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B8tll Anl1l,lul iOQnt¢tc,J)C¢;'orJh~ 
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~Vclth)~tuJl~N¢\y;;Z~albm:l~ 

l~hrn~tyS""'liO 1994. 

l~J)ep(!tJl1lfml.t)l~~Ig;ri'r:ulnll\f!~ . irJii~S(t!:tlt >I~ltlSfrall4 
lft/l1tvers1t,)1()!J:ttt!'S!tern; At'fttaliti 

{:C~m.trel().p ;[~egum(ls .iJl.~tt'ttitmf't:(lUCatf i1~~t7l(';ultt(re 

Herbicide tcslstnn.tryesruss (l.<>lium tigidtau) Is, htl'\1ingn dJ~Ullade Imp~l¢JOilthc 
continuous G()pplng.s·ystelllS ofAustmlia;lcsuhi.n.g in 's:erj'luSi¢c.011om:ic loss.os. 
n~~gra.ss 'husc>fhihited cross ·.fcsi.sltUlCC) tie i.t has dtenbUity H)t.lc'Vclop resistance In 
:onClllc,irbi~id!;t group tina th~mto,exhibit resistancetx); n:trbleidcs\vhi¢b dirter 
ebcmicall;}!:and \vllic:h 'havedltferent.modos n.f nation}", .aqdben,ceuscofthe ttlajar 
.bu.rbleid\'}gt'tlQp.qn.stllc :prcd()mil1~Ult' ,nl¢ans.ofw':~cd;contr61 1.S l:leingwlcd' ,cut. hl 
this p~pe.t 'We discuss the devulopmcnl of HR~ its cost (Ula :inlpU.cU[jOllS i(U''i'tlrm 
;m~ulu8er.ll¢ut. Incrcttsing tlollt:hetUiealcontrol delays rc.~is(\tnec" hut duos nOt 
pre\~¢lltoomplcJe·tesj$;tnn(!cdevelopmcl1t. 1'be :introducticm of pt~st.ur¢ into tbe 
rotation to dC'J~lY thcdcvQlopmcnt ofrcsist.auce rcsuUs in lut;geincome InSSQSm13U 
soil t}~JiJes.'Vherc 'fUtillerswlsb to uUlintttln a~()l1tinuousqropp.ing syst~m!we.C'd 
control stratcgic$ that included a rangcof'Colltf(llm'eJhods such ·asbUrtling, 
c.,'<;l(Ulill.g.andeadysQ\\fing give the optiullllurctum. 

In trod.u.c:tioll 

()vet the last decade sub~u~nlialinefcasesitl ct'(lP yields hnvo t~eell nmde possible by 
the use of herbiekfes .:u:; the main tnetbodof\veedcont:roL i\VMtc the level,)! 
hetbieide use bas increased~ depOJldctlc,con .tiUage tUld g,t{~Z:lllg !orweedeout.r:ol 
have decHnedus farmers ntweehosun dir~cl driHinl,ii tll1dcontinuous cropping ~.lS l.he 
mostpf()f'ittlbte fnntling {)ptions. Jil.owc.vc.f, lb~ tepe~lted uscnf herhicides lm .. ~ 
resulted in several \\feed. speciesgcve,ioping resIstance ttl the mnjor ChClllicul groups 
cO.rrentJyvs4d lor their eontrot~ lending to subslnntiallosses to far.mers. 

In Austr~dla; hcrbiejd\1 tesistnncc {H'R) is cKllreadya hi;ggerproblem ,{hun in Ul1)'other 
country .Of the plont SpCCj~~ :thot 118.'ve dc\teJopod hetbicidercsistanee,that of 
Annll.zl ryc.grass (1(Jllulnr.ig/dum) is ofmOSl significance itl Australia" where the 
rclianeeollcnen'liea.twccdCt1Utrollneontinu.ous .cropping .rolutiotls (usuully 
wbt~nl!l.lJP.1ns} has lead to rapiddcve:lopmelltof d'tis problem. 



