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1. Outline the background to the project. 
Siucc 1988, CRDC has funded a series of projccts focussing on the managcmcnt of problem wccds (nutgrass, 

polymeria takcall, cowvinc, budda pea, lippia and others) and wced malagemeut systems for the cotton 
industry. Thc rescarch included work on transgenic, herbicide tolcrmt cotton (Roundup Rcady, Oxygene, 
Liberty Liuk and 2,4-D toleraut cotton), noogoora and thon~applc competition, herbicidcs for nsc with 
pigcon pcas, and monitoring weed management systems. 

Nevertheless, wccds continne to causc significant problems for thc cotton industry, and the cost of weed 
control increases ycar by ycar. Four of the key weed problems in cotton are nutgrass, cowvine, bellvine, 
and polymeria takcall. Whilc considerable research has been undcrtaken on n u t p s s ,  there are still 
considerable gaps in the knowledge of tlus wced and its nmagcment. Even less is known of the 
~ ~ ~ a n a g c m e n t  options for cowvine, bcllvine and polyn~cria takcall in irrigated cotton. 

Problcms with wced cont~ol arc bcing exacerbated by changes in the fanniug system, with trends towards 
rcduced cultivation, reduced chipping and stubble retention. Thesc changes arc placing increasing prcssurc 
on thc use of hcrbicidcs, and as a consequence, a group of problem weeds that :uc largcly tolerant of thc 
commonly used herbicides has been selected out. Thc incrcasc in residual herbicide usc also has flow-on 
cnviro~nncntal impacts both on and off the f ann  

In order to address this situation, ACGRA has rcqncstcd that the wecds team put all available infonnation 
togcthcr into a WEEDpak format during thc ncxt year. Much of the data collected in DAN 124C and 
prcvious projects will form an important part of WEEDpak. This will provide a valuablc resource to cotton 
growers aud will also allow futurc rcsearch and extension prioritics to be morc rcadily idcntificd. 

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

Objectives: 
1 To coutruuc research on thc malagcmcnt of co\wlne, bcllvme a ~ d  poly~ncr~a take-all 

2. To develop integrated ma~lage~ncnt guidelines for UIC major problcn~ wccds of cotton. These guidelines 
will draw together all available infonnation so it can be con~plied into a grower bascd informatiou 
package (WEEDpak). This package will include growcr casc studcs of successful a t d  unsuccessful 
managcmcnt approaches. 

3 To continuc Inomtornlg wccd dcns~ty and dwcrstty on UIC CRC farnung systems cxpenmcnt at Warra and 
on farmcrs' fields throughout the industry 

4. To explorc and idcntify the slrcngths and gaps in current knowlcdgc of wccd managclncnt in cotton and to 
clcarly idcntify growcr prioritics for future research 

Achievements: 

All objectives l~avc been achieved. Thc rcsults of the work were written up as a major compo~~eut of 
WEEDpak. Exlracts of WEEDpak arc included as an Appendix. 

1. Field expcrirncnts on cowinc  managcment were undertaken at Bloomvalc (Morec) and Clyde 
(Dirranband). Results wcrc nused. Thc bcst treatment. an application of Zoliar at 2 k@a, &?VC a 75% 
rcduction in w\wine nun~bcrs (averaged ovcr t l~c  season), but this result is still inadequate, leaving 3 
plants/~n2. Long-tcnn monitoriug of thc cowvine secdbank cspcriment continued at Becchwortl~ (Meral~ 
Notlh), showiug a 50% reduction in thc scedbank over 3 scasons undcr growcr ~uanagement. More 
detailcd cxami~lation of the viability of the sccd in Ihc seedbank will commence this seasou 

Polyrncria takeall aud lippia ficld cspcriu~e~rts continuc, although thc results lu~vc been adversely 
impaetcd by the eurrcnt dry conditions, as these cspcrimer~ts arc situatcd on rain-fcd sites. 

Nutgrass management in Roundup RcadyO cotton is k i n g  assesscd at Auscott (Narrabri). Visual 
observatious indicatc improvcd control with Roundup in Ronndup RcadyRI cotton compared to MSMA 
it1 eon~vcntional cotton Soil samples and visual asscsslncrd ovcr the ncxt 2 seasons should confirm this 
result. 



Dctailed glasshouse studies of cowvinc, bcllvinc, polymcria takc-all and imtgr,~ss managcmcnt continued. 
Esperirncnts focus on qucstions that arc not adcquatcly answcrcd in the wccd n~anagemcnt guides in 
WEEDpak, such as the minitnum intcn~al Tor cultivation following a glyphosatc application to nutgrass. 
This inCornration will be rclcased in a sopplcment to WEEDpak whcn thc rcsults become availablc. 

2. WEEDpak has bccn a inajor collaborative undertaking. It was officially launched at tlm Australian Cotton 
Corrfcrcnce and will be rclcascd in carly October 2002. My dircct input into WEEDpak inclndc tllc 
sections: 

Wced identification and inforn~ation guide. with identification of 38 wccds (Stcphcn Johnson compiled 
thc infonnation coruponcnt . Intcgratcd wccd tnanagcmcnt (IWM) in Australian cotton production (with Grant Robcrts) . Managing wccds in cotton 

Managing herbicide resistance in cotton 

Managing Ronndup ReadyO cotton (with lan Taylor) 

Rcscarch results with Ronndup Ready@ cotton 

Managing wecds on roads, channcls and watcr storagcs (with othcrs) 

Managing couvinc in cotton . Managing nntgrass in cotton 

9 Managing polymcria (take-all) in cotton (with Stephcn Jolmson) . Hcrbicidcs Tor pigeon pca trap crops 

Thcsc scct~ons are includcd as ;m Appcndlx to thls docunrcnt 

Editing, formatting, rcvicwing and dcvcloping WEEDpak has also rcquired a vcry large i~~vcstrncnt of timc. 

3. Wccd pressurc continues to be monitored on thc CRC cropping rotation experiment at Prospcct (Warra) and 
growers' ficlds. Nutgrass and cowvinc continuc to bc major problems for growcrs. Bladder kctmia, 
pigwccd and dwarf arnmnth are also bccoming more problematic for growcrs who arc relying morc 
hcavily on glyphosatc. 

4. Compilation of the WEEDpak co~nponcnts lras givcll a clcar understanding of the strengths and gaps in thc 
wccd management systcm A nnrnbcr of gaps in t l~c  cuncnt rcsearch have been identificd. Thcse gaps arc 
thc future focus of t l~e  rcscarch effort. 

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

The rcsearch dircctly addrcsscs thc issucs of snstainabilily >and profitability 

Objective 1 asscsses a rangc of wccd mamagcment options to dctcrn~inc the optinnnn (most profitable) 
systcms using old and ncwcr tcchnologics including transgcnic cotton. stubble rctcntion and pcnmncnt 
beds. 

Objcctivcs 2_ 3 & 4 csaminc issncs of snstain;~bility, dcvcloping managcma~t packages for problcm wccds 
which tln-catcn sustainability, and asscssing thc sustainability of cuncnt production and farming S ~ S ~ C I I I S .  

Thc production of WEEDpak reprcscnts a major stcp forward in gctting this information out to the cotton 
industry and thc commnnity. Thc WEEDpak n~i~tcrial will bc made ;wailable on thc i l~tcn~et  later this 
ycar, making the infonnation readily availablc. 

6. Detail the rnetl~odology and justify the methodology used. 

Expcrirncnts wcre nndertakcn in the field and glasshouse using standard tcchniqncs, with full replication of 
treatnlents. Most cxpcriments uscd 4 rcplicates. Thrcc rcplicates wcrc uscd on a few field expcrimcnts 
(such as thc polymcria takc-all management experiment) whcre resonrces were limited, generally becausc 
of the limitcd size of the weed patches available. Most field experiments werc conducted using fully 
rmdornised complete block designs with plots of 20 m by 4 m. Glasshouse expcriinn~ts were either 
factorials or complcte block designs. Dafa were malyscd in Genstat using REML and regression using 



thc Poisson modcl. Thcsc methods gwc the most reliable results, cnsnring a high probability of accuracy 
with an eK~cicnt use of resources. 

Soil cores wcre used to monitor the nntgrass and cowvine sccdbanks. Thc samplc depth was detcrmincd from 
a prior undersmding of t l~c  distribution of sceds down the soil profilc. Tcn replicate 75 mm corcs of 300 
mm length wcrc &ken pcr plot. This samplc sizc was small and rcsultcd in a high dcgree of variability in 
the rcsults, but was limited by thc amount of work rcquircd to proccss thc samplcs (around 3 wccks lull- 
time for 1 person pcr sampling date) and fhc practical nccd to limit thc amount of soil taken from each 
plot over a numbcr of years (approxhatcly 1000 kg of soil was takcn from thc Iicld at each sampling 
date). 

The weed sorvcys wcrc undertaken using prcdctermincd lransccts across ficlds and plots. Wced density was 
mcasured on 10 strips of 1 111 by 50 m along the cotton, with 2 rcplicates in growcrs ficlds row. Fivc 
strips wcrc obscwed on cach lrcatmcnt of the Warm CRC sit, which had 3 rcplicates). Observations werc 
takcn in approximately the same position each season using measmcmcnts and GPS coordinatcs. Every 
wccd present in each strip was rccordcd, except whcrc wccds in a single spccies wcrc prcscnt at greater 
th.m 1 per m'. The density of thcsc spccies was rccordcd aftcr 50 wecds had bccn obscwcd. This suwcy 
n~cthod was adapted from thc mcthcd uscd by Fclton and is practical and cff~cient in thc cot to;^ system 
whcrc most weeds arc prcscnt at rclativcly low dcnsitics (frcqucntly fcwcr than 1 wccd pcr 10 m-). 

Expcri~nents wcrc gcncnlly a combination of ficld work and glasshousc work. Ficld cxpcriments give the 
best undcrstanding of how treatmcnts work in t l~c  rcal world, undcr typical ficld conditions, but can be 
strongly inflncnced by factors such as soil rnoisturc and tempcrature. Achtal weed density and agc can be 
difficult to dctcrn~ine in thc field. Glasshouse cxpcrimcnts allow dctailcd cxarnination o l  trcatmcnts 
excluding cxtcrnal factors, but do not always give a g o d  indication of likcly rcsults in thc field. 

Expcr~mcnts undert,&cn includcd 

Weed incidcncc was monitor on thc Wawa cropping rotation expcrimcnt 
Wecd incidcncc was monitored on Iiclds on h coopcrating fanns nsing pcrnlancnt bcd 
Wced incidence was monitored on thc pcrn~mcnt bcd cxperimcnt at ACRI, incorporating stubble rctcntion, 
Ronndnp Ready, bromoxynil and Basta tolerant ~uaterial 
Cowinc  management experiments wcrc condnctcd at Morcc and Dinanbandi 
2 glasshousc cxpcrimcnts looking at the dcpth of cmcrgcnce and residual herbicidcs on pcachvinc 
4 glassl~ousc cxpcrimcnts looking at thc depth o l  cmergcncc and herbicides for bcllvinc conlrol 
Nntgrass managcrncnt in Roundup Ready@ cotton and rotation crops was asscssed at Auscott (Narrabri) 
2 glasshousc expcrimcnts cxamining the cficacy of hcrbicidcs on the nutgmss spccics Cyperris rolunrlris, 
C hij?ax and C vicloriensis 
2 glasshonsc cxpcrimcnts cxamining tllc minimum interval between glyphosatc to nutgrass and cultivation 
Polymcria hkc-all nmragcmcnt was asscsscd in a ficld cxpcrirnent on Twynam Ccntral (Colly) 
2 glasshousc cxpcrimcnts looked at additives and surfactants to improvc glyphosatc cfficacy for polymcria 
control 
2 ficld cxpcrimcnts con~parcd hcrbicidcs for lipia control 

7. Detail results inclnding the statistical analysis of resnlts. 

Dctailcd rcsnlts from this and earlicr work has bccn compilcd into matlagcrncnt guidclincs and othcr 
components includcd in WEEDpak m d  arc prcsented in thc attachcd Appendix. All resnlts werc 
statistically analysed. as indicatcd in Scction 6 .  Only statistically significant rcsolts arc includcd in thcsc 
guidclincs. 

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

1. Comprchcnsivc managc~ncnt gnidcs for nutgrass, cowinc and polyn~cria takc-all arc included in 
WEEDpak. Thcsc docnmcnts have providcd a 'ichiclc to incorporate all thc available inlormation in a 
structnrcd way. These docnmcnts also highlight thc gaps in thc cnmnt kno'ivledgc. Obvious gaps arc: 

Ttlc ficld results for co~winc @cachvine) managemcnt wcrc poor. Trials tlus season focns on split 
applications to cnsurc that hcrbicidc ntcs  arc maintained scason-long. Additior~al work on sotnc 
currently umcgistcrcd herbicidcs and altcniative herbicidcs that may bc uscd in rotation crops is 



nccdcd. A bcttcr tmderstanding of thc scedbank and tllc longevity and fate cowvinc sccds is also 
nccdcd. Work 011 this is being initiated this scason. 

Work to ~mderstmd the ininiinum period for cullivatioii following a glyphosatc application to nutgrass 
is under way. Two ncw promising hcrbicidcs arc also now availablc (experimentally) m d  will nccd to 
bc examined both in thc glasshousc (work tindcr way) and ficld on t l~c  range of llutgrass spccies. Work 
to date has concenlratcd on 3 nutgrass specks. Additional work on some of thc otl~cr spccics such as 
d i m  dora may bc nccdcd. Somc n u t p s s  species that occur in Qld., soch as ycllow nutscdge (the most 
importtit nutgrass spccics in thc US) have not bccn includcd in thc nutgrass managcnmait guide. 
Fcedback from WEEDpak should clarify this nccd to includc other spccics. 

Work to understand thc cffcct of humidity, tcmpcrature and soil moisture on glyphosatc cfficacy on 
n u t p s s  and cowine will be initiated as soon as thc controlled climatc cabinets rcccntly ordcrcd 
bccorne availablc. These cabinets will also be uscd to cxaminc some of thc othcr interactions of climatc 
and hcrbicidc efftcacy with thcsc and otlnr wecds. 

Thc cffccts of heavy cultivation and 2,4-D on polymcria take-all control arc not well covcrcd in 
WEEDpak. Glasshouse and some ficld work on 2,4-D cficacy havc been initiated. 

Additional information on photopcriod effects, clncrgcncc tempcraturcs and rcsponscs to soil moisture 
will bc asscsscd for tlmsc atid other weeds. 

2. WEEDpak has becn a niilestone in the wecds work, iricorporating rcsufts from ycars of rcscarch into a 
singlc cntity. WEEDpak is available to tlie cotton industry in an attractive A4 foldcr, allowing scctions to 
bc upgraded over titnc. It is our intention to upgradc WEEDpak as necessary, with tlic first upgradc 
planned for next wintcr. Thcse upgrades will bc simplified by the style used in WEEDpxlk, allowing 
pages to bc easily added or rcplaccd. Thc first upgrddc of WEEDpak will includc more wced 
identification and information scts, inforinatio~i on hcrbicidcs in rivcrs etc, and muragcrncnt packages for 
additional wecds including caustic wccd and mint weed. 

WEEDpak is a visually attractive, comprchcnsivc, full-colonr documcnt tliat prcsents a inass of iriforrnation in 
rui infortuativc, but vcry readable format. WEEDpak will also bc available on thc CRC wcb sitc, making 
it easily and freely availablc to tllc gcncral public. 

WEEDpak has focused around tln nccd for cotton growers to continuc to use an integrated approach to wccd 
managclncnt. It is imprlant that growcrs midcrstand the nccd for tlus approach, and undcrskuid thc 
conscqucnccs of relying too heavily on a singlc tool for weed managcmcnt. Thc concept of IWM is not 
new but thc adoption of IWM is so~ncthing tlmt has bccn apprcciatcd by too fcw industrics. Most 
industries arc working on thc principlc of using tlic most costdfcctivc tools until tlicy rail, in tlic hopc 
that a IICW a i d  bctter tool will come along and rcplacc thcm. This approach I M ~  bc cost-cffectivc in the 
short-tcrm, bnt may bc expensive in thc long-tcrm, as ncw ~n&lagcr~icnt tools may not becomc 
itiur~ediatcly availablc a id  may bc very expensive. IWM rclics oil thc principlc of rcducing thc weed 
sccdbank ovcr timc, rcducing thc long-tcrm cost of and nccd for wccd control. 

WEEDpak scts a ncw standard in information dclivcry to tllc cotton industry. With tlic support of CRDC, thc 
result morc-than n~ccts tlic cxpcctation. 

3. Wccd monitoring on growers' ficlds and t l ~ c  cropping systcms experiment l~ds  continued to provide 
uscf~d information on the level of wced prcssurc prcscnt and thc changcs in tlic weed spcctrurn ovcr timc. 
Thesc changcs have bccn slow to cmcrgc, but arc occurring. The slow respnsc to changing wecd 
management systcms is duc (at least in part) to thc low density of many of thcse wccds in thc first 
instance, thc largc s i x  of the sccdbank of many of thcse wcedsl thc usc of regular cropping rotations and 
fallows, and tlic contir~uing usc of a tmgc of wccd ma~~agement tools. Cl~angcs in thc wccd spcctmm will 
occur more rapidly if growers primarily usc only 1 or 2 wecd mnagcmcnt tools. Growcrs in thc US who 
have dcvelopcd a Roundup only systcrn have sccn largc changes in thcir wccd spcctrom within 2 to 3 
scasons. Thesc changcs (to Roundup tolcrant wccds) mean that the systcm has failed aftcr only 2 to 3 
SCaSo1IS. 

Thc outcomcs from this project clcarly mcct or cxcccd thc project's objcctivcs. 

9. Provide an assessnwnt of the likelv i m ~ a c t  of the results and conclusions of the 
research project for the cotton industry. Wl~ere possible include a statement of the 



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

WEEDpak wlll have a clcar Impact on thc cotton industry, pro~notlng thc use of mtcgratcd wccd rna~~agcrnent 
(IWM), accuratc wccd ~dcntlIicat~on, and thc targctcd nranagenlcnt of spcc~fic problcm wccds 

Tbc adoption of IWM will have a long term bcncfit to lhc industry, rcducing in-ficld weed pressure and weed 
managcnmmt costs, and increasing yields. More accuratc weed identification m d  t'mgetcd management 
plans Tor specific problem wccds will reducc thc incidence of spray Cailure due to incorrect weed 
identification or incorrcct product choicc. 

Wccd n~anagerncnt costs around $250flla, or $125 million indnstzy wide annually. A saving oC cvcn 5% of this 
cost amounts to a saving of $6.25 million amnally. On top oC this, wccds also reduce cotton yiclds. 
Improven~cnts in wccd control will improve cotton yiclds, giving 1nuc11 greater returns. An improvement in 
cotton yields of 5% will give a rctum oC around $80 million. Rcscarch results lravc shown that 
in~provcnlcnts in wccd ~nanagcn~cnt can improvc yiclds by over 1 balcfl~a potenlially improving yiclds by 
Car more than $80 inillion. 

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. Inclnde discoveries in methodology, equipment design, etc. 

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 futnre presentation and dissemination of the project outcomes. 

Support and extension of WEEDpak has been identified s s  an important priority oC thc current projcct. Tlus 
support comnlenccd at die Australian cotton confcrcncc, whcrc WEEDpak was show cascd, and will 
continue as opportunity arises throughout tllc ycar. WEEDpak will be dclivcrcd to cotton growcrs on 
rctqucst, will bc provided to thc cotton cxtension team, and will bc distributed at field days, industn 
meetings, c t c  Thc cotton indiistly extcnsioll stalf and consn1t;uits will bc important to getting WEEDpak 
out into tllc indust~y. 

Getting WEEDpak up and 'u~nung on the CRC wcb will bc the ncst hurdlc Thc wcb-site will allow 
co~nmnnity-widc acccss to thc material; and will allow ttic matcrial to bc continually improvcd and 
updatcd. It will also allow much bcttcr cross-linking of information. 

It is csscntial tlrat WEEDpak is continually upgraded on a ycarly or bi-yearly basis, as ncw and additional 
niatcrial bccomcs available. Tlic wccd identification and infonnation goidc cspccially nccds morc input 
to expand the mngc of wccds and to cnsurc that ccology and nlarragctncnt inlhnuation is available Tor all 
thc wccds prcscntcd. Thirty cight wceds arc cnrrcntly in thc guide. This will nccd to bc csparidcd to 
sevcral hundrcd wccds over the next fcw years. 

Work on thc nianagc~ncnt of spccific problcni wccds continues as a lbcus oC this projcct. Thc currcnt ncw 
projcct focnscs on tlic management of bcllvinc. dwalranuranth, pigwccd m d  David's spurgc, in addition 
to sornc continuing work on nutgrass aud cowvinc. 

Basic inCorn~atior~ such as dcpth of cnorgcncc and rnini~num t c m p c ~ ~ t m c  for ctncrgcncc nccds to bc 
gencratcd Tor thc major wccds oC cotton, but is not ci~ncntly availablc. This dat;~ conld bc gcnersted 
relatively casily for a wide range of weed spccies arid would bc a valuable addition to weed information 
currently availablc in WEEDpak. 

13. List the publications arising from the research project. 
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systcms. Australian Wccds ConCcrcncc, Perll~. 
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Charles G. (2002) Lippia workshop. Proceedings of the lippia --research priorities workshop, Narrabri, pp 
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Integrated weed management presentation. Cotton industry development Officers, ACRI, February 12 
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Integrated weed management prescntation. Lower Namoi Vallcy field day. ACRI, March 7 2002. 

The past, present and future of weeds rcsearch. Plant Industries Board of Management, ACRI, April 18 
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Weeds research in cotton. CRDC review. Narrabri, June l l 2002. 

Update on WEEDpak progress. CRDC revicw. Narrabri, June l l 2002. 

Review of the Roundup Ready crop maiagement plan. ACRI, June 12 2002. 

Lippia management. Lippia field day. ACRI, June 25 2002. 

Auscott weed management mecting, Burrendong, July 23-25 2001 

Weed seminar, lJNE Certificate in cotton production, ACRI, August 14 2001. 

Wceds seminar, Bourke district growers, August 15- 16 2001 

Wceds seminar, Lower Namoi CCA meeting, Wee Waa, September 26 2001. 

Lippia control seminar. Northern Councils Weeds Officers, Narrabri, November 21, 2001. 
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Proiect 156C W e e d  Manrirernent Packaees for C o t t o n  

Backpround. Research into weed management in cotton was initiated in 1988. The weeds team and 
research information have grown since that timc, 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 managcment packages for the problem weeds o f  cotton, nutgrass, 
polymeria-takeall and cowvine (peach vine), and incorporating this information into WEEDpak. 

WEEDpak. A large proportion o f  the timc and effort o f  this project went into the production o f  
WEEDpak, both with direct input into the production o f  numerous WEEDpak chapters (included 
in the Appendix), and also into the formatting, editing, and development o f  WEEDpak. The result 
has been outstanding. WEEDpak is an attractive, easily read, comprehensive and integrated 
package that puts a mass o f  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 o f  additional units planned for incorporation next year. 

Research. Field esperiments on cowvine management were undertaken at Bloomvale (Moree) and 
Clyde (Dirranbandi). Results were mixed. The best treatment, an application o f  Zoliar at 2 kgiha, 
gave a 75% reduction in cowvine ninnbcrs (averaged over the season), but this result is still 
inadequate, leaving 3 plants/m2. Long-term monitoring o f  the cowvinc seedbank experiment 
continued at Beechworth (Mcrah North), showing a 50% reduetion in the scedbank over 3 seasons 
under grower management. More detailed examination o f  the viability o f  the seeds rcmaining in 
the seedbank will commence this season. 

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

Nntgrass 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 seasons should confirm this result. 

Detailed glasshouse studies o f  cowvinc, bcllvinc, polymcria take-all and nutgrass management 
continue. Experiments focus on questions that are not adequately answered in the weed 
management guides in WEEDpak, snch as the minimum interval for cultivation following a 
glyphosate application to nutgrass. 

Weed pressure continues to be monitored on the CRC cropping rotation experiment at Prospect 
(Warra) and growers' fields at Dalby, Morce, Narrabri and Warren. Nutgrass and cowvine 
continue to be major problems for some growers. Bladder ketmia, pigwccd and dwarf amaranth are 
also becoming more problen~atic for somc growers who are relying more heavily on glyphosate. 

Future oriorities. Support and extension o f  WEEDpak has been identified as an important priority o f  
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 bc provided to the cotton cxtcnsion team, and will be 
distributed at field days, industry mcctings, etc. The cotton industry cxtcnsion staff and consultants 
will be important to getting WEEDpak out into the industry. 

It is important that WEEDpak is continually upgraded on a yearly or bi-yearly basis, as new and 
additional material becomcs available. The weed identification and information guide especially 
needs more input to expand the range o f  weeds and to ensure that ecology and management 
information is available for all the wecds presented. Thirty eight weeds arc cnrrcntly in the guide. 
This will nccd to be expanded to scvcral hundred wccds over the nest few ycars. 

Work on the managcment o f  specific problem weeds continues as a focus o f  this project. The 
current new project focuses on the managcment o f  bcllvinc, dwarf amaranth, pigwccd and David's 
spurge, in addition to somc continuing work on nutgrass and cowvine. 



I oustmlian cotton cooperative research centre 

che f  image: 
Widdeaf bladder kebnia 

Hibiscus frianum var. wsicarius 



' WEED IDENTIFICATION AND 
INFORMATION GUIDE 

Introduction 
The cotton farm can be home to a wide range of weed species. 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 yields, may impede irrigation, cultivation and harvesting operations, and 
may contamlnate or discolour cotton lint. 

Commonly, around 80 to 70 different weed species are found In cotton fields, although the weed 
spectrum may vary from field to field. Over 200 weed specles are currently considered 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 
their management. Positive identification is especially important when using an integrated weed 
management system that includes herbicides. it is essential that herbicides 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 primarily identified fmm their floral structure. identification of adult 
plants is well covered in a host of publlcatlons. However, positive identification of weed seedlings is 
particularly difficult and is not covered in most publications. The Weed identificatlon and 
information Guide has been designed with this dlfflcuity 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 difiiculties with 
identification. 

This document is not complete as yet. More weed species will be added to the list as these become 
available. The guide is also available on the internet at http://www.cotton.crc.org.au and may include 
additional material. Just follow the links through the cotton site to WEEDpak and the Weed 
identification and information Guide. 

-a guide forintegratedmanagement of weeds in cotton 



section h2 

, . 
. _' . .  INDEX OF WEED NAMES 

Graham Charles 
Weeds In the Weed ldentlfication and 
lnformatlon Guide have been llsted In 
alphabetlcal order by thelr botanloal name. 
Grasses and sedges are listed flrst, followed by 
the broad-leaf weeds, as shown below in the 
lndex of Botanical Names. 

To asslst wwith flndlng a weed, these weeds are 
also llsted by thelr preferred common name In 
the Quick Index. The preferred common names 
are generally those adopted by Shepherd et. al. 
(2001). 

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

(NSW Agrkullure) 
Industry by a name other than the llsted 
preferred wmmon name. A complete llstlng of 
the weeds In the Weed ldentlflcatlon and 
lnformatlon Gulde, llsted by all thelr 
recognised common names follows In the lndex 
of Common Names. The preferred common 
names are hlghllghted In bold In this lndex. 

Unknown weeds may be ldentifled from a 
collectlon of seedling and adult pictures, or by 
leaflng through the wllectlon. The seedllng 
collectlon has been structured wlth seedlings 
wlth slmllar leaf shapes grouped together. The 
adult collectlon places weeds In the same order 
as they occur In the seedllng collectlon. 

Index of Bu~--:---~ ---M 
with: 

~ - ~ - . - 
;, ' I  ' 

Enrrwand 
I 

Cnerusmtun* B Nutgm v . . ,.. ,.: Dmnuteraps ,~ 

Echinochloa colona Awnless barnyard gas Barnyard grass. Pri~ 111 
Hairy millet 

Lept6diImIvsca - B r o i ? i ~ f l r ~ ~  . . .  ... 
Umhloapanicoides Liverseedgrass 

- 
Bmad-krtrsrdr 
abutilon lheophrasti VeiveUeal 
~fhu.smauacarpusvar.pa,lidus Dwarf amarrnth.. . - 
himimal& Bishop's weed m ~ o g g a b ~  weed 

&emone ochroleuca ssp.oehrdeuoa Mexican popw 
austic weed . . . .,. Red causlic weed, Hairy caustic weed 

thistle;, .* . . 
melon Colocyntfl, Pricldy paddy melon, Watermeon 

Aualan Mndweei Rdd bindweed 
Crota/ma dssitinoi 

: @ J # W C ~ B ~ U I ~  $,&nu@.&&,i GreYramepod I .  1 , : 
Datum ferox .. Flercethomaoole - 
Rhvnchosia minim 

. . .. . - Hi40 
Dald's spurge - ::, '.'. , L I.  n. ... 1 

Nanowleaf bladder kebnia Wideleaf Madder ketmia - 
Wlda-le;lfbladderkebnla m Nmw-leaf bladder ketmiaa ...~ 
Cowvine Bellvine, Common morning glory, Silky cowvini 

R, 
Deadnettle.;. ' - ' ... 
Burr medlc 

,..., 

W[hlgooseMny' : - Annual ground chg.rry.Perennld gmund cherry 
M m 4  

BUdda pea, Redsesbanla 1- 

. . . . .- . 
Italian cocldebun Californian cocldebun; Noogoora burr 
Noogoora bun Italian cocldebun; Californian cocldeburr 
Bathuntbu 

-a gulde for Integrated management of weeds h cotton 



Brown beetle arass 
L k m  
Nutgra! 
had-mm wwos 
Annual polymeria 
Annual veiblne 
Australian bindweed 
Bathurstbun 
Bishop's wee( 
BladderMk 
Burr medic 
Caushic wed 
Common sow 
Cowvine 
David's spur91 
Deadnetlle 
Dwdrt amaran 
Fiercethwnap 

Giant pigweed 
Grey ratUepod 
Ibliancoeklebun 
MdcanJWPY 
Mintweed 
NahW-leaf Madder k 
Noogoora bun 
PIQWed 
Pin sida 
P d p f l a  
Rhynchosia 
Sesbaniapea 
Sollroly p l y  
Spearthlstle 
Splnelesscalbop 
valveneal 
Wide-leaf bladder keb 
Wildgoosebeny 
Wild melon 

(Wildsunffowe m 
W i r e m  . 

Echinochlm coma W Barnyardgrass, Pricldy bamyardgm, Halry ntillet m 
LeplochIm fusca 
l~Moapanicddes B 

Downs nutgrass 

U 
;yperus rotundus 

Polyme~iapusiI/a P d p r i a  
CuIknc.#~ereurn 

I! 
:~oivuIus erubesce Field bindweed 
(anthiurn spinasum 

Ammimalus 
111 

~ibiscus bSonum B Nmw-laafbladderkbn~a~m~aaf bladder W a  
Med~qopolymorpha 

U 
Chamaesyee drummondv" m Red causbic weed, Hairy caustlc weed L-1 
.%nchus deraceus ~ough sowthistle 
Ipomoealonchophydb Bellvine, Common morning glory, Silkycowvlrel- 
Eupho@ia davidr 

11 
Lamiummfltx&a~e 
AmaranMusmacmcarpus varpallidus Boggabri weed 

- 
Cornmon'thcinap 
Halrythomapple 

rrianthemapwtufacastrum 

L1 
?rufalah di'ssiMIma 
(mthium~talcum Californian cockl- 
Irgsmorpochrdeum ssp. opnro/euca 

C.; I-! 
j a l v i a r t h  
Wscus hionum vat trlmum Bladderketmla 

XanMium occrdentah? ltalisn cockleburr, !alifornlan cocklebun 
PMukmoleracaa Hai~yplgweed 
Sda fibulifera 

7 
1: 

P&mrial~~W m Annual polymefia -1 
W,ynchosh minima 
resbania canMbim Budda pea, Redsesbania[-1 
Usdakah 

I: 
:irsium vulgare 
Inbulus micrococcus 
lbutilon Meqphmsti 

C W P  - 
YI~ISCUS Mmum var.veslcani N a r r o w - l !  

1: 
'hJWsMirn Annual graundcherry, Perennial ground cherry- 
CitrulIusIanatus var. Iandtus Colocynth, Prickly paddy melon, Watwmelon 
vsrbesimenc~lims 
PolyBonumanculare 

lsl t : 
8 6 . .  . , , . : a .  

Index of Common Names 
8 .  4 

Enrrtalcdmeam 
I :  

Awnless bamyara pnss Echinochlm cdona lamyard grass, Prickly barnyard gras 
lalry rnllet 

BrOm W e  gnss LepfocnIoafuscd 
Jungle rice kwnless barnyard gras Ech~nochlaa colona 
UMnwd pnss UmhIm panicoide 
Nutpnss Cperus rotundus Downs nutgrass 
Nutsedge Nutgrass Cyperus rotundus 
Pale beetle gra Bmwn beetle grass Lepmhla, fusca 

- 
Purple Mdprc Nutgrass Cyperus rotundus 
Purple nutsed~ Nutgrass Cvperus rotundus 
Rlvergms Awnless bamyanl gras EC/timhlm colona 
Sllvertop Brown beetle grass Leptochlm fusca 
Smakflowm  eweg grass Brown Wegrass ' '~chlmfusca 
Swampgrass Awnless bamyardgras iochlm colona 
Umchloa grass C~meed grass -. --hl~apanlcdde 
Zebragrass Awnless barnyard gras Ech~nochlmcolona 
Broad-leaf wads 
Afghan melon Wild melon Cmulluslanatus var. lanalm 
American doomed Wildsun~ower- ~erbesinaencef~es -4 
American jug Vetvetieai Abutilon lheophrasli 
Annual polymrla B ~ e ~ p u s i l a  
Annual verbim Cullen cinereum 

----.-a CRC 



Ruslnllan blndweed Convolvulus erubescens Field bindweed 
Bastard melon Wild melc 

titter apple 
Bittermelon 
Black pigweed 
Blackthlstke m 
Bladder ketmia 

Blushlng bindweed m 
Boar thistle 
Bullthistle m 
Bullwurt 
Bun rnsdle 

~austiccrkpe~ p p 

Causlk weed 
Camelmelon '1 
Chmese hemp 
Chinese jute 
Chinese lantern 
ClOmurr 
Clumped bindweed 
Cacklebun 

Common cocklebur 
Commoncowvine ij 
Common pigweed 
Common purslane I 
Common sovrthlstle 
COwvlM 

Creeping spurge 
Crownbeard 

m 
Cmtalanatakeall 
I 

DaMsspurge m 
Deadnenle 
D a s e r t a m r a n t l ) a  
npvil'sfi . .. . 
Dwarfa M 
Erect binaweed 
European cocklebun 1(1 
False castoroil 
FlatSpurge 
Flerce lhomapple 

81 

Fuller'sthlstle 
Gloden crownbeard 

RB 
Goldweed 
Golden thistle-&Peru 

m 
Giant pl( 
Greenthi 

IBI 
Greyrattlepw - 
Henbit 
Hoary scuripei 
Hogweed 
Hunter bun 
lndlan mallow 
lronweed 
Itallancocklebt 
Jam melon 
Knotweed 
Lace-leaf sage 
Lantemftower 
Large cockleburr 
Long-spined Momapple 
Long-spurred thornapple 

WI I~  melon C~tru//us/anatus var. /anatus 
Wild melon m CitrulluslanatZs var. lanatus 
Giant pigweed B~anMemaportukcastrum 
Spearthlstk m C i r s i u m v u I g a B  

Hlblscus honum Narrowleaf bladder kebnta 
9 

Burrmedic Med,cagopolymotph 
XanMium sp. Bathurstbun; Noogoora bu- 

Wild sunfiower Verbesina encelioides 
Causbic weed Chamaesym bummondil 

Cha 
m 

Wildmelon I C i h  
maesyce drummondii Red causlic weed, Hairy caustic weed - 
1111islanatuMr. l a n a t u s ~  - I I -  ' '. , G  , . . ~ . -  

V e i v W  Abutilon theophrasti 
Veivged. -Abutllafl Utc'hfgsti 
Wild goosebeny Physak minima 
Noogoora burr m X i h i i @ m o O c i d ( ~ n c a l e  
~ d y m r i a  ~o~ymena lon~ i t~ ia  m 

. . . . . . XanMiumsii. ,,, . . mummian- 
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Mat spurge austic weed 
Meadornweet shop's weed Ammimajus ,, , 

, . .. ,., 

Argemone ochroleuca ssp. ochrole 
Mexican POPPY : .Argemone ochra'.euca ssp. ochrole 
Wild melon Cihulluslanatus var. lanatus . .  . 
Common sowthistle . . .':: .. Sonchus oleraceus .. . 

Caustic weed . , ~  Chamaesyce drummondii 
~ r e i l e x a  

Mexiean ppy 
~,iCrndl"&e 
Mickey melon 
Milkthistle 
Miikweed 
Mintweed 
Narrow-leaf bladder kebnia 
Nardw 
Narmwleaf sage 
NaUve rhynchosla 
Native rock trefoil 
M W  befoll 
Native yellow vine 
Neverdie 
Nqoora bun 
Paddy melon 
Peabush 
Peachvine 
Peak Downs curse 
Perennialgouseberry 
Perennial pigweed 
Plemelan 
Plgweed 
Pink bindweed 
Pink weed 
PinsMa 
Plainsra 
P d W  
mrtulaca weea 
Prick& bunweed 
prickly POPPY 
pmstra$ knotweed 
Purs!ane 
Queen Red pigweed Anne's lace 

Rhynchosia 
Rouah cockleburr 

... 
~ynEh0 
Scotch thistle - 
Sesbaniapea 
SheeD's burr 
Silversida 

Bladder ketmia 

Deadneffle 

Grey rattlepod S 
Pigweed 
Bathurstbun m 
%XPPY 
Pisweed 
Blshbp'sweed 
Pigweed 

Nmgwra burr --p-p 

Burrmedic 
Rhynchosia 
Spearthlslk m 

Soft roly p l y  
South Ahican daisy 
Sowthktle 
Spearthis& 
Spinelms caltmp 
Spiny clotburr 
Spiny cockleburr 
Spurgewort 
Stingless nettle 
Swamp Chinese lank 
Takean 
Tootfled medi~ 
Trefoil clover 
Thornapple 

m 

Noogwra bun 
Pin sida - 
Mid sunRower 
Commcn sowthisM 

Bathurst burr 
I 

Balhurstbun m 
Caustic weed 
Deadneffle 
Veb&af 
Pdylreria 
Bunmedlc 
Burrniadic . 

Lamiumamp/ewcaule 
Sida fibulilera 
Cm&!& OTssitiflwa 
PoEymen;llOnU~ 
Pwtuhca deracea 
Xanlhium spinosum 
Argemona ochroleuca ssp 
Polygon~aVic(IIare 
Pwtukca deracea 
Ammimajus 
mrtuhca deracea 
WIynchosh minima 
Xanthiumoccidentale 
~ad~cagopo/ynmrpha Rhynchosia minim 

Cjrsium vulgare 
SesbanM cannabim 
M i u m  occldenWe 
Sida frbulitera 
Sam2M 
Veibesina encelioM'e: 
Smhus olaraceus 
Cirsrum vulgare 
Tfbulus mi 'cmcus 
Xanthium spinosum 
Xanblum spinosum 
Chamaesyce drummonai 
Lamiumampedcauh 
Abutilon theophrasti 
Polymel?alon~tolia 
MedicagopoJ 
MedicagopoJ 
Datura sp. 

