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Summary   Changes to the cotton farming system 
over the last decade have resulted in a species shift, 
favouring glyphosate-tolerant, small-seeded, biennial 
and perennial weeds. Management of these weeds in 
a minimum tillage system that relies increasingly on 
glyphosate is problematic. Adoption of an integrated 
weed management system that focuses on reducing 
the weed seed bank by using a variety of tools will be 
necessary to maintain the system and ensure the future 
value of glyphosate in the farming system.
Keywords    Herbicide tolerance,  species shift,  survey, 
 weed density.

INTRODUCTION
Over the last two decades, the Australian cotton pro-
duction system has undergone a series of changes. 
These include the widespread adoption of geneti-
cally modifi ed, insect-tolerant varieties (Ingard® and 
Bollgard II®) and the use of fewer, more targeted 
insecticides, the adoption of reduced tillage, perma-
nent wheel tracks and stubble retention, over-the-top, 
post-emergence herbicides, and the use of genetically 
modifi ed, glyphosate-tolerant (Roundup Ready®) cot-
ton varieties, together with reductions in the use of 
hand-hoeing and residual herbicides.

These changes have impacted on the density and 
diversity of weeds found in the farming system, re-
ducing the importance of some weeds, and favouring 
other species. While the overall change may have been 
benefi cial, many cotton growers are moving towards 
farming systems that rely heavily on glyphosate. The 
potential threat of glyphosate resistance and the need 
to better manage weeds using an integrated weed 
management approach are issues being faced by the 
cotton industry.

MATERIALS AND METHODS
Surveys of weed density and diversity were undertaken 
in 1992, 1996 and 2001 on irrigated cotton fi elds on 
19 properties in the Gwydir and Macintyre valleys. 
Surveys were conducted in early summer each year. 

Where possible, the same fi elds were surveyed, with up 
to four fi elds observed on each property. Surveys con-
sisted of two transects per fi eld, placed one-third and 
two-thirds along the length of the fi eld. A minimum 
of 10 observations were made per transect, each of 50 
m2, consisting of a row section 1 m wide by 50 m in 
length. The numbers of individual weeds of each spe-
cies were recorded at each observation. Where more 
than 50 weeds of a single species were observed, the 
distance covered to fi nd 50 weeds was recorded. Where 
positive identifi cation of small weeds was impossible, 
such as with the Noogoora burr complex and some of 
the annual grasses, these weeds were grouped. Results 
were averaged over transects and properties.

As well as the physical surveys, information on 
grower’s most problematic weeds was recorded in 1989 
(a sub-set of Charles 1991), 1996 and 2001. These data 
were averaged over properties and listed in order of 
priority. Weeds that were nominated by only a single 
grower were excluded from the list. Information on 
weed management practices was also recorded.

RESULTS AND DISCUSSION
Changes to the cotton farming system over the last 
decade have resulted in an overall improvement in 
weed control on the surveyed properties (Table 1), 
with a reduction in the average weed density from 1.84 
weeds m-2 in 1992 to 0.51 weeds m-2 in 2001.

A wide range of species were observed in the sur-
veys, with a total of 54 different species identifi ed over 
the three surveys. Most of these species occurred at 
relatively low densities on most fi elds. In addition, the 
Physalis sp., Sida sp. and Xanthium sp. (Noogoora burr 
complex) were not individually identifi ed, and most of 
the annual grass species were grouped together.

Medicago polymorpha L., the most abundant 
weed in 1992, was rarely observed in the 1996 and 
2001 surveys. This weed was present primarily on 
single fi elds on four properties. Two of these fi elds 
were newly developed from grazing country, explain-
ing the presence of M. polymorpha, but there is no 

The impact of the cotton farming system on weed succession: 
implications for herbicide resistance and adoption of an 

integrated weed management approach

 Graham Charles1,  Ian Taylor2 and  Grant Roberts3

1 NSW Department of Primary Industries, Australian Cotton Research Institute Narrabri, 
New South Wales 2390, Australia

2 NSW Department of Primary Industries and Australian Cotton CRC, Australian Cotton Research Institute, 
Narrabri, New South Wales 2390, Australia

3 CSIRO and Australian Cotton CRC Australian Cotton Research Institute Narrabri, 
New South Wales 2390, Australia



411

Fourteenth Australian Weeds Conference

apparent explanation for its presence at relatively high 
densities on the other two fi elds as both had a history 
of cotton cropping.

