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Executive summary 
 

Introduction  
Dryland cotton farming systems are complex and usually comprise of a number of different rotational crops in 
conjunction with summer and winter fallows. The standard system employed in dryland cotton production is the 
planting of cotton after a 10-month fallow from a winter cereal (Marshall 2002).  However, there are a number of 
alternative planting options, such as sorghum, sunflowers or maize, which for reasons of price or available soil moisture 
may be planted in place of cotton.  Although originating from hot arid regions and tolerant of long dry periods, modern 
cotton varieties require warm to hot growing conditions and reliable rainfall during the growing season.  Cotton should 
be planted into a minimum of 60cm of wet soil, whereas in lower rainfall areas 90cm of wet soil is preferred to provide 
sufficient moisture between rainfall events (Bange et al. 2002).  For these reasons, dryland cotton production tends to be 
limited to areas receiving greater than 600mm of rainfall annually, with approximately 40% of that rain falling during 
the summer growing season.  Currently, cotton is grown commercially from Hillston in the south-west of NSW to 
Emerald in central Queensland, although trial plantings have been established in the Northern Territory and the north-
west regions of Western Australia.  Dryland production accounts for approximately 20% of the total area planted to 
cotton, with the major production regions in the lower and upper Namoi valley, Moree, the Darling Downs, south-west 
Queensland and central Queensland (Marshall et al. 2002).  
 
Adequate soil moisture and the likelihood of receiving planting rains are critical factors for growers in deciding which 
crops they are likely to plant, particularly in the summer cropping phase.  The critical nature of soil moisture to dryland 
production has seen the evolution of a number of different planting configurations, including solid, single skip row and 
double skip row planting that may be employed by growers to conserve soil moisture throughout the season.  
 
Weed management in farming systems involving dryland cotton is then by nature equally complex.  A number of the 
residual herbicides used in rotational crops may damage cotton, in particular the sulfonylurea and triazine herbicides 
such as chlorsulfuron and atrazine.  Equally, a number of the common cotton herbicides have long plant backs to either 
winter cereals or other summer cereals used in rotation with dryland cotton.  To preserve soil moisture, many dryland 
growers have adopted minimum or zero tillage systems that are almost solely reliant on herbicides for weed control.  
Control measures therefore must be flexible to allow last minute changes in the crops grown due to soil moisture 
limitations or price fluctuations and need to provide adequate levels of protection against weeds in the chosen crop, as 
well as in the planting configuration being used.  
 
To better understand the weed management issues of this complex farming system and to provide direction for future 
research efforts, a scoping study was initiated in July 2001 by the Cotton Research and Development Corporation 
(CRDC), Australian Cotton CRC, Grains Research and Development Corporation (GRDC) and CRC for Australian 
Weed Management.  The scoping study was a collaborative project involving scientists and technical staff from 
Queensland Department of Primary Industries and New South Wales Agriculture. An external agronomist with 
extensive experience in dryland cotton production, Mr Glenn Milne, was appointed on a part-time basis to help collect, 
collate and interpret data. 
 
The primary aims of the scoping study were to determine: 

 dominant and difficult-to-control weed species in each crop and fallow component of the different crop 
rotations used for dryland cotton production in the northern region; 

 weed management practices, both non-chemical and chemical, being used for weed control in these systems; 
 economic impact of theses weeds; and 
 current practices exacerbating the weed problems. 

 

The scoping study 
The scoping study consisted of four components, starting firstly with a postal survey to dryland cotton growers.  The 
mail survey was then followed up with detailed interviews of selected growers (10) who responded to the mail survey.  
The next component of the scoping study involved extensive field surveys on 34 paddocks in each of the rotation 
sequences of the 10 growers interviewed.  Finally, an economic study was undertaken using data from the postal survey 
and other sources. 
 
Postal survey 
A postal survey, based on the survey of Jones et al. (2000), was distributed to 342 dryland growers in northern NSW, 
southern and central Queensland.  The survey asked growers to provide information on the crop rotations, farming 
practices used in each component of the rotations for weed control, specific information on herbicides used for the main 



 4

weeds of each crop and fallow, costs and impact of weeds on production, as well as specifics on troublesome weeds 
within their cropping systems.  Fifty-three completed forms were returned giving a 16% response rate, of which 11% 
were from central Queensland, 26% from northern NSW, and 63% from southern Queensland.   
 
The postal survey identified that the cropping system involving dryland cotton is diverse.  The crops grown in rotation 
with dryland cotton are winter cereals only (46% of the rotations), summer and winter cereals (18%), winter cereal plus 
pulse (9%), summer cereals only (8%), summer and winter cereal plus pulse (5%), whereas 11% grow dryland cotton 
only. 
 
The common farming practices used for controlling weeds in dryland cotton and sorghum included crop rotation, long 
fallow preceding the crop, the use of pre- and post-emergence herbicides and pre-harvest desiccation.  Dryland cotton 
also relied upon inter-row cultivation and the use of shielded sprayers between rows for increased weed control.  The 
main herbicides were glyphosate, fluometuron and pendimethalin in dryland cotton, and atrazine, fluoxypyr and 
metolachlor in sorghum.  Weed control in winter cereals was heavily reliant on post-emergent herbicides (metsulfuron-
methyl, MCPA, clodinafop) with very little use of non-chemical options, apart from crop rotation and sometimes, long 
fallow.  Both winter and summer fallows relied mostly on knockdown herbicides mainly glyphosate.   
 
The weed spectrum is diverse, for example a total of 41 species were listed in the postal surveys as common weeds of 
dryland cotton. The most common weeds reported in each region for the main crops grown and summer and winter 
fallows are presented in the following table. 
 
