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Site-specific physical weed control  
Michael Walsh and Guy Coleman, University of Sydney 

Key words 

physical weed control, site-specific weed management, energy requirements 

GRDC code 

US00084 

Take home messages 

• Developments in sensing technology will soon allow the direct targeting of weeds within 
cropping systems 

• Site-specific weed control creates the opportunity to use alternate physical weed control 
technologies 

• Energy required to effectively control weeds is an effective approach to identifying suitable 
physical weed control techniques 

Background 

The reliance on herbicidal weed control has resulted in the widespread evolution of herbicide-
resistant weed populations (Boutsalis et al., 2012; Broster et al., 2013; Owen et al., 2014). Changing 
regulations and expensive herbicidal development costs combined with the perennial threat of 
herbicide resistance, ensures future effective weed control is reliant on the inclusion of alternate 
weed control technologies in weed management programs. Physical weed control techniques were 
in use well before herbicides were introduced and the development of new options has continued 
throughout the era of herbicides. However, most of these new technologies have not been adopted, 
primarily due to cost, speed of operation and fit with new farming systems. The introduction of 
weed detection and actuation technologies creates the opportunity to target individual weeds i.e. 
site-specific weed management. This greatly increases the potential cost-effectiveness of many 
directional physical weed control techniques in conservation cropping systems.  

Comparison of physical weed control technologies 

There is a diverse array of effective physical weed control options with a proven ability to control 
weeds. The majority of these have not been commercialized and evidence of their efficacy relates to 
research findings, making cost-effectiveness comparisons difficult. While inputs and control methods 
differ significantly between physical control options, all systems share an energy requirement value 
for activation and use. Therefore, the energy required for effective weed control can be a reasonably 
accurate approach to comparing the efficiency and efficacy of physical control systems on an energy 
consumed per weed or hectare basis.  

The direct energy requirements for the control of two-leaf weed seedlings were estimated from 
published reports on the weed control efficacy of a comprehensive range of physical weed control 
techniques (Table 1). To determine the energy requirement per unit area, a weed density of 5.0 
plants m-2 was chosen to represent a typical weed density in Australian grain fields, based on results 
from a recent survey of Australian grain growers (Llewellyn et al., 2016). 
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Broadcast weed control 

Broadcast weed control is defined as the indiscriminate use of a control method on a whole paddock 
basis when controlling weeds within crops or in fallow situations. 

Chemical weed control 

Herbicides are the most commonly used form of weed control in global cropping systems primarily 
due to their high efficacy and reliability. Herbicides are highly cost effective and have a relatively low 
energy cost of approximately 220 MJ ha-1, covering manufacture and application.  Importantly, 
herbicides remain the only broadcast weed control option that provides highly selective in-crop 
weed control and, therefore have been critical to the adoption of highly productive conservation 
cropping systems. No other currently available form of weed control offers similar weed control 
efficacy with equivalent crop safety.  

Physical weed control 

Historically, tillage was relied on for weed control as well as seedbed preparation and continues to 
be used extensively in global cropping systems despite the extensive reliance on herbicides. As a 
group, soil disturbance-based options are the most energy efficient form of physical weed control 
(Table 1) with no additional energy inputs beside the draft force requirements. Tillage acts to control 
weeds by uprooting plants, severing roots and shoots and/or burial of plants. Consequently, the 
efficacy and impact of this approach is reliant on rainfall and soil moisture. Effective control can only 
be achieved when disturbed weeds are exposed to a drying environment after the tillage operation. 
Although tillage can be a highly effective weed control option the soil disturbance involved is not 
compatible with conservation cropping systems and, therefore this approach needs to be used 
sparingly.      

There are a group of thermal weed control technologies (flaming, hot water foaming and steaming 
etc.) using chemical or electrical energy that may be used for broadcast weed control (Table 1). In 
comparison to tillage and herbicide-based options these approaches are considerably more energy 
expensive. With 100 to 1000-fold higher energy requirements it is not surprising that these 
technologies have not been widely adopted for use in large-scale cropping systems, although in 
more intensive operations flaming is used to some extent. 
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Table 1. Total energy requirement estimates for physical weed control options currently available 
for broadcast application. Estimates are based on the control of two-leaf weeds present  

at 5 plants m-2. 

Weed control method 
Energy consumption  

(MJ ha-1) 
Plastic mulching 3 
Flex tine harrow 4 
Sweep cultivator 11 
Rotary hoe 13 
Organic mulching 16 
Rod weeding 18 
Spring tooth harrow 22 
Basket weeder 29 
Roller harrow 29 
Disc mower 31 
Tandem disk harrow 36 
Flail mower 57 
Offset disk harrow 64 
UV 1701 
Flaming 3002 
Infrared 3002 
Hot water 5519 
Hot foam 8339 
Steam 8734 
Freezing 9020 
Hot air 16902 
Microwaves 42001 

Site-specific weed control  

The opportunity for substantial cost savings and the introduction of novel tactics are driving the 
future of weed control towards site-specific weed management. This approach is made possible by 
the accurate identification of weeds in cropping systems using machine vision typically incorporating 
artificial intelligence. Once identified, these weeds can be controlled through the strategic 
application of weed control treatments. This precision approach to weed control creates the 
potential for substantial cost savings (up to 90%) and the reduction in environmental and off-target 
impacts (Keller et al., 2014). More importantly for weed control sustainability, site-specific weed 
management creates the opportunity to use alternate physical weed control options that currently 
are not suited for whole paddock use.  

Accurate weed detection allows physical weed control treatments to be applied specifically to the 
targeted weed. As weed identification processes develop to include weed species, size and growth 
stage, there exists the potential for some approaches (such as electrical weeding, microwaving and 
lasers) to be applied at a prescribed lethal dose. This dramatically reduces the amount of energy 
required for effective weed control (Table 2). For example, microwaving, as the most energy 
expensive weed control treatment as a broadcast treatment (42,001 MJ ha-1), requires substantially 
less energy when applied directly to the weed targets (3.4MJ ha-1). Thus, even though the same 
number of weeds are being controlled (5 plants m-2) the specific targeting of these weeds results in a 
99% reduction in energy requirements. 
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The accurate identification of weeds allows the use of alternate weed control technologies that are 
not practically suited for use as whole paddock treatments. For example, lasers are typically a 
narrow beam of light that is focussed on a point target. In a site-specific weed management 
approach with highly accurate weed identification and actuation, lasers can be focussed precisely on 
the growing points of targeted weeds, concentrating thermal damage. By reducing the treated area 
of the weed, off-target losses are further reduced allowing additional energy savings.  

Table 2. Total energy requirement estimates for physical weed control options when used for site-
specific weed control treatment. Estimates are based on the control of two-leaf weeds present at 5 

plants m-2. 

Weed control method 
Energy consumption  

(MJ ha-1) 
Concentrated solar radiation 0.0 
Precise cutting 0.01 
Pulling 0.01 
Electrocution: spark discharge 0.1 
Nd:YAG IR laser pyrolysis* 0.7 
Hoeing 1.3 
Water jet cutting 1.4 
Stamping 2.1 
Nd:YAG IR laser pyrolysis* 2.5 
Microwaves 3.4 
Abrasive grit  10 
Thulium laser pyrolysis* 12 
CO2 laser cutting* 40 
Targeted flaming 46 
Electrocution: continuous contact 47 
Nd:YAG laser pyrolysis* 70 
CO2 laser pyrolysis* 78 
Nd:YAG UV laser cutting* 115 
Hot foam 117 

Dioide laser pyrolysis* 119 
Nd:YAG IR laser cutting* 190 
Targeted hot water 503 

* Different laser weeding systems 

Conclusions 

By using energy requirements as a level playing field for comparison, the various efficiencies of each 
control method became more apparent. Furthermore, this approach enabled a better understanding 
of site-specific opportunities for physical weed control. Targeting treatments on individual plants 
results in significant energy savings and makes previously impractical options on a broadcast basis, 
available for use on a site-specific basis. The opportunities here are immense for the future 
management of problem weeds. 

Acknowledgements 

The research undertaken as part of this project is made possible by the significant contributions of 
growers through both trial cooperation and the support of the GRDC, the author would like to thank 
them for their continued support.  



 

Pi
tts

wo
rth

 G
RD

C 
Gr

ain
s R

es
ea

rch
 U

pd
ate

 20
18

 

8 

References 

Boutsalis P, Gill GS, Preston C (2012) Incidence of herbicide resistance in rigid ryegrass (lolium 
rigidum) across South Eastern Australia. Weed Technol. 26:391-398 

Broster JC, Koetz EA, Wu H (2013) Herbicide resistance levels in annual ryegrass (Lolium rigidum 
Gaud.) and wild oat (Avena spp.) in southwestern New South Wales. Plant Prot. Quart. 28:126-132 

Keller M, Gutjahr C, Möhring J, Weis M, Sökefeld M, Gerhards R (2014) Estimating economic 
thresholds for site-specific weed control using manual weed counts and sensor technology: An 
example based on three winter wheat trials. Pest Management Science 70:200-211 

Llewellyn R, Ronning D, Clarke M, Mayfield A, Walker S, Ouzman J (2016) Impact of weeds in 
Australian grain production: the cost of weeds to Australian grain growers and the adoption of weed 
management and tillage practices. CSIRO, Australia.  

Owen MJ, Martinez NJ, Powles SB (2014) Multiple herbicide-resistant Lolium rigidum (annual 
ryegrass) now dominates across the Western Australian grain belt. Weed Res. 54:314-324 

Contact details 

Michael Walsh 
University of Sydney 
12656 Newell Highway 
Narrabri 2390 
Ph: 02 6799 2201 
Mb: 0448 847 272 
Email: m.j.walsh@sydney.edu.au 



 
Pittsworth GRDC Grains Research Update 2018 

9 
Water extraction, water-use and subsequent fallow water accumulation in 

summer crops 
Lindsay Bell1, Andrew Erbacher2  

1 CSIRO Agriculture and Food  
2Department of Agriculture and Fisheries, Queensland 

Key words 

sorghum, maize, cotton, mungbean, water-use-efficiency, soil, yield, systems 

GRDC code 

CSA 00050, DAQ 00192 

Take home messages 

• Consider both soil water extraction as well as subsequent fallow accumulation when considering 
different summer crop options. 

• Cotton and maize had higher water use than sorghum, but less efficient fallows.  

• Mungbean water use and soil water extraction is often lower than summer cereal crops, but 
differences are often diminished after the subsequent fallow.  

• Differences in soil water extraction under different sorghum configurations are small and 
seasonal, but impacts on subsequent fallow efficiency could be significant. 

Introduction 

The efficiency that soil water accumulates during fallows and crops ability to extract that water and 
convert into yield is a key driver of farming system productivity and profitability. While a large 
amount of work has been done on winter crops in farming systems, significantly less information is 
available on the relative water extraction of different summer crops and their impact on subsequent 
fallow water accumulation. Some previous work was conducted in the western farming systems 
projects and in Central Queensland that examined the impact of different sorghum crop 
configurations on water extraction and fallow accumulation. The current GRDC-funded farming 
systems projects have also gathered useful information on the soil water dynamics during and after 
different summer crop options in the farming system.  This paper aims to provide an update on 
some of this information and improve understanding of how crop choice and management might 
influence residual soil water at the end of the crop and accumulation during a subsequent fallow.  

Differences in crop water extraction between summer crops 

Amongst the various summer crops grown across farming systems research sites, there are 3 cases 
where there are opportunities to draw comparisons of soil water dynamics during and after summer 
crops of different types.  

