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Summary   Herbicide resistance is an increasing 
challenge across Australia’s northern grain belt. 
Already 10 weeds have been confi rmed as herbicide 
resistant in various parts of this region, and more 
have been identifi ed at risk of developing resistance, 
particularly to glyphosate. Apart from common sow-
thistle (Sonchus oleraceus L.) and summer grasses, 
the weed threats differ across the region along with 
the farming systems. Mostly summer weeds are at 
risk in central Queensland, whereas a mix of summer 
and winter weeds are at risk in southern Queensland 
and northern New South Wales. The risk is greatest 
for the cropping systems using zero tillage with only 
limited rotation between summer and winter crops. 
Preventive strategies are being tested currently in a 
series of long-term fi eld experiments in this diverse 
cropping region. The proposed strategies to conserve 
glyphosate susceptibility use alternatives to glyphosate 
and/or stopping seed set for each weed fl ush during 
one in 4–5 seasons. These strategies will help ensure 
maximum effective life of important herbicides, as 
well as ensuring the continuing viability of conserva-
tion cropping in this region. 
Keywords    Herbicide resistance,  glyphosate.

INTRODUCTION
A risk assessment was undertaken recently to identify 
the weeds at risk of developing herbicide resistance in 
the northern grain region. This was for potentially new 
resistant weeds or further spread of confi rmed resist-
ant weeds. Using this information, the researchers on 
the Grains Research and Development Corporation 
funded herbicide resistance project are developing and 
validating preventive strategies, particularly for weeds 
at risk of glyphosate resistance. 

MATERIALS AND METHODS
The project team consulted widely with the industry 
to gather an extensive amount of information needed 
for the risk assessment. Approximately 250 growers 
and agronomists responded to our postal survey, giv-
ing feedback on their main weeds of each crop and 
fallow, their weed management practices, particularly 
herbicides used on each weed and their effectiveness. 
This information was captured in a database that 
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generated a risk score for each weed and herbicide 
group, based on what are believed to be the impor-
tant factors involved in selecting for resistance in this 
region (Walker et al. 2002). 

The results from the postal survey were presented 
at workshops throughout the region with over 200 
growers and agronomists attending. Overall, there was 
agreement with the postal survey results and relative 
risk for resistance. Additional information was col-
lected on the herbicide use patterns in the different crop 
rotations used in central and southern Queensland, and 
northern New South Wales. This additional data gave 
an indication of the rotation of different mode of action 
(MOA) groups for each weed in the different cropping 
systems. Using this information, the project team rated 
each common weed for developing resistance to each 
main herbicide group. This paper focuses on weeds at 
risk to glyphosate resistance.

In 2003, a series of both short-term and long-term 
fi eld experiments were established on farms in differ-
ent parts of the region. These experiments are testing 
the effectiveness of preventive strategies for weeds at 
risk of developing glyphosate resistance for the main 
crop rotations. The main focus of these strategies is to 
rotate to alternative MOA herbicides and non-chemical 
control options for one in 4–5 growing seasons of these 
weeds, to stop seed set of survivors, and thus minimise 
seed-bank replenishment. 

RESULTS
Weed fl ora   One of the main fi ndings of the postal 
survey was the large diversity of weeds across the 
northern grain region, with 91 genera nominated 
by growers and agronomists as their main weeds 
in the various farming systems (Osten et al. 2004). 
However, the weed fl ora differed across the region, 
with only 23 weeds listed as common in all cropping 
zones. The most common weeds in the region were 
common sowthistle (Sonchus oleraceus L.) listed by 
52–80% of respondents as a main weed, barnyard 
grass (Echinochloa spp.) by 25–65%, turnip weed 
(Rapistrum rugosum L. All.) by 21–53%, and liverseed 
grass (Urochloa panicoides P.Beauv.) by 13–63% of 
respondents. Overall, more weed genera were recorded 
as common weeds of fallows than crops, and more in 
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summer fallow (38–51 genera) compared with winter 
fallow (25–38 genera). 

