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Welcome to State of Soil 

Science WA Conference  
 

Henry Smolinski 

SSA WA Branch President 

 

On behalf of the Conference Organising Committee, welcome 

to the 2019 WA Soils Conference, hosted by Soil Science 

Australia. Our theme this year is “The State of Soil Science in 

WA” and I am pleased to see that all disciplines of the field of the science of soils is 

represented at this year’s conference. 

 

Our soils are one of the most valuable natural resource assets to support and sustain 

our existence. Soil is the engine room for our food production, the filter for our water 

systems, and the foundation for our infrastructure. The study of soil is fundamental in 

understanding our earth’s dynamic and diverse processes. 

  

We are delighted to have Prof. Daniel Murphy, Head of School, UWA School of 

Agriculture and Environment and Dr Juhwan Lee, Research Fellow in Soil and 

Landscape Science, Curtin University provide our keynote presentations. Prof. Daniel 

Murphy’s research interests focus on soil microorganisms and how ecosystem 

respond to the challenges of climate change and the need to feed the world’s growing 

populations. Dr Juhwan Lee’s research focus is land use and soil management options 

with specific interests in spatial and temporal analysis of plant production, soil carbon 

and nitrogen balances and greenhouse gas emissions. The insights of our keynote 

presenters are highly relevant to current State and National interest in carbon 

sequestration, regenerative agriculture and rangelands reform. 

  

This year’s annual premier lecture in soil science for WA (The Boodja Lecture) is 

presented by Mr Andrew Watson who has a long-standing career as Western 

Australia’s Soil and Land Conservation Commissioner. Andrew will discuss aspects of 

the last phases of one million acres per year of land clearing and development in the 

south west land division, together with how soil and land resource information is used 

to underpin changing land use and development, especially in WA’s north, where 

opportunity exists to avoid many of the problems encountered in the south west (and 

perhaps what has been forgotten and why many Kimberley projects have failed). 
 

We hope that you will take this opportunity to learn more about innovations in soil 

science and network with peers /colleagues, old and new, to improve the management 

of soil in our wonderful state. 
 

Soil Science Australia’s commitment is to encourage a wider appreciation of soil 

across our community. In the coming year the WA branch will be delivering a range of 

soil refresher training courses and field tours for students. We look forward to your 

participation and contribution, and encourage you spread the word about these 

events. The SSA (WA branch) AGM officially closes the conference. All are welcome!  
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Sponsors 
 

Thank you to the generous sponsorship from the following organisations: 

• The Department of Primary Industries and Regional Development 

• The University of Western Australia 

• Soils West 

• Soil CRC 
 

 

 

 

 

And in-kind support from: 

• Richgrow 

• Pauline Gazey from Science with Style 
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Organising Committee,  

Soil Science Australia WA Branch 
 

Tim Overheu  

Conference Chair and Vice President 

Henry Smolinski  

President 

Chris Gazey 

Past President  

Isaac Kelder 

Secretary 

Louise Barton  

Treasurer 

Bede Mickan 

Industry representative 

Richard Bell 

Committee member 

Deborah Prichard 

Committee member 

Miaomiao Cheng 

Student representative 

Lucy Commander 

Conference Manager 
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Conference Venue Information 
Wifi: UnifiConf | Username: soil2019 | Password: tark66 
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Opening Address 
Professor Tony O’Donnell  
Executive Dean Science, 

Faculty of Science, The University of Western 

Australia (UWA) 

 

Tony O’Donnell leads the Faculty of Science at 

UWA and is a member of the University’s Executive 

leadership team at the University of Western 

Australia. He was born and educated in the UK, 

graduated from the University of Glasgow in 1976 

and completed his PhD at the University of Bristol 

in 1980. He holds visiting positions at Kasetsart and 

Naresuan Universities in Thailand and with the 

Institute of Subtropical Agriculture, Changsha, 

PRC. Before moving to Western Australia in August 

2008, he worked at the University of Newcastle in 

the Northeast of England where he held senior 

research and administrative positions. Whilst at Newcastle he established and was the 

first Director of the multidisciplinary Institute for Research in Environment and 

Sustainability (IRES). In 2012 he was awarded a Visiting Professorship for 

Distinguished International Researchers by the Chinese Academy of Sciences and in 

2015 received an Honorary Doctorate from Naresuan University in Thailand for his 

contributions over many years to Higher Education in Thailand. 

 

Central to Professor O'Donnell's research is the need to understand the functional 

consequences of the interactions between the soil microbiome and management of 

the abiotic soil environment. Soils are complex, multi-organism systems that are 

becoming amenable to analysis through the expansion of post-genomic technologies 

into environmental genomics. In the last ten years, the importance of the microbiome 

in maintaining a sustainable biosphere has been widely recognized. This has resulted 

in a surge of activity in environmental microbiology, and the development of novel 

technologies to better interrogate the role of microorganisms in soil. Professor 

O’Donnell has used these techniques to investigate gene: environment interactions in 

a range of systems, including agricultural soils and contaminated land.  
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Keynote Speakers 

Professor Daniel Murphy 
Head of School, 

School of Agriculture and Environment 

Faculty of Science, The University of Western 

Australia 

 

Professor Daniel Murphy is the Head of the UWA 

School of Agriculture and Environment. His 

research focuses on how the diversity and functions 

of soil organisms are impacted by land management 

practices and climate, paying particular attention to 

nutrient cycling and greenhouse gas emissions. 

 

Growing up in rural Australia, Professor Murphy connected to agriculture and the land 

from a young age. His early research years were spent at Rothamsted Research in the 

United Kingdom, where he worked on the oldest agricultural trial in the world. The trial, 

established in 1843, includes management treatments to build soil organic carbon and 

alter nutrient levels, and has been replicated across agricultural regions in China where 

Professor Murphy holds High-End Foreign Experts status. 

 

Professor Murphy currently manages a research program addressing issues relating 

to the development of sustainable management practices for agriculture, horticulture 

and mine sites under rehabilitation. 

 

The major focus of this research is the biological fertility of soil. UWA staff and students 

employ a range of molecular, isotopic, biochemical and enzymatic tools to study 

microbial ecology and nutrient cycling and issues relating to microbial function and 

diversity. The research is primarily funded through the Australian Grains Research and 

Development Corporation, the Department of Agriculture Fisheries and Forestry, the 

Australian Research Council and industry partners. 

 

From 2012 to 2016, Professor Murphy held an Australian Research Council (ARC) 

Future Fellowship, enabling him to concentrate his research on ecosystems of 

international importance to Australia – both in terms of global economy (China) and 

international stewardship (the Arctic). 
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Dr Juhwan Lee 
Research Fellow, 

Curtin University 

 

Dr Juhwan Lee, is a Research Fellow at Curtin 

University working in the Soil and Landscape 

Science group, in the faculty of Science and 

Engineering.  

 

Juhwan’s research focuses on the effects of climate 

and land use change on soil carbon and nitrogen 

cycling. His general approach is to use empirical 

and biogeochemical modelling to predict the 

complex interactions between soil, plants, carbon 

storage and greenhouse gas emissions in 

agroecological systems across different spatial and temporal scales. 

 

He received a B.S. in 1999 and an M.S. in 2001 from Inha University, South Korea. He 

received his PhD research in ecosystems and landscape ecology from University of 

California-Davis. After that, he worked as a Postdoc and a Project Scientist at 

University of California-Davis until January 2013. He worked as an Oberassistent at 

ETH Zurich in Switzerland from 2013 to June 2017 and as a Research Scientist at 

CSIRO from July 2017 to January 2019. He joined Curtin University in February 2019 

as a Senior Research Fellow. 

 

An extensive list of Juhwan’s publications can be viewed at: 

https://www.researchgate.net/profile/Juhwan_Lee3 

 

  

https://www.researchgate.net/profile/Juhwan_Lee3
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Annual Boodja Lecture in Soil Science 

Mr Andrew Watson 
Commissioner of Soil and Land Conservation WA 

 
Boodja is a Noongar word for “land” and the lecture 

series acknowledges the important role of 

aboriginal understanding in the responsible 

management of our soil and land. 

 

On World Soil Day 2019, the WA Branch of Soil 

Science Australia is honoured to receive our annual 

lecture from Andrew ‘Nick’ Watson.  Andrew is the 

Commissioner for Soil and Land Conservation in 

Western Australia and has excelled over a career 

spanning 45 plus years dedicated to the protection 

of Western Australia’s land and soil resources.  

 

Andrew will recount stories from his early career in 

Northern Libya through to the challenges of Soil Conservation in Western Australia. 

Even Andrew’s passion about Series II and III Land Rovers might slide into the 

presentation!   
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Conference Programme 
 

Wednesday 4 December 2019 Conference field trip 

Full day  

field trip 

Swan Coastal Plain & Perth Hills 

Ted Griffin, Henry Smolinski, Angela Stuart-Street 

0800 for 0820 

departure 

Depart DPIRD office front car park 

(Baron-Hay Court, South Perth) 

1000–1245 
Perth Coastal Plain 

Soil pits, road cuttings, open fields 

1245–1330 Lunch 

1330–1500 
Perth Hills 

Road cuttings, rocks, gravel and more 

1500–1600 
Dirt Drinks! 

(Core Cider House, 35 Merrivale Rd, Pickering Brook) 

1715 
Field trip return 

(to Baron-Hay Court, South Perth) 
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Thursday 5 December 2019 UWA Business School 

0730–0830 

60 mins 

Registration 

(Exhibition foyer) 

0830–0845 

15 mins 

Welcome to Country 

Dr Richard Walley OAM  

0845–0855 

10 mins 

Official opening 

Professor Tony O'Donnell 

Executive Dean, The University of WA 

0855–0900 

5 mins 

Important house-keeping notices 

Tim Overheu (MC) 

0900–0925 

25 mins 

Keynote address 

Professor Daniel Murphy  

Head of School, UWA School of Agriculture and Environment 

Soil R&D Outcomes WA & Beyond 
Session Chair: 

Assoc Prof Louise Barton 

0930–0945 

15 mins 

Subsoil constraints and their management:  

Overview from five years of R&D 

David Hall, Yvette Oliver, Shahab Pathan, Karen Holmes, Dennis van Gool, 

Geoff Anderson, Jeremy Lemon, Caroline Peek, Liz Petersen, Glenn McDonald, 

Ed Barrett-Lennard, Dana Mulvaney, Glen Reithmuller, Ted Griffin and Phil Ward 

0945–1000 

15 mins 

Crop response to amelioration of agricultural soils are mediated by 

constraint combinations and soil type 

Stephen Davies, Wayne Parker, Giacomo Betti, David Hall, Tom Edwards, 

Chad Reynolds and Glenn McDonald 

1000–1030 

30 mins 

Morning tea & World Soil Day Celebration 

(UWA Business School Terrace – see floor plan) 

1030–1045 

15 mins 

Dynamics of water use by wheat and canola crops in compacted, acidic 

sands treated with deep strategic tillage and lime 

Gaus Azam, Chris Gazey and Richard Bowles 

1045–1100 

15 mins 

Soil nitrogen storage and availability to crops are increased by 

conservation agriculture practices in rice–based cropping systems in the 

eastern Gangetic Plains 

MD. Khairul Alam, Richard Bell, ME Haque, M.A. Islam and M.A. Kader 

1100–1115 

15 mins 

Evolution of ryegrass resistance to glyphosate changes soil microbial 

diversity 14 years of continuous application 

Zakaria Solaiman, Abul Hashem, Bede Mickan, Lynette Abbott, Paul Storer, 

Vivek Bhat and Andrew Whiteley 
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1115–1130 

15 mins 

Gravel is soil is gravel 

David Weaver, Ronald Master and David Rogers 

1130–1145 

15 mins 

Simulating Australian soil organic carbon sequestration 

Juhwan Lee and Raphael A. Viscarra Rossel 

1145–1155 

10 mins 

Extending the message of soil quality in the mobile device era 

Chris Gazey and Frances Hoyle 

1155–1205 

10 mins 

SoilsWest – GRDC Launch of the next eBook in the Soil Quality series 

Peter Bird (General Manager, GRDC) and Frances Hoyle 

1205–1250 

45 mins 

Lunch 

(UWA Business School Terrace – see floor plan) 

Soil Innovation & Development 
Session Chair: 

Chris Gazey 

1250–1300 

10 mins 

iLime an app for assessing the management of soil acidity in agricultural 

systems  

James Fisher, Jenni Clausen, Fiona Evans and Chris Gazey 

1300–1315 

15 mins 

The forensic analysis of Perth’s soils 

Kari Pitts, Richard Clarke, Talia Newland and Simon Lewis 

1315–1330 

15 mins 

Topsoil slotting has potential to improve root pathways through hostile 

subsoils 

Wayne Parker, Chad Reynolds and Glenn McDonald  

1330–1345 

15 mins 

Black soldier fly technology can convert manure into valuable fertiliser 

Sasha Jenkins, Zhouda Huang, Bede Mickan, Morten Andersen, Luke Wheat and 

Lynette Abbott 

1345–1400 

15 mins 

Soil classification based on spectral and environmental variables 

Andre Carnieletto Dotto, Raphael Viscarra Rossel, Jose DeMatte and Rodnei Rizzo 

1400–1415 

15 mins 

Rapid soil analytical techniques for international agricultural research and 

development 

Wendy Vance, Mike Wong, Anthony Ringrose-Voase, Te Kim Sok Heng, 

Khin Myo Thant, Htay Hlaing, Phyoe Phyoe Win and Cho Mar Htwe 

1415–1430 

15 mins 

Legacy phosphorus – have we fallen asleep at the wheel? 

