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Summary 
Aims of the project 

Aims: 1. To quantify the effects of cropping systems on changes in weed spectrum. and 
density. 

2. To evaluate herbicides combinations for weed management in reduced till.age 
systems. · 

3 . To evaluate the performance of glyphosate tolerant transgenic cotton and its use in 
weed management 

4. To further develop the nutgrass control strat.egy. 

Summary 

Deveft'.spment of sustainable, efficient, integrated weed management systems for cotton 
production is the primary goal of the weeds programs (CRDC and CRC funded). 

This goal is being achieved through a range of approaches including determining a base· 
level for weed management in the cotton industry, scientifically evaluating a range of alternative 
weed management strategies including different herbicide combinations and rates, alternative 
herbicides with transgenic, herbicide tolerant cotton varieties and alternative cultivation and 
stubble management practices, and developing specific weed management packages for 
difficult to control weeds. 

This project has furthered the weeds goal in all aspects. An important highlight has 
been the development of a management strategy for nutgrass. Preliminary field evaluation of a 
range of weed management options including normal and transgenic cotton has also been 
undertaken. Work over the next 3 years will examine options for peach vine management, and 
management options with stubble retention. 
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Background 

Research on the management of weeds in cotton began at the Australian Cotton 
Research Institute (ACRI) in late 1988 with the appointment of Graham Charles as Research 
Agronomist (Weeds). A second research position was created at the ACRI with the creation of 
the CRC for Sustainable Cotton Production. Grant Roberts was appointed to this position in 
August 1996. His work focuses on the development of sustainable, low input, management 
systems for weeds in low weed pressure situations in cotton. 

Mr Charles' project began in 1988 with a survey of cotton growers, collating 
information on problem weeds, herbicide use patterns, cultivation, cropping rotations and 
research priorities. The survey established that weed control cost cotton growers on average 
$187/ha for chemicals, cultivation and hand chipping in 1989. There were many examples 
where costs were greater, and/or these inputs did not achieve the required levels of weed 
control, resulting in reducing cotton yield and quality, and substantially reduced grower 
returns. Weed control was costing the industry in excess .. of $26 million per year, and the cost 
of lost production due to lint contamination, competition from weeds and associated problems 
was even gre!ter. 

Many research needs were identified by cotton growers at this time, with the area of 
highest priority identified as the control of nutgrass in cotton. The survey data showed that 
nutgrass was a serious weed on 79% of properties and the major weed problem on 15% of the 
cotton area. Of the other weeds growers identified, only 3 were becoming more severe with 
time. These weeds were: haloragis takeall, polymeria takeall and sesbania, affecting 4, 3 and 
4% respectively of the cotton growing area and 37, 23 and 25% of the properties surveyed. 
Consequently, research into nutgrass control commenced in 1990. 

In 1991 purple nutgrass (Cyperus rotwulus) was identified as the nutgrass species most 
seriously affecting cotton production, costing the Australian cotton industry at least $13 million 
per year to control. Since then, project DAN 71C has commenced research into the 
management of nutgrass in cotton. This research, on what is considered to be the world's 
worst weed required further development, particularly to bring the nutgrass control strategy in 
line with the industry's move towards reduced cultivation and permanent beds. 

The industry's move to adopt permanent bed and reduced tillage practices and reduce its 
reliance on chipping has been achieved by increasing reliance on herbicides, in particular 
residual herbicides as the main tool for weed control This increasing dependence on residual 
herbicides has caused some immediate problems with herbicide damage and will damage the 
industries long-term sustainability by increasing the likelihood of herbicide resistance occurring 
in weeds and the potential for serious environmental pollution. Already atrazine registration for 
channel use has been revoked in response to pollution concerns and other herbicides may 
follow this path. There is also evidence that weed spectra are changing under the permanent 
bed strategy and new weed problems are likely to emerge. In contrast to these problems, new 
herbicides (such as Staple®) and new technology (such as herbicide resistant cotton) are just 
around the comer and it is important to understand how these tools can be used to overcome the 
industries problems. 

In addition, long-term rotation trials have been established under the Cooperative 
Research Centre for Sustainable Cotton and it is important that the weed species and incidence 
on these trials be monitored to explore the possible impact of rotations and farming systems on 
weed populations. 
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Project's stated aims & objectives 

Aims: 1. To quantify the effects of cropping systems and reduced tillage on changes in 
weed populations and species. 

2. To evaluate best-bet combinations of current and future herbicides (such as 
Staple®) for weed management in reduced tillage systems. 

3. To evaluate the performance of glyphosate tolerant transgenic cotton to glyphosate 
and the potential use of glyphosate tolerance in weed management. 

4. To further develop the nutgrass control strategy and its adoption for use in 
permanent beds. 

Objectives: (i) CRC long-term rotation experiments will be monitored at least 3 times each 
., season. Growers .fields will also be assessed as the opportunity arrises. 

(ii) a long-term herbicide combination experiment will be established and 
monitored. 

(iii) the tolerance of glyphosate transgenic cotton will be assessed as the material 
becomes available from the breeding program 

(iv) field and glasshouse experiments each season will examine management 
strategies 

Research . methodology 

(i) Reduced-tillage. 
Weed spectrum and density were monitored on 3 occasions (before inter-row 

cultivation, after picking and mid-winter) on each treatment of the CRC long-term rotation 
experiments. These experiments incorporated a range of rotation cropping strategies. Weed 
populations were also monitored on the herbicide systems experiment at the ACRI (see (ii) 
below), on Dr. Nilantha Hulugalle's rotation experiment at Glenarvon (Glencoe) and on 
growers fields in the Macquarie (new and old fields on Milawa), the Namoi (Auscott and 
Glencoe), and the Macintyre valleys (Strathgyle) and the Darling Downs (Mayfield and 
Weroona), allowing comparison of the development of weed problems over time, under 
reduced tillage (the Glencoe field was under conventional cultivation, included as a 
comparison). Four commercial fields were chosen on each property, with 2 transects per field 
and 10 observations of I row by SO m (50 m2) per transect. The number of weed species and 
actual density of each weed were recorded for each observation. At each time, the observations 
was made at as close as possible to the same position in the fields. While it was recognised that 
the total area observed of 0.1 ha per field limited the accuracy of the data, the time taken to 
observe a larger area was prohibitive and the observations were considered to be sufficiently 
intensive to pick up any gross change in weed spectrum or density over time. 

(ii) Herbicide systems for reduced-tillage 
A replicated herbicide systems experiment was established on Field C4 at the ACRI in 

spring 1995. It included 15 treatments using pre- and post-emergent herbicide combinations. 
Five treatments included Roundup Ready (Roundup tolerant) cotton, although this cotton did 
not become available until the 96/97 season. Limited data was acquired from this treatment in 
95196 by treating the plots as if Roundup Ready cotton had been planted. Plots were 8 rows 
wide by 200 m long (field length) with 3 replicates. 
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The experimental design was modified in 97 /98 to allow for the inclusion of 
bromoxynil tolerant and Basta tolerant cotton, and to allow Visor herbicide to be removed as it 
had been dropped from further commercial evaluation. The new design included 12 of the 
original treatments (imposed on the first 100 m of the 200 m field length), with bromoxynil 
tolerant cotton in the next SO m and Basta tolerant cotton in the last 50 m, giving a total of 45 
treatment combinations. 

Cotton lint yields and weed incidence were recorded each season. 

(iii) Transgenic glyphosate tolerant cotton 
The performance of transgenic, Roundup tolerant cotton was included in the experiment 

described above in (ii). It was anticipated that it would also be necessary to evaluate the 
performance of other Roundup Ready lines as these become available from the ACRI cotton 
breeding team. However, this did not occur. Roundup Ready cotton bas been commercially 
released in the US and has generally perfonned well, although with problems in some areas. 
Commercial release in Australia is still some time away, hopefully enabling a sustainable weed 
management system based on Roundup to be developed for Roundup tolerant cotton before its 
commercial release. 

This component of the project was replaced by a sfudy of the field tolerance of 
transgenic, 2,~D tolerant cotton developed by CSIRO in Canberra. The work was undertaken 
in close collaboration with the CSIRO Plant Breeding team at Canberra and Nanabri. 

Replicated field experiments were established at Paloma (near Premer on the Liverpool 
Plains) in 1996/97 examining the effect of 2,4-D amine rates of 2 X, 112 X and 1/8 X normal 
field rates applied over-the-top of cotton at vegetative, flowering and boll~fill stages and in 
1997/98 examining 2,4-D amine rates of 1 X, 115 X, 1/25 X and 1/125 X and MCPA at 1 X, 
1/5 X and 1125 X normal field rates applied over-th~top of cotton at vegetative, squaring, 
flowering and boll-fill stages. The treatments were situated in a :m.aire crop in 1996197 and a 
sorghum crop in 1997 /98, with buffer rows between treatments to eliminate any problems with 
herbicide drift. The herbicide effect was assessed visually and by dry-matter cuts and plant 
mapping in 1996/97 and lint yields in 1997/98. 

Mark Hickman, Industry Development Officer with the CRC contributed to the project 
with bug-checking in both seasons and with plant-mapping in 1996/97. 

(iv) Nutgrass control 
This work continued on from the work undertaken in DAN 71C, leading to the 

development of a nutgrass control strategy. Replicated field experiments were established at 
Norwood and Kilmarnock examining herbicide combinations for nutgrass control in cotton . 
Treatments included Zollar, glyphosate, MSMA and Sempra with combbtations of herbicides 
and applications times. Plots were 20 m by 4 rows with 4 replicates. Nutgrass tuber density 
and cotton lint yield were assessed annually. Additional experiments were conducted in the 
field and glasshouse at the ACRI examining aspects of nutgrass ecology and control. 

Results & Discussion . 

(i) Reduced .. tillage. 

Additional background information 
A comparative survey of weed spectrum and density on conventionally cultivated and 

permanent-bed fields was undertaken by Paul Castor and Max McMillan in 1991/92. This data 
was analysed as part of the current reduced tillage project and published in the proceedings of 
the Eighth Australian Cotton Conference in 1996 (Appendix 1). The results of the surveys 
indicated a potential problem with a few weeds becoming more serious problems under 
minimum tillage. 

(a) Weed pressure on the cropping systems · experiments. 
A report covering the data from the 3 CRC cropping systems experiments is attached as 

Appendix 2, with a second report listed under publications. 
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A wide spectrum of weed species were identified on each site, with 53 species 
identified at Prospect (Warra), 43 species at Beechworth (Merah North) and 41 species at 
Auscott (Warren). Nevertheless, most of these species were present at very low levels, and 
many were observed on only 1 or 2 occasions. Also, not all species were present on all 
systems, as shown below in Tables 1, 2 and 3. 

No obvious trends emerge from this data, although there are generally fewer species at 
high density on the continuous cotton systems than on the other systems. Of the weeds present, 
sow thistle is a major weed on all systems and all sites. No individual weed species appear to 
be increasing on any of the systems or sites, with large seasonal fluctuations in weed density 
masking any long-term trends. 

Table 1. The total number of species observed on each system at Pros~t. and the number of 
species occurring at average densities greater than 11100 m2 and 1/1 O m2• 

Cropping system Total species >11100 m2 >1110 m2 

1 cotton/long fallow 32 5 1 
2 cotton/sorghum 
3 • cotton/wheat double crop 
4 cotton/chick pea 
5 cotton/wheat 

32 
33 
34 
35 

6 
6 
11 
7 

2 
2 

Table 2. The total number of species observed on each system at Beechworth, and the number 
of species occurring at average densities greater than 1/100 m2 and 1110 m2• 

Cropping system Total species > 1/100 ml > 1/10 ml 
1 continuous cotton 31 12 3 
2 cotton/faba beans 29 7 2 
3 
4 
5 
6 

cotton/long fallow 
cotton/wheat 
cotton/lab lab 

cotton/lab lab (high input) 

28 11 4 
26 14 5 
33 12 8 
34 12 8 

Table 3. The total number of species observed on each system at Auscott, and the number of 
species occwrins at average densities greater than 1/100 m2 and 1/10 m2• 

CropJ!inB Slstem Total s2ecies >VlOO m2 >VlO m2 

1 continuous cotton 30 8 4 
2 cotton/long fallow 28 8 5 
3 cotton/field peas 30 10 6 
4 cotton/wheat (low input) 30 9 5 
5 cotton/wheat (high input) 27 9 7 
6 cotton/cotton/wheat 32 12 8 
7 cotton/faba beans 35 12 9 

A 'weed index' was developed to enable a comparison of the over-all weed pressure on 
the various cropping systems. Again no consistent trends emerge from comparison of the 
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cropping systems and sites, even though there are large differences in weed p~ssure between 
some of the systems {Table 4). 