Wlld melon 
Wildmint 
Wlld sunflowi 
Wlrcwced 
Woodnep 

RYelh peabus 
Yellow poppy 

BYellowvine 

IA2.41 

, , B  

Italian cockleburr, Californian cocklebun 

Hairypigweed 

ochroleuca 

~,biscus bionum var trionum 
Sesbania pea Seskm mnabim 
 int tweed .%viare&xa 
Rhynchosia B Rhynchosiaminima 
Rhynchosia Rhynchosia minim 
Buamedlc MadicagopoEymorpha 
Spineless caHro1 - Tribulus mrcrOMX:cus 
Pigweed PomrhcacJeracea 

Xanthiumoccident?h! 
MM melon CiWushruM var. lanatus 
Sesbania pea Sesbank cannabina 
Cowvine lpomoea lonchophflk 
~dymeria AVymeriaIongifcfia 
Wildgaose- RiyWsmnima 
pi weed m h c a  deracea 
d d  melon mrtuhca CiIn,Iuslanafus deracea var. lanatus 

Ausballan blndweed Cwolvcduserubescens 

?.;. ,... ... 5 . . .  .... 
Budda pea, Red sesbania 

.. .. , .>: , , 

ual gmund chen 
?nnial ground ch~ 

Cobcynth, Prickly paddy melon, Watermelon 



Comparison of Roundup Ready@ 
systems 
Roundup Ready cotton was grown from 1996197 
to 1999/00 In aweed management systems 
experlment at the Australlan Cotton Research 
Institute, Narrabrl. Small plots of Roundup 
Ready cotton were grown In the first season 
uslng early generation breedlng materlal. 
Roundup Ready Slokra 189e was used for the 
last two seasons of the experlment. Plots were 8 
rows by 50 m In length. 

The results from flve Roundup Ready systems 
and two conventlonal systems are compared 
below. The cotton type and herblcldes used In 
each system Is shown In Table 1. 

Results for systems uslng Roundup Ready 
cotton were very pmmlslng, but have also 
hlghllghted some of the potentlal dlfliculties wlth 
the ~oundup Ready technology. 

Roundup Is very effectlve in contmlllng most 
small bmadleaf and grass weeds present In 
young cotton. At a higher rate It Is effective 
against more dlflicult to control weeds, such as 
large weeds and some perennial weeds. A 
Roundup appllcatlon at the emergence to four 
leaf stage of crop growth can substitute for an 
earlier appllcatlon of Roundup (preemergence 
for conventlonal cotton), or can substitute for 
some residual herblcldes. 

Tame l. Coflon type m d  herbic* (h) wed in the weed 
inmwgemeintsysem expenment. A total of three past- 
emergence ~ d p a p p l i C O n o i ~ s o e n a r d  

I ~. a , , :  ; j , .  . < ! . l  ,,.t:--,:~.: ?:<%:y! :,;F..,!.; :,;, :. ,,.. ,, ,: 

2 - RR koundup R&& ' T-iHuralin2.8 + 3 applications Roundup 
Diuron 1.9 CT 2.0 

Managing perennial weeds 
Roundup Ready cotton has been a very useful 
tool for managing nutgrass (Cyperus rotundus). 
Nutgrass was present on the field before the 
experlment was commenced. Over the flve 
seasons of the experlment, the nutgrass 
lnfestatlon on the conventlonal systems 
Increased from 0.3 to 39% of the plot on system 
l - C and 14 to 80% on system 2 - C  (Figure 1). 
In contrast, the nutgrass Infestation was stable 
or decreased on the Roundup Readv svstems . . 
over this period. 

Ffgmw l. Chmgm in m~rgmss 6~ncraUon mrlhe d&fmw 
sysems owrpve seaFo,s of back-to-back conon. 

The over-the-top Roundup appllcatlon In spring 
was relatively ineffective In controlling nbtgrass 
In some seasons, as the weed was often 
molsture andlor cold stressed at this time. The 
later appllcatlons were more effective. 
Nevertheless, nutgrass remalned a problem In all 
treatments, as some unsprayed plants always 
remained In the cmp plant-line. Also, some 
cultlvatlon operations re-Introduced tubers fmm 
nelghborlng uncontrolled plots. 

The use of Roundup Ready cotton dld not 
greatly Improve nutgrass control compared to a 
conventlonal treatment where ashlelded 
application of Roundup was used in-cmp (these 
results are not shown). The use of Roundup 
Ready cotton dld greatly Improve crop safety 
from the Roundup appllcatlon. 

- RR Roundup Ready T-iHuralin2.8 3 applicat[ons Roundup 
CT2.0 

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

5 - RR Roundup Ready 
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section E3 

Managing annual wee& 
Management of annual weeds was also 
Improved on the Roundup Ready systems 
compared to the conventlonal system. Results 
of the weed pressure lndex and average ylelds 
+om the 1998199 and 1999100 seasons are 
shown In Table 2. 

Table 2 Coqmrlm of wecdpvomm mdnopykIdsjmm 
comntimol erdHotrml)~p Rea&syslcms Weedpwm was 
ossesed mid-season 

Svstem Weed pressure Lint yield 
index (baleslha) 

The highest cotton llnt yleld was recorded on 
the Roundup only system (system 5 - RR), 
whlch also had relatlvely low weed pressure. 

Weed pressure was relatlvely low on the 
systems uslng Roundup Ready cotton and in- 
cmp Roundup appllcatlons. Where dlrect 
comparisons of conventlonal and Roundup 
Ready systems are posslble (systems 1 - C and 
1 - RR, 2 - C and 2 - RR), the Roundup Ready 
systems had much lower weed pressure (better 
weed contml) and better ylelds. 

However, the relatlvely good weed wntrol 
results were not achleved In all seasons. In 
December 1997, system 1 -C  had a weed lndex 
of 18, but system 5 - RR (only uslng Roundup) 
had an lndex of 3481 

In thls season (1997/98), the cotton was planted 
Into molsture on Sept. 30. Flfly WO mm of raln 
over Oct. 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 germlnatlons and spray the crop 
closer to four true leaves. Thls declslon 
appeared to be sound, as early season weed 
pressure does not reduce crop yields. 

The crop and weeds ran out of rnolsture In 
November. The treatments were sprayed wlth 
Roundup over-the-top at the four-leaf stage on 
Nov. 6, but the weeds were stressed and control 
was poor. Consequently, the fleld was lrrlgated 
on Nov. 19. A large number of new weeds 
emerged followlng thls lrrlgatlon. The ln-furrow 
weeds were subsequently controlled with a 
dlrected Roundup appllmtion, but weeds In the 
plant-line were not controlled, resulting In a 
"hedge-hog" llne of weeds whlch remained for 
the rest of the season. Control of these 
established barnyard grass plants wlth a grass 
herblclde was attempted, but control failed as 
the weeds were too advanced. The yleld on thls 
plot was stlll qulte good, but slgnlficant llnt 
contqmlnatlon occurred. 

f ' -  , 

WnaII banlymdgras andltalim~ cockleburr' pLm& were 1 Italian cockleburr is very similar to Noogoora burr 
easib coidroUed by a Hotinhp opplicatian owr-tlie- fop oj and often confused with Noogoora burr. They are 
pu11gcun011&5 of ccnh.e). NO r ~ s ' d u a l l w b i ~ j d ~ ~ h ~ d ~ ~ ~ ~  most easily distinguished by the shape of the claws at 

applied& either. beafmei~t. the end of the burrs. Initial observations indicate that 
much of the burr in the NSW cotton area is Italian 
cockleburr, not Noogoora burr. 
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Timing of the over-the-top Roundup 
application 
The tlmlng of the over-the-top Roundup 
appllcatlon 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 posslble to emerge before 
spraying, but thls strategy puts a lot of pressure 
on a small appllcatlon window. Bad weather (rain 
or wlnd), wet flelds, dry flelds (moisture stress), 
breakdowns, or the lnablllty to cover sufflclent 
ground in a llmlted tlme, can make It Impossible 
to apply Roundup at the deslred stage. If thls 
happens and resldual herblcldes have not been 
applled, weeds can become unmanageable. 

Problems were encountered wlth Roundup 
appllcatlon tlmlng In both the 1997198 and 19981 
99seasons. Similar problems could be expected 
on large properties where Roundup has to be 
applied to multlpleflelds. 

Cotton was planted on Sept. 30 in the 199719% 
season, but was slow to emerge wlth mlnlmum 
temperatures below 12•‹C on 15 of the followlng 
23 days. The cotton was due to be sprayed In 
mld-November. Raln on Nov. 1 1,12,15,16,18, 
25,26 and 30 made thls task very difficult to 
accompllsh. 

In the 1998199 season, the field was wet and 
planting was delayed. Cotton was planted on 
Oct. 21 and again should have been sprayed in 
mld-November. Raln on Nov. 12,13,14,18,23, 
26 and 28 agaln made thetask dlfflcult to 
accompllsh. 

Slmllar problems occurred on a commercial field, 
where the planned over-the-top Roundup 
appllcatlon was not applled due to unfavorable 
weather condllons. 

Roundup over-the-top to 

The obvlous solutlon to missing the Roundup 
Ready over-the-top appllcatlon wlndow Is to 
apply Roundup as soon as posslble after the 
mlssed target date. Thls strategy Is contrary to 
the label and Is llkely to result In reduced crop 
ylelds. 

The emergence to four true leaves appllcatlon 
safety window for over-the-top Roundup 
appllcatlons was established from research data 
and grower experlence. R reflects a very real 
appllcatlon restrlctlon. Appllcatlons outslde of 
thls wlndow can result In yleld penalties. 

This yleld reduction Is clearly seen In the results 
provided by Grant Roberts (Cotton CRC and 
CSIRO), shown in Table 3. In thls experlment, an 
over-the-top Roundup appllcatlon at crop SIX-leaf 
stage resulted In a 20% yield reductlon 
(Treatment 3), compared to two later, directed 
appllcatlons (Treatment 2). Three over-the-top 
appllcatlons resulted In a 67% yield reductlon 
(Treatment 5). 

mI~n l9eIdrerllrcffonfronr ~arru l rp,  appriedto uoum&p 
HPaQ mfloi~ at the wrong stage. AppticaHm were over-ihe- 
fop (0'171 or dtecled 



Strate ies for applying Roundup 
over-tte-top 
One of three strategies can be used to avold the 
problem of mlsslng the over-the-top appllcatlon 
wlndow. Firstly, growers may elect to apply the 
over-the-top appllcatlon earller than the fourth 
leaf stage, as a way of ensuring that the 
appllcatlon occurs. Some weeds wlll emerge 
after the Roundup appllcatlon and will need to 
be controlled. A second over-the-top appllcatlon 
before four leaves Is posslble In some sltuatlons, 
where the flrst appllcatlon occurs at one or two 
leaves. The dlfflculty wlth thls approach Is that It 
may leave only one Roundup appllcatlon 
available to control weeds for the rest of the 
season. 

An alternatlve strategy Is to continue to use 
resldual herblcldes applled pre-planting or at 
planting. These herblcldes wlll control most 
weeds, greatly reducing the pressure on the 
Roundup appllcatlon. Thls strategy has the 
drawback of lncreaslng the cost of weed control 
compared to a Roundup only system, but Is 
much better sulted to dlrty fields. 

A compromise strategy, uslng a reduced 
program of resldual herblcldes, would seem to 
be the best optlon, especially on cleaner flelds. 
With thls approach, growers might, for example, 
use half-rates of Cotoran and Stomp on a 30% 
band behind the planter. Thls would ensure 
reasonable weed control in the crop plant-llne, at 
a reduced cost, allowlng Roundup andlor 
cultlvatlon to be effectively used to control all In- 
furrow weeds. Roundup would also be used to 
control weeds that emerged later In the season 
alter the resldual herblcldes ran-out. A lay-by 
appllcatlon of resldual herblclde may also be 
used. 

seaion E3 

Salva e applications of Roundup 
over-t 71 e-top 
Incorrectly applled Roundup prlmarlly affects the 
flowers of Roundup Ready cotton, but over-the 
top appllcatlons, even late In the season, can 
still be disastrous. 

The photo below shows a set of Roundup 
Ready plots that were heavily Infested wlth both 
nutgrass and ltallan cockleburr. The ltallan 
cockleburr emerged above the crop and were 
almost completely coverlng the shorter cotton 
plants. An over-the-top Roundup appllcatlon 
would seem to be an easy way to manage these 
weeds, wlth mlnlmal contact wlth 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. 

Thls proved not to be the case, wlth major yleld 
reductions resulting from the Roundup 
appllcatlons (Table$. A slngle over-thetop 
Roundup appllcatlon In late January reduced the 
cotton yield by 32%, whlle two app~ications 
reduced yleld by 78%. 

Roundup applied owr-the-top Yield 
11 Jan 27 Jan 15 Feb Ibaleslha 

Even In a salvage sltuatlon, applying Roundup 
outside the appllcatlon wlndow can result In 
masslve yleld losses. 

-a guide for htegratedmanagement of weeds in cotton 



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 kllls most weeds (doesn't 
just burn off the foliage), and has no residual 
actlvlty, reduclng off-target and environmental 
problems. However, weeds contlnue to emerge 
throughout the cotton season and consequently 
continue to emerge after the lnltlal Roundup 
application. Roundup can be safely applied later 
in the season as a dlrected spray, but must be 
applled so as to avold contact with cotton 
follage. Thls effectively reduces the areato 
whlch Roundup can be applied to the furrow 
area and the base of the cotton plants. 

Itallan coeklebma emerging in the plant tine of a 
Roundup Ready rydem lhal wlkd only on Roundup fr 
wdconmol 

A problem that became apparent over time In the 
systems experiment was the bulldupof Roundup 
tolerant weeds, particularly in the system using 
only Roundup (System 5 - RR, Table 1). The 
weed causing the most problems In thls system 
In the fifth year of Roundup Ready cotton was 
ltallan cockleburr. Itallan cockleburr Is not 
strlctly speaking a Roundup tolerant weed and Is 
easlly controlled wlth Roundup. Italian 
cockleburrs were not detected In thls treatment 
In the flrst couple of seasons. 

However, ltallan cockleburrs that emerged after 
the over-thetop Roundup appllcatlon and were 
in the crop row, missed the later directed or 
shielded Roundup appllcatlons and emerged 

above the crop canopy late in the season. By 
thls time, they are qulte large and very difficult to 
control. If left, these cockleburrs set a lot of 
seed, Increasing the problem over time. Removal 
by hand or control wlth MSMA were both very 
expenslve options. 

While It Is unlikely that ltallan cockleburr will 
become an Industry-wlde problem In Roundup 
only flelds, thls result clearly shows the effect of 
relying too heavlly on a slngle method of weed 
control. Relylng too heavily on any slngle 
method of weed control wlll lnevltably select out 
a weed or weeds that tolerate that management 
tool. Problems weeds such as nutgrass, 
sesbanla and cowvine have been selected by the 
conventlonal weed management 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 
more the Roundup tolerantspecles wlll become 
dlfflcult to control. The slmplest way to reduce 
these problems Is to contlnue to use an 
lntegrated approach to weed management, 
uslng a range of weed management tools in 
comblnatlon. 

Cotton growers also need to take heed of the 
lessons from the grain farmlng systems where a 
large number of weeds have developed 
reslstance to speclflc herbicldes. Some weeds 
are now reslstant to almost every available 
herblclde. Resistance to glyphosate has already 
developed In afew paddocks where glyphosate 
has been used as almost the only weed 
management tool over a number of years. The 
loss of glyphosate to the farmlng system would 
be very costly, but the solution Is slmple. 
Herblclde reslstant weeds have not been a 
problem In the Australian cotton industry to date 
because of the adoption of an lntegrated 
approach to weed management. Contlnulng thls 
approach wlll ensure that resistance does not 
become a problem In the future. 

More lnformatlon on lntegrated weed 
management (IWM) Is Included In the IWM 

guldellnes In WEEDpak. 

- 
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Developing a Roundup Ready 
management system 
In many ways, the lntroductlon of Roundup 
Ready cotton contrlbutes llttle to weed 
management, except the ablllty to apply 
Roundup over-the-top beONeen crop emergence 
and the four-leaf stage. lncrop shlelded 
applications of glyphosate can be made to 
conventlonal and Roundup Ready cotton 
varletles allke. The major advance Is In the 
Improvement In crop safety from the Roundup 
appllcatlons. 

However, Roundup Ready conon brlngs the 
opportunity to develop new weed management 
systems that rely less heavlly on resldual 
herblcldes, Inter-row cultivation and hand 
chlpplng. The lntroductlon of new weed 
management systems should not be attempted 
on a property-wlde basls. Llke all new 
technology, It takes tlme to learn how best to 
use Roundup Ready cotton. Growers can safely 
lntroduce Roundup Ready cotton as an 
addltlonal weed management tool to all flelds, 
but should lntroduce new management systems 
far more slowly. 

One of the best ways to learn to use Roundup 
Ready cotton can be to use herblclde test strips 
In a few fields. The test strlps could, for example, 
be used to compare conventlonal cotton, 
Roundup Ready cotton uslng a conventlonal 
herblclde reglme wlth the addltlon of Roundup, 
and varlous modlfled systems, where the rates 
of some resldual herblcldes are reduced or 
herblcldes are eliminated. Thls could be 
compared wlth a Roundup only system. 

The Importance of adopting thls test strlp 
approach was hlghllghted by the results glven 
earller In the sectlon "Managing annual weeds", 
where In the 1997198 season, the Roundup only 
system (System 5 - RR) was completely overrun 
by weeds and unmanageable. Management of 
thls system Improved wlth experience. 

The Roundup Ready system offers real 
opportunities to modlfy weed management 
systems, but the optimal solutions wlll vary 
between valleys and farms. Only experlence can 
develop the best system for a ghren fleld and 
farm. 

Economic comparison of the systems 
The most optlmal Roundup Ready system Is the 
one that glves the best net return and malntalns 
or reduces the weed populatlon. A system that 
results in an Increase In the weed populatlon 
may glve good ylelds and good returns in the 
very short-term, but will have reduced ylelds and 
will not be sustalnable 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 S. Corn@sm ojpmfb& c m ,  ~@fIdr andgmrs 
rerunlsfrom c o ~ w ~ ~ t i o ~ ~ a I ~ X n n t ~ ' p  HBw systems The 
gross return is compwedwifh Le.ucn~ I. 11w mwlysis 
asnimes that the cost ojtlm I~erbici&s is the only difercnce a1 
prolluction costs between the Jystenrs. 

I System HerblcMes Roundup 
Ready (balesha) return 
license Whal 
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The Roundup only system (System 5 - RR) had 
both the best ylelds and the best net return. 
However, thls system was not sustainable, as It 
dld not adequately control the Italian cockleburr 
problem. System 1 - RR, a wmblnation of 
conventional herblcldes and Roundup Ready 
cotton, was the optlmal system, glvlng the 
second best yleld and net return, and the best 
weed control. This system was the most llkely to 
be sustainable in the long-term. Lower rates of 
Cotoran at plantlng may have Improved the net 
return wlthout compromlslng weed control. 

Whlle the Roundup Ready systems dld glve 
good returns In thls experiment (on a weedy 
field), there is no guarantee that simllar results 
wlll be achleved on cleaner fields or even other 
dlrly fields, where a different spectrum of weeds 
wlll be present. 

One thlng that is clear +om this analysis, is that 
cotton yleld has by far the largest Impact on the 
net value of a system. A small increase or ' . ):," 
decrease in crop yleld wlll more than 
compensate for the cost of herblclde Inputs. 
Tlme spent in puttlng down herblclde test strlps 
and in determlnlng crop yleld from these strlps 
will be avery valuable Investment In a 
productlon system. 

Consequently, it is important that cotton growers 
develop their weed management systems 
prlmarlly based on these two factors: the cotton 
yleld achleved on a system, and the level of 
weed control, whlch measures the sustalnablllty 
of the system. 

To do otherwise would be like adopting an Insect 
management strategy where all cotton flelds on 
all farms recelve the same insecticide on the 
same day, regardless of what insects were 
actually present on a glven field. Llke Insect 
management, weed management should be 
tallored to the needs of each field and each farm. 

Summary 
weedman 

weed 
made 
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MANAGING 
ROUNDUP READY" COITON 

lan Taylor and Graham Charles - 
(NSW Agriculture) 

Introduction 
The Introduction of cotton varieties that have the 
capacity to continue to grow and function 
normaliy after over-the-GP appllcatlons of 
Roundup Readp herblclde offers enormous 
benefits to the Australian cotton industry In 
terms of weed management. These ben& 
include: 

Reduced dependence on residual herblcldes. 

Improved control of some of the more dlfflcult 
to control weeds. 

Greaterflexlbllity In weed management 
programs. 

Reduced chlpping and cuitivation expenses. 

Potential to Improve establishment and vlaour 
of young cotton seedlings by reducing the 
preemergence use of residual herbicides. 

The level of performance obtalned from 
Roundup Ready cotton and ultlmateiy yleld and 
llnt quallty, are governed by the management 
and agronomic practlces used In the cotton 
farmlng system. C Is therefore essential, that 
growers and agronomists are aware of the 
benefits and limitations of thls technology and 
how best to use the technology so that a 
comprehensive weed management plan is 

developed. C should be stressed from the outset 
that Roundup Ready cotton Is not by Itself the 
answer to 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 
sustainable weed management program cannot 
be based solely on Roundup Ready herbiclde. 

Over-the-top applications of 
Roundupb 
As well as potentlai benefits, Roundup Ready 
technology has some wnstralnts. These 
include: 

Currently, Roundup Ready herbiclde is 
reglstered for over-the-top appllcatlons up to 
the fourth true leaf and prlor to the unfolding 
of the flfth true leaf of the cotton crop. Up to 
two applicatlons can be made durlng thls 
wlndow. 

Sequential appllcations of Roundup Ready 
herbiclde must be applled at least 10 days 
apart, and with at least two nodes of crop 
growth between appllcatlons. 

Under hot growing conditions, such as in 
Central Queensland, the four true leaf stage 
can be attalned withln two to three weeks of 
sowing. Consequently, the useful wlndow for 
over the top appllcatlons of Roundup Ready 
herblclde In these locations may be qulte 
narrow. 

Over the top applicatlons of Roundup Ready 
herbiclde 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 approprlate to apply Sprayseed at plantlng 
and then an over the top application of Roundup 
Ready herbicide prlor to the four-leaf stage. Thls 
will enable growers to apply a further two 
dlrected or shlelded appllcatlons of Roundup 
Ready herblcide In-crop thus, lncreaslng the 
duratlon of effective weed control. In addition, 
uslng a herblclde from a different chemical 
group wlll delay or prevent the onset of 
herblcide resistance. 
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Directed and shielded applications 
of Roundup" 
The Roundup Ready herblcide label permlts three 
appiicatlons of Roundup Ready herblclde ln-crop 
wlthln a single season, with a madmum of 1 .S kg, 
ha being applled In any single spray event. It Is 
likely that one ortwo of these applicationswill be 
applled as a shielded or dlrected spray. Roundup 
Ready cotton is sensitive to Roundup drift after the 
four-leaf stage and boil loss can occur If Roundup 
Ready herblcide contacts the leaves of cotton 
plants. Catton is particularly sensithre during 
square fonnatlon and flowering. Roundup aftected 
cotton plants may produce sterile pdlen, resulng 
in poor boli retention. Extreme cases can result in 
deformed boils, as shown in Flgure 1. 

The most important fact to remember wlth 
spraylng is that spray nozzles always produce 
some fine particles, and these partlcies always 
move (drlft). The aim of spraylng a herbicide 
within a herblclde susceptible cmp canopy Is to 
manage the movement of these spray particles 
(spray drlft) to mlnlmlse their impact on the 
crop. 

The following guidelines are Included to assist 
growers wlth shlelded and directed applications 
of Roundup Ready herblcide. 

Shlelds need to be set at a height that 
mlnlmlses spray drift. Shields may be llfted 
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 
foilage. The higher the shield, the more spray 
drlft Is ilkely to result 

The susceptibility of the shield to spray drlft 
depends on the shield design; the more open 
the deslgn, the more susceptlble to drlft 
problems. Shielded sprayen that have open 
sides (most commonly top, front or back) can 
have material such as fiywlre or shade cloth 
fitred to reduce spray drlft. Material should be 
fitted to the rear of the shleids to capture fine 
dropiets that escape as the sprayer travels 
along the furrow. 

Attention needs to be glven to environmental 
condltlons at the time of spraylng. 
Temperature, wind speed, wind dlrectlon, and 
humldlty all Impact the movement of spray 
droplets as they leave the sprayer and the rate 
of spray evaporation. High temperatures and 
low relative humldky result in increased 
volatlllsation of spray droplets, increasing the 
Ilkeiihood of spray drift. 

As a general rule shlelded sprayers should 
not be operated when wlnd speeds are 
greater than 8 kmlhr. Open shields and 

directed sprays have a lower safety factor 
than this. crop growth stage and - 
susceptlblli!y also affect the safety factor. 

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

Spray drift can also be minimised by using 
low drlft nozzles or 80" flat fan nozzles. 
operated at low pressure (a maximum 
pressure of 2 bars). Hlgher water volumes will 
also assist in reducing the production of fine 
dropiets. 

Directed sprays can be effecthre for managing 
weeds in Roundup Ready cotton. H m e r ,  it is 
very difflcult to accurately apply Roundup 
through a dlrected spray without some contact 
wlth the cotton foilage, either from spray drift or 
from over-spraying. 

Spray drlft Is almost inevitable with dlrected 
sprays, and will occur if there is any alr 
movement around the nozzle. ~pra3ng in calm 
condltlons Is equally hazardous, as someflne 
partlcies remain suspended until they eventually 
contact something, generally a cotton plant. 

IE2.21 
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her-spraylng Is also a likely outcome with a 
dlrected spray as it Is very dlfflcult to dlrect a 
noale to spray agalnst the crop plant-llne 
without contacting the crop. Low branches on 
the cotton plant often droop Into the furrow 
area. These branches should be brushed aslde 
by the spray shield, but are likely to be sprayed 
by a dlrected spray. Also the spray nozzles often 
bounce or swlng as the spray boom moves 
down the field, resulting In occasional contact 
with the crop. 

Limitations with using Roundup* 
in-crop 
Shielded and dlrected applications of Roundup 
Ready herblclde can be very effective in 
controlling weeds in cotton. However, there are 
a few llmltatlons to me use of thls technology. 
These llmltatlons are not necessarily a 
disadvantage, but must be considered in a weed 
management plan uslng Roundup Ready 
herblclde. These include: 

The potential for spray drift can be a major 
llmltatlon to the aerlal appllcation of Roundup 
over-the-top of young Roundup Ready cotton. 
Some spray drift will always occur with aerial 
appllcatlons. Potential drlR onto conventional 
cotton, crops, pastures or other sensitive areas 
cannot be tolerated. 

Roundup Is most effectlve against young, 
actively gmwing weeds, especially grass weeds. 
Roundup can be Ineffective on stressed weeds; 
especially moisture stressed weeds and may riot 
be effective on large, broadleaf weeds. 

Shielded and directed appllcatlons 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 llne are not normally 
controllable uslng this technology. In flelds 
where a slgnlflcant number of weeds are llkely 
to emerge in the crop llne, it Is essential that 
they be managed uslng another herblclde, 
such as a resldual herblclde at planting. 

Roundup Is a non-resldual herblclde. It will 
only control weeds present at the time of 
spraylng. Subsequent germinatlons of weeds 
requlre repeat appllcatlons of the herblclde. 

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 wlth soil. 
Roundup efticacy can be greatly reduced by 
dust when spraying In very dusty condltlons 
or when spraying weeds that are covered In 
dust. Spray shlelds that drag on the ground 

can generate a lot of dust, reduclng spray 
effectlveness. 

Roundup may be used to replace inter-mw 
cultivation, but cultlvatlon may be necessary 
to maintain Irrigation furrows. With some 
weeds such as nutgrass, It Is desirable to 
allow the weed to grow for about four weeks 
before treatlng with Roundup and another 
couple of weeks after treatment, before 
cultlvatlon. Juggllng irrigation, cultlvatlon and 
Roundup appllcatlons over a number of flelds, 
under changlng weather condltlons, can be 
very dlfiicult. 

Thresholds for spraying weeds 
Several benefits can flow from uslng Roundup 
Ready technology to manage weeds, and from 
the decrease In the use of residual herblcldes that 
may result from the use of thls technology In the 
cotton production system. These beneflts 
Include: 

Improvement in establishment and vlgour of 
young conon seedlings from reducing the pre- 
emergence use of residual herblcldes. 

Reduced herblclde appllcation w b .  

Reduced likelihood of contaminating waterways 
with resldual herblddes either leaching through 
sol1 pmfiles or by overland flows. 

Researchers at ACRl are attemptlng to determine 
weed thresholds Were lt may be appropriate to 
modny, reduce or eliminate the use of resldual pre- 
plant and pre-emergent herMcldes using Roundup 
Ready cotton technology. 

Trlals to date show that It can be practical to 
grow cotton without the additlon of residual 
herblcldes. However, on flelds with high weed 
pressure, not using resldual herblcldes can lead 
to major problems and can exacerbated the 
weed problem. A weed control fallure not only 
leads to dlrty fields durlng the season but more 
Importantly, repienlshes the sol1 seed bank 
(number of weed seeds In the soll), creating 
problems In future years. 

On flelds where no resldual herblcldes are used, 
weed control is most likely to break down when 
seasonal condltlons prevent the over-the-top 
Roundup application, and weeds in the crop llne 
become unmanageable. The tlmlng of the first 
Roundup application can be critlcai, as growers 
will be tempted to leave the appllcation as late as 
possible before spraylng. However, If wet or 
wlndy condltlons prevent thls 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 conon yleld. 
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The decision whether or not to use pre-plant 
herbicides is likely to be based on economic 
rationale. Obviously, growers and managers 
wantto maximise profits and minimise input 
costs. The cost of weed controi 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 
weli, 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 fields. 

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

This decision maybe further complicated by the 
ability of the grower to spray all fields 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 residuai herbicides rather than a full 
residual herbicide program which may not be 
needed. Reduced herbicide rates provide some 
ievei of weed controi, 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 probiems. 

in clean fields where the weed pressure is light, 
residuai herbicides may besafeiy eliminated. 
These fields should be monitored over time to 
ensure that weed probiems are not developing. 

No weed managementtool controis all weeds 
equally weli. Some species are very susceptible 
to controi using a given management tooi, while 
other species are naturally toierant. For example, 
inter-row-cultivation effectively controis most 
grass and broadleaf weeds but is ineffective on 
the perennial weeds such as nutgrass and 
pioymeria takeail. 

The effect of using any weed management tooi 
or set of weed management tools is to select oul 
the species that are most tolerant of the tools. 
These species will quickly spread and will 
dominate the weed spectrum in afleld, termed 
species shift. This is not a new phenomenon, 
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 
previously 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 field 0bSe~ations will identify 
changes in the weed spectrum. Changes in 
management will then need to be targeted to 
address these problems. 

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

As distinct from species shift, which relates to 
naturally tolerant weed species, herbicide 
resistance is a factor of the very small number of 
individual plants within a weed species that have 
natural resistance to a herbicide. These 
individuals may occur at very low frequency 
within a population where ail other individuais 
are easily killed by the herbicide. Herbicide 
resistance occurs when repeated use of a 
herbicide selects out these individuais such that 
the resistant individuals spread and eventually 
dominate the weed population. The herbicide 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. 

C o t t o n  



sedion E2 

The primary reason for herbicide resistance not 
being a problem in Australian cotton production 
has been the traditional 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 controlled by herbicides, 
and so were potentially herbicide resistant, were 
removed by the combination of cultivation and 
chipping. The philosophy of using these tools to 
remove all weed escapes from the field has 
prevented the emergence of herbicide 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 wili 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 controi 
methods wili 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 
giyphosate). 

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 controi 
may be achieved (in the short-term), but in the 
long-term, species shift and herbicide resistant 
weeds wiil be a reality. Dealing with herbicide 
resistant weeds wili 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 

Guide requires that after growers apply the11 
final in-crop Roundup appiication, 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 simple, but is technically sound. it is based 
on the principle that any weed that is not 
controlled by the Roundup appiication 
(potentially resistant) is controlled by some 
other means before it is able to set seed. This 
plan wili prevent the occurrence of herbicide 
resistance if it is properly implemented. 

The resistance management plan also makes 
good farming sense. Weeds that are controlled 
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 wiil 
contribute to a larger problem 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. 

A study evaluating the economic aspects of 
using Roundup Ready technoiogy in 
comparison 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 Roundup Ready and conventional 
cotton varier,es 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 no 
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 
technoiogy. In some treatments, improvements 
in cotton establishment, weed control and 
cotton yield more than compensate for the cost 
of the technoiogy. 

-a guide for integrated management of weeds k cotton __ayg~s12aa2_- 
jE25I 



Control of volunteer and 
ratoon cotton 
The control of volunteer and ratoon cotton in 
successive cotton crops is one of the ma]or 
difficulties assoclated wlth using the Roundup 
Ready technology. An article dealing specifically 
wlth volunteer and ratoon cotton control can be 
found in section F4 Controillng Volunteer 
Catton in WEEDpak. Volunteer and ratoon 
Roundup Ready cotton plants continue to 
express the Roundup Ready gene in successive 
seasons and are dlfflcult to control in crop and 
particularly wlthln the plant line. Control is 
required due to varietal purity, insect and 
disease pressures assoclated wlth the reduced 
fitness of volunteer plants and the likelihood that 
ratoon cotton may act as a refuge for Insect pest 
specles. 

Control of volunteer cotton may be achieved by 
pre-lrrigatlng fields to encourage seed 
germlnation, then using pre-plant or pre- 
emergent applications of Sprayseed @l .52.2U 
ha depending on growth stage. HammeP 
(carfentrazone), a new product being registered 
by Crop Care Australia may offer a new 
alternative. Hammer can be mlxed with 
glyphosate and has no resldual plant back. This 
herblclde can't be used as an over the top 
appllcatlon in either Roundup Ready or 
conventlonai cotton crops. 

Ratoon cotton Is more difficult to control. 
Effective control may be achieved with root 
cutting and/or centre bustlng at the end of the 
season. Herblclde control alone is very difflcuit. 
Various farmers have used 2-4,D Amine, Starane 
and Dlcamba, but with limited success. 

Roundup Ready@ Audit 
Growers of Roundup Ready cotton are requlred 
to perform an audlt of the effectiveness of the 
weed control achieved. This audit includes: 

1) An assessment of the weeds that have not 
effectively been controlled by the Roundup 
Ready herbicide following, the flnal Roundup 
Ready applicatlon. 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 ofthe weed management program 
during the season (Includes herbicides used, 
rates of appllcatlon and number of 
appllcations). 

4) Comments on the level of weed control 
achleved. 

5) Adverse event reporting 

It is important that farmers conduct thls audlt 
wlthin three weeks of the last incrop Roundup 
appllcatlon, to accurately determine the sumass 
or otherwise of the spray applicatlon. If the 
assessment occurs more than three weeks after 
spraylng, It is qulte possible that new weeds wlll 
have emerged by thls the. These weeds may be 
counted when they have never been exposed to 
glyphosate. This result will lndlcate a spray 
failure, when no faliure occurred. The audlt Is 
designed only to flnd 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. 



section m 
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RESEARCH RESULTS WITH 
ROUNDUP READYB COTTON 

Graham Charles 
(NSW Agriculwre) 

lntroductlon 
Roundup Readym Is a transgenlc, herbicide 
tolerant cotton developed by Monsanto. it has 
been genetically modlfled to Increase Its 
tolerance to Roundup (glyphosate) herblclde, 
but Is otherwise substantially equlvalent to 
wnventlonal cotton. The Roundup Ready 
genetic material can be transferred to 
conventlonal cotton varleties through 
conventlonal plant breedlng. Consequently, a 
range of cotton varletles is available In 
conventional or Roundup Ready options. These 
varleties may also include a genetically modifled, 
Insect resistance gene (Ingard"). 

Roundup Ready cotton varletles are tolerant to 
Roundup applied over-the-top of young cotton 
(up to four true leaves), but older cotton Is less 
tolerant and Roundup applied in older cotton 
must be dlrected to avoid contact with the leaves 
of the crop. Thls Is normally done using a 
directed spray, wlth spray nozzles directed away 
from the cotton plant, or through a shielded 
sprayer, where a metal or plastic shleld 
surrounds the spray, preventing the spray 
comlng in contact with the crop plants. 

A weed pressure lndex has been used to 
compare the over-ail weed control achleved 
under various weed management systems. Thls 
lndex was derlved from actual weed numbers 
per square metre on trial plots and tlelds. The 
weed count for each species has then been 
modified to take Into account the 
competltlveness of the different species. The 
data are combined to form the weed pressure 
index. An lndex of 0 lndlcates a weed-free 
system, while a hlgh number lndlcates a weedy 
system. A typical clean field would have an lndex 
of around 0.1 to 2, while a dirty field may have 
an lndex between 50 and 100, or even hlgher. 
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Jnllke the older broad-leaf herbicides (diuron, 
fluometuron and prometryn), Staple* has activity 
agalnst a very speclflc range of weeds and so 
accurate weed identification Is very Important 
when using this herblclde. For example, Staple* 
Is efiectlve In controlling spineless caltrop 
(Trbulus mlcmoccus) but wlll not control 
caltrop (7: terresttfs); these two weeds are simllar 
In appearance and often grow together. 
Slmllarly, Staplee Is effective for controlling 
sesbanla pea (Sesbania cannablna) but less 
effective on budda pea (Aeschynomene indica). 
These plants are dltffcult to dlstlngulsh in early 
growth. 

A weed control program based on non-resldual 
herblcldes may need to be repeated at 4-weekly 
Intewals. Such a program may be Impractical 
due to hlgh cost, time and labour constralnts. A 
perlod of wet or wlndy weather could be a 
disaster for a weed control program based 
solely on non-residual herblcldes. 

Post-emergence and lay-by 
herbicides 
The residual broad-leaf herblcldes discussed 
earller (dluron, fluometuron and prometryn) are 
commonly also applled post-emergence, often In 
comblnatlon wlth Inter-row cultlvatlon. They may 
be applled as 'lay-by' herblcldes wlth the flnal 
inter-row cultlvatlon, just prlor to the crop 
closing over the Inter-row area. When used In 
this way, they are normally sprayed In front of a 
cultivator, whlch Is set to throw some of the 
herblclde treated soil up under the cotton plants. 
Consequently, the herblclde Is Incorporated Into 
the sol1 and kept away from the cotton follage, 
but some treated soil stlll ends up over-the-top 
of the hill. Thls herblclde appllcatlon Is Intended 
to control weeds that germlnate after it Is no 
longer practical to cultivate or apply directed 
herblcldes In the cotton crop. 

Shielded herbicide applications 
Some herblcldes that can't be safely applied 
over-the-top of cotton can be used to control 
weeds In the inter-row area when applled 
through a wellconstructed shielded sprayer that 
prevents herblclde making contact wlth the 
cotton foliage. These sprayers must be operated 
under suitable conditions. Thls strategy is 
commonly used in dryland conon, where large 
Inter-row strlps are present, but where stubble 
destruction and soil molsture losses resulting 
from cultlvatlon are undesirable. 

A purpora-built, hi& ebaranecqqwr M u p  forshieIdrd 
sp*. 

The use of herblcides such as glyphosate 
through a shielded sprayer Is relatlveiy safe, but 
extenslve crop damage can occur If the 
herblclde does make contact wlth cotton follage. 
Damage is most likely to arlse from herblclde 
drift from wlthln the shleld due to windy 
conditions, excesslve ground speed, poor shield 
construction or set up, excesslve nozzle 
pressure, or poorly posltloned spray nozzles. 
Problems can be reduced by uslng appropriate 
nozzles, producing large droplets at low 
pressure, wlthln wellconstrucled shields and 
ensuring that nozzles remain well posltloned. It 
Is also essential to ensure that there are no 
herblclde leaks from tanks or flttlngs. Due to the 
rlsk of damage to cotton, shlelded sprayers 
should only be used where weeds can't easlly or 
economically be controlled by other methods. 

