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Summary   Cotton is the fi rst broad acre crop in 
Australia to have genetically modifi ed (GM) herbicide 
tolerant varieties commercially available. The intro-
duction of glyphosate tolerant cotton into Australian 
farming systems will have an effect on conventional 
weed management practices, the weed species present 
and the risks of resistance to glyphosate evolving in 
weeds. It is therefore important that the effects of these 
management practices, particularly a potential reduc-
tion in Integrated Weed Management (IWM) practices, 
be examined for their infl uence on weed population 
dynamics and resistance selection.

The aim of this work is to develop a framework to 
assess the potential for glyphosate resistance evolution 
in Roundup Ready® cotton systems. A survey of cotton 
growers was conducted to assess weed populations, 
weed management strategies and herbicide use pat-
terns in Roundup Ready compared to conventional 
crops. An investigation of the population dynamics 
of weeds, using  barnyard grass (Echinochloa colona 
(L.) Link) and  liverseed grass (Urochloa panicoides 
Beauv.) as model weeds, and the impact of manage-
ment practices on these weeds has started. The treat-
ments consist of an IWM approach with and without 
Roundup Ready technology, a half IWM approach 
with Roundup Ready, and utilising Roundup Ready 
only. Studies are also underway to measure the ef-
fect of plant densities on growth and reproduction of 
barnyard grass and liverseed grass in terms of bio-
mass and seed production both intra-specifi cally and 
inter-specifi cally with cotton. These experiments will 
provide information for the development of a model 
that will attempt to predict the likelihood of glyphosate 
resistance evolution over a range of management strat-
egies, initially for grass species, and later for a range 
of weed species. This will facilitate the development 
of sustainable weed management practices in Roundup 
Ready cotton.
Keywords    Herbicide resistance,  glyphosate tolerant 
cotton,  Echinochloa colona,  Urochloa panicoides.

INTRODUCTION
Herbicide resistance is a consequence of extensive 
use of herbicides (Preston and Powles 2002), and in 
particular where one or few herbicides are used persist-
ently to manage weeds (Preston and Reiger 2000). The 
impact of herbicide tolerant crops has the potential to 
pose the same risk as the introduction of a new her-
bicide that has the same mode of action as herbicides 
already in production, and raises concerns with regard 
to weed resistance (Wyse 1991). Glyphosate tolerant or 
Roundup Ready cotton is now widely used in the Aus-
tralian cotton industry since its introduction in 2000. 
Glyphosate tolerance provides growers with another 
weed control option in the cotton crop, allowing the 
use of a broad spectrum, post-emergent herbicide and 
aids in the adoption of conservation tillage practices 
(Jones and Snipes 1999, Faircloth et al. 2001). This 
also reduces the reliance on residual herbicides which 
can cause damage to cotton seedlings, particularly if 
rainfall washes the herbicide into the seed zone 
(Charles et al. 1995). Concern has been raised re-
garding the effects that increased glyphosate use in 
glyphosate tolerant crops, as well as in fallow, will 
have on current weed management practices in cotton. 
The combination of other weed control methods being 
reduced with an increase in glyphosate applications 
has the potential to increase the risk of glyphosate 
resistance. Glyphosate is also more effective on a wider 
range of weed species than residual herbicides, and 
overuse could result in species shift due to changes in 
herbicide selection pressure.

This work will use information gained from the 
population dynamics of two weed species under a 
range of management strategies and herbicide use 
patterns to produce a framework analysing the risk of 
glyphosate resistance potential in glyphosate tolerant 
cotton systems. The two weed species that will be used 
in the model are barnyard grass (Echinochloa colona 
(L.) Link) and liverseed grass (Urochloa panicoides 
Beauv.). The effect of various weed management sys-
tems on the population dynamics of these two weeds 
will be examined. This involves a fully integrated weed 
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management (IWM) system with and without glypho-
sate tolerant technology, a reduced IWM approach and 
a system of using the technology on its own. Studies 
on intra- and inter-specifi c competition with cotton are 
also underway to assess the effects of density on seed 
production and biomass of the weeds. A grower survey 
was also conducted to assess how the introduction of 
glyphosate tolerant technology has impacted on weed 
species, weed management and herbicide use.

