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GRDC 2020 Grains Research Update Welcome 
If you are reading this, then chances are you have taken time out from an extraordinarily tough season in our 
very sunburnt country to hear the latest grains research, development and extension (RD&E) information. 

Welcome.  

We at the GRDC understand how very challenging the current situation is for growers, advisers, 
agronomists, researchers and those associated with the grains industry across New South Wales and 
Queensland.  

Drought takes an enormous toll financially, emotionally and physically on those working and living through it 
daily. We trust that these GRDC Grains Research Updates will offer you new research information to help 
guide your on-farm decisions this season and to be best placed to take advantage of future seasons. We 
also hope the Updates provide a chance to connect with your peers and temporarily escape work pressures. 

We would like to take this opportunity to thank our many research partners, who, like growers and advisers, 
have gone over and above in recent years to keep trials alive in rain-deprived environments. 

Challenging seasons reinforce the importance of rigorous, innovative research that delivers genuine gains 
on-farm. For more than a quarter of a century the GRDC has been driving grains research capability and 
capacity with the understanding that high quality, effective RD&E is vital to the continued viability of the 
industry. 

Sharing the results from this research is a key role of the annual Updates, which are the premier event on 
the northern grains industry calendar and bring together some of Australia’s leading grains research 
scientists and expert consultants. 

To ensure this research answers the most pressing profitability and productivity questions from the paddock, 
it is critical the GRDC is engaged with and listening to growers, agronomists and advisers. 

For the past four years we have been doing that from regional offices across the country. Through the 
northern region offices in Wagga Wagga and Toowoomba and a team of staff committed to connecting with 
industry, we are now more closely linked to industry than ever. 

Today, GRDC staff and GRDC Northern Panel members are at this Update to listen and engage with you. 
This is a vital forum for learning, sharing ideas and networking, all of which are critical to effect successful 
change and progress on-farm. 

 
Regards, 
Gillian Meppem 
Senior Regional Manager North 
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Tuesday 10 March 2020 
 Barellan & District War Memorial Club, 62 Bendee St, Barellan  

Registration: 8:30am for a 9am start, finish 3:05pm 
 

AGENDA 

Time Topic Speaker(s) 

9:00 AM GRDC welcome  

9:10 AM Drivers of yield stability in wheat and barley - picking a 
winner in variable seasons 

Felicity Harris  
(NSW DPI) 

9:45 AM Integrating livestock into cropping systems using dual 
purpose crops - paddock layout, fencing, water and grazing 
management, agronomy, dry matter production, time of 
sowing and nutrition 

Peter Matthews  
(NSW DPI) 

10:15 AM An app for assessing the feed value of grain, hay and silage 
for cost-effective supplementary feeding 

Geoff Casburn  
(NSW DPI) 

10:35 AM Morning tea  
11:05 AM Pulses in Barellan farming systems Tony Swan  

(CSIRO) 
11:35 AM Building soil organic matter - what the science tells us Mark Farrell  

(CSIRO) 
12:05 PM Measuring, using and budgeting P in medium and lower 

rainfall zones - are there options to spend less after a dry 
year? 

Graeme Sandral  
(NSW DPI) 

12:35 PM Lunch  

1:35 PM New herbicides - what’s coming, where do they fit and how 
do we use them?   

Greg Condon 
(Grassroots 
Agronomy/AHRI) 

2:05 PM Herbicide approval processes - they can be relied on!   Jason Lutze/ Sheila 
Logan (APVMA) 

2:35 PM Decisions for a profitable 2020 - picking the right variety for 
the situation, soil water, managing fertiliser cost, weed and 
disease planning 

Terry Edis (Elders), 
David Elwin (Yenda 
Producers) and Jamie 
Pursehouse 
(Landmark) 

3:05 PM Close  
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 Yield stability across sowing dates: how to pick a winner in variable seasons? 
Felicity Harris1, Hongtao Xing1, David Burch2, Greg Brooke3, Darren Aisthorpe4, Peter 

Matthews5 and Rick Graham6 
1 NSW Department of Primary Industries, Wagga Wagga 
2 NSW Department of Primary Industries, Condobolin 
3 NSW Department of Primary Industries, Trangie 
4 Department of Agriculture and Fisheries, Queensland 
5 NSW Department of Primary Industries, Orange 
6 NSW Department of Primary Industries, Tamworth 

Keywords 
flowering time, adaptation, sowing opportunity 

GRDC code 

DAN00213 (Grains Agronomy and Pathology Partnership, GRDC and NSW DPI)  

Take home messages 
• Match optimal flowering period to growing environment to maximise grain yield potential 
• One variety doesn’t fit all; there are no commercially available varieties that are broadly adapted 

across a wide range of sowing times or growing environments 
• Optimising variety phenology and sowing time combinations achieves grain yield stability across 

a wide sowing window 
• Probability of sowing opportunities will influence variety choice and sowing time decisions. 

Background 

Across the northern grains region (NGR), wheat is sown across a window from early to late autumn 
(April–May). There are a range of commercial cultivars which vary in their phenology from slow 
developing winter types to fast developing spring types, providing growers with flexibility in their 
sowing window. Field experiments were sown at ten locations in the NGR to determine phenology 
and yield responses across different environments. The experiments were conducted from 2017 to 
2019, and annual rainfall at the ten locations ranged from 184mm to 620mm. The aim of these 
experiments is to provide growers with regional information about variety adaptation and 
recommended sowing times.  

Aim to target optimal flowering period (OFP) for your growing environment 

Across the environments of the NGR, one of the primary drivers of yield and grain quality is 
flowering time. When considering variety options at sowing, growers should aim to synchronise crop 
development with seasonal patterns so that flowering occurs at an optimal time. This period is a 
trade-off between increasing drought and heat threat, and declining frost risk. Across the NGR, the 
optimal flowering period (OFP) varies from late July in central Queensland to mid-late October in 
southern NSW. There is no ‘perfect’ time to flower when there is no risk, rather there is an optimal 
period based on minimising risks, and maximising grain yield based on probabilities from previous 
seasons.  

Previously, we proposed OFPs from simulations using the APSIM cropping systems for locations 
across the NGR, based on historical climatic records (1961–2018) according to the parameters 
outlined by Flohr et al. (2017) for a fast spring genotype (Harris et al., 2019). These OFPs have now 
been validated using recorded flowering dates and grain yield from field experiments conducted 
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across the NGR from 2017 to 2019. It was determined that the OFP varies 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 variety, management and environment; the variety x sowing 
time combinations capable of achieving OFP and maximum grain yield also varied across 
environments of the NGR (Figure 1).  

In very dry seasons, such as 2019, yields are often higher when the crops flower earlier than the 
OFP; while in wetter seasons, such as 2016, flowering later does not induce the same yield penalties. 
Despite this, our field data supports the idea that growers should target the OFP for their growing 
environment to achieve maximum grain yield potential.  

 
Figure 1. The optimal flowering period (OFP) for a fast spring variety (Scepter ) and a slow spring 
variety (Lancer ) determined by combining field data from experiments (2017-2019) and APSIM 

simulation using methods of Flohr et al. (2017) for Condobolin, Wagga Wagga and Emerald. The lines 
represent frost and heat limited yield (kg/ha), while the boxes on the x-axis represent the predicted 

OFP defined as ≥ 95% of the maximum mean yield 

One cultivar doesn’t fit all - need to match variety and sowing time 

Timing of flowering is influenced by phenology (genotype (G)), location and season (environment (E)) 
and sowing time (management (M)). Significant G × E × M interactions influencing grain yield 
responses across environments have been identified. The implication of these findings is that there 
are no commercially available varieties that are broadly adapted across a wide range of sowing times 
or growing environments. Differences in seasonal rainfall and temperature extremes imposed during 
the critical flowering period, which could have been influenced by sowing time, indicated that 
variety performance is also highly dependent on season. Despite this, there is evidence to suggest 
that variety choice can be exploited by growers to achieve OFPs and relatively stable yields across a 
wide sowing window. For example, in Wagga Wagga, southern NSW, winter wheat (for example; 
LongReach  , Kittyhawk   and Longsword  ) require earlier sowing to flower within the optimal 
period, due to their extended phase duration and slower development pattern. Slower developing 
spring types (for example; Lancer  ) are suited to late-April, early-May sowing dates, while mid to 
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fast spring types (for example; Beckom  , Condo  ) are sown mid-late May to synchronise 
development and target the OFP (Figure 2). 

 
Figure 2. Mean heading date responses from selected winter and spring cultivars at Wagga Wagga 
(2017-18) and Marrar (2019) across all sowing times. Shaded area represents the optimal flowering 

period 

In southern NSW, when slower developing varieties (for example; winter type EGA Wedgetail  ) are 
sown early and achieve OFP, they are capable of higher water-limited yields compared with faster 
developing spring varieties sown later. However, faster developing varieties (for example; Scepter  ) 
are better adapted to regions with shorter growing seasons, and in environments or later sowing 
scenarios where frost and heat stresses occur in close proximity to each other (Figure 3).  
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Figure 3. Predicted grain yield responses across sowing dates from early-April to late-May at 
Emerald, Tamworth and Wagga Wagga sites in 2017 and 2018 for selected genotypes; EGA 

Wedgetail  (winter type), Lancer  (mid spring type), Scepter  (fast spring type) 

Likelihood and timing of sowing opportunities varies across growing environments 

Matching flowering date to a growing environment can be a challenge, as the timing of the seasonal 
break is highly variable. A simulation was conducted to determine the probability of a sowing 
opportunity occurring across locations of the NGR using methods described in Unkovich (2010). 
According to this sowing rule, the timing of a sowing opportunity whereby there is sufficient 
seedbed moisture to establish a wheat crop, differs across environments. Therefore, sowing 
opportunities will influence variety choice and sowing time decisions also. For example, the 
probability of a sowing opportunity prior to 25 April was 38% at Condobolin, compared to 65% of 
years at Yarrawonga (Figure 4). As such, there are limited opportunities to sow a winter wheat at 
Condobolin, however probability increases to approximately 70% by early-May and the 
opportunities increase for mid-fast developing varieties. In contrast, growers in Yarrawonga have 
more flexibility in their sowing window and could consider incorporating slower developing or 
winter types for earlier sowing in their program. 
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Figure 4. Probability distribution of first sowing opportunity for sites across the Northern grains 

region from 2000-2018 using the methods of Unkovich (2010). The dashed grey line pinpoints the 
probability of the sowing opportunity prior to 25 April for Condobolin and Yarrawonga 

Conclusion 

There were significant interactions between G × E × M, whereby genotypic responses to sowing date 
varied across sites in the NGR, and within seasons for varieties with varied phenology patterns. 
These findings indicate that the varieties tested are not broadly adapted to environment or 
management, and as such there is scope for growers to optimise grain yield through variety 
selection and management of sowing date by considering phenology responses and target OFPs.   
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How does phenology influence yield responses in barley? 
Felicity Harris1, Hugh Kanaley1, David Burch2, Nick Moody2 and Kenton Porker3 

 1 NSW Department of Primary Industries, Wagga Wagga 
 2 NSW Department of Primary Industries, Condobolin 
 3 SARDI 

Keywords 

optimal flowering period, frost, sowing date, adaptation 

Take home messages 
• The optimal flowering period (OFP) to maximise grain yield potential and minimise effects of 

abiotic stresses in barley is earlier than for wheat and varies across growing environments 
• Flowering time and grain yield is optimised with different variety x sowing date combinations, 

and varietal suitability varies across growing environments 
• Relative frost risk of barley is lower than for wheat, and commercial barley varieties differ in 

frost tolerance. 

Background 

Maximum grain yield potential is achieved when crop development is synchronised with growing 
environment. Typically, barley is sown in a window from early–late autumn (April–May), to ensure 
flowering occurs at an optimal time in spring. This optimal flowering period (OFP) is defined early, by 
the risk of reproductive frost damage, and later, by high temperatures and terminal water stress 
during grain filling. Barley is considered to be more widely adapted, have superior frost tolerance, 
and has a yield advantage compared to wheat across environments of southern Australia (Harris et 
al., 2019), despite this, OFPs for barley have not been adequately defined which has implications for 
variety choice and sowing dates for growers.  

Field experiments – Condobolin and Marrar, 2019 

In 2019, field experiments were conducted at Condobolin and Marrar to investigate interactions 
between phenology, sowing date and growing environment. Cultivar responses were significantly 
influenced by seasonal conditions, with both sites recording below average growing season rainfall 
(April to October) and severe heat stress events which coincided with the late flowering to early 
grain filling period (Table 1). 



