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GRDC Welcome

Welcome to the 2019 GRDC Grains 
Research Updates 
Growers, advisers and industry stakeholders are constantly faced with challenges to farm profitability and 
productivity, which makes staying informed about the latest research and development outcomes a critical 
part of being in business.

Keeping growers and advisers informed is the key role of the annual Grains Research and Development 
Corporation (GRDC) Grains Research Updates, which are premiere events on the northern grains industry 
calendar and bring together some of Australia’s leading grain research scientists and expert consultants.

For more than 25 years the GRDC has been driving grains research capability and capacity with the 
understanding that the continued viability of the industry hinges on rigorous, innovative research that 
delivers genuine profit gains. GRDC’s purpose is to invest in research, development, and extension (RD&E) 
to create enduring profitability for Australian grain growers. 

Despite the tough seasonal conditions currently being experienced across much of the Queensland and 
New South Wales grainbelts, the industry remains confident about the future and committed to learning 
more about innovation and technology and embracing practice change that has the potential to make a 
tangible difference to on-farm profits.

In response, this year’s GRDC Grains Research Updates offer regionally relevant, credible and new science-
based information covering priority issues like climate and environmental variability, new technology and 
market conditions to ensure growers and their advisers have up-to-date knowledge to make informed 
decisions on-farm.

So, I hope you enjoy the 2019 Updates and that the events provide an invaluable opportunity for learning, 
knowledge sharing and networking.

Luke Gaynor,
GRDC Senior Manager Extension and Communication  
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Green on green camera spraying - a game changer on our doorstep? 
Guillaume Jourdain, Bilberry 

Key words 

green on green, camera spraying, spot spraying, technology 

Take home messages 

• Green on green camera technologies are now used on farms. This will lead to important financial 
benefits for growers but will also have impacts on farm management 

• Growers need to understand the benefits but also the limitations of these new technologies. 
This is only way it will bring real benefits.  

Overview of vision systems for spraying and identifying weeds 

In this paper, we will only focus on systems embedded on sprayers or spraying equipment, and thus 
we will not talk about drones. Drones are a very interesting technology, however there are current 
limitations on their convenience of use such as regulation, the need for a pilot, necessity of good 
weather conditions (no wind or rain), and ground resolution is often not as high as with embedded 
sensors.  

Systems on the market and their limitations 

Two optical camera systems to spray weeds have been on the market for several years, WEEDit and 
WeedSeeker. These systems are now commonly used in Australia for green on brown applications. 
Previous analysis of these can be found in a GRDC Update paper: 

https://grdc.com.au/__data/assets/pdf_file/0015/117231/pa-in-practice-ii-incrop.pdf.pdf 

and here is a link to a factsheet from the Australian Society of Precision Agriculture, SPAA:  

https://spaa.com.au/pdf/456_9056_SPAA_fact_sheet_(Weed_Sensing)_A4.pdf 

Summary of key facts for these sensors 

• Active sensors – chlorophyll sensing 
• High number of sensors (one per meter for WEEDit and one per nozzle for WeedSeeker) 
• Significant reduction in chemical usage 
• High cost ($4000 / meter) 
• Day and night usage 
• Limited speed (15 km/h for WeedSeeker and 20 km/h for WEEDit) 
• Boom stability is important, so wheels are usually added on the booms 
• Calibration is needed on the WeedSeeker, while the WEEDit has an autocalibration mode 
• Both technologies cannot work on green on green applications. 

Systems under development 

Many companies, both start-ups, large corporations and universities are now developing systems 
with green on green capability. The technology used is similar: artificial intelligence with cameras 
(sometimes RGB/colour cameras, sometimes hyperspectral cameras).  

Examples of companies working on green on green technologies: 

https://grdc.com.au/__data/assets/pdf_file/0015/117231/pa-in-practice-ii-incrop.pdf.pdf
https://spaa.com.au/pdf/456_9056_SPAA_fact_sheet_(Weed_Sensing)_A4.pdf
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• Bilberry, a French AI based start-up that specialises in cameras for recognising weeds (more 

below) 
• Blue River Technology, acquired by John Deere in September 2017 for more than $300M, 

developing a See and Spray technology - a spraying tool with smart cameras, trailed by a 
tractor, that can spray weeds very accurately at about 10 km/h 

• Ecorobotix, a Swiss based start-up developing an autonomous solar robot that kills weeds. 
They are also developing the camera technology 

• AgroIntelli, a Danish company developing an autonomous robot to replace tractors, that will 
also include spraying capacity. They are also developing the camera technology 

• Bosch, the German company, that is more and more involved in agriculture has launched a 
project call Bonirob a couple of years ago, a robot that includes smart cameras to kill weeds 
in a more efficient way 

Figure 1. From top left to bottom right: Agrointelli robot, Blue River Technology tool, Bosch robot 
and Ecorobotix robot. 

Artificial intelligence to detect weeds 

Past research 

Recognising weeds within crops is a topic that has been interesting companies and researchers for a 
very long time. First patents on this topic are from the 1990s. The main approach was to 
differentiate weeds from crops thanks to their colour and shape. Through mathematical formulas, a 
range of colours and a range of shapes for each weed (we can call these algorithms conventional 
algorithms) would be created.  

To give a very simplistic example, one could define, through experimentation, that radish colour 
would be within a specific green range, as shown on the graph below.  
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Figure 2. Simplistic example of conventional algorithms mechanism 

This way of working gave good results in the lab, because they have excellent conditions, that can be 
replicated easily: the light is constant and homogeneous, there is no wind, all crops and weeds are 
from the same variety and are not stressed etc. Since all these conditions are very controlled, it is 
often true that you can differentiate two types of weeds / crops thanks to colour and shape.  

However, paddock conditions are completely different. Indeed, the sun can be high or low, in your 
back or in your eyes, there can be clouds, there can be shadows from the tractor/sprayer cabin or 
from the spraying boom, crops can be wet in the morning (which would create sun reflection), soils 
always have different colours …  

It became clear that conventional algorithms could not work in field conditions.  

Artificial intelligence as a game changer 

Artificial intelligence and especially deep learning is another way of working on images to recognise 
different objects. It is now the most widely used technology for computer vision when it comes to 
complex images (recognising weeds within crops, or on bare soil, is definitely a complex image). 
Complex images could be defined as images that show high variability between the same category of 
object (an object being a cat, a dog, a human, or a weed).  

Deep learning is part of the family of machine learning and is inspired by the way the human brain 
works (deep learning often uses deep neural networks architecture). The learning part can be either 
supervised or unsupervised. We will discuss supervised learning and how to apply it to weed 
recognition more in depth below. 

Below is an example of different kind of deep learning architectures applied to computer vision.  

 
Figure 3. Different deep learning architectures 

Green Range for Radish 
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Deep learning is now possible on embedded systems 

Research on deep learning also started in the 90s, however it only became widely used in the 2010s. 
There are 3 key components needed to develop deep learning applications, and these 3 key 
components have only been available for very few years. These are: 

1. Plenty of data 
2. High computing power 
3. Powerful algorithms 

Data generation has grown at an incredible speed since the early 2000s and the fast development of 
internet. We now have access to data about almost everything, in very large quantity.  

Computing power is needed twice for deep learning: firstly during algorithm training and secondly 
during the “inference”, which is the moment the algorithm is being used. Deep learning is run on 
GPUs (Graphics Processing Unit), and these GPUs became really powerful with the development of 
autonomous vehicles. 

Since more powerful processing units were available, more powerful algorithms were also 
developed by engineers.  

The 3 conditions above are now met and so deep learning is therefore applicable to many situations 
and is especially relevant for farming.  

Supervised process for deep learning 

Here is the classical process to develop a deep learning algorithm with the supervised method: 

• Define algorithm usage and objectives 
o Example with weed recognition (WR): Recognize flowering radish in wheat with > 

90% accuracy 
• Gather data 

o WR: Take pictures in the fields of flowering wild radish in wheat 
• Sort and label data 

o WR: On each picture, indicate what is wheat, what is wild radish etc. 
o WR: Also separate all images into 2 sets, training set and testing set. Training set is 

only used for training, and testing set is only used for testing (images cannot be on 
both sets) 

• Train algorithm 
o WR: Show the training set (thousands of times) to the algorithm so that it can learn 

patterns 
• Test algorithm 

o WR: Show the test set (one time) to the algorithm to compare the results of the 
algorithm with the reality 

o WR: Once happy with the results of the algorithms, go into the paddock to test 
(paddock testing is the most crucial part of the process) 
 Note: It NEVER works first time …  

• Repeat until you reach your objectives 
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Two of the most important steps are data gathering and paddock testing (these 2 steps happen in 
the field). What is especially complex and important about data gathering is to be able to capture 
the diversity of situations. Below is an example of different situations, where the aim is to spray any 
live weed on bare soil. 

Figure 4. Different situations for summer spraying in Australia (sandy soils, high stubble, no stubble) 

Research and results at Bilberry 

Bilberry presentation 

Bilberry was founded in January 2016 by three French engineers, with the idea to use artificial 
intelligence to help solve problems in agriculture. The main product of Bilberry is now embedded 
cameras on sprayers. They scan the paddocks to recognise the weeds and then control the spraying 
in real time to spray only on weeds and not the whole paddock. Bilberry also develops cameras that 
recognize weeds on rail tracks. The technology is similar, with just a higher speed (60 km/h) and day 
and night applications.   

The biggest focus to develop this product is now Australia, with several sprayers already equipped 
with Bilberry cameras. One of the reasons of this focus is the huge interest among Australian 
growers and agronomists towards green on green spot spraying.  
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Figure 5. Bilberry cameras on an Agrifac 48 metre self‐propelled sprayer 

Results achieved until now 

Three algorithms are now validated and usable directly by growers in the field (two are more 
focused on Australian growers): 

 Weeds on bare soil detection (using AI, but same application as WEEDit or WeedSeeker) 
 Rumex (dock weed) in grasslands 
 Wild radish in wheat (especially when they are flowering) (link to a video for wild radish 

spraying, watch in HQ to see the sprays better: 
https://drive.google.com/file/d/1vUfCC7hN77VI2Jp2S6XDEFr8CJ_pU7LL/view 

It is important to note that large chemical savings are made with the cameras, however it is also a 
very interesting tool to fight resistant weeds, potentially enabling the use of products that cannot be 
currently used in crop due to either cost or crop impact.  
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Below are some pictures taken by our cameras and what is seen by the algorithm.  

Figure 6. Weed detection on bare soil (3 first pictures) and wild radish detection in wheat (3 last 
pictures) - Images taken from Bilberry cameras - results in real time 

Main usage conditions of the Bilberry camera 

The cameras are used at up to 25 km/h speed and can be used on wide booms (widest boom used is 
49 metres, but could be more if needed). This means there is a very high capacity with the sprayer 
equipped with cameras. 

Theoretical camera capacity = 25 km/h * 48 meters = 120 ha/hour 
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In real spraying conditions, capacity is of course lower, since the speed is not always 25 km/h and 
the sprayers need to be refilled.  

Summer spraying in Australia (New South Wales example) 

One Agrifac 48 metre boom is equipped with cameras in a farm in New South Wales. Before the 
cameras were used by the grower and his team, a comparative test was made with current camera 
sprayer technology. It was then decided to use Bilberry cameras as much as possible on the farm. 

 
Figure 7. Test field after spraying with dye 

Thus, the cameras have been used since the beginning of the 2018-2019 summer spraying season, 
directly by the grower and his team. Over a 3 weeks period, here are the most important figures: 

Table 1. Figures from the 2018-2019 summer spraying season 

Total area sprayed Ha / day Ha / hour Chemical savings 

6199 ha 413 ha 75 ha 93.5% 

The carrier volume used was generally set at 150 litres / ha. 

It is very important to note that the chemical savings are directly linked to the extent of weed 
infestation in the paddocks. A paddock with high weed infestation will get little savings whereas a 
paddock with low weed infestation will get high savings.  

Spraying dock weeds in grasslands (Netherlands) 

In the Netherlands, a 36 meters Agrifac boom is equipped with Bilberry cameras and uses an 
algorithm to spray dock weeds on grasslands. The same testing process as described earlier was 
used to ensure the algorithm was working properly.  

Once the grower validated that the algorithm was working, it was used during the whole spraying 
season. About 500 ha were sprayed during the season, and the average chemical savings were above 
90 %. The cost of the chemical is about 50€/ha for this specific application, which means 45€ 
chemical savings / ha with the cameras. 

