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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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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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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



  

  
  
  
  
  
  
  

STOREDGRAIN website A4_1411.indd   1 11/12/2014   2:50 pm

STORED GRAIN PROJECT
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Call the 
National 
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Storage 

Information
Hotline 1800 WEEVIL 
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grain storage specialist 
for advice or to arrange 
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Booklets and fact sheets
on all things grain storage

Workshops in all regions
covering topics such as:

´ Economics of on-farm storage

´ Grain storage hygiene

´ Aeration cooling or drying

´ Managing high moisture

´ Fumigation

´ Insect pest management

´ Managing different storages

´ Storage facility design

´ Storing pulses and oilseeds

Download the new 
storedgrain app 
to get the latest 
information and 

storage recording 
tool on your 

iPhone or iPad

http://www.storedgrain.com.au
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Introduction
Sandy soils make up a large portion of Mallee 

farming landscape. This paper is drawn from 
many years of trials, demonstrations and farmer 
experiences of managing mallee sands, as well as 
highlighting much of the current research that is 
exploring practical options to effectively improve our 
productivity and profitability from Mallee sands.

What’s wrong with mallee sands?
While sands can vary between regions and 

paddocks, they are generally low in their water 
holding capacity, naturally low in fertility and are 
highly prone to wind erosion when compared to 
loamy or clay soils. They are also prone to deep 
compaction, are vulnerable to weeds and root 
disease, leach nutrients and often produce low and 
patchy yields in poor seasons.  

Additionally, they contribute to recharging 
perched water tables that lead to saline seep 
formation. Seeps research at Wynarka (McDonough 
2017) has shown rainfall events as low as 12mm 
regularly pass through the crops’ rootzone and 
contribute to the recharge of perched water tables 
beneath the crops’ rootzone, such is their lack of 
water holding capacity.

What’s good about mallee sands?
Mallee sands can have a relatively higher plant 

available water in low rainfall years compared to 
heavier soil types. Their productivity and reliability 
can be improved through both good agronomic 
practices and amelioration. They respond well to 
no-till farming systems, which are characterised 
by a high turnover of organic matter. Studies have 
found that the soil problems of mallee sands can be 
alleviated via a number of treatment with a resulting 
increase in crop yields. Questions remain as to the 
practicality, cost and longevity of some of these 
treatments. While new technologies are constantly 
being developed, many current management 
strategies are proving to be effective and profitable 
options for Mallee growers. 

Key factors for improving the productivity of 
mallee sands 

It is important to know and understand your sandy 
soils, to recognise which sands may essentially 
be improved through less expensive mitigation 
approaches (such as good agronomy) and which 
sands may require more specific and targeted 
amelioration, which will involve higher, more 
expensive intervention that aims to have a lasting 

Improving productivity on sandy soils

Keywords
 sands, amelioration, Mallee, mallee sands.

Take home messages
	Identify the specific limitations of your sand areas on your farm to understand what issues you 

need to resolve and the most appropriate management strategies to target.

	Techniques that break compaction and incorporate nutrition and organic matter are successful at 
ameliorating sands and improving yields for the longer term.

	Use high nitrogen fertiliser rates at seeding, but seed/fertiliser separation is required especially 
with dry season starts. 

Chris McDonough.

Insight Extension for Agriculture. 

GRDC project codes: CSP00203, DAW00244, MSF00003, DAW00243 
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impact, through changing the properties within the 
soil profile. Recognising the key constraints such as 
compaction, repellence, poor water holding capacity 
and nutrition are important in deciding the best 
course of action.

As a grower, there are many ways to improve your 
sandy soils. For lasting benefits to crop and pasture 
production, the focus should always be on ways to:

• Improve the water holding capacity within the 
soil’s rootzone – by changing the nature of 
sand in both surface and deeper layers, as well 
as increasing the depth of effective root growth 
by addressing compaction issues. 

• Improve soil fertility – though increasing the 
soils cation exchange capacity and microbial 
activity through organic matter turnover, while 
cost effectively increasing nutrition.

Key management strategies that focus on 
improving the water holding capacity and 
fertility of mallee sands
Mitigation

Good agronomy, no-till, higher fertiliser rates, 
variable rate technology

Most of the mallee sands, particularly midslope 
sands and loamy sand soils, have been greatly 
improved with the practice of good no-till farming 
systems within the last 20 years. Intensive cropping 
with chemical summer weed control, stubble 
retention, good rotations and regular fertilisation 
with higher (than used in the past) application rates 
of nitrogen (N), phosphorus (P) and trace elements 
has changed this land from being weed and disease 
infested, highly erodible, risky and low yielding, to 
being some of the more reliable production soils, 
particularly in lower rainfall years. This is mainly due 
to the high turnover of fresh organic matter residues, 
building the microbial biomass and improving the 
soil’s water holding capacity and nutrient exchange. 
This has helped make up for the sands lack of fine 
clay particles which are a key component of more 
naturally fertile loamy soils. While sand cannot hold 
as much water as heavier textured soils, a greater 
portion of its water is plant available, which can be 
very beneficial in lower rainfall years when the clay 
soils tend to hold onto the little moisture they have, 
and thereby not releasing it to the crops. 

In variable rate farming, it is these midslope  
sands that will respond well to higher fertiliser rates 
as they have reasonable plant available water but 

need higher nutrition to be able to reach their full 
yield potential. 