AUJ)unl:rY;¢8;t:t.SS bas .tl:wfoc ;distdbut:i.oJjm}ti;bas.dAm\lJ1Sfrnt~d.·.~ remarknblc.~,paeilY 
l()tt~.pld dQivclDpm(mt~fJ~Hg. ·blnumy·c(~JSC$~ ;th¢eyuluti,O.l'byr~~.gtass otrcsisnm¢o 
to :Qn(:he:rb.i¢f(le Jlnsinltl)Qdjut~l}t!;ludowe~.tr~~lstaQc~ ·;to <at. her :betbi~ides~This 
dc~rc1.()pment .(:)f !ctOSS l~sistanCO(l) dirretent'lietbieidQ:gtoups;wilbdif:ft~t(;,ntnlmtcs()f 
n¢H~)tl JJ1(VtlnsJha't Ihe()ptiO{tSrorc~,tltrol(lft1eirasS ·wi.tbhcrhieidesar~t.hnitt:d,and 
an int~.grnte;d.,;,rcud:·mttmlgCltl~.l)t stnttegy of ponttL)l iSl)¢cdcd.. Thu.sHRsecms 
destfnJ!d,.to :rdd.i~UyttatlSfQr:rnlh~ma.nagenlent :ptncticc"sof'&raillgt'()\"rers, 
cs:p~ql~il(y lnsouHlctnAustrulia. 

'fhe iflititd rcspausQ.o'fmanyfurlllcrS.{O lJ1Cttasiltt,g;!problclnS(lf :FtR is to·chn.llg(;}tbe 
mtcot fteqtJC:::lleynfchel1dentpppUeuti()nnud.revett:tt)·eulHvado.nas~tmenus of 
weed ;t'J;)ntrol~ 'VhUeculti'wltiOtl is· the illost 'Qbvious ult'tfllalht.Q.~itc:an .lm.vo: long:
te.tl1detrimctllaJ ;cffccts on soU slrocturct nndn~ay notcollttnlthept'()bJem; 
nde(lu~ltcly ot¢qQn.omicaU}'. 

An. al1¢tnatJ:vc nlc~ns: 'of controils the intto:quction.ofpnstu!llt phu.ses intothc.l'otutlt)ll 
so tbat resistant wee.dS¢(lUba .cQut.roiIcd by' Sptll)t toppitl,g (spraying wub gylphosn.tc, 
'towhicbthcreiscuttcntljl .flO HR. prior "tosced SC1) ()r gr~lzing. 1~het'r()fitabiUtyor 
tlrisuIternativ.t; :i.s dcpendautou the pdceso:fwhc;a.t and wool plus the rnt:cofpusture 
grmvth and hence tbis,opUOlllS not nhNHYs suitable. 

ranners :who wlsbto remain in acontinuou.s croppulg systcmnl1tSl consider other 
I'Jl.etbodsof \\'ced seed cQntroi. J7hosc may includebu.rning. s.cedcalching.or 
eycloningrot prc:ycnting see:d sct :by cutting the crt)!, for hay -or w-ecn mam1ring. 
inellls10fl nf tiny oftJ1cseoptious in the ·system 'Winfn~~Gh~e a dost'~ and<mc.mcthod 
atolle .mn¥ not provide titeoptirnal snhltiOll. 

ntis papcrctxanliuC$ the~CGrt()nlic impl.ieatirms of adopting the, nbtWcDlcthods for 
~O(llrol ;(jf the topidlygrowing problcU)of HR t .and (,!onside.rs the optimal 
tl1anagemcnt responses prior to and after the development of resistunce. 

In this pU.perl r.esults are presented frnmll number ofmodeJs. Apart frmn the result.s 
from tbcMIDAS model (Kingwell unci PanneH, 1987),cnc:h of thc:modcls hlctudos 
the following clements. 

Crop yield (Y) is represented using. the following gc:ncral fonn. 

(I) Y=Yoll-D(\V)J 

\Vhcrc Y ois yield with no weeds prcsC'lltand D .is thedamagciunctiou rcprese.nting 
the proportion of yield lost at weed density'''. Wincludcs both herbicide rcslsttmt 
and herbicide susceptible weeds (W ~and \V sJespeC!ivcly). \V sis {l functfonof\Voot 
pre-treatment density of sllsccptible weeds, K(H).theproponinn of we ods kiHcd.a.t 
herbicide rate Ii, and N, the proportion of weeds kiUcdby nnn'"'l"chcmical nlC'llllS. 
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11u.~kinrUll¢lh:nlS' K and NUlust:be:bou.u4cdb;Yttlto ,()Jld ,OiH.}. jR·esisltl'il(W~cds, ,nrQ; 
111l~{.rfecte(l.byh~rbicJdct ,solboirdctlslty d~pct\d$ ou "~'but not· K. 

