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F        arming in today’s climatic and economic  
environment is as challenging to our  
researchers, consultants, agronomists and  

producers as it has ever been!

Australia, due to its often harsh climate, relatively small market share, geographic isolation from 
world markets and increasingly higher input costs has meant that we have to remain at the 
forefront of innovation and adoption to remain competitive and profitable. This is something that 
we have always achieved and must continue to do so successfully in the future.

Therefore this year’s theme of ‘Emerging systems – new decisions’ is very relevant. As an 
industry we need to be able to put the whole package together to make it work. We have 
access to some fantastic varieties, seeding/spraying and monitoring  technology, time of sowing 
data, pesticide resistance and nutrition information, to name a few. Many technical updates will 
be featured over the next few days, and therefore, the challenge is to roll this all up into a bundle 
and deliver on it.

The program and speakers that have been brought together for you over the next two days 
are there to hopefully provide you with the tools required to make sound decisions and assist 
your clients to achieve sustainable and profitable farming systems. Many of the sessions are 
wide reaching while others are more area or topic specific, so I encourage you all, to take full 
advantage of the program and maximise the messages you can take home to your client base.

As the chairperson I would like to take this opportunity to thank the team who have put the 
program together, also the ORM group for facilitating the event and finally a big thank you to 
Matt McCarthy, for all of the work that he has done in co-ordinating this year’s GRDC Grains 
Research Updates.     

Thank you

Andrew Parkinson,  
Chairman – Adelaide GRDC Grains Research Update planning committee

Jeff Braun, Agrilink
Michael Brougham, Elders
Rob Griffith, Bayer Crop Science
Gary Hamdorf, Chemtura Agrosolutions
Josh Hollitt, Hollitt Consulting Pty Ltd
Richard Konzag, GRDC
Bill Long, GRDC
Chris McDonough, Rural Solutions SA
Matt McCarthy, ORM
Tanja Morgan, Consultant
Andrew Parkinson, Landmark

Darren Pech, Elders
Mark Pedlar, Consultant
Tim Pepper, Heritage Seeds
Trent Potter, Yeruga Crop Research
Steve Richmond, Landmark
Richard Saunders, Dodgshun Medlin
Darryn Schilling, YPAG Agriservices
Mark Stanley, GRDC
Felicity Turner, MFMG
Rob Wheeler, SARDI 
Nigel Wilhelm, SARDI

Grains Research Update 2015 planning committee

W e l c o m e
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GRDC values the contributions made by its research partners during the  
2015 series of Grains Research Updates
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DAY 1
THEME – Emerging systems – new decisions
Innovations underpinning yield improvements in the Canadian  Malcolm Morrison, Agriculture and 13 
canola industry  AgriFood Canada 

The GRDC National Frost Initiative Tim March, University of Adelaide 17

Preliminary rating of wheat varieties for susceptibility to Ben Biddulph, Department of 21 
reproductive frost damage Agriculture and Food, Western Australia

CONCURRENT SESSION 
New technology for improved herbicide use efficiency Sam Trengove, Trengove Consulting 27

Pastures for purpose Tim Prance, T Prance Rural Consulting 31

Agronomist’s guide to information for managing weather Peter Hayman, SARDI 37 
and climate risk

Where does fertiliser nitrogen finish up?  Peter Grace, Queensland University  41 
 of Technology

Hitting the right target – what are our most costly weeds? Rick Llewellyn, CSIRO 49

Biology and management of summer weeds Gurjeet Gill, University of Adelaide 53

Sowing  early in 2014 – how did it work? James Hunt, CSIRO 57

Wheat variety research update for 2015 Rob Wheeler, SARDI  63

2015 barley variety update Jason Eglinton, University of Adelaide 71

An agricultural consultant’s role in business continuance Judy Wilkinson, Maro Creek & Wilkinson 77

Initial findings from launching an unmanned aerial vehicle Martin Peters, FarmingIT 79 
(UAV) business in agriculture

Legume effects on soil N dynamics - comparisons of crop  Mark Peoples, CSIRO 81 
response to legume and fertiliser N

Dune discharge seepage areas in the South Australian  James Hall, 93 
landscape – what are they, have they changed over time &  Juliet Creek Consulting Pty Ltd 
can we better manage them for improved productivity? 

COMMERCIAL CORNER  101

Adama - 102, Dow AgroSciences - 104, Syngenta - 109, Bayer - 113, Incitec Pivot Fertilisers - 125 

FINAL SESSION
From soil throw to bentleg tine seeding research  James Barr, University of South Australia 129

Regional movement and sources of canola colonisation Kym Perry, University of Adelaide 135 
by diamondback moth, Plutella xylostella, in southern Australia 

Science must be asserted – the case for agricultural science Doug Edmeades, agKnowledge Ltd  141

MAJOR SUPPORTER INFORMATION  151

Adama      Incitec Pivot Fertilisers      Syngenta      Dow AgroSciences        Bayer       Graincorp       AGT

C o n t e n t s
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DAY 2
THEME – Emerging systems – new decisions

CONCURRENT SESSION 
Herbicides for control of clethodim-resistant annual ryegrass  Chris Preston, University of Adelaide 175
Subsoil manuring - can the successful agronomic and economic  Peter Sale, La Trobe University 179 
impacts be extended to moderate and low rainfall zones?  
CropPro.com.au – diagnostic agronomy for the southern region    Chris Pittock, Department of  189 
 Economic Development, Jobs,  
 Transport and Resources 
The eXtensionAUS pilot – what it can do for you                Katherine Hollaway, Department of  193 
 Economic Development, Jobs,  
 Transport and Resources
Backchat session with Doug Edmeades Doug Edmeades, agKnowlege Ltd 201
Beet western yellows virus (synonym: Turnip yellows virus)      Brenda Coutts, DAFWA 205 
and green peach aphid in canola
Emerging management for net blotch (NFNB) and               Nick Poole, Foundation for 213 
Septoria tritici blotch (STB)  Arable Research Australia 
Biology and management options for control of Septoria tritici Hugh Wallwork, SARDI 221 
blotch and Net form net blotch
Canola growth and development – impact of time of sowing    Andrew Ware, SARDI 223 
(TOS) and seasonal conditions
New pulse variety and agronomy update 2015          Larn McMurray, SARDI 231
Diseases of pulse crops in 2014 Rohan Kimber, SARDI 237
Using crop competition for weed control in barley and wheat Simon Goss, SARDI 245
‘Topping up’ wheat with foliar P – does it work?               Therese McBeath, CSIRO 251

FINAL SESSION
Doing the right thing by growers, markets and industry –  David Fienberg, AEGIC 261 
it is in your hands
Moving from an agronomy ‘firefighter’ to a trusted mentor –  Carol Fox, Life Performance Pty Ltd 265 
tips and tools to positively influence your client’s decisions 

FURTHER INFORMATION
Carbon farming and nitrogen fertilizer, opportunity or threat? Ashley Wallace, Department of  271 
  Economic Development, Jobs,  
  Transport and Resources

Managing frost risk in warmer seasons may not be as easy Jack Christopher, 277  
you think  University of Queensland

TRADE SUPPORTER INFORMATION   283

EVALUATION  310

C o n t e n t s
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Tuesday 10th February – Day 1
8.55am  Welcome  Bill Long, GRDC Southern Panel and  
  Andrew Parkinson, Planning Committee Chairman

9.10am  Innovations that underpin yield improvements  Malcolm Morrison, 
 in the Canadian canola industry - P13  Agriculture and Agri-Food Canada

9.40am Getting ‘Jack’ of frosts? – plenary Q & A Peter Hayman, SARDI, Tim March, University of  
 - P17 & 21 Adelaide, Jeff Braun, Agrilink, Andrew Parkinson,  
  Landmark, Hamish Dickson, Agri Partner   
  Consulting and James Hunt, CSIRO
10.30am  Morning tea

11.00am   

11.40am

12.20pm

1.00pm   Lunch

New technology to 
improve herbicide use 
efficiency (R) - P 27

Sam Trengove,  
Trengove Consulting

Pastures for purpose 
 - P31

Tim Prance,  
Tim Prance Rural 
Consulting

Weed management,  
 - P49 Rick Llewellyn, 
CSIRO and 
Summer weed watch  
 - P53 Gurjeet Gill,  
University of Adelaide

Pastures for purpose 
(R) - P31

Tim Prance,  
Tim Prance Rural 
Consulting

New technology to 
improve herbicide use 
efficiency - P27

Sam Trengove,  
Trengove Consulting

Sowing early – how 
did it go in 2014? (R) 
 - P57

James Hunt, CSIRO

Backchat session with
 - P13

Malcolm Morrison, 
Agriculture and Agri-Food 
Canada

Guide to managing 
weather and climate 
risk - P37

Peter Hayman, SARDI

Where does fertiliser N 
finish up? - P41 
Peter Grace,  
Qld University of 
Technology

Guide to managing 
weather and climate 
risk (R) - P37

Peter Hayman, SARDI

Where does fertiliser N 
finish up? (R) - P41

Peter Grace,  
Qld University of 
Technology

Cereals 2014 – ‘best 
and fairest’ (R) 
 - P63 & 71

Rob Wheeler, SARDI  
and Jason Eglinton,  
University of Adelaide

CONCURRENT SESSIONS 

ADELAIDE
Adelaide Convention Centre 

Emerging systems – new decisions

(40 minutes including time for room change)  (R = session to be repeated)

Partnered Hall L Riverbank 6 Riverbank 7 Riverbank 8
 by GRDC GrainCorp Syngenta Bayer
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4.00pm  Afternoon tea

4.30pm  Students at work - Bentleg tine seeding research - P129 James Barr 
  Diamond back moth colonisation - P135 Kym Perry

4.50pm  Sorting the science from the ‘snake oil’ - P141 Doug Edmeades, agKnowledge 

5.30pm  Close and evaluation 

5.45pm  Drinks (compliments of AGT)

2.00pm

2.40pm

3.20pm

Cereals 2014 – ‘best 
and fairest’ - P63 & 71

Rob Wheeler, SARDI  
and Jason Eglinton,  
University of Adelaide

How to converse with 
your clients about 
succession and other 
issues - P77

Judy Wilkinson,  
Maro Creek & Wilkinson

Bagged N versus 
break crops - P81

Tony Swan, CSIRO

How to converse with 
your clients about 
succession and other 
issues (R) - P77

Judy Wilkinson,  
Maro Creek & Wilkinson

Commercial corner -  
the latest services 
and products from the 
commercial sector (R) 
 - P101

 ‘Soak’ management 
 - P93

James Hall, NRM

Sowing early – how 
did it go in 2014? 
 - P57

James Hunt, CSIRO

Bagged N versus 
break crops (R) 
 - P81

Tony Swan, CSIRO

UAVs – how can they 
help agronomists? 
 - P79

Martin Peters, 
FarmingIT and Craig 
Drum, Tatyoon Rural

UAVs – how can they 
help agronomists? (R) 
 - P79

Martin Peters, 
FarmingIT and Craig 
Drum, Tatyoon Rural

 ‘Soak’ management 
(R) - P93

James Hall, NRM

Commercial corner -  
the latest services 
and products from the 
commercial sector 
 - P101

CONCURRENT SESSIONS 
 (R = session to be repeated)(40 minutes including time for room change)

Major supporters

Partnered Hall L Riverbank 6 Riverbank 7 Riverbank 8
 by GRDC GrainCorp Syngenta Bayer
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Wednesday 11th  February – Day 2

9.00am

9.40am

10.20pm   Morning tea

10.50am

In-crop herbicide 
developments (R) 
 - P175

Chris Preston,  
University of Adelaide

BWYV – panel session 
with the experts (R) 
 - P205

Jenny Davidson, SARDI, 
Brenda Coutts, DAFWA 
and Paul Umina, cesar

Focus on canola (R) 
 - P223

Andrew Ware, SARDI

Subsoil manuring in 
drier rainfall zones (R) 
 - P179

Peter Sale,  
La Trobe University

In-crop herbicide 
developments 
 - P175

Chris Preston,  
University of Adelaide

Pulse agronomy and 
disease update (R) 
 - P231 & 237

Larn McMurray and  
Rohan Kimber, SARDI

Agronomy on-line - 
P189

Chris Pittock, Vic Govt

eXtensionAUS - P193 
Katherine Hollaway, 
Vic Govt

Subsoil manuring in 
drier rainfall zones 
 - P179

Peter Sale,  
La Trobe University

Using crop 
competition for weed 
control in barley and 
wheat (R) - P245

Simon Goss, SARDI

Backchat session with 
 - P201

Doug Edmeades, 
agKnowledge

Emerging 
management and 
control options for 
NFNB and septoria (R) 
 - P213 & 221

Nick Poole, (FAR) and  
Hugh Wallwork, (SARDI)

BWYV – panel session 
with the experts 
 - P205

Jenny Davidson, SARDI, 
Brenda Coutts, DAFWA 
and Paul Umina, cesar

CONCURRENT SESSIONS 
 (R = session to be repeated)(40 minutes including time for room change)

ADELAIDE
Adelaide Convention Centre 

Emerging systems – new decisions

Partnered Hall L Riverbank 6 Riverbank 7 Riverbank 8
 by GRDC Incitec Pivot Fertilisers Adama Dow AgroSciences
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11.30am

12.10pm 

12.50pm   Lunch

1.40pm  Doing the right thing by growers, markets and industry  David Fienberg, AEGIC 
 – it is in your hands - P261

2.10pm  Moving from an agronomic ‘fire fighter’ to a trusted mentor - P265 Carol Fox,  
  Life Performance Pty Ltd

2.50pm  Close and evaluation 

Emerging 
management and 
control options for 
NFNB and septoria 
 - P213 & 221

Nick Poole, (FAR) and  
Hugh Wallwork, (SARDI)

Q & A pest panel
Greg Baker, SARDI and  
Paul Umina, cesar

New and emerging 
commercial innovation 
backed by GRDC (R)
Paul Meibusch, GRDC

Focus on canola 
 - P223

Andrew Ware, SARDI

Pulse agronomy and 
disease update 
 - P231 & 237

Larn McMurray and  
Rohan Kimber, SARDI

New and emerging 
commercial innovation 
backed by GRDC
Paul Meibusch, GRDC

Topping up wheat 
with foliar P – does it 
work? - P251

Therese McBeath, 
CSIRO

Using crop 
competition 
for weed control in 
barley and wheat  
 - P245

Simon Goss, SARDI

CONCURRENT SESSIONS

 (R = session to be repeated)(40 minutes including time for room change)

Partnered Hall L Riverbank 6 Riverbank 7 Riverbank 8
 by GRDC Incitec Pivot Fertilisers Adama Dow AgroSciences

Major supporters
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CliMate app
The easy to use and very interactive CliMate app is a suite 
of climate analysis tools delivered on the Web, iPhone, iPad 
and iPod Touch devices. It is designed for decision makers 
whose business relies on the weather.
�allows you to interrogate climate records to ask questions (‘what if” scenarios) relating to rainfall, 

temperature, radiation, and derived variables such as heat sums, soil water and soil nitrate, and 
well as El Nino Southern Oscillation status. It is designed for decision makers whose business relies 
on the weather. 

�is currently being expanded to provide new functionality for seasonal climate forecasting (using the 
POAMA model), drought assessment and yield estimation. Access to the SILO climate database is 
being extended to include more extensive records and improved searching functionality.

  Users will be able swipe back and forth to compare results for different settings, as well as share 
outputs via email. 

  The CliMate project has also recently lead to the development of a new stand-alone app for 
estimating soil moisture, which will soon be released to registered testers (www.soilwaterapp.net.
au). The SoilWater app extends on the HowWet? analysis in CliMate using local weather data to 
track soil water during fallow and critical early crop growth using inputs from soil water sensors and 
rain gauges.

CliMate is available for free download for iPhone and iPad at the App Store.  
Search for ‘Australian CliMate’.  

A web version is also available from www.australianclimate.net.au
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Innovations underpinning 
yield improvements in the 
Canadian canola industry
Malcolm Morrison1, Bob Blackshaw, John O’Donovan, Neil Harker and Chris Holzapfel
1Eastern Cereal and Oilseed Research Centre, Agriculture and AgriFood Canada.

Background
Canola is Canada’s second largest crop in 
production following wheat with over eight million 
hectares seeded in 2014.  Driven by high price and 
strong world demand, production has increased 
from 3,900 tonnes in 1986 to nearly 18,000 
tonnes in 2013.  The majority of canola production 
occurs on the Great Plains or Prairie provinces 
of Saskatchewan, Alberta and Manitoba.  Prairie 
farmer canola yields increased by 65% from 1986 
to 2013 with the majority of the yield improvements 

occurring after 2000 (Figure 1).  From 2000 to 2013, 
Prairie farmer canola yields have increased by 695 
kgha-1 or 54 kgha-1 per year; which is an increase 
of 53 % or 4.1% per year.  

The increase in Prairie farmer canola yield during the 
first part of this century has largely been the result 
of the adoption of hybrid canola with herbicide 
tolerance (HY/HT, Figure 2).  Today over 95% of 
the canola varieties grown are HY/HT. The yield 
gain from the adoption of new varieties of canola 
was estimated from the Prairie Canola Variety 
Performance trials to be ~2.4% per year, accounting 
for about 32 of the 54 kgha-1 per year increase. 
When surveyed, farmers indicated that herbicide 
tolerant canola was a must with zero tillage 
systems, reduced the cost of production, increased 
yields and reduced dockage charges, and enabled 
volunteer canola plants to be easily cleaned-up in 
the rotation year.  Farmers were concerned about 
the potential for herbicide tolerant weeds and that 
export to some nations may be blocked.  The 
adoption of HY/HT varieties has not affected export 
sales of canola.

Another reason for canola yields increasing on the 
Canadian Prairies has been the increase in spring 
precipitation.  From 2000 to 2013 precipitation 
during the months of April and May increased by 
four millimetre per year resulting in 16 of the 54 
kgha-1 per year yield increase.  Atmospheric carbon 
dioxide (CO2), used by plants in photosynthesis, 
has increased by 25 ppm since 2000.  Experiments 
have found that canola yields increase by ~1.7 

Keywords
canola, Canada, yield improvement, 
herbicide tolerance.  

Take home messages
• Canadian prairie farmer canola yield 

increased 695 kgha-1 from 2000 to 2013, 
more than 50%.

• The yield increase was due primarily 
to the adoption of hybrid varieties with 
herbicide tolerance, the increase in 
spring precipitation and seasonal CO2 

concentration, and the use of solid 
management practices. 

• New hybrids with herbicide tolerance 
must be accompanied with new 
agronomy.
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Figure 1.   
Prairie canola farmer  
yield (tonnes ha-1) from 
1986 to 2013 (Source: 
Statistics Canada).

Figure 2.  
The adoption of canola 
hybrids with herbicide 
tolerance (HY/HT) 
(Source: Canola Council 
of Canada).
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kgha-1 per ppm CO2, and therefore, about three of 
the 54kgha-1 increase was due to CO2. 

When the balance sheet of 54 kgha-1 per year 
increase was totalled, 32 kg was due to improved 
genetics and 19 kg due to precipitation and 
CO2 (environment), leaving 3 kg attributed to 
management practices.  This may seem like a low 
number but it must be remembered that many of 
the best management practices such as tillage 
method, seed treatments, planting, fertilising, and 
harvesting methods may have been perfected prior 
to 2000, and therefore, are already being practiced.

New HY/HT varieties may need new management 
practices in order to achieve their full yield potential. 
Experiments have shown that HY/HT varieties 
will respond to higher nitrogen fertiliser than older 
OP ones, but they may not necessarily be more 
nitrogen use efficient.  Tests done on farmer’s 
canola fields with variable rate N application based 
on sensor technology, have shown that variable 
rate N application can successfully improve the 
economic bottom line.   While ~70% of prairie 
farmers only use a two year cereal-canola rotation, 
research has shown that yields improve with a three 
year rotation that includes a legume, due to reduced 
disease pressure and lower N demand. 

Seed costs are the second highest input cost after 
fertiliser.  Even with a high germination rate seed, 
only 50 to 60% emerge above the soil surface.  
Screening hybrid seed lots for larger seed size did 
not increase emergence or yield, although biomass 
and weed competition was greater.  On average, 
a plant population of 80 plants m-2, achieved with 
a seeding rate of ~150 seeds m-2 offered the best 
opportunity for high yield in the Prairie environment.     

Conclusion
The large improvement in canola yield over the past 
14 years has been due to improved hybrid varieties 
with herbicide tolerance.  Higher spring moisture 
has also added to the yield improvement.  In future, 
management practices may need to be tailored to 
new varieties.  

Contact details 
Malcolm Morrison
Eastern Cereal and Oilseed Research Centre, 
Agriculture and AgriFood Canada
960 Carling Ave, Ottawa, ON, Canada, K1A 0C6
01-613-759-1556
Malcolm.morrison@agr.gc.ca
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The GRDC National  
Frost Initiative
Tim March1, Sue Knights2 6, Ben Biddulph3, Francis Ogbonnaya4, Richard Maccallum5 
and Robert Belford6,
1Grains Research and Development Corporation, 2SE Knights Consulting, 3Department of 
Agriculture and Food WA, 4University of Adelaide, 5NSW Department of Primary Industries, 6GRDC 
National Frost Initiative.

GRDC project codes:   UA00136, CSP00180, YOU00002, CSP00143, DAW00234, DAW00241, 
UWA169, UMU0045, UQ00071, CMA00002.

Background
Frost has been estimated to cost Australian 
growers around $360 million in direct and indirect 
yield losses every year. The GRDC has long 
acknowledged the severe impacts of frost on crop 

production, and since 1999 has invested around 
$13.5 million in more than 60 frost-related projects.

By 2014, GRDC increased investment in frost 
research to establish the National Frost Initiative 
(NFI). This five-year, national initiative is tackling frost 
from several angles and aims to deliver growers a 
combination of genetic and management solutions 
to be combined with tools and information to better 
predict frost events.

The three-pronged initiative addresses: 

1. genetics – aiming to rank current wheat and 
barley varieties for frost susceptibility and  
identify more frost-tolerant wheat and  
barley germplasm; 

2. management – investigating if there are 
management practices or preventive products 
that growers could implement to reduce the 
impact of frost; and 

3. environmental prediction – focusing on 
predicting the impact of frost events on crop 
yields and mapping frost events at the farm 
scale to enable better risk management.

Objective of the NFI
To provide the Australian grains industry with 
targeted research, development and extension 
solutions to manage the impact of frost and 
minimise seasonal profit variability.

Keywords
frost, national, cereals, wheat, barley, 
rankings.  

Take home messages
• GRDC have increased investment in frost 

research and in 2014 established the 
National Frost Initiative, an integrated 
program which addresses genetic, 
management and environmental 
approaches to mitigate the effects  
of frost;

• National Frost Initiative researchers have 
assessed the relative susceptibility of 
wheat and barley varieties to frost at the 
flowering stage; and

• The ranking of wheat varieties for 
susceptibility to frost is now available  
on the National Variety Trial website 
www.nvtonline.com.au.
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Current status of the NFI

Genetics program

The genetics program of the NFI is led by Dr Tim 
March from the University of Adelaide, it currently 
comprises the following projects:

1. Australian national frost program - coordination 
and phenotyping (UA00136), Jason Eglinton.

 This project screens wheat and barley varieties 
in frost prone areas to identify frost susceptibility 
and provide rankings of current varieties for 
growers and advisers. A consistent method 
is used to screen cereal lines at three sites: 
Wickepin, WA; Loxton, SA; and Narrabri, 
NSW. The initial focus was on effects of frost at 
flowering, but assessments now recognise the 
potential impact of frost at earlier developmental 
stages and during grain fill. This will determine 
if varieties differ in their window of sensitivity 
to frost which could provide an alternative 
approach to breeding varieties with improved 
frost tolerance.

2. Maintaining yield stability of wheat under spring 
frosts (CSP00180), Ben Trevaskis.

 This project is identifying optimal flowering 
behaviour for wheat and barley crops in frost 
prone environments. It will identify genes that 
stabilise yield in frost prone environments 
through intrinsic frost resistance or by 
compensating for yield lost to frost. It will also 
develop molecular markers that can be used  
by breeders to select for stable yield in frost 
prone areas.

3. Identification of new frost resistant wheat 
germplasm from international collections 
(YOU00002), Ken Street.

 This project will identify wheat germplasm  
with improved reproductive frost susceptibility 
from international germplasm banks using a 
Focused Identification of Germplasm Strategy 
(FIGS) process.

4. New strategies for phenotyping reproductive 
stage frost and chilling susceptibility in wheat 
(CSP00143), Rudy Dolferus.

 This project is developing a pre-screening 
method to classify germplasm into chilling 
tolerant and sensitive groups on their ability  
to maintain pollen fertility and grain number.  
The material is also being assessed under  
frost conditions in the field. The physiological 
basis of chilling tolerance in cereals is also  
being investigated.

Management program

Dr Ben Biddulph, Department of Agriculture and 
Food WA, leads the management program, which 
comprises the following projects:

1. Farming systems to improve crop susceptibility 
to frost (DAW00241), Ben Biddulph.

 Growers do not have accurate information 
regarding which farming practices can be 
cost effectively applied to reduce the financial 
impact of frost events in wheat crops in different 
production regions and under varying levels 
of frost severity. There is anecdotal evidence 
to support numerous farming practices and 
products that have the potential to reduce frost 
damage to crops, including nutrition, stubble 
burning, grazing and sowing direction. 

 Products or practices which change the relative 
susceptibility of the crop or change the flowering 
window to manage risk in the cropping program 
will be evaluated at pilot experimental sites in 
the western and southern cropping regions and 
co-located with existing ANFP trials. Practices 
that change the severity and duration of the 
frost need large scale plots/trials that change 
in canopy temperature and will be assessed in 
precision agricultural scale yield trials located in 
the medium and low production environment 
in the western and southern wheat cropping 
regions in conjunction with Living Farm, Facey 
Group, Consult AG and WANTFA, Western, 
NSW DPI, University of Adelaide and Birchip 
Cropping Group. 

2. Determining yield under frost- one degree at a 
time (DAW00234), Ben Biddulph.

 This project will add value to the ANFP trials 
(UA00136) to determine the relationship 
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between the level of frost induced sterility and 
yield loss in wheat in the southern, western 
and northern regions. Additionally, the work 
will identify those cultivars that have a greater 
ability to compensate from frost damage. Trials 
are located at Wickepin, WA, Loxton, SA, and 
Narrabri, NSW. Wheat lines are assessed for 
response to frost at the three sites using a 
standardised methodology.

3. Use of chemicals to increase frost tolerance in 
Australian crops (UWA169), Roberto Busi.

 The main focus of this study is to investigate 
the possibility of inducing frost tolerance in 
wheat and canola plants through the application 
of chemical compounds that can temporarily 
stimulate plant metabolism and confer 
protection against abiotic stressors. Plants will 
be grown under controlled, glasshouse, and 
outdoor field conditions and treated with a range 
of chemicals including herbicide safeners and 
insecticides prior to exposure to frost. The most 
effective compounds capable of minimising frost 
damage will be identified.

4. Farming systems to improve crop tolerance to 
frost – crop nutrient management (UMU0045), 
Richard Bell.

 This project explores the area of plant nutrition 
and its potential role in protecting crops against 
frost damage. A mixture of nutrients will be 
applied to crops at levels designed to elevate 
concentrations of each in the reproductive plant 
parts during early pollen development and grain 
filling. Various crop and plant measurements are 
taken such as canopy temperature, anti-oxidant 
activity, pollen viability, grain set and grain yield 
response to determine if improved supply of the 
nutrients potassium, boron, calcium, copper, 
magnesium, molybdenum and zinc increase the 
resistance of crops, particularly wheat, to frost.

Environment program

A leader of the environment program is yet to 
be appointed, and additional projects will be 
contracted for the 2015 financial year. It currently 
consists of the following:

1. Frost situation analysis (UQ00071),  
Jack Christopher.

 This project is quantifying the severity, timing 
and frequency of frost events in different agro-
ecological zones of Australia. Data collected 
from around 3000 weather stations across 
Australia is being used to analyse the frequency 
of frost events in each cropping region. By 
quantifying the economic impact of frost, the 
potential impact of research into improved frost 
management and genetic frost resistance can 
be estimated.

2. Assessing forecast and management options 
for mitigating extreme temperature impacts on 
grains (CMA00002), James Risbey.

 Extreme temperature events such as frost 
and heat stress are not regular occurrences 
at a given farm, but when they do occur, they 
can have a major impact on crop yield and 
profit for a given year. Temperature extremes 
occur over only a window of a day or days 
and are not necessarily related to seasonal 
mean conditions. For this reason, forecasts of 
seasonal mean conditions are not necessarily 
helpful in assessing the likelihood of changes 
in extreme events within a season. Preliminary 
work suggests that this is especially the case 
for late frost events. In other words, climate 
science can say more about the average 
minimum temperature than the number of frosts, 
and more about the number of frosts than the 
likelihood of a late spring frost.  The relationship 
between seasonal means and extreme 
likelihoods will be assessed in this project.  

New output for 2015
Frost susceptibility data for most commercial wheat 
is now available after three years of research across 
Australia as part of the GRDCs NFI.

Seventy-two wheat lines were assessed through 
the Australian National Frost Program (ANFP – 
UA00136). The work has involved the development 
of a nationally consistent and coordinated method 
of assessing field based frost damage in cereals 
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which previously has not been available to the 
Australian industry. The frost susceptibility data is 
generated from research trials based at Loxton, SA, 
Merredin and Wickepin, WA, and Narrabri, NSW 
over the last three seasons. 

The results are available on the NVT website, 
www.nvtonline.com.au, and are based on each 
variety’s relative susceptibility to spring radiation or 
reproductive frost, which occurs in late winter to 
early spring.

The GRDCs investment in the ANFP is an example 
of a significant pre-breeding project which is 
developing industry capacity and methodologies 
that will enable not only the independent screening 
of newly developed cultivars from commercial 
breeding companies, but also introduced 
germplasm to identify increased levels of frost 
tolerance for Australian growers. 

Contact details 

Tim March
timothy.march@adelaide.edu.au

Francis Ogbonnaya
GRDC 
4 National Circuit, Barton, ACT 2600
PO Box 5367, Kingston, ACT 2604
02 6166 4500
Francis.Ogbonnaya@grdc.com.au
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Preliminary rating of wheat 
varieties for susceptibility 
to reproductive frost damage 
Ben Biddulph3, Michael Laws1, Paul Eckermann1, Richard Maccallam2, Brenton 
Leske2, Tim March1 and Jason Eglinton1,
1The University of Adelaide, 2NSW Department of Primary Industries, 3Department of Agriculture 
and Food Western Australia.

GRDC project codes:   UA00136, DAW00234, CSP00143, DAW00162, UA00114, UA00063, 
UA00100.

Background
Frost has been estimated to cost Australian growers 
around $360 million in direct and indirect yield 
losses every year. 

Breeding new varieties with improved frost tolerance 
is the ultimate solution to minimise economic losses 
due to frost. Historically little has been know about 
variation for frost tolerance in Australian varieties, 
leading to the assumption that little variation exists. 
The limited knowledge about frost tolerance is 
also due to the practical difficulties in measuring 
frost damage under field conditions because of 
the sporadic and dynamic nature of frost events. 
However, successive GRDC funded projects have 
enabled dedicated frost screening nurseries to 
be developed in SA, WA and NSW to measure 
susceptibility to reproductive frost under minor 
frosts with greater accuracy and repeatability.

Reproductive frost damage measured by frost 
induced sterility (FIS) is defined as intermittent 
or partial floret sterility. The sterility is often the 
combined effect of cold and freezing damage to 
the floral organs, primarily the anthers before and at 
flowering (Z45-65). This is also referred to as floret, 
flowering or head frost damage.

Methodology
The frost susceptibility data is generated from 
research trials grown in Loxton, SA, Merredin and 

Keywords
frost, wheat, grain sterility, frost induced 
sterility, flowering. 

Take home messages
• Wheat varieties differ in susceptibility 

to reproductive frost damage during 
booting and flowering;

• The preliminary rating of wheat varieties 
for susceptibility to reproductive frost will 
be available on the National Variety Trial 
website, www.nvtonline.com.au. Ratings 
should be used to manage the frost risk 
of new varieties after they are adopted, 
based on how known varieties of similar 
rating are currently managed;

• No wheat varieties are frost tolerant. 
Under severe frost, for example -8°C or 
multiple minor frosts such as several 
nights of -2° to -4°C, all varieties tested 
to date are equally susceptible, resulting 
in up to 100 per cent sterility in flowering 
heads; and

• Variation in reproductive frost 
susceptibility has not been linked to 
variation in susceptibility to the stem 
frosts experienced in 2014 across 
southern Australia, or to later frosts 
during grain filling.   
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Wickepin, WA and Narrabri, NSW, in 2012, 2013 
and 2014. To improve the predictions for these 
environments, similar trials grown in Loxton, SA, in 
2010 and 2011 were included in the analysis. 

At each site, between six and 11 times of 
sowing (TOS) were planted as separate blocks 
at approximately equidistant thermal time from 
around April 15th to June 15th to increase the 
probability that the test lines were at the flowering 
stage when a natural frost event occurred. On site 
weather stations monitor the temperature at the 
crop canopy. Following a frost event, 30 flowering 
heads were tagged and assessed for FIS of the 
outside grains during grain fill four to six weeks 
later. This approach minimises confounding effects 
due to maturity and enables repeatable results over 
successive seasons and sites. Different groups 
conducted the trials in each state, although the 
same protocols were used. Table 1 summarises 
each trial. 

The genotypes grown included a selection of 
the most commonly grown wheat varieties in 
the three states, genotypes which had been well 
characterised previously for frost tolerance, and 
other genotypes of particular interest to breeding 
companies. 

Results and discussion
When commercial wheat varieties are flowering on 
the same day, and a frost occurs, there is a wide 
range in reproductive frost susceptibility, measure by 
FIS, under mild reproductive frost conditions, such 
as minimum temperature -1° to -3°C (Figure 1 and 
2). Under very severe frost, for example -8°C, or 
multiple minor frosts, several nights of -2° to -4°C, 
all varieties are equally susceptible resulting in 100 
per cent FIS. Ratings of relative frost susceptibility 
of commercial wheat and barley varieties were not 
available at time of paper preparation but will be 
presented and made available prior to seeding in 
2015 through the National Variety Testing website, 
www.nvtonline.com.au.

How will a variety be rated and how do I use it?

A particular variety will be given a preliminary  
rating as very susceptible or moderately susceptible 
to reproductive frost damage. The ratings are not 
due to difference in phenology or flowering time, 
and refer to the relative susceptibility of varieties 
flowering at the same time. They do not take  
into account the frost risk associated with when  
a particular variety will flower given a certain  
sowing date. 

Table 1. Summary of wheat experiments used in analysis, replications=2.

State Location Year Number of sowing dates Number of varieties

SA Loxton 2010 6 35

  2011 6 36

  2012 11 65

  2013 10 65

  2013 10 72

WA Merredin 2012 7 48

 Wickepin2013 6 54

  2014 8 72

NSW Narrabri 2012 7 30

  2013 7 32

  2013 7 32
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Selecting an appropriate maturity for a particular 
sowing time is still the best option in limiting 
damage resulting from frost. Hence the reproductive 
frost rating needs to be considered in relation  
to the relative time of sowing and flowering time 
prediction and frost and heat risk through  
tools such as DAFWAs Flower Power,  
www.agric.wa.gov.au/frost/flower-power, or  
Yield Prophet, www.yieldprophet.com.au. 

Continue to select varieties based on the best yield, 
maturity, agronomic and disease performance from 
various sources such as regional agronomy trials 
and the NVTs. Once a variety has been adopted, 
use the preliminary reproductive frost susceptibility 
ratings to fine tune frost risk management based on 
how you currently manage known varieties with a 
similar rating. For example in southern and Western 
Australia, WyalkatchemA, which is very susceptible 
to frost, and YitpiA, which is less susceptible to 
frost, are managed differently in terms of sowing 
date, position in landscape and the associated 
frost risk to maximise production while minimising 
frost risk. Ensuring that flowering occurs within the 
optimum flowering window to minimise frost, heat 

and terminal drought continues to be critical and 
the reproductive frost ratings need to be used within 
this context. 

When won’t the ratings work?

To date, variety differences to susceptibility to frost 
damage during stem elongation and grain filling 
have not been confirmed or linked to variation in 
reproductive frost susceptibility. The reproductive 
frost ratings are preliminary and currently based 
on the variation in wheat varieties to maintain 
grain number under minor reproductive frosts at 
flowering time. Under these reproductive/floret or 
head frosts, maintaining grain numbers is the main 
yield component affected and therefore normally 
corresponds to yield performance. However, this 
may not be the case if there is a long growing 
season or in early sown/flowering crops and 
varieties that are able to compensate differently 
through late tillers. Further research is ongoing to 
validate the relationship between compensation 
ability, reproductive frost damage and grain yield 
(DAW00234).

Figure 1. Relationship between minimum temperature and FIS for each wheat tagging 
event in 2012-2013 across sites in three states, NSW, SA and WA.
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Conclusion
Variation in wheat varieties for reproductive frost 
susceptibility may be used to manage the frost  
risk of new varieties after they are adopted,  
based on how known varieties of similar rating 
are currently managed. However, selecting 
varieties should still be primarily based on regional 
performance information on grain yield, maturity, 
agronomic and disease performance based on data 
provided by various regional agronomy groups and 
NVTs nationally. 

Matching flowering through sowing date and variety 
maturity choice to the appropriate flowering window 
with appropriate risk of frost and heat should still be 
used as the main way to limit losses to frost over 
multiple seasons. 

Contact details

Ben Biddulph
DAFWA
South Perth
08 9368 3431
ben.biddulph@agric.wa.gov.au

Tim March
University of Adelaide
08 8313 6700
tim.march@adelaide.edu.au

Jason Eglinton 
University of Adelaide
08 8303 6553
jason.eglinton@adelaide.edu.au

Figure 2. Range in FIS for 12 frosts events from SA and WA trials in 2012-2013 when 
the same set of common entries were all tagged at flowering.
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New technology for 
improved herbicide  
use efficiency
Sam Trengove,
Trengove Consulting.

Background
Site specific weed management (SSWM) has the 
potential to deliver significant improvements in weed 
control efficiency, through the targeted application 
of weed control measures only to where the 
weeds are located. Improvements in weed control 

efficiency will typically be achieved through reduced 
herbicide usage where herbicide is not required. 
SSWM has four principal components:

• Weed identification: Locate and identify weeds.

• Treatment decision: Make decision on 
appropriate treatment to control the weeds.

• Application: Apply appropriate treatment to the 
weeds.

• Documentation: Record weed location and the 
applied treatment.

This presentation will discuss the current state of 
play for weed identification sensors and review 
recent results of site specific herbicide trials.

Weed identification
Presently, the only commercial weed sensors are 
spot spray systems that are only for use in fallow 
situations, where all green plants are considered 
weeds and sprayed, such as the WeedSeeker® 
and WEEDit systems. However, numerous groups 
around the world have been working on sensing 
systems that can identify different weed species 
within a growing crop, including several groups 
in Australia.  There are however, no commercially 
available products yet. 

Agricon is a precision ag company in Germany 
that is developing and commercialising a weed 
ID sensor for the European market. This sensor 
uses near infrared and red imagery and leaf shape 
parameters to differentiate different weed types 

Keywords
weed identification, ryegrass, targeted 
application, herbicide efficiency.

Take home messages
• Site specific herbicide application can 

optimise weed control while minimising 
herbicide cost.

• The economic return from site specific 
weed management (SSWM) with 
herbicides cannot exceed the cost of the 
highest cost herbicide applied unless the 
herbicide has a phytotoxic effect on the 
crop that reduces yield.

• High density weed patches should  
be targeted with high efficacy  
treatments over several years to  
deplete the seed bank.

• Next generation weed identification 
sensors are being investigated for  
use in Australia.
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from crops. SAGIT is funding a project led by 
SPAA Precision Agriculture Australia to assess this 
weed ID sensor in Australian crops and to produce 
new adapted classifiers for identifying important 
Australian weeds in Australian crops. Examples of 
its application are discussed.

Variable rate herbicide application
A number of trials have been conducted to assess 
the best weed control options for targeting high and 
low weed densities, with particular focus on annual 
ryegrass and brome grass. With most in crop 
selective herbicides no longer being effective due to 
herbicide resistance, particularly for annual ryegrass, 
many of these treatments are reliant on pre-
emergent herbicides. The weeds are not growing at 
the time when pre emergent herbicides are applied, 
so to effectively target pre emergent herbicides 
site specifically an historical weed map is required. 
The relevance for historical weed maps from one 
season to the next is dependent on weed patch 
stability. Weeds that disperse seeds long distances 
via wind or other means are likely to have low patch 

stability and are poorly suited to SSWM using 
historical weed maps.  Consequently, these weeds 
should be targeted in the season they are mapped. 
Weeds that disperse seed only short distances 
will have more stable patches and are more 
suitable for using historical weed maps to target 
pre emergent herbicide applications. For example, 
natural dispersal of annual ryegrass is less than 
1m, however combine harvesters can pick up and 
move ryegrass seed up to 18-20m in the direction 
of harvester travel. To overcome this problem in this 
example and to avoid missing ryegrass with a pre 
emergent herbicide application a 20m buffer could 
be added to the patches to ensure patch expansion 
is covered. Figure 1 shows that even over several 
seasons in these two paddocks there was a strong 
relationship between ryegrass densities.

The economic return from SSWM with herbicides 
can’t exceed the cost of the herbicide unless 
the herbicide has a phytotoxic effect on the crop 
that reduces yield.  Therefore, when costs for 
weed mapping and variable rate application are 
considered, it is apparent that SSWM with low 
cost herbicides will not be economical.  In this 

Figure 1. The relationship in annual ryegrass density in two paddocks between 2006 and 2009.
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study it was found that variable rate application of 
clethodim is not likely to pay, as it is a relatively low 
cost herbicide.  The maximum potential saving from 
clethodim was $5.42/ha and declines as infestation 
area increases (Figure 2).  However, in high density 
annual ryegrass patches in two paddocks of lentils 
the desired level of ryegrass mortality was not 
achieved even at the highest clethodim rates.  If 
alternative control measures such as crop and 
weed desiccation with non-selective herbicides 
are employed, which sacrifice all crop yield to 
achieve the necessary weed control, then obviously 
the economics of patch management change 
significantly (Figure 2).

Variable rate applications of pre-emergence 
herbicides in cereals were more economically viable, 
as these herbicides are typically more expensive.  
The herbicide savings are dependent on infestation 
level, but in one paddock where 35% of the 
paddock was infested: 

• Variable rate application targeting Boxer Gold® 
to the high density patch and trifluralin to the low 
density patch would have generated a saving of 
$15.30/ha.  

• Variable rate applications reduced the risk of low 
returns from using high cost herbicides across 
the whole paddock.

•  Variable rate application made it economic to 
treat smaller patches. To make an economic 
return in the year of application with a uniform 
high cost treatment (Boxer Gold® in this  
paddock trial) required at least 11% of the 
paddock to have a high density ryegrass patch. 
With variable rate application it was economic to 
treat patches less than 6% of paddock area.  
This assumes $7.50/ha for uniform rate 
application costs and $15/ha for variable rate 
application costs. 

Figure 2. Herbicide saving from variable rate application of clethodim based on average savings 
in three paddocks to achieve a head density less than 20 heads/m2 and the sensitivity to area of 
infestation compared with the opportunity cost of desiccating high density annual ryegrass patches in 
lentils where sufficient ryegrass mortality rates cannot be achieved with clethodim.
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Across a number of paddocks in the ‘high’ density 
weed patches the highest efficacy treatments were 
also generally higher cost, being greater than $25/
ha in all cases. In high weed densities these higher 
costs were returned through increased yields. 
The exception being where the herbicides caused 
phytotoxic effects on the crop.  The benefit of high 
efficacy treatments at high density weed sites was 
often observed in subsequent years with reduced 
seedling recruitment in following years.  However, 
due to the high background seed bank associated 
with the high density patches the populations 
were still elevated and required ongoing targeted 
management with high efficacy treatments to 
deplete the seed bank further.

Decision making at the ‘low’ density sites is 
potentially more difficult. At ‘very low’ density weed 
sites (untreated had less than 2 ryegrass heads/
m2) the level of weed control from the high cost 
treatments was not substantially different from 
the untreated, and was not yield responsive. At 
these sites the most economic treatment was 
the untreated. The untreated did not lead to any 
substantial increase in weed numbers in the 
subsequent year after treatment in these ‘very 
low’ density sites. At ‘low’ density sites (untreated 
had 2-20 ryegrass heads/m2) the response was 
less predictable. At these sites the higher efficacy 
treatments provided some weed control over the 
untreated, but did not yield substantially more and 
did not provide the best economic outcome in the 
1st year of application. However, the population in 
the untreated tended to increase in the following 
year and if treatment was not implemented in 
the 2nd year then yield penalties were incurred. 
Therefore in the long term these low density 
sites were likely to benefit from treatment, but 
the question remains, how often should these 
populations be treated to maintain the low ryegrass 
density and maximise economic return? With 
improved weed mapping systems and an annual 
mapping/surveillance program these areas can 
be monitored and treatments adjusted for the 
subsequent seasons where required.

Variable rate seed
In addition to varying herbicides, crop seed rates 
can also be varied. Increased seed rates in the 
weed patch are used to increase crop competition 
and reduce weed vigour. This is generally simpler to 
apply than variable rate herbicide, too.

Variable rate herbicide to soil type
Several soil applied residual herbicides make 
label statements indicating different label rates for 
different soil types, with different soil types often 
defined by soil texture and organic matter levels. 
This information could form the basis for variable 
rate applications of herbicide based on soil type, 
with data layers such as EM38 potentially being 
suitable for defining soil types. While some growers 
may manually change rates on-the-go according 
to their assessment of soil type change, there are 
few examples of this process being automated and 
used widely.

Conclusion
High density weed patches should be targeted 
with high efficacy treatments over several seasons 
to drive weed numbers down. Herbicide savings 
can be made by reducing inputs into low density 
populations and these savings are greatest when 
using high cost herbicides. It is important to monitor 
weed populations where herbicide application has 
been reduced for density increase and be prepared 
to treat where large increases occur. Improved 
weed mapping systems and an annual weed 
surveillance program will help to ensure population 
increases are monitored and managed.

Contact details 
Sam Trengove
PO Box 6, Bute, SA, 5560
0428 262 057
samtrenny34@hotmail.com
@TrengoveSam
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Pastures for purpose
Tim Prance, 

T Prance Rural Consulting.

What are the options? 
I will focus on legume pastures because of their 
value for livestock production and contribution to 
soil nitrogen for crops.

There is no shortage of “you beaut” legume 
pastures to trial. The list of annuals from the GRDC 
Pasture Legume Ute guide and a few others from 
the Australian Seed Federation web site  
(www.asf.asn.au ; search seed database)  
are listed here:

• Sub clover – brachycalycinum e.g. Clare types

• Sub clover – yanninicum e.g. white seeded 
Trikkala types 

• Sub clover – subterranean everything else

• Medics – barrel, strand, disc, hybrid disc, burr, 
gama, murex, snail, sphere 

• Balansa clover, persian clover

• Bladder clover, gland clover 

• Biserrula and Serradella -yellow, or french 

• Arrowleaf clover, berseem clover , crimson clover, 
cupped clover and rose clover

• Vetch - purple, common, woolly pod

• Lathyrus

• Melilotus, (Messina*)

• Perennials/biennials such as lucerne, sulla, 
sainfoin, lotus and tedera.

(n.b.* Not yet commercially available)

Keywords
pastures, legumes, management.  

Take home messages
• Select pasture that is already commonly 

sown in your district.

• Management for dry matter and seed 
production often overrides cultivar 
selection.  

• Check how well your existing pastures 
are nodulating.

• Sow new pastures early, using high 
seeding rates and inoculate with the 
latest rhizobia strains. 

• Treat your pastures like a crop, take 
care with insect and weed control and 
manage grazing to maximise profit  
from pastures.

• Have a go!  Try a new cultivar/species 
and trial a summer sowing cultivar/
species.  Try however, a small paddock 
first, so that the results achieved are a 
reflection of your environment and not 
your management.  

• To assist in evaluation, leave a small area 
unsown/untreated.
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But I seem to keep coming back to barrel and 
strand medics, sub clover and lucerne and possibly 
sulla for SA.

Cultivar selection
Key factors to consider are soil pH (alkaline 
or acidic), maturity (days to first flowering and 
minimum growing season) and hard seededness. 
The GRDC Pasture Legume Ute guide lists hard 
seededness of all legumes from 0 (none) to 10 
(100%) depending on the level of hard seed 
remaining at the break.

Lucerne 

Lucerne is a good option for a short term pasture 
phase (2-4 years) especially if you want to clean up 
grassy weeds using different herbicide groups to 
those used for cereals or pulses. Lucerne is also 
a good pasture option to fill the feed gap between 
the end of the growing season and when stubbles 
become available, especially for weaner lambs. 
There is excellent local lucerne breeding program, 
and a wide range of varieties from which to choose 
one suited for your farm.  Inter-row sowing lucerne 
with the last cereal crop in a rotation means 
lucerne is ready to go the following year making 
establishment costs much lower.

Sulla 

Sulla is worth trialling on red brown earth soils as 
it provides extremely high yields once established 
and additional livestock benefits due to high levels 
of condensed tannins along with anthelminthic 
properties. 

Annual legumes

It is important to choose a cultivar to suit your 
farming system and rotation. Avoid selecting a 
variety that matures too early, as you want the 
pasture to be green for as long as possible.  Use 
also a range of maturities to take account of 
seasonal variations. 

If you want good regeneration in the year following 
establishment, then don’t select a cultivar with 
a hard seed rating of 8 or 9. Alternatively if you 

are concerned about legume contamination in 
your crops, then select a softer seeded cultivar.  
Examples of some ratings are as follows:

• Barrel medics such as SultanA, JesterA, Caliph 
and Parabinga have a hard seed rating of 8-9. 

• Strand medics such as AngelA, HeraldA or 
Harbinger have a hard seed rating of 7.5 – 8.5.

• Burr medics such as CavalierA, 7-8 rating and 
ScimitarA, rating 6.5 – 7.5.

• Sub clovers. Hard seeded cultivars have a rating 
of 5 -6 and most are 3-4.

• Casbah biserrula has a rating of 8-9 *.

• CadizA French serradella is 1, while  
MarguritaA is 6

• Bladder clover is 6

*In NSW Belinda Hackney reports she has  
never had biserrula not regenerate successfully 
in the second season, as opposed to WA where 
it is very rare to see it regenerate in second year 
following sowing. This observation indicates that 
there are considerable differences in hard seed 
break down rates in NSW compared to WA,  
and possibly also in hard seed formation  
(Belinda Hackney pers. comm.).

However, it was noted that pasture management 
should be focussed on producing as much seed as 
possible in the first year stands (Belinda Hackney 
pers. comm.). In addition, if the new legume species 
has a high seed count per kilogram (e.g. biserrula,  
1 000 000 seeds/kg compared to sub clover,  
330 000 seeds/kg) there does not need to be a  
high percentage of seed softened in the second 
year to have a high number of germinable seed per 
square metre.

Of course, if you are concerned about legume 
contamination in your crops, then hard seededness 
is not high on your priority list. 

Hard seed production is influenced by season. 
Long spring equates to more hard seeds and short 
spring equates to less hard seeds. This is opposite 
to what you might think, but the plants are telling us 
something!  
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Hard seed breakdown is also influenced by 
extremes of hot and cold.  Extreme weather 
equates to greater breakdown. Burying seeds 
(cultivation) equates to less breakdown. Removing 
dry residues over the summer/autumn period 
equates to more breakdown.  

Hard seed breakdown is probably linear. Assuming 
you have 400 kg/ha of seed reserves and 80% are 
hard (rating 8), you will have 320 kg/ha left at the 
end of the season.  Next year there will be 80% 
x 320 kg/ha remaining (i.e. 256 kg/ha), then after 
third year 205 kg/ha, etc.  However, with time more 
seeds get buried, so the rate of breakdown will 
reduce, and of course every summer is different 
with regards to temperature.

Establishment of annual legumes

High seeding rate

Keep seeding rate on the high side.  Ten kg/ha for 
medics/sub clovers and legumes with similar seed 
sizes, five kg/ha for small seeded legumes (balansa 
and persian) and >20 kg/ha for serradella pods.

Sow early (before the break) and cover the seed. 
Drilling into stubbles in early April is perfect.

 In NSW and WA they are successfully sowing hard 
seeded French serradella (MarguritaA), as well as 
biserulla, bladder and gland clovers in February/
March.  The practice of very early sowing is well 
suited to species (e.g. serradella, biserrula, bladder 
and gland clovers) that have a high seed content.   
A number of WA/NSW farmers are sowing 
unscarified seed (biserrula, bladder clover, gland 
clover) or pods (French serradella). Early sowing is 
essential to enable hard seeds to soften, especially 
those still in pods.  

Early sowing also greatly increases the amount of 
dry matter produced in early winter, provided you 
let the newly germinating pasture to accumulate 
3-4 true leaves before grazing.  Don’t sow into a 
stubble with a history of sulphonyl urea/Lontrel® 
herbicides, unless you are sowing a sulphonyl-urea 
tolerant medic.  For more information please read 
the Issue 113 Groundcover (www.grdc.com.au/
Media-Centre/Ground-Cover/Ground-Cover-Issue-

113-NovDec-2014/Summer-serradella-emerging-
as-a-viable-legume-option) or the 2014 November-
December Ground Cover supplement. 

Effective inoculation

There is no point in having a legume if it doesn’t 
produce nodules. If you want to know how effective 
your “native” rhizobia are, collect four or five soil 
cores from a paddock and place in a few pots, 
plant some ethanol washed legume seed in each 
pot then look at nodulation after a few weeks, by 
carefully washing out the roots.  Don’t pull the 
plants out!

If in any doubt, ensure the legume seed is treated 
with the correct (and latest) rhizobia strain. If the 
seed is pre-treated (coated), ensure it is stored 
under cool, dry conditions preferably for no longer 
than one or two months before it germinates.

GRDC has some good inoculation guides  
(www.grdc.com.au/GRDC-BPG-
InoculatingLegumes ; www.grdc.com.au/GRDC-
Booklet-InoculatingLegumes ).  Make sure you 
read them, and keep up-to-date as there is a lot of 
misinformation out there. 