Here is a link to see the machine spraying dock weed (to see the sprays happening, play the video in 
high quality): https://drive.google.com/file/d/1EF1qqIRjzj0pVCYf67cSBlHvh47xDHKz/view 

https://drive.google.com/file/d/1EF1qqIRjzj0pVCYf67cSBlHvh47xDHKz/view
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Future machine capabilities 

Obviously, the biggest focus is to develop new weeding applications (which means new algorithms) 
to be able to use the cameras more often.  

Other important development focuses we have right now include: 

• Working at night (already working on rail tracks, but not on sprayers) 
• Working at 30 km/h 
• Delivering a weed map after a spray run (already working on rail tracks, but not on sprayers), 

to compare with the application map 
• New weed applications 

In the future, we believe that every time the sprayer goes in the field, the cameras should be able to 
bring value to the grower. Sometimes it would mean direct application (for instance for weed 
spraying) and other times it would mean building maps (maps to give growth stage throughout the 
paddock or disease status or anything that could help growers and agronomists do their job). 

We will also look into algorithms for modulating nitrogen and fungicide applications.  

In a completely opposite direction, spraying with cameras will generate a lot of data. The data will be 
very precise (because the data is saved with the GPS coordinates) and will give agronomists and 
farmers new tools to improve their overall farm management strategy.  

Concrete implications for growers 

Cameras that detect green on green bring multiple new possibilities for growers. The most 
important and immediate consequences are new possibilities to fight resistant weeds and 
impressive chemical savings and reduced herbicide environmental load.  The potential to reduce the 
area of crop sprayed with in-crop selective herbicides, may also assist by reducing stress on stress 
interactions that are sometimes associated with in-crop herbicide use.   

It is also very important to note that, as for any new technologies, it will only work well if growers 
get to know the technology, how it works, its limitations and possibilities. The first and most 
important thing for growers will be to be very attentive to the results of each spraying: first, are all 
weeds killed, and second, how much did I save? The cameras might work perfectly on 90% of their 
paddocks, and for some reason not perform as well on 10%. This can definitely be corrected within 
the algorithms (see above how to train an algorithm), but to correct an algorithm the designer of the 
cameras must be made aware there is an issue.  
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Cover crops can boost soil water storage and crop yields 

Andrew Erbacher1, David Lawrence1, David Freebairn, Neil Huth2, Brook Anderson2 and Graham 
Harris1 

1DAF Qld 
2CSIRO 

Key words 

cover crops, millet, ground cover, soil water storage, fallow management, stubble, evaporation, 
infiltration, plant available water 

GRDC code 

DAQ00211 

Take home messages 

• Cover crops can increase fallow water storage, and improve crop performance and returns in 
northern farming systems 

• In each experiment, a cover crop treatment provided the highest plant available soil water by 
the end of the fallow 

• The best cover crop treatment depended on the length of the fallow. A later spray-out, with 
more resilient cover, was best in the longer fallow. However, delaying spray-out too long had a 
dramatic effect on water storage 

• Cover crop saved 2-3 fallow herbicide sprays and dramatically improved establishment at one of 
the sites 

• Yields and returns were increased by the best cover crop treatment at each trial, but yield 
effects appear to be in excess of those expected from the increased soil water storage 

Cover crops in the northern region 

Growers typically use cover crops to protect the soil from erosion in low stubble situations, return 
biomass that helps maintain soil organic matter and biological activity, and to provide additional 
nitrogen when legumes are used. However, cover crops also offer an opportunity to increase 
infiltration and fallow moisture storage for better and more profitable grain and cotton crops across 
the northern region of New South Wales (NSW) and Queensland.  

Advances in agronomy and commercial agronomist support have seen growers better use their 
available soil water and improve individual crop performance. However, more effective capture and 
storage of rainfall across the whole farming system remain as major challenges for northern grain 
and cotton growers where only 20-40% of rainfall is typically transpired by dryland crops, up to 60% 
of rainfall is lost to evaporation, and a further 5-20% lost in runoff and deep drainage. Every 10 mm 
of extra stored soil water available to crops could increase dryland grain yields for growers by up to 
150 kg/ha, with corresponding benefits to dryland cotton growers as well.  

GRDC funded farming systems projects (DAQ00192/CSA00050) are assessing ways to improve this 
system water use, and to achieve 80% of the water and nitrogen limited yield potential in our 
cropping systems. GRDC’s Eastern Farming Systems project and Northern Growers Alliance (NGA) 
trials both suggest that cover crops and increased stubble loads can reduce evaporation, increase 
infiltration and provide net gains in plant available water over traditional fallow periods. 
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Consequently, cover crops may be a key part of improved farming systems; providing increased 
productivity, enhanced profitability and better sustainability. 

Scientific rationale 

Stubble and evaporation 

Retained stubble provides ground cover, protects the soil from rainfall impacts and so improves 
infiltration to store more water in the soil. Conventional wisdom is that increased stubble loads can 
slow down the initial rate of evaporation, but that these gains are short-lived and lost from 
accumulated evaporation after several weeks. However, further rain within this period and the 
manipulation of stubble to concentrate stubble loads in specific areas, provide an opportunity to 
reduce total evaporation and to accumulate more plant available water.  

Dryland grain systems  

Cover crops are used in southern Queensland and northern NSW to overcome a lack of stubble and 
protect the soil following low residue crops (e.g. chickpea, cotton) or following skip-row sorghum 
with uneven stubble and exposed soil in the ‘skips’.  

Growers typically plant white French millet and sorghum and spray them out within ~60 days to 
allow recharge in what are normally long fallows across the summer to the next winter crop. 
Allowing these ‘cover crops’ to grow through to maturity led to significant soil water deficits and 
yield losses in the subsequent winter crops. However, the Eastern Farming Systems project showed 
only small deficits (and even water gains) accrued to the subsequent crops when millets were 
sprayed out after 6 weeks, with average grain yield increases of 0.36 t/ha. Furthermore, the 
Northern Growers Alliance showed that the addition of extra stubble (from 5-40 t/ha) after winter 
crop harvest appeared to reduce evaporation, with initial studies showing between 19 mm and 87 
mm increases in plant available water. These gains will be valuable if validated in further research 
and captured in commercial practice.  

Our current project is monitoring sites intensively to quantify the impact of different stubble loads 
on the accumulation of rainfall, the amount of water required to grow cover crops with sufficient 
stubble loads, the net water gains/losses for the following crops and the impacts on their growth 
and yield. This paper reports on the first two sites in southern Queensland, which will be used in 
simulation/modelling later in the project to assess the wider potential and economic impacts of 
cover crops in both grain and cotton production systems. 

Experiment 1 – Yelarbon (pivot-irrigated cotton, short fallowed to pivot irrigated cotton) 

The Yelarbon experiment was on a pivot-irrigated paddock that grew cotton in 2016/17. The crop 
was picked and root cut in May, before offset discs were used on 12 June 2017 to pupae-bust and to 
level wheel tracks of the pivot irrigator. Nine cover treatments (Table 1) with five replicates were 
planted on the same day using barley (100 plants/m2), barley and vetch mixtures (30 plants/m2 each) 
and tillage radish (30 plants/m2). Rain that night aided establishment, and the surrounding paddock 
was planted to wheat for stubble cover two weeks later.  

Three planned termination times matched key growth stages of the main cereal treatments: Early-
termination at first node (Z31) when the crop begins stem development; Mid-termination at flag leaf 
emergence (Z41) when the reproductive phase begins; and Late-termination at anthesis (Z65) for 
peak biomass production. Biomass of the cover crop treatments at their relevant termination times 
ranged from 1166 kg dry matter (DM)/ha (early) to 8175 kg DM/ha when the crop was grown 
through to grain harvest (Table 1).  

The subsequent cotton crop was planted on 15 November 2017 and irrigated in line with the 
surrounding crop that was taken through to harvest. We consequently included a ‘grain harvest’ 
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treatment in line with the farmer’s practice, which was used to determine the farmer’s irrigation 
schedule for the wider paddock and our experimental plots. Above ground biomass was also 
monitored across the growth of the cover crops until termination and through the subsequent 
fallow. Establishment counts were taken on each plot and hand cuts used to estimate cotton yields. 

Table 1. Cover treatments applied at the Yelarbon site prior to planting cotton 

Treatment Cover crop Termination time Biomass  (kg/ha) 
1. Control (Bare)   

2. Cereal Early-sprayout 1166 

3. Cereal Mid-sprayout 4200 

4. Cereal Late-sprayout 5104 

5. Cereal Mid-sprayout + Roll 4200 

6. Cereal Grain harvest 8175 

7. Cereal + legume Mid-sprayout 4928 

8. Cereal + legume Late-sprayout 4149 

9. Tillage radish Mid-sprayout 4692 

Soil water  

Soil water was estimated using soil cores to measure gravimetric soil water at key times across the 
fallow and the subsequent cotton, along with regular neutron moisture meters (NMM) and EM38 
readings in each plot. These NMM and EM38 readings and the percentage ground cover were 
recorded every two-to-four weeks while the cover crops were growing, and every four weeks once 
all cover crops were terminated, and until canopy closure of the following cotton was achieved. Final 
EM38 and NMM readings were recorded at cotton defoliation. 

The water cost of growing the barley cover crops, relative to the control treatment in the early 
stages of the fallow was  ~40 mm for the early-termination, ~70 mm for the mid-termination and 
~120 mm for the late-termination (Figure 1). However, by the end of the fallow, and a subsequent 
170 mm of rainfall/irrigation in 8 events from mid-termination to cotton plant, the mid-termination 
treatment caught up to the control, and the early-termination had accumulated an additional 14 mm 
of water. Not surprisingly, this early-termination proved to be the best cover crop treatment on the 
short fallow. The crop that continued to harvest was ~145 mm behind by the end of the fallow. This 
treatment mirrored the wider paddock and so set the following pivot irrigation schedule.  

Crop performance 

The irrigation schedule matched to the harvested crop provided more than adequate water across 
the cover crop treatments; yields for all cover crop treatments were similar. However, the Control 
with limited ground cover was the poorest performer with ~3 bales/ha lower yield, lower infiltration 
in early growth stages and less extraction of water late in the crop.  

The nominal costs to plant the cover crops ($50/ha) and to spray them out ($20/ha) were almost 
matched by the savings from three less fallow weed sprays ($60); so the measured cotton yield 
responses were very profitable. For grain growers, the extra 14 mm stored moisture from this early-
termination cover crop would typically produce ~200 kg grain in wheat at a water use efficiency of 
15 kg grain/mm water, which is worth ~$50/ha (at $270/t) and would produce an overall return of 
$40/ha. Any further possible benefits from cover crops, which appear to have occurred in the cotton 
crop, have not been included.



 

 

 

 
Figure 1. Changes in soil water (mm to 90 cm) from planting of key cover crop treatments until defoliation of the subsequent cotton crop at Yelarbon 
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Table 2. Net change in water storage over the life of the fallow (relative to the Control) and final 
cotton yield for each cover crop treatment at Yelarbon. 

Treatment Cover crop Terminate Water gain 
(cf control) 

Cotton yield 
(Bales/ha) 

1. Control (Bare) 
Starting water ~100mm PAW 

56 mm 
(fallow gain) 9.3 

2. Cereal Early +14 mm 12.9 
3. Cereal Mid -1 mm 12.7 

4. Cereal Late -14 mm 11.9 

5. Cereal Mid + Roll -2 mm 12.6 

6. Cereal Harvest -111 mm 14.1 

7. Cereal + Legume Mid -16 mm 11.9 

8. Cereal + Legume Late -7 mm 13.9 
9. Tillage Radish Mid -40 mm 14.4 

Experiment 2 – Bungunya (Skip-row sorghum, long- fallowed to dryland wheat) 

The Bungunya experiment was in a long-fallow paddock following skip-row sorghum that was 
harvested in early February 2017. The paddock had deep phosphorus applied in August 2017 and 
was ‘Kelly-chained’ in September 2017 to level the paddock, which left it with little cover until the 
planned wheat crop. Cover crops were planted into ~120 mm of plant available soil water on 11 
October. The subsequent wheat was planted on 1 May 2018, with hand cuts for yield done on 12 
October and mechanical harvesting on 26 October. Soil water, cover crop and stubble biomass, 
ground cover, wheat establishment and yields were measured in the same way as the experiment at 
Yelarbon. 