 
12 

2020 BARELLAN GRDC GRAINS RESEARCH UPDATE 

 

Table 1. Growing season rainfall (GSR) April to October, frost and heat events at Condobolin and 
Marrar, 2019 

Site GSR 
(mm)^ 

Frost events 
(days <0°C) 

Heat events 
(days >30°C) Comments 

Condobolin 144 
(246) 5 9 

• Minimal frost, no days <-2°C 
• Heat events coincided with late grain-filling 

phases: 1 day >30°C early October, 4 days >30°C 
late October-early November 

• 60 mm supplementary irrigation prior to sowing, 
additional 110 mm irrigation in-crop (May-
September) to target Decile 5-6 yield potential. 

Marrar 194 
(272) 3 8 

• Minimal frost, no days <-2°C 
• Heat events coincided with early grain-filling 

phases: 2 days >30°C early October, including 
31.1°C (3 Oct) and 34.1°C (6 Oct); 7 days >30°C 
(23 Oct-2 Nov) 

• SD1 (18 April) established with 10 mm 
supplementary irrigation via drippers; site rain 
fed thereafter. 

^Long term average (LTA) in parentheses 

Phenology and yield responses to sowing date, 2019 

Variety and sowing date combinations which flowered in early-mid September at Condobolin, and in 
mid-late September at Marrar achieved the highest yields in 2019. This indicates that OFPs vary in 
timing and duration across different yield environments, as described for wheat (Flohr et al., 2017). 
As flowering time is a function of the interaction between variety, management and environment, 
the variety x sowing time combinations capable of achieving OFP and maximum grain yield also vary 
across environments (Figure 1). At both sites, optimal flowering time were achieved by fast winter 
type Urambie  sown mid-late April, spring cultivars sown mid-May, and some faster finishing spring 
types (e.g. La Trobe  and Fathom ) capable of flowering within the optimal window when sown 
late-May. However in 2019, which was characterised by minimal frost risk, significant heat stress and 
terminal drought (Table 1), earlier flowering resulted in higher grain yields at both sites (Table 2). 
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Figure 1. Flowering date responses to sowing date for selected varieties at a) Condobolin and  

b) Marrar field experiments in 2019. Shaded area indicates proposed optimal flowering period (OFP) 
at each location 
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Table 2. Grain yield responses to sowing date for barley varieties at Condobolin and Marrar, 2019 

Variety 
Condobolin Marrar 

18 April 9 May 1 June 18 April 9 May 30 May 

Banks  (Mid spring) 3.54 3.13 2.14 3.53 3.35 2.80 

Biere  (Fast spring) 2.64 2.65 2.00 3.67 2.66 2.59 

Cassiopée (French winter) 1.59 1.17 0.79 1.80 1.64 1.17 

Commander  (Mid spring) 3.73 2.35 1.86 3.62 3.00 2.43 

Compass  (Fast spring) 4.00 2.99 2.56 3.96 3.09 3.03 

Fathom  (Mid-fast spring) 3.80 3.07 2.54 4.57 3.58 3.00 

La Trobe  (Fast spring) 4.05 2.90 2.54 4.28 3.42 2.69 

RGT Planet  (Mid-fast spring) 4.02 2.38 1.90 3.07 2.87 2.60 

Rosalind  (Fast spring) 3.54 2.71 2.93 4.06 3.76 3.07 

Spartacus CL  (Fast spring) 3.64 3.44 2.42 4.06 3.95 2.97 

Traveler  (Slow spring) 3.41 2.69 1.83 3.21 3.39 2.52 

Urambie  (Fast winter) 3.49 2.41 1.96 3.54 2.74 2.51 

Mean 3.45 2.66 2.12 3.61 3.12 2.62 

LSD (Variety) 0.54   0.31   
LSD (SD) 0.27   0.15   
LSD (Variety x SD) 0.93   0.53   

How does barley optimal flowering period (OFP) compare to wheat? 

A preliminary comparison of co-located wheat and barley field experiments conducted in two 
contrasting seasons (Wagga Wagga, 2018 and Marrar, 2019) suggests that the OFP, whereby grain 
yield was maximised, for barley is significantly earlier, and relative frost risk lower than wheat, which 
has implications for variety choice in relation to sowing time for growers (Figure 2).   
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Figure 2. Grain yield responses to flowering date for a range of wheat and barley varieties sown from 
early April-late May in co-located experiments conducted at Wagga Wagga (2018) and Marrar (2019) 

Cultivar adaptation to growing environment  

A comparative analysis between yields of RGT Planet  and La Trobe  from field experiments 
conducted at Condobolin (2017-19), Matong (2017), Wagga Wagga (2016-18), Marrar (2019) and 
Wallendbeen (2018-19) showed that these cultivars often achieved similar grain yields (Figure 3). 
Generally, in environments where grain yields were less than 2.5-3 t/ha, or in seasons such as 2019, 
with severe heat and terminal drought stress, La Trobe  or faster finishing types were favoured; 
whilst when grain yields were greater than 2.5-3 t/ha, RGT Planet  was capable of a yield advantage. 
Differences in comparable yields were also apparent in relation to management, whereby RGT 
Planet  offers an opportunity for slightly earlier sowing (early May) compared to benchmark fast 
spring type La Trobe  which is better suited to traditional mid-late May sowing dates.  

OFP Barley OFP  Wheat 
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Figure 3. The relationship between highest yields of RGT Planet  and La Trobe  from field 

experiments at Condobolin (2017-19), Matong (2017), Wagga Wagga (2016-18), Marrar (2019) and 
Wallendbeen (2018-19). Dotted line indicates 1:1 relationship 

Varietal differences have been observed under high frost risk seasons, such as those experienced at 
Wagga Wagga in 2018, whereby RGT Planet  was better able to maintain yield under frost 
conditions (SD1) compared to La Trobe  (Figure 4). This aligns with the National Frost Initiative (NFI) 
barley variety rankings (Figure 5) which is a useful resource for both barley and wheat.  
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Figure 4. Grain yield responses to sowing date for RGT Planet  and La Trobe   at Wagga Wagga 

(2018) and Marrar (2019) 

 
Figure 5. National Frost Initiative (NFI) variety rankings for selected barley varieties in northern 

region, based on experiments conducted in NSW (2015-2017).  
Source: https://www.nvtonline.com.au/frost/  

Conclusion  

Initial comparisons indicate that the optimal flowering time (OFP) for barley is earlier than for wheat, 
and timing and duration of barley OFPs varies with environment. Timing of flowering and grain yield 
is optimised with different variety x sowing date combinations, and variety responses and suitability 
differ across growing environments. Most spring barley varieties are still suited to traditional May 
sowing dates, however some longer season spring types such as RGT Planet  offer opportunities for 

https://www.nvtonline.com.au/frost/
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slightly earlier sowing (early May) compared with benchmark fast spring types such as La Trobe . 
Whilst early sowing options in frost prone environments of southern NSW are currently limited by 
suitable winter varieties, there are differences in relative frost susceptibility within current 
commercially available varieties in NSW. 

Useful resources 

https://www.nvtonline.com.au/frost/  
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Integrating livestock into cropping systems using dual purpose crops - 
paddock layout, fencing, water and grazing management, agronomy, dry 

matter production, time of sowing and nutrition 
Peter Matthews, NSW DPI 
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Wire, water and grazing management in dual purpose crops 
David Harbison – D R Agriculture Pty Ltd, Molong 

Key words  
Paddock layout, fencing, water, dual purpose crops 

Take home messages 

• Paddock size, or available grazing area, is key to maximise grazing efficiency 

• Strip fencing may be necessary to ‘create’ the required stock density  

• Water sources must be of good quality and well located within each paddock 

• Identify the class of stock and their indicative weight and consumption needs before sowing to 
determine the likely area of grazing crop needed (use regional dry matter crop growth rates to 
assist) 

• Increased profitability per hectare gross margin by comparison to crop only situations. 

Introduction 

Dual-purpose crops offer great opportunities for farmers with livestock in their system (their own or 
via potential agistment income) to utilise early-season sowing opportunities, spread risk, and 
increase per hectare (ha) returns.  Critical to gaining the most from these opportunities, is getting 
much of the logistics right, and applying sound grazing management. Cropping machinery (in 
general) over the last 20 – 30 years has been getting larger and more efficient. As a consequence, 
livestock infrastructure has been reduced, and in many cases, removed. So, what does this mean for 
dual purpose crops? In short, many paddocks are now too large to graze efficiently.  Water points 
are often minimal and of lesser quality and quantity, or the number of stock required to provide 
efficient grazing can be very large - creating its own sub-set of management issues.  

Kirkegaard et al. (2016) reported that with good management, the period of grazing can increase net 
crop returns by up to $600/ha and have a range of system benefits including widening sowing 
windows, reducing crop height, filling critical feed gaps and spelling pastures. However, achieving 
this grazing return relies heavily on ‘good management’, with time of sowing, stock number, grazing 
management, crop growth (both pre grazing and recovery), water supply and other factors all critical 
to a successful outcome. The indicative stock density used to achieve the above profit was 
approximately 2000 dry sheep equivalent (dse) grazing days/ha. Put simply, it may be 40 dse/ha for 
50 days of grazing. 

Paddock infrastructure 

There is no ‘ideal’ paddock size, or available grazing area. My experience is that smaller 
paddocks/areas (<40 – 50 ha) are likely to be far easier to manage and have more manageable water 
points than much larger paddocks. Getting the most from the grazing dry matter (DM) requires 
eating more of what is on offer, over a shorter period of time, and leaving a critical residual biomass 
to allow significant crop regrowth before the second (and potentially third) grazing. Understanding 
crop growth rates, and what drives them, from planting to first graze (autumn) and into winter, 
enables farmers and advisors to predict likely stock numbers and DM production. Stock number and 
predicted consumption determines how long a set amount of DM will last.  Using the grazing day 
information from Kirkegaard et al (2016), a 40 ha paddock would require approximately 1600 dse 
(potentially 2000 lambs (or 230 - 250 weaner steers depending on size)) for two 25 day grazings. A 
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paddock larger than this will proportionately increase the stock number needed to optimise grazing 
efficiency. 

A significant limitation to larger paddocks (and by default mob size) is water.  This is usually the most 
difficult infrastructure to accommodate in the dual purpose crop system. Many issues surround good 
stock water supply. Distance to, temperature and cleanliness of water, dam vs trough, and other 
factors all impact on animal intake and performance.  

The Dept. of Primary Industries and Regional Development WA (2020) publication ‘Water quality for 
livestock’, guides farmers in the water needs of livestock.  Stock avoid warm water, so deeper or 
shaded water sources will generally be preferred. Pipes carrying water above ground to moveable 
troughs may deliver hot and undrinkable water (pending time of the year and location). Similar 
outcomes can also occur in shallow troughs in full sun. While trough systems have many benefits, if 
mob size is too large or inflow rates too low, stock will walk off with less (and sometimes nil) water 
intake. Allowing at least one metre of trough per 130 sheep is their advice. Further, sheep not used 
to water troughs, and particularly young sheep, may take time to learn to drink from them, so 
always push them onto water in a new paddock. 

Dams are still very valuable, and often the only option for many. If there has been a benefit of the 
recent drought and dry dam situation, it is the opportunity provided to clean out those dams that 
farmers will benefit from most into the future. Stock will always decrease the quality of dam water, 
often by urine and faeces contamination and most commonly just by mud and foot disturbance. If 
water quality is poor, livestock may drink less than they need, or rarely, may stop drinking 
altogether. Lower water intake decreases DM intake, thus resulting in decreased animal 
performance. Many experiments have demonstrated the benefits of cleaner trough water over dam 
water, but it is not available to all.  Lardner et al (2005), in their study of cattle performance, showed 
that by improving water quality with pumping and aeration to a trough, weight gains of 9 – 10% 
were achieved over the control mob over a 90 day grazing period in most years. 

Dry matter, grazing management and stock density – the numbers 

Kirkegaard et al. (2016) expressed DM production in terms of dse days/ha. They write that “early-
sown, slower-maturing crops have the longest vegetative period and provide the most grazing 
potential, but typical grain-only spring crop varieties can also be sown early and provide useful 
grazing without significant yield loss following the same principles – but the potential grazing is 
much reduced, and closer management of lock-up timing is required”. Further, when it comes to 
planning, preparation and sowing (i.e. all key management activities), they quote that “each week 
delay in sowing wheat after early March, reduces grazing potential by 200-250 dse.days/ha and yield 
by 0.45 t/ha”.  