In recent years, CSIRO research conducted on 
Mallee Sustainable Farming (MSF) trial sites has 
concluded that good early N nutrition remains a key 
driver of yield in Mallee sands and in most seasons, 
penalties can occur with delays in applications 
until the first node stage (McBeath et al. 2017). Di-
ammonium phosphate (DAP) placed with seed can 
cause a yield penalty in seasons like 2017 (a later, 
drier season opening), particularly on sands which 
hold less moisture. This is due to the conversion of 
N and not just the salt index of the fertiliser. Mono-
ammonium phosphate (MAP) has been shown to be 
less toxic on these soils in these later, drier seasons. 
Separating seed and fertiliser with N below the seed 
is advantageous. Trials have indicated that zinc (Zn) 
coated urea provides a more efficient form of N 
application (McBeath et al. 2015), but these products 
are not currently commercially available in Australia.

Copper (Cu) and Zn remain important to apply on 
sands and the use of sulphate of ammonia (SOA) 
is encouraged for growers to trial in order to test 
whether their sands are sulphur (S) responsive. 
Manganese (Mn) application can become important 
where clay-spreading and incorporation has 
occurred on sands.

Amelioration

However, there still remains very poor sand that 
requires more than just good agronomy and higher 
fertiliser rates to improve productivity. These sands 
need amelioration to improve their productive 
potential, which may involve high initial costs. It is 
therefore important to understand what issues you 
are trying to fix before embarking on a specific 
management plan.

Is compaction an issue?

Soil compaction is common in mallee sands, often 
occurring between 20cm to 40cm depth, as shown 
in Figure 1 at a CSIRO trial site near Loxton. Western 
Australian research (DPIRD report 2018) is now 
suggesting that crop roots will not grow through 
a penetration resistance of 2500Kpa rather than 
3000Kpa. One indication of whether compaction is 
a major soil constraint in a paddock is to dig a hole 
(spade or auger) after the crop has matured (late 
October, but prior to any major harvest rainfall event) 
to see if the soil is still moist at 20-40cm depth. Even 
after drought years it is not uncommon to find wet 
soil in this zone where compaction exists.
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Spading 

Research conducted on numerous Mallee trial 
sites has shown that spading; highly nutritious 
organic matter (for example chicken manure, lucerne 
pellets or stubble with fertiliser) has substantially 
increased crop yields for up to four years so far 
(Figure 2). 

The spading of both 6t/ha and 9t/ha chicken 
manure at a seeps trial site near Karoonda 
(McDonough 2016) showed yield advantages 
compared with the unmodified control, averaging 
1.7t/ha/year in the first two seasons following 

spading which was conducted in 2015. This resulted 
in two-years of a gross margin in excess of $400/
ha (accounting for both spading and manure costs), 
showing that this form of soil amelioration, although 
expensive, can be profitable even in the short 
term. Soil tests revealed that despite the excessive 
export of nutrients in the high yielding crops, higher 
ongoing mineralisation of nutrition during the 
second growing season from the chicken manure 
compensated for this loss and helped to maintain 
a high yield advantage over the control. However, 
where spading-only had taken place, there was 
only a 0.6t/ha yield increase over the control, and 

Figure 1. CSIRO Sand Trial Site penetration, Loxton 2015 (Llwellyn, pers comm).

Figure 2. Yield gains of selected treatments at Karoonda (Fraser et al. 2017), relative to the unmodified 
control. Wheat was seeded in all years since 2014, except for 2016 when peas were used.
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a severe depletion in soil nutrition. In the second 
season it yielded slightly less than the control plots 
because of the depletion in soil nutrition. Moisture 
probe analysis has clearly shown that much more 
plant available water was maintained in the top 
40cm of the spaded chicken manure plots which 
was readily utilised by the crop roots as the crop 
established. The control site by contrast, held very 
little moisture in the top 40cm and there was very 
little crop root moisture use below 30cm depth,  
with most of the excess rainfall quickly flowing 
through to recharge.

The spading operation is expensive and there 
is variation of spading depth of between 20-40cm 
across the spader width as well as the direction 
travelled. There is some reduction of surface 
soil fertility as it is mixed into the soil profile and 
evidence of weed seed burial. Despite this, spading 
in of nutritious organic matter remains the most 
effective method of ameliorating mallee sands, as 
it provides a lasting break to deep soil compaction 
and greatly improves soil water holding capacity  
and fertility.

Deep ripping 

Deep ripping is relatively cheap and a practical 
first option for sand amelioration. It often leads to 
a dramatic yield increase in the first season, and 
documented evidence from WA suggests that the 
benefits will last for about three years (Moodie 
and Macdonald 2017), depending on soil types, 
farming systems and machinery. However, grower 
trial and demonstration work in the Mallee has, on 
occasion, seen the first year benefits of deep ripping 
disappear in the second year. Deep ripping of 
nutrients has not shown benefits over deep ripping 
alone in recent trial work in the Victorian Mallee 
(Moodie and Macdonald 2017). SARDI are currently 
conducting deep ripping trials to explore issues of 
depth, row spacing, crop use and soil/plant/water 
interactions over time at three sites across the  
SA Mallee.

There is evidence that under controlled traffic 
systems the benefits of deep ripping has lasted 
up to ten years (Bakker et al. 2017; Hagan 2015). 
There is current research work being conducted 
by the University of South Australia, exploring the 
placement of organic matter down behind the 
ripping tines to help keep rip lines open for longer 
as well as improving deep soil fertility and water 
holding capacity. More work is required to determine 
practical and efficient delivery mechanisms in 
terms of machinery and organic material before this 
becomes a commercially viable option for growers. 

Delving

Where clay is within the top 40cm of the soil 
profile then delving is an excellent option as tines 
scrape into the top of the clay layer (which is not 
generally as hostile as the deeper clay with high 
boron, salinity and sodicity) and profiles it through 
to the surface in the rip-line. It is far simpler and 
less costly than some of the other amelioration 
techniques, while still breaking compaction, 
improving soil function around the delved lines, and 
allowing crop roots to break through the bleached 
sand layer below the surface. Delving row widths 
of 1m are effective and need to follow the same 
direction as the seeding lines. 

