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33rd. AnnualConferemceof th~ 
At1$trallanAgrlcult.ural Economics Society 

LIncoln College, New Zealanci" FebtllaTY 19$9, 

WEED MANAGa£NT tN~PASTUR£ R01'ATIONS 

bdrK# Abseil .(1had,laarxl David J. Pannell: 

School of Agrl,culture. Unlv.er.s.ltYQ£ WestetnAustralla. 
Nedlands. W* A.6Q09J' AustralJ.a~ 

~. On, wbe.t-sfu!ep tanas in 'theaouth-'W'e$t· ot{~estern .AlUitralla. 
paature'prodqc'tJ,onlnwlnter 1sa_J0t" 11altlng.factor fOl'tbo sheep· 
ent;~tprl..Thl1t paper' .clescrlbe$ an. ec()nQ·,.lcevaluatlon.of reducing 
herbIcide usase In,crops 'belowrecollllended levels tolncrea.e:subf:4~ent 
pastureprOdqct.!on ,1npasture-C;:fQP t'Qtattons.- the-analysIs was conclucted 
U$lngHIDAS.1l whole-Earll 11nearptograulng lIOdel*Inputsto 'MIDAS were 
provided. ,.t>y :a.slaulation JIOdel oftbeweedpopulatlpn amd· 're8t'e$$lon 
1a(k1elso£ w~.:ld.l1£ro. herbIcIde appllca.tiQtl. and. yield. . response to ~' 
l"eJlQval •.• The.analysd$ wa.s, .ofryegr~ss (l.Ql.tUIIJ r,lgJ.duII) control by' 
\.lQegrass in" the .MerredIn;. regIon. Results lndicated that 'thegalnsfroil 
Increa.~she.p.nd woQl'productlon and. reduced ber})lclde eQstare. 11lce.ly 
toe)tCfJed ·the. losses fro. reduced,sralnyle14 .. ThIs .conclu$lon is:fout)Q to 
be lnsensltlvetQaajorbiologlcalandec(mo.lc\as~.ptlQns Qf the 
analysIs. 

In.~QC.tton 

PlI.st.ure, production durlnglrllnterls one ~f the .. In r.ctot-IS 11altlJJ8' 
productIon and profitablilty.of the. sheep ~nt~rprlse.lnthewneat-sh~ep 
:faf1llng~yste. ,of Western ,Austral1a·.s'wl1eat~lt. In. theweeklfollow1ns 
pasture .geralnatlon,ieed.aval1ablJlt:Y ,lsat its. lowest level ,for the 
year •. sd It J.$tb,l,s petlodwhlcll deteraines overa,llc;:arrylOJ,¢apaclty .. Thtt 
prQPlet\ 1$ worst In,cr.pp""pasturerQtatlonssince the pasture seed 'bank 1. 
reduc~ by weed cont.rol practices in the croppt-..atte. 

Ewl1'lgand. PannelI U987lCoundtbat :in tbe,ea$t~rn whea.tbfllt tht'! v~ltle 
pf ~xtra :~$turEt In. HaY-J'Uly1$ $ubstan.tlallygreater th1i\n the 'Value of an 
.equl\f'~lentlncr.ase In .$pring. ,wnen production,ls21t lts:peak~ A nuabttr of 
strategies, for overco.ln,g: :tne winter;t:teed gap· ba~ebeen susgeste<t, 
Ineludlrig 'gndersowingleg~pastutes~cies in. thectop,8ra~1n$ 
l1vestock:ont-Sasaste (Chamaecy.t1.sw;palilf!ll$lsl (OJihu anci·)$oQre 19891. 
$uppleentaxY :feedlllJorsralnor treat.eclct'Qpresjo '(RQ\rle 1986; 
.Altcbl,soti.1988h lncreasln.g pasture densJ.tythrv~...&" .~ ~_~arcl1 ,to :increase 
seed prCKiuetlon ... ~(Wllll.s 'and Allden 19761 and breedln..,'t pasture a with hlgh, 
.earlYSTQwth t'ates.Of tbe ,strategl.esinvolvingpllsture.those . operating 
tbtQ~h increased pasture .dens1 tyapPf:ar . prollislns .. (Donald. 1951) ,whIle 
.a,tteapts.to increase early .g.~owth rates do not (Coliinset: 1l1.1983)~ 

Intbis st\Kly, lIeexqined a potentlalstr8...tegywhlch. basso rar 
received very Ilttleatten.tlon: redu:ctlQns in the level of weed control In 
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thecroppb._otpastur:e~.cr9P .totatlc)l1s. AS well .as increased pastnJ"ft 
prt>ductlon, ·thls strllt~8Yhastheaddltlonalbeneflt of reduced lftte4 
eontrolco.t •• :l{ow~ver these' bene(ltsi,ll"e onlya.chleved at 'the expen$eQf 
.rftCluct·lon in. .crop. yleld.Theque$tlonaddress~' here iswhfttller, in: a: 
particular Cll"c"stanc.,."the benefits· ofr:educlng .. ra:tes otberblelde ,Use 
aro: l1kQly ;tQexeeecl. the 'costSl' We. conslc.ter-·ed·thecase ·of 'll tYe8tass. 
(LolJUII r.fgJ.~}pasture' 8rowl~.on.gravel1yaand/sandygt'avel so11 types 
!ilt the. Merr~lnreglQn.We 1;lsSUIierl tllAtryesrasswascQntrolled..Ill, the 
crop phaQ byapp'11catton. 'Of ~gra$$ 'after ,wee4eMrg",nce. A r~eot 
21xpasture.-crop rotatiolls were consIdered. fro. three.yeara ()f~sture 
followed 'by on.e crop throUgh tQonepaf:iture-tbtee crops. 

lIa'd ... l-.1ll, __ tb~ 
l'heanalys,"swalJ cPndllctedusing:HIPAS. awhole-farallnear pr~8r"lna 
(LPlaodel:(Kf~ll anct. P~~1119811~8~gre$sl.onaodel.ofweed:ltl11 
frt)lIlh"rb:t;Qldeappl1c:atlpn ,and,y,teldrespon$e to weed re.,va1 iUld'. 
slllula;t.loIt ~elor weedpc>pulatlon dyruuUcsprovldec.t, Inputs to ,t~ l..P 
reodel.Thesell04els arefurtner descrIbed ,below. 

1'ht: l:lne.,- progr,..Jns lIQdel' 

The follQwl~~el descrIptIon 1s;ba.$ed. on, P~ell a.nd F.lcQ~r (1988)!! 