Table 3. Cover treatments applied at the Bungunya site prior to planting wheat 

Treatment Cover crop Termination time Biomass (kg/ha) 
1. Control (Bare)   
2. Millet (White French) Early-sprayout 1533 

3. Millet (White French) Mid-sprayout 2327 

4. Millet (White French) Late-sprayout 4365 
5. Millet (White French) Mid-sprayout + Roll 2476 

6. Millet (White French) Late-sprayout + Roll 4737 

7. Sorghum Mid-sprayout 2481 

8. Lab Lab Mid-sprayout 1238 

9. Multi-species 
(millet, lab lab, radish) Mid-sprayout 1214 

Soil water 

The water cost of growing the millet cover crops, relative to the Control treatment in the early 
stages of the fallow was ~50mm for the early-termination, ~40 mm for the mid-termination and ~60 
mm for the late-termination (Figure 2). The lab lab mid-termination treatment also cost ~60 mm to 
grow, relative to the Control treatment.  These figures reflect rainfall and different rates of 
infiltration between soil water measurements: 
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• Plant to Mid-termination,  65 mm in 3 events (12/10/17 to 22/11/17) 
• Mid-termination to plant, 205 mm in 11 events (22/11/17 to 1/5/18) 
• Plant to maturity 41mm in 3 events (1/5/18 to 10/10/18) 
• Maturity to soil sample 72mm in 7 events (10/10/18 to 5/11/18) 

By early March, with a subsequent 175 mm of rain in ten falls after the mid-termination, these millet 
treatments had all recovered to have effectively the same soil water as the Control, except where 
the late-terminated millet was rolled; it had gained ~20 mm more water than the other treatments.  

When the subsequent wheat crop was planted, the mid-terminated millet had ~14 mm more soil 
water than the Control treatment, the late millet ~19 mm more, and the late millet that was also 
rolled had ~36mm more soil water (Table 4). Interestingly, water extraction by the wheat crop was 
greater from all of the millet cover crop plots than the Control, which had lower yields; perhaps due 
to, or resulting in less root development.  

Crop performance 

All cover crop treatments increased the yield of the final wheat crop (Table 4) and saved two fallow 
weed sprays (~$40/ha). However, the biggest yield increases were from the cereal cover crops, 
especially the late-terminated millet and the sorghum.  

The water differences at planting (end of the fallow) may explain some of the yield difference. 
However, the establishment of the wheat crop was dramatically better where cover crops were 
used, more so where cereals were used but also for lab lab. The expected yield increases from the 
higher fallow water storage alone would typically be ~200 kg grain in wheat (WUE 15 kg grain/mm 
water) for the mid-terminated millet (worth ~$50/ha), ~280 kg grain for the late millet (worth 
$75/ha) and ~540 kg grain for the late +rolled millet (worth $150/ha). These gains would represent 
net returns of $20/ha, $45/ha and $120/ha respectively. However, the measured yield gains for 
these treatments were 950 kg/ha, 1461 kg/ha and 1129 kg/ha respectively, representing increase 
returns of between $250 and $380 /ha.



 

 

 

 
Figure 2. Changes in soil water (mm to 90 cm) from planting of the millet cover crop treatments sprayed out at different crop growth stages until harvest of 

the later wheat crop at Bungunya 
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Table 4. Net change in water storage over the life of the fallow (relative to the Control) and final 
wheat yield for each cover crop treatment at Bungunya. 

Treatment Cover crop Terminate Water gain 
(cf control) 

Wheat yield 
(kg/ha) 

1. Control (Bare) 
Starting water ~120mm PAW 

42mm 
(fallow gain) 1436f 

2. Millet (White French) Early +5 mm 2223 cd 

3. Millet (White French) Mid +14 mm 2386 bc 

4. Millet (White French) Late +19 mm 2897 a 

5. Millet (White French) Mid + Roll +17 mm 2359 bc 

6. Millet (White French) Late + Roll +36 mm 2565 b 

7. Sorghum Mid +17 mm 2634 ab 

8. Lab Lab Mid -4 mm 1795 e 

9. Multi-species 
(millet, lab lab, radish) Mid +21 mm 1954 de 

Conclusions 

The project results show that cover crops can indeed help increase net water storage across fallows 
that have limited ground cover. How often these soil water results will occur across different 
seasons will be explored across the rest of the project with further experiments and simulation 
modelling.  

However, more dramatic are the early yield results for the subsequent cotton and wheat crops at 
each site. These yield responses are very large and represent big improvements in returns; far 
beyond what could be expected from the increases in net soil water storage across the fallows. 
Wheat establishment was dramatically improved in the Bungunya experiment, and there was 
greater water extraction (especially at depth) in the Yelarbon experiment. How much of the 
responses can be attributed to these factors, how often such results might occur, and the 
contributions of other different factors to these gains remains to be explored.  

Acknowledgements 
The research undertaken in this project was made possible by the significant contributions of 
growers through both trial cooperation and the support of the GRDC, the CRDC, DAF Queensland, 
CSIRO and DPINSW. The authors would like to thank them all for their continued support.  Special 
thanks to Glen Smith at ‘Koarlo’, David Woods at ‘Coorangy’, and the DAF Biometry, Technical and 
Research Infrastructure staff that supported the heavy management and monitoring loads of these 
experiments. 

Contact details 

Andrew Erbacher  
DAF Queensland, Lagoon Street, Goondiwindi  
Ph: 0475 814 432 
Email: andrew.erbacher@daf.qld.gov.au  

David Lawrence 
DAF Queensland, Tor Street, Toowoomba 
Mb: 0429 001 759 
Email: david.lawrence@daf.qld.gov.au 

tel:+61475814432
mailto:andrew.erbacher@daf.qld.gov.au
mailto:david.lawrence@daf.qld.gov.au


 

 

Spring Plains GRDC Grains Research Update 2019 

21 
Common sowthistle – knockdown and double knock control in fallow 

Richard Daniel, Linda Bailey, Denielle Kilby, Branko Duric, Richard Black and Lawrie Price, 
Northern Grower Alliance 
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GRDC code 

NGA00004: GRDC grower solutions for northern NSW and southern Qld 

Take home messages 

• Current no effective alternatives to glyphosate for consistent one-pass knockdown control of 
common sowthistle 

• Control levels from all strategies improved on seedling to rosette weed stages compared to later 
growth stage application 

• A range of options provide effective control of seedling to rosette staged common sowthistle 
when followed with a paraquat 2nd knock application 

• The double knock program of glyphosate + 2,4-D followed by paraquat for flaxleaf fleabane also 
provides consistent management of common sowthistle 

• Double knocks of Basta® followed by paraquat have provided the most consistent common 
sowthistle control, but may only be appropriate in sensitive areas or in optical spray situations 
due to cost 

• Sharpen® as a 2nd knock option has provided similar levels of common sowthistle control to 
paraquat at 1.6-2.4 L/ha  

Background 

Management of common sowthistle (Sonchus oleraceus) has increased in difficulty over the last 10-
15 years across most of the grain growing areas of northern NSW and southern Qld. The reasons for 
this are varied but include: the weed appears to have adapted to emergence at any time of the year, 
the seed is easily wind dispersed with reinfestation of ‘clean paddocks’ a constant challenge, and 
glyphosate tolerance and resistance levels have continued to increase. 

It is clear that the industry can no longer rely on applications of glyphosate alone for common 
sowthistle control in fallow. The project activity undertaken during 2016 to 2018 has been to screen 
alternative herbicides for potential as standalone options on small weed stages but more likely as 1st 
knock applications in a double knock herbicide program.  A double knock approach is where two 
different weed management strategies are employed in a sequential fashion to achieve a high level 
of weed control.  

Approach 

Two distinct series of knockdown trials have been conducted: 

1. Evaluation of alternatives to glyphosate for use as 1st knock. The focus of this work was to 
identify whether existing fallow herbicide registrations may provide a viable alternative to 
glyphosate, either when applied alone or as part of a double knock strategy. In 2016 and 
2017, paraquat was applied as the 2nd knock treatment. In 2018, a mixture of paraquat 
(Gramoxone® 250) + saflufenacil (Sharpen®) was applied.  

2. Evaluation of alternatives for use as 2nd knock. The focus of this activity was to screen for 
alternatives to paraquat for use as a 2nd knock treatment in an attempt to improve the 
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consistency of double knock control but also to reduce the high level of resistance selection 
pressure on paraquat.  

Results to date 
1. Evaluation of alternatives to glyphosate for use as 1st knock 

Initial work evaluated a range of tank mixtures with glyphosate. However, unless marginal control 
was achieved from the glyphosate component (either a marginal rate under prevailing conditions or 
weeds exhibiting glyphosate resistance) the risk was that all treatments provided complete control 
as 1st knocks. Subsequent activity in 2016-2018 evaluated the majority of options in the absence of 
glyphosate. A total of 24 different 1st knock approaches have been evaluated. A range of chemistry 
has been evaluated with Group I chemistry such as Tordon™, Amicide® 625 and Starane™ Advanced 
providing useful activity. Table 1 shows the results from the most consistent 1st knock treatments. All 
listed treatments were evaluated together in six trials.  

Table 1. Summary of efficacy from 1st knock applications alone on seedling to rosette staged 
common sowthistle 2016-2017, assessed ~five weeks after application (range 20-64 days) 

1st knock treatment 

% Control  
(1st knock 

alone) 

Comparison to  
Glyphosate CT 1.0 L/ha 

(applied alone) 

Mean  
6 trials 

Range Significantly 
POORER 
control 

Significantly 
IMPROVED 

control 
Glyphosate CT 1 L/ha (450 g/L 

glyphosate) 86 73-99 NA NA 

Glyphosate CT 2 L/ha (450 g/L 
glyphosate) 96 92-100 - 2 trials 

*Tordon™ 75-D 1 L/ha (300 g/L 2,4-D 
+ 75 g/L picloram) 91 75-99 1 trial 2 trials 

*FallowBoss™ Tordon™ 1 L/ha (300 
g/L 2,4-D + 75 g/L picloram + 7.5g/L 

aminopyralid) 
94 91-100 1 trial 2 trials 

Starane™ Advanced 0.6 L/ha (333g/L 
fluroxypyr) 84 70-99 2 trials - 

Amicide® 625 1.8 L/ha (625 g/L 2,4-D 
amine) + Hasten 1% 94 82-100 1 trial 2 trials 

 

*Note: Tordon™ 75-D and FallowBoss are both registered for use in fallow at a rate of 1L, but sowthistle is not 
separately listed as a weed controlled under this use pattern.  Lower rates of both products are registered for 
use in wheat and sowthistle is listed as a weed controlled at these lower rates.  
  
Basta® (200g/L glufosinate) at the rate of 3.75 L/ha was only included at two of the six trial sites in 
Table 2. It achieved complete control at one site and 99.9% at the second. Basta 3.75 L/ha 
significantly increased control to Glyphosate CT 1 L/ha at one of the two sites. 
 
Mixtures of Group G herbicides (e.g. Sharpen – 700g/kg saflufenacil) with glyphosate were 
evaluated. They did not provide the consistency of control of treatments listed in Table 2, 
particularly when followed by paraquat.  
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A 2nd knock application of Gramoxone 250 (250g/L paraquat) was applied to all 1st knock treatments 
at a rate of 1.6 or 2.0 L/ha (depending on trial). Mean control from all treatments listed in Table 2 
when double knocked was 99-100%. There was no significant difference in control between any of 
the treatments, in any trial. 
 
Tables 2 and 3 show the results when targeting elongating staged common sowthistle. Table 2 shows 
the results from the 1st knock applications alone. Table 3 shows the same treatments when followed 
by a 2nd knock with Gramoxone at 1.6 or 2.4 L/ha (depending on trial). 
 

