was no significant difference in grain yield with the clay/compost being spread on the
surface before incorporation or being deep placed with the modified ripper, suggesting that beneficial
outcomes can be achieved using existing deep ripping approaches machinery. This experiment will
continue to be monitored to determine the longevity of benefits that may arise from the ripping, topsoil
inclusion and amendment addition.
Keywords: water repellence, deep ripping, soil modification, topsoil inclusion, compost, clay.
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Introduction
Soil water repellency is a constraint to crop and pasture production worldwide (Roper et al., 2015).
While the effect of soil water repellence on the temporal and spatial variation in soil moisture
availability has been well studied (Keizer et al., 2007), little is understood about its effect on soil
nutrient availability. The potential implications of topsoil water repellence and topsoil thickness on
early wheat growth and nutrition were, therefore, assessed under controlled glasshouse conditions.
Methodology
Wheat (Triticum aestivum cv. Mace) was grown over 51 days in 27 L containers in a glasshouse at
Murdoch University, Western Australia (32°04’02.30” S 115°50’20.21” E) to investigate the effects of
(a) topsoil water repellence (wettable and severely repellent topsoil), (b) topsoil thickness (20 and
100 mm), and (c) fertiliser placement position (50 mm below the seed and 100 mm away from the
seed at the same depth) on early wheat growth and nutrition. A total of 8 treatment combinations and
three replications were conducted.
Severely water-repellent topsoil (molarity of ethanol droplet, MED, value of 3.4) was collected from a
gravelly sandy loam duplex soil (Ferric Chromosol) in Kojonup, Western Australia, with wettable
subsoil (MED value of 0) collected from a grey deep sandy duplex soil (Grey Chromosol) at
Meckering. Topsoil and subsoil (<2 mm) had a pH (CaCl2) of 5.1 and 5.0, electrical conductivity of
0.044 and 0.015 dS/m, organic content of 3.53 and 0.21 %, cation exchange capacity of 5.82 and
1.08 cmol(+)/kg, and a particle size distribution of 69.4 and 83.1 % sand, 13.3 and 5.3 % silt, and
17.3 and 11.6 % clay, respectively.
Wettable topsoil was prepared by spraying and mixing approximately 20 mL of 12.5 % v/v solution of
SE14™ (SACOA Pty Ltd) per kilogram of topsoil in a cement mixer. Holes were drilled in each
container to allow for drainage, with shade cloth placed along the bottom to prevent soil spillage.
Subsoil (100 or 180 mm) and topsoil (20 or 100 mm) were layered in each container to a total depth
of 200 mm. At the 70 mm depth, fertiliser was banded either below or 100 mm away from the
seeding row at the following rates (mg/kg): 60 N, 25 P, 70 K, 6 Mg, 49 S, 0.5 Zn, 0.1 B, 0.3 Mn, and
0.1 Cu.
Sixteen wheat seeds were sown in a wettable furrow, with approximately 300 g of wettable topsoil
used for the seeding row in repellent treatments to ensure all seeds germinated. This was conducted
to avoid differences in intra-specific competition. Treatments were hand watered every 2 days, with
500 mL of tap water (50 mm/h) over a duration of 5 minutes. The watering did not cause leaching
beyond the container.
Wheat tiller numbers were counted (46 days after sowing, DAS) and aboveground biomass
harvested (51 DAS) and oven-dried at 60°C for dry matter. Nutrient concentrations in wheat whole
shoot samples were analysed using standard methods (Rayment & Lyons, 2011).
Results
Wheat dry matter production during tillering was 70 % greater in severely repellent treatments than in
wettable treatments (P < 0.001). Total uptake of all nutrients was also significantly greater in
repellent treatments by 66 (± 6) % on average, relative to wettable treatments (Table 1). Topsoil
thickness did not have a significant effect on wheat growth and nutrition in repellent treatments, but
thicker topsoils had an adverse effect in wettable treatments.
In repellent treatments, placement of fertiliser below the seed did not significantly affect wheat dry
matter relative to fertiliser banded away from the seed (in the inter-row), despite significantly
increasing seedling growth and tiller number in repellent treatments. However, fertiliser placement
below the seed significantly increased total uptake of P (by 57 %), K (by 36 %), and Mn (by 34 %) in
repellent treatments compared to inter-row placement, but also uptake of S (by 33 %) and B (by 79
%) in wettable and repellent treatments. In wettable treatments, fertiliser placement below or away
from the seed did not significantly affect wheat growth, presumably due to comparatively low growth
and hence nutrient demand.
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Table 1: Wheat total nutrient uptake (51 DAS) in wettable and repellent treatments, under controlled glasshouse conditions in
2017. Level of significance (one-tailed): P < 0.05 (*), P < 0.01 (**), P < 0.005 (***), and P < 0.001 (****).
Nutrients
Wettable
Repellent

N****
39.4
70.5

P***
5.83
8.95

Nutrient uptake (kg/ha)
K****
Ca****
Mg****
44.8
3.81
1.83
85.0
5.44
3.06

S***
3.61
4.88

Na***
0.2
0.34

B*
31.2
48.9

Nutrient uptake (g/ha)
Cu****
Fe****
Mn****
5.7
52.7
71.2
9.02
91.9
152.5

Zn****
23.5
40.2

Discussion
In contrast to the prediction that soil water repellence would adversely affect plant growth and
nutrition (i.e., by decreasing soil moisture and nutrient availability), this glasshouse study
demonstrated that enhanced water harvesting in repellent treatments ultimately improved early
wheat growth and nutrient uptake compared to wettable treatments. Nutrition in the early
developmental stages of plant growth is critical for overall crop development, particularly for P (Grant
et al., 2001). Therefore, water harvesting techniques such as furrow sowing and banding soil wetting
agents can be an important strategy for managing soil water repellency and crop water and nutrient
use efficiency in low rainfall regions.
In repellent treatments, the wettable furrow acted as the preferred pathway for water infiltration, but
did not allow leaching to occur beyond the container. Given that water was supplied every 2 days at
an intensity equivalent to a 50 mm/h rainfall event (63.2 % annual exceedance probability), rainfall
intensities less than 50 mm/h may not necessarily cause rapid or permanent losses in water and
nutrients in these sandy loam soils. Rather, preferential flow within the furrow was advantageous for
seed germination, early plant growth, and nutrient uptake in repellent treatments by increasing soil
wetting depth in the furrow and moisture availability in the root zone. Since wettable topsoil inevitably
absorb and distribute moisture over a greater area, soil moisture is confined in the upper soil layer
and this may not always be readily available to the seed or roots.
Conclusions
Wheat plants growing in repellent treatments with a wettable furrow had significantly greater water
and nutrient use efficiency than in wettable treatments after 51 days. Topsoil thickness did not have
a significant effect on wheat growth and nutrition in repellent treatments, but thicker topsoils
decreased wheat growth in wettable treatments. Based on these findings, implementing mitigation
techniques such as furrow sowing and banded wetting agent application to boost early season soil
moisture availability in the furrow and root zone can ultimately favour early crop growth and nutrition
in water-repellent soils.
Keywords: Soil water repellence, Triticum aestivum, sandy loam, soil moisture, nutrient uptake.
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Introduction
Sodium adsorption ratio (SAR) has been the traditional measure to define soil sodicity and the effects
of sodium on soil structure, from the point of view of irrigation solution, because sodium is considered
to be the dominating salt in dispersive soils, globally. However, naturally occurring soils, as well as
irrigation water sources may contain sufficient potassium and/or magnesium to induce dispersion.
Studies have shown that K and Mg ions in the exchange complex can cause clay dispersion even
when the exchangeable Na levels are minimal (US Salinity Laboratory Staff 1954; Rengasamy 2006;
Smiles 2006; Rengasamy and Marchuk 2011; He et al. 2013; Bennett et al. 2016a). Hence, it is
prudent to consider soils from a dispersive, rather than solely sodic, perspective.
Methodology
The Disaggregation model (Ezlit et al. 2013) relates steady state hydraulic conductivity occurring for a
given SAR and EC to formulate the 3-dimensional hydraulic reduction surface. It is possible to
mathematically include dispersive effects of K and Mg into the Disaggregation model. This work tests
the hypothesis that:
1.8 × [𝑁𝑁𝑁𝑁] concentration = [𝐾𝐾] equivalent concentration

This is tested by undertaking standard CTH analysis utilizing the approach of Ezlit et al. (2013) and
Bennett and Raine (2012), and then subjecting a sample of the same soil to the equivalent analysis
where the K solution is matched to the same effective SAR. If the hypothesis is correct, then the rKsat
results should be equivalent. The K was equivalent to the Na while the Ca was adjusted to create and
equivalent effect to the Na solution.
Results
In all cases, treating each surface as an individual population, the range of reduction observed for the
Na treatment (ESP) was significantly greater than that observed for the K treatment (effective ESP)
indicating that ESP≠effective ESP for the full range of rKsat . The CTH curves in Figure 1 depict the
differences observed for the same soils subjected to either a traditional SAR or an equivalent K-SAR.
Soil A produces a similar CTH for both Na and K treatments. Soils C and D produce similar threshold
results for Na and K treatments at EC<1.0 dS/m, but rapidly become more tolerant than Na thresholds
to a given SAR at EC≥1.0 dS/m. However, the results for Soil B are distinctly different between Na
and K treatments, whereby the use of an equivalent K-SAR results in a soil with capability to tolerate
a much greater SAR at equivalent EC as compared to the Na treatment.

Figure 1. Threshold electrolyte concentration curves for Soils A—D as determined for traditional sodium adsorption ratio (SAR)
and assuming a 0.556 coefficient of equivalence for K with respect to Na (Equivalent SAR).

Discussion
There is clear evidence that K results in reduction of saturated hydraulic conductivity as K
concentration increases relative to Ca at a respective EC. However, we cannot accept the
experimental hypothesis that:
1.8 × [𝑁𝑁𝑁𝑁] concentration = [𝐾𝐾] equivalent concentration

The coefficient of equivalence (0.556) suggested by Rengasamy and Marchuk (2011) results in a
variable effect in terms of hydraulic reduction, compared to an equivalent Na system, and is therefore
not a universal coefficient, supporting the notions of Smith et al. (2015) and Bennett et al. (2016a).
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This suggests that direct incorporation of K into the disaggregation model through the use of EDP is
not as simple as first thought.
A distinct result was observed when comparing the K-Ca to Na-Ca systems in terms of hydraulic
conductivity reduction (Figure ), whereby deviation from the 1:1 line was greater for all soils as the soil
solution concentration was increased. Furthermore, for all soils a significantly greater hydraulic
conductivity was maintained in a homoionic K system than for a homoionc Na system, irrespective of
EC, although the difference was greatest as EC increased. This suggests that increasing the solution
concentration in a K system has a greater effect on compressing the diffuse double layer than in a Na
system (Smith et al. 2015).

Figure 2. Comparison of semi-empirical reduction in saturated hydraulic conductivity (rKsat) results for a K-Ca and Na-Ca
system for Soil A (Brown Chromosol), Soil B (Brown Dermosol), Soil C (Brown Vertosol), and Soil D (Black Calcarosol); the red
line represents a 1:1 response; Solution EC progresses from white circles (8.0 dS/m) towards black circles (0.5 dS/m) in the
order 8.0, 4.0, 2.0, 1.0, and 0.5 dS/m for all soils.