MATERIALS AND METHODS
Grower survey   Forty growers were surveyed, 10 in 
each of the Darling Downs and MacIntyre (Queens-
land), and the Gwydir and Lower Namoi (New South 
Wales) cotton regions. Growers chosen had planted 
both glyphosate tolerant and conventional cotton fi elds 
so differences in management practices could be com-
pared between fi elds managed by the same grower. 
Growers were asked to list their main weeds in glypho-
sate tolerant and conventional fi elds to determine if 
differences in weed species composition existed. The 
herbicide use patterns in glyphosate tolerant and con-
ventional fi elds were determined, including dose rates, 
application methods and timings. Where appropriate, 
glyphosate and herbicide use was analysed by ANOVA 
to test for differences in use between glyphosate toler-
ant and conventional fi elds.

Systems experiment   A fi eld experiment was es-
tablished to investigate the population dynamics of 
Echinochloa colona and Urochloa panicoides under 
a range of weed management systems. The treatments 
were as follows.
1. Roundup Ready herbicide only (RR only).
2. Integrated weed management practices with RR 

herbicide (RR + IWM).
3. Reduced IWM practices with RR herbicide (RR 

+ ½IWM).
4. Grass herbicides with RR herbicide (RR + 

Grass).
5. IWM practices (IWM only, control).
The IWM practices involve utilising all current 
methods of weed control in the cotton industry. 
These include pre-emergent residual herbicides, 
post-emergent herbicides, cultivation and hand-hoeing. 
The IWM only is equivalent to current good grower 
practice and forms the control for the experiment. The 
½IWM treatment consists of one residual application 
at planting, a residual application mid-season and the 
glyphosate applications.

The experiment consisted of fi ve replicates in a 
Latin square design with treatments applied similar 
to industry practice. Factors such as seedling emer-
gence and survival under the various treatments were 

examined. This will provide information as to the effect 
of a full and a reduced residual herbicide program on 
seedling emergence, as well as the residual herbicide 
effect on later germinating cohorts. Information 
will also be gained on the effectiveness of the weed 
management treatments by assessing weed numbers. 
This will provide an understanding of the impact that 
glyphosate only strategies have compared with reduced 
IWM + RR strategies on the population dynamics of 
the two model weeds. This experiment will be repeated 
for up to three seasons to gain a greater understand-
ing of processes involved under a range of seasonal 
conditions.

RESULTS AND DISCUSSION
Grower survey   Growers listed 25 major weeds in 
their glyphosate tolerant fi elds and 24 in their con-
ventional fi elds. The 10 main weeds are shown in 
Table 1 and were present on more than 20 percent of 
farms across all valleys. The weed species present on 
farms surveyed were similar between fi elds planted 
to glyphosate tolerant and conventional cotton. This 
indicates that there has been little change in weed spe-
cies between fi elds to this time. However, as glyphosate 
tolerant cotton has only been in use for four seasons, it 
may be too early to observe weed species shifts.

Glyphosate tolerant cotton was adopted by 75% of 
growers because of specifi c weed problems. Nutgrass 
(Cyperus rotundus L.) was the most common of these 
with 38% of growers adopting the technology because 
of this weed. Two-thirds of growers gained better con-
trol of this weed. Growers chose to use glyphosate 
tolerance in fi elds that had Cyperus rotundus, hence 
the higher incidence of it in glyphosate tolerant fi elds 
(Table 1). Bladder ketmia (Hibiscus trionum) was 

Table 1.   The 10 most common weeds reported in 
glyphosate tolerant and conventional cotton fi elds.

Weed species

Presence in 
glyphosate 

tolerant fi elds 
(%)

Presence in 
conventional 

fi elds (%)

Hibiscus trionum sp. 80 70

Xanthium occidentale 65 63

Datura stramonium 55 55

Cyperus rotundus 50 28

Echinochloa sp. 48 43

Ipomea lonchophylla 38 35

Tribulus terrestris 35 30

Sesbania cannabina 28 25

Xanthium spinosum 25 25

Polymeria pusilla 23 20
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also a weed targeted, with some growers achieving 
good control and others having problems with late 
germinating plants when residual herbicides were 
not applied.