The reduction in density of some weeds such as 
Sesbania cannabina (Retz.) and Tribulus micrococcus 
Domin could be related directly to the introduction 
of pyrithiobac-sodium in 1996, the fi rst over-the-top, 
broad-leaf herbicide used in the cotton industry. This 
herbicide was very effective in controlling early season 
germinations of a range of weeds, but less effective for 
controlling successive germinations as it could only 
be used twice in a single season.

The largest infl uence on weed succession was 
the adoption of permanent beds, with a reduction in 
cultivation and an increase in glyphosate use. This 
was particularly so in the fallow phase, where heavy 
cultivation was rarely practised, and many cultivation 
passes were replaced by herbicide applications. By 
2001, all but one of the surveyed properties was using 

reduced tillage with permanent beds, with stubble 
either retained on the soil surface or incorporated.

The use of inter-row cultivation and herbicide 
applications in conventional (non-Roundup Ready) 
cotton had changed little over the decade. The aver-
age number of in-crop inter-row cultivations on the 
surveyed properties declined from 3.3 to 2.8 per sea-
son, while hand-hoeing passes declined from 1.4 to 1 
per season (Table 2).

There was no reduction in the use of residual 
herbicides in crop, although 25% of properties were 
using Roundup Ready cotton, with three in-crop appli-
cations of glyphosate in addition to their conventional 
herbicide programs. 

Doyle et al. (2003) estimated that 15% of cotton 
production in the Gwydir and Macintyre valleys in 
2001/02 was planted to Roundup Ready cotton. Of 
this, 43% had no pre-planting residual herbicide, 17% 
had no at-planting residual herbicide, 70% had no 

Table 1.   Weed density and ranking of the 20 most numerous weeds of cotton. Data were from 19 properties 
in the Gwydir and Macintyre valleys.

1992 1996 2001

No. m-2 No. m-2 No. m-2

1 Medicago polymorpha 0.38T H. trionum 0.56 I. lonchophylla 0.17T

2 Ipomoea lonchophylla 0.27T I. lonchophylla 0.35T H. trionum 0.10

3 Annual grasses1 0.23 R. minima 0.20TC C. rotundus 0.08TC

4 Hibiscus trionum 0.16 C. rotundus 0.13TC Echinochloa colona 0.04

5 Sesbania cannabina 0.13 Annual grasses1 0.07 R. minima 0.03TC

6 Xanthium sp.2 0.10 Sonchus oleraceus 0.04TC C. cinereum 0.02TC

7 Salvia refl exa 0.08C C. erubescens 0.04TC G. hirsutum 0.01T

8 Datura ferox 0.08 Gossypium hirsutum 0.02T Physalis sp. 0.01C

9 Physalis sp. 0.08C Physalis sp. 0.01C D. ferox 0.008

10 Cullen cinereum 0.07TC C. drummondii 0.01C Neptunia gracilis 0.008TC

11 Tribulus micrococcus 0.06 A. macrocarpus 0.007C C. erubescens 0.008TC

12 Amaranthus macrocarpus 0.04C S. cannabina 0.003 P. pusilla 0.007

13 Rhynchosia minima 0.04TC D. ferox 0.003 S. oleraceus 0.004TC

14 Ibicella lutea 0.03 T. micrococcus 0.003 S. cannabina 0.004

15 Cyperus rotundus 0.03TC Vigna lanceolata 0.002TC Xanthium sp.2 0.003

16 Polymeria pusilla 0.01 I. lutea 0.002 A. macrocarpus 0.003C

17 P. longifolia 0.01T C. bifax 0.002TC Sida sp. 0.003C

18 Chamaesyce drummondii 0.009C Anoda cristata 0.001 S. refl exa 0.002C

19 Convolvulus erubescens 0.007TC P. longifolia 0.001T C. bifax 0.002TC

20 Xanthium spinosum 0.007 Conyza sp. 0.001TC Portulaca oleracea 0.002C

Total ± SE 1.84 ± 0.01 1.50 ± 0.01 0.51 ± 0.002

T Weeds that have a naturally high level of tolerance to glyphosate.
1 Annual grasses, excluding barnyard and liverseed grass.
2 The Noogoora burr complex.
C Small-seeded, biennial and perennial weeds that are favoured by a reduced tillage system.
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The increase in glyphosate use and reductions in 
cultivation led to a relative increase in the density of 
glyphosate-tolerant, small-seeded, biennial and per-
ennial weeds. Weeds such as Cyperus rotundus L., 
Sonchus oleraceus L., Convolvulus erubescens Sims, 
Rhynchosia minima (L.) DC. and Neptunia gracilis 
Benth. had all increased in their importance over the 
decade.