Conclusion
This work proves that a single generalised coefficient of equivalence for K relative to Na does not
appropriately describe the system changes. Instead, it was demonstrated that the coefficient is
specific to a soil, supporting optimisation approaches to determine the coefficient. It was observed
that effect of K relative to Na varied to a greater extent where the EC of the solution increased, which
suggested a greater influence of osmotic potential on compressing the diffuse double layer in K
systems. The suggested approach of using EDP as an effective ESP for incorporation of K into the
disaggregation model, while not accurate with a universal coefficient of equivalence for K, was
considered reasonable where no other approach could be used. This conclusion was drawn on the
basis that the model would serve to produce a conservative CTH under such circumstances, which
would not cause undue degradation to the soil environment.
Keywords: Potassium, Soil-Specific, Dispersion, Threshold electrolyte concentration, Marginal quality
water, Irrigation
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Introduction
Field assessments of small plot research experiments have remained relatively unchanged in recent
years and most often are a combination of observations or pre-planned subsampling methods.
Advances in unmanned aerial vehicle (UAV; e.g. drones) technology and high resolution image
analysis have continuously progressed but have not been widely utilised for in-field crop
assessments of research sites. Assessments using more traditional methods of random point or
transect-located point sampling can be problematic for sites with highly variable soils and treatment
responses. Within plot variability in experiments studying soil water repellence (SWR) is often
extreme with crop responses ranging from patches with plants approaching maturity adjacent to
newly emerged seedlings over distances as small as 20cm. This difference in seedling emergence
date can be up to four months, often resulting in compromised experimental sampling procedures.
This research demonstrates how drone imagery can be used to accurately collect research data
from field research experiments with highly variable crop responses to soils and treatments.
Methodology
A long-term field research site near Kojonup in SW Western Australia (lat -33.69, long 117.03) was
selected in 2017 to investigate the potential of using imagery captured by drones to monitor and
measure crop growth and treatment effects. The site was established in 2015 to investigate and
compare various agronomic options to address SWR including strategic deep tillage using a
mouldboard (MBP) or one-way plough (OWP), banded or blanket soil wetting agents, and on-row
sowing. The experiment was sown to Scepter wheat on the 9th May 2017. The soil is duplex sand
to sandy loam gravel (Ferric Chromosol) that is common across large areas of South West WA. The
average gravel content of the soil is 11% by weight with 3.8% organic carbon in the top 0-10cm.
Potential SWR as measured by the Molarity of Ethanol Droplet test (MED) at the site was 2.5 or
more, indicating severe water repellence (King 1981).
Immediately after sowing permanent Ground Control Points (GCP’s) were established in each corner
of the site using a differential GPS (DGPS) to enable accurate site monitoring over time. Prior to crop
emergence a set of soil background and topographical drone images were collected. Throughout
crop growth regular images were collected every 3 weeks at an altitude of 20m by a DJI Inspire®
drone with both a RGB camera and a MicaSense RedEdge® multispectral camera which provided
imagery with a 2-3cm ground sample distance. The high resolution imagery data was used to
calculate canopy ground cover area, Normalised Difference Vegetation Index (NDVI) and crop
volume from digital elevation for either whole plots or specific sampling positions within the plots.
Results and Discussion
Soil Water Repellence and Ground Cover
Potential SWR remained severe (MED >2.5) for all treatments without tillage. Strategic deep tillage
with OWP reduced SWR to moderate (MED 1.7) while MBP reduced SWR to nil (MED 0). Ground
cover was monitored from sowing until flowering for every plot. Percent ground cover was calculated
for the whole plot as a measure of the effectiveness of the various SWR management treatments at
different times during the season. For example, all 4 of the tillage treatments had more ground cover
(17-21%) than the control (13%) at four weeks after sowing (WAS) but less ground cover than all the
4 wetter (24-43%) and on-row sowing (33%) treatments. But by 8 WAS the four tillage treatments
had similar ground cover (20-25%) to most of the other treatments (22-40%) because they were able
to continue growing during the dry period in June when other treatments did not, with the control still
having the least groundcover (11%).
Pre-emergent herbicides reduced ground cover by 14-19% up to 8 WAS in the MBP and OWP tillage
treatments compared with where no herbicide was applied. While not significant, this trend continued
until maximum canopy closure at flowering. The benefit of on-row seeding on crop ground cover was
identified at 4 WAS (33% c.f. 13% for control), but this treatment did not recover after the dry June
period as well as other treatments. As expected, earlier ground cover percentage results did not
correlate well with grain yield. This is because there are many factors during the season other than
ground cover and canopy size that affect grain number or grain filling, and therefore yield. By 11
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WAS, with many yield components already determined, the ground cover percentage was strongly
correlated with final grain yield (R2 = 0.76). Crop nutrition mid-season when head size and tiller
number are set, can greatly affect potential grain yield. Root exploration can improve extraction of
nutrients and water from the soil, and can be enhanced by strategic deep tillage using a MBP or
OWP which loosen the soil to the plough working depth. Furthermore, buried, nutrient-rich topsoil
can remain moist for longer than dry topsoil at the surface which may improve nutrient availability for
a longer period during grain filling. These factors cannot effectively be estimated using drone
imagery alone.
Normalised Difference Vegetation Index (NDVI)
The use of NDVI imagery prior to flowering proved to be less effective than percent ground cover for
estimating crop establishment, early vigour and vegetative growth. Ground cover accumulation was a
superior measure of crop performance than NDVI, especially between crop emergence and flag leaf
emergence. The average NDVI data per plot shows less differentiation between treatments than
ground cover. Once maximum canopy closure was approached then NDVI values were superior for
monitoring crop health. NDVI proved particularly effective for monitoring treatment effects after
flowering. Tillage treatments that enhanced root growth and increased water or nutrient extraction
from the soil had higher NDVI values, which corresponded with later senescence and higher grain
yield. Plots that had poor crop growth due to severe expression of SWR and less available soil water
had lower NDVI values and lower grain yield. For example, MBP with no pre-emergent had an NDVI
value of 0.57 at 22 WAS and a grain yield of 4.14 t/ha compared to the control with an NDVI of 0.45
and grain yield of 2.71 t/ha. This correlation between post flowering NDVI and yield (R2 = 0.53)
supports visual observations of senescence patterns made in the field.
Digital Elevation and Canopy Volume
Once the initial bare ground elevation and site topography has been determined, it is possible to
extract vertical height data for the crop from subsequent imagery. Using this digital elevation data a
three dimensional surface model can be produced of the crop canopy for the whole experimental
site. With the higher resolution drone imagery this can be sensitive enough to pick up differences in
height of individual plants. A surface model was then produced for the whole site. Using this height
data, it is possible to calculate the volume under the surface of the 3D model for any particular area.
For example, one of the off-row sown Control plots had a plot canopy volume of 9.6 m3 whereas the
neighbouring plot with banded wetting agent applied with the seed had a canopy volume of 26.3 m 3.
The corresponding grain yields for these plots are 2.95 t/ha and 3.86 t/ha respectively. For these
same plots the NDVI at flag leave emergence was 0.64 and 0.80 respectively.
Conclusion
This research has shown that drone imagery to determine ground cover percentage and its
development over time can be a reliable method for assessing crop establishment and vigour.
Regular collection of drone imagery data is even more valuable when determining rates of delayed
emergence and assessing the impact of water availability on crop growth across the season.
High resolution drone imagery is well suited to research plots with large variability in soil and
treatment responses. It provides the opportunity for improved data collection and interpretation for a
number of measured traits. Monitoring ground cover accumulation can provide better information on
crop establishment than random plant counts and can better account for spatial variability and site
trends. Monitoring NDVI following flag emergence of flowering can assist in evaluating plant health
and access to soil moisture during grain filling. High resolution digital elevation data, when combined
with biomass or targeted physical measurements, can be used to estimate canopy biomass without
the need for large areas of destructive physical sampling. Drone imagery can provide whole plot data
that would normally require many hours of labour or destructive sampling to estimate, and can be
used to identify areas within plots that are of interest that can then be targeted for more detailed
monitoring or sampling. Results obtained from high resolution drone imagery complements physical
measurements or observations and can provide more detailed and accurate results than other data
collection methods.
Keywords: Drone imagery, NDVI, ground cover, soil water repellence
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Soil Information Systems: Predicting soil genesis, classification and its spatial
distribution, digital mapping
Dr Neil McKenzie
The fifteen papers in this two-part session provide a useful overview of soil information systems in Australia.
Interestingly, most focus on digital soil mapping − soil genesis barely gets a mention, either from a
theoretical, field-based or experimental perspective. Conventional wisdom in pedology has been that
knowledge of soil genesis improves mapping and this in turn leads to better quality advice on soil
management. During the discussion sessions, we will explore whether an understanding of soil genesis is still
relevant and whether it has a role to play even in the most statistically based studies of soil distribution.
Several contributors highlight the deficiencies of existing soil data sets (e.g. current national maps of soil
carbon, soil types, soil hydraulic properties). In some cases the response is to explore new methods of
measurement at a local scale. In other instances, advanced methods of measurement are applied at the
district or continental scale (e.g. MIR, time-series remote sensing, gamma radiometrics). These are useful
contributions that strive to get the most out of past soil surveys and field experiments. There is an opportunity
for future work to focus on what soil data we need to collect and whether we have the people and
infrastructure in place to implement the necessary field programs.
The papers on digital mapping are notable for their utilization of complex methods of data analysis and
machine learning. This has been a feature of digital soil mapping for the last decade and during the session
we will reflect on whether a consensus has been reached on the best methods. However, it is clear from
several papers that modern soil information systems are essential to support these methods and that a
rethink is necessary about how we collect, use and re-use soil data. Some papers examine the practical
implications for data base design and the need for better computing infrastructure. Some states and
territories are developing new soil information systems but it is unclear whether these will operate in a
consistent way across the country, let alone as part of the emerging global soil information system.
The session will aim to reach some agreement on how to improve the impact of research and development
on soil information systems. In particular, we will consider whether the time has come for a more coordinated
and organised approach to soil data collection in Australia.
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Introduction
When considering a broad region, e.g. catchment or continent, soil datasets generally consist of multiple
surveys that are often fragmented across the landscape and cover different periods of time. The general
approach to create a digital soil map is to combine all the soil data into one dataset despite the differences in
sampling dates for the individual sites and surveys. This approach ignores the inherent variability of soil
properties over time and the influence of environmental covariates that affected those soil properties at the
time of sampling.
Methodology
Inspired by the concept of data cube, we collated the Australia-wide SCaRP soil carbon dataset (collated in
between 2007 and 2012 at 0-0.30 m depth interval) based on the collection year and derived a variety of
space (e.g. clay content, DEM and its derivatives) and space-time (e.g. Climate, MODIS fractional cover,
MODIS enhanced vegetation index) covariates that were coincided with the soil data collection year.
Additionally, we derived innovative environmental covariates such as the rolling mean for space-time
environmental covariates (e.g. average last 5, 10, 15, 20, 25, 30 yearly rainfall). Finally, we stacked the
derived datasets and the relationship between environmental covariates were modelled using four machine
learning algorithms – Gaussian Processes (GP), Random Forest (RF), Support Vector Machine (SVM) and
Bayesian Ridge regression (BR). We hypothesised that the machine learning algorithms would be able to
learn from the stacked datasets and model the space-time variation of soil carbon. Ten percent of the
SCaRP dataset was set aside for independent validation to assess the quality of the models derived.
Results and discussion
Out of the four algorithms tested, GP performed best with an R2 of 0.75 while the RF reported an R2 of 0.74.
The RF analysis revealed that long-term climate covariates together with MODIS enhanced vegetation index
and fractional cover data as a proxy for land management practices, explained the largest amount of the
space-time variation of soil organic carbon stocks. While, there is an associated prediction uncertainty
outside the model calibration time frame, these machine learning algorithms can be updated once the new
datasets become available. The model predictions were carried out for the state of New South Wales from
2004 to 2015 on a yearly time step to demonstrate the usefulness of this approach.
Conclusions
Outcomes of this work can be used as a quality assurance tool for national scale soil carbon estimates
carried out using process-based models.
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Introduction
Knowledge of soil moisture is key information in every agricultural system, especially rain-fed
agriculture. A good forecast of soil moisture content for the season ahead can guide key management
decisions such as what crop to grow, how much fertiliser should be applied, and to guide stocking
rates. Typically, growers rely on climate forecasts to guide these decisions but with the increasing use
of soil moisture probes there is now the opportunity to attempt to directly forecast soil moisture rather
than its surrogate, rainfall.
Methodology
Our approach is in three steps; 1. Build a time series model 2. Combine the model with machine
learning techniques 3. Compare the performance. In this work we present results from work looking at
forecasting soil moisture up to three months in the future across south-east Australia based on a soil
moisture probe network of 88 sites. A MARIMA type stochastic model (Multivariate Autoregressive
Integrated Moving Average) was developed using freely available local and global climate data such
as rainfall, evapotranspiration, EVI and Southern Oscillation Index (SOI). The forecasted soil moisture
values were evaluated with seven soil moisture networks own by FarmLink Research, the Department
of Environment and Primary Industries (DEPI), OzNet, and CosmOz soil moisture monitoring
networks in the study area. The model is tuned for each site to get the best outcome i.e. match the
with site characteristics. The forecasting quality declines the further ahead in time we attempt to
predict soil moisture.
Another aspect that we try to investigate in this work is the possibility of combining the time series
techniques and machine learning approaches together. Time series techniques perform a good job at
decomposing data into trended and season element of non-stationary time series. However, this
analysis can then be used as an input into machine learning model, which can incorporate the trend
and seasonal information into its algorithm, giving the strengths of both methods. Therefore, we try to
explore the use of Artificial Neural Networks (ANNs) and Random Forest machine learning algorithms
with the MARIMA model.
This will also help us to understand further, the associations between other predictors, e.g. soil type,
remote sensing products from the MODIS and Landsat platforms which drive the soil moisture
variation in the study area.
Keywords: soil moisture, forecast, rain-fed agriculture, MARIMA, machine learning.
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Introduction
The current digital soil mapping (DSM) paradigm results in outputs with a fixed horizontal and vertical
spatial resolution, which is in many cases not fit-for-purpose – whether that be for farmers,
consultants, researchers, or other stakeholders. The horizontal spatial resolution is often too coarse,
or the mean value for a zone such as a management unit, paddock, or soil type is desired rather than
on a regular grid. Likewise, the vertical spatial resolution of current soil maps is generally fixed,
whereas we often require soil maps of depth intervals other than those provided. While we can
process traditional DSM products to a desired spatial resolution, the associated uncertainty estimates
cannot be easily disaggregated or aggregated. This is problematic as we require both predictions of
soil properties, and the uncertainty associated with this.
Methodology
In this research, we propose a modelling approach where one model can be used to create maps of
multiple soil properties at any spatial resolution in the horizontal and vertical dimensions. Soil data is
used at the native spatial support, e.g. horizons, without the need for prior processing, such as the
use of splines. Clay, sand and organic carbon content for several cotton growing regions of eastern
Australia are used as a case study – demonstrating that this approach can be implemented for a large
area. Jointly modelling multiple soil properties at multiple depths results in more pedologically
sensible depth functions for individual soil properties, and the correlations between the soil properties
is also maintained. In DSM, individual soil properties and depths are typically modelled separately,
which can result in pedologically non-sensible depth functions and/or predictions of unusual
combinations of values for soil properties. The predictive models were created using random forests,
and the covariates included:
• Gamma radiometrics (100 m)
• DEM and a suite of terrain attributes (30 m)
• Time-series of EVI data from Landsat (30 m)
• Land use data (1:100,000)
• Silica content maps (1:250,000)
• Historical rainfall and temperature data (1 km)
The soil data used to create the models were from the National Soil Site Collation (NSSC) and the
University of Sydney’s (USyd) soil database. In total, the soil data consisted of ~50,000 soil samples
from ~10,000 individual sites. While the NSSC covers a large area, the USyd soil database is focused
on the highly productive soils in the cotton-growing valleys of New South Wales and Queensland.
Despite only soil maps of these cotton-growing valleys being displayed in this study, soil data outside
of these regions in NSW, Qld and Victoria were used to create the predictive models. The rationale for
doing this is that there is soil data from other landscapes outside of these study regions that would
improve the accuracy of predictions.
Results and discussion
Creating soil maps using our proposed approach is advantageous, as it is flexible, and maps can be
tailored to suit specific purposes. The model can also easily be updated to add new soil data or
covariates as they become available. While soil maps such as the Soil Landscape Grid of Australia
(SLGA) are useful, the fixed spatial resolution, and pre-defined depths are a limitation for their use for
many stakeholders. We also illustrate how our approach can be used for prediction at farm-scale
management zones and assessing within-paddock variation using an example farm from southern
NSW, and northern NSW.
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Introduction
Land surface models predict fluxes, and stores of carbon and water in soil and vegetation and are
integral to modelling efforts in many domains, e.g. hydrological, climate, and all the way up to earth
system models. However, their utility in agricultural landscapes for decision support is questionable as
the generic approach of the land surface modelling community is to focus on big picture, low
resolution ecosystem scale fluxes and stores. To achieve this aim, all models have simplistic
assumptions of how ecosystems function and this makes them unsuitable for agricultural applications.
Examples include simple one layer soil models (Haverd and Cuntz 2010) and simple land use
classes (Haverd, Smith et al. 2016). For example, a grass land use class is commonly used which
covers both native grasses and cereal crops for food. Furthermore, there is an assumption of
continuous management within land use classes while agricultural landscapes have rotations. Finally,
the spatial resolution is typically 5km+, which is well beyond the management resolution for
agriculture.
At the other end of the scale, the agricultural community tends to rely on soil and plant models that
require many inputs (e.g. APSIM), and can only be readily applied at few locations where such data is
available. Such results are not easily transferrable to other locations and spatial scales where the
complexity and data required is not available.
Today there is a third possibility provided by the increasing availability of the data streams relevant to
agriculture, many of which are freely-available at the continental-scale on a daily, weekly and monthly
time step. These include better seasonal forecasts of rainfall and temperature, rainfall and
temperature maps, soil properties mapped nationally at ~90m (Grundy, Rossel et al. 2015), in
addition to remote sensing platforms (e.g. Landsat, MODIS) providing weekly images across the
world (Lewis, Oliver et al. 2017). As well as this freely-available data, there is also an abundance of
data collected on-farm by growers, consultants, and machinery, such as yield monitor data, soil test
results, EM surveys, and management information. The uptake of yield monitors in the grains industry
has now increased to where they are used by ~40% of grain growers, meaning that each year ~1% of
Australia’s land mass is in one massive experiment where the plant carbon output (grain yield) is
being measured. These datasets pave the way for the next generation of land surface models which
integrate all of the possible data streams about carbon and water via machine learning and state-ofthe-art mechanistic models.
Methodology
In this presentation we focus on three aspects:
(i)

the use of remote sensing platforms to provide estimates of evapo-transpiration (ET), and
how they perform in agricultural landscapes;

(ii)

the use of crop yield monitor observations as a data stream to represent biomass inputs into
the soil;

(iii)

the implementation of a soil carbon and water model which is parameterised by these stateof-the-art data streams;

Results and discussion
The results are illustrated on a 6,700 hectare dryland mixed enterprise farm in southern NSW where
we predict daily variations in soil carbon and water at a 100m spatial resolution.
Keywords: spatial variation; temporal variation, remote sensing.
References
Grundy MJ et al. (2015) Soil and Landscape Grid of Australia. Soil Research 53, 835-844.
Haverd V, Cuntz M (2010) Soil–Litter–Iso: A one-dimensional model for coupled transport of heat,
water and stable isotopes in soil with a litter layer and root extraction. Journal of Hydrology 388, 438455.
Haverd V et al. (2016) Coupling carbon allocation with leaf and root phenology predicts tree–grass
partitioning along a savanna rainfall gradient. Biogeosciences 13, 761-779.
Lewis A et al. (2017) The Australian Geoscience Data Cube — Foundations and lessons learned.
Remote
Sensing
of
Environment
202,
276-292.