Spot-spraying 
Spot-spraylng Is Ideally sulted to situations 
where large weeds are present at low densitles. 
Herbicides such as glyphosate and MSMA may 
be applied to small areas of weed wlthln afleld, 
where the damage caused by the herblclde Is 
conflned to a small area and is negllglble over 
the entlre Reld. Alternatively, a more expenslve 
herblclde such as Staple*, Sempra*, ZollaP and 
the post-emergence grass herblcldes may be 
spot-applied to greatly reduce the overall cost. 
Spot-spraylng may involve a 'normal' boom 
spray, with the operator swltchlng on boom 
sections as required, but more commonly 
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Involves a purpose built, self-propelled, spot- 
spraying unit, deslgned to go through cotton 
rows with a mlnlmum of disturbance. These 
units have multlple operators, each of whom can 
spot-spray weeds In several rows In a single 
pass, using speclal applicators whlch ilmlt spray 

, . drift. L 

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

Crop agronomy and management 
A cotton grower alms to estabilsh a strong, 
healthy cotton stand that produces a profltable 
cotton crop. To achieve this alm, the grower will 
try to pmduce a favourable seedbed with 
optlmum levels of nutrients and water. 
Unfortunately these wnditlons are also Ideal for 
weed establlshment and growth, enabling weeds 
to out-grow and out-compete cotton seedlings. 
A dense popuiatlon of weeds can easlly out- 
compete and shade cotton, but the converse Is 
also true, that a well established cotton crop can 
in t h e  outcompete and shade most weeds. 

The opportunities for weeds can be reduced and 
managed by attention to crop agronomy and 
management, making the crop more competltlve. 
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 sol1 
surface and deeper in the soil prolie. In 
contrast, p r  cotton establlshment may result 
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, wlth weeds growing 
more rapidly than cotton In spring, shading the 
cotton and competing strongly for nutrients and 
water. 

For best results, cotton should be given the best 
chance for establlshment and vigorous growth. 
Where a grower has both clean and weedy 
fields, the weedy fleids should be planted last. If 
the opportunity arises, a herblclde such as 
glyphosate should be appiled 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 varleties, with good seedling vlgour 
are best suited to weedy flelds. 

Transgenic cotton varieties 

- 
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.hnsgenlc, herbicide tolerant cotton varletles 
are becoming available. Roundup tolerant, 
Roundup ~ e i d y b  cotton varletles are now 
commercially available. Herbicide tolerant 
varletles have been genetically modlfled to 
enhance their tolerance of speciflc herblcldes. 
These herbicldes can't nornially be used wlth 
conventional cotton varietles. The use of 
transgenlc varletles provides opportunities to 
use a new range of herbicides in cotton wlth 
improved cropsafety. In many instances, thls 
technology allows cotton growers to substitute 
non-resldual herbicldes for resldual herbicldes, 
reduclng potential recropping problems. These 
herbicldes may also be valuable for managlng 
weeds that are difficult to control in conventbnal 
cotton. 

Irrigation management 
lrrlgation management is an Important aspect of 
crop agronomy. Weeds generally emerge after 
irrlgatlon and rainfall events, so the timlng of 
irrlgation affects the emergence of weeds. 

While cotton may be sown into sol1 moisture 
following rainfall, sowing generally occurs as the 
soil dries after prelrrlgation, 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 flelds as 
it allows a better opportunity for weed 
emergence and control with cultlvatlon or 
herbicides before crop emergence. 

Later in the season, irrigation, chlpping, 
cultivation and herbicide applications must be 
cwrdlnated to mlnlmlse stress to the cotton 
crop but maximise weed control and weed 
control opportunltles. 

section B3 

lrrlgation water can be a source of weed 
Infestatlon, wlth weed seeds carried In the water. 
Whlle It is not practical to fllter these seeds from 
the lrrigation water, growers should always be 
on the lookout for new weeds that may have 
been introduced in lrrlgation water. Growers 
should give speclal consideration to water 
pumped during floods, as this water has the 
greatest potential to carry new seeds. If 
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 cultlvatlon is a relatively cheap and 
effectbe method of removing weeds from the 
inter-row area. In lrrlgated cotton, cultivation is 
also an Important tool for redelving and 
malntainlng the lrrlgatlon furrow. 

To be effective, inter-row cultivation should 
occur before weeds become too large, and be 
timed to occur as flelds are drylng. Cultivatlon 
should be delayed for a few days after raln or 
irrigation, as many weeds will not be killed but 
simply transplanted by cultlvatlng In damp soll. 
Soil compaction Is another undesirable outcome 
of cultivatlng wet soil. However, cultivating in dry 
condltlons is expensive and may cause 

- 

excessive damage to young cotton seedlings, 
particularly in a blocky or compacted soil. Inter- 
row cultlvatlon can be tlmed to occur Just prior 
to an irrlgatlon, provided that the sol1 Is easlly 
frlable, allowing suflicient time between 
cultivation and Irrigation for weeds to be kllled 
(approximately 1 day), but mlnimlslng the stress 
to cotton whlch may have been damaged durlng 
the cultivation pass. 

Inter.10~ crrlffi~ . . 
cold-/row nimgen application 
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Hand chipping 
Inter-row cultlvatlon is particularly valuable for 
managing dryland, skip row cotton. However, 
some sol1 molsture Is lost wlth every cultlvatlon 
pass, and some prunlng of cotton roots occurs, 
damaglng the cotton. Thls root prunlng may 
contrlbute to problems with fusarium wilt, Where 
this disease Is present. Inter-row cultivation also 
exposes the sol1 surface, leavlng the sol1 more 
vulnerable to eroslon. Ideally, cultlvatlon should 
cause mlnlmal surface sol1 dlsturbance, leaving 
surface resldues largely undisturbed. Thls Is 
particularly Important on sloping, eroslon prone 
flelds. 

Flame and other weeders 

Manual weedlng uslng hand chlpplng Is a 
valuable tool for removing low denskles of 
weedsfrom the cotton plant he. Chlpplng can 
also help prevent the bulld up of herblclde 
resistant weeds, removing any weeds that 
su~ l ve  the other weed management practlces. 

However, hand chlpplng can be extremely 
expenslve. Chlpplng should be used In 
conjunctlon wlth lnter-row cuklvatlon, so that the 
majorlty of weeds are removed by the cultlvator, 
at much lower cost than chlpplng. Care should 
be taken to ensure that the cost of chlpplng 
does not become excesslve. 

A honumadeJlame w d e r  for controlling weeds in lhe 
inter-m urea 

Flame weeders, lnfra-red weeders, steam 
weeders and electro-statlc weeders have been 
developed as alternatives to cultlvatlon and 
herblcldes and are especially useful In 
organically grown cotton where herblcldes can't 
be used. They are effective in controlling small 
annual weeds In the Intercrop area and can 
control small weeds in the cotton plant llne In 
older cotton with mlnlmal damage to the crop. 
They have the drawback that they requlre large 
inputs of energy and are therefore expenslve to 
use. 

Machinery hygiene 
Weeds are spread through a variety of 
mechanisms, but most commonly through the 
dlsperslon of seeds by wind and water. Most 
we& produce large numbers of seeds, each of 
which Is capable of producing a new plant. 
Some weeds are also capable of reproduclng 
vegetatively, spreadlng through tubers, rhlzomes 
or stolons, and some are capable of regrowing 
from a piece of leaf or stem. 

Apart from the natural means ofweed 
dlsperslon, one of the prlnclple villalns for 
spreadlng problem weeds Is the cotton grower 
hlmself. Thls spread normally occurs on 
wntamlnated machlnery such as cultlvatlon 
equlpment, plckers and farm vehicles. Good 
machlnery hyglene is essential to avold 
lntroduclng new weeds and dlseases from other 
contaminated flelds, or other areas. Machlnery 
from off-farm should always be thoroughly 
cleaned before use. 
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Managlng weeds on non-cropping 
areas 
Weeds present on areas surrounding cotton 
fleids can contribute significant weed seed loads 
to cotton fields. If poorly managed, these areas 
can contribute large seed loads of many of the 
more dlflcuit to controi weeds such as 
noogoora and Bathurst burr, fierce thornapple, 
sesbanla 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 readliy transported in this water. 

Weeds on irrigation channels and structures are 
most commonly managed using a oomblnation 
of residual and knockdown herblcides and 
mechanical means. Dlumn and glyphosate are 
the main herblcides used. Diuron is applied after 
the flnal irrigation in autumn and incorporated 
by rain. Channels may need to be flushed in 
spring to remove excess chemical if insufficient 
rainfali occurs over winter. Giyphosate is applied 
as needed to control established weeds. 

Regular mechanical maintenance of irrigation 
structures also contributes to weed 
management, removing many of the more 
difficult to controi weeds. Cotton growers who 
pump lrrlgation water from a river or whose land 
is flood susceptible, have little control over weed 
input from these sources, but the management 
of seeds from all sources within a growen 
control can make a bla difference to the level of 
incrop weed competi~on. 

Ultra-narrow row cotton 
The ultra-narrow row planting conflguration has 
become feasible in cotton due to new cotton 
picker head design, improved cotton varieties, 
and transgenic herbicide tolerant cotton. 
irrigated, ultra-narrow row cotton is more 
competitive than conventional cotton, due to a 
much increased cotton plant density. However, 
the narrow-mw conflguratlon precludes normal 
Incrop, inter-row cultivation, and iimlts incrop 
herbicide appllcatlons to those herbicides that 
can be applied over-thetop of the crop. Ultra- 
narrow row is best suited to transgenlc 
hwMcide tolerant cotton varieties and fleids that 
are relatively free of weeds. 

Susceptibility of weeds to herbicides 
The weeds listed in Tables 3,4 and 5 have been 
rated according to their susceptlbllity to the 
various herbicides under average to good 
conditions. Since the level of control is 
influenced by rainfali, 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. 

We& amand channeb, madr and mlerslamgs con 
contribute significant quMhMhiies ofweed seeds to canon 

U l h r c - n m  mw colton A mnge ofplanfing co)Jignratio~~ 
is being u d  
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The information supplied here is only a gulde. 
Product registrations vary between states and 
label information must be complied wlth. 
Products labels supply additional Information on 
product safety and use constraints, application 
rates and timing, the use of surfactants, soli 
incorporation, water rates, nozzle pressure and 
configuration, product compatibliities, and 
equipment decontamination, as well as other 
Information pertaining to the product and its 
use. 



Herbicide resistance 
Information on the herblclde group to which the 
product belongs is Included on the product 
label. Thls informatlon is essential for developing 
an Integrated weed management strategy whlch 
avolds developing herblcide resistant weeds. 
The herbicide groups are indicated by a lettering 
system, as shown In Tables 3,4 and 5. 

More detailed information on managing 
herblcide resistance is given in Managlng 
Herblclde Resistance In Cotton in 
WEEDpak. 

Modes of action of herbicides 
There are many different modes of herblcidai 
action and a single herblclde may act on more 
than one plant process. Nevertheless, slmllar 
herbicldes often have slmllar modes of actlon. 
For example, the postemergence grass 
herbicides (Table 5) are all group A herblcides 
which act through inhibltlng acetyl-coA 
carboxyiase, leadlng to membrane disruption in 
the plant. Consequently, although five chemically 
dlstlnct herblcides are llsted In Table 5, they all 
act on the same plant pathway and a weed that 
develops reslstance to one of these herblcides 
will probably be reslstant to all flve herbicldes. 
However, apparently slmllar herblcides do not 
always have similar modes of actlon. Of the pre- 
emergent grass herbicides (Table 3), trlfluralln 
and pendimethalln are both group D herblcides, 
which lnhiblt tubuiln formation, effectlvely 
lnhlblting plant growth, whereas metolachior is a 
gmup K herblclde, with multlple modes of action 
inhibiting growth and root elongation. 

Where herbicides wlth similar weed spectrums 
have different modes of actlon, opportunlty 
exists to rotate herblcides, thereby reducing the 
risk of selectlng weeds resistant to any one 
herblcldal mode of actlon. 

Development of herbicide resistance 
When applied correctly, a herblclde will 
effectlvely control Its target weed. Nevertheless, 
within any weed population there wlll be weed 
specles that are more tolerant of the herbicide, 
and withln a specles there may be Individual 
plants that are more reslstant to the herblcide 
than the remalnder of the populatlon. 

Repeated use of a herblcide will have two 
effects. Firstly, the herbicide wlll select for the 
more tolerant weed specles, probably resulting 
In a shlft in favour of those tolerant specles. 
That is, the denslty of the more herblcide 
susceptlble species will decline, while there will 
be a relative increase In the density of the 
herblclde tolerant specles. Secondly, the 
herblclde will select the more herbicide resistant 
lndlvlduals from wlthln a species and the 
frequency of these individuals will Increase 
wlthln the population, leading to the 
development of herbiclde reslstance. 

The rate at whlch these changes occur depends 
on a number of factors, Including: 

herblclde efficacy, the frequency of herbiclde 
appilcation, the degree of tolerance to the 
herblclde, the frequency of herbicide resistant 
individuals 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 reslstant 
indhrlduals. 

Whlle all herbicides have the potentlai to 
cause aspecies shift In the weed population, 
they do not all have the same risk of 
developlng a reslstant weed populatlon. 
Withln the herblcide groups, there are three 
broad categories. 

herblcldes wlth high risk (groups A and B). 
Repeated use of herblcldes from groups A 
and B has a high risk of selectlng out 
herblcide reslstant weeds. 

herblcldes with moderate rlsk (groups C to 
H). 
herblcldes with low rlsk (groups I to N). 

Nevertheless, these risks are relative. Repeated 
use of a single herblclde from any herblclde 
gmup may eventually lead to the development of 
herbiclde resistance. That is, the selection from 
a prevlously susceptlble populatlon, of a new 
populatlon that is resistant to the herblclde at 
the rates used. Once this happens, the herblclde 
is no longer of any use for controlling that weed. 

- 
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Rotation of herbicide groups 
One appmach to reduclng the likelihood of 
herbicide reslstance developing is to rotate 
herbicldes, using dlfferent herblclde groups over 
time, so that weeds are exposed to a range of 
dlfferent herblcldal actions. This strategy Is 
dlfllcult to Implement in canon, as many of the 
herbicides that could be readlly sutstltuted are 
from the same herblclde groups. 

For example, as discussed earlier, although the 
postemergence grass herblcldes Falcon*, 
Fusilade*. Selecto. SertlrP. and VerdlcP are 
chemically different, they &e all gmupA 
herblcldes wlth slmllar modes of actlon. A weed 
that develops reslstance to one of these 
herblcldes may be cross-reslstant to all of them, 
even though the weed had not been exposed to 
the other herblcldes. 

Slmllarly, the resldual, broad-leaf herbicldes 
most commonly used with conon production 
(dluron, prometryn and fluometuron) are all 
group C herblcldes, with slmllar modes of 
actlon. 

However, Me preemergent grass herblcldes 
belong to groups D (trMuralln and 
pendlmethalln), K (metolachlor) and F (ZollaP). 
Use of these herblcldes in mtatlon allows the 
opportunity to expose weeds to totally dlfferent 
herblclde groups, greatly reduclng the rlsk of 
the development of herblclde resistance. 

Overall, the most effective approach to reduclng 
the development of herblclde reslstance and a 
specles shlft to herblclde tolerant lndlviduals, Is 
to ensure that herblcldes are used correctly and 
that an integrated approach to weed 
management using components fmm each of 
the weed management options Is adopted. 
Special care needs to be taken when making 
repeated use of group A or group B herblcldes. 

Developing an lntegrated weed 
management system 
Each of the weed management tools has 
advantages and disadvantages, and needs to be 
Integrated with other tools to form an effectlve 
and Mclent weed management system. The 
weed management system must be balanced 
wlth the needs of the other components of 
rotton productlon, such as Insect management 
and dlsease control. 

A weed management system must be flexible 
and able to respond to the changing needs of 
each fleld. One of the most slgnlflcantfacton . -. . . . . . . . 

affecting weed management is the prevalllng 
seasonal condltlons, and In particular, ralnfall. - - ~ ~ -  

An effectlve weed management system must be 
able to respond to a range of seasonal 
condltlons. Ralnfall affects both weed 
gerrnlnation and herblclde efficacy. All plants 
need molsture to gerrnlnate and grow. Generally, 
weeds wHI germinate only after a ralnfall or 
irrlgatlon event, and are not normally much of a 
problem In dry seasons. However, all residual 
herbicides are water actlvated. They are 
relatlvely inactive In adry soil and become active 
after raln or Irrigation. In addltlon, most of the 
translocated, non-resldual herblcldes are much 
more effectlve on plants that are not moisture 
stressed. Resldual herblcldes should work well 
in a wet season, when maximum weed pressure 
will occur, but may not work well In a relatlvely 
dry season, when light rain may stimulate weed 
germlnatlon, but not sufllclently actlvate the 
herblcldes. In this situatlon, non-residual 
herblcldes and cultivation may be needed to 
supplement resldual herbicides. 
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Resldual herblcldes also have the potentlal to 
contamlnate the envlronment If they move out of 
the target area. Thls potentlal Is greater than that 
of the non-residual herbicides slmply because 
they perslst for longer in the environment and 
so are exposed to more opportunities for off-slte 
movement. Their subsequent affect Is also llkely 
to be more slgnlflcant because of thelr 
penlstence. 

W e  3. A p i &  Iu h weeds conolled by soil rasidiml lterbici&s. 

Herblclde movement may occur through 
leaching of the herblclde following lrrlgatlon or 
ralnfall. However, many residual herbicides are 
strongly attracted to sol1 partlcles and so have 
llttle potentlal to leach. These herblcldes may stlli 
move off-site, carrled on blown dust, or on 
suspended sol1 particles following lrrlgatlon or 
rainfall. Thls rlsk can be greatly reduced by 
good irrigation deslgn, where run off and 
irrigation tall-water are captured and 
reclrculated, remalnlng on-farm. 
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live ingredient diuron MSMA glyphosale norfiurazon F'yrilhiobac sodium 
gistered trade name various Zoliar"' Staple" various various*.* 
licai use rate 1.8-3.5 Uha 2-4 Kglha 30-1 20 glha 1-2.8 Lf8a 1-2 Vha 
rbicide group C F B K M 1 

On 
Anl MSt%a 
Barnyardgrass 
Johnson grass from sec 
Liirseedgrass 
VoluMeerCereals 
Volunteer sorghL 
Nutgrass 
Broad-led weds 
Amaranthus 
Anoda weed 
Australian blnd weed 
Bathurstburr 
BelMoe 
Blackbeny nightshade 
BIWe~kebnla . s[ 
Black bindweed 
C W P  
Caustic Weed 
I 

GpWvrrfe::,waC!lm 
Deadnetlle 
~I'scfaw .;: .-- 
Emu-fwt m@@ .c.f 

Mv . -  . .. 

Rynchosia 
Sesbanla'oea 
small-flokred mallow 
Comrnonsowthlstle 
Spmeless caHrop l 
Sunflower 
mornapples 
Wkewesd 
Wild gooseberry 
Wild m lo r  
Wild turnip 

S Suscejnible MS M&mtely~uaep~ble 1' I o I m t  PS Someachriy - N o t b ~ n n ~  
* Ikx ~um& haw large seedr andmay germinme below the hcrbicib band, roducing the levelof cor~ml. 
** Z o l i d  is a residual herbicide that requires thomgh imwporation, andnceb to be appliedfor 2 or 3 m ~ ~ x c v t i w  seasons 

forrmfgras conml. 

"* Glphavrfe is toxic to co~wntitional (r~mbKOunrd.'p He@) cotton midcm only be sfevappliedtu cam~t iowl  conmt 
pm-crnege~rce t h ~ g h  a w e I I - c o ~ ~ c t e d s h i e ~ d ~ p r q v e ~  under suitable operafing cmufifiions with mgonlto wind ~rmzlc 
pressure, shield design, grmnrlspeed etc. Fbr more mfmafion, refer to the xc f im~ on Ukreted and sMdcd appliratiom of 
Roundup in Managing Roundup Ready@ Collon m WEEUQoR 
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legislered lrade name Faicom Select@ Fusilade@ Correct@ Serlinm 
ypical use rate ( m W J  120-180 250-375 750 1.0-1.5 0.2 - 0.9 120-180 
lerbicide group A A 

B 
Annual grassesgeneral E 

Bam~anlilWS 
Johlison grass from seed 
Uvc~seedgw 6 S 
Volunteer cereals S MS 

Residual grass herbicides 
The most commonly used resldual grass 
herblclde Is trlfluralln, applled as a pre-planting, 
soll-Incorporated herbicide. It has activity on 
most grass weeds, and some broad-leaf weeds 
such as amaranthus, caltrop, and mlntweed. Its 
appllcatlon window Is from 8 weeks preplantlng 
to Immediately prlor to plantlng. Rlfluralln Is 
relatively Inexpensive, but may lnhlblt the 
development of surface mots of emerging 
cotton seedllngs and requlres thorough soll 
Incorporation to be effectlve. Soll Incorporatlon 
at, or lmmedlately after appllcatlon Is necessary 
because trlfluralln Is degraded by sunllght and Is 
sllghtly volatile, leadlng to slgnlflcant losses If It 
Is l& on the sol1 surface. Rlfluralln is degraded 
by mlcroorganlsms In the soll. 

If trlfluralln is not used prlor to plantlng, 
pendlmethallnor metolachlor will normally be 
applled at plantlng as an alternative. R Is also 
common to apply a band of pendlmethalln as a 
'topup' behlnd the planter, even when trlfluralln 
has previously been applled. Thls most often 
occurs on flelds that are pre-lrrlgated, where a 
layer of dry soll is sklmmed off the top of the 
lrrlgatlon hlil at plantlng to allow cotton seed to 
be planted lnto moist soll. The herblclde treated 
soil ends up In the furrow. A band of 
pendlmethalln is then applled to the area 
disturbed by plantlng, to replace the trifluralln 
that has been removed. 

Young colton in a well-nm~ged~edbed,,frre qfwefdh 

Pendlmethalln and metolachlor have slmllar 
activity on grass and broad-leaf weeds when 
compared wlth trlfluralln. The rnaln advantages 
of these herblcldes are that they don't need as 
much sol1 lncorporatlon as trlfluralln, can be 
applled at plantlng, and don't cause surface root 
prunlng. However, they are more expensive than 
trlfluralln, and although they don't lnhlblt surface 
mot development, they can stlll cause serlous 
injury to cotton seedllngs If they are poorly 
applled or subject to adverse weather conditions 
after appllcatlon. Damage Is most commonly 
seen when raln occurs lmmedlately after 
plantlng, washing herblclde lnto the cotton seed 
zone. Both herblcldes requlre some 
lncorporatlon, with flnger harrows behlnd the 
planter, or either by rainfall or lnlgatlon. Both 
herblcldes have some volatlllty (metolachlor less 
than pendlmethalln), and are degraded by 
sunllght (metolachlor more than pendlmethalln). 
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hsidval broad-leaf herbicides 
The residual broad-leaf herbicides commonly 
used in cotton are dluron, fluometuron and 
prometryn singularly, and a 50:50 fluometuron/ 
prometryn mixture. These herbicides can be 
applied pre-planting, at plantlng, or post- 
planting, and have preemergence and post- 
emergence actlvlty on many broad-leaf and 
some grass weeds. They are most effective 
when incorporated lnto the soll, but are also 
effectlve when applled to the soli surface or 
sprayed on small weeds, with the addition of a 
wetting agent. 

Application timing and technique is Important 
with these herblcldes. While they can, and often 
are applied before cotton emergence, wlth no 
adverse effects, these herblcides have the 
potential to kill or severely damage cotton 
seedlings, resuitlng In the need to replant the 
crop. Damage, when It does occur, generally 
follows rainfall soon after planting which washes 
the herblclde lnto the seed zone. This problem is 
rnost llkely where the planter has left a furrow In 
the top of the hill. Raln can concentrate 
herbicide from the top of the hill into this furrow, 
and lnto the root or shoot zone of emerging 
cotton seedlings. Prometryn is not commonly 
applled prior to crop emergence, due to the risk 
of Injury to cotton from this herbiclde, although 
the prometryn-fluometuron mixture Is often 
used. injury from dluron, fluometuron, and the 
prometryn/fluometuron mixture can be 
widespread when raln occurs at plantlng. As 
these herblcldes are water-activated, they are 
most effective under wet condltlons, when 
weeds are most active. 

Fluometumn damage on seeding coffon (velIming of the 
inter-venial leaf area). Fluometumn W applied at 
planting but damage did not become obvious until this 
gm& stage 
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Although listed earlier as a negatlve 
characteristic, the tendency of trlfiuralln to prune 
the surface roots of cotton seedlings may add 
some additional degree of product safety when 
trlfluralln is Included wlth one of these Droducts 
in a weed management program. while pruning 
of the surface roots reduces the cotton's abllltv 
to absorb nutrients and water from the soil 
sulface (a negative aspect), It also reduces the 
iikellhood of cotton seedllngs absorbing high 
concentrations of other herblcldes from the sol1 
surface (a positive aspect). Consequently, injury 
to cotton seedllngs from herblcldes ilke diuron is 
less likely when trifluralln has been applied pre 
planting. 

Generally, cotton can be successfully r e  
established from resowlng after cotton 
seedllngs are kllled by herblcides, as these 
herblclde have relatively short half-llves, and so 
break down relatively quickly. 

Bemuse they do have foiiar activity, It is 
important that the residual broad-leaf herblcldes 
are applled as directed sprays when used after 
cotton emergence (the spray nozzle posltioned 
to direct herblclde away from cotton foliage). It 
Is common to observe some leaf damage to 
cotton after a directed spray application even 
when these herblcides are correctly applied. The 
damage is seen as yeilowlng of the cotton leaf, 
but should not cause leaf death or a reduction in 
cotton yield. 

ZolIoPappliedto a were nutgmw infestalion T9te M e  
ureus in the fongmund wen causal by ZolloF, which 
aff'cmphobyrtlh& 

An alternative to these herblcides is Zollar@, a 
hlghiy residual soli applied herbiclde wlth actlvlty 
against some broad-leaf and rnost grass weeds. 
ZollavB Is particularly useful in fleids Infested 
with nutgrass or anoda weed, but can be very 
expenslve If required at the maximum use rates. 
It needs to be thoroughly Incorporated into the 
soil, and can be applied In autumn or wlnter 
before cotton plantlng. For nutgrass control, 
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ZoliaP needs to be applled over several 
consecutive seasons and should be used in 
conjunction wlth other management tools such 
as lnter-row spraylng with glyphosate or 
Sempras. Zollare is only actlve at hlgh soil 
molsture contents. lt acts on plant chlorophyll 
and membrane llplds, rapidly turning affected 
tlssue whlte. This wlil kill the affected plant If the 
sol1 remalns wet and the herblclde remains 
active for long enough. Frequently however, 
under Australian condltlons, the soil drles and 
the affected plant recovers. In thls situation, 
ZollaP does glve effective suppression of the 
weed but wlll not ellmlnate the problem. 

ZoliaP has a major advantage in that It is hlghly 
actlve in wet condltlons when it is most needed 
and has a long half-llfe In the soil. Its 
disadvantages include relatively high cost (at the 
rates requlred for use in nutgrass), a lack of 
activity under dry conditions, and toxlclty to 
most rotatlon crops. Hlgh rates of ZoliaP should 
not be used wlth the last rotton crop before 
plantlng a rotation crop. Plant back periods 
should be carefully considered before chooslng 
a rotatlon crop. Most rotatlon crops can't be 
safely grown for several seasons foilowlng hlgh 
rates of ZollaP applled to consecutive cotton 
crops. 

Residual herbicides for dryland 
cotton 
Problems can occur for growers of dryland 
cotton where resldual herblcldes are used early 
in the season. Resldual herblcldes can glve 
more cost-effective weed control than many of 
the postemergence options but for optimum 
performance they must be applled prlor to or at 
plantlng. if a plantlng oppoftunlty falls to 
eventuate, or the crop falls, resldual herblclde 
already applied may preclude later planting of an 
alternate crop. S : i' & - ,  

. ~ * I .  . .I 

Trlfluralin and diuron are examples of relatlvely 
inexpensive but effective herblcldes often used 
wlth dryland cotton, but which greatly reduce 
the growers' planting optlons should cotton not 
be planted or should the crop fall to establlsh. 
Minlmum recropping intervals for cotton 
herblcldes are shown in Tables 6 and 7. 
Judlclous use of sol1 resldual herblcldes enable 
growers to consider other crop options for a 
DecemberJanuary plantlng such as sorghum, 
sunflower, and mung beans. 

One possible strategy to avold problems with 
pre-plant resldual herblcldes is to band the 
herblclde so that herblclde Is applied to the 
cotton row, and a band of untreated sol1 remalns 
In the lnter-row area. Weeds that emerge In thls 
area can be managed wlth cultivation and a 
resldual herblcide may be applled later in the 
season. Should cotton establishment fail, an 
alternative crop can be safely planted in the 
untreated area. Thls strategy Is Ideally sulted to 
cotton grown with permanent wheel tacks, 
where the cotton-row and lnter-row areas are 
well deflned, and Is particularly sultable for skip 
row cotton whlch has a wlde inter-row area. 

Another strategy Is to use a Roundup Ready@ 
cotton varlety wlth no early-season resldual 
herblcldes. Thls strategy can be very cost 
effective in relatively clean flelds, but the total 
number of glyphosate appllcatlons may be of 
concern over time. Reliance on glyphosate as 
the primary weed control tool wlll result in ashift 
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 flelds, where weeds that 
emerge in the plant-line after the over-the-top 
Roundup application may be dlfflcult and 
expenslve to control. 

Resldual herblcldes applled after plantlng may 
stlll cause problems in the event of the cotton 
crop falling or belng hallebout. All resldual 
herblcldes have the potentlal to cause problems 
for the crop followlng cotton, as lndlcated In 
Tables 6 and 7. These data have been developed 
in consultation wlth the agrochernlcai Industry 
and are Intended only as a guide. 
ALWAYS CHECK THE PRODUCT LABEL. 
The recropplng inte~als listed can be modlfled 
to suit local seasonal condltlons and soil type 
variations. 
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Pre-emergence, post-irrigation 
herbicides 
In irrigated cotton production, the crop Is 
established either by lrrigatlng before plantlng, 
plantlng cotton Into a drying sol1 (pre-lrrlgatlon), 
or by irrigating after plantlng (waterlngup). An 
addltlonal llgM Irrlgatlon (termed 'flushing') may 
be necessary soon after plantlng pre-Irrigated 
cotton If the surface soil dries too rapldly for the 
emerglng cotton seedling. 

Where pre-lrrlgatlon occurs, It Is common to get 
a rapid emergence of weeds, partlcularly 
grasses, before the cotton seedlings emerge 
from the soll. When thls happens, opponunlty 
exlsts to apply a herblclde such as glyphosate to 
control these weeds wlthout damaglng the 
cotton. If no rain or lrrlgatlon occurs after thls 
herblclde appllcatlon, there may be no further 
weed emergence and the cotton wlll be able to 
establish In a relatlvely weed-free situation. Thls 
strategy can also be valuable for managing 
problem weeds that emerge before the cotton, 
and so can be controlled at this stage. 

However, this strategy Is not always reliable and 
should only be used In conjunction wlth other 
weed management tools, as wet or wlndy 
weather can prevent herblclde appllcatlon In thls 
narrow wlndow between plantlng and crop 
emergence. 

1ntm-m~ mdlh.eb:on is used thmgh theseason to control 
nvedr in the irtla~mw a m  md to mrdntrdn idgalion WIk 
Habicldn and fdtiser ~ u r y  &o be qptiedthmugh the 
cnI&%don rig. 

Post-emergence, non-residual 
herbicides 
Residual herblcldes have the advantage that 
they are present and are actlve from the time of 
appllcatlon, but have the dlsadvantage that they 
may damage cotton, and they are normally 
applled in antlcipatlon of a problem, and thus 
may not actually be necessary. Non-resldual 
herblcldes have the advantage that they can be 
applied as needed, but will only control weeds 
present at the tlme of appllcatlon and so are 
unable to control weeds from later germlnatlons. 
A range of non-residual grass herblcldes Is 
shown in Table 5. These herblcldes can be safely 
applied over-the-top of cotton and are effective 
In controlllng small, actively growing grass 
weeds. However, they have no effect on broad- 
leaf weeds and are much less effective on 
stressed grass weeds. They are also largely 
ineffective In controlllng larger grass weeds that 
escape earller treatment. 

MSMA Is another herblclde wlth activity agalnst 
most grass weeds, as well as nutgrass and 
many broad-leaf weeds. It can be applled over- 
the-top of cotton, but can damage cotton and 
may result In slgnlflcant reductlons In yleld, 
particularly with sequential applications. 
Consequently, MSMA should only be applled 
over-the-top of cotton In sltuatlons of heavy 
weed lnfestatlon, where the potentlal damage 
from the herblclde is far less than the potential 
damage from the weeds. MSMA should be 
applled as a dlrected spray where posslble. 
MSMA Is not commonly used, except for early- 
season control of nutgrass. 

Staplee (Table 4) is a more recently registered 
herblclde that Is acthre at relatlvely low rates. It 
controls a range of broadleaf weeds and can be 
applied over-the-top of cotton, although It does 
cause some Injury to cotton and may suppress 
cotton growth for up to 14 days. Thls growth 
suppression should not result In a yield 
reduction. Stapleeis relathrely expenslve and Is 
often applied in a band to reduce overall cost. 
While It has llttle resldual actlvlty agalnst weeds, 
It can cause slgnlflcant damage to following 
rotation crops. Recropping lntewals are shown 
In Tables 6 and 7. 
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MANAGING WEEDS IN 
COTTON 

-a guide forintegrated management of weeds in cotton 

Graham Charles 
(NSW Agriculture) 

Introduction 
A successful cotton farm is a complex 
enterprise, Integratlng a wide range of 
competing needs lnto a sustalnable, dynamic 
system. insects, water, dlseases, weeds, soll, 
envlronment, economlc and soclal demands 
must all be juggled In a system that Is 
sustainable in the short and long term. The 
needs of each area must be metand balanced 
so that conflicting demands are directed lnto a 
dvnamlc eauillbrlum In a functionlna farm 

A sustainable system for cotton productbn will 
necessarily lncludeawelldweloped weed 
management program. Weed management is an 
Important Issue for Australian cotton 
production, and requlres a dedicated and long- 
term approach. The principles of management 
remain the same over tlme, over flelds and over 
envlronments. However, the selection of weed 
management tools must be made on a week-by- 
week and Reld-by-fleid bask Declslons made at 
any one tlme wlil affect outcomes In future 
seasons. 

A sustalnable weed management system must 
embrace afarmlna svstems amroach. To 
achleve thls, a c o k i  grower must manage 
weeds on his roads, irrlgatlon channels, fence 
lines, noncotton areas, and rotatlon crops, as 
well as managing weeds in cotton 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 prlmarlly compete for available nutrlents, 
water and ilght. They can also dlrectly Impact 
cotton quality through contamlnatlon of cotton 
flbre or through contamlnatlon of cotton seed. 
Contamination of cotton flbre may necessitate 
additional processing at the cotton gln or may 
result in downgrading of flbre quallty. Weeds 
may also act as sources of pests or dlseases 
that affect cotton, they may reduce irrlgatlon, 
cultivation and ha~estlng efflclency, and they 
may cause physical Injury to operators in cotton 
flelds, such as bug checkers, machinery 
operators and lrrlgation staff. 



Even a single weed, such as a large fierce 
thornapple (Datura femx) can compete strongly 
wlth cotton. The economic threshold for control 
by handchipping is approximately 1 thornapple 
per 73 m of cotton row, based purely on cotton 
yleid reductions through competltlon. In 
addition, thornapples can host hellothls, mites 
and vertlcillium wilt, can block cultlvatlon and 
harvesting equipment, and can cause serious 
Injury to field workers. Thornapple seeds may 
also contaminate cotton seed. 

Weeds impact cotton production Indlrectly, 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 occasions do, kill cotton plants If 
they are Incorrectly applied, or if adverse 
weather condltlons occur soon after application. 

Weed competition 
Cotton seedllngs have relatlveiy poor vigour and 
compete poorly against weeds early In the 
cotton season. Even moderate weed lnfestatlons 
can reduce cotton ylelds. 

Cotton seedllngs are slow to emerge from the 
soil and grow slowly In cool spring condltlons. 
This slow growth leaves a wide wlndow for weed 
competltlon. Most weeds that emerge wlth the 
cotton grow more quickly than the cmp, 
enabllng them to shade the shorter cotton 
seedlings, and to better exploit water and 
nutrlents from deeper In the soll than is available 
to the crop plants. This Is especially a problem 
for dryland (non-Irrigated) conon production, 
where a lack of soll moisture near the soil 
surface can llmlt the growth of cotton seedllngs. 

All seedlings explol water and nutrlents from the 
moment they emerge from the soll, although in 
the cooler, southern areas, seedlings Initially 
have very small requirements. Resource use 
rapidly Increases as the seedlings grow. There 
has been no measurable reduction 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 thls critical period of 
competitlon of approximately 4 weeks depends 
on the growth rate of the weeds and scarcity of 
resources. Ideally, weeds should be controlled 
wlthln 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 yleids. Older, well- 
grown cotton plants have a large leaf canopy 
and a deep, extensive root system, enabllng 
them to be very wmpetltlve, shading the soll 
surface and exploiting soll resources to depth. 
Consequently, weeds that emerge late In the 
season have no impact on cotton yleid, although 
they may stlli cause problems with defoliatlon, 
can Interfere wlth plcking, can contaminate ilnt, 
can cause staining on the llnt and can produce 
large amounts of seed, causing problems in later 
years. 

In sltuatlons of llmlted soll moisture, cotton 
plants older than 14 weeks may stlli be small and 
not suWlclently well developed to be able to 
compete strongly with weeds. Consequently, 
weeds that emerge from summer ralns may stlll 
have an Impact through competltlon for soil 
moisture. 

In sklprow cotton, weeds that emerge in the 
non-planted skips require longterm control. As 
there is no cotton planted In these rows, these 
weeds do not compete directly with the cotton 
crop early In the season and so may be tolerated 
for longer than weeds growing in the cotton 
mws. However, as these weeds grow, they 
begln to utllise the resources required by cotton 
later in the season, and so compete directly with 
the crop. Mld- and late-season control of these 
weeds is important. 
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Other effects of weeds 
Weeds Impact on cotton production in other 
ways. Weeds can act as hosts of cotton pests 
and dlseases, and volunteer cotton can Itself be 
a 'weed' In cotton. Thls is particularly Important 
In managlng lngards cotton crops, where 
hellothis caterpillars can grow and develop on 
weeds such as bladder ketmla, plgweed, the 
seneclos or 'conventional' cotton, and then 
rnlgrate onto lngarde cotton. 

Weeds and volunteer conon 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 fallow are also hosts for VAM, 
which are beneflclal soil mlcroorganlsrns. 
Management of weeds on flelds Infested with 
fusarlum wllt is an important issue as weeds may 
be symptomless hosts of fusarlum. 

Weeds may also adversely impact on cotton 
harvestablllty and ilnt quality. Large weeds such 
as thornapple, noogoora burr and sesbania pea 
can obstruct or damage cotton plcker heads, 
leadlng to expensive breakdowns and down 
tlme. Vlnes such as cow vine, bell vlne and 
yellow vlne can tangle in picker heads, leading 
to slgnlflcant down tlme as heads are cleaned. 