MIDAS 1s tbeproduet. (jf :lnter<Usclpl1naryco"'"Qperatlon atthe:W"stfltn 
Australl..nDepal,·tlilent ,of .AsrleUl ture.South Pert!), "and the Western 
.AulI.tr.llanDryland Research Instltutet""tr~ltJ. ThellO(if)l butldlng 
proce<illre 'was de$crlbed'byKQrr~spn et.l.. (1986)... Ins1.aUry' It coruJlst$.Q 
of four .sta8'8;.( 1). dl$eu$slonawltba wid. rang~. ·of e~rts ·to IdentIfy" 
usual1ytlu"ougbconsensus,a~et of deelsi.Qt\ varl~blest 
Inter"',rel.tlQ~lps amconstralnts, llblcnproperly' :d"sQrl~ tht'l 
whole""tar • .,y.te,.~ '(YorrlSQD et a1. 1985. p.245); 'C2lllQ(ifflcob.st.t'Uctton' 
·and •. doC\UfteJl,tatlQfi.;(3) qUan~lfleatlonQfll!Qd.~IoO$rflclen.t.llIlthd',ta ,fro. 
ptil!)11ea.ttoO$,,£leld, trials, $urv~ys.aark:et reports 'anct discUS.iollliS; and 
(4)·llOdel revi$iQIl aM,· valIdatIon. Tbl$ ,prpceciure .is. ,~rto£ ,an Qnsol.ng 
process ,~'thellOdelbaseontlnued to ·.evolve .and· l~rove. In, ,this I5.tucly 
'we used version EWM 65 "'bleh Is. updated to :1988. 

The, Ver$lc:m o£MlllAS i\l£i;fK! berelnclU(les approxlu..te,ly' 400 actlvltlf!" an<:1, 
200 constraint$wtththe ,()bj~ctlve ·of profltJI$Xt.l~at.lQn .. lt.elect. tbe 
iIOstprofltablecQ.blnat.lon an(l .. levelo:ffana· actlvltlessUbJect to th~' 
const.raintsof thefanasy,steJl. the 'actlvl't,le$ i\r~ th~ aI te~tlvecrop, 
pa$tUfe an4 11vestoelcopt.lonsandall assQciated actlVltles,.8uchas 
,maehl~rypurcha$eanduse, shearing. fertIlIzIng, bl:riQ,8 labour atlCi 
borrOWlns; fInance. The constralntli In.clude: 11.1tsonroliioUl"COS$ucnas 
land',; labour' ,:andcap1tal; bl,olQgl,cal c<mstralnts such ,t\t':Jthe f elatlc)l,lQhlp 
~tw..,enre~tllizetfat~sand Yield; ,and technlc~l,cQn$tralnts: ~ueha$ 
t~I~)lhleh.relate_c:hlnery s,tzetQ potentl$lsee41ng :Tate$~ M9del 
eoeff!clent$~u~.,toQ 'JlUMetPWltObe pre$entec\ here. thereadet lsrefetr~ 
tol,lliS$fell (19a1Jand, Mqrrlson et'al.(1986) f()J~ deta,11softhe 'lIOdel's. 
,itNOt.uro ·tUlCleontents. 

HIDASlaa, slr-sle-year cqul11brl'-flD .MOd?! wblch ld~ntlflesa. l<)llS""'tera 
. ..,ptl.1 .tr.~egy l1s1ns 'a.yer~e·seasonparC1meters but does not deteril1n.e 



!loti: ap&l"tl¢ular .(a~rlUght abV.(t ·f'rc>. bis C)rh:~rcurrent position to 
t~t, opilaUll. It 'ls, tt£se(1on .~. ·typical farll ,as: descrIbed' below })'Litcan 
easilY ~. ·ac:il\lpted. t.o:represent~y spec:lflc f~nt in the 'reg1.on. 

ThefltTasysleJi .modelled by thIs V'et',slon.or ,MIDAS lsbaseQ. on. Merredln 
.1n,Wt.tern At,lstral1aJs~asteth wb~a.tbelt •. wher~ 8.nn\i;,tltalllfallaverage$ 
410 .. :wIth average. growlM$eaSOn (Ma~ to Oc·toberl ta1ntClllof2S0' d. 
O!treal eTQPS in tile reglon(ancl theJ*Od~l) arewb~at. barley, ,oats end 
tt.ltlca.laar~tbere are two. legUme crops;. .1uplIlSan<i fIeld peas. 'Pastures 
,~Qf~'lti'contaln ,llttle .le~-exeept .011 sPJIlesol1sWltba bls!'tefclay 
.fraction. So11aare b1sb1y ,weathered ~d Infertlle;wheat.ylel(l$ In tbe 
Meri"e4~n sblreaverase 1,,,0 tc:mnesperhectat'e~Six broad ,soIl typo 
catftgories,r.!presenta.t1vEt of'Mert~ln. aT~ J:ncl\ldedUlthe-.odelln 
proportlon$'typlcal for th~ r.egion (see Taple 1). FA ... ,are~ ~~.ln tne 
s.tUdy it!r theshlreaverage Qf2300ha~ Crops .a:nd' 'pastqr$$Sre '.(:oqanly 
8~Qwnl1)totat19nt,.wltb: ar(!cent tr~n4 ·t6'W'ar4scf!l:Tt!al-lJlPlnrotatloD.$. 
~Mostfa~$ , .. r~Qwneropetat~ 'wl:th ,notllOr~,than iOne otber penaanent 
labQurer. 

SoIl descriptl<m 

:lLQaIly.lgravell,ysaMs 
a ~ep lO8,l&)'3ands 
a ,Gravelly GanQs/sandy gravel$. 
4·touysand over clay 
5~Yloaa, over clay 
6$~y ¢.l;~y IQQ: 

pH 

< 5",5 
'$ .. :.5"'0 .. 0 
5.:5-6,Q 
5 .. S-6.5 
'6~ 0-7.0 
> 6 ... 5 

Ate.a 

20% 
20% 
tox 
lOX 
is'' 2sn 

One 9fKIJ)AS,~ ~.·partlc\llar$trertsths, and th~aaln: reaSQn.£ol" lJ$l~ :it, in 
tbls, aJ).Clly,.;.1$, is. its .abilityto ci;llclllatetnQ.cconoJdeval\leofpastllt4'. 
'Estiaatlngpasturevalueis very:4iff1cult.e$Peclallyina.lxed . .£analng 
systeM, f~ll alldfanf)tt2l. (1986) Ident If' ted' a number of (:Qaple81.tles 
whicnneecl ,to be 'collsld~red. TheseOQJlpl~xltle$ are .tll1.l!ltratfXiberetQ 
lliustra,tebow dlfflct11t. it ,wot11dbet.Q cQnductthls .analyslswlthoutuse 
or awhQl .... f~"' . .aodels.uehas.MIDAS" 

:,101 'l'b$Jll.ar81n~l; value ·of ~.wi1t ofpa$ture d<'.~ndaonwh1.ob la~t()rJ.. 
11.1tlpg Pf.oduotlon.lfpa$t.ure l~ Illlltt:1ns. its v"lue 1s big!) but If 
a:nothe~factQr. $lloh,t;\$ laboqr., 1s 11ialt1ng ~ pasture 18 :in e:Kce.ss 
supply,the..argln~lv$lueQrpasttlr.e ls:~ero~ 

2. Ill., a,val1abl11ty' o.f other sourceS ·of.t<>dder :sets an \lpper'U.1I1tOtl the 
v_lqc 'ofpa$turEt. 

3. Tbe vallle l!J.£pafitutevat.le$Wlthln the JleasOI). duetQvarlatJ.nns If'. 
pasture production,. feed r~lrements. ofan1JAal$ ·a.nQ·prlceSQf 'anbaals 
~altenlatl.ve £t!QQS'. 