504

Predicting soil erodibility in the Upper Brisbane Valley using digital soil
mapping
J.S. Walton1 and L. Finn1

Department of Environment and Science, Queensland Government, Brisbane, QLD 4001 Australia
jonathan.walton@des.qld.gov.au
1
Department of Environment and Science, Queensland Government, Brisbane, QLD 4001 Australia luke.finn@des.qld.gov.au
1

Introduction
High sediment and nutrient levels entering water supply reservoirs in the mid to upper Brisbane River
catchments have significantly impacted water quality and increased water treatment costs. To
improve land management through better understanding of sediment and nutrient sources, Seqwater
commissioned the Department of Environment and Science (DES) to trial digital soil mapping
techniques (DSM). Key outcomes of the project were a dataset that assists with the identification of
soils vulnerable to erosion, and surface / subsoil phosphorus (P) and nitrogen (N) levels.
Methods
DSM techniques were used to develop a series of soil erodibility and soil nutrients maps across the
study area. Legacy soil data held in the Queensland Soil and Land Information Database (SALI) was
supplemented by a limited field sampling program and selected laboratory analysis of soil samples.
A soil erodibility classification developed for the Queensland Dry TropicsInvalid source specified.
was trialed in in combination with two DSM methods. The Cubist method was used to predict primary
soil attributes (e.g. clay content) or secondary attributes derived from primary soil attributes (e.g. KFactor). DSMART was used to disaggregate (i.e. split apart) compound soil mapping polygons into
the individual SPCs, resulting in a more detailed SPC map (O’Brien, 2016). Soil attributes and soil
erodibility classes were then assigned to each SPC and mapped across the study area. Modelling
outputs were compared to 1:50 000 scale land resource mapping, SALI site laboratory data, SALI
morphological sites, and gully mapping undertaken by Seqwater and Griffith University.
Results
Field investigations and laboratory analysis showed that soil nitrogen and phosphorus were highest in
topsoil, with concentration decreasing rapidly with depth. Soils with dispersive subsoils prone to gully
erosion were identified in the east of the study area where limited data existed.
Some modelling outputs were found to be unreliable, with low concordance values and poor
correlation with site data, particularly in the east. This is likely to be due to the relatively low number of
sites with laboratory analysis in relation to:
• the spatial extent of the study area
• the range of covariate values (covariate space)
• coarse resolution gamma radiometrics in the east.
The DSMART two most likely SPCs were correctly predicted at 74% of SALI sites, however reliability
fell with distance from the polygon mapped areas and on different geologies. The DSMART erodibility
outputs are consistent with results of previous soil mapping, erosion studies and mapping of gully
erosion provided by Seqwater. Cubist erodibility classification outputs correlated poorly with existing
soil mapping, site data and knowledge of erosion processes. Hence it was decided to apply the soil
erodibility classification to the DSMART SPC raster outputs given the higher confidence in this data.
Discussion
The limited extent of detailed soil polygon mapping, limited amount of laboratory site data and low
resolution gamma radiometrics present over parts of the study area reduced the accuracy of the
modelled soil attributes, particularly in the east. Cubist was used to model K-Factor and Total N /
Total P at six depths. DSMART was considered more reliable for use in assigning soil erodibility
classes.
The inherent soil erodibility classification was able to identify the most erodible soils in the study area,
which is assisting Seqwater to target management strategies to be undertaken in order to reduce soil
erosion and transport of sediments/nutrients to the water storages.
A number of options were identified to improve the accuracy of the modelling products developed for
this pilot project. These include consolidation (versioning) of SPC’s used in DSMART, reallocation of
SPC’s to functional soil management groups, inclusion of laboratory data from significantly more sites
and further assessment of the soil erodibility classification for southeast Queensland conditions.
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Introduction
Soil moisture monitoring provides necessary and important information for many end users from
farmers to hydrologists and policy makers. Whilst there are a variety of available technologies
currently existing for the monitoring of soil moisture, many observe soil moisture at a variety of spatial
supports. Two extreme examples are soil moisture probes which measure a small volume of soil, and
satellite remotely sensed data, which provides information of significantly larger horizontal resolution,
upwards of 20km in some instances. Neither is useful by itself for many management purposes, but
together they could be more useful.
Therefore, we present a method for combing soil moisture observations collected at different spatial
supports into a predictive model that can predict at spatial supports useful for many end users, 100m
spatial resolution, for different layers in the entire soil profile.
Methodology
We use a case study in the Muttama Creek catchment, a 1025 km2 sub catchment of the
Murrumbidgee River in south east Australia, for the purposes of constructing a model based on the
Random Forest machine learning framework. The soil moisture data includes a network of
capacitance probes distributed throughout the catchment, remotely sensed estimates of soil moisture
from the SENTINEL platform and water balance model predictions. Soil data drawn from the soil
landscape grid of Australia is used to parameterise the water balance model, with distinct buckets
being drawn from the different soil depth layers of 0-5cm, 5-15cm, 15-30cm, 30-60cm, 60-100cm and
100-200 cm. We validate the results at the farm extent with three independent surveys, using
stratified random sampling, of soil moisture at three time points during the wheat growing season
(pre-, mid- and post-season).
Keywords: Remote sensing, Soil moisture, Machine learning, Dryland cropping, SENTINEL
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Introduction
Cotton production in Australia usually occurs through furrow irrigation. This requires water to be
applied via a head ditch located at one end of a field and a tail ditch to collect run-off at the other. It is
not understood where water use can be improved to avoid water logging, deep drainage and tail
water losses. What is required is a bank of sensors that can measure the volumetric moisture content
(VWC) in real-time (Knox et al., 2012). Even with these sensors, information between is lacking.
Lately, the use of single frequency and multi-coil electromagnetic induction (EMI) instrument (e.g.
DUALEM-421) data for estimating soil VWC has been shown to be possible (Huang et al., 2017). This
is because the measured soil apparent electrical conductivity (ECa) can be used in conjunction with
an EM inversion software package (e.g. EM4Soil) to enable estimates of the true electrical
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additionally, Artificial Neural Network (ANN) modelling of
variation of VWC with depth and time and after a single irrigation event.
Methodology
The study field was at the Australian Cotton Research institute located 20 km west of Narrabri in the
lower Namoi valley, NSW Australia. VWC data was collected using all-in-one VWC, temperature and
EC sensors (i.e. GS3 sensors). The sensors were installed at four depths (0.15, 0.45, 0.75 and 1.35
m) and in 8 locations approximately 20 m apart along a 200m transect. Sensor data was collected
every 5 minutes after the irrigation event. DUALEM-421 data was acquired on 1 day and at various
times after irrigation commenced. The first ECa measurement was carried out before irrigation on 20
measurement sites ~10m apart. Five subsequent ECa measurement passes were made after the start
of irrigation (8:00 am) and at 2, 4, 6, 9 (end of irrigation) and 24 hours. EM4Soil was used to generate
electromagnetic conductivity images (EMCI) that provide estimates of  from inverted ECa
measurements obtained from DUALEM-421S.
Results
Figure 1 shows the results of the empirical calibration model (i.e. Artificial Neural Network, ANN)
between VWC and σ. The model has a good coefficient of determination (R2 = 0.74), Lin’s
concordance (0.84). The model precision (RMSE 0.04 m3 m-3) and bias (ME = 0.48) were also small,
indicating that the ANN model was robust.

Figure 1. Plot of Coefficient of determination (R2) and Lin’s Concordance between soil volumetric water content (VWC, m3 m-3)
and true electrical conductivity (
-421geEC
nearadata
te d by
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)
collected
forDUALEM
all 6 times.

Figure 2 shows the spatial distribution of predicted VWC along the transect and using the calibration
shown in Figure 1 and applied to the inverted data generated at the 20 measurement sites. Figure 2A
shows the VWC before irrigation commenced. It is clear that prior to irrigation the VWC was near
saturation (>0.45 m3 m-3) below the topsoil (0-0.15 m) and subsurface (0.15-0.30 m). In the topsoil the
VWC was drier at the tail ditch end (750650) as compared to the head ditch (750875). Figure 2B
shows the VWC two hours after irrigation commenced. It was apparent that the location of the wetting
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front can be discerned where the topsoil VWC increases toward saturation (0.4-0.45 m3 m-3). It has
approximately advanced 75 m down the transect (750800). Figure 2D shows the VWC six hours after
irrigation commenced. It is apparent that the location of the wetting has approximately advanced 125
m down the transect (750750). Figure 2E shows the VWC nine hours after irrigation commenced. It is
apparent that the wetting front does not reach the end of the field but advanced to a maximum of 200
m down the transect (750600). Figure 2F shows the VWC twenty-four hours after irrigation
commenced. It is apparent that the topsoil at the head ditch end is now draining and the soil is no
longer saturated and approaching the drained upper limit or field capacity.

Figure 2. Distribution of predicted soil volumetric water content (VWC, m3 m-3) by artificial neural network (ANN) modelling for
various times, including A) before irrigation, B) 2, C) 4, D) 6, E) 9 and F) 24 hours after irrigation.

Conclusions
potential
VW C advantages to map the spatioThis study showed ANN modelling of
 a nd
has
temporal variation of VWC with depth and time and after a single irrigation event. We concluded that
use of EMCI generated over several times is a practical means of monitoring VWC at field scale. This
has ramifications and impacts which include improved timing of irrigations at leaf development time
which water stress has shown to reduce whole plant leaf area largely through reductions in total leaf
numbers and consequently reduction in total carbohydrate production of cotton.
Keywords: electromagnetic conductivity imaging, EM inversion
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Introduction
Knowledge of the plant available water capacity (PAWC) of soils on their farm can help growers and
advisors improve the quality of yield forecasts that are used to inform management decisions such as
whether to sow, timing of sowing and the input levels of resources such as nitrogen fertilizer. Past
investments by the Grains Research and Development Corporation (GRDC) have helped deliver a
database (APSoil) of 1200+ PAWC characterisations across the country that are freely available
online (https://www.apsim.info/Products/APSoil.aspx). Furthermore, other soil resources are also
increasingly becoming available for growers and advisors (e.g. through the eSpade tool in NSW,
http://www.environment.nsw.gov.au/eSpade2Webapp or the Soil and Landscape Grid of Australia,
http://www.clw.csiro.au/aclep/soilandlandscapegrid/ProductDetails-SoilAttributes.html). This online
information of soil data can open the way to soil specific management and digital agriculture. Thus,
our project investigates the following challenge for growers and advisors: How to use the available
PAWC data and soil information to predict PAWC for the soils on my farm?
Here, we present the most suitable approach for predicting PAWC for the Liverpool Plains case study
area, using existing PAWC data and available soil and landscape information.
Materials and Methods
The Liverpool Plains represents an area within the GRDC Northern Region for which a wide range of
more or less detailed soil-landscape information is available. It is one of the most productive
agricultural areas of New South Wales (NSW), and located of the North West slopes of NSW, with a
total of 1.2 million ha of which approximately 1.06 million ha are managed for agricultural production.
The Liverpool Plains experience a dry sub-humid climate with a slight summer dominance in the
rainfall system, with an annual average rainfall of about 650 mm. Dominant soils used for dryland
cropping are Vertosols characterised by a very high clay content throughout the profile, a selfmulching surface layer and shrink-swell properties stemming from the presence of the clay mineral
smectite. Shrink-swell behaviour typically results in deep cracks throughout the profile in dry periods.
Because of the inherently high clay content, Plant Available Water Capacities (PAWC) are generally
high to very high, typically in the range of 200-300 mm in the case of unconstrained soil conditions.
The breadth of existing soil data information allows for the comparison of predicting PAWC outright
based on the national DSM product (SLGA) (i.e. ’digital soil mapping approach’), and extrapolating
PAWC on the basis of a narrative of soil-landscape understanding (i.e. ’soil-landscape conceptual
model approach’). For the latter, the development of conceptual soil-landscape diagrams can be used
to arrive at a more informed estimate of the PAWC ‘bucket’ size of the soil of interest. The ‘digital soil
mapping approach’ uses the national SLGA DSM soil attributes product to predict and map PAWC
through the use of pedotransfer functions or statistical modelling techniques.
Ancillary soil and landscape information was used to devise the soil reconnaissance survey in the
Liverpool Plains, which was conducted for validation of the predictive approaches. The delineation of
sampling points in the study area was based on a sampling design employing a conditioned Latin
Hypercube Sampling (cLHS) approach (Minasny and McBratney, 2006), the toposequence sampling
approach (Odgers et al., 2008) and expert soil-landscape knowledge. The cLHS approach was used
to derive seed points in the study area to initiate the toposequence model, as it provides an effective
way to sample the variation of the input rasterized layers (or covariates) based on a stratified random
sampling procedure. Covariates were chosen to define seed points that capture the study area’s soil
variation in relation to their landscape position, parent material, PAWC bucket size and potential
subsoil constraints including salinity and sodicity. A total of 300 seed points were produced within the
study area, and were subsequently used to delineate candidate toposequences in the landscape. This
was done using an adapted version of the algorithm described in Odgers et al. (2008) that starts from
the seed points and generates a random path uphill to the crest of the hill and downhill to a valley
bottom. The toposequence approach was chosen to also capture a sequence of soils that are related
by the position in the landscape in which they are found.
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Preliminary Results and Discussion
Preliminary results from observations in the field confirmed findings from previous work (Verburg et
al., 2017), but also further refined the narrative of the ‘soil-landscape conceptual model approach’. For
example, the PAWC along one of the soil-landscapes studied is likely restricted by soil depth in the
upper slope position (e.g. basaltic bedrock in the upper slope position of the transect was reached at
120 cm) while in the flood plain position is most likely restricted by variable subsoil constraints relating
to salinity. Constraints were assessed in the field based on site location and soil morphological
descriptions (e.g. structure and pedality for sodicity) or biological observations (e.g. termination of
roots a potential indicator for salinity). Soil chemistry results from laboratory analysis is required,
however, to fully confirm these preliminary observations.
Conclusion
The methodology that will likely be recommended for the Liverpool Plains is to use a combination of
the ‘digital soil mapping approach’ and the ‘soil-landscape conceptual model approach’. In such a
scenario, the DSM output will be used as a first PAWC predictor, as it will provide growers and
advisors with a starting bucket size (a PAWC value) for the soil of interest. This value can then be
assessed and evaluated further using the ‘soil-landscape conceptual model approach’. Additionally,
growers and advisors will be given the knowledge to apply a PAWC modifier to correct for PAWC in
relation to the presence of soil limitations, based on their severity.
Keywords: Plant available water capacity (PAWC), predicting soil information, soil-landscape
conceptual model, digital soil mapping.
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Introduction
Soil erosion is a continuous process of detachment, transportation, and deposition of soil particles.
Obtaining accurate descriptions of soil surface topography is crucial for quantifying changes to the soil
surface during erosion processes (Rieke‐Zapp and Nearing, 2005). To observe ongoing soil erosion
processes during rainfall events, and to obtain soil surface images of the inundated area are
challenging in nature. The objective of this study was to develop an improved close-range
photogrammetric technique to assess soil erosion under rainfall conditions. Based on high
overlapping image acquisition, digital point cloud matching, digital elevation model (DEM) generation
and soil erosion calculation, a digital close-range photogrammetric observation system was explored
and established.
Methodology
All experiments were conducted in the State Key Laboratory of Soil Erosion and Dryland Farming on
the Loess Plateau. We conducted tow simulated rainfall experiments (Table 1).
Table 1. Experimental design and image acquisition.
Soil bulk density (g/cm3)
Rainfall intensity (mm/h)
Image acquisition time interval (min)
Observations
Image acquisition frame rate (frames/s)
Image acquisition density (frmae/m2)

Experiment 1
1.3
Before 60 min:60, After 60 min: 90
30,50,70,90,100,110,120,…190
14
15
150-170

Experiment 2
1.18
90
10,20,30,…150
15
15
150-170

The digital photogrammetric observation system was composed of two subsystems: the image
acquisition subsystem and the image interpolating and calculation subsystem (Fig. 1). The image
acquisition subsystem consisted of an industrial CCD camera, PICO machine, solid-state drive, touch
control panel, DC (direct current) power supply, waterproof adapter and waterproof case. The image
interpolating and calculation subsystem consisted of a data storage unit, a host computer and nine
parallel computers. We wrote code for images acquisition, task assignment (assigning tasks to the
parallel computers), sub-block division and matching, and soil erosion calculation (Fig. 2).

