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HART 2018 EVENTS 
Getting The Crop In 
14th March 2018 
8am – 12:15pm 
Industry guest speakers from across the county cover 
a wide range of topics, all relevant to broad-acre cropping. 
We always treat you to breakfast first! 

Winter Walk 
17th July 2018 
9am – 12pm 
An informal guided walk around the trial site; your first 
opportunity to inspect the site post seeding, with guest 
speakers presenting their observations on current trials.  
They are on hand to answer your questions and will also 
share their knowledge on all the latest cropping systems and 
agronomic updates. 

Spring Twilight Walk 
16th October 2018 
5pm followed by BBQ 
Another informal opportunity to inspect the trial site, this 
time just prior to harvest, again with industry researchers & 
representatives presenting in the field. 
This event is followed by drinks and a BBQ in the shed - a 
great opportunity to chat more about how your season is 
unfolding and to catch up with other farmers in our district 
and beyond.  

HART FIELD DAY 
18th September 2018 
9am – 3:30pm 

Our main Field Day attracts hundreds of 
visitors from all over the Mid-North, South 
Australia and interstate.  

With a rolling program of half hour sessions 
conducted simultaneously throughout the day, 
highly regarded specialists speak at each trial, 
backed up by a comprehensive take-home 
Field Day Book included in your entry fee.  

Tailor your own program for the day to hear 
about the trials that interest you. 

Plenty of parking; buses and group bookings 
welcome.  

 
Sarah Noack 

RESEARCH & EXTENSION MGR 
0420 218 420 

trials@hartfieldsite.org.au 

CONTACT US 

www.hartfieldsite.org.au 

 
Sandy Kimber 
EXECUTIVE OFFICER 
0427 423 154 
admin@hartfieldsite.org.au 

http://www.hartfieldsite.org.au
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Hart event info, live weather & soil moisture probe data, board member 
info, a handy ‘search our site’ tool, healthy farmer resources & more. 

Our values 
Independence, relevance, integrity, credibility, professionalism, value for money and generosity. 

We have a clear purpose 
To deliver value to growers and make agriculture better (in productivity, sustainability & community). 

We are committed to delivering on our vision 
To be SA’s premier cropping field site, providing independent information and skills 

 to the agricultural community. 

http://www.hartfieldsite.org.au


SUBSCRIBE TODAY 
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AVAILABLE on iOS                         & Android
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    YOU save  
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YOU choose YOUR crop 
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Email: grownotesalert@ecodev.vic.gov.au  
to get your FREE macro lens! 
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TM
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Content
With an increasing number of grain growers 

adopting soil moisture probes and weather sensors 
on-farm, the challenge for service providers is to 
extract maximum value from these sites. Many 
growers now have access to at least one weather 
station and soil moisture probe on-farm with some 
opting for additional soil probe sites on different  
soil types.

PAWC
Understanding what a soil moisture probe can 

actually show a grower can be refined by accurately 
calculating PAWC, but this can vary from season to 
season and thus potentially be misleading in some 
conditions. Typically, a stratified soil core is taken 
alongside the soil probe and analysed for physical 
and chemical constraints that may be present, 
including particle size analysis. This can cost from 
$400 per sample to $800 per sample depending 
on the analytes assessed. Most display software can 
then ‘back calibrate’ the soil probe data to reflect 
the PAWC figure.

However, observations show that PAWC can be 
a moving figure depending on timing of planting, 
early season crop growth, fluctuations in chemical 
constraints (for example, boron) and heat shock 
events during spring. Heat shock events can result 
in plants progressing to senescence more quickly, 
even though moisture may be available at depth 
(90cm and below) as the roots do not have the 
ability to draw moisture up into the plant at the rate 
it is being lost through evapotranspiration. Thus, a 
‘fuel gauge’ view, a graphical display of relative soil 
moisture, is useful.

Soil moisture mapping
With new satellites being launched every month, 

there are many imagery providers who are willing 
to provide their interpretation of NDVI crop growth 
to assist growers in making farm management 
decisions. More satellites (such as the Sentinel 
group) mean that cloud free imagery is becoming 
available most weeks in the southern cropping 
region. This allows ‘change’ maps to be looked at to 
view where crop growth has changed from the last 
image. Together with real time weather and 

Keywords
 soil moisture probes, weather stations, normalised difference vegetation index (NDVI) imagery, 

data aggregation, LoRa-WAN™.  

Take home messages
	Calculating plant available water content (PAWC) can be challenging and it can vary from year to 

year depending on crop growth.

	Normalised difference vegetation index (NDVI) imagery is starting to give a good indication of 
evapotranspiration change across a field.

	New sensors, such as canopy temperature and 10m towers for inversion monitoring, are 
providing interesting data.

	Selling of aggregated on-farm data is here and will increase in the near future.

	The Internet of Things (IoT) and LoRaWAN™ networks will impact how these sensors are  
adopted on-farm.

Leighton Wilksch.

Agbyte.

In field monitoring devices – soil, crop and weather
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soil moisture probe observations, software can 
then carry out whole field crop evapotranspiration 
calculations. An additional step is to use 
meteorology forecasts that can look ahead for 10 
days to show modelled moisture use by the crop. 
At the end of the season, with known observations, 
comparisons can be made of the efficiency of a soil 
type or crop type to convert rainfall into grain yield, 
which varies from season to season.

Bureau of Meteorology (BoM) maps of soil 
moisture that are calculated from weather station 
observations, as well as using radar satellite data, 
are available. These are updated regularly. While 
the maps are interesting to observe, they are quite 
coarse and are not at the paddock scale where they 
may be useful for making in field decisions.

Canopy temperature sensors
A canopy temperature sensor looks down onto 

a crop from a height of two or more metres and 
generates data showing the temperature of what it 
is looking at — either the growing crop or stubble or 
ground after harvest. These sensors are providing 
interesting data that shows the effects of radiative 
cooling on cloudless nights, where the crop canopy 
may be 2°C to 3°C cooler than the surrounding 
ambient air temperature. Whilst this data is currently 
not being used to make management decisions 
(for example, whether or not to cut a wheat crop for 
hay), it is helping growers understand more about 
frost. It is providing a quantitative figure, which when 
coupled with frost duration, can give an indication of 
frost severity. 

The effect of frost on a growing crop is driven by 
numerous factors including winds, slope and crop 
stage and therefore the spatial distribution of frosted 
plants across a field or farm varies significantly. 
Using a canopy temperature sensor that only 
senses a small patch on a whole farm needs to be 
put in context; however, the sensor provides a new 
method of assessing the impact of frost on a plant. 
Conversely, they also provide data during summer 
that shows how much hotter the soil surface is than 
the ambient temperature, which can affect soil biota.

10 metre towers for inversion monitoring
Off-target spray drift causes problems across the 

countryside every year and is particularly noticeable 
during summer when phenoxy herbicides drift 
sideways and adversely affect grape vines, cotton 
crops, and the home orchardist. Spray drift is a 
waste of money, but it also has a significant negative 

impact on the social license of farm businesses to 
operate. The Grains Research and Development 
Corporation (GRDC) and others are working on the 
complex interaction between wind, temperature 
and localised topography that cause temperature 
inversions and how as an industry, we can be 
better informed about what to do when inversion 
conditions are present (for example, not spraying).

An air temperature sensor mounted up a 10m 
tower is the simplest way to monitor if an inversion 
is present. Similar to how spray operators are now 
diligent at using Delta T and wind speed to help 
make decisions about spraying; having a guide to 
the variation in temperature between the ground 
and 10m is another tool to use. Many will understand 
what an inversion event looks and feels like, for 
example, as the dust drifts sideways on a calm night 
during harvest, but to have an actual quantitative 
figure from the weather station readout will reinforce 
this. There is still a fair way to go before a definitive 
alerting system is in place that takes into account 
wind, temperature and geography, but growers have 
found that a 10m tower is a good place to start.

