
1
 2019 ADELAIDE GRDC GRAINS RESEARCH UPDATE

Adelaide
Adelaide Convention Centre,  

North Terrace, Adelaide
#GRDCUpdates

GRAINS RESEARCH 
UPDATE
BOOSTING PROFITABILITY – RESILIENT SOLUTIONS



2
 2019 ADELAIDE GRDC GRAINS RESEARCH UPDATE

CAUTION:  RESEARCH ON UNREGISTERED PESTICIDE USE
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GRDC Welcome

Welcome to the 2019 GRDC Grains Research Updates 
On behalf of the Grains Research and Development Corporation (GRDC), I have great pleasure in welcoming you to the 2019 Adelaide 
Grains Research Update.
As South Australia’s premier grains research, development and extension (RD&E) forum, the annual Adelaide Update plays an important 
function in providing industry in this State with the latest insights and advice from the GRDC’s broad portfolio of investments.
It is critical that growers and advisers are equipped with cutting-edge knowledge and resources to inform their tactical decision-making and 
guide them through the coming cropping season and beyond.
Very little stands still in this industry of ours. Grain production is an ever-evolving pursuit – constantly challenged by seasonal and market 
volatility and unpredictability.
The 2018 season was demonstrative of the implementation of R,D&E and evolution of modern grains farming systems that are able 
to capture yield opportunities and try to mitigate risk/ increase business resilience in a season with limited GSR for many, albeit frost 
continuing to be a challenge. 
The adoption of new germplasm, focus upon time of sowing, implementation of practices which capture and retain soil moisture, and 
deployment of agronomic practices agile to seasonal yield potential are just a few factors enabling growers to achieve this – although 
constant innovation is required, especially in light of declining terms of trade.
It is therefore imperative that we never relent in seeking out advances in research and development that have the potential to enable 
growers to mitigate production risks and effect positive practice change on-farm for improved profitability.
To that end, this year’s Adelaide Update program is rich in terms of both the relevant and impactful information to be delivered as well as 
the agronomic and technical experts who will lead these robust discussions. 
I encourage all of you attending this event to use this opportunity get involved in the discussions, to explore the topics further and to go 
back to your farms, offices and workplaces armed with an intent to enact innovation, modification and transformation. 
A desire for constant positive change – generating profitable, high-impact outcomes for growers – is also very much at the heart of the 
GRDC’s investment agenda. That agenda is now being underpinned by the GRDC’s new five-year RD&E Plan which was launched last year.
The plan is pivotal in GRDC’s overall strategy to deliver on its purpose to invest in RD&E to create enduring profitability for Australian grain 
growers. Growers’ long-term success and viability is necessary for a buoyant grains industry, vibrant regional communities and the health of 
the Australian economy. 
The GRDC’s priorities for investment in RD&E were determined through extensive consultation with industry as well as responses to the 
plan’s discussion paper, largely from growers and advisers. These investment priorities centre on 30 Key Investment Targets that describe 
the constraints and opportunities required to be overcome or captured for impact at a grower level. If you would like to know more about 
the plan, go to https://grdc.com.au/rdeplan
As you may be aware, the GRDC in recent times has undergone significant transformation in terms of its organisational structure  
and operations.
Much of the focus of this change has been on building the GRDC’s presence and capacity in the regions. A pleasing outcome of those 
endeavours is a GRDC southern office that is now staffed by a team of skilled personnel dedicated to engaging with and servicing the needs 
of growers, advisers, researchers and other grains industry stakeholders in the south.  
I take this opportunity to encourage every person attending this Update to make yourselves known to the GRDC staff in attendance, as well 
as GRDC Southern Regional Panel and Regional Cropping Solutions Network members. If you have an idea or know of an issue that is not 
being addressed by way of GRDC investment, please bring it to our attention.
In the meantime, I hope you enjoy this Update program and I wish you every success  
for the season ahead.

Craig Ruchs
Senior Regional Manager South   

https://grdc.com.au/rdeplan


Cereal root diseases cost grain growers in excess of $200 million  
annually in lost production. Much of this loss can be prevented. 
Using PREDICTA® B soil tests and advice from your local accredited agronomist,  
these diseases can be detected and managed before losses occur. PREDICTA® B  
is a DNA-based soil-testing service to assist growers in identifying soil borne  
diseases that pose a significant risk, before sowing the crop.
Enquire with your local agronomist or visit  
http://pir.sa.gov.au/research/services/molecular_diagnostics/predicta_b

Potential high-risk paddocks: 
■  Bare patches, uneven growth,  

white heads in previous crop 
■  Paddocks with unexplained poor yield  

from the previous year 
■  High frequency of root lesion  

nematode-susceptible crops,  
such as chickpeas 

■  Intolerant cereal varieties grown  
on stored moisture 

■ Newly purchased or leased land
■ Cereals on cereals
■ Cereal following grassy pastures 
■ Durum crops (crown rot)

There are PREDICTA® B tests for  
most of the soil-borne diseases of  
cereals and some pulse crops: 
■ Crown rot (cereals) 
■ Rhizoctonia root rot 
■ Take-all (including oat strain) 
■ Root lesion nematodes 
■ Cereal cyst nematode 
■ Stem nematode 
■ Blackspot (field peas)
■ Yellow leaf spot
■ Common root rot
■ Pythium clade f
■ Charcoal rot 
■ Ascochyta blight of chickpea
■ White grain disorder
■ Sclerotinia stem rot

PREDICTA® B 
KNOW BEFORE YOU SOW

CONTACT:
Russell Burns
russell.burns@sa.gov.au
0401 122 115

SOUTHERN/WESTERN REGION*

*CENTRAL NSW, SOUTHERN NSW, VICTORIA, TASMANIA, SOUTH AUSTRALIA, WESTERN AUSTRALIA

PredAA4_SW_advert1811.indd   1 13/11/18   4:29 pm

http://pir.sa.gov.au/research/services/molecular_diagnostics/predicta_b
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hosted on the Ground Level of the Convention 
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Please enter the venue at Point E on the map.
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National Paddock Survey – closing the ‘yield gap’ and Harm van Rees, Cropfacts Pty Ltd  13 
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Earning community trust in agriculture Deanna Lush, AgCommunicators 23
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International grain competitors -what can we do at the farm Ross Kingwell, AEGIC 35 
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Ascochyta blight in intensive cropping of pulses Sara Blake, SARDI 39

Weed responses to high break crop intensity systems Navneet Aggarwal, SARDI 41
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Emerging management tips for early sown winter wheats Kenton Porker, SARDI 107

Mice - status, baiting and forecast threat Steve Henry, CSIRO 115
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GRDC Grains Research Update
ADELAIDE

PROGRAM  DAY 1 - FEBRUARY 12th
8.55 am Announcements ORM 

9.00 am Welcome and GRDC update GRDC representative 

9.20 am National yield gap analysis - what is it telling us? – P13 Harm van Rees, Cropfacts Pty Ltd 
 

9.55 am Social licence - building trust in agricultural science in the community  Deanna Lush, AgCommunicators 
 – P23 

10.30 am Morning tea

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

 Hall L Room L1 Room L2 Room L3

11.05 am

11.45 am

12.25 pm

1.00 pm  LUNCH

Taking on our International 
grain competitors - what 
can we do at the farm and 
industry level? (R) – P35
Ross Kingwell, AEGIC

Latest strategies 
for treatment of soil 
acidification (R) – P57/65
Brian Hughes, PIRSA and 
Sam Trengove, Trengove 
Consulting

Implications of robotics 
for the grains industry (R) 
– P121
Salah Sukkarieh, The 
University of Sydney

Disease and weed 
responses to intensive 
cropping systems (R)  
– P39/41
Sara Blake, SARDI and 
Navneet Aggarwal, 
SARDI

Towards prediction of 
diamondback moth risk in 
canola - new insights into 
ecology and resistance 
management (R) – P71
Kym Perry, SARDI

Sustaining our herbicides 
into the future (R) – P101
Chris Preston, The 
University of Adelaide

Bridging the yield gap
On the couch with Harm

Cost effective outcomes  
for ameliorating sandy 
soils (R) – P79
Lynne Macdonald, CSIRO

Emerging management 
tips for early sown winter 
wheats (R) – P107
Kenton Porker, SARDI

Pulse agronomy insights 
(R) – P49
Penny Roberts, SARDI

Factors that drive N 
availability in wheat; 
including soil microbiology 
(R) – P87
Gupta Vadakkatu, CSIRO

Pulse agronomy insights 
– P49
Penny Roberts, SARDI
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CONCURRENT SESSIONS (40 minutes including time for room change) (R = session to be repeated) 

 Hall L Room L1 Room L2 Room L3

2.00 pm

2.40 pm

3.20 pm

3.55 pm AFTERNOON TEA   

4.25 pm Evolution and management of Group J and K resistance in annual ryegrass David Brunton, PhD candidate  
 – P133

4.35 pm Using DNA markers to improve wheat breeding – P137 Adam Norman, PhD candidate 
 

4.45 pm Pesticides and regulatory impacts - the road ahead – P141 Gordon Cumming, GRDC

5.25 pm COMPLIMENTARY DRINKS IN TRADE DISPLAY AREA

On Twitter? Follow @GRDCUpdateSouth and use the  
hashtag #GRDCUpdates to share key messages

SA cereal variety review (R) 
– P95
Rob Wheeler, GRDC

Sustaining our herbicides 
into the future – P101
Chris Preston, The 
University of Adelaide

Cost effective outcomes for 
ameliorating sandy soils 
– P79
Lynne Macdonald, CSIRO

Disease and weed 
responses to intensive 
cropping systems – P39/41
Sara Blake, SARDI and 
Navneet Aggarwal, 
SARDI

Towards prediction of 
diamondback moth risk in 
canola - new insights into 
ecology and resistance 
management – P71
Kym Perry, SARDI

SA cereal variety review 
– P95
Rob Wheeler, GRDC

Implications of robotics for 
the grains industry – P121
Salah Sukkarieh, The 
University of Sydney

Factors that drive N 
availability in wheat; 
including soil microbiology 
– P87
Gupta Vadakkatu, CSIRO

Taking on our International 
grain competitors - what 
can we do at the farm and 
industry level?  – P35
Ross Kingwell, AEGIC

Mice - status, baiting and 
forecast threat – P115
Steve Henry, CSIRO

Latest strategies 
for treatment of soil 
acidification – P57/65
Brian Hughes, PIRSA and 
Sam Trengove, Trengove 
Consulting

Emerging management 
tips for early sown winter 
wheats – P107
Kenton Porker, SARDI
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PROGRAM  DAY 2 - FEBRUARY 13th   

8.15 am Early risers session - GRDC Communities panel session on crop nutrition

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

 Hall L Room L1 Room L2 Room L3

9.00 am

9.40 am

10.20 am  MORNING TEA
10.50 am

11.30 am

GRDC Grains Research Update
ADELAIDE

Fungicide strategies 
in canola - achieving 
yield responses to foliar 
applications (R) – P157
Steve Marcroft, Marcroft 
Grains Pathology

The 10 key lessons from the 
‘Stubble Initiative’ every 
agronomist should know 
(R) – P197
John Kirkegaard, CSIRO

Seedbank life of 
emerging problem weeds 
- management impact – 
P219
Gurjeet Gill, The 
University of Adelaide

Impact of chaff lining on 
the seed persistence and 
emergence of weeds  
– P231
Annie Ruttledge, QLD 
Dept Ag & Fisheries

HRZ forum - hyper yielding 
cereals, pulse update 
and HRZ weed control 
strategies – P165/49/171
Nick Poole, FAR Australia; 
Penny Roberts, SARDI 
and Gurjeet Gill, The 
University of Adelaide

Validating integrated weed 
management practices 
– P227
Chris Davey, YP AG

The role of N as a possible 
mitigating tool to heat 
stress impact in wheat 
– P239
Mariano Cossani, SARDI

Herbicide residues in soil -  
what is the scale and 
significance? (R)– P177
Lukas Van Zwieten,  
NSW DPI

Rapid assessment of crop N 
and stress status - in field 
assessment of a hand held 
NIR tool (R) – P205
Michael Zerner, 
Landmark Pfitzner & 
Kleinig

Canola - optimal 
management strategies 
– P211
Andrew Ware, SARDI

The 10 key lessons from the 
‘Stubble Initiative’ every 
agronomist should know 
– P197
John Kirkegaard, CSIRO

The root health report - 
pulse root diseases and 
root lesion nematode (R) 
– P185/191
Tara Garrard, SARDI and 
Katherine Linsell, SARDI

Canola - optimal 
management strategies (R) 
– P211
Andrew Ware, SARDI

The root health report - 
pulse root diseases and 
root lesion nematode  
– P185/191
Tara Garrard, SARDI and 
Katherine Linsell, SARDI

Herbicide residues in soil -  
what is the scale and 
significance? – P177
Lukas Van Zwieten,  
NSW DPI
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On Twitter? Follow @GRDCUpdateSouth and use the  
hashtag #GRDCUpdates to share key messages

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

 Hall L Room L1 Room L2 Room L3

12.10 pm

12.50 pm LUNCH

1.30 pm Changing food trends affecting the grains industry – P257 Sara Grafenauer,  
   Grains & Legumes Nutrition Council

2.10 pm Nitrogen and soil organic matter decline - what is needed to fix it?	 Jeff	Baldock,	CSIRO  
 – P263 

2.50 pm CLOSE AND EVALUATION

Getting the best from 
barley in the South  – P245
Kenton Porker, SARDI

Fungicide strategies 
in canola - achieving 
yield responses to foliar 
applications – P157
Steve Marcroft, Marcroft 
Grains Pathology

Minimising risk of extreme 
temperatures in critical 
pulse development 
windows through 
management decisions  
– P247
Lachlan Lake, SARDI

Rapid assessment of crop N 
and stress status - in field 
assessment of a hand held  
NIR tool– P205
Michael Zerner, 
Landmark Pfitzner & 
Kleinig
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3.  Drift management strategies:  
things that the spray operator 
has the ability to change

Factors that the spray operator has the ability to change include the sprayer set-
up, the operating parameters, the product choice, the decision about when to start 
spraying and, most importantly, the decision when to stop spraying. 

Things that can be changed by the operator to reduce the potential for off-target 
movement of product are often referred to as drift reduction techniques (DRTs) or drift 
management strategies (DMSs). Some of these techniques and strategies may be 
referred to on the product label. 

3.1 Using coarser spray qualities
Spray quality is one of the simplest things that the spray operator can change to 
manage drift potential. However, increasing spray quality to reduce drift potential 
should only be done when the operator is confident that he/she can still achieve 
reasonable efficacy. 

Applicators should always select the coarsest spray quality that will provide 
appropriate levels of control.  

The product label is a good place to check what the recommended spray quality is for 
the products you intend to apply. 

In many situations where weeds are of a reasonable size, and the product being 
applied is well translocated, it may be possible to use coarser spray qualities without 
seeing a reduction in efficacy. 

However, by moving to very large droplet sizes, such as an extremely coarse (XC) 
spray quality, there are situations where reductions in efficacy could be expected, 
these include:

•	 using contact-type products;

•	 using low application volumes;

•	 targeting very small weeds;

•	 spraying into heavy stubbles or dense crop canopies; and

•	 spraying at higher speeds.

If spray applicators are considering using spray qualities larger than those 
recommended on the label, they should seek trial data to support this use. Where data 
is not available, then operators should initially spray small test strips, compare these 
with their regular nozzle set-up results and carefully evaluate the efficacy (control) 
obtained. It may be useful to discuss these plans with an adviser or agronomist and 
ask him/her to assist in evaluating the efficacy.

 For more 
information see the 
GRDC Fact Sheet 
‘Summer fallow 
spraying’ Fact 
Sheet

Drift Reduction 
Technology an 
introduction

PLAY VIDEO  

Tom Wolf

Module 17  
Pulse width modulation systems  
How they work and set-up  
considerations

SPRAY APPLICATION MANUAL FOR GRAIN GROWERS

Graham Betts and Bill Gordon

Module 11  Pumps, plumbing and components

How they can work together 

SPRAY APPLICATION MANUAL FOR GRAIN GROWERS

PAGE 7MODULE 08 Calibration of the sprayer system – ensuring accuracy MODULE 08 Calibration of the sprayer system – ensuring accuracy

Step 2: Check pressure

Check the pressure in each boom section adjacent to the inlet and ends of the 
section. If only using one calibrated testing gauge, set the pressure to achieve,  
for example, 3 bar at the nozzle outlet.

Mark the spray unit’s master gauge with a permanent marker. This will ensure the 
same pressure is achieved when moving the test gauge from section to section.

Step 3: Check flow meter output 
•	 If pressure across a boom section is uneven check for restrictions  

in	flow	–	kinked	hoses,	delamination	of	hoses	and	blocked	filters.	 
Make the required repairs before continuing.

•	 When the pressure is even, set at the desired operating pressure. 
Record	litres	per	minute	from	the	rate	controller	display	to	fine-tune	 
the	flow	meter	(see	flow	meter	calibration).

•	 Without	turning	the	spray	unit	off,	collect	water	from	at	least	four	
nozzles per section for one minute (check ends and middle of the 
section and note where the samples came from).

Flow though  
pressure tester. 

Photo: Bill Gordon

Options for 
measuring 
pressure at the 
nozzle 

Measuring 
nozzle pressure 
and output to 
check	flow	
meter accuracy

PLAY VIDEO  

PLAY VIDEO  

GrowNotesSpray_adA41810_outline.indd   1 10/10/18   5:52 pm

http://grdc.com.au/Resources/GrowNotes-technical
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Background
The yield gap is the term applied to the difference 

between achieved and potential yield, where 
potential yield is estimated from simulation models. 
On average, Australia’s wheat growers are currently 
achieving about half their water-limited potential 
yield (Hochman et al. 2016, Hochman and Horan, 
2018). Previous research with individual growers  
in the Wimmera/Mallee in Victoria determined  
that the long-term yield gap for those growers was 
approximately 20% (van Rees et al. 2012).  
For a National overview of the yield gap see  
www.yieldgapaustralia.com.au.

National Paddock Survey is a four-year (2015 to 
2018) GRDC-supported project designed to quantify 
the yield gap on 250 paddocks nationally and to 

determine the causes for the yield gap. Additionally, 
its aim is to establish whether management 
practices can be developed to reduce the yield gap 
to benefit farm profitability and to provide growers 
and their advisers with information and the tools 
required to close the yield gap. 

Method
Two hundred and fifty paddocks nationally, 80 

in each of WA and northern NSW/Qld, and 90 
in southern NSW, Vic and SA, were monitored 
intensively over a four-year rotation (2015 to 2018). 
Consultants and Farming Systems groups undertook 
the monitoring. Two zones in each paddock were 
monitored at five geo-referenced monitoring points 
along a permanent 200m to 250m transect. Each 
monitoring point was visited four times per season 

Keywords
 potential yield, yield gap, limiting factors, APSIM, water use efficiency, WUE. 

Take home messages
	Intensive monitoring of soils and crops over a rotation sequence has identified why crops do not 

achieve their potential yield.

	Reviewing paddock performance at the end of the season and using paddock records is 
essential for sustained improvement in agronomic performance.

	Insufficient nitrogen (N) was the main cause for the yield gap in National Paddock Survey 
(NPS) paddocks on five Yorke Peninsula monitored paddocks.  Frost and heat shock were also 
responsible for significant yield penalties. Diseases, weeds and insects also contributed, but 
were less severe in impact.

	Three paddocks on the Yorke Peninsula achieved significantly higher yields than could be 
explained by either simulation modelling or WUE. The reasons are not clear and will be further 
investigated (no other paddocks in the 250-paddock data set have shown a similar result). A 
suggested explanation is access to deep soil water.
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Monitoring Timing Monitoring Timing
Deep soil test 4 depths (0-100cm) Pre-sow Paddock yield and yield map data Post-harv
Predicta®B (0-10cm) Pre-sow Crop density, weeds, foliar diseases, insects (/m²) GS30
Deep soil test 4 depths (0-100cm) Post-harv Cereal root sample to CSIRO GS30
Crop and Cultivar  Weeds, foliar diseases, insects /m²) GS65
Sowing date and rate  Cereal stubble/crown for Fusarium Post-harv
Fertiliser, herbicide type, rate, date  General observations 
Temp buttons (1 per paddock) GS60-79

Table 1. Overview of monitoring and data collected per zone for each NPS paddock. 

(pre- and post-season soil sampling and in-crop 
at the equivalent crop growth stages (GS)of GS30 
and GS65). Yield map data was obtained for each 
paddock which enabled the yield of each zone to 
be determined accurately. Table 1 lists the annual 
monitoring undertaken in each zone.

All paddocks were simulated with the Agricultural 
Production Systems sIMulator (APSIM) (Holzworth et 
al. 2014) and during the season, Yield Prophet® was 
available to all consultants and growers.

The whole data set (four years x 500 paddock 
zones) is being analysed by Roger Lawes, CSIRO 
for factors primarily responsible for the yield gap in 
each of the three GRDC regions (Lawes et al. 2018).

This paper outlines the results of eight paddocks 
from one consultant, Stefan Schmitt, working on 
the Yorke Peninsula, SA. The results are discussed 
as a paddock specific yield gap analysis over four 
seasons focused on outcomes for the grower  
and consultant.

Results are presented as the modelled APSIM 
simulations in which:

• Ya = Actual Yield (as determined for each zone 
from yield map data). 

• Ysim = Simulated Yield (for the same conditions 
as those in which the crop was grown).

• Yw= Simulated water limited, N unlimited yield 
(for the same conditions as those in which the 
crop was grown, but with N supply unlimited). 
Yw is considered the potential yield for  
the crop.

• The Yield Gap is calculated as the % difference 
between Yw and Ya ((Yw-Ya)/Yw).

Note:  APSIM currently accurately simulates 
wheat, barley and canola. No attempt was made to 
simulate the other crop types grown (lentils, faba 
beans, chickpeas, vetch, field peas).

Data was entered via the NPS website and stored 
in a purpose-built structured query language (SQL) 
Server database.

Results and discussion
Annual individual paddock results

Data from three paddocks on the Yorke Peninsula 
are presented as examples of outputs as informed 
by the paddock monitoring.

• Example 1: Paddock yield (Ya) was lower than 
the simulated yield (where Ysim = Yw) (Figure 1).

Interpretation

Crop 2014: lentils (1.8t/ha).   

Wheat in 2015: had a simulated yield equal to 
the potential yield (Ysim = Yw), which is a strong 
indication that the crop is not N limited. This is 
supported by the N available to the crop (soil test 
results plus N fertiliser application of 169kg N/ha and 
201kg N/ha for Zone A and B respectively). 

The simulated yield was much higher than the 
actual yield (Ysim > Ya) which indicates there were 
factors limiting production. The crop did not have 
measurable disease, weed or insect problems.  
The main factor contributing to the loss in yield 
appears to be frost damage caused by two nights  
of temperatures between 0°C and -2°C during  
GS60 to GS79.

• Example 2: Paddock yield (Ya) was lower than 
the simulated yield (Ysim) which in turn was 
lower than the potential yield (Yw) (Figure 2).

Interpretation

Crop 2014: wheat (5.3t/ha).   

Wheat in 2015: simulated yield lower than the 
potential yield indicates that N was limited. This 
is supported by relatively low available N for a 
potential yield of between 6t/ha and 7t/ha (soil 
N at sowing + fertiliser N of 163kg/ha and 167kg/
ha for Zones A and B, respectively). A common 
rule of thumb is that 40kg N is required per tonne 
of production, which corresponds well with the 
achieved yield of approximately 3.5t/ha. The 
simulated yield was higher than the actual yield 
(Ysim > Ya) by approximately 1t/ha, which indicates 
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Paddock and crop information specific  
to 2015.

N available: 169 & 201kg/ha (A&B)
Water avail: 271 & 277mm (A&B)
Soil disease – Predicta®B: nd 
Root health GS30: Moderate
Stubble disease: nd
In-crop disease GS65: nd
Weeds GS65: Zone A – Ryegr 1 /m²;
  B – Ryegr 6 /m²
Insects GS65: Zone A: Luc flea 8 /m², 
      RWA 5 /m²
                         Zone B: Luc flea 96 /m²
Frost (GS60 to 79): 2 days 0 to -2°C 
Heat shock (GS60 to 79): nd

Paddock and crop information specific  
to 2015.

N available: 163 & 167kg/ha (A&B)
Water avail: 251 & 311mm (A&B)
Soil disease Predicta®B: Fusarium and
       Pythium High (A&B), YLS High (A)
Root health GS30: Moderate
Stubble disease: Fusarium 60% of
                               stems (A&B)
In-crop disease GS65: nd
Weeds GS65: Zone A – W. oats 2 /m²;
                                  B – Brome 2 /m²
Insects GS65: Zone A: nd 
                        Zone B: Snails 42 /m²
Frost: 1 day 0 to -2°C (GS60 to 79) 
Heat shock: 2 days 32 to 34°C

Paddock on Yorke Peninsula 2015 (zone A – 3418, 
sandy loam; Zone B – 3419, clay loam).  Ya=Actual yield; 
Ysim=Simulated yield; Yw=Water limited (potential) yield.

Paddock on Yorke Peninsula 2015 (zone A – 3322, 
sandy loam; Zone B – 3323, clay loam).  Ya=Actual yield; 
Ysim=simulated yield; Yw=water limited (potential) yield.

Figure 1. Data from example paddock 1 monitored according to the NPS project (Table 1).

Figure 2. Data from example paddock 2 monitored according to the NPS project (Table 1).
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other factors were limiting production. The crop in 
2015 was wheat on wheat. Soil disease levels as 
assessed through the Predicta®B soil test was high 
for Fusarium and Pythium in both zones; Zone A also 
had high levels of soil DNA for yellow leaf spot (YLS). 
Fusarium was detected post-harvest in the stubble. 
Weeds and insects (including snails) were present 
but were at relatively low levels and are unlikely to 
have had a yield impact. Frost (0°C to -2°C) occurred 
on one night and heat shock of 32°C to 34°C on 
two days between GS60 and GS79 may also have 
contributed to the loss in potential yield.

• Example 3: Paddock yield (Ya) is significantly 
higher than the simulated yields (Ysim and Yw) 
(Figure 3).

Interpretation

Crop 2014: lentils (1.2t/ha).   

Wheat in 2015: the simulated and potential yield 
were the same (Ysim = Yw) in both zones, which 
indicates the crop was not N limited. However, 
Ya > (Ysim = Yw) which indicates a cause for the 
crop to perform better than the simulations (Note: 
water use efficiency (WUE) of crops grown in these 
three paddocks is also substantially higher than 
the current potential of 22kg/mm/ha – hence it is 
unlikely to be a simulation aberration). There are 
only three paddocks in the NPS database which 
show this trend consistently over the four years of 

the project. All three paddocks received regular 
applications of chicken manure and all three 
responded with substantially higher yields than 
simulated (the three paddocks are on the same 
farm). Using simulation, it was determined that an 
additional 80mm of plant available water (PAW) 
was required to achieve a simulated yield equal 
to the actual yield. It is possible that manure is 
changing the plant available water holding capacity 
of the soil. However, we could not determine any 
changes in soil water holding capacity through 
the measurements undertaken. The crop may be 
accessing water from deeper down the profile. It is 
also possible the manure is releasing carbon dioxide 
(CO2) which is enhancing crop growth. The crop 
was modelled with an additional 50ppm CO2 (from 
400ppm CO2 to 450ppm CO2), but this made very 
little difference in the simulated yield (increase in 
yield of approximately 50kg/ha).   

Results of four years of monitoring on the  
Yorke Peninsula

The results of the monitoring for all eight 
paddocks on the Yorke Peninsula are presented 
in Table 2 (note: the table does not contain all the 
results of the monitoring). 

The primary reasons for the yield gap are:

•  Insufficient N for 10 of the 34 wheat paddocks 
in the rotation where Yw > Ysim.

Paddock and crop information specific  
to 2015.

N available: 251 & 289kg/ha (A&B)
Water available: 179 & 172mm (A&B)
Feature: chicken manure applied at 
      2.5t/ha every 3 to 4 years.
Soil disease – Predicta®B: nd 
Root health score GS30: Moderate
Stubble: Fusarium (16% of stems)
In-crop disease GS65: nd
Weeds GS65: Zone A – Ryegr. 28 /m²;
                        Zone B – Ryeg. 16 /m²
Insects GS65: nd
Frost: nd  
Heat shock: nd

Paddock on Yorke Peninsula 2015 (zone A – 3416, 
sandy loam; Zone B – 3417, clay loam). Ya=Actual yield; 
Ysim=Simulated yield; Yw=Water limited (potential) yield.

Figure 3. Data from example paddock 3 monitored according to the NPS project (Table 1).
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• Predicta®B is a good indicator of likelihood for a 
yield penalty, especially for Fusarium.

• Frost and heat shock negatively affect  
yield potential.

Weeds and insects on these paddocks had little 
impact on yield.

Good paddock monitoring records are essential 
for identification of factors leading to a yield 
penalty. The interpretation and improvement of 
individual crop yields, as revealed by the yield gap 
analysis using simulation modelling, requires further 
consideration of the yield-determining factors and 
we need to continue to improve our understanding 
of these factors and especially the interactions 
between them.

Assessing crop performance: WUE versus 
modelling 

The first paper on WUE was published by French 
and Schultz in 1984. It was a break through at 
the time, enabling growers and agronomists to 
benchmark crop performance against a target and 
compare performance against other wheat crops. 
The French and Schultz WUE equation has since 
been updated by Sadras and Angus (2006) and 
Hunt and Kirkegaard (2012).

Hunt and Kirkegaard (2012) calculate Crop Water 
Use as:  Soil water pre-sowing – Soil water post- 
harvest + Rainfall during the same period. WUE is 
then calculated as Yield (kg/ha) / (Crop Water Use - 

60). Potential yield is calculated as 22 x (Crop Water 
Use – 60).   

The SA 2015 to 2018 NPS wheat yields are plotted 
against Crop Water Use in Figure 4. The graph 
reveals a general tendency for Ya to increase with 
Crop Water Use with an upper boundary of yield. 
The upper boundary is reasonably interpreted as 
Yw for well-managed crops as Crop Water Use 
increases. The two lines included on the diagram 
are the Yw lines proposed by French and Schultz 
(1984) and Hunt and Kirkegaard (2012) calculated 
as Yw = 22 x (Crop Water Use – 60), to describe 
the most efficient use of water. This establishes a 
common maximum WUE of 22kg/mm/ha.

The other outliers are located on the Yorke 
Peninsula and on the Eyre Peninsula.

How useful is WUE compared with computer 
modelled assessments of potential yield and what 
will the future hold?

Figure 4 and other data analysed by French 
and Schultz (1984) and Sadras and Angus (2006) 
demonstrates a considerable variation in Ya relative 
to Yw, i.e. a considerable yield gap in many crops. 
Key questions for growers and agronomists are what 
is the cause of the yield gap in each individual case 
and how can it be alleviated?  

There are many possible causes that cannot 
be identified without careful paddock monitoring 
of abiotic and biotic factors, as attempted in the 
present project.  

Figure 4. South Australian NPS wheat yields (Ya) plotted against Water Use (2015 to 2018) (note: the open 
circles are paddocks with chicken manure).
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We must remember that WUE to assess yield 
potential is a ‘bucket approach’ to a complex 
problem in a system with many interactions. WUE 
will not explain the causes of a yield gap, nor can  
it inform on reasons for favourable outcomes. It  
may identify the presence of a yield gap but not 
their cause.

Causes of yield gaps

Abiotic factors

Variability is a feature of farming in Australia and 
there are several reasons why crop roots cannot 
access soil water such as soil type (texture) and 
physical and chemical limitations. Chemical and 
physical constraints to root development can have a 
large impact on potential yield.

Interactions between soil type, available soil  
water and the amount of water extracted by the 
growing crop are influenced by crop growth and  
the distribution and amount of rainfall. If these 
factors are ignored there is limited predictive 
capability of yield.   

High and low temperatures at critical times of crop 
development also can cause devastating yield loss.

Biotic factors

Crop nutrition appropriate to achieving potential 
yield (Yw) is relatively well understood and in the 
case of N, with many examples of successful tactical 
responses to fertilisation. But this is not matched 
for other nutrients such as phosphorus (P) and 
potassium (K), and micronutrients such as zinc (Zn).

Major infestations of weeds, pests and diseases 
can cause dramatic yield loss and less serious 
infestations may cause greater losses than is 
commonly appreciated and remain unknown without 
careful paddock monitoring.

The nature of these biotic causes of yield loss 
vary greatly from site to site, paddock to paddock 
and within paddock also. 

Going forward with crop simulation models

Crop models, such as APSIM used in this study, 
are focussed on abiotic factors, but include biotic 
factors such as N nutrition. Their objective is to 
simulate yield (Ysim) in the absence of biotic factors 
such as weeds, diseases and pests and to estimate 
Yw by removing the effect of N shortage. For this, 
APSIM grows the crop on a daily time step and 
takes into account daily solar radiation, rainfall and 
availability of N. It uses soil-specific information for 
the crop lower limit (CLL) (wilting point) of the soil, 

defined as the soil water content below which water 
is not accessible to the crop. CLL is influenced by 
soil texture (sand, silt, clay content) and subsoil 
limitations (such as high chloride levels). APSIM also 
explains the importance of rainfall distribution in 
terms of growth reductions due to transient water 
stress. Extreme events of temperature (hot and 
cold), which may be important at less-than daily time 
scales need to be further addressed.  

Over the last decade our industry has made huge 
advances in engineering, with precision agriculture 
enabling mapping soil types across paddocks, 
understanding what affects the crop’s ability to 
extract water and most importantly empowering 
growers to adopt precision seeding and to apply 
nutrients as required.  

To fully utilise the power of crop models, on-
the-go modelled outputs to field operations need 
to be incorporated, such as seeding and nutrient 
applications.  This could well be the next frontier 
in crop management. Biotic stresses such as 
weeds, diseases and pests can be included if the 
appropriate in-field observations are made.

Conclusion
The NPS project has demonstrated that, as crop 

management becomes more sophisticated, it is 
essential to understand the reasons why crops 
fail to perform at their potential. When the reasons 
for why crops do not reach their potential yield 
is understood, consultants can better advise the 
growers that they are working with.
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Background
Social licence, right-to-farm, freedom to operate, 

trust in agriculture — it goes by many names, but  
at its centre is a group of Australians who are 
uncertain whether they can still trust farmers to 
produce food in a way that is best for people, 
animals and the planet.

My first encounter with efforts to build trust in 
agriculture was in 2011 when I won a scholarship to 
attend the International Federation of Agricultural 
Journalists annual conference in Ontario, Canada. 
At that event, I was introduced to the work of Farm 
& Food Care (FFC) — an agricultural outreach 
organisation with a mandate to provide credible 
information on food and farming and to introduce 
the people producing their nation’s food.

After following FFC’s work for five years, and 
similar organisations such as the US Center for 
Food Integrity (US CFI), Animal Ag Alliance, US 
Farmers and Ranchers Alliance and the American 
Farm Bureau Federation, I was fortunate to receive 
a Churchill Fellowship to research how to build trust 
in agriculture. This enabled me to travel through 

the US, UK and Canada, in 2017 to speak with 47 
organisations with activity in the area. 

Through the Churchill experience, I found 
Australia to be lagging behind its international 
counterparts in five core areas: 

1. The understanding across the industry of the 
need to build public trust and the risks  
to industry of not planning ahead and  
being proactive.

2. Establishing industry-supported organisations 
with the sole role of building public trust and 
engagement in agriculture. 

3. Developing a national strategy and steering 
committee in which stakeholders in the food 
system determine where and how to engage 
in trust-building activities and learn lessons 
from each other in the strategies that are  
most successful. 

4. Building and supporting industry voices 
through training and provision of strategies 
and tactics to help them engage with 
consumers on the industry’s behalf. 

Keywords
 trust, community, values, integrity, transparency, social licence. 

Take home messages
	A farmer’s freedom to operate is enabled by an industry’s social licence, defined as the privilege 

of operating with minimal formalised restrictions based on maintaining community trust.

	Shared values are three to five times more important than demonstrated technical ability or 
science in building trust.

	An individual’s level of trust is determined by three things – influential others, competence and 
confidence (values).

	Transparency is a basic consumer expectation and essential in building trust with those who are 
sceptical of the motives and practices of the food and agriculture industry.

	The agriculture sector must upskill farmers in engagement and leading with shared values to 
build trust rather than providing more science and data which, while important, will not win the 
hearts and minds of the general public.

Deanna Lush.

AgCommunicators.

Earning community trust in agriculture



24
 2019 ADELAIDE GRDC GRAINS RESEARCH UPDATE

5. Adequately funding efforts to build trust and 
ensuring that the level of funding matches the 
risk to industry if trust is lost. 

My full Churchill Report is available on the 
Churchill Trust website (see Useful Resources).  
This paper is based on my winning the Australian 
Farm Institute John Ralph Essay, published in late 
2018, named ‘The right to farm versus the right to 
choose: society is having the final say’. The full 
version is available from the AFI website (see  
Useful Resources).

Discussion
The Australian agricultural industry has long 

grappled with its right to farm. The agriculture sector 
as a whole is pushing back against a plethora of 
issues. Mining companies want access to high value 
agricultural land, activists do not want animals to 
be used for any purpose (least of all agriculture), 
the urban sprawl of cities is pushing into traditional 
farming lands, and bureaucratic pushes to change 
legislation or impose regulation can make it harder 
to farm in the way which best suits farmers.

The experience of these issues, or similar, is 
making farmers feel marginalised. They are farmers 
all day, every day for 365 days of the year. They 
have no control over how much money they make 
due to the variability of the seasons, and then they 
are often criticised for how they farm by people 
who have limited experience of the industry. It is 
understandable farmers might feel angry, frustrated 
or even not proud about what they do. 

Farmers feel the impacts of an industry that is 
misunderstood through increases in regulation. 
Unnecessary regulation affects competitiveness, 
which then affects profitability. If farmers are not 
profitable, then they are not going to continue 
farming, which means not feeding people, not 
contributing to the nation’s economy nor supporting 
rural and regional communities. This trend is not 
unique to Australia and similar problems are faced 
in many nations overseas. The resourcefulness 
of farmers is to be admired — they tend to put 
their heads down and get on with the job, rarely 
complaining or seeking accolades. At the same 
time, they do not talk enough about what they 
do. As city dwellers have increasingly outsourced 
food production, they have become far removed 
from agriculture and are largely unaware about 
common farm practices and what is important to 
the food production system. Incorrect perceptions 
are compounded by misinformation campaigns 
on many aspects of food production by activism 
organisations. 

With an increasing gap between city and 
country and increasing scrutiny of farming, it is not 
a question of whether society should determine 
the right to farm — society is already determining 
the right to farm. The agriculture industry needs to 
realise the major role society is playing, accept that 
this reality is not going away, and then understand 
how to work with and take advantage of the 
situation, if and where possible. 

This essay draws on the findings of my Churchill 
Fellowship report into this topic, published early in 
2018 following travel to the US, UK and Canada, 
and further learnings acquired since its publication. 
I have had the opportunity to discuss these issues 
with numerous commodity groups, government 
representatives and businesses in Australia and to 
gather a broad overview while chairing a National 
Farmers’ Federation Committee working to develop 
a cross-commodity approach to trust in agriculture.

It’s a matter of trust
The right to farm focuses on the ability of farmers 

to undertake lawful agricultural practices without 
conflict or interference, but how do farmers obtain 
that right and maintain it? 

At the heart of this issue is farmers’ freedom to 
operate, defined by the United States Center for 
Food Integrity (US CFI) as the ability for farmers to do 
what they do best with minimal outside interference 
(US CFI, 2017). This is enabled by an industry’s social 
licence, defined as the privilege of operating with 
minimal formalised restrictions based on maintaining 
public trust. So when the issue is stripped back to 
its core, the right to farm is tied to social licence and 
building and maintaining community trust. 

Trust is the issue of 2018. It is an issue for 
churches, finance and banking entities, schools 
and community organisations – many institutions 
and industries are grappling with how to build trust, 
or if they have eroded trust, how to rebuild it. Roy 
Morgan Australia Chief Executive Officer Michele

Levine has said: “Trust requires a leadership to 
embrace and exhibit ethics … not just to plan how to 
behave, but to believe it. Deeply.” (AICD, 2018).

The CFI’s peer-reviewed model (US CFI, 2017), 
first published in the December 2009 edition of 
the journal Rural Sociology (Figure 1), found that an 
individual’s level of trust is determined by  
three things:

• Influential others, meaning the opinions of 
those in two circles – family, friends and social 
circles as well as credentialled others such as 
doctors, dietitians or veterinarians.
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• Competence, which relates to science and 
technical capacity.

• Confidence or the perception of shared values.

Figure 1. The research-based ‘Trust Model’ 
developed by the US Center for Food Integrity and 
Iowa State University.

After surveying 6000 US consumers over three 
years, the CFI found shared values are three to five 
times more important than demonstrated technical 
ability or science in building trust (US CFI, 2017). 
Traditionally, Australian agriculture’s approach to 
building trust has been embedded in science and 
data, that is, “give people more science and data 
and they will come to our side of the argument”. 
But if they do not, we give them more research, 
more science and the cycle repeats. The equation 
of ‘science and data’ as the priority has been 
backwards for years because what consumers really 

want to know is “Can I still count on you to do what 
is right”. 

CFI research has found that to build trust, the 
industry needs to lead with shared values. Many 
consumer questions are based on whether practices 
are ethically grounded (Figure 2) and so based 
on values such as compassion, responsibility, 
respect, fairness and truth (Arnot, 2018). Traditional 
approaches to building trust have given people 
information about science and economics to 
increase their knowledge, but have done little to 
influence how they feel and what they believe. 
The CFI believes that is where a better connection 
needs to be made. The debate is not focused on 
knowledge but rather “whether we should be doing 
what we’re doing”, which is a conversation about 
values and ethics. 

The US experience is that the ‘shared values’ 
approach helps farmers respond in a strategic 
way, rather than visceral (Arnot, 2018). The key lies 
in giving farmers the tools for that values-based 
communication and then supporting them in that 
journey, building their skills and

confidence. The CFI observes that the community 
likes farmers, but they are not sure they like 
farming or industry. Farmers who become engaged 
in leading with shared values feel empowered 
because they are able to be part of the dialogue.

The international context
Internationally, there is significantly more work 

being undertaken to protect the right of farmers to 
farm through building trust and relationships with 
non-ag audiences than there is currently in Australia. 
Canada has value chain roundtables for all its 

Figure 2. Value similarity – how feelings and beliefs through ethics contribute to sustainable systems, 
developed by the US CFI.
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agricultural commodities, where stakeholders meet 
regularly to discuss a range of issues, such as trade 
or food safety. Trust in agriculture has been added 
to these roundtable discussions to keep the issue 
front of mind for all stakeholders and to chart a way 
forward in building and maintaining trust.

The Canadian Centre for Food Integrity and its 
partners are pioneering the concept of ’the journey 
to build public trust’. Chair Kim McConnell says it is 
a long-term project, but the framework is simple, 
describing it as a house with three pillars, two 
foundations and one roof (Figure 3).

The three pillars are: 

1. Do the right thing. This involves all the players 
along the value chain agreeing what the right 
thing to do is, and then putting a procedure in 
place to ensure all participants abide by it.

2. Develop a trusted assurance system. Listen 
to what the consumer thinks is important and 
put in place national certifications. Ensure the 
government, research and academics all fill 
their roles.

3. Communicate it. Put a communications system 
in place that involves everybody – individuals, 
corporations and associations. McConnell 
says a particular industry talking about how 

great it is does not have much credibility, 
which is where cross-commodity advocacy 
organisations fit it well because they speak 
more on behalf of the industry to the public 
and all stakeholders and add credibility.

The two foundations are:

1. Transparency.

2. Continuous improvement. 

The roof, or hub, is:

1. Learn from one another and provide 
coordination and support. What lessons  
can be learnt from other industries? What 
lessons can the beef industry’s approach to 
public trust hold for the grains or seafood 
industries, and vice versa? There are likely to 
be some similarities and differences that are 
worth discussing.

McConnell says Canada is striving for a system 
that says ‘we’re efficient, we’re sustainable and we 
take great care in what we’re doing’. He believes 
there must be substance to the claim so that farmers 
can say it with confidence.

In 2018, many of the roundtables established 
sub-committees to specifically carry forward 
actions in building trust. Canada is supporting a 

Figure 3. The Trust Framework adopted by the Canadian Public Trust Steering Committee.
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National Manager for its trust-building process, 
who is working between all the industries and 
organisations to share knowledge and insights 
into what is working across sectors (Grahn, 2018). 
In Australia, the discussion about the importance 
of food production can often be one-sided and 
attempted in a very reactive state, such as following 
an announcement of a policy that is anti-agriculture 
or launch of a new activism campaign. In contrast, 
the US Farmers and Ranchers Alliance (USFRA) is 
focused on fostering a two-way exchange. Former 
CEO Randy Krotz said one of the USFRA’s most 
successful initiatives had been to change the 
language and the tone of the discussion to  
make it a dialogue instead of a one-way 
conversation (2017). He described the USFRA’s 
‘Conversation Movement’:

“Consumers are having conversations about 
food production, but the voices of farmers 
and ranchers are frequently left out of the 
discussion. By creating a dialogue with 
consumers, farmers and ranchers have an 
opportunity to teach consumers about how 
food is grown and raised. Why is this important? 
The people producing the food are the most 
qualified to tell the story. Through engagement 
and conversation, farmers and ranchers can 
reach customers with stories and data that 
illustrate modern agriculture, continuous 
production and business improvements. In the 
end, we are all united by our compassion and 
love of food and land.”

One of the recommendations of my Churchill 
Fellowship report is that the industry needs a 
national network of well trained and prepared 
spokespeople across all agricultural commodities 
(Lush, 2018). Investing in building credible 
spokespeople and equipping them with the 
knowledge of how to engage with non-agricultural 
audiences is one of the most immediate ways 
organisations can act to build trust. Training needs 
to go beyond one-day media training workshops 
to engage our current and future spokespeople 
in a more meaningful and long-term way, using 
shared values as the foundation. All people in 
agriculture have networks in both agricultural and 
non-agricultural areas, so if building trust starts with 
relationship and shared values, then this is low-
hanging fruit for the entire industry. 

Farmers must be part of the conversation. When 
they are not, that is where many of the sector’s 
issues originate. Agriculture is not well understood 
outside its own echo chamber and everyone in 
the industry needs to deeply consider the role 

they can play in bridging the rural-urban divide. US 
CFI CEO Charlie Arnot says that if we are not in 
the conversation, we should assume that another 
perspective will prevail (US CFI, 2017).

It’s about transparency
The right to farm argument all boils down to trust. 

Consumers are asking farmers — “Can I rely on you 
to do what is right?” 

In his recent book, Size matters: why we love 
to hate big food (2018), Charlie Arnot outlines that 
the food system – which clearly includes farmers – 
must bear its share of responsibility for the current 
lack of consumer trust. For society to be accepting 
of potential changes that could improve diets, 
health and sustainability, the food system must be 
transparent and consistently worthy of trust. 

Transparency is no longer optional, it is now 
a basic consumer expectation and essential in 
building trust with those who are sceptical of the 
motives and practices of the food sector (Arnot, 
2018). Transparency is the best way for farmers,  
food companies, restaurants and retailers to 
demonstrate they share consumer values on 
important issues such as food safety, the impact 
of diet on health, animal care and protecting the 
environment. Trust generated by transparency will 
provide farmers, food companies, restaurants and 
retailers with the social licence needed to succeed 
in times of both calm and crisis. According to the US 
CFI (2017), a commitment to greater transparency 
includes considering:

• Motivations — acting ethically.

• Disclosure — openly sharing good information 
and bad.

• Stakeholder participation — engaging and 
being responsive. 

• Relevance — providing information that 
stakeholders care about.

• Clarity — providing information that is easy  
to understand.

• Credibility — a record of operating  
with integrity.

• Accuracy — be truthful, reliable and complete.

Research into the drivers of trust and distrust in 
Australia support these CFI findings. Trust in 2018 is 
driven by good customer service, honesty, ethical 
behaviour/integrity, reliability, transparency, social 
conscience, quality, long history and customer focus. 
Distrust is driven by greed, self-interest, putting 
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profits before customers, deceit, and unethical 
behaviour (AICD, 2018).

Arnot says transparency can be terrifying or 
liberating, depending on your perspective. Farmers 
and industry may be in for a rude shock if they 
hope that no-one will discover what is really going 
on behind the farm gate. The current era of radical 
transparency means everyone with a mobile  
phone can publish video on social media. On the 
other hand, a commitment to greater transparency 
to demonstrate shared values with customers  
and other stakeholders will be rewarded with 
increased trust, enhanced social licence and 
freedom to operate.

He warns that farmers and industry must be 
prepared for one of two things to happen with 
increased transparency. The non-agricultural 
community will either have a greater appreciation 
that practices are consistent with their values 
and expectations, which reinforces trust, or they 
will discover practices that are inconsistent with 
their values and demand change. In either case, 
transparency drives alignment of community 
expectations and farming practice. 

US CFI conversations about transparency 
centre on finding out whether people want more 
information about policies, practices, performance 
or verification. Practices are a reflection of farmers’ 
values in action and so interest in farm practices is 
high. The more transparent farmers are, the more 
people are able to give them the benefit of the 
doubt. Arnot says there is always a hesitancy and 
sometimes farm practice is not pretty, but people 
understand that and do not expect perfection, they 
expect authenticity.

Change goes both ways
In developing a culture of trust and transparency 

between the farm sector and consumers, there 
is real possibility that, even after being open and 
leading with shared values, an industry might 
be asked to change its practices. This means a 
previously legal farm or industry practice is no 
longer considered socially acceptable. The US CFI 
notes it is often not a question of whether we can 
continue a certain practice – the science often says 
we can – the question is about whether we should. 
This is a reality that not all Australian industries are 
planning for or handling well. 

In her address to the National Press Club on 29 
August 2018, National Farmers’ Federation President 
Fiona Simson outlined the need to find a balance 
between production of food and fibre and right to 

farm issues in which decisions are underpinned 
by evidence-based science and sensible policy. 
Referencing the environmental issues which farmers 
are currently facing, she said that since European 
settlement, farmers had been managing the 
environment to grow food and fibre. Her observation 
is that the community is now moving to place some 
obligations on farmers – some right and true, and 
some not – to take areas out of production, to lock 
up land because the community thinks that, for 
example, trees are more important than grasslands 
and grazing stock. She compared this with a 
supermarket being asked to remove three aisles 
of its offerings, which would have a clear impact 
on profitability. In the same way, locking up land 
would suddenly impact on what farmers do. So, 
she argued, if the community values environmental 
outcomes highly then we need to start putting a 
price on that and consider compensating farmers in 
some way. At the same time though, she said where 
found lacking, the industry should act to improve 
practices to meet community standards. There is too 
much to lose if we do not. 

Building trust versus defending an interest
Following publication of my Churchill Fellowship, 

and considering the issues since, it is clear the 
Australian agriculture industry needs to consider 
where it engages in building trust. There are three 
distinct activities – defending an interest or a 
practice, general outreach/awareness and proactive 
trust-building strategies – the first two of which I 
have found are often confused for building trust 
(Figure 4).

Defending an interest or practice is very different 
to building trust. Defending an interest is lobbying

on behalf of members and advocating to 
politicians. Members of lobbying organisations 
have an expectation that those organisations will 
protect their interests against those who would 
seek to erode them. Recent examples of these 
issues include live export, genetically modified 
biotechnology, agricultural chemical use and a raft of 
animal husbandry practices.

Outreach and awareness programs represent 
the middle ground, communicating positive ag 
messages or providing positive ag experiences.  
This is being achieved through tactical areas such  
as social and digital media, presence at public 
events, training of farmers to engage, use of 
earned media and influencing those who are 
driving conversations about food, identified through 
consumer sentiment research.
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These first two areas are where much of the 
work in Australia is being undertaken. Australia has 
an extensive lobbying system which advocates 
to government and other decision-makers when 
right to farm issues are raised. In addition, Australia 
has a network of well-funded rural research and 
development corporations, many of which have 
outreach programs which promote the sustainable 
and ethical production of their commodity. These 
campaigns are separate to the marketing functions 
of these organisations, which seek to increase 
consumption of their commodity. 

Building trust is a longer term, generational 
process. Arnot (2018) says building trust embraces 
the evolution of consumer expectations, access 
to unlimited information, demand for greater 
transparency and the growing interest by consumer 
facing brands. It is proactive, engaging and can 
encompass whole-of-food systems. When it 
engages the food system, this means it can leverage 
funds beyond farmer levy money – which is 
important in Australia given the draw on that funding 
source (Lush, 2018).

In the US and Canadian experiences, there was 
extensive activity in all three areas. Both countries 
have very active farm lobbies defending farmers’ 
interests. In addition, many of these organisations 
and groups focused on production have pooled 
their resources to create outreach and awareness 
programs and organisations, such as Farm and Food 
Care, the US Farmers and Ranchers Association 
and the Animal Agriculture Alliance. Then there 
were separate efforts focused on building trust, 
not defending a practice, which contributed to a 
balanced discussion about food and agriculture and 
worked to build relationships and understanding, 
mostly through the US CFI. Those which had pooled 
their resources recognised that consumers do not 
distinguish between beef, grain or dairy farmers – all 
farmers are viewed together as farmers. According 
to Arnot (2018), building trust requires champions 
who see the long-term value and understand the 
return on investment beyond their own organisation.

Regardless of the role each organisation might 
take, it is important to note there is no ‘either/or’ 
when it comes to defending an interest, outreach 

Figure 4. A model which outlines the difference between defending an interest or practice and a long term 
commitment to build trust.
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or building trust. All are needed and are valuable. 
There is so much work to do in building trust that 
it is a case of ‘every shoulder to the wheel’. The 
agriculture industry can spend a lot of time rebutting 
claims of the anti-ag lobby, or it can work together 
to develop a collaborative strategy that is not ‘us’ 
versus ‘them’ and seeks to target the silent majority, 
as outlined in Figure 5 (Lush, 2018). We do need to 
realise, however, that each approach is different and 
generates a different result.

Conclusion
Farmers may believe they have a right to farm, 

but equally the market has a right not to buy their 
products (Arnot, 2018). Building trust is about 
aligning the values of food production with the 
values of the community, and it may require changes 
to industry or farm practices.

The debate over the right to farm will continue 
to take place on the ‘should we’ questions — what 
are the values, what are the ethics, should farmers 
and the food system be doing what they are 
doing? Since farmers do not have as much contact 
with consumers as others in the food system, an 
openness to the genuine questioning of their 

practices requires a huge mind shift. However, it is a 
mind shift that the industry urgently needs to tackle.

Agriculture as a whole must upskill farmers in 
engagement and leading with shared values to build 
trust rather than providing more science and data 
which, while important, will not win the hearts and 
minds of the general public.

If transparency is the key to building trust, 
maintaining a social licence and hence overcoming 
right to farm issues, we need to consider if 
agriculture is prepared for transparency. Are 
farmers and industry prepared to have the difficult 
conversations about potentially planning for a 
change in farm practices in future? Are farmers 
prepared to be called out by their own industry if 
practices do not align with community expectations, 
or if they breach standards that are in alignment with 
the community? Given the community trusts farmers 
and can relate to them through a values-based 
approach, are farmers prepared to invest their time 
and energy in engaging with non-ag audiences 
about farm practices to protect their freedom to 
operate?

The industry has spent enough time being caught 
flat-footed and defending the indefensible. It is 

Figure 5. A model which outlines the need to focus on a collaborative strategy to engage the majority, in 
contrast to defending the industry against anti-ag sentiment.
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time to look at a new approach and a new way of 
engaging. The sooner we recognise that society is 

already deciding the right to farm and choose to 
be part of that conversation, having influence where 
we can, the better. The alternative is to stay our 
current course and see where the industry ends up.

Useful resources
Churchill Trust of Australia –  

www.churchilltrust.com.au (search for Deanna Lush 
under Fellows for Churchill report)

Australian Farm Institute –  
www.farminstitute.org.au 

US Center for Food Integrity –  
www.foodintegrity.org

Farm and Food Care – www.farmfoodcare.org

US Farmers and Ranchers Alliance –  
www.fooddialogues.com

US National Corn Growers Association –  
www.findourcommonground.com

Animal Agriculture Alliance –  
www.animalagalliance.org

References
Arnot, C. 2018. An international perspective on 

building trust. Presentation to National Farmers’ 
Federation members and stakeholders, Friday 10 
August 2018, Canberra, ACT.

Arnot, C. 2018. Size Matters: why we love to 
hate big food, Springer International Publishing, 
Switzerland, p. 92.

Australian Institute of Company Directors, 2018. 
Company Director – It’s a matter of trust. Volume 34, 
Issue 7, p. 20-23.

Grahn, M. 2018. Canadian Public Trust 
Steering Committee National Manager, personal 
communication, 3 August 2018, Australia.

Krotz, R. 2017. CEO, United States Farmers and 
Ranchers Alliance, personal communication, 16 
October 2017, St Louis, United States.

Lush, D. 2018. Communication, education and 
engagement methods to improve understanding of 
agriculture, Churchill Fellowship, available online at 
https://www.churchilltrust.com.au/fellows/detail/4144/
Deanna+Lush 

Lush, D, 2018. Building trust in agriculture, 
Presentation to National Farmers’ Federation’s 
members and stakeholders, Friday 10 August 2018, 
Canberra, ACT.

McConnell, K. 2017. The Canadian Journey to 
Public Trust – update. 4 October 2017, viewed 
online at https://static1.squarespace.com/
static/56be29e022482ec146a7c5b8/t/584075a
3d2b85768c5e64a4f/1480619439193/CWS-S35-
McConnell.pdf 

Simson, F. 2018. Address to the National Press 
Club, 29 August 2018. Viewed online https://iview.
abc.net.au/show/national-press-club-address/
series/0/video/NC1811C032S00 

US Center for Food Integrity. 2017. CFI – Update, 
presentation and personal communication with US 
CFI Team during Churchill Fellowship, 18 October 
2017, Kansas City, Missouri.