So, the challenge is to convert this DM into red meat as best we can, without penalising ourselves in 
grain yield. Again, I refer you to Kirkegaard et al. (2016) for a very explicit description of that critical 
time to destock, or “shut the gate” so that little or no grain penalty occurs. You will note that this 
decision is driven by the plant, through its stage of growth and critical residual biomass needs and 
not by a date on a calendar.  If maximising grain yield is a key target, it is imperative to get this 
destocking decision right. 

Understanding plant growth, time to first graze and regrowth rates enables us to predict how many 
stock, of what class, will be required during the season. In the late 2000’s, working with a grower at 
Cumnock (Central West Slopes), we aimed to get 60 – 75 days grazing from the early sown cereals. 
This was usually achieved in two or three grazings but required good estimations of DM prior to and 
during grazing, and what growth rate could be expected during the ‘rest or recovery period’. Figure 1 
provides DM growth rates for the Central West Slopes (NSW DPI – Prograze, 2000), for a range of 
pastures species, with oats included as a reference. The oat growth curve line is ‘indicative’ of a 
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cereal crop’s daily growth rate (kg DM/ha/day) in this region, and while I accept that wheat may be 
slightly lower or it may be sown slightly later, it can be used to estimate a potential grazing situation. 
There are good data sets of DM rates available from more recent NSW DPI/GRDC trials should you 
wish to fine tune your future DM estimates for areas closer to home. 

 

 
Figure 1. Estimated growth rate (kg Dry Matter/ha/day) of pasture species on the Central West 

Slopes of NSW (Source NSW DPI - Prograze) 

By providing a working example of DM utilisation, it may make the following numbers more 
understandable. Using the oat growth rate line (the top thick black line from May to October) from 
Figure 1 as a guide (and knowledge of more recent wheat DM growth rates from various locations), 
one can estimate how much DM could be on hand by a certain point in the growth cycle. By sowing 
early (March 1) into a well prepared and planned paddock, one could estimate DM by mid-May to 
range from 1800–3000 kg DM/ha pending species/varieties/growing conditions. If sowing date was a 
month later (April 1st), this same DM is likely to be achieved by mid to late June. So how do we use 
it? 

DM utilisation is the amount of DM consumed by the animal as a % of total on offer. For cereals, I 
estimate 60 – 70% utilisation pending row spacing, and I am aware of data showing higher utilisation 
rates in canola. The caution here is not to over-estimate potential DM on offer, as running out of 
crop DM is far worse than having more left in the paddock than first planned. It takes experience, 
and lots of it, as no two seasons are the same, and growth rates can change rapidly in response to 
dry spells, frosts and nutrient deficiencies to list a few. The second variable to consider before 
stocking is how much residual DM to aim for to enable speedy recovery/regrowth. Best regrowth 
occurs when there is 1000 – 1400 kg DM remaining (typically 10 – 12 cm high in cereals).  Eating 
below this range restricts regrowth rates for a period, thus decreasing overall DM available for 
consumption during the season. As Kirkegaard et al. highlight, “not leaving enough residual biomass 
after the last grazing is very damaging in terms of grain recovery”. 
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So, for the first grazing, if we average possible DM on hand (2400 kg/ha), and likewise average what 
residual DM we want left (1200 kg/ha), we can determine there to be 1200 kg DM/ha that we have 
available to eat. If this is consumed at 65% utilisation, then we eat 780 kg DM. Now the stock class 
and size and continued crop growth comes into play. Using a 35 kg lamb (0.8 dse), one estimates 
they will consume 3-4% of their body weight a day (1.05 – 1.4 kg DM/day, average 1.2 kg DM/day), 
while from figure 1, growth rate of the crop will continue at say 30 kg DM/day. So just to “hold” the 
crop where it is, one needs to eat the daily growth (30 kg DM @ 65% = 19.5 kg) which will require 16 
lambs/ha. Should we wish to eat the available 780 kg DM over the next 3 weeks, then 780 kg DM /21 
days = 37 kg DM/day is further required to be eaten. Again at 1.2 kg DM/day eaten by each lamb, 
this existing DM needs another 31 lambs/ha. Multiply this by grazable crop area, and this is where 
paddock size and water source(s) become critical to total stock number required. This above 
example indicates more than 45 lambs per ha (at a point in time) could be required to get the best 
grazing efficiency, and thus productivity and profit.  

The balancing act of having this amount of quality feed on offer for an extended period means that 
usually three paddocks or areas of similar size will be required so a 21 day rotation as indicated in 
the above example can be practiced. This allows approximately 42 days between grazings, enough 
for significant DM growth if good grazing management principles are applied, and minimum DM 
limits obeyed. 

Similar calculations can be run for grazing crop situations, it just requires DM estimates and 
predicted DM growth rates, keeping in mind that when the crops near ‘lock up’ time, these stock, if 
not ready for sale, need to go somewhere else! As noted earlier in this paper, additional gross 
margin returns of $600/ha are quite achievable in the current livestock market, with a significant 
range, pending crop season length, from $300/ha to more than $1000/ha.   
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Drought and supplementary feed calculator app (DASFC) - assess the feed 
value of grain, hay, silage and pasture and develop cost-effective feed 

strategies 
Geoff Casburn, Ed Clayton and Hutton Oddy, NSW DPI 

Key words 
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effective rations, feed mixes, energy and protein. 

Take home messages 
• Livestock needs for energy and protein vary according to their weight and whether they are dry, 

pregnant, lactating or growing 
• Assessing grains, hays and silages for their nutritional value and cost is important to ensure 

animals are feed adequately and at least cost 
• Feeding to supplement pasture and stubbles is complex as it also requires calculations based on 

the digestibility, height and density of paddock feed 
• The DASFC is designed to help producers meet livestock needs and enable them to see the cost 
• Example:  Maintenance feeding 1000 ewes for 100 days, barley (energy = 12.5MJ/kg DM, $320/t 

on-farm) or canola hay (energy = 9.5MJ/kg DM, $280/t on-farm) 
barley:  63 tonnes in total (630 g/hd/day), total cost = $20,195 ($20.20/hd). 
canola hay: 90 tonnes in total (900g/hd/day), total cost = $25,272 ($25.27/hd). 

Mobile phones have changed the way we communicate and do business.  They are the ‘go to’ tool 
where many handy apps can solve problems on the spot.   

In October 2014, NSW DPI released the first ever drought feed calculator (DFC) app.  By January 
2018 it had been downloaded 10,000 times and by July of the same year, 18 000 times, 
corresponding with an increase in severity of drought in eastern Australia.  

The drought and supplementary feed calculator is the next generation of the DFC.  Its development 
was driven by user feedback and the need to solve practical problems while also providing a 
structured approach to educate and improve the user’s ability to solve future problems. 

In addition to calculating cost effective drought feeding rations, the app: 

• Calculates supplementary feed requirements based on intuitive pasture inputs 

• Can save and clone mobs 

• Has a ‘My Feeds Database’ alongside the DPI feeds database   

• Provides a basic feed inventory to keep track of allocated feeds 

• Calculates auger timings and feed amounts for development of mixes and feed-out activities 

• Can be tailored to needs by switching functions on and off 

• Enables the user to export handy feed reports via text or email.  

Figures 1 to 3 demonstrate the general process for assessing animals and pasture and developing a 
ration with a range of inputs and outputs, starting with livestock, pasture and supplements available.  
The user is led through the process using simple and intuitive prompts making it easy and quick to 
use.   
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The free app can be downloaded from the Apple App Store or Google Play for mobile and tablet 
devices or visit: www.dpi.nsw.gov.au/dasfc    

 

 

 

 

 

 

 

 

 

Figure 1. Dry ewe/wether drought/confinement feeding example 

 

 
Figure 2. Lamb production drought/confinement feeding example 
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Figure 3. Twin lamb pasture supplementation example 
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Pulses in the Barellan farming systems 
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Soil organic matter – what the science tells us 
Lynne M Macdonald, Mark Farrell & Jeff A. Baldock, CSIRO 

Key words 

soil organic carbon, soil health, carbon sequestration, carbon accounting, nitrogen supply, nutrient 
cycling 

GRDC codes 

CSP00207 

Take home messages 

• Stocks of soil organic matter (SOM) and the associated carbon and nutrient flows are key to 
healthy, sustainable, and resilient agricultural systems 

• Declining SOM impacts the soil’s ability to support key soil functions, including the capacity to 
deliver N 

• Estimates of soil organic carbon (SOC) accumulation rates following relatively modest 
management changes in Australian cropping and pasture systems typically range from 0.1 to 0.3 
tonnes C/ha/yr (also expressed as Mg or Megagram C/ha/yr) 

• Building SOM stocks at higher rates is possible through bold management changes that maximise 
carbon inputs and minimise loss pathways 

• Expenditure and opportunity costs need to be evaluated on an individual basis 

• A long term (decadal) cyclical approach to management of SOM and nitrogen budgeting will 
ensure that future productivity is not compromised by short term (annual) approaches that don’t 
capture the value of banking SOM for use in subsequent seasons 

• SOM and SOC mean different things and are explained in this paper. 

Introduction 

Soil organic matter (SOM) is a key component of productive soils and resilient agricultural systems. 
SOM supports soil structure, moisture and nutrient sorption/retention, and biological processes 
central to nutrient cycling and to disease suppression. However, it is widely recognised that 
agricultural production leads to a decline in SOM stocks. For Australian agricultural soils, SOM 
decline in the top 10 cm is estimated between 20% and 70%, with average SOM stocks about half 
that of native system soils (Baldock 2019). Declining SOM content can lead to more vulnerable 
production systems, impairing the ability of the soil to perform key soil functions, including nitrogen 
supply through the growing season.  

There is considerable interest in identifying management practices that build SOM. The principles of 
conservation agriculture typically align with goals of retaining and building SOM. These include 
minimising disturbance, maximising crop diversity/rotation, minimising fallow/bare ground, and 
integrating livestock where possible. Although changes in land-use (e.g. cropping to pasture) are 
commonly shown to change SOM content, it remains difficult to identify individual practices within a 
production system that have a consistent effect on SOM across different soil environments.  

Accumulation of SOM depends on many factors including climate, soil type, topographic position, 
land management, and the current SOM equilibrium state. Changes to management are 
implemented in different ways; different paddocks have varying production constraints that can lead 
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to inconsistent effects of management on input (biomass production) and output (decomposition) 
pathways.  

In this paper we consider:  

• The requirements for measuring changes in SOM and the linkages between carbon and 
nitrogen 

• The reported rates of SOC accumulation within the Australian agricultural context and the 
difficulties in transferring one scenario across a broader context 

• How to estimate potential changes in SOC given a change to carbon (crop biomass) inputs; 
conversely, to estimate the plant biomass production change that would be required to 
support an aspirational increase in SOC stock. 

SOM vs SOC – carbon with or without nutrients 

SOM and soil organic carbon (SOC) are often used interchangeably. SOM is not measured directly 
but calculated following measurement of the SOC content. On average SOM contains 58% carbon (C) 
and is bound to other essential elements including nitrogen (N), phosphorus (P), and sulphur (S). 
SOM values are thus on average 1.72 higher than SOC values. Some analytical laboratories report 
SOC content (mg/g), while others report SOM content. When comparing analytical results, it is 
important to check what has been reported and to convert data to comparable values if required.  

Soil carbon accounting schemes require that changes in SOC content are measured as stocks in the 
top 30 cm. SOC stocks are expressed as tonnes per hectare (Megagram (Mg) or tonnes/ha), requiring 
a calculation that accounts for the carbon concentration (g/kg air dried soil <2mm), the depth to 30 
cm, soil bulk density (g/cm3), and accounts for gravel (> 2mm) content.   

 
SOC accumulation rates are expressed as tonnes of C per hectare per year (t C/ha/year). Scientists 
often express this in SI units, where Megagram (Mg) is the same as a tonne (Mg C/ha/year). These 
rates can be estimated in two ways: 

• A relative change in SOC stocks: where measurements are made X years after contrasting 
management practices have been implemented (Figure 1 e.g. A3-A2). The relative 
difference between the starting and finishing levels is then divided by the number of years 
to provide an estimate of the annual difference in carbon stocks under the management 
practices.  A positive difference may be due to a sequestration of carbon, an avoided 
emission, or a combination of both. 

• A temporal change in SOC stocks: where a baseline measurement is made prior to 
management change, and subsequent sampling X years later is used to determine the rate 
of change (D-C in Figure 1).  In this approach a positive difference is due only to a 
sequestration of carbon in soil (scenario C) and is dependent on the equilibrium state of the 
soil when the management change was implemented.   