By 2001, 14 of the 20 most numerous weeds of 
cotton were either glyphosate-tolerant, or favoured by 
reduced cultivation or both (Table 1). Weeds such as 
S. oleraceus and Conyza bonariensis (L.) Cronquist 
are becoming troublesome in many minimum tillage 
systems that rely heavily on glyphosate. Volunteer crop 
plants from previous crops are also becoming more 
troublesome, particularly in fi elds where the use of 
residual herbicides has been reduced. The build up 
of glyphosate-tolerant weeds and crop volunteers 
threatens the future value of glyphosate in the farm-
ing system.

In addition to the physical surveys that reported 
weeds not controlled at the time of the surveys, cotton 
growers were asked which weeds were the most trou-
blesome in their farming system. These were the weeds 
they were actively controlling in fi elds and were not 
necessarily detected at high densities in the surveys.

Nevertheless, nearly all of these troublesome 
weeds were amongst the more common weeds ob-
served in the physical survey. Ipomoea lonchophylla 
J.M.Black, for example, was one of the top two weeds 
in both the physical survey and growers’ nominations 
on each occasion (Tables 1 and 3). C. rotundus, which 
rose from minor importance in the physical survey in 
1992 to major importance in 1996 and 2001, was con-
sidered by growers to be the most troublesome weed 
by 1996. The perceived importance of C. rotundus 
declined by 2001, with the introduction of Roundup 
Ready cotton, which allows much better in-crop con-
trol of this weed. Commelina benghalensis L. was the 
only weed new to the survey in 2001. This weed was 
fi rst observed in the 2001 physical survey and is likely 
to become a more important future problem as it is very 
diffi cult to control in the current farming system. 

Management of weeds that are glyphosate-tolerant 
and adapted to minimum tillage systems is diffi cult to 
achieve in the current cotton cropping system. Weed 
management in rotation crops can be particularly dif-
fi cult. Cereals are the most common rotation crops, 
but many herbicides that are normally used in these 
crops (such as the sulfonyl ureas) can not be readily 
used due to plant-back constraints. This problem is 
exacerbated in many of the cotton growing areas 
where soil pH is high (pH 8 to 9.5), and rainfall is not 
reliable, sometimes leading to extended plant-back 

Table 2.   Comparison of pre- and in-crop herbicide 
applications, inter-row cultivation and hand-hoeing 
passes in 1989 and 2001. Data were averaged over 19 
properties in the Gwydir and Macintyre valleys.

1989 2001

Herbicides (kg)
Rate 
(a.i.)

% 
farms

Rate 
(a.i.)

% 
farms

Pre-planting residual

    trifl uralin 1.1 49 1.0 42

    pendimethalin 0.9 8 1.3 8

    metolachlor 2.1 8

Total grass 57 58

    fl uometuron 0.8 14 1.5 8

    diuron 1.2 22 1.3 50

Total broadleaf 33 58

At-planting residual

    pendimethalin 1.0 24 0.8 33

    metolachlor 1.7 12 0.7 8

Total grass 37 42

    fl uometuron 1.3 49 1.5 25

    fl uometuron + 
        prometryn

1.8 34 1.5 67

    diuron 1.1 49

Total broadleaf 92 92

At-planting non-residual

    glyphosate 0.7 17

Post-emergence 

    Roundup Ready 3.0 25

    pyrithiobac-sodium 0.06 8

Lay-by residual

    fl uometuron 1.0 8

    fl uometuron + 
        prometryn

1.3 11 0.9 17

    prometryn 1 18 1.5 17

    diuron 1.2 36 1.1 33

    MSMA 1.6 4

Total broadleaf 59 67

Inter-row cultivation 
passes

3.3 2.8

Hand-hoeing passes 1.4 1.0

lay-by residual herbicide, and 93% received over-the-
top Roundup Ready herbicide. Ninety three percent of 
the area was inter-row cultivated and 70% hand-hoed. 
Inter-row shielded applications of glyphosate were also 
made to 7% of conventional (non-Roundup Ready) 
crops. These reductions in herbicide use with Roundup 
Ready cotton were not refl ected in the data collected 
from the 19 properties in the current survey.
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periods. Consequently, weeds are often not adequately 
controlled in rotation crops.