11l<!l'e ;tu'C; ,Hnks .rroul·(}n~ scn.S.(lJ) to. thll ucxtv:in ,s.ccd: :poolshl thc:~mtl. ~rhf!:retlre 
sepurot~pools ',rt)rstlsecptiblc~nd :reslstnnt \\~teds. Seecfp(od(,)¢tionc()f :c:athtY.J'1I! 
d~p~nti~,ou· the total· weed:d~llsit~. In lhe;fllllow,fngseasoll, lh~dellfi'ily'or '\\feed 
s~cdUn,gs dcp~nds 'on thenumlli,l!:l.'(lr seeds .,and tbo· :h,t\~c.l;s; :m! ImttJ,ml :tllotlnllty ,or 
crc rll o vat of seeds. 

,(4) 

wbc:re,P:& lsbe.tbklde UI1it costt A is hc:rb'ieide ;UPllU¢{uloue()S'l~UldFJcprc:s(!llts aosts 
:frolll, ,ullot.ber inputswhicburcass~um:dtQbefiX'e(L A¢,onsists of costs of InbolJt 
undmaehiuofY use ~N:hieb tl,xe :in<:urrcdonlyU herhieide is ~tpptied bO'.t \vhlellnte 
hn:!.Q:pe,udento.fthe appUc;;~donJ:ntelj. fl 

'111C im,plieaU()osofbn:r()dueing ptL~turc ,into the cropping !o{ati(i)11 sons lodc:J'uy the; 
d.cveltlptllent or HIt :have bcenexamlncd for tht: :Easlcrnwbctl,tbc,lt ()f\V .. A. The use 
ora 'bioceouomie lllodal~{lJ)AS{Ki.llg:v,.tell tlndPnmleU l(87)idcndfittd thcttlost 
prnfit'al)fe eroprotaUotlonsoillype 'S2 ($undplain) a.secrcal t lupin (CL.), while· (Hl 

soH 'types 5,3 (o.ra\~ell' duple~) o,lld S4(t>uplcx, i{:\\lUS eeL, All~ nltetation [rnm 
this l"oUltionto inchu:le pasture will tbcreforeeonlc, nt :aeost rrnble l}. 

'Illest! losses are basc:doIl~wcmsc rclurnsper he¢tarc ove!' the l.enttthofthe rot:ution. 
anddono{· directly .anO\\~ for lhe ll'llpaet of the rotatilm()ll herbicide resistnnce. 

1,~.able 1~·Tbc·c()st·(JrlJl(;11udJllg:pasture iolher()(;ltion ·($1110,:) 
nV·bf,Hll price' $17'OIt '\HJol 3S(}clkg) 

PJ)J~CLCL 

PPCLC 
I)LC 

tH 
11 

type 
S3 
11 

.8 

S4 
18 
14 



theaboy~;r:~$ult$ihdionte;Jhutlhc. ~ntt(jd.~ctJ()n ·n.f.;~p;l~tutc:phtlSQ(tn{(}\·~Ptl(jni,mtjs 
~tPpph)tj;tQt~~tfofi~'\~a~l;bevcrlt~ostl)t'bcq~ p$Q:9rpQOt;p4$t.ur~gr()\\'{n ahp;::thc, .!flGcd 
:for:b(lUd:lCtttwc(:d.e;ontroti'n: ·.thc:ecte41:pb~1,$t.() ~ \Ut~t()t'atl(m ~'~lpl(f~rO (jt~bUit~;!s 
'nJs,O\~CfY tiepcnd?u(on snnt,~~p~~mg::prOqnC:t;iptl~¢.* ·(;Il\~(;;.vt .. hQ ilo~VJltOfi t;\Inu~~lm~:hJ 
the' ~Mt¢mw.hcatb.~ltr¢~Io.Jl·th~,sc;idccrcascsllliprof:lt~rcsub$t~lnHult~nd:ith¢roJorc: 
p~stU(q i$()til~~ Jlk¢tYl~bQ II vltlbl~$trt~tcgyf()rdcluylng ;(csj'stauo¢OIl son :~¥pes 
\\thiQb~h()~,,~shnUnrprontsi ~ror ,pusture .ttu(.i:.CJOps. 