Region Dryland cotton Sorghum Summer fallow Wheat  Winter fallow 
Northern NSW     
 Liverseed grass Annual grasses Annual grasses Wild oats Wild oats 
 Barnyard grass Rhyncosia Noogoora burr Turnip weed Turnip weed 
 Bindweed  Barnyard grass Paradoxa grass Paradoxa grass 
 Noogoora burr  Caltrop Black bindweed Black bindweed 
   Cowvine Sowthistle Sowthistle 
   Liverseed grass   
Southern Queensland     
 Bladder ketmia Bladder ketmia Annual grasses Turnip weed Wild oats 
 Caltrop  Caltrop  Bladder ketmia Black bindweed Sowthistle 
 Annual grass Thornapples Sowthistle Sowthistle Black bindweed 
 Amaranths  Liverseed grass Caltrop Wire weed Turnip weed 
 Sowthistle Annual grasses Liverseed grass Wild oats Wire wed 
 Liverseed grass Barnyard grass Barnyard grass   
Central Queensland     
 Sesbania pea Sesbania pea Sesbania pea Sowthistle Sowthistle 
 Annual grasses  Annual grasses  Parthenium weed 
 Summer grass  Parthenium weed   
   Wild sunflower   
   Native jute   
 
The majority of the growers (40-100%) did not achieve consistent good control of bladder ketmia, Liverseed and 
barnyard grasses in summer fallows, sorghum or dryland cotton. Caltrop was not controlled in dryland cotton or 
sorghum, whereas black bindweed was not controlled in winter fallow and wheat. Sowthistle was reported as a problem 
weed in summer and winter fallows, dryland cotton, and wheat.  In contrast, some weeds, such wild oats and paradoxa 
grass, were consistently well controlled by majority of growers in winter fallows. 
 
However, there were regional differences.  Sesbania pea is a problem weed in central Queensland. Bladder ketmia, 
caltrop and the annual grasses were reported to be more problematic in southern Queensland than northern NSW. 
Fleabane was noted as the second most difficult to control weed in NSW, although it was not listed by growers as a 
common weed.  Sowthistle was reported to be a troublesome weed across all regions surveyed, indicating the 
adaptability of this weed to numerous geographical and climatic zones. 
 
In total, growers listed 9 weed species in central Queensland, 16 species in northern NSW and 35 species in southern 
Queensland as major weeds that they were not satisfied with their level of control achieved. 
 
Grower interviews 
The agronomist interviewed 10 dryland cotton growers to validate the responses given in the postal survey and to 
provide any additional information relevant to weed management.  The agronomist used a questionnaire similar to that 
used in the postal survey, but with additional questions to provide information on land preparation prior to crop sowing, 
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crop agronomy, water volume when spraying weeds and frequency of spray rig calibration, and reasons for choosing 
their crop and weed management options.   
 
The range of crop rotations, which were similar to those listed in the postal surveys, was dependent on soil type, grower 
preference and commodity prices. Two main reasons for the chosen crop rotations are outlined.  The majority of 
growers based their rotations to conserve soil moisture, while weed control was given as the next highest reason for 
adopting a particular crop rotation.  To conserve moisture, most growers direct drill seed and many growers would 
prefer to adopt a zero tillage strategy. However, due to the necessity to pupae bust following harvesting and slashing of 
the dryland cotton crop, the majority of growers were classed as minimum tillage operators.  
 
A wide range of planting configurations is used in dryland crop production.  Machinery design and other crops forming 
part of the cropping system influenced the planting configuration adopted.  One-meter skip row was the most common 
planting configuration used for dryland cotton.  Crop sowing rates varied tremendously.  Sowing rates for wheat were 
mostly low, ranging from 25 to 45kg/ha, while rates for dryland cotton ranged from 4.5 to 11kg/ha. 
 
The farming practices used by the interviewed growers were generally consistent with the postal survey responses.  
Growers generally employed a wide range of weed control practices in the dryland cotton phase of the farming system, 
including inter-row cultivation, pre-emergent herbicides, shielded spraying, pre-harvest desiccation and the use of long 
fallows prior to planting the crop.  In contrast, weed control options used in rotational crops were limited.  Weed control 
in wheat was almost solely dependent on the use of post-emergent herbicides, and few if any weed control measures 
were employed in barley.   
 
The interviewed growers generally calibrated their spray booms frequently with some calibrating their rigs every 
season, and the majority stating that they calibrated their booms prior to every spraying operation.  Spray nozzles were 
replaced generally once per year, while some growers replaced spray nozzles twice per year.  One disturbing trend 
coming out of the grower interviews was the water volume used when applying herbicides, with most growers used less 
than 60L/ha when applying herbicides. 
 
Field surveys 
Thirty-four paddocks were surveyed to determine the diversity and density of weeds present in the summer crops and 
fallows in the rotations used on the 10 farms.  Monitoring was performed at the early stages of crop growth and fallow 
to determine the weeds being treated, and again later in the season prior to harvest or re-cropping to give an indication 
of the survivors with potential to replenish the seed bank.  Weed counts were performed along 20 transects in each field.   
 
The diversity of weeds ranged from 3 to 29 species per paddock.  Overall, there were 68 summer weeds species 
identified in these paddocks.  Initial infestations were generally less than 1 plant/m2 for each species when averaged 
across the whole paddock, but patches often had more than 10 plants/m2.  The weeds encountered in the field surveys 
corresponded well with those listed in the postal surveys, and bladder ketmia was the most common weed, with 74% of 
surveyed fields infested with this weed.   
 
All weed species counted prior to harvest in the cotton phase were seeding and therefore contributing to the soil seed 
bank.  The most common weeds seeding were bladder ketmia, cowvine and sowthistle in dryland cotton, whereas 
bladder ketmia was also the main weed seeding in sorghum and fallows. 
 
Many growers were under the impression that due to the dry finish of the 2001 season that the weeds would not have 
been competing with the cotton for moisture, and thus no money was spent to try and control them.   
 
Economic analysis 
An economic analysis is determining the total cost of weeds in the different crop rotations using the information 
supplied in the postal survey. The analysis is complex due to the number of different practices used on individual farms, 
the number of times an individual operation is performed and the variety of crops grown in rotations.  However, the cost 
of weed control for each of the crops in the three regions surveyed and the yield loss due to weeds for each of the crops 
have been completed.   
 
The average cost of weeds over the three regions in dryland cotton, not including the impact of residual weeds, has been 
calculated to be $345/ha.  The average cost of weeds in sorghum and wheat was estimated to be $152/ha and $61/ha 
respectively.  To validate the findings of this economic analysis, the cost of weeds in wheat was compared with the 
economic analysis by Jones et al. (2000), and the difference between these two surveys is less than one dollar per 
hectare for the same region. 
 