Core farming systems site 2016/17 

At the farming systems experiment at Pampas in 2016/17 a range of summer crops (maize, sorghum 
and cotton) were sown in the same season, with similar crop history and starting soil water (220 mm 
plant available water) (see Table 1).  This allows a useful comparison of the extent of soil water 
extraction between these crops under the same conditions and the soil water accumulation during 
the subsequent fallow. Mungbean was also sown, but later in the same summer season.  
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In this season 136 mm of rain fell after soil sampling at the end of August and before sowing maize, 
sorghum and cotton on 5 October. Hence, the soil profile was full at sowing for each of these crops. 
Similarly, 265 mm of rain, replenished the soil profile to > 200 mm before Mungbean sowing on 10 
Jan 17. Hence, all crops began with a full soil profile.  

Soil sampling post-harvest in all these crops revealed only small differences in soil water – ranging 
from 130 mm in mungbean to 175 mm in sorghum. Effective crop water use over this period, after 
estimated soil evaporation was subtracted, was similar in maize and cotton, about 30 mm lower in 
sorghum and about 80 mm lower in mungbean. Despite relatively high crop water use, mungbean 
and maize yields (1.4 and 3.4 t/ha respectively) resulted in much lower returns per mm of crop 
water use ($ 0.70-0.80/mm) compared to cotton (4.1 bales/ha) and sorghum (6.8 t/ha) which 
produced higher returns per mm of crop water use ($ 1.80-2.00/mm).   

A dry winter followed these crops with little soil water accumulating. Soil water status after sorghum 
and maize was maintained, while this declined after cotton and mungbean – presumably due to 
lower ground cover following these crops. Hence, at the start of the next summer cropping season, 
soil water was 20 mm lower after cotton than it was after maize, and this was significantly lower 
than after sorghum (35 mm). Over the whole annual sequence (from 30 Aug 16 to 20 Sept 17), 
including the crops water extraction and subsequent fallow accumulation, the relative change in soil 
water was 20 mm less for maize than cotton, 50 mm higher for sorghum than cotton and 65mm 
higher for mungbean than cotton.    

Table 1. Comparison of soil water extraction, crop water use efficiencies and subsequent fallow soil 
water status between summer crop options sown at the core farming systems experiment, Pampas 

during the summer of 2016/17 

  Sorghum Maize Cotton Mungbean 

Crop water availability and use 

Plant available water (PAW) pre-sowing (30 Aug 16) 220 221 223 117 

Plant available water (PAW) post harvest (1 May 17) 175† 148 141 130 

In
 c

ro
p 

Ra
in

fa
ll 

– 
74

0 
m

m
 Pre-sowing to sowing 136 136 136 265 

Sowing - maturity 287 337 347 280 

Maturity to post-harvest 317 267 257 9 

Effective crop water use (30 Aug 16 – 1 May 17)A 495 523 532 437 

Crop water use efficiency (WUE)  
(kg product/mm water use) 

13.7 6.1 1.7 2.8 

Crop WUE ($/mm water use) 2.02 0.74 1.82 0.83 

Fallow water accumulation 

Fallow rainfall (1 May – 20 Sept 17) 78 

PAW at end of subsequent fallow (20 Sep 17) 180† 146 127 92 

Net change in soil water (30 Aug 16 to 20 Sept 17) -40 -75 -96 -25 
† - Calculated from soil samples taken earlier;  A – Total rainfall + soil water extraction – APSIM predicted soil evaporation 
(290 mm) 

Price assumptions used in calculations were 10 year median port prices less $40/t cartage costs. These were $221/t for 
sorghum, $667/t for mungbean, $281/t for maize and $1090/t for cotton ($537/bale plus seed). 
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Core farming systems site 2017/18 

In the subsequent summer cropping season, data from the core experimental site at Pampas 
allowed for comparisons of soil water extraction and crop water use between sorghum (solid plant 1 
m row spacing, 60,000 plants/ha), high density sorghum (solid plant 0.5 m row spacing, 90, 000 
plants/ha) and mungbean (see Table 2). The crops compared here had a common crop history 
(following maize in 2016), and soil nutrient status was also similar. This showed little difference in 
soil water extraction between these different crops, but effective crop water use was estimated to 
be 20 mm less in mungbean than sorghum in the same summer. Interestingly there was no 
difference in sorghum crop water extraction, or crop water use efficiency between the standard or 
high density configurations.   

Table 2. Comparison of soil water extraction, crop water use efficiencies and subsequent fallow soil 
water status between summer crop options sown at the Core Farming Systems experiment, Pampas 

during the summer of 2017/18. 

 Sorghum Sorghum 
(high density) 

Mungbean 

Plant available water (PAW) (20 Sept 2017) 166 156 152 

PAW post harvest (26 Mar 2018) 58 40 42 

Change in soil water  -108 -116 -110 

In
 c

ro
p 

Ra
in

fa
ll 

– 
36

2 
m

m
 Pre-sowing to sowing 125 125 169 

Sowing - maturity 140 140 96 

Maturity to post-harvest 97 97 97 

Effective crop water use (20 Sep 17 – 26 Mar 
18)A 

269 266 245 

Crop water use efficiency (WUE) 
 (kg product/mm water use) 

18.9 18.5 4.2 

Crop WUE ($/mm water use) 2.62 2.86 1.75 
A – Total rainfall + soil water extraction – APSIM predicted soil evaporation (200-220 mm) 

Price assumptions used in calculations were 10 year median port prices less $40/t cartage costs. These were $221/t for 
sorghum and $667/t for mungbean. 

Billa Billa farming systems site 2016/17 

Two separate comparisons of summer crops are possible at the Billa Billa Farming systems site in 
summer 2016/17 (Table 3). The first, between spring sown sorghum crops with different starting soil 
waters (after a long-fallow after wheat, and after a short-fallow following mungbean). Both sorghum 
crops finished with similar post-harvest soil water status, despite nearly 100 mm difference in 
starting soil water. The sorghum crop with the higher availability of water yielded significantly more 
and ended with a much higher crop grain WUE than the crop starting with more marginal soil water. 
This translated into double the gross margin return per mm.  

The second comparison can be made between sorghum and mungbean crops sown in January 
following a pulse crop the previous winter. Both crops started with a similar soil water status, but 
soil water was about 100 mm lower following the sorghum crop compared to the mungbean crop in 
July after harvest. This was largely driven by the difference in maturity timing between the crops, 
with the sorghum crop having access to an additional 115 mm of in-crop rain that fell after the 
mungbean crop was mature. So in the case of the mungbean crop, this 115mm would have added to 
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finishing soil PAW levels. Despite these differences in post-harvest soil water at July 2017, 
differences in soil water were negated at the end of the subsequent fallow (in March 2018); with soil 
water similar at this time. Over the whole annual cycle, there was only a marginal difference in the 
change in soil water, with sorghum extracting more soil water than mungbean but higher 
subsequent fallow efficiency after sorghum made up for this difference.  

Table 3. Comparison of soil water extraction, crop water use efficiencies and subsequent fallow soil 
water status between summer crop options sown at the Billa Billa farming systems experiment 

during the summer of 2016/17 

 Date Comparison 1 Date Comparison 2 

Sorghum 
(long-
fallow) 

Sorghum 
(short-
fallow) 

Sorghum Mungbean 

Pl
an

t a
va

ila
bl

e 
w

at
er

 (m
m

) Pre-sowing 1 Sep 16 237 142 13 Oct 16 181 181 

Post-harvest 31 Jan 17 51 44 12 July 17 78 188 

Change in soil water (mm)  -186 -98  -103 +9 

Ra
in

fa
ll Pre-sow to sowing 149 149  71 71 

Sowing - maturity 128 128  329 177 

Maturity – post-harvest 12 12  0 115 

Total rainfall pre-sow to post-harvest 289 289  401 401 

Estimated soil evaporation  195  274 

Effective Crop water use (mm)A 326 238  432 320 

Crop water use efficiency (WUE) 
 (kg product/mm water use) 

4.6 3.69  3.71 1.58 

Crop WUE ($/mm water use) 1.45 0.77  0.74 0.39 

Post-fallow plant available water 
 (20 Mar 18) 

223†   196 172 

Net change in soil water to 20 Sep 17 -14   +15 -9 
† - calculated from soil samples taken earlier;  A – Total rainfall + soil water extraction – APSIM predicted soil evaporation  
Price assumptions used in calculations were 10 year median port prices less $40/t cartage costs. These were $221/t for 
sorghum and $667/t for mungbean. 

Impact of sorghum configuration on crop water extraction and water accumulation 

Little contemporary work has examined the effects that different sorghum crop configurations, such 
as solid planting, single skip or double skip, have on crop water use, crop water-use-efficiency and 
subsequent fallow accumulation. The information presented here is from research conducted 
previously by others.  

In the study of Routley et al 2003 (Table 4), few differences in soil water change and crop water use 
were statistically significant due to high site variability. However, at 3 of the 4 experimental locations 
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double-skip sorghum crops extracted 20-40 mm less soil water than solid plant. Single skip sorghum 
was intermediate in soil water extraction and crop water use, with around 10 mm less soil water 
extraction but these small differences are hard to assess experimentally. Interestingly in these data 
sets, the high rainfall year at Croppa Creek (> 400 mm in-crop rain) showed a significant yield penalty 
and lower crop WUE under the double skip configuration compared to single skip or solid plant. In 
contrast in the low rainfall season at Bungunya (165 mm in-crop rain), the single-skip and double-
skip crops yielded similarly to solid plant crops but due to lower soil water extraction had higher 
crop WUE. Analysis over a wider range of environments and seasons has shown that double-skip or 
single-skip row sorghum crops only outperform solid-plant sorghum in dry growing seasons or when 
soil water at sowing is marginal (e.g. <60% full profile) (Whish et al. 2005).    

Other locations have also shown marginal differences in total crop water use and soil water 
extraction between different sorghum row configurations. Results in 10 experiments Nebraska in the 
USA show no significant difference in total crop water use or extraction between solid, single-skip or 
double skip configurations (Abunyewa et al. 2011)  

Table 4. Effect of sorghum configuration on soil water change, crop water use, yield and crop water-
use efficiency over 4 seasons and locations 

Site & year 
(in-crop rain) 

Sorghum 
configuration  

Change in soil 
water (mm) 

Crop water 
use (mm) 

Yield (t/ha) WUE 
(kg/ha/mm) 

Croppa Creek 
2000/01 

(409 mm) 

Solid (1 m) +59 350 5.53 15.8 

Single skip +71 338 5.60 16.7 

Double skip +82 327 4.54 13.9 

Billa Billa,  2000/01 

(324 mm) 

Solid (1 m) +13 311 2.91 9.4 

Single skip +23 301 2.63 8.7 

Double skip +19 305 2.85 9.4 

Bungunya 2001 

(165 mm) 

Solid (1 m) -126 291 2.62 9.0 

Single skip -112 277 2.74 9.9 

Double skip -87 252 2.63 10.5 

Billa Billa 2001/02 

(253 mm) 

Solid (1 m) +17 236 2.57 10.9 

Double skip -2 255 2.81 11.0 

Source: Routley, R., Broad, I., McLean, G., Whish, J., and Hammer, G. (2003). The effect of row configuration on yield 
reliability in grain sorghum: I. Yield, water use efficiency and soil water extraction. Proceedings of the Eleventh Australian 
Agronomy Conference, Geelong, Jan 2003. 