Non wetting sands 

Clay spreading

Water repellence remains a major issue in many 
mallee sands, leading to patchy crop establishment, 
staggered weed germination and poor crop 
performance. Clay spreading with appropriate 
rates and good incorporation remains an excellent 
remedy where clay and funds ($) are readily 
available. Relatively low rates of clay (125t/ha) are 
adequate where water repellence is the prime 
concern. However, higher rates (170t/ha) mixed well 
into the top 30-40cm will greatly improve water- 
and nutrient- retention in deep sands and be far 
more consistent in overcoming water repellence. 
Higher clay rates that are incorporated mostly in the 
surface have been shown to reduce yield in a low 
rainfall season due to moisture tie up. During 2018 
with the dry start to the year, correct technique of 
clay spreading has been the difference between 
crop establishment occurring for some growers 
versus a bare eroding paddock, hence proving its 
value in this year alone. Clay spreading increases 
the surface soil stability; ensuring better furrow 
establishment and retention, as well as reduced 
frost risk, improved weed control and increases in 
yield.

Mouldboard ploughing

Sand improvement trial results at Coomandook 
(Tonkin 2013-2015) showed that the spader had 
the best effect of the soil modification treatments. 
Mouldboard ploughing reduced water repellence  
in the soil but did not improve productivity as  
much as spading. Grape marc and composted 
pig manure had the highest yield benefits, but the 
costs of transport and product meant that the most 
profitable treatment at this site was not the most 
productive treatment.
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Wetting agents

Wetting agents are also being currently trialled to 
identify optimal products and application placement. 
Wetting agents can be either surfactants – which 
break surface tensions and allow water to pass 
through soil, or humectants – that help draw and 
retain water within the soil. Preliminary trials from 
WA (Davies et al. 2015) have shown that while 
wetting agents often improved crop establishment 
on non-wetting sands, this did not always translate 
into a yield benefit. This work, along with anecdotal 
evidence from Mallee demonstrations suggest that 
wetting agents placed around or below the seed 
were more effective than placement on the surface. 
There are new products and application techniques 
being currently evaluated. Water repellence trials 
on Eyre Peninsula (Wilhelm, pers comm. 2018) did 
find wetting agents to be more effective than on-row 
seeding as a management technique for improved 
crop establishment.

On-row and edge-row sowing

On-row and edge-row sowing has improved 
crop establishment in Mallee trials on non-wetting 
sands but the technique has not proved to be 
advantageous on sands where repellence is not 
a problem. Eyre Peninsula trials (Cook and Richter 
2017) have also shown some advantages in drier 
season openings. There remains multiple technical 
issues in practically achieving this technique, 
in particular problems with the accuracy of the 
guidance system and the consistency of machinery 
operations between years. However, research 
is continuing in this area with trial work already 
established at Lameroo through the University of SA. 
This ongoing research also involves investigating 
the potential to create enhanced zones of fertility 
through applying an annual application of a range of 
amendments through the seeder, including carbon 
and other nutrients.

Conclusion
Mallee sand productivity can be greatly improved 

through various management techniques aimed at 
reducing repellence, improving water and nutrient 
holding capacity and breaking compaction. While 
there are high up-front costs for many of the deep 
soil amelioration options, many are proving to 
be both practical and profitable over time. New 
technologies are developing rapidly, many of which 
are currently being researched and demonstrated 
throughout the Mallee, and these should provide 
valuable insight into the many unanswered 
questions that Mallee growers currently face.
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Notes



• 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://farmtrials.com.au
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Background
Four introduced snail species of European-

Mediterranean origin have established in southern 
Australia and have become major pests of grain 
crops. The market access threat from these snails 
is substantial and increasing, particularly for 
the acceptance of Australian wheat and barley 
shipments by valuable east Asian markets (e.g. 
China, South Korea).   

The shift to minimal soil cultivation, retained 
stubbles and limited grazing has advantaged snail 
survival and reproduction in this system, and many 
of the harvester modifications and summer cultural 
controls developed and extended in the early 
2000s (e.g. “Bash ‘Em, Burn ‘Em, Bait ‘Em”) have 
become increasingly incompatible with current 
farming practice. 

Recent SARDI research in GRDC projects 
DAS00134 and YPA00002 focused on improving 
baiting performance by investigating the factors 
influencing the performance of commercial 
molluscicidal baits against different densities of four 
snail species and under different environmental 
conditions. This work has generated refined 
baiting guidelines for snail and slugs which will be 
made available in updated publications soon. The 
research findings are summarised in this paper. 

Method
Field and lab-based trials were used to test a 

range of metaldehyde and iron-chelated snail bait 
products against four snail species under different 
environmental conditions. A bait spreader trial 
involved the testing of four 3-point linkage units, two 
ute-spreaders and four bait products of different 
sizes and shapes.

Results and discussion
Snail reproductive activity 

In autumn, increasing moisture stimulates 
increasing snail activity. SARDI research in South 
Australia over the past three seasons has shown 
that the reproductive organs of snails begin to 
mature from late March onwards, and then the most 
reproductive activity occurs from late April to July.

Controlling snails with molluscicides

Snails readily become inactive when they 
experience sub-optimal micro-climatic (.i.e dry, 
low relative humidity) conditions. This ‘on-off’ 
behaviour makes them a difficult target for chemical 
control. The international literature indicates that 
molluscicide baits are generally more effective than 
sprays, and this appears to be because baits have 

Managing snails – latest research findings 
and recommendations

Keywords
 snails, molluscicide baits, integrated control.  