Figure 1. Logical structure of the digital photogrammetric observation system.

Figure 2. Registration of homologous point clouds and point cloud maps after bundle block adjustment and scale constraints.

Results
The results showed that the established digital photogrammetric observation system could accurately
calculate the digital point cloud from the underlying surface with a 2 min time interval and a 1.5 mm
spatial resolution (Table 2). In addition, based on the DEM generated from digital point clouds, the
amount of soil erosion in different topographic positions within various time periods was calculated
(Table 3).
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Table 2. Results of digital photogrammetric observation methods at different time intervals in the first rainfall experiment.
Duration of rainfall (min)

30

70

100

Number of point clouds
(104)
Density of point clouds
(/mm2)

53
0.6
1.0
6

54
8.7
1.1
0

549
.8
1.10

0

13

57
8.0
1.
16

150

170

190

520
.3
1.0
5

433
.0
0.8
7

425
.7
0.8
5

Digital point clouds

Table 3. Comparison between runoff and sediment sampling methods and photogrammetric observation.
No.

Rainfall
Durat
ion
(min)

Runoff
and
sedime
nt (cm3)

Photogrammetry
(cm3)

Rela
tive
err
or
(%)
31.76
-30.47
-56.24
-77.76
-81.49
16.77
9.56
8.35
1.87
5.84
4.84
1.55
-5.49
-4.39
-7.57

Discussion
The high speed image acquisition
provides a reasonable observation time
1
10
2,059
2,713
window and high overlapping images
2
20
3,978
2,766
for soil surface monitoring, but the high
3
30
5,334
2,334
4
40
10,860
2,415
overlapping image matching involves a
5
50
15,807
2,926
large computing effort, thus we used
6
60
26,217
30,614
parallel computing techniques to
7
70
37,508
41,093
address this issue. Errors in the
8
80
49,834
53,994
photogrammetric observations were
9
90
63,184
64,363
mainly due to image point matching
10
100
75,514
79,926
11
110
89,840
94,186
errors, whereas in the laser scanning
12
120
104,477
106,096
method, the main sources of error were
13
130
120,178
113,575
missing data because points were
14
140
133,425
127,564
blocked from the view of the laser
15
150
150,099
138,739
scanner (Fig.3). Digital photogrammetry
records surface geometry continuously, allowing for the calculation of the soil replacement volume at
different times at different positions. Therefore, this method can distinguish the differences between
the volume of soil erosion and the volume of soil loss and can also be used to investigate the delivery
ratio.
Conclusions
The digital photogrammetric observation methods explored in our study provide a reliable way to
monitor soil erosion processes, especially under rainfall conditions. This approach can accurately
resolve the evolution of the underlying surface soil erosion, which is of great importance in
understanding soil erosion mechanisms.
Keywords: Soil erosion, underlying surface, digital photogrammetry, digital point cloud, observation
method
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Introduction
Much of the countries soil information infrastructure was designed and developed in the early days of
the internet and before the invention of the iPhone and always-on connectivity demands from
consumers.
In Queensland, the Department of Environment and Science has been leading an effort to modernise
its soil information system into a modern and accessible Soil and Land Information Platform. The
platform will enable greater use of soil information by moving away from a focus on land resource
data and mapping data to be inclusive of all soil data. It will provide for greater linkages with modern
processing components such as machine learning, mobile devices, cloud computing and big data
analytics.
Queensland relies on effective land management to support food security, maintain healthy
ecosystems and environmental functions. Extensive land information datasets underpin the
associated government strategies and policies. These include data such as soil type, soil moisture,
soil depth, nutrients and carbon content, etc.
History
In Queensland, our current soil information system was based on a design from the 1990’s (Jacquier,
Wilson, Griffin, & Brough, 2012) and built in the early 2000’s. It was designed to store and manage
data from land resource assessments, as were many of the state soil information systems at the time.
Over time tweaks and addons were made to the Queensland system. In 2017, the Department of
Environment and Science started the process to modernise a number of its critical information
systems.
Several new high-level policies and strategies have also been developed in the last few years, these
are guiding the activities which soil data systems need to support. The National Soil Research,
Development and Extension Strategy (DAFF, 2014) – ‘Securing Australia’s soil for profitable
industries and healthy landscapes’ – includes goals particularly related to soil data availability,
quantifying the soil asset and improved communication. Other overarching policies such as Open
Data (Department of Science, Information Technology and Innovation, 2018) and the FAIR data
principles are also key.
Vision and Guiding Principles
The Department of Environment and Science vision for a modern soil information platform is one
which is open, connected and reliable. It provides access to quality soil data and information to
support strategic investment, policy and business decisions for the people of Queensland. The
platform would be a place where all soil data for Queensland could be maintained and accessible –
whether collected by government, industry or academia.
A number of guiding principles for a modern soil information platform have been developed in
Queensland. Each of the individual components and systems that comprise the whole platform will
support the principles. These are:
•
•
•
•

Foundational – Soil is a critical component of natural systems; our information systems need
to be the prime source of soil information in Queensland.
Managed – Agreed roles and replicabilities for authoritative soil data in Queensland.
Accessibility – Systems will provide data through standardised interfaces to make our data
easy to find and readily accessible (to people and machines).
Informational – Soil data needs to be fit for purpose, the systems need to allow continual
improvement.

The Modernisation Process so far
After a period of moving towards the vision for a modern platform, in Queensland we have achieved
several key components. We have also had many learnings of what a range of user groups require
and how to provide components using a range of modern information system architectures.
We have developed a mobile application, SITEd, to collect soil data in the field. By moving to a single
device to capture data, including photos and sketches, we are taking no longer in the field to record
the information but we are saving around 15 minutes per observation for data entry and management
tasks. In 2017 alone, this could have saved approximately 10 weeks of staff time across two
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Queensland Government departments. SITEd is an Android application currently available to internal
Queensland Government staff, with future enhancements planned to make it available to external
parties. The New South Wales government has developed their own mobile application, eDIRT, with a
different architecture to SITEd. Future analysis may indicate strengths and weaknesses with both
architecture patterns after long term use.
Other components are new public interfaces to our data (land-suit.information.qld.gov.au; soilchem.information.qld.gov.au), making more data accessible through standardised and documented
application interfaces. This framework not only supports simple display to support non-technical use
but provides a mechanism for application developers to access the information and build custom
solutions to their problems. The interfaces are designed using the OpenAPI specification (The Linux
Foundation, 2018), which is an evolving standard.
We have been exploring cloud delivery options to delivery scalability, security and access to shared
points of truth. While the move to the cloud requires different technical approaches and different skill
sets, the flexible deployment options and move away from managing infrastructure frees up
development teams to focus on delivering value.
Our analysis work with a broad range of stakeholders across industry, academia and government has
shown a willingness to share information across the sectors. All stakeholders shared a view that if we
all work together we can deliver better combined value to those making land management decisions.
But with this proposed sharing comes addition effort to secure and potentially anonymise data.
Continuing Modernisation
Future phases of the modernisation of the Soil Information Platform for Queensland Government is to
have a single source of reliable soil data and information for the state. The system would provide the
data and interpretations required by a range of users. It would allow government scientists,
commercial organisations and researchers to collaborate. The platform would provide a secure
mechanism for the collaboration and dissemination of soil information. A future work package is to
design the security components to protect data integrity and privacy when third parties become
involved with the platform.
Building a system from components that are based on standards (e.g. OpenAPI) and provide data
through consistent interfaces; soil information will be included in the big data and digital agriculture
revolutions. The platform will provide a key plank in the nation’s soil information infrastructure as the
next generation of Australian soil information systems is developed. This could include more dynamic
and real-time updates to ASRIS (Australian Collaborative Land Evaluation Program, 2018).
The platform will have components spread across devices from mobile to desktop to the web. With
future linkages to Artificial Intelligence services it will provide access to the right information at the
right time and in the right format to users.
The provision of reliable and consistent information to those who make decisions about the
management the state’s precious soil resources will enable greater soil and food security, healthy
landscapes and profitable industries.
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Introduction
Map grids of 10 soil properties have been produced for Victoria. These grids provide prediction and
confidence interval values for key soil properties at a 90 m resolution for 6 set depths; 0 – 5 cm, 5 –
15 cm, 15 – 30 cm, 30 – 60 cm, 60 - 100 cm and 100 – 200 cm, across Victoria. The grids have been
designed to meet the specifications created by GlobalSoilMap (www.globalsoilmap.net) to develop
and deliver detailed soil information in a consistent form.
Methodology
The methodology used to develop the Soil Grid of Victoria has been based on that refined by the
Australian Soil and Landscape Grid (Viscarra Rossel et al. 2015). There were five key steps
implemented in the production of the Soil Grids of Victoria as listed below:
1. Collation and preparation of site-based observations and measurements of soil: Site data from the
Victorian Soil Information System (VSIS) was supplemented with data derived from other sources
such as the National Soils Database and soil property predictions for VSIS sites using MIR models.
VSIS contains over one million measurements for 18,000 geo-referenced soil sites. This includes
6,000 sites with MIR spectroscopic predictions from inhouse Partial Least Squares Regression
(PLSR) models. Site data was harmonised and quality checked to comply with the 6
globalsoilmap.net set depth intervals. MIR predictions were used in spatial models for particle size
distribution (clay, silt, fine sand and coarse sand), organic carbon, field capacity and permanent
wilting point.
2. Creation and preparation of gridded environmental predictor datasets: Spatial datasets (covariates)
were grouped according to potential factors: Soil, Climate, Organism, Relief, Parent material, Age
and geographic position (McBratney et al. 2003). The covariate datasets were resampled and
projected to a common reference grid of 90 m resolution. Random Forests were used to reduce the
number of covariates to use in spatial models. Approximately 30 covariates together with additional
expertly-chosen covariates were included.
3. Creation and application of Cubist models to generate soil property surfaces: CUBIST (Quinlan
1992) data mining algorithm was used to build models relating soil site measurements to the
environmental factors represented by the environmental predictor datasets. CUBIST uses piecewise
linear models to build decision trees that use if, then, else rules to partition data (Viscarra Rossel et al.
2015). Input soil data was split into calibration and validation sets using an 80:20 ratio. A mean
prediction was calculated as well as confidence intervals (5th and 95th) that can be used to represent
uncertainty in the resulting maps. 30 bootstrap samples were applied for each soil property mapped.
4. Expert assessment of modelled soil property predictions and refinement: Validation data was used
to calculate R2 and Lin’s Concordance Correlation Coefficient (LCCC) to assess the model fit. Soil
and landscape specialists from Agriculture Victoria Research reviewed the maps, identifying where
modelled outputs agreed and disagreed with their expectations.
5. Post processing of modelled soil property datasets: Models were re-run to improve output maps by
removing covariates (only low usage predictors in conditions of CUBIST models) that generated linear
artefacts. Refined map outputs where model quality was not adversely affected were retained.
Results
Mapped predictions for pH (CaCl2) are presented in Table 1 and as maps (mean and 90 percent
confidence interval) for 0 – 5 cm (Figure 1). There is substantial agreement between measured and
predicted results (not presented). In the case of pH, the model quality was consistent with depth.
These maps indicate a broad agreement with the perception of the effect of rainfall and elevation in
Victoria on pH variability. There is a general trend of increasing pH with depth (Table 1). Sharp
boundaries may be due to the varying scale and form of the environmental predictors or actual
physical features such as major geological faults/folds or boundaries e.g. exposed granitic plutons.
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Table 1: Summary model assessment statistics for pH (CaCl2)
pH CaCl2
Statistic

Depth layer (cm)
0-5

5 - 15

15 - 30

30 - 60

60 to 100

100 to 200

R

0.68

0.73

0.75

0.75

0.75

0.71

LCCC

0.82

0.85

0.86

0.86

0.86

0.84

RMSE

0.697

0.656

0.689

0.749

0.789

0.87

-0.055

0.005

-0.053

-0.071

0.016

0.027

6.1

6.22

6.64

7.15

7.44

7.57

6.05

6.23

6.59

7.08

7.45

7.6

2

ME
Av. obs
Av. model

Figure 1: Mean prediction maps of 0 – 5 cm for pH (CaCl2) (left) and 90 % confidence intervals (95th percentile minus 5th
percentile) presented in unit ranges (right).

Discussion and Conclusions
The Soil Grids of Victoria are a contribution to national and International digital soil mapping efforts.
Some target soil properties have not been successfully mapped, e.g. soil depth, whilst others remain
to be mapped, e.g. Cation Exchange Capacity (CEC), Electrical Conductivity (EC) and Exchangeable
Acidity (EA). The grids are Victoria’s first state-wide view of this efficient and cost-effective approach
to mapping soils at fine-scale resolution in a consistent and easy to use format. The Soil Grids of
Victoria have been added to both internal and external reference data libraries and will be made
available for access through the Victorian government data portal, www.data.vic.gov.au.
Keywords: Digital Soil Mapping, CUBIST, harmonization, VSIS, pH (CaCl2)
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Introduction
Together the three particle size fractions (PSFs) of clay, silt, and sand are fundamental properties
because their abundance influences physical, chemical and biological processes. Determining PSFs
requires a laboratory method which is time-consuming. To add value, digital soil mapping, which
relies on empirical models such as multiple linear regression (MLR), to couple ancillary data to PSFs
can be used. The approach does not account for compositional data, however. In this paper, ancillary
data was coupled, via MLR modelling, to additive log-ratio (ALR) transformations of the PSFs to meet
this requirement. We compare the results of MLR vs. ALR-MLR along with the use of different
ancillary data including proximal sensed gamma-ray, electromagnetic induction and elevation data to
predict the three particle size fractions.
Methodology
In this paper we used MLR vs. ALR-MLR approaches to predict soil PSF. We demonstrated how
ancillary data including gamma-ray, electromagnetic induction and elevation data can be coupled via
MLR modelling to additive log ratio (ALR) of the PSFs. We compared these approaches (MLR vs.
ALR-MLR) using measures of precision (RMSE), bias (ME) and concordance (Lin’s).
Results
Table 1 shows that when all data was considered, the MLR was more precise, less biased and had
larger concordance between measured and predicted PSF, compared to ALR-MLR. Because the
results were not statistically different and ALR-MLR meet requirements of the three PSF summing to
unity (i.e. = 100 %), the latter was preferred. Comparing the results with the use of the ALR-MLR
approach and various ancillary data independent of one another, the elevation was generally superior
to the gamma-ray and EM data in this order and in the topsoil (0-0.3 m) and subsurface (0.3-0.6 m).
The opposite was the case when considering the results of the upper (0.6-0.9 m) and lower (0.9-1.2
m) subsoil depths where the EM data was better than elevation followed by the gamma-ray data.
Table 1: Summary of MLR and ALR-MLR established using gamma-ray and EM data measured on each transect. Note: R2,
coefficient of determination; Lin’s, Lin’s concordance; ME, mean error; RMSE, root mean square error.
Transformation
Ancillary data
0–0.3 m