-4. -(ira!tlng .of ,J)ast.1,lre .• ay ·Po··QelayecJ:ll1.lt.At soBte cost due tQ·deterloratlon 
:anQ.the oppqrtunltycost Qf -thepasturenotsrazeq In the ear,ll~.r' 
per ted " 

5 .. , Th.OPPQrtu.nltyeo$.tof compet,,tfl$ 'far~ enterprlse$l1lust .bt!t cQnsiderecl. 
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rore:~l~,:tb.rEt 1 •. 11ttl~ val~f.t .1n~ncr$as~ . pa$t\,lr4productlon .c;lD '. 
80.11 for 'whJcn cropplt18 Is .• Qte· pr.ofltabl~. 

6. l'h~, val'Ues ,of jHlstUteand :cropar~ lnterclepoA<1ent ,due te) 'nltrQ$en 
£,lxat1Qn·bYle~co.pqnf!mt$. of pasture, dIsease break effect;. 
r~uctlQQ$l In ,pastuft!t 4f1ln$ltY.ft~:rc:roppl~ •.. lt1t;:rea$.$. In weecl density 
Incrop·arter~stur~ a.ndthe '<;pntrlbut1,onltblcb croprosldue.sat;iketo 
11'Mestockdi$ts~ 

l'flUAS Incluc:te$eC!.\ebofthfltse' cOMplexl ties Incalcnlatlngthevalue or 
pa$tut'''. 

~n~r~a$8,s . IJl,~~:'ure;c.iensltyhave greatest l~~t.()n~st1U'e Pt"otiUQtlo11 
early' 1tJtbearow1ns .$eas()n~. ·wnile se~U.na$' ar~ 11J.ll..lnt.ef""plant 
~tltlQn is ,.ln1_1 so; that .,ast~r~prodpctiQn, .1,sapproxl-.tely a 
lllle.rf\U1ct~on of.4ensl ty •. '. the larger th~pl.nts .srow.tbft 8t'eater 1.sthe 
effect 9£co.tl.tlQfl 'andtbe lower 1.8 thelnfluence of t,!entllltyon 
p;tc~uctl()ll" . for .tbe ;purpo$e$ of this . eva luat!.on., W~ .a$El\Ul;e,cQnQ~~tlv.ly 
that .iJaPTOyetlOnt.In ~s,t?~teproduqt~QJ},.occQr only in the flrst tbt.ee 
~ntbs <>f tl'l~grQw11lS' '$ellson:l(aytQ .. "lllly'. 

In rotation. Includlgg; .ore 'tban.oneCQns8cllt1Ve ct.op..lt '1$ .C'l.)ncelvable 
'~t berblQ~~e l"atescould .. ~ ,tf!teju(:ed in-eacb year'.of ·crop.,Ho"~v~r;ln 
thia stJ.l4y···~~evaluated, :c)nlytb~tltrat~gyorreduclnsrat$$ tn'the, orop 
l.-.edla.tely pteceedlJ1g.,.sturtt. 

Jle.edsurv!v&lr~gr~s$J.on,JIIOd~l 

'Data;fro.£1eldtrlalso£ryesrat':3Geontrol by lJMt8ra$S~re o\lta~ne4 fro. 
,HoeQhst Austr.l:laLtd, th,eaanufa.c::tllf'er!J QfJfo~gras$;.. Unfort\DUitelynot 
all relev.nt; varIables .Mdbeent~cQrd6d.ror eacb (trial. In p$r,t1cul&.:r. 
ttwwe-ed ,4.n&1 typrlortc>berblclde .aPPcU.cation ~,£reqU8ntlynot 
recordecl"Slncethl$ variable :cQnst.1.tutes the- In(orutl()n.abQutw~ 
denslty'~val1al>le to l ..... fJi, ~t the tl., :when~rily1ngctecl$lonsa.reudet 
It wasf;Qrun4eredcruClaltorthlS$tudY. 1bet~werefo\U'"trlals lnwlll<:b 
.1t.11 (ies·lredvarlablesW\!te."asuted. 'these were C()nducted in· New SQuth 
W.lea 'an,4 V.1ctorl11 in 1975.an4 1916. There Were 96 ob$iervattQn$ ill ;th~ 
dab~Qt. 

Tht!l.ae~eral. '{Qr. ()rtb~ weed survlvalfunctlQn Is 

(t1 'JI -1/ [1 -K(N11 
o 

~bere Vlssurv1vlna :~eddetl$lty(.-al. Ii. 1s P .. re-treat.nt .~. qeAslty ."P . '0 

bf2J;lllf1 herblclde;ra.te (kg a.ctive Ingrecllent ble!) and.l(Il) 1$ .8. 
lOllstlc;kl11 fUnctlon(A$bton 197Z')glvlng.tbeproportl:on of weeds 
expe¢t~ to, $Urvlve$ppllcat!onof herblc14e rateR: 
(2)1(11)== 1/11.+ exp(.-«. - [~Hll 

$ubstltutlns(2l into (1), sU,ghtlYrearranglns :ancla.ddlng aJl·er.ror terM: 
h;) ·give. t.Mf'<>llowlng iunctlonus,eGf·QrestlaatlQIl, ,purposea; 