The impact of the different row configurations on subsequent fallow water accumulation is also a 
critical factor to consider. It is expected that narrower rows with more even ground cover should 
improve soil water infiltration during a fallow after sorghum, while wide-row crops would be less 
efficient at accumulating water. However, there is little information on this currently. An experiment 
in Emerald conducted in 2006 (Table 5), showed that sorghum sown on narrow rows (0.5 m) had 
higher average ground cover at the end of the subsequent long fallow and had accumulated about 
20 mm more soil water compared to sorghum on wide rows of 2.0 m. Other differences were not 
significant but intermediate row spacings accumulated soil water between these two extremes.  

Further examination of the impact of narrow row (0.5 m) and higher density sorghum crops on 
subsequent fallow water accumulation is expected in the coming 12 months from farming systems 
experiments.  
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Table 5. Effects of sorghum row spacing on ground cover at the end of the subsequent fallow and 
fallow water accumulation. 

Sorghum row spacing (m) Average ground cover at 
end of fallow (%) 

Fallow water accumulation 
(29 Mar 05-26 Apr 06) 

0.5 22 101 

1.0 19 88 

1.5 14 86 

2.0 14 78 

Source: Routley R, Lynch B, Conway M (2006) the effect of sorghum row spacing on fallow cover distribution and soil water 
accumulation in Central Queensland. In Proceedings of the 13th ASA Conference, 10-14 September 2006, Perth, Western 
Australia. 
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Take home messages 

• Long fallow with good ground cover is paramount for preparing to establish a summer crop. 

• November has the greatest probability of adequate planting conditions for summer crops in 
Northern grains regions. 

• Chickpeas provided the best crop choice for double cropping in 2017 post the dryland cotton 
crop at Narrabri, due to high crop gross margins and its greater ability to extract soil moisture 
compared to wheat.   

• Cultivating after dryland cotton crop did reduce cotton volunteers and ratoons by >100 
plants/ha, but yield of the following chickpea crop was reduced by 42% in 2017. 

Cotton’s fit in a dry-land farming system 

Rain fed cotton production is an integral part of dryland farming systems in the northern grain 
regions of NSW, and southern Queensland. New cultivars with greater lint yield potential, high 
commodity prices and improved moisture management with the uptake of minimum-till farming 
have resulted in greater areas of farming land purposely kept for growing dryland cotton. As a result, 
questions are being raised about the sustainability of growers committing to growing a long-season 
summer crop in an unpredictable rainfall climate, and its impact on their farming system.  

Issues for growing cotton in a dryland farming system include: How to sequence back into grain 
crops? What crop to grow after the cotton crop? Does cultivation of the cotton ratoons impact yield 
potential, and if so for how long? If cultivation does not occur, what is the impact of ratoon and 
volunteer cotton control? 

Issues such as planting moisture opportunity, gross margins, rainfall efficiency and the impact on 
crop sequencing are investigated by the GRDC-funded farming systems projects. In collaboration 
with the Queensland Department of Agriculture and Fisheries (DAF), CSIRO and the NSW 
Department of Primary Industries (NSW DPI), the farming systems program is focused on developing 
systems to better use available rainfall to increase productivity and profitability. We present results 
from 2 sources here that investigate the options for transitioning from a cotton crop back to a grain 
crop and the legacy impacts on subsequent crops in a dryland farming system. 

Summer planting opportunities for dryland cotton 

One of the major decisions growers have when sequencing a cotton crop is the probability of 
receiving ideal planting conditions.  APSIM modelling was used to predict the probability for ideal 
planting conditions (i.e. 30 mm of rain over 3 days and plant available water > 100 mm) for two 
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northern NSW sites (Spring Ridge and Narrabri) (1a) and south east Qld (Pampas)(1b). Simulations 
outputs were taken from simulations of crop sequences involving a summer crop following either a 
winter cereal or chickpea in the previous year (i.e. Wheat – chickpea - wheat - long fallow, or wheat -
chickpea – long fallow). All simulations assumed no-till, full stubble retention, with optimum fallow 
weed management.    

All three regions follow a similar trend, although Pampas achieves planting probabilities earlier than 
both Narrabri and Spring Ridge. The probability of planting summer crop at Narrabri is not as strong 
during the month of October compared to the other two sites. The models indicate that in 
approximately 25-30% of years there is a probability of meeting these sowing conditions in October, 
which is the optimum planting month for cotton in northern NSW (Cotton Seed Distributers, 2013). 
Importantly this shows that at both Breeza and Narrabri there is only a 65% probability of summer 
planting conditions occurring by the 15th December, meaning growers may miss out on ideal planting 
in 3 out of 10 years. On the eastern Darling Downs the simulations predict an extra 10% chance with 
75% probability of planting before mid-December. 

1(a)      1(b) 

 
Figure 1. Summer planting opportunity for (a) northern NSW (Narrabri and Breeza) and (b) Pampas, 
Qld. Where conditions met >30 mm of rain over three days and >100 mm of PAW following a long-
fallow after a winter cereal in the previous year (assuming no-till, full stubble retention and optimal 

fallow weed management). 

Post-cotton crop management implications 

A grain systems trial was established to evaluate selected farming system options post a cotton crop 
at the University of Sydney Narrabri research farm “Llara”. The study initiated by the NSW DPI 
northern cropping systems team, investigated various farming management treatments after 
growing dryland cotton, in particular grain production, soil nutrition, weed control, pathogen levels 
and system gross margins. 

In total six treatments were developed consisting of three crop choices (wheat, chickpeas and a 
cover crop - barley), and three post cotton cultivation practices (full cultivation, plant line ripping 
and no till). 

The tillage treatments post the cotton crop included: 

• No till: No cultivation with following crops sown directly into cotton stubble with a no till 
planter. Only herbicides were used to control cotton regrowth or volunteers.  

• Plant line ripping: Ripping tynes cultivated along the plant line of the cotton crop to a depth 
of 30cm.  No cultivation occurred between the plant lines 

• Full cultivation: Offset discs were used twice to ensure full disturbance.  
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Following a rain fed cotton crop grown in the 2016/17 summer, tillage events occurred 
approximately 1 month after cotton harvest and subsequent crops were planted on the 26th June 
with approximately 40% of plant available water capacity (PAWC). 

Grain crop yields  

After the 2016/17 dryland cotton crop, there was low residual soil moisture in the profile (77 mm of 
plant available moisture to a depth of 120 cm). The implementation of the cultivation treatments 
further reduced the plant available water in both the full cultivation and plant line cultivation 
treatments (Table 1). Along with below average in-crop rainfall during the winter of 2017, these 
factors combined resulted in low grain yields for both wheat and chickpea. The no till systems 
resulted in greater grain yield for both crops. The wheat no till treatment yielded 0.28 t/ha higher 
than the wheat plant line cultivated treatment, while the chickpea no till yielded 0.275 t/ha higher 
than the chickpea plant line cultivated treatment. This equated to a yield difference of 38% for 
wheat, and 42% for chickpeas. Crop choice also impacted final grain yield with the wheat no till 
treatment yielding 34% higher than the chickpea no till treatment (0.97 t/ha and 0.64 t/ha 
respectively). 

 

Table 1. Plant available water (PAW) after cultivation implementation and subsequent grain yield 
and crop biomass of wheat or chickpea crops following cotton at Narrabri, NSW (2017) 

Site Crop Cultivation Pre crop PAW 
(mm) Yield (t/ha) Crop biomass 

(t/ha) 

Narrabri Wheat No till 78 0.97 2.5 

Narrabri Wheat Plant line 
cultivation 67 0.70 2.4 

Narrabri Wheat Full 
cultivation 56 0.67 2.3 

Narrabri Chickpea No till 74 0.64 2.1 

Narrabri Chickpea Plant line 
cultivation 64 0.37 1.5 

Narrabri Cover crop 
- barley No till 79 NA 2.7 

Economic returns of crops 

An important aspect of the study based at Narrabri was to evaluate the economics of implementing 
the various management treatments. Due to the low yields, only two treatments were profitable 
after the 2017 winter harvest – no till chickpeas and no till planted wheat (Figure 2). Although both 
treatments did receive an extra herbicide than the cultivated treatments, the yield advantage 
resulted in higher gross margins. While crop choice did impact gross margin, as no till chickpeas 
resulted in a higher income than the no till wheat ($132/ha and $44/ha respectively). The results 
show that both cultivation and crop choice had an impact on the gross margin for the grain crop 
following cotton. For growers considering the value of planting a strategic cover crop after a dryland 
cotton crop, the farming system’s 2017 cover crop (barley) resulted in a cost of $100/ha. The cost 
includes planting cost, seed purchase and herbicide applications and fallow maintenance up to 
December 2017. 
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Figure 2. Crop gross margins post a dryland cotton crop from Narrabri, 2017. Grain values used for 

gross margin analysis are 10 year median prices at port, minus transport costs. Prices used at 
Narrabri include: wheat - $269/t and chickpea - $504/t  

Crop water use efficiency (WUE) 

After the 2016-17 rain fed cotton crop, there was 77 mm of plant available water (PAW) at the 
Narrabri farming systems site (equal to 42% of plant available water capacity (PAWC)). As expected, 
soil disturbance due to cultivation treatments led to a loss in soil water.  The full cultivation reduced 
plant available water by 21 mm, while the plant line cultivation reduced plant available water by 12 
mm. As a result the no till treatments had higher plant available water at planting. Subsequently, the 
no till chickpeas had the greatest crop water use for all the treatments planted in 2017 (189 mm, 
p<0.05). The impact of cultivation was highlighted by the three wheat treatments, with no till wheat 
using more moisture than plant line cultivated wheat, which in turn had higher crop water use than 
the fully cultivated wheat (178, 161 and 144 mm respectively). 

While wheat had higher water use efficiency (kg grain/mm crop water use) than chickpea (4.6 and 
3.4 respectively), a no till sowing operation resulted in higher water use efficiency than plant line 
cultivation for both crops (Table 2) (p<0.001).  

Interestingly crop choice had an impact on the plant available water left in the profile after the 2017 
winter crop harvest. There was an average of 57.8 mm plant available water for the wheat no-till 
and plant line cultivation treatments at harvest, while the chickpea averaged (for the same 
cultivation treatments) a lower amount of 42.5 mm. This result supports the theory that chickpeas 
can access more soil water than wheat. They were able to produce grain later in the season, while 
the wheat treatments were observed to have matured earlier due to moisture stress (Figure 3).  
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Figure 3. Plant available water, Narrabri 2017-18 

 

Table 2. System water use efficiency, Narrabri 2017 

Cultivation 
treatment Crop Crop water 

use (mm) 

Water use 
efficiency (kg 
grain/mm/ha) 

No till Cover crop -
barley 179 - 

No till Chickpea 189 3.4 

No till Wheat 178 5.5 

Plant line 
cultivation Chickpea 174 2.1 

Plant line 
cultivation Wheat 161 4.3 

Full cultivation Wheat 144 4.6 

 l.s.d 31 2.4 

Cotton regrowth and volunteer control 

A major concern for growing rain fed cotton is the number of ratoon and volunteer cotton plants 
that occur after cotton harvest. Controlling ratoon and volunteers can be expensive and become 
hosts for pests and diseases. Weeds counts conducted 184 and 300 days after the harvest of the 
cotton crop show the longevity of the volunteers and ratoon plants. The application of the two 
cultivation treatments did reduce the number of cotton ratoons and volunteers, with the plant line 
cultivation having the greatest effect. While both the cultivation activities did incur an extra cost for 
the management systems, the higher number of ratoons and cotton volunteers resulted in extra 
herbicide applications for the no-till treatments. 