Contact details 

Deanna Lush
AgCommunicators
99 Kensington Road, Norwood
0419 783 436
deanna.lush@agcommunicators.com.au
@deannalush
@AgCommunicators

 Return to contents

http://www.churchilltrust.com.au
http://www.farminstitute.org.au
http://www.foodintegrity.org
http://www.farmfoodcare.org
http://www.fooddialogues.com
http://www.findourcommonground.com
http://www.animalagalliance.org
https://www.churchilltrust.com.au/fellows/detail/4144/Deanna+Lush
https://www.churchilltrust.com.au/fellows/detail/4144/Deanna+Lush
https://static1.squarespace.com/static/56be29e022482ec146a7c5b8/t/584075a3d2b85768c5e64a4f/1480619439193/CWS-S35-McConnell.pdf
https://static1.squarespace.com/static/56be29e022482ec146a7c5b8/t/584075a3d2b85768c5e64a4f/1480619439193/CWS-S35-McConnell.pdf
https://static1.squarespace.com/static/56be29e022482ec146a7c5b8/t/584075a3d2b85768c5e64a4f/1480619439193/CWS-S35-McConnell.pdf
https://static1.squarespace.com/static/56be29e022482ec146a7c5b8/t/584075a3d2b85768c5e64a4f/1480619439193/CWS-S35-McConnell.pdf
https://iview.abc.net.au/show/national-press-club-address/series/0/video/NC1811C032S00
https://iview.abc.net.au/show/national-press-club-address/series/0/video/NC1811C032S00
https://iview.abc.net.au/show/national-press-club-address/series/0/video/NC1811C032S00


32
 2019 ADELAIDE GRDC GRAINS RESEARCH UPDATE

Notes



33
 2019 ADELAIDE GRDC GRAINS RESEARCH UPDATE

Concurrent session
Day 1

GRDC Grains Research Update
ADELAIDE



• Lorem Ipsum Dolor

• To replace a photo, 
first delete the 
existing picture. 
Then use Insert > 
Picture to add your 
own.

Looking for relevant and freely accessible information on issues such as 
crop nutrition, disease control or stubble management in your region?  
Online Farm Trials (OFT) contains more than 6000 trial projects, 80% of which 
are publically available, from across Australia on a wide variety of crop 
management issues and methods. Use OFT to discover relevant trial research 
information and result data, and to share your grains research online. 

www.farmtrials.com.au @onlinefarmtrial

 Access trials data and reports from across Australia 
 Share your grains research online
 View seasonally relevant collections of trials
 Search by GRDC programs
 Refer to location specific soil and climate data 
 Compare results from multiple trials to identify trends

http://www.farmtrials.com.au
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Background
Wheat is by far the main grain grown and 

exported from Australia. In South Australia (SA), 
wheat is of increasing importance, with wheat 
production growing from an average annual 
production in the early 2000s of 3.28mmt to 
4.47mmt over the last five years (i.e. a 36% increase) 
(Table 1). Moreover, wheat’s share of crop area 
and total crop production has also increased. Now 
almost 60% of the crop area in SA is devoted to 
growing wheat and wheat comprises a similar 
proportion of the State’s total grain production. 

By contrast, over the last five years, barley has 
diminished in relative importance, although it is still 
by far the second most important crop, and canola 
has slightly increased in importance, but not to the 
degree of importance seen in Western Australia 
(WA). Grain legumes remain as minor crops.

Most wheat produced in SA is exported to 
overseas or east coast destinations. International 
forces of supply and demand determine the 
prices growers receive for their wheat in overseas 
markets; yet substantial change has occurred in 
the international sources of wheat exports over the 
last two decades (Table 2). The United States and 
Australia have experienced substantial declines in 
their shares of the volume of global wheat exports. 
Over the five-year period 1999/2000 to 2003/4, the 
United States and Australian share of the volume of 
wheat exported by the main wheat exporters listed 
in Table 2 was 30% and 17%, respectively. However, 
over the most recent five years, these two countries’ 
export share of the volume fell to 17% and 11%, 
respectively. Russia and Ukraine have emerged as 
key global sources of exportable surpluses of wheat. 
Russia is now the world’s leading exporter of wheat.

Keywords
 international competition, diversification, marketing, supply chain management.  

Take home messages
	Understand the nature and ramifications of ongoing international competition.

	Diversify your crops, enterprises, marketing opportunities and where possible, play the season.

	Know and manage your supply chain; paddock to grain receival.

Ross Kingwell¹.
1Australian Export Grains Innovation Centre and University of Western Australia.

International grain competitors -what can we do at 
the farm and industry level?

 Five year averages  
 1999/2000 to 2003/4 2006/7 to 2010/11 2014/15 to 2018/19
 mmt % of total % of total  mmt % of total % of total  % of total % of total 
  crop area  crop production   crop area  crop production mmt  crop area  crop production
Wheat 3.28 50.9% 49.9% 3.19 52.3% 50.5% 4.47 58.0% 59.0%
Barley 2.06 27.2% 31.3% 2.00 28.4% 33.6% 1.93 21.2% 25.7%
Canola 0.24 4.8% 3.9% 0.22 4.4% 3.4% 0.29 6.0% 3.9%
Grain legumes 0.13 9.9% 8.3% 0.11 9.1% 7.2% 0.13 11.5% 7.2%

Table 1. Grain production in South Australia; five yearly averages.
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Australian Export Grains Innovation Centre 
(AEGIC) reports (see White et al, 2015; Kingwell et al, 
2016a,b; Kingwell and White, 2018) provide detailed 
descriptions and explanations about how Australia’s 
key wheat export competitors have emerged over 
the last decade. Some of Australia’s wheat export 
competitors (e.g., Russia, Ukraine and Argentina) 
have benefitted from substantial depreciations of 
their currencies, major upgrades of their supply 
chain infrastructure, historically low sea freight 
rates and greater adoption of modern methods of 
crop production in their respective countries. Often 
the rate of improvement in grain yields in these 
countries surpasses that of Australia and often these 
countries are blessed with fertile soils and more 
reliable rainfall or snow cover. Wheat is frequently 
exported from these countries into Australia’s 
traditional and emerging markets. The underlying 
causes of the competitive strengths of these newly 
emerged exporters are unlikely to dissipate any time 
soon, so the question arises for Australian wheat 
producers: What can, or should they do? 

Possible courses of action
(i) Understand that these emerging wheat export 

competitors will cause increased direct and 
indirect competition in Australia’s key wheat 
export markets. The indirect impacts arise 
because as these new competitors enlarge 
their export reach they will not only displace 
some Australian wheat but will also displace 
some wheat from other traditional exporters 
(e.g. Canada) that in turn will need to find new 
markets for their displaced wheat. Some of 
this displaced wheat will find homes in some 
of Australia’s wheat markets.

(ii) Note that Australian wheat exporters will face 
not only growing price competition but will 
also experience intensified organisational 

competition from industry organisations in 
some of these countries funded to serve their 
wheat industries. Australia’s wheat industry 
formerly had the Australian Wheat Board that 
provided a range of industry services. Now 
in Australia there are disparate bodies, often 
insecurely funded and with their activities 
not necessarily well co-ordinated. Australia 
needs to ensure all its grains organisations 
are well co-ordinated so that from wheat 
breeding, varietal classification, supply chain 
infrastructure provision, wheat research and 
trade development; all efficiently align to 
deliver strategic benefits to all transactional 
parties, including Australian wheat producers 
and end users of Australian wheat.

(iii) Produce wheat as cheaply as possible (i.e. 
high-yielding varieties with a prospect for 
price premia). Australia is unlikely ever to 
be a reliable source of highly affordable 
feed wheat. Most growers’ strategic needs 
will remain in growing fit-for-purpose, 
affordable wheat for human consumption. 
To protect wheat margins and control costs 
of production, most growers, to the extent 
it is possible, will need to ‘play the season’; 
curtailing costs in poor years and chasing 
upside in some occasional bumper years.

(iv) A competitive strength of Australia is the 
quality and magnitude of its investment in 
wheat breeding. Traditional wheat breeding 
has long lead times and path-dependency 
effects, yet uniquely, Australia’s main wheat 
breeding companies can quickly develop 
wheat types attractive to end-users and 
Australian wheat growers. When combined 
with other activities ― such as classification 
changes, new segregations, more efficient 
supply chains and industry-good marketing 

 Five year averages  
Wheat Exporter 1999/2000 to 2003/4 2006/7 to 2010/11 2014/15 to 2018/19
 mmt % of total Mmt % of total mmt % of total
Argentina 9.90 11% 8.66 8% 10.99 7%
Australia 15.47 17% 12.88 12% 15.97 11%
Canada 15.61 17% 18.01 17% 22.48 15%
European Union 15.43 17% 19.43 18% 28.59 19%
Russia 4.26 5% 12.79 12% 30.81 21%
Ukraine 2.83 3% 6.26 6% 16.22 11%
United States 27.86 30% 29.16 27% 25.01 17%
Total 91.37 100% 107.18 100% 150.06 100%

Table 2. Major wheat exporters; five yearly averages.
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functions ― Australia can meet some of the 
competition it faces in international markets.

(v) Diversify crop and enterprise portfolios. 
Growers’ experiences over the last two 
decades have revealed how commercially 
risky is the business of wheat production. 
Variable seasons, varying prices within and 
across years and ever-increasing costs of 
inputs makes the business of grain production 
always challenging. One way to address the 
challenge is to spread the biological and 
commercial risk by growing a few different 
crops (e.g., grain legumes, cereals and 
oilseeds), perhaps with a complementary 
animal or side-line enterprise.

(vi) Know and manage your supply chain; 
paddock to grain receival. In SA, grain supply 
chain costs amount to around 30% of the Free 
on Board (FOB) price of wheat (White et al, 
2018). Planning and managing harvest logistics 
and grain marketing can be important sources 
of incremental commercial gain for farmers. 
The 2018 season, for example, unveiled many 
highly profitable grain marketing opportunities 
for many growers. White et al (2018) outline 
how reducing Australia’s supply chain costs 
is feasible through synergistic infrastructure 
investments and emerging innovations 
involving automation, information technologies 
and organisational change.

Conclusion
Australian growers who depend on wheat exports 

should expect on-going competition, especially from 
low-cost emerging wheat exporters like Russia. In 
the face of these competitive challenges, Australian 
wheat farmers and their industry, in general, will 
need to embrace new opportunities to bolster the 
profitability of wheat production. The comparative 
advantage of Australia’s wheat breeding system, 
when complemented by classification changes, 
new segregations, more efficient supply chains and 
industry-good marketing functions, will help deliver 
value to wheat farmers.  

Useful additional strategies for most farmers will 
include crop and enterprise diversification, flexibility 
in grain marketing and where possible, ‘playing the 
season’. In addition, carefully planning and managing 
harvest logistics will offer further commercial gains 
for many farmers.

Useful resources
https://www.grainsinnovation.org/documents-

materials/
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This paper was under review at the time of publication of proceedings and can be found in full at  
https://grdc.com.au/resources-and-publications/grdc-update-papers

Ascochyta blight in intensive cropping of pulses

https://grdc.com.au/resources-and-publications/grdc-update-papers
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Background
A number of improved herbicide tolerant break 

crop options are available such as triazine tolerant 
(TT) canola, IMI tolerant (Clearfield®) canola, and 
lentils e.g. PBA Hurricane XTA. Their relatively 
high market prices, improved agronomic and 
disease characteristics and harvest efficiency 
have resulted in an expansion of the area sown 
to pulses and canola in South Australia (SA). The 
additional benefits of pulses in a cropping rotation 
include a break in cereal disease cycles, disease 
management, nitrogen fixation (Wani et al. 1994; 
Angus et al. 2015, Evans et al. 1989; Crews and 
Peoples, 2004; Fan et al. 2006, Hauggaard-Nielsen 
et al. 2009), and the use of diverse herbicide 
chemistry compared with that used in the cereal 
phase, particularly for grass weeds. This uptake 
has largely occurred in the Mid North (MN), Yorke 

Peninsula (YP) and Lower Eyre Peninsula (LEP), 
where the total area under break crops is higher 
than the national average (Figure 1). 

Ryegrass control in break crops relied heavily 
on Group A chemistry (fops and dims). This has 
contributed to increased herbicide resistance, in 
particular to the dim chemistry, making ryegrass 
control challenging. Consequently, herbicides 
with different modes-of-action (Groups D, J and 
K) have been adopted to manage dim-resistant 
ryegrass in HBCI rotations. Careful management 
of Groups D, J and K herbicides is required to 
minimise selection for resistance to any single 
mode of action. The introduction of TT canola, 
IMI tolerant canola and lentils has also improved 
broadleaf weed control options such as triazines 
and IMI herbicides. However, they have resulted 
in a decreased frequency of other weed control 

Keywords
 herbicide resistance, break crops, weed control, crop-weed competition. 

Take home messages
	Controlling Group A and Group B herbicide resistant annual ryegrass and Group B resistant 

common sowthistle in break crops is becoming increasingly challenging. 

	Resistance in ryegrass to pre-emergent herbicides such as Boxer Gold® and Sakura® has been 
confirmed in high break crop intensity (HBCI) systems. Therefore, very careful use of these 
chemistries is required, particularly in the break crop phase, with integration of alternatives such 
as propyzamide and other non-chemical tactics.  

	Common sowthistle from paddocks with high imidazolinone (IMI)-use history had high incidence 
of IMI resistance in HBCI rotations. However, IMI resistance levels in paddocks where only 
sulfonylureas (SU) have been used, raise concern for resistance development to IMI in other 
broadleaf weeds, particularly where there is high use of Group B herbicide tolerant break crops.

	The Group B tolerant faba bean; BendocA provides a new opportunity for managing broadleaf 
weeds, although care is required to avoid overusing the Group B tolerant varieties. 

	Crop competition has the potential to reduce seed set of broadleaf weeds in some break crops.

Aggarwal Navneet¹, Gontar B¹, Amanda P¹, Dzoma B¹, Arsego F¹, Roberts P¹, Oakey H², Li W², 
Boutsalis P² and McMurray L.
1South Australian Research and Development Institute, South Australia; ²The University of Adelaide.

Weed responses to high break crop 
intensity systems
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tactics in these break crops (Storrie, 2014). Over-
reliance on triazines and IMI herbicides in herbicide 
tolerant break crops for improved broadleaf weed 
management could result in shifts in the weed 
spectrum and increase the incidence of herbicide 
resistance. This has occurred in Canada with the 
evolution of sulfonylureas (SU) and IMI resistant 
wild mustard (Warwick et al. 2005), as a result of 
high intensity use of acetolactate synthase (ALS) 
inhibiting herbicides. This resistance in broadleaf 
weeds presents a big challenge for IMI tolerant 
lentils (Menalled, 2010).  

A more sustainable approach is to include 
herbicide tolerant break crops as part of an overall 
weed management strategy, rather than focusing 
on short term weed control in individual crops 
and seasons. Introducing strategies such as crop-
topping to reduce seed set can significantly reduce 
weed seed banks (Preston, 2014). The adoption  
of effective diverse strategies will therefore aid  
in reducing the risk of resistance developing in  
HBCI rotations.

Paddock survey

A focus paddock survey was initiated in 2017 to 
increase understanding of potential changes in the 
weed flora and herbicide resistance, in response to 
low or high use of IMI in HBCI rotations (at least two 
break crops in the past five years) across different 
regions of SA. A total of 45 focus paddocks with 
HBCI rotations were selected (MN-16, YP-11, LEP-8, 
Upper Eyre Peninsula (UEP)-2, South East (SE)-4, SA 
Mallee-4). The selected paddocks had IMI tolerant 
break crops such as PBA Hurricane XTA lentil (at 

least twice in the past five years) or Clearfield® 
canola (twice in the past five to six years) sown as a 
dominant break crop. In addition to these, paddocks 
with two non-IMI break crops (conventional 
lentil, conventional canola/TT canola, field pea, 
chickpea, faba bean, lupin) were included. Seeds 
from ryegrass and two dominant broadleaf weed 
species were collected prior to harvest in 2017. They 
were screened for resistance in outdoor pot trials 
conducted between autumn and spring in 2018 by 
Plant Science Consulting (Tables 1 and 2). 

Ryegrass and common sowthistle were the 
dominant weed species encountered in the 
HBCI focus paddocks (Tables 1 and 2). Ryegrass 
resistance to SU and Dens (Axial®) was detected 
in almost all paddocks (Table 1). A high incidence 
of ryegrass resistance to IMI was observed in both 
high IMI-history paddocks (56% of samples) and no-
IMI history paddocks (63% of samples). In addition, 
a total of 46% of ryegrass populations were found 
to be resistant, and 21% had started developing 
resistance to clethodim in HBCI paddocks (Table 1). 
This has started to limit the effectiveness of break 
crops as rotational tools. Resistance to the Group J 
and Group K herbicides Boxer Gold® and Sakura®, 
albeit at low levels, was confirmed in ryegrass and 
is a concern for HBCI rotations (Table 1). One quarter 
of the ryegrass populations exhibited resistance to 
Boxer Gold® (≥20% survivors). Half of the ryegrass 
biotypes resistant to Boxer Gold® originated from 
HBCI paddocks on LEP where canola was the 
dominant break crop. Biotypes with ≥ 20% survival 
to Sakura® were not detected, although <20% 
survival in pot trials (developing resistance) was 

Figure 1. Distribution of break crops across different regions of SA. 
Source: PIRSA Crop estimates http://www.pir.sa.gov/primary_industry/crops_and_pasture/crop_and_pasture_reports
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Resistant ryegrass populations
Weed  Samples tested Trifluralin*  Propyzamide Boxer Gold® Sakura® Clethodim Glean®  Axial®  Intervix
Ryegrass  24 17 (71) 0 6 (25) 0 11 (46) 22 (92) 22 (92) 14 (58)
Ryegrass populations with developing resistance
Ryegrass  24 3 (13) 0 4 (17) 8 (33) 5 (21) 1 (4) 1 (4) 2 (8)

*numbers (percent)

Table 1. Herbicide resistance in annual ryegrass collected from high break crop intensity paddocks in SA. Resistance  
(where ≥ 20% survival was confirmed in pot tests) and developing resistance (where < 20% survival was confirmed in pot 
tests) is presented.

confirmed in one third of ryegrass populations, 
predominately from LEP. The confirmed increase in 
resistance to pre-emergent herbicides highlights 
the need for careful and strategic use of these 
chemistries in HBCI rotations, particularly in the 
break crop phase. This might include rotational use 
of the Group D herbicide propyzamide with Group 
J and Group K herbicides in the break crop phase, 
as ryegrass from all HBCI paddocks showed a high 
level of susceptibility to propyzamide. 

In common sowthistle, more than half of the 
biotypes exhibited resistance to SU and IMI 
herbicides (Table 2). The majority of SU resistant 
populations exhibited cross-resistance to imazapic 
(93% of samples) and Intervix (imazamox + imazapyr) 
(73% of samples). Only one population was 
confirmed to be susceptible to both SU and IMI. 
All common sowthistle populations from paddocks 
with high IMI-use history were resistant to imazapic, 
and 69% were resistant to Intervix. It is concerning 
that 50% of populations from paddocks with non-
IMI history were resistant to both IMI herbicides. 
The target site of all Group B herbicides is the 
enzyme ALS. Multiple target-site mutations in the 
ALS gene have been confirmed in resistant weeds, 
conferring resistance across chemical families 
of ALS-inhibiting herbicides (Tranel and Wright 
2002). ALS target site cross-resistance to SU and 
IMI was observed in common sowthistle and is 

of concern for the sustainability of HBCI rotations 
dominated by IMI tolerant PBA Hurricane XTA lentil 
and Clearfield® canola varieties. One population 
of common sowthistle from the MN was also found 
to be resistant to the Group I herbicide 2,4-D and 
exhibited weak cross-resistance to IMI.

The herbicide resistance screening results 
identified that IMI herbicides were still effective in 
controlling other broadleaf weed species such as 
bedstraw, bifora, marshmallow, wild radish, wild 
turnip, Indian hedge mustard and medics (Table 
2). However, an increased reliance on herbicide 
tolerant break crops, including IMI-tolerant pulse and 
canola varieties, without incorporating alternative 
weed control strategies, could result in weed 
species shifts and increased resistance in existing 
species. To address these issues, a project with joint 
investment of GRDC and SARDI has been initiated to 
develop effective management strategies, including 
integrated weed management practices for grasses 
and broadleaf weeds, to maintain the sustainability 
of HBCI systems. 

Managing dim-resistant ryegrass in lentils
Two research trials were conducted during 

2017 at the Hart field site (MN) and Maitland (YP) 
investigating the pre-emergent herbicide Ultro¤ (@ 
1700 g/ha with active carbetamide, Group E) which 

Weed  Ally® Intervix Imazapic 2,4-D Brodal® Bromoxynil MCPA Imazethapyr Glean® Lontrel®
Common sowthistle (17)* 88 65 88 6 0 - - - - -
Bedstraw (3) - 0 0 - - 0 0 0 - -
Bifora (3) - 0 0 - - 0 0 0 0 -
Marshmallow (4) 0 0 0 50 0 - - - - -
Wild turnip (2) 0 0 0 0 0 - - - - -
Wild radish (1) 0 0 0 0 0 - - - 0 -
IHM (1) 0 0 0 0 0 - - - - -
Medic (1) 0 0 0 0 - - - - - 0

 * Figures in parenthesis are the number of samples tested)

Table 2. Percent resistant broadleaf weeds (≥ 20% survivors) observed in high break crop intensity paddocks of SA, samples 
taken in 2017.
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is currently in development. Ultro¤ was compared 
to propyzamide (1000g/ha), Sakura® (118g/ha) and 
Boxer Gold® (2500g/ha) in controlling dim-resistant 
ryegrass in lentils. PBA Hurricane XTA lentils were 
sown on 31 May 2017 at Hart and on 6 June 2017 at 
Maitland. At Hart, dim-resistant annual ryegrass seed 
was broadcast at 160 seeds/m2 ahead of seeding 
and incorporated prior to herbicide application. 
The Maitland site had a background population of 
dim-resistant annual ryegrass. The effectiveness of 
pre-emergent herbicides was investigated at both 
sites. Herbicide strategies including propyzamide 
resulted in the lowest ryegrass spikes and seed set 
at both locations. Ultro¤ provided a 98% reduction 
in ryegrass seed set over unweeded control at 
both sites, and was similar to propyzamide, Sakura® 
and Boxer Gold® (Table 3). In addition, Ultro¤ 
did not impact on the yield of lentils compared 
to propyzamide, Sakura® and Boxer Gold®. The 
pending registration of this new mode of action 
herbicide (Group E) is expected in 2020 and is 
likely to be an important tool, along with Group D 
propyzamide, in reducing selection pressure for 
existing Group J and Group K pre-emergent and dim 
chemistry post emergent herbicides for ryegrass 
control in break crops.

¤Unregistered herbicide was included for experimental 
purposes only. It has been submitted to the APVMA for 
registration. 

Herbicides and crop competition for 
managing vetch and medics in a Group B 
tolerant faba bean 

A trial was established at Turretfield Research 
Centre in 2017, focusing on control of vetch and 
medic in the Group B tolerant faba bean variety 
BendocA. This trial was sown on 19 June 2017 in 
factorial randomised block design and included 
all combinations of three herbicide management 
strategies (T1: simazine (1100g/ha) post-sowing pre-
emergent (PSPE), T2: simazine (1100g/ha) PSPE + 
Intervix¤¤ (750ml/ha) at 5-6 crop node stage, and 

T3: no herbicides) and three faba bean densities (12, 
24 and 36 plants/m²). Vetch seeds were broadcast 
prior to sowing @ 50 seeds/m² to contribute to the 
existing background medic weed population. The 
main effects of herbicide management strategies 
and faba bean densities are summarised in Table 4, 
and the interactions between these two factors were 
non-significant. 

The Group B tolerant faba bean BendocA 
provided an opportunity to selectively use post-
emergent Intervix¤¤ at the 5-6 node stage. 
Application of simazine (PSPE) + Intervix¤¤ (post-
emergent) resulted in a reduction in vetch seed and 
medic pod density by 97% and 100%, respectively, 
over grower practice (simazine 1100 PSPE) (Table 
4). Improved broadleaf weed control with simazine 
(PSPE) + Intervix¤¤ (post-emergent) also resulted in 
the highest faba bean yield. These results indicate 
the availability of BendocA will benefit in selectively 
controlling vetch, medic and potentially other 
broadleaf weeds with post-emergence applied IMI in 
a strategy to minimise selection for resistance.

¤¤Unregistered herbicides were included for 
experimental purposes only. Please adhere to the rates 
listed on the labels/permit. Currently there is a permit 
(PER14726) to use imazamox (700g/kg product @  
45g/ha or 350g/kg product @ 90g/ha at 3-6 node stage) 
in Group B tolerant faba bean (BendocA)

Crop competition has been shown to complement 
other weed control strategies. An increase in break 
crop plant density can lead to early ground cover, 
thereby reducing the competitiveness and seed 
production of weeds (Lemerle et al. 2006). The 
implementation of such a strategy can be especially 
effective in crops such as faba bean that have low 
plant densities and slow initial growth. In the present 
study, increasing faba bean density from 12 to 36 
plants/m² resulted in improved crop competition 
with weeds due to a significant increase in crop 
biomass and plant height (Table 4). The increased 
crop competitiveness significantly reduced vetch 
pods and seed set, and medic pod set, and 

Herbicide  Hart 2017 Maitland 2017
 Head counts (per m²) RG seed set (per m²) Yield (t/ha) Head counts (per m²) RG seed set (per m²) Yield (t/ha)
Ultro (IBS)* + Clethodim (POST) 6.5 b  352 b 1.95 a  4.8 b 269 b 3.62 a
Boxer Gold® (IBS) + Clethodim (POST) 9.4 b 440 b 1.98 a  28.1 b 1697 b 3.39 a
Sakura® (IBS) + Clethodim (POST) 10.2 b 549 b 2.02 a 9.6 b 585 b 3.85 a
Propyzamide (IBS) + Clethodim (POST) 4.9 b 120 b 1.86 a 0.5 b 23 b 3.71 a
Control 203.8 a 15364 a 1.38 b  179.6 a 13595 a 2.66 b

*Unregistered herbicides were included for experimental purposes only. The results within this document do not constitute a recommendation for that particular use by the author or author’s organisation. 

Table 3. Ryegrass seed heads and seed set at maturity, and lentil yield at Hart and Maitland, in 2017. Numbers with different 
letters are significantly different means (P<0.05).
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subsequently led to increased crop yield (Table 4). 
A faba bean density of 36 plants/m² resulted in 42% 
and 44% reduction in vetch seed and medic pod 
set, respectively, as compared to standard grower 
practice of 24 plants/m². There was no disease 
incidence and lodging with an increase in faba bean 
density at the trial site in 2017. This practice requires 
further investigations across different seasons and 
locations for these aspects, alongside yield and 
harvestability. 
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Background
The adoption of pulse crops in South Australia 

(SA) has continued to increase over the past 10 
years, with pulse crops making up an important part 
of many farming systems in all rainfall zones of SA. 
We continue to see rapid changes in the industry, 
with the release of herbicide tolerance traits in lentil 
and faba bean, a breakdown in disease resistance 
in chickpea, a lowering of disease ratings in some 
lentil varieties, and new chemistries released for 
disease management. It is important for growers to 
have access to the best agronomic management 
strategies for existing and new release varieties in 
order to maximise the yield potential of pulse crops. 
The current Southern Pulse Agronomy program 
has been undertaking field trials in SA and Victoria 
from 2015-2018 on a range of pulse crops including 
chickpea, faba bean, field pea, and lentil. The aim 
of this research has been to improve yield and yield 
stability of pulses in the Southern Region by focusing 
on a number of key areas including herbicide 

tolerance and weed ecology, disease management, 
canopy management, and harvest quality. The 
project has worked closely with the breeding 
programs to evaluate varieties prior to commercial 
release, allowing information to be developed on 
best agronomic management strategies to enable 
optimisation of the new varieties by growers. This 
paper presents some of the key results of this 
program. For information on disease management, 
refer to the 2019 Adelaide GRDC Grains Research 
Update paper by Sara Blake titled ’Ascochyta blight 
in intensive cropping of pulses’. 

Results and discussion
Herbicide tolerance 

In 2018, two new Group B herbicide tolerant 
pulses were released – the faba bean variety PBA 
BendocA and the lentil variety PBA Hallmark XTA. 
Both of these varieties have been evaluated in 
herbicide tolerance evaluation trials from 2015 to 

Keywords
 lentil, chickpea, faba bean, field pea, herbicide tolerance, delayed harvest, grain quality, time of 

sowing, variety. 

Take home messages
	A newly released herbicide tolerant faba bean provides increased weed management options. 

A new release lentil provides another herbicide tolerant lentil variety with different agronomic 
characteristics. However, care still needs to be taken in relation to herbicide use, paddock 
selection, and herbicide permits and registrations.

	Chickpea and faba bean show a consistent trend in response to time of sowing – this information 
allows growers flexibility in their seeding programs.

	Timely harvest is important to meeting grain quality requirements for higher grades in lentil, 
however there are variety differences in response to delayed harvest.
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2018, at sites in the Mid-North of SA. Additional 
trials are currently being undertaken to understand 
the impact of these chemistries by variety effects in 
different agro-ecological zones with data to become 
available this year. 

Lentil

PBA Hallmark XTA lentil was compared alongside 
PBA Hurrricane XTA, with both varieties having 
the same level of response to applied herbicides, 
but with PBA Hallmark XTA showing a higher yield 
across all herbicides. The work demonstrated a 
level of tolerance to imazethapyr when applied 
post emergence (4-5 node growth stage), and to 
sulfonylurea herbicides (SU) applied as simulated 
low-level residuals from a previous cereal crop 
(Figure 1). However, it is important to note that yield 
reductions did occur, particularly at the Pinery 
site, to some sulfonylurea herbicides applied as 
simulated residuals compared to the nil (Figure 1). 
In all years, chlorsulfuron applied as a simulated 
residual resulted in yield reductions ranging from 
8%-52% compared to the nil. Metsulfuron-methyl 
and triasulfuron also reduced yields in two out of 
three years at Pinery, with 13%-18% and 8%-34% yield 
reductions, respectively. 

Faba bean

PBA BendocA faba bean was assessed alongside 
NuraA to determine the level of tolerance of both 
varieties to select Group B chemistries, applied 
either post emergence (4-5 node growth stage) 
or applied as simulated low-level residuals from a 
previous cereal crop. PBA BendocA demonstrated 
a high level of tolerance to imazamox + imazapyr  
herbicides when applied post emergence (4-5 node 
growth stage) compared to the nil. There were also 
higher levels of tolerance to all chemistries applied 
compared to NuraA (Figure 1). While there were 
higher levels of tolerance to sulfonylurea herbicides 
applied as simulated residuals in PBA BendocA 
compared to NuraA, there was a reduction in grain 
yield in response to metsulfuron-methyl, flumetsulam 
and chlorsulfuron across multiple years compared to 
the nil (Figure 1). The yield reductions in metsulfuron-
methyl ranged from 7%-14%, flumetsulam 14%-19%, 
and chlorsulfuron 8%-15%. In two of the three trials, 
the application of triasulfuron also resulted in a yield 
reduction of 8% and 18%. 

The new faba bean variety provides increased 
weed management options to growers, while 
the new lentil release provides growers with a 

Figure 1. Grain yield (t/ha) response to the application of imazethapyr herbicide applied post emergence 
(4-5 node growth stage) and sulfonylurea herbicides applied as simulated low-level residuals from a 
previous cereal crop at Pinery in 2017. Left: Lentil varieties PBA Hurricane XTA and PBA Hallmark XTA (both 
varieties have the same tolerance pattern to herbicides – mean yield of both is shown). Right: Faba bean 
varieties NuraA and PBA BendocA. 
Note: Herbicides used in these trials are currently unregistered and were used for experimental purposes only.
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XT lentil with different agronomic characteristics. 
However, results indicate care still needs to 
be taken when considering in-crop herbicide 
applications, and when selecting paddocks and 
the potential sulfonylurea herbicides usage in 
the preceding crop(s). For lentil, there is a fitness 
penalty for growing XT lentil of 5%-10% – this needs 
to be considered in addition to the potential yield 
reductions from herbicide applications or residuals. 

Importantly, current permits, product label rates, 
plant back periods and label directions must be 
adhered to. There is currently an application before 
the Australian Pesticides and Veterinary Medicines 
Authority (APVMA) seeking a permit for imazethapyr 
use in PBA Hallmark XTA lentil and for imazamox 
and imazapyr use in PBA BendocA faba bean. 

Note: Herbicides used in these trials are currently 
unregistered and were used for experimental purposes 
only. The results within this document do not constitute a 
recommendation by the authors or organisation. 

Time of sowing 

Research conducted from 2015-2018 aimed to 
identify the effect of time of sowing on grain yield 
for a range of pulses in a number of environments, 
including the Yorke Peninsula, Mid-North, Eyre 
Peninsula (faba beans), and South East (faba beans) 
of SA. For lentil and chickpea, the first time of 
sowing was driven by the break in the season, with 
the trial generally being sown in early May. The 
second time of sowing was delayed by 3-4 weeks 
(late May-early June). Faba bean was generally dry 
sown in mid-April with two subsequent delays in 
sowing, 3-4 weeks apart. 

Chickpea

There was a consistent trend for increased grain 
yield in chickpea, between 0 and 23%, with later 
sowing dates across the two environments studied 
(Yorke Peninsula and Mid-North), seasons and 
varieties (Figure 2a). These results are constant 
with our understanding that the grain yield of 
chickpea is influenced by environmental conditions, 
particularly temperature, during flowering and 
duration of reproductive period (grain filling period), 
and available soil moisture. Our trial work indicates 
early sown chickpea tends to flower in winter when 
temperatures are low, which can lead to flower and 
pod abortion. In later sown chickpea, flowering 
normally commences in warmer temperature 
conditions that are more conducive for flower and 
pod retention.

While the trend was for higher yield from later 
sowing, there was variation in the variety response 
to early time of sowing. For example, PBA SlasherA 

responded better to early sowing than other 
varieties, with yield reductions of nil, 6% and 15% 
over the three years. In contrast, varieties including 
Genesis KalkeeA, Genesis079A, and PBA MonarchA, 
show the lowest tolerance to early sowing. Knowing 
this information, growers can feel more confident 
about when to sow chickpea crops in the Mid-North 
and Yorke Peninsula environments. For growers 
looking for an earlier sowing option, PBA SlasherA 
was the best option in these trials. 

Lentil

The grain yield response in lentil to time of sowing 
is complex, with location and environmental limiting 
factors having an impact on the yield response. 
The broad range of agronomic characteristics 
in commercial lentil varieties compared to other 
pulses in southern Australia contributes to this 
complexity. An understanding of the differences in 
the agronomic characteristics and how they interact 
with the environment and potential constraints is 
important when making variety selection. In general, 
early sowing is beneficial, with the newer varieties 
better adapted to early sowing than traditional 
varieties such as Nugget. However, constraints 
including weeds, disease, high biomass, and frost 
during reproductive phases will reduce the benefits 
of early sowing. An example of this is Melton in  
2015, where early sowing and favourable winter 
growing conditions resulted in high biomass 
production, but due to a hot and dry finish in this 
year, lentil plants ‘hayed off’ in spring and higher 
yields were achieved from a delayed sowing  
(Figure 2b). In contrast, in the following two years 
at this location, there was a stronger genotype 
interaction with environment and sowing date. More 
detailed work will commence in 2019 to better 
understand the yield response of lentil to variable 
seasonal conditions. 

Faba bean

The response of faba bean to time of sowing 
varied between rainfall zones, with a clear response 
for the medium rainfall zone sites of Hart, Yeelanna 
and Cockaleechie. There was a consistent positive 
response to sowing early, with yield reductions 
from delaying sowing, particularly the third time of 
sowing, where there were yield reductions at all 
sites and in all seasons (Figure 2c). Some varieties 
including NuraA, PBA MarneA, and PBA SamiraA  
showed greater yield stability across all times of 
sowing. Therefore, if later sowing times are required 
to fit into the seeding program, these varieties would 
be better options than PBA BendocA, PBA RanaA or 
PBA ZahraA. 
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In contrast, the response to delayed sowing in 
the higher rainfall sites, Bool Lagoon and Tarlee, 
was more variable, with trends noted for varieties 
rather than for a location. There was an increase 
in grain yield associated with delaying sowing for 
FarahA and PBA MarneA, while PBA BendocA and 
PBA KareemaA generally responded better to early 
sowing. In the medium rainfall zone, PBA SamiraA 
and NuraA showed greater yield stability across 
sowing time (Figure 2d). This information will allow 
growers to select varieties that fit best with their 
seeding program, or choose varieties, such as PBA 
SamiraA and NuraA, that demonstrate greater yield 
stability in response to sowing time. 

Harvest quality 

Timely harvest is essential to ensure grain quality 
and to meet higher grade specifications. Research 
on harvest timing and the impact on quality was 
undertaken at a range of sites over multiple seasons 
for lentil, chickpea, faba bean and field pea varieties. 

Lentil

Delaying the harvest of lentil resulted in a 
reduction in all grain quality attributes including 
seed colour, screenings and wrinkle at all sites in 
all seasons (Figure 3). Many lentil varieties met the 
Grade 1 criteria for seed coat colour and wrinkle 
at the first time of harvest, approx. 10 days post-

Figure 2. Pulse response in grain yield (t/ha) to time of sowing – (a) chickpea at Pinery in 2016, (b) lentil at 
Melton in 2016, (c) faba bean at Hart in 2017, and (d) faba bean at Bool Lagoon in 2017.
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maturity. Subsequent harvest timings occurred 
after either a delay (e.g. 3-4 weeks) or a large 
rainfall event. After the first delay in harvest, most 
varieties were down-graded to Grade 2 lentil, and 
depending on the season, many varieties failed 
to meet Grade 2 specifications. A second delay in 
harvest resulted in all varieties failing to meet Grade 
1 and 2 specifications, with the exception of one 
variety in one year. The varieties PBA Hurricane 
XTA and PBA AceA demonstrated the highest level 
of tolerance to delayed harvest. PBA Hurricane 
XTA maintained Grade 1 quality at the second time 
of harvest at two of five sites, while, PBA AceA met 
Grade 1 quality at the second time of harvest at one 
site and met Grade 2 quality at a further three sites. 
It is worth noting that PBA Jumbo 2A and NipperA 

were the next best performing varieties. There were 
consistently poor performing varieties in relation 
to grain quality and delayed harvest including PBA 
GiantA, Nugget, and PBA GreenfieldA. 

Conclusion
A key outcome of this research is an 

understanding of the agronomic traits of two 
new herbicide tolerant varieties, PBA Hallmark 
XTA lentil and PBA BendocA faba bean. PBA 
BendocA demonstrated a higher tolerance to 
some imidazolinone herbicides when applied 
post emergence (4-5 node growth stage), and 
to sulfonylurea herbicides applied as simulated 
low-level residuals from a previous cereal crop, 

Figure 3. Lentil grain quality in response to delayed harvest – (a) seed colour, (b) screening, and  
(c) wrinkling. 
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with PBA Hallmark XTA and PBA Hurricane XTA 
having the same tolerance pattern to the applied 
herbicides. However, care still needs to be taken in 
relation to herbicide use, paddock selection, and 
herbicide adherence to label registrations. The 
results from the time of sowing trial give growers 
more confidence in deciding when to sow chickpea 
and faba bean, and variety selection to suit their 
individual seeding program. Timely harvest is 
important in lentil to avoid reductions in grain quality 
resulting in down-grading – importantly there are 
variety differences in response to delayed harvest.

Useful resources
https://grdc.com.au/resources-and-publications/

all-publications/publications/2019/south-australian-
crop-sowing-guidehttp://nvtonline.com.au
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Background
Soil acidification currently affects more than two 

million hectares of agricultural land in SA and is 
expected to increase to 4 to 5 million hectares over 
the next few decades. Soil acidity is emerging in 
previously unaffected areas throughout much of the 
low to medium rainfall cropping areas on historically 
neutral soils, sometimes with alkaline subsoils, and 
on clayed land in the South East. This is having a 
considerable effect on crop and pasture growth. 
Department for Environment and Water (DEW) (2017) 
estimates that soil acidity causes $88 million per 
year of lost production in SA.

The rate of acidification has increased due to 
the high use of nitrogen (N) fertiliser and increased 
cropping/hay intensity and yields (Moore, G.A., 2001; 
Nolan, N.S. and Healey, M.J., 2003). Acidification of 
sub-surface (10-20cm) soil layers has increased in 
the more traditional acid areas and is more difficult 
to diagnose and treat. 

 Method
The GRDC soil acidity project RSS00010 

delivered several components to improve the 
awareness and treatment of acid soils across SA. 
These included identifying barriers to lime use, 
research needs, the establishment of a state acidity 
committee, the development of various decision 
support tools, various training and awareness 
activities with growers and agribusiness, support to 
various regional projects and trials, and establishing 
a soil acidity website with key information and tools. 
Other GRDC projects are examining sub-surface 
acidity treatments with a site at Koppio and various 
sites examining tolerance of pulses and rhizobia to 
acidity (R. Ballard, SARDI). 

Additional projects funded through DEW, National 
Landcare Program and several National Resources 
Management Boards (NRMBs) provide assistance to 
these components and allowed other investigations 
including; examining pH stratification under no-

Keywords
 soil acidity, liming. 

Take home messages
	Soil acidity is increasing in low buffered soils in the low to medium rainfall cropping zone.

	New decision support tools are available to compare liming products, estimate paddock 
acidification rates and determine the economic cost of doing nothing.

	pH stratification under no-till and sub-surface acidification are issues which need different 
approaches to soil testing and treatment.

	Trials comparing lime sources have shown greater responses with better quality limes, especially 
in sensitive crops, although restricted by the subsoil ‘acid throttle’.

	Soil pH mapping provides a method of determining pH variation in paddocks and allows 
precision lime application.

B W Hughes¹ and A P Harding¹.
1Primary Industries and Regions, SA.

GRDC project codes: DAW00252, RSS00010

Latest strategies for treatment of soil acidification
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till farming systems, occurrence of manganese 
toxicity in SA, N efficiency and collating of lime use 
information and sources. 

Results and discussion
Extent of soil acidity

The state acidity map highlighting current and 
future areas with soil acidity is shown in Figure 1. 
This map highlights components of land systems 
which are vulnerable even in lower rainfall districts 
where many sandy soils are poorly buffered  
against acidity. 

Lime use

During the GRDC project, lime use increased by 
approximately 50% in SA, however it was estimated 
that this is still well below amounts needed to 
correct current acidification rates. Hence, if lime 
applications remain at present levels, the area 

affected by soil acidity in SA is expected to double 
over the next few decades.

Lime use has been increasing since 2007, from 
78,000 tonnes to approximately 168,000 tonnes 
state wide, with large increases on Eyre Peninsula, 
the Mid North and Kangaroo Island associated with 
increased cropping. Even so, there is a considerable 
backlog or lime deficit and rates need to increase. 

Lime sources and comparison trials

Two sites, at Tungkillo (Tungkillo Landcare Group, 
established 2014); and Wirrabara (Laura Ag Bureau, 
established in 2015,) enabled some comparison of 
lime sources. 

The Tungkillo trial site was deep loamy sand over 
clay and 3t/ha and 6t/ha lime was topdressed in a 
no-till system. The site was worked to approximately 
8cm in its third year. There were good lime 
responses in year 2 and year 4, but no response 
under lupins in year 3.

Figure 1. Areas of SA with current and future acidification potential (Source: DEW, 2018).
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Key findings from Tungkillo:

• The two better quality lime products seemed 
to have reacted quicker, moved further into the 
soil and after four year’s performance were still 
better than the coarser products when applied 
at the higher rates. (better lime quality linked to 
fineness and dispersion)

• The trial showed little impact from calciprill  
and liquid lime applied at much lower rates  
as recommended by the supplier, although  
they were not placed in the seeding furrow, 
calciprill was drilled pre-sowing and liquid lime 
surface applied. 

• High rates of lime (6t/ha) responded better in 
terms of grain yield than the lower rate (3t/ha), 
this persisted after four years.

The Wirrabara trial which was also under a no-till 
system showed limited lime response in years 2 
to 4. The site was on a sandy-loam over clay, lime 
treatments rates were corrected for neutralising 
value to the equivalent of 3t/ha and 6t/ha at 100% 
total neutralising value (TNV). A sulphur treatment at 
1t/ha was applied (elemental sulphur) to determine 
the effects of increased acidification. In 2018 the 
control had a pH of 4.3 (CaCl2) and the sulphur 
treatment had a pH of 4.0 (CaCl2).  

Figure 3. Cumulative lime response (mean of replicates) at Wirrabara lime trial site, 2016 to 2018.

Figure 2. Lime responses as cumulative % increase over control at Tungkillo, barley 2015 and wheat 2017.  
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Key findings from the Wirrabara trial:

• The higher quality products (finer) have 
generally responded better.

• A persistent acid layer (the ‘acid throttle’) at 
7.5cm to 10cm was not corrected by the lime 
treatments and is still restricting growth. 

• This site has had some indications of marginal 
manganese toxicity in the sulphur and control 
treatments, which was supported by relatively 
high manganese levels in plants. 

Manganese toxicity 

Many soils in SA have issues with aluminium 
toxicity when they acidify. Manganese toxicity, while 
observed in the eastern states, is not common in 
SA. In the Wirrabara trial in 2018, the canola plant 
manganese levels observed under the ‘sulphur’ 
treatment were considerably higher than the other 
treatments. Manganese toxicity has also been 
observed in lucerne at Marrabel. (R. Merry, CSIRO)

A review of the likely extent of manganese toxicity 
was undertaken on older soil and plant databases 
from a SA perspective. Few occurrences of high 
levels of soil or plant manganese levels were 
found, indicating toxicity will only be observed on 
an occasional basis. Higher levels of manganese 
are more common on the loamier soils in the Mid 
North and the issue is exacerbated by warm wet 
conditions which releases manganese into available 
forms. Sandy soils are unlikely to have manganese 
issues as levels recorded are very low.

Decision support tools 

Three tools based on excel are available on  
the soil acidity website (https://agex.org.au/project/
soil-acidity/):

1. Lime Cheque – This estimates lime 
application rates for acidic soils and compares 
the costs of lime from different suppliers. 
Inputs required include lime costs, freight, 
spreading charge, actual and target pH and 
lime quality information. It can also use for 
Neutralising Value (NV), purity or for Effective 
Neutralising Value (ENV) and fineness.

2. Maintenance Lime Rate calculator – This 
estimates the lime required to counteract the 
annual acidification of the surface soil layer, 
based on product removal, fertiliser inputs, soil 
and leaching impacts and legumes. It can be 
used on a paddock basis.

3. Acid cost – This estimates the losses in 
production for a farm business caused by 
acidic soils using all available trials with lime 
response data by pH. Inputs include current 
pH, crop type and $/tonne.

Subsoil acidity and pH stratification 

Many of our current lime recommendation 
are based on trials conducted many years ago 
under old cropping systems where tillage and 
incorporation of lime were common. In the absence 
of tillage, topdressed lime moves slowly into the 
subsurface layers, and acidification below 5-10cm 
is possible, even though lime was applied to the 
surface. This type of pH stratification results in an 
acid layer that restricts root growth and crop yields, 
especially for sensitive crops like pulses – the so 
called ‘acid throttle’.

Figure 4. Plant manganese levels in canola at Wirrabara lime trial in 2018. Levels > 300 and > 530 mg/kg 
are considered high and toxic, respectively.

https://agex.org.au/project/soil-acidity/
https://agex.org.au/project/soil-acidity/
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Investigations were carried out on six no-till sites 
that had a history of lime application to examine pH 
stratification under modern farming systems. The 
mean pH of four of the sites by depth is shown in 
Table 1 and indicates occurrence of this issue.

This type of stratification can be solved by 
strategically incorporating lime, but this becomes 
costly the deeper the ‘acid throttle’. Experience from 
other states suggests that the topsoil pH needs 
to be kept above 5.5 to encourage lime to move 
deeper into the soil. Other techniques currently 
being examined to overcome sub-surface acidity 
include: the rate and type of lime; mixing lime with 
other products (e.g. gypsum, composts/manure); 
more soluble alkaline material such as silicates, 
calcium nitrate; and possibly biological methods to 
improve incorporation. 

Acidity diagnosis 

Emerging acidity develops gradually and until 
it becomes a serious issue it is usually difficult to 
recognise based on crop symptoms. By the time 
crop symptoms are visible, production has already 
been compromised for several years. Sensitive 
crops like lentils and canola will be the first to show 
patchy growth with areas of low vigour, short fat 
roots, poor phosphorus uptake and poor nodulation 
in legumes. 

A regular soil testing program where the 
top soil of each paddock is tested every 3-5 
years is the best approach. These samples can 
also help to monitor soil nutrients and fertiliser 
recommendations. Acidity is often patchy across 
a paddock so it is important to take separate soil 
samples, focussing on areas where crop growth 
and yields are best and worst. Lime is generally 
recommended where the topsoil pH measured in 

calcium chloride is less than 5.2- the aim is to keep 
the 0-10cm layer at 5.5 or greater and the 10-20cm 
at 5.0 or greater.  

pH mapping and variable rate lime applications 
can be highly cost effective, ensuring the lime is 
applied to areas of the paddock that need it the 
most. Several precision pH mapping operators are 
now established to precision map pH, and therefore, 
assist with diagnosing acidification and variable lime 
application. 

It is important to test paddocks which are 
vulnerable to pH stratification after liming (no 
till, limed at normal rates – 2-3t/ha) to review 
effectiveness of the application and to monitor 
subsoil acidity. Soil sampling at 0-5, 5-10 and 10-
20cm is suggested to examine the pH profile. (and 
20-30cm if a deep topsoil) Although this increases 
the number of soil tests considerably, these samples 
can also be used to measure available soil moisture 
and N where required. Field pH kits available 
from hardware shops can be used to assess pH 
stratification by depth.

Conclusions
Latest strategies for managing soil acidification 

include the ability to: 

• calculate the acidification rate; 

• calculate the cost of not liming; 

• compare the economics of liming products; 

• identifying and treating stratification post liming 
under no till; 

• use of pH maps to examine acidity variation 
within paddocks and allow precision lime 
applications.

pH (CaCl2) under long term no till  
Site Kapunda 1 Bagot W 1 Bagot W 2 Kangaroo Is
Lime history 3 times/ 15yrs yes yes 6t/ 8 years
Soil type Loamy red- brown earth Thick sand over clay Sand over clay Loamy ironstone 
Depth cm    
0-2.5 5.4 5.9 5.1 5.6
2.5-5.0 4.9 5.5 4.7 4.8
5.0-7.5 4.6 4.9 4.5 4.4
7.5-10 4.4 4.5 4.4 4.4
10-12.5 4.6 4.3 4.5 4.6
12.5-15 4.9 4.4 5.7 4.8

Table 1. Mean pH by depth highlighting post liming stratification – shaded pH depths indicate serious acidity issues.
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Useful resources
SA soil acidity website

http://agex.org.au/project/soil-acidity/
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Introduction
Mapping soil pH variability enables agronomy to 

be targeted more specifically, including the targeting 
of lime application only to where it is required on 
low pH soils. Systems for mapping soil pH fall into 
two main categories; grid-based sampling and the 
Veris® pH Manager that samples on-the-go. This 
paper refers to the use of the Veris® technology.

The Veris® pH Manager samples on-the-go taking 
on average, a sample every 15 seconds. At 10km/
hr and 36m transects this equates to approximately 
seven samples/ha. Sampling depth is adjustable 
from 4cm-15cm, but typical operating depth is 6cm-
10cm. The machine takes a soil sample on the go 
and then it presents it to two Antimony electrodes. 
Antimony is a metalloid that has a linear response 
to hydrogen ions in solution. Between samples two 
spray nozzles wash the electrodes with water.

While the relationship between the Antimony 
electrode and soil pH is linear, the relationship 
is not constant over a mapping season and can 
vary dependent on soil conditions and wearing 
of the electrodes. For this reason, each mapping 
job needs to be calibrated to soil pH CaCl2. Veris® 
pH is calibrated to a standard 0cm-10cm 1:5 CaCl2 
value by identifying the range of pH measured by 
the Veris® and taking targeted soil samples from 
within 5m of the Veris® sample location, these are 
submitted for laboratory analysis. A different method 
of calibration is to take soil samples directly from 
the sample shoe during the mapping process and 

testing for pH 1:5 CaCl2. Simple linear regression is 
then used to assess the relationship between Veris® 
pH and pH CaCl2, and the equation of the line of 
best fit is used to convert Veris® pH to pH CaCl2 
(Figure 1). 

Figure 1. Linear regression between Veris® pH and 
laboratory pH (1:5 CaCl2) for two mapping jobs in the 
Mid North and Yorke Peninsula. Job 1: R² = 0.94, y = 
1.027x - 0.687. Job 2: R² = 0.72, y = 1.139x - 0.674.

As for any lime rate calculation, to convert the soil 
pH map to a lime prescription requires information 
on target pH, soil texture factor (buffering factor) and 
lime quality. The example below (Figure 2) shows 

Keywords
 soil acidity, lime, mapping, variable rate.

Take home messages
	Liming efficiency can be greatly improved through the use of pH mapping and variable  

rate technology.

	Veris® pH sensors (Antimony probes) have a good relationship with soil pH and can produce 
accurate maps for variable rate lime application.

Trengove, S and Sherriff, S.

Trengove Consulting.

pH mapping and variable rate lime application
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the conversion of a pH map to a lime prescription for 
a pH target of 6, a sandy soil (texture factor = 2) and 
lime with effective neutralising value of 65%, for a 
total application of 497t for the 192ha paddock. The 
lime comparison decision support tool developed 
by PIRSA will provide information on the most cost-
effective source of lime to use.

In paddocks that have variability in soil texture, 
for example dune and swale landscapes, the 
accuracy of the lime prescription may be improved 
by adjusting the value of the soil texture value 
according to location in the rate calculation. 
Electrical conductivity (EC) or EM38 is generally 
quite responsive to soil texture and EC or EM38 
maps can be used as a surrogate texture map to 
help refine the lime rate calculation further. Veris® 
Soil pH Manager (MSP) machines have the capability 
of mapping both soil pH and EC in one pass.

The map shown in Figure 2 indicates the total 
amount of lime required to reach the target pH. High 
application rates of lime can induce micronutrient 

deficiencies in some soil types. This needs to be 
considered when setting maximum application rates 
to be applied in a given cropping season.

Much of the focus for soil pH mapping has 
centred around identifying acidic soils for 
treatment with lime. However, there is more value 
in understanding soil pH variability than just lime. 
For example, soil pH is also known to influence 
nutrient availability, herbicide activity and herbicide 
residue persistence and microbial activity. Below 
is an example from a Yorke Peninsula farm of the 
relationship between soil pH and phosphorus 
buffering index (PBI), where PBI increases with 
increasing pH (Figure 3). In the case of variable rate 
phosphorus application, this information could be 
used to refine application rates in paddocks with 
variable soil pH, where rates can be increased in 
areas with high pH and/or decreased in areas with 
lower soil pH. The relationship between pH and PBI 
may be location specific and needs to be assessed 
case by case before adopting a similar strategy.

Figure 2. L) Veris® soil pH calibrated to 0cm-10cm pH CaCl2, and R) resultant lime prescription map for pH 
CaCl2 target of 6, soil texture factor = 2 and effective neutralising value of lime = 65%.
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The Veris pH mapping technology is usually used 
at one depth across each paddock, typically 6-10cm, 
however soil acidity below this depth can occur. It 
is wise to take a number of soil cores within each 
paddock using depth intervals of 0-5, 5-10, 10-20, 
20-30, >30cm to understand the pH profile. A soil 
pH map can be used to target specific sites where 
subsurface soil acidity could be a problem. Figure 

4 shows data from the upper Yorke Peninsula and 
Narrung where surface pH has a relationship with 
subsurface soil pH. Areas with high surface pH (pH 
> 6) typically have high subsurface pH (10 – 20 cm). 
However, note the increase in scatter where surface 
pH is less than 6. The risk of sub surface soil acidity 
increases as surface pH decreases.

Figure 3. Relationship between pH CaCl2 and phosphorus buffering index for a Yorke Peninsula farm (y = 
11.949x² - 124.81x + 341.98, R² = 0.7356).

Figure 4. Relationship between 0 – 10cm and 10 – 20cm pH CaCl2 for data from Yorke Peninsula and 
Narrung (y = -0.17x² + 3.01x - 4.99, R² = 0.668).
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Conclusion
The work we have undertaken with clients has 

shown that liming efficiency can be greatly improved 
through the use of pH mapping and variable rate 
technology. Veris® pH sensors (Antimony probes) 
have been used to measure soil pH and have been 
shown to have a good relationship with soil pH, and 
therefore, produce accurate maps for variable rate 
lime application.

Contact details

Sam Trengove
samtrenny34@hotmail.com
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Background
The diamondback moth, Plutella xylostella, 

is the principal spring pest of Australian canola 
(Furlong 2008). This species is highly mobile and 
colonises Australian canola crops consistently each 
season, leading to intermittent outbreaks. Under 
favourable seasonal conditions, larval populations 
in canola increase to extremely high densities in 
spring, resulting in the destruction of maturing 
plants and high yield losses. Growers are reliant 
on insecticides to manage outbreaks; however, 
insecticide resistance is widespread in Australian 
diamondback moth populations (Baker 2015). The 
few insecticide products currently available and 
effective for diamondback moth control in canola 
have alternative use patterns and can be in short 
supply during outbreaks. Enhancing growers’ 
capacity to manage diamondback moth requires (1) 
better forewarning of seasonal outbreak risk and 
(2) the development and industry-wide adoption 
of effective insecticide resistance management 

strategies. Both objectives require a thorough 
understanding of the pest’s ecology. 

Recent PhD research by Kym Perry (University 
of Adelaide, SARDI) in collaboration with SARDI 
colleagues (Greg Baker, Kevin Powis, and Joanne 
Kent) and many agronomists, with investment 
support from GRDC and the University of Adelaide, 
has revealed new insights into diamondback 
ecology and resistance management in Australian 
canola. The research contributes to industry’s goal 
of improved pest risk prediction. 

Here, the new diamondback moth research and 
management guidelines are summarised within the 
following subject headings:

• The likely origins of diamondback moth that 
seasonally colonise canola in South Australia.  

• The role of brassicaceous weeds and pre-
season weather in driving crop colonisation 
patterns and seasonal diamondback moth risk.

Keywords
 colonisation, Plutella xylostella, Plutella australiana, insecticide resistance.  

Take home messages
	The seasonal risk of spring diamondback moth outbreaks in canola starts in autumn, driven by 

pre-season rainfall patterns.

	Brassicaceous weeds allow insecticide-resistant diamondback moth to persist during summer in 
canola-growing areas of South Australia (SA).

	A new insecticide resistance management strategy is available for the diamondback moth.

	A ‘cryptic’ diamondback moth (Plutella Australiana) species poses little threat to  
Australian canola.

Kym D Perry1, 2 and Greg J Baker¹.
1South Australian Research & Development Institute; ²School of Agriculture Food and Wine, University  
of Adelaide.

GRDC project codes: UA00146, DAS00155, DAS00094

Towards prediction of diamondback moth 
risk in canola - new insights into ecology and 
resistance management 
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• The importance of a ‘cryptic’ diamondback 
moth to Australian canola growers.