Aggregated data for sale?
Grain growers and service providers are starting 

to realise the value of aggregated data from 
weather and soil moisture sensors on-farm. Whilst 
these devices are valuable in assisting a site owner 
with on-farm decision making, aggregating the data 
with neighbours or across a wider region, can also 
potentially be of immense value. Agribusiness, the 
insurance industry and grain marketing, as well as 
governmental organisations such as the Country Fire 
Service and Natural Resource Management (NRM) 
boards, are showing interest in acquiring data that is 
reliable and that fills in the gaps between BoM sites.

There is still some way to go in regards to 
the legal agreements between site owners > 
aggregators > end point users, but the wheels are in 
motion. Grain growers have various opinions about 
access to their data and the type of reimbursement 
that should be offered to a site or device owner. 
Much of this is being currently played out between 
the machinery manufacturer and dealer. Australia 
is watching the US to see how the situation unfolds 
there. It seems to be common that people do not 
actually own data; rather they own access to the 
data. There have been very few cases in Australia 
relating to ag data ownership before the courts to 
fully know where the law stands.
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Internet of things (IoT) and  
LoRaWAN™ networks

Much has been said in the past few years about 
IoT changing the way growers monitor what is 
happening on their farms. There are a number of 
regions now that are starting to see the benefits  
of low power, wide range networks that sensors  
can connect to. As with the GPS guidance roll out, 
there will be issues with compatibility and reliability, 
but the ability to connect sensors to more things  
and to be able to track these on phones is an 
exciting prospect.

Modern telemetry systems and display software 
should have the following features:

• Show current readings (at least every half hour).

• Log historic data so it can be readily referenced 
(such as spray drift complaint).

• The ability to have additional sensors added  
in (scalable).

• Data displays to be intuitive for users so that 
decisions can be made readily.

• Viewing platforms that can be shared readily 
(via SMS), so there can be multiple users.

• The ability to manipulate data so it can be kept 
personal for the site owner, or aggregated for 
business or community benefit (for example, 
Fire Danger Index alerting). 

Useful resources
http://www.agbyte.com.au

Contact details 

Leighton Wilksch
Agbyte
0408 428714
leet@agbyte.com.au
@agbyte_leet

 Return to contents
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Background
Grain producers have become more proficient 

at Overall grain crop production has rapidly 
increased in the higher rainfall zones of South 
Australia (SA) over the past decade. However, gains 
in the average annual farm production of barley 
are small compared to gains in wheat (AgSurf 
2017). Barley productivity has stagnated relative to 
wheat because of either reduced planting area, or 
a slower rate in yield improvement. A number of 
factors could be contributing to this including market 
price and competition from other crops, agronomic 
decisions based around crop rotation, or a lack of 
varieties adapted to the higher rainfall zones. There 
is opportunity to improve barley productivity in the 
higher rainfall zones. 

The current status of yield potential in  
the HRZ

Compared to wheat, barley is considered to be 
better adapted and offers higher yield potential 
in most environments. However, despite barley’s 
broad adaptation, recent experience in the medium 
to higher rainfall zones suggests this relative yield 
advantage is not always realised using current 
Australian spring barley benchmarks (Figure 1), 
particularly as sowing dates are moved earlier. This 
is an area where current spring barley profitability is 
limited due to reduction in yield from lodging, poor 
harvest index (HI, ratio of grain yield to biomass) and 
frost. The recent European spring barley release 

RGT PlanetA has demonstrated European material 
can outperform Australian spring cultivars when 
sown early in the medium-high rainfall zones, even 
when flowering at a similar time (Figure 1). 

Figure 1. The relationship between the best 
performing wheat variety and the barley varieties; 
CompassA and RGT PlanetA at co-located wheat and 
barley NVT trials located at Turretfield, Cummins, 
Wanilla and Keith in SA, and Hamilton and Streatham 
in Vic.

There are a number of varieties undergoing 
malting accreditation (RGT PlanetA and BanksA) 
that have yields equivalent or greater than current 
accredited malting and feed barley varieties in the 
higher rainfall zones. The feed variety RosalindA 
and RGT PlanetA have been the highest yielding 
varieties on average, followed by BanksA and then 
CompassA, FathomA, LaTrobeA and Spartacus CLA 
in the higher yielding environments. RGT PlanetA 

Lifting barley productivity in higher rainfall zones

Keywords
 barley, phenology, yield. 

Take home messages
	Higher yields are possible in new barley varieties; RosalindA and RGT PlanetA in the high rainfall 

zone (HRZ) with contrasting yield structures.

	There is opportunity to exploit variation in variety phenology of barley to maximise yields.

Kenton Porker and Courtney Peirce.

SARDI, New Variety Agronomy. 

GRDC project code: CES00003
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appears better adapted and has more stable 
 yields than previous experience with European 
material, however, in SA NVT trials RGT PlanetA  
has still had limited evaluation in environments  
<3t/ha. The limited dataset suggests the relative 
yield performance of RGT PlanetA is similar or less 
than RosalindA, CompassA and Spartacus CLA in 
lower yielding environments (Figure 1) but greater in 
environments >3t/ha (Figure 2)

While BanksA and RGT PlanetA are all undergoing 
malt accreditation, until a decision is made growers 
need to make profitability comparisons with other 
varieties based on feed grades. CompassA, and 
Spartacus CLA are now accredited malt varieties 
and have outperformed both CommanderA and 
Scope CLA for grain yield. WestminsterA lacks the 
yield potential of some of the new releases however 
remains the preferred malt variety for the higher 
rainfall districts in the South East. In many cases a 
new variety accreditation does not mean the variety 
will be a preferred variety until market demand is 
established. The preferred list of Barley Australia 
is updated annually at www.barleyaustralia.com.au 
along with the timeline of malting accreditation.

Lifting barley productivity in the HRZ
The simplest way to dramatically change yield 

potential is to lengthen the life cycle of the crop. 
Early sowing of slow developing lines has the 
potential to improve biomass production and tillering 
capacity due to a longer vegetative phase. A longer 
vegetative phase also provides the opportunity 
for dual purpose use for livestock grazing. Barley 

is an ideal candidate for early sowing, due to its 
superior frost tolerance and improved early vigour 
compared to bread wheat. However, to date, 
slower developing barley genotypes with greater 
vernalisation and/or photoperiod have not been 
evaluated for early sowing (prior to April 20). 

Matching phenology to sowing date
In barley, the most effective management strategy 

to maximise yield potential is to match variety 
phenology to sowing time. The control of flowering 
time in all of the current well adapted spring barley 
options are predominantly due to temperature and 
photoperiod (day length). Faster development has 
been positively correlated with grain yield, and 
as such, breeders have released fast developing 
varieties such as CompassA, RosalindA, HindmarshA, 
Spartacus CLA, and LaTrobeA that are well adapted 
to SA. In frost prone environments these group 
of varieties are less suited to pre-May sowing as 
they flower too early. FathomA and CommanderA 
have a greater photoperiod sensitivity than the 
faster developing varieties mentioned above 
and will generally flower five to ten days later 
than CompassA, HindmarshA, Spartacus CLA and 
RosalindA when sown in late April. However, when 
sowing in mid-May FathomA flowers at a time 
similar to the faster developing varieties, while 
CommanderA will still be later. RGT PlanetA and 
BanksA have shown some flexibility across sowing 
dates and are capable of being sown slightly earlier 
than most other fast developing commercial spring 
genotypes. Both RGT PlanetA and BanksA flowered 

Figure 2. The yield performance of selected barley varieties across South Australian GRDC NVT trials  
(2013 – 2017) expressed as a percentage of site mean yield relative to yield environment.  
(data source: GRDC NVT online long-term yield reporter).
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similar to CommanderA and WestminsterA from a late 
April sowing but developed slightly quicker with later 
sowing dates suggesting different development 
controls to CommanderA (Figure 3).