All weeds have the potential to discolour or 
contaminate cotton llnt. Grass weeds such as 
nutgrass whlch grow In the cotton row, or blow- 
away grass whlch can be blown Into the cotton 
row from noncotton areas, are a particular 
problem as grass flbres are dlfflcult to remove 
from ilnt. Consequently, weeds that emerge late 
in the season may still need to be controlled, as 
they impact on cotton hatvestability and llnt 
quallty, even though they do not affect cotton 
yleld directly. 
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Weed identification 
Common names for weeds vary from area to 
area, often creatlng confusion when discussing 
control optlons. 

Correct weed ldentiflcatlon Is an essentlal 
component of weed management. Whlle Inter- 
row cuitlvation does not discriminate between 
different weeds, herbicldes have better actlvlty 
against some weeds than others. Accurate weed 
ldentiflcatlon Is essentlal for correct herblclde 
selection and for selection of the approprlate 
chemical rate. While plants are most readlly 
Identlfied from their flowers, ldentiflcation of 
plants at earller growth stages is critical for 
efflclent weed management. Generally, small 
weeds can be ldentliled after flndlng larger 
examples In the fleid or surrounding areas. 

The Weed ldentlflcation and lnformatlon 
Guide at the front of WEEDpak is the flrst step 
for ldentlflcatlon of weeds in cotton. Thls gulde 
glves detailed information of a range of the 
weeds often found in the cotton system, wlth 
many photographs of each weed lncludlng 
seeds, seedlings, small plants and flowerlng 
stages. 

Assistance wlth ldentlflcation is available 
through extenslon offlcers In NSW Agrlcuiture 
and the Queensland. Department of Primary 
Industries, cotton consultants, and chemlcal 
company representatives. Alternatlvely, posltlve 
ldentiflcation of flowerlng plants can be obtalned 
from the herbariums located in the Botanical 
Gardens In each state. 
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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 
commonly confused local names are shown In 
Table 1. 

Weed management tools 
Weed can be managed uslng a comblnatlon of 
the foilowlng tools: 

management offallows 

cmp rotations 

herbicides 

- ln-fallow 

- pre-planting 

- post-planting 
- over-the-top 
-directed Sprays 
- shlelded sprays 
-lay-by sprays 

- pre-harvest, and 

- post-harvest 

crop agronomy and management 

irrlgatlon management 

transgenlc, herblcide tolerant cotton varieties 

cultivation and lnter-row cultlvatlon 

native jute , . ,  
... *: t,.::...~, ..* ' 

~ , , .. .,v..; ',:v: 

native!uceme, wild lucerne 
VW~Q..!',, : ..A... . . - 
yellow pea bush, sesbania 
umchloa 

Atohan melon, camel melon, paddy melon, pb melon 
paitdy melon - 
pakdo~nsnurse:po~mea~II 
takeall, mna-mile, inch weed 
marshNIWv .. ." 
snwlhlsne milklhistle 

hand weeding (chipping) 

flameweedlng 

fleld hygiene of 
-machinery 
-seed and other inputs 
-vehicles and water 

weed management on 
- rotobucks 
- roads 
- lrrlgatlon structures 
-fence llnes 
- noncropping areas 

Selection of the Ideal comblnatlon of weed 
management tools must be made on a year-by- 
year and fleld-by-fleld basis. Field hlstory and 
expected weed pressure and divenlty, expected 
cotton price and yield, available machlnefy and 
labour, available soil molsture and irrigation, and 
planting configuration all afiect weed 
management declslons. The cotton grower must 
weigh up the need for weed contmi agalnst the 
cost of control, both in terms of the actual cost 
of the control measures, and In terms of the cost 
of damage resullng from control measures. He 
must also consider the potentlal Increase In the 
weed pressure In following seasons as a 
consequence of not controlilng weeds and 
allowlng them to set seed. 

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



damages the cotton. Many herblcldes also cause 
some damage to cotton and wlll delay crop 
maturlty to some extent. Thls effect Is mlnlmlsed 
when management tools are used correctly. The 
yleld Impact from the tools Is normally much 
smaller than the lmoact of the weeds If thev were 
At controlled. In ail cases, the key to d&ve 
weed control Is tlmellness of aoollcatlon and the 
use of well set up equipment. crop, soll and 
weather conditions must also be taken Into 
conslderatlon. 

Ideally, a weed management program Includes 
some residual herblcldes, supplemented with 
non-residual herbicides as needed. Cultlvatlon, 
shielded sprayers and spot sprayers are 
valuable for removing weeds from the Inter-row 
area. Hand chlpplng and spot sprayers are 
partlcularly valuable tools for managlng low 
densities of larger weeds. 

Weed management in fallows 
Where a fleld to be planted to cotton Is fallowed 
prlor to cotton, opportunity exists to control 
weeds. Often these weeds are most easlly and 
cost effectively controlled In the fallow. Although 
many weeds produce dormant seeds that may 
suwlve In the soll for a number of years, the 
vast majority of the weed seed-bank can be run 
down simply by malntalnlng a weed free fallow. 

When fallows are maintained wing herblcldes, 
this strategy has the added advantage of 
retalnlng stubble cover and maximlslng the 
retention of soll molsture. Malntalnlng stubble 
cover Is an essential strategy for mlnlmislng soll 
loss through erosion on fields wlth slope, and 
fields prone to floodlng and water movement. 
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Weed management in rotation crops 
Rotatlon crops can also be valuable for 
managlng weeds, as they often Involve farming 
systems that differ from the typlcal cotton 
system. Wlnter and summer crops both have the 
advantage of drying out the soll profile, allowing 
strateglc cultlvatlon to manage sol1 and weed 
problems. In addltlon, a wlder range of 
herblcldes Is availabie for use in rotatlon cmps 
compared wlth cotton. Some weeds that are 
dlfflcult to manage In cotton can be more easily 
managed with alternatlve herblcldes In a rotation 
crop. 

Thls Is partlcularly the case wlth cereal crops, 
where most broad-leaf weeds can be readily 
controlled. Broad-leaf weed control remains a 
problem in most broad-leaf crops, lncludlng 
cotton. 
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Aerbicides for fallow and rotation 
crops 
The wider range of herblcldes available for use 
In fallows and rotatlon crops provldes an 
opportunity to control weeds which are dlfflcult 
to control In cotton, and to rotate herblcide 
chemistry, reducing the risk of selecting 
herbicide tolerant and herblclde resistant weeds. 
However, potential herblclde drifi problems and 
plant-back periods must be considered wlth 
those herbicldes that are not safe for use In 
cotton. Always refer to the product label for 
current recommendations. Table 2 glves a gulde 
to recropping lntewals to cotton. Most 
herblcldes are toxlc to cotton and have the 
potential to kill or severely damage afollowlng or 
nelghbourlng cotton crop. For example, 2,4-D 
amlne applied to asorghum crop under 
unsuitable weather condltlons such as 
atmospheric lnverslon can, in a worst case 
scenario, cause severe damage to cotton many 
kilometres away. 

Conon can be dumuged by herbicides usdon mlobion nopr 
n i s  damage (dstmtedgronth) was caused by 2,CD 
herbicide. 

The breakdown rates of herblcldes in the sol1 
can be quite variable and difficult to predlct. 
Most herbicldes need molst soils (slgnlficant 
ralnfall or irrlgation) to facllitate breakdown, 
partlculariy those broken down by microbial 
actlvlty. These same herblcldes break down very 
siowiyor may not break down at all under dry 
condltlons. If In doubt as to whether a herblclde 
has broken down sufflclently before cotton 
piantlng, cotton growers should delay piantlng 
the fleld for as long as possible, or avoid 
piantlng the fleld altogether. 

Prlor to piantlng a doubtful fleid, growers should 
plant a test strlp of cotton, or plant seeds Into 
pots contalnlng sol1 removed from the fleld to 
check for visual symptoms of herblclde damage 
on the seedlings. A doubtful field should be pre- 
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irrigated before piantlng, if possible. However, 
wen after these precautions, damage to cotton 
seedllngs may stlll occur, or damage can occur 
later In the season as the mots of developing 
plants encounter a herblclde band in the soli. 
Herbicide damage may not be visually apparent, 
but may stlll occur and weaken or stunt cotton 
seedlings, predlsposlng them to attack from 
seedllng dlseases. 

Chickpea mniwheat rofmion cropspkmtedhfo c o r n  @adr. 

Pre-planting resldwl herbicldes 
A range of residual and non-resldual herbicldes 
Is avaliable for use In cotton, as shown in Tables 
3.4 and 5. 

Pre-plantlng residual herbicides have the 
advantage that they can be applled anywhere 
from several weeks before piantlng, up to 
immedlately prlor to plantlng, and remain 
effective for weeks or months after application. 
They can be applied in antlclpation of a weed 
problem and they control weeds before they 
emerge. They are generally less expensive than 
thelr non-resldual alternatives, particularly when 
multiple non-residual applications are required to 
replace a slngle resldual herblclde appllcatlon. 

However, reslduai herblcldes have two major 
drawbacks. Flrstly, they must be applied In 
antlcipatlon of a weed problem, whether or not a 
problem actually occurs. In sltuations of low 
weed pressure, thelr use may result in damage 
to cotton plants wlthout any real beneflt. 
Secondly, most residual herblcldes need to be 
incorporated into the soli for optlmum actlvlty. 
Adequate Incorporation of some resldual 
herbicldes Is achieved through rainfall or 
Irrlgatlon, but athers require lncorporatlon 
through cultivation which may confllct wlth other 
farming practices such as minimum tlllage and 
stubble retention. 
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INTEGRATED WEED 
MANAGEMENT 

Introduction 
The advent of insecticide reslstance precipitated a change in insect management for Australian cotton 
growers. A ma]or change was the adoption of an lntegrated Pest Management (IPM) approach to 
managing insects. Similarly, lntegrated Weed Management (IWM) wlil also need to be adopted if 
growers are to prevent herbicide resistance. However, IWM is more than just preventing herblcide 
resistance, it is about using many methods of weed control in synergy. The result of IWM will reduce 
the reliance on herbicides, mlnimise the development of herbicide resistance and species shift and 
reduce the impact of herbicides on the environment. An overriding theme throughout WEEDpak is 
the concept of IWM and how lmportant thls approach will be in the future. 

The aim of thls section is introduce the concepts of IWM in detall and provide an overview of the 
weed management principles available for cotton production. 

This sectlon contalns the following documents: 

B2 Integrated Weed Management Guidelines 
Thls document introduces the concept of managing cotton weeds with lntegrated Weed Management 
(IWM). It provides an understanding of why IWM will be lmportant for the future of Australian cotton 
weed management and the importance this concept will have when growing herblclde tolerant cotton. 
A summary table of weeds that have developed herbicide resistance is Included, along with a table of 
weeds that have reslstance to the herblclde glyphosate. A description of the components of IWM is 
provided. This document wlll encourage cotton growers to educate themselves about the principles 
of IWM, evaluate their own farms and implement an IWM program. 

B3 Managing Weeds in Cotton 
Thls document is a comprehenslve overview of managing weeds in cotton. It describes the impact of 
weeds, common weed identiffcation problems and a description of the weed management tools that 
can be used in the Australian cotton system. There are lmportant summary tables on: 

Recropping intervals for herblcides used In rotation crops, 

Residual herblcides and weeds they control, 

Post emergent grass herbicides, and 

Recropping intervals for cotton herbicides. 

A range of non-herbicide tools are also discussed, which leads into the concepts of herbicide 
resistance, whlie reiterating the importance of developing an integrated weed management system for 
cotton farms. 

-a guide for lntegrated management of weeds in cotton 





INTEGRATED WEED 
MANAGEMENT (IWM) 

Guidelines for Australian Cotton production 
Grant Roberts and Graham Charles 

(CSIRO &NSW Agriculture) 

IWM is best practice 
in weed management 

-a guide forintegratedmanagement of weeds in cotton 

The impact of weeds 
Weeds adversely Impact cotton in many ways. 
Prlmarlly, weeds compete for avallable nutrients, 
water and light. They can also directly Impact 
cotton quallty through contamlnatlon of cotton 
fibre or seed. Weeds may act as sources of 
pests or dlseases that affect cotton, they may 
reduce lnigatlon, cultlvatlon and harvesting 
efficiency, and they may cause physical injury to 
operators In cotton flelds, such as bug 
checkers, machinery operators and lrrlgation 
staff. 

Even a single weed, such as a large thornapple 
(Datura femx) can compete strongly wlth cotton. 
The economlc threshold for control by hand- 
chipping is approximately one thornapple per 73 
m of cotton row, based purely on cotton yield 
reductions through competition. In additlon, 
thornapples can host Hellothis, mites and 
vertlcllllum wilt, they can block cuitivatlon and 
harvestlng equlpment, and they can cause 
serious Injury to fleld workers. Thornapple 
seeds may also contaminate cotton seed. 

Weeds also impact cotton pmductlon Indirectly, 
as the tools used to manage weeds are 
expensive and may adversely affect cotton to 
some extent. All the currently used herblcldes 
can cause some degree of leaf or root damage 
to cotton. Many of the more commonly used 
herblcldes can and on occasions do kill cotton 
plants if they are Incorrectly applled, or If 
adverse weather condltlons occur soon after 
appllcatlon. I ,. 



What is integrated weed 
management (IWM)? 
IWM Is about NOT relylng on only one or two 
methods of weed control alone, and particularly 
not relying on herbicides alone. An IWM 
program uses a range of methods of weed 
control in comblnatlon so that all 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 tlme, 
reducing weed competition and Improving crop 
productivity. 

Weed management approaches that rely on a 
limited number of strategies often end up with 
uncontrolled weeds. The most common example 
of thls Is the repeated reliance on one or two 
groups of herbicldes to control a target weed 
populatlon. Withln a weed populatlon there is 
likely to be Individual plants that are naturally 
resistant to any single herbicide. The frequency 
of these resistant indivlduals In the population is 
usually very low. Repeated exposure of the weed 
populatlon to a limited range of herbicides 

results In these resistant indivlduals being 
selected out, so that eventually a large 
proportton of the populatlon Is resistant to the 
herbicldes. Eventually herblclde resistance 
develops such that the herblclde no longer 
controls the target weed. 

As well as selecting for herblcide resistant 
weeds, the repeated use ofa 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 populatlon, and the 
weed spectrum will shift towards these weeds. 
Thls species shlft can result in new weed 
problems, with weed species that are much 
more dlmcult to control than were the orlglnal 
weeds. 

The risk of developing these problems can be 
greatly reduced by uslng an IWM program. An 
IWM program may be conceptualised as shown 
below (Flgure 1). All the indlvlduai components 
of the system contrlbute to a total weed 
management system. 



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

reduce the reliance on herblcides, 

reduce the risk of herbiclde resistance 
deveioplng 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 herblcides accumulating in 
the soil and riverine systems, and 

reduce the total weed contml costs In the 
future by reduclng the weed seed bank (the 
number of weed seeds in the soil). 

Although ail these outcomes are important, the 
evolution of herbicide reslstant weeds is a threat 
that has already had a major deleterious Impact 
on many other cmpplng systems In Australia 
and elsewhere. 

Table I .  Importorrr ivccds that h e  & v e l ~ m i s I m r c e  to herbicides m Ar~sh'olIa. 

section B2 

Herbicide resistant weeds 
Currentiv. there are 156 weed species and 257 . .. . . . . . .. 

biotypeiihat have developed rislstance to 
herblcides worldwide. Resistant species occur in . -. -.. 

53 dlfferent countries. 

A total of 37 weed species have developed 
resistance to a range of herblcides in Australla, 
some of which are shown in Table 1. Many of 
these weeds are cross-reslstant to a range of 
herblcldes. Cross-resistance occurs when a 
weed develops a mechanism of resistance to 
one herbiclde that makes I reslstant to other 
herblcides wlthln the same or a different 
herbiclde group. 

Some weeds also have multiple resistance, wlth 
a slngle plant containing more than one 
resistance mechanism, making It resistant to 
more than one herbiclde. Weeds with multlple 
resistance can be very difficult to control with 
herbicides. 

Four weed species have developed resistance to 
glyphosate as shown in Table2. More weeds 
can be expected to develop reslstance to 
giyphosate if It becomes the primary method of 
weed control in a farming system. 

Wlld oats 
Wildtumi, 
Brome mass 
~irty dira 
Paterwn'$curse 
Black bindweed 
Fundtory 
Prickly ieauce 

Turnip Challock weed Rapstrum Simpismn#s rugosum 

Indian hedge mustard Sisymbn'um orientale 
Sowltlistle Sonehus olmceus 
Liverseed grass Urochloapanic~Wdes 

. Inhibitors of acelyl.ciIica~~la$$ ' 

inhibiirs of acetolactate synthase 
inhibitors of acetyl coA calboxyiase 
inhibitors of acetolactate synthase 
!nliibirs ofacetolactate,synfhase 
inhibitors of acetolactate synthase 
'inhibitors of tubulin fonn&tl~1 ' 
inhibitors of acetolactate synthase 
inhibitors of acetyl coA fi.arboxyIqse 
inhibitm of acetolactate synthase 
inhibitors of photosystem Ii 
Inhibitors ofhr~iinInhibiborsothrbulin.formatlon.formatl~nn 
ltihibttm ofcarotenoid,blosynthesl 
inhibitors of EPSP synlhase 
lnhibitors of acelyl coA carboxylasc 
Inhibitors ofacetolacWs@tias~ 
inhibitors of phijhisyaarnII- . . 
inhibitors of oaroteooid biosynthesil 
inhibitors of acetolactate synthase 
inhibitors ofacetolactatesy~ase 
inhibitors of acetolactate synthase 
lnhibi of acetolactae sy'nthase 
inhibitors of photosystem II 

A Hoegrass 
B Glean 
A Nugrass 
B Londax 

(L~st compiled from Chris Preston, Weeds CRC. Adelaide and lan Heap, USA 2002 www.weedscience.ora) 
Note'. A complete list of product bade names is lislad in me 'Herbicide aad fonnuhlioa list', section D1 in WEEDpak 
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Table 2. Weeds thm m resimni to glyphome (Group M). 

Annual iyegmss m !diumri~idum Australia (NSW, MC, SA and WA), USA (CalHornla), & SouM Africa 
Italian ryegrass !ohurn mulOflomm Chiie 

a Gmegrass (crwvsfootgmss) ~ I e u s i n ~ i n ~  Malaysia 
Hoiseweed (Fleabanes in Auslralia) Cmpa canadensis USA (Delaware) 

(Adapted from: lan Heap 2002 ww.weedscience.org) 

Wh we don't have herbicide 
res T stant weeds in Australian cotton 
fields 
The use of a comblnatlon of different weed 
control methods in Australian cotton flelds 
(IWM) has up to thls point prevented the 
appearance of reslstant weed populations. 
Cultlvatlon and particularly hand hoeing have 
been excellent practices for preventing herblclde 
reslstant su~lvors from setting seed and so 
preventing herblclde reslstance building up. 
Complacency and over reliance on one type of 
weed control method could quickly change thls 
situation. 

Components of Integrated Weed 
Management in cotton: 
1 .Scouting 

Regularly check flelds (conon and rotations), 
roadways, channels, lrrlgatlon storages and 
unused land (grazlng area, areas around 
sheds etc.) for weeds. Ensure that areas 
where herblcldes are used are checked soon 
after appllcatlon. Weeds whlch are not 
controlled by a herblclde must be controlled 
by some other method before they are able to 
set seed. Weeds may need to be closely 
examlned, as some are capable of settlng 
seed whlle the weeds are stlll very small. 

ldentlfy and closely monltor areas where 
machlnery such as plckers and headers 
breakdown, as weed seeds are ofIen 
Inadvertently released when panels are 
removed from machines durlng replrs. 

2. Field records 
Malntaln records of crops and weed control 
methods, and effectlveness after each 
operation in each fleld, each year. Thls allows 
fleld rotatlons and the effectiveness of 
methods of weed control to be compared. In 
addltlon, flelds with low weed pressure can be 
Identlfled. Herblclde rates may be able to be 
reduced on these flelds. and some herblcldes 
may not be needed. Fiemember that 
glyphosate wlll be Ineffective for controlling 
volunteer Roundup Ready* cotton seedlings 
that may emerge on fallows, roadways, etc. 

3.Accurate weed ldentlflcatlon 
Ensure that weeds are correctly identlfled. 
Always be on the lookout for new weeds and 
If necessary seek help to get these posltlvely 
identlfled. 

4.Closely follow herblclde 
recommendations 
No herblclde controls every weed. Ensure that 
the herblclde you use will control the target 
weeds at the rates you are uslng. Ensure that 
the appropriate wetters, correct nozzles, 
nozzle pressure and water volumes are used. 
Always conslder weather condltlons and 
never spray when there Is a risk of the 
herblclde movlng off-target. 

5.Timellness of operatlons 
Often the timeliness of a weed control 
operatlon has the largest single Influence on 
the effectlveness of the operatlon. Herblcldes 
are far more effectlve on rapidly growing 
weeds, and may be qulte Ineffective In 
controlllng stressed weeds. Weeds must 
always be controlled before they set seed. 
Cultlvatlon may be a more cost effectlve 
option than herblcldes for controlllng stressed 
weeds. 

6.Herbicide comblnatlons and rotatlons 
Regular use of a small range of herblcldes wlll 
result In a species shifl to those weeds 
tolerant of the herblcldes used. Uslng several 
herblcldes In comblnatlon, or in rotation, can 
be an effectlve way of lncreaslng the spectrum 
of weeds controlled. Always adjust herblclde 
rates when uslng comblnatlons to reflect the 
overall amount of herbicide used. Always 
ensure that the herblcldes are cornpatlble 
before tank-mlxing. 

7.Rotatlng herbicide groups 
All herblcldes are classlfled into groups, 
ranglng from A to N, based on thelr mode of 
actlon In kllllng weeds. The ratlngs are on the 
label and outslde of each herblclde container. 
Weeds repeatedly exposed to herblclde 
groups A and B are at hlgh risk of developing 
herblclde resistance. Groups C to K have a 
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moderate risk level and groups L to N are low 
risk, although resistant weeds already exist for 
some of these herbicides. Rotate herbicide 
groups whenever possible to avoid repeated 
resistance selection. if this is unavoidable, 
then other methods 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 ot weeds to herbicides 
is one method of reducing the selection 
pressure on potential herbicide resistant 
weeds. Limiting the use of residual herbicides 
will reduce the number of successive weed 
generations controlled by the same herbicide. 
identify major weed species and use the 
herbicides most appropriate for these target 
weeds. Avoid blanket approaches without 
thinking about the weeds you are trying to 
control. 

9,Herbicide tolerant cotton varieties 
Consider herbicide toierant 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 
controlling weeds when they are present. 
Follow the label crop management guidelines 
for herbicide tolerant cotton, ensuring that if 
weed escapes are detected, these weeds are 
controiled 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 Manual" and in Managing 
Roundup Ready Cotton, section E2 in 
WEEDpak. 

10.Cuitivation 
Complete broad-acre cultivation is an effective 
non-herbicide weed control strategy in 
faliows. Ensure all weed escapes are 
controlled. Tactically use in-crop inter-row 
cultivation to control furrow weeds. Tractor 
guidance systems can improve the accuracy 
of cultivation next to the plant line. Cultivating 
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 smearingfrom tillage 
Implements. Aggressive cultivation of dry soils 
can be effective for controlling perennial 
weeds. 

section B2 

t l .Shielded spraying 
Utilise shielded sprayers with non-selective 
herbicides such as glyphosate and 
Spray.Seed@ (a mixture of paraquat+diquat) 
to control herbicide tolerant weeds and 
reduce the need for chipping and blanket 
herbicide applications. Weed detecting 
sprayers are available that can improve spray 
selectivity and can greatly reduce overall 
herbicide usage and cost, as well 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 efficient and cost 
effective. 

l2.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 suited 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 controi, and is normally used to 
supplement 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 controiled. 

13.Spot 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 
toierant weeds are still controlled. 

14.Cropping rotations 
Strategically use rotations to help controi 
weeds by selecting crops andjor failows that 
enhance weed control in cotton. It may be 
useful to pick crops that allow different 
herbicides or methods of weed controi. 

Faiiows provide opportunities to use different 
herbicide groups and non-herbicide methods 
of controi. 

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 still in small patches; 
monitor frequently for new weeds. Weed 
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' patches should be monitored over a number 
of seasons, as weed seeds may remain 
dormant in the soil 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. 

17.Pianting time 
Cotton seedlings grow slowly in cool spring 
conditions and do not compete well with 
weeds at this stage. Delaying planting on 
weedy fields until last, gives more opportunity 
to control weeds that emerge prior to planting 
and better conditions for cotton emergence 
and early growth. 

18.lrrigation management 
Weed emergence is often stimulated by rainfall 
and irrigation events. lrrigation 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. lrrigation 
during the season will cause another weed 
flush which wili need to be controlled, butwill 
also reduce moisture stress for existing 
weeds, making these more easily controlied 
by herbicide applications. 

Irrigation must be sufficiently delayed after in- 
crop cuitivation to allow ail weeds to be killed 
by the cuitivation, but should occur soon after 
cuitivation 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 susceptibility of the 
crop to competition from weeds. Close 
attention to crop agronomy wili 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 
yield 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 

many small weeds will not receive enough 
light to compete with cotton plants. 

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

22.Consider 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. 
Inputs 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. 

lnputs 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 world. Australia will 
see many of these crops over the next decade. 
Triazine and imazapic + imazapyr toierant canoia 
(Clearfield@) are already widely grown in 
Australia. There are also plans to introduce 
imazapic + imazapyr toierant wheat varieties and 
both glyphosate and glufosinate tolerant canola 
varieties into Australia. 

The introduction of giyphosate 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 
wili lead to problems if the technology is used to 
repiace IWM. Reliance solely on the use of 
glyphosate in any system will inevitably lead to a 
species shift and may lead to the development of 
glyphosate resistant weeds. 



Always utilise the IWM principles when 
growing Roundup Ready@ cotton. 

Always ensure weeds that suwlve an appiicati 
of giyphosate do not set seed. 

it is essential that Roundup Ready@ crops be 
scouted soon after the last Roundup application 
to assess whether any weeds have S U W ~ V ~ ~  the 
Roundup applications (scouting). This must 
occur before new weeds have had a chance to 
emerge. It is then essential that any suwivors be 
controlled using a method other than a 
glyphosate application before they set seed. 
Sunrivors can be controlled by a different 
herbicide, cultivation or chipping (response). 

This approach (scouting and response) is 
the most efhzctive 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 
plantlngs. 
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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 beneflcial for managing dlseases, Insects, and soil ~roblems. Rotation cram 
and fallows glve cotton growers the opportunltyto use a different range of herbicldes, and to use ' 

strategic cultivation to manage specific problems. 

One of the dlfkuitles wlth the use of alternative herbicldes, however, is that most herblcides are not 
inactlvated on contact wlth the soil. Consequently, they have resldual properties and can be toxic to 
the following crops. Thls is equally true of many of the herblcides used In cotton, in fallows and in 
rotation crops. 

One result of thls 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 mtatlon crops. 

Weed control in plgeon pea trap crops is covered in an article devoted to thls 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 herbicldes Is now available for use with pigeon peas, covered by product reglstratlon 
(refer to the product label) and a minor use permlt from the National Registratlon Authority (refer to 
CRDC or the NRA for detalis). The products covered by the permit may only be used on plgeon peas 
that are not used for human or ilvestock consumption. These crops can only be ha~ested for 
planting seed for future trap crops. 

Weeds In pigeon peas can be best managed using a pre-plantlng application of prometryn or Sencor 
and either trlflurailn or pendimethaiin, and pat-emergence applications of promettyn as a directed 
spray, or Sencor, or one of the selective grass herblcldes ilsted. 
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BICIDES FOR PIGEON PEA 
TRAP CROPS 

~egistration and permit information 
The use of Sencor 480 SQ and pendlmethalin 
(Stomp 330 EQ, StompXtra @, and Pendlmethailn 
330 EQ) in plgeon peas Is covered by 
reglstratlon. A range of other products (as 
indicated below) may be used under permit 
(contact CRDC for details). Thls permlt coven 
other registered products containing the same 
active lngredlent as those named as their only 
active constituent and at the Indicated 
concentrations and rates. Seed and resldues 
from plgeon peas treated wlth these products 
may not be fed to livestock. 

Graham Charles 
, (NSW Agriculture) 

Weeds can ben mqarpmMem in pigem pea trap mps This 
rrgp at Enrrold nnrs m a u n  by amaranthus andblack 
P j d  

re-planting Broadcast Directed sorav I 

Background 
Pigeon peas are being grown throughout the Bask agronomy work to develop pigeon peas as 
cotton industry as a trap crop and refuge for a commercial cash crop was undertaken In the 
beneficial Insects. These crops are gmwn as 1980s. As part of thls work, a range of 
palt of the Insect management strategy, in herbicides was screened for use wlth pigeon 
assoclatlon wlth lngardm cotton and area wlde peas (Tables l & 2). Herbicide phytotoxlclty was 
management. However, poor weed management rated 0 (no phytotoxlclty) to 5 (dead plants). 
has been a major pmblem In many plgeon pea 
crops. 

-a guide forlntegfatedmanagement of weeds in cotton 



Ofthe herbicides applied pre-planting, 
Gesagard, Stomp and Treflan all appeared to be 
relatively safe to use with pigeon peas. Varying 
degrees of phytotoxicity were obse~ed with the 
remalnlng herblcldes applied pre-plantlng and 
with ail the herblcldes applied post-emergence. 

TWe 2 Herbicides =lied bmadcasl, part-planling to 
pigearpeas. 

4 
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 others. 

Anolka wndy pigcon pea cmp infestnlwith broad-Iqf 
we& including wild ain/lonw and snbania 

Pre-emergent herbicides 
A range of pre-emergent herblcldes was tested 
In the 1999/2000 season In trials at Narrabri, 
Theodore and Emerald. The experiments 
focused on the herblcldes and herblclde 
combinatlons that are currently used in cotton. 
These herblcides have the advantage that they 
are readlly available on cotton farms and have 
no plant-back problems to cotton. Crop safety 
(phytotoxicily) and the weed control (weed 
pressure Index) attained with each treatment was 
recorded. P e r  , 

v .  . 
The weed pressure index was estimated by 
recording the presence of weeds in each plot 
and addlng the numbers, after welgMlng the 
data for the blgger (more competltlve) weeds. 
Thls index Is expressed as small weed 
equivalents per m?. The data were averaged over 
the 3 sites (Table 3). 

Wlth the Introduction of lngard cotton, trap 
crops and area wide management, pigeon peas 
have been widely planted throughout the cotton 
industry. With llmlted herblclde optlons avallable, 
these trap crops are often the weedlest crops on 
a farm. Problem weeds range from belivlne and 
wlld sunflower, to amaranthus and black 
plgweed. Broad-leaf weed control Is a major 
Issue for pigeon peas. 

i 
1 r 
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umtlartu 
Treflan 1.4 Uha 
Treflan 2 8 Uha .. ~- - 
Stomp 3 Uha 
Gaagard2:2WlI 
Gesaaard4.5 Vha 
Cotorin 2 m a  
Cotoran 4 Uha 
Solnnaker02 !ha 
~'~innaker0.4Vha 6 3.8 
Treflan 2.8 + Gesagard 4.5 Uha 1.5 2.6 
Treflan 2.8 + Cotoran 4 Uha 0.9 1.4 
Stomp 3 + Gaagard 4.5 Yha 2.6 
Stomp 3 + Cotoran 4 Uha 5 

Basagran 1 yha 
Basagran 2 Uha 
SencwO.7 4ha 
Sencw 1.4 Uha 
Spinnaker 0.2 Vhi 
Spinnaker0.4 Uha 

Three addltlonal herblcides were applied 
broadcast, postemergence at each site. Results 
from a second set of observations Include the 
addltlonal herblcldes. None of the herblcldes 
applied postemergence gave as good Weed 
control as the preplantlng comblnatlons. 

All treatments gave some weed control 
compared to the untreated plots, with the best 
control on the herblclde comblnatlons that 
Included Trlfluralln. The poor result from Stomp 
was due to very poor weed control on only one 
of the three sites. Large numbers of common 
sowthlstle and blackberry nlgMshade were 
present on this slte, but were not controlled by 
Stomp. Good control was observed with Stomp 
on the other two sltes where these two weeds 
were not so abundant. 

Crop safety 
Not all the herblcldes used were safe on plgeon 
peas. 
Phytotoxlclty was observed on the dluron 
treatment on the flrst trial at Narrabrl, as 
expected from the earller data. No problems 
were apparent with the other herblcldes. 

However, 50 to 75 mm of rain occurred during 
cmp emergence at Theodore and Emerald and a 
large propoftion of the seedlings on the 
Cotoran treatments and comblnatlons Including 
Cotoran were kllled (Table 4). 

lidded I'hytoloxicityfrom the herbicidesandcombinations 
appliedpm-~mergonce. 

Unheated ' -1 0 
TreRan 1.4 Vha 0 
Trenan2.8Uha _1 1.13 
Stomp 3 Uha 0 
Gesagard2.25fi - 
Gesagard 4.5Vha 
Cotaran 2 Vha ~~~-~~ .- . 
Cotoran 4 Uha .21 
Dluron 2 yha . l1 
Spinnaker 0.2 Uha 0.28 
SpinnakerOBLlha , - 0 
Treflan 2.8 + Gesagard 4.5 4Ka 0.38 
Treflan 2.8 +iXoraii'4L/na 2.63 
Stomp 3 + Gaagard 4.5 Uha 0.17 
Stomp 3 + Cotwan 4 Uha .33 

Given the slmllar levels of weed control 
Observed with both Gesagard and Cotoran and 
their comblnatlons, Cotoran was dropped due to 
Its risk of phytotoxlclty, In favour of Gesagafd 
whlch showed no phytotoxlcty, even with raln I 
durlng emergence. 

-a guide for lntegratedmanagement of weeds In cotton 

Pigeon pea seecMnp M e d  by Cofmnfdlmu'ng rain 
dununng emergence 

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



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

Ail herbicides were applied over-thetop of 70-cm 
high pigeon peas to test the level of phyotoxicity 
of these herbicides. This was done on the 
assumption that the herbicide that caused the 
least damage when applied over-the-top, would 
have the least potential to 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 fiowering. 

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 
damageand Gesagard the least damage (lhble 
5). 

Table 5. I'errerrtoge leaf hrnage 48 +S @er herbicide; 
application wer-#he-top of 70-cm highpigemrpeos. 

'realment Boltom leaves 
(old arowlhl (new Top leaves arowlhl I 

The herbicides had surprisingly little effect on 
fiowering (Table B), even though the over-thetop 
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 fiowering. There was an 7% reduction in 
floweringfrom applying the heaviest rate of . 
Gesagard over-thetop. 

~ i u r ~ ~ , g : ; g > , ~ y ? p * * ~ y ~ ; * ; : g % ; E i . ? . :  
9 a .-- 

Diuron 1.84ha ,*.S. -. 75 
Oiuron3.5yha 1- 68 
Cotoran 1.4 Uha 100 
Cotoran 2.8 l&a 90 
Cotoran 5.6 ~ m a  83 
Cotogard 0.9 Lma 98 
Cotogard 1.8 LJha 98 

: Cotogard 3.5.4ha 88 
Gesagard 1.12 Vha 100 
Gesagard 2.25 Lma 90 
Gesagard 4.5 Vha . .- P 93 

- 
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Triclopyr & picloram (eg. Grazone) moist conditions, and more slowly under cool, 
dry conditions. Plcloram is highly leachable. Grazon is a mixture of plcloram and triclopyr. It Both chemicals have the same mode of Is effective on a wlde range of dlfflcult-to-klll, herblcldal action, acting on the plant's cell walls, broad leaf weeds. Grazon Is a residual herblclde, 
causing cell elongation, and affecting cell wlth both shoot and root actlvlty. It Is not safe to 
division, causing plant death. 

apply to cotton, and has a plant-back to cotton 
oi 'Any months. Grazon can be used In non- Grazon gave good control of polymerla when 
cotton areas and fallow flelds. It has a plant-back applied at 2 Uha, with appllcatlons in December 
to wheat and barley of 2 to 4 months (depending and February (Table 3),'reduclng the polymerla 
on the appllcatlon rate). Always check the population to negllglble levels in the flrst season 
productlabel before uslng a herbicide. of application.  everth he less, some polymerla . 

shiots are still emerglng after thr& seasons of Triclopyr Is moderately persistent, with a half-llfe applications. Graron is to spot- of about 30 days. Plcloram Is more persistent, appllcatlons In fallowflelds and non-cotton with a half-llfe of about 90 days, although It can areas. break down much more qulckly under warm, 

Table 3 I'dymdn canmli~i a fallon! Herbtcida have been appiedo, the nomi~mfedtime each season & I C ~  December 1999. 
Herbicldeswere appDedregarJIess of lhe conditiai of the polymeria (JpemdoraciiveIygrmhl~. 

Untreated 
Roundup CTXba 6 Lha (Sept) 
Roundup,C?3ra 6 yha (Sept & D 
Roundup CTXba 6 Uha (Nov Jr 
~,~~UU&G~&r,M@~U~)~~.::~i,~~:~~ 
~ o u n d u p ' c ~ ~ t r a 6  Uha (Sept, Dec 8 Ma 

Starane.2 yha  (Mar) 
Starane 2 yha (Dec 8 Feb) 
G r a m  2 , U a  (Dec 8 Feb) - 
Tordon 75D 3 yha (Mar) , : 

Glypllorote ~n be on @& tool for i.. .. , ma~geinent 
of polym&a At this m p  stage, grUphos%te mud be applied 
udng q~rayshW&toprevmt the hetbddc contacting the 
~ ~ f o 4 S  

Glyphosate (eg. ~ o u n d u ~ ~ )  
Glyphosate kllls most plants, lncludlng 
conventlonal cotton. It can be applled to fallows, 
but must be applled through a shlelded sprayer, 
set up to avold any contact with cotton foliage 
when applled to conventlonal cotton. 
Glyphosate can be applled pre-cotton 
emergence, lncrop as a shlelded spray, at 
defollatlon, or after plcklng. 

Roundup can be applled over-the-top of 
Roundup Ready cotton up to the 4m true cotton 
leaf stage, but must not be applled to the follage 
of older Roundup Ready plants. Roundup must 
be applled as a directed or shlelded spray after 
the leaf stage. Glyphosate cannot be applled 
to Roundup Ready cotton at defollatlon. 

Glyphosate lnhlbits EPSP synthase, which 
prevents proteln synthesls and kllls 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 dectlve 

LH4.41 
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section m 

when applled to rapidly growlng plants. Spray 
failures can occur when glyphosate Is applled to 
stressed plants. 

Glyphosate is rapldly adsorbed and Inactivated 
on contact with the soll. Consequently, It has no 
resldual effect, although its breakdown in the 
soil Is cornparatlvely slow, wlth a half-life of 47 
days. 

Glyphosate can be effectlve in controlling 
polymerla, wlth 100% kill 0bse~ed In some 
sltuatlons. However, the result obsewed In the 
fleld Is generally not thls good, as: 

glyphosate may not fully translocate 
throughout the polymerla rhlzome mat, 
leaving some rhizomes allve. Translocatlon 
appears to Improve as herblclde rates are 
increased. Polymerlawill rapldly regrowfrom 
unaffected rhizomes. 

glyphosate is less effectlve against stressed 
plants. Molsture and temperature stresses 
reduce herblclde efficacy. 

thorough spray penetration into a thlck 
polymerla patch Is dlmcult to achleve. 
lnevltably some plants and shoots are not 
sprayed. 

glyphosate cannot be effectively applled to the 
cotton plant-line, as conventional cotton Is not 
tolerant of glyphosate. Roundup can be 
applled to Roundup Ready cotton up to the 4h 
true leaf of the crop. 

polymerla can re-establish from seed. 