Simon Clarendon, David Weaver and Robert Summers 

1430–1500 

30 mins 

Posters on display – 'meet n greet' poster authors 

(Foyer area, UWA Business School) 

1500–1530 

30 mins 

Afternoon tea & extended poster display 

(UWA Business School Terrace)  
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Soil Policy, Planning & Governance 
Session Chair: 

Tim Overheu 

1530–1545 

15 mins 

Monitoring ground cover and associated erosion risks using satellite 

remote sensing in the agricultural region of Western Australia 

Justin Laycock, Nick Middleton, Tim Overheu, Buddy Wheaton and Karen Holmes  

1545–1600 

15 mins 

Validating and extending the national Better Fertiliser Decisions for Pasture 

critical values for phosphorus 

David Rogers, David Weaver, Ronald Master and Robert Summers 

1600–1615 

15 mins 

Translating soils information into better land planning decisions: an 

example from the Peel-Harvey Catchment Western Australia 

Heather Percy, Ander Del Marco, Tom Lerner and Brett Flugge 

1615–1700 

45 mins 
Posters on display 

Annual Boodja Lecture in Soil Science 
Session Chair: 

Henry Smolinski 

1700 for 

1730–1830 

A career in land & soil conservation  

Andrew Watson 

Commissioner for Soil and Land Conservation, WA 

1830–2000 

Post Lecture and Conference Dinner 

(BHP Billiton Courtyard, opposite WesFarmers Lecture Theatre,  

UWA Business School) 
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Friday 6 December 2019 UWA Business School 

0730–0830 Registration 

(Exhibition foyer) 

0830–9000 Posters on display  

(and through the day) 

0900–0925 

25 mins 
Keynote address 

Research Fellow Dr Juhwan Lee 

Soil and Landscape Science, Curtin University, Western Australia 

Soil Science Learning Outcomes 
Real-life challenges stimulating student thinking 

Session Chair: 

Dr Deb Pritchard 

0930–0945 

15 mins 

Bacterial processes associated with soil C and N following application of 

compost and manure to dairy pasture at the beginning and end of the 

growing season 

Lynette Abbott, Bede Mickan, Zakaria Solaiman, Anjani Weerasekara, Sanja 

Schwab, Ian Waite and Sasha Jenkins 

0945–1000 

15 mins 

Soil exchangeable cations increase microbial carbon use efficiency and 

microbial growth in acidic soils 

*Emilia Horn, Emily Cooledge, Anna Ray, Davey Jones, Steve Rushton, Elizabeth 

Stockdale, Frances Hoyle, Yoshi Sawada and Daniel Murphy 

1000–1015 

15 mins 

Vacuum drying soil samples is a low-temperature alternative to 

conventional oven drying when determining soil water repellence 

*Enoch Wong, Philip Ward, Matthias Leopold, Daniel Murphy and Louise Barton 

1015–1030 

15 mins 

Influence of lime and crop rotation on soil nitrogen, dry matter production 

and microbial biomass; a field trial, Merredin, WA 

*Manjula Premaratne, Daniel Murphy, Craig Scanlan and Frances Hoyle 

1030–1110 

40 mins 
Morning tea & poster display 

(UWA Business School Terrace) 

1110–1125 

15 mins 

Variable aluminium toxicity and root distribution in acidic soil profiles 

Paul Damon, Gaus Azam, Craig Scanlan, Chris Gazey and Zed Rengel 

1125–1140 

15 mins 

The all new Australian Soil Classification 

Noel Schoknecht 

1140–1155 

15 mins 

Identification and classification of “new” semi-arid soils from the Pilbara 

WA with potential additions to the Australian Soil Classification 

Henry Smolinski, Dennis van Gool 
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Promoting Soils 
Industry Engagement & Extension 

Session Chair: 

Isaac Kelder 

1155–1210 

15 mins 

What lies deep beneath – acid sulfate soil impacts on groundwater 

resources used for irrigation 

Brad Degens 

1210–1225 

15 mins 

Best practice soil sampling to depth the key to enable growers to manage 

soil acidity 

Stephen Carr, Kevin Mincherton and Don Hook 

1225–1255 

30 mins 
The State of Soil Science in WA  

– a facilitated Q&A session 

Tim Overheu and Deb Pritchard 

1255–1340 

45 mins 
Lunch 

(UWA Business School Terrace) 

1340–1400 

20 mins 

Early Career Science Awards 

Poster & Presentation 

Associate Dean Frances Hoyle 

The University of Western Australia, Director, SoilsWest 

1400–1425 

25 mins 
Conference closing address 

Associate Professor Louise Barton 

The University of Western Australia 

1425 Conference close  

1430–1500 Soil Science Australia WA Branch AGM 
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Posters  
 

Display 

number 
See also abstract booklet. Authors will stand next to their posters on Thursday afternoon. 

*1 
Efficacy of a phosphate bio-mineral fertiliser varied with P concentration and P 

solubility 

Salmabi Assainar, Lynette Abbott, Paul Storer, Kadambot Siddique and Zakaria Solaiman 

2 
Topsoil evaporation in water repellent soil affected by tillage and claying: 

Preliminary case-study results 

Giacomo Betti and Gaus Azam 

3 

Chemical nature of phosphorus in cropping soils from Western Australia 

characterised by 31P nuclear magnetic resonance spectroscopy  

Gustavo Boitt, Craig Scanlan and Zed Rengel 

4 
Designing soil covers for ecological restoration of mine waste 

Lucy Commander, Luis Merino-Martin, Peter Golos, Carole Elliott, Jason Stevens and Ben 

Miller  

5 
Profile texture classes: A new data-driven functional soil classification for 

southwestern Australia 

Ted Griffin and Karen Holmes 

6 
Are ironstone gravel soils in southwest Western Australia all the same? 

Karen Holmes, Ted Griffin, and Dennis van Gool 

*7 
A native symbiotic fungus increases shoot biomass and grain yield of canola 

(Brassica napus) 

Khalil Kariman, Craig Scanlan and Zed Rengel  

8 
NRINFO 2019 release: WA natural resource information available through web 

portal  

Justin Laycock, Angela Stuart-Street and Dennis van Gool 

9 
Engineering in situ soil and plant microbiomes to improve agricultural productivity 

Falko Mathes, Fiona McDonald and Peter Keating 

10 
A fast and inexpensive molecular biological assay to assess soil health 

Fiona McDonald, Falko Mathes and Peter Keating 

11 

Investigation of the common mycorrhizal network concept: plant growth 

responses in simulated intercropping of a legume and grass under water stress 

Bede Mickan, Miranda Hart, Zakaria Solaiman, Kadambot Siddique, Sasha Jenkins and 

Lynette Abbott 
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12 

Nutrient recovery via anaerobic digestion of supermarket food waste and re-use 

as fertiliser in potting media for the urban retail market; a proof of concept using 

digestate and biochar 

Bede Mickan, Somayeh Zarezadeh, Sasha Jenkins, Aitian Ren, Zakaria Solaimon and 

Megan Ryan 

*13 
The methodology for farm-scale modelling for spatio-temporal prediction of soil 

carbon sequestration under climate change 

Lynette Abbott, Jolene Otway, Louise Barton and Jennifer Dungait 

14 
Impact of lime and gypsum on wheat yield, soil and solution properties in the 

short and long term 

Geoffrey Anderson, Shahab Pathan, David Hall, Rajesh Sharma and James Easton 

15 

Yield response to deep ripping of canola, wheat and barley on soils with multiple 

constraints  

Shahab Pathan, David Hall and Tony Murfit 

*16 

Humic acid coated phosphatic fertilisers enhance growth, yield and phosphorus 

uptake of maize crop in alkaline soil 

Muhammad Shafi, Muhammad Sharif, Dost Muhammad, Ahmad Khan, Farmanullah Khan 

and Zakaria Solaiman 

17 
Grazing into the future: Building soil carbon using perennial pasture species 

Zakaria Solaiman, Lynette Abbott, Natasha Paul, Rob Rex and Caroline Rex 

18 
Talking the same soil language – a simple guide for describing WA soils 

Angela Stuart-Street, Nicolyn Short and Tim Overheu 

19 
Continental-scale soil organic carbon composition and vulnerability regulated by 

regional soil and environmental controls 

Raphael Viscarra Rossel, Juhwan Lee, T. Behrens, Z. Luo, J. Baldock and A. Richards 

20 

Assessing the suitability of black soldier fly castings produced from piggery waste 

as a fertiliser 

Luke Wheat, Lynette Abbott, Ian Waite and Sasha Jenkins 

*21 
Topsoil water repellence increased early wheat growth and nutrition 

Simon Yeap, Richard Bell, Craig Scanlan and Richard Harper 

22 

Microalgae and phototrophic purple bacteria for nutrient recovery from agri-

industrial effluents; influences on plant growth, rhizosphere bacteria, and putative 

C & N cycling genes 

Somayeh Zarezadeh, Bede Mickan, Sasha Jenkins, Tim Hulsens, Hossein Riahi and 

Navid Moheimani  
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Abstracts of Oral Presentations  
(presented in alphabetical order) 

 

Bacterial Processes Associated with Soil C and N 

Following Application of Compost and Manure to 

Dairy Pasture at the Beginning and End of the 

Growing Season 
 

LYNETTE ABBOTT1,2 BEDE MICKAN1,2,3, ZAKARIA SOLAIMAN1,2, ANJANI 

WEERASEKARA1, SANJA SCHWAB1, IAN WAITE1,2, SASHA JENKINS1,2 

 
1UWA School of Agriculture and Environment (M087), The University of Western 

Australia, 35 Stirling Highway, Crawley WA 6009, Australia 
2The UWA Institute of Agriculture (M082), The University of Western Australia, Perth 

WA 6009, Australia 
3 Richgro Garden Products, 203 Acourt Rd, Jandakot Western Australia 6164, 

Australia 

 

This study investigated the impact of dairy manure and compost on bacterial 

community composition and functional diversity in a dairy pasture in south-western 

Australia. Bacterial activities are involved in both the retention and loss of soil C and 

N, during the degradation of organic matter. Bacterial communities respond to 

addition of manure and compost, and play a key role in the incorporation of these C 

resources into the soil matrix. In this study, bacterial communities in dairy soil 

amended with manure or compost in a field experiment were characterized in soil 

collected at the beginning of the growing season in ‘winter’ and at the end in 

‘summer’ using community profiling of 16S rRNA genes. Soil had been amended in 

the field with inorganic fertilizer in combination with 2t/ha dairy manure, or compost 

applied at 3t/ha or 6t/ha. The dominant bacterial phyla were Proteobacteria, 

Actinobacteria, Acidobacteria, Bacteriodetes and Firmicutes and their relative 

abundances were influenced by the organic amendment type and application rate as 

well as the time of sampling. The occurrence of C degrading functional genes and N 

functional genes were predicted using PICRUSt. Predicted gene counts associated 

with breakdown of hemicellulose, cellulose and chitin were highest in the winter 

samples with the application of manure. Predicted C genes and N gene abundance 

of amoA associated with nitrification was lowest for soils treated with 6 t/ha compost 

in winter samples. This study illustrates the complexity of soil bacterial community 

responses to manure and compost applied to dairy pasture. One feature of this 

dynamic was reduced potential for degradation of soil C and mineralization of N and 

therefore higher C and N retention in soils when 6t/ha compost was applied 

compared to application of 3t/ha compost and non-composted manure. Management 

practices that enhance C sequestration and N retention in agricultural soils may 

enhance crop productivity whilst will limiting C and N losses via greenhouse gas 

emissions and leaching.  
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Soil Nitrogen Storage and Availability to Crops are 

Increased by Conservation Agriculture Practices in 

Rice–based Cropping Systems in the Eastern Gangetic 

Plains 
 

MD. KHAIRUL ALAM1,2* RICHARD W. BELL1*, M.E. HAQUE1, M.A. ISLAM3 AND M.A. 

KADER1,4, 5 

 
1Agriculture Discipline, College of Science, Health, Education and Engineering, 

Murdoch University, Western Australia  
2Soil Science Division, Bangladesh Agricultural Research Institute, Gazipur, Bangladesh 
3Pulse Research Centre, Bangladesh Agricultural Research Institute, Ishurdi, 

Bangladesh 
4Department of Soil Science, Bangladesh Agricultural University, Mymensingh, 

Bangladesh 
5School of Agriculture and Food Technology, University of South Pacific, Samoa 

 

On-farm adoption of minimum soil disturbance and increased residue retention will alter 

nitrogen (N) dynamics in soils and N fertiliser management in the intensive rice–based 

triple cropping systems of the Eastern Gangetic Plains. However, the consequences of 

changes in N forms, N mineralisation and N availability for crops in these cropping 

systems have not been determined. Field experiments were conducted at two locations 

(Alipur and Digram) of north–west Bangladesh to examine N cycling under three 

planting practices (conventional tillage (CT), strip planting (SP) and bed planting (BP)) 

with increased (HR) or low residue retention (LR– the current practice) on Calcareous 

Brown Flood Plain and Grey Terrace soils. Total N and available N were measured on 

soil samples as was N uptake by crops at different growth stages in the 13–14th (Alipur) 

and 12–13th (Digram) crops since treatments commenced. At each location (0–10 cm 

soil depth), SP, including non–puddled transplanting of rice seedlings (NP), together 

with HR increased total N by 9 and 32 % relative to BPHR, and CTHR and by 62 % 

relative to the current farm practice (CTLR). In general, the cumulative available N in 

soils during mustard and rice cropping under CT with HR was higher than other crop 

establishment and residue retention practices while under wheat and jute, total 

availability of N did not vary among crop establishment types with increased residue 

retention. Nitrogen availability in the initial phase of crop growth (0–60 DAS) was 

generally higher with CT than SP and BP. By contrast, for all crops, the estimated 

potentially mineralisable N was higher and its decay rate was lower under SPHR than 

other crop establishment and residue retention practices. Conservation Agriculture 

practices (SP, and NP of rice, together with HR) have altered the N cycling by reducing 

the level of mineral N available to plants in the early growing season when crop N 

requirement is low but increasing soil total N (0-10 cm) and plant N uptake by 

enhancing the synchrony between crop demand and available N supply. 
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Dynamics of Water Use by Wheat and Canola Crops 

in Compacted, Acidic Sands Treated with Deep 

Strategic Tillage and Lime 
 

GAUS AZAM1, CHRIS GAZEY1 AND RICHARD BOWLES1 

 
1 Department of Primary Industries and Regional Development, 75 York Road, 

Northam WA 6401, Australia 

 

Incorporation of agricultural lime by ‘strategic deep tillage’ is one of the quickest 

methods for managing subsurface soil acidity. Such soil amelioration practice 

decreases soil resistance by removing compaction and increases soil pH, which 

allows deep penetration of crop roots, and hence increases the acquisition of soil 

water from deeper in the soil. As a result of improved soil physical and chemical 

properties, crop yield also increases and so does the water use efficiency (WUE). 

Under broadacre cropping conditions, WUE is generally estimated from crop yield 

and weather data; actual measurement of soil water uptake can lead to more 

accurate interpretation of results, especially where soil profiles are ameliorated to 

varying degrees. In this trial we measured the soil water status of soil profiles, which 

differed due to amelioration treatments. We used two recently developed soil 

moisture sensors (Diviner 2000 and EnviroPro®), to improve our understanding of 

the variability in soil water uptake, yield and WUE by wheat and canola. The 

experiment was established in 2018 in Kalannie, WA, involving three treatments: (i) 

control, (ii) removal of compaction by tillage to 0.45 m depth, and (iii) removal of both 

compaction and acidity by lime incorporation to 0.45 m depth. All soil water 

measurements were calibrated against gravimetric soil water measurements using 

soil cores from relevant profiles. Mace wheat was grown in 2018 and Bonito canola 

was grown in 2019. Removal of compaction reduced soil resistance to an optimum 

level, which allowed wheat roots to grow to the depth of tillage, but the canola roots 

were restricted by low pH and aluminium toxicity. Removal of both compaction and 

acidity reduced soil resistance and increased soil pH to optimum levels almost 

immediately, which allowed both wheat and canola roots to grow to 0.65 m depth. In 

2018, the wheat crop extracted more water from the subsoil from the treated plots 

than from the untreated plots, however, there was no difference between the treated 

plots. In 2019, a significant difference was noticed in soil water extraction by the 

canola crop – water uptake was significantly higher in plots where both the 

compaction and acidity constraints had been removed compared to the control plots 

or where compaction only was removed. In both seasons, none of the crops 

extracted any soil water from below 0.20 m in the control plots. New technologies 

were found to overestimate soil water content but, once calibrated, provided useful 

hourly soil water status in the different soil profiles. 
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Soil acidity affects approximately 50 million hectares of agricultural land in Australia, 

predominantly in Western Australia (WA) and New South Wales (State of the 

Environment 2011 committee). Subsurface acidity below 0.1 m, in particular, is a 

major land degradation issue throughout the WA wheatbelt. Soil acidification is an 

inevitable consequence of productive agriculture, largely through the addition of 

acidifying fertilizers, leaching of nitrates and removal of alkaline plant products. 