Table 4. A comparison of the weed pressure on the various cropping systems and sites. 
Cropping system Prospect Beech worth Auscott 

.. 1 continuous cotton 16.2 3.7 
2 cotton/long fallow 1.5 35.9 3.9 
3 cotton/wheat (low input) 2.1 40.1 1.5 
4 cotton/wheat (high input) 1.7 
5 cotton/cotton/wheat 3.5 
6 cotton/wheat double crop 1.5 
7 cotton/sorghum 1.2 
8 cotton/faba beans .. 22.0 6.7 
9 ootton/field peas 3.8 

10 cotton/chick peas 1.8 
11 cotton/Jab lab 32.4 
12 cotton/lab lab (high input) 44.6 

These data were further summarised to assist comparison of the systems (Table 5), but 
still no trends are apparent . For example, the lowest weed pressure at Auscott occurs on the 
cotton/wheat system, but this system had the highest weed pressure at both Prospect and 
Beechworth. While this result is unexpected, it does indicate that changing the fanning systems 
did not create unmanageable problems for weed control. Control of grasses in wheat rotations 
and broadleaf weeds in the legume rotations was particularly difficult, but there bas not been an 
unacceptable build up of these weeds in these systems over time. 

Table 5. A comparison of the weed pressure on the v:arious cropping systems and sites, 
summarised over some of the systems. 

Cropping system Prospect Beech worth Auscott 
1 continuous cotton 16.2 3.7 
2 cotton/long fallow 1.5 35.9 3.9 
3 cotton/wheat 1.8 40.1 1.5 
4 cotton/sorghum 1.2 
5 cotton/winterleguine 1.8 22.0 5.3 
6 cotton/lab lab 38.5 

A factor leading to the lack of trend in the data is the complexity of the weed system, where 
each of the cropping systems can be affecting each weed in a different manner. For example, 
the summer fallow in the cotton/wheat system allows an opportunity for control of the summer 
weeds but reduced opportunity for control of winter weeds. Rainfall in summer may result in a 
gennination of weeds which are subsequently controlled, or may result in those weeds setting 
seed and causing a problem in the following summer if wet or windy conditions prevent 
adequate early control of these weeds. Consequently, when all weeds are considered together, 
the interactions can mask the effects of the various systems. 

Comparison of the effect of the cropping systems on a single species should allow a 
clearer understanding of the effect of the systems. This comparison was made using sow 
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thistle, which was the most commonly occurring species on 2 of the sites and the second most 
common species on the third site (fable 6). 

Table 6. A comparison of the effects of the cropping systems on the density of sow thistle 
(plants/m2). 

Cropping system Prospect Beech worth Auscott 
0 

1 continuous cotton 0.15 0.28 
2 cotton/long fallow 0.04 0.16 0.71 
3 cotton/wheat 0.09 0.26 0.39 
4 cotton/sorghum 0.09 
5 cotton/winter legume 0.17 0.05 0.34 
6 cotton/lab lab 2.20 

Again no consistent trends emerge over the sites even when only ~ single species is 
considered, although sow thistle control appears to be a problem on the cotton/lab lab system. 
Contributing to the lack of consistent trend is to the complex interaction of seasonal variations 
and management inputs. The interaction of weather conditions, especially rainfall, with the 
timing of weed management inputs having a large effect on weed density. 

Based on these results, it is apparent that while heavy weed pressure was present on 
many of the cropping systems, weeds could be managed in all systems. Weeds did not become 
unmanageable on any of the systems, with no evidence of a major weed build up over time. 
Nevertheless, weeds should continue to be monitored on these sites as long as they are 
available and soil cores should be used to examine the effect of the cropping systems on the . 
weed seed bank over time. 

(lb) Weed pressure' on permanent-beds on growers fields. 
This work primarily aimed to determine the impact of reduced cultivation and pemument 

beds on the density and spectrum of weeds in cotton. The work examined weed incidence to 
determine which weed species, if any, would be more difficult to control with reduced tillage. 
On the basis of other observations, it was anticipated that there would be a build up over time 
of some of the perennial and tap-rooted species which are tolerant to glyphosate. Weeds such 
as tar vine, ryncho, and nutgrass were expected to become more of a problem with reduced 
cultivation and an increased reliance on glyphosate for weed control. 

It is too early to be sure of trends in this data, but at this stage there is again no 
indication of weed pressure increasing over time (fable 7). 

Table 7. Change in weed pressure over time on grower's fields as indicated by the weed index 
(small weed equivalents per m2). 

Property 

Mayfield 
Weroona (rain fed) 
Strathgyle 
Auscott Narrabri 
Milawa (old fields) 
Milawa (new fields) 
Glencoe 

l22S. 
Spring 

0.3 
0.2 
2.6 
0.1 
0.4 
1.7 

Autumn Spring 

1.0 0.4 
1.2 3.4 
1.0 10.0 
0.3 0.4 
0.0 0.4 
7.0 0.1 
18.7 1.0 

Autumn Spring 
1.3 1.7 
1.2 0.1 
0.2 9.6 
0.9 6.3 
3.2 71.2 
0.1 10.8 
0.9 12.3 

.l.22K 
Spring Autumn 

0.3 
0.9 
0.0 
0.7 
10.7 
0.9 
1.8 

1.1 
3.5 
2.0 
2.2 

7.2 
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Weed pressure was generally higher in spring than autumn, but was very variable, 
with large differences between individual fields within a property, and large differences 
between properties and seasons. Weed pressure at any one time was greatly influenced by 
weather conditions. Weed pressure was generally low following a dry period and much higher 
following a wet period {as was expected). 

Weed pressure was consistently low on the 2 Dalby sites, Mayfield and Weroona, but 
was quite high on the other sites on some occasions. Grass density was extremely high on one 
of the 'old' fields at Milawa in spring 1997, resulting in a very high weed pressure at this time, 
carrying through to high weed pressure in autumn. 

With the exception on the 1997 data, the weed pressure was higher on the 'new' fields 
at Milawa than on the 'old' fields. The total number of weed species was similar on the 'new' 
and 'old' fields at Milawa although fewer species occurred at high density on the 'new' fields 
(fable 8). One of the two species occurring at high density on the 'new' fields at Milawa, burr 
medic, occurred at only low density on the 'old' fields. The presence of this weed at high 
density reflects the grazing history of these paddocks. 

Table 8. The total number of species observed at each proyerty 2 and the number of species 
occurring at a~erage densities greater than 1/100 m2 and 1/10 m . 

Property Total species >11100 m2 >1110 m2 

Mayfield 33 6 1 
Weroona {rain_ fed) 51 12 2 
Strathgyle 32 9 2 
Auscott Narrabri 35 9 3 
Milawa (old fields) 37 13 6 
Milawa (new fields) 41 13 2 
Glencoe 45 10 3 

When only the 'difficult to control' weeds are examined there is still no indication of an 
increasing problem over time. For this comparison, the change in density over time of 11 
weeds has been shown in Table 9. These weeds are: the perennial weeds - purple nutgrass, 
Downs nutgrass, polymeria takeall and baloragis takeall; the leguminous weeds - burr medic, 
snail medic, emu foot, ryncho and verbine, and the tap-rooted weeds - bind weed and tar vine. 

Table 9. The density of 'difficult to control' weeds Eer m2• 

Property .19.2i 1222 1221 1228. 
SErin& Autmnn SErins Autumn SErin& Autumn Sprin~ 

Mayfield 0.00 0.01 0.00 0.02 0.00 0 .01 0.01 
Weroona (rain fed) 0.00 0.01 0.00 0.00 0.00 0.01 0.01 
Strathgyle 0.03 0.01 0.02 0.01 0.03 0.0 0.08 
Auscott N arrabri 0.01 0.88 0.29 2.53 2.05 1.53 0.90 
Milawa (old fields) 0.03 0.00 0.05 0.14 0.67 0.09 
Milawa (new fields) 0.14 1.70 0.01 0.01 0.07 0.05 
Glencoe 1.21 0.03 0.20 1.48 0.52 1.46 

The densities of the difficult to control weeds have remained generally low throughout 
the survey period, except at Auscott and Glencoe where purple nutgrass is a serious problem. 
At Glencoe this problem is being successfully treated with shielded applications of glyphosate, 
deep cultivation and a 1 year in/ 1 year out cropping rotation system. With ·this approach the 
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nutgrass infestation at Glencoe has gone from 5.8% of the survey area in autumn 1996 to 2.1 % 
of the area in autumn 1998. At Auscott the nutgrass infestation has risen from 0.03% of the 
survey area in spring 1995 to 4.5% of the area in spring 1998, with a peak infestation of 9.5% 
of the survey are in spring 1996. A nutgrass management system using Zollar and glyphosate 
has also been adopted at Auscott resulting in a decrease in this infestation to the current levels. 

The relatively high density of difficult to control weeds on the Milawa 'new' fields in 
autumn 1996 reflects the high density of burr medic present at that time. 

Conclusions 
The surveys on the rotation experiments and grower's fields indicate that the weed 

management tools currently available to the cotton industry are adequate to manage the weeds 
present on these sites. The adoption of different cropping rotation strategies, reduced tillage and 
permanent wheel tracks have not resulted in unmanageable weed problems. Nevertheless, the 
high cost of inputs and high weed densities present on some occasions emphasise the need to 
develop more efficient, effective and sustainable integrated weed management systems. 

It will be important to continue monitoring these fields, particularly when the adoption 
of transgenic, herbicide resistant cotton results in another inajor change to the systems used. 
Continued monitoring will also ensure that cunent trends are continuing, and give early 
warning if pr'1hlem weeds do begin to emerge. 

(ii) Herbicide systems /or reduced-tillage 
An interim report on the results of this experiment were published in the Australian 

Cotton Grower (Appendix 3). The report discussed only the main-plot treatments, excluding 
sub-plots as only a single season's results were available for the sub-plots. In addition, there 
was insufficient bromoxynil tolerant cotton seed available for the bromoxynil sub-plots (2 row 
strips were planted), and no Basta tolerant cotton seed was available for these sub-plots. Also 
the transgenic seed used was genetically inferior, early-generation material from the plant-
breeding team, as transgenic cotton varieties were not available in a commercial Australian line. 

Consequently no cotton yield comparisons are possible from within the transgenic 
treatments, although some data on weed management for each treatment is available. Table 10 
show the eiiects of the transgenic treatments on grass control. · 

Table 10. The effects of the transgenic treatments on grass density (grass plants/m2). 

Conventional herbicides Roundup Bromoxynil Basta 
treated treated treated 

trifluralin & Cotoran 0.0 0.0 0.0 
trifluralin & diuron 0.0 0.0 0.0 

trifluralin 0.0 0.2 0.0 
Staple 164.2 312.6 

291.7 224.7 

Clearly, where a field has a grass problem, grass control will be a problem with each of 
the transgenic systems unless a grass herbicide is included in the system. This result was 
expected with Bromoxynil, which has no activity on grasses. While both Roundup and Basta 
have activity on grasses, grass control proved inadequate where a residual grass herbicide was 
not included. In both cases grass seedlings continued to emerge throughout the season and 
were difficult to control once they became established, particularly when they were moisture 
stressed. 

The overall weed pressure on the treatments is shown in Table 11. These results largely 
reflect the very poor grass control on the treatments which did not include a residual grass 
herbicide. Very good weed control (both grass and broad-leaf) was observed on all systems 
which used pre-planting trifluralin in combination with the transgenic treatments. 
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Table 11. The overall weed pressure on the transgenic treatments expressed as small weed 
equivalents per metre square. The weed pressure on the best of the conventional herbicide 
treatments was 15.0. 
Conventional herbicides Roundup Bromoxynil Basta 

treated treated treated 
trifluralin & Cotoran . 22.2 18.6 35.3 
trifluralin & diuron 28.8 24.9 29.9 

trifluralin 6.8 7.3 12.9 
Staple 177.4 335.3 

347.9 243.3 

Table 12 shows the weed pressure data after the grass data are removed from these 
results. While Basta gave good control of nearly all weeds other than the grass weeds, 
Roundup was weak on some of these weeds, with unacceptably high weed pressure occurring 
when no resiiual weed control was used. The Roundup/Staple combination gave good weed 
control and could result in very low weed pressure if combined with a residual grass herbicide. 

Table 12. The overall weed pressure (excluding grass weeds) on the transgenic treatments 
expressed as small weed equivalents per metre square. The weed pressure on the best of the 
conventional herbicide treatments was 15.0. 
Conventional herbic.ides Roundup 

treated 
trifluralin & Cotoran 22.2 
trifluralin & cliuron 28.8 

tritluralin 6.8 
Staple 13.3 

56.2 

Bromoxynil 
treated 

18.6 
24.9 
7.1 

Basta 
treated 

35.3 
29.9 
12.8 
22.8 
18.6 

Lint yield can not be properly compared between the transgenic treatments as the genes 
are in different varieties (at this point in time), and cotton with the Basta tolerance gene is still 
not available. With this qualification, yield comparison within the 2 transgenic lines are shown 
in Table 13. 

Table 13. Comparison of lint yield (bales/ha) of the transgenic cotton and the closest 
conventional cotton treatments. 
Conventional herbicides Conventional Roundup Bromoxynil 

treated treated 
trifluralin & Cotoran 5.3 6.6 5.4 
trifluralin & diuron 3.8 7.6 5.7 

trifluralin 8.6 5.8 
Staple 4.8 

4.4 

Lint yields on all the bromoxynil tolerant cotton treatments are surprisingly good 
considering that the material used was a Coker cotton variety, poorly adapted to Australian 
conditions. Within the transgenic lines, the treatment which gave the best weed control (the 



J 

~ 

J 
J 
I 
J 

] 

Q 

u 
J 

1 

12 

trifluralin treatment) also gave the best the best yields. Dollar returns from these treatments are 
shown in Table 14. 