Glyphosate rate 
Glyphosate Is generally ineffective In controlllng 
polymerla when applled at rates of 1 or 2 Llha, 
but control improves as rates are Increased 
(Tables 4). Slmllar results were observed in the 
field, where Roundup CT was applled as an ln- 
crop, dlrected spray (Table 5), and In actively 
growlng polymerla In afallow (Table 6). 

Table 4. IJolymer?a confro1 using comcf mniresidtol 
herbicides at slrrmkrd md h e y  roles m~plmrfsgrown in 
pots. Dllry nuifer regrowth W recwrledfrom 25 to S6 &S 

qt?erhoolrnent. 

Roundup CT 2 Uha 
Roundup CT 4 Uha 
Roundup CT 8 Uha 
@OIildU~qT 14" "~ 
Starme2 Uha 
S$:~g,6Ulia .. 
AbazineS Uha 
Abazine-10 ma 
Basagran 2 yha 
Basagran 8 Uha 

Table 5. I'dynerict conhoIin conon wing directodsproy 
applicnfim. M e d ~ w a s ~ s s d  l 9 d  60+@er 
~ ~ r r t  

Untreated 
Roundup CT 4 L,,. 
Roundup CT 8 Uha 33 37 
Roundup CT 16 Uha 7 17 

Glyphosate rates between 3 and 6 4ha have 
been effective In the fleld when other factors 
such as low temperatures and molsture stress 
have not been llmltlng. 

Glyphosate Is generally lneffectlve when applled 
to stressed polymerla and is not well sulted to 
treatlng polymerla In tallows, unless the weed Is' 
actively growlng after good rain (as was the 
case In Table 6). 

Results from repeated applications in fallow have 
been very variable, with multiple appllcatlons 
glvlng the best results (Table 3). A strategy of 
multlpleglyphosateappllcatlolons, applled after 
rain and as required, seems to be the best 
approach when uslng thls herblclde In afallow. 

NO HERBlClOES ARE REGISTERED FOR CONTROLLING POLIMERIA. A PERM11 MUST BE OBTAlNED FROM THE I NATIONAL REGISTRATION AUTHORITY BEFORE USING A HERBICIDE TO CONTROL POLYMERIA 114 ANY SITUATION. 

-a guide for integratedmanagement of weeds in cotton 



T& 4 Conhol ofpolynreria m a fallow using increasing 
rmesof g&hosrrte. I'ercntlage mtrdwasviswliy esIimaled 
w W v e  to m unsproyed m?abneM, 64 &ysof,er spmving. 
Work by ScmsbriicR. A~tWmdMilne, 1979. 

Spllt appllcatlons of glyphosate can also be 
effective. In one experlment, where multiple 
appllcatlons of Roundup CT at 4 and 8 Uha were 
compared, the best result was from a spllt 
appllcatlon of 4 Uha In November and January 
(Table 7). Poorer control was obsewed from 3 
appllcatlons of 4 and 8 Uha. 

W e  7. Conbor ofpolymeria using i n a p  uhcled p a y  
appl~calim of g&ImmIe. Ihe wsulls were a.wsed I04 and 
364 &yssf,er 1hc frrslherbicide applicafm on October 24, 

w e r u  r a m y  
(L'ha) after 

24Ocl 20Nov 17 Jan 104 364 

Roundup CT 
Rounduo CT 
Roundu'p CT 
Roundup CT 
Rounduo CT 

The reduction In control caused by the 
addltlonal herblclde appllcatlon probably 
occurred because the first October appllcatlon 
was lneffectlve In controlling the polymerla 
(possibly due to cool temperatures), but 
stressed the weed, maklng it less receptive to 
the November appllcatlon. 

Aslde from the dlrect effect on the polymerla, the 
Roundup treatments had an added beneflt, In 
that cotton established on the sprayed plots and 
was estlmated to yleld around 5 baleslha on the 
best treatments. Thls result was In marked 
contrast to prevlous seasons, when no cotton 
lint was ha~ested on the polymerla patches. 
The addltlonal yield on these plots easlly justlfled 
the expense of the herblclde appllcatlon. The 
degree of polymerla control wlth Roundup was 
~rlmarllv llmited bv the need to amlv the 
herblclie as a shlilded spray, leavlig unsprayed 
polymerla In the cotton row. 

Timing of glyphosate applications 
Glyphosate appllcatlons durlng December and 
January have generally been the most effective, 
wlth poorer results from earller appllcatlons 
(Table 7). 

Appllcatlons In early sprlng, before cotton 
planting, have glven varlable results. Rates 
between 3 and 6 4ha were applled to a number 
of patches over a one-week period In one 
sprlng, wlth good control observed from about 
half the appllcatlons. There was no obvious 
correlation belween the glyphosate rate and the 
varlable results achieved, with poor control 
observed on some patches sprayed at 6 Uha, 
and good control on some other patches 
sprayed at 3 Llha. 

Slmllarly varlable results were observed from a 
second lncrop experlment, were plots were 
sprayed over two seasons (Table 8). The best 
results where from appllcatlons of 6 Uha In 
January and Februaly, and from a slngle 
application of 12 Uha In February. 

A slngle appllcatlon of 3 Uha In February also 
gave a reasonable result. Overall, polymerla 
denslty was substantially reduced on the trlal 
area over the 2 seasons, wkh some evldence of 
Roundup translocatlng well beyond the treated 
areas. 

G l y p h ~ d e  is f l i r  in conboIUngpolyda in-crop, 
enabUng the cmp to ~(IablIsh andyidd even in thickly 
infafedpdcher. 

l 
I I 
l - 
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Tnbk 8 Contral o f p l p H a  usi,gmpentedshidded 4w,Iiclrnmrs of Hamhp ht the con011 cmp Appllcaflm1~wcre made in 
December 1998. andJmn~arymuII.'ebmmy 1999. Weedden&ty wasassemd 64.372 and 483 daysqfer the December 1998 
treaImeId. 

Roundup CTXtra 
Roundup W a  
Roundup CTXW sBh~mD$m 
Roundup W, 
Roundup CTXh; 
Roundup 
Roundup mm'd 
Roundup CTXba 

3 Vha 
'I,,,," 

One of the maln dmlculties e ountered In these 
experlments was unacceptable damage to the 
cotton, due to lmpreclse appllcatlon of the hlgh 
herblclde rates through a shielded, hand-held 
sprayer. Even wlth better spray equipment, the 
potential risk of damage to the crop from very 
hlgh rates of glyphosate Is too hlgh to be 
acceptable. Results from appllcatlons of 3 4ha 
show that useful levels of contml of polymerla 
could be achieved wlth thls rate, without 
unacceptable rlsk of damage to the crop. A 
polymerla management strategy uslng one or 
two lncmp glyphosate appllcatlons of 3 Uha 
could achleve much lmpmved cotton yields and 
a year-by-year reduction In the polymerla 
lnfestatlon. 

Additives to L...,.., glyphosate 
efficacy 
Use of a spray addltlve with glyphosate may 
Improve Its efflcacy for polymerla control. 
Polymerla has a very hairy leaf surface, whlch 
may be a factor contributing to the poor control 
results 0bSe~ed wlth lighter rates ofglyphosate 
(3 L and below). A wlde range of spray addltlves 
Is avallable for use wlth glyphosate, some of 
whlch may lmpmve spray efflcacy when used on 
polymerla. 

A small range of spray addltlves was tested at 
various rates. The addltlon of PULSEQ Penetrant 
at 1% lmpmved control (Table g), while the 
addltlon of Turboe Plus at 5% Improved control 
In a second experiment (Table 10). The control 
fmm Roundup CTXtra without addltlve was also 
very good In both experlments. 

.%reme care should be toAar nifh in-cmp uppUc&)~( of 
grUphosatp, as the habicide CM dunmxe convatdionol cotton 
planls, as in this pholo (cmp plm~ls y&nv andmnte~. 

NO HERRlClQEI ARE RLGISTLRFD FOR C D N l n O l l l N G  PO1YMI:HIA A PERM11 M U 5 1  BE OBTAINED FROM THE 
NI)TIONAl RECISTRAIION AUIHOAl lV  UElOHE USING A HCHBICII>L 10 CONTROL POLYUERIA III ANY SITUbl lON. I 

p-p--- 

-a guide forintegratedmanagement of weeds in cotton - 
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Untreated ! 
Roundup C m  @ 
3 Uha 
Roundup Cl% @ 
3 Uha + l% Pulse 
Roundup CTXtra @ 
3 Uha + 1% Turbo Plus 
Roundup C W  @ 
3 Uha + 1% Bond 

Roundup C1 
3 Uha 
Roundup CT @ 
3 Uha + 1% Turbo PIUS 
Roundup CT @ 
3 Uha + 5% Turbo Plus 
Roundup CT @ 
film - -..- 
Roundup CT @ 
6 Uha + 1% Turbo Plus 

A lower rate of glyphosate was used In a third 
experlment (Table 1 l), where Roundup CT was 
used at 3 Uha rather than Roundup CTXtra at 3 
Uha. This gave an 8% reduction In actlve 
ingredient and a change in the product 
surfactant. Turbo Plus at l % gave a large 
improvement In spray efflcacy in thls experlment, 
although efficacy was further improved by 
lncreaslng the Roundup rate without Including 
the addltlve. 

~oiundup CT @, 
6 Uha + 5% Turbo Plus 

Glyphosate formulations 
A range of commercial glyphosate formuiatlons 
is available, wlth dlfferlng types and 
concentrations of wetten. There Is llttle evldence 
that these formulatlons vary in their efficacy for 
controlilng poiymerla (Table 12). 

Table 12 Camparison of a range qfg lyph~fonnubt tam 
fm mnsOIIingpdynrrria m a p t  trial. Appirmf- or 
1.0 and 1.5 $.a.e.Rm, ~ ~ q u i v a l c n f  ram qfths wniaus 
fomnr1rmrmm. &v matter regmwrh wrrr recorded f am 43 to 
173 &vs@er neament. 

I Treatment On/ matter regrowth 9; control l 
Untreated - 
Roundup CTXtra @ I 

1 
I 
l.. 
l 
I 

Untreated 
Roundup CT 

3 Uha 
Roundup C W  

IOa + 0.2% Puisi 
undup CrXta @ Roundup M 

Roundup Ready 1.4 kgma 0 
2.2 kglha 0 

Credit& Bonus 1.9 Lma 339 
2.8 Lma 0 



section H4 

Using glyphosate in the field 
Based on these results, glyphosate was applled 
to polymerla patches on commercial fields, wlth 
appllcatlons at plantlng and shlelded 
appllcatlons In crop. Whlle the results were not 
outstandlng, there was a general reduction In 
polymerla denslty on treated Relds and cottan 
was plcked from polymerla patches where there 
previously was no hawestable cotton. The main 
lessons learned from these trlals were: 

polymerla must be actively growlng. Results 
have been generally poor from appllcatlons to 
molsture stressed polymerla, and In cool 
sprlng condltlons, 

at-plantlng applications of glyphosate have 
enabled cotton to establish in polymerla 
patches, 

In-crop glyphosate appllcatlons must be 
through well constructed shlelded sprayers, 
wlth competent operators. Hlgh rates of 
glyphosate can cause unacceptable damage 
to cotton when poorly applled, 

spot-spraying is the preferred ln-crop optlon, 
minimlslng the risk of accidental damage to 
cotton, and 

attention to crop agronomy is Important to 
enable satisfactory cotton establishment and 
growth In polymerla patches. 

Fluroxypyr (eg. Staranem) 
Starane Is a contact herblclde, effective on a 
range of harder-tc-kill broadleaf weeds. Starane 
Is prlmarlly shoot absorbed, but there can be 
some root absorptlon. Starane Is moderately 
persistent, wlth 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 actlon Is not clear, but it has a 
hormone-llke actlon, alterlng the Integrity of the 
plant's cell walls and affecting cell division. 
Starane Is most effective on actively growing 
plants. 

Starane has been wldely trialled by growers, 
generally at 2 Uha, but wlth varlable results. 
Starane has been useful for controlling smaller 
Infestations of polymerla, but Is less satisfactory 
for controlling larger patches. Applications 
under optimal (glasshouse) growlng conditions 
gave poor results, wlth no control with Starane 
at 2 Uha (Table 4). Control Improved to 94% 
when Starane was applled at 6 L/ha. 

Poor results in the leld were observed wlth 
Starane at 1 and 2 4ha sprayed in December 
(Table 13), and at 2 and 6 Uha sprayed in 
October (Table 2). A single appllcatlon of 
Starane at 2 Uha In March also gave poor 
results, but good control was achieved with 
repeated appllcatlons of 2 Uha in December and 
February (Table 3) (both sets of appllcatlons 
were repeated over 3 seasons). Growers report 
that best results have generally been achieved 
wlth applications In February and March. 

mblz 13. I1ol)sncrla c a m 1  hi fallow -don UuEBtnliPr 
22,1987, and amesed @er 65 days. This Dial IW 

carid~cted by M m  McMiIImr 

Untreated 
2,4-D Amine 1 Vha 
2.4-D Amine 2 Uha 
2,4-DP 1.7 Vha 
2,4-D Amlne 1 yha + 
MCPA Amine 1 Vha 

Ally 10 gma 

Basta 3 Vha 94 
Starane i Vha 
Starane'2 Vha 

As wlth all herblclde appllcatlons, some viable 
polymerla rhlzomes remaln after treatment. A 
polymerla management plan based on Starane 
will requlre repeated strategic appllcatlons and 
spot treatments over many seasons. 
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2,4-D amine 
2.4-D amine has been widely trialled for 
controlling polymerla. It Is applied in autumn, 
after cotton Is defoliated and no longer 
susceplbie to the herblclde. 2,4-D must never be 
applled durlng the cotton season, as cotton 
plants are extremely sensltlve to the herblclde. 
DrlR onto cotton from an appllcatlon of 2,4-D can 
cause a blg reductlon In cotton yleld. 

There have been reports of good control of 
polymeria uslng 2,4-D, but these reports have 
not been substantiated. 2,4-D applled In autumn 
burns-off the polymeria follage, whlch then dles 
off over Inter. The 2,4-D appearr to have given 
very good control at this polnt, as in Table 14. 

Table 14. I'alynena cmml m afalllow 2-4-L) and ather 
herbicides, applied March 14, 1983 md awewedm &[v, 
112 abys e r n  Wwk by Neville Snachm~. 

umat€d 
2,4-D Amine 2 l h a  
2.4-D Ester 1.25 Uh -, ~~ 

Dicamba 1.4 l h a  
Rtiqn@ji@,g:.* .: 

Tordon 50-D 1.4 Uha 
Roundup 2 Vha + 2,4-D EsW 1.5 Lma 
Tordon 50-D 1.4 l h a  + 2,4-D Amine 2 Uha 

i Tordon 50-D 1.4 ! h a  + Dicamba 1.4 Lha 
Dicamba 1.4 l h a  + 2,4-D Aminn 2 Uha 

i Weedazol lL Plus 5.6 Uha 
Glean 30 gha 

Table IS. I1olyneria conaal usinga range ofherbiciids 
cambn~ations "I a fallow. ~~d WI  June 26, 1995. 

Unbea$d 41 51 
2.4-0 Amine 4 W; 27 49 
Roundup 4 Vha 26 64 
Starane 2 l h a  M) 
Roundup 1.5 Uha ..; 

2,4-D Amine 2 M; 43 , 
Roundup 3 !&a + 
2,4-D Amlne 2 yha 63 
Roundup 1.5 Uha + ~ . .  . . , .. 
2,4-D Ester 1.5 Uha 52 . 
Roundup 2 Uha + 
Goal 0.75 l h a  67 
Roundup 1.5 l h a  
Staranellha 

However, the weed may re-emerge in sprlng wlth Pob'nmin is a M 1 1 ' v e ~ i h o l  acn.lhmugh much ofile 
little apparent affect from the treatment. 2,4-D conon inmuby. UncolllmUedinfastaUonr, such as lkplnnb 
amine at 4 Llha applled in June gave some estabNshedon lhirehanndbmut,pmdu~ecsed~atean 
short-term control (Table 15). 2,4-D amlne spreadihedis lo  coltonpddz 

applied at 1 or 2 L/ha earlier 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 wlth 
2.4-D. 

NO HERBlClDES &RE REGISTERED FOR CONTROLLING POLIMERIA. A PERMIT MUST BE OBTAINED FROM THE 
NATIONAL REGlSTRATlON AUTHORITY BEFORE USING A HERBICIDE TO CONIROL POLVMERI/L IN ANY SITUATION 

l 

I 
- 
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section H4 

Using 2,4-D in the field 
The opportunity to apply 2.4-D to cotton fields 
and faiiows is limited by factors including: 

applications in the cotton area can only safely 
occur in autumn, alter defollatlon. 
Appllcations earlier in the season are not 
possible due to the extreme sensitivlty of 
cotton to this herbicide, 

2,4-D must be applied to actively growing 
polymeria. Polymeriagrowing in cotton will be 
moisture stressed, and not ilkely to respond 
to herblcide 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 
Combinations of Roundup and 2,4-D, and 
Roundup and Starane were trialled, but gave no 
improvement in control (Table 15). It is unlikely 
that combinations of herblclde with different 
modes of actlon wlll Improve control of this 
weed, as the different herblcides generally stress 
the plant, reducing herblclde efficacy. 

I 110 llEABlClDES ARE REGISIERED FOR COllIROLLlNO POLVMFRU 4 PERMIT MUST BE OBTAlhED FROM THE 
N A l l O N N  REGMIAAI IOH W r H O A I I Y  BEFORE LSlNG A ,IERBICIDE TO CONIHO. POLIUERIA 111 A N 1  SlIUAloON 
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A grower's experience with polymeria 
Polymeria (take-all) control on Colly Farms 

David Moore (Formerly Senior Agronomist, Colly Farms Ltd) 
My experlences refer to the control of this weed In the western GwydirICollarenebri area. Havlng seen 
thls weed grow rapidly as a cotton acre utlllser over a number of seasons, I can say Its control is not 
easy to achieve and Involves havlng a large amount of patlence and deep pockets. 

The key to controlllng polymerla revolves around attacking it when it Is actively growlng, has a large 
enough leaf mass, and warm temperatures - not unllke controlllng nutgrass. The critlcal tlme, 
therefore, is from early December, through to the end of the lrrlgation cycle In lrrlgated cotton. In thls 
period, the weed grows very well, belng well fed by both nutrients and water. The leaf surface is 
covered with tiny halrs that can make uptake of any herblclde very dlfflcult. Thls Is why treatment in 
tlmes of hlgher temperaturelrelatlve humldity Is better than In cooler periods. 

The alm wkh ail these treatments has been to reduce the number of shwts/m2 so that the current, or 
following crop has a greater chance of producing economically vlable cotton yleld. 

Treatments I have tried are; 
1 .Phenoxv herbicides In the Autumn. 

I have f&nd these appllcations (of up to 5 U 
ha of 2,4-D amine) to be ineffective. 

2.Fluroxypyr (Starane*) herblclde applled 
In summer 
Have seen very good results with thls product 
at rates of around 2 Uha. The drawback Is 
this pmducts volatility and propenslty to 
volatilise and effect nearby crops. It may be 
an optlon in a fallow with adequate buffer. 

3. Deep rlpplnglcultlvatlon In a fallow 
sltuatlon. 
The mass of rhlmmes that are under a patch of 
polymerla Is lncredlble, as Is the depth to which 
they can be found. Shallow cultbatlon that 
minimally dlsruptsthe growth is ineffectbe, wkh 
smaller pleces of rhizomes being transplanted 
and growlng with the next rainfall. 

Therefore, any cultlvatlon must be aggressive 
and the transplanted rhizomes need to dry out 
for a long tlme before any water is added to 
the system. 

Unfortunately, when these flelds come back 
Into lrrlgated 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 actlvely gmwlng with 
adequate leaf mass - uslng rates of applied 
450 g/L pmduct need to be around 6 Uha. 

Have seen good reductions in numbers from 
these appllcatlons. 

5.Shlelded appllcatlons of glyphosate In 
crop. 
Have seen up to two applications of high 
rates of glyphosate In crop vla a shielded 
sprayer glve very good results. Agaln the rate 
needs to be around 6 Vha 

6.lndustrlal resldual herblcldes In field 
Have seen a lmldazoiinone product (Arsenal) 
used In field on heavlly ln?ested pWe6 of 
polymerla Whlletherewasadranmticdecrease 
In shoots per square metre, there was no total 
reductlon. This accompanied with the fact that 
these areas will not yleld cotton for thefollowlng 
two seasons and the fact that treated soil may 
move through the field makes this option an 
unfaoured one. 

However, k may be an optlon In contmlling 
ptches in head dltches, madsldes etc. wkh a 
back pack appllcatlon. Needless to say, care in 
appllcatlon Is critical. 

Summary 
I favour applications of glyphosate in the fallow or 
shielded applications in cmp. These applications, 
tlmed when the weed is adlvely growing under 
hlgh humldty, have given good results. These 
appllcatlons followed up by an appilcanon d 
fiuroxypyr in early autumn also help to reduce the 
numbers of shoots per metre In the following cmp. 

The abilrty to use GPS to accurately record 
patches of polyrneria and assess the degree of 
control achieved Is advantageous. 

The key is to not let your fields get to the stage 
that areas of your fields are unproductive and 
requlre such treatments as mentioned above. If 
you have some Infested fields, Isolate them and 
make rlg hygiene a prlortly. 

.. . 
a- - .  - . *  
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Results uslng a range of herblcldes and 
herblclde comblnatlons on an lnltially much 
lighter nutgrass populatlon were slmllar (Table 
20), wlth the best nutgrass control (an 87% 
reductlon In tuber density) from three Incrop 
Roundup appllcatlons (Treatment 4) and the 
best yield (a 47%, 1.7 baleslha increase) from 2 
lncrop appllcatlons (Treatment 3). The sllght 
reductlon In yield assoclated with the third 
Roundup appllcatlon was probably caused by 
crop damage from the additlonal herblclde 
appllcatlon, as the herblclde was applied 
through a poorly deslgned shleld whlch allowed 
some herblclde drlft to the crop. 

The Improvements In crop yields after treatment 
would probably have been even better If better 
deslgned equlpment andjor Roundup Ready 
cotton had been used. Generally, any damage to 
the cotton from the herblclde application Is more 
than compensated for by the assoclated 
reduction In weed competltlon resultlng from the 
reductlon In the nutgrass populatlon. 
Nevertheless, it Is essential to only apply 
glyphosate through a well deslgned and 
properly set-up shlelded sprayer, operating In 
approprlate condltlons. Thls Is equally true 
whether uslng conventional or Roundup Ready 
cotton varletles. 

Results from a more extenslve comparison of 
Roundup and Zollar comblnatlons are shown In 
Table 21. In this experiment, the best nutgrass 
control was achieved using a slngle ~ o i d u ~  
appllcatlon In early December (Treatment4). 
whlch resulted In a 97% decrease In the 
nutgrass denslty. 

section H3 

However, results from a slngle Roundup 
appllcatlon were hlghly varlable (compare 
Treatments 2 to 7). Thls variability reflects the 
normal varlablllty of results often achieved with 
glyphosate and was caused by a number of 
factors Including the condltlon of the nutgrass at 
the time of spraying. On some occasions, the 
nutgrass was hlghly stressed at spraying, 
resulting in a poor kill. Growers should be able 
to achieve much better results by targeting 
condltlons that are more suitable for glyphosate 
when nutgrass Is actively growing. 

.reatmed Rate Applications Tubers/my 
(L or Kg /ha) 

IVlUNlM 

MSMA 

Roundup CT 

Roundup CT 

Roundup CT 4 

Roundup CT 2. 

CulUvaUon + 
Roundup CT 

1 Untreabd 7194 
2 Roundup CT 2.4 1 3728 54; 
3 Roundup CT 2.4 9 797 85f 
4 Roundup CT 2.4 611 891 
5 HSMA + Roundup CT 8 + 2. 741 98; 
6 SMA + Roundup C- 8 + 2. 2 + 1  1194 87: 
7 L + 2.4 1 + 1  786 66( 
8 

-.--L- 

5 + 2.4 l + 2  160 126, 
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1 Untreated 
2 MSMA 
3 Roundup C 
4 Roundup L1 
5 MSMA + Roundup CT 
6 MSMA + Roundup CT 
7 MSMA + Roundu~ CT 
8 Sempra 
9 Sempra 
10 MSMA + Sempra 
11 MSMA + Sempra + R0Uldup Cl 
12 MSMA + Roundup CT+ Sempra 

Untreated 
oundup W 

Roundup W a  A 

~oundup Cmtra 
Roundup CTXtm 
~oundup CTXtra 
~oundup Cl)(ba 
Roundup CTXtra 
~oundup CTXtra 
Roundup CTXtra 

Zdlar 
Zoliar + Roundup CTXtra 
Zoliar + Roundup C m a  

earlv Nov 

eady Jan 
late Jan 

earlv Nov + late Dec 
late-Wv + early Jan 
-ay Dec + late Jan 

oc t  
Oct + early Jan 

Oct + early Dec + early Ja 

CRC 
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A manaeement program for heavy 
infestations 
Cotton yields are reduced by nutgrass 
com~etltion on a field heavily infested with 
nutg'rass. Consequently, it is important to tly to 
reduce the weed lnfestatlon as qulckiy as 
possible to Improve crop yields. To do this, It Is 
necessary to use a range of treatments In 
combhation, using as k n y  treatments as 
practical each season. Examples of lntenslve 
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 popuiatlon is 
reduced to a more manageable level. 

Table 22 A nm?ag@mentpkn? for back-tdack canventianal 

ripping oprrafion ifthe soil is wet and fhc nutgrass is aclively 

prowing. 

Zoliar amlicalion 

section H3 

A management program for lighter 
infestations 
A less Intenslve nutgrass management program 
can be used once the weed denslty on a field 
has been reduced to a level where the nutgrass 
is not reducing cotton yield. Thls program needs 
to be responsive, allowing for additional 
treatments should they become necessaly, and 
must include regular field inspection. Failure to 
adequately treat nutgrass can result in a field 
becomlng Such a management program would 
probably not include broadcast appilcations of 
Zoliar but may include a spot appilcatlon of 
Zoliar to nutgrass patches. The main component 
of the management program should be lncrop 
shlelded appllcatlons of glyphosate, wlth at least 
one appiicatlon each season. Ideally, a second 
application will be allowed for, in case the first 
application is not adequately eifectlve. 

T d e  23 A managemenlplan for ~ f ~ b a c k H o r n u & p  
&a@ cotlon in a heay nutgrass infestotlotlmtt Tiafmenfs 
directly usedfor nutgrass cm~froI are shawn in boUlype. An 
aaXtiomIgIyphosate application cmrldreplace the &p 
ripping operation if fhc soil is wet mul fhe nufgmrr is actively 
growiw. 

Fallow 
JUI~  herklcldearcuflvab'nl 1 

December Roundup applkaliob""?3 

March defoliation ~W-98 
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sedion H3 

/ case studies of grower experiences 
. 1  with nutgrass 

Nutgrass on Kilmarnock 

John Watson 
I remember nutgrass starting to be noticeable on channels In 1975; it was endemlc In the dryland 
cropplng paddocks and grazlng country. The local pharmaclst and then chemical supplier gave me a 
few mls of somethlng In a small plastlc bottle. It was to be the answer to our potential problem and 
think it was probably Roundup1 I was overseas for three years and by 1978 there were now small 
patches in some of the flelds. Despite all our efforts it got progressively worse. 

Many chemical products were tried, all of whlch gave variable and inconsistent 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 fleld with a relatively low population of nutgrass at planting could 
see It so thlck after three months that yield would be affected if no actlon 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 "Nandewaf'. He tested a number of products over three years and the best 
results lndlcated multlple applications of one or more chemlcals. Overall, the trials showed that a cost 
eftectlve result could be obtalned from an early appllcatlon of Zollar and single In crop spray of 
Roundup using shlelded sprayers. 

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

Roundup Ready@ cotton wlli allow an over the top applicatlon after emergence and should therefore 
give better control as temperatures should be higher. Other than this obvlous advantage, we will use 
much the same practices with Roundup Ready cotton, but will be looklng to alternate some of the 
noncrop sprays with other chemlstry to delay Me onset of reslstance of weeds to Roundup. 
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Case studies of grower experiences 
S with nutgrass 

. Nutgrass Control at Norwood 

Peter Glennie and Kylie May 
Nutgrass has always been present on "Norwood". Years of flood Inundation (prlor to development), 
grazlng and cultlvatlon led to the gradual spread of the weed around the farm. 

Early control methods consisted of cultlvatlon and herblcldes such as MSMA and glyphosate - all to 
varylng degrees of success. The late 80's saw the lntroductlon of Zollar, whlch was Incorporated lnto 
the control program. The worst areas were attacked flrst. The cost of Zollar prohlblted full fleld sprays 
In all but the worst fields, so various methods of spot spraylng were trled, Including manually tumlng 
small tractor mounted booms on and off, a spray boom on the back of a slasher at plcklng tlme and 
spraylng wlth a quad. Zollar was applled both at plantlng and plcklng and It was dlscovered that It 
wasn't until about the thlrd year lnto the Zollar program, that the nutgrass really started to respond to 
the applications. The patches were stlll there, but they were gettlng smaller and thlnner. 

The early 90's saw little or no lrrlgatlon water from Copeton and not much more rain. Water was 
consewed In the soll by preparlng the hllls early then leaving them to sit until plantlng tlme. Although 
thls was a good drought strategy, the reduced dlsturbance saw nutgrass areas Increase agaln. 

A very dry winter In 1994 resulted In no winter crops belng planted. Thls left an opportunity to grow a 
green manure crop the followlng summer. A lablabbrage sorghum mlx was planted In December and 
left to grow for three months before belng rolled and ploughed back lnto the ground. The following 
summer saw a marked reduction In the amount of nutgrass In those flelds, probably due to a 
comblnation of the competition from the lablabbrage sorghum, and the extra cultlvatlons needed to 
work the hlgh amount of dry matter back lnto the soll. Thls result has been repeated In other years 
wlth lucerne and agaln thls season wlth another lablabflorage sorghum mlx that was planted last 
summer. Although thls dld reduce the amount of nutgrass In the field, other methods of control are 
necessaly to keep the patches from lncreaslng. 

Zollar stlll forms part of the nutgrass control program on "Norwood", although it Is now mostly 
applied with a GTS sprayer, whlch has allowed more accurate targeting of the weed. Other methods of 
control are continually belng trlalled, both for better control and to hopefully reduce the amount of 
Zollar in the soll, whlch llmlts rotatlon cropcholce. Increased seed bed preparatlon, particularly deep 
cultivation, is havlng an affect, although more work stlll needs to be done. 

Thls season (2001/02), saw the flrst commercial use of Roundup Ready cotton and herblclde. The 
herblclde had a dramatlc effect on nutgrass patches, at a tlme of the season, when control is most 
Important. It has allowed the cotton to out compete the nutgrass, wlthout the need for extra 
cultlvatlons. The wet November posslbly helped contrlbute to the good result, by keeplng the 
nutgrass fresh and more receptive to the Roundup Ready herblclde. It will be lnterestlng to see if the 
result can be repeated over the next few seasons - here's hoping it wlll. 

Currently we are trlalllng a more aggressive approach wlth the use of a large rlpper wlth a wlre cable 
connectlng all the tynes. Thls cable is sltuated at the back of the tyne and is pulled by a D9N 
bulldozer, about 1 foot lnto the ground. The thought Is that it wlll cut off the nuts from below and dry 
out the nuts above. So far the results are promising. 

IIH3.311 
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case studies of grower experiences 
with nutgrass 

Nutgrass control on Auscott Narrabri 
David Wood 
Nutgrass has been a problem on Auscott for long tlme, but the Issue came to a bottleneck over the 
last couple of years. Some fields were becoming so heavlly Infested that It was no longer economical 
to contlnue growing wnon. 

The Increase In the nutgrass populations was due to number of factors, 

1. Succession of wet wlnters 

2. Lack of effective In crop control optlons 

3. Reduced tillage at depth 

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

In the past Zollar was used as a broad acre spray acmss heavy Infestations, however, its use was 
llmlted because of the restrictions that It imposed on future rotatlon crops. Due to the rotatlon Issue 
Roundup was than used as an In crop control through shlelds. This also provlded challenges wlth 
drift onto susceptlble plants. MSMA was then used because of the greater crop safety, though 
unfortunately it success was varlable. Sempra was also tried but was relatlvely ineffective. Together 
they gave reasonable control to continue cotton production, but were unable to stop the population 
from steadlly lncreaslng. 

The situation took a turn for the better wlth the onset of Roundup Ready cotton. The Roundup Ready 
technology provlded the opportunlty to attack the nutgrass In the plant llne early season, allowing the 
cotton to grow away and out compete the weed. The results from the Roundup spray are still 
sometimes variable, however, the successive appllcatlons achieve good brown off of the shoots more 
regularly, whlch Is then followed by cultlvatlon. In some cases It was taklng the nutgrass 3-4 weeks to 
come back. 

Zollar Is stlll an Important part of the program on Auswtt. Flelds wlth llght infestations are spot 
sprayed with a row weeder to prevent patches from spreading. It Is also now sprayed thmugh all 
rotobuck and tall drains In an attempt to stop cultivators tom dragglng the nuts down the field. 

In comblnatlon wlth the chemlcal approach, rotatlon and tillage play an important role. The use of 
deep rooted crops, such as lucerne or safflower, dry out the sol1 proflle and allow for deep rlpplng to 
expose nuts to deslccatlon. 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 Somethlng 
that safflower or wheat cannot do If they have reached maturlty. 

At Me end of the cotton season a Roundup spray at 2-3L/ha straight after harvest has shown signs of 
slgnllcantly reduclng nutgrass populations In the followlng year. We are not sure If It wlll work each 
year, howerver the results are enwuraglng. 
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section H4 

Graham Charles and Stephen Johnson 
(NSWAgrlcuhure & Uniwnhy of New England) 

The polymeria plant 
Polymerla (Po/yrnerla longlfolla) Is a member of 
the Convolvulaceae [bindweed) famllv. Pohrmerla. 
also known as poly&rlatake-all and peal; 
Downs curse, Is a name Australlan plant, whlch 
occurs through many of the Queensland and 
New South Wales cotton growlng areas. It was 
present In many colton flelds before they were 
developed, and persists after development. 

Polymerla Is a deep-rooted, rhlzomatous, 
perennial weed that tends to grow In dense 
patches. Its rhlzomes can extend to 1.5 metres 
depth in the soll, wlth roots extending below the 
rhlzomes. Shoots can emerge from 20 cm depth. 
Once established, Its rhlzomes form a dense mat 
that spreads throughout the soll under a 
polymerla patch. Polymerla spreads from these 
rhlzomes and can rapldly re-establish from the 
rhlzomes If the above ground plant material Is 
removed by cultlvatlon, chlpplng or herblcldes. 

Polymerla Is an erect plant, 7 - 25 cm tall. Its 
leaves are green to grey or sllver In colour and 
are covered In Rne halrs. Polymerla has a 
promlnent pink or white trumpet-shaped flower, 
wlth a yellow centre, 2 - 2.5 cm In dlameter. It 
produces large, brown, velvety seeds, 3 - 5 mm 
across, wlth one or two vlable seeds per seed 
capsule. Polymerla spreads from both seeds and 
rhlzomes. 