UrambieA is a feed winter barley available in 
Australia and is relatively stable in its flowering 
response across sowing dates due to its unique 
vernalisation and photoperiod response. However, 
it does not have the yield potential of the most 
adapted springs, but when sown early in frosted 
environments it has yielded higher than well 

adapted spring varieties sown too early. Oxford 
does not have a vernalisation requirement but can 
be planted in the period from April 15 – 30. Oxford 
was the highest yielding variety when sown early 
at Kingsford in 2017 similar to the best performing 
spring varieties; Spartacus CLA and CompassA sown 
late. Evaluation of previous winter barley varieties in 
Australia concluded their performance was inferior 
to current spring varieties due to poor biomass 
production, excessive tillering, a low harvest 
index and low grain weights. However, current 
research demonstrated it was possible to achieve 

Figure 3. Flowering time responses to sowing date of selected varieties at Kingsford SA, 2017

Figure 4. Relationship between flowering date and grain yield in a selection of diverse phenology types in 
a trial at Kingsford SA in 2017, sowing dates included 28 April, 18 May and 15 June.
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an improvement in harvest index (partitioning of 
biomass to yield) utilising new winter European 
introductions. Conversely, early sowing of fast 
maturing spring barley resulted in increased lodging, 
reduced harvest index, and yield loss (Figure 4). 
Trials conducted as part of a new SAGIT project in 
2018 are investigating the potential of longer season 
cultivars in the higher rainfall zones. 

Conclusion
There are a number of new high yielding varieties 

that differ in phenology that growers can exploit 
to maximise grain yield and quality. This is best 
achieved by matching variety phenology to sowing 
time and environment to ensure flowering occurs 
at the right time to minimise exposure to frost, 
heat, and moisture stress. Further understanding 
of the varietal differences in physiology will enable 
further fine tuning of yield and quality using other 
management strategies such as sowing date, plant 
growth regulators, nitrogen, grazing and seeding 
rate.

Useful resources
www.nvtonline.com.au

www.barleyaustralia.com.au
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Keywords
 redlegged earth mite, green peach aphid, Russian wheat aphid, insecticide resistance, 

neonicotinoids.  

Take home messages
	Insecticide resistance issues continue to outpace novel control options.

	Redlegged earth mite (RLEM):

☐	 Insecticide	resistance	in	RLEM	has	been	detected	for	the	first	time	in	eastern	Australia.		

☐	 Synthetic	pyrethroids	(SPs)	are	completely	ineffective	against	SP-resistant	RLEM	 
populations, while some efficacy remains for organophosphates (OPs) against  
OP-resistant RLEM populations.

	Aphids:

☐	 Green	peach	aphid	(GPA)	has	acquired	low	level	resistance	to	neonicotinoids.	

☐	 Pirimicarb	is	now	mostly	ineffective	against	GPA	due	to	resistance,	but	remains	effective	
against other crop aphids, highlighting the importance of correct species identification.

☐	 A	variety	of	insecticide	seed	treatments	have	been	shown	to	control	Russian	wheat	aphid	
(RWA), with the length of protection differing between products.

	The implementation of recently published resistance management strategies (RMS) is vital to 
maximising the long-term viability of chemical options for pest management.

	Looking to the future:

☐	 Growth	in	the	use	of	neonicotinoids	will	likely	see	increased	insecticide	resistance	issues	and	
the disruption of beneficial insect services in Australia.  

☐	 Cutting	edge	forecasting	tools	are	helping	to	identify	patterns	in	insecticide	 
resistance outbreaks. 

James L. Maino1,2 Siobhan de Little1,2, Lisa Kirkland1,2, Elia Pirtle1,2, Matthew Binns,² and  
Paul A. Umina1,2.
1cesar; ²University of Melbourne.
ΦExtra technical comment by Protech Consulting Pty Ltd

GRDC project codes: CES00003, UM00057, CES00004

Insects, resistance and control
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Background
Insecticide resistance issues in broad-acre 

cropping continue to outpace the expansion of 
novel control options. In this paper, the latest 
findings on two major pest species that have 
developed resistance to key chemical groups, the 
redlegged earth mite (Halotydeus destructor, RLEM) 
and the green peach aphid (Myzus persicae, GPA) 
are discussed.

New research on the efficacy of seed treatments 
against Russian wheat aphid (Diuraphis noxia, RWA) 
is also presented.

The paper concludes by discussing the future 
risks of increased reliance on neonicotinoid 
insecticides and the application of forecasting 
approaches managing insecticide resistance.

Resistance in redlegged earth mites 
spreads to eastern Australia

The redlegged earth mite (Halotydeus destructor, 
RLEM) is an important pest of germinating crops and 
pastures across southern Australia. Four chemical 
sub-groups are registered to control RLEM in grain 
crops: organophosphates (OPs) (Group 1B); synthetic 
pyrethroids (SPs) (Group 3A); phenylpyrazoles 
(Group 2B); and neonicotinoids (Group 4A). The 

latter two are registered only for use as seed 
treatments (Umina et al. 2016). 

After remaining confined to Western Australia 
(WA) for a decade, in 2016, insecticide resistance 
in RLEM was detected for the first time in eastern 
Australia (Maino, Binns and Umina, 2017). In WA, 
resistance to SPs is widespread, while OP resistance 
is comparatively more restricted (Figure 1). In 2016, 
following reports of a field control failure in the 
Upper South East district in South Australia (SA), 
resistance testing determined this SA population 
was resistant to SPs and OPs (Figure 2). In 2017, two 
additional SP resistant populations were confirmed 
on the Fleurieu Peninsula (approx. 30km apart  
from each other, and approx. 200km from the  
2016 detection).

All SP resistant populations tested to date have 
been found to possess a target site mutation on 
the para-sodium channel (Edwards et al. 2017). 
This mutation confers high level SP resistance 
(approximately 200 000 times the resistance of a 
susceptible population) leading to complete spray 
failures (Figure 2). In contrast, the mechanism 
conferring OP resistance has not yet been resolved, 
but resistance is comparatively less than SP 
resistance, such that OP efficacy will be reduced but 
not lost entirely. 

Figure 1. The current known distribution of H. destructor in Australia (adapted from Hill et al., 2012) shown 
as full circles, overlaid with the known distribution of SP and OP resistance across Australia at 2017.
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To increase management options for RLEM 
populations with dual resistance to OPs and SPs, 
trials run by the University of Melbourne and cesar 
are testing the impact of different management 
regimes on mite abundance and chemical tolerance 
in a dual-resistant population. Preliminary results 
have shown that both foliar applied insecticide  
groups are largely ineffective on populations with SP 
and OP resistance, but that high rates of omethoate 
can still provide control in OP-resistant populations, 
though the long-term sustainability of this strategy 
is unlikely. A novel mode-of-action group was also 
tested as part of this trial and found to be highly 
effective at suppressing mite numbers, indicating no 
cross-resistance. 

Green	peach	aphid	acquires	 
new resistances

Green peach aphid (GPA) is a widespread and 
damaging pest of canola and a range of pulse crops, 
causing damage by feeding and transmitting viruses. 
Five chemical subgroups are registered to control 
GPA in grain crops: carbamates (Group 1A); SPs 
(Group 3A); OPs (Group 1B); neonicotinoids (Group 
4A); and sulfoxaflor (Group 4C). Paraffinic spray oils 
are also registered for suppression of GPA. 

Together with CSIRO, cesar has been mapping 
the extent of insecticide resistance in GPA across 

Australia for the past few years. This ongoing 
resistance surveillance has continued to show high 
levels of resistance to carbamates and SPs that 
are widespread across Australia. Moderate levels 
of resistance to OPs have been observed in many 
populations, and there is evidence that resistance to 
neonicotinoids is spreading.

Despite widespread resistance to the aphid 
specific carbamate chemical pirimicarbΦ in GPA 
populations (Figure 4), this pesticide remains 
important to the control of other canola aphid 
species of similar appearance (e.g. cabbage aphid 
and turnip aphid). Thus, it is important to properly 
identify aphids before spray decisions are made. 
Figure 3 highlights some key features that can be 
used to distinguish GPA (with a hand lens) from other 
similar species found on canola. If a hand lens is 
unavailable, GPA will usually be found on the lowest, 
oldest leaves, typically in sparse family groups, while 
turnip aphid and cabbage aphid are more commonly 
found in large colonies on flower spikes. 