In NSW, farmers are drilling in Alosca® granules 
with serradella pods/unscarified biserrula, bladder 
or gland clovers in February and obtaining good 
nodulation.

Evidence has been found of improved nodulation 
and production from inoculated medics at three trial 
sites in the SA Mallee, even though the paddocks 
had a long medic history.  Consequently, it is 
recommended that inoculated medics are used 
(Source: Jake Howie and Ross Ballard, www.grdc.
com.au/Media-Centre/Ground-Cover/Ground-
Cover-Issue-102/New-medics-to-revive-Mallee-
rotations#sthash.IOOQMsXa.dpuf ).

WA research shows re-inoculation of ‘old’ sub 
clover pastures substantially increases production 
and N-fixation, and I am also aware of similar results 
in east Gippsland.  It therefore may be worthwhile to 
inoculate any new pasture legume sowings. 

A suggestion would be to do some demo strips to 
enable you to draw your own conclusions.  This 
would involve: 
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• Bare seed inoculate using gum sticker a 
maximum of 1-2 weeks before seeding.

• Bare seed sow with Alosca® granules.

• Use coated seed e.g. Seed Distributors, Heritage 
seeds, etc. 

• Include a small area of bare seed with no 
treatment as a control demo strip.

Don’t forget to use the same variety and seed 
source for each treatment.

A couple of months after your legume pastures 
germinate dig up a few plants and check for 
nodules.  Dig carefully and wash the roots. If you 
pull a plant up you will strip the nodules off.

Management of legume pastures

Treat your pastures like a crop

The aim is to get as much green dry matter 
produced as quickly as possible, then to maximise 
seed production in spring. To achieve this:

• Delay grazing until legumes have 3-4 true leaves.  
Depending on seed density, this can double 
winter pasture growth rates compared to grazing 
as soon as there is a “pick” of green leaf. 

• Check newly germinating pastures for insects, 
especially around the edges of paddocks. Keep 
an eye on aerial seeding pastures, such as 
serradella, for heliothis grubs in spring.

• Use grazing to manage your pastures and weeds. 
Grazing need not be complicated, but should be 
consistent. Follow the match box rule (Figure 1).

Figure 1. Match box rule.

• Do not crash graze, especially during flowering. 
There is nothing wrong however, with grazing a 
pasture during flowering, as long as the grazing 
pressure is consistent before and after flowering. 

You can employ an agronomist to manage your 
weeds and insects, but you can also employ a few 
sheep which will also help manage your weeds and 
insects and make you money.

One dry sheep equivalent (DSE) removes one kg 
green dry matter/ha/day, so a pasture growing 
at 20 kg/ha/day should have a grazing pressure 
of 20 DSE/ha to keep pace with pasture growth.  
Use Table 1 to determine how many animals this 
equates to.

Table 1. DSE equivalents.

Livestock class DSE equivalent

1 dry ewe 1.2 -1.5 

1 ewe and lamb 3.5 

1 weaner lamb 2.0

1 cow and calf 17.0

During summer, adjust grazing according to  
your pasture cultivar, soil type, topography and  
crop rotation. 

Legume pastures regenerate best if most of the 
surface residues are removed by mid- autumn. In 
addition, small seeded legumes, and those with 
pods such as serradella and biserrula, regenerate 
better if sheep digest the pods over summer/
autumn, because the seeds pass through their 
digestive system. In contrast, seed of larger seeded 
legumes such as sub clover and medics is readily 
digested by livestock and regeneration can be 
adversely impacted if sheep are allowed to eat sub 
clover and medic burrs during summer.

Remember, seed production is the key to 
successful regeneration. If you have 400 kg/
ha seed reserves x 80% hard seeds = 80 kg/ha 
potential germination x 260,000 seeds/kg x 70% 
seedling mortality = 1460 plants/m2 = good stand!  
Some clover/medic paddocks have 1000 kg/ha 
seed reserves which equates to a really productive 
paddock especially in winter.

• Don’t graze lower than match box on side

• Don’t let the pasture get higher than a 
matchbox on end.
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Conclusions
• Use what is already commonly sown in your 

district, but focus on management for dry matter 
and seed production.  

• Aim to treat your pastures like a crop.

• Check how well your existing pastures  
are nodulating.

• Try a new cultivar/species and trial a summer 
sowing cultivar/species.  Try however, first a 
10 ha paddock and learn how to manage for 
best establishment, nodulation, productivity and 
regeneration and don’t forget to leave a strip 
untreated as a control.  Once you have mastered 
the small area, you can then go onto sow larger 
sized paddocks.

Contact details 
Tim Prance, 
PO Box 1439 Victor Harbor SA 5211
0427 812 655 
t.prance@bigpond.net.au
@PranceTim
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Peter Hayman,  
South Australian Research and Development Institute. 

There is an abundance of weather 
and climate information
We always overestimate the change that will 
occur in the next two years and underestimate the 
change that will occur in the next ten (Bill Gates, 
http://www.brainyquote.com/quotes/quotes/b/
billgates404193.html#HPRSJJT8VVAqykI4.99).

The last decade has seen dramatic changes 
in information and communication technology 
(ICT).  Australia as a whole is an early adopter 
of this technology. We have 30 to 40% more 
mobile phone connections than we have people 
and we have amongst the highest per capita use 
of smart phones and tablets. Grain farmers and 
their advisers are making very different use of this 
technology than they were 10 years ago.

There have also been impressive gains in weather 
forecasts of the coming four to seven days and 
ongoing developments in seasonal climate forecasts 
and information on climate change.  Sometimes 
accessing the large amount of information is like 
trying to drink from a fire hydrant.

Weather forecasts and seasonal  
climate outlooks

Weather is a ‘snap shot’ of the atmosphere at a 
particular time whereas climate is a composite 

Keywords
weather, climate, risk, nitrogen decisions.

Take home messages
• Advances in weather and climate science 

combined with advances in information 
and communication technology have led 
to extraordinary access to information.

• It is important to understand the 
difference between a weather forecast, 
a seasonal climate outlook and climate 
change projections.  New developments 
such as multi-week forecasts from the 
Bureau of Meteorology’s model (POAMA) 
blur the distinction between weather  
and climate.

• A useful framework is to consider 
decisions as operational, tactical  
and strategic.

• Weather forecasts can be used for short 
term operational decisions; seasonal 
climate outlooks can be used for 
tactical decisions and long term climate 
information such as deciles can be used 
for strategic decisions.  

Agronomist’s guide to 
information for managing 
weather and climate risk
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of weather events. Weather is determined by the 
timing of individual synoptic events such as a 
cold front or high-pressure systems and can last 
between a few hours to a week. The conventional 
time for climate is 30 years (often the period 1960 
to 1990). This distinction is important when it comes 
to understanding the difference between a weather 
and climate forecast. Weather forecasts are mostly 
based on numerical models; these are initiated from 
the current state of the atmosphere and used to 
predict future states of the atmosphere, including 
the timing and amount of rainfall for up to 10 days 
ahead.  There is much more confidence in the first 
four days of the forecast than subsequent days.  In 
Australia the Bureau of Meteorology has moved 
to what they describe as the next generation of 
forecasts, the most notable example is METEYE 
http://www.bom.gov.au/australia/meteye/ .

In contrast, seasonal climate forecasts typically give 
the chance (probability) of the next 3–6 months 
being wetter or drier (or hotter or cooler) than the 
long-term average. Rather than being based on 
prediction from the inherently chaotic dynamics of 
the atmosphere, they tend to be based on patterns 
of the sea surface temperature (SST) or associated 
atmospheric characteristics. There is good 
scientific evidence that changes in the patterns of 
sea-surface temperatures have an impact on the 
behaviour of the atmosphere for months ahead and 
over widespread regions. In Australia the Bureau of 
Meteorology has shifted from a forecasting system 
based on statistical relationships between rainfall 
and patterns of ocean temperatures to a dynamic 
model called “The Predictive Ocean Atmosphere 
Model for Australia (POAMA)”. http://poama.bom.
gov.au/about_poama2.shtml GRDC has funded Dr 
James Risbey (CSIRO, Hobart) to work with SARDI 
on analysing the opportunities to forecast a change 
in the likelihood of heat and frost events.  While the 
BoM is no longer using statistical approaches, other 
research groups in Australia are exploring the role of 
statistical seasonal climate forecasts.

The Managing Climate Variability Program (of which 
GRDC is the largest stakeholder) has funded the 
Centre for Australian Weather Research (CAWCR) 
to improve and characterise the skill of POAMA’s 
predictions for 2-8 weeks ahead and “make them 
more useful to agriculture and water management 
industries”.  The period of 2-8 weeks starts to blur 
the distinction between weather and climate.

Climate change
The climate system will change and evolve over 
time due to internal forcing. For example; El Niño 
events are naturally occurring shifts in energy in the 
tropical Pacific Ocean. A decade with a  
higher frequency of El Niño events can have far 
reaching impacts on the climate system.  There 
are also natural external influences such as solar 
variations due to the orbital tilt of the earth,  
sunspot activity or volcanic eruptions, well 
understood to cause climate change. As the world 
warms due to the orbital tilt, the oceans release 
carbon dioxide which provides a positive feedback 
on the warming process. 

Human-induced changes have occurred due to 
increased greenhouse gases, land use change 
and aerosols. The argument of climate science 
is that recent warming cannot be explained by 
internal forcing or by natural forcing and that 
most of the recent warming is due to greenhouse 
gasses released by human activity. Climate change 
projections for Australia are available from the 
CSIRO through the Climate Futures Program.  

Figure 1 shows weather, seasonal climate and 
climate change information with different time scales 
(Y axis) and spatial scale (X axis).

Operational, tactical and  
strategic decisions
A useful framework to consider decisions is to 
consider long term strategic decisions that set 
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the overall direction of the farm, seasonal tactical 
decisions  that respond to prices, the time of the 
break, stored soil water, disease and weed build 
up and potentially a seasonal climate forecast. 
Then in running a farm, there are day to day 
operational decisions.  This framework is used in 
GRDC Business Management Fact Sheets (Making 
Effective Business Decisions, www.grdc.com.au/
GRDC-FS-MakingEffectiveBusinessDecisions , July 
2013 ; Simple and Effective Business Planning, 
www.grdc.com.au/FBM-SimpleEffectivePlanning , 
May 2014).

Taking the example of topdressing wheat, many 
farmers have made a strategic decision to develop 
management rules and invest in a quality fertiliser 
spreader for topdressing. There is a tactical decision 
of how much N to add as topdressing and then an 
operational decision on the timing of top dressing.  
This demarcation of decision partly maps across 
to the difference between weather for operational, 
seasonal climate for tactical decisions and the use 
of long term climate deciles for a sense of target 
yields. For some famers an acceptance of higher 
variability and uncertainty from climate change may 
influence the strategy of being flexible.

Conclusion
Weather and climate information is one bit of the 
jigsaw when working with clients on decisions 
ranging from nitrogen fertiliser to farm expansion.

Contact details 
Peter Hayman
SARDI Climate Applications  
GPO box 397 Adelaide SA
08 8303 7929
Peter.Hayman@sa.gov.au

Figure 1. Time and space scale of 
atmospheric phenomena (modified 
from WMO graphic). Both axes are 
logarithmic, a local severe storm 
may be forecast and have an 
impact in a radius of 10 to 100 km, 
whereas high pressure systems 
that cross Australia are 2 to 3,000 
km across. The impact of ENSO 
is at a continent scale and as the 
name suggests, global warming 
affects the planet. 
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Where does fertiliser 
nitrogen finish up?
Peter Grace1, Roger Armstrong2, Robert Harris2, Ash Wallace2, Graeme Schwenke3 
and Guangdi Li3,
1Queensland University of Technology; 2Victorian Department of Economic Development, Jobs, 
Transport and Resources; 3NSW Department of Primary Industries.

Background
Whilst soil organic matter (SOM) and crop 
residues are important sources of nitrogen (N) it 
is widely recognised that this source alone is not 
sufficient in itself for productive cropping without 
supplementation from inorganic or organic fertilisers. 
Nutrient management, especially N, underpins the 
productivity and profitability of all Australian grain 
production systems with fertiliser inputs comprising 
one of the single largest variable input costs for 
many growers. One tonne of N currently costs in 
Australia the same as 2.5 - 3 tonnes of harvested 
grain. Despite its critical importance for on-farm 
profitability, growers, advisers and researchers alike 
across Australia still struggle with making ‘the right 
decision’ about N fertiliser management.

The end game is to increase nitrogen use efficiency 
(NUE) i.e. the efficiency with which soil mineral N is 
converted into grain N. The mineral N comes from 
fertiliser, crop residues, manures and SOM, but it 
is the efficiency of conversion of fertiliser into grain 
that is generally of greatest concern to growers. 
Efficiency is reduced by seasonal conditions, crop 
diseases, losses of N from the soil as gases, N 
leaching or immobilisation of N into organic forms. 

Immobilisation

Immobilisation of N may occur when plant residues 
of low N content (e.g. wheat or sorghum straw) are 

Keywords
nitrogen, denitrification, N2O, soil organic 
matter, volatilisation.  

Take home messages
• Apply nitrogen (N) fertiliser only when 

the crop can actually take it up,, 
as significant losses can occur via 
denitrification or leaching when it is 
sitting in the soil profile doing nothing!

• Increase your soil organic matter levels 
to provide a slow release of N during  
the season and reduce your reliance  
on N fertilisers.

• Reduce N fertiliser inputs by regularly 
using legumes in your rotations.

• Increase your soil organic matter (SOM) 
levels as SOM will improve soil structure 
and drainage and minimise periods of 
saturation when large losses of N can 
occur via denitrification.

• Use enhanced efficiency fertilisers  
to improve nitrogen use efficiency if  
cost effective. 

• Regularly do an N budget to estimate 
your N fertiliser requirements.
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decomposing in the soil. Immobilisation represents 
a temporary unavailability of mineral N in the soil for 
growing plants to access. Applying fertiliser N in a 
band separated from crop residues is one means of 
reducing immobilisation.

Leaching 

Leaching is the downward movement of nitrate 
(NO3

-) with water in the soil. Loss of soil N from the 
plant root zone is more likely in coarse textured 
(sandy) soils than clay soils. Nitrate is a “mobile” 
form of N, i.e. can be transported in water through 
the soil profile, the ammonium (NH4

+) form of N is 
not mobile.

Denitrification 

Occurs in saturated soils when nitrate (NO3
-) is 

converted by soil microorganisms into the gases 
nitric oxide (NO), nitrous oxide (N2O) and di-nitrogen 
(N2). The loss of mineral N from the soil varies 
according to conditions and whether there is also 
a ready source of labile (or readily decomposable) 
carbon available. Di-nitrogen (N2) is the main form 
of the gas that is lost, but the proportion of the 
different gases produced is dependent on soil pH 
and water content. Denitrification increases as the 
water content (or water filled pore space – WFPS) 
increases above field capacity and as oxygen is 
consumed in the pores. Denitrification occurs more 
commonly and frequently in heavy textured soils, 
not coarse textured soils.  In acidic soils, more is 
lost as N2O whereas in alkaline soils most is lost as 
N2. Once in gas form the N is no longer available to 
plants in the soil.

The timing of nitrogen fertilisers applied either 
at sowing, pre-sowing, in-crop or in some 
combination of these, e.g. some at sowing 
and some more in-crop as determined by the 
growing season. 

Early application is often more convenient and 
allows N to move lower into the root zone where 
it will be accessed later in the season and thus be 
used more for grain filling than for plant growth, but 
it is also then at greater risk of denitrification loss 
should soil saturation/waterlogging occur. Applying 
N at planting can carry this risk if heavy rains occur 

before plants begin to use the N from the fertiliser. 
In-crop applications of N fertiliser require adequate 
soil moisture on application and/or follow-up rainfall 
to ensure the applied N taken up by the plant.

Application 

Application methods include solid and liquid 
N products which are applied either directly to 
the soil surface, placed or injected into the soil 
(including anhydrous ammonia), or surface applied 
then covered in a separate operation. In-crop 
applications are either surface-spread as solids 
or sprayed as liquids. Surface applications by 
broadcasting may be at risk of ammonia (NH3) 
volatilisation, particularly in coarse textured 
calcareous soils and those with thick stubble  
layers that prevent the fertiliser from soil contact  
as it dissolves.

Enhanced efficiency fertilisers (EEFs) are products 
now being promoted to growers to increase NUE. 
The EEFs being widely tested in Australia are 
DMPP-coated urea (commonly known as ENTEC) 
and Green Urea. DMPP is a nitrification inhibitor 
which will slows the production of nitrate through 
the nitrification process i.e. the conversion of the 
ammonium form of mineral N (produced after the 
hydrolysis of urea) to the nitrate form. By reducing 
the amount of nitrate in the soil at any time, 
mineral N losses via denitrification or leaching may 
potentially be avoided or significantly reduced. 
Green Urea contains a urease inhibitor and slows 
the hydrolysis of urea to the ammonium form of N 
and potentially reduces N losses via volatilisation.     

Results and discussion
To more easily explore the fate of N fertilisers, 
isotopically labelled (15N) fertilisers have been 
produced which allow us to track the movement 
of N applications over the growing season. After 
harvest, the amount of 15N in the soil, grain and 
residues is measured and whatever is not recovered 
is assumed to have been lost to the atmosphere 
either via denitrification or volatilisation, the latter 
not being the case in acid soils or if the N fertiliser 
has been covered or applied below the surface in 
alkaline soils. Leaching losses may also occur if the 
N is applied on coarse textured soils.
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In the semi-arid temperate Wimmera (annual 
rainfall 420 mm, alkaline vertosol), 15N fertiliser 
has been used to explore the interaction between 
the timing of N application to wheat i.e. 50 kg/ha 
banded below the seed at sowing or topdressed 
at GS30 (first node) and three products (urea, 
Entec, Green Urea). Whilst there was no significant 
difference in grain yield between the four treatments 
in both 2012 and 2013 (average 3.8 t/ha), the 
data collected in the 2013 season confirmed the 
observations in 2012 that applying urea at GS 30 
was the preferred strategy for maximising NUE, as 
was the use of Green Urea (Figure 1). In 2013, the 
late application of N fertiliser reduced N losses by 
20% (or 10 kg N/ha). 

Figure 1. Recovery of 15N labelled fertilisers applied 
to wheat at Taylors Lake (Wimmera, Vic) in 2013.

A similar observation was made in the High Rainfall 
Zone (HRZ) of Victoria (annual rainfall 685 mm, 
acidic chromosol) during the 2012 and 2013 
seasons, with extremely high losses of applied N 
(77- 93 kg N/ha) after deep banding 100 kg 15N/ha 
of N at sowing compared to a delayed application 
(Figure 2). On average, 80% of the N applied later  
in the season was recovered in either the crop or 
the soil. 

The use of the EEF ENTEC increased NUE in the 
semi-arid environment when N was applied at 
sowing, but had no impact when used with the 
later application in the HRZ. The trade-off between 
the additional cost of EEFs and productivity require 
further investigation. 

At Wagga Wagga (annual rainfall 580 mm, acidic 
kandosol), the best recovery of applied N in a tillage 
x N experiment was 77% when only 25 kg 15N/ha 
was top-dressed (Figure 3). There was no difference 
in yield between N application rates or tillage 
treatments (average 3.9 t/ha) and no impact of 
tillage on total N recovery. The N losses associated 
with the 25, 50 and 100 kg N/ha treatments were 6, 
16 and 36 kg N/ha respectively.  

Figure 2. Recovery of 15N labelled fertilisers applied 
to wheat at Hamilton (HRZ Vic) in 2012.  

Nitrous oxide

Nitrous oxide emissions are a relatively small loss of 
N from the soil to the atmosphere, mainly as a result 
of denitrification during saturation/waterlogging 
events. Total losses of nitrous oxide (N2O) as a 
proportion of fertiliser N applied are typically less 
than 1% in dryland cropping systems but may 
be higher during prolonged rainfall events and 
waterlogging, particularly in subsoils which may 
have restricted drainage. 

Nitrous oxide is harmful to the ozone layer and  
is a greenhouse gas which is 300 times more  
potent than carbon dioxide in terms of its global 
warming effect. Small emissions of nitrous oxide 
are normally indicative of much larger N2 emissions 
(Figure 4) e.g. for every one kg of N emitted as  
N2O after seven days of saturation, 52 kg of N as N2 
was lost.     
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Ammonia volatilisation 

Ammonia volatilisation is the loss of N as ammonia 
(NH3) from the soil to the atmosphere as a result of 
chemical reactions at the surface and environmental 
conditions. Unless it is being applied as anhydrous 
ammonia fertiliser, ammonia gas is only produced 
in the soil at a very high pH, which occurs as urea 
is converted to ammonium N, or when ammonium 
sulphate comes in contact with calcium carbonate 
in the soil. Soils with high clay content can buffer 
changes in pH and also have an affinity for 
ammonium adsorption, making them less at risk of 
converting to ammonia gas and being lost.

Ammonia volatilisation data from broadcasted N 
fertiliser on alkaline soils in northwest NSW is highly 
relevant to soils in southern Australia.  Six different 
N products have been trialled in four different 
situations over two years (Figure 5). In three out  
of four trials on bare fallowed soils without lime,  
N loss from ammonium sulphate was about half  
that from urea, urea ammonium nitrate or green 
urea products. N losses from these products 
occurred gradually for 2-3 weeks after application  
of the fertiliser. 

Figure 3. Recovery of 15N labelled 
fertiliser applied to wheat at Wagga 
Wagga (NSW) in 2012.

Figure 4. The proportion of N2 
gas emitted compared to N2O 
emitted after from a partially (80% 
WFPS) and fully saturated (100% 
WFPS) clay loam soil in Qld (Friedl 
et al., unpublished). 
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In two trials on bare fallowed soils with naturally-
occurring lime (at the surface), N loss from 
ammonium sulphate far exceeded that from urea 
when applied to bare fallow soils. When N was 
applied as ammonium sulphate, 37% of the N was 
lost to the atmosphere. Most of this was lost within 
the first 2-3 days after application. This is because 
ammonium sulphate chemically reacts with lime in 
the soil to form an unstable, high-pH compound 
that rapidly converts to ammonia gas which can  
be lost through volatilisation. N volatilisation losses 
from fertilisers applied as topdressing in-crop (to 
wheat) tended to be low, averaging just 5% of  
the N applied. 

At two grass-based perennial pasture sites, 
significantly higher N volatilisation losses were 
measured from urea application compared to 
ammonium sulphate. Neither of these sites had lime 
present in the soil. Insufficient rain fell in the week 
after application to wash the urea through the plant 
and litter to the soil before it dissolved and began 
conversion to ammonium. The conversion process, 
known as hydrolysis, generates a localised high pH 
that results in more ammonia gas than ammonium 
ions, resulting in increased N volatilisation losses.

In is important to note that the all of the trials were 
located on alkaline vertosols, medium to heavy  
clay soils. N volatilisation was therefore limited by 
rapid adsorption of ammonium onto the charged 
clay mineral surfaces, high soil pH buffering 
capacity, and, when applied in-crop, canopy  
re-absorption of ammonia, and protection against 
wind at the surface.

How do these results compare to previous 
research? Little Australian data is available that has 
been collected in open field conditions which are 
critical factors in ammonia volatilisation. Turner et 
al. (2010) measured 9.5% N loss from urea and 
1.0% loss from green urea applied to a wheat crop 
grown on a clay loam soil in the Wimmera region 
of Victoria. In another study, Turner et al. (2012) 
measured an average loss of 18% from urea top-
dressed into wheat or barley grown on a grey 
vertosol in the Mallee. Losses from ammonium 
sulphate and UAN applied at the same site did not 
exceed 6%. At another site in the Wimmera, losses 
from urea totalled 5% and 2% from UAN.

Figure 5. Nitrogen volatilisation losses from surface-applied fertilisers in 15 month-long 
field trials on clay soils in northwest NSW from 2011-12. The bars indicate the mean N 
loss across separate paddock trials. The numbers under bars are the number of trial 
results making up each mean. Fallow (lime) refers to soils with naturally-occurring lime 
at the surface.
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Nitrogen budgets

The amount of mineral N taken up by a three t/ha 
wheat crop with 12% protein is approximately 130 
kg N. In southern Australia, about 40 kg N/ha will 
slowly be supplied to the crop from stable SOM 
over one year. The residual effect of the previous 
season’s crop residues (including roots) on N supply 
(65-70 kg N/ha for a 3t/ha wheat crop) is negated 
to some extent by mineralisation during the early 
(non-crop) months of the year and is susceptible to 
losses (Figure 6).              

Assume that a quarter of the N mineralised from the 
residues is lost in the first three months (i.e. 15-20 
kg N). To close our N budget for the season we 
need to apply least 40-45 kg N/ha before factoring 
in any of the loss pathways we have discussed. 
The 15N studies confirm that top-dressing N is the 
preferred option with losses of between 20-30% 
of applied N on relatively well managed soils. The 
application of 50-60 kg N/ha is therefore considered 
necessary under these circumstances. These 
calculations are based on relatively ‘normal’ year. 
In alkaline soils, the top-dressing must be either 
covered or coincident with rainfall to minimise 

volatilisation. The use of Green Urea has been 
shown to reduce volatilisation without compromising 
yield but the additional cost of the product needs to 
be considered. 

Conclusion  
Improve your nitrogen use efficiency by:

• Only applying N fertiliser when the crop  
needs it, not before, as large N losses can 
potentially occur.

• Increasing your soil organic matter levels and 
regularly using legumes in your rotations as both 
will provide a native supply of N and reduce N 
fertiliser requirements and increase profitability. 

• Increasing your soil organic matter levels which  
in turn will improve your soil structure and  
reduce the amount of time your soils are 
saturated after rainfall events, and therefore, 
prone to large N losses. 

• Regularly doing an N budget, and/or pre-sowing 
soil sample, to more accurately estimate your  
N requirements.

Figure 6. Estimated monthly pattern of N mineralisation from SOM and 
wheat residues (including roots) in South Australia with 418 mm annual 
rainfall and topsoil organic carbon (0-10 cm) of 1.5% 
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• For every 0.5% of organic carbon (OC) (0-10 cm) 
approximately 13 kg N/ha of mineral N is supplied 
from soil organic matter in the top 30 cm over a 
typical growing season. This N is released slowly 
over the growing season and not prone to losses.

• For every one tonne of cereal grain, 
approximately 24 kg N/ha is supplied to the next 
crop from the crop residues. For every one tonne 
of legume grain, approximately 55 kg N/ha is 
supplied to the next crop from the residues. Most 
of this N is released over the first two months 
(when a crop is not present) and is prone to loss.        

Contact details 
Peter Grace
Institute for Future Environments, Queensland 
University of Technology, Brisbane, Qld 4000. 
07 3138 9283
pr.grace@qut.edu.au
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Hitting the right target - 
what are our most costly 
weeds?
Rick Llewellyn1, David Ronning2, Allan Mayfield3, Steve Walker4, Jackie Ouzman1 and 
Michael Clarke2,
1CSIRO; 2AgEconPlus; 3Allan Mayfield Consulting; 4 Uniquest University of Queensland.

GRDC project code:   CSA00043

Background
Weed management involves a range of constantly 
evolving targets leading to shifting priorities and 
threats.  The last major national study of the 

distribution and economic impact of weeds in 
Australian cropping systems was conducted over 
15 years ago (Jones et al 2000). In 2014-15 GRDC 
supported this new study to identify the costs of 
weeds and their management across Australian 
grain growing regions, crops and weed types.  A 
major aim is to identify where the greatest costs are 
being incurred and inform investment in improved 
weed management strategies.  

Methodology
The study covers the 13 major agro-ecological 
zones across the Western, Southern and Northern 
grain growing regions and the major crop types 
of wheat, barley, oats, canola, pulses and grain 
sorghum.   It also examines the rate of uptake 
of established and emerging weed management 
practices.

Data for the analysis is drawn from interviews 
with over 600 grain growers selected at random 
to represent each agro-ecological zone, used in 
conjunction with ABS statistics on crop production 
and information on practice costs from regional 
agronomists and a range of other sources. 
The results refer to annual costs (assumed to 
be the 2013-14 season) but generally capture 
averages over the past three seasons to minimise 
the influence of seasonal extremes in different 
agroecological zones.

Keywords
weed management, control, costs, 
herbicides. 

Take home messages
• Brome grass is now one of the most 

costly winter weeds across the southern 
region.

• Investment in summer weed control 
is relatively high but the cost of yield 
reductions due to the major summer 
weeds in the southern region (e.g. 
heliotrope, melons, fleabane) remain 
substantial, suggesting opportunities for 
profitable practice change.

• Overall, growers are investing heavily in 
winter weed control and are managing 
to keep weed densities and the cost of 
yield losses relatively low compared to 
management costs.
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SOUTHERN REGION  SA MIDNORTH - LOWER YORKE EYRE

Ryegrass  $34.1M Ryegrass  $19.6M

Brome grass  $19.7M Brome grass  $7.6M

Wild oats  $17.3M Wild oats  $1.5M

Wild radish  $6.5M Barley grass  $439.2K

Wild Mustard  $3.2M Wild mustard  $332.3K

Amsinkia / Yellow burr   $1.9M Cutleaf Mignonette  $292.5K

 Wireweed  $1.4M Wild radish  $281.5K

Barley grass  $687.3K

Skeleton weed  $672.6K

 Doublegee  $581.1K

NSW CENTRAL  SA VIC BORDERTOWN – WIMMERA

Ryegrass  $2.3M Wild oats  $5.9M

Wild oats  $1.3M Brome grass  $4.3M

Brome grass  $728.2K Ryegrass  $4.1M

Other brassica weeds  $501.4K  Wild mustard  $1.6M

Wild mustard  $487.4K Prickly Lettuce / whip thistle  $526.3K 

Wild radish  $358.9K Wild radish  $470.4K

Patersons curse / salvation jane  $350.3K Lincoln weed  $453.9K

Doublegee  $242.9K

Thistles sp.  $231.9K

NSW VIC SLOPES   SA VIC MALLEE

Wild oats  $7.8M Brome grass  $6.7M

Ryegrass  $3.3M Ryegrass  $2.9M

Wild radish  $1.1M Wild radish  $1.9M

Doublegee  $338.3K Amsinkia / yellow burr weed  $1.9M

Brome grass  $278.9K Wireweed  $1.3M

  Wild mustard  $589.8K

  Skeleton weed  $474.7K

  Wild oats  $430.8K

Table 1 Cost of residual weeds on yield loss in winter cereals for the Southern region and its 
agro-ecological zones.
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Figure 1. Cumulative adoption (% of growers who have used practice) for selected weed management 
practices and no-till across all regions.

Figure 2. Cumulative adoption (% of growers who have used practice) of narrow windrow burning by 
agroecological zone.
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The distribution and economic importance of weeds 
to Australian grain growers is evaluated for in-crop 
and fallow weeds, including the cost of herbicide 
and non-herbicide practices as well as the cost 
of yield losses due to weeds. Data on extent and 
typical density for the most common residual weeds 
came from growers and was used with yield loss 
functions for each weed to determine yield losses. 

This brief preliminary summary focuses on trends 
in use of weed management practices and the 
most costly weeds estimated in Southern region 
agroecological zones.

Results and discussion

Costs

The most costly weeds nationally in terms of yield 
loss in winter crops are ryegrass, wild radish, wild 
oats, brome and wild turnip. Results for costs of 
yield loss in cereal crops are shown in Table 1. 
Ryegrass remains the major weed in terms of the 
cost of herbicide resistance with the cost being 
greater than the sum of all other forms of resistance.  

The increased importance of brome grass is the 
most notable difference from the weed rankings 
from the 1998 study. This is reinforced by the high 
ranking of brome when growers were asked to 
directly state the weeds most costly to control. 

For the Southern Region, the most important 
summer weeds based on estimated reduction in 
subsequent crop yield potential were: heliotrope, 
melons, fleabane, panic grass, caltrop, Lincoln 
weed and windmill grass. 

Growers in the southern region were estimated to 
be incurring losses of $23/ha due to the impact of 
summer weeds on subsequent crop yields, with 
$17/ha of cropped land estimated to be spent on 
summer weed control on average. 

Practices

Looking at national trends in the proportion 
of growers starting to use a range of weed 
management practices (and no-till), the use of  
the double knockdown continues to increase 
with rapid rises in the last six years, reflecting the 
increasing threat of glyphosate resistance  
(Figure 1).  The relatively rapid rise of narrow 
windrow burning from a low base 10 years ago is 
also demonstrated. Large differences in adoption 
rates between agroecological zones are shown 
in Figure 2, highlighting the rapid adoption in WA 
and the likelihood of further increases in use of this 
practice in many areas.

Conclusion
Australian grain growers are investing heavily in 
winter weed management to keep the cost of crop 
yield losses relatively low, despite increasing levels 
of herbicide resistance. This is mostly through 
herbicide-based methods, although use of some 
non-herbicide practices such as narrow windrow 
burning is rapidly increasing. The cost of both 
yield loss due to summer weeds and investment in 
summer weed control is high, suggesting this is an 
area with substantial potential for profitable practice 
change. Further detail will be included in a full report 
to be released in mid-2015.

Contact details 
Rick Llewellyn
CSIRO, Waite Campus
08 8303 8502
rick.llewellyn@csiro.au
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Biology and management of 
summer weeds
Gurjeet Gill, Duc The Ngo, Ben Fleet and Chris Preston,
School of Agriculture, Food & Wine,University of Adelaide.

GRDC project code:   UA00134, UA00149

Background
Summer weeds are an on-going problem across all 
winter cropping regions of Australia. Of course the 
level of weed infestation and species encountered 
vary over sites and seasons. The benefits of 
conserving soil water over the summer-autumn 
period by controlling summer weeds have been 
seen repeatedly on many farms as below-average 
spring rainfall has been a regular occurrence in 
southern Australia. In summers with infrequent and 
small amounts of rainfall, farmers often wonder if 
the weeds would simply die from water stress or do 
they have to spray them out with herbicides.

Summer weed species
Some summer weed species (e.g. caltrop, 
heliotrope and melons) have highly persistent 
seed-banks and occur in fields on a regular basis. 
In contrast, other species such as fleabane and 
common sowthistle have very short-lived seed-
banks and rely on frequent good seasons for seed 
production. A few years ago, the combination 
of wet springs and good summer rainfall led to 
serious infestations of fleabane on many farms 
in South Australia. The subsequent run of dry 
spring and summers led to a decline in fleabane 
populations on farms to the point that researchers 
have had difficulty in regularly finding suitable trial 
sites. Over the last 2-3 years, common sowthistle 

Keywords
fleabane, windmill grass, Feathertop 
Rhodes grass, weed management.

Take home messages
• Fleabane continues to be an important 

summer weed in South Australia but  
its severity varies considerably  
between seasons.

• Normal summer weed control rates 
of glyphosate tend to fairly ineffective 
and quite variable on fleabane; use of 
double-knock with paraquat provides 
consistently high level of weed control.

• Windmill grass and Feathertop Rhodes 
grass are continuing to spread across the 
agricultural landscape in South Australia. 
At this stage these weed species are 
mainly present along roadsides but their 
seeds can be easily dispersed by wind.

• Windmill grass and Feathertop Rhodes 
grass possess many biological features 
(e.g. high glyphosate tolerance, short 
life-cycle, rapid growth rates) that could 
make these species serious summer 
weeds in southern Australia.
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has appeared as a serious summer weed in many 
paddocks. This species has two distinct periods 
of establishment; one in late autumn/early winter 
and another in spring/early summer. Absence of 
seed dormancy in sowthistle enables it to rapidly 
establish after rainfall events in spring/summer. 
Sowthistle appears to be highly tolerant to heat 
and water stress, which enables it to persist 
over the summer months. It is also very tolerant 
to glyphosate when plants are water stressed. 
Management of sowthistle is becoming more 
difficult due to high incidence of group B resistance 
and recently some populations have been shown to 
have developed group I resistance (Preston, pers. 
comm.).  Sowthistle has also evolved resistance to 
glyphosate in the Northern region. Marshmallow is 
another winter weed species, which appears to be 
becoming more common over summer months.

In this paper, we will focus on our recent research 
on fleabane establishment and control as well as 
on the biology of windmill grass and Feathertop 
Rhodes grass.

Results and discussion

Fleabane

As stated earlier, fleabane seeds possess little to 
no seed dormancy so the germination in the field is 

largely controlled by temperature and moisture. In 
SA fleabane seeds start germinating in late winter 
to late spring period but initial seedling growth 
rate is very slow. Research undertaken has shown 
that fleabane seedlings are highly sensitive to crop 
competition and under moisture stress conditions 
in spring there tends to be extremely high seedling 
mortality. If there are bare patches in the paddock 
due to seeding problems or setback due to other 
factors, then these areas would be ideal for fleabane 
establishment. 

Fleabane has higher tolerance to glyphosate than 
many other weed species. Often glyphosate rate of 
two L/ha or greater is needed to control fleabane; 
double-knock with paraquat can provide consistent 
weed control but obviously at a greater cost to 
the grower. The level of tolerance of fleabane to 
glyphosate is highly dependent on its growth stage. 
Plants at seedling stage (rosette) can be easily killed 
with low rates of glyphosate but a four-fold greater 
dose might be required once the weed has reached 
stem elongation stage. However, our results have 
also shown large differences in glyphosate efficacy 
on fleabane over seasons. For example, glyphosate 
alone @ two L/ha provided modest 55% weed kill 
in 2012 but gave 97% control in 2014. Application 
of double-knock with paraquat after glyphosate 
treatment tends to ensure high weed kill across 
seasonal conditions.

Table 1. The response of fleabane to glyphosate in field trials over two different years.

 Glyphosate alone Glyphosate + double-knock
Glyphosate (L/ha)
 2012 trial 2014 trial 2012 trial 2014 trial

1 30 - 54 

2 55 97 82 100

3 89 - 95 

4 93 100 97 100

2 L/ha + 2,4-D 1.4 L/ha 50 84 84 100
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Windmill grass and Feathertop 
Rhodes (FTR) grass
These two Chloris species are major weed species 
in Queensland and have been rapidly spreading 
along the transport corridors in SA. At present both 
of these species are mainly present along roadsides 
but they can be easily dispersed by wind, especially 
FTR grass. Both of these are C4 species, which 
means they can have very rapid growth rates under 
warm and sunny conditions. 

As shown in Table 2, seed germination in both of 
these species is strongly stimulated by exposure to 
light. Therefore, burial by tillage is expected to inhibit 
germination in these weed species but may extend 
the persistence of their seed-bank. Our studies 
showed that seed dormancy in both species was 
relatively short and all viable seeds were able to 
germinate in spring and early summer (Figure 1).

Table 2. Effect of light on germination of 
windmill grass (CT) and Feathertop Rhodes 
grass (CV) seed collected in June 2013 and 
tested in January 2014. Different letters after 
the means indicate significant differences at 
P=0.05.

 Germinability (%)

Population 24 h dark 12 h light/dark

 Mean S.E* Mean S.E

CT2 15.0 b 5.0 44.0 c 3.7

CT3 2.0 a 1.2 77.0 d 3.0

CV4 35.0 c 3.4 78.0 d 1.2

CV5 17.0 b 5.3 72.0 d 6.5

*S.E: standard error of mean

Figure 1. Germinability of windmill grass - C. truncata (a) and Feathertop Rhodes grass - C. virgata (b) 
seed collected in June 2013, and tested monthly from June 2013 to February 2014. Vertical bars indicate 
standard error of the mean.
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Some additional findings on the behaviour of 
windmill and Feathertop Rhodes grass include:

• Short persistence of the seed-bank; complete 
exhaustion within 12 months

• Base temperature for germination was 10°C  
for windmill grass but was much lower at 4°C  
for FTR grass. Therefore, FTR grass could 
germinate earlier under cooler conditions than 
windmill grass.

• Windmill grass is a short-lived perennial species 
which can regrow from the crown of the original 
plant. This is an advantage for this species in 
rapidly establishing once ambient temperature is 
favourable for its growth.

• Even though both windmill and FTR grass are 
C4 grasses, FTR grass has a much greater 
growth rate and can produce 5-6 fold greater 
shoot biomass than windmill grass. If this species 
was to become established in paddocks in SA 
then it could rapidly use up precious soil water 
over summer.

• Both of these weed species are known for 
being difficult to control with glyphosate. Recent 
studies at University of Adelaide have confirmed 
presence of resistance to glyphosate in some 
populations from NSW.

• In some fields, windmill grass was found to be 
growing well along fence lines where glyphosate 
had been used for weed control and had 
effectively removed other weed species.

• Growers are urged to carefully monitor their 
properties for incursion by these wind  
dispersed species.
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Sowing early in 2014 –  
how did it work?
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Andrew Ware2, Leigh Davis2, John Nairn2, Stuart Sherriff2, Mick Faulkner3, Jeff 
Braun3, Lou Flohr3, Sarah Noack3 and Peter Hooper4,
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GRDC project code:   CSP00178, CSP00160 

Background
In SA the time at which wheat flowers is very 
important in determining yield (Figure 1). With 
farm sizes increasing and sowing opportunities 

decreasing, getting wheat crops established so 
that they flower during the optimal period for yield 
is difficult. Whilst no-till and dry-sowing have been 
used successfully in SA to get more area of crop 
flowering on time, an opportunity exists to take 
advantage of rain in March and April to start sowing 
crops earlier than currently practiced. This is a tactic 
which complements dry sowing. Earlier sowing 
is now possible with modern no-till techniques, 
summer fallow management and cheaper 
insecticides and fungicides to protect against 
diseases associated with early sowing. 

Figure 1. The relationship between flowering time 
and yield at Minnipa and Tarlee – optimal flowering 
periods are highlighted by light and dark grey 
boxes. Curves are derived from APSIM from 120 
years of climate data and with a yield reduction for 
frost and extreme heat events. Optimal flowering 
periods are late August-early September at Minnipa, 
and mid September at Tarlee. 

Keywords
early sowing, slow maturing wheat, winter 
wheat, time of sowing, frost.  

Take home messages
• Despite wide-spread stem frost in  

the majority of 2014, time of sowing  
(ToS) trials in SA indicated that the 
highest yields still came from mid-late 
April sowing.

• Based on one year of data, TrojanA 
(mid maturing) complements MaceA 
(fast maturing) in a cropping program 
and allows growers to sow earlier and 
achieve higher yields (16%) than they 
could with MaceA alone sown in its 
optimal window.

• Existing slow maturing wheat cultivars 
from other states are poorly adapted to 
most regions in SA.

• For growers in frosty environments 
wishing to sow before ~20 April,  
EGA WedgetailA is the safest option 
evaluated in these trials, but yields are 
likely to be less than MaceA sown in its 
optimal window.
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However, in the last few decades wheat breeding 
has focused on mid-fast maturing varieties 
which are only suited to sowing in late April-May. 
Sowing earlier than is currently practiced requires 
cultivars which are not widely grown in SA, and 
which are much slower to mature, either through 
having a strong vernalisation/cold requirement 
(winter wheats) or strong photoperiod/day length 
requirement (slow maturing spring wheats –  
Figure 2).

GRDC funded research in NSW has demonstrated 
that slow maturing varieties sown early yield more 
than mid-fast varieties sown later when they flower 
at the same time . This is because early sowing 
increases rooting depth and water use, reduces 
evaporation and increases transpiration efficiency. 
Early sowing of slow maturing varieties is a way 
of increasing yield potential with very little initial 
investment. 

APSIM modeling indicates that even with SA’s 
Mediterranean climate, adoption of slow maturing 
varieties to allow early sowing has the potential to 
increase whole-farm wheat yield, particularly in mid-
high rainfall zones (Table 1).  GRDC have funded a 
series of trials across rainfall zones to experimentally 
evaluate the suitability of early sowing in SA.

Methodology
GRDC early sowing trials in SA are at five locations 
(Cummins, Minnipa, Port Germein, Tarlee and 
Conmurra) and each has three times of sowing 
(aimed at mid-April, early-May, late-May) and 10 
wheat lines (6 commercial, 4 near-isogenic lines, or 
NILs, in a Sunstate background ). The commercial 
lines are described in Table 2. Hart Field Site Group 
also planted a similar early sowing trial, and there 
are also trials funded by SAGIT evaluating different 
wheat lines for early sowing in the Mid North and 
upper YP.

Figure 2. Diagram showing pattern of development in winter and slow maturing spring wheat relative to 
mid maturing spring (most currently grown varieties in SA are mid to fast). When sown at their optimal times, 
they all flower during the optimal period in a given environment. Winter wheats also have a very flexible 
sowing window and if well adapted will flower during the optimum period in a given environment from a 
broad range of sowing dates.

Table 1. Average farm wheat yields from 50 years of simulation at different locations in SA 
assuming either current practice (mid-fast varieties sown from mid-May including dry sowing) 
or the addition of a slow maturing variety to the cropping program which can be planted from 1 
April, but is only sown when planting opportunities arise (occurs in ~60% of years).

 AVERAGE FARM AVERAGE FARM YIELD BENEFIT YIELD BENEFIT 
LOCATION YIELD – CURRENT  YIELD – EARLY FROM EARLY FROM EARLY  
 PRACTICE (T/HA) SOWING (T/HA) SOWING (T/HA) SOWING (%)

Conmurra 4.0 6.1 2.1 53%

Cummins 3.3 4.0 0.8 24%

Minnipa 2.1 2.2 0.1 5%

Port Germein 1.9 2.1 0.2 11%

Tarlee 3.5 4.0 0.5 14%
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Table 2. Commercial wheat varieties used in the SA trials at Cummins, Minnipa and Port Germein.

Variety Maturity Comments  

ManningA Very slow winter  White feed – Resistant to BYDV but only adapted to 
(Conmurra only)  (very strong vernalisation,  environments with a very long, cool growing season 
 unknown photoperiod) 

SQP RevenueA  Slow winter (strong Red feed – also adapted to long cool growing 
(Conmurra only) vernalisation, unknown seasons, it is widely grown in SW Victoria 
(NIL match: W46A) photoperiod) and SE SA.

EGA_WedgetailA Mid maturing winter APW (default in SA – APH in NSW) - The early 
(NIL match: W8A) (strong vernalisation sowing and dual purpose standard in SNSW and  
 moderate photoperiod) an excellent grain-only option. May be too slow in   
  most of SA, only has APW quality and can be quite  
  intolerant of problems associated with alkaline soils   
  (CCN, boron, aluminium).

Rosella Fast maturing winter ASW - Slightly faster than WedgetailA and trials in 
(NIL match: W7A) (strong vernalisation  Victoria has shown better adaption to alkaline soils. 
 weak photoperiod) However, being 29 years old it is at a distinct yield   
  disadvantage to modern spring wheats.

EGA_EaglehawkA Very slow maturing APW (default in SA – APH in NSW) Very slow 
(NIL match: W16A) spring (moderate  maturing photoperiod sensitive spring wheat that will 
 vernalisation, very  flower at the same time as WedgetailA from a mid- 
 strong photoperiod) April sowing but hit Z30 ~3 weeks earlier, therefore   
  not as suited to grazing. 

ForrestA Very slow maturing APW - Very slow maturing photoperiod sensitive 
(NIL match: W16A) spring (weak  spring wheat which performs well in higher yielding 
 vernalisation, very  environments 
 strong photoperiod) 

BolacA (Tarlee and  Slow maturing spring AH – Bred for the HRZ of SW Victoria but has 
Conmurra only) (moderate vernalisation,  performed well when sown early in the low rainfall 
 moderate photoperiod) regions of the western Riverina in NSW.

EstocA Mid maturing spring  APW - probably the slowest maturing recently 
 (weak vernalisation,  released variety with good adaptation to SA. Not 
 strong photoperiod) suited to sowing much before 20 April in most   
  environments.

TrojanA Mid-fast maturing  APW - Has demonstrated good adaption to SA and 
 spring (moderate  has an unusual photoperiod gene which may allow 
 vernalisation, moderate  it to be sown in late April and flower at the 
 photoperiod) optimal period

MaceA Fast maturing spring AH - No introduction necessary! SA main-season 
(NIL match: Sunstate) (weak vernalisation,  benchmark and in the trial as a control from a mid- 
 weak photoperiod) late May sowing.

CobraA  Fast maturing spring AH – very similar maturity to MaceA but based on 
(Conmurra only) (weak vernalisation,  NVT results may out yield it in higher yielding 
 weak photoperiod) environments.

Results
Results from all experiments are presented in Table 3. At four out of five sites, TrojanA sown in mid to late 
April was the highest or equal highest yielding treatment. Slow maturing cultivars bred in other states  
(e.g. EGA WedgetailA, EGA EaglehawkA and Rosella) showed poor adaptation to all sites. 
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Table 3. Grain yield for five out of six early sowing trial sites in SA in 2014 (results for Conmurra 
not available at time of preparation). Treatments known to have been affected by frost are 
marked with an asterisk.

 Time of sowing
Location Cultivar 11-Apr 13-May 28-May
Cummins EGA WedgetailA 4.0 2.9 3.7
 Rosella 4.0 4.1 2.5
 EGA EaglehawkA 3.8 2.9 2.7
 EstocA 4.3 4.7 3.8
 TrojanA 4.9 5.0 4.4
 MaceA 2.6* 5.1 4.1
 P-value <.001
 LSD (P=0.005) 0.6
  11-Apr 13-May 28-May
Minnipa EGA WedgetailA 2.9 2.2 2.1
 Rosella 2.7 2.4 2.1
 EGA EaglehawkA 3.0 1.8 1.7
 EstocA 4.0 2.7 2.6
 TrojanA 4.6 3.1 3.0
 MaceA 3.7 3.0 2.8
 P-value <.001
 LSD (P=0.005) 0.2
  11-Apr 30-Apr 20-May
Port Germein EGA WedgetailA 2.5 1.9 1.7
 Rosella 2.2 1.7 1.6
 EGA EaglehawkA 3.0 2.1 1.9
 EstocA 4.4 3.5 3.4
 TrojanA 5.2 4.2 3.9
 MaceA 4.3 4.3 3.7
 P-value <.001
 LSD (P=0.005) 0.5
  14-Apr 8-May 2-Jun
Hart EGA WedgetailA 4.5 4.0 3.0
 Rosella 4.3 3.7 2.8
 TrojanA 5.7 5.3 3.7
 MaceA 3.9* 4.7 3.3
 RAC1843 (Hatchet CL Plus)A 0.8* 3.6 3.5
 P-value <.001
 LSD (P=0.005) 0.3
 Cultivar 14-Apr 29-Apr 12-May 30-May
Tarlee Rosella 5.5 5.4 4.6 3.5
 BolacA 6.1 6.1 4.6 3.7
 TrojanA 6.6 7.4 6.1 4.6
 MaceA 4.1* 7.4 6.4 5
 P-value <.001
 LSD (P=0.005) 0.6
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Putting early sowing into practice 
in SA
Based on the 2014 trial data, growers in SA could 
improve whole-farm yields by including TrojanA 
in their cropping program to complement MaceA 
(Figure 3). TrojanA has an unusual photoperiod 
sensitivity allele inherited from a European parent 
which is rare in Australian cultivars. This allele 
seems to delay flowering from an April sowing 
relative to MaceA quite successfully (Table 4). 

Table 4. Flowering dates for TrojanA and  
MaceA from different times of sowing at 
Minnipa in 2014.

Flowering date - Minnipa Time of sowing

Cultivar 11-Apr 13-May 28-May

TrojanA 6-Aug 10-Sep 17-Sep

MaceA 8-Jul 6-Sep 13-Sep

Despite performing strongly from a mid-April sowing 
in these trials, it is not recommended that TrojanA 
be planted this early in the majority of SA locations 
as it incurs excessive frost risk. As a rough rule of 
thumb, it is best suited to being planted ~10 days 
earlier than MaceA. As an example of how it may fit 

in a program, if 10 May is the optimal sowing time 
for MaceA in a given environment, then the optimal 
sowing time for TrojanA is 1 May. If a grower has an 
20 day wheat sowing program and wants to grow 
half TrojanA and half MaceA, to maximize whole 
farm yield they should start with TrojanA on 25 April, 
switch to MaceA on 5 May and aim to finish on  
15 May.

Sowing mid-April in low-frost environments such  
as Port Germein carries little risk, and as the  
results from this year show, significant yield gains 
(0.9 t/ha relative to MaceA) can be achieved by 
sowing TrojanA in mid-April purely because its 
longer growing season allows it to accumulate  
more dry matter.

For growers in frosty environments who wish to 
sow earlier than is safe with Trojan/Mace, EGA 
WedgetailA is probably the best option in most 
environments.  However, because of its poor 
adaption to SA even if sown in early-mid April it is 
unlikely to yield as well as MaceA sown in its optimal 
window. In this set of trials there was an average 
yield penalty of 0.5 t/ha between EGA WedgetailA 
sown mid April and MaceA sown in mid-May. 
Grazing early sown EGA WedgetailA would offset 
some of the reduction in income compared to mid-
May sown MaceA. 
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Figure 3. Mean yield 
performance (Minnipa, 
Cummins, Port Germein, Hart, 
Tarlee) of TrojanA and MaceA 
at different times of sowing 
relative to MaceA sown in its 
optimal window of early-mid 
May. Error bars are standard 
error of means.
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Remember that early sown crops require different 
management in order to get the most out of them:

- Don’t dry-sow slow maturing varieties (EGA 
WedgetailA, EGA EaglehawkA), they will flower 
too late if not established early. There needs to be 
seed-bed moisture and ideally some stored soil 
water to get them through to winter.

- If growing winter wheat (EGA WedgetailA) and not 
grazing, sow at lower plant density and defer N 
inputs until after Z30.

- Pick clean paddocks – winter wheat at low plant 
densities is not competitive with ryegrass and 
common root diseases are exacerbated by  
early sowing.

- Protect against diseases associated with early 
sowing – barley yellow dwarf virus (imidicloprid on 
seed backed up with in-crop insecticides at the 
start of tillering if aphid pressure high), Septoria 
tritici in some areas (flutriafol on fertilizer and 
timely foliar epoxiconazole applications at Z30 
& Z39). Many slow maturing varieties also have 
poor resistance to stripe rust (flutriafol on fertilizer 
and timely foliar fungicide application at Z39) 

Conclusion
Despite a frosty July and August, highest yields 
in most trials came from mid-April sowing, with 
TrojanA being the stand-out performer.  TrojanA 
complements MaceA in a cropping program and 
extends the sowing window to about ten days 
earlier. EGA WedgetailA was the best performing 
variety suited to very early sowing, but even when 
sown early it yields less than MaceA planted in its 
optimal window.