Table 14. Dollar returns ($/ha) of the transgenic cotton and closest conventional cotton 
treatments as compared to the conventional treatment with trifluralin and Cotoran. 
Conventional herbicides Conventional Roundup Bromoxynil 

treated treated 
trifluralin & Cotoran $0 $726 -$6 
trifluralin & diuron -$848 $1325 $162 

trifluralin $1280 $251 
Staple -$314 

-$416 

Dollar returns show that the transgenic cotton varieties have the potential to contribute to 
the cotton in<Wstry on a strait economic basis, as well as through better weed management, 
increased. weed management options and the potential to reduce the tot.al amount of residual 
herbicide used per ha. 

The experiment continues this season with 60 treatments. with treatment differences 
becoming more apparent with time. The herbicide interaction with diuron which is discussed in 
the Cotton Grower article (Appendix 3) is being further explored this season where an 
additional 15 sub-plot treatments have been included, with di.uron, Cotoran and prometryn 
combinations with Stomp, Dual and trifluralin. In addition, the use of lower rates of residual 
herbicide in combination with over-the-top herbicides is being explored in the transgenic 
treatments. 

It is anticipated that the experimental design will remain unaltered for a further season 
and then will be.modified with an additional 2 main treatments being included. These treatments 
will be planted into wheat after picking, res\J}ting in standing wheat stubble at planting time. 
Sub-plot treatments will include conventional and non-conventional herbicide strategies in the 
standing stubble. 

Conclusions 
This experiment will make a significant long-term input into the cotton industry through 

the development on a range of weed management options using both conventional and 
transgenic, herbicide tolerant cotton varieties. Results over the next 2 seasons, together with 
results from the herbicide replacement experiments run by Grant Roberts (NSW Ag/CRC) will 
enable the establishment of options which rely less heavily on residual herbicides and can be 
particularly targeted to areas of lower weed pressure. None of the herbicides being currently 
considered with transgenic herbicide resistance have the potential to replace all residual 
herbicides, although it may be possible to do this in a single season on fields with low weed 
pressure. This practice would not be sustainable in the long-term, but may have a fit in some 
situations. 

(iii) Transgenic glyphosate tolerant cotton 
As discussed earlier, work on transgenic 2,4-D tolerant cotton was substituted for the 

planned work on glyphosate tolerant cotton (which was covered under objective 2). The results 
of this work were published in the proceedings of the 9th Australian Cotton Conference and in 
the Australian Cotton Grower (Appendix 4). 

Conclusions 
. 2,4-D tolerant cotton performed very well in the field, even when exposed to extremely 
high herbicide levels. Good levels of tolerances where expressed at all plant growth stages. 
Tolerance to MCP A was only marginal. 
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The results of this work indicate that further development of this material should 
proceed as soon as is feasible. 

(iv) Nutgrass control 
A wide range of nutgrass ecology and management studies have now been completed, 

although there are still many aspects of this weed which are not well understood. The field 
work has resulted in the publication of two scientific papers. Numerous articles have also been 
published over this period (Appendix S for example) with many more articles to come. The 
work has culminated in publication of the CRC Research Review "Controlling NUTGRASS in 
Cotton" (Appendix 6), which gives a practical guide to the tools available to the cotton grower 
for nutgrass management · 

A total of 31 glasshouse and 6 germination cabinet experiments have been completed. 
supplementing the results from the field work. Several experiments have looked at the effect of 
nutgrass age on the efficacy of glypbosate applications. These experiments have shown that 
there is no relationship between flowering and glyphosate efficacy and no consistent 
relationship between plant age and glyphosate efficiency. Other published data indicates that 
older plants are less affected by glyphosate. 1bis data has l;>een an important basis for the 
spraying recommendations. · 

Other~xperiments have examined translocation of the herbicides, comparing glyphosate 
and Sempra. These experiments showed that Sempra is poorly translocated, which is why it is 
not giving good long-term control in the field when applied through a shielded sprayer (it isn't 
translocating to unsprayed plants on the cotton hill). Glyphosate is not only giving a better 
long-term control of sprayed plants, but is also translocating, giving reasonable control of 
unsprayed nutgrass plants on the cotton hill. 

Other experiments have looked at the effect of additives and water quality on glyphosate 
efficacy for nutgrass control, but have not shown any major problems or any advantage to 
particular products. More recent experiments (still on-going) are examining the effects of 
MSMA, Sempra and glyphosate on the 3 nutgrass species, Cyperus rotundus (purple 
nutgrass), C. bifax (Downs nutgrass). and C. victorienses (yel.ka). Although field work has 
shown that Downs nutgrass and yeJka are much less of a problem, they are still of concern to 
some growers. 

A scientific paper is currently under way which integrates the glasshouse and field data 
relating nutgrass density to cotton yield, showing that at high densities nutgrass will out-
compete cotton, resulting in. no harvestable cotton. 

Another paper is under way looking at the spread of purple nutgrass and Downs 
nutgrass in the field. 

Finally, a field experiment commenced at Noiwood last season, which will be 
completed this season. This experiment looks at the effect of heavy (spot spraying) rates of 
Zollar on nutgrass control. 

Conclusions 
The science of nutgrass management has progressed a long way under this project, 

ciilminating in the Research Review. Practical in<rop nutgrass management will become a 
much safer option with the introduction of Roundup Ready, Roundup tolerant transgenic 
cotton. The commercial release of this material is coming closer, although it still appears to be 
several years away. 

A continuing, but small research input over the next few years should maintain this 
program at the cutting edge of nutgrass management. 

Other Research 
A number of other experiments have been undertaken as part of this project 
Of this research, the 2 most important components have been the completion of the 

noogoora burr and thomapple competition work, and the work on the takeall weeds. 
The competition work has been completed with the publication of a scientific paper and 

article in the Australian Cotton Grower (Appendix 7). This work showed the potential impact 
of large weeds on cotton and the importance of maintaining weed control even when these 
weeds are at very low density. It is proposed to continue this work as a Post-Doctorial 
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Fellowship funded by CRDC. The work also prompted the publication of an article on seed 
production potential of these and other weeds (Appendix 8). 

Research on the takeall weeds polymeria takeall and haloragis takeall has continued in 
parallel with the CRDC funded PhD fellowship working on the biology and ecology of 
polymeria takeall. Management of polymeria-takeall with inter-row applications of heavy rates 
of glyphosate appears to be working successfully and should result in publication of these 
results next season. Haloragis takeall was easily controlled by glyphosate and will be covered 
·in the article. 

Experience gained through this project also contributed to development of the ''Weed 
Management" section of the Australian Dry land Cotton Production Guide recently published. by 
CRDC, and into the CRC for Sustainable Cotton Production with input into overseeing the 
CRC appointed weeds researcher and into the ongoing direction and policy of the CRC. 

Discussion of results 

The project has clearly achieved its aims and objectives with well defined and 
structured experiments, many of which are on-going. Dis&emination of the results of these 
experiments has been effective and is continuing . • 
Assessment of the project's impact 

There was no quantifiable effect of farming systems on the weed spectrum. and density, 
indicating that either the expected impact of changes to the farming system is smaller than 
anticipated or that the system is more robust than expected. Consequently. this research will 
have no immediate impact on the cotton industry except to alleviate fears of the impact of 
changing fanning systems. Nevertheless, this research needs to continue, firstly because this is 
an important component of the farming systems experiments and could not be dropped without 
reducing the value of the whole project, and secondly because the current result is not 
necessarily the future result as farming systems and technology continue to change. The 
commercial introduction of herbicide resistant cotton, new herbicides and equipment and the 
continuing .move away from chipping and towards stubble retention will collectively impact on 
weed problems of the future. Now that the bench-mark bas been established, it should be 
possible to quickly identify future adverse changes if and when these occur. 

The herbicide systems experiment will have a long-term impact through the 
development of efficient and sustainable weed management systems using both conventional 
and transgenic cotton varieties. Already this experiment has impacted through identification of 
the possible negative· impact of diuron on herbicide systems (results over this season and next 
will quantify this) and through the development of the transgenic cotton. This experiment is of 
major importance in continuing to obtain GMAC support for the development of the transgenic 
materials. Development of efficient, less environmentally damaging and sustainable weed 
management systems must continue to be a fundamental aim of the cotton industry. 

Given the problems of 2,4-D damage to the cotton industry last season and the on-
going problems with 2,4-D, the successful field evaluation of this material is of great value to 
the industry. 

While nutgrass remains a problem for many cotton growers, the development of the 
nutgrass management package is of large value to the cotton industry. This value can be 
measured in terms of improved sustainability through a halt to the decline in productive areas in 
some fields, through a reduction in ongoing problems as nutgrass escapes into new fields are 
controlled before they become of importance and through increased cotton production on fields 
infested with nutgrass. 

It is concluded that this research has and will continue to benefit the cotton industcy 
both through its direct input and by way of leadership and input into the other projects on 
farming systems and weed management. 
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Recommendations on these activities 

This project has had and will continue to have a big input into the direction and policy 
of the CRC for Sustainable Cotton Production. The developments of the project are being 
complimented and supplemented through the research program of the CR.C's weeds researcher 
based at the ACRI and through the CR.C's program based at UNE. 

The current work is being continued through the new 3 year project funded by CRDC 
and it is proposed to expand the work through a new CRDC funded Post Doctorial project. 
The weed management systems aspect of the work will also be expanded with the appointment 
of a farming systems Scientist through the CRC. 

Extension of the results from this work will continue to be a priority of the new project, 
leading to the development of units for ''WEEDpac". 
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SUSTAINABLE WEED MANAGEMENT 
ON PERMANENT BEDS 

Graham Charles 
NSW Agriculture 

Australian Cotton Research Institute, Narrabri 

Summary 
Weed management systems in cotton are continually evolving, particularly in 

response to reduced cultivation and chipping and increased use of herbicides. The 
use of permanent beds and reduced tillage is likely to cause a shift in the problem 
weed spectrum. towards perennial weeds and those with rhizomatous root systems, 
which have previously been controlled with cultivation. 

A survey of 23 properties found that most weeds were much worse on fully 
cultivated fields than pennanent bed fields. The exceptions were rhyncho, da~ 
nutgrass and polyrneria. which were much worse on permanent bed fields. 

These data support the use of pennanent beds as a way of reducing over-all 
weed pressure, but emphasise the need to . develop control strategies targeted at 

rennial and rhizomatous weeds. 

Introduction 
Weed management in cotton is a constantly changing and evolving science. 

Management systems vary from field to field, farm to farm and season to season, in 
response to weed pressure (density and species), environmental conditions, 
cropping rotations, soil type and moisture content, time, labour, equipment and 
financial constraints, previous experience and individual prefe~nces. Soil 
management, insect management (pupae busting), irrigation/rainfall .~od and 
timing, and stubble levels and'management (stubble burning, stubble incorporation 
or stubble retention on the surface) also impact on weed management. 

With continuing expansion of the cotton industry and in particular the rain-· 
fed area, a wide range of systems for weed management have developed over time, 
ranging from heavy reliance on cultivation and chipping to heavy reliance on 
herbicides. These systems developed particularly in response to climatic and 
cultural differences, and to accommodat~ reduced tillage, permanent-beds, 
controlled trafficking and stubble-retention systems. 

Over the decade, there has been a general reduction in the use of hand-
chipping, with substitution of residual herbicides. Over the industry, diuron and 
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trifluralin use has increased, while fluometuron, prometryn, pendimethalin, dicamba .:.~ 

and glyphosate use bas substantially increased. Of the remaining herbicides, only - .. "j 
MSMA use has declined. ",fi 

These changes in approach to weed management have both benefits and .-.~ 
·,.: '; ·:,, 

costs. Benefits should include reduced weed competition with improved yields and ., .. ~ ~:: 
efficiency, but this may ~ot actually be the ca_se. Systems reliant on herbicides may_.&; 
well be more expensive than more conventional systems and herbicide damage to ;;;:,.,. 

seedling cotton is becoming a more common and more serious problem. Greatei 
reliance on herbicides and especially residual herbicides may also lead to a build up 
or'herbicides in th~ cotton environment and to environmental contamination~ 
Herbicides may select out a new range of weeds which ha".e in the past bee~­
controlled by cultivation, and heavy herbicide use may lead to the emergence ol·~; 

. v...:•· 

herbicide-resistant weeds as a major problem. . ~~~ 
'<' ll!. 

The ACRl's· role ;.-·I 
. With the '.ntroduction of new h.er~icides (Staple and Sempra), herlli~ide- ~.~ 

resistant transgeruc cotton, and the contmwng spread of problem weeds, 1t is likely .. ~ 
that weed management will continue to evolve over the next decade. The primacy ~1 

. ~ 

aim of weeds research at the ACRI is to help the industry to assess the impact of ·,t 
changing management systems and to develop sustainable weed management 
systems for ·the future which rely less heavily on herbicides. In order to achieve 
this, my project includes a regular weeds survey of the 3 CRC farming systems 
sites, as well as another farming systems site, 5 permanent bed sites, and a fully 
cultivated site. Also, I have a weed management system experiment at the ACRI 
and am involved with the development of weed management systems for herbicide-
resistant transgenic cotton. 