ΦProducts containing pirimicarb are not registered for 
control of turnip aphid in canola. In commercial situations label 
specification must be adhered to at all times.

Neonicotinoid resistance conferred by enhanced 
expression of the P450 CYP6CY3 gene was 
discovered in Australian GPA populations in 2016 by 
cesar and CSIRO researchers. Laboratory bioassays 

Figure 2. Concentration-mortality curves for redlegged earth mite from a susceptible (DC01) and resistant 
(SA01) populations when exposed to a synthetic pyrethroid — bifenthrin (A) — and an organophosphate — 
omethoate (B) — after 8 hrs exposure. Vertical bars denote standard errors. Lines represent fitted values 
from fitted logistic regression models. 
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revealed these aphids to be approximately 10 
times more resistant to a topical application of a 
neonicotinoid compared to a susceptible population. 
However, overseas GPA are known to carry an R81T 
gene mutation of the nicotinic acetylcholine receptor 
that confers approximately 1000 times resistance to 
neonicotinoids resulting in field control failures, as 

well as cross-resistance with group 4C chemicals 
such as sulfoxaflor. Australian GPA populations may 
acquire this high level neonicotinoid resistance if 
neonicotinoid selection pressures remain high, or if 
there is an incursion of overseas GPA carrying the 
R81T mutation.

Figure 3. To assess the applicability of pirimicarb to other non-resistant aphid species of similar 
appearance, green peach aphid should be distinguished using diagnostic traits. If a hand lens is 
unavailable, green peach aphid will usually be found on lowest, oldest leaves, typically in sparse family 
groups, while turnip and cabbage aphid are more commonly found in large colonies on flower spikes

Figure 4. Sensitivity of a typical Australian susceptible and resistant green peach aphid population to 
the synthetic pyrethroid, alpha-cypermethrin (left panel), the carbamate, pirimicarb (middle panel) and the 
organophosphate, dimethoate (right panel). RF = Resistance Factor. 
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Resistance management strategies
With resistance evolution continuing to outpace 

the discovery of new chemistries with novel modes 
of action, resistance management strategies (RMS) 
are more than ever essential to maintain the viability 
of pest control tools.

RMS for major grains pests have been made 
available through the National Insecticide Resistance 
Management (NIRM) working group of the Grains 
Pest Advisory Committee, a GRDC funded project, 
which provides strategic advice to GRDC on pest 
issues. Across these strategies, there are both 
general and pest-specific practices that can help 
maintain the viability of chemistries into the future. 

General RMS strategies include:

• If applying multiple insecticides within a season, 
rotate chemistry mode of action.

• Utilisation of non-chemical control options that 
suppress pest populations.

• Using economic spray thresholds to guide 
chemical applications.

• Using selective chemicals, if chemical 
application deemed necessary, in place of 
broad-spectrum options.

• if using broad spectrum chemicals, consider  
the secondary impacts to non-target pests  
and beneficials.

• Compliance with all directions for use on 
product labels and ensuring proper  
application coverage.

RMS strategies specific to GPA include:

• Managing the green bridge (in particular, the 
control of brassica weeds and volunteer crops) 
on which GPA may persist through summer.

• Stubble retention to decrease visual contrast 
between seedlings and soil (landing cue  
for GPA).

RMS strategies specific to RLEM include: 

• Control of spring populations immediately 
before the production of over-summering 
(diapause) eggs through cultural control 
(grazing, broadleaf weed removal), or a 
Timerite® spray (if required) to reduce pest 
pressure at crop emergence/RLEM hatching the 
following autumn. 

Testing control methods for Russian  
wheat aphid

Russian wheat aphid (Diuraphis noxia, RWA) was 
first detected in Australia in 2016. The host range of 
RWA includes more than 140 species of cultivated 
and wild plants within the family Gramineae 
(grasses). These include wheat, barley, triticale, rye, 
oats, pasture grasses and wild genera including 
Poa, Bromus, Hordeum, Lolium, Phalaris and others. 
Wheat and barley are most susceptible, while 
triticale, rye and oats are less susceptible.

Unlike other cereal aphids that damage plants  
by removing nutrients, RWA also injects salivary 
toxins during feeding that cause rapid, systemic 
phytotoxic effects on plants, resulting in acute 
plant symptoms and potentially significant yield 
losses. Even a few aphids can cause plant damage 
symptoms to appear as early as 7 days after 
infestation. These include:

• white and purple longitudinal streaks on leaves

• curled, rolled or hollow tube leaves

• stunted growth or flattened appearance

• discolored leaves

• hooked-shaped head growth from awns 
trapped in curling flag leaf

• bleached heads

Insecticide seed dressingsΦ can be effective 
to combat RWA infestations in establishing cereal 
crops. cesar have tested the relative efficacy 
and length of activity of various insecticide seed 
dressings in wheat against RWA, and compared this 
with another important cereal aphid pest, the oat 
aphid (Rhopalosiphum padi). 

ΦNone currently registered for use in Australia, but their use 
is permitted under the following permits: PER81133, PER82304 
and PER83140.

All seed dressings tested provided effective 
aphid control up to five weeks after emergence, with 
higher rates generally providing several weeks extra 
protection over lower rates of the same product. 
Oat aphids generally persisted and reproduced on 
wheat at an earlier time-point than RWA, suggesting 
that RWA is less tolerant to the insecticide seed 
dressings tested. This suggests that management 
of cereal aphids in Australia using insecticide seed 
dressings is likely to achieve similar, if not better, 
control of RWA as oat aphid. 
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Balancing the scales of neonicotinoid seed 
treatment use

Neonicotinoids are currently the most used 
insecticide group globally. This over-reliance may 
be explained by the increased resistance issues 
surrounding older chemistries like the OPs and SPs. 
Also contributing to this trend is the convenience 
of neonicotinoids, in particular, as seed treatments, 
which are applied at the time of sowing at no extra 
application cost.

Despite the advantages of neonicotinoid seed 
treatments, their indiscriminate usage as commonly 
seen, carries some important costs. Continued 
wide-scale use of neonicotinoid seed treatments 
will select for resistance, as is currently being seen 
in GPA in Australia (de Little et al. 2017). Overseas, 
where neonicotinoids have been used for longer 
and more extensively, more cases of resistance 
have been documented (Sparks and Nauen, 2015). 
In addition to resistance concerns, widespread 
neonicotinoid use is likely to impair ecosystem 
services provided by some beneficial invertebrate 
and microbial communities, as has been shown 
in international studies. Industry stewardship and 

good resistance management are paramount to 
ensuring neonicotinoid usage is balanced against 
these issues, and remains a long-term viable control 
option for grains pests. 

Before making a management decision, the 
question should be asked, is a neonicotinoid seed 
treatment warranted in this paddock, in this year?

• Wherever possible, assess the risk of damaging 
pest infestations (or virus risk), based on the 
prior paddock and seasonal history. In the 
case of RLEM, for example, a high-risk situation 
would be indicated by: (i) canola or lucerne to 
be sown, (ii) high mite numbers the previous 
year, and (iii) no Timerite® spray the previous 
spring.

• Unless the pest risk is deemed high, avoid 
using neonicotinoid seed treatments in 
consecutive years, preferably no more than one 
in three years in any given paddock. 

With seed treatments, which are not applied in 
response to immediate pest pressure, the challenge, 
of course, is the ability to accurately forecast the 
timing and severity of pest (and virus) occurrences 

Figure 5. Predicted pyrethroid resistance risk (probability) for RLEM adapted from Maino et al. (in press). 
Known resistant populations used to calibrate the model (open circles) as well as newly detected 
populations (open triangles) are overlaid.
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well ahead of time. Predictive tools may provide 
useful information here, but are currently not being 
used for such purposes, or simply do not exist for a 
particular species of interest. 