Contact details 
James Hunt
GPO Box 1600, Canberra ACT 2601
0428 636 391
james.hunt@csiro.au
@agronomeiste
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Wheat variety research 
update for 2015
Rob Wheeler,
SARDI Waite Campus.

GRDC project code:   DAS00109, DAS00100

2014 wheat variety  
performance review
In 2014, wheat yields across 23 South Australian 
main-season sown National Variety Trials (NVT) 
averaged 3.11 t/ha. This was around 10 per cent 
below the 5 year (2009-2013) average of 3.46 t/ha 
and the 3.44 t/ha achieved in 2013. Individual site 

yields ranged from 0.57 t/ha at Mitchellville to 4.79 
t/ha at Paskeville, with all trials sown between May 
6th and June 17th. Wolseley was resown due to 
early mice damage. 

The majority of trials were sown relatively early, 
viz., prior to mid May, while very dry conditions in 
the South East prevented sowing much before the 
last week of May. Prolonged frost periods in many 
areas of South Australia during late August and 
early September severely affected relative varietal 
performance at Rudall, Kimba, Warramboo, Nangari 
and Wunkar NVT. Results from these sites were 
considered invalid for public release despite average 
yields ranging from 2.02 to 3.25 t/ha across these 
sites. 

Generally, average winter temperatures and above 
average to record winter rainfall across much of the 
state during June and July favoured the prospects 
for record yielding crops and wheat fungal diseases.  
However very dry conditions commencing in 
August, and proactive disease control, saw little 
impact from stripe rust or any other disease in 
the trials. It must be reminded that wheat NVTs 
are managed for disease control using up-front 
(Impact®) and in-crop fungicides where diseases are 
detected and have the potential to cause significant 
yield loss. In many districts, well above average 
crop potential and dense crop canopies in mid-
winter were then subjected to severe frosts and 
extremely low rainfall events during spring. Despite 
the low spring rainfall, trials produced surprisingly 
good yields and acceptable grain quality at most 

Keywords
wheat, durum, new variety performance, 
National Variety Trials, herbicide tolerance.  

Take home messages
• Early sowing, high winter rainfall and very 

dry spring conditions across SA in 2014, 
favoured early and mid-season maturing 
wheat varieties.

• TrojanA and CorackA were the top 
yielding APW varieties and CosmickA and 
MaceA led the top yielding AH varieties at 
2014 wheat NVT sites. 

• Foliar disease had little impact on varietal 
performance, but widespread and severe 
frost negated acceptable results from 
five wheat trials in 2014. 

• The new durum, DBA-AuroraA produced 
good grain quality with low screenings 
relative to most other varieties. 
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sites. Overall, the 2014 seasonal conditions tended 
to favour mid flowering and maturing varieties, a 
trend seen in many recent years. 

Across all NVTs in South Australia the mid to later 
flowering new APW variety, Longreach TrojanA, 
produced the highest average yield of 3.39 t/
ha across sites, just above CorackA, 3.37 t/
ha, and two to three per cent above the leading 
AH varieties, CosmickA and MaceA respectively. 
Generally in each South Australian region, all of 
these top four varieties featured in the high rankings 
and jockeyed for top position although interestingly, 
MaceA and CorackA did not perform as well 
across central and upper Eyre Peninsula and were 
replaced by CobraA and KatanaA in the top four 
rankings. The new Intergrain variety, CosmickA, 
performed similar to MaceA in most regions but was 
significantly lower ranked on Yorke Peninsula. Many 
of these top yielding varieties were also among the 
highest yielding in 2011, 2012 and 2013.

Trailing the four leading varieties were KatanaA, 
WyalkatchemA, ScoutA, CobraA, ShieldA and Emu 
RockA, averaging seven to nine per cent below 
TrojanA respectively. The commercially popular 
varieties, GladiusA, AxeA, CorrellA and YitpiA, 
averaged 11 to 14 per cent below TrojanA and again 
showed they are well outclassed for yield relative to 
newer varieties. 

ScoutA has performed well in more recent and 
wetter seasons, but was again less dominant 
under drier spring rainfall conditions. The new 
imidazolinone tolerant variety, GrenadeCLPLUSA, 
continues to demonstrate that it is a good 
alternative to JusticaCLPLUSA and KordCLPLUSA with 
equal or superior yields in most situations, although 
yielding below KordCLPLUSA in the Mallee in 2014. 
GrenadeCLPLUSA also averaged 1.3 kg/hl higher 
test weights than JusticaCLPLUSA and similar to 
KordCLPLUSA on average in 2014.

The relative grain yield and grain ‘receival quality’ 
of selected commercial varieties in 2014 NVT is 
summarised in Table 1. The grain yield for each 

variety is expressed as a percentage of the regional 
individual trial mean yields. The mean values are a 
guide to the general performance of varieties across 
the state, however results in individual trials do vary 
and this detail can be found at www.nvtonline.com.
au.

The grain quality in 2014 wheat NVTs was also 
surprising good and generally similar to that 
produced in 2013. Across all sites, grain protein 
varied from 9.5 to 13.4 per cent and averaged 11.4 
per cent, compared with 11.8 per cent in 2013. Test 
weights averaged 81.9 kg/hl, similar to the average 
of 82.5 kg/hl in 2013. No site was found to average 
below the new 76 kg/ha minimum specification for 
milling wheat, although test weight averages were 
low at Keith and Mitchellville and provided some 
good varietal discrimination. 

Across all trial sites, grain screenings declined 
slightly from 2.7 per cent in 2013 to 2.4 per cent 
in 2014. Only two sites, Keith, and Conmurra 
produced average screenings above 5 percent, 
reflecting the very dry winter and spring conditions 
experienced in the South East.  Again this provided 
some varietal discrimination, although not greatly. In 
2014 NVT grain samples, no black point, sprouted 
or white grain was observed.

In trials, CosmickA joined with CorackA and MaceA 
to produce grain with relatively low protein while 
TrojanA produced more acceptable protein levels 
for its high yield. CorackA, MaceA and ScoutA have 
shown this characteristic in previous seasons also. 
EstocA continues to provide benchmark high test 
weights along with TrojanA, while more moderate 
test weights were recorded within CobraA, EspadaA, 
JusticaA and ShieldA. CorrellA, which in previous 
years has shown a propensity for low test weight, 
was again the lowest ranking along with the soft 
wheats Barham and OrionA. CorrellA, CosmickA and 
ShieldA produced the highest average screenings 
across all sites although putting them in perspective 
they were only around one per cent higher than the 
average of all varieties.
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Table 1. Mean grain quality and yield from 2014 NVT. Yield expressed as a function of trial mean 
yield is shown for each region. The highest four ranked varieties in each region are highlighted 
with bold and underlined text. Varieties omitted from means were not tested at all locations; 
varieties listed in alphabetic order within classification grade.

 SA agricultural region Statewide 2013 trials mean

Variety Grade LEP UEP YP MN SE MM Protein Testwt Screen

        % kg/ha %

AGT KatanaA AH 101 101 103 100 104 103 11.5 84.1 1.9

AxeA AH 96 99 95 99 93 97 11.6 82.5 1.6

CobraA AH 99 101 101 105 100 93 11.8 80.7 2.0

CorrellA AH 98 97 93 95 100 98 11.4 79.7 3.5

CosmickA AH 110 106 102 106 108 109 10.9 81.7 3.4

Emu RockA AH 101 100 101 99 99 98 11.5 82.1 2.6

GladiusA AH 95 96 100 95 101 97 11.7 81.5 2.3

GrenadeCL PlusA AH 95 96 101 95 99 94 11.2 81.8 1.9

KordCL PlusA AH 94 94 99 95 94 104 11.6 81.4 2.7

MaceA AH 104 98 112 109 107 105 10.8 82.5 2.0

PhantomA AH 99 93 94 98 100 91 11.4 81.2 2.5

ScoutA AH 101 94 99 105 104 98 11.2 83.3 2.2

ShieldA AH 96 95 100 101 105 104 11.3 80.9 3.3

WallupA AH   93 99 96    

YitpiA AH 92 92 92 95 100 94 11.9 81.8 2.6

CorackA APW 109 96 112 110 112 109 10.8 82.6 1.7

EspadaA APW 100 97 102 98 99 97 11.9 80.3 2.3

EstocA APW 98 92 101 98 102 99 11.9 84.0 1.9

HarperA APW 96  101 99 101 97   

JusticaCL PlusA APW 93 91 99 93 97 95 11.8 80.2 1.6

TrojanA APW 105 113 109 109 106 111 11.1 83.3 2.0

WyalkatchemA APW 102 91 104 103 106 95 11.4 82.1 1.3

Barham ASFT    94 98    

ImpalaA ASFT   94 93 94    

OrionA ASFT    92 94    

Region mean (t/ha)  3.47 2.18 4.37 3.95 2.66 2.69 11.4 81.9 2.3

Trial number  3 5 3 4 4 4 23 23 23

CaparoiA durum   95 98   13.3 82.39 1.6

DBA-AuroraA durum   100 101   12.9 79.73 2.7

HypernoA durum   92 98   13.4 79.90 6.2

SaintlyA durum   101 107   12.6 81.60 2.9

Tamaroi durum   93 100   13.4 80.89 2.7

TjilkuriA durum   101 98   12.9 79.53 4.1

WID802A durum   112 97   12.4 78.91 4.8

YawaA durum   109 99   12.9 79.41 9.0

Site mean t/ha    3.61 3.89   13.0 80.32 3.9

Trial number    3 3   6 6 6
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Durum wheat
Across the six central region durum NVT sites, 
average site yields were 3.75 t/ha, and 1.5 to 17.5 
per cent below the bread wheat site averages in the 
Mid North and Yorke Peninsula sites respectively.  

SaintlyA and WI802A produced the highest average 
yields in the Mid North and Yorke Peninsula trials 
respectively, but YawaA joined these varieties with 
equal highest yields when averaged across all sites. 
The newly released variety, DBA AuroraA, averaged 
four per cent lower yield resulting from lower 
performances at the two highest yielding sites, 
Turretfield and Paskeville. 

With variety rankings clearly impacted by the 
dry spring conditions, quality was also affected. 
All six trials and all varieties exceeded minimum 
test weight specification but two sites failed to 
make DR1 for protein but did classify as DR2. As 
expected, the highest yielding varieties were graded 
DR2 at sites with average protein around 13 per 
cent. Discrimination of varieties for screenings was 
again good, given the dry spring test, but only the 
Wokurna site produced average screenings above 
the five percent DR1 limit. The new variety YawaA 
continues to produce highest screenings and failed 
to meet DR1 at any site, while the newest variety, 
DBA AuroraA, produced low average screenings 
similar to Tamaroi and made DR1 at all sites. Only 
CaparoiA and DBA AuroraA made DR1 based on 
screenings at all sites and CaparoiA produced the 
most consistent high quality grain, meeting DR1 
standards based on protein and screenings at most 
sites. The average receival quality data across all 
sites is presented in Table 1.

Comments on selected newer 
wheat varieties 
Note. Quality classification based on maximum 
eligibility for South Australian grades; disease 
ratings may change with revisions due in coming 
weeks.

CorackA

CorackA is an early maturing, APW quality wheat. 
It has CCN resistance and good yellow leaf spot 

resistance, but is moderately susceptible to leaf and 
stripe rust and very susceptible to powdery mildew. 
CorackA shows high yield potential, particularly in 
low to medium rainfall situations, with good grain 
quality although susceptible to black point. Seed 
from AGT; conditional seed sharing allowed.

Emu RockA

Emu RockA is an early maturing, AH quality variety. 
It has large grain, is susceptible to CCN but has 
moderate resistance to stem and stripe rust and 
yellow leaf spot, but is MSS to leaf rust. Emu RockA 
shows high yield potential, particularly in low to 
medium rainfall situations. Seed from Intergrain; 
conditional seed sharing allowed.

EstocA

EstocA is a mid to late maturing, moderate 
yielding, APW quality wheat. EstocA is moderately 
resistant to CCN, SVS to P. thornei, with good 
levels of resistance to all rusts, low yellow leaf spot 
resistance and good physical grain quality and 
sprouting tolerance. Seed from AGT; conditional 
seed sharing allowed.

GrenadeCL PlusA

GrenadeA is an imidazolinone herbicide tolerant 
replacement for JusticaCLPLUSA. It is early to mid 
season flowering with moderate resistance to CCN, 
useful rust resistance and susceptible to yellow leaf 
spot. It has improved test weight and sprouting 
tolerance over JusticaA and an AH classification. 
Seed from AGT.

Longreach CobraA

CobraA is an early maturing, AH quality variety with 
high yield potential, particularly in medium to high 
rainfall districts. CobraA has good resistance to 
yellow leaf spot and stem and leaf rust but is rated 
MSS to stripe rust and MRMS to CCN. CobraA has 
good grain size and moderate test weight and is 
moderately susceptible to pre-harvest sprouting. 
Seed from Pacific Seeds.

Longreach PhantomA 

PhantomA is a mid to late flowering, AH quality 
variety with some resistance to CCN (MRMS), 
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good resistance to powdery mildew and all rusts 
but rated SVS to yellow leaf spot and shows mid-
season  ‘yellowing’ similar to YitpiA. Phantom has 
good black point tolerance and boron tolerance and 
moderate screenings and test weight. Seed from 
Pacific Seeds.

Longreach TrojanA

TrojanA is a mid to late maturing APW quality variety 
with high yield potential, particularly in medium to 
high rainfall districts. It is moderately susceptible 
to CCN, moderately resistance to all rusts and is 
MSS to yellow spot. TrojanA has moderate boron 
tolerance and grain is large with low screenings and 
high test weight and good black point resistance. 
Seed from Pacific Seeds.

Longreach ScoutA

ScoutA is a mid-season flowering, AH quality variety 
with high yield potential, particularly in medium 
to high rainfall districts. It has good resistance to 
CCN, stem and leaf rust and powdery mildew but 
is moderately susceptible to stripe rust and SVS to 
yellow leaf spot. ScoutA has good physical grain 
quality and sprouting tolerance but is susceptible to 
black point. Seed from Pacific Seeds; conditional 
seed sharing allowed.

MaceA 

MaceA is an early flowering, broadly adapted AH 
variety with high yield potential. MaceA has good 
resistance to stem rust, leaf rust, CCN and yellow 
leaf spot but is rated SVS to stripe rust and if 
grown, must be carefully monitored and is best 
avoided in districts prone to stripe rust unless a 
fungicide regime is in place. MaceA has good grain 
quality albeit shows low protein and is suitable 
for wheat on wheat application. Seed from AGT; 
conditional seed sharing allowed.

ShieldA

ShieldA is an early to mid-season flowering, 
moderate yielding AH milling wheat. ShieldA has 
some resistance to CCN, MRMS, good resistance 
to all rusts and powdery mildew and rated MSS to 
yellow spot. ShieldA has moderate test weight and 
plumpness and a low sprouting risk. Seed available 
from AGT.

WallupA

WallupA is an early to mid season flowering AH 
quality wheat with moderate yield more suited to 
medium to higher rainfall environments. WallupA has 
CCN resistance, acceptable stem, stripe and leaf 
rust resistance, moderate (MSS) levels of yellow leaf 
spot resistance and good black point resistance. 
It has useful resistance to root lesion nematodes. 
Seed available through AGT; conditional seed 
sharing allowed.

New main season varieties

HarperA (IGW3170)

HarperA is a mid to late season, APW quality wheat, 
developed by Intergrain and derived from YitpiA 
and StyletA. It is rated MRMS to CCN and MS to 
all three rusts. Harper has good resistance to black 
point and some Bo tolerance but is susceptible to 
YLS. Harper has good physical grain quality and 
similar sprouting and black point tolerance to YitpiA. 
Seed from Intergrain.

RAC1843 (pending release)

An imidazolinone tolerant alternative to AxeA for late 
sowing, marginal rainfall districts and brome and 
barley grass control. It is slightly earlier flowering 
than AxeA, has excellent rust resistance and CCN 
resistance, but yellow leaf spot and sprouting 
susceptibility like AxeA. Release for 2015 is pending 
final classification prior to seeding. 

CosmickA (IGW3423)

CosmickA is a broadly adapted early to mid 
season flowering, AH quality wheat. CosmickA 
has good resistance to stem rust and yellow leaf 
spot but is moderately susceptible to stripe rust 
and susceptible to leaf rust and CCN. CosmickA 
has had limited evaluation, two years, in South 
Australian NVTs. Seed from Intergrain affiliates in 
2015.

New high rainfall zone wheats

KioraA (VX2485)

KioraA is an alternative to Bolac for higher rainfall 
districts with AH quality, mid to late maturity and 
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excellent rust resistance, but susceptibility to CCN 
and black point. Seed from AGT affiliates in 2015.

SF AdagioA

AdagioA is a red grained feed wheat released from 
Seed Force Broadacre. It has long season maturity, 
four days earlier than RevenueA, good resistance 
to BYDV and provisionally good leaf and stripe rust 
resistance. Seed from AGF seeds.

SF SenerioA

SenerioA is a red grained feed wheat released 
from Seed Force Broadacre. SenerioA has similar 
maturity to Frelon and seen as an alternative 
to Frelon, RuddA and Amarok. It is moderately 
susceptible to stem rust and MR to stripe rust. 
Seed from AGF Seeds.

ManningA

ManningA is a white grained feed quality, late 
flowering, long season, dual purpose wheat 
developed by Ausgrainz. It has shown very high 
yield potential in South East South Australian NVTs, 
with BYDV resistance and good resistance to all 
rusts albeit rated MRMS to stripe rust. Seed from 
Grainsearch.

Durum wheats

DBA AuroraA

Released from the University of Adelaide in 2014 
with seed available from the Durum Growers 
Association, AuroraA has high yield combined with 
improved grain plumpness compared to YawaA and 
WID802A. It has shown good early vigour and weed 
competitiveness and an excellent disease resistance 
profile.

YawaA

YawaA was released from the University of Adelaide 
with a similar maturity, adaptation and disease 
resistance profile to TamaroiA, but offering very high 
yields albeit with generally small grain size and high 
screening potential under stress conditions. YawaA 
has excellent semolina colour.

WID802A

WID802A is more targeted to the South East of 
South Australia, Tatiara districts, and has a similar 
maturity, adaptation and disease resistance profile 
to Tamaroiv, but offers high yields, albeit with 
sometimes small grain size. 

Soft wheat

Longreach ImpalaA

ImpalaA is an early to midseason soft biscuit, 
ASFT, wheat targeted to eastern Australia. ImpalaA 
has mid season maturity, is susceptible to CCN, 
has good stem and stripe rust resistance, but is 
susceptible to leaf rust. ImpalaA produces large 
grain with improved test weight over BowieA, low 
screenings losses, and is MRMS to black point. 
Seed is available through Pacific Seeds.

Wheat variety tolerance  
to herbicide
David Brunton

Project Officer, SARDI, Waite Campus

Experiments to investigate the tolerance of crop 
varieties to herbicides are conducted by state 
agencies throughout Australia, supported by 
funding from GRDC. Details and results of the 
studies can be found in state publications and also 
on the NVT web site www.nvtonline.com.au.

In these experiments, a wide range of herbicides 
and tank mixes are applied pre and post sowing, 
crop dependent, at label recommended and twice 
recommended rates across each variety under 
weed free conditions. The treatment rates provide 
an estimate of the varietal tolerance and safety 
margin likely through any differences in varietal 
response between an untreated control and the two 
rates applied.

Comments and summary tables on varietal 
tolerance are generally based on data gained from 
two or more season’s experimental results as year 
to year variation can be great.
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A number of recently released wheat varieties were 
screened in preliminary evaluation trials at Mallala 
during 2013. These varieties included MaceA, 
ShieldA, GrenadeCL PlusA, TrojanA, LancerA, DartA 
and HarperA. Of the herbicides used, Achieve® 
(tralkoxydim) was found to be the most damaging 
with four of the above mentioned varieties incurring 
significant yield reductions. As preliminary screening 
involves the use of double the recommended rates 
of herbicide, GrenadeCL PlusA, HarperA, TrojanA and 
ShieldA have all registered narrow safety margins 
for the application of Achieve® and were further 
evaluated in 2014, results yet to be analysed. 

Ally® (metsulfuron) + MCPA also caused severe 
biomass reductions following application in 
2013, but most varieties recovered avoiding 
any impact on grain yield apart from DartA and 
ShieldA. ShieldA was also found to be sensitive to 
Hussar® (iodosulfuron). Again, further studies were 
undertaken in 2014 to identify the extent of this 
sensitivity to sulfonylurea herbicides.

In the advanced evaluation trials conducted at 
Kybunga in 2013, a number of varieties were tested 
for their tolerance to dicamba after incurring yield 
losses in preliminary studies during 2012. PhantomA 
was found to be sensitive to dicamba, suffering a 
nine per cent yield loss at the label recommended 
rate of 200 g/ha. JusticaCLPlusA and KordCLPlusA 
continued to show mild sensitivity to dicamba with 
substantial yield losses at double label rates of 
400 g/ha. Emu RockA was tested with Sakura® 
(pyroxasulfone) during 2013 after indicating some 
sensitivity to the herbicide in 2012. This sensitivity 
was confirmed as Emu RockA was found to incur  
a five per cent yield loss at the label rate of  
118 g/ha. This interaction was again tested in 2014 
with results yet to be analysed. For all responses of 
other current wheat varieties refer to the long-term 
summaries found on the NVT website  
www.nvtonline.com.au.
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2015 barley variety update
Jason Eglinton1 and Rob Wheeler2,
1 Barley Program Leader, School of Agriculture, Food & Wine, University of Adelaide,  
2 Leader, New Variety Agronomy, SARDI, Waite Campus

The 2014 season
The area sown to barley in South Australia in 
2014/15 is estimated at 870,000 hectares, which 
is quite consistent with the area sown over the 
past five years but down on the longer term history 
(Figure 1). Total barley production is predicted to be 
1.88 MMT at a state wide grain yield of 2.17 t/ha 
compared to 1.93 t/ha for wheat. This represents 
a 13 per cent reduction in average grain yield 
compared to the 2.47 t/ha achieved for barley  
in 2013. 

Early sowing opportunities in almost all districts 
except the south east, good early season rainfall, 
and a warmer than average winter temperatures 

set up high yield potential. While conditions were 
favourable for foliar diseases the level of infection 
was not generally high. Scald was not common, 
and spot form of net blotch was often observed on 
HindmarshA, BulokeA and ScopeA crops in Mallee 
environments but not to the extreme levels seen in 
2013. Leaf rust infection occurred quite late in most 
districts and if it was not controlled by fungicides 
then crop damage was generally limited by the early 
finish to the season. Powdery mildew infection in 
barley continued to be rare in contrast to grower 
experience in Western Australia and is the reward 
for South Australian farmer’s use of effective seed 
treatments and resistant varieties. 

For the fourth year loose smut appeared in a 
significant number of Hindmarsh crops and in most 
cases some form of seed treatment was used. 
Testing by SARDI Field Crops Pathology shows 
Vitavax 200FF and the new SDHI products provide 
the most complete control. Net form of net blotch 
was seen in prone environments including the Mid 
North, Northern Yorke Peninsula and Upper Eyre 
Peninsula, but fungicide control was generally 
effective. Within National Variety Trials (NVT), 
disease was effectively controlled with the exception 
of net form of net blotch in MaritimeA at Minnipa. 
Despite multiple fungicide applications Maritime 
had severe infection by flowering and although 
grain yield was broadly in line with expectation, 
screenings increased to over 15 per cent and this is 
a reminder of the difficulty in controlling net form of 
net blotch in very susceptible varieties.

Keywords
barley, new variety performance, National 
Variety Trials, variety adoption.  

Take home messages
• Barley holds up well against frost and a 

dry spring.

• CompassA, FathomA, La TrobeA and 
HindmarshA lead yield results.

• MaritimeA and CompassA lead grain  
size results. 
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Widespread and severe frost events during spring 
caused damage in many districts. Barley is more 
frost tolerant than other crop options and damage 
was generally limited to areas where extreme low 
temperatures occurred. While all barley varieties 
are more tolerant than wheat, there is economically 
important variation between varieties. As part  
of the GRDC supported Frost Initiative, commercial 
barley and wheat varieties have been benchmarked 
for their reaction to frost at flowering by the 
University of Adelaide and DAFWA. The ratings  
for frost tolerance have been developed following 
three years of field trials at three locations and  
are now available from the NVT website  
(www.nvtonline.com.au).

2014 NVT results
Seeding dates ranged from 8th May at Paruna and 
Darke Peak to 17th June at Bordertown, however 
most trials were sown in the third week of May. 
All trials returned statistically acceptable results 
although there were no significant differences in 

grain yield between varieties for the Cummins 
trial. This unusual result was likely influenced by 
prolonged waterlogging during winter and caution 
should be taken in interpreting results from the trial. 

Site mean yield ranged from 1.95 t/ha at Lameroo 
to 5.6 t/ha at Turretfield with an average across the 
state of 3.68 t/ha compared to 3.70 t/ha in 2013 
and 3.34 t/ha in 2012. However the similarity in 
state grain yield between 2013 and 2014 masks 
some major differences in regional conditions. 
Compared to 2013, Upper Eyre Peninsula averaged 
0.2 t/ha higher, Lower Eyre Peninsula 0.4 t/ha lower, 
Yorke Peninsula was the same, the Mid North 1.2 
t/ha higher, the Murray Mallee was the same, and 
the South East a dramatic 2.5 t/ha lower than the 
previous year. 

A total of 42 barley varieties and advanced breeding 
lines were evaluated in the 2014 South Australian 
NVT trial series. 

The relative performance of named varieties in the 
2014 NVT is summarised in Table 1. The grain yield 

Figure 1. ABARES values for South Australian barley production in metric tonnes (solid line) 
and hectares sown (dashed line).
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Table 1. Mean grain yield for named varieties in 2014 NVT as a function of the district mean is 
shown for each region. The two highest yield values in each region are highlighted in bold and 
underlined.

 Upper Eyre  Lower Eyre Yorke Mid Murray South
 Peninsula Peninsula Peninsula North Mallee East

FEED      

Barque 92 - 96 94 93 -

FathomA 108 103 108 106 104 110

FleetA 101 101 106 101 96 107

Keel 107 104 105 102 109 111

MaritimeA 92 98 98 95 80 95

Oxford 85 94 93 96 88 80

MALTING / FOOD*      

BassA 92 100 97 102 90 95

BulokeA 93 101 99 98 94 103

ChargerA   103 100  98

CommanderA 98 102 103 101 89 103

FlagshipA 90 93 90 93 98 94

Gairdner  92 90 91 - 96

GrangeRA 91 96 98 102 89 94

HindmarshA* 108 110 104 109 104 115

NavigatorA     - 88

Schooner 82 89 91 93 83 93

ScopeA 89 99 98 96 95 104

WestminsterA - 84 90 88 - 88

WimmeraA - - 95 93 - 93

UNDERGOING ACCREDITATION      

Alestar 96 98 99 94 93 -

CompassA 113 111 111 105 123 116

FlindersA 86 90 92 96 92 90

LaTrobeA 110 109 106 109 110 112

MacquarieA - 87 91 87 - 93

Maltstar 100 97 97 95 - -

SkipperA 105 104 105 104 115 -

SY RattlerA -   101 - 95

Trial Number 4 3 5 3 3 2

Regional Mean (t/ha) 3.18 3.73 4.31 4.95 2.42 3.07
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Table 2. Mean grainsize (% retained above 2.5mm screen) for named varieties in 2014 NVT 
is shown for each region. The two highest values in each region are highlighted in bold and 
underlined.

 Upper Eyre  Lower Eyre Yorke Mid Murray South
 Peninsula Peninsula Peninsula North Mallee East

FEED      

Barque 68 - 78 69 73 -

FathomA 76 82 84 77 84 67

FleetA 71 74 81 72 77 70

Keel 67 68 82 70 80 68

MaritimeA 84 89 90 84 93 79

Oxford 53 62 53 43 61 33

MALTING / FOOD*      

BassA 79 88 84 76 86 51

BulokeA 58 70 66 59 61 47

ChargerA - - 67 59 - 36

CommanderA 70 73 76 70 83 66

FlagshipA 57 67 68 61 63 43

Gairdner - 65 58 48 - 47

GrangeRA 73 79 80 72 73 41

HindmarshA* 65 69 79 72 74 54

NavigatorA - - - - - 59

Schooner 70 78 73 78 68 60

ScopeA 56 77 70 65 68 55

WestminsterA - 78 78 63 - 61

WimmeraA - - 72 56 - 53

UNDERGOING ACCREDITATION      

Alestar 75 76 76 56 - -

CompassA 82 79 87 82 89 64

FlindersA 67 80 72 66 64 48

LaTrobeA 68 70 80 69 79 64

MacquarieA - 62 50 38 - 48

Maltstar 46 60 49 33 - -

SkipperA 71 78 87 82 86 -

SY RattlerA - - - 62 - 31 

Regional Mean  67 73 74 66 75 53
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for each variety is expressed as a percentage of 
the regional mean yield. The results are generally 
consistent with 2013, with later maturing varieties 
less competitive under the dry spring conditions. 
Even at the locations with grain yield greater than 
5 t/ha (Salters Springs, Bute and Turretfield) the 
later maturing varieties such as FlindersA, Gairdner, 
Oxford, WestminsterA and WimmeraA were lower 
yielding than the leading early and mid-maturity 
varieties.

The top four varieties for grain yield were 
CompassA, HindmarshA, LaTrobeA and FathomA, 
which have all established strong track records for 
yield potential and yield stability in South Australia. 
CommanderA remains the best performing of 
the established malting varieties, and along with 
BulokeA, will continue to offer the widest marketing 
opportunities because of established domestic and 
international demand. However both varieties are 
around 10 per cent below the leading grain yield 
results and are expected to be replaced over the 
next few years.

Considering the 2014 seasonal conditions, the 
physical grain quality from NVTs was excellent. 
Grain protein averaged 11.95 per cent across the 
state and ranged from 10.2 per cent at Salters 
Springs to 13.6 per cent at Minnipa. CompassA 
was within the 9-12 per cent range at 18 of the 20 
sites while the much lower yielding variety Schooner 
was within malting specification for protein at only 5 
trial locations. Test weight values were high with the 
mean value from each trial exceeding the 65 kg/hl 
limit for Malt1 grade. CommanderA and CompassA 
averaged more than 68.5 kg/hl across the 20 trials 
while BassA, FlagshipA, LaTrobeA and Schooner 
averaged more than 71 kg/hl. 

The dry spring conditions and generally high yield 
potential did generate significant pressure on grain 
size although this was not particularly evident in 
screenings. Across the NVT series screenings 
averaged 7.3 per cent and this was elevated 
by modest performances by some varieties 
such as Gairdner, MacquarieA, Maltstar and SY 
RattlerA, and results from Crystal Brook, Keith 
and Minnipa which averaged greater than 20 per 
cent screenings. The top varieties for grain yield 

achieved Feed1 screenings at high frequency with 
HindmarshA exceeding the 10 per cent limit at only 
three locations, FathomA and LaTrobeA at only two 
locations, and CompassA only at Keith.

Retention values provided significant discrimination 
between varieties in 2014 and this was also a key 
factor for commercial downgrades from Malt1. The 
mean grain plumpness (per cent retained above 
2.5mm screen) for each region is shown in Table 
2. Average values for individual trials range from 90 
per cent for Arthurton down to just 39 per cent at 
Crystal Brook. Gairdner achieved the 70 per cent 
retention limit for Malt1 in just 2 of the 13 trials it 
was tested, while CommanderA and CompassA 
achieved the grade at 13 of the 20 trial locations. 
BassA and SkipperA continued their good record 
for plump grain, and CompassA returned the 
highest values among the established and potential 
malting varieties. MaritimeA issued a reminder of 
its benchmark grain size stability achieving the 
retention limit in 17 of the 20 trials, demonstrating 
further breeding gains in malting barley are possible.   
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An agricultural consultant’s 
role in business 
continuance
Judy Wilkinson,
Maro Creek & Wilkinson.

Introduction
I consider that a majority of advisers especially 
agronomists ‘work at the coal face’,  in that they 
see clients regularly and are often in situations 
where they understand what is going on in a 
business and a family.  

For example:
• The see who is communicating with whom.
• Recognise or witness discontent.
• Realise who are not engaging.
• Understand the mental health of those involved.
• Know who is driving the business.
• Understand who is hindering the business.

Recognising what is happening in a business and 
seeing what actions may have negative impacts, 
can provide an opportunity to make some changes. 
Sometimes people exterior to the business itself 
may have a better insight and understanding of this 
and be in a position to raise others’ awareness.

Advisers may be in a position to influence the 
situation.  They could ask questions about 
the situation, make some suggestions or 
recommendations and encourage people to do 
some discussion and planning around the future of 
their business.

In a farming year, there can be times where 
discussion may be around rotation and cropping 
plans and these could be an opportunity for 
consultants to ask questions about the long term 
plans, not only for the farming practices but also 
about the future of the business.

This may prove to be beneficial to the business you 
are working with, and also to your own business, 
ascertaining the future of the client as a future 
customer.  It may also be the trigger that gives  
you an opportunity to think about the succession 
of your own business (dependent on your age or 
future plans).

Some consultants may feel a reservation or 
hesitation about discussing succession with  
their clients, fearful of upsetting or making the 
situation worse.   

Keywords
communication, succession, support, 
business, family, business continuance. 

Take home messages
• If you remain neutral and refrain from 

making judgment or offering advice, it is 
likely that you will leave people in a better 
place than you found them.

• One person – one crucial conversation – 
one at a time.
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It may be useful when engaging in  
discussion to:  

• State up front that it is not your area of expertise.

• Have some people/contacts you can recommend 
who can help.

• Listen without trying to find a solution.

• Remain neutral in the situation (do not take sides).

• Encourage conversations with other 
professionals. 

If you remain neutral and refrain from making 
judgment or offering advice, it is unlikely that you will 
leave people in a worse place than you found them 
(this can often be a real concern about getting into 
something you are unsure about). 

There are key times when families need to think and 
talk about succession, i.e. entry (births, marriages, 
and children returning to work) and exits (death, 
divorce, discontent and disasters).

The role we can play in family farming businesses 
by being the conduit for crucial conversations can 
have positive long term effects, helping to make 
businesses stronger and more productive.

What is a crucial conversation? 

A crucial conversation has one or more of the 
following characteristics:

• Opinions vary.

• Stakes are high.

• Emotions run high.

• Important to find a solution, resolution or an 
agreed outcome.

We often find excuses not to have these 
conversations.

Mastering crucial conversations
Things we can try:

• Dialogue – free flow of meaning between two or 
more people. 

• Listen.

• Share the air. 

• Never make a personal attack.

• Check assumptions.

• What is the real issue? 

• How can it be dealt with? 

• Offer encouragement and kindness.

• Practice tolerance. 

• When you blow it admit it?

• Don’t expect perfection, aim for progress.

Conclusion
As agriculture professionals we can help those 
businesses we work with to master their high stake 
discussions and strengthen business and family. 

One person – one crucial conversation  
– one at a time.

Contact details
Judy Wilkinson
PO Box 121, Snowtown, SA, 5520
0401 122 049
judy@marocreek.com
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Initial findings from 
launching an unmanned 
aerial vehicle (UAV) 
business in agriculture
Martin Peters,
FarmingIT.

Introduction
Many new technologies are presented at 
conferences every year.  Most are fantastic 
innovations, but practical limitations of cost, speed 
and interpretation make many of them doomed to 
failure before they really get started.  

The classic example with soil sensors has to be 
the EM38.  We are constantly seeing new sensors, 

capable of directly measuring a whole host of soil 
chemical and physical properties, but the sensor 
of choice is still predominantly the EM38.  Why?  
Because it is rapid, reliable and effective; with the 
rapid and reliable feature being the reason it is still 
popular after around 20 years use in agriculture.

Our business has always been about supplying 
the latest technology to farmers and growers, in an 
easy to handle, appropriate format.  We look for 
new technologies that we feel will give the grower 
a genuine advantage in management of their crop, 
and then set about delivering it in a way that will 
make it easy to use.

Much like EM38, NDVI images are not new. I first 
had NDVI images taken of my trial sites in the UK in 
1998.  In those days the choice was low resolution 
satellite images, or very expensive cameras 
attached to aircraft.

Options for satellite imagery have improved greatly, 
but fundamental problems make it less than ideal 
for many applications. Issues include:
• Minimum capture area (making small areas  

very expensive)
• Low resolution
• Cloud cover
• Delivery time

Keywords
unmanned aerial vehicle, UAV, drones,  
NDVI images. 

Take home messages
• Our business has always been about 

supplying the latest technology to 
farmers and growers, in an easy to 
handle, appropriate format.  

• We look for new technologies that 
we feel will give the grower a genuine 
advantage in management of their crop, 
and then set about delivering it in a way 
that will make it easy to use.
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Unmanned aerial vehicles (UAVs), or ‘drones’ are 
the current big thing.  They are in the news almost 
daily; often for all the wrong reasons.  Clearly  
they have a role to play in agriculture and we are 
only just starting to touch on them as a useful, 
practical and accessible option for all kinds of 
agricultural purposes.

Factors affecting uptake of UAV based sensing 
technologies in agriculture have been broadly those 
of licencing, ruggedness and user-friendliness.  This 
presentation will explain how each of these factors 
has been addressed by FarmingIT.

Training and licensing has been a big part of the 
investment, this presentation will touch on the key 
requirements that CASA place on prospective  
UAV operators.

Our main use for this technology will be twofold.  
Creating high resolution crop imagery, and creating 
detailed digital elevation models (DEMs) to aid in 
water management, such as paddock drainage.

This presentation will show some of the imagery 
we have collected this growing season, and also 
demonstrate some of the advanced information we 
are able to pull from these images.

Contact details
Martin Peters
FarmingIT, PO Box 90, Meredith VIC 3333
03 5286 1112
martin@farmingit.com.au
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Legume effects on soil N 
dynamics - comparisons of 
crop response to legume 
and fertiliser N 
Mark Peoples1, Tony Swan1, Laura Goward1, James Hunt1, Guangdi Li2, Rob Harris3, 
De-Anne Ferrier4, Claire Browne4, Simon Craig4, Harm van Rees5, James Mwendwa6, 
Tony Pratt7, Felicity Turner8, Trent Potter9, Allison Glover10 and Jon Midwood11, 
1CSIRO Agriculture Flagship, Canberra ACT; 2NSW DPI, Wagga Wagga, NSW; 3DEPI Vic, Hamilton, 
Vic; 4Birchip Cropping Group, Birchip, Vic; 5CropFacts, Bendigo, Vic; 6Central West Farming 
Systems, Condobolin, NSW; 7FarmLink, Temora, NSW; 8MacKillop Farm Management Group, 
Naracoorte, SA; 9Yeruga Crop Research, Naracoorte, SA; 10Riverine Plains Inc, Yarrawonga, Vic; 
11Southern Farming Systems, Inverleigh, Vic. 

GRDC project code:   CSP000146

Keywords
pulses, canola, wheat, nitrogen, fertiliser.   

Take home messages
• The choice of legume species and 

management was found to influence 
the amount of nitrogen (N) fixed by both 
crop and pasture legumes by affecting 
either legume reliance upon N2 fixation 
for growth or changes in dry matter (DM) 
accumulation. On average 19 kg of N 
is fixed per tonne of shoot dry matter 
produced by pulse crops.

• The amount of N fixed by field peas tends 
to be lower than either lupin or faba bean.

• Medium to high soil mineral N 
concentrations at sowing (>50 kg mineral 
N/ha) appeared to suppress N2 fixation by 
field pea more than lupins or faba beans.  

• Pulse legumes grown for grain generally 
result in lower net inputs of fixed N than 
either brown manured or forage legumes 
because large amounts of N are removed 
at grain harvest.  

• Available soil N following either legume 
crops or pastures can represent an 
additional 40 to 90 kg N/ha in the 1st year 
and 20 to 35 kg N/ha for the 2nd year 
relative to continuous cereal sequences. 
This additional mineral N represented  
7-11 kg N per tonne of pulse residue DM, or 
15 kg N per tonne legume DM grown in  
a pasture.

• The increased N uptake by the 1st wheat 
crop grown after legumes was equivalent 
to 27-40% of N in the previous year’s 
legume residues. In comparison, 47-59% of 
fertiliser N was recovered by wheat when it 
was applied at stem elongation just prior to 
a period of high crop demand for N.  
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Introduction
This paper reports results from previous research 
and some recent findings from a GRDC-funded 
project (CSP00146) where inputs of fixed N2 by 
different legumes have been routinely measured 
during experimentation and the nitrogen (N) 
dynamics of following wheat crops relying upon 
legume and/or fertiliser N have been assessed. The 
project examines the effect of legumes or canola 
break crops on subsequent cereal productivity 
in cereal-dominated cropping systems through 
participatory research, in partnership with leading 
grower groups and agribusiness consultants from 
NSW, Victoria and SA. 

Legume inputs of fixed N
The amounts of N2 fixed by legumes are regulated 
by two factors: (i) the amount of legume N 
accumulated over the growing season (as 

determined by shoot dry matter (DM) production 
and %N content), and (ii) the proportion of the 
legume N derived from atmospheric N2 (often 
abbreviated as %Ndfa).

Amount of legume shoot N fixed = (legume shoot 
DM x %N/100) x (%Ndfa/100)

Comparisons of different legumes 

Several project studies have demonstrated the 
impact of crop species and management on 
inputs of fixed N. This was exemplified recently by 
the SFS ‘Pulse Challenge’ competition where 21 
farmer, agribusiness and researcher teams grew 
either field pea, lupin or faba bean at Lake Bolac 
or Inverleigh, Vic in 2011. When the three pulses 
were compared side-by-side, field pea fixed less 
N per tonne shoot dry matter (DM) production 
than either lupin or faba bean (Fig. 1a). Field pea’s 
lower reliance upon N2 fixation for growth (%Ndfa) 
suggested that it was more sensitive to soil nitrate 

(a) 

(b) 

(c) 

(d) 

Figure 1. Estimates of (a) the amounts of shoot N fixed per tonne of above-ground dry matter 
(DM) by faba bean, lupin or field pea grown at Inverleigh and Lake Bolac, Vic in 2011, and (b) 
the percentage of legume N derived from the atmosphere (%Ndfa) for each pulse species and 
location. The relationship between the amount of shoot N fixed and pulse shoot DM depicted 
in (c) and (d) represented 19.4 kg N per tonne DM accumulated across all crops (R2 = 0.85). 
Bars indicate standard deviation.
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at sowing than the other crops (40 and 84 kg N/
ha at Inverleigh and Lake Bolac at 0-100 cm, 
respectively; Fig. 1b). The N2 fixation data collated 
across all 21 crops indicated a strong relationship 
between the amounts of shoot N fixed (ranged from 
1-163 kg N/ha) and shoot DM (0.04 t DM/ha where 
grass weeds were not controlled to 7.2 t DM/ha) 
and on average 19 kg shoot N was fixed per tonne 
shoot DM accumulated (Fig. 1c and d). Similar 
relationships were observed in trials undertaken 
in association with MFMG in SA and FarmLink in 
southern NSW, and have been reported previously 
across a range of environments and legume species 
(see also Peoples et al. 2009; Unkovich et al. 2010). 

N2 fixation by commercial pulse crops 

A total of 35 commercial pulse crops have been 
sampled in famers’ paddocks for determinations 

of N2 fixation in southern and central NSW, the 
Victorian Mallee and Wimmera, and the high-
rainfall zone of south-eastern SA between 2001 
and 2013. Amounts of shoot N fixed ranged from 
12-180 kg N/ha (median 61 kg N/ha and 16 kg N/t 
DM) and %Ndfa from 8-87% (median 68%, Table 
1). On-farm measures of %Ndfa were <50% N in 
nine of 35 crops, with <10 kg shoot N being fixed 
per tonne of shoot DM in seven of those crops. 
In some instances low inputs of fixed N could be 
related to direct effects of drought on growth, or 
high concentrations of soil nitrate where a period 
of drought was followed by a wet summer-autumn. 
In other situations this seemed to be related to 
routinely sowing legumes without inoculation, or 
the early termination of legume crops in mid-spring 
either by cutting for hay or sprayed with knock-
down herbicides for weed control and to provide N 
benefits for subsequent crops (ie brown manuring).

Table 1. The range of measures of shoot dry matter (DM) production and estimates of N2 fixation 
for 35 commercial pulse crops sampled in farmers’ fields between 2001 and 2013. Mean values 
for each parameter and crop species are shown in brackets.

  Shoot DM Shoot N fixed
Legume Number of crops
  (t DM/ha) (%Ndfa) (kg N/ha) (kg N/t DM)

Faba bean 5 7.2-8.4 68-89 117-152 16-18

  [7.6] [74] [135] [17]

Lupin 11 0.9-10.2 20-82 20-150 9-21

  [5.5] [59] [74] [15]

Vetch 3 4.2-6.3 54-84 53-135 13-22

  [5.1] [69] [89] [17]

Lentil 3 2.0-5.3 17-82 20-104 4-20

  [4.0] [50] [51] [13]

Field pea 7 2.3-5.9 8-85 12-87 2-20

  [3.9] [53] [45] [14]

Chickpea 6 0.8-5.2 24-87 13-66 7-17

  [2.9] [67] [34] [13]

Median all crops   68 61 16
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Table 2. Examples of net contributions of fixed N where the total amounts of N2 fixed by different 
legumes grown for forage, brown manure (BM) or grain have been compared to estimates of the 
amounts of N removed in either hay, wool, or grain, or lost by volatilization from urine patches 
from grazed pastures (Peoples et al. 2012 and unpublished data).

  Total amounts  N removed Net input of
Location  Legume  of  N2 fixeda or lost fixed N 
  (kg N/ha) (kg N/ha) (kg N/ha)

Naracoorte, SA Subclover pasture 102 8 in wool + 24 lost +70

 Field pea for grain 125 128 in grain -3

 Faba bean for grain 180 120 in grain +60

Hopetoun, Vic  Vetch for BM 130 0 +130

 Vetch for hay 130 89 in hay +41

 Field pea for grain 125 136 in grain -11

Yarrawonga, Vic Field pea for BM 86 0 +86

 Field pea for hay 86 65 in hay +21

 Vetch for hay 141 82 in hay +59

 Arrowleaf clover hay  138 70 in hay +68

 Subclover for hay 118 68 in hay +50

 Faba bean for grain 129 105 in grain +24

 Chickpea for grain 50 60 -10

Wagga, NSW Forage legume mixb 71 8 in wool + 17 lost +63

 Vetch for forage 83 8 in wool + 23 lost +52

 Field pea for grain 65 104 in grain -39

 Lupin for grain 75 105 in grain -28

Junee, NSW Lupin for BM 246 0 +246

 Field pea for BM 114 0 +114

 Lupin for grain 310 214 in grain +96

 Chickpea for grain 141 77 in grain +65

 Lentil for grain 137 139 in grain -2

a The amounts of shoot N fixed were adjusted to include an estimate of N contributed by the nodulated 
roots as described by Unkovich et al. (2010). 

b Pasture mixture with a forage dry matter composition consisting of 41% balansa clover, 29% subclover,  
17% berseem clover, and 13% arrowleaf clover. 
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Net inputs of fixed N2 

Knowing the amounts of shoot N fixed by legumes 
is informative, but what is more important is how 
much fixed N might be contributed to the soil at the 
end of the growing season. Since the root systems 
of legumes can contain between 25% to 60% of the 
total plant N, this below-ground contribution of fixed 
N could be a substantial component of the potential 
carry-over N benefit for following crops and should 
not be ignored (Peoples et al. 2009). Since it is 
extremely difficult to fully recover root systems 
of legumes in the field, total N fixed is usually 
calculated by adjusting the shoot measures of N2 
fixation to include an estimate of how much fixed N 
might also be associated with the nodulated roots 
using a ‘root factor’ (Peoples et al. 2012; Unkovich 
et al. 2010). For many pulse legumes around one-
third of the plant N may be below-ground in roots 
and nodules; in this case a ‘root factor’ of 1.5 would 
be used.

Total N fixed = (shoot N fixed) x root factor

The net inputs of fixed N are derived by comparing 
the total amounts of N fixed to the amounts of N 
removed in harvested grain or animal products, or 
lost from the system via volatilisation of ammonia 
from urine patches where the legumes are grazed 
(Peoples et al. 2012). 

Net input of fixed N = (total amount of N fixed) – (N 
removed + N lost) 

Various studies undertaken in SA, Vic and southern 
NSW have compared inputs of fixed N by pulses 
grown for grain or brown manure (BM) and pure 
legume swards either cut for hay or used as grazed 
pasture. Data generated by experiments indicated 
that brown manured crops and forage legumes 
generally provided greater net returns of fixed N 
to soils than grain crops since large amounts of N 
were removed in the high-protein legume grain at 
harvest (Table 2). However, it is also clear from these 
data that different legume species have different 
potential for growth and N2 fixation regardless of 
their eventual end-use (Table 2).  

Impact of legumes on available 
soil N 
Crop legumes 

Although legumes exert a significant effect on 
total soil N content through biological N2 fixation 
it is often difficult to quantify significant short-
term changes because the inputs of fixed N are 
generally small relative to the large (and variable) 
background concentration of organic N in soil. By 
contrast measurements of elevated soil inorganic 
(mineral) N after legumes are very common across 
a wide range of different cropping systems. For 
example, a large data set of pre-season measures 
of soil mineral N collected from farmer paddocks 
in SA between 2002 and 2014 suggested that, 
on average, concentrations of soil mineral N after 

Table 3. Examples of autumn measures of concentrations of available soil N (0-0.6m) following 
cereals or break crops from commercial cropping paddocks located on the Yorke Peninsula, the 
mid-north and upper north of South Australia between 2002-2014a. 

 Soil mineral NPaddock use in the  Number of paddocks
previous year sampled Measured range (kg N/ha) Average (kg N/ha)

Wheat 847 8 - 200 67

Barley 267 9 - 203 56

Faba bean 99 36 - 187 97

Field pea 110 43 - 158 90

Lentil 248 26 - 245 87
a Client data courtesy of Allan Mayfield Consulting (Clare), Holmes Farm Consulting (Maitland) and McC Ag 

Consulting (Laura, SA).
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legumes can be expected to be 25-35 kg N/ha 
higher than following cereals (Table 3). 

Results from an experimental trial undertaken 
near Junee in southern NSW in 2011 (Table 4) 
indicated that soil mineral N measured just prior 
to sowing wheat in 2012 was 42 or 92 kg N/ha 
greater following lupin than after wheat or canola 
where lupin crops had been grown for either 

grain or brown manure (BM), respectively (Table 
5).  This represented the equivalent of 7-11 kg 
mineral N/ha per tonne of legume residue biomass. 
Concentrations of soil mineral N were still 18 or 34 
kg N/ha higher under the lupin grain crop-wheat 
and lupin BM-wheat sequences, respectively than 
for wheat-wheat in 2013 when another wheat crop 
was grown (Table 5).

Table 4. Dry matter (DM) accumulation, grain yield and N remaining in crop residues where either 
lupin grown for grain or brown manure (BM), wheat, or canola were sown at Junee, NSW in 2011a.

   Grain N N remaining Peak biomass  Grain yieldCrop grown in 2011   harvested  in residues (t DM/ha) (t/ha)   (kg N/ha) (kg N/ha)

Lupins BM  8.4 0 0 290

Lupins  9.9 3.5 210 188

Wheat +Nb  11.1 4.8 87 64

Canola +Nb  10.6 3.2 94 111

LSD (P<0.05) 1.3 0.5 11 22

a Growing season rainfall = 216 mm compared to long-term average of 311 mm.
b Urea fertiliser was applied to wheat @ 49 kg N/ha and canola @ 66 kg N/ha.

Table 5. Concentrations of soil mineral N (0-1.6m) measured in autumn 2012 and 2013 following 
either wheat, canola and lupin grown for grain or brown manure (BM) at Junee, NSW in 2011, and 
calculations of the apparent net mineralisation of N from lupin residues. 

  Apparent  Apparent net   Soil mineral N  Soil mineral N  mineralisation  mineralisation ofCrop grown in 2011  autumn 2013  autumn 2012  legume N   of legume N   (kg N/ha)  (kg N/ha)     (% 2011 residue)   (% 2011 residue)

Lupins BM  169 32% 167 12%

Lupins  119 22% 151 10%

Wheat  77 - 133 -

Canola  76 - 115 -

LSD (P<0.05) 35  20
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It is possible to calculate the apparent net 
mineralisation of lupin N by dividing the differences 
in soil mineral N data following the 2011 lupin and 
wheat treatments (Table 5) by the amount of N 
present in the original lupin residues at the end 
of the 2011 growing season (Table 4) – note: this 
assumes a negligible net N release from the 2011 
wheat stubble or roots and provides a conservative 
estimate of the apparent net mineralisation of the 
lupin N. 

Apparent mineralisation = 100x [(mineral N after 
legume) – (mineral N after wheat)] /(legume residue N) 

These calculations suggested that net mineralisation 
over the wet 2011/12 summer fallow (474 mm 25th 
Nov11 – March12) represented the equivalent of 
22-32% of the 2011 lupin N, or 7-11 kg mineral N 
per tonne of residue DM. A further 10-12% of the 
residue N was subsequently released during the 
2012/13 fallow period prior to sowing the 2013 
wheat crop.  

Pasture legumes
Information on the release of mineral N after 
legume-based pastures can be gleaned from data 
generated following three years of different pasture 
treatments imposed at two locations in NSW that 
differed in total average annual rainfall (550mm at 
Junee, and 430mm at Ardlethan). These data (Fig. 
2) indicated that concentrations of soil mineral N 
measured in the autumn immediately after a pasture 
were related to the cumulative amount of legume 
shoot biomass grown during the pasture phase 
(Fig. 2). In this study, an additional 15 kg mineral N/
ha (on average) was accumulated over and above 
background mineralisation of soil organic N for 
every additional tonne of legume foliage DM grown 
(Fig.2).

In systems where alternating phases of lucerne-
based pasture and grain crops are used, the 
lucerne needs to be terminated with herbicide 
or tillage prior to sowing a crop. On-farm 
experimentation also undertaken near Junee 
indicated that both the concentrations of soil 
mineral N measured when sowing the first wheat 
crop after the lucerne pasture, and the subsequent 
impact on crop N uptake and grain yield, were 
closely related to the timing of the removal of the 
lucerne prior to cropping (Table 6). In this particular 
experiment soil mineral N was increased by around 
0.75 kg N/ha for every additional day of fallowing, 
or by 0.5 kg N/ha per mm of rainfall over the fallow 
period (Angus et al. 2000).