(3) "Ill •. {lilt +exp(u +f;fllll} + c 
0' 
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'~ .t~td · ••• uaptlontn problt orlQgltanalysl!is' lstn.t :tb~ error 
i.r. fa ;bl~la.l.ly dllttr\butod' C" .8:. F!nney1911)... H<>wever thealsuaptlon 
wsnot "ppr.t>pr1ate .fQrthl.. d~t., .set whlcl'lc:Uspla,. variance !nereaalng 
~:b(lt<ml~ally wJ.th;~.\lrVlval .•. 'l"bo: rtta.on. fOr-tM dlff..renee It'll that 1n, 
at.ma.tdlqsl t amalYSl..tb.,nu.~rof.orpnl"', treatec{,lu .kl\c)Wn(or 
as~ t9 hknQtm}ex.ctly, ~ic"eas In this .tU4y tbe pr' .... treabtent 
d~!lty 1-44 to ·be·~.tl_tlfKl, b)iuapllns.lI",dley' (<19491 descr$.bfKl; aprC)bl .. 
of *bl.type Involvl~b,.ttrQtMntQ£ 'bacterial sJ»re'.\l.pe~loft$. 11\' 
tbaltatUlClY 'the, ~r Qf"or8~ls.s tt.at~·(.rdwasestl.tt4 fro •. ~all.l 
wttltate<! .• Qple.~ ".dXel)" .rmt~ tb.ttheeatlut.,of tbenUl!a~r ,o'f; 
()r.n.nl_s~lv!ng tre.t_ntwlllhavet\4g $ou,r¢es Qf wt.rl-.nce: tt., u.u.l 
blno.la.l, ·v.rl~e •. "14b1ch WO\iltt be Ptelent~vfm t£n. '\rfer.. ·knolmex.ctly": 
~ Mthe ,.(ldlt1onal.varl:lQc:;e ·causekl l.;Y'uneertalnty about· the valu~ orn~ 
(ll.dIey 1949.p,," 197)~. Aecordln,to WadlQytbe: varlan~e 'Qf n_y 'bf# 
u,e£Ully .• ppr()Xl .. tedbyth.PotssoncU.ttl~tlon 1nllh1cA,Yu-(h)-B(nJ. 
A ,Poissondl$trlbutlonwa., ro,~ toflt t.b.,da,tawell ,e.nd.S01nlS'",,"o for 
tile e.tl-.ttQJ\of ·l*t"a.aeters" 

it, :problea .~Ce1gTed' with ,observatJoll.s In wbleh1QO% ~'kl11 ,va. 
".cbleved, t':estJ.l tlngln~erQ .$:tU:"vl V$1.Tb.~,e8tt ... tlol\ ·.lgt:)r~tb .\nvol vfK! 
talc!l18. 10BIil ·Qfpost-tte.tJient· <:len~I.ty.ao 1tW1J..lu,~' "that. In au,: 1 c.,ell 
at 1.".tone· _~"t' Sqtl&r~._tre$utvlvecf tteat.ent~ 

lbe . f~c;tl()n, to' be . estluted 1&. eO'~$lst~rit with tlie' Idalln! tlon, 9t ··It 
.Ge~r.li'~.1.·lnear MQdel (Gt,..M), (NeIder ~. ~~c!erbQrn 1972).&0 the 
.1ct.Q'coaputerverslo11 Qf Gr.lM 'WaBUSed tor ,tbe'J' estlaa"tI9n. :Eatlpted 
p«ra.tersfor tlleJl<Xlel ;;U~e '.hown 'beloW with JJtandard ~rr(.Jr. lnbrackets, 

(4)tlN
o 

•• {l/f! +~~(l.:S6Z -:12.11.11 + '1+110.~ - 'O~Q04162.H.II .... )1} 

·(O .• Z169), 0 .• ·489) (1 .. 345.) (0.:001846) 
E«ehparaQet~r¢$ta_te: .1$ $lsnlflc~tIYQlff~rIItt fro.,. ~~r<!a ,atplIIlO'. OS 
andtne ".lue ,of .r(c.lculateda$l .. ~ :t'(; -.l~r'-E(.·U wh~l"e,p III 

1I1W~)l.sblih at '0 .. S6.i '1'h". sl$1lofth~paraJMt~ron .11: IS nesatlvfJ, ',,"$ 

.xpected:.l.plYlns,t~t hlgber herbicld$tates result in ·lower weed, 
survIval. ~ ,l*rPflterop 11.11'0 l..sals~oile:gatlve 1.Jldlcat.lngtlUlt 'the 
proJ')Ottlon of w~skl11~. ata.p~rticu'larnerplcl.de rate 1~8rEl'ater £<>r' 
b~f{b~rpt~tteat_nt"~ d~n$lt1es. 

C't'op· y:l~'ld regre$ston,'l'IQ<:Jel 

n.t.u~~oe~tlNtothe ox/oJ) ylel<l:{unet1oll Were obtaine(:.l tro.theset 
(0£ trlal$deserlbecl;a~ve. Th~ data set).neillde<l 339 .QbservatloIl$£rOIt 14 
trlal1.J 'itt W,st&rn AU$tral:1a.NewSQl,tth Wales. and· Victoria fro. 1975 to 
19S1~. 

Tho C.rop· yI~ld. functIon h;is the (allowing generalforJI 

(5) Y. if . [t-D UO) 
o 

.rey 1$ crop yield (tba:'"'I,:).,y lsw~ed~rr~e yield (~ 'ha"'''),· W Is wee.d 
o 

densJ:ty(.~a) Cg!,venby· {~llan.<lDU{l 1$' a llypel"bollcQaJ&aSt:tunctlon 
81vl1J8: 'proportlQMl yield lQ~s.twQed: densltytJ (C()~sens 3,985) 
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I 'Tbla:ls 'f.Mf~ra whlchp,vebest tit in CO\l$Onf;l·,¢Q-aparl@X1<>£ vZl-rlous 
'fttnQf,lOMl (or.a. ,It.lao ~.the adv~t~",Qf. r~adl1yJ.nt~rpret.bl& 
pI\r __ terst, ._1. tbe :1UU(1 ... yleld).Q...thlah ~jd ,d~sl tl:Olf and, bls 
u. .• ,lnal )l'l.eldl.o$5 , •• ~; ,clexnl1.,ty ;tends to ~ro* 

Prqpottlo~l yield l~.s; r • ..ultlng frQa. ,partle\llar ·1rm·etd .. deA81tyla 
11k~1.y ,tbbe1tlflu~ncedbt anYl1lberot ra'qtQrs" fQrex~pl".tbe .. ' 
prQPQrilOnll~yle14 10 •• ' ' .. y nQt :be lndopenClentiQ£ tlieabsolutect<>p,yl.1d. 
Seoondly it 1.v,fJr:'!llik.ly tha,tthe eo.petlilvBabl11ti.,. of _adsll!l); be 
lJ)v.r,"~1'r~1.t,ed to ...• ~ .... qntot herbtcld~ .pplle4·tgthO..lt~:1M.n 
o~.tved . thatberblel<les'cUJ. 1,.prov~Y!,*1~~:bYJmPpre.~l" .... i~. ,srowtb 
.y.~. if tM. ~.aTO: .!)Qtkl11e4U(,~" "P<Xllo •. ~~Q~le~lCJt.tlQnl" 
1'lle-~.lbllltlfJ.wer.,a·l1Qw.siror bye:lltlMt1n,gb ., ,Ii' f:u.notlol\of ~tb. 
weed-fte,ecrop yle.1f;l . .n«l :berbl¢·lt,h~rate. 