Table 2. Summary of efficacy from 1st knock applications on elongating staged common sowthistle 
2016-2017, assessed ~five weeks after 1st knock application (range 21-49 days) 

1st knock treatment 

% Control  
(1st knock 

alone) 

Comparison to  
Glyphosate CT 1.0 L/ha 

(applied alone) 

Mean 
6 trials 

Range Significantly 
POORER 
control 

Significantly 
IMPROVED 

control 
Glyphosate CT 1 L/ha (450 g.a.i./L 

glyphosate) 60 40-84 NA NA 

Glyphosate CT 2 L/ha (450 g.a.i./L 
glyphosate) 70 35-97 - 4 trials 

*Tordon 75-D 1 L/ha (300 g/L 2,4-D + 
75 g/L picloram) 78 9-98 - 4 trials 

*FallowBoss Tordon 1 L/ha (300 g/L 
2,4-D + 75 g/L picloram + 7.5g/L 

aminopyralid) 
77 18-100 - 5 trials 

Starane Advanced 0.6 L/ha (333g/L 
fluroxypyr) 49 6-90 1 trial 2 trials 

Amicide 625 1.8 L/ha (625 g/L 2,4-D 
amine) + Hasten 1% 80 35-100 - 4 trials 

Basta 3.75 L/ha (200g/L glufosinate) 90 71-97 - 4 trials 

 

*Note: Tordon™ 75-D and FallowBoss are both registered for use in fallow at a rate of 1L, but common 
sowthistle is not separately listed as a weed controlled under this use pattern.  Lower rates of both products 
are registered for use in wheat and common sowthistle is listed as a weed controlled at these lower rates.  
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Table 3. Summary of efficacy from double knock applications on elongating staged common 
sowthistle 2016-2017, assessed ~five weeks after 1st knock application (range 21-49 days) 

1st knock treatment 

% control  
double knock 

Comparison to  
Glyphosate CT 1.0 L/ha 

Double knocked with paraquat 

Mean 
6 trials 

Range Significantly 
POORER 
control 

Significantly 
IMPROVED 

control 
Glyphosate CT 1 L/ha (450 g.a.i./L 

glyphosate) 80 50-100 NA NA 

Glyphosate CT 2 L/ha (450 g.a.i./L 
glyphosate) 89 62-100 - 2 trials 

*Tordon 75-D 1 L/ha (300 g/L 2,4-D + 
75 g/L picloram) 97 82-100 - 3 trials 

*FallowBoss Tordon 1 L/ha (300 g/L 
2,4-D + 75 g/L picloram + 7.5g/L 

aminopyralid) 
96 77-100 - 3 trials 

Starane Advanced 0.6 L/ha (333g/L 
fluroxypyr) 86 56-100 - - 

Amicide 625 1.8 L/ha (625 g/L 2,4-D 
amine) + Hasten 1% 93 77-100 - 3 trials 

Basta 3.75 L/ha (200g/L glufosinate) 99 97-100 - 3 trials 

2nd knock applications of paraquat were applied at 7 to 19 days after the 1st knock  

*Note: Tordon™ 75-D and FallowBoss are both registered for use in fallow at a rate of 1L, but sowthistle is not 
separately listed as a weed controlled under this use pattern.  Lower rates of both crops are registered for use 
in wheat and sowthistle is listed as a weed controlled at these lower rates.  

 

Key points: Alternative 1st knocks 

Seedling to rosette 

• Variable control with glyphosate alone. Improved control with increased glyphosate rates 
• Group I (phenoxy) options generally provided good suppression but not consistent control 
• Group I product differences were clearly evident from 1st knock applications alone 
• Consistent and high levels of control (99-100%) achieved when either glyphosate or the 

Group I options listed in Table 2 were double knocked with paraquat 
• Basta is encouraging, either alone or double knocked, but cost prohibitive for broadacre 

application 

Elongating 

• No treatment provided acceptable control when applied alone 
• Overall most consistent suppression was achieved with Basta, however poorer control when 

applied alone than other options in two of six trials 
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• Basta double knocked with paraquat was the most consistent option and should be 

considered for optical spray uses 
• Group I options were encouraging, but only when double knocked  
• Starane Advanced at 0.6 L/ha provided the least suppression of the listed group I herbicides 

when applied alone or when double knocked with paraquat 

2. Evaluation of alternatives for use as 2nd knock 

Paraquat has been the key active ingredient used as the 2nd knock option and can provide effective 
management of a wide range of grass and broadleaf weeds. However, it is clear we require other 
options to use in this management window to: 

1. Avoid the more rapid selection of paraquat resistance and 
2. Provide options that may improve weed control in situations where paraquat efficacy is not 

adequate. 

Table 4. Summary of efficacy from 2nd knock applications on common sowthistle 2017-2018, 
assessed ~five weeks after 2nd knock application 

2nd knock treatment 
% Control  Comparison to Gramoxone 1.6L/ha 

Mean 8 
trials 

Range Significantly 
POORER control 

Significantly 
IMPROVED control 

Untreated 
(1st knock only) 87 60-100 4 trials - 

*Gramoxone 250 0.8 L/ha 
(250g/L paraquat) 94 76-100 3 trials 1 trial 

Gramoxone 250 1.6 L/ha 
(250g/L paraquat) 98 94-100 NA NA 

Gramoxone 250 2 L/ha 
(250g/L paraquat) 99 96-100 - - 

Gramoxone 250 2.4 L/ha 
(250g/L paraquat) 99 98-100 - - 

Sharpen 17 g/ha + (700g/kg 
Saflufenacil) Hasten 1% 100 98-100 - 1 trial 

Sharpen 26 g/ha  (700g/kg 
Saflufenacil) + Hasten 1% 99 97-100 - 1 trial 

NB All treatments received the same 1st Knock application in each trial. The most common treatment was a mixture of 
glyphosate with 2,4-D amine, with the rates varying with the weed stage, environmental conditions and grower/adviser 
recommendations.  

2nd knocks were targeted for application at ~7-14 days after the 1st knock. Mean interval was 11 days with a range of 7 to 
19 days.  

2 trials not included: 2016 trial excluded as Sharpen only evaluated at 34 g/ha. Final data not yet available from trial 
initiated 18/12/2018 

*Label rates for Gramoxone are 1.2-2.4L/ha.  800 mL was included in trials as a ‘failure rate’. 

Key points: Alternative 2nd Knocks  

• Evaluation in 2016 showed improved efficacy from Sharpen as a 2nd knock treatment 
compared to other group G options or Basta 
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• Sharpen performance has been more consistent when used in a 2nd knock application, with 
no regrowth evident in any of these trials 

• Dose response to Gramoxone 250 was relatively flat from 1.6 – 2.4 L/ha but apparent in 
situations of marginal control  

• Negligible dose response to Sharpen with similar performance to Gramoxone 250 at 1.6 – 
2.4 L/ha 

 

Conclusions 

Inconsistent levels of control of common sowthistle with glyphosate alone are now commonplace. 
Results from these trials reinforce the need to use robust glyphosate rates, avoid spraying under 
stressed conditions and target small weed stages. There are no obvious direct replacements for 
glyphosate as a standalone knockdown option. 

However, group I herbicides such as Tordon 75-D, FallowBoss Tordon and Amicide 625 have 
provided equivalent or improved control when followed by a paraquat double knock. For situations 
near sensitive crops or where cost isn’t the major constraint (e.g. when applied via an optical 
sprayer), Basta has provided effective management when used as the 1st knock in a double knock 
strategy. Previous trial activity however showed inconsistent results on flaxleaf fleabane and a range 
of summer grass species when Basta was used as 1st knock in a double knock strategy. 

Sharpen can be a very effective option on small common sowthistle but levels of regrowth are 
commercially concerning when used alone or in mixture with glyphosate. Results from this series of 
trials has also shown inconsistent double knock results when Sharpen + glyphosate is the 1st 
application. 

In contrast, Sharpen has been very consistent when used as 2nd knock alternative to paraquat or in 
mixture with paraquat. Level of control from Sharpen at 17-26 g/ha has been at least equivalent to 
that achieved with paraquat at 1.6-2.4 L/ha. However, paraquat is a better option in mixed grass and 
broadleaf fallow situations.  
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Can we refine planting dates further? 
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3 Agromax Consulting 
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Take home messages 

• Of all the agronomic “levers” available to growers planting date still offers one of the greatest 
abilities to increase yield potential. 

• There are drastic changes in frost risk with only small changes in elevation (20-50 m), which 
presents significant opportunity to push planting dates forward without necessarily increasing 
frost risk. 

• Lower points in the landscape/paddock have more frost events with greater duration compared 
to higher elevations. Therefore there is slower accumulation of growing degree days at these 
lower points in the landscape, consequently slowing the development of the crop.  

• There is little variation in maximum temperature across elevations. Therefore in lower parts of 
the landscape, where the frost risk persists longer into the season, the heat stress will start at 
the same time as higher elevations. This narrows the window for optimum conditions for 
flowering crops.   

Introduction  
Major management “levers” that can be manipulated to achieve yield potentials include planting 
date, planting configuration (row spacing and seeding rate), variety choice, disease and weed 
control, nitrogen, phosphorus and other nutrition. Of these “levers” planting date can have the 
greatest impact achieving yield potential and is one of the few management tools that can be 
changed with negligible additional costs to the grower. The degree that planting date will determine 
grain yield potential will be greatest in dry and hot springs and least in wet and mild springs.  

Planting date determines when the plant will reach anthesis. Pushing sowing dates earlier increases 
yield potential through increased biomass accumulation and by extending the length of grain filling 
period under cooler spring temperatures. However, earlier planting dates also increase the risk of 
incurring a frost during flowering. Sowing later to minimise frost risk then pushes crops to grain fill 
under hotter spring conditions leading to lower yield potentials. The key question is are we losing 
yield with current grower sowing dates and what other tools are available to manage our sowing 
dates as early as possible without taking on board unacceptable frost risk. Growers generally take a 
conservative approach to planting date as the fear of frost damage influences their decisions to a 
greater extent than the often intangible yield loss from heat stress during grain fill.  

Currently growers and agronomists rely heavily on previous experience, local weather station data, 
sowing guides and predictive models such as Climate or APSIM to determine planting dates. The 
problem for growers and agronomists is that typically the local weather stations are located some 
distance from paddocks or farms which then requires a degree of interpellation. Models are also 
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based on these weather stations as well, which means growers can only use results as a guide. In 
relatively flat areas like Walgett the individual farm variation from the weather station may be very 
small. For other locations like the Liverpool Plains where there is a large variation in elevations there 
is likely to be large differences across farms in their temperature regime as compared to the 
Gunnedah or Quirindi weather stations.  

This project aims to reduce some of the interpellation required by growers and agronomists by 
looking at the impact that elevation has on frost risk and subsequently planting dates across 
different elevations. However, the project hasn’t taken into account other factors that will influence 
frost risk or cold air drainage such as aspect, drainage, tree lines and the point in the landscape. The 
data produced from this project could be used in models to enable them to better predict frost risk 
and planting dates across the landscape rather than localised near a weather station.  

What has been done? 

In 2014, 2015 and 2016 two paddocks containing significant elevation differences (20 – 45m) were 
selected, one near Gurley and one on the Liverpool Plains. In each paddock a site was selected at the 
top of the slope and a site was selected at the bottom of the slope. Tiny Tags were installed along 
with rain gauges at both sites in each paddock to record temperature (every 15 minutes) and 
rainfall. Six wheat varieties including LPB Dart , LPB Spitfire , Suntop , LPB Lancer , EGA Gregory  
and EGA Eaglehawk  were planted on three planting dates (Approximately Last week of April, Mid 
May and Early June for all trials) at both sites. Regular phenology measurements were taken to 
ascertain development difference both between varieties but also between top and bottom slopes. 
A summary of the site planting dates and elevation differences is given in Table 1.  

Table 1. Details of planting dates and elevation differences at each site between 2014 and 2016 

 Premer 
2014 

Gurley 
2014 

Spring 
Ridge 2015 

Gurley 
2015 

Premer 
2016 

Gurley 
2016 

Planting 
Dates 

30th April 
20th May 
13th June 

26th April 
16th May 
11th June 

30th April 
19th May 
11th June 

26th April 
15th May 
8th June 

29th April 
18th May 
13th June 

30th April 
17th May 
10th June 

Elevation 
Difference   

401-377 
(24 m) 

271-302 
(32 m) 

354-309 
(45 m) 

306-263 
(43 m) 

384-404 
(20 m) 

309-274 
(35 m) 

Trial results 

Estimations of starting plant available water (PAW) indicated that although profiles were similar 
between top and bottom slope at all sites the bottom slope generally had slightly higher starting 
PAW between 2 and 20 mm more than the top of the slope. In 2015 and 2016 the starting PAW was 
approximately 70 to 90% full at the Liverpool Plains and Gurley sites, however, in 2014 starting PAW 
was closer to 50% full at both locations (Table 2). Similar to starting PAW the measured available soil 
N values were generally slightly higher at the bottom slope sites compared to the top of slope sites 
containing an additional 2-17 kg N/ha available at the start of the season (Table 2).  