Figure 2. Relationship between concentrations of 
mineral N in the top 1m of soil just prior to cropping 
and the total shoot dry matter (DM) accumulated 
during the previous 3 years by pasture legumes. 
Regression equation: Mineral N =  14.8 x (legume 
DM) + 130 (R2 = 0.66).

Table 6. Example of the effect of timing of removal of lucerne prior to cropping on concentrations 
of soil mineral N (0-2m) at the time of sowing wheat, the subsequent crop uptake of N and grain 
yielda.

 Sowing  Wheat shoot N  WheatTime of lucerne removal soil mineral N  at maturity grain yield(months prior to sowing)  (kg N/ha) (kg N/ha) (t/ha)

6 206 137 5.9

4 111 109 5.0

2 59 86 3.8
a  Data represent the combined results of cultivation and herbicide removal treatments (Angus et al. 2000).
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Comparisons of crop use of 
legume or fertiliser N 
Not all of the N in legume residues will be available 
immediately to crops following either a pulse 
crop or a pasture phase. The decomposition and 
mineralisation of residue N into inorganic forms are 
microbial-mediated processes with the breakdown 
of organic compounds providing the soil microbes 
with a C source for respiration and growth. 
Much of the simple organic N released is rapidly 
assimilated (immobilised) by the soil microbial 
population (Peoples et al. 2009). Mineral N for 
uptake by plants becomes available only when the 
amounts of N released from the organic residues 
exceed the microbial growth requirements (i.e. 
when gross mineralisation of N exceeds microbial 
immobilisation). This is more likely to occur with 
legume material than with cereals residues since 
legume organic matter has a higher N content and 
lower C:N ratio. Since the conversion of organic N 
into inorganic N is mediated by soil microbes, only 
a portion of the N originally present in the nodulated 
roots and legume shoot residues will become 
available for plant uptake in the short-term. 

The large differences in soil mineral N observed 
following lupin grown for grain or BM in 2011 

compared to wheat or canola top-dressed with 
fertiliser N applied at stem elongation, in the 
experiment described above in Tables 4 and 5 
resulted in major increases in wheat N uptake and 
grain protein in 2012 after both lupin crops (Table 7). 
Unfortunately the impact of the additional N supply 
via either of the lupin treatments or the top-dressed 
fertiliser N was not reflected in grain production 
as yields were just 0.4-0.6 t/ha greater than that 
achieved by wheat grown only with basal fertiliser N 
after wheat or canola (Table 7). Essentially the dry 
growing season in 2012 (168mm cf 300mm long-
term average) restricted the full benefits of  
the additional N supplied to the wheat being 
translated into grain yield. However, the design of 
the experiment was such that it was possible to 
derive estimates of the apparent recoveries of lupin 
N and top-dressed fertiliser N by wheat using the 
following equations and the lupin residue N data 
from Table 4:

Apparent recovery legume N = 100x [(wheat N after 
legume) – (wheat N after wheat)] /(legume residue 
N); and

Apparent recovery fertiliser N = 100x [(wheat 
N+49N) – (wheat N+100N)] /(51)

Table 7. Grain yield and crop N uptake by wheat in 2012 following either wheat, canola and lupin 
grown for grain or brown manure (BM) at Junee, NSW in 2011, and calculations of the apparent 
recoveries by wheat of either N from lupin residues, or top-dressed fertiliser N. 

 Sowing soil N fertiliser   Grain Grain Wheat N  Apparent NCrop grown  mineral N applied   yield protein uptake recoveryin 2011 2012  2012    (t/ha) (%) (kg N/ha) (%) (kg N/ha) (kg N/ha)

Lupins BM  169 49 4.0 13.6 184 27

Lupins  119 49 3.9 12.4 159 28

Wheat  77 49 3.4 9.9 106 -

Wheat 77 100 3.8 11.7 136 59

Canola 76 49 3.4 9.8 113 -

Canola  76 100 3.8 11.8 137 47

LSD (P<0.05) 35  0.3  0.8  

Note: All 2012 wheat plots received a total of either 49 or 100 kg N/ha comprising of either 2.5 and 46 kg N/ha, or 7.5 and 92 kg N/
ha applied at sowing and stem elongation (GS31); respectively. 
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Subsequent calculations suggested that the 2012 
wheat crop recovered the equivalent of 27-28% 
of the lupin residue N. This compared to apparent 
recoveries of 47-59% of the top-dressed fertiliser 
(Table 7). Data from an experiment undertaken at 
Breeza on the Liverpool Plains in northern NSW in 
the late 1990’s also provided another opportunity 
to undertake similar calculations to determine the 
apparent uptake of legume residue N by wheat. In 
this case, the equivalent of 40% of faba bean N was 
recovered by the next crop (Table 8). Comparisons 
of treatments with or without above-ground 
residues imposed in the Breeza study suggested 
that ~70% of the faba bean N assimilated by wheat 
came from the nodulated roots.

The relatively high recovery (47-59%, Table 7) of 
the top-dressed fertiliser by the Junee wheat crop 
is not totally unexpected since the N was applied 
just prior to the period of peak crop demand for N, 
which is consistent with the most appropriate timing 
for N applications to achieve the highest efficiencies 
of N use and lowest risks of N losses (Crews and 

Peoples 2005). Unfortunately the experimental 
design prevented a similar estimate for the recovery 
of the basal fertiliser N applied at sowing. However, 
a number of studies have monitored the fate of 
fertiliser N supplied at sowing using isotopic tracers 
in the past in various rainfed cereal systems around 
the world, and some of these data are summarised 
in Table 9. While there is a range of results, it might 
be concluded that on average roughly one-third of 
the fertiliser N tends to be assimilated by the crop. 
This value is comparable to the estimates obtained 
for the effects of lupin and faba bean on crop N 
uptake reported in Tables 7 and 8.

Conclusions
Legume inputs of fixed N 

The choice of legume species and management 
were found to influence inputs of fixed N by 
legumes by affecting either %Ndfa or DM 
accumulation. Around 19 kg of legume shoot N is 
commonly fixed per tonne of shoot DM produced 

Table 8. Wheat N uptake in 1998 following either faba bean or barley grown at Breeza, NSW in 
1997, and calculations of the apparent recoveries by wheat of the N from faba bean residuesa. 

 Residue N  Wheat N uptake Apparent recovery
Crop grown in 1997  in 1997b in 1998 legume N 
 (kg N/ha) (kg N/ha) (%)

Faba bean  96 97 40

Barley  73 59 -
a Source: Peoples et al (2009). Note: no fertiliser N treatments were included in this study.
b Includes an estimate of the contribution of below-ground N reported by Khan et al. (2003)

Table 9. Summary of the fate of fertiliser N applied at sowing collated from different rainfed cereal 
production systemsa.

    Unrecovered  Crop uptake Recovered in soilMeasures    [assumed lost] (% applied N) (% applied N)   (% applied N)

Range  17-50 21-40 16-62

Mean 36 31 33
a   Source: Crews and Peoples (2005)
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by pulse crops. On-farm measures of N2 fixation 
suggest constraints to N2 fixation in 20-25% of 
commercial pulse crops. Median estimates of 
%Ndfa across 35 farmers’ crops indicated that 
these crops were deriving ~70% of N requirements 
from atmospheric N2, and fixing ~16 kg shoot 
N/t DM produced. Residual fixed N from brown 
manured crops or pure pasture legume swards 
were generally greater than net inputs of fixed N 
remaining after pulses largely due to the export of 
large amounts of N in harvested grain.

Impact of legumes on available soil N 

There is considerable evidence that the inclusion 
of legumes in cropping sequences results in 
higher available soil N for subsequent crops. Data 
collected from farmers’ paddocks in SA suggest 
that this might represent on average 25-35 kg N/
ha more mineral N than after wheat. Information 
collected elsewhere in south-eastern Australia 
indicate that in the case of a pulse grown for grain 
or BM, concentrations of available soil N can be 
42-92 kg N/ha greater than following wheat or 
canola in the 1st cropping season after the legume 
was grown representing apparent mineralisation of 
20-30% of the N originally present in the legume 
residues, and 18-34 kg N/ha in the 2nd year, 
representing 10-12% of the residue legume N. The 
additional N mineralised prior to sowing the 1st 
subsequent crop can be equivalent to 7-11 kg N/ha 
per tonne of residue DM for pulses, and 15 kg N/
ha per tonne of legume DM grown during a pasture 
phase.

Comparisons of legume and fertiliser N

As the release of inorganic forms of N from legume 
residues in soil is a microbial-mediated process, not 
all the legume N returned to soil becomes available 
in the short-term. Consequently, the apparent 
recovery of legume N by a following cereal crop (27-
40% across two different studies) tends to be lower 
than top-dressed fertiliser (47-59%), but may not 
be too dissimilar from fertiliser applied at sowing. 
However, losses of N from the system are usually 
lower from legume sources than from fertiliser 
(Crews and Peoples 2005), and a major contribution 
of legumes is the maintenance of the long-term 

organic fertility of the soil.
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Glossary of key terms
-  Mineral N – nitrate (NO3) and ammonium (NH4) 

sources of N. They are considered to be the most 
readily plant-available forms of N in the soil and 
are sometimes also referred to as inorganic N.

-  Soil Organic N – organic forms of N in soil such 
as previous crop residues and humus that is 
not readily available for plant growth until it is 
converted into mineral N by soil microbes.

-  Fixed N – the amount of atmospheric N2 
biologically fixed by soil bacteria (rhizobia) via a 
symbiotic relationship with the legume in nodule 
structures on legume roots. 

-  Residual fixed N – the amount of fixed N 
calculated to remain in legume residues once N 
removed in agricultural produce (e.g. N exported 
in harvested grain, or N in animal products) is 
accounted for.

-  Shoot N - amount of N in all above-ground  
plant biomass.
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-  Legume residue biomass - above-ground legume 
biomass that remains after grain harvest.

-  Apparent net mineralisation of legume N - the 
total increase in soil mineral N equivalent to the 
differences in concentrations of plant-available 
soil N following a legume and after a non-legume 
compared to the amount N estimated to have 
been present in the legume residues. 

-  Apparent recovery of legume N - equivalent to 
the differences between wheat N uptake following 
a legume and wheat N after a non-legume 
compared to the amount N estimated to have 
been originally present in the legume residues the 
previous year.

-  Apparent recovery fertiliser N - equivalent to the 
differences between wheat N uptake at two rates 
of fertiliser N compared to the difference in the 
amount of fertiliser N applied.
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Dune discharge seepage 
areas in the South 
Australian landscape – what 
are they, have they changed 
over time & can we better 
manage them for improved 
productivity?
James A Hall, 
Juliet Creek Consulting Pty Ltd.

Background
There has been growing concern in South Australian 
cropping regions about the increasing occurrence, 
severity and extent of localised discharge seepage 
areas (e.g. Murray Valley Standard 2015; Lawson 
and Tonkin 2014; ABC Rural 2014).  The seeps 
of concern – and those analysed by this paper 
– occur adjacent to sand dunes in dune–swale 
landscape areas.  They are not associated with 
regional groundwater, and typically have low initial 
salinity levels (but these can increase over time).  
This paper will cover the processes involved in their 
formation, how they differ from other wet areas, 
why they are becoming more noticeable, what 
can be done to reduce their severity and extent, 
associated land degradation concerns, and how 
can such areas be better managed.  Of interest are 
observations that the problem is most noticeable 
and severe in continuous cropping paddocks on 
properties with excellent weed control, particularly 
control of summer weeds on sand dunes.

Keywords
seepage areas, dune discharge, scald, 
deep drainage, low permeability, sodic soil, 
Blanchetown Clay, Loxton-Parilla Sand, 
summer weeds, high-water-use plants. 

Take home messages
• Lower water use on sand dunes is the 

likely cause of increased discharge 
seepage in adjacent swale areas.

• Continuous cropping and the excellent 
weed control of modern farming 
systems, especially of summer weeds, 
are the likely causes of lower water use 
on dunes.

• The best advice is to use rainfall where it 
falls, and utilise high-water-use options 
on dunes to fix the problem.
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Much is known about the soil and regolith materials 
and processes that contribute to dune seepage 
areas, largely as a result of the work done by the 
South Australian Soil and Land Program on the 
25-year ‘State Land and Soil Mapping Program’ 
(see Soil and Land Program 2007; Hall et al. 2009; 
Maschmedt 2002).  Soil and landscape property 
datasets have also been modelled to produce maps 
of ‘dune seepage potential’ for South Australia 
(unpublished data).

Processes
Localised seepage of water from sand dune areas 
to adjacent swales and flats has been known 
about for a long time.  The process involves sand 
dune water other than that stored as soil or deeper 
regolith moisture, lost as evaporation, used by 
plants or released by leaves as transpiration.  The 
residual water is the deep drainage that moves 
beyond the rootzone and deeper layers of sand 
dunes.  This deep drainage can then either 
continue to drain downward, eventually reaching 

the underlying aquifer or, where there are impeding 
materials, discharge into adjacent swale soils (see 
Figure 1).  It is this very last phenomenon that is 
discussed in this paper.

Table 1. Classes of hydraulic conductivity 
for soil and regolith materials – indicating 
permeability rates (from McKenzie et al. 2002).

 millimetres millimetresClass / hour  / day

extremely slow 0.01 0.24

very slow 0.1 2.4

slow 1 24

moderate 10 240

fast 100 2400

very fast 1000 24000

When discharge on to or into swale soils leads 
to saturation right to the land surface – owing 
to the presence of underlying low permeability 

Figure 1: Water movements and simplified Mallee stratigraphy.  “Water seeps from the dunes 
perched on clay layers of low permeability, producing watertables beneath the swales where 
soluble salt contents are high. Evaporation produces saline surfaces. Reclamation involves 
reducing seepage with deep-rooted species on the dunes” (Victorian Resources Online).  It is 
quite probable that the core of the sand dune could become saturated when deeper drainage is 
restricted by an underlying low permeability layer, so providing a store of water for later discharge.

Loxton-Parilla Sand (sodic at surface and low permeability)

Blanchtown Clay (sodic at surface and very low permeability)

rainfall

rainfall transpiration

evaporation

discharge
to swale
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water accumulation
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layers – serious problems can ensue (see Table 
1).  Persistent waterlogging can lead to an inability 
to seed the area or to crop failure or poor growth.  
Lack of cover begins the cycle of salt accumulation 
in the soil surface and possible erosion by water 
and wind.  If the unprotected area is subsequently 
deflated by wind erosion, the resulting loss of topsoil 
can result in a more-or-less permanent scald (an 
area devoid of plant growth where plants are difficult 
to establish).

Salt build up within the seepage area occurs 
because salts from the sand dune core are carried 
with the excess dune water into the discharge area. 
The non-sandy Mallee soils of swale areas typically 
also contain significant salts in subsoil layers, and 
these salts too can be mobilised. (See Figure 2).  
In bare areas, a vertical cycle of salt movement 
occurs, where salts are brought to the surface via 
capillary action when soil moisture evaporates at the 
land surface (especially during the heat of summer), 
which is subsequently washed downward with 
winter or other significant rains.  However, if the soil 
is permanently saturated, downward movement 
of salts may be limited. (See Figure 2).  This type 
of salinity is similar to ‘dry saline land’ (where soil 
salinity is not associated with saline watertables – 
see Chapter 12, Salinity in Maschmedt 2002) and 

has also been described as ‘transient salinity’ (see 
Rengasamy 2002).  This is in contrast to the primary 
and secondary soil salinity caused by shallow 
saline watertables, which are often of great extent 
(e.g. in the Upper South East of South Australia).  
Secondary salinity is further categorised into 
‘irrigation salinity’ and ‘dryland salinity’, the latter 
being a somewhat unfortunate term, as it is easily 
confused with ‘dry saline land’.  Dryland salinity is 
meant to signify areas of highly saline land caused 
by the clearance of deep-rooted perennial trees and 
their replacement with the shallow-rooted annual 
crop plants utilised by dryland farming, causing 
additional deep drainage below the rootzone into 
the underlying groundwater and a subsequent rise 
in the level of the saline watertable.  (For further 
explanations of salinity in the landscape see Hall et 
al. 2009 (pp 83–85)).

Soil salinity levels are the key to understanding the 
impacts on plant growth of salinity (see Table 2), 
rather than whether the salinity is associated with 
a saline watertable or not (although remediation 
options can differ according to process).  Also of 
note is the fact that waterlogging greatly increases 
the deleterious effect of salinity (at any given salinity 
level) on plant growth (Barrett-Lennard 2003; see 
Table 3).

Figure 2: Salt movement within a swale soil in a bare discharge seepage area.
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Table 2. The impact of soil salinity levels on plant growth (adapted from salinity attribute 
classification tables in Appendix 5 of Hall et al. 2009).

  Indicative ECe* (dS/m)Salinity class Vegetative indicators and effects  (* saturation paste EC)

Cropping land

low (Class I) no evidence of salt effects <2 (surface) 
  <4 (subsoil)

moderatey low (Class II) some wheat yield depression,  <4 (surface) 
 deep-rooted horticultural and pasture  4–8 (subsoil) 
 legumes effected, but no  
 vegetative indication 

moderate (Class III) halophytes usually evident (e.g. sea 4–8 (surface)  
 barley grass), many field crops and  8–16 (subsoil) 
 lucerne affected 

moderately high (Class IV) halophytes predominate, too salty  8–16 (surface) 
 for most field crops and lucerne 16–32 (subsoil)

Land too salty for field crops

high (Class V) land dominated by halophytes with  16–32 (surface) 
 bare areas, land will support highly  >32 (subsoil) 
 salt tolerant productive
 species such as puccinellia and  
 tall wheat grass 

very high (Class VII) >50% bare ground, land is too salty  >32 (surface) 
 for any productive plants and  any (subsoil) 
 supports only extreme halophytes 

extreme (Class VIII) bare salt-encrusted surface any

Table 3. Degree of waterlogging and impact on plant growth (from susceptibility to waterlogging 
attribute classification table in Appendix 5 of Hall et al. 2009).

Drainage class Description (after significant rainfall)

Cropping land

rapidly drained (Class I) soil is wet for no more than several hours 

well drained (Class II) soil is wet for no more than several days

moderately well drained (Class III) soil is wet for up to one week

imperfectly drained–A (Class IV) soil is wet for several weeks

Land too wet for field crops

imperfectly drained–B (Class V) imperfectly drained soil that is prone to saturation early in the season 

poorly drained (Class V) soil is wet for several months

very poorly drained (Class VII) soil is wet for most of year

inundated (Class VIII) land is permanently under water
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It is also worth mentioning that there are many 
processes and mechanisms that can cause 
agricultural soil to be wet.  Dune seepage is just 
one of them.  The causes of wet areas vary from 
localised wetness owing to water run-on and poor 
drainage, to sloping land intersecting groundwater 
at a ‘break-of-slope’, to the presence of near-
surface regional watertables.

Technically all water causing saturation below the 
land surface is ‘groundwater’.  While an ‘aquifer’ 
is the permeable geological material that contains 
or transmits groundwater.  Nonetheless, the 
seasonal water that causes waterlogging in many 
South Australian texture-contrast soils, is not 
generally thought of as ‘groundwater’, although 
it is sometimes called a ‘perched watertable’.  
The water in swale seepage areas is similar to 
this perched water, and is perched upon a low 
permeability subsoil or substrate directly below  
the soil.

The mallee soils of swale areas were known as 
solonised brown soils in the old Australian Great Soil 
Group scheme (Stace et al. 1968).  This signified 
a soil containing an accumulation of salts.  They 
often have relatively high subsoil salt contents 
owing to a low rainfall incidence restricting drainage 
and flushing of salts, as well as often having low 
permeability sodic clay subsoil or underlying 
substrate that further restrict drainage.  A sodic 
clay soil is one with excess sodium ions attached 
to clay particle surfaces, causing dispersion of clay 
particles when wet and the blockage of soil pores 
and hence impeded drainage.  Under the newer 
Australian Soil Classification (Isbell 2002), swale 
soils often classify as Calcarosols and Sodosols; 
while in the scheme designed for South Australian 
soils (The Soils of Southern South Australia, Hall et 
al. 2009) they especially occur in Soil Groups A, B 
and G.

Dune seeps can occur in cropping areas anywhere 
that dunes occur.  This especially includes the 
SA Murray Mallee, but also central, eastern and 
northern Eyre Peninsula, as well as northern Yorke 
Peninsula and parts of the Lower North.

The materials that cause restricted deep drainage 
in the SA Murray Mallee are Blanchetown Clay and 
Loxton-Parilla Sand.  Both are sodic at their surface 
when forming part of a soil or a soil substrate.  In 
particular, the Blanchetown Clay impedes drainage 
owing to very low permeability.  Moreover, the name 
Loxton-Parilla Sand can be a bit of a misnomer.  
Although it always contains significant amounts 
of sand, it commonly textures as a sandy clay 
or sandy clay loam, and so can also significantly 
impede drainage.  Of great interest is the fact that 
similar materials occur in similar positions and 
environments across South Australia.  For example, 
Blanchetown Clay equivalent materials are common 
in the swales of dune–swale landscapes on Yorke 
Peninsula, the Lower North and Eyre Peninsula.

The dunes of the dune–swale systems of South 
Australia’s cropping districts typically occur as 
linear dunes (the jumbled dune areas have most 
often been left uncropped).  They comprise 
wind deposited sands, that have generally been 
reworked from local and exotic wind and water 
deposited sediments.  They typically contain a 
mixture of siliceous and carbonate material, with the 
carbonate material often leached to depth.  Such 
sands are also often non-wetting.  This can be 
particularly severe in bleached siliceous sand, where 
non-wetting properties can occur to depth.  Many 
episodes of wind erosion since European settlement 
and clearing have resulted in a loss of topsoil and 
a spreading of dune material.  Nutrient holding 
capacity on dune sands is very low, while water 
holding capacity is limited, especially when soils are 
non-wetting.

Cropping on dune soils has always been a marginal 
economic exercise; while it has been advocated 
for many years that dune soils should be managed 
separately from swale soils.  However, this is not 
always practical, especially with modern farming 
machines and systems.  Modern farming systems 
also allow for excellent weed control, including 
summer weeds on sand dunes (which once were 
very difficult to eradicate).  As noted earlier, it has 
been observed that the increased incidence and 
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severity of dune discharge seepage sites seem 
to coincide with continuous cropping systems (as 
opposed to more traditional farming systems) with 
excellent weed control.  This leads to the conclusion 
that less incident water is being used upon sand 
dunes with these farming systems, and that the 
increased residual water is discharging on to swale 
areas.  In some cases this may be beneficial, but 
not where excess water is resulting in persistent 
waterlogging and even bare scalds.  The worst 
discharge situations are likely to occur where 
excellent summer weed control on dunes coincides 
with a large area of dunes relative to swales, with 
underlying very low permeability clayey materials 
(see Figure 3).  The larger the area of dunes in 
relation to swales the worse the problem is likely 
to be.  In the extreme situation where dune water 
is virtually not utilised upon dunes at all and is 
subsequently discharged to swale areas, and dunes 
occupy 50% (or more) of total area, then swales 
have to effectively deal with double the water they 
receive in rainfall!  Very large dunes are also likely to 
cause problems.  It is also likely that dune cores will 
become saturated and store water for subsequent, 
delayed discharge.

Management of seepage sites and 
conclusion
Two main approaches could be taken to rectifying 
scalded discharge areas.  The first is to manage the 
scald as a separate area, with the main priority to 
use-up soil water and prevent evaporation from the 
land surface.  This could be achieved by growing 
any suitable vegetative cover on the discharge site 
(e.g. tall wheat grass or puccinellia) and by planting 
high-water-use trees or shrubs on the margins of 
the site. (An excellent publication on managing salty 
land is Saltland Pastures for South Australia 2007, 
compiled by Craig Liddicoat and Jock McFarlane).  
The main problem with this approach is that it 
does not tackle the cause of the problem, which 
is low-water-use on adjacent dunes.  The best 
approach would be to manage the offending sand 
dunes separately to the rest of the paddock, with 
deep-rooted, high-water-use perennials the most 
effective.  Neither approach, however, is likely to 
fit neatly into a modern farming system.  The last 
approach is to do nothing differently, and leave 
the discharge areas as sacrifice areas.  (There is 
also the possibility of utilising the excess water 

Figure 3: Aerial view of a paddock where sand dunes comprise 50% of total area – a 
significant issue for swale areas if little of the rainfall on dunes is utilised in place.

paddock boundary

linear sand dune

linear sand duneswale

swale
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discharging into swale areas for other purposes 
(e.g. for stock water or irrigation)).  However, such 
a tactic would result in unsightly, degraded areas at 
the worst affected sites.  Lastly, the quicker such 
sites are dealt with the easier rehabilitation will be.  
Old, degraded sites take considerably more effort  
to restore.

The best advice is to use rainfall where it falls 
(personal comment: Michael Brougham).  While 
the land lost to seepage is potentially much 
more productive than the dune soils where the 
detrimental water originates from.
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From soil throw to bent leg 
tine seeding research
James Barr, Jack Desbiolles and John Fielke,
Agricultural Machinery Research Group, University of South Australia.

Background
Tine seeders are recognised for their greater soil 
disturbance at seeding, relative to disc seeders.  
Aspects of soil disturbance at seeding include 
furrow size and depth as well as the extent of soil 

movement or soil throw.  The lateral soil throw 
(i.e. the sideways movement of soil pushed out of 
the furrow) is a particularly important parameter 
to consider in a no-till seeding context. A limited 
amount of lateral soil throw at seeding is typically 
desired to mechanically incorporate soil applied 
herbicides. However, excessive soil throw limits the 
furrow backfill, reducing soil cover over the seed, 
and creates interactions (ridging) between adjacent 
seed rows, resulting in additional soil cover which 
increases seeding depth and potentially induces 
crop damage from herbicides.  

On the issue of managing crop safety, Figure 1 
highlights the plant losses to trifluralin damage 
influenced by rate/ha, furrow ridging, seeding speed 
and seeding depth, with 20% losses common 
with uncontrolled soil throw and up to 45% losses 
measured in the worst case. The extent of seed 
row interactions (ridging) for a given tine seeder is 
influenced by the row spacing and the operating 
speed of the tine seeder. In practice, this limits the 
adoption of narrow row spacing to increase crop 
competition with weeds and reduces the machinery 
work rate at the critical time of seeding. An aspect 
overlooked in the soil disturbance issues at seeding 
is the role of furrow opener design features, and 
how they influence the mechanics of soil movement.

Controlling soil movement with 
opener design
Recent research (Solhjou et al, 2012, 2013) 
conducted at the University of South Australia 

Keywords
soil throw, herbicide incorporation, opener 
rake angle, bent leg furrow opener.  

Take home messages
• Soil disturbance caused by tine openers 

can affect the success of no-till seeding 
operations, influencing issues such 
as furrow moisture loss, weed seed 
germination, seeding depth variability 
across seed rows, crop safety and pre-
emergent herbicide efficacy.

• Research shows that low rake angles 
increase soil layer mixing and deeper soil 
delving effects while slightly reducing 
furrow backfill.  A bevel edge at the 
leading face increases furrow size and 
reduces lateral soil throw.

• Bent leg openers combined with bevel 
edge features can mostly cancel soil 
throw and maximise furrow backfill. They 
offer an unprecedented ability for high 
speed, low soil throw no-till tine seeders. 
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measured the three-dimensional soil movements 
induced by various furrow opener geometries using 
small clod-like PVC tracers.  These tracers were 
prepositioned within the prepared soil in a known 
reference grid pattern and soil movement was 
calculated by recording the 3D positions of each 
displaced tracer, simulating 10 mm size soil clods. 
The experiments were carried out in a remoulded 
sandy-loam soil bin environment at eight km/h. 

The main findings were:

• All straight openers have an ability to clear the top 
soil layer out of the furrow centre section, which is 
a desirable feature with pre-emergent herbicides. 
This finding explains the reduced weed control 
along the seed row often found in practice with 
herbicides incorporated by sowing, as well as 
the greater seedling vigour observed with tine 
seeding systems (relative to discs) in Rhizoctonia 
infested soils, where inoculum is concentrated in 
the top 2-3 cm soil depth layer.

• Low rake angles promote soil layer mixing, and 
the delving of deeper soil into the upper soil 
layers. This makes them useful for sowing into a 
drying profile where moist soil can be brought up 
into the seed zone for assisting seed germination.

• High rake angles create slightly narrower furrows 
at depth with minimal soil layer mixing. 

• A chamfered face leading edge reduces both 
forward and lateral soil throw as well as the 
surface soil clearing ability, but increases the 
furrow size and the furrow width at depth.  A 
single-sided chamfer creates an asymmetrical 
furrow shape.  

Later research (Solhjou et al, 2014) also investigated 
a novel furrow opener geometry referred to as 
bent leg opener (Figure 2 - left), following the initial 
‘RT Blade’ bent leg furrow opener development 
by South African farmer Danie Rossouw in 2004. 
He adapted the well-known Paraplow subsoiler 
tine design to fit a smaller scale seeder, aiming to 
manage soil compaction via deep till sowing with 
improved backfill at furrow depth and reduced soil 
throw at speed.  

Previous work at the University of South Australia 
reported by Leonard and Desbiolles (2008) 
quantified furrow backfill values in the range 
of 15-97% when measured in tillage test track 
environment for a wide number of commercial 
furrow openers operated at 6 and 10 km/h.  This 
study highlighted the need to properly select and 
operate openers in a no-till context.  The furrow 
backfill parameter (defined as the proportion of 
furrow volume filled by loose soil tilth) is best when 
close to its maximum at 100%.  With narrow knife 
openers however, it often does not reflect quality 
aspects such as a poorly backfilled slot at depth. 

The bentleg design offsets the shank portion of the 
opener away from the centre of the furrow where 
the upheaval of soil is greatest (Figure 2 - right). The 
shank is connected to the loosening foot via a side 
leg portion.  Additionally, the use of a bevel edge is 
incorporated to maximise the benefits.  This results 
in an opener that can loosen a large furrow size 
while achieving 100% furrow backfill and virtually 
cancels lateral soil throw and soil layer mixing. 
Figure 3 shows a pictorial representation of furrow 
cross-sections contrasting the ‘bent leg effect’ on 

Figure 1. Visual crop damage from trifluralin due to soil throw (left) and associated seedling 
losses by seed row, influenced by rate, speed and shallow seed placement (right) (Source: 
Desbiolles 2004).
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soil layer movement to that of a spear point like 
opener.  In practice, scaled-down bent leg openers 
offer an unprecedented opportunity for high speed, 
low soil throw no-till tine seeders. 

High speed openers
A field trial was conducted in a clay-loam soil at 
Roseworthy in Sept 2014 to validate the findings 
in a field situation (reflecting here a condition 
of dry-sowing) and investigate the potential for 

higher speed seeding. A selection of straight and 
bentleg openers was tested, measuring draft, 
vertical and side forces, lateral soil throw, as well 
as furrow backfill at eight, 12, and 16 km/h and 
at 120 mm operating depth. Selected results are 
highlighted in Figure 4.  The two straight openers 
used encompassed the range of rake angles 
displayed in commercial narrow knife points, and 
the two bentleg openers featured a bevelled edge 
and differed in their shank offset values (45 and 
95 mm).  The lateral soil throw quoted represents 

Figure 2. Bent leg furrow opener (left) with offset soil disturbance pattern in the field (right).

Figure 3. Furrow cross-sections showing furrow boundaries, loose tilth and opener outlines, and PVC soil 
tracers - coloured by depth layer – displaced from the initial grid layout in the process of furrow loosening: 
Blunt face, knife opener at 35° rake angle (left); Bevelled edge, bentleg opener (right)  (Source:  Solhjou et al, 
2012, 2014).
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the minimum row spacing for limited interactions 
between two adjacent furrows (i.e. 10% of furrow 
area subject to some soil throw at that distance). 

Both bentleg openers reduced soil throw compared 
to the blunt face straight openers at eight km/h. At 
the higher speeds, the 95 mm offset bentleg opener 
retained its very low soil throw benefits, while the 
45 mm offset bentleg design showed a sensitivity 
to speed, reaching similar levels of soil throw to 
the 53° rake angle straight opener at 16 km/h.  
Under the dry soil conditions, the vertical knife 
opener significantly reduced the extent of soil throw 
compared with the 53° rake angle opener.

The furrow backfill data show the ability of the 95 
mm offset bentleg opener to maintain maximum 
furrow backfill regardless of speed.  In comparison, 
the straight openers, from a comparative baseline 
of eight km/h, significantly emptied the furrows with 
faster speed, reaching values in the range of 50-
60%.  The strongest ‘furrow-emptying’ feature of 
straight openers was observed with the 53° rake 
angle opener. The 45 mm offset bentleg achieved 
significantly lower backfill at 16 km/h only.  

Overall, the 90 mm offset bentleg design was  
able to maintain its baseline lateral soil throw at 
twice the sowing speed while maintaining 100% 
furrow backfill. 

The draft force measurements showed the 
following:

• The vertical knife opener required approximately 
50% more pull than the 53° rake angle opener, 
demonstrating the known beneficial effect of low 
rake angle on draft.  This was also approximately 
twice that of the bentleg openers, which were 
able to minimise the pulling requirement due to 
their 45° rake angle leading foot.

• Under the dry conditions, the draft requirement 
increased with speed for all openers, with  
the least effect measured with the vertical  
knife opener.

Conclusions
The field data acquired to date confirm the large 
potential benefits of bentleg opener designs, both 
in controlling soil throw (and associated crop safety) 
and in minimising draft forces, compared with 
existing knife and spear point style technologies.  
Bentleg openers thus represent a new opportunity 
for optimising the performance of tine seeders and 
in particular enabling high speed sowing operations, 
on the par with disc seeders. Further, the soil 
handling features of the bentleg opener may  
achieve specific benefits of low weed seed 
germination, which need to be validated in 
dedicated field studies.  

The work also demonstrated the need for dedicated 
research to optimise the bentleg opener design, 
as there are opportunities for further scaling 

Figure 4. Selected field data for four furrow opener geometries (blunt face, straight openers at 90° 
 and 53° rake angle, chamfered bentleg openers with 45 and 95mm offset) at three operating speeds  
(8, 12, 16 km/h).  
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down the design (but not the properties) of this 
innovative opener (currently sized to operate 
at 120 mm depth), to suit shallow soils and 
further minimise power requirements.  Current 
postgraduate studies will seek to further validate 
(and optimise via modelling) the bentleg opener 
concept and recommend solutions for the design 
of an integrated seeding system.  Seeding system 
solutions for commercial adoption of this technology 
currently include a split system such as ‘bentleg 
tine + following disc unit’, an approach which 
was initially used in South Africa for evaluating 
the RT blade prototype, and also used in limited 
South Australian trials to date.  The benefits of a 
scaled-down and integrated seeding system would 
broaden the scope for widespread adoption of  
this technology.
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General background
The diamondback moth (DBM), Plutella xylostella, 
is the world’s principal pest of Brassica vegetables 
and a periodic but increasingly damaging pest of 
canola crops (Furlong et al. 2013). This insect is 
highly migratory and seasonally recolonises winter 
canola crops in southern and western regions of 
Australia. Periodically, DBM outbreaks occur in 
Australian canola crops during spring, when larval 
populations rapidly build to extremely high densities, 
resulting in severe feeding damage and yield losses. 
Growers are heavily reliant on insecticides to 
manage outbreaks, however the capacity of DBM 
to rapidly evolve insecticide resistance is a major 
challenge to effective control. 

An understanding of the ecology of DBM in the 
canola agro-ecosystem is needed to improve the 
future management of DBM in canola, however 
relevant long term ecological datasets do not 
exist (Furlong et al. 2008). The regional dispersal 
patterns and sources of DBM populations that 
seasonally recolonise Australian canola crops are 
currently unknown, however this information is 
critical for the development of tools to forecast the 

Keywords
diamondback moth, colonization, canola, 
southern Australia.

Take home messages
• This PhD study combines field-based 

and genetic approaches to identify the 
sources of seasonal recolonisation of 
canola crops by diamondback moth in 
southern Australia, and the implications 
for management.

• Wild Brassicaceous hosts may maintain 
over-summering populations of 
insecticide-resistant diamondback moth 
on western Eyre Peninsula.

• Canola colonisation by diamondback 
moth occurred widely during early winter 
in South Australia in 2014.

• A new cryptic species, Plutella 
australiana, has been identified by a 
recent DNA barcoding study. 
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risk of outbreaks (Furlong et al. 2008). Furthermore, 
knowledge of gene flow among DBM populations 
across regions and host types is needed to 
assess the risks of resistance spread and devise 
appropriate insecticide resistance management 
(IRM) strategies.

New cryptic species, Plutella 
australiana, revealed by  
DNA barcoding
Recently, a DNA barcoding study revealed the 
presence of a cryptic Australian Plutella species, 
newly described as Plutella australiana (Landry and 
Hebert 2013). P. australiana moths were detected in 
light trap catches from various locations in eastern 
Australia during 2004-2012. The two Plutella 
species cannot be distinguished based on external 
morphology, but show clear differences in genitalia 

and high mitochondrial DNA sequence divergence 
(8.6%). The seasonal biology, host plants and pest 
status of P. australiana are currently unknown but 
need to be identified.

Research aims and methods
The primary research question for this PhD study 
is: “What are the sources of DBM populations that 
seasonally recolonise canola crops in southern 
Australia, and what are the implications for 
management?” In order to address this question, 
the study has five related aims (Table 1). In short, 
the study combines complementary field-based 
and genetic approaches to elucidate the patterns of 
regional movement and gene flow among Australian 
DBM populations, and identify potential sources 
of seasonal recolonisation of canola by this pest in 
southern Australia. 

Table 1. Overview of the research approach being used to address the five project aims.

Project aims Research approach

(i) Assess the extent to which DBM can  Summer field surveys, sampling and pheromone 
over-summer locally in canola regions. trapping are being used in conjunction with   
 bioclimatic modelling (CLIMEX) to determine where  
 over-summering is most likely. 

(ii) Determine the timing of first canola crop  A regional network of sentinel canola fields 
colonisation at a regional scale. is monitored by field consultants from planting to   
 determine timing of first colonisation by DBM. 
 Development models are being used to back-  
 predict the dates of egg-lay (colonisation) in 
 crop. Geographic patterns in the timing of crop   
 colonisation are being used to infer potential  
 source areas.

(iii) Determine the timing and potential origins of  A regional network of five light traps has been 
large scale migration flights. established in canola regions of South Australia.   
 Daily light trap catch data are being used in 
 conjunction with synoptic modelling to identify the 
 timing and potential origins of migration flights.

(iv) Investigate patterns of gene flow among  New high-throughput DNA sequencing methods 
Australian DBM populations. are being used to investigate population genetic   
 structure among DBM populations from different   
 hosts and geographic regions across Australia.

(v) Gather information on the seasonal biology  Plutella samples from traps catches and field 
and distribution of the cryptic species,  collections are being genotyped to determine the 
Plutella australiana occurrence of P. australiana.
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Here, a brief overview of the PhD project and key 
preliminary findings from the first year of research in 
2014 is provided. The research continues in 2015 
and 2016.

Selection of preliminary findings 
from 2014

Over-summering on wild hosts

Field surveys were conducted in the key canola 
region of western Eyre Peninsula during March 
and April 2014 to determine the presence of 
potential DBM host plants and DBM populations. 
Pheromone traps were placed at 47 locations near 
wild Brassicaceous host plants in March and left for 
four weeks. Host plants were sampled for larvae at 
these locations during March and April. 

Lincoln weed (Diplotaxis tenufolia), dog weed 
(Diplotaxis muralis) and sea rocket (Cakile 
maritima) were abundant in the region during the 
sampling period. Sea rocket is a succulent species 
that commonly occurs in coastal sand dunes. 
Pheromone traps revealed a low but widespread 
DBM population across the region during the 
sampling period (Figure 1A). Larvae were collected 
from wild hosts in both March and April (Figure 
1B). Several larval populations collected from 
Lincoln weed and sea rocket were subsequently 
tested for insecticide resistance by SARDI. These 
populations had similar resistance profiles to 
populations collected from canola crops in the 
region, showing resistance to synthetic pyrethroids 

and organophosphates, and elevated tolerance to 
Affirm®, SuccessTM Neo and Group 28 insecticides 
(Baker and Powis, unpublished data). These results 
suggest that wild Brassicaceous hosts may provide 
a summer refuge for resistant DBM populations in 
this region.

The timing of canola crop colonisation at a 
regional scale

Little is currently known about the timing of 
seasonal colonisation of canola crops by DBM, 
but this information is needed to identify potential 
source areas and understand the role of local 
population build-up in spring DBM outbreaks. In 
2014, a regional network of 43 sentinel canola 
fields was established across cropping regions of 
South Australia and Western Victoria (Figure 3B). 
Field consultants each monitored 1-2 sentinel fields 
at approximately weekly intervals from planting to 
determine the timing of first colonisation of crops 
by DBM. Pheromone traps were placed in sentinel 
fields to measure weekly male moth flight activity, 
and crops sampled for the presence of larvae 
(signaling colonisation). Data for 33 sentinel fields 
with reliable data are presented below.

Pheromone trapping data revealed moderate to 
high moth activity in sentinel canola crops during 
May to July across most regions (Figure 2). There 
were regional differences in the magnitude of moth 
flight activity, most notably between the Upper and 
Lower South East. 100% of sentinel fields (n=33) 
were colonised by DBM in 2014. Larvae were first 

Figure 1: Locations where 
(A) male DBM moths were 
detected in pheromone 
traps near wild hosts, 
and (B) DBM larvae were 
collected from wild hosts, 
on western Eyre Peninsula 
in March and April 2014
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detected in crops as early as May on Upper Eyre 
Peninsula, and in the majority of canola crops by 
around July. An exception was the Lower South 
East, where moth activity was lower than other 
regions and larvae did not appear until August  
and September. 

In short, these data demonstrate early season 
canola colonisation by DBM in South Australia 
in 2014. These results likely reflect early season 
weather conditions across southeastern Australia 
that favoured DBM population development, 
including February and April rainfall that promoted 
the growth of Brassicaceous hosts, and above-

average temperatures in May that promoted 
population development and flight activity. 
Subsequent spring populations of DBM in canola 
reached economically damaging levels in some 
districts, however the extent to which early crop 
colonisation contributed to spring population levels 
is unclear. Monitoring of sentinel fields will be 
repeated in 2015 to measure seasonal variation in 
colonisation timing (Please contact the author to 
participate, contact details at end of paper).

Figure 2: Weekly catches of male DBM moths in 
pheromone traps in 33 canola fields across South 
Australian cropping regions. Locations of individual 
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Figure 2. Percentage of crops colonised by DBM in an number of SA locations.



2 0 1 5  A D E L A I D E  G R D C  G r a i n s  R e s e a r c h  U p d a t e                                                      1 3 9

sentinel fields within regions are shown in chart 
legends. Arrows indicate dates that larvae were 
first detected in canola crops. Dotted lines indicate 
the percentage of sentinel canola crops ‘colonised’ 
(larvae detected) within the region over time.

Occurrence of the cryptic species,  
Plutella australiana

Little is presently known about the seasonal biology 
and pest status of the newly described cryptic 
species, Plutella australiana. Fortunately, a simple 
molecular assay is able to distinguish P. australiana 
from the diamondback moth, P. xylostella. The 
assay is being used to determine the occurrence of 
P. australiana in Plutella samples collected in light 
traps (Figure 3A) and from Brassicaceous hosts in 
the field. 

Approximately 37% P. australiana was detected 
in a sample of Plutella individuals (n=16) collected 
in a light trap at Minnipa, Eyre Peninsula, on 23rd 
September 2014. No P. australiana was detected in 
a sample of Plutella individuals (n=63) collected in a 
light trap at Two Wells, Northern Adelaide Plains, on 
17th September 2014. A separate DNA sequencing 
dataset has also revealed three individuals of P. 
australiana in a Plutella population (n=8) collected 
from Lincoln weed at Calca, Eyre Peninsula, on 12th 
April 2014. These results show that P. australiana 
occurs on upper Eyre Peninsula in mixed population 
with the diamondback moth, P. xylostella. The Calca 
population data also provides the first host record 
(Lincoln weed) for this species.

Conclusions and next steps
In its first year, the project has established several 
lines of research into the patterns of regional 
movement patterns of DBM in southern Australia. 
Field observational data gathered in 2014 has so  
far revealed:

• Wild Brassicaceous hosts may maintain over-
summering populations of insecticide-resistant 
DBM on western Eyre Peninsula.

• Canola colonisation by DBM occurred widely 
during early winter in South Australia in 2014.

Longer term datasets are needed to measure 
seasonal variation. Further field studies involving 
summer surveys, monitoring of sentinel fields 
and maintenance of a light trap network, are 
planned in 2015 to generate a second year of field 
observational data. Field data will be supplemented 
with phenological and synoptic modelling, followed 
by detailed analyses. A bioclimatic model (CLIMEX) 
will be used to predict areas seasonally suitable for 
population growth. The results of population genetic 
studies will be presented in subsequent papers.

In addition, molecular assays have revealed 
the occurrence of the cryptic species, Plutella 
australiana, on Western Eyre Peninsula in mixed 
populations with the common DBM species, P. 
xylostella. The pest status of this cryptic species 
has not yet been established, but has important 
implications for DBM management in Australia. This 
study will continue to gather data on the seasonal 

Figure 3: Locations of 
(A) light trap network in 
South Australia, and (B) 
the network of sentinel 
canola fields monitored 
to determine the timing of 
canola crop colonisation by 
DBM in 2014. 
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biology of P. australiana in collaboration with a new 
GRDC-funded SARDI study (DAS00155) starting  
in 2015.
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Science must be asserted 
- the case for agricultural 
science
Doug Edmeades,
agKnowledge Ltd.

Introduction 
The UN has estimated that the world population will 
be about 9 billion by 2050. This represents a major 
challenge for agriculture science. There will need to 
be an increase in land used for agriculture or, more 
likely, production per unit area will need to increase. 

Edmeades et al (2010) (not to be confused with 
the current author) reviewed changes in crop yield 
data over time from commercial farms and research 
trials, from many countries and crops, and showed 
that there were twin opportunities. Firstly, the 
incremental increases arising from improved plant 
genetics and management, and then importantly, 
improved transfer of technology from science to the 
farmer. They concluded that goal of feeding 9 billion 
by 2050 was achievable but that it ‘requires a sharp 
boost in research investment in plant agriculture 
from public and private sources accompanied by 
facilitating policies’. 

This conclusion assumes that science funding  
will increase at a time when science funding 
worldwide has reached a steady-state at about  
two to three per cent of GDP. Furthermore, it is 
assumed that society will embrace this need for 
more science and technology at a time when the 
importance and value of science is under threat in 
contemporary society. 

Keywords
science, integrity, pseudo-science, post 
modern philosophy.

Take home messages
• The processes of science are to expose 

new ideas and results to independent 
testing and replication, and to abandon 
or modify accepted facts or theories in 
the light of more complete or reliable 
experimental evidence.

• The philosophical post-modernism 
movement sets aside evidence as the 
authority and asserts that the ‘truth’ 
is what you believe. In this setting, all 
opinions are to be given equal authority, 
irrespective of where evidence lies.

• Collectively current philosophical and 
policy settings provided a rich and fertile 
environment for the development of 
pseudo-science.

• Psuedo-science is anti-science. While 
pseudo-science seeks credibility from 
science, it is, at its heart, anti-science 
because it can only prevail if science is 
undermined and belittled.
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This paper considers these issues and suggests 
some solutions. It draws on and condenses ideas, 
analysis and conclusions from a series of related 
papers (Edmeades 2004, 2009, 2011, all available 
at doug.edmeades.com). Readers should consult 
these papers for the original references, citations 
and attributions. 

Science and its governance 
requirements
To provide the correct context for what is to follow, 
a definition of science is required together with 
some of the important governance conditions 
required to protect the integrity of science. 

A useful and succinct definition of science is: 

“Science is the systematic enterprise of gathering 
knowledge about the world and organising and 
condensing that knowledge into testable laws  
and theories.”       

The important processes of science are to expose 
new ideas and results to independent testing and 
replication, and to abandon or modify accepted 
facts or theories in the light of more complete or 
reliable experimental evidence.

There are also some important governance 
requirements essential to enable science and 
protect its integrity: time and space to develop  
and discuss ideas, and openness to debate  
and criticism. 

Public perception of science
The contemporary public has a poor perception of 
science. They reason: scientists are always arguing 
- who can I believe? Or more cynically: if science 
is so good how come we do not know everything? 
The solution to this problem lies at the feet of 
scientists because it is up to them to educate  
and inform the public. In this sense we do a very 
poor job. 

Scientists need to double their efforts to help the 
layperson understand science. We need to explain 
that science will never know everything because 
every conceivable experiment has not been 
done. Indeed science will never be completed. 
Furthermore, some discoveries have to wait until 
the appropriate technology is developed (c.f. the 
changing understanding of the atom over time). 

We also need to explain that argument and debate 
between scientists is normal, necessary and healthy 
for science to progress. Typically this happens away 
from the public eye, in the scientific literature and at 
conferences. Sometimes, if the issues are of public 
interest, these arguments spill into the public arena. 
Some contemporary issues under current debate 
include climate change, genetic modification and 
stem cell research.  

Importantly we need to explain that these 
arguments erupt around emerging issues. With 
the passage of time and the accumulation of more 
evidence, public disputes are resolved and attract 
no further debate, as we will now discuss.

The value of science
Given that contemporary society is confused 
about science, clear robust arguments need 
to be developed to reassure the public of the 
importance and value of science. For example, 
despite major arguments at the time, it is now 
universally accepted, based on the evidence that 
the earth is not flat, that the sun is at the center of 
our solar system and that solid matter is made up of 
particles/waves of energy. 

The same perspective makes a strong case for 
agricultural research. Figure 1 depicts human life 
expectancy through the ages – humans are better 
fed, healthier and wealthier than ever before. This is 
a consequence of discovering and harnessing new 
sources of energy and, especially since the 1950s, 
the application of science (Figure 2). 
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Figure 2. US agricultural productivity growth over the past 200 years (from Havlin et al 1999).
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The same conclusion emerges from the longest 
running experiment in soil science (Figure 3). As a 
consequence of improved plant genetics, coupled 
with the use of insecticides and pesticides, the 
yield of wheat as measured in this experiment has 
increased 10 fold from about 1 t/ha/yr to 10 t/ha 
over a period of 150 years. The so-called ‘green 
revolution’ began in the 1960s and is a more 
contemporary example of the success of science 
and technology, without which many people would 
have starved.

From this perspective the importance of science 
becomes inarguable but despite this science today 
is under threat. 

Threats to science
Post modern philosophy 

The philosophical narrative that underpins any 
society changes over time as society evolves. In 
terms of western civilisation we can begin with the 
Dark Ages. The foundation was that the Church 
was the authority and only the priests, via prayer, 
could find the truth, which was revealed by God. 
If failures occurred they were a consequence of 
disobedience to God’s laws (Table 1). 
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showing the effects of changing cultivars and the introduction of weed control, fungicides, and crop rotation to minimise
effects of soil-borne pathogens. Reprinted form Johnston (1994).
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Figure 3. Wheat yield over time from Broadbalk, Rothamsted. 
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The Age of Reason emerged out of this gloom with 
the development of what we now call the scientific 
method: truth was that revealed by the application 
of logic and reason to the empirical evidence. 
Science became the authority. The industrial 
revolution was a consequence and as indicated 
above, the progress made by society, at least 
western society, was astounding. 

But confidence in science and its products - 
technology - began to be questioned after two 
world wars and the development of the atomic 
bomb. Science, while not the cause, was seen as 
part of ‘the problem’. There must be a better way 
forward for society, some argued. This led to the 
philosophical movement called post-modernism 
which sets aside evidence as the authority and 
asserts that the ‘truth’ is what you believe. If 
you believe it, then it is your ‘truth’. The age of 
individualism had arrived. Importantly, in this 
setting, all opinions are to be given equal authority; 
irrespective of where the evidence lay.  

The political expression of post-modernism is 
found in what is called laizie faire politics – less 
government is good government! Accordingly, it 
was argued that it is not the government’s role to 
set or impose standards. That was now to be left 
to society and its representatives, the professional 
and industrial bodies; self-regulation became the 
mantra. A relevant agricultural example in New 
Zealand is the Fertiliser Act 1960 being repealed in 
1997 as part of a package of reforms. Presently in 
New Zealand, it is quite legal to sell almost anything 
and call it fertiliser. 

Extreme environmentalism1 

Post-modernism has progressed to what is now 
being called ‘Post Normal Science’. This holds 
that science is subservient to the story that must 
be told. The role of science is no longer about 
discovering new ‘truth’ but supporting the ‘story’ 
that is perceived to be the truth. 

Table 1. Authority and belief through time (modified from Roche and Edmeades 2005).

Period Truth Authority Attitude Example

Dark Ages Revealed by God Church Thou shalt obey  Pray for a good 
 through prayer   the laws of God harvest.
    Your animal dies   
    because you  
    sinned.

Age of Reason Revealed by  Science What is the Liquid fertiliser is 
 reason based on   evidence and ineffective. 
 the evidence   what can logically  Albrecht’s ratio 
   be deduced from  theory is flawed. 
   the evidence.  

Post-modernism If you believe it Individual  Science is the Homeopathy 
 is true  reason for all  works because I 
   our problems.   believe it.  
   A new way must  Organic farming is 
   be found. better for the   
    environment.
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This gives rise to the notion of ‘noble-cause 
science’, which allows scientists to ignore contrary 
evidence, or worse, manipulate the evidence if the 
cause is noble. There is evidence of this in current 
climate change debate. For example the infamous 
‘hockey stick’ graph purporting to show rapid 
increase in global temperature in recent time has 
been shown to be a fabrication. Indeed a well-
respected New Zealand theologian, has suggested 
that environmentalism is logically the new God. It 
appears, we have gone full circle from the Gods of 
the Dark Ages to the Gods of environmentalism.
1 A clear distinction is required. We must find ways 
of using our resources, soil, water, air, and energy 
carefully and efficiently and I have no doubt we 
can and will. After all, the hallmark of modern man 
is success (refer to Figures 1, 2, 3). But this will 
only be achieved by the application of the science 
method based on evidence. This approach is 
to be contrasted with ‘environmentalism’ based 
on a blind faith that we are ruining the planet 
and we must repent and serve the new God of 
‘environmentalism’. 