Forecasting future resistance issues 
To bring further focus to the resources directed 

to resistance management, researchers from cesar 
and the University of Melbourne have applied 
modern forecasting approaches to identify spatial 
relationships in the evolution of resistance. This 
novel approach synthesised large data sets on 
resistance, land usage, and environmental factors, 
and found that resistance in RLEM is related to 
chemical pressure (average number of chemicals 
used annually), but more surprisingly is also more 
likely to develop in regions with particular climatic 
properties (Figure 5). The study highlighted risks 
in eastern Australia before the recent detection 
of resistance in SA, and will be used to guide 
resistance management in the future. 

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

all-publications/factsheets/2015/07/grdc-fs-
greenpeachaphid

https://grdc.com.au/FS-RLEM-Resistance-strategy-
West

https://grdc.com.au/FS-RLEM-Resistance-strategy-
South

https://grdc.com.au/TT-RWA
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The GRDC’s Farming the Business manual is for farmers and 
advisers to improve their farm business management skills.
It is segmented into three modules to address 
the following critical questions: 

Module 1:  What do I need to know about business to 
manage my farm business successfully?

Module 2:  Where is my business now and where 
do I want it to be?

Module 3: How do I take my business to the next level?

The Farming the Business manual is available as:

  Hard copy – Freephone 1800 11 00 44 and quote Order Code: GRDC873  
There is a postage and handling charge of $10.00. Limited copies available.

  PDF – Downloadable from the GRDC website – www.grdc.com.au/FarmingTheBusiness 
or

  eBook – Go to www.grdc.com.au/FarmingTheBusinesseBook for the Apple iTunes 
bookstore, and download the three modules and sync the eBooks to your iPad.

Mike Krause
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Module 1

Mike Krause
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Mike Krause
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Mike Krause

Level 4, 4 National Circuit, Barton ACT 2600 | PO Box 5367, Kingston ACT 2604 | T +61 2 6166 4500 | F +61 2 6166 4599 | E grdc@grdc.com.au | W www.grdc.com.au
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Background
Research to better understand the yield drivers 

of canola in eastern Australia commenced in 2014, 
with the aim to improve canola profitability through 
gaining a better understanding of how phenology 
and environment can be best matched to improve 
canola yields. This research is targeted at low to 
medium rainfall zones of eastern and southern 
Australian cropping regions and is a collaboration 
between CSIRO, NSW DPI and GRDC, in partnership 
with SARDI, CSU, MSF and BCG (CSP00187). The 
project links closely with similar GRDC supported 
projects in Western Australia and high rainfall  
zones (HRZ). 

What is phenology 
The description of crop growth stages is called 

the phenology of the plant. The most common and 
easily recognised canola stages are emergence, 
green bud, flowering, podding and maturity.

Plants respond to environmental signals such as 
temperature, to determine when they move from 

one growth stage to another. At the biochemical 
level this is caused by specific temperatures 
inducing the production of specific plant hormones 
until a critical concentration triggers the change 
within the plant. A simpler way to think of this is as 
a biological clock that accumulates average daily 
temperatures (day degrees) until a specific target 
(thermal time target) is achieved.

Why would we want to know this?
One of the most important drivers of canola grain 

yield, determined from four years of experiments 
conducted by the optimised canola profitability 
project, is flowering time. It is important that canola 
flowers within a particular window for a given 
environment. If it flowers too early canola crops  
will be exposed to higher frost risk, increased 
damage from upper canopy blackleg infection 
and will not have the opportunity to accumulate 
high levels of biomass (another key driver of 
canola yield). If the crop flowers too late it will 
have increased chances of damage from high 
temperatures and drought stress.  

Canola – critical agronomy for optimal  
canola growth

Keywords
 canola, variety, phenology. 

Take home messages
	Time of sowing experiments demonstrated benefits from matching sowing date to  

variety phenology. 

	Optimal start of flowering time provides a target range for flowering to start within, to minimise 
frost/heat/water stress and maximise yield for a particular environment.

	Once the development triggers/phenology for a variety are understood an optimal sowing date 
can be derived to match the optimal flowering time. 

Andrew Ware.

SARDI, New Variety Agronomy.

GRDC project code: CSP00187
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Location Optimum date Acceptable  
  range (days)
Wudinna 14 Jul 15
Minnipa 15 Jul 22
Kadina 16 Jul 27
Minlaton 17 Jul 38
Yeelanna 18 Jul 35
Loxton 19 Jul 14
Karoonda 19 Jul 23
Bute 20 Jul 37
Lameroo 22 Jul 39
Booleroo 24 Jul 32
Hart 25 Jul 31
Tarlee 26 Jul 31
Spalding 26 Jul 33
*start of flowering is defined as when 50% of plants have one open flower

Table 1. Optimum start of flowering date* for 13 localities 
in South Australia (Modelling conducted by Julianne Lilley, 
CSIRO, Canberra).

Each canola variety has a set of triggers that drive 
its development and controls flowering time; thermal 
time, vernalisation and photoperiodism. Each of the 
development triggers may play a different role in 
each variety. 

To match a variety with a sowing time in a 
particular environment and have it flower within the 
optimum window requires an understanding of the 
phenology for each different variety. 

What are the phenological  
development triggers? 

Thermal time is the method of combining time 
and temperature into a single number. It is the 
average temperature recorded during a day (daily 
maximum temperature + daily minimum temperature/ 
2). To calculate the thermal time target for a 
plant’s development stage the day degrees are 
accumulated until a specific target is reached, e.g. 
variety X accumulates 500 degree days between 
emergence and flowering. Day degrees are the 
units of a plants biological clock.

Vernalisation can be described as a low 
temperature promotion of flowering. Winter wheat 
and winter canola are extreme examples of plants 
with vernal requirements. However, many spring 
wheats and canola varieties can also display a 
vernal response. These varieties when grown 
in Victoria can be short season, but if moved to 
Queensland or planted earlier than usual become 
longer seasoned, this is due to the difference in rate 
of vernal day accumulation. 

Photoperiodism, is the response of plants to 
increasing or shortening day lengths. Canola is a 
long day plant and responds to increasing  
day length. 

Optimum	start	of	flowering
Following four years of field experiments and 

considerable effort to improve simulated modelling 
in APSIM®, the Optimised Canola Profitability 
project has been able to identify the optimum 
start of flowering date* for canola so that yield is 
maximised and so that frost, heat and water stress 
are all minimised. This information has been used in 
conjunction with historical meteorological records 
to produce an optimum start of flowering date (and 
acceptable range – in days) for a number of South 
Australian localities (Table 1).

 This information can now be used to extrapolate 
when a particular canola variety should be sown  
to maximise yield and minimise environmental 
stresses (based on historical information).  
However, this requires an understanding of the 
development triggers/ phenology for each variety, 
particularly in early sowing situations. Table 2 
provides some of this information based on 
measurements and observations by the Optimised 
Canola Profitability project across south eastern 
Australia over recent years. 

Twenty-two canola varieties (Table 2) were 
included in the Optimised Canola Project from 2014 
to 2016. Phenology differences between varieties 
were a major yield determinant in the project, 
however phenology did not relate to commercial 
maturity ratings for early sowing. The project 
committee is encouraging industry to adopt more 
accurate phenology terminology as described 
above to guide sowing date decisions and target 
the Optimal Start of Flowering period.

Other/newer varieties are available that may also 
be suited to early sowing, including those indicated 
in table 2 (*).