The Australian 2018 soil carbon accounting scheme requires temporal measurements with at least 
two measurement timepoints. Where more temporal measurements are made, the SOC stock 
change is estimated by basing the rate of change on a regression over time.  For carbon accounting, 
changes in SOC stocks are converted to carbon dioxide equivalents (CO2e,  t/ha), which are 3.67 
times the value of the SOC stock ( t/ha). It is important to take note of the measurement units when 
comparing results, and to convert data to comparable units. 

 



 
30 

2020 BARELLAN GRDC GRAINS RESEARCH UPDATE 

 

 
Figure 1. Schematic indicating the differences in SOC stocks ( tonnes/ha) under a management 

change scenario indicating that: relative differences between management practices (C-B) can result 
from sequestration of carbon (scenario 3) or an avoided emission (scenario 2); temporal differences 

(C-A) are dependent on equilibrium state of the soil when the management change was 
implemented, and will only be positive where sequestration has occurred (scenario 3). Graphic 

modified from Sanderman and Baldock 2010 

SOC accumulation in Australian agricultural systems  

There remains debate around achievable SOC accumulation rates and the stability/permanence of 
new SOC in Australian agricultural environments. There are many individual examples of positive, 
negative, or neutral changes in SOC that result from management. Collating data across the 
literature, a previous review of SOC sequestration potential for Australian agriculture reports 
relative gains for a range of management comparisons (Table 1; source Sanderman et al. 2010). For 
ease of comparison these SOC accumulation rates are reported as both SOC and SOM in Table 1.  
The data demonstrate the largest relative changes in stocks are achieved where greater 
management changes are implemented, for example converting cultivated land to permanent 
pastures (0.3 - 0.6 t C/ha/yr). Where modest management changes are implemented within 
cropping or pasture systems, the relative changes in SOC stocks are likely to be smaller (0.1 - 0.3 t 
C/ha/yr). Taking environmental factors into account, these values are broadly in line with rates of 
SOC change in the broader international literature. 

The review does however acknowledge that the available field data captures a narrow range of 
management options, and that there is limited data to inform SOC change potential under more 
radical management changes. Recent successes within the Australian government Emissions 
Reduction Fund (now Climate Solutions Fund) demonstrate that much higher rates of SOC 
accumulation (~3 t C/ha/yr) can be achieved under the right growing conditions. These individual 
examples are important in demonstrating the potential to increase SOM and improve overall 
productivity. However, before investing in management change initiatives it is important to be able 
to estimate realistic accumulation targets for individual scenarios based on local expert knowledge 
of the environment, system constraints, and production opportunities. 
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Table 1. Relative changes in soil organic carbon (SOC) or soil organic matter (SOM) across 
management comparisons, where: improved cropping practices included enhanced rotation, 

minimum till, and stubble retention; and improved pasture included additional fertiliser, liming, 
sowing alternative species, and irrigation. SOC data is sourced from Sanderman et al. (2010) and 

converted to SOM with a multiplication factor of 1.72 

Management comparison Stock change (t /ha/yr) 

SOC SOM 

Cropping: improved compared to conventional 0.2 - 0.3 0.34 - 0.52 

Pasture: improved compared to current 0.1 - 0.3 0.17 – 0.52 

System conversion: cultivated to permanent pasture 0.3 - 0.6 0.52 – 1.03 

Soil carbon inputs: visibility and (un)certainty  

In order to manage SOM stocks, we need to consider input and output pathways in the carbon cycle. 
Inputs of organic carbon to soils include plant biomasses and organic amendments, such as manure. 
Losses include decomposition/mineralisation and erosion. Maximising plant inputs, while minimising 
erosion loses, represent two of the most important management levers when aiming to build SOM 
stocks. 

Considering both above- and below- ground inputs are important. Inputs from above-ground crop 
residues can be estimated from yields based on harvest index (HI) data across a range of Australian 
cropping scenarios (Unkovich et al. 2010). Local expert knowledge of the cropping systems may be 
useful in fine tuning values. 

Although below ground inputs are less frequently measured, they are important drivers contributing 
to SOM stocks and overall biological fertility. Estimates of root biomass can be made based on 
general root:shoot ratios, but these numbers tend to be more uncertain compared to shoot biomass 
inputs. In addition to root biomass that can be readily seen, roots also add a significant amount of 
carbon in forms that are unseen. Fine root hairs, sloughed root cells and root exudates supply a 
steady flow of carbon to the rhizosphere through the growing season. These carbon forms are easily 
used by the microbial community and commonly referred to as rhizodeposits. It is generally 
considered that the microbial community can be relatively efficient in using rhizodeposits. The 
microbial community is key to converting these labile carbon forms into more stable carbon that 
contribute to more persistent soil carbon pools.  

Estimating SOC accumulation rates: let’s make some assumptions 

A useful cross-check in evaluating target sequestration rates is to consider how much extra crop 
biomass would be needed to support carbon accumulation in the soil. This provides a tool to 
question and moderate expectations around rates of SOC change based on local understanding of 
the extent to which plant biomass inputs can be changed through management. Although this does 
not account for potential changes in the loss pathways, changing carbon inputs can often be the 
dominant driver in achieving SOC gains.   

A theoretical SOC stock change potential (Figure 2) can be estimated through calculations based on 
carbon input and loss factors informed by published literature (Table 2). The input factors can be 
moderated based on local expert knowledge of the farming environment and the changes that can 
be achieved. Here we estimate the theoretical SOC stock change potential of a cereal system based 
on changes to carbon inputs including: 

1. plant biomass (roots + shoots): this approach aligns with input factors used in traditional 
soil carbon modelling. Shoot biomasses can be approximated based on the yield and harvest 
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index (0.37 for cereals); root biomass approximated based on a root:shoot ratio of 0.5 
(cereals); the soil carbon input is estimated using the total plant biomass (shoots plus roots, 
t/ha) and approximate carbon content (44%); and finally we estimate a retention factor for 
the biomass-C (RFb) into SOC at approx. 30 %.  

 
2. plant biomass (roots + shoots) plus rhizodeposits: this approach recognises that traditional 

soil carbon models don’t explicitly account for labile carbon inputs as a separate pool. Here 
we include rhizodeposition as equivalent to 50% of root biomass, and that these simple 
compounds are converted to SOM more efficiently (0.57 retained) by the microbial 
community compared to plant residues.  

 
Under these assumptions SOC stock change potential can be estimated for a given increase in plant 
biomass (Figure 2). Thus, a 0.5 t/ha change in SOC stock can be expected to require an approximate 
increase in crop biomass in the region of 2.5 t/ha when considering traditionally recognised shoot 
and root inputs, or 1.4 t/ha where rhizodeposits inputs are also included.  

 
Figure 2. A theoretical SOC stock change potential (t/ha) for a given increase in crop biomass (t/ha) 

when considering crop biomass inputs (solid black), or crop biomass inputs plus estimated 
rhizodeposit (solid grey). Assuming steady state equilibrium before the implementation of 

management change, the calculation factors are listed in Table 2 
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Table 2. Calculation factors, values, and references used to estimate the theoretical SOC stock 
change potential based on crop biomass inputs (SOC ∆B) or biomass plus rhizodeposit inputs (SOC 
∆B+R) depicted in Figure 2. Factor values* can be updated based on local expert knowledge for a 

given management scenario 

Calculation factor Value* Reference 

Harvest Index (HI) cereal 0.37 Unkovich et al. (2010) 

Root:Shoot (R:S) cereal 0.50 for pasture increase to 1 

Carbon content of cereal biomass 0.44 
 

Retention Factor biomass (RFb) 0.30 Ladd et al. (1995) 

Rhizodeposition C (proportion of root biomass) 0.50 Jones et al. (2009) 

Retention Factor rhizodeposition (RFr) 0.57 Pausch and Kuzyakov (2018) 

This estimate calculation does not provide a definitive answer on SOC change potential. It provides a 
tool to consider whether management changes have a big enough impact on plant inputs to support 
a target SOC stock gain. The harvest index can be updated for different crops with local knowledge 
or with values reported for a range of crops within Unkovich et al. (2010). It is also useful to consider 
how close to the water limited yield potential current yields are, and what factors are limiting closing 
the yield gap. Identifying the constraints in play, what it will take to overcome them, and estimating 
the gains in crop biomass inputs can be informative in helping to set realistic SOC change targets.  

It is important to note the uncertainties and assumptions around this estimate calculation. The 
calculation assumes that the system is in steady state, not losing or gaining carbon under the current 
management practice (Figure 1, scenario C). If the system is losing carbon then changed 
management practices may lead to either a slower rate of SOC loss (avoided emission) but no 
measurable gain from a baseline (time zero) measuring point, or only a small sequestration gain.  

SOM stocks and flows for resilient soil systems: the need for long-term nutrient budgeting  

Soil health and fertility benefits from SOM result from decomposition or loss of SOM. Thus, it is 
equally important to recognise how management changes impact carbon and nutrient flows as much 
as SOM stocks. Matching fertiliser requirements to a larger yield target is important in ensuring that 
striving for a larger biomass does not come at the expense of mining the existing SOM for nutrients. 

Soil organic carbon contents vary widely. However, the C:N ratio of soil is relatively consistent, 
commonly reported to be around 12 (12C:1N). For other nutrients, such as phosphorus, the ratio is 
more variable and less predictable. However, most of the N contained in soil (>95%) is associated 
with carbon in SOM. Therefore, if we know the SOC content, we can estimate the total N content of 
the soil. A decline in SOC content will also reduce the soil N stock and the ability of the soil to supply 
N through mineralisation.  

For example, a 0.5% decline in SOC in a 10 cm layer of soil with a bulk density of 1.3 g/cm3 (no 
gravel), equates to a loss of 540 kg N/ha. As SOM content declines, the ability to support N supply 
through the growing season declines, and the crop becomes more reliant on fertiliser N. 

Norton (2016) previously demonstrated that current rates of fertiliser application are likely to result 
in mining of soil N - mineralisation of SOM that is not replaced through crop residue returns. In the 
long-term this results in a decline in soil N status over time, a reduction in the ability of the soil to 
supply N through mineralisation, and a growing dependence on fertiliser N. Part of the benefit of 
SOM-derived N is that it is made available through the growing season. Mineralisation will occur 



 
34 

2020 BARELLAN GRDC GRAINS RESEARCH UPDATE 

when the soil is wet and warm providing a certain amount of synchrony with times when crops are 
actively growing and have a requirement for N. 

Baldock (2019) emphasise the importance of conducting N balance calculations over multiple 
seasons to not only manage soil N status but to manage SOM stocks. A long-term N balance 
approach allows for phases of building/replenishing SOM, and phases of using SOM so that the crop 
benefits from stored N. Other than fertiliser application, the main mechanism to enhance N status is 
a regular legume rotation to contribute to SOM stocks. Baldock (2019) promote the need for longer 
term (>10 years) economic analyses. The most profitable management approaches in the short-term 
will maximise the extraction of N from the soil (i.e. mine the soil N reserve) thereby reducing the 
cost of production. A long-term approach allows the true cost-benefit analysis associated with both 
building and using SOM in a cyclic manner to benefit crop production. 

Conclusions 

Productive and resilient agricultural systems require the careful management of SOM stocks and the 
associated carbon and nutrient flows. Conventional management practices and current rates of 
fertiliser addition are likely to favour SOM decline, reducing the ability of the soil to supply N 
through the growing season. Although there is considerable interest in building SOM stocks to 
support current and future productivity, the potential rates of accumulation are commonly debated. 

Scientific literature estimates Australian SOC accumulation rates in cropping and pasture systems to 
be approximately 0.1 to 0.3 t C/ha/yr, while higher rates (0.3 to 0.6 Mg t C/ha/yr) are estimated 
when converting from cropping to pasture. It is however acknowledged that there is a lack of data to 
inform SOC accumulation rates under a broader range of alternative management practices. Building 
SOM stocks at higher rates is possible through bold management changes that maximise carbon 
inputs and minimise loss pathways, but expenditure and opportunity costs need to be evaluated on 
an individual basis.  It can be useful to estimate SOM accumulation targets based on local knowledge 
of the potential changes to plant biomass production. Taking a long term (decadal) view on building 
and using SOM and the associated nutrient flows is critical to ensuring that future productivity will 
not be compromised to maximise short term (annual) profits. 
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Take home messages 
• Soil Colwell phosphorus critical values of wheat and canola to achieve 90 to 95% of maximum 

yield in southern NSW are 35 to 42 and 22 to 27 mg P/kg respectively 
• Starter P applied at sowing consistently increases crop yield 
• Soil pH and soil phosphorus buffering index (PBI) can impact on plant available phosphorus and 

consideration needs to be given to these factors 
• Phosphorus stratification in soil can limit yield where most of the measured 0 to 10 cm 

phosphorus is actually located in the 0 to 5 cm layer, which is the most prone to drying. Colwell P 
values below 10 cm are less than 10 mg P/kg soil 

• Phosphorus export from paddocks in grain is estimated at 2.7 to 3.6 kg P/t of wheat grain 
production and 4.0 to 6.5 kg P/t of canola seed production 

• Phosphorus fertiliser savings after drought or a failed crop are possible where there has been an 
extensive P fertiliser history, and soil Colwell P values are above crop critical requirements.  
- As a guide, in a one off exercise, one third of average crop P replacement can be applied down 
to a base level of not less than 5 kg P/ha in low yielding environments. This is possible because 
the bulk of the P supplied to crops is provided via the soil reserve and fertiliser P is primarily 
used to maintain the soil reserve.  