Commercialisation of science 2

Science internationally has become commercialised. 
As noted, government funding of science has 
stagnated and it is argued that if the science effort 
is to be increased it must come from private, as 
distinct from public, funding. There is nothing wrong 
with private funding of research, providing, and this 
is the vital qualification, the processes required for 
the conduct of science remain intact. This is rarely 
the case. 

New Zealand has adopted an extreme policy 
position in this regard but the same trends are 
apparent in most western countries. Publicly 
funded research is now undertaken by government-
owned Crown Research Institutes (CRIs), which 
are required to undertake public good research, 
and return a profit (dividend, return on investment). 
Private funding is vigorously sought to offset the 
declining public funding and the competition is 
essential. This has had many negative effects on the 
conduct of science. 

First, the time and space essential for science 
is eroded as scientists spend increasing efforts 
competing and applying for funds. Second the 
process of science becomes closed in order to 
either protect IP, competitive advantage, or client 
confidentiality. These conditions are the antithesis of 
what is required for any health science organisation.   
2 I am not arguing that science and commerce 
should not interact. They should and they can. 
But if the arrangement is such that the process of 
science conducted using public monies is closed 
then this will have a negative on the requirement for 
openness. 

Of greater concern, commercialisation reduces 
science to a commodity to be brought and sold. 
The purpose of science is no longer the pursuit 
of knowledge and truth but to generate profits for 
the organisation and the Government. Science 
organisations are now organised to deliver Post 
Normal Science. 

Collectively these philosophical and policy settings 
provided a rich and fertile environment for the 
development of pseudo-science.    

Pseudo-science
Pseudo-science is false or sham science. It 
achieves its deception by appearing to look like 
science because it uses scientific words or of 
constructed words that sound scientific. Some 
general examples of pseudo-science include: 
astrology, alchemy, biodynamic farming and 
intelligent design. Its deception works, at least on 
lay-people, and especially in advertising. How else 
do we explain the increasing use of alternative 
‘medicines’, snake-oil fertilisers and the increasing 
credibility offered to the organic movement.  

Because it is so pernicious in today’s commercial 
environment, some clear understanding of what it 
is and what is looks like in an agricultural setting is 
required.  

Psuedo-science is anti-science

While pseudo-science seeks credibility from 
science, it is, at its heart, anti-science because 
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it can only prevail if science is undermined and 
belittled. Here are some examples:  

“Our chemical experiment (i.e. the past 80 years of 
farming) using high leaching fertilisers has effectively 
stripped the majority of the minerals from the soil 
… these serious deficiencies are arguably the most 
urgent problem we need to address in the coming 
century,” Nutritech Solutions Pty Ltd.

“Past agricultural practices have resulted in the 
demineralisation of our farming soils and the 
chemical sterilisation of the soil biology that would 
normally deliver these minerals to the plants,” Abron 
Living Soil Solutions Ltd.

Based on the empirical evidence presented earlier 
in Figures 1 to 3, these statements are false. They 
are not supported by the evidence. A competent 
scientist aware of the evidence would not be 
duped, but what about the layman, or indeed the 
technically illiterate journalist looking for an alarmist 
story that will sell? 

Psuedo-science use fear-mongering 

Pseudo-science plays on people’s emotions by 
implying that doomsday is imminent: 

“We now have the lowest nutrient density in our 
food than we have ever had in our history and we 
can relate that to what is happening health-wise,” 
Dr Christine Jones.

“Millions of acres of soil that sustained the worlds 
feed supply are under assault. For decades farmers 
have learned to use large quantities of fossil fuels to 
produce crops. But these synthetic additives have 
pushed our soils, our environment and our health to 
the limit,” Dr Arden Anderson. 

Once again the evidence about human longevity 
and soil productivity, discussed earlier, are alone 
sufficient to falsify these statements and we are 
entitled to ask Macaulay’s question ‘On what 
principle is it that when we see nothing but 
improvement behind us, we are to expect nothing 
but deterioration before us?’ 

Psuedo-science uses conspiracy theories 

“… why does conventional agriculture … sanction 
and perpetuate the obscuring and demoting of 

William Albrecht’s landmark work in soil science, 
as well as his forced early retirement, in order to 
secure substantial grants from major chemical 
companies…” Dr Arden Anderson.

Albrecht’s Base Cation Saturation Ratio theory 
has been debunked by science. It has no place in 
modern efficient and productive agriculture (see 
later discussion). 

Psuedo-science claims wisdom from the past 
now overlooked 

“Biological agriculture is a new paradigm, a 
rekindling and modernisation of ancient wisdom,” Dr 
Arden Anderson.

There is no such thing as ancient wisdom. If there 
was, how come history informs us that so many 
human lives were so brief and brutal?

Psuedo-science is too good to be true 

“Most of the diseases are nutritionally related so that 
things like cancer, cardiovascular disease, diabetes 
– all these things, are related to the fact that we 
do not have the trace elements in our bodies,” Dr 
Christine Jones.

“Our current state of crime, social aberrations, and 
terminal disease verifies the  degenerated state of 
our nutrition,” Dr Arden Anderson.

Consider for a moment the implication that cancer, 
cardiovascular disease and diabetes could all 
be cured by the administration of a cocktail of 
trace elements! ‘If it sounds too good to be true it 
probably is!’

Psuedo-science calls for a new way of 
thinking!

“We need a fundamental redesign of agriculture and 
the whole approach to food and food production,” 
Dr Christine Jones.

“Science needs the freedom to think outside the 
square by incorporating intuition with intellect to 
create new opportunities and new business,” Mr J 
K Morris, Agrissentials Ltd.

The word paradigm is frequently misused. It was 
introduced to explain how science progresses. So 
much science develops incrementally, interrupted 
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every so often by new ground breaking discoveries 
for which a new mind-set is needed to understand – 
a paradigm shift. Examples include the discovery of 
the sun-centered solar system, the atom, relativity 
and quantum physics. A paradigm shift does not 
imply that there are parallel belief systems to which 
science does not apply.

Note. The meaning behind Mr Morris’s statement 
above becomes clearer when it is realised that 
his company, Agrissentials Ltd, sells ground basal 
rock and claims it is a ‘fertiliser’. Science rejects 
this, so he argues his product cannot be tested by 
science – and a new approach is required to see 
the wonderful value in the product.

Pseudo-science is dangerous
Pseudo-science is dangerous. It can result in 
wasting science resources, it misleads farmers and 
undermines their confidence, and costs millions of 
dollars in terms of lost productivity. A few examples 
will suffice.

Organic/biological farming

The organic movement is based on a myth – a 
misunderstanding of the important role of soil 
organic matter. Despite this the organic movement, 
and its relative biological farming, persists. Indeed 
it has become more strident in this post-modern – 
if I believe it, then it is true - era. At its extreme, it 
is argued that the only path forward for the world 
is to adopt ‘organic’ farming practices, which it is 
claimed would result in healthier soils, animals and 
people, plus less environmental damage. These 
claims are false. 

There is now a large body of evidence showing 
that the yields achievable from organic farming are 
on average about 68 per cent of those that can be 
achieved by conventional practices. Additionally, 
there is no evidence that organic foods offer 
nutritional advantages relative to conventional 
food, or that organic fertilisers are better than 
chemical fertilisers, or that organic practices confer 
advantages in terms of environmental outcome.  

Liquid fertilisers

There is a subset of snake-oil products marketed 
worldwide, referred to as liquid fertilisers derived 
from natural products, particularly seaweed. They 
are recommended to be applied at low rates (4-10 
l/ha) and it is claimed they are effective because of 
foliar absorption. Many claims are made for these 
products. A recent review of all the international 
literature (810 trial-years of data on 28 such 
products across a wide range of crops) showed 
that these products are ineffective when used as 
recommended – in fact they were no better or 
worse than the water they contained! 

Most of this research was conducted by publicly 
funded government agencies. Assuming that 
field research costs about $NZ 20,000 per trial-
year, this represents about $16m in research. The 
costs incurred by the unsuspecting farmers who 
purchased these products must be added to this, 
plus the loss in crop production resulting from their 
use. In total this would represent many millions of 
wasted dollars. 

Given the concentrations of what these products 
contain, nutrients, organic matter and plant 
growth stimulants, and the recommended rates 
of application, it is/was entirely predictable that 
these products would be ineffective. Thus, all of 
this research effort was not required if science had 
been asserted at the beginning. Psuedo-science 
prevailed. 

Albrecht’s Base Cation Ratio theory

In the early 1900s two competing theories of plant 
nutrition emerged. One, Albrecht’s Ratio theory 
stated that crop production was optimised when 
the ratio of the nutrients (Ca, Mg, K and Na) were 
balanced. Ideal ratios of these nutrients were 
proposed. The alternative was what is referred to as 
the Quantity theory, which claims that production is 
optimised providing the minimum amount of each 
nutrient was present in the soil – the ratios  
are irrelevant.
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Much research has been done in the intervening 
years and has shown that there is no such thing as 
an ideal ratio - plants can function across a range of 
ratios. More importantly there is evidence showing 
that where the Ratio theory is used as the basis 
for making fertiliser recommendations it results in 
grossly incorrect nutrient advice – some nutrients 
such, as Ca and Mg, are recommended when not 
required, while other nutrients, which are essential, 
are not recommended at all.

Solutions
It is ironic that at the very time in human civilisation 
when more science and technology is required, 
science is under threat. What to do? 

First, the problem must be recognised – this point 
has not yet been reached. The very people who 
can understand and articulate the problems and 
issues, the scientists, are captives of the system. 
They dare not speak for fear of losing their funding 
and/or jobs. This of course is a symptom of modern 
science policy. ‘No body speaks the truth if there is 
something they must have.’ 

This leads to the first step that must be addressed. 

The principle of academic freedom, the foundation 
rock of academia, must prevail. But for this to occur 
science must be returned to it normativex function. 

To achieve this, government funded organisations 
must be freed from the profit motive. The not-for-
profit model of organisation is suggested rather than 
a return to the inefficient public service model. 

Other concurrent changes are required. The 
competitive funding model should be abandoned 
to allow science to return to its collegial roots and 
research in both Universities and Government 
institutions should be bulk funded. This would 
allow decisions about funding priorities to be 
made where the decision makers, scientist, 
industry representatives and science managers 
are knowledge, rich ensuring the optimal scientific 
outcomes away from political considerations. 

It is noted that if these changes were implemented 
a large component of science funding, currently 
consumed by ‘support staff’, required for  
corporate entities such as lawyers, accountants, 
policy advisors, PR personal, could be redirected  
to science activities. Science productivity  
would increase. 

It is only then that scientist will have the time and 
energy, and hopefully encouragement from science 
management, to do what science must do. 

As Robert Park put it, “Those who are fortunate 
enough to have chosen science as a career have 
an obligation to inform the public about voodoo 
science”.

Contact detials
Doug Edmeades
agKnowledge Ltd
PO Box 9147 Hamilton 3240, New Zealand
doug.edmeades@agknowledge.co.nz
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Paul Umina, cesar

New and emerging 
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Paul Meibusch, GRDC

Focus on canola 
 - P223

Andrew Ware, SARDI

Pulse agronomy and 
disease update 
 - P231 & 237

Larn McMurray and  
Rohan Kimber, SARDI

New and emerging 
commercial innovation 
backed by GRDC
Paul Meibusch, GRDC

Topping up wheat 
with foliar P – does it 
work? - P251

Therese McBeath, 
CSIRO

Using crop 
competition 
for weed control in 
barley and wheat  
 - P245

Simon Goss, SARDI

CONCURRENT SESSIONS

 (R = session to be repeated)(40 minutes including time for room change)

Partnered Hall L Riverbank 6 Riverbank 7 Riverbank 8
 by GRDC Incitec Pivot Fertilisers Adama Dow AgroSciences
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storedgrain.com.au

Get the latest stored grain information online

www.grdc.com.au    www.storedgrain.com.au    02 6166 4500

Booklets and fact sheets on 
all things grain storage

´ Economics of on-farm storage

´ Grain storage hygiene

´ Aeration cooling or drying

´ Managing high moisture

´ Fumigation

´ Insect pest management

´ Managing different storages

´ Storage facility design

´ Storing pulses and oilseeds

Workshops in all regions 
covering topics such as:

´ Peter Botta 
pbotta@bigpond.com 
1800 933 845

Contact your regional 
specialist to arrange a 
workshop

SOUTHERN REGION
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Herbicides for control of 
clethodim-resistant annual 
ryegrass
Christopher Preston, Peter Boutsalis, Samuel Kleemann, Rupinder Saini and  
Gurjeet Gill,
School of Agriculture, Food & Wine, University of Adelaide.
ΦExtra technical comment by Protech Consulting Pty Ltd

GRDC project code:   UA00144, UCS00020

Herbicide resistant grass weeds in 
South Australia
Random surveys have shown that herbicide 
resistance in grass weeds is increasing in South 
Australia. For annual ryegrass, of particular concern 
is resistance to trifluralin and clethodim (Table 1). 
Replacement products for trifluralin have been 
identified; however, as yet there is no replacement 
for clethodim.

Resistance in brome grass to Group B herbicides is 
also increasing, particularly in the SA Mallee (Table 

2). Resistance to the Group B herbicides is sporadic 
across South Australia and these herbicides will be 
useful for the time being. Imidazolinone herbicides 
are now being used widely to control brome. While 
resistance to Intervix® was not detected in the 
random surveys, this herbicide is starting to fail.

Resistance in wild oats remains at relatively low 
levels across South Australia, for both Group A  
and Group B herbicides (Table 3). There has  
been little increase in resistance to Group A 
herbicides; however, resistance to Group B 
herbicides is increasing.

Managing clethodim resistance in 
annual ryegrass
Clethodim is the last Group A herbicide that 
provides effective control of herbicide resistant 
annual ryegrass. It has become an exceptionally 
important herbicide in annual ryegrass weed 
management strategies. The loss of clethodim to 
resistance will make annual ryegrass management 
more difficult. In order to address this problem, we 
have been looking at alternative herbicide strategies 
to clethodim in break crops.

In faba beans, sole reliance on pre-emergent 
herbicides failed to adequately manage annual 
ryegrass and large yield penalties occurred (Table 
4). This trial was conducted in 2014 on a clethodim 

Keywords
herbicide resistance, canola, weed control.  

Take home messages
• Annual ryegrass with resistance to 

clethodim is increasing across South 
Australia.

• Pre-emergent herbicides alone are 
insufficient to effectively manage annual 
ryegrass in break crops.

• Crop topping in canola offers an 
opportunity to reduce annual ryegrass 
seed set.
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Table 1. Extent of resistance in annual ryegrass collected in random surveys in South Australia. 
Populations are considered resistant if there is more than 20% survival.

 Region and year
Herbicides tested  Mid-north/YP SA Mallee SA South-east Eyre Peninsula

 2013 2012 2012 2009

Trifluralin  66 43 78 5

Boxer Gold®  0 - - -

Sakura®  0 - - -

Hoegrass®  74 20 90 30

Glean®  71* 61 74 78

Intervix®  88 36 60 47

Axial®  65 12 80 30

SelectTM  13** 3 43 11

Glyphosate  1 0 16 -

* Oust® at 20 g/ha used in 2013

** SelectTM at 500 mL/ha used in 2013

Table 2. Extent of resistance in brome grass collected in random surveys in South Australia. 
Populations are considered resistant if there is more than 20% survival.

 Region and year
Herbicides tested Mid-north/YP SA Mallee SA South-east Eyre Peninsula
 2013 2012 2012 2009

VerdictTM  0* 0 14 0

Atlantis®  51 45 16 5

Glyphosate  0 0 0 -

* Targa® used in 2013

Table 3. Extent of resistance in wild oats collected in random surveys in South Australia. 
Populations are considered resistant if there is more than 20% survival.

 Region and year

Herbicides tested Mid-north/YP SA Mallee SA South-east Eyre Peninsula
 2013 2012 2012 2009

WildcatΦ  12* 0 10 0

Atlantis®  28 0 4 0

* Topik® used in 2013
ΦWildcat is no longer registered
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resistant population at Roseworthy. Clethodim at 
500 mL/ha following a pre-emergent application 
of simazine suppressed the ryegrass and the dry 
spring in 2014 ensured the ryegrass plants had few 
heads. However, the effect of the early ryegrass 
competition on yield was obvious. Addition of 
Factor® to clethodim in 2014 reduced ryegrass 
numbers further and protected yield. This remains 
the most effective currently registered option for 
faba beans. Environmental conditions in 2014 
of high rainfall early in the season likely favoured 
simazine activity.

In TT canola in 2014, clethodim was not as effective 
at controlling annual ryegrass as it was in faba 
beans, probably due to lower early competitiveness 
of the TT canola (Table 5). Rustler® was the 
best of the stand-alone pre-emergent herbicide 
options examined, although weeds that emerged 
through this treatment were highly competitive and 
reduced yield. Addition of clethodim to Rustler® 
tended to stunt these weeds and reduce their 
competitiveness. The reduced rate of Factor® that 

can be used in canola, compared with pulse crops 
makes this product less effective on annual ryegrass 
that has low levels of resistance to this herbicide.

Crop topping canola
Late in 2014, Weedmaster® DST was registered 
for use as a crop-topping application in canola. 
This provides an opportunity to control grass weed 
seed set in canola crops. The registered uses are 
to apply over the top of the crop from 20% canola 
seed colour change or under the windrower. To use 
Weedmaster® DST effectively for crop topping the 
correct timing, rate of herbicide, water volume and 
environmental conditions need to be followed.

The main problem with over the top use is to get 
the herbicide through the canola canopy and onto 
the ryegrass growing underneath. Higher water 
rates and coarse spray quality will help achieve this. 
For under the windrow applications, water rates will 
always be low. In addition, windrowing may be done 
when environmental conditions are less favourable 

Table 4. Ryegrass plant numbers, seed heads and faba bean grain yield at Roseworthy in 2014 
following a variety of treatments to control clethodim resistant annual ryegrass.

 Ryegrass  Ryegrass Grain
Treatment plants seed  heads yield
 (m-2) (m-2) (T/ha)

Simazine (1.5 kg/haa) Pre + Clethodim (500 mL/ha) Post 112bc 8a 2.11a

Simazine (1.5 kg/haa) Pre + Clethodim (500 mL/ha) + Factor (180 g/ha) Post 22a 2a 2.40c

Product A Pre 185bcd 281bc 2.17ab

Product B Pre 208bcd 219b 2.19abc

Product B + Avadex® Xtrab (1.6 L/ha) Pre 199bcd 252bc 2.19abc

Boxer Gold® (2.5 L/ha) Pre 325d 449c 2.16ab

Boxer Gold® (2.5 L/ha) + Avadex® Xtrab (1.6 L/ha) Pre 221cd 287bc 2.06a

Product C Pre 101b 256bc 2.35bc

Values with different letters within a column are significantly different (p = 0.05)
Φ a The rate on the Gesatop Granules label is 1.0-1.4 kg/ha and on the Gesatop Granules WG label is 1.1-1.4 kg/ha
Φ b Not registered for annual ryegrass in faba beans; but registered for wild oats in faba beans (and at this rate)
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for glyphosate to work. Increasing the rate of 
Weedmaster® DST may help overcome these issues 
(Figure 1). Ryegrass maturity can also have an 
impact when crop topping canola. Seed set will not 
be controlled on annual ryegrass that has matured 
at the time of windrowing.

Contact details 
Christopher Preston
School of Agriculture, Food & Wine, University of 
Adelaide PMB1 Glen Osmond SA 5064
08 8313 7237
christopher.preston@adelaide.edu.au

Table 5. Ryegrass plant numbers, seed production and TT Canola grain yield at Roseworthy in 
2014 following a variety of treatments to control clethodim resistant annual ryegrass.

 Ryegrass  Ryegrass Grain
Treatment plants seed  yield
 (m-2) (m-2) (T/ha)

AtrazineΦ (1.5 kg/ha) Pre + Clethodim (500 mL/ha) Post 522ab 6785a 1.69abc

Atrazine (1.5 kg/ha) Pre + Clethodim (500 mL/ha) + Atrazine (1 kg/ha) Post 361a 2956a 1.88a

Atrazine (1.5 kg/ha) Pre + Clethodim (500 mL/ha) + Factor (80 g/ha) Post 282a 3274a 1.84ab

Product A Pre 864b 51743cd 1.15de

Rustler (1 L/ha) Pre 354a 32781bc 1.49cd

Rustler® (1 L/ha) Pre + Clethodim (500 mL/ha) Post 324a 13396ab 1.74abc

AtrazineΦ (1.5 kg/ha) Pre + Product D Post 876b 63124d 1.00de

AtrazineΦ (1.5 kg/ha) Pre + Product E Post 308a 10996a 1.61bc

Product E Pre 869b 51192cd 1.26d

Values with different letters within a column are significantly different (p = 0.05)
Φ Pre emergence registered for suppression only (1.1 – 2.2 kg/ha).  Post emergence registered for control of 1-2 leaf stage only (0.5 
– 1.1 kg/ha)

Figure 1. Germination of annual ryegrass 
seed following application of glyphosate 
at windrowing in canola. Average of two 
trials in mid-north of SA in 2010.
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Subsoil manuring – can 
the successful agronomic 
and economic impacts be 
extended to moderate and 
low rainfall zones?
Peter Sale1, Renick Peries2, Jaikirat Gill1, ,Caixian Tang1,
1 Department of Agricultural Sciences, La Trobe University; 2 Department of Environment and 
Primary Industries, Geelong.

GRDC project code:   ULA0008

Introduction
Subsoil manuring is a practice that developed 
following research undertaken to ameliorate dense, 
sodic-clay subsoils in the high rainfall zone (HRZ) 
of south west Victoria. The practice involves the 
incorporation of high rates of high-N organic 
material such as poultry litter (up to 20 t/ha fresh 
weight, with 20% moisture). The amendment is 
placed in rip-lines up to one metre apart, into the 
upper layers of the clay subsoil. There is increasing 
interest in subsoil manuring as it results in large 
yield increases in crop yields. The high costs of the 
investment in soil management are generally repaid 
by the 2nd crop.

In this paper we will briefly summarise the key 
findings from the subsoil manuring research that has 
taken place over the last 10 years in the high rainfall 
zone of Victoria. We will then consider whether the 
benefits from subsoil manuring can be extended 
into the drier cropping zones of southern Australia.

The key findings from subsoil 
manuring research in the high 
rainfall zone (HRZ)
Adding high rates of organic amendment will 
aggregate sodic-clay in incubation studies

Ten years ago we were asked to undertake 
research to try and overcome the constraints posed 

Keywords
subsoil constraints, dense sodic clay 
subsoils, plant available water capacity, 
bucket size.  

Take home messages
• Subsoil manuring involves the 

incorporation of high rates of organic 
manure (up to 20 t/ha) into the upper 
layers of dense sodic-clay subsoils.

• The practice improves the physical 
fertility (structure) and the plant available 
water capacity of the clay subsoil (bucket 
size), and these changes appear to be 
long lasting.

• Subsoil manuring is expensive but the 
large, continuing increases in grain 
yield make the practice profitable, with 
payback occurring within 1-2 crops.

• It is unlikely that subsoil manuring can 
be extended into drier regions unless the 
costs can be reduced and the reliance on 
animal manures removed. More research 
and innovation is required to improve the 
practice.
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by dense clay subsoils for crops in the high rainfall 
zone of south west Victoria. We considered a range 
of different approaches and found that there was 
frequent mention in the scientific literature about the 
structural benefits from adding organic matter to 
sodic clay soils.  In addition, there were the classic 
‘graveyard plots’ set up by Robin Graham from the 
University of Adelaide, where the deep incorporation 
of lawn clippings with trace elements had a long 
lasting effect on crop growth.  This led to the 
research question as to whether the incorporation 
of organic amendment into sodic-clay subsoil would 
aggregate the clay (i.e. form the clay into larger 
soil aggregates)?  This would provide pore space 
in the clay and allow root entry. So an incubation 
experiment was carried out where different rates of 
ground lucerne shoots were mixed with moistened 
sodic clay to see whether the clay would form into 
aggregates. Physical properties of the clay were 
measured after four weeks (Table 1). 

The rate of added amendment had a marked 
impact on changes in the physical properties of 
the sodic clay (Table 1). Adding 1% (w/w) had no 
effect, 2% had some effect, whereas increasing the 
rate of addition to 20% (w/w) increased both the 
macro-porosity and the hydraulic conductivity of 
the clay by more than 2½ times, and resulted in a 
four-fold increase in the mean size of water stable 
aggregates. Similar results were also occurring in 
other incubation experiments in our lab (Clark et 

al. 2009). The key message from these incubation 
studies was that if organic amendments were to 
be used to aggregate sodic-clay subsoil, then high 
rates of addition would be required.

Based on the incubation study, we estimated 
that the rapid aggregation of the sodic-clay 
subsoil required around 20 t/ha of a high quality 
amendment (>2.5% N) in concentrated riplines. 
Consequently, some 20 tonnes of lucerne pellets 
were incorporated in rip-lines 80 cm apart, at 
a depth of 30-40 cm into the top of the clay B 
horizon of a Sodosol cropping soil at Ballan in south 
west Victoria. The field was then sown to a long-
season winter wheat crop in late May of 2005, and 
harvested in early January 2006. Soil samples were 
collected at the depth of 30-40 cm between the rip-
lines and well away from the amendment. A total of 
326 mm of rain fell during the growing season.

High rates of organic amendment, and crop 
roots, rapidly aggregate sodic-clay subsoils  
in the field
Very high wheat yields were recorded on the plots 
where the lucerne pellets had been incorporated 
in subsoil, some six to seven months earlier.  The 
dry-land yields were in excess of 12 t/ha (Gill et 
al. 2008). There were also marked changes in the 
physical properties of the undisturbed clay subsoil 
between the rip-lines, which was sampled after the 
wheat harvest. The more than two-fold increase 

Table 1. Effects of increasing amounts of finely-ground legume shoots of Medicago sativa,  
on the physical properties of sieved (< 2mm) sodic-clay subsoil after 4 weeks of incubation. 
(Source: Gill et al. unpublished data).

Rate of added/ Macro-porosity Saturated hydraulic Mean weight diameter 
amendment (pores >50 µm diam.) conductivity (diameter of aggregate) 
(% w/w)t (%) (cm/hr) (mm)

Nil 7.8 0.8 0.31

1%  9.5 1.3 0.30

2%  12.0 1.5 0.50

20% 20.8 2.0 1.55

LSD (P=0.05) 2.1 0.2 0.11
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in macro-porosity, and the 50-fold increase in the 
saturated hydraulic conductivity were both highly 
correlated with grain yield and root length density 
measured in the soil cores (Gill et al. 2009).

Some four years later in September 2009, we dug 
a series of soil pits to see what had happened to 
the amended subsoil.  The earlier incorporation 
of the lucerne pellets in the sodic-clay subsoil 
had changed the dense ‘sticky’ clay into a well-
aggregated friable soil, with topsoil consistency 
(Figure 1).  These rather amazing changes in the 
subsoil, resulting from the deep incorporation of 
high rates of organic amendment into the subsoil, 
occurred quite rapidly with one crop, and appeared 
to be long lasting having endured for at least  
four crops.

Wheat was again grown at the site in the following 
year in 2006, which was a drought year when only 
178 mm of rain fell during the growing season. 
The organic amendment resulted in a 55% yield 
increase in 2006.  Similarly the organic amendment 
resulted in a 61% yield increase in canola grain, with 
the 3rd consecutive crop grown after the subsoil 
treatment.  We noted that the grain yield increases 
in both years were associated with increased water 
extraction from the deep 40-80 cm subsoil layers 
late crop growth.

Subsoils, modified by subsoil manuring, result 
in large, consistent, and continuing increases 
in crop yields

In 2007 our field trials found that poultry litter (the 
floor material used in poultry sheds for broiler 

birds) was found to be equal in effectiveness to 
the legume pellets, and considerably cheaper. So 
we named the practice ‘subsoil manuring’ and 
continued with a new series of GRDC-funded 
field trials in 2009. The results were somewhat 
unexpected. Large, consistent grain yield responses 
occurred year-after-year, so long as we were able to 
successfully establish a commercial crop over the 
subsoil-manured plots (Table 2). There were 11 site 
x season comparisons made between commercial 
cereal crops and adjacent subsoil-manured crops 
from 2005-2012 in the higher rainfall cropping 
zone of south west and south east Victoria (mean 
annual rainfall > 500 mm). The average commercial 
wheat yield of 5.8 t/ha increased to 9.4 t/ha on 
subsoil-manured land.  This average yield increase 
of 3.6 t/ha represented an average increase of 63% 
averaged over the 11 comparisons.

The rainfall pattern during the grain-filling phase 
had a direct effect on the magnitude of the crop 
response. For seasons with ‘dry finishes’ to 
the crop, with limited rainfall in the September- 
November spring months, the differences between 
commercial and subsoil-manured crops were 
considerably larger than in wet springs. For example 
in the dry spring of 2012, the average wheat yield 
increase at three sites was 4.3 t/ha, compared to 
the increase of 2.4 t/ha of wheat at two sites in 
2011, when minimal water deficit stress occurred 
during grain filling.

Now the question was why did these yield increases 
occur with subsoil manuring, and why were they so 
large in 2012 in the year of the dry finish? 

Figure 1. Changes in the appearance of the subsoil at 30-40 cm depth, sampled four years 
after subsoil manuring was carried out. Untreated subsoil on the left, treated on the right.
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Increases in crop yields with subsoil manuring 
are generally associated with increases in the 
use of subsoil water

The results suggest that subsoil manuring ‘opens 
up’ the clay subsoil, enabling the crop roots to 
proliferate in the clay and use the previously-
unavailable deep subsoil water, late in the growing 
season. The evidence for this increased use of deep 
subsoil water is provided in Table 3.  The extraction 
occurred after crop flowering, which is a crucial 
stage of crop development, and explains why the 
large yields occurred on subsoil manured plots in 
2012. In practically every case where large grain 
yield responses occurred in 2012, there was also a 
significant increase in the volume of soil water that 
was extracted from the 50-100 cm deep subsoil 
layer (Table 3).  

Subsoil manuring increases bucket size (plant 
available water storage capacity) in treated 
Sodosol soils

The increased availability of subsoil water with 
subsoil manuring is highlighted by the root zone’s 
ability to hold plant-available water, which is known 
as the ‘plant available water capacity’ (PAWC). 
This is also known as “bucket size”. This was 
measured at one site in north east Victoria in 
2012, by measuring the differences between (i) 
the profile water content at the drained upper limit 
(the maximum water content in the profile following 
wetting with drip irrigation, and then allowing the 
soil to drain freely for several days) and (ii) the crop 
lower limit, when the profile had been dried out by 
the maturing crop beneath a plastic rain shelter. The 
subsoil-manured soil profile held 240 mm of water 
in the top metre, compared to 158 mm for the 
untreated soil profile. There were minimal differences 
in water content in the top 40 cm. However the 
subsoil-manured profile held an extra 78 mm of 
plant-available soil water in the 40-100 cm subsoil 
layer, compared to the untreated profile (Table 4).

Table 2.  Summary of crop yields for commercial and subsoil-manured cereal crops, at sites 
across Victoria, from 2005-2012.

      Grain Yield (t/ha)
Year Site Crop                Commercial Subsoil Increase Increase 
   crop manured 1 in yield (%) 

2005 Ballan Wheat (1st crop) 7.6 12.5 5.3 70 %

2006 Ballan Wheat (2nd crop) 3.6 5.6 2.0 55 %

2009 Derrinallum Wheat (1st crop) 5.0 9.8 4.8 96 %

2009 Penshurst Wheat (1st crop) 4.8 7.6 2.8 58 %

2009 Winchelsea Barley (1st crop) 4.4 7.7 3.4 77 %

2010 Wickliffe Wheat (1st crop) 9.1 11.6 2.5 27 %

2011 Derrinallum Wheat (3rd crop) 5.0 7.4 2.4 48 %

2011 Stewarton Wheat (1st crop) 5.7 8.1 2.4 42 %

2012 Derrinallum Wheat (4th crop) 6.3 10.4 4.1 65 %

2012 Stewarton Wheat (2nd crop) 4.9 9.4 4.5 92 %

2012 Dookie Wheat (2nd crop) 5.3 9.4 4.1 77 %

  Av. for cereals 5.6 9.0 3.5 63 % 
1 Subsoil manured plots received 20 t/ha (fresh weight) of an N-rich organic amendment (less than 20% moisture content) which 
was incorporated in rip-lines, 80 cm apart, at a depth of 30-40 cm in the subsoil.
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Given the greater efficiency with which deep subsoil 
water is used by the crop, compared to the water in 
the topsoil layers (Passioura 1976; Kirkegaard et al. 
2007), then access to additional deep subsoil water 
can explain the large increases in crop yields with 
subsoil manuring, in years with a dry finish to the 
crop. The commercial crop would be encountering 
water-deficit stress during grain-filling, whereas the 
subsoil-manured crop had continuing access to soil 
available soil water in the subsoil.

Increasing the bucket size of the Sodosol soil 
is a very beneficial outcome from the subsoil 
intervention. However these changes require 
significant and costly human intervention. The 
issue is whether these interventions are feasible 
and economic. At the end of the GRDC-funded 
project in 2012, we therefore undertook a detailed 
economic analysis by carefully costing the inputs 
and outputs, and hence the costs and returns that 
were associated with the sequences of four crops 
grown at Penshurst and Derrinallum between 2009 
and 2012. 

Table 3.  Increase in crop yields for subsoil-manured crops (over and above the commercial 
crops), and the loss in subsoil water (mm) in the 50-100 cm subsoil for commercial and subsoil-
manured crops, at sites across Victoria in 2012.

   Grain yield Loss of subsoil water (mm) 
 increase with  from the 50-100 cm subsoil layer 
 SSM (t/ha) between flowering and crop maturity

   Subsoil Commercial Subsoil      Significance    manured 1 crop manured 1 

2012 Penshurst Canola (4th crop) 2.0 14.8 45.8 **

2012 Derrinallum Wheat (4th crop) 4.1 12.0 26.7 **

2012 Stewarton Wheat (2nd crop) 4.5 0.6 40.6 **

2012 Dookie Wheat (2nd crop) 4.1 47.8 81.6 **

2012 Wickliffe Faba beans (3rd crop) 3.4 5.2 23.4 NS 
1 Subsoil manured (SSM) plots received 20 t/ha (fresh weight) of an N-rich organic amendment (less than 20% moisture content) 
which was incorporated in rip-lines, 80 cm apart, at a depth of 30-40 cm in the subsoil.

  Crop and crop
Year Site no. following 
  intervention

Table 4.  The plant available water capacity (PAWC) in shallower (0-40) and deeper (40-100 cm) 
soil layers, in control and subsoil-manured plots at Stewarton (NE Victoria) in January 2013.

 Plant available water capacity (PAWC)

Soil depth (cm) [‘bucket size’ for the soil profile] (mm)

 Control plot Subsoil-manured plot

0 - 40 cm 98 102

40-100 cm 60 138
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An economic analysis of 4 years of field results 
indicate that subsoil manuring is expensive 
but profitable

We employed a partial budgeting approach to 
compare the extra costs and the extra returns 
for the subsoil-manured crops, and these were 
compared to the nil-intervention commercial 
crops, which grew side-by-side in replicated small 
plots in the paddocks. The per ha estimated 
costs associated with the 20 t/ha subsoil 
manuring intervention in 2009, at the Penshurst 
and Derrinallum sites, were higher than we had 
previously estimated (Table 5).

In fact the costs of purchasing and delivering poultry 
litter to the implement that incorporated the litter 
into the subsoil were disconcertingly high. They 
amounted to around 2/3rd of the total cost of the 
subsoil manuring intervention. The estimated freight 
costs alone for transporting the litter 261 km from 
Bendigo to Penshurst amounted to $440/ha. The 
fact that the Derrinallum site was 61 km closer to 
Bendigo meant that the incorporation cost declined 

by around $100/ha.  Then there was the estimated 
cost that would be required to screen the litter (to 
make it flow through the implement), and then load 
the screened litter into the implement, and these 
amounted to $150/ha.  

The key finding from this analysis is that the 
payback period for the investment was surprisingly 
short (Table 6). In fact the large yield increases 
in the wheat crop at the Derrinallum site in 2009 
(98% yield increase), and the high quality of the 
wheat from the subsoil-manured plots, meant 
that the investment was repaid in the first year.  At 
Penshurst, the yield response to subsoil manuring 
was lower for the 2009 wheat crop, and this 
resulted in the payback occurring in the second 
year. Spring rainfall in 2010 was excessive at 
Derrinallum (a decile 9 year), and this led to the 
failure of the canola crop in this second year. Less 
rain fell at Penshurst compared to Derrinallum in 
the spring of 2010, and this allowed a small canola 
crop to survive, but only on the subsoil-manured 
land. Note that fertiliser savings for three years were 
factored into the analysis.

Table 5. Costs for subsoil manuring (at 20t/ha) at the Penshurst and Derrinallum sites in 2009.

Costs of incorporating poultry litter Penshurst Derrinallum

Poultry litter – purchase ($/ha) 320 320

Poultry litter – freight ($/ha) 435 334

Poultry litter – handling ($/ha)  100 100

Poultry litter – labour ($/ha) 50   50

Poultry litter - TOTAL 905 804 

Incorporation  - machinery ($/ha) 168 168

Incorporation – operating ($/ha) 222 222

Incorporation – labour ($/ha) 50   50

Incorporation – TOTAL 440 440

TOTAL $1345 /ha $1244 /ha



2 0 1 5  A D E L A I D E  G R D C  G r a i n s  R e s e a r c h  U p d a t e                                                      1 8 5

Given the prices received for crops between 2009 
and 2012, the magnitude of the crop yield increases 
with subsoil manuring, and their continuation over 
time, then it is not surprising that the practice was 
found to be highly profitable. Investing in subsoil 
manuring in 2009 meant that these farmers were 
very much better off in terms of financial and 
economic criteria.  At Penshurst we estimated that 
the average annual increase in wealth (Table 7), 
above the conventional way of using the land and 
capital, would be $546 per ha.  The amount of this 
annuity was less at Derrinallum due to the canola 
failure in the very wet spring in 2010. 

Table 7. The financial results from subsoil 
manuring with 20 t manure/ha at the Penshurst 
and Derrinallum in 2009, based on the extra 
costs and returns from the 4 successive crops  
between 2009 and 2012.

Financial Penshurst Derrinallum performance

NPV1 /ha $1810 $1387

Annuity2 /ha  $546 $419

MIRR3 76 % N/A 
1 NPV is the total addition to wealth per ha (in 2009 $s) over 

four years, from subsoil manuring in 2009, over and above 
other uses of capital that would earn 8% p.a.  

2 Annuity is the extra annual addition to wealth per ha (in 2009 
$s) from subsoil manuring in 2009, over and above other 
uses of capital that would earn 8% p.a.  

3 MIRR is the percentage annual return over the four years 
on the extra capital that was invested in subsoil manuring in 
2009. This could only be calculated if there was a negative 
benefit in year 1.

These results show that subsoil manuring has 
potential to become a worthwhile farming practice 
in the HRZ where all of this research has been 
conducted.  Given that there are large areas of 
cropping lands with sodic clay subsoils in the drier 
areas of southern Australia, then the question that 
then arises is whether subsoil manuring might also 
be profitable in lower rainfall areas.

Can benefits from subsoil 
manuring be extended into the 
lower rainfall zones?
The major benefits from subsoil manuring relate 
to improvements in the ‘rainfall productivity’ for 
the crop, resulting from the increase in the plant 
available water capacity of the soil profile (known 
as ‘bucket size’).  There needs to be a clay-subsoil 
(at least 20% we think) and the clay in the upper B 
horizon of the subsoil needs to become aggregated 
to “make the deep bucket”. Then there needs to 
be efficient capture of enough rain into the profile to 
hopefully “fill the deep bucket”.  So the success of 
extending subsoil manuring into lower rainfall zones 
will be a function of (i) whether the deep bucket can 
be created in the clay subsoil, and (ii) the amount of 
rainfall that can be captured and stored in the deep 
bucket for use by the following crop.

We do not know the answers. Research is currently 
underway in Victoria to provide some of them.  
Consequently, this paper we will look at feasible 
arguments both for and against the proposition 
that subsoil manuring will be profitable in the lower 
rainfall zones.

Table 6. The yield increases, and extra costs and benefits resulting from the subsoil manuring at 
20t/ha at the Penshurst and Derrinallum sites in 2009.

 Penshurst Derrinallum
Yield increases
costs and benefits 2009 2010 2011 2012 2009 2010 2011 2012
 Wheat Canola Wheat Canola Wheat Canola Wheat Wheat

Yield increase (t/ha) 2.8 1.2 4.5 2.0 4.8 0.0 2.4 4.1

Extra costs ($/ha) 1398 27 67 39 1310 0 43 64

Extra benefits ($/ha) 830 791 1202 1100 1359 66 715 1086

NET BENEFIT ($/ha) -568 764 1135 1061 49 66 672 1022
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Scenario A:  No, the benefits cannot be 
extended into lower rainfall zones

Lack of rainfall:  Our research suggests that the 
aggregation the clay subsoil requires the presence 
of the organic amendment in the rip-line, plus the 
presence of proliferating roots in and around the 
amendment. It is possible that a short growing 
season in drier regions might curtail root growth 
around the amendment, and the microbial 
activity that is associated with amendment 
decomposition and root growth. This would reduce 
the effectiveness of the aggregation. We think that 
you will need at least one big rainfall year in either 
the 1st or 2nd season after subsoil manuring to 
ensure that you get the subsoil transformation.  
Alternatively a normal four to five month growing 
season may do the job?  Current research should 
provide the answer.

Even if the aggregation is achieved, then there is 
still the question of having enough rain to wet up 
the subsoil. The size of the financial investment in 
subsoil manuring requires large increases in crop 
yields to be profitable. Large yield increases require 
extra water being made available to the crop.  It 
follows then that the lower the rainfall, the less 
profitable subsoil manuring will become. It is likely 
that two years will be too short a period to expect 
payback for the subsoil manuring investment in the 
low to intermediate rainfall zones.

Interestingly, a modelling study by CSIRO (Lilley 
and Kirkegaard 2007) predicted that the subsoil 
would fail to wet up completely in 21% of years 
after a low-yielding wheat crop, at Ardlethan (mean 
annual rainfall of 484 mm) in central NSW, whereas 
this only occurred in 8% of years at the wetter 
site of Cootamundra (mean annual rainfall of 624 
mm). This indicates that moving into drier country 
will mean that there will be more years when 
you cannot wet up the subsoil because there is 
insufficient rainfall. 

Increased chemical constraints in the subsoil: The 
subsoils of Sodosol soils in the Victorian HRZ are 
mainly constrained by physical limitations caused by 
low macro-porosity and perhaps high soil strength 
in the clay subsoil. These physical constraints are 
then exacerbated by the high sodicity of the clay 

(high sodium content).  The subsoils are generally 
non-saline with a neutral to acidic pH, and do not 
have high boron concentrations.  This is not the 
case in the lower rainfall regions where additional 
chemical subsoil constraints caused by salinity, 
high alkalinity, and possible boron toxicity are more 
prevalent.  Where these chemical problems occur, 
they may constrain root proliferation and microbial 
activity in the B horizon, and this may reduce the 
effectiveness of subsoil manuring. 

Remoteness from manure sources: The lower 
rainfall areas are more remote from metropolitan 
areas, and so low rainfall cropping farms are likely to 
be a long way from manure sources.  This will make 
the subsoil manuring process, as it is currently 
practiced, more expensive. Given the reduced 
profitability with less rainfall, then more expensive 
manure would further damage the profitability of the 
practice in the low rainfall regions. 

There may be local sources of manure.  In the 
current research in Victoria, we have used locally 
available manures such as duck manure and other 
local composts at some Wimmera and Mallee sites.  
Whether these will result in subsoil transformation 
will depend on the rainfall / subsoil moisture at times 
most conducive for microbial activity. Time will tell 
what will happen but it appears that the winter and 
spring rainfall has been a limiting factor in 2014.  

Scenario B:  Yes, the benefits of subsoil 
manuring might be able to be extended into 
the lower rainfall zones

Chemical constraints in the subsoil will not prevent 
the aggregation of the clay subsoil: It may be 
that the biological responses to subsoil manuring 
(manure breakdown, root proliferation, enhanced 
microbial activity), will still occur in the upper part 
of the clay B horizon, despite the existence of 
chemical constraints. This would indicate that 
microbes that are tolerant to the constraints do 
exist down in the subsoil or are introduced with the 
amendment.  This will mean that the transformation 
of the physical properties of the clay subsoil will 
still occur. Crops with greater tolerance to these 
chemical constraints might be grown following the 
subsoil treatment. Further research is  
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required to determine the extent to which these 
chemical constraints will limit the aggregation of the 
clay subsoil.  

Changes to subsoil manuring will make it cheaper 
and more farmer-friendly: It is likely that further 
research over the next five to ten years will improve 
the practice of subsoil manuring.  Hopefully, 
this research will remove the reliance on animal 
manures.  On-farm sources of plant biomass, such 
as crop residues enriched with fertiliser nutrients, 
might be able to be used as inputs to aggregate 
the clay subsoil.  If this happens, then the cost of 
the practice is likely to be reduced. Consequently, 
there will be a reduced need for the large increases 
in grain yields in order to make subsoil manuring 
profitable.  The lower grain yield responses from 
subsoil manuring in the lower rainfall regions might 
still be profitable.

Our research to date indicates that cereal crop 
stubbles have a very high carbon/nitrogen ratio, 
and so they would need to be enriched with 
nutrients. The use of on-farm windrow composting 
with additional nutrient enrichment may be 
another option to use the stubbles as effective 
subsoil amendments. The issue is whether such 
amendments are cheaper than the animal manures, 
or whether they can be used in lesser amounts 
(than 20 t/ha).

Improvements in fallow efficiency:  Subsoil manuring 
success in the HRZ is all about ‘harvesting rainfall 
in the subsoil’.  Practices such as rain-drop splash, 
are already enhancing rainfall infiltration.  Combining 
these with subsoil manuring to aggregate the upper 
layers of the clay B horizon will assist rain to rapidly 
infiltrate into the soil profile.  

It is worth noting that in the drought year in 2006 
at Ballan, subsoil manuring resulted in an increase 
in wheat yield from 3.6 to 5.6 t/ha (Gill et al. 2007), 
despite only 178 mm of rain falling between May 
and November compared with the normal May-
November rainfall of around 325 mm. The reason 
was that subsoil manuring enabled 150 mm of the 
200 mm that fell as summer rainfall in 2006, to be 
stored in the profile at sowing in May 2006.  This 
meant that the fallow efficiency was 75%, which 

was more than twice the fallow efficiency of 35%, 
which occurred on untreated land.

The point is that if subsoil manuring could work in 
the drought of 2006 at Ballan, then perhaps it can 
work in drier regions in average rainfall years.

Conclusions
Subsoil manuring is a new farm practice that 
increases ‘bucket size’ in the profile of cropping 
soils with dense sodic-clay subsoils. The practice 
has resulted in large, consistent and continuing  
crop yield increases at sites across the Victorian 
HRZ.  The increases in grain yield from two crops 
will generally pay for the subsoil intervention.  
Some HRZ farmers are now beginning to invest in 
the practice.

It is unlikely that the practice can be extended into 
drier regions in southern Australia unless there 
are refinements made to the practice. First there 
needs to be less reliance on animal manures and 
this will mean that alternative subsoil amendments 
need to be used. Processed crop stubbles seem 
the logical choice here, but will they work and 
transform the subsoil, and will they be cheaper than 
imported manures? The second point is that it may 
be possible for lesser amounts of these processed 
stubble amendments to be used than the 20t/ha 
of poultry litter used in the HRZ, to still deliver the 
subsoil transformation.  Preliminary data would 
suggest that this is possible. 

What is clear is that more research and 
development work is required. This needs to  
be a collaborative effort with switched-on, 
innovative farmers.   
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southern region
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Background
CropPro delivers diagnostic and economic tools for 
accurate identification and efficient management 
of constraints to crop productivity. The three core 
functions of CropPro are to diagnose the cause of 
crop problems, support risk analysis and to provide 
evidence-based information for management of 
crop constraints. Developed by the Department of 

Environment and Primary Industries Victoria (DEPI) 
and co-funded by DEPI and the Grains Research 
and Development Corporation (GRDC), CropPro 
is the southern region component of the GRDCs 
National Diagnostic Agronomy Initiative.

Primarily aimed at the crop advisory sector, the 
developing portal has been tested by southern 
region advisers. Evaluation has demonstrated that 
many advisers will use CropPro to confirm their 
assessment of crop problems, while others may use 
it as more of a primary diagnosis tool or to better 
engage with their grower clients.

Methodology
CropPro is the result of collaboration between the 
GRDC, the Victorian Government as well as QLD 
DAFF and DAFWA. Victoria lead the development 
of economic videos explaining key factors in farm 
enterprise economic decision making. QLD DAFF 
lead the development of the economic modelling 
tool OPTION$ for testing likely economic outcomes 
of crop management decisions. DAFWA lead the 
development of the wheat and canola DIAGNOSE 
tools using LUCID key software.

Studies on the needs of growers and the skill sets 
of agronomists have guided the development of 

Keywords
diagnosis, constraint, economics, training.  

Take home messages
• CropPro easily diagnoses or confirms 

diagnosis of wheat and canola 
constraints.

• Quickly and easily compare constraint 
management options.

• Crop disease manual for southern region 
grain crops is online!

• Train and support agronomists and 
growers with go-to resources at  
croppro.com.au.
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the CropPro portal. Testing the draft portal with 
agronomists has refined the product released during 
2014. Further testing with agronomists has enabled 
focus on improvements and feedback to the GRDC 
on industry needs.

Results and discussion
CropPro provides several core resources that 
are designed to underpin accurate diagnosis 
and efficient management of wheat and canola 
constraints. These include:

Crop nutrition resources

Unique resources focussed on crop nutritional 
status include in-depth reviews on copper, nitrogen, 
phosphorous, potassium, sulphur and zinc, as 
well as a review on physical and chemical soil 
constraints of wheat crops in southern Australia. 
Discussion is presented on soil pH, nutrient 
availability, salinity and sodicity, tools and calculators 
for soil amendment, as well as methods for 
diagnosis and management of subsoil constraints.

Diagnose

The DIAGNOSE tool provides constraint diagnosis 
through a ‘LUCID key’. This tool uses observations 
about an underperforming crop and shortlists 
likely underlying constraints based on this data. It 
does not rely on technical terms or require users 
to be familiar with the details of each constraint. 
Each constraint, such as stripe rust in wheat, 
has an information page that provides short-form 
summary information and links to key resources 
on identification, cause and management of the 
constraint. As part of the national initiative, the  
basis of the wheat and canola tools was  
developed by initiative project partner DAFWA,  
and then customised for southern region  
agronomic conditions.

Early users reported the ready identification of Beet 
Western Yellows Virus (BWYV) through use of the 
canola DIAGNOSE tool during the 2014 season. 
Early and accurate diagnosis of crop constraints 
will add value to the grains industry by efficiently 
informing constraint management approaches.

Option$

Economic considerations of constraint management 
are explored through the OPTION$ page. Users 
can test different management actions, for example 
applying different fungicides, against the default 
‘do nothing’ option. An economic analysis of likely 
net return of each option and preferred option is 
presented. Accompanying videos explore concepts 
such as risk and sunk cost as well as ‘economic 
considerations’ highlighting management practices 
that may manage risk into the future. Preventing a 
green bridge to reduce stripe rust disease pressure 
in following seasons is an example. These tools can 
provide an opportunity to start risk management 
and farm economics discussions with clients – 
underpinning ongoing enterprise viability.

The example (Figure 1) indicates the likelihood 
of exceeding a certain income level under nil, 
cost-efficient (Mix 1) and effective (Mix 2) spray 
approaches for stripe rust in wheat. Note that the 
higher cost, but effective approach is the preferred 
option in higher yielding seasons as the additional 
yield supports the higher spray cost. Should the 
seasonal outlook become drier, and potential yield 
become reduced, re-running the model with a 
different yield range will refine the economic outlook 
of future control choices. 

Explore

The EXPLORE function presents key information 
resources in browseable and searchable form. The 
Victorian Government’s Crop Disease Manual and 
a unique set of nutrient review articles are available 
online for the first time. Additionally, the EXPLORE 
function provides a customised search portal to  
find recent and evidence-based information from 
trusted sources. 

Agronomist Toolkit

A rich resource for all advisers – the Agronomist 
Toolkit is especially valuable for early career 
agronomists. Key online and app-based resources 
are organised into pre-crop and in-crop sections, 
and then by agronomic themes of nutrition, disease, 
weeds and pests – it is a fast-track to finding useful 
and trusted tools and information.



2 0 1 5  A D E L A I D E  G R D C  G r a i n s  R e s e a r c h  U p d a t e                                                      1 9 1

Conclusion
CropPro is a resource for the southern region grains 
industry to streamline the diagnosis, management 
and economic decision making associated with 
crop constraints. Early users indicate that many 
have and will continue to use CropPro to confirm 
their own diagnosis of crop constraints, while others 
will employ the Diagnose tool as primary diagnosis 
approach. 

Agronomist Toolkit has been highlighted by users 
as great resource for new and training agronomists. 
Universities and TAFEs have indicated that CropPro 
will become part of their teaching and learning 
approach. This will feed the grains advisory sector 
with new graduates familiar with this ready resource 
– an embedded ability to check their approach and 
learn on-the-job.  

Contact details 
Chris Pittock
Grains Services Branch, Farm Services, Department 
of Economic Development, Jobs, Transport and 
Resources, Victoria
0458 620 759 
chris.pittock@depi.vic.gov.au
@susternable

Figure 1. Example stripe rust management scenario: early wheat crop modelled on a wide yield 
range of 1 to 5 t/ha with an expected price of $200/t. Comparison of Option$ modelling of net 
income likelihood under a single spray (Mix 1, $20/ha) versus program spray (Mix 2, $60/ha) versus nil 
treatment. Note the crossover of treatment plots at $180 – indicating where a low yielding outcome 
fails to support high input strategy.
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Introduction
The eXtensionAUS pilot is working in two subject 
areas: crop nutrition and field crop diseases.

Today’s agronomist or farmer needs to be many 
things: crop specialist, marketer, mechanic, GPS 
expert, and so on. They also need to be a super 
sleuth in seeking out information and finding key 
experts to assist with making decisions.  

Finding the right information and knowing who to 
trust can be challenging. The old linear model of 
state agency integrated research, development and 
extension (RD&E) has been replaced by multiple 
information providers (Figure 1, Primary Industries 
Standing Committee 2014). 