A reduction in the use of pre-emergent residual 
herbicides was reported by 21 percent of growers and 
was the most signifi cant change in weed manage-
ment between glyphosate tolerant and conventional 
fi elds (Table 2). However, 12 percent of these grow-
ers adopted a half residual herbicide program. Other 
weed management practices such as post-emergent 
and residual herbicides, cultivation and hand hoeing 
were only slightly reduced.

The use of glyphosate increased up to six times in 
glyphosate tolerant fi elds (Table 3). This was a result 
of growers being permitted to apply 3 × 1.5 kg of 
Roundup Ready herbicide in crop, equating to 3105 
g a.i. ha-1 of glyphosate.

Although there was an increase in glyphosate use, 
the amount of other herbicides used in glyphosate toler-
ant crops decreased as can be seen in Table 4. This was a 
result of a reduction in pre-emergent residual herbicides, 
and the small reduction in post-emergent herbicides 
other than glyphosate. This reduction was signifi cant 
on the Darling Downs where a number of growers in 
this survey initially dropped most other herbicides and 
used the Roundup Ready® herbicide on its own.

Growers, such as those on the Darling Downs, 
who did not use residual herbicides found that the 
control of later germinating weeds became a problem, 
and indicated their future management would need 
to include other herbicides, particularly residuals, in 
addition to glyphosate.

Systems experiment   The density of Echinochloa 
colona in response to various treatments is shown 
in Figure 1. The initial irrigation occurred as a pre-
watering 4 weeks before the cotton was planted. The 
fi rst pre-emergent residual herbicides were applied 
one week later.

The effect of the pre-emergent residual herbicides 
is evident in the RR + IWM and IWM only treatments. 
In these treatments Echinochloa colona populations 
reached a maximum of 0.7 and 2.1 plants m-2 respec-
tively throughout the season. These treatments received 
residual herbicides three weeks prior to planting and 
at planting, along with an additional residual applica-
tion beside the plant mid-season (lay-by application 
of prometryn). The reduced IWM treatment (½IWM) 
only received the residual application at planting 34 
days after initial irrigation. From that point the ½IWM 
treatment provided good control of later germinating 
cohorts. Later germinations were stimulated more by 
rainfall events rather than irrigation.

Table 2.   Percentage of growers adopting various 
weed management practices in glyphosate tolerant 
and conventional cotton fi elds.

Weed management 
practice

Growers using practice (%)

Glyphosate 
tolerant cotton

Conventional 
cotton

Pre-emerg. residual 
herbicide

74 95

Half pre-emerg. program 12.5

Roundup Ready* 100 0

Post-emerg. herbicide 
(not glyphosate)

13 21

Lay-by residual 
herbicide

62 67

Shielded spray:
      Glyphosate 59 18
      Other 5 0

Spot spraying 5 10

Cultivations 87 92

Hand hoeing 72 80

* Roundup Ready is a specifi c formulation of 690 g a.i. 
glyphosate registered for over-the-top use in glyphosate 
tolerant cotton.

Table 3.   Glyphosate use in the cotton crop across 
regions.

Region

Mean glyphosate use (g a.i. ha-1)

Glyphosate tolerant 
cotton crop*

Conventional cotton 
crop*

Darling Downs 3175 493

Gwydir 2822 585

Lower Namoi 2612 791

MacIntyre 2348 485

* From 1 month prior to planting to picking LSD = 362 
(P <0.05).

Table 4.   Use of herbicides other than glyphosate 
in glyphosate tolerant and conventional cotton fi elds.

Region

Herbicide used on cotton fi elds 
(kg a.i. ha-1)

Glyphosate 
tolerant cotton

Conventional 
cotton

Darling Downs 1.30† 2.96

Gwydir 3.38 3.93

MacIntyre 2.38 3.13

Namoi 3.15 3.52

Average 2.55 3.38

† Signifi cant (P <0.05), LSD = 1.347.
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In conclusion, treatments with IWM components 
provided the most effective control of the grass weeds. 
However, the RR only treatment was also commer-
cially acceptable, but still allowed a small number of 
grass weeds to survive. This needs further evaluation 
in terms of resistance development.
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Figure 1.   Effect of treatments on density of Echinochloa colona in the glyphosate tolerant cotton crop.
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