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Part 3 — Final Report Format

I. Outline the background to the project.

Since 1988, CRDC has funded a serics of projects focussing on the management of problem weeds (nutgrass,
potyincria takcall, cowvine, budda pea, lippia and others) and weed management systems for the cotion
industry. The rescarch included work on transgenic, herbicide tolerant cotton (Roundup Ready, Oxygene,
Liberty Link and 2,4-D tolerant cotton), noogoora and thornapple competition, herbicides for use with
pigeon pcas, and monitoring weed management systems.

Nevertheless, weeds continne to cause significant problems for the cotton industry, and the cost of weed
control increases ycar by year. Four of the key weed probiems in cotton are nutgrass, cowvine, bellvinc,
and polymeria takeall. Whilc considerable research has been undertaken on nutgrass, there are still
considerablc gaps in the knowledge of this weed and its management. Even less is known of the
managemet options for cowvine, bellvine and polymcria takeall in irrigated cotton.

Problems with weed control are being exacerbated by changes in the farming system, with trends towards
reduced cultivation, reduced chipping and stubble retention. Thesc changes are placing increasing pressurce
on the use of herbicides, and as a consequence, a group of problem weeds that arc largely tolerant of the
commonly uscd herbicides has been sciceted out. The inerease in residual herbicide use also has How-on
environmental itnpacts both on and off the fann.

In order to address this sithation, ACGRA has requested that the weeds team put all available infonmation
together into a WEED pak format during the next year, Muich of the data collected in DAN 124C and
previous projects will form an imnportant part of WEEDpak. This will provide a valuable resource to cotton
growers and will also aliow future rescarch and extension prioritics to be mnore readily identificd.

2. List the project objectives and the extent to which these have been achieved.

Objectives:
1. To continue rescarch on the management of cowving, bellvine and polyineria take-atl,

2. To devclop intcgrated managemnent guidelines for the major probiem weeds of cotton. These guidelines
will draw together all available information so it can be complied into a grower based information
package (WEEDpak). This package will include grower case studies of successful and unsuccessful
management approaches.

3. To continue monitoring weed density and diversity on the CRC farming systemns cxperiment at Warra and
on farmers’ ficlds thronghout the industry.

4. To explore and identify the strengths and gaps in current knowiedge of weed management in cotton and to
clearly identify grower prioritics for future rescarch.

Achievements:

All objectives have been achicved. The resuits of the work werc written up as a major component of
WEEDpak. Extracts of WEEDpak arc included as an Appendix.

1. Ficld cxperimnents on cowvine management were undertaken at Bloomvale (Moree) and Clyde
(Dirranbandi). Results were mixed. The best treatment, an application of Zoliar at 2 kg/ha, gave a 75%
reduction in cowvine numbers (averaged over the season), but this result is still inadequate, leaving 3
plants/m®. Long-terin monitoring of the cowvine scedbank experiment continued at Beechworth (Merah
North), showing a 50% rcduction in the scedbank over 3 scasons under grower management. More
detailed examination of the viability of the seed in the seedbank will commence this season.

Polymeria take-all and lippia field experiments continue, although the results have been adverscly
impacted by the current dry conditions, as these experiments are situated on rain-fed sites.

Nutgrass management in Roundup Recady® cotton is being assessed at Auscott (Narrabri). Visual
obscrvations indicatc improved control with Roundup in Roundup Ready® cotton compared to MSMA
in conventional cotton. Soil samples and visual assessinent over the next 2 seasons should confirm this
resull.



Detailed glasshouse studies of cowvine, bellvine, polymeria take-all and nutgrass management continued.
Experitments focus on questions that are not adequately answered in the weed management guides in
WEEDpak, such as the miniinum interval for cultivation following a glyphosate application to nutgrass.
This information will be released in a supplement to WEEDpak when the results becomie available.

2.  WEEDpak has been a major collaborative undertaking. It was officially launched at the Australian Cotton
Conference and will be released in early October 2002. My direct input into WEEDpak include the
sections:

o Weced identification and information guide, with identification of 38 weeds (Stephen Johnson compiled
the information component

e Integrated weed management (IWM) in Australian cotlon production (with Grant Roberts)
+ Managing weeds in cotion

» Managing hetbicide resistance in cotton

s Managing Roundup Ready® cotton (with lan Taylor)

e Rescarch results with Roundup Ready® cotton

e Managing weeds on roads, channels and watcr storages (with others)

o Managing cowvine in cotton

+ Managing nutgrass in cotton

»  Managing polymeria (take-all) in cotton (with Stephen Johnson)

» Herbicides for pigeon pea trap crops
These sections are included as an Appendix to this document.
Editing, formatting, reviewing and developing WEEDpak has also required a very large investment of time,

3. Weed pressure continues to be monitored on the CRC cropping rotation experitnent at Prospect (Warra) and
growers’ ficlds, Nutgrass and cowvinc continuic to be major problems for growers. Bladder ketmia,
pigweed and dwarl amaranth are also becoming more problematic for growers who are relying more
heavily on glyphosate.

4. Compilation of the WEEDpak componcnts has given a clcar understanding of the strengths and gaps in the
weed management system. A munber of gaps in the current rescarch have been identified. These gaps are
the future focus of the research effort.

5. How has your research addressed the Corporations three outputs: Sustainability,
profitability and international competitiveness, and/or people and community?

The research directly addresses the issues of sustainability and profitability.

Objective 1 assesses a range of weed management options to determine the optimum (most profitable)
systems using old and newer technologies including transgenic cotton, stubble retention and permancnt
beds.

Objectives 2, 3 & 4 examine issues of sustainability, developing management packages for problem weeds
which threaten sustainability, and assessing the sustainability of current production and farming systems,
The production of WEEDpak represents a major step forward in getting this information out to the cotton
industry and the community. The WEEDpak material will be made available on the internet later this
year, making the information readily available,

6. Detail the methodology and justify the methodology used.

Experiments were undertaken in the ficld and glasshouse using standard techniques, with full replication of
treatments, Most cxperiments used 4 replicates. Three replicates were used on a few field experiments
{such as the polymeria take-all tnanagement experiment) where resources were Hinited, generally because
of the limited size of the weed patches available. Most field experiments were conducted using fully
randomised complete block designs with plots of 20 m by 4 m. Glasshouse experinents were either
factorials or complete block designs. Data were analysed in Genstat using REML and regression using



the Poisson model. These methods give the most reliable results, ensuring a high probability of accuracy
with an cfficient use of resources.

Soil cores were used to monitor the nutgrass and cowvine seedbanks. The sample depth was determined from

a prior understanding of the distribution of sceds down the soil profilc. Ten replicate 75 mm cores of 300
mm length were taken per plot. This sample size was small and resulted in a high degree of variability in
the results, but was limited by the amount of work required to process the samnples (around 3 weeks full-
time for 1 person per sampling date) and the practical nced to limit the amount of soil taken from each
plot over a number of vears (approximately 1000 kg of soil was taken from the ficld at each sampling
date).

The weed surveys were undertaken using predetermined transects across ficlds and plots. Weed density was

measured on 10 strips of 1 m by 30 m along the cotton, with 2 replicates in growers ficlds row. Five
strips werc observed on cach treatment of the Warra CRC sit, which had 3 replicates). Observations werc
taken in approximately the same position cach season using measurcments and GPS coordinates. Every
weed present in each strip was recorded, except where weeds in a single species were present at greater
than 1 per m®. The density of thesc species was recorded after 50 weeds had been observed. This survey
method was adapted from the method used by Felton and is practical and cfficient in the cotton system
where most weeds arc present at relatively low densities (frequently fewer than 1 weed per 10 n’).

Experiments were gencrally a combination of field work and glasshouse work. Ficld experiments give the

best understanding of how treatments work in the rcal world, under typical ficld conditions, but can be
strongly influcnced by factors such as soil moisture and temperature. Actual weed density and age can be
difficult to dctermine in the field. Glasshouse experiments allow detailed cxamnination of treatments
cxcluding external factors, but do not always give a good indication of likcly results in the field.

Experiments undertaken included:

Weed incidence was monitor on the Warra cropping rotation experiinent

Weed incidenee was monitored on fields on 6 cooperating fanns nsing permanent bed

Weed incidence was tnonitored on the permancent bed experiment at ACRI, incorporating stubble retention,
Roundup Ready, bromoxynil and Basta tolerant ruaterial

Cowvine management experitnents were conducted at Morce and Dirranbandi

2 glasshouse experiments looking at the depth of emergence and residual herbicides on peachvine

4 glasshouse cxperiinents looking at the depth of cmergence and herbicides for bellvine control

Nutgrass management in Roundup Ready® cotton and rotation crops was assessed at Auscoft (Narrabri)

2

glasshousc experimnents examining the cfficacy of herbicides on the nutgrass specics Cyperus rotundiis,

C. bifax and C. victoriensis

2

glasshouse experiments cxamining the minimuin interval between glyphosate to nutgrass and cultivation

Polymeria takc-all manageiment was assessed 1n a ficld experiment on Twynam Central (Colty)
2 glasshousc experiments looked at additives and surfactants to improve glyphosatc cfficacy for polymeria
control

2

ficld experiments compared herbicides for lipia control

7. Detail results including the statistical analysis of results.

Detailed results from this and carlicr work has been compiled into management guidelines and other

components included in WEEDpak and are presented in the attached Appendix. All results were
statistically analysed, as indicated in Section 6. Only statistically significant results are inchided in these
guidelines.

8. Discnss the results, and include an analysis of research outcomes compared with
objectives.

I

Comprchensive management guides for nutgrass, cowvine and polymeria take-all arc included in
WEEDpak. These documnents have provided a vehicle to incorporate all the avaifable information in a
structured way. These docuinents also highlight the gaps in the current knowledge, Obvious gaps arc:

The ficld results for cowvine (peachvine) management were poor. Trials this season focus on split
applications to cnsure that herbicide rates arc maintained scason-long. Additional work on some
currently unregistered herbicides and altemative herbicides that may be used in rotation crops is



nceded. A better understanding of the scedbank and the longevity and fate cowvinc sceds is also
needed. Work on this is being initiated this season.

s  Work to understand the minimum period for cultivation following a glyphosate application to nutgrass
is under way. Two new promising herbicides are also now available (experimentally) and will nced to
be examined both in the glasshouse (work under way) and ficld on the range of nutgrass species. Work
to date has concentrated on 3 nutgrass specics. Additional work on some of the other specics such as
dirty dora may be necded. Some nutgrass species that occur in Qld., such as yellow nutsedge (the most
iinportant nutgrass species in the US) have not been included in the nutgrass management guide.
Feedback from WEEDpak should clarify this need to include other specics.

e Work to understand the effect of humidity, temperaturc and seil moisture on glyphosate cfficacy on
nutgrass and cowvine will be initiated as soon as the controlled climate cabinets recently ordered
become available. These cabinets will also be used to examine sotne of the other interactions of climate
and herbicide efficacy with these and other weeds.

o The cffects of heavy cultivation and 2,4-D on polymeria take-all control are not well covered in
WEEDpak. Glasshouse and some ficld work on 2,4-D cfficacy have been initiated.

¢ Additional information on photoperiod effects, cinergence temperatures and responses to soil moisture
will be assessed for these and other weeds.

2. WEEDpak has becn a milestone in the weeds work, incorporating resuits from years of rescarch into a
single cntity. WEEDpak is available to the cotton industry in an attractive A4 folder, allowing scctions to
be upgraded over time. It is our intention to upgrade WEEDpak as nccessary, with the first upgrade
planned for next winter. These upgrades will be simplificd by the style uscd in WEEDpak, allowing
pages to be easily added or replaced. The first upgrade of WEEDpak will include more weed
identification and information sets, information on herbicides in rivers etc, and management packages for
additional weeds including caustic weed and mint weed.

WEEDpak is a visually attractive, comprchensive, full-colonr document that presents a mass of information in
an informative, but very readable format. WEEDpak will also be available on the CRC wcb site, making
it casily and freely available to the gencral public.

WEEDpak has focused around the need for cotton growers to continue to use an integrated approach to weed
manageinent, It is important that growers understand the need for this approach, and understand the
consequences of relying too heavily on a single tool for weed management. The concept of IWM is not
new but the adoption of IWM is something that has been appreciated by too few industrics, Most
industries arc working on the principle of using the most cost-effcctive tools until they fail, in the hope
that a new and better tool will come along and replace them., This approach may be cost-cffective in the
short-term, but may be cxpensive in the long-term, as ncw management tools may not become
imcdiately available and may be very cxpensive. IWM relics on the principle of reducing the weed
sccdbank over time, reducing the long-term cost of and need for weed conrol.

WEEDpak scts a new standard in information delivery to the cotton industry. With the support of CRDC, the
result morc-than mects the expectation,

3. Woeed monitoring on growers’ fields and the cropping systems experiment has continued to provide
uscful information on the level of weed pressurc present and the changes in the weed spectrum over time.
These changes have been slow to cmerge, but arc occurring. The slow response to changing weed
management systcms is duc (at least in part) to the low density of many of these weeds in the first
instance, the large size of the seedbank of many of these weeds, the use of regular cropping rotations and
fallows, and the confinuing use of a range of weed management tools. Changes in the weed spectrum will
occur mere rapidly if growers primarily usc only ! or 2 weed management tools. Growers in the US who
have devcloped a Roundup only systcm have scen large changes in their weed spectrum within 2 to 3
scasons. These changes (fo Roundup tolerant weeds}) mean that the system has failed after onty 2 to 3
scasons.

The outcomes from this project clearly mect or exceed the project’s objcctives,

9. Provide an assessment of the likely impact of the results and conclusions of the
research project for the cotton industry. Where possible include a statement of the



costs and potential benefits to the Australian cotton industry and future research
needs.

WEEDpak will have a clear impact on the cotton industry, prowmoting the usc of integrated weed management
(IWM), accurate weed identification, and the targeted management of specific problem weeds.

The adoption of TWM will have a long term benefit to the industry, reducing in-licld weed pressure and weed
management costs, and increasing yiclds. More accurate weed identification and targeted management
plans for specific problem weeds will reduce the incidence of spray failure due to incorrect weed
identilication or incorrect product choice.

Weed management costs around $250/ha, or $125 million industty wide annually. A saving of even 5% of this
cost amounts to a saving of $6.25 million annually. On top of this, weeds also reduce cotton yields.
Improvements in weed control will itnprove cotton yiclds, giving much greater returns. An improvement in
cotton vields of 5% will give a return of around $80 million. Research results have shown that
improvements in weed management can improve yiclds by over 1 bale/ha, potentially improving yields by
[ar more than $80 million.

10. Describe the project technology {(eg. commercially significant developments, patents
applied for or granted licenses etc).

Nil

11. Provide a technical summary of any other information developed as part of the
research project. Include discoveries in methodology, equipment design, etc.

NA
12. Detail a plan for the activities or other steps that may be taken;
(a) to further develop or to exploit the project technology.

(b) for the future presentation and dissemination of the project outcomes.

Support and extension of WEEDpak has been identificd as an important priority of the current project. This
support commenced at the Australian cotton conference, where WEEDpak was show cased, and will
continue as opportunity arises throughout the year. WEEDpak will be delivered to cotton growers on
request, will be provided to the cotton extension tcam, and will be distributed at field days, industry
meetings, ctc. The cotton industry extension stalf and consultants will be important to getting WEEDpak
out into the industry.

Getting WEEDpak up and running on the CRC web will be the next hurdle. The web-sitc will allow
community-wide access to the material, and will allow the material to be continually improved and
updated. It will also allow much better cross-linking of informnation.

1t is essential that WEEDpak is continually upgraded on a yearly or bi-yearly basis, as new and additional
material becomes available. The weed identification and information guide cspecially needs more inpul
to expand the range of weeds and to ensurc that ccology and management information is available for all
the weeds presented. Thirty eight weeds are currently in the guide. This will need to be expanded to
several hundred weeds over the next few years.

Work on the management of specific problem weeds continucs as a focus of this project. The current new
project focuses on the management of bellvine, dwarl amaranth, pigweed and David’s spurge, in addition
to some continuing work on nutgrass and cowvine.

Basic information such as depth of emergence and minimum tempcerature for cinergence needs to be
generated for the major weeds of cotton, but is not currently available. This data could be generated
relatively casily for a wide range of weed species and would be a valuable addition to weed information
currently available in WEEDpak.

13. List the publications arising from the research project.
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Part 4 — Final Report Plain English Summary

Project 156C Weed Management Packages for Cotton

Background. Rescarch into weed management in cotton was mitiated in 1988. The weeds team and
research information have grown since that time, to now be at the level where WEEDpak, a

~comprehensive guide to weed management in cotton, is a practical and achievable outcome. This
project focussed on developing management packages for the problem weeds of cotton, nutgrass,
polymeria-takeall and cowvine (peach vine), and incorporating this information into WEEDpak.

WEEDpak. A large proportion of the time and effort of this project went into the production of
WEEDpak, both with direct input into the production of numerous WEEDpak chapters (included
in the Appendix), and also into the formatting, editing, and development of WEEDpak. The result
has been outstanding. WEEDpak is an attractive, easily read, comprehensive and integrated
package that puts a mass of research data and grower information into a single entity.

WEEDpak will be available to cotton growers in early October 2002, and will become available to
the industry and community later this year through the CRC web site. WEEDpak will also be
upgraded over time, with a number of additional units planned for incorporation next year.

Research. Ficld cxperiments on cowvine management were undertaken at Bloomvale (Moree) and
Clyde (Dirranbandi). Results were mixed. The best treatment, an application of Zohar at 2 kg/ha,
gave a 75% reduction in cowvine numbers (averaged over the scason), but this result is still
inadequate, leaving 3 plants/m’. Long-term monitoring of the cowvine scedbank experiment
continued at Beechworth (Merah North), showing a 50% reduction in the seedbank over 3 seasons
under grower management. More detailed examination of the viability of the seeds remaining in
the seedbank will commence this scason.

Polymeria take-all and lippia ficld experiments continue, although the results have been adverscely
impacted by the current dry conditions, as these experiments are situated on rain-fed sites.

Nutgrass management in Roundup Ready® cotton is being assessed at Auscott (Narrabri). Visual
observations indicate improved control with Roundup in Roundup Ready® cotton compared to
MSMA in conventional cotton. Assessments over the next 2 scasons should confirm this result.

Detailed glasshouse studics of cowving, bellvine, polymeria take-all and nutgrass management
continue. Experiments focus on questions that are not adequately answered in the weed
management guides in WEEDpak, such as the minimum interval for cultivation following a
glvphosate application to nutgrass.

Woeed pressure continues to be monitored on the CRC cropping rotation experiment at Prospect
(Warra) and growers’ ficlds at Dalby, Moree, Narrabri and Warren. Nutgrass and cowvine
continue to be major problems for some growers. Bladder ketmia, pigweed and dwarf amaranth are
also becoming more problematic for some growers who are relying more heavily on glyphosate,

Future priorities. Support and ¢xtension of WEEDpak has been identified as an important priority of
the current project. This support commenced at the Australian cotton conference, where WEEDpak
was show cased, and will continue as opportunity arises throughout the year, WEEDpak will be
delivered to cotton growers on request, will be provided to the cotton extension team, and will be
distributed at field days, industry mectings, ctc. The cotton industry extension staff and consultants
will be important to getting WEEDpak out into the industry.

—t-tsmmportant that WEEDpak is continually upgraded on a yearly or bi-yearly basis, as new and
additional material becomes available. The weed 1dentification and information guide especially
needs more input to expand the range of weeds and to cnsure that ecology and management
information is available for all the weeds presented. Thirty eight weeds are currently in the guide.
This will need to be expanded to several hundred weeds over the next few vears.

Work on the management of specific problem weeds continues as a focus of this project. The
current new project focuses on the management of bellvine, dwarf amaranth, pigweed and David’s
spurge, in addition to some continuing work on nutgrass and cowvine,
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Introduction

The cotton farm can be home to a wide range of weed specles. Many of these weeds are native and
were present before cotton was first grown In these areas. Many more weed species, however, are
introduced and have successfully established In the farming system.

Some of these weeds are of little importance, but most compete with cotton and are routinely
controlled on cotton farms. When these weeds are not controlled, they may act as hosts for pests and
diseases, may reduce crop ylelds, may Impede irrlgation, cultivation and harvesting operatlons, and
may contaminate or discolour cotton lint.

Commeonly, arcund 60 to 70 different weed species are found In cotton flelds, although the weed
spectrum may vary from fleld to fleld. Over 200 weed specles are currently consldered to be weeds of
significance on cotton farms.

Positive identification and an understanding of the life cycles of these weeds Is an important step in
thelr management. Positive |dentification is especlally important when using an integrated weed
management system that includes herbicides. it is essential that herbicldes are matched to their target
species, matching label information on the control of specific species with a clear understanding of
the weed spectrum present in a field.

Traditionally, plants have been primarlly identified from their floral structure. ldentification of adult
plants is well covered In a host of publlcations. However, positive identification of weed seedlings is
particularly difficult and is not covered in most publications. The Weed Identification and
Information Guide has been designed with this difflcuity in mind. A range of photographs has been
included for all weeds, Including pictures of cotyledon and young seedling plants. In addition,
descriptions of the plants are given. These descriptions will help clarify any difficulties with
Identification.

This document is not complete as yet. More weed specles will be added to the list as these become
avallable, The guide Is also avallable on the internet at hitp://www.cotton.cre.org.au and may include
additional material. Just follow the {inks through the cotton site to WEEDpak and the Weed
Identification and Information Gulde,

—a guide for integrated management of weeds in cotfon — august2002
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Weeds In the Weed identification and
Information Guide have been listed In
alphabetical order by thelr botanical name.
Grasses and sedges are listed flrst, followed by
the broad-leaf weeds, as shown below in the
Index of Botanical Names.

To assist with finding a weed, these weeds are
also listed by their preferred common name in
the Quick Index. The preferred common names
are generally those adopted by Shepherd et. al.
{2001).

However, an alternative preferred common name
has been adopted where a weed is widely
known throughout the Australian cotton

Botanical name Common nane

“. .. INDEX OF WEED NAMES

Graham Charles
{(NSW Agriculture)

industry by a name other than the listed
preferred common name. A complete listing of
the weeds in the Weed identiflcation and
Information Guide, listed by all thelr
recognised common names foliows In the Index
of Common Names. The preferred common
names are highlighted In bold in this index.

tinknown weeds may be Identified froma
collection of seedling and adult pictures, or by
leafing through the collection. The seedling
collection has been structured with seedlings
with similar ieaf shapes grouped together, The
adult collection places weeds In the same order
as they occur in the seedling collection.

Index of Boicmicai=-Names

May be confused with:

Cyperds. mtundus I Mitgrass . ... . Downsinufgrass.
Echinochioa colona Awnless bamyard g[ass rB{gmyard grass, Prickly bamyard grass,
iry millet

Leptocfioafusca |REERIERNSEESEIN Grovwn bectograss INEONANEN. . e
Urachloa panicoidss Liverseed grass

Sroad-leaf weeds

Abutiton theophrasti Velvetieaf E—

Amaranthiis macrocarpus var. palidus  Dwarf amaranth. .. Boggabriwesd

Ammi majus _ _ Bishop'sweed —

Argemone ochrolevica ssp. cchroleuca..  Mexican poppy - E _ _

Chamaesyce drummondii Causticweed Red caustic weed, Hairy caustic weed

Cirsium vulgare Spearthistls ;... .. -

Citrullus lanatus var. fanatus Wild melon Colocynth, Prickdy paddy melon, Watermelon
Convolvulus erubescens Australian bindweed Field bindweed

Crotalariadissitiora NN Creyratiepod
.{Bellen cinereum. wAonuajvartine. ..

Datura ferox Fiercethomappte Common thornapple, Downy thornapple,

*  Hairy thornapple _ o

Euphorbla davidii Daﬂd’sspufga LRI AN P PN |
Hibiscus trionum var.trionum Narrow-leaf bladder ketmia Wide-leaf bladder ketmia —
Hibiscus trionum var.vesicarius Wida-leatbladder ketmiz [NEMEE  Narrow-leaf bladder ketmia:

Ipomoea fonchophylla Gowvine Bell\nne, Gommon moming glory, §|Iky cowving
Lamium amplexicaule Deadnette .

Medicago polymorpha Burr medic’ N _

Physalis minima Wild goosebieny. _ Annual grobnd chierry, Perennial ground cherry
Polygonum aviculare Wireweed

Polymeria longifolia Polymeria Annual polymeria

Polymeria pusilla Annual polymeria Polymeria

Portulaca oleracea Pigweed Hairy pigweed

Rhynchosia minima Rhynchosia

Salsola kali Soft roly poly

Salvia reflexa Mintweed

Seshania cannabina Sesbaniapea

Sidafibulifera Pinsida

Sonchus oleraceus Common sowthistle Rough sowthistle

Trianthema portulacastrum Giant pigweed

Tribulus micrococcus Spineless caltrop Caltrop

Verbesina encelioides Wild sunflower

Xanthium italicum

Xanthium occidentale

Xanthium spinosum r
—aguide for Integrated management of weeds in cotton  august2002
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Common names

Botanical name

Quick Index

May be confused with:

Grasses and sedges 3
Awnless bamyard grass Echinoctibacolona B  Bamyard grass, Prickly bamyard grass, Halry miliet  [INEEEG
Brown beetie grass Leptochioa fusca
Liverseed grass Urochioa panicoices | IERINSEN -]
Nutgrass Cyperus rofundus Downs nutgrass
Broad-leaf weeds _— , o n
Annuat polymeria eria pusilia yme a
Annual verbine Cutencineroum - - IEEEEEER
Australian bindweed Convolvulus erubescens o F|eld mndweed
Bathwrsthburr: Xanthium spinosum--
Bishap's weed Ammimajus
Bladder kétmia Hibiscus tionum Narrow-leaf bladder ketmila, Wide-leaf bladder ketimia
Burr medic - Medicago polymorpha
Caustic weed Chamagsyce drummontli - - ‘Red caustic.weed, Hairy caustic weed [EENNRENRERNEN
Common sowthlstle Sorichus dleraceus ~ Rough sowthistle
Cowving” Ipomoeaiorichophylia - Bellvine, Commion moming glory, Sitky cowvine NENENNEENE
David's spurge Euphorbia davidii _
Deadnétte - Lamiumamplexicatle ]
Dwarf amaranth Amaranthus macrocarpus varpalidus Boggabn weed
Fiered thorapple Datura ferox Common thomapple, Downy thomapple,
Hary tomapplé.
Giant pigweed Trianthema portilacasirum
Grey rattiepod Crotalania dissitiffora
Italian cockleburr Xanthium ilalicum Californian cockleburr, Noogoora burr
Mexican: poppy” ~ Argemoie ochirofetca ssp. ochrofeuca
Mintweed . Salvia refiexa o
NaifoWw-{eaf bladdar Ketmia Hibiscus- Grionumvar.tiongy ™"~ -Bladderketmia - - [G—_—_—
Noogoora burr Xanthium occidentale Itatian cockleburr, Californian cockieburr
Pigweed Portulica leracea  NENNEEENEN  Halry pigweed
Pinsida Sida fibulifera
Polymeria Polymeriatongifolia  |IIEEEEE  Aonual polymeria
Rhynchosia Rhynichosia minima
Seshaniapea Sesbania carnabina Budda pea; Red sesbanla“
Softroly poly Safsola kaff
Spearthistio Cirslum vulgare Ere I I
Spinetess caltrop Tribulus micrococcus Caftrop - ) ‘ o )
Velvetieaf Abutifon theophiasti
Wide-leaf bladder ketmia Hibiscus trionum varvesicarius Marrow-leaf bladder ketmia
Wild goosebeny Physalis mirima Annual ground chery, Perennial ground charry_
Witd melon Citrullus lanatus var, lanatus Golocynth, Prickly paddy melon, Watermelon
Widsunfiower NN Vérbasina encefioiles
_ Wireweed Polygonum aviculare
Index of Common Names
| Common name Freferred coammon name — patanical name viay e condmeetd with
rasses &
Awnless barmyard grass Echinochioa colona Bamyard grass, Prickly bamyard grass,
t
I S
5
IS8
ge
S
Leprc
s Echir
Lmne.
S
American jute Vetvetleal Abutilon theophrasti

Ansual poiymeria IRRNRENEN ISR Fojmeri pusil

Annual verbine

Polymeria

Culfen cinereum

WEEDpok - a guide for integrated management of weeds in cotton
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Common names

Preferred common name

Botanical name

- a guide for integrated management of weeds in cotton

section A2

May be confused with:

Australian bindweed Convolvulus erubsscens Field bindweed

Bastard melon Wild meion Citrullus lanatus var. lanatus

Bathurst burr Xanthium spinosum

Bishop's weed Ammi majus

Bitter apple

Bittermelon I

Black pigweed

Blackthistie

Bladder ketmia Narrow-leat bladder ketmia,
Wide-leaf bladder ketrmia

Blushing bindwead |  Australian bindweed Convolvulus erubescens

Boar thistle Spear thistle Cirsium vulgare

Bullthiste PRSI  Spearthistle Cirsium vulgare

Bullwort Bishop’s weed Ammi majus

Burrmedle "o Medicago polymorpha

Burr trefoil Burr medic I /e icago polymorpha

Burweed Xaothiumsp. . B Bathurstburr, Noogoora buu SIS

Butter daisy Wild sunflower NI \erbosina encelioides

Caustic cresper.. - Causticweed | :Cliamaesyce crimmondii

Caustic weed Chamaesyce drummonaii Red caustic weed, Hairy caustic weed

Camelmelon [EHNRENN Widmelon  ESENSNRNNRNN Citruftisianatus var. lanatus SN -~ -~ RN

Chinese hemp Velvetieaf Abutilon theophrasti

Chinese it Vewvotieaf . IR Abuition theophrasti |

Chinese lanterm: Wild goosebeny Physalis minima

Clotburr Noogoora burr Xanthitim oceidernitate el

Clumped bindweed Polymeria Polymerialongifolia o _

Cockleburr e Xanthiumsp, wi oo Calfornian COMKSHTNT TEMRTTOEIIA0NT,

: : Noogoora burr

Common cocklebur Bathurst burr Xanthium spinosum

Common cowvine MM  Cowvine Ipomoea lonchophyiia

Cornmon pigweed Pigweed Portulaca oleracea

Commonpursiane [  Pigweed Portulaca oleracea

Comman sowthistle Sonchus oleraceus Rough sowthistle

Cowvine: Ipomoea fonchophylila Bellvine, Common marning glory,
Silky cowvine

Creeping spurge Caustic weed Chamaesyce drummondii

Crownbeard Wild sunflower Verbesina encelioides

Crotalaria take-all Grey rattlepod Crotalaria dissitiflora

Bavid's spurge i Euphorbia davidii

Deadnettle Lamium amplexicaule

Deserramarant____ Il  Dwarf amaranth Amaranthus macrocarpus var, pallidus

Devil's fig Mexican poppy Argemone ochroleuca ssp. ochroleuca

Dwarf amarant Amaranthus macrocaipus var. pallidus  Boggabri weed

Erect bindweed Polymeria Polymeria longifolia

European cockleburr [  Noogoora burr Xanthium occidentale

False castor oil Fierce thornapple Datura ferox

Flat Spurge BBl Caustic weed Chamaesyce drummondii

Fierce thomapple Datura ferox Common thomapple, Downy thomapple,
Hairy thornapple

Fuller'sthiste B Spearthistle Cirsium vulgare

Gloden crownbeard Wild sunflower Verbesina encelioides

Goldwieed - B Wild sunflower Verbesina encelioides

Goiden thistle-of-Peru Mexican poppy Argemone ochiroleuca ssp. ochroleuca

Glant plgweed Trianthema portulacastrum

Greenfthistle Spearthistle Cirsium vulgare

Greyrattiepod Crotalaria dissitiflora

Henbit Deadnettle Lamium amplexicaule

Hoary seurfpea: - Annual verbine Cullen cinereum

Hogweed Wireweed Polygonum aviculare

Hunterbur - Italian cockleburr Xanthium italicum

Indian mallow Velvetleaf Abutilon theophrasti

ironweed Wireweed Polygonum aviculare

talian cockleburr 1l Xanthium italicum Californian cockleburr, Noogoora burr

Jam melon Wild melon Citrullus fanatus var. lanatus

Knotweead Wireweed Polygonum aviculare

Lace-feafsage”™ - = Mintweed Salvia reflexa

Lanterfiower Velvetleaf Abutilon theophrasti

Largs ¢ockleburr Noogoora burr Xanthium occidentale

Long-spined thomapple Fierce thornapple Datura ferox

Long-spurred thornapple Fierce thornapple Datura ferox

[A2.3]



Common names

Mat spurge
Meadowswest
Mexican poppy
Mexican thistie
Mickey meton INWEEN
Milkthistle -

Milkweed —
Mintweed :
Narrow-leaf bladder ketmia
Nardoo

Narrow-leaf sage

Native thynchiosla

Native rock frefoil

Native trafoll
Nativeyellowndne
Neverdie

Peak Downs curse
Perennial gooseberry
Perermigipigweed 1
Pie melon

Pigweed [ |
Pink bindweed

Pink weed

Pinsida, -

Plains ratﬂepo_
Polymeria

Portulaca weem
Prickiy burrweed .
Pricklypoppy NN
Prostrate lmotwesid

Purslane

Queen Anne'slace

Red pigweed [ ]
Rhynchosia |

Rough cockleburr

Rough medic

Ryncho —
Scotch thiste FEIEEEEN
Seshaniapea

Sheep’s burr

Silver sida

Soft roly poly

South African daisy
Sowthistte

Spear thistie

Spineless caltrop

Spiny clotburr

Spiny cockleburr
Spurgewort

Stingless netfle

Swamp Chinese lantern
Take-all

Toothed medic
Trefoil clover
Thomapple

Velvetleaf

Watermelon

White thistle

Wide-leaf bladder ketmia
Wild gooseberry

Wild melon

Wild mint

Wild sunflower

Wireweed

Woodnep
Reliow peabush

Yellow poppy
Yellowvine

[A2.4)

Botanical name
Chamaesyce drummondii
Ammimajus. BN
Argemorie ochrofeuca ssp. ochroleuca

Preferred common name
Caustic weed
Bishop's weed:

May be confused with:

Mexican poppy - .. Argemone ochirofeuca ssp. ochrofeuca
Wildmelon , ~ Citruflus lanatus var. lanatus
Common.sowthistle .. ....c..Sonchus oferaceys
Caustic weed _ Chamaesyce drummondii . N
~ Safvia reflexa o
_ o _ H;b;scus brionum var. trionum Bladder ketmia
Sesbaniapea ' .. " Seshanfacannabing
Mintweed T Saviarefiexa
Rhynchosia NN Ahynchosia minima
Rhynchosta Rhynchosia minima
Burr medic IR Madicago polymorpha
Spmeiess cafirop ____ Tribulus mfcrococcus
T Portulaca ofcracea ‘
“ Xanthium occidentate Italian cocklebur, Californian cocklebury
Witd melon Citruflus fanafus-var. lanatus
Sesbaniapea ISR Sesbania cannabina
Gowwne — . lpomoealonchophytia
Polymeria Poljﬂnena longifolia
\Mldgooseber_ minima
Pigweed taca oleracea _
d mefon - Clrllus lanatis var, lanatys
Portulaca oferacea Hairy pigweed
Australianbindweed mmmmmm Convolvilus erubescens
Deadnettie Lamium amplexicatle
. Sida fibilifera
Grey rattlepod Crofalaria dissitifora
) ‘ Polyméria fongifolia Annual polymeria
Pigweed Portuiaca oleracea
Bathurstbimr Xanthiom spinosum
Mexican poppy Argemnone ochiroleuca ssp ochroleuca
Wirsw Pofygonunravicufare
Piaweed Porlulaca oferacea
Bishop's wesd Ammimajus -
Pigweed Portulaca Oferacea
___ __ Rhynchosiaminima
Noogoora burr Xarthium occidentale
Buirr medic Medicago polymormha
Rhynchosia Riynchosta minima
Spearthiste | Cisivmvulgare
Sesbania cannabina Budda pea, Red sesbania
Noogoora.burt Xanthium occldentake 2y =i
Pinsida Sida fibufitera
Salsolakafi
Witd sunflower Verbesina encelioides
Common sowthistle Sonchas cloraveys
Cirsium vulgare
RN 77ibuiiss micrococous Caltrop
Bathurst burr Xanthium spinosum
Bathursthurr Xanthium-spinosum
Caustic weed Chamaesyce drummondii
Deddrietile T Lamitmamplexicaule
Velvetleaf IR Abutiton theophrasti
Polymeria =~ = Polymerialongifolia
Burr medic _ Medicago polymorpha
Burmedic - - _ . Medicagopolymorpha
Datura sp. Common thornapple, Downy thornapple,
Hairy thornapple
Abutilon theophrasti
Wild melon Citrullus lanatus var. lanatus
Mexican poppy Argemone ochroleuca ssp. ochroleuca
Hibiscus trionum var. vesicarius Narrow-leaf bladder ketmia
Physalis minima Annual ground cherry,
Perennial grotind cherry
Citrullus lanatus var. lanatus Cotocynth, Prickly paddy melon, Watermelon
Mintweed Salvia reflexa
Verbesina encelioides
Polygonum aviculare
Bishop’s weed Ammi majus
Sesbania pea Sesbania cannabina
Mexican poppy Argemone ochroleuca ssp. ochroleuca
Spineless caltrop Tribulus micrococcus




System Cotton type
1-C  Conventional

1-RR Roundup Ready Trifluralin 2.8

2-RR  Roundup Ready

5-RR Roundup Ready

Comparison of Roundup Ready®
systems

Roundup Ready cotton was grown from 1996/97
to 1999/00 in a weed management systems
experiment at the Australian Cotton Research
Institute, Narrabrl. Small plots of Roundup
Ready cotton were grown In the first season
using early generation breeding material.
Roundup Ready Siokra 189+ was used for the
last two seasons of the experiment. Piots were 8
rows by 50 m in length.

The resuits from five Roundup Ready systems
and two conventlonal systemns are compared
below. The cotton type and herbicides used In
each system Is shown in Table 1.

Results for systems using Roundup Ready
cotton were very promising, but have aiso
highlighted some of the potential difficuities with
the Roundup Ready technology.

Roundup Is very effective in controlling most
small broadieaf and grass weeds present in
young cotton. At a higher rate It Is effective
against more difficult to control weeds, such as
large weeds and some perennial weeds. A
Roundup application at the emergence to four
leaf stage of crop growth can substitute for an
earlier application of Roundup (pre-emergence
for conventlonal cotton), or can substitute for
some residual herblcides.

Table 1. Cotion type ard herbicides (L/ha) used in the weed
management systems experiment. A total of three posi-
emergence Roundup applications occurred.

Pre-planting & Posl-emergence
at-planting & layhy

Trifluralin2.8  Gesagard 2.2 & Gesagard
& Cotoran4.0 2.3

3 applications Roundup
& Cotoran4.0 CT2.0

Conventional Trifluralin 2.8 + Geasagard 2.2 & Gesagard

Diuron 1.9 2
e BT e T D
Trifluralin2.8 ++ 3 applications Roundup
Diuron 1.8 CT2.0

3-RR Roundup-Ready Tifluralin28 3 applications Roundup
CT20

4-RR Roundup Ready 3 applications Roundup
CT2.0
+ 2 applications
Staple 120 g

3 applications Roundup
CT2.0

[E3.2)
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Managing perennial weeds

Roundup Ready cotton has been a very useful
too! for managing nutgrass {(Cyperus rotundus).
Nutgrass was present on the field before the
experiment was commenced. Over the five
seasons of the experiment, the nutgrass
infestation on the conventional systems
increased from 0.3 to 38% of the plot on system
1 - Cand 14 to 80% on system 2 - C (Figure 1).
In contrast, the nutgrass Infestation was stable
or decreased on the Roundup Ready systems
over this period.

[95/96

Nutgrass infestation

= N w o~ 14]
(@] ) (o] A ) A A
A A A A A

Flgure 1. Changes in rniigrass infestation or the different
systems over five seasons of back-to-back cotion.

The over-the-top Roundup application in spring
was relatively ineffective in controlling nutgrass
in some seasons, as the weed was often
moisture and/or cold stressed at this time. The
later applications were more effective.
Nevertheless, nutgrass remalned a problem In all
treatments, as some unsprayed plants always
remained In the crop plant-line, Also, some
cultivation operaticns re-introduced tubers from
neighboring uncontrolled plots.

The use of Roundup Ready cotton did not
greatly improve nutgrass control compared to a
conventional treatment where a shlelded
application of Roundup was used in-crop (these
results are not shown). The use of Roundup
Ready cotton did greatly Improve crop safety
from the Roundup application.

Cotic
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Managing annual weeds

Management of annual weeds was alsc
Improved on the Roundup Ready systems
compared to the conventional systems. Results
of the weed pressure Index and average ylelds
from the 1998/99 and 1999/00 seasons are
shown in Table 2,

Table 2. Comparison of weed pressure and crop yields from
comventional and Roundup Ready Systems. Weed pressure was
assessed mid-season.

ystem Weed pressure Lint yield

index bales/ha
1-C 30.7 47
1-RR 7.8 5.1
2-C 25.2 33
2-RR 8.0 47
3-RR 12.8 47
4 -RR 9.5 5.1
5-RR 12.8 5.4

The highest cotton int yield was recorded on
the Roundup only system (system 5 - RR),
which also had relatively low weed pressure.

Weed pressure was relatively low on the
systems using Roundup Ready cotton and in-
crop Roundup applications. Where direct
comparisons of conventional and Roundup
Ready systems are possible (systems 1 -Cand
1 -RR, 2 - C and 2 - RR), the Roundup Ready
systems had much lower weed pressure (better
weed control) and better ylelds.

Small barnyard grass and ltation cocklebury’ plants were
casily corrolled by a Roundup application over-the-top of
young cottor (left of centre). No residual herbicides had been
applied fo either treatment.

- aguide for integrated management of weeds in cotton

section E3

However, the relatively good weed control
results were not achieved In all seasons. In
December 1997, system 1 - C had a weed Index
of 18, but system 5 - RR (only using Roundup)
had an index of 348!

In this season (1997/98), the cotton was planted
into moisture on Sept. 30. Fifty two mm of rain
over Cct. 6 & 7 brought the crop up, but also
germinated a large number of weeds,
predominantly barnyard grass. It was declded
not to spray these weeds Immediately, but to
walt for further germinations and spray the crop
closer to four true leaves. This decision
appeared to be sound, as early season weed
pressure does not reduce crop yields.

The crop and weeds ran out of molsture In
November. The treatments were sprayed with
Roundup over-the-top at the four-leaf stage on
Nov. 6, but the weeds were stressed and control
was poor. Consequently, the field was Irrigated
on Nov. 18. A large number of new weeds
emerged following this irrigation. The In-furrow
weeds were subsequently controlled with a
directed Roundup application, but weeds in the
plant-line were not controlled, resulting in a
“hedge-hog” line of weeds which remained for
the rest of the season. Controi of these
established barnyard grass plants with a grass
herbiclde was attempted, but control failed as
the weeds were too advanced. The yleld on this
plot was stili gulte good, but significant lint
contamination occurred.

¥
1 italian cockleburr is very similar to Noogaora burr
and often confused with Noogoora burr. They are
most easily distinguished by the shape of the claws at
the end of the burrs. Initial observations indicate that
much of the burr in the NSW cotton area is italian
cockleburr, not Noogoora burr.

[E3.3]
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Timing of the over-the-top Roundup
application

The timing of the over-the-top Roundup
application can be the key to successfully
managing a Roundup Ready crop. The
temptation Is to walt as long as possible to allow
as many weeds as possible to emerge before
spraying, but this strategy puts a ot of pressure
on a smal! application window. Bad weather (rain
or wind), wet fields, dry flelds (moisture stress),
breakdowns, or the inability to cover sufficlent
ground in a limited time, can make It impossible
to apply Roundup at the deslred stage. If this
happens and residual herbicldes have not been
applied, weeds can become unmanageable.