'Low'·pastUJQ·Q'qXlslty :Artcrcr()ppitlgjs·npfim~~r)t·eontdbuJot to tl}c'feluti)¢.c.l)f.low 
(ptofitabjUty()f;pastQrc~.ec:r~~l""14pjJl n1tatlons •. 'l11Cttt carcynFiousmcans b~rwhidJJ; 
p~stute9toduQtl()Jlm~;>t b¢in)pto~~f!d; Ineh1tUtlg>:phmtbrq~djllg't..gtaziflg tnaU(1~Cltnctlt 
a~ldrc~·s~edr(~~~:l:JOW¢M~r,~·\rcu Upastur~prodtH!ti()~{nlbc :ubo\1r,:tablc ctu.rldbc 
itlOr'~~s¢d Iby .20%:6ubstnnlial ilUSS~$ $till,()ccuf:(Tnble2)~ 011Jy ·em-.50ft. ·t;ypcS~;,\~ns· a 
break, :¢:~rp,lt.situntioIl ,a~pr:o~ehcd.U{he: :J.~) ng:pnSIUJQ rotutlt)JlSOllS3.uHo'W ;gO~lt1 
t(%Srstnntw~cdeQn(tllt (hcuth~.¢os\;<)frta :ro.()k.s 10wl bulan S2 aml S4 the .cOSt, Is 
·stinjh~gh~ fftc;.resu:ffs dlffering heea.usoof difrctt;aUsoil: type.s. r~~o(simiJat tcas Q11$" 

the Imp;:1.(;t(lf:iueludln~lpastute in the rottit1Qll will vary betwcenJc~lon.s. 

Tubl¢.l,,1?hQ~:os~ Qr:lncludhlg:.P~stlltcil1.tb.er()laHon (SlIm) ,jtpa.slutcYl~Jd 
.in¢J·c~s~dby'20% Jh nUe.months 

Pl'POLCL 
PPC:LC 
PLC 

SoHtypc 
82. 
16 
16 
17 

5 
:3 

IS 

S4 
1.1 
12 
23 

Ilfar:m(J(!s m(rlmain ·(Xl/ttinu(Jllscrop r()(tlti(Jn,,\~ how tong wilt it be before projitabUUy 
C:Ol/{lpSCS? 

:.8.ccauseof :the losscsiuvolvcdin introd.ucioS pasture inte) the rotation to dc1ayHR, 
famlcffi.a.-rC lik.:cty to avoid taking this step until continuous cropping is less 
profiw:b.l0 than a system rh;lt includes pasture. The adY~ntAgeof pa.~turc ill a HR 
system 'is ,that :hnUowsthc u.sc ofnnfm~llsalld spray topp.fug for we.cd (~(mtrv} . 
Table 3.shows.rcsu.lts from a slnluluti.()nmodcl~ivlllg the number of years of crop 
wbich can begrowll. bt:fotc, the density of weeds reachc$' a Jcvclatwhich crnpis lCS!l 

profitable than pnsture (Abaoi.ctaL 1993). 



'W:lijJ¢' ,:J~:' .... ~.~¢, !n.l~.n~ b.~r'.~l~y;~~.t;~.;~)f1' .. ~rPJtf;b¢.r(;t¢··tj~S~.ArC"b~~Q~l ~$i;n.i01Q.te 
).~tQfit;ltUe~hlJld. 'lf5.C;.;indlC·,C.;'$"tg~QWb¢~('bQlt;oi!'\Y·¢Sl~rpAJls(,~:\thh 

'% .~Yeccl~I\llJedb}~ 
lJ.p.ll·¢h~llli~I.:eplltl()l 

:i'lr¢iit;l¢id~.dt)Sn&e 
(ktt uQtivqi,in~tcdi~il.tlha:) 

O~l,$S . ().2S'(t 
3 '1 
4 9 

9 
:16 

·\tllc:effc¢th~e:n~ss ()ru()lleh~mjcal··col1tt()l ,'is:tlle nullll detc.tl11iUUIUof yoo,rsof 
cropplllgbef(}.t:er¢si.stm~t~I('),c:d ,densIty rcnches a ·ctlti cullcv.¢ 1. At the lowest 
.hcrbl¢iocdosagc .and zerQ to2S% .eC[eetiveuc·ssofl1on .¢'llcutiettLconLto] the 
poputati01l0fUOl) .... resistnnt. weeds very q\.tieklj' builcls up to suehhlgh dCliSiUos tb~t 
c.r()ppin,g. is less El.t'().rnuble Urnnpast:urc. 