The cost of weed control in summer and winter fallows is yet to be finalised, but it is envisaged that this will be 
completed by January 2003.  Once these costs have been finalised, the full cost of weeds in each of the rotations used 
with dryland cotton production will be calculated on an annual basis. 
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Research and development issues 
The scoping study provided a great deal of information about the various farming practices and issues facing growers in 
terms of weed management.  After analysing the data collected in the scoping study, the following research and 
development issues were evident: 
 
Weed issues 

 Main weeds are bladder ketmia, sowthistle, caltrop, summer grasses (Liverseed and barnyard), and black 
bindweed 

 Weed spectrum that needs to be managed is very diverse 
 Weed spectrum differs considerably between regions  
 Some emerging weed problems such as fleabane 

 
Herbicide technology issues 

 There is an over reliance on glyphosate for weed control in summer and winter fallows 
 There is an over reliance on post emergence herbicides in winter cereals for weed control 
 Residual herbicides may have role in controlling late flushes and still maintain rotation flexibility 
 Weed control in sorghum is heavily dependant on atrazine and is variable in effectiveness 
 Water volumes being applied are too low for consistent effective weed control 
 Many growers delay spraying fallow fields when weeds first germinate and try to control the second flush with 

the one herbicide application, and thus creating difficult-to-control weeds 
 There appears to be considerable variability in the efficacy of the herbicides used in a number of the cropping 

and fallow phases.  This may be due to water volumes being used, the size of the weeds when sprayed or 
incorrect application of herbicides 

 Database has a huge amount of information on all herbicides and mixtures used on each weed in different 
crops and fallows, as well as rates of application and levels of control achieved 

 
Integrated weed management issues 

 An overall integrated weed management plan for these dryland productions systems is lacking 
 There appears to be a general lack of understanding of the importance of preventing seed set on surviving 

weeds 
 Crop competition as a weed control option appears to be poorly understood, with many growers sowing at low 

densities and allowing weeds to germinate, competing for valuable moisture resources 
 Residual winter weeds are setting seed and contributing to weed problems in subsequent fallows and crops. 
 Summer crops are sown on wide row spacing and growers tolerate weeds in the skip row without recognising 

the value of controlling those weeds to prevent replenishment of the seed bank 
 Weed control in maize and sunflowers tends to be poor, contributing to weed problems in other components of 

the rotation 
 There appears to be an imbalance in weed management inputs for dryland cotton compared with the rotational 

crops. 
 

Future research 
The direction of future research will be determined in conjunction with the new research agronomist who will be 
appointed to the new project.  Due to the complexity of dryland farming systems involving cotton, it is envisioned that 
some modelling or modelling framework will need to be employed.  The use of a basic model framework such as 
Stellar® or Vensim® in conjunction with experimentation may allow some broad assumption about the dryland system 
to be developed particularly in relation to effects of crop competition and control strategies on the population dynamics 
of a number of weed species.  Ultimately though the use of computer simulation models such as ‘Apsim’ that have the 
ability to account for factors such as sowing date, soil type, crop density and climatic variation would provide the most 
benefit to understanding the dryland system as a whole.  This is particularly the case as dryland production systems 
involving cotton are spread over wide geographical and climatic regions. 
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Background to the project 
 

A scoping study to assess the weed management issues of dryland farming systems involving cotton was commissioned 
by CRDC, Australian Cotton CRC, GRDC, and CRC for Australian Weed Management in July 2001.  Dryland farming 
systems involving cotton are complex and usually comprise a number of different rotation crops, such as sorghum, 
sunflowers or maize as well as cotton in conjunction with summer and winter fallows. Adequate soil moisture and the 
likelihood of receiving planting rains are critical factors for growers in deciding which crops they are likely to plant, 
particularly in the summer phase. This has resulted in the evolution of a number of different planting configurations 
including solid, single skip row and double skip row planting that may be employed by growers to conserve soil 
moisture throughout the season.  A number of the herbicides used in rotational crops may damage cotton in particular 
the sulfonylurea and triazine herbicides.  Equally a number of the common cotton herbicides have long plant back 
periods to either winter or summer cereals used in rotation with dryland cotton.  To preserve soil moisture, many 
dryland growers have adopted minimum or zero tillage systems and are almost solely reliant on herbicides for weed 
control.  Control measures must therefore be flexible to allow last minute changes in the crops grown due to soil 
moisture limitations or price fluctuations and need to provide adequate protection against weeds in the chosen crop as 
well as in the planting configuration used. 

 

Project objectives and the extent to which these 
have been achieved 
 

The primary aims of the scoping study were to determine: 
 Dominant and difficult to control weed species in each crop and fallow component of the different crop 

rotations used for dryland cotton production in the northern region; 
 Weed management practices, both chemical and non-chemical, being used for weed control in these systems; 
 Economic impact of these weeds; and  
 Current practices exacerbating the weed problems. 

 
These aims were achieved by distributing a postal survey widely to growers in the industry, interviewing selected 
growers, monitoring weed infestations in the field, and undertaking an economic analysis. 

 

Influence on sustainability, profitability and 
international competitiveness, and/or people and 
community 
 

The scoping study has provided a great deal of information pertaining to the management systems currently in place on 
a number of dryland farms involving cotton.  This information details the rotation crops used, the weeds encountered in 
each phase of the rotation, the herbicides and farming practices currently employed by growers, and practices that may 
exacerbate the weed problems in the farming system.  An improved understanding of the dynamics of the farming 
system and the issues that dryland growers are facing will provide a more focussed research approach to the dryland 
system improving the sustainability of weed management practices.  The study also assessed the economic impact of 
weeds by region in the dryland farming system.  The economic study not only looked at the cost of weed control, but 
also took into account yield loss due to weeds.  The study demonstrated the importance of controlling weeds throughout 
each phase of the rotation to minimise recruitment and carry-over of weed seeds from one crop to another. The study 
also highlighted the high costs of weeds to the industry, estimated to be $61/ha for wheat, $152/ha for sorghum, and 
$345/ha for dryland cotton.  Employing control measures to prevent residual carry-over of weed seeds will ensure more 
sustainable and profitable outputs by reducing future weed problems.  This in turn will improve our international 
competitiveness by reducing production costs and yield losses. 
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Methodology 

 

The scoping study consisted of four components, starting firstly with a postal survey to dryland cotton growers, 
followed by grower interview, field surveys, and economic analysis of data from the postal survey.   