Problems were encountered with Roundup
application timing in both the 1997/98 and 19498/
99 seasons. Similar problems could be expected
on large properties where Roundup has to be
applied to multiple fields.

Cotton was planted on Sept. 30 in the 1997/98
season, but was slow to emerge with minimum
temperatures below 12°G on 15 of the following
23 days. The cotton was due to be sprayed In
mid-November. Rain on Nov. 11,12, 15, 16, 18,
25, 26 and 30 made this task very difficult to
accomplish.

In the 1998/99 season, the field was wet and
planting was delayed. Cotton was planted on
Oct. 21 and again should have been sprayed in
mid-November. Raln on Nov. 12, 13, 14, 18, 23,
26 and 28 again made the task difficult to
accomplish.

Simllar problems occurred on a commercial field,
where the planned over-the-top Roundup
application was not applied due to unfavorable
weather conditions.

Small Italian cockleburr plants were easily controlled by a
Roundup application over-the-top of young cotton (left of
centre). No residual herbicides had been applied to either
freatment.

Applying Roundup over-the-top to
older cotton

The cbvlous solution to missing the Roundup
Ready over-the-top application window is to
apply Roundup as soon as possibte after the
missed target date, This strategy Is contrary to
the label and is likely to resuit In reduced crop
ylelds.

The emergence to four true leaves application
safety window for over-the-top Roundup
applications was established from research data
and grower experience. it reflects a very real
application restriction. Applications outside of
this window can resuli In yield penalties.

This yleid reduction is cleariy seen In the results
provided by Grant Roberts (Gotton CRC and
CSIR0), shown in Table 3. In this experiment, an
over-the-top Roundup application at crop six-leaf
stage resulted in a 20% vield reduction
(Treatment 3), compared to two later, directed
applications (Treatment 2). Three over-the-top
applications resulted in a 67% yield reduction
(Treatment 5).

Tuble 3. Yield reduction from Rouncup applied fo Roundup
Ready cofton af the wrong stage. Applications were over-the-
fop (O17) or directed (1)

Treatment Roundup Applications Lint yield
bales/hia

1 4 |eaf®™ 3.4

2 4leaf®™  Firstsquare® Firstflower® 3.6

3 4leaf™ 6 leaf®" Firstflower” 2.9

4 4leaf®™  First square®™First flower® 2.8

5 4leaf®™ 6 leafo™ Firstflower®™ 1.2

Note. The applications in treatments 3, 4 and 5 are contrary

to the label directions.
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Stmtegies for applying Roundup
over-the-top

One of three strategles can be used to avold the
problem of missing the over-the-top application
window. Firstly, growers may elect to apply the
over-the-top application earller than the fourth
leaf stage, as a way of ensuring that the
application occurs. Some weeds will emerge
after the Roundup application and will need to
be controlled. A second over-the-top application
before four leaves is pessible In some situations,
where the first application occurs at one or two
leaves. The difficulty with this approach s that it
may leave only one Roundup application
available to control weeds for the rest of the
season.

An alternative strategy Is to continue to use
resldual herbicldes applied pre-planting or at
planting. These herbicldes wlill control most
weeds, greatly reducing the pressure on the
Roundup application. This strategy has the
drawback of increasing the cost of weed control
compared to a Roundup only system, but is
much better sulted to dirty fields.

A compromise strategy, using a reduced
program of residual herbicides, would seem to
be the best opticn, especlally on cleaner fields.
With this approach, growers might, for example,
use half-rates of Cotoran and Stomp on a 30%
band behind the planter. This would ensure
reasonable weed control in the crop plant-line, at
a reduced cost, allowing Roundup and/or
cultivation to be effectively used to control ali in-
furrow weeds. Roundup would also be used to
control weeds that emerged later in the season
after the residual herblicldes ran-out. A lay-by
application of residual herbicide may also be
used.

- aguide for integrated management of weeds in cotton
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Salvage applications of Roundup
over-the-top

Incorrectly applied Roundup primarily affects the
flowers of Roundup Ready cotton, but over-the-
top applications, even late in the season, can
still be disastrous.

The photo below shows a set of Roundup
Ready plots that were heavily infested with both
nutgrass and Italian cockleburr. The Ralian
cockleburr emerged above the crop and were
almost completely covering the shorter cotton
plants. An over-the-top Roundup application
would seem to be an easy way to manage these
weeds, with minimal contact with the cotton
expected. Any damage to the Roundup Ready
cotton from the Roundup could be expected to
be far less than the damage caused by the
weeds.

A severe infestation of nutgrass and Italian cockleburr in
Roundup Ready cotton. The cockleburrs were almost
completely covering the cotton.

This proved not to be the case, with major yleld
reductions resuiting from the Roundup
applications (Table 4). A single over-the-top
Roundup application in late January reduced the
cotton yieid by 32%, while two applications
reduced yield by 78%.

Table 4. Yields afier late, over-the-top Roundup applications to
severely weed infested Roundup Ready cotton.

Roundup applied over-the-top Yield
11 Jan 27 Jan 15 Feb {bales/ha
- - - 3.7
- 2% - 25
2L - 2L 0.8

Even In a saivage situation, applying Roundup
outside the application window can result in
masslve yield losses.

[E3.5]
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Species shift

Some of the features of Roundup are that it has
a broad weed spectrum, It is translocated to the
root system and so kills most weeds {doesn’t
just burn off the foliage), and has no residual
activity, reducing off-target and environmental
problems. However, weeds continue to emerge
throughout the cotton season and consequently
continue to emerge after the Initlal Roundup
application. Roundup can be safely applied later
in the season as a directed spray, but must be
applied so as to avold contact with cotton
follage. This effectively reduces the area to
which Roundup can be applied to the furrow
area and the base of the cotton plants.

Htalian cockleburrs emerging in the plant line of a
Roundup Ready system that relied only on Roundup for
weed control.

A problem that became apparent over time In the
systems experiment was the bulldup of Roundup
tolerant weeds, particularly in the system using
only Roundup (System 5 — RR, Table 1). The
weed causing the most problems in this system
in the fifth year of Roundup Ready cotton was
itallan cockleburr. Rallan cockleburr is not
strictly speaking a Roundup tolerant weed and is
easlly controlled with Roundup. [talian
cockleburrs were not detected in this treatment
In the first couple of seasons.

However, ltallan cockleburrs that emerged after
the over-the-top Roundup application and were
in the crop row, missed the later directed or
shielded Roundup applications and emerged

above the crop canopy late in the season. By
this time, they are quite large and very difficult to
control. Kf left, these cockleburrs set a lot of
seed, Increasing the problem over time. Removal
by hand or control with MSMA were both very
expensive options.

While it s unllkely that ltalian cockleburr will
become an industry-wide problem in Roundup
only flelds, this result clearly shows the effect of
relying too heavily on & single method of weed
control. Relying too heavily on any single
method of weed control wili Inevitably select out:
a weed or weeds that tolerate that management
tool. Problems weeds such as nutgrass,
sesbania and cowvine have been selected by the
conventlonal weed managerment systems that
have been used in the past. Other weeds are
likely to become serlous problems as the weed
management systems change.

Roundup doesn'’t control all weed species and
so the more the system relies on Roundup, the
rmore the Roundup tolerant species will become
difficult to control. The simplest way to reduce
these problems is to continue to use an
Integrated approach to weed management,
using a range of weed management toois in
combination,

Cotton growers also need to take heed of the
lessons from the grain farming systems where a
large number of weeds have developed
resistance to specific herbicides. Some weeds
are now resistant to almost every avallable
herblcide. Resistance to glyphosate has already
developed in & few paddocks where giyphosate
has been used as aimost the only weed
management tool over a number of years. The
loss of glyphosate to the farming system would
be very costly, but the solution Is simple.
Herbiclde resistant weeds have not beena
problem in the Australlan cotton industry to date
because of the adoption of an integrated
approach to weed management. Continulng this
approach wiil ensure that resistance does not
become a problem In the future,

More information on Integrated weed
management (IWM) Is Included in the IWM
guidellnes in WEEDpak.
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Developing a Roundup Ready
management system

In many ways, the introduction of Roundup
Ready cotton contributes little to weed
management, except the abllity to apply
Roundup cver-the-top between crop emergence
and the four-leaf stage. In-crop shlelded
applications of glyphosate can be made to
conventional and Roundup Ready cotton
varleties alike. The major advance Is in the
improvement In crop safety from the Roundup
applications,

However, Roundup Ready cotton brings the
opportunity to develop new weed management
systems that rely less heavily on residual
herbicldes, inter-row cultivation and hand
chipping. The Introduction of new weed
management systems should not be attempted
on a property-wide basls. Like all new
technology, It takes time to learn how bestto
use Roundup Ready cotton. Growers can safely
introduce Roundup Ready cctton as an
additional weed management tool to all flelds,
but should Introduce new management systems
far more slowly.

One of the best ways to learn to use Roundup
Ready cotton can be to use herbiclde test strips
in a few fields. The test strips could, for example,
be used to compare conventional cotton,
Roundup Ready coiton using a conventlonal
herbiclde regime with the addition of Roundup,
and yarious modified systems, where the rates
of sgme residual herbicides are reduced or
herticldes are eliminated. This could be
compared with a Roundup only system.

The |mportance of adopting this test strip
appyoach was highlighted by the resuits given
earlier in the sectlon “Managing annual weeds”,
wheje In the 1997/98 season, the Roundup only
system (System 5 — RR) was completely overrun
by weeds and unmanageable. Management of
this $ystem Improved with experience.

The Roundup Ready system offers real

section E3

Economic comparison of the systems

The most optimal Roundup Ready system s the
one that gives the best net return and maintains
or reduces the weed populatlon. A systern that
results in an increase In the weed population
may give good ylelds and good returns in the
very shortterm, but will have reduced ylelds and
will not be sustainable in the long-term. Table 5
glves a comparison of the net return for the
weed management systems presented In Tables
1 and 2.

Table 8. Comparison of prodiction costs, yields and gross
returns from conventional and Roundup Ready® systems. 1he
gross return is compared with System 1. Ihe analysis
assumes that the cost of the hevbicides is the only difference in
prodhuction cosis benween the systents.

Cost of inputs

System  Herbickdes Roundup Yield Net

Ready (kales/ha) return
{$/ha)

$138 47 -
R $131 §49 5.1 $362

$126 33 -$587
R $125 $49 47 $130
R $81 $49 47 $169
R $196 $49 5.1 $269
R $60 $49 5.4 $555

- a guide for integrated management of weeds in cotton — ougust2002
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The Roundup only system (System 5 — RR) had
both the best yields and the best net return,
However, this system was not sustainable, as It
did not adequately control the Italian cockieburr
problem. System 1 - RR, a combination of
conventional herblcides and Roundup Ready
cotton, was the optimal system, giving the
second best yield and net return, and the best
weed control. This system was the most likely to
be sustainable in the long-term. Lower rates of
Cotoran at planting may have improved the net
return without compromising weed control..

While the Roundup Ready systems did glve
good returns In this experiment (on a weedy
field), there is no guarantee that similar results
will be achleved on cleaner fields or even cther
dirty flelds, where a different spectrum of weeds
will be present.

One thing that is clear from this analysis, Is that
cotton yield has by far the largest impact on the
net value of a system. A small increase or -
decrease in crop yleld will more than :
compensate for the cost of herbiclde Inputs.
Time spent In putting down herbicide test strips
and in determining crop yleld from these strips
will be a very valuable Investment In a
production system.

Wi
o

Consequently, it is important that cotton growers
develop their weed management systems
primarlly based on these two factors: the cotton
yield achleved on a system, and the level of
weed control, which measures the sustainability
of the system.

To do otherwise would be like adopting an insect
management strategy where all cotton fields on
all farms recelve the same insecticide on the:
same day, regardless of what insects were
actually present on a given field. Like Insect
management, weed management should be
tailored to the needs of each field and each farm.

£l
. e

Summary

* YWeed management must continue to use
an integrated approach, not relying too
heavily on any one management tool.

* A weed management system should
respond to weed pressure on a season by
season and field by fleld basis.

» Roundup Ready cotton should allow
growers to reduce their dependence on
residual herbicides, but changes to the
weed management system should be
made gradually, based on personal
experience.

= Timing is critical for the over-the-top
Roundup application. Never rely solely on
this application for early season weed
control.

* Be on the lookout for weeds that are
tolerant of Roundup. Other weed
management tools will be needed to
control these weeds.
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Introduction

The introduction of cotton varieties that have the
capacity to continue to grow and function
normally after over-the-top applicaticns of
Roundup Ready® herblclde offers enormous
benefits to the Australlan cotton Industry in
terms of weed management. These benefits
include:

* Reduced dependence on residual herbicides.

¢ Improved control of some of the more difficult
to control weeds.

* Greater flexibllity In weed management
programs.

* Reduced chipping and cultivation expenses.

» Potential to Improve establishment and vigour
of young cotton seediings by reducing the
pre-emergence use of residual herbicides,

level of performance obtained from
Rgundup Ready cotton and ultimately yleld and
quality, are governed by the management
agronomic practices used in the cotton

nefits and limitations of this technology and
best to use the technology so that a
prehensive weed management planis

- a guide for Integrated management of weeds in cotton
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developed. It should be stressed from the outset
that Roundup Ready cotton Is not by Itself the
answer {c weed management problems. it
should be seen as another tool in the weed
management program and must form part of an
integrated weed management package. A
sustalnable weed management program cannot
be based solely on Roundup Ready herbicide.

Over-the-top applications of
Roundup® v

As well as potential benefits, Roundup Ready
technology has some constraints. These
include:

* Currently, Roundup Ready herbicide is
registered for over-the-top applications up to
the fourth true leaf and prior to the unfolding
of the fifth true leaf of the cotton crop. Up to
two applications can be made during this
window.

* Sequential appllcations of Roundup Ready
herbicide must be applied at least 10 days
apart, and with at least two nodes of crop
growth between applications.

* Under hot growing conditions, such as in
Central Queensland, the four true leaf stage
can be attained within two to three weeks of
sowing. Consequently, the useful window for
over the top applications of Roundup Ready
herbicide in these locations may be quite
narrow,

Over the top applications of Roundup Ready
herbicide are particularly useful for controlling
weeds that emerge at planting or just after
planting. In warmer areas where the fourth leaf
stage may be reached quite rapldly It may be
more appropriate to apply Sprayseed at planting
and then an over the top application of Roundup
Ready herbicide prior to the four-leaf stage. This
wili enable growers to apply a further two
directed or shielded applications of Roundup
Ready herbicide in-crop thus, increasing the
duration of effective weed control. In addition,
using a herbicide from a different chemical
group will delay or prevent the onset of
herbicide resistance.

[E2.1]



Directed and shielded applications
of Roundup®

The Roundup Ready herblicide label permits three
applications of Roundup Reacly herbicide in-crop
within a single season, with a maximum of 1.5 kg/
ha being applied In any single spray event. It is
likely that one or two of these applications will be
applied as a shielded or directed spray. Roundup
Ready cotton Is sensitive to Roundup dtift after the
four-leaf stage and boll loss can oceur If Roundup
Ready herblcide contacts the leaves of cotton
plants. Cotton Is particularly sensitive during
square formation and flowering. Roundup affected
cotton plants may produce sterlle pollen, resulting
in poor boll retertion. Extreme cases can resutt in
deformed bolls, as shown In Figure 1.

The most Important fact to remember with
spraying Is that spray nozzles always produce
some fine particles, and these particles always
move (drift). The aim of spraying a herbicide
within a herbicide susceptibie crop canopy Is to
manage the movement of these spray particles
(spray drift) to minimise thelr Impact on the
crop.

The foltowing guidelines are Included to asslist
growers with shlelded and directed applications
of Roundup Ready herblicide.

» Shields need to be set at a height that
minimises spray drift. Shields may be lifted
later In the season to allow spray to penetrate
to the top of the hill, but it Is essential to
ensure that spray does not contact the cotton
foliage. The higher the shield, the more spray
drift Is likely to resuit.

* The susceptibllity of the shield to spray drlft
depends on the shield design; the more open
the design, the more susceptible to drift
problems. Shielded sprayers that have open
sides {most commonly top, front or back) can
have material such as fiywire or shade cloth
fitted to reduce spray drlift. Materlal should be
fitted to the rear of the shields to capture fine
droplets that escape as the sprayer travels
along the furrow.

* Attentlon needs to be given to environmental
conditions at the time of spraying.
Temperature, wind speed, wind direction, and
humidity all impact the movement of spray
droplets as they leave the sprayer and the rate
of spray evaporation. High temperatures and
low relative humidity result in increased
volatilisation of spray droplets, increasing the

__likelihood of spray drit.
¢ As a general rule shieided sprayers should

not be operated when wind speeds are
greater than 8 km/hr. Open shields and

{£2.2]
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Figure 1. Suspected Roundup Ready herbicide drift damage fo
Roundup Ready cotton plants. Roundup damage can cause a
loss of first position fruit (top) and parrot-beaking due to
pollen sterility (hottom).

directed sprays have a lower safety factor
than this. Crop growth stage and
susceptibility also affect the safety factor.

* Tractor speed Is also a major contributor to air
movement. A tractor operating at 12 km/h will
already be operating outside the 8 km/h
guideline for spraying.

» Spray drift can also be minimised by using
low drift nozzles or 80° flat fan nozztes,
operated at low pressure (a maximum
pressure of 2 bars). Higher water volumes wili
also asslist In reducing the production of fine
droplets,

Directed sprays can be effective for managing
weeds In Roundup Ready cotton. However, it Is
very difflcult to accurately apply Roundup
through a directed spray without some contact
with the cotton follage, either from spray drift or
from over-spraying.

Spray drift is almost Inevitable with directed
sprays, and will oceur f there Is any alr
movement around the nozzle. Spraying In caim
conditions Is equally hazardous, as scme fine
particles remaln suspended until they eventually
contact something, generally a cotton plant.




WEED ok

»éver-spraylng Is also a likely cutcome with a
directed spray as It Is very difficult to direct a
nozzle to spray against the crop plant-line
without contacting the crop. Low branches on
the cotton plant often droop into the furrow
area. These branches should be brushed aside
by the spray shield, but are likely to be sprayed
by a directed spray. Also the spray nozzles often
bounce or swing as the spray boom moves
down the field, resulting in occasional contact
with the crop.

Limitations with using Roundup®
in-crop

Shielded and directed applications of Roundup
Ready herbiclde can be very effective In
controlling weeds in cotton. However, there are
a few limitatlons to the use of this technology.
These limitations are not necessarlly a
disadvantage, but must be considered in a weed
management plan using Roundup Ready
herbicide. These include:

* The potential for spray drift can be a major
limitation to the aerial application of Roundup
over-the-top of young Roundup Ready cotton.
Some spray drift will always occur with aerial
applications. Potentlal drift onto conventional
cotton, crops, pastures or other sensltive areas
cannct be tolerated.

* Roundup Is most effective against young,
actively growing weeds, especlally grass weeds.
Roundup can be ineffective on stressed weeds;
especially moisture stressed weeds and may not
be effective on large, broadleaf weeds.

» Shielded and directed applications of
Roundup are likely to be ineffective in
controlling weeds that emerge in the crop line
after the four-leaf stage of the cotton crop.
Weeds in the crop line are not normally
controllable using this technology. In fields
where a significant number of weeds are llkely
to emerge In the crop ling, it is essentlal that
they be managed using another herbicide,
such as a resldual herbicide at planting.

* Roundup Is a non-residual herbiclde. it will
anly control weeds present at the time of
spraying. Subsequent germinations of weeds
require repeat applications of the herbicide.

¢ Roundup does not control all weeds, Some
weeds are naturally tolerant of Roundup and
must be managed some other way.

* Roundup is inactivated on contact with solil.
Roundup efficacy can be greatly reduced by
dust when spraying in very dusty conditlons
or when spraying weeds that are covered in
dust. Spray shields that drag on the ground

- a guide for integrated management of weeds in cotton
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can generate a lot of dust, reducing spray
effectiveness.

* Roundup may be used to replace inter-row
cuitivation, but cultivation may be necessary
to maintain Irrigation furrows. With some
weeds such as nutgrass, [t Is desirabie to
allow the weed to grow for about four weeks
before treating with Roundup and another
couple of weeks after treatment, before
cultivation. Juggling irrigation, cuitivation and
Roundup applications over a number of fields,
under changing weather conditions, can be
very difficult.

Thresholds for spraying weeds

Several benefits can flow from using Roundup
Ready technology to manage weeds, and from
the decrease In the use of residual herblcides that
may result from the use of this technology In the
cotton production system. These benefits
include:

¢ Improvement in establishment and vigour of
young cotton seedlings from reducing the pre-
emergence use of residual herblcldes.

» Reduced herbiclde application costs.

* Reduced likeilhood of contaminating waterways
with residual herblcides either leaching through
soll profiles or by overland fiows.

Researchers at ACRI are attempting to determine
weed thresholds where it may be appropriate to
modffy, reduce or eliminate the use of residual pre-
plant and pre-emergent herbicides using Roundup
Ready cotton technology.

Trials to date show that It can be practical to
grow cotton without the addition of residual
herblcides. However, on fleids with high weed
pressure, not using residual herbicldes can lead
to major problems and can exacerbated the
weed problem. A weed control fallure not only
leads to dirty fields during the season but more
Importantly, replenishes the soll seed bank
(number of weed seeds In the soll), creating
problems In future years.

On flelds where no resldual herblcides are used,
weed control Is most likely to break down when
seasonal conditfons prevent the over-the-top
Roundup application, and weeds in the crop line
become unmanageable. The timing of the first
Roundup application can be critical, as growers
will be tempted to leave the application as late as
possible before spraying. However, if wet or
windy conditions prevent this spray, weeds in
the plant line can be almost impossible to
control. Spraylng over-the-top after the fourth
true cotton leaf can result in crop damage and
reduced cotton yleld.

[E2.3]



The decision whether or not to use pre-plant
herbicides is likely to be based on economic
rationale. Obviously, growers and managers
want to maximise profits and minimise input
costs. The cost of weed control alone should
not be the underlying factor on which the
decision is made. Increases or decreases in
production, fibre quality and weeds that
contribute to the seed bank load all need to be
included in the decision making process. As
well, the decision may be quite different for each
field. A knowledge of the weed pressure and
species composition of each field Is crucial to
the decision making process as there is often
great variation in weed numbers and the species
that pose problems between flelds.

Specles composition in the field is also
important for deciding on a weed management
plan. Some species, such as red pigweed and
common sowthistie, are tolerant of Roundup
Ready herbicide, and are difficult to manage ina
Roundup based system. The use of Roundup
Ready herbicide in fields that have high numbers
of Roundup tolerant weeds wili resuit in these
species becoming more prevalentand
competing with the cotton (known as species
shift). The addition of residual herbicides such
as Cotogard or Diuron pre-plant wilt alleviate this
problem.

This decision maybe further complicated by the
ability of the grower to spray all flelds planted
with Roundup Ready cotton in the required time-
period prior to the four-leaf stage of crop
growth.

Growers may consider the use of reduced or
half rates of residual herbicides rather than a full
residual herbicide program which may not be
needed. Reduced herbicide rates provide some
level of weed control, but for less of the season,
and reduced risk of crop damage. This would
be better than eliminating residual herbicides, as
this can exacerbate weed problems.

In clean fields where the weed pressure is light,
residual herbicides may be safely eliminated.
These fields should be monitored over time to
ensure that weed problems are not developing.

Species shift

No weed management tool controls ail weeds
equally well. Some species are very susceptible
to control using a glven management tool, while
other species are naturally tolerant. For example,
inter-row-cultivation effectively controls most
grass and broadleaf weeds but Is Ineffective on
the perennial weeds such as nutgrass and
ploymeria takeall.

1E2.4)
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The effect of using any weed manage ment tool
or set of weed management tools is to select cut
the species that are most tolerant of the tools.
These species will quickly spread and will
dominate the weed spectrum in a field, termed
species shift. This is not a new phenomenaon,
but is constantly occurring. The weed species
that are currently in cotton fields are the species
that have been most tolerant of the management
tools used in the past.

Where Roundup is used in-crop as an additional
management tool, there is likely to be little
change in the weed spectrum, However, if
Roundup is used to replace other management
tools, such as residual herbicides, inter-row
cultivation or chipping, there is likely to be a
relatively rapid change in the In-field weed
spectrum towards those weeds that were
previcusly controlled by the alternative
management tools, but are relatively tolerant of
Roundup. This change may become apparent
within three or four seasons of using Roundup
Ready cotton.

A change in the weed spectrum (species shift) is
inevitable where Roundup is used to replace
other weed management tools. However, the
change should be easily identified and easily
managed. Regular fleld observations will identify
changes in the weed spectrum, Changes in
management will then need to be targeted to
address these problems.

In the tong-term, a sustainable weed
management system wiil be one that employs a
range of weed management tools in combination
so that all weeds are controlled by some
management tools.

MHerbicide resistance

As distinct from species shift, which relates to
naturally tolerant weed species, herbicide
resistance is a factor of the very small number of
individual ptants within a weed species that have
natural resistance to a herbicide, These
individuals may occur at very low frequency
within a population where all other individuals
are easlily killed by the herbicide. Herbicide
resistance occurs when repeated use of a
herbicide sejects out these Individuals such that
the resistant individuals spread and eventually
dominate the weed population. The herhicide is
no longer of any value for controlling the weed
when this happens.

At present, there are no known herbicide
resistant weeds in the Australian cotton industry.
However, herbicide resistance can occur. There
are numerous examples of herbicide resistant
weeds in some of the other cropping systems in
Australia.

Cotton
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The primary reason for herbicide resistance not
being a problem in Australlan cotton production
has been the tradittonal philosophy of weed
management and the reliance on a combination
of weed management tools. Inter-row cultivation
and especially hand hoeing have been the most
important resistance management tools as both
these tools are relatively non-selective. Any
weeds that were not coniroiled by herbicides,
and so were potentially herbicide resistant, were
rernoved by the combination of cultivation and
chipping. The philosophy of using these tools to
remove all weed escapes from the fieid has
prevented the emergence of herblcide resistant
weeds.

The development of herbicide resistance is
influenced by a number of factors including:

» the intensity of the selection pressure

+ the frequency of herbicide resistant genes
within a particular species

the fitness of the resistant biotype
» and the biology of the particular weed species

With the introduction of Roundup Ready cotton,
it is likely that one or two additional Roundup
applications will be introduced to the cotton
production system. This increased herbicide use
will slightly increase the selection pressure for
Roundup resistant weeds. Additionally, a
reduction in the use of alternative control
methods will accompany the widespread
introduction of Roundup Ready cotton. This
reduction will greatly increase the selection
pressure on Roundup, and greatly increase the
likelihood of Roundup resistant weeds
developing (being selected out by a
management system that relies too heavily on
glyphosate).

The situation now exists where good weed
control in some fields can be achieved with just
Roundup Ready herbicide. Consequently, the
temptation exists to forgo all other weed control
methods in favour of using this technology
alone. From a short-term economic perspective
this may make sense, and good weed control
may be achieved (in the short-termy, but in the
longterm, species shift and herbicide resistant
weeds will be a reality. Dealing with herbicide
resistant weeds will be far more costly to the
entire industry than maintaining weed
susceptibility through an integrated approach to
weed management.

To slow or prevent the development of herbicide
resistance, it is important that growers maintain
an integrated approach to their weed
management. The Roundup Ready Management

— a guide for integrated management of weeds in cotton

secfion EZ

Guide requires that after growers apply theh
final in-crop Roundup application, they:

* assess the occurrence of surviving weeds on
three 100 m lengths of row per 40 ha crop

+ take remedial action to stop seed set of these
weeds

» report any adverse findings (potential
resistance problems}

This resistance management plan appears to be
very sirmple, but is technically sound. It is based
on the principle that any weed that is not
contrelled by the Roundup application
(potentially resistant) is controlled by some
other means before It is able to set seed. This
pian will prevent the occurrence of herbicide
resistance if it is properly implemented.

The resistance management plan also makes
goeod farming sense. Weeds that are controlied
before they set seed don’t contribute to future
weed problems, maintaining the stability of the
system. Weeds that survive the Roundup
application may or may not be resistant, but will
contribute to a larger problemn in future years of
weeds that are not controlied by Roundup if
they are allowed to set seed.

More specific information on herbicide
resistance Is provided in section C2.1 of
WEEDpak.

Economics of production

A study evaluating the economic aspects of
using Roundup Ready technology in
compatison to conventional cotton varieties and
herbicide systems is being undertaken. Case
studies have been included (Appendix A) that
may serve as a useful guide on the economics
of growing Roundup Ready cotton. Growers
using both Boundup Ready and conventional
cotton varieties during the 2001/2002 season
provided the herbicide regimes used in the case
studies.

It should be stressed that yield gains or
penalties have not been included In the figures
provided as these are currently unknown and
may have a profound bearing on the way that
the data is interpreted. In addition, there is ho
provision in the data set to allow for a rating of
the effectiveness of the weed control program
for the current year.

Results from research trials from previous
seasons showed that production could be
economically competitive using Roundup Ready
technology. In some treatments, improvements
in cotton establishment, weed control and
cotton yield more than compensate for the cost
of the technclogy.
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Control of volunteer and
ratoon cotion

The control of volunteer and ratoon cotton in
successive cotton crops Is one of the major
difficulties assoclated with using the Roundup
Ready technology. An article dealing specifically
with volunteer and ratoon cotton control can be
found in sectlon F4 Controlling Volunteer
Cotton in WEEDpak. Volunteer and ratoon
Roundup Ready cotton plants continue to
express the Roundup Ready gene in successive
seasons and are difficult to control in crop and
particularly within the plant line. Control iIs
required due to varietal purity, Insect and
disease pressures assoclated with the reduced
fitness of volunteer plants and the likelihood that
ratoon cotton may act as a refuge for Insect pest

species,

Control of volunteer cotton may be achleved by
pre-irrigating fields to encourage seed
germination, then using pre-plant or pre-
emergent applications of Sprayseed @1.5-2.2L/
ha depending on growth stage. Hammer®
{carfentrazone), a new product being registered
by Crop Care Australia may offer a new
alternative. Hammer can be mixed with
glyphosate and has no resldual plant back. This
herblcide can't be used as an over the top
application in either Roundup Ready or
conventional cotton crops.

Ratoon cotton Is more difficult to control.
Effective contro! may be achieved with root
cutting and/or centre busting at the end of the
season. Herblcide control alone is very difficuilt.
Various farmers have used 24,0 Amine, Starane
and Dicamba, but with limlted success.

Roundup Ready® Audit

Growers of Roundup Ready cotton are required
te perform an audit of the effectiveness of the
weed control achieved. This audit Includes:

1) An assessment of the weeds that have not
effectively been controiled by the Roundup
Ready herbicide foliowing, the final Roundup
Ready application. Three rows of 100m should
be assessed for every 40 ha of cotton that Is
planted prior to seed set of those weeds.

2) The remedial action taken to prevent seed set
of those weeds that have “escaped” the
Roundup Ready treatment.

3) Detalls of the weed management program
during the season (Includes herbicldes used,
rates of application and number of
applications).

4) Comments on the level of weed control
achleved.

5) Adverse event reporting

It Is important that farmers conduct this audit
within three weeks of the last in-crop Roundup
application, to accurately determine the success
or otherwise of the spray application. If the
assessment occurs more than three weeks after
spraylng, It is quite possible that new weeds will
have emerged by this time. These weeds may be
counted when they have never been exposed to
glyphosate. This result will Indicate a spray
fallure, when no failure occurred. The audit is
designed only to find weeds that have been
exposed to glyphosate, to try to detect any
potential resistant weeds that are developing.
Control of all weeds before they set seed Is the
aim of good management.
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section H2
Appendix A. Case studies describing herbicide regimes and associated costs of using Roundup Ready lechnology:
Field License Preplant herbicide Planting No of Total
Fee herh Post emergence herbicide Chipping Lay -by Cultivat-ions costs/ha
2.21/Ha 351 MHa 1.7 kgHa 1.5LMHa 2
Conventional Triflur Cotoran diurex + Gesagard
dirty + application |  50% band application 1.5 kg diuron
+ application + application
Cost $/Ha $22.20 $30.05 $30.80 $40.00 $61.85 $16 $200.90
Roundup Ready 2.21/Ha 35LMHa 1.7 kgHa 1.5 kgHa 1.5kgHa 1.5kgHa 1.5LHa 2
dirty Triflur + Cotoran + Diurex + Roundup + | Roundwp +  Roundup + Gesagard 1.5
application application application application application application kg diuron +
Cost §/Ha $49 $22.20 $30.05 $30.80 §22.25 $22.25 $22.25 $61.85 $16 $276.65
Maderately 1.5kgHa 1.5 kgHa 1.5 kgHa 1.5LHa 2
Dirty Roundup Roundup + | Roundup + | Roundup + Gesagard 1.5
Ready application application application kg diuron+
application
Cost §/Ha $49 §22.25 §22.25 $22.25 $61.85 $16 $193.60
Clean Field Sprayseed 1.5kgHa 1.0kgHa Staple 2
Roundup Ready 1.50ha + Roundwp + | Rounduwp +  60gHa 40%
application application application band +
application
Cost $/Ha $49 §2321 §22.25 §17.50 $33.20 $16 §161.16
Clean field Diuron Sprayseed Cotogard Staple 2
comnventional 1.5kg+ 1.5itha + | 50%band + B0gHa 40%
cotogard 2.0/ application applicafion band +
+ application application
Cost $/Ha $52.90 $23.21 $20.40 $33.20 $16 $145.71
Field License Fee | Preplant Preplant Planting Postemerg | Postemerg Postemerg | Lay-hy Chipping No. of
herb 1 herb 2 herb 1 Cullivat-ions | Total
Costs/ ha
2.3L Triflur 2.3L Convoy | 1.5kgHa 1.5kg/Ha 1.5kg 2
Roundup 480 0.5kg Diuron | Roundup Roundup Roundup
Ready 1.0kg Diuron + + + 1.9kg
+ Application Application Application Convoy
Application 2.0L Liase
4
Application
Cost $/Ha $49 $36.35 $57.84 $23.25 $23.25 $58.36 $8.44 $16.00 §272.29
2.3L Triflur 2.0L 2.3L Convoy 2.8L MSMA 2.0L MSMA 2
Conventional 480 Roundup 0.5kg Diuron + 2.0L
1.0kg Diuron | + + Application Prometryn
+ Appiication Application +
Application Application
Cost §/Ha $36.35 §18.80 $57.64 $41.20 $68.96 $50.85 $16.00 $289.30
RoundupCT | Slomp @ 1.5kg/Ha Select Cologard WG 1
Roundup @ 1.3Ha 3.5 Roundup @375mlsMa @ 1.9kgHA
Ready + + Ready 40%band 85% Band
Applicalion | Coloran @ | Herbicide +zpplication
2kg/Ma 40% +
band Application
Cod §/Ha $49.00 $7.20+ 89 $29.00 $12.40+ $9 | $13.60 + 89 $36.30 $12 $186.50
Tiillur@2.31 | Cologad@ Gesagaid @ 3
Conventional + 1.4kgsHa 3lha 85%
Coloran @21 | 40% band band
| Cost §/Ha $41.90 $12.60 $39.00 368 $36 $197.5
—a guide for integrated management of weeds in cotton — ougust2002
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Summary

Roundup Ready cotton offers a number of
benefits to the Australian cotton industry
however, there are a few limitations when
using this technology and for optimum
results, Roundup Ready cotton needs to be
managed within these limitations. Roundup
Ready cotton is only registered for over the
top applications up to the fourth true leaf and
prior to unfolding of the fifth true leaf of the
cotton crop. Sequential applications of
Roundup Ready herbicide must be applied at
least 10 days apart, and with at least two
nodes of crop growth between applications.

Shielded and directed applications of
Roundup Ready herbicide can be very
effective in controlling weeds In cotton,
however there is always potential for spray
drift when applying Roundup ready herbicide
in this manner. Shields must be designed to
minimise drift and to prevent fine spray
droplets from contacting the leaves.
Likewise, when applying directed
applications the nozzles must be angled such
that none of the spray contacts the lower
leaves of the cotton plants.

To minimise the impacts of both species shift
and herbicide resistance an Integrated Weed
Management approach to weed control must
be adopted.

Cott
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RESEARCH RESULTS WITH
P READY® COTTON

Graham Charles
{NSW Agriculture)

Introduction

Roundup Ready® is a transgenic, herbicide
tolerant cotton developed by Monsanto. It has
been genetically modified to Increase its
tolerance to Roundup (glyphosate) herbicide,
but Is otherwise substantially equivalent to
conventional cotton. The Roundup Ready
genetic material can be transferred to
conventional cotton varleties through
conventional plant breeding. Consequently, a
range of cotton varleties Is available In
conventional or Roundup Ready options. These
varieties may also include a genetically modifled,
insect resistance gene (Ingard™).

Roundup Ready cotton varieties are tolerant to
Roundup applied over-the-top of young cotton
{up to four true leaves}, but older cotton [s less
tolerant and Roundup applied in oider cotton
must be directed to avoid contact with the leaves
of the crop. This Is normally done using a
directed spray, with spray nozzles directed away
from the cotton plant, or through a shielded
sprayer, where a metal or plastic shleid
surrounds the spray, preventing the spray
coming in contact with the crop plants.

A weed pressure index has been used to
compare the over-all weed control achleved
under various weed management systems. This
Index was derived from actual weed numbers
per square metre on frial plots and fields. The
weed count for each specles has then been
modified to take Into account the
competitiveness of the different specles. The
data are combined to form the weed pressure
index. An Index of 0 Indicates a weed-free
system, while a high number indicates a weedy
system. A typlcal clean field would have an Index
of around 0.1 to 2, while a dirty field may have
an Index between 50 and 100, or even higher.

[E3.1]
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/l'jnllke the older broad-leaf herbicides (diuron,
fluometuron and prometryn), Staple® has activity
agalnst a very specific range of weeds and so
accurate weed identification Is very important
when using this herbicide. For example, Staple®
Is effective In controlling spineless caltrop
(Tribulus micrococcus) but wlll not control
caltrop (T. terrestris); these two weeds are simllar
in appearance and often grow together.
Similarly, Staple®is effective for controlling
sesbanla pea (Sesbania cannabina) but less
effective on budda pea (Aeschynomene indica).
These plants are difficult to distingulsh in early
growth,

A weed control program based on non-residual
herblcides may need to be repeated at 4-weekly
Intervals. Such a program may be Impractical
due to high cost, time and !abour constraints. A
perlod of wet or windy weather could be a
disaster for a weed control program based
solely on non-residual herbicides.

Post-emergence and lay-
herl:)it:idesg ay-by

The resldual broad-leaf herbicldes discussed
earfler (diuron, fluometuron and prometryn) are
commonly also applled post-emergence, often In
combination with Inter-row cultivation. They may
be applied as ‘lay-by’ herbicldes with the final
inter-row cultivation, just prior to the crop
closing over the inter-row area. When used in
this way, they are normally sprayed in front of a
cuitivator, which is set to throw some of the
herbicide treated soil up under the cotton plants.
Consequently, the herbiclde Is incorporated into
the soll and kept away from the cotton follage,
but some treated soil still ends up over-the-top
of the hill. This herbiclde application Is Intended
to control weeds that germinate after it is no
longer practical to cultivate or apply directed
herblcides In the cotton crop.

Shielded herbicide applications

Some herblcides that can't be safely applied
over-the-top of cotton can be used to control
weeds in the inter-row area when applied
through a well-constructed shielded sprayer that
prevents herbiclde making contact with the
cotton foliage. These sprayers must be operated
under suitable conditions. This strategy Is
commonly used in dryland cotton, where large
Inter-row strips are present, but where stubble
destruction and soil molsture losses resulting
from cultivation are undesirable.

~a gulde for integrated management of weeds in cotton
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A purpose-buils, high clearance sprayer set up for shielded
spraying.

The use of herbicides such as glyphosate
through a shielded sprayer Is relatively safe, but
extensive crop damage can occur if the
herbicide does make contact with cotton foliage.
Damage is most likely to arlse from herbicide
drift from within the shleld due to windy
conditions, excesslve ground speed, poor shield
construction or set up, excessive nozzie
pressure, or poorly positioned spray nozzles.
Problems can be reduced by using appropriate
nozzles, producing large droplets at low
pressure, within well-constructed shields and
ensuring that nozzles remain well positioned. It
Is also essential to ensure that there are no
herblcide leaks from tanks or fittings. Due to the
risk of damage to cotton, shielded sprayers
shouid only be used where weeds can't easlily or
economically be controlled by other methods.

Spot-spraying

Spot-spraying Is ldeally suited to situations
where large weeds are present at low densitles.
Herbicides such as glyphosate and MSMA may
be applied to small areas of weed within a fleld,
where the damage caused by the herbiclde Is
confined to a small area and is negligible over
the entire field. Alternatively, a more expensive
herbicide such as Staple®, Sempra®, Zollar® and
the post-emergence grass herblcides may be
spot-applied to greatly reduce the overall cost.
Spot-spraylng may involve a ‘normal’ boom
spray, with the operator switching on boom-
sections as required, but more commonly

—august 2002
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involves a purpose built, self-propelled, spot-
spraying unit, designed to go through cotton
rows with a minimum of disturbance. These
units have multiple operators, each of whom can
spot-spray weeds In several rows In a single
pass, using special applicators which limit spray
drift. o =

Spot spraying and chipping are efficient and effective ways
of controlling low densities of large weeds such as these
velvetleaf plants.

Herbicide Guide

A guide to the weeds controlled by the
herbicldes most commonly used in cotton Is
provided in Tables 3, 4 and 5. This information is
a general gulde only. SPECIFIC DIRECTIONS
FOR PESTICIDE USE IS PROVIDED ON
THE PRODUCT LABEL AND MUST BE
COMPLIED WITH. Further information on
specific herbicides, application rates, and
application detalls Is provided In the Cotton Pest
Management Guide, published each year.

Crop agronomy and management

A cotton grower aims to establish a strong,
healthy cotton stand that produces a profitable
cotton crop. To achieve this aim, the grower witl
try to produce a favourable seedbed with
optimum levels of nutrients and water.
Unfortunately these conditions are also ideal for
weed establishment and growth, enabling weeds
to out-grow and out-compete cotton seedlings.
A dense population of weeds can easily out-
compete and shade cotton, but the converse is
also frue, that a well established cotton crop can
in time out-compete and shade most weeds.

The opportunitles for weeds can be reduced and
managed by attention to crop agronomy and
management, making the crop more competitive.
Once established, a well grown cotton plant will
develop a thick leaf canopy, shading both the
row and furrow area, and an extensive and deep
root system, extracting water from the soll
surface and deeper In the soil profile. In
contrast, poor cotton establishment may resuilt
In large gaps between cotton plants, allowing
opportunities for weeds to establish and grow.
Re-planting of ‘gappy’ cotton stands Is essential
In weedy flelds. Poorly growing cotton can also
be out-competed by weeds, with weeds growing
more rapldly than cotton In spring, shading the
cotton and competing strongly for nutrlents and
water.

For best resuits, cotton should be given the best
chance for establishment and vigorous growth.
Where a grower has both clean and weedy
fields, the weedy flelds should be planted last. if
the opportunity arises, a herbiclde such as
glyphosate should be applied to weeds after
cotton planting but before crop emergence.
Operations such as cultivation, chipping, and
side banding of fertilizer should be timed to give
the crop the best chance to out-compete weeds.
Taller cotton varieties, with good seediing vigour
are best suited 1o weedy flelds.

Transgenic cotton varieties

Small plots of transgenic, Roundup Ready” cotton sown
amongst conventional cotton and sprayed with Roundup
herbicide.