Common weeds that were specific to central 
Queensland were Mexican poppy (Argemone spp.) 
47%, sweet summer grass (Brachiaria eruciformis 
Sm. Griseb.) 48%, parthenium weed (Parthenium 
hysterophorus L.) 33%, sesbania pea (Sesbania can-
nabina Retz. Pers.) 36%, African turnip weed (Sisym-
brium thellungii O.E.Schulz) 35%, and black pigweed 
(Trianthema portulacastrum L.) 33% (Osten et al. 
2004). Common weeds that were specifi c to southern 
Queensland and northern New South Wales were wild 
oat (Avena spp.) 65–84% and black bindweed (Fallo-
pia convolvulus L.A.Löve) 44–54%. Annual ryegrass 
(Lolium rigidum Gaudin) 38%, paradoxa grass (Pha-
laris paradoxa L.) 34%, and wireweed (Polygonum 
aviculare L.) 32% were common weeds specifi c for 
northern New South Wales. 

Weeds at risk   The risk assessment found that a 
number of common weeds were rated with a moderate 
to high risk of developing glyphosate resistance, due to 
the high frequency of glyphosate use on these weeds, 
little rotation with other MOA herbicides or other weed 
control options, and high levels of infestations. The 
main weeds at risk throughout the region were com-
mon sowthistle, barnyard grass and liverseed grass. 
As well, sweet summer grass was at risk in central 
Queensland cropping systems, wild oats in southern 
Queensland cropping systems, and wild oats and an-
nual ryegrass in northern New South Wales cropping 
systems. Many other weeds were also at risk, but either 
to a lesser extent or to a more limited area, with the risk 

level depending on differences in cropping systems, 
herbicide use patterns, and tillage use.

The risk of these weeds to glyphosate resistance 
is shown for a typical wheat/chickpea/wheat/sor-
ghum rotation that was commonly grown in southern 
Queensland and northern New South Wales (Table 1). 
Fallow sprays were applied on average 22 times over 
fi ve years, and these were predominantly glyphosate-
based treatments (Table 2). Glyphosate was applied 
alone by 27–42% of growers or mixed mostly with 
2,4-D or metsulfuron-methyl. Glyphosate was also ap-
plied for crop desiccation of chickpea and sorghum, 
and some growers applied glyphosate using a shielded 
sprayer in sorghum. Very little paraquat + diquat was 
used for fallow weed control, with only 2–4% of grow-
ers using it in northern New South Wales. 

The summer grasses are considered most at risk, 
as these weeds are generally sprayed 16–17 times with 
glyphosate plus one application of atrazine (Group C 
herbicide) in fi ve years by many growers. The atrazine 
treatment was not consistently effective, particularly 
for liverseed grass. The risk for glyphosate resistance 
was greater for the 60–70% of growers practising 
minimum or zero tillage. 

The most common weed in the region, common 
sowthistle, grew in both summer and winter, and was 
one of the fi ve most common weeds in wheat, chick-
pea, winter fallow and summer fallow in each of the 
three cropping zones. The summer emerging cohorts 
were exposed to a similar selection pressure as the 
summer grasses, but the winter cohorts were generally 
treated with Group B + I or Group I alone herbicides 
in wheat and Group C herbicides in chickpea.

Table 1.   The timing of herbicide applications in a typical wheat/chickpea/wheat/sorghum rotation. Each fallow 
spray, which was mostly glyphosate alone or a glyphosate mix, is indicated with a ✓, and in-crop herbicides are 
noted with their mode of action groups. The emergence patterns for common weeds are shown with shading. 