It should be noted that there are no registered or consistently reliable herbicide options available for 
the control of cotton ratoon. 
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Table 3. Residual ratoon and volunteer cotton plant numbers (plants/ha) at Narrabri, at  
184 and 300 days after cotton harvest 

Cultivation Crop 
24/11/2017 

184 (DAH) 

19/03/2018 

300 (DAH) 

No till Wheat 153 90 

No till Chickpea 103 11 

No till Cover 
crop 156 36 

Plant line Wheat 0 4 

Plant line Chickpea 3 1 

Full cultivation Wheat 26 33 

 
s.e 80 45 

Crop yields following cotton compared to other crop sequences 

Farming system trials at Narrabri and Pampas have provided opportunities to compare the yield of 
crops grown as a double crop after a summer crop, with the yield of crops grown after different 
previous crops in the cropping sequence. At both Narrabri and Pampas, cotton and sorghum crops 
were followed by a double crop of wheat. Here the yield of these wheat crops were compared with 
the yield of wheat crops grown after chickpeas followed by a summer fallow. As shown Table 4, a 
chickpea- fallow-wheat sequence clearly resulted in a higher yield at both the Pampas and Narrabri 
trial sites when compared to wheat yields following cotton or sorghum. The yield of the wheat crop 
following directly after cotton was 65% lower at Narrabri and 47% lower at Pampas compared to 
following chickpea. It must be noted that both Pampas and Narrabri received below average rainfall 
during the 2017 winter growing season, but the results show the large impact cotton has on the 
following crop’s yield. At the Pampas site, it should also be noted the impact of a long season 
summer crop (cotton) compared to a shorter growing summer crop (sorghum). Wheat yield when 
double-cropped following sorghum yielded significantly higher than following cotton (1.75 and 1.06 
t/ha respectively – Pampas 2017). 

Table 4. Wheat yield at farming systems research sites Narrabri and Pampas in 2017 following 
cotton compared to other previous crop sequences. 

Site Previous crop Crop Pre-plant PAW 
(mm) 

Wheat crop 
yield (t/ha) 

Wheat crop 
biomass (t/ha) 

Narrabri Cotton Wheat 78 0.97 2.5 

Narrabri Chickpea -
fallow Wheat 115 2.20 7.6 

Pampas Cotton Wheat 146 1.06 3.38 

Pampas Chickpea -
fallow Wheat 188 2.01 6.73 

Pampas Sorghum Wheat 181 1.75 5.58 

The Pampas experiment also compared the impact of different summer crops (maize and cotton) on 
the pre-plant soil water and yield for subsequent summer crops (sorghum or mungbean) (Table 5). 
When cotton was the previous crop compared to maize, starting plant available water for the next 
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summer crop was approximately 20 mm lower and yields of sorghum were reduced by 0.4 t/ha and 
yields of mungbean were reduced by 0.3 t/ha.  

Table 5. Comparison of soil water pre-plant and subsequent grain yields of sorghum or mungbean 
crops following either cotton or maize the previous summer, Pampas 2017. 

Previous crop history Pre-plant PAW (mm) 
01/09/2017 

Sorghum yield (t/ha)A Mungbean yield  
(t/ha) B 

Maize – fallow  145 4.44 1.04 

Cotton – fallow 127 4.04 0.73 
A cv. Taurus, sown 3 Nov 17, soil N 150-180 kg/ha, 65 000 plants/ha 
B cv. Jade, sown 8 Dec 17, 360 000 plants/ha 

Conclusion 

There are many challenges sequencing cotton in a dry land farming system. Firstly, growers need to 
evaluate the impact and risk of growing a long season summer crop in a variable climate with 
unreliable summer rainfall. Northern NSW and south-east Queensland do have high probability of 
adequate spring – summer planting conditions especially after a long fallow with good ground cover; 
however, the planting conditions may occur later than the ideal planting date for full lint yield 
potential. 

The opportunity to plant a double crop after cotton in optimum conditions is limited; therefore, if 
growers do plant, the crop will benefit from capacity to tolerate moisture stress. At Narrabri, 
chickpeas stood out as the ideal second crop in a double cropping sequence, as they were able to 
extract a greater amount of soil moisture in a low moisture environment and also resulted in the 
greatest gross margin. Wheat and the cover crop (barley) did have greater biomass accumulation 
and did result in greater residual stubble cover, which may have a beneficial impact on future grain 
crops. While cultivating did have benefits such as reducing the cotton ratoons and volunteer 
numbers, the cost of the implementation on soil moisture caused significant yield reduction. If 
growers are able to defoliate their cotton within the regulated date, the ideal treatment is to leave 
the field in a no till situation. It is noted that there are no registered or reliable options for control of 
ratoon cotton with herbicides. 

We have also found that the greater moisture extraction of cotton compared to other summer crop 
options can have legacy impacts that last > 12 months, resulting in lower grain yields compared to 
growing crops after other summer crop options. These negative impacts should be considered when 
evaluating the profitability of dryland cotton compared to other summer grain crop options (e.g. 
sorghum, maize).  
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Mungbean agronomy, their water use patterns and improving  

water use efficiency 
Kerry McKenzie 

Notes 
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Impact of narrow row spacing on grain yield, seed quality and weed 
competitiveness in sorghum  

Trevor Philp, Pacific Seeds 

Key words 

Sorghum, narrow row spacing, grain yield, seed quality, weed management, competition 

Take home message 

In a tough season sorghum grown in narrow rows didn’t not reduce the yield or increase lodging, 
narrow row sorghum did reduce weed populations and has potential to increase fallow efficiency.  

Introduction 

Grain sorghum is currently grown in three main row widths in the north eastern Australian grain 
belt, 150cm, 100cm and 75cm. Broadly the higher the yield potential and the more reliable the 
environment the narrower the row spacing.  

There has been a renewed interest in narrow rows in field crops due to two main factors 

1. Weeds with resistance to one or more herbicide mode of action group.  

2. Improving ground cover to drive improvement in the efficiency of subsequent fallows. 

Little data is available for Australia on the effect of narrow row spacing in grain sorghum on yield, 
grain quality, suppression of weeds and improvement in fallow efficiency. There is also no data on 
narrow row sorghum planted with precision planters.  

Summary 

In the 2017-18 season nine grain sorghum trials were conducted to measure the effect of row 
spacing on yield grain quality and weed populations. Six trials compared 50cm, 75cm and 100cm 
rows, one trial compared 50cm and 100cm rows and two trials compared 50cm, 75cm and 150cm 
rows.  

All configurations were sown at the same plant density using a single hybrid. Only eight trials were 
harvested, with the trial at Felton abandoned due to lodging. The Felton site was assessed for weed 
competition and was the only site that had significant weed populations to assess. 

No grain quality data is available at this stage. 

A significant difference in grain yield was measured at two of the eight sites, one at Tamworth and 
one at Goondiwindi, no significant difference between the row configurations was measured at any 
of the other sites. 

Row width had a significant effect on weed population at the Felton Site, with weed population 
reducing with row width. 

An across site analysis of the five sites comparing 100cm, 75 cm and 50 cm was conducted.  No 
difference in grain yield was measured between row configurations. 

The 2017-18 sorghum season was below average for yield, with grain size also reduced. Most spring 
planted crops suffered high levels of stress in the grain fill period, due to no rainfall in January. 
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Trial analysis description   

The trait of yield (kg/ha) was analysed in two ways, firstly with row width included as a fixed effect 
(model 1: Best linear unbiased estimate BLUE) otherwise known as least square mean. This gives an 
estimate of the mean yield of the each of the treatments. 

And secondly with row width included as a random effect (model 2: Best linear unbiased prediction 
BLUP). The BLUP value is used to estimate/predict the difference between row widths. 

Only the BLUPS are reported.  

Results 

Table 1. Locations, row widths compared and sowing rate by site 

Location State Row widths 
compared  

Plant 
density/ha 

Clifton QLD 100, 75, 50 cm 85,000 

Felton QLD 100, 75, 50 cm 75,000 

Brookstead QLD 100, 75, 50 cm 85,000 

Pampas QLD 100, 75, 50 cm 85,000 

Yelarbon QLD 150, 75, 50 cm 65,000 

Goondiwindi QLD 150, 75, 50 cm 65,000 

Yallaroi NSW 100, 75, 50 cm 85,000 

Tamworth NSW 100, 75, 50 cm 75,000 

Premer  NSW 100, 50 cm 85,000 
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Table 2. Individual trial results, grain yield by row width 

Location Row width 
BLUP 
kg/ha RANK 

Rel 
mean 
% se Rep number CV% h2 P.value 

Goondiwindi 50CM 3262 1 132.9 58 2 3.37 0.99 0.16 

Goondiwindi 75CM 2214 2 90.2 58 2 

   Goondiwindi 150CM 1886 3 76.9 58 2 

   Premer 50CM 7462 1 100.0 70 3 NA NA NA 

Premer 100CM 7462 1 100.0 70 3    

Pampas 50CM 3655 1 108.2 263 3 30.22 0.24 0.28 

Pampas 75CM 3173 3 94.0 263 3 

   Pampas 100CM 3303 2 97.8 260 3 

   Brookstead 50CM 3075 1 103.2 186 3 20.01 0.22 0.32 

Brookstead 75CM 3039 2 102.0 186 3 

   Brookstead 100CM 2828 3 94.9 181 3 

   Yelarbon 50CM 1947 2 94.8 177 3 15.52 0.89 0.19 

Yelarbon 75CM 1626 3 79.2 177 3 

   Yelarbon 150CM 2588 1 126.0 177 3    

Tamworth 50CM 6469 3 97.0 52 2 1.12 0.95 0.18 

Tamworth 75CM 6770 2 101.5 42 3 

   Tamworth 100CM 6771 1 101.5 42 3    

Yallaroi 50CM 4480 1 101.8 139 3 9.39 0.15 0.34 

Yallaroi 75CM 4321 3 98.2 149 2 

   Yallaroi 100CM 4396 2 99.9 144 2 

   Clifton 50CM 2972 3 100.0 26 2 0.23 0.03 0.04 

Clifton 75CM 2972 1 100.0 26 4    

Clifton 100CM 2972 2 100.0 26 3 
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Table 3. Across site result, Clifton, Pampas, Brookstead, Yallaroi, Tamworth, and Premer 

Treatment  est_blup rank_blup rel_blup se_blup 

100CM 4627 1 100 0 

75CM 4627 1 100 0 

50CM 4627 1 100 0 

Table 4. Weed population by row spacing at harvest, Felton Site 2018 

Row 
width Subscript 

Weed 
count 
blup 

Rank 
blup Rel % se_blup   

100CM a  49.8 1 175.6 3.2 CV% 19.861 
75CM  b 23.5 2 82.8 3.2 h2 0.974 
50CM  b 11.8 3 41.6 3.2 P.value 0.166 

Discussion  

Overall these trials demonstrated no consistent significant difference in yield by row width, although 
only one hybrid was tested at a single planting rate.  

Two sites showed significant difference in row spacing, Goondiwindi showed a clear advantage in 
the 50cm rows against the commercial standard row spacing of 150cm. This advantage was created 
due to less lodging in the 50cm, the 50cm rows appeared to create more biomass early and ran into 
stress earlier than the 150cm rows. The earlier stress resulted in less yield potential, and reduced 
height, no rainfall occurred in the grain fill period which resulted in the higher yield potential 
treatment to lodge. 