Precision SoilTech (PST) conducts contract soil sampling for growers to receive both 

fertiliser and lime recommendations. Over the past 15 years in excess of 250,000 

geo-located sites have been sampled for growers across the WA wheatbelt. 

Approximately 55% of these sites have been sampled to 30 cm in 10 cm increments. 

This deeper sampling regime differs considerably from soil sampling primarily to 

inform fertiliser recommendations, which is usually restricted to the top 10 cm. To 

effectively manage soil acidity, knowledge of the extent, depth and severity of soil 

acidity is essential, as is a targeted and ongoing liming program. We show evidence 

that sampling to depth is critical to the long-term success of growers in better 

managing soil acidity and maximizing yield potential of WA wheatbelt soil. Growers 

achieving target pH down the soil profile is something on which DPIRD has placed 

considerable extension effort. Why? Because there is good evidence that this 

approach both protects soils and optimises the economic return from farming. The 

proportion of soil sampling sites that PST has sampled that meet or exceed DPIRD 

targets down the soil profile (>5.5 in the soil surface, and >4.8 in the subsurface) has 

increased from nil 15 years ago, to nearly 50% currently – a rapid and outstanding 

achievement. Why has this occurred? We suggest it is because the better growers 

are adopting best practice soil sampling to depth and apply lime at the rate and 

locations required. Growers who sample to depth are better at managing soil acidity, 

because they typically apply 50% more agricultural lime than growers who only 

sample surface soil. We also suggest that growers who are willing to pay for contract 

soil sampling are more likely act on the recommendations offered compared to their 

colleagues who sample only 0–10 cm for fertiliser inputs. The different sampling 

approaches that are in place mean that making direct comparisons between the 

sampling-to-depth and the topsoil-only practices is not possible. However, by looking 

at the proportion of surface soils sampled that are above the DPIRD target of 5.5, 

growers sampled by PST appear to be managing soil acidity better than their 

colleagues who typically only have sampled surface soil. The evidence, derived from 

hundreds of thousands of sampling sites is compelling, and at the same time 

concerning.  
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Reducing nutrient loss from agricultural landscapes using management practices in 

Australia has long been advocated to improve water quality. Water quality, i.e. 

phosphorus (P) concentrations are commonly used to measure the effectiveness of 

management practices at the paddock level. However, the effectiveness of paddock 

scale management practices is often not reflected at a catchment scale, in part due 

to levels of implementation, but also due to the equilibrium effects of legacy P. The 

average equilibrium P concentration (EPC0; the concentration where no P was 

retained or released) of stream sediment in agricultural catchments of the south 

coast of Western Australia was compared to median P values of historic water quality 

data from the mid 1990’s and late 2000’s. The 8 sample sites were located in the 

southern region of the Wilson Inlet catchment and the mid to northern regions of the 

Oyster Harbour catchment. Stream sediment (both <2mm and >2mm size fractions) 

are currently net retainers of P, contributing to legacy P stocks. The catchment scale 

effectiveness of paddock-based management practices will therefore be influenced 

by the EPC0 dynamics of stream sediment, which under some circumstances will be 

net retainers of P, and in others net contributors of P. This concept of legacy P and 

EPC0 is directly applicable to soils, and assists to understand the dynamics of 

paddock-based P loss. To illustrate the legacy P and EPC0 concepts, differences in 

the dynamics of P loss from disparately sized (30 ha and 4000 ha) sandy catchments 

to which P binding soil amendments were applied will be provided. Communicating 

the notion of legacy P to broader stakeholders, including the public and politicians is 

required so that expectations around management practice effectiveness, along with 

the time required to achieve water quality targets is clearly understood. In some 

countries, depletion of legacy P stocks in soils and sediments are estimated in 

hundreds of years. We could expect a decadal time horizon for the Swan Coastal 

Plain given the sandy nature of its soils. Reductions in nutrient loss at a catchment 

scale can be made by implementing management practices at a paddock scale, but 

expectations over the timing of improvements need to be realistic given the 

influences of legacy P and EPC0. 
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Over the past decade alternative strategic deep tillage approaches have been 

developed to complement more established soil amelioration methods. Strategic 

tillage takes the form of a one-off or occasional intervention, implemented to 

overcome a number of soil and biotic constraints. Deep ripping can effectively 

remove subsoil hardpans and potentially delve up some subsoil to the surface 

depending on tine design. Deep soil mixing, using rotary spaders or large disc 

ploughs, can mix and incorporate topsoil and amendments deeper into the soil 

profile and reduce topsoil repellence. Soil inversion, using mouldboard, square or 

one-way disc ploughs, can bury surface-applied amendments, as well as repellent 

topsoil and weed seeds. While these techniques principally address soil constraints, 

some also improve weed control and reduce frost damage. A review of published 

and unpublished crop response data collated from replicated research trials and on-

farm large scale strip trials over the past 12-years was undertaken to assess the 

impact of tillage and soil type on crop yield response. Subsoil compaction is a key 

constraint on deep sandy-textured soils and deep ripping gives first-season average 

wheat yield increases of 0.7 t/ha (36%), provided it is deep enough to effectively 

remove the hardpan. Shallower ripping is less effective with first year average wheat 

yield increases of 0.25 t/ha (12%). Rotary spading has similar cereal grain responses 

to inversion ploughing in the first two seasons post treatment. Size of the average 

yield gain reflected yield potential of soils and environments. Average gains in cereal 

yields from soil inversion were 0.5 t/ha (61%) on pale deep sand, 0.7 t/ha (42%) on a 

higher yielding deep sand over clay or gravel duplex soil and 0.9 t/ha (29%) on forest 

gravels in the higher rainfall zone. In cases where the inversion did not significantly 

increase yield, seasons were very dry or crop establishment was poor due to 

herbicide and/or wind damage or surface crusting. Higher yield potential, more fertile 

soils, maintained the cereal yield benefits for a longer time after amelioration than the 

pale deep sands. For the pale sands, the average increase in yield benefit for soil 

inversion or deep mixing after three or more years was 0.2 to 0.3 t/ha and for about 

half the sites the response was not significant. For the other soil types average yield 

benefits in excess of 0.5 t/ha were maintained for three or more years after 

amelioration. 
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Over 17 years have passed since the hazards posed by Acid Sulfate Soils (ASS) were 

recognised in WA with a catastrophic oxidation event during dewatering of a 

development in Perth’s northern suburbs. Since then, regional mapping has identified 

ASS risks lies beneath over 6000 km2 (about half) of the Swan Coastal plain. The risks 

posed by these soils are mostly to water quality and aquatic ecosystems rather than the 

directly to soils for agricultural production purposes. However, this may not be the case 

where water is used for irrigation. In many situations, the effects of oxidising ASS go 

unnoticed but this is likely to change under a drying climate and increasing pressure on 

water resources. Two contrasting examples of how ASS in southern WA are impacting 

groundwater resources and the potential implications for irrigation uses of this water 

have been examined in detail. The first example, to the north of Perth where ASS are 

coupled with the Gnangara regional groundwater system - groundwater in this location is 

acidifying beneath 380 km2 of the mound. This has been caused by drying and oxidation 

of ASS following the decline in groundwater levels over more than two decades. In a 

contrasting situation, ASS in the Myalup irrigation area south of Perth has contributed to 

increasing groundwater salinity caused by neutralisation of the acidity in shallow 

sediments. The divergent impacts of increasing acidification or increasing Calcium 

Sulfate (Ca-SO4) dominated salinity, carry different implications for irrigation uses. These 

will be discussed in the context of climate and water use trends. 
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In the last decades, the volume of soil data collection has increased significantly. 

Because of that it is now possible to obtain a soil classification using spectral, climate 

and terrain attributes. The idea was to develop a soil series system, which intends to 

discriminate soil types according to soil, climate and terrain variables. This new 

system was called Soil-Environmental Classification. The spectra data from the 

visible to near infrared (350 – 2500 nm) was applied to obtain information about the 

soil, and climate and terrain variables to simulate the pedologist knowledge in soil-

environment interactions. The most appropriate numbers of classes were achieved 

by the lowest value of AIC applying the clusters analysis, which was defined with 8 

classes. A relationship between the Soil-Environmental Classification and WRB-FAO 

classes was found. Soil classes like Ferralsols and Nitisols share many soil and 

environmental characteristics and are difficult to distinguish, however other soil 

classes, such as Histosols, are relatively distinctive from the others and, 

consequently, it was possible to categorize them in a particular Soil-Environmental 

Class. This innovative soil system facilitated the identification and grouping of soils 

with similar characteristics due to the use of not only soil but environmental variables 

for the distinction of the classes. The conceptual characteristics of the 8 Soil-

Environmental Classes were described. The development of Soil-Environmental 

Classification was conducted to incorporate applicable soil data for agricultural 

management, with less interference of personal, subjective, empirical knowledge 

(such as traditional taxonomic systems), and more reliance on automated 

measurements by sensors. The development of this soil classification system can 

assist in the distinction of soil types and serve as a new source of soil information.  

 

  



27 
 

Variable Aluminium Toxicity and Root Distribution in 

Acidic Soil Profiles 
 

PAUL DAMON1, GAUS AZAM2, CRAIG SCANLAN2, CHRIS GAZEY2, ZED RENGEL1 

 
1Soils West, The University of Western Australia, 35 Stirling Hwy, Crawley, WA 
2Soils West, Department of Primary Industries and Regional Development, Govt of 

Western Australia, Northam, WA 

 

Subsoil acidity currently affects two thirds of the arable soils in the WA wheatbelt. At 

acidic soil pH, aluminium (Al) is solubilised from the solid phase into soil solution, 

creating a direct and localised toxicity to plant roots. Aluminium toxicity to plant roots 

constrains crop productivity by reducing root proliferation through soil, and inhibiting 

the capacity of roots to tolerate other constraints, such as compaction. Ongoing 

acidification of the subsoil is a direct artefact of the productive farming systems that 

are required to feed our world’s growing appetite for grain and livestock products. 

Soil acidification under cropping systems is primarily attributed to product removal 

(disturbances in the carbon cycle) and interruption of the nitrogen cycle. Currently, 

the incorporation of agricultural lime into acidic soil is the only widely applicable 

strategy for the amelioration of soil acidity in a broad-acre cropping scenario. 

However, due to the slow movement of alkalinity in soil, the effects of lime application 

on soil acidity and Al toxicity are largely localised to the soil volume through which 

lime had been incorporated. Technical and economic constraints limit the capacity to 

incorporate lime through the acidic subsoil horizon, and current strategies result in a 

heterogeneous distribution of lime in the soil profile. As part of Soils West, a 

collaboration between The University of WA (UWA) and the Department of Primary 

Industries and Regional Development (DPIRD), a series of glasshouse and field 

experiments have characterised the response of wheat root growth and distribution 

to heterogeneous distribution of lime in acidic, Al-toxic soil. The effects of lime 

amendment on root proliferation are highly localised within lime-amended sections of 

soil, and do not extend beyond. Root length density can be many times greater in 

lime-amended, compared to adjacent acidic subsoil. Lime amendment of acidic 

subsoil increased cation uptake by plants in both field and glasshouse experiments, 

which is attributable to the increased root length within lime-amended soil sections. 

Similarly, lime amendment of acidic topsoil increases the uptake of phosphorus by 

wheat plants, which is associated with increased root length within the lime-amended 

topsoil layer. Where lime slotting treatments were imposed on 80-cm-deep 

constructed soil profiles in large plastic crates, wheat root proliferation in lime-

amended slots, and subsequent plant growth response, was dependent on the 

distance of the crop rows from the lime amended slots. Wheat root proliferation 

within the lime-amended slots did not increase the capacity of plants to acquire water 

from the acidic subsoil horizon; however, it did allow roots to access water in deeper 

soil layers where slots of lime-amended soil traverse an acidic subsoil layer. 

Understanding crop response to the variability of pH in the soil profile following lime 

incorporation will enable better evaluation of existing (and facilitate development of 

new) lime incorporation strategies.  
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Awareness of soil acidity as a constraint to agricultural production in Western 

Australia has led to increased use of lime, but rates remain too low to manage 

existing acidic soil and ongoing acidification. To invest in lime, growers need 

confidence in likely economic and production responses. This paper describes the 

development of an acidification calculator, in app form, that was developed with input 

and feedback to ensure that it would meet the needs and requirements of users. 