(B3.16]
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Jﬁ'ansgenlc, herbicide tolerant cotton varietles
are becoming available. Roundup tolerant,
Roundup Ready® cotton varietles are now
commercially available. Herblcide tolerant
varleties have been genetically modified to
enhance their tolerance of speclfic herbicldes.
These herbicides can’t normally be used with
conventional cotton varieties. The use of
transgenic varleties provides opportunities to
use a new range of herbicides in cotton with
Improved crop safety. In many instances, this
technology allows cotton growers to substitute
non-residual herbicides for residual herbicides,
reducing potential re-cropping problems. These
herbicldes may also be valuable for managing
weeds that are difficult to control in conventional
cotton.

frrigation management

Irrigation management is an Important aspect of
crop agronomy, Weeds generally emerge after
irrigation and rainfatl events, so the timing of
irrlgation affects the emergence of weeds,

While cotton may be sown into soli moisture
foliowing rainfall, sowing generally occurs as the
soll dries after pre-irrigation, or cotton Is sown
into a dry seedbed and then irrigated. Both
practices result In a flush of weeds, but pre-
watering Is generally preferred In weedy fields as
it allows a better opportunity for weed
emergence and control with cultivation or
herbicides before crop emergence.

Later in the season, irrigation, chipping,
cultivation and herbiclde applications must be
coordlnated to minimise stress to the cotton
crop but maximise weed control and weed
control opportunities.

Irrigation is often timed to follow inter-row cultivation, as
in this field.

- aguide for integrated management of weeds In cotton
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Irriggation water can be a source of weed
infestation, with weed seeds carried in the water.
While it Is not practical to filter these seeds from
the irrigation water, growers should always be
on the iookout for new weeds that may have
been Introduced In lrrigatlon water. Growers
should give speclal consideration to water
pumped during floeds, as this water has the
greatest potential to carry new seeds. i
possible, flood water should be first pumped
into storage to allow weed seeds to settle out of
the water, reducing the risk of these seeds being
carried into fields.

Inter-row cultivation

Inter-row cuitivation Is a relatively cheap and
effective method of removing weeds from the
Iinter-row area. In irrfigated cotton, cultivation is
also an Important tool for re-delving and
maintaining the irrigation furrow.

To be effective, inter-row cultivation should
occur before weeds become too large, and be
timed to occur as flelds are drying, Cultivation
shouid be deiayed for a few days after rain or
irrigation, as many weeds wlll not be killed but
simply transplanted by cultivating In damp soll.
Soil compaction Is another undesirable outcome
of cuitivating wet soil. However, cultivating In dry
conditions is expensive and may cause
excesslive damage to young cotton seedlings,
particularly in a blocky or compacted soll. Inter-
row cultivation can be timed to occur just prior
to an irrigation, provided that the sol! is easily
friable, allowing sufficient time between
cultivation and Irrigation for weeds to be Killed
(approximately 1 day), but minimising the stress
to cotion which may have been damaged during
the cultivation pass,

Inter-row cultivation rig set up for one-pass cultivation and
cold-flow nitrogen application.

—  ougust2002
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Inter-row cultivation is particularly valuable for
managing dryland, skip row cotton. However,
some soll molsture is lost with every cultivation
pass, and some pruning of cotton roots occurs,
damaging the cotton. This root pruning may
contribute to problems with fusarium wilt, where
this disease is present. Inter-row cuitivation also
exposes the soll surface, leaving the soll more
vulnerable to eroslon. Ideally, cultivation should
cause minimal surface soll disturbance, leaving
surface residues largely undisturbed. This is
particularly important on sloping, erosion prone
flelds.

Flame and other weeders

A homemade flame weeder for controlling weeds in the
inter-row ared.

Flame weeders, Infra-red weeders, steam
weeders and electro-static weeders have been
developed as alternatives to cultivation and
herbicides and are especlally useful in
organically grown cotton where herbicldes can’t
be used. They are effective in controlling small
annual weeds In the Inter-crop area and can
controi small weeds In the cotton plant line In
older coiton with minimal damage to the crop.
They have the drawback that they require large
inputs of energy and are therefore expensive to
use.

[B3.18]

Hand chipping

Manual weeding using hand chipping Is a
valuable tool for removing low densities of
weeds from the cotton plant line. Chipping can
also help prevent the build up of herbicide
resistant weeds, removing any weeds that
survive the other weed management practices.

However, hand chipping can be extremely
expensive. Chipping should be used in
conjunction with Inter-row cuitivation, so that the
majority of weeds are removed by the cultivator,
at much lower cost than chipping. Gare should
be taken to ensure that the cost of chipping
does not become excessive.

Hand chipping is an important part of an integrated weed
management program.

Machinery hygiene

Weeds are spread through a varlety of
mechanisms, but most commoniy through the
disperslon of seeds by wind and water. Most
weeds produce large numbers of seeds, each of
which Is capable of producing a new plant.
Some weeds are also capabie of reproducing
vegetatively, spreading through tubers, rhizomes
or stolons, and some are tapable of regrowing
from a piece of leaf or stem.

Apart from the natural means of weed
dispersion, one of the principle villains for
spreading problem weeds Is the cotton grower
himself. This spread normally occurs on
comtaminated machinery such as culilvation
equipment, pickers and farm vehicles. Good
machinery hyglene is essential to avoid
introducing new weeds and diseases from other
contaminated fields, or other areas. Machinery
from off-farm should always be thoroughly
cleaned before use.




Managing weeds on non-cropping
areas

Weeds present on areas surrounding cotton
flelds can contribute significant weed seed lcads
to cotton flelds. If poorly managed, these areas
can contribute large seed loads of many of the
more difficult to control weeds such as
noogoora and Bathurst burr, flerce thornapple,
sesbania pea, and cowvine.

Roadways and irrigation structures can be
particularly important in spreading weeds, as
rain run-off from these areas often flows directly
into irrigation channels and onto cotton fields.
Weed seeds are readlly transported In this water,

Weeds on irrlgation channels and structures are
most commonly managed using a combination
of resldual and knockdown herbicides and
mechanical means. Diuron and glyphosate are
the main herblicides used. Diuron Is applled after
the final irrigation In autumn and incorporated
by rain. Channels may need to be flushed in
spring to remove excess chemical if insufficient
rainfall cccurs over winter. Glyphosate Is applied
as needed to control established weeds.

Regular mechanical malntenance of Irrigation
structures also contributes to weed
management, removing many of the more
difficult to control weeds. Cotton growers who
pump Irrigation water from a river or whose land
Is flood susceptible, have ilttle conirol over weed
input from these sources, but the management
of seeds from all sources within a growers
control can make a blg difference to the level of
in-crop weed competition.

Weeds areand channels, roads and water storages can
eontribute significant quantities of weed seeds to cotton
fields.

- a guide for integrated management of weeds in cotton
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Ultra-narrow row cotton

The ultra-narrow row planting configuration has
become feasible in cotton due fo new cotton
picker head design, improved cotton varleties,
and transgenic herbicide tolerant cotton.
Irrigated, ultra-narrow row cotton is more
competitive than conventional cotton, duetca
much increased cotton plant density. However,
the narrow-row configuration preciudes normal
in-crop, inter-row cuitivation, and limits in-crop
herbiclde applications to those herbicldes that
can be applied over-the-top of the crop. Ultra-
narrow row is best suited to transgenic
herbicide tolerant cotton varleties and fleids that
are relatively free of weeds.

Susceptibility of weeds to herbicldes

The weeds listed In Tables 3, 4 and 5 have been
rated according to their susceptibility to the
varlous herbicides under average to good
conditlons. Since the level of control is
influenced by rainfall, seedbed soil conditions,
and other environmental factors, there is no
guarantee that a treatment will give the result
indicated in the tables.

ALWAYS READ THE LABEL OF THE PRODUCT
BEFORE USE.

Ultra-narrow row cotton. A range of planting configurations
is being used.

The information supplled here Is only a gulde.
Product registrations vary between siates and
label Information must be complied with.
Preducts labels supply additional information on
product safety and use constraints, appiication
rates and timing, the use of surfactants, soli
incorporation, water rates, nozzle pressure and
configuration, product compatibllities, and
equipment decontamination, as well as other
Information pertalning to the product and its
use.

— ougust2002
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Herbicide resistance

Information on the herbicide group to which the
product belongs is Included on the product
label. This informatlon is essential for developing
an integrated weed management strategy which
avolds developing herbicide resistant weeds.
The herbicide groups are indicated by a lettering
system, as shown in Tables 3, 4 and 5,

More detailed information on managing
herbicide resistance Is given In Managing
Herbicide Reslistance In Cotton in
WEEDpak.

Modes of action of herblcides

There are many different modes of herbicidal
action and a single herblcide may act on more
than one plant process. Nevertheless, similar
herbicides often have simllar modes of action,
For example, the post-emergence grass
herbicides (Table 5) are all group A herblcides
which act through inhiblting acetyl-coA
carboxylase, leading to membrane disruption In
the plant. Conseqguently, although five chemically
distinct herblcides are listed In Table 5, they all
act on the same plant pathway and a weed that
develops resistance o one of these herbicides
wlll probably be resistant to all five herbicldes.
However, apparently similar herbicides do not
always have similar modes of action. Of the pre-
emergent grass herbicides (Table 3), trifiuralin
and pendimethalin are both group D herbicides,
which Inhiblt tubulin formation, effectively
Inhibiting plant growth, whereas metolachlor s a
group K herblcide, with multiple modes of action
inhibiting growth and root elongation.

Where herbicides with similar weed spectrums
have different modes of action, opportunity
exists to rotate herbicides, thereby reducing the
risk of selecting weeds resistant to any one
herbicidal mode of action.

Development of herbicide resistance

When applied correctly, a herblclde will
effectively control its target weed. Nevertheless,
within any weed population there wiil be weed
species that are more tolerant of the herbicide,
and within a species there may be individual
plants that are more resistant to the herbicide
than the remainder of the populatlon.
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Repeated use of a herbicide will have two
effects. Firstly, the herbiclde will select for the
more tolerant weed species, probably resuiting
in a shift in favour of those tolerant speciles.
That is, the density of the more herbicide
susceptible species will decline, while there will
be a relative increase In the density of the
herbicide tolerant specles. Secondly, the
herblclde will select the more herbiclde resistant
individuals from within a specles and the
frequency of these individuals will increase
within the population, leading to the
deveiopment of herbicide resistance.

The rate at which these changes occur depends
on a number of factors, including:

herbicide efficacy, the frequency of herbiclde
application, the degree of tolerance to the
herblicide, the frequency of herbicide resistant
individuats within the population, and the nature
of the weed's reproductive mechanism,

« dilution of the population from external
sources, and

« use of other management tools that reduce
the population of tolerant and resistant
individuats.

While all herblcides have the potential to
cause a species shift in the weed population,
they do not all have the same risk of
developlng a resistant weed population.
Within the herbicide groups, there are three
broad categories.

« herbicides with high risk (groups A and B).
Repeated use of herbicides from groups A
and B has a high risk of selecting out
herbicide resistant weeds.

+ herbicides with moderate risk (groups C to
H).

* herblicides with low risk (groups | to N).

Nevertheless, these risks are relative. Repeated
use of a single herbicide from any herbiclde
group may eventually lead to the development of
herbicide resistance. That is, the selection from
a previously susceptible population, of a new
population that is resistant to the herbiclde at
the rates used. Once this happens, the hetbicide
Is no longer of any use for controiling that weed.

Cotton
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Rotation of herbicide groups

One approach to reducing the likelihood of
herbicide resistance developing Is to rotate
herbicldes, using different herbicide groups over
time, so that weeds are exposed to a range of
different herbicidal actions. This strategy Is
difflcult to implement in cotton, as many of the
herbicides that couid be readily substituted are
from the same herblcide groups.

For example, as discussed earlier, although the
post-emergence grass herbicldes Falcon®,
Fusilade®, Select®, Sertin®, and Verdict® are
chemically different, they are all group A
herbicldes with similar modes of action. A weed
that develops resistance to one of these
herblcides may be cross-resistant to all of them,
even though the weed had not been exposed to
the other herbicldes.

Similarly, the residual, broad-leaf herbicides
most commonly used with cotton production
(diuron, prometryn and fluometuron) are all
group C herbicldes, with similar modes of
action.

However, the pre-emergent grass herbicides
belong to groups D (trifluralin and
pendimethalin), K (metolachlor) and F (Zoliar®),
Use of these herbicides In rotation allows the
opportunity to expose weeds to totally different
herblclde groups, greatly reducing the risk of
the development of herblcide resistance.

Overall, the most effective approach to reducing
the development of herbicide resistance and a
species shiit to herbicide tolerant individuals, is
to ensure that herbicides are used correctly and
that an integrated approach to weed
management using components from each of
the weed management optlons Is adopted.
Special care needs to be taken when making
repeated use of group A or group B herbicides.

- a gulde for integrated management of weeds In cotton
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Developing an integrated weed
management system

Each of the weed management tools has
advantages and disadvantages, and needs to be
integrated with other tools to form an effective
and efficlent weed management system. The
weed management system must be balanced
with the needs of the other components of
cotton production, such as Iinsect management
and disease control. g

Aweed management system must be flexible
and able to respond to the changing needs of
each fietd. One of the most significant factors
affecting weed management is the prevaliling
seasonal conditions, and In particuiar, rainfali.
An effective weed management system must be
able to respond to a range of seasonal
conditions. Rainfall affects both weed
germination and herbicide efficacy. All plants
need moisture to germinate and grow. Generally,
weeds wlll germinate only after a rainfall or
irrigation event, and are not normally much of a
problem In dry seasons. However, all residual
herbicides are water activated. They are
relatively inactive in a dry soll and become active
after rain or irrigation. In addition, most of the
translocated, non-residual herbicides are much
more effective on plants that are not moisture
stressed. Resldual herbicides should work well
in a wet season, when maximum weed pressure
will occur, but may not work well In a relatively
dry season, when light rain may stimulate weed
germination, but not sufficlently activate the
herbicldes. In this situation, non-residual
herbicldes and cuitivation may be needed to
supplement residual herbicides.

— ougust2002
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Residual herbicides also have the potential to Herbicide movement may occur through
contaminate the environment if they move out of leaching of the herbicide following lrrigation or
the target area. This potentlal Is greater than that rainfall. However, many residual herbicides are
of the non-residual herbicides simply because strongly attracted to soll particles and so have
they persist for longer in the environment and little potential to leach, These herbicldes may still
so are exposed to more opportunities for off-site move off-site, carried on blown dust, or on
movement. Their subsequent affect Is also likely suspended soll particles foliowing irrigation or
to be more significant because of thelr rainfall, This risk can be greatly reduced by
persistence. good irrigation design, where run off and
irrigation tall-water are captured and
recirculated, remalning on-farm.

Tuble 3. A guide to the weeds controlled by soil residual herbicides.

Active ingredient trifluralin pendimethalin  metolachlor  fluometuron promelryn fluometuron
+ prometryn

Typical use rate 1.4-2.8 L/ha 3.5-4.5 L/ha 2 L/ha 4.5-6.0 L/ha  3.3-4.5 kg/ha 3.5-5 L/ha
HEI'IJICIdE group D D K C

Grass weeds
Annual grasses general
Bamyard grass
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Johnson grass from seed
Volunteer sorghurn
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Broad-leaf weeds
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Anoda weed
Australian bind weed
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S Susceptible MS Moderately susceptible 1 toleramt  PS Some activity - Not kyonsn
* Becanse of their large seed size, these weeds may germinate below the herbicide band, reducing the level of confrol
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Table 4. A guide fo the weeds controlled by herbicides (continued).

Aclive ingredient divron | norflurazon Pyrithiobac sodium MSMA glyphosate
Registered trade name various Zoliar~** Staple® various various***
1.8-3.5 L/ha 2-4 Kg/ha 30-120 g/ha 1-2.8 L/ha 1-2 Liha
Grass weeds
AnEETEE Teneral MS MS T S S
Bamyard grass MS MS i S S
Johnson grass from seed T MS il MS S
Liverseed grass MS MS T S S
Volunteer Cereals S MS T - S
Volunteer sorghum MS MS S MS S
Nitgrass =~ i MS T MS MS
Broad-leat weeds
Amaranthus ) T S ] S
Anoda weed - T S T MS
Australian bind weed - T K T MS
Bathurst burr I S T S S S
Bellving 5 o UMS T S T PS
Blackberry nightshade S T - T MS
Bladderketmla MS T i T MS
Black bindweed - T T T MS
Caftrop.- : MS T i T S
Caustic Weed MS T T T S
owira (peach T T s T NS
S T T T S
- MS i T S
- T T T MS
MS T S T S
PS - T T )
MS 1 T T S
Mung bean MS T T T S
Native rosella - T T T MS
Native vigna - T T T S
Noogoora burr S* T S S S
Parthenium weed S T T T MS
Pigweed S T T I S
Polymeria T T T T PS
Prickly paddymelon S T T T PS
Raspweed - T T T PS
Rattlepod S Il ili i MS
Rynchosia - T T T MS
Sashania pea MS i S T MS
Small-flowered mallow T T T T PS
Common:sowthistie IS S T T T S
Spineless caltrop MS S S T S
Sunfiower . IS T S T s
Thornapples S* T S T S
Wiravieed ' ~ - MS T T T S
witd gooseberry | INEREIN MS T S T S
Widmelon  peseesesmmms S T S T S
Wild tumip S T T T S

§  Suscoptible MS Moderately susceptible I folerant  PS  Some activity -  Not known

*  These weeds have lorge seeds and may germinate below the herbicide band, reducing the level of conirol.

**  Zolior® is aresidual herbicide that requires thorough incorporation, and needs to be applied for 2 or 3 consecutive seasons
Jor nutgrass conirol,

**2  Ghyphosate is toxic to conventional (non-Roumdup Ready®) cotton and can only be safely applied to conventional cotton
Dpost-emergence through a well-constructed shielded spraver, umder suitable operating conditions with regard to wind, nozzle
pressure, shield design, growmd speed efc. For more information, refer to the section on Directed and shielded applications of
Roundup in Managing Roundup Ready® Cotton in WEEDpak,

—aguide for integrated management of weeds in cotton — ougust2002
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Tuble 5. A guide toweeds controlled by the post-emergence, over-ihe-fop, grass herbicides.

clethodim

Active ingredient

butroxydim

Registered trade name Falcon® Select®
Typicat use rafe (ml/ha) 120-180 250-375
Herbigidegrowup A A

fluazifop-butyl
Fusilade®

73
A

haloxyfop-
ethoxy-ethyl
Verdict® Correct® Sertin®
1.0-1.5 0.2-09 120-180
A A A

propaquizafop sethoxydim

21071 L PR SR TR

Annual grasses general 8 ! S S - S

Bamyard grass S S S S S S

Johnson grass from seed S S S S S S

Liversead grass: SRR 5 S S S S

Volunteer cereals 8 MS S S S S
S Susceptible MS Moderately susceptible - Not known

Residual grass herbicides

The most commonly used residual grass
herbiclde Is trifiuralin, applied as a pre-planting,
soil-incorporated herbicide. i has activity on
most grass weeds, and some broad-leaf weeds
such as amaranthus, caltrop, and mintweed. lts
application window Is from 6 weeks pre-planting
to immediately prior to ptanting, Trifluralin is
relatively inexpensive, but may [nhibit the
development of surface roots of emerging
cotton seedlings and requires thorough soil
incorporation to be effective. Soll incorporation
at, or Immedlately after application Is necessary
because trifluralin Is degraded by sunlight and is
slightly volatile, leading to significant losses If it
Is left on the sol! surface. Trifluralin Is degraded
by microorganisms In the soil.

If trifiuralin is not used prior to planting,
pendimethalin or metolachlor will normally be
applled at planting as an alternative. it Is also
common to apply a band of pendimethaiin as a
‘top-up’ behind the planter, even when trifluralin
has previously been applied. This most often
occurs on fields that are pre-lrrigated, where a
layer of dry soil Is skimmed off the top of the
irtigation hilf at planting to allow cotton seed to
be planted Into moist soll. The herbicide treated
soil ends up In the furrow. A band of
pendimethalin Is then applied to the area
disturbed by planting, to replace the trifluralin
that has been removed.

Young cotton in a well-managed seedbed, free of weeds.

Pendimethalin and metolachlor have simtar
activity on grass and broad-feaf weeds when
compared with trifiuralin, The malh advantages
of these herbicides are that they don't need as
much sall incorporation as trifiuraiin, can be
applied at pianting, and don't cause surface root
pruning. However, they are more expensive than
trifluralin, and although they don't inhibit surface
root development, they can still cause serlous
injury to cotton seedlings if they are poorly
appiled or subject to adverse weather conditions
after application. Damage is most commoniy
seen when raln occurs immediately after
planting, washing herbicide Into the cotton seed
Zane. Both herblcides require some
Incorporation, with finger harrows behind the
planter, or either by rainfail or irrigation. Both
herblcldes have some volatility (metolachlor less
than pendimethalin), and are degraded by
suniight {metolachlcr more than pendimethalin).

183.10]
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_Residual broad-leaf herbicides

The residual broad-leaf herblcides commoniy
used in cotton are diuron, fluometuron and
prometryn singularly, and a 50;50 fluometuron/
prometryn mixture. These herbicldes can be
applied pre-planting, at planting, or post-
planting, and have pre-emergence and post-
emergence activity on many broad-leaf and
some grass weeds. They are most effective
when incorporated Into the soll, but are aiso
effective when applled to the soil surface or
sprayed on small weeds, with the addition of a
wetting agent.

Application timing and technique Is imporiant
with these herbicides. While they can, and often
are applied before cotton emergence, with no
adverse effects, these herblcides have the
potential to kill or severely damage cotton
seedlings, resulting in the need to re-plant the
crop. Damage, when it does occur, generally
follows rainfall soon after planting which washes

most lkely where the planter has left a furrow in
the top of the hill. Raln can concentrate
herbiclde from the top of the hill into this furrow,
and into the root or shoot zone of emerging
cotton seedlings. Prometryn is not commonly
applied prier to crop emergence, due to the risk
of injury to cotton from this herbicide, although
the prometryn-fluometuron mixture Is often
used. Injury from diuron, fluometuron, and the
prometryn/flucmeturon mbxture can be
widespread when rain occurs at planting. As
these herbicides are water-activated, they are
most effective under wet conditions, when
weeds are most active.

Fluometuron damage on seedling cotton (yellowing of the
inter-venial leaf area). Finometuron was applied at
Planting but damage did not become obvious until this
growth stage.

- a guide for Integrated management of weeds in cotton

the herbiclide Into the seed zone. This problem Is

section B3

Although listed earller as a negative
characteristic, the tendency of trifluralin to prune
the surface roots of cotton seedlings may add
some additional degree of product safety when
trifiuralin is Included with one of these products
In a weed management program. While pruning
of the surface roots reduces the cotton’s ability
to absorb nutrlents and water from the soil
surface (a negative aspect), it also reduces the
likelihood of cotton seedlings absorbing high
concentrations of other herbicides from the soil
surface (a positive aspect). Consequently, injury
to cotton seedlings from herbicldes like diuron is
less likely when trifluralin has been applied pre-
planting.

Generally, cotton can be successfuliy re-
established from re-sowling after cotton
seedlings are killed by herbicides, as these
herbiclde have relatively short hali-lives, and so
break down relatively quickly.

Because they do have foliar activlty, it is
important that the residual broad-leaf herbicides
are applied as directed sprays when used after
cotton emergence (the spray nozzle positiched
to direct herbicide away from cotton foliage). it
is common to observe some leaf damage to
cotton after a directed spray application even
when these herbicides are correctly applied. The
damage is seen as yellowing of the cotton leaf,
but should not cause leaf death or a reduction in
cotton yleld.

N

s TR S NG SRR R T

Zoliar® upplied to a severe nutgrass infestation. The white
areas in the foreground were caused by Zoliar®, whick
affects photosynihesis.

An alternative to these herbicides Is Zollar®, a
highly residual soll applied herblicide with activity
against some broad-leaf and most grass weeds.
Zoliar® is particularly useful in flelds infested
with nutgrass or anoda weed, but can be very
expensive if required at the maximum use rates.
It needs to be thoroughly Incorporated into the
soil, and can be applied In autumn or winter
before cotton planting. For nutgrass control,

— ougust2002
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Zoliar® needs to be applied over several
consecutive seasons and should be used in
conjunction with other management tools such
as Inter-row sprayling with glyphosate or
Sempra®. Zoliar® Is only active at high soil
moisture contents. It acts on plant chiorophyll
and membrane lIplds, rapidly turning affected
tissue white. This will kill the affected plant If the
soil remains wet and the herbiclde remains
active for long enough. Frequently however,
under Australian conditions, the soll drles and
the affected plant recovers. In this sl{uation,
Zoliar® does glve effective suppression of the
weed but will not eliminate the problem:.

Zollar® has a major advantage in that It is highly
active in wet conditions when it is most needed
and has a long half-life In the soil. Its
disadvantages include relatively high cost (at the
rates required for use in nutgrass), a lack of
activity under dry conditions, and toxicity to
most rotatlon crops. High rates of Zoliar® should
not be used with the last cotton crop hefore
planting a rotatien crop. Plant back periods
should be carefully considered before choosing
a rotation crop. Most rotation crops can't be
safely grown for several seasons following high
rates of Zoliar® applied to consecutive cotton

Crops.

Residual herbicides for dryland
cotton

Problems can occur for growers of dryland
cotton where resldual herblcides are used early
In the season. Resldual herbicldes can give
more cost-effective weed control than many of
the post-emergence optlons but for optimum
performance they must be applied prlor to or at
planting. If a planting opportunity falls to
eventuate, or the crop falls, residual herbicide
already applied may preciude later planting of an
alternate crop. oA '

Dryland cotton sown in a skip-row configuration (two
cotton rows 1 mt apart, separated by a 2 m gap). The cotton is
sown into sorghum stubble.

Y e

Trifluralin and diuron are exarnples of relatively
Inexpensive but effective herblcides often used
with dryland cotton, but which greatly reduce
the growers’ planting options should cotton not
be planted or should the crop fail to establish.
Minimum re-cropping intervals for cotton
herbicldes are shown in Tables 6 and 7.
Judiclous use of soll residual herbicldes enable
growers to consider other crop options for a
December-January planting such as sorghum,
sunflower, and mung beans.

One possible strategy to avold preblems with
pre-plant residual herblcides is to band the
herblclde so that herblicide is applied to the
cotton row, and a band of untreated soll remains
in the inter-row area. Weeds that emerge In this
area can be managed with cultivation and a
residual herbicide may be applied later Inthe
season. Should cotton establishment fail, an
alternative crop can be safely ptanted In the
untreated area. This strategy Is Ideally sulted to
cotton grown with permanent wheel tacks,
where the cotton-row and Inter-row areas are
well defined, and is particularly suitable for skip-
row cotton which has a wide inter-row area.

Another strategy s to use a Roundup Ready®
cotton variety with no early-season residual
herbicldes. This strategy can be very cost
effective in relatively clean fields, but the total
number of glyphosate applications may be of
concern over time. Reliance on glyphosate as
the primary weed control tool will result in a shift
in the weed spectrum to those weeds that are
more tolerant of glyphosate and may ultimately
lead to glyphosate resistant weeds. This strategy
may fall in weedy fields, where weeds that
emerge in the plant-line after the over-the-top
Roundup application may be difficult and
expensive to control.

Residual herbicides applied after planting may
still cause problems In the event of the cotton
crop failing or being halled-out. All residual
herbicides have the potential to cause problems
for the crop following cotton, as Indicated in
Tables 6 and 7. These data have been developed
in consultation with the agrochemical industry
and are intended only as a guide.

ALWAYS CHECK THE PRODUCT LABEL.
The re-cropping intervals listed can be modified
1o suit local seasonal conditions and soil type
varlations.

Cotton
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Products are sold under a variety of trade names.

Some products are sold under a variety of trade names.

Hfluemeturon +

—  prometryn

Bariey
Canola
Chickpea
Cotton
Cowpea
FabaBean
Lablah
Linsesd
Lucerne
Malze
Millet
Mung Bean
Oats
Sorghum
Soybean
Sunfiower
Triticale
Wheat

(e2M =N NerNorRorNarRerNerNerlerNorRorNarReNeorNarRepl

one season.

may be applied in back-to-back cotton.
8 The spring following application in cotton
- No information available.

trifluralin pendimethalin
Barley 12 6
Canola 0 6
Chickpea 0 0
Cotton 0 0
Cowpea 0 0
FabaBean 0 0
Lablab 0 -
Linseed 0 -
Lucerne 0 6
Maize 12 0*
Millet 12 12
Mung Bean 0 0
QOats 12 12
Sorghum 12 12
Soybean 0 0
Sunflower 0 0
Triticale 12 6
Wheat 12 6

#iuron

12
12
12
S
12
12
12
12
12
S
12
12
12
S
12
12
12
12

metolachlor

DO ODOHNTNOOOO O MO D
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prometryn

12
12
12
0

12
12
12
12
12
12
12
12
12
12
12
12
12
12

norflurazon
H -

— Zoliar-
30

[=N1e]

30

9
27
27
30
27

9
27

30
30

section B3

Table 6. Minimum re-cropping interval (months) to rotation crops after residual herbicide application in cofton.

fluometuron

6
6
6
0
6
6
6
6
6
6
6
6
6
6
6
6
6
6

*  Maize can be re-sown immediately after use in a failed crop provided the seed is sown below the freated band of soil
% Concept® freated sorgum seed - No information available

Table 7. Minimum re-cropping interval (months) fo rotation crops after residual herbicide application in cotton.

pyrithiobac
Staple®**

¥ Re-cropping interval relates fo a single application. Longer intervals will be necessary following applications over more than

** - Re-cropping intervals relate to no more than a total of 120 g'ha of Staple® applied in one season. A maximum of 240 g'ha

— ougust2002
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Pre-emergence, post-irrigation
herbicides

In irrigated cotton production, the crop is
established either by irrigating before pianting,
planting cotton into a drying soll (pre-rrigation),
or by irrigating after planting (watering-up). An
additionali light irrigation {termed "fiushing’) may
be necessary soon after planting pre-irrigated
cotton if the surface soll dries too rapidly for the
emerging cotton seedling.

Where pre-irrigation occurs, it Is common to get
a rapid emergence of weeds, particularly
grasses, before the cotton seedlings emerge
from the soil. When this happens, opportunity
exists to apply a herbiclde such as glyphosate to
control these weeds without damaging the
cotton. If no rain or Irrigation occurs after this
herblclde appilcation, there may be no further
weed emergence and the cotton will be able to
establish In a relatively weed-free situation. This
strategy can aiso be valuable for managing
problem weeds that emerge before the cotton,
and so can be controiled at this stage.

However, this strategy Is not always reliable and
should only be used in conjunction with cther
weed management tools, as wet or windy
weather can prevent herbicide application in this
narrow window between planting and crop
emergence.

Inter-row cultivation is used through the season to control
weeds in the inter-row area and lo maintain irrigation kills.
Herbicides and fertiliser may also be appled throngh the
cultivation rig.

{B3.14]
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Post-emergence, non-residual
herbicides

Residual herblcides have the advantage that
they are present and are active from the time of
application, but have the disadvantage that they
may damage cotton, and they are normaliy
applied in anticipation of a problem, and thus
may not actually be necessary. Non-residual
herbicides have the advantage that they can be
applied as needed, but will only control weeds
present at the time of application and so are
unable to control weeds from later germinations.
A range of non-residual grass herbicldes Is
shown in Table 5. These herbicides can be safely
applied over-the-top of cotton and are effective
in contreliing small, actively growing grass
weeds. However, they have no effect on broad-
leat weeds and are much less effective on
stressed grass weeds. They are also largely
ineffective In controlling larger grass weeds that
escape eatller treatment.

MSMA Is another herbiclde with activity against
most grass weeds, as well as nutgrass and
many broad-leaf weeds. It can be applied over-
the-top of cotten, but can damage cotton and
may result in significant reductions in yield,
particularly with sequential applications.
Consequently, MSMA should only be applied
over-the-top of cotton in situations of heavy
weed Infestation, where the potentlal damage
from the herbiclde is far less than the potential
damage from the weeds. MSMA should be
applied as a directed spray where possible.
MSMA Is not commonly used, except for early-
season control of nutgrass.

Staple® (Table 4) is a more recently registered
herbiclde that is active at relatively low rates. It
controls a range of broad-leaf weeds and can be
applied over-the-top of cotton, aithough It does
cause some Injury to cotton and may suppress
cotton growth for up to 14 days. This growth
suppression should not result in a yleld
reduction. Staple®is relatively expensive and is
often applied in a band to reduce overall cost.
While It has little resldual actlvity agalnst weeds,
it can cause significant damage to following
rotation crops. Re-cropping intervals are shown
InTables 6 and 7.

Cottc
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COTTON

Graham Charles
(NSW Agriculture)

Introduction

A successful cotton farm is a complex
enterprise, integrating a wide range of
competing needs Into a sustalnable, dynamic
system, Insects, water, diseases, weeds, soil,
environment, economic and social demands
must all be juggled in a system that Is
sustainable in the short and long term. The
needs of each area must be met and balanced
so that conflicting demands are directed Into a
dynamic equilibrium in a functioning farm
system.

A sustainable system for cotton production will
necessarily include a well-developed weed
management program. Weed management is an
important issue for Australlan cotton
production, and requires a dedicated and long-
term approach. The principles of management
remain the same over time, over flelds and over
environments. However, the selection of weed
management toois must be made on a week-by-
week and field-by-fleld basis. Declsions made at
any one time will affect outcomes in future
seasons.

A sustainable weed management system must
embrace a farming systems approach. To
achleve this, a cotton grower must manage
weeds on his roads, Irrigation channels, fence
lines, non-cotton areas, and rotation crops, as
well as managing weeds in cofton crops. The
costs of effective weed control may initially be
high, but the benefits accrue over subsequent
years.,

Direct impact of weeds

Weeds adversely affect cotton In many ways.
Weeds primarily compete for avallable nutrlents,
water and light. They can also directly Impact
cotton quality through ¢ontamination of cotton
fibre or through contamination of cotton seed.
Contamination of cotton fibre may necessitate
additional processing at the cotton gin or may
result in downgrading of fibre quality. Weeds
may also act as sources of pests or diseases
that affect cotton, they may reduce Irrigation,
cultivation and harvesting efficlency, and they
may cause physical injury to operators in cotton
flelds, such as bug checkers, machinery
operators and Irrigation staff.

(B3.1]
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Even a single weed, such as a large flerce
thornapple (Datura ferox) can compete strongly
with cotton. The economic threshold for control
by hand-chipping Is approximately 1 thornapple
per 73 m of cotton row, based purely on cotton
yield reductions through competition. In
addition, thornapples can host hellothis, mites
and verticlllium wiit, can block cultivation and
harvesting equipment, and can cause serious
injury to field workers. Thornapple seeds may
also contaminate cotton seed.

Weeds impact cotton production indirectly, as
the tools used to manage weeds are expensive
and may adversely affect cotton to some extent.
All the herbicides currently used in cotton can
cause some degree of leaf or root damage.
Many of the more commonly used herbicides
can, and on occaslons do, Kill cotton plants If
they are Incorrectly applied, or If adverse
weather conditions occur soon after application.

Weed competition

Cotton seedlings have relatively poor vigour and
compete poorly against weeds early in the
cotton season. Even moderate weed infestations
can reduce cotton yields.

Cotton seedlings are slow to emerge from the
soll and grow slowly In cool spring conditions.
This slow growth leaves a wide window for weed
competition. Most weeds that emerge with the
cotton grow more quickly than the crop,
enabling them to shade the shorter cotton
seediings, and to better exploit water and
nutrients from deeper in the soll than Is available
to the crop plants. This is especially a problem
for dryland (non-Irrigated) cotton production,
where a lack of soll moisture near the soll
surface can limit the growth of cotton seedlings.

Ali seedlings explolt water and nutrients from the
moment they emerge from the soll, although in
the cooler, southern areas, seedlings Inltlally
have very small requirements. Resource use
rapidly increases as the seedlings grow. There
has been no measurable reductlon in cotton
yield when weeds were removed within 4 weeks
of emergence. However, yield reductions have
been recorded when weeds were allowed to
remaln for longer than 4 weeks after emergence.
The precise length of this critical period of
competition of approximately 4 weeks depends
on the growth rate of the weeds and scarcity of
resources. ldeally, weeds should be controlled
within 4 weeks of emergence, before they
become well established and begin to compete
strongly with the cotton crop.

Weed control needs to be maintained for at least
10 to 14 weeks after cotton emergence to
achieve maximum cotton ylelds. Older, well-
grown cotton plants have a large leaf canopy
and a deep, extensive root system, enabling
them to be very competitive, shading the soll
surface and explolting soil resources to depth.
Consequently, weeds that emerge late In the
season have no impact on cotton yield, although
they may stili cause problems with defollation,
can interfere with plcking, can contaminate lint,
can cause stalning on the lint and can produce
iarge amounts of seed, causing problems in later
years,

In situations of limited soil moisture, cotton
plants older than 14 weeks may stlli be smal! and
not sufficlently well developed fo be abie to
compete strongly with weeds. Consequently,
weeds that emerge from summer ralns may stiil
have an impact through competition for soll
moisture.

In skip-row cotton, weeds that emerge in the
non-planted skips require long-term control. As
there is no cotten planted in these rows, these
weeds do not compete directly with the cotion
crop early In the seasoh and so may be tolerated
for longer than weeds growing in the cotton
rows. However, as these weeds grow, they
begin to utllise the resources required by cotton
later Ih the season, and so compete directly with
the crop. Mid- and late-season control of these
weeds Is important.

Cotton seedlings emerge slowly from spring planting and
compete poorly with weeds.




Weeds can compete strongly with cotton. Weeds can reduce
yields, reduce lint quality, obstruct harvesting operations,
and injure workers. This cotton crop will be low yielding
and difficull to karvest due to the heavy weed infestation.

Other effects of weeds

Weeds impact on cotton production in other
ways. Weeds can act as hosts of cotton pests
and diseases, and volunteer cotton can Rself be
a 'weed’ In cotton. This is particularly Important
in managing Ingard® cotton crops, where
hellothis caterpillars can grow and devetop on
weeds such as bladder ketmia, pigweed, the
senecios or ‘conventional’ cotton, and then
migrate ento Ingard® cotton.

Weeds and volunteer cotton can also be hosts
to aphids that are Implicated with bunchy top in
cotton.

Cotton diseases may carry over on weeds, but
many weeds in fallows are also hosts for VAM,
which are beneficlal soil microorganisms.
Management of weeds on flelds infested with
fusarium wiit is an important issue as weeds may
be symptomless hosts of fusarium.

Weeds may also adversely impact on cotton
harvestability and lint quality. Large weeds such
as thornapple, noogoora burr and seshania pea
can obstruct or damage cotton picker heads,
leading to expensive breakdowns and down
time. Vines such as cow vine, bell vine and
yellow vine can tangle in picker heads, leading
to significant down time as heads are cleaned.

All weeds have the potential to discolour or
contaminate cotton lint. Grass weeds such as
nutgrass which grow in the cotton row, or blow-
away grass which can be blown Into the cotton
row from non-cotion areas, are a particular
problem as grass flbres are difficult to remove
from lint. Consequently, weeds that emerge late
in the seascon may still need to be controlled, as
they impact on cotton harvestability and lint
quality, even though they do not affect cotton
yield directly.

— & guide for integrated management of weeds In cotton
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Bestyields are achieved from well-managed cotion, free from
weed competition.

Weed identification

Common names for weeds vary from area to
area, often creating confusion when discussing
control options.

Correct weed Identification Is an essentlal
component of weed management. While Inter-
row cultivation does not discriminate between
different weeds, herbicldes have better activity
against some weeds than others. Accurate weed
Identification Is essentlal for correct herbicide
selection and for selection of the appropriate
chemical rate. While plants are most readily
identified from thelr flowers, identification of
plants at earlier growth stages Is critical for
efficlent weed management. Generally, small
weeds can be identifled after finding larger
examples in the fleld or surrounding areas.

The Weed ldentiflcation and Information
Guide at the front of WEEDpak Is the first step
for identification of weeds In cotton, This guide
gives detalled information of a range of the
weeds often found in the cotton system, with
many photographs of each weed inciuding
seeds, seedlings, small plants and flowering
stages,

Asslstance with Identification Is avallable
through extension officers in NSW Agriculture
and the Queensiand. Department of Primary
Industries, cotton consuitants, and chemical
company representatives. Alternatively, positive
identification of flowering plants can be obtained
from the herbariums located in the Botanical
Gardens In each state.

august 2002
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Table 1. Some weeds that are easily confused, or have more than one commonly used rame.
The commen names listed heve and accepted elsewhere in WEEDpak are those accepted by Shepherd, Richardson and Richardson

(2001), in Plents of Importance o Australia, A Checklist.

Accepted common name Botanical name

bellvine - Ipomoea plebeia
cowvine - _ Ipomoea lonchophiylla
Black bindwead: Rl o aRlyS:
bladder ketrnia _ Hibiscus trionum
daltrop Tibulastenesh a8
spinelesscalrop NN Tibulus micrococus
Gaustic weed Chamaesyce drummondi
ground cherry Physalis ixocarpa
\Mld gooseberry Physalis minima
Corchorus olitorius

legllmes e AL N T & A

» emu-foot Culfen tenax

o thynichosla | B Rhynchosia miima

= seshania pea Sesbania cannabina
liversead grass R Urochioa panicoides
melons;

= wild melon Citrullus lanatus

« prickly paddy melon Cucumis myriocarpus
polymeria Polymeria longifolia
annual polymeria Polymenia pusilla
small-flowered mallow Malva parviflora
common sowthistle Sonchus oleraceus

In order to avold misinterpretation in this
document, the recommended common names
used by Shepherd et al, are given precedence
over other common names. Some of the more
commoniy confused local names are shown in
Tabie 1.

Weed management tools

Weed can be managed using a combination of
the following tools:

* management of fallows
¢ crop rotations

* herbicides

- in-fallow

- pre-planting

- post-planting
- over-the-top
- directed sprays
- shielded sprays
- lay-by sprays

- spot-spraying

- pre-harvest, and
- post-harvest
e crop agronomy and management
¢ irrlgation management
¢ transgenic, herbicide tolerant cotton varieties
¢ culiivation and inter-row cultivation

[B3.4]
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Other names

morning glory

peachvine

climbing buckwheat

wild cotton

cathead, bullhead

yellow vine

caustic creeper, flat spurge

annual ground cherry, Chinese lantern,
physalis, gooseberry, wild tomato
Chinese lantern, gooseberry, physalis

Afghan melon, camet melon, paddy melon, piemeton NI
paddy melon

peak downs;curse; polyimeria takeall —

takeall, run-a-mile, mch weed
arshimallow .. - . ...
sowthistle, milk thistle

* hand weeding (chipping)
» fiame weeding

* fleld hyglene of
-machinery
- seed and other inputs
- vehicles and water

¢ weed management on
- rotobucks
-roads
- Irrigation structures
-fence lines
- non-cropping areas

Selectlon of the ideal combination of weed
management tcols must be made on a year-by-
year and fleld-by-fleld basis. Field history and
expected weed pressure and diversity, expected
cotton price and yleld, available machinery and
tabour, available soil molsture and irrigation, and
planting configuration all affect weed
management decisions. The cotton grower must
weigh up the need for weed control against the
cost of control, both in terms of the actual cost
of the control measures, and In terms of the cost
of damage resulting from control measures. He
must also conslder the potentlal Increase in the
weed pressure in following seasons as a
consequence of not controlling weeds and
allowing them to set seed.

All control measures have the potential to cause
some damage to cotton. Inter-row cultivation, for
example, prunes some surface cotton roots and

Cotton
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damages the cotton, Many herbicldes also cause
some damage to cotton and will delay crop
maturity to some extent. This effect is minimised
when management tools are used correctly. The
yleld impact from the tools Is normally much
smaller than the impact of the weeds If they were
not controlied. In all cases, the key to effective
weed control Is timeliness of application and the
use of well set up equipment. Crop, soil and
weather conditions must also be taken into
consideratlon.

Ideally, a weed management program Includes
some residual herbicldes, supplemented with
non-residual herbicides as needed. Cultivation,
shielded sprayers and spot sprayers are
valuable for removing weeds from the inter-row
area. Hand chipping and spot sprayers are
particularly valuable tools for managing low
densities of larger weeds.