New opportunities like YouTube and Twitter are 
now supplementing traditional extension tools 
like factsheets, newsletters and grower meetings. 

Keywords
eXtensionAUS, extension, technical 
information, national networks, online 
extension, social media, knowledge, 
collaboration, capacity building, current 
information, Ask an Expert, YouTube, Twitter, 
webinars, video conferencing, communities 
of practice, communities of interest,  
learning networks. 

Take home messages
• A nationally coordinated extension system 

can ensure timely access to credible 
research from across Australia. 

• eXtensionAUS is a national pilot project 
focused on testing the eXtension model 
from the USA (www.extension.org) for the 
Australian grains industry.

• Working as a community eXtensionAUS 
can use a proven model to support 
the collaboration of experts to provide 
information faster, in more accessible 
formats, to more people, and provide 
opportunities for two-way conversations 
for the Australian grains industry.

• Pilot participants to date have valued easy 
access to technical information, being able 
to build their professional networks and 
learning to work in new ways using online 
tools.

• The twitter accounts @AusCropDiseases 
and @AuCropNutrition and the website 
www.extensionaus.com.au have been 
particularly popular eXtensionAUS 
products to date.

• ‘Ask an Expert’ allows you to get your 
questions answered by nationally 
coordinated teams of expert.

The eXtensionAUS pilot – 
what it can do for you
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New ways for information providers to reach their 
audience are developing. 

These opportunities are also occurring at a time 
when extension and capability building staff 
represent only six per cent of national grains 
RD&E (Primary Industries Standing Committee, 
2011).  There is also an ongoing challenge to 
deliver research information to public and private 
D&E providers. This has put increasing pressure 
on research staff to add an extension role to 
their workload and made it more complicated for 
information users to find the information they need 
at the right time. 

Mick Keogh, Executive Director of the Australian 
Farm Institute discussed these points further when 
cited in Beilharz, 2014.

“It’s particularly noticeable in the grains sector, 
but really right across agriculture, that since about 
‘97 or ‘98, the rate of productivity growth, even 
taking into account the centennial drought, has 
slowed. The difficulty is that we’ve moved away 
from a public extension model, to one that’s now 

ostensibly a private one. So if we look at the 
cropping sector, for example, there’s around about 
2,500 private agronomists and advisers working 
with farmers around Australia, but only 50 public 
sector agronomists or advisers. So we’ve switched 
across, and in doing that, I think we haven’t thought 
fully about what’s an effective communication 
channel.  We still do a lot of research in the public 
sphere, so how do we get that information from a 
public institution into a private sector?”

In this context, the eXtensionAUS pilot is showing 
the eXtension model has much to offer.  

Conceptually, the US eXtension model is based 
on the idea that people are looking to solve real 
challenges and find reliable answers in real time, 
without any vested interest in whether those 
answers come from government agencies, 
universities, industry groups or others (Jones and 
McCarthy, 2013). A proviso is that information 
is understandable, reliable and applicable to 
their context.  Also they have found that people 
working collectively provide greater benefit to all 
stakeholders than people working separately. 

Figure 1. Historical and current mode of RD&E, Prof. P Phillips, UWA 2009. Reproduced from Primary 
Industries Standing Committee 2011.
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There are opportunities to enable better knowledge 
capacity between the public, private and community 
stakeholders in the Australian grains industry. With 
these broad opportunities and constraints in mind, 
the Grains Research and Development (GRDC) 
and the then Victorian Department of Environment 
and Primary Industries (now the Department of 
Economic Development) decided to develop a pilot 
collaboration with the eXtension Foundation in the 
United States (eXtension, 2013) with the support of 
the Grains National RD&E Committee. 

This commitment has led to the establishment of 
two Communities of Practice (CoP), one in field 
crop diseases led by the Department of Economic 
Development (Victoria) and one in crop nutrition led 
by Department of Primary Industries (New South 
Wales). Each Community of Practice is a network of 
experts. 

The pilot has been running with the two CoP since 
February 2014 and the website (www.extensionaus.
com.au) has been ‘live’ since July 2014. To 
December 2014, the two CoP have created over 
100 posts and had over 6,000 visits to the website 
site by more than 3,000 individual users. To date, 
pilot CoP participants have valued the easy access 
to technical information, being able to build their 
professional networks, improved collaboration and 
learning to work in new ways using online tools.

Launch of eXtensionAUS  
pilot project
Part of the benefit of piloting the US eXtension 
model has been the adoption of a variation of 
the US individual and business contributors’ 
agreements. These agreements provide individuals 
and their organisations a ‘licence to operate’ and 
work together on developing and linking to content 
and testing the use of social media tools. Under 
the agreements, this can occur without the need 
to seek respective institutional/organisational 
approvals for each piece of content published or 
social media interaction. This in itself has provided a 
significant productivity and innovation advantage to 
both CoPs. 

Fundamental to understanding the intent of the 
eXtension initiative is that to develop knowledge 
you must take action. In eXtension actions occur 
as the CoP facilitate the development of learning 
networks; this is a key objective of the model. As 
users of the eXtensionAUS tools take action and 
interact with the experts behind them, they form 
Communities of Interest (CoI). This community 
interaction contributes to the building of the learning 
networks. This two-way flow enables both the 
experts and the end users (CoI) to work together 
and to continuously improve how they do business 
together.

The eXtensionAUS experience during the beet 
western yellows virus outbreak provides a key 
example on how these types of processes can 
occur.

How eXtensionAUS works -  
beet western yellows virus (BWYV) 
case study
In June-July 2014 news spread that substantial 
damage to canola crops was occurring in the Lower 
North and Mid North of South Australia caused 
by the Green Peach Aphid transmitting (BWYV).  
State based agencies in the GRDC Southern 
Region swung into action; a coordinated message 
was developed, media released and community 
meetings organised.

The eXtensionAUS Field Crop Diseases CoP saw 
the outbreak of BWYV as an opportunity to test the 
value of prompt and flexible information delivery 
and interactivity that e-extension could provide in 
Australia.

The eXtensionAUS website was updated with an 
article (www.extensionaus.com.au/beet-western-
yellows-virus-in-canola/) outlining the BWYV 
outbreak and links to resources for identification 
and management, including the latest news from 
CropWatchSA and PestFacts south-eastern. 

Members of the community sent canola samples 
to their local state departments who arranged for 
virus testing at DEPI Horsham.  While test results 
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were useful for individuals to understand what 
was happening in specific paddocks, the growing 
data set quickly demonstrated the extent of the 
disease. eXtensionAUS CoP experts used the 
locations provided with samples to map the spread 
and the map was posted to the eXtensionAUS 
website. Initially based on SA and Victorian data, 
experts in NSW and WA then saw merit in having 
a national map to show the spread of BWYV to 
the north and importantly the lack of BWYV in the 
west. The map soon became the most visited page 
on the eXtensionAUS website and was updated 
throughout the season. This demonstrates a CoI 
forming around the CoP. 

The eXtensionAUS Field Crop Diseases twitter 
account (@AusCropDiseases) was used to 
highlight BWYV resources from other agencies and 
eXtensionAUS; to update on the extent of BWYV; 
and to alert people to newsletters, radio interviews 
and community meetings on the outbreak.

The first tweet to achieve broad interest was 
the notification of a community meeting run by 
NSW DPI at Wagga Wagga. A tweet with a link 
to the event flyer was sent out a week ahead of 
the meeting. The number of ‘click throughs’ and 
‘retweets’ exceeded all previous posts. 

Given the meeting was held in a single location in 
NSW it provided an excellent opportunity to collate 
resources to be made available to others using 
e-extension tools. eXtensionAUS organised a video 
interview that was published on the eXtensionAUS 
Field Crop Diseases YouTube channel  (http://bit.
ly/1k7aciV) and the slidedecks from both NSW 
and SA were also published on Slideshare (www.
slideshare.net/AusCropDiseases/presentations).  
Links were included to help users to navigate 
between Youtube/Slideshare and the eXtensionAUS 
website. 

Given the number of resources available on BWYV 
the average super sleuth (farmer or advisor) 
could be forgiven for becoming overwhelmed.  To 
assist, a key role of eXtensionAUS was to ‘curate’ 
resources to assist information users to navigate 
the maze of information.  Field Crop Diseases used 
Scoop.it! (http://www.scoop.it/t/beet-western-
yellows-virus), an online scrapbook, to collate key 

management resources, news articles and related 
issues into a single resource for people who wanted 
to understand the breadth of the issue.  Over time 
this grew to a collection of 37 resources selected 
for what they could add to the BWYV story with 
minimal repetition for users.

The response to eXtensionAUS resources was 
excellent particularly given that the peak of the 
BWYV incident was only within the first two months 
of the eXtensionAUS website launch. 

With the outbreak of BWYV, the visitor numbers 
per day doubled to peak at 523 page views on July 
23rd. Outside the project landing page, the most 
popular page on the website so far has been the 
‘Spread of beet western yellows virus’ which has 
had 1,456 page views (8.49 per cent of total page 
views for the site).  

Achievements thus far
During the start-up phase of the eXtensionAUS 
pilot project and since the launch of the resource 
website (www.extensionaus.com.au), CoP 
members have begun to test a range of social 
media and content publishing tools. For example, 
in the period between early July and November 20, 
2014 @AusCropDiseases, @AuCropNutrition and 
@eXtensionAUS made 422, 485 and 331 tweets 
and have secured 477, 461 and 369 followers 
respectively.  

The top 5 crop nutrition YouTube videos had 375 
views and field crop diseases YouTube videos 
had 171 views. Over 100 content updates were 
published on the eXtensionAUS resources website.  
This content attracted 5,939 sessions, 2,788 
different users, 17,174 page views, with an average 
of 2.89 pages visited per session and an average 
duration period of 3 minutes and 33 seconds.  
53.1 per cent of viewers were returning visitors. 
Of the total sessions, viewers were from Victoria 
(47%), New South Wales (28%), South Australia 
(11%), Western Australian (7%), Queensland (5%), 
Tasmania (1%) and other (1%).

eXtensionAUS has also trialled the use of the ‘Ask 
an Expert’ module (http://bit.ly/AskanEX) to allow 
information users to ask questions and access 
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expert advice.  ‘Ask and Expert’ uses a web-based 
form that, when completed, results in an email 
alert directed to the most relevant expert based on 
subject and geography. In responding to questions, 
the dialogue that emerges can be brief or ongoing. 
This approach to asking and answering questions 
can be tailored to suit both national and regional 
issues. To November 2014 each CoP has received 
nine questions each.

The most common activities undertaken by CoP 
members when surveyed are:

• learning new technical information (75%);

• keeping up-to-date Australia wide in respect to 
subject areas (72%);

• expanding their professional networks (72%);

• learning to work in new ways in online 
environments (70%);

• using YouTube (65%);

• using Twitter (65%);

• using Google Docs (65%); and

• 64 per cent have recommended eXtensionAUS 
resources to others.

The biggest change in skills to date is in the use of 
social media with large increases in uptake and use 
of Twitter, YouTube, Video Meetings, Google Plus 
(and associated tools) and webinars from pre to 
post pilot involvement by CoP members.

Assessment on the ability for it to strengthen 
knowledge exchange and the efficient delivery of 
grains extension, information and decision support 
services using web-based platforms is ongoing, but 
the results to date are encouraging.

The project has involved a large number of 
collaborations and there will be ongoing advantages 
such as working with the GRDC Push Notifications 
Project should the project continue.

Future opportunities for you
If you are an ‘expert’ or key contact in the area of 
Field Crop Diseases or Crop Nutrition you should 
consider joining and contributing to a CoP. You will 

be able to secure access to trusted knowledge and 
networks, which could become critical to the future 
competitiveness of your business.  In this way you 
and your personnel can develop new capabilities 
associated with working in new ways in online 
environments and accessing contemporary and 
timely knowledge. 

The e-extension tools used will continue to develop 
as the project continues to learn more about what 
works in the Australian agricultural sector. The 
proven tools ready for you to access are:

• resources of eXtensionAUS website  
(www.extensionaus.com.au);

• ‘Ask an Expert’ (bit.ly/AskanEX);

• twitter accounts;

o @AusCropDiseases;

o @AuCropNutrition;

o @eXtensionAUS for project news;

• YouTube channels;

o eXtensionAUS Crop Nutrition (bit.ly/1DzvwdC); 
and

o eXtensionAUS Field Crop Diseases  
(bit.ly/1k7aciV).

Contact details for each community are available at 
http://www.extensionaus.com.au/contact-2/ 

Conclusion
E-extension tools are becoming common place 
amongst state agencies, farmer groups, community 
organisations and private companies. However, 
there is a great deal of scope to better integrate 
collaborations and delivery channels and to assist 
information users to access and navigate advice 
best suited to their needs.  

A nationally coordinated extension system such 
as eXtensionAUS can support national RD&E 
strategies and research programs to efficiently 
provide access to expert advice with consistent and 
reliable messaging. 

Interim evaluation findings have indicated that ‘The 
US model does have application to the Australian 
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grains industry’ (Roberts, 2014).  Reported benefits 
of this approach in the first six months include: 

• timely and ease of access to trusted information 
to support effective decision making ;

• learning about how to set up and operate an on-
line learning service; and

• increased networks and cross institutional 
linkages to develop extension packages. 

The goodwill generated by the project so far 
has given the funders the confidence to pursue 
additional funding for the ongoing support of the 
two established CoP beyond the conclusion of the 
pilot in March 2015, and to fund two additional CoP 
focused on weeds and insect pests. 

The project has also provided valuable insights as 
to how new ways of collaborating and working are 
most likely to evolve. To secure shared benefits 
from public investment in RD&E activities we 
need coordinated and sustainable investments 
in capability development such as undertaken by 
eXtensionAUS. Such capabilities include:

• on-line support systems;

• day-to-day development and maintenance of 
video materials;

• easy to use web interfaces, and 
acknowledgement of internet access constraints;

• technical support to enable the provision on-line 
learning models;

• national leadership and coordination;

• a critical level of commitment from a core number 
of industry subject matter experts;

• web marketing and engagement; and

• CoP management including workflow planning, 
publishing plans, peer review, publishing 
processes and audience focussed content 
curation services

But above all, continued vision and commitment is 
required to support the integration of the eXtension 
model into the workflow of sector and cross sector 
national RD&E initiatives, such as the Grains 
National RD&E Strategy.

The grains industry does need to consider new 
opportunities that can bring about improved 
outcomes for growers and the greater industry. 
The opportunity for real time information exchange 
between farmers and research and development 
experts, coordination of sources of information and 
decision support tools, streamlining the task of 
finding information, providing peer reviewed, quality 
and reliable information and customised responses 
to individual issues and needs is recognised as 
being able to make a real difference to primary 
producers and their advisers.

There is recognition that some good collaboration 
already exists in the Australian grains industry; 
but there is potential that the eXtension model 
can increase collaboration and make extension to 
targeted areas of the grains industry more effective 
and efficient. 

With an increasingly connected agricultural 
community that is embracing new technologies as 
infrastructure and bandwidth improve, prospects 
for harnessing online systems improve daily1. In 
that context the opportunity for real time information 
exchange between advisers, farmers, researchers 
and the industry more broadly is extremely 
important.  
1 GRDCs 2013 Information Products and Services 
Needs Survey found that 93% of growers and 
100% of advisers are gathering research information 
to aid farm and crop management using electronic 
devices such as computers, smartphones or 
tablet devices; 81% of growers and 98% of 
advisers use websites for gathering farm and crop 
management information and 81% of growers and 
84% of advisers use mobile technologies. In the 
same survey 41% of growers and 70% of advisers 
said they would be fairly or very interested in 
participating in an online forum where farm or crop 
management questions could be put to researchers 
and other experts. Numbers were highest among 
younger grower, ‘innovatives’ and those in an 
expansion phase.
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‘Alternative’ products: 
questions for the salesperson
D C Edmeades,
agKnowledge Ltd

Question  Comments/Actions/Issue

 Adds plant nutrients
• alculate the amount of each nutrient that will be applied if the product is used  

as recommended. 
• Most alternative products add trivial amounts of macro and mirco-nutrients. There are 

only 16 essential nutrients for plants and two others are required for animal health  
(Se and Co). Beware of products that claim to contain many more elements/nutrients. 

• If the product does apply significant amounts of nutrients it is likely that there will be a 
cheaper means to apply these nutrients in conventional fertilisers. 

 Adds plant growth regulators
• There are three recognised plant hormones: cytokinins, auxins and gibberellic acid. 

Calculate the amount of each applied when the product is used as recommended. 
• It is very difficult to measure the concentrations of these chemicals - so be wary of 

advertised concentrations. Ask for evidence. 
• Are these inputs likely to be effective in the broad-acre? Plant make these regulators 

as required but when injured (e.g. taking plant cuttings) can respond to exogenous 
applications.  Only Gibberellic acid has been shown to be effective on broad-acre crops 
and then only in very specific circumstances.  

 Adds organic matter
• Calculate the amounts of organic matter applied when the product is used  

as recommended. 
• Most copping and pastoral soils already contain tonnes of organic mater per ha. It is 

unlikely that the additional small inputs will have any practical benefits.  
• A pasture producing 10 tonnes DM/ha and using 80 per cent returns 1-2 tonnes/ha of 

organic matter to the soil. 

Adds ‘specially selected’ active bacteria and or fungi
• Most soils are teaming with millions of bacteria and fungi. Adding small amounts of 

supposedly selected efficient strains are unlikely to be effective because they cannot 
compete with the natural populations

A plant or soil probiotic or bio-stimulant
• These are generic worlds with no specific meaning. Water and air can be described 

probiotics or bio-stimulants. Ask the proprietor to be specific. How does the  
product work?

Keywords: active ingredient, mode of action, trial, credibility.  

What is the 
claimed 
active 
ingredient?

1. Can the product work (mode of action)?
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Question  Comments/Actions/Issue

 Foliar application
• Foliar application of some trace elements to horticultural crops during their growth cycle 

is an established technology. 
• Broad-acre crops and pasture cannot take up sufficient macro-nutrients through  

the leaves. 
• Soil application of nutrients is typically more cost effective. 

 Activates soil biology
• Soil microbial activity depends on the supply of ‘food’ – carbohydrate – a source of 

carbon. Large amounts of carbon are recycled in soil-crop-pasture systems. It is unlikely 
that the addition of small amounts of exogenous carbon will have any effect. 

 Unlocks soil nutrients
• It is often claimed that nutrient from past applications of fertiliser are locked up in the 

soil. This is nonsense. All the nutrient tanks must be full before a soil can be productive. 
• Liming by changing the soil pH can affect the availability of some nutrients but large 

amounts of lime are required (1+ t/ha).  
• It is true that large amounts of N, P and S are stored in soil organic matter. But 

deliberately breaking down the organic matter to release these nutrients would destroy 
the organic matter!   

 Re-mineralises the soil
• It is sometimes claimed that past applications of soluble fertiliser somehow ‘strips’ the 

soil of its vitality, which must now be replaced. This is pseudo-science.
• Adding nutrients to soil is essential to maintain their productivity.   

What is the 
claimed 
mode of 
action?

1. Can the product work (mode of action)? cont.
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2. Does the product work (field evidence)?

Issue Question

Trial design • Is there a written trial protocol?
• How were/are the measurements made?
 • Are the treatments replicated? 
• How many replicates?
• Are the treatments randomised? 
• How?

Trial data • Where is the experimental data? 
• Can I have a copy please?
• Is all the data presented?
• Have ‘bits’ of the data been selected?
• Is the data statistically analysed? i.e. is there a measure of the background biological 

variability. Is it displayed with the data? 
• Are the treatment effects statistically significant? 
• Be wary if the data is present only as percentage difference from control.

Repeatability • Are there other trials testing the same product?
• Are the current results consistent with other data?

Publication • Are the results formally published in a refereed journal? 
• If not why not? 
• Be wary of results presented solely in advertising brochures.
• If possible compare the full set of data with that presented in any brochure. 
• Be wary if they are presented differently.

Credibility • Who conducted and reported the results?
• Did a researcher/organisation independent of the proprietor and/or the sale of the 

product, conduct the trials?
• What is the reputation of the researcher/organisation? 
• Are they competent to undertake the research? 

• Do they have a track record in this type of work?  

Due • Seek advice of a credible scientist most of whom are only too willing to help and can 
diligence    ‘smell’ pseudo-science from a distance.

Contact detials
Doug Edmeades
agKnowledge Ltd
PO Box 9147 Hamilton 3240, New Zealand
doug.edmeades@agknowledge.co.nz
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Beet western yellows virus 
(synonym: Turnip yellows 
virus) and green peach 
aphid in canola
Brenda Coutts1, Roger Jones2, Paul Umina3, Jenny Davidson4, Greg Baker4 and 
Mohammad Aftab5,
1Department of Agriculture and Food Western Australia;  2The University of Western Australia; 
3cesar, 4South Australian Research and Development Institute;  5Victorian Department of 
Environment and Primary Industries.

GRDC and SAGIT project codes:    DAS00151, CES00001, CES00002, DAV0119, S1114

Background
Widespread infestations of green peach aphids 
(GPA) (Myzus persicae) during autumn and 
winter of 2014 contributed to an outbreak of Beet 
western yellows virus (BWYV, syn. Turnip 
yellows virus) in southern Australia. Canola crops 
across the lower and mid north regions of South 
Australia, the Eyre Peninsula, western Victoria and 
some parts of NSW have been severely affected by 
the virus. 

The severity of the current BWYV outbreak  
is possibly due to a combination of the  
following factors:

• summer rainfall which resulted in a ‘green bridge’ 
of weed hosts of BWYV and aphids,

• the early start to the season and early sowing,

• very mild autumn conditions which contributed 
to early (and extended)  levels of aphid activity 
through till late June,

• crop management practices,

• the prevalence of insecticide resistance in GPA 
(particularly to pyrethroids, organophosphates, 
carbamates); and

• the low proportion of canola seed treated with 
imidacloprid (Gaucho®) in some areas.

In South Australia, canola crops in the lower 
and mid north were the most severely impacted, 

Keywords
canola, virus, aphid. 

Take home messages
• Beet western yellows virus (BWYV, syn. 

Turnip yellows virus) is widespread 
throughout grain growing areas of 
Australia.

• Early BWYV infection in canola can cause 
seed yield losses of up to 46%, decrease 
seed oil content and increase seed erucic 
acid and glucosinolate contents. 

• Wild radish weeds and volunteer canola 
are the most important reservoirs but 
perennials such as lucerne and many 
weeds species are also infected.

• Epidemics are likely to occur when 
aphids are present early in the season 
(green bridge prior to seeding, warm 
temperatures). 

• Integrated management strategies have 
been devised for BWYV in canola.

• Green peach aphid (GPA), the main 
vector for BWYV, has a high prevalence 
of resistance to insecticides. Growers 
should implement resistance management 
strategies for insecticides including 
neonicotinoids.
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followed by the South Australian/Victorian Mallee, 
and some yield loss from BWYV infection has also 
occurred in canola crops on Eyre Peninsula.

BWYV is an aphid-borne virus that causes yield 
and quality losses in canola crops.  It also infects 
other crop and pasture species including mustard, 
chickpea, faba bean, field pea, lentil, lupin, lucerne, 
medic and subterranean clover.  BWYV is found 
widespread throughout southern and eastern 
Australia. 

BWYV infection causes reddening, purpling or 
yellowing of lower leaves of canola plants.  Plants 
infected early (well before flowering) are often pale 
and stunted and these plants produce few flowers 
or seeds.  Symptoms are milder and stunting is 
lacking with late infection. In late infections there 
is minimum effect on yield.  Leaf symptom type 
and severity differ depending on plant age at 
infection, environmental conditions and the canola 
variety involved.  Symptoms of BWYV in canola 
can be confused with those caused by nutrient 
deficiencies, water-logging or other plant stresses 
that cause yellowing, reddening or purpling of lower 
leaves. 

BWYV is not seed-borne and survives from one 
growing season to the next in over-summering 
canola, broad-leafed weed species, and perennial 
legume pastures. BWYV is spread by several aphid 
species that colonise canola including GPA which 
is the principle vector.  The virus infects the phloem 
cells in a plants’ vascular system but not its other 
tissues.  BWYV is transmitted persistently, i.e. once 
an aphid feeds on the phloem cells of an infected 
plant, it acquires the virus. When the infective aphid 
probes the phloem of a healthy plant, it infects the 
plant and continues transmitting BWYV for the rest 
of its life.

BWYV observations in South 
Australia 2014
Reports of failing canola crops started in mid-June, 
initially in South Australia from the lower north and 
Mallee regions. Entire paddocks were affected with 
purple/yellow leaves at the rosette stage followed 
by complete leaf loss. At the same time GPA was 

reported as widespread and in high numbers (> 
five per leaf on every plant). Symptomatic plants 
were submitted by agronomists to VIC DEPI 
Horsham and tests identified BWYV in 100% of 
these early samples. While it was not possible to 
separate losses from direct feeding damage and 
losses caused by virus infection, it is apparent that 
virus infection had an impact on crop growth and 
yield. Aphids would not have caused purple/yellow 
leaves and in the absence of virus, crops may have 
recovered once aphid population numbers dropped 
in winter. 

By mid-September agronomists and researchers 
across southern Australia had submitted samples 
from 618 canola crops for BWYV of which 57% 
were positive.  290 of these samples were from 
South Australia where 86.55% of samples were 
positive (Table 1). Over 90 weed samples were 
also submitted for testing from South Australia and 
results demonstrated the wide host range for BWYV 
(Table 2).

Table 1. Incidence of BWYV in canola for South 
Australian regions in 2014 determined by virus 
testing of plant material at Horsham VicDEPI.

 Number of canola  
 BWYV in 2014

SA District Positive Negative

Lower North  58 4

Mid North 10 0

Upper North 17 1

Lower Eyre Peninsula 36 18

Mid & Upper  36 8Eyre Peninsula

Mallee SA 22 1

Yorke Peninsula 56 2

South East 16 5

Total (290) 251 39

 86.55% 13.45%
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Crop management influenced the severity of BWYV 
infection and while observations made in 2014 are 
summarised here, these still need to be confirmed 
via the management survey being undertaken within 
the GRDC project DAS00151.

Stubble treatment: Milder symptoms were 
observed where canola was sown into standing 
stubble despite high infection rates at mid-season. 
This is because aphids prefer to land on bare  
earth and most likely they did not move into  
crops in standing stubble until after the vulnerable 
rosette stage.

Crop Density: Milder symptoms were observed 
where the crop was denser. As above, aphids prefer 
to land on bare earth and most likely they did not 
move into denser crops until after the vulnerable 
rosette stage.

Sowing date:  Milder symptoms occurred in later 
sown crops. This is linked to the timing of aphid 
flights when crops are at the most vulnerable stage.

Weed control: Severe symptoms were observed 
where weed control was closely followed by 
sowing. This practice provided the opportunity for 
aphids to move directly from the dying weeds to the 
emerging crop. Milder symptoms were observed if 
there was a 10-14 day break between weed control 
and sowing.

Seed dressings: Milder symptoms occurred 
in crops treated with seed dressings containing 
neonicotinoids (e.g. imidacloprid, Gaucho®) despite 
high infection rates at mid-season. These seed 
dressings probably delayed the infestation by GPA 
and allowed the canola seedlings to grow beyond 
the rosette stage before virus infection occurred.

Varieties: Observations in commercial crops found 
that the variety StingrayA often did not display 
symptoms of BWYV infection.  Disease assessment 
and plant sampling for virus testing were conducted 
at the Roseworthy NVT trial on 6th August 2014. 
The data had a high degree of variability but 
there were significant differences in expression of 
virus symptoms and % infection rate (Table 3). In 

Table 2. Incidence of BWYV virus in weed species sampled by agronomists in and around South 
Australian canola crops in 2014 determined by virus testing of plant material at Horsham VicDEPI.

 Number of   Average infection rate positive samples

Long fruited Turnip, Wild Turnip, Turnip 17/17 83.60%

Marshmallow 5/22 4.20%

Indianhedge Mustard, Mustard 3/13 7.20%

Sowthistle 1/3 37%

Yellow Burr Weed 2/2 100%

Milk Thistle 1/2 50%

Salvation Jane 1/1 100%

Oxtongue 1/1 100%

* Other weeds tested as unaffected Barleygrass, bedstraw, charlock, dandelion, 
 geranium, London rocket, Medic, ryegrass 
 soursob, sowthistle, wild oats, short fruited turnip, 
 capeweed, vetch

*A negative result in the table below does not infer that these species are not hosts of BWYV.
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particular the variety StingrayA showed minimal 
virus symptoms (3.3% leaf area diseased (LAD)) in 
this trial and had a relatively low % infection rate 
(30%) but data from one interstate trial had higher 
infection rates for StingrayA. Further data is required 
to confirm this result.

Yield loss observations: There were no trials of 
infected and uninfected plots for yield comparisons 
and hence the information below is based on 
observations from experienced agronomists.

Yield loss from BWYV infection ranged from 75% 
loss to negligible effects across South Australia. 

• A small percentage of crops (10-15%) only 
yielded 500-600 kg/ha down from an average of 
2-2.5 t/ha.  These were the crops infested at a 
very early stage in the lower north, as well as a 
few crops in the Mallee region and around Lock 
on Eyre Peninsula.

• 50-60% of crops in the lower and mid north 
region of South Australia and a lower percentage 

Table 3: Results of visual assessment of virus symptoms (% leaf area diseased of lower canopy) 
and BWYV virus testing (% infection rate) at Roseworthy NVT trial, rated and sampled on 
6th August 2014. Virus tests were conducted at Horsham Vic DEPI. Different letters indicate 
significant differences (P<0.001).

 TT varieties IMI varieties

 Mean Virus test Visual % LAD Mean Virus test Visual % LAD

 30 a 3.3 a 13.33 a 53.3 ab

 66.67 b 51.7 cde 26.67 a 28.3 a

 80 bc 35 abcd 50 b 100 c

 80 bc 48.3 cde 71.67 c 31.7 a

 83.33 bcd 55 cde 76.67 cd 86.7 bc

 91.67 bcde 45 bcde 78.33 cd 100 c

 91.67 bcde 33.3 abcd 78.33 cd 100 c

 91.67 bcde 55 cde 85 cd 76.7 bc

 93.3 de 63.3 de 90 cd 91 bc

 93.33 de 58.3 de 91.67 cd 98.3 c

 93.33 de 36.7 abcd 93.33 d 93.3 bc

 93.33 de 18.3 abc 95 d 80 bc

 93.33 de 8.3 ab 96.67 d 100 c

 93.33 de 31.7 abcd lsd  20.22  lsd  43.48

 95 de 45 bcde

 95 de 26.7 abcd

 96.67 de 75 ef

 98.33 de 55 cde

 100 e 100 f

 lsd  16.25  lsd  38.05
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on Eyre Peninsula had yields of 1-1.1 kg/ha 
i.e. 50% of normal yield. Possibly half these 
yield losses are due to diamondback moth 
and half due to virus. Diamondback moth was 
reported to be more numerous in crops that had 
been sprayed earlier with insecticides for the 
control of GPA and other establishment pests, 
possibly due to the insecticides having killed off 
the beneficial insects. Frost and waterlogging 
also affected some crops. These crops had 
extensive symptoms of virus but continued to 
grow throughout the season although yield was 
affected. 

• 20-25% of crops in the lower and mid north, and 
a higher percentage on Eyre Peninsula, did not 
get infected with virus, and yielded  approximately 
2 t/ha.

BWYV studies in Western Australia
Methodology

Studies on BWYV in canola in Western Australia 
began in 1998, with extensive surveys of canola 
crops, broad-leafed weeds and volunteer canola 
plants across the grainbelt.  These surveys 
were done over-winter and over-summer, and 
completed over a four year period.  Other studies 
were undertaken during the same period and 
subsequently to determine the occurrence of BWYV 
in grain legume crops, vegetable brassica crops, 
additional weeds and native plants.  

Seed yield and quality losses caused by BWYV 
infection were quantified in field experiments over 
two years.  Plants infected with BWYV and infested 
with GPA were introduced to plots of canola to 
provide sources of infection.  Seed dressing and/
or foliar insecticide were applied at different times to 
manage the virus incidence in plots, and eliminate 
aphid feeding damage as a cause of losses.  Virus 
levels were monitored by laboratory testing and 
plots harvested.  Effect on canola yield and quality 
(oil, glucosinolate and erucic acid content) were 
evaluated.  For three further years, additional 
field experiments examined the effectiveness 
of neonicotinoid seed dressings applied at 
recommended rates in supressing BWYV spread  
in canola.   

Different canola genotypes were examined for 
their responses to infection with BWYV in field and 
glasshouse experiments.  Genotypes were exposed 
to infection with BWYV spread by GPA.  Virus 
infection was monitored by laboratory testing and 
genotypes evaluated for sensitivity and susceptibility 
to infection.  

In pot experiments, BWYV infective aphids were 
placed on canola plants grown from seed treated 
with insecticide seed dressing.  Aphid populations 
and virus infection were monitored and compared 
with untreated control plants.

Epidemiological information and meteorological 
data was gathered to better understand the 
environmental conditions that favour BWYV 
epidemics. 

Results and discussion

From surveys of canola crops in WA, BWYV was 
found to be the predominant virus infecting these 
crops with wild radish (Raphanus raphanistrum) 
and volunteer canola being identified as major virus 
reservoirs.  Interestingly, over-summer surveys 
of weeds found BWYV infecting four other weed 
species including wild melon (Citrullus lanatus), 
fleabane (Conzya spp.), stinkweed (Navarrentia 
squarrosa) and blackberry nightshade (Solanum 
nigrum).  In addition seven aphid species were  
also found over-summering on weeds.  In other 
surveys, BWYV was also found infecting other  
crop or pasture species including mustard, 
vegetable brassicas, chickpea, faba bean, field pea, 
lucerne, medic and subterranean clover.  Some 
native plant species were also infected.  BWYV is 
also found widespread elsewhere in southern and 
eastern Australia.

From field trials when canola plants became 
infected by GPA very early and the BWYV incidence 
in crops reached 96-100%, overall seed yield losses 
were up to 46%.  For every 1% increase in the level 
of BWYV in a canola crop, there was a 6-12kg/
ha decline in yield resulting from formation of fewer 
seeds.  BWYV infection diminished seed quality 
by decreasing oil content and increasing erucic 
acid and glucosinolate levels. If the crop becomes 
infected late, spread was much less and yield and 
quality losses were minimal. 
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From field and glasshouse experiments, several 
canola genotypes (including varieties TranbyA and 
TrigoldA) were found with useful infection resistance 
to BWYV.   However, given the often rapid turn-over 
of canola varieties, continued evaluation of new 
varieties and identification of additional parental lines 
of BWYV resistant varieties is required. 

In field experiments, use of recommended rates 
of imidacloprid applied commercially often gave 
relatively poor BWYV control. In glasshouse 
experiments, use of imidacloprid seed dressing 
applied commercially was also only partially effective 
due to not covering all seeds.   Care must be used 
to avoid development of imidacloprid resistance in 
GPA from unnecessary or inappropriate use of this 
neonicotinoid chemical group.  

The extent of BWYV spread in canola crops and the 
resulting yield losses varied between years, growing 
seasons, rainfall zones, and geographic regions. 
High rainfall before the growing season starts 
favoured ‘green bridge’ formation and enabled 
green peach aphid populations to build-up and 
spread BWYV before sowing time. A substantial 
‘green bridge’ before sowing starts favoured early 
aphid arrival and consequently widespread early 
BWYV infection of canola crops. This information 
was used to develop a forecasting model for BWYV 
in canola used in WA. The WA BWYV model was 
found not suitable for South Australia and Victoria 
possibly due to adverse weather conditions during 
the growing season (frost, temperature and rainfall) 
that affect the aphid numbers and virus infection. 
Dr Moin Salam of DAFWA is developing a BWYV 
forecasting model suitable for South Australian and 
Victorian conditions.  

2014 GPA Resistance Studies 

Methodology

Approximately 50 GPA samples were collected by 
researchers, advisers and growers in autumn-spring 
2014, and subsequently screened for insecticide 
resistance. These populations spanned NSW, 
Victoria and SA. 

DNA testing by cesar was carried out using 
TaqMan assays to screen: (i) the kdr and/or super-

kdr mutations that confer resistance to pyrethroids, 
(ii) the MACE mutation that confers resistance to 
carbamates, and (iii) the overproduction of one 
of two closely related carboxylesterases (E4 and 
FE4) that confers resistance to organophosphates. 
In each case, 20 individual aphids from each 
population were screened. 

Results and discussion

Testing revealed widespread resistance to the 
three chemical groups tested. Following DNA 
tests, aphids from all populations were found to 
be resistant to synthetic pyrethroids, including 
bifenthrin and alpha-cypermethrin, and to 
carbamates, including pirimicarb. The use of 
these insecticides is not expected to provide 
control against these GPA populations in most 
field situations. The mechanism of resistance to 
pyrethroids is also likely to render these products 
ineffective as an anti-feed. 

The story for organophosphates, such as 
dimethoate and chlorpyrifos, is more complex. 
The amplified carboxyl-esterase mechanism leads 
to organophosphate resistance in GPA. This 
mechanism is unusual because it is regulated 
by DNA methylation, and can be ‘switched on’ 
in response to pesticide exposure. As a result, 
aphid populations can quickly adapt to survive 
organophosphates, even though they may have 
recently been effective. Following DNA tests, all 
aphid populations tested were found to contain 
resistance at the esterase genes. Aphids from  
these populations are expected to have a  
moderate level of resistance (5-20-fold) to 
organophosphates.

The field efficacy of organophosphates remains 
uncertain. Some control may be achieved against 
populations found to be ‘resistant’, although the 
use of organophosphate insecticides is risky and 
may not be effective (particularly if the population 
has been exposed to insecticides already this 
season). When faced with GPA populations with 
known resistance to organophosphates, growers 
are advised to spray test strips within paddocks to 
determine field efficacy.
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Management of BWYV and GPA
An integrated disease management approach using 
control measures that operate in different ways is 
needed to control BWYV and GPA in canola crops:

• Control wild radish weeds and canola volunteers.  
This helps to minimise potential aphid and virus 
infection sources near the crop.

• Allow a 7-14 day period between weed  
control and sowing the crop. This reduces the 
transfer of aphids from weeds directly onto the 
seedling crop.

• Manipulate sowing dates. Avoid exposure of 
young canola seedlings to peak aphid flights by 
delayed sowing.

• Sow at high seeding rates.  High plant density 
helps diminish the rate of virus spread and 
speeds up canopy closure resulting in lower 
aphid landing rates.

• Sow varieties with infection resistance.  Some 
varieties will only become infected at low levels, 
while others have moderate resistance to BWYV 
infection. Growers need to be aware that such 
varietal differences do exist.

• Sow into standing stubble to reduce aphid 
landings. This will reduce the likelihood of virus 
infection as aphids will prefer to land elsewhere.

• Use insecticide seed dressings. Insecticide seed 
dressing applied effectively can provide early 
control of GPA at the vulnerable seedling growth 
stage.  However, to achieve effective control 
application must ensure that sufficient insecticide 
sticks to each seed.  

• Observe appropriate use of foliar insecticides 
for control of aphids to avoid exacerbating 
insecticide resistance issues and to protect 
beneficial insects, including predators and 
foraging honey bees.

Conclusion
Wild radish (Raphanus raphanistrum) weeds and 
volunteer canola are the most important reservoirs 
but perennials such as lucerne and some native 
legumes are also infected.  Early BWYV infection 
can cause seed yield losses of up to 46%, decrease 

seed oil content and increase seed erucic acid 
and glucosinolate contents.  Infection resistance 
was identified in some Australian varieties and 
imidacloprid seed dressing can be effective in 
controlling BWYV if coverage is adequate.  

Identify the risk of potential of BWYV epidemics 
prior to sowing and use appropriate management 
strategies.

In many cases in 2014, growers were unable to 
achieve adequate control of GPA populations due to 
the prevalence of insecticide resistance. High levels 
of resistance to carbamates and pyrethroids are 
now confirmed to be widespread across Australia. 
Moderate levels of resistance to organophosphates 
have been observed in many populations, and 
there is evidence that resistance to neonicotinoids 
(e.g. imidacloprid) is evolving. Growers and 
advisers should implement resistance management 
strategies for GPA. Further information can be found 
at the following sites:

http://ipmguidelinesforgrains.com.au/ipm-
information/resistance-management-strategies/

http://www.grdc.com.au/Resources/
Factsheets/2014/03/Resistance-management-for-
green-peach-aphids
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Biology and management 
options for control of 
Septoria tritici blotch and 
net form of net blotch
Hugh Wallwork,
SARDI.

GRDC project code:   DAS00139

Septoria tritici blotch is an emerging threat to 
wheat crops in the south east of SA. The fungus 
survives on straw and develops sexual fruiting 
bodies called perithecia that produce large numbers 
of airborne spores that can spread the disease to 
distant crops.  The dispersal of these ascospores 
is only brief and so crops sown after the dispersal 
period are much less likely to be affected.  Three to 
four weeks after infection the young wheat leaves 
will develop black asexual fruiting bodies called 
pycnidia that produce spores that only spread by 
rain splash, so from this time onwards the disease 
will only spread over short distances within crops.

Perithecia and pycnidia look very similar. Both 
appear as tiny black specks on leaves and straw 
although the perithecia are smaller, typically  
75-100 μm, whereas pycnidia are typically  
100-150 μm and easily seen with the naked eye.  
The size of pycnidia varies with variety, growth stage 
and seasonal conditions.

The reason that septoria is flaring up in the south 
east is most likely a result of the intensification of 
wheat cropping in the region and the growing of 
some susceptible varieties. The disease is likely to 
be more severe in seasons where crops are sown 

Keywords
Septoria tritici blotch, net form net blotch, 
disease control, disease management. 

Take home messages
• Septoria tritici blotch (STB) is increasing 

in the south east of SA as a result of 
intensification of wheat cropping. The 
pathogen population in the south east 
may differ from elsewhere in SA.

• Septoria is best controlled with 
variety resistance, but later sowing 
and fungicide treatments can also be 
effective for avoiding crop damage.

• No new virulences in Net form net  
blotch (NFNB) were detected in 2014  
but the disease remains a threat to  
many barley varieties. The resistance  
in some varieties appears more  
durable and should be protected by 
growers by avoiding the use of the most 
susceptible varieties.
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early and when rain is more frequent. Also, as the 
area sown to susceptible varieties increases, there 
will be higher levels of inoculum being dispersed 
from stubbles of those crops.

Septoria tritici blotch was a sporadically damaging 
disease in the Mid- and Lower-North, Yorke 
Peninsula and Lower Eyre Peninsula during the 
1970’s and through to early 1990’s. Since that 
time, a combination of unfavourable seasons for 
the disease to develop and avoidance of the more 
susceptible varieties has kept the disease under 
good control.

The most effective control measure is to avoid 
growing the most susceptible wheat varieties. 
Varieties to avoid in high risk areas are AxeA, DartA, 
Emu RockA, ForrestA, ImpalaA, Justica CL PlusA 
and, to a lesser extent, BeaufortA, CorackA and 
Grenade CL PlusA.

There is evidence that the septoria pathogen 
population present in the south east of SA differs 
somewhat from the septoria isolates collected 
previously elsewhere in SA. This is reflected in 
the higher levels of disease found in crops of the 
varieties RevenueA and BeaufortA. Both varieties 
have shown good resistance in previous NVT 
tests at Turretfield. A new NVT septoria disease 
nursery at Conmurra funded by GRDC should help 
to identify these differences in future. Resistance 
ratings for long season varieties will in future be 
based on observations from the south-east of SA 
and Western Districts of Victoria.

Net form of net blotch has been a serious threat 
to barley crops in SA for several years now. The 
fungus survives in barley stubbles from where both 
sexual and asexual spores are produced. Unlike 
septoria tritici blotch, the disease disperses widely 
during the growing season as the spores are readily 
blown with the wind. The fungal population is 
also much more diverse than in septoria, making 
resistance ratings even more variable. For this 
reason a range of possible resistance reactions are 
provided in variety guides for SA.

During 2014 most isolates of NFNB collected from 
crops showed high levels of virulence on FleetA 
which is rated Susceptible – Very Susceptible. 
These isolates are not virulent on MaritimeA 
although MaritimeA remains susceptible to other 
isolates particularly in districts where MaritimeA 
is still grown. A number of varieties have shown 
consistently good levels of resistance to all isolates 
and these are BulokeA, ScopeA, FlagshipA, 
HindmarshA, La TrobeA, Schooner and SkipperA. 
In 2013 one isolate showed virulence on SkipperA. 
CompassA has shown good resistance so far in the 
field and has moderately good resistance to isolates 
in controlled environment tests.

Several strategies are available for the control of 
NFNB. Removal of summer volunteer barley and 
avoiding the sowing of barley into barley stubbles 
are important strategies that will also help to control 
several other barley diseases such as leaf rust, spot 
form net blotch, powdery mildew and scald.

Avoiding the sowing of the most susceptible 
varieties is the most effective control option but, 
in the absence of resistance, chemical control 
strategies will need to be considered. It is a likely 
that seed treatments will be an effective option 
from 2016. Fungicide sprays are available and 
effective provided they are applied early. As with 
other airborne pathogens, the choices and actions 
of neighbouring growers could have a significant 
impact on inoculum levels.

Contact details

Hugh Wallwork
South Australian Research and Development 
Institute
Plant Research Centre, Gate 2b Hartley Grove, 
Waite Campus
08 8303 9382
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Canola growth and 
development – impact of 
time of sowing (TOS) and 
seasonal conditions
Andrew Ware1, Rohan Brill2, John Kirkegaard3, Sarah Noack4, Amanda Pearce5 and 
Leigh Davis6,
1SARDI, Port Lincoln; 2NSW DPI, Wagga Wagga;  3CSIRO, Canberra; 4Hart Field Day Group; 
5SARDI, Struan; 6SARDI, Minnipa.

GRDC project code:   CSP00187

Background
In 2014 preliminary field work commenced as part 
of a new five year GRDC project. This project will 
undertake physiological and agronomic research 
across nine regions in the Northern and Southern 
GRDC Zones from southern QLD to the Eyre 

Peninsula.  The project is designed to increase 
canola profitability and reduce production risk 
with tactical agronomy advice underpinned by 
physiological insights.

Despite the success of canola in Australian cropping 
systems, significant gaps remain in the underlying 
knowledge of canola physiology and agronomy, 
a situation exacerbated by its expansion into new 
areas and the release of new technologies including 
vigorous hybrid varieties with herbicide tolerance. 
Although growers recognise the high profit potential 
and the farming system benefits of canola, there 
remains a perceived risk of growing canola largely 
due to the high level of input required (e.g. seed, 
nitrogen fertiliser, sulphur fertiliser, windrowing). 
There is a need to determine the level of investment 
appropriate for these inputs on a regional scale and 
the agronomic management practices (for example 
sowing date decisions) that reduce the overall risk 
and increase the profitability of canola.

Sound tactical agronomic decisions require an 
improved physiological understanding of yield and 
oil formation in canola, and how they are affected by 
variety, environment and management (G x E x M).

Keywords
canola, varieties, time of sowing, 
phenology. 

Take home messages
• Understanding the drivers behind canola 

development will help to improve canola 
management and variety selection.  

• Varietal maturity ratings don’t always 
correlate with varietal phenology.

• Early sowing opportunities may provide 
a great opportunity to maximise canola 
yield, but selection of the correct variety 
is important.   
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Maximising canola yield and profit will improve 
through an increased understanding of canola 
physiology. This will occur through taking the 
following steps; (i) identifying the optimum flowering 
window to minimise heat and frost risk at specific 
sites, (ii) identifying the variety x sowing date 
combinations that achieve the optimum flowering 
window, (iii) managing the trajectory of biomass 
accumulation (of specific varieties) to maximise 
water-use efficiency, optimise N-use efficiency and 
minimise the risk of high input costs (e.g. seed 
costs, N, herbicide types, harvest strategies). 
Having optimised these steps further investigation 
may reveal specific varietal adaptations that provide 
yield advantage under specific stress (heat, drought, 
frost) or provide further G x E x M synergies.

As a first step, to improve the understanding 
between G x E x M interactions in current varieties, 
CSIRO conducted some pre-field experiment 
modelling using the best available information on 
variety development prior to 2014 trial work, and 
the APSIM model. This explored the potential for 
planting canola early at a number of locations 
across Australia and the potential yields that could 
be achieved by planting cultivars with differing 
maturity, at a number of sowing times. Table 1 
summarises this work and shows there is potential 
for longer season varieties to be planted in locations 
such as Cummins and have an improved yield 
potential, however the opportunity for successfully 
sowing these varieties only occurs in 15% of years 
(where sufficient summer rainfall occurs).

Table 1. Example of possible output from APSIM modelling: showing summery of potential yield 
for four cultivar phenotypes in four locations. Shaded area shows safest sowing window (balance 
between frost and heat stress risk), % figure is the sowing opportunity (% of years where rainfall 
allows sowing in this window).         

 Cultivar    MeanLocation  phenology  Sowing window intervals   Potential type  

     Yield 
   (t/ha)

Kojonup CBTMTaurus 16%                3.5

  CBI406     33%             3.5

  46Y78         59%        3.5

  Hyola®50         93%       3.3

Esperance CBTMTaurus 7%                 3.8

  CBI406 20%               3.7

  46Y78       44%           3.6

  Hyola®50         57%         3.6

Cummins CBTMTaurus 10%                4.1

  CBI406   15%              4.0

  46Y78         70%        3.9

  Hyola®50         70%        3.7

Naracoorte CBTMTaurus 15%                3.6

  CBI406   42%             3.5

  46Y78       85%         3.4

  Hyola®50         77%        3.4

(Source: J. Lilley, CSIRO)
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This process highlighted a number of gaps in  
the understanding of many of the canola  
varieties currently being grown, and led to the  
2014 trial program. 

Methodology
As part of the GRDC Optimising Canola Profitability 
project three preliminary trials were established in 
South Australia in 2014; at Yeelanna (LEP), Hart 
(MN) and Lameroo (Mallee). Each trial featured 
the same six varieties (selected for a range of 
maturity times); three of the varieties were planted 
at two establishment rates (15pl/m2 and 45pl/m2). 
Each of the variety treatments were sown at four 
sowing times, ranging from the earliest seed was 
available (mid-April) through to mid-June. A range of 
development stages were recorded throughout the 
season as well as grain yield. 

A further two trials, part of a canola establishment 
project, funded by SAGIT, will also be reported here. 
These trials were located at Minnipa (UEP) and 
Wanilla (LEP). They also had four sowing times, but 
a limited number of cultivars. 

Description of varieties used in 
2014 time of sowing trials

ATR GemA 

Early-mid maturity triazine tolerant variety. High  
oil content. Medium plant height. Blackleg 
resistance rating of MR (resistance group A).  
Tested in NVT trials 2011-14. Bred and marketed  
by Nuseed Pty Ltd.

ATR-StingrayA

Early maturing triazine tolerant variety. Short height. 
Moderate-high oil content. Blackleg resistance 
rating MR (resistance group C).  Tested in NVT trials 
2010-14. Bred by Nuseed Pty Ltd and DPI Victoria. 
Marketed by Nuseed Pty Ltd. 

Pioneer® 44Y87 (CL)

Early-Mid maturing Clearfield hybrid. Moderate-
high oil content. Medium plant height. Suited to 
medium rainfall areas. Blackleg resistance rating MR 
(resistance group A). Tested in NVT trials 2012-14.

Pioneer® 45Y88 (CL)

Mid maturing Clearfield hybrid. Moderate-high oil 
content. Medium plant height. Suited to medium-
high rainfall. Blackleg resistance rating R-MR 
(resistance group A). Bred and marketed by DuPont 
Pioneer. Tested in NVT trials 2012-14.

Hyola® 559TT

Mid-Early maturing TT Hybrid. High oil content. 
Medium plant height. Ideally fits medium-low right 
through to high rainfall areas. Blackleg resistance 
rating R, (blackleg rotation groups A, B, D). Tested 
in NVT trials in 2012-14. Bred and marketed by 
Pacific Seeds.

Hyola® 575CL 

Mid maturing Clearfield hybrid. High oil content. 
Medium plant height. Blackleg resistance rating R 
(resistance groups B, F). Tested in SA NVT trials in 
2010-14. Bred and marketed by Pacific Seeds. 

Hyola® 971CL

Late maturing winter Grain n Graze Clearfield 
hybrid. Extremely high biomass, good grain yield 
and oil content. Autumn and Spring sowing grain 
and graze option for very high rainfall or irrigated 
zones. Provisional blackleg rating of R-MR 
(resistance group A). Not tested in NVT trials. 
Marketed by Pacific Seeds.

Results and discussion
Results of 50% flowering dates are presented 
in Table 2. They show that when planted early, 
Hyola®575CL reaches flowering a considerable time 
(up to two weeks) before the other varieties trialled 
in 2014. Hyola®971CL, when planted in mid-April, 
had failed to reach flowering at all sites where it was 
trialled prior to 1 October. The other varieties trialled 
generally flowered within a few days of each other, 
with any differences becoming smaller by the last 
time of sowing.   
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Table 2. 50% flowering dates recorded for each variety and each time of sowing at four  
sites, 2014. 

 Time of sowing
Location Variety
    15-Apr 30-Apr 13-May 29-May

Minnipa ATR StingrayA 9-Jul 30-Jul 19-Aug 6-Sep

  Hyola®559TT 31-Jul 10-Aug 28-Aug 6-Sep

    15-April* 5-May 2-Jun 19-Jun

Yeelanna Pioneer®44Y87CL 8-Aug 7-Aug 12-Sep 15-Sep

 Pioneer®45Y88CL 1-Aug 9-Aug 12-Sep 15-Sep

 ATR GemA 1-Aug 10-Aug 15-Sep 15-Sep

 Hyola®559TT 5-Aug 18-Aug 12-Sep 15-Sep

 Hyola®575CL 10-Jul 11-Aug 12-Sep 19-Sep

 Hyola®971CL - - - -

    14-Apr 1-May 16-May 2-Jun

Hart Pioneer®44Y87CL 15-Jul 20-Aug 2-Sep 8-Sep

 Pioneer®45Y88CL 16-Jul 17-Aug 4-Sep 9-Sep

 ATR GemA 6-Jul 10-Aug 3-Sep 10-Sep

 Hyola®559TT 6-Jul 8-Aug 1-Sep 8-Sep

 Hyola®575CL 29-Jun 2-Aug 31-Aug 6-Sep

 Hyola®971CL 2-Oct 1-Oct 4-Oct 7-Oct

    14-Apr 9-May 5-Jun 20-Jun

Lameroo Pioneer®44Y87CL 28-Jul 27-Aug 8-Sep 17-Sep

 Pioneer®45Y88CL 30-Jul 29-Aug 13-Sep 23-Sep

 ATR GemA 27-Jul 27-Aug 11-Sep 19-Sep

 Hyola®559TT 26-Jul 25-Aug 6-Sep 16-Sep

 Hyola®575CL 8-Jul 28-Aug 7-Sep 19-Sep

 Hyola®971CL - - - -

* Sown and irrigated with 8mm - through dripper hose
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Table 3 shows the different responses in grain 
yield to two different establishment rates (15 
and 45 plants/ m2) recorded at Yeelanna, Hart 
and Lameroo. At Yeelanna, having the higher 
establishment rate (45pl/m2) produced significantly 
higher yields at each time of sowing. This reflects 
other work conducted by the SAGIT canola 
establishment project on this soil type. At the Hart 
site, establishment rate only became significant 
at the third and fourth times of sowing (16 May 
and 2 June), where having the higher seeding rate 
improved yields. This shows that while canola 
has a tremendous ability to compensate for poor 
establishment, in some situations having a poorly 
established crop will cost yield and needs to be 
factored into management.  

