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ABSTRACT kl inJ;ecticide resisbtncc l"l\.'.lnll!:(emcnt (IRM) str:ite.h'Y for lleliothi.'1 om1il{era 
(Hftbncr) has been u~i:d In Australia since 1083. An t'J< post evahi.:1tfon it difllcult bcc::lusc 
we are un.~mc what the outco1nc would hsve hl'etl h;id the IRM nut bclln introduced. Wo 
compan:d the actunl outcome with the projected oulcnme of vario\ls sc-e1i:ifios thM c11p· 
tnre<l the Lest a.v11il:1Llc eslim'1.lC& co1lcel'lling wh11.t would h"vc h~p~1.med wilhtl\lt lHM or 
with altern11tivc H\M strategics. We also compared two variant~ of the economic snrplux 
method for cvllluating the hwcshocnt in lRM, Our nnaly$is s11gw~sts that the econersnic 
bc;nefits of the i1ltroduction ofJRM have beun snbstanU:\I aud tb ;1t :u1 IR:\i str;i tcgy sho11ld 
be dcsigMrl to exploit insecticide rnsccptibilih' at an optimal r,ltc. ln Auslr:.lin, the hii.:l,ei.t 
economic rnlum wa~ :r~•\liz.e<l by the pennlttell use of three pyretliroid sp rny~ per sc:iJon. 
'rlrn low cost of implemonti.t'lg and mnint:llning the IRM In relation t(l its higb r(lt<l of 
eCQnornic r"tum Indicated an excellent opportunity for incrc:\sed iiivcslmcnt In research 
into o.ltc:rnntive mM approuches. UtM is a social rcchqology. The IRM in Austmlia is 
,inuswtl bec:i.usc so m:my factors worked in its fu.vor. Tl1c trnnsfcr of mM t~clmoloi;iy to 
d ilfon•ot sociocc.:onomic sih•ations might be morQ difficult. 

KE\' WORDS II<1llothi& armlgi!ro, re~ist:1nce, tnRtl(lgcm.:-nt 

Usr.: or Cf(!:;t.1IC:AL JNSECllCIDES can increase 
crop yields hy red\tcing tho levd of damago 
C<lll St~d Uy insects. ln rmmy Cases, iOSCCtici<le \\SC 

i:imult:mcously selects for inscc:ts with rcsislance 
ger1es. The insect populalion beconles rcsislant 
to th(: in~1.:cticide, which will eventually no 
lonp:cr bo u.~cd by growers becm.1sc it doc.s not 
work. Genotypes that arc suscoJ?tible constitute a 
c.ritical u~i.tio11al roso1nce (Mobcr):!; 1900); preser­
vation of .5usccptibllity is recognized m; an ifc1· 

portant global issue (Hiley 19go). lnsecticidl.-l re· 
:;istancc is one of the constraints for ihe 
profitable prodnction of food and fiber and main­
tenanco 0£ public hea1th programs in the fotu1·c 
(Dovo1· &. Croft 1984, Natior'l."il Rcsean:h Council 
198G). The way in which the development of 
rcsist:mce in insect populations o:m and ~hould 
l>e m:ln:ig!!d is of cum~nt concern (Smale 1990). 

The economio asp~cts ofillsedicidc resistance 
rn:magcmcnt (IRM) must be tmdcrstood if the 
~11lrodnclion ofa resistance ma11agen1ent stl'ategy 
is_ to be efficient. Knight & No1·lon (1989) pro­
vided an ov1.1rview of the c\.:onomics of ng(icul­
tural pei;ticidc.l rcsist:ince in 11rt11<0J?Ods, but we 
aro not awar~ of any detailed economic evalua­
tion of n. succcssfol lR.M. As Snwicki (1980) indi-
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rated, <tl1 existing IRMs were eshihlishcd as 
emergency measures withollt any inftinl ap­
pnliSilL A succes~fnl lRM for the mnm1genw nt of 
insecticide resistance in HcliotltiJ armLgera 
(Hillmer) in Anslrnlia has been in operation 
since 1983 (J•'orrcstcr & Cahill 1981, Sawicki c t 
111. J 989, Fonc~tcr 1990). 