Weed management in fallows

Where a fleld to be planted to cotton is fallowed
prior to cotton, opportunity exists to control
weeds. Often these weeds are most easfly and
cost effectively controlied in the fallow. Although
many weeds produce dormant seeds that may
survive in the soll for a number of years, the
vast majority of the weed seed-bank can be run
down simply by maintaining a weed free fallow.

When fallows are maintained using herblcides,
this strategy has the added advantage of
retalning stubble cover and maximising the
retention of soll molsture. Maintalning stubble
cover Is an essential strategy for minimising soll
foss through erosion on fields with slope, and
flelds prone to flooding and water movement.

- aguide for integrated management of weeds in cotton
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Weed conirol can be difficult in broad-leaf rotation crops.
This lablab crop failed due to poor establishment and poor
weed control

Weed management in rotation crops

Rotation crops can aiso be valuable for
managing weeds, as they often Involve farming
systems that differ from the typical cotton
system. Winter and summer crops both have the
advantage of drying out the soil profile, allowing
strategic cultivailon to manage soll and weed
problems. In addition, a wider range of
herbicides is available for use In rotatlon crops
compared with cotton. Some weeds that are
difficult to manage In cotton can be more easily
managed with aiternative herbicides in & rotation
crop.

This Is particularly the case with cereal crops,
where most broad-leaf weeds can be readily
controlled. Broad-leaf weed control remains a
problem in most broad-leaf crops, inciuding
cotton.

{83.5}



Tuble 2. A guide to re-cropping infervals for the herbicides commonly used in rotation crops. Plemt back periods for many of these -

herbicides will be much longer urder dry conditions. Ahways check the label,
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Product
2,4-Damine
{various namies)

Tilmaster®,

firazine
{various names)

chlorsulfuron
(various names)

clopyralid
(various names)

dicamba
(various names)
Sandoban®

2,4-D ester
(various narmes)

fluroxypyr
(various names)

metsulfuron

(various names)

Tordon 242%

triasuliuron
(various names)

Amber Post*
trichlopyr

(various names}

“Harmony M#

Active ingredient

- 500 gL
2,4-0 amine

180'g/L 2,4-D amine
+
90 g/L glyphosate
- 500 g/ atiazine

750 g/kg
chlorsulfuron

300 g/L
clopyralid

500 g/L

dicamba

60 g/L dicamba +

150 g/L glyphosate

800 g/L
2,4-D ester

300 g/L
fluroxypyr

600 g/kg metsulfuron

26 g/t pletoram +'

420 g/ MCPA

750 kg
triasulfuron

20 gfkg triasutfuron
+ 600 /kg terbutryn

600 /L triclopyr
682 g/kg

+ 68 g/kg metsulfuron

Applied rate per hectare

‘w071
07-14L
above 141

upto20L. -

20401
40-60L"

2L

25- SL_

15-20¢

Upto0.3L
03-05L
Above 0.5 L

upto0.2L

028-056L

wo20l
above 2.0 {7

up to 0.35 E’;%{F!‘ SN

035-0.7L

upto 0.75 L
0.75-15L

5-7¢

0.3-1L

1.0L

10-35¢

250-500¢

80 - 160 mL

F== % omn = oo

409 7

.+ 10 daysafteraminimum of 15 mmiralnfali
- 0 .days:after ¥minifiumof 15mmvalnfalk -

s 21 days after'd minimuti of 15 mmyainfall

Re-cropping interval to cotton
10 days after-a milnimurm-of 15 mm rainfall

14 days after a minimum of 15 mm rainfalt
21 days aftera minimun of-15 mim rainfall

14 days after a minimum of 15 mm rainfall

§ months.
18 monms

18 months with a minimum of 700 mm ramfail
where sollpHis 6.6-7:6.-
Where soil pH is 7.5 - 8.5, grow cotfon only ifa

T field test strip of cotton has been successfully

grown through to maturity in the previous season

do’ ot use wiiefe 5ol pH [s above 8.5

9 months
12 months
2years

7 days after a minimurm.of 15 mm rainfal g

21 days after a minimum of 15 mm rainfall

§

7 days attsr 2 minimum of 15 mm rainfall

10 days after a minimum of 15 mm rainfall
14 days after a minimum of 15 mm rainfall
21 days after a minimum 6f 15 mim ralifall

14 days
28 days

LRIV

12 months

15 months where soil pH is up to 7.5 with 700 mm of rain
18 months where soil pH is 8.5 with 700 mm of rain
24 months where soil pH is above 8.6 with 500 mm of rain

14 months

14 days

Cotton should not ba planted on land previously treated

with Harmony M.

Tolerance of cotton grown through to maturily should be
determined on a small !
scale before sowing into larger areas
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_Merbicides for fallows and rotation
crops

The wider range of herbicides available for use
In fallows and rotatlon crops provides an
opportunity to control weeds which are difficult
to control in cotton, and to rotate herbicide
chemistry, reducing the risk of selecting
herbicide tolerant and herblcide resistant weeds.
However, potential herblcide drift problems and
plant-back periods must be considered with
those herbicldes that are not safe for use In
cotton. Always refer to the product label for
current recommendations. Table 2 glves a guide
to re-cropping Intervals to cotton. Most
herblcides are toxic to cotton and have the
potential to kill or severely damage a following or
neighbouring cotton crop. For example, 2,4-D
amine applied 10 a sorghum crop under
unsultable weather conditions such as
atmospheric inversion can, in a worst case
scenarlo, cause severe damage to cotton many
kilometres away.

Cotton can be damaged by herbicides used on rotation crops.
This damage (distorted grovth) was caused by 2,4-D
herbicide.

The breakdown rates of herbicldes in the soll
can be quite variable and difficult to predict.
Most herbicides need moist solls (significant
rainfall or irrlgation) to facilitate breakdown,
particularly those broken down by microbial
activity. These same herbicides break down very
slowly or may not break down at all under dry
conditions. If in doubt as to whether a herblcide
has broken down sufficiently before cotton
planting, cotton growers should delay planting
the field for as long as possible, or avoid
planting the field altogether.

Prior to planting a doubtful fleld, growers should
plant a test strip of cotton, or plant seeds into
pots containing soll removed from the fleld to
check for visual symptoms of herbiclde damage
on the seedlings. A doubtful field should be pre-

—a gulde for integrated management of weeds in cotton
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irrigated before planting, if possible. However,
even after these precautions, damage to cotion
seedlings may still occur, or damage can oceur
later in the season as the roots of developing
plants encounter a herbicide band in the sofl.
Herbiclde damage may not be visually apparent,
but may stifl occur and weaken or stunt cotton
seedlings, predisposing them to attack from
seedling diseases.

Chiick pea andwheat rotation crops planted into cotten frash.

Pre-planting residual herbicides

A range of residual and non-residual herbicides
Is avaliable for use in cotton, as shown in Tables
3,4 and 5.

Pre-planting residual herbicides have the
advantage that they can be applled anywhere
from several weeks before planting, up to
immediately prlor to planting, and remain
effective for weeks or months after application.
They can be applied in anticipation of a weed
problem and they control weeds before they
emerge. They are generally less expensive than
thelr non-residual alternatives, particularly when
muitiple non-residual applications are required to
replace a singie residual herbicide application.

However, residual herbicides have two major
drawbacks. Firstly, they must be applled In
anticipation of a weed procblem, whether or nota
problem actually occurs. In situations of low
weed pressure, thelr use may result in damage
to cotton plants without any real benefit.
Secondly, most residual herbicides need to be
incorporated into the soll for optimum activity.
Adequate incorporation of some residual
herbicides Is achieved through rainfall or
Irrigation, but others require incorporation
through cuitlvation which may conflict with other
farming practices such as minimum tlllage and
stubble retention.

(B3.7)
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INTEGRATED WEED
MANAGEMENT

Introduction

The advent of insecticide resistance precipitated a change in insect management for Australian cotton
growers. A major change was the adoption of an Integrated Pest Management (IPM) approach to
managing insects. Similarly, Integrated Weed Management (IWM) will also need to be adopted if
growers are to prevent herbicide resistance. However, IWM Is more than just preventing herbicide
resistance, it Is about using many methods of weed control In synergy. The result of IWM will reduce
the reliance on herbicides, minimise the development of herblcide resistance and specles shift and
reduce the impact of herbicldes on the environment. An overriding theme throughout WEEDpak is
the concept of IWM and how important this approach will be in the future.

The alm of this sectlon Is Introduce the concepts of IWM In detall and provide an overview of the
weed management principles available for cotton production.

This section contains the following documents:

B2 Integrated Weed Management Guidelines

This document introduces the concept of managing cotton weeds with Integrated Weed Management
(IWM). It provides an understanding of why IWM will be important for the future of Australian cotton
weed management and the importance this concept will have when growing herblcide tolerant cotton.
A summary table of weeds that have developed herbicide resistance is included, along with a table of
weeds that have reslistance to the herblclde glyphosate. A description ot the components of IWM Is
provided. This document will encourage cotton growers to educate themselves about the principles
of IWM, evaluate their own farms and implement an iIWM program.

B3 Managing Weeds in Cotfon

This document Is a comprehensive overview of managing weeds in cotton. It describes the Impact of
weeds, common weed Identification problems and a description of the weed management tools that
can be used in the Australian cotton system. There are Important summary tables on;

* Re-cropping intervals for herblcides used In rotatlon crops,
* Residual herbicides and weeds they control,

* Post emergent grass herbicides, and

* Re-cropping intervals for cotton herbicides.

A range of non-herbiclde tools are also discussed, which leads Into the concepts of herbicide
resistance, while reiterating the Importance of developing an integrated weed management system for
cotton farms.

—a guide for integrated management of weeds in cotton — august2002
(B1.1]
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INTEGRATED WEED
MANAGEMENT (IWM)

Guidelines for Australian Cotton Production
Grant Roberts and Graham Charles

{CSIRO & NSW Agriculture)

IWM is best practice
in weed management

The impact of weeds

Weeds adversely impact cotton in many ways.
Primarily, weeds compete for available nutrlents,
water and light. They can also directly Impact
cotton quality through contamination of cotton
fibre or seed. Weeds may act as sources of
pests or diseases that affect cotton, they may
reduce lrrigation, cultivatton and harvesting
efficiency, and they may cause physical injury to
operators In cotton flelds, such as bug
checkers, machinery operators and Irrigation
staff.

Even a single weed, such as a large thornapple
(Datura ferox) can compete strongly with cotton.
The eccnomic threshold for control by hand-
chipping is approximately one thornappte per 73
m of cotton row, based purely on cotton yield
reductions through competition. In addition,
thornapples can host Hellothis, mites and
verticilllum wilt, they can block cultivation and
harvesting equipment, and they can cause
serious Injury to field workers. Thornapple
seeds may also contaminate cotton seed.

Weeds also impact cotton production Indirectly,
as the tools used to manage weeds are
expensive and may adversely affect cotton to
some extent. All the currently used herblcides
can cause some degree of leaf or root damage
to cotton. Many of the more commonly used
herbicides can and on occasions do kill cotton
plants If they are Incorrectly appiled, or if
adverse weather conditlons cccur soon after
application.

N
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What is integrated weed
management (IWM)?

IWM is about NOT relying on only one or two
methods of weed control alone, and particularly
not relying on herblicides atone. An IWM
program uses a range of metheds of weed
control in combination so that ali weeds are
controlled by at least one component of the
weed management system.

Ultimately, the aim of IWM is to prevent weeds
setting seeds, or vegetatively reproducing, so
that the weed population Is reduced over time,
reducing weed competition and improving crop
productivity.

Weed management approaches thatrely ona
limited number of strategles often end up with
uncontrolled weeds. The most common example
of this Is the repeated reliance on one or two
groups of herbicldes to control a target weed
population. Within a weed population there Is
likely to be Individual plants that are naturally
resistant to any single herbicide. The frequency
of these resistant individuals In the population Is
usually very low. Repeated exposure of the weed

resuits In these reslstant individuals belhg
selected out, so that eventually a large
proportion of the population Is resistant to the
herbicldes. Eventually herblclde resistance
develops such that the herbicide no tonger
controls the target weed.

As well as selecting for herbicide resistant
weeds, the repeated use of a small number of
weed management tools causes a specles shift
in the weed population. Weed species that are
not controlled by these management tools will
soon dominate the weed popuiation, and the
weed spectrum will shift towards these weeds.
This specles shift can result in new weed
problems, with weed species that are much
more difficult to control than were the orlginal
weeds.

The risk of developing these problems can be
greatly reduced by using an IWM program. An
IWM program may be conceptualised as shown
below (Figure 1). All the individual components
of the system contribute to a total weed

population to a limited range of herbicides management system.
Spot—spraying
in-crop
Residual
Residual
pre-piariing in-crop
T Broadcast )
roaacas
Banded Banded
A = D skt Directed
ey es Shielded
_ Non-residual
' Residual [ Non residual

in-crop \

Herbioid An Broadcast |
eroiciaes Fallows =l 40 |
/I integrated Banded ,;
Cultivation weed Directed |
\ Shielded |
Cultivation Rotation management :
\ crops system /
\ 0 Stubble /
\ Herbicides \a nagement /
Manual
‘ Competition chitipying
; Accurate Field &
field machinery
records hygiene
Crop variety  Scouting
agronomy & Inter-row s
management i cultivation Figure 1. An integrated weed
Irrigation management system uses a
management large number of interrelated,

complimentary components.
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Why Use IWM?

Using an IWM program throughout the entire
cotton rotation, including rotation crops and
fallows, will:

s reduce the reliance on herbicides,

¢ reduce the risk of herbiclde resistance
developing In the weed spectrum and prolong
the usefulness of the available herbicides,

* reduce the rate of shift in the weed spectrum
towards more herbicide tolerant weeds,

* reduce the risk of herbicldes accumulating in
the soll and riverine systems, and

¢ reduce the total weed control costs inthe
future by reducing the weed seed bank {the
number of weed seeds in the soll),

Although all these outcomes are important, the
evolution of herbicide resistant weeds Is a threat
that has already had a major deleterious impact
on many other cropping systems In Australia
and elsewhere.

section BZ

Herbicide resistant weeds

Currently, there are 156 weed species and 257
bictypes that have developed resistance to
herbicldes woridwlde. Reslstant species occur in
53 different countries.

A total of 37 weed species have developed
resistance to a range of herbicides In Australla,
some of which are shown in Table 1. Many of
these weeds are cross-resistant to a range of
herbicldes. Cross-resistance occurs when a
weed develops a mechanism of resistance to
one herbiclde that makes it resistant to other
herbicides within the same or a different
herbicide group.

Some weeds also have multiple resistance, with
a single plant containing more than one
resistance mechanism, making It resistant to
more than one herbicide. Weeds with muitiple
resistance can be very difficult to control with
herbicldes.

Four weed species have developed resistance to
glyphosate as shown in Table 2. More weeds
can be expected to develop resistance to
glyphosate if it becomes the primary method of
weed control in a farming system.

Tuble 1. Important weeds that have developed resistanice to herbicides in Australia,

Weed Species Herbicide mode of action Herhicide Group Examples’
Wildoats Avenafatua and sterilis - Iiihibitors of acetylcOA carboiylase” A = = Hoegrass
Wiid tumip Brassica tournefortii Inhibitors of acetolactate synthase B Glean
Brome grass Bromus diandrus Inhibitors of acetyl coA carboxylase A Nugrass
Birtydora Cyperus difformis Inhibitors of acetolactate synthase B Londax
Paterson's ciiise Echium plantagineum Inhibitors of acetofactate synthase B Logran
Black bindweed Fallopia convolvulus Inhibitors of acetolactate synthase B Glean
Fumitory - Fumaria convolvulus ‘Irihibitors of tubulin formatlon D trifluralin
Prickly leftuce Lactuca serriola Inhibitors of acetolactate synthase B Ally
Wimmeraryegrass Lolium rigidum Inhibitors of acetyl coA carboxylase A Glean
% Inhibitors of acetolactate synthase B diuron
=|nhiitors of photosystem [ C trifluralin
& nhibitors of tubulin formation. .- D amitrole
 rihibitors of carotenold blasynthesis F glyphosate
= nhibitors of EPSP synthase M Fusilade
Paradoxagrass Phalaris paradoxa Inhibitors of acelyl oA carboxylase A Verdict
Wild radish Raphanus raphanistrum % Inhibitors of acetolactate 'syiitfiase B Ally
~ Inhibitors of photosystamll - - c atrazine
Inhibitors of carotenoid blosynthesis F amitrole
Turnip weed Rapistrum rugosum Inhibitors of acetolactate synthase B Ally
Charlock Sinapis arveénsis Inhdbitors of acetolagtate Synthase B Glean
Indian hedge mustard Sisymbrium orientafe Inhibitors of acetolactate synthase B Glean
Sowttiistle ~ 0 Sonchiisoleraceis Inhibitors of acetolactate synthase B Glean
Liverseedgrass Urochloa panicoides Inhibitors of photosystem H C atrazine
{List compiled from Chris Preston, Weeds CRC, Adelaide and lan Heap, USA 2002 )
Note'. A compiete list of product trade names is listed in the 'Herbiclde and formulation list’, section D1 in WEEDpak.
~agulde for integrated management of weeds in cotton — ougust2002
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Tuble 2. Weeds that are resistant to glyphosate (Group M).

Weed Species
Annualryegrass NI Lofium rigidum
tafian ryegrass Lofium muttifforum

@ Goosegrass (crowsfootgrass) -
Horseweed (Fleabanes in Australia)

(Adapted from:; [an Heap 2002 www.weedscience.org)

Conyza canadensis

Why we don’t have herbicide
;'Ies| ‘sl;ant weeds in Australian cotton
e

The use of a comblnation of different weed
control methods In Australian cotton fields
{IWM) has up to this point prevented the
appearance of resistant weed populations.
Gultivation and particularly hand hoeing have
been excellent practices for preventing herbiclde
resistant survivors from setting seed and so
preventing herblcide resistance building up.
Complacency and over reliance on one type of
weed control method could quickly change this
sltuation.

Components of Integrated Weed
Management in cotton:

1.8couting
Regularly check flelds (cotton and rotations),
roadways, channels, Irrigation storages and
unused land (grazing area, areas around
sheds etc.) for weeds. Ensure that areas
where herbicldes are used are checked soon
after application. Weeds which are not
controlled by a herbiclde must be controiled
by some other method before they are able to
set seed. Weeds may need to be closely
examined, as some are capable of setting
seed while the weeds are stlll very small.

Identify and closely monitor areas where
machinery such as plckers and headers
breakdown, as weed seeds are often
inadvertently released when panels are
removed from machines during repalrs.

2.Field records
Maintaln records of crops and weed control
methods, and effectiveness after each
operation in each field, each year. This allows
field rotations and the effectiveness of
methods of weed control to be compared. In
addition, flelds with low weed pressure can be
identified. Herbiclde rates may be able to be
reduced on these fields, and some herbicides
may not be needed. Remember that
glyphosate will be Ineffective for controlling
volunteer Roundup Ready® cotton seedlings
that may emerge on fallows, roadways, etc.
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Country
Australia (NSW, VIC, SA and WA), USA (California}, & South Africa

Eleusineindica. .. . -Maaysia
USA (Delaware)

3.Accurate weed identification
Ensure that weeds are correctly identified.
Always be on the lookout for new weeds and
If necessary seek help to get these positively
identifled.

4. Closely follow herblcide
recommendations
No herbicide controls every weed. Ensure that
the herblcide you use will control the target
weeds at the rates you are using. Ensure that
the appropriate wetters, correct nozzles,
nozzie pressure and water volumes are used.
Always consider weather conditions and
never spray when there is a risk of the
herbicide moving off-target.

5.Timeliness of operations
Often the timeliness of a weed control
operatlon has the largest single influence on
the effectiveness of the operation. Herbicides
are far more effective on rapldly growing
weeds, and may be qulte Ineffective in
controlling stressed weeds. Weeds must
always be controlled befcre they set seed.
Cuitivation may be a more cost effective
option than herbicides for controlling stressed
weeds,

6.Herbicide combinations and rotations
Regular use of a small range of herbicides wiil
result in a species shift to those weeds
tolerant of the herbicides used. Using several
herbicides in combination, or in rotation, can
be an effective way of Increasing the spectrum
of weeds controlled. Always adjust herbiclde
rates when using combinatlons to reflect the
overall amount of herbicide used. Always
ensure that the herblcides are compatible
before tank-mixing.

7.Rotating herbicide groups

All herbicides are classliied into groups,
ranging from A to N, based on their mode of
action In killing weeds. The ratings are on the
label and cutslde of each herblcide container.
Weeds repeatedly exposed to herbiclde
groups A and B are at high risk of developing
herbicide resistance. Groups C to K have a

......
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risk, aithough resistant weeds aiready exist for
some of these herbicldes. Rotate herbicide
groups whenever possible to avold repeated
resistance selection. If this is unavoidable,
then other metheods of weed control must be
used in combination with the herbicides. Refer
to Managing Herbicide Resistance in
Cotton, section C2 in WEEDpak for more
Information,

8.Reducing herbicide use
Select fields with low weed pressure and
reduce herbicide rates or remove some
herbicide applications on these fields,
Reducing the exposure of weeds to herbicides
is one method of reducing the selection

weeds, Limiting the use of residual herbicides
will reduce the number of successive weed
generations controlied by the same herbicide.
Identify major weed species and use the
herbicides most approptiate for these target
weeds. Avoid blanket approaches without
thinking about the weeds you are trying to
control.

9. Herbicide tolerant cotton varieties
Consider herbicide tolerant cotton varieties to
reduce the need for some residual herbicides.
Substituting post-emergent herbicides for
some residual herbicides allows weed
management to be more responsive, only

Follow the label crop management guidelines
for herbicide tolerant cotton, ensuring that if
weed escapes are detected, these weeds are
controlled before setting seed. Herbicide
resistance MUST be prevented. Detailed
information on the use of Roundup tolerant,
Roundup Ready cotton, is given in
Monsanto's “Roundup Ready® Cotton
technical Manuai” and in Managing
Roundup Ready Cotton, section E2 in
WEEDpak.

10.Cultivation
Complete broad-acre cultivation is an effective
non-herbicide weed contrcl strategy in
fallows. Ensure all weed escapes are
controtled. Tactically use in-crop inter-row
cultivation to controi furrow weeds. Tractor
guidance systems can improve the accuracy
of cuitivation next to the plant line. Cuitivating
when the soil is drying out is the most
successful strategy for killing weeds and will
reduce the damage caused by tractor
compaction and soil smearing fromtillage
Implements. Aggressive cuitivation of dry soils
can be effective for controlling perennial
weeds,

- a guide for integrated management of weeds in cotton
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moderate risk level and groups L to N are low t1.Shielded spraying

Utilise shielded sprayers with non-selective
herbicides such as glyphosate and
Spray.Seed® (a mixture of paraquat+diquat)
to control herbiclde tolerant weeds and
reduce the need for chipping and blanket
herbicide applications. Weed detecting
sprayers are avallable that can improve spray
selectivity and can greatly reduce overall
herbicide usage and cost, as weil as reducing
the risk of spray damage to the crop. This
same technology can be used to great
advantage in fallow spraying, making the
strategic use of very high rates of two and
three way herbicide mixes efficlent and cost
effective.

pressure on potential herbicide resistant 12.Hand chipping

Hand chipping is one of the most effective
weed management tools for preventing the
development of herbicide resistant weeds,
Hand chipping is ideally sulted to dealing with
low densities of weeds, especially those that
occur within the crop row. However, it can be
prohibitively expensive if used as a main form
of weed control, and is normally used to
suppiement inter-row cultivation or spraying.
Hand chipping may be delayed until late in the
season (before canopy closure) to reduce
costs. This strategy relies on good scouting
to ensure that weed escapes do not set seed
before they are controlled.

controlling weeds when they are present. 13.5pot spraying

Spot sprayers may be used as a cheaper
alternative to hand hoeing for controlling low
densities of weeds in crop. Ideally, weeds
should be sprayed with a relatively high rate
of a herbicide from a different herbicide group
to the herbicides previously used to ensure
that any herbicide resistant and herbicide
tolerant weeds are still controlled.

14.Cropping rotations

Strategically use rotations to help control
weeds by selecting crops and/or fallows that
enhance weed control in cotton. it may be
useful to pick crops that allow different
herbicides or methods of weed control.

Faliows provide opportunities to use different
herbicide groups and non-herbicide methods
of control.

15.Farm hygiene

Minimise new weeds entering fields. Clean
down boots, vehicles, and equipment
between fields and between properties.
Pickers and headers are worthy of special
attention. Eradicate any new weeds that
appear while they are stil} in small patches;
monitor frequently for new weeds. Weed

e ugust 2009
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patches should be monitored over a number
of seasons, as weed seeds may remain
dormant in the soit for many years.

Refer to Managing Weeds with Farm
Hygiene in WEEDpak for additional
information.

16.Cotton variety selection
Established cotton competes strongly with
weeds, shading the soil surface and extracting
water and nutrients from deeper in the soil
profile than is available to emerging weeds.
More vigorous, taller cotton varieties are
better able to compete with weeds and better
suited to weedy fields.

t7.Planting time
Cotton seedlings grow slowly in cool spring
conditions and do not compete well with
weeds at this stage. Delaying planting on
weedy fields untll last, gives more opportunity
to contro! weeds that emerge prior to planting
and hetter conditions for cotton emergence
and early growth.

18.irrigation management
Weed emergence is often stimulated by rainfall
and irrigation events. Irrigation should be
planned to reduce the impact of weeds by
coordinating irrigation with planting,
cultivation and herbicide events. Pre-irrigation
allows a flush of weeds to emerge and be
controlled before cotton emergence. Irrigation
during the season wili cause another weed
flush which will need to be controlled, but will
also reduce moisture stress for existing
weeds, making these more easlly controlied
by herbicide applications.

Irrigation must be sufficiently delayed after in-
crop cuitivation to allow all weeds to be Killed
by the cuitivation, but should occur soon after
cultivation to reduce stress to the crop.

19.Crop competition
An evenly established, vigorously growing
cotton crop can compete strongly with weeds.
Factors such as uneven establishment (gappy
stands) and seedling diseases reduce crop
vigour, and increase the susceptibllity of the
crop to competition from weeds. Glose
attention to crop agronomy will increase crop
yields and can help reduce weed problems.

20.Canopy closure
Row closure in irrigated cotton is important to
maximise light interception for optimum cotton
yleld but also provides a very important
method of minimising light for weeds growing
below the crop canopy. Many weeds will fail to
germinate once row closure occurs, and

mnpakzagwmgmmm%mmweedSMth

many small weeds will nct receive enough
light to compete with cotton piants.

21.Defoliation
Additional opportunities for weed control can
exist at defoliation where smail numbers of
large weeds, such as Noogoora burrs,
emerge above the crop plants iater in the
season, if uncontrolled, these weeds can
damage or block pickers and can reduce lint
quality and contribute farge numbers of seeds
to the soil seed-bank. Hand removal of large
weeds may be worthwhile, Alternatively,
weeds can be controlled at defoliation with
glyphosate (non-Roundup Ready varieties
only) or Spray.Seed (ground-rig application
only), Drop-Ultra can also assist with
defoliation and subsequent weed controt.

22.Conslder the total management system
Most inputs into cotton production have some
impact on weed management and should be
considered as part of the IWM program,
tnputs such as fertilizer applications (type,
amount, position and timing}, stubble
retention, and even insecticide applications all
impact on weed growth and management.
Remember, weeds and cotton are both plants.

All inputs that affect cotton also affect
weeds.

Inputs such as in-furrow insecticides,
fungicides and fertilizer placement can have a
large impact on the early season vigour of
cotton, which in turn affects its ability to
compete with weeds.

Herbicide Tolerant Crops — WARNING!

A range of herbicide tolerant crops is being
developed throughout the worid. Australia wiil
see many of these crops over the next decade.
Triazine and imazapic + imazapyr tolerant canola
(Clearfield®) are already widely grown in
Australia. There are also plans to introduce
imazapic + imazapyr tolerant wheat varieties and
both glyphosate and glufosinate tolerant canoia
varleties {nto Australia.

The introduction of glyphosate tolerant cotton
{Roundup Ready® cotton} brings herbicide
tolerance technology to cotton fields and offers
both advantages and potential problems.
Roundup tolerance can be a very useful tool
when incorporated into an IWM program, but
will lead tc problems if the technology is used to
replace IWM. Reliance solely on the use of
glyphosate in any system will inevitably lead tc a
species shift and may lead to the development of
glyphosate resistant weeds.
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Always utilise the IWM principles when
growing Roundup Ready® cotton.

Always ensure weeds that survive an application
of glyphosate do not set seed.

it is essential that Roundup Ready® crops be
scouted soon after the jast Roundup appilcation
to assess whether any weeds have survived the
Roundup applications (scouting). This must
occur before new weeds have had a chance to
emerge. It Is then essential that any survivors be
controlied using a method ather than a
glyphosate application before they set seed.
Survivors can be controlled by a different
herbicide, cultivation or chipping (response).

This approach (scouting and response) is
the most effective resistance management plan
possible and should prevent the build-up of
herbicide resistant weeds. it will work equally
well in conventional crops, and results in a more
effective and responsive weed management
system.

Tables 3 and 4 are examples of the range of
IWM options that should be considered with
back to back plantings or cotton/rotation crop
plantings.

— a guide for Integrated management of weeds In cotton
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Summary

Integrated Weed Management (IWM) is
about managing weed problems now and
reducing problems for the future.

The main principle behind IWM is to manage
weeds by integrating different management
techniques together such that each
technique compliments the other. In short, it
is the principle of NOT relying on one
method of weed control alone, particularly
herbicides.

The three steps involved in Implementing
IWM are:

» Education. Understanding the principles
of IWM, the range of control options
available, and how to use them in an
appropriate combination.

¢ Evaluation. Knowing the weed spectrum
on each field and developing targeted
economic and sustainable management
strategies

* Implementation. Implementing an
appropriate IWM strategy.

Preventing seed set and vegetative
propagation is the most effective long-term
method of managing and reducing weed
problems. To develop an IWM program you
need to think strategically about how you as
a cotton grower can best utilise all available
weed control methods in combination to
give the best overall result, both in-crop and
in rotations and fallows. Always avoid
relying on one or two methods alone.
Complacency with IWM may appear to save
you money in the short term but will
inevitably lead to expensive problems such
as herbicide resistant weeds.

IWM is best practice in weed
management

[82.7]
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ROTATION CROPS

Introduction

The use of rotation crops and fallows Is an important part of the Integrated Weed Management
strategy, as well as being beneficial for managing diseases, insects, and soil probiems. Rotation crops
and fallows give cotton growers the opportunity to use a different range of herbicldes, and to use
strategic cultivation to manage specific problems.

One of the difficulties with the use of alternative herbicides, however, is that most herbicides are not
inactivated on contact with the soil. Consequently, they have residual properties and can be toxic to
the following crops. This is equally true of many of the herbicides used In cotton, In fallows and in
rotation crops.

One resuit of this problem in the cotton cropping system is that many of the herblcides that are
effective In fallows and rotation crops can not be used because they are likely to be toxic to the
following cotton crop. Weed control has been an issue in many of the rotation crops, and particularly
in the broad-leaf rotation crops.

Weed control In pigeon pea trap crops is covered in an article devoted to this topic.

12. Herbicides for use with Pigeon Pea Trap Crops
Pigeon peas are useful as a trap crop and refuge for beneficial insects.

A range of herbicides s now avallable for use with pigeon peas, covered by product registration
(refer to the product label) and a minor use permit from the National Registration Authorlty (refer to
CRDC or the NRA for detalis). The products covered by the permit may only be used on pigeon peas
that are not used for human or livestock consumption. These crops can only be harvested for
planting seed for future trap crops.

Weeds In pigeon peas can be best managed using a pre-pianting application of prometryn or Sencor
and either trifluralin or pendimethalin, and post-emergence applications of prometryn as a directed
spray, or Sencor, or one of the selective grass herbicldes listed.

- a gulde for integrated management of weeds In cotlon _ ougust2002
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Registration and permit information

The use of Sencor 480 SC® and pendimethallin
(Stomp 330 E®, StompXtra *®, and Pendimethalin
330 EC®) in plgeon peas Is covered by
registration. A range of other products (as
indicated below) may be used under permit .
{contact CRDG for detalls). This permit covers pigweed
other registered products contalning the same

active Ingredient as those named as their only

active constituent and at the Indicated

concentrations and rates. Seed and residues

from plgeon peas treated with these products

may not be fed to livestock.

Weeds can be a major problem in pigeon pea trap crops. This
crop at Emerald was over-ran by amaranthus dnd black

Herbicides for use with pigeon pea trap crops grown in conjunction with Ingard cotton.
Products are covered by registration or minor use permit

Post emergence
Pe—lanlin Broadcast Directed spray

pendimethalin (330 g/L) @ 2.5 to 3 L/ha
pendimethalin (455 g/L) @ 1.8t02.2L/ha  Falcon WG (250 g/kg) @ 180 g/ha prometryn (500 g/L) @ up to 4.5 L/ha

trifluralin (400 g/L) @ up to 2.8 L/ha Fusilade (212 g/L) @ 1 L/ha prometryn (900 g/kg) @ up to 2.5 kg/ha
trifluralin (480 g/L) @ up t0 2.3 L/ha Sertin Plus (120 g/L) @ 1.6 L/ha
prometryn (500 g/L) @ up to 4.5 L/ha Verdict (130 g/L) @ 0.6 L/ha
prometryn (300 g/kg) @ up to 2.5 kg/ha Sencor 480 (480 g/L) @ 750 mi/ha
Sencor 480 (480 g/L) @ 750 m/ha
Background
Pigeon peas are belng grown throughout the Basic agronomy work to develop pigeon peas as
cotton industry as a trap crop and refuge for a commerclal cash crop was undertaken In the
beneficial Insects. These crops are grown as 1980s. As part of this work, a range of
part of the insect management strategy, in herbicides was screened for use with pigeon
assoclation with Ingard® cotton and area wide peas (Tables 1 & 2). Herbiclde phytotoxicity was

management. However, poor weed management rated 0 (no phytotoxicity) to 5 (dead plants).
has been a major problem in many pigeon pea
crops.

—a guide for integrated management of weeds in cotton — august2002
[12.1]



[12.2]

Table 1. Herbicides applied to pigeon pea pre-planfing.

Herbhicide Rate
(kg or L) Phytotoxicity*

Gesagard 3 0
Stomp 3 0
Treflan 1.4 0
Gesagard 4 0.5
Sencor 700 0.5 0.5
Scepter 1 0.5
Scepter 1i5 1
Dual 3 1
Simazine 2 1
Diuron 500 2 2
Atrazine 3 3
Simazine 3 3

*Herbicide phytotoxicity was rated 0 (no phytotoxicity) to 5
(dead plants).

Of the herbicides applied pre-planting,
Gesagard, Stomp and Trefian all appeared to be
relatively safe to use with pigeon peas. Varying
degrees of phytotoxicity were observed with the
remalning herbicldes applied pre-planting and
with all the herblcldes applied post-emergence.

Tuble 2. Herbicides applied broadcast, post-planting to
pigeon peas.

Herhicide Rate
(kg or L) Phytotoxicity

Basagran 2 1
Sencor 700 0.35 i
Scepter 1 1
Gesagard 2 2
Scepter 1.5 3
Gesagard 4 3
Blazer . 2 3
Diuron 2 3

Sencor 480 and pendimethalin are registered for
use on pigeon peas and registration Is Included
on some trifluralin labels but not on cthers.

With the Introduction of Ingard cotton, trap
crops and area wide management, pigeon peas
have been widely planted throughout the cotton
industry. With limited herbiclde options avallable,
these trap crops are often the weediest crops on
a farm. Problem weeds range from bellvine and
wild sunfiower, to amaranthus and black
plgweed. Broad-leaf weed control is a major
issue for pigeon peas.

Another weedy pigeon pea crop infested with broad-leaf
weeds including wild sunflower and sesbania.

Pre-emergent herbicides

A range of pre-emergent herblcides was tested
in the 1999/2000 season in trials at Narrabri,
Theodore and Emerald. The experiments
focused on the herbicides and herbicide
combinations that are currently used in cotion.
These herblcides have the advantage that they
are readily avallable on cotton farms and have
no plant-back problems to cotton. Crop safety
(phytotoxicity) and the weed control (weed
pressure index) attained with each treatment was
recorded. LR

The weed pressure Index was estimated by
recording the presence of weeds in each plot
and adding the numbers, after welghting the
data for the blgger (more competitive) weeds.
This index Is expressed as small weed
equivalents per m?. The data were averaged over
the 3 sites (Tabie 3).
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Table 3. Early- and mid-season weed control from the
herbicides applied pre-planting and incorporated, or posi-
planting broadcast.

Treatment Weed index
Early Mid
UnbBamr 76.6 28.0
Treflan 1.4 L/ha 13.2 5.1
Treflan 2.8 L/ka 11.0 55
Stomp 3 Liha 51.2 18.1
Gesagard 2.261/ha 8.5 9.1
Gesagard 4.5 L/ha 3.8 6.2
Cotoran2 Lfa 25.0 9.0
Cotoran 4 L/ma 5.1 3.3
Spinnaker 0.2 L/ha 21.9 1.2
Spinnaker 0.4 L/ha 15.6 33
Troflan 2.8 + Gesagard4.5L/ha 1.5 2.6
Treflan 2.8 + Cotoran 4 L/ha 0.8 14
Stomp 3 + Gesagard4.5L/Ma 26 6.5
Storp 3 + Cotoran 4 L/ha 5 2.4
Post-emergence treatments
Basagran 1LMha 1.7
Basagran2L/ma | 24.8
Sencor 0.7-L/ha 13.9
Sencor 1.4 Liha 216
Spinnaker (52 L/ha 145
Spinnaker 0.4 L/ha 9.1

Three additional herbicides were applied
broadcast, post-emergence at each site. Results
trom a second set of observations include the
additional herbicides. None of the herbicides
applied post-emergence gave as good weed
control as the pre-planting combinations.

All treatments gave some weed control
compared to the untreated plots, with the best
control on the herblclde combinations that
Included Trifluralin. The poor result from Stomp
was due to very poor weed control on only one
of the three sites. Large numbers of common
sowthistle and blackberry nightshade were
present on this site, but were not controlied by
Stomp. Good control was cbserved with Stomp
on the other two sites where these two weeds
were not so abundant.

Crop safety

Not all the herblcides used were safe on plgeon
peas.

Phytotoxicity was observed on the diuron
treatment on the first trlal at Narrabri, as
expected from the earller data. No problems
were apparent with the other herbicides.

However, 50 to 75 mm of rain occurred during
crop emergence at Theodore and Emerald and a
large proportion of the seedlings on the
Cotoran treatments and combinations including
Cotoran were killed (Table 4).

- a gulde for Integrated management of weeds in cotton
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Tuble 4. Phytotoxicity from the herbicides ond combinctions
applied pre-emergence.

Treatment Phytotoxicity

rating

C

0

Gesagard 4.5L/ha 0
Cotoran 2 L/ha 0.54
Cotoran 4 L/ha ] 1.21
Diuron 2 L/ ey < - 1N
Spinnaker 0.2 L/ha 0.28
Spinnaker 0.4 Lha ]
Treflan 2.8 + Gesagard 451fha 0.38
Treflan 2.8+ Cdtoran 4 Lia 263
Stomp 3 + Gesagard 4.5 L/ha 0.17
Stomp 3 -+ Cotoran 4 L/ha  SEUSENNR 1.33

Given the simllar levels of weed control
observed with both Gesagard and Cotoran and
their combinations, Cotoran was dropped due to
its risk of phytotoxicity, in tavour of Gesagard
which showed no phytotoxicty, even with rain -
during emergence.

Pigeon pea seedlings killed by Cotoran following ruin
during emergence.

A small amount of stunting was observed with
the high rate of Trefian, but the damage was
minor and the plants soon grew out of this
damage.

112.3]
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Post-emergence options

A further experiment examined the best options
for post-emergence weed control, using some of
the selective grass herbicides, and standard
broad-leaf herbicldes as directed sprays.

All herbicides were applied over-the-top of 70-cm
high pigeon peas to test the ievel of phyotoxicity
of these herbicides. This was done on the
assumptlon that the herbicide that caused the
least damage when applied over-the-top, would
have the least potential o cause damage when
applied as a directed spray.

Phytotoxicity was assessed 8, 28 and 48 days
after treatment, by assessing the extent of
damage to old growth (growth present at the
time of spraying), the damage to new growth,
and the effect on flowering.

Pigeon peas were completely tolerant of the
selective grass herbicides used, which had no
effect on growth or flowering.

All the broad-leaf herbicides damaged the
pigeon peas, with diuron causing the most
damage and Gesagard the least damage (Table
5).

Table 5. Percentage leaf damage 48 days after herbicide’
application vver-the-top of 70-cm high pigeon peas.

Untreated 0 0

Diuron 0.9 L/ha 55 55
Diuron 1.8 L/ha 82.8 7.4
Diuron 3.5 L/ha 87.5 20.1
Cotoran 1.4 L/ha 17.5 0

Cotoran 2.8 L/ha 29.9 2.8
Cotoran 5.6 L/ha 52.4 6.6
Cotogard 0.9 L/ha 7.3 0.2
Cotogard 1.8 L/ha 20.3 0.5
Cotogard 3.5 L/ha 42.5 2.3
Gesagard 1.12 L/ha 146 0

Gesagard 2.25 L/ha 20.3 1.5
Gesagard 4.5 L/ha 32.6 04

The herbicides had surprisingly little effect on
fiowering (Table 6), even though the over-the-top
treatments caused a large amount of leaf
damage to the pigeon peas. Even the highest
rate of diuron, which caused an 88% loss of the
sprayed leaves, resulted in only a 32% reduction
In flowering. There was an 7% reduction in
flowering from appiying the heaviest rate of
Gesagard over-the-top.

Figure 6. Percentage flowers relative to untreated plots 48
days after spraying.

Treatment % Flowering

DiurQ:Ema: TA L
Diuron 1.8 L/Aa
Diuron-3.5 LMa
Gotoran 1.4 L/ha
Cotoran 2.8 L/ha
Cotoran 5.6 L/ha
Cotogard 0.9 L/ha
Cotogard 1.8 L/ha
 Cotogard 3.51/Ma RS
Gesagard 1.12 L/ha
Gesagard 2.25L/ha Kol
Gesagard 4.5 L/ha

Summary

Pigeon peas are useful as a trap crop and
refuge for beneficial insects.

A range of herbicides are now available for
use with pigeon peas, covered by product
registration (refer to the product label) and a
minor use permit from the National
Registration Authority (refer to CRDC or the
NRA for details). The products covered by the
permit may only be used on pigeon peas that
are not used for human or livestock
consumption. These crops can only be
harvested for planting seed for future trap

crops.

Weeds in pigeon peas can be best managed
using a pre-planting application of prometryn
or Sencor and either trifluralin or
pendimethalin, and post-emergence
applications of prometryn as a directed spray,
or Sencor, or one of the selective grass
herbicides listed.
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Triclopyr & picloram (eg. Grazon®)

Grazon Is a mixture of picloram and triclopyr. It

Is effective on a wide range of difflcult-to-klll,
broad leaf weeds. Grazon Is a residual herbicide,
with both shoot and root activity. It Is not safe to
apply to cotton, and has a plant-back to cotton
of many months. Grazon can be used in non-
cotton areas and fallow flelds. It has a plant-back
to wheat and barley of 2 to 4 months (depending
on the appllcation rate). Always check the
product label before using a herbicide.

Triclopyr Is moderately persistent, with a half-life
of about 30 days. Picloram Is more persistent,
with a half-life of about 90 days, although it can
break down much more quickly under warm,

moist conditions, and more slowiy under cool,
dry conditions. Picloram is highly leachable.
Both chemicals have the same mode of
herblcidat action, acting on the plant’s cell walis,
causing cell elongation, and affecting cell
division, causing plant death.