For each result tn Table 3" tbesimulatlon model calculntcsdcnsitlcsof susc~ptihlc 
~md.re$rSrallt \vceds; crop yleldsand profils.()VCr lim.e. Tnble4: sbowsnetprescllt 
values forcacboombillUtlOu()f chemical (lnd Iloll ..... chcrnlcal CtllltfOl. 

Table 4. Ne,t,presel1tY~lIlcQf ;~gricl,tlwt~J,{)t()ductJofl,(A$JbaQver .3(lye.ats~tt 
5 % real dlscouutrate) in. ,theeasiern Mlhcn.tbeli()r lVestcfn Austr:~df.n .. 

%\Vcedskilled hy 
nonchemicaiconttol 

o 
25 
50 
75 

Herbicide dosnge 
(kg 1Jctiveingredicnt/ha) 

();t88 0.281 0.:171 
496 
540 
703 
10.58 

660 
685 
178 
975 

6S6 ,,(,(} 
726 
88{i 

Non cheOli~ilconlrolwhiehkms as few us 25tfoofthcwceds nlitkcs it p!()fitahle 10 
reduce the herbicide dose by 25%~\.vhnc. if non chcmlCalc()ntrolc~m be 75% 
effective atcontroHing'wccds,it would be proHtable:t() cut herbicide dosage by! 50%. 
A lower weed density foUowing non chcmiealenl1trol mC~U1S that the yielcl1.oss 
prevented by applying .bcrbicidcis lower 'SOth1lt the highcstrah!ofherhic,iollis n(lt 
Wufrantcd(PannelJ 1990). The;f'cducllon in herbIcide rntcis uottllC: m.ain .Ctius.Quf 
the delay in the development of 11R. H is the Jnctcllsednon ChClllla-tl c()rH(olwbieb 



,h~~ .. ·.U~e·· .• d¢.h.}t.iUg .. ;.cffeet~ .. \Vcldt~··lbc~~ ~CSOI,~s.Ill~I~,t~··.(luU: ;j·n·.l~lc..$jlOti;it.QmliCQnfiJIU()U,$ 
~n)p.Jiitl&usin~ ut'llml>inGdon oJ:,chend~11santf mm ·Clltuli~~l~Ofl(,tQJ; ;isvro:f1.t~jbJQ$ 
t't!t utT'!.\) If)·.tbu. £anllcf'gt~dutJ.:lll\de):l.in~~ 

O.ordd'ardQt~t.· CU.llllt,lbnSh¢dj'JJS~& ,ad'~.mrmltqRtln.lls;nlOll.nmp¢l,to',d~t~nnl~lQ; 
optblud;eh~mle~ll. dt1sas~a,ndlevelsnfn{)u ... cb~mfc~lw¢:~d~')Jltt(il~ ~rh~y Jdeu:( ify 
unee()m,')~jtb.~··'balam.Hl 'btrl\Yc.cU eUll:elllcl)tllro:torJlctbl~ld~,tc:si$nj:ut we·.oQstUld:fhhJ)'e 
d~y~t('\P.m·(l:t}t(lf :reslstauee. 

11i.~uru l'$b()wsdle~lmq, ,ptrtboflJorbio!de use u»d~tSc,ellndf)S 'w:flb ,n:udwltb04{: 
teslstnuc¢:Qno,wltb;lnd w1tbo~t.'tllt}U~Q~)f{ltbef;tUQ.tleh.etniiZal C{ltltt()f: (),pdOJ1S~{N()u 
.ellenl,i~d~Qulrollulh.j${tJ~~mpl~ ~JSSJ.tnleS({ SO~wecd .. kilJ}~ 

fRigtlr¢l,~t)tilJl~lh¢;f,b i'crdqa,os~ g~s.()'~~rU t~.Q'r(U7~cs.ist~ln rand, ,Jlou'rcsistntll 
we(!n,~Qntr.()l, wi(b~.ml,'\ith()ut:ooll·cbolili{mJ·tQll(r()L.< 