The elevation differences at both sites resulted in significant variation in temperature over the 
season. Average minimum temperatures across all three years were 2.4 and 2.9°C lower at the 
bottom slope compared to the top slope at the Liverpool Plains and Gurley, respectively, whereas 
average maximum temperatures were similar for both top and bottom slopes (Table 2). The 
differences in average minimum temperatures was exemplified by the differences in frost events 
(<0°C) with bottom slope at the Liverpool Plains and Gurley. At Spring Ridge and Premer in 2014, 
2015 and 2016 the bottom slope experienced an additional 27, 35 and 28 frost events, respectively, 
compared to the top slope (Table 2). At Gurley in 2014, 2015 and 2016 the bottom slope 
experienced an additional 31, 29 and 36 frost events, respectively, compared to the top slope (Table 
2). There were not only more frosts at the bottom slope sites but frosts had a greater duration. On 
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average across years the time that temperatures were at or below 0°C at the top slope was only 36 
and 7% of that measured for the bottom slope sites on the Liverpool Plains and Gurley, respectively 
(Table 2). Length of the frost event can be a major determining factor of damage. On average across 
the three years the length of frost events at the top slope sites were 3.3 and 2.5 hours for the 
Liverpool Plains and Gurley, respectively. This is compared to the bottom slope sites on the Liverpool 
Plains and Gurley where frost events typically lasted for 4.3 and 4.6 hours, respectively. Lower 
average minimum temperatures and greater number of frost events both contributed to the slower 
accumulation of thermal time throughout the season at the bottom slope compared to the top 
slope. At both locations the difference in accumulated thermal time (Growing Degree Days – GDD) 
was in excess of 150 GDD higher at the top slope sites (Table 2). 

Table 2. Soil and temperature differences between top and bottom slope at all sites from 2014 to 
2016  

Site Slope Starting 
PAW 

Soil N 
(0-

1.2m) 

Average 
Min 

Average 
Max 

Frost 
events 
(<0°C) 

Cum. 
Hours 
<0°C 

Season 
GDD 

Premer 
2014 

Top 139 110 5.1 24.6 31 97 1963 
Bottom 158 122 2.5 24.8 58 226 1655 

Gurley 
2014 

Top 90 154 7.1 30.7 7 21 2230 
Bottom 108 145 4.4 30.3 38 184 2038 

Spring 
Ridge 
2015 

Top 185 175 5.4 22.6 16 32 1998 

Bottom 200 192 2.6 23.1 51 243 1752 

Gurley 
2015 

Top 144 104 6.4 25.2 7 17 2186 
Bottom 146 118 2.9 24.8 36 176 2008 

Premer 
2016 

Top 225 125 4.9 22.8 31 132 1869 
Bottom 230 128 3.1 22.9 59 253 1655 

Gurley 
2016 

Top 115 138 6.8 27.9 1 0.45 2138 
Bottom 126 142 4.3 28.0 37 143 1967 

The variation of minimum temperature and ultimately GDD had significant impact on crop maturity. 
Despite being planted on the same day at the top and bottom slope sites the varieties, did not reach 
50% flowering on the same day. An example of how visual this difference was is given in figure 1. 
The bottom slope sites were on average across the six varieties 13, 9 and 7 days longer than the top 
slope to reach flowering on the late April, mid May and early June planting dates, respectively for 
the Liverpool plains (Table 3). Similarly, for Gurley the differences in time taken to reach flowering 
were 9, 8 and 6 days longer at the bottom slope sites than the top slope for the late April, mid May 
and early June planting dates, respectively (Table 3). The Liverpool Plains trials were on average 17 
days later to reach flowering compared to the Gurley trials across the three years (Table 3).  
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Table 3. Average days to flower for LPB Dart , LPB Spitfire , Suntop , EGA Gregory , LPB Lancer  
and EGA Eaglehawk  plant across three planting dates at the top and bottom slope sites at the 

Liverpool Plains and Gurley. 

Site Slope Late 
April 

Mid 
May 

Early 
June 

Premer 
2014 

Top 131 126 116 

Bottom 147 138 127 

Gurley 
2014 

Top 94 114 102 

Bottom 106 123 108 

Spring 
Rdg 
2015 

Top 130 124 117 

Bottom 144 133 124 

Gurley 
2015 

Top 118 109 99 

Bottom 126 116 106 

Premer 
2016 

Top 141 132 121 

Bottom 149 135 126 

Gurley 
2016 

Top 123 119 110 

Bottom 130 126 116 

 

 
Figure 1. A visual representation of how different maturity was between top and bottom slope at 

Spring Ridge in 2015. 

Both the Liverpool Plains and Gurley experienced hot and dry springs in 2014 and 2015 and in these 
seasons the real benefit of early planting was realised. For example on the Liverpool Plains at the top 
slope site delaying planting from late April to early June resulted in a 2.24 and 1.04 t/ha loss in grain 
yield when averaged across six varieties in 2014 and 2015, respectively (Table 4). Assuming a wheat 
price of $250/t this is equivalent to $560/ha and $260/ha increase in net returns, respectively. 
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Despite very favourable spring conditions on the Liverpool Plains in 2016 there was still a 1.34 t/ha 
yield penalty for delaying planting dates from late April to early June at the top of the slope. Again 
assuming a wheat price of $250/t the late April planting date allowed an additional $425/ha and 
$1155/ha net return to be realised, compared to the mid May and early June planting dates, 
respectively at the top of the slope over three years (Table 4). Frost damage did occur at the bottom 
slope sites on the Liverpool plains in all three years, particularly in LPB Dart  and LPB Spitfire . For 
example LPB Dart  in 2015 at Spring Ridge yielded 6.17 and 1.23 t/ha at the top and bottom slope 
sites, respectively (data not shown). The frost damage at the bottom of the slope reduced average 
grain yield of the six varieties by 1.91 t/ha across the three years (Table 4). There was minimal frost 
damage incurred on the two later planting dates as grain yields were similar between the top and 
bottom slope sites for the Liverpool plains and Gurley in all three years. Unlike the Liverpool Plains in 
2016, there was no yield penalty in delaying planting date from late April until early June at Gurley 
(Table 4). This is compared to 2015, which had a hot dry spring, where the same delay in planting 
date resulted in a 1.88 t/ha reduction in grain yield (Table 4).  

The optimum flowering window was retrospectively established by plotting grain yield against 
flowering date to see what period achieved the maximum grain yields. At Gurley in 2014 and 2015 
the optimum flowering windows were generally 12-14 days from mid to late August for the top of 
slope site, whereas in 2016 the optimum flowering window was much wider (24 days) and began in 
early September (Table 4). The length of the optimum flowering window for the bottom slope site at 
Gurley was similar to the top slope for the respective years, however, it generally started 9-13 days 
later. The delayed optimum flowering window for the bottom slope sites was also observed on the 
Liverpool Plains where it started 10-22 days later than the top of the slope (Table 4). Optimum 
flowering windows on the Liverpool Plains for the top slope sites generally started around the 
beginning of September while the optimum flowering window for the bottom of the slope generally 
started around mid-September (Table 4).   

Table 4. Average grain yield for LPB Dart , LPB Spitfire , Suntop , EGA Gregory , LPB Lancer  and 
EGA Eaglehawk  plant across three planting dates at the top and bottom slope sites at the Liverpool 

Plains and Gurley and restrospective optimum flowering times for highest yield potential.  

Site Slope Late 
April 

Mid 
May 

Early 
June 

Optimum Flowering 
Window 

Premer 
2014 

Top 5.24 4.28 3.00 1st Sep - 12th Sep 
Bottom 4.68 4.42 3.16 10th Sep - 20th Sep 

Gurley 
2014 

Top - 1.56 1.19 18th Aug - 3th Sep 
Bottom 1.26 1.60 1.42 28th Aug - 10th Sep 

Spring 
Ridge 
2015 

Top 5.37 4.90 4.33 25th Aug - 5th Sep 

Bottom 4.53 5.18 4.60 16th Sep - 25th Sep 

Gurley 
2015 

Top 5.25 4.56 3.37 11th Aug - 24th Aug 
Bottom 4.62 5.01 3.62 24th Aug - 9th Sep 

Premer 
2016 

Top 7.52 7.25 6.18 8th Sep - 28th Sep 
Bottom 7.01 7.34 6.05 20th Sep - 10th Oct 

Gurley 
2016 

Top 6.32 6.41 6.57 6th Sep - 30th Sep 
Bottom 5.98 6.56 6.51 15th Sep - 30th Sep 

 

The 2015 season data for Spring Ridge and Gurley is presented below to demonstrate how the 
optimum flowering window was determined and how fine the line is between frost damage, 
particularly at the bottom of the slope. Further the 2015 season clearly illustrates the hot dry 
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conditions during grain fill. At the Spring Ridge top slope the highest grain yields were achieved 
when varieties flowered between the 25th August and the 5th September. There were no frost events 
that occurred during this same period, with the last frost event occurring on the 18th August (Figure 
2A). In the first week of October there were 5 consecutive days where maximum temperature 
exceeded 35°C (Figure 2B).  Maximum temperatures exceeded 28°C everyday between the 28th 

September and the 22nd October (Figure 2B).  

 

 

 

 

 

 

 

 

Figure 2. A) Minimum temperatures (red bars) and grain yield x anthesis date (blue diamonds) for 
individual plots for top slope at Spring Ridge in 2015. Green box indicates the retrospective optimum 
flowering date at site. B) Maximum temperatures (green bars) and grain yield x anthesis date (blue 

diamonds) for individual plots for top slope at Spring Ridge in 2015. Red line indicates 28 ⁰C. 

Retrospectively, the highest yields were achieved when varieties flowered between 15th and 25th 
September for the bottom slope site at Spring Ridge (Figure 3A). Unlike the top slope, the last frost 
at the bottom slope site occurred on the 30th September. Frost events in the last week of August 
appear to have had a significant impact on grain yields of varieties that have flowered prior to the 
10th September (Figure 5).  The extent of this frost damage was evident in LPB Dart  in the field, 
where in excess of 90% of primary tillers had frost damage (Figure 3B).  

 
Figure 3. (A) Minimum temperatures (red bars) and grain yield x anthesis date (blue diamonds) for 

individual plots for bottom slope at Spring Ridge in 2015. Green box indicates the retrospective 
optimum flowering date at site. (B) Picture of frosted heads in LPB Dart  plot at the bottom of the 

slope. 

Maximum yields for top slope at Gurley were achieved when flowering dates occurred between the 
11th August and the 23rd August (Figure 4A). There was one small frost event that occurred during 
this period. However, there were only two frost events that occurred near flowering that were lower 
than -0.5°C (28th July and 5th August) (Figure 4A). After the 28th October there were 13 consecutive 



 

 

Spring Plains GRDC Grains Research Update 2019 

33 
days where maximum temperatures exceeded 28°C and 4 days where temperatures exceeded 35°C 
(Figure 4B).  

 

 

Figure 4. A) Minimum temperatures (red bars) and grain yield x anthesis date (blue diamonds) for 
individual plots for top slope at Gurley in 2015. Green box indicates the retrospective optimum 

flowering date at site. B) Maximum temperatures (green bars) and grain yield x anthesis date (blue 
diamonds) for individual plots for top slope at Gurley in 2015. Red line indicates 28 ⁰C. 

For the bottom slope the retrospective optimum flowering dates were between the 24th August and 
the 9th September. Interestingly, 4 frost events occurred in this same period (Figure 5). Unlike the 
top slope there were 17 frosts that occurred between the 27th July and the 9th August that had 
minimums below -0.5⁰C (Figure 5). 

 
 

Figure 5. Minimum temperatures (red bars) and grain yield x anthesis date (blue diamonds) for 
individual plots for bottom slope at Gurley in 2015. Green box indicates the retrospective optimum 

flowering date at site 

Discussion 

The data collected in these trials demonstrates why there should be significant motivation to plant 
paddocks as early as possible to maximise optimal grain filling conditions while avoiding risk of frost 
damage. On the Liverpool plains assuming a wheat price of $250/t the late April planting date has 
created an additional $425/ha and $1155/ha net return compared to the mid May and early June 
planting dates, respectively at the top of the slope over three years.  Even in 2016 when optimal 
spring conditions prevailed there was still a 1.34 t/ha yield penalty for delaying planting dates from 
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late April to early June at the top of the slope on the Liverpool plains. There are few other 
management tools available to growers that can manipulate net returns to this extent. Admittedly, 
the 2014 and 2015 seasons exacerbated the impact of planting date due to well below average 
September rain that was followed by extremely hot weather in early October. Both these factors 
would have contributed to restricting the grain filling period for long season varieties or later 
planting dates. For example at Gurley in 2015 a variety that flowered on the 20th August had an 
additional 31 days of favourable grain filling conditions compared to a variety that flower on the 20th 
September before the extremely hot temperatures started in the beginning October.  