Grazon gave good contro! of polymeria when
applied at 2 L/ha, with applications in December
and February (Table 3), reducing the polymeria
population to negligible levels in the first season
of application. Nevertheless, some polymeria
shoots are still emerging after three seasons of
applications. Grazon is suited to spot-
applications in fallow flelds and non-cotton
areas.

Tuble 3. Polynteria control in a fallow. Herbicides have been applied ait the nominated time each season shnce December 1999.

Herbicides were applied regardiess of the condition of the polymeria (stressed or actively growing).

Visual assessment of weed rating at:

Treatment Initial
10 Dec 99

Untreated 33

Roundup CTXtra 6 L/ha (Sept) 47

Roundup.CTXlra 6 L./ha {Sept & Dec) 87

goungup CTXira £ LLﬂlla &ov & Jan) ?g
ou ] g "3‘ S NED

Rouﬁdu%kﬁmra 8 L/ha (Sept, Dec & Mar) 47

Roundup CTXtra 18 L/ha (Nov) 23

Roundup CTXtra 18 L/ha (Nov & Jan) 60

Starane 2 L/ha (Mar)-

Starane 2 L/ha {Dec & Feb)

Grazon 21/ha (Dec & Feh)

Tordon 750 3 L/ha (Mar)

Glyphosate can be an effective tool for in-crop management
of polymeria. At this crop stage, glyphosate must be applied
using spray shields to prevent the herbicide contacting the
crop foliuge.

208 days 678 days 861 days
5 Jul 00 18 Oct 01 19 Apr 02
43 40 77
60 50 7
23 37 43
3 20 17
30 40 77
20 0 1
10 58 53
3 1 0
32 57 63
0 2 6]
3 1 2
3 2 43

Glyphosate (eg. Roundup")

Glyphosate kills most plants, including
conventional cotton. It can be applied to fallows,
but must be applied through a shielded sprayer,
set up to avold any contact with cotton foliage
when applied to conventional cotton.
Glyphosate can be applied pre-cotton
emergence, in-crop as a shieided spray, at
defoliation, or after picking.

Roundup can be applied over-the-top of
Roundup Ready cotton up to the 4™ true cotton
leaf stage, but must not be applied to the foliage
of clder Roundup Ready plants. Roundup must
be applied as a directed or shielded spray after
the 4™ |eaf stage. Glyphosate cannot be applled
to Roundup Ready cotton at defoliation.

Gilyphosate inhibits EPSP synthase, which
prevents proteln synthesis and kills the plant.
Glyphosate Is effective against most plants, but
the herbicidal effect Is quite slow, often taking 2
to 3 weeks, Glyphosadte Is far more effective

NO HERBICIDES ARE REGISTERED FOR CONTROLLING POLYMERIA. A PERMIT MUST BE OBTAINED FROM THE
NATIONAL REGISTRATION AUTHORITY BEFORE USING A HERBICIDE TO CONTROL POLYMERIA IN ANY SITUATION
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when applled to rapldly growing plants. Spray
failures can oceur when glyphosate Is applied to
stressed plants.

Glyphosate is rapidily adsorbed and inactivated
on contact with the soll. Consequently, it has no
residual effect, although its breakdown in the
soil Is comparatively slow, with a haif-life of 47
days.

Glyphosate can be effective In controlling
polymerta, with 100% kIl observed In some
situations. However, the resuit observed In the
fleid Is generally not this good, as:

¢ glyphosate may not fully translocate
throughout the polymeria rhizome mat,
leaving some rhizomes alive. Translocation
appears to Improve as herblcide rates are
increased. Polymeria will rapldly regrow from
unaffected rhizomes.

» glyphosate is less effective against stressed
plants. Moisture and temperature stresses
reduce herbiclde efficacy.

* thorough spray penetration into a thick
polymeria patch is difficult to achleve.
Inevitably some plants and shoots are not
sprayed.

» giyphosate cannot be effectively applled to the
cotton plant-line, as conventlonal cotton Is not
tolerant of glyphosate. Roundup can be
applied to Roundup Ready cotton up to the 4*
true leaf of the crop.

» polymerla can re-establish from seed.

NQ HERBICIDES ARE REGISTERED FOR CONTROLLIMG POLYMERIA. A PERMIT MUST BE OBTAINED FROM THE

section H4

Glyphosate rate

Gilyphosate Is generally ineffective In controlling
polymeria when applied at rates of 1 or 2 L/ha,
but control improves as rates are Increased
(Tables 4). Similar results were observed in the
field, where Roundup CT was applied as an in-
crop, directed spray (Table 5), and in actively
growing polymerla in a fallow (Table 6).

Table 4. Polymeria conirol using contact and residual
herbicides at standard and heavy rates on plemts grown in
pois. Dry matter vegrowth was recorded from 25 to 86 days
after treatment.
Treatment

Dry matter % control

regrowth

{ka/ha)

Untreated 1773 0

Roundup CT 2 L/ha 1320 26
Roundup CT 4 L/ha 556 69
Roundup CT 8 [/ha 178 90
RouridugCT 16'L/a- 0 100
Starane 2 ./ha 2099 0

StarangGL/ha.. 102 94
Atrazine § L/ha 1015 43
Atrazing 10 L/ha 585 T
Basagran 2 L/ha 898 49
Basagran6L/ha 551 69

Table 5. Polymeria control in cotion using directed spray
applications. Weed density was assessed 19 amd 60 days after
{recimert.

Treatment Weed rating after
{applied Jan 17, 1887 19 days 60 days
st Y
Roundup CT 4 L/ha

Roundup CT-8L/ma- - -+ 33 R 7
Roundup CT 16 L/ha 7 17

Glyphosate rates between 3 and 6 L/ha have
been effective in the fleld when other factors
such as low temperatures and molsture stress
have not been limiting.

Glyphosate is generally Ineffective when applled
to stressed polymerla and is not well sulted to
treating polymeria In faliows, unless the weed s’
actively growing after geod rain {as was the
case [n Table 6).

Resuits from repeated applications In fallow have
been very variable, with multiple applications
giving the best results {Table 3). A strategy of
multiple glyphosate applications, applied after
rain and as required, seems to be the best
approach when using this herblcide in a fallow.

NATIONAL REGISTRATION AUTHORITY BEFORE USIMG A HERBICIDE TO CONTROL POLYMERIA 1N ANY SITUATION.

- a guide for integrated management of weeds In cotton
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Table 6. Conirol of polymeria in a fallow using increasing
rates of glyphosate. Percentage control was visually estimated
relative o an unsprayed treatment, 64 days after spraying.
Work by Scarsbrick, Auld and Milne, 1979.

Treatment Rate % control at 64 days
Glyphosate 1L/ha 23

2L/ha 60

41/ha 73

6L/ha 77

8 L/ha 80

Split applications of glyphosate can also be
effective. In one experiment, where muitiple
applications of Roundup CT at 4 and 8 L/ha were
compared, the best resuit was from a split
application of 4 L/ha in November and January
(Table 7). Paorer control was observed from 3
applications of 4 and 8 L/ha.

Table 7. Controf of polymeria using in-crop directed spray
appiications of glvphosate. The resulis were assessed 104 and
364 days after the first herbicide application on October 24,
1997.

Treatment Application(s) Weed raling
{L’ha) after
40ct 20 Nov 17 Jan : i
days days
Untreated - - - 97 75
Roundup CT 4 - - 100 85
Roundup: CT 8 - - 100 85
Roundup CT “ 4 43 22
Roundup.CE 4 4 4 53 43
Roundup CT 8 8 4 33 37

The reduction In control caused by the
additional herbicide application probably
occurred because the first Qctober application
was ineffective in controlling the polymerla
(possibly due to cool temperatures), but
stressed the weed, making it less receptive to
the November application.

Aside from the direct effect on the polymeria, the
Roundup treatments had an added benefit, In
that cotton established on the sprayed plots and
was estimated to yleld around 5 bales/ha on the
best treatments. This result was In marked
contrast to previous seasons, when no cotton
lint was harvested on the polymeria patches.
The additional yleld on these plots easlly justified
the expense of the herbicide application. The
degree of polymerla control with Roundup was
primarily limited by the need to apply the
herbicide as a shielded spray, leaving unsprayed
polymeria in the cotton row.

NO HERBICIDES ARE REGISTERED FOR CONTROLLING POLYMERIA

NATIONAL REGISTRATION AUTHORITY BEFORE USING A HERBICIDE

Timing of glyphosate applications

Glyphosate applications during December and
January have generally been the most effective,
with poorer results from earller applications

(Table 7).

Applications In early spring, before cotton
planting, have given variable results. Rates
between 3 and 6 L/ha were applied to a number
of patches over a one-week period in one
spring, with good control observed from about
haif the applications. There was no obvious
correlation between the glyphosate rate and the
variable results achieved, with poor controi
observed on some patches sprayed at 6 L/ha,
and good control on some other patches
sprayed at 3 L/ha.

Similarly variable resuits were observed from a
second in-crop expertiment, were plots were
sprayed over two seasons (Table 8). The best
resuits where from applications of 6 L/ha in
January and February, and from a single
application of 12 L/ha in February.

A single application of 3 L/ha in February also
gave a reasonable result, Overall, polymeria
denslty was substantially reduced on the trial
area over the 2 seasons, with some evidence of
Roundup transiocating well beyond the treated

areas.

Glyphosate is effective in controlling polvmeria in-crop,
enabling the crop to establish and yield even in thickly
infested patches.

A PERMIT MUST BE OBTAINED FROM THE

ijH4.6]
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Tuble 8 Control of polymeria using repeated shielded applications of Roundup in the cotton crop. Applications were made in
December 1998, and Jamuary and February 1999. Weed density was assessed 64, 372 anid 483 days after the December 1998
frecitmet,

Treatment Application date(s) Visual assessment of weed rating
Dec Jan Feb 64 days 372 days 483 days

Untreated - - - 70 62 94
Roundup CTXira - 3L/ha 76 38 43
Roundup CTXtra - 3L/ha 3L/ha 80 58 67
gguggup ﬁ% 3L/ha 3L/ha g L/ha 53 48 49
Rounidup O g n L/ha 7 43 45
Rounﬂﬂp CTXtra - 6L/ha 6 L/ha 32 26 25

Roundup CTXtra 6L/ha 6L/ha 6Ll/ha 45 56 48

Roundup CTXtra - - 12 L/ha 100 39 28
Roundup CTXtra - 12 L/ha 12 L/ha 43 31 32
Roundup CTXtra 12 L/ha 12 L/ha 12 L/ha 43 50 4

One of the main difficuities encountered Inthese  Additlves to enhance glyphosate

experiments was unacceptable damage to the efficacy

cotton, due to Imprecise application of the high

herbicide rates through a shielded, hand-held Use of a spray additive with glyphosate may
sprayer. Even with better spray equipment, the improve its efficacy for polymeria control.

high rates of glyphosate Is too high to be may be a factor contributing to the poor control
acceptable. Resuits from applications of 3 L/ha fesults observed with lighter rates of glyphosate
show that useful levels of control of polymerla (8 L and below). A wide range of spray additives
couid be achieved with this rate, without is avallable for use with glyphosate, some of
unacceptable risk of damage to the crop. A which may Improve spray efficacy when used on
polymeria management strategy using one or polymeria.

two In-crop glyphosate applications of 3 L/ha A small range of spray additives was tested at
could achieve much Improved cotton ylelds and various rates. The addition of PULSE® Penetrant
a year-by-year reduction in the polymeria at 1% Improved control (Table 9), white the
infestation. addition of Turbo® Plus at 5% improved conirol

In a second experiment (Table 10). The control
from Roundup CTXtra without additive was also
very good In both experiments.

glyphosate, as the herbicide can damage conventional cotton
plants, as in this photo {crop plants yellow and stunted).

NO HERBICIDES ARE REGISTERED FOR CONTRQLLING POLYMERIA. A PERMIT MUST BE OBTAINED FBOM THE
[ L)

AL REGISTRATION AUTHORITY BEFORE USIMG A HERBICIDE TO COMTROL POELYMERIA I ANY SITUATION.
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Tables 9. Polymeria control in a pot frial using Roundup

ClXtra with extra spray additive. Spray was applied at 100 L/

ha. Regrowth was measured from 31 to 164 days after
treatment.

Treatment Dry matter regrowth % control
(kg/ha)

Unizeated o 5080 0

Roundup CTXira @

3L/ha _294 94

Roundup CiXtra @~ 1

3 L/ha + 1% Pulse eraier e 100

Roundup CTXtra @

3 L/ha + 1% Turbo Plus 898 82

Roundup CTYra @

3 L/ha + 1% Bond 3425 33

A lower rate of glyphosate was used In a third
experiment (Table 11), where Roundup CT was
used at 3 L/ha rather than Roundup CTXtra at 3
L/ha. This gave an 8% reduction In active
ingredient and a change In the product
surfactant, Turbo Plus at 1% gave a large

improvement In spray efficacy In this experiment,

aithough efficacy was further improved by
increasing the Roundup rate without including
the additive,

Table 10. Polymeria control in a pot trial using Rouncup

C1Xtra and extra spray additive. Spray was applied at 100 L/

ha. Regrowth was measured from 42 (o 126 days after
ireatnient.

Treatment Dry matter regrowth % control
{kg/ha)

Unreated. : uﬁa 0

Roundup CTXtra @ ‘

3L/ha 208 9

Roundup CTXtra

3 Lha + 0.2% Pulse 426 9

Roundup CTXtra @

3 L/ha + 1% Pulse 104 9¢

Roundup CTXtra @

3 L/ha + 5% Pulse 145 9¢

Roundup CTXtra @

6L/ha + 1% Turbo Plus 544 9

Roundup CTXtra @

3 L/ha + 5% Turbo Plus 0 100

Roundup CTXtra @

3 L/ha + 5% Bond 292 96

Table 11. Polymeria control in a pot trial with Roundup C1
and Turbo Plus spray additive. Spraywas applied at 100 L/
ha. Regrowthwas recorded from 42 to 167 days after
freatment,

Treatment Dry matter regrowth % control
(kg/ha)

LRJntregted c 9672 0
oundup

31/ha —- 2465 75

Roundup CT@

3 L/ha + 1% Turbo Plus 406 96

Roundup CT @

3 Lfha + 5% Turbo Plus 542 94

Roundup CT-@

Glma: - 0 100

Roundup CT @

6L/Ma + 1% Turbo Plus 0 100

Roindup CT @

6 Ly/ha + 5% Turbo Plus 0 100

Glyphosate formulations

A range of commerclal glyphosate formuilations
is avallable, with differing types and
concentratlons of wetters. There Is little evidence
that these formulations vary in their efficacy for
controlling polymeria (Table 12).

Tuble 12. Comparison-of a range of glyphosate formulations
Jor camtrolling polymeria in a pot trial. Applicationswere at
L0and 1.5 kg a.e./ha, giving equivalent rates of the various
Jormulations. Dry matter regrowth was recorded from 43 fo
173 days after treatment.

Treatment Rate Dry matter
regrowth control
tkg/haj
Unireated - 10529 0
Roundup G 2.2L/ha 542 95
3.3 L/ha 0 100
Roundup Max 2.0L/ha 100 99
2.9L/ha 0 100
Roundup Ready 1.4 kg/ha 0 100
2.2kgfha D 100
Credit & Bonus 1.91/Ma 339 97
28L/Ma 0 100

NO HEREBICIDES ARE BEGISTERED FOR CONTROLLING POLYMERIA. A PERMIT MUST BE OBTAINED FROM THE

NATIONAL REGISTRATION AUTHORITY BEFORE USING A HERBICIDE TO CONTROL POLYMERIA IN ANY SITUATION
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Using glyphosate in the field

Based on these results, glyphosate was applied
to polymeria patches on commercial fields, with
applications at planting and shieided
applications in crop. Whiie the results were not
outstanding, there was a general reduction in
polymeria denslity on treated fieids and cotton
was picked from polymeria patches where there
previously was no harvestable cotton. The main
lessons learned from these trials were:

¢ polymeria must be actively growing. Results
have been generally poor from applications to
molsture stressed polymerla, and in cool
spring conditions,

* at-planting applications of glyphosate have
enabled cotton to establish in polymeria
patches,

¢ in-crop glyphosate applications must be
through well constructed shielded sprayers,
with competent operators. High rates of
glyphosate can cause unacceptable damage
to cotton when poorly applled,

* spot-spraying is the preferred in-crop option,
minimising the risk of accidental damage to
cofton, and

* attention to crop agronomy is important to
enable satisfactory cotton establishment and
growth In polymeria patches.

Fluroxypyr (eg. Starane®)

Starane Is a contact herbicide, effective ona
range of harder-to-kill broadleaf weeds. Starane
is primarily shoot absorbed, but there can be
some root absorption. Starane Is moderately
persistent, with a half-life of up to 55 days.
Starane is moderately leachable. It Is not safe to
apply on or near cotton.

Starane's mode of action is not clear, but it has a
hormone-like action, altering the integrity of the
plant's cell walls and affecting cell division.
Starane Is most effective on actively growing
plants.

section H4

Starane has been widely trialled by growers,
generally at 2 L/ha, but with variable results.
Starane has been useful for controlling smaller
Infestations of polymeria, but is less satisfactory
for controlling larger patches. Appiications
under optimal (glasshouse) growing conditions
gave poor results, with no control with Starane
at 2 L/ha (Table 4). Control improved to 94%
when Starane was applied at 6 L/ha.

Poor results in the field were observed with
Starane at 1 and 2 L/ha sprayed in December
(Table 13), and at 2 and 6 L/ha sprayed in
October (Table 2). A single application of
Starane at 2 L/ha in March also gave poor
results, but good control was achieved with
repeated applicatlons of 2 L/ha in December and
February (Table 3) (both sets of applications
were repeated over 3 seasons). Growers report
that best results have generally been achieved
with applications in February and March.

Tuble 13. Polywicria conirol in fallow, sprayed on Dacember
22, 1987, and assessed after 65 days. This frial was

concticted by Max McMillan,
Treatment Weed rating
after 65 days
Untreated 90
2,4-D Amine 1 L/ha 78
2,4-D Amine 2 L/ha 56
2,4-DP 1.7 Liha 88
2,4-D Anilne 1 L/ha + Ally 10 g/ha 84
MCPA Amine 1 L/ha 78
Basta3L/ha 94
Starane 1 L/ha 46
Starana2 L/ha 38

As with all herbicide applications, some viable
polymerla rhizomes remaln after treatment, A
polymerla management plan based on Starane
will require repeated strategic applications and
spot treatments over many seasons.

NO HERBICIDES ARE REGISTERED FOR CONTROLLING POLYMERIA. A PERMIT MUST BE OBTAINED FROM THE

NATIONAL REGISTRATION AUTHORITY BEFORE USING A HERBICIDE TO CONTROL POLYMERIA IN ANY SITUATION

~ & gulde for Integrated management of weeds In cotton
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2,4-D amine

2,4-D amine has been widely trialled for
controlling polymeria. It is applied in autumn,
after coiton is defoliated and no longer
susceptible to the herblcide. 2,4-D must never be
applled during the cotton season, as cotton
plants are extremely sensitive to the herbicide.
Drift onto cotton from an application of 2,4-D can
cause a blg reductlon In cotton yleld.

There have been reports of good control of
polymeria using 2,4-D, but these reports have
not been substantiated. 2,4-D applied In autumn
burns-off the polymeria follage, which then dles
off over winter. The 2,4-D appears to have given
very good control at this point, as in Table 14.

Table 14. Polymeria conirol in a fallow using 2,4-1) amd other
herbicides, applied on March 14, 1983 and assessed in July,
112 days after spraying. Work by Neville Strachan.

Unireated - 23
2,4-0 Amine 2 L/ha 0
24-DEster1.25L/a 1
Dicamba 1.4 L/ha 24
Rounduip;2 L/ha: 13
Tordon 50-D 1.4 L/ha 1
Roundup 2 L/ha.+ 2,4-D Ester 1.5 Lha 0
Tordon 50-D 1.4 L/ha + 2,4-D Amine 2 L/ha 1
i Tordon 50-D 1.4 L/ha + Dicamba 1.4 L/ha 1
Dicamba 1.4 L/ha + 2,4-D Amine 2 Lha 1
| Weedazol Tt Pius 5.6 L/ha 13
Glean 30 g/ha 34

However, the weed may re-emerge in spring with
little apparent affect from the treatment. 2,4-D
amine at 4 L/ha appiied in June gave some
short-term control (Table 15). 2,4-D amine
applied at 1 or 2 L/ha earller In the season also
gave no long-term control of polymerla (Table
13). Further work Is being undertaken to
evaluate the long-term control of polymeria with
2,4-D.

Tuble 15. Polymeria control using a range of herbicide
combinations in a fallow, sprayed on June 26, 1995.

Treatment Visual assessment

of weed rating

104 days 340 days

Untreated 41 51
2,4-D Aming 4 L/ha 27 49
Roundup 4 L/ha 26 84
Starane 2 L/ha 31 60
Roundup 1.5 L/ha + e
2,4-D Aming 2 L/ha 38 43
Roundup 3 L/ha +
2.4-D Amine 2 L/ha 35 63
Roundup 1.5 L/ha + e B
2.4-DEster1.5L/ha 29 62 .
Roundup 2 L/ha +
Goal 0.75 L/ha 62 67

Roundup 1.5L/ha + S
Starane1L/ha RGNS

“ 3

Polymeria is a native plant that occurs through much of the
cofton industry. Uncontrolled infestations, such as the plants
estabiished on this channel bank, produce seed that can
spread the weed into cotton fields.
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Using 2,4-D in the field

The opportunity to apply 2,4-D to cotton fields
and fallows Is limited by factors including:

applications In the cotton area can only safely
occur in autumn, after defollation.
Applications earller in the season are not
possible due to the extreme sensitivity of
cotton to this herbicide,

2,4-0 must be applied to actively growing
polymeria. Polymeria growing in cotton will be
moisture stressed, and not likely to respond
to herbicide unless raln occurs at picking,
and,

- 2,4-D must be applied before frosts In autumn
burn off the foliage, stressing the plant.

Herbicide combinations

Comblnations of Roundup and 2,4-D, and
Roundup and Starane were trialied, but gave no
improvement in control (Table 15). it Is unlikely
that combinations of herbicide with different
modes of action will improve control of this
weed, as the different herblcides generally stress
the plant, reducing herbicide efficacy.

- aguide for Integrated management of weeds in cotton

Summary

Polymeria is a deep rooted, rhizomatous,
perennial weed that spreads from seeds
and rhizomes. It tolerates and can be
spread by normal cultivation practices.

No herbicides are registered for
controlling polymeria. A permit must
be obtained from the National
Registration Authority before using a
herbicide to control polymeria in any
situation.

Polymeria can best be managed in cotton
with repeated applications of glyphosate on
actively growing polymeria, applied through
well constructed shields, used under
appropriate conditions. Glyphosate should
be spot-applied to the polymeria patches to
improve crop safety. The addition of Pulse
Penetrant or a non-ionic surfactant may
improve spray efficacy. Good crop
agronomy Is also important, resulting Is
competitive, strong cotton.

Polymeria growing in fallow can be
controlled with glyphosate on actively
growing patches and with fluroxypyr (eg.
Starane) in autumn. Grazon may be useful
for controlling polymeria in fallows that are
not going back to cotton. Imazapyr (eg.
Arsenal) may be useful for controlling
polymeria on non-cropping and waste
areas.

HO HERBICIDES ARE REGISTERED FOR CONTROLLING POLYMFRIA. & PERMIT MUST BE OBTAINED FROM THE
NATIONAL REGHSTAATION AUTHORITY BEFORE LSING A HERBICIDE TO CONTHO. POLYMERIA 14 AMY SITUATION

— august2002
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A grower’s experience with polymeria
Polymeria (take-all) control on Colly Farms

David Moore (Formerly Senior Agronomist, Colly Farms Lid)

My experlences refer to the control of this weed in the western Gwydir/Collarenebri area. Having seen
this weed grow rapidly as a cotton acre utiliser over a number of seasons, | can say its control is not
easy to achieve and involves having a large amount of patience and deep pockets.

The key to controlling polymeria revolves around attacking It when It Is actively growing, has a large
enough leaf mass, and warm temperatures — not unlike controlling nutgrass. The critical time,
therefore, Is from early December, through to the end of the Irrigation cycle In irrigated cotton. In this
period, the weed grows very well, being well fed by both nutrients and water, The leaf surface is
covered with tiny halrs that can make uptake of any herbicide very difficult. This Is why treatment In
times of higher temperature/relative humidity is better than in cooler peticds,

The alm with all these treatments has been to reduce the number of shoots/m? so that the current, or
following crop has a greater chance of producing economically viable cotton yleld.

Treatments | have tried are;

1.Phenoxy herbicides in the Autumn.
| have found these applications (ofupto 5L/
ha of 2,4-D amine) to be ineffective.

2.Fluroxypyr (Starane®) herbiclde applied
In summer
Have seen very good resuits with this product
at rates of around 2 L/ha. The drawback Is
this products volatllity and propensity to
volatllise and effect nearby crops. It may be
an optlon in a fallow with adequate buffer.

3. Deep ripping/cultivation in a fallow
sltuation.
The mass of rhizomes that are under a patch of
polymeria Is Incredible, as Is the depth to which
they can be found. Shallow cultivation that
minimally disrupts the growth Is ineffective, with
smaller pleces of rhizomes being transpianted
and growing with the next rainfall.

Therefore, any cuitlvation must be aggressive
and the transplanted rhizomes need to dry out
for a long time before any water Is added to
the system,

Unfortunately, when these fields come back
Into irrigated production, the frequency of
watering and warm summers mean that the
weed Is back with two seasons.

4.Glyphosate in the fallow
Again needs to be actively growing with
adequate ieaf mass - using rates of applled
450 g/L product need to ke around 6 L/ha.

Have seen good reductions in numbers from
these applications.

5.8hleided applications of glyphosate In
crop.
Have seen up to two applications of high
rates of glyphosate in crop via a shielded
sprayer glve very good results. Again the rate
needs to be around 6 L/ha.

6.Industrial residuai herbicides in fleld
Have seen a Imidazolinone product (Arsenal)
used In field on heavily Infested patches of
polymeria. While there was a dramatic decrease
in shoots per square metre, there was no fotal
reduction. This accompanied with the fact that
these areas will not yield cotton for the following
two seasons and the fact that treated soil may
move through the fleld makes this option an
unfavoured one.

However, it may be an option In controlling
patches in head ditches, roadsides etc. witha
back pack application. Needless to say, care in
application Is critical.

Summary

| favour applications of glyphosate in the fallow or
shielded applications in crop. These applications,
timed when the weed Is actively growing under
high humidity, have given good results. These
applications followed up by an application of
fluraxypyr in early autumn also help to reduce the
numbers of shoots per metre In the following crop.

The abillity to use GPS to accurately record
patches of polymeria and assess the degree of
conirol achieved Is advantageous.

The key Is to not let your fields get to the stage
that areas of your fields are unproductive and
require such treatments as mentioned above. If
you have some Infested flelds, isolate them and
make rig hygiene a priority.

=
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Results using a range of herbicides and
herbiclde comblinations on an Initially much
lighter nutgrass population were simllar (Table
20}, with the best nutgrass control (an 87%
reduction In tuber density) from three In-crop
Roundup applications (Treatment 4) and the
best yield (a 47%, 1.7 bales/ha increase) from 2
In-crop applications (Treatment 3). The slight
reductlon In yield associated with the third
Roundup appiication was probably caused by
crop damage from the additional herblcide
application, as the herbiclde was applied
through a poorly deslgned shleld which allowed
some herbicide driit to the crop.

The improvements In crop yields after treatment
would probably have been even better If better
designed equipment and/or Roundup Ready
cotton had been used. Generally, any damage to
the cotton from the herblclde appiication Is more
than compensated for by the assoclated
reduction In weed competition resulting from the
reduction In the nutgrass population.
Nevertheless, it Is essentlal to only apply
glyphosate through a well designed and
properly set-up shielded sprayer, operating In
appropriate condltions. This Is equally true
whether using conventional or Roundup Ready
cotton varleties.

Results from a more extensive comparison of
Roundup and Zoliar combinations are shown In
Table 21. in this experiment, the best nutgrass
control was achieved using a single Roundup
application in early December (Treatment 4),
which resulted in a 97% decrease Inthe
nutgrass density.

Rate
(L or Kg /ha)

Treatment

section H3

However, results from a single Roundup
application were highly variable (compare
Treatments 2 to 7). This varlability reflects the
normal varlabllity of results often achieved with
glyphosate and was caused by a number of
factors Including the condition of the nutgrass at
the time of spraying. On some occaslons, the
nutgrass was highly stressed at spraying,
resulting in a poor kill. Growers should be able
to achieve much better resuits by targeting
conditions that are more suitabie for giyphosate
when nutgrass is actively growing.

Table 18. Changes in nuigrass density in a fallow with
freatments over 2 seasons. 1he area initially had an average
nuigrass infestation of 334 tubers'm?.

Treatment Rate Applications Tubers/m?
(L or Kg /ha)
Untreated - = 3879
Cultivation - 8 1114
MSMA 28 2 2895
MSMA 2.8 4 789
Roundup CT 2.4 2 668
Roundup CT 2.4 4 346
Roundup €T 48 4 150
Roundap CT 24 8 47
Cuitivation +
Roundup CT 2.4 4+ 4 118

Table 19. Changes in cotton lint yield and nuigrass density with in-crop and residual herbicide treatments over 2 seasons. The
area initially had an average mutgrass infestation of 1348 tubersni’,

Tubers

Applications

1 Unireated et M T - 7194 582
2 Roundup CT 24 NN 'R 2 547
3 BN Roundup CT - . o - 24 = Y. & ~o=mw Q-0 _Uet T T 7g7 856
4 Roundup CT - 24 3 611 891
§ MSMA + Roundup CT 18+24 141 X T4 987
& MSMA + Roundup CT 18+24 2+1 1194 873
7 AR Zoltar + Roundup CT 3+24 T+1 ey 786 660
8 Zoliar + Roundup CT 3+24 142 160 1262
—a gulde for integrated management of weeds In cotton — ougust2002
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Table 20. Changes in cotion lint yield and rutgrass density with in-crop treafments over 2 seasons. The initial nutgrass infestation

averaged 338 tubersinv’.

Treatment Rate Applications
(L or Kg /ha) (kg/ha)
1 Untreated 1097 819
2 MSMA 1.8 2 577 871
3 Roundup CT 2.4 2 223 1206
4 Roundup CT 24 3 43 1173
5 MSMA + Rouridup CT 18+ 24 1+1 385 930
B MSMA + Roundup CT 18+ 24 2+1 231 1126
7 MSMA + Roundup GT 18+ 24 142 108 1018
8 Sempra 0.14 1 552 944
9 " Sempra 0.07 1+1 367 1047
10 MSMA + Sempra 1.8 +0.07 1+2 386 1061
11 MSMA + Sempra + Roundup CT 18 +014+24 1+1+1 278 992
12 MSMA + Roundup CT+ Sempra 18+24+0.14 1+1+1 278 1143

Tuble 21. Changes in nutgrass density with in-crop treaiments over 2 seasons and cotton lint vield in the first season. The initial
nuigrass infestation averaged 436 tubersim’. The Zoliar was applied over-the-top of the cotfon after crop emergence and the
Roundup C1Xtrawas applied as a direcied spray.

Treatment Rate Applications Tubers/m?* Lint yield
(L or Kg /ha) (kg/ha)

1 Unireated 1213 1467
2 Roundup CTXira 2 early Nov 615 1588
3 Houndup CTXira 2 late Nov 210 1661
4 Roundup CTXtra 2 early Dec 39 1486
5 Roundup CTXira 2 late Dec 685 1532
6 Roundup GTXra 2 B eaydan N 1076 1674
7 Roundup GTXira 2 " latedan: 410 1493
8 Roundup CTXtra 242 early Nov + late Dec 328 1371
9 Roundup CTXtra 2+2 {ate Nov:+early.Jan 667 1543
10 Roundup CTXtra 242 garly Dec -+ fate Jan 173 1532
1 Zotiar 4 C.Qet - 434 1564
12 Zoliar + Roundup CTXira 442 Oct + early Jan 152 1600
13 Zolar 4+ Roundup CTXira 44242 Oct + early Dé¢-+ edrly Jan 226 1573

Cott

T
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,A management program for heavy
infestations

Cotton vields are reduced by nutgrass
competition on a field heavily infested with
nutgrass. Consequently, it is important to try to
reduce the weed Infestatlon as qulckly as
possible to Improve crop vields. To do this, it Is
necessary to use a range of treatments in
combination, using as many treatments as
practical each season. Examples of Intensive
management plans for conventional and
Roundup Ready cotton are shown In Tables 22
and 23. It may not be practical or appropriate to
use all of these treatments each season, but it is
important to use as many treatments as
possible, until the nutgrass population is
reduced to a more manageable level.

Table 22, A management plan for back-to-back conventional
cotfon in a heavy nuigrass infestation. Treatments directly
used for nuigrass control are shown in bold type. An
adeditional glyphosate application could replace the deep
ripping operation if the soil is wei and the rutgrass is actively
growing.

Operation Crop

September cutivation

planting
October
November MSMA application

inter-rowcultivation
December glyphosate application

Cotton

January glyphosate application

lay-by herbicide
February
March glyphosate application

at defoliation
April picking

slashing
May deep ripping

Zoliar application

incorporation
June listing

Fallow

Juy - [ - rérbicide or cutivation” T

August

—agulde for integrated management of weeds In cotton
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A management program for lighter
infestations

A less intensive nutgrass management program
can be used once the weed density on a field
has been reduced to a level where the nutgrass
is not reducing cotton yield. This program needs
to be responsive, allowing for additional
treatments should they become necessary, and
must include regular field inspection. Failure to
adequately treat nutgrass can result in a field
becoming Such a management program would
probably not include broadcast applications of
Zoliar but may include a spot application of
Zollar to nutgrass patches. The main component
of the management program should be In-crop
shielded applications of glyphosate, with at least
one applicatton each season. Ideally, a second
application will be allowed for, In case the first
application is not adequately effective.

Table 23. A management plan for back-to-back Roundup
Ready cotton in a heavy nuigrass infestation. Treatments
directly used for nutgrass control are shown in bold type. An
additional glyphosate application conld replace the deep
ripping operation if the soil is wet and the mugrass is actively
growing.

September cultivation
planting
October
November Roundup application

inter-row cultivation

December  Roundup applicatlol” 7
Cotton
January Roundup application
lay-by herbicide
February
April picking
slashing
May deep ripping
Zoliar application
incorporation
June listing
Fallow
July herbicide or cultivation
August
— ougust2002
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Summary

Eight different nutgrass species are
commonly found in or around cotton fields.
These species are quite different in their
ability to spread from seed or rhizomes, and
consequently require specific management
strategies. Positive identification of the
problem species is essential as the first step
in a management program.

A range of management tools is available to
manage these weeds. These tools include
residual and contact herbicides, cultivation,
and crop competition. There are also some
management practices that can exacerbate a
nutgrass problem and should be avoided
whenever possible.

Management of nutgrass needs a long-term
approach, as these weeds will not be
eliminated by any single management
option. A successful management program
will include all the management tools, used
in combination as opportunity arises.

Glyphosate and Zoliar® herbicides have
given the most effective control of nutgrass
over time. Glyphosate should ideally be
applied in-crop twice each season. It must
be applied through a well constructed,
properly set up shielded sprayer, operating
under favourable conditions, when applied
in conventional cotton. Roundup Ready
Herbicide can be applied with much greater
safety in Roundup Ready cotton varieties.

Zoliar is a residual herbicide that must be
applied in consecutive seasons to be fully
effective. It has a long plant-back period to
most rotation crops.

Farm machinery can be a major contributor
to spreading nutgrass around a farm.
Attention to machinery hygiene can be
pivotal in a successful management
program.

[H3.30]
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Case studies of grower experiences
0 with nuigrass

Nutgrass on Kilmarnock

/

John Watson

| remember nutgrass starting to be noticeable on channels In 1975; it was endemie In the dryland
cropping paddocks and grazing country. The local pharmacist and then chemical supplier gave me a
few mLs of something in a small plastic bottle. It was to be the answer to our potential problem and
think it was probably Roundup! | was overseas for three years and by 1978 there were now small
patches in some of the fields. Despite all our efforts it got progressively worse.

Many chemical products were tried, all of which gave variable and inconslstent results. Zoliar was
effective if thoroughly incorporated on the flat before hilling up. it's extended use lead to problems in
rotation crops. Cotton grown In a field with a relatively low population of nutgrass at planting could
see It so thick after three months that yield would be affected If no action was or had been taken.

Graham Charles commenced trlal work In the 1990’s on our worst block, which, at the time, was on
the leased property “Nandewar”. He tested a number of products over three years and the best
results Indicated muitiple applications of one or more chemicals. Overall, the trials showed that a cost
effectlve result could be obtalned from an early application of Zollar and single In crop spray of
Roundup using shleided sprayers.

The nutgrass control program is now largely based on control In the fallow phase, Roundup or chisel
ploughing dry soil; rotations, cereal every second or third year; and In crop shielded spraying. it can
sometimes be advantageous to do a broadacre apptication of Roundup after planting but before crop
emergence. The result Is quite variable, probably because of low temperatures especlally here in the
upper Namoi.

Roundup Ready® cotton wlii allow an over the top application after emergence and should therefore
glve better control as temperatures should be higher. Other than this obvious advantage, we will use
much the same practices with Roundup Ready cotton, but will be looking to alternate some of the
non-crop sprays with other chemistry to delay the onset of resistance of weeds to Roundup.

- a gulde for Integrated management of weeds in cotton august 2002
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Case studies of grower experiences
. with nutgrass

"~ .+ Nutgrass Control at Norwood

Peter Glennie and Kylie May

Nutgrass has always been present on “Norwood”. Years of flood Inundation {prior to development),
grazing and cultivation led to the gradual spread of the weed around the farm.

Early control methods consisted of cultivation and herbicldes such as MSMA and glyphosate - all to
varying degrees of success. The late 80’s saw the Introduction of Zollar, which was incorporated into
the control program. The worst areas were attacked first. The eost of Zollar prohibited full field sprays
in all but the worst fields, so various methods of spot spraylng were trled, including manually tuming
small tractor mounted booms on and off, a spray boom on the back of a slasher at plcking time and
spraying with a quad. Zoliar was applied both at planting and picking and It was discovered that It
wasn't unti! about the third year Into the Zoliar program, that the nutgrass really started to respond to
the applications, The patches were still there, but they were getting smaller and thinner.

The early 90’s saw little or no irrigation water from Copeton and not much more rain. Water was
conserved In the soll by preparing the hills early then leaving them to sit until planting time. Although
this was a good drought strategy, the reduced disturbance saw nutgrass areas increase again.

A very dry winter in 1994 resulted in no winter crops beihg planted. This left an opportunity to grow a
green manure crop the following summer. A lablab/fforage sorghum mix was planted in December and
left to grow for three months before belng rolled and ploughed back into the ground. The following
summer saw a marked reduction in the amount of nutgrass in those fields, probably duetoa
comblnation of the competition from the lablab/forage sorghum, and the extra cultivations needed to
work the high amount of dry rmatter back Into the soil. This result has been repeated In other years
with lucerne and again this season with another lablab/forage sorghum mix that was planted last
summer. Although this did reduce the amount of nutgrass In the field, other methods of contro! are
necessary to keep the patches from increasing.

Zollar stlll forms part of the nutgrass control program on “Norwood”, although it is now mostly
applied with a GTS sprayer, which has ailowed more accurate targeting of the weed. Other methods of
control are continually being trialied, both for better control and to hopefully reduce the amount of
Zollar in the soil, which limits rotation crop choice. Increased seed bed preparation, particularly deep
cultivation, is having an affect, although more work stlil needs to be done,

This season (2001/02), saw the first commercial use of Roundup Ready cotton and herbiclde. The
herblcide had a dramatic effect on nutgrass patches, at a time of the season, when control is most
important. It has allowed the cotton to out compete the nutgrass, without the need for extra
cultivatlons. The wet November possibly helped contrlbute to the good result, by keeping the
nutgrass fresh and more receptive to the Roundup Ready herbicide. It will be Interesting to see ifthe
result can be repeated over the next few seasons - here’s hoping it will.

Currently we are trlalling a more aggressive approach with the use of a large ripper with a wire cable
connecting all the tynes. This cable is situated at the back of the tyne and is pulled by a DSN
bulldozer, about 1 foot into the ground. The thought is that it will cut off the nuts from below and dry
out the nuts above. So far the resuits are promising.

1[H3.32] = -



MED po I( section H3

Case studies of grower experiences
with nutgrass

Nutgrass control on Auscott Narrabri

David Wood

Nutgrass has been a problem on Auscott for long time, but the issue came to a bottleneck over the
last couple of years. Some flelds were becoming so heavily Infested that it was no longer economical
to continue growing cotton.

The increase in the nutgrass poputations was due to number of factors,
1. Succession of wet winters

2. Lack of effective In crop contro! optlons

3. Reduced tillage at depth

The run of wet winters reduced opportunities to use tillage as a control method, and resulted in
operations for seedbed preparation belng undertaken In less than Ideal condltions. This made It very
difficult to uproot and expose the tubers to deslccation as the nuts remained in moisture.
Consequently, this simply spread the nutgrass from head ditch to tall drain.

In the past Zollar was used as a broad acre spray across heavy infestations, however, its use was
limited because of the restrictions that it imposed on future rotation crops. Due to the rotation issue
Roundup was than used as an in crop control through shields. This also provided challenges with
drift onto susceptible plants. MSMA was then used because of the greater crop safety, though
unfortunately it success was vartable. Sempra was also tried but was relatively ineffective. Together
they gave reasonabie control to continue cotton production, but were unable to stop the population
from steadlly Increasing.

The situation took a turn for the better with the onset of Roundup Ready cotton. The Roundup Ready
technology provided the opportunity to attack the nutgrass In the plant line early season, allowing the
cotton to grow away and out compete the weed. The results from the Roundup spray are still
sometimes variable, howevet, the successive applications achieve good brown off of the shoots more
regularly, which Is then followed by cuitivation. In some cases It was taking the nutgrass 3-4 weeks to
come back.

Zollar is stlil an important part of the program on Auscott. Flelds with light infestations are spot
sprayed with a row weeder to prevent patches from spreading. It is also now sprayed through all
rotobuck and tail drains In an attempt to stop cultivators from dragging the nuts down the field.

In combinaticn with the chernical approach, rotation and tillage ptay an important role. The use of
deep rooted crops, such as lucerne or safflower, dry out the s0ll profile and allow for deep ripping to
expose nuts to deslccation. The advantage of lucerne over other crops is that If rains just prior to
tillage, then it can be left to continue growing and draw the moisture out again, which is something
that safflower or wheat cannot do If they have reached maturity.

At the end of the cotton season a Roundup spray at 2-3L/ha straight after harvest has shown signs of
significantly reducing nutgrass populations in the following year. We are not sure If it will work each
year, howerver the results are encouraging.

- a guide for integrated management of weeds In cotton — ougust2002
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Polymeria is a member of the bindweed family and has
prominent, pink flowers. Polymeria plants grow in dense
patches.

NO HERBICIDES ARE BEGISTERED FOR CONTROLLING

NATIONAL REGISTRATION AUTHCRITY BEFORE USING
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MANAGING POLYMERIA
(TAKE-ALL) IN COTTON

Graham Charles and Stephen Johnson

(NSW Agriculture & University of New England)
The polymeria plant

Polymerla (Polymeria iongifolia) Is a member of
the Convoivulaceae (bindweed) family. Polymeria,
also known as polymerla take-all and Peak
Downs curse, is a native Australlan plant, which
occurs through many of the Queensland and
New South Wales cotton growing areas. It was
present in many cotton fields before they were
developed, and persists after development.