Lin’s
0.82
0.8
0.74
0.74
0.64

R2
0.69
0.64
0.59
0.56
0.46

Clay
ME
0
-0.41
-0.56
-0.33
-0.44

RMSE
5.02
5.51
5.81
6.03
6.62

Lin’s
0.44
0.46
0.27
0.28
0.29

R2
0.23
0.26
0.12
0.13
0.12

Silt
ME
-0.03
-0.42
-1.07
-0.48
-1.24

RMSE
9.33
9.1
9.93
9.81
10.13

Lin’s
0.67
0.64
0.24
0.61
0.21

R2
0.49
0.45
0.12
0.41
0.1

Sand
ME
0.07
0.83
1.63
0.81
1.68

RMSE
7.82
8.16
10.44
8.43
10.56

MLR
ALR-MLR
ALR-MLR
ALR-MLR
ALR-MLR

All
All
Elevation
Gamma
EM
0.3–0.6 m

MLR
ALR-MLR
ALR-MLR
ALR-MLR
ALR-MLR

All
All
Elevation
Gamma
EM
0.6–0.9 m

0.75
0.73
0.73
0.66
0.55

0.59
0.55
0.48
0.46
0.33

-0.02
-1.02
-1.73
-1.35
-1.46

5.91
6.32
6.31
7.03
7.48

0.21
0.21
-0.04
0.16
0.03

0.07
0.08
0
0.49
0

0
-0.95
-1.55
-1.07
-1.46

11.95
11.71
13.07
11.98
12.57

0.49
0.5
0.18
0.33
0.13

0.29
0.31
0.04
0.15
0.04

0.1
1.97
3.28
2.41
2.91

12.8
12.84
14.87
14.4
15.56

MLR
ALR-MLR
ALR-MLR
ALR-MLR
ALR-MLR

All
All
Elevation
Gamma
EM
0.9–1.2 m

0.73
0.75
0.67
0.42
0.56

0.56
0.59
0.5
0.26
0.39

-0.09
-2.43
-2.5
-2.23
-2.56

8.16
8.33
9.11
10.81
9.95

0.11
-0.04
0.02
-0.04
0.18

0.04
0
0
0
0.06

0.01
-1.29
-1.71
-2.47
-2.42

12.19
13.41
12.73
13.44
12.49

0.37
0.24
0.26
0.02
0.13

0.2
0.08
0.08
0
0.11

-0.06
3.72
4.21
4.69
4.98

16.25
18.31
17.65
19.45
17.78

MLR
ALR-MLR
ALR-MLR
ALR-MLR
ALR-MLR

All
All
Elevation
Gamma
EM

0.72
0.71
0.51
0.46
0.61

0.55
0.51
0.29
0.25
0.41

-0.05
-1.26
-2.8
-1.28
-2.06

8.79
9.59
11.62
11.6
10.18

0.45
0.45
0.2
0.43
0.29

0.25
0.23
0.09
0.23
0.13

-0.12
-0.64
-2.07
-1.22
-1.47

12.78
13.32
14.19
13.13
13.64

0.62
0.63
0.19
0.53
0.39

0.42
0.41
0.08
0.31
0.23

0.22
1.9
4.87
2.5
3.53

15.28
15.81
19.79
17.09
17.78

Figure 1 shows the maps of predicted clay at 4 depths. We can see the spatial trend of clay across
the field and from west to east and in addition clay increases with depth. These results are further
reflected in Figure 2 which shows the spatial prediction of soil texture at the various depth intervals.
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Figure 1. Spatial distribution of predicted clay content (%) using additive log-ratio transformation with multiple linear regression
(ALR-MLR) and at various depths, including; a) 0–0.3 m, b) 0.3–0.6 m, c) 0.6–0.9 m, and d) 0.9–1.2 m, respectively.

Figure 2. Spatial distribution of predicted soil texture using additive log-ratio transformation with multiple linear regression (ALRMLR) and at various depths, including; a) 0–0.3 m, b) 0.3–0.6 m, c) 0.6–0.9 m, and d) 0.9–1.2 m, respectively. Note: Soil
texture classes were generated using the Australian Soil Texture Triangle.

Conclusions
Although the ALR-MLR approach did not produce significantly better results, it generated predicted
soil PSFs which summed to 100 and had the advantages of interpreting the ancillary data relative to
the original coordinates (i.e. clay, silt and sand). It was found that for predicting PSFs at various
depths, all ancillary data was useful with elevation and gamma-ray slightly better for topsoil and
elevation and EM data better for subsoil prediction. The ALR-MLR approach can be applied
elsewhere to map the spatial distribution of clay minerals.
Keywords: PSFs, Proximal, MLR and additive log ratio modelling
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Introduction
Gamma radiometrics (GR) are now a common covariate used for digital soil mapping. Earlier studies
demonstrated the correlation of GR signals with soil parent materials, and subsequently GR have
been included in modelling and mapping soil types and specific soil properties over a range of spatial
scales, albeit with varying levels of success. The GR spectral signature can be measured from aerial
(coarse resolution) or proximal (detailed resolution) surveys to create GR surfaces for potassium,
thorium, uranium, and dose rate. For digital soil mapping, these maps are typically combined with
other covariates such as terrain attributes and climate surfaces to predict soil properties.
These GR datasets have historically been produced for mineral exploration, but now that their value
as environmental predictors for soil mapping has been recognized, they are increasingly in demand
by the agricultural community for farm management and planning. Growers in Western Australia are
investing in GR surveys to improve management zoning, but agricultural consultants working with
these data often find that the relationships between GR and soil properties vary geographically,
making it difficult to develop a general calibration for farm zoning. The detailed (2-5m pixel) GR
surfaces often end up being visually interpreted by growers based on their field experience, much as
aerial photos were used in the past. They are under-utilized for quantitative farm mapping.
While high resolution GR maps are being privately contracted by growers, coarse resolution GR maps
are available across all of Western Australia, compiled by the Geological Survey of Western Australia,
and nationally by Geoscience Australia. These GR surveys were done for mining exploration, and
have been interpolated to 3-arcsec or approximately 80-90m pixel size. The maps have been used
for state-wide soil type prediction and for national digital soil mapping but are not commonly used by
consultants producing farm-level management advice due to the perception that they are too coarse
to detect important features.
The detailed GR surfaces from proximal sensing at the farm-scale is impressive, as are detailed
digital elevation models.
But are such detailed GR maps really necessary for agricultural
management, especially given the margin of error (minimum management unit size) for variable rate
applications? Could 80m pixel data be adequate in some landscapes? Can the coarse resolution
data, which provides ‘blurred’ data covering the entire land surface, in some cases be more reliable
than the fine resolution data, which provides excellent detail along run-lines and then interpolates
between run-lines? Can it provide the context needed for developing farm-independent GR
calibrations, and provide a first pass at farm zoning in some areas?
Methodology
We model topsoil clay content using GR in the Western Australian wheatbelt to (1) compare
performance of detailed (2m pixels) and coarse (80m pixels) resolution gamma maps as covariates
across diverse environments, (2) assess where the coarse resolution maps may be suitable as inputs
for farm management zoning, and (3) evaluate ways of stratifying the Wheatbelt to simplify
interpretation of detailed resolution gamma maps, potentially improving digital soil model
transferability and regional prediction accuracy. Generalized linear and additive models were used to
explore the multiscale nature of the GR : clay relationships and develop predictive models for the
wheatbelt.
Keywords: gamma radiometrics, scale, digital soil mapping.
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Introduction
Improved soil information was identified as a limitation to improving fertiliser management in priority
coastal catchments of the Great Barrier Reef. Detailed soil constraint mapping provides land
managers with the ability to identify soils that may be responsive to amelioration, and soils where
lower yields may be unavoidable. Planning land management decisions around soil constraints can
prevent wasted effort attempting to increase yields on soils not capable of responding to treatment.
Disaggregation of medium-scale soils mapping using DSMART was identified as a potential approach
to develop appropriate information. The disaggregated map surfaces provide a spatial index that allow
soil attributes and constraints to be mapped in more detail. DSMART was applied across the priority
coastal catchments to develop improved mapping of each soil. A series of key attributes for each
mapped soil was derived from available soil profile data, and then interpreted against a constraints
framework for the primary crop - sugarcane.
Methodology
A pilot version of a modified DSMART (Odgers et al., 2014) methodology was presented in O’Brien
(2016). The method discussed has since been developed into an extension package for R (R Core
Team, 2018), called ‘dsmartr’ (O’Brien, 2017). Disaggregation produced most-probable soil profile
class (SPC) surfaces with 1 arc-second pixel size (approximately 25m). Covariates used varied by
region according to availability and utility, but always included the SRTM DEM-S, SAGA Wetness
Index, Prescott Index, mrVBF, Geomorphon, and Regional Ecosystems data. Geology and
radiometrics were used where available.
Representative analytical and morphological data was sourced from the Queensland SALI (Biggs et
al., 2000) and NatSoil (CSIRO Land & Water, 2010) databases. The mass-preserving spline method
of Bishop et al. (1999) was used to reconcile data to standardised output depth slices. Additional
attributes were calculated from the splined data before calculating aggregate values per SPC. Further
attributes were generated directly from soil morphological data – these were whole-profile
characteristics like soil depth, or categorical data (e.g. rockiness) which could not be splined. Key
constraints to sugarcane production were identified by stakeholders in a workshop in early 2017.
Constraints were operationally defined with reference to calculated attributes, under a four-level rating
system (None, Mild, Moderate, Severe). 19 such constraints were mapped.
Initial draft outputs were raster datasets for each soil attribute and constraint. End users expressed
discomfort working with large-volume raster data, so a portable version of the mapping was
generated. For this, the most-probable-soil raster was smoothed, polygonised, and attributed with the
constraint ratings. Soil attributes were supplied as companion csv tables.
All data processing was carried out in R v3.4 (R Core Team, 2017), interfacing with the OSGeo4W
GIS package (Open Source Geospatial Foundation, 2018). R was used not just for processing, but as
an interface language and a reporting mechanism.
Results and Discussion
Desktop assessments of dsmartr outputs checked the predicted soil class against soil classes
observed during mapping, and a qualitative assessment of prediction patterns against satellite
imagery was also completed. Field validation exercises were carried out in each project subregion
during 2017, where a small number of new observations were made, and agreement with both
original input mapping and dsmartr output mapping was checked.
Table 1: Desktop assessment results for disaggregation by project sub-area. An exact match is where a known soil site directly
intersects a matching predicted pixel. A modal match is where the site matches the modal predicted soil class within 100m. A
local match is any matching pixel within 100m.
Match against most-probable soil
Match against three most probable soils
Project Subregion
Exact
Modal local
Any local
Exact
Modal local
Any local
Atherton Tablelands
64%
64%
74%
85%
85%
92%
Burnett-Mary
61%
62%
67%
83%
82%
92%
Mackay-Whitsunday
62%
62%
77%
80%
79%
88%
Townsville
36%
38%
47%
59%
57%
70%
Wet Tropical Coast
48%
49%
62%
74%
73%
85%
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Agreement with known sites was reasonable in most project subregions, being similar to the expected
accuracy of the input mapping (Table 1), but field validation results were ambiguous. Field staff found
that many sites visited did not match either the input or output mapping, and sometimes observed
issues with the input mapping quality. Patterns of disaggregation on low coastal plains (outside of
mangrove areas) were often noisy, possibly reflecting the limitations of the SRTM-DEM. Some parent
material relationships known to local soil experts were not picked out – covariates with a clear
relationship to subsoil conditions have not been identified.
The number of representative sites available for each soil varied from 0 to hundreds, but the majority
had very little laboratory data, and the data is often >30 years old. Modelled attributes are generally
best considered as an estimate of pre-cultivation status, due to the timing of survey projects.
Table 2: Breakdown of available site data across disaggregation subregions.
Median Lab
Max Lab
Median
Project Subregion
Sites
Sites
Named Sites
Atherton Tablelands
1
6
10
Burnett-Mary
1
12
27
Mackay-Whitsunday
1
25
12
Townsville
1
2
1
Wet Tropical Coast
1
10
8

Max Named
Sites
570
470
178
21
210

SPCs with no lab sites
(of total)
48/109 (44%)
39/153 (25%)
27/170 (16%)
62/100 (62%)
12/132 (9%)