Matching variety to sowing date 
Now that flowering time is known to be an 

important driver of yield and that each environment 
has an optimum flowering time window and each 
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 Phenology     Maturity     
Hybrid or OP 

Variety time from sowing to    as supplied by  Herbicide tolerance 
 flowering when sown early  breeding companies  

(open pollinated) 

Diamond Fast early Conv. Hybrid
ATR StingrayA Fast early TT OP
Hyola 575CL Fast mid to mid-early Imi hybrid
43C80 CLA mid-fast early Imi OP
44Y89 CL mid-fast early-mid Imi hybrid
44Y89 CL mid-fast early-mid Imi hybrid
44Y90 CL mid-fast early-mid Imi hybrid
ATR BonitoA mid-fast early to early-mid TT OP
45Y86 CL mid-fast mid  Imi hybrid
44Y87 CL Mid early-mid Imi hybrid
ATR GemA Mid mid-early TT OP
Hyola 559TT Mid mid TT hybrid
45Y88 CL Mid mid Imi hybrid
GarnetA Mid mid to mid-early Conv. OP
Hyola 577CL mid-slow mid Imi hybrid
45Y91 CL* mid-slow mid Imi hybrid
ATR WahooA mid-slow mid-late TT OP
Hyola 750TT mid-slow mid-late TT hybrid
Archer Slow mid-late Imi hybrid
Victory V7001CL* Slow mid-late Imi hybrid
Hyola 970CL* very slow (winter) winter Imi hybrid
SF Edimax CL* very slow (winter) winter Imi hybrid

Table 2. Proposed ‘phenology ratings’ of canola varieties compared with commercial ‘maturity’ ratings.

variety has a number of drivers that influence when 
it will flower; the next step is to be able to predict 
when a variety will flower from a given sowing 
date in a certain environment. This is possible 
using historical climatic data and variety phenology 
information (Figure 1).

Figure 1 compares the modelled predicted 
flowering time of two varieties with different 
phenology; a fast and mid variety when sown 15 
April and 10 May at Riverton. When the fast variety 
is sown on the 15 April it will almost always begin 
flowering too early to maximise yield potential, but 
when sowing is delayed until 10 May flowering will 
always begin in the optimal window. Conversely 
when the mid variety is sown 15 April it will flower in 
the optimal window most years, but when sown on 
10 May modelling indicates that it will commence 
flowering too late to maximise yield. 

Conclusion
Time of sowing experiments have demonstrated 

benefits from matching sowing date to variety 
phenology. Optimal start of flowering time provides 
a target range for flowering to start within to 
minimise frost/heat/water stress and maximise 
yield for a particular environment. Once the 
development triggers/ phenology for a variety are 
understood an optimal sowing date can be derived 
to match the optimal flowering time.      

Useful resources
GrowNotes™ - GRDC : Southern Canola 

(https://grdc.com.au/resources-and-
publications/grownotes/crop-agronomy/
canolagrownotessouthern) 

https://grdc.com.au/10TipsEarlySownCanola

https://grdc.com.au/resources-and-publications/grownotes/crop-agronomy/canolagrownotessouthern
https://grdc.com.au/resources-and-publications/grownotes/crop-agronomy/canolagrownotessouthern
https://grdc.com.au/resources-and-publications/grownotes/crop-agronomy/canolagrownotessouthern
https://grdc.com.au/10TipsEarlySownCanola
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Figure 1. Relationship between modelled flowering time of a fast and mid variety on sown 15 April and 10 
May at Riverton compared to optimal start of flowering window. 
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LOOK AROUND YOU.
1 in 5 people in rural Australia are currently 
experiencing mental health issues.

www.ifarmwell.com.au  An online toolkit specifically tailored to
help growers cope with challenges, particularly things beyond their control (such 
as weather), and get the most out of every day.

www.blackdoginstitute.org.au  The Black Dog Institute is
a medical research institute that focuses on the identification, prevention and 
treatment of mental illness. Its website aims to lead you through the logical steps 
in seeking help for mood disorders, such as depression and bipolar disorder, and 
to provide you with information, resources and assessment tools.

www.crrmh.com.au  The Centre for Rural & Remote Mental Health
(CRRMH) provides leadership in rural and remote mental-health research, working 
closely with rural communities and partners to provide evidence-based service 
design, delivery and education. 

Glove Box Guide to Mental Health 
The Glove Box Guide to Mental Health includes stories, tips,  
and information about services to help connect rural  
communities and encourage conversations about mental  
health. Available online from CRRMH. 

www.rrmh.com.au  Rural & Remote Mental Health run workshops
and training through its Rural Minds program, which is designed to raise mental 
health awareness and confidence, grow understanding and ensure information is 
embedded into agricultural and farming communities.

www.cores.org.au  CORESTM (COmmunity Response to Eliminating
Suicide) is a community-based program that educates members of a local community 
on how to intervene when they encounter a person they believe may be suicidal.

www.headsup.org.au  Heads Up is all about giving individuals and
businesses tools to create more mentally healthy workplaces. Heads Up provides 
a wide range of resources, information and advice for individuals and organisations 
– designed to offer simple, practical and, importantly, achievable guidance. You 
can also create an action plan that is tailored for your business.

www.farmerhealth.org.au  The National Centre for Farmer Health
provides leadership to improve the health, wellbeing and safety of farm workers, 
their families and communities across Australia and serves to increase knowledge 
transfer between farmers, medical professionals, academics and students.

www.ruralhealth.org.au  The National Rural Health Alliance
produces a range of communication materials, including fact sheets and 
infographics, media releases and its flagship magazine Partyline.

The GRDC supports the mental wellbeing of Australian grain growers and their 
communities. Are you ok? If you or someone you know is experiencing mental 
health issues call beyondblue or Lifeline for 24/7 crisis support.

Looking for information on mental wellbeing? Information and support resources are available through:

beyondblue  
1300 22 46 36  
www.beyondblue.org.au 

Lifeline 
13 11 14 
www.lifeline.org.au
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Resistance to pre-emergent herbicides in 
annual ryegrass

There has been increased reliance on pre-
emergent herbicides for annual ryegrass control 
due to resistance to the post-emergent herbicides. 
Pre-emergent herbicides are now one of the 
most important components of annual ryegrass 
management. Resistance to trifluralin has been 
present in South Australia (SA) for many years and 
by 2005 resistance to trifluralin was widespread. 
This resulted in early adoption of Boxer Gold® when 
it was released in 2008 and of Sakura® in 2012. 
The heavy dependence on Group J herbicides in 
recent years has led to resistance to this mode of 
action. Resistance to Group J herbicides in annual 
ryegrass has occurred in SA, Victoria (Vic) and New 
South Wales (NSW). These populations tend to have 

similar levels of resistance to both triallate (Avadex® 
Xtra) and prosulfocarb (Arcade®) suggesting broad 
resistance across the Group J herbicides (Table 
1). There is quite a bit of variation in the level of 
resistance between populations meaning mixtures 
of pre-emergent herbicides may work for some 
populations. In most cases, these populations also 
have resistance to trifluralin, suggesting that once 
trifluralin has failed, selection pressure shifts to other 
pre-emergent herbicides. 

A worrying development is that some of these 
populations also have resistance to the Group K 
herbicides (Table 2). Some of the populations will 
be adequately controlled by Group K herbicides, 
but others will not. In general, Sakura® is likely to be 
more effective on these populations than Butisan®.

Weed warriors – latest research on problem weeds 
and herbicide effectiveness

Keywords
 nutrition, soil testing, tissue testing, nutrient budgeting.  

Take home messages
	Annual ryegrass with resistance to the Group D, J and K pre-emergent herbicides will make 

management in cereals difficult.

	Indian hedge mustard populations have resistance to Group B, C, F and I herbicides, greatly 
reducing control options in break crops.

	Crop competition coupled with pre-emergent herbicides can be an effective management option.

Christopher Preston, David Brunton, Hue Thi Dang, Peter Boutsalis and Gurjeet Gill.

School of Agriculture, Food & Wine, University of Adelaide
ΦExtra technical comment by Protech Consulting Pty Ltd

GRDC project codes: UA00158, UCS00020, UOA1711-002RSX 
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 Herbicide
Population Triallate (Avadex Xtra) Prosulfocarb (Arcade)
 LD50 (g active ing./ha) RI LD50 (g active ing./ha) RI
SLR4 (S) 186 1 389 1
VLR1 (S) 177 1 319 1
375-14 4783 26 7324 22
198-15 8126 45 15547 46
16.2 1632 9 2205 7
RAC1 3127 17 2865 8
EP162 3072 17 3198 9
A18 4838 27 4309 13
*RI = LD50 of R population divided by LD50 of S populations.