Information requirements regarding soil acidity and its management were sought 

from consultants and farmers. Acidification rates, the lime required to remediate soil 

acidity and to maintain target pH, the return on investment (ROI) for liming and 

comparisons of lime sources were consistently identified as important. In addition, 

information needed to be tailored to individual circumstances and available on mobile 

electronic devices. A draft acidification calculator was developed, based on a 

validated model, ‘Optlime’ with an intuitive, user-friendly interface. Further 

development of the calculator was conducted over three drafts with input from 

researchers, consultants and farmers. The ‘iLime’ app, was released in July 2019 and 

has been promoted widely since. The app is suitable for both iOS and Android and is 

available as a free download from either the AppStore or Google Play store. Once 

downloaded, it works completely off-line The app estimates the impact of 

applications of lime on soil pH, yield and profitability (including net present value and 

ROI) over twenty years. Default lime, crop and soil parameters are provided, but 

these may be customised by the user. Eighty-six percent of respondents (n = 84) to a 

questionnaire about the app rated it as easy or moderately to use (31% easy, 55% 

moderately easy). Respondents expected to use the app to compare lime sources 

(24%), evaluate economics (27%), investigate deeper placement (12%), priorities 

paddocks to lime (12%), determine when to re-lime (16%), assess rotational options 

(5%) or to raise grower awareness (1%) – multiple responses were allowed for this 

question. The app had been installed by 402 users to 30th September 2019. This 

app has filled a long-needed gap in the industry for an easy-to-use tool to evaluate 

the impact of lime applications on soil pH and economic responses. iLime will 

continue to be enhanced with added features and versions could be developed for 

other locations. 
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In this day and age, where everyone is time poor, making information easily and 

quickly available is paramount. However, with a topic as complex and as multi-

dimensional as soil quality, a new approach to packaging information that is 

evidence-based and relevant to the local environment is required. Apple multimedia 

digital books provide a platform capable of delivering layers of information on mobile 

devices. Furthermore, once installed, the books can be viewed independently of 

internet connection, making them accessible anywhere, anytime. SoilsWest with co-

investment from the Grains Research and Development Corporation (GRDC) is 

producing the Soil Quality series of eBooks which, when complete, will comprise ten 

stand-alone books. Each book will cover a specific area related to soil quality. The 

first layer of information is the key messages, delivered in summary points, images 

and captions. The second layer presents the main narrative supported by interactive 

widgets. Widgets can be movies, presentations, animations, interactive illustrations, 

simple calculators and image galleries. Deeper learning is delivered through ‘learn-

more’ popups which may be technical information, tutorials and videos providing ‘on-

site’ experiences throughout the south-western agricultural region. These popups 

are activated by keen readers and students via strategically placed buttons, enabling 

an uncluttered interface to be maintained. A further feature of the books is the 

comprehensive glossary, which is accessed by selecting the word of interest to 

summon additional information without leaving the current page. The series is 

focused on evidence-based aspects of soil quality relevant to dryland farming in 

Western Australia. Each book is authored by experts in their field with additional 

specialist pieces by guest authors. Case studies of on-farm trials, industry and farmer 

experiences support the technical information. The user interface and examples of 

the layers of information from the first four books: 1. Constraints to Plant Production, 

2. Integrated Soil Management, 3. Soil Organic Matter and 4. Soil Acidity, will be 

demonstrated. Future topics include: Soil Biology, Soil Compaction, Soil Water 

Repellence, Sodic and Alkaline Soils, Nutrient Management and Gravel Soil. The 

ebooks can be found on Apple Books by searching for ‘Soil Quality’ and are available 

as free downloads. 
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Subsoil constraints cost the grains industry more than $1.6b in lost production each 

year. Diagnosing and mapping subsoil constraints (SSC) was achieved at a shire 

scale using the DPIRD soils database and historic surveys. Diagnosing and mapping 

SSC at a paddock scale was difficult using remotely sensed geophysical data. Poor 

correlations were found between SSCs and combinations of EM and Gamma 

irrespective of whether the data was collected by intensive ground surveys or 

extensive aerial surveys. Significant progress was made in correlating ground based 

geophysics with soil profile textural properties which are often related to specific 

constraints. Similarly, using additional soil texture data from the DPIRD soils 

database, soil texture maps were developed giving farm scale resolution across the 

wheatbelt. Field and laboratory experiments were conducted to increase grain yields 

on deep water repellent sands, acidic sands, deep gravels, alkaline loams and sodic 

clays. Most of the trials investigated combinations of tillage and amendments that 

included gypsum, liming materials, acid sand, composted chicken litter (CCL) and 

elemental sulphur (ES). In terms of compaction yield responses to deep tillage 

decreased in order of the pale deep sands ≥ deep acidic sands > shallow duplex > 

clays and loams. Crop yield responses to deep tillage and inversion tillage in deep 

sands were found to last for more than 5 seasons. Natural recompaction was 

observed in deep sands. Crop production on acidic subsoils was improved through 

the incorporation of limesand, native (Morrel) liming materials and through gypsum 

application. Sodic soils were the most challenging to remediate. Yield responses to 

gypsum were confined to highly sodic (ESP > 15) clays and loams. Shallow 

mounding and water harvesting technology for sodic soils has been shown to 

increase crop yields while acidification using elemental S reduced pH and dispersion. 

Adding nutrient rich CCL increased crop yields on sodic soils in medium rainfall 

regions. However, in low rainfall areas the additional nutrients resulted in early 

biomass production with no yield benefit. The CCL and ES amendments, while not 

currently profitable, enabled a greater understanding of how soils respond when 

changed chemically. The development of the ROSA economic model for ranking soil 

amelioration treatments across a wide range of soil types and climates is a key 

outcome for this and contributing projects. Soil water information has also benefited 

from this project through additional ApSoil profiles and improvements to the hosting 

and display of GRDCs network of soil water probes through http:/mylivefarm. 
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Microbial growth and function is influenced by the properties of the surrounding soil 

where surface chemistry mediates interactions between individual organisms and their 

local microenvironment. We hypothesised that the addition of exchangeable base 

cations, necessary for microbial biochemical function, will increase microbial growth 

in acidic soils. Initially, we showed that the addition of base cations to acidic soils 

increased microbial carbon (C) use efficiency (CUE). The metabolic partitioning of C 

into either anabolic (growth and maintenance) or catabolic (respiratory) processes can 

vary widely between soils. Optimum concentrations of Ca2+ and Mg2+ for maximal 

microbial CUE in Western Australian soils were determined using this data. We then 

investigated if the addition of base cations increased microbial growth (microbial 

biomass). Limed and non-limed field-plot samples from Merredin, WA were incubated 

in the laboratory +/- cations and +/- organic matter residue (as a supplementary C food 

source). Microbial biomass C increased in the non-limed soils with the application of 

base cations. No response to additional Ca2+ and Mg2+ was observed in the limed soils. 

This response was expected as we predicted that there were sufficient inherent base 

cations in the limed soil for microbial function and growth. Lack of soil organic matter 

limited microbial biomass C in both the limed and non-limed samples. Finally, we 

developed a structural equation model (SEM) to explain the regulation of microbial 

biomass C in a wide range of managed topsoils across semi-arid Australia (n=1987 

sites, 0-10 cm depth). Our findings show that the 10-fold variation in microbial biomass 

across the Western Australian agricultural region can be explained by organic matter 

(food source), base cations (required for cell biochemistry) and hydrophobicity 

(restricts access to organic matter and disconnects water films slowing biochemical 

reactions). We conclude that exchangeable base cations were a positive driver of 

microbial CUE and soil microbial biomass C. These findings highlight the underpinning 

importance of pH changes to soil chemistry that regulate microbes in soil; agricultural 

management practices are typically secondary to the underpinning soil surface 

chemistry. 
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Black Soldier Fly (Hermetia illucens, BSF) farming provides an alternative low-cost 

waste management solution for converting agricultural waste into high quality insect 

meal (BSF larvae as animal feed) and a valuable fertiliser (BSF casting residue or 

frass). However, BSF frass has a high ammonium content that could result in 

nitrogen (N) loss following its application to land via leaching, volatilization and runoff. 

One solution is to further process the frass by coating it with solid fatty acids (LCFA), 

another waste by-product from BSF farming. The aim of this study was to investigate 

the slow-releasing effect of N after coating the BSF frass with three different fatty 

acids (lauric, myristic and stearic acid). LCFA coated frass was hypothesised to 

release mineral N more slowly compared to the untreated frass because the 

hydrophobic LCFA would decrease the solubilization of N in the frass. Also, the 

increased C:N ratio (>25) of the LCFA coated frass amendment will favour microbial 

N immobilization. Soil was amended with three frass LCFA treatments, an untreated 

frass only treatment and a control (unfertilized), the N application rate was 100kg/ha. 

The soil was incubated for 56 days at 25℃ and maintained at 40% field capacity 

moisture. The impact of treatments on bacterial diversity was assessed by PCR 

amplification of bacterial 16s rRNA V3-V4 and next generation DNA sequencing on 

the Mi-seq platform. A significantly lower mineral N concentration occurred in soil 

treated with LCFA processed frass compared to frass-only treatment, and mineral N 

release was slowest for stearic acid processed frass. LCFA processed frass reduced 

the relative abundance of ammonia-oxidizing bacteria (AOB) compared to frass only 

treatment and all the frass treatments reduced the relative abundance of ammonia-

oxidizing archaea (AOA) compared to nil control. These results suggest that LCFA 

coated frass plays an important role in regulating the microbial community structure, 

particularly those microbes involved in soil N cycling. Modifying frass by coating it 

with LCFA has the potential to be developed as a slow release fertilizer for cereals by 

delaying the N release until mid-stem elongation to ensure optimal N uptake. This will 

lead to reduced soil N loss, improved fertilizer use efficiency and increase profitability 

via improved crop yield and lower production costs. 
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National satellite-derived fractional ground cover products (percentage of green 

vegetation, dry vegetation, bare soil) are now routinely produced by Geoscience 

Australia and other groups, and are available for interpretation. The extensive 

coverage, frequent repeated observations and large archive of historical imagery 

supports more objective and reproducible methods than previous degradation 

monitoring efforts that were based on intermittent field surveys of land condition and 

anecdotal reporting. Landsat (30-m pixel resolution) seasonal composite images will 

be used to estimate total ground cover throughout the year, and assess the 

proportion of cropland in the grainbelt below recommended cover thresholds of 50% 

for wind erosion, and 70% for water erosion. Pixel on pixel calculations will identify 

consistently low cover areas, anomalies and changes through time. The results can 

be summarised at any scale, from regional to a property level. The algorithm was 

developed (and continually improved) by the Joint Remote Sensing Research 

Program in Queensland, and implemented on imagery in Geoscience Australia’s 

Data Cube. In March/April 2019, 139 field sites were assessed for ground cover 

using the national standard discrete point transect sampling protocol. Initial 

assessment of agreement between the imagery and field data indicates a weak 

relationship (R2 0.47), the cause of which is still being investigated. The collection of 

field ground cover observations will allow the Department of Primary Industries and 

Regional Development, WA (DPIRD) to (a) provide a confidence measure when 

reporting on ground cover, (b) proportionally weight ground cover estimates on 

specific soil types or conditions to improve ground cover estimates, and (c) supply 

training sites for algorithm improvements. Farming practices to conserve topsoil are 

perceived to have reduced erosion over the last few decades, but every year erosion 

events still occur. Monitoring using remote sensing will provide DPIRD with valuable 

intelligence on ground cover and the risk of erosion. This will be reported directly to 

the agency’s Dry Season Response team, regional groups, and the WA Soil and 

Land Conservation Commissioner to help direct resources to reduce erosion in the 

agricultural region. The autumn 2019 composite identified 12.2% of the grainbelt with 

less than 50% cover, compared to the 10 year average of 8.3%. This new DPIRD 

program will: Track land management trends that influence risk of water or wind 

erosion, and by inference, soil carbon changes; Identify areas at most risk from wind 

or water erosion after harvest (summer to autumn) to assist in targeting timely 

management recommendations; and Supply timely, relevant information for annual 

reporting to the state Soil and Land Commissioner and the WA Government. 



34 
 

Simulating Australian Soil Organic Carbon 

Sequestration  
 

JUHWAN LEE1, RAPHAEL A. VISCARRA ROSSEL1 

 
1Soil & Landscape Science, School of Molecular & Life Sciences, Faculty of Science 

& Engineering, Curtin University, Kent St, Bentley WA 6102, Australia 

 

National initiatives to mitigate and adopt to climate change imply the need for 

enhancing carbon (C) sequestration in soils. Soil process models often render a C 

baseline hardly representative and its C sequestration potential questionable when 

initial soil C pools are not accounted. Here we use the soil process model Roth C to 

simulate site-specific soil C across 4431 sites in Australia. After matching the 

modelled and measured C pools at initial equilibrium, the model predicted C 

sequestration potentials in soils, coherent to changes among the pools, in response 

to soil inputs that represent soil and residue management. We show that the extent of 

C sequestration is constrained by C composition that is further influenced by climate 

and land use. Our results highlight the importance of improving and optimising 

climate change mitigation and adaptation based on soil C composition.  
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Agricultural production is consistently impacted by soil constraints acting to reduce 

crop growth and yield potential. Subsoil compaction and subsoil acidity work to 

reduce the speed of root growth and limit rooting depth and water use. These two 

constraints are often present at the same time in the sandy soils of the WA wheatbelt. 

Deep ripping is a universal management tool for alleviating subsoil compaction on 

agricultural soils. Low soil pH can be rectified through addition of CaCO3 most 

commonly in the form of limesand (lime). The movement of lime through a soil profile 

takes many years. The lime applied to broadacre paddocks in the last ten years is 

predominantly present in the top ten centimetres of soil, and is not moving through 

the profile sufficiently to rectify subsoil acidity. Experiments begun in 2015, on yellow 

Tenosols at Binnu and Moora, assessed the effectiveness of ripping below 400 mm, 

with or without topsoil slotting, for improving and maintaining root growth and density 

leading to more sustained yield responses. Topsoil slotting plates are a pair of steel 

plates attached to the rear of the ripping tyne, separated by 90-150 mm, that hold 

open a slot in the ripped soil. Working below the surface topsoil slotting plates allow 

topsoil to fall into the slot, to the depth of the plate, thereby mixing the surface soil 

organic matter and applied ameliorants throughout a narrow channel into the subsoil. 

The intent was to encourage root growth in and through the hostile zone by rectifying 

both compaction and pH. Root assessments were made on open pit faces using a 

scoring system based on the density of roots in 0.54 m2 grid to a depth of 0.9 m. 

Topsoil slotting did move topsoil from the surface to deeper in the profile. There were 

observed increases, though insignificant, of both pH and organic carbon within the 

rip line of deep ripping treatments with topsoil slotting plates. However, this did not 

result in significantly more roots at depth over deep ripping alone though a positive 

trend was observed at these sites. Rooting depth was typically increased by 0.2-0.3 

m due to deep ripping, and root density score by up to 254% at 0.6 m at Moora. 

