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· w.J~UapQ$.. ;C~nJtd.e.f.bl~ "bur~lt iQn $b ,Austr~ti,an ~~x. 'lett.l 
l o14,.t., ~ .t.Q::ft.~' tor 1985/8& 114"a'be,n (uu~w~~6to -fl_., 'a'Pt~7(1.t.1Y' 
'$l.5.00-ut:U;Ql\ ,,~el1lClt' :1~$7)~, In 1984.. f~r. 1n' AUltt.l.t.:~etlt:o"l\)t 
,$Z2~, ,..tl11an.~nh,1;b'~ld •• , :(&t.c.'kl.~~ Ptl.rs,., .-ml ;~hrl.'1984:) # ,.I_tat!; 

"ro~~tQJ\; Qf ~~~ ~.a. '~or: ",'(lcontt(illn 1ri.l •• t~n..p~t:a ,~udb_.at~ 
_~; •. ,Qf ",kptrnrUttlttt 'b:wQ'1'V14"e~~ .. nt~ecq."~ti()n.: ~. b •• I!t~'Qn :A:, 
;.t"1~ft,4 eo~.~,(: "t"tbr«~ol¢ ,~.I~:Qn'. &!t.~»i$ttct,; .... tI~k, .. 
",~ ~tt.c.~o:e, Wcfttt"i.nty',1l1tbt4,' 'tb •. 'ct'oJjc,;w.'d~bt.t~lcl~.y$t~ .. 