Conclusions
DSMART model outputs can be used to generate a variety of soil map products targeted at particular
use cases and stakeholders. Despite the limitations in the process, attribute surfaces appeared
realistic and qualitative assessment of constraint ratings against commentary in survey reports
showed strong agreement. Points of disagreement could always be traced back to an outlier or error
in source data, or a weakness in the code transforming attributes to constraints.
For advanced use cases, more sophisticated soil attribute surfaces can be generated by using the
series of n-most probable soil class surfaces, their probability of occurrence, and a surface indicating
how many soils on each pixel were predicted frequently. A weighted average of the attribute values
for the frequently predicted soil classes can be calculated and mapped (Odgers, McBratney and
Minasny, 2015). However, many soil profile classes documented in the Queensland SALI database
are poorly parameterized, and care should be exercised when re-using such legacy data due to its
age and paucity.
Keywords: Digital soil mapping, DSMART, raster, spline, sugarcane, soil constraints.
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Introduction
The Australian Soil Classification Working Group is currently reviewing the introduction into the
Australian Soil Classification (ASC) of a new order applicable to sandy soils – the Arenosols. Part of
this process has been an interrogation of databases to ascertain (i) how applicable such an order is
and (ii) how existing orders are affected. This paper reviews and discusses the results following an
interrogation of the Soil and Land Information System (SALIS), the NSW government repository of soil
and land information.
Sandy soils are currently accommodated within the Australian Soil Classification as mainly Arenic,
Stratic or Lutic Rudosols; various Tenosols with Arenic great groups and many Podosols (Isbell and
the National Committee on Soil and Terrain 2016). However, the dominance of sandy soils in areas
such as parts of Western Australia, and the management issues associated with such soils has
prompted the introduction of an order dedicated to sandy soils. The World reference base for soil
resources (WRB) recognises sandy soils with its Arenosol reference soil group (IUSS Working Group
WRB 2015). Soil Taxonomy (ST) recognises sandy soils, albeit at suborder level, with the Psamments
(a suborder of Entisols) (Soil Survey Staff 1999). WRB Arenosols and ST Psamments are most
closely correlated to Rudosols, Tenosols and Podosols (Morand 2013).
Proposed Arenosol definition
This order will be the first in the ASC to use a depth interval as part of the definition.
Arenosols have, within the upper 100 cm of the soil profile:
1. a sandy field texture (sand, loamy sand, clayey sand) in 80% or more of the upper 100 cm; and
2. no layer with a clay content that exceeds 15% (i.e. heavy sandy loam)
3. ≤20% coarse fragments and/or hard segregations >2 mm; and
4. no hard layers.
Criterion 2 prevents any possible overlap with Kandosols, which require a maximum clay content in
some part of the B horizon which exceeds 15%.
Methodology
The SALIS database was initially filtered for those profiles that consisted of sandy loam or coarser
throughout to a recorded depth of 100 cm. Unfortunately, a record of profile depth or base of
observation is not always present in SALIS, so profiles that have a lower depth of at least 80 cm were
also considered. About 5,000 profiles satisfied these conditions. These profiles were then either
eliminated as Arenosols (often due to >20% gravels), or reclassified as Arenosols.
Results
Soils that could be reclassified as Arenosols were predominantly Tenosols and Rudosols. Apart from
those with depth restrictions (i.e. various Leptic suborders), many Tenosols could be reclassified as
Arenosols. The majority of the Rudosols reclassified as Arenosols were Arenic, Stratic and, to a
lesser extent, Lutic. Other soils that had the potential to be misclassified as Arenosols due to limited
exposure of the profile included Chromosols, Kurosols, Sodosols and Kandosols with sandy A
horizons extending to greater than 100 cm depth. Of the profiles examined, 6 Chromosols, 8 Kurosols
and 3 Sodosols had sandy A horizons greater than 100 cm, but in each case the diagnostic B horizon
could be identified. Similar profile exposure problems are applicable to Podosols. Thick sands were
not recorded for Dermosols, Ferrosols, Organosols and Vertosols. The only Calcarosol that satisfied
the sandy texture criteria was too shallow. Hydrosols and Anthroposols were not considered.
Many soils had a field texture of sandy loam but the profile description did not differentiate between
light and heavy sandy loam. Where particle size analyses (PSA) were available, the comparison
between these and field texture was often contradictory - a soil would not satisfy criterion 2 of the
Arenosols based on field texture but would do so based on PSA (or vice versa).
The ordering of the key to soil orders is yet to be finalised, but several orders will obviously key out
before Arenosols. These include Anthroposols, Organosols, Podosols, Vertosols, Hydrosols,
Kurosols, Sodosols and Chromosols.
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Discussion
Much of the soil information within SALIS has been collected from the coast, ranges and western
slopes of NSW. Information from the west of the state is scarcer, so this initial analysis is not an
exhaustive review. Nevertheless, the considerable amount of soil information reviewed has shown
that there is a place for Arenosols.
Introduction of the Arenosol order will potentially have most impact on the Tenosols, Rudosols and
Podosols. Apart from some small adjustments, the Rudosols and Podosols will remain essentially
unchanged. Shallow sandy soils can still be accommodated within the Rudosols. Deep Podosols in
which a diagnostic B horizon cannot be identified will key out as Bleached or Grey Arenosols. If a
diagnostic horizon can later be identified then the soil can be reclassified as a Podosol. The WRB
treats such deep Podosols (the Podzols) similarly, classing them as Albic Arenosols. Tenosols will be
most affected by the Arenosols. The “Orthic” descriptor has been removed from the colour suborders
and extra categories added to address calcareous and shelly conditions. Calcarosols are also
affected but there are too few records in SALIS satisfying the depth criteria to enable any comment on
these soils. As noted above, some texture contrast soils with thick, sandy A horizons have the
potential to be classified as Arenosols.
Many potential Arenosols in SALIS consist predominantly of sandy loams. PSA results are not always
available in SALIS so there is often no precise way of determining clay content. However, many of
these soils will key out as Arenosols with a Kandic great group (a new great group introduced for use
with Arenosols).
Conclusions
A review of SALIS has shown that deep sandy soils comprise a significant proportion of the database
and that such soils can be accommodated within the proposed Arenosols. Use of the SALIS database
has enabled a relatively quick and thorough review of the applicability of such a revision to the ASC.
Keywords: Arenosol, soil classification, Australian Soil Classification, database, SALIS
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Introduction
Soil water retention function θ(h), the relationship between soil water content (θ) and matric potential
(h), is a key input in many numerical models like APSIM, HYDRUS, TOPOG. Various mathematical
functions have been used to describe θ(h), the most widely used being the one by van Genuchten
(1980). The objective of this study is to evaluate performance of two parameter optimization
techniques - nonlinear least squares (NLS) as implemented in RETC and Gaus-Marquardt-Levenberg
(GML) method as implemented in PEST- for fitting van Genuchten soil water retention function.
Methods
The van Genuchten (1980) function is defined as
𝜃𝜃𝑠𝑠 −𝜃𝜃𝑟𝑟
𝜃𝜃 = (1+(𝛼𝛼ℎ)
𝑛𝑛 )𝑚𝑚

(1)

where α (1/cm), n and m are empirical parameters. Equation (1) can be used with m and n as
separate parameters or a specific relationship between m and n can be assumed. Van Genuchten
(1980) assumed m = 1−1/n for Mualem based conductivity predictions, or m = 1−2/n for Burdine
based conductivity predictions.
Parameters of equation (1) were estimated for individual 180 sampling points covering four major
dryland dairy pasture soils from Victoria using NLS in RETC and GML in PEST using 10 data points
obtained from measuring soil-water content (θ) at 10 soil matric potentials (h =0, 10, 20, 50, 100, 300,
600, 1000, 3000 and 15000 cm). Equation (1) was also fitted using 9 data points for each sample
(excluding soil-water content for 15000 cm matric potential). When θr was < 0.01 during the
optimisation process, it was fixed at 0.01 for final optimisation using only α, n, θs, as parameters.
The performance of the two parameter estimation techniques was evaluated using Akaike information
criterion (AIC) (Burnham and Anderson, 2004), as defined in equation 2, Lin’s Concordance
Correlation Coefficient (CCC) rc (Lin et al. 2002), as defined in equation 3, and Root Mean Square
Error (RMSE), as defined in equation 4.
AIC = n log(σ 2 ) + 2k

(2)

rc = rCb ,

(3)

∑ (y
n

pred

− yobs

)2

i =1

(4)
n−2
where σ 2 = (1/n) ∑i (ypred – yobs)2,k is the number of model parameters, ypred is predicted 𝜃𝜃 and yobs is
observed 𝜃𝜃.
The estimation technique with smaller AIC is expected to provide more reliable prediction of 𝜃𝜃. A
value of rc = +1 corresponds to perfect agreement, a value of rc = - 1 corresponds to perfect negative
agreement, and a value of rc = 0 corresponds to no agreement between observed and predicted𝜃𝜃. In
Equation 2 and 4, n (= 1800) is the number of observations. In equation (3), r is the Pearson’s
correlation coefficient (a measure of precision) and Cb is a bias correction factor, a measure of how
far a line of best fit (i.e. the line of perfect concordance) is from a 45 degree angle through the origin.
RMSE provides a measure of uncertainty in predicted 𝜃𝜃.
RMSE =

Results and discussion
AIC and RMSE values are shown in Figure 1, and observed and predicted soil water content in Figure
2. Lin’s CCC values are provided in Table 1. RETC had lower AIC compared to PEST. RETC also
had consistently higher rc (>0.99) than PEST. We also found that with 9 points rc > 0.99 which is
higher than for 10 points (rc > 0.97, but < 0.99). Based on recommendations by McBride (2005), rc >
0.97 (but < 0.99) indicates substantial agreement, and rc > 0.99 indicates almost perfect agreement
between measured and predicted 𝜃𝜃.
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Figure 1. Comparison of AIC and RMSE (m3/m3 x 100)
for two techniques (RETC vs PEST) for estimating
parameters of the equation 1 using 10 points per
sample

Figure 2. Observed vs predicted soil water content
using PEST and RETC using 10 points per
sample.

Table 1. Predictive performance statistics for two parameter estimation techniques and two data sets.
Data sets
(points per
sample)

RMSE
(m3/m3)

rc - 95% CI
lower

rc

rc - 95% CI
upper

r

cb

PEST

9

0.011

0.995

0.996

0.996

0.996

1.000

RETC

9

0.007

0.998

0.998

0.998

0.998

1.000

PEST

10

0.033

0.968

0.971

0.973

0.971

0.999

RETC

10

0.027

0.979

0.981

0.983

0.981

1.000

Techniques

Conclusions
The results of this study suggest that (a) NLS in RETC provided more reliable prediction of 𝜃𝜃 with
smaller uncertainty, (b) NLS in RETC always converged, (c) GML in PEST was not guaranteed to
converge, and (d) PEST adopts a trial and error approach requiring a sound understanding of the
software and settings. The van Genuchten parameterisation derived using NLS in RETC was found to
best match the experimental soil water content data as suggested by high Lin’s CCC which was
almost close to 1.
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Introduction
Knowledge of the soil water retention properties of soils is essential for many plant and soil–water
studies including plant growth, plant–water stress, solute movement, deep drainage and irrigation
scheduling. Victorian Government continues to invest in modelling activities that require robust soil
hydraulic properties to test, understand and design future farming systems for Victoria. However
limited soil water data exists to support the current range of farming system models such as
Agricultural Production Systems sIMulato (APSIM), Catchment Analysis Tool (CAT) and Soil & Water
Assessment Tool (SWAT). Therefore, the objective of this study is to provide soil water spatial
datasets for selected agricultural regions of Victoria in accessible format for easy integration into
spatial software and predictive biophysical models.
Methodology
The interim data set provided here includes measured soil water properties and derived parameters
for soil water retention function for A and B horizons of dairy pasture soils. The dryland dairy pasture
soils are from Gippsland and South West Victoria regions. A total of 30 dairy paddocks were sampled
representing these two regions and three to four dairy grazing management practices. This data set
contains soil water properties and parameters on a total of 90 A-horizon and 90 B- horizon samples.
Soil water retention properties provided include saturated soil water content (WCS), field capacity
(FC) and permanent wilting point (PWP). Parameters for soil-water retention function include van
Genuchten and Campbell parameters. In addition, this data set provides some basic soil properties
including particle size distribution, bulk density (BD) and chemical properties including organic carbon
(OC) content.
Results and discussion
Soil water retention properties and parameters varied with soil types, soil texture classes and soil
depths. For example, OC and BD ranged from 0.34 to 15.94 %, 0.52 to 1.82 Mg m-3. WCS, FC and
PWP ranged from 0.313 to 0.803 m3 m-3, 0.100 to 0.577 m3 m-3 and 0.0150 to 0.45 m3 m-3
respectively. van Genuchten soil water retention function parameters wcr (residual water content),
wcs (saturated water content) α and n ranged from 0.001 to 0.470 m3 m-3, 0.300 to 0.803 m3 m-3,
0.010 to 46.55 cm-1 and 1.02 to 3.84 and respectively. Campbell soil water retention function
parameters wcs, he and b ranged from 0.313 to 0.8030 m3 m-3, 0.004 to 72.49 cm, 0.798 to 44.44
respectively.
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Soil Classification
B. Powell1 and N. Schoknecht2

5108/197 King Arthur Terrace, Tennyson Qld 4105 Australia. email kb.powell@bigpond.com
2
13 Herbert Street, North Fremantle WA 6159 Australia. email noel.schoknecht@gmail.com

1

Introduction
The case for an order representing deep sands in the Australian Soil Classification (ASC), Isbell and
NCST 2016) was first proposed at the Australian Soil Science Conference in Melbourne in 2014. The
proposal was initially driven by the classification of deep sands at high levels in local soil
classifications in Western Australia (Schoknecht and Pathan 2013) and South Australia (Hall et al.
2009). However, this high level of recognition was not reflected in the ASC, where they currently fall
uncomfortably into the diverse and broadly defined Tenosols, as well as Rudosols and Calcarosols.
However, in other classifications, deep sands are identified at a high level in the classifications–for
example, Arenosols in the World Reference Base (2015) and Psamments in the USDA Soil
Taxonomy (Soil Survey Staff, 2014).
We propose that the deep sands that do not qualify as Podosols, Calcarosols, Tenosols or Rudosols
should belong to a new soil order, the Arenosols. The term arenic comes from L. arena or sand. We
consider this is a better place for the deep sands because of their wide distribution, their distinct and
readily identifiable properties and their management requirements.
Although there is a strong case for an Arenosols soil order, the creation of a new soil order is a major
change to the ASC. It needs to appropriately incorporate the population of deep sands that exist in
Australia as well as not having any unintended consequences for the soils of other soil orders. A
working group has explored these concerns and evaluated the issues that arise. The methodology
undertaken is described below.
Methodology
The proposal involved developing the distinguishing features of an Arenosol and using the
appropriate Tenosols classes as a template for developing a key for suborders and lower levels in
the classification. The template was installed as a draft version accessible on the internet. This
template was then evaluated and revised by consultation with experienced pedologists across
Australia as well as testing it using the various CSIRO and state soil databases. This led to a number
of questions that required resolution (Table 1).
Results
The responses to a number of key concerns regarding the Arenosols proposal are summarized in
Table 1.

Table 1: Responses to some key questions raised with the Arenosol proposal.
Questions
Proposed Responses
Should deep sands without clear A horizons be included?
Yes
How deep is a deep sand?
At least 1m
What % clay or soil texture is allowable?
0.8m of the profile must be a sand (<10% clay)
and up to 0.2m may be sandy loam (10-15%
clay)
How much coarse fraction is allowable?

Up to 20% by profile weighted average

How to deal with deep sands underlain at depth by more
clayey B horizons or Podosol diagnostic horizons?
How to deal with gritty sands derived from granitoid parent
materials?
How to deal with recent fluvial deposits?

Reclassify if evidence found

How to deal with calcareous sands that currently classify as
Calcarosols?

Insert Arenosols before Calcarosols in the key
and establish a Calcareous Arenosol suborder
and great groups aligned with Calcarosol
concepts
Shelly Subgroup established

How to deal with shelly sands and their variability in
abundance and size?
How to deal with sands containing heavy minerals?

Gritty great group established
Fluvic suborder established

Gravic great group established

The proposal can be viewed at http://ascedition3.x10host.com/soilhome.htm . It shows an Arenosol
soil order that keys out before Calcarosols and includes sand related suborders from the Tenosols as
well as new Calcareous and Fluvic suborders. Some non-sandy Tenosol great groups were removed
and new Gritty, Gravic, Kandic and Tenic classes established. With the Calcareous Arenosols, great
groups with differing degrees of A horizon effervescence and carbonate were introduced.
Discussion and Conclusions
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The essential criteria for assessing a proposal to modify the ASC is that it requires compelling
justification, evidence supporting the proposal, the potential for unintended consequences and
compliance with the guiding principles of the ASC as approved by the National Committee on Soils
and Terrain.
Deep sands are widespread in Australia with extensive areas in Western Australia, the mallee
country of Victoria and South Australia, the desert regions, and many coastal beach ridge and dune
landscapes. Smaller areas occur on lunettes, as recent alluvial deposits and on residual sandstone,
granite and other siliceous rocks. They are amongst the most extensive soils both globally and in
Australia. They represent 10% of the land surface of the earth and about 25% of the Australian
continent.
In the ASC deep sands currently classify as belonging to a number of soil orders. These soils mainly
classify at suborder level as bleached orthic or red, brown, grey, yellow or black orthic Tenosols.
Despite the implication that as Tenosols these soils are weakly developed, in south-west WA for
instance, they are judged to be very old soils located in an ancient, highly weathered landscape. The
classification of these soils as Tenosols is therefore considered to be inappropriate. In other
scenarios they may classify as the suborder Arenic Rudosols or as sandy forms of Calcarosols.
Some deep sands with diagnostic B horizons may classify as Podosols.
Tenosols and Rudosols are described as weakly developed soils with a diverse range of properties.
Many are shallow, not sandy in texture and gravelly. When one tries to visualise these soil orders,
one is unable to do so. By contrast the typical properties of deep sands can be readily visualised.
Deep sands explored in soil databases from CSIRO, the states and the Northern Territory confirmed
the widespread occurrence of these soils and their appropriate allocation within the proposed
Arenosols soil order. Fine tuning has removed any unintended consequences to other orders. It
excludes any Kandosols on the basis of >15% clay, soils with B horizons >1m deep, Tenosol and
Rudosol sands with >20% coarse fraction and/or shallower than 1m. Other Tenosols and Rudosols
with >15% clay remain in those soil orders.
Testing, fine tuning and feedback from the soil science community regarding the proposal over a
two year period shows that the concept has merit and is the main topic of discussion at the
Australian Soil Classification Workshop this Thursday 22nd November 2018. Following the workshop
and further feedback from the soil science community, the final proposal will be submitted for
approval and publication in 2019.
Keywords: Australian Soil Classification, Arenosols, deep sands, database testing.
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Introduction
In the last decade or so, many semi-arid regions of eastern Australia experienced an
expansion of intensive irrigated cotton production and highly variable rainfall patterns. From
2002 to 2009, much of eastern Australia experienced the ‘Millennium drought’, whereas the
years of 2010 to 2012 were the wettest ever recorded for many areas. These land use and
climatic shifts have the potential to significantly alter soil attributes.
Methodology
Several important soil properties (pH, salinity, sodicity, and organic and inorganic carbon)
were monitored and mapped in the semi-arid cotton-growing district of Hillston in south-west
NSW, between 2002 and 2015. Rather than solely focusing on the topsoil, several depth
increments to 1.5 m were analysed. The soil data was obtained from two soil surveys of the
same area – one from 2002 where 115 soil cores were taken, and one from 2015 where 160
soil cores were extracted (Fig. 1). As the locations of soil cores were georeferenced in the
2002 survey, many of the same sites were revisited and resampled in the 2015 survey (Fig. 1).
Bivariate linear mixed models and a suite of environmental covariates were used to create
maps of soil properties in 2002, 2015, and the change (2015-2002).
Results and discussion
Various degrees and extents of soil change were observed during the study period in both the
top and subsoil. The statistical significance of observed changes was tested using the zstatistic calculation, which revealed that not all observed changes were deemed significant
from a statistical, nor agronomic standpoint. These changes in soil condition included an
acidification trend in some areas, and an increase in soil electrical conductivity (EC) under
irrigated horticultural production, but a decrease in EC under irrigated cotton. Increases in soil
exchangeable sodium percentage (ESP) were also observed under irrigated land uses. An
increase in soil organic carbon (SOC) content was observed at some locations, but this was
largely attributed to the lengthy period of high rainfall, rather than a function of land use. No
detectable change in soil inorganic carbon (SIC) content was observed under any of the land
uses. The exact driving factors causing these changes in the various soil properties was often
difficult to pinpoint. However, it was clear that the intensive nature of irrigated cotton and
horticultural production (large amounts of irrigation, fertilisation, and tillage) stimulated change
in certain soil properties. Likewise, the fluctuating rainfall patterns that Hillston had
experienced during the last decade or so had a notable impact on the degree and direction of
changes in some soil properties.
Conclusions
Some of the largest changes in soil condition occurred in the subsoil, despite the common
perception that the subsoil is more resistant to change.