Polymeria Is a deep-rooted, rhizomatous,
perennial weed that tends to grow In dense
patches. Its rilzomes can extend to 1.5 metres
depth in the soll, with roots extending below the
rhizomes. Shoots can emerge from 20 cm depth.
Once established, Its rhlzomes form a dense mat
that spreads throughout the soil under a
polymeria patch. Polymeria spreads from these
rhizomes and can rapidly re-establish from the
rhizornes If the above ground plant material Is
removed by cultivation, chipping or herbicides.

Polymerla Is an erect plant, 7 - 25 cm tall. Its
leaves are green to grey or sliver in colour and
are covered in fine halirs. Polymeria has a
prominent pink or white trumpet-shaped flower,
with a yellow centre, 2 - 2.5 cm In diameter. It
produces large, brown, velvety seeds, 3 -5 mm
across, with one or two viable seeds per seed
capsule. Polymerla spreads from both seeds and
rhizomes.

Polymeria was established on this area in the Moree
watercourse prior to the development of the road.

Polymeria can grow all year round in warmer
areas, but [s frost sensitive and Is bumnt by
frosts. Some shoots will persist through winter

POLYMERIA. A PERMIT MUST BE OBTAINED FROM THE

- a guide for Integrated management of weeds In cotton

A HERBICIDE TO CONTROL POLYMERIA IN ANY SITUATION
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and new shoots emerge early in spring. Plants
grow rapidly over the warmer months. Flowering
normally commences In mid-summer.

Polymeria patches are relatively stable, but
spread slowly year after year. Once polymeria
becomes established, it competes strongily with
cotton, and Is resistant to most management
approaches. Patches of polymeria with a density
of 100 stems/m? or more can reduce cotton yield
by 50%. This, and higher densities, are common
in many patches. Polymeria competes strongly
for soll water and nutrlents, depleting the cotton
crop of these resources.

Cotton generally establishes poorly on poiymerla
patches, often resulting in islands of solld green
(polymerla) amongst cotton rows. If unchecked,
these Islands can easlly grow to 50 or 100 m
across. Eventually, polymeria can spread from
small patches to cover a significant proportion
of a fleld. On one field at Twynam North, the area
of polymeria Increased by approximately 1% per
year over an 8-year period, rising from 5.6% of
the field area In 1988 to 14% In 1996, No cotton
grew to maturity on these patches. In 1996, this
represented a yield loss of 158 bales or $94 000
on this fleld alone. A number of other fields had
smalier infestations.

Polyriieria forms dense patches. Cotton generully doesn't
grow to maturity in these paiches.

Dense infestations of polymeria are established
on over 2500 ha of cotton country. Lighter
Infestations occur on a much greater proportion

[{H4.2]
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of the cotton area. These lighter infestations
should be managed, and should be managed to
prevent them becoming major problems. Speclal
care should be taken to avold spreading this
weed when developing country Infested with
polymeria.

Inter-row cultivation delays polymeria growth, but shoots re-
emerge from underground rhizomes. Inter-row cultivation
doesn’t control the weed in the plant row.

Cultivation

Polymerla has been regularly subjected to
cultivation operations ranging from light inter-
row cultivation In molst fields, through to deep
cultivation under dry conditions. Polymeria is
not controlled by normal cuitivation practices,
but cultlvation in dry conditions may set
polymeria back. Heavy cuitivation in dry
conditions may assist with controlling polymerla.

Cultivatlon in moist conditions can spread
polymeria, as polymetia can establish and grow
from smali pieces of rhizome spread by the
cultivator. Cultivators can Inadvertently carry
polymerla pleces Into new flelds where they may
establish.

Polymeria's tolerance to cultivation Is due to its
deep rooting habit, with rhizomes penetrating
well over a metre Into the soll. Standard
cultivation s at best only trimming surface
growth, allowing plants to re-establish from the
rhizomes below the cultivated zone.

.....
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Herbicides for managing polymeria

A range of herbicldes has been trialied on
polymeria, over a number of seasons with mixed
and often poor results. Many herblcides will
burn-off the above-ground plant material, but the
weed rapldly reinfests from the large mass of
rhizomes present under the polymeria patches,
These rhizomes act as a continuous source of
reinfestation.

No herbicides are registered for controlting
polymeria.

Best resuits have been obtained with
applications of Arsenal, Grazon, Roundup, and
Starane. A range of other herbicides, including
Ally, Atrazine, Basagran, dicamba, Garlon,
Glean, and Staple have been trialled, but do not
satisfactorily control polymeria. Assessment of
the efficacy of 2,4-D Is continuing.

A permit must be obtained from the National
Registration Authority before using a herbicide
to control polymeria In any situation.

imazapyr (eg. Arsenal®)

Arsenal Is a resldual solt sterilant, effective In
controlling most plant specles, Arsenal is both
root and shoot absorbed, acting as both a
contact herbicide and a residual herbicide.
Arsenal is highly persistent, with a half-life of up
to 142 days. It can control weeds for up to three
years when applied at the registered rate. itis
ideal for controlling weeds on roadways, the
outsides of channel banks, and other non-crop
areas.

Arsenal Is weakly adsorbed to soil and can move
many metres from the site of application. it
should never be applied in-crop or In an area
where soil or water movement can carry the
herbicide Into a sensitive (crop) area.

Arsenal Inhiblts acetolactate synthase, a key
enzyme in the plant’s metabolic pathway. This
inhibition rapidly leads to plant death.

Arsenal gave short-term control of polymeria
when applied at 2 L/ha or more (Table 1). Better
control was achieved with higher rates (Table 2).
However, polymeria persisted In areas sprayed
with Arsenal, even when applied at rates as high
as 6 L/ha.

NO HERBICIDES ARE REGISTERED FOR CONTROLLING Pt
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Table 1. Polymeria cortrol in cotton using over-the-10p
applications. The treatments were assessed 63 days afier the
initial treatment on December 20, 1996.

Treatment Application(s) Weed rating’
20 Dec 15 Jan after 63 days
Untreated 100
Roundup CT 241/a 80
Rolirdip CT 2.4L/ha 57
Roundup CT 2.4L/ha 24 Lha 47
Staple: . - +240 g/ha 100
Stapie 120 g/ha 120 g/ha 93
Arsenal 05Lma ™ IV 50
Arsenal 1L/ha 47
Arsenal 2 L/ha 17

Weed rating’ is a percentage rating from 0 (no live
polymeria) to 10 (100% of plof covered in live plants) based
on a visual estimation.

Tuble 2. Polymeria comrol in fallow, sprayed on October 10,
1998, Treatments were assessed afier 97 and 376 days.

reatment Weed rating after
97 days 376 days_

Untreated 100 90
ﬁsena: % thha —— 21 17
sena 2 8 1

Starane 2 Lha 42 64
ggon ;1% gg mL/ha 83 76

on ml/ha “ 56 73
Glean 20 g/ha 48 47
Glganghgha . - MM 94 100
Aly10gha R 71 36
Ally 30 g/ha 70 76
Express 30 g/ha 78 76
Express 90 g/ha 64 54

Arsenal must never be used in a crop area.

Arsenal used to control polymeria on a channel bank.

ILWYMERIA. A PERMIT MUST BE OBTAINED FROM THE

NATIONAL REGISTRATION AUTHORITY BEFORE USING A HERBICIDE TO CONTROL POLYMERIA IN ANY SITUATION

—a guide for integrated management of weeds In cotton
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Glyphosate inhlbits EPSP synthase, which
prevents protein synthesis and kills the plant.
Glyphosate Is effective against most plants, but
the herbicidal effect is quite slow, often taking 2
to 3 weeks. Glyphosate Is far more effective
when applled to rapidly growing plants. Spray
fallures can occur when gliyphosate Is applled fo
stressed plants. This Is particularly true with
nutgrass, where glyphosate applications to
stressed plants are often ineffective.

Glyphosate Is rapldly adserbed and Inactivated
on contact with the soll. Consequently, it has no
residual effect, although its breakdown In the
soll Is comparatively slow, with a half-life of 47
days.

Glyphosate can be effective in controlling
nutgrass. It translocates within the sprayed
nutgrass plant and also to attached tubers and
plants. This translocation means that glyphosate:
can kill the nutgrass plants it is sprayed on, but
can also klll attached tubers and nutgrass plants
in the cotton row that were not sprayed.

Glyphosate applied through a skielded sprayer controlled
nsigrass in the furrow and controlled some nutgrass in the
unsprayed cotion plant-line.

Herbicide efficacy on the
major species

Zoliar is effective agalinst all nutgrass species, as
it Is effective against both tubers and seedlings.
Heavy rates of Zollar are necessary to control
plants growing from tubers, but much lighter
rates of Zoliar should be adequate to control
seedlings, with application timed to occur prior
to expected weed germination. Much shallower
soll incorporation should also be used for
seedling control, as seedlings will not emerge
from more than a few mm depth. Lighter rates,
shallowly applied should give good control of
species that only grow from seed such as dirty
Dora, umbrella sedge and rice flatsedge.

Arsenal is equally effective against all nutgrass
spacles, controlling seedlings and emerging
shoots.

The three major species, nutgrass, Downs
nutgrass and yelka have differing sensitivities to
the contact herbicides. All herbicldes are more
effective on younger rather than older plants
(Tables 8, 9 & 10).

Tuble 8. Herbicide efficacy of the contact herbicides on
mutgrass (C. rotundus) grown in pots. Plamts were sprayed 4
or 8 weaks after first shoot emergence.

Age Herbicide Rate/ha % Kill
4woeks Daconate 14L C <. 0
2i8 L . S L 25
Sempra 709 46
140 g 100
Roundup CTra 1L Tee
2L 100
Sweeks Daconate 14L 0
28L ]
Sempra 704¢ 8
140 g 0
Roundup CTXtra 1L 81
2L 87

Daconate, which suppresses nutgrass, is much
more effective on Downs nutgrass and yelka.

Sempra Is effective on young nutgrass plants,
especially at the higher rate, but Is much less
effective on older plants. Sempra is more
effectlve on downs nutgrass and yelka, but the
same trend occurs with age, being more
effective on younger plants.

Table 9. Herbicide efficacy of the contact herbicides on downs
nuitgrass (C. bifax) grown in pots. Planis were sprayved 4 or 8

weeks afier first shoot emergence.
Herbicide _Rate/ha % Kill
4 weeks Daconate 14L 28 -
28L 500
Sempra 709 67
140 g 75
%3 Roundup. CTXtra 1L 92
2L 100
8 weeks Daconate : 44
! 50
k) fa
25 &



WEEDpok

Glyphosate gave good control of all specles at
both growth stages, althcugh results in the field
are not always so consistent,

Table 10. Herbicide efficacy of the contact herbicides on yelka
(C. victoriensis) grown in pots. P'lants were spraved 4 or 8
weeks after first shoot emergence.

Age Herbicide Rate/ha % Kill
4weeks Daconate 14L 100
281L 75
Sempra 709 69
140 g 100
Roundup CTXtra 1L 87
2L 100
8 weeks Daconate 141L 42
28L 50
Sempra 709 0
140 g 37
Roundup CTXtra 1L 100
2L 87

Factors that affect Zoliar efficacy

Zoliar is best suited to light, acid soils, where it
is very effective at relatively light rates. In
Arizona (USA), for example, Zollar Is very
effective when applled post-cotton emergence at
1.5 kg/ha, but will kill cotton if applied pre-
planting at this rate. Lighter rates should be
used when applying Zollar to light acid soils In
Australla.

- agulde for integrated management of weeds In cotton
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Cotton and nutgrass on a light, acid soil in Arizona severely
affected by 1,5 kg of Zoliar.

Zoliar can behave quite unpredictably in alkaline,
heavy clay solls, and must be applied at higher
rates on these solls to be effective (4 kg/ha in
the first season with lower rates used In
subsequent seasons). In some situations, it
appears that Zollar is some how “bound-up” in
the soll for some weeks after application,
apparently becoming effective only six or so
weeks after application. The length of this time
period Is influenced by soll molsture.

Consequently, It Is recommended that Zollar be
applied to alkaline, heavy clay solis In about
May, prior to a cotton crop. Thorough
Incorporation is essential for best results. This is
most easlly achleved by broadcasting Zollar
before listing. Zollar is then thoroughly
incorporated Into the hiils through listing,
although the Zollar rate In the furrows may be
relatively low.

Good resuits have been achleved by applying
very heavy rates of Zoliar to heavily infested
nutgrass patches in fields, and on head and tall
ditches. These rates could not be safely used on
lighter solls.

Results from an experiment using very heavy
rates of Zollar are shown In Table 11. In this
experiment Zollar was appiled over-the-top of 4-
leaf cotton. Use of these rates Is contrary to the
pesticlde label. To use higher than label rates,
growers must first obtain a use permit from the
NRA (Natlonal Registration Authority).

— ougust2002
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The combination of Zoliar applied pre-planting
and glyphosate applied in-crop gave the most
effective control of nutgrass in this experiment.
The very high rates of Zoliar did cause
significant leaf damage to the cotton (applied
over-the-top of young cotton), but did not
adversely affect crop yleld.

Table 11. Shielded Rovmdup amd heavy rates of Zoliar for
mutgrass control applied over 2 seasons. The initial nutgrass
infestation averaged 456 tubers/m?. Specific permit
permission must be obtained from the NRA before pesticides
can be used outside the label recommencation.

Rate/ha  Tubers  Lint yield
per m?  (kg/ha)
Untreated = = 1218 er
Roundup CT 2.4 1076 1674
Zolar oo 04 434 - - 1BB4
Zoliar 16 133 1791
Roundup ©F «+ Zollar .- 24«4 - 152 . 1600..
Roundup CT + Zollar 24416 36 1759

Factors that influence glyphosate
efficacy

Glyphosate seldom gives 100% control of
nutgrass in the fleld, even under the best
conditions. One reason for this is thata
nutgrass population includes plants at alf stages
of growth, including dormant tubers, shoots that
have not emerged above the soll surface at the
time of spraying, and newly emerging shoots.
The amerged shoots are difficult or Impossible
to spray due to their small size and because they
are often protected from the spray by other plant
material. The problem of spray penetration can
be a major limitation to control of a dense stand
of nutgrass.

[H3.20]

An apparent spray failure with glyphosate may
not be caused by poor herbicide efflcacy, but by
the emergence of new nutgrass shoots from
previously dormant tubers and from plants that
were not sprayed. This is especially true with
early season glyphosate applications, as new
shoots may continue to emerge through to early
summer. These shoots are connected to
previously dormant tubers that were not
previously susceptible to treatment. The
emergence of new shoots after spraying should
not be viewed as a spray fallure but as an
opportunity to treat a new portion of the
nutgrass population, A dense nuigrass
Infestatlon can contaln up to 14 000 tubers/m?,
but will have only about 2200 shoots/m?. This
means that a high proportion of tubers may not
be directly connected to live shoots.

Repeated treatments are the only sure
way of controlling nutgrass with
glyphosate.

Growers shouid always aim to apply at least two
In-crop shielded applications of glyphosate in
cotton. These applications should be timed to
occur after lrrigation in about mid-December and
mid-January, before the canopy closes. Ideally
the second application should occur about four
weeks after new shoots begin to emerge
following the first glyphosate application.

Cotto

CRC
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Nutgrass age
Nutgrass plants are most susceptible to
glyphosate when they are young, and become
progressively more tolerant as they age. Freshly
emerged shoots are much easler to kili than are
mature plants. This Is shown In the data In
Tables 8 and 13. Flowering has little Impact on
glyphosate susceptibility, but flowering plants
are much less susceptible than are younger
plants.

However, except durlng early spring, or after
cultivation or a successful herbicide application,
a nutgrass population includes plants at all
stages of plant maturity. Almost from the
moment the flrst shoot appears In spring,
nutgrass plants produce new tubers that
produce new plants, that produce new tubers,
and so on. These new tubers are Initlated within
days of the first shoot emergence. Viable new
tubers and new plants can be formed within 4 to
6 weeks of the first shoot emerging.
Consequently, at any polnt in the season, a
nutgrass population Includes freshly emerged
shoots, through to mature plants. The
potentlally rapid Increase in a nutgrass
population Is shown In Figure 1, Competition
from cotton can greatly reduce this rate of
reproduction in the cotton row. Vigorously
growing cotton may also shade the furrow and
compete strongly with the nutgrass.

Gaps

New nutgrass tubers
E s B 58 ¢

-

First shoot
emeigence

Aug  Sep Oct MNov Dec Jan
Months

Feh Mch Apr

Figure 1. Nuigrass tubey production in cofion starting from a
single ruber in spring. Nutgrass is intolerant of shading and
produces fewer tibers in the cotton row.

The glyphosate labels generally recommend that
spraying be delayed untll nutgrass plants reach
at least 20% flowering, in about February. This
recommendation is based oh a

- agulde for Integrated management of weeds In cotton

misunderstanding of the need for nutgrass to be
flowerling before herbicide application. This
misunderstanding assumes that older nutgrass
plants are more sensitive to glyphosate and that
nutgrass plants translocate assimilates to their
attached tubers after flowering In autumn.
Neither of these assumptions is correct.

Unlike many other perennial plants, nutgrass
does not predominantly move assimilates
{nutrients) down to its roots and tubers In
autumn prior to plant dormancy. The movement
of assimilates in nutgrass is a continuous
process and is more apparent in younger plants
than older plants. Almost from Initial shoot
emergence, nutgrass produces new tubers and
assimilates are being continucusly moved down
1o the roots and tubers, to provide for the
production of these new roots and tubers.
Consequently, glyphosate translocation to
attached tubers occurs equally well at all stages
of the season, although glyphosate is more
effective In killing young plants and tubers than
older plants.

Ideally, glyphosate should be applied to
nutgrass within 4 to 6 weeks of first shoot
emergence. This timing gives the best kill of
plants and attached tubers, and ensures that
plants are controlled before they reproduce,
provided that plants are not stressed at
spraying. Stressed plants are far less
susceptible to glyphosate, and are unlikely to be
killed by an application,

Stressed plants

Nutgrass is capable of very rapld growth, but is
very easlly stressed by factors such as low
temperatures, low soll molsture, cultivation and
other herblcides. Like most weeds, nutgrass is
far more susceptible to glyphosate when the
weed Is rapidly growing. Even very high rates of
glyphosate are likely to be ineffective in
controlling nutgrass when it is stressed.

Moisture stressed plants are best controlled by
cultivation. Where this is not possibie or not
practical, spraying should be delayed until after
plants have resumed normal growth.

— august2002
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Low temperatures

While early spring may seem to be an ideal time
to apply giyphosate to nutgrass, there have
been many spray failures at this time caused by
the nutgrass being stressed by low
temperatures.

Glyphosate applications can be very effective In
warm to hot conditions In October and
November, but are likely to be Ineffective when
temperatures drop too soon after application.
For effective control, hot conditions must
continue for at least a week after spraying. A
drop in temperature, or cool nights, may result
In a spray fallure.

Similarly, cool conditions In autumn are likely to
result in spray fallures.

Rellable control of nutgrass can generally be
achieved from mid-November onwards, although
this date will be eatrller in the northern reglons
and can be much later In the cooler areas.
Nevertheless, spraylng earlier in the season can
be very effective when conditions are
favourable.

Low soill moisture

Nutgrass has a shallow, fibrous root system that
makes it very prone to molsture stress In the
cotion system. Experience has shown that
nutgrass Is most susceptible to glyphosate
when the weed Is rapidly growing, Immediately
after Irrigation or ralnfall. ideally, glyphosate
should be applied to the nutgrass as soon as
possible after irrlgation or rainfall.

The exception to this |s that glyphosate can be
very effective when applied to molsture stressed
nutgrass, provided that raln or irrigation occurs
within hours of the application. Applying
glyphosate to nutgrass Immediately before
irrlgation can be a practical way to overcome the
diffleuity of wet tall ditches etc.

Cultivation

One of the practical difficuities of controiling
nutgrass with glyphosate can be the need to
delay Inter-row cultlvation to allow nutgrass to
grow sufficlently to be sprayed.

Nutgrass should be allowed to grow for at least
four weeks between cultivation and spraying.
Cuitivation should then be delayed for at [east
one week after spraylng and two weeks If
possibie. Guitivating within a week of spraylng
can reduce spray efflcacy, as shown in Table 12.

(H3.22]

Table 12. Reduction in Roumdup C1 efficacy from simulated,
post-spraving cultivation. Nutgrass plants were spraved 6
weeks afier first shoot emergence of plants growing in pots.

Herbicide Post-spraying % Kill Leaves per
rate (L/ha) cultivation plant
- - 0 125
2.4 - 75 0.3
2.4 2 days 25 7
2.4 4 days 50 3
2.4 8 days 25 14

Glyphosate rate

Most glyphosate labels recommend a split
applicaticn of herblcide at 1 L active per ha per
application. This rate has generally been
adequate to control nutgrass in most situations,
with the second application greatly improving
the final result.

A range of other glyphosate rates has been
used on nutgrass over the years with varying
success. Half the recommended rate has been
adequate to control hutgrass under ideal
conditlons, as shown in Tables 13 and 16, but
has often lead to spray fallures (also shown in
Table 13). A higher rate (such as 2 L active/ha)
will glve better controf In some situations, but Is
not generally needed and may not be cost-
effective. Increasing the rate beyond 1 L active/
ha will not generally overcome limitatlons such
as the plant being stressed by cool temperatures
or lack of soll moisture, but will greatly increase
the risk of damage to the crop when applled as
an inter-crop spray.

Water quality

One of the desirable characteristics of
glyphosate Is Its abllity to be rapldly adsorbed to
soll particles and Inactivated. This makes
glyphosate ideal as a knockdown herbicide pricr
to planting or even between planting and crop
emergence. Glyphosate can also be Inactivated
by metals and lons in the spray solution, and Is
very sensitive to zinc, which is present on
galvanized surfaces.

These qualities make glyphosate very sensitive
to water quality. Glyphosate efficacy can be
reduced by dirty water, by hard water, by
alkaline water and by metal lons. To avold
problems with water quality, It is Important to

use the best quality water available and to
ensure that glyphosate remains In the spray tank
for as short a time as possible.

Under most circumstances, however, water
quality should not be a major factor reducing the
efficacy of glyphosate on nutgrass, provided the
spray mixture is not allowed to sit for an
extended period.
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Tuble 13. Herbicide efficacy of two rates of Roundup CTon
mutgrass applied 3 or 6 weeks afier first shovt emergence of
plants grown in pots. 1he herbicide was applied in 100 L
water/ha with 0.4% Turbo I (non-ionic surfacian) added.
The spray mixvvas allowed to sit for 24 hours before
spraying. Water quality is shown in lable i4.

3 weeks 121 Distilled 82
BoreA - . 98

BoreB 76
River 100

Channel 58

24L Distilied 88

Bore A o9

Bore B 77

River 94
Channel 100

6 weeks 12L Distiled. - #5593

BoreB

Rver 1

Channel -~ . 0

4

241 Distilled 78

Bore A 42

BoreB 93

River 1]

Channel 81

Table 14. Water quality of the sources usedin fable 13. The
chanriel water was allowed 1o sitinstorage for an extended
period before use,

m -*:_ﬂ.n
Bore A 6.62 0.36 164 15
Bore B 8.18 0.57 157 48
River 9.48 2.59 98 370
Channal 821 . 018 677 25

A comparison of glyphosate efficacy using a
range of water sources where the mixture was
aliowed to sit for 24 hours (Table 13) showed
that poor water quality could have a large effect
on herbicide efficacy, but that the effects were
not consistent. Results from a second
experiment where the spray was used 3 hours
after mixing showed no reduction in efficacy due
to water quality.

In both experiments, herbiclde rate and nutgrass
age had as much impact on herbicide efficacy as
did water quality.
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Water rate

Most glyphosate labels recommend a maximum
water rate at or below 100 L/ha. Common farm
use is in the range of 40 to 60 L/ha, well below
the maximum recommended rate.

Lower water rates Improve spraying efficiency by
increasing the area that can be covered by each
tank load, but may also reduce the coverage of
droplets on the target plant. Coverage and spray
penetration Into the plant canopy can be
improved by using higher nozzle pressure, but
this leads to the production of more small spray
droplets and more spray drlit. Higher water
volumes and lower nozzle pressures are
desirable when using an in-crop shielded
application of glyphosate to reduce spray drift
and thereby reduce damage to the crop.

Additives

A large range of wetters, surfactants and other
additives Is available for use with glyphosate and
other herbicides. These additives can Improve
herbiclde efficacy in some situations, but
generally are not required with glyphosate.
Some additives may have an Inconsistent or
negative affect in some situations, as shown in
Table 15.

The addition of Prep® (ethephon) to glyphosate
for example, may improve control in some
sltuations, but Prep is antagonistic to
glyphosate, causing the chemicals to come out
of solutlon and may reduce glyphosate efficacy.

Table 15. The effect of some spray additives on glyphosate
efficacy on nuigrass, spraved 8 weeks after first shoot
emergence.

Treatment % Kill Leaves per plant
1 Untreated i 234
2 Roundup 3 L ] 231
3 Roundup 3 L + 3% Agral 600 100 0
4 Roundup 3 L + Herbex 3 L 75 1
5 Roundup3L +Prep03L _ 0 50

Both percentage klil and leaves per plant data
are shown in this and some other tables. Leaves
per plant gives an Indlcation of the suppression
of plants that survived the treatment. A
comparison of treatments 1 and 2, in Tabie 15
shows that the Roundup application {without
additive) not only failed to kill the nutgrass, It
falled to even suppress the weed. Treatment 5
(Roundup + Prep) also failed to kill the
nutgrass, but did suppress the weed, causing a
79% reduction in leaf number.

— ougust2002
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Additives are often used to cvercome poor
application conditions, poor water quality, or
antagonism from other tank-mixed herbicides.
Generally, these additlons do not fully overcome
the problems. No additive will make stressed
nutgrass plants receptive to glyphosate.

However, experience In the field has shown that
the addition of a non-lonic surfactant at 0.2% will
often improve glyphosate efficacy, as shown with
Agral 600 In Table 15. Data In Table 16 shows an
improvement when using a non-ionic surfactant
with low glyphosate rates, but no Improvement

when using the recommended rate of glyphosate.

Table 16. Nutgrass leaf production and % kill from three
rates of Rowundup C1with 4 rates of added non-ionic
surfactant (lurbo-1).

Roundup Surfactant % Kilt Leaves per
CT rate rate (%) plant
- 7 0 110
0.6 - 0 133
0.2 25 80
0.5 25 43
1.0 25 75
12 - 25 61
0.2 100 0
0.5 100 0
1.0 100 0
2.4 - 100 0
0.2 100 0
0.5 100 0
1.0 100 0

Additives should not be used with over-the-top
glyphosate applications to Roundup Ready®
cotton, except as directed on the product label.
The use of other additlves could affect the
activity of glyphosate and cause damage to the
Roundup Ready cotton.

Tank-mixing

Glyphosate can be tank-mixed with a range of
other herbicldes. However, tank-mixing with
some of the more commonly used cotton
herbicldes Is likely to reduce glyphosate efficacy
to some extent, as many of these herbicldes
contaln some clay that will inactivate the
glyphosate. The amount of reduction of
glyphosate efficacy will depend on water volume
and quatity, the amount of clay in the tank-mixed
herbicide, and the length of time the mixture
stands In the spray tank.

Tank mixing with clay-based products should be
avoided if possible. Ammonium suifate should
be added when tank-mixing with a clay-based
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product is necessary and higher glyphosate
rates should be considered. Always ensure that
these mixtures remain in the spray-tank for as
short a time as possible,

Re-spraying interval

Glyphosate Is frequently used to control other
weeds at a lighter rate than the 1 L active/ha used
for nutgrass. Ideally, nutgrass patches should be
sprayed with a heavier rate at the same time by
using a boom spray fitted with a second boom
line with larger nozzles or by siowing the tractor
to Increase spray rate. The additional boom line Is
likely to give the better result of these two options
as it is far easier for the operator to switch on or
off an additional boom than to be constantly
changing tractor speed.

Tuble 17. Liffect of timing of a 1.4 L/ha (0.63 L active'ha)
application of Roumdup CT after a | L'ha (0.45 L active)
application on migrass 3 or 6 weeks of age.

Nutgrass Initial Time to % Kill Leaves

age spray  re-spraying per
rate with1.4 L plant

3 weeks - - 0 108
1L - 50 49

atspraying 100 0
1 week after 75 7
2 weeks after 100 0
3 weeks after 75 1

4 weeks after 25 71
6 weeks - . 0 166

1L - 0 32

atspraying 25 1
1 week after 25 ¢ B2

2 weeks after 50 1

3 weeks after 0 4
4 weeks after Y 24

However, If the two applications can’t occur on the
same day, the second application should be
delayed for around two weeks, as shown In Table
17.

Herbicide efficacy is reduced when the two sprays
are too close together due to the stress on the
plant caused by the first spray. Glyphosate applied
to a plant with the second spray [s uniikely o be
readlly translocated or to be very effective, as the
plant is already stressed and damaged by the first
spray. However, if the sprays are too far apart, the
aftect of the first spray Is lost.

For best control, nutgrass should be resprayed
approximately four weeks after green shoots
emerge.
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,,I-/lerbiclde combinations

The best control of nutgrass has heen achleved
using multiple applications of glyphosate ona
field that previously received Zoliar. However,
this can be a very expensive optlon, as unless
the nutgrass patches are well defined, the Zoilar
must be applied to most or all of the field. GPS
mapping of the nutgrass patches may be used
to greatly reduce this cost.

An alternative strategy for lighter Infestations ot
nutgrass that has been successfully used by
some growers Is to apply a tank mix of Zoliar
and Sempra as a spot application in December,
with a follow-up application of glyphosate in
January. Both applications must be made
through a shielded sprayer. The combination of
Zoliar and Sempra is very expenslve on a per
hectare basis, but the applications can he very
cost-effective when appiied through a weed-
activated sprayer so that the herbiclde is only
applied to the weed infestation.

Spraying equipment

In-crop applications of glyphosate must be
applied so as to avoid contact with the crop
follage. The only exceptlon to this is Roundup
Ready cotton, which can be sprayed over-the-
top with Roundup up to the fourth true leaf, In
compliance with the product label.

Glyphosate can be applied in-crop as a directed
spray or through a shielded sprayer. A range of
equipment is avallable, at a range of prices,
ranging from baslc rubber or steei shields
against the crop, to completely enclosed
sprayers. The primary differences between these
extremes of design s thelr ablilty to be safely
operated in windy conditions, thelr abllity to he
adjusted to meet a range of requiremenis and
crop size, and thelr abllity to be used In a range
of crop sizes without causing excessive physical
damage to the crop.

It Is essential when using any spray equipment
to ensure that the equipment is properly set up
and is used only under appropriate conditions.
Generally, the more open the equipment design
Is, the more sensitive it is to windy conditlons.
Any alr movement Into the shleld area will cause
alr movement back out of the shield area. This
air is likely to carry fine spray droplets that may
then be deposited onto the crop. Shields that
have open fronts and tops are most prone to
thls movement, but some alr movement is
inevitable in even the best designed shields.

Nevertheless, even an open shield design can
be used safely in the crop provided that it is
used at low tractor speeds and low wind
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conditions, and with correctly set up and
operated spray nozzles. Fine mesh such as
shade cloth can be used to enclose the shields,
greatly reducing air movement within the shield

area and reducing the risk of crop damage from
spray drift.

A range of nozzle designs is avallable, including
low drift nozzles. Low nozzle pressure
(pressures towards the bottom end of the
recommended range for the nozzle) and high
water volumes (allowing the use of larger
nozzles) will also help reduce the production of
fine spray droplets.

Once a shielded sprayer has been set up, itis
Important that it is regularly checked to ensure
that nozzles are operating correctly, and that the
operator Is aware of the operating conditions.
Operating a sprayer In windy conditions will
inevitably lead to crop damage.

Crop competition

Although nutgrass can compete very strongly
with cotton, nutgrass does not itself tolerate
strong competition. Nutgrass has a fibrous,
relatively shallow root systemn. This enables it to
compete strongly early in the cotton season and
to respond quickly after rain and irrigation, but it
does not compete well with Irrigated cotton later
in the cotton season when soll molsture in the
surface soil layers is limiting.

A section of a cotton crop severely infested with muigrass. No
harvestable cotion was present in this portion of the field.

——august 2002
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Nutgrass Is also relatively Intolerant of shading
and has a greatly reduced growth rate when
shaded by a taller crop.

One of the keys to growing cotton and other
crops in a field that is Infested with nutgrass is
to ensure that the crop establishes as quickly as
posslble and is able to shade-out the nutgrass.
There are a number of management practices
that can influence crop competitiveness,
including:

* stubble management

¢ soil conditions

+ crop species and varlety selection
¢ sowing date, rate and depth

» seed dressings

« fertilizer type, rate and placement

* irrigation management (pre- and post
planting)

* herbicldes - residuals and knock-down pre-
emergence and post-planting

 cultivations
¢ weed control {of nutgrass and other weeds)

These practices should be optimised to
maximise crop competitiveness. The resuit of not
optimising these factors can be that the crop
does not establish vigorously on nutgrass
infested areas and competes poorly, aliowing the
nutgrass to establish and spread. This worst-
case scenarlo can result in a crop fallure with no
harvestable crop.

One of the mast commoen problems with
establishing rotation crops is inadequate soit
molsture and nutrition In the nutgrass infested
areas. The main part of a field may have good
moisture and nutrition following a cotton crop,
but both these inputs are likely to be lacking on
nutgrass Infested areas, as the weed has already
used these resources during the cotton season.
Consequently, crop establishment is
comparatively poor on the nutgrass Infested
areas. Irrigation at planting and Inclusion ofa
starter fertilizer with the crop can make a large
difference to the crop’s competitiveness and its
impact on nutgrass.

Developing an IWM program for
nutgrass

Nutgrass is a perennial weed that will not be
controlled with any single treatment. Successful
nutgrass management !s built on using as many
management tools as possible, at every avallable
opportunity, over a number of years.

No one management program Is suiiable for
every field and every season. The management
tools can be successfully used in & variety of
ways, depending cn the extent of the problem
and avallable resources.

The type of nutgrass program required for any
individual field will depend on the extent of the
problem and the management resources
available.

Results from field experiments conducted over a
number of seasons and a number of sltes are
shown in Tables 18 to 21. These results aliow
comparison of some treatments and treatment
combinations.

Of the contact herbicides, mulitiple glyphosate
applications have given the most reliable
nutgrass control over a number of sites and
seasons. However, glyphosate is only effective
on actively growlng nutgrass. The combination
of glyphosate (applied on actively growing
nutgrass) and cultlvation (on molsture stressed
nutgrass) can be used very effectively (Table
18).

The best results in cofton were achleved using a
comblination of Roundup and Zollar (Table 19},
with Zoliar incorporated pre-planting and two In-
crop shielded applications of Roundup applied
each season. This treatment (Treatment 8)
resulted in an 88% decrease In the nutgrass
population over two seasons, compared to a 5-
fold increase In the nutgrass popuiation where
no treatment was Imposed (Treatment 1).

The Roundup and Zollar combination also
resulted In the best cotton yield, 117% (3 bales/
ha) higher than the untreated comparlson
(Treatment 1). This yield increase of 3 bales
would have more than payed for the cost of
treating the nutgrass. In addition, use of this
treatment would result in a field starting the next
season with a iower denslty of nutgrass than
was initially present, potentlally resulting in even
better yields than were recorded over these two

seasons.




Umbrella sedge is an introduced weed that invades wet areas and spreads rapidly from seed.

[H3.10]




Rice flatsedge is a native species that invades wet areas.
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Understanding nutgrass
(€. rofundus)ng 9

Nutgrass produces and survives from vegetative
tubers in the soll, These tubers are up to 10 mm
in diameter and up to 20 mm In length. Tubers
are formed at the end of underground rhizomes
that develop from each vegetative plant. A new
plant develops from each tuber. Tubers appear
to be formed In chains, but each tuber gives rise
to a vegetative plant, which gives rise to new
tubers, and so on.

These tubers can become dormant In winter or
during dry conditions and can survive for years
in the soll, extracting molsture through thelr
roots. However, they are vegetative plant
structures and cannot survive without water.
Tubers are rapldly killed if they are exposed to
very dry soll or are exposed at the soll surface
after thelr roots are cut. Tubers without roots
Into moist soll die within a few hours when
exposed at the soil surface In the middle of
summer. v

Tubers can be found throughout the soil profile,
but are most common in the 0-10 cm soll layer.
The resuits from 120 scll cores are shown in
Table 3. Cores were from heavily Infested fields
in the Moree and Wee Waa areas. No tubers
were detected below 40 cm, although a small
nurmber of tubers have been found atupto 1m
depth. These tubers probably fell down cracks
in the soll and are of no Importance, except
when they become exposed by deep cultivation,
erosion, earth works, or after levelling.

Table 3. Distribution of mutgrass fubers down the soil profile
(0 to 100 cm). Percentage found in each soil layer.

Soil depth (cm)
0-10 10-20 20-30 30 - 40
Field 1 66 25 7 1
Field 2 50 38 10 2
Fleld3" . ..42.. 42 14 3
Averge 58 3% 1 2

Emergence from tubers placed at depthina
sandy soll and a black soll are shown in Table 4.
Nutgrass shoots emerged readily from tubers
down to 20 cm in depth, with some emergence
from 40 c¢m In the sandy soll. Emergence was
slower from the lower depths and was much
slower in the black soll. The results from the
sandy soll show that shoots couid emerge from
at least 40 cm In a black soll, where shoots
emerge-through-eracks in the soll. Poor
emergence was observed from tubers placed on
the soll surface, which were probably killed by
desicceatlon.

[H3:12)

Table 4. Percentage emergence and days to emergence from
tubers placed at depth in sandy and black soils in pois.

Depth Sandy soil Black soil
(cm) Emergence Days Emergence Days
0 43 13 0
2.5 100 9 100 7
5 100 9 75 18
1.5 100 12
10 100 12 100 4
12.5 100 1
15 100 14 100 54
20 100 18 75 51
25 0
30 0 0
40 25 38 0
50 0

Post-emergence observations indicated thatthe
depth of the tuber did not affect subsequent
plant growth.

Biological control of nutgrass

A range of organisms attack nutgrass, including
rust, head smut, scale insects and a caterplilar
that bores down threugh the stem (Bactra
trunculenta). Feral pigs and other animals will
also dig for and eat nutgrass tubers. These
organisms normally have little impact on
nutgrass Infestations, attacking only a smalil
proportion of plants, but can be found In large
numbers In heavy nutgrass Infestations.

The possibility of biological control of nutgrass
has been examined in a number of countries,
but has not been effective in significantly
reducing weed numbers.

Leaf rust on nutgrass (top left), and downs nuigrass (bottorn
leaf) and stem rust on yelka plants {right).
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Nutgrass affected by smut. This is of little importance,
however, as nutgrass spreads primarily by tubers not from
seeds.

Nutgrass tubers and shoots parasitised by a scale insect
(white spheres).

Treatment options

Nutgrass can only be managed using a long-
term, integrated weed management (IWM)
approach. There are a number of tools that help
control nuigrass, and practices that enhance
control. These tools need to be used in
combination. There are also a number of
practices that should be avolded whenever
possible.

One of the key components of an effective IWM
strategy for nutgrass Is to develop a ‘whole-farm’
approach. It is essential that nutgrass
infestations are managed not just In-field, but
also on roadways, channels, storages, non-
cotton flelds and waste areas. Strict field
hyglene protocols are needed, especlally where
large areas of nutgrass are present in non-
cotton areas and it Is not practical to control the
nutgrass on these areas. Nutgrass rarely
establishes from seed. Most infestations are
caused by tubers belng spread from field to fleld
and tarm to farm by machinery. It Is common to
see nutgrass plants initially establish at the end
of a fleld, where they have fallen from cultivators
that were previously operating In infested fields.
Subsequent cultlvation passes spread the

- a guide for integrated management of weeds I cotton
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Infestatlons throughout the flelds.

More Information on IWM Is covered in the
Integrated Weed Management (IWM)
Gulidelines for Australian Cotton
Production in WEEDpak.

IWM tools for nutgrass control
Nutgrass can be controlled using:

¢ cultivation,

* resldual herblcides,

¢ contact herblcldes, and

* crop competition.

Cultivation

Mechanical cultivation can be very effective in
controlling nutgrass, but It Is also the most
common means of spreading nutgrass. All too
often nutgrass tubers and plants are lifted by a
cultivator only to be transplanted further down
the field.

Cuitivation Is effective in controlling nutgrass
when It severs all the roots from the tubers,
provided that the soil Is sufficlently dry to kill the
tubers. If the soil is not dry, nutgrass plants will
rapldiy re-establish after cultivation, and may be
spread by the cultivator to new parts of the field
or to new flelds.

Inter-row cultlvation is usually Ineffective in
controliing nutgrass In cotton, as cultivation <
generally oceurs at relatively high soil molsture
content to avoid excessively damaging the
cotton, and Is not deep enough to fully sever the
roots of nutgrass plants and tubers.

Inter-row cultivation can be useful for suppressing very
heavy nutgrass infestations, but has the major limitation that
it can't control nutgrass i the cotton plant line,

Inter-row cultivation in fightly infested fields will
often spread nutgrass and exacerbate the
problem. Cultivation of lightly infested flelds

— ougust2002
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should be avoided where possible, or the
cultivator should be lifted over nutgrass patches
or cleaned down after passing through nutgrass
patches. A small amount of time spent In
cleaning down cultivation machinery can save
large costs in time and money required to
contral the weed in the future.

Multiple Inter-row cultivation passes can be used
to suppress nutgrass In heavily infested fields,
where the spread cof tubers Is of no importance.
Multiple cultivation passes will help the cotton to
establish and produce a crop. There will,
however, be no lasting reduction In the nutgrass
population, which will need to be controlled by
another means at a later date.

A trailing ripper set up for heavy cultivation of mutgrass after
picking. Note the steel cable across the rippers (top photo)
designed to cuf the nutgrass roots during ripping.

Heavy cultivation (cuitivation to at least 30 cm) Is
most effective In controlling nutgrass when the
soil Is completely dry following a cotton or
rotation crop. A crop such as lucerne is |deal for
completely drying out the sofl In the nutgrass
root zone. Cultivation should be timed to occur
in mid-summer when no rain Is forecast and the
lucerne crop has dried the soll as much as
possible. Heavy cultivation in these conditions
can almost completely eliminate a nutgrass

infestation from a fie{d. The main limitation to
control is the cost of the operation and the
practical depth of cuitivation,

Cultivation that disturbs the hills prier to planting
can also be useful, as It appears to delay
nutgrass emergence.

Residual herbicides
Norflurazon (Zollar®, Group F)'

Zollar Is the only residual herbicide currently
registered for controlling nutgrass (Cyperus sp.)
in cotton. it is highly persistent, with a half-life of
up to 180 days?®. Zollar requires thorough soil
Incorporation and needs to be used over at least
3 consecutive seasons.

Nustgrass affected by Zoliar, as indicated by the white leaves.
Most plants have been severely affected by Zoliar, and some
plants in the background have been killed by the herbicide.

Zollar is registered for application at 2.8 to 4.2
kg/ha, depending on soll type and whether
Zollar was appiled In the previous season. Zollar
should be applied at the higher rate In the first
season (depending on soll type), but the rate
can be reduced In following years. Ideally, It is
applied to nutgrass patches in autumn prior to a
cotton crop planted In spring. Lower rates
should be used if application occurs closer to
planting.

Zoliar is readily adsorbed to clay and organic
matter in the scll and Is relatively immobille. its
efflcacy Is affected by soll pH and clay content.
High rates are required on heavy, alkaline clay
solls, but much lighter rates should be used on
sandy and acid solis.

1 Herbicides are grouped according to mode of action and the risk of weeds developing resistance to the herbicide. Always iry to
avoid using repeated applications of herbicides belonging to the same herbicide group.

More information on herbicide groups is covered in Managing Herbicide Resistance in Cotton in WEEDpak

2 lechnical information for all productswas compiled from label information and from information from the Herbicide Handbook
(1994) Seventh kdition. kd. William H. Ahrens, Weed Science Societv of America, Champaign, 1llinois, USA.
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,iollar's activity is triggered by a rainfall or
irrigation event. It Is readily absorbed through
plant roots when the soif is wet {near or above
field capacity), but Is not absorbed from a dry
soll.