:'., ~~~ b. ~.tt.f.~~t£1.1,'''v.l\l&t.4:,vt'~tn'' audh ,.'.... .t.plift.a' tr"WQt~'~ 
~~~rtatn,t1':.tU~",_f;ull'ft.. 'tM 'V.~ta'bllit11~~tb.~otto~.:of,' 
,contr<,tl.',ile.,,g •••. ttt- v4tl.ab11.ttyo!' _ao .do.ltt. tb~, i1t.tt.l>~t!ty'·og,' '~b~,,: 

':~ftt~t. /Q! ,,".d 'Q~'t1..~l~ on·o):~p) ,t"l~..na th. ,,#;t,Mtl'tt¥'()f,~r~p: 
'ptt.c~s ~ '" ' 

, hneff.ta 'fli. w.ed ',cODtt'.Q1 have «..at1~Bt1¢'dl.ll8tol't ,dud to .,' (.,,) 
~o 'effect' t>tcu",;,l11; l.v.-rlof· CtmJ:totQI\ .,tu~. bU1l4uP~i 1Df .. ~t!Qnt 
(b)dfivel,o'PMllt of" r~,~!.t.tl~ •• antt ,('¢), 'P •• tt¢14t ·c.rr:y()\Yj~~ .'N·.nt'b,Q~gh 
cUJ:~e:At: :pt:~£lt •• , ''fiae, b..aeq\latt, to' 1:.<;,+>\):P the' ~~tU1.t l:e> .• t, , '!Fe). 

~,t' .. taent. '~Y ll"jWJ'.ttfUbl. ·U' . the :iJOJ1ult'bl.', t?xwenetf>Jl9i.;ffd;utQ 10$$$8 
1;" '.t.,C) t~n, ~ntC).(:(!ount:",t:;:ol> tQ~.t.1on deci~d.olllJ 11\ -...n1 c .. ,e. ere. 
govorned by $\JQh lQng'temt'()1lIt;4er.tlQl1.~ ... Sud.lar11 J' 1f x •• iatanee to 

httbf:et,de i'S ltke1yto develop,;ec.o_enQattoll#t buJld ·on <;qtt_,n1:pf:~:i.od 

4ltffeetaonlyw111 ~e.ubopt,tpl" 'D~.plte the ~ort.nc;ecfsueh loni tet1'l1 
effects y adVi¢e given to fa:r:..ttt: f.'JI()~n:ly .. 'hoe and; 1.1 bued on f gut­

f~et!ngs' rather thl;f,non a aYlIteutic an~ly$'1s of the problexa: in A. 

$toch&stic Ja1,11tiperiod: framework .. the level of control currently applied, 

nenC4!h Is unl!kelyto be opt!._l. 

In this paper, opt",.l poltcy is obtained by taking into account 

the effect of current treaa.ent on future buildup of infestation. The 
ayn __ lc.lly QPtill8l solution is obtained by employing a. dynamic 

pJ;C1gta.ing JIOdel in conjUllctlon with a bioeconollic simulation model . 

.trnct.ttaintie$ ,in tb~ performance of herbic,ide and crop yields are modelled 

..... 4 optlal d,cisioQ rules are derived for risk-neutral farmers. A 

,·qQntinuous cl'opping syatell with wheat infested by wild oats (AvellA fihaa) 

1, .nalysedi .. 

2 ANICONOHIC MODEL OF WEI) !!ANAGEMBNT 

Consid$r a fara infested with a single species of annual weed 

.pte.cluntfoxal,aver the fam. AssWle the fam to represent a closed 

.,.t;.~:~fithtt It1lnse ·that aovelHnt of weed seeds in and out of the farm is 
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\;:i""~~l~~:~'i~~~Y:·~~i.~"~t ,~~.,liUt"',~$;,# •• ~d',to.'~ •• __ ,'4 'l'r 
~: "' .• ~$li~,f~~#~~_,~~~~~Cf -ci~~~t .. of:~. 'f.~ $.~wf':&X.m:, 1$.1.4 ,ot.n~' 
~1~,tth.~1I,~~$~~~~t~~*ViI~.1I1~bo),'U"h 

: "l»i.,f<!'tlO&t·~ :.;~.j't.Ofttf~~~to.U!tl .••• a.ttl., '~;.t.tt~t=y ."1nth., $.~_ 
. ' ,tb4~:'it~;'p,.~.:~ •. ~. ,~~, '~bli.~~~;~£tt:~}' 11lJ"&t~1.ittl J\;Qbl~" i. t(t' 

. ".~ ~riV.tJ':Ali'oftt.l., '~tr.t'$1 i01!cb.1I1QI.\1 ~c;Pt\ttolQt.t.b.,~\JJll.·~'ja~ lb. 
, ".~1~tl:oni4:~h.~.&i •• Pf',~ntXQl,.~'J1.a: it' •• eht~ 'pe~1~4 Jiu,t;h ·tbat. 

, ,i::t;lt'l1:t.$.~t1t.t~"~V.J:tb.·Pl.~l~ hQt:tj:.Q~~. t\Qb,d:*e4" , " " 

. '., , ~.,.~l;uet~n,t~tli~ :prob~.;;#p l;~ fo~ by ~~lttg the l;oQta~f tl\(l 
. '\1l1t~t'eol1~9t @.~q.~t iB($D~~~t"~il~' ~lj.ei,t ~~of:;'t l~·tlJle 
1J.;:lq~· I t f ,A'.fi~ct.l:gn"f·,,'tb.J1t.be;' 0'£ l1 ... a il'''''' (Sn):" ~ ~"'\tb,le$.~ 