Year 



"\KI1~r~ .• hc~1},i~id{}· •• n~sistun~e.·l~.:pr4~c.ot •. ·tll.P.',d(j.sag~'rQns.~\~aY:."t(!.~idlY •. 'iJrJh~itA$(:.~t~~~ts 
ne~ropph1.8 :~s,th~ lc \tcl,ofT .r¢.S'iS(i;\i10C.'iJ.1Ct.c,uses. ~DbGr~ ~ln~'sev~talt¢~$QJlstQr{h~ 
fall dlX/dosag(~" 

1}\Vc.edSflt~';ti,f~f?ctopatc 11ot,~mtlt'lb~stf~1~sttlgcof,,:~l{1wthWh~lrspr~yit.lg 
Q.~c.ij,rS*SOllerbIc:td~d~)S¢iOOll,dctcnnjn~ thcJrtltc. :ot :weedsurv\'\'a1:" .• 'N1nrc.ln~J~.tc 
wer;ds/n~quirc 'alugherdu.$c d\(ltJ,(snltdlorW~c,fls,,~p,lb~JaJ~l\t tbcdtiS~t)f,b~tbl¢id¢ 
UPl)Uecl :thetrcutq~t,be.1Qmhcrof:wc!ZdsldUcd. uow.c\tctJ 'OnCq;Ul~:~rop. ~slnfesicd 
wltht~st$t:nnt wec-tls;th~ yiel.dof JllQcrop,dccl ines,tlnd 'if 'Jl()longtlrpays W apply 
llt,ghct lHttbl(Zidedoscsasanyfr¢sultJ.tlgyJ~ld'im.1rctls~wln :Jlotcnveflhls thlcreased 
C{}st:" 

~) lowerd()sc;.ltw~lsluettnthc >sJJfvlvnlof;'susc(tptible ljta n(s~th'ich 'ctlJllh¢ne(lmp~te, 
w,ithtes:mtantplnJltsjlhusdelnYlllg tCJsIst:~mo,o de:\telopm:ent~but this iisUk,~lyto be 
smulL 

'illeSt· Jesults indlcate tll~tC'veu "'lith nOll"'cllefnlc!tIlweedcontrolnleJbods s».eh. as 
culHvnlit111;- if hc:tbieides arc used, .. hercbiclde rcsistan.cewilleMellhJuJly dcvclop~ 

l[tw.uuls{J(tc(}lUe rara/tv resisttlf1t1 catttJ ·c01ftinuous cr()pphigrotatim, be 
nl(lillraitutd? 

Oiycu lhatculHvatlou and ;p~lstUtcs providconlY~lpattialsolutl()ll.tothjs llfoblclU; 
other method$of weed control Tllust he c()nsider~d. \Ve have used a, n1ulti"""pcrlnd 
simulation nlodc.ltoconsid~r the impnctufu; J2umhinatiOJl ora vatlely()fwe~d 
CQuttollncthQdsoJ}wncalnml lupin yields III a ·\vheatf\\;fhe.al, lupin r()t~titm In the 
central \\~heatbcltof \Vestern Austrnlin(Slewnrl'f 1993) .. 

\Vced .cohtrol methods in the m~)del are: 

dclayedsowingJ 
e~ldy tickle (iee~l.rly s.haUo\veuHivatiml), 
cutting for bay~ green manuri.ng. 
total butlling, 
secclcatehing \vitb the seed beillgeitber burnt or rcnloved; and 
cSfcl()nlngwlth the windrow only being hU.m.l,nr v,tith .a total hurn 

111C weed cOlltrol.cificac)f OfCllChof fhec.ontrollllcthocls was determineu frnm weed 
dCUlshles data collccted frmn field trials. A'oumber of sttflfeg;ics involving;. 
cOUlhinatlon ()Ethc cnutrol Uleasurcs we.re defined. 

7 



Ofthq.·22'¢tmrra.tstrijt¢tl~~ lin\tC$tl~a(¢d~ ;a:sttat(l&Ylhufi~t¢St:(~tc(fsj*"di'(fct~ilf:'llt)tJ~ 
ehetili4alYlUcdG(mlrotl~(lbniq.u.~sp.to~Jdi!d;UtC;:hjgh~'lt N~(!¥of .A:$11~ lhaOvP,t20 
Y~f$rf,aht¢ .5) .. 