 

Postal survey 

The postal survey, similar to the survey of Jones et al. 2000, was distributed to 342 dryland growers in northern NSW, 
southern and central Queensland.  The survey asked growers to provide information on the crop rotations, farming 
practices used in each component of the rotations for weed control, specific information on herbicides used for the main 
weeds of each crop and fallow, as well as specifics on troublesome weeds within their cropping systems. As the 
intention was also to determine the economic impact of weeds in the dryland farming system, several questions were 
included to allow the economist to determine the overall cost of weeds in the dryland system.  These questions included 
costs of weed control, yield losses due to weeds and the carryover of residual weeds into the different components of 
the dryland farming system.   A copy of the survey form and covering letter is attached in Appendix 1. 

 

Grower interviews 

Ten dryland cotton growers were interviewed face-to-face by Glenn Milne to validate the responses given in the postal 
survey and to provide any additional information relevant to weed management.  Eight of these growers were from 
southern Queensland, including Dalby, Pittsworth, Jimbour, Jondaryan, Goondiwindi and Warra, and two were from 
northern NSW at Gurley and Moree.  Nine of these growers had completed the postal survey. The questionnaire used 
was similar to that used in the postal survey (Appendix 2), but had additional questions to provide information on land 
management, crop agronomy, herbicide spraying details, and reasons for choosing their crop and weed management 
options.   

 

Field survey 
The 10 growers selected for interviewing were also used for monitoring weed infestations in their crop rotations with 
dryland cotton.  A total of 34 paddocks on these farms were monitored for weed density and diversity during the 
summer of 2001-02.  The paddocks were fallow (19), dryland cotton (9), sorghum (4), maize (1) and sunflower (1).  For 
each crop or fallow, monitoring was done at the early part of the season to give an indication of weeds being treated 
(December 2001), and later in the season prior to harvesting or re-cropping to give an indication of survivors with 
potential to replenish weed seed-bank (May 2002).  Weeds were monitored in 20 transects in each paddock, which was 
divided into 4 sections, where 5 transects (10m x 1m) were made across each section. The presence and density of each 
species were noted in each transect. Weed numbers per species were rated using the rating scale of 1 = <10 plants per 
10m2, 2 = 10 – 100 plants per 10m2, and 3 = >100 plants per 10m2.   
 

Economic analysis 
The postal survey data was analysed to calculate the costs of weed for the regions of central and southern Queensland 
and northern NSW. The cost of weed control for each crop and the yield loss due to weeds for each crop were 
determined using spreadsheet based analytical techniques. The costs of weed control were calculated using standardised 
herbicide prices, frequency of applications, rate of application and the cost of additives used with the herbicides.  
Similarly application costs were standardised (Scott 2001) to avoid discrepancies between farms.  Up to date 
commodity prices in “The Land” (November 2002) were used in yield and price calculations to avoid the product price 
variation received by the farms.  All price data has been carefully checked and prices were regionally representative.   
 
Price calculations for fallow weed control are ongoing and will be used at a later date to determine the overall impact of 
weeds on different farming systems on an annual basis. 
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Results 
 

Postal survey 
Fifty-three completed forms were returned, of which 11% were from central Queensland, 26% from northern NSW, and 
63% from southern Queensland.   These growers sow on average 225ha of dryland cotton each, a total of 11 900 ha.  
This represents approximately 21% of the national production based on area grown in the previous 3 seasons. 
 
The main soil was vertosol with 92% of respondents growing dryland cotton rotations on this soil type, whereas a small 
percentage uses red brown earths and river alluvium for their production systems.  
 
The cropping systems with dryland cotton were rather diverse, with 8 broad crop rotations identified in the postal 
survey. The main crops grown in rotation with dryland cotton were winter cereals only (46%), summer and winter 
cereals (18%), winter cereals with pulse (9%), summer cereals only (8%), summer and winter cereals with pulse (5%), 
and pulse only (2%), whereas 11% did not grow any rotational crops.  The main winter cereal was wheat with only a 
small area of barley grown. The main summer cereal was sorghum, and the main pulses were chickpea and mungbean. 
 
The most common weeds in winter fallows were wild oats, sowthistle, black bindweed, turnip weed, paradoxa grass and 
wireweed. Sowthistle was found across the regions, whereas wild oats, black bindweed and turnip weed were 
predominantly in southern Queensland and northern NSW. Phalaris was more common in northern NSW, and wireweed 
in southern Queensland.  The most common weeds in summer fallows were grasses (including Liverseed grass and 
barnyard grass), bladder ketmia, sowthistle and caltrop. Grasses were found across the regions. Caltrop was common in 
southern Queensland and northern NSW. Sesbania was common in central Queensland, and bladder ketmia in southern 
Queensland. 
 
The weed spectrum was diverse in cotton and sorghum with 41 and 34 different species noted respectively.  The most 
common weeds in these crops were bladder ketmia, caltrop and the summer grasses.  The main weeds in wheat, 
chickpea and barley were turnip weed, sowthistle, black bindweed, wild oats, paradoxa grass and wireweed.  Another 
18 species were listed as infesting wheat but to a lesser extent.  There were some regional differences, although 
sowthistle was generally found across the regions in the winter crops.  In central Queensland, the main summer weed 
was sesbania, whereas bladder ketmia and caltrop were the most common summer weeds in southern Queensland, and 
in northern NSW they were mainly grasses. 
 
Growers were highly reliant on the use of knockdown herbicides for fallow weed control, with all using knockdown 
herbicides at some stage during both the winter and summer fallow periods.  Use of cultivation was reasonably common 
in both fallows but more so in winter.  The opposite was reflected for residual herbicide use, with growers using more 
residual products during the summer, and likewise for spot spraying.  Grazing was not used significantly for fallow 
weed control in these systems. 
 