• New insecticide resistance management 
guidelines for the diamondback moth.

Cryptic diamondback moth species
In 2013, Canadian researchers reported the 

discovery of a ‘cryptic’ species (genetically distinct 
but looks identical) of diamondback moth in 
Australia, which they named Plutella australiana 
(Landry and Hebert 2013). In 2014 to 2017, SARDI 
conducted thorough investigations into its biology, 
distribution and pest status in Australian Brassica 
crops, with GRDC investment support. 

These investigations found:

• Both Plutella species occur on wild brassicas 
and canola crops throughout southern and 
western Australia, but the diamondback moth, 
P. xylostella, is the predominant species. Of 
the >1400 individuals collected from brassicas 
in 2014 to 2015 and screened using molecular 
assays, 90% were P. xylostella (Figure 1).

• Insecticide bioassays revealed that  
P. australiana was 19 to 306 fold more 
susceptible than P. xylostella to three 
insecticides commonly used for diamondback 
moth control: alpha-cypermethrin (synthetic 
pyrethroid (SP), Group 3A), emamectin 
benzoate (Group 6), spinetoram (Group 5), and 
soon to become available chlorantraniliprole 
(Group 28). Unlike the diamondback moth; 
P. xylostella, no evidence was found that P. 
australiana evolves insecticide resistance.

• While both species attack brassicaceous 
plants, a strong genetic difference between the 
species was found, as well as clear differences 
in host preferences and performance on 
different host plants. 

Although P. australiana does attack canola, it is 
far less abundant than P. xylostella and should be 
easily controlled using commercial insecticides. 
Consequently, P. australiana is considered to pose 
little threat to Australian canola yields.

Figure 1. The geographic distribution of P. xylostella (light grey) and P. australiana (black) in Plutella 
collections from brassicaceous host plants during 2014 and 2015. Pie diagrams show the relative proportion 
of each species at each location, and overlapped pies represent locations with 100% P. xylostella  
(Source: Perry et al 2018 BMC Evolutionary Biology).
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The seasonal colonisation of canola by 
the diamondback moth - where does it 
come from?

For highly mobile insect pests, developing a 
capacity to predict seasonal pest pressure in crops 
requires sound knowledge of their arrival timing 
and origins. The origins of diamondback moth that 
seasonally invade Australian winter canola crops 
have been uncertain. 

Field studies were conducted at a regional 
scale in SA over three years from 2014 to 2016 to 
determine (1) the presence of diamondback moth 
on local green bridge between growing seasons, 
and (2) the arrival timing of diamondback moth in 
canola crops. Each season, potential host plants 
(wild brassicas) were sampled for diamondback 
moth during the autumn pre-season, focusing on 
Eyre Peninsula (the South East SA was included 
in 2015), then a network of sentinel canola fields 
(approximately 30 per year) was monitored across 
SA and Western Victoria to detect diamondback 
moth arrival. Agronomists each monitored one to 
two canola fields approximately weekly. All sampling 
involved trapping moths using pheromone traps 
and sampling plants directly for larvae (Figure 2). 
Models were run using local climate data for each 
site to predict the date of first oviposition (egg 

lay, signalising colonisation) in each canola crop, 
and the suitability of the site for earlier build-up 
of diamondback moth populations. This allowed 
inferences as to whether the moths came from the 
local areas or from further away. 

These investigations found:

• Summer-active wild brassicas support 
widespread populations of insecticide-
resistant diamondback moth over summer. 
Their resistance profiles were near-identical 
to populations from canola (Baker, 2015), 
indicating frequent movement between  
crops and weeds. On Eyre Peninsula, the  
key brassicas harbouring diamondback moth 
were Lincoln weed (Diplotaxis tenuifolia), 
dog weed (D. muralis) and sea rocket (Cakile 
maritima), the latter being a species occurring 
in coastal sand dunes. In the south east of SA, 
Brassica forage crops provide an additional 
summer host. 

• Most canola crops across SA and Western 
Victoria were colonised during May and June, 
soon after crop emergence. This indicates that 
spring outbreaks can be caused by a season-
long increase of populations in crops and not 
necessarily migrations (unlike Helicoverpa, 
where migrations are the major factor).

Figure 2. Abundance of diamondback moth in pheromone traps (lower panels, moths per trap over 4 
weeks) or larvae (upper panels, larvae per 20 plant samples) associated with wild brassicaceous plants 
during autumn surveys on Eyre Peninsula in March and April from 2014 to 2016. Circle size is scaled to 
abundance; open circles indicate absence at a sampled location; filled and open circles are colour-coded 
by host plant. (Source: Perry KD, 2018)
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Chemical Mean resistance ratio (RR) at LC50

 2008-2015 2015-2018
Alpha-cypermethrin  (Group 3A) 141.2 (n=39) 79.4 (n=3)
Emamectin benzoate (Group 6A) 6 (n=38) 2.7 (n=28)
Spinetoram (Group 5) 1.8 (n=21) 1.6 (n=1)
Chlorantraniliprole (Group 28) 13.1 (n=39) 7.6 (n=28)

(n = number of populations)

Table 1. Resistance ratios at LC50 to four insecticides tested on diamondback moth populations collected from canola since 
2015-2018 (project DAS00155) compared to 2008-2015 (project DAS00094), with the population screened in parentheses.

• Across seasons, pre-season rainfall had 
a strong influence on populations of wild 
brassicas and diamondback moth in autumn 
and the subsequent colonisation pattern 
in canola. In 2014 and 2016, rain between 
February and April promoted weed growth and 
diamondback moth populations, then canola 
crops were colonised soon after germination. 
By contrast, dry conditions in 2015 severely 
limited pre-season host plant availability, 
leading to scarce diamondback moth, and 
canola crops were colonised (on average) later 
in the season.  

• These data along with climate niche modelling 
and light trapping data (not shown) suggest 
diamondback moth that seasonally colonise 
canola originate primarily from local summer 
brassicas in canola-growing areas.

In this region, early season diamondback moth 
pressure in canola appears largely driven by local 
pre-season rainfall and host plant vegetation 
response. Future research should explore 
colonisation patterns in other regions and determine 
the extent to which autumn populations are a pre-
cursor to spring populations (i.e. and hence useful 
for forecasting).

Insecticide resistance management for 
diamondback moth
Current insecticide resistance status

Five chemical sub-groups are registered to 
control diamondback moth in Australian canola: 
synthetic pyrethroids (Group 3A); organophosphates 
(Group 1B); spinosyns (Group 5); avermectins 
(Group 6); and Bacillus thuringiensis (Group 11A). 
Carbamates (Group 1A) are also registered for use 
in canola in Western Australia. Of these, only two 
synthetic insecticides (Group 5 spinetoram and 
Group 6 emamectin benzoate) and several Bacillus 
thuringiensis var. kurstaki products (BtK, Group 
11A) are capable of reliably providing efficacious 
control of diamondback moth. Resistance to older 

synthetic insecticides (e.g. SPs/group 3A, and 
OPs/group 1B) is widespread in diamondback 
moth populations throughout all Australian canola 
production areas, rendering these chemicals 
partially or totally ineffective for diamondback moth 
control. There is generally no geographic pattern to 
diamondback moth resistance profiles in Australian 
canola production areas – for a given insecticide, 
resistance ratios tend to be similar across canola 
production regions, and between canola crops and 
weeds within a region, reflecting a high degree of 
gene flow among diamondback moth populations. 

Resistance screening of diamondback moth 
populations from canola since 2008 has detected 
increasing tolerance to the newer chemistries 
available (emamectin benzoate, spinetoram) or soon 
to become available (Group 28, cyantraniliprole, 
cyclaniliprole) for diamondback moth control 
in Australian canola (Baker 2015). Interestingly, 
resistance screening since 2015 has detected a 
decline or stabilisation in resistance levels to all 
tested insecticides (Table 1). The reasons for this 
decline are unclear; however, a low incidence of 
diamondback moth outbreaks during the past three 
to four years may have contributed to reduced 
usage and hence selection pressure for these 
insecticides. While these results are encouraging, 
increased insecticide use is expected to quickly 
increase resistance levels. 

New insecticide resistance management strategy 
for the diamondback moth 

A new insecticide resistance management (IRM) 
strategy for diamondback moth has been developed 
in conjunction with the Grains Pest Advisory 
Committee (GPAC) and agronomists and endorsed 
by CropLife Australia. The strategy was launched 
in June 2017 on the GRDC and CropLife Australia 
websites (see Useful resources section within this 
paper). To maximise the effective life of newer 
diamondback moth chemistries, canola growers  
and their advisers are recommended to follow  
the management guidelines in the new IRM  
strategy (Figure 3). The strategy aims to reduce 
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pressure for resistance selection on consecutive 
generations of diamondback moth through use of 
integrated management and rotation of effective 
insecticide classes. 

Key points from the strategy are:

• Only spray when necessary (use a threshold-
based approach).

• Avoid using SPs (Group 3A) for diamondback 
moth control in canola.

• Consider using Bacillus thuringiensis (BtK) in 
rotation strategies.

• Rotate insecticides – avoid using the same 
product within the same season or in 
consecutive seasons.

• Adjust rotations when controlling diamondback 
moth and Helicoverpa together (Figure 3).

Conclusion
Predicting pest pressure remains a major goal 

for pest management but requires deep ecological 
understanding at a species level. The approach 
used here, involving collaboration between 
researchers and agronomists across SA and 
Western Victoria in data gathering, made it possible 
to conduct a study of a mobile insect pest at a 
regional geographic scale. This approach provides 
a template for ecological research into other pests 
with similar mobility and for which prediction would 
be useful, such as aphids. 

Here, thorough research into the diamondback 
has provided important insights into factors driving 
its seasonal abundance in SA. Specifically, the 
availability of weedy brassicas driven by pre-season 
rainfall contributes to early season diamondback 
moth pressure in canola. Brassica weeds also 
allow insecticide resistance to persist in local 
diamondback moth populations. While achieving 
area-wide weed management would be ideal, 
it may be more achievable in the short term to 
focus attention on improving forecasts of seasonal 
outbreak risk based on pre-season climate/green 
bridge information. To achieve this, future studies 
over longer timeframes and in other regions  
are required.

Growers rely on access to effective chemistries  
to manage diamondback moth outbreaks. 
To maximise the life of newer chemistry, it is 
recommended that all growers and advisers adopt 
the new IRM guidelines for the diamondback 
moth. Industry-wide adherence to the strategy will 
maximise its effectiveness. 

Useful resources
Resistance management strategy for 

diamondback moth in Australian canola. https://grdc.
com.au/fs-resistancestrategydiamondbackmoth 

Science behind the RMS for diamondback moth 
(Plutella xylostella) in Australian canola crops, 
NIRM https://ipmguidelinesforgrains.com.au/
important/uploads/Science-Behind-the-Resistance-
Management-Strategy-for-DBM-in-canola.pdf 

Figure 3. Schematic summary of the new insecticide resistance management strategy (RMS) for 
diamondback moth (summarised from Baker et al 2017).

https://grdc.com.au/fs-resistancestrategydiamondbackmoth
https://grdc.com.au/fs-resistancestrategydiamondbackmoth
https://ipmguidelinesforgrains.com.au/important/uploads/Science-Behind-the-Resistance-Management-Strategy-for-DBM-in-canola.pdf
https://ipmguidelinesforgrains.com.au/important/uploads/Science-Behind-the-Resistance-Management-Strategy-for-DBM-in-canola.pdf
https://ipmguidelinesforgrains.com.au/important/uploads/Science-Behind-the-Resistance-Management-Strategy-for-DBM-in-canola.pdf
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Diamondback moth factsheet. GRDC, www.grdc.
com.au/GRDC-FS-DBM 
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Background
Crop water use and productivity on sandy soils 

are commonly limited by a range of co-occurring soil 
constraints that limit root growth. Constraints include 
non-wetting behaviour and poor crop establishment; 
soil pH issues associated with acidity or alkalinity; 
a low ability to supply and retain nutrients; a natural 
tendency to compact or form hard-setting layers, 
and in some cases, subsoil sodicity and/or toxicities. 
There are opportunities to improve crop water use 
through optimising annual and low cost mitigation 
practices (e.g. seeding strategies, wetting agents, 
fertiliser placement) or through investing in more 
intensive and expensive soil profile amelioration 
approaches (deep ripping, spading, deep 

ploughing). In the low to medium rainfall zone of 
the Southern Region, it is important to consider the 
yield potential boundaries, seasonal risks, and the 
specific co-occurring constraints when developing 
an amelioration plan. The GRDC Sandy Soils 
Program (CSP00203) aims to improve the diagnosis 
and management of underperforming sandy soil in 
the Southern Region. 

Research activities include:

• Understanding the potential for yield gains 
through improved estimates of the yield 
gap and associated physical, chemical and 
biological constraints in sandy soils across  
the region.

Keywords
 sands, compaction, non-wetting, crop nutrition, ripping, spading, deep cultivation.   

Take home messages
	Know the water limited yield potential and target the soil constraints to crop water-use: Assessing 

the yield gap relative to expected gains and seasonal risks, alongside identifying the key soil 
constraints, are important in developing an amelioration plan with cost effective outcomes. 

	Yield responses to physical disruption are common but not guaranteed: Considering the depth 
and severity of compaction, any co-occurring constraints, and machinery specific impacts on soil 
strength offer an opportunity to optimise decisions for cost effective outcomes. 

	Yield responses to increasing fertility at depth (i.e. deep placement/incorporation) are highly 
dependent on seasonal conditions with risks of neutral or negative yield responses in dry years. 
Depth of placement and form of nutrition (fertiliser, chicken litter, plant biomass) offer potential to 
manage nutrient carryover and crop growth responses over multiple years.

	Long term effects are essential for cost effective amelioration outcomes. Economic analysis 
of long-term trials (five years) has highlighted the importance of seasonal and crop sequence 
response effects on the cost benefit outcomes. 

Lynne Macdonald¹, Therese McBeath¹, Michael Moodie², Jack Desbiolles³, Melissa Fraser⁴, Nigel 
Wilhelm⁴, David Davenport⁴, Sam Trengove⁵, Barry Haskins⁶, Rachael Whitworth⁶, Chris Saunders³, 
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and Regions, South Australia; ⁵Trengove Consulting; ⁶AgGrow Agronomy.
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Underperforming sandy soils – targeting 
constraints for cost effective amelioration
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Site (Yr Est) Physical amelioration* and depth (cm) Amendment type# Placement^
Waikerie (2018) Rip 30, Rip 60 Chicken litter (2.5t/ha); fertiliser matched deep, surface
Carwarp (2018) Spaded 30, Rip 30, Rip 60  High-N biomass (6t/ha) deep
Bute (2018) Rip 30, Rip 50, TSSlot 50 Chicken litter (2.5-7.5t/ha) deep, surface
Ouyen (2017) Spaded 30, Rip 30 Crop biomasses (6t/ha), chicken litter, compost, fertiliser matched incorporated, deep
Murlong (2018) Spaded 30, TTSlot 30, TTSlot 40 High-N biomass (5t/ha); fertiliser incorporated
Yenda (2017) Sweep 30, Rip 30 Chicken litter (3-9t/ha) incorporated 

* including ripping (Rip), spading (Spade), topsoil slotting (TSSlot: ripping with inclusions plates), and sweep-cultivation (Sweep), with depth (cm) indicated. # amendments used vary depending on regional availability, where 
chicken litter is considered unavailable in the VIC Mallee and Eyre Peninsula. ^ placement of amendments includes ‘surface’ applied (no intervention), ‘incorporated’ through Spade and/or TSSlot, or actively placed at a controlled 
rate at the specified target depth. 

Table 1. Summary of project amelioration trials indicating the type of physical amelioration approach, amendments used and 
placement strategy. 

• Monitoring a range of existing long-term trials 
to assess the five-year impact of a range of 
amelioration strategies (ripping, spading) with/
without amendments (clay, fertiliser, manure, 
crop biomass).

• Evaluating amelioration and mitigation 
approaches to improve crop water use and 
productivity where physical and nutritional 
constraints dominate, and where these  
co-occur with water repellence and/or acidity.

• Optimising amelioration approaches through 
understanding how machinery set-up can 
influence the impact on the soil profile,  
and strategies to manage seeding depth 
control and minimise erosion (e.g. one-pass 
spader-seeding).

• Assessing cost-benefit outcomes of a range of 
treatments through economic and risk analysis, 
and supporting decision making by prioritising 
the underlying soil constraints.

Methods
Characterisation of soil constraints

A range of physical, chemical and biological 
analyses have been conducted at core research trial 
sites to evaluate and describe the soil constraints 
present, the plant available water capacity, and 
improve our estimates of the yield gap in sandy soils 
of the Southern Region.

Research trials

Core project trials across the Southern Region 
include four long term amelioration sites (established 
2014/2015), and seven new research sites 
(established 2017/2018) that include mitigation and 
amelioration treatments. Experimental details of the 
long term PIRSA spading trials (http://www.pir.sa.gov.
au/__data/assets/pdf_file/0008/297719/PIRSA_

New_Horizons_Trial_Sites_Summary_2017.pdf) and 
Trengove ripping trial (Trengove and Sherriff, 2018) 
have been described previously. These trial sites 
(Karoonda, Brimpton Lake, Cadgee and Bute) have 
been monitored for 4-5 years for ongoing yield 
effects, allowing the assessment of the percentage 
return on investment (marginal return/total costs*100) 
for a range of amelioration strategies.

New experiments targeted the dominant soil 
constraints evident at sites – physical and nutritional 
constraints alone (Waikerie, Carwarp, Bute, 
Ouyen) or in combination with water-repellence 
(Murlong, Lameroo) or acidity (Yenda). A summary of 
amelioration, amendment and placement treatments 
is provided in Table 1. 

Amelioration experiments established in 2018 at 
Waikerie, Carwarp and Bute aim to evaluate whether 
increasing amelioration depth and/or nutrient 
supply within the profile results in cost effective 
outcomes. The Ouyen trial established in 2017 
aims to evaluate the incorporation of farm grown 
biomasses (vetch hay, oaten hay), with comparison 
to other amendments (chicken litter, complex carbon 
compost) on profile nutrition, crop productivity, and 
the nitrogen (N) balance over multiple years (Moodie 
and Macdonald, 2018). 

Addressing the management of severe water 
repellence, the 2018 Murlong site includes 
contrasting amelioration approaches (spading 
versus topsoil slotting i.e. inclusion plates ± N-rich 
biomass) alongside mitigation strategies evaluating 
wetting agent type and placement and furrow 
management. With acidity a common issue in NSW 
sandy soils, the Yenda amelioration experiment aims 
to evaluate deep ‘sweep’ cultivation (30cm) with/
without amendments (urea, lime, 3-9t/ha chicken 
litter) to shatter and ameliorate a hostile layer 
approximately 15cm deep (Haskins et al., 2018). 

http://www.pir.sa.gov.au/__data/assets/pdf_file/0008/297719/PIRSA_New_Horizons_Trial_Sites_Summary_2017.pdf
http://www.pir.sa.gov.au/__data/assets/pdf_file/0008/297719/PIRSA_New_Horizons_Trial_Sites_Summary_2017.pdf
http://www.pir.sa.gov.au/__data/assets/pdf_file/0008/297719/PIRSA_New_Horizons_Trial_Sites_Summary_2017.pdf
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 Estimated Yields Select constraint ratings
Site Location GS Rain Potential Yield  Current attainable Yield Gap  Soil strength 
 (mm)  (t/ha) Yield  (t/ha) 

Repellence 
  (30cm)

Waikerie 157 2.9 1.0 1.9 Low Severe
Carwarp 174 3.5 1.0 2.5 0 Severe
Ouyen 213 4.5 1.5 3 0 Severe
Karoonda 235 5 1.5 3.5 Moderate Moderate
Murlong 251 5.2 1.5 3.7 Severe TBD
Yenda 252 5.8 2.5 3.3 0 Severe
Lameroo 270 5.9 2.5 3.4 Moderate Moderate
Bute 298 6.5 3.5 3 Low Moderate
Brimpton 377 8.3 3.0 5.3 Moderate TBD
Cadgee 410 9.5 1.3 8.2 Severe TBD

* Potential Yield = ((0.25 x fallow rainfall)+ GSR – 60)*22*1.12. Repellence rating is based on molar ethanol drop (MED) testing of 0-5cm and 5-10cm soil samples. Soil strength rating is based on assessing penetration resistance 
within the top 30cm, where 1.5-2.5 MPa = moderate, 2.5-3.5 = strong, and >3.5 = severe. 

Table 2. Characteristics of Sandy Soils Experimental Sites; including estimates of the potential yield, current attainable yield 
and the yield gaps for an average growing season (GS, April-October). Rating of water repellence (top 5cm, based on molar 
ethanol drop) and soil strength (top 30cm, based on penetration resistance).

Results and discussion
Know the potential and target the constraints to 
crop water use 

Estimates of the yield gap across sandy soil sites 
in the Southern Region vary from 2-3t/ha where 
growing season (GS) rainfall is less than 300mm 
(Table 2). The yield gap is based on an estimate of 
the yield potential for wheat in an average season 
minus the current attainable yield based on grower 
data. The estimated yield gap provides important 
information when developing an amelioration plan, 
helping to highlight the limits of productivity within 

the context of rainfall, and local knowledge of gains 
that can be achieved through annual strategies (e.g. 
fertiliser management, change in crop sequence). 
Further characterisation will refine the yield gap 
estimates taking into account the plant available 
water capacity measured at trial sites.

The selected trial sites reflect the prevalence 
of water repellence in the sands of SA, with lower 
occurrence of this constraint in Victorian and NSW 
Mallee soils (Table 2). Measurements of soil strength 
indicate that moderate constraints to root growth 
(1.5-2.5 MPa) are reached within 20cm, and severe 
physical constraints (2.5-3.5 MPa) are common 

Figure 1. Examples of the variation in severity and depth of penetration resistance (MPa) in a range of sandy 
soil trial sites across the Southern Region. The black line indicates the site average, with grey shading 
indicating minimum and maximum readings across six measurements. Soil strength 1.5-2.5 MPa = moderate, 
2.5-3.5 = strong, and >3.5 = severe.
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 Cumulative Yields (3 years, t/ha)
 Karoonda Brimpton Lake Cadgee
Unmodified 2.17 4.36 3.21
Spading 4.13 6.58 2.82
Spading +lucerne 5.39 8.15 4.83
Spaded clay 4.14 7.49 4.62

Lucerne =10t/ha

Table 3. Cumulative cereal yields (2014, 2015, 2017) across 
PIRSA long term amelioration trial. 

within 30cm (Table 2), with examples of the variation 
in soil strength with depth shown in Figure 1. 
Nutrients commonly identified as marginal in the top 
30cm included N, phosphorus (P), zinc (Zn), copper 
(Cu) and manganese (Mn). 

Monitoring long term amelioration trials

PIRSA long term trials on water repellent sands 
that have physical and nutritional constraints 
(Karoonda, Brimpton Lake) or acidity and nutritional 
constraints (Cadgee) have been monitored for 
five years. Cumulative yield gains across three 
cereal years (Table 3) demonstrate that yield 
gains at Karoonda and Brimpton Lake have been 
responsive to spading (approx. +2t/ha at both sites). 
Incorporation of N-rich crop biomass (10t/ha lucerne) 
has resulted in 1.3-1.6t/ha, and largely accounted 
for in the first two years. Yield gains from clay 
incorporation were only evident at Cadgee (+1.8t/ha), 
which had little response to spading, but a positive 
and continuing response to N-rich biomass (+1.6t/
ha). The lack of strong physical constraint and the 
presence of acidity at Cadgee are likely drivers of 
the different responses. 

These long-term experiments have demonstrated 
lasting responses to spading across three sites, 
broadly similar gains to the incorporation of 
lucerne, and site/seasonal responses to clay. A new 
experiment at Murlong builds on these results to 
evaluate the potential of topsoil slotting compared 
to spading, as a lower risk approach to address 
repellence (severe), compaction and nutritional 
constraints. The new experiment is co-located with 
a mitigation experiment evaluating wetter chemistry 
and placement. Comparing annual lower cost 
strategies against higher cost amelioration will be 
important in developing a framework to support 
grower decisions for cost effective outcomes on 
repellent sandy soils.

Yield responses to physical disruption and 
increasing profile fertility

A wide range of experiments have demonstrated 
that physical interventions (ripping, spading, 

deep cultivation) can improve crop productivity in 
compacted sandy soils (for example, Trengove et 
al. 2018; Moodie and Macdonald, 2018). The extent 
of the opportunity to further increase yield gains 
for effective cost benefits through incorporating 
amendments (fertilisers, manure, crop biomass) 
is less well understood. Depth of placement and 
type of amendment influence the rooting depth, 
the timing of nutrient supply, and access to profile 
moisture. These factors influence the balance of 
crop growth, development, and grain filling. A series 
of experiments across the southern rainfall range 
have been established to address these questions 
in deep compacted sands with nutritional limitations 
(Waikerie, Carwarp, Bute, Ouyen).

Targeting the depth of amelioration to compaction 
thresholds (with/without deep placement of 
amendments), three new trials (2018) demonstrate 
a range of site-specific responses (Figure 2). The 
potential for yield gains at Waikerie was limited by 
available water (95mm GS rainfall), with small yield 
gains under 60cm ripping treatments (+0.26t/ha) and 
no significant response to deep placed nutrition. 

At Carwarp (approximately 70mm GS rainfall), 
the yield responses to a range of amelioration 
approaches (ripping, spading) were relatively 
consistent (+0.5t/ha) and unaffected by depth, 
despite evidence of deeper crop water use. 
Increasing profile nutrition through incorporation of 
N-rich biomass had either no benefit (deep placed) 
or a negative yield effect (spading) associated with 
high early biomass production. 

In contrast to the dominance of physical effects 
at Waikerie and Carwarp, crop yields at Bute were 
more responsive to improved nutrition (7.5t/ha 
surface chicken litter), demonstrating yield gains 
of approx. 0.9t/ha compared to an average gain of 
0.29t/ha from physical interventions alone. The Bute 
site had the lowest severity and depth of physical 
constraint across project sites (Figure 1). All trials 
will continue for a further two years to evaluate the 
longevity of physical and nutrient carry-over effects.

Established in 2017, a trial at Ouyen is evaluating 
the incorporation (spading) of farm grown biomasses 
(vetch hay, oaten hay). It includes other amendments 
to allow regional comparisons (chicken litter) and 
assess longevity compared to complex/stable 
carbon inputs (compost). In the first-year spading 
suffered an establishment penalty (110 vs. 60 
plants/m²), resulting from sub-optimal seeding 
depth control, with spaded yields tending to only 
have a small benefit (+0.4t/ha) compared to the 
control (1.3t/ha). The two-year cumulative gain 
from spading alone was 0.58t/ha. Incorporation of 
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N-rich amendments (vetch, chicken litter, compost) 
supported higher yields over both years (2.9-3.5t/
ha cumulative totals), representing gains of 0.85-
1.73t/ha over and above the spaded control. Where 
high fertiliser additions (156kg N/ha, matching vetch 
N input) were incorporated through spading, yields 

were comparable but far more variable between 
replicates. Measurement of the rates of microbial 
decomposition and changes in soil N pools (mineral 
N, microbial biomass N and dissolved organic N) 
indicate differences in nutrient cycling between 
treatments that will be monitored over time.

Figure 2. Cereal yields across three amelioration trial sites including non-ameliorated control, ripped (Rip30, 
Rip50, Rip60), spaded (Spade30), or topsoil slotted (TSSlot30) treatments, and where numbers indicate 
depth (cm) of intervention. Grey bars represent yields under control fertiliser inputs, while black bars 
indicate gains/losses under nutrient enriched treatments. Letters indicate significant amelioration impacts 
within sites (n=4), noting broken y-axis to account for higher yields.

Figure 3. Cereal yields in response to spading and amendment incorporation at Ouyen, Victoria. Yields 
include two consecutive years following establishment in 2017; significant within year differences from 
the unspaded (Nil) control are indicated (*). Treatments include an undisturbed (Nil) control, and spaded 
treatments with no additional inputs (control), urea, three hays including vetch, oaten hay and a mixture of 
the two (C:N ratio indicated), chicken litter, and compost.
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Conclusions
There are substantial opportunities to increase 

yield on underperforming sandy soil in the Southern 
Region. However, it is important to consider the 
current yield gap, the expected yield gains, and 
the seasonal risks within the low to medium rainfall 
environment. Identifying the key soil constraints 
limiting crop root growth and water extraction is 
central to developing a targeted and cost-effective 
amelioration plan.

Across the Southern Region, compaction and 
yield responses to physical disruption are common 
but not guaranteed. Considering the depth and 
severity of compaction and the co-occurring soil 
constraints is important. Opportunities to optimise 
physical amelioration include understanding 
machinery specific impacts on soil strength and 
mixing ability and improving seeding depth 
control for even crop establishment. Experiments 
aiming to increase yields through incorporating or 
deep placing fertilisers or organic amendments 
demonstrate high seasonal variability, with risks of 
neutral or negative yield responses in dry years. 
Understanding the impact of placement depth and 
amendment form on the timing of nutrient supply 
and water use is required to harness any additional 
potential above physical intervention alone. 
Interactions with site, season and/or crop sequence 
have been demonstrated and highlight the need to 
better understand post-amelioration agronomy. 
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Background
N fertiliser inputs account for a large proportion of 

crop production costs and can contribute to the risk 
of losses in dry seasons. Over the last five decades, 
varietal selection for yield has steadily increased 
crop N uptake in wheat (Aziz et al., 2017). Increased 
N uptake combined with cropping intensification 
and reduced frequency of pastures results in the 
mining of Australian soils and compromised protein 
levels in cereal crops. To maintain yield and protein, 
the current N fertiliser rate (approximately 45kg N 
per ha on average) will need to double if the crop’s 
ability to capture mineral N from soil, which is <50% 
of applied fertiliser N, is not improved further (Angus 
and Grace, 2017; Gupta, Kirkegaard et al., 2018, 
GRDC project CSP00186). Assuming $1 per kg N, 
and 2.54 million hectares of wheat and barley in 

South Australia (2015-16 census) and an additional 
45kg of fertiliser N per ha input, this represents $114 
million annually for South Australian growers alone.

Microorganisms (microbiome) associated with 
the soil, plant residues, roots and the rhizosphere 
regulate N cycling and microbial processes, mediate 
its availability to plants and its losses from the 
system. A diverse group of microbial communities 
are involved in the release of nitrate N from soil 
organic matter (SOM), input through N fixation and 
N losses, and they are present in all agricultural 
soils. There are direct links between processes 
involved in the release of N from SOM and those 
involved in the transformation of fertiliser N to 
plant available forms e.g. conversion of urea to 
nitrate N (ureC, amoA genes) (Figure 1). Therefore, 
management strategies that manipulate microbial 

Keywords
 nitrogen, mineralization, nitrification, fixation, rhizosphere, immobilization.  

Take home messages
	Microorganisms associated with the soil, crop residues, roots and in the rhizosphere of cereal 

crops regulate nitrogen (N) cycling processes, mediate its availability to plants and its losses from 
the system.  

	Cereal crops differ in terms of microbial biomass, activity and levels of different N cycling 
processes within the crop and hence N availability.

	Significant variation exists between wheat varieties in terms of general microbial composition and 
microbial groups involved in N cycling processes.  

	Selection of varieties that are more readily associated with more effective groups of N cycling 
microbes could be a sustainable option to increase N use efficiency in cereal crops.

	The process of N immobilisation (tie-up) by the microbial biomass (MB) which affects the 
availability of N from soil organic matter and fertiliser early in the growing season should be 
considered in N management decisions, especially for cereal crops, in stubble retained and 
intensive cereal cropping systems.

Vadakattu V.S.R. Gupta¹, Victor Sadras² and Therese McBeath¹.
1CSIRO Agriculture and Food, Waite Campus, SA; ²SARDI, Waite Campus, SA;
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Factors that drive nitrogen availability in wheat, 
including soil microbiology
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communities controlling N release, mineralisation 
and immobilisation would help optimise both  
organic and fertiliser N use efficiency, in particular in 
cereal crops.

Plants are known to shape their rhizosphere 
microbiome by selectively promoting different 
members of the soil bacterial and fungal community. 
The rhizosphere, rhizoplane (root surface) and 
endosphere (root internal region) contain distinct 
but reproducible microbial communities. The 
plant’s microbiome and above- and below-ground 
associated microbiomes, are an integral part of the 
wider genome of the plant and are now considered 
as the extended phenotype of all plants. Recent 
knowledge based on new molecular techniques 
suggests that capturing N benefits from improved 
plant-microbe interactions would be a more 
sustainable option for improved nutrient and water 
use efficiency in crops, and overall production and 
profit. For example, clear differences in bacterial 
and fungal communities have been observed in 
the domesticated modern bread wheats, landraces 
and wild relatives within the Triticeae (Gupta VVSR 
and Richardson A, CSIRO, unpublished). Therefore, 
successful exploitation of soil microbial capabilities 
requires the development of the plant-microbial 
associations through selection of varieties that more 
readily associate with beneficial microbiomes. In this 
paper current knowledge of the factors that drive N 
availability in cereal crops and how varieties would 
differ in terms of accessing N from soil is discussed.

Decomposition, mineralisation and N  
supply potential

Crop residues are a major source of carbon (C) 
for soil biota in the low organic matter Australian 
agricultural soils, hence retention of stubble is 
necessary for maintaining biological activity and N 
cycling within the cropping system. Decomposition 
of crop residues is carried out by diverse groups 
of microbial communities and facilitated by the 
activity of soil fauna. An increased practice of 
intensive cropping, especially cereals, away from 
mixed farms where crop rotation with legume 
pastures was common, has generally resulted in 
a decline of crop residue based N mineralisation 
mainly through altered crop residue quality e.g. 
high C:N ratio of cereal residues (100:1) replacing 
N-rich legume residues with C:N ratio between 
15 and 25. Crop residues with a C:N ratio >22:1 
generally result in immobilisation (tie-up) of mineral 
N in MB. Decomposing legume crop residues make 
a significant contribution to the N requirement 
of the following cereal crops, for example an 
apparent recovery of 30±10% of legume residue 
N by following wheat crops was observed over 
20 legume treatments in dryland experiments 
conducted in eastern Australia (Peoples et al. 
2017). Cereal stubble is not a major source of N for 
following cereal crops but should mainly be seen 
as a source of C for microbes. In no-till systems, 
only 1% to 6% of the N requirement of cereal crops 
is derived from the previous year’s wheat stubble 
(Gupta 2016 and GRDC project CSP00186). Non-

Figure 1. Biological processes involved in N cycling that influence N availability to cereal crops. SOM – 
soil organic matter, DON – dissolved organic nitrogen, POM – particulate organic matter, MB - microbial 
biomass. Microbial groups (genes) involved in specific N cycling processes are shown in italics.
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cereal break-crops (e.g. legumes and canola) also 
help cereals in rotation to better access the soil 
mineral N pool through improved root health by 
reducing cereal root diseases (Gupta et al. 2011).  

The rate and timing of N mineralisation regulates 
plant available mineral N in soils and the release 
of mineral N in soil is regulated by the microbial 
turnover processes (Figure 1). Changes in the 
amount of MB (a store-house for nutrients in soil) 
due to management, seasonal conditions and the 
rhizosphere effect, can exert a substantial impact on 
net N mineralisation and microbial immobilisation. 
MB-C accounts for 1.5% to 3.0% of soil organic C and 
MB-N for 2.0% to 5.0% of total N. In cereal crops, MB 
generally increases (by > 2-fold) from sowing to the 
end of flowering after which it reduces, depending 
upon seasonal conditions. Therefore, increasing MB 
and associated N tie-up would reduce N availability 
to cereals, especially during the early crop growth 
stages which should be supplemented with fertiliser 
N. Microbial activity and N cycling processes are 
generally higher in-crop due to the rhizosphere 
effect, e.g. approximately 60% of total soil microbial 
activity in-crop is concentrated in the rhizosphere, 
and hence a growing cereal crop has a significant 
impact on N mineralisation and immobilisation. 
Recent research has shown that MB and activity 
based drivers of N availability (mineralisation-

immobilisation) vary between cereal crops and 
varieties. For example, rhizosphere MB and activity 
within a crop is significantly different between cereal 
crops e.g. cereal rye>oats>barley>wheat=triticale. 
Also, the amount of MB and activity in the 
rhizosphere of wheat varieties significantly varied in 
crops at Roseworthy in 2018, e.g. WyalkatchemA  
and Janz supported higher levels compared to 
YitpiA, ScepterA and Machete varieties (Gupta and 
Sadras, 2018). 

As the N uptake by wheat is 35% to 45% from the 
fertiliser in the year of application and the remainder 
from soil processes, a better prediction of in-crop 
N supply from soil for cereal crops is potentially 
important. As microbial turnover and associated N 
mineralisation-immobilisation balance is influenced 
by seasonal conditions, estimation of N supply 
potential at the beginning of a crop season should 
include the amount of N in MB and the N that can 
be mineralised from SOM and crop residues. N 
tie-up within a crop is only a temporary constraint 
as the immobilised N will be released through 
microbial turnover, typically in spring provided there 
is sufficient rainfall to maintain topsoil moisture. N 
tie-up by cereal residue not only occurs following 
incorporation but also happens in surface-retained 
and standing-stubble systems particularly pre-
sowing depending upon season conditions. The 

Figure 2. Abundances of microbial functional groups (gene copy number/gram soil) that regulate different 
N cycling processes in the rhizosphere of wheat varieties in a field experiment on a red brown earth soil at 
Roseworthy, SA during 2018 crop season (Gupta and Sadras, unpublished, SAGIT funded project).
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extent to which differences emerge are related to 
seasonal conditions; chiefly rainfall and temperature, 
and to the time period between stubble treatment 
(burning or grazing) and soil sampling to allow 
differences to develop.  

Residual fertiliser N use efficiency refers to the 
amount of N applied to a previous crop which 
becomes available to the following crop. Results 
from three years of field experiments at Karoonda 
(SA), Horsham (Vic) and Temora (NSW) indicated 
that the uptake of residual urea fertiliser applied 
to a wheat by the following wheat crops was 4% 
to 10% and 2% to 13% in the second and third 
year after application, respectively (GRDC project 
CSP00186). When considering the residual benefit of 
N fertiliser applied in 2018 to the 2019 cereal crop, 
crop performance and the influence of microbial 
processes should be considered.

Nitrification
Nitrification, the biological process of conversion 

ofNitrification, the biological process of conversion 
of ammonium N (NH4+) to nitrate (NO3-), is an 
important step in the pathways that lead to releasing 
plant available mineral N (mineralisation, fertiliser 
release) and also losses of N from agricultural 
systems. Ammonia oxidation is carried out by 
several groups of microorganisms known as 
ammonia oxidising bacteria (AOB, bacteria amoA) 
and ammonia oxidising archaea (AOA, archaea 
amoA) collectively known as nitrifiers. Nitrifiers are 
generally abundant in Australian agricultural soils, 
although the abundance and the type of nitrifiers 
present varies with soil type and depth. Their activity 
can be influenced by management practices such 
as tillage, agrochemical application and crop type. 

Recent research has shown significant variation in 
the total nitrifiers, proportion of AOB and AOA and 
nitrification in the rhizosphere of different wheat 
varieties (Figure 2). AOA are generally higher in soils 
with constraints e.g. highly alkaline soils. Although 
the nitrification potential in most agricultural soils 
is not considered a limiting factor for the overall N 
mineralisation, changes due to management and 
crop effects could impact on the rate of activity and 
timing of N mineralisation. Research has shown that 
banding fertilisers can influence nitrification and 
the accumulation of nitrate N (Angus et al. 2014). A 
number of manufactured compounds are known to 
inhibit nitrification (such as nitrapyrin, dicyandiamide, 
3, 4- dimethylpyrazole phosphate-DMPP) including 
some herbicides (e.g. triazines) thereby reducing the 
rate of mineral N release.  

Biological nitrification inhibition (BNI), the 
production of nitrification inhibitors in situ by plant 
roots, is an attractive low-cost alternative to the 
application of commercial inhibitors. BNI compounds 
in root exudates affect both AOB and AOA microbial 
groups. Recent research has shown significant 
levels of BNI in Triticum aestivum; of the 96 wheat 
landraces tested, 26 produced root exudates 
which caused a statistically significant reduction in 
nitrification rates suggesting that some plants can 
moderate the rate of nitrate N release (Figure 3).  
The discovery of landraces with BNI ability and  
the presence of moderate levels in the wheat 
cultivar WyalkatchemA raises the potential for 
breeding this trait into modern, elite wheat cultivars. 
At present, fertiliser N use efficiency in cereal 
crops could be manipulated by targeting fertiliser 
placement or by using slow release fertilisers and 
nitrification inhibitors. 

Figure 3. Biological nitrification inhibition (BNI) capacity of selected landraces of wheat in a pot assay. * 
indicates significant BNI at P<0.05 (O’Sullivan et al. 2016).
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Non-symbiotic free-living N2 fixation 
Free living (FL) N2 fixation refers to N fixation 

by bacteria growing independently in soil and 
stubble or in close association with plant roots. 
With the increased adoption of intensive cropping 
and the corresponding increase in area under 
consecutive cereal crops (>50%), FL-N2 fixation has 
the potential to make substantial contribution to N 
requirements in cereal crops. In cereal crops under 
current day conservation farming systems, the soil 
habitat promotes activity of FL-N2 fixing (nifH gene 
harbouring) bacterial communities both during off-
season and in crop i.e. increased microsites with 
C availability and high C/N ratio. Improvements 
in FL-N2 fixing capacity in cereals can provide 
multiple benefits through reduced requirement for 
N inputs, disease suppression and C sequestration. 
Estimates of FL-N2 fixation using soils from cereal 
fields measured using a laboratory assay, ranged 
from 0.2 to 1.5kg N/ha/day in sand and sandy loam 
soils in low to medium rainfall regions of southern 
and Western Australia, compared to 0.5 to 2kg N/
ha/day in the clay and loam soils in high rainfall 
regions. The amount of N fixed varied with soil type 
(% clay content, pH) and was influenced by the time 
of sampling (in crop versus non-crop/fallow period), 
crop type, stubble retention and mineral N levels. 
The number of optimal days per season for FL N2 
fixation does vary in different agricultural regions. 
Higher levels of mineral N in the surface soil (>25kg 
N/ha) could have a negative effect on the amount of 
FL-N2 fixation, but this varies with soil type so needs 
region-specific solutions. 

Genetic profiling of N2-fixing bacteria (nifH gene 
sequencing analysis) in cereal crop field soils (from 
Qld, NSW, SA and WA) indicated that the presence 
of a diverse group of free-living community (112 
genera) bacteria in different agricultural regions; 
indicating differences based on soil type, climate 
and management. Recent research has shown that 
cereal crops differed in terms abundance of N2 
fixing bacterial populations and the amount of FL-N2 
fixation they support in their rhizosphere soil and in 
roots e.g. barley=triticale >wheat. Additionally, there 
is some varietal based variation in the abundances 
of various groups affecting the amount of FL-N2 
fixation. Among wheat varieties; YitpiA and Janz 
supported higher number of N2 fixing bacteria 
compared to GladiusA and Frame (Figure 2). Barley 
varieties FlagshipA, Schooner showed higher 
abundance and higher FL N2 fixation compared 
to the variety BulokeA and HindmarshA. Varieties 
of wheat and barley also vary in the composition 
of diazotrophic bacterial community in their roots 

and rhizosphere soil, i.e. each cultivar preferentially 
supporting a narrow spectrum of microbes in higher 
abundance. The variation in FL N2 fixation with 
different cereal crops and the different varieties 
is therefore a product of the specific type of 
diazotrophs they promote and their abundance in 
roots and rhizosphere. Overall, results demonstrate 
the presence of a diverse community of N2 fixing 
bacteria in agricultural environments, and that the 
selection of appropriate cereal crop variety might 
increase N2 fixation benefits from FL N2 fixation 
especially during spring when the demand for N  
is high. 

What next?
Recent research showed that selection for yield 

in SA wheat varieties reduced the size of the root 
system, but increased total N uptake (25% more 
N from soil) and N uptake per unit root system 
(Aziz et al. 2017). The reasons for the improved 
efficiency in uptake of N are not fully understood. 
The presence of a significant variation between 
cereal crops and varietal differences in general 
microbial composition and microbial functional traits 
(genes) involved in N availability raises the potential 
for breeding this trait into modern, elite cultivars of 
cereal crops. These traits could be used to promote 
mineralisation and free living N2 fixation during 
periods of peak N requirement. Varieties that can 
modulate the release of fertiliser N through higher 
biological nitrification inhibition would also help 
improve the fertiliser N use efficiency. Trade-offs 
between improved microbial activity and other crop 
traits need attention. In addition, the process of N 
immobilisation (tie-up) by the MB which affects the 
availability of N from soil organic matter and fertiliser 
early in the growing season should be considered 
in N management decisions, especially for cereal 
crops, in stubble retained and intensive cereal 
cropping systems. 
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2018 Seasonal overview for cereal NVT
Much like 2017, the 2018 cropping season began 

with an erratic opening break for most districts with 
limited opportunities to sow early into adequate 
moisture and very delayed germination in many 
dry sown situations. Extremely low rainfall in most 
districts, except the South East, continued through 
winter and into spring and was combined with 
severe frost (stem and head) events during late 
August and September and into early October, 
particularly within districts which rarely see these 
events. Strong winds in late September and early 
October further impacted crop growth through 
grain shattering and lodging. On a more positive 
note, incidence of cereal disease was very low with 
some Septoria noted within the high rainfall South 
East district. Despite the very challenging season in 
many SA districts and the confounding issues across 
districts, the majority of cereal NVTs produced good 
results and provided the opportunity to assess many 
of the newer varieties under diverse, albeit mostly 
drier seasonal conditions. 

Wheat NVT 
The light and erratic opening rains impacted the 

NVT program, preventing the opportunity to sow 
’early break’ wheat trials, except for a long season 
trial in the South East. Otherwise for main season 
trials, sowing dates ranged from 8 May at Piednippie 
to 20 June at Penong with most trials sown in 
the second half of May. Individual wheat NVT site 
yields ranged from 0.31t/ha at Mitchellville to 7.3t/
ha at Conmurra in the South East with an average 
of 2.92t/ha across the 19 successful main season 
trials, slightly above the 2.72t/ha average in 2017, but 
below the 5-year (2013-2017) average of 3.30t/ha.

Trial variability, severe drought conditions 
and frost resulted in the failure of trials at Kimba, 
Pinnaroo, Nangari, Wanbi, Palmer, Spalding and 
Wokurna. The results from these sites were 
considered invalid for ‘head to head’ variety 
comparisons, but for transparency, are available  
in a ‘Quarantined Trials Report’ obtained at  
www.nvtonline.com.au 

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

Take home messages
	Across a wide sowing date range and mostly very dry and frosty seasonal weather conditions, 

mid-season maturing wheat and barley varieties were generally most dominant in 2018.

	VixenA (Australian Hard (AH)), ScepterA (AH), BeckomA (AH), LRPB ArrowA (AH) and the 
Clearfield® varieties, Razor CL PlusA (Australian Standard White (ASW)) and Sheriff CL PlusA 
(Australian Premium White (APW)), led MaceA, and were the highest yielding varieties across 
2018 SA wheat National Variety Trial (NVT) sites. 

	RosalindA, FathomA, BuffA and RGT PlanetA led CompassA and were the highest yielding varieties 
across 2018 SA barley NVT sites. 

	Long term results at a local level, found at ww.nvtonline.com.au, will provide the most reliable 
yield information to guide choice of variety for a particular farming system. 

Rob Wheeler.

GRDC Southern Region.

GRDC project code: DAS00163

Wheat and barley variety update - 2018

http://www.nvtonline.com.au
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All other trials returned statistically acceptable 
results and regional mean yield data is shown  
in Table 1. 

A total of 38 commercial wheat varieties and 
19 breeding lines were evaluated in the SA main 
season NVT series. Overall, the 2018 seasonal 
conditions tended to favour early to mid maturing 
varieties with VixenA, ScepterA, BeckomA, CobaltA, 
LRPB ArrowA, Razor CL PlusA and Sheriff CL PlusA, 
respectively, leading all other varieties, including 
MaceA, tested at all sites. Many of these leading 
varieties have only been released in the past 12 
months or more and while it is useful to see their 
performance in a difficult year such as 2018, longer 
term comparisons including their quality and disease 
resistance characteristics need to be considered by 
growers considering a change to them. Of particular 
interest will be the new Clearfield® varieties, Razor 
CL PlusA and Sheriff CL PlusA which potentially 
offer much higher yields and a range of alternative 
agronomic characteristics, albeit lower market 
quality classification, relative to the older commercial 
varieties, Grenade CL PlusA and Kord CL PlusA.

Durum wheat NVT
 Severe frosting at the Wokurna and Spalding 

durum NVT reduced the useful data emerging from 
2018, but the remaining four sites through the Mid 
North and Yorke Peninsula yielded an average 
3.08t/ha across the 17 varieties tested. Following 
similar results to 2017, DBA-AuroraA, SaintlyA and 
DBA VittaroiA were among the leading varieties 
across sites, but the now older variety, WID802A led 
all varieties when averaged across the four sites. 

Barley NVT
Within the main season 2018 barley NVT, sowing 

dates ranged from 8 May at Piednippie to 26 June at 
Darke Peak with most trials sown in the second half 
of May. Individual barley NVT site yields ranged from 
0.84t/ha at Lameroo to 7.07t/ha at Maitland on the 
Yorke Peninsula with an average of 3.66t/ha across 
the 15 successful main season trials, well below 
the 4.37t/ha average in 2017 and below the 5-year 
(2013-2017) average of 4.04t/ha.

Trial variability, severe drought conditions and 
frost resulted in the failure of trials at Crystal Brook, 
Paruna and Wharminda. The results from these sites 
were considered invalid for ‘head to head’ variety 
comparisons, but for transparency, most results are 
available in a ‘Quarantined Trials Report’ obtained 
at www.nvtonline.com.au.  All other trials returned 
statistically acceptable results and regional mean 
yield data is shown in Table 2. 

A total of 35 commercial barley varieties and 
15 breeding lines were evaluated in the SA main 
season NVT series. Overall, the 2018 seasonal 
conditions tended to favour early to mid maturing 
varieties but across all sites, only six per cent 
difference in yield separated the top 12 varieties. 
RosalindA, FathomA, BuffA, RGT PlanetA and 
CompassA were the leading varieties, respectively, 
followed by HindmarshA, La TrobeA and Spartacus 
CLA. With the exception of BuffA, a recent release 
with acid soil tolerance, this group of varieties have 
generally been among the best performers in SA 
barley NVT across recent seasons.

The relative grain yield of selected commercial 
varieties in 2018 NVT is summarised in Tables 1 and 
2. The grain yield for each variety is expressed as 
a percentage of the regional individual trial mean 
yields. While these mean values are a guide to the 
general performance of varieties across the state in 
2018, results in individual sites and seasons do vary 
and this detail can be better explored through the 
long term results reports found at www.nvtonline.
com.au. Note that long term results found on the 
NVT website are derived from a Multi-Environment 
Trial (MET) analysis which incorporates all southern 
trial data for the past five years and therefore, gives 
the best indication of relative varietal performance.

Interpreting long term yield data and new 
developments in NVT

The long term yield data presented in annually 
published crop sowing guides is an output of 
the new NVT long term MET analysis and use a 
minimum five-year rolling dataset in the  
MET analysis.  

A factor analytic (FA) mixed model approach is 
used in the MET analysis drawing on expertise from 
the GRDC supported Statistics for the Australian 
Grains Industry (SAGI) program. This approach uses 
raw plot data to simultaneously model the individual 
trial variation and the variety by environment 
interactions (VEI) observed across years and 
geographical locations to develop the NVT long 
term variety by environment predictions. In this way, 
NVT long term predictions better exploit the true 
power that exists within the NVT database, which 
now encompasses more than 8,000 individual trials. 

To gain the full benefit of these world leading 
statistical outputs, users should study variety 
rankings across locations and seasons relevant to 
their farming system. However, presenting this level 
of detail is difficult within hardcopy publications, 
which are left needing to average across regions 

http://www.nvtonline.com.au
http://www.nvtonline.com.au
http://www.nvtonline.com.au
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Grade Variety Upper Eyre P Lower Eyre P Mid North Yorke Pen Murray Mallee South East
AH AxeA 95 60 103  91 
AH BeckomA 104 103 107 106 101 108
AH CosmickA 100 103 97 94 98 97
AH CutlassA 99 103 96 102 99 96
AH DS DarwinA  93 89 96 93 99
AH Emu RockA 95 100 104 103 97 96
AH GladiusA 99 94 95 95 98 93
AH Grenade CL PlusA 96 92 95 97 87 93
AH Kord CL PlusA 99 94 98 96 96 90
AH LRPB ArrowA 102 102 106 104 103 103
AH LRPB CobraA 95 100 96 101 96 104
AH LRPB HavocA 108 103 106 99 94 100
AH LRPB PhantomA   91 98 97 99
AH LRPB ScoutA 89 96 102 104 100 98
AH MaceA 107 100 105 100 101 102
AH ScepterA 112 113 114 107 108 108
AH ShieldA 93 95 96 99 95 89
AH TungstenA   95 99  96
AH VixenA 107 114 118 107 108 111
AH WallupA 92 90 96 92 87 95
AH YitpiA 98 93 96 101 96 90
APW Chief CL PlusA 105 103 106 96 90 100
APW CobaltA 103 107 100 99 108 105
APW CorackA 103 104 108 96 103 101
APW DS PascalA  88 85 93  99
APW EstocA 95 94 101 100 98 94
APW LRPB TrojanA 103 100 96 105 100 102
APW Sheriff CL PlusA 102 106 103 104 99 104
APW WyalkatchemA 99 101 104 102 97 97
ASW Razor CL PlusA 101 98 105 106 110 103
Feed LRPB BeaufortA      108
Feed RGT ZanzibarA   83   108
Feed ZenA  107 104 102  
 Region Mean (t/ha) 1.31(6) 3.65(3) 2.70(2) 3.94(3) 2.06(2) 5.11(3)
DR CaparoiA   95 97  
DR DBA BindaroiA   95 98  
DR DBA SpesA   110 101  
DR DBA VittaroiA   105 103  
DR DBA-AuroraA   113 104  
DR HypernoA   107 97  
DR SaintlyA   111 102  
DR TjilkuriA   102 102  
DR WID802A   112 108  
 Region Mean (t/ha) (t/ha)   1.83(2) 4.34(2)  

Table 1. Mean grain yield (%) from 2018 SA Wheat NVT. Yield expressed as a function (%) of region trials mean yield is shown 
for each region. The three highest ranked varieties in each region are highlighted in bold (varieties omitted from means were 
not tested at all locations, varieties listed in alphabetical order within southern zone classification grade, # trials in italics). 
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and/or yield groupings. Averaging does simplify the 
data and allows for broad sweeping generalisations, 
but also actually masks variety performance 
comparisons that might otherwise be observed 
for specific environments, effectively undoing the 
sophistication of the new analysis. 

To overcome this challenge, the NVT team has 
continued to develop a simple web tool for viewing 
the vast datasets encountered in the NVT system 
and it is available at https://app.nvtonline.com.au. 

When using the tool, the results are most accurate 
and reliable when viewed at the individual location 
(site) level, but the option is still provided for regional 
or multi-site selections for ease of use and/or 

more generic interpretations. In addition, users can 
still choose to view data on Year or Yield based 
groupings, both in chart or table format and they can 
also filter wheat varieties by delivery classification.

Future outlook for NVT
With the increased sophistication afforded by 

the latest analytical and reporting techniques, an 
opportunity now exists to help growers understand 
and interpret the VEI observed in NVT. In particular, 
research to better explain the environmental 
drivers of variety performance will assist growers 
more easily relate NVT results to their growing 
environment(s). 

Grade Variety Upper Eyre P Lower Eyre P Mid North Yorke Pen Murray Mallee South East
  4 2 2 4 2 2
M BassA 85 95 103 99 90 100
M ChargerA     100 103   98
M CommanderA 98 100 99 99 91 100
M CompassA 107 98 119 102 102 102
M FlindersA   99 92 95   95
M GairdnerA   88 80 90    
M GrangerA   99 83 98   99
M La TrobeA 106 102 116 99 102 100
M ScopeA 93 91 98 98 94 97
M Spartacus CLA 104 102 118 99 97 101
M WestminsterA           89
Food HindmarshA 104 103 119 99 101 100
F* AlestarA 82 95 83 95   99
F* BanksA 94 102 101 105 107 101
F* BuffA 107 103 113 103 111 99
F* ExplorerA     88 100   102
F* MaltstarA 84 98 85 98   100
F* RGT PlanetA 89 108 96 109 100 107
F CharlesA     94 99   94
F FathomA 113 101 119 106 105 103
F FatimaA     92 101   103
F FleetA 105 96 111 105 98 96
F KeelA 107 95 111 100 93 94
F OxfordA   97 70 97 94 102
F RosalindA 105 110 112 108 99 103
F SunshineA     92 98   97
F TopstartA 67 101 67 95   99
F Traveler   90 85 96 80 95
  Region mean (t/ha) 2.18 5.94 2.53 4.59 2.00 5.31

Grade: M=malt, F=feed, F*= feed pending malt evaluation and accreditation.

Table 2. Mean grain yield (%) from 2018 SA Barley NVT. Yield expressed as a function (%) of region trials mean yield is shown 
for each region. The three highest ranked varieties in each region are highlighted in bold (varieties omitted from means  
were not tested at all locations, varieties listed in alphabetical order within classification, # trials in italics). 

https://app.nvtonline.com.au
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Finally, the wide range of variety trait information 
made available through NVT supports more 
considered variety selection decisions, but again 
adds complexity. To enable growers to more easily 
navigate the selection process, the NVT team is 
investigating options for growers to select their user 
preferences with regard to sites, varieties and traits 
of interest.  
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Resistance to herbicides in SA Mallee and 
South-East

In 2017, we conducted a survey of crop fields 
in the SA Mallee and the South-East to assess the 
extent of herbicide resistant weeds in these regions. 
The survey showed high levels of resistance in 
annual ryegrass in both areas (Table 1). Resistance 
was higher and more problematic in the South-East 
compared to the Mallee, as would be expected 
given the higher intensity of cropping in the  
South-East. 

Of particular concern in the South-East is that 
27% of the samples collected had resistance to 
glyphosate and 7% had resistance to paraquat. This, 
together with high levels of resistance to the Group 
A and Group B herbicides, severely restricts the 
ability to control annual ryegrass post-emergent in 
this region.

There is also resistance to the pre-emergent 
herbicides in annual ryegrass. Trifluralin resistance 
was present in all regions, but highest in the 
southern Mallee. Resistance to the Group J and/or 
Group K pre-emergent herbicides was also present 

in all regions, but at lower frequencies. Resistance 
to triallate and metazachlor tended to be more 
common than resistance to the other Group J and 
Group K herbicides.