A second weed scientist, Dr. Grant Roberts, has now commenced work at .. 
ACRI and will be focusing on developing sustainable, low-input weed management 
systems for fields which do not have heavy weed pressure, including rain-fed cotton 
production areas. 

Permanent beds 
Farming systems generally are moving towards the concept of minimum-

tillage, and where possible, controlled trafficking. Implementation of this concept is 
leading to greater efficiency, with improved production and reduced soil 
~ . 

degradation, but is also likely to cause a change in the weed spectrum. Weed 
spectrums evolve over time, as pressure from environmental conditions, cultivation, 
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herbicides and crop competition select species tolerant of prevailing conditions. 
Species controlled by a component of one management system, may not be 
controlled by a new system, and over time numbers may increase until the weed 
becomes an important pest. 

However, these weed problems, though important, may be slow to emerge. 
In many instances, weed spectrum will re~ate more closely to field history than to 

current p~ct:ipes, as many of the more difficult to control weeds of cotton are hard-
seeded and seeds persist in the soil for very long periods. High levels of seed 
production and seed longevity in the seed-bank may mean that a lapse in weed 
control on just one occasion may ensure a weed problem over many years. 

Reduced tillage, with increased reliance on herbicides, in particular 
glyphosate, will lead to the selection of a new weed spectrum, consisting of those 
species tolerant to the herbicides. This is likely to include perennial weeds and those 
with rbizomatous root systems. It is unlikely that these will be new weeds, but will 
be weeds already present at low frequency and being controlled with cultivation. 
Weeds which will probably become more important under reduced tillage, 
permanent bed systems, include: sow thistle, medics, emu-foot, rhyncho, verbine. 
the; takealls (polymeri~ haloragis & vigna), bindweeds, tar vine, nutgrass and 
oxalis. 

Field data 
· To gain information on the impact of permanent beds, Paul Castor and Max 

McMillan undertook a survey of 23 properties in the Gwydir and Macintyre valleys 
in the 91/92 season. Fully cultivated and permanent bed fields were surveyed on 
each property. This survey included information on cropping history, herbicides 
used, and inigation practice at planting (pre-irrigation or watering-up). Weeds were 
assessed using quadrats, with counts of hill and furrow areas. ... 

Thirty five different weed categories were identified; categories consisted of 
a single weed species or a collection of similar and closely related weeds which were 
not readily distinguished. Densities of these weeds avel';lged over all properties and 

. . 
fields are shown on the following page. 

The most common weeds were grasses, medics, peach vine, bladder ketmia 
and sesbania, each occurring at greater than 1 weed per m2. Many of the other 
weeds occurred at very low densities ( < 0.1 per m2). 

:I 
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Table 1. The average density of3S weed categories recorded in the 1991/92 survey 
of weeds on 23 properties in the Gwydir and Macintyre valleys. 

Weed Category · Weeds per m2 Weed Category Weeds per m2 

Qrasses (Poaceae ) 
Barnyard grass 0.06 
Black oats 0.03 

. ' . 
·Other grasses 2.00 

l.egmtlC5 <Fabaceae l . ·. 
Emu foot 0.81 
Medic 2.96 
Rhyncho 0.36 
Vignatakeall 0.06 

Vine weeds 
Aust. bindweed 0.07 
Bindweed 0.03 
Devil's claw 0.29 
Melon 0.03 
Peach vine 3.08 
W:ireweed 
Yellow vine 

Perennial weeds 
Nut grass 
Polymeria takeall 

0.02 
0.73 

0.28 
0.09 

Sm!lll broild-leaf weeds 
Amaranthus sp. 
Geraniwn . ·~· Goose foot 
Pig weed 

Polymeria 
Sensitive plant 
Sida 
Spurge 

Medium broad-leaf weeds 
Bathurst bwr 
Bladder ketmia 
Chinese lantern 
Mallow 
Mint weed 
Prickly lettuce 
Sow thistle 

Lat;ge bmad-leaf weeds 
Anoda 
Daturasp. 
Noogoo.ra burr 
Sesbania .. 

Data collected by Paul Castor and Max McMillan. 

0.62 
0.01 

. 0.03 

0.02 

0.14 
0.02 
0.02 
0.09 

0.06 
1.74 
0.84 
0.03 
0.77 
0.04 
0.04 

0.02 
0.35 
0.73 
1.62 

.. 

·--) . 

, _ 

Further analysis was undertaken of those weeds whic~ were present at 
greater than 0.1 per m2. Where cultivation, pre-irrigation method, or position in the 
row had a significant (P<0.05) effect on weed density, these data are presented on 
the following page. There were no significant effects on sesbania density. 

.... ,, .. 
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Table 2. The effect of culture. irrigation technique at planting and position in the 
row, on the average density (number per m2) of weeds occurring at densities greater 
than 0.1 per m2. Data are only presented where the effects are significant (P<0.05). 

Weed Culture Irrigation Position 
category Fully Pennanent Pre- Watered- Hill Furrow 

Cultivated beds irrigated up 

Qrasses 
Total grasses 4.2 0.0 1.9 2.3 

Legumes 
Emu foot 1.0 0.6 0.5 1.2 0.1 1.5 
Medic 4.6 1.3 3.9 2.0 0.5 5.4 
Rhyncho 0.1 0.6 0.5 0.2 0.1 0.6 

Vine weeds 
Devil's claw 0.6 0.0 0.0 0.6 
Peach vine 5.6 0.5 2.8 3.3 1.1 5.1 
Yellow vine 0.2 1.2 0.3 1.2 

Small broad-leaf 
Amaranthus sp. 1.2 0.0 0.0 1.2 

MediYm broad-J~i&i 
Bladder ketmia 2.0 1.5 0.4 3.1 
Chinese lantern 1.7 0.0 1.7 0.0 0.8 0.8 
M:intweed 1.5 0.0 

Lar~ broad-leaf 
Datura sp. 0.0 0.7 0.7 0.0 0.2 

... 
0.5 

Noogoora burr 1.5 0.0 1.5 0.0 0.4 1.1 .. 

Perennial weeds 
Nut grass 0.0 0.6 0.1 0.4 
Polymeria 0.1 0.4 0.1 0.4 

These analyses indicate that weeds are generally worse on fully cultivated 
fields than pennanent bed fields. The exceptions to this were rhyncho, datuia, 
nutgrass and polymeria, which were much worse on permanent bed fields, and 
sesbania, which wa5 not affected by cultural teclmique. Planting irrigation had little 
effect on weed density, as might be expected, although Chinese lantern. datura and 
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noogoora burrs were much worse on pre-irrigated fields, and devil's claw and 
yellow vine were much worse on watered-up fields. Weeds were consistently 
worse in the furrow than on the hill, probably indicating that banded herbicides were 
working effectively. 

To achieve an overall analysis, a weed index was developed as follows: 
.. , : weed index= (grasses+ legume+ small broad-leaf weeds)+ 

. 2 *. (vines+ perennials+ medium broad-leaf weeds)+ 
4 *(large broad-leaf weeds) 

.. Analysis of the survey results using this index showed _tha~ overall, irrigation:~" 
had no effect on weed pressure, but that there were s1gmficant (P<0.001) :~~ 
differences associated with cultural technique and position in the row, as showD:·j,. 

;,. 
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Table 3. The effect of culture and position on the weed index, which includes all 
observed weeds. The effect of pre-planting irrigation was not significant (P>0.05). ' .. " · 

. . ::·~ 

Culture Position 
Fully Pennanent Hill Furrow 

Cultivated Beds 

Weed Index 52.5 16.5 21.0 48.0 

This finding, that weed problems are far worse on fully cultivated fields 
J' 

supports the concept that permanent beds and minimum cultivation are helpful 
approaches in developing a sustainable, profitable cotton industry which relies less 
heavily on chemicals. Sustainability will, however, depend on developing strategies 
targeted at controlling problem weeds such as sesbania, datura, rbyncho, nutgrass 

and polymeria. 
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jlAanaging weeds in farming systems ,, 

By Graham Charles, Australian Cotton Research Institute 

F arming systems experiments are a 
core component of the CRC for 
Sustainable Cotton Production. 

Experiments are established on irrigated 

1elds at 'Auscott' Warren, at 'Beech-
jorth' Merah North, near Wee Waa, and 

on a non-irrigated field at 'Prospect' 

Erra, near Dalby. A large number of 
· ntists are involved in monitoring vari-

components of the systems, includ-
ing soil characteristics, crop yields, water 

se, nutrition, disease incidence, and 
eed pressure. 
Weed management is a constant prob-

lem in all farming systems, "\?vith infinite 
riations in weed spectrum and weed 
··~e. Weed problems are difficult to 

,hage as they vary enormously 

E
tween systems, between fields and 
thin fields. Weed 'patchiness' is a nor-
al but difficult to manage component of 

this problem. 
Ideally, different herbicides and rates 

16 
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Cotton ond wheat plots in the cropping rotation systems experiment at Beechworth. 

are required in various parts of each field, 
to match weed occurrence. But this is 
next to impossible to achieve with current 

technology. Weed problems also vary 
from year to year and season to season, 
making it difficult to predict the need for 

Black.Toyota has been supplying Toyota 4WD's to 
the cotton_ industry for 14 years. With a reputation 
for the best de~ls around, we can tailor a package 
for you. · · 
Black Toyota is one of the largest commercial Toyota 
dealers in Australia, with. the best baGk-up service 
and· parts distribu.tion. :~. ...,".. _ .~ ··· .. 

· T9lk to us toda/· and yo~"-wili --~eaii.se ·°{hat you· are 
always nL:Jmt>er"one with us; 
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r 
pre-emergent herbicides. 

Weed pressure in a field may reflect an 
inadequacy in a fanning system, but also 
may reflect historic events, invasion of 
weeds from o ther sources, or 
unfavourable conditions at a critical time 
which allowed weeds to establish and set 
seed. Weed control on the CRC systems 
experiments is further complicated by 
very close proximity of different crops, 
which sometimes limits herbicide options 
because of the high risk of drift to neigh-
bouring plots. 

CRC RESULTS 
Weed pressures over the three CRC 

sites are very different, both in weed 
species and in weed 2ensities, with the 
greatest pressure at Beechworth, Merah 
North. Common factors over the three 

FIGURE 1 : The crop rotations used in cropping systems 

~ Surveys: + ++ + + ++ 
1: 

(cotton 
cotton) 

2: (cotton 
/fallow) 

3: (cotton 
/wheat) 

1993 1994 1995 1996 1997 
Beechworth cro In s stems 

FIGURE 2: Weed pressure (small weed equivalents per square metre) 
on the Beechworth rotatipn experiment 

40 

) sites were the development of volunteer 
crops as important weeds , and the pres-
ence of high densities of sow thistle at all 

35 

30 

~ 25 

1 

sites. 
To allow a better understanding of the 

dynamics of weed populations on these 
sites, I've selected three systems from 
Beechworth: a continuous cotton system; 
a cotton/bare fallow rotation; and a cot-
ton/wheat rotation. 

These systems are shown in Figure 1, 
and the resulting weed pressures in Fig-
ure 2. Thirty eight different weed species 
were identified at Beechworth over three 
seasons, although peach vine was by far 
the most numerous and most important, 
with densities as high as 28 seedlings per 
square metre recorded. 

"' "' ~20 
'ti .. 
~ 15 

10 

O Volunteer crop plants 

O Large broad-leaf 

• Medium broad-leaf 

1 2 3 

~ gi ~ 
§ ~ > 
7 z ~ .., ~ .... .. ('.[ ... 

Date of survey 

• Small broad-leaf 

• Perennial plants 
m Vines 

' 1 2 3' 
<D <D 

"' 'b a. .. .. 
(I) Q 
<O ..:. ... 

• Legumes 

0 Grasses Peach vine is being controlled in cotton 
at Beechworth using Cotogard at planting 

) and Gesagard at lay-by. In the 1995-96 
- season, for example, Cotogard at 2.5 

litres per hectare was applied at planting, 
20 C> 

The systems and dotes of observation are indicated below the figure. Comparison of the sys· 
terns can most accurately be made when oil three are in the same cropping phase, as ocCtJrs on 
the 2nd, 3rd and final two observations. 

call HARVEST-HOTLINE 
After a very successful winter grain harvest, the HARVEST HOTLINE is looking to help Farmers end 
contractors with their summer crop harvest needs specialising in cotton and all groin crops. 
• FARME:RS: if you hove a crop lo pick or strip, and need cotton pickers, module builders, choinbeds, 

looders, trucks and headers, then we can put you in !ouch with the right contractor for the iob. 
• CONTRACTORS: are you looking for work? We can help you line up your next iob. 

Find the help you need to make the harvest run smoothly. 
Call the HARVEST HOTLINE on 

1902 963 501 
C.A.S chorge $3.00 per minvte. f'Aobile and public phones ex.Ira . 
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r <17 ... WEEDS IN ROTATIONS 
and Gesagard at 2.5 litres per hectare 
was applied as a lay-by treatment. 

l Wtld turnip was also present in the fal-
low of the cotton-wheat rotation at up to 
seven seedlings per square metre. 