Compaction alleviation through deep ripping with topsoil slotting did provide a yield 

response in year 1 between 79% and 94%. In deep yellow sand at Moora yield 

responses from deeper ripping treatments were still significant four years after 

implementation, under a controlled traffic farming system.  
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State planning policy for the Peel-Harvey coastal plain catchment requires decision 

makers to consider land suitability when assessing proposals for intensive agriculture 

including for horticulture. This information is not accessible or easily understood by 

land use planners. We will describe how we translated this information into a model 

Local Planning Policy (LPP) for the Peel-Harvey. The Peel-Yalgorup system located 

near Mandurah in the Peel region of Western Australia, is recognised as a wetland of 

international importance under the Ramsar Convention. Its shallow estuaries, coastal 

saline lakes and freshwater marshes include the Peel Inlet, Harvey Estuary, Lake 

McLarty, Lake Mealup and ten wetlands in the Yalgorup National Park. Land clearing, 

drainage and agricultural development of the Peel-Harvey coastal plain catchment 

substantially increased nutrient loads in the Peel-Yalgorup system, leading to toxic 

algal blooms and fish deaths. In response, the state government imposed stringent 

environmental and planning policies to the Peel-Harvey coastal plain catchment, 

developed water quality improvement plans and water quality targets for the Peel-

Harvey catchment, engineered the Dawesville Cut and supported research and 

extension on improved fertilisers and soil testing. Perth’s vegetable growing areas 

are progressively rezoned for housing, leading some growers to seek new land in the 

Shire of Murray (SoM). The SoM had limited experience in assessing horticultural 

proposals and relied on advice from state agencies such as the Department of 

Primary Industries and Regional Development (DPIRD) and the Department of Water 

and Environment Regulation (DWER). The Peel Technical Working Group for 

Sustainable Agriculture, chaired by the SoM and the Peel-Harvey Catchment 

Council, worked with local governments in the Peel, DPIRD, DWER and the Peel 

Development Commission, to develop and test a model Local Planning Policy (LPP) 

for new and expanded horticulture in the Peel-Harvey. The model LPP used regional 

soil-landscape mapping, based on the Mandurah Murray land capability study (Wells 

1989), and interpreted phosphorus export hazard information and land capability to 

determine the suitability of each map unit for horticulture. This information was 

presented in simplified tables in the model LPP. Most local governments in the Peel 

either use the model LPP or have adopted their own LPP based on the model 

version. The land suitability and soil-landscape information was adapted for a 

brochure, developed with vegetables WA, to guide growers seeking to invest to the 

most suitable land in the catchment. 
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The examination and comparison of soil and related material transferred in situations 

of contact is a powerful method for linking persons, vehicles, equipment and 

locations. The evidential value of soil comparison derives from its widespread 

distribution, highly variable composition, relative ease of transfer, persistence and 

resistance to degradation. Sandy soils, present a challenge, with minimal organic 

material and heavy minerals resulting in limited material for comparisons, regardless 

of the bulk amounts present. One such area of forensic importance is the Swan 

Coastal Plain in Western Australia, covering much of the Perth metropolitan region 

and dominated by strongly leached sandy soils, with areas of urbanization resulting in 

enrichment in the soil by organic and clay materials. Analysis is undertaken using 

chemometric comparisons of colour, FTIR and XRD data for the inorganic fraction, 

and as yet underdetermined analysis for the organic fraction, with the ultimate goal of 

the implementation into case work. The presentation will outline the methods and 

recent research efforts into the further development of a reliable and objective 

protocol for the forensic analysis of the typical soils within Perth.  
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Nitrogen (N) fertilisers are applied to the soil to meet crop N demands. A large 

proportion of Western Australian (WA) cropping soils are acidic, decreasing access 

to plant available nutrients. Application of lime is generally the most effective means 

of ameliorating increasing soil acidity. Meanwhile, legumes are grown rotationally 

with cereals to increase plant-available soil N levels. We used a field experiment at 

Merredin, WA (Latitude -31.483347; Longitude 118.219093) to measure the influence 

of historic lime application and crop rotation on soil N availability and microbial 

biomass carbon (MBC). The field experiment included randomised lime treatments (- 

lime, + lime) surface applied at 3.5 t ha-1 2008 and a further 3 t ha-1 in 2012 to the 

same plots. In 2018, the trial areas were sown to different plant species in a split plot 

design with Ornithopus compressus cv. Yellow Serradella and Triticum sativum cv. 

Sceptre being used as the primary species comparison in this study. In 2019, the site 

was sown to wheat (Triticum sativum cv. Sceptre). We hypothesised that increasing 

soil pH through incorporating lime into soil and rotating crop would increase soil N 

and MBC, and as a result increase N supply to the crop. Six subplots (2.2 X 1.85 m) 

were marked in the middle of main plots (20 X 2.4 m) leaving 1 m at both end, and 

0.8 m gap between subplots. Four of the six subplots fertilised by liquid urea at 40 kg 

N ha-1 and the control receiving 0 kg N ha-1. Isotopically labelled (15N Atom 5%) urea 

was applied to the remaining subplot to quantify the fertiliser derived N in plants and 

grain at harvest. Every fortnightly, in-situ inorganic N was measured (0-10 cm) prior 

to sowing and, then fortnightly in fertilised and unfertilised subplots. Additional deep 

profile soil samples (0 to 60 cm, in 10 cm increments) were collected before sowing, 

at terminal spikelet, flowering and will be collected at maturity. At terminal spikelet 

and flowering, both lime and legume were significantly increased MBC and above 

ground dry matter production (p < 0.05). However, there were no any combined 

interaction was observed (p > 0.05). Initial mineral N results indicated that possible 

NH4
+-N nitrification in limed plots where NH4

+-N was lower than nil-limed plots (p < 

0.05). In contrast, NO3
--N was higher in limed plots than nil-limed plots (p < 0.05). At 

harvest, fertilizer derived N in plants and grain will be determined.  
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Viable pasture based grazing systems in south-western Australia have been made 

possible over much of the landscape through input of nutrients to soils which were 

impoverished when first cleared. Initial dramatic increases in production stimulated 

subsequent applications of fertilisers, particularly phosphatic fertilisers, ever since. 

However, excessive fertiliser application can be tied to environmental impacts 

including the loss of phosphorus (P) to waterways impacting on water quality. A large 

body of evidence has been accumulated (3000 experimental years of data) to define 

critical P, potassium (K) and sulphur (S) concentrations in the soil through an 

Australia-wide collaboration in the Better Fertilisers Decisions (BFD) project. 

Extension of this information has been carried out by DPIRD in conjunction with a 

number of partners since 2009 by providing soil testing and interpretation based on 

this evidence. More than 200,000 ha and 17,500 pasture-based paddocks sampled 

highlight that 70% of paddocks do not require P, but often show constraints to K, S 

and pH. Some growers, fertiliser representatives, and agronomists are concerned 

that the national BFD response curves for P are either not suited to WA conditions, or 

that contemporary pasture varieties have a greater P requirement than those 

varieties used to establish the BFD response curves. A collaborative project between 

fertiliser companies, farmers, researchers, catchment groups and government is 

revisiting the response curves through an ambitious assessment of 36 pasture trials 

across six catchments in WA. A framework that targets different soil types and P 

fertility levels acquired through soil testing from earlier extension programs forms the 

basis of site selection. Trials include 0, 5, 10, 20 and 40 kg P/ha with basal nutrients, 

and controls of 0 and 40 kg P/ha without basal nutrients. Results from the first year of 

trials are largely consistent with previous BFD datasets. Large increases in 

production with application of nutrients (N, K, S) in situations where nutrients other 

than P are limiting are evident, reinforcing the need to look at adequate nutrition for 

all macro nutrients to maximise productivity. These new trials are being used as an 

opportunity to extend soil testing information to farmers as well as assess new 

techniques for measuring pasture growth including ultrasonic scanners and drone 

imagery. Uptake of management practices requires both the provision of evidence-

based measurements as well as the perception of local applicability of that evidence. 

This trend indicates a requirement for sustained extension and local provision of 

evidence for a questioning rural audience. 
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The Australian Soil Classification (ASC) was first published in 1996, and is the 

nationally endorsed classification for Australia. When the classification was first 

drafted by Ray Isbell from CSIRO, Queensland, there was a dearth of detailed soil 

data from a number of states. Western Australia, despite representing 33% of the 

country by area, only made up 9% of the soil profiles in the database comprising 

CSIRO and state/territory data. It didn’t reflect the abundance and importance of 

many of the soils specific to WA, including the deep sands and ironstone gravels, and 

has consequently been poorly adopted in this state. Since its 1996 publication the 

number of soil profiles in government databases for WA and the country as a whole 

has grown by more than 10 times, making the basis for any proposed changes to the 

ASC more robust and justifiable. An upgraded 3rd Edition of the ASC will be 

published in 2020. The most significant change will be the incorporation of a new soil 

Order - the Arenosols (deep sandy soils) improving its relevance to Western 

Australian soils. Another planned improvement is providing the classification for free 

in a number of formats – including the web, a downloadable print-ready pdf and an e-

publication – all available on the Soil Science Australia website. Presently it must be 

purchased at a significant cost which is a barrier to adoption. A revision of another 

important soil description standard, the Australian Field Soil Survey Handbook (often 

known as the “Yellow Book”) is also underway, with greater links and standardisation 

between the two publications. 
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As part of the Department of Primary Industries and Regional Development’s (DPIRD) 

Transforming Agriculture in the Pilbara (TAP) project, a land assessment of the 

region was conducted to identify areas with potential for irrigated agriculture. The 

morphology of the dominant soils is described together with their chemical and 

physical properties. A digital soil map was generated to identify the spatial extent of 

the soil generic groups. There is a paucity of georeferenced soils data in Australia’s 

semi-arid to arid regions and soil spatial distribution is at best broad scale. This 

presentation highlights some soil characteristics of the Mount Newman semi-arid 

region and identifies a need for further investigation. The soils of the region are 

commonly red (10R to 5YR hues), which is typical of semi-arid climates. Siliceous 

red-brown hardpan soils (Duric Red-Orthic Tenosols) are locally common on level to 

very gently inclined plains. The hardpan is impregnated with iron-manganese 

coatings and laminae. These coatings also variably cement soil aggregates in other 

soils. Dominant soils are: Red Kandosols (40%); Self-mulching Red Vertosols and 

Vertic-Red Dermosols (19%); Red-Orthic Tenosols (16%). Contrary to Australian Soil 

Classification (ASC) soil distribution maps, Sodosols (<1%) are not common. Both 

Vertosols and Dermosols exhibit surface cracking and gilgai micro-relief and a have 

similar structure and morphology. In this situation, Dermosols are distinguished from 

Vertosols only by having a surface field texture of clay loam rather than clay. 

Including these soils within the Vertosol order would be warranted. Under the semi-

arid to arid climate, dark A horizons are often absent or only distinguished by a thin 

physical or biological crust. The lack of a dark A horizon (ochric epipedon) is 

currently not distinguished in the ASC while crusts are only noted as a surface 

condition with no reference to depth. Literature generally attributes biological crusts 

(cryptogam) to healthy ecosystems where it reduces evaporation and improves 

infiltration however, physical and biological crusts may reduce infiltration, exacerbate 

sheet flow and soil erosion in landscapes subject to disturbance. Inclusion of B2 

horizon depth, as a Family criterion, for Tenosols, Kandosols and texture contrast 

soils would highlight agronomic potential in both irrigated and dryland agriculture. 
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Glyphosate is the most widely used herbicides in agriculture. Short-term impacts of 

glyphosate on soil microbial communities have been reported but long-term effects 

are rarely studied. There is concern for non-target effects on soil microbial 

communities with potential to negatively affect soil functions after long-term use of 

glyphosate. Therefore, our objective was to investigate changes in bacterial 

community composition following long-term glyphosate application on annual 

ryegrass. Four treatments (1. Glyphosate 92 g/ha as spray topping at anthesis; 2. 

Glyphosate 360 g/ha as spray topping at anthesis; 3. Glyphosate 230 g/ha at 3-4-leaf 

stage; and 4. Glyphosate 920g/ha at 3-4-leaf stage) plus untreated control areas 

were established by DPIRD in 1999 on annual ryegrass population at the Merredin 

Research Station, Western Australia. The initial density of annual ryegrass was 400 

plants/m2. Other weeds were present at very low density in 1999. Each treatment 

was established on a 1-ha block of clay loam soil with a 2 m buffer around each plot. 

The paddock was fenced but not grazed and has been managed as a volunteer 

pasture site since 1999. One application of glyphosate as per treatment mentioned 

above was applied annually since 1999. Soil was sampled from 8 grids @ 4 samples 

per grid equal to 32 points (0-10cm) from each treatment and combined to make 8 

bulk samples for each treatment. Bacterial community composition was compared 

between glyphosate treated and untreated soil using 16S rRNA gene sequencing 

with the Ion Torrent platform. After 14 years of continuous glyphosate application, 

herbicide resistance was confirmed in annual ryegrass and red brome population. A 

substantial shift in weed species has occurred during this period. Long-term use of 

glyphosate resulted in an altered soil community composition but the extent to which 

this was associated with changes in soil properties such as cation exchange capacity 

or change in plant species composition is reported here. 
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Soil analysis is used to assess natural resources and inform management to improve 

long-term farming profitability. Conventional techniques typically use different 

methods, equipment, reagents and skills to measure each soil property of interest. 

The consequence is that a conventional soil laboratory is expensive to set up, 

maintain and run. These issues result in many countries (and organisations) having to 

do without a well-functioning conventional soil laboratory. Developments in 

spectroscopic and potentiometric methods of soil analysis means that these 

countries need not go without reliable soil analysis. An investment of under Au$ 60 K 

in a mid-infrared spectrometer (MIR) and ion selective electrodes (ISE) allows many 

soil attributes that are expensive to measure, such as organic carbon, particle size, 

CEC, total N, pH, extractable K and N, to be measured rapidly and cost-effectively. A 

one-off budget is required to analyse a selection of soil samples conventionally to 

calibrate the MIR. The conventional analysis can be done at an external or overseas 

commercial laboratory when the facilities are not available in-house. The operating 

costs of these instruments are minimal. These instruments each occupy the space of 

an A4 sheet and do not require the infrastructure of a laboratory to run. They require 

minimal soil preparation and use of often hard to source and hazardous reagents. 

Working in The Philippines, Myanmar and Cambodia, we found that one week hands-

on training followed by one week on the job training are enough to run the MIR and 

ISE facility well. These facilities were used to map soil types and soil attributes, 

determine land suitability for different crops and cropping systems, soil constraints 

for management attention as well as baseline soil fertility levels. Field-deployable 

pocket ISEs are being tested to inform fertiliser and lime management without the 

delay often encountered by sending samples to a remote laboratory. A weakness of 

these rapid methods is inability to measure available soil phosphorus. This weakness 

is being addressed internationally by active research and development.  
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Around 3.8 M ha of gravelly soil contributes to crop production in south west WA. 

Soil analysis and glasshouse experiments routinely take place in the absence of the 

≥2 mm fraction. Typical processes include sample collection, air drying, and sieving 

(<2 mm) prior to experimentation or analysis. The ≥2 mm fraction is discarded as it is 

often considered inert, acting as a soil volume diluent, and problematic for routine 

chemical analysis when intact because of size and representativeness. However, the 

literature cites that the ≥2 mm fraction may contribute positively to soil chemical, 

physical and biological properties. A virgin lateritic soil containing 80% gravel from 

West Dale was separated into <2 mm, 2-4 mm, 4-6 mm, 6-8 mm and 8-10 mm 

fractions, and the gravel washed and air dried. 12 kg of each gravel size was 

incubated with 120 litres of 5, 10, 20, 40 and 100 mg P L-1 for 10 days, after which 

the “phosphated” gravel was air dried. Dry matter for 3 sequential harvests of wheat 

grown for 6 weeks was determined in mixtures of four size fractions of 25 or 50% by 

volume of phosphated and non-phosphated gravel and inert white sand in triplicate. 