(1), b,''''~l'' ex.p(b2:.fl>.) .. ~),q)(b3.ll) 
thl.ftmetl~l £ont 'us ChQSellto reflect thef.~t. tMt ' •• Y ··and.:II felch 

:0 

bllhlevels·~.b :.yappr~cb..z.erobQ.tcannctt .. ~c_ ·ne4latlve.SUPstltutlns 
(1)ln.t()(~J .anc:t;:,(6l lnt() (5) .~;a,dd1ns ,a, r~(). 4!at\lrPance tetMs.t:ves 
tb~fq.llO)fltlllf:unc:tlon,used: for~stl.tlQn .purPQ$es~ 

(Sl " . ...[. '., .' .1)1 * e~(b2· Yo ),e~(b3~1l)tl ] 
Y. r.';1 ~ 1 +b1~ .,xpU'a. Yol"!XP(b~.B)1l/4 + ,t 

lbe.t\U\etlon ". ,hIghlY'. ;non-lln,.r and...oreo"",r~,. i.not c:onsl.tentwltb 
til. dfirlntt1.on 'of :~·~.r.lLln •• rHqd.l,$o l;t .• ust beo!$tl_t~ bYll, 
:.~ral l'1<>n-,ll~at l"esres$lonA1SQtltM. 'lb.; paekq •. ~$.-l tn th~. :study 
watt Qa~:(Wblte 1,978)." 

Pa .. geter •• ttut.S}f'or thb~~l$l .re$nown 1nTill"le 2. All par~t.r 
'e.tl"1tttl .Pl$. ~·.t te$t. for .~dsn.1£l¢.nt dlf£er,'f~ {1'Q. zero.t p.O •. OS 
i~ r(calcul .. teda. l .... ~Jr ·""Y)Il:[Y .... S(Y)11$'O,9Q,tndlcat1ngvery 
.pxl fl.t liOt tbe :~~l"Par .. t..,r$ ;forbaand,'b3ar~, inesatlve, lndl~atlt~ 

tb;a.turS!Mly.lela lQ$s. deollneJjJ: .wlth Increa$es in 'I or 8. 
<> 

O!5436 
O,017~2 

~'~S010 

-$.705 

6 

StMdard' ~rror 

0.07114 
0 •. OQ~4e7 

0.1934 

2 .. 0308 



The fo;x.J.t1onI>11W11,c# 1t~~; 

P9pul.tl~n dYnQ1c$·a£foct. ·~~·.prQblf).lJl ~wo, w&yw,Flrlltly" .• r$Juetlon 
In wetd.<;oo.tr~l1nQl"e,,_, .,..ture <iensl t~~,: In$~$~nt year., '~p 
Ie.eolldly. ,1tJff.etll t .. W1ted 'clentJlty wbl.c;hwl11 .be: oncount"red in 
(wmb~ent crQ~lnaJP~.~'.' .Unfortun.tely..})tibllsbod 1n£o~.tlO:110n ·th. 
\popul.t1ondY1~caof~a.s InWe$tern Au,trallal$ i.inl .. l", Charlgft. 
in '~$ras.denslty! lfer~ ,.$tl.atedbfJre 'q,$lllSaSlaulatlonaoc;lel ~.e4Qn 
'OAe~V'19pe4.by COO'fln .. «t: 4l·. (198$). ~causoor ,t~ l.acJtQf 
e~rl_n.t;d d.t.,par .. t~rs of'tb~ lIOCiel :llJdto ·~ft8tl.te<l 
.~bJ.¢tXvelY ,~ltb~14ancofl"o*, 'blQl()glc~l rese .. rcberl;,Fbr thl$ rea\ltson, 
t~MOd.l·.8 p.r~1(!,tlon8 of ~$t\1re denfJlty '"er$t1ot,use<l c11tectlylntbe 
analysJ;$ •. aat;"Mr .t.tl,,, prQbl"."ddre~selJ wa!iJto dete1'1l1ne thelnereaaelJ) 
I*$ture .productIon .nece.sar!{tQat le_at 'COJlpeQS,ate fQr lQ&;t crop yield. 
It 1., tMnup,to :blQlo8~Cal ~o$~atch~r$ to ,det~T.!liJlf.J. wbetn.rtMse 
l:lr.lll( .... ven J'>Jllture lncreasesarellkely tobeel<ceeded' In.Pfactlee. 
F\lrt~rJllOrfl •. altbo~~qldu:sethe ,populat.1QtlllOd.el to pre4ict stable 
,ned·densltl.e$ In$llb$eqqent cropplnap1la~!;.th«:eccm.~lc ~lYS1., ._ 
:repeatfJd. a .,nqa'beroft'_!l. 'tQd~tenalJlf1 whether In.ccuraQle$S 'ln OQ,r 

pr~lct~ons of. yield .. 19S$WOUltl, uUbstal\t:la.llyeba:ns:e the, 'te.111 t Qf the 
,,",lY$i:s ... 

The. . fl.tst<;QJJpOnent,QftJle. PQpUla.tlon ~el. .lstlU.tt.Ui1t 1onsblpbet.ween 
r.eecllJ.na cl",nslty ··and. _t\lre, ~est.(;is plents . .,TlUs '\fa" .,sURed: to :be. 
bypetbolf.<: £~ctlro.n; 

(91H~' :. ~t.(1 + <<.It) 

~Mre H: 'lIII: .. t.lU"et ,ryegraas gone! ty 
I · .. ·ryelr.Stll$~llngderu,l~y 
CIt ... IIQrtallty coe£flc;;l.nt .. ~ 
t-tlM (year l~, 

Tbe~ltuije of' CIt .,..chanaeci accofcUns 'totbO. 'phase at tbe.rQtatJ.on~ III 
t~cr(>p ,pba,., It was_tat O.QOZS:whl1.,·lnt~Jm~t.qre, pb.S4;1.t w.s 
rQI!'OOt"C.~ltlvatlo.n ·~.:lnter~specles Qoapetltlon "'esultln :hi$hf:r 
'Jk)tt..l:l ~y $.n 't~.crQPpba~ •• 

B)'~ra ••• eed. eXhlb1t Vt;ryl1ttlf!):dot~QY(GttuAS~" (1914).10. tIlls 
.tw:ty •• 1tlpllfylng ~UJ.,-p.tl0nQt zero .~ttorMnQyellld,Mt.a :thet; .ne.d 
tQ cq~ld.r HfKl:tlfJ8 .dell$lty •• $ f\U1,ctlt>n 9f' new en4·o1d~' .... Sctod.llna 
.1l~J:' •• fe' •• $~c:lt.o ,~ a 11n~arf'CJnct.lon Q£ seJd nWlberl1ntho.oil 
wltbtbe. ,prQport.$.on.o£ .. .-eed.s\lcct$SfullyseX1iinattns and. survl vinato t~ 
stase.Q{ .inter-plant co.pfitltlong1V'.enbYl!\recrult.ntc~rflQl~nt. G. 
Val.ue* ._s.UIl4dfortJ~re ,O .. QS 1ft tMCt'OP pha.se/ ·and.Ott :\n tb_.,..t:~e 
phase .. 