The two locations demonstrate that frost risk can vary greatly within the landscape, particularly with 
elevation differences. This represents an opportunity for growers to be able to plant earlier in 
certain parts of the landscape without necessarily increasing their exposure to frost risk. The top 
slope sites only had 30 and 20% of the frost events that occurred at the bottom slope on the 
Liverpool plains and Gurley, respectively. Not only are there less frost events but the frost severity is 
also greatly reduced. Top slope sites had 45% higher average minimum temperatures and only 
accumulated 11% of the time spent <0°C compared to the bottom of the slope when averaged 
across all sites and locations. The impact of this drastic difference in frost risk is evident on the April 
planting date in 2015 at both Spring Ridge and Gurley with the two quicker varieties, LPB Dart and 
LPB Spitfire.  For the bottom slope LPB Dart  was 60 and 81% lower yielding compared to the top 
slope sown in late April at Gurley and Spring Ridge, respectively. Also on the late April plant LPB 
Spitfire  was 61 and 43% lower yielding at the bottom of the slope compared to the top slope site at 
Spring Ridge and Gurley, respectively. It was interesting to note that at both Spring Ridge and 
Gurley, Suntop  flowered approximately 5 days later than LPB Spitfire  yet grain yields were 2.4 and 
2.7 t/ha higher, respectively. This suggests that 4-5 days difference in flowering date could be a 
difference of 50% in yield losses to frost damage. Varietal difference in tolerance to frost damage 
may in part also explain some of the differences between LPB Spitfire and Suntop. Despite the top 
slope sites at either Gurley or the Liverpool plains experiencing frost events during all three seasons 
there was not one instance where significant frost damage was recorded, even in the quickest 
variety, LPB Dart . Therefore, even earlier planting dates were required at the top slope sites to 
incur yield penalties from frost.  

The significant differences in minimum temperatures between top and bottom slope has also had an 
interesting impact on crop maturity. The greater number of frost events and severity has in turn 
slowed down the accumulation of GDD throughout the season, to the extent that the bottom slope 
at both locations accumulated over 150 GDD less than the top slope. As a direct result of this the 
crop maturity was delayed. The maturity delay is greatest on the early planting with and average 
delay of 11 days for varieties to reach flowering. This is interesting as the delay in maturity is actually 
helping to negate some of the frost risk at the bottom of the slope. In a majority of cases the 
optimum flowering window at both Gurley and Liverpool plains was 14 days later at the bottom of 
the slope compared to the top slope. Alarmingly, there were a number of instances where frost 
events had occurred during the optimum flowering window at the bottom slope sites for both 
locations. Although these frost events appear to have had little impact on grain yield in these years it 
does highlight the higher risk of incurring frost damage in these lower parts of the landscape. 
Furthermore, it highlights that frost events at lower elevations are persisting longer into the season, 
yet on set of potential heat stress is no different to higher elevations, thus reducing the length of the 
optimum flowering window.  

Conclusions 

As in previous experimental work these trials have demonstrated to benefits of early planting from a 
production and economic point of view. However, this work does demonstrate that elevation has a 
large impact on frost risk, which in turn represents an opportunity for growers to plant earlier in 
higher parts of the landscape without necessarily increasing the frost risk. Although the frost risk 
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changes with elevation the risk of heat stress during grain fill does not change with maximum 
temperatures being similar for top and bottom slope sites. Therefore lower parts of the landscape 
have a narrower optimum flowering window. Lower minimum temperatures and a greater number 
of frost events in lower parts of the landscape reduce the accumulation of GDD and hence delays 
crop development. Despite the delayed development there is still a need to adjust planting date to 
achieve an acceptable level of frost and heat risk during grain fill. The paddocks selected to conduct 
these trials were selected because of their large variation in elevation, however they do 
demonstrate how frost risk varies significantly within the landscape and how difficult it may be to 
interpolate frost risk/planting decisions from the nearest weather station, which could be located 
some distance away. It is important to remember that elevation can be used as a valuable tool to 
evaluate frost risk but other factors such as drainage lines, aspect, tree lines and position in the 
landscape also need to be considered.   
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The physiology and genetics of cold temperatures in chickpeas – what do we 
know and where is the research heading? 
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Take home messages 

• During flowering, chickpeas are sensitive to cold (< 15oC) temperatures which cause flower 
abortion and results in a delay between flowering and pod onset 

• While early sowing has the potential to reduce the risk of terminal drought, it moves the 
flowering window to cooler temperatures 

• Current work aims to identify new sources of chilling tolerance for chickpea variety 
development and to assess the suitability of elite breeding lines for flowering and podding 
during cool conditions 

Introduction 

Chickpeas are well adapted to the northern cropping region in Australia and provide a valuable, 
economically sound, broadleaf rotation in our farming systems. However, various biotic and abiotic 
factors cause actual yields to fall between 1.7–2.7 t/ha below potential yield across the region (Yield 
Gap Australia, 2018). Cold temperatures during the flowering window can significantly reduce crop 
yield through delaying and interrupting pod set, causing loss of early pods. In 2016, agronomists 
estimated yield losses due to cool spring temperatures in north-west NSW ranged from 0.5–0.7 t/ha. 
Chickpeas can suffer damage during the flowering window from both frosts, when temperatures fall 
below -1.5oC, and “chilling” where average day temperature does not exceed 15oC. In this paper, we 
will focus on chilling temperatures and their impacts on flowering and podding. 

While cool spring temperatures have been historically avoided through late sowing, changes to our 
farming systems mean there is a greater need for flexibility to sow chickpeas earlier to increase 
subsequent cropping options and to avoid heat and terminal drought at the end of the season. This 
however, pushes the flowering window to coincide with cooler ambient temperatures. In north west 
NSW (Tamworth region), average daily temperatures are not consistently above 15oC until late 
September and in the cool 2016 season, average temperatures remained below the critical 
temperature until late October (Figure 1). In addition, short bursts of cool temperatures occurring 
weeks after temperatures have begun to rise can interrupt pod and seed set even in areas that 
generally experience warm spring temperatures. 

This paper outlines current knowledge of chickpea’s physiological response to cool temperatures 
during flowering and what opportunities and challenges exist for improving chilling tolerance 
through breeding and variety selection.  
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Figure 1. Average daily temperature for Tamworth (top) and Dubbo (bottom) shows cool spring 

conditions can continue into late September and October 

The story so far 

Early sown chickpeas consistently suffer from an extended gap between commencement of 
flowering and first pod appearance. In ideal conditions, chickpeas will produce pods within a couple 
of days of flowering (Clarke & Siddique, 1998). However, under cool conditions, the time from the 
beginning of flowering to the first pods appearing can be more than 2 months if temperatures 
remain consistently cool (Berger et al., 2005). At Warwick, early flowering genotypes took more than 
30 days to begin podding when average temperature after flowering did not exceed 14.4oC (Berger 
et al., 2004). While the length of time between flowering and pod initiation varies across locations 
and between varieties, the delay in podding remains closely linked to temperature (Berger et al., 
2004; Berger et al., 2005; Berger et al., 2012). For every degree drop in average daily temperature 
between 14 and 10oC, the time between flowering and podding is extended 12 days (Berger et al., 
2005). During this time plants may continue to produce flowers that are subsequently aborted or 
may cycle back into and out of a vegetative state.  

While chickpeas may continue flowering under cool conditions, most flowers are subsequently 
aborted rather than producing pods. In their work with early sown chickpea in Western Australia, 
Siddique and Sedgley (1986) found only 38% of flowers carried through to produce harvestable pods 
among early sown plants, compared to 83% in later sowings. This difference was largely due to 
flower abortion at low temperature – up to 800 flowers/m2 were aborted when average daily 
temperature was below 15oC, but no flower abortion occurred once temperature rose above this 
critical value (Table 1).  

Siddique and Sedgley observed that although early sown crops suffer a high flower abortion penalty, 
this does not necessarily result in inferior yields when compared to later sown crops. Despite high 
flower abortion, the earliest sown chickpeas still produced the greatest yield. Across 72 genotypes 
and 5 locations, Berger et al. (2004) found early flowering cultivars were consistently the highest 
yielding, especially in locations that suffered end of season drought. Flower abortion under cool 
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temperatures therefore constitutes a significant lost opportunity, as early flowering plants that also 
set pods early have the greatest potential to produce high yields. 

Table 1. Effect of cool temperatures at 50% flowering on flower abortion at Merredin, Western 
Australia 1983 

Planting 
date 

 (1983) 

Mean Daily temperature 
(oC) at 50% flowering 

Aborted flowers 
(m-1) 

May 17th 12.5 800 

May 31st 13.6 500 

June 14th 14.7 200 

June 30th 16.8 0 

July 20th 17.7 0 

Note: Modified from Croser et al., 2003  

On the small scale… 

Cool temperatures reduce pollen vigour and ovary and style size of chickpea flowers, alterations that 
have been implicated in reduced flower fertilisation and increased flower abortion (Srinivasan et al., 
1999). Pollen development and function is affected by cool temperature from the early stages of 
pollen production from 9 days before anthesis through to pollen tube growth and ovary fertilisation 
(Figure 2). Cold spells during key points in pollen development at either 9 or 4–6 days prior to 
anthesis can reduce pod set by 30–60% in susceptible varieties (Clarke & Siddique, 2004). Cool 
temperature may also decrease the quantity of pollen reaching the flower stigma due to reduced 
pollen release from anthers as well as a reduction in ovary and style size (Srinivasan et al., 1999). The 
resulting mismatch increases the difficulty of pollen transfer from anther to stigma (Srinivasan et al., 
1999). Once pollen reaches the stigma, pollen germination can be reduced by 30% in susceptible 
varieties, although some susceptible varieties exhibit normal pollen germination (Clarke & Siddique, 
2004; Srinivasan et al., 1999). 

Once pollen has germinated on the stigma, pollen tube growth is particularly sensitive to cool 
temperatures. As a result, far fewer pollen tubes reach the ovary for fertilisation. Srinivasan et al. 
(1999) found while 100% of flowers at an average temperature of 20oC had pollen tubes reach the 
base of the style, as few as 23.5% of flowers at 10oC had more than 10 fully grown pollen tubes 1 day 
after flower opening. This resulted in fertilization of as few as 8% of flower ovules. In highly 
susceptible varieties, no pollen tubes will reach the ovary within 24 hours of pollen germination 
under cool conditions (Clarke & Siddique, 2004). As average day temperature increases from 5oC to 
25oC, rate of pollen tube growth increases exponentially with only marginal increases in growth rate 
between 5–15oC (Srinivasan et al., 1999). Knowledge about these specific impacts of cool 
temperatures on chickpea reproduction have led to development of breeding practices such as 
pollen selection (Clarke et al., 2004) that are better able to target chilling tolerance.   

 



 

 

Spring Plains GRDC Grains Research Update 2019 

39 

  
Figure 2. Impacts of cool temperature (< 15oC) on male and female reproductive organs of chickpea 

flowers 

Note: Modified from Science Learning Hub – Pokapū Akoranga Pūtaiao (2011) 

Opportunities for breeding chilling tolerant varieties 

While cool temperature during flowering is a relatively new issue for the northern region, it has been 
identified as yield limiting across southern and western Australia since the early introduction of the 
crop. As a result, significant work has been conducted in Western Australia to develop chilling 
tolerant material for breeding programs.  Clarke et al. (2004) developed two chilling tolerant 
cultivars, Rupali and Sonali, that could produce pods at 10–12oC and as result pod 20–27 days earlier 
than existing Western Australian varieties. However, these cultivars have insufficient disease 
resistance and do not yield comparably to the best yielding varieties in the northern region 
(K.Hobson, pers comm). In addition, time from flowering to podding can range from 30–70 days at 
temperatures ranging from 10–12oC (Berger et al., 2005). While not suited to northern 
environments, both Rupali and Sonali have been included in the northern breeding program since 
2011 in an attempt to produce well adapted varieties with the ability to set pods at lower ambient 
temperature. However, the chilling tolerance during flowering and early pod set of progeny derived 
from either Rupali or Sonali has been insufficient to confer a significant improvement in the ability to 
set pods early under cool temperatures.  

Limited genetic variation within domesticated chickpea restricts further progress in producing 
cultivars capable of podding at low temperature. However, some wild relatives of chickpea show 
considerably greater chilling tolerance and are able to set pods within 20 days of the beginning of 
flowering under cool temperatures, compared to the best chickpea cultivar doing so at 30 days 
(Berger et al., 2005). While chickpea pod production is reduced by 3–5 times when plants are kept at 
an average temperature of 10oC compared to 19oC, one particularly promising accession of Cicer 
echinospermum showed no reduction in pod set, setting more than 6 times the number of pods 
compared to chickpea at the lower temperature (Berger et al., 2012). There is, therefore, potential 
to include hybrids between chickpea and its wild relatives in breeding programs to make faster 
progress towards varieties that produce pods and seeds under suboptimal temperatures. 