Background 

Phosphorus (P) is a significant annual fertiliser input for crop production in southern NSW. The 
extensive history of P application and mostly adequate to high soil Colwell P values in this region 
allow many farmers some flexibility in managing P inputs, particularly where cash flow may be 
limited. The flexibility in P management is also made possible as crop uptake of P is primarily from 
the soil reserve with a smaller but important component coming from starter P applied at sowing. In 
this paper we discuss both P considerations after drought and P cycling and uptake.  

Phosphorus cycling 

Soils of Australia in their native state are deficient in phosphorus (P) with some exceptions through 
northern NSW and Queensland (e.g. cracking clay soils) which have been depleted in more recent 
times through cropping. In many of the remaining soils of the cropping zone advisors aim to ensure P 
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fertiliser has been added in amounts that approximately equal P exported in grain plus other losses 
such as unrecovered P in stubble and soil. P fertiliser that is added to the soil in cropping systems 
primarily goes into the ‘soil reserve’ where the P binds to soil minerals, a process referred to as P 
sorption or fixation. Fixation occurs when P reacts with other minerals to form insoluble compounds 
and becomes unavailable to crops. An important factor controlling P fixation is soil pH as shown in 
Figure 1. There are three peaks of P fixation. The two highest peaks occur in the acid range of pH 4 
and 5.5, where P precipitates with iron and aluminium. It is very difficult to supply sufficient P for 
crop needs when P solubility is being controlled by iron and aluminium. The third peak occurs in 
alkaline soils around pH 8.0 when P is precipitated primarily by calcium. This fixation with calcium is 
relatively weak and it is generally more economical to apply more P fertiliser than adding 
amendments to acidify the soil (Figure 1). 

 
Figure 1. The effect of soil pH on phosphorus availability 

Various estimates indicate approximately 70–80% of P fertiliser added in the crop year becomes part 
of the soil reserve (Price 2006). The soil P reserve can be described further however for the purposes 
of this paper we will not provide extensive detail but simply acknowledge that within the soil P 
reserve there is different bonding of P that influences the short and long term plant available P 
(Figure 2). For example the soil reserve is made up of (1) sorbed P (P held on the surface of fine clay 
particles), (2) secondary P minerals (freshly bounded Fe, Al and Mn phosphates [acid soils] and Ca 
and Mg phosphates [alkaline soils]) and (3) primary P minerals (aged and crystallised Fe, Al, Mn, Ca 
and Mg phosphates). The soil P reserve (Figure 2) in P adequate soils (Table 2) provides the largest 
percentage of crop requirements in any one year which is estimated at ~30–80% (Price 2006, 
Mcbeath et al. 2012). Phosphorus fertiliser can directly provide ~20–30% of crop requirements (Price 
2006) with available P from stubble making up ~9–44% (Noack et al. 2012) and roots ~21–26% 
(Foyjunnessa et al. 2016).  



 
38 

2020 BARELLAN GRDC GRAINS RESEARCH UPDATE 

 
Figure 2. Soil phosphorus cycling in winter cropping systems 

Phosphorus Buffering Index (PBI) 

The Phosphorus Buffering Index (PBI) test measures the P sorption of the soil. This is the process by 
which soluble P becomes adsorbed to clay minerals and/or precipitated in soil and it determines the 
partitioning of P between the solid (bound) and solution (readily plant available) phases of the soil. A 
high PBI therefore results in a greater tendency for P sorption compared with a soil with a low PBI. 
Consequently P sorption capacity of soil influences the availability of P to plants and can be useful 
for determining Colwell P critical values. Figure 3 shows the relationship between PBI and Colwell P 
critical values for wheat. Usually large changes in PBI values are required to change crop critical 
values. Examples of this are provided in Table 1 calculated from Moody (2007). In addition estimates 
are also provided from Bell et al. (2016) which are quantified from a large data set in the Better 
Fertiliser Decisions Cropping database (BFDC). 

 
Figure 3. Effect of PBI on critical Colwell-P (0–0.10 m) required for 90% maximum grain yield of 

wheat. Critical Colwell P = 4.6 x PBI0.393 (Moody 2007) 
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Table 1. Estimated critical Colwell P soil values (mg P/kg soil) for 90% of maximum wheat grain yield 
when grown in soils with differing PBI (Moody 2007 and Bell et al. 2013) 

P Buffering PBI Estimated 
90% critical P 

Extremely low 10 11.4 

Very very low 20 14.9 

Very low 40 19.6 

Low 80 25.7 

Moderate 180 35.4 

High 350 46.0 

 
Figure 4. Grain yield response of canola across a range of soil types and States. The y axis is percent 
of maximum grain yield achieved and the x axis is the soil Colwell P test value. Data taken from the 

BFDC 

 
Figure 5. Grain yield response of wheat on red chromosol soils of NSW. The y axis is percent of 

maximum grain yield achieved and the x axis is the soil Colwell P test value. Data taken from the 
BFDC 
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Critical Colwell P soil test values 

The critical soil test range is the soil P status often measured as Colwell P that will ensure 90-95% of 
maximum crop production is achieved. This range may differ for different crop species and soil types 
that have a different PBI value. However, as the figures suggest not all points fit exactly on the line. 
This can be in part due to variation in seasonal conditions and stratification of P in the surface (0-
5cm) when the whole top 10 cm soil section is sampled. Additional factors may include the type of 
equations used as small changes in slope near the asymptote (e.g. maximum yield) can make large 
changes to soil critical values on the x axis.  

An analysis of data from the BFDC database using Mitscherlich equations indicates the 90 and 95% 
critical values for canola across soil types are estimated at 22 and 27mg P/kg soil using Colwell P at 
0-10cm soil depth (Figure 4). The same comparisons for wheat on red chromosol soils indicates 
Colwell P critical values of 35 and 42 (Figure 5) and for vertosol soils 25 and 35 (Figure 6). Using the 
Mitscherlich equation provides a slightly higher estimate of critical value than those estimated 
directly from the BFDC database (Table 2) that use quadratic equations to estimate critical P, 
however there is still sound general agreement between the values provided above when comparing 
figures 4, 5 and 6 with Table 2. Consequently growers can have confidence in either using values 
from Table 2 or figures 4, 5 and 6.  

 
Figure 6. Grain yield response of wheat on Vertosol soils of NSW. The y axis is percent of maximum 

grain yield achieved and the x axis is the soil Colwell P test value. Data taken from the BFDC 
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Table 2. Colwell P (mg /kg soil) values for 90 and 95% of maximum grain yield for various crop and 
soil type combinations extracted from the BFDC database. Estimated Colwell P critical values for 

chickpea, faba bean, lentil and broadleaf lupins are not available from the BFDC database due to no 
or insufficient data. Similarly, not enough data exists for feed barley, field pea, canola and narrow 

leaf lupin to provide specific soil type estimates of Colwell P critical values. Where States are 
nominated under ‘location’ this refers to the State where most of the experiments (not necessarily 

all) were conducted 

Species Soil 90% 95% Location 

Feed barley All soils 20 25 National 

Field pea All soils 27 34 National 

Narrow leaf lupin All soils 22 26 National 

Canola All soils 20 25 National 

Wheat All soils 24 32 National 

Wheat Chromosol red 30 38 NSW, Qld, Vic 

Wheat Chromosol brown 17 19 WA, SA 

Wheat Chromosol grey 18 21 WA 

Wheat Calcarosol calcic 24 29 SA, Vic, WA 

Wheat Dermosol 27 35 NSW 

Wheat Kandosol red 24 30 NSW 

Wheat Tenosol 16 20 WA, SA, Tas 

Wheat Sodosol brown 27 32 NSW, Vic, SA 

Wheat Vertosol black 25 33 NSW, Qld 

Wheat Vertosol brown 24 32 NSW, SA 

Wheat Vertosol grey 18 21 Vic, NSW, Qld 

The sampling depth of P has a significant effect on its critical value. For example, data from the BFDC 
on the national wheat data set showed that across soil types for sampling at 0-5cm, 0–10cm and 0–
15cm Colwell P critical values varies from 31 and 36, 24 and 32 and 15 and 20mg/kg for 90% and 
95%  of maximum grain yield respectively. The differences in critical Colwell P at different sampling 
depths may be due to (i) differing soil P status at deeper un-sampled depths, (ii) dilution effects with 
greater soil sampling depth and P stratification and (iii) the ability of different crop types to recover 
of P from different depths of soil. Industry standard practice is to sample 0–10cm however knowing 
P concentrations in the 10–30cm layer can be very informative in P budgeting, potentially allowing 
for a lower wheat critical value in the surface layers.  

P budgeting after drought and P off-take in grain 

Phosphorus is exported in grain and recycled in stubble and roots provided the stubble component is 
retained. Phosphorus in wheat grain ranges from 2.7–3.9kg P/t while in canola seed the range is 3.9–
7.8kg P/t (Table 3). Phosphorus in stubble for wheat and canola ranges from 1.0-3.0kg P/t and 2.0–
4.0kg P/ha respectively. Root P concentrations in wheat and canola ranges from 1.5–3.0 and 2.0–
2.5kg P/t respectively.  
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Table 3. Concentrations of phosphorus (kg/t) for wheat and canola grain samples selected from NVT 
sites. Values are expressed on a dry weight basis (Norton 2012; 2014) 

State NSW 
min 

NSW 
max 

NSW 
mean 

SA  
min 

SA  
max 

SA 
mean 

Vic  
min 

Vic 
max 

Vic 
mean 

Wheat 

P in grain 
(mg/kg) 

2.7 3.6 3.1 3.1 3.9 3.4 2.9 3.6 3.2 

Canola 

P in grain 
(mg/kg) 

3.9 6.6 5.2 5.1 7.8 6.2 5.2 6.5 5.7 

Approximations used for P budgeting in wheat include: 
• Grain P export (2.7–3.6kg P/t) plus  
• Stubble P not accessible to the following crop (0.4–0.8kg P/t) plus  
• Soil losses (0.3–0.7kg P/t grain production).  

This provides an estimated 3.6–5.5kg P required /t of grain production. Similarly for canola: 
• Seed P export (4.0–6.5kg P/t) plus  
• Stubble P not accessible (0.6–1.0kg P/t) plus  
• Soil losses (0.3–0.7kg P/t grain production). 

This provides an estimated 6.1–10.2kg P required /t of seed production.  

On a per hectare basis the export of P for wheat and canola is approximately the same assuming 
canola has half the water use efficiency for grain production as wheat. These budgets are of course 
very approximate and they must be assessed and adjusted by tracking soil P values to determine if 
soil test values are increasing (overestimate of P budget), decreasing (under estimate of P budget) or 
remaining within the critical 90 and 95% range (P budget balance). After several years of soil testing 
and adjusting P inputs it is possible to ensure relatively stable soil P test values.  

Starter P, often applied as MAP at sowing, is very important for; (i) early root development which 
assists the plant in exploring the greater soil P reserve, (ii) early tillering and (iii) early head 
development when potential grain number is set (e.g. at or just prior to DC30). Many phosphorus 
experiments have shown responses to starter P, however P savings can be made after drought 
especially where (a) December P export in grain is lower than P inputs at sowing and (b) soil Colwell 
P values are greater than soil critical values for the target species. In these circumstances one third 
of historical average annual P inputs can be applied down to a base level of 5kg P/ha. As an example 
if our wheat target yield for 2020 is estimated at 3 t/ha and the P budget is estimated to be 3.6-5.5kg 
P/t of grain production then we have a P budget of 10.8-16.5kg P/ha or 49-75kg/ha MAP. If we 
assume a medium value of 62kg /ha MAP (13.5kg P/ha) as our standard P budget we would reduce 
this by two thirds down to 18.6kg /ha of MAP or 4.1kg P/ha. This however does not meet the 
minimum amount rule of 5 P kg/ha so the actual rate of P applied in this case would be 5 kg P/ha (23 
kg MAP/ha). At this 23 kg/ha MAP granules are placed in-row at ~3.0-3.5cm spacings when using 25 
cm tyne spacing. Wheat sowing rates (50-65 kg/ha) are likely to place seed at every ~2-3cm in-row 
while the full MAP rate of 62 kg/ha provides an in-row granule spacing of ~1.0cm. 