Take home messages
	Effective snail baiting requires applying baits at the right time and at sufficient pellet density to 

ensure good encounter rates.

	Therefore bait in autumn as soon as snails become active and before they lay eggs, check 
spreader calibration, apply an adequate rate and select an appropriate product for the  
field conditions. 

Greg Baker¹ and, Kym Perry and Helen Brodie¹.

¹Entomology Unit, South Australian Research and Development Institute.

GRDC project codes: DAS00134, DAS00160 
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greater persistence and hence greater likelihood 
of being encountered by the snails when they do 
become active. 

Optimising bait operations

Bait encounter is random. Therefore, the 
effectiveness of a snail baiting program is governed 
by a number of factors that firstly dictate chance of 
encounter, then ingestion of the toxicant: 

• Chance of encounter:

o Level of snail activity.

o Attractiveness of bait.

o Baits per unit area.

• Ingestion of lethal dose

o Palatability of bait.

o Quantity of bait.

o Adequate active ingredient.

Hence we recommend that baiting programs 
take place when snails are active and that enough 
bait ‘points’ are provided to ensure good rates of 
encounter. The number of baits on the ground is of 
equal, if not greater importance, than the weight of 
product on the ground.  

Spreader calibration important to achieve even bait 
distribution and good results

Don’t assume your spreader is distributing bait 
pellets evenly. Research by the Yorke Peninsula 
Alkaline Soils Group and SARDI has shown 
spreaders calibrated for other applications (e.g. urea) 
may not broadcast baits as widely as expected, 
and ute spreaders may provide uneven distribution 
of bait. Also, different bait products have different 
hardness and ballistic properties.

Therefore: 

• For your preferred bait product get your 
spreader professionally calibrated to evenly 
broadcast the target pellet density over the 
entire spread width. 

• Operators need to get off their machine and 
check the distribution across the width they are 
driving.  

• The single spinner ute spreaders generally 
perform poorly with limited spread widths and 
lop-sided bait distribution.

Apply baits at the right time 

Baiting must occur in autumn as soon as snails 
become active but before they lay eggs. 

There are several reasons why autumn is the best 
time to bait: 

1. Preventing adult snails from laying eggs 
is critical to reducing population build-up. 
Juvenile snails are generally more difficult to 
control using baits due to reduced movement 
and bait encounter. 

2. Lab trials at SARDI have found higher 
efficacy when baits were applied under 
warmer temperatures within the range tested 
(10°C-22°C). 

3. Baiting is most efficient when there is less 
ground cover and alternative food. The 
presence of stubble, weeds and crop plants at 
later times reduces bait encounter rates.

In autumn, even light showers or overnight 
dews are sufficient to stimulate movement. Ideal 
conditions for baiting are periods when the soil is 
likely to remain moist for several days. If unsure 
whether snails are active, bait a small area and 
check for dead snails after a few days. Even if snails 
don’t look active during the day, slime trails across 
dirt can be a good indicator of night activity.

Apply an adequate rate of bait 

Based on recent SARDI research, a minimum 
of 30 bait pellets per square metre and up to 60 
pellets per square metre at very high snail densities 
should be applied to ensure a sufficient density of 
bait points and chance of encounter. The higher 
rates may be needed in heavily infested areas, 
such as perimeters, fence lines or calcareous 
outcrops. Where current label rates do not permit 
this, a repeat application should be considered. 
Pellet densities for registered rates of commercial 
products are available in the SARDI Snail and 
slug baiting guidelines brochure (refer to Useful 
Resources section at end of this paper).

Monitor live snail densities and re-apply bait as 
necessary. A repeat application may be needed in 
areas with high snail densities or when rainfall has 
broken down bait.
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Bait degradation risk 

Some bait products are more stable under 
adverse weather conditions, such as cold 
temperatures and rainfall. Significant rainfall can 
degrade bran-based pellets and reduce efficacy, 
particularly for iron chelate products. SARDI trials 
found that UV exposure did not reduce the efficacy 
of baits; however, exposure to high temperatures 
(above 30 – 40°C) degraded the active ingredient 
in metaldehyde baits. Avoid storing bait for long 
periods in places where temperatures exceed 35°C 
(e.g. hot sheds).

Mice can consume snail baits. In areas where 
mice cannot be controlled adequately, ensure that 
snails are receiving a sufficient dose by checking 
for the presence of dead snails a few days after 
application, and adjust baiting rates as necessary.

Current snail research 

GRDC-funded project DAS00160, led by SARDI in 
collaboration with the University of South Australia, 
DPIRD in Western Australia and a number of farming 
systems groups, builds on the previous project and 
is investigating the environmental conditions that 
lead to feeding and reproduction. The work aims to 
assist growers to optimise the timing of their baiting 
programs. Ten field sites have been established 
across Western Australia, South Australia, Victoria 
and Tasmania to monitor the activity and biology of 
key snail and slug species using fixed cameras and 
field sampling, along with associated climate and 
micro-climate variables. The research is generating 
insights into the reproductive patterns of snails and 
slugs in southern and western Australia. 

Conclusion
Baiting during autumn is a key component of a 

year-round systems approach, which is critical for 
effective snail management. Baiting should be used 
in conjunction with cultural controls during summer 
and autumn to reduce snail survival, such as cabling, 
rolling and/or burning, or summer grazing, along with 
effective weed control to remove refuge habitat.

In summary, the key to successful snail control is 
year-round integrated management:

• Continuous vigilance.

• Remove summer refuges.

• Roll or cable in summer when > 35oC.

• Bait before egg laying in autumn:

o Baiting at sowing or after is often too late. 

• Baiting in winter is less effective.

• Harvester modifications.

• Grain cleaning as the last resort.