The Tamworth trial had a similar environment but stressed earlier and then was relieved by late rain, 
which favoured the 100cm rows over the 75 and 50cm rows. 

In all sites row canopy closure occurred much earlier in the 50cm row configuration, providing better 
ground cover. Water use and water use rate wasn’t measured in these trials, but the 50cm rows may 
use soil water at a faster rate in the vegetative phase and potentially increase the chance of stress 
prior to flowering. 

The combination of an appropriate hybrid and plant density and the 50cm row spacing has the 
potential to improve the sorghum crops competition against weeds, reducing weed seed set and 
improving yields. This system has potential to improve the fallow efficiency of the overall system, as 
well as lifting the sorghum yield and reliability in most seasons. 

Further work to assess the impact on yield and quality is needed and work is needed to assess the 
effect on the fallow efficiency after the sorghum crop. Detailed economic analysis is needed to 
determine the cost benefit of purchasing a narrow row precision planter. 

Contact details 

Trevor Philp 
Summer Grains Agronomist  
Pacific Seeds 
Email: trevor.philp@advantaseeds.com 
Mb: 0427 568 517 
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Summer crop discussion - key decisions for profit in the coming season  
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Grower experience in generating and using field data to 'hopefully' make 

more money! 
Mike Smith, Tarnee 

Contact details 
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Tarnee 
Ph: 0427 546 816 
Email: mbtarnee@bigpond.com 

Notes 
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Reserve phosphorus (P) and potassium (K) availability and release in 
northern region soils; effects of flooding and fertiliser bands 

Chris Guppy1, Phil Moody2 and Matt Tighe1 

 1University of New England 
2Department of Environment and Science, Queensland 
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Take home messages 

• Blends of muriate of potash with ammonium phosphates and calcium phosphates may initially 
decrease soil solution phosphorus (P) particularly under wide row spacings at rates normally put 
down in deep bands.  

• Potassium (K) application may best be done separately (spatially) to P and nitrogen (N) 
applications to limit formation of less soluble reaction products. 

• Extended incubation of fertiliser bands suggests that compounds continue to drop out of soil 
solution with time and thus may not readily become plant available. Soil testing is ongoing to 
determine if this risk is high. 

• Extended flooding mobilises reserve P and K minerals if soil carbon levels are high, mainly 
through acidification of alkaline soils and reduction of iron (Fe) and manganese (Mn) compounds 
releasing the bound P. 

Introduction 

Declining soil fertility in the northern grains region has resulted in novel fertiliser application 
strategies and an awareness of the changes in phosphorus (P) and potassium (K) availability needed 
to increase grain production and optimise fertiliser recovery. Large reserves of P and K may exist in 
these soils and we have limited understanding of how to quantify them and how long they may 
remain to replenish existing available P and K sources.  This brief paper updates growers and 
advisers on recent results related to fertiliser bands and flooding effects on the release and 
availability of P and K to the soil solution, and hence to plants.  

Method 

Fertiliser bands 

The effect of mixing fertiliser in bands was tested on 4 soils with differing properties from the 
northern grains region. The four soils were: soil 1: Ferrosol (0-10cm); soil 2: upland Vertosol (0-
10cm); soil 3: grey Vertosol (10-30 cm); soil 4: Kandosol (10-30 cm). Fertiliser rates equivalent to 
those occurring in the field (g fertiliser/m crop row @ 1m row spacing) were converted to (mg 
fertiliser/g soil) and incubated at field capacity for 10 days.   

Fertiliser forms were applied to supply the following nutrient rates: N (nitrogen) 100kg/ha; P 
(phosphorus) 40kg/ha; K (potassium) 100kg/ha; and S (sulfur) 30kg/ha.  
 
 



 
Pittsworth GRDC Grains Research Update 2018 

31 
 
Treatments were: 

1. MAP (mono-ammonium phosphate) @ 40 kg P/ha (not balanced for N) 
2. MAP (as above) + KCl (potassium chloride)  
3. DAP (di-ammonium phosphate) @ 40 kg P/ha (not balanced for N) 
4. DAP (as above) + KCl (potassium chloride)  
5. TSP (Triple Superphosphate) @ 40 kg P/ha (balanced for N) 
6. TSP (as above) + KCl (potassium chloride) 

 

After 10 days and 30 days, a 1:1 saturated paste was created with dried soil (25 g dried soil/25 mL 
deionised water water) and allowed to equilibrate for 16 hours before centrifugation and analysis of 
the soil solution pH and solution P concentration. 

Flooding 

Effects of flooding on P and K pools of 12 northern grains region soils were tested in two 
independent experiments carefully designed to maintain anaerobic conditions throughout. The first 
experiment used 4 soils and sampled over time to determine how long to incubate soils before they 
had reduced enough to see the effects of flooding on soil chemistry. Reduced soils (those with an Eh 
<100mV) have lost all of their free oxygen, and other oxidised species are used to accept electrons 
as carbon compounds are reduced.  A further 8 soils, to increase the range of northern grains region 
soils examined were then flooded for 30 days prior to analysis.  

Soils were simply maintained at field capacity prior to extraction (aerated), or flooded permanently 
and spiked with sugar to ensure soil carbon was high enough to use all of the oxygen and reduce the 
soils (anaerobic).  CaCl2- P and K, exchangeable K, Colwell- and BSES-P and tetra-phenyl borate 
extractable K (TBK), along with pH, Eh and electrical conductivity (EC) were then measured. 

Results  

Fertiliser bands 

The effects of fertiliser form on soil solution pH and P concentration are shown in Figure 1. In all soils 
addition of KCl decreased soil pH and solution P concentration perhaps because of the increased 
ionic strength in the soil solution.  



 

Pi
tts

wo
rth

 G
RD

C 
Gr

ain
s R

es
ea

rch
 U

pd
ate

 20
18

 

32 

 

 

 
Figure 1. Effect of fertiliser form on soil solution pH and P concentration in fertiliser bands after 10 

and 30 days incubation at field capacity for four soils from the northern grains region. Treatments in 
order from left to right are MAP, MAP and KCl, DAP, DAP and KCl, TSP, and TSP and KCl. 

In soils 1, 3 and 4, solution P concentrations declined in the order: DAP>MAP>TSP; for soil 2, solution 
P concentrations were DAP=MAP>TSP. The addition of KCl to all P forms decreased solution P 
concentration in all soils.   

The addition of KCl to any P source reduced soil pH (Figure 1).  The pH is lower because the ionic 
strength (saltiness) is much higher, and H+ ions are displaced from the soil surface. As the pH is 
lower, the likelihood that the loss of P from soil solution is due to the formation of calcium 
phosphates is less likely. This has been suggested by researchers in the past, as the high K+ addition, 
displaces Ca2+, raising the solution Ca and P concentrations to levels that may result in formation of 
calcium phosphates relative to the simple P additions alone. We are investigating if the lower soil pH 
associated with MAP relative to DAP when combined with KCl may have promoted the formation of 
potassium taranakites (potassium aluminium phosphates) or potentially struvites (magnesium 
ammonium phosphates). This may explain the lower solution P concentration observed in both soils 
with MAP+KCl than with DAP+KCl. 

Over time the loss of P from solution following the addition of K did not reverse, and P availability 
decreased further as P reacted with soil surfaces within the band. Further work is needed to see 
what available P soil tests indicate about the effect of K addition to fertiliser bands is over time. 

Flooding 

pH & Eh  

The pH of flooded soils were 0.3–0.7 unit lower than when aerated, when starting pH was alkaline. 
Acidic soils increased in pH upon flooding (Figure 2). All soils were anaerobic after 30 days flooding 
with Eh values ranging from -90 to -134 mV. These results are as expected when soil is flooded.  Soils 
tend toward a pH of 7, and, if adequate carbon is present for microbial activity, flooded soils will 
have lower oxidation. The tendency for pH to rise in acidic flooded soils occurs because H+ is 
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consumed as oxidised compounds are reduced (NO3, Mn oxide, Fe oxide, etc), releasing hydroxide 
(OH-) and raising pH. In alkaline soils, the increase in respired CO2 dominates.  This dissolves in the 
water at higher concentrations, producing carbonic acids that lower the pH.  Most flooded soils then 
end up with a pH between 6.7-7.2. 

 
Figure 2. Effect of flooding (FL) on pH of 12 soils from the northern grains region after 30 days 
incubation. Values presented in order of decreasing starting pH measured at field capacity (FC) 

Soil solution P and K (CaCl2 extractable P/K) 

Calcium chloride extractable P increased by 2–10 fold in most soils when flooded for 30 days (Table 
1). Whilst solution P concentrations were typically low (1-4 mg P/kg), an increase in solution P 
concentration after flooding is likely, because the Fe (iron) oxide surfaces to which P is strongly 
attracted will dissolve; releasing the P. Flooding increased the CaCl2–K in all studied soils by a factor 
of 3 (Table 1). Solution extractable K was 10-50% of exchangeable K in the range of soils tested. Part 
of the increase in solution K may be associated with dilution of the soils when flooded, but also 
related to cation exchange with soluble Fe2+. 

Table 1.  Percentage (%) change in extracted P and K values for the 8 soils investigated in Experiment 
2 incubated for a full 4 weeks under flooded conditions. Soils are ordered from alkaline to acid 

starting pH at field capacity and responses are the average of three replicates. 

 
CaCl2 P CaCl2 K  Exchangeable K  BSES P  BSES K  Colwell P  TBK  

Soil 1 339 31* -16 33 5 -11 3 
Soil 2 279 94* -8 -2 -2 7 -7* 
Soil 4 157* 89* -3 -62* -6 33* -10* 
Soil 7 71 94* 3 38* 6 47* -19* 
Soil 9 1149* 61* -7* 298* 20 152* -36* 
Soil 10 405 137* 2 -6 0 41* -2 
Soil 11 142 101* 8 1 -3 -7 15 
Soil 12 -13 167* 41* 274* 22* 30* 10 

* Indicates significant increase or decrease in extractable concentration of P or K.  

Note that some changes, though larger than other significant effects were not different, as the variation between 
replicates was higher in those soils. 
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Exchangeable K and Colwell P 

Eight of the twelve experimental soils in this study showed a significant increase ( 15%) in Colwell P 
when flooded (Table 1, Fig. 3). The increase in Colwell P of flooded soils in Experiment 1, (except in 
soil 4), was only observed at the second and final sampling, 15 and 30 days after flooding indicating 
that at least 2 weeks flooding is needed to reduce the soils and release the P (Figure 3). Increased 
Colwell-P values are expected on flooding due to reduced fixation to oxidic soil colloids that dissolve, 
releasing the P to the soil solution. 

Exchangeable K did not change in response to 30 days of inundation in most soils.  As exchangeable 
K measurements usually include solution K measurements, the redistribution of K upon flooding 
resulted in no change.  Other studies have observed slightly reduced exchangeable K because the 
permanent charge is lower when the Fe is reduced.  We did not observe that in our study. 

 

 
Figure 3. Bicarbonate extractable P (Colwell P) of 4 soils in Experiment 1 of the flooding experiments. 
Open bars represent field capacity condition (aerated) and hatched bars represent flooded condition 
(anaerobic) over 7, 15 and 30 days of incubation. Values are the means of 3 replicates with standard 

error bars. 