Basal solutions containing Cu, Zn, Mg, Co, Mn, Mo, K, S, B, Ca, Cl, Fe and N were 

applied to ensure that only responses to P were measured. Control pots of 100% 

sand with and without P were included. Phosphorus response curves were also 

developed for 100% inert white sand and the < 2 mm fraction from the gravel soil. 

Pots were watered to just in excess of field capacity weekly based on spot checks of 

volumetric water content using a ProCheck-10 and GS1 dielectric probe. Water 

requirements gradually increased from once a week initially to three to four times 

daily once plants were well established and evapotranspiration increased. Soil 

solutions were extracted weekly 16 hours after watering using rhizons 

(rhizosphere.com) from which P concentrations were determined. Colwell P was 

measured on intact and ground phosphated and non-phosphated gravels, and < 2 

mm fraction. Phosphated gravel supplied P to wheat, and yield decreased with each 

harvest. Wheat responsiveness to the amount of P added followed Mitscherlich 

functions, with responsiveness increasing in the following order: <2 mm, 2-4 mm, 4-6 

mm, 6-8 mm, 8-10 mm, inert white sand, suggesting the response was related to P 

buffering. Yield varied with gravel size, amount and P concentration, and yield 

decreased with increasing gravel size at some P concentrations. Colwell P of intact 

gravels was correlated 1:1 with Colwell P of ground gravels. Soil solution P 

concentrations varied with time, gravel size, gravel amount and the degree to which 

gravel was phosphated. 
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Conventional oven drying of soil at 105˚C is known to denature soil enzymes, oxidise 

soil organic compounds and cause inconsistent soil water repellency (SWR) as SWR 

is known to be due to soil organic compounds. Air-drying (40˚C) or temperatures 

intermediate between air-drying and 105˚C can be used when measuring SWR; but 

this is slower, and the resultant soil water content is not equivalent to soil dried at 

105˚C. Other drying techniques that avoid high temperature, such as freeze-drying, 

are expensive. Here we investigated a low-temperature (20˚C) soil drying technique 

to generate soil water contents equivalent to those achieved by conventional oven 

drying (105˚C). The effect of drying temperature, plus aeration status (oxic or 

anoxic), on SWR was also investigated. We hypothesised SWR decreases under oxic, 

but not anoxic drying conditions, due to oxidation of soil organic compounds. A water 

repellent sandy soil was dried by either low-temperature (20˚C) vacuum drying or 

conventional oven drying (105˚C) for two days (no change in mass thereafter), and 

under either oxic or anoxic conditions. The gravimetric water content and SWR 

[using molarity ethanol droplet test (MED)] of each of the drying treatments was 

determined. We obtained equivalent soil water content (n=41 replicates; ~4.19% 

gravimetric soil water content; P>0.05) for both vacuum and oven drying technique. 

However, the SWR for the oven dried soil under oxic condition was significantly lower 

than the vacuum dried soil (n=5 replicates; P<0.05; Fisher’s least significant 

difference=0.14; from ~MED 1.58 to 1.34). No significant change in SWR (P>0.05) 

was found between vacuum or oven dried soil when investigated under anoxic 

conditions. We recommend vacuum drying (20˚C) soils under anoxic conditions 

when assessing SWR. Investigations of soil organic compounds, typically the 

temperature sensitive dissolved organic compounds, should consider low-

temperature vacuum drying under anoxic conditions as an alternative to conventional 

oven drying so as to avoid oxidation of soil organic compounds. 
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Subsoil aluminium (Al) toxicity or soils with AlCaCl2 content > 2.5 mg Al kg-1 in the soil 

layers below 10 cm is a significant problem in south Western Australia. Both lime and 

gypsum can be used to treat subsoils Al toxicity because these products decrease 

the toxic effect of soil Al leading to an increase in crop grain yields. In this 

presentation, results are reported from three field lime by gypsum rate experiments 

located in the east of Merredin. The experiments examine the short (1 year), medium 

(2 years and eight months, 2.7 years) and long-term (10 years) effect on crop grain 

yield, soil properties, soil solution properties and soil solution Al species distribution. 

All sites had Al toxicity limiting crop production in the subsoil. For the short and 

medium-term experiments, where soil pHCaCl2 in the surface 0–10 cm was higher than 

5.5, gypsum application increase canola and barley grain by 14–19%. The gypsum 

response developed even following relatively dry years due to the rapid leaching of 

applied sulfate into the subsoil. For the long-term experimental site, soil pHCaCl2 in the 

surface 0–10 cm was less than 4.6, gypsum, lime and lime plus gypsum applications 

increased wheat grain yield by 6–48%. In both the medium and long-term 

experiments, the application of lime resulted in a greater reduction to a greater depth 

in AlCaCl2 than the increase in pHCaCl2. Indicating AlCaCl2 is a more sensitive measure of 

the impact of lime and gypsum application than soil pHCaCl2. Gypsum application, in 

the short-term increases in the soil solution concentration ionic strength (ISSoln) 

resulting in a reduction in subsoil Al toxicity. In the long-term, sulfate applied as 

gypsum is leached below the Al toxicity layer (10–30 cm) reducing its effect on ISSoln 

and subsequently subsoil Al toxicity. The application of lime did not affect soil and 

solution properties in the short-term but in the long-term decreased subsoil Al 

toxicity. The higher solubility of gypsum compared to lime has the potential to reduce 

subsoil Al toxicity and produce short-term grain yield responses. However, long-term 

management of subsoil Al toxicity should use a combined application of lime and 

gypsum to increase soil pH and reduce toxic forms of Al within the subsoil.  
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Bio-mineral fertilizers are gaining increasing attention in cropping systems. 

Phosphorus (P) use efficiency for wheat (Triticum aestivum L.) from bio-mineral 

fertilizers is not well studied. We investigated the efficiency of a bio-mineral fertilizer 

(rock mineral fertilizer inoculated with a multispecies microbial inoculant and 

augmented with different phosphorus sources of varying concentration) under both 

glasshouse and field conditions. The P was incorporated into the bio-mineral fertilizer 

at six levels (0, 1.5, 3.0, 6.0, 9.0 and 12.0% P) as rock phosphate (RP), and triple 

superphosphate (TSP). In the glasshouse experiment, shoot dry weight of wheat 

increased significantly with application of the bio-mineral fertilizer augmented with 

both RP and TSP at tillering and maturity. Grain yield per plant was significantly 

higher with 3.0, 6.0 and 9.0 % P applied as RP, but it was only higher with 6.0% P 

applied as TSP. In the field experiment, shoot dry weight at tillering was higher for 

applications of 6 and 12% P as RP and 3 and 9% P as TSP compared to control. The 

highest grain yield was observed for 3 and 6% P applied as either RP and TSP. 

Overall, utilization of the mineral fertilizer, even when augmented with the lowest 

level of P (1.5 to 3.0%) in conjunction with the multispecies microbial inoculant, was 

more effective than the mineral fertilizer alone for wheat under the glasshouse and 

field conditions. 
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Soil water repellence represents one of the major soil constraints to broad-acre 

agriculture in southern Australia. Topsoil wettability is significantly reduced by the 

presence of hydrophobic organic compounds, resulting in poor seed germination, 

early plant establishment and ultimately lower yields. Soil mechanical disturbance 

(tillage) in combination or not with the addition of clay-rich subsoil (e.g. clay 

spreading) have been successfully adopted in the Australian broad-acre agriculture 

for the amelioration of water repellent sandy soils. Both methods are proven to 

effectively change the soil physical characteristics, promoting wetting of topsoil 

uniformly and thus improving early plant establishment. However, the downside of 

ameliorating water repellent soils is the removal of the natural ‘mulching effect’ 

provided by the presence of the hydrophobic material in the topsoil. This in fact 

could potentially lead to increase the loss of soil water by evaporation, particularly 

during hot and dry summer in the low rainfall regions. To test this hypothesis, soil 

profiles were reconstructed in replicated large pots (290 mm diameter, 450 mm 

deep) representing a typical water repellent sandy soil in its original conditions 

(control treatment, with water repellent topsoil over non-repellent subsoil) and after 

four different treatments for the amelioration of soil water repellence, such as: i) 

topsoil mixed with subsoil (representing deep tillage), ii) combination of deep tillage 

and addition of clay-rich subsoil, iii) topsoil inversion and iv) clay-rich subsoil 

application as top dressing with no further incorporation. The soil profiles, wetted to 

near saturation, were kept in a controlled environment (air temperature >30°C and 

air humidity < 50%) simulating the typical summer hot and dry conditions expected in 

most part of the wheat belt of Western Australia. Using a mobile Perspex evaporation 

dome (similar to the one described in McLeod et al. 2004), we measured the 

evaporation rates (mm day -1) from the treated soil surface at different intervals over 

100 h. All treatments had similar initial evaporation rates (1.8 to 2.4 mm day -1) but 

the mean evaporation rate in the control treatment significantly declined after 48 h. 

Treatments with the top-dressed application of clay-rich subsoil recorded the higher 

evaporation rates in the first 24 h (2.2 mm day-1). However, as the clay-rich layer over 

the topsoil started to dry (and from cracks), the evaporation rate subsequently 

declined to the rates similar to those observed in the control treatment. In contrast, 

treatments representing tillage in combination or not with the clay-rich soil continued 

to evaporate water at similar rate until the end of study period. These preliminary 

results confirmed the potential for soil amelioration to increase soil evaporation in 

water repellent soils and further research is required to better understand this 

process.   
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Speciation of soil phosphorus (P) is paramount to understanding the biogeochemical 

cycle in agroecosystems and key for an efficient P management. Most studies using 

solution-state 31P nuclear magnetic resonance (NMR) spectroscopy for P speciation 

were done in soils from eastern Australia. Currently, in-depth knowledge of the P 

dynamics is limited for the western-Australian region. Only one study has been 

published using solution-state 31P NMR to characterise P compounds in topsoils (0–

2.5 cm) from Western Australia under karri (Eucalyptus diversicolor F. Muell.) forests. 

Therefore, the objective of this research is to improve our knowledge and provide 

new information on the chemical composition of P in cropping soils from Western 

Australia. Two contrasting soil types were chosen for this study: a deep structure-

less sand (Tenosol) and iron- and aluminium-rich soil with high levels of ironstone 

nodules present (Ferric Kandosol). The Tenosols of Western Australia are highly 

weathered soils characterised by low (<100 g kg-1) clay content, low P buffering 

capacity and low levels of soil organic carbon (5–20 g C kg-1). Kaolinite is the 

dominant clay mineral in these soils. The Ferric Kandosols of Western Australia have 

higher levels of soil organic carbon (21–52 g C kg-1) in the surface layer, and higher 

levels of oxalate extractable iron and aluminium. Kaolinite is often the dominant clay 

mineral, but gibbsite, goethite and hematite do occur. Ten sites have been selected 

for this study encompassing five locations for each soil type. Soil profiles (0–30 cm) 

are being characterised and quantified for their chemical nature and distribution of P 

using solution-state 31P NMR spectroscopy in 0.25 M NaOH + 0.05 M EDTA extracts. 

Preliminary data obtained from 31P NMR spectroscopy showed the predominance of 

inorganic orthophosphate (chemical shift δ = 6.0 ppm) in the alkaline extracts 

followed by organic P species in the monoester region (δ = 3.5–5.4 ppm) for both 

soil types. A higher proportion of myo-inositol hexakisphosphate was present in 

Ferric Kandosol than in Tenosol. Additionally, diester phosphate signals (δ = -1.0–1.5 

ppm), such as DNA or RNA, and pyrophosphate (inorganic polyphosphate with P-O-

P bond) at δ = -4.6 ppm were identified in Ferric Kandosols but not in Tenosols. This 

is consistent with the contrasting levels of carbon in these soils. These results 

emphasize the importance of the organic P as a significant pool and differences in 

the P dynamics in these soils. This study is ongoing. 
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Iron-ore mining is a major industry in Western Australia. The process of iron-ore 

extraction results in waste rock which may be backfilled into the pit void or discarded 

to form ‘waste rock dumps’ and fines, a by-product of crushing iron-ore. Resource 

companies have a legal and social responsibility to restore waste-rock dumps using 

local species. However, waste material may not be ideal for plant growth. Hence, as 

well as gaining an understanding of soil chemical and physical properties of waste 

materials, it is important to understand the plants interactions with the soil, especially 

in the early stages of restoration, such as seed germination and seedling emergence. 

Topsoil may be removed prior to mining, and is a valuable resource, not only 

because the physical and chemical properties are suitable to support plant growth 

but it also contains seeds, which, if remain viable during possible topsoil storage, can 

be used as a source of plants for restoration. However, a topsoil shortage means that 

alternative soil covers must be used, or a blend of topsoil and waste. This study was 

conducted at Koolanooka mine, near Morawa, approximately 400 km north of Perth, 

Western Australia. The mine site is located within the Koolanooka and Perenjori Hills 

Banded Ironstone Formation (BIF) range, which supports a Threatened Ecological 

Community (TEC), defined as a community at risk of extinction. We selected a 

reference community for the restoration of the waste rock dumps that was 

contiguous with the site, and had a similar geomorphology and slope. On the waste 

rock dump we spread five soil covers: TEC topsoil; TEC topsoil mixed with waste 

rock; fines; fines mixed with waste rock, and waste rock by itself. We determined the 

physiochemical and hydrological properties of the soil covers, and quantified 

seedling emergence from sown seed. Seedling emergence was greatest in topsoil, 

but the addition of 25% waste rock to topsoil didn’t restrict seedling emergence, 

indicating if there is insufficient topsoil to spread over the entire waste rock dump, it 

could be mixed with a small amount of waste rock. However, seedling emergence on 

waste rock only was negligible. Interestingly, the seedling community from sown 

seeds differed the between the soil covers, suggesting an interaction between soil 

properties and seed traits. We also assessed ex-situ and in-situ germination and in-

situ emergence, and manipulated soil microsites using ripping, and found both 

demographic and microsite limitations to seedling emergence. 
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Soil information is critical for efficient and sustainable agricultural management. 

However, there is typically a hiatus between soil information which government 

agencies charged with supporting agriculture develop and deliver, and the 

information land managers can easily use for management in the paddock. This 

hiatus is largely due to (1) differences in the spatial scale of information needed by 

these different groups, and (2) communication-style inhibiting soil science 

information into management advice. We outline and evaluate a ‘three factor 

functional soil classification’ based on soil texture, depth, and gravel content for 

south-western WA, referred to as Profile Texture Classes (PTC). PTCs are both a 

consistent inference of the profile data that can be applied to a wide variety of 

sampling styles, and a suitable starting point for soil classification where none exist. 