Useful resources
http://www.pir.sa.gov.au/__data/assets/

pdf_file/0004/286735/Snail_and_slug_baiting_
guidelines.pdf

https://grdc.com.au/__data/assets/pdf_
file/0024/117249/grdc-fs-snailbait-south_lr-pdf.pdf.
pdf

https://grdc.com.au/__data/assets/pdf_
file/0016/109060/snail-management-fact-sheet.pdf.
pdf
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Occurrence and current distribution  
in Australia

Russian wheat aphid (Diuraphis noxia, RWA), 
first reported in SA in May 2016, is now present all 
over SA, including the Eyre Peninsula, throughout 
Victoria, and expanding in Tasmania and NSW. So 
far there are no reports from WA. It is considered 
that RWA can invade and maintain itself in all of 
the cereal growing areas of Australia (Avila et al. 
2017). In the 2017 season, most SA reports of high 
populations came from low rainfall areas such as the 
Mallee and upper Eyre Peninsula. 

2017 time of sowing trials 
In the 2017 season, South Australian Grains 

Industry Trust (SAGIT) funding was obtained to run 
time of sowing (TOS) trials in three regions — Bool 

Lagoon, Roseworthy and Loxton (high, medium 
and low rainfall districts, respectively). Sowing 
was done in April, May, June and July and aphid 
infestation occurred naturally. Barley (LaTrobeA), 
wheat (ScepterA and RAC 2388) and durum wheat 
(AuroraA) and imidacloprid (Gaucho® 600) seed 
treatments (ScepterA wheat) at 1.2L/1000kg and 
2.4L/1000kg were used in the trials. 

Observations were done fortnightly, counting 
aphids and symptoms. Trials were harvested in 
December 2017 and January 2018. 

In each site, a yellow pan trap (YPT) was used 
to monitor aphid migration activity from mid-May 
onwards. Elsewhere, YPTs (Loxton Research Centre, 
Keith) and aphid suction traps at Kapunda (since 
2016) and Loxton research centre (since August 
2017) were also operating. 

Keywords
 Russian wheat aphid, South Australia, population dynamics, management.   

Take home messages
	Russian wheat aphid (RWA) is now present all over SA and Victoria, and expanding in Tasmania 

and NSW.

	Although the aphids are present everywhere, damaging populations have only occurred only in 
low rainfall areas (e.g. Loxton — <400mm).

	RWA survives summer on volunteer cereals, so management of the ‘green bridge’ is essential. 

	In 2017, RWA autumn migration flights occurred in March and April.

	Early sowing in low rainfall areas increases the risk of autumn infestations.

	Spring migration occurs during warms days of August till the end of November. 

	Well established vigorous crops in later development stages(>GS35) are not attractive to RWA.

	Seed treatments can prevent early autumn RWA infestation of crops, but are not  
always necessary.

Maarten van Helden, Thomas Heddle, Farah Al-Jawahiri  and Greg Baker.

South Australian Research and Development Institute, Waite Campus, Adelaide, SA.

GRDC project codes: DAS00170, SA 9174815; SAGIT project code: CARASA

Are the Russian forces building – what are our 
spies telling us
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Figure 1. RWA dynamics on the three sites for April and May 2017 sown crops.

Figure 2. RWA dynamics on the three sites for June and July 2017 sown crops.
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Figure 3. RWA dynamics and time of sowing in Loxton 2017. Arrows indicate sowing dates.

Figure 4. Percentage of tillers with symptoms, Loxton 2017. Arrows indicate sowing dates.
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Results and discussion 
Regional differences

RWA dynamics per site (non seed-treated plots 
only) are shown separately on April and May sown 
crops (Figure 1) and June and July sown crops 
(Figure 2). Note that the left axes’ scales differ 
between Figure 1 and 2 by a factor of 10. 

Although RWA is present in each site, the 
population density is very different among regions. 
In the Bool Lagoon area, a total of only 58 over the 
whole season were observed, while in Roseworthy 
1150 were observed. Loxton showed by far the 
highest populations (23 000 RWA counted). 

However, when looking at the April and May 
sowings (Figure 1), Roseworthy showed populations 
that were roughly one third of the Loxton population. 

The big difference between Roseworthy and 
Loxton is observed on the June and July sowings 
that were very heavily infested in Loxton and hardly 
at all elsewhere. 

Time of sowing

Detailed data for all sowing dates are shown only 
for Loxton in Figure 3. The April sowing was slightly 
more infested (40% more) than the May sowing. 
The early (April) sowing caused a slightly earlier and 
higher initial colonisation that had more time to build 
up on the crop before less favourable conditions 
set in, compared to the May sowing. The June and 
July sowings suffered severe water stress, causing 
reduced growth. These crops were colonised in 
August while still in early growth stage (GS 12-14) 
and aphids then developed to extremely high 
populations in October before falling in November 
due to plant death. 

Figure 4 shows changes in the percentage of 
tillers with symptoms per sowing date in Loxton. 
In the April and May sowings, the percentage of 
tillers with symptoms never exceeded 15% (July and 
August) and decreased later in season. The heavily 
infested June and July sowings reached 100% at the 
end of October 

Differences among crop varieties 

The number of aphids on the different cereals 
on the April and May sowings for Roseworthy and 
Loxton (average over the whole season) is shown  
in Figure 5 and the percentage of symptoms in 
Figure 6. Again we see more aphids in Loxton, 
but the number of aphids is similar for the wheat 
and durum wheat varieties, and only the barley 
(LaTrobeA) has about half the aphid numbers in 
Loxton, compared to the wheat and durum varieties. 