Zoliar acts on the plant’s photosynthetic
pathways and destroys chlorophyll and liplds in
the cell membranes, and cell proteins. This has
the effect of turning affected leaves white. The
affected leaves and plants die ifthis effect lasts
sufficlently long.

It is common under Australian conditions for
Zoliar to become [ess active again within a few
days of the triggering rainfall or Irrigation event.
When this happens, the plant recovers from the
herblcidal effect and resumes growing. Sections
of white along the length of a leaf can indlcate
Zoliar activity has occurred In the past. Some
suppression of nutgrass does continue at lower
soil molsture levels.

This grass plant has been affected by Zoliar, but will
probably recover as some leaves are still photosynthesising.

Zoliar has the primary advantage that It needs to
be applied only once for the season and is most
effective during wetter conditions, when the
nutgrass would otherwise be most actlvely
growing, and other control measures are difficult
or iImpossibie to Implement. Zoliar also has the
advantage of being equally effective across both
hills and furrows.

- agulde for Integrated management of weeds in cotton
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The wheat in this patch was killed by Zoliar that was
applied in an earlier season.

In addition to controlling nutgrass, Zollar
controls & broad range of grass and broadleaf
weeds. Zollar is relatively expensive, but the cost
can be parily ofiset by substituting Zollar for
some of the other resldual herbicldes that would
normally be used. For example, the grass
herbicldes such as trifiuraiin and pendimethalin
should not be required in a field treated with
Zoliar.

Unfortunately, Zoliar is also active against a
range of other crop plants. The plant-back
period to cereal crops is 30 months after a single
herblcide application; a longer plant-back perlod
Is required following multiple applications. Zollar
Is best sulted to heavily infested fields because
of Its cost and the limitations with rotation crops.

Imazapyr (eg. Arsenal®, Group B)

Arsenal Is registered for controlling nutgrass
(Cyperus spp.) In non-crop situations. It Inhibits
acetolactate synthase, a key enzyme In the
plant’s metabolic pathway. This Inhibition rapidly
leads to plant death. Arsenal is a resldual soll
sterilant, effective in controlling most plant
species. It is both root and shoot absorhed, and
can act as a contact herbicide as well as a
resldual herbicide.

Arsenal will kill cotton and rotation crops for years after
application. it should never be applied in-crop or in an area
where soil or water movement could carry the herbicide into
a sensitive area

august 2002
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Arsenal is highly persistert, with a half-life of up to 142
days. It can control weeds for up to 3 years when
applied at the registered rate. It Is ideal for controliing

nutgrass patches on roadways, the outsides of
channel banks, and other non-crop areas.

When applylng Arsenal to a nutgrass patch, it Is
good practice to apply the herbicide to an area 1
or 2 metres larger than the obviously infested area.
This ensures that all nutgrass plants are controlled
by the application. All too often the Arsenal
controls the nutgrass In the sprayed patch, but
treatment falls because a few plants remain outslde
the sprayed area and the Infestation re-develops
from these plants.

Arsenal Is weakly adsorbed to soll and can move
many metres from the site of application, it should
never be applied in-crop or in an area where sofl
or water movement can cary the herblclde into a
sensitive area, such as In the rotobuck area, or on
the Inside of ditches and channels.

[H3.16]

Contact herbicides

MSMA (eg. Daconate®,Group K)

Daconate can be a useful tool for nutgrass
management, as it can be applied over-the-top of
cotton, or as a directed spray. It is normally
applied to small cotton In spring, although It can
be applied up until flowering. Daconate can not
applied after the crop commences flowering.

Daconate Is readily absorbed Into nutgrass
foliage and rapidly affects plants. It does not
necessarily kill nutgrass plants but will suppress
nutgrass growth, allowing the cotton to
establish and shade the weed. Daconate is also
effective in controlling a range of other weeds.

Daconate Is an arsenical compound (contains
arsenic). it has little soll activity but has a halt-life
of about 180 days In soll. Arsenlc bulid up in the
soil is not a problem when [t Is used In
accordance with the label directions.

Tuble 3. Yield reduction in cotton sprayed over-the-fop with
Dacomate® in November and December:

LataNovertiber - 7 . 2

Early December 13

Late Décermbier. . g
Daconate Is not completely safe to cotton. It can
burn cotton leaves and delay cotton growth. To
reduce thls crop damage, Daconate should be
applied as a directed spray to young cotton
where possibie, rather than an overthe-top
application. Daconate should be directed to
avold the growing terminal of the cotton plants.

Damage to older cotton can be more serlous as
shown in Table 5. Nevertheless, In a fleid heavlly
infested with nutgrass, Daconate when properly
applied, does far more damage to the nutgrass
than it does to the cotton, with the end result that
a Daconate application helps the establishing
cotton and uttimately Improves cotton yields

Daconate should be applied during hot
conditions, as the efficacy Is temperature related.
That Is, Daconate Is more effective under hotter
rather than cooler conditlons. Daconate is also
more damaging to cotton as temperatures
increase. Growers should consider using iower
rates when spraying Daconate over-the-top of
cotton under very hot conditions, especially later
inthe season. Label recommendations suggest
that Daconate should be applled under hot, dry
conditions, at temperatures above 25°C. This
temperature, requirernent means that Daconate
should not he applied under cool, cloudy
conditions, as it Is unlikely to be effective under
these conditions.
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Temperature varlation within a day, however,
does not have much effect on the efficacy of
Daconate as shown In Table 6. Daconate is
absorbed into the plant and has its herbicidal
effect over time, so that efficacy Is more affected
by the temperature over a number of hours
following spraying, rather than the actual
temperature at the time of spraying.

Tuble 6. Yield reduction on cotton sprayed over-the-top with
Daconate® at different temperatures and times on the same

days.
Time

6 am 10 am 3 pm
15 Degember:
Températire-(¢C) 14 22 26.5
Yield reduction (%) 20 22 26
22 December
Temperature (°C) 19.9 26 35
Yietd reduction (%) 24 22 19
Halosulfuron-met
(Sempra®, Group B

Sempra is registered for controlling nutgrass in
cotton, but must be applled through a shielded
sprayer, to avold herbicide contact to the cotton.
Sempra inhibits acetolactate synthase, a key
enzyme in the plant’s metabolic pathway. This
inhibition stops plant growth and plant death
occurs 14 to 21 days after application.

Sempra does not persist for long in the soil, with
a hali-life of up to 34 days. However, most
rotation crops are very sensitlve to Sempra and
the recommended plant-back period to rotation
crops is 24 months.

Sempra has the advantage that it kills nutgrass
plants reasonably quickly and can be very
effective early in the cotton season. However,
Sempra does not tend to translocate through
the nutgrass rhizomes. Consequently, Sempra
does not give good control of tubers attached to
sprayed plants and gives littie control of
unsprayed nutgrass in the plant-line when It is
applied through a shielded sprayer, as shown In
Table 7.

—agulde for Integrated management of weeds In cotton
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Sempra* applied through a shielded sprayer (foreground
plot) controlled nutgrass in the furrow (sprayed area), but
gave little control of the unsprayed plant-line.

Tuble 7. Reduction in leaf mumber and tuber mumber of
sprayed ond unsprayed nutgrass plemts attached to sprayed
plants. Planis were grown in divided pois and sprayed 4 or 10
weeks after first shoot emergence. They had on awerage 59
and 153 leaves at spraying, respectively,

Sempra rate Nutgrass

(g/ha} age
Reduction in leaf number (%)

Sprayed Unsprayed

70g 4 weeks 12 k)
10 weeks 1] - P
140 g 4weeks 56 |
10 weeks 56 4
Reduction in number of viable tubers (%)
7ig 4 weeks 58 it
10 weeks 39 i}
140 ¢ 4 waeks g2 0
10 weeks 79 23
Glyphosate

(various trade names, Group M)

Giyphosate is registered for controlling nutgrass
in cotton. In conventional cotton, glyphosate
must be applied through a shlelded sprayer, with
the spray nozzles positioned so as to avoid any
spray contacting the cotton follage. Glyphosate
can be applied pre-cotton emergence, in-crop as
a shielded spray, at defoilation, or after picking.
Roundup Ready Herblcide® can be applied over-
the-top of Roundup Ready® cotton up to the 4
true cotton leaf, but must not be applied to the
foliage of older Roundup Ready plants.
Glyphosate cannot be applied to Roundup
Ready cotton at defoliation. For more
Information, refer to Managing Roundup
Ready® Cotton and SPRAYpak/ Spray
Application In WEEDpak.

— ougust2002
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MANAGING COWVINE IN
COTTON

Graham Charles

{NSW Agriculture)

Py pavs The morning glory family
The morning glory family H2.1 Cowvine (Ipomoea lonchophylla), also known as
THe cowvine.plant H2.1 peachvine, is a member of the Convolvulaceae

: family. It s a natlve Australian plant, closely
Strategies for managing cowvine H2.2 related to sweet potato (Jpomoea batatas). Other
Herbicides for controlling cowvine H2.2 morning glories that are problems in cotton
Realdual harbieldas far aowvine include belivine (l[pomoea plebsia) and common
control in cotton H2.4 merning glory (lpomoea purpurea).

Post-emergence control of cowvine in cotton H2.4 The cowvine th

Controlling cowvine with
,,;’,,m,df,'a, herbicides H2.5 Cowvine Is a common weed throughout the

cotton industry, although It tends to be a far
bigger problem in some areas than others.

Managing cowvine in the farming system H2.7
Summary H2.8

Cowvine Is an annual weed that grows over the
warmer months. Seedlings emerge all year
round following rain, but are killed by frosts, A
fiush of cowvine seedlings normally occurs aiter
every rainfall and Irrigaticn event, even In mid-
winter.

Cowvine seedlings have unusual, very strongly
lobed, “V” shaped cotyledon ieaves. The plant ls
easily identifled from the cotyledon shape at this
stage. Seedlings grow rapidly after emergence
during warm weather, and develop long, twining
branches. Large plants may be 3or4 min
diameter. Flowering can start early in plant
growth, when plants have only 2 or 3 true
leaves. Under hot conditlons, fiowering can
commence within a week of seedling emergence.
Flowers continue to be produced throughout
the plant's life. Three or four seeds are
produced In each seed capsuie. Observations
on small and larger plants found 206 seeds on a
cowvine plant 0.2 min dlameter, and 791 seeds
on a plant 2.8 m in diameter. Larger and older
plants could produce many more seeds.

Cowvine seeds have a strong dormancy
mechanism and can remaln viable in the soll for
many years {Table 1).

Tuble 1. Emergence of cowvine seeds grown in a glasshouse
al 15— 35°C.

Seed age . Emergence %
LU 01100 100-300  300- 600 60O - 900

Cowvine is a member of the morving glory family. it is a Fresh... .. 9% <. % Y T 1%
vine weed, which can be a major problem in cotton, S8days 4% 3% 1% 5%
tangling amongst cotton planis, causing problems for inter- iyear = 5%  25% . 13% T 1%
row cultivation and harvesting machinery. 3 years 21% 16% 2%
~a guide for integrated management of weeds In cotton august 2002
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Large numbers of cowvine seeds may be
present in the soil seedbank. Soil cores on a
heavlly Infested field found between 1000 and
2500 cowvine seeds/m? in the 0 — 30 cm soil
zone. Seeds occur predominantly in this soil
zone (0 — 30 cm) In a cuitlvated field,
corresponding to the plow-zone, although some
seeds may be found down to 1 metre (Table 2).

Table 2. Distribution of cowvine seeds in the soil. Samples
were taken from the Il and firrow areas of an irrigated
cotton field,

Soil depth zone Hill Furrow
0-10cm 40% 50%
10-20cm 24% 18%
20-30cm 16% 1%
30-40cm 0% 4%
40-50cm 4% 4%
50— 100 cm 16% 13%

Few cowvine seeds are able to emerge from
more than 5 cm depth In the soil. Seeds deeper
than 5 cm In the soli may emerge through soil
cracks, or emerge after re-distribution in the soil
profile following deep cultivation or re-listing of a
field. This means that only about 25% of the
cowvine seeds present In an infested field are
potentlally able to germinate at any one time. In
a field infested with 1500 seeds/m? for example,
this would equate to 375 seediings/m? able to
emerge at any time. However, far fewer than 375
seedlings actually emerge due to the strong
seed dormancy characteristic already discussed.
Population dynamics and seed density from a
typlcal irrigated cotton field are shown In Figure
1,
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Figure 1. Population dynamics of cowvine in an irvigated
cotton field. The cropping sequence over the 3 seasons in
indicated, The sorghum crop was grown o allow the nse of
atrazine herbicide 10 manage the cowvine problem.
Cultivation events are indicated by a “C” with an arrow.

In this field (Figure 1), the density of cowvine
seeds In the soil (0 - 30 cm zone), decreased by
36% (or 12% per year), from 1447 to 930 seeds/
m? over the three seasons. A total of 62 cowvine
seedlings emerged during this time. The

| ~

remaining seeds were lost through predation by
insects and microblal breakdown. The highest
level of emergence was 22 seedlings/m?, inthe
cotton crop in mid-December, 2000. The cowvine
plants that established produced a total of 176
new seads/m? over the three seasons, with most
seeds produced during a summer fallow In
March and April 2000.

Strategies for managing cowvine

Cowvine plants are readily controlied by shallow
cultivation (to 5 cm) and herbicldes in fallows,
and herbicides In cereal and sorghum crops, but
can be difficult to control in broad-leaf crops
such as cotton.

The primary difficulty with managing cowvine,
both In-crop and in-fallow, Is the tendency for
small numbers of cowvine seedlings to emerge
continuously, all year round, when soli molisture
Is adequate, coupled with a short generation
perlod and seed dormancy. While a single
generation of cowvine seedlings can easlly be
managed In most situations, most growers find it
difficult to manage new germinations every few
weeks throughout the summer. In the example of
Figure 1, the fleld was cultivated 5 times over 4
months, between December 1999 and April 2000,
yet cowvine plants still established and

produced 38 new seeds/m? during this period.
Cowvine was a problem in all cropping phases

In this field (cotton, wheat and sorghum), as well
as In the fallow.

Consequently, while cowvine can be managed
with shaliow cuitivation or non-residual
herbicldes alone, an integrated approach, using
cultivation, non-restdual and residual herbicides
in combination is necessary for managing this
weed. The use of more disruptive, deep
cultivation Is problematic, as it will bury many of
the cowvine seeds already at the soil surface,
but may aiso bring up iarge numbers of seeds
that were previously tco deeply buried to be of
any importance.

The aim of all management programs must be fo
reduce the size of the cowvine seedbank by
ensuring that cowvine plants are always
controlled before they produce viable seed.

Herbicides for controlling cowvine

A wide range of herblcides and herbicide
combinations were assessed on cowvine
growing in a fallow situation in autumn 2000.
Many of these herbicides could not be used in
cotton, but might be used in fallow or rotation
crops. The herbicides were appiled to emerged
cowvine plants.




The best post-emergence control was observed
with Atrazine, Diuron, Gesagard, Simazine, Basta
and Oxytril (Table 3), and herbicide combinations
that inciuded these herbicldes (Table 4). Ofthese
herblcides, only diuron and prometryn can be
safely used In cotton. Atrazine and simazine can
be used with some rotation crops.

Atrazine was used in the sorghum crop shown
in Figure 1. The grower was very satisfled with
the resuiting control of cowvine, although some
cowvine seedlings still emerged, grew and set
seed. Cotton growers should always be aware of
the plant-back from these products to cotton.
Atrazine, In particular, has a very slow
breakdown rate In dry solls, and can persist for
long perlods in dry conditions.

Table 3. Percerage Kill of cowvine plaris thai emerged on the
border of a field following rain in March 2000. Control was
assessed ont May 1, 28 days after spraying.

Treatment % Weed kill

Atrazing 2 L/ha
Atrazine 4 L/ha
Diuron 1L/ma
Diuron 2 L/ha
Gesdgard T L/ha
Gesagard2 L/ha
Grazon 0.25 L/ha
Grazon 0.5 L/ha

Grazon 1.0.L/na IREASNOEEN . .

Simazine 1L/ha
Simazing2L/ha ITTZEEEIN
Zollar 1.5kg/ha -
BastaQ.5 i/ - '
Basta1.0L/ha _
Basta2.bi/ha: - :
MSMA (800 /L) 1 Liha
MSMA (800.¢/1:) 2 L/ha
Oxytril 0 51./ha o
Jha 97
HE) 100

o

Untreated

Naote, Cowvine seedlings emerged over the following weeks
ard arimge of ages and sizes were presemt al spraying, most
plants were between 2 Jeaves and 60 cm in diameter. Most
Planis were actively growing but some were moisture stressed
at the time of spraying on April 3.

- agulde for integrated management of weeds in cotton
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Toble 4. Percentage kifl of cowvine plants in a follow using
herbicide combinations. Details are given in Table 3.

Treatment % Weed kill

Basta 1L + Dluron (800-g/L) 2 L/ha 97
Diuron 2 L + MSMA 1 L/ha 97
Gesagard 1L+ Grazon 100-miha a7
Gesagard2L + MSMA1Lma | 93
Basta(5L + Gesagard1L/na . . 90
Roundup CT 2 L + Diuron 2 L/ha 90
BastaiL + Grazon 100mlha | 87
gound1u£ CTZ2 IIi. -4-1 Gesagard 2 L/ha 87

asta 1L «+ Zoliar 1.kg/ha R o0
Zoliar 1 kg + Grazon 100 mifha 23
Zollar 1 kg -+ Starane 0.25L/ha B 17
Roundup CT 1L + Grazon 100 miha 13

Unireated mumrussem s 7

A fallow field keavily infested with cowvine and bladder
ketmia. The cowvine plants were very small (below) but had
already flowered and set seed

[H2.3]
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Residual herbicides for cowvine
control in cotton

Whiie diuron and prometryn are effective in
controiling cowvine post-emergence, none of
the residual herbicides that can be used in
cotton are effective in controlling cowvine pre-
emergence. Zoliar gives the best suppression of
cowvine in cotton, but the results were varlable
and less than ideal (Table 5).

Tuble 8. Control of cowvine seedlings with pre-plamting, soil
incorporated, residual herbicides. Emergence of cowvine
seecllings was recorded during the cotton season (plamting to
mid-January, 2002). The resuils ewe o average from trials, at
Moree and Dirvanbondi,

Treatments Seedlings/m?

Unfreated . - = .~ . 122
Dual2 Uha 11.8
QGeshgard2.5LMa. - - . 114
Gesagard5lma __________ 103
Ditron 1.5 Uha 10.3
Cotogard SL/ha  HDEIEE 9.3
Cotogard 2.5 L/ha 8.8
Cotoran2.5L/hz [NEREN 5?2
Cotoran 5 L/ha 6.6
Diuron 3 L/ha Ml 65
Zoliar 1 kg/Mha 6.3

Zoliar 4 kgha-, 41

Zgllar 2k h 31
Zoliar at 2 kg/ha reduced cowvine seedling
density by 74% in trlals in irrigated cotton at
Moree and Dirranbandi (Table 5), but this stili left
3 seedlings/m?, more cowvlne plants than can be
tolerated In cotton. Diuron and Cotoran gave the
best results of the other herbicides. Best results
were observed early in the season, with poorer
control on all treatments later in the season, as
the effective herbiclde levels in the flelds
declined.

Cowvine control improved with all herbicides as
the herbicide rates increased, but high herbicide
rates are not always safe In cotton. No herbicide
damage to the cotton was observed at Moree,
but significant damage occurred following rain
early in the cotton season at Dirranbandi. The
worst damage was with the 2 and 4 kg/ha rates
of Zollar and the 3 kg/ha rate of diuron. The
cotton plant stand was reduced by these
herbicide applications, especially In the tall-ditch
end of the field, where water had backed up.

Results from a range of herbicide combinations
at the same trlal sites gave the best cowvine
control with a combination of diuron and Zollar,
or prometryn and Zoliar (Table 8). These
combinations gave similar levels of cowvine
control, but with Improved crop safety,
compared to the results from the high levels of
diuron and Zollar alone.

Table 6. Control of cowvine seedlings with pre-planting, soil
incorporated, residual herbicide combinations. Cowvine
emergence was recorded from cotton planting to mid-Jemuary
2002, on trials, situated at Moree aitd Dirranbandi.

Treatments Seedlings/m?

Gesagard 2.5 L/ha + Diuron 1.5'L/ha 8.80
Cotogard 2.5 L/ha + Dual 2 L/ha 7.36
Gesagard 2 1 /ha.+ Diuron 1.5 L/ha

-+ Zoliar 1 kg/ha 6.41
Cofogard 2.5 Liha + Ditron1.5 L/ha 6.39
Diuron 1.5 L/ha + Dual 2 Lha 6.36
Cotoran 2.8.L/ha +.Dual. 24Ma... .. 6.31
Cotoran 2.5 L/fa + Diuron 1.5 L/ha 6.26
Gesagard 2.5 L/ha + Dual 2 Lha 5.64
Cotogard 2.5 Lfna -+ Zoliar 1 kg/ha 5.46
Gesagard 2 L/ha + Divron 1.5 L/ha + Dual2L/ha 531
Cotogard 2 L/ha + Cotogard 2.5 L/ha 5.19
Cotoran 2.5 L/ha + Zollar1 kg/ha - 487
Diuron 1.5 L/ha + Zoliar 1 kg/ha 3.99
Gesagard 2.5 L/ha + Zoliar Tkiyha 3.84

Post-emergence control of cowvine
in cotton

Diuron and prometryn are both effective for
controlling emerged cowvine seedlings and
small plants In cotton, but gave less than 100%
control on some occastons, especially with
larger plants (compare Tables 7 and 8, for
example). Diuron and prometryn must be applied
as shielded or directed sprays In cotton, applied
to avold contact with the crop follage. Most
product labels only allow diuron application In
crop after the cotton Is 30 cm high. Prometryn
may be able to be applied after the crop reaches
15 cm. Check the product labels for specific use
directions. Always follow the label directions.

......
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Table 7. Control of cowvine growing in pols using posi-
emergerice herbicides applied 1o plaans at 4 and 11 leaves.

Herbicide % Weed kill

4 leaves 11 leaves
Cotoran (500 g/Ly 2.8 Lha =0 - 28
Diuron (500 g/L) 1.8 L/ha 95 94
Gesagard (500 g/L}2.2/ha - A 100
Staple 120 g/ha 0 0
Untreated 0 0

section H2

Fluometuron did not adequately control cowvine
when applied at 2.8 L/ha, but was more effective
at the higher rate (5.6 L/ha, Table 8). Staple was
Ineffectlve in controlling cowvine, even when
applied at the maximum rate. Glyphosate gave
poor control at the lower rates, but good control
when applied at the highest rate, even on larger
plants (Table 8).

Tuble 8, Cowvine control with herbicides applied post-emergence to plants with 2, 4, 6 and 12 leaves, growing in pois.

% Weed kill 6 weeks after spraying

4 |eaves

fileaves 12 leaves
27 75 50
100 100 62
62 100 50
100 100 75

Herbicide 2 leaves
Cotoran (500 g/L) 2.8 L/ha 25
Cotoran {500 g/1) 5.6 L/a 75
Diuron (500 /L.y 2-L/ha 75
Diuron {500 g/L} 4 L/ha 75
Giesagard (500 g/L) 2.2 L/ha

Gesagard (500 g/L) 4.4L/ha

Staple 30 g/ha

Staple 60 g/ha

Staple 120gha NN

Roundup CT1 L/ha
Roundup 6T2 Lha ISR

Roundup CT4 Lfha
Untreated

Controlling cowvine with
non-resldual herbicides

With the commercial release of Roundup Ready®
cotton, many growers have found that Roundup
Ready Herbiclde can be effective for controlling
cowvine seedlings in young Roundup Ready
cotton. Growers have generally found that
Roundup at the maximum label rate Is effective
onh cowvine seediings at the cotyledon stage and
up to 2 or 3 true leaves, bt Is ineffective on
older plants.

Glyphosate can be equally effective for
controlling cowvine seedlings growing in
conventional cotton, but glyphosate [s difficult to
apply to small cowvine plants In conventional
cotton, without risking damage to the cotton
plants from herbicide drift or off-target spray.
Glyphosate can not be applied as a shielded or
directed spray in conventional cotton before the
crop reaches 20 cm in helght. (Check specific
use directions on the product label). Crop safety
is much better with shielded applications In
conventlonal and Roundup Ready cotton later in
the season, but cowvine plants may be too large
to be controlied by glyphosate by this time.

However, the window for glyphosate application
to cowvine seedlings may be larger than has
appeared to be the case. The 2 L/ha application
of glyphosate (Table 8} gave no control on

- a guide for infegrated management of weeds in cotton

seedling cowvine, but 87% control of larger
plants (12-leaf stage). Glyphosate applications at
2 L/ha alsc gave good control of cowvine plants
at 10 leaves (Table 9) and 22 leaves (Table 10).

Table 9. Control of cowvine in a pot tried using non-residual
herbicides. Plants were sprayed ai 2 and 10 leaves. At the 10-
leaf siage, the centre 20 cm of une set of pots was covered to
simulate the effect of a shielded spray.

%Weed kill after 6 weeks

Herbicide 2 Leaves 10 Leaves
fuli full centre
spray spray covered
Roundup CT 1 L/ha 87 25 0
Roundup CT 2 L/ha 100 100 62
Roundup CT 3 L/ha 100 100 75
Basta2 L/ha 100 100 12
Bastadlma - 100 100 37
Bromoxynil 2 L/ha 100 75 0
Bromoxynil 4 L/ha . 100 160 0
Untreated 0 0 0

[H2.5]
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Tuble 10. Control of cowving in a potirial using non-residual
herbicides. Plants were sprayed at 2, 9.and 22 leaves. The
centre 20 em of one sel af pots was covered 1o simulate-the
effect of a shielded spray ot the 22-leaf siuge.

%Weed kill after 8 weeks

2 9 22
leaves leaves leaves

full full full  centre
Herbicide spray spray  spray covered
Roundup CT 1 L/ha 82 12 25 0
Roundup CT 2 L/ha 50 a7 87 12
Basta1Ll/ha 100 160 100 12
Basta2L/ha 100 100 100 25
Bromoxynil 1 L/ha 12 12 12 25
Bromoxynil 2 L/ha 0 37 75 12

Uniiédted: 2 o2 12
The problem of poor control of cowvine with
glyphosate sometimes observed in the field
probably relates to two factors; the growing
conditions of the plants, and incomplete spray
coverage. Glyphosate |s most effective on
actively growing plants and never as effective on
weeds that are stressed. The most likely cause
of stress to cowvine plants growing in cottoen is
molsture stress, as small cowvine seedlings
compete for molsture with larger, established
cotton plants. Cowvine plants of any size will be
difficult to control with glyphosate in cotton In
hot, dry conditions, when the plants are not
actively growing. Small cowvine plants sprayed
soon after an irrigation or ralnfall event should
be much more easily controiled with glyphosate,

Incomplete spray coverage is more difficult to
avoid, as some cowvine plants emerge In the
cotton row, where they are partially shielded by
the cotton plants, and are difficult to spray when
using a directed spray or a shlelded sprayer.
Larger plants may aiso be difficult to control
when some branches are twined Iin the cotton
row, and so avoid the spray.

Although glyphosate does translocate In plants
away from the point of spray contact,
translocation of glyphosate In cowvine plants
appears to be quite limited. The percentage klll
of cowvine plants was much lower on plants that
were partlally sprayed (Table 9 and 10},
compared to the kill of plants that were fully
sprayed.

Some growers have raised the possibility of
using spray additlves or different glyphosate
formulations to Improve the control of cowvine.
Data from a glasshouse study showed few
differences between glyphosate formuiations,
although there was an Improvement In cowvine
control from adding 0.2% of a non-lonic
surfactant (Turbo Plus) to Roundup CT (Table
11}. Future work will test the effect of this
surfactant on the efficacy of other glyphosate
formutations.

Table 11. Control of cowvine in a pot trial using Roundup C1'with spray additive or a different glyphosate formulation.

Plants were at 4 and 6 leaves at spraving.

Herbicide Additive
Roundup CT 2.2 Lha

Roundup CT 2.2 L/ha 0.2% Turbo Plus
Roundun CT 2.2 Litia 1% Turbo Plus

Roundup Max 2 L/ha
Roundup Ready 1.4 kg/ha
: L/ha

Untreated

% Weed kill 6 weeks after spraying

4 leaves 14 leaves
25 25
37 50
50 12
12
12
25
12
0
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:I‘he overall control rate was quite poor In this
trial. The reason for this Is not understoed, but
is typical of the variability of resuits sometimes
observed In the field with glyphosate and some
other herbicldes on this weed. Nevertheless, the
cowvine plants were strongly affected by the
glyphosate applications. Most plants that were
not killed by the herbicldes had only 2 or 3 live
leaves 6 weeks after spraying. Unsprayed plants
were much larger.

Glyphosate can be applied through spray shields to the area
between the cotton rows in conventional and Roundup
Ready cotton varieties. The spray shields prevent the
herbicide contacting the foliage of the crop.

Simllarly variable results were observed with
diuron, Cotoran and Gesagard (Tables 7 and 8).
Growers should be prepared to use an aliernative
control strategy, such as cultivation, to manage
cowvine seedlings In case of an unsatisfactory
spray resuit.

Basta and bromoxynll are two other non-residual
herbicides that could become available for use
with transgenic, herbiclde tolerant cotton varieties,
should varieties with these tolerances become
commerclally avallable. Basta tolerart cotton
varietles are currently belng develeped, but wili not
becommercially avallable for several years. Both
these herbicldes are effective for controliing
cowvine, Basta at 1L/ha and bromoxynil at4 L/ha
Oxytrli® could be used instead of bromoxynil on
the bromoxynil tolerant cotton and is effective on
cowvine at much lower rates (Table 3).

These two herbicides have the advantages that
they are safe to use at any growth stage on the
tolerant cotton varieties and that they are equally
effective on seedling and larger cowvine plants.
They have the disadvantage that they are both
relatively expensive, and they do not translocate
well, needing full plant coverage to be fully
effective. The control of cowvine plants partlally
sprayed with Basta and bromoxynil was much
lower than the control of fully sprayed plants
(Tables 9 and 10).

- a gulde for integrated management of weeds in cotton

section H2
Managing cowvine in
the farming system

While cowvine can be controlled by cultivation and a
range of herbicides, it Is not easy to control Ina

farming system due to:

¢ strong seed dormancy,

* long seed life in the seedbank,

¢ ability to germinate rapidly after rain,
all year round,

= rapid seediing growth,

s ashort generation period (flowering can
commence when the plant has only
2 or 3 true leaves), and

s atwining growth habit, making larger plants
difflcult to control with inter-row cultivation,
and difficult to spray In-crop when complete
plant coverage is required.

Population dynarmics of a typical field were presented
inFigure 1. Results from a seedbank trial are shown In
Figures 2 and 3. These treatments were designed to
simulate the effect of a standard herbicide
management system (Figure 2) and a heavier
management system (Figure 3) in back-to-back
cotton.

Standard herbicide -

Pre-planting - 2 L Diure
Planting - ‘\l Stor $ 4L
Layby 4.5 L Ge ‘1q‘|rci

— Emargance —— Planle  — Flowers = Seed heads 1800

80
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E I
80
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2ad 3 3 E 3 3 5 i
e 5 2 & 1
=404 = = =3 =
a g 3 3
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| )

Figure 2. Population dynamics of cowvine wnder a standard
herbicide regime. Cultivation events are indicated bya “C"
with an arrow.
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Heavy herbicide -

Pre-planting - 3 L Dluron

Planting - 2 L Dual & 4.5 L Gesagard p160 €
Layby - 4.5 L Gesagard b oog ¥
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Figure 3. Population dymmrcs of cowvine wnder a heavier
herbicide vegime. Cultivation events are indicated bya “C"
with an arrow.
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As with the earlier data of Figure 1, there has
been a downward trend in the seedbank
population of cowvine seeds In both treatments
in the two seasons of the trial. Nevertheless,
some cowvine seedlings emerged In both
systems, grew, and on several occasions set
seed. Totals of 310 and 321 cowvine seeds/m?
were produced on the standard and heavy
management systems over the two seasons.
These seeds were mostly produced towards the
end of the cotton season, when the effective
levels of the residual herbicide had declined,
with most seeds produced In the dry conditions
of autumn 2002,

The management of cowvine in these systems
should improve over time, provided the number
of cowvine seeds in the seedbank continues to
decline. Fallure to control the cowvine on just
one occasion could result In the seedbank
increasing back to previous levels. The
seedbank Is only declining at around 10% per
year. It will be many years before cowvine
ceases to be a problem in this field.

Cowvine seeds can float and move In irrigation
water. However, the number of seeds that do
move in Irrigation water Is quite low,
representing only a small fraction of the number
of seeds present In an Infested field.
Consequently, seed movement In irrigation water
Is not an Issue, except as a source of Infestation
for previously clean fields.

A heavy infestation of young cowvine plants on an
irrigation channel. These plants will produce large numbers
of seeds that can move in the irrigation water and spread the
weed to previously clean fields.

[H2.8]

Summary

Cowvine is an annual weed that is a
problem both in crops and in fallows.
Cowvine can be controlled by cultivation
and a range of herbicides. It is not easy to
control in a farming system due to a
number of characteristics, including:

» strona seed dormancy,

* |ong seed life in the seedbank,

» ability to germinate rapidly after rain, all
year round,

» rapid seedling growth,

* a short generation period (flowering can
commence when the plant has only 2 or 3
true leaves), and

a twining growth habit, making larger
plants difficult to control with inter-row
cultivation, and difficult to spray in-crop
when complete plant coverage is
required.

Typically, around 1000 to 2000 cowvine
seeds per m? are present in the seedbank of
a heavily infested field. These seeds occur
predominantly in the 0 to 30 cm soil zone.
Seeds can emerge all year round and plants
may flower within a week of germination.

None ofthe pre-emergence residual
herbicides were effective in controlling
cowvine. Best results were achieved with
combinations of diuron and Zoliar, and
prometryn and Zollar. These combinations
reduced the in-field infestation of cowvine
by around 75%. Post-emergence, diuron
and prometryn consistently give the best
control of cowvine of the herbicides
normally used In cotton. Glyphosate can be
effective in controlling cowvine seedlings in
conventional and Roundup Ready cotton.
Glyphosate is most effective on actively
growing cowvine seedlings. Good control
of older, actively growing plants with
glyphosate s possible.

An effective cowvine management system
will use all the available control options
(cultivation, chipping and herbicides) in
combination. Management of this weed will
be an on-going process over many
seasons.




FARM HYGIENE

Introduction

Weeds are a major problem on most Australian cotton farms and conslderable amounts of money are
spent annually on the management of weeds that interfere within the cotton crop. Often, however,
weeds growing In fallows, along roads, channels and storages and the waste areas on farms are
neglected, and these may have a significant Impact on production by Infesting cotton crops. These
weeds can be spread Into fields via machinery, water flow In channels and by a number of other
means. It is essential that a complete integrated weed management strategy account for the weeds
associated with these areas.

This section contains information on a number of different areas of farm hyglene. The following
articles have been included in this sectlon: -

F2. Farm Hygiene in Integrated Weed Management,
F3. Managing Weeds on Roads, Channels and Water Storages,
F4. Controlling Volunteer Cotton and

F5. Plant Protection Interactions with Weeds.

The first article explains that there are a number of steps in achieving good farm hygiene including the
identiflcation and detectlon of weeds, cleaning down machinery and practicing integrated weed
management.

Good farm hygiene extends to roads, channels and storages. The management of weeds In these
areas s explalned In the second article. This article also explains what specles may be present and
how these species spread.

Volunteer cotton is one of the more prevalent weeds in cotton farming systems. The third article
reviews the management of volunteer cotton with sections on the control of seediings, established
cotton and ratoon cotton.

The last article in this section flags the interactions that the common Insects and disease causing
organisms have with weeds. The Interaction between weeds and insects has been well documented
in ENTOpak, an Australlan Cotton CRC publication. The Interaction between weeds, pathogens and
cotton diseases is covered In greater detall and a list of weeds known to be hosts of cotton
pathogens Is included.

—a gulde for integrated management of weeds In cotton — ougust2002
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MANAGING WEEDS ON ROADS
CHANNELS AND WATER
STORAGES

Graham Charles, Anne Sullivan,

Ingrid Christiansen and Grant Roberts
(NSW Agriculture, QDPI, QDPI & CSIRO)

3 The problem
Contents age
Fg Weeds on roads and irrigation structures are a
‘hepreblem 31 problem because they:
Weedmanadomant options B ¢ can be hosts for Insects and diseases;
Herbicide options F3.3
oid Ena s are a source of weed seeds that contaminate

Contactinon-ruaiaual) herbioiees : cotton fields and add to the weed seed-bank;

; F3.4
Reslduatnerbloides * may restrict the flow of water, which in turn
Mechanical control F3.4 can reduce Irrigation effectiveness, Increase
Burning F3.4 waterlogging, lead to blockages in lrrigation
Common weeds of raads and chanfiols Fa.5 channels, and can cause eroslon and failure

of banks;

Spread of seeds through irrigation water F3.7
Summary Fa.8 + make access to channels and structures

difficult and provide a habltat for snakes and
nther pests in areas where siphons are being
set;

* can contaminate modules; and
* act as harbeurs for feral pigs.

e

A very weedy water storage, dominated by sesbunia and
cumbungi. This storage is a source of weed seed and a host
for pests and diseases.

Ownership and responsibility for weed
management may be difficult to establish in
some sltuations. Weeds may not be able to be
managed on adjoining public land.

-a& guide for integrated management of weeds In cotton —_ _ougust2002
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Weed management options

The options for managing weeds on roads and
irrlgation structures are:

* chemical control with herbicides,

¢ mechanical control with cuitivators, graders,
excavators and chippers, and

* burning.

A weed management plan should not rely solely
on one weed management strategy, as heavy
reliance on a single strategy will inevitably see
the emergence of weeds that are able to tolerate
that strategy. Over reliance on a single herbicide
may result In the selection of weeds that are
resistant to that herbiclde. For more Information,
refer to the Integrated Weed Management
(IWM)} Guidelines for Australlan GCotton
Production and Managing Herbicide
Resistance In Cotton In WEEDpak.

Weeds are not generally a bilg problem on roads,
as weeds do not grow well on compacted areas
and most weeds can be controlled with
herbicides and mechanical removal. Weeds are

far more difficult to manage on irrigation
structures, where water movement, and the
physical size, shape and location of the
structures requires management with speclallsed
equipment.

Weed management on adjoining private and public land
can be a problem. Weeds growing on roadsides (such as this
road between twe cotfon properties) can be a continual
source of infestation. Photo by Sandra Deutscher

Yuble 1. Herbicides registered for controlling weeds on non-agricuitural areas. A range of commercial formulations may be
available for each active ingredient. Refer tothe product label for specific directions regarding the use of a product.

Concentration and
formulation

Herbicide astive
ingredient

Application rate

Comments

amitrole + 250 g/L AC 0.28-45L/100L
ammonium 220 g/l water
thyocianate
diuron 500g/L SC 70-150 L/ ha
20-40 L /ha
800 g/ kg WP 45-90 kg / ha
9009/ kgWa 22kg/ha
glyphosate 360 g/L AC 0.5-9L/ha
450 g/ L AC 0.4-24L/ha
490 g/ L AC 0.4-20L/ha
680 g/ kg 1.0-4.5 kg / ha
pendimethalin 330g/LEC 45-9L/ha
440 g/LEC 3.4-81LMa
455g/L 3.3-8.1L/ha
2,2-DPA 740 g/ kg WP 10-20 kg/ ha

ST _ LSRG B T
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Controls a wide range of plants from seedling grasses, at low rates,
to perennial grasses at high rates.

Controls young broadleaf plants.

Check the label for details.

Qid and WA registration.

NSW regisiration only.

Controls most weeds but not brown beetle grass (Lepfochioa
fusca), redshank (Amaranthus spp.), and Johnson grass,
Check the label for detaifs.

Channels must be flushed after application.

Controls most weeds. Low rates for annual grasses.
High rates for perannials and broadlsaves.

Mix only as directed on the label.

Check labei for details,

If 25-50 snm rain has not fallen within 14 days, flush channel (1
day} and drain off.

Controds annual and perennial grasses.
Controls cumbungi, phragmites, rushes and sedges.

Cottor

T

CRC
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Herbicide options

A range of herbicides Is registered for
controlling weeds on non-agricultural areas,
roads, drains, and irrigation structures, as
shown in Table 1. Always refer to the product
label for specific use directions.

Weeds can be very difficult to control on
irrigation structures with herbicldes as:

» the herbicides may not be safe to use on
cotton or other crops, and so must be applied
in conditions that preclude drift to crops,

* soil incorporated residual herbicldes are
difficuit to apply to irrigation structures, and
may wash into cotten flelds,

* residual herbicides may need to be applied at
very high rates, which makes them very
expensive to apply,

» herbicides may need to be applied in the “off-
season” when channels are empty. Channels
may have to be flushed before use to dilute
high rates of residual herbicldes,

* structures may be large enough to make it
difficuit to apply herblcide to all parts of the
structure. Specially designed spray booms
are often used for channels and irrigation
structures.

» plants growing in water can not be treated
with residual herbicldes, and

» the constantly changing water level In some
channels makes It difficult to treat all weeds at
the same time. Some supply channels may
remain wet throughout the cotton season,
making them very difficult to manage with
herbicides.

In using herbicides to manage weeds In
channels, head-ditches and storages during the
cotton season, it Is essential to prevent the
movement of herbicides into the crop, either as
drift or In water from Irrigation or rainfall. The
risk greatly diminishes at the end of the cotton
season, when the crop is no longer as
susceptible to the herbicides. Rotation crops
and pastures, however, may also be susceptible
to damage from these herbicides, so care must
be taken all year round.

- a guide for integrated management of weeds in cofton
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A purpose-built sprayer, designed for spraying irrigation
channels, Photo by Sandra Dentscher.

Drift can be reduced by applying herbicides with
low pressure and high water volume, through
low-pressure nozzles, with alr assisted sprays
and as shlelded sprays. Minimising release
helght, avoiding high ground speeds and using
larger droplets will decrease the risk of drift. The
overwhelming influence on drift, however, Is to
only apply herbicides under sultable
environmental conditions. Windy and dead-calm
conditions are equally unsuitable for spraying
and must be avolded. Don't be fooled that a
gentle breeze in the tractor cabin equates to
similar conditions outsidel!

Contact (non-residual) herbicides

Contact, or knockdown herbicides, kill plants
that are growing at the time of application. They
are generally very effective on seedlings and
young plants, but may be less effective on
mature and perennial plants.

Glyphosate Is generally regarded as the safest,
easiest to use knockdown herbicide option for
roads, channels and storages where both
grasses and broadleaf weeds are present. itis
effective on most annual and perennlal weeds,
but has the potential to cause considerable
damage to conventional cotton plants If it is
applled inappropriately. Relatively light rates are
required to kill most grass weeds, while heavier
rates are needed for many broad leaf and
perennial weeds. Glyphosate Is a slow-acting
herblclde. Complete death of weeds may occur
up to two to three weeks after application.

{F3.3]
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Glyphosate should not be applied to water or to
weeds standing in water. Where glyphosate Is
applied to dry dralns, there may be a
requirement that water not be returned to these
drains for some period after herbicide
application.

Some formulations, such as Roundup® Bioactive
are registered for use on aquatic areas, for
controlling emerged weeds that may be standing
in water. Always check the product tabel for
speclfic directions on product use.

Roundup Ready?® cotton volunteer plants may
be a problem along roadways and channels, as
these plants have been modified to make them
tolerant of glyphosate. Roundup Ready cotton
can not be controlled by giyphosate, and needs
to be controlled using an aiternative option,
such as mechanical control or an alternative
herbicide.