The exception to the above reduction in P budgets after drought applies to calcareous soils with 
high pH. Phosphorus savings in this example are not possible as the excess lime (calcium or 
magnesium carbonate) is not readily dissolve at high pH and serves as a P sink for surface adsorbed 
calcium phosphate precipitation. In addition the lime in calcareous soil reacts with P in soil solution 
to form calcium phosphate at the surface of the lime. The first process of P bonding occurs in dry 
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condition and consequently P availability is low even in circumstance where P take-off has also been 
low. In these soils advantages in P supply are achieved with highly concentrated P bands with 
minimal soil mixing. 

P budgeting and off-take in hay 

P off-take in hay per hectare is higher than for grain production. Previously we estimated a 1 t/ha 
wheat crop would remove 2.7-3.6kg P/ha in grain while the hay crop is estimated to remove 1.0-
2.0kg P/ha/t. The same comparisons for canola indicate a 1 t/ha grain crop exports 4.0-6.5kg P/ha in 
seed while the hay exports an estimated 3.0-4.0 kg P/ha/t. In some circumstance where significant 
hay yields are achieved (e.g. 6 t/ha) large amounts of P are removed (e.g. 6 to 12 kg P/ha for a 6 t/ha 
hay yield in wheat). Large variations in P off-take in hay are also likely due to hay quality and 
quantity as well as the proportion of unbaled straw and leaf remaining in the paddock. Note the 
unbaled leaf component for canola can be significant and rain on cut hay can leach plant available P 
into the soil. Phosphorus savings in 2020 after hay cut in 2019 are unlikely because of the higher P 
off-take and soil Colwell P values will have declined more significantly than grain paddocks.  

Phosphorus stratification 

There are several reasons why P is often highly stratified near the soil surface, including;  
(i) in their native state, most Australian soils were deficient in P and farming systems have for 

the most part applied P in the top 0–10cm of soil,  
(ii) P is highly reactive in soils binding with Fe, Al and Mn at low pH and Ca at high pH as well as 

bonding with small clay particles, consequently P is not readily leached in most soils,  
(iii) Farming systems have shifted from intensive cultivation prior to sowing to no-till or 

minimum till systems and this has reduced soil mixing, and  
(iv) P in stubble retained systems is recycled to the soil surface.  

An example of a stratified soil sampled in July 2017 is provided in figure 7 (Armstrong et al 2017). In 
this example, the ‘plant row’ has a Colwell P of ~55mg P/kg soil in the 0–2.5cm section and increases 
to ~62 in the 2.5–5cm section as sampling takes in the fertiliser drilled at sowing. At 5–10cm the 
Colwell P value drops to ~24 and declines further to ~10mg P/kg in the 10–15cm layer. The sampling 
‘near row’ has no fertiliser spike in the 2.5–5cm section (e.g. ~37 ‘near row’ compared to ~62 ‘plant 
row’ in the 2.5–5cm section). The ‘middle row’ (inter-row) section shows very high Colwell P at the 
soil surface (~133mg P/kg soil on the 0–2.5cm section). This is most probably because the tyne on 
the plant row has thrown P rich surface soil into the inter-row space (e.g. middle row).  
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Figure 7. Vertical and horizontal stratification of P measured as Colwell P at the long term Hart 

experiment. Samples taken in 2017 (Armstrong et al. 2017) 

The calculated Colwell P 0 - 10cm from figure 7 for the plant row is ~40.5mg/kg. Where P is high 
stratified in the soil surface combined with low soil moisture, the question arises how much of this 
surface P (0-5cm) does the plant root access given a sowing depth of around 5cm and frequent 
drying of surface soil. In this scenario, let’s assume the plant does not access P in the top 0–2.5cm. In 
this case, the estimated Colwell P 0–10cm is 27.4mg P/kg soil. In most cases, this is still adequate P 
for 90% of maximum yield (Table 2) however, it highlights a number of very important issues 
including what is the relative efficiency of P access at different depths and soil moisture. In the 
above example (Figure 7), if we assume a 0–10cm Colwell P of 30 mg/kg instead of 40.5 mg/kg and 
the same proportion of P stratification is applied with no access to P in the 0–2.5cm layer then the 
Colwell P value becomes ~20mg P/kg soil. In this contrived scenario, crop yield may be limited by P. 
While the above scenario’s are simplistic (e.g. zero P access in the 0–2.5cm section) and the more 
likely outcome is low efficiency of P access in the 0–2.5cm, the point is clear that highly P stratified 
soils have the potential to limit yield particularly where P is highly stratified in the 0–2.5cm layer and 
this layer is subject to frequent drying. Figure 8 demonstrates the principle that P uptake can be 
limited by soil moisture and soil P status. This evidence supports the theory that a frequently drying 
surface soil with adequate subsoil moisture may respond to deeper placement of P. 



 
45 

2020 BARELLAN GRDC GRAINS RESEARCH UPDATE 

 
Figure 8. Phosphorus uptake in roots of maize to different soil moisture and soil phosphorus levels 

(Olsen et al. 1961) 

Phosphorus placement at sowing 

Compared with broadcasting or banding fertiliser P with seed, the placement of phosphorus 2–6cm 
below seed has shown significant yield increases in 14 scientific studies (wheat: Alston 1976; Webb 
1993; Sander and Eghball 1999; Singh et al 2005; Wilhelm 2005; canola: Grewal et al 1997; Hocking 
et al 2003; Wilhelm 2005; lupin: Jarvis and Bolland 1990, 1991; Crabtree et al 1998; Brennan 2001; 
Crabtree 1999; Scott et al 2003) and no significant increase in 5 scientific studies (Hudak et al 1989; 
Reeves and Mullins 1995; Bolland and Jarvis 1996; McCutcheon and Rzewnicki 2001; Vyn and 
Janovicek 2001). All of these studies placed P at depths less than 15cm values. 

 
Figure 9. Effect of different depths of P placement at sowing on winter wheat yield in Nebraska 

(McConnell et al. 1986) 

A P placement study in Nebraska the optimum P placement depth was determined as 11.9cm (figure 
9). Research in WA by Bolland and Jarvis (1990) found in the first year of sowing with single 
superphosphate the grain yield of wheat was increased by ~20% when the fertiliser was placed at 
9cm below the soil surface, when compared to fertiliser placement at 3cm. In the second year, 
superphosphate increased grain yield by ~60% in lupins where the fertilizer had been placed 13 cm 
deep in the previous year compared with freshly drilled fertiliser at 3cm deep.  
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Figure 10. Deep P drill in year 1 (2013) at a depth of 20cm and row spacing of 50cm and the 

subsequent grain yield response over 4 consecutive years at Dysart QLD for sorghum and chickpea. 
No additional deep P was applied in subsequent years and annual P at sowing was 6kg/ha (Bell et al. 

2016) 

Deep P 

More recent research has focused on deeper placement (20cm) of P as MAP at 50cm row spacing in 
northern NSW and QLD. Figure 10 (Bell et al 2016) shows results from Dysart in Queensland where 
the deep P was drilled in 2013. The zero deep P rate represents deep drilling at 20cm with no deep P 
applied, while the farmer practise represents no deep drilling and no deep P. Therefore, the 
difference between these results is a tillage effect. The percent increase from the zero deep P rate to 
the best deep P response in each consecutive year was 17%, 11%, 7% and 59%. In year 2 (11% 
increase) and 3 (7% increase) nitrogen limited maximum yield production (Figure 10). Consequently, 
the P responses for years 2 and 3 may be considered conservative. In each treatment 6kg/ha of P 
was applied at sowing and this plus the soil reserve P was not expected to limit potential yield 
(Figure 10). A summary of deep P results (data not shown) indicates deep P applied as MAP at 20kg 
P/ha provided an average of 13% yield increase in wheat yield, 11% increase in chickpea grain yield 
based on 10 and 4 crop years of research respectively. 

Cash flow approach to P budgeting 

One-off P savings after drought or failed crop production are made possible because most P for crop 
production is drawn from the soil reserve. Because of this, P budgeting can be somewhat 
retrospective. As an example, this ‘somewhat retrospective’ approach firstly estimates the P budget 
based on long term rainfall and water use efficiency to produce likely average grain yield for wheat 
and the subsequent P budget (e.g. stored soil water = 30 mm, in season rainfall = 230mm, plant 
available soil water = 260 mm, soil evaporation = 110 mm, water use efficiency of grain production = 
20 kg grain production per mm of crop transpired water, grain yield therefore = 3 t/ha, P budget 
~13.5 kg P/ha is the long term average or 62 kg /ha MAP). The second component of the budgeting 
exercise requires the same approach above but applied to the season just passed. In this case let’s 
assume last year’s grain yield was 1.5t/ha and a retrospective P export and losses are estimated at 
8.25kg P/ha (e.g. half the long term average). The final step is to average the two estimates for the 
coming seasons crop and in this example that is estimated at ~11kg P/ha (50 kg MAP/ha). The 
advantage of this approach is it considers both long term P budgeting to maintain soil P reserves and 
last year’s retrospective P export plus losses, which is also most likely to reflect cash flow. This 
simple model adds more P after higher yielding years and less P after low yielding years. The 
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underlying assumption is that the soil Colwell P starting point is between 90 and 95% of crop critical 
P. Phosphorus inputs should always be assessed against soil test values to ensure input assumptions 
are maintaining Colwell P values in the critical range. 

Conclusions 

Maintaining soil phosphorus levels at or slightly above the critical range is important to maintaining 
crop yield potential and maximising water use efficiency.  

Phosphorus budgets can be estimated from grain exports and other losses (e.g. soil and stubble) 
however the final amount of P to be added should be informed by accurate soil testing.  

Very low or very high pH, high PBI and/or high surface P stratification (0-5cm) can reduce the 
availability of soil P to crops.  

Fertiliser savings after drought are possible with P. This is because the extensive history of P 
application in southern cropping systems of NSW combined with low soil PBI’s to ensure that P can 
be supplied to crops from the greater soil reserve. In addition, the soil reserve supplies most of the P 
requirements of crops while fertiliser P only directly supplies a much smaller proportion (<30%).  

Starter P should always be added to grain crops at sowing, as research has identified that this 
approach consistently increases crop yield.  
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New chemistry – what’s new, what’s coming and how to keep them for 
longer 

Greg Condon, Grassroots Agronomy & Australian Herbicide Resistance Initiative 
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Take home messages 

• A range of new pre- and post-emergent herbicides will be available in the coming seasons which 
will broaden weed control options and use patterns 

• Key releases include pre-emergent herbicides for cereals, pulses and canola from Groups E, G, 
O, Q as well as Group G options for knockdowns and fallows 

• Mix and rotate herbicide modes of action to delay resistance and maximise weed control 

• Herbicide resistance remains an ongoing threat. Non-chemical tools such as crop competition 
and harvest weed seed control are vital to complement and protect the longevity of new and 
existing chemistry. 

Background 

Herbicides remain an essential component of cost-effective weed control in Australian grain 
production systems. Growers spend over $1 billion per year on herbicides, with additional 
investment in crop monitoring, application technology and logistics to support their use. Therefore, 
it is critical for new modes of action and herbicide reformulations to be developed, so growers can 
manage shifts in weed populations, herbicide resistance and changing use patterns. 

In recent years, manufacturers have been expanding the range of pre-emergent herbicides which 
complement no-till farming systems across a diverse range of soil types and seeding configurations. 
Older products such as trifluralin and triallate have provided early season weed control when 
applied in no-till seeding systems prior to sowing. Newer generation herbicides such as prosulfocarb 
+ S-metolachlor (Boxer Gold®) or pyroxasulfone (Sakura®) have demonstrated greater flexibility with 
longer incorporation times prior to sowing and improved crop safety. 

There are several new herbicides (Tables 1 and 2) that will provide further diversity in weed control 
options at various stages of the crop growth cycle. These include knockdown and fallow spikes, as 
well as pre-emergent broadleaf and grass weed herbicides. These will also reduce pressure on 
herbicide resistant populations when used in combination with non-chemical tools such as harvest 
weed seed control and increased crop competition. 