Surprisingly, this difference in aphid numbers 
between these two sites is not reflected in the 
number of tillers showing symptoms, since this is 
actually higher in Roseworthy than in Loxton for 
wheat and barley and similar only for durum wheat. 
Overall, the same ratio of aphids/symptomatic 
tiller is maintained on each site. This suggests that 
there is not much difference in sensitivity between 
accessions to either aphids or symptoms, but that 
environmental factors, such as climate, water stress 
and fertilisation seem to be able to influence aphid 
numbers and symptom expression. 

Seed treatments

Table 1 shows the effect of seed treatment on the 
number of tillers with symptoms.

In the April and May sowings, the seed treatments 
almost completely prevent aphid infestation (96% 

Figure 5. Aphids per tiller per variety. (April and May 
sowing of Loxton and Roseworthy)

Figure 6. % tillers with symptoms. (April and May 
sowing of Loxton and Roseworthy)
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reduction) and reduce symptom expression by 
80%. In the June and July sowings, the reduction 
in aphids is still greater than 90%, but symptoms 
are only halved compared to the untreated control 
treatment (UTC). This suggests that symptoms can 
occur through aphid probing even when the aphids 
cannot establish and develop on the plants. 

Aphid migration

The capture of RWA in different traps is shown 
in Figure 7 (suction trap, Kapunda) and Figure 8 
(YPT, four locations). As can be seen, some autumn 
migratory activity of the RWA occurred in March, 
April and early May. Early sown crops that will be just 
emerging are at risk of colonisation by RWA during 
that period. 

Following autumn, there were no captures till the 
first warmer days in August. The number of RWA 
trapped was then high from mid-September to  
mid-November. 

The overall trapping of RWA in the Kapunda 
suction trap was 10 times higher in 2017 compared 
to 2016 suggesting that populations were 
considerably higher in that area in 2017. 

Regional differences in trapping (Figure 8) are 
very large with no RWA trapped at all in Bool 
Lagoon (South-East SA), low numbers in Keith and 
Roseworthy (+/- 50 over the whole season) and high 
numbers near Loxton (>500 RWA) in the YPTs. This 
seems to reflect overall differences in RWA pressure 
per region. 

Early spring migrations occurred in early August 
in Loxton, slightly later in the other regions, and 
migrations continued during almost three months. 
These migrations could potentially invade crops, and 
symptoms have been observed in many paddocks 
during that period (see peaks in aphid numbers 
and symptoms for all sowing dates in mid-August 
(Figures 3 and 4). However, we have seen aphids 
settle and symptoms and damage occur only in 
the crops that were still in early growth stage (June 
and July sowings). This clearly shows that RWA will 
not settle in well-established and vigorous crops 
(GS>35). 

Yield

As at January 2018, all plots have been harvested 
and the grain yield and quality data are being 
analysed. These will be presented at the Updates 

Seed treatment Loxton April + May Loxton June + July
Imidacloprid RWA/100T % Symptoms RWA/100T % Symptoms
UTC 33.61 3.33 377.18 47.14
1.2I/1000kg 0.39 0.72 53.49 27.14
2.4l/1000kg 1.94 0.50 19.84 21.41 

No clear difference was observed between the low and high rate of seed treatment. 

Table 1. Effect of seed treatments on aphid numbers and symptoms in Loxton, separated for April/May and  
June/July sowings. 

Figure 7. Suction trap data from Kapunda trap 2016 and 2017. Data shows average of RWA per day over a 
week period.
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and are expected to provide a better understanding 
of actual damage and economic thresholds. 

Conclusions
The results show that:

• RWA population dynamics are very different 
between regions, with generally more aphids in 
low rainfall areas.

• Autumn colonisation can be aggravated by 
early sowing. However, we have not seen 
RWA populations develop above the current 
intervention threshold (20% of plants infested) 
during the trial on April or May sown crops.  

• RWA numbers on April and May sown crops 
build up slowly over autumn and winter, but 
aphids seem to leave these plants during stem 
elongation in early spring. 

• Spring migration of RWA is important, but the 
migrating winged aphids will only settle in very 
young crops (GS<30), while the older plants 
(GS>35) are not colonised by the aphids in 
spring.

• Seed treatments are very effective in reducing 
aphid populations and symptoms in April and 
May sown crops, but it is unclear if this has 
improved yields. 

• Seed treatments are less effective in spring 
on June and July sown crops (GS<30). Aphid 
numbers will still be reduced compared to 

UTC, but symptoms expression can be strong. 
The effect of the seed treatment on later sown 
crops appears to decline while the plants are 
still attractive to RWA. 

This TOS experiment will be repeated in 2018 to 
see if the same trends can be observed. 
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Useful resources 
GRDC: Russian Wheat Aphids: tactics for Future 

Control: 

https://grdc.com.au/rwa-tacticsfuturecontrol

GRDC : Tips & Tactics: Russian Wheat Aphid

https://grdc.com.au/TT-RWA

PIRSA (2016/2017). Cereal Aphid dynamics 

http://pir.sa.gov.au/research/services/reports_
and_newsletters/cereal_aphid_observations_in_
south_australia

Figure 8. YPT data from TOS locations (+ Keith) in 2017. Data shows average of RWA per two week trapping 
period.

https://grdc.com.au/rwa-tacticsfuturecontrol
https://grdc.com.au/TT-RWA
http://pir.sa.gov.au/research/services/reports_and_newsletters/cereal_aphid_observations_in_south_australia
http://pir.sa.gov.au/research/services/reports_and_newsletters/cereal_aphid_observations_in_south_australia
http://pir.sa.gov.au/research/services/reports_and_newsletters/cereal_aphid_observations_in_south_australia
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PIRSA Russian wheat aphid information

http://www.pir.sa.gov.au/biosecurity/plant_health/
exotic_plant_pest_emergency_response/ russian_
wheat_aphid
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Background
Effective and economic disease management 

strategies in pulses have been developed for 
medium to high rainfall zones of South Australia (SA) 
and Victoria (Vic). The increasing interest in these 
crops in medium to low rainfall zones means disease 
management strategies need to be fine-tuned for 
these environments. Lower rainfall often results 
in less disease or a change in the diseases that 
become prominent, while lower yield reduces the 
economics of fungicide strategies in many seasons. 
However, all growers need to minimise disease risk 
and respond to disease in those seasons when 
infection has a significant economic effect upon 
yield and or seed quality. 