There was a high reliance across the farming systems on long fallows and herbicides for in-crop weed control.  Pre-
harvest desiccation appeared to be used for most crops, although less frequent than the practices above.  Very few 
growers used high seeding rates, and none used wick wipers or spot spraying to assist with weed management.  The 
other practices (inter-row cultivation, shielded sprayers, chipping, late applications of selective herbicide) appeared to 
be crop specific.  For dryland cotton, the practices most widely used were long fallows preceding the cotton, pre-and 
post-emergent herbicides, shielded sprayers, inter-row cultivation and pre-harvest desiccation.  Chipping was also 
common.  For summer cereals, growers relied on long fallows, pre- and post-emergent herbicides and pre-harvest 
desiccation as the major practices for weed control.  There was some inter-row cultivation, shielding spraying and late 
selective herbicide application used.   
 
For winter cereals, growers relied strongly on long fallow prior to the cereal and post-emergent herbicides as the main 
practices for weed control.  There was some use of pre-emergent herbicides, higher seeding rates and late applications 
of selective herbicide.  Chickpea growers used pre-emergent herbicides and pre-harvest desiccation as the main 
practices for weed control, although some did use post-emergent herbicides as well, which may include the use of 
shielded sprayers.   
 
Irrespective of fallow season, the use of glyphosate, either alone or in mixes, far exceeded any other herbicide.  In both 
winter and summer fallows, 53-54% of growers used glyphosate alone, and 38-41% used glyphosate mixes, and less 
than 10% used other herbicides.  The most common glyphosate mixes used in winter were 2,4-D or metsulfuron-
methyl, while the mixes in summer included 2,4-D or fluroxypyr.   
 



 10

The effectiveness of herbicides in controlling common weeds in fallows varied greatly with weed species.  In winter 
fallows, control of wild oats, turnip weed, paradoxa grass, wireweed and mustards was consistently very good, whereas 
control of sowthistle and black bindweed was in many situations only acceptable or variable. Bladder ketmia, Liverseed 
grass, barnyard grass and sowthistle were not controlled very well or consistently in summer fallows for majority of 
growers. In contrast, most growers achieved good control of other grasses, and the other main broadleaf weeds.  
 
The range of herbicides and mixtures used in cotton and sorghum was extensive, with 30 and 12 combinations recorded 
in the survey respectively. In dryland cotton there was wide use of glyphosate alone, and fluometuron + prometryn with 
and without pendimethalin and / or glyphosate.  These chemicals or specific combinations represented 56% of all 
recorded applications. Atrazine alone and mixes with fluroxypyr or metolachlor were the most widely used herbicides 
in sorghum, representing 72% of the uses.   
 
Reliable good control of bladder ketmia, caltrop, Liverseed grass and barnyard grass was only achieved for less than 
50% of cotton and sorghum growers.  In contrast, many of the other broadleaf weeds, such as amaranths and cowvine, 
were normally well controlled in these crops.  For the few maize growers, weed control was variable for all except one 
weed species. 
 
The range of herbicides used in wheat was reasonably extensive, but fewer options were used in barley and chickpea.  
In wheat, MCPA applied alone or in mixes with various other herbicides accounted for 47% of the herbicide treatments.  
Similarly, the use of metsulfuron-methyl alone or in mixes accounted for 41% of uses, although many of these were in 
combination with MCPA.  Other important herbicides were clodinafop, glyphosate, 2,4-D, and thifensulfuron plus 
metsulfuron-methyl.  In barley, there were similar trends to wheat with MCPA and metsulfuron-methyl use.  In 
chickpea, the most important herbicides were haloxyfop and combinations with simazine and / or prometryn. 
 
Turnip weed and wild oat were controlled very well in wheat for most wheat and barley growers, but sowthistle and 
black bindweed was either only acceptable or variable for the majority of growers.  Grass control in chickpea was 
generally good, but less so for most broadleaf weeds.  
 
The most common difficult-to-control weeds for growers were sowthistle, black bindweed, bladder ketmia, cowvine, 
and wild oats.  Other important weeds were the burrs (Noogoora and Bathurst), fleabane, Johnson grass, paradoxa grass 
and sesbania. These two groups accounted for two thirds of the responses of the 44 weed species listed by growers. 
There were, however, regional differences.  In central Queensland, the main difficult-to-control weed was sesbania.  In 
southern Queensland, they were sowthistle, bladder ketmia, and black bindweed, whereas the main difficult-to-control 
weeds in northern NSW were black bindweed and fleabane.  
 
Growers nominated a total of 33 different cropping or farming practices that were possibly exacerbating their weed 
problems.  The main identified practices were growing cotton particularly in zero tillage systems, as well as not being 
able to use ‘hormone’ herbicides in cotton areas, growing chickpeas and back-to-back wheat, weeds in fallow, and 
reduced tillage systems. 
 
The full report of the results is given in Appendix 3. 
 

Grower interviews 
The rotations used by growers varied depending on region, soil type, growers’ preferences and commodity prices.  
Approximately half the rotations were with winter cereals, mostly wheat.  The other main rotations were either dryland 
cotton only or rotated with sorghum. Fallow length after cotton varied from double cropping with no fallow to long 
fallow for 3 seasons.   Although there was a mixed response to question on reasons for crop rotations, moisture 
conservation was the highest priority and weed management was the second most important reason. The low rating for 
opportunity cropping indicates that cotton is a planned crop in the rotation. 
 
Direct drilling is a major part of land preparation. However, due to pupae busting required after cotton, the systems are 
classed as minimum tillage, although many growers would be zero tillage if this operation was not necessary.  There are 
large variations in row spacing and sowing rates used for each crop. Approximately 40% of the growers sow cotton in 
90 or 100cm rows as solid planting, 20% as single skip, and the rest on double skip.  Wheat is sown in row spacings 
from 15 to 35cm.  Sorghum and maize are sown mostly in 90 or 100cm rows. Sowing rates for cotton varied from 4.5 to 
11 kg/ha, and the majority of growers sow wheat and barley at 40 kg/ha or less. Cotton and maize crops aimed for a 
certain crop stand, but others were just based on seeding rate without consideration for final crop stand.  Maize was 
considered as a weakness in the rotation, as weeds grow and seed in late part of crop after maturity and before harvest. 
 