Similarly, weed management in fallows often re-
ceives insuffi cient attention, with some small weeds 
allowed to grow and set seed before being controlled. 
This may occur for a variety of reasons including labour 
shortages at critical times and dry conditions making 
it diffi cult to control moisture-stressed weeds with 
herbicides. The general response to weed escapes has 
been to use higher rates of glyphosate and to tank-mix a 
second herbicide such as 2,4-D amine where possible. 
However, these strategies are not always successful. 
Resistance to glyphosate is an ever present threat, with 
cases of glyphosate resistant Lolium rigidum Gaudin 
already reported from numerous properties in the 
general cotton production area. Although no case of 
herbicide resistance has yet been detected on a cotton 
fi eld, it is likely that resistance will eventually occur. 
Tank-mixing with other herbicides has been a useful 
strategy, but has often resulted in reduced herbicide 
effi cacy due to herbicide antagonism, and has led to 
many cases of crop damage from herbicide residues. 
Plant-back periods to cotton are prohibitively long for 
many of the alternative herbicides of choice.

To overcome these problems of weed pressure, 
weed succession, and herbicide resistance, cotton 
growers need to develop a more integrated approach to 
weed management, combining a variety of weed man-
agement tools into a dynamic system that ensures that 
all weeds are managed at some point in the cropping 
system, ultimately reducing the size of the weed seed 
bank, and decreasing weed pressure. Components of 
an integrated weed management (IWM) system must 
include crop agronomy and management, irrigation 
management, strategic cultivation and hand-hoeing, 
as well as herbicides. Cotton growers need to be more 
vigilant in monitoring weed populations, and ensuring 
the timeliness of fi eld operations.

The problem of weed management in rotation 
crops should be addressed by placing more emphasis 
on crop competition, using tools such as more vigor-
ous varieties, increased planting rates, and fertiliser 
placement. Alternative herbicide strategies should be 
considered. Prometryn, for example, is registered for 
broadleaf weed control in wheat, barley and lucerne 
and has no plant-back limitations to cotton.

Weed management on irrigation structures and 
in fallows should be given more emphasis, ensuring 
that no weeds are allowed to set seed. Areas such as 
irrigation structures, where weeds are being primarily 
controlled with glyphosate, are primary sites for the 
development of glyphosate resistant weeds. The emer-
gence of C. bonariensis as a major weed problem on 
many irrigation structures highlights the importance of 

developing alternative weed management strategies for 
these structures. The use of alternative herbicides such 
as amitrole should be considered, together with options 
such as mechanical control, slashing and establishing 
competitive, non-invasive plants on these areas.

Developing an effective IWM system is not simple, 
but will ensure the sustainability of the reduced tillage 
farming system and will bring long-term benefi ts as 
weed seed banks and weed pressure are reduced.
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Table 3.   The 15 most troublesome weeds of cotton 
in order of importance. Data were averaged over 
19 properties in the Gwydir and Macintyre valleys. 
Only weeds nominated by more than one grower are 
included.

1989 1996 2001

1. I. lonchohpylla C. rotundus I. lonchohpylla

2. Xanthium sp.1 I. lonchohpylla Xanthium sp.1

3. T. micrococcus Physalis sp. H. trionum

4. Physalis sp. T. micrococcus S. cannabina

5. H. trionum R. minima Physalis sp.

6. P. longifolia H. trionum D. ferox

7. I. lutea D. ferox C. rotundus

8. S. cannabina P. longifolia E. colona

9. X. spinosum Xanthium sp.1 X. spinosum

10. C. rotundus S. cannabina Commelina 
benghalensis

11. Urochloa 
panicoides

X. spinosum S. refl exa

12. D. ferox E. colona A. cristata

13. Crotalaria 
dissitifl ora

Solanum nigrum P. longifolia

14. Haloragis glauca U. panicoides S. oleraceus

15. R. minima U. panicoides

1 The Noogoora burr complex. 