~tlt)(M.· In th_p.l:'l~e !)f; ~Pt~i·~ol1ttol,.. :tht0J'Y,St) ana XJte the', 

. , "',,,tat,. ',~, ~jQt..l.,n,v,at1;.ble.J,:t:~.~.ot:t1r.ly. "lb., ~tw\St1n.tun14~.t i'~())1l . 
. '.'~1W:' . tiM P~tlod ~n ·tlt~.,., n.xtd~'Pt!n~,Qlt th.tnit~1.e$.a n~b.t' "whtc:h 
4ete't.Jlin~n:f.tb. ;Potent!..t ~QJ: .etd.'PrQ~tian au~lngtb.c~.n~' ~u. 
:pe'ttoll, 'I!tnd,tbe "qu_n,t':ty of bfitrld.,c£~WI.d 'Wlliqn t1eeerJdJ'iG"Sr 'the ,actual 

'~~l: of t$eed$. ,toCh.\ced., 'UtG(.$~tiXt) b ... ~Qt1on i.$asu;:1~:th~ c1umt~. 
in SBEU! ~cr 11 The :wnQtlQn;~ 't'epte,sen:ts' the. tq1.Ultio~Qf ·~otlotl" Ail$D', 

lot S(SDl.'l repre$cnt th~ ~.~al v.l~. of the ~tock Qfwee4 se." •• tthfol 
.ena of :the .plannti1& horizon.. 'lb.. 'obj~O'ti.ve functiQn 1.tom,Q1at.,· p,t •• ~nt 

value (PV) 

where ,t ls, th. discount factor for tille period 't' . Applying Pontryagin.s' 

Prlnctpleof Huiaua. Que of the fi'tst order conditions requires that 

{2J 

The first ter. in equation {2.] is the marginal current pro.fit. If 

fu~ure effec·ts are to be ipored, the static sCtlution is obtained by 

• .,l$g, the condition 8B/8Xt - 0.. -,he second tem measures the marginal 

ban.fit re.ultingfroll the effects of current level of control on future 

~:nfe.taltlon. 'lb. costate variable l.t+l represents the marginal change in 

S1t, •• nt 'V"aluecaused by a auginal change in the numbe.r of seeds at the 

b~!1nn111' ottiae petiod 't'. An lmrease in number of seeds (and hence 

.eads) r,duc.. profits; hence, It+l < O. Also, 8G/8Xt s 0 becaus8 weed 
popu1A~iQn is reduced by herbieides. The second tem in equation [2} is 

hence DOl1 .. neg..,tiveJ.. Due to the beneficial effect of the current level of 

":eol\t~ol QP, futufG. profits, the' 1Iargine1 productivity of control inputs is 
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"';~{~C~.;_tli4,· . 
·..f-.·.",,' >.:. ..' . .•. . ..... ..... . .... • ... ". '. . .... •..... .'. ....... . .... . 

, ,';.. ,,' i" \r~o:,::p~~"~i.: ',~:\ '~Ilt4~1~41"'(flCt.~""~: , 
',~~~~~~~ ""i":.qP1;,....t.~" ,·~~~tO.t ;,ol(~U' ',l~:' ,A:*,l#tP.'~~':~_t.lt~:';,1\. 
'~t~~'~t.~·*~J~~~* •. Qf~~t1,~.,.~.;. 

,:' ,~'::t~'f~R.' .'~~~w.«a: : ~j,': ,b~41,.'(lQ~fl~~' , al,',: '''l:~' ' •• ,, ~.t:l ,_.tt f~~' 
.:~!tl~~~~~\:~~pt'~~.),r~ .. ~~: ::(~~~" •........ 
:~ .. lt~r;:'j.~~_~)i . (~'~.:tl.q~:.;~~;;,,~·;~if:/t(l'$.):~ :_.~Mt~.~.'.o~, ~(;:.' '" 

. ·Jlj;~lt~~i.~ i~~~~~i~"l~~'81{~~:/I(i~tli .. . ~.rJ,~~O.~~ ·"'tliOB.aM· Ilbb~11A'~~J"1.~~UtlOP;'~.( kf~ '~". ". 
U:~~l~t!~~~_'&. .~~~~'.' .. ~ .•.. ~"~~~,.~.;" 

." ~'1~l~t~·~tl ·PtQ~~~.(;~l.ts.:·.or 41.t,,~.tl1e .~.Q~1 ':l~Ji&~1:t~on:r". .. -
41!f.b~t'''t:~O",,(U· ;':.~S •• ;' :""1:'~~<i :ptorr.-,n.$ ,~.1_~.), ., 
~t"l~.>1$Ia ~tMll1/Jb\ttllll~;".~~I>.~1.ti~1:~~bf . 
• :Qli(Q'n~tYt.~: ~,t •••• U' :eg~ •. ah1' ~tnl tb- ~t,#i.¢~J?t'~f ,tt. •• ~t •• ' tn~ 

" ,,",t.-.tlAl11.. "¢~l.~.iy ! • ..t'... ~,.t.t.,Qf .t.ll." .• ,..:t.~ .• t.:th~ 
, ~'(W1~I' oi~b ".~.,~'1:'h~ ·til- .!f.c.ta. Qt~~t ... li)lW ,1~\' ,·~·~t..I' >Oll: 't.1l., 
fott_ ... , ',t.&ft··tJ. ,tr.~ttt.~~t~tb.' ,.ut.'V.t'i~l •• : ':StAt. ,v.itat»l. •• ' 