Porj,& wrrsrstolidlrhN1on ihis area in the M m  
~~~Ierc~~r~~~mioihedwclqpnrarUoJihempd 

Polymerla can grow all year round In warmer 
areas, but Is frost sensltlve and Is burnt by 
frosts. Some shoots wlll perslst through winter 
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and new shoots emerge early In sprlng. Plants 
grow rapidly over the warmer months. Flowering 
normally commences In midsummer. 

Polymerla patches are relatlvely stable, but 
spread slowly year after year. Once polymerla 
becomes establlshed, It competes strongly wlth 
cotton, and Is reslstant to most management 
approaches. Patches of polymerla wlth a denslty 
of 100 stemslnP or more can reduce cotton yleld 
by 50%. Thls, and hlgher densities, are common 
In many patches. Polymerla competes strongly 
for soil water and nutrients, depleting the conon 
crop of these resources. 

Cotton generally establishes poorly on polymerla 
patches, often resuiting in Islands of solld green 
(polymerla) amongst cotton rows. M unchecked, 
these Islands can easlly grow to 50 or l00 m 
across. Eventually, polymerla can spread from 
small patches to cover a slgnlficant proportion 
of a fleld. On one field at 'Nvynam North, the area 
of polymerla Increased by approximately 1% per 
year over an &year perlod, rlslng from 5.6% of 
thefield area In 1988to 14% In 1996. No cotton 
grew to maturlty on these patches. In 1996, thls 
represented a yield loss of 158 bales or $94 000 
on thls field alone. A number of other fields had 
smaller Infestatlons. 

Poiynmie f m d d n w p d c h e ~  Coltonpnunrlly dean'l 
gmulo maarrUyinlhcscpaIch~z 

Dense lnfestatlons of polymerla are establlshed 
on over 2500 ha of cotton country. Llghter 
lnfestatlons occur on a much greater proportion 

of the cotton area. These llghter lnfestatlons 
should be managed, and should be managed to 
preventthem becoming major problems. &pedal 
care should be taken to avold spreadlng thls 
weed when dweloplng country Infested wlth 
polymerla. 

Cultivation 
Polymerla has been regularly subjected to 
cultlvatlon operatlons ranging from llgM lnter- 
mw cultlvatlon In molst fields, through to deep 
cultlvatlon under dry mndltlons. Polyrnerla is 
not controlled by normal cultivation practices, 
but cultlvatlon In dry condltlons may set 
polymerla back. Heavy cultlvatlon In dry 
conditions may asslst wlth controlling polymerla. 

Cultlvatlon In molst condltlons can spread 
polymerla, as polymerla can establlsh and grow 
from small pieces of rhlmme spread by the 
cultivator. du~vators can inad&tently carry 
polymerla pleces lnto new flelds where they may 
establlsh. 

Polymerla's tolerance to cultlvatlon Is due to Its 
deep rootlng hablt, with rhizomes penetratlng 
well over a metre lnto the soll. Standard 
cultlvatlon Is at best only trlmmlng surface 
growth, allowlng plants to re-establish from the 
rhizomes below the cultivated zone. 

NO HERBICIDES ARE REGISTERED FOR CONTROLIING POLIMERlA A PERMIT MUST RE OBTAINED FROM THE 
NATIOIIAL REGlSTRATlON AUlHORllY BE6ORC USll lG A HEnBlClDE 1 0  CONTROL POLYMERIA IN ANY SITUATION. 
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Herbicides for managing polymeria 
A range of herblcldes has been trlalled on 
polymerla, over a number of seasons wlth mlxed 
and often poor results. Many herblcldes wlll 
burn-off the aboveground plant material, but the 
weed rapldly relnfests from the large mass of 
rhizomes present under the polymerla patches. 
These rhlzomes act as a continuous source of 
relnfestatlon. 

No herbicides are reglstered for controlllng 
polymerla. 

Best results have been obtalned wlth 
appllcatlons of Arsenal, Grazon, Roundup, and 
Starane. A range of other herbicides, Including 
Ally, Atrazlne, Basagran, dlcamba, Garlon, 
Glean, and Staple have been trialled, but do nol 
satlsfactorlly control polymerla. Assessment of 
the efficacy of 2,4-D Is continuing. 

perml must be obtalned from the Wonal 
glshatlon Authority before uslng a kvblclde 
control poiymerla In any situation. 

lmazapyr (eg, . .. senate) 
Arsenal Is a resldual sol1 sterllant, effective In 
controlllng most plant specles. Arsenal Is both 
root and shoot absorbed, actlng as both a 
contact herbicide and a residual herbicide. 
Arsenal is highly persistent, with a half-llfe of up 
to 142 days. It can control weeds for up to three 
years when applled at the reglstered rate. It Is 
Ideal for controlllng weeds on roadways, the 
outsides of channel banks, and other noncrop 
areas. 

Arsenal Is weakly adsorbed to soil and can move 
many metres from the slte of appllcatlon. It 
should never be applled incrop or In an area 
where sol1 or water movement can carry the 
herbicide Into a sensithre (crop) area. 

Arsenal lnhlblts acetolactate synthase, a key 
enzyme In the plant's metabolic pethway. This 
inhibltlon rapldly leads to plant death. 

Arsenal gave short-term control of polymerla 
when applled at 2 Uha or more (Table 1). Better 
control was achleved with higher rates (Table 2). 
However, polymerla persisted In areas sprayed 
wlth Arsenal, even when applied at rates as hlgh 
as 6 Uha. 

section H 4  

Tdle 1. I'olp~eria c o n ~ l  in coltar urirgowwk-lop 
appliicams. llre Irealmenfs were assesred 63 days oflr the 
nrilialhcohnotl m~lkcember 20.1996. 

Roundup CT 
Rounaupi m 
Roundup CT 
staple. 
staple 
Arsenal 

2.4 @a 

2.4 yha 2.4 yha 
. .240glha 

120! 120 gma 
0;51 

- . - . - ; . - :  

Tdle 2 I'olymeriacotrlmlin fallnu, &&on Ocrohr 10, 
1996. Yieatmenfs were aaseseed@r 97 md 376 days 

lrestment Weed ratlng aner 
97 days 376 days 

Arsenal 2 yha 
Arsenal 6 Uha 
Starane 2 yha 
Starme6 yha 
Garlon 100 myha 
Garlon300myha m 
Glean 20 gma 
GleanaOgma 
Ally l0 gma 
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Glyphosate lnhlbits EPSP synthase, which 
prevents protein synthesis and kills the plant. 
Glyphosate Is effectlve agalnst most plants, but 
the herblcldal effect Is qulte slow, often taklng 2 
to 3 weeks. Glyphosate Is far more effective 
when applled to rapldly growlng plants. Spray 
failures can occur when glyphosate Is applled to 
stressed plants. Thls Is paftlcularly true wlth 
nutgrass, where glyphosate appllcatlons to 
stressed plants are often Ineffectlve. 

Glyphosate Is rapldly adsorbed and lnactlvated 
on contact wlth the soil. Consequently, It has no 
resldual effect, although its breakdown In the 
sol1 Is wmparatlvely slow, wlth a half-llfe of 47 
days. 

Glyphosate can be effective In wntrolllng 
nutgrass. It translocates wlthln the sprayed 
nutgrass plant and also to attached tubers and 
plants. Thls translocatlon 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. 

Glyphosore applied through a shielded qmyer coAhoUed 
nutgrass in the fumnv a d  confmIled some nufgmsx in the 
nnspmyed c&nplunMin~ 

Herbicide efficacy on the 
maior species 
Zollar is effecthre agalnst all nutgrass specles, as 
it Is effective agalnst both tubers and seedllngs. 
Heavy rates of Zollar are necessary to control 
plants growing from tubers, but much llghter 
rates of Zollar should be adequate to control 
seedlings, with appllcatlon timed to occur prior 
to expected weed germlnatlon. Much shallower 
sol1 incorporation should also be used for 
seedling control, as seedllngs wlll not emerge 
from more than a few mm depth. Lighter rates, 
shallowly applled should glve good control of 
specles that only gmw from seed such as dlrty 
Dora, umbrella sedge and rlceflatsedge. 

Arsenal is equally effectlve against all nutgrass 
specles, wntrolllng seedllngs and emerglng 
shoots. 

The three major species, nutgrass, Downs 
nutgrass and yelka have dlfkrlng sensitlvitles to 
the contact herblcldes. All herblcldes are more 
effectlve on younger rather than older plants 
(Tables 8,9 & 10). 

Table 8 Herbicide eficacy of the cmdwt h e r b i d s  m 
nutgrass (C. rotundus) guwn inpofs I'lmds were qayed 4 
or 8 iweks oflrfrrst shoot emergence. 

4 weeks 1.4 L 
2.8 L $5 

Roundup CMra  1 L 96 
2 L l̂00 

8 weeks Daconate 1.4 L 0 
2.8 L 0 

Daconate, whlch suppresses nutgrass, Is much 
more effectlve on Downs nutgrass and yelka. 

Sempra Is effectlve on young nutgrass plants, 
especially at the hlgher rate, but Is much less 
effectlve on older plants. Sempra Is more 
efkctlve on downs nutgrass and yelka, but the 
same trend occurs wlth age, being more 
effectlve on younger plants. 

Table 9. Herbide efimcy of the conilict herbidrles on downs 
nugass (C. bifax) grown inputs. I'lants were sprayed 4 or 8 
week @er.f?rst shoot emergence. 

--.. 
Roundup C?Xtra 1 L 

2 L 

8 weeks Daconate 1.4 L 
2.8 L 

Sempra 709 
140 g 

Roundup CTXba 1 L 
2 L 

29 
50 

17 
75 

92 
100 

44 
50 

11 h 
25 b 
94 
100 
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Glyphosate gave good control of all specles at 
both growth stages, although results in the field 
are not always so conslstent. 

TdIe 10. Herbicide eflcuq of the contact herbicideson yeIh 
(C. victorimsi@ g r o t  inpow: I'IanLFwere sprayed 4 or 8 
weeks qperfrrsr shwr emergence. 

Factors that affect Zoliar efficacy 
Zoliar Is best suited to light, acld soils, where it 
Is very effective at relatively llght rates. In 
Arlzona (USA), for example, Zollar Is very 
effective when applled postcotton emergence at 
1.5 kglha, but wlll kill cotton if applied p m  
plantlng at thls rate. Lighter rates should be 
used when applying Zollar to light acld soils In 
Australla. 

section 1.13 

Cotton and nu- on a light, midsoil in A r i m ~  JNncly 
aflected by 1.Skg of ZoIim. 

Zollar can behave qulte unpredictably In alkaline, 
heavy clay soils, and must be applled at higher 
rates on these solls to be effectlve (4 kglha In 
the flrst season wlth lower rates used In 
subsequent seasons). In some sltuatlons, it 
appears that Zollar is some how "bound-up" in 
the sol1 for some weeks alter appllcatlon, 
apparently becomlng effectlve only six or so 
weeks after appllcatlon. The length of thls tlme 
period Is influenced by sol1 molsture. 

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

Good results have been achleved by applylng 
very heavy rates of Zollar to heavily Infested 
nutgrass patches In fields, and on head and tall 
dltches. These rates could not be safely used on 
llghter solls. 

Results from an experiment using very heavy 
rates of Zollar are shown In Table 11. In thls 
experiment Zollar was applled over-the-top of 4- 
leaf cotton. Use of these rates Is contrary to the 
pestlclde label. To use hlgher than label rates, 
growers must first obtain a use permlt from the 
NRA (National Reglstratlon Authority). 

-a guide for integrated management of weeds in cotton 



The comblnatlon of Zollar applied pre-planttng 
and glyphosate applled inirbp gave the moG 
effective control of nutgrass in this experiment. 
The vety hlgh rates of ~ol iar dld cause 
significant leaf damage to the cotton (applied 
over-the-top of young cotton), but dld not 
adversely affect crop yield. 

T d c  11. Shielded Rmmd'p andheay rates of ZoIiarfor 
mgnw control applied ouer 2 sca~olls. ille initial ntrfgrm 
~ e s f a f i m  averrrged456 hberdm? SpEc@cpmit 
prmirnm~ must be obfainedjramtlw NE4 befmpsficidts 
c m  be usedmtride the lobelrecmmendorim. 

Raleha Tubers Lint yield 
oer m? lkolha\ 

u n t r e ~  ~ m: IW. ... 
Roundup CT .A-- 

:. , . ,. 
1674 

;i ... .. . . " ~ ~ '  
Zoliar 1791 
Roundup m + Zoll,iir 2.4+ 4 , :: is2 .. lsoo ...g 
Roundup CT + Zollar 2.4 + 16 . . $5 1759 . 

Factors that influence glyphosate 
efficacy 
Glyphosate seldom glves 100% control of 
nutgrass In the fleld, even under the best 
conditions. One reason for this is that a 
nutgrass populatlon Includes plants at all stages 
of growth, including dormant tubers, shoots Mat 
have not emerged above the soli surface at the 
time of spraylng, and newly emerging shoots. 
The emerged shoots are difficult or Impossible 
to spray due to their small slze and because they 
are often protected from the spray by other plant 
material. The problem of spray penetratlon can 
be a major llmltation to control of a dense stand 
of nutgrass. 

An apparent spray failure wlth glyphosate may 
not be caused by poor herbicide dlcacy, but by 
the emergence of new nutgrass shoots from 
previously dormant tubers and from plants that 
were not sprayed. This Is especially true wlth 
early season glyphosate appllcatlons, as new 
shoots may continue to emerge through to early 
summer. These shoots are connected to 
previously dormant tubers that were not 
prevlously susceptible to treatment. The 
emergence of new shoots after spraylng should 
not be viewed as a spray fallure but as an 
opportunity to treat a new portion of the 
nutgrass populatlon. A dense nutgrass 
lnfestatlon can contaln up to 14 000 tubers/nP, 
but wlll have only about2200 shoots/nf. This 
means that a hlgh proportion of tubers may not 
be dlrectly connected to live shoots. 

Repeated treatments are the only sure 
way of controlling nutgrass wlth 

glyphosate. 

Growers should always aim to apply at least two 
lncrop shlelded appllcatlons of glyphosate in 
cotton. These applications should be tlrned to 
occur after lrrlgation In about mld-December and 
midJanuary, before the canopy closes. Ideally 
the second appllcatlon should occur about four 
weeks after new shoots begln to emerge 
followlng the lrst glyphosate appllcatlon. 

m 
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Nutgrass age 
Nutgrass Dlants are most susce~tlble to 
glyphosaie when they are and become 
progressively more tolerant as they age. Freshly 
emerged shoots are much easier to klli than are 
mature plants. Thls Is shown In the data In 
Tables 8 and 13. Flowering has ilttle Impact on 
glyphosate susceptiblllty, but flowerlng plants 
are much less susceptible than are younger 
plants. 

However, except durlng early spring, or after 
cultlvatlon or a successful herblclde application, 
a nutgrass populatlon Includes plants at all 
stages of plant maturity. Almost from the 
moment the flrst shoot appears In sprlng, 
nutgrass plants produce new tubers that 
produce new plants, that produce new tubers, 
and so on. These new tubers are lnitlated wlthln 
days of the flrst shoot emergence. Viable new 
tubers and new plants can be formed wlthln 4 to 
6 weeks of the first shoot emerging. 
Consequently, at any polnt In the season, a 
nutgrass populatlon Includes freshly emerged 
shoots, through to mature plants. The 
potentially rapid Increase in a nutgrass 
population Is shown In Figure 1. Competltlon 
from cotton can greatly reduce thls rate of 
reproductlon in the cotton row. Vigorously 
growlng cotton may also shade the furrow and 
compete strongly wlth the nutgrass. 

Fignrc I. Nulgws I U B e r ~ c f i o n  inaonepl smtingfmnr a 
single Nber in spring. N~rfgros~ is i~lfolero~rl q f s l d i ~ g  and 
prodrtcesfouer ~ b e r s  rrr the cotton mw 

The glyphosate labels generally recommend that 
spraying be delayed untll nutgrass plants reach 
at least 20% flowerlng, in about February. Thls 
recommendation Is based on a 

section H3 
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mlsunderstandlng of the need for nutgrass to be 
flowerlng before herblclde appllcatlon. Thls 
mlsunderstandlng assumes that older nutgrass 
plants are more sensltlve to glyphosate and that 
nutgrass plants translocate asslmllates to thelr 
attached tubers after flowerlng In autumn. 
Neither of these assumptions Is correct. 

Unllke many other perennial plants, nutgrass 
does not predominantly move asslmllates 
(nutrients) down to Its roots and tubers In 
autumn prior to plant dormancy. The movement 
of asslmllates In nutgrass is a continuous 
process and Is more apparent In younger plants 
than older plants. Almost from inltlal shoot 
emergence, nutgrass produces new tubers and 
asslmllates are belng continuously moved down 
to the roots and tubers, to provide for the 
production of these new roots and tubers. 
Consequently, glyphosate translocatlon 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 wlthin 4 to 6 weeks of flrst shoot 
emergence. Thls tlmlng 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 unllkely to be 
kllled by an appllcatlon. 

Stressed plants 
Nutgrass Is capable of very rapld growth, but is 
very easlly stressed by factors such as low 
temperatures, low sol1 moisture, cultlvatlon and 
other herblcldes. Llke most weeds, nutgrass Is 
far more susceptible to glyphosate when the 
weed Is rapidly growing. Even very hlgh rates of 
glyphosate are likely to be ineffective In 
controlling nutgrass when it Is stressed. 

Moisture stressed plants are best controlled by 
cultivation. Where thls Is not posslble or not 
practlcal, spraylng should be delayed until after 
plants have resumed normal growth. 



Low temperatures 
While early spring may seem to be an ideal time 
to apply glyphosate to nutgrass, there have 
been many spray failures at this time mused by 
the nutgrass being stressed by low 
temperatures. 

Glyphosate appllcatlons can be very effective In 
warm to hot condklons in October and 
November, but are likely to be lneffectlve when 
temperatures drop too soon after appilcation. 
For effective control, hot conditlons must 
continue for at least a week after spraylng. A 
drop In temperature, or cool nights, may result 
In a spray fallure. 

Similarly, cool conditlons in autumn are likely to 
result in spray fallures. 

Rellable control of nutgrass can generally be 
achleved from mid-November onwards, although 
this date will be earller in the northern reglons 
and can be much later In the cooler areas. 
Nevertheless, spraylng earlier in the season can 
be very effective when conditlons are 
favourable. 

Low soil moisture 
Nutgrass has a shallow, fibrous root system that 
makes it very prone to molsture stress In the 
cotton system. Experience has shown that 
nutgrass is most susceptible to glyphosate 
when the weed is rapidly growing, lmmedlately 
after irrigatlon or rainfall. Ideally, glyphosate 
should be applied to the nutgrass as soon as 
possible after lrrlgation or rainfall. 

The exception to this is that glyphosate can be 
verv effectlve when amlied to molsture stressed 
nutbrass, provlded thit raln or irrigation occurs 
within hours of the application. Applying 
glyphosate to nutgrass Immediately before 
irrigation can be a practlcai way to overcome the 
difficulty of wet tail ditches etc. 

Cultivation 
One of the practical dlfflcultles of controlllng 
nutgrass wlth glyphosate can be the need to 
delay Inter-row cultlvatlon to allow nutgrass to 
grow sufflclently to be sprayed. 

Nutgrass should be allowed to grow for at least 
four weeks between cultlvatlon and spraying. 
Cuitlvatlon should then be delayed for at least 
one week after spraylng and two weeks If 
possible. Cultlvatlng within a week of spraylng 
can reduce spray efflcacy, as shown in Table 12. 

Glyphosate rate 
Most giyphosate labels recommend aspllt 
appllcatlon of herblclde at 1 L active per ha per 
appllcatlon. This rate has generally been 
adequate to control nutgrass in most situations, 
wlth the second appllcatlon greatly improvlng 
the flnal result. 

A range of other glyphosate rates has been 
used on nutgrass over the years with varylng 
success. Half the recommended rate has been 
adequate to control nutgrass under Ideal 
conditlons, as shown in Tables 13 and 16, but 
has often lead to spray fallures (also shown In 
Table 13). A hlgher rate (such as 2 L activelha) 
wlll glve better control In some sltuations, but Is 
not generally needed and may not be cost- 
effective. lncreaslng the rate beyond 1 L active/ 
ha wlll not generally overcome limltatlons such 
as the plant being stressed by cool temperatures 
or lack of soli molsture, but will greatly Increase 
the rlsk of damage to the crop when applled as 
an inter-crop spray. 

Water quality 
One of the desirable characteristics of 
glyphosate k Its abllity to be rapldly adsorbed to 
soli partlcies and inactivated. Thls makes 
glyphosate ideal as a knockdown herbiclde prlor 
to plantlng or even between planting and crop 
emergence. Glyphosate can also be Inactivated 
by metals and ions In the spray solution, and Is 
very sensitive to zinc, which is present on 
galvanized surfaces. 

These quailties make glyphosate very sensltlve 
to water quallty. Glyphosate efflcacy can be 
reduced by dlrly water, by hard water, by 
alkaline water and by metal Ions. To avold 
problems with water quailty, 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 reduclng the 
efflcacy of glyphosate on nutgrass, provlded the 
spray mlxture Is not allowed to slt for an 
extended period. 



Table 13. Herbicide eflcacy qfhuo rates of Kou~ulirp C'l'an 
nutgmrs applied 3 W 6 weeks qfrerfrst shwt enlergmce of 
plantsgrmw in@. Ihc herbicide wus qvpliedirt I00 L 
wh'r&au,ith 0.4% linbu I' (Ilur&ianic sr@mtmd) added, 
7hc spray mix was allawedto sit for 24 hams befure 
spraying. Water quaIi(v is s h v u  in Table 14. 

8 .  . . 8 .  

1.2 L Distilled 82 
bre A 
BomB 
Rlver 1 

Channel 58 

2.4 L Distilled 88 
Bore A 99 
Bores 77 
River 94 

Channel 100 

)lsy@d. 
BoreA 
Bore B 
River 'l 

Channel . 0 
i r 

2.4 L DkWd 78 
Bore A 42 
Bore B 93 
River 0 

Channel 81 

Table 14. Wafer qualify of the sornresusedin 7abk 13. Ilw 
chanrtel ivuler was aII01y~dlo &it in siwage for an ~ n e w k d  
pcrid be* use. 

P r c e  pH Co;,"c;ly Hardness 
rCa + M01 ,mBQ(I \ I 

Dlstilkd 6.65 0 0 It 
Bore A 6.62 0.36 164 15 
BoreB 8.18 0.57 157 48 
River 9.48 2.59 98 370 
Channel 9.21 0.18 67 25 

A comparlson of glyphosate efficacy uslng a 
range of water sources where the mixture was 
allowed to slt for 24 hours (Table 13) showed 
that poor water quality could have a large effect 
on herblclde efficacy, but that the effects were 
not consistent. Results from a second 
experlment where the spray was used 3 hours 
after mlxlng showed no reductlon In efficacy due 
to water quallty. 

In both experiments, herblclde rate and nutgrass 
age had as much Impact on herblclde efficacy as 
did water quality. 

Water rate 
Most glyphosate labels recommend a maximum 
water rate at or below 1 W 4ha. Common farm 
use is in the range of 40 to 60 Uha, well below 
the maximum recommended rate. 

Lower water rates lmprove spraying efficlency 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 hlgher nozzle pressure, but 
this leads to the production of more small spray 
droplets and more spray drlft. Higher water 
volumes and lower nozzle pressures are 
desirable when using an incrop shlelded 
appllcatlon of glyphosate to reduce spray drlft 
and thereby reduce damage to the crop. 

Additives 
A large range of welters, surfactants and other 
additlves Is available for use wlth glyphosate and 
other herblcldes. These addltlves can lmprove 
herblclde efflcacy In some sltuatlons, but 
generally are not required wlth glyphosate. 
Some addltlves may have an Inconsistent or 
negative affect in some sltuatlons, as shown in 
Table 15. 

The additlon of P r e p  (ethephon) to glyphosate 
for example, may Improve control In some 
sltuatlons, but Prep Is antagonistic to 
glyphosate, causlng the chemicals to come out 
of solutlon and may reduce glyphosate efflcacy. 

1 Untreated 0 
2 Roundup 3 L 0 
3 Roundup 3 L + 3% Agml6W 100 
4 Roundup 3 L + Herbex 3 L 75 
5 R011fldu~ 3 L + Prep 0.3 L 0 

Both percentage klli and leaves per plant data 
are shown In thls and some other tables. Leaves 
per plant glves an lndlcatlon of the suppresslon 
of plants that suwlved the treatment. A 
comparlson of treatments 1 and 2, In Table 15 
shows that the Roundup appllcatlon (without 
addltlve) not only failed to kill the nutgrass, It 
falled to even suppress the weed. Treatment 5 
(Roundup + Prep) also falied to kill the 
nutgrass, but did suppress the weed, causing a 
79% reduction In leaf number. 

-a gulde for Integrated management of weeds in cotton 



Addltives are often used to overcome poor 
appllcatlon conditions, poor water qualky, or 
antagonism from other tank-mlxed herblcldes. 
Generally, these addltlons do not fully overcome 
the problems. No additlve wlll make stressed 
nutgrass plants receptive to glyphosate. 

However, experience In the field has shown that 
the addition of a non-Ionic surfactant at 0.2% wlll 
often improve glyphosate efflmcy, as shown wlth 
Agral600 In Table 15. Data In Table l6shows an 
Improvement when uslng a non-Ionic surfactant 
with low glyphosate rates, but no lmprovement 
when uslng the recommended rate of glyphosate. 

product Is necessary and hlgher glyphosate 
rates should be considered. Always ensure that 
these mlxtures 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 llghter rate than the 1 L activelha used 
for nutgrass. Ideally, nutgrass patches should be 
sprayed wlth a heavier rate at the same time by 
uslng a boom spray fltted wlth a second boom 
llne with larger nozzles or by slowlng the tractor 
to Increase spray rate. The additional boom llne is 
likely to give the better result of these two optlons 
as it Is far easier for the operator to switch on or 
off an addltlonal boom than to be constantly 
changlng tractor speed. 

Roundup Surlactant % Kil l  Leaves per T d e  17. h&cl oftiming ofa I.4Uha (0.63 L octiveho) 
application of Hmmdup C7'afIera I L4w (0.45 L octivc) 
opplicaliw~ on mtgras 3 or 6 we ' 'age. 

Addltives should not be used wlth over-the-top 
glyphosate appllcations to Roundup ReadyB 
cotton, except as dlrected on the product label. 
The use of other addltlves could affect the 
actlvlty of glyphosate and cause damage to the 
Roundup Ready cotton. 

Glyphosate can be tank-mixed wlth a range of 
other herblcldes. However, tank-mixing wlth 
some of the more commonly used cotton 
herblcldes Is llkely to reduce glyphosate eflicacy 
to some extent, as many of these herblcldes 
contaln some clay that wlll Inactivate the 
glyphosate. The amount of reduction of 
glyphosate efflmcy wlll depend on water volume 
and quality, the amount of clay In the tank-mlxed 
herblclde, and the length of t h e  the mlxture 
stands In the spray tank. 

Tank mlxlng wlth clay-based products should be 
avoided If possible. Ammonlum sulfate should 
be added when tank-mixing with a clay-based 

atspraying 25 1 1 
l weekafter 25 ' 52 
2 weeks after 50 1 
3 weeks after 0 4 
4weeksafter 0 - 24 

However, If the two appllcations can4 occur on the 
same day, the second appllmtlon should be 
delayed for around two weeks, as shown In Table 
17. 

Herbidde 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 Is unllkely to 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 
affect of the flrst spray Is lost. 

For best contml, nutgrass should be resprayed 
approximately four weeks after green shoots 
emerge. 
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t .Merbicide combinations 
The best control of nutgrass has been achleved 
uslng multlple appllcatlons of glyphosate on a 
field that previously received Zollar. However, 
this can be a very expensive optlon, as unless 
the nutgrass patches are well defined, the Zollar 
must be applied to most or all of the field. GPS 
mapplng of the nutgrass patches may be used 
to greatly reduce this cost. 

An alternative strategy for lighter lnfestatlons of 
nutgrass that has been successfully used by 
some growers is to apply a tank mlx of Zollar 
and Sempra as a spot appllcatlon in December, 
wlth a follow-up appllcatlon of glyphosate In 
January. Both appllcatlons must be made 
through a shlelded sprayer. The comblnatton of 
Zollar and Sempra Is very expenslve on a per 
hectare basls, but the appllcatlons can be very 
cost-effective when applied through a weed- 
activated sprayer so that the herblclde Is only 
applled to the weed infestation. 

Spraying equipment 
In-crop applications of glyphosate must be 
applled so as to avoid contact with the crop 
follage. The only exceptlon to thls is Roundup 
Ready cotton, whlch can be sprayed over-the- 
top with Roundup up to the fourth true leaf, In 
compliance with the product label. 

Glyphosate can be applled lncrop as a dlrected 
spray or through a shielded sprayer. A range of 
equlpment is avallable, at a range of prlces, 
ranglng trom bask rubber or steel shields 
against the crop, to completely enclosed 
sprayers. The prlmary dlfferences between these 
extremes of deslgn Is thelr ablllty to be safely 
operated In wlndy condltlons, thelr ablllty to be 
adjusted to meet a range of requlrements and 
crop size, and thelr ablllty to be used In a range 
of crop slzes wlthout causing excessive physical 
damage to the crop. 

It Is essentlal when uslng any spray equlpment 
to ensure that the equipment Is properly set up 
and is used only under appropriate condltlons. 
Generally, the more open the equlpment design 
Is, the more sensltlve it Is to wlndy condltlons. 
Any alr movement Into the shleld area wlll 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. Shlelds that 
have open fronts and tops are most prone to 
thls movement, but some alr movement is 
Inevltable In even the best designed shlelds. 

Nevertheless, even an open shield design can 
be used safely In the crop provided that it is 
used at low tractor speeds and low wlnd 
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condltlons, and wlth correctly set up and 
operated spray nozzles. Flne mesh such as 
shade cloth can be used to enclose the shlelds, 
greatly reduclng alr movement wlthln the shield 
area and reducing the rlsk of crop damage from 
spray drift. 

A range of nozzle deslgns Is avallable, Including 
low drlft nozzles. Low nozzle pressure 
(pressures towards the bottom end of the 
recommended range for the nozzle) and high 
water volumes (allowlng the use of larger 
nozzles) wlll also help reduce the productlon of 
fine spray droplets. 

Once a shielded sprayer has been set up, it is 
Important that it Is regularly checked to ensure 
that nozzles are operating correctly, and that the 
operator Is aware of the operating condltlons. 
Operating a sprayer In wlndy condltlons wlll 
lnevltably 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 system. This enables it to 
compete strongly early In the cotton season and 
to respond qulckly alter rain and lrrlgatlon, but It 
does n d  compete well wlth lrrlgated cotton later 
in the cotton season when sol1 molsture In the 
suIface soil layers Is llmitlng. 

-a guide for lntegratedmanagement of weeds In cotton 

A seclion of a cotton cmp sew& i n f e d  with nulgmg No 
haMBtnMe cotton waspresentin thispodon ofthefield 



Nutgrass Is also relatlveiy Intolerant of shadlng 
and has a greatly reduced growth rate when 
shaded by a taller crop. 

One of the keys to growlng cotton and other 
crops in a fleld that is Infested Nth nutgrass is 
to ensure that the crop establishes as quickly as 
posslble and Is able to shadeout the nutgrass. 
There are a number of management practices 
that can influence crop competitiveness, 
Including: 

stubble management 

soll condltlons 

crop species and varlety seiectlon 

sowlng date, rate and depth 

seed dressings 

fertilizer type, rate and placement 

lrrlgatlon management (pre- and post 
plantlng) 

herbicldes - reslduals and knockdown pre- 
emergence and post-planting 

weed control (of nutgrass and other weeds) 

These practlces should be optlmised to 
maximlse crop competitiveness. The result of not 
optlmislng these factors can be that the crop 
does not estabilsh vlgorously on nutgrass 
infested areas and competes poorly, allowlng the 
nutgrass to establish and spread. This worst- 
case scenario can result In a crop fallure wlth no 
harvestable crop. 

One of the most common problems wlth 
establlshlng rotation crops Is Inadequate soll 
molsture and nutrltion In the nutgrass infested 
areas. The main part of a fleld may have good 
moisture and nutrltlon following a cotton crop, 
but both these inputs are likely to be lacklng on 
nutgrass Infested areas, as the weed has already 
used these resources during the cotton season. 
Consequently, crop establishment Is 
compiatlveiy ~ o o r  on the nutgrass infested 
areas. lrrlgatlon at plantlng and lncluslon of a 
starter ferker  with the crop can make a large 
difference to the crop's competltlveness and Its 
Impact on nutgrass. 

Developing an MIM program for 
nutgrass 
Nutgrass is a perennial weed that wlil not be 
controlled wlth any slngle treatment. Successful 
nutgrass management Is bullt on uslng as many 
management tools as possible, at every available 
opportunity, over a number of years. 

No one management program is suitable for 
every fleld and every season. The management 
tools can be successfully used In a variety of 
ways, dependlng on the extent of the problem 
and available resources. 

The type of nutgrass program required for any 
individual fleld will depend on the extent ofthe 
problem and the management resources 
available. 

Results from fleld experiments conducted over a 
number of seasons and a number of sltes are 
shown In Tables 18 to 21. These results allow 
comparlson of some treatments and treatment 
comblnatlons. 

Of the contact herbicides, multiple glyphosate 
appllcatlons have given the most reliable 
nutgrass control over a number of sites and 
seasons. However, glyphosate is only effective 
on actlvely growing nutgrass. The comblnatlon 
of glyphosate (applied on actlvely growlng 
nutgrass) and cultivation (on moisture stressed 
nutgrass) can be used very effectively (Table 
18). 

The best results in cotton were achieved uslng a 
comblnatlon of Roundup and Zoilar (Table 19), 
wlth Zoliar Incorporated preplanting 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 lncrease In the nutgrass population where 
no treatment was Imposed (Treatment 1). 

The Roundup and Zoilar comblnatlon also 
resulted In the best cotton yield, 117% (3 bales/ 
ha) hlgher than the untreated comprlson 
(Treatment 1). This yield Increase of 3 bales 
would have more than payed for the cost of 
treating the nutgrass. in addltlon, use of thls 
treatment would result In a fleld startlng the next 
season with a lower denslty of nutgrass than 
was lnltially present, potentially resulting In even 
better yields than were recorded over these two 
seasons. 
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Understanding nutgrass 
(C. rohmdvs) 
Nutgrass produces and survlves from vegetative 
tubers in the soil. These tubers are up to 10 mm 
In diameter and up to 20 mm In length. Tubers 
are formed at the end of underground rhlzomes 
that develop from each vegetatlve plant. A new 
plant develops from each tuber. Tubers appear 
to be formed in chains, but each tuber gives rise 
to a vegetatlve plant, whlch gives rlse to new 
tubers, and so on. 

These tubers can become dormant In winter or 
during dry mnditlons and can survive for years 
in the soil, extracting moisture through their 
roots. However, they are vegetative plant 
structures and cannot survive without water. 
Tubers are rapidly kllled If they are exposed to 
very dry sol1 or are exposed at the soil surface 
after thelr roots are cut. Tubers wlthout roots 
Into molst soil die wlthln a few hours when 
exposed at the soil surface in the middle of 
summer. 

Tubers can be found throughout the soil proflie, 
but are most common In the 0-10 cm soil iaver. 
The results from 120 soll 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 
number of tubers have been found at up to l m 
depth. These tubers probably fell down cracks 
in the soil and are of no importance, except 
when they become exposed by deep cultivation, 
eroslon, earth works, or after levelling. 

Toble3. Uism~butioin of nutgrass hrbers duwn the soilpm/le 
(0 to 100 cm). I'crccniagc foundin eachsuil layex 

Postemergence observations indicated that the 
depth of the tuber did not affect subsequent 
plant growth. 

Biologkal control of nutgrass 
A range of organism attack nutgrass, including 
rust, head smut, scale insects and a caterpillar 
that bores down thmugh the stem (Bactra 
trunculenta). Feral plgs and other anlmals will 
also dig for and eat nutgrass tubers. These 
organism normally have llttle impact on 
nutgrass Infestations, attacking only a small 
proportion of plants, but can be found in large 
numbers in heavy nutgrass lnfestatlons. 

The possibility of blologlcal control of nutgrass 
has been examlned in a number of countries, 
but has not been effective in significantly 
reducing weed numbers. 

. ~ .  , .. -. 
AYe_%!e . 53 . . 35. . . .. .. - , , 

Emergence tom tubers placed at depth In a 
sandy soll and a black sol1 are shown in Table 4. 
Nutgrass shoots emerged readily from tubers 
down to 20 cm in depth, wlh some emergence 
fmm 40 cm in the sandy soll. Emergence was laof raratonn~~fgms (fop left), anddmm nafgmss w o r n  
slower from the lower depths and was much l@ andstem msf on ydka planis (righf). 
slower in the black soll. The results fmm the 
sandy soll show that shoots could emerge from 
at least 40 cm In a black soli, where shoots 
emerge through cracks in the soil. Poor 
emergence was 0bSe~ed from tubers placed on 
the soll surface, which were probably killed by 
desiccation. 

. 
d 
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Treatment options 
Nutgrass can only be managed uslng a long 
term, lntegrated weed management (MIM) 
approach. There are a number of tools that help 
control nutgrass, 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 
posslble. 

One of the key components of an effective MIM 
strategy for nutgrass is to develop a 'whole-farm' 
approach. It Is essential that nutgrass 
lnfestatlons are managed not just ln-field, but 
also on roadways, channels, storages, non- 
cotton flelds and waste areas. Strlct fleld 
hyglene protocols are needed, especially 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 lnfestatlons are 
caused by tubers belng spread from field to fleld 
and farm to farm by machinery. It Is common to 
see nutgrass plants lnltlally establish at the end 
of a fleld, where they have fallen from cultivators 
that were previously operating In infested flelds. 
Subsequent cultlvatlon passes spread the 

lnfestatlons throughout the flelds. 

More Information on IWM Is covered in the 
lntegrated Weed Management (IWM) 
Guldellnes for Australian Cotton 
Production in WEEDpak. 

IWM tools for nutgrass control 
Nutgrass can be controlled uslng: 

cultlvatlon, 

resldual herblcldes, 

contact herblcldes, and 

crop competltlon. 

Cultivation 
Mechanical cultlvatlon can be very effective in 
controlllng nutgrass, but It Is also the most 
common means of spreading nutgrass. All too 
often nutgrass tubers and plants are lifted by a 
cultlvator only to be transplanted further down 
the fleld. 

Cultlvatlon is effectlve In controlllng nutgrass 
when it severs all the roots from the tubers, 
provided that the soil Is sufficiently dry to klll the 
tubers. If the soil Is not dry, nutgrass plants will 
rapldly re-establish after cultlvatlon, and may be 
spread by the cultivator to new parts of the fleld 
or to new flelds. 

Inter-row cultlvatlon Is usually lneffectlve In 
controlllng nutgrass In cotton, as cultlvatlon ,< 
generally occurs at relatively high soil molsture 
content to avold excesslvely damaglng the 
cotton, and Is not deep enough to fully sever the 
roots of nutgrass plants and tubers. 

-a  guide for Integrated management of weeds in cotton 

Intn~row cultivaiion CM be ussfrrl forsuppressing v q  
hea~y n u t g m  inf&mrmrons, but has the major UmirmYon that 
it c m  't control nutgram h the edfon plnd lime 

Inter-row cultlvatlon in llghtly Infested flelds wlll 
often spread nutgrass and exacerbate the 
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should be avoided where possible, or the 
cultivator should be lifted over nutgrass patches 
or cleaned down afier passlng through nutgrass 
patches. A small amount of time spent In 
cleanlng down cultlvatlon machinery can save 
large costs In time and money requlred to 
control the weed in the future. 

Multiple Inter-row cultivation passes can be used 
to suppress nutgrass in heavily Infested fields, 
where the spread of tubers Is of no Imp~ltWIce. 
Multlple cultlvatlon passes will help the cotton to 
establish and produce a crop. There will, 
however, be no lastlng reduction in the nutgrass 
population, which will need to be controlled by 
another means at a later date. 

Abrdl lngnlpperse tupforheay ,nr~n of mlpm@r 
picking. Nme thefled cable - the e r n  (lop photo) 
designedta e u l t h e n ~ m o l r & r l n g ~ p i n g .  

Heavy cultlvatlon (cultivation to at least 30 cm) is 
most eifectlve in controlling nutgrass when the 
soil is completely dry followlng a cotton or 
rotation crop. A crop such as lucerne is ideal for 
completely drying out the soli in the nutgrass 
root zone. Cultlvatlon should be timed to occur 
in mld-summer when no rain is forecast and the 
lucerne cmp has drled the sol1 as much as 
pslbie.  Heavy cultivation in these condltlons 
can almost completely eliminate a nutgrass 

infestation from afield. The main llmitatlon to 
control Is the cost of the operation and the 
practical depth of cultivation. 

Cultivatlon that disturbs the hills prlor to piantlng 
can also be useful, as it appears to delay 
nutgrass emergence. 

Residual herbicides 

Norflurazon (ZollaP, Group F)' 
Zollar Is the only residual herblclde currently 
registered for &ntmillng nutgrass (cyperus sp.) 
in cotton. It Is hlghly persistent, with a half-life of 