 

BSES–P, BSES–K and TBK 

BSES-P was not consistently affected by flooding.  This was slightly unexpected, as previous work has 
demonstrated that acidification of solution does mobilise Ca phosphate sources, and flooding soil 
should lower solution P concentrations and encourage minerals to dissolve.  Over time, we expect 
that this will happen, and at least some of the soils did have higher BSES-P and Colwell-P values 
following flooding. 

BSES-K is not a routine soil test, and was correlated with exchangeable K (R2 = 0.7) but not with TBK 
(R2 = 0.4).  BSES-K ranged between 25 and 60% of the values extracted by TBK.  BSES-K was not 
affected by flooding soils. Higher solution K in 4 soils after flooding was accompanied by lower TBK 
and lower pH compared to the aerated ones. This may be associated with dissolution of some of K 
minerals in soils, e.g. micas and feldspars, in response to increasing acidification.  
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Conclusions 

Band applied fertilisers have effects on soil solution pH, and solution P, Ca, Mg and K concentrations. 
In general, KCl addition with MAP, DAP and TSP lowers solution P concentration relative to the single 
P form added alone.  

Irrespective of the bioavailability of the reaction products, the effect of KCl decreasing solution P 
concentration when applied with any P form will decrease the diffusion rate of P away from the 
fertiliser band, thereby reducing P supply rate to crop roots relative to the P form applied alone.  

When soils are flooded, the main driver of change in P and K release is the shift in pH associated with 
redox changes in the soil.  Alkaline soils fall in pH, and hence P and K minerals may dissolve.  Acid 
soils increase in pH, and hence have a smaller effect on reserve P and K release.  Practically, flood 
events do mobilise P and K, however the amount mobilised and the forms the minerals re-
precipitate in upon oxidation following flooding are yet to be determined. 
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Deep phosphorus (and potassium) experiments in Southern Queensland – 
multi-year results and returns 
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Call to action/take home messages 

• Understand what nutrients you need to manage – get your soils tested and separate the depth 
increments 

• Yield gains of 8-18% have been achieved in the 3 years following the application of 20 kg/ha 
Phosphorous (P) at depth, increasing grower profitability 

• Evaluate responses using test strips, look at the economic cost-benefit analysis for your farm 

• Use an ammonium phosphate, not triple super 

• Online calculators allow more scenario analysis 

Introduction 

The Darling Downs and Western Downs have now hosted four deep placed phosphorus (P) and a 
single deep placed potassium (K) experiment since 2013.  The sites are located in the Wondalli, 
Condamine and Jimbour West districts. Most research experiments have had four crops sown and 
three of those harvested.  The wet winter of 2016 meant two pulse crop sites didn’t make harvest. 

Subsoil P (i.e. below 0.1m) appears limiting across most of the region on soils formed from either 
alluvial deposition or in-situ, based on historic data from land management manuals and soil 
surveys. While Low K is mostly confined to just soils formed in-situ on the upland slopes and plains 
of the eastern production regions.  While the soil surveys are extensive in their coverage, they are 
not universal and field testing is recommended to determine soil P and K nutrient levels.  Soil testing 
with separation into surface and subsurface layers provides an assessment of availability of P and K 
for the soil on your farm.  Soil P and K testing does not require a high intensity analysis campaign like 
that for nitrogen (N), which is much more dynamic and consequently requires a higher sampling 
frequency. 

Results from the deep placement P field program has been operational for some time, what have 
been the multi-year grain yield responses from the deep-placed experiments?  Is there an 
economically viable response to placing these immobile nutrients deeper in the soil? 

Experimental outline 

Deep P experiments have all been established with 6 treatments (Table 1a).  The Jimbour West site 
is displayed as it has an additional basal K application (50 kg/ha), but at other sites where the 
exchangeable K was above 0.2 cmol/kg in the 0.1-0.3 m depth, potassium was not applied.  Soil test 
values for the P trial area at Jimbour West are shown as an example of the soil test values where 
responses are expected (Table 2).  The soil is a Grey Vertosol (Cecilvale), with stratified P and K 
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distributions, meaning the availability of these nutrients is higher in the surface 0-0.1 m layer than 
the soils below that. 

A second trial was established at the Jimbour West site only (Table 1b) to look at the interaction 
between deep P and deep K. 

A “Farmer Reference” (labelled “FR”) treatment was included as an untreated control, providing 
baseline data on yield and nutrient uptake. Deep-placed fertiliser was applied perpendicularly to the 
crop sowing direction, at a depth of roughly 20 cm in bands 50 cm apart. Deep P plots were split so 
that growers could apply a starter P application to half of the treated area at sowing. The starter P 
treatments equate to grower practice for product and rate.  There were 6 replicates in each site to 
better handle field variability across reasonably large trial areas.  Urea was applied to balance the 
nitrogen input through a tine positioned between the bands of deep P and K. Full details of the 
agronomic management for the sites are contained in the Queensland Grains Research - 2017 
regional agronomy trial book (yet to be released). 

Table 1. Experimental treatments for deep placed a) P and b) K experiments 

a) All sites deep-placed P treatment nutrient application rates (kg P/ha) 
Trt no 1 2 3 4 5 6 
P rate (as Mono Ammonium Phosphate) FR 0 10 20 30 60 
K rate (as Potassium Chloride) (Jimbour West only) - 50 50 50 50 50 
S rate (as Ammonium Sulfate) - 10 10 10 10 10 
N rate (as Urea, MAP and Ammonium Sulfate) - 60 60 60 60 60 
Zn rate (as Zinc chelate) - 0.5 0.5 0.5 0.5 0.5 

b) Jimbour West deep-placed K treatment nutrient application rates 
Trt no 1 2 3 4 5 6 7 
K rate (as Potassium Chloride) FR 0 100 0 25 50 100 
P rate (as Mono Ammonium Phosphate) - 0 0 20 20 20 20 
S rate (as Ammonium Sulfate) - 10 10 10 10 10 10 
N rate (as Urea, MAP and Ammonium Sulfate) - 60 60 60 60 60 60 
Zn rate (as Zinc chelate) - 0.5 0.5 0.5 0.5 0.5 0.5 

Table 2. Soil test results Jimbour West site 
Depth  pH  pH  EC  Ca Mg Na K ECEC Col P BSES P 
(m) (CaCl2) (H2O) (1:5) (cmol/kg) (mg/kg) (mg/kg) 
0.0-0.1 6.5 7.4 0.08 11.0 7.5 0.97 0.47 20 37 97 
0.1-0.3 7.3 8.3 0.12 14.2 11.1 2.35 0.20 28 8 12 
0.3-0.6 8.1 9.1 0.27 14.1 14.5 4.50 0.22 33 4 7 
0.6-0.9 8.2 9.2 0.27        
0.9-1.2 7.8 9.1 0.61        

Above ground biomass was measured at maturity from selected treatments in both experiments.  
Grain yield was measured using a plot harvester and grain yield corrected to receival standard 
moisture content.  

Results  

The summary of statistical analyses at the four sites (Table 3) shows the starter P response was 
significant for half the crops harvested (mostly winter crops), deep P was significant for 10 of the 12 
crops harvested and there was no interaction between starter and deep P treatments at any site.  

We will not explore the starter response in any detail in this paper. Our recommendation is 
application of P as a starter with the seed at sowing continues, as significant reduction in grain yield 
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often results when starter P is omitted. The role of starter P in cereals to establish early vigour and 
set yield potential has been well documented, so the focus of our work has been on the response to 
deep P, and whether this response is reduced or eliminated by the use of starter P application.   

Table 3. Statistical significance of treatments for Jimbour West, Wondalli, Condamine South and 
North sites. 

Site Crop Starter Deep Starter x Deep 
Wondalli Sorghum 13-14 n.s. p<0.001 n.s. 
 Wheat 15 p<0.001 p<0.001 n.s. 
 Wheat 17 p<0.001 p<0.01 n.s. 
Condamine South Chickpea 14 n.s. p<0.05 n.s. 
 Wheat 15 n.s. p<0.001 n.s. 
 Wheat 17 p<0.01 p<0.001 n.s. 
Condamine North Sorghum 15-16 n.s. n.s. n.s. 
 Mungbean 16-17 n.s. n.s. n.s. 
Jimbour West Barley 2014 p < 0.05 p < 0.001 n.s. 
 Mungbean 14-15 p < 0.05 p < 0.01 n.s. 
 Sorghum 15-16 n.s. p < 0.05 n.s. 
 Chickpea 17 p < 0.05 p < 0.001 n.s. 
Summary  6 of 12 10 of 12 0 of 12 

Individual site responses for deep P have been outlined at previous Grains Research Updates and are 
detailed in the latest Queensland Grains Research - 2017 regional agronomy trial book. In this paper, 
we are focussing on the cumulative impact of deep treatments on grain yield and economic returns.  

Change in cumulative yield 

At all sites, deep-placing P has increased cumulative grain yield compared to the untreated farmer 
reference control (Table 4).  Increases have been largest at the Wondalli and Jimbour West sites, 
with increases approaching 20% from 20-30 kg P/ha at depth.  The 10% response at Jimbour West to 
the zero P treatment is not able to be put down to a single factor, but the combination of deeper 
tillage to resolve any remnant compaction and the basal application of N and K are likely to be the 
major influences. This will be looked at again later in the paper. Responses at the Condamine sites 
are more muted, with the Condamine North site in particular experiencing a mixed run of seasons in 
which variable crop establishment has made detecting treatment responses more challenging.  

Table 4. Cumulative difference in grain yield versus farmer reference at four deep-placed P 
experiments on the Darling and Western Downs, Qld. 

Deep P rate 
(kg/ha) 

Wondalli* 
(3 crops) 

Condamine South * 
(3 crops) 

Condamine North * 
(2 crops) 

Jimbour West + 
(4 crops) 

0 -88 (-1.1%) 400 (5.3%) 125 (2.1%) 914 (10.4%) 
10 460 (5.5%) 880 (11.7%) -37 (-0.6%) 1227 (14.0%) 
20 1225 (14.7%) 826 (10.9%) 534 (8.1%) 1648 (18.8%) 
30 1482 (17.8) 736 (9.8%) 429 (6.5%) 1658 (18.9%) 
60 1769 (21.3%) 703 (9.3%) 524 (8.0%) 2065 (23.5%) 

*Treatments include additional N, S and Zn to support P response research 
+ Treatments include additional N, K, S and Zn to support P response research 

Cereal crops (wheat, sorghum) have a relatively straightforward mechanism to grain yield, with 
biomass related directly to grain yield via harvest index. To explore the relationship between P 
uptake and grain yield for the cereal crops, the relationship outlined in figure 1 shows that for each 
kg of P taken up an additional 277 kg/ha yield was grown. By increasing the amount of P the crop 
can access through deep placement, biomass production has increased and more grain has resulted.   
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Figure 1. Maturity dry matter P uptake (kg P/ha) vs grain yield (kg/ha) in cereal crops grown at 

Western Downs deep-P sites. 

When the relationship in Figure 1 is examined more broadly for grain crops, the linear relationship 
shown often flattens out at higher P uptake – not because the crop has enough P, but because the 
crop is not able to get enough N to meet the higher yield potentials. It is important to remember 
that removing a yield constraint like low subsoil P will have implications for nitrogen management, 
with potentially higher yields requiring a greater nitrogen supply. 