.M.~,tq ~ dotln.tl ... o tbat«11, lnt~~tl_nl.v.t;<> :tli.·etJ~:,;'.nt 
~el.d.ono ',tabla \u.~.~'db:y 't_ ;.~tf!);. "'l!t..~lt.,." ;hlt'ttlqrdr-'tft 'of 
~fo; ;pt()sr~t1&, J;'. c.l~ ,the' ~()natt,lQnlif·lt,:~koVl_ $:,l14.,enaOUQ. ' 
(~u..r 196$)~ 

'Abel', ,. P'Q.t~ •• r,.nc: h.tbl¢l$\lu th.! cont~ol .• g.nt, •• oe d4ns:l:cy 
.tth_ .ptAy,l'P! ~i !. on. :of th •• t$~$ v.~t.ol.$l.lf ••• " '~.xblbt~ 
;d()~y. ·' •• i~ th_ ,~a.& of ,1416 O .. tl~.th. ~rQE 1Ii.bl., .•• e(Js iu" elle. 

·:j()!;1. ;t.. ,lnOtnet .tat. v.rl.able.Howave17? weed crens,£ty '~"\n.d~opp.d;()~~ 

tv t .. eX1.1!~nt £.a •• ~4 to be • eons~tpJ'oportlonof tn •• l~e'of ~he 

.~ft ~4Dt:.. ~'. In t\1t iJ.«.t,n.lnillelc 1$0.1 in -wMeh a1.1Gtochastlc 

v.t!Pl. •• ~t. '~epl.~ed byth&tr._n vAluell, tb. a1%.' of the ,ltU$d bank i8 

th;: onl1$t 'Hte: val'l.bl •. " tn. _t(1Ch.lltlc .",1 i. pl'ope~ly apl!.ctfiedas .~ 

f*O .... t«t~ Y.r'.4bl •• ·~1. However, to save crt1glutationtba. T .. ylor and 
.t¢'t~. (1~84l deCcMP0$lt1on atho(J w •• uae~ for solving the stochastic 

.,.1. n.. •. 4.cOEp().ltlon proQetlure. is explained in a later tsec:tlcn. 

tbe:' tlft(;erta;bl variables ilt(lludGd in the IIOd.1. are herbicide 

per£OtILtllCe :arK} ned fre. y:t~!ll.". All other variabl.. s\.'!ch •• cJ;op price I 
..,..'4 .rUd.t.y. .pray efficlenr.y are &ssua:ec! to be known with certainty. It 

ha. ,o.an th- .~.rlence of fataera and. re ••• rchers that tha variability in 

li."tbt~ldl ft"'fo11l.aqe ia en. of the do.inane sources of risk .in weed 

:~ont.tQl~ligl~ly ~ vls:;i.l1ity in weed free yl01d .. det.rained by 

t' "', 



·!r·~' : 

': "{;:ql~~l¢' ftt~U!,t1;C~;:'''.;'''4:/'~*kttq,1·' deci~t() • . pt:oftQt:.le: .ta~ 
·"r ;_~fth111~.~- ',~i" ..,....,' . i.:' . " 

~. ".' 

,'. '. . ·1\IJ,('.,j9l\l.tl~ ' .. 'tQ¢.~ •. 1~JV.4 .t#t1l.· ,~~jPf~lt_~'QI·.4tl 
, /lu a..ad.bW:.01 .tt.. ,~~.(".:, .~~~li::' .'. 
~ " ,_ - ' . .' • , . \.. ", . '"1 

. l~l i~(~~'~tl;.~t~{~lJtef~~l~ 8$Vt.l{$l)t.t tltt:411 • ~l.l .. .. 't, 
':'): '~t>,,' "',: >~ ,'; , .: ""','. "",'" 

".Yt:(.t;iVt;f~ ~otti~ .,/~.~~ ~tlCitl at; .• tt ... ·lit~f.~~ .~ 
~ (SO), In«, •• « .~~ty. (w); ',lfj .• tbl'\l1m;lftt 'PJ:'4 fl.tlf ~uloQ. ,S; I." 
'*Pl.-nt.4;,,, ,.. ,~ .. '4t.e.~t't.~to~, '.~ 'a ,~, ~~'lxpeC,eltlQ'P '>~t.tQt" 
Inc .C~Ot~., 'vttlJ 'tb_ ,.,~t~ 'J:~!t .. ttt! ·,.tltN. tt •• "'.Qr~'t#, at • 
• ~tftM·ln x.ft,t •• ,o)ta.l" .. 'thQ$., '~ 1 •• 1;' t.,r ,of ,tt. pl~.'1V>tt.o~, !l 
1~11 __ ; .~q.. ,1.,Q •.•• cou4.1.t y~ ... t." 2, ,~.c>on. 

~ lfmltb of $. pl"nrd.nt ho~tllc)D,.t. _y 'Wtfltdt., 'orlnf1a1t.~, 
~ tPP~t. ,.~lutlon of. #:tJt1te lJotf.~Qnp%'Qbl",4m 'be! a..:1v.4 'by 
flx:.t .,C)l'rill$ t1w .a.l f"o~' _ltlflrdQhQ~Uon.~h tl'(j,t Vt .. 'Vt ... t_Mi 
ulllJ;the <»,tllMl &,ci.ion l:b;1 •. c()tt •• ~nd:1J1ato Vtfo'P4etl:Vl"".Cll\ttlC)~ 
lox' .flnlt. Uoti~QQPr:obt.. . 

tu;. aet:flt1d.tlls,tlc ~lj .... d ,d •• tty .... dtQ~ ,QUe _at. 

.~te,v~.l.; bec,.UQ _.~ dt.ltJ 1.... ... 4:t() b.,.con.t.tPt~l'Qttton 

of:' •• f4:~r'. tl14 st,ochutl,c;: ~lwu aQl;vt41n tw'O'.~ep •• rl1:.t. tho 