New herbicides  

Note: as several of the products listed below are at the time of writing not yet covered by registered 
product labels, the information supplied should not be relied on and a registered product label must 
be read and followed before products are used. 
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Table 1. New pre-emergent herbicides 

Company Trade name Active & 
formulation 

Group Proposed 
crops 

Rate/ha Likely 
Cost 
$/ha 

Proposed 
weeds 

Proposed 
application 

Adama Ultro 900g/kg 
Carbetamide 
WG 

E most 
pulses 
(see 
label); 
winter 
fallow  

tba tba barleygrass, 
brome, 
ryegrass, 
wild oats 

IBS – knife 
points & 
press 
wheels 
only.  
PSPE – 
chickpeas 

Comments: Registration planned for 2020, full launch 2021. 12 weeks grazing WHP. Likely: 7 days incorporation 
window. Lower rate for sandy soils and where lower weed densities are expected.  
BASF Luximax® 750g/L 

Cinmethylin 
EC 

Z wheat 
(not 
durum) 

500mLl/ha $39 ryegrass 
suppression. 
wild oats, 
brome 

IBS – knife 
point & 
press 
wheels 
only  

Comments: Registered. Ensure seed is sown below the treated band, targeting a minimum of 3cm consistent 
sowing depth; 7 weeks grazing WHP. 3 days incorporation window. Predominantly root uptake, improved 
activity with mixing partners e.g. triallate, trifluralin. Target <50% stubble cover to reduce losses from binding. 
Bayer Mateno® 

Complete 
(formally 
Bayer 167) 

Aclinofen + 
others  
SC 

new 
MOA 

wheat, 
barley 

tba tba tba - various 
grass and 
broadleaf 
weeds 

IBS – knife 
point & 
press 
wheels or 
early post 
emergent 

Comments: Registration expected for ~2022. New mode of action suited to stubble retained systems. Likely: 
Flexibility to apply IBS or early post emergent with activity on a range of grass and broadleaf weeds. 
Corteva 
Agriscience 

Gallery® 750g/kg 
Isoxaben 
DF 

O wheat, 
barley, 
triticale, 
fallow, 
fencelines 

IBS & 
PSPE 70-
140g/ha 
early post 
em, 70-
100g/ha 

$17-
30 

wild radish IBS, PSPE 
or early 
post 
emergent 

Comments: Broadacre use patterns added in 2017. 6-week grazing WHP. Option to apply IBS, PSPE or early post 
emergent with a mix partner. Requires moist soil to remain active, needs 12-15mm to activate. Be wary of 
plantbacks, canola 22 months, pulses 9 months, cereals nil. 
FMC Overwatch™ 400g/L 

Bixolone 
SC 

Q wheat, 
barley, 
canola 

tba $43 tba - various 
grass and 
broadleaf 
weeds 

IBS – knife 
points & 
press 
wheels 
only  

Comments: Registration expected early 2020, full launch 2021. Aiming to register in a range of pulses by 2022. 
Likely: 12 weeks grazing WHP. Group Q bleacher, grass weeds emerge then bleach out. Can cause transient crop 
bleaching, barley is more sensitive, but recovery expected. Predominantly root uptake, improved activity with 
mixing partners e.g.: triallate, trifluralin. Low volatility suited to dry sowing. 3 days incorporation window. 
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Syngenta Callisto™ 480g/L 
Mesotrione 
SC 

H wheat, 
barley 

tba $7.80-
$15.60 

see label 
when 
available - 
wide range 
of broadleaf 
weeds 

IBS – knife 
points & 
press 
wheels 
only  

Comments: Registration expected early 2020. Up to 10 weeks residual weed control on broadleaf weeds resistant 
to groups B,C,D,F & I. Likely: 10 weeks grazing WHP. IBS within 3 days, no-till systems only – do not use if soil has 
been cultivated. Can mix with knockdown and pre-emergent grass herbicide. A light activated herbicide, can 
observe a bleaching effect on crop and weed leaves. 

Syngenta Reflex® 240g/L 
Fomesafen 

SL 

G Range of 
pulses  

tba tba see label 
when 
available - 
wide range 
of broadleaf 
weeds 

IBS – knife 
points & 
press 
wheels 
only 

Comments: Registration planned for 2021. Pre-emergent option in pulses controlling resistant broadleaf weeds. 
Extended residual period compared to Group C chemistry. Root absorbed, no leaf uptake. Likely:  IBS and PSPE. 
IBS only for lentils.  IBS within 10 days. PSPE rainfall within 17 days.  

Table 2. New group G knockdown spikes and residual herbicides 

Company Trade 
name 

Active & 
formulation 

Group Proposed  
crops 

Rate  Likely 
cost 
$/ha 

Proposed 
weeds 

Proposed 
application 

BASF Voraxor® 250g/L 
Saflufenacil + 
125g/L 
Trifludimoxazin 

 

G wheat, 
durum, 
barley 

tba $12.50-
30 

see label  when 
available- wide 
range of grass 
and broadleaf 
weeds 

IBS – knife 
points & 
press wheels 
only  

Comments: Registration expected for 2020, full launch 2021. Likely: 5 weeks grazing WHP. Knockdown and 
residual control of broadleaf weeds plus suppression of ryegrass. Broadleaf residual control for 8-12 weeks (at 
higher application rates). Partner with glyphosate as a knockdown spike or mix with paraquat for double knock 
applications. Do not mix with pre-emergent herbicides such as Boxer Gold®, Luximax®, trifluralin or Sakura® as 
increased crop damage may occur. 

Nufarm Terrador 700g/kg 
Tiafenacil WG 

G knockdown 
spike 

tba tba see label when 
available - 
wide range of 
grass and 
broadleaf 
weeds 

 

Comments: Registration and commercial launch planned for early 2021. Likely: Partner with glyphosate as a 
knockdown spike or mix with paraquat for double knock applications. Expected suppression of grasses as a 
knockdown partner with glyphosate or paraquat. 1 hour plant back for cereals and pulses, anticipate 7 – 14 days 
for canola depending on use rate. 
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Always consult the label for further information regarding any of these herbicides. 
IBS – incorporated by sowing.  
PSPE – post sowing pre-emergent 

Test, mix and rotate 

With new herbicides coming to the market, testing your resistance (or susceptibility) status is a 
logical first step when planning a weed control program. Growers and advisers can utilise the data 
from resistance testing services to develop an understanding of what works and what doesn’t. 
Further value is gained by testing herbicide mixtures as well as single modes of action to aid planning 
product combinations. 

Resistance testing services are available nationally through three providers: Peter Boutsalis, Plant 
Science Consulting, Adelaide; John Broster, Charles Sturt University, Wagga Wagga; Roberto Busi, 
AHRI, University of Western Australia, Perth. 

An expanded range of herbicides creates opportunities for the rotation of herbicide modes of action 
and the ability to mix with existing chemistry. Research by Dr. Pat Tranel from the University of 
Illinois, USA found that resistance can be mitigated by mixing herbicides at full rates. Pat is quoted 
saying “Rotating buys you time, mixing buys you shots”. Peter Newman from AHRI expanded on the 
concept to recommend that we mix herbicides and rotate modes of action so that we can “buy time 
and shots.” 

Modelling by Roberto Busi from AHRI and Michael Renton from UWA has also shown the benefits of 
mixing and rotating herbicides for ryegrass. The modelling highlighted that rotating groups alone 
doesn’t work. Herbicide resistance evolution needs to be managed through the mixing and rotation 
of herbicides along with non-chemical tools to keep seedbanks low. 

The mix and rotate strategy will not only provide improved weed control but more importantly aids 
in resistance management where unpredictable patterns of cross-resistance are evolving. Even the 
best pre-emergent herbicides can be broken by resistance if not managed wisely. 

Populations of ryegrass from the Eyre Peninsula in South Australia have recently been confirmed as 
resistant to all the pre-emergent herbicides – triallate (Avadex®), prosulfocarb (Arcade®), trifluralin, 
propyzamide and pyroxasulfone (Sakura®). These findings by the University of Adelaide have huge 
implications for an industry now heavily dependent on pre-emergent herbicides in no-till systems, 
showing they can quickly break down in the face of metabolic cross-resistance.  

Repeated applications of the same herbicides in simple canola-wheat rotations have allowed 
ryegrass to develop metabolic cross resistance. This is in the absence of alternative tactics such as 
croptopping, hay, harvest weed seed control or diverse rotations which create opportunities to run 
down the weed seedbank. 

Protecting the chemistry – WeedSmart - The Big 6 

The Australian grains industry leads the world in the development and communication of integrated 
weed management tactics. WeedSmart provides a portal where growers and advisers can source a 
broad range of information on managing weeds. It brings together information from research 
groups, leading growers, agronomists and industry to promote best practice agronomy and weed 
management.  

As new chemistry becomes available it is crucial for all involved to protect the longevity of any new 
products and minimise the risk of resistance. The WeedSmart Big 6 combines weed research data 
with grower experiences to create a set of practical guidelines focused on minimising the weed 
seedbank without compromising profit. 

The WeedSmart Big 6: 
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1. Rotate crops and pastures 

2. Double knock – to preserve glyphosate 

3. Mix and rotate herbicides 

4. Stop weed seed set 

5. Increase crop competition 

6. Adopt harvest weed seed control 

Tactics such as harvest weed seed control, crop competition, hay and diverse rotations complement 
herbicide options including mix and rotate, double knock, pre-emergent herbicides and late season 
crop-topping. Site specific applications using optical spray technology enhance double knocks in 
fallow, reducing herbicide inputs by increasing options to introduce diverse chemistry.  

Grower success in reducing seedbanks but staying profitable has been achieved through stacking Big 
6 tactics over an extended period of time. For example, a diverse rotation with pulses, competitive 
barley and hybrid canola combined with robust pre-ems, croptopping and chaff decks is an 
achievable system where five of the Big 6 tactics are stacked together. 

The Big 6 is based around practical weed control tactics, used in conjunction with best practice 
agronomy to reduce the risk of resistance and drive weed seedbank numbers to zero. 

Conclusion 

New chemistry creates opportunities for targeting resistant weeds or managing resistance through 
alternative use patterns. Crop protection companies invest significant capital into the research and 
development of new or reformulated herbicides. In order to protect this investment, the industry 
needs to continue working together to ensure farming practices include both chemical and non-
chemical weed control options to keep seedbanks low and minimise the risk of resistance. 
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Herbicide approvals: They can be relied on! 
Jason Lutze1 and Sheila Logan2  

1 Executive Director Risk Assessment Capability 
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Key words 

pesticide regulation, APVMA, safety 

Take home messages 

• The Australian Pesticides and Veterinary Medicines Authority (APVMA) undertakes a 
comprehensive risk assessment of all pesticide products prior to registration, addressing risks 
associated with the product when used according to label directions 

• The APVMA also keeps abreast of the developing science and world developments in both 
science and regulation to ensure that all pesticides are safe. 

All pesticides are assessed by the APVMA prior to approval of actives and registration of products.  
This assessment is risk based, considering both the intrinsic hazard of the pesticide as well as the 
likely exposure resulting from their use, and is based on internationally accepted guidance.  
Australian evaluations are consistent with those carried out by other major regulators, as well as 
international organisations such as the Organisation for Economic Cooperation and Development 
(OECD), the World Health Organisation (WHO) and the Food and Agriculture Organisation (FAO).   

While the APVMA can build on assessments carried out by other regulators and trading partners, 
such as the EU and the USA, many pesticides are approved in Australia prior to approval elsewhere 
in the world, and in these cases, other regulators may be utilising the Australian assessment as part 
of their own considerations. The rigor of the Australian assessment provides confidence that 
products registered in Australia are fit for purpose and are safe when used according to the label 
instructions.  They are safe for the people who apply them, and for the environment in which they 
are used.  Food crops treated with registered products are safe to eat, and for international sale, 
provided the label instructions are followed.  APVMA also assesses that pesticides will meet label 
claims and will do the job needed.  

The APVMA plays a key role in the National Registration Scheme, and, together with the states and 
territories, who have responsibility for the control of use of pesticides as well as ensuring 
compliance with label instructions, ensures that approved herbicides, insecticides and other 
pesticides can be relied on by users.  
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Jason Lutze  
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Ph: 02 6770 2451 
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mailto:Jason.lutze@apvma.gov.au


 
57 

2020 BARELLAN GRDC GRAINS RESEARCH UPDATE 

Decisions for a profitable 2020 
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Managing chickpea diseases after the drought 
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Take home messages 

• Do not underestimate disease risks after a drought – pathogens survive longer and can still 
threaten your 2020 chickpea crops 

• Unless you are in a high risk Ascochyta situation, it is unlikely there will be a cost benefit 
applying a foliar fungicide to 2020 crops until after the disease is detected 

• However, if you are at a high risk of Ascochyta, apply a foliar fungicide before the first post 
emergent rain event 

• High risk situations include planting into paddocks with active Ascochyta inoculum and planting 
seed that has not been properly treated 

• Recent research has shown the Ascochyta fungicides Aviator Xpro and Veritas are rain fast (up to 
100 mm rain in 150 minutes) 

• Phytophthora and Sclerotinia levels will not have declined much during the drought and pose a 
medium to high risk in 2020 

• Root Lesion Nematodes may have declined during the drought but if numbers at the start of the 
drought exceeded 10/g soil, it may still be sufficient to cause damage in 2020 chickpea crops. 