Where are we now?  

Current research aims to identify useful sources of tolerance to suboptimal temperatures that can 
be used in breeding programs to improve future varieties. In Western Australia, both collections of 
chickpea and wild relatives are being screened by researchers at CSIRO as potential new sources for 
chilling tolerance during the early reproductive phase. Since current methods for identifying chilling 
tolerant chickpea lines is an expensive and labour-intensive process, several projects are working on 
developing tools to streamline identification of chilling tolerant breeding lines. At the University of 
Western Australia, Dr J Croser and her team are working to improve controlled environment 
screening for chilling tolerance amongst a wide set of chickpea genotypes. The underlying genetics 
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of early flowering and chilling tolerance in chickpea during flowering is being investigated by NSW 
DPI at Wagga Wagga and Tamworth to improve knowledge about genetic control of early flowering 
and podset to potentially work towards developing genetic markers.  This project uses a set of 
recombinant inbred lines formed from hybridisation between domestic chickpea and the wild 
relative Cicer echinospermum which were observed to flower and pod comparatively early in 2016. 

In northern and southern NSW, current varieties and elite breeding lines are being assessed for 
flowering and pod set characteristics under cool spring temperatures through manipulation of 
sowing date. The aim of this work is to; quantify yield loss from cool temperatures during flowering 
in the northern and southern NSW regions, expand knowledge of drivers that may improve chilling 
tolerance, and identify future breeding directions. In 2018, field trials were conducted to benchmark 
current varieties and identify breeding lines with potential superior chilling tolerance when 
compared to existing varieties in northern environments. Data collected from the 2018 season is 
currently being processed for analysis.  
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Take home messages 

• The optimal flowering period (OFP) to maximise grain yield potential and minimise effects of 
abiotic stresses varies across environments of the northern grains region (NGR) 

• Grain yield is optimised by different genotype and sowing date combinations across 
environments 

• Grain yield is primarily determined by grain number, even under terminal drought conditions, 
indicating late reproductive phases are most susceptible to abiotic stresses 

Background 

In wheat, flowering time is a critical determinant of grain yield potential. Across environments of the 
northern grains region (NGR), the optimal flowering period (OFP) is defined by decreasing risk of 
frost and increasing risk of moisture and heat stress (Flohr et al. 2017). The cost associated with lost 
yield potential from heat and frost stress has been estimated to be $600 million and $100 million per 
year respectively in south-eastern Australia (GRDC, 2016). In the NGR, a range of commercial 
cultivars that vary in phenology from slow developing winter types to fast developing spring types 
are available to sow from April–early June, to ensure that flowering occurs at an optimal time in 
spring.  

In this paper, we present the OFP across six locations in the NGR (Figure 1) and discuss the 
phenology and yield responses for a core set of wheat genotypes in varied yield environments in 
2018. 

How does the optimal flowering period vary across the NGR? 

The OFP was defined from simulated wheat yield and flowering dates using the APSIM cropping 
systems model, based on historical climatic records (1961–2018) according to the parameters 
outlined by Flohr et al. (2017) for a fast spring genotype. The OFP varied significantly in timing and 
duration, as well as for different yield levels across environments (Figure 1). As flowering time is a 
function of the interaction between genotype, management and environment, the genotype x 
sowing time combinations capable of achieving OFP and maximum grain yield also varied across 
environments of the NGR (Figure 2).  

 



 

 

Spring Plains GRDC Grains Research Update 2019 

43 
 

 

 

 
Figure 1. The optimal flowering period (OFP) for a fast spring cultivar of wheat determined by APSIM 

simulation using methods of Flohr et al. (2017) for a) Wagga Wagga, b) Cudal, c) Condobolin, d) 
Trangie, e) Tamworth and f) Trangie. Black lines represent frost and heat limited yield (kg/ha), with 

standard deviation in grey. Shaded columns are the estimated OFP defined as ≥ 95% of the 
maximum mean yield. 

2018 results – Wagga Wagga, Condobolin and Tamworth, NSW 

Field experiments were conducted at Wagga Wagga, Condobolin and Tamworth in 2018 to 
determine optimal combinations of genotype x sowing date to maximise wheat grain yield. A range 
of genotypes with varied development (through different responses to vernalisation and 
photoperiod) were sown across sowing dates from early April to late May. All sites required 
supplementary irrigation to ensure timely establishment due to lack of reliable autumn rainfall. The 
Condobolin site received 30 mm prior to all sowing dates and a final irrigation of 20 mm in early 
September.  At the Wagga Wagga site, all sowing treatments were established with 15 mm via 
drippers at sowing (except 3 May which was established with 6.9 mm rain 4 May), and the site was 

a) b) 

f) e) 

d) c) 
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rainfed thereafter.  At the Tamworth site, all sowing treatments were established with 16 mm via 
drippers, and a further 24 mm was applied to the site mid-July. In 2018, grain yield and phenology 
responses were significantly influenced by below average rainfall in combination with frost and heat 
stress events at all sites (Table 1).  

Table 1. Growing season rainfall (GSR) from April to October (long term average (LTA) in 
parentheses), number of frost and heat events for Wagga Wagga, Condobolin and Tamworth sites in 

2018. 

Site GSR 
(mm)^ 

Frost 
events 

(days <-
0°C) 

Heat 
events 
(days 

>30°C) 

Comments 

Wagga Wagga 135 (355) 36 16 
11 days <-2°C, including -4.9°C (28 Aug), -
6.3°C (29 Aug), -5.4°C (30 Aug) and -3.9°C 
(17 Sep) 

Condobolin 91 (246) 30 15 11 days <-2°C.  4 consecutive days >35°C 
(30 Oct–2 Nov) 

Tamworth 165 (318) 38 29 

10 days <-2°C, including -2.8°C (13 Aug) 
and -3.0°C (21 Aug) 

GSR (5 Apr-31 Jul) was only 24.8 mm, 85% 
rainfall received in 2018 occurred Aug-Oct 

Generally, flowering date is a strong predictor of yield, with genotype and sowing date combinations 
that flower in late-August to mid-September at Condobolin, late September to mid-October in 
Wagga Wagga and late-September to early-October at Tamworth capable of achieving the highest 
yields, which aligns with APSIM simulations in Figure 1. In 2018, there was significant variation in 
grain yields for genotype x sowing date combinations which flowered within the optimal period at all 
sites (Figure 2).   

At the Wagga Wagga site, optimal flowering time and highest grain yields were achieved by both 
winter type DS Bennett  sown early–late April and the best performing spring types sown early-May 
(e.g. Beckom  sown 3 May). Severe yield penalties occurred when fast developing spring wheats 
were sown prior to May and exposed to severe frost conditions; and when slow winter genotypes, 
characterised as having a strong vernalisation and photoperiod response, flowered too late and 
grain filling occurred under terminal drought conditions (Figure 2). At the Condobolin site, stable 
grain yields were achieved across sowing dates from slower spring genotypes (e.g. Cutlass  and EGA 
Gregory ), or fast winter type Longsword , as they were exposed to fewer frost events during 
reproductive development and were better able to utilise late October rainfall. Whilst slow-mid 
winter type DS Bennett  flowered too late for the earlier OFP of Condobolin. In contrast, despite the 
lack of rainfall early in the growing season at Tamworth, highest yields were achieved by winter and 
slow spring types sown April–early May which were able to utilise August–October rainfall (Figure 2). 
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Figure 2. The relationship between flowering date and grain yield of genotypes with varied 
phenology patterns sown early April–late May at Wagga Wagga (WW), Condobolin (C) and 

Tamworth (T) in 2018. Shaded bars (e.g. OFP (C) for Condobolin) indicate APSIM simulated Optimal 
Flowering Period (OFP) for the three sites. 

Timing of stress and yield development 

The timing and duration of specific development phases are directly related to the formation of the 
key grain yield components - grain number (per unit of area) and individual grain weight. During the 
vegetative phase, leaves and tillers are formed prior to the transition into the reproductive phase, 
which coincides with the start of spikelet development. Spikelet primordia continue to be initiated 
until early stem elongation. From here until flowering, rapid growth (accumulation of biomass), spike 
growth and differentiation occur, thus maximum grain number is determined during this time. This 
phase is known to be the critical period for yield determination, and as such, grain yield is very 
sensitive to stress, and any limitation to the crop at this time results in reduction in grain number 
(Fischer, 1985). After flowering, and during the grain-filling phase, the embryo develops, producing 
viable seed for the subsequent generation, this phase coincides with the establishment of grain 
weight. 

The extent to which timing of stress events influences yield formation is highlighted in Figure 3, 
which illustrates the relationship between flowering time with grain number and grain weight at the 
Wagga Wagga site in 2018. Treatments which flowered earlier than the OFP, and were exposed to 
frost events, had reduced grain number, whilst treatments which flowered later than the OFP, and 
were exposed to heat and moisture stress during grain filling, had lower grain weights.  

 

OFP (WW) 

OFP (T) 

OFP (C) 
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Figure 3. Relationship between flowering date with grain number and grain weight for genotypes 
with varied phenology patterns sown early April-late May at Wagga Wagga in 2018. Shaded bar 

indicates APSIM simulated Optimal Flowering Period (OFP) for Wagga Wagga site. 

Despite the critical importance of the timing of stress events with corresponding yield components, 
grain yield has been more closely associated with grain number than grain weight in cereals, and this 
relationship has been maintained in environments characteristic of terminal drought or in low 
yielding seasons such as 2018 (Figure 4).   

 
Figure 4. Relationship between grain yield and grain number for genotypes with varied phenology 

patterns sown early April-late May at Wagga Wagga and Tamworth in 2018. 

OFP 



 

 

Spring Plains GRDC Grains Research Update 2019 

47 
Summary 

We determined that the OFP, and the genotype x sowing date combinations which achieved the OFP 
and maximum yield varied between the locations. Variation across the sites was largely attributed to 
seasonal water supply and demand, and temperature extremes. The relationship between grain 
yield with grain number and grain weight indicated that yield losses are directly associated with 
timing of stress. However, even under the severe drought conditions in 2018, grain yield was 
primarily associated with grain number, reaffirming that the critical period for yield determination in 
wheat is from early stem elongation until flowering.  
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Chickpea Ascochyta research: what if I miss a spray – are there salvage 
options with new chemistry; how long do fungicides persist? 
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Take home messages 

• Follow latest advice for managing Ascochyta - applying fungicides before rain is a key component 
of this advice 

• Chlorothalonil and mancozeb fungicides are persistent and rain fast (up to 50mm rain in 10 
minutes) 

• If you miss an Ascochyta fungicide spray, research indicates salvage sprays with new chemistry 
may be an option within tight timeframes, but this requires field confirmation 

• Do not rely on salvage fungicide sprays as part of your 2019 Ascochyta management plan – aim 
to spray crops prior to rainfall events. 

Background 

Traditional chickpea Ascochyta blight fungicides e.g. chlorothalonil and mancozeb need to be applied 
before rain because they are protectants only. However, new chemistry and formulations offer the 
possibility of limited salvage fungicide options for Ascochyta if applied soon after infection (rainfall) 
events.  Efficacy of these fungicides is far more reliable when applied prior to an infection event.  
Prophylactic use of efficacious fungicides applied prior to infection events, is and should remain the 
bedrock of Ascochyta management plans. 

Likely scenarios when a preventative i.e. pre-rainfall, fungicide application is missed are: 

• rain occurs when it was not predicted 

• un-availability of spray contractors 

• machinery breakdowns before or during application 

• insufficient time to spray entire chickpea crop prior to rain. 

This paper summarises recent research that shows chickpea Ascochyta blight may be able to be 
controlled if a pre-rainfall fungicide application is missed. 

2017 Tamworth chickpea Ascochyta salvage spray field trial (FUN17) 

The aims of this trial were to (i) evaluate efficacy of applying fungicides to a crop in which Ascochyta 
had established and (ii) to determine if newer fungicides had any ‘kickback’ activity when applied 
after a rain event.   