,oplt_l, val_ ~tlon foran, lQfllllt. 1;io1Zf.~on ptobl_w&. 4e:r1v.d 'b, 
dt~ppl. _tddtMlty, _ tnthe cas., ·of .4a~r.J:n1.tlc, ~1" In the 
:&.c~ ,.tep. 't_ottlMl valu.e~ :f(.anctloniSeriva4 inth. fl~.t. step w., 
"'tltut.4 f~lf 11t ... 1 ao.<l A .a6dltlonal it.r«tiol). .Ql~4. fta ~.eur.1va 
9q_tlon tor th •.• econd s.tap .1. 1ttltten u; 

(41 Vt{$I)t,Vt) .. tt;x[l!lt(SDt.Vt.S1,} + PlWtol(SDt.ll] · 
,It 

~~.,..t4ltl .. ax-tlble probl .. 1 •• 01vecl 1n the second etage 'by speclfylng 

Ci..:tt'J:ftntpl'Ofltu A function of weed dttnslty ancJ .~ed. nuaber.. Although 

't:~11s .pec:!tft:e<l; ••• funttion ot SDt _1 only. tbedecillion tule 4erived 
t- :DOt: 1I1OPlcbeca\.t#.,..th,: d~£c offects of cunent decisions are 

l'.n.~t.a4 lQ:tb •• tz.of the •• e6 bank which appears in Vt _1 • It 1. a.1ao 

...... 4ttt.t v..4 dentlt)" in the current period do.s not h4Ve any 

.tlp;lflc-.nt effec:!t on w..4denalty M"t period... This i. a rea.onable 
Q.~tlon 'bec3u:se .any sucb eff.c t 1$ likely to be doainated by the aize 

of the ••• <1 b"nk. 
'For ,ditri.vtlll nuaerical .olutions, the state and decision varll1tbles 

*J:a r.pr ••.• nt.4 by6l ,and 11 dl,erete val 1,les. respectively. the decision 

·.ttftUt'v.I;~o_,ld.r.ct. art different dosell (includins non-\l.e) of 
"'Ha •• ~O\ galteeh&tartfn.lI""alua llE ~h. Jlt!at!e .",.",1.'h1. "''I''ft~t.fo. tl!ftA 
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·~·.ta~.~· .~' .~ .. _1~ ,,~.t')~ • ."t,. .. l •• 1 •. :~*tl6Q .... .,.~.lM~ 
·~".~Ii··;Ii,..':'~· , :'tw.i';":-":'.It..&, ... :.~'.i.",,\ . '~4' .. ' .... ". ,·.·i··i',· 
'!/I(.r' #,i~~. ~~~t~~ ;~~'Jri~,.~.,.,~D~ ;1t::.~'~J:$l\\t'Ii~' . . , 

w,t;to,; 1" .,it ..... "".oL"'~, ... ;,;jf;.,. '.' ,.'L...... ... ..::t ...... , ... 11;. .. : t....v..;...,..t_ ..... ·";f:.oloi.1.,·· '.' . ..n. . ......, 
~,~ •. ' ~~~~~ •. 4ft •. ~ ..... ~~.·~r~~ .~~.~~1:~ .... ~)~,.v. 

r.~ '¥.l1,~\.* .• _" =.~_ .~ lMO~t*fl .' t1;.13, .' tn' ,~~bf.ft. 
'~trq~", ,~. · .... ft'. ·,'.1~", ,In" •• t~t"", •• «,'kJft~~~l., 
~tOt .. ~~_ .f~~ • .-iim.oll_*~~t1On~lcl\' 
_ ."~ .. _ . '4~ '. ,~., ". ~ .. '. ~.~ .' '.t'-~'* •. 4II,c~.~~. 'toUblltf;J . 

,~,l,~'tlwt"l" fQr '~: ,jot,-.liet#. ~tl ... _rlw4:·bJ_l,.lPl thI· 

.~eJ"'~ •••. ~.~ 4bttll11d:~ ~.~fCl:f;ll ~,~:~lo 
_t~1 .l~· .. $1 . .,,- :oj; .~h't ll.l(J;~, . tb. 'l.w~t.t~ val •• ,·. !_~", .~~ 
«it~t11 ..... 1 .. : ;t~i l~. '.l.:t~l1Ntl •• , . 

~:.t. ~.,_i~~' v.J:Ubl.~.: i~~~J;.gd(t(>.-t"l.tto~ 
'.\ ': '" ';~': .,' •. '" ". '. ;" " ".' .' ' ...... , •• ' .. " " . c.· ...•• ". "'. ",. ,: , ......... ', .. , ' . .•.• .' .. > . ' .. " t1I .. ~.'~\'.~l~l: ..•. '6l'Q'~' ~'~' .'~1..r~~ .•. I~ '~.tPJ:.n~'~f'~' 
pcI'1!4W1 Ii~~t. t. ~~~Cf#I.~ *~~ ~1\t_ ... ~ 
J'AJ:~l(:l~ .,.tt'~~t iaq ~t.~tlJ, .-ttlt#9tl '.llbDt"· ,t_t.tttt •. 1\. 

, ,i;~tt.~~l_ f..~tlltt~~\ ·.~~·b1"J*"l'C:,~';.Msll.'JOe.~.~ . 
. . "". ·.~.t«4,"'t.i OU.ff'~i t, .. - ytel4Jwt. firlt elu.lt:l.d;lbt"'~.' ' 

:&tnt* ,116" •• ~~ to 1".,4. ~ •••. ,.ma·P"t'''!;.Wx"·;~oml:tttQU,,,\l'1tllln .. 
·u~ ,c"e.Ptf" tbt· '=4;)Wb~1.:t~d,t.t~lhtlon .1)f,· ,1 .. 1<t rtfD .t.'P~I •• ~tI4 't>l' :" 