 Herbicide
Population S-metolachlor (Dual Gold) Metazachlor (Butisan) Pyroxasulfone (Sakura)
 LD50 (g act.ing./ha) RI LD50 (g act.ing./ha) RI LD50 (g act.ing./ha) RI
SLR4 (S) 145 1 92 1 10 1
VLR1 (S) 134 1 79 1 8 1
375-14 2770 20 1252 15 137 15
198-15 4398 32 2325 27 124 14
16.2 1042 8 667 8 32 3
RAC1 232 2 235 3 29 3
EP162 2184 16 1317 16 81 9
A18 1923 14 774 9 78 9
*RI = LD50 of R population divided by LD50 of S populations.

Table 1. Concentration of Group J herbicides required for 50% control (LD50) of resistant and susceptible annual  
ryegrass populations with resistance index (RI). The field rate for Avadex® Xtra is 1500g/ha triallate and for Arcade® is  
2400g/ha prosulfocarb.

Table 2. Concentration of Group K herbicides required for 50% control (LD50) of resistant and susceptible annual ryegrass 
populations with resistance index (RI). The field rate for Dual Gold® is 480g/ha S-metolachlor, for Butisan® is 900g/ha 
metazachlor and for Sakura® is 100g/ha pyroxasulfone.

There are annual ryegrass populations resistant 
to the Group D, J and K herbicides, making their 
control exceptionally difficult. It has been found 
that mixtures of pre-emergent herbicides can offer 
better control, for example Boxer Gold® controls 
some Group J resistant populations and Sakura® 
plus Avadex® Xtra controls some Group K resistant 
populations. However, some populations have 
strong resistance to all three modes of action. 
Propyzamide (Edge® or Rustler®) is still mostly 
effective and can be usefully used in break crops. 

Rotating and, where appropriate, mixing pre-
emergent modes of action will be crucial to delaying 
further resistance to these herbicides. The aim 
should be to not use any single mode of action 
more than twice in four years. In addition, control 
of ryegrass seed set through crop competition, 
crop topping and harvest weed seed control will 
help reduce the amount of resistant weed seed 

returning to the seed bank. Lastly, it is important to 
know which of the pre-emergent herbicides are still 
working. Every population seems to have a different 
pattern of resistance, so resistance testing can be 
an important tool to know which herbicides are  
still effective.

Multiple resistance in Indian hedge mustard
Indian hedge mustard has been a problematic 

broadleaf weed in SA and Vic for some years. It 
evolved resistance to the Group B herbicides early 
and in recent years populations with resistance to 
2,4-D, atrazine and diflufenican have been identified. 
Resistance to all of these herbicides is turning up in 
the random weed surveys being conducted across 
SA and Vic (Table 3). The frequency of samples with 
resistance to the Group C and Group F herbicides 
appears to be increasing rapidly.
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  Year and region
Herbicide (with Group) 2013 Mid-north SA 2014 Eyre Peninsula SA 2015 Wimmera/Mallee Vic
  Samples with resistance (%)
Chlorsulfuron (B) 25 64 37
Imazamox + Imazapyr (B) 13 14 5
Atrazine (C) 0 7 32
Diflufenican (F) 0 36 37
2,4-D (I) 0 7 16
Glyphosate (M) 0 0 0

Table 3. Extent of herbicide resistance in Indian hedge mustard populations from South Australia and Victoria. Samples 
collected randomly at harvest from single fields. Resistant samples had >20% survival at the normal field rate in testing.

Multiple resistance across all of Groups B, 
C, F and I was also present (Table 4). Of the 50 
populations collected in random surveys since 
2013, only 38% were susceptible to all herbicides, 
36% had resistance to one mode of action, 18% 
had resistance to two modes of action, 6% had 
resistance to three different modes of action and 
one population had resistance to all four modes  
of action. 

Clearly, this multiple resistance is going to make 
managing Indian hedge mustard more difficult. 
There remain some herbicide options that are 
still effective, in particular herbicide mixtures with 
bromoxynil are providing effective control in cereals; 
however, options for pulse crops are limited. Crop 
topping can be used to reduce seed set in canola 
and pulse crops. Good control will have to be 
achieved in the cereal phase to reduce the weed 
seed bank heading into break crops.

Crop competition and pre-emergent 
herbicides for grass weed control

Over the past four years we have run a series 
of trials at Hart, Roseworthy and Lake Bolac in 
collaboration with the Hart Fieldsite Group and 
Southern Farming Systems to look at the role of 
competition from early sowing to aid pre-emergent 
weed control. In the trials, wheat was sown about 
one month apart with several different pre-emergent 
herbicide options used. 

In all the trials, time of sowing (TOS) had no effect 
on the number of annual ryegrass establishing 
in crop. This is despite an additional knockdown 
herbicide application between the two times of 
sowing. For example, the 2016 trial at Roseworthy 
was sown into paddock with annual ryegrass 
resistant to trifluralin and all the post-emergent 
herbicides. The first time of sowing (TOS) was 6 May 
2016 and the second TOS 1 June 2016 (Table 5). 

Annual ryegrass plant counts in August were not 
significantly different between the two TOS (Table 5). 
However, in October annual ryegrass head counts 
were significantly different, with on average twice 
the number of annual ryegrass seed heads in the 
second TOS compared with the first TOS. Sakura® 
+ Avadex® Xtra coupled with the early TOS was 
particularly effective at reducing annual ryegrass 
seed set. 

Hybrid canola crops can also provide competition 
to reduce annual ryegrass seed set. A trial was sown 
at Roseworthy, SA on 14 May with ATR StingrayA 
and Hyola 559TT as the open pollinated and hybrid 
cultivars, respectively, using a variety of herbicide 
strategies based around pre-emergent herbicides 
and post-emergent atrazine (Table 6). There was no 
significant difference in the number 

Herbicide Groups with resistance Samples (% of total)
Susceptible to all 38
B 22
C 2
F 10
I 2
B + C 2
B + F 10
C + F 6
B + C + F 4
B + F + I 2
B + C + F + I 2

Table 4. Extent of multiple herbicide resistance in 50 Indian 
hedge mustard populations from South Australia and 
Victoria collected randomly at harvest between 2013  
and 2015. 
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Pre-emergent herbicide Plant counts (August) (per m²) Head counts (October) (per m²) MaceA wheat yield (t/ha)
  TOS1 TOS2 TOS1 TOS2 TOS1 TOS2
Nil 341 374 347 685 5.7 4.8
Sakura (118g/ha) 77 40 60 71 7.3 8.8
Sakura (118g/ha) + Avadex XTRA (2L/ha)Φ 18 13 4 21 7.5 8.8
Sakura (118g/ha) fb Boxer Gold (2.5L/ha)* 49 12 32 23 7.1 8.7
Boxer Gold (2.5L/ha) 116 60 116 112 7.0 8.5
Boxer Gold (2.5L/ha) + Avadex XTRA (2L/ha) 94 89 67 167 7.5 7.8
TOS* ns  P = 0.05  P <0.001
Herbicide P <0.001  P <0.001  P <0.001
* TOS = time of sowing; fb = followed by. ΦLabel rate is 3L/ha unless combined with trifluralin then it is 1.6 to 2.4L/ha

Herbicides applied Plant counts (August) (per m²) Head counts (October) (per m²) Canola yield (t/ha)
  OP* Hybrid OP Hybrid OP Hybrid
Nil 773 671 1186 748 0.17 0.96
Rustler (1L/ha) pre 437 417 1062 733 0.24 1.07
Rustler (1L/ha) + Avadex Xtra (2L/ha)Φ pre 325 299 1135 694 0.45 0.94
Simazine (1.1kg/ha) pre + Atrazine (1.1kg/ha) post 179 140 498 212 0.97 1.70
Rustler (1L/ha) + Simazine (1.1kg/ha) pre 386 321 753 510 0.54 1.12
Rustler (1L/ha) + Simazine (1.1kg/ha) pre + 
Atrazine (1.1kg/ha) post 

127 182 610 367 0.99 1.41

Cultivar ns  P <0.001  P <0.001
Herbicide P <0.001  P <0.001  P <0.001
* OP = open pollinated.  ΦLabel rate is 3L/ha unless combined with trifluralin then it is 1.6 to 2.4L/ha

Table 5. Annual ryegrass plant counts in August 2016, head counts in October 2016 and grain yield in MaceA wheat sown on 
6 May 2016 (TOS1) or 1 June 2016 (TOS2) at Roseworthy, SA.