The responses to farming practices used for managing weeds in fallows were very similar to those from the postal 
survey.  In addition, some growers use chipping to control weed survivors in fallows.  In summer crops, the main 
differences were that the interviewed growers used less crop competition and follow-up herbicide applications on 
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surviving weeds, but used more of pre-harvest desiccation in cotton.  Options used in sorghum were very similar. 
However, with winter cereals, there were large differences particularly with use of long fallow, inter-row cultivation, 
shielded spraying, chipping and pre-harvest desiccation. 
 
Weed control with the different herbicides used by the interviewed growers was similar to that in the postal survey for 
most situations.  The exceptions were better control by the interviewed growers of barnyard and Liverseed grass in 
cotton, and bladder ketmia and Liverseed grass in fallows.  The opposite was evident for cowvine in cotton and fallow, 
and caltrop in sorghum. 
 
The most common difficult-to-control weeds were bladder ketmia, cow vine, sowthistle, and a problem weed of the 
future fleabane.  These were similar to those cited in the postal survey, apart from the greater importance by interviewed 
growers for pigweed and less for wild oats.  
 
The full report of the results is given in Appendix 4. 
 

Field survey 
A total of 68 species were recorded in the field survey, with more species in fallows than in crops.  The diversity of 
weeds in paddocks varied from 3 to 29 species per paddock.  The most common weeds found in this field survey were 
very similar as those highlighted in the postal survey.  The most common weed was bladder ketmia, which was found in 
74% of the paddocks monitored.  The other common weeds were sowthistle (47% of paddocks), pigweed (47%), caltrop 
(44%), amaranths (42%), barnyard grass (38%), cowvine (32%) and Liverseed grass (29%).  In addition to these weeds, 
volunteer crops such as wheat and cotton were often widespread. 
 
The average density of weeds infesting the whole paddock was often less than 1 plant/m2

 for most weeds, although the 
weeds were often in patches of heavy infestations, with some at densities of greater than 10 plants/m2.  Despite the 
different weed management strategies, most paddocks with cotton and sorghum and to a lesser extent fallow had 
surviving weeds at the end of the season.  Densities were usually low when averaged across the paddock, but there were 
some patches of higher densities.  The majority of the residual weeds had or were seeding, and thus replenishing the 
seed-bank.  
 
The report listing weed species and density in each paddock of the rotations are presented in Appendix 5, and the full 
report by Glenn Milne is presented in Appendix 6. 
 

Economic analysis 

The average cost of controlling weeds in each crop grown in rotation with dryland cotton is presented in the table 
below. These costs include the costs of herbicides, herbicide application, cultivation and manual chipping where 
appropriate.  The costs associated with weed control are very similar for northern NSW and southern Queensland, 
although the costs for weed control in central Queensland were quite different from the other two regions. This is likely 
to be due to the poor return of surveys from this region resulting in a much smaller sample pool from which to calculate 
the average costs.   

 
Region Crop Cost ($/ha) 
Northern New South Wales Chickpea 45 
 Cotton 220 
 Sorghum 59 
 Sunflowers 12 
 Wheat 35 
Southern Queensland Barley 7 
 Chickpea 35 
 Cotton 221 
 Maize 15 
 Mung bean 132 
 Sorghum 59 
 Sunflowers 53 
 Wheat 35 
Central Queensland Cotton  99 
 Sorghum 33 
 Sunflowers 15 
 Wheat 12 
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Growers were asked in the postal survey to provide details of the reduction in yield due to weeds in their crops.  The 
reported yield losses were averaged for each of the crops across the regions and are presented as the percentage yield 
loss due to weeds in the table below.  The percentage yield loss was converted into dollar equivalents using current 
regional prices for the crops and the average yield obtained across all regions for the particular crop grown.  The total 
cost of weeds for each crop was calculated taking into account impact of weeds on yield and the cost of weed control in 
each of the crops.  The cost of weed control was averaged across the regions with the exception of cotton in central 
Queensland, as it is believed that this is not a true reflection of the cost of weed control in this region.  The cost of weed 
control in summer crops is very high particularly in cotton and sorghum, reflecting the impact and importance of weeds 
in these systems. 

 

Crop Yield loss due to weeds  
(%) 

Yield loss due to weeds 
($/ha) 

Total cost of weeds 
($/ha) 

Barley 5.44 30.76 37.76 
Corn 4.80 64.19 79.19 
Cotton 6.56 125.40 345.20 
Pulses 4.21 19.70 65.70 
Sorghum 7.02 93.24 152.24 
Sunflowers 7.09 42.54 69.21 
Wheat 4.56 33.93 61.26 

 

Discussion  
 

The weed spectrum in cropping systems with dryland cotton is very diverse with 68 different species recorded in the 
field survey and growers nominating 44 difficult-to-control species.  The situation is more complex with regional 
differences.  

 

The most common weeds that growers are having difficulty in controlling are bladder ketmia, sowthistle, caltrop, 
summer grasses such as barnyard grass and Liverseed grass, and black bindweed, although the importance of these 
weeds differed with the cropping situations.  Bladder ketmia, and summer grasses were problems in all aspects of the 
summer phases of the rotations, black bindweed in all winter phases, and sowthistle a problem irrespective of season.   

 

In general, the grower interviews and the field surveys supported the findings of the postal survey. The most abundant 
weeds recorded in the field survey were bladder ketmia, sowthistle, caltrop and pigweed in approximately half or more 
of the monitored paddocks.   

 

An important emerging weed problem is fleabane, which was identified as one of the most difficult to control weed by 
growers.  Fleabane has been reported in other surveys by Dr Ian Taylor as a weed that is becoming more significant on 
a number of cotton farms.  Several interviewed growers made similar comments on fleabane, and it was detected in 
several paddocks in the field survey although not in large numbers.  

 

In each of the regions, the troublesome weeds in crop were also those weeds that are the most common in the fallow, 
suggesting that consistent good control is not being achieved in either the fallow or cropping phase of the rotation.  The 
reasons for poor control of these main species requires further in depth exploration in light of the herbicides and 
farming practices being used.  Whilst an extensive range of herbicide treatments and other weed management tools was 
listed in the survey, weed control is largely reliant on a few herbicides, particularly glyphosate and atrazine, and not 
based on sound integrated weed management principles.  As well, the information from the grower interviews indicates 
that there is a need for improvements in herbicide application technology. 