'd'~~~" c~.tl_4t.,ti!tJmUQtl, ·f1.mct:IOft. .It, t_ . __ It,·aot.tQ.t. 
<it>~tt. .~. ·.Jl«lD ~.'aJIl)ld ~ tPlIrobtbllIe,t4UI;dbllttflll 
Ilt ',bId C~#I~tJ& to ,0Q4; lo11.ot..tQ.f. ,~n4ttt.Q. 11\., '.~l?tq~.t • 
.. 4J ~lt'tt', tq ao11.'1.tttt.; c.Qtl6itioo. itl. o~~ c.t.aort .... 

Ii.;. 'to.~~l<; ,.1JlUl.tton~l." dt,,,.lopt.dto tt'ae. the. .tfcu~t 
of ... cJ;ecm~()l""-chlQnson,both th,cut:t.ut ,aQd. 'the futute pJ:'oflt.~ 11\. 
tN.tatl ..... 1 t. <;~i.'l.~ of .u'b~.ll .. iot wetd: PQPul.tlon.d~lc't 

. 't1e14t.$pO~. to. 11 •• 4 111f •• tatl.oft,weedkl11 functlQn. w.edft •• yiold. of 
·cto, t .~ '4llM:tlc aM .cono.1c f;!Qtor •• 

Allf. cycle '~1 of Wila oat. ta \Wed for pre41ctlng •• edling 

l'ec.tQ1QMnt. .plant.u.t"d."l.1.lle4 production and a.ed .utvival. The 
'ttc;~t,tMnf; of wlld _t.l. 1'1Ot .• ynQb:r:onl •• d and occurs in wav.. during 

i.~.ltt'; 'O~Ql. ,,(Quatl ·an4Ca1:te,196S,. A'IfI,or 1985).. If a nQn .. restdu4tl po.e­
,tlllft,'Qf;; 1I1I'b1<;t. "tll.control "saut. It would, be useful to divide 
.W4l'tj.p 1ntotbt •• coborta.. Plants, whicb _,"rge before sowing belong to 
~~t~ 1.. '~cOho%t2 luJs .,eu ••• ~Ilnl after lowing but before the 
'._~~'.'.llt b.~blQfde 1.11 applbut.Tha third cobort has weeds gerging 

.~~r ·tM."u~.tl~o! po.~"t •• tl.nt herblQide. 
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~:~~ _ .. ~ .~ll'.,~~~~l:_tQl!1'P* .. ·QIiPJll 
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""IliIt!l •.. ~ ... '~'" ·~ .• lttC~iIt~~~.~ _l:~*~** ~tt"!l. 
_fQ~" ~. ,.ppI1Q~t;IM .b~. ,.t;Iii' .. t, .. t. ~.tb~lct,..,~,. . " 

.~~: ;QI " .••• ~ .1J~'4> ~~ •. ~t' •. ,1.m:1 .1.al'Q,d.a~ .. lt1 
.'tMtD~. :~.tJ:a..t:'lbIdi:1l1· .• b~.~ll¢ (~tlmh;$~ :,.to,po:t~6Jl: .qe 
'Mw" · ••• _·tJ~~.41. : .... a, t();~: ~MQ_a 1l1·tb,c.-bl._na.,\d\lfMi 
", ..• ~., :bumf.:OC" ~l.o.. Jr'~ttlon 'o.f ·tht.·,.~t':tl.· ••• d:b~ l. lo.td~ •. 
to M~.t ·_t-~11~~11\\lIl' ,th. : •• ,11 4jMalu'!Q .• n.M ,~.c)t'lk4by tH 
foll~ l&ttttt1~ 

.~.: $i)t.+l t • •.• $.~ •. of the ., •• d: blDk 1ld: tb •• tQ'tot thO' ,..t'lQ~··t+l, 

$1)t t. :th •• ~ttl., a took of I.eab .. ,.!; $0.- ;bt lQ •• W. to: ~eCiU,t~l)~a 
K 1" itt. lp ••.. ~ tt.." ertAttty.ll11d '.' 1. '~ ; •• ,4. ad4tO t~ ·tllt".d ;b.M" 
!fC>l,t ''0£' tM, pa,l:..,.e.:rs· f,ttbe .. 1 u_ obtaln.a ftel. GpIi:J: .. ntal 'tIQtk 
.t Ot'tAS,e.HSW (He.' ~ ll1t.U.ngs' 19 •• ).. Vat.. of .tQ, p..~,t.~, 

l:I.navtd:l.bl. ftca ;tbl..out.'c.",,~. obtatlnlclft:· ... .xpeli!M4tal wo;.klu; .tb*, 

lhdlte\i ~~(~an.et .t198&) ~ 
tba yltlcl'(Y) of ••.• ,4,. Otop· 1.QGc!~t'd .. 

'(6I 

whtt.y"*l.. p.X'_tflX' t:epr ••• ntiq the 1l&a¥1..a.ttalntbl. 11 •. 14 in 8, 

"'td ft •• ;.tt~t;lon ,iven th. 1.v,1 of cnvlro .. ntal and .-nag_ant 
lnputa 11rl 1. tht •• 4 denflty. and g(.) 1. it. functlonoftan called tb. 

"te14tlv. 11.14 r.,po_.' (~.r.nd far1, 1981). Iy defllllt.lon. ,(0) - 1 ... ", 
~, ,(tit) -0, where ~ ~ 0, 'l1\\1S the function g(.) provide a .acd.lnz 
f .. ~t~;:.. 1c 1. ~.u.al ~o r_pte •• nt s(.) intba c... of pests by .. lineu OJ: 

II ~ ••.•• i~l_l~f~ti_ of pea1% .. ~lt)t (l.d.r .. l"9. Zt~. 1980), aQwe.~" ,1n .... 