J Overall, the continuous cotton system 
had the lowest average weed pressure, 
with comparatively low weed pressure on 
all but the last occasion. Nevertheless, it 

l is significant that after three seasons of 
comparatively low weed numbers, this 
system does not have the lowest weed 

] 
pressure in the current cotton season. 
There are a number of possible reasons 
for this result. 

WEED SOURCE J It may be that the seed-bank of peach 
vine seed is so large at Beechworth that 
control over three seasMs has not yet 
made an appreciable difference. Alter-
natively, it may be that peach vine seed 

coming on to the field from external 
sources such as storage dams or supply 

J channels. 
A third possibility is that even though 

the peach vine levels on the continuous 
cotton systems have been comparative-
ly low, there may still be enough seed 
produced in this system each year to 
generate the numbers seen at the final 
observation. 

Other work has shown that the levels 
observed - of 0.2· peach vine per 

] 
square metre in autumn - could have 
produced 158 seeds per square metre. 
This is more than sufficient to give the 
22 peach vine seedlings per square 

l metre obseived here at the final observa-
tion. A better understanding of the 
source of the peach vine problem may 

SAUER 5 SUNDSTRAND 

D 
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VIC SA 
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allow the development of more effective 
management solutions. Work over the 
next season should clarify the issue. 

The comparative advantage of the 
continuous cotton system at Beechworth 
was not apparent at the other two sites 
(Figure 3), although the large weed index 
on the continuous cotton at Auscott was 
largely due to a single occasion when the 
other two systems were in fallow. Also, 
the expected weed control advantage 
from a fallow component in a system is 
not apparent at this point. 

Possibly the advantage is being 
masked by the large seed-bank present in 
the soil. Similarly, although broad-leaf 
weeds have been almost impossible to 
control in the broad-leaf rotation crops, 
these weeds are not yet showing up as 
long-term problems. 

Over the three sites, the data to this 

point have not indicated any major 
advantages or disadvantages for weed 
management on the various cropping 
systems. It seems that historic events 
and seasonal conditions are having a 
larger impact on weed populations than 
the cropping systems used. Data over 
the next couple of seasons should clari-
fy this result. 

········ ... .. .... ..._.-

FIGURE 3: Weed pressure (small weed equivalents per square metre) 
on the Auscott, Warren and Prospect, Warra rotation experiments 

System: 1 

D Volunteer crop plants 

D Large broad-leaf 

• Medium broad-leaf 

JI) Small broad-leaf 

Prospect, Warra 

System: 1 

The Auscott Warren systems were: 
1 - continuous cotton; 
2 - cotton/fallow rotation; 
3 - cotton/wheat rotation. 

Auscott, Warren 

2 3 

• Perennial weeds 

~ Vines 

• Legumes 

D Grasses 

2 3 

At Prospect Werra (the non-irrigated 
site), the systems were: 

1 - cotton/fallow rotation; 
2 ·cotton/wheat rotation; 
3 - cotton/wheat/fallow rotation. 
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l· Sorting out coHon weed control options 
j By Graham Charles, Cooperative Research Centre for Sustainable Cotton Production 

1 T he arrival of new herbicides and new j 
technology brings a fresh challenge 1 
to the science of weed management ! 

l in cotton. The challehge is how best to I 
use these resources to develop weed man- I 
agement systems which are sustainable 
and profitable, with less reliance on chip-
ping, cultivation and herbicides. The intro-

1 duction of genetically modified, herbicide : 
tolerant cotton varieties particularly brings ' 

Summary 
• Gross weeds were very difficult to control 

in systems without residual herbicides. 
•Weed pressure '.YOS vety high in syslems 

without residual herbicides. 
• Cotton yields were higher in conventional 

systems and systems using Roundup 
Reody cotton. 

J 
new possibilities to reduce the use of pre- ; 
emergent, residual herbicides. 1 

yield under each system. Herbicide timing 
Research over the past three seasons at ; and rates were adjusted to reflect weed 

the ACRI at Narrabri has compared 12 '. pressure on each treatment. At the start 
herbicide systems {see Table 1), assessing of the experiment, the field ranged from 
the resulting weed pressure and cotton very clean at one end, through to very 
,,_) ____ ________ __, 1 dirty (high grass population) at the other 
TABLE 1: Herbicide 
management systems 
The following numbered treatments 
describe !he herbicide management 
systems referred to in !his article. 
Systems 9 to 12 ant Roundup Ready 
treatments 

1"" Pre·emergent: T riffurolin 
Plant: Cotoran 
Post-emergent: Gesagard 

2= Pre-emergent: Triffuraiin and Diuron 
Plant: Cotoran 
Post-emergent: Gesagard 

3· Pre-emergent Diuron 
Plant: Dual and Cotoron 
Post-emergent: Gesagard 

4= Pre-emergent: Diuron 

' end. Noogoora and Bathurst burr were 
present in the middle of the field. 

The herbicides and rates used are 
' shown in Table 2 .. Rates marked with an • 

were split applications. 
Grass control 

Barnyard grass pressure was low on all 
systems in 1995--96 (Figure 1), but blew 
out over the next two seasons on systems 
not including a pre-emergent grass herbi-
cide {Systems 7, 11 and 12). Fusilade was 
used as a post-€mergence grass heroicide 
in Systems 6 and 7 in 1995-96, but per-
formed poorly and was replaced by Verdict 
in 1996-97. Verdict also perlormed poor-
ly and was replaced by Falcon last season. 
Falcon gave very good grass control on 
System 6, but failed in System 7 where it 

was used in combination with Staple (Sta-
ple applied on November 6 and Falcon on 
November 7). The Staple inactivated the 
Falcon when used this way, and a second 
Falcon application on November 17 again 
gave no grass controJ. 

Barnyard grass control was also poor 
on the two systems using Roundup Ready 
cotton without a pre-emergent grass her-
bicide {Systems 11 and 12). The grass was 
controlled by Roundup at each herbicide 
application, but as Roundup has no resid-
ual activity, it did not control successive 
weed germinations and the grass got out 
of control when wet and windy conditions 
prevented timely herbicide application. In 
the 1997-98 season, for example, the 
cotton was to be watered up, but emerged 
on rain. Roundup was applied on Novem-
ber 6, killing most grass seedlings. A sec-
ond directed application was planned for 
late November, but the weeds {and cotton) 
were moisture stressed and the field was 
irrigated on November 19. Rain occurred 
before the field dried out and the Roundup 
appUcation was delayed until mid-Decem-
ber, by which time the grass was large and 
competing strongly with the cotton. 
Broad-leaf weed control 

Dwarf amaranth, wild gooseberry and 
caustic weed were the most numerous of 
the smaller broad-leaf weeds. These weeds 
were again worst on systems which did 
not include pre-emergent herbicides (Sys~ 

14C> 

J 
Plant: Dual and Cotoran 

) Post-emergent: Gesagard 
5,,, Pre-emergent: Diuron 

Plant: Dual 
Post-emergent: Staple and Gesagard 

6m Pre-emergent: Diuron 

FIGURE 1: Barnyard grass density over the three seasons. Falcon 
herbicide was used only in the 1997-98 season, wfth Fusilade used in 
1995-96 and Verdid in 1996-97 (Systems 6 and 7) 

J 
Post-emergent: Falcon and 
Gesogord 

7.., Post-emergent: Staple, Falcon and 
Gesagard 

a .. Pre-emergent: Zoliar 
Plant: Cotogard and Diuron 
Post-emergent: Gesagard 

Roundup Ready treatments 
9,,. Pre-emergent: TriAuralin 

Posl·emergent: Roundup 
1 O= Pre-emergent: T riffurolin and Diuron 

1 
Post-emergent: Roundup 

11 m Post-emergent: Staple and Roundup 
12"' Post·emergent: Roundup 
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terns 7, 11 and 12), with both pre-emer-
gent grass and pre-emergent broad-leaf 
herbicides showing some activity on these 

TABLE 2: Herbicides used in the trials 

Pre-emergent herbicide 
(applied in early September) 

Planting herbicide 
(early October) 

Post-emergence herbicide 
{November & December) 

Trifluralin 
OiW'On 
Zollar 
Coto ran 
Dual 
Cotogard 

Fusilade 
Verdict 
Falcon 
Staple 
Roundup CT 
Gesagard 

weeds (Agure 2). Roundup killed most of 
these weeds, but gave inadequate oontrol 
as the weeds continued to germinate 
throughout the season. 

Total herbicide n:ite applied (I or kg/ha) 
1995-96 1996-97 1997-98 

2.5 2.7 2.9 
1.7 2.7 2.9 
1.4 1.3 1.5 
3.8 3.8 3.8 
2.1 2.1 2.1 
1.0 1.0 0.9 
2.4· 

2.r 
0.18 

0.20· 0.23• 0.24• 
2.4• 2.0• 4.3· 
2.0 6.2· 2.2 

FIGURE 2: The density of small and medium-sized broad-leaf weeds 
over the three seasons. Dwarf amaranth, wild gooseberry and caustic 
weed were the most numerous of these weeds 
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FIGURE 3: The density of large broad·leaf weeds. Noogoora and 
bathurst burrs were the most common 
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Dwarf amaranth was well controlled in 
systems which included trifluralin or Dual, 
and Staple gave some control. Dwarf 
amaranth was not controlled in the sys-
tem using only Roundup. Wild goosebeny 
was controlled in all systems which includ-
ed a pre-emergent herbicide, while caustic 
weed control was much better in systems 
including Dual when compared to those 
including trifluralin. 

Noogoora and bathurst burr were the 
most common large broad-leaf weeds with 
relatively high numbers in most systems 
{Figure 3). Unlike the smaller broad-leaf 
weeds, the best large broad-leaf weed 
control occurred in System 7. which 
included no pre-emergent herbicide. Of 
the remaining systems, those including 
Staple gave a reasonable level of control, 
although burr germination occurred sea-
son-long, and control was limited to two 
Staple applications. 

Using Gesagard as a lay-by broad-leaf 
weed control tool appeared to be a largely 
ineffective strategy. In systems where 
broad-leaf weeds were a problem, these 
weeds emerged well before lay-by, and so 
were not controlled by this herbicide 
application. The Gesagard rate was 
increased and applied as a split applica-
tion in the 1996-97 season, but the lay-
by component of this application (4 Vha 
appUed on January 6) was still largely inef-
fective as most weeds had emerged before 
this application. 
Weed pressure index 

A weed pressure (competition) index 
was developed to allow an overall com~ 
ison of the weed pressure on the systems. 
This index gave higher weighting to larger 
weeds to reflect the relative competitive-
ness of the different species, resulting in a 
weed pressur~ index expressed as 'small 
weed equivalents' per square metre. The 

Weed pressure increased in systems with-
out residual herbicides. 

THE AUSTRALIAN COTIONGROWER 



·weed index was dominated by the high 

1. grass density in some systems, and was 
highest on systems not including pre-€mer-
gent herbicides {Systems 7, 11and12). 

l The weed index was lowest in the ·con-
ventional' system (System 1) and in Sys-
tem 8. Overall, systems which included tri-
fluralin gave better weed control than 
those !nduding Dual. 

One unexpected result was a reduction 
in weed control in systems including 
dluron and trifluralin compared to those 
with only triflura1in (System 2 compared. to 
System 1, and 10 compared. to 9}. 
Cotton lint yield 

) Yield of the non-Roundup Ready sys-
tems (Systems 1 to 8) over the three sea· 
sons (Figure 5) was inversely related to 

l weed pressure (Figure 4), with the highest 
yields on the systems with the lowest weed 
pressure. Overall, the conventional system 

1 {System 1) gave the highest yield, with the 
lowest yield on System 7. 
) The Roundup Ready systems (Systems 
9 to 12) recorded high yields, with the 
highest yield on System 9. The high 
yields qn these systems in 1996-97 can 
be partly attributed to the design, with 

] 
Roundup Ready sown in small plots, with 
a large edge effe~t. But Systems 9 and 10 
out-yielded System 1 (the best normal 

l 
. cotton system) by three bales per hectare 

in 1997-98 when all systems used the 
J same plot size. 

To better understand this result, an ·1 additional system was included. last season, 
in which Roundup Ready cotton was 
treated as norrOal cotton using System 1. 

1 This additional system had the same weed 
pressure as System 1, but yielded 1.7 
bales per hectare less than System 1. This 
result Indicates that the high yield on Sys· 

ps 9 and 10 was not due to Roundup 
• • lady cotton per se, but may be due to 
an interaction with the Roundup and/or 

1 the reduction in the use of residual herbi-
cides on these systems. 

Surprisingly, even though there was a 
huge difference in weed pressure between 

J the best (System 9) and worst {System 12) 
of the Roundup Ready systems, the lint 
yields were not that different, with System 

112 yielding as well as the best of the con· 
ventional systems. 