 

Weed control in summer and winter fallows relies primarily on knockdown herbicides and some cultivation.  As water 
conservation is of upmost importance to dryland growers, the use of cultivation for weed control is likely to be minimal.  
The transition of many growers to minimum or zero tillage for soil conservation thus places a great deal of reliance on 
knockdown herbicides as the primary means for weed management in summer and winter fallows.  Glyphosate is the 
main herbicide being used for weed control in both summer and winter fallows (90%).  This survey demonstrates the 
importance of glyphosate as a herbicide to dryland growers but also suggests perhaps that there is an over-reliance on 
glyphosate for weed management.  The widespread use of glyphosate only for weed control in fallows increases the 
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selection pressure for herbicide resistance on the weed spectrum as well as perhaps being the primary causal agent for 
species shift.  Glyphosate was also the main herbicide used for weed control in dryland cotton. The introduction and 
adoption of Roundup Ready cotton varieties in dryland production systems will only increase the use patterns of 
glyphosate.  A number of pre-emergent and pre-plant herbicides, such as fluometuron, prometryn and pendimethalin, 
were also used for weed control in cotton.  Atrazine was the most commonly used herbicide in sorghum with 72% of 
surveyed growers using this herbicide in combination or on its own.  

 

The lack of implementation of integrated weed management techniques may be due to little understanding of the 
techniques available to growers or because the techniques being promoted are not practical to this system.  Inter-row 
cultivation (cotton and sorghum) and crop rotations were two alternative forms of weed control commonly used.  
However, when examining the herbicides used in the rotations and also in the fallows, there may be little benefit 
afforded in preventing the development resistance by adopting these crop rotations.  

 

A number of growers suggested that their weed problems were exacerbated by growing cotton or monoculture cotton in 
conjunction with zero or minimum tillage operations.  Additionally, field observations suggest that residual weeds were 
being poorly controlled thus contributing to future weed problems.  These findings suggest that the development of a 
comprehensive integrated weed management plan would greatly assist growers to better manage weeds in dryland 
systems involving cotton. 

 

Weeds in dryland cropping systems with cotton are economically damaging.  The costs associated with weeds are much 
higher than previously realised, particularly in dryland cotton ($345/ha) and sorghum ($152/ha).  Dryland cotton 
production in the last 3 years was estimated to be 57 000 ha Australia wide, thus the cost of weeds to the dryland cotton 
industry alone was close to $20 million.  This is somewhat disturbing, as productivity has fallen from 3.83 to 2.82 
bales/ha (Cotton Year book 2001), which would be making it more difficult for growers to cover variable costs.  
Growers, who are able to implement well-defined integrated weed management strategies, that over time will reduce 
weed pressure, stand to make substantial savings in costs of production as well as increased profits due to greater yields.  
Good weed management, though, is not restricted to a single crop or component of the farming system.  The field 
surveys indicated that many weeds are being allowed to carry over from one cropping phase into another, and therefore 
weed management strategies need to be designed to account for all components of the farming system to realise savings 
in all of the rotations commonly used. 

 

The objectives of the scoping study were not only to identify the major problem weeds and farming practices 
exacerbating weed problems but also to identify future research and development issues.  These issues are summarised 
below: 

Weed issues 
 Main weeds are bladder ketmia, sowthistle, caltrop, summer grasses (Liverseed and barnyard), and black 

bindweed 
 Weed spectrum that needs to be managed is very diverse 
 Regional differences 
 Some emerging weed problems such as fleabane 

 
Herbicide technology issues 

 There is an over reliance on glyphosate for weed control in summer and winter fallows 
 There is an over reliance on post emergence herbicides in winter cereals for weed control 
 Residual herbicides may have role in controlling late flushes and still maintain rotation flexibility 
 Weed control in sorghum is heavily dependant on atrazine and is variable in effectiveness 
 Water volumes being applied are too low for consistent effective weed control 
 Many growers delay spraying fallow fields when weeds first germinate and try to control the second flush with 

the one herbicide application, and thus creating difficult-to-control weeds 
 Appears to be considerable variability in the efficacy of the herbicides used in a number of the cropping and 

fallow phases.  This may be due to water volumes being used, the size of the weeds when sprayed or incorrect 
application of herbicides 

 
Integrated weed management issues 

 An overall integrated weed management plan for these dryland productions systems is lacking 
 Appears to be a general lack of understanding of the importance of preventing seed set on surviving weeds 
 Crop competition as a weed control option appears to be poorly understood, with many growers sowing at low 

densities and allowing weeds to germinate, compete for valuable moisture resources 
 Residual winter weeds are setting seed and contributing to weed problems in subsequent fallows and crops. 
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 Summer crops are sown on wide row spacing and growers tolerate weeds in the skip row without recognising 
the value of controlling those weeds to prevent replenishment of the seed bank 

 Weed control in maize and sunflowers tends to be poor, contributing to weed problems in other components of 
the rotation 

 Appears to be an unbalance in weed management inputs for dryland cotton compared with the rotational crops. 

 

Plan for future to develop or to exploit the project 
technology 
 

The directions of the research project over the next three years will be determined in conjunction with the agronomist 
appointed to the project.  The following research, development and extension activities have been identified by the 
project team from the scoping study and it is expected that the future research will be a sub-set of these main issues. 

Weed control in fallow 

 Develop collaborative links with current projects on fallow weed control - Weeds CRC project 2.2.2.1, GRDC 
project DAS293, and GRDC project CFI6, and incorporate appropriate information from these projects into 
BWM strategies 

 Identify any important gaps needing future research 
Weed control in winter cereals 

 Build on previous research on improving competitiveness of wheat and barley for suppressing weed seed 
production, and incorporate into BWM strategies 

 Investigate options for use of residual herbicides that maintain cropping flexibility, building on previous 
research  

Weed control in sorghum 
 Research manipulation of crop agronomy, such as row spacing, stay green character, cultivar maturity, sowing 

date, and herbicide technology, such as improved efficacy with atrazine, pre-harvest desiccation, other options, 
for improving weed control and suppressing weed seed production 

 Develop collaborative links with APSRU researchers on modelling sorghum 
Weed control in dryland cotton 

 Research options for preventing seed set on weed survivors, particularly in the skip row areas 
 Develop collaborative links with weed scientists in Cotton CRC researching weed control in irrigated cotton 