Fig. 1 – Sites of soil cores extracted in both the 2002 and 2015 soil survey (blue), the 2002 survey only (red), and the
2015 survey only (green).
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Appendix 1: Workshop Synopses
Soil Policy and Strategy Breakfast Workshop
Susan Orgill1, Craig Strong2 and Warwick Dougherty1
1
NSW Department of Primary Industries
2
Fenner School of Environment and Society, Australian National University
A Soil Policy and Strategy Breakfast, sponsored by the Australian Soil Network (ASN), was held on
the 20th November as part of the 2018 National Soils Conference. More than 70 people participated
in the event, including: conference delegates, policy advisers, industry representatives and State and
Australian Government officials. The purpose of the event was to:
Critically discuss the Soil RD&E priorities identified in the National Soil RD&E Strategy, and
assess their relevance for soil science, agriculture and natural resource management today;
• Discuss the role of the soil scientists in informing policy to facilitate improved soil
management; and
• Provide an opportunity for people working in soil, climate and agricultural policy to interact
with the soil science community.
The event included short presentations from a panel of key stakeholders followed by a discussion
facilitated by ABC radio presenter Anna Vidot. Panel speakers responded to the question: ‘How
relevant are the priorities identified in the National Soil RD&E Strategy today, how have these
changed and what does soil science need to do differently? Speakers included: Ms Sally Standen
(First Assistant Secretary Farm Support Division - Department of Agriculture and Water Resources),
Mr Michael Crowley (Producer Consultation and Adoption - General Manager, Meat & Livestock
Australia), Ms Jan Edwards (Senior Regional Manager, Northern Region - Grains Research &
Development Corporation), Mr Mike Grundy (Research Director -Soil and Landscapes - CSIRO) and
Dr Warwick Dougherty (Director Soils R&D - NSW Department of Primary Industries; and co-chair of
the Australian Soil Network).
•

Key insights from the event included:
Over 47% of participants were unaware that the ASN was tasked with implementing the
Strategy
Major soil-related challenges facing Australian agriculture identified by participants included:
climate change, soil security, soil erosion, multiple soil constraints, soil acidity, decreasing the
water-limited yield gap, decline in soil condition, depleted soil function, provision of economic
data on soil solutions, extension of soil information and decline in numbers of practicing soil
professionals
Major challenges to achieving the outcomes of the National R,D&E Strategy identified by
participants included: absence of purpose-specific and on-going funding for the Strategy,
decline in numbers of on-ground soil professionals, insufficient coordination between
Government and Industry on soil issues, absence of SMART targets in the Strategy and the
provision and accessibility of private and public soil data and information
Key recommendations from the breakfast included: establish an Australian Soil Information
Facility, fund the implementation of the Strategy, raise awareness and participation in the
Strategy, invest in soil education from students to professionals and implement initiatives to
build collaboration between soil R,D&E organisations
Over 72% of participants agreed that the five National Soil R,D&E Strategy priorities and
outcomes were still relevant today, with the remainder of respondents saying they were
‘somewhat relevant’.
For the first time, this event brought together a diverse group of professionals from across Australia
that work on soil-related issues for a robust discussion on how to better implement the National Soil
R,D&E Strategy, and what we need to do to better integrate across the science, practioner and policy
-
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continuum to achieve the outcomes listed in the Strategy. The event raised awareness of both the
Strategy and the ASN, and provided valuable feedback on how to strengthen efforts to implement
actions that will lead to improved soil outcomes.
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Soil and Plant Analysis Workshop – new thinking, extra value
Convened by members of the Australasian Soil and Plant Analysis Council (ASPAC).
National Soils Conference, Canberra
Wednesday 21 November 2018
1330-1335 Welcome and Introduction Dave Lyons, ASPAC Chairperson.
1335-1350 Chris Gendle, CSBP Laboratory, Perth, Western Australia.
Presenting the challenges of managing a high sample volume laboratory, Chris outlined the need for
high levels of automation to enable accurate and repeatable results while minimising labour
requirements. Several novel automation examples implemented to date were presented, including
multi-probed autosamplers for soil Aluminium testing and Mid-Infrared (MIR) technology for soils with
high organic carbon content.
The presentation and following group discussion addressed the application of MIR soil testing by
laboratories as a commercial service. The need for large calibration sets of MIR scans with
conventional test methods presents an initially expensive exercise for farmers. The challenges of
transferring calibrations between MIR equipment was also discussed. CSBP will be offering a service
to assist soil scientists and farmers add to a common information database if they use similar MIR
equipment, with the testing of large numbers of conventional soil tests.
1400-1415 Phil Moody, Department of Environment and Science, Brisbane, Queensland.
Phil outlined the current drivers of new technology applications and methods in Australian soil testing,
including:
- lab testing speed, cost and automation needs, with preference for fewer processes/combined
analytical methods
- generalised soil health indicator methods
- environmental impacts of soil management and climate change
- Precision Agriculture and the effects of zero till on soil chemical and physical properties
- banded fertiliser applications
- new fertiliser products to address nutrient management concerns like nitrification.
Greater use of multi-element extractants, MIR, NIR, LIBS and XRF use in the laboratory or the field
are potential future applications, requiring research. Reflecting on the age and detail of standardised
soil sampling instructions in use, Phil discussed the need for their review to reflect modern issues like
fertiliser banding, low till, and measuring the plants whole active root zone.
1425-1440 Graham Lancaster, Southern Cross University, Lismore, New South Wales.
Providing an overview and the history of the Environmental Analysis Laboratory (EAL) at Southern
Cross University, Graham described his work in transitioning the University’s equipment and facilities
from academic use towards generating income to support their upkeep. Transforming into a
commercial operation, the laboratory has grown and adapted to changing requirements over several
decades.
The laboratory offers testing services for a variety of applications, including agriculture, environmental
and acid sulfate soil testing, plant analysis, compost and water samples, testing for a comprehensive
range of chemical, physical and biological properties. Strong partnerships with SCU's various schools
and Special Research Centres has enabled the laboratory to adopt new and innovative techniques as
they are developed and tested, through ongoing research.
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1450-1505 Jim Laycock, Incitec Pivot, Cowra, New South Wales.
Jim delivered instruction on the process that Fertcare accredited advisors and qualified soil test
advisors use to develop science based, best practice fertiliser recommendations from ASPAC
accredited laboratory test results.
The case was made for the importance of a well-planned and carefully executed soil sampling
strategy, being as critical to efficacious result interpretations as the laboratory testing activities.
Presenting both old and new sampling equipment and techniques, there was discussion on the need
to review historical sampling instructions to suit modern farming practices like low till, and critical
nutrient interpretation levels with the adoption of new crop varieties.
Reflecting on the rapid take-up of technology in the field, changes in data handling to and from the
laboratory using mobile apps, and new result interpretation and fertiliser decision support programs,
there is a need for better integration between many of these systems.
1515-1520 Dave Lyons, ASPAC Chairperson.
Laboratory participation in the ASPAC soil and plant tissue proficiency trial programs allows
laboratories to monitor and improve their test result quality. Annualised ASPAC certification of
performance in these programs also provides lab users an assurance that the lab performs to high
standards.
Providing evidence of improving performance between laboratories for all test methods over the last
15 years, Dave reflected on the benefits of ASPAC’s promotion of standardised methods and using
the proficiency programs to identify occasional lab operational issues and prevent reoccurrence.
The importance of both good sampling practices and selecting appropriate soil methods suiting the
soil and application was illustrated as essential to both the generation of high quality results and their
useful application.
1520-1530 General Discussion and Close.
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A proposal for a new soil order: The Australian Soil Classification Workshop
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The Australian soil classification
The Australian Soil Classification (ASC) provides a framework for organising knowledge about
Australian soils. Since publication in 1996, it has been widely adopted and formally endorsed as the
official national system.
Process for revising the classification
A process has been established by the National Committee on Soil and Terrain (NCST) whereby a
protocol for proposing amendments to the ASC is followed. This protocol applies to all types of
proposed revisions, whether they be corrections, additions, deletions or changes to criteria, definitions
or classes. The protocol specifies that:
1. Any proposed revisions must comply with the "Guiding Principles" outlined in the ASC.
2. Any revision that significantly alters or disqualifies the previous ASC classification of soils e.g.
the splitting of an existing soil order or the establishment of a new soil order, requires
compelling justification. It is preferable that revisions that change past classifications of a soil
profile be of a minor nature.
3. In the case of revisions of a minor nature e.g. adding some new Subgroups, the degree of
justification would be commensurately less.
4. In order to have a revision accepted, a case should be made as to why the change suits the
soils it relates to better than the classification it replaces, given the current state of knowledge
and available data.
5. Any revision should also consider the impacts for other soil classes affected by the revision
(i.e., the potential for unintended consequences must be explored). It must be demonstrated
that it will not interfere with the classification of soils outside of the targeted group.
6. The proposal for revision should be accompanied by a body of evidence that justifies the
revision.
Operating under the NCST, an Australian Soil Classification Working Group is responsible for
assessing proposals to amend the ASC. The Working Group comprises experienced pedologists from
the states, territories and CSIRO.
Any major change would involve seeking the views of the wider soil science community. After review
and possible adjustment, and if considered worthy by the Working Group, the proposal is submitted to
the NCST for approval. The NCST is then responsible for ensuring the revision is included in the next
edition of the ASC.
A proposal for a new soil order – the Arenosols
Deep sands are widespread in Australia with extensive areas in Western Australia, the mallee country
of Victoria and South Australia, the desert regions, and many coastal beach ridge and dune
landscapes. Smaller areas occur on lunettes, as recent alluvial deposits and on residual sandstone,
granite and other siliceous rocks. They are amongst the most extensive soils both globally and in
Australia. They represent 10% of the land surface of the earth and about 25% of the Australian
continent.
The case for an order representing deep sands in ASC was first proposed at the Australian Soil
Science Conference in Melbourne in 2014. The proposal was initially driven by the classification of
deep sands at high levels in local soil classifications in Western Australia (Schoknecht and Pathan
2013) and South Australia (Hall et al. 2009). However, this high level of recognition was not reflected
in the ASC, where they currently fall uncomfortably into the diverse and broadly defined Tenosols, as
well as Rudosols and Calcarosols.
It is proposed that the deep sands that do not qualify as Podosols, Calcarosols, Tenosols or Rudosols
should belong to a new soil order, the Arenosols. The term arenic comes from L. arena or sand. It is
considered a better place for the deep sands because of their wide distribution, their distinct and
readily identifiable properties and their management requirements. The proposal can be viewed at
http://ascedition3.x10host.com/soilhome.htm.
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The Arenosol proposal requires the construction of suborders, great groups and subgroups and has
significant implications for the Calcarosols, Tenosol and Rudosol soil orders. Being a major change to
the ASC, widespread feedback on the proposal was sought by the Working Group.
Workshop outcome
The Arenosols proposal has been the subject of a webinar workshop in early 2018 and a further
round of feedback was sought at this National Conference workshop. The concept was supported by
the vast majority of the 30 to 40 attendees present. The logic and practicality of the readily observed
nature of the Arenosols concept and the leftover, diverse status of Tenosols in particular, were
convincing arguments.
The following issues were raised:
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

The impact of shallow non-sandy textured layers/deposits on Arenosols
Deep sands have a home in the ASC but not at Order level, so is it necessary?
Does the proposal sufficiently address the weak and negligible soil organization concepts as
done in the Tenosols and Rudosols?
The issue of the thickness of some clay rich lamellae layers
The need for explicit % sand for the sandy textures (<10%)
The need to improve the description of confidence codes given the layers that could exist
below 1m deep
Explore the Hypersalic cutoff (EC > 2 mS/cm 1:5 water)
The need to provide the best possible maps of the different soil orders, including the
Arenosols. The TERN derived Arenosols map shown was criticized for excluding areas in
Victoria and NSW.
The need to explore the implications of the Aeolian (Arenic) sand definition issue within the
Arenosols key and other orders.
Review the Stratic v. Fluvic definition issues (including wind blow implications)
Addressing thin A horizons (<2cm thick)
Consider reducing gypsum horizon definition from 20% to 10% or 15%
How to better address alluvial soils
Change the schematic diagram of orders to represent the order of the key as despite the
disclaimer at the bottom of the diagram, some people (commonly students) use it to
determine a soil rather than go through the key.
A couple of case studies showed the dilemma where a clay subsoil is found at about 1m what order does it belong to? If sand is >1m, the key to this is to determine if the clay is a B
horizon or a D horizon. This probably needs some guidance in the ASC and a
recommendation that deep sandy soils should be routinely described to at least 1.5m to
determine soil order (in the majority of cases?).