M.tur_ryes,ta$splant.rth<)$trl resQl tina fro_eqqatlon('l) ·.~.Ut'Vlvln& 
ilnY horblcldeapp11catlc:ml.were .s'tUled .. toptoduceanaveraae of 7S$ee<,!s 
(Gr.gMY!191')~Thu,.eedntQI'ber$ln .;my 'Ye.reqtJ411~ 15 t.1l1e$the 
n~r ot_tureplant. tbepr.,vlQufJ: 'ye.r~ 

Pr~. 

~:~ly.lf$' WItS conducte<lln a lOIlS-runequl11btl\tm .tr_w()tk~ We 
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~ed;Jtoflt"derlved. ·fro.wse ,0£ .ret;OMttAdt'#d her.blCl¢l. ,r..t~. vltb 
ptof1.tsacblevable under lower b~rblcl<l~r.te • .ttf:r tbofataplan :baQi 

r\~llaclJystfiQtoWebe'tllSe '9ftb.e $ncteasfJ, lnpa.ture.~1·1.b111ty" 
~ ,adj_t_nt .. ;JMyhave Incltttlod. In.ere •. seslnstQcklq:rat.. e~es:ll'1; 
:tlQCk ;,tru~tur. ~even ~h~efJ 1n tbe rotatlon 'practJ.5e4. 

FlrBt;,MIDAS ,~ ..... ~lved: ~Qr'~tb'" 'reco •• ndeclffoesr •• srattof O~ 11t.r., 
,per ~ct"-.Qf 'p.rqpoll ~11 typO' '3., Th~n aO(lelpT_tenswete_ciJu.stedtQ 
rtpte.ntthe·. :etfeetQ£ :. lowerherblCl4e rate. Qn 'crop ,tela ,.W!dberblc14e 
cost •• The·W>dellRl.$ 101"~fot'an ... btr .01.' value. QfWll1tor (l.'.,,*yt~ 
J~ly)paJtUte J)todtictlon" Redltf1c;btalt1eQ: wert 1;41$8d.\O d~t.ralne ,bQw" .. ell 
~trap.roductton •• 't~lr~tQ_eth~r~~q~. tate uptcf'ltablca, ... 
~. ~_~ r.te" Tnl.s:pro.ceslf was T~peatedfQr thr"; d!.;ft~rent 
~arq.r.tefua.7S~ 0.,61·and .O+'SOlltrtts pe,rbeQtar~ti 

~U$e .1M .. ~ly.bt"fl 'subJ~ct .tounc.ertalnt~rabout.mYQ£ the. 
a •• ~tlone _de." lnve.tls.t~t~ $~nsltlvlty ;0£ .~sulta to el)fA'ale. In 
;1\ ;n~r' ofk~ypar .. t_r.", The.ewer.. th$ Jlrlcfti)fli901 •. t~ :~J":':.Qf 
wbt.t.tbe, eost or herbicido ;m4the iev~l ofYlel~ lQ~tf911Ql,l1D8 
'betbleldoreduct,ton$" 

~lts£q't'rec~~ ~erblcJ'de r.te,$ 

4bt1..t.~ryofth« coptlMl f.r. plan U$lPBre~o_ndfK1MtDletd~r;at •• 
1 •. ab.owrf<, l~ Tabl.~:.. ~lt:-far. :prof1.t..,.& 'cal~1.tecl •• ,f82684 .p'rye.J'\, 
1'hCt optl-.1. erOP""Pf.litur. rot..t1orl,on soIl type :3 wu three ye-.ra or 
pUturo£Qll~ 'by' 6M' ~.r QfCr9p. 

l!et ~~lptpflt 
1ic>tal~p n~t. 
'T\).tal 'weed eontrpl 'CO$ts 
tanr11n crop 

Botatlona' 
$0111, 
$tt.l2-
&:1,11 3: 
SolI. 
SOll $ 
$)116 

$S26Sj 
.3$33 
$13t94 
;.~ 

.PPPf 
lIJ,.and WL 
PPPW 
~. 
WWf 
pppp 

.~lt. tor tedtl¢ecf Mz:l1lcJderat'es 

.~ _in .result. Qft~.t\KIyar\.\) .hQlffl l11FJ;l{.l~ Ii the r.to of'H~ar."'s 



I-cut. by 2$:(., N);lllCroauot. a\ loast7.7X .1n*y ... JttlY pa.tut.'prodUqti~ 
1 ... tl'Mtfollwl:QSyear 1.· ~"t~ .. ¢~n_t •. for tbe~9.tWbeat. yleld..lf 
pr~tlon: 1J1Cr~ by-.ore. than, 7~ 1X",WhOle-flntpr.of1t would.'M 
l~~r.l.ttv*· t.otbe ()~t~l.trat~1Y ,1nvolvl~' te~ed.~F' •• 
rat", The· br •• ~ell ~.tur.lner.a.tofor 33n •.. ~. sa" :r.t. cut.:a .. ,,21X 
and _:r.l'PtCtlvely~ !be'lower theberb!,Q14.' tate 'UUQ, '.tntat .. ter the 
'yle141onlft ·theqroP. re.ultln, .,1n.hllb_r '*.tut.,pr~tlQO;l~~ 
r~lred: .t~ "r.at.ve~., ~n:. allaodelr.aults. ·the.cpt:l .. 1 'rot.tl~.Q\n,011 
t)rpt 3: ..... '3 pa.t~e.""l~lt~ 

Annuc:d whQlo-.farmprofft ($ X t 0-
3

) 
$A' . . 