up to 180 daysZ .-Zoiiar requlres thorough soil 
lncorporatlon and needs to be used over at least 
3 wnsecutrve seasons. 

.. C . 

N@ms a w e d  by Zolh,  as indicated t y  the white leave.% 
hidplants haw bse. sevdy affectcdty W, andsome 
plants in the background haw been kiUedby the herbid& 

Zollar is reglstered for application at 2.8 to 4.2 
kg/ha, depending on soil type and whether 
Zollar was applied In the prevlous season. Zollar 
should be applled at the higher rate In the flrst 
season (dependlng on sol1 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. 

Zoiiar is readily adsorbed to clay and organic 
matter in the soli and is relatively immobile. Its 
efficacy is affected by sol1 pH and clay content. 
High rates are required on heavy, alkallne clay 
soils, but much llghter rates should be used on 
sandy and acid solis. 

-E!!l CRC 



,dollar's activity Is triggered by a ralnfall or 
lrrigatlon event. It is readily absorbed through 
plant roots when the sol1 Is wet (near or above 
fleld capacity), but Is not absorbed from a dry 
Soil. 

Zollar acts on the plant's photosynthetic 
pathways and destroys chlorophyll and liplds In 
thecell membranes, and cell protelns. Thls has 
the effect of turning affected leaves whlte. The 
affected leaves and plants dle if this effect lasts 
sufflclently long. 

It Is common under Australlan condltlons for 
Zollar to become less active agaln within afew 
days of the triggering ralnfall or lrrigatlon event. 
When thls happens, the plant recovers from the 
herblcldal effect and resumes growlng. Sections 
of whlte along the length of a leaf can lndlcate 
Zoliar actlvlty has occurred In the past. Some 
suppression of nutgrass does continue at lower 
soil moisture levels. 

Tkls grass plant has ban affcftcd by ZoIiar, but W#/ 

pmbab[y r e c ~ ~ ~ a s s o r n r l e ~ e (  meslulph~tosyntkesuing~ 

Zoliar has the primary advantage that It needs to 
be applied only once for the season and is most 
effectlve during wetter conditions, when the 
nutgrass would otherwise be most actlvely 
growing, and other control measures are difficult 
or lmposslble to Implement. Zollar also has the 
advantage of belng equally effective across both 
hllls and furrows. 

The w h d  in ihls pafch wm killed by Z&m thd was 
applied in an eerlier sea so^^ 

In addition to controlling nutgrass, Zollar 
controls a broad range of grass and broadleaf 
weeds. Zollar Is relatively expensive, but the cost 
can be partly offset by substituting Zollar for 
some of the other resldual herblcldes that would 
normally be used. For example, the grass 
herblcldes such as trlfluralln and pendlrnethalln 
should not be requlred In afield treated wlth 
Zollar. 

Unfortunately, Zoliar is also actlve against a 
range of other crop plants. The plant-back 
perlod to cereal crops is 30 months after a single 
herblclde application; a longer plant-back perlod 
is required following mullple appllcatlons. Zollar 
Is best sulted to heavlly Infested flelds because 
of Its cost and the llmitatlons wlth rotation crops. 

lmazapyr (eg. Arsenal*, Group B) 
Arsenal Is registered for controlllng nutgrass 
(Cypenrs spp.) in noncrop sltuatlons. It Inhibits 
acetolactate synthase, a key enzyme In the 
plant's metabolic pathway. Thls lnhlbition rapidly 
leads to plant death. Arsenal is a resldual sol1 
sterilant, effectlve in controlllng most plant 
species. It Is both root and shoot absorbed, and 
can act as a contact herblclde as well as a 
residual herblcide. 

Amenal wiU MU collon and rotation crops foryam a* 
apptication l: should never be opptied in-crap a in an mw 
whue soil or waier movement couldcnq :he hehicide into 
asemMtivearea 
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Arsenal is highly perslstelrf with a haif-IIR of up to 142 
days. it can control heeds for up to 3 years when 
applied ethe regWered fate. it Is Ideal fw controlling 
nutgasspaWleson~theoutsklesof  
chaMel bank, and athw m p  areas. 

When applylng Arsenal to a nutgrass patch, It Is 
good practlce to apply the herbldde to an area 1 
or 2 metres larger than the obviously Infested area 
Thls ensures that all nutgrass plants are contmlled 
by the appllcatlon. All too often the Arsenal 
contmls the nutgrass in the sprayed patch, but 
treatment falls because afew plants remaln outslde 
the sprayed area and the lnfestatlon redevelops 
from these plants. 

Arsenal Is weakly adsorbed to soil and can move 
many metres from the site of application. R should 
never be applled lncrop or In an area where soll 
or water movement can cany the herbldde into a 
sensithre area, such as In the rotobuck area, or on 
the lnslde of ditches and channels. 

Contact herbicides 

MSMA (eg. Daconatea,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 sprlng, although it can 
be applled up untll flowerlng. Daconate can not 
applled after the crop commences flowerlng. 

Dawnate Is readlly absorbed Into nutgrass 
foliage and rapidly affects plants. It does not 
necessarily kill notgrass plants but will suppress 
nutgrass growth, allowlng the cotton to 
establish and shade the weed. Daconate Is also 
effectlve in controlllng a range of other weeds. 

Daconate Is an arsenlcal wmpound (contains 
arsenic). It has llttle soll activity but has a half-llfe 
of about 180 days in soll. Arsenic bulld up In the 
soll Is not a problem when It Is used In 
accordance wlth the label dlrectlons. 

T& 5. Keldd~cIion Q! col1011 spmyedowr-lhe-fop with 
Uacomten in November ond December 

LateN&mher 
Early December 
Late Dkember .- 

Daconate is not completely safe to cotton. It can 
bum cotton leaves and delay cotton growth. To 
reduce thls crop damage, Dawnate should be 
applled as a dlrected spray to young cotton 
where posslbie, rather than an over-the-top 
appllcatlon. Dawnate should be dlrected to 
avold the growlng termlnal of the cotton plants. 

Damage to older cotton can be more serlous as 
shown in Tgble 5. Nevertheless, in afleld heavlly 
Infested with nutgrass, Dawnate when properly 
applled, does far more damage to the nutgrass 
than It does to the cotton, with the end result that 
a Daconate appllcatlon helps the establlshlng 
cotton and ultimately Improves cotton yields 

Daconate should be applled durlng hot 
condltlons, as the efflcacy Is temperature related. 
That Is, Daconate Is more effectlve under hotter 
rather than cooler condltlons. Daconate Is also 
more damaging to cotton as temperatures 
Increase. Growers should wnslder wlng lower 
rates when spraylng Dawnate over-the-top of 
cotton under very hot condltlons, especially later 
In the season. Label recommendations suggest 
that Dawnate should be applled under hot, dry 
wndltlons, at temperatures above 25%. Mls 
temperature, requirement means that Daconate 
should r i d  be applled under cool, cloudy 
conditions, as It Is unlikely to be effectlve under 
these wndltlons. 

" 
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,~emperature variation 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. 

Time 
6 am l oam 3nm 1 

15 December 
Tem@itlture (G) 

22 December 
Temperature PC) 19.9 26 35 

Yield reduction (%) 24 22 19 

Halosulfuron-met 
(Sempra', Group B "t" 
Sempra is registered for controlling nutgrass in 
cotton, but must be applied through a shieided 
sprayer, to avoid 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, wlth 
a half-life of up to 34 days. However, most 
rotation crops are very sensitive 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 transiocate through 
the nutgrass rhizomes. Consequently, Sempra 
does not give good control of tubers anached to 
sprayed plants and gives iinie control of 
unsprayed nutgrass in the plant-line when it is 
appiied through a shieided sprayer, as shown in 
Table 7. 

SempmC appjied thmugh a shleldedspmyer ((oreground 
plot) conboBed nuqpmr in the f u m  (spmyed area), but 
gme eHnle contd of the urrrprclyedplant-line 

Tdle Z Hedrtctim~ in lqfmtmber and hrber number of 
spmyedand w-d nut~sspland onached to spoycd 
plm~ts. IJlmIls were grown h1 dni&dpors and spnyed 4 or l 0  
weeks qflerprsr shod emergence. Ihey had on m o g e  59 
md 153 / e m s  ol sproymg, reqecfiwIy. 

iempra rate Nulgraw 
EolW age Sprayed Unsprayed 

70 g 4 weeks 12 0 
l 0  weeks 0 0 

1400 4 weeks 56 0 
IOweeks 56 . 0 

70 g 4 weeks 58 0 
l 0  weeks 39 0 

140 g 4weeks 92 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 shielded sprayer, with 
the spray nozzles positioned so as to avoid any 
spray contacting the cotton foliage. Giyphosate 
can be appiied pre-cotton emergence, incrop as 
a shielded spray, at defoliation, or after picking. 
Roundup Ready HerbicideQ can be appiied over- 
the-top of Roundup Readym cotton up to the 4m 
true cotton leaf, but must not be appiied to the 
foliage of older Roundup Ready plants. 
Glyphosate cannot be appiied to Roundup 
Ready cotton at defoliation. For more 
information, refer to Managing Roundup 
Readym Cotton and SPRAYpakt Spray 
Application in WEEDpak. 
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I C o ~ ~ l ~ n e  L a member of fiemorningglory famlly. It is a 
~Gne weed, which can be a majapmblem In conon, 
tangling omongsl conon planis, candngpmhIen15 for inter- 
m culiiuaiion and hmvedng machinery. 

Graham Charles 
(NSW Agriculture) 

The morning glory family 
Cowvlne (Ipomoea lonchophylla), also known as 
peachvlne, Is a member of the Convolvulaceae 
family. It Is a natlve Australlan plant, closely 
related to sweet potato (Ipomoea batatas). Other 
mornlng glories that are problems In cotton 
Include bellvlne (Ipomoea plebela) and common 
mornlng glory (Ipomoea purpurea). 

The cowvine plant 
Cowvlne Is a common weed throughout the 
cotton Industry, although It tends to be a far 
blgger problem In some areas than others. 

Cowvlne Is an annual weed that grows over the 
warmer months. Seedlings emerge all year 
round following rain, but are kllled by frosts. A 
flush of cowvine seedllngs normally occurs after 
every ralnfall and lrrlgatlon event, even In mld- 
winter. 

Cowvlne seedllngs have unusual, very strongly 
lobed, "V" shaped cotyledon leaves. The plant Is 
easily ldentlfled from the cotyledon shape at thls 
stage. Seedllngs grow rapldly after emergence 
during warm weather, and develop long, twining 
branches. Large plants may be 3 or 4 m In 
dlameter. Flowering can start early In plant 
growth, when plants have only 2 or 3 true 
leaves. Under hot condltlons, flowerlng can 
commence wlthln a week of seedling emergence. 
Flowers contlnue to be produced throughout 
the plant's life. Three or four seeds are 
produced In each seed capsule. O b S e ~ a t l ~ n ~  
on small and larger plants found 206 seeds on a 
m i n e  plant 0.2 m in dlameter, and 791 seeds 
on a plant 2.8 m In dlameter. Larger and older 
plants could produce many more seeds. 

Cowvine seeds have a strong dormancy 
mechanism and can remaln vlable In the sol1 for 
many years (Table l). 

Tdle I. Eme'geme of cowvine seedsgrmm ii, a glasshouse 
a1 15- 35OC. 

Emergence % 
-100 IW-300 300-600 o l - 9 O O l  
I...r A".." .,A.,* 

F r e s h . . :  : Q % . :  0% . ; . : . .W, .  1% 
58days 14% 3% 1% 5 %  

5% l w r  25% . 13%, 
3 years 

10% 
21% 16% 2% 
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Large numbers of cowvlne seeds may be 
present In the sol seedbank. Soil cores on a 
heavlly Infested fleld found between 1000 and 
2500 cowvlne seedslnf In the 0 -30 cm soil 
zone. Seeds occur predominantly in this soll 
zone (0 - 30 cm) In a cultlvated field, 
corresponding to the plow-zone, although some 
seeds may be found down to 1 metre (Table 2). 

Tnble 2 Dimbuffon ofcmwir~csecds in the soil. Samples 
were'takeiifroin the itill mrljmmv areas of an irrigated 
cononfield 

Few cowvlne seeds are able to emerge from 
more than 5 cm depth in the soll. Seeds deeper 
than 5 cm in the sol1 may emerge through soll 
cracks, or emerge after re-dlstrlbutlon In the soll 
profile followlng deep cultlvatlon or re-llstlng of a 
field. Thls means that only about 25% of the 
cowvlne seeds present in an infested fleld are 
potentially ableto germinate at any one the. In 
a fleld Infested with 1500 seedslnf for example, 
thls would equate to 375 seedlings/m2 able to 
emerge at any tlme. However, far fewer than 375 
seedllngs actually emerge due to the strong 
seed dormancy characterlstlc already discussed. 
Population dynamlcs and seed denslty from a 
typlcal Irrlgated cotton fleld are shown In Flgure 

Figure I. I'opt~latim +mnicr of cmwine inan immgofed 
cononfield Ilte rroppmgsequcim over the 3 seamin 
iikiicated IIk sorghmn mop was gmvn fo a l h  the me of 
alrazba herbiciilc to mmmge the cmvvincproblm. 
Culftvolion ewntsm indicated by a "C" wlth an arrow 

In thls fleld (Flgure l), the density of cowvlne 
seeds In the soll (0 - 30 cm zone), decreased by 
36% (or 12% per year), from 1447 to 930 seeds1 
nf over the three seasons. A total of 62 cowvlne 
seedllngs emerged during thls tlme. The 

remaining seeds were lost through predatlon by 
insects and mlcroblal breakdown. The hlghest 
level of emergence was 22 seedllngs/nf, In the 
cotton crop in mid-December, 2000. The cowvlne 
plants that established produced a total of 176 
new seedsIm2 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 controlled by shallow 
cultlvatlon (to 5 cm) and herblcldes In fallows, 
and herblcldes In cereal and sorghum crops, but 
can be difficult to control in broad-leaf crops 
such as cotton. 

The prlmary dmlculty with managing cowvlne, 
both lncrop and In-fallow, Is the tendency for 
small numbers of cowvlne seedllngs to emerge 
continuously, all year round, when sol1 molsture 
Is adequate, coupled wlth a sholt generatlon 
perlod and seed dormancy. Whlle a slngle 
generatlon of cowvlne seedlings can easlly be 
managed In most sltuatlons, most growers find it 
dlfflcult to manage new germlnatlons every few 
weeks throughout the summer. In the example of 
Flgure 1, the fleld was cultlvated 5 tlmes over 4 
months, between December 1999 and Aprll2000, 
yet cowvlne plants stlll established and 
produced 38 new seeds/nf durlng thls perlod. 
Cowvlne was a problem In all cropplng phases 
In thls fleld (cotton, wheat and sorghum), as well 
as in the fallow. 

Consequently, whlle cowvlne can be managed 
wlth shallow cultlvatlon or non-residual 
herblcldes alone, an Integrated approach, uslng 
cultlvatlon, n0kreSldLIal and resldual herblcldes 
in comblnatlon Is necessary for managlng thls 
weed. The use of more dlsrupthre, deep 
cultlvatlon Is problematic, as It wlll bury many of 
the cowvlne seeds already at the sol1 surface, 
but may also bring up large numbers of seeds 
that were previously too deeply burred to be of 
any Importance. 

The alm of all management programs must be to 
reduce the slze of the cowvlne seedbank by 
ensuring that cowvlne plants are always 
controlled before they produce viable seed. 

Herbicides for controlling cowvine 
A wide range of herblcldes and herblclde 
comblnatlons were assessed on cowvlne 
growing In a fallow situation In autumn 2000. 
Many of these herblcldes could not be used in 
cotton, but might be used In fallow or mtatlon 
crops. The herbicides were applled to emerged 
cowvlne plants. 
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The best post-emergence control was observed 
wlth Atrazine, Diuron, Gesagard, Slmazine, Basta 
and Oxytril (Table 3), and herbicide comblnatlons 
that included these herblcldes (Table 4). Of these 
herblcldes, only dluron and prometryn can be 
safely used in cotton. Atrazine and simazlne can 
be used with some rotation crops. 

Atrazlne was used in the sorghum crop shown 
In Flgure 1. The grower was very satisfled wlth 
the resulting control of cowvine, although some 
cowvlne seedlings stlll emerged, grew and set 
seed. Cotton growers should always be aware of 
the plant-back from these products to cotton. 
Atrazlne, in particular, has a very slow 
breakdown rate In dry soils, and can penlst for 
long perlods In dry condltlons. 

lbble 3. I ' m a g e  kill of cawvinspImtls thot emerged on the 
ba&r of oj9eIdfallowing min inMmh 2000. Cm~trdiuas 
os.u?ssed on May I ,  28 doys Mter grrayitrg. 

Atrazine 2 M a  
Atranne 4 Vha 

97- 
97 

Diumn f yha 
D~uron 2 Vha 

10- 
97 

Gesagard 1 yha 
Gesagard 2 Vha 

87 - 
87 

G w m  0.25 yh 
Grazon 0.5 Vha 

57- 
40 

G r a z o n 1 . 0 y h a ~  90- 
Sirname 1yha 50 
Sirnazine2yha 80h- 
Zol~ar l 5 kgma 30 
BastaO.5 Ulfa 
Basta 1.0 Lma 

63 - 
80 

Basfa2.O yhaj 
MSMA (800 QIL) 1 Vha 

93 - 
7 

MSMA (800 911) 2 t/ha 
i lrVmlfl51 

27- 
M 

TabIe 4. I'ercentoge hill 0fcmvvinepIm1,ls in o follow using 
herbicide nunbinationss lktoils m given in 1abIe 3. 

- . "" 
0Xyhlll.Ol 
Oxytnl2.0 L,,,. 
Roundup CT 2 Uha 
Roundup CT 4 Vha 

20- 
53 

Starane 0.25 yh L 201-F 
Starane 0.5 Vha 20 
Starane 1.0 Uha- 43 L-r 

7 
- 

Untreated - 
N& Cowwltw sredlnfgs cmergrd over the folI0~1'11g weeks 
mda rmrge Maps muisizer were prcsmt oi sprqyirrg mod 
plmftd ivcre benteen 2 l e w  rrnd 60 cm in dlamcte,: Mart 
plmlts w r e  ocftvcly growing but some were m a i m  stressed 
ol the rime of praying OII Apd 3. 

Basta 1 L + Dluron (800 g/L) 2 0; 
Diuron 2 L + MSMA 1 Vha 
Gesagard 1 L + Gramn 100 mVha 
Gesagard 2 L + MSMA 1 yha  
Basta 0.5 L + Gesagard 1 yha 
Roundup CT2 L + Diuron 2 yha  
Basta 1 L + Grazon 100 rnVha 
Roundup CT 2 L + Gesagard 2 M a  
Basta 1 L + Zollar l W a  
Zoliar 1 kg + Grazon 100 myha 

- 
Zollar 1 kg + Starane 0.25 yha  
Roundup CT 1 L + Grazon 100 mVha 

m 
Unbeated - 

A fanowfield kcovUy infaled &h cowvinc and bladder 
keimia The cOWIYIOWIYlnepi& were very small &low) buf had 
alnadj,pmYrrcdandsd scal 
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Residual herbicides for cowine 
control in cotton 
Whlle dlumn and prometryn are effective In 
controlling cowvlne postemergence, none of 
the residual herblcldes that can be used in 
rotton are effective In contmlllng cowvlne pre- 
emergence. Zollar gives the best suppresslon of 
cowvine In cotton, but the results were varlable 
and less than Ideal (Table 5). 

Toble 5. Corttml of canwine sedings withprr-planring, soil 
incorporated, rrsid~~alhrbichlps. Emergence qfcowvine 
seedlings ivas recordedduring the conon season (planting to 
nidJarmaty. 2002). Ihe  rrwlls mr mz averagefmm Wiols. d 
Moree andDiwmtbmU. 

UnmwJ 
Dual 2 Vha 
Geagard 2.5 Lma 
Gesagard 5 Vha 
Diuron 1.5 Vha 
Cotogard5Uha m 
Gotogard 2.5 Vha 
Cotoran 2.5 Uha 
Cotoran 5 IJP 
Diuron 3 Uh I 
Zollar l kglhi 
Zoliar4kglhar-. , -. f zdl14remam 

Results from a range of herbicide comblnatlons 
at the same trial sites gave the best cowvlne 
control wlth a comblnatlon of dluron and Zollar, 
or prometryn and Zollar (Table 6). These 
comblnatlons gave slmllar levels of cowvlne 
control, but wlth lmproved crop safety, 
compared to the results fmm the hlgh levels of 
dluron and Zollar alone. 

Toble 6. Conhd of cownine sdngswifhpe-planting soil 
incarpomte4 rrsid~~alhrbicide combinatians. Cowvine 
emergence wasrecom'ed~m cononplmzting to midJanuary 
2002, on MS, simaledai Moree aid Dinanbandi. 

Gesagard 2.5 Uha + Diuron 1.5 Uha 
Cotogard 2.5 Vha + Dual 2 Uha 
Gesagard2Ma + Diumn 1.5 Uha 
+ Zollar 1 kg/ha 
Cotward 2.5 Uha + Diuron 1.5 yha 
Diuron l .5 Uha + Dual 2 Vha 
WQr882,Wb *QuGUDa , 
Catoran 2.5 Uha + Dluron 1.5 I A a  
Gesagard 2.5 4ha + Dual 2 Vha 
Cotcgard 2.5 Uha + Zoliar 1 kgma 
Gesagard 2 Vha + Diumn 1.5 Vha + 
Cotogard 2 Uha + Cotogard 2.5 Ma 
M a n  2.5 Wa + Zollar 1 kgma 
Diuron 1.5 Uha + Zoliar 1 kgma 
Gesagard 2.5 4ha + ZoHar I'kgm 

Zollar at 2 kglha reduced cowvlne seedllng 
denslty by 74% In trlals In lrrlgated cotton at 
Moree and Dlrranbandl (Table 5), but this stlll lefi 
3 seedllngs/m2, more cowvlne plants than can be 
tolerated In cotton. Dluron and Cotoran gave the 
best results of the other herblcldes. Best results 
were observed early in the season, wlth poorer 
control on all treatments later in the season, as 
the effectlve herblclde levels In the flelds 
declined. 

Cowvlne control lmproved wlth all herblcldes as 
the herMclde rates Increased, but hlgh herblclde 
rates are not always safe In cotton. No herblclde 
damage to the cotton was 0bSe~ed at Moree, 
but slgnlficant damage occurred following rain 
early In the cotton season at Dlrranbandl. The 
worst damage was wlth the 2 and 4 kglha rates 
of Zollar and the 3 kg/ha rate of dluron. The 
cotton plant stand was reduced by these 
herbicide appllcatlons, especially In the tallditch 
end of the field, where water had backed up. 

Port-emergence control of cowine 
in cotton 
Dluron and prometryn are both eftectlve for 
contmlllng emerged cowvlne seedlings and 
small plants In cotton, but gave less than 100% 
control on some occasions, especially wlth 
larger plants (compare Tables 7 and 8, for 
example). Dluron and prometryn must be applled 
as shlelded or dlrected sprays In cotton, applied 
to avold contact wlth the crop follage. Most 
pmduct labels only allow dluron applicatlon In 
crop after the cotton Is 30 cm hlgh. Prometryn 
may be able to be applled after the crop reaches 
15 cm. Check the product labels for specific use 
dlrectlons. Always follow the label directions. 

lH2.41 
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Fluometuron did not adequately control cowvlne 
emerge,rco hetbicidev applied toplmils at 4 and I1 leaves when applled at 2.8 Uha, but was more effective 

at the hlgher rate (5.6 Ltha, Table 8). Staple was 
lneffectlve In controlllng cowvine, even when 
applled at the maximum rate. Glyphosate gave 

Cotoran (500 gll) 2.8 Uha 0 25 poor control at the lower rates, but good control 
Diuron (500 g/L) 1.8 Uha 95 94 when applied at the hlghest rate, even on larger 
Gwagard (500 QL) 2.2 Uha 40 100 plants (Table 8). 
Staple 120 g/ha 0 0 

M e  8 Colwine conlml with herbicides a p p l i e d p a s t - e ~ ~ c e  toplm~tswilh 2, 4. 6m1d 12 leaves, pwi~rginpols. 

Cotoran 1500 wL\ 2.8 2.8a 25 
Cotoran (500 ii/Lj 5.6 Uha 75 
Diuron (500 gll) 2 Uha 75 
Diuron 1500 aR) 4 Uha 75 
 waga aid (5010 pm 2 2 Uha 100 
Gesagard (500 1 l Uha 100 
Staole 30 alha 0 
Staple M) ~a o o o i 2  
Staple120g/ha 0 - 25 0 -0 
Roundup CT 1 Vha 0 50 12 
Roundup CT2 Uha 0 m 50 

'12 
12 7 

Roundup CT 4 Uha 100 87 87 
Untreated- I- o 

00 
O h  

Controlling cowvlne with 
non-residual herbicides 
Wlth the cornmerclal release of Roundup Readp 
cotton, many growers have found that Roundup 
Ready Herbicide can be effectlve for controlling 
cowvlne seedlings In young Roundup Ready 
cotton. Growers have generally found that 
Roundup at the maximum label rate Is effective 
on cowvine seedlings at the cotyledon stage and 
up to 2 or 3 true leaves, but Is lnefkctlve on 
older plants. 

Glyphosate can be equally effectlve for 
controlllng cowvlne seedllngs growing In 
conventlonal cotton, but glyphosate Is difficult to 
apply to small cowvlne plants In conventlonal 
cotton, without rlsking damage to the cotton 
plants from herblclde drift or off-target spray. 
Glyphosate can not be applled as a shielded or 
directed spray In conventlonal cotton before the 
crop reaches 20 cm in helght. (Check speclflc 
use directions on the product label). Crop safely 
is much better with shielded appllcatlons in 
conventlonal and Roundup Ready cotton later In 
the season, but cowvlne plants may be too large 
to be controlled by glyphosate by thls the. 

However, the wlndow for glyphosate appllcatlon 
to mwvlne seedllngs may be larger than has 
appeared to be the case. The 2 Uha appllcatlon 
of glyphosate (Table 8) gave no contml on 

seedllng ~wvlne,  but 87% control of larger 
plants (12-leaf stage). Glyphosate appllcatlons at 
2 Llha also gave good control of cowvlne plants 
at 10 leaves (Table 9) and 22 leaves (Table 10). 

Table 9. CwHlel ofcowvbw in apin lria~usn~gnmt~~~lliral 
he*bic&s. PIamwwe sprayaid2 and I 0  leawr. AI Un IO- 
leaj8Iage. the cenne 20 cm ojone set ojpols was cowred to 
s~mulate the effectofirsh~el&d~~w 

erbicide 
%Weed kill aller 6 w e n  

2 Leaves 10 Leaves 
lull lull centre 

Basta 2 i h a  100 100 17 . . .- 
Basta 4 Uha 100 100 37 
Bromoxynll2 Uha 100 75 0 
Bmmoxvnil4 Lma 100 100 0 
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Table 10. Ca,nol of cnwine in apol trial using ))o-rest&ol 
herbici&. I'lmtswere spn@aI 2, 9and22 leaves. Yhe 
cenfre 20 cm dare set ofm wm covered to simulate the 
effm ofashi#&dp~yat Ihe 22-IeMaioge. 

Roundup CT 1 !.ha 62 12 25 0 
Roundup CT 2 yha 50 87 87 12 
Basta l Liha 100 100 100 12 
Basta 2 Liha 100 100 100 25 
Bromomil l Uha 12 12 12 25 
Bromoxynil2 Uha 37 75 12 
u*ated 0 

The problem of poor control of cowvine wlth 
glyphosate sometlmes observed In the field 
probably relates to two factors; the growlng 
condltlons of the plants, and Incomplete spray 
coverage. Glyphosate Is most effectlve on 
actively growlng plants and never as effectlve on 
weeds that are stressed. The most llkely cause 
of stress to cowvine plants growlng In cotton Is 
rnolsture stress, as small cowvlne seedling 
commte for moisture wlth laraer, established 
cotton plants. Cowvlne plants-of-any slze wlll be 
dlfflcult to control with glyphosate In cotton In 
hot, dry condltlons, when the plants are not 
actlvely growlng. Small cowvine plants sprayed 
soon after an irrlgatlon or ralnfall event should 
be much more easily controlled wlth glyphosate. 

Incomplete spray coverage is more dlfflcult to 
avoid, as some cowvine plants emerge In the 
cotton row, where they are partially shlelded by 
the cotton plants, and are dlfflcult to spray when 
uslng a dlrected spray or a shlelded sprayer. 
Larger plants may also be difficult to control 
when some branches are twlned in the cotton 
row, and so avoid the spray. 

Although glyphosate does translocate in plants 
away from the polnt of spray contact, 
translocatlon of glyphosate In cowvlne plants 
appears to be qulte llmlted. The percentage klll 
of cowvlne plants was much lower on plants that 
were partially sprayed (Table 9and TO), 
compared to the kill of plants that were fully 
sprayed. 

Some growers have raised the possiblllty of 
uslng spray additlves or dlfferent glyphosate 
formulatlons to Improve the control of cowvine. 
Data from a glasshouse study showed few 
differences between glyphosate formulatlons, 
although there was an Improvement In cowvine 
control from addlng 0.2% of a non-lonlc 
surfactant (Turho Plus) to Roundup CT (Table 
11). Future work will test the effect of thls 
surfactant on the efflcacy of other glyphosate 
formulatlons. 

Roundup CT 2.2 Uha 
Roundup CT 2.2 Uha 
Rollnduo CT 2.2 LIa --r- - - -  - . . 
~ o i n d u ~  CT2.2 Uha 0.2% Pulse Penetrant 12 
Roundup CT 2.2 yha 1% Pulse Penetrant 12 1-1 
Roundup CT 2.2 Uha 2% Bwst 25 
Roundup CT 2.2 yha 
Roundup CT 2.2 Uha 
Roundup CT 2.2 Uha 

Credit 8 Bonus 1.9 
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$he overall control rate was qulte poor In this 
trlal. The reason for thls Is not understood, but 
Is typical of the varlablllty of results sometlmes 
0bse~ed In the field wlth glyphosate and some 
other herblcldes on thls weed. Nevertheless, the 
cowvlne plants were stmngly affected by the 
glyphosate appllcatlons. Most plants that were 
not kllled by the herblcldes had only 2 or 3 live 
leaves 6 weeks after spraylng. Unsprayed plants 
were much larger. 

ClyphoJore can benppliedthrough sp"y shieldrio the wen 
bmwen fhe cmon rmvs in conwntionrrland R o u h p  
Rmdy mnon vnriarpr Thespmy ahieldsprevenf the 
herbicide ~nfact ing the fdinge uf the aop. 

Similarly variable results were obsenred wHh 
dlumn, Cotoran and Gesagard (Tables 7 and 8). 
Growers should be prepared to use an altemathre 
contml strategy, such as cultlvatlon, to manage 
cowvine seedlings In case of an unsatisfactory 
spray result 

Basta and bmroxynll are iwo other non-residual 
herblcldes that could become availaMe for use 
wkh transgenic, herblclde tolerant cotton varieties, 
should varletles wlth these tolerances become 
commerdally avallable. Bastatolerantcotton 
varletles are currently belng developed, but wlll not 
be commwcially avallable for several years. Both 
these herblcldes are effective for contmlllng 
cowvlne, Basta at 1 L/ha and bmmoxynll at 4 L/ha 
OxytrlP could be used Instead of bmmoxynll on 
the bmmoxynll tolerant cdton and is effecthe on 
cowvlne at much lower rates mble 3). 

These two herblddes have the advantages that 
they are safe to use at any growth stage on the 
tolerant cotton varletles and that they are equally 
effectbe on seedllng and larger cowvine plants. 
They have the disadvantage that they are bdh 
relatively expenshe, and they do not transkate 
well, needlng full plant coverage to be fully 
effexbe. The control of cowvine plants partially 
sprayed wlth Basta and bromoxynll was much 
lower than the contml of fully sprayed plants 
(Tables 9 and 10). 

section I42 

Managing cowvine in 
the farming system 
Whllecowvlne can be wmolled by culthratlon and a 
~ofherbicldes,kisndeasytocontrollna 
fanning systemdueto: 

strong seed dormancy, 
long seed llfe in the seedbank, 
abillty to germinate rapldly after raln, 
all year round, 
rapid seedllng growth, 
a short generatlon period (flowerlng can 
commence when the plant has only 
2 or 3 true leaves), and 
atwinlng growth habit, making larger plants 
dlfflcult to control wlth inter-row cultlvatlon, 
and difficult to spray lncrop when complete 
plant coverage is required. 

Population dynanh ofatypiml field were p!ewnted 
In Figure 1. Resub from aseedbank klal are shcm In 
Fbures 2 and 3. These -wre deslaned to 

Cotton. 
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herbicide resme. Culliwiim events me Micafed by a "C" 
will1 an amnu. 



As wlth the earlier data of Flgure 1, there has 
been a downward trend in the seedbank 
populatlon of cowvine seeds In both treatments 
In the two seasons of the trial. Nevertheless, 
some wwine seedlings emerged In both 
systems, grew, and on several occasions set 
seed. Totals of 31 0 and 321 cowvlne seeds/m2 
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 resldual herblclde had declined, 
wlth most seeds produced In the dry condltlons 
of autumn 2002. 

The management of cowvlne In these systems 
should Improve over time, provlded the number 
of cowvine seeds In the seedbank wntlnues to 
decline. Failure to control the cowlne on just 
one occaslon 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 cowvlne 
ceases to be a problem in thls field. 

Cowvlne seeds can float and move In irrigation 
water. However, the number of seeds that do 
move in lrrlgatlon water Is qulte low, 
representlng only a small fractlon of the number 
of seeds present In an Infested field. 
Consequently, seed movement In lrrlgatlon water 
Is not an Issue, except as a source of lnfestatlon 
for previously clean fields. 
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FARM HYGIENE 

Introduction 
Weeds are a malor problem on most Australian cotton farms and considerable amounts of money are 
spent annually on the management of weeds that interfere within the cotton crop. Often, however, 
weeds growlng In fallow, along roads, channels and storages and the waste areas on farms are 
neglected, and these may have a significant Impact on productlon by lnfestlng cotton crops. These 
weeds can be spread Into flelds vla machlnery, water flow In channels and by a number of other 
means. It Is essential that a complete lntegrated weed management strategy account for the weeds 
associated with these areas. 

This sectlon contains information on a number of dlfferent 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 flnt artlcle explains that there are a number of steps In achieving good farm hygiene including the 
ldentlflcation and detection of weeds, cleaning down machinery and practlclng lntegrated weed 
management. 

Good farm hygiene extends to roads, channels and storages. The management of weeds In these 
areas is explained In the second artlcle. This artlcle 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 artlcle 
revlew the management of volunteer cotton with sections on the control of seedlings, established 
cotton and ratoon cotton. 

The last article In this sectlon flags the interactions that the common Insects and disease causlng 
organlsms have with weeds. The Interaction between weeds and Insects has been well documented 
in ENTOpak, an Australlan Cotton CRC pubiicatlon. The lnteractlon between weeds, pathogens and 
cotton dlseases Is covered In greater detall and a llst of weeds known to be hosts of cotton 
pathogens Is Included. 

-a guide forhtegrated management of weeds h cofton 





I ,  NAGING WEEDS ON ROADS 
CHANNms AND WPTE~ 

STORAGES 
Graham Charles, Anne Sullivan, 

lngrid Christianren and Grant Roberts 
(NSW Agriculture, QDPI, QDPI & CSIRO) 

The problem 
Weeds on roads and lrrlgatlon structures are a 
problem because they: 

can be hosts for Insects and diseases; 

are a source of weed seeds that contamlnate 
cotton flelds and add to the weed seed-bank; 

may restrlct the low of water, which In turn 
can reduce lrrlgatlon effectiveness, Increase 
waterlogglng, lead to blockages in lrrlgatlon 
channels, and can muse eroslon and fallure 
of banks; 
make access to channels and structures 
difficult and provlde a habltat for snakes and 
.other pests in areas where slphons are being 
set; 

can contamlnate modules; and 

act as harbours for feral plgs. 

Ownership and responslbllity for weed 
management may be dlfflcult to establish In 
some sltuatlons. Weeds may not be able to be 
managed on adjolnlng publlc land. 

-a gulde for htegratedmanagement of weeds In cotton 



Weed management options 
The options for managlng weeds on roads and 
irrlgatlon structures are: 

chemical control with herbicldes, 

mechanical control with cultivators, graders, 
excavators and chippers, and 

burning. 

A weed management plan should not rely solely 
on one weed management strategy, as heavy - 
reliance on a slngle strategy will inevitably see 
the emergence of weeds th& are able to tolerate 
that strategy. Cver reliance on a single herbicide 
may result in the selection of weeds that are 
resistant to that herblclde. For more information, 
refer to the Integrated Weed Management 
(IWM) Guidelines for Australlan Cotton 
Production and Managing Herblclde 
Resistance In Cotton In WEEDpak. 

Weeds are not generally a blg problem on roads, 
as weeds do not grow well on compacted areas 
and most weeds can be controlled with 
herbicides and mechanlcal removal. Weeds are 

far more difficult to manage on Irrigation 
structures, where water movement, and the 
physical size, shape and locatlon of the 
structures requlres management with speclallsed 
equipment. 

W d  manngement on &iningp#fwxlc andpublic land 
con be apmblem W d g m w i n g  on modaidcs (such P( this 
roadbefween fwo C o n o n p m p ~ )  c m  be a continual 
s m e  of inf&miom Pholo by Sundm Dmtscher 

Table I. Herbicides registered for contmlling week on nonqricuIh~ral mas A range ojcommeniiaform~~Catio,!s m q  be 
auailabk for each active b~gcdrnt. Refer to the prcduct l a b e l j o r ~ c i ~ ? ~  &rectionsregmdmgthe use of oprodirct. 

Herbicide acme CDncentnlion and 
inaredied formulation Application rate Commenls 

4.5-9 L / ha 
3.4-8.1 L h a  
3.3-8.1 L/ ha 

10-20 kg/ ha 

Qld and WA registration. 
NSW registration only. 
Conbols most weeds but not brown beetle arass 1Leotochloa 
fusca), redshank fJmmMus spp.), and ~bhnsoh orass. 
Checkthe label for details. 
Channels must be flushed afIer application. 

Controls mt weeds. Lowralas for annual gra 
High ralasfwperennials and broadlaaves. 
Mix only as directed on the label. 
Checklabd for details, 

If 25-50 mm rain has not fallen within 14 days, flush channel (1 
day) and drain off. 

Conbolsannual and perennlalgrasses. 
---.m - Controls cumbungl, phragmks, ~shes  and sedges. 
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Herbicide options 
A range of herbicides is registered for 
controlling weeds on non-agricultural areas, 
roads, drains, and irrigatlon structures, as 
shown in Table 1. Always refer to the product 
label for speciflc use directions. 

Weeds can be very difficult to control on 
Irrigation structures with herbicldes as: 

the herblcides may not be safe to use on 
cotton or other crops, and so must be applied 
in condltlons that preclude drift to crops, 

soil incorporated residuai herbicides are 
difficult to apply to irrigation structures, and 
may wash into cotton fleids, 

residual herbicides may need to be appiied at 
very high rates, which makes them very 
expensive to apply, 

herbicides may need to be appiied In the "off- 
season" when channels are empty. Channels 
may have to be flushed before use to dilute 
high rates of residual herbicides, 

structures may be large enough to make it 
difflcuit to apply herblcide to ail parts of the 
structure. Specially designed spray boom 
are often used for channels and irrigation 
structures. 

plants growing in water can not be treated 
with resldual herbicides, and 

the constantly changing water level in some 
channels makes It difflcuit to treat all weeds at 
the same time. Some supply channels may 
remain wet throughout the conon season, 
maklng them very dlfiicuit to manage with 
herbicides. 

in uslng herbicldes to manage weeds in 
channels, headditches and storages during the 
cotton season, it is essential to prevent the 
movement of herbicldes Into the crop, either as 
drlft or in water from lrrigatlon 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. 

Apurpos~builtspmym, ddgned forspraying irrigarion 
chanrula Phofo by Sandm Deukchcz 

Drift can be reduced by applying herbicides wlth 
low pressure and high water volume, through 
lowpressure nozzles, wlth alr assisted sprays 
and as shleided 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 suitable 
environmental conditions. Wlndy and dead-caim 
condltions are equally unsuitable for spraying 
and must be avoided. Don't be fooled that a 
gentle breeze in the tractor cabin equates to 
similar conditionsoutsideli 

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 optlon for 
roads, channels and storages where both 
grasses and broadleaf weeds are present. It is 
effective on most annual and perennlal weeds, 
but has the potentlai to cause considerable 
damage to conventlonai cotton plants if it is 
applied inapproprlateiy. Relatlveiy iigM rates are 
required to klil most grass weeds, while heavler 
rates are needed for many broad leaf and 
perennial weeds. Glyphosate is a slowacting 
herbicide. Complete death of weeds may occur 
up to two to three weeks after application. 

-a guide forlntegrated management of weeds in COttOn 



Glyphosate should not be applied to water or to 
weeds standing In water. Where glyphosate is 
applied to dry dralns, there may be a 
requlrement that water not be returned to these 
dralns for some perlod after herbiclde 
appllcatlon. 

Some formulations, such as Roundup* Bloactlve 
are reglstered for use on aquatic areas, for 
controlllng emerged weeds that may be standing 
In water. Always check the product label for 
speclflc dlrectlons on product use. 

Roundup Readp 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 glyphosate, and needs 
to be controlled using an alternatlve optlon, 
such as mechanical control or an alternative 
herbicide. 

Selective grass herblcldes may be very useful 
where grass weeds are the predomlnant weed 
problem along the edges of cotton fields. These 
herblcldes are most effective agalnst young, 
actlvely gmwlng grass weeds. They may be 
lneffectlve when applied to mature or stressed 
grass weeds. Several of these herblcldes are 
avallable, and are reglstered for use In cotton, 
so can be used without rlsk of damage to the 
cotton. Great care must be taken however, when 
uslng the grass herblcldes near sensitive 
rotation crops such as sorghum, millet, and 
winter cereals. 

Residual herbicides 
The resldual herblcldes pmvlde longer-term 
control of weeds, but are dmlcult to apply to 
lrrlgatlon structures during the cotton season. 
They must be applled to dry soll. Resldual 
herblcldes are normally applled to lrrlgatlon 
structures In autumn after the flnal lrrlgatlon on 
the cotton. Channels are flushed prior to the 
next lrrlgatlon to dllute any excesslve levels of 
herbicide that may remaln. Non-resldual 
herblcldes are generally used to control any 
weeds that emerge durlng the lrrigatlon period. 

For best results, the resldual herblcldes requlre 
elther mechanlcal or water lncorporatlon (rain or 

lrrlgatlon). Application and rnechanlcal 
lncorporatlon is easlly undertaken on roadways, 
but may be very dlflicult to achleve on lrrlgatlon 
structures, and partlcularly on steep banks. 
lncorporatlon wlth lrrlgatlon Is more easlly 
achieved, but may wash much of the herbicide 
away from the target slte. 

Channel. me regularly mhaped and &-siItsdu+lh 
ercavatora, gradas, andddvers 

Mechanical control 
Regular gradlng and upkeep of roadways and 
channels provldes an effective, nonchemlcal 
means of weeds control. Thls may be comblned 
wlth de-slltlng operatlons In channels when 
requlred. However, the silt may contaln large 
numbers of weed seeds that wlll need later 
control. 

Ghlpping of channels Is sometlmes done where 
large weeds such as sesbanla, bladder ketmla, 
the burn or Roundup Ready cotton need 
controlling In sensltlve or inaccessible areas, or 