Interaction with P and K 

The 10% response to the zero P treatment (i.e. tillage and background N, K, S and Zn) at Jimbour 
West requires some further explanation, so the individual crop yields will be outlined to explore the 
responses to tillage, basal nutrients, P, K and their additive interaction. Refer again to Table 1b, 
which has the nutrient applications listed. 

Barley yield in 2014 (Figure 2a) was increased across a number of treatments, with effectively two 
things happening to increase grain yield. First, the combination of deep tillage and extra nitrogen 
boosted yield by 438 kg/ha, not deep P or K.  Looking at treatments 2 to 5 which are combinations of 
tillage and basal nutrient (treatment 2, 0K 0P), potassium only (treatment 3, 100 K 0P), phosphorus 
only (treatment 4, 0K 20P) and low K rate with P (treatment 5, 25 K 20P) they all have grain yields 
that are not significantly different. Once the K rate is 50 kg K/ha or higher (the 100 rate) with P 
application then grain yield is boosted to over 4800 kg/ha.  The combination of deep tillage (to 
reduce compaction), and nutrients (N and P and K and S and Zn) are all working together.  

Mungbean in 2014-15 (Figure 2b) showed statistically significant responses but is difficult to 
interpret as the effects were inconsistent across the treatments.  While the comparison between the 
0K- 0P and 100K-0P is valid with yield being increased, the lack of response to the same 100K with 
20P treatment casts some doubt on the result.  

The late-sown sorghum in 2015-16 (Figure 2c) performed relatively poorly for the available moisture, 
with yields not significantly affected by any treatment despite the trend for increasing yield with 
increasing K rate in the presence of deep P.  

Chickpea grain yield in 2017 (Figure 2d) had several factors additively increasing yield, similar to the 
barley in 2014 (Figure 2a). Yield in the 0K-0P was higher by 226 kg/ha (11%) than the FR, so the 
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combination of previous deep tillage and basal N, S and/or Zn nutrient was still boosting yield.  
Adding 100 kg K/ha without P then increased yield by another 317 kg/ha (15%).  Phosphorus 
application without K had no yield effect, as the 0K/20P and 25K/20P treatments had same yield.  
Applying higher rates of K with P did increase the grain yield in the 50K/20P and 100K/20P 
treatments.  Highest yields measured where 2780 kg/ha, which were 720 kg/ha (35%) more than the 
untreated farmer reference baseline. 

 

Figure 2. Grain yield (kg/ha) from deep-placed K and P treatments at Jimbour West for a) barley in 
2014, b) mungbean in 2014-15, c) sorghum in 2015-16 and d) chickpea in 2017. Error bar are 

standard error for each mean.  Letters indicated lsd at 5%. Note different yield scale each year. 

Change in cumulative gross margin 

The additional grain yield from these trials has been translated into a gross margin change, 
accounting for cost of application, basal nutrient and fertiliser P (Table 5) – again using the untreated 
farmer reference as the baseline. After 3 crops, each of the deep-P treatments at Wondalli and 
Condamine South have provided a positive return that has easily exceeded treatment costs. The 
$200/ha return for zero P at Condamine South and $440/ha at Jimbour West suggests there has 
been a response to one or more of the background treatments of deep-tillage and/or basal nutrient 
application, with the P treatments providing between $100 and $200/ha in additional benefit. At the 
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Wondalli site 20, 30 and 60 kg/ha of P have all currently generated greater than $300/ha in 
additional profit over three crops, however there appears to be no response to the deep tillage or 
basal nutrients. After 2 crops, both 20 and 30 kg/ha of P have generated positive returns at the 
Condamine North site, but although the 60P treatment has also generated yield benefits (Table 4), 
these have not yet been enough to overcome the additional fertilizer input cost, which was 
~$120/ha more than in the 30P treatment.   

The final economics of the different treatments will be dependent on response duration (and also 
crop price), with higher rates having higher upfront costs, but also expected to have a greater 
duration of benefit in the field.  The period over which the responses can be maintained is currently 
under investigation, with sites due to finish field experimental operations in December 2019.  

Table 5. Cumulative difference in gross margin versus farmer reference at four deep-placed P 
experiments on the Darling and Western Downs, Qld. 

Deep P rate 
(kg/ha) 

Wondalli 
(3 crops) 

Condamine South 
(3 crops) 

Condamine North 
(2 crops) 

Jimbour West 
(4 crops) 

0 -$11 $202 $46 $441 
10 $57 $367 -$39 $510 
20 $305 $277 $81 $665 
30 $301 $340 $78 $593 
60 $326 $172 -$90 $673 

Assuming Urea $400/t MAP $800/t, Ammonium Sulphate $350/t MOP $500/t, Trace Zn $2000/t, application cost of 
$30/ha, wheat $300/t, chickpea $800/t, barley $270/t, and mungbean $1200/t.  

This research has been conducted under controlled experimental conditions.  Before commencing a 
large-scale nutrient application program, growers are urged to appropriately soil test their fields to 
establish the levels of available nutrients in both the surface and subsurface layers, and thus 
quantify any potential constraints to yield.  They are then encouraged to evaluate the responses on 
their soils using an appropriate program of strip-trials and on-farm exploration. Growers should note 
a couple of key points –  

• The size of the response can differ in response to seasonal conditions, and particularly the 
extent to which crops can access the relatively nutrient-rich topsoil. Growers need to be 
prepared to monitor strip performance across multiple crop seasons. 

• If going to the trouble of setting up a trial, make sure at least some strips contain a high rate 
of P addition (e.g. 40-60 kg P/ha) to explore any upside of higher application rates. Crops 
have typically responded positively to increasing P rate, so knowing the potential ‘upside’ of 
improving crop P access is an important factor in deciding whether to change practices. This 
also is a future monitoring site to determine when re-application may be needed. 

• Finally, make sure adequate N is available to allow grain crops to respond to additional P. If 
you continue to apply the N rate that met the old (pre-deep P) yield target, you will quite 
quickly find that deep P responses ‘disappear’ as grain yields become limited by N. An 
indicator of this happening is when an apparently unresponsive field suddenly becomes 
responsive again when a legume like chickpeas is grown. 

The deep-P calculator (http://armonline.com.au/deepp) may allow you to estimate the economics of 
P applications in your individual conditions. 
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Call to action/take home messages 

1. The H. armigera resistance management strategy is designed to prolong the useful life of the 
newer chemistry currently available to pulse growers. Familiarise yourself with the strategy and 
the full range of options available for Helicoverpa control in chickpeas, mungbeans and 
soybeans. Consider what products you will use if a second spray is required in these crops. 

2. Rutherglen bug adults are present in canola crops much earlier than was previously thought. 
Females are depositing eggs in the soil and leaf litter from early spring through to harvest. At 
this point, there is no obvious option for preventing the build-up of large populations of nymphs 
in canola stubble, but recent work is helping to understand how these populations develop. 

The Helicoverpa armigera resistance management strategy (RMS) 

This material has been extracted from the “Science behind the strategy” document available at 
https://ipmguidelinesforgrains.com.au/ipm-information/resistance-management-strategies/ 

General rationale for the design of the strategy 

Chickpeas and mungbeans are currently, and for the foreseeable future, the most valuable grains 
crops influenced by the RMS. Therefore, the resistance management strategy (RMS) is primarily 
focused on insecticide Modes of Action (MoA) rotation in these systems and is built around product 
windows for Altacor® and Steward® because: 

1. Altacor® (chlorantraniliprole) is at risk from over-reliance in pulses, but resistance frequencies 
are currently low. 

2.  Steward® (indoxacarb) is at risk due to genetic predisposition (high level genetic dominance and 
metabolic mechanism) and pre-existing levels of resistance in NSW and QLD (with elevated 
levels in CQ during 2016-17). In addition, the use of indoxacarb in pulses may increase as 
generic products come on to the market. 

There are two regions within the RMS, each with their own resistance management strategy 
designed to make the most effective products available when they are of greatest benefit, whilst 
minimising the risk of overuse: 

1.  Northern Grains Region: Belyando, Callide, Central Highlands & Dawson (Table 1) 

2.  Central Grains Region: Balonne, Bourke, Burnett, Darling Downs, Gwydir, Lachlan, Macintyre, 
Macquarie & Namoi (Table 2) 

 

• The RMS provides windows-based recommendations common to these regions because H. 
armigera moths are highly mobile and have the capacity to move between these regions. 
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• No RMS is currently proposed for the Southern and Western grain regions (Victoria, South 
Australia and Western Australia) for winter crops. Biological indicators suggest that that the 
risk of H. armigera occurring in winter crops, at densities where control failures may occur, is 
presently considered low. Helicoverpa control in summer crops in these regions should use 
the Central Grains region RMS. 

Use of broad-spectrum insecticides 

The early use of synthetic pyrethroids (SPs) in winter pulses (August – early September) is adopted 
where the assumption is made that early infestations of Helicoverpa will be predominantly H. 
punctigera which are susceptible to SPs. Similarly, the use of carbamates to delay the application of 
Group 28 or Group 6 products, carries risks. If adopting this strategy, be aware of the following risks: 

• Recent monitoring with pheromone traps has shown H. armigera to be present in all parts of 
the Northern Grains region from early August (www.thebeatsheet.com.au). 

• Reduced efficacy of SPs and carbamates against H. armigera can be masked when treating 
very low population densities (< 3/sqm).  

• If H. armigera are present, even at low levels in a population treated with SPs or 
carbamates, the treatment will select for further resistance. Whilst initial applications may 
be effective, later treatments may be significantly less effective. 
 

 



 

 

Table 1. Grains resistance management strategy for Helicoverpa armigera across Australia.  Best practice product windows and use restrictions to manage insecticide 
resistance in H.armigera. Northern Region: Belyando, Central Highlands, Dawson and Callide. 

 Insecticide 
June July Aug Sept Oct Nov Dec Jan Feb Mar Apr May 

1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 
Bacillus thuringiensis                                                 

Helicoverpa viruses                                                 

Paraffinic oil  
(Note 1) 

                                                

Chlorantraniliprole 
(Note 2, 3) 

                                                

Indoxacarb  
(Note 4) 

                                                

Spinetoram  
(Note 2, 4, 5) 

                                                

Emamectin benzoate 
(Note 2, 4, 5) 

                                                

Carbamates  
(Note 2, 4 6) 

                                                

Pyrethroids  
(Note 2, 4, 7) 

                                                

No restrictions DO NOT USE during this period No more than one application per crop 
per season 

No more than two applications per 
crop per season 

ADDITIONAL INFORMATION 

Notes: 
1. Some nC27 paraffinic spray oils can be used to suppress Helicoverpa populations and are best used as part of an IPM program. 
2. Observe withholding periods (WHP). Products in this group have WHP 14 days or longer. 
3. Maximum one spray of chlorantraniliprole alone or in mixtures per crop per season. 
4. Refer to label for warning of insecticide risk to bee populations. 
5. Maximum two consecutive sprays alone or in mixtures per crop per season. 
6. MODERATE RESISTANCE IS PRESENT IN H.ARMIGERA POPULATIONS – FIELD FAILURES LIKELY. 
7. HIGH RESISTANCE IS PRESENT IN H.ARMIGERA POPULATIONS – FIELD FAILURES EXPECTED! 
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Table 2. Grains resistance management strategy for Helicoverpa armigera across Australia.  Best practice product windows and use restrictions to manage insecticide 
resistance in H.armigera. Southern QLD, Central & Northern NSW Regions: Balonne, Bourke, Burnett, Darling Downs, Gwydir, Lachlan, Macintyre, Macquarie & Namoi. 