Comparison of the systems with and 

t 
without diuron (System 2 compared to 
System 1, and 10 compared to 9) shows 
the combination of trifluralin and diuron 
resulted in a reduction in cotton yield as 

I well as the increase in weed pressure pre· 
! viously noted. Further work will be under· 

J JULY-AUGUST, 1998 

FIGURE 4: The overall weed pressure, expressed as small weed equiva· 
lents per square metre. Two pairs of systems are highlighted, where 
the resulting weed pressure with and without diuron can be compared 
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FIGURE 5: Cumulative cotton lint yield over the three seasons 
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NOTE: Rovndup Ready collon WC$ not Cl'l'Oilable in the 1995-96 season. A yidd equol Jo that of the conventiOI\· 
al syslem (Sysi.m 11 is silOWTI for SysMms 9 lo 12 for !his JeOton. The hi9h yield on the Roundup Ready SYJ1ums 
in 1996-97 is olso misleading as only smoD sub-plots coold be used in this season due to a "1ortage of seed. 
lhe 1997-98 yields rep-' a true comparison '*-1 all syslems 

taken to. investigate this result, which is 
not easily explained, but was consistent 
over systems and seasons. 

Published work points to an interaction 
between these herbicides, where the prun· 
ing of surface cotton roots by trifturalin 
can 'safen' cotton to diuron, as diuron 
would be absorbed through these surface 
roots. But our work suggests the presence 
of other Interactions. A similar effect 
might be expected when trifluralin is used 
in combination with either Cotoran or 
Cotogard at or before planting. 

Of the other herbicides. there was a 71 
per cent reduction in cotton establishment 
on the systems including Dual (Systems 3, 
4 and 5) after rain following planting last 
season. 

Gross return • 
Dollar return from each of the systems 

was compared to the conventional (Sys-
tem 1). The return was calculated as lint 
value minus the cost of herbicides and her-
bicide application, but excludes the cost of 
other inputs, which will be similar for most 
systems, although with reduced picking 
costs on the poorer yielding systems. 

None of the non-Roundup Ready sys· 
terns were as profitable as the 'convention· 
al' system (System 1), with crop value mir-
roring the lint yield data. In all systems the 
yield of lint had much more effect on prof· 
itability than did the cost of the weed con-
trol system used. In the worst case (System 
7), the system yielded nine bales per 
hectare less lint (over the three years) com-

17 C> 
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J •~red to System 1, with a loss of $5953 
per hectare compared to this system. 

. However, the two Roundup Ready sys-

1 terns which included pre-emergent herbi-
cides (Systems 9 and 10) had higher yields 
and lower cost than System 1, returning a 

1 
profit of $3830 per hectare (System 9) 
and $3162 per hectare (System 10) more 
than System 1 (over three years}, as well 
as a reduction in the input of residual her-

] 
bicides when compared to System 1. 
Conclusions 

Growers should be careful about mak-

' 

ing radical changes in weed management, 
as the consequences of a mistake can be 
very expensive. But there may be consid-
erable gains to be made in modifying her-

1 bicide systems. A system which is giving 
satisfactory weed control may not be the 
optimum management system. 

1 Of the new technologies, Roundup 
Ready cotton gives the grower the paten-
)! to reduce the use of residual herbicides 
as well as increasing yields. Growers 

J should seriously evaluate the potential 
benefit of this material to their cotton sys-
tem and the possibilities for modifying 

J their existing weed management systems. 
But growers would be well advised to • retain most components of their existing 

weed management program at least ini-

J tially, making modifications as more expe-
rience is gained with the technology. A 
weed management system using trifluralin 
and Roundup Ready cotton many prove 
satisfactory in many instances, while a sys-
tem using Roundup Ready cotton without 

J 
any residual herbicide may be practical in 
some situations, but may be unsatisfactory 
in some seasons and may not be sustain-
able in the long-term. 

\These experiments, which now Include 
.Jsta tolerant and bromoxynil tolerant 

cotton, will continue, with some modifica-
] tions, over the next three seasons. 

J 

J 

] 
A system giving satisfoctory weed control 

J may not be the optimum management 
system. 

~]-JULY - AUGUST, 1998 

This work has only been po5$ible through the 
financial suppol1 of the Cotton Research and 
Development Corporation, close cooperation I 

with the CSIRO plant breeding teom, and assis· 
tance from Novartis, Du Pont, Nufann, Mon· 
5anlo and Rhone Poulenc. • 

FIGURE 6: Dollar return of the systems compared to System 1. The 
return was derived from the value of the lint less the cost of herbicides 
and herbicide application. No value was entered for the Roundup 
Ready systems in 1995-96 
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1 1. 2,4-D tolerant coffon in the field 

1 
By Graham Charles, Mark Hickman, Danny Uwewllyn and Greg Constable, 

CRC for Sustainable Cotton Production 

T he efficacy of transgenic, 2,4-0 toler-

1 ant cotton was field tested over the 
past tv.Q seasons in an irrigated fieL;I at 

Premer, on the Liverpool Plains of NSW. 

twisting of the petioles Oeaf stems), stem 
and squares. Reddenlng of the leaves and 
petioles may also occur. In severe cases, 
2,4-D damage can kill cotton plants. 

2,4-0 is appUed to a falloW field in a dty 
winter. 2,4-0 nonnally has a very short 
half-life in soil where its breakdown is 
dependent on the activity of soil bacteria. 
But under cold dty conditions, microbial 
activity can be minimal and sufficient resid-
ual 2,4-D may remain to damage cotton. 

The material developed by CSIRO was a 
single transgenic line of Coker 315 contain-
ing an introduced 2,4-D degradation gene. 

The effects of spraying both transgenic 
and nonnal plants with 2,4-0 were moni-
tored in the 1996-97 season using visual 
damage symptoms and dry matter pro-
duction. 

A similar trial was carried out in the 
1997-98 season when conditions were 
more favourable and ~ plots were har-
vested to determine lint yield. Tolerance to 
MCPA was also assessed in this season. 
) BACKGROUND 

Cotton is extremely sensitive to 2,4-D 
and even minute traces of herbicide can 
cause some visible damage. Damage nor-
mally shows up as deformed leaves, with 
leaf strapping, crinkling and cupping, and 

2,4-0 commonly comes in two formu-
lations: 

• 2,4-D amine, VJhlch is relatively non-
volatile; and, 

• 2,4-D ester, which is volatile. 
Where 2,4-0 is sprayed during the cot-

ton season there ls always a risk of off-tar-
get movement, but this risk is much 
greater with the ester formulation. Move-
ment can be In the form of spray drift In 
windy conditions, or through volatilisation 
of 2,4-D ester, where the herbicide ls co~ 
rectly applied to the target, but then 
volatilises back into the air. These very 
fine volatilised droplets can be carried for 
long distances and may effect a cotton 
crop many kilometres from the site of 
appUcation. 

2,4-D damage can also occur when 

2,4-0 is also quite difficult to remove 
from spraying equipment and damage can 
occur if equipment is used to spray 2,4-D 
in winter and not adequately decontami-
nated before use on a cotton crop. 

Despite these difficulties, 2,4-D is an 
effective and relatively inexpensive herbi· 
cide which is often used for broadleaf 
weed control in fallows in winter, often as 
a tank-mix with glyphosate. It is also wide-
ly used for broad-leaf weed control In 
cereal crops and in summer for burr con-
trol in pastures, although this later prac-
tice should never occur in a cotton-grow-
Ing region because of the sensitivity of 
cotton to this herbicide. 

DEWSPRAY FOLIAR is a high grade liquid fertiliser containing dynamic levels of nutrients and 
trace elements essential for producing cotton with high yields and quality 

. . .~ 

1 ie benefits of DEWSPRAY are: Advantages of using DEWSl'RAY: 
• . feduces nutrient stress fn times of flush growth • Cost effective • · 
• Increases nutrient balance In sell • Convenient liquid 
• Reduces llkellhood of premature senescence • Highly concentrated 
• E reases yields • Oewspray technical backup 
• reases size and number of bolls • Dewspray service & reliability 
• 1 proves quality of cotton fibre • Custom formulated for maximum uptake and crop safety 
•Provides trace elements • Economical 

1 



TOLERANT PLANT 

] 
• CSIRO developed a cotton plant which 

was genetically altered to make it tolerant 
to 2 ,4-D. A gene isolated from one of the 

0 bacteria that breaks down 2,4-D In soil 
was inserted into the plants to allow them 
to detoxify 2,4-D to a less toxic chemical 
before the cotton is damaged. 

J The gene was introduced into Coker 
315, an American cultivar not suited to 
Australia's cotton production system and 

0 

Ll 

breeding is being done to transfer the 
genes into Australian cultivars. As yet, all 
the field efficacy studies have been done 
on the C.oker material. 

The Coker transformant showed good 
tolerance to 2, 4-D and some tolerance to 
MCPA In the laboratory, but It WM neces-
sary to evaluate the material's perfor-
mance in the field. To do this a site was 
selected near Premer, on the Liverpool 
Plains. This site was.sufficiently far from 
commercial cotton to ensure that 2,4-D 
could be used without danger to neigh-
bouring crops. 

THE 1996-97 SEASON 
The cotton was first evaluated in 

1996-97 in small plots within a commer-
cial sorghum field, surrounded by buffers 
of a Siokra cultivar a.9 required by GMAC, 
the regulatory authority controlling the 

Transgenic, 2,4-D tolerant cotton (two 
r<NIS left of centre) and 'nonnal' cotton 
(two r'OW$ right of centre) sprayed al the 
vegetative s1age with 2.2 litres of 2,4-D 
amine per hectare. 'lhirty cloys after appli-
cation the transgenic, 2,4-0 tolerant c~ 
ton is completely uncrffected by the spray. 

'Normal' cotton sprayed at the vegetative 
stage with 0.02 JitTes 2,4--0 amine per 
hectare. Leaf strapping, crinkling and 
cupping is clearly seen 30 days after her-
bicide application. 

field testing of transgenic plants. 
The design was a split-plot, with trans-

geni~ and normal cotton side-by-side in 
each treatment. This design ensured that 
transgenic and normal plants were equally 
exposed to the herbicide, but gave the 
transgenic plants an advantage when the 
nonnal plants in the neighbouring rows 
were stunted or killed by the herbicide. 

Unfortunately, the cotton established 
poorly and unevenly due to variable soil 
moisture a t planting. 2,4-D amine was 
applied at vegetative, flowering and boll fill 
stages (January 27, March 4 and March 
24 respectively), at 4.5, 1.1and 0.28 litres 
per hectare, corresponding to 200 per 
cent, 50 per cent and 12.5 per cent of 

normal 2,4-D field rates. 
The experiment was terminated on 

April 15, when plant mapping occurred 
and dry-matter cuts were taken to assess 
biomass production. There were no open 
bolls on the crop at this s1age. The results 
are shown in Figure 1. · 

Dry-matter yield was most affected when 
2,4-0 was applied at the vegetative growth 
stage (Figure 1), with plant weight reduced 
by 90 per cent at the highest 2 ,4-0 rate 
(weight of the normal cotton compared to 
the transgenic cotton). The result from the 
boll-fill application was inconsistent, with 
plants already having achieved their final 
size before 2,4-D was applied. 
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Local independent distributors in the . 
Gwydir and Mcintyre Valleys 

McGREGOR 
GOURLAY 

AGRICULTURAL SERVICES 

MOREE- AGRONOMY TEAM 
Ph: 02 6752 4122 John Gourlay A/H 02 6752 5046 
Fax: 02 6752 5025 Steve Gardiner A/H 02 6752 6379 
24-hour Ph: Mark Pearce A/H 02 6752 6642 
017107 090 Jorian Millyard A/H 0267511111 

GOONDIWINDI - Darren Browne A/H 07 4671 4333 
Ph: 07 4671 3302 Stuart Lumber A/H 07 4671 17 45 
Fax: 07 4671 2848 Kate Gordon A/H 07 4671 3204 

Kate Groves A/H 07 4671 1120 
(fertiliser) 

MUNGINDI- Rob Walker A/H 02 6753 2254 
Ph: 02 6753 2366 

. ' ' 

' 

Fax: 02 6753 2312 

SEPTEMBER - OCTOBER, 1998 45 

l} ....... t••--t ___ ......... .-i-------- --· ···---.-·-··----·--- --



<1 45 ... 2.4-D TOlERANT 

l . Visual observations indicated that the 
transgenic material was mildly effected by 
the highest rate of 2,4-D, but they 

1 
seemed to grow out of the effect after 
seven to 10 days, with no apparent effect 
on square development, flowering or boll 
retention. The transgenic plants treated 

l with the lower rates showed no visible 
effects of 2;4-D. 

But there was some indication of a 

J depression in growth of the transgenic 
material from 2,4-D applied at high rates 
during flowering, suggesting that the toler-
ance gene is expressed less well later in 

] 
development. 