After the workshop, feedback will be considered and assessed by the Working Group and a final
recommendation forwarded to the NCST. If approved, the third edition of the ASC, including a new
Arenosols soil order is expected to be published in late 2019.
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New National Acid Sulfate Soil Guidance Literature Workshop
Prepared by Professor Leigh Sullivan, Deputy Vice-Chancellor Research & Innovation, University of
Canberra
Held during the National Soils Conference, Canberra, November 2018
Attendance: Approx. 30
The purpose of the Workshop was to introduce the new National Acid Sulfate Soil Guidance Literature –
that had been developed under the auspices of the National Committee for Acid Sulfate Soils (NatCASS)
the nationally-recognised peak advisory body on acid sulfate soil issue. The References below contain a
full list of this literature.
The workshop was organised to detail the main issues/new developments raised by each of these
guidance documents as below. The presenters were Marcus Walters (MC; who also acted as
Workshop Convenor), Associate Professor Luke Mosley (LM), and Professor Leigh Sullivan (LS).
Workshop program
Introduction (MC). This presentation provided detailed background information on the why, the how,
and the status of the new National Acid Sulfate Soil Guidance Literature.
Why new ASS national guidance literature was needed (LS).
This presentation outlined the sequence of the development of acid sulfate soil guidance literature in
jurisdictions around Australia and in particular pointed to the the stepped sequential development of
this guidance literature at the state and territory level. This pattern of development has resulted in
flows of the latest technological and conceptual developments having only been captured in the
guidance literature of those jurisdictions whose literature has developed either recently, or have been
recently revised. Thus the guidance literature in some jurisdictions has been ‘stranded’ from such
recent improvements resulting in state and territory guidance literature being highly variable both in
the coverage of issues of high relevance to the management of acid sulfate soils, and secondly in
such literature often containing recommendations that have been improved substantially since the
publication of that literature.
Accordingly an exercise, the National Acid Sulfate Soils Project, was conducted under the auspices of
NatCASS to provide coverage of authoritative national guidance for a range of acid sulfate soil related
issues, where most needed. This national acid sulfate soil guidance is necessarily broad in scope and
recognises that regional differences in environmental characteristics or legislative landscapes means
that region-specific guidance will remain both a useful and necessary accompaniment.
Specifically, the current suite of guidance documents provides updated information on the field
assessment, sampling, and chemical analysis of sulfidic and sulfuric soil materials (i.e. potential and
actual acid sulfate soils).
Additionally, for the first time guidance is being provided on:
• the management of groundwater abstraction for construction in areas with sulfidic soil
materials;
• the management of sulfidic dredge soil; and
• the management of accumulations of monosulfidic black oozes (MBOs).
In conclusion the National acid sulfate soil guidance now comprises of the following existing and new
documents:
Existing
• National Strategy for the Management of Coastal Acid Sulfate Soils (2000)
• National Guidance for the Management of Acid Sulfate Soils in Inland Aquatic Environments
(2011)
New
• National Acid Sulfate Soils Sampling and Identification Manual (2018)
• National Acid Sulfate Soils Identification and Laboratory Methods Manual (2018)
• Guidance for the Dredging of Acid Sulfate Soil Sediments and Associated Dredge Spoil
Management (2018)
• Guidance for the Dewatering of Acid Sulfate Soils in Shallow Groundwater Environments
(2018)
• Overview and Management of Monosulfidic Black Ooze (MBO) Accumulation in Waterways
and Wetlands (2018)
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i.

National Acid Sulfate Soils Sampling and Identification Methods Manual: Aim of manual,
changes from previous practice (LS)
Provides both technical and practical advice on the identification and sampling of acid sulfate soil
materials (AASM) both:
• prior to field investigations, and
• when in the field.
Guidance is also provided on the sampling requirements necessary to adequately define the extent of
ASS materials within the landscape.
This manual provides authoritative national advice on the best practice in sampling and identification of
ASSM on e.g.:
• When do sites need to be investigated for ASSM?
• How best to use acid sulfate soil risk maps.
• The utility of the Atlas of Australian Acid Sulfate Soils.
• How to select consultants for ASSM investigations
• How many cores do I need to examine?
• What frequency of sampling intervals?
• Which of these samples to select for lab analysis?
This guidance contains the following key sections:
• A description of the conditions under which sites will require investigations for the presence
or absence of ASSM materials.
• A description of the utility of desktop assessment of sites prior to field investigations.
• The requirements for inspections of sites reasonably suspected to contain ASSMs,
including an examination of the field indicators of ASSMs and useful preliminary soil and
water assessments that need to be undertaken.
• The minimum requirements for soil sampling and field testing including the location and
number of sampling points, depth of sampling, sampling procedures including handling,
transport and storage and soil field tests.
• Guidance on sediment sampling - Dredging of coastal rivers, lakes, dams, drains, canals
and wetlands should be treated as major linear disturbances.
• Uniform national guidance on sampling for verification testing.
• Uniform national guidance on sample handing, transport and storage.
The National Acid Sulfate Soils Sampling and Identification Methods Manual presents best practice
across all Australian states and territories.

ii.

National Acid Sulfate Soils Identification and Laboratory Methods Manual: Aim of manual,
changes from previous practice (LS)
This document provides uniform national guidance for action criteria triggering further investigation for
acid sulfate soils.
The following main changes to the assessment of acid sulfate soil materials were outlined.
1) Revised Acid Base Accounting (ABA) method –
Net Acidity = Potential Sulfidic Acidity + Actual Acidity + Retained Acidity – Acid Neutralising
Capacity
The approach to determining Net Acidity (the proxy for quantification of the acidity hazard) via the ABA
method differs from previous approaches in that:
• the Fineness Factor used in previous ABA methods to moderate the effectiveness of
the measured Acid Neutralising Capacity (ANC) has been dispensed with, and
• ANC is only included in the quantification of Net Acidity if the effectiveness of a soil
material’s measured ANC has been corroborated by other data that demonstrates the
soil material does not or would not experience acidification during complete oxidation
under field conditions.
2) Method recommendation for the determination of Potential Sulfidic Acidity
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Potential Sulfidic Acidity is a key component of the ABA and is measured using either the Chromium
Reducible Sulfur (SCR) method or the Peroxide Oxidisable Sulfur (SPOS) method. Whereas the SCR
method is recommended for all soil materials, the SPOS method is not recommended for soil materials
with organic matter contents >0.6 % organic carbon, as the organic matter in many soil materials with
organic carbon contents >0.6 % is capable of producing false positive identifications when using the
SPOS method. The sulfur from organic matter, even at these relatively low concentrations, can be
erroneously included in the SPOS determination at levels that exceed action criteria.
Furthermore, if SPOS is used to quantify the Potential Sulfidic Acidity of soil materials, it is recommended
at least 15% of samples are also analysed by the SCR method to allow verification of the SPOS values.
3) Acid soil vs acid sulfate soil –
There has been confusion in the identification and assessment of acid sulfate soil materials in that
‘naturally-occurring’ acidic soil materials (e.g. those often found within Kurosols, Acidic Ferrosols, Acidic
Organosols, Kurosolic Hydrosols, Acidic Kandosols, etc.) can exceed the acidity criterion triggering the
need for further acid sulfate soil assessment and management of these soil materials even though it is
abundantly clear that, as their acidity is not derived from the oxidation of sulfidic minerals, these acidic
materials are not acid sulfate soil materials.
The mis-identification and consequent mis-management of naturally acidic soils as if they were acid
sulfate soils represent a waste of resources. More importantly the arising mis-management, e.g. liming
of naturally acidic ecosystems, may lead to unnaturally alkaline environments potentially resulting in
severe ecological damage.
In the new national guidance literature it is made clear that ‘naturally-occurring’ acidic soil materials
should neither be identified nor managed as if they were acid sulfate soil materials.
iii.

Overview and Management of Monosulfidic Black Ooze (MBO) Accumulation in Waterways and
Wetlands: Aim of manual, changes from previous practice (LS)
Our awareness of monosulfidic black oozes (MBOs) in the waterways and wetlands of our landscapes
and of the potential of these materials to pose environmental hazards was first identified only two
decades ago. Much of our efforts regarding MBOs over the past 20 years has focused on the
assessment, characterisation and understanding of the behaviour of these materials. This document
provides best management practices for the management of MBO accumulations in waterways for the
first time.
The guideline is comprised of:
1) an introduction to the management of MBO accumulation in waterways and wetlands,
2) an examination of the literature available on the extent, risks, legacies and potential liabilities of
MBOs,
3) an outline of the policy and regulatory environment of acid sulfate soil materials including MBOs,
4) current best management practices for MBOs.
The national guidance manual outlines MBO associated hazards, both:
pre-mobilisation of MBO
1. accelerated nutrient cycling
2. altered hydraulic functioning of waterways
3. benthic environment modification
4. emission of noxious gases
and
post-mobilisation of MBO
1. Release of contaminants
2. Smothering of benthic organisms
Management: Policies and guidelines
Currently in Australia there are no policies that deal directly with the accumulation and management of
monosulfidic black oozes (MBOs) in waterways.
Several guidelines mention MBOs and their potential environmental hazards, however, the
management of these materials has only been briefly referred to in these guidelines.
Management: current management approaches
• minimisation of organic material accumulation
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•
•
•

establishing flow rates that minimise MBO accumulation
waterway in-filling
waterway and wetland wet/dry cycling

Assessment of MBO accumulations
• Identification of MBOs (in field)
• Sampling and preservation techniques for MBOs
• Analysis of MBOs
• Assessment of MBO accumulation in waterways
Assessment of hazard posed by MBO accumulations
• Properties of MBOs (especially the monosulfide content)
• Properties of receiving waters
• The volume of the waterbody receiving the MBOs
• The replenishment of the waters in the waterbody
• The resilience of waters in the waterbody.
Management strategies
The accumulation of MBOs in waterways can be minimised by following one or more of the following:
• Maintain erosive flow rates (e.g. channel design).
• Minimise organic matter accumulation.
• Maintain regular wetting and drying cycles (in managed waterways and wetlands).
• Minimisation of sources of sulfate.
It was acknowledged that there are many current gaps in our knowledge of MBO accumulations and
their management. To assist in the management of MBO accumulations, the national guidance manual
provides a series of Case Studies for the following situations:
• Floodgated drains in an ASS landscape
• Dredge spoil (mainly MBO) containment dump
• Tidally affected coastal waterways
• Inland river
• Saline water disposal basin
iv.

Guidance for the Dredging of Acid Sulfate Soil Sediments and Associated Dredge Spoil
Management: Aim of manual, changes from previous practice (LM)

v.

Guidance for the Dewatering of Acid Sulfate Soils in Shallow Groundwater
Environments: Aim of manual, changes from previous practice (LM)

vi.

Decision Support Tool to assist in the use of guidance relating to acid sulfate soil: Aim
and use of Support Tool (LS)
The Decision Support Tool was viewed. This tool is designed especially to make decisions on which acid
sulfate soil guidance literature is most relevant to access for readers according to factors relating to the
likely presence, presentation, and management requirements.
Several very useful suggestions on how to improve the Decision Support Tool were made and these have
subsequently made their way into the Decision Support Tool provided in the guidance literature (Sullivan
2018c).
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Abstract of presentation by Dr C. P. Higgins
Poly- and Perfluoroalkyl Substances in Soils
A. Nickerson, 1 A. Maizel,1 and C.P. Higgins1
1

Department of Civil and Environmental Engineering, Colorado School of Mines, Golden, Colorado, USA chiggins@mines.edu

Introduction
Despite growing concerns about human exposure to perfluorooctanoate (PFOA) and perfluorooctane
sulfonate (PFOS), other poly- and perfluoroalkyl substances (PFASs) derived from aqueous filmforming foams (AFFFs) have garnered little attention. Recent discovery work (Barzen-Hanson et al.,
2017a) using high resolution mass spectrometry (HRMS) revealed that there are dozens, if not
hundreds, of additional PFASs that may be associated with AFFF-impacted sites. While these other
PFASs are likely present in AFFF-impacted drinking water, their presence and role in soils remains
poorly understood. Importantly, many of these newly discovered PFASs have diverse chemical
structures, including anionic, cationic, and zwitterionic moieties. As a result, some of these PFASs
are expected to be strongly retained in soils (Barzen-Hanson et al., 2017b). Several site
characterization studies (McGuire et al. 2014, Weber et al. 2017) have highlighted that many PFASs
are present at these impacted sites, and that chemical precursors to the more problematic
perfluoroalkyl acids (PFAAs) may be serving as long term sources of PFAAs to the subsurface.
Methodology
This study examined methods to extract and analyze the broad suite of PFASs present in soils and
their leaching behavior from AFFF-impacted soils collected from the field. The standard extraction
method for poly- and perfluoroalkyl substances PFASs from soil uses basic methanol and was
originally developed primarily for extraction of anionic PFASs. Novel extraction procedures designed
to extract a more comprehensive suite of PFASs from soils were compared for various soil and
sediment samples. The extraction efficiency of different methods was determined by extract analysis
by HRMS, namely liquid chromatography quadrupole time-of-flight mass spectrometry (LC-QToFMS). Further, soil leaching experiments were conducted to examine the release of these PFASs from
soils into the aqueous phase over time. For both soil extracts and column leachate samples, levels of
confidence for novel PFASs measured were assigned based on library spectral matching or exact
mass from an extensive extracted ion chromatography (XIC) list. Compounds without analytical
standards were semi-quantified by comparison with chemically similar calibrants and internal
standards.
Results, Discussion, and Conclusions
Extraction studies confirmed that a broad suite of PFASs were better extracted with acidic extraction
conditions combined with the traditional basic extraction procedures. A number of cationic PFASs
were observed only with the acidic extraction approach. Further, the soil leaching experiments
confirmed that 100’s of PFASs may leach out of AFFF-impacted soil, and that the release profiles
were dependent on the chemical structures of the PFASs. Collectively, these data point to a need
for a more comprehensive characterization of PFASs present in AFFF-impacted soils that may serve
as long-term sources of PFAAs to groundwater.
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Early Career Professionals Workshop
The National Soils Conference held 18-23 Nov. 2018 at the Hyatt Hotel attracted a
large number of young soil scientists; the issue is where and how are they going to
progress their careers and get really satisfying jobs. With this in mind, the organizing
committee sponsored an ECP workshop which aimed to provide an excellent
opportunity for young soil scientists to identify employment trends and opportunities,
find out useful information to help them in their careers, mix, and make important
contacts. The workshop was held on the evening of Monday, 19th November 2018.
The overarching message of the Early Career Professionals workshop, attended by
approximately 30 delegates, was that persistence is the key to starting a career in
soil sciences.
Dr Vanessa Wong, a senior lecturer from Monash University, started of the workshop
by talking about her path into academia and what she learnt on the way. Dr Wong
discussed the very limited number of jobs and that often the only time a vacancy will
come up in a department is when someone passes on. She gave a number of
examples where she was highly suited to a job, only to miss out on an interview
altogether, while she applied for other roles less similar to her core expertise and to
then move on to the next round. The concept of a shadow CV, which presents all the
failings in someone's career on their pathway to success was also introduced. Most
people have a career like an iceberg, Dr Wong said, and other people only see the
ice on top, not the failure at the bottom. Dr Wong also said that academic positions
are highly competitive and it was important to not fill a resume with fillers - only
present work done, not work in progress, and be succinct and to the point.
Persistence in applying for different roles was the key for a job in academia.
Next up was Amanda Cox of the recruitment company Hudsons Global Resources
who talked about pathways into non-academic careers. Amanda talked about what
to expect from the graduate recruitment process and the need to fill out high quality
selection criteria and resumes. Personal presentation in video interviews - being sure
there will be no interruptions while being interviewed, for example - was highlighted.
Amanda talked about the need to continue relationships with potential employees,
making contact frequently in order to stay fresh in the mind of recruiters and that
having a mentor was often a pathway to successfully establishing a career.
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Appendix 2: Field Trip Notes

A: Riverina pre-conference tour
pre conference tour field guide Nov 6.pdf

B. Mid-conference winery soils tour
Field guide for Winery soils tour Wed 21st Nov 2018 PF comments_SC.pdf

C. Mid-conference urban soils tour
Urban field trip guide_A4_v2.pdf

D. Mid-conference tour to horticultural soils of the Young region
young area soils field guide Nov 6.pdf

N.B: If you can not download your preferred field trip copy from the conference
website, please email your request to: office@soilscienceaustralia.org.au.