Resistance to pre-emergent herbicides
In recent years, resistance to pre-emergent 

herbicides has been increasing in annual ryegrass 
populations. Resistance to trifluralin is widespread in 
all districts of SA; however, failures of Avadex® Xtra 
(triallate), Boxer Gold® (prosulfocarb + S-metolachlor) 
and Butisan® (metazachlor) have been reported 
from the field. The problem is that some of these 
populations have resistance to numerous pre-
emergent herbicides.

Several of these populations have moderate 
levels of resistance to the Group J herbicides and 
some cross-resistance to the Group K herbicides. 
We tested six different resistant populations from SA 
and NSW. The levels of resistance to triallate and 
prosulfocarb were similar in these populations,  
but there were varying levels of resistance to  
the Group K herbicides metazachlor and 
pyroxasulfone (Figure 1). 

Keywords
 herbicide resistance, pre-emergent herbicides, 2,4-D, glyphosate, paraquat.  

Take home messages
	Resistance surveys indicate increasing resistance to pre-emergent herbicides in annual ryegrass 

and to 2,4-D in broadleaf weeds in South Australia (SA).

	Resistance patterns to pre-emergent herbicides in annual ryegrass are complex and populations 
can have resistance to all pre-emergent herbicides.

	Mixtures of pre-emergent herbicides can help manage resistant annual ryegrass populations 
when coupled with seed set control tactics.

Christopher Preston, David Brunton, Peter Boutsalis and Gurjeet Gill.

School of Agriculture, Food & Wine, University of Adelaide.

GRDC project codes: UCS00024, 9175880

Sustaining our herbicide options into the future



102
 2019 ADELAIDE GRDC GRAINS RESEARCH UPDATE

Herbicide Group Northern Mallee Southern Mallee South-East
 Samples resistant (%)
Diclofop-methyl A 14 31 84
Pinoxaden A 17 20 84
Clethodim A 0 2 19
Sulfometuron B 69 37 66
Imazamox + Imazapyr B 47 26 52
Glyphosate M 0 4 27
Paraquat L 0 0 7
Trifluralin D 14 68 41
Propyzamide D 0 0 0
Triallate J 5 0 23
Prosulfocarb J 0 0 5
Prosulfocarb + S-metolachlor J + K 0 0 5
Metazachlor K 3 2 9
Pyroxasulfone K 0 2 5

Table 1. Extent of resistance in randomly collected annual ryegrass samples from crop fields in the SA Mallee and the South-
East in 2017. Resistance is defined as >20% survival.

Figure 1. Response of two susceptible (SLR4 and VLR1) and six resistant annual ryegrass populations to 
various pre-emergent herbicides. (A) Triallate, (B) Prosulfocarb, (C) Metazachlor and (D) Pyroxasulfone.
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Treatments Rate  (g a.i./ha) Weed density (plants/m2) Spike density (spikes/m2)
  Paskeville Arthurton Paskeville Arthurton
Untreated  688 f 518 i 514 g 294 f
Triallate 1500 609 f 191 f 318 f 223 d
Trifluralin  1200 832 g 388 h 507 g 295 f
Trifluralin + triallate  1200 + 1500 601 ef 282 g 339 f 279 f
Prosulfocarb  2400 105 a 119 bc 190 de 256 e
Prosulfocarb + S-metolachlor  2000 + 300 160 b 136 cd 159 bc 213 d
Pyroxasulfone  100 510 e 171 e 204 e 90 a
Prosulfocarb + S-metolachlor + triallate  2000 + 300 + 1500 262 d 173 e 168 cd 168 c
Prosulfocarb + triallate  2400 + 1500 259 cd 136 cd 107 a 178 c
Pyroxasulfone + triallate  100 + 1500 162 b 143 d 131 ab 128 ab
Pyroxasulfone + prosulfocarb + S-metolachlor  100 + 2000 + 300 106 a 102 a 165 cd 85 a

Table 2. Control of herbicide resistant annual ryegrass with pre-emergent herbicide options at Arthurton and Paskeville in 
2018. All herbicides were applied incorporated by sowing (IBS) prior to sowing. Weed density was determined eight weeks 
after sowing (WAS) and spike density at 18 WAS. Values with different letters in each column were significantly different.

Options for controlling annual ryegrass 
resistant to the pre-emergent herbicides

Two field trials were conducted at Arthurton 
and Paskeville, SA, in wheat in 2018 to explore 
opportunities for managing resistance to  
pre-emergent herbicides. Both sites had weed 
populations with high resistance to trifluralin, 
moderate resistance to the Group J herbicides  
and low resistance to the Group K herbicides. 
Growing conditions during 2018 were challenging 
with below average rainfall between April to July, 
resulting in lower than normal activation of  
pre-emergent herbicides. 

In the field trials, trifluralin was relatively ineffective 
at reducing annual ryegrass at both sites and did 
not reduce annual ryegrass spike production, 
consistent with the high level of resistance to 
trifluralin present (Table 2). Triallate (Avadex® Xtra) 
alone reduced weed density at Arthurton, but not 
at Paskeville. Prosulfocarb, as either Arcade® or 
Boxer Gold®, provided higher levels of control and 
reduced annual ryegrass seed set. Pyroxasulfone 
(Sakura®) was less effective at reducing annual 
ryegrass numbers, particularly at Paskeville. This was 
probably the result of the dry seasonal conditions, 
as this herbicide requires more moisture to activate. 
Sakura® tended to be better at reducing annual 
ryegrass seed set.

Despite resistance to all of the herbicides used, 
mixtures of pre-emergent herbicides were more 
effective at controlling annual ryegrass and reducing 
seed set (Table 2) than using single herbicides 
alone. Mixtures of pre-emergent herbicides can 
be useful where annual ryegrass populations 

are high or where conditions for pre-emergent 
herbicides to work are poor. These trials show that 
where moderate or low resistance to pre-emergent 
herbicides is present, mixtures can also help control 
resistant populations.

Resistance to herbicides in  
broadleaf weeds

The 2017 weed survey also identified resistance 
to herbicides in broadleaf weeds in both the Mallee 
and the South-East. The major broadleaf weeds 
with resistance were sowthistle, wild radish and wild 
turnip (Table 3). Resistance to Group B herbicides, 
both sulfonylurea and imidazolinone herbicides, was 
very common in sowthistle and to a lesser extent in 
wild radish and wild turnip. The number of samples 
of wild radish with resistance to imidazolinone 
was half that of samples resistant to sulfonylurea 
herbicides. This highlights the importance of 
herbicide resistance testing to determine which 
herbicides may still be effective.

Of considerable concern is the frequency of 
resistance to 2,4-D in both sowthistle and wild 
radish. The amount of 2,4-D resistance detected in 
broadleaf weeds is increasing. Where the resistance 
level is low, which often occurs with wild radish and 
sowthistle, mixtures of 2,4-D with other herbicides 
can be effective. Where the level of resistance is 
high, which occurs with some populations of wild 
radish and Indian hedge mustard, other practices 
will have to be used. For wild radish management, a 
two-spray strategy of a contact herbicide early post-
emergence (e.g. Velocity® or Talinor®), followed by 
a more systemic product (e.g. Flight® or Triathlon®) 
typically works well.
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Useful resources
http://sciences.adelaide.edu.au/agriculture-food-

wine/system/files/docs/2016-wild-radish.pdf
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  Sowthistle Wild radish Wild turnip
Herbicide Group Mallee South-East South-East Mallee
 Samples resistant (%)
Chlorsulfuron B 92 66 46 19
Imazamox + Imazapyr B 91 76 23 16
2,4-D I 3 25 38 0
Atrazine C - - 0 0
Diflufenican F - - 0 0

Table 3. Extent of resistance in randomly collected samples of broadleaf weeds from crop fields in the SA Mallee and the 
South-East in 2017. Resistance is defined as >20% survival.
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Background
Winter wheat varieties allow wheat growers in the 

Southern Region to sow much earlier than currently 
practised, meaning a greater proportion of farm can 
be sown on time. The previous GRDC Early Sowing 
Project (2013-2016) highlighted the yield penalty 
from delayed sowing.  Wheat yield declined at 35kg/
ha for each day sowing was delayed beyond the 
end of the first week of May using a fast-developing 
spring variety. 

Sowing earlier requires varieties that are slower 
developing. For sowing prior to April 20, winter 
varieties are required, particularly in regions of high 
frost risk. Winter wheats will not progress to flower 
until their vernalisation requirement is met (cold 
accumulation), whereas spring varieties will flower 

too early when sown early. The longer vegetative 
period of winter varieties also allows dual-purpose 
grazing.

The aim of this series of experiments is to 
determine which of the new generation of winter 
varieties have the best yield and adaptation in 
different environments and what is their optimal 
sowing window. Prior to the start of the project in 
2017, the low to medium rainfall environments of SA 
and Victoria had little exposure to winter varieties, 
particularly at really early sowing dates (mid-March).  
Three different experiments have been conducted 
in the Southern Region in low to medium rainfall 
environments during 2017 and 2018, and one of 
these has been matched by collaborators in NSW 
for additional datasets presented in this paper. 

Keywords
 winter wheat, crop development, frost, dual purpose, vernalisation.  

Take home messages
	Highest yields for winter wheats come from early to late April establishment. 

	Highest yields of winter wheats sown early are similar to ScepterA sown in its optimal window.

	Slower developing spring varieties are not suited to pre-April 20 sowing.

	Different winter wheats are required for different environments. 

	Flowering time cannot be manipulated with sowing date in winter wheats such as spring wheat.

	10mm of rainfall was needed for establishment on sands, 25mm on clays - more was not better.

Kenton Porker, Dylan Bruce, Brenton Spriggs and Sue Buderick¹; James Hunt²; Felicity Harris and 
Greg Brooke³; Sarah Noack⁴; Michael Moodie, Mick Brady and Todd McDonald⁵; Michael Straight⁶; 
Neil Fettell, Helen McMillan and Barry Haskins⁷; Genevieve Clarke and Kelly Angel⁸. 
1SARDI; ²La Trobe University; ³NSW DPI; ⁴Hart Field-Site; ⁵Moodie Agronomy; ⁶FAR; ⁷CWFS; ⁸BCG. 

GRDC project code: : (GRDC Management of Early Sown Wheat 9175069)

Emerging management tips for early sown 
winter wheats
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Variety Release Year Company Development Quality Disease Rankings#
     Stripe Rust Leaf Rust Stem Rust YLS
KittyhawkA 2016 LRPB Mid winter AH MR MR R MRMS
LongswordA 2017 AGT Fast winter Feed RMR MSS MR MRMS
IllaboA 2018 AGT Mid-fast winter AH/APH* RMR S MRMS MRMS
DS BennettA 2018 Dow Mid-slow winter ASW R S MRMS MRMS
ADV08.0008 ? Dow Mid winter ? - - - -
ADV15.9001 ? Dow Fast winter ? - - - -
LPB14-0392 ? LRPB Very slow spring ? - - - -
CutlassA 2015 AGT Mid spring APW/AH* MS RMR R MSS
TrojanA 2013 LRPB Mid-fast spring APW MR MRMS MRMS MSS
ScepterA 2015 AGT Fast spring AH MSS MSS MR MRMS

*SNSW only

AH=Australian Hard, APH=Australian Prime Hard, ASW=Australian Standard White, APW=Australian Premium White

R=resistant, MR=moderately resistant, MS=moderately susceptible

Table 1. Summary of winter varieties, including Wheat Australia quality classification and disease rankings based on the 2019 
SA Crop Sowing Guide. 

Method
Experiment 1

Which wheat variety performs best in which 
environment and when should they be sown?

• Target sowing dates: 15 March, 1 April, 15 April 
and 1 May (10mm supplementary irrigation to 
ensure establishment).

• Locations: SA - Minnipa, Booleroo Centre, 
Loxton, Hart. Victoria - Mildura, Horsham, 
Birchip, Yarrawonga. NSW - Condobolin, 
Wongarbon, Wallendbeen.

• Up to 10 wheat varieties:- The new winter 
wheats differ in quality classification, 
development speed and disease  
rankings (Table 1). 

Experiment 2 

How much stored soil water and breaking rain are 
required for successful establishment of early sown 
wheat without yield penalty?

• Sowing dates: 15 March, 1 April, 15 April  
and 1 May.

• Varieties: LongswordA, KittyhawkA and  
DS BennettA.

• Irrigation: 10mm, 25mm and 50mm applied  
at sowing.

• Locations: SA - Loxton. Victoria  
Horsham, Birchip.

Experiment 3

What management factors other than sowing time 
are required to maximise yields of winter wheats?

• Sowing date: 15 April.

• Varieties: LongswordA, KittyhawkA and  
DS BennettA.

• Management factors examined: Nitrogen 
(N) at sowing vs. N at early stem elongation, 
defoliation to simulate grazing, plant density  
50 plants/m² vs. plant density 150 plants/m².

• Locations: SA - Loxton. Victoria - Yarrawonga. 

Results and discussion
Experiment 1

Development speeds

Flowering time is a key determinant of wheat 
yield. Winter varieties have stable flowering dates 
across a broad range of sowing dates. This has 
implications for variety choice as flowering time 
cannot be manipulated with sowing date in winter 
wheats like spring wheat.  This means different 
winter varieties are required to target the different 
optimum flowering windows that exist in different 
environments. The flowering time difference 
between winter varieties is characterised based on 
their relative development speed into four broad 
groups — fast, mid-fast, mid and mid-slow  
for medium to low rainfall environments (Table 1  
and Figure 1).



109
 2019 ADELAIDE GRDC GRAINS RESEARCH UPDATE

Figure 1. Mean heading date responses from winter and spring varieties at Hart in 2017 and 2018 across all 
sowing times — grey box indicates the optimal period for heading at Hart.

Figure 2. Grain yield performance of ScepterA wheat sown at its optimal time (late April-early May) in 20 
environments compared to the best performing winter wheat and best alternative spring wheat. Error bars 
indicate LSD (P<0.05).
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   ScepterA sown   Best Winter Performance   Best alternate Spring Performance
Site  Year at optimum  Grain Yield   Grain Yield
   Grain Yield (t/ha)  (t/ha) 

Variety
 

Germ Date
  (t/ha) 

Variety
 

Germ Date

Yarrawonga* Vic 2018 0.59 a 1.18 b DS BennettA 16-Apr 0.61 a CutlassA 16-Apr
Booleroo SA 2018 0.77 a 0.59 a LongswordA 4-Apr 0.69 a TrojanA 2-May
Loxton SA 2018 1.10 a 1.19 a LongswordA 19-Mar 1.32 a CutlassA 3-May
Minnipa SA 2018 1.25 a 1.50 b LongswordA 3-May 1.29 a TrojanA 3-May
Mildura* Vic 2018 1.44 a 1.66 b DS BennettA 1-May 1.46 a LPB14-0293 1-May
Mildura Vic 2017 1.49 a 1.90 b LongswordA 13-Apr 1.93 b CutlassA 28-Apr
Horsham* Vic 2018 1.81 a 1.58 a DS BennettA 6-Apr 1.70 a TrojanA 2-May
Booleroo SA 2017 1.98 a 1.33 b DS BennettA 4-May 1.61 b CutlassA 4-May
Minnipa SA 2017 2.23 a 2.42 a LongswordA 18-Apr 2.52 a CutlassA 5-May
Loxton SA 2017 2.33 a 2.55 a LongswordA 3-Apr 2.83 b LPB14-0293 3-Apr
Hart SA 2018 2.41 a 2.42 a IllaboA 17-Apr 2.52 a LPB14-0293 17-Apr
Rankins Springs NSW 2018 2.57 a 2.47 a DS BennettA 19-Apr 2.42 a TrojanA 7-May
Birchip Vic 2018 4.04 a 3.83 a LongswordA 30-Apr 3.90 a TrojanA 30-Apr
Hart SA 2017 4.13 a 4.25 a IllaboA 18-Apr 4.70 b LPB14-0293 18-Apr
Yarrawonga Vic 2017 4.27 a 4.24 a DS BennettA 3-Apr 4.26 a CutlassA 26-Apr
Wongarbon NSW 2017 4.30 a 4.37 a DS BennettA 28-Apr 4.77 a TrojanA 13-Apr
Tarlee SA 2018 4.40 a 4.71 a IllaboA 17-Apr 4.62 a LPB14-0293 17-Apr
Wallendbeen NSW 2017 6.24 a 7.05 b DS BennettA 28-Mar 6.49 a CutlassA 1-May
Birchip Vic 2017 6.62 a 6.60 a DS BennettA 15-Apr 7.20 a TrojanA 15-Apr
Horsham Vic 2017 7.36 a 7.15 a DS BennettA 16-Mar 7.19 a TrojanA 28-Apr

*repeated frost during September followed by October rain.

Table 2. Summary of grain yield performance of the best performing winter and alternate spring variety in comparison to 
ScepterA sown at the optimum time (late April-early May).  Different letters within a site indicate significant differences in 
grain yield.  

For example, at Hart in the Mid North of SA, each 
winter variety flowered within a period of 7-10 days 
across all sowing dates, whereas spring varieties 
were unstable and ranged in flowering dates over 
one month apart (Figure 1).  In this Hart example, the 
mid developing winter wheats such as IllaboA and 
KittyhawkA were best suited to achieve the optimum 
flowering period of September 15-25 for Hart.  
In other lower yielding environments such as  
Loxton, Minnipa and Mildura, the faster developing 
winter variety LongswordA was better suited to 
achieve flowering times required for the first 10 days 
in September.  

Winter versus spring wheat grain yield

• Across all experiments, the best performing 
winter wheat yielded similar to the fast 
developing spring variety ScepterA sown at the 
optimal time (last few days of April or first few 
days of May, used as a best practice control) in 
16 out of 20 sites, greater in three and less than 
in one environment (Figure 2).  

• The best performing winter wheat yielded 
similar to the best performing slow developing 
spring variety (alternative development pattern) 
at 14 sites, greater at four and less than at  
two sites.  

Sowing time responses

• Across all environments, the highest yields for 
winter wheats generally came from early to 
late April establishment. The results suggested 
that yields may decline from sowing earlier 
than April and these dates may be too early to 
maximise winter wheat performance (Table 2).  

• Slower developing spring wheats performed 
best from sowing dates after April 20, and 
yielded less than the best performing winter 
varieties when sown prior to April 20.  This 
reiterates slow developing spring varieties 
are not suited to pre-April 20 sowing in low to 
medium frost prone environments. 
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Which winter variety performed best?

The best performing winter wheat varieties 
depended on yield environment, development 
speed and the severity and timing of frost (Table 
2).  The rules generally held up that winter 
varieties well-adjusted to a region yielded similar 
to ScepterA sown in its optimal window. These 
results demonstrate that different winter wheats 
are required for different environments and there is 
genetic by yield environment interaction.

• In environments less than 2.5t/ha, the faster 
developing winter wheat LongswordA was 
generally favoured (Table 2, Figure 3). 

• In environments greater than 2.5t/ha the  
mid to slow developing varieties were favoured 
— IllaboA in the Mid North of SA, and DS 
BennettA at the Victorian and NSW sites  
(Table 2, Figure 4).  

The poor relative performance of LongswordA 
in the higher yielding environments was explained 
by a combination of flowering too early and having 
inherently greater floret sterility than other varieties, 
irrespective of flowering date.  

Sites defined by severe September frost and 
October rain included Yarrawonga, Mildura and 
Horsham in 2018. In these situations, the slow 
developing variety DS BennettA was the highest 
yielding winter wheat and had the least amount 

of frost induced sterility.  The October rains also 
favoured this variety in 2018 and mitigated some 
of the typical yield loss from terminal drought.  
Nonetheless, the ability to yield well outside the 
optimal flowering period may be a useful strategy 
for extremely high frost prone areas for growers 
wanting to sow early. 

Experiment 2

2018 had one of the hottest and driest autumns 
on record and provided a good opportunity to test 
how much stored soil water and/or breaking rain 
is required to successfully establish winter wheats 
and carry them through until winter. The 10mm of 
irrigation applied at sowing in the sowing furrow was 
sufficient to establish crops and keep them alive 
(albeit highly water stressed in most cases) until rains 
finally came in late May or early June at seven of 
the eight sites at which Experiment 1 was conducted 
in 2018. The one exception was Horsham, which 
had very little stored soil water and a heavy, dark 
clay soil. At this site, plants that emerged following 
the first time of sowing in mid-March died after 
establishment and prior to the arrival of winter rains. 
Plants at all other times of sowing were able to 
survive. Experiment 2 was also located at this site, 
and 25mm of irrigation was sufficient to keep plants 
alive at the first time of sowing. A minimum value 
of 25mm for sowing in March on heavier soil types 
is supported by results from Minnipa in 2017, which 

Figure 3. Mean yield performance of winter wheat in 
yield environments less than 2.5t/ha (11 sites in  
SA/Victoria)  

Figure 4. Mean yield performance of winter wheat in 
yield environments greater than 2.5t/ha (five sites in 
SA/Victoria)
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Management Factor (Grain Yield t/ha)     Mean Management
       Effect (t/ha)

Variety choice DS BennettA (2.21) & Kittyhawk A (2.10) Vs. LongswordA (2.40) +0.30***

Seeding Rate 
(target density) 150 Plants/m² (2.14) Vs. 50 Plants/m² (2.35) +0.21***

Nitrogen Timing Seedbed applied N (2.32) Vs. N Delayed to Stem Elongation (2.21) -0.11 ns
Grazing^ Ungrazed (2.38) Vs. Grazed (2.11) -0.27***
Sowing Date# Early May Germination  (1.70) Vs. Mid-April Germination (2.19) +0.49***

^grazing was simulated by using mechanical defoliation at Z15 and Z30, # Sowing date effect derived from Experiment 1 at Loxton and Yarrawonga.  Level of significance of main effect indicated by ns=not significant, *** = P<0.001. 

Table 3. Mean main effects on grain yield (t/ha) from management factors at Loxton and Yarrawonga (2017 and 2018 = 4 sites).

also experienced a very dry autumn. In this case, 
approx. 30mm of combined irrigation, rainfall and 
stored soil water was sufficient to keep the first time 
of sowing alive. On lighter soil types, less water was 
needed and 10mm irrigation at sowing with 8mm of 
stored water plus an accumulated total of 13mm of 
rain until June allowed crops to survive on a sandy 
soil type at Loxton in 2018.

Based on these observations, it is concluded that 
when planting in March on clay soils, at least 25mm 
of rainfall and/or accessible soil water are required 
for successful establishment. Once sowing moves to 
April, only 10mm (or enough to germinate seed and 
allow plants to emerge) is sufficient. 

Experiment 3

Yield responses to changes in plant density, N 
timing and defoliation have been small (Table 3). 
There have been limited interactions between 
management factors and varieties. The results from 
Experiments 1 and 3 confirm selecting the correct 
winter variety for the target environment and sowing 
winter varieties on time (before April 20) increase 
the chances of high yields. The target density of 50 
plants/m² is sufficient to allow maximum yields to be 
achieved, and there is no yield benefit from having 
higher densities in winter varieties. Deferring N 
until stem elongation had a small positive benefit at 
Yarrawonga, and a negative effect at Loxton. Grazing 
typically has a small negative effect in all varieties, 
however the mean percentage grain yield recovery 
from grazing has been higher in LongswordA (95%) 
compared to DS BennettA (87%) and KittyhawkA 
(82%), respectively. 

Conclusion
Growers in the low to medium rainfall zones 

of the Southern Region now have winter wheat 
varieties that can be sown over the entire month 
of April and are capable of achieving similar yields 
to ScepterA sown at its optimum time. However, 
grain quality of the best performing varieties leaves 
something to be desired (LongswordA=feed, DS 
BennettA=ASW). Sowing some wheat area early 
allows a greater proportion of farm area to be sown 
on time. Growers will need to select winter wheats 
suited to their flowering environment (fast winter 
in low rainfall, mid and mid-slow winter in medium 
rainfall) and maximum yields are likely to come from 
early to mid-April planting dates. If planting in April, 
enough rainfall to allow germination and emergence 
will also be enough to keep plants alive until winter. 
If planting in March, at least 25mm is required on 
heavy soils. Reducing plant density from 150 to 50 
plants/m² gives a small yield increase, while grazing 
tends to reduce yield slightly.
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Background
There are three distinct but related GRDC 

investment projects that aim to better understand 
the way mice use zero and no-till cropping systems. 
The outcomes of these projects will lead to a 
reduced impact of mice in cropping systems through 
the development of more effective monitoring 
systems and better strategies to control mice using 
existing technology. 

1. Surveillance and forecasts for mouse 
outbreaks in Australian cropping systems  
This project commenced in October 2012 and 

the GRDC has invested in five years of additional 
monitoring. The aim of the project is to monitor 
mouse populations across all grain growing 

regions and use predictive models to forecast 
mouse outbreaks. A key element of the project is 
to communicate the results of the monitoring and 
predictions to growers and industry to enhance 
awareness of increases in mouse activity.

A new component of this work is to develop and 
test the feasibility of a remote monitoring system for 
mice to detect changes in mouse activity throughout 
the year and at a spatial scale that is not possible 
using existing monitoring techniques. 

Preliminary exploratory work has started to test 
prototype monitoring systems. Once a suitable 
system has been identified, laboratory trials will be 
run using arenas to determine how efficiently mouse 
activity is detected. If the results in the laboratory are 
favourable, the monitor will be tested in enclosures 
with known numbers of wild mice and then in field-

Keywords
 mouse monitoring, crop damage, zinc phosphide. 

Take home messages
	Mouse numbers are currently low across most regions of southern New South Wales, South 

Australia and northwest Victoria. At this stage, there is low potential for economic damage at 
sowing in 2019.

	Information about changes in mouse numbers in the lead up to the 2019 sowing can be 
accessed from the mouse monitoring updates published at https://www.feralscan.org.au/
mousealert/pagecontent.aspx?page=mouse_news

	Growers should conduct their own monitoring to ensure they know what is happening in their 
paddocks in the lead up to sowing each autumn. This includes following the recommendations 
outlined in the GRDC GROWNOTES™, Tips and Tactics, Better Mouse Management page at 
https://grdc.com.au/resources-and-publications/all-publications/publications/2017/07/tips-and-
tactics-better-mouse-management

	Timely application of mouse bait at the prescribed rate is paramount for reducing the impact that 
mice have on crops at sowing. Strategic use of bait is more effective than frequent use of bait.

	GRDC has invested in a suite of new projects aimed at understanding the way mice use zero and 
no-till cropping systems and developing new strategies to monitor and control mice. 

Steve Henry¹, Peter Brown², Nikki Van de Weyer¹, Freya Robinson¹ and Lyn A Hinds¹. 
1CSIRO Health & Biosecurity, Canberra; ²CSIRO Agriculture & Food, Canberra.

GRDC project codes: CSP1806-017RTX, CSP1804-012RTX, CSP1806-015RTX

Mice - status, baiting and forecast threat

https://www.feralscan.org.au/mousealert/pagecontent.aspx?page=mouse_news
https://www.feralscan.org.au/mousealert/pagecontent.aspx?page=mouse_news
https://grdc.com.au/resources-and-publications/all-publications/publications/2017/07/tips-and-tactics-better-mouse-management
https://grdc.com.au/resources-and-publications/all-publications/publications/2017/07/tips-and-tactics-better-mouse-management
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Background food type (n) Malt barley Durum Lentils
Lentils 30 96 98 55
Barley 30 72 67 1
Wheat 30 53 22 4

Background grain type Barley Husked malt barley Unhusked malt barley 
Lentils 5 5 6
Barley 1 3 4
Wheat 1 2 1

Background grain type (n) Night 1 Night 2 Night 3 
Lentils 4 8 1 0
Barley 14 3 0.2 0
Wheat 16 2 0.1 0.1

Table 1. The average proportion consumed by mice (expressed as a percentage %) of alternate malt barley, durum wheat or 
lentils compared to the back ground food type, after being on a background of lentils, barley or wheat for 2 weeks (n=10). 
Mice displayed a significant preference for cereal grains over lentils.

Table 2. Average number of toxic bait grains consumed by mice (n=10) held on either lentil, barley or wheat background. 
Values represent estimates of fixed effects (individual mice as random effects). Mice did not show any significant preference 
for bait substrate type. 

Table 3. Number (average) of toxic bait grains consumed by mice that did not die in the lentil (n=4), barley (n=14) and wheat 
(n=16) background food types over the three-night trial.  

based scenarios. This work will begin in 2019 with 
field-based testing planned to commence in 2020. 

2. Bait substrate trials
In recent years, growers have reported poor 

efficacy of zinc phosphide. It is not clear what is 
driving the reduced effectiveness of baits, but in 
some instances, growers are reporting the need for 
multiple applications of bait to achieve the desired 
level of control.

Trials to determine what is driving the reduced 
efficacy of the bait and testing potential new bait 
substrates that might be more attractive to mice 
have commenced.

Experiment 1: Two choice grain preference

Experiment 1 is designed to test the willingness of 
house mice to switch food types when challenged 
with an alternative food type. This will determine if 
mice display a grain preference and identify leading 
bait substrate candidates. Mice were held on a 
background food type (barley, lentils or wheat)  
and then offered the choice of an alternative grain 
type (malt barley, durum wheat or lentils) for five 
nights. Mice displayed a strong preference towards 
cereal grains, with a slight preference towards malt 
barley (Table 1).  

Experiment 2: Toxic bait take against different 
background grains

Experiment 2 is aimed at determining the 
acceptance of different toxic bait substrate by mice 
when challenged against different background food 
type. Mice were held on a background food type 
(lentils, barley or wheat) then offered an alternative 
of three types of zinc phosphide-coated grain for 
three consecutive nights as well as the background 
diet. Mice consumed toxic bait grains regardless of 
bait substrate type. However, background food type 
had a strong influence on the amount of toxic bait 
consumed (Table 2). Mice established on a wheat 
background consumed fewer toxic bait grains then 
mice on a lentil or barley background diet. Mice on 
a barley background diet showed a preference for 
malt barley. 

Toxic bait aversion 
Average toxic bait uptake was highest on the 

first night of exposure. Mice that did not die after 
consuming toxic grains showed a strong bait 
aversion (Table 3). By night three of the trial, bait 
mice stopped eating toxic grains. 



117
 2019 ADELAIDE GRDC GRAINS RESEARCH UPDATE

Experiment 3: Effect of alternative food quantity on 
bait effectiveness

This trial will be undertaken in large enclosures 
and is designed to examine the role of available 
alternative food on commercial zinc phosphide bait 
effectiveness. The effect of commercially available 
zinc phosphide bait will be measured using four 
groups of mice provided with different levels of 
available background cereal grains (Table 4).

Mouse ecology
This work will involve a series of experiments 

aimed at understanding how mice use zero and no-
till cropping systems. Historically, mice lived on the 
margins of paddocks and moved into crops when 
conditions were favourable. Now with low levels of 
disturbance in paddocks, mice are building burrow 
networks in paddocks and living where resources 
are most plentiful. 

This project will address five key topics:

1. Farming practices.

2. Managing refuge habitat.

3. Understanding mouse movements. 

4. Mouse burrows.

5. Bait delivery. 

Understanding the impacts that farming practices 
have on the distribution of resources in paddocks 
and how mice access these resources and use the 
associated habitat will assist in the development of 
new strategies to control mice.

Monitoring outcomes
Ongoing monitoring of mice across all cropping 

regions is critical to provide accurate predictions 
of future populations of mice and in turn provide 
accurate information to growers about changes in 
mouse populations.

In the autumn of 2018, mouse numbers in the 
Victorian Mallee were extremely high and while 
numbers on the Adelaide Plains were not as high, 
there was still cause for concern (Figure 1). In 
general, growers were well prepared for mice in 
the lead up to sowing and significant quantities of 
bait were spread prior to and during the sowing of 
the 2018 crop. The combination of an extremely dry 
summer, and a dry and cold autumn and winter, in 
conjunction with the distribution of large amounts of 
bait led to a decline in mouse numbers in late May-
early June and since then mouse numbers have 
remained low.

Treatment Food quantity Toxic Bait
Untreated Control  Maintenance diet (60 grains/m²) No bait
Treatment 1 (Low) Maintenance diet (60 grains/m²) 3 grains/m²
Treatment 2 (Med) Maintenance diet plus 90 grains/m² 3 grains/m²
Treatment 3 (High) Maintenance diet plus 900 grains/m² 3 grains/m²

Table 4. Amount of food and bait to be applied to each treatment group in the Enclosure study

Figure 1. Current mouse population abundance at benchmark sites in Victoria and South Australia 
compared to outbreaks in the past.
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Current research outcomes
The results from the bait substrate trial show that 

mice have a clear preference for cereals over lentils. 
While there appeared to be a slight preference for 
malted barley, there was no significant preference 
for any of the cereals.

When challenged with toxin on different cereal 
grains, mice were willing to eat the toxin regardless 
of the substrate, but background food significantly 
affected the number of toxic grains consumed. Mice 
that were on a background of lentils ate significantly 
more toxic grains than mice that were on cereal 
backgrounds.

Mice that ate a sub lethal dose of toxin on the first 
night showed bait aversion – they stopped taking 
toxic grains on nights two and three.

The next phase of this work aims to determine 
the effect of the amount of background food on the 
efficacy of zinc phosphide.

Future research
The results of the bait substrate experiments, 

in conjunction with the results of the work in the 
five key mouse ecology priority areas, will form the 
basis of a series of recommendations for improved 
mouse control strategies. The current approach to 
bait application is to spread bait on a broad scale 
across entire paddocks. To date, the majority of our 
understanding of mouse ecology and behaviour is 
based on work undertaken in conventional cropping 
systems. Better understanding of mouse ecology 
in zero and no till cropping systems could lead 
to more strategic application of bait, potentially 
reducing the quantity of bait spread or increasing 
the effectiveness of bait by targeting high activity 
zones in paddocks. 
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Background
The University of Sydney’s Australian Centre 

for Field Robotics (ACFR) is one of the largest field 
robotics institutes in the world. The ACFR has a 
significant portfolio of both industry-driven and 
academic projects spanning logistics, exploration, 
agriculture and the environment, intelligent transport 
systems, aerospace and marine systems.

The ACFR agriculture robotics group has been 
conducting research in autonomous remote sensing 
systems and developing innovative robotics 
and intelligent software for the agriculture and 
environment community for over a decade. Our 
current key research areas are:

• Aerial platforms and machine learning 
techniques for detection of weeds over  
large landscapes.

• Ground robotics for the grazing  
livestock industry.

• Development of crop intelligence and decision 
support systems for the vegetable industry.

• Low cost robotics for supporting agriculture  
on small scale farms across a broad range  
of commodities.

• Using agricultural robotics applications 
for Science, Technology, Engineering and 
Mathematics (STEM) education.

The intent of this discussion is to share some of 
the cutting-edge technologies ACFR are developing 
and to ask the grains industry if, or how, they believe 
these, or similar technologies can be introduced to 
revolutionise grain farming productivity.

Research and technology themes
Activities at ACFR are broadly broken up into five 

technology themes as detailed in Figure 1.

Each of these five technology themes are applied 
to various industries as detailed in Figure 2.

This structure demonstrates a typical breakdown 
of activities and the types of work that go into a 
typical industrial field robotics project.

Keywords
 agriculture robotics, autonomous precision agriculture.

Take home messages
	The Australian Centre for Field Robotics (ACFR) is one of the largest field institutes in the world 

and has been developing innovative robotics and intelligent software for the agriculture and 
environment community for over a decade.

	Current agriculture robotics research is conducted for grazing livestock, vegetable, tree  
crops and the grains industries as well as for small-scale farming in Australia and for  
developing countries.

	Robotic systems are transitioning out of the laboratory into operational field trials and soon 
commercial activities will be taking place.

Salah Sukkarieh.

Australian Centre for Field Robotics (ACFR), The University of Sydney.

Implications of robotics and autonomous vehicles 
for the grains industry
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Vegetable industry research
Funded by Horticulture Innovation Australia this 

project involves the research and development of 
sensing, automated decision support systems and 
robotic tools for crop interaction that will enable 
vegetable farmers to reduce production costs and 
increase productivity. The Robot for Intelligent 

Perception and Precision Application (RIPPATM) 
platform (Figure 3) is used to collect farm data and 
trial new systems and tools. RIPPATM has been 
demonstrated in different growing regions in 
Australia to prove the operational effectiveness of 
the systems that have been developed. 

Figure 1. ACFR’s research and technology themes and the industries to which they are applied.

Figure 2. The application areas and the industries to which each of the research and technology themes 
are applied.
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Grazing livestock research
SwagBot (Figure 4) was designed as an all-terrain 

cattle farming robot. SwagBot has the capability to 
navigate farm obstacles such as hilly terrain, water, 
mud and branches. SwagBot can autonomously 

navigate predefined farm routes, detect and spray 
weeds (Figures 5 and 6), and herd cattle to better 
pastures (Figure 7). SwagBot has been extended 
now to be used in a wide range of commodities 
such as tree crops (Figure 8). 

Figure 3. The RIPPATM robot on a lettuce crop in Lindenow, Victoria.

Figure 4. SwagBot on a cattle station in Nevertire, NSW
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Figure 5. SwagBot detecting serrated tussock.

 Figure 6. SwagBot spot spraying serrated tussock.
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Figure 7. SwagBot herding cattle to better pasture.

Figure 8. SwagBot used in a tree crop spraying application

Small-scale farming research
Another key area of research for the ACFR is the 

development of low-cost robotics for supporting 
agriculture on small scale farms. The Digital 
FarmHand platform (Figure 9) is based on the use of 
low-cost sensors, actuators, computing, electronics 
and manufacturing techniques which will allow 
farmers to easily maintain and modify the platform 
to suit their needs. Similar to a tractor, Digital 
FarmHand has a hitch mechanism which allows 

the attachment of various implements.  Several 
implements, including a sprayer, weeder and 
seeder have been manufactured for the platform. 
Capabilities to perform row crop analytics (Figure 
10) and allow automation of simple farming tasks 
are now being developed with crop data collected 
using a smart phone and a low-cost stereo camera 
during field trials. The aim of the Digital FarmHand is 
to improve food and nutrition security for row crop 
farmers in Australia and abroad.
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Funding from the Department of Foreign 
Affairs and Trade (DFAT) has also allowed us to 
demonstrate the capability of the Digital FarmHand 

in Fiji and Samoa as part of a trial to understand 
whether this type of technology would be of benefit 
to farmers around the world (Figure 11)

Figure 9. The Digital FarmHand being demonstrated at the Greater Western Sydney Land Service.

Figure 10. The Digital FarmHand being demonstrated at Cedar Creek Orchards.
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As part of an initiative to close the digital divide 
as well as to encourage technology savvy next 
generation farmers, the ACFR has all been using 
the Digital FarmHand in rural schools as part of a 

robotics and coding challenge funded by the NSW 
government (Figure 12). It was a huge success in 
2018 and will be rolled out to 10 schools across NSW 
in 2019.

Figure 11. The Digital FarmHand in Fiji as part of the DFAT funded program to support global food security.

Figure 12. The Digital FarmHand used as part of a robotics and coding challenge in rural schools.
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Potential applications in the grains industry
The agricultural systems developed are not just 

robotic platforms but also include the sensors and 
algorithms needed for intelligent action on farm. 
ACFR was recently awarded a GRDC Innovative 
technologies grant for the development of an 
autonomous platform suited for large-scale grain 
production systems that uses actuated mechanical 
and laser weeding for site-specific control. This will 
focus on novel sensing and actuation systems that 
can target weeds without chemicals amongst crops. 
This will be an entry point for the ACFR into the 
grains industry. 

Conclusion
As one of the world’s leading field robotics 

groups, the ACFR has introduced transformational 
technologies into many industries with agriculture 
being a growing area of research and focus for 
commercialisation. Our experience in many aspects 
of the agricultural industry has the potential to be 
adapted to aspects of the grains industry and this 
has begun. The intent of this discussion is to share 
some of the cutting-edge technologies ACFR are 
developing and to ask the grains industry if, or 
how, they believe these, or similar technologies 
can be introduced to revolutionise grain farming 
productivity.

Contact details 

Salah Sukkarieh
Australian Centre for Field Robotics,  
The University of Sydney
+61 2 9351 8154
salah.sukkarieh@sydney.edu.au
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Background
Annual ryegrass (Lolium rigidum) is a problematic 

weed species present in cropping fields across 
southern Australia with the capacity to germinate 
throughout autumn and winter and produce a large 
amount of seed. The evolution of resistance to 
commonly used post-emergent herbicides (Boutsalis 
et al. 2012) has resulted in increased reliance 
on pre-emergent herbicides for weed control. 
Resistance to trifluralin has been present in South 
Australia for many years and over the past 10 years 
has become widespread across southern Australia 
(Boutsalis et al. 2006). This resulted in the adoption 
of Group J herbicides, particularly Boxer Gold® after 
its release in 2008. This increased dependence 
on Group J herbicides in recent years has led to 
resistance, which has now been confirmed in South 
Australia, Victoria and New South Wales. Release 
of the Group K herbicide Sakura® in 2012 provided 
growers with an effective herbicide to manage 
annual ryegrass in wheat. No known resistance to 

pyroxasulfone (Sakura®) had been observed until 
its detection in early 2017 in a population of annual 
ryegrass from the Eyre Peninsula (Brunton et al. 
2018). Furthermore, results from a recent herbicide 
resistance survey conducted in 2017 have shown an 
increase in the number of paddocks in south eastern 
South Australia that contain populations of annual 
ryegrass with resistance to both Group J and Group 
K herbicides (Boutsalis et al. 2017 unpublished data). 

Most of these populations are resistant to 
trifluralin, suggesting that once trifluralin has failed 
the resulting increased selection pressure placed 
on other pre-emergent herbicides, inadvertently 
selects for a diverse resistance mechanism 
conferring resistance to these newer pre-
emergent herbicides. The possible mechanisms 
conferring resistance within these populations 
can be described as complex metabolic cross-
resistance in which the resistance mechanism 
causes multiple herbicides from different modes 
of action to fail nearly simultaneously. Two major 

Keywords
 pre-emergent, prosulfocarb, pyroxasulfone, multiple resistance, cross-resistance,  

resistance mechanisms.   

Take home messages
	There is increasing incidence of Group J herbicide resistance in annual ryegrass across  

southern Australia. 

	Cross-resistance to the Group K herbicides, including Sakura®, has occurred. 

	Glasshouse studies using phorate suggest P450 enzymes conferring resistance to  
Group J herbicides. 

	Resistance to Group K herbicide pyroxasulfone is most likely conferred through glutathione 
S-transferases (GSTs). 

David J. Brunton, Peter Boutsalis, Gurjeet Gill and Christopher Preston. 

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

GRDC project code: 9175880 

Understanding resistance mechanisms in Group 
J and Group K resistant annual ryegrass (Lolium 
rigidum) populations



134
 2019 ADELAIDE GRDC GRAINS RESEARCH UPDATE

Annual ryegrass population 

Herbicide (with Group) SLR4 (S) 375-14 (R) 198-15 (R) EP162 (R) A18 (R) RAC1 (R)*
 LD50 (gai/ha)
Triallate (J) 186 4783 8126 3072 4838 3127
Prosulfocarb (J) 358 7491 15547 3198 4332 2865
Trifluralin (D) 39 1438 817 455 1471 146
Metazachlor (K) 92 1252 2325 1317 774 235
S-metolachlor (K) 145 2770 4398 2184 1923 232
Pyroxasulfone (K) 10 137 124 81 78 29

*RAC1 represents survivors from one million SLR4 seeds exposed to 6000g/ha triallate. 

Table 1. Concentration of various pre-emergent herbicides required for 50% mortality (LD50) of example resistant (R) and 
susceptible (S) annual ryegrass populations. 

plant enzymes, cytochrome P450s (P450s) and 
glutathione S-transferases (GSTs) are known to be 
involved in the metabolism and degradation of many 
xenobiotics, herbicides included. Group J herbicides 
require activation in order to exert herbicidal effects 
and this process involves conversion through P450s 
into a toxic metabolite. Research undertaken in a 
wild oat (Avena fatua) population in Canada found 
resistance to Group J herbicide triallate was due 
to reduced herbicide activation (Kern et al. 1996). 
GSTs are responsible for metabolising Group K 
herbicides, which do not require activation to exert 
herbicidal activity within the plant. Tolerance to the 
Group K herbicides is observed in wheat and it has 
been suggested that a similar mechanism exists in 
glasshouse selected annual ryegrass populations 
with resistance to pyroxasulfone. The specificity of 
P450 enzymes to bind a wide range of chemical 
compounds including organophosphate-based 
insecticides allows these to be used as an inhibitor 
of herbicide metabolism in studies. Understanding 
resistance mechanisms is important in better 
understanding the evolution of Group J and Group 
K resistance, but in addition provides opportunities 
to develop more effective management strategies to 
prolong the effectiveness of these herbicides. 

Method
A series of dose response experiments were 

undertaken to characterise Group J and Group K 
resistant annual ryegrass populations collected 
from cropping paddocks across southern Australia. 
Additional experiments were undertaken in annual 
ryegrass populations with confirmed resistance 
to Group J and Group K herbicides to determine 
possible resistance mechanisms using the 
organophosphate insecticide, phorate. Included in 
the study was a population known as RAC1 (resistant 
biotype) which represents survivors from one million 

SLR4 (susceptible biotype) seeds exposed to 6000g 
ai/ha triallate in the field. 

Results and discussion
Dose response characterisation of annual  
ryegrass populations 

All resistant populations tested showed resistance 
to both Group J herbicides (Table 1). As expected, 
these populations also display resistance to 
trifluralin, except for RAC1 which was controlled at 
the field recommended rate. Cross-resistance was 
observed to the Group K herbicides metazachlor 
(Butisan®) and S-metolachlor (Dual Gold®), while 
RAC1 and the susceptible SLR4 were controlled with 
all herbicides at the recommended rates. Resistance 
to the Group K herbicide pyroxasulfone (Sakura®) 
was also present with four of five populations 
displaying moderate levels of resistance to this 
herbicide. The current ability to manage annual 
ryegrass with pre-emergent herbicides is threatened 
by the discovery of populations with resistance to 
pyroxasulfone (Sakura®) from different cropping 
regions across southern Australia. There is currently 
one effective pre-emergent herbicide available 
(propyzamide#) in pulses, however, no options 
remain currently available for cereal crops. 

#Pulses are not included on all propyzamide labels, the 
chemical product that is registered is for use on pulses is 
Conquest Dargo 500 SC.

Response of annual ryegrass populations treated 
with insecticide inhibitor 

Annual ryegrass treated with the inhibitor phorate 
responded in two contrasting ways for the Group 
J herbicides, prosulfocarb and triallate (Table 2). 
Resistant population 198-15 treated with phorate 
plus herbicide showed a slight increase in LD50 for 
prosulfocarb (18329 gai/ha) and triallate (8579 gai/
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ha) compared to herbicide only (15446 and 8089 
gai/ha), respectively. In contrast, SLR4 treated with 
phorate resulted in a significantly higher LD50 for 
both prosulfocarb (2006 gai/ha) and triallate (4710 
gai/ha) compared to herbicide only 353 and 179 
gai/ha, respectively. The same was seen in RAC1 
(R) treated with both herbicides with and without 
phorate. Treatment with phorate had little impact on 
the efficacy of Group K herbicides (pyroxasulfone 
and S-metolachlor) suggesting limited involvement 
of P450s (Table 2). Populations 198-15 and RAC1 
treated with trifluralin plus phorate showed 4% and 
20% reduction in LD50. Contrastingly, the population 
SLR4 displayed a 29% increase in LD50 similar to 
the response seen in the susceptible when treated 
with a Group J herbicide plus phorate. 

Conclusion
Cross-resistance evolution in annual ryegrass 

threatens the sustainability of current pre-emergent 
herbicides available to growers and poses a 
significant challenge to its management in cereals. 
This study has highlighted two possible mechanisms 
conferring resistance in annual ryegrass populations 
exhibiting multiple resistances to a number of 
different pre-emergent herbicides. Resistance to 
Group J herbicides in annual ryegrass likely involves 
changes to a single or multiple P450s. Resistance 
to Group K herbicides was not affected by the 
P450 inhibitor and so GST involvement similar to 
that seen in wheat is most likely (Tanetani et al. 
2013). This study has provided an understanding 
of the potential mechanisms involved in Group J 
and Group K herbicides, but highlights the strong 
possibility of resistance evolution to these modes 
of action if over reliance occurs. Populations with 
multiple resistances to pre-emergent herbicides 
have multiple mechanisms of resistance, making it 
easy to evolve resistance to new herbicides. 
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Annual ryegrass population 

Herbicide (with Group) SLR4 (S) - SLR4 (S) + 198-15 (R) - 198-15 (R) + RAC1 (R) - RAC1 (R) +
 LD50 (gai/ha)
Prosulfocarb (J) 353 2006 15446 18329 2970 4567
Triallate (J) 179 4710 8089 8579 3246 3431
Trifluralin (D) 52 73 817 790 146 117
S-metolachlor (K) 148 125 4179 3620 250 240
Pyroxasulfone (K) 10 9 114 96 29 22

Table 2. Annual ryegrass treated with (+) or without (-) inhibitor (phorate) and concentration of various pre-emergent 
herbicides required for 50% mortality (LD50) of 198-15 and RAC1 (resistant) and SLR4 (susceptible) annual ryegrass 
populations.
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Background
DNA markers have been employed in plant 

breeding for decades. Despite early optimism 
around their ability to achieve genetic gain for 
important traits such as yield, they have so far 
only proved valuable for simple traits such as rust 
resistance, and been of more use as a research 
tool for understanding genetic control of various 
traits. Genomic selection is a technology that has 
garnered significant research attention in recent 
years following its successful implementation in the 
dairy cattle breeding industry. Genomic selection 
utilises high density DNA marker profiles to develop 
prediction calibrations for complex traits such as 
yield, which allow us to predict the performance of 
new breeding lines before they are assessed in the 
field. Such an ability would enable plant breeders 
to deliver greater genetic gain to growers through 
increased speed and accuracy in the breeding 
programme. Genomic selection can be applied 
at various stages of a breeding programme, as 
detailed in Figure 1. 

For genomic selection to be successful, prediction 
calibrations must capture the full genetic variation 
of the breeding programme and also account for 
the range of target environments. It is therefore 
important that we understand the requirements of 
the data used to build the prediction calibrations  
and know the limitations of how broadly they can  
be applied. Much of the previous research on this 
topic has employed relatively small training set  
sizes of less than 1000 individuals. However, if 
genomic selection is to be applied in commercial 
breeding programmes, training set sizes could 
exceed 10,000 individuals. Genomic selection must 
therefore be studied in larger datasets if its efficacy 
is to be proven.

Project outputs
A large panel of 10,500 wheat breeding lines was 

used to develop genomic prediction calibrations and 
assess their accuracy. The panel was genotyped 
with 18,101 DNA markers and phenotyped for 15 
traits in a field experiment at Roseworthy in the 2014 

Keywords
 wheat breeding, genomic selection 

Take home messages
	Until recently, DNA markers have been ineffective when breeding for complex traits such as  

grain yield.

	Genomic selection is a strategy which uses thousands of DNA markers to predict the 
performance of new breeding lines.

	This research has identified effective and efficient strategies for implementing genomic selection, 
and increasing the rate of genetic gain achieved.

Adam Norman¹,².
1PhD candidate, University of Adelaide; ²Australian Grain Technologies.

GRDC project code: UA00152

Using deoxyribonucleic acid (DNA) markers to 
improve wheat breeding
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growing season. The relationship between training 
set size and prediction accuracy was investigated 
where it was found that prediction accuracies 
continue to benefit from increased training set 
sizes up to the largest tested (8300 individuals), 
showing that very large datasets are required to 
effectively implement a genomic selection breeding 
strategy. The effect of population structure was also 
investigated and showed that a smaller training set 
can achieve sufficiently high prediction accuracies if 
the genetic variation of the germplasm of interest is 
strongly represented in the training set.
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Figure 1. Comparison of conventional and genomic selection breeding programmes, highlighting the points 
in the programme where genomic selection can be applied.
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Background
The Australian Pesticides and Veterinary 

Medicines Authority (APVMA) is the Australian 
Government regulator of agricultural and veterinary 
(agvet) chemical products. It is responsible for the 
regulation of agvet chemicals into the Australian 
market place and needs to be satisfied that the 
intended use does not harm the health and safety 
of people, animals and crops, the environment, and 
trade. It does this through:

• Evidence-based evaluation and approval of 
active constituents and the registration of agvet 
chemical products.

• The review of certain agvet chemicals of 
concern to ensure that they continue to meet 
contemporary scientific standards.

For an agvet chemical product to legally be 
manufactured, imported, supplied or sold in 
Australia, it must be registered by the APVMA. The 
registration process involves scientifically evaluating 

the safety and efficacy (effectiveness) of a product 
in order to protect the health and safety of people, 
animals, plants and the environment.

The APVMA looks to new data, information and 
science when considering the ongoing safety of 
a registered product, the full range of risks and 
how human exposure can be minimised through 
instructions for use and safety directions.

The assessment determines whether the agvet 
product, when used in accordance with the label 
or permit directions for use, would have a harmful 
effect on human health, occupational health and 
safety, the environment or trade. 

The APVMA’s approach to chemical  
risk assessment

All products registered for use in Australia have 
been through a robust chemical risk assessment 
process and are safe when used as per the  
label instructions.

Keywords
 crop protection, agvet, chemicals, APVMA, regulations, review, reconsideration.  

Take home messages
	The Australian agvet regulatory system is a scientific, evidence-based risk assessment process 

which is highly recognised internationally.

	Agvet chemicals are nominated for review based on key criteria of concern including human 
health (toxicology and occupational health and safety), environment, residues and trade, target 
crop safety and efficacy.

	The greatest direct influence that grain growers can have on retaining their access to agvet 
chemicals is to only use chemicals for their registered or permitted use and closely adhering to 
all label directions for use.

	Maintenance of access to agricultural chemicals for broadacre use is reliant on growers showing 
strong stewardship in following label directions for use.

Gordon Cumming.

Grains Research and Development Corporation (GRDC).

Australian agvet chemical review program 
in perspective
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As Australia’s agvet chemical regulator, it is the 
role of the APVMA to consider all relevant scientific 
material when determining the likely impacts on 
human health and worker safety including long term 
and short-term exposure to users and residues in 
food before registering a product.

It is the role of the regulator to determine whether 
products used according to label instructions 
could result in a level of exposure that poses an 
unacceptable risk.

Consistent with regulators in other countries, 
the APVMA uses a risk-based, weight-of-evidence 
assessment, which considers the full range of risks, 
including studies of cancer risks, and how human 
exposure can be minimised through instructions for 
use and safety directions.

Australian Chemical Review Program
The APVMA considers a wide range of scientific 

data submitted by registrants in support of an 
application to approve an active constituent or to 
register a product containing that active constituent. 
The Chemical Review Program reconsiders the 
registration of agvet chemicals in cases where 
credible new scientific information has been 
generated after a product has been registered  
that suggests the existence of previously 
unknown risks to human health, worker safety, the 
environment, trade and/or product performance has 
been identified. 

If this happens, the APVMA can initiate a 
reconsideration process (commonly called a 
chemical review) to assess the identified risk(s) and 
determine whether changes are needed to ensure 
that the product can continue to be used safely  
and effectively.

Chemical reconsiderations are managed under 
the auspices of the APVMA’s Chemical Review 
Program, which was established in 1995.

The APVMA may undertake a reconsideration 
to scientifically reassess the risks and determine 
whether regulatory changes are necessary. 
Depending on the review’s findings, active 
constituents and the products containing  
them might:

• be confirmed as safe and appropriate for the 
registered use(s).

• be restricted in use, by making label 
amendments to limit the situations in which 
product(s) may be used, or;

• have its registration suspended pending 
specific action or cancelled or be withdrawn 
voluntarily from the market by the registrant(s).

The reconsideration process incorporates 
legislative, administrative and scientific elements 
that contribute to the final decision to affirm, vary, 
suspend or cancel a registration. As a result, 
reconsiderations can be complex, have high 
resource requirements and long timeframes. 

Prior to 2014, chemical reconsiderations were not 
time limited—the timeframe of individual reviews 
was determined by the scope and specific details of 
the review. For this reason, the time that it has taken 
to complete individual reviews has been highly 
variable, ranging from less than six months for the 
most straightforward label review to more than 10 
years for some of the more technically complex and 
large reviews. The average time taken to complete a 
review has been just over three years.

From 1 July 2014, chemical reviews will be 
completed within a prescribed timeframe — under 
current legislation, a reconsideration must be 
completed within a maximum of 57 months.

Listing of agricultural chemical reviews
Over the more than 20 years that the Chemical 

Review Program has been in place, a total of 63 
reviews have been completed, with 13 chemicals 
currently under active review. An additional 
19 chemicals have been identified for review 
prioritisation (Table 1).

Of the 13 chemicals currently under review, eight 
have broadacre grains registrations as highlighted  
in Table 1.

Of the 63 completed chemical reviews, 10 had 
broadacre grains registrations and are listed in Table 
2 with a brief description of the regulatory decisions 
which resulted in:

• Registrations cancelled of two products 
(endosulfan and fenthion).

Chemical risk assessment =  
hazard assessment + exposure assessment

Hazard assessment: Is an assessment of the 
data related to the intrinsic toxicity potential of an 
active constituent and/or formulated product.

Exposure assessment: Is an assessment of the 
likely exposure of humans and environmental 
organisms that takes into account how the 
chemical product is to be used, the type and 
formulation of the product, and the crops or 
animals to be treated.
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• Label amendments/variations of four products 
(atrazine, dimethoate, diuron, omethoate).

• No changes to broadacre cropping use 
patterns of four products (bifenthrin, bromoxynil, 
carbendazim, glyphosate).

A full description of the review status details  
and regulatory decision(s) for all current and 
completed chemical reviews is available on the 
APVMA website.

Listing of chemical reviews: https://apvma.gov.au/
chemicals-and-products/chemical-review/listing

Prioritisation of chemicals nominated  
for review

Agvet chemicals nominated for review by the 
APVMA are given an order of priority according to 
the level of concern that led to the nomination. 

The APVMA and its external advisory agencies 
use a scoring process to prioritise nominated 
chemicals for review, based on key criteria of 
concern including human health (toxicology and 
occupational health and safety), environment, 
residues and trade, target crop safety and efficacy. 
The priority for each chemical nomination is 
determined by assessing it against each of the 
criteria and evaluating the outcomes. 

Human health (toxicology and occupational 
health and safety)

Chemicals that are nominated for review are 
assessed for their effect on human health against 
the following criteria:

• Special concerns

o demonstrated or potential adverse effects  
in humans.