·~c ... of ",..,t-) 1.1101'. Gcurately ropre.ent:ad .a a hyperbola 
(CouJfAilI .1"5). Ttl. .pac:l.flc fora ~.d 1.·: 

111 
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,~ ..• t.,~ :~_:. -,~.~ .. ~tOP; '~Q.tiJ~~ ~ .. * __ -~tt.tl., ~ta*.ittlh' ' 
-~,;~?ft''''~~'''W._r;l<''';'':'~~A&''i,~lIat'''~~~''':';; ~,< '"'~ .' .. ,"".,,'~,' 'J"'} , .' ' '·'d.~"j. '.. I 

-~~*""" "'~<~: :'~~OJ~1"',t~~".,; .~O'~' 't:'Q~1t,e~~_~ "~ "'C'~ ,~
~~. 

<,~~ .. ~til)J~l:"'~~.'~!s"~.1»:ltt~'.~. ' .. ' •....... ' 

•........... ,' •. fI' .. "'JlQIlP'~t;~'''''~'~~t)'~ ;~till~ :aplllit4 

.~ •• , '.~" ~~!!Uilu~'~ ~~ •.. 1hIi ... m~.~.1AItl~~ til 
"~~l"~"JIbI~,~,.~~, .• ~.-- .... ~ 
':Jr:~Rt •• ·' '9~ ."f; ~t~.l(q!" 'fi.tt:'~t;'_; f~~to~ .(.'l~', ,l~1i,~. • 

'filcbt~d:Ul~UJ$)~~~._~.~ ,.~.'. *",~~.(~II 
, , ,"'" t.~4.v~W1 •. C\l1th .,~'.' ,1111@.~~~t~ u"' ... ~~~1,~)~ 

, '~ ". 'lJ:ob!;t:d tQ'lt"ft,r: ••• S.4f~ th _~~~'ft.tt, _~.:',tQi- .• ('lol.nt; 

, ,·, •• :clMclpn 'ot '\k •• l' •• ~.; ~.l.~~blp(,'t_, !.'~l, }t •• l'~.1\4 

,: 

'l&¢q~e'1$i'~i<t1h9,tqllt .• p.~l,f!e.tltU<l' ~.d. i~tl\. pt,.tnt. '1;~.," n. 
tlo,. ''( • .,oM'' ~.t.t$._~l\IbiP ·lQJ:'lf.~"'II'w" "pI,ct.fl.d .• ; 

II). lOS['V(l -1>1'1 ... ~ +Iilj; 10-$"1 + llJ~t + Iil';\t "'''1 

.,(. R t., "dM .'~~ft{onof ~. ttt.t\ii.d, k iiI th.:. ~n~l:tf ,.of 'hexb*~!e 

_tJ,t".4. 81: .mI,. Ir. ·· ... QU •• i.qt· 4'Qll_t*t1g. .\\4 ... ttl v,. WblCb: al' .. f;) 

gtfC~ t~v«dc~. qt Mt'blct~.* P.4 w t.dt.t.ngo.a4t,~.nc. 

1;.ht",'ll,.r_t.~. dQ •• t (to; .t .. 1t~et;.<J t~1)t~llttve .. 
:-'tlMnt«l. tr~N. .q :th6 ~t.TQlof ¥11<J oat. byll09llt ... 

~o~t.¢t '" S.thst inVtUlt.rn Au.tr.l1at .. ¥tctor:i •• w i~ $olltn \tal •• 

• t ••• 4 t~ tht •• 'tlldy. ~. i.~. 'v.x:., .ajU$t.d£~ tlUt .ff.~t., ot,ut~l'a1 

_ittllt,1, '~"Jj& ~bo~tf... fo~. (P!~;Y 1971)" ia •• 4on the ide.¢~lpttol\ 

t)f • • ... M. In, d\ctt:l*i l'.pott: ..'~t aQt,,_.and d.ry*, th..oil 

_l,tt.t;'tlcond1tlou .. u rat_d •• 3. 2 and,l ·re_,ctctlvely. '1M v .. ~l-.bl. 'A' 

••• *Pf\ciff..4 a.. _ 4uMy' (A.l1f wttin3 .agent added, .,-0 oth'~18.)., 

We. £.: •• yle140f Vb_.: waf pr.41c;t.4 b, ustl'& a wheat 8t:owth 

.l-.tl.llt.!on ~1 eJlql0p'd at the V •• t Austra.ll0 Depar ....... ut of 

AFlcul:tut'h 1.'M~1 ut,. ,.111 el1utle aata •• input.. TJhIUlt ylel. 

fol" 14 ,..u. fr_ 1912 to 1985 we):'fl 12t:wdieted for Herredin by ~:tna the 

.:r..a .. t1cn .·dtll. Since .11 "'Mc._n~ .... p.ctflc; inputs. ue .asQlNIi.ft non· 

l!a1t1na. 1n ~ a.t.tl«tlon. pr_41ctt>d yl.elcb were adjusted to reflect the 

1 ... 1 of '1n»ue ua.p tn the resion. 

5 lUULTS AND, DISCUSSIOR 

fo; denvlnl .. 4etet=1n1.t1c solution, the weed free yield and the 

¥]l'.O»o-rtt<m.tJf ._"at.411,4 ware ,et at the r4.pectlve average valulln.. The 

'Q1tUlal;; .~S..lontul •• :r:S:v .. 4 by solvilll the infinite horizon prabl.. 1. 

tr ••• t. ift fl&U",,111Altbou,b t~ ~.r of seeds in the so11 ls the 



..... ~. , I 
'~", 

'I 
,~;" 

:!.:.r"., .•.... ' ' 

t! 

Weed &maity tplantsisq nl) 

~: 1: ~,cbul ~,t.l<m '1\\'11. fJ>etel'l .tltic) 

• 
• 

11,., ,K 

20 .,~ 

o 