Table 6. Annual ryegrass plant counts in August 2016, head counts in October 2016 and grain yield in open pollinated canola 
(ATR Stingray) compared with hybrid canola (Hyola 559TT) at Roseworthy, SA in 2016.

of annual ryegrass plants established in the hybrid 
canola compared to the open pollinated canola. 
However, the number of seed heads produced was 
on average 40% lower in the hybrid Hyola 559TT 
compared to the open pollinated ATR StingrayA.

None of the pre-emergent herbicide strategies 
used were particularly successful at controlling 
annual ryegrass in canola in this trial. This meant 
that just relying on pre-emergent herbicides in 
canola is ineffective at managing annual ryegrass. 
Our long-term management trials have shown that 
it is essential to include clethodim post emergent 
(even though the annual ryegrass is resistant to it), 
or where available use Roundup Ready® canola, and 
follow that up with seed set control to reduce annual 
ryegrass numbers for future crops. 

Useful resources
https://grdc.com.au/GRDC-FS-

PreHarvestHerbicide

https://grdc.com.au/resources-and-publications/
all-publications/factsheets/2010/02/managing-the-
weed-seedbank
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CHAIR - KEITH PENGILLEY 
 Keith was previously the general 
manager of a dryland and irrigated 
family farming operation at Conara 
(Tasmania), operating a 7000 hectare 

mixed-farming operation over three properties. 
Keith's role as chair of the Southern Region Panel 
finishes on 31 August 2018 at which time John 
Bennett will take up this role. The GRDC Southern 
Regional Panel identifies grower priorities and 
advises on the GRDC’s research, development 
and extension investments in the southern  
grains region.
M 0448 015 539 E kgpengilley@bigpond.com
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 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

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

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

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

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

ROHAN MOTT
 A fourth generation grain grower 
at Turriff in the Victorian Mallee, 
Rohan has been farming for more 
than 25 years and is a director of Mott 

Ag. With significant on-farm storage investment, 
Mott Ag produces wheat, barley, lupins, field 
peas, lentils and vetch, including vetch hay. 
Rohan continually strives to improve productivity 
and profitability within Mott Ag through 
broadening his understanding and knowledge 
of agriculture. Rohan is passionate about 
agricultural sustainability, has a keen interest in 
new technology and is always seeking ways to 
improve on-farm practice.
M 0429 701 170 E rohanmott@gmail.com

RICHARD MURDOCH
 Richard along with wife Lee-Anne, 
son Will and staff, grow wheat, canola, 
lentils and faba beans on some 
challenging soil types at Warooka 

on South Australia’s Yorke Peninsula. They also 
operate a self-replacing Murray Grey cattle herd 
and Merino sheep flock. Sharing knowledge and 
strategies with the next generation is important 
to Richard whose passion for agriculture has 
extended beyond the farm to include involvement 
in the Agricultural Bureau of SA, Advisory Board of 
Agriculture SA, Agribusiness Council of Australia 
SA, the YP Alkaline Soils Group and grain 
marketing groups.
M 0419 842 419 E tuckokcowie@internode.on.net

KATE WILSON
 Kate is a partner in a large grain 
producing operation in Victoria’s 
Southern Mallee region. Kate and 
husband Grant are fourth generation 

farmers producing wheat, canola, lentils, lupins 
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

BRONDWEN MACLEAN
 Brondwen MacLean has spent 
the past 20 years working with the 
GRDC across a variety of roles and is 
currently serving as General Manager 

for the Applied R&D business group. She has 
primary accountability for managing all aspects 
of the GRDC’s applied RD&E investments and 
aims to ensure that these investments generate 
the best possible return for Australian grain 
growers. Ms MacLean appreciates the issues 
growers face in their paddocks and businesses. 
She is committed to finding effective and practical 
solutions `from the ground-up’.
T 02 6166 4500 E brondwen.maclean@grdc.com.au
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FIGURE 1  The distribution of
members of the GRDC’s 
Regional Cropping Solutions Network 
in the southern region, 2017-2019.

RCSN zones

Members
To contact your nearest RCSN member go to
https://grdc.com.au/About-Us/Our-Grains-Industry/Regional-Cropping-Solutions-Networks

High Rainfall Medium Rainfall Low Rainfall

2017–2019 SOUTHERN REGIONAL 
CROPPING SOLUTIONS NETWORK (RCSN)

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 

LOW RAINFALL ZONE CO-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

MEDIUM RAINFALL ZONE LEAD: 
KATE BURKE

 An experienced trainer and 
facilitator, Kate is highly regarded 
across the southern region as a 
consultant, research project manager, 

public speaker and facilitator. Based at Echuca in 
Victoria, she is a skilled strategist with natural 
empathy for rural communities. Having held various 
roles from research to commercial management 
during 25 years in the grains sector, Kate is now the 
managing director of Think Agri Pty Ltd, which 
combines her expertise in corporate agriculture and 
family farming. Previously Kate spent 12 years as a 
cropping consultant with JSA Independent in the 
Victorian Mallee and Wimmera and three years as a 
commercial manager at Warakirri Cropping Trust.
M 0418 188 565    E thinkagri@icloud.com

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
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You can now provide feedback electronically ‘as you go’. An electronic evaluation form can be 
accessed by typing the URL address below into your internet browser.

To make the process as easy as possible, please follow these points:

• Complete the survey on one device (i.e. don’t swap between your iPad and Smartphone 
devices. Information will be lost).

• One person per device (Once you start the survey, someone else cannot use your device to 
complete their survey).

• 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.

www.surveymonkey.com/r/Riverton-GRU  

WE LOVE TO GET 
YOUR FEEDBACK
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2018 Riverton GRDC Grains Research Update  
Evaluation

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).   

3. Soil moisture probes – what have we learnt so far: Leighton Wilksch

Content relevance  /10 Presentation quality  /10      

Have you got any comments on the content or quality of the presentation?

4. Lifting barley productivity in higher rainfall zones: Kenton Porker

Content relevance  /10 Presentation quality  /10      

Have you got any comments on the content or quality of the presentation?

5. Mites and aphids – latest research findings: Kym Perry

Content relevance  /10 Presentation quality  /10      

Have you got any comments on the content or quality of the presentation?
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6.  Critical agronomy for optimal canola growth: Andrew Ware

Content relevance  /10 Presentation quality  /10      

Have you got any comments on the content or quality of the presentation?

7.  Research update on ryegrass and brome grass: Chris Preston

Content relevance  /10 Presentation quality  /10      

Have you got any comments on the content or quality of the presentation?

Your next steps

8.  Please describe at least one new strategy you will undertake as a result of attending this  
Update event

9. 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

10. This Update has increased my awareness and knowledge of the latest in grains research

    Neither agree Strongly agree Agree   Disagree Strongly disagree    nor Disagree   
 ❑ ❑	 ❑	 ❑	 ❑

11. Overall, how did the Update event meet your expectations?
 Very much exceeded Exceeded Met Partially met Did not meet
	 ❑ ❑	 ❑	 ❑	 ❑

Comments
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12. Do you have any comments or suggestions to improve the GRDC Update events?

13. Are there any subjects you would like covered in the next Update?

Thank you for your feedback.
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PAGE 10MODULE 04  Drift management strategies

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  

GrowNotesSprayOutline_adA4.indd   1 14/02/2017   12:34 PM

http://www.grdc.com.au/Resources/GrowNotes
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