• Acute and chronic risk.

• Scheduling of the chemical.

• Exposure to the chemical from food.

• Regulatory action taken overseas (for example, 
Canada, the European Union, the United 
Kingdom, the United States of America).

• Hazardous substances.

• Other toxicity (health hazard).

• Industrial exposure in Australia.

• Form of concentrated chemical (includes 
formulated products).

• Exposure to working strength chemical (mixing, 
loading or application).

• Frequency of application.

• Post-application exposure (handling of treated 
crops and animals).

• Toxicity.

• User exposure.

Environment
Chemicals that are nominated for review are 

assessed for their effect on the environment against 
the following criteria:

• Environmental exposure

o form and method of application.

o volume of use (kilograms per annum).

o scale of use (hectares per annum).

o persistence (soil or aquatic half-life).

o bioaccumulation potential.

o mobility or leaching potential.

• Environmental toxicity.

• Aquatic toxicity.

• Terrestrial bird or mammalian toxicity.

• Terrestrial plant toxicity.

• Other non-target organisms.

• Sensitivity of receiving environment.

• Demonstrated adverse effects.

• Regulatory action taken overseas on 
environmental grounds (for example, the US 
Environmental Protection Agency, the Canadian 
Pest Management Regulatory Agency or the 
European Union).

Residues and trade
Chemicals that are nominated for review are 

assessed for their impact on residues and trade 
against the following criteria:

• Absence of maximum residue limits (MRLs).

• Reported incidents of residue violations.

• Reported incidents of adverse effects on trade.

• Compatibility with other countries' MRLs.

• International regulatory action.

• Residues resulting from use according to 
the label and the appropriateness of existing 
directions (for example, hydroponics versus 
field use).

Note: Dietary exposure is considered under human health.

https://apvma.gov.au/chemicals-and-products/chemical-review/listing
https://apvma.gov.au/chemicals-and-products/chemical-review/listing
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Current reviews in progress Prioritised Yet to be prioritised
 Priority Chemical Chemical
2,4-D1 2 3 * 1 Dithiocarbamates 1 2 * Acephate 1 2

Chlorpyrifos 1 3 * 2 Second generation anti-coagulant rodenticides 1 2 3 Amitrole 1 2 *
Diazinon 1 2 3 3 Cyanazine and Simazine 2 3 * Carbofuran 1 2 3 *
Diquat 1 2 3 * 4 Phorate 1 3 Chlorothalonil 1 2 3 *
Fenitriothion 1 2 3 * 5 Metal phosphides (only those used for grain treatment) 1 2 * Dicofol 1 2 3

Fipronil 1 2 3 *   Fenutatin Oxide 1 2 3

Maldison 1 2   Hexazinone ³ *
Methidathion 1 2   Levamisole 1 2

Methiocarb 1 2 3 *   Methomyl 1 2 3

Molinate 1 2 3   Permethrin 1 2 *
Neomycin ¹    Picloram 2 3 *
Paraquat 2 3 *   Propargite 1 3

Procymidone 1 2 *   Triazole fungicides 1 2 *
   Trichlorfon ¹

Reason for reconsideration

¹ Public health: Includes a consideration of mammalian toxicology and the risk to people from exposure to residues in food.

² Worker safety: Includes a consideration of mammalian toxicology and the risk to people using chemical products, re-entering treated areas and handling treated materials.

³ Environmental safety: Includes a consideration of ecotoxicology, environmental fate and the risk to organisms from exposure to chemicals in the environment during use and remaining in the environment after use.

* Registered use in broadacre grain cropping.

Table 1. Current chemicals with reviews in progress, those that have be prioritised (1 to 5) for future reviews and those that 
have been identified for review but not yet prioritised.

Target crop safety
Chemicals that are nominated for review are 

assessed for their effect on target crop safety 
against the following criteria:

• Reported incidents of phytotoxicity and adverse 
interactions with target crops.

• Reported incidents of adverse effects to treated 
target animals.

Efficacy
Chemicals that are nominated for review  

are assessed for their efficacy against the  
following criterion:

• Lack of efficacy (confirmed report(s) of serious 
incident(s) of chemical failure; substantial 
incidents of chemical failure).

Chemicals nominated for reconsideration
Identifying and nominating chemicals for review is 

an ongoing process. The APVMA regularly assesses 
chemicals nominated for review to ensure the 
highest risks are being targeted based on up-to-
date scientifically based information.

The reconsideration process is initiated when new 
scientific information raises concerns relating to the 
safety or effectiveness of the chemical.

The formal legislative process commences  
when the APVMA decides it is necessary to 
undertake a reconsideration and issues a legal 
notice to holders placing their approvals and 
registrations under review.

The APVMA follows a consultative process 
with the public, industry and federal and state 
government agencies to seek input on prioritising 
chemicals, or types of chemicals, that have been 
identified for review.

Currently, five chemicals have now been 
prioritised for detailed scoping prior to 
commencement of reconsideration. The remainder 
are to be prioritised for reconsideration after the first 
five have commenced the reconsideration process.

Currently there 13 chemicals or types of chemicals 
under review and 19 chemicals the APVMA had 
identified for future review. Five of these are 
currently being scoped prior to commencement of 
the review process.

More information on the chemicals under review, 
nominated and prioritised for reconsideration is 
available from: https://apvma.gov.au/node/10876

https://apvma.gov.au/node/10876
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Chemical Regulatory decision
Atrazine Label variation.
 Specifically, these changes were to further reduce the risk of atrazine entering waterways, update the information on withholding   
 periods and additional information on weed resistance reporting.

Bifenthrin Related only to those products containing bifenthrin at 80g/L or 100g/L for which a 500mL pack size had been approved.
 Registration cancellation of 500mL packs with active concentration greater than 80g/L.
Bromoxynil Changes to withholding period for grazing and cutting for stock food.
Carbendazim Removal of horticultural and ornamental crops from label.
 Revised safety directions and added birth defects warning statement and male infertility in laboratory animals’ statement.
 Re-entry intervals added to label instructions.
Dimethoate Cancellation of home garden products.
 Restriction of pastures, fodder and oilseed uses to early crop emergence stages only.
Diuron Label variations to remove or amend those uses where risk from runoff cannot be managed.
 Removal of some horticultural crops and non-agricultural situations.
Endosulfan All registrations cancelled 11 October 2010.
Fenthion All registrations cancelled 15 October 2015.
Glyphosate In May 1997, following the review, the APVMA introduced additional restrictions on the use of glyphosate in or around waterways to   
 limit the potential risks to the aquatic environment.

Omethoate Removed all use patterns on food producing crops.
 Removed all use patterns for the use of omethoate on crops fed to food producing animals.
 Use restricted to bare earth barrier spray outside of crop.

Table 2. Agvet chemicals with broadacre grains registrations for which reviews are completed with a brief description of the 
regulatory decision.

The cost of registration, reconsideration 
and its impact on chemical availability

The number of research-based companies 
involved in the discovery of new chemistries has 
been declining. In part this is due to the increasing 
costs of the discovery and development of new 
pesticides. The average cost to bring a new active 
ingredient to market from 2010-2014 was an 
estimated US$286 million – approximately US$134 
million more than in 1995.

It is harder and harder to find new active 
ingredients, despite the fact that chemical 
companies are screening more molecules than 
ever before. Only one in 160,000 active ingredients 
discovered today will pass the rigorous testing 
requirements to become a registered pest 
management product.

The additional costs associated with product 
defence, when a chemical goes through the 
reconsideration process, can be extremely high if 
additional data is required to meet current regulatory 
scientific requirements/standards. A registrant 
investment decision takes into consideration these 
additional costs. For older, generic products such 
expenditure may never be recovered from the 
market place. 

Conclusion
The greatest direct influence that grain growers 

can have on retaining access to agvet chemicals  
is to ensure that there are no adverse experiences. 
This can be achieved by using chemicals for  
their registered use and closely adhering to all  
label directions for use including application 
timing, rates, spray drift mitigation statements and 
withholding periods.

Failure to do so can result in exceeding of MRLs 
in commodities, the potential for environmental 
damage and human health risks. These outcomes 
then put additional regulatory focus on those 
agvet chemicals, adding to the body of evidence 
that may then result in a negative review for the 
grains industry, leading to further use restriction or 
cancellation of registrations.

Maintenance of access to agricultural chemicals 
for broadacre use is reliant on growers showing 
strong stewardship in following label directions 
and supporting registrants who invest in new use 
patterns, both with new actives and old off patent 
(generic actives).  
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Useful resources
Australian Pesticides and Veterinary Medicine 

Authority (APVMA): https://apvma.gov.au/

APVMA: Chemical Review: https://apvma.gov.au/

Contact details

Gordon Cumming
Grains Research and Development Corporation 
(GRDC)
0428 637 642
gordon.cumming@grdc.com.au

 Return to contents

https://apvma.gov.au/
https://apvma.gov.au/
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Keywords
 canola, phenology, flowering time, fungicide, disease control.  

Take home messages
	Disease symptoms on canola are caused by a variety of pathogens. Correct identification is 

critical to ensure appropriate control strategies are selected. Use the GRDC Back Pocket guide 
or Canola: the ute guide, for disease identification.

	Blackleg and sclerotinia stem rot most commonly cause significant yield loss. Whilst other 
diseases can be common and prevalent, the level of yield loss associated with other disease 
infection is either low or has not been quantified.

	Blackleg crown canker results from infection during early seedling growth. Prior to sowing, use 
the BlacklegCM decision support tool to identify high risk paddocks and explore management 
strategies to reduce yield loss.

	Blackleg upper canopy infection is the collective term for flower, peduncle, pod, main stem and 
branch infection, but does not include crown canker. 

	Upper canopy infection can cause yield losses of up to 30%. Yield loss is reduced by selecting 
cultivars with effective major gene resistance and using crop management strategies to delay the 
commencement of flowering to later in the growing season, especially in high disease risk areas.

	Sclerotinia stem rot in high risk situations can be controlled by fungicide application at 30% 
bloom (14-20 flowers on main raceme).

	Foliar fungicide application for sclerotinia control (approximately 30% bloom) can reduce UCI if it 
is present and causing yield loss. Unfortunately, applications during flowering do not protect the 
pods from pod lesions. More work is required to determine robust foliar fungicide timings and 
economic returns. 

	Blackleg pathogen populations with resistance to the triazole fungicides fluquinconazole, flutrial 
and a tebuconazole + priothioconazole mixture have been detected. No resistance was detected 
for new succinate dehydrogenase inhibitor (SDHI) and quinine-outside inhibitor (QoI) chemistries.

Steve Marcroft², Susie Sprague¹, Angela van de Wouw³, Andrew Ware⁴ and Kurt Lindbeck⁵.
1CSIRO Agriculture & Food, Canberra, ACT; ²Marcroft Grains Pathology, Horsham, VIC; ³School of 
BioSciences, University of Melbourne, VIC; ⁴SARDI, Port Lincoln, SA; ⁵NSWDPI, Wagga Wagga, NSW.

GRDC project codes: UM00051, CSP00187 

Canola – what disease is that and should I apply 
a fungicide?
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'Major’ diseases – to spray or not to spray?
Sclerotinia

Sclerotinia is a disease that can cause substantial 
yield loss in some regions in some years. The 
decision to apply a fungicide is determined by the 
frequency of previous outbreaks on your farm. 
If sclerotinia has never been an issue then it is 
unlikely to occur in the future and fungicides are not 
warranted. If sclerotinia has occurred in the past, the 
following factors may help in deciding whether to 
apply a fungicide:

• Spring rainfall: Epidemics of sclerotinia stem 
rot generally occur in districts with reliable 
spring rainfall and long flowering periods for 
canola. Consider rainfall predictions for spring 
and canola crop growth stage.

• Frequency of sclerotinia outbreaks: Use the 
past frequency of sclerotinia stem rot outbreaks 
in the district as a guide to the likelihood of a 
current sclerotinia outbreak. Paddocks with a 
recent history of sclerotinia are a good indicator 
of potential risk, as well as adjacent paddocks. 
Also consider the frequency of canola in the 
paddock. Canola is a very good host for the 
disease and can quickly build up levels of soil-
borne sclerotia.

• Commencement of flowering: The 
commencement of flowering can determine 
the severity of a sclerotinia outbreak. Spore 
release, petal infection and stem infection have 
a better chance of occurring when conditions 
are wet for extended periods, especially for 
more than 48 hours. Canola crops which flower 
earlier in winter, when conditions are cooler and 
wetter, are more prone to disease development 
in spring.

• SclerotinaCM: SclerotiniaCM has taken 
experimental data and expert knowledge to 
determine the probability of economic benefit 
of fungicide application to any canola crop 
in Australia. The app can be used in season 
at the decision-making time, it requires the 
agronomist to input individual paddock data, 
recent weather and expected weather and  
then produces a probability of return from 
fungicide application.    

The most yield loss from sclerotinia occurs from 
early infection events. Early infection is likely to 
result in premature ripening of plants with little or 
no yield. Plants become susceptible to infection 
once flowering commences. Research in Australia 
and Canada has shown that an application of foliar 

fungicide around the 20 to 30% bloom stage  
(20% bloom is 14 to 16 flowers on the main stem, 
30% bloom is approx. 20 flowers on the main stem) 
can be effective in significantly reducing the level  
of sclerotinia stem infection. Most registered 
products can be applied up to the 50% bloom  
(full bloom) stage. 

The objective of the fungicide application is to 
prevent early infection of petals while ensuring that 
fungicide also penetrates into the lower crop canopy 
to protect potential infection sites (such as lower 
leaves, leaf axils and stems). Timing of fungicide 
application is critical. A foliar fungicide application 
is most effective when applied before an infection 
event (e.g. before a rain event during flowering). 
These fungicides are best applied as protectants. 

In general, foliar fungicides offer a period of 
protection of up to three weeks. After this time, 
the protectant activity of the fungicide is reduced. 
In some crops, development of lateral branch 
infections later in the season may occur if conditions 
favourable for the disease continue. The greatest 
yield loss occurs when the main stem becomes 
infected, especially early. Lateral branch infection 
results is less yield loss. Use high water rates and 
fine droplet sizes for good canopy penetration  
and coverage.

Blackleg crown canker

Severe crown canker is most likely to develop 
when plants are infected during the early seedling 
stage. The fungus grows from the cotyledons and 
leaves asymptomatically through the vascular 
tissues to the crown, where it causes necrosis 
resulting in a crown canker at the base of the plant. 
Yield loss results from restricted water and nutrient 
uptake by the plant. Protection during the seedling 
stage is critical to reduce crown canker severity. 
The risk factors for development of blackleg crown 
canker are well understood in Australia and include 
intensity of canola production, blackleg resistance 
of the cultivar, stubble management and rainfall. 
A decision support tool, BlacklegCM, is available 
and should be used to assess the risk for blackleg 
crown canker prior to cultivar selection and sowing. 
Versions of BlacklegCM are available for iPad or 
android tablets. BlacklegCM does not work on 
iPhones. The tool is interactive, allowing growers 
and advisers to determine the blackleg risk for each 
paddock and consider the possible economic return 
of different management strategies. The tool also 
provides in-season support for the application of 
foliar fungicides. 
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Blackleg upper canopy infection

Blackleg is able to infect all parts of the canola 
plant. Upper canopy infection (UCI) is a collective 
term that describes infection of flowers, peduncles, 
pods, upper main stem and branches (Figure 1). 
UCI has become increasingly prevalent over recent 
years and may be associated with earlier flowering 
crops because of earlier sowing of cultivars and 
more rapid phenological development during 
warmer autumns and winter. There is also evidence 
of delayed and prolonged release of blackleg spore 
release in stubble-retained systems and increased 
intensity of canola production. While the crown 
canker blackleg is well understood, the factors 
contributing to UCI and possible control strategies 
are currently under investigation. An outline of 
findings to date are presented below.

Blackleg UCI research results

In field experiments, UCI has caused up to 30% 
yield loss. The impact on yield varies depending on 
the timing of infection and plant part infected. Flower 
loss from infection of flowers or peduncles is unlikely 
to directly reduce yield as the plant is able to 

compensate by producing more flowers. However, 
the fungus can grow into the associated branch 
which can then affect seed set and grain filling in 
surrounding pods. Infection of pods or peduncles 
after pod formation can result in significant yield 
loss. Infected branches and upper main stems 
can affect all developing flowers and pods above 
the point of infection causing a reduction in pod 
and seed set as well as smaller seed. Severe 
infection can cause stems and branches to break 
off, premature ripening leading to shattering or 
difficulty in ascertaining correct windrow timing due 
to maturity differences between seed affected or 
unaffected by blackleg. 

Entry of blackleg into the plant is via the stomatal 
openings. Physical damage to the plant by insects, 
hail or frost, facilitates entry of the pathogen causing 
severe disease. In NSW and Victoria in 2018, 
splitting of stems (probably related to frost damage) 
and hail damage resulted in sporadic severe UCI 
symptoms on main stems and pods. 

It is now thought that UCI infections are also 
systemic, causing damage to the plant’s vascular 
tissue similar to traditional blackleg crown infections. 

Figure 1. Upper canopy infection includes blackleg infection of flowers, peduncles, pods, main stems  
and branches.
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The issue for growers is that external symptoms may 
appear insignificant, but internal vascular damage 
may cause significant yield losses. Preliminary 
results indicate this may be why fungicide 
applications on crops with few symptoms can 
still result in economic yield returns. Interestingly, 
researchers have noted that symptoms of internal 
vascular damage result in blackened stems post the 
windrowing growth stage i.e. post 100% seed colour 
change (see Figure 2).

Blackleg UCI control strategies

Genetic resistance

Effective major gene resistance prevents infection 
of all canola plant parts (cotyledons, leaves, stems, 
branches, flowers, pods). Effective major genes can 
thereby prevent both crown canker and blackleg 
UCIs. Unfortunately, most major genes present 
in current cultivars have been overcome by the 
blackleg pathogen across many canola producing 
regions. It is therefore crucial to know if major 
genes are effective or overcome in your growing 
region. The Blackleg Management Guide provides 
information that is relevant for control of blackleg 
crown canker. 

Commencement of flowering

There is a strong relationship between the earlier 
onset of flowering and yield loss caused by UCI. 
Canola plants are particularly susceptible to stress 
during the early stages of flowering (Kirkegaard et 
al. 2018). Evidence from controlled environment and 
field experiments indicates that plants infected by 
blackleg on the upper main stems and branches 

during the early flowering period results in the 
greatest reduction of grain yield compared to crops 
that flower later or are infected at later growth 
stages. Yield loss can be due to a reduction in seed 
size, seeds/pod and/or pods/m2. Oil content can 
also be reduced. In most regions, mid-May to early 
August is the most conducive period for blackleg 
infection. By delaying the commencement of canola 
flowering to early August, growers may be able to 
avoid severe UCI infections. 

Fungicides

If UCI occurs, it has been shown that sclerotinia 
fungicides will also reduce UCI severity and yield 
losses. Application of Prosaro®/Aviator® Xpro for 
sclerotinia control around 30% bloom can also 
provide protection from blackleg infection during 
early flowering. The 30% bloom spray may control 
flower, peduncle, stem and branch infections but  
is unlikely to provide pod protection. High levels  
of pod infection tend to occur in seasons with 
frequent late rainfall events (such as 2016) or  
where there is physical damage to the pods,  
e.g. hail (such as 2018). 

'Minor’ diseases – to spray or not to spray?
White leaf spot (Mycosphaerella capsellae)

White leaf spot (WLS) is a very common disease 
of canola that occurs on the leaves of seedlings 
but can spread up the canopy if wet conditions 
prevail. Infection reduces leaf area which may cause 
reduced biomass accumulation and consequently 
reduce yield. There is no evidence that there is any 

Figure 2. Blackened branches caused by internal vascular damage; symptoms become visible post 100% 
seed colour change. These symptoms may not occur in crops that received the sclerotinia 30% bloom 
fungicide application.
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cultivar resistance to white leaf spot in Australian 
commercial canola cultivars. There is no data 
available on yield losses from WLS.

WLS is a sporadic stubble-borne disease so it 
is likely to be more prevalent and severe in areas 
with intensive canola production. The issue for 
advisers is that there is no knowledge on how to 
predict if WLS will occur as there has been no work 
carried out on epidemiology. Therefore, use past 
infestations as a reference and monitor crops at the 
4-6 leaf stage prior to considering control options. 
If lesions are present and wet weather is forecast, 
it is likely that WLS will continue to flourish. If no (or 
few) lesions are present and the weather is forecast 
to be dry, it is highly unlikely that new leaves will 
become infected.

Interestingly, several experiments to assess 
fungicide efficacy for blackleg control have also 
produced excellent control of WLS. Both Prosaro® 
and Miravis® applied for blackleg control at 4-6 leaf 
growth stage have provided excellent control of 
WLS. Miravis® is registered for WLS control, whilst 
Prosaro® is not registered for WLS control. Other 
experiments show that Jockey®Stayer applied to the 
seed and flutriafol amended fertiliser for blackleg 
control may also provide some WLS control (Van de 
Wouw et al. 2016). Jockey®Stayer and flutriafol are 
not registered for WLS control. At this stage, when 
applying fungicide for blackleg control at the early 
vegetative stage, you may also achieve WLS control. 

Powdery mildew (Erysiphe cruciferarum)

Powdery mildew may be becoming more 
prevalent or it may be ’frequency illusion’, that is, 
once you start looking, you see it everywhere. 
Powdery mildew occurs typically post flowering 
and will affect all plant parts. It is a white powder 
covering the plant parts. There is limited data 
available regarding if powdery mildew causes any 
yield loss and very limited epidemiology data to 
determine which situations may increase the risk of 
the disease occurring. In northern NSW, this disease 
occurs regularly and is thought to reduce yield 
in some seasons. Powdery mildew on brassicas 
(including canola) is caused by the fungus Erysiphe 
cruciferarum and first appears as small whitish 
patches on the upper and lower surfaces of leaves. 
These spots consist of mycelia and conidia (spores), 
which allow the fungus to spread rapidly. The fungal 
patches spread under favourable conditions and 
form a dense white layer that resembles talcum 
powder. Disease outbreaks appear to be associated 
with dry conditions, moderate temperatures, low 
relative humidity and minimal rainfall. The fungus 

survives mainly on alternate brassica weed hosts but 
is also known to survive within old canola stubble.

There are no known commercial canola 
cultivars with resistance to powdery mildew. 
Overseas management of powdery mildew is 
achieved through application of foliar fungicides. 
In experiments in northern NSW, powdery mildew 
control with fungicides was not achieved. However, 
in Victoria in 2018, fungicide applications to control 
blackleg also controlled powdery mildew. In fact, it 
appears that in Victoria the blackleg fungicides are 
extremely efficient at powdery mildew control. In 
blackleg experiments, fungicide applications from 10 
leaf to 50% bloom have all provided some control 
of powdery mildew. Control from early applications 
suggests that powdery mildew is present in the crop 
a long time before it is visible in the spring.

At this stage we do not know if or when powdery 
mildew will occur, we do not know what practices 
and how the climate or weather may influence 
disease severity. We also do not know if it causes 
any yield losses. If you are spraying during flowering 
for sclerotinia, you may also achieve control of 
powdery mildew. 

Pathogens that do not require  
fungicide control
Downy mildew (Peronospora parasitica)

Downy mildew is often prevalent causing 
premature senescence of cotyledons and early  
true leaves. Generally, plants grow through the 
infection, although seedling vigour can be reduced. 
There is no knowledge on yield loss, but loss of 
vigour in canola seedlings is definitely not desirable. 
No fungicides are registered for downy mildew 
control in canola and there are no observations of 
control from blackleg fungicide seed treatments or 
foliar applications. 

Alternaria

Alternaria occurs with prolonged wet weather, 
especially post-flowering. Alternaria pod spot can 
result in premature shattering resulting in yield 
losses. Seed retained and planted from infected 
crops may cause seedling blight as the disease 
is carried on the seed. It is recommended to only 
retain seed from crops unaffected by alternaria. 
Seed treated with fluquinconazole for blackleg 
control has also resulted in suppression of alternaria 
seedling blight. There are no fungicides registered 
for alternaria control in Australia and no observations 
that fungicides applied to control sclerotinia stem 
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rot during flowering control alternaria pod spot. It is 
not known if flutriafol or SDHI seed treatments will 
control alternaria seedling blight.

Fungicide resistance
With the high use of fungicides comes the risk of 

fungicide resistance developing. We have recently 
screened 107 populations for resistance to all 
commercially available and soon to be released 
fungicides. The results from these screens show that 
22% and 28% of populations have a high frequency 
of isolates resistant to the demethylation inhibitor 
(DMI) fungicides (fluquinconazole and flutriafol 
respectively), whilst only 7% of populations have a 
high frequency of resistance to the tebuconazole 
+ priothioconazole mixture. No resistance was 
detected to any of the SDHI or QoI fungicides. 
We will continue to screen populations in 2019 
and 2020 to monitor changes in the frequency of 
resistance to both the old DMI chemistries and the 
new SDHI and QoI chemistries. 

The development of fungicide resistance to 
blackleg in Australia highlights the importance of 
fungicide use stewardship. Overseas experience 
informs us that the new SDHI fungicides are more 
likely to develop resistance than the current  
DMI fungicides. 

Fungicide resistance screening  
sample submission

If you would like your 2018 canola (2019 stubble) 
screened for fungicide resistance, we will require 
 30 pieces of canola stubble from your 2018 
paddock. Please email Angela Van de Wouw 
at angela@grainspathology.com.au for stubble 
collection protocol. We will provide you with 
fungicide resistance results for the current DMI 
blackleg fungicides and the new SDHIs. The  
service is free to growers and advisers. Costs are 
covered by an Australian Research Council (ARC)/
industry investment.

Useful resources and references
BlacklegCM App for iPad and android tablets

www.grdc.com.au/resources-and-publications/
all-publications/publications/2018/blackleg-
management-guide

Canola: the ute guide (https://grdc.com.au/
resources-and-publications/groundcover/ground-
cover-issue-27/canola-the-ute-guide)

Van de Wouw et al. (2016) Australasian Plant 
Pathology 45: 415-423

Kirkegaard et al. (2018) Ten Tactics for Early-
Sown Canola (https://grdc.com.au/resources-and-
publications/groundcover/groundcover-133-march-
april-2018/ten-tactics-for-early-sown-canola)

www.nvt.com.au
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Keywords
 feed wheat, feed barley, cultivars, early sowing (April), phenology, spring wheat, winter wheat, dry 

matter, soil fertility. 

Take home messages
	Research results from the GRDC Hyper Yielding Cereals (HYC) project have set new benchmarks 

for the yield performance of irrigated feed wheat with plot yields in excess of 15t/ha in 2016 and 
in excess of 12t/ha in 2017. 

	Higher final harvest dry matter is essential for higher grain yields. Crop canopies producing 30t/
ha-35t/ha dry matter at harvest have produced plot yields of 15t/ha – 17t/ha in research plots, 
using feed grain germplasm.  

	Initial screening (50 wheat and 11 barley cultivars/lines) have shown that there are four cultivar 
characteristics essential for April sowing in the Tasmanian HRZ; 

	The right ‘time clock’ or phenology is important so that the key development period of  
stem elongation coincides with the best environmental conditions to maximise growth and 
yield potential. 

 For sowing prior to ANZAC day (April 25) the research has shown that winter wheat cultivars 
provide much safer options for maximising yield than spring wheat cultivars.

 Disease resistance particularly to Septoria tritici blotch (STB), leaf rust and scald.

 Good standing power is essential for achieving yields over 8t/ha.

	Research from 2018, with mid-April sowing in south-east (SE) South Australia (Millicent), has 
shown that results achieved in the HYC project are relevant to the longer season mainland HRZ 
in south-eastern Australia.

	HYC research on feed grain germplasm in Tasmania has shown that the same cultivars are 
outperforming the current commercial controls grown in mid-April in SE South Australia.  

	These wheat cultivars were RGT AccrocA, AnnapurnaA, RGT CalabroA, AGTW0002 and  
DS BennettA.

	With the barley research, despite three contrasting seasons, the same three cultivars  
topped the yield rankings these were RGT PlanetA, RGT Conquest and the faster developing 
cultivar RosalindA.

Nick Poole¹, Tracey Wylie¹, Darcy Warren¹, Michael Straight¹, Kat Fuhrmann¹, Jon Midwood² and  
Ian Herbert².
1FAR Australia; ²Southern Farming Systems (SFS).

GRDC project code: FAR 00003 

Hyper Yielding Cereal project – is there relevance 
to the mainland high rainfall zone (HRZ)? 
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Background
Despite a more suitable climate for grain 

production than the mainland and much higher 
yield potential, the average (predominantly dryland) 
yield of red grain feed wheat in Tasmania is still 
approximately 5t/ha. While this has increased 
relatively more than other states in the last 20 years 
(Source: ABARES) it is still felt to be well below the 
potential. The HYC project supported by GRDC and 
led by FAR Australia in collaboration with Southern 
Farming Systems (SFS) aims to make Tasmania less 
reliant on grain supplied from mainland Australia 
through increased productivity of feed grain 
wheat and barley. Through the collaboration of 
international, national, local expertise and breeders, 
the five-year project is working to close the gap 
between actual and potential yields, as well as using 
links with end users to promote the value of trading 
quality feed grains  

Research
The irrigated Hyper Yielding Research Centre at 

Hagley in Tasmania has, over the last three years, 
used over 1000 experimental research plots each 
year to identify new cereal lines and agronomy 
strategies that could lift feed grain productivity in 
the Tasmanian HRZ. The concept of the research 
has been to explore whether the April sowing 
window can be used to maximise biomass and yield 
potential without giving rise to large increases to 
input costs. 

In 2016, the first-year research results from the 
HYC project set new benchmarks for the yield 
performance of feed wheat with plot yields in 
excess of 15t/ha. The soft finish and high rainfall 

experienced were in stark contrast to 2017 when 
low rainfall, higher temperatures and late frosts 
affected the grain fill period and reduced maximum 
yields to 12t/ha – 13t/ha. In many ways the contrast 
of the 2016 and 2017 seasons has been useful in 
determining which new cultivars/lines perform well 
in both seasons. In 2018/19 at the time of going to 
press, wheat remained to be harvested but barley 
was producing yields in excess of 10t/ha for the third 
year in succession.

High harvest dry matters essential for 
higher grain yields

In order to generate higher yielding cereals, it has 
been essential to generate high harvest dry matters. 
This has been clearly observed in HYC research 
with some of the more promising cultivars producing 
the higher dry matter contents. The final harvest 
dry matters in 2016 HYC research for the highest 
yielding cultivars/lines were approximately 30t/ha 
– 35t/ha dry matter and showed significantly higher 
grain yields than the control cultivars ManningA, 
SQP RevenueA and BeaufortA (Figure 1). In addition 
to higher dry matter the same cultivars had better 
standing power and exhibited better resistance to 
STB and leaf rust.  

High fertility essential for higher yields
High yield potential is strongly linked to higher 

fertility, where the extra nitrogen (N) required to 
realise higher potential is provided by the soil not 
by additional fertiliser. Analysis of HYC yields and 
grain proteins suggest that large quantities of N, 
exceeding applied N fertiliser, were removed from 
the soil to produce high yields. In 2016 yields of 14t/

Figure 1. Influence of cultivar/line on grain yield and dry matter (t/ha) at harvest versus commercial controls 
sown 6 April – HYC Research 2016/17 season.
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 Management Level  
Cultivar High Input  Standard Input ‘Grazed’ Input          Mean
 Yield t/ha  Yield t/ha  t/ha 
ManningA (Winter control) 9.23 efg 9.33 efg 8.36 h 8.97
BeaufortA (Spring control) 7.83 hi 7.53 i 8.04 hi 7.80
DS PascalA (Spring) 5.27 l 6.02 jk 6.43 j 5.91
Annapurna (Winter) 10.61 a 10.61 a 9.12 fg 10.11 
Conqueror (Winter) 9.13 fg 9.05 g 9.25 efg 9.14
RGT Accroc (Winter) 10.49 ab 10.52 ab 9.27 efg 10.09
RGT Calabro (Winter) 10.23 abc 10.05 a-d 8.36 h 9.55
AGTW0002 (Winter) 9.53 d-g 10.44 ab 9.67 c-f 9.88
TrojanA (Spring) 5.49 kl 5.59 kl 6.23 j 5.77
DS BennettA (Winter) 10.01 bcd 9.81 cde 9.58 d-g 9.80
LSD Cultivar p = 0.05 0.33 t/ha P val  <0.001
LSD Management p=0.05 0.88 t/ha P val 0.450
LSD Cultivar x Man. P=0.05 0.57 t/ha P val <0.001

Winter – winter wheat, Spring – spring wheat, ‘Grazed’ Management – simulated grazing with mechanical defoliation.

Yield figures followed by different letters are considered to be statistically different (p=0.05), for example

a yield of 9.33 efg is considered statistically different to 8.36 h but not to a yield of 9.13 fg.

Plot yields: To compensate for edge effect a full row width (22.5cm) has been added to either side of the plot area (equal to plot centre to plot centre measurement). 

Table 1. Grain yield (t/ha) under three management levels, 2018 Crop Technology Centre, Millicent, SA.

ha – 17t/ha were achieved with no more than 220kg 
N/ha fertiliser applied, yet N offtakes in the grain 
alone indicated the removal of approximately  
258kg N/ha – 336kg N/ha for specific cultivars and 
sowing dates. 

In the UK, recent analysis of independent NIAB 
TAG trials show similar findings to the HYC research 
over the last two years. Results from a large series 
of wheat trials indicated that high yield potential 
usually comes from higher fertility, where the extra 
N required to realise that potential is provided by 
the soil, such that the total applied N needn’t be 
significantly higher than for crops with lower yield 
potential. The analysis of trials on wheat from the 
UK put forward ‘that for every tonne of N fertilised 
grain/ha, two thirds of a tonne comes from the yield 
without N’. This was put forward to explain ‘why the 
additional amounts of N required for very high yields 
in field trials is less than would logically be expected’ 
(NIAB TAG 2018). Clearly the fertility of farming 
systems and soil organic matters are lower in 
Tasmania than the UK, however from the Tasmanian 
results the fertility of the whole farming system is a 
key component to achieving higher yields.

Is there any relevance of the HYC research 
to the mainland HRZ?

With far less emphasis on breeding for yield in 
HRZ regions of Australia, does the research on 
germplasm and agronomic strategies in Tasmania 

have any relevance to the mainland? 2018 results 
from the SA Crop Technology Centre at Millicent run 
by FAR Australia in collaboration with SARDI and 
funded by Landmark and the wider industry would 
suggest the answer is yes.

Mid-April sowing (18 April) suggested that winter 
wheat cultivars were more suitable to secure the 
yield potential of this sowing date than spring 
wheats which developed too quickly (Table 1). The 
sowing date was too early for the spring wheat 
cultivars resulting in significant frosting, particularly 
where cultivars were grown ungrazed (high and 
standard management). 

There was a significant interaction between 
cultivar and management with spring wheat cultivars 
benefitting from simulated grazing and the winter 
wheats showing a yield penalty from grazing. With 
less frosting in spring the wheat cultivars, under 
simulated grazing, retarded the development 
resulting in a partial escape from some of the 
frosting effects with late flowering. In addition, 
cultivars identified as high yielding in Tasmanian 
HYC trials have topped the 2018 Crop Technology 
Centre results. These wheat cultivars were RGT 
Accroc, Annapurna, RGT Calabro, AGTW0002 and 
DS BennettA.

High input management (five fungicides (seed 
treatment and four foliar sprays) and 200kg N/ha of 
applied N) did not significantly increase grain yields 
over the standard management approach based 



168
 2019 ADELAIDE GRDC GRAINS RESEARCH UPDATE

Phenology (GS30 and GS65), Dry matter removal (GS 30) and yield decrease with grazing  
Cultivar Date GS30 Date GS65 DM * Kg/ha GS30 Yield reduction (t/ha)  
ManningA (Winter control) 21 Aug 7 Nov 2195 0.97
BeaufortA (Spring control) 27 Jun 2 Oct 337 +0.51
DS Pascalv (Spring) 27 Jun 5 Oct 261 +0.41
Annapurna (Winter) 21 Aug 24 Oct 2054 1.49
Conqueror (Winter) 9 Aug 12 Nov 1200 +0.20
RGT Accroc (Winter) 13 Aug 24 Oct 1475 1.25
RGT Calabro (Winter) 28 Aug 30 Oct 2197 1.69
AGTW0002 (Winter) 1 Aug 18 Oct 954 0.77
TrojanA (Spring) 27 Jun 25 Sep 322 +0.64
DS BennettA (Winter) 1 Aug 18 Oct 1045 0.23

* Provisional data means presented with no statistical analysis in the express results

Table 2. Approximate date of pseudo stem erect (GS30), mid flowering (GS65) under standard management, dry matter 
(DM) removed in simulated grazing (mechanical defoliation) management at GS30 and grain yield reduction associated with 
grazing, 2018 Crop Technology Centre, Millicent, SA

on three foliar fungicides and a 120N total. Higher 
yielding cultivars were associated with higher test 
weights and larger grain size (data not shown).

Simulated grazing showed a considerable range 
of dry matter offtakes dependent on the date at 
which the cultivar reached growth stage (GS)30 (start 
of stem elongation). With later developing winter 
wheat cultivars that reached GS30 in late August, 
dry matter offtakes exceeded 2000kg/ha. However, 
these cultivars gave greater grain yield reductions 
as a result of simulated grazing (Table 2). With 
slightly faster developing winter wheat cultivars such 
DS BennettA, which reached GS30 in early August, 
the dry matter offtake associated with grazing gave 
only a slight yield reduction in grain yield but dry 
matter offtake closer to 1000 kg/ha.

In conclusion, the HYC research trials have 
identified new cultivars and techniques that have 
set new benchmarks for yield performance in 
feed wheat with plot yields in excess of 15t/ha and 
barley yields over 11t/ha. In addition, 2018 research 
at the SA Crop Technology Centre in Millicent has 
found that the same lines identified as high fliers in 
Tasmania have been performing well in the South 
Australian HRZ.

Come and view the HYC research at the main 
Hyper Yielding Cereal Project Field Day in Tasmania 
on Thursday November 14 2019!

Acknowledgement
The research undertaken as part of these projects 

is made possible by the significant contributions of 
growers and agronomists through trial cooperation 
and provision of diseased plant materials for the 
isolate collection as well as the support of the 
GRDC, the author would like to thank them for their 
continued support.

Contact details

Nick Poole
FAR Australia
23 High St, Inverleigh, Victoria 3221
0499 888 066
nick.poole@faraustralia.com.au

Darcy Warren
FAR Australia
23 High St, Inverleigh, Victoria 3221
0455 022 044
darcy.warren@faraustralia.com.au

 Return to contents



169
 2019 ADELAIDE GRDC GRAINS RESEARCH UPDATE

Notes



170
 2019 ADELAIDE GRDC GRAINS RESEARCH UPDATE

Notes



171
 2019 ADELAIDE GRDC GRAINS RESEARCH UPDATE

Herbicide resistance in the South-East  
of SA

In 2017 we conducted a survey of crop fields 
in the South-East of SA to assess the extent of 
herbicide resistant weeds in this region. The survey 
showed high levels of resistance in annual ryegrass 
(Table 1). Of particular concern in the South-East is 
that 27% of the samples collected had resistance to 
glyphosate and 7% had resistance to paraquat. This, 
together with high levels of resistance to the Group 
A and Group B herbicides, severely restricts the 
ability to control annual ryegrass post-emergence 
in this region. There is also resistance to the pre-
emergent herbicides in annual ryegrass. Resistance 
to trifluralin and to the Group J and/or Group K pre-
emergent herbicides was also present. Resistance 
to triallate and metazachlor tended to be more 
common than resistance to the other Group J and 
Group K herbicides.

Keywords
 herbicide resistance, annual ryegrass, crop competition, integrated weed management.  

Take home messages
	Annual ryegrass has evolved resistance to most post-emergent herbicides in the high rainfall 

zone (HRZ) – resistance has also been confirmed recently to Group J and Group K herbicides.

	Individual pre-emergent herbicides tend to have variable efficacy, making mixtures and 
sequences better.

	Crops mature later in the HRZ meaning that more than 50% of the annual ryegrass seed can 
shed prior to harvest. This makes harvest weed seed management practices less effective in the 
HRZ than other regions.

	Annual ryegrass can rapidly replenish the seedbank in the HRZ. This makes pre-sowing cultural 
tactics less effective unless they are coupled with stopping weed seed set. 

	Double break crops in rotations are effective at reducing annual ryegrass population, due to the 
employment of crop topping.

	Moderate populations (<100 plants/m²) of annual ryegrass do not greatly reduce crop yield, so 
strategies that drive annual ryegrass to low levels are not always the most profitable.

Gurjeet Gill¹, Christopher Preston¹, Peter Boutsalis¹ and Jon Midwood².
1School of Agriculture Food & Wine, University of Adelaide. ²Southern Farming Systems.

GRDC project codes: UCS00020, SFS00032, UOA1803-008RTX

Managing annual ryegrass in the high rainfall zone

Herbicide Group Resistant samples (%)
Diclofop-methyl A 84
Pinoxaden A 84
Clethodim A 19
Sulfometuron B 66
Imazamox + Imazapyr B 52
Glyphosate M 27
Paraquat L 7
Trifluralin D 41
Propyzamide D 0
Triallate J 23
Prosulfocarb J 5
Prosulfocarb + S-metolachlor J + K 5
Metazachlor K 9
Pyroxasulfone K 5

Table 1. Extent of resistance in randomly collected annual 
ryegrass samples (n = 65) from crop fields in the South-East 
of SA in 2017. Resistance is defined as >20% survival.
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Biology of annual ryegrass in the HRZ
There are anecdotal comments from growers 

and advisers that the ecology of annual ryegrass 
is different in the HRZ compared to other growing 
regions. Trial data from other regions suggests 
annual ryegrass populations in continuously 
cropped regions have changed their emergence 
pattern to greater dormancy, with some of the 
population not emerging until after sowing. 
Where pre-emergent herbicides are the main 
control option, increased dormancy will reduce 
their efficacy. Some preliminary research from 
the University of Adelaide (UA) suggests that the 
changes in dormancy in annual ryegrass are less 
evident in higher rainfall regions than in medium 
rainfall regions (Figure 1). 

Annual ryegrass populations tend to be larger in 
the HRZ and if seed dormancy has not changed, 
then later emergence of weeds is likely related to 
high weed seedbanks and longer growing seasons. 
Rainfall tends to be higher in spring in the HRZ than 
in other growing regions and temperatures stay 
lower for longer. Both of these will encourage non-
dormant seeds in the seedbank to germinate. In 
addition, weeds that survive control tactics in crops 
in the HRZ are able to take advantage of the extra 
moisture and cooler conditions to set more seed.

Pre-emergent herbicide performance in  
the HRZ

Trials and grower experience have consistently 
found that pre-emergent herbicide performance 
can decline quickly during the season in the HRZ. 

Activity of herbicides with short persistence in the 
environment, such as Boxer Gold® and Butisan®, can 
fall away quickly resulting in high weed populations 
later in the season. For this reason, products with 
longer residual activity are preferred. 

Trial work conducted as part of GRDC project 
UA00113 examined the performance of various 
pre-emergent herbicide options for annual ryegrass 
control in 2011 and 2012 in six trials across higher 
rainfall districts of SA, Victoria and NSW. These 
trials showed that while all herbicides can perform 
adequately, single herbicide applications were more 
likely to fail than mixtures or sequences (Figure 
2). The best performing options were mixtures 
of Avadex® Xtra with Sakura® and sequences of 
TriflurX® or Sakura® followed by Boxer Gold® early 
post. These are likely to be the best pre-emergent 
herbicide approaches for annual ryegrass control in 
wheat in the HRZ.

Harvest weed seed control in the HRZ
Harvest weed seed control (HWSC) is a set of 

practices that remove or destroy weed seeds that 
are collected by the harvesting operation. Some of 
these practices can be difficult to use in the HRZ. 
Biomass of cereal crops is often large, creating an 
unacceptable fire risk for narrow windrow burning. 
Frequently, the whole paddock will burn rather than 
just the windrows, producing a poor result. Also 
cooler and moist conditions encountered can make 
it difficult to achieve hot enough burn.

Trial work conducted as part of GRDC project 
SFS00032 examined the applicability and use of 

Figure 1. Emergence of annual ryegrass populations sourced from Hilltown (high rainfall), Paskeville 
(medium rainfall) or Roseworthy (medium rainfall) grown in the same environment. Two populations were 
collected from each district in 2017.
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Trial 2015 2016 2017
Lake Bolac, Vic 50% 31% 0
Yarrawonga, Vic - 57% 65%
Conmurra, SA  59% 65%

Trial Annual ryegrass at 60 DAS (plants/m²)
 2015 2016 2017
SFS Lake Bolac, Victoria 145 115 
SFS Tasmania  259 
MFMG SA 218 144 74
FarmLink Sth NSW  192

Table 2. Annual ryegrass populations at 60 days after 
sowing (DAS) of the following crop after use of the iHSD at 
harvest in the previous crop.

Table 3. Amount of annual ryegrass seed shed in HWSC 
trials in the HRZ prior to harvest.

HWSC in the HRZ. This work found that there were 
reductions in harvest efficiency with the Integrated 
Harrington Seed Destructor (iHSD) due to the 
amount of material going through the mill, resulting 
in greater fuel use. There was little impact of HWSC 
on annual ryegrass populations in fields with existing 
high annual ryegrass populations (Table 2). However, 
in these trials, annual ryegrass populations of 
approx. 100 plants/m² had little impact on crop yield.

In the HRZ, annual ryegrass matures and sheds 
a significant amount of seed before wheat maturity 
and this worsens further south as the growing 
season gets longer (Table 3). However, shedding 
of annual ryegrass seed can be reduced by later 
sowing and harvesting lower can increase the 

amount of annual ryegrass seed being captured by 
the header. While still reducing weed numbers, the 
benefits of HWSC are not likely to be as great in the 
HRZ as they are in other regions. 

Crop competition for annual  
ryegrass management

Crop competition can help reduce seed set of 
annual ryegrass. There are several options for 
increasing crop competition against annual ryegrass. 
These include changing crops, changing crop 
variety, reducing row spacing, increasing seeding 
rates, changing row orientation or changing planting 
times. Several of these tactics can vary greatly in 
efficacy in different environments. 

Early sowing of wheat can reduce annual ryegrass 
seed production in medium rainfall zones; however, 
its value in the HRZ may be lower. A trial conducted 

Figure 2. Performance of pre-emergent herbicides across six trials at Manoora, Yarrawonga and Wagga 
Wagga in 2011 and Saddleworth, Lake Bolac and Wagga Wagga in 2012. Data are presented as box and 
whisker plots. The line across the box is the mean of all trials. The top whisker is the best performing trial 
and the bottom whisker the worst performing trial. BG = Boxer Gold®. 
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Time of sowing Annual ryegrass plants (plants/m²) Annual ryegrass seed heads (spikes/m²)
April 28 62 2418
May 15 53 1632
LSD n.s. n.s.

Table 4. Effect of time of sowing of wheat on annual ryegrass plant numbers and seed heads at Lake Bolac in 2016.

at Lake Bolac in 2016 found no significant effect on 
annual ryegrass establishment in crop or annual 
ryegrass seed head production between sowing 
times (Table 4). This demonstrates that competition 
practices effective in the medium and low rainfall 
zones may be less effective in the HRZ.

Long term weed management
A long-term trial at Lake Bolac has run since 2012. 

This trial initially examined the value of pre-sowing 
cultural tactics on annual ryegrass populations. 
These were retained stubble, burning stubble, 
incorporating stubble and a mouldboard plough 
operation followed by retained stubble. These were 
each followed in crop by three different intensities 
of herbicide management (Table 5). The trial showed 
that the mouldboard plough operation reduced 
establishment of annual ryegrass by more than 95% 
in the year that it was implemented. However, the 
rapid increase in ryegrass numbers in subsequent 
years meant by 2014 there was no difference in 
annual ryegrass populations between the pre-
sowing cultural treatments. 

Annual ryegrass seed head numbers increased 
in all management strategies between 2012 

and 2016. They increased less with the most 
intensive management (MS 3) than with the other 
management strategies (Figure 3). Following crop 
topping of faba beans for all strategies in 2016, 
weed numbers were greatly reduced in 2017. 
Despite this, annual ryegrass seed head production 
was still significantly higher under the low intensity 
management strategy compared to the other 
management strategies.

Higher annual ryegrass populations in MS 1 
resulted in lower crop yields at Lake Bolac (Figure 
4). Yield over six years for MS 2 was 1.5T/ha more 
than MS 1 and for MS 3 was 2.8T/ha more than MS 1. 
These increases in yield were 6% to 12% of the yield 
of MS 1.

The GRDC has invested in five demonstration 
trial sites across Victoria and SA in the HRZ to 
identify effective and profitable strategies for 
the management of annual ryegrass in the HRZ. 
Information about the trials and other information 
about management of herbicide resistant annual 
ryegrass in the HRZ can be found at: https://agwine.
adelaide.edu.au/research/farming-systems/weed-
science/hrz/ 

Year and crop Management strategy
 MS 1 (low cost): MS 2 (mid cost):  MS 3 (high cost)
2012 Wheat Trifluralin + Dual Gold® IBS Boxer Gold® IBS Sakura® + Avadex® Xtra IBS
2013 Barley Trifluralin + Dual Gold® IBS Boxer Gold® IBS Boxer Gold® split application
2014 RT canola Trifluralin IBS, Atrazine 900 2 +  Trifluralin IBS, Roundup Ready® @  Trifluralin IBS, Roundup Ready®
 Select® @ 4 leaf canola cotyledon, Roundup Ready® +  @ cotyledon, Roundup Ready® + 
  Atrazine 900 @ 6 leaf canola Atrazine 900 @ 6 leaf canola,   
   Weedmaster® DST ® @ crop top
2015 Wheat Trifluralin + Avadex® Xtra +  Sakura® IBS Sakura® + Avadex® Xtra IBS,
 Dual Gold® IBS  Boxer Gold® GS 11
2016Faba beans Terbyne® Xtreme®, Boxer Gold® IBS.  Terbyne® Xtreme®, Boxer Gold® IBS. Terbyne® Xtreme®, Propyzamide IBS. 
 Clethodim, Factor @ GS13. Gramoxone  Clethodim, Factor @ GS13. Gramoxone Clethodim, Factor @ GS13. Gramoxone
 @ desiccation  @ desiccation  @ desiccation
2017 Triazine Tolerant Atrazine 900 IBS Rustler® + Atrazine 900 IBS Rustler® + Atrazine 900 IBS
(TT) canola  Atrazine 900 + Clethodim @ 4 leaf canola Atrazine 900 + Clethodim @ 4 leaf canola Clethodim + Factor @ 2 leaf canola
 Weedmaster®DST® @ crop top Weedmaster® DST® @ crop top Atrazine 900 + Clethodim @ 4 leaf canola
   Weedmaster® DST® @ crop top

Table 5. Herbicide and other treatments used for the management strategies at Lake Bolac between 2012 and 2017.

https://agwine.adelaide.edu.au/research/farming-systems/weed-science/hrz/
https://agwine.adelaide.edu.au/research/farming-systems/weed-science/hrz/
https://agwine.adelaide.edu.au/research/farming-systems/weed-science/hrz/
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Useful resources
https://agwine.adelaide.edu.au/research/farming-

systems/weed-science/hrz/ 
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Figure 3. Annual ryegrass seed heads at harvest from 2012 to 2017 at Lake Bolac for the three different 
management strategies (MS1, MS2 and MS3) employed. See Table 5 for details of strategies.

Figure 4. Effect of management strategy intensity on accumulated yield of crops at Lake Bolac between 
2012 and 2017. MS1 was low intensity; MS2 medium intensity; and MS3 high intensity management.
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Background
Increasing herbicide use over the last two 

decades has led to concerns over the potential 
effects herbicides (and their residues) have 
on soil health. There is some uncertainty as to 
whether there is a risk that herbicide residues are 
accumulating in soils, particularly in low rainfall 
environments. Risks include chronic low-level yield 
losses and reductions to profitability, or on the 
other hand, the perceived risk may be leading to 
decisions such as variety or crop selection which 
limits returns. This project was conducted to resolve 
the question of whether increased herbicide use has 
negative impacts on soil biological functions, and 

to benchmark levels of herbicide residues in soil at 
sowing to determine the possible extent to which 
they are responsible for causing crop damage and 
yield decline.

Methods
A risk assessment framework was used to assess 

the potential extent of soil and crop health decline 
due to herbicide residues across the grains industry 
(Figure 1). This requires a determination of exposure; 
i.e. how much herbicide is the soil/crop being 
exposed to, and toxicity; i.e. what is the residue level 
that reduces soil function (e.g. nitrification) or plant 
growth (e.g. shoot biomass) by 20%.   

Keywords
 plant-back, phytotoxicity, soil function, soil biology. 

Take home messages
	Herbicides including trifluralin, 2,4-Dichlorophenoxyacetic acid (2,4-D), diuron, glyphosate and 

diflufenican were detected in soils in more than 30% of paddocks surveyed prior to planting.

	Herbicides, when applied at label rates, do not cause significant impacts on soil microbial 
functions. In particular, glyphosate, even with repeated application over time, had no significant 
deleterious effect. 

	There are a small number of examples where herbicide residues detected at planting  
exceed toxicity thresholds for the crop. Some of these thresholds have been confirmed in 
laboratory assays. 

	Tenosols (light textured sandy soil) are considered at greatest risk of crop damage from residual 
herbicides due to their lower capacity to bind herbicide, therefore rendering a greater proportion 
of the residual herbicide as bioavailable.

	Growers need to carefully adhere to recommended plant back periods for sensitive crops  
and be especially careful if the seasons have not lent themselves to conditions suitable for 
complete herbicide breakdown. Carryover can result in reduced nitrogen fixation in a following 
legume crop.

Mick Rose¹, Lukas Van Zwieten1 ,6, Pei Zhang², Gavan McGrath³, Nikki Seymour⁴, Craig Scanlan⁵ and 
Terry Rose⁶.
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GRDC project code: DAN00180

Herbicide residues in soil – what is the scale 
and significance?
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Exposure to herbicide residues was determined 
by conducting two field surveys of herbicide 
residues in soil at sowing. The first survey in 
February 2015 to April 2015 analysed samples from 
40 paddocks around Australia at two depths, 0-10cm 
and 10-30cm. The second survey used a subset 
of samples from 40 paddocks within the National 
Paddock Survey (BWD00025), in which composite 
samples were taken from 0-10cm from two different 
zones in each paddock. Samples were analysed by 
multiresidue techniques, using targeted extraction 
and liquid chromatography with mass spectrometers 
(LC-MS/MS) and gas chromatography in combination 
with mass spectrometry (GC-MS) analysis. Note 
that extraction methodologies were optimised to 
determine the total soil concentration of herbicides 
rather than the bioavailable fraction.  

Toxicity to soil biological functions was 
determined through meta-analysis of the published 
literature and laboratory soil incubation experiments. 
Information extracted from over 340 peer-reviewed 
journal articles was compiled to identify and rank 
herbicides according to toxicity to soil biological 
functions, including carbon turnover, nutrient 
cycling and disease suppression. Literature findings 
were validated under Australian soil conditions 
by applying seven commonly used herbicides 
(glyphosate acid, 2,4-dichlorophenoxyacetic acid 
[2,4-D], metsulfuron-methyl, trifluralin, diuron, 
atrazine and diflufenican) and one fungicide 
(tebuconazole) to five contrasting cropping soils 
at a recommended and five times recommended 

rate. Soil functionality was assessed using a 
range of tools including multi-enzyme (e.g. β-N-
acetylglucosaminidase and leucine aminopeptidase 
contributing to organic N transformation),  
substrate-induced respiration techniques and the 
nitrification assay.   

An experiment was also conducted to determine 
the potential effects of repeated applications (1, 3 
or 9 doses) of glyphosate at 2.2 kg a.i./ha to three 
contrasting soil types over a period of 10 months. 
Microbial community structure was determined 
at the end of the incubation by next-generation 
sequencing of 16s ribosomal RNA (rRNA) and 
internal transcribed spacer (ITS) regions for bacteria 
and fungi, respectively. 

In order to assess the relevance of soil borne 
herbicide residues on crop growth, international 
literature was accessed and compiled to identify 
toxicity thresholds. To meet required quality criteria, 
the work needed to include a dose-response curve, 
where a crop was sown into soil with increasing 
herbicide concentrations, and a shoot or root growth 
response measurement (either length or biomass). 
Search terms included ‘herbicide’ and ‘soil’ and 
‘phytotoxicity or bioassay’ and ‘crop’ or ‘plant’, where 
iterative searches were conducted using the specific 
herbicide as a search term. Where relevant papers 
were found, references and citations of those 
papers were checked for additional relevant papers 
not picked up by the original database searches. 
To validate literature data (trifluralin, sulfonylureas) 
or provide missing data (clopyralid), dose-response 

Figure 1. Risk assessment framework used to assess the potential scale of reduced soil and crop health 
due to herbicide residues in soil.
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 Group Active  Detection Frequency  Median concentration 75th Percentile Maximum
  (%) (µg/kg) concentration* (µg/kg) concentration (µg/kg)

A Clethodim 5 0 0 14
B Triasulfuron 12 0 0 3.3
 Metsulfuron-Methyl 4 0 0 0.6
 Sulfometuron-methyl 0 0 0 0.0
 Chlorsulfuron 4 0 0 0.7
C Simazine 13 0 0 40
 Atrazine 6 0 0 25
 Terbuthylazine 5 0 0 29
 Metribuzin 2 0 0 6
 Diuron 30 0 12 275
D Trifluralin 51 4 95 5345
F Diflufenican 60 12 20 137
I MCPA 42 0 0 66
 Dicamba 0 0 0 0
 2,4-D 94 1 3 107
 Fluroxypyr 4 0 0 1
 Triclopyr 26 0 0 34
 Clopyralid 5 0 0 6
J Prosulfocarb 7 0 0 28
K Pyroxasulfone 18 0 0 27
 Metolachlor 18 0 0 60
M* Glyphosate 67 218 588 3640
 AMPA 93 308 615 2270

* i.e. 25% of samples contained residue levels above the concentration shown in this column

Table 1. Concentration of herbicide residues in 0-10cm soil samples taken prior to sowing (March-April) in 2016.

bioassays were conducted for soil borne trifluralin 
phytotoxicity to wheat, and trifluralin, metsulfuron-
methyl and clopyralid phytotoxicity to lupins. The 
soil used was a sandy Tenosol from Wongan Hills, 
Western Australia, with low organic matter. This 
represented a ‘high-risk’ cropping soil due to its low 
herbicide sorption and low microbial activity hence 
slower herbicide degradation. Increasing doses 
were applied to soil one month before sowing and 
soil was analysed for herbicide residue level at 
sowing. Shoot biomass was measured 18 days after 
sowing. The effective dose required to reduce shoot 
biomass by 20% (ED20) was calculated by fitting  
log-logistic response curves to each data set. Due  
to the lack of data from literature meta-analysis, 
toxicity thresholds were pooled for monocots (oat, 
wheat, barley) and dicots (lupin, lentil, field pea, 
canola) and the geometric mean of the ED20 for 
each crop type was used as an estimated ‘average’ 
threshold. Hazard assessments were performed 
by comparing herbicide dose-response thresholds 
(toxicity) to residue survey data (exposure) and 
qualitatively characterising sites where toxicity 
exceeded exposure. 