W:iv]e"S.N'et ;Ptesent ·yqhJ~~· .p~\tb(}:S:,b:~s~~lt;\t~gi¢$;~l.f~d;Q~'\~";n(iO'()I? tit)j~at 
~$.tf~J~gi.~SJO~'~CJ~d;cQ'~Jrot:io::.a,\cputfpUQtls"~rQJ~l>iog:sy$t~ntJp.lh(! .. ~e.ntr;11'Whe~t· 
b~U'()f; \VcstcrnA.Jjstr~lUa~ 

l~l~c~ ,$lrate&y 
~(;).~ 

·.1 13 

2- 18 

:3 l' ."" 

4 17 

5 8 

. ..,... " 

N:P'V.($tha) 

'{,t3lYO'Ut zCOO,.tbelll year iIt 41f 711' 
Total bUtl) whc1l1upitlS and \vt ,cut ftlrh~~l 
'Wl del.ay~d sowing~c;ady ti~klets~~dc~ltehjn~ totdlJiotn 
ViZ d.eluy~dso\Vin~i Si!ede~Hebing, Wbldtow bu.rtu 
f;,.upitlscYCi.Oll¢\\vilb t()tal burnt .c:arl)'. dekle~ 

As stmt¢gy 13 but hayevcry 5th 'lent 703 

As strategy 13t but early dcklein '\V2 679 

Hayc'vcry 5ill year \012 
i()tal buroo! ,\V1 9udLupin stubblcs 
\\'1 and, W.2secd calching:t\"~hldt:llW burntt delayed sowing: 
and tickle 
J..upins, c:,yelnnc; total burn 

\Vlscedcal:chin~€h totalbumt deluyed sowingandctld.y tickle 6S6 
\V2 sc.ed cDtching, windrow burnt only. delayed sowingtearly 
tickle 
I4,lpins cyclone with a total bum; eady tickle 

22 Grcen manure year 2and16.Hay every 4th yenr from )'car:2 441 
'\Vl sc:edeatcbing"total bum~ eudy tickle 

5 

\V2seedcatchlng~ windrowburutonly, dcltilycdsowing 
l.upinscyclone. tmal burn 

Luplns~cyclOllCt scedcoUccH()Jlf 
\Vh(ZaJ total butnaU yeats 

WI:;: first vlhcM crop grown ill rotation after a lupin c.r,op 
\\12 ~ scccmd wheat .cropgrownin rotation ufter .a lupin crop 

279 

\VhiICistratcgy 13 gave the greatest net proCit over 20 years, both weed survivaJ and 
anriUaI 11ct return wcrchjghly variable. For this rcnsonstratcgy8 with a slightly 



l.Q\Y,ct .NJ?Vthu::but lcssvaduhlq;nmlUll.rcturJ1;J))t\Yl)c ,Pt~J¢tt¢ll:by risk ,~lVCtSc 
fatmc,rs',. ' 

;$(t~t~gics'5 ,~n~l2,Z;,C~ub!c $)""~rq~x,amplcSQrWc9d~?nlt()1'fJl¢UW4.~,,wl(blQ~~ 
r~tun}S,t . Stt~le~Y~21nvolvcsa'lar¥~in¢oJlJ~Jossj~1)r~U'J~'~tJl¢rc,,~n~CJ1/m';tJ1Urln& 
pra,cHegs nte Jmplcrnentca, '\~dtnqSfr:atc~r ~iHu$ttn(~$:lth~I()$sc~i n~~rrctIW110lr'()1l1Y 
n;fc;w controltcGhlllqu<!.sf()tWccdcotltmt,p(CutlUScth .. This isulsocvJdcnt inlh~ 
(actthur·I'<Ct\dylfcklcn Or jtdpl~y:~d;s')wlUg/'PptJ()IlSJ.(bothu~Ju.~,t\~Jni,v;1ti(lIl:fQtr!,\,,~cd 
contt()l)~ '\Vhichar~fil,O$t ,CQJl11n.()nlyidenUFicq'~sth~ S~jbHi{)ns. 'fOJh~'llWblcJuOr;I)U~~ 
didll()(~PJlthcltoWuttank !in,thcf,l\rCbcst$trutc~rcsmi dct~rnlilH:d:l)?r'lb{s61mlgl~ 
~rhusjJhcScteSliltSJligblight·thcf:pc(that'lhcf;cllnJl~c·on·USlJlglc cor)ttnl·~gCJ1(;'.n)r 
wc¢dJl)t;~.J)~g¢;Jl) cnJis' llolapptQprin t C~ 