Nevertheless, the transgenic material 
clearly performed well when compared to 

l nonnal cotton, exhibiting high levels of 
tolerance to extremely high levels of 
2,4-D. The levels of 2,4-D used in the 
experiment were far hi~ would be 
experienced by cotton under herbicide 
.11ft conditions. 
) THE 1997-98 SEASON 

J The experiment~ repeated last season 
with basically the same design, but with the 
inclusion of· MCPA and an additional appli-

Transgenic, 2,4-0 tolerant cotton (lwo 
rows right of cenlre) and 'normal' cotton 

o rows left of centre) sprayed at the 
etome stage with 2.2 L of 2,4-0 

amine per hectare. Sixty-four days after 
i tf," application the tra~nic, 2,4-D tol· 

t cotton was completely unaffected. 

ransgenic, 2,4-0 tolerant cotton (two 
left of centre) and 'nonnal' cotton 

(two rows right of centre) sprayed at the 
!fegetotive stage with four litres of MCPA 
}>er hectare. Eight days after the applica· 
tion, there is leaf burning on the 'nonnal' 
f.~ ond some damage on the trans-
J emc cotton. 
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cation time. Also the herbicide rates used 
were lower, with 2,4-D amine applied at 
2.2, 0.45, 0.09 and 0.02 litres per hectare, 
corresponding to 100 per cent, 20 per 
cent. four per cent and 0.8 per cent of nor-
mal field rates, and MCPA applied at 4.0, 
0.8 and 0.16 litres per hectare, correspond-
ing to 100 per oent, 20 per cent arxi four 
per cent of nonnal field rates. 

The cotton was planted on November 
10 and establishment was again variable. 

·The field was irrigated twice and had two 
Insecticide treatments. Herbicides were 
applied at vegetative, squaring, flowering 
and boB-fill stages (January 7 I January 30, 
February 27 and March 5, respectively), 
and the cotton was picked on June 11. 
Llnt yields are shown In Rgure 2. 

Cotton lint yield following 2,4-D appli-
cation was lower on the normal than the 
transgenic cotton at all times except for 
the lightest application when applied at 
boll-fill (Figure 2a). Generally, the level of 
lint yield reduction declined with later 
applications and declined as the 2,4-D 
rate was reduced. 

Cotton lint yield following MCPA appli-
cation was lowest at the vegetative and 
boll-fill stages (Rgure 2b). There was rela-
tively little impact of MCPA at flowering. 

The transgenic cotton was not ~ 
ly affected by 2,4-D applied at the vegeta-
tive stage, but that there was a 30 per 
cent yield penalty from applying the full 
rate of MCPA at thJs stage. 2,4-D applied 
at squaring did reduce the yield even of 
the transgenic material, with a 45 per 
cent yield penalty at the highest rate. 

This was still far better than the result for 
the non-transgenic cotton which was 
severely affected (95 per cent yield penal-
ty). MCPA at the two higher rates also 
resulted in a yield penalty on the transgenic 
cotton, consistent with lower tolerance to 
MCPA observed in glasshouse trials. 

2,4-D applied at flowering had little, If 
any adverse ef feet on the yield of the 
transgenic material, but MCPA at the two 
higher rates again resulted in a large yield 
penaJty on the t ransgenic cotton of 
around 55 per cent. 

The results for 2,4-D applied at boll-fill 
are inconsistent, but indicate there was no 
adverse effect on the yield of the trans--
genie material, and there was also proba-
bly no effect of MCPA on the transgenic 
cotton at this stage. 

CONCLUSION 
The transgenic, 2,4-D toJerant cotton 

showed very good field tolerance to 
2,4-D at all tested rates over two sea-
sons. But there does seem to be some 

FIG~RE 1: Cotton dry-maffer pro· 
ducflon of nonnal cotton relative 
to transgenic, 2,4-0 tolerant cot-
ton in 1996-97: 2,4-D was 
applied over-the-top of cotton at 
the rates and growth stages 
indicated 
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FIGURE 2: CoHon lint yield of 
normal cotton relative to herbi· 
cide tolerant cotton in 1997-98 
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decline In tolerance during the squaring 
phase of plant development, although tol-
erance increases again at flowering. The 
cotton also has significant tolerance to 
MCPA during the early vegetative growth 
stage, but less tolerance during later 
growth. 

This level of tolerance to 2,4-D should 
be of great value to the cotton industry 
and if incorporated into Australian culti-
vars, should greatly reduce the occurrence 
of 2,4-0 damage from drift. The field tol-
erance to MCPA is marginal and is likely 
to have little practical impact on the cot-
ton indusey. 
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GroV1ing cotton, not nutgrass 
By Graham Charles, Australian Cotton Research Institute, NSW Agriculture 

I 
a 

N utgrass (Cyperus Rotundus L.) 
can be controlled using a man-
agement strategy based on the 

concept of spraying the weed when it is 
actively growing in moist conditions, and 
cultivating in dry conditions. lhis conclu-
sion is the result of research over the past 
six years. 

One of the keys to nutgrass manage-
ment is to develop a system which 
Involves both herbicides and good farming 
practices - including e.l}suring a strong, 
competitive crop and maintaining good 
farm hygiene at all points. 

) FACTORS TO CONSIDER 
Factors which must be considered in a 

nutgrass control program include: 
• Ensuring positive identification of the 

nutgrass species. At least four different 
species are found in cotton fields and 
another four species occur in ditches and 
around fields. The appropriate manage-
ment strategy will depend on the species 
present. Contact NSW Agriculture or 
Queensland DPI or myself for positive 
identification; 

of a small population from a spray In 
spring/early summer - with a later fol-
low-up spray - is more cost effective than 
a good result on a much larger population; 

] 
• Nutgrass is capable of multiplying at a 

rate of at least 2000 fold in a single sea-
son, so plants should never be left to be 

• Nutgrass has dormant tubers and not 
all tubers germinate at any one time. In a 
mature nutgrass patch, there may be six 
to eight tubers for every nutgrass shoot. 
Sequential use of control measures can 
dramatically reduce a nutgrass population 
in a single season, but some dormant 
tubers VJill always remain for the next sea-
son, potentially re-infesting the area in 
later years; 

controlled at a later date. A reasonable kill • Nutgrass tubers can float in irrigation 

1 2.8 lins per hectare MSMA applied on December 15, 1995 and 2.4 litres per hectore 
1 Roundup CT on January 12, 1996 caused the large reduction in nutgrass density evident 

in the foreground plot compared to the plot directly behind it which was unsprayed. This 
photo was token in November 1996 when the real impact of the previous season's treat-J ment could be assessed. 

30 

water, and so can easily move from chan-
nels into clean fields, or from other fields 
into clean fields. Tubers can also come in 
from the river system, particularly during 
floods; 

• Nutgrass tubers are most commonly 
moved between fields on cultivation equip-
ment. Oeaning down equipment between 
fields may be time-consuming, but it is 
one of the best ways to control the spread 
of nutgrass, as well as other weeds and 
diseases; 

• Consideration of nutgrass patches is 
Vital when land forming. This single oper~ 
ation has the potential to create a massive 
problem almost overnight; 

• Nutgrass must still be controlled 
when the field is not in cotton. The same 
nutgrass management p rinciples can be 
used in other summer crops, such as 
sorghum and sunflowers, where shielded 
sprays can be very effective. Well estab-
lished winter cereals can be effective in 
competing against nutgrass in spring, and 
will allow a summer fallow for nutgrass 
control; and, 

• Nutgrass is highly competitive. I have 
recorded nutgrass populations as high as 
12,000 tubers per square metre (120 mil-
lion tubers per hectare). Populations of 
this density easily out-compete cotton, 
resulting in no harvestable cotton. Never-
theless, nutgrass cannot tolerate shading, 
and so a strong, competitive cotton stand 
can out-compete nutgrass. Good cotton 
establishment and rapid early season 
growth is vital for high yields in nutgrass 
infested fields. 

OPTIONS FOR CONTROL 
There is a range of options for nutgrass 

control, each of which has strengths and 
weaknesses. 

Of the herbicides, glyphosate (sold 
under a variety of trade names) has con-
sistently given the most cost effective nut-
grass control in my experiments. It gives 
long-term control from multiple applica-
tions of rates down to 2.4 litres per 
hectare (three litres per hectare of the 
360 gram a.I. per litre product). 

But results from any single glyphosate 
application are variable and the herbicide 
is never 100 per cent effective. Results in 
the early part of the 1996-97 season in 

32!> 
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<J 30 ... NUT GRASS 

l the southern cotton area were particularly 
poor due to cool seasonal conditions. A 
number of points to remember with 

] 
glyphosate are: 

• Regardless of which fonnulation is 
used, additional surfactant is needed; ,

1 
• Applications to stressed nutgrass are 

unlikely to be effective. Moisture stress 
and temperature stress will greatly reduce 
g)yphosate efficacy on nutgrass. Neverthe-

J 
less, a glyphosate application to moisture 
stressed nutgrass can be effective when 
rainfall or irrigation occurs within 48 

] 

hours of application. Conversely, a 
glyphosate application on a warm day 

• may be ineffective if it is followed by a 
series of cold days, as glyghosate is slow-

1 acting in nutgrass, taking many days to 
transloc.ate and kill the whole plant; 
) • Glyphosate efficacy is not related to 

nutgrass flowering. If anything, nutgrass is 
less sensitive to glyphosate in the flower-
ing phase than any other phase. But 
glyphosate applications in spring are often 

] 
less effective than those in autumn 
because the nutgrass plants are small (with 
a small leaf area), they are often tempera-
ture and/or moisture stressed and a signif-

J icant percentage of tubers may still be 
dormant and not able to be treated; 

• Any and every opportunity should be 
taken to treat nutgrass. Glyphosate should 
be applied whenever there is an opportu-

• nity - when plants have sufficient leaf 
area and are not stressed - whether that J is before cotton is planted in sprin~.' dur-

A second photo in November 1996 comparing on untreated plot Oeft of photo) to the 
result achieved from a single Roundup CT application of 2.4 litres per hectare in mid 
January 1996 {right of photo). While nutgross hos not been eliminated from this field, 
the density was substantially reduced by the single, in·crop glyphosate application. 
ing the cotton season, at defoliation, or 
after harvest. While the autumn applica-
tion may give the most visually impressive 
result, it is not necessarily the most cost 
effective time for treatment; and, 

• Glyphosate cannot be safely applied 
to cotton except at or after defoliation. In-
crop applications must be made through 
well designed and well set up shielded 
sprayers. These sprayers should use low-
drift nozzles and operate at low pressure. If 
in doubt r~arding the suitability of a par-
ticular shielded sprayer, growers would be 

well advised to test the result over a small 
area. The introduction of Roundup toler-
ant, Roundup Ready cotton will improve 
the safety of glyphosate applications. 

Daconate (MSMA) can be a useful her-
bicide. Strategic use of Daconate can 
enable a cotton crop to out-compete a 
heavy nutgrass population, although 
Daconate will not, by itself, actually 
reduce a nutgrass population. Daconate 
can be used as a directed spray, or 
applied 'over the top' of cotton with multi-
ple applications possible. Over-the-top 
applications cause injury to older cotton 
and can result in significant yield reduc-
tions. I have recorded up to 25 per cent 
yield loss from repeated over-the-top 
applications, but this may still be a viable 
strategy in a heavily infested cotton crop, 
where the yield reduction due to uncon-
trolled nut grass may be far greater than 
25 per cent. 

SUMMARY 
Grower vigilance is the most important 

component of a nutgrass management 
program. It is essential to commence a 
nutgrass management program before the 
weed becomes uncontrollable. 

The aim of a nutgrass management 
program must be to reduce the problem 
over time, not to eliminate nutgrass with a 
single treatment. 
For additional information on controlling nut-
9rass, r.ler to the Resea~h Review Controlling 
Nulgrass in Cotton, available from the CRC for 
Sustainable Cotton Production at Myall Vale, 
Nonabri, or contact the author on (02) 6799 
1500. • 
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Summary 
Nutgrass is a highly competitive and 

undesirable weed which severely affects cotton 
production. To control nutgrass in cotton a 
combination of the following management tools 
is needed: 
1. ensuring a strong, competitive crop 
2. using cultivation when nutgrass is 

stressed in hot, dry conditions, 
3. using herbicide when nutgrass is 

actively growing in moist conditions 
4. maintaining strict machinery hygiene to 

prevent the spread of nutgrass to new areas. 

Background 
Nutgrass, (Cyperus rotundus L.), or purple 
nutsedge, is the world's worst weed, infesting 52 
different crops in 92 countries. A native of India, 
it grows from underground tubers and is able to 
produce new tubers within 4 weeks of shoot 
emergence. 
In Australian conditions, a nutgrass plant estab-
lishing in spring from a single tuber can produce 
up to 2000 new tubers by autumn, each of which 
can produce a new plant in the following spring. 
Nutgrass is so highly competitive it can smother 
cotton, resulting in no harvestable lint. It may 
also harbour cotton pests and diseases and can 
reduce irrigation efficiency. Nutgrass contamina-
tion can down-grade cotton lint quality. 
Controlling nutgrass is difficult because it can 
tolerate most herbicides. Dormant tubers are not 
affected by treatment with most herbicides. 

Growth Habit 
Nutgrass is a shallow rooted, grass-like weed, 
which tends to grow in dumps around a parent 
tuber. Plants grow rapidly in warm and wet 
conditions. Flowers produced on a prominent 

* NSW Agriculhtre 

A typical nutgrass plant with flower heads, daughter 
plants and new tubers. 

central stem are apparent from mid-summer 
through autumn. Seeds are produced, but are not 
the major source of infestation. Plants may be quite 
short (10 to 20 cm), but under favourable condi-
tions may grow to 60 cm and occur in dense 
dumps. Nutgrass shoots are frost sensitive and 

! plants normally become dormant over winter, with 
new shoots emerging in spring. 
Nutgrass does not tolerate shading and will not 
flourish when overtopped by the crop. 