Table 4 shows that the variety Pioneer®45Y88CL 
yielded the highest at Yeelanna, Hart and Lameroo 
when planted in mid-April. The early May time 
of sowing, showed yield of all varieties, with the 
exception of ATR GemA and Hyola®971CL,  as 
being very similar. Results from the Hart trial didn’t 
show any yield reduction when seeding was 
delayed to mid-May (third time of sowing) compared 
to early-May, however significant yield reductions 
occurred at the Wanilla site when comparing similar 
sowing times. This may reflect differences in soil 
water holding capacity of these two soils. To put  
the results from these trials in context the yield  
data from all South Australian NVT trials is shown in 
Table 5.   

 

Table 3. Grain yield of canola comparing two different establishment rates 
(15 and 45 plants/m2) at three sites over four sowing times in 2014. 

   Time of sowing

   15-April* 5-May 2-Jun 19-Jun

Yeelanna 15 1.72 1.90 0.91 did not 

 45 2.14 2.19 1.23 harvest

 LSD(P=0.05)  0.17

    14-Apr 1-May 16-May 2-Jun

Hart 15 1.70 1.89 1.69 1.28

 45 1.70 1.94 1.94 1.62

 LSD(P=0.05)  0.17

    14-Apr 9-May 5-Jun 20-Jun

Lameroo 15 0.50 0.19 0.14 0.14

 45 0.43 0.22 0.18 0.11

  LSD(P=0.05)  0.07

* Sown and irrigated with 8mm - through dripper hose
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Table 4. Grain yield from canola sown at four sowing times and five South Australian sites in 
2014. 

 Time of sowing
Location Cultivar 
  15-Apr 30-Apr 13-May 29-May

Minnipa ATR StingrayA 2.12 1.62 1.26 0.34

Jan-Mar rf: 102mm Hyola®559TT 1.63 1.51 1.12 0.43

Apr-Oct rf: 290mm P-value <0.001

  LSD(P=0.05)  0.18

  30-Apr 6-May 16-May 28-May

Wanilla  Hyola®575CL 1.41 1.49 0.91 0.65

Jan-Mar rf: 83mm Pioneer®45Y88CL 1.41 1.50 0.70 0.51

Apr-Oct rf: 399mm P-value <0.001

 LSD(P=0.05)  0.14

   15-April* 5-May 2-Jun 19-Jun

Yeelanna Pioneer®44Y87CL 1.96 2.06 1.38 

Jan-Mar rf: 89mm Pioneer®45Y88CL 2.26 2.17 1.13 

Apr-Oct rf: 346mm ATR GemA 1.64 1.82 0.73 

 Hyola®559TT 1.89 2.07 1.08 

 Hyola®575CL 2.21 2.34 1.18 

 Hyola®971CL 0.54 0.27 0.20 

  P-value <0.001

  LSD(P=0.05)  0.30

  14-Apr 1-May 16-May 2-Jun

Hart Pioneer®44Y87CL 1.62 1.80 1.89 1.82

Jan-Mar rf: 84mm Pioneer®45Y88CL 1.98 1.96 1.89 1.42

Apr-Oct rf: 289mm ATR GemA 1.29 1.52 1.56 1.15

 Hyola®559TT 1.76 1.84 1.74 1.32

 Hyola®575CL 1.49 2.06 2.05 1.61

 Hyola®971CL 0.37 0.40 0.49 0.25

  P-value <0.001

  LSD(P=0.05)  0.24

  14-Apr 9-May 5-Jun 20-Jun

Lameroo Pioneer®44Y87CL 0.59 0.36 0.28 0.23

Jan-Mar rf: 62mm Pioneer®45Y88CL 0.72 0.31 0.24 0.12

Apr-Oct rf: 189mm ATR GemA 0.46 0.12 0.08 0.10

 Hyola®559TT 0.56 0.22 0.30 0.22

 Hyola®575CL 0.51 0.25 0.23 0.13

 Hyola®971CL 0.00 0.00 0.00 0.00

  P-value <0.001

  LSD(P=0.05)  0.18

* Sown and irrigated with 8mm - through dripper hose
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Some of the differences in yields and plant 
development observed in the time of sowing trials 
can, in part, be explained by the drivers behind 
the development of each canola cultivar. There are 
three main controls of the development of canola; 
vernalisation response, photoperiod response and 
basic temperature response.  Each of these will play 
a differing role in every variety. 

Vernalisation affects canola from sowing to floral 
initiation. Varietal response to vernalisation will 
manifest as reduced time taken from sowing to 
floral initiation as well as a reduced number of 
leaves at floral initiation. It is expected that early 
sowing of canola into a relatively warm period 
(viz. sowing in early April v mid May) will lead to a 
delay in the accumulation of vernalisation which 

Table 5. SA canola variety NVT trial of yield performance (2014, expressed as % of site  
average yield).

*Comparisons cannot be made across chemistry types as the trials were not structured to allow this. (Source: GRDC/NVT).
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will exacerbate the differences in flowering dates of 
varieties with different vernalisation requirements.

Varietal response to photoperiod occurs between 
emergence and floral initiation. Canola is a long 
day plant, meaning that the duration from sowing 
to floral initiation is reduced in long day situations. 
In recent studies, varieties commonly responded 
to day length in the range of 11 to 16 hours. For 
canola plants emerging in mid-April after an early 
April sowing, there is potential that some of the 
photoperiod requirement could be met in autumn 
where day length is longer than mid-winter.

The basic temperature response is essentially 
the response of a variety to thermal time (degree-
days) when both photoperiod and vernalisation 
requirements are met. Although there are 
differences in the basic temperature response 
amongst commercial varieties in terms of time 
taken to floral initiation, it is generally less important 
than the differences as a result of vernalisation 
or photoperiod response. The basic temperature 
response is however the main driver of development 
after floral initiation.

Using the data collected from the South Australian 
and New South Wales trials collected in 2014 we 
can start to draw some conclusions about how 
some of the varieties trialled develop.

Hyola®971CL has a high vernalisation requirement. 
When this variety was sown in mid-April in the low 
to medium rainfall area of South Australia in 2014 
flowering didn’t commence until the first week 
in October. Dry conditions through spring in all 
locations led to this variety being the lowest yielding 
in all trials. 

Hyola®575CL appears to have a relatively flat 
thermal time requirement, regardless of when it is 
sown. This resulted in Hyola®575CL being the first 
variety to commence flowering when sown early. 
Results from the first time of sowing in all trials show 
that the yield of Hyola®575CL was lower compared 
to Pioneer®45Y88CL, meaning that it was a 
disadvantage to plant this variety early in 2014. 
The variety description of Hyola®575CL indicated 
it should have a mid-season maturity, similar to 
Pioneer®45Y88CL.  

Pioneer®44Y87CL showed that as sowing was 
delayed, thermal time requirement was reduced.  
Further research is needed to understand why this 
occurred but it may have been due to a greater 
vernalisation requirement of Pioneer®44Y87CL  
compared to Hyola®575CL, with early sowing 
taking longer to accumulate vernalisation than 
the later sowing dates.  This may have helped 
Pioneer®44Y87CL avoid some damage from early 
frost events. 

Information generated by trials such as this into 
the future will add value to other trial results such 
as NVT and help explain difference in varietal 
adaptation, and performance as a starting point to 
growing more profitable canola. 

Conclusion
The manner in which each canola variety develops 
can have a large influence on the resulting yield, 
when planted at different times, and in different 
environments. The challenge for this project, 
going forward, is to be able to develop and deliver 
information on new varieties in a way that is timely 
and relevant to growers and advisers. Growers and 
advisers will be able to use this information to help 
select a suite of varieties that are suited to sowing 
opportunities that most often occur in their district 
and also to capitalise on early or delayed sowing 
opportunities as the seasons dictate. 

Contact details 
Andrew Ware
PO Box 1783, PORT LINCOLN
0427 884 272
andrew.ware@sa.gov.au
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New pulse variety and 
agronomy update 2015
Larn McMurray1, Mick Lines1, Jeff Paull2, Dili Mao1, Amanda Pearce3, Matt Rodda4 
and Jason Brand4,
1SARDI Clare, 2University of Adelaide, 3SARDI Struan, 4DEPI Victoria.

New red lentil opportunity
The recently released variety, PBA Jumbo2A, 
continues to be the highest yielding Australian lentil 
after topping the statewide NVT and Pulse Breeding 
Australia (PBA) trials in 2014. In a performance not 
quite as impressive as previous years it still finished 
12 per cent above Nugget, two per cent above PBA 
AceA, three per cent above PBA BlitzA and six per 
cent above PBA FlashA across all trials last year. 
PBA Jumbo2A has been released as a replacement 
for PBA JumboA although their large grey coloured 
grain size is about the only feature they share in 
common. It has improved agronomic characteristics 
over PBA JumboA, including greater early vigour 
and improved lodging, disease and shattering 
resistance. It is rated as resistant to both ascochyta 
blight (AB) and botrytis grey mould (BGM), however 
monitoring for disease is still recommended. As 
with other large seeded varieties, PBA Jumbo2A 
is well suited to the post-harvest removal of small 
broadleaf weeds seeds, however it does not have 
the XT herbicide technology. 

PBA Jumbo2A has a large and vigorous plant type 
that aids in weed competition and sets up high yield 
potential. Conversely it often has a lot of biomass 
to carry through dry finishes, however to date it 
appears to be able to do this better than other large 
varieties such as PBA AceA and the green lentil 
varieties, as seen by its impressive if not slightly 
subdued yield performance in 2014. Agronomic 
work is currently ongoing to investigate if seeding 
rate and sowing date manipulation are required to 

Keywords
pulse varieties, herbicide tolerance,  
green lentils. 

Take home messages
• The new faba bean, PBA SamiraA, and 

lentil, PBA Jumbo2A, were not overly 
favoured by dry finishing conditions  
in 2014. However they still offer very  
high yields, improved disease and  
other agronomic advantages over  
older varieties and are available for  
2015 sowings;

• XT lentil varieties have improved 
tolerance to residues of Group B 
herbicides compared with conventional 
lentils but still can incur yield loss in 
some situations;

• New green lentil varieties provide 
growers with an opportunity to manage 
production and marketing risks but are 
a higher input lentil and require careful 
consideration; and

• No field pea, lupin or chickpea varieties 
were released in 2014, however correct 
varietal choice and optimum agronomic 
and disease management practices 
are required to maximise production of 
current varieties, refer to the SARDI Crop 
Sowing Guide and PBA variety brochures 
for details.
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optimise its performance across a range of seasons 
and environments.

Improved weed control in lentil
Research by the Southern Region Pulse Agronomy 
(SPA) program and PBA has focused on improving 
Group B herbicide tolerance in lentil. Group B 
herbicides, including Imidazolinone (Imi) and 
Sulfonyl Ureas (SU), applied in cereal phases of 
the crop rotation can aid weed control across the 
whole farming system due to their residual activity. 
However, their use can also reduce subsequent 
pulse production, particularly on alkaline, high pH, 
light textured soils where their residual life is often 
extended. 

Two lentil varieties, PBA Herald XTA and PBA 
Hurricane XTA, are now commercially available 
with a permit allowing the post-emergent use of 
Imazethapyr. Research by SPA during 2013 and 
2014 in lentil producing regions of South Australia 
and Victoria aimed to confirm this in-crop tolerance 
as well as exploring benefits from potential improved 
residual tolerance. Trials were set up at various 
locations to simulate residual Group B herbicide 
carry-over through the application of treatments 
at either very low rates post sowing pre-emergent 
(PSPE) (Figure 1) or commercial rates pre-sowing in 
autumn (Figure 2).

Key findings from the agronomic  
herbicide trials

• Response of lentils to herbicide treatments  
varied with seasonal conditions, method of 
herbicide incorporation, stubble coverage, soil 
texture and fertility.

• Treatments that showed high plant damage 
generally incurred high yield losses, however low 
levels of chlorosulfuron plant damage still resulted 
in significant yield loss in some trials.

• XT lentil varieties showed improved tolerance 
compared to conventional lentil varieties to all 
treatments, however they still incurred yield loss 
to some chemistries under certain conditions, 
indicating low safety margins to these chemistries 
(Figure 2).

• Chlorsulfuron and triasulfuron were the most 
damaging treatments in the trials. Metsulfuron 
was found to be the safest of the sulfonylurea 
chemistries tested.

• It is important to note that all existing product 
label rates, plant-back periods and directions for 
use must still be adhered to. Further research 
is required to identify if sufficient crop safety 
exists in XT lentils to seek changes to label 
recommendations for other Group B herbicides.

Figure 1. Effect of various Group B chemistries applied PSPE at 4 application rates on the 
grain yield of PBA Hurricane XTA and NippeA lentils, Pinery, 2013. Solid horizontal line indicates 
untreated variety yield, with shading showing associated error.
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Bright future for weed control  
in pulses
Building on the success of the lentil research, the 
SARDI pre-breeding project has developed Group 
B tolerant faba bean and Group C tolerant lentil 
germplasm. Agronomic field trials in South Australia 
in 2014 confirmed faba bean lines with tolerance to 
a range of Imi chemistries and early generation  
PBA yield trials have identified lines with good 
adaptation to southern Australia. Preliminary field 
validation trials also confirmed a very high level 
of metribuzin tolerance (10-20 times) in lentil 
germplasm. This material has now been ‘crossed’ 
with the Group B tolerant lines with the aim of 
developing dual herbicide tolerant (Group B+C) 
varieties. The project is now expanding into the 
development of novel herbicide tolerance in both 
kabuli and desi chickpea.

Green lentil opportunities
Australian lentil production is dominated by red 
lentils, however internationally there is a large 
market for green (yellow cotyledon) lentils and 
there is also a small domestic market. Canada 
traditionally has produced more green lentils than 
red but in recent years has trended to greater 
production of the latter with an estimated 1.1 MT  
of reds produced in 2014 compared with 0.59 MT 
of greens. Canadian lentil area estimates for 2015 
are currently at record levels of 3.8 to 4.0 million 
acres, as growers respond to high prices, and  
again red lentil production is likely to dominate.   
The Australian green lentil industry is currently 
infantile but its existence may allow some growers 
to spread their production and marketing risks, 
particularly if production trends and seasonal forces 
combine in Canada to help produce large world 
wide red lentil stocks.

Figure 2. Effect of various Group B chemistries and application rates on grain yield of PBA 
Hurricane XTA and NipperA lentils, Pinery, 2014. ‘Residual’ treatments were applied on the 25th 
of March, PSPE treatments were applied on the 26th of May. Solid horizontal line indicates 
untreated variety yield, with shading showing associated error. 
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Green lentils are generally sold and consumed 
whole with the seed coat intact and the markets 
prefer large uniform seed size with good green 
colour retention (lack of bleaching) and an absence 
of seed blemishes such as disease and wrinkled 
seed coat. There are also some smaller markets 
for medium and small sized green lentils. The 
combination of the above characteristics have 
been hard to achieve under Australian conditions, 
particularly as the initial green variety, Matilda, 
was medium in size and susceptible to disease. 
BoomerA, released in 2005 with a larger seed 
size and improved disease resistance enabled 
successful production in some areas, however  
it was prone to shatter and acceptable seed  
colour often difficult to achieve. Further breeding 
progress by PBA has resulted in the 2014 release  
of PBA GiantA (large) and PBA GreenfieldA  
(medium) that will help growers produce a more 
marketable product.

PBA GiantA is the largest seeded Australian 
green lentil, broadly adapted with similar yield 
and improved shattering resistance compared to 
Boomer. It produces a slightly larger and more 
consistent seed size, average diameter 5.8 mm. 
It has moderate resistance to AB but is rated 
moderately susceptible to BGM and monitoring and 
timely application of fungicides will be important to 
ensure the control of disease, including strategic 
fungicide applications at podding to minimise seed 
staining from AB. Although improved over Boomer, 
PBA GiantA has a shattering rating of MR/MS and 
therefore timely harvest is still vital to prevent seed 
loss and bleaching of coat colour. 

PBA GreenfieldA is the highest yielding Australian 
green lentil available, broadly adapted with good 
early vigour and moderate resistance to AB and 
BGM. PBA GreenfieldA is mid flowering and like 
other green lentils is mid to late in maturity. In long 
term trials it has produced grain yields averaging 
11 to 14 per cent higher than the red lentil 
variety Nugget and averages 11 per cent higher 
grain yields than BoomerA. PBA GreenfieldA has 
improved shattering resistance over both BoomerA 
and PBA GiantA with an MR rating, however timely 
harvest is still important to produce good coloured 

seed. This may also be aided by strategic fungicide 
applications during podding to minimise seed 
staining from AB.

Going green?
Before considering green lentil production, growers 
need to consider a number of production, storage 
and marketing issues with green lentils, including:

• visual appearance of seed is very important, 
therefore good disease and insect control 
and timely harvest is required, production in 
environments where there is a lower risk of 
climatic events affecting seed quality issues  
such as wrinkled seed coat, bleaching or  
delayed harvest will also aid in producing a 
marketable product;

• production is small and new in Australia, 
understand marketing opportunities prior to 
deciding to grow them and have the capability for 
on farm storage;

• larger plant type with increased early vigour and 
often later maturity than reds, this combination 
leads to a plant type that reaches earlier canopy 
closure, is more prone to lodging, more prone 
to early onset of BGM and can be more difficult 
to achieve effective canopy penetration with late 
season foliar sprays. Consider a slight delay in 
sowing time and reduction in seeding rate in 
favourable environments; and

• no green lentil has the XT herbicide technology, 
but their larger plant size is more competitive with 
weeds and larger seed size is well suited to the 
post harvest removal of smaller weed seeds.

New faba bean variety PBA 
SamiraA - yield and agronomic 
performance
South Australian NVT and PBA trials were still being 
collated at the time of going to print but analysis 
of the trials available showed that PBA SamiraA 
was similar in yield to other varieties in 2014. This 
was slightly down on its long term average yield 
performance where it has shown a five per cent 
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advantage over all other varieties in most districts 
of South Australia. It appears that the slightly larger 
seeded and relatively later flowering varieties such 
as PBA RanaA and PBA SamiraA may have  
suffered more in the dry finish last year compared 
with Farah.

PBA SamiraA has a mid flowering timing (similar 
to NuraA and PBA RanaA) and is five to 10 days 
later than Fiesta VF and FarahA, but matures at 
the same time as these varieties. PBA SamiraA 
is resistant to ascochyta blight, including the new 
strain recently identified in South Australia. It is 
moderately susceptible to chocolate spot and rust, 
and susceptible to Cercospora leaf spot. Seed of 
PBA SamiraA is slightly larger than Fiesta VF, FarahA 
and NuraA with a similar seed colour.

Agronomic sowing date trials at Tarlee in the  
Mid North last year also found FarahA and  
PBA SamiraA performed similarly in the absence  
of any significant disease pressure. However  
PBA SamiraA was higher yielding than NuraA and 
PBA RanaA particularly at the early sowing time  
(28 April compared with 12 May). Trial findings 
appear to be suggesting that PBA SamiraA is well 
suited to early sowing dates perhaps due to its 
combination of slightly later flowering and good 
disease resistance.

Faba bean ‘necking’ 2014
Necking, where the faba bean plant remains erect 
but a proportion of the stem ‘necks’ over between 
90 and 180 degrees, was prevalent in research trials 
and commercial crops in 2014. This phenomenon 
is thought to be due to moisture stressed plants 
being subjected to heat and wind events during the 
reproductive phase. Variety susceptibility/resistance 
to necking has been noted but the effect on grain 
yield and seed size is largely unknown although 
harvestability is often reduced. 

Results from across a number of trials in 2014 
(Table 1) show a range of variety responses to 
necking with Nura the most susceptible and 
sometimes PBA SamiraA and PBA RanaA worse 
than FarahA. Interestingly  the results for necking 
were different to lodging with generally NuraA 
and PBA SamiraA showing improved results over 
FarahA, although apart from at Maitland lodging was 
generally low in 2014.

Contact details 
Larn McMurray
SARDI Clare, 9 Old North Road, Clare, SA, 5453
08 8842 6265 
larn.mcmurray@sa.gov.au

Table 1. Standing ability and necking scores of faba bean varieties from PBA and NVT trials, 
southern Australia, 2014 (data source: University of Adelaide, SARDI, NVT).

 Standing ability (1-9 = all plants fully upright Necking (1-9 = no plants with necking)
Variety

 Freeling Saddleworth Bool lagoon Maitland Tarlee Pinery Wonwondah Kalkee Maitland Tarlee

Farah 6.9 8.3 7.3 5.7 7.0 6.7 4.7 6.3 8.3 7.3

Fiesta VF 6.5 7.7 8.0 5.0 7.3 7.3 5.7 - 8.7 6.7

Nura 7.8 9.0 9.0 4.7 7.7 2.0 2.7 5.0 8.3 7.3

PBA RanaA 7.9 7.7 8.3 4.0 8.3 5.0 6.3 5.0 9.0 9.0

PBA SamiraA 7.8 9.0 8.0 6.7 8.3 3.3 4.7 5.7 7.3 7.3
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Diseases of pulse crops  
in 2014
Rohan Kimber1, Jenny Davidson1, Matthew Rodda2, Mohammad Aftab2 and Jeff Paull3,
1South Australian Research and Development Institute; 2Victorian Department of Environment and 
Primary Industries;  3University of Adelaide, School of Ag, Food and Wine, Waite Campus, South 
Australia.

GRDC project codes:  DAS00139, DAV00129, DAV0119, UA00127 
SAGIT project codes:  S1208, S1203

Ascochyta blight
Faba beans

Ascochyta blight leaf spot was observed at high 
levels in many crops in mid-winter, as a result of 
spread during ongoing rain. Some crops of FarahA 
and PBA RanaA were affected in the lower and 
mid north of SA where a new virulent strain of the 
fungus has been identified. FarahA should now be 
considered susceptible to the disease, comparable 
with Fiesta, and managed accordingly viz. early 
fungicide sprays ahead of rain events during late 
July and early August to slow the spread of disease, 
with follow up sprays in spring ahead of rain events 
to prevent pod infection.

Detailed controlled environment testing of 
Ascochyta fabae isolates collected from the mid-
North of the state confirmed that several new 
isolates had overcome the resistance of FarahA 
and PBA RanaA, but Ascot, NuraA and PBA 
SamiraA remain resistant. This has prompted 
large-scale screening in 2014 of breeding material 
and sources of resistance to Ascochyta blight that 
had been selected in previous years, to identify 
lines resistant to the “new” pathotype. Over 80 
germplasm accessions were tested with isolates 
that represented the “old” (collected in 2010) and 
“new” (collected in 2013) pathotypes.  The results 
showed 73 accessions, with an overall rating of 
three or less, were resistant to the “old” pathotype, 
but only 24 of these accessions were also resistant 
to the “new” pathotype (Figure 1). What was also 
shown was the presence of distinct geographical 

Keywords
Ascochyta lentis, Ascochyta fabae, 
blackspot, Botrytis, virus, virulence, 
resistance.  

Take home messages
• A virulent strain of Ascochyta lentis 

able to infect the previously resistant 
cultivar NipperA is widespread across 
South Australia and Victoria. This cultivar 
should be managed similar to Nugget for 
ascochyta blight.

• A virulent strain of Ascochyta fabae 
able to infect PBA RanaA and FarahA is 
common in the lower and mid north of 
South Australia. These crops will require 
foliar fungicides when grown in these 
regions.

• Geographical effects on Ascochyta 
fabae resistance, that represent ‘point of 
origin’ of resistant faba bean accessions, 
illustrate the need for sourcing diverse 
germplasm.

• Low infection rate from Beet Western 
Yellows Virus (syn: Turnip Yellows Virus) 
inferred this virus had minimal impact on 
pulse crops in 2014. 

• Crop topping timing and delayed harvest 
timing can reduce faba bean seed quality.
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variation, related to the ‘point of origin’ where 
these sources of germplasm were collected. 
The majority of accessions resistant to the “new” 
pathotype originated from the Middle East and 
Mediterranean Basin, while accessions from China 
were susceptible or very susceptible to the “new” 
pathotype (Figure 1). There was also considerable 
variation in the reaction of accessions within a 
region; for example, while some lines from the 
Middle East were resistant, others were moderately 
susceptible to very susceptible to the “new” 
pathotype (Figure 1).

Lentils
Ascochyta blight was very low on lentils in 2014 
due to the dry conditions during August and 
spring. However growers should be vigilant about 
controlling this disease as inoculum will carryover 
for two to three seasons. Isolates of Ascochyta 
lentis have been collected from numerous naturally 
infected lentil field trials in South Australia and 
Victoria from 2010 to 2014 and tested in controlled 
environment conditions on five lentil hosts viz; 
Indianhead, ILL7537, NipperA, Northfield and the 
susceptible check Cumra.  Infection on the cultivar 
NipperA is increasingly common and ascochyta 

blight lesions have become more aggressive on 
this cultivar in recent years. Of the 21 isolates 
collected in 2013 from NipperA, the four most 
aggressive in controlled studies were originally 
from Hart, Riverton, Melton and Kulpara and the 
remaining 17 isolates were from ten sites on Yorke 
Peninsula and from Tarlee.  The lentil entries in the 
2014 National Variety Trials were tested against 
an isolate virulent on NipperA as well as an isolate 
avirulent on NipperA. Results of the virulent isolate 
were comparable with disease assessments in 
the PBA breeding trial at Mallala in 2013 and the 
PBA breeding trial at Horsham in 2014 (Table 1). 
The correlation coefficient for comparison of the 
NipperA virulent isolate (FT12013) with Mallala = 
0.82 (P<0.001) and with Horsham raw data = 0.87 
(P<0.001); the correlation coefficient for comparison 
of the NipperA avirulent isolate (FT10002) with 
Mallala = 0.53 (P<0.02) and with Horsham raw 
data = 0.68 (P<0.001). Results were comparable 
between the two field sites i.e. correlation coefficient 
= 0.92 (P<0.001). These results indicate the 
widespread nature of the NipperA virulent form of  
A. lentis. This work is funded by the South 
Australian Grains Industry Trust (SAGIT).

Figure 1. Reaction of faba bean accessions to “old” and “new” isolates of Ascochyta fabae. Accessions 
are colour coded to indicate their ‘point of origin’ within geographical regions. Plants were inoculated with a 
spore suspension of a single isolate and maintained under humid conditions in a glasshouse. Disease was 
rated on a scale of 1 (resistant) to 9 (very susceptible).
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Table 1. Ascochyta blight disease scores on National Variety Trial lentils 2014 inoculated with 
three separate isolates of Ascochyta lentis in a controlled environment room compared to 
disease scores in Mallala PBA trial in 2013 and Horsham PBA trial 2014. Results in isolate tests 
show the % plant disease on two week old seedlings averaged for four plants x four replicates. 
Results for Mallala and Horsham trials are averaged for three replicates.  

Total % Plant Score

  Avirulent  Virulent Control   Mallala PBA trial Horsham PBA trialLentil line   isolate on  isolate on isolate   2013 2014  Nipper Nipper

 Kewell FT10002 FT12013 raw data Sqrt Asco % raw data

BOOMERA 0.00 0.08 1.42 0.0 1.10 1.2

CIPAL 0901 6.25 0.00 0.00 0.0 0.55 0.3

CIPAL 1204 2.67 0.00 0.42 0.0 0.54 0.3

CIPAL 1301 0.00 0.00 0.08 0.0 0.36 0.1

CIPAL 1302 13.75 0.00 0.08 0.0 0.53 0.3

CIPAL 1303 7.08 0.00 0.92 0.0 0.41 0.2

NIPPERA 0.00 0.08 8.33 13.3 2.20 4.9

NORTHFIELD 0.83 3.64 17.92 3.3 1.88 3.5

NUGGET 1.75 5.50 12.50 8.3 2.20 5.2

PBA ACEA 0.00 0.00 0.00 0.0 0.36 0.1

PBA BLITZA 1.00 5.25 3.08 3.3 1.18 1.4

PBA BOLTA 0.67 0.00 0.00 1.7 0.53 0.3

PBA BOUNTYA 0.09 1.58 9.64 10.0 2.08 4.3

PBA FLASHA 3.67 4.58 22.92 28.3 3.51 12.3

PBA GIANTA 1.08 1.25 1.64 3.3 2.00 4.0

PBA GREENFIELDA 0.00 3.58 5.91 1.7 2.37 5.6

PBA HERALDA 0.08 0.00 0.00 0.0 1.00 1.0

PBA JUMBOA 1.42 3.33 14.17 8.3 2.25 5.0

PBA JUMBO2A 0.83 0.00 0.00 0.0 0.03 0.0

PBA HURRICANEA 8.17 0.08 0.08 0.0 0.67 0.4

Isd 3.88   1.9 0.34 
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Field peas

Blackspot on seedling crops of field peas was 
severe in some districts due to frequent rain events. 
This was despite the relatively low risk forecast by 
Blackspot Manager. Ongoing rain through June and 
July created continual spore splash which overcame 
this predicted lower risk.

Botrytis diseases on seedling 
pulse crops
Chocolate spot lesions on faba beans were 
identified in the lower north region of South Australia 
and unconfirmed reports of the same disease came 
from Eyre Peninsula. The warm, humid conditions 
early in the season allowed the fungus, Botrytis 
fabae, to infect seedling crops. These infections 
were a risk to the crops as they act as disease foci 
once the canopies close over. Botrytis grey mould 
was also severe on vetch crops in the mid north 
of SA due to the unusually mild conditions during 
late May to June. The dry conditions in August and 
spring halted the progression of these diseases.

Viruses in pulse crops 2014
The presence of six different viruses in pulse and 
medic crops and trials was tested in mid-winter 
(July – August) and again in mid spring (late 
September – October) with results presented in 
Table 2. There were few obvious symptoms of virus 
infection in the majority of pulse crops, except for 
medic stands and the occasional lentil crop with 
yellowing and reddening symptoms associated with 
virus infection. Beet Western Yellows Virus (BWYV) 
(synonym: Turnip Yellows Virus) was detected in all 
pulse crop types with a generally low infection rate 
although one lentil crop recorded 92% infection. 
Results suggested that yield loss was negligible 
in pulses from BWYV. Conversely the 44.3% 
average infection rate in the seven positive medic 
tests inferred that medics had production losses 
from BWYV infection. Pea Seed borne Mosaic 
Virus (PSbMV) was present at low levels in faba 
beans while two of the field pea sites recorded 
approximately 20% infection from this virus. 
Cucumber Mosaic Virus (CMV) was not widespread 
and where present had low infection rates, although 

one lentil crop showed 100% infection rate and one 
medic stand 20% infection rate. Alfalfa Mosaic Virus 
(AMV) was only detected in two crops but the faba 
bean crop had 100% infection. Bean Leaf Roll Virus 
(BLRV) and Bean Yellow Mosaic Virus (BLRV) were 
not detected at any of the sites.

Seed quality in faba bean – trial 
results 2013
The agronomic practices of crop topping and 
windrowing on faba bean grain quality, as well 
as the impact of mechanical damage (e.g. 
wheel-tracks), were examined in three field trials 
conducted in three growing regions (Eyre Peninsula, 
Mid North and South East). Preliminary results from 
the 2013 trials are presented in this paper. This 
research is funded by SAGIT to examine the issue 
of field mould in faba bean, and is conducted in 
collaboration with the Southern Pulse Agronomy 
project, which is funded by the GRDC.  Several 
grain quality attributes were examined on seed 
harvested from the different treatments: total 
number of blemished seed (accumulative measure), 
colour tone (measured using Minolta Chroma 
meter CR-310), 100 grain weight, grain uniformity 
(visual – colour and size score), number of weather-
stained seed, number or shrivelled seed, number of 
seed with ascochyta staining, number of seed with 
residual adhesions from pod wall. These parameters 
were used to measure seed quality, in relevance to 
the potential incidence of field mould and impact 
of potential down grading or rejection lots at grain 
receival silos.

The results are presented in Tables 3-8. The 2013 
season was not favourable to the development 
of field mould on seed at the sites examined in 
this study. The climatic conditions experienced in 
the spring were relatively dry, though conductive 
conditions to disease were experienced in winter 
and some spring rains did perpetuate development 
of ascochyta staining on seed and weather damage 
to developed pods. The trends observed from this 
study can be used to provide a guide as to the 
dynamics of factors affecting seed development 
that may occur in seasons of wet conditions in 
spring or early summer.
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The key take home messages of the impact of 
agronomic practices examined in faba bean seed 
quality were:

• Variety has a significant effect on seed quality. 
Fiesta (and FarahA included in the EP trial) was 
consistently shown to have poorer seed quality 
than PBA RanaA (Table 3, 4 and 6-8).

• Mechanical damage (wheel-tracks) has little to no 
effect on the main seed quality attributes (data 
not presented). However, a higher incidence of 
chocolate spot was recorded in damaged plots, 
which could present instances of reduced seed 
quality when conditions remain conducive.

• The practice of windrowing in itself had no effect 
on seed quality (Table 3). Significant differences 
such as colour, grain weight and uniformity 
was driven by variety type (PBA RanaA being 
superior).

• The influence of windrowing timing (early, mid & 
late) had little effect on seed quality. However, 

when a late windrow treatment was combined 
with a late harvest treatment (mimicking leaving 
windrow for longer period before pickup), a 
significant reduction in seed quality was seen 
(Table 4 and 5). The variety Fiesta was more 
susceptible to this effect than PBA RanaA.

• Crop topping timing had a significant effect 
on seed quality at the EP trial (Table 6), where 
early implementation of crop topping increased 
shrivelling, weather staining and exposure to 
ascochyta staining. This site was the wettest 
site of the three in 2013, and this effect was not 
evident within the SE and MN trials. 

• The superior seed quality of PBA RanaA showed 
it was more tolerant to the variation of agronomic 
practises that might affect seed quality examined 
in this study, compared to Fiesta and FarahA 
which have less consistent colour and size.

Further analyses are being conducted on the effect 
of crop topping on newer variety types, and results 
from the 2014 trials are being collated.

Table 2. Results of virus testing in pulse and medic crops and trials in South Australia in 2014.

 
Crop Number of crops Test

 Number of crops with positive virus tests  
type or trials tested period

  (average % infection rate in brackets)

      BWYV PSbMV CMV AMV BLRV BYMV

faba beans  24 Jul - Aug 6 (2%) 4 (4.5%) 0 1 (100%) 0 0

 19 Sep - Oct  11 (2%, 1 at 62%) 1 (6%) 0 0 0 0

field peas 9 Jul - Aug 8 (20.1%) 7 (6.1%) 1 (2%) 0 0 0

 6 Sep - Oct  4 (3%) 4 (20.5%) 0 0 0 0

lentil 10 Jul - Aug 3 (4%, 1 at 92%) 0 3 (1%, 1 at 100%) 0 0 0

 4 Sep - Oct  3 (2.7%) 0 2 (6.5%) 1 (4%) 0 0

chickpea 11 Jul - Aug 1 (1%) 0 0 0 0 0

 5 Sep - Oct  1 (2%) 0 0 0 0 0

medic 11 Jul - Aug 7 (44.3%) 0 1 (20%) 0 0 0

lupin 1 Jul - Aug 1 (13%) 0 0 0 0 0

vetch 2 Jul - Aug 0 0 0 0 0 0

BWYV = Beet Western Yellow Virus (synonym: Turnip Yellows Virus)    
PSbMV = Pea Seed borne Mosaic Virus    
CMV = Cumcumber Mosaic Virus     
AMV = Alfalfa Mosaic Virus      
BLRV = Bean Leafroll Virus      
BYMV = Bean Yellow Mosaic Virus
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2013 Field Mould trials – Summary table of analyses

Table 3. Windrow treat Eyre Peninsula

Eyre  Fiesta x Rana x  Fiesta x Rana x LSD Fiesta Rana LSD Windrow Conv LSD 
Peninsula Windrow Windrow Conv Conv  (P) Mean Mean  (P) Mean Mean  (P)

Blemish total NS NS NS NS NS NS NS NS NS NS NS

Colour tone NS NS NS NS NS 57.66 58.89 0.86 (0.013)) 58.34 58.21 NS

100grain wt NS NS NS NS NS 68.62 75.15 1.85 (<0.001) 70.88 72.89 2.56 (0.09)

Uniformity 1.75 1.75 2.75 1.5 1.653 (0.04) 2.25 1.62 0.586 (0.04) 2.12 1.75 NS

Stain NS NS NS NS NS NS NS NS NS NS NS

Shriveling NS NS NS NS NS NS NS NS NS NS NS

Table 4. Windrow treat Mid North

  Fiesta  Rana  Early Mid Late Late WRMid North   LSD (P)     LSD (P) Comment  Mean Mean  WR WR WR  - delay 

Blemish total 15.6 4.1 5.61 (<0.001) 7.0 4.2 8.9 19.2 7.94 (0.004) Interaction

Colour tone 52.72 54.16 0.75 (<0.001) 52.49 54.42 54.04 52.8 1.06 (0.003) No interaction

Uniformity 3.77 2.00 0.53 (<0.001) NS NS NS NS NS Interaction

Stain  6.24 1.5 3.21 (0.006) 3.5 1.73 2.5 7.75 4.53 (0.052) No interaction

Shriveling 3.43 0.56 1.21 (<0.001) 2.5 0.6 1.62 3.25 1.72 (0.025) No interaction

Asco (seed) 5.5 1.94 2.48 (0.007) 1.0 1.76 4.38 7.75 3.50 (0.003) Interaction

Table 5. Windrow treat Mid North

Mid Fiesta x Rana x Fiesta x Rana x Fiesta x Rana x Fiesta x Rana x         LSD (P)North  Early WR Early WR Mid WR Mid WR Late WR Late WR Late WR - delay Late WR - delay 

Blemish total 11.2 2.7 5.3 3.0 13.0 4.8 32.8 5.8 11.23 (0.023)

Colour tone NS NS NS NS NS NS NS NS NS

Uniformity 5.00 1.75 3.10 2.00 3.00 2.50 4.00 1.75 1.06 (0.005)

Stain NS NS NS NS NS NS NS NS NS

Shriveling NS NS NS NS NS NS NS NS NS

Asco (seed) 1.5 0.5 1.76 1.75 6.25 2.5 12.5 3.0 4.95 (0.045)

Notes relevant to analysis:

The interaction (Variety by Windrow) is presented first in Table 3. Interaction effects were only observed in the Mid-North trial (Table 5).

Conv = Conventional harvest.  
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Table 6. Crop Top x Fungicide x Variety – Eyre Peninsula

  CT  CT CT CT       AF08014 Farah Fiesta Rana  timing timing  timing timing LSD (P)     LSD (P) Comment       Mean Mean Mean Mean  Early Mid Late Nil

Blemish total 41.40 19.90 10.20 10.20 16.86 (0.012) 19.20 26.00 25.80 10.70 6.28 (<0.001) Interaction

Colour tone 52.01 53.02 52.97 53.24 0.54 (0.006) 54.80 51.75 51.49 53.24 0.56 (<0.001) No interaction

100grain wt 60.40 68.33 67.55 69.02 1.89 (<0.001) 64.12 64.76 63.80 72.62 1.65 (<0.001) No interaction

Uniformity 3.60 3.00 2.60 2.38 0.76 (0.031) NS NS NS NS NS No interaction

Stain  14.90 6.29 3.27 3.46 6.81 (0.018) 4.83 8.04 9.56 5.48 2.35 (<0.001) No interaction

Shriveling 14.44 9.67 4.04 4.17 9.01 (0.082) 9.00 11.08 9.83 2.40 3.17 (<0.001) Interaction

Asco (On seed) 11.74 3.67 2.71 2.21 3.02 (<0.001) 5.25 5.88 5.88 3.33 2.27 (0.09) Interaction

Pod Wall NS NS NS NS NS 0.167 0.75 0.993 0.59 0.51 (0.017) No interaction

Table 7. Crop Top x Fungicide x Variety – South East

 CT  CT CT CT      AF08014 Fiesta Rana Timing  Timing Timing Timing LSD (P)    LSD (P) Comment      Mean Mean Mean Early Mid Late Nil   

Blemish total NS NS NS NS NS 4.08 13.62 1.75 2.64 (<0.001) No Interaction

Colour tone NS NS NS NS NS 56.49 55.04 54.28 0.48 (<0.001) No interaction

100grain wt 72.54 73.37 74.23 74.71 1.28 (0.024) 66.62 69.48 85.04 1.15 (<0.001) No interaction

Uniformity 2.39 2.72 2.78 2.28 0.29 (0.014) 2.17 3.46 2.00 0.40 (<0.001) No interaction

Stain NS NS NS NS NS 1.29 1.92 0.62 0.84 (0.014) No interaction

Shriveling 2.39 3.72 2.44 0.72 2.08 (0.064) 1.50 5.33 0.13 1.62 (<0.001) No Interaction

Pod Wall NS NS NS NS NS 1.31 6.17 1.00 1.16 (<0.001) No interaction

Table 8. Crop Top x Fungicide x Variety – Mid North 

 CT  CT CT CT      Fiesta Rana Timing  Timing Timing Timing LSD (P)   LSD (P) Comment      Mean Mean Early Mid Late Nil   

Blemish total NS NS NS NS NS 19.08 6.04 3.73 (<0.001) No Interaction

Colour tone NS NS NS NS NS 52.94 54.56 0.48 (<0.001) Interaction

100grain wt 71.09 75.24 76.5 75.51 2.66 (0.01) 71.85 77.32 1.87 (<0.001) No interaction

Uniformity 5.0 3.67 4.0 3.92 0.73 (0.017) 4.708 3.583 0.38 (<0.001) No interaction

Stain NS NS NS NS NS 7.23 5.17 1.86 (0.032) Interaction

Shriveling NS NS NS NS NS 6.85 2.63 1.54 (<0.001) No Interaction

Pod Wall NS NS NS NS NS 3.58 2.21 0.72 (0.001) No interaction

Asco (seed) NS NS NS NS NS NS NS NS 

Notes relevant to analysis:  Ascochyta not included in analysis as no seed staining from ascochyta was observed in the South East trial.



2 0 1 5  A D E L A I D E  G R D C  G r a i n s  R e s e a r c h  U p d a t e                                                      2 4 4

Contact details

Rohan Kimber

rohan.kimber@sa.gov.au



2 0 1 5  A D E L A I D E  G R D C  G r a i n s  R e s e a r c h  U p d a t e                                                      2 4 5

Using crop competition  
for weed control in barley 
and wheat
Simon Goss and Rob Wheeler
SARDI, Waite Campus.

GRDC project code:   DAN00173

Background
With heavy reliance on chemicals in today’s farming 
systems, resistance is becoming a serious and 
complicated issue. While chemicals still control the 
majority of weeds in crop, other strategies need 
to be used to reduce the amount of the weeds 
which escape chemical treatment and reach seed 
set. Funded by the GRDC and SAGIT, varietal 
differences in weed competitiveness and techniques 
such as seeding rate, seed size, seed bed utilisation 
and row spacing are currently being examined.

Sowing dates are moving earlier and many growers 
are sowing dry in mid-late April. Chemicals can be 
less effective during this time due to fewer weeds 
being able to be killed with a knockdown, which 
leads to more pressure on control using pre and 
post emergent chemicals. A crop with good early 
vigor and ability to establish before the weeds, 
and shade out the canopy especially in dry sowing 
conditions, should increase yield and also play an 
important role in integrated weed management 
systems. Varieties differ in their growing patterns 
with some having erect leaves, low early vigor and 
fewer tillers, which allow more light into the canopy. 
Others have more tillers, high early vigor and larger 
leaf area which allow less light into the canopy. A 
restricted amount of light allowed into the canopy 
should result in less light being available for weeds 
to photosynthesise. 

As varieties differ in growing patterns this work 
has been completed to determine which varieties 
perform better under high weed pressure situations 
to see if their yield is affected as well as their ability 
to restrict weed seed set. 

Variety trials are often conducted under weed free 
conditions but elite performers in these situations 
may not be the case where high weed pressure 
occurs. These trials will hopefully provide another 
tool for selecting varieties to use as another form of 
weed control in problem paddocks. 

Keywords
weed competition, barley varieties, wheat 
varieties, seeding rates.

Take home messages
• Varieties differ in their ability to compete 

with weeds;

• New durum variety DBA AuroraA shows 
similar weed competitiveness to MaceA 
wheat; and

• Weed competitive varieties are a useful 
weed management tool.
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Crop and grass response to seed 
rate and seeding method
Durum wheat has typically been a poor performer 
in terms of competitiveness with many farmers 
turned away due to this, as well as other issues. 
Over the past three years, research by the Southern 
Australian Durum Growers Association, with 
funding from SAGIT and corporate sponsors, has 
investigated the best management system for 
tackling weed issues in durum crops. A trial was 
conducted in 2014 through the Hart Field Day 
Group at their site which was aimed at comparing 
DBA AuroraA to MaceA wheat to see what 
management packages worked best and how the 
two crop types faired against each other. This was 
conducted by firstly spreading rye grass over the 
site at a rate of 10 kg/ha. Selected plots were then 

treated with a pre-emergent herbicide, to create 
plots which were under varying weed pressure. 
Several different treatments were applied to test the 
effect of seeding rates and normal and spreader 
seeding boots.

From a statistical analysis at a 95 per cent 
confidence interval the following findings were 
made. Please note that this trial has only been 
completed once in 2014 at 1 site.

Key findings
• In MaceA wheat and DBA AuroraA durum, 

increasing the seeding rate reduced rye grass 
head set;

• DBA AuroraA and MaceA were similar in ability to 
reduce ryegrass seed set;

Table 1. The effect of seed rate and normal and spreader seeding boots on grain yield, t/ha, and 
grass seed set, heads/m2, when sown to DBA-AuroraA durum wheat and MaceA wheat at Hart, 
SA in 2014. Yield loss percentage is the difference between plots with high weeed pressure 
compared to no weed pressure. 

 Seeding Seeding Yield Loss  Rye Grass YieldVariety   boot Rate  % heads/m² t/ha

DBA Aurora Normal Boots 100 9.26 138 2.29

DBA Aurora Normal Boots 200 12.16 90 2.44

DBA Aurora Normal Boots 300 8.17 29 2.95

Mace Normal Boots 100 9.61 100 3.02

Mace Normal Boots 200 11.52 79 3.52

Mace Normal Boots 300 3.94 52 3.75

DBA Aurora Spreader Boots 100 18.34 104 2.41

DBA Aurora Spreader Boots 200 10.80 67 2.75

DBA Aurora Spreader Boots 300 9.16 54 3.02

Mace Spreader Boots 100 8.26 138 3.19

Mace Spreader Boots 200 8.72 90 3.75

Mace Spreader Boots 300 7.27 29 3.83

 LSD  2.59 30 0.27
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• MaceA had less yield loss than DBA AuroraA 
when under high weed pressure; 

• Varying seeding rates can change the amount of 
crop yield loss under high weed pressure; and 

• No significant difference was found between 
normal and spreader seeder boots.

Barley varietal response to  
weed competition
A series of barley variety trials testing both varietal 
ability to tolerate weed competition through reduced 
yield loss and ability to suppress weed growth 
were conducted at Turretfield Research Centre in 
the years 2012-2014. These were completed by 
spreading oats over the plot before sowing a range 
of barley varieties. The oats were harvested with 

the barley and a sub-sample taken to determine the 
proportion of oats and barley yield.

The results of this trial show that losses between 
10 per cent and 25 per cent were measured 
when barley varieties were grown under simulated 
weed pressure. Varieties which show the highest 
losses were those which are either later maturing 
such as NavigatorA and Oxford, have slower early 
growth rates such as Yarra, and others such as 
La TrobeA and HindmarshA which are erect plant 
types. Varieties such as FathomA and MaritimeA 
show less yield loss, possibly because of greater 
biomass production and higher growth rates and 
tiller production. 

The varietal ranking in Figure 2 appears correlated 
to rankings in Figure 1, as many varieties which 
showed less yield penalty under weed pressure 

Figure 1. Barley variety and MaceA wheat grain yield loss (expressed as percentage of trial average yield) 
when oats is under sown as a weed at 75 plants/m2, Turretfield Research Centre, 2013- 2014. LSD = 8.6, 
*only tested in 1 year.

Figure 2. The effect of barley variety on oat seed yield, seed/m2, when oats are under sown as a weed at 
75 plants/m2, Turretfield Research Centre, 2014. LSD = 598.
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Figure 4. Wheat variety grain yield loss (percentage of trial average yield) when oats is under 
sown as a weed at 75 plants/m2, Turretfield Research Centre and Palmer, 2013. LSD = 61.

Please note that at time of article publication 2014 trial results were not available and results in Figures 3 and 4 are only 
representative of two trials conducted in 2013. Additional data is required for more accurate interpretation of results.

Figure 3. The effect of wheat variety on oat seed yield (as percentage experimental mean 
yield) when oats is under sown as a weed at 75 plants/m2, Turretfield Research Centre and 
Palmer, 2013.
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also managed to suppress the oat seed set. With 
farmers spending thousands of dollars each year on 
premergent chemcials, choosing varieties which can 
reduce weed seed set by 30 per cent over another 
should be considered when planning a weed 
management system.

Wheat varietal response to weed 
competition
Similar trials to barley mentioned above have 
been conducted on a range of different wheat 
varieties. These trials were also conducted with 
GRDC funding. Wheat is typically the weak link in 
weed management in cropping systems in South 
Australia. Herbicide resistant weeds are becoming 
widespread which require wheat with better weed 
competitive ability to reduce weed seed banks. This 
trial was conducted under the same protocol as the 
barley weed competition studies above.

The mean yield data from trials conducted in 2013 
at Palmer and Turretfield Research Centre are 
presented in Figures 3 and 4. Results from each 
site showed some variability in oat seed production 
and effect on crop yield and have been revalidated 
in 2014. The 2013 results shown above may be 
explained by the harsh finish to the season at 
each location which affected both crop yields and 
oat seed set. Oat seed set was reduced to low 
numbers and this limited the range between the 
top and poor wheat cultivars making it difficult to 
distinguish differences between varieties. At the 
time of preparation of this paper, results from similar 
trials conducted in 2014 were unavailable.

Conclusion
Selecting the correct variety for a specific paddock 
can provide substantial yield improvements. If a 
stand out variety in NVT results is found, growers 
and advisors should check its performance under 
weed pressure to make sure it is suited to the 
growing conditions. 

Competitive varieties are an integral part of 
integrated weed management systems and should 
be considered when planning for weed control. 
Increasing seeding rates improves yield by out 
competing with weeds and reduce the amount of 
weeds that set seed. 

Some data from the trials conducted was not 
available at time of print and will be presented at the 
2015 GRDC Update in Adelaide.

Contact details
Simon Goss
SARDI Waite Campus
0408 464 795
simon.goss@sa.gov.au
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Topping up wheat with 
foliar phosphorus –  
does it work?
Therese McBeath1, Evelina Facelli2, Courtney Peirce2, Mike McLaughlin2 and  
Ed Hunt3,
1Agriculture, CSIRO, Waite Campus, Urrbrae, SA, 5064; 2School of Agriculture Food and Wine, 
University of Adelaide, Waite Campus, Urrbrae, SA, 5064; 3Ed Hunt Consulting, Wharminda, SA.

GRDC project code:   UA00139 

Background
Prices for P fertiliser are expected to increase and 
strategies that result in more efficient use of fertiliser 
P are potentially valuable.  Recent surveys of grain 
cropping soils for levels of available P suggest that 
many soils have marginal to adequate supplies of 
available P due to build up from previous fertiliser 
applications.  In these soils, the crop requirements 
for additional fertiliser are marginal and highly 
dependent on seasonal rainfall and there are 
opportunities to optimise the management of 
fertiliser P. 

We have been testing whether it is possible to top 
up P supply with in-season foliar application to the 
plant in seasons of higher yield potential, and as 
a result reduce the amount of fertiliser applied at 
sowing time.  

The efficacy of foliar P is controlled by several 
factors: plant physiology (wettability of leaf, crop 
nutrient status), growth stage (leaf surface uptake, 
leaf area available for product interception), P 
formulation (P source and adjuvant, rate) and soil 
P fertility. These factors do not affect the efficacy of 
the foliar P independently and the outcomes of their 
interactions are difficult to predict. 

The area of leaf available to intercept foliar applied 
product controls the maximum possible recovery. 
One of our aims is to determine the “window of 
opportunity” where we could maximise the amount 
of fertiliser intercepted by the leaves at the peak 
of leaf demand for P in growth room and field 
experiments. 

Keywords
phosphorus, leaf physiology, wetters, 
adjuvants, deficiency.

Take home messages
• Leaves need to be healthy to uptake 

foliar applied phosphorus. Wheat leaves 
that are severely deficient in phosphorus 
(P) cannot take up foliar applied P as the 
leaf structure is compromised.

• An adjuvant is required in the formulation 
for the P applied to stick to the leaf 
and be taken up. However, the type 
of adjuvant does not appear to be 
important, as long as it contains a 
surfactant and is compatible with the 
fertiliser.

• Earlier applications of foliar P (tillering) 
results in a lower fertiliser recovery than 
at flag leaf emergence through to mid-
booting.

• It is possible to increase wheat P uptake 
using foliar P application but we have not 
increased grain yield (in the growth room 
and after one year of field trials).

• The dry finish in 2014 meant that we 
did not measure significant wheat grain 
yield responses to soil applied P, despite 
measuring some responses in early 
biomass.