Results and discussion
Exposure assessment – benchmarking herbicide 
residue levels in soils

Results for the 2015 and 2016 soil survey 
demonstrated similar trends of herbicide residues in 
soil just prior to planting, despite being undertaken 
on different paddocks, taken by different staff 
and in different years. Report levels from the 2016 
survey are reported here, with results from 2015 
presented in a previous update paper (Rose et 
al., 2016). As with the 2015 survey, glyphosate 
and aminomethylphosphonic acid (AMPA) were 
frequently detected (67% and 93% of samples, 
respectively), with similar median concentrations 
of 218µg/kg and 308µg/kg, respectively. In 2016, 
the most frequently detected herbicide (in 94% 
of all samples) was 2,4-D; but as with the 2015 
survey, 2,4-D concentrations were generally low, 
with 75% of samples containing <3µg/kg (i.e. <1% 
of a conventional application dose). Trifluralin was 
also frequently detected (>50% of samples) with 
similar 75th percentile values to 2015, but with a 
substantially higher maximum residue concentration 



180
 2019 ADELAIDE GRDC GRAINS RESEARCH UPDATE

Glyphosate application over the 10-month incubation Chromosol Vertosol Tenosol
1 dose at start No significant effect No significant effect No significant effect
1 dose at end No significant effect No significant effect No significant effect
3 doses No significant effect No significant effect No significant effect
   Arabinose ( 15%)
   Glucose ( 15%)
9 doses No significant effect No significant effect  Cellulase ( 30%)
   Phosphatase ( 25%)
   Chitinase ( 25%)

Table 2. Effect of repeated dose of glyphosate (as Roundup CT®) over 10 months on soil biological functions.

of 5345µg/kg in 2016 compared to 590µg/kg in 
2015. Diflufenican, MCPA and diuron were also 
detected in 30% or more of the 2016 samples. Of 
the additional herbicide residues screened in 2016 
that were not analysed in 2015, pyroxasulfone and 
metolachlor were both detected in 18% of samples, 
with maximum concentrations of 27µg/kg and 60µg/
kg, respectively. 

Toxicity assessment – soil functions

A review of over 340 peer-reviewed articles found 
that there is little evidence for consistent, long-term 
impacts to soil (microbially-mediated) functions 
caused by herbicides when used at registered 
label rates. Some site-specific exceptions include 
the interaction of sulfonylurea herbicides with 
certain pathogens (e.g. rhizoctonia) causing greater 

disease risk as well as inhibition of N-cycling on 
alkaline soils.  Our controlled laboratory experiments 
screened the impacts of seven different herbicides 
(glyphosate, metsulfuron-methyl, 2,4-D, atrazine, 
diuron, trifluralin, diflufenican) on soil enzyme 
activities and nitrogen (N)-cycling in five different 
soil types and confirmed that effects are minimal 
at maximum label rate application. Application 
over label rate (5 times) of metsulfuron-methyl 
had significant but minor impacts (<25% of control 
level) on N-cycling in three of the five soils tested 
(impact on two alkaline soils and one low OM soil). 
In a subsequent nine-month incubation experiment, 
single or repeat application of glyphosate at 2.2kg 
a.i./ha every three months at label rates had no 
significant effects on soil microbial communities or 
their function, across the three different soil types 

 Group Active  Estimated average ED20 for  Number of data Estimated average ED20 for Number of data 
  Dicotyledonous crops (µg/kg) points obtained Monocotyledonous crops (µg/kg)  points obtained

A Clethodim NA  NA 
B Sulfonylureas 0.2 40 NA 
C Triazines 160 14 60 10
 Diuron NA  900 1
D Trifluralin NA  130 8
F Diflufenican NA  NA 
I Phenoxys NA  NA 
 Triclopyr NA  NA 
 Clopyralid 50 1 NA 
J Prosulfocarb NA  NA 
K Pyroxasulfone NA  NA 
 Metolachlor NA  NA 
M* Glyphosate >1200 5 >1400 2
 AMPA NA  NA 

* Although thresholds are soil type-dependent for all herbicides, the relatively high variability in glyphosate bioavailability across soil types makes it difficult to ascribe a single threshold value. The value given is the lowest 
observed threshold; occurring for lupin (dicot) or wheat (monocot) growing in a sandy soil with banded phosphorus (P) fertiliser. NA = no suitable data found from the review of public literature.

Table 3. Dose-response thresholds (ED20) for 20% reduction to crop growth (either root or shoot) in short-term bioassays  
(<28 day). Values are from numerous literature sources and averaged (geometric mean) across plant types. Dicotyledonous 
crops include lentil, field pea, lupins, canola, chickpea, mungbean and sugarbeet. Monocotyledonous crops include oats, 
wheat and barley.
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(Table 2). Monthly application of glyphosate only 
caused negative impacts in the Tenosol soil type 
(sandy, low organic matter) but not the heavier-
textured Chromosol or Vertosol soil type (Table 2).

Toxicity assessment – crop biomass/vigour

Despite reviewing over 250 peer-reviewed or 
publically available documents, only a small number 
of relevant data could be obtained to determine 
the threshold soil concentrations of herbicides 

that cause crop phytotoxicity. The majority of 
these were for the sulfonylurea herbicides, mainly 
because bioassay techniques were previously 
the most sensitive method for detecting residues. 
Sulfonylureas can still be biologically active against 
dicotyledonous crops at levels near the limit of 
detection of chemical analysis techniques, with 
an estimated average ED20 at 0.2µg/kg. There 
were a useful number of threshold values also 
available for trifluralin and the triazines simazine 

Figure 2. Hazard assessment for 
A) glyphosate, B) trifluralin and C) 
sulfonylurea residues in soil. Text 
in bold indicates potential negative 
impacts on growth of sensitive crop. 
Normal text indicates paddocks 
exceeded thresholds for sensitive 
crops but when planted with a tolerant 
crop unlikely to suffer impacts.
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and atrazine (Table 3), but a significant knowledge 
gap for many herbicides detected in the residue 
survey; including diuron, diflufenican, pyroxasulfone, 
metolachlor and group I herbicides remains. This 
paucity of knowledge is a significant drawback in 
the interpretation of the practical implications of soil 
residue data.

Hazard assessment – crop biomass/vigour

Taking into account the lack of threshold data 
available for many of the herbicide residues 
detected, a hazard analysis was performed 
for glyphosate, trifluralin and the sulfonylurea 
herbicides, for which adequate thresholds were 
available. For glyphosate, only three paddocks 
from the 40 analysed contained residues that 
would potentially impact upon legumes grown in 
Tenosol with P fertiliser (Figure 2A). Of these, two 
were cropped with cereals, which are much more 
tolerant to glyphosate residues, even when P is 
applied, and are unlikely to have suffered injury. 
Previous work (Rose et al., 2018) has shown that the 
co-application of banded P in particular can increase 
the availability of glyphosate in soil as is competes 
for similar binding sites and allows for greater 
phytotoxicity. The tolerance of vetch is unknown. 
For trifluralin, three paddocks contained residues 
that could potentially injure the cereal crop sown 
that season, two of which were in WA and one in 
Vic (Figure 2B). Whether or not some early damage 
eventuated would depend on where these residues 
were located within the profile in relation to the 
placement of the seed, and the influence of soil type 
on the bioavailability of the residues. The lighter-
textured WA soils are not expected to bind the 
trifluralin as well as the heavier-textured Victorian 
soil, and therefore, these soils are more likely to see 
potential crop damage. For sulfonylureas, seven out 
of the 40 paddocks sampled contained residues 
that could affect legume crops (Figure 2C). Of these, 
two paddocks were planted with lentils, one of 
which was PBA HurricaneA variety, which exhibits 
some tolerance to sulfonylurea (SU) residues. 
Overall, there was a small number of paddocks 
with potentially phytotoxic residues, which may limit 
flexibility of crop selection, but in the majority of 
cases the potential damage appears to have been 
avoided by planting tolerant crops. 

Future research 

A newly established project in the GRDC Northern 
Region will focus on measuring diuron and imazapic 
residues to minimise potential carryover damage, 
particularly for grain legumes. This project will 
develop techniques for determining bioavailable 
residues of these two residual herbicides and critical 
thresholds for susceptible crops, which will allow 
growers and adivsers to weigh up the risk of crop 
damage prior to planting. 

Conclusion
A risk framework was used to guide the 

determination of impacts of residual herbicides 
on soil biological functions and potential plant-
back issues. Within this framework, assessment of 
what residues of herbicides were in soil had to be 
conducted first prior to planting the winter crop. 
Analysis of 80 paddocks in total, across two seasons 
identified that trifluralin, 2,4-D, diuron, glyphosate 
and diflufenican are commonly detected in soils. 
Interestingly, residue levels between 2015 and 2016 
were not substantially different, despite analyses 
of different paddocks in different regions. This data 
may provide further guidance for future studies. 
Importantly, the project has clearly identified the 
lack of major impacts of herbicides on soil biological 
functions. When herbicides are used as per label 
instructions, it is unlikely that they will have any long 
term or significant impact on soil biology. However, 
risk assessment studies showed some examples 
where residual herbicides at planting may impact on 
crop establishment. This was particularly noted for 
legumes which tend to be more sensitive and the 
impacts displayed included lower nodule formation, 
which impacts biological N2 fixation. 

Useful resources
• https://grdc.com.au/resources-and-publications/

grdc-update-papers/tab-content/grdc-update-
papers/2016/02/herbicide-residues-in-soils-are-
they-an-issue-northern

• https://grdc.com.au/resources-and-publications/
grdc-update-papers/tab-content/grdc-update-
papers/2018/02/impacts-of-residual-herbicides-
on-soil-biological-function

• https://grdc.com.au/resources-and-publications/
grdc-update-papers/tab-content/grdc-update-
papers/2018/08/improving-crop-productivity-
on-sandy-soils

https://grdc.com.au/resources-and-publications/grdc-update-papers/tab-content/grdc-update-papers/2016/02/herbicide-residues-in-soils-are-they-an-issue-northern
https://grdc.com.au/resources-and-publications/grdc-update-papers/tab-content/grdc-update-papers/2016/02/herbicide-residues-in-soils-are-they-an-issue-northern
https://grdc.com.au/resources-and-publications/grdc-update-papers/tab-content/grdc-update-papers/2016/02/herbicide-residues-in-soils-are-they-an-issue-northern
https://grdc.com.au/resources-and-publications/grdc-update-papers/tab-content/grdc-update-papers/2016/02/herbicide-residues-in-soils-are-they-an-issue-northern
https://grdc.com.au/resources-and-publications/grdc-update-papers/tab-content/grdc-update-papers/2018/02/impacts-of-residual-herbicides-on-soil-biological-function
https://grdc.com.au/resources-and-publications/grdc-update-papers/tab-content/grdc-update-papers/2018/02/impacts-of-residual-herbicides-on-soil-biological-function
https://grdc.com.au/resources-and-publications/grdc-update-papers/tab-content/grdc-update-papers/2018/02/impacts-of-residual-herbicides-on-soil-biological-function
https://grdc.com.au/resources-and-publications/grdc-update-papers/tab-content/grdc-update-papers/2018/02/impacts-of-residual-herbicides-on-soil-biological-function
https://grdc.com.au/resources-and-publications/grdc-update-papers/tab-content/grdc-update-papers/2018/08/improving-crop-productivity-on-sandy-soils
https://grdc.com.au/resources-and-publications/grdc-update-papers/tab-content/grdc-update-papers/2018/08/improving-crop-productivity-on-sandy-soils
https://grdc.com.au/resources-and-publications/grdc-update-papers/tab-content/grdc-update-papers/2018/08/improving-crop-productivity-on-sandy-soils
https://grdc.com.au/resources-and-publications/grdc-update-papers/tab-content/grdc-update-papers/2018/08/improving-crop-productivity-on-sandy-soils
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Background
International experience indicates soilborne 

pathogens can become important constraints to 
production in pulse crops when cropping frequency 
increases (Gossen et al. 2016). Several reports of 
crop failures in 2017, due to suspected root rot fungi, 
prompted further investigations of soilborne disease 
of pulses in the southern region.

The failure of three chickpea crops in the south 
east region of SA in 2017 was suspected to be 
Phytophthora root rot based on symptoms in crop 
and on the roots. The presence of Phytophthora was 
confirmed in diseased chickpea root samples using 
a genus specific enzyme linked immunosorbent 
assay (ELISA), however attempts to culture the 
pathogen failed and it was not detected by the 
PREDICTA®B test for P. medicaginis, the species 
causing Phytophthora root rot in chickpeas in the 
Northern Region. P. megasperma was suspected 
as the causal agent, but more work was required to 
confirm this. 

The failure of a faba bean crop was caused by 
Aphanomyces root rot and was confirmed by the 
DNA test for Aphanomyces euteiches developed  
at SARDI. 

These reports prompted the SA Grains Industry 
Trust (SAGIT) to fund a small project (S218) to survey 
root pathogens of pulses. The survey used existing 
DNA tests developed by PREDICTA®B and new  
tests and technology being developed by GRDC-
SARDI Bilateral investments, DAS00137 and 
DAS1802-011BLX.

A pulse Research test panel was assembled, 
including available DNA tests for pathogens of 
pulses and was used to assess the pulse root 
survey samples. The tests included: Pratylenchus 
neglectus, Pratylenchus thornei, R. solani AG8, R. 
solani AG2.1, R. solani AG2.2, R. solani AG4, Pythium 
clade f, Pythium clade I, Aphanomyces euteiches, 
Phytophthora medicaginis, Didymella pinodes/ 
Phoma pinodella and Macrophomina phaseolina. 
These tests, many of which are used to deliver 

Keywords
 Pulse root disease, Phytophthora root rot, Aphanomyces root rot, Fusarium root rot, PREDICTA®B, 

next generation sequencing. 

Take home messages
	Pulse crops can suffer from root diseases.

	Next generation sequencing (NGS) technology has potentially identified multiple pathogens of 
economic significance on South Australian (SA) crops — further work needs to determine which 
are the most important.

	Intensification of pulses in cropping rotations can increase pulse soilborne diseases.

	If you suspect soilborne disease issues in your pulse crops, send samples to SARDI.

Tara Garrard, Kelly Hill, Katherine Linsell and Alan McKay.

South Australian Research and Development Institute.

GRDC project code: DAS1802-011BLX

Emerging pulse root diseases in the South East 
region of South Australia
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Pathogen  % Crop samples infected (Crop sampled)
(Pulse test panel)  Chickpea (34) Faba bean (22) Lentil (26) Lupin (4) Lucerne (4) Field Pea (2) Other* (5)
Pratylenchus neglectus 88% 63% 100% 100% 50% 100% 100%
Pratylenchus thornei 41% 32% 31% 0% 25% 0% 0%
Rhizoctonia solani AG8 32% 32% 50% 100% 25% 0% 0%
Rhizoctonia solani AG2.1 18% 27% 54% 0% 0% 0% 0%
Rhizoctonia solani AG2.2 0% 0% 0% 0% 0% 0% 0%
Rhizoctonia solani AG4 3% 0% 0% 0% 0% 0% 0%
Pythium clade F 85% 96% 77% 75% 100% 100% 80%
Pythium clade I 44% 68% 73% 25% 25% 50% 80%
Aphanomyces euteiches 0% 18% 0% 0% 0% 0% 0%
Phytophthora medicaginis 0% 0% 0% 0% 0% 0% 0%
Didymella pinodes/Phoma pinodella 88% 86% 100% 0% 50% 100% 40%
Macrophomina phaseolina 41% 0% 69% N/A N/A N/A N/A

*Other crop types include vetch, canola and clover.

Table 1. Percentage of samples containing pathogens quantified using existing DNA tests in a survey of pulse roots in the 
South East region of SA and the Wimmera region of Victoria in 2018. 

PREDICTA®B, are reliable for quantifying pathogens 
in samples. The main limitation is that no information 
is obtained on target pathogens for which there are 
no tests. 

To solve this problem, NGS technology was used 
to identify a broader range of pathogens present 
in the diseased roots. The main limitations of this 
technology are that it is semi-quantitative, slow and 
generates large amounts of data which take time to 
analyse. 

Methods
Pulse root samples were sent to SARDI by 

growers and agronomists predominantly from the 
South East region of SA. Excess soil was washed 
from the roots and any plant material above the 
basal stem was removed. The roots were then 
processed through the PREDICTA®B laboratory 
and the DNA was extracted and tested using the 
Pulse Research test panel to quantify targeted pulse 
pathogens in samples.

The DNA samples was also assessed using NGS 
to identify potentially important pathogens not 
detected by PREDICTA B. DNA was prepared for 
sequencing using two primer pairs targeting the ITS1 
gene region of all fungal species (ITS1f/ITS2) (White, 
1990) or oomycete species (ITS1-Oo/ITS7) (Riit et al. 
2016; Cooke et al. 2000). The products were then 
sequenced and sequence data filtered for quality 
before undergoing taxonomic assignment. 

Results and discussion
The survey has so far collected almost 100 

samples of pulse roots from crops, most of which 
were showing signs of poor performance. The crops 
included chickpea, lentil, faba bean, field pea, lupin, 
canola, vetch, clover and lucerne. 

PREDICTA®B analysis

From the tests currently available in the Pulse 
Research test panel (Table 1), Pratylenchus 
neglectus, Pythium clade F and Didymella pinodes/
Phoma pinodella were the most prevalent 
pathogens in the samples. P. pinodella is known 
to have a broad host range and causes foot rot in 
field pea and sub clover. Its effect on other pulses is 
unknown. Rhizoctonia solani AG8 and 2.1, Pythium 
clade I and Macrophomina phaseolina (charcoal rot) 
were also present at significant levels. R. solani AG4, 
which can be a serious pathogen of pulses and 
other crops, was detected in one sample (Hwang et 
al. 2003). A. euteiches was found in 18% of samples, 
all from faba bean crops experiencing moderate 
to severe symptoms of the disease. Pratylenchus 
neglectus is common and known to be hosted by 
a range of pulses, its effect on pulse yields is not 
known.

There were no detections of P. medicaginis in the 
samples received despite some showing symptoms 
consistent with the disease and positive ELISA tests. 
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NGS analysis

DNA from each root sample was analysed 
with NGS and a broad range of pathogens were 
detected, some of which have been reported to 
cause root disease of pulses overseas. Pathogens 
identified of particular interest based on international 
research and symptoms from plant samples in this 
survey are summarised in Table 2. 

Phytophthora spp.

Sequence data identified several Phytophthora 
species present including P. megasperma/ 
crassamurra, P. trifolii and P. clandestina. All three 
species were detected in chickpea roots with 
symptoms of Phytophthora root rot. P. megasperma/
crassamurra was also found on faba bean and 
lucerne roots. These Phytophthora species could 
have been the pathogens responsible for crop 
failures in the chickpea paddocks from 2017 and 
crop and root symptoms in 2018. These samples 
produced positive ELISA tests for Phytophthora 
species and were negative for P. medicaginis  
using the PREDICTA®B test. The potential of  
P. megasperma/crassamurra additionally infecting 
faba bean roots could have implications for the 
south east region and requires further investigation 
to confirm and quantify its extent and severity. 

Australian research in the northern region on 
Phytophthora root rot (P. medicaginis) is currently 
the best reference point for the impacts of this 
disease in chickpeas. Further research in the 
Southern Region is required to determine how 

severe P. megasperma/crassumurra is and how it 
compares to Phytophthora root rot in the northern 
region were it was estimated to cost chickpea 
growers up to $8.2 million annually (Murray and 
Brennan 2012). The impacts are currently unknown 
for P. megasperma/crassamurra as there is limited 
research internationally. 

The only chemical option available for 
Phytophthora root rot in the Northern Region is 
metalaxyl-based seed dressings, which can provide 
6-8 weeks protection post seeding (Moore et al. 
2011). Currently, the best options for growers to 
manage Phytophthora root rot are to use wide 
rotations and grow varieties that are moderately 
resistant (Amalraj et al. 2018). 

Fusarium spp.

Globally, Fusarium spp. feature in research on 
pulse root diseases (Gossen et al. 2016, Li et al. 
2017, Wong et al. 1985, Banniza et al. 2015).  
Species reported in the literature that have been 
tentatively identified by the NGS sequences as 
being present in root samples from SE of SA include 
F. solani, F. redolens, F. oxysporum, F. equiseti and 
F. acuminatum. 

Further investigation is needed to determine 
which, if any of the above species present in the 
pulse roots play an important role in causing root 
disease in Australia. The most pathogenic,  
F. oxysporums include F. oxysporum f. sp. ciceris 
and F. oxysporum f. sp. lentis, these are not known 
to occur in Australia (Cunnington et al. 2016, 

Pathogen  % Crop samples infected (Crop sampled)
 Chickpea (17) Faba bean (22) Lentil (2) Lupin (4) Lucerne (4) Field pea (2) Other* (5)
Aphanomyces euteiches 11% 22% 0% 0% 0% 0% 0%
Aphanomyces sp. 11% 13% 0% 0% 25% 0% 0%
Phytophthora megasperma/ crassamurra 24% 36% 0% 0% 50% 0% 20%
Phytophthora clandestina 5% 0% 0% 0% 0% 0% 0%
Phytophthora trifolii 5% 0% 0% 0% 0% 0% 0%
Phytophthora spp.  5% 32% 0% 0% 75% 0% 0%
Pythium irregulare 65% 64% 50% 75% 75% 50% 20%
Pythium oopapillum  29% 64% 0% 0% 50% 0% 0%
Fusarium solani 59% 32% 0% 75% 75% 50% 40%
Fusarium redolens 35% 0% 0% 0% 25% 0% 0%
Fusarium oxysporum 17% 0% 0% 0% 0% 0% 0%
Fusarium equiseti 71% 82% 50% 100% 100% 100% 80%
Fusarium acuminatum 88% 82% 50% 100% 100% 100% 60%
Macrophomina phaseolina 18% 18% 0% 25% 0% 0% 20%
Thielaviopsis basicola 6% 5% 0% 75% 0% 0% 20%

*Other crop types include vetch, canola and clover.

Table 2. Summary of NGS analysis of pulse root samples collected in the South East region of SA and Wimmera region 2018.
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Pouralibaba et al. 2016). We cannot identify isolates 
to formae speciales with the current NGS data. 

The Fusarium spp. above are also being 
investigated internationally as potentially  
important components in disease complexes  
with Aphanomyces sp. and Phytophthora spp. 
(Banniza, 2016).

Macrophomina phaseolina

Detection of M. phaseolina is anticipated to be 
better using PREDICTA®B tests than NGS due to 
the specificity of the genetic region used in the 
PREDICTA®B test. The NGS data identified a large 
number of sequences to family and genus level that 
align with M. phaseolina but taxonomy could not be 
assigned to species level. 

In Ethiopia, M. phaseolina (Rhizoctonia bataticola) 
causes up to 50% yield losses in chickpea and 
is also a serious disease on faba bean and lentil 
(Mitiku, 2017). In Australia, Macrophomina has 
caused losses in lupin in the Western Region when 
high temperatures occurred in early spring (Thomas 
et al. 2014). The significance of the pathogen in the 
Southern Region on pulses is currently unknown. 

Thielaviopsis basicola

T. basicola sequences were detected on 
diseased chickpea roots grown in soil from near 
Naracoorte and from a diseased lupin root system 
from Coomandook. T. basicola causes black root rot 
and has a very broad host range including pulses, 
vegetables and cotton. Internationally, chickpea  
and lentil have been identified as susceptible to  
T. basicola, as well as causing disease in numerous 
cropping regions (Bowden et al. 1985, Abbas et al. 
2007, Bhatti et al. 1992). 

Didymella pinodes/Phoma pinodella

The NGS detected a large number of sequences 
in the genera Didymella and Phoma, however, there 
was limited classification to species level. This is an 
indication that the PREDICTA®B test for Didymella 
pinodes/Phoma pinodella is much better suited to 
this pathogen than the genomic region targeted in 
the NGS. 

Tests for P. megasperma and T. basicola are 
under development and will be used to test stored 
DNA when ready.

Conclusion
The labelling of pulses as break crops has 

allowed pulse root diseases to be underestimated 
in the farming system. The risk is increasing with 
increased frequency of pulses in the cropping 

sequence.  International research and reports of 
pulse crop failures has alerted researchers to the 
significance of these diseases.

This research is in the problem definition phase. 
SARDI will continue to survey pulse crops in 
South Australia in 2019 and 2020.  Consultants 
and growers are encouraged to monitor their 
pulse crops and forward plant samples from poor 
performing areas that previously may have been 
attributed to waterlogging or other environmental 
stress.

If you are interested in assisting with the survey, 
contact Tara Garrard for sample kits. 
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Background
The severity of soilborne disease is significantly 

affected by seasonal conditions in both the 
preceding crop that produced the inoculum and, in 
the crop, exposed to the inoculum. 

The 2018 season was characterised by below 
average rainfall in autumn to mid-winter, reasonable 
rainfall in August, followed by low rainfall during 
spring. These conditions favour:

• Build-up of Rhizoctonia solani AG8, the cause 
of rhizoctonia root rot. 

• Production of whiteheads caused by crown rot.

• Reduced breakdown of cereal stubble in  
break crops.

• Root damage caused by root lesion nematodes

Losses from crown rot and RLN were recently 
estimated to be $125 million and $16 million per/
year, respectively. 

Managing cereal soilborne diseases in 2019
It is advised that the disease risk profile of 

paddocks is determined using PREDICTA®B testing 
well ahead of sowing in 2019. PREDICTA®B is a 
DNA-based soil testing service which enables 
identification of pathogens posing the greatest 
threat to crops. For further information on 
PREDICTA®B, head to http://pir.sa.gov.au/research/
services/molecular_diagnostics/predicta_b

 Rhizoctonia

Inoculum levels of Rhizoctonia are likely to be a 
concern in 2019 as dry conditions favour a build-up 
of the pathogen. Forty-four percent of paddocks 
in SA that were tested in 2018 using PREDICTA®B 
had medium to high risk levels of Rhizoctonia prior 
to sowing (Table 1) and with the dry 2018 season, 
inoculum level is likely to have increased during 
the year. The impact on crops during 2019 will be 
greatest if the summer remains dry, the season 
breaks late and temperatures drop quickly after 

Keywords
 rhizoctonia, crown rot, root lesion nematode, cereal cyst nematode, PREDICTA® B. 

Take home messages
	Drought in 2018 and low summer rainfall are likely to increase the risk of rhizoctonia root rot and 

crown rot in 2019. Identify paddocks at risk prior to sowing using PREDICTA® B to implement 
strategies to minimise yield loss.

	Cereal cyst nematode (CCN) levels have increased in SA with detections in 24% of paddocks 
tested in 2018, compared to 1% in Victoria. Monitor numbers in paddocks sown with  
susceptible cereals.

	Adding stubble to PREDICTA® B samples improves crown rot risk assessment; crown rot and 
root lesion nematode (RLN) PREDICTA® B yield loss risk categories were updated and testing for 
sclerotinia stem rot was added to PREDICTA® B for 2019. PREDICTA® B manual (version 10.2) is 
available for download (https://rootdisease.aweb.net.au/).

	Consult current cereal and pulse disease guides for the latest RLN resistance ratings as there is 
variation between crops and crop varieties for resistance to RLN species. 
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Grant Hollaway² and Alan McKay¹.
1SARDI; ²Agriculture Victoria, Horsham; ³University of Adelaide.
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South Australian cereal root disease update 2019 
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Region Year Samples CCN Crown rot Rhizoctonia P. neglectus P. thornei
Vic 2016 85 0% (2%) 53% (75%) 31% (40%) 5% (87%) 1% (45%)
 2017 98 0% (4%) 37% (67%) 38% (51%) 8% (84%) 2% (38%)
 2018 90 0% (1%) 51% (82%) 21% (29%) 8% (82%) 2% (46%)
 2019      
SA 2016 66 0% (15%) 39% (76%) 58% (77%) 3% (89%) 0% (32%)
 2017 58 3% (22%) 28% (64%) 29% (52%) 7% (86%) 2% (26%)
 2018 77 5% (24%) 38% (78%) 44% (79%) 18% (95%) 0% (34%)

(X%) Total percentage of samples infected.

Table 1. Summary Southern Region PREDICTA® B results showing percentage of samples returning medium/high disease risk 
(non-bracketed) and total percentage of samples returning positive detection of inoculum (bracketed) from 2016-2018.

sowing. In areas where good summer rainfall occurs, 
Rhizoctonia levels will be lower. The impact of the 
pathogen will be reduced if the season breaks early 
and crops establish in warm soil. Rhizoctonia is most 
damaging when root growth is restricted either by 
cold soils, compaction layers or lack of moisture. 
Crops that establish well can still be affected in 
mid-winter when soil temperatures drop below 
10°C when Rhizoctonia can attack the crown roots 
causing uneven growth and reduced tiller number, 
rather than classic bare patch symptoms.

In paddocks with Rhizoctonia present at high 
levels, control summer weeds and autumn green 
bridge and consider rotating to a non-cereal crop. 
If cereals are to be grown, wheat is more tolerant 
than barley and early sowing in the seeding window 
with banding of nitrogen (N) below the seed can 
facilitate rapid root growth in the soil profile. Ensure 
good crop nutrition, with particular attention to trace 
elements, and increase seeding rates to reduce 
impact of lost tillers from Rhizoctonia damage to 
crown roots. If growing cereals in 2019, a PREDICTA® 
B test can be used to identify paddocks at risk.

Consider fungicides to protect the roots. Rainfall 
is needed to move fungicides into the root zone as 
roots outside the fungicide zone are not protected. 
Seed treatments tend to protect the seminal roots, 
whereas liquid streaming Uniform® above and below 
the seed can protect crown and seminal roots and 
tends to produce larger yield responses in above 
average rainfall seasons.

Crown rot

Crown rot has become the most important 
soilborne disease affecting cereal crops nationally 
— 38% of SA grower samples tested in 2018 
by PREDICTA®B had medium to high risk levels 
of crown rot prior to sowing (Table 1). The dry 
finish to the season in 2018 favoured whitehead 
development in wheat and high inoculum in 
infected plants. Where there is a medium to high 

crown rot risk, it is best to avoid growing durum or 
bread wheat. Yield loss in barley will be lower, but 
inoculum levels will increase. Generally, a two-year 
break from cereals is required to reduce medium/
high levels to a low inoculum level. However, the dry 
season of 2018 will have slowed the breakdown of 
stubble and a three-year break may be required. A 
PREDICTA® B soil test prior to sowing can identify at 
risk paddocks — make sure one piece of stubble, 
from 15 locations, each 5cm long and from the base 
of the plant, is added to that sample

Cereal cyst nematode

Cereal cyst nematode was the most important 
soilborne disease in SA and Victoria. However, it is 
generally under control, following two decades of 
using resistant varieties. Over the past five years, 
numbers have been slowly increasing in SA, but 
not in Victoria. In 2016, CCN was detected in 15% 
of paddocks tested in SA, increasing to 24% in 
2018 (Table 1). While only 5% of paddocks had 
a medium to high risk (Table 1), the detection of 
CCN should be noted due to its ability to rapidly 
increase. PREDICTA®B can be used to monitor CCN 
levels in paddocks sown to susceptible cereals. 
Use of resistant varieties or non-host crops is 
recommended in paddocks where CCN is detected.

Root lesion nematode

Pratylenchus neglectus levels before sowing 
in 2018 were at medium to high levels in 18% of 
paddocks tested in SA (Table 1). This was 11% greater 
than in 2016 due to the exceptional conditions 
during 2017. The dry conditions in 2018 are 
expected to reduce P. neglectus multiplication and 
potentially reduce the risk to crops sown in 2019. To 
keep RLN densities below yield limiting thresholds, 
grow varieties/crops with a moderately resistant-
moderately susceptible (MRMS) or better resistance 
rating. If susceptible varieties are grown, rotate with 
resistant crops/varieties.



193
 2019 ADELAIDE GRDC GRAINS RESEARCH UPDATE

P. neglectus yield responses 

In 2018, 60% of varieties in a P. neglectus 
tolerance trial located at Pinery, SA, had significant 
yield losses ranging from 8% to 15% (Figure 1). The 
trial was established in 2017 to produce paired 
plots of low (5 P. neglectus/g soil) and high (80 
P. neglectus/g soil) to be over sown in 2018. Low 
growing season rainfall limited yield potential. The 
trial established well on 30mm of rainfall prior to 
sowing (11 May), followed up with 45mm rainfall in 
June, while the rest of the season received only  
100 mm, most in August. 

Emu RockA, Razor CL PlusA and CorackA had 
the largest losses with 12.1%, 12.6% and 14.6%, 

respectively, equating to about 0.2t/ha. ScepterA, 
DBA SpesA, Spartacus CLA, Hindmarsh  and Chief 
CL PlusA had yield losses of 8%. 

Severe seminal root damage was observed on 
a majority of varieties in the spring (Figure 2) in the 
high treatments. Plants in these plots appeared to 
rely on the crown roots to finish the season.

A review of losses caused by P. neglectus 
estimated significant yield losses occurred in 30% of 
seasons in the Southern Region. Preliminary studies 
indicate seasons with good early/mid-season rainfall, 
followed by low rainfall and high evapo-transpiration 
in spring, are most conducive to yield loss. However, 
there are significant genotype x environment (GxE) 

Figure 2. Root damage on CorackA wheat at 21 weeks from sowing.

Figure 1. Yield responses of cereal varieties to P. neglectus in 2018 at Pinery, SA. * Yield responses 
significant at p=0.05
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RLN level P. thornei/g soil P. neglectus/g soil % Yield loss
BDL <0.1 <0.1 0
Low 0.1 - <15 0.1 - <25 0 – 5
Medium 15 - <60 25 - <100 5 – 20
High ≥60 ≥100  20 – 40

Table 2. Southern Region PREDICTA® B RLN yield loss risk categories. 

interactions that result in different groups of varieties 
producing yield responses in different seasons. 
Therefore, growers should grow the best adapted 
varieties and use resistant varieties/crops when 
practical to control high populations.

Root lesion nematode yield loss categories 

Following the review of yield loss data collected 
nationally from 51 field trials (2011-2015), the 
PREDICTA®B RLN medium to high risk threshold for 
the Southern Region was increased from 60 to 100 
nematodes/g soil (Table 2). 

Resistance to RLN in cereals and pulses 

It is important to know which RLN species are 
present, as each species has a different host range. 

For P. neglectus, triticale is the most resistant cereal 
crop followed by barley and durum. Wheat is the 
most susceptible crop, with useful variation in 
’resistance’ between varieties. The more resistant 
wheat varieties, MaceA and TrojanA, rated MS. It is 
important to note that in good seasons all varieties 
will increase nematode densities except the  
triticale varieties. 

For P. thornei, durum, barley and triticale are 
more resistant than bread wheat (Figure 3b). Wheat 
varieties vary in susceptibility of P. thornei, so it is 
important to consult a Cereal Variety Disease Guide 
or NVT Online.

The relative resistance classifications for cereal, 
pulse and oilseed varieties are summarised in 

Figure 3. Multi-site analysis of P. neglectus A) and P. thornei B) multiplication in cereal varieties in field trials 
conducted in the Southern Region between 2011-2017 and 2016-2017, respectively.
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Figure 4 for P. neglectus and P. thornei. Wheat is a 
susceptible crop for both species. For P. neglectus, 
canola is susceptible. For P. thornei, chickpea, faba 
bean and vetch are susceptible in seasons with 
good spring rainfall. Lentil, lupin and field pea are 
reasonable break crops for both species.

Conclusion
Proactive disease control is required as yield 

losses due to soilborne diseases can be greater 
than 20%. Therefore, it is important that the disease 
risk profile of paddocks is determined using 
PREDICTA®B testing well ahead of sowing in 2019 
and plans are developed and implemented to 
manage disease risks in 2019. 

Useful resources
PREDICTA®B website 

http://pir.sa.gov.au/research/services/molecular_
diagnostics/predicta_b

2018 Cereal Variety Disease Guide 
http://pir.sa.gov.au/__data/assets/pdf_
file/0017/311084/Cereal_Variety_Disease_
Guide_2018_booklet_WEB.pdf

2018 Pulse Disease Guide https://www.nvtonline.
com.au/wp-content/uploads/2018/03/VIC-Pulse-
disease-guide-2018.pdf

GRDC Tips and Tactics Root Lesion Nematode 
https://grdc.com.au/__data/assets/pdf_
file/0026/126476/tatrootlesionnematodessouthlr-pdf.
pdf 

GRDC Tips and Tactics Cereal Cyst Nematode  
https://grdc.com.au/resources-and-publications/
all-publications/factsheets/2017/03/tips-and-tactics-
cereal-cyst-nematode-2017

GRDC Tips and Tactics Rhizoctonia https://grdc.
com.au/__data/assets/pdf_file/0025/170386/grdc_
tips_and_tactics_rhizoctonia_southern_web.pdf.pdf

GRDC Tips and Tactics Crown Rot https://grdc.
com.au/__data/assets/pdf_file/0029/165917/grdc_
tips_and_tactics_crown_rot_southern_web.pdf.pdf
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Background
The ’Stubble Initiative’ was a five-year program 

of research (2014-2018) initiated by GRDC following 
a comprehensive gap analysis (Scott et al.2013) 
which aimed to provide management guidelines 
for profitable farming with retained stubble. 
Farming systems groups (Birchip Cropping Group 
(BCG), Central West Farming Systems (CWFS), 
Eyre Peninsula Agricultural Research Foundation 
(EPARF), FarmLink Research, Hart Field Site group, 
Irrigated Cropping Council (ICC), Southern Farming 
Systems (SFS), Lower Eyre Agricultural Development 
Association (LEADA), MacKillop Farm Management 
Group (MFMG), Mallee Sustainable Farming (MSF), 
Riverine Plains, Upper North Farming Systems 
(UNFS), YP Alkaline Soils Group (YPASG), Vic No Till 
Farmers Association Inc (VNTFA), Mid North High 
Rainfall Zone Group (MNHRZ) and Yeruga Crop 
Research) worked on locally relevant issues and 
contributed to co-ordinated research (CSIRO) and 
extension (SARDI) to develop regional guidelines  
to maintain profit in stubble retained systems.  
These guidelines and a range of other detailed 
extension material have been produced and 

communicated throughout the Initiative (see reading 
and reference list for links). Here I have selected 
10 of the key lessons from the initiative to highlight 
those which are novel and have the most potential 
to influence the enduring profit of growers with 
stubble retained systems.

Lesson 1. Be flexible – no strategy is perfect 
for every farm or paddock

Stubble is important for soil protection, water 
conservation and soil organic matter. But it must 
be managed without compromising the big drivers 
of profits - timeliness of sowing, target plant 
populations, effective weed, pest and disease 
control and crop nutrition. There is no perfect 
stubble management strategy for every paddock – 
crop sequence, weed spectrum, stubble loads and 
available machinery all dictate how stubble can be 
best managed. Start planning before harvest, and 
continue through the fallow to sowing. Fortunately, 
the first few t/ha of stubble provide most of the 
benefits with few issues, and numerous options exist 
to manage heavier stubbles well (Swan et al. 2018)

Keywords
 stubble, diversity, fallow management, water conservation, nitrogen immobilisation, weed 

management, soil fertility, pest control.  

Take home messages
	Be flexible and pro-actively manage stubble for your seeding system.

	Diversify your crops and practices as the platform for farming profitably with stubble.

	A critical threshold of 2-3t/ha provides most of the benefit but read on for 10 more key lessons to 
retain more stubble profitably – to save soil, water and $50-$100/ha.

John Kirkegaard on behalf of Initiative participants.

CSIRO Agriculture and Food.

GRDC project codes: CSP00186, CSP00174, EPF00001, MSF00003, BWD00024, YCR00003, MFM00006, 
CWF00018, CWF00020, RPI00009, LEA00002, UNF00002, SFS00032, DAS00160, DAS00119 

Ten key lessons from the ‘Stubble Initiative’ every 
agronomist should know
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 Average Total Cost  Average Net Margin Average 4yr Profit:  ARG Seedbank
 2014-17 ($/ha/yr) 2014-17 ($/ha/yr) Cost ratio (/m²)

Aggressive (C-W-W) $539 $454 $0.83 898
Conservative (C-W-W) $461 $328 $0.69 7406
Diverse (Vetch-C-W-B) $489 $476 $0.98 250

Table 1. Economic performance and final ryegrass seedbank for different management strategies in a 4-year field 
experiment at Temora (FarmLink and CSIRO).

Lesson 2. Diverse systems and practices 
are the platform for success

Diversity in crops and practices will provide 
a platform for success and allow effective 
management of weeds, diseases and nitrogen 
(N) nutrition in stubble retained systems. In the 
low rainfall zone, economic analysis of 5-year 
sequences conducted by EPARF with Ed Hunt 
showed that a two-year pasture break with wheat 
was the lowest risk option in dry years but did not 
capture all of the economic benefits of continuous 
wheat in above average seasons. A two-year break 
with well adapted legume and canola had lower 
risk than continuous wheat and also captured the 
upside in an average season (GRDC Groundcover 
Supplement 135, pp 7). In the medium rainfall 
zone at Temora, FarmLink Research and CSIRO 
demonstrated that in a paddock with high levels 
of resistant ryegrass, a diverse sequence of vetch 
(hay)-canola-wheat-barley allowed all stubble to 
be retained, while generating the highest profit at 
lowest risk and driving the annual ryegrass (ARG) 
weed seedbank to very low levels (Table 1). This 
performed better than the traditional canola-wheat-
wheat systems managed either conservatively 
(triazine tolerant (TT) canola, lower N) or aggressively 
(Roundup Ready® (RR) canola, higher N, expensive 
pre-emergent program), and when scaled up to the 
whole-farm was less volatile (Swan et al. 2018). 

Lesson 3. Pro-actively manage stubble  
to suit your crop, seeding system and  
farm structure

Managing stubble effectively begins at harvest, 
and continues through the fallow period to seeding, 
where the priority must be timely and effective 
crop establishment and good weed management. 
Harvesting high or with stripper fronts is fast and 
efficient (10% reduction in speed per 10cm reduction 
in harvest height) and can save about $7.00 to 
$9.00 per 10cm increase in harvest height. Tall 
standing stubble is more suited to disc-seeding 
operations, or where grazing, mulching, baling or 
burning are planned later. The choice of row spacing 

at sowing will be important depending on the 
seeding system and its stubble clearance capability 
(disc or tyne), and the stubble load. Increasing 
rows above 7 inches (18cm) for inter-row sowing 
or to avoid blockages can result in yield penalties 
in cereals, and also reduces crop competition with 
weeds (GRDC Groundcover Supplement 135, pp 
11). These decisions regarding appropriate optimal 
seeding strategies for stubble management can 
be very enterprise dependent. For example, whole 
farm economic analysis derived from experiments 
on disc and tyne systems in different crop sequence 
strategies suggested that where farm structure is 
highly efficient, a tyne opener was more profitable 
than a disc opener on 300mm row spacing. 
However, higher returns on assets managed were 
achieved with a disc opener on 190mm spacing 
compared to a parallelogram tyne seeder on 
300mm row spacing (Swan et al. 2018).

Lesson 4. Water management –  
maintain a critical threshold and  
control fallow weeds

Soil protection and water conservation over the 
summer-autumn fallow period are the major benefits 
of stubble retention, and the good news is that the 
first few t/ha of stubble do most of the work.  

Maintain a threshold 

About 2t/ha to 3t/ha of cereal residue will  
achieve 70% cover to minimise erosion and 
maximise infiltration.

Strict summer weed control 

Weeds growing in stubble (even if grazed) use 
precious water and N. Strict summer weed control 
can save 40mm water and 40kg N, returning $5.60 
on every dollar spent. Retaining stubble but growing 
weeds makes no sense.

Will more stubble help? 

Heavier stubble loads can slow evaporation and 
increase the duration of soil water storage near 
the surface in autumn, allowing successful early 
establishment in some seasons. Benefits will only 
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Rainfall events High demand January = 6.3mm/day  Low demand June = 1.1mm/day
Frequent (15 x 3mm) 0.7mm 15.5mm
Infrequent (5 x 9mm) 0.8mm 15.1mm
Single (1 x 45mm) 1.4mm 14.0mm
Double (2 x 22.5mm) 3.9mm 14.2mm

Table 2. Extra water saved from evaporation by 4t/ha stubble (compared to 0.4t/ha) over 30 days with different rainfall 
distribution under high (January) and low (June) evaporative demand (from Verburg et al. 2012).

be obvious in some seasons (e.g. 2017 and 2018), as 
they depend significantly on the soil type and rainfall 
timing (Table 2). In that example, stubble could save 
a maximum of 4mm of water in January, but 14mm 
in June when 45mm rain fell in two events. But a 
good policy is to retain as much stubble as possible 
that allows timely, successful establishment and 
effective weed control with your seeding equipment. 
Otherwise, plan to reduce heavy stubble loads with 
a suitable approach (Swan et al. 2017).

Will grazing my stubble reduce water storage  
and yield? 

Several studies have shown that light grazing 
of stubble had little impact on water storage or 
yield provided the threshold 2-3t/ha was retained. 
Grazing heavy stubbles increased N availability to 
crops and yield in some seasons. Overgrazing and 
baring out the soil is the real problem – 'sheep do 
more damage with their mouths than their hooves’.

Lessons 5 and 6. Weed management in 
stubble retained systems 

Long term pro-active weed management using a 
range of different strategies is required to reduce 
weed seedbanks and reduce the reliance on 
selective herbicides (see also Lesson 2).

Lesson 5. At harvest and during the fallow

Harvest weed seed control (HWSC) is influenced 
by harvest height – dropping from 40cm height to 
10cm height increased ryegrass seed capture from 
48% to 88% (Groundcover Supplement 135, pp 4). 
For brome grass, a substantive effect of HWSC relies 
on timely removal, due to the significant shedding of 
seed over the time during which harvest generally 
occurs (Figure 1). The HWSC treatments reduced the 
subsequent in-crop brome population by 15% more 
at the earliest time of harvest.

As a standalone tactic, a 25% reduction in the 
subsequent weed population was achieved. 
However, HSWC may still be useful in combination 
with other more effective control strategies, such as 
herbicide and sequence-based strategies.

Figure 1. Percentage of brome grass seed 
remaining at harvestable height over the duration of 
the harvest period (http://www.msfp.org.au/brome-
grass-seed-retention-declines-harvest).

Lesson 6. In-crop weed management

Herbicide efficacy in stubble retained systems

Stubble can prevent pre-emergent herbicides 
from reaching the soil surface, leading to uneven 
coverage and reduced efficacy. The taller the 
standing stubble, the more difficult it was for spray 
to penetrate to the soil surface. Slowing the speed 
of the spray rig (<16km/hr), increasing the water rate 
(80L to 100L) and spray pressure and spraying in the 
direction of the rows maximised the herbicide hitting 
the target. Match nozzle spacing to row spacing 
(when inter-row sowing) to position nozzles between 
stubble rows ideally on no wider than 25cm nozzle 
spacing (Groundcover Supplement 135, pp 13).

Crop competition 

Increased crop competition through closer row 
spacing, high vigour varieties, soil wetter agents and 
edge-row sowing (in non-wetting soils) can increase 
the relative advantage of the crop against weeds. 
The newly developed tool Brome RIM (BRIM) found 
that for brome grass, the net benefit of increasing 
crop competition was $24/ha and $16/ha for brome 
and barley grass, respectively. 

 Alternative herbicides

A range of alternative pre-emergent herbicides 
that can lead to better brome grass control 

http://www.msfp.org.au/brome-grass-seed-retention-declines-harvest
http://www.msfp.org.au/brome-grass-seed-retention-declines-harvest
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Treatment Panicles/m²
Trifluralin (1.5L/ha); 60
Trifluralin + Metribuzin (1.5L/ha + 150g/ha) 34
Trifluralin + Metribuzin + Avadex® Xtra (1.5L/ha+150g/ha+2.0L/ha) 51
Trifluralin + Avadex® Xtra (1.5L/ha + 2.0L/ha) 58
Sakura®  (118g/ha) 26
Sakura®  + Avadex® Xtra (118g/ha + 3.2L/ha) 16
Sakura®  + Metribuzin (118g/ha + 150g/ha) 18
 LSD 31

Table 3. Brome panicle density as affected by different herbicide treatments at Karoonda in 2015.

under no-till seeding conditions were tested in 
collaboration with the University of Adelaide Weeds 
research group. Substantially better brome control 
and seed set reduction were possible using pre-
emergence options other than trifluralin. Treatments 
that included Sakura® resulted in significantly  
better control than using trifluralin alone with the 
costly Sakura® + Avadex®  herbicide mixture the 
most effective (Table 3). However, consistency  
of performance of all pre-emergent herbicides  
for brome remains a problem. The additional 
herbicide cost needs to be evaluated against the 
better level of control, including the longer-term 
seedbank benefits.

The Australian Herbicide Resistance Initiative’s 
(AHRI’s) WeedSmart program provides a range of 
useful information to manage weeds effectively 
(https://weedsmart.org.au/the-big-6/)

Lessons 7 and 8. Stubble retained system 
may need more early N

Stubble retained systems need more N than 
traditional burnt systems, because stubble can tie up 
N in soil (20-30kg/ha), and because the N in stubble 
is not a good direct source of N for crops, providing 
only 1%-6% of subsequent crop requirement. 

Lesson 7. Avoid yield penalties from N 
immobilisation  

Immobilisation

Surface retained cereal stubble in modern no-
till systems can immobilise N, constrain young 
crops and reduce yields (by 0.3-0.5t/ha). Adding 
more N (up to 5kg N per t/ha of cereal residue), 
adding it early and deep banding if feasible can 
avoid the problem. Reducing the stubble load to an 
acceptable threshold also reduced yield loss related 
to immobilisation. 

Timing of N supply

Optimum timing of N depends on up-front fertility 
- 40-60kg N/ha in top 60cm is required at sowing 
to allow crop progression to tillering - and the 
opportunity to apply N in-season.  

Managing N on low fertility soils

Low fertility soils have a high demand for N in 
intensive cropping systems, as demonstrated by 
N responsiveness in wheat and canola following 
grain legumes. Profit-Risk analysis has shown 
that soil-specific N management offers some risk 
management by increasing inputs on responsive, 
low fertility soils and reducing inputs on non-
responsive soils.

Increasing fertiliser N use efficiency (NUE). 

There is scope to increase fertiliser NUE using 
different N sources, multi-nutrient (N x phosphorus 
(P) x zinc (Zn)) and fertiliser placement.

Lesson 8. Stubble is not a good source of N 
for crops

Significant N is known to be lost when stubble 
is burnt (up to 70%, Scott et al. 2013), but that does 
not mean that the N in retained stubble is readily 
available to crops. Studies at three sites (Temora, 
Horsham, Karoonda) measured the fate of the N 
contained in wheat residue over two years and 
found that only 1%-6% of the N was recovered by the 
following two crops. Stubble carbon (C) and N is a 
slow and long-term source of N via microbial pools 
and makes a minor direct contribution to subsequent 
crops (Kirkegaard et al. 2018). 

https://weedsmart.org.au/the-big-6/
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Lesson 9. A lack of nutrients (NPS) can limit 
soil C sequestration from stubble under 
continuous cropping

Conservation cropping systems with no-till and 
stubble retention can certainly maintain cover, 
protect soil structure and reduce erosion, but at  
best can generally maintain, rather than build 
(sequester) stable soil organic matter. Stable soil 
organic matter (which is how C is sequestered in 
soil) is not just C – it is made up of dead and live 
microbial material with a known ratio of C, N, P 
and sulphur (S). Crop stubbles are rich in C but 
nutrient poor, and it may be a lack of nutrients 
rather than too little C (i.e. stubble) that limits 
C-sequestration. We have demonstrated that the 
addition of supplementary nutrients (NPS) could 
increase the rate of stubble decomposition and the 
C sequestered in an experiment where 9t/ha of  
crop residue was retained annually (see Swan et 
al. 2017 for worked examples). The practical advice 
from this work is to be conscious that stubble 
alone will not build soil organic matter, nor arrest 
its decline, and that maintaining balanced fertility 
(especially NPS) is essential to maintain crop 
production and soil fertility. 

Lesson 10. Pest management
Conventional practices such as the use of 

baits and insecticides can be optimised further in 
retained stubble systems with improved information 
on their timing, rate and distribution in relation to 
reproductive and feeding behaviour of the pest.

Snails

Snails are a major pest associated with stubbles, 
and increasingly threaten market access in China 
for wheat and barley (AU$1 billion per annum) as 
vineyard and pointed snails are biosecurity threats. 
The snail work by LEADA showed that mechanical 
snail control in late February when hot and dry (light 
tillage, heavy ribbed rolling) was effective to reduce 
snail numbers initially, and improved the access 
to bait applied later. Delaying baits until cooler 
weather when snails were more active and feeding 
proved more effective.  Decreasing the number of 
ineffective bait applications, even by one (Luke and 
Scott Clark, Jamestown SA), would save growers 
$10-$12/ha (Meta® @ the label rate). This saving 
would see a reduction in the overall enterprise cost 
of snail management, down from $33.10 ± 7.61/ha 
(GRDC report 2014 DAS00134), whilst maintaining 
access to premium wheat and barley markets.

’Snails need to be monitored regularly to 
establish numbers, types, activity and success 
of controls’ (http://www.leada.org.au/wp-content/
uploads/2018/04/Managing-Snails-in-Stubble-
Retained-Systems-on-Lower-Eyre-Peninsula-
Output-5.pdf). 

Earwigs and other seedling pests

For earwigs, detection early in the growing 
season (late autumn and early winter) is desirable to 
allow treatment before the juveniles hatch in spring. 
Understanding when females lay eggs in soil and 
better monitoring techniques are required.   
Canola is especially vulnerable to attack by 
establishment pests and more information is 
required to optimise current control advice.  
https://doi.org/10.25919/5bb385ea01c28

Conclusion
A large collection of regional guidelines on 

numerous aspects of improving profit in retained 
stubble systems were developed during the 
Stubble Initiative in the periods from 2014-2019 
and are available on the websites of the grower 
groups involved, and in recent GRDC Updates and 
Groundcover articles. We have highlighted some 
key lessons in this paper, but urge readers to seek 
more detailed information from the resource and 
reference list below.

Useful resources
https://grdc.com.au/research/trials,-programs-and-

initiatives/stubble-initiative
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Background
The use of infrared (IR) technology for prediction 

of plant nutrient status is a rapid and cheap 
means of tissue testing. Recent developments 
in spectroscopic instrumentation has reduced 
the size and cost of instruments. It has created 
greater opportunities to consider the use of hand-
held equipment for in-situ tissue testing. The 
use of such devices in the field could provide 
real-time information and significant benefits to 
making agronomic decisions. Spectral reflectance 
techniques using both visible and near infrared 
wavelengths are quick and easy to apply in the  
field. They do not require destructive sampling,  
and therefore, a larger area can be measured, and 
many more measurements can be taken over the 
same area.  

This research assessed the ability of a  
hand-held infrared device to predict crop N 
content and water-soluble carbohydrate (WSC) 
concentration in the field. 

WSCs provide important reserves as a source of 
carbon for grain-filling, as grain demand frequently 
exceeds current assimilation.  This trait can then be 
a measure for drought, heat, frost and/or disease 
stress tolerance as reserves of WSC are vital during 
the grain-filling period in southern Australia. By 
making WSC easier to measure it could be adopted 
in the plant breeding process as a phenotyping 
tool to help select for various stress tolerances. 
For instance, under terminal drought stress which 
is common in South Australian environments, WSC 
have been shown to buffer biomass production, 
grain yield and harvest index (HI), associated 
with increased water uptake (WU) and water-use 
efficiency (WUE). Trait-based breeding for genotypes 
with greater stem storage and remobilization of WSC 
may result in improved grain-filling and increased 
yields. This would potentially assist in fast tracking 
varieties with improved stress tolerances. This 
measurement would also be useful to grain growers 
as a crop diagnostic tool to determine the current, 
real-time ability of the crop to respond to or buffer 
against frost, heat, or drought stress events. 

Keywords
 infrared spectroscopy, nitrogen, water soluble carbohydrates, in-crop.  

Take home messages
	New hand-held infrared instruments have shown promising results for use in predicting crop 

nitrogen (N) content of wheat and barley in the field.

	New spectroscopic tools offer improved non-destructive predictions of N compared to 
normalised difference vegetation index (NDVI) and other available tools.

	Accurate and robust predictive NIR calibrations enable a single calibration to be applicable to 
both wheat and barley across contrasting environments.

	Significant potential opportunities exist to incorporate infrared technology to manage N inputs.

Michael Zerner¹ and Kenton Porker².
1Landmark Pfitzner & Kleinig; ²South Australian Research and Development Institute (SARDI).

Rapid assessment of crop nitrogen and stress 
status – in-field assessment of a hand-held near 
infrared tool
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Plant N content is also a common measurement 
used by growers in their N management decision 
making process. Having a real-time, non-destructive 
measure of N content would improve the ability 
of grain growers to target specific grain yield and 
quality parameters for a given season. For example, 
plant N will relate to the supply of mineralised and 
fertiliser N and could help growers manage grain 
protein, through rapid crop assessments for timely 
applications of N.  

Method
Over two contrasting growing seasons a large 

amount of data was obtained to develop calibrations 
for the near-IR (NIR) prediction of N content and 
WSC in wheat and barley. Over 1500 plant samples 
were taken and analysed for N content and WSC 
in conjunction with non-destructive field-based 
NIR spectroscopy (Hand-held FieldSpec®) and 
laboratory-based NIR spectroscopy (portable 
MicroNIRTM) in order to create predictive NIR 
models. Data was collected from a range of field 
trials in contrasting environments (Roseworthy, 
Mintaro and Loxton) that contained current 
commercial varieties of wheat and barley across 
multiple growth stages, sowing times and N 
management strategies. Data was also collected 
from differing soil type and crop row spacings; from 
9-inch to 12-inch, to investigate any associated 
impact of varying ground cover that may influence 
the field-based NIR readings. This robust data 
set ensured there was a sufficient range in N 
content and WSC data to develop an accurate and 
predictive model suitable to all end users. Field-
based NIR readings were obtained using a hand-
held FieldSpec® Spectrometer, which recorded 
spectral reflectance from 350nm - 1100nm (Figure 1). 