 
Insecticide 

June July Aug Sept Oct Nov Dec Jan Feb Mar Apr May 

1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 
Bacillus thuringiensis                                                 

Helicoverpa viruses                                                 

Paraffinic oil  
(Note 1) 

                                                

Chlorantraniliprole 
(Note 2, 3) 

                                                

Indoxacarb  
(Note 4) 

                                                

Spinetoram  
(Note 2, 4, 5) 

                                                

Emamectin benzoate 
(Note 2, 4, 5) 

                                                

Carbamates  
(Note 2, 4 6) 

                                                

Pyrethroids  
(Note 2, 4, 7) 

                                                

No restrictions DO NOT USE during this period No more than one application per crop 
per season 

No more than two applications per 
crop per season 

ADDITIONAL INFORMATION 

Notes: 
1. Some nC27 paraffinic spray oils can be used to suppress Helicoverpa populations and are best used as part of an IPM program. 
2. Observe withholding periods (WHP). Products in this group have WHP 14 days or longer. 
3. Maximum one spray of chlorantraniliprole alone or in mixtures per crop per season. 
4. Refer to label for warning of insecticide risk to bee populations. 
5. Maximum two consecutive sprays alone or in mixtures per crop per season. 
6. MODERATE RESISTANCE IS PRESENT IN H.ARMIGERA POPULATIONS – FIELD FAILURES LIKELY. 
7. HIGH RESISTANCE IS PRESENT IN H.ARMIGERA POPULATIONS – FIELD FAILURES EXPECTED! 
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The number of uses in the RMS is more restrictive than stated on the Altacor® label, why? 

To avoid repeated use of either Steward® or Altacor® within the use window, the number of 
allowable applications is 1 per crop. Whilst this is currently inconsistent with the Altacor label (2 
applications per crop), we expect that there will be changes to the label to ensure consistency in 
these recommendations. 

Does the RMS impact on recommendations for insecticide use in cotton and other crops? 

The RMS is not intended to compromise the ability of the cotton industry to use any products 
registered for Helicoverpa in Bollgard® cotton. This is because selection for insecticide resistance is 
considered low due to the high likelihood that survivors of conventional sprays used in Bollgard 
cotton would be killed by Bt toxins expressed in plants. For further information go to: 
http://www.cottoninfo.com.au/publications/cotton-pest-management-guide. 

Similarly, the RMS does not attempt to align the use of the Group 28s in mungbeans and chickpeas 
with use in other grain crops or horticulture. To do so would add a level of complexity that would 
make the RMS impractical. 

Shouldn’t other modes of action (MoA) be windowed to prevent the potential development of 
resistance to these products? 

There is little evidence to suggest that other products should be windowed now to slow the 
development of future resistance. Both Affirm® (emamectin benzoate) and Success Neo® 
(spinetoram) show no sign of reduced susceptibility in testing (L. Bird, CRDC data). This result is 
consistent with the relatively limited use these products in the grains industry to date. If a shift in 
susceptibility is detected in future testing, it is the intention that the product/s will be windowed to 
limit selection pressure. 

The SPs and carbamates are not windowed because there is already well established, relatively 
stable moderate-high levels of resistance to these MoAs, and limiting their use will not change this 
situation. 

By restricting the use of just the ‘at risk’ products, keeping the RMS as simple as possible, and 
allowing maximum choice of registered products we anticipate that the grains industry will be more 
inclined to use the RMS.  

What is the relative efficacy of the ‘softer’ options for Helicoverpa control in mungbeans and 
chickpeas? 

In 2017, QDAF entomology undertook a number of trials to compare the knockdown/contact 
efficacy, and residual efficacy (persistence in the crop) of Altacor®, Steward®, Affirm® and Success 
Neo®. The purpose of these trials was to provide agronomists and growers with information on how 
well each of the products worked, and to provide confidence to use another option, rather than 
relying solely on the Group 28 products. 

The results show that these products are equally effective on 3rd, 4th or 5th instar larvae that receive a 
lethal dose of the product – as would be achieved with good spray coverage (Figure 1a). However, 
there is considerable benefit in products persisting in the crop to control larvae that may hatch after 
the spray, or emerge from flowers, buds or pods where they may have been protected from an 
earlier application. The long residual efficacy Altacor ® has been a major factor in its popularity. The 
data in Figure 1b shows the relative efficacy of these products from 0 – 20 days after treatment in 
the field (at 5 day intervals). 
 

http://www.cottoninfo.com.au/publications/cotton-pest-management-guide
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For more information on the relative performance of these products in terms of feeding potential 
and recognising larvae affected by the different insecticides, see recent articles on the Beatsheet 
blog (www.thebeatsheet.com.au). 

 

 

 
Figure 1. Relative efficacy (a) direct contact and (b) residual, of softer options for Helicoverpa control 

in chickpea and mungbean crops. 

Rutherglen bug build up in canola – population dynamics during the 2017 season 

In recent seasons, higher densities of Rutherglen bug (RGB) have been experienced. One of the 
challenges of this higher RGB pressure has been the movement of large numbers of nymphs from 
canola stubble into neighbouring summer crops. Through sheer weight of numbers, RGB nymphs can 
kill sorghum, cotton, soybean, corn and sunflower plants in the rows closest to canola. The 
movement of nymphs can occur over a period of weeks, and even regular spraying of the affected 
crops may not prevent significant crop loss. 

Understanding how these enormous populations of nymphs develop is key to working out how they 
might be prevented, or managed, so that they don’t affect neighbouring summer crops. Rather than 
focusing on controlling the nymphs, we were interested in whether there may be an opportunity to 
control the adults before they reproduce. During the spring of 2017, QDAF entomology monitored a 
number of canola crops, from the Darling Downs to the Liverpool Plains. We assessed the density of 
adults in the canola, dissected females to determine if they were reproductive (laying eggs), and 
assessed the crops for nymphs. We also attempted to determine the timing of egg laying by 
assessing the density of eggs – however, we were unable to do this effectively. Other than 
determining that eggs are deposited in the soil and on the leaf litter on the soil surface (not in the 
crop canopy), we could not reliably assess egg density. 

Whilst this is only one season of data, it is presented here to highlight the following key findings. 
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RGB adults were present in the canola crops much earlier than we expected (Figure 2). Even at the 
most southerly site (Curlewis, NSW), RGB adults were present in canola from early August. At most 
sites, numbers increased through September and October. 

 
Figure 2. RGB adults were present in canola from late winter (August – September).  

(SD = standard deviation) 

Female RGB were reproductive (had mature eggs in their ovaries ready to lay) from September 
onwards, and the percentage of the population that was reproductive increased from September 
through November (Figure 3). 

Although the majority of female RGB were reproductive, and laying eggs, we did not see nymphs 
start to emerge until much later than expected based on the day degrees accumulated during this 
period (Figure 4).  

It is possible that the development of eggs is slowed by the relatively cool temperatures experienced 
on the soil surface under the leaf litter and crop canopy. When the crop is harvested or windrowed, 
the temperature of the soil quickly rises, potentially resulting in synchronous hatching of eggs that 
have been laid over a period of 2-3 months. 

More data is needed over additional sites and seasons to confirm our theory, and closer monitoring 
of soil temperature and RGB egg development is also needed to understand exactly what is 
happening. 
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Figure 3. A high proportion of the female RGB sampled were laying eggs from September through 

November. 

 
Figure 4. Nymphs did not start to emerge until much later than expected based on the day degrees 

accumulated during this period, despite the majority of female RGB being reproductive  
and laying eggs. 

The take home message from this RGB work is that there doesn’t seem to be an easy fix to prevent 
the build-up of RGB nymphs in canola stubble. The long period of egg laying by the females, and the 
potential challenges with controlling nymphs on the ground under the crop canopy, means that 
there is no obvious opportunity to prevent the population build up. 



 

 

Pi
tts

wo
rth

 G
RD

C 
Gr

ain
s R

es
ea

rch
 U

pd
ate

 20
18

 

52 

Acknowledgements 

The research undertaken as part of this project is made possible by the significant contributions of 
growers through both trial cooperation and the support of the GRDC, the author would like to thank 
them for their continued support.  

Information on the H. armigera RMS is extracted from material prepared by NIRM to support the 
implementation of the RMS. The authors acknowledge the contribution of NIRM members to the 
development of this material. 

We are grateful to the growers who allow us access to their farms and crops, and to the agronomists 
who assist us in locating potential field sites. We also thank the many growers and agronomists who 
share with us their experiences and insights into the issues they face and the practicalities of the 
management options we propose. 

Reference 

NIRM (2018) Science behind the Resistance Management Strategy for Helicoverpa armigera in 
Australian grains.  https://ipmguidelinesforgrains.com.au/ipm-information/resistance-management-
strategies/ 

Contact details 

Melina Miles 
Queensland Department of Agriculture and Fisheries 
203 Tor St, Toowoomba. QLD 4350 
Ph: 0407 113 306 
Email: melina.miles@daf.qld.gov.au 

® Registered trademark  

 


	Key words
	GRDC code
	Take home messages
	Background
	Comparison of physical weed control technologies
	Broadcast weed control
	Chemical weed control
	Physical weed control

	Site-specific weed control
	Conclusions
	Acknowledgements
	References
	Contact details
	Key words
	GRDC code
	Take home messages
	Introduction
	Differences in crop water extraction between summer crops
	Core farming systems site 2016/17
	Core farming systems site 2017/18
	Billa Billa farming systems site 2016/17

	Impact of sorghum configuration on crop water extraction and water accumulation
	Acknowledgements
	References
	Contact details
	Key words
	GRDC code
	Take home messages
	Cotton’s fit in a dry-land farming system
	Summer planting opportunities for dryland cotton
	Post-cotton crop management implications
	Grain crop yields
	Economic returns of crops
	Crop water use efficiency (WUE)
	Cotton regrowth and volunteer control

	Crop yields following cotton compared to other crop sequences
	Conclusion
	References
	Acknowledgements
	Contact details
	Notes
	Key words
	Take home message
	Introduction
	Summary
	Trial analysis description
	Results
	Discussion
	Contact details
	Contact details
	Notes
	Key words
	GRDC code
	Take home messages
	Introduction
	Method
	Fertiliser bands
	Flooding

	Results
	Fertiliser bands
	Flooding
	pH & Eh
	Soil solution P and K (CaCl2 extractable P/K)
	Exchangeable K and Colwell P
	BSES–P, BSES–K and TBK


	Conclusions
	Acknowledgements
	Contact details
	Key words
	GRDC code
	Call to action/take home messages
	Introduction
	Experimental outline
	Results
	Change in cumulative yield
	Interaction with P and K
	Change in cumulative gross margin

	Acknowledgements
	Contact details
	Key words
	GRDC code
	Call to action/take home messages
	The Helicoverpa armigera resistance management strategy (RMS)
	General rationale for the design of the strategy
	Use of broad-spectrum insecticides
	The number of uses in the RMS is more restrictive than stated on the Altacor® label, why?
	Does the RMS impact on recommendations for insecticide use in cotton and other crops?
	Shouldn’t other modes of action (MoA) be windowed to prevent the potential development of resistance to these products?
	What is the relative efficacy of the ‘softer’ options for Helicoverpa control in mungbeans and chickpeas?

	Rutherglen bug build up in canola – population dynamics during the 2017 season
	Acknowledgements
	Reference
	Contact details

	Button 3: 
	Page 2: 

	Button 2: 
	Page 2: 

	RTC: 