Selective grass herbicldes may be very useful
where grass weeds are the predominant weed
problem along the edges of cotton fields. These
herbicides are most effective against young,
actively growing grass weeds. They may be
ineffective when applied to mature or stressed
grass weeds. Several of these herbicides are
available, and are registered for use in cotton,
so can be used without risk of damage to the
cotton. Great care must be taken however, when
using the grass herblcldes near sensitive
rotation crops such as sorghum, millet, and
winter cereals.

Residual herbicides

The restdual herbicldes provide longer-term
control of weeds, but are difficult to apply to
trrigation structures during the cotton season.
They must be applied to dry soil. Residual
herbicldes are normally applled to irrigation
structures In autumn after the final rrigation on
the cotton. Channels are flushed prior to the
next irrlgation to dilute any excessive levels of
herbicide that may remaln. Non-residual
herbicides are generally used to control any
weeds that emerge during the irrigation petiod.

For best results, the residual herbicldes require
either mechanical or water Incorporation (rain or

irrlgation). Application and mechanical
incorporatlon is easily undertaken on roadways,
but may be very difficuit to achleve on Irrigation
structures, and particularly on steep banks.
Incorporation with Irrigation is more easily
achleved, but may wash much of the herbicide
away from the target site.

Channels are regularly re-shaped and de-silted with
excavators, graders, and delvers.

Mechanical control

Regular grading and upkeep of roadways and
channels provides an effective, non-chemical
means of weeds control. This may be combined
with de-sliting operations In channels when
required. However, the silt may contain large
numbers of weed seeds that will need later
control,

Chipping of channels Is sometimes done where
large weeds such as sesbanla, bladder ketmia,
the burrs or Roundup Ready cotton need
controlling In sensitive or inaccessible areas, or
areas where spraying Is not an option due to
wind conditions.

Burning

In severe cases, where large weeds have grown
out of control, burning has been used to remove
the bulk of dead weed materlal. Burning may
also kil many weed seeds, pests and diseases.
Permits may be required for burning, particularly
during the summer months.
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Common weeds of roads and
channels

Any weed can be a problem on roads and
irrigation structures, but some specles are more
difflcult to manage than are others. Among the
more troublesome weeds are:

Brown beetle grass Leptochloafusca
Cumbungt Typha spp.
Knotweed Perscaria spp.
Nutgrass Cyperus rotundus
Noogoora burr Xanthium occldentale
Italian cocklebur Xanthium italicum
Sesbania pea Sesbania cannabina
Cowvine Ipomoea lonchophylla
Bellvine Ipomoea plebeia
Awnless barnyard grass Echinochioa colona
Summer grass ' Digitaria ciliaris
Caltrop Tribulus terrestris
Spineless caltrop Tribulus micrococcus
Couch Cynodon dactylon
Downs nutgrass Cyperus bifax
Volunteer cotton conventlonal and
Roundup Ready plants

These weeds are generally problems because
they:

* tolerate the herbicides normally used to
control weeds on these areas, or

* grow in water, and so are difficult to treat with
elther contact or residual herbicides.

- a gulde for integrated management of weeds In cotton
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An irrigation channel heavily infested with brown beetle
grass.

Brown beetle grass Is a major weed of
Irrigation channels and Is increasingly becoming
a problem in cotton. Plants produce a large
amount of viable seed and can grow to form
large tussocks that obstruct channels. Seeds
from plants growing on channels are
transported Into fields in irrigation water and
readily grow and establish in cotton fields.

Brown beetle grass s difficult to control on
channels with some herblicides. Pendimethalin
wiil control brown beetle grass, but Is difficult to
Incorporate on Irrigation structures. Brown
beetle grass is easlly controlled in~-crop with the
residual grass herbicides trifluralin,
pendimethalin, metolachlor, and Zollar. Brown
beetle grass Is a problem in the furrows in fields
where these products are applled In a band
behind the planter, with no residual grass
herbicide applied to the furrow.

Mechanical control is an option both In-channeis
and In-crop but this can be time consuming and

expensive. Brown beetle grass s very difficuit to

control in-crop after crop canopy closure.

Brown beetle grass produces masses of seed that germinate
and grow in moist places such as channels and irrigation
Sfurrows.

{F3.5]



IF3.6)

Cumbungi and knotweed are not commonly
problems In lrrigation channels, but are more
often problems in irrigation storages. Isolated
plants are of little importance, but they are large
plants, and can form dense mats that are almost
Impenetrable. They can be hosts to pests
including feral plgs. Once established, they are
very difficult to control with herbicldes. When
these weeds become a problem, they may need
to be removed with excavators.

Nutgrass is difficult to control with either
herbicides or mechanical control, regardless of
its location. It not as big a problem in channels
as it is in cotton, but can restrict water flow and
cause the build-up of slit, and is able to spread
with machinery and water movement. Nutgrass
spreads primarily by tubers, which can float and
be moved around In water. Any nutgrass patch
can act as a source in infestation to cotton
fields.

Cumbungi is a large plant that grows in water and is
telerant of glyphosale.

Knotweed can form an almost impenetrable mass.

Nutgrass thrives in wet conditions. Nutgrass fiubers move in
ond are a constant soarce of infestation to cotton
fields.

The burrs, Noogoora burr and Italian
cockleburr, are perennlal problems where ever
they occur. They can produce seed while very
small, but can become very large plants,
producing masses of seed. Thelr seed easily
catches In clothing and cotton {int and can
remaln viable In the soll for many years.

The burrs are relatively easlly controlled with
herbicides, but thelr ability to germinate after
every rainfall or Irrigation event makes thema
major nuisance. Burrs growing on irrigation
structures may be a major source of seed
infestation Into cotton flelds.
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Italian cocklebur growing on the side of a channel These
planis are carrying a mass of seed, much of which may end
up in the field. Note also the presence of sesbania and
barnyard grass on the channel bank.

Sesbania Is another potentially large weed that
produces masses of seed. These seeds move in
Irrlgation water and can easlly move from
irrigation channels into fields. Sesbanla is
relatively tolerant of glyphosate and difficult to
control with residual herbicldes on channels.

A heavy infestation of sesbania in a head-ditch. Sesbania
was not common on this property, but seed has been
introduced through the irtigation water. The weed will soon
become established in the cotton field if it is not contrelled.

Cowvine and bellvine are difficult to control In
conventional cotton. Plants growing on
channels and Irrigation structures can be an
important source of weed seed going Into fleids.

—a gulde for integrated management of weeds In cotton

This channel bank Is covered in cowvine plants. These
Pants are a source of weed seed for the eotion field

Spread of seeds through irrigation
water

Irrigation water can be an important source of
weed Infestation into cotton fleids, and may
include large numbers of weed seeds. When this
water is being drawn from an external source,
such as a river, the cotton grower has little
control over the weed seed load In the water.
Generally, however, the numbers of seeds
introduced In Irrigation water Is not large in
comparison with the numbers of seeds already
present in the soll. A study on one fleld, heavily
infested with cowvine, found that around 5500
cowvine seeds were introduced Into the field
from irrigation water over a single summer.
However, this fleld already had approximately
2000 seeds/m?, or 800 milllon cowvine seeds In
the seedbank. The extra 5500 seeds per season
are of little importance untll the seedbank in the
fleld Is greatly reduced.

A study by David Hawkey found large numbers
of grass seeds in Irrigation water entering fields
In the Macquarle Valley. Nevertheless, the
introductions still amounted to only a small
proportion of the total numbers of weed seeds
already present in the fields.

Irrigation water is most important as a potential
source of infestation of new weeds to a farm, n
the example given above, 5500 seeds per season
of a new weed specles introduced to a field,
wouid be a major problem and would soon see
the weed well established in that field.

[F3.7]



The problem of weed seed contamination in
Irrigation water Is generally far worse when

pumping floodwater. Some weed seeds are

regularly falling into water from plants

established on riverbanks etc., but most of these

seeds move only a short distance. During a
flood, there Is the potentlal for weeds
established away from the rivers to contribute
large seed loads to the floodwater. Examples of
this, were the Introduction of velvetleaf to one
property in the Gwydir watercourse country
during the 1998 flood, and Downs nutgrass 1o a
fleld on another property during the flood of
February 2001, when flood water inundated a
cotton fleld.

There are a number of factors that influence the
number and specles of seeds that are found in
irrigation water. These factors include: soil type;
cropping and weed control practices; dralnage
water return into the channel; distance from the
river or maln water source; the nature of the
watershed; and the environment through which-
the Irrigation channel passes. Weed
management in and around channels is likely to
influence the numbers and species of seeds that
are introduced to flelds in Irrigations water.
Studies have found that the length of time that
weed seeds remaln viabie In fresh water may
range from a few months to five or more years,
depending on the specles concerned.

Channels with poor weed control usually
contribute the argest humber of seeds to the
irrigation water. As water moves through the
channel system, the number of seeds In the
water is likely to increase from plants growing
along the channel banks, seeds blowing into
open channels, and by return flows from
irrigated flelds. The greater the distance that
water travels In channels, the longer the
exposure to weedy banks. lirigation is capable
of carrying weed seeds over long distances and
has the potential to introduce new weed species
to a field and region.

Only one viable seed Is needed to start a weed
infestation in a field. For this reason, the control
of weeds in and around channels and dralnage
ways should receive as much attention as the
weeds that occur In the paddock.

[F3.8]

Summary

Weeds are undesirable on roads and
irrigation structures, as they are a source of
weed infestation for cotton fields and can
negatively impact on the irrigation system.
Control Is equally important on channels
and structures that may not be in use. All
structures should be given the same
importance as cotton fields.

A number of strategies can be used to
reduce the movement of weed seeds into
cotton fields.

1. Carefully monitor irrigation structures for
the presence of weeds that are not
commeonly found on the farm. These
species deserve special attention.
Elimination of a single plant may remove
the need to manage Infested fields in later
years.

2. Keep all irrigation water sourced from off-

farm in a water storage for as long as
possible before use (this is especially
important with floodwater), in order to
allow the weed seeds to sink during
storage, effectively removing them from
the irrigation water.

3. Flush dirty channels before use,
removing most weed seeds into the water
storage system.

4. Treat channels with a residual herbicide
after the final irrigation.

Use non-residual herbicides as often as
necessary to control weeds that emerge
during the cotton season.
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" MANAGING PROBLEM WEEDS

Introduction

While all weeds that occur In cotton are problems that must be dealt with, some weeds are far more difficult
to control than others. Nevertheless, most of these difficult to conirol weeds can be adequately managed in
the cotton farming system by using an Integrated weed management system, using herbicides, cultivation
and chipping in conjunction with other management tools. These weeds are often problems In newly
developed cotton blocks, but become less of a problem over time. However, there is a group of problem
weeds that are not controlled by normal farming practices, These weeds can spread and become
progressively worse year after year, In spite of the cotton growers efforts.

Specific management strategies are required to manage these problem weeds. Management guides for
cowvine, nutgrass and polymeria follow.

H2. Managing Cowvine in Cotton

Gowvine is an annual weed that is a problem both in erops and in fallows. It is not easy to control ina
farming system due to a number of characteristics Including: strong seed dormancy; long seed Iife inthe
seedbank; abliity to germinate rapidly after rain, all year round; rapid seedling growth; a short generation
perlod; and a twining growth habit.

Post-emergence applications of diuron and prometryn consistently give the best control of cowvine of the
herbicides normally used In cotton. Glyphosate can be effective In controlling cowvine seedlings in
conventional and Roundup Ready cotton. Giyphosate is most effective on actively growing cowvine
seedlings. Good control of older, actively growing plants is possible with glyphosate.

An effective cowvine management system will use all the avallable control options (cultivation, chipping and
herbicides) in combination. Management of this weed will be an on-going process over many seasons.

H3. Managing Nutgrass in Cotton

Eight different nutgrass species are commonly found in or around cotton fields. These species are qguite
different In thelr ability to spread from seed or rhizomes, and consequently require specific management
strategies. Positive Identification of the problem specles Is essential as the first step In management.
Identification material for these species Is given.

A range of management tools is avallable to manage these weeds. These tools include residual and contact
herbicides, cultivation, and crop competition. There are alsa some management practices that can
exacerbate a mtgrass problem and should be avolded whenever possible. Management of nutgrass needs a
long-term approach, as these weeds will not be eliminated by any single management option. A successful
management program will include all the management tools, used in combination as opportunity arises.

Glyphosate and Zollar® herbicides have given the most effective control over time. Glyphosate should Ideally
be appiied in-crop twice each season. Attention to machinery hygiene can be pivotal in a successful
management program.

H4. Managing Polymeria (Take-all) in Cotton
Polymeria is a deep rooted, rhizomatous, perennial weed that spreads from seeds and rhizomes. It tolerates,
and can be spread by normal cultivation practices.

No herbicides are registered for controlling polymeria. A permit must be obtained from the National
Registration Authority before using a herbicide to control polymeria in any situation.

Polymeria can best be managed In cotton with repeated applications of glyphosate on actively growing
polymeria, applied through well constructed shields, used under appropriate conditions. Glyphosate shouid
be spot-applied to the polymeria patches to improve crop safety. The addition of Pulse Penetrant or a non-
lonic surfactant may improve spray efficacy. Good crop agronomy s alse important, resulting Is competitive,
strong cotton.

Polymeria growing in fallow can be controlled with giyphosate on actively growing paiches and with fluroxypyr
{eg. Starane} In autumn. Grazon may be useful for controlling polymeria In fallows that are not going back to
cotton. Imazapyr (eg. Arsenal) may be useful for controlling polymeria on hor-cropping and waste areas.

- a gulde for integrated management of weeds In cotton — ougust2002
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An integrated weed maragement approach is the simplest
way to ensure that all weed management tools remain
available info the future. Some weeds (such as the nuigrass
in this phota) will be very difficult to manage if they developi
resistance to herbicides.

Re-cropping interval after cotton

The minimum re-cropping intervals following
herblcide applications in cotton are presented as
a guide in Tables 6 and 7 to assist in planning
crop rotations.

ALWAYS READ THE PRODUCT LABEL.

Planting a crop too soon after a previpus crop In
which residual herbiclides were used Is likely to
resuit in crop fallure, or crop damage, which
may not be apparent In Initial crop
establishment.

(B3.22]

Summary

Weeds can compete strongly with cotton,
potentially reducing cotton lint yields and lint
quality. Weeds can act as hosts for diseases
and pests of cotton. Uncontrolled weeds can
also produce large numbers of seeds,
creating far bigger weed problem in future
years.

A range of management tools is available for
weed control in cotton. These tools are best
used In combination, in an integrated weed
management system. The management tools
include residual and contact herbicides,
cultivation, hand chipping, cropping
rotations, transgenic, herbicide resistant
cotton varieties and crop agronomy.
Herbicides can be used in a variety of ways,
including in fallows, pre-crop planting, post-
planting, post-emergence, and as directed or
spot applications. Even inputs such as
irrigation, fertilizers, and crop varlety
selection have some impact on weed
management.

These tools need to be integrated into a cost
effective, sustainable management system
that maximises crop yield and quality, while
minimising the impact of the weeds.
Attention to weed management in fallows
and rotation crops, and on irrigation
structures and roads s critical to the whole
farm system. The potential plant-back
periods from residual herbicides used in
cotton and rotation crops must be
considered in the whole system. Movement
of weed seeds and residual herbicides in the
irrigation system must also be taken into
account.
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HERBICIDE
RESISTANCE

Introduction

Pesticides have been used widely In agriculture for many decades to manage weeds, insects and
diseases. Over this time there has been an ever-increasing range of products available to deal with
pests. Products range from those with very specific target sites and minimal environmental Impact, to
products that are broad-spectrum, and may remain active in the environment for weeks or months.

While there has been an ever Increasing range and number of products avallable to manage weeds,
there Is also now an increasing number of weeds that are resistant to some of these products. These
weeds were Initlally controlled by the herbicides, but as a result of repeated exposure, resistant
individuals have been selected from the population and have come to deminate the population.

No herbicide resistant weeds are currently known to exist In the Australlan cotton industry. It Is the
aim of the cotton Industry to maintain lts position as free of resistant weeds, enabling it to make use
of the full spectrum of avallable herbicides.

This resistance-free status can best be maintained by using an integrated approach to weed
management, ensuring that herblcldes, and especlally herbicides with the same mode of action, are
never used as the only method of weed control. Steps to ensure the continuation of the resistance-
free status are covered in the following article.

C2. Managing Herbicide Resistance
in Cofton

When applied correctly, a herbicide effectively contreis its target weed. Repeated use of a herblcide
has two effects. Firstly, the herblicide selects for the more tolerant weed specles, resulting in a species
shift in favour of those tolerant specles. Secondly, the herbiclde selects out the more herbicide
resistant individuals from within a spectes and the frequency of these Individuals increases within the
population, leading to the development of herblcide resistance.

The development of species shift and herbicide resistance can be managed using an integrated weed
management strategy that combines the use of all the weed management tools, including herbicides
from different herbiclde groups, cultlvation, chipping and good crop agronomy.

Baslc Informatlon Is given on herbicide resistance, herbiclde groups, herblicide modes of action, weed
monitoring and the necessary response 1o a suspected case of herblgide resistance.

~-a gulde for Integrated management of weeds In cotton august 2002
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MANAGING HERBICIDE
RESISTANCE IN COTTON

Graham Charles
{(NSW Agriculture)

Herbicide resistance

Contents Page

| Herbicide resistance occurs when a plant is able
HerRlcldp resistaiice oad 10 tolerate a rate of a herbicide that kiils other
Genetic variability c21 plants of the same species under the same
Selection pressure Cc2.2 conditions (both spray conditions and plant
Herblclde gratps c2.3 growing conditions).
Herbiclde modes of action Cc2.4 Herbicide resistant individuals can occur at very

low frequency In any natural plant population.

Rotating herblolde groups €25 Although these Individuals may be present
Weed monitoring Cc25 before a herblcide Is first used in a fleld, thelr
Suspected herbicide resistance C26 frequency Is lkely to remain low untll a selection
MEnaalngiiert) oids reis arios o C2.6 pressure is applied. This happens when a

herblclde Is applied. Individuals that are more
Summary C2.6 tolerant of the herbiclde survive the herbicide
application and grow to set seed. This seed
produces more Individuals that tolerate the
herbiclde and set more seed, and so on.
Eventually, the herbiclde tolerant Individuals
represent a noticeable proportion of the weed
population, and herbicide resistance occurs.

Genetic variability

Genetic varlabliity Is a characteristic of all
populations. Even in a plant population (within a
plant specles}), where all indlviduals may appear
to be ldentical, there will he some genetlc
variability. Many of these genetic differences are
of no obvious Importance. Leaf shape and leaf
colour In sow thistle, for example, are quite
variable, but the differences do not appear to
confer any difference in fitness or competitive
ability.

Genetic differences that confer differences in the
plant's tolerance to herbicides can exist in any
plant population. Sometimes these differences
are large enough that some Individual plants
may be able to tolerate quite high levels of
herbicide without any apparent effect. These
Individuals are said to be herbiclde reslstant.

The level of herbicide resistance depends on the
nature of the resistance and the genetic
differences between resistance and susceptible
individuals. Herblclde resistance could be as
simple as the production of a waxy leaf surface
that prevents the herbicide entering the leaf.
Alternatively, resistance could be inferred by an
individual over-producing a plant enzyme that

- a gulde for integrated management of weeds in cotton aqugust 2002
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was blocked by the herbicide, or producing a
compietely new enzyme that substitutes for the
enzyme blocked by the herbicide, or by any
number of other pathways.

The expression of herbicide resistance also
depends on the genetics involved. Where
herbicide resistance is caused by a single plant
gene, this gene coutld be recessive and only
expressed when the individual is homozygote
(carries two copies of the gene). Alternatively,
the gene could be dominant, expressing even
when the plant only carries a single copy of the
gene (heterozygote). In many cases, the
heterozygote individual wili express a lower level
of herbicide resistance than homozygote
individuals. A range of levels of herbicide
resistance could occur when resistance is
conferred by multiple genes.

Nevertheless, the selection for herbicide
resistant individuals is the Inevitable outcome of
repeated use of asingle herbicide or herbicide
group. This selection pressure is greatly
reduced when other weed management tools are
used in combination with the herbicide.

Worldwide 156 weeds are resistant to herbicides.
Some weeds have developed resistance to a
range of different herbicides. Annual ryegrass in
Australia, for example, is resistant to a wide
range of herbicides from six different herbicide
groups.

WEED.pﬂk:_aﬂgLﬂdemeregcatedmanagementﬂtweedsjﬂnoHQnﬁ

Selection pressure

When applied correctly, a herbicide effectively
controls its target weed. Repeated use ofa
herbicide has two effects. Firstly, the herbicide
selects for the more tolerant weed spectes,
resulting in a spectes shift in favour of those
tolerant species. That is, the frequency of the
species most susceptible to the herbicide
declines, while there is a relative increase inthe
frequency of specles that are more tolerant of
the herbicide. Species shift is a common
occurrence. Secondly, the herbiclide selects out
the more herbicide resistant individuals from
within a species and the frequency of these
individuals increases within the population,
ieading to the development of herbicide
resistance.

The rate at which these changes occur depends
on a number of factors, including:

» the selection pressure imposed, which is
determined by herbicide efficacy, the
frequency of herbicide application and the
generation interval

» the level of tolerance to the herhicide, the
frequency of herbicide resistant individuals
within the population, and the nature of the
weed's reproductive mechanism,

¢ dilution of the population from the seed bank
and external sources, and

* use of other weed management toois that
reduce the population of tolerant and resistant
individuals.
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Herbicide groups

Every herbicide comes with detalled product
information attached to the chemical container.
Additional information may be Included In an
attached product booklet. This information
Includes detalls on the use of the product, the
range of weeds controlled, application
conditlons, safety, and herbiclde resistance (for
the more recently registered products).

Included on the product label Is information on
the herbicide group to which the product
belongs. This information Is dispiayed
prominently on the front of the product label.

The herbicide group information Is essential for
developing a weed management strategy which
avolds selecting out herbicide resistant weeds.
The herblcide groups are Indicated by a lettering
system, as shown In Table 1.

While all herbicides have the potential to cause a
specles shift in the weed population, they do not
all have the same risk of developing a resistant
weed population. Within the herbicide groups,
there are three broad categories.

« herblcides with high risk (groups A and B).

¢ herbicldes with moderate risk (groups C to
H).

¢ herbicides with low risk (groups ! to N).

The herbiclde groups are based on the modes
of action of the various herbicldes, that is, the
specific ways the herbicides work within a plant.
There are many different modes of herbicidal
action and a single herbicide may act on more
than one plant process.

The herbiclde risk categories have been
developed from an understanding of the modes
of action of these herbicide groups, and have
been proven In practice.

The high risk herbicldes (Groups A and B)
target specifie processes In the plant cell. Plants
that hre resistant to these herblcides occur
relatjvely commonly In some weed populations.
HerRicide resistant populations of weeds such
grass and black oats, for example, have
beer) selected out after as few as two or three
herbjcide applications In extreme cases. This
meahs that the herbicide completely fails to
contfol the weeds by the third or fourth
application, because by this time the weed
poptiation Is compietely dominated by
indijlduals that are resistant to the herbicide.

- a guide for integrated management of weeds In cotfon
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Table 1. 1he herbicide groups of the herbicides commonly
used in the cotton farming system. Examples of products
containing these octive ingredients are shown. A complete list
of preducts is given in the Herbicide and formudation lists in
WEEDpak.

Herbicide  Acfive ingredient Example
group
A butroxydim Falcon
clethodim Select
fluazifop-P Fusilade
- haloxyfop Verdict
2 propaquizafop Correct
S sethoxydim Sertin
= B ¢chlorsulfuron Glean
halosutfuron-methyl Sempra
Imazapyr Arsenal
metsutfuron-methyl Ally
pyrithiobac sodium Staple
= C atrazne ., .,
= didon” """
£ fluometuron Cotoran
8 prometryn. - Gesagard
2 D pendimethalin Stomp
frifluralin
F norflurazon Zoliar
G oxyfluorfen Goal
| 2,4-D
dicamba
< fluroxypyr Starane
£ MCPA. .
S K metolachlor Dual
= MSMA Daconate
diquat Reglone
paraguat Gramoxone
M glyphosate
glyphosate-frimesium Touchdown

The post-emergence grass herbicldes and
Staple® are also In this category. Resistance to
these produicts Is likely to occur if they are used
repeatedly without other weed management
tools.

The herbicides in the moderate risk category
{Groups C to H) are less specific In thelr mode
of action, targeting more general plant
processes. Individual plants with resistance to
these herbicides may still occur, but they are
less likely. Some of these herbicldes, such as
trifluralin, have been used repeatedly over many
years without any apparent resistance problems
occurring. Nevertheless, resistance can occur.

Weeds are unlikely to develop resistance to the
herbicides In the low risk category (Groups I to
N), as these herbicldes have very general modes
of action, or multiple modes of actfon.

[€2.3]



Nevertheless, over-reliance on these herbicides
can stiil lead to resistance. For many years, it
was believed that resistance to glyphosate
(Group M) coutd not occur, yet there are now
examples of three weeds that have developed
resistance to glyphosate. Resistance to
glyphosate has developed in a humber of
different annuai ryegrass poputations in
Australia. Resistance has developed in ryegrass
populations where glyphosate was used as the
main or only form of weed control over a
number of years, with multiple applications each
year, There is every reason to believe that
further weeds can develop resistance to
herbicides in this category if these herbicides
are over-used.

Once herbicide resistance develops, an ajternate
management system is needed, as the herbiclde
is no longer of any use for controlling the target
weed. Loss of a broad-spectrum herbiclde such
as glyphosate would have a major negative
tmpact on the cotton farming system.

Further information on weeds that have
developed resistance to herbicides in Australia is
covered in the document Integrated Weed
Management Systems for Australian
Cotton Production in WEEDpak.

€2.4]
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Merbicide modes of action

Similar herbicides often have simitar modes of
action. For example, the post-emergence grass
herbicides (Group A} are all herbicides that act
through inhibiting acetyl-coA carboxylase, an
enzyme that Is invoived in fatty-acld synthesis In
piant cells. This inhibition leads to membrane
disruption in the plant cells and causes plant
death.

Consequently, although six chemically distinct
herbicides are listed in Group A in Table 1, they
alt act on the same plant pathway. In practice, a
weed that develops resistance to one of these
herbicides may be resistant to all six herbicides,
even though it may never have been exposed to
the other five herbicides. This is called cross-
resistance.

However, apparently similar herbicides do not
always have similar modes of action. Of the pre-
emergent grass herbicides, trifjuralin and
pendimethalin are both group D herbicides,
which inhibit tubulin formation, effectively
inhibiting ptant growth, while metolachlor is a
group K herbicide, with multiple modes of
action, inhibiting growth and root elongation. If
aweed repeatedly exposed to trifluralin
developed resistance to this herbicide, it may
have cross-resistance to pendimethalin, but is
extremely unlikely to have resistance to
metolachlor.
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Rotating herbicide groups

Where herbicides with simliar weed spectrums
have different modes of actlon, opportunity
exists to rotate herbicides, reducing the risk of
selecting weeds resistant to any one herbicidal
mode of action. This strategy Is difficult to
implement in cotton, as many of the herblcides
that could be readily substituted are from the
same herbicide groups.

For example, as discussed earlier, although the
post-emergence grass herbicides Correct®,
Falcon®, Fusliade®, Select®, Sertin® and
Verdict® are chemically different, they are all
group A herbicides with similar modes of action.
A weed that develops resistance to one of these
herbicides may be cross-resistant to all of them,
even though the weed had not been exposed to
the other herbicides.

Similarly, the residual, broad-leaf herbicides
most commonly used with cotton production
{diuron, prometryn and flucmeturon) are all
group G herblcides, with similar modes of
action.

However, the pre-emergent grass herbicides
belong to groups D (trifluralin and
pendimethalin), K {metolachlor} and F (Zollar®).
Use of these herbicldes in rotation allows an
opportunity to expose weeds to totally different
herbicide groups, greatly reducing the risk of
developing herblcide resistance,

Overall, the most effective approach to reduce
the risk of the development of herbicide
resistance and species shift to herblcide tolerant
individuals, is to ensure that herbicides are used
correctly, and to use an integrated approach to
weed management, using as wide a range of
herbicide groups as practical, and a variety of
weed management tools. Detalled information on
the integrated weed management tools and
developing an integrated weed management
system in cotton Is covered in the document
Integrated Weed Management Systems for
Australian Cotton Production in WEEDpak.

Speclal care needs to be taken when making
repeated use of the high risk group A and B
herbicldes.

~agulde for Integrated management of weeds In cotton

section €2

Weed monitoring

The underlying principle of integrated weed
management is to continually monitor the
presence of weeds and the success or
otherwise of the weed management tools used.
Where a weed is not successfully controlled by
one tool {(herbicide, cultlvation, chipping etc.),
an alternate tool shouid then be used to manage
the weed. This approach of scouting and
rotating weed management tools as necessary,
will not only result in an effective weed
management system, but will also prevent the
development of herbicide resistance.

Cotton growers should always check fields after
every herbicide application to ensure that the
target weeds have been satlsfactorily controiled.
Where control has not been satisfactory, an
alternate management tool shouid be used. A
weed control fallure may not be due to herbicide
resistance, but could be caused by a variety of
other factors such as:

* poor application. Nozzles may have been
poorly positioned, or too little herbicide hit the
target etc.

e an Inappropriate (too low) herbiclde rate,
Larger weeds generally require higher
herbicide rates. Mature weeds may be
Impossible to control with a given herbicide.

* unsuitable conditions. Weeds may be
moisture, heat or cold stressed, or conditions
may have been too hot for spraying, humidity
too low etc,

* incorrect weed identification. Similar, closely
related weeds may have very different
susceptibllity to some herbicides.

Where weeds that should have been controlled
by a herblcide have survived the application,
growers should immediately act to ensure that
the surviving weeds do not set seed. Assistance
from an agronomist or chemical company
representative should then be sought to
determine whether the survival of the weeds is
due to herblcide resistance.

[C2.5]
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Suspected herbicide resistance

Most apparent cases of herbicide resistance are
due to other factors. Incorrect identification of
the weed [s a common problem. Similar looking
weeds often occur in mixed poputations without
belng individually identified. A good example of
this occurs with yellow vine and caltrop. Broad-
spectrum herbicides such as trifiuralin and
glyphosate are equally effective in controlling
both weeds, but specific herblcides such as
Staple® may only be effective in controlling one
species (Staple® only controls yellow vine). An
apparent spray failure with Staple® on yeliow
vine gcan be caused by Staple® effectively
controlling the yellow vine, but leaving a large
population of caltrop. An alternative control
method Is needed for the caltrop.

Another general guide to herbicide resistance s
that the problem s most likely to show up In a
small area of a field, corresponding to the
location of the individual plant that Initially had
resistance. A reslstance problem would be
extremely unlikely to first appear on a field-wide
basls, unless the problem had been spread by
land-levelling In the previous season. A fleld-
wide problem would be a very good Indication of
an application problem or herbicide rate
problem.

If the weed has been correctly |dentified, and no
other problems are apparent, then the simplest
method of checking for resistance Is to re-apply
the herbicide at a range of rates on test-strips,
ensuring that no suspect weeds are allowed to
set seed. Contact a chemical company
representative and a weeds agronomist from
NSW Agriculture or Queensland Department of
Primary Industries immediately if the weeds are
still not controlied by the recommended rate.

Managing herbicide resistance

Weeds are relatively Immoblle and will only move
large distances if transported by water, animals,
people, or machinery. Experlence from other
cropping systems has shown that resistance
can often be confined to a single paddock, or
even to an area within a paddock.

Where resistance is Identified before it has
become widely spread, and appropriate
measures are taken, resistance can be relatively
easlly managed and may eventually be
eliminated from an area. The keys to managing
resistance are:

* early ldentification, before the problem
becomes widespread,

* treatment, preventing the weeds seeding, and

* |solation, to prevent the weed spreading to
new areas.

Summary

The development of herbicide resistance is
not inevitable. There has not yet been a
single case of a herbicide resistant weed in
the Australian cotton industry, due largely
to the long-term use of an integrated weed
management strategy using a combination
of herbicides, cultivation, chipping and
good crop agronomy.

Failure to use an integrated weed
management program will lead to the
development of herbicide resistance.
Herbicide resistant individuals can occur
naturally in a plant population. Over-reliance
on a single herbicide or herbicide group will
cause a species shift to weeds that are
tolerant of the herbicide and may eventually
result in the development of herbicide
resistant weeds

Prevention is the simplest way of managing
herbicide resistance. The development of
herbicide resistance can be prevented by
using an integrated weed management
system. Integrated weed management is
based on regular scouting for weeds and
treating problems with a range of
management tools.




WEEDak section
~ ROUNDUP READY® COTTON

Introduction

The introduction of Roundup Ready® cotton offers tremendous advantages to the Australian cotton
industry for weed management. When used as a component of an Integrated weed management
system some of the benefits that may arise from Its Introduction Include:

* reduced dependence on resldual herbicides;
* [mproved control of some of the more difficult-to-control weeds;
* greater flexibility in weed management programs; reduced chipping and cultivation expenses and,

* the potentlal to Improve establishment and vigour of young cotton seedlings by reducing the pre-
emergence use of residual herbicides.

While Roundup Ready® cotton has many benefits, this technology has only been recently Introduced
and currently has some limitations. As a consequence, two articles have been prepared to enable
growers and agronomists to obtain the best results from the varleties of Roundup Ready® that they
plant.

The first article Managing Roundup Ready® Cotton provides general guldelines on using this
technology as well as. providing information on herbicide resistance and species shift. The article aiso
inciudes an economic comparison to lllustrate the costs of weed management using this technology
in comparison to conventional farming systems. The second article Research Resuits with Roundup
Ready® Cotton provides additional Information on the performance of the Roundup Ready®
technology and some of the experlences researchers have had In trials using Roundup Ready® cotton
varleties.

E2. Managing Roundup Ready® cotion

Roundup Ready cofton offers a number of benefits to the Australlan cotton industry however there
are a few limitations when using this technology and for optimum results Roundup Ready® cotton
needs to be managed within these limitations. Roundup Ready® cotton is only registered for over-the-
top applications up to the fourth true leaf and prior to unfolding of the fifth true leaf of the cotton
crop. Sequentlal applications of Roundup Ready® herbiclde must be applied at least 10 days apart,
and with at least twe nodes of crop growth between applications.

Shielded and directed applications of Roundup Ready® herbiclde can be very effective In controlling
weeds In cotton, however there s always potential for spray drift when applying Roundup ready
herbicide in this manner. Shields must be designed to minimise drift and to prevent fine spray
droplets from contacting the leaves. Likewise when applying directed appiications the nozzles must
be angled such that none of the spray contacts the lower leaves of the cotton plants.

To minimise the Impacts of both species shift and herbicide resistance an Integrated Weed
Management (IWM) approach to weed control must be adopted.

E3. Research results with Roundup Ready® Cotton

The weed management system adopted by growers and consultants should be able to respond to
weed pressure on a season by season and field by field basls. The addition of Roundup Ready®
cotton to a crop management plan should allow growers to modify thelr systems and reduce thelr
dependence on residual herblcldes. Any changes to the weed management system, however, should
be made gradually, based on personal experlence.

Results from 5 seasons of back-to-back Roundup Ready® cotton are examined. Ylelds and the level of
weed control from a range of Roundup Ready® systems are compared to the resuits from more
traditional weed management systems that rely on residual herbicides.

The results hightight the potential benefits from using the Roundup Ready® technology, but also
show some of the possible traps with relying too heavily on this technology. Timing of the over-the-
top Roundup application was especlally critical.

—a gulide for Iintegrated management of weeds in cofton  ougust2002
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MANAGING NUTGRASS IN
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The four steps for weed
management

A successful weed management program is built
in four steps. These are:

positive identiflcation of the weed
assessment of the extent of the problem

targeted treatment of the weed, integrating
all avallable management tools, and

A heavy “nuigrass” infestation in cotton. The field was
infested with four different species. The cotton was infested

with downs mutgrass and yelka. Dirty Dora and umbrelin - evaluation of the farming system, making
sedge infested the head ditch. modifications as required to ensure success.
— a gulde for integrated management of weeds in cotion august 2002
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The nutgrass (Cyperus) family

Positlve identification Is the first step in
managing any problem weed, as different
management techniques may be needed to
control different weeds, even though the weeds
may be closely related.

Nutgrass belongs to the genus Cyperus, of which
38 species are reported to occur In the cotton
growing areas of Australia. Of these, 19 specles
are hative to Australla and the remaining 19
specles have been introduced.’ Three of these
specles are commonly found In or around cotton
fleids (Table 1), while another five specles
occaslonally occur around cotton fields (Table 2).

Tuble 1. Nutgrass species commonly formd in and around
cotton fiekis.

Botanical name Common name

C. bifax G, B, Clarke downs nutgrass
C. rotundus L. nugrass
C. victorignsis C. B. Clarke yelka

Table 2. Nutgrass species occasionally found arcunid cotton
Sields,

Botanical name Common name

C. alterniflorus R. Br. Tall sedge

C. concinnus R. Br. Trimsedge

C. difformis L. Dirty Dora

C. eragrostis Lam. Umbrella sedge
Coal. ... = Rigaflatsedge

This articte primarlly focuses on the control and
management of nutgrass (C. rotundus) as by far
the most difflcult to contro! of these weeds.
Management information for the other specles is
discussed throughout the article.

Nvutgrass (C. rofundus) (see p. H3.4)

Nutgrass, called purple nutsedge in the USA, is
an introduced, strongly competitive perennial
weed that grows from underground tubers. It Is
an internatlonal weed and Is a major problem In
a range of crops, and especlally irrigated
farming systems.

Nutgrass favours lighter soll and wetter
conditions, but grows well on both dryland and
irrigated solls throughout the cotton Industry.

it may be relatively short, at 10— 15 em, but can
grow up to 60 cm high in irrigated cotton.
Nutgrass has dark green leaves and stems that
are triangular throughout their length. It has a

dark purple flower head that is up to 10 cm In
diameter and lightens in colour with age.
Nutgrass grows in very dense patches, with little
space between shoots. Denslties of up to 14000
tubers and 2200 shoots/m? have been recorded
In irrlgated Australian cotton, i can reduce
cotton yields by up to 90% at these densities.

Nutgrass can be positively identified from the
purple colouration on the outer leaves at the
base of the plant stem, around the basal buib.
This colouration is seen by stripping back one
or two leaves from the base of the nutgrass
shoot. Purple colouration persists through
several layers of outer leaves, while the inner
leaves are light green and then white.

Nutgrass produces large numbers of seeds, but
the seed has very low viability (only 1 or 2%)
and the seedlings are weak and easlly controlled
by herbicides such as trifluralin and
pendimethalin. Nutgrass plants rarely establish
from seed; reproduction Is almost always by
vegetative propagation through new tubers.

A single nutgrass plant can produce up to 2000
new tubers In a single season. The first tubers
are initlated about four weeks after the nutgrass
shoots first emerge. These new tubers then
produce new shoots that produce new tubers
etc. Most tubers are In the top 15 cm of the soil,
although tubers can emerge from 30 - 40 cm
depth.

Nutgrass is frost susceptible and becomes
dormant over winter when conditions are
sufficiently cocl. Plants re-establish In spring
from dormant tubers. Nutgrass tubers may
remain dormant in the soll for several years, but
require moisture to survive, Tubers are easl|ly
killed by deslccation in a dry soll.

ag\-a;l;s nutgrass (C. bifax) (see p.

Downs nutgrass is a native Australian species and
ls abundant in much of the flood susceptible,
watercourse country.

it is similar to nutgrass, but is generally taller at 60
- 80 cm, its leaves and stems are a lighter green in
colour, and Its seed head Is larger (up to 20 cm
across) and lighter in colour, starting off brown or
orange and fading with age. Its stems are
tangular over thelr full length, but unitke
nutgrass, the outer ieaves at the base of the stem
are light green, and the inner leaves white.

Downs nutgrass produces & large quantity of
viable seeds. Typleally, it also produces 5to 20

1 Lazarides M. Cowley K. and Hohnen P. (1997}. CSIRO handbook of Australian weeds, CSIRO

Publishing, Collingwood, Vic.
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rew tubers per plant each season, and establishes
from both seed and tubers. Most tubers are found
in the top 10 cm of the soll and are easily killed by
deslccation. New downs nutgrass infestations can
occur from seeds carried In floodwater and fodder.

Downs nutgrass grows at much lower density
than nutgrass and is much less competitive,
although downs nutgrass may be more obvious In
cotton due to Its greater helght.

Yelka (C. victoriensis) (see p. H3.6)

Yelka Is native Australian species that occurs In the
watercourse country and is common on
roadsides.

It has erect, dark green stems 100 - 120 cmtall with
few leaves. The stems are clrcular at the base, but
become more trlangular towards the top. Yelka
may have a small, purple flower head, with a few
short leaves below the flower, but often the flower
head Is absent. It grows at low densltles, produces
few seeds and tubers, and Is not very competitive,
Most tubers are found In the top 10 cm of the soil
and are easlly killed by desiccation in a dry soil.

I'(gl ;)edge (C. alterniflorus) (see p.

Tall sedge is a perennlal native Austrailan
specles that occurs sporadically in wet areas
such as river and creek banks, iagoons and
irrigation ditches.

Mature plants are around 1 mtall and can form
large, dense tussocks. The stems are almost
circular at the base but become triangutar
throughout most of their length.

Tall sedge produces rhizomes and masses of
seed, but does not spread rapidly. It can be a
nulsance In irrigation channels and water
storages.

H;I% )seclge (C. concinnus) (see p.

Trim sedge Is a natlve Australian species that
occurs sporadically on wet areas and table
drains.

It grows to around 50 — 60 cm high and
produces both seed and rhizomes. Its stems are
triangular throughout their length.

:.)Igz)bora (C. difformis) (see p.

Dirty Dora is another native Australlan species
that invades wet areas. It Is a major problem
weed in rice and cane production In Australia.

Dirty Dora grows from seed and Is readily
spread by seed. Even small plants can produce

-agulde for integrated management of weeds in cotton
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large quantities of viable seed. It has no
underground tubers, [t tends to be relatively
short, up to 50 cm, and is a paler, yeliowy
colour. The stems of dirty Dora are strongly
triangular throughout thelr length.

Small numbers of small plants may occur
throughout cotton fields without being
noticeable. Dirty Dora plants have germinated
from sofl samples taken from fields where the
plant has never been observed to occur.

gmr?:;'.e‘l‘l;; sedge (C. eragrostis) (see

Umbrelia sedge is an Introduced specles that
invades wet areas and can be a problem in water
storages and Irrigation channels.

Umbrella sedge grows from seed and Is readily
spread by seed. Even small plants can produce
large quantities of viable seed. It has no
underground tubers. Plants are generally
around 30 - 50 cm tall, aithough they can grow
to 1 m. The stems are almost clrcular at the base
but become triangular throughout most of their
length.

Once established, umbrella sedge plants can
grow to form a large tussock.

ﬁi:c’:gl "lil;ltsedge (C. iria) (see p.

Rice flatsedge Is a native annual sedge that
occurs In wet areas such as table drains and
Irrigation channels. It grows to 60 to 80 ¢m In
height and produces large quantities of seed. its
stems are strongly trlangular throughout their
length.
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Nutgrass is a strongly competitive perennial weed that grows from tubers.
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Downs nutgrass is a native perennial weed commonly found in the watercourse country. It is not very competitive with cotfon,
but can be very obvious due to its height and colourful flower heads.

- agulde for integrated management of weeds It cotton august 2002
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Yelka is @ native weed commonly found on roadsides and waste areas. It is tall, but has few leaves and grows at relatively low
densifies.
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Tall sedge is a native weed occasionally found on river and creek banks, irrigation channels and water storages, It can form
large, dense tussocks.
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Trim sedge occurs sporadically on wet areas and table drains.
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Dirty Dora is a native species that invades wet areas. It produces masses of seed and can spread very quickly.
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