Weed biology 
 Compile appropriate information on biology / ecology of identified key weeds for use in BWM strategies, 

such as research on sowthistle and bladder ketmia  
 Identify any important gaps, particularly for weed seed persistence in soil seed-bank, and develop new 

research protocols 
Key weeds 

 Some key weeds identified, such as bladder ketmia, Liverseed grass and barnyard grass, need improved BWM 
strategies across the rotations 

 Other key weeds, such as sowthistle, caltrop, and black bindweed, need improved BWM strategies for certain 
components of the rotations  

Herbicide technology 
 The large amount of information on herbicides use and efficacy needs to be compiled into separate tables for 

each weed.  These will useful as a potential extension guide for the best options for consistent good efficacy 
 Possible reasons for variation in efficacy of key treatments need to be identified, and develop new research 

protocols if needed 
 Promote extension campaign with Industry Development Officers for improving herbicide reliability where 

current information is available, particularly with issues on water volume, weed size and alternate options 
Modelling 

 Due to the complexity of the cropping systems, weeds issues, and geography, the project team envisage that 
some modelling or modelling framework will be needed to simulate the long-term impacts of newly developed 
BWM strategies. 

 A basic model framework, such as Stellar® or Vensim®, could be used in conjunction with experimentation to 
simulate the impacts various chemical and non-chemical control strategies on the population dynamics of key 
weed species.   
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 Ultimately computer simulation models, such as Apsim, that have the ability to account for agronomic and 
climatic factors would provide the most benefit to understanding the dryland production systems involving 
cotton spread over wide geographical and climatic regions. 

Field research 
 Sites will be in central Queensland, Darling Downs in southern Queensland, and the Border Rivers in northern 

NSW to account for differences in weed spectrum, rotations and climate 
 

 

Future presentation and dissemination of the 
project outcomes 
 
A Technical Bulletin is currently being prepared for distribution with the key findings and outcomes from the dryland 
scoping study.  The technical bulletin will provide information to agronomists, growers and researchers with the key 
weed issues, and the economic impact of weeds in the dryland farming system.  As well, papers and articles are planned 
to be published in several scientific journals, proceedings of Australian Economics Conference and Australian Cotton 
Conference, and Australian Cotton Grower. 
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Plain English summary 
 
Weeds, their management practices and associated issues in dryland cotton farming systems are diverse and complex.  
This was confirmed in a scoping study that was initiated in July 2001 by the Cotton Research and Development 
Corporation, Australian Cotton CRC, Grains Research and Development Corporation and CRC for Australian Weed 
Management.   
 
The overall aim of the scoping study was to achieve a better understand the weed management issues of this complex 
farming system and to provide direction for future research efforts.  Specifically, it aimed to determine the dominant as 
well as the difficult-to-control weed species in each component of the dryland cotton rotations; the different weed 
management practices, both non-chemical and chemical, being used for weed control in these systems; the economic 
impact of these weeds; and the current practices exacerbating these weed problems. 
 
The scoping study consisted of 4 components, starting firstly with a postal survey to over 300 dryland cotton growers.  
The mail survey was followed up with detailed interviews of 10 growers, and extensive field surveys on 34 paddocks in 
each of the rotation sequences of these interviewed growers. The final component of the scoping study was an economic 
analysis of weeds in these systems. 
 
The crop rotations with dryland cotton comprised a number of different crops in conjunction with several summer and 
winter fallows of different lengths. The standard system involved growing dryland cotton after 1 or several wheat crops, 
although there were many alternative rotations with sorghum, chickpeas, barley, mungbean, sunflowers, peanuts, or 
maize.  
 
The main weeds that were infesting these cropping systems were bladder ketmia, sowthistle, caltrop, Liverseed grass, 
barnyard grass, black bindweed, cow vine and pigweed.  Apart from these main weeds, the weed spectrum needing to 
be managed was very diverse with 68 different species identified in the field survey, with distinct regional differences 
from northern NSW to central Queensland.  Whilst not common, there were some major emerging weed problems, such 
as fleabane, which was listed as the second most difficult-to-control weed by growers in northern NSW.  
 
Herbicides were the main tool used for weed control in these cropping systems, with a large reliance on glyphosate for 
summer and winter fallows, and atrazine in sorghum.  As well, post emergence herbicides, but not residual herbicides, 
were mostly used in wheat.  Many of the key herbicides had considerable variability in their efficacy and reliability, 
which may be due to water volumes being used, the size of the weeds when sprayed, incorrect rate or herbicide.  Many 
growers delayed spraying fallow fields when weeds first germinate and try to control the second flush with the one 
herbicide application, and thus creating difficult-to-control weeds.   
 
There was much less focus on an overall weed management plan to minimise the long-term impact of weeds using 
IWM principles with both chemical and non-chemical methods.  Some of the ‘weak-links’ in the current management 
systems are not preventing seed set on surviving weeds, especially for summer crops sown in wide row spacing, and 
poorly competitive winter cereals. Consequently, residual weeds are setting seed and contributing to weed problems in 
subsequent fallows and crops.  Weed control in maize and sunflowers tends to be poor in general, and thus contributing 
to weed problems in other components of the rotation.  Overall, there seemed to be an imbalance in weed management 
inputs in the cropping systems with greater emphasis on weed control in dryland cotton than in the rotational crops. 
 
The project team, along with the new research agronomist, are determining the directions of the new research project.  
The main focus will be developing Best Weed Management (BWM) strategies for the identified key weeds for the 
different cropping systems with dryland cotton.  It will involve field studies on weed biology, improved herbicide 
technology and non-chemical options to minimise the replenishment of the weed seed-bank.  Due to the complexity of 
these cropping systems and weeds issues, the project team envisage that some modelling will be done to simulate the 
long-term impacts of the newly developed BWM strategies. 
 
The proposed research is important, as the cost of weeds was estimated for current practices to be $345/ha for dryland 
cotton, $152/ha for sorghum and $61/ha for wheat. The full cost of the cropping systems will be finalised once the costs 
of weeds in fallows has been finalised. 
 
The scoping study was a collaborative project involving scientists and technical staff from Department of Primary 
Industries, Queensland and New South Wales Agriculture. 
 
 
 