Management Strategies 
Nutgrass management strategies may aim either to 
contain the nutgrass sufficiently to achieve accept-
able cotton yields or, to control the weed by reduc-
ing the population over time. A range of manage-
ment tools is available to achieve these aims. 
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J a The economics of chipping large weeds 
By Graham Charles, Australian Cotton research Institute, Narrabri 

0 T he ~onomic threshold for chipping dry weight were recorded. per cent reduction. 
large noogoora burrs (Xanthium The distance of influence and yield These yield reductions were observed 
occidentale) can be as low as one reduction were most closely correlated to over distances of up to two metres on 

weed per 622 metres of cotton row, and weed dry weight, although city weight and either side for noogoora burr and 2.4 
as low as one weed per 178 metres of canopy diameter were related, as shown metres for thomapple, with a total dis-
cotton for large thornapples (Datura in Figure 1. The noogoora burrs in this tance of influence (on both sides of the 
ferox). study were much larger than the thomap- weed} of four and 4.8 metres respectively. 

This was the conclusion from three pies (up to 9 .9 kg compared to a maxi- To develop economic thresholds for 
years' research at the Australian Cotton mum of 1.5 kg) and had larger canopies. chipping cotton from this data, it was 
Research Institute, where the effect of Both weeds caused large reductions in assumed that chipping cost $25 per 
single, large weeds on the yield of individ- the yield of cotton plants and in the same hectare, cotton yield was 1500 kg lint per 
ual cotton plants was ~tudied, using row close to the weeds. No reduction in hectare and cotton was valued at $2.25 

., Siokra 1-4. These weeds emerged with yields was observed in cotton in the row per kg. It was also assumed that at the 
or after the cotton, were in the row beside the weeds. low weed densities being considered, the 
)ongst the cotton and were not subse- This lack of effect on cotton little more 

4uently controlled. than one metre from the weed, but in a 
Lint was hand-picked from individual different row, shows that competition 

cotton plants in the same row as the between the cotton and the weed was pri-
weed, and both the yield reduction due to marily below-ground, and would have 

] 
the weed and the distance of influence of been for nutrients and water. This 
the weed (the maximum distance from the ocCl..Dl'ed even though the cotton was irri-
weed at which cotton lint yield was gated and received nonnal nitrogen rates. 
reduced) were estimated . At the same The largest observed noogoora burr 
time the weeds were also harvested and caused a yield reduction of 55 per cent, 
both the weed canopy diameter and weed while the largest thomapple caused a 33 
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FIGURE 1: The relationship 
between weed dry weight and 
canopy diameter: the lorgest 
noogoora buJTS were much 
larger than the thomapples 
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FIGURE 2: The relationship 
between weed size and the 
reduction in yield of surrounding 
cotton: the largest noogoora 
burrs reduced the cotton yield 
much more than the thomapples 
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t 1. cost of chipping did not increase as weed 
density increased. 

Thresholds for chipping cotton derived 
from these assumptions showed that for 
the largest noogoora burrs observed, chip-
ping could be justified at a weed density as 
low as one weed per 622 metres of cot-
ton, and at one weed per 178 metres of 
:otton for large thornapples. These 
thresholds were related to weed size, so 
the threshold weed densities would be 
lower for smaller weeds. For example, the 
threshold would be one weed per 188 

FIGURE 3: The relationship 
between weed size and maximum 
at.Stance of influence of the weed 

, on cotton yield - as cotton on both 
·sides of the weed was affedec:I, 

lthis distance must be doubled to 
give the total cflS1anar-over which 
cotton yields were reduced 
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FIGURE 4: Relationship between 
weed size and threshold density 
for chipping: it would be 
economically sound to chip 
weeds at densities higher than 
~se indicated by the · 

e relationships - the equations of 
the lines are threshold equals 

l 62.7 multiplied by weight for 
noogoora burr and theshold 
equals 136 multiplied by weight 

I 
minus 29 for thomapple 
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metres for a noogoora burr weighing 
three kg with a canopy diameter of three 
metres, and one weed per 40 metres for a 
thomapple weighing 0.5 kg with a canopy 
diameter of 2. 7 metres. 

OTHER EFFECTS 
These thresholds are based solely on 

the cotton lint reduction caused by the 
weed. Weeds also affect production in 
other ways. Weeds present at picking can: 

• Contaminate cotton lint and reduce 
lint quallty and value; 

• lnterf ere with picking by blocking 
picker heads; 

• Physically injure picker crews - for 
example weeds such as thomapple; and, 

• Cause a delay in cotton maturity due 
to weed competition. 

Earlier in the season, weeds may: 
• Act as alternative hosts for pests and 

diseases; . 
• Reduce irrigation efficiency; and, 
• Interfere with inter-row cultivation 

and other in-field operations. 

. . . ·- : ... 

Mature weeds also produce seeds which 
have the potential to multiply weed prob-
lems in later years. Other work has shown 
that a three kg noogoora burr produces 
about 2000 seeds, while a 9.9 kg plant 
produces 2800 seeds. A thomapple of 0.5 
kg may produce as many as 8700 seeds, 
while a 1.5 kg plant produces 16,400 
seeds. This seed production potential must 
also be considered when detennining the 
economics of weed control. 

So while the thresholds derived -
based solely on yield - give a good indi· 
cation of the very low thresholds for chip· 
ping large weeds, they are higher than 
the real thresholds, which take into 
account all factors. The thresholds are 
also sensitive to the cost of chipping, Unt 
value, cotton yield and the competitive· 
ness of the cotton crop. 

Even lower thresholds for chipping 
would be appropriate for a higher yielding 
crop, while much higher thresholds would 
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WORRIED ABOUT FUSARIUM? 
Capitalise on the normal leaf advantage 

Delta ., 
OPAL 

New cotton variety from Deltapine 

Strong seedling vigour 
Good Fusarium tolerance 

Suitable for all growing districts 
Australian bred 

Year in and year out, you can trust Deltapine 
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lie appropriate for a lower yielding crop. 
_For example, in a crop yielding 10 bales 
per hectare, (2270 kg lint per hectare), 

(he threshold for crupping a large (9.9 kg) 
r oogoora bµrr would be one weed per 
940 metres or 11 burrs per hectare. In a 
2.5 bale crop, the threshold would be one 
\weed per 232 metres, or 43 burrs per 
1 ectare. The cost of chipping would 
increase at this density, further increasing 
ihe threshold. 

Small weeds which emerge later in the 
season may not cause sufficient yield loss 
to justify their removal, but chipping may 

1tiJi be warranted when factors such as lint 
1ontamination and seed p roduction are 
considered. Weeds which emerge in the 

iurrow are easily removed With inter-row 
6lttvati.on. 

J .... _., ...................... .., ... , 
... --"'!"!'!"I' 
< 
~~ 
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A kJrge thomapple. lint handpicked from individual cotton plants around the weed 
demonstrates a major yield reduction. 

~n n nrc< EQUIPMENT Ph: (07}4:1.621244 
~-~LSU~ Fax: (07) 4162 4682 

THE CROP MAKERS ••• Always bringing you the best In products, price and service. 

EWS ROWNG CULTIVATORS TILLAGEAPPUCATIONS 
For all your minimum till 
and no till applications. 

Our range is Australian Made and are the best in quality 
at the best prices. 

PRESS WHEELS 
Ask today for the largest 
range in press wheels to 

suit all applications. 

RED BALL 
SPRAY RIGG 
These are the 

products for "smart 
farmers#. 

The innovative line 
includes Broadacre 

and Row Crop. 

~""V I 11 Jt\.\. 
TILLAGE 
TOOLS 

The very best and 
largest range of 

furrowers and front 
swept and back 
swept knives. 

For all your farming solutions, and your nearest dealer contact 
El/ls Equipment - :1.800 072 :1.20, PO Box 340, Klngaroy Qld 4080 
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The key to efficient and effective 
weed control lies in a better under· 

. standing of weeds, their life-cycles, 
competitive abilities and strengths and 
weaknesses. Initial work on the seed pro-
duction and germination of five weed 
species was c.arried out in the past season 
and additional plants will be assessed in 
the coming season. 

WEED SEED DORMANCY 
Most weeds are successful because of 

their ability to produce large numbers of 
seeds, which germinate rapidly, produc-
ing vigorous seedlings and competitive 
plants. Nevertheless, many weeds pro-

duce 'hard' seeds which do not genni-
nate readily, but may remain donnant in 
the soil for months or years. These dor-
mant seeds can create long-term weed 
problems, even in fields which an:! kept 
'clean' over successive seasons. 

·Seed production is generally correlated 
with plant size, with larger weeds prod~ 
Ing more seeds. In the current work, 
weed size was estimated from the maxi-
mum width and breadth of the y.reed, and 
expressed as m.nnbers per square metre, 
or from plant height (sesbania only). 

Production ranged from 4 7 burrs (two 
seeds per burr) for a small Bathurst burr, 
through to an estimated 40,345 seeds 

ABOVE: A field badly infested with thor-
napple. Soil cores showed a seed-bank 
of 500 seeds per square metre. · 
from a large thomapple (Table 1). Seed 
production per fruit was also assessed, 
and whereas the burrs contain two seeds 
per burr, peach vine averaged three 
seeds per fruit, sesbania 31 seeds per 
pod, and thomapple 148 seeds per fruit. 

We attempted to germinate the seeds 
collected from these species, together 
with five other species, with mixed results 
(Table 2). The seeds of some species 
appeared to have no dormancy (Chinese 
lantern is the most obvious example), 
whereas others would not germinate 
without acid or mechanical. scarification, 
and thomapple proved impossible to ger-
'minate at all with the techniques we used. 

However, in the field, dormancy 
mechanisms are broken. over time by 
Influences such as leaching, repeated 
wetting and drying, temperature cycles, 
microbial attack and the actions of 
macro-organisms such as ants and birds. 

WEED SURVIVAL 
Not every seed will emerge as a· new 

plant. Weed seeds are destroyed by vari-
ous factors, most notably Insect pr€datton 
and microbial attack. Also , many 
seedlings germinate, emerge in 
unfavourable conditions and die . For 
example, on one treatment at the Beech-
worth, CRC Farming Systems site, 34 
peach vine seedlings per square metre 
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<J 26 ... WEED SEEDS may be much lower by spring when con-
ditions favour weed growth. 

emerged in May this year, all of which Data for wild oats, a plant most con-
were killed by subsequent frosts. Conse- sider to have very hard seeds, showed 
quently, although large numbers of weed the halflife of seed in the soil was only 
seeds are present in autwnn, numbers six months, with the population decUn-

;tABLE): · oaia-..Gn9e:~i:.5ma·ue'il an~· rarg8-5t~~~;~i.;b;~!l~~j1 
~:)..}. 

HYDRAULIC SERVICES 
CARRINGTON ROAD, TOOWOOMBA 4350 

HYDRAULIC COTTON MODULE BUILDER KITS 
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• STOMPER RAM 
• BACK DOOR RAM 
•WHEEL RAMS 
•PTO PUMP 
•STANDARD PUMP· 
• HOSE & FITTINGS . 
• HYDRAULIC TANK ACCESSORIES 
• HYDRAULIC MOTORS 
• HYDRAULIC CONTROL VALVES 

We can supply for manual or PLC automatic 
· controls 

CALL HI-WAY ON 
TOOWOOMBA (076) 34 2477 
AFTER HOURS 35 362' or 35 9931/FAX (076134 U12 

ing rapidly over time if seed production 
was p revented. Further research on this 
weed revealed that the weed's persis-
tence is not due to the production of 
large numbers of hard seed in a single 
season, but rather, to the presence of a 
few small plants which emerge and pro-
duce seed each season, even when con-
trol measures are used. When seed pro-
duction, rather than seedling germina-
tion is controlled, the weed seed-bank 
rapidly declines. 

WEED SEED BANKS lN COTION 
Extrapolating this data to the cotton 

situation, it seems likely that the weed 
seedbank is smaller than anticipated, ·1'. 
even in heavUy weed infested areas. In " 

.}.;, , 
these areas, it is likely that weeds are ge~ . .• 1 
minat!ng primarily from seeds produced · · i 
by small weeds which emerge and grow 
in the cotton row each season and are -
not controlled, rather than from a heavy 
weed infestation which may have been .... 
present many years earlier. 

My only data on seed-banks comes 
from an area at the ACRI, which was 
badly infested with thomapple. Fifty soil 
cores taken down to one metre revealed 
just under 500 seeds per square metre, 
with most seeds in the top 20 cm (Table .. 
3). This seed density is quite small, con- ., ::i 
sidering thomapple's ability to pro.duce 
6400 seeds per square metre in a sea-
son, but still very high given the econom-
ic threshold for controlling thomapple is 
below 0.016 plants per square metre. 

Work over the next two seasons will 
gain additional information on weed 
seed production and the size of the weed . 
seed-bank, but current information A 
makes it clear that good crop hygiene is ,-.;: 
a major step in the direction of sustain:. ;-. , 
able cotton production with reduced -
reliance on herbicides. • 
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