Brook-even 

I'. ~_"""""'_"""""""-_""-_-Io.iioo_""""""_.' ... -....._-___ ~ ___ __' 
o 20 ·.f0 60 10 100 

IncreQsein posture pfQductlon(%) 

flttor,t'~t.1Y.fl.1deXperl~nt.WbtchWQu.ld ,1ndlc~t. ,whetlMtrt.be_ 
r~rod;lncr., ••• :ln pasturo proct\1Qtlo.na"e 11k.l1 to o~urp~.l)Ot 'be@;, 
~q¢~"'~ IntbttbMnceof-.plrlc.l 'evl.clenCf.the best ,aval1abl. 
lnto~tl«>n ,1$.tbtr •• \11t.oftht .rY'8NuufPQPUlatlo:ni~.1 d#scrlbed' 
~o/? .£lrly 'in ·U..rP1rtlq .... son, palsturt;t prO<luctlQn. 1. clo .. ly 



C;Qr"1.t~w1tb,Qen..ltY'. nr.··ln<;t_ .... 1nden.lty .pr6<llct ... 'by' . the 
~.tlon ~lprQvlde, :an~r""bQun4' ' •• tl_t.of' tMprC<tU,ctlOJl 
lllCr ..... Hhl,Cbcou14be,~ted.T .. bl •• '. :~pr"lQted ;In¢r ..... ,In 
.tabl.ryecr ... d"ltyf'Of' "ch,ar tho tbr .. Mrblcl4e: ... te r.ouct.lont. 
In _ell ~·tba .pnJ41cted Inc:r_ .. ln ,deNllt.y' 1* '''1~'' .~u.. sre.tor. u.n 

.. t,be. :roqulred ;pr04t,tctl<m iJ\Cr .. "~'t'lenUt ..... ctual ,prqductle:.n lJ,1Ct-. 
1.proportl~1, le.tbNt tt. ·<! •• .1ty Incl"_" 'w..tQ~tltlOJl 
.. t.-.,t)'qr •• pl.nta or with •• t plant1d.,. ~t.tl11 .~vefY 11_1y 
to _ar_tor .~ 'tt.. 1~J;"" feqlltrtd: 'tob,r.ak~v.n.. ~; :It '~' 
11~.l'yu..t in .1." clre-.t~ •• xulM4 ,bet., . l".oUetloAS .1~' . ~ru. 
r.t .. 'belgVr~rat ••• r. llk."lytol.,prove .le-£,,", p,rQtlt ... 

rpl.t*.,...lct .. ~bIft~ •••• 1a "~. "'1\,. , ... llt..-a 
'-, tJn.t. : ......... , '. ,1ft'C. rotatlOQ , . 
lQQr-.l. 't.l.t.lv~ itotM~ltY 'rol1owll11·I .. 0L~~1 'ao.aru-* 
,.tblcl~t.te· .(L~~I)O .. 7$ 0.61 0,,$1 
~".'~ltyJ.nctft... 203X ~ 4QO# 

$In.J.:Ilvtty.".ly,11f 

(,u,~~ \r~lt.:,r~rt~aboY •.• r.fawQtl.bl.£or"rb1~1." ~u<;t!Q •• 
tM". I.UDCttrtld.J\ty~t.pp" .. tCtrv.1QUln:pCb.ot. ,tbe .~1... tll, ,ttll. 
M¢t.t~_ ~1Mthe .... l\lVltyof. irpult.to ~. ,In bY 
I*rIMt*.rs.. ·!M·,..t.lut. tor lAbldl:lt •• l,tlv;l~Y .... lyal. ·v1Se.:Qftdu.c:tt4 ~:;;"'{~~ 
itM 1.v.lo£yle14 lOS8 to119Wlq Mrblclde :reQuctlo1\..tMwoolprl¢et 
tr.WbUt prl~ ,.~ '~lc.lcolt.", 

faitl_.,$ ..... ~ ... t. ............ ,'011 ... .....,lol.~l .. 
fJlr 411'......1-"1., of ,fl.ld.J.~~ 

PtopQttlObo.f 
.~t"yl'1Hd; lo.t 

1 •. ( 

·sox 
:1* 
~l$OX, 

0.50 

OX; 
48" 

lOSX 

ox 
21" 
~ 

''ll.l4,JOf.~r.bl.' s. • .now.~.tUt."t!tpon .. ~requlrtdtobr.ak.,v.nfor' t~ 
berblc.1<1erat.. (0,.;$0· "~;O_ 67' Ln.',) l£tM yield lQ-.sresulttNl {rOIl 
'rltd~Mrblcldtt t.at •• ; _te ~, .bovoor~lC)w ,tM, .~ted. Itval,,* If'. 
MY. :owr •• tl.t«kt, yield, 1,0 •• in O'\1r lrd,tlal analYlls.tbo .tctqUlred. 
',I*f_.1,O wbltttpatturt;,i)roquctlonl ••. of, co'urlSe. 1."5 tt.n . Qrl11nally 
ctleul.tod., Iftblt_xt.ntQrQver«u,t,lJlU,tlop,wA$ •• srt.ta.~. 'ta 
~rlt.:otttd:~ .botblcla.rat,. 'w<)ll14o.xe..o;tbe CO$t •• v.n, ltno' 
tx,ttaplultur.w.; obt.l~1i OntMQth •. r n-nd, Ifthylo1d los,,"werf) 
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$CXaruttr ·u.,u .• av_tre41cted. requirf(t .')lu.tur. Incr ..... lfQUlti: ·bf ' 
tQl;t ...... by' -wrc>xl_tely 1~. .IIOWe'ller .• ;.v-.th4t .. 1.901_ 'of'pa .• twlt 
pr~tlM_ :.clll ...... bbt .1'n ·tNt.l1sht or th.proJeQt04lncl1t_· .1n 
paiftqr., deMit,,. cU.~ .".. 

Wool )rl_~~r • ...... *n.~on.ld.r.ble, " •. rl_tionln U.()OlprJ;,,~ In, TI1:4mt. 
:~r ... 1'M:; :woolprlce 1.·11PO,~tant.to thl. an.alysla .. it 1. •• , NJ<.1I" 
<lJt.~QIrlt ott_ ftl"Qr.)ttra~.ture. VbenWC01.prlce 1.bi_J oe too 
I, ·the.·valu.of tmtr .... tur •• rt<luc1ncthe MOunt ·of· txtra .,..ture need.e4 
to ~;at. ·for' lost er9P;)"told., t-ble6 ·~t ... ££O:¢t <>1 'vool prl~; 
'00 .. tbt: .. vlnttr.,..tur. ,lnc;r....r~lr(Kito br ••• Yen~At.pr.lCQ.l>oWl oUr 
orl,l_l ••• \lllPtlQll,pt •• 5Q_~(.r",.y ·ancl·.Mt Qt'.111q.xpen .. ,1 tho 
'br.t~e" wfnt.r.~ltur.. iQ<:r.'S!1".cl:1Mdaa; '"Qt*4.. ~\'fJttbtt.·· .. 
,an 1n.ter •• t,lna T .. lt.t It.:$) ka ·;thO:rllqUfr.td, Inqr .... ln wluter' 
pa,tQtlia.cllned, dt..-tlca,lly,,'tblc lfaa not ·a.lncon.l.t"nt •• ltMY 
.".r',~lt.oecQl"r~ ~~fi.ttll1$ 10W'wool pr1.Cftth$' prof.1tl'bl11ty'of 
.. pt oduct1on .had dccllne4.ut"llclently ·to~au. •• c~ in tba 
opt:\_l rotattlQll rroa: mc·toCCCP* .!be.' :ettectof •. rodUQtlon .1n lfQe.r •• 
n.to QQ, erQP: yl.1d. 1. -.uc,h, 1 ... In 'tM; l •• tcr<>p, of. _CCCProt.tl<m. this 
1,. 4-. to ~bO'l~r weod 4tna.l~yr, •• \I.l tlna:£r<* ..utlPl.~r.Qf 
ctopplnc" Altbouah·tlw reqult~:PI.tUrtt .lnct._WQUl.4:be .1 .... , ... tbtt '.et~l 
pqt.ur. :ll\4::t .... would. ,.1$(1)e 1 •• ' (lu.totm.:l,QW'ef' 'Pl~t dtllalt.y. 
~r l"etUlt.'ofth* POPUl.t~ondynQl~.IIOd.l 1ndt~t.tba.t ,the 
r~lt94 lQOr ••• CJcQUldtitilJ. ·.b!l'achl.vabl_..OVetall, 'It, ... _ tpt 
'lttaccurtlQY lnour ••• uatd:wool ,prli¢edoec notatf!tct ·Uwt·t •• ultQ£thl, 
_lysts. 