Figure 1. The FieldSpec® Handheld 2, remote 
sensing spectroscopy instrument.

Data analysis and interpretation was a crucial 
part of this research to link NIR spectral data to 
actual N content and WSC values. Spectral data 
was analysed using software, The Unscrambler 
X® (CAMO). This model development software is 
extremely powerful and was used for Partial Least 
Square (PLS) regression analysis in creating NIR 
spectral predictive models.

Results and discussion
N content 

The use of the hand-held FieldSpec® NIR device 
to provide non-destructive predictions of N content 
showed potential to provide a new method of crop 
diagnostics for growers. Initial analysis using only 
one year of data provided some excellent early 
outcomes. Predictive model regression using only 
data from 2017 produced an R-value of 0.94 and 
predictive error of 0.5%. When data from both years 
was combined the predictive model produced an 
R-value of 0.9 (Table 1) and a predictive error of 
0.64% and residual predictive deviation (RPD) equal 
to 2.41 (Table 1 and Figure 2). The RPD is defined 
as the ratio between the standard deviation of the 
population (SD) and the standard error in cross 
validation for the NIR predictions. The RPD was used 
to evaluate the predictive ability of the calibration 
models that were developed. The higher the value 
of the RPD, the greater the probability of the model 
to predict the chemical composition accurately in 
samples outside the calibration set. An RPD value 
greater than 5 (range 5 – 6.4) is considered good for 
quality control, while an RPD value between 3 and 5 
is considered good for screening applications. 

Consequently, an RPD of 2.41 (slightly lower than 
3) indicates that the model is potentially suitable 
for screening applications of N content and robust 
enough to be used to make management decisions. 
This model includes wheat, barley, varied growth 
stages, contrasting crop canopy cover, size, and 
architecture. All data was found to be suitable to be 
included together. This was a very good result, as it 
indicates that the one predictive model can be use 
in all situations and environments rather than having 
a specific model for each scenario. 

The ability to predict N content using the whole 
spectra of data with such devices as the hand-held 
FieldSpec® is a significant improvement on the 
current NDVI sensors available. Instead of using 
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  Field based Measurements Lab Based Measurement
    FieldSpec N% Data FieldSpec WSC Data MicroNIR N% Data MicroNIR WSC Data
Predictive model PLS Factors 12 14 4 3
summary R 0.90 0.82 0.96 0.66
 R² 0.82 0.68 0.94 0.44
 Prediction Error (±) 0.64 39.9 0.35 56.2
 RPD 2.41 1.78 4.40 1.26
Summary statistics of Mean 3.11 94.29 3.11 94.29
data included in Standard Deviation 1.54 71.01 1.54 71.01
each model

 Minimum 0.80 0.0 0.80 0.0
 Maximum 7.20 364.16 7.20 364.16
 Count 1547 1493 1547 1493

Table 1. Summary of all data and model outputs (2016 & 2017) included in the total nitrogen and water-soluble carbohydrates 
NIR calibration models (MicroNIRTM – lab NIR, ground samples and FieldSpec® – field-based NIR).

only 2-3 specific wavelengths as used in calculating 
NDVI, the method used in this study uses every 
wavelength from 350nm-1100nm. This provides 
much more information relating to the chemical 
composition of the crop canopy compared to  
just how green it is in the visible spectra as per  
NDVI sensors.

Sample preparation of dry, uniformly ground 
plant tissue samples (as prepared for wet chemistry) 
improved the accuracy of the model for total N. The 
R-value was 0.96 with a predictive error of 0.35% 
(Table 1 and Figure 3). This method however, is 
destructive but its prediction accuracy is acceptable 
for laboratory-based standards and provides a 
good option for a fast, high through-put method for 
prepared samples in a laboratory situation. Results 
from this test confirmed that a single calibration 
model is applicable across wheat and barley.

WSC using the FieldSpec® hand held device was 
0.82 with a predictive error of 39 g/kg (Table 1 and 
Figure 4). This increased error resulted in a lower 
RPD of 1.78, which is below the screening threshold. 
This result would not enable any reliable use of this 
device to create plant stress related indices in its 
use as a measure of stored assimilates in the plant. 
Accuracy can be marginally increased if the data set 
becomes more specific to a particular environment 
(or trial) provided there is a sufficient range in data 
values to create the calibration regression, however 
it’s not as robust as the predictive model for N 
content. The current regression may, however, still 
have potential for use as a selection/screening 
tool for plant breeders, as it may be sufficient to 
categorise varieties or treatments into high or low 
ability to store assimilates.

Figure 2. PLS regression calibration plots of NIR predicted total N content verses actual total N content 
using field-based FieldSpec® (350nm-1100nm) on crop canopies of wheat and barley at various growth 
stages across multiple locations during 2016 and 2017.
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Conclusion
The purpose of this research was to improve the 

ease of measurement of the plant trait components; 
WSC and N content. This study investigated the use 
of portable NIR devices to provide non-destructive, 
real-time measurements in the field. The hand-held 
FieldSpec® spectrometer was used to create  
field-based calibrations for N content and WSC.  
A laboratory-based MicroNIRTM spectrometer  
was also used for comparison on laboratory 
prepared samples. 

The N content calibration regression developed 
for the field-based NIR sensor was less accurate 
than the corresponding model developed in the 
laboratory. Despite this however, the calibration 

model could be used to estimate N from a screening 
level of accuracy with an error of 0.6%. This level of 
accuracy could be used to screen a large number of 
plots or map the variation in N tissue concentration 
across a paddock. 

Although not equivalent to a laboratory diagnostic 
accuracy level, the NIR predictions could be used to 
comfortably distinguish nutritional zones within the 
paddock for improved management of N fertilisers. 
The ability to have measurements conducted in-
field in a matter of seconds, enables many more 
measurements to be taken, and therefore, provides 
much more information across the entire paddock 
rather than targeting a single test in specific zones, 
as currently practiced with tissue testing.

Figure 3. PLS regression calibration plots of NIR predicted total N content verses actual total N content 
using lab-based MicroNIRTM (900nm-1700nm) on dried, ground plant samples of wheat and barley at various 
growth stages across multiple locations during 2016 and 2017.

Figure 4. PLS regression calibration plots of NIR predicted WSC verses actual WSC using field-based 
FieldSpec (350nm-1100nm) on crop canopies of wheat and barley at various growth stages across multiple 
locations during 2016 and 2017.



209
 2019 ADELAIDE GRDC GRAINS RESEARCH UPDATE

WSC prediction via the NIR model was much 
more variable and further research would have to 
be undertaken to develop a more accurate NIR 
calibration model. The current NIR predictive ability 
using the developed model in this project is only 
capable of providing comparisons of high and low 
levels of WSC and cannot be used as an accurate 
diagnostic tool for measuring WSC.
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Background
Since 2014 research to better understand the 

yield drivers of canola has been conducted in 
southern and eastern Australia in the GRDC funded 
Optimised Canola Profitability (OCP) project. The aim 
was to improve canola profitability through a better 
understanding of how phenology and environment 
can guide tactical agronomy to improve canola 
yield and profit. This research is targeted at low 
to medium rainfall zones and is a collaboration 
between CSIRO, NSW DPI and GRDC, in partnership 
with SARDI, Charles Sturt University (CSU), Mallee 
Sustainable Farming (MSF) and Birchip Cropping 
Group (BCG). The project links closely with similar 
GRDC supported projects in Western Australia and 
high rainfall zones (HRZ). 

From southern Queensland, down through New 
South Wales, into Victoria and across to South 
Australia the OCP project has conducted a range 
of field experiments and modelling simulations to 
improve canola profitability in the region. Activities 
have included:

• Phenology experiments, to determine the 
triggers for canola development, to help 
understand when a variety will flower in a 
particular environment. 

• Variety x time of sowing experiments, to 
determine how flowering time influences canola 
yield and water use efficiency across a range of 
environments. 

• Critical stress period experiments, to determine 
the period (growth stage) when canola yield is 
most vulnerable to external stresses such as 
water, heat or frost.

• Risk management experiments, aimed to make 
canola yield more stable and profitable in the 
low rainfall zone.

• Experiments to improve the way the canola 
accumulates biomass cost-effectively to 
optimise grain yield across a range of 
environments. Biomass accumulation drives 
yield as harvest index is reasonably stable.

• Improving the ability to model canola growth 
and yield using Agricultural Production Systems 
sIMulator (APSIM). The canola model was 
developed some time ago with older varieties 
and different grower practices. The improved 
model has added considerable value to  
field experiments.   

Keywords
 canola, variety, sowing time, phenology, risk management, nitrogen.  

Take home messages
	Match sowing time to varietal phenology to flower in the optimal window and maximise biomass 

to maximise yield.

	Phenology information for most new varieties is now available.

	Well adapted hybrids can produce high, stable yields in the low rainfall zone. 

Andrew Ware¹, Jacob Giles¹, Rohan Brill², Therese McBeath³, Julianne Lilley³ and John Kirkegaard³.  
1SARDI; ²NSW DPI, ³CSIRO.

GRDC project code: CSP00187

Optimised canola profitability - an overview of  
five years of canola agronomic research in  
South Australia
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• Improving harvest management, particularly 
through improved windrow timing. Despite a 
focus in northern NSW, the message to not 
windrow too early (with significant yield penalty) 
holds true in the southern region.  

This paper will discuss how findings from these 
activities are being integrated to help improve 
canola profitability.

Field experiments and modelling conducted in 
the first few years of the project helped to better 
understand the drivers of canola development 
(temperature, day length) in modern varieties, as well 
as improving the understanding of how early sowing 
of canola influences varietal phenology (flowering 
time) and grain yield. This information then helped to 
improve the ability to simulate canola growth under 
Australian conditions, so that models could be used 
to evaluate a range of scenarios not possible in just 
a few years of field experiments. 

One of the key findings in this phase of the 
project, was that canola yield was optimised by 
ensuring that canola started flowering in a window 
where the effects of heat/ drought and frost on 
flowers and pods were minimised. The dates for 
the flowering window were specific to each locality, 
depending on the risk of heat and/or frost events.

An example of this is the trial conducted in 2018 
at Yeelanna (Figure 1). The longer season variety, 
Archer CL performed well relative to the other 
varieties when planted early (14 April), whereas 
shorter season variety Nuseed Diamond improved 
in grain yield when planted later (8 May). At the later 
sowing time, the lower yielding Archer treatment 
flowered too late (3 Sept) (Table 1) compared to the 
optimal start of flowering around 12 August, and the 
lower yielding Nuseed Diamond treatment flowered 
too early (5 July) compared to the more optimal  
3 August. 

Figure 1. Grain yield (t/ha) of 2018 Yeelanna time of sowing x variety experiment with sowing dates of April 
14 and May 8 (error bars = lsd).

 TOS1 TOS2
Variety 14-Apr 8-May

43Y92 31-Jul 16-Aug
44Y90 30-Jul 16-Aug
45Y91 7-Aug 27-Aug
Archer 12-Aug 3-Sep
Bonito 25-Jul 16-Aug
Diamond 5-Jul 3-Aug
InVigorT4510 25-Jul 16-Aug
Stingray 16-Jul 14-Aug
Wahoo 9-Aug 27-Aug

Table 1. Start of flowering dates (when 50% of plants have 
at least one open flower) for the 2018 Yeelanna time of 
sowing x variety trial. The optimal start of flowering for 
Yeelanna is 19 July.
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Sowing date
Using APSIM crop modelling, meteorological 

data and information gathered from field 
experiments over the past four years, optimal 
start of flowering dates can be generated for any 
canola growing locality in Australia (some of these 
can be found in the e-book: https://grdc.com.
au/10TipsEarlySownCanola. Once the phenology 
characteristics of a variety are understood (i.e. 
how long it will take a variety to flower in a given 
environment) it is possible to work backwards from 
the optimal start of flowering date to find an optimal 
sowing date (Table 2) for a locality.  

Variety phenology
The method that many of the canola breeding 

companies use to classify variety development is 
largely based on time to maturity relative to other 
varieties sown at a conventional sowing time, and 
not measured by time to reach flowering when  
sown early. Also, canola varieties can rapidly 
change. Many of the varieties that were used in  
the first few years of the OCP project are now no 
longer available. 

To better categorise the development speed 
of canola varieties, particularly in relation to early 
sowing, and to gather information on newly released 

    March April May
    1 2 3 4 1 2 3 4 1 2 3 4
Lameroo Slow                        
 Mid                        
 Fast                        
 Hart Slow                        
 Mid                        
 Fast                        
Yeelanna Slow                        
 Mid                        
 Fast                        

Optimum sowing time             Earlier or later than optimal, or little experimental data available

Table 2. Sowing time guidelines for phenology types at three South Australian locations.

Figure 2. Date of start of flowering of canola varieties sown at two dates (16 April and 18 May) near Port 
Lincoln in 2018.

https://grdc.com.au/10TipsEarlySownCanola
https://grdc.com.au/10TipsEarlySownCanola
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varieties, four experiments were established 
across Australia in 2018 (Perth - WA, Port Lincoln- 
SA, Wagga Wagga – NSW and Trangie – NSW). 
The sites were selected for their range in climatic 
conditions. The experiments recorded the time to 
reach the start of flowering (50% of plants with one 
open flower) from early and more conventional 
sowing times. Results for the Port Lincoln site are 
presented in Figure 2. 

These data show that while most of the varieties 
rank similarly in their time to start flowering 
regardless of sowing time, there are some notable 
exceptions, for example, Hyola®580CT will flower at 
a similar time to many of the mid phenology varieties 
when sown in May, but flowers very quickly and 
outside the optimum when sown in April. Sowing 
early also increases the differences to flowering 
time, largely due to the warmer temperatures in April 
accelerating plant development of the varieties that 
are most sensitive to temperature. This means, that 

sowing early a variety with fast phenology will cause 
it to flower considerably quicker (in calendar days) 
than if it was sown at a more conventional time, and 
often outside the optimum window. 

By adding the data from the four phenology trial 
sites conducted in 2018 to data previously collected 
in the OCP project it is possible to categorise each 
of the modern varieties for its phenology type in 
early sowing situations (Table 3). 

Matching the planned sowing time (or most 
common break to the season) from Table 2 with  
a variety that has the correct phenology (from  
Table 3) is now possible. For example, in the 
Yeelanna environment on Lower Eyre Peninsula, the 
most common break to the season often occurs in 
the last week of April. If planting in the last week of 
April, growers in this environment have the choice of 
growing any variety from fast to mid phenology and 
have it flower in the optimal window. However, for 

 PHENOLOGY MATURITY HERBICIDE OPEN POLLINATED/ 
VARIETY (time from sowing to flowering   (as supplied by 
 when sown early)  breeding companies) 

TOLERANCE  HYBRID

ATR StingrayA Fast Early Triazine OP
Nuseed Diamond Fast Early Conventional Hybrid
Hyola®350TT* Fast Early Triazine Hybrid
Hyola®580CT* Mid–fast Mid–early Imidazolinone/Triazine Hybrid
Banker CL* Mid–fast Mid Imidazolinone Hybrid
InVigor®T4510* Mid–fast Early mid Triazine Hybrid
Pioneer® Hybrid 44T02 (TT)* Mid–fast Early–mid Triazine Hybrid
Pioneer® Hybrid 43Y92 (CL)* Mid–fast Early Imidazolinone Hybrid
ATR BonitoA Mid–fast Early to early–mid Triazine OP
44Y90 (CL) Mid–fast Early–mid Imidazolinone Hybrid
ATR MakoA Mid–fast Mid–early Triazine OP
HyTTec®Trophy* Mid Early to early–mid Triazine Hybrid
Quartz* Mid Mid to mid–early Conventional Hybrid
SF Turbine* Mid Early–mid Triazine Hybrid
Hyola®559TT Mid Mid Triazine Hybrid
AV GarnetA Mid Mid to mid–early Conventional OP
ATR GemA Mid Mid–early Triazine OP
DynaGrow® 670TT* Mid Mid–late Triazine Hybrid
Pioneer® Hybrid 45Y91 (CL) Mid Mid Imidazolinone Hybrid
SF Ignite* Mid–slow Mid to mid–late Triazine Hybrid
ATR WahooA Mid–slow Mid–late Triazine OP
Archer Slow Mid–late Imidazolinone Hybrid
Victory®7001 (CL) Slow Mid–late Imidazolinone Hybrid
Phoenix CL* Very slow (Winter) Winter Imidazolinone Hybrid
SF Edimax CL Very slow (Winter) Winter Imidazolinone Hybrid
Hyola®970CL Very slow (Winter) Winter Imidazolinone Hybrid

* Varieties with three site years of data. Remaining varieties have at least five site years of data. 

Table 3. Phenology and maturity rating of most of the modern canola varieties.
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growers at Lameroo, who may commonly get  
a break to the season in early May, the best  
chance of flowering in the optimal window and 
maximising yield will come from planting only fast 
phenology varieties. 

Risk management 
Two of the factors that add considerably to 

canola’s risk profile in the low rainfall zone is (i) 
the crops high demand for nitrogen (N) and (ii) the 
decision of whether or not to grow a hybrid or open 
pollinated variety. Being able to understand how 
effectively canola is able to convert soil available 
and applied N to yield across a range of soil types 
in the low rainfall environment will help identify a 
strategy that delivers the highest yield at the lowest 
risk. In 2018, field experiments examining this were 
conducted at Karoonda, Minnipa and Lameroo. Just 
the Karoonda experiment will be discussed here. 

The Karoonda trial was sown on 4 May across 
a range of soil types, typical of many Mallee type 
environments, ranging from dune sand, down 
through the mid-slope and into the swale. Varieties 
ATR StingrayA and Pioneer®43Y92CL were planted 
and N applied at differing rates early post-emergent. 
On the day of sowing, the sand averaged 37kg 
mineral N/ha/m depth and 92mm plant available 
water (PAW) while the mid-slope averaged 53kg 
mineral N/ha/m depth and 84mm PAW. Rainfall  
to end September was 114mm compared with 
257mm average

Grain yield results from this trial show that the 
hybrid Clearfield® variety Pioneer®43Y92CL yielded 
higher than ATR StingrayA in all soil type zones 
at comparable N rates. Pioneer®43Y92 yield was 
relatively stable across all soil types (ranging from 
0.92t/ha – 1.16t/ha) and produced a higher level 

of yield than ATR StingrayA when compared at 
5kg N/ha and 90kg N/ha, suggesting a higher N 
use efficiency. ATR Stingray produced a positive 
response to N in all soil types, with the largest 
response to high rates on the crest and dune soils, 
but yield was more variable than Pioneer®43Y92 
across soil types.  

The obvious way to reduce risk in canola 
production in the low rainfall zone is to reduce 
some of the upfront costs, such as the cost of hybrid 
seed. However, as results from this trial and other 
observations in the low rainfall zone show, the 
adoption of well-adapted hybrids has the potential 
to produce high, stable, N use efficient yields that 
are potentially more profitable than lower cost, open 
pollinated varieties. Previous recommendations to 
not grow hybrids in low rainfall environments should 
be reconsidered.

Conclusion
Matching sowing time with varietal phenology so 

that start of flowering occurs in a window where the 
risk of water, heat and frost stress is minimised will 
greatly improve the chances of maximising yield.

Phenology information on most of the currently 
available canola varieties, particularly their response 
to early sowing, is now known, and can be used to 
aid variety selection. 

Well-adapted hybrid varieties planted in the  
low rainfall zones have been shown to produce 
high, stable canola yields in a well below average 
rainfall season.  

Useful resources
https://grdc.com.au/Resources/GrowNotes

https://grdc.com.au/10TipsEarlySownCanola

    Swale  Mid  Crest  Dune
Cultivar N Rate

 Yield LSD 0.18 Yield LSD 0.18 Yield LSD 0.18 Yield LSD 0.18
StingrayA 5 0.57 cd 0.58 d 0.37 e 0.35 e
StingrayA 30 0.5 d 0.58 d 0.56 de 0.6 cde
StingrayA 60 0.62 cd 0.75 bcd 0.75 cd 0.64 cd
StingrayA 90 0.7 bc 0.78 bc 0.8 bc 0.8 bc
StingrayA 120 0.8 ab 0.91 ab 0.97 ab 0.59 cde
StingrayA 150 0.74 bc 1.02 a 1.12 a 1.05 ab
43Y92 5 0.84 ab 0.7 cb 0.68 cd 0.53 de
43Y92 90 0.92 a 1.02 a 1.16 a 1.14 a

Table 4. Canola grain yield (t/ha) at Karoonda, 2018. Two varieties, sown across four soils types with different N strategies 
applied early post-emergence.   

https://grdc.com.au/Resources/GrowNotes
https://grdc.com.au/10TipsEarlySownCanola


216
 2019 ADELAIDE GRDC GRAINS RESEARCH UPDATE

Acknowledgements
The research undertaken as part of this project 

is made possible by the significant contributions 
of growers through both trial cooperation and the 
support of the GRDC, the authors would like to thank 
them for their continued support. 

This work is a component of the 'Optimised 
Canola Profitability' project (CSP00187) a 
collaboration between NSW DPI, CSIRO and GRDC 
in partnership with SARDI, CSU, MSF and BCG.

Thank-you also to the South Australian growers 
and Hart Field Site group for making their land 
available for the field trials and to the technical 
officers of the SARDI New Variety Agronomy group 
for their assistance in conducting the field trials. 

Contact details 

Andrew Ware
formerly SARDI Port Lincoln, PO Box 1783, Port 
Lincoln, SA. 
0427 884 272
andrew@epagresearch.com.au
@Ware_AH

 Return to contents



217
 2019 ADELAIDE GRDC GRAINS RESEARCH UPDATE

Notes



218
 2019 ADELAIDE GRDC GRAINS RESEARCH UPDATE

Notes



219
 2019 ADELAIDE GRDC GRAINS RESEARCH UPDATE

Background
Grain producers have become more proficient 

atInformation on the life of the weed seedbank 
(persistence) is critical for the development of 
management programs for herbicide resistant weed 
populations or for difficult to control weeds. Some 
weed species, such as brome grass, are easier to 
manage in oilseed and legume break crops than in 
cereals. Management decisions, such as changes 
to cropping sequences, can be made to drive down 
weed populations to low levels provided the rate of 
seedbank decline for the weed species in question 
is known. However, information on the rate of 
decline of seedbanks under field conditions is not 
available at this stage, even for some of the major 
weed species in Australia. 

Our recent research on barley grass and brome 
grass (Fleet and Gill, 2012; Kleemann and Gill, 2013) 
has clearly established that seed dormancy in these 
species can vary considerably between populations 

present on the same farm. Weed populations from 
intensively cropped paddocks can have much 
greater seed dormancy than those found in non-
cropped situations. Weed populations with greater 
seed dormancy are not only more difficult to control 
during the growing season, but their seeds may also 
persist in the soil for a longer period of time and 
pose management problems in the future. There is 
some anecdotal evidence that seed dormancy in 
populations of many weed species has increased 
over time. Early research from New Zealand by 
Popay (1981) showed that there is little seedbank 
persistence, if any, in barley grass seeds and very 
few seeds are likely to be present after one year. 
Later Australian research by Powles et al. (1992) 
showed that only about 2% of barley grass persisted 
from one year to the next when new seed set was 
completely prevented. However, total eradication 
of barley grass in this study required three years. In 
a more recent study at the University of Adelaide 
(UA), some populations of barley grass collected 

Keywords
 seedbank persistence, brome grass, barley grass, bifora, bedstraw, common sowthistle.

Take home messages
	Assessment of seedling emergence at three sites with varying rainfall showed that bifora and 

bedstraw can persist in the soil for at least three years.

	Brome grass and barley grass showed longer seedbank persistence at Karoonda, which 
experiences low growing season rainfall, and has a soil with a low organic carbon content and 
low microbial biomass. 

	Cumulative recruitment from the seedbank for several weed species tended to be greater at the 
lower rainfall site with low soil organic carbon. These results suggest that greater seed decay 
occurs on heavier textured soils in areas of high rainfall. 

	Small seeded weed species, such as common sowthistle and Indian hedge mustard, showed 
seedling recruitment for 2-3 years at the different study sites.

	The mesh bag method of investigating seedbank persistence appears to underestimate the life 
of the seedbank of some weed species.

Gurjeet Gill and Daniel Petersen.

School of Agriculture Food & Wine, University of Adelaide.

GRDC project code: UA00156

Seedbank life of emerging problem weeds – 
implications for management
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from cropped fields in South Australia showed 10%-
20% seedbank persistence from one year to the 
next (Shergill et al. 2015). There is some evidence 
that weed populations can evolve in response 
to management practices and some populations 
within the same species can possess much greater 
seedbank persistence than others. Therefore, single 
year management interventions are likely to be 
much less effective on weed populations with higher 
levels of seedbank persistence. Instead, multi-year 
management programs are needed to deplete the 
seedbank to more controllable levels. In this paper, 
we discuss major findings of the project UA00156 
on weed seed persistence in five emerging weed 
species in southern Australia.

Method
Exclusion rings (non-crop)

Field sites were established at three locations 
with contrasting rainfall - Karoonda (low), Roseworthy 
(medium) and Tarlee (high). A known number of 
seeds of two populations of each weed species 
were introduced into replicated exclusion rings 
(37cm diam.) in the field in the summer of 2016. 
Rings containing weed species known to be 
wind dispersed were covered with fine aluminium 
mesh to prevent escape and contamination from 
background weed populations. At the start of the 
growing season, soil within the rings was cultivated 
to simulate tillage or a seeding operation. At regular 
intervals, census of germination was undertaken, 
and emerged seedlings were removed to prevent 
seed set. At the end of the study, soil within these 
rings will be retrieved and weed seeds exhumed 
and checked for viability.

Mesh bags to determine the effect of seed  
burial depth

Previous research has consistently shown that 
the depth of seed burial by tillage can have a large 
effect on the persistence of weed seedbanks. Even 
though most growers in Australia now practice no-
till, weed seeds can still be buried to varying depths 
during the seeding operation. A known number of 
seeds of each weed species were placed in nylon 
mesh bags and buried at 0, 2cm and 10cm depths. 
Bags will be exhumed at 3, 6, 12, 18, 24, 30 and 36 
months and weed seed germination, dormancy 
and viability assessed. Seeds were exhumed over 
shorter periods (1, 2, 3, 6 and 12 months) for species 
prone to rapid seed decay, such as common 
sowthistle, prickly lettuce and statice.

Results and discussion
Effect of seed burial on seedbank persistence

Soil disturbance associated with pre-sowing 
tillage and seeding operations is known to 
influence patterns of recruitment and persistence 
of weed seedbanks. Small-seeded species, such 
as common sowthistle, have a preference for 
seedling recruitment at shallow burial depths, 
because exposure to light stimulates germination. 
As expected, the common sowthistle seedbank 
was short-lived on the soil surface (Figure 1). Most 
of the common sowthistle seed had germinated 
in the field in the first three months (90%-95%). 
However, a small fraction of the common sowthistle 
seedbank (10%) in one of the two populations 
remained viable at the surface after 12 months. 
Similarly, the barley grass seedbank was rapidly 
depleted on the soil surface, as the seed has a 
low level of innate dormancy. However, one of 
the barley grass populations showed a high level 
of persistence (60%) up to 12 months. The brome 
grass seedbank was reduced by 37%-55% after 12 
months by seedling recruitment and seed decay, 
while the seedbank was completely exhausted 
after 18 months. Seed germination of brome grass 
is strongly inhibited by light, which leads to greater 
seedbank persistence on the soil surface (Kleemann 
and Gill, 2006). This trend was also observed in the 
current study. Therefore, the seedbank persistence 
of brome grass is likely to increase in zero-till 
systems because more seeds remain on the soil 
surface. Persistence of viable seeds present on the 
soil surface after 18 months was also clear for both 
populations of bedstraw (16%-31%) and bifora (27%-
75%). Inhibition of seed germination in these species 
by light exposure has been reported (Chauhan et al. 
2006; Mennan, 2003). 

Increasing the burial depth can increase the rate 
of depletion of the seedbank of species that prefer 
dark conditions for germination. The entire brome 
grass seedbank germinated within three months 
after burial at 2cm, while persistence was also 
low (<20%) following burial at 10cm over the same 
period of time (Figure 1). These results suggest rapid 
germination of brome grass occurs after seed burial 
in conventional tillage systems. Barley grass seeds 
buried at a shallow depth (2cm) retained 20%-26% 
viability until 12 months. However, seed burial of 
barley grass at a depth of 10cm resulted in all seeds 
becoming non-viable within 6 to 12 months. 

A considerable amount of the bedstraw seedbank 
remained dormant and viable (20%) at the three 
burial depths after 18 months (Figure 1). The 
longevity of the bifora seedbank was also preserved 
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with increasing burial depth. A very high proportion 
(>60%) of the bifora seedbank persisted at 2cm 
and 10cm of burial, which could be related to the 
high levels of seed dormancy in this species. These 
results suggest that bedstraw and bifora are likely 
to be long term problems (>3 years) in infested 
paddocks and care should be taken in selecting 
crop types that allow for the use of effective 

herbicides each year. The persistence of common 
sowthistle seeds buried at 2cm for 12 months was 
much greater (20%-58%) than seeds buried at 10cm. 
Soil conditions at 10cm are likely to remain moist 
over a longer period than closer to the surface 
(2cm), which may have caused greater decay of 
common sowthistle seeds. 

Figure 1. The effect of seed burial depth on the seedbank persistence of five emerging weed species at 
Roseworthy, SA. Seed was buried at: (A) 0cm; (B) 2cm; and (C) 10cm. The viability of exhumed seed was 
assessed at three-month intervals for two populations of barley grass ( Ba 8 and ● Ba 7); brome grass ( 
Br 8 and  Br 4); bedstraw ( Be 5 and  Be 14); bifora ( Bi 3 and  Bi 8), and common sowthistle ( 
CST 12 and  CST 7). Each point represents the mean of four replicates. Vertical bars are the standard error 
of the mean.
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 Seedling emergence as an indicator of  
seedbank persistence

Seedbank depletion in the field occurs through 
seedling recruitment, seed decay, or a combination 
of these two factors. The results from this study 
demonstrate that there are clear differences 
between weed species in seedbank persistence. 
Furthermore, climatic and soil conditions at the three 

sites had a large effect on the patterns of seedling 
recruitment of different weed species. 

For many species, cumulative seedling 
recruitment over the three years was much greater 
at Karoonda than at Roseworthy or Tarlee. For 
example, barley grass at Karoonda showed greater 
(>70%) seedling recruitment in the first year of the 
study compared to Roseworthy (44%) and Tarlee 

Figure 2. Cumulative seedling recruitment for 11 emerging weed species from 2016 to 2018 at Karoonda 
(low rainfall), Roseworthy (medium rainfall) and Tarlee (high annual rainfall). Each bar represents the mean of 
three populations pooled with three replicates. Vertical bars are the standard error of the mean. 
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(27%). Furthermore, seedling recruitment in barley 
grass in the second year was only observed at 
Karoonda and not at the other two sites. These 
results suggest that barley grass seeds that did not 
germinate in the first year at Roseworthy or Tarlee 
just decayed. It is likely that greater wetting of the 
soil at Tarlee and Roseworthy during autumn and 
winter contributed to the higher levels of seed 
decay at these sites, as barley grass is known to 
exhibit a low level of innate dormancy. 

Brome grass was the only species to show 
similar and consistently high levels (57%-60%) of 
seedling recruitment at all three sites in the first 
year of the study (Figure 2). However, a much 
smaller proportion (P≤0.05) of the seedbank 
emerged in 2017 (second year) at Tarlee relative to 
Roseworthy and Karoonda. Therefore, the brome 
grass seedbank persisted for at least two years at 
two out of the three sites. Similarly, barley grass, 
prickly lettuce and bedstraw showed higher levels 
(P≤0.05) of seedling recruitment at Karoonda in 2017 
(second year) relative to the other sites. Statice only 
showed seedling recruitment in the second year 
at Karoonda. Therefore, the seedbank persistence 
of these species was much greater on a sandier-
textured soil in the low rainfall zone. Seed decay 
in statice has been previously associated with high 
soil organic carbon, annual rainfall and soil microbial 
biomass (Kleemann and Gill, 2018). Greater soil 
organic carbon content and soil microbial biomass, 
as well as rainfall received at the Roseworthy and 
Tarlee sites, is likely to have promoted seed decay 
in these species. 

Bedstraw, bifora and marshmallow showed 
some seedling establishment in all three years of 
this study at all three sites, which confirms their 
long-term seedbank persistence. Changes in the 
residual seedbank of marshmallow were also slow 
to occur, as no differences (P>0.05) in recruitment 
were observed across the three years at the Tarlee 
and Roseworthy sites. The high levels of dormancy 
expressed by marshmallow allow for significant 
seedbank carryover (Michael et al. 2007). Brome 
grass showed a low level of seedling emergence in 
the third year at Karoonda, but no emergence was 
observed at Roseworthy and Tarlee. The observed 
trend is also consistent with field observations of 
brome grass being a dominant weed in the Mallee 
areas around Karoonda. Small seeded species, such 
as common sowthistle, Indian hedge mustard and 
wild turnip showed persistence into the third year at 
Roseworthy, but not at Tarlee.

Conclusion
An investigation of weed seed persistence by two 

different methods in SA showed large differences 
between species in the rate of seed decay. Several 
species including bedstraw, bifora, and marshmallow 
persisted for at least three years. The experimental 
site had a large effect on the persistence of the 
seedbank. Most weed species persisted for a 
shorter time at the site with the highest rainfall and 
a heavier textured soil. In contrast, more species 
persisted for at least three years at Karoonda,  
which has low growing season rainfall, a sandy 
textured soil and low soil microbial biomass.  
Control programs for weed management need to 
consider the variation between weed species in 
seedbank persistence.
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Background
Annual ryegrass (ARG) continues to present 

a major hurdle to agricultural production, as it 
continues to evolve and adapt to our farming 
systems and thereby evading our methods of weed 
control.

On the Yorke Peninsula (YP) of South Australia 
(SA), growers’ ARG weed control focus has switched 
from   post-emergent control with herbicides to 
the use of pre-emergent herbicides. With the 
advent of resistance to common pre-emergent 
herbicides interest has grown in non-chemical weed 
management practices at both sowing and harvest.

A multi-pronged approach to reducing the 
number of ARG seeds entering the weed seed bank 
will consequently improve the management of ARG 
into the future.

Results and discussion
Chemical control of annual ryegrass

In the past couple of years, Group J and Group 
K resistant ARG has been found (Brunton et al. 
2018). As these herbicides are commonly used in 
our farming systems, one of our main weapons of 
control is under threat.

A YP AG trial south of Paskeville has observed an 
ARG population that has been treated with triallate 
(according to label recommendations) evolve from 
low resistance to highly resistant within a single year. 
After resistance testing in 2017, the ARG population 
was measured to be 50% resistant and moved to a 
100% resistant population when tested for resistance 
in 2018.

Keywords
 annual ryegrass, resistance, harvest weed seed management, HWSM, crop competition, Group J 

pre-emergent herbicides, east-west sowing, varietal choice, herbicide stacking. 

Take home messages
	Try to add as many ‘one percenters’ into your farming system as possible to reduce annual 

ryegrass setting seed into your soil weed seed bank.

	Implement both sowing and harvesting integrated weed management (IWM) strategies.

	There is a fit for east-west (E/W) sowing, but the yield response is greater for wheat compared  
to barley.

	At sowing, the choice of pre-emergent herbicide(s) should be made following the decisions 
regarding crop type, variety and sowing rate and orientation.

	Pre-emergent herbicide stacking provides the most effective means of chemical control for 
annual ryegrass.

Chris Davey.

YP AG, Kadina.

Putting in practice integrated weed 
management (IWM)



228
 2019 ADELAIDE GRDC GRAINS RESEARCH UPDATE

In this trial however, premium, stacked pre-
emergent herbicide mixes gave better ARG control 
than conventional mixes and untreated paddocks. 
Stacking herbicides refers to the practise whereby 
more than one pre-emergent herbicide is mixed 
and applied to the paddock at seeding, (within label 
recommendations) rather than relying heavily on a 
sole pre-emergent herbicide.

Despite employing practices such as herbicide 
stacking, ARG resistance is still increasing 
(unpublished YP AG data). Therefore, in my opinion, 
the choice of pre-emergent herbicides should be 
made after pre-sowing decisions regarding non-
chemical control practices such as crop type,  
variety and sowing rate and orientation. In this way, 
we are not relying as heavily on herbicides, and 
thereby, placing less pressure on the development 
of ARG resistance.

Non-chemical control practices for annual ryegrass

The most common non-chemical practices for 
control of ARG in use on the YP of SA involve crop 
competition at sowing and harvest weed seed 
control (HWSC) at harvest.

Crop competition

Compared to the use of pre-emergent herbicides, 
crop competition provides an easier, and cheaper 
way of reducing the seed set of ARG.

Crop competition tactics include the choice of 
crop type, variety, sowing rate and the orientation 
of sowing. Each of these have an impact on the 
effectiveness of the crop to compete with ARG,  
and therefore, how much seed ARG can  
potentially produce.

Harvest weed seed control

Farmers on the northern YP have adopted HWSC 
strategies rapidly over the past couple of years.

When weighing up what HWSC strategy to 
implement, the main considerations are cost, 
nutrient removal through burning, maintenance 
and convenience/logistics. This has been well 
documented by Planfarm, AHRI and WeedSmart.

On the YP there has been a swing from chaff 
carts and narrow windrow burning to chaff lining and 
chaff decks (chaff tramlining). Some Harrington Seed 
Destructors (HSD) and Seed Terminators are also 
present on the YP.

The key point to note with any HWSC strategy 
is that regardless of what approach you use, 
the strategy only deals with the weed seed that 
enters the front of the header and not those 
seeds that escape the header front.

Due to differing weed species attributes, some 
weeds are more suited to HWSC than others. A 
Northern Sustainable Soils grower group trial that 
ran in 2011 with a focus on brome grass showed that 
the number of weed seeds captured by the header 
may be as low as 52% of total weed seed produced 
for brome grass. This number is generally regarded 
to be higher for ARG and higher again (up to 80-
85%) for wild radish, given its standability at harvest.

Conclusion
Annual ryegrass continues to evolve resistance to 

more mode of action groups.

As agronomists and growers, we must try to keep 
one step ahead of it to prevent resistance taking 
hold and reducing our viable control options.

With Group J and Group K resistance starting to 
surface, stacking pre-emergent herbicides together 
will ensure that the strongest possible herbicide 
option is applied prior to seeding. There are very 
few post-emergent herbicide options left that  
work on ARG, so currently we have a heavy  
reliance on the pre-emergent herbicides in our 
battle against ARG.

Growing a competitive barley variety instead of 
wheat, increasing the sowing rate, decreasing the 
row spacing and sowing E/W will all help contribute 
to crop competition with ARG.

Crop competition strategies will help ensure that 
there are very few ARG plants that make it through 
to harvest, and those that do, will be spindly and 
uncompetitive.

Adopting a form of HWSC will provide another 
option for controlling weed escapes.

Utilising all of these ‘one percenters’ will 
contribute to a sustainable and profitable future for 
our farming systems.
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Background
Herbicide resistance is a major concern for 

crop production due to the increasing frequency 
of resistance in key weeds. Non-herbicide weed 
management alternatives are needed to delay the 
spread and onset of further herbicide resistance 
(Walsh et al. 2013). One such alternative is harvest 
weed seed control (HWSC). HWSC refers to a suite 
of management practices which target the seed 
of weeds present at harvest time and borne at 
harvestable height (typically about 15cm or more 
above ground height, depending on header set up). 

Current HWSC systems include narrow windrow 
burning, chaff tramlining, chaff lining, chaff carts, 
bale direct and seed destruction (Walsh et al. 2013). 
Chaff lining and chaff tramlining have potential for 
widespread adoption in Australia owing to their 
low cost and ease of implementation relative to 
some other HWSC practices. Chaff tramlining is the 
practice of concentrating the weed seed bearing 

chaff material on dedicated tramlines in controlled 
traffic farming (CTF) systems, typically using a  
chaff deck to deposit chaff into two lines (one per 
wheel track). Chaff lining is a similar concept,  
where the chaff material is concentrated using a 
chute into a single narrow row between stubble 
rows directly behind the harvester (i.e. not 
specifically onto tramlines). 

Weed seed collection
The proportion of weed seed entering the front 

of the harvester is key to the efficacy of HWSC 
methods. An increasing number of Australian grain 
growers are adopting stripper harvester fronts. 
These fronts use rows of fingers on a spinning rotor 
to pluck grain heads and pods from mature crop 
plants. Conventional (known as Draper) header 
fronts cut and collect the entire plant above the 
harvest height. Stripper fronts leave more stubble 
standing. By reducing the quantity of material being 

Keywords
 harvest weed seed control, chaff lining, chaff tramlining, chaff decks, stripper fronts.  

Take home messages
	Burial of weed seeds under chaff can reduce seedling emergence, but the amount of 

suppression depends on weed type, chaff type, and amount of chaff cover.

	There is no evidence that weed seeds rot more quickly in chaff tramlines, but it is likely 
environmental conditions and weed seed type could make a difference.

	Stripper fronts and conventional harvest fronts can capture similar percentages of weed seeds 
providing the header is set up and used appropriately.

	Chaff lining and chaff tramlining will not totally prevent weed emergence – be prepared to use 
other measures (e.g. spraying the tramlines with a shielded sprayer). 

	The best reason to use chaff lining or chaff tramlining is to concentrate weed seeds into a narrow 
area for easy follow up.

Annie Ruttledge¹, John Broster², Annie Rayner³, Kerry Bell¹, Michael Walsh³, Michael Widderick¹.
1Department of Agriculture and Fisheries, Toowoomba; ²Charles Sturt University, Wagga Wagga;  
³University of Sydney, Narrabri.

Impact of chaff lining on the seed persistence and 
emergence of weeds
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processed, stripper fronts increase the speed  
and efficiency of harvesting. Because HWSC  
relies on weed seeds entering the harvester, it 
is important to know whether stripper fronts can 
achieve weed seed collection proportions similar to 
conventional fronts.  

The weed seed collection effectiveness of 
stripper and conventional harvester fronts was 
compared in wheat paddocks on two different 
farms near Wagga Wagga (Figure 1). At Site 1 the 
proportion of annual ryegrass seeds collected 
by the stripper front was identical to that of a 
conventional front. In contrast, at Site 2 a lower 
proportion of ryegrass seed was collected by the 
stripper front. Row spacing was greater at this site 
and the harvester was running faster and higher 
than at Site 1, which could have reduced the seed 
collection and therefore HWSC efficacy. 

These results suggest, with due diligence, a 
stripper front can collect a similar proportion of 
annual ryegrass seeds as a conventional front and 
can be used in conjunction with HWSC systems. 

Fate of weed seeds 
Weed suppression

There have been anecdotal reports that weed 
seeds die or fail to emerge from chaff lines and 
chaff tramlines. Pot trials were conducted at three 
locations (Toowoomba, Wagga Wagga and Narrabri) 
to investigate the influence of wheat, barley, 
canola and lupins chaff on seedling emergence of 

annual ryegrass (Broster et al. 2018; Ruttledge et 
al. 2018). Although the amount of chaff required to 
significantly reduce germination differed between 
studies, increasing amounts of wheat chaff reduced 
annual ryegrass germination and emergence at 
all three locations. Wheat chaff at 24t/ha reduced 
annual ryegrass emergence by approximately 15% to 
35% across the three pot trials.

The type of chaff can also influence the 
emergence of weed seedlings. A pot study 
conducted at Wagga Wagga explored the 
emergence of annual ryegrass under four chaff 
types (barley, canola, lupins and wheat). While 
there was an interaction between crop type and 
chaff amount (Figure 2), overall barley inhibited 
emergence more than wheat, and both were better 
at suppressing emergence than canola and lupins. 
For each chaff type, the effect of rate was significant 
(i.e. for all four chaff types, weed emergence 
decreased as the amount of chaff increased).

Pot experiments conducted in Toowoomba 
compared the emergence of common sowthistle 
under wheat and barley. In the first study, wheat 
chaff suppressed emergence more than barley 
chaff, although there was no significant difference 
between the two chaff types. In a subsequent repeat 
of this pot study, wheat did have significantly greater 
suppression of common sowthistle compared 
with barley chaff (Figure 3). In both studies, 12t/
ha was sufficient to significantly reduce sowthistle 
emergence in the wheat chaff treatment. 

Figure 1. Percentage of ryegrass seed collected by stripper front and conventional front harvesters at two 
locations (means with same letter are not significantly different) (Broster et al. 2018).
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Figure 2. Emergence of annual ryegrass through wheat, lupins, barley and canola chaff at eight different 
rates (t/ha) in a pot trial conducted at Wagga Wagga (Broster et al. 2018). NB: Means with the same 
alphabetical characters are not significantly different at the P = 0.050 level based on LSD values (average 
LSD is shown on bar).

Figure 3. Emergence of common sowthistle through barley and wheat chaff at nine different rates (t/ha) in 
a pot experiment conducted at Toowoomba  (Ruttledge et al. 2018). NB: Means with the same alphabetical 
characters are not significantly different at the P = 0.050 level based on LSD values (average LSD is shown 
on bar).
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Weed seed decay

There are anecdotal reports of weed seed rot in 
chaff lines and chaff tramlines. On-farm research 
conducted on the Queensland Darling Downs has 
compared the viability of weed seeds inside and 
outside of chaff tramlines. Seeds of annual ryegrass, 
sowthistle, turnip weed and wild oats were placed 
in fibreglass mesh bags and left for six months 
in two barley paddocks (one harvested using a 
conventional draper front and one harvested using a 
stripper front) and in a wheat paddock (conventional 
front only). At the end of this period, the viability 
of the remaining seeds was determined. There 
were no significant differences between the seeds 
placed inside tramlines and those placed outside of 
tramlines, for any of the three paddocks (Figure 4). In 
other words, weed seeds placed in tramlines did not 
appear to decay any faster than those left on the soil 
surface outside of tramlines.

However, multiple factors are involved in weed 
seed decay, including temperature, moisture, chaff 
type and amount, and characteristics of the weed 
seeds themselves. In other words, what happens to 
weed seeds in chaff lines or chaff tramlines is likely 
to vary according to site, season, crop type and 
weed species.

Chaff production
As outlined above, research indicates that weed 

suppression increases with the amount of chaff 
cover. The amount of chaff that accumulates in chaff 
tramlines or chaff lines could also have implications 
for other farming operations (e.g. planting).

It is unlikely that all crop types will have the same 
chaff load percentage. A barley crop is likely to have 
a lower chaff proportion than a wheat crop. With a 
12m wide conventional harvester forming a chaff 
line 30cm wide and a chaff proportion of 0.3, then 
42t/ha of chaff equates to a 3.5t/ha crop (Figure 5). 
However, if the chaff proportion is 0.2 then 42t/ha 
equates to a 5.25t/ha crop. Conversely, with a chaff 
proportion of 0.5, only 2.1t/ha crop is required to 
produce a chaff line of 42t/ha (Broster et al. 2018). 
It should be noted that in chaff tramlining, two chaff 
lines are formed, which means that only half the 
amount of chaff residue is deposited in each line.

The type of header front is also important in 
determining the amount of chaff exiting the header. 
Research has established that draper fronts produce 
more than twice the amount of chaff compared with 
a stripper front (Figure 6). This is likely due to the 
larger amount of crop material collected by a  
draper front compared to a stripper front, resulting 
 in a significant amount of straw material exiting in 
the chaff fraction when using a draper front (Broster 
et al. 2018).

Figure 4. Viability of weed seeds collected after six months in barley and wheat fields, both under chaff 
tramlines and outside tramlines (control treatment). In barley, tramlines were produced using both Draper 
(conventional) and Shelbourne (stripper) harvest fronts (Ruttledge et al. 2018).
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Figure 5. Estimated crop yield for various chaff rates at different chaff proportions for a 12m wide harvester 
and 0.3m chaff line (Broster et al. 2018). 
Note: Calculations are regardless of header type, but different chaff proportions could relate to the different fronts,  
e.g. 20% = stripper front, 40% = draper front.

Figure 6. Amount of chaff fraction (kg) produced when using two different harvester fronts (means with 
same letter are not significantly different) (Broster et al. 2018).
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Conclusions and recommendations
Chaff lining and chaff tramlining are forms of 

HWSC with the potential to capture weed seeds 
at harvest time and concentrate them in the chaff 
residues. Weed seeds buried in chaff can have 
reduced emergence, but the extent of suppression 
depends on the characteristics of the chaff (crop 
type, chaff thickness) and also on the weed species. 
Depending on the seed ecology of weed species, 
some weeds will be more susceptible to burial in 
chaff than other weeds. 

Research conducted to date does not 
indicate that weed seeds rot more quickly when 
concentrated in chaff tramlines. However, the 
fate of weed seeds is strongly determined by 
environmental conditions (moisture, temperature, 
predation, etc.), as well as the characteristics of the 
weed seeds themselves. This means the extent and 
rapidity of seed decay is likely to vary from site to 
site, season to season, and between chaff type and 
weed type. 

The amount of chaff deposited in chaff tramlines 
is likely to influence the fate of weed seeds, and this 
is in turn dependent on crop type, planting density, 
row spacing, header set-up, harvest speed, and the 
type of header front used (with less chaff produced 
by a stripper front). 

The efficacy of HWSC techniques, including chaff 
lining and chaff tramlining, will depend on maximum 
capture of weed seeds at harvest time. The use 
of stripper fronts is compatible with HWSC, but 
care is needed in harvester operation to maximise 
seed collection. Header settings (e.g. height) and 
harvest speed can all influence the efficacy of weed 
seed collection by both conventional and stripper 
harvester fronts. Further research is needed to 
determine how agronomic considerations (e.g. crop 
architecture and planting design) can optimise weed 
seed collection during harvest. In addition, attributes 
of the weed species, the weather and the amount 
of seed shed which has occurred before harvest 
will have an impact on the accuracy of weed seed 
collection using HWSC practices (Broster et al. 2018). 

In summary, weed seeds captured during harvest 
and concentrated into chaff residues can have 
reduced emergence due to the presence of the 
crop chaff, especially at high chaff loads. From 
current evidence, it is apparent weed seeds of key 
species can remain viable in a tramline environment 
for six months, and potentially longer (work being 
conducted at present will establish the viability of 
seeds after 11 months in the field). However, by using 

chaff tramlining or chaff lining, weed seeds captured 
during harvest are concentrated into one or two 
lines per header pass, where they can be monitored 
and treated in targeted weed control strategies (e.g. 
using high rates and a shielded sprayer).  
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Background
Nitrogen (N) management remains one of the 

most important and risky decisions for wheat 
growers (Monjardino et al., 2015). Breeding for yield 
over the past six decades has resulted in cultivars 
that take up more N from soil (Sadras and Lawson, 
2013). This means that N rates need to be adjusted 
to account for the increasing potential of new 
cultivars and to avoid mining soil organic matter 
reserves. Combined with cultivar choice, sowing 
date seeks to manage the dual risks of frost and 
heat. The sowing time shifts the thermal regime of 
the crop at critical stages, especially flowering. Both 
sowing time and cultivar also modify crop growth 
and N requirements. The interaction between N 
availability and temperature is largely unknown. 
The objective of this work was to study the effect of 
elevated temperature, sowing time, cultivar, and N 
rate on wheat yield.    

Method
Field trials were carried out at Hart and Turretfield 

in 2017. At each site, factorial experiments were 
established combining four sowing times, six wheat 
cultivars, and four N rates. Sowing dates were 

from early May to late June. Cultivars were AxeA, 
CobraA, MaceA, ScoutA, SpitfireA and TrojanA and 
were chosen to capture variation in N requirements 
and phenology based on consultation with the 
local leaders of the National Variety Trials. Nitrogen 
treatments consisted of an unfertilised control, and 
three fertiliser rates (50, 100 and 200kg N/ha as 
urea) split in two equal applications at early tillering 
and just before stem elongation. Treatments were 
allocated to a split-split-plot with sowing times in 
the main plot, cultivars in the sub-plots, and N rates 
in the sub-sub plots with three repetitions for each 
experimental unit.

To untangle the effect of temperature and 
confounded effects with photoperiod and other 
weather variables, open-top chambers were used 
to manipulate temperature in a subset of treatments 
(Figure 1). Heated treatments were established with 
‘heating cubes’ (Figure 1) and unheated controls, in 
combination with three sowing times, two cultivars 
(MaceA and SpitfireA), and two N rates (0 and 100 kg 
N/ha). The timing of heating was from booting to 10 
days after anthesis (in the first and second sowing 
time) and from 10 days after flowering till maturity 
(third sowing time).  

Keywords
 sowing times, heat, risk management.  

Take home messages
	Nitrogen (N) rate needs to be adjusted to account for (a) sowing date, (b) cultivar, in order to 

capture the potential of new cultivars, and (c) elevated temperature.  

	A modest increase of temperature; <1.7°C above ambient before flowering, reduced grain number 
and yield in unfertilised crops but not in fertilised crops.

	Nitrogen rate could be tailored to partially mitigate the effect of elevated temperature. 

C. Mariano Cossani and Victor O. Sadras.

South Australian Research and Development Institute (SARDI).

GRDC project code: DAS00166_BA

Combined effect of elevated temperature and 
nitrogen supply on wheat yield
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Results and discussion
Yield response to sowing time, location, N rate  
and cultivar

Grain yield was affected by sowing time, location, 
N rate and cultivar (P<0.0001). Grain yield in Hart 
was higher than in Turretfield, by 1.2t/ha in early 
to mid-May sowing to 0.5t/ha in the mid to late 
June (Figure 2). MaceA was the highest yielding 
cultivar (4.3t/ha in first sowing) and SpitfireA was 
the lowest at the first (3.8t/ha) and last sowing (2.7t/
ha). AxeA did not show any advantage when sown 
early. Sowing early increased yield provided N 
availability (soil + fertiliser) was above 150kg N/ha. In 
Hart, N fertilisation increased grain yield in the first 
and second sowings (before June) while fertiliser 
did not affect yield in early or late June sowing. In 
Turretfield, where initial soil N was exceptionally high 
(279kg N/ha), N fertilisation reduced grain yield in 
the first sowing with no effect in the later sowings 
(Figure 2).

The response of cultivars to N depended on 
sowing time and location (Figure 3, left panel). The 
early maturing AxeA and the mid to long maturing 
TrojanA increased yield in response to N, while  
the mid-season cultivars; MaceA, CobraA and 
SpitfireA did not. ScoutA did not respond to N up  
to 100kg N/ha and had a yield reduction with  
200kg N/ha. For all cultivars, yield declined at a rate 
of 26kg grain/ha per day delay in sowing (Figure 
3, right panel). AxeA had lower yield than other 
cultivars in the first sowing probably due to untimely 
stress at critical stages. 

Effects of temperature and interactions  
with nitrogen

The temperature in the heated treatments 
followed closely the trajectory of the temperature of 
untreated controls, thus providing a realistic system 
for comparisons (Figure 4). On average, the heating 
system increased mean temperature by 1.4°C for the 
first and second sowing times, and 1.7°C during the 

Figure 1. Open-top passive heating system before anthesis (left) and during grain filling (right).

Figure 2. Grain yield as a function of sowing date and N rate at Hart and Turretfield in 2017. Data are 
averages across cultivars. Initial soil N was 111kg/ha at Hart and 279kg/ha at Turretfield.
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late stages of the third sowing time. The increase of 
the mean temperature was associated with higher 
maximum temperature with little change in minimum 
temperature.

Warming before flowering

Grain yield of both cultivars was affected by 
temperature (P<0.05), sowing time (P<0.05) and N 
(P < 0.005). Nitrogen applications increased yield 
by 1.4t/ha in the first sowing (26 May) and had no 

effect on the second sowing (9 June). Delayed 
sowing reduced grain yield of fertilised crops but not 
for their unfertilised counterparts. Warming before 
anthesis reduced grain yield in unfertilised crops 
but not in fertilised crops (Figure 5A). Increasing 
temperature before anthesis and N affected both 
grain number and kernel weight in both sowing 
times. Elevated temperature reduced grain set 
by 15%. Applying 100kg N/ha increased grain set 
by 50% in the first sowing and 24% in the second 

Figure 3. Average response of cultivars to N rate (left panel) and to sowing time (right panel). Different 
letters indicate significant differences in yield among N rates.

Figure 4. Dynamics of maximum (Tmax) and minimum (Tmin) temperatures in heated treatments (dotted 
lines) and controls (solid lines) during the heating period for the three sowing times at Hart
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sowing time. Delayed sowing decreased the grain 
number but only in fertilised crops (Figure 5D). 
Delayed sowing reduced kernel weight by 19% 
under high N but not in unfertilised crops (Figure 5F). 
The heating treatments during pre-anthesis did not 
reduce kernel weight. 

Warming after flowering

For crops sown on 23 June, MaceA (3.46t/ha) 
out-yielded SpitfireA (2.78t/ha). Increasing mean 
temperature by 1.7°C, reduced the yield of MaceA 
by 15% but did not affect Spitfire’s yield (Figure 6). 
Nitrogen did not affect grain yield. 

Grain number was affected by cultivar, 
temperature, and N. MaceA produced approximately 
2150 grains more per m2 than SpitfireA. Increasing 
temperatures reduced grain number by 11% 
on average, with higher effect under fertilised 
conditions. Nitrogen fertilisation increased grain 
number and reduced kernel weight.  

Figure 6. Main effect of temperature during post-
anthesis for grain yield for MaceA (diagonal line bars) 
and SpitfireA (grey bars). Different letters indicate 
significant differences.

Note of caution: In this paper, we are reporting 
only the results from the first year of experiments, 
given that the second experimental year is being 
processed. This paper is informative and should not 
be taken, on its own, as a guideline. 

Figure 5. Main effect of the temperature (left) and sowing time (right) on grain yield (A, B), grain number (C, 
D), and thousand grain weight (E, F) for unfertilised (white bars) and fertilised crops (black bars). Different 
letters indicate significant differences (P < 0.05).
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Conclusion
In this first year of experiments a combined effect 

of the temperature and N on grain yield and yield 
components of wheat was found. In general, the 
increase in mean temperatures due to the warming 
chambers produced a penalty in grain yield as a 
consequence of reductions in both grain number 
and grain weight. However, the yield penalty was 
not significant when warming occurred on fertilised 
crops indicating that N rate could be tailored to 
partially mitigate the effect of elevated temperature.