2 0 1 5  A D E L A I D E  G R D C  G r a i n s  R e s e a r c h  U p d a t e                                                      2 5 2

Properties of the leaf surface regulate the 
absorption and movement of the product applied 
into crop plants. A second aim is to investigate 
these factors in detail in order to identify the 
conditions under which foliar P is likely to be more 
effective, and which additives (adjuvants) in the 
formulation are likely to improve the efficacy of  
the product.

We are also investigating the optimum combinations 
of P source and adjuvant, timing and rates suitable 
for different levels of soil and crop P fertility. To do 
this we are using a multi-disciplinary approach 
where we use detailed measurements of the 
processes and conditions controlling the efficacy 
of foliar P uptake to inform field based evaluation of 
foliar P in wheat crops. 

Laboratory and growth room 
evaluation of when, what and  
how much?

When to apply?

In theory the timing of canopy closure of wheat 
falls within the timing of peak uptake of P (between 
tillering and head emergence).To study the effects 
of timing of foliar application on P uptake and 
response of wheat plants to foliar-applied P, we 
established a growth room experiment where 
phosphoric acid was sprayed at various growth 
stages of wheat (tillering to anthesis) with plants 
harvested 10 days after each application, and 
another subset of plants grown through to maturity. 

Figure 1. Dry weight 
and P uptake of wheat 
plants sprayed with 
phosphoric acid (2 kg P/
ha) plus LI700® (0.3% 
w/v) at Zadoks growth 
stages (GS) 31, 45, 49, 
59 and 65 compared with 
a nil foliar control. Plants 
were harvested ≈10 days 
after foliar P application 
(DAS=days after sowing). 
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Application of foliar P resulted in a transient increase 
in plant biomass (65%) and P uptake (33%) when 
plants were sprayed at booting (Figure 1, GS45) 
with differences measurable 10 days after the 
application of the foliar product, but not at maturity. 

What level of P fertility?

Previous research in our group indicated that P 
deficient plants had leaves with a reduced ability 
to take up foliar applied P. The leaves were smaller 
and the structures that control the uptake of solutes 
were compromised (e.g. stomata and leaf hairs 
were not properly formed) (Fernandez et al. 2014). 
In fact, the severely P deficient wheat leaves were 
not able to take up any foliar applied P despite the 
leaf being dipped in the fertiliser solution rather than 
being applied as a spray.  This is a very interesting 
finding and fits with our hypothesis that the only 
potential fit for foliar P is as a ‘top-up’ fertiliser in 
soils with marginal to adequate P status and in 
seasons of higher yield potential. With this finding 
in mind, we have avoided situations of severe P 
deficiency (e.g. highly calcareous soils).

Our motivation to work in this area was based on an 
earlier study where we measured a 25% grain yield 
response to a foliar P top-up in the growth room in 

one of the two soils we evaluated (McBeath et al. 
2012). At the time of this work we evaluated the 
literature and found that responses to foliar P were 
difficult to predict and sporadic and we attributed 
this to the disjointed nature of the research and the 
application in situations of low P demand (Noack et 
al. 2010). However, we have now completed several 
growth room studies and the ability to achieve a 
consistent and predictable positive effect on wheat 
growth appears evasive, despite being able to trace 
that the foliar product has been taken up by the 
plant and that it has increased the total amount of 
plant P uptake (eg. Peirce et al. 2014). Because of 
inconsistencies in the response of wheat to foliar 
applied P we have screened a range of agricultural 
soils for responsiveness of wheat to different levels 
of soil and foliar (booting) applied P to identify 
the most appropriate soil type and P rate for field 
evaluation (Table 1). 

In soils where plants showed a relative yield of 
>1 in response to soil P applied, doses of foliar 
applied P ranging from 0-4 kg P/ha equivalent 
were tested. In all cases the relationship between 
anthesis dry weight and sowing applied P did not 
differ substantially between different inputs of foliar 
applied P (Figure 2).  

Table 1. Soils used in growth room evaluation of responses of varying doses of soil and foliar 
applied P. Relative yield is the maximum biomass measured/yield measured with nil P input.

 Soil Test P  Relative General Location   pH DGT P Colwell P  Yield description    PBI# 
   (µg/L)  (mg/kg)  (Max/nil P yield)  

Black Point* Calcareous Sand 8.5 3 2 75 5.5

Lock* Siliceous Sand 8.2 64 19 40 1.1

Tumby Bay* Sandy loam 6.3 2 6 55 97.3

Cummins Deep Clay 6.9 109 48 52 ^1.0

Marrabel Ironstone Soil 5.3 42 17 26 NA

*Soil types used to evaluate a dose response to foliar applied P. # PBI, phosphorus buffering index. ^Harvested post-anthesis, all 
other sites were grown to maturity and relative yield is expressed for grain yield.
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The outcome of this screening work has been that 
while we have been able to identify soils in which 
wheat is very responsive to varying rates of soil 
applied P, identifying soils in which wheat plants are 
highly responsive to varying rates of foliar applied P 

remains evasive.

What to apply and how much?
Through collaboration with Dr Craig Priest based 
at the Ian Wark Research Institute our PhD student 
Courtney Peirce has undertaken some really 
interesting research looking at the interactions 

between different formulations (in particular different 
adjuvants in combination with phosphoric acid) and 
wheat leaves using contact angle and spreading 
drying measurements in order to evaluate the 
importance of the adjuvant in the formulation. The 
commercially available adjuvants LI700® and Agral® 
were compared with the laboratory grade surfactant 
Genapol® and the adjuvants were tested at a range 
of concentrations that included the label rate.

In the absence of adjuvants, the wheat leaves were 
very difficult to wet and phosphoric acid without 
adjuvant did not stick to the leaf surface resulting 
in droplet bounce and loss of fertiliser to the soil 

Figure 2. Anthesis dry weight response to sowing (applied to soil) and foliar (applied at booting) 
applied P in three different soils found to be P responsive.
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(Figure 3). With adjuvants, while the interaction 
between the leaf and the formulation was quite 
different at the first measurement taken after 20 
seconds (Figure 3) all formulations caused complete 
wetting of the leaf taking 13-20 minutes for LI700®  
and Agral®  compared to 10 seconds for Genapol®. 
The slower spreading time correlated with smaller 
leaf area coverage for each droplet resulting in 
Genapol® having a 3-fold higher surface coverage 
compared to both LI700® and Agral®.

In addition to the contact and spreading 
measurements a radiolabel was used to measure 
how much of these formulations was taken up by 
wheat plants and how much moved away from 
the point where it was absorbed. Despite the 
differences in spreading behaviour of the adjuvants, 
the uptake was the same for all treatments when 
measured seven days after application and at 
maturity. Between 79 and 94% of the foliar-applied 
P was absorbed by the wheat leaf and 24-57% 
of the foliar-applied P moved away from the 
point where it was absorbed. The translocation 
was higher for treatments applied at flag leaf 

emergence and less efficient for the treatments 
at tillering. Despite higher P uptake when foliar 
P was applied, there were no differences in the 
yield of treatments when compared to a control 
treatment with no foliar P application. In preparation 
for the 2015 growing season we are evaluating a 
range of formulations in combination with different 
adjuvants in a growth room experiment comparing 
the effect of seven products (Table 2) combined 
with three different adjuvants (LI700®, Hasten® 
and Spreadwet 1000®) on wheat growth, P uptake 
and peak biomass. Plants will be grown in a highly 
P responsive soil, with foliar fertilisers applied at flag 
leaf visible (GS37). The use of an isotopic technique 
will enable us to trace the recovery of the foliar 
applied fertiliser.

2014 field evaluation of when, 
what and how much?
Based on the preliminary evaluations that we had 
completed in the lab and growth room and keen 
collaborating farmers and advisers we implemented 
some field experiments in 2014.

Figure 3. Profile images of 
phosphoric acid solution 
with and without added 
surfactants on wheat leaves. 
Wetting of (a) Phosphoric 
acid, (b) Agral® 0.1% w 
v-1 at 20 s, (c) LI700® 
0.3% w v-1 at 20 s and 
(d) Genapol 0.1% w v-1 
at 20 s. The drop without 
adjuvant has the needle still 
attached because the water/
phosphoric acid droplet will 
not detach from the needle 
(the leaf is too hydrophobic).
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Table 2. Phosphorus formulations currently being evaluated in the growth room.

P source N:P:K  pH of applied fertiliser

*Phosphoric acid 0:26.9:0 w/w 1.4

#Ammonium phosphate  12.2: 27:0 w/w 4.3

*Maxi Phos Neutral ® 7.8:12.5:0 w/w 4.3

*Ammonium polyphosphate  16:23:0 w/v 6.6

*PeKacid® 8:22:16.6 w/w 2.2

 #Sodium Phosphate  0:22.5:0 w/w 6.5

#Potassium Phosphate  0:22.8:28.7 w/w 4.4

*Pick® 0:9.4:26.3 w/w 8.7

*Commercially available fertiliser #Lab grade reagent

Table 3. Details of field experiments in the Eyre Peninsula and Wimmera regions in 2014 where 
timing, foliar and sowing P rate and adjuvant combined with phosphoric acid as the P source 
were tested. As there were no differences between treatments, the mean ± standard deviation of 
grain yield for each trial are given.

  Soil P  Sowing P Foliar P   Grain yieldLocation Soil type    Adjuvants Timing  status kg P/ha kg P/ha    t/ha

Replicated small plots

Edillilie Ironstone  Marginal 0, 15, 30 0, 1.5, 3 LI700®,   GS31, GS 39  #3.5±0.2 
     Hasten®,  
     Superstick®

Lock Siliceous sand Marginal 10 0, 1.5, 3 LI700®,  GS31, GS 39 #2.7±0.2 
     Hasten®,  
     Superstick®

Cummins  Deep clay NA 15 0, 1.5, 3 LI700®,  GS31, GS 39 #8.0±1.0 
     Hasten®,  
     Superstick®

Replicated paddock strips

Nhill Vertosol Marginal 0, 12 0, 0.95 LI700® GS 32 *3.3±0.3

Natimuk Vertosol Adequate 0, 11 0, 0.95 LI700® GS 31 ^2.2±0.4

Paddock Demo Strips

Lock Calcareous sand  Marginal 10 0, 3 LI700® GS31 #2.9±0.2

Dimboola Vertosol Deficient 0, 5 0, 0.95 Spreadwet® GS 31 ^1.8±0.2

Telangatuk  Duplex sandy loam  Marginal 0, 6, 11 0, 0.95 LI700® GS 33 ^2.4±0.4 
 over clay

Kaniva Vertosol NA 6, 12 0, 0.95 LI700® GS 31 *2.0±0.1

#Plot Harvester yield, ^Harvest quadrat yields, *Commercial harvester yields
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We had three replicated small plot trials on Eyre 
Peninsula and two replicated paddock strips 
in the Wimmera with a further four paddock 
demonstration strips. Across these trials we 
implemented a range of sowing P treatments, foliar 
P rates, adjuvants and timings but in all cases the 
foliar P was applied as phosphoric acid (Table 3).

We measured the tissue P concentration at all 
replicated sites at GS 31 prior to the application 

of foliar P and while there were no indications that 
any of the plants were deficient in P, we were able 
to pick up some higher tissue P concentrations in 
response to higher inputs of P fertiliser at sowing 
(Table 4). On Eyre Peninsula we followed up after 
the application of foliar P by sampling the flag leaf 
(which emerged after the application of the foliar 
spray) to see if we could measure a difference in 
plant P content with the two different doses of foliar 
P but we did not find any differences.

Table 4. Wheat tissue P concentration ± standard deviation where replicated pre and post foliar P 
application at selected sites.

   Post-1.5 kg P/ha  Post- 3 kg P/ha
 Sowing P input #Pre-application  application Flag  application FlagSite (kg/ha) Tissue P (mg P/kg)  Leaf Tissue P  Leaf Tissue P
   (mg/kg) (mg/kg)

Replicated small plots

Edillilie 0 4133±306 3533±58 3400±265

 15 4600±265 3467±153 3400±100

 30 5000±100 3500±100 3467±58

Lock 10 3433±462 2833±404 3033±208

Cummins 15 *NA 3067±153 3000±265

Replicated paddock strips

Nhill 0 3300  

 12 3600  

Natimuk 0 3000  

 11 3300  

Paddock Demo Strips

Dimboola  0 2300  

 5 2300  

Telangatuk  0 3500  

 6 4400  

 11 4700  

Kaniva  6 3500  

 12 3900  

*NA, not available #sampled at GS31, whole plant
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All sites had grain yield recorded using quadrat 
cuts, while Eyre Peninsula sites were also harvested 
using a plot harvester and some Wimmera sites 
had commercial harvester measurements of grain 
yield per treatment. We were not able to measure a 
significant response to inputs of sowing soil applied 
or in-season foliar applied P (Table 4). Sites on Eyre 
Peninsula had above average winter rains with 
below average spring rain while most parts of the 
Wimmera experienced very much below average 
grain yield throughout the growing season.  We 
believe that this would have played a significant role 
in eliminating responses to P, and to soil applied P 
in particular.

Conclusion
We have been able to identify sites responsive to 
inputs of soil applied P fertiliser and effectively load 
wheat plants with P applied to the foliage from 
stem elongation to mid-booting under controlled 
conditions, but we are continuing to work to find 
situations where foliar applied P has a significant 
impact on grain yield.
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Doing the right thing by 
growers, market and 
industry – it’s in your hands
David Fienberg,
AEGIC.

Background
AEGIC presented on grain quality and market 
requirements to a small audience of growers and 
advisers in Goondiwindi last year. At the end of the 
day one advisers said “I feel like the dots have been 
joined, and I now have the full picture.”

The adviser said this in reference to the advice 
he was giving his clients about variety choice. He 
said “while he felt confident about the agronomic 
performance of the varieties he was recommending 
he previously had no idea about their relationship 
with functionality for end-products in the markets 
they were destined for.”

AEGIC’s presentation filled this knowledge gap  
for him.

The adviser’s feedback was welcomed by AEGIC - 
it meant our presentation had been of value. 

But it opened a can of worms. With advisers 
becoming more and more relied upon as influences 
for growers’ decision-making; how much, if at all, 
are they informed of what Australia’s international 
grain customers require from Australian grain  
and how on-farm decision can assist to meet  
these requirements?

If this level of awareness was low, what impact 
could this have on Australia’s long-term ability to 
service our markets?  

This is where AEGIC, through this presentation, and 
AEGIC in general can help.

Keywords
export, markets, wheat, barley.  

Take home messages
• For advisers AEGIC is a source of 

information on global market demand 
and trends in terms of grain quality and 
end-use.

• AEGIC also provides seasonal yield 
predictions and other weather-related 
tools to assist growers with sowing, crop 
management and marketing decisions.

The role of a farm adviser now spans much 
more than agronomy.  The modern adviser 
is expected to be a wealth of knowledge 
on topics ranging from soil health and 
grain marketing to succession planning 
and farmer health.  In this presentation 
AEGIC Chief Executive Officer David 
Fienberg outlines AEGIC’s role in assisting 
advisers with their knowledge base of 
export market demand and the connection 
between grower varietal choice and end-
market requirements. He will also introduce 
AEGIC’s seasonal and yield forecasting 
products which can also assist growers 
with their business decisions.  
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About Australian grain exports
• Grain is Australia’s largest agricultural export 

contributing more than $12.89 billion to 
Australia’s economy per annum.

• Australia exports more than 65% of the ~ 
26 million tonnes of wheat produced.

• Australia is the third largest wheat exporter and 
the largest exporter of barley in the world.

• Australian wheat export represents about  
10-15% global wheat trade.

International global wheat  
market overview

Figure 1. Top 10 export countries for Australian 
wheat.

South Australian wheat production
The wheat South Australia produces is mostly 
classified as Australian Hard (AH) and Australian 
Premium White (APW). For export purposes, AH 
is typically traded to the Middle East for use in 
traditional flat breads. In comparison, APW is also 
sold to the Middle East but in addition, Africa and 
Asia for baking purposes.

International global barley  
market overview

Figure 2. Australian barley (malting and feed) 
exports by country (tonnes).

South Australian barley production
South Australian grain growers produce a high 
quality malting barley for the export market. The 
state also produces a large volume of feed barley 
– most of which is traded to the Middle East, 
notabley, Saudi Arabia.

Contemporary export grain market 
trends and challenges
The Australian grain export markets are dynamic. 
The growing affluence of the middle class across 
north and South East Asia (SEA) is impacting on 
dietary preferences, and therefore, changing the 
end-use requirements of our grain. 

In SEA, for example, demand is growing for 
western-style baked goods such as breads, cakes 
and pastries, with a trend away from traditional rice 
and noodles. Australian wheat is considered ideal 
for the production of wet (udon and ramen) and dry 
(instant) noodles. However the harder, higher protein 
wheats of North America have gained a reputation 
as preferrable for baking purposes. 
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Through the Australian Wheat for Asian Baking 
project AEGIC is working with SEA millers, starting 
with Indoneisa, to demonstrate the performance of 
Australian wheat in SEA baking systems. The aim is 
to increase the quanity of Australian wheat in baking 
blends (i.e. blends with North American wheats) and 
therefore grow Australian  wheat exports.

In China (Australia’s largest market for barley), 
malsters and brewers are becoming increasingly 
sophisticated in their selection of desired malting 
barley specifications. AEGIC, through the Value 
of barley characteristics in the China project is 
working to better understand China’s trends in beer 
segmentation and barley, malt and beer consumer 
quality requirements.

The project is identifying the functional requirements 
and technical developments needed to differentiate 
Australian malting barley and meet customer’s 
requirements in the future.

This information can then influence Australia’s 
pre-breeding, breeding, varietal classification and 
technical endeavours to ensure Australia’s barley 
growers are producing a product in line with  
market demand.

The Philippines import about 3mmt p.a.; 2mmt of 
which is milling wheat per annum.  Unlike other 
SEA nations, the Philippines does not import 
any significant  amount of Australian wheat for 
food purposes (only feed). The United States 
supplies almost all of the country’s milling wheat. 
The Philippines therefore represents a substantial 
opportunity for expanding wheat exports.  AEGIC  
is working with the Philippines Association of  
Flour Millers to learn more about the market’s  
end-product requirements and to find avenues  
for increasing the value of Australian wheat in  
the Philippines.

What does this all mean for 
growers, and therefore, their 
advisers?
An understanding of Australia’s global grain markets 
and their requirements in terms of quality and 
functionality can assist growers when shaping their 

crop selection and help advisers in providing advice 
to growers.  

As the ‘front-door’ entity for Australia’s export grains 
industry, AEGIC is well-positioned to assist advisers 
and growers with information they may require in 
regards to international markets and grain quality 
and functionallity.

Advisers and growers can subscribe to AEGIC’s 
monthly In the Loop newsletter to keep abreast 
of global grain consumption trends and what that 
might mean for Australian grain production.

Yield and seasonal forecasting
AEGIC also provides a range of tools that can assist 
growers’ business decisions, including: 

• Predicted shire wheat yield maps (Figure 3)

• Soil moisture maps

• Crop Prospects Report

• ENSO Summary

• Water use (production) efficiency

Advisers and growers can access these tools for no 
charge at aegic.org.au

About AEGIC
AEGIC was established by GRDC and the Western 
Australian Department of Agriculture and Food 
during 2012 and is headquartered in Perth.  AEGIC 
is a national body, with the purpose of supporting 
the trade and use of Australian grain across the 
world through:

• International market engagement, and;

• Grain quality and processing technology research 
and development.

Key clients include stakeholders across the supply 
chain ranging from Australian grain producers, 
plant breeders, marketers and traders to millers, 
processors and consumers.  AEGIC provides 
national leadership and enables collaboration  
and capacity building in Australia’s export grain 
industry with the end goal of returning enhanced 
value to growers.
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AEGIC also specialises in:

• Yield and seasonal forecasts.

• Economic, business and supply chain analysis.

• Grain quality testing services.

• Technical training and support.

Contact details
David Fienberg
CEO AEGIC
David.fienberg@aegic.org.au
www.aegic.org.au
@AEGIC

Figure 3. Example of a predicted shire wheat yield map.
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Moving from an agronomy 
‘firefighter’ to a trusted 
mentor - tips and tools to 
positively influence your 
client’s decisions
Carol Fox,
Life Performance Pty Ltd.

GRDC project code:   communication, ‘Reframe Tool’, perception, sub conscious.

Introduction
Did you know?  ‘Conflict’ is defined as a serious 
disagreement or argument, yet is comes from the 
Latin word conflictus which means ‘a contest’. 

I think this is an interesting reframe on the word 
conflict. When we can view it as a contest, a game, 
then, like any athlete in life, we can choose to learn 
from our performance so we can perform better the 
next time around.

In talking about conflict, Walt Whitman once  
asked, “Have you learned lessons only of those  
who admired you, were tender with you and  
stood aside for you? Have you not learned great 
lessons from those who braced themselves  
against you and disputed the passage with you?” 
Sure it is wonderful to have harmony. The true 
pacifist is someone who knows how to play the 
game, understands their part in the conflict and 
manages themselves elegantly and calmly, even 
amongst chaos.

Here’s some information to help 
you do that 
Know that, even in the workplace, we are all 
human and we all have ‘baggage’ – in psychology 
we call this a ‘gestalt’. In pressure situations our 

Keywords
risk, whole farm analysis.  

Take home messages
• Support ‘open communication’ within a 

team.

• Be aware that everyone’s perception of 
reality is different.

• Use the ‘reframe tool’ to change your 
current reality and focus on the positives 
in a situation rather than the negatives.

• The ‘reframe tool’ can help you maintain 
clear communication to get the job done.
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baggage can get triggered, and we can have an 
inappropriate emotional reaction to a situation, such 
as an angry outburst or an anxiety attack about 
something seemingly ‘small’ or trivial. Most of the 
time, this reaction has absolutely nothing to do with 
the person or situation on the receiving end of the 
emotional outburst. Sometimes experiencing such 
a reaction could affect their entire day, causing 
disharmony, stress and even illness.

What you can do?
• If someone’s ‘baggage’ has just been triggered 

and they have over-reacted to an event, remind 
yourself: “It’s not about me”.  Remember that this 
is a subconscious stress response; the person is 
probably very stressed at the moment.

• Next ask yourself, “I wonder what’s going on for 
that person at this moment that causes them 
to act that way?” This is a question based on 
quantum linguistics and is designed to speak 
straight to the subconscious mind. It allows 
us to step back and approach a situation with 
compassion, which helps us maintain rapport 
and effective communication. It also pre-
supposes that, because they have responded 
inappropriately, there is something going on for 
them which is bigger than us.

• If you have a good rapport with the person or you 
know them well, you could actually ask  
that question out aloud and very gently, “What’s 
going on for you at the moment? Anything I can 
do to help?” 

This question is useful in the workplace if you are 
a manager, as it opens up communication, which 
then allows you to be aware of influences outside of 
work, which may affect your team’s performance. 
It also means your team has the experience of 
knowing you, as someone who listens and cares, 
and are there to support them. 

The ‘Reframe Tool’ 
Mihaly Csikszentmihalyi, a Hungarian Psychologist 
says in his book, “Out of approximately two million 
bits of information surrounding us we are only 

consciously aware of around 134 bits per second 
(bps)”.  His book, “Flow: The Psychology of Optimal 
Experience” discusses how we gather information 
from the world.

At every moment you are literally inundated at a 
conscious and subconscious level with information. 
Imagine going to the supermarket. You walk into 
the store and you are surrounded by external stimuli 
such as signs, colour, noises, pricing and your body 
responds. Perhaps your heart beats a bit faster, the 
sound of a crying child disturbs you, you feel warm 
or cool, you have self-talk reminding you to buy milk 
or you mentally add up the cost of your groceries 
as you push your trolley around the store. If we had 
to consciously be aware of everything we can see, 
taste, touch, smell and feel and pay attention to, 
it would be too overwhelming! So we have a filter 
called the Reticular Activating System (RAS), which 
filters most of this information for us. We are only 
aware of a small piece of the actual reality occurring 
around us.

Some of us pay more attention to what we see 
others to what we hear.  Some of us are more 
aware of how things feel and some of us pay more 
attention to data, facts and figures. 

Based on this small amount of information, and the 
information we already have stored in our mind, we 
create our ‘Model of the World’. 

What this means is that none of us perceive reality 
as it really is, we only perceive around 134 ‘bits’ 
of reality per second. We ALL have a different 
perception of reality. This explains why ten different 
witnesses at an accident scene can have ten 
different experiences of what has occurred, based 
on what they have seen, heard, felt and calculated.

Daniel Simons of University of Illinois, and 
Christopher Chabris of Harvard University, have 
conducted a study demonstrating how much 
information we can delete. In their study, subjects 
were asked to watch video footage of people 
throwing a basketball back and forth. They were 
asked to focus and count how many times the 
basketball was passed. In the middle of the video 
a clip of a man dressed in a gorilla suit passed 
through the middle of the game and then out of 
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sight again. When asked, “did you see the gorilla 
pass through the game?” an average of 50% of 
the subjects didn’t see the gorilla! Why? Well, for 
some people they were focusing so much, on the 
counting and the data that they missed out on the 
visual detail of the gorilla.

Imagine going to visit a friend. Some people will 
enter their friend’s home and immediately look 
around and check out all the things they can see.  
Some people will hear the music playing in the 
background or pay attention to background sounds 
e.g. traffic, birds. 

Some people will get a feel for the place and pick 
up on the good or bad vibes in the home. Others 
will ask questions about the place. For example, 
how old is it? How large is the land? How much 
did you pay for it? Depending on our filters we will 
perceive or delete particular bits of information. 

So if two people visit the same home they can 
come away with very different perceptions of it.  
This often happens with couples. One might say 
“Did you see that amazing pond in the back yard?” 
And the other might reply, “No, I didn’t notice that. 
But did you feel the bad vibes when we walked in? 
Do you reckon John and Sally are happy together?” 
The first person might reply, “How could you not 
see the fish pond? It was huge! And what do  
you mean, ‘Are they happy?’ They were smiling 
weren’t they?”

In this situation, the first person has paid more 
attention to what they have seen and the second  
to what they have felt. Both of them are right.  
They have just picked up on different parts of the 
reality occurring all around them (Figure 1).

“You have your way. I have my way. 
As for the right way, the correct way, 
and the only way, it does not exist.” 

Friedrich Nietzsche (1844-1900) Philosopher

Figure 1. Quote from Friedrich Nietzsche.

As we gather information from the world, the mind 
will delete, distort and generalise information based 
on the beliefs we hold internally. If someone believes 
they are stupid, their mind may delete from their 

memory any experience of doing something that 
is clever. Their mind will distort information, so if 
someone says to them “You are so clever” they may 
hear a sarcastic tone where there is none. Their 
mind will generalise their experiences to support 
their belief that they are stupid, so they create 
experiences like always failing exams to support 
that theory. 

Of course this is all subconscious. None of us would 
want this consciously. It’s human nature to want 
to be happy and successful. Yet the subconscious 
mind is so powerful that it controls and runs our 
programs automatically for us, sometimes even 
programs that give us a result we don’t even want.

The deletion of information also has an impact 
on how we communicate with other people 

Whenever we judge someone, or have negative 
opinions about someone or something, we tend to 
justify our own reality and make that person wrong. 
We effectively delete anything good about them 
from our reality.

One of our clients recently asked us to come and 
assess his “Lazy Team”. When we got there we 
observed the team, as he pointed out all of the 
‘lazy’ behaviours of the team. What we noticed 
was that he was so busy concentrating on his 
perception that his team was lazy, he was deleting 
anything they did that was productive, distorting 
how long they were taking breaks and generalising 
from the few ‘lazy’ behaviours that were occurring. 

At one point he made the comment, “See that 
woman there. She just went to the toilet to get 
out of work. She was there for ten minutes. She’s 
so lazy.  My reply was, “Wow that’s interesting. I 
actually saw her get up and I timed her and she was 
only in the toilet for four minutes!” Because of his 
belief in his own reality, this manager even distorted 
time to make his reality the right one!

After explaining to him the impact of thinking this 
way, we asked him if it was worthwhile having a 
different viewpoint. He of course said yes. So we 
asked him, “What are seven good things about your 
team?” He went quiet for the first minute, trying to 
come up with one positive thing about his team (this 
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is how immersed in his reality he was!).  Eventually 
he came out with “They dress professionally”, 
and when prompted further it became easier and 
easier as he began to focus his awareness on the 
possibility that maybe there were things his team 
actually did right!

When we consider that around 93% of our 
communication is at a subconscious mind level, 
imagine the impact of his body language when he 
finally started focusing on the good in his team. He 
wondered why they were suddenly more motivated. 
They were responding to his positive body language 
at last, rather than the un-motivating, energy 
draining, distrusting body language of old. 

It was important for his staff and him that we were 
able to highlight a different reality for him and use 
what is known as a ‘Reframe Tool’ so he could 
effectively ‘reframe’ the experience he was having 
with his team. 

Whenever you are feeling negative about yourself, 
another person, or a situation, a really useful tool 
to have is the ‘reframe tool’. This technique allows 
you to conveniently and quickly change your current 
reality, by focusing on the positives in a situation 
rather than the negatives.

How does reframing help you  
communicate confidently? 

Remember the story of the client with the ‘lazy 
team’? When he reframed his team and began to 
focus on the positives, this impacted on his body 
language and allowed him to communicate in a 
way that was respectful and sincere. This is what 
confident communication is about. It’s normal that 
we don’t like everyone we meet. It’s normal that  
we will have strong connections with some people 
and no connections with others. If someone we 
don’t automatically connect with happens to be 
someone we work with, or for some reason we 
need to have good communication with, then this 
tool can help you maintain clear communication to 
get the job done.

Contact details
Carol Fox
PO Box 629, Williamstown, VIC 3016
1800 790 559
info@lifeperformance.com.au 
www.lifeperformance.com.au  
@lifeperformance
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Further
information

A d e l a i d e
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www.grdc.com.au

If you have an iPhone or iPad:

•	 go	to	iTunes	and	search	for	‘GRDC’	 
and/or	go	to	the	Podcast	app

•	 subscribe	to	the	programs	 
you	want	to	hear;	and

•	 the	programs	will	automatically	 
download	to	your	phone	or	tablet	 
as	they	become	available.

For	other	devices:

•	 go	to	www.grdc.com.au/podcasts;

•	 click	on	the	program	you	would	like	 
to	hear;	and

•	 follow	directions	for	subscribing	 
to	the	podcast	of	your	choice.

Did you know that the GRDC has a suite of 
audio programs to keep growers up to date 
with RD&E, locally and across the country.

GRDC 
on air

GROUND  
COVER RADIO 
An	audio	version	of	the	 
main	stories	from	the	current	
issue	of	GRDC’s	bimonthly	
Ground	Cover	magazine.

DRIVING 
AGRONOMY 
Weekly	interviews	covering	
nationally	significant	research	
projects	with	Australia’s	
leading	grains	industry	
scientists	and	advisers.

GRDC RADIO 
UPDATES 
Weekly	regional	audio	
programs	that	bring	research	
down	to	the	local	level	and	
include	local	grains	news,	
information	and	events.

Now	in	the	GRDC	audio	library	are:

Grains	Research	and	 
Development	Corporation	

PO Box 5367 
Kingston	ACT	2604

T	+61	2	6166	4500	
F	+61	2	6166	4599 
E	grdc@grdc.com.au	

Listen	to	the	programs	on	the	GRDC	website	or	as	a	podcast	downloaded	
onto	a	device	such	as	smartphone	or	MP3	player.
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Carbon farming and 
nitrogen fertilizer, 
opportunity or threat?
Ashley Wallace, 
Department of Economic Development, Jobs, Transport and Resources, Victoria

Chris Dowling,  Back Paddock Company

Aims
To improve the productivity and sustainability of 
dryland cropping through improved nitrogen use 
efficiency while reducing offsite impacts.

Method
Fertcare® is a training, certification and accreditation 
program focussed on promoting productivity while 
protecting the environment. It is designed to lift 
the skills and knowledge of participants within 
the fertilizer and soil ameliorant supply chains. 
It achieves this by providing high quality advice 
to users of fertilizer, allowing them to optimise 
productivity and minimise environmental and food 
safety risks. As part of the federal governments 
Carbon Farming Extension and Outreach program, 
the Fertcare® program has been updated to 
incorporate the latest research on nitrous oxide 
management. This paper provides a short  
summary of the available materials relevant to 
dryland cropping.

Results
Nitrogen losses and environmental impacts

Nitrogen (N) fertilizer is an important part of modern 
Australian cropping, having grown rapidly over the 
last 20-30 years as farming systems have moved 
towards greater cropping intensity. However, its 

Key messages
• Nitrogen fertilizer use is an integral part 

of modern farming systems but can lead 
to a range of environmental impacts 
including the emission of greenhouse 
gases such as nitrous oxide. Published 
losses of nitrous oxide from dryland 
cropping in Australia have generally been 
low, although there are situations where 
the potential can be much higher.

• The concept of Carbon Farming -  
using agricultural practices to reduce 
greenhouse gas emissions or sequester 
carbon - has to the potential to add value 
to the agricultural sector. At the time of 
writing there is no accepted Emissions 
Reduction method to accrue carbon 
credits from reducing nitrous oxide 
emissions in dryland cropping situations. 
However, reducing nitrous oxide 
emissions can support grower ambitions 
for improving production efficiency.

• Following best management practices 
based on the four R’s principle (right rate, 
right time, right place and right product) 
remains the best option for management 
of both productivity and greenhouse  
gas losses.

(SUBMITTED PAPER)
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use brings with it additional environmental risk 
associated with increased off-site movement of 
this expensive nutrient including losses as the 
greenhouse gas nitrous oxide (N2O). While N2O 
emissions are not restricted to N derived from 
fertilizer usage, the fact that N2O represents 
approximately 4.7% of the nation’s greenhouse 
footprint and 78% of this is derived from agriculture 
(Department of the Environment, 2014) means 
that there is increased interest in opportunities for 
emissions reduction through improved fertilizer 
management. Recent research has investigated 
options for reducing these losses and improving 
productivity. The starting point for this research has 
been establishing an understanding of the factors 
that contribute to the production of N2O.  

N2O is produced by a range of processes within 
soils and the dominant process can vary across 
soil type, environment and time.  While these 
processes are the subject of ongoing research, the 
two primary sources of N2O normally discussed 
are nitrification and denitrification (Figure 1). The 

major factors influencing these processes are 
soil water content and the associated changes in 
oxygen availability, soil  mineral N (both nitrate and 
ammonium), soil temperature and the availability 
of labile (easily decomposed) carbon. Warm, moist 
soils typically favour nitrification, while larger losses 
from denitrification are typically associated with 
warm, wet (often waterlogged) soils which bring 
with them anaerobic conditions. It should be noted 
that denitrification can also result in the loss of N as 
di-nitrogen (N2) gas, which is not a greenhouse gas, 
but nonetheless represents a potentially significant 
loss of N from the farming system. In general, as 
soils move closer to complete saturation and the 
soil becomes more depleted of oxygen, more N 
is denitrified and a greater proportion of denitrified 
N is lost as N2 relative to N2O. From a productivity 
perspective, however, the specific form in which N 
is lost is of little consequence other than to inform 
of likely loss pathways and enable identification of 
opportunities to reduce such losses.

Figure 1: Generalised diagram of two key processes (underlined italic) contributing to N2O generation in 
agricultural soils including major N inputs and alternative loss pathways highlighted in italic (adapted from 
Nash, 2014). 
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How much nitrous oxide do we lose from 
dryland cropping and what can we do  
about it?

N2O losses are typically highest when there is the 
co-location of anaerobic soil conditions (usually 
related to waterlogging), high labile carbon, higher 
mineral N and warm soil temperatures.  Applying 
this to dryland cropping in Australia, measured 
losses vary considerably, with annual losses of 
as little as 90g N/ha from the central grain belt of 
Western Australia (Barton et al, 2008) and as high 
as 35 kg N/ha from the Victorian high rainfall zone, 
following the transition from long term fertile pasture 
into cropping (Officer et al, 2012).  Comparing these 
two cases offers a practical demonstration of the 
key factors driving the loss of N2O. In the Western 
Australian case, lighter textured soils and lower 
rainfall give rise to far less frequent waterlogging 
events, reducing the risk of denitrification.  In 
the Victorian example, there is also potential for 
considerably higher levels of mineral N and labile 
carbon as part of the transition from long-term 
pasture into cropping. 

Loss of N2O loss from dryland cropping in Australia 
appear to be generally low when compared with 
higher risk industries, such as sugar cane, intensive 
pasture production and certain horticultural 
industries, where N inputs are far higher and 
irrigation may be used. While losses as low 
as those measured by Barton et al. (2008) are 
clearly going to have a limited impact on crop 
productivity the environmental impact is nonetheless 
amplified by the large global warming potential of 
N2O (equivalent to approximately 300 times the 
warming potential of CO2). Combining this with the 
opportunity for an alternative income stream from 
carbon farming, it is reasonable to ask whether we 
are able to do anything about it?

Given our understanding of the mechanisms behind 
N2O losses, it is possible to identify practices that 
may mitigate them. In theory, practices which 
avoid an oversupply of mineral N at times which 
coincide with other factors, such as high soil water, 
temperature and labile carbon, can help to reduce 
the chances of excessive emissions. Practices 
which may assist to achieve this include altered rate 

and timing of fertilizer application and the use of 
enhanced efficiency fertilizers (EEFs). Field-based 
studies in Australian cropping systems (Barker-
Reid et al, 2005, Barton et al, 2008) have shown 
that, where fertilizer addition has avoided periods 
of high N2O risk (particularly related to waterlogging 
events), it is possible to apply N fertilizer without 
incurring an increase in emissions. In practice, 
this requires an understanding of background soil 
conditions (particularly soil mineral N) combined 
with some assumptions or forecasts about those 
following application (particularly the likelihood 
of waterlogging). While some factors common 
to certain parts of the Australian grains industry 
can assist with avoiding this risk e.g. low-medium 
rainfall and coarser textured soils in certain areas, 
anticipating periods of high N2O risk is easier said 
than done. However, there are tools and practices 
available that can assist with such decisions (further 
information below). 

In situations where the addition of fertilizer is likely 
to result in increased N losses, EEFs may have 
a role to play.  Examples include those treated 
with nitrification inhibitors (maintaining N in the 
ammonium form), urease inhibitors (slowing the 
hydrolysis of urea into ammonium) and slow or 
controlled release products which slow the release 
of N into the soil (refer to Figure 1 to see where 
these products interrupt the N cycle). While studies 
from the Australian grains industry are limited, EEFs 
(particularly nitrification inhibitors) have been shown 
to reduce N2O emissions in both field (Migliorati 
et al, 2014) and controlled environment studies 
(Chen et al, 2010).  However, these benefits will 
of course be confined to situations where the 
addition of fertilizer has a clear impact on emissions. 
Relating this through to productivity and given the 
low magnitude of N2O emissions measured from 
Australian cropping systems, it is likely that, for 
EEFs to have an economic value, they will need 
to reduce other, larger sources of N loss from 
the system. Ultimately, the impact of EEFs will 
be specific to a given situation and it is important 
to understand the risks specific to particular soil 
types, environment, year and farming system and 
target the use of such products to address this 
risk, balancing the potential reduction in losses 
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and improvements to production against the cost 
associated with their use.

While the current focus of emissions policy is 
on reducing total greenhouse emissions across 
the economy, it can also be useful to consider 
emissions on an intensity basis i.e. tonnes of grain 
produced per unit of N2O released.  In this way, it 
can be seen that simple good agronomic practices 
which improve productivity and nitrogen use 
efficiency can also result in a lowering of emissions 
on an intensity basis. In a world that is aiming to 
feed a growing population while simultaneously 
lowering the greenhouse impact of food production 
and maintaining productivity and profitability for 
the agriculture sector, practices which can lower 
emissions intensity and improve productivity may be 
important in achieving these goals.

Current greenhouse gas policy and accounting

While policies relating to greenhouse gas 
management in Australia have clearly shifted 
over recent years, there has been a consistent 
imperative to find opportunities to reduce emissions 
and or sequester carbon in order to achieve a 5% 
reduction in emissions by 2020.  The Australian 
government has established the ‘Emissions 
Reduction Fund’ (ERF), building upon the Carbon 
Farming Initiative to extend across the economy; 
searching for emissions reductions from the mining 
and energy industries, transport and large industrial 
operations, as well as the agriculture sector. 
For participants to claim credits for emissions 
reductions or carbon sequestration, they must 
comply with an ERF method which determines 
the specific practice, outlines potential emissions 
reductions or carbon sequestration and defines 
the measurements that may need to be taken in 
order to participate as well as key processes such 
as reporting requirements, time frames and other 
conditions. In the area of managing N2O loss from 
fertiliser applications there are currently no available 
methods for dryland cropping, however a draft 
method has been developed for the irrigated cotton 
industry. This method allows participants to claim 
credits for reduced emissions by implementing 
practices consistent with best management 
standards outlined by the Cotton RDC. Further 

information on available and draft methods can 
be found on the Department of the Environment 
website: www.environment.gov.au.

At an international level, Australia’s greenhouse 
footprint is assessed using the national greenhouse 
gas inventory (NGGI), which is summarised and 
submitted to the United Nations Framework 
Convention on Climate Change (Department of 
the Environment, 2014). The NGGI sets out a 
framework for calculation of annual greenhouse 
emissions at the national scale, including 
assumptions, known as emissions factors (EFs), 
relating to the proportion of N2O emitted from 
various sources, such as fertiliser application, N2 
fixation by legumes, mineralisation of crop residues 
and more. These assumptions are a key part of 
the national greenhouse account and the subject 
of research and debate worldwide.  For example, 
the Intergovernmental Panel on Climate Change 
(IPCC) sets out a default EF value which states 
that 1.25% of applied fertiliser N is lost as N2O. 
However, Australian studies (excluding high rainfall 
cropping) have indicated EFs ranging from 0.02-
0.14%. Consequently, the current Australian NGGI 
utilises a figure of 0.3% for N fertilizer applied to 
dryland cropping, based on an area weighted 
average where the IPCC default is used for high 
rainfall cropping and an average of 0.08% is used 
for all other areas (Department of the Environment, 
2012). These values will continue to evolve over 
time as research continues across multiple areas 
and farming systems as they form an important part 
of greenhouse gas policy and accounting.

Carbon farming and nitrogen fertilizer, 
opportunity or threat?

At this stage, the potential for participating in 
carbon markets relating to N2O emissions and 
fertilizer use in the Australian dryland cropping 
industry appears limited.  Emissions for much of the 
production zone appear low, EF values for applied 
fertiliser appear low, compared to international 
benchmarks, and there is the added complication 
of year-to-year variability in emissions, due to the 
specific conditions experienced following fertilizer 
application. Opportunities for mitigation do exist, 
including altered timing of fertilizer application and 
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potentially also rate and product choice, but these 
practices need to be weighed up against their 
impact on productivity and cost. These emissions 
nonetheless represent a loss of nutrients from the 
farming system and add to the Australian national 
greenhouse account. Therefore, at this point in 
time, it is suggested that the most reliable action is 
that advisers and growers adopt best management 
practices for the application of N fertilizers and 
combine this with the best available agronomic 
practices in order to minimise emissions on an 
intensity basis and minimise the risk of unnecessary 
emissions due to over application of N fertilizer.

Best management practice for application of N 
fertilizers can be achieved through following the 
‘four R’s’ approach namely: right rate, right time, 
right place and right product. Tools and practices 
that can assist with achieving this approach include:

• Soil and tissue testing

• Seasonal outlooks

• Models and locally relevant rules of thumb

• N-rich strips to gauge potential for crop response

• Precision agriculture technologies that can assist 
with soil characterisation to inform crop potential 
or measurements of crop nitrogen status

Achieving the right placement requires an 
understanding of the ability of the crop to 
access nutrients which are applied at a given 
time. Achieving the right product requires an 
understanding of the various options and how they 
relate to potential losses for your given situation. 
It is important to note that the four R’s need to be 
considered as a package rather than in isolation, as 
they all interact. In addition, further consideration of 
factors such as cost, logistics and the crops need 
for other nutrients are also important and must be 
weighed up against potential productivity gains. 
By implementing the four R’s wherever possible, 
cropping farmers have the potential to improve the 
efficiency of N fertilizer use and productivity while 
simultaneously reducing their environmental impact. 
Further information on the four R’s approach can be 
found on the International Plant Nutrition Institute 

website: www.ipni.net while BMP guides and further 
review papers relating to N2O emissions from the 
Australian cropping industry will soon be available 
from the Fertcare® website: www.fertcare.com.au.

Conclusion

Measured emissions of N2O from dryland cropping 
appear to be low across many areas, particularly 
from a productivity perspective. However, as a part 
of achieving emissions reduction targets, scrutiny 
is being applied to the greenhouse footprint of all 
industries and alterations to N fertilizer management 
in dryland cropping is one potential area for 
abatement. As outlined, in an environment where 
emissions are low and the impact of additional 
fertilizer can sometimes be minimal, the productivity 
benefit of such reductions may be negligible unless 
measured over longer periods. It is therefore 
suggested that, at the current time, the best way 
for dryland cropping advisors and their clients 
to reduce the impact of N fertilizer use on N2O 
emissions is to implement best practice fertilizer 
management in order to reduce unnecessary 
emissions and optimise general. Additional income 
via carbon farming may be an option in the future, 
but at this stage opportunities appear limited.

Key words
Nitrous oxide, nitrogen, fertilizer, greenhouse gas, 
carbon farming.
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Managing frost risk in 
warmer seasons may not be 
as easy you think
Jack Christopher1, Bangyou Zheng2, Scott Chapman2, Troy Frederiks3 and Karine 
Chenu1

1 University of Queensland, Queensland Alliance for Agriculture and Food Innovation (QAAFI),
2 CSIRO Agriculture Flagship, 3 Department of Agriculture, Food and Forestry Queensland  (DAFF)

GRDC project code:   Frost situation analysis (UQ00071) 2013-2015

The first situation analysis of frost impact on wheat 
is not only giving us our first nationwide assessment 
of the comparative impact of frost in different 
Australian cropping regions, it is also providing 
important insights into how to manage frost risk in 
warmer cropping environments. 

Warmer temperatures accelerate plant development 
causing crops to develop to the frost-susceptible, 
post-heading stages more rapidly.  So counter 
intuitively, planting earlier or even at the conventional 
date during warmer seasons may sometimes lead 
to increased frost risk.

Climate data from 1957-2013 was used to assess 
the frequency and severity of frost for each region 
of the Australian cropping belt.  Night time minimum 
temperatures have been observed to increase over 
much of the Australian cropping region during that 
period.  However, our analysis showed that frost 
risk and frost impact did not reduce over the whole 
cropping area during that time.  

Historic climate data at 60 locations representing 
each of the four major cropping regions of Australia 
was used to determine the frequency and severity 
of frost (Figure 1 top).  Crop simulation modelling 
used the Agricultural Production Simulator program 
(APSIM) to estimate crop yields.  Expert knowledge 
combined with data from frost trials was used to 
calculate crop losses.  Computer simulation allowed 

Keywords
post heading frost damage, wheat, 
managing frost risk

Take home messages
• Growers need to consider carefully 

whether earlier sowing is justified in 
seasons where warmer temperatures  
are predicted.

• Warmer temperatures may reduce the 
frequency of frost events but may also 
increase the rate of crop development 
bringing crops to the susceptible, post 
heading stages earlier.

• Situation analysis of national frost impact 
indicates substantial losses in all regions 
averaging approximately 10% using 
current best practice.

• In some regions, there are even  
greater losses in yield potential due  
to late sowing.

• These results indicate that continued 
research into reducing frost risk remains 
a high priority despite increasing 
temperatures.

(SUBMITTED PAPER)
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estimation of crop losses for all Australian cropping 
regions using damage information from a limited 
number of frost trial sites.  It also allowed simulation 
of potential yields using sowing dates optimised for 
yield in the absence of frost risk, something that has 
not be achieved experimentally. 

The study revealed that estimated current yield 
losses due to direct and indirect damage vary 
between regions and for crops of different flowering 
date (Figure 1).  Frost damage averaged close to 
10% nationally for the different flowering dates. A 
similar pattern was observed for the south eastern 
region which covers areas including Wagga and 
Ballarat (Direct, Figure 1 and 2).  However, less 
damage is predicted for the south region which 

includes a number of coastal and near coastal 
locations where the maritime influence would be 
expected to moderate frost risk (Figure 1).  

For direct damage estimates, simulations used 
sowing dates optimised for seasonal climate data 
applying current sowing guidelines to reduce frost 
risk. To determine the loss of yield potential due 
to late sowing, currently required in many areas to 
reduce  frost risk, simulations were also performed 
for sowing dates optimised with the hypothetical 
assumption that crops can survive the most severe 
of frosts.  In many areas this allowed earlier sowing 
dates leading to higher yield estimates.  This data 
was used to estimate the yield loss due to both 
loss of yield potential from late sowing plus the 

Figure 1.  Maps showing 
sites and regions for 
which climate data were 
used to analyse the 
frequency and severity 
of frosts (top panel) and 
annual % change in yield 
loss due to frost from 
1957 to 2013; negative 
values (yellow to red) 
represent areas where 
yield loss became worse 
(bottom panel). 
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direct damage (direct plus indirect damage, Figure 
2).  Taking late sowing into account increased 
the estimated yield losses from approximately 
10% to 20% nationally for early and mid-flowering 
genotypes and from approximately 11% to 18% 
for late flowering types (Figure 2).  Losses due to 
late sowing plus direct damage were less than the 

national average in the south region, estimated at 5, 
4 and 6% for early, mid and late flowering cultivars 
respectively (Figure 2).  Estimations of frost losses 
were higher in the south eastern region at 11 and 
12% for early and mid-season crops and at 18% 
for late flowering types, were close to the national 
average at 20% (Figure 2). 

Figure 2.  Estimated yield losses (%) due to frost damage for crops sown at dates optimised for 
seasonal climate data following current guidelines to reduce frost risk (direct damage) and crop 
losses due to both direct damage and delayed sowing (direct + indirect). 
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Crop simulation modelling of yield loss due to 
frost indicated that in some areas in each region, 
simulated frost impact has increased between 
1957 and 2013 (yellow, orange and tan areas, 
Figure 1, bottom panel). Estimated date of last 
frost has come earlier in many regions which would 
be anticipated to reduce frost risk.  However, 
increased temperatures have also increased the 
rate of development to frost-susceptible post-
heading stages.  The modelling suggests that crop 
heading dates have been brought forward at a more 
rapid rate than the date of last frost, leading to an 
increased frost impact in some areas.

These trends over time may have implications 
for growers making planting decisions in warmer 
seasons.  They indicate that sowing early to 
increase yield potential may not always be 
warranted in warmer seasons when the likelihood of 
frosts is expected to reduce.  Warmer temperatures 
increase the rate of crop development and will 
cause the crop to develop rapidly to the frost 
susceptible, post-heading stages which may 
actually increase frost risk in warm seasons.

These results indicate that continued research to 
reduce frost risk remains a high priority despite 
increasing temperatures due to climate change.

Results from this Frost Situation Analysis will provide 
valuable insights allowing GRDC to better direct 
research resources.  They may also provide valuable 
insights for managing frost risk now.
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KEITH PENGILLEY (CHAIR)
0448 015 539    
kgpengilley@bigpond.com
As a panel, we want to hear 
more about what is happening 
in our region and the needs of 
our stakeholders. The new GRDC 
structure and operating processes 
will help us achieve this.
The regional location of a 
GRDC manager grower 
services and our panel support 
team will help the panel spend 
more time at events and 
activities in the region, while 
remaining in close contact with 
the GRDC staff in Canberra. 
In addition to the 10 members 
of the Southern Panel and the 
GRDC Executive Manager, 
we now have 42 grower 
and agronomist members of 
the four Regional Cropping 
Solutions Networks. These 
people are spread across the 
region in four networks, based 
on rainfall zone or the use of 
irrigation. Two or three panel 
members are associated with 
each network.
The networks play a key role in 
capturing research ideas and 
prioritising short-term issues. 
This leaves more time for the 
panel to work on strategic 
investment requirements that 
often require longer-term 
strategies.”

GRDC MANAGER REGIONAL GROWER SERVICES – SOUTH

As one of the three regionally based managers, Andrew Rice brings the 
face of the GRDC into the Southern Region. Having GRDC staff in the 
region offers visibility, accessibility and understanding. The skills set of the 
grower services manager provides another dimension to the operation 
of the GRDC. Andrew believes that pairing the new position of manager 

grower services – south, with the establishment of the facilitated Regional Cropping 
Solutions Networks provides the capacity and links to really make a difference.

                                                                          M 0427 965 469  E andrew.rice@grdc.com.au

REGIONAL CROPPING SOLUTIONS NETWORKS

Bringing together a consistent approach to evaluating research priorities with a large 
network of growers, advisers and researchers across the region has the potential to 
provide a focused regional portfolio of research, development and extension investments.
The objectives of the Regional Cropping Solutions Networks are to:

1.  Create and manage knowledge on grains industry issues. 
2.  Build regional D&E capacity among growers and advisers. 
3.  Proactively respond to regional industry issues in a timely manner. 
4.  Provide enduring links between growers, advisers and the GRDC. 

Four networks have been established in the southern region, each supported by a 
facilitator. The networks will meet face-to-face up to three times each year.
Each network will liaise with the wider grower community in their production zone, 
including convening regional meetings with relevant groups.
The facilitator provides each network with an effective interface with regional farming systems 
groups, agribusiness and research and development organisations across the regions.
While the primary focus of these facilitators will be working with farming systems groups 
and advisers, their work will also extend into maintaining a regional industry RD&E 
database of GRDC project activities and results.
Names of the members of the networks are listed on the GRDC website  
(www.grdc.com.au/RCSN).

GRDC REGIONAL CROPPING SOLUTIONS NETWORKS – 
LOCATIONS AND KEY CONTACTS IN THE SOUTHERN REGION.

¢High-rainfall zone

Facilitators: Jen Lillecrapp
0427 647 461 
hrznetwork@bigpond.com

Trent Potter
0427 608 306
trent@yeruga.com.au

¢Low-rainfall zone

Facilitator: Nigel Wilhelm
0407 185 501
nigel.wilhelm@sa.gov.au

¢ Irrigation zone

Facilitator: Rob Fisher
0409 529 883
vicc@dragnet.com.au

¢Medium-rainfall zone

Facilitators: Jen Lillecrapp
0427 647 461 
hrznetwork@bigpond.com

Tony Craddock
0417 809 317
tcraddock@ruraldirections.com
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