How drought affects plant diseases 
• Drought reduces the breakdown of plant residues.  This means that inoculum of some diseases 

does not decrease as some might expect and will carry over for more than one growing season.  
The expected benefits of crop rotation may not occur 

• Bacterial numbers decline in dry soil.  Some bacteria are antagonists of soil borne fungal 
diseases.  These diseases can be more severe after drought 

• Abandoned, or drought stressed crops still set seed.  Summer/autumn rains can lead to large 
numbers of volunteers.  Low stock numbers make it difficult to control these volunteers, which 
can host Ascochyta, viruses and virus vectors, and other pathogens 

• Weeds that are stressed by drought may be harder to kill and can harbour pathogens 
• Soil water and nitrogen may be unbalanced and these are likely to impact diseases in 2020 and 

beyond. 

Chickpea disease risks after the drought and advice for 2020 chickpea farmers 

• Ascochyta is unlikely to cause widespread problems in 2020 unless it is wetter than average as 
inoculum levels have not increased in past two seasons and even if infected with Ascochyta, all 
varieties recover well during dry conditions.  For these reasons, unless you are in a high risk 
situation, there will be no cost benefit applying Ascochyta fungicides until the disease is 
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detected.  High risk situations include planting into paddocks where active inoculum is known to 
be present (see following examples at Tulloona and Moree) and planting seed of unknown 
pathogen status that has not been properly treated.  In these situations, apply an Ascochyta 
fungicide before the first post-emergent rain event, then monitor the crop 10-14 days after rain. 

• If Ascochyta is detected, apply a registered fungicide before the next rain event.  This is 
especially important during the reproductive stage as Ascochyta on pods causes abortion, seed 
infection and seed defects.  If you miss a spray; fungicides with limited curative activity are now 
available however they have a limited time of use and tight intervals for application after an 
infection event occurs.  (https://grdc.com.au/resources-and-publications/grdc-update-
papers/tab-content/grdc-update-papers/2019/02/chickpea-ascochyta-research-what-if-i-miss-a-
spray-are-there-salvage-options-with-new-chemistry-how-long-do-fungicides-persist) 

• Under drought conditions, some plant pathogens survive longer than normal; Ascochyta 
inoculum for 2020 chickpea crops may have originated in 2017 or even 2016.  In August 2019, 
volunteer chickpeas in a crop of wheat at Tulloona had Ascochyta lesions.  That paddock had 
grown chickpeas in 2016 (under high Ascochyta pressure); wheat in 2017 and chickpeas in 2018 
(crop abandoned due to drought).  Rain in Oct/Nov 2018 allowed Ascochyta to develop on 
abandoned plants, and seed left in the paddock germinated on rain in March 2019 to produce 
the volunteers that got infected during rain events in May, June and July 2019.  Another example 
of how drought can prolong survival of inoculum was provided in August 2019, when we 
received chickpea stubble from a paddock at Moree that had grown chickpeas in 2017.  The 
stubble contained fungal fruiting bodies.  We soaked the stubble in water for several hours then 
applied the water suspension to chickpea seedlings; 7 days later symptoms and pycnidia of 
Ascochyta developed on the seedlings, proving that the inoculum had persisted on the nearly 
two-year old chickpea residue.  Both the Tulloona and Moree paddocks are considered high risk 
if planted to chickpeas in 2020. 

• Remember, the Ascochyta fungus is evolving:  In our 2010 Tamworth disease management trial, 
unprotected PBA HatTrick  (then rated moderately resistant (MR)), lost 37% yield to Ascochyta; 
while in the 2016 trial, unprotected PBA HatTrick  lost 97% yield to Ascochyta.  PBA HatTrick  is 
now rated moderately susceptible (MS) and will require fungicide under conditions that favour 
Ascochyta.  The good news is that whilst Ascochyta can now cause more damage on unprotected 
PBA HatTrick , it is just as easy to manage as when PBA HatTrick  was rated MR. 

• Phytophthora root rot (soil borne) and Sclerotinia diseases (soil borne and air borne) are 
considered moderate to high risk in 2020 because although inoculum loads are unlikely to have 
increased, their survival will have been prolonged by the drought. 

• Botrytis seedling disease (BSD, seed borne) is only likely in crops planted with seed produced in 
the 2016 (and possibly 2017) crop year.  In any case proper seed treatment provides 100% 
control of BSD. 

• Botrytis grey mould (BGM, air borne); the BGM fungus is ubiquitous, has a very wide host range 
and is a good saprophyte - if conditions favour BGM i.e. dense canopies, warm humid weather, it 
will occur. 

• Root lesion nematodes (RLN, P. thornei soil borne) can survive dry periods.  Recent research has 
shown it takes a double break of 40 months free of host plants to reduce numbers to a minimum 
threshold (2/g soil) so it is unlikely the current drought will have reduced RLN numbers if they 
started high (40/g) which was likely in the 2016 season.  Even starting numbers of 10/g still need 
a break of 30 months https://grdc.com.au/resources-and-publications/grdc-update-papers/tab-
content/grdc-update-papers/2016/02/how-long-does-it-take-to-reduce-pratylenchus-thornei-
populations-in-the-soil. 

https://grdc.com.au/resources-and-publications/grdc-update-papers/tab-content/grdc-update-papers/2019/02/chickpea-ascochyta-research-what-if-i-miss-a-spray-are-there-salvage-options-with-new-chemistry-how-long-do-fungicides-persist
https://grdc.com.au/resources-and-publications/grdc-update-papers/tab-content/grdc-update-papers/2019/02/chickpea-ascochyta-research-what-if-i-miss-a-spray-are-there-salvage-options-with-new-chemistry-how-long-do-fungicides-persist
https://grdc.com.au/resources-and-publications/grdc-update-papers/tab-content/grdc-update-papers/2019/02/chickpea-ascochyta-research-what-if-i-miss-a-spray-are-there-salvage-options-with-new-chemistry-how-long-do-fungicides-persist
https://grdc.com.au/resources-and-publications/grdc-update-papers/tab-content/grdc-update-papers/2016/02/how-long-does-it-take-to-reduce-pratylenchus-thornei-populations-in-the-soil
https://grdc.com.au/resources-and-publications/grdc-update-papers/tab-content/grdc-update-papers/2016/02/how-long-does-it-take-to-reduce-pratylenchus-thornei-populations-in-the-soil
https://grdc.com.au/resources-and-publications/grdc-update-papers/tab-content/grdc-update-papers/2016/02/how-long-does-it-take-to-reduce-pratylenchus-thornei-populations-in-the-soil
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• Viruses are an unknown threat after a drought.  Most need green plants as reservoirs (some are 
seed borne) and hosts for their vectors.  However, as vectors can fly or be blown in from regions 
that have not experienced drought, viruses are still a risk to 2020 chickpea crops. 

Seed quality 

Obtaining good quality seed after a drought may be an issue in 2020.  In Nov/Dec 2019, we tested 
seed from as far back as 2016 and whilst germination of all lots exceeded the Pulse Australia (PA) 
minimum standard of 70%, some lots were slow getting there, indicating possible loss of vigour.  All 
planting seed should be germination tested and if it meets the PA standard, we recommend it be 
treated and ‘test planted’ into paddocks intended for chickpeas in 2020, and the number that 
emerge counted – this is your best indicator of seed and seedling vigour and may assist  identify 
herbicide residues, but should not be relied on as the sole indicator for this, as symptoms of residual 
herbicides can in some situations be slow to develop. Paddock emergence tests are best done in 
March/April.  

If you are sourcing seed from outside your region e.g. interstate, be sure the variety is suitable for 
your farming system and have the seed germination and pathogen tested.   

Irrespective of age and origin, all planting seed should be treated with a registered seed dressing – 
these control seed borne Ascochyta (internal and external), seed borne Botrytis (BSD) and protect 
seedlings from a range of opportunistic soil organisms that can reduce seedling vigour and 
establishment under less than favourable conditions e.g. cold or wet soils, deep planting.  Planting 
quality, treated seed is your best bet of healthy seedlings – these will have a rapidly growing root 
system to obtain nutrient and moisture, be more competitive with weeds and less susceptible to 
disease. 

Predicta®B for assessing Ascochyta risk 

The value of Predicta®B as an Ascochyta management tool has not been determined because we do 
not know what the numbers mean in terms of risk or management.  Predicta®B results that are 
positive for Ascochyta on samples collected after the drought should not be surprising give the 
persistence of inoculum under drought conditions.  On the other hand, a negative result does not 
mean your Ascochyta risk is nil or low as the test is only as good as the sampling method and 
inoculum can arrive in your paddock after sampling via wind, machinery, vehicle, animals, surface 
water flows or untreated seed. 

Chickpea Ascochyta Research Update:  Is efficacy of Aviator Xpro and Veritas reduced by rain after 
application? 

Previous research (2007) at Tamworth using a rainfall simulator showed that efficacy of the 
fungicides Barrack720® (720g/L chlorothalonil) and Dithane® Rainshield® (750g/kg mancozeb) on 
chickpea Ascochyta on cultivar Jimbour was not significantly reduced by 50mm rain in 10 minutes. 
150mm in 30 minutes also did not reduce efficacy of Barrack720 but did reduce slightly the efficacy 
of Dithane.  Such rainfall intensities are not common in chickpea crops grown in eastern Australia.  
From these experiments we concluded that plant tissue sprayed with these fungicides would still be 
largely protected if rain fell after application (new growth after application would not be protected 
as both products are protectants only). The 2010 chickpea season (that had frequent rain events) 
supported this conclusion. 

The recent registrations of Aviator Xpro® and Veritas® (both in 2018) for chickpea Ascochyta (with 
restrictions on number of applications and timing – see labels for details) raised the question of how 
rain fast are these products. 



 
61 

2020 BARELLAN GRDC GRAINS RESEARCH UPDATE 

Two experiments were conducted at Tamworth Ag Institute in December 2019 - January 2020 to 
determine the effect of simulated rain on the efficacy of Aviator Xpro and Veritas on Ascochyta; 
Unite®720 (720g/L chlorothalonil) and water were the control treatments.  The first experiment (4 
reps) was with cv Kyabra  and the second (4 reps) with cvs Kyabra  and PBA Seamer .   

As the results were the same, we report here the second experiment. Plants were sprayed with 
water, Unite, Aviator Xpro or Veritas using a backpack sprayer with a 1m boom fitted with 110/015 
flat fan nozzles at 50cm spacing and a walking pace of approximately 6kph.  The fungicide 
treatments were allowed to air dry for 2hr when the ‘rain’ plants were placed in the rainfall 
simulator and exposed to 50mm over 75 minutes or 100mm over 150min (recorded by two rain 
gauges at each side of the simulator pad). After removal from the simulator, plants were allowed to 
air dry for 2h, arranged on racks in replicate boxes (55L plastic with clear lids), inoculated to run off 
with a cocktail (2,000,000 conidia/mL) of 20 Ascochyta isolates obtained from commercial chickpea 
crops and the boxes placed in a controlled environment facility operating at 12h/12h day/night 
15C/20C. Leaf wetness was maintained with ca 50mm depth water in the base of the boxes and firm 
fitting lids. After 48h the lids were removed and plants were examined for Ascochyta.  Five days after 
inoculation (DAI) first symptoms (petiole wilting) were evident and at 9 DAI, Ascochyta was assessed 
by counting the numbers of petioles, leaves and stems with symptoms. 

The only plants that developed Ascochyta were those sprayed with water; PBA Seamer  had less 
disease than Kyabra .  

We conclude from this experiment that efficacies of chickpea Ascochyta fungicides Veritas and 
Aviator Xpro with a 2 hour dry period after spraying and prior to rain occurring, are not affected by 
simulated rainfall of 50mm in approximately 75min or 100mm in approximately 150min.  As such 
intensities are uncommon during chickpea seasons in areas of Australia where Ascochyta occurs, it is 
reasonable for growers to be confident that once these fungicides have dried on plant tissues, those 
tissues will remain protected.   
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