Useful resources 
https://grdc.com.au/resources-and-publications/

all-publications/publications/2019/south-australian-
crop-sowing-guide
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Background
Lentil and faba bean are two important pulse 

crops with growing interest from growers in low 
rainfall areas of southern Australia. Interest is being 
driven by recent good prices and the rotational 
benefits that these crops provide. However, these 
crops are prone to yield loss due to frost and 
combinations of water and heat stress at critical 
growth stages (Delahunty et al., 2018, Lake and 
Sadras, 2014). In comparison to cereals, which are 
more vulnerable to stress in a phenological window 
centred at flowering, the window of vulnerability is 
displaced towards pod set in most pulses (Figure 1). 

For a specific environment, maximising yield 
and minimising risk can be achieved by selecting 
the best variety and sowing time combination to fit 

the operation and allow flowering and particularly 
pod set to occur with a minimised risk of extreme 
temperatures and water stress. Early pod set 
increases risk of frost damage and reduces risk of 
heat and drought yield losses, hence the importance 
of managing this trade-off.

The objective of this study is to analyse the 
impact of sowing date and variety on the phenology 
and grain yield of lentil and faba bean across South 
Australian cropping environments, including the 
Upper Eyre Peninsula, Mid North and South East. 
The aim is to determine the best management 
approaches to fit the farming systems of southern 
Australia, maximising yield and minimising exposure 
to risk. The data will also be used to improve our 
modelling capabilities, particularly for lentil.

Keywords
 faba bean, lentil, phenology, risk management, stress, yield.  

Take home messages
	Pulses are more vulnerable to stress related yield loss just after flowering at the early podding 

stage; management practices to avoid stress at this stage will help to maximise yield.

	In the South Australian trials at the Upper Eyre Peninsula, Mid North and South East the risks 
posed by late sowing, exposing flowering and podding to heat and water stress, outweighed the 
exposure to frost posed by early sowing.

	For sowings from mid-April to mid-July across locations, lentil flowered on average 0.5 days 
earlier, and yield declined 0.5kg/ha for each day delay in sowing; and faba bean flowered 0.3 
days earlier and yield declined 0.7kg/ha for each day less per day delay in sowing.  

	With a dry start to the season earlier flowering, more vigorous varieties can be used to overcome 
some of the yield penalty associated with later sowing; results should be considered in 
conjunction with grower specific conditions and the trade-off between early sowing, weed and 
disease management and frost risk.

Lachlan Lake, Mariano Cossani and Victor Sadras.

South Australian Research and Development Institute (SARDI).

GRDC project code: DAS00166

Sowing date and cultivar choice to help manage 
risk and extreme temperature in lentil and faba 
bean in southern Australia
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Method
Field trials were located on the Eyre Peninsula 

at Minnipa (2016, 2017 and 2018), the Mid North at 
Hart (2016) and Roseworthy (2017 and 2018) and 
the South East at Bool Lagoon (2016) and Conmurra 
(2018). The trials combined six sowing dates spread 
every two weeks ranging from 20 April to 9 July.  
For each crop and in consultation with breeders  
and industry experts we selected ten common 
varieties (Table 1). 

Three replications were sown of each genotype 
x crop x sowing time (360 plots) at each location. 
Crops were sown by hand in a split-plot design with 
sowing dates allocated to the main plot and varieties 
randomised within each subplot. Plot size was 1m by 
1m and consisted of three rows; 0.27m apart. Prior to 
sowing, phosphorus was supplied by applying 80kg/
ha of Mono-Ammonium Phosphate (MAP). Except 
when soil moisture was adequate, crops were given 
at least 10mm of irrigation water at sowing to ensure 
good germination and emergence.

During the growing season, phenology was 
measured twice weekly, and the date recorded 
when 50% of plants within the central row had 
reached: emergence, flowering, pod emergence, 
end of flowering and maturity.

At Minnipa (2016, 2017 and 2018) and Roseworthy 
(2017 and 2018), yield was measured from a 
subsample of 0.5m length from the central rows 
of all plots. Samples were dried at 70oC until 
constant weight was achieved and then grains 
were separated from the pods, cleaned, counted 
and weighed. Owing to the small size of plots and 
sampling, yield data is only indicative of trends 
rather than reliable values.

Results and discussion
Climate

The main difference between locations was 
rainfall, with yields affected by drought at Minnipa 
(2017 and 2018) and waterlogging at Bool 
Lagoon (2016). Some environments (from here 
on, environment is a combination of location and 
sowing time) experienced some level of frost such 
as Roseworthy in 2018 (Figure 2) however the most 
influential stress was the combined effect of heat 
and water (for example Minnipa 2017, Figure 2). 

The locational conditions broadly reflect the 
historical records (past 30 years) for rainfall and 
temperatures for each region. Minnipa is a dry 
location with average annual rainfall of 326mm, 
Roseworthy (431mm) and Hart (460mm) are 

Figure 1. Comparison of the critical periods for cereals and pulses. Critical periods are still undefined for 
lentil and faba bean. (Source: Sadras and Dreccer (2015)).
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intermediate, while Bool Lagoon is a high rainfall 
location (580mm). For temperatures in the potential 
flowering window demonstrated in Figure 2 (July 
through October), Minnipa is the lowest risk for frost 
with 0.03 days where temperatures fall below 0°C, 
Roseworthy and Bool Lagoon both have two days, 
while Hart is higher risk with four days. For high 
temperatures (above 30°C) Minnipa is the highest 
risk with 10 days per year, Roseworthy has five 
days per year, Hart has four days per year and Bool 
Lagoon only 1.5 days per year. 

Yield and phenology

The general trends in phenology have been 
consistent across environments with time to 
flowering decreasing with delayed sowing (Figure 
2 and 4). Variety and time of sowing both had 
significant effects (P < 0.001) on time to flowering 
in lentil but the interaction was not significant; for 
faba beans the effect of variety, time of sowing 
and the interaction was significant (P < 0.001). The 
relationship between sowing date and days to 

Figure 2. Temperature, rainfall and flowering range for the 10 lentil (dashed lines) and faba bean (solid 
lines) lines sown at Minnipa in 2017 and Roseworthy in 2018. Sowing times were fortnightly beginning May 1 
(Minnipa 2017) and April 27 (Roseworthy 2018).

Beans Mean Minimum Maximum Lentils Mean Minimum Maximum
 AF03001-1 76 51 117  PBABlitzA 93 71 138
 Fiord 78 55 93  CIPAL901 95 71 138
 AF009169 80 57 146  PBAGiantA 97 72 142
FarahA 81 57 125  PBAJumbo2A 98 71 146
PBAZahraA 84 59 113  CIPAL1301 99 76 149
PBARanaA  85 60 110  PBAHallmarkXTA 100 71 150
NuraA 85 61 115  PBAHurricaneXTA 101 77 150
PBASamiraA 8+ 60 116  Matilda 103 73 149
Aquadulce 88 59 122  Nugget 104 76 150
 Icarus 98 66 133  Northfield 109 82 170

Table 1. Variation in flowering time from sowing in lentil and faba bean varieties.
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flowering was linear (Figure 4), with earlier flowering 
and decreased vegetative duration associated with 
delayed sowing; the relationship was very similar 
between species. For every ten days delay in 
sowing, there was an associated loss of five  
days vegetative growth for lentil and three for 
faba bean. 

Yield also shows a decline with delayed sowing 
when locations were pooled (Figure 3). However, 
the relationship varied between species, years and 
locations (Figure 4). For lentil yield, there was a 
significant effect of environment and variety (both P 
< 0.0001) as well as a significant interaction (P = 0.01); 
for faba bean, environment and variety both had a 
significant effect (P < 0.001) however the interaction 
was not significant (Figure 4). 

When considering specific locations, yield losses 
could be incurred from any delay in sowing such as 
faba bean at Minnipa 2017 and lentil at Minnipa in 
2017 and 2018. However, it was also common to see 
losses only after mid-May (Figure 3 and 4). Across 
all environments and for every ten days delay in 
sowing of faba bean from 20 April there was an 
associated loss of 7% of maximum yield while for 
lentil that value was 5% (Figure 3).

Figure 3. Yield penalty as a function of sowing delay 
from April 22. Yield is presented as a proportion of 
maximum attainable yield for each location x season 
combination. There were five location x season 
combinations each with six times of sowing. Lines 
are polynomial regressions.   

Yield losses were higher in higher yielding 
environments but proportionally higher in lower 
yielding environments. The largest faba bean yield 
reductions were over 2.5t/ha at Roseworthy in 2017 

Figure 4. Phenology (top panels) and grain yield (bottom panels) of faba bean (left panels) and lentil (right 
panels) as a function of sowing date. Yield has been separated by environment while phenology is pooled 
across environments. Significance is denoted as P < 0.05*, P < 0.01** and P < 0.001***.
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with a delay in sowing from the 18 May to the 11 July, 
while in the lowest yielding environment (Minnipa 
2017) the yield loss was lower at 0.74t/ha with a 
delay from 1 March to 11 July; this represents a loss 
of almost 85%. For lentil the yield penalty associated 
with delayed sowing was less severe with more 
variation between locations; the largest loss was 
at Roseworthy in 2017 with 1.3t/ha lost with a delay 
from 18 May to 11 July, while in the lowest yielding 
environment of Minnipa in 2018 the loss was 0.5 t/
ha or nearly 65% when sowing was delayed from 27 
April to 3 July. 

Figure 5. Effect of sowing date on yield and 
components at Roseworthy 2018.

Figure 5 demonstrates that in some instances for 
lentil, early sowing may lead to a significant yield 
penalty (first and second times of sowing yielding 
significantly less than four P < 0.05). This yield loss 
was incurred at Roseworthy 2018 and was due to 
excessive canopy growth with low harvest index. 

The relatively dry season may have resulted in the 
higher biomass canopies from early sowing to suffer 
from moisture stress later in the season failing to 
convert potential yield into actual yield (Erskine and 
El Ashkar, 1993; Zeleke and Nendel, 2019). 

Conclusion
The yield of both lentil and faba bean are 

significantly reduced when sowing is delayed past 
the optimal sowing date for a given location. In 
low rainfall environments such as Minnipa, optimal 
sowing tended to be as early as possible, while 
in the medium to higher rainfall areas, the middle 
of May was better. The yield penalty associated 
with delayed sowing is a result of a shorter time 
to flowering and podset, caused by accelerated 
development. This has a negative effect on potential 
yield resulting in reduced seed set particularly in 
good years and environments (Wery et al., 1994). 
The other significant factor reducing yield with 
delayed sowing was pushing the reproductive 
window further toward hot dry conditions that also 
hasten phenological development and limit yield. On 
average, the penalty for faba beans was 7% of their 
maximum yield per 10 days that sowing was delayed 
after 20 April, and 5% for lentil. 

The genetic variability in phenology of both lentil 
and faba bean can be used by growers who wish to 
target a specific growth window to avoid both frost 
and heat stress, while maximising yield. However, 
in the absence of severe frost, sowing before the 
middle of May will be more likely to provide the 
maximum yield for the location while allowing some 
flexibility in the system for other factors such as soil 
moisture, weed and disease control.  

When considering these results, its recognised 
that management involves many other seasonal 
complexities and considerations associated with 
weed and disease control and managing sowing 
time across a farming operation.

This trial will be repeated in 2019 with a greater 
focus on heat stress response.

Useful resources
https://grdc.com.au/resources-and-publications/

all-publications/publications/2019/south-australian-
crop-sowing-guide

http://eparf.com.au/wp-content/
uploads/2018/05/4d.-Impact-of-sowing-date-on-
phenology-and-yield-of-lentil-and-faba-bean-season-
2-LAKE.pdf 

https://grdc.com.au/resources-and-publications/all-publications/publications/2019/south-australian-crop-sowing-guide
https://grdc.com.au/resources-and-publications/all-publications/publications/2019/south-australian-crop-sowing-guide
https://grdc.com.au/resources-and-publications/all-publications/publications/2019/south-australian-crop-sowing-guide
http://eparf.com.au/wp-content/uploads/2018/05/4d.-Impact-of-sowing-date-on-phenology-and-yield-of-lentil-and-faba-bean-season-2-LAKE.pdf
http://eparf.com.au/wp-content/uploads/2018/05/4d.-Impact-of-sowing-date-on-phenology-and-yield-of-lentil-and-faba-bean-season-2-LAKE.pdf
http://eparf.com.au/wp-content/uploads/2018/05/4d.-Impact-of-sowing-date-on-phenology-and-yield-of-lentil-and-faba-bean-season-2-LAKE.pdf
http://eparf.com.au/wp-content/uploads/2018/05/4d.-Impact-of-sowing-date-on-phenology-and-yield-of-lentil-and-faba-bean-season-2-LAKE.pdf
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Cereal root diseases cost grain growers in excess of $200 million  
annually in lost production. Much of this loss can be prevented. 
Using PREDICTA® B soil tests and advice from your local accredited agronomist,  
these diseases can be detected and managed before losses occur. PREDICTA® B  
is a DNA-based soil-testing service to assist growers in identifying soil borne  
diseases that pose a significant risk, before sowing the crop.
Enquire with your local agronomist or visit  
http://pir.sa.gov.au/research/services/molecular_diagnostics/predicta_b

Potential high-risk paddocks: 
■  Bare patches, uneven growth,  

white heads in previous crop 
■  Paddocks with unexplained poor yield  

from the previous year 
■  High frequency of root lesion  

nematode-susceptible crops,  
such as chickpeas 

■  Intolerant cereal varieties grown  
on stored moisture 

■ Newly purchased or leased land
■ Cereals on cereals
■ Cereal following grassy pastures 
■ Durum crops (crown rot)

There are PREDICTA® B tests for  
most of the soil-borne diseases of  
cereals and some pulse crops: 
■ Crown rot (cereals) 
■ Rhizoctonia root rot 
■ Take-all (including oat strain) 
■ Root lesion nematodes 
■ Cereal cyst nematode 
■ Stem nematode 
■ Blackspot (field peas)
■ Yellow leaf spot
■ Common root rot
■ Pythium clade f
■ Charcoal rot 
■ Ascochyta blight of chickpea
■ White grain disorder
■ Sclerotinia stem rot
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KNOW BEFORE YOU SOW
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Russell Burns
russell.burns@sa.gov.au
0401 122 115

SOUTHERN/WESTERN REGION*
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Background
Globally, poor diet is a significant, and largely 

preventable risk factor for mortality and morbidity; 
accounting for 10.9 million deaths, and 255 million 
Disability Adjusted Life Years (DALYs) in 2017. 

The Global Burden Disease Study is a 
comprehensive study which uses observational 
epidemiological data examining trends since 1990. 
Among dietary risks, low intake of whole grain 
foods has been noted as the second leading risk 
for mortality (behind sodium), and the leading risk 
factor for DALYs, leading to 82.5 million DALYs 
(Collaborators GRF, 2017). 

Meta-analyses and systematic reviews of all-cause 
and cause-specific mortality support whole grain 
diets playing a role in prevention of disease (Aune 
et al., 2016; Zong et al., 2016; Zhang et al., 2018). 
Analyses of randomised clinical trials provide further 
evidence which supports, that when consumed, 
whole grains lead to a reduction in low density 
lipoprotein (LDL) cholesterol, total cholesterol 
and percentage body fat compared to diets 
without them. Additional analyses has identified 
improvements in postprandial glucose levels and 
glucose homeostasis resulting from whole grain 
diets (Hollaender et al., 2015; Marventano et al., 
2017; Pol et al., 2013). These findings are contrary 

Keywords
 whole grain, health, nutrition, trends, health star rating  

Take home messages
	The Global Burden Disease Study indicates whole grain is key to health and studies suggest a 

20% reduction in key diseases such as coronary heart disease, Type 2 diabetes mellitus and total 
mortality with each 16g of whole grain. 

	Most Australians consume only about 23g of the 48g Daily Intake Target (DTI) for whole grain 
(and consume more refined grain).

	Whole grain has always been the focus of dietary guidelines, but it is not included in the 
algorithm for the Health Star Rating (HSR) system found on food packaging.

	Food trends offer some opportunity to the industry to promote grain foods – particularly claims 
based on plant protein, gut health and quality carbohydrates/ whole grain.

	Whole grains themselves are rarely more expensive than refined food choices, however, certain 
segments of the market do produce premium products. 

	Nutrition campaigns that better support Dietary Guidelines like the previous “2 Fruit & 5 Veg” 
may be needed to assist with the confusion that surrounds the value of grain foods in the 
Australian Diet and the positive effect on overall health.

Sara Grafenauer¹, Alex Locke¹ and Felicity Curtain¹.
1Grains and Legumes Nutrition Council, North Sydney, NSW.

Whole grain diets, health star ratings and  
opportunities for health related promotion  
of grains
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to recent low carbohydrate diet trends and suggest 
that diet quality and quality grain foods are important 
factors for human health (Pollard et al., 2017.) – 
Whole grain diets are gaining popularity globally 
as consumers realise the importance of quality 
carbohydrates (including whole grains) in a  
balanced diet.

According to the 2011-12 National Nutrition and 
Physical Activity Survey (NNPAS), grain foods 
(both whole, and refined grains) such as breads, 
cereals, pasta, rice, and noodles were the leading 
contributors of seven key nutrients in the Australian 
diets; including dietary fibre, folate, thiamin, iron, 
magnesium, iodine, and carbohydrates (Statistics 
ABo, 2014). However, consumption of whole grains 
in Australia is low, with NNPAS data identifying only 
one third (34%) of grain foods consumed were whole 
grain (Statistics ABo, 2016), equating to 22.7g on 
average, less than half of the 48g Daily Target Intake 
(DTI) (Galea et al., 2017). 

Refined grain core foods like white bread, white 
pasta and white rice are chosen by the greater 
proportion of Australians. In addition, approximately 
35% of total energy (for adults) is from discretionary 
foods, the leading groups being cakes, muffins, 
scones, cake-type desserts, pastries and biscuits. 
These foods are predominantly made from refined 
grains and contain higher levels of sugar, fat and 
saturated fat.

Food Standards Australia New Zealand (FSANZ) 
define whole grains as ‘the intact grain or the 
dehulled, ground, milled, cracked or flaked grain 
where the constituents—endosperm, germ and 
bran—are present in such proportions that represent 
the typical ratio of those fractions occurring in 
the whole cereal, and includes wholemeal’ (Code 
ANZFS, 2015). The Grains Legumes Nutrition Council 
(GLNC) is responsible for the regulation of whole 
grains in food marketed in Australia, and in 2013 
established a voluntary Code of Practice for its 
inclusion in food claims. GLNS also conduct regular 
and rolling audits of grain and legume foods and 
ingredients to ensure compliancy across the board 
for all whole grain claims.  

The recommendation to include mainly whole 
grains in diets (as opposed to refined grain foods), 
has consistently featured in Australian Dietary 
Guidelines (ADGs) since their inception in 1979 
(Health DoCSa, 2018). Many countries, such as the 
USA, Canada, Denmark, France, Germany, Mexico, 
Spain, and Singapore, amongst others, also promote 
whole grain consumption within their respective 
dietary guidelines (Council OWG, 2018). Yet, whole 

grain does not feature in current front of pack (FOP) 
labelling or the Health Star Rating (HSR) system. 

The HSR system assigns a star rating between 0.5 
to 5 stars based on an algorithm which determines 
the level of certain ‘positive’ aspects of food such 
as fruit and vegetable content and in some cases 
dietary fibre and protein along with aspects of food 
which increase risk factors for chronic disease such 
as sodium, saturated fat and sugars, and assigns a 
star. However, whole grain content is not included in 
the evaluation.

Higher scores indicate healthier products within 
food categories, so comparisons can be made  
by consumers. 

The aim of the study was to examine how 
effectively the current HSR system differentiates 
between refined and whole grain foods. However, 
as food selection is complex and influenced by 
multiple factors including food trends and media 
messages, these will also be discussed.

Method
Packaging information from grain products from 

four major supermarkets (Woolworths, Coles, Aldi, 
IGA), in the Sydney Metropolitan area representing 
more than 80% of total market share (Morgan, 2018), 
with the addition of a bakery franchise (Bakers 
DelightTM, Camberwell, Victoria) were collected. 
The nutrition and on-pack data was collected 
and analysed; including ingredient lists, nutrition 
and health claims including HSR and Nutrition 
Information Panels. Products were excluded from 
the analysis if dietary fibre per 100g, percentage 
of whole grain ingredients, and/or a HSR did not 
feature on-pack. 

Food selected for analysis included all types 
of bread (in loaf, roll, sandwich alternative, and 
flatbread forms), dry and microwaveable rice 
(including plain and flavoured), white and wholemeal 
pasta (dried), all types of noodles (dry and cooked in 
both plain and flavoured), white and wholemeal flour 
(plain and self-raising), and breakfast cereals (ready-
to-eat, muesli, granola, clusters, hot cereals plain 
and flavoured). 

Products contain grains were then categorised 
into either whole grain (WG) or refined grain (RG), 
based on eligibility for registration with GLNC’s 
Code of Practice for whole grain claims (greater 
than 8g whole grain per manufacturer serve). The 
mean and standard deviation for fibre (per 100g) and 
whole grain (per 100g). The mean and range of HSR 
was determined for the RG and WG product within 
each Food subcategory.



259
 2019 ADELAIDE GRDC GRAINS RESEARCH UPDATE

Results and discussion
Data from 1,261 products was collected, including 

359 bread, 205 pasta, 151 rice, 55 noodle, 50 flour, 
and 441 breakfast cereal (BFC) products in the 
respective food categories. After excluding products 
not reporting dietary fibre, percentage whole grain, 
and/or displaying a HSR on-pack, 441 products 
remained, of which more than two thirds contained 
WG (68%). 

Overall, the mean HSR for WG products was 4.3, 
half a star greater than the mean HSR for RG at 3.8. 
Within WG and RG classified Food subcategories, 
there was 0.4 difference within breads, 0.3 
difference within rice, 0.4 difference within flour, 
and 0.7 within BFC; the latter recording the greatest 
discrepancy of all subcategories. 

While some consumer research around the 
influence of HSR on consumer choice has been 
undertaken, the multifactorial nature of food choice 
means results are confounded by other influencing 
factors such as price, environment and ethics, and 
rational for choices are inconsistently applied by 
consumers. The threshold at which consumers 
select foods with a certain number of stars, and the 
differentiation between two products with only 0.5-
1-star difference has not been adequately studied. It 
is likely the level of difference between the WG and 
RG foods examined here would not be sufficient to 
compel consumers to swap to whole grain. 

Plant-based diets and flexitarian eating styles 
which are growing in popularity, support the 
inclusion of quality grain foods consumption. 
Additionally, a decline in the number of consumers 
choosing gluten-free diets, alongside an increase  
in vegan and vegetarian dietary patterns are  
helping to increase the potential size of the whole 
grain market.

Conclusion
Whole grain is a key dietary component linked 

with protection against chronic disease and it is 
promoted globally for inclusion as part of a healthy 
diet, yet most Australians in their diet fall short of 
the recommended amount. FOP labelling systems 
such as the HSR may pose a simple strategy for 
encouraging healthier food choice, including the 
promotion of WG over RG foods, and while the 
current system includes dietary fibre in its algorithm, 
it does not directly reward foods for whole grain, a 
key point of consideration in the present five-year 
review. HSR’s ability to distinguish between foods 
of differing dietary fibre content as a proxy measure 

for proportion of whole grains  in foods may present 
opportunities to exploit growing markets as a simple 
tool for marketing whole grain.

Useful resources
https://www.glnc.org.au/whole-grain-registered-

products-choose-country/
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Introduction
SOM and soil organic carbon (SOC) are 

sometimes used interchangeably and on average 
SOM contains 58% carbon (C) (Hoyle et al. 2011). The 
majority of the balance is made up of other elements 
including nutrients (N, phosphorus (P) and sulphur 
(S)) as well as oxygen and hydrogen. It is important 
to recognise that SOM contents are therefore 1.72 
times greater than SOC contents and attention must 
be paid to soil test values to confirm what has been 
reported. 

A simple organic carbon (OC) cycle for agricultural 
soils is provided in Figure 1. OC enters the soil 
through the capture of carbon dioxide (CO2) by 
crops and pastures and the subsequent deposition 

of residues on and within the soil. For surface 
deposited materials to contribute, the OC in the 
residues must be mixed into the soil or broken down 
and moved into the soil. Any removals of products 
or residues will reduce the flow of OC into the 
soil. Once in the soil, the activity of decomposer 
organisms will respire a portion of the OC back  
to CO2. 

Soil erosion can also contribute significantly 
to SOC loss with practices such as maintaining 
ground cover reducing the impact. Although 
analysis laboratories typically provide values for 
SOC content, the actual amount of OC present 
in a soil is referred to as the stock of OC and is 
calculated by defining the tonnes of C present in 
a soil to a defined depth according to Equation 

Keywords
 soil, nitrogen, N, soil organic matter, soil fertility, profitability, productivity. 

Take home messages
	Stocks of soil organic matter (SOM) and nitrogen (N) are limited resources and current trends 

across Australian agricultural soils indicate that these are declining (Luo et al. 2010).

	Soil derived N can contribute to the amount of N available to a crop. As the capacity of a soil to 
deliver N declines, increased rates of fertiliser N will be required and optimising profit (where 
marginal benefit=marginal cost) may move to lower yields.

	N balance calculations are essential to define how management is altering the stock of soil 
N. A range of indices exist that can be monitored over time to provide an indication of how 
management is affecting N stocks.

	Altering management practices to maintain SOM and N status are likely to be associated with 
increased costs (either increased expenditure or opportunity costs). Mechanisms for offsetting 
increased costs associated with applying management practices to accumulate organic matter 
and N exist, and more are under development.

	Taking a long term (decadal) view on the economic implications is critical to ensure future 
productivity will not be compromised in an effort to maximise short term (annual) profits.

Jeff Baldock¹.
1CSIRO Agriculture and Food.

GRDC project code: CSP00207

Nitrogen and soil organic matter decline - what is 
needed to fix it?
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[1] (Sanderman et al. 2011). Both the content and 
stock of OC content in a soil therefore represents 
the net balance between the rates of C addition 
and loss. Any alteration to management practices 
that can enhance rates of OC addition (flows with 
black circles in Figure 1) or reduce losses (flows with 
white circles in Figure 1) beyond that currently being 
attained have the potential to increase the amount 
of C in soil. 

Declines in SOM and N status in agricultural 
soils

Conversion of native soils to agricultural 
production often results in a decline in SOC 
content or stock. Under Australian conditions, 
Luo et al. (2010) assembled data from 20 different 
studies indicating that cultivation of the 0cm-10cm 
soil layer resulted in a decline in SOC stocks to 
values approximately half those in soils in their 
native condition. However, the extent of loss did 
vary between 20% and 70% with similar, but more 
variable results when the 0cm-30cm soil layer was 
examined. The observation that significant amounts 
of SOC have been lost due to cultivation suggests 
that changes to management practices will be 
required to rebuild SOC. Although some changes 
have been implemented (e.g. reduced/zero tillage 
and reductions in stubble burning/removal), further 
change and the introduction of new approaches 
may be required.

The strong link between OC and N in SOM 
indicates that losses of SOC are also indicative 
of a loss of soil N. OC to N ratios of 10 to 12 are 
generally expected for mineral soils. Across a 
range of Australian soils varying in OC content 
from <1% to just over 14%, the OC to N ratio was 
found to be 11.1 on average (Kirkby et al., 2011). The 
implication of this is that where the OC content of 
the 0cm-10cm soil layer with a bulk density of 1.3 
g/cm³ and no gravel, declines from 2% to 1% by 
weight, approximately 1081kg N/ha will have been 
mineralised. The possible fate of the mineralised 
N would be uptake and removal in agricultural 
products or loss from the soil. If the loss occurred 
over a 20-year period, then the reduction in OC 
has provided an average of 50kg N/ha/year. As 
the OC within the soil continues to decline, two 
outcomes will become evident: 1) the rate of OC 
loss decreases, hence, less N is mineralised and 
potentially made available to growing crops and 
2) once a lower threshold value of OC is passed, 
little N will be mineralised and released and crop 
production will become much more reliant on 
fertiliser N additions.

Implications of declining organic matter and 
N status

SOM contributes positively to a range of soil 
properties and functions considered important 
to defining the potential productivity of soil. 

Figure 1. Carbon cycle in agricultural soils showing inputs and losses of organic carbon

Equation [1]. Equation used to calculate the stock of organic carbon in the soil.
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Across different types of soils (e.g. soils varying 
in clay content) the importance of organic matter 
contributions will vary. In Figure 3 a conceptual 
framework is presented that summaries the relative 
importance of organic matter; with the change in the 
width of the shapes providing an indication of the 
relative importance of organic matter to a particular 
function. As an example, for cation exchange 
capacity (CEC), organic matter will provide the only 
source of CEC in a sand and is therefore critical 
to the provision of this soil property. However, 
as clay content increases, the requirement for 
organic matter to provide CEC declines because 
the contribution of clay particles to CEC meets the 

needs of the soil. As a second example, consider 
the provision of energy for biological processes. 
Irrespective of clay content or nature of the minerals 
present in a soil, organic matter is the source of 
energy for organisms. Thus, the shape for this 
process remains wide across all clay contents.

With declining levels of organic matter in soil, the 
ability of the organic matter to contribute adequately 
to the functions identified in Figure 3 declines. If 
these contributions drop below the threshold values 
required to maintain adequate soil function, then soil 
productivity will be compromised. It is important to 
note however that for SOM to contribute to these 
properties and functions it needs to decompose 

Figure 2. Change in soil organic carbon stocks of the 0cm-10 cm layer with increasing duration of cultivation 
relative to the stock in soils under native condition.

Figure 3. Conceptual contributions of the contribution of organic matter to various soil properties and 
functions and how this varies across soils with changes in clay content. The width of the shape corresponds 
to the ascribed importance at a given clay content. 
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and cycle. Thus, in attempts to build SOM, it is not 
desirable to stop its decomposition, rather attempts 
should be made to increase the rate of organic 
matter addition to result in a net gain and promote 
greater cycling and enhanced contributions to 
beneficial soil properties and processes.

Under dryland growing conditions in Australia, 
yield potential is typically defined by the availability 
of water to grow grain crops by summing plant 
available water stored in the soil at sowing 
and predicting the amount of rainfall that will 
be received. Using the amount of water that is 
potentially available to set a yield target and 
assigning a protein content for the grain allows the 
derivation of N requirements. Achieving a good 
match between crop N demand and N availability 
requires the prediction of N delivery from the 
soil and the addition of an appropriate amount of 
fertiliser N. A declining soil N status means that to 
achieve yield and protein targets defined by the 
availability of water, additional fertiliser N will  
be required.

Fertiliser rate trials have demonstrated that the 
efficiency of fertiliser N use declines as fertiliser 
application rates increase (for examples see Bell 
et al. 2014; Lester et al. 2009). Each incremental 
increase in yield requires a larger addition of 

fertiliser N, and therefore, costs more; particularly 
in progressing towards the biological optimum 
yield (e.g. point B on the yield curve in Figure 4a). 
A contributor to this relationship resides in the 
mechanisms by which available N can be lost from 
the soil/crop system (e.g. volatilisation, denitrification 
and leaching), and the increased potential for these 
losses to occur as the concentration of available N 
in soil increases in response to increasing fertiliser 
addition. As a result, where fertiliser N application 
rates have to increase in response to a decreased 
ability of the soil to supply N, the cost of achieving 
an additional yield increment will increase and the 
profitability ($/kg of fertiliser N applied) of applying 
additional fertiliser N will decrease. Under such 
circumstances, and assuming all other variable costs 
remain fixed, the economic optimum yield (where 
marginal benefit = marginal cost, point A on the 
profit curve in Figure 4a) will decline as the ability of 
a soil to supply N decreases (point D versus point E 
in Figure 4b). It is important to note that the different 
responses presented for the soils with a low and 
high N supply capacity in Figure 4 are conceptual 
and have been accentuated to demonstrate the 
points being made. A more complete economic 
assessment is required to quantify the magnitude 
of the proposed profitability differences and fully 
assess the implications.

Figure 4. Changes in (a) the efficiency of fertiliser N use in terms of grain producing grain and potential 
relationship between biological and economic optimum yields (b) profitability of grain production with 
increasing fertiliser N application rates for soil with a low (solid line) or high (dashed line) N supply capacity. 
Note that these diagrams are conceptual and differences between low and high N supply capacity have 
been accentuated for the purpose of demonstrating potential differences.
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Part of the benefit provided by soil N supply, 
relative to fertiliser N application, resides in the fact 
that N derived from organic matter decomposition 
is metered out over the growing season and 
responds positively to the same environmental 
conditions controlling crop growth and N demand 
(e.g. availability of water and temperature). With an 
increasing reliance on soil derived N, the supply 
and crop demand for N are likely to be better 
synchronised, leading to a lower chance of available 
N accumulating in the soil. However, if fertiliser N 
is added and creates an excess of available N, the 
slow release and more synchronous behaviour of 
N being mineralised from the SOM will be lost. This 
occurs because, when mineralised N enters the 
available N pool, it behaves in a manner similar to 
the added fertiliser N.

What is needed to fix it?
Increasing soil organic matter content or stock

Given that the amount of organic matter present 
in a soil results from the balance between inputs 
and losses (Figure 1), to shift SOM stocks to higher 
values will require an increase to the flow of OC 
into the soil. An exception to this may be where 
rates of SOM loss due to erosion can be reduced 
through maintaining a greater amount of soil cover. 
Questions that should be posed include:

1) Are organic materials being removed (e.g. 
crop residues) and can this practice be halted? 

2) Are current management practices maximising 
water use efficiency (expressed in terms of  
dry matter production per mm of available 
water)? If not, are there alternative practices 
available that can be used to move towards 
greater water use efficiency and enhanced 
biomass production?

3) Is there scope to alter the production system 
to include a greater proportion of legumes, 
particularly legumes grown as a green or 
brown manure?

4) If erosion is an issue, can management 
practices be imposed that maintain a higher 
level of soil cover (for wind erosion) or can the 
movement of water over the soil be slowed 
(for water erosion).

Acknowledging that the current levels of SOM are 
a function of the history of management practices 
employed, if the answer to any of the above 
questions is yes, then there is scope to increase the 
storage of organic matter in the soil. 

A tendency has existed to suggest that the 
adoption of defined management practices (e.g. 
reduced tillage, rotational grazing) can alter SOM 
stocks. Sampling many Australian grain growing 
soils has suggested that increasing stocks of SOM 
is less about the nature of management practice 
and more about whether C flow to the soil has 
been enhanced. Adopting a perceived ‘C friendly’ 
management practice provides no guarantee that 
soil C stocks will increase.  The manner in which the 
practice is implemented and its impact on C flow to 
the soil is critical. For example, a grower maximising 
productivity of grain crops (continually achieving 
close to the water limited yield) and retaining all 
residues may end up with a better SOC stock  
than a grazier operating with a stocking rate that is 
too high.

Maintenance of soil N 

Most of the N contained in a soil (>95%) is found 
in the SOM. Rates of change of SOM are slow (often 
requiring >5 years to detect true change) and given 
the extent of spatial variability across paddocks and 
variations in seasonal conditions, it will be difficult 
to quantify the implications of growing single crops 
on soil N status through direct measurement. As a 
result, a number of agronomic indices have been 
developed and used to quantify the effectiveness 
of nutrient management based on yield responses, 
N extracted in grain and the difference between 
added and extracted N. These indices have been 
presented and discussed in a previous GRDC 
update paper (Baldock et al., 2018). In demonstrating 
the use of these indices, Norton (2016) obtained 
results across 4-5 years for 514 paddocks indicating 
on average that growers were mining N from the soil 
resulting in a decline in soil N status over time.

For growers to gain an appreciation of the 
implications of their management practices on 
soil N status, it is important to conduct N balance 
calculations. Given the different annual inputs, 
extractions and losses of N as a function of 
variations in applied management practices, soil 
properties and environmental conditions, growers 
are encouraged to complete annual N balance 
calculations (Equation [2] (Baldock et al. 2018)). 
Deriving values for all of the components of the 
N balance calculation may be difficult, particularly 
for some of the loss mechanisms; however, 
monitoring the N balance result obtained over time 
would remain useful and provide an indication 
of any trend. Although a trend to increasing N 
stocks is encouraged, it should be acknowledged 
that temporary periods of mining N stocks are 
acceptable, provided the extent of N mining is 
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quantified and followed by a rebuilding phase in 
which N stocks are replenished. It is recommended 
that annual N balance calculations be performed; 
however, the values should be integrated and 
accumulated over time to define the full effect 
of applied management practices and temporal 
trends. Such information will allow grain growers 
to implement appropriate actions to maintain their 
production base into the future and continue to 
maximise profitable grain yield outcomes.

Other than the application of fertiliser N, the main 
mechanism for growers to enhance N status is the 
inclusion of legumes in rotation with grain crops. 
This could include pulses and pasture options in 
rotation with grain production. To maximise N inputs, 
it may be appropriate to maximise the nodulation 
and biomass accumulation of a legume and retain 
all biomass (e.g. green manure). In essence, growers 
need to take a ‘crop management approach’ to 
growing a legume for augmenting the soil N status 
and contributing to SOM levels. Although this would 
be associated with a significant opportunity cost, 
the benefits to subsequent crops and long-term 
implications on soil N status and productivity may be 
positive. Longer term (>10 years) economic analyses 
of such options need to be considered since the 
most profitable short-term result will always be to 
maximise the extraction of N from the soil (i.e. mine 
the soil N reserve) thereby reducing the cost of 
production. Such analyses should also take into 
account other potential benefits including, but 
not limited to, diversification of the farm business, 
enhanced or additional weed control options and 
provision of crop disease breaks.

Options to offset the opportunity cost of 
maintaining SOM and N
Valuing SOM/C

Quantifying the value of SOM to production is 
essential. However, this is challenging, given the 
diversity of positive contributions SOM potentially 
makes to productivity and the different amount 
and types of organic matter required to achieve 
adequate functioning for different soils. Having 
such values will aid in the economic assessments of 
current investments or opportunity costs associated 
with management practices designed to maintain 
the SOM and N status. Where appropriate and 
consistent with farm business planning, entry into C 
markets may also contribute.

Valuing the natural capital of soil

Currently, the natural capital contained within 
soil does not contribute significantly to property 
valuation and little reward exists for the maintenance 
of natural capital. Based on the example provided 
earlier in this document, for every per cent by 
weight of OC in the 0cm-10 cm soil layer about 
1000kg of N is present. Using a value of $1 to buy 
and apply a kg of N per ha, the N resource within 
the 0cm-10cm soil layer could be valued at $1000 
per ha; however, such values rarely enter into 
the assessment of farm capital values. Movement 
by financial institutions towards valuing natural 
capital is now being discussed. Potential options 
include the provision of reduced interest rates on 
loans in response to being able to demonstrate 
that applied agricultural practices are maintaining 

NF=N added to the soil in the form of chemical fertilisers

NOA=N added to the soil in the form of organic amendments (e.g. manure, composts, etc.)

Ndfa=N derived from atmospheric N2 by symbiotic and non-symbiotic fixation

Ndep=N deposition from the atmosphere

NR=N removed in harvested products

NL=leached from the root zone

NV=volatilised as ammonia from fertilisers and soils

NDen=N lost as N2 and N2O by denitrification

NE=N lost by erosion

Equation 2. Calculation used to determine N balance.
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or enhancing soil. Tools such as those being 
developed by Digital Agricultural Services (https://
digitalagricultureservices.com/) will help facilitate 
natural capital valuation and its inclusion in financial 
decisions. Assessing the costs and benefits 
associated with changes in natural capital value will 
be required to clearly articulate the impact of such 
approaches on the farm business with both short- 
and long-term analyses being completed.  

Accounting for the true cost of production

When the value of grain and products derived 
from grain are assessed, often little consideration 
is given to how their production has altered the 
resource base from which they were derived 
and the costs associated with maintaining the 
base. Interest exists in tracking the provenance of 
commodities and attaching information about how 
they were produced. Being able to demonstrate 
effective management practices that maintain or 
enhance the soil resource base may allow entry into 
markets that attract higher returns and help to offset 
any opportunity costs.

Conclusions
• Stocks of soil organic matter and N are limited 

resources and current trends across Australian 
agricultural soils indicate that these stocks are 
declining. Declines in SOM are likely to result  
in decreased productivity and sustainability  
into the future. Establishing threshold values  
of composition and stock appropriate to 
different combinations of soil type and climate 
is required. 

• Soil derived N can make significant 
contributions to the amount of N available 
to a crop. As the capacity of a soil to deliver 
available N to crops declines, increased rates 
of fertiliser N will be required. As fertiliser N 
rates increase, the potential for N loss increases 
and typically leads to reduced fertiliser N use 
efficiency. As a result, with decreasing soil N 
supply capacity, optimised productivity (where 
marginal benefit=marginal cost) may move to 
lower yields.

• Completing N balance calculations is essential 
for grain growers to gain an understanding of 
how their management practices are altering 
the stock of N present in their soils. N balance 
calculations should be completed annually 
but integrated over time. Where negative N 
balances are obtained, the soil N resource is 
being mined. Under such circumstances, it is 
important to consider whether future long  

term (decadal) productivity and potential profit 
is being eroded to maximise short term  
(annual) values.

• Altering management practices to maintain 
SOM and N status are likely to be associated 
with increased costs (either increased 
expenditure or opportunity costs). Mechanisms 
for offsetting these costs exist and more are 
coming on line. Taking a long-term view on the 
economics of current management on future 
productivity is important.
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CHAIR - JOHN BENNETT
 Based at Lawloit, between 
Nhill and Kaniva in Victoria’s West 
Wimmera, John, his wife Allison and 
family run a mixed farming operation 

across diverse soil types. The farming system is 
70 to 80 percent cropping, with cereals, oilseeds, 
legumes and hay grown. John believes in the 
science-based research, new technologies 
and opportunities that the GRDC delivers to 
graingrowers. He wants to see RD&E investments 
promote resilient and sustainable farming  
systems that deliver more profit to growers and 
ultimately make agriculture an exciting career path 
for young people.
M 0429 919 223 E john.bennett5@bigpond.com

DEPUTY CHAIR - MIKE MCLAUGHLIN
 Mike is a researcher with the 
University of Adelaide, based at the 
Waite campus in South Australia. 
He specialises in soil fertility and 

crop nutrition, contaminants in fertilisers, wastes, 
soils and crops. Mike manages the Fertiliser 
Technology Research Centre at the University of 
Adelaide and has a wide network of contacts and 
collaborators nationally and internationally in the 
fertiliser industry and in soil fertility research.
M 0434 765 574
E michael.mclaughlin@adelaide.edu.au

PETER KUHLMANN
 Peter is a farmer at Mudamuckla 
near Ceduna on South Australia’s 
Western Eyre Peninsula. He uses 
liquid fertiliser, no-till and variable rate 

technology to assist in the challenge of dealing 
with low rainfall and subsoil constraints. Peter has 
been a board member of and chaired the Eyre 
Peninsula Agricultural Research Foundation and 
the South Australian Grain Industry Trust.
M 0428 258 032 E mudabie@bigpond.com

JON MIDWOOD
 Jon has worked in agriculture  
for the past three decades, both  
in the UK and in Australia. In 2004 he 
moved to Geelong, Victoria,  

and managed Grainsearch, a grower-funded 
company evaluating European wheat and  
barley varieties for the high rainfall zone.  
In 2007, his consultancy managed the commercial 
contract trials for Southern Farming Systems (SFS). 
In 2010 he became Chief Executive of SFS,  
which has five branches covering southern 
Victoria and Tasmania. In 2012, Jon became a 
member of the GRDC’s HRZ Regional Cropping 
Solutions Network.
M 0400 666 434 E jmidwood@sfs.org.au

FIONA MARSHALL
 Fiona has been farming with her 
husband Craig for 21 years at Mulwala 
in the Southern Riverina. They are 
broadacre, dryland grain producers 

and also operate a sheep enterprise. Fiona  
has a background in applied science and 
education and is currently serving as a committee 
member of Riverine Plains Inc, an independent 
farming systems group. She is passionate about 
improving the profile and profitability of Australian 
grain growers.
M 0427 324 123 E redbank615@bigpond.com

ROHAN MOTT
 A fourth generation grain grower 
at Turriff in the Victorian Mallee, 
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 Richard along with wife Lee-Anne, 
son Will and staff, grow wheat, canola, 
lentils and faba beans on some 
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and field peas. Kate has been an agronomic 
consultant for more than 20 years, servicing 
clients throughout the Mallee and northern 
Wimmera. Having witnessed and implemented 
much change in farming practices over the past 
two decades, Kate is passionate about RD&E to 
bring about positive practice change to growers.
M 0427 571 360 E kate.wilson@agrivision.net.au

ANDREW RUSSELL
 Andrew is a forth generation 
grain grower and is currently the 
Managing Director and Shareholder 
of Lilliput AG and a Director and 

Shareholder of the affiliated Baker Seed Co - a 
family owned farming and seed cleaning business. 
He manages the family farm in the Rutherglen 
area, a 2,500 ha mixed cropping enterprise and 
also runs 2000 cross bred ewes. Lilliput AG 
consists of wheat, canola, lupin, faba bean, triticale 
and oats and clover for seed, along with hay 
cropping operations. Andrew has been a member 
of GRDC’s Medium Rainfall Zone Regional 
Cropping Solutions Network and  has a passion 
for rural communities, sustainable and profitable 
agriculture and small business resilience.
T 0417 401 004 E arussell@lilliput-ag.com.au

LUCY BROAD
 Lucy Broad is the General 
Manager of the Grains Research and 
Development Corporation’s (GRDC) 
Grower Communication and Extension 

business group. Lucy holds a Bachelor of Science 
in Agriculture, majoring in agronomy, and prior to 
working at the GRDC spent the last 13 years as 
Director and then Managing Director of Cox Inall 
Communications and Cox Inall Change, Australia’s 
largest and leading public relations agency 
working in the Agribusiness and Natural Resource 
Management arena. Her entire career has been 
in communications, first with the Australian 
Broadcasting Corporation and then overseeing 
communications and behaviour change  
strategies for clients across the agriculture,  
natural resource management, government  
and not-for-profit sectors.
T 02 6166 4500 E lucy.broad@grdc.com.au
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SOUTHERN RCSN CO-ORDINATOR:
JEN LILLECRAPP

 Jen is an experienced 
extension consultant and partner in 
a diversified farm business, which 
includes sheep, cattle, cropping and 

viticultural enterprises. Based at Struan in South 
Australia, Jen has a comprehensive knowledge 
of farming systems and issues affecting the 
profitability of grains production, especially in 
the high rainfall zone. In her previous roles as 
a district agronomist and operations manager, 
she provided extension services and delivered a 
range of training programs for local growers. Jen 
was instrumental in establishing and building the 
MacKillop Farm Management Group and through 
validation trials and demonstrations extended 
the findings to support growers and advisers in 
adopting best management practices. She has 
provided facilitation and coordination services for 
the high and medium rainfall zone RCSNs since 
the initiative’s inception.

M 0427 647 461 E jen@brackenlea.com

LOW RAINFALL ZONE CO-LEAD:
BARRY MUDGE

 Barry has been involved in the 
agricultural sector for more than 30 
years. For 12 years he was a rural 
officer/regional manager in the 

Commonwealth Development Bank. He then 
managed a family farming property in the Upper 
North of SA for 15 years before becoming a 
consultant with Rural Solutions SA in 2007. He is 
now a private consultant and continues to run his 
family property at Port Germein. Barry has expert 
and applied knowledge and experience in 
agricultural economics. He believes variability 
in agriculture provides opportunities as well as 
challenges and should be harnessed as a driver 
of profitability within farming systems. Barry was  
a previous member of the Low Rainfall RCSN 
and is current chair of the Upper North Farming 
Systems group.

M 0417 826 790 E theoaks5@bigpond.com

LOW RAINFALL ZONE AND MEDIUM 
RAINFALL ZONE LEAD: 
JOHN STUCHBERY

 John is a highly experienced, 
business-minded consultant with a 
track record of converting evidence 
based research into practical, 

profitable solutions for grain growers. Based at 
Donald in Victoria, John is well regarded as an 
applied researcher, project reviewer, strategic 
thinker and experienced facilitator. He is the 
founder and former owner of JSA Independent 
(formerly John Stuchbery and Associates) and is 
a member of the SA and Victorian Independent 
Consultants group, a former FM500 facilitator, a 
GRDC Weeds Investment Review Committee 
member, and technical consultant to BCG-GRDC 
funded ‘Flexible Farming Systems and Water Use 
Efficiency’ projects. He is currently a senior 
consultant with AGRIvision Consultants.

M 0429 144 475 E john.stuchbery@agrivision.net.au

HIGH RAINFALL ZONE LEAD:
CAM NICHOLSON

 Cam is an agricultural consultant 
and livestock producer on Victoria’s 
Bellarine Peninsula. A consultant for 
more than 30 years, he has managed 

several research, development and extension 
programs for organisations including the GRDC 
(leading the Grain and Graze Programs), Meat and 
Livestock Australia and Dairy Australia. Cam 
specialises in whole-farm analysis and risk 
management. He is passionate about up-skilling 
growers and advisers to develop strategies and 
make better-informed decisions to manage risk – 
critical to the success of a farm business. Cam is 
the program manager of the Woady Yaloak 
Catchment Group and was highly commended in 
the 2015 Bob Hawke Landcare Awards.

M 0417 311 098 E cam@niconrural.com.au

The RCSN initiative was established to identify priority grains industry issues and desired 
outcomes and assist the GRDC in the development, delivery and review of targeted RD&E 
activities, creating enduring profitability for Australian grain growers. The composition and 
leadership of the RCSNs ensures constraints and opportunities are promptly identified, 
captured and effectively addressed. The initiative provides a transparent process that will 
guide the development of targeted investments aimed at delivering the knowledge, tools or 
technology required by growers now and in the future. Membership of the RCSN network 
comprises growers, researchers, advisers and agribusiness professionals. The three networks 
are focused on farming systems within a particular zone – low rainfall, medium rainfall and 
high rainfall – and comprise 38 RCSN members in total across these zones.

REGIONAL CROPPING SOLUTIONS NETWORK SUPPORT TEAM

FIGURE 1  The distribution of
members of the GRDC’s 
Regional Cropping Solutions Network 
in the southern region, 2017-2019.
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WE LOVE TO GET 
YOUR FEEDBACK

Prefer to provide your feedback electronically or ‘as you go’?  The electronic evaluation form  
can be accessed by typing the URL address below into your internet browsers:

www.surveymonkey.com/r/Adelaide-GRU

To make the process as easy as possible, please follow these points:

• Complete the survey on one device 

• One person per device 

• You can start and stop the survey whenever you choose, just click ‘Next’ to save responses 
before exiting the survey. For example, after a session you can complete the relevant 
questions and then re-access the survey following other sessions.

http://www.surveymonkey.com/r/Adelaide-GRU
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1.  Name 

 ❑  ORM has permisssion to follow me up in regards to post event outcomes.

2.  How would you describe your main role? (choose one only)

	 ❑  Grower ❑  Grain marketing ❑  Student
 ❑  Agronomic adviser ❑  Farm input/service provider ❑  Other* (please specify)
 ❑  Farm business adviser ❑  Banking
 ❑  Financial adviser ❑  Accountant
 ❑  Communications/extension ❑  Researcher

Your feedback on the presentations
For each presentation you attended, please rate the content relevance and presentation quality on a scale 
of 0 to 10 by placing a number in the box (10 =  totally satisfactory, 0 = totally unsatisfactory).   

DAY 1

3. National yield gap analysis - what is it telling us? Harm van Rees

Content relevance  /10 Presentation quality  /10      

Have you got any comments on the content or quality of the presentation?

4.  Social licence - building trust in agricultural science in the community: Deanna Lush

Content relevance  /10 Presentation quality  /10      

Have you got any comments on the content or quality of the presentation?

Concurrent sessions: please    circle    the session you saw, and review its content relevance and quality

2019 Adelaide GRDC Grains Research Update  
Evaluation

Taking on our 
International grain 
competitors - what can 
we do at the farm and 
industry level?:
Ross Kingwell

5. 
11.05 
am

NoneDisease and weed 
responses to intensive 
cropping systems :
Sara Blake and  
Navneet Aggarwal

Bridging the yield gap:
On the couch with 
Harm

Pulse agronomy insights:
Penny Roberts

Content relevance  /10 Presentation quality  /10      

Have you got any comments on the content or quality of the presentation?
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Latest strategies 
for treatment of soil 
acidification:
Brian Hughes and  
Sam Trengove

Sustaining our herbicides 
into the future:
Chris Preston

SA cereal variety review:
Rob Wheeler

Implications of robotics 
for the grains industry:
Salah Sukkarieh

6. 
11.45 
am

9. 
2.40 
pm

8. 
2.00 
pm

7. 
12.25 
pm

None

None

None

None

Towards prediction of 
diamondback moth risk in 
canola - new insights into 
ecology and resistance 
management:
Kym Perry

Towards prediction of 
diamondback moth risk in 
canola - new insights into 
ecology and resistance 
management:
Kym Perry 

Disease and weed 
responses to intensive 
cropping systems:
Sara Blake and 
Navneet Aggarwal

Sustaining our herbicides 
into the future:
Chris Preston

Cost effective outcomes 
for ameliorating  
sandy soils:
Lynne Macdonald

Factors that drive 
N availability in 
wheat; including soil 
microbiology:
Gupta Vadakkatu

Implications of robotics 
for the grains industry:
Salah Sukkarieh

Emerging management 
tips for early sown  
winter wheats:
Kenton Porker

Factors that drive 
N availability in 
wheat; including soil 
microbiology:
Gupta Vadakkatu

Latest strategies 
for treatment of soil 
acidification:
Brian Hughes and  
Sam Trengove

Mice - status, baiting and 
forecast threat:
Steve Henry

Pulse agronomy insights:
Penny Roberts

Content relevance  /10 Presentation quality  /10      

Have you got any comments on the content or quality of the presentation?

Content relevance  /10 Presentation quality  /10      

Have you got any comments on the content or quality of the presentation?

Content relevance  /10 Presentation quality  /10      

Have you got any comments on the content or quality of the presentation?

Content relevance  /10 Presentation quality  /10      

Have you got any comments on the content or quality of the presentation?

LUNCH
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11.  Student session: Evolution and management of Group J and K resistance in annual ryegrass:  
David Brunton

Content relevance  /10 Presentation quality  /10      

Have you got any comments on the content or quality of the presentation?

12.  Student session: Using DNA markers to improve wheat breeding: Adam Norman

Content relevance  /10 Presentation quality  /10      

Have you got any comments on the content or quality of the presentation?

13.  Pesticides and regulatory impacts - the road ahead: Gordon Cumming

Content relevance  /10 Presentation quality  /10      

Have you got any comments on the content or quality of the presentation?

14.  Early risers session: GRDC Communities panel session on crop nutrition

Content relevance  /10 Presentation quality  /10      

Have you got any comments on the content or quality of the presentation?

Cost effective outcomes 
for ameliorating  
sandy soils:
Lynne Macdonald

10. 
3.20 
pm

NoneSA cereal variety review:
Rob Wheeler

Taking on our 
International grain 
competitors - what can 
we do at the farm and 
industry level?:
Ross Kingwell

Emerging management 
tips for early sown  
winter wheats:
Kenton Porker

Content relevance  /10 Presentation quality  /10      

Have you got any comments on the content or quality of the presentation?

DAY 2
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The 10 key lessons from 
the ‘Stubble Initiative’ 
every agronomist  
should know:
John Kirkegaard

16. 
9.40 
am

NoneHRZ forum continued: 
(as previous)

Rapid assessment of 
crop N and stress status 
- in field assessment of a 
hand held NIR tool:
Michael Zerner

Canola - optimal 
management strategies:
Andrew Ware

Content relevance  /10 Presentation quality  /10      

Have you got any comments on the content or quality of the presentation?

Seedbank life of emerging 
problem weeds - 
management impact:
Gurjeet Gill

Impact of chaff lining on 
the seed persistence and 
emergence of weeds:
Annie Ruttledge

17. 
10.50 
am

18. 
11.30 
am

None

None

Validating integrated 
weed management 
practices:
Chris Davey

The role of N as a possible 
mitigating tool to heat 
stress impact in wheat:
Mariano Cossani

Canola - optimal 
management strategies:
Andrew Ware

The 10 key lessons from 
the ‘Stubble Initiative’ 
every agronomist  
should know:
John Kirkegaard

The root health report - 
pulse root diseases and 
root lesion nematode:
Tara Garrard and 
Katherine Linsell

Herbicide residues in soil -  
what is the scale and 
significance?:
Lukas Van Zwieten

Content relevance  /10 Presentation quality  /10      

Have you got any comments on the content or quality of the presentation?

Content relevance  /10 Presentation quality  /10      

Have you got any comments on the content or quality of the presentation?

Fungicide strategies 
in canola - achieving 
yield responses to foliar 
applications:
Steve Marcroft

15. 
9.00 
am

NoneHRZ forum:  
Nick Poole,  
Penny Roberts and 
Gurjeet Gill

Herbicide residues in soil -  
what is the scale and 
significance? 
Lukas Van Zwieten

The root health report - 
pulse root diseases and 
root lesion nematod:
Tara Garrard and 
Katherine Linsell

Content relevance  /10 Presentation quality  /10      

Have you got any comments on the content or quality of the presentation?

Concurrent sessions: please    circle    the session you saw, and review its content relevance and quality
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20.  Changing food trends affecting the grains industry: Sara Grafenauer

Content relevance  /10 Presentation quality  /10      

Have you got any comments on the content or quality of the presentation?

21.  Nitrogen and soil organic matter decline - what is needed to fix it? Jeff Baldock

Content relevance  /10 Presentation quality  /10      

Have you got any comments on the content or quality of the presentation?

Getting the best from 
barley in the South:
Kenton Porker

19. 
12.10 
pm

NoneFungicide strategies 
in canola - achieving 
yield responses to foliar 
applications:
Steve Marcroft

Minimising risk of extreme 
temperatures in critical 
pulse development 
windows through 
management decisions:
Lachlan Lake

Rapid assessment of 
crop N and stress status 
- in field assessment of a 
hand held NIR tool:
Michael Zerner,

Content relevance  /10 Presentation quality  /10      

Have you got any comments on the content or quality of the presentation?

Your next steps

22.  Please describe at least one new strategy you will undertake as a result of attending this  
Update event

23. What are the first steps you will take?  
e.g. seek further information from a presenter, consider a new resource, talk to my network, start a trial in my business

Your feedback on the Update
24. This Update has increased my awareness and knowledge of the latest in grains research

    Neither agree Strongly agree Agree   Disagree Strongly disagree    nor Disagree   
 ❑ ❑	 ❑	 ❑	 ❑
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25. Overall, how did the Update event meet your expectations?
 Very much exceeded Exceeded Met Partially met Did not meet
	 ❑ ❑	 ❑	 ❑	 ❑

Comments

26. Do you have any comments or suggestions to improve the GRDC Update events?

27. Are there any subjects you would like covered in the next Update?

Thank you for your feedback.
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