t.le" ............. PM'" ~. :toll.lne .11<;1 .. ~l_; 
:ffflt41fr..-, ... lprl.~: 

4.,50' 
;$.'50: 
6.50 
7.50 
8 .. '50, 

sn 
48n 
",,: 
40%, 
2~ 

0.,61 

~ 
21" 
21~ 
lU 
11% 

p" 

Jlh.,.t,r,-l¢e .. WAe.t prlce.yalso lnflueru:_.results :Py afrttctlns.tho v.lue 
fJ't at.tn 'yield lO$t~teJl' hetblcldor-~te;rcductlo~~.. Th.vbe.atprlc:ouSl~ 
!ntM lnltlal.~a;ly.l., 'w •• $144Cnot :,)£ .. tls(tllltl$: ,~-l tran'Jport 
.~.)~ :Howevttr ••• ~ lnT .. bl. 1,cn..naelllnwhe.t.prlc.i do not 
,tnyall~t. our-.nalysl... AtlO\oler wbe,t priCe' ·tPtt v..lue ,of y.leld'lo.t .1$ 
lC$Of •.. '$U) 1 ••• put.-ur. was .rOq~lr~to Qoapensat..,,;A,t. hlgberwheatprtce, 
'tMr ...... ltt acnan,- . In, tho Qptlf1,S.l rotatlontoccc;p'r •• ult1na 111 
lQHtt' ·~densltl •• t aoalle;,losBof crop y1eld . .oo.tbu •• .... tl~.~ 
lncr."... ,:In !.PJ,ttU'.ltowtb:rt:qUlredtobreakeve.n~ 
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'lp) •. 1~, --'.~.ven '.,..\..-.,.owpona._ fol1c>w.qb.rblclcJe I"educ\;\on­
for «lft~t,..m .. tpr,COII 

110 
144 
170 

, t 

27%. 
:4$" 
~O~ 

13% 
21'¢ 
~ 

ChI:.l¢41 CQ:st,.1Jben ·t.he patentexp1r~$ on (U.clQiQ,P .... ~thyl (theA<;tlv~ 
1n,sred1f:ntof ltQesr.s$,). It ,1$' very likely th~t .tb~r>rlc,,,of the cbell~c~l 
wl1l .. £alldtQatl.callYf Tills woqld Ted~ee ~n~:()f th~1le'Q~flt$()feqtt~~ 
ll~rblQld.e rates, tn~rea$.lngth~bre~""~ven. wl~t~r pa,$t~rC::l Incr~as~ •. 
l{owevor;" :c",,-nlftne;prle.e iall$Cl$ low afitS7L -lr:Cfro,. tbe c\U'~~~nt level 
Qf$18t.-"1 'th$ tEKIYltedp~st1.lr.e 1ncrea$e wQuldnotreaeh Inf'flt3S1bl •. 
levels ('rabl~8J. . ' 

t.blee",8tteP-evon. pu\ure rP)'O--•• t<JllOMlnlh."blclcictr..~tlC) __ , 
fQr;~lttor.I)"betblo.l40·C;Q~t. 

l$.OQ 
1.00 

~~l.l·Qn 

48" 
70%· 

Hoesrass
1
'rate' 

n~ h~-') 

21" 
39n 

R~ductlQns In. Hoesra$$ a,pp.l1cat1.on. ratesa}>pear likely to Incteasepasture 
produettQn 'S\lfficlentlytQ.increase prQtlt. ov~rall lor 'kheat c;rQP$ 8fQWtl 
\,b, r.Qtatiot) With ryegra$spi;t$t1.1r~$ 9n.gravel1y$aIld$/~andY8raYel$ 1" :the 
e~$t~mwb(t~·t~ltQt 'Western AU$tra11a... .B,eQ$.\1fleQf lJJlcertalntyaPo\1t 
l1Jcre.aseJlnpa$tqrewn1ch w111 aQt~llY occuf,wehav~ :.nQt~tte • .pt~ to 
detenlll,ne .QptJ.tll41herblc!de rate$ for CfQP"pasture :rQtat.1on$~ l.ioweve.twe 
bave4eter.lned; lncr~a$e$ iXliwlnter ;pastQr~ 'prodUctIon req'Ultedto 
br~4k~.ven! 'l'bes~: can noWbeU$~d as tbebj;\s1s forluttherfleld 
,*rllk:nts. It trlals .1n .... lcat~ that actual .pafiityre In¢rease$ areSreq;ter 
thanourc:alettbttedbreak .. even levels, redQ~ttQns in lloesras$ rat~sQMb~ 
adVQC,l teet witb DJ;Qf$confldencel' 

ttE:$-gltsroported nfit$. ii.\tec;onservat1ve .(in the f;ien$eQf Qvere$t1matlns: 
brtlak"'~"<trt pa$.tureltu:~r~a$e)slnce we nave aasUJr.edthat lowf;!r: :h~rblcl<l.e 
rat,t:U',d,o not tncr~as\!tpa$.tureprQductlon aft~r July" WJ;ct.& rana1ns 
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• .,nsl tl vltyanalY$tssho~ ,that. even 1f' ,QQrassu.ptlonsare qul ta 
lnaccur.te, UlcreatJes in "lnte:r pasture requIred to break even are 11ko!y 
tQ ~··ac~levable,! 

11l~S l1:nalysl$clearly bas ,llipllcatlons.£orother weeds anQother 
Mrblclt;l.,,_. In general. th~ optblalberblclde rate,to be applied taa 
:pj.$b,lre species grQwlngln ,a crop lIlll be 19wer Iftllecrop, lato be 
followe<1bya fr'.$ture.Thls does~p~ar to be astratep deservIng .further 
attention. 

4cbow1.q .... t. 
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