~~~~--.-------~------~----~ o s 10 15 20 
Year 

ripe 2: Optt.al Trajectory of W.ed Denaity 

(in1t!al •• ed mabel' 100) 

dynmUcsolution 
stAde'solution 
difrerenccin PV 

~'t.~. variable. r •• ulu are pre.ented in t.t1U of weeel density. The 

~~.l()n rule l11uD~at:.d 1. quite 8iapl. and can b. a useful decision 
tool& tha opt1lul (,,3. of htn:blclde depe-ndll on w.ed danBlty and 1s updated 

.. , ••• 4 «Ienstt:y chan&.. over tta. 

The tl.- trace. of weed r~~er when the optimal decision rule 1s 
~lt.4 npeatedl" are sbown in F1aur.. 2 and 3. Thea. traces were derived 
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npzo 3: Optiul tr._jectoryofW •• 4, Dons1tr 
(l'At~.14 •• ~4lt~r SQOO.) 

fot l'\$.tlat .~.cl ~s 100 .'Il~ 5000. x.tn.· ••• nt1q t •• ~t1.'V.17 19.w .@4 

blab lnt.,t.clonl:.Sbo¥ttln the 41.pau ,.r.e: al.o tt., l; •• ulttQ, ttM· trGe: 
whtn 'fOl:l,c,l •• Which __ i.t,. prot lea in 8Ach tlM p.tlod aX'. applle4,(18, 
tlM: tl'.ce eo,r:.tf"wpOw11tta to t'bt .tati.c :aolu.elon),., ~ wCfld denate,: 

-c~J:l:f\*po~, ~o til. ~plroxlMt •• t •• cJy",.t4t. t. lOMl: 1n tho Qa •• , ~f 
~lc opt1aiga':lou.IDnt:f). at th_ .t •• cly~.'t.t •• profit • • r. 'b,lper Wl4.r 
~lc opt:i.t.ation. tlwt pr ••• nt v.lue of'ptoflts ls .1.0' htlhtn: under 
4~tc opt\iod ... tiou and the 1_11\ over tbe •. tAt.i,(J .olut!(/, n lllC'X'fut •• ul OWl' 

t1 .. ~ tM ... sult •• bow tbat, lnth. ea •• of wtld o.ta. atpdflcant galns 
can be x,.t.l,ad bl, futtlr. petloda by r~d,uc.in~ ,tll. v.Qd burden •• rly in the 

.,lanrd:n, horJt.on .ven. 1f cunene s,a1n. foro. such .ctlona alpt b. 

_~tlv._ It j., 41,oob."rve4 that weeds are wt eradicated at the optillal 

.tetidy·.tAt •• 
in the .tocbatic ver.ion, th" solution procedure 1. conceptually 

,s.!:l.-r eXcept ~t transitions .. re probabilistic. Th.... stochastic 

~~lutlon. "'*r:. dln:iv.4 \!Sins tbe two .. atep _thod described .arlier. 
it-rut. _~. &$1\*4 to lMltiJI1., oxpec ted profit.. Tho "asults are 

p, ••• u.te4 in Fipre 4. 

Th. optbul 4eclsicn depends on w044 density as well as on the 

.1=_ of ,tho. ••• ., b.-uk. For " given WIled danstty. the optimal herbicide 

dol .... c~,u •.• ,,1than Ipcx ••• e In the size of the aeed bank. this 1s 

,.'X,lct.d·bacauao tb..!':.. of the a.ed bank can be .. nlpulated. by v«tYing 
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Oil v 1,4'Ul 1St 2.to 

~ 4; QptbalU.tbf,c.la. bt. At;co'rdl~1 to S •• 4 hnk 

4nd w,.a Density 

Utl5QO; :._:1. 
'_."IIiLaA,' 'c:tMA ... · ~I~" 

*Md:SOOG 
'eumt,~; . 

tbt·Mrbb:,f.&t quantity only vb_n therIJ~. a few ••• d. tilth •• 01,1 to 

.t,art With, On tb.Qtb.~ hand. wh~ the Inlti,la:e\ld, bank 1. 11 ~ te, 
vUY!na .tt.. aMit10n to the •• ed bank by ktUin& .01.'0 v •• da :1. unllt.l) to 
af!.ct the •• ,d ~nk .~t.nti.l1,. If tlul .... 4 bank 1. very larg. t the 

dyna.Itlc sQbtt10n 11111 approach til. atatic $ol'U~lon. 

'lh. eeonOllio tbre.bo14 at which h.rbic1de 1.. .pp"l>le4 decreases 
with .. • cor.... in tb-. a,.eo b.... When tbe ••• 4 bank ~onsl.ts of .bout $00 

••• d#. tlMt c.i~lc econmdc threshold 1 .• approxb_.t;:e,ly 10 we.da/_2 • Tn. 
st.elc econollic threshold 1s approx1utely 30 w •• dd/a'. 

It (amers &1:e as.~d to be risk avene t then both the a.an and 

variability in p~oflt. enter the objectlv.e function. If herbicide 

perfoJ:UnCe 1s •• st,IMd to be .tach.stic but the weed free yield 1s 

.ter.,J:«latic. an iMre... 1n herbicide will reduce the variance. Thus II 

ti"k ,avfn:s. fuel:' -would tend to apply more he-rbiclde compared to ~ risk 

naut:ral f.'tJIt#t. If herbicide perforunce 1. a ... U1iIted to be deteministic 

but t~ weed free yield ia stochastic, the oppoaite te$ult will hold 
~e.ua. the variability of profits increases with an increase in herbicide 
~.t;.. Th- .. pee-ted direotion of change 1. aablguous if bo~h the weed free 
,.1t14 and he~btcid. perfonu.nce 4.1'8 uaUJ:led to be stochastic 

.~lt~ou.l1· 
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