Treatments 
1. Nil (tap water) 
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2. Aviator Xpro® @ 400 mL/ha in 100 L/ha water backpack (registered but restrictions on 

number of applications per season and stage of crop development); no claim for kickback 
activity.  Actives: 75g/L bixafen + 150g/L prothioconazole 

3. Unite 720® @ 1000 mL/ha in 100 L/ha water backpack (registered); no claim for kickback 
activity.  Active: 720g/L chlorothalonil 

4. Veritas® @ 1000 mL/ha in 100 L/ha water backpack; no claim for kickback activity. Active 
200g/L tebuconazole + 120 g/L azoxystrobin (registered, but restrictions on number of 
applications per season) 

Operations 
Kyabra  sown 30 May 2017, seed treated P-Pickel T, plots 4 m x 11 m; 4 reps as a randomised 
complete block (RCB) 
Inoculated 14 Jul in rain (15.2mm) 

Post-inoculation rain and spray applications 
14 Jul  15.2 mm 
20 Jul 2.0 mm 
4 Aug 20.0 mm 
3 Sep 3.0 mm  
5 Sep 1st sprays 41hr post rain 
14 Sep 8.0 mm 
18 Sep 1st Ascochyta scores 

Methodology 

Ascochyta was deliberately allowed to establish in the trial to provide high disease pressure under 
which to test the aims of the trial.  Ascochyta was established by spraying the trial during a rain 
event with a suspension of Ascochyta inoculum containing 483,333 conidia/mL at a water rate of 
100L/ha.  This resulted in uniform infection ie every plant in the trial developed Ascochyta.  High 
disease pressure was favoured further by waiting for three more infection cycles (rain events on 20 
Jul, 4 Aug and 3 Sep) before applying the first fungicide sprays on 5 Sep.  Ascochyta was scored on 18 
Sep by assessing each plot on a scale of 1-5 where 1 = least disease and 5 = most disease. 

Key findings 

Aviator Xpro and Veritas reduced Ascochyta compared with Unite 720 and the nil control (Table 1). 
There was no difference in control of Ascochyta between Aviator Xpro and Veritas. Unite had no 
post-infection efficacy on Ascochyta.  The lower Ascochyta score compared with the control in Table 
1 reflects the prophylactic activity from the application on the 5th of September for the 14th of 
September infection event. 

The best management recommendation for Ascochyta control remains that fungicide should be 
applied prior to forecast rain to provide the greatest level of protection. Post-infection sprays should 
not be a planned part of your standard Ascochyta management plan. 
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Table 1. Ascochyta (AB) severity score (1-5) on Kyabra  chickpeas sprayed with Aviator Xpro, Veritas, 
Unite or Water (Nil) 41 hours after rain started in 2017 Tamworth field trial (FUN17) 

F pr AB<0.001; l.s.d AB Score = 0.884; AB score 1 = least disease, 5 = most disease 

Treatment Rate/ha  Mean AB Score 
(18 Sep 2017) 

Aviator Xpro 400 mL 1.75 

Veritas 1000 mL 1.75 

Unite 1000 mL 3.00 

Nil (water) Water only 5.00 

 

2018 Tamworth chickpea Ascochyta salvage glasshouse experiments 

Two glasshouse experiments were conducted in 2018 to provide additional evidence to support the 
2017 field trial, FUN17. 

Experiment 1 (FUN18GH) 

In the first replicated experiment, chickpea plants (cv Kyabra ) with 4-5 nodes were inoculated with 
Ascochyta twice to optimise infection. Plants were allowed to dry for 30- 60 minutes between 1st & 
2nd inoculations.  The rate was 8.3 x 105 conidia/mL applied to run-off and incubated in a rainfall 
simulator.   

Twenty-four (24 hr) or 48 hours after inoculation, treatments of Unite 720 @ 1000 mL/ha, Aviator 
Xpro @ 400mL/ha, Veritas @ 1.0L/ha were applied with a water-only treatment as the nil control.  
The plants were placed under glasshouse conditions conducive to Ascochyta development (23C, 80% 
RH).   

Only Aviator Xpro and Veritas stopped Ascochyta development and they did so at both application 
times.  Unite 720 (chlorothalonil) had no post inoculation activity - there was just as much Ascochyta 
with the Unite 720 treatments as with the Nil water control. All reps of the Unite 720 and Nil 
treatments had maximum Ascochyta disease score of 5 (on 1-5 scale); the other treatments all 
scored 1 (no disease). 

Trial results indicate Aviator Xpro and Veritas provided control of Ascochyta blight infections when 
applied 24 and 48 hours post- infection. 

Experiment 2 (FUN18GH) 

In the second experiment, Aviator Xpro @ 400 mL/ha and Veritas @1000 mL/ha were applied to 
Kyabra  chickpeas with 14 nodes at four times: 24, 48, 72 and 96 hours after inoculation with a 
water-only treatment as the Nil control.   

Inoculation, incubation and experimental conditions were as for experiment 1.  The number of 
petioles, leaves and stems with at least one Ascochyta lesion were counted 14 days after 
inoculation.  Data was analysed using the glmer function from the R package lme4; means were 
compared by the Tukey method.  

Ascochyta developed on all tissues at all times in the Nil water control (Tables 2-4).  No Ascochyta 
developed on any tissue when Aviator Xpro or Veritas were applied 24 or 48 hrs after inoculation 
and very little or none developed when Aviator Xpro or Veritas were applied 72 hrs after inoculation 
(Tables 2-4).  However, applying Aviator Xpro or Veritas 96 hrs after inoculation did not stop 
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Ascochyta with no significant difference in numbers of petioles, leaves or stems with Ascochyta 
between these fungicides applied at 96 hrs after inoculation and the Nil control (Tables 2-4). 

Table 2. Number of petioles with Ascochyta at 14 days after inoculation on chickpeas sprayed with 
Aviator Xpro, Veritas or water (Nil) 24, 48, 72 and 96 hours after inoculation 

Tissue & treatment 24h 48h 72h 96h 

Petiole Aviator Xpro 0.0 0.0 0.25a 4.75b 

Petiole Veritas 0.0 0.0 0.50a 5.50b 

Petiole Nil 7.5 7.0 7.50b 7.25b 

numbers followed by the same letter are not significantly different within timings, P =0.05 

Table 3. Number of leaves with Ascochyta at 14 days after inoculation on chickpeas sprayed with 
Aviator Xpro, Veritas or water (Nil) 24, 48, 72 and 96 hours after inoculation 

Tissue & treatment 24h 48h 72h 96h 

Leaf Aviator Xpro 0.00 0.0 0.25a 4.25b 

Leaf Veritas 0.00 0.0 0.75a 5.25b 

Leaf Nil 8.75 9.0 8.00b 6.50b 

numbers followed by the same letter are not significantly different within timings, P =0.05 

Table 4.  Number of stems with Ascochyta at 14 days after inoculation on chickpeas sprayed with 
Aviator Xpro, Veritas or water (Nil) 24, 48, 72 and 96 hours after inoculation 

Tissue & treatment 24h 48h 72h 96h 

Stem Aviator Xpro 0.0 0.0 0.25 3.75a 

Stem Veritas 0.0 0.0 0.00 4.50a 

Stem Nil 6.0 7.5 6.50 5.75a 

numbers followed by the same letter are not significantly different within timings, P =0.05 

The results of the 2018 glasshouse experiments looking at the impact of Ascochyta infection period 
prior to application of Aviator Xpro and Veritas need to be validated in field trials.   

However, the results indicate if growers wait 72 hours after rain starts before spraying, Ascochyta 
may still develop and if they wait to 96 hours they will not stop the disease.   

If a pre-rainfall spray is missed, one management option available to growers may be to apply 
Aviator Xpro (before late flowering (BBCH 69) with a maximum of two sprays during the season) or 
Veritas (may be applied twice in a season, with no restriction on use at flowering). 

However, growers are encouraged to implement the current recommended management practice of 
applying before rain . 

2007 Tamworth chickpea Ascochyta fungicide rain fastness experiment 

This replicated experiment was designed to answer a question many agronomists and growers have 
asked i.e. “Yesterday, I sprayed my chickpeas with an Ascochyta fungicide and today it rained - is my 
crop still protected?” 

Chickpeas cv Jimbour with 3-5 nodes were sprayed with Bravo® (720g/L chlorothalonil), DithaneTM 
RainshieldTM (750g/kg mancozeb) or water (Nil fungicide). Fungicides were applied with a backpack 
at standard rates ie Bravo @ 1000 mL/ha or Dithane Rainshield @ 2kg/ha in 100L/ha water by 
placing pots on ground and walking at 6.0 km/h. As soon as the fungicides had dried, the plants were 
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placed in a rainfall simulator and exposed to 50mm, 100mm or 150mm of ‘rain’ at a rate of 50mm 
per 10 minutes; plants not exposed to rain were the Nil rain (Dry) control.  After exposure, plants 
were inoculated with Ascochyta, placed in a humid chamber for 48 hours and assessed 10 days later.  

Bravo was very rain fast – 150mm rain in 30 min did not appear to reduce efficacy compared with 
50mm in 10 min.   

Dithane Rainshield was not as rain fast with 150 mm having significantly more stem lesions than 
50mm.   However, it’s highly unlikely a chickpea crop in southern Australia would ever be exposed to 
50mm rain in 10 min (the lowest intensity we could get with this simulator). 

So, the answer to the growers’ questions is “Yes – your crop is still protected, although new growth 
emerging post-fungicide is not”. 

2018 Tamworth chickpea Ascochyta fungicide persistence glasshouse experiment 

A glasshouse experiment was conducted to determine how long a fungicide protects tissue to which 
it has been applied. Fungicides (Unite 720 @ 1000 mL/ha, Aviator Xpro @ 400 mL) were applied 
once to Kyabra  or PBA Seamer   with 4-5 nodes and inoculated with Ascochyta 1, 2 or 4 weeks 
later; water was the Nil control.  New growth was removed every 2-3 days to remove tissue that had 
not been sprayed from the experiment.  Ascochyta was assessed on petioles, leaves and stems on a 
1-9 scale where 1= nil disease and 9 = tissue dead.  The data was analysed using the lme function of 
the R package nlme. 

The findings were similar for petioles, leaves and stems.  No Ascochyta developed on either variety 
with Aviator Xpro at any time of inoculation.   There was little or no disease with Unite 720.  For the 
Nil control, Kyabra  had more Ascochyta than PBA Seamer   and disease scores tended to be lower 
for later inoculation. 

This experiment supports previous research that showed chickpea Ascochyta fungicides provide 
lasting protection for the tissues to which they have been applied.   

Chickpea Ascochyta management in 2019 

The current recommendation for cost-effective management of chickpea Ascochyta includes: 

• Treat all planting seed with a registered fungicide, applied properly. Seed treatment protects 
against seed transmitted Ascochyta, Botrytis and a range of opportunistic soil fungi that can 
attack seedlings if seed has lower vigour, is planted deep or if conditions don’t favour rapid 
emergence e.g. cold, wet soil, herbicide residues. 

• Paddock selection – avoid planting chickpeas in the same paddock for at least 3 years. Avoid 
planting chickpea immediately next to last year’s chickpea crop. 

• Grow varieties with the highest level of Ascochyta resistance suitable for your area 

• For NSW and southern QLD, in high risk Ascochyta situations i.e. paddocks that had chickpeas in 
2016, 2017 or 2018, apply a preventative fungicide before the first post emergent rain event 

• In central QLD, where the Ascochyta risk is lower compared to southern regions, grow the 
highest yielding varieties but have in place an Ascochyta plan.  In most seasons in CQ, there will 
be no cost benefit of applying a fungicide before Ascochyta is detected. When conditions do 
favour Ascochyta, a reactive foliar fungicide program and protective pod sprays are warranted. 
Monitor the crop 10-14 days after each rain event. 
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Barley agronomy: new varieties, their potential for early sowing & limitations 
Felicity Harris, NSW Department of Primary Industries, Wagga Wagga 

Contact details 

Felicity Harris 
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Mb: 0458 243 350  
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Twitter: @FelicityHarris6 and @NSWDPI_Agronomy 
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Recovery after the drought, getting back to productivity – notes page for 

discussion 

Notes 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Useful links on Arbuscular Mycorrhizae (AM) and long fallow disorder 

https://grdc.com.au/news-and-media/news-and-media-releases/north/2018/10/long-fallow-
disorder-risk-this-summer 

https://grdc.com.au/resources-and-publications/groundcover/groundcover-136-september-
october-2018/new-predicta-b-function-helps-sidestep-nutrient-disorder 

https://grdc.com.au/resources-and-publications/grdc-update-papers/tab-content/grdc-update-
papers/2009/09/mycorrhizae-and-their-influence-on-p-nutrition 

https://grdc.com.au/resources-and-publications/grdc-update-papers/tab-content/grdc-update-
papers/2016/07/is-there-an-issue-with-sorghum-following-canola 
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