Lentil
Botrytis grey mould 

Botrytis grey mould (BGM) is controlled by a foliar 
spray (e.g. carbendazim, procymidone) immediately 

before canopy closure to protect the base of the 
crop. This prophylactic spray is recommended on 
all cultivars irrespective of the resistance rating to 
ensure protection against BGM if extended wet 
spring conditions occur. It is conceivable in the drier 
zones that the resistant cultivars (PBA Jumbo2A, 
PBA HeraldXTA, NipperA) may not require the 
canopy closure spray but further data is required to 
support this. Any cultivar with less than resistant (R)/
moderately resistant (MR) rating should receive this 
spray. Additional sprays are unlikely to be needed in 
medium to low rainfall zones except in wet springs. 
In low rainfall regions, the likelihood of ongoing 
humid conditions to promote the disease should be 
considered to ensure foliar fungicides are economic.

Ascochyta blight

Ascochyta blight (AB) is spread by rainfall hence 
sprays may not be needed for AB on lentils in lower 
rainfall regions since disease severity will usually 
be reduced in these districts. Monitor for AB and 

Disease management of pulses grown in low to 
medium rainfall zones

Keywords
 pulse, ascochyta blight, botrytis grey mould, chocolate spot, rust, virus, root rot.  

Take home messages
	Fungal pathogens and viruses survive between crops on infected stubble, seed and or directly in 

the soil. General crop management to minimise disease risk includes:

☐	 Crop	rotations	of	three	years	between	the	same	crop	type.

☐	 Avoid	planting	in	paddocks	next	to	stubble	of	the	same	crop	type.	

☐	 Volunteer	plants	which	may	be	infected	should	be	removed	before	the	new	crop	is	planted.

☐	 Fungicide	seed	dressings	are	an	important	strategy	to	minimise	transfer	of	disease	from	seed	
to seedling.

☐	 Test	seed	for	virus	infection	and	replace	infected	seed.

☐	 Use	foliar	fungicides	where	appropriate	and	economic	to	do	so.

Jenny Davidson¹ and Sarah Noack². 

¹SARDI, Plant Research Centre, Urrbrae; ²Hart Field Site  Group, Hart.
ΦExtra technical comment by Protech Consulting Pty Ltd

GRDC project code: DAS00139
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if disease is present, spray (e.g. chlorothalonil, 
mancozeb) at poddingΦ ahead of a major front to 
protect seed quality as well as yield. Most current 
lentil cultivars have some level of resistance to AB, 
which will prevent major yield loss, but seed quality 
can still be a problem. AviatorXPro® is an additional 
fungicide that can be used at this time, but cannot 
be applied after early flowering.

ΦTiming of application is not specified on the  
chlorothalonil label. 

Viruses 

Viruses (for example; Cucumber Mosaic 
Virus (CMV), Alfalfa Mosaic Virus (AMV)) can be 
transmitted in seed and from plant to plant by 
aphids. Test seed lots for virus infection and replace 
seed if >0.5% infection. Sow into standing stubble to 
minimise aphid landings. Maintain good crop health 
to maximise canopies, since aphids are attracted to 
bare earth, hence they will land in the poorer parts 
of the crop.

Chickpea
Ascochyta blight 

Ascochyta blight can cause severe crop losses 
in chickpeas even in drier environments. A thiram 
based seed dressing is essential and growers 
should plan for multiple (3-4) foliar fungicide 
applications (chlorothalonil, mancozeb, Aviator 
XPro®) sprayed ahead of rain fronts in all cultivars. 

Viruses 

Viruses (for example; CMV, AMV) can be 
transmitted in seed, and from plant to plant by 
aphids. Chickpeas can suffer significant yield loss 
from virus infection. Test seed lots for virus and 
replace seed if >0.5% infection. Sow into standing 
stubble to minimise aphid landings. Monitor 
neighbouring broadleaf paddocks for aphids and 
if present, spray aphicides before spring flights to 
control non-seedborne viruses (e.g. Turnip Yellows 
Virus synonym: Beet Western Yellows Virus). 
Maintain good crop health to maximise canopies, 
since aphids are attracted to bare earth, hence they 
will land in the poorer parts of the crop.

Root lesion nematode 

Root lesion nematode can infect chickpea roots. 
Conduct Predicta®B soil test before sowing to 
assess risk of infection and potential yield loss. If risk 
is high change to a non-susceptible crop.

Lupin
Viruses 

Viruses (e.g. CMV) can be transmitted in seed 
and by aphids. Test seed lots for virus infection 
and replace seed if >0.5% infection. Some viruses, 
for example; Black pod syndrome caused by Bean 
Yellow Mosaic Virus, are not seed borne in narrow 
leaf lupins but are spread solely by aphids. Sow 
into standing stubble to minimise aphid landings. 
Maintain good crop health to maximise canopies, 
since aphids are attracted to bare earth, hence they 
will land in the poorer parts of the crop.

Brown leaf spot/Pleiochaeta root rot and 
Rhizoctonia root rot 

Brown leaf spot/Pleiochaeta root rot and 
Rhizoctonia root rot are minimised by seed 
dressings (iprodione eg. Rovral®Φ). Cereal stubbles 
on the soil surface act as a barrier to brown leaf spot 
spores splashing from the soil onto seedling plants.