This approach demonstrates that a useful classification can be driven by code within 

databases; minimising the inconsistencies of individual interpretations that is inherent 

in soil classification. The PTC classification rules can be applied systematically to soil 

profile data, and can potentially be augmented to capture information about other 

important soil features. This simple classification emulates many of the criteria 

required for pedological soil classification systems such as the Australian Soil 

Classification or WA Soil Groups, and in some cases may be better at capturing 

features such as gravel layers that are important for land management. PTCs may 

help in bridging the science/management communication divide, as well as making a 

large number of lower quality soil observations (partial descriptions, no lab data) 

usable for digital soil mapping (DSM). Improving data availability for DSM leads to 

models that capture more realistic local scale soil distributions, which would be 

required for paddock-scale decision making. Comparison of profiles classified as 

PTCs with the best available soil mapping approaches suggests that PTCs, although 

very simplistic, maintain known geographic soil and soil property distribution patterns 

in southwest Western Australia.  
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Ironstone gravel soils are widespread, locally common, and important for cropping in 

Western Australia (WA). The spatial extent of these soils is reasonably well known, 

but geographic differences and distinct subgroups of gravel soils are not. We present 

a novel approach to map ironstone gravel layers and associated fine earth texture 

classes to improve understanding of gravel soil characteristics and distribution 

across southwestern WA. Legacy soil information was mined using code within 

databases to define soil textural features for input to digital soil mapping [See poster 

by Griffin]. Soil observations from more than 43,000 sites were prepared for 

modelling. The main features assessed were: (i) Gravel layer presence or absence; a 

gravel layer was defined as 20% or more ironstone gravel by volume, 10 cm or more 

thick; (ii) Fine earth texture was defined as one of three classes; clay (> 35% clay), 

loam (10 – 35% clay), or sand (< 10% clay); and (iii) These gravel and texture 

features were determined for three depths, surface (0 – 5 cm), subsurface (5 – 30 

cm), and subsoil (30 – 80 cm). Random forest was used to model and predict the 

probability of gravel and other texture classes, which were converted to binary maps 

of feature presence or absence. These maps were then combined using simple GIS 

rules, yielding nine simple Profile Texture Classes, plus gravel layer presence in the 

soil depths. Here we present the new set of maps available across the southwest of 

WA that can be used for improved and sustainable land use and management. This 

novel approach is found to produce more accurate map compared to other available 

approaches used for mapping in WA.  
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More than 90% of land plant species (including most agricultural crops) form 

beneficial associations with soil-borne mycorrhizal fungi. Mycorrhizal hyphae allow 

plants to indirectly explore a large soil volume and forage for nutrients (most 

importantly P, but also micronutrients) that are usually poorly available in soils due to 

their immobility. Recent studies using state-of-the-art DNA sequencing technologies 

have unearthed much more complexity in root-fungal relationships than those 

discovered using the traditional morphology-based approaches. Unconventional 

root-fungal beneficial relationships have been reported that do not fall within the 

mycorrhizal categories defined based on properties of the interface structures, 

including a novel symbiosis formed between the native fungus Austroboletus 

occidentalis (isolated from jarrah forest, Jarrahdale, WA) and jarrah (Eucalyptus 

marginata) plants. This novel symbiosis (referred to as feremycorrhiza, FM) has quite 

different characteristics and functional pathways compared to the conventional 

mycorrhizal symbioses, but still has strong positive impacts on improving plant 

growth and nutrition. Root colonisation does not occur in FM symbiosis, and the 

symbiotic benefits are primarily attributed to rhizosphere modification and nutrient 

solubilisation/mobilisation. The host plant range of the FM symbiosis is currently 

unknown and needs to be investigated, focusing on economically important crops. A 

glasshouse experiment was conducted to explore the potential effects of the FM 

fungus A. occidentalis on canola (Brassica napus), which is one of the major grain 

crops in Australia. Inoculation of paddock soil (collected from Northam, WA) with the 

hyphal inoculum (prepared using the vermiculite-based substrate) led to significant 

shoot biomass and grain yield increases in canola under glasshouse conditions 

compared to the uninoculated control (received autoclaved inoculum). Root 

colonisation was not observed in inoculated canola plants, which is a typical feature 

of the FM symbiosis as previously observed with jarrah plants. The results 

demonstrated that the non-mycorrhizal crop canola (unable to draw benefits from 

arbuscular mycorrhizal fungi) can get significant growth and yield benefits from the 

native symbiotic fungus, reinforcing the necessity to explore the potential of this 

fungus for different agricultural crops under glasshouse and field conditions.  
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NRInfo (natural resource information) provides the user with access to digital 

mapping and information for natural resources across Western Australia. This 

information may be used for regional and strategic planning, and for identifying areas 

needing more intensive assessment. 

The Department of Primary Industries and Regional Development (DPIRD) provides 

this information for all sectors of agriculture and other land uses, to promote 

sustainable resource management. NRInfo brings together more than forty (40) years 

of soil, landscape and hydrological mapping and associated reports into an easily 

navigable web portal. Users can turn on and off any layer they are interested in, to 

gain a better understanding of the landscape based on multiple data sources. The 

current information is routinely updated via the DPIRD’s corporate databases, and 

made available through the <https://data.wa.gov.au> open data policy. The original 

reports are also available through the research library 

<https://researchlibrary.agric.wa.gov.au>, under the ‘Land Resources Series’ link. 

The mapping scale for our products varies between 1:50 000 and 1:250 000, 

depending on the landscape and purpose of the original survey. This broad 

landscape information provides land owners and developers with a great starting 

point for assessing their landscape or identifying potential areas for a variety of land 

uses. Because of the mapping scale, we always suggest that additional intensive on-

ground validation is undertaken to confirm the existing mapping or identify the 

detailed nuances of soil, landform or water resources for any particular area. The 

soil-landscape mapping is comprised of hierarchical map unit polygons coded with 

proportional soil and landform allocations. This is to capture the huge complexity of 

Western Australia’s soils and landscapes. The NRInfo web portal includes the most 

up-to-date mapping and data for Soil-landscapes, Pastoral Land Systems, Land 

Capability, Land Qualities and an assessment of survey confidence. Layers 

illustrating hydrological information are also available, such as natural drainage lines 

and surface water catchments, and Hydrozones for groundwater trend and salinity 

risk assessment. Many additional layers are available and provided from Landgate; 

Department of Planning, Lands and Heritage; Department of Mines, Industry 

Regulation and Safety; Department of Water and Environmental Regulation; 

Environmental Protection Authority; and Geoscience Australia. 
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The world’s population is predicted to reach 9 billion people by 2050 thus increasing 

crop production on current agricultural land to meet the rising demand for food is 

paramount. Farmers routinely manage both plant and soil nutrition to increase crop 

yields. However, active management of in situ soil and plant microbiomes to improve 

productivity is uncommon. Here, we present a patented technology aiming to reliably 

engineer soil and plant microbiomes to increase crop production. Bioprime is a 

ferment of molasses that can be applied as seed coating, or as foliar and soil spray. 

Bioprime contains a diverse range of bioactive carbon compounds known to either 

stimulate plant growth directly (e.g. plant hormones 2,3-Butanediol and acetoin) or 

indirectly via the plant microbiome (e.g. microbial signalling molecules and labile 

carbon). Results from two trials highlight the robustness of Bioprime to improve crop 

growth and yields in vastly different production systems. An on-farm potato trial 

consisted of four treatments: Bioprime-only (100 L/ha), compost (40 t/ha five years 

prior to this trial), Bioprime plus compost, and an unamended control. From each 

treatment five spatial replicates were sampled. The two treatments containing 

Bioprime resulted in a significant increase in marketable potato yields compared to 

the untreated control (+33.8% for Bioprime plus compost; and +33.2% for Bioprime-

only P ≤ 0.039). Historic compost application on its own also increased yield 

(+22.7%), but this was not significant (P = 0.214) despite higher soil fertility e.g. 

higher concentrations of carbon (+30%), nitrate (+100%), and phosphate (+11%). 

Both compost and Bioprime amendment changed the soil microbiome as determined 

by automated ribosomal intergenic spacer analysis for bacteria and archaea, and to a 

lesser degree Dikarya (fungi). In a pot trial, sandy soil was planted with Bioprime-

treated and untreated wheat seeds (var. Mace). After four weeks, plant shoot weight 

increased by 26.7% (P = 0.004) in the Bioprime treatment compared with the 

untreated control concomitant with significant changes to the rhizosphere 

microbiome (P = 0.011; 16S rRNA gene sequencing). Bioprime application increased 

the relative abundance of typical rhizobacterial taxa belonging to different phyla (e.g. 

Betaproteobacteria, Bacteroidetes, and Actinobacteria). Furthermore, in silico 

predicted gene functions related to microbial signalling chemistry, disease 

suppression, and nutrient acquisition were upregulated in the Bioprime-treated wheat 

rhizosphere soil. In conclusion, Bioprime represents a novel, low-cost technology to 

improve agricultural productivity by engineering soil and plant microbiomes in situ 

thereby contributing to global food security. 
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Soil health and biology is capturing public imagination due to its significance in 

organic and regenerative agriculture and its role in mitigating climate change (a 

location for potential carbon sequestration). Programs centred on soil health are 

supported by farmers and funding bodies such as the Soil Biology Initiative (Grains 

Research and Development Corporation), the National Landcare Program, and the 

Cooperative Research Centre for High Performance Soils. Additionally, global 

businesses are diverting resources into understanding soil and crop microbiomes to 

develop novel technologies that increase soil health and crop productivity to 

commercialise a variety of products including soil amendments (e.g. sea weeds, 

humic acids, other prebiotics) or microbial inocula (often termed “biologicals”, 

“probiotics”, “biopesticides”, or “biofungicides”). Farmers thus have a plethora of 

products and management options at their disposal to improve their soil health. 

However, there is a lack of fast, reliable, low-cost test for farmers to assess whether 

their efforts in restoring soil health have been fruitful. Therefore, our aim was to 

develop a molecular biological assay that can inform farmers of changes in their soil 

or plant microbiome that is not based on intact phospholipid fatty acids, activity 

measurements (e.g. substrate-induced respiration) or soil enzyme activities but 

rather on microbial DNA. The assay we developed involves the PCR amplification of 

the 16S-23S intergenic spacer region of the ribosomal RNA operon. This is used to 

elucidate the diversity of Archaea, Dikarya, and Bacteria. For the latter, several 

subgroups are targeted that are prevalent in soils including Acidobacteria, 

Actinobacteria, Bacteroidetes, Firmicutes, and Gammaproteobacteria. Amplicons are 

subjected to automated ribosomal intergenic spacer analysis (ARISA) using an ABI 

310 genetic analyzer (Perkin-Elmer). Bioinformatic analysis reveals the number of 

operation taxonomic units (OTUs) and both alpha and beta diversity estimates are 

generated. Here we showcase different examples from our database that contains 

microbial profiles of more than 2000 samples from Western Australian agricultural 

soils. The ARISA assay can easily distinguish between samples taken from different 

locations (P < 0.001) and crops (P < 0.001) across the state. Furthermore, we can 

detect differences in alpha diversity between areas in the same paddock where plant 

growth is poor or good, or where different soil amendments (e.g. compost pellets) or 

different fertiliser treatments have altered the soil microbiome. Our ARISA assay 

represents a reliable, fast, and inexpensive tool for anyone interested in assessing 

their soil regeneration efforts. Comparing submitted samples to our database informs 

clients of their soil health to soils from similar crop and farming systems.  

 



57 
 

Investigation of the Common Mycorrhizal Network 

Concept: Plant Growth Responses in Simulated 

Intercropping of a Legume and Grass under Water 

Stress 
 

BEDE S. MICKAN1,2,3, MIRANDA HART4, ZAKARIA M. SOLAIMAN1,2, KADAMBOT 

H. M. SIDDIQUE2, SASHA N. JENKINS1,2, LYNETTE K. ABBOTT1,2 

 
1UWA School of Agriculture and Environment (M079), The University of Western 

Australia, Perth WA 6009, Australia 
2The UWA Institute of Agriculture (M082), The University of Western Australia, Perth 

WA 6009, Australia 
3Richgro Garden Products, 203 Acourt Rd, Jandakot Western Australia 6164, 

Australia. 
4Department of Biology, University of British Columbia Okanagan, 3187 University 

Way, Kelowna, BC V1V 1V7, Canada 

 

It is widely claimed that the common mycorrhizal network (CMN) plays a significant 

role in facilitated transfer of nutrients between plants. This experiment investigated 

the role of a common mycorrhizal network between a C3 legume and a C4 grass 

under nutrient and water-limited conditions. Shoot mass of Trifolium subterraneum 

increased by almost 150% when grown in close proximity to Panicum clandestinum 

when the only possible connection between roots was via a common mycorrhizal 

network. Inter-species competition between T. subterraneum and P. clandestinum in 

low nutrient soil was observed. The soil bacterial community was similar for both T. 

subterraneum and P. clandestinum. Water-stress increased the relative abundance of 

Firmicutes and Actinobacteria and decreased the relative abundance of 

Proteobacteria especially when they were most likely to share a mycorrhizal 

connection. Water-stress decreased the putative abundance of N-cycling genes 

under P. clandestinum, but not under T. subterraneum. The competitiveness of T. 

subterraneum when grown adjacent to P. clandestinum corresponded with enhanced 

P acquisition and depletion of soil P under P. clandestinum. It was concluded that the 

most likely explanation for competitiveness of T. subterraneum was enhanced P 

acquisition via mycorrhizal hyphae from soil in the P. clandestinum soil chamber 

rather than direct P transfer from P. clandestinum via a common mycorrhizal 

network. 
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Food waste can be diverted from landfill and utilised via anaerobic digestion (AD) to 

produce biogas. The liquid by-product of AD is commonly referred to as digestate, 

and this can be an organic certifiable biofertilizer. Digestate in Europe is frequently 

used in agriculture, though is not commonly used in the urban retail market. Biochar 

is another organic matter which can adsorb and retain the nutrients, and also could 

decrease the adverse effects of high nitrogen content of soil. It was hypothesized that 

high ammonium content of digestate will stimulate the plant growth and increase the 

abundance of nitrogen and carbon cycling genes in the rhizosphere with biochar 

inhibiting some N cycling capacity. A glasshouse experiment was designed to 

investigate the effect of direct addition of digestate and biochar into the potting 

media and its effect on plant growth. Food waste digestate from an operational 

commercial AD facility was added at 6 rates (0%, 2%, 4%, 6%, 8% and 10% v/v), with 

and without biochar (0% and 10% v/v) growing Solanum lycopersicum. After 45 days 

plant growth parameters were measured, and rhizosphere soil bacteria characterised 

using 16S rRNA gene with 27F and 519R bacterial primers on the Mi-seq DNA 

sequencing platform and combined with putative N cycling genes using PICRUSt. 