Wheat 
Summer 
fallow Chickpea 

Summer 
fallow Wheat 

Summer 
fallow 

Winter 
fallow Sorghum 

Winter 
fallow 

Summer 
fallow 

Fallow sprays ✓✓✓✓ ✓✓✓✓ ✓✓✓ ✓✓✓ ✓✓✓✓ ✓✓✓✓

Barnyard 
grass

C, M

Liverseed 
grass

C, M

Sweet summer 
grass

C, M

Common 
sowthistle

B+I C B+I C, M

Wild oat A, M A

Annual 
ryegrass

A, M A



430

Fourteenth Australian Weeds Conference

The winter grass weeds, wild oat and annual 
ryegrass, were exposed to less glyphosate spraying 
than the summer grasses in the wheat/chickpea/ wheat/
sorghum rotation, and are generally sprayed with one 
to three Group A herbicides in the winter crops. The 
risk for glyphosate resistance for these weeds was as-
sessed as greater in rotations that had fewer winter 
crops and more summer crops, as typically grown in 
the Darling Downs in southern Queensland.

Preventive strategies   The strategies being tested are 
based on using glyphosate alternatives for each fl ush 
during one in four to fi ve summers for the summer 
grasses, for each fl ush during one in four to fi ve winters 
for the winter grasses, and for each fl ush during one 
winter and one summer season over four to fi ve years 
for weeds that emerge throughout the year, such as 
common sowthistle. 

In summer fallow, imazemeth gave very effective 
residual control of barnyard grass for two to three 
fl ushes. Paraquat + diquat gave very good control 
(85–100%) of winter and summer grasses and sow-
thistle, provided the weeds were small and sprayed with 
higher water volumes. A double knock of glyphosate 
followed by paraquat + diquat was also very effec-
tive, achieving practically complete control of fallow 
weeds. Strategic cultivation was also effective, and is 
an option in parts of the rotation when stubble reten-
tion is less important.

Good weed control in winter crops was achieved 
with metsulfuron-methyl + MCPA (Group B + I) in 
wheat, isoxafl utole (Group F) in chickpea on com-
mon sowthistle, clodinafop + fl amprop (Group A 
+ K) on wild oat, and trifl uralin (Group D) on the 
winter grasses. Control was improved with a more 

competitive winter cereal. The fi rst fl ush of winter 
weeds was treated either with paraquat + diquat (Group 
L) or cultivated at sowing, and thus eliminated use of 
glyphosate for all fl ushes in this season.

Improved weed control in sorghum was investi-
gated using atrazine (Group C) more effectively with 
different times of application based on weather pre-
dictions, split applications, mechanical incorporation, 
and mixed with metolachlor (Group K) and fl uroxypyr 
(Group I). Eliminating the use of glyphosate for all 
summer fl ushes can be achieved with pre-plant ap-
plication of atrazine, followed by selective in-crop 
herbicides, and slashing plus tillage after harvest 
instead of crop desiccation. 

DISCUSSION
Preliminary results from the fi eld experiments indicate 
that weeds of the northern grain region can be managed 
well. Also, careful management with monitoring of 
herbicide effi cacy and preventing seed set of survivors 
can minimise the risk of developing herbicide resist-
ance. The proposed preventive strategies for glyphosate 
resistance use alternatives to glyphosate and/or stop-
ping seed set for each weed fl ush during one in 4–5 sea-
sons. Whilst these strategies are more expensive for the 
season, the increased costs are in many cases minimal 
when budgeted over 4–5 years of a crop rotation. How-
ever, more research is needed to determine the most 
cost-effective strategies to preserve the susceptibility 
of weeds to glyphosate into the future. In particular, a 
potentially useful tool to achieve this goal would be a 
model that was able to simulate the long-term impacts 
of different management strategies on development of 
glyphosate resistance in weeds in the different farming 
systems of the northern grain region. 

Table 2.   The use frequency, as per cent of postal survey responses, of the most common herbicides and cultiva-
tion for weed control in winter and summer fallows in the northern grain region.

Herbicide

Winter fallow Summer fallow

Central 
Queensland

Southern 
Queensland Northern NSW

Central 
Queensland

Southern 
Queensland Northern NSW

Glyphosate 27 42 39 34 40 32

Glyphosate + 
2,4-D

34 21 20 35 19 20

Glyphosate + 
metsulfuron 
methyl

23 13 12 18 15 12

Other glyphosate 
mixes

0 8 12 0 7 19

Paraquat + diquat 0 0 4 0 0 2

Cultivation 23 28 26 20 30 41
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