ΦOnly registered for suppression of Rhizoctonia and only in 
WA. Note the legal situation in SA is that fungicides registered 
on a crop for a particular disease can also be used to control 
other disease as long as label rates and other guidelines are 
adhered to. 

Black root rot 

Black root rot can occur in clay amended sands in 
wet seasons if clay is not adequately incorporated. 

Anthracnose

There have been no reports of anthracnose in 
SA for over 10 years. Any suspect infection can be 
reported to SARDI. Cultivars have been developed 
with resistance to this disease and foliar fungicides 
will reduce the spread of infection.

Vetch
Chocolate spot (synonym Botrytis Grey Mould)

Chocolate spot can severely infect vetch crops 
in wetter seasons. Early sowing and the early 
canopy closure of this crop type makes it particularly 
vulnerable to higher disease severity, especially 
in wetter seasons. Carbendazim and mancozeb 
fungicides are registered on vetch but the 
requirement for multiple sprays may be  
un-economic. Grazing will open the canopy  
allowing it to dry out and reduce disease spread.
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Ascochyta blight 

Aschochyta blight can affect crop growth and 
yield especially in wet seasons since AB is a 
rain splashed disease. Monitor for AB and spray 
(mancozeb) ahead of a major rain front if disease is 
increasing. In low rainfall regions, the likelihood of 
ongoing rainy conditions to promote the disease 
should be considered to ensure foliar fungicides  
are economic. 

Rust 

Rust can impact on crop growth and yield of 
vetch. In addition, rust affected hay or silage can 
induce abortions in pregnant stock. A number of 
rust resistant varieties are available and should be 
preferred in areas with a history of rust on vetch. 
Fungicides (mancozeb or copperΦ) should be  
used if rust susceptible varieties are to be used for 
stock feed.

ΦCopper products are registered for control of rust but not in 
vetch. Note the legal situation in SA is that fungicides registered 
on a crop for a particular disease can also be used to control 
other disease as long as label rates and other guidelines are 
adhered to.

Figure 1b. Effect of two sprays of foliar fungicide on yield (t/ha) of MonarchA chickpeas infected with 
ascochyta blight Hart 2017 (NB. Chloro(FN) = fortnightly sprays of chlorothalonil).

Figure 1a. Effect of two sprays of foliar fungicide on ascochyta blight severity (% plot diseased) in MonarchA 
chickpeas Hart 2017 (NB. Chloro(FN) = fortnightly sprays of chlorothalonil).
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Figure 2a. Effect of two sprays of foliar fungicides on disease severity (% plot diseased) of FlashA lentils 
infected with ascochyta blight Hart 2017 (NB. Chloro(FN) = fortnightly sprays of chlorothalonil).

Figure 2b. Effect of two sprays of foliar fungicides on yield (t/ha) and seed staining (0-3) of FlashA lentils 
infected with ascochyta blight Hart 2017 (NB. Chloro(FN) = fortnightly sprays of chlorothalonil).
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Fungicides
A number of fungicides are registered for pulse 

crops and when disease pressure is high, additional 
products may be used under permit. Check the 
APVMA website (https://apvma.gov.au/) for up to 
date product and permit information. Efficacy of 
registered foliar fungicides and products with short 
term permits have been tested in field trials at Hart 
in 2017 for control of ascochyta blight on chickpeas 
and lentilsΦ (Figures 1a, 1b, 2a and 2b). All tested 
products were able to reduce disease severity to 
some degree, but the less effective products may 
struggle under high disease pressure. Yield of 
chickpeas was directly correlated with the disease 
severity in this trial, but the low amount of disease in 
the lentils resulted in no yield loss nor any significant 
differences in seed staining. Nevertheless, 
differences in efficacy were also noted on the lentils, 
comparable to the chickpea results.

ΦThe only actives/products listed within Figures 1a, 1b, 2a 
and 2b that are registered for ascochyta blight on chickpeas/
lentils are Aviator Xpro, Chlorothalonil and Mancozeb. The 
only active/product listed within Figures 1a, 1b, 2a and 2b 
that currently (July 2018) has a permit is: Captan (PER81406). 
Amistar Xtra (Azoxystrobin and cyproconazole) does not have a 
permit but Custodia is similar (Azoxystrobin and tebuconazole) 
(PER81533). In commercial situations please adhere to label/
permit specifications.

 Useful resources- seasonal disease reports
Subscribe to CropWatch enewsletter http://

pir.sa.gov.au/research/services/reports_and_
newsletters/crop_watch

ExtensionAus website: https://communities.grdc.
com.au/field-crop-diseases/

Diagnostic plant samples can be sent by  
Express Post to Jenny Davidson SARDI,  
Locked Bag 100, Glen Osmond, 5064. Send at the 
beginning of the week, so the parcel does not get 
held up in the post. Send an email to warn that the 
plants are coming.
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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. 



 2018 KAROONDA GRDC GRAINS RESEARCH UPDATE

44

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

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

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

WE LOVE TO GET 
YOUR FEEDBACK
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2018 Karoonda 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.  Improving productivity on sandy soils: Chris McDonough

Content relevance  /10 Presentation quality  /10      

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

5. Snails and Russian wheat aphids – latest research findings: Greg Baker

Content relevance  /10 Presentation quality  /10      

Have you got any comments on the content or quality of the presentation?
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6.  Stay ahead of pulse crop diseases: Jenny Davidson

Content relevance  /10 Presentation quality  /10      

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

7.  Weed warriors – latest research on problem weeds and herbicide effectiveness: 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
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