Results revealed the significant enhancement in root and shoot mass and root 

diameter and volume in all levels of digestate and digestate + biochar addition, with 

the exception for 2% digestate + biochar treatments. Addition of biochar and 

enhancement of digestate levels decreased the rhizosphere soil alpha diversity 

calculators, and biochar also inhibited nitrification genes. Relative abundances of 

Proteobacteria and Actinobacteria in digestate fertilized potting media were higher 

than digestate + biochar treatments while in rhizosphere soil of digestate + biochar, 

Bacteroidetes and Chloroflexi were abundant. This research demonstrates the 

potential sustainability of using food-waste derived digestate as a nutrient source for 

potting media for the urban retail market, which reduces the costs of transporting to 

other agricultural production systems. 
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A methodology for region-specific adaptation of existing soil carbon (C) models was 

developed by integrating location-specific automated data with local farm-based 

knowledge. The aim was to optimise the balance between scientific accuracy and 

farm-scale practicality of C modelling tools to identify the most influential location-

specific variables. The methodology identified region-superfluous inputs (through 

automation and region-insensitive data omission), incorporation of additional inputs 

to improve region-specific accuracy, tuning the regional model, and development of 

a Tool that could be used on-farm. The methodology was evaluated in south-western 

Australia using the RothC soil C turnover model. Automation and rainfall-based 

tuning of the RothC model were used to produce the south-western Australian RothC 

modelling (SWARM) Tool. The criticality of rainfall within the region provided both 

tuning direction and additional inputs for improving the accuracy of the automated 

“monthly rainfall” impact, through location-specific rainfall utilisation (e.g. accounting 

for water repellence) and compounded rainfall impacts (e.g. plant growth, soil cover, 

erosion). Integration of manual adjustments for high sensitivity inputs for this region 

with additional considerations of field-scale rainfall utilisation characteristics provided 

a soil C content potential relative to the location-specific tuned base case. The 

SWARM Tool delivers soil C modelling to the farm gate, facilitating estimation and 

education under the challenging future of agriculture-based incomes. The 

methodology presented in the creation of the SWARM Tool provides a template for 

adaption to any region across the globe for the provision of an accessible, practical 

and appropriately accurate information on the potential impact of climate change. 
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Yellow Tenosols (yellow deep sand) 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, limesand application and deep tillage in late 

winter and seeding canola in the following autumn. The aim of the study to evaluate 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. 

Field trials was conducted last three years (2016-2018) at South Burracoppin about 50 

km south-east of Merredin (Lat. -31.505˚; Long. 118.652˚). Twelve treatments (4 tillage 

and 3 rates of limesand) were laid out in a factorial randomised block design with four 

replicates. Improved plant growth and crop grain yields were observed three consecutive 

years in yellow deep sand as a result of deep ripping. In 2016, the canola grain yield was 

increased by 260 to 570 kg/ha, in 2017 wheat grain yield increased by 250 to 370 kg/ha 

and in 2018 barley grain yield increased by 240 to 440 kg/ha due to deep ripping +/- 

limesand incorporations to those not ripped. Overall, 3 years (2016-2018) total returned 

on tillage treatments of different crops ranged from $117 to $351 per hectors compare to 

in absence of tillage (ie. control). Combination of deep ripping and disc plough generated 

the highest return on investment ($351/ha) followed by deep ripping ($334/ha) and then 

disc plough only ($117/ha). The most profitable crop is canola followed by wheat and 

barley, irrespective of treatments. Initial responses in this work are more related to deep 

ripping than limesand incorporation. It is known surface applied limesand takes many 

years to ameliorate the subsoil acidity and limesand is required to manage subsoil acidity 

in the long term. Deep ripping loosened the compacted layer typically between 15 and 

35cm, 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 and soil engineering will potentially 

minimise multiple soil constraints and offer better return on investment in the longer 

term.  
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Phosphorus availability to crop is one of the major causes of poor crop production 

worldwide. Effect of inorganic phosphorus (P) fertiliser sources, i.e., nitro phosphate 

(NP), di-ammonium phosphate (DAP) and single superphosphate (SSP) coated with 

different humic acid levels on crop production and P utilization efficiency (PUE) of 

maize was studied. All P sources at a recommended rate of 90 kg P2O5 ha-1 coated 

with 3 humic acids (HA) levels (0, 5 and 10 kg ha-1) with one absolute control (no 

fertilisation) were arranged in Randomised Complete Block design with three 

replicates. Results showed that all P sources coated with HA significantly increased 

the plant height, grains cob-1, thousand-grain weight, grain yield, plant and soil P 

concentration and P utilization efficiency. Average values indicated that the coating 

of P sources with 5 and 10 kg HA ha-1 increase 9.5 and 12 percent grain yields over 

uncoated P application, respectively. Similarly, all the other agronomic attributes, 

plant and soil P concentrations increased with the coating of P fertilisers. Overall the 

P uptake due to the coating of P sources in comparison of sole uncoated P fertilisers 

was 18% (12% and 23% with 5 and 10 kg HA ha-1, respectively). Phosphorus 

utilization efficiency of inorganic P was increased with HA coating, and the highest 

PUE was recorded in DAP coated with 10 kg HA ha-1. Generally, the coating of DAP 

with 10 kg HA ha-1 proved superior over the remaining P fertiliser treatments. 
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This study investigated the quantification and prediction of changes in soil carbon in 

perennial pastures under cell grazing. Limited data are available to quantify the 

amount of carbon that could be stored in WA wheatbelt soils using cell grazing 

practices. The objective was to measure the change in soil carbon associated with 

pasture management practices for different aged mixed perennial and annual 

pastures using a chronosequence of pastures sown in 2003, 2005, 2007, 2008, 2011 

and 2012. Inclusion of perennial grasses in pastures is uncommon in the Arthur River 

region of Western Australia, but they have the potential to increase soil carbon. Soil 

carbon was highest in the oldest established perennial pastures in the 

chronosequence. An increase in soil carbon was measured between 2012 and 2014 

for 2 of the 6 sites in the chronosequence. An increase in soil carbon between 2012 

and 2014 measured for perennial pastures established in 2005 and 2007 was likely 

to be associated with improved soil management (including liming) that resulted in 

increased productivity at these sites. Both sites had a history of poor soil conditions 

but this had recently been observed to improve. The farmer-researcher collaboration 

in this project provided two-way exchange of knowledge that has led to several 

suggestions for further investigation relevant to pasture management. For example, 

inconsistencies in relationships between pasture management practices and soil 

chemical measurements, the potential requirement for soil disturbance in 

management of perennial pastures, the time required for improvement in relation to 

soil quality, limitations in perennial productivity, the economic potential for 

management of perennial pastures compared with annual pastures (on soils of 

different quality), tipping points in relation to improvements in soil carbon and 

pasture production, were all areas of further potential research identified in the final 

workshop by farmers, consultants and researchers. 
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The Western Australian Government is working to conserve and manage the State's 

natural resources for the benefit of present and future generations. In support of this, 

the Department of Primary Industries and Regional Development (DPIRD) have 

prepared a simple instructional field guide for recording and describing Western 

Australian unique and challenging soils and landscapes. Suitable for a wide user 

group (from students to industry consultants and the general community) the soil 

description guide is an easy-to-use field booklet. It will assist to identify the most 

important parts of a soil profile to describe and provide an easy way to understand 

and explain the features found in a soil profile. The main goal for the soil description 

guide is to help people inexperienced with soils to understand and communicate soil 

information. The second goal is to guide and support industry and community to 

capture soil information in a consistent and standardised manner (which if returned 

to DPIRD on the included standardised field data entry card, will be used to refine 

existing state data collections). The soil description guide outlines nine key soil 

descriptors or properties usually examined (also supported by the Australian Land 

and Soil Survey Field Handbook). These are: depth of profile; depth/thickness of 

each layer; texture of each layer; coarse fragments; colour; basic chemistry (pH and 

salinity); calcareous layers (lime); structure; and water regime. Other important soil- 

and land-related properties such as soil sodicity, soil surface condition, water 

repellence and landform are also defined to assist with the soil description. The soil 

description guide presents a basic step-by-step instructional process of which soil 

properties to describe and how to describe them, along with tools to generate a 

basic soil classifications and soil names. The guide will support community training 

and development and can be expanded and updated over time. DPIRD are keen for a 

broad range of students, researchers, environmental consultants and community 

groups to use the guide to describe and record the soils they observe, so we can all 

talk the same soil language!  
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Processes that control soil organic carbon (C) composition and dynamics over large 

scales are not well understood. Thus, our understanding of C cycling is incomplete, 

making it difficult to predict C gains and losses due to changes in climate, land use 

and management. In this paper, we show that controls on the composition of organic 

C, the particulate, humus (or mineral associated) and resistant fractions, and the 

potential vulnerability of C to decomposition across Australia are distinct, scale-

dependent and variable. We used machine-learning with 5,721 topsoil measurements 

to show that, continentally, climate, soil properties such as total nitrogen and pH, and 

topography are dominant controls. But, such general assessments disregard 

underlying region-specific controls that affect the distribution of the C fractions and 

vulnerability, potentially leading to misinterpretations that prejudice our 

understanding of soil C processes and dynamics. At the regional scale, climate is 

mediated through interactions with soil properties, mineralogy and topography. In 

some regions, climate is isn’t important. Our results highlight the need for regional 

assessments of soil C dynamics and more local parameterization of biogeochemical 

and Earth system models. The analysis propounds the development of region-

specific strategies for effective C management and climate change mitigation. 
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Black Soldier Fly (Hermetia illucens, BSF) farming provides an alternative waste 

management solution on piggeries by utilising manure to produce a high protein 

insect meal, whilst the fly castings (frass) are a valuable fertiliser. However, the BSF 

frass cannot be developed further in Australia as a fertiliser until the agronomic and 

economic value of this product is fully evaluated. The objective was to quantify the 

agronomic benefit of frass derived from piggery manure as an alternative fertilizer for 

wheat production. It was hypothesised that the frass amendment would increase 

yield, nutrient content and soil fertility in comparison to other manure derived 

fertiliser products. Fresh and stockpiled manure and two graded composts were 

collected from a piggery in Gingin. Frass was generated from feeding pig manure to 

BSF larvae at Future Green Solutions. After 2-5 days the resulting BSF pupa was 

harvested leaving behind the frass residue. A pot experiment was established to 

compare crop productivity between soil amended with frass and soil amended with 

four manure products currently on the market (fresh and stockpiled manure, low and 

high grade composts). Control treatments included a zero fertiliser control, and an 

addition of synthetic fertiliser (NPS) at rates of 10, 25, 50, 75 and 100 kg ha-1. District 

practice for this area and soil type is 100 kg NPS ha-1. Wheat (Triticum aestivum L.) 

was grown in a randomized block design in four replicates. The pots were maintained 

at 80% water holding capacity. Seedlings were thinned to two per pot and grown to 

maturity before harvest at 118 days. Total shoot dry weights per pot for each 

treatment was then calculated. The BSF frass performed as well as synthetic fertiliser 

in terms of nutrient provision to wheat crops and yield (P ≤ 0.05). In contrast, the total 

biomass of the plants receiving the conventional manure and compost products were 

a lot more variable with only the fresh manure treatment having a yield greater than 

the control. These data show that the use of frass derived from piggery manure as an 

alternative fertiliser significantly improved the overall wheat production when 

compared to the fresh, stockpiled or composed piggery manure. Adoption of BSF 

technology on piggeries has potential to increase productivity and profitability via 

reduced input costs and generation of high quality products from manure that 

provide additional revenue streams. 
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Soil water repellence, derived from the accumulation of hydrophobic organic 

compounds, is a constraint to crop and pasture production worldwide predominantly 

in sandy soils. Inhibited water infiltration, unstable wetting, and preferential flow are 

key hydrologic issues in water-repellent soil which adversely affect plant germination 

and establishment. However, despite the general understanding that soil water 

repellence can reduce soil nutrient bioavailability due to the prevalence of dry 

topsoil, the implications of water-repellent topsoil for plant growth and nutrition per 

se are unclear. A controlled glasshouse study was conducted to assess early growth 

and nutrition responses to severe topsoil water repellence in wheat (Triticum 

aestivum cv. Mace) over 51 days, under uniform plant density (15 plants per 

container), variable topsoil thickness (20 or 100 mm), and limited water supply (4.2 

mm every two days). Wheat grown in severely repellent topsoil treatments with a 

wettable furrow had significantly greater tiller number per plant, dry matter, and total 

nutrient uptake compared to plants grown in completely wettable topsoil treatments, 

regardless of topsoil thickness. Preferential flow in the furrow of repellent topsoil 

treatments presumably increased soil water availability at depth, but did not cause 

leaching beyond treatment containers, resulting in conditions conducive to early 

wheat growth and nutrient uptake. By contrast, increased retention of water at the 

surface of completely wettable topsoil treatments likely decreased plant-available 

water due to a reduction in wetting depth and an increased rate of evaporative water 

loss. Increasing the thickness of wettable topsoil from 20 to 100 mm also significantly 

reduced wheat growth and nutrient uptake, but topsoil thickness was not important in 

repellent topsoil treatments. This suggests that preferential flow along a wettable 

furrow in water-repellent soil can be advantageous for early plant growth and 

nutrition by improving water capture and plant water uptake under a limited supply. 
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Microalgae (MA) and purple phototrophic bacteria (PPB) have the ability to remove 

and recover nutrients from digestate (anaerobic digestion effluent) and pre-settled 

pig manure that can be utilized as a bio-fertilizer. The objective of this study was to 

compare the effect of biologically recovered nutrients from MA and PPB in relation to 

plant growth and soil biological processes involved in nitrogen & carbon cycling. To 

this end, a glasshouse experiment was conducted with MA and PPB as biofertilizers 

for growing a common pasture ryegrass (Lolium rigidum Gaudin.) with two 

destructive harvests (45 and 60 days after emergence). To evaluate the rhizosphere 

bacterial community we used barcoded PCR-amplified bacterial 16S rRNA genes, for 

paired end sequencing on the Illumina Mi-Seq. Additionally, we used Phylogenetic 

Investigation of Communities by Reconstruction of Unobserved States (PICRUSt) 

analysis for the detection of putative functional genes associated with nitrogen (N) 

cycling and soil carbon (C) cycling. There was a significant enhancement of plant 

growth when applying PPB to soil, which was comparable with the effects of 

chemical fertilizers. Comparison of rhizosphere bacteria between two harvests 

revealed an increase in the relative abundance of most gram-negative bacteria. 

There was also an increase in nitrogen cycling (nitrogen fixation, nitrification and 

denitrification) and carbon (starch, hemicellulose, cellulose, chitin and lignin) 

degrading genes in the rhizosphere of microalgae treatments during the second 

harvest. These data indicate that biologically recovered nutrients from waste 

resources can be used effectively as a fertilizer resulting in enhanced C and N 

cycling capacities in the rhizosphere. 
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