ItnpfP\tjrlg Jhcerfi¢leJl~ynf.:mY'1£ th~C()iltrolm.l;lh()dsm'lyrc.su.ltlu.a dlffctellt 
?pHmnl$Ollulon •. O\c!Cf :fhc. :20 years~str~llcJ}icswhicllJladJ(jwcrnVcrtlg~·\Ve¢d 
.SXlfVivn.l :bnd lQwetc.YmJJ'~Hive weed dCJlsiticS~tOd c()nscqpt;nUyhighcrcum,u lotive 
1¢tums~ 

a~euusc<ta.infaUalldgrtti.nyiclds :nrcgctlcrnllyhtghcf lllthc,ccJltr.nlUltlltill the 
¢as(~rn "Whc~~l bett,a ditcetCtl.lllpariSot)' o.rthccoslsof'inc1.4dlns, pasture in the 
rotatioh \vlththccostof.eonllnuous·ctOpping usingtht abovcw~~(l control slrnlegi!;s 
is notpossiblc in lhis ',£loper. 

Conlinuouscr()ppht%systcmsa(eunder{hrGa~ because nf.rbeincreashlgproblom,of 
UR. Serious, aconorni¢losscsarc fao-cdby fanners as the ploblcminen!'~lSQSJ ,and 
~HernoJivc wccdcoutrol lllcthocls must be considcted. 

'IJlQ inclusion ora.pastur~ phtlSC futile ',rotatioll todcloy the dcvclopm.ent or 111\ 
nlJQwsfQr~J ppdodofuon C'hct:nJcalGonlrolthowcvQI' the cC()tlomic losses tlssociMed 
withthismctbod ~anh¢bigh.ano urc. dcpcndtlnt ou soli typcundco.mmodlty prices. 

Famlcrs whowishtofcllloinAnacontinuous cffJpplngsystenlJllUst therefore udopt 
strategies for wcodeontrol tbat include a wide range of weed c()nJroJrnefh()ds, 1m 
One method ;Jlone provides the()pthnumsoluHon~ Reg.~udJ~ssof the method 
pdoptcdJ there wiUbca reduction In incom.e to qovcr tbccostofthtiSlP"(,\tcgy 
'ldopJ¢d. liowever thecorrcsPQrtding reduction in the reliance em ¢hcmict'.lts.mny 
help to cnlu:tncc our j~clcinnl) funning image. 

'fhe deveJopmCllt of: a MfDASmociel which U1l0\\15 the optirnisatiou of nllHH 
conlrolmcthods mentioned iJlthis puper forms purt oCthe continuing work t)n this 
problem in \Vcstcrn AusttnBa. 



Ab:tdiAK, J~anllcU.t>J{tUld dorddtlrdt~J(J,99S1~13c~110HJiq lntegratJot)orchcmlcal 
~nd nOJ1,,,,phCllllctd ,wc.9d,~onlroluJJ(lcr Jlcrbicidc rcsJsta.nq~.ill ~OnUlllJQUS 
pr()pplng~ . PtocelUU,tgS :lOthAuSfr(~Ii(11r;atJfl14fbAsJtJn~pi:~nfJ1c we,ad 
ctm!et(Jut;a. llrfslml1f!) AUStr41r{l~ p4f~O~iI84. . 

Oo)'dd:Wl l~Ji llcrtzlcr CH~and Pannell. OJ (unpubHshcd). Au()ptiJmdcontro[ model 
for iIltcgrnled weed nl~ma8~menL 

KlngweH ItS' tlJld;P;,tllncH DJfl~1.87J,MJ()t\S. u.bioccOJJOlllicrnodel ora drylund 
fanll systctll.\VtlgcIHngcm Pudo¢:. . 

~vt~rx'woH 'I3D"Roush MI.ruud Rnd()sevl~bSH{lg9n). Prcdictlugthcr:;volutlon'ijJld 
dynamics ()f hcrhichJerc,sistanec, illwecdpoptJlntiolls~ Jl'eed 1edmokJg)' 4.) 
2.-13. 
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241. 
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