areas where spraylng Is not an optlon due to 
wind condltlons. 

Burning 
In severe cases, where large weeds have grown 
out of control, burnlng has been used to remove 
the bulk of dead weed material. Burnlng may 
also kill many weed seeds, pests and diseases. 
Permlts may be requlred for burning, partlcularly 
durlng the summer months. 

- 
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section m 

Common weeds of roads and 
channels 
Any weed can be a problem on roads and 
lrrlgatlon structures, but some specles are more 
dlfflcult to manage than are others. Among the 
more troublesome weeds are: 

Cumbungl 

Awnless barnvard grass Echlnochloa colona 

Volunteer cotton conventional and 
Roundup Ready plants 

These weeds are generally problems because 
they: 

tolerate the herblcldes normally used to 
control weeds on these areas, or 

Brown beetle grass Is a major weed of 
lrrlgatlon channels and Is lncreaslngly becomlng 
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 gmwlng on channels are 
transported Into flelds In lrrlgatlon water and 
readlly grow and establish In cotton flelds. 

Brown beetle grass Is dlmcult to control on 
channels wnh some herblcldes. Pendlmethalln 
will control brown beetle grass, but Is dlmcult to 
Incorporate on lrrlgatlon structures. Brown 
beetle grass Is easily controlled In-crop wlth the 
residual grass herblcldes trifluralln, 
pendlmethalln, metolachlor, and Zollar. Brown 
beetle grass Is a problem In the furmws In fields 
where these products are applled In a band 
behlnd the planter, wlth no resldual grass 
herblclde applled to the furrow. 

Mechanical control Is an optlon both Inchannels 
and In-crop but thls can be tlme wnsumlng and 
expensive. Brown beetle grass Is very dlflicult to 
control lncrop after crop canopy closure. 

grow In water, and so are dlmcult to treat wlth 
elther contact or resldual herblcldes. 

-a guide for lntegratedrnanagernent of weeds in cotton 



Cumbungi and knotweed are not commonly 
problems In lnlgatlon channels, but are more 
often problems in irrigation storages. Isolated 
plants are of llttle Importance, but they are large 
plants, and can form dense mats that are almost 
Impenetrable. They can be hosts to pests 
lncludlng feral plgs. Once established, they are 
very dlfflcult to control wlth herblcldes. When 
these weeds become a problem, they may need 
to be removed wlth excavators. 

Nutgrass Is dlftlcult to control wlth elther 
herblcldes or mechanical control, regardless of 
Its location. It not as big a problem in channels 
as It Is In cotton, but can restrlct water flow and 
cause the build-up of sllt, and is able to spread 
wlth machinery and water movement. Nutgrass 
spreads primarily by tubers, whlch can float and 
be moved around in water. Any nutgrass patch 
can act as a source in Infestation to cotton 
fields. 

Cbmbungi is a Iaqepkmi that grmvs in Hvtta and !S Nulgra~slhm.esin wetcondiriom N u ~ i u b e r s  movein 
lolemnlof gIypkosafe and are a coMInnIsourcc ofinfesiotion to colton 

The burrs, Noogoora burr and Italian 
cockleburr, are perennial problems where ever 
thev occur. Thev can D ~ O ~ U C ~  seed whlle verv 
SIT&, but can decok  very large plants, 
produclng masses of seed. Their seed easlly 
catches In clothing and conon lint and can 
remain vlable In the soli for many years. 

The burrs are relathrely easily controlled wlth 
herbicides, but their abiilty to germlnate after 
every rainfall or Irrigation event makes them a 
major nuisance. Burrs growlng on Irrigation I 1 structures may be a major source of &d 
Infestation Into cotton fleids. 

- 
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Italian cockIebur growing on the side of o channeL These 
plants an! crmylrmylng a ~ u u r  of see4 much of which may end 
up in theJield N o t c a h  thepmenn of sesbania and 
bamyardgmsa on the channeIbank. 

Sesbanla Is another potentially large weed that 
produces masses of seed. These seeds move In 
lrrlgatlon water and can easlly move from 
lrrlgatlon channels lnto flelds. Sesbanla is 
relatively tolerant of glyphosate and difficult to 
control with resldual herblcldes on channels. 

section F3 

A h e q  i n f d o n  of sesbania in a head-&eh &dmnia 
wm W common onthbprapsrV, butseedhas been 
introduced through the iwigaiion waim. The weed will soon 
beeome c s f a b ~ e d  in the cotlon firld if U is not conboUcd 

Cowvine and bellvlne are diftlcult to control In 
conventlonal cotton. Plants growlng on 
channels and lrrlgatlon structures can be an 
Important source of weed seed golng lnto fields. 

This channel b a d  is c o d i n  rmwlrmwlnepIaNp n e s e  
p h i s  are a wuree of weed seedfor #he rotlonfidd 

Spread of seeds through irrigation 
water 
lrrlgatlon water can be an Important source of 
weed lnfestatlon lnto cotton flelds, and may 
include large numbers of weed seeds. When thls 
water Is being drawn from an external source, 
such as a rlver, the cotton grower has llttle 
control over the weed seed load In the water. 
Generally, however, the numbers of seeds 
introduced In lrrlgatlon water Is not large In 
comparlson wlth the numbers of seeds already 
present In the soll. A study on onefleld, heavlly 
infested wlth cowvlne, found that around 5500 
cowvlne seeds were Introduced lnto the fleld 
from irrigation water over a single summer. 
However, thls fleld already had approximately 
2000 seeds/nf, or 800 mllllon cowvlne seeds In 
the seedbank. The extra 5500 seeds per season 
are of lltne lmpoltance untll the seedbank In the 
fleld Is greatly reduced. 

A study by Davld Hawkey found large numbers 
of grass seeds In lrrlgatlon water enterlng flelds 
In the Macquarie Valley. Nevertheless, the 
Introductlons still amounted to only a small 
proportion of the total numbers of weed seeds 
already present in the flelds. 

lrrlgatlon water is most Important as a potential 
source of lnfestatlon of new weeds to a farm. In 
the example glven above, 5500 seeds per season 
of a new weed specles Introduced to afield, 
would be a major problem and would soon see 
the weed well established in that fleld. 

-a guide forintegtatedmanagement of weeds in cotton 



The problem of weed seed contamination In 
lrrlgatlon water is generally far worse when 
pumplng floodwater. Some weed seeds are 
regularly falllng lnto water from plants 
establlshed on rlverbanks etc., but most of these 
seeds move only a short distance. Durlng a 
flood, there Is the potentlal for weeds 
establlshed away from the rlvers to contrlbute 
large seed loads to the floodwater. Examples of 
thls, were the lntroductlon of velvetleaf to one 
property In the Gwydlr watercourse countly 
durlng the 1998 flood, and Downs nutgrass to a 
fleld on another pmpelty during the flood of 
Februaly 2001, when flood water Inundated a 
cotton fleld. 

There are a number of factors that influence the 
number and species of seeds that are found in 
Irrigation water. These factors Include: soil type; 
cropplng and weed control practices; dralnage 
water return lnto the channel; dlstance from the 
rlver or maln water source; the nature of the 
watershed; and the environment through whlch 
the lrrlgatlon channel passes. Weed 
management in and around channels Is llkely to 
Influence the numbers and species of seeds that 
are Introduced to flelds In lrrlgatlon water. 
Studles have found that the length of tlme that 
weed seeds remaln vlable in fresh water may 
range from a few months to flve or more years, 
depending on the specles concerned. 

Channels wlth poor weed control usually 
contrlbute the largest number of seeds to the 
lrrlgatlon water. As water moves through the 
channel system, the number of seeds In the 
water is llkely to Increase from plants growing 
along the channel banks, seeds blowlng lnto 
open channels, and by return flows from 
lrrlgated flelds. The greater the distance that 
water travels In channels, the longer the 
exposure to weedy banks. Imlgatlon Is capable 
of carlylng weed seeds over long distances and 
has the potentlal to Introduce new weed specles 
to a fleld and region. 

Only one viable seed Is needed to start a weed 
infestation In a fleld. For this reason, the control 
of weeds In and around channels and dralnage 
ways should recelve as much attention as the 
weeds that occur In the paddock. 

#r 
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section H1 ' MANAGING PROBLEM WEEDS 

Introduction 
Whlle all weeds that occur In cotton are problems that must be deakwith, some weeds are far more dHP.cuk 
to control than others. Nevertheless, most ofthese dMcuL to control weeds can be adequately managed in 
the cotton farming system by uslrg an lntegnaed weed management system, uslng herblddes, c u ~ t l o n  
and chlpplrg In conjunction with other management tools. These weeds are offen problems In newly 
developed cotlan blocks, but become less of a problem over tlme. However, there Is a gmup of problem 
weeds that are not controlled by normal farmlng pradlces. These weeds can spread and become 
progressively worse year after year, In splte of the cotton growers efforts. 

Specmc managementstrategles are requlred to manage these problem weeds. Management guides for 
cowvlne, nutgrass and polymerla follow. 

H2. Managing Cowvine In Conon 
Cowvlne is an annual weed that Is a pmblem both in crops and in fallows. R is not easy to control In a 
farmlng system due to a number of characteristics lncludlng: strong seed dormancy; long seed llfe In the 
seedbank; ablllty to germinate rapldly after rain, all year round; rapki seedllng gmwth; a short generation 
perlod; and a twinlng gmwth habk 

Post-emergence appllcatiolls of dluron and prometryn consistently ghre the best control of cowvlne of the 
herbicides normally used in cotton. Glyphosate oan be effedhre In controlling cowvlne seedllngs In 
conventional and Roundup Ready won .  Glyphosate ls most effedhre on actively growing cowvlne 
seedllngs. Good control of older, actlvely growing plants Is posslbie with glyphosabe. 

An effedhre cowvine management system will use all the avallable control optlolls (cultivation, chipplrgand 
herbicides) In wmMnaUon. Management dthis weedwill be an orrgolng process over many seasons. 

H3. Managing Nutgrass in Cotton 
Bght different nbtgrass speciesare commonly found In or around cotton fields. These speck are quke 
different In thelrability to spread from seed or rhizomes, and consequently require spedffc management 
strategies. PosMve ldentfflcatlon ofthe problem speck Is essential as the flrst step In management. 
Identlllcatlon materlal for these species Is ghren. 

A range of management tools is avallable to manage these weeds. These tools Include resldual and contact 
herblcldes, culhradion, and cmp competition There are also some management practioes thatcan 
exaceme a nutgrass pmblem and should be avolded whenever possible. Management of nutgrass needs a 
longterm approach, as these weeds will not be ellmlnated by any single management optlon A suocessful 
management pmgram will Include all the managementtwls, used in comblllatlon as opportunity arks. 

Glyptmate and ZollmB herblddes have given the most effecthe control over tlme. Glyphosate should Ideally 
be applled incrop twice each season. Attention to machinery hygiene can be pivotal In a suaxssful 

H4. Managing Polymeria (Take-all) in Cotton 
Polymerla Is a deep rooted, rhizomatous, perennial weed that spreads from seeds and rhizomes. It tolerates, 
and can be spread by normal cultivation practices. 

Polymerla can best be managed In cotton wlth repeated applications of glyphosate on actlvely growing 
polymerla, applled through well constn&ed shlelds, used under appmprlate condMons. Glyphosate should 
be spot-applied to the polymeria patches to improve crop safety. The addMon of Pulse Penetrant or a now 
Ionic su~factant may Improve spay efficacy. Gocd crop agronomy Is also impoftant, resuMng Is comp?Utlve, 
skong cotton. 

Polymerla growing in fallow can be conbolled with glyphoMte on actively growlng patches and with flumxypyr 
(eg. Starane) In aulumn. Grazon may be useful for controlling polymerla In fallows that are not going back to 
cotton. lmazapjr (eg. Arsenal) may be useful for wntrolllng polymerla on nompplng and waste areas. 

-a gulde for Integrated management of weeds in cotton 



An iniagmiedweedmanagemeni qpmach is lhesimpIc,f 
to e m r e  ihal all d m a n a $ e m n t  took remain 

avmtIdIe inio thefibrc. S o m  weeda (such us the nutpas 
in fiispholoJ lvillbc ~ r c r y  dim& to manage f thq  devekp 
m'slm~~eto hubicidg 

Re-cropping intewal &er cotton 
The mlnlmum recropping Intervals following 
herblclde applications In cotton are presented as 
a guide In Tables 6 and 7 to assist In plannlng 
crop rotations. 

ALWAYS READ THE PRODUCT LABEL. 

Plantlng a crop too soon after a prevlous crop In 
whlch residual herblcldes were used Is llkely to 
result In crop fallure, or crop damage, whlch 
may not be apparent In lnitlal crop 
establishment. 
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Introduction 
Pestlcldes have been used wldely in agriculture for many decades to manage weeds, insects and 
dlseases. Over thls tlme there has been an ever-Increaslng range of products available to deal with 
pests. Products range from those with very speclflc targeisltesand mlnlmal envlronmental Impact, to 
products that are broad-spectrum, and may remain actlve In the environment for weeks or months. 

Whlle there has been an ever lncreaslng range and number of products avallable to manage weeds, 
there Is also now an lncreaslng number of weeds that are reslstant to some of these products. These 
weeds were lnitlally controlled by the herbicides, but as a result of repeated exposure, reslstant 
lndlvlduals have been selected from the population and have come to domlnate the populatlon. 

No herblclde reslstant weeds are currently known to exlst In the Australlan conon Industry. It Is the 
alm of the cotton Industry to malntaln Its position as free of reslstant weeds, enabllng It to make use 
of the full spectrum of avallable herbicides. 

This reslstance-free status can best be maintained by using an integrated approach to weed 
management, ensuring that herblcldes, and especially herblcldes with the same mode of action, are 
never used as the only method of weed control. Steps to ensure the contlnuatlon of the reslstance- 
free status are covered In the following aiticle. 

C2. Managing Herbicide Resistance 
in Cotton 
When applled correctly, a herblclde effectively controls Its target weed. Repeated use of a herblclde 
has two effects. Flrstly, the herblclde selects for the more tolerant weed specles, resulting in a species 
shlft In favour of those tolerant specles. Secondly, the herblclde selects out the more herblclde 
reslstant lndlvlduals from wlthln a specles and the frequency of these lndlvlduals Increases withln the 
populatlon, leadlng to the development of herblclde reslstance. 

The development of specles shlft and herblcide reslstance can be managed uslng an integrated weed 
management strategy that wmblnes the use of all the weed management tools, lncludlng herblcldes 
from different herblclde groups, cultlvatlon, chlpplng and good crop agronomy. 

Bask lnformatlon Is glven on herblclde reslstance, herblclde groups, herblclde modes of actlon, weed 
rnonitorlng and the necessary response to a suspected case of herblclde resistance. 
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MANAGING HERBICIDE 
RESISTANCE IN COTTON 

Graham Charles 
(NSW Agriculture) 

Herbicide resistance 
Herblclde reslstance occurs when a plant is able 
to tolerate a rate of a herblclde Mat kills other 
plants of the same specles under the same 
condltlons (both spray wndltlons and plant 
growing condltlons). 

Herblclde reslstant lndlvlduals can occur at very 
low frequency In any natural plant populatlon. 
Although these lndlvlduals may be present 
before a herblclde is first used In a fleld, thelr 
frequency Is likely to remain low untll a selection 
pressure Is applled. Thls happens when a 
herblclde is applled. lndlvlduals that are more 
tolerant of the herblclde suwlve the herblclde 
appllcatlon and grow to set seed. Thls seed 
produces more lndlvlduals that tolerate the 
herblclde and set more seed, and so on. 
Eventually, the herblclde tolerant lndlvlduals 
represent a noticeable proportion of the weed 
populatlon, and herblclde reslstance occurs. 

Genetic variabiliiy 
Genetlcvarlablllly Is a characteristic of all 
populatlons. Even in a plant population (wlthln a 
plant specles), where all lndlvlduals may appear 
to be ldentlcal, there wlll be some genetlc 
varlabllity. Many of these genetlc dlfferences are 
of no obvious Importance. Leaf shape and leaf 
colour In sow thistle, for example, are qulte 
variable, but the dlfferences do not appear to 
confer any difference In fitness or wmpetltlve 
ablllty. 

Genetlc dlfferences that confer dlfferences In the 
plant's tolerance to herbicides can exist In any 
plant population. Sometlmes these dlfferences 
are large enough that some lndlvldual plants 
may be able to tolerate quite hlgh levels of 
herblclde wlthout any apparent effect. These 
lndlvlduals are said to be herblclde reslstant. 

The level of herblclde reslstance depends on the 
nature of the resistance and the genetlc 
dlfferences between reslstance and susceptible 
Indlvlduals. Herblclde reslstance could be as 
slmple as the pmductlon of a waxy leaf surface 
that prevents the herblclde enterlng the leaf. 
Alternatively, resistance could be Inferred by an 
lndlvldual over-producing a plant enzyme that 
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was blocked by the herbicide, or producing a 
completely 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 could 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 will 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 herblcide. 

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. 

When applied correctly, a herbicide effectively 
controls its target weed. Repeated use of a 
herbiclde has two effects. Firstly, the herbicide 
selects for the more tolerant weed species, 
resulting in a specfes shift in favour of those 
tolerant species. That is, the frequency of the 
species most susceptible to the herblcide 
declines, while there is a relative increase in the 
frequency of species that are more tolerant of 
the herbicide. Species shift is a common 
occurrence. Secondly, the herbicide selects out 
the more herbicide resistant individuals from 
within a species and the frequency of these 
mdividuals increases within the population, 
leading 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 herblcide efficacy, the 
frequency of herbfcide application and the 
generation Interval 

the level of tolerance to the herbicide, the 
frequency of herbicide resistant individuals 
wfthin the popuiation, and the nature of the 
weed's reproductive mechanism, 

dilution of the popuiation from the seed bank 
and external sources, and 

use of other weed management tools that 
reduce the population of tolerant and resistant 
individuals. 

Cotton 
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Herbicide groups 
Every herblcide comes with detalled product 
informatlon attached to the chemlcai container. 
Addltlonal lnformation may be Included In an 
attached product booklet. This informatlon 
Includes detalls on the use of the product, the 
range of weeds controlled, application 
condltlons, safety, and herblclde reslstance (for 
the more recently reglstered products). 

Included on the product label Is information on 
the herblclde group to whlch the product 
belongs. Thls lnformation Is displayed 
promlnently on the front of the product label. 

The herblclde group Information Is essentlal for 
developing aweed management strategy whlch 
avolds selecting out herblclde resistant weeds. 
The herblclde groups are indlcated by a lettering 
system, as shown in mble 1. 

Whlle all herbicldes have the potential to cause a 
specles shlft in the weed population, they do not 
all have the same rlsk of developlng a reslstant 
weed populatlon. Wlthln the herblclde groups, 
there are three broad categorles. 

herblcldes with hlgh rlsk (groups A and B). 

herblcldes wlth moderate risk (groups C to 
H). 

herbicldes with low rlsk (groups I to N). 

The herblclde groups are based on the modes 
of action of the various herblcldes, that is, the 
specMlc ways the herblcldes work wlthln a plant. 
There are many different modes of herblcidai 
actlon and a single herblclde may act on more 
than one plant process. 

The herblclde rlsk categorles have been 
developed from an understanding of the modes 
of action of these herbicide groups, and have 
been proven in practice. 

The high rlsk herblcldes (Groups A and B) 
target speclflc processes In the plant cell. Plants 
that are resistant to these herblcldes occur 
relatively commonly in some weed populatlons. 
Herblclde resistant populatlons of weeds such 
as ryegrass and black oats, for example, have 
been selected out after as few as two or three 
herblclde applications In extreme cases. Thls 
means that the herblclde completely falls to 
control the weeds by the thlrd or fourth 
appllcatlon, because by this time the weed 
population is completely dominated by 
lndivlduals that are resistant to the herblclde. 

section C2 

Tuble I. lhe herbicide groups of the herbieirles canman& 
used C the conon fanning system. Ikmples ofprulucrs 
confoining these active ingredients me  show,^ A complete l l s~ 
o f p d ~ c t s  IS givot m the Herbicide d fmnurlnbion lists in 

Herbicide Active ingredienl Example 

chlorshron Glean 
halosulfuron-methyl Sempta 
ImaZaPYr Arsenal 
metsulfuron-methyl ~ l t y  
pyrithlobac sodium Staple 

awne , , 
diuron 
fluomebron 
m e t r y n  
pendimelhalin 

%a 
Stomp 

Muralin 

MCM 
metolachlor 
MSMA Daconat 
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The postemergence grass herblcldes and 
Staple63 are also in thls category. Reslstance to 
these products Is llkely 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 speclflc In thelr mode 
of action, targetlng more general plant 
processes. lndlvldual plants wlth resistance to 
these herblcldes may still occur, but they are 
less likely. Someof these herblcldes, such as 
trlfluralln, have been used repeatedly over many 
years without any apparent reslstance problems 
occurring. Nevertheless, reslstance can occur. 

Weeds are unlikely to develop resistance to the 
herblcldes In the low rlsk category (Groups I to 
N), as these herblcldes have very general modes 
of actlon, or multiple modes of action. 



Nevertheless, over-reliance on these herbicides 
can still lead to resistance. For many years, it 
was believed that resistance to giyphosate 
(Group M) could not occur, yet there are now 
examples of three weeds that have developed 
resistance to glyphosate. Resistance to 
giyphosate has deveioped in a number of 
different annual ryegrass popuiations in 
Austraiia. Resistance has developed in ryegrass 
popuiations 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 alternate 
management system is needed, as the herbicide 
is no longer of any use for controlling the target 
weed. Loss of a broad-spectrum herbicide such 
as glyphosate would have a major negative 
impact on the cotton farming system. 

Further information on weeds that have 
developed resistance to herbicides in Austraiia is 
covered in the document integrated Weed 
Management Systems for Australian 
Cotton Production in WEEDpak. 

Similar herbicides often have similar modes of 
action. For example, the post-emergence grass 
herbicides (Group A) are all herbicides that act 
through inhibiting acetyi-coA carboxylase, an 
enzyme that is involved in fatty-acid synthesis in 
plant cells. This inhibition leads to membrane 
disruption in the piant cells and causes plant 
death. 

Consequently, although six chemically distinct 
herbicides are listed in Group A in Table 1 ,  they 
all act on the same plant pathway. in practice, a 
weed that deveiops 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, trifiuralin and 
pendimethalin are both group D herbicides, 
which inhibit tubuiin formation, effectively 
inhibiting plant growth, while metoiachior is a 
group K herbicide, with multiple modes of 
action, inhibiting growth and root elongation. If 
a weed repeatedly exposed to trifiuralin 
deveioped resistance to this herbicide, it may 
have cross-resistance to pendimethaiin, but is 
extremely unlikely to have resistance to 
metoiachior. 
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Rotating herbicide groups 
Where herblcides wlth slmllarweed spectrums 
have dlfferent modes of actlon, opportunity 
exlsts to rotate herblcldes, reducing the risk of 
selecting weeds resistant to any one herblcldal 
mode of action. Thls strategy Is difficult to 
implement In cotton, as many of the herblcides 
that could be readily substltuted are from the 
same herblcide groups. 

For example, as discussed earlier, although the 
postemergence grass herblcides Correct@, 
Falcon@, FuslladeQ Select@, Settin@ and 
Verdict@ are chemlcaliy different, they are all 
group A herblcides wlth slmllar modes of actlon. 
A weed that develops reslstance to one of these 
herbicides may be cross-reslstant to all of them, 
even though the weed had not been exposed to 
the other herblcides. 

Slmllariy, the residual, broad-leaf herblcldes 
most commonly used with cotton production 
(diuron, prometryn and fluometuron) are all 
group C herblcldes, with slmllar modes of 
actlon. 

However, the preemergent grass herblcldes 
belong to groups D (trlfluralln and 
pendlmethalln), K (metolachlor) and F (Zollar8). 
Use of these herblcldes In rotation allows an 
opportunity to expose weeds to totally dlfferent 
herbicide groups, greatly reducing the rlsk of 
developlng herblclde resistance. 

Overall, the most effective approach to reduce 
the rlsk of the development of herblclde 
reslstance and specles shift to herblcide tolerant 
Individuals, is to ensure that herblcldes are used 
correctly, and to use an lntegrated approach to 
weed management, using as wide a range of 
herbicide groups as practlcai, and a variety of 
weed management twls. Detailed 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 maklng 
repeated use of the hlgh rlsk group A and B 
herblcldes. 

Weed monitoring 
The underlying principle of integrated weed 
management Is to continually monltor the 
presence of weeds and the success or 
othewise of the weed management tools used. 
Where a weed Is not successfully controlled by 
one tool (herblclde, cullvatlon, chlpping etc.), 
an alternate tool should then be used to manage 
the weed. Thls approach of scoutlng and 
rotating weed management tools as necessary, 
will not only result in an effective weed 
management system, but will also prevent the 
development of herblcide reslstance. 

Cotton growers should always check fields after 
every herblcide appllcatlon to ensure that the 
target weeds have been satlsfactorlly controlled. 
Where control has not been satisfactory, an 
alternate management tool should be used. A 
weed control fallure may not be due to herblclde 
reslstance, but could be caused by a varlety of 
other factors such as: 

poor appllcatlon. Nozzles may have been 
poorly posltloned, or too llttle herblclde hlt the 
target etc. 

an Inappropriate (too low) herblclde rate. 
Larger weeds generally requlre higher 
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herblclde rat&. Mature weeds may be 
lmposslble to control with a glven herblclde. 

unsultable conditions. Weeds may be 
moisture, heat or cold stressed, or condltlons 
may have been too hot for spraying, humldlty 
t w  low etc. 

incorrect weed identlflcation. Slmllar, closely 
related weeds may have very dlfferent 
susceptibility tosome herblcldes. 

Where weeds that should have been controlled 
by a herblclde have survived the appllcatlon, 
growers should immediately act to ensure that 
the survlvlng weeds do not set seed. Assistance 
from an agronomist or chemlcal company 
representatlve should then be sought to 
determine whether the survival of the weeds is 
due to herbiclde resistance. 



Suspected herbicide resistance 
Most apparent cases of herbicide reslstance are 
due to other factors. Incorrect identlflcation of 
the weed Is a common uroblem. Similar looklna 
weeds often occur In nhed populatlons with02 
belng lndlvldually ldentlfled. A good example of 
thls occurs with yellow vlne and caltrop. Broad- 
spectrum herblcldes such as trlfluralln and 
glyphosate are equally effective In controlllng 
both weeds, but specific herblcldes such as 
Staple@ may only be effective in controlllng one 
species (Staple@ only controls yellow vlne). An 
apparent spray failure wlth Staple@ on yellow 
vine can be caused by Staple@ effectively 
controlllng the yellow vlne, but leaving a large 
population of caltrop. An alternative control 
method Is needed for the caltrop. 

Another general guide to herbicide reslstance Is 
that the problem Is most likely to show up In a 
small area of a field, corresponding to the 
location of the Individual plant that Initially had 
reslstance. A reslstance problem would be 
extremely unlikely to flrst appear on afleld-wide 
basis, unless the problem had been spread by 
land-levelling In the prevlous season. A fleld- 
wide pmblem would be a very good lndlcatlon of 
an application problem or herbicide rate 
problem. 

If the weed has been correctly ldentlfled, and no 
other problems are apparent, then the simplest 
method of checklng for reslstance Is to reapply 
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 agmnomlst from 
NSW Agriculture or Queensland Department of 
Prlmary lndustrles lmmedlately If the weeds are 
still not controlled by the recommended rate. 

Managing herbicide resistance 
Weeds are relatlvely lmmoblle and will only move 
large distances If transported by water, anlrnals, 
mule.  or machlnelv. Ex~erlencefrom other . . .  
cropping systems h& shown that reslstance 
can often be conflned to a single paddock, or 
even to an area within a paddock. 

Where reslstance Is Identified before C has 
become widely spread, and appropriate 
measures are taken, resistance can be relatlvely 
easlly managed and may eventually be 
eliminated from an area. The keys to managlng 
reslstance are: 

early ldentlflcatlon, before the problem 
becomes widespread, 

treatment, preventing the weeds seedlng, and 

Isolation, to prevent the weed spreading to 
new areas. 



Introduction 
The introduction of Roundup Readp 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 intmduction include: 

reduced dependence on residual herbicldes; 

improved controi of some of the more dWtlcuit-twontroi weeds; 

greater fiexlbility in weed management programs; reduced chipping and cultkatlon expenses and, 

the potentlal to improve establishment and vigour of young cotton seedlings by reducing the pre- 
emergence useof residual herbicldes. 

While Roundup Readp cotton has many benefits, this technology has only been recently introduced 
and currently has some ilmltatlons. As a consequence, two articles have been prepared to enable 
growers and agronomists to obtain the best results from the varieties of Roundup Readp that they 
plant. 

The first article Managing Roundup Reaw Cotton provides general guidelines on using this 
technology as well as providing information on herbiclde resistance and species shift. The article also 
includes an economic cornparison to illustrate the costs of weed management using this technology 
in comparison to conventional farming systems. The second artlcie Research Results w/th Roundup 
Readp Cotton provides additional information on the performance of the Roundup Readp 
technology and some of the experiences researchers have had in trials using Roundup ReadyO cotton 
varieties. 

E2. Managing Roundup Reaw cotton 
Roundup Ready cotton offers a number of beneflts to the Australian cotton lndustry however there 
are a few iimitations when using thls technoiogy and for optimum results Roundup Ready5 cotton 
needs to be managed withln these iimitations. Roundup Readye 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 ReadyO 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 Readp herbiclde can be very effective in controlling - 
weeds in m n ,  however there is always potential for spray drlft 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 appli&lons 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 shHt and herbicide resistance an integrated Weed 
Management (IWM) approach to weed control rnust be adopted. 

E3. Research results with Roundup Readyb 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 bask The addition of Roundup Readp 
cotton to a crop management plan should allow growers to modify their systems and reduce their 
dependence on residual herbicides. Any changes to the weed management system, however, should 
be made gradually, based on personal experience. 

Results from 5 seasons of back-to-back Roundup Ready9 Cotton are examined. Yields and the level of 
weed controi from a range of Roundup ReadyQ systems are compared to the results from more 
traditional weed management systems that rely on residual herbicldes. 

The results highlight the potential beneflts from using the Roundup Readys technology, but also 
show some of the possible traps wlth relying too heavily on this technology. Timing of the over-the- 
top Roundup appli&tion was &pecialiy crltld. 

- 
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The four steps for weed 
management 
A successful weed management program is built 
In four steps. These are: 

positive identlflcatlon of the weed 

assessment of the extent of the problem 
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targeted treatment of the weed, Integrating 
all available management tools, and 

evaluation of the farming system, making 
modifications as required to ensure success. 



The nutgrass (Cyperus) family 
Posltlve ldentlficatlon Is the flrst step In 
managlng any problem weed, as diiferent 
management technlques may be needed to 
contml dlfferent weeds, even though the weeds 
may beclosely related. 

Nutgrass belongs to the genus Cypefus, of whlch 
38 species are reported to occur in the cotton 
growlng areas of Australla. Of these, 19 s p l e s  
are native to Australla and the remaining 19 
specles have been Introduced.* Three of these 
specles are commonly found In or around cotton 
fields (Table l), whlle another five s p l e s  
occasionally occur around cotton flelds (Table 2). 

Table l. Nurgrass species commonly f m d  in amiamund 
c o ~ ~ l d s  

C. b f a  C. B. Clam downs nutgrare 
C. mtundus L. nutgrass 
C. VictwTensisC. B. Clarks yelka 

Table L Nutgrm species 0~cafionaIly fmrdmnrd conon 
$et&. 

Tall Sadge 
Trimsedge 
Dirtv Dbia 

C. eragrmtis Lam. ~m6rellasedg 
C. fria L. Rke flatsedge 

Thls attlcle prlmarlly focuses on the control and 
management of nutgrass (C. rotundus) as by far 
the most dlfflcult to control of these weeds. 
Management lnformatlon for the other specles Is 
discussed throughout the artlcle. 

Nutgrass (C. rofundus) (see p. H3.4) 
Nutgrass, called purple nutsedge in the USA, Is 
an Introduced, strongly competltlve perennial 
weed that grows from underground tubers. It Is 
an internatlonal weed and Is a major problem In 
a range of crops, and esplal ly lrrlgated 
farmlng systems. 

Nutgrass favours llghter sol1 and wetter 
condltlons, but grows well on both dryland and 
Irrlgated soils throughout the cotton Industry. 

It may be relatively short, at 10 - 15 cm, but can 
grow up to 60 cm hlgh In lrrlgated 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 wlth age. 
Nutgrass grows In very dense patches, wlth llttle 
space between shoots. Densltles of up to 14000 
tubers and 2200 shoots/n? have been recorded 
In lrrlgated Australian cotton. R can reduce 
cotton ylelds by up to 90% at these densltles. 

Nutgrass can be posltlvely ldentlfled from the 
purple colouratlon on the outer leaves at the 
base of the plant stem, around the basal bulb. 
Thls colouration Is seen by strlpplng back one 
or two leaves from the base of the nutgrass 
shoot. Purple colouratlon perslsts through 
several layers of outer leaves, whlle the lnner 
leaves are llgM green and then whlte. 

Nutgrass produces large numbers of seeds, but 
the seed has very low vlablllty (only 1 or 2%) 
and the seedlings are weak and easlly controlled 
by herblcldes such as trlfluralln and 
pendlmethalln. Nutgrass plants rarely establish 
from seed; reproduction Is almost always by 
vegetative propagation through new tubers. 

A slngle nutgrass plant can produce up to 2000 
new tubers In a slngle season. The first tubers 
are inltlated about four weeks after the nutgrass 
shoots flrst 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 wlnter when condltlons are 
sufficiently cool. Plants re-establish In spring 
from dormant tubers. Nutgrass tubers may 
remaln dormant In the sol1 for several years, but 
requlre molsture to survlve. Tubers are easlly 
kllled by deslccatlon In adry soll. 

Downs nugrass (C. bifax) (see p. 
H3.5) 
Downs nutgmss Is a nathre Australlan species and 
Is abundant In much ofthe flood srrrceptlble, 
watercourse country. 

R Is slmllar to nutgrass, but Is generally taller at 60 
- 80 cm, its leaves and stems are a llghter g m  In 
colour, and its seed head Is larger (up to 20 cm 
across) and llghter In colour, startkg otf brown or 
orange and fadlng wlth age. Its stem are 
tdangular over thelr full lengm, but unllke 
nutgrass, the outer leaves at the base ofthe stem 
are llght green, and the Inner leaves whke. 

Downs nutgrass produces a large quanttty of 
viable seeds. vplcally, R also produces 5 to 20 

1 Lazarldes M. Cowley K. and Hohnen P. (1997). CSlRO handbook of Australian weeds, CSlRO 
Publishing, Colllngwood, Vlc. 
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.&W tubers per plant each season, and establishes 
from both seed and tubers. Most tubers are found 
In the top 10 cm of the soil and are easlly killed by 
deslccatlon. New downs nutgrass infestations can 
occur from seeds carrled In floodwater and fodder. 

Downs nutgrass grows at much lower density 
than nutgrass and Is much less competitive, 
atthough downs nutgrass may be more obvlous In 
cotton due to Its greater helght. 

Yelka (C. victoriensis) (see p. H3.6) 
Yelka Is name Australlan species that occurs In the 
watercourse country and Is common on 
madsldes. 

It has erect, dark green stems l00 - 120 cm tall wlth 
few leaves. The stems are clrcular at the base, but 
become more trlangular towards the top. Yelka 
may have a small, purple flower head, wlth a few 
short leaves below the flower, but often the flower 
head Is absent It grows at low densles, produces 
few seeds and tubers, and Is not very compettttve. 
Most tubers are found In the top 10 cm of the soil 
and are easlly ldlled by deslccatlon in a dry soil. 

Tall sedge (C. alterniflocus) (see p. 
H 3 4  
Tall sedge is a perennial native Australlan 
species that occurs sporadically In wet areas 
such as rlver and creek banks, lagoons and 
lrrlgatlon dltches. 

Mature plants are around 1 m tall and can form 
large, dense tussocks. The stems are almost 
circular at the base but become trlangular 
throughout most of thelr length. 

Tall sedge produces rhlzomes and masses of 
seed. but does not SDread ra~ldlv. It can be a 

large quantities of vlable seed. It has no 
underground tubers. It tends to be relatlvely 
short, up to 50 cm, and Is a paler, yellowy 
colour. The stems of dirty Dora are strongly 
triangular throughout thelr length. 

Small numbers of small plants may occur 
throughout cotton flelds without belng 
noticeable. Dirty Dora plants have germinated 
from sol1 samples taken from flelds where the 
plant has never been observed to occur. 

Umbrella sedge (C. eragrosnls) (see 
p. H3.10) 
Umbrella sedge is an Introduced specles that 
Invades wet areas and can be a problem in water 
storages and lrrlgatlon channels. 

Umbrella sedge grows from seed and Is readily 
spread by seed. Even small plants can produce 
large quantities of vlable seed. It has no 
underground tubers. Plants are generally 
around 30 - 50 cm tall, although they can grow 
to 1 m. The stems are almost clrcular at the base 
but become triangular throughout most of their 
length. 

Once established, umbrellasedge plants can 
grow to form a large tussock. 

Rice flatsedge (C. IrIa) (see p. 
H3.11) 
Rlce flatsedge Is a natlve annual sedge that 
occurs In wet areas such as table dralns and 
lrrlgatlon channels. It grows to 60 to 80 cm In 
helght and produces large quantlles of seed. Its 
stems are strongly trlangular throughout their 
length. 

. . 

nuisance In lrrlgatlo" channeis ahd water . . . 
storages. * L . . 

~ . .  . 

Trim sedge (C. concinnus) (see p. 
H3.81 
Rlm sedge Is a natlve Australian specles that 
occurs sporadlcally on wet areas and table 
dralns. 

It grows to around 50 - 60 cm hlgh and 
produces both seed and rhlzomes. Its stems are 
trlangular throughout their length. 

Di Dora (C. difformis) (see p. ? H3. ) 
Dlrty 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 
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