An IHM attcrnpl!i to .maintain gcnot)'pcs for 
insc<.ticide sus0qltihility by minimizing selcc· 
lion pre~sme in t11c target pc~t popull\tion. Mjn­
imizing selection pi·essurc is \ISually achieved hy 
re!>lrictinl{ the USO of L)Mticulnr pesticides to pnr­
ticulM ti111es or regions. Resomcc ~1llol~ntion 
d(}cisions in market QConomics are Ubually made 
throl.1gh the price mechanism. However, the 
price nrnchaoism fails to value the stock of insac· 
tkidc su<:ccplibilily co:rrcctly bccau!le· it is not a 
t1-atled commodity. 111is prohkm has been rec· 
ognized by biological researchers such as 
:Rratl:sten (1990), who slated, "A mnjor problem 
in using cl1(:micals is tho mist~\kcn nolit)n that 
they ca.n be used at-conling lo iuescnt-clny eco­
nomic marketing' i<lc:ts; rather, lo:dc cliemicals 
must obviously be u.~cd in accordane:o with hi.o· 
logical aod cvolnlion\lr-y processes. of wl1ic:h we 
h~wc inad(:qunte knowledge.'' An I RM Mes to 
correct for thi.s failure of lhe price 1nec·h;mism. 
Th e susceplibilily of insects lo ins~ctic:ides t~ a 
11atur::U i·c:sou:rcc wilh u nique fe11turcs that arc 
not found in other ccOJlomic torlics. One of them 
ls nonrcncwahility: ano1her is the problem of 
common property (llarlwick & 01ewiler 1986) . 

I. 
:\ 
\ 
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Rencwllbili ty of l1lSCcticide Susceptibility. 
The management of the stock of insecticide sn~ 
ceptibilily hns been considered by H1.1cth & Re· 
gcv (1914), Rcgcv et ::i1. (1983), and Miranowski 
& Gnrlson (1086), lo SOUie situations, them:: is 
little don ht that susceptibility to;~ particular pe~, 
ticid<.~ <:hcmistry CM rcni::w itself. ln others, this 
1thil ily may dedine with lime or may be lruc.i for 
on1y a limited l)Criod. An IRM is considered suc­
cessful if it ct\n "huy time" (Hammock & Soder· 
Jund Hl86, Sawicki & Denholm 1987); i.e., if it 
c:\11 delay an i ncrc:lse il1 the frequency of rcsis­
tnnt genotypes. 

The rate of regeneration of susceptibility to 
insectic'idcs depends on the rate of \1sc in a way 
s1i<:h that, if we sought to maintain very high 
levels of susceptibility, the level of pesticide use 
might need lo be so low that very few spray:; 
wo11ld be "Pt>liecl nt l\)l. The economic benefit of 
the exe1·cisc would be small, but we arc not usu· 
ally interested ii\ tho maintenance of .susceptihil­
ity to a particul:u· type of chemical indefinitely 
hecau:;c sobstitutes are already available or will 
he. Tim!!, this aHiludo is not simply naive tech­
nolof.(ical optimism. 

An lHM might .~eek to maintain the suscopti­
bility o[ an insect pop11btion to a pa.t'liculM type 
of chemical hccansc (l) suhstitatcs ure more <~­
pensive, (2) they are less cflkticious, (3) t11ey are 
lr.ss suitable (e.g., th~ir ingestio1l rnoJe of action 
is more l'Osl rictivu or they control a narrower 
S!)CClrnm of pest..;), (4) i\ltemativo chemical11 have 
e11vh·on1.nt~ntal problems, and (5) we clo not know 
how many moro s ubstitntcs c:dst. 

However, future bcneflb are valued less than 
present lxncfits becaU$C the incomo c-.an be re­
i1WC:5ted in other productive activities. Flcnefits 
reccive'l in difforcnL time periods can he com­
pared by :\pplying n. di.~count rate to ciilculate 
their present value. fn the aoalysis of IRM, we 
must mcoocilo the co1lscrv:1tion criterion of 
kecpittg the stock of.~usceptibJc genotypes inl.'l.ct 
with the present value crit<?rion of ecouoroic ef· 
fici ency. A positive discount r:ito implies that 
susceptihil ity shoulrl be harvested nt a rate that i1> 
J:.'l"eaLcr th~n that which S\L~hiins the level of su:>• 
ct::ptihilily indeflnitcly (Hartwick & Ol<:wiler 
1986). The notion that a rospomiblc: TRM uses up 
susceptibility is important 

Inscctkiclc Susceptibility as it Common Prop­
erty ltesou~cc. The management of pests as a 
comm<>1) property i·csource i~ dLscussed by Re­
~ev cl al. (1976) and by Lazi1ms ~ Dixon (1984). 
The development of n~sh;t:mt'e to :\ particular 
l·h~mical inn po~t population is an external effect 
associ:\h::Jd with pesticide use. The cxternality 
~rises because the costs of :rosistanco are not 
borne by indivi1.h1al decision-makers; insects (in· 
eluding rcsi.~t:1 nt ones) :ire mobiltl. Thus, use of 
the stock of snsccptibility by ant:: producer abo 
rcdu~es tho stock for another pwduccr, increas­
ing hi.s (:hnncc of experiencing a spray failure. 

The cost of consuming susceptihilily is llot di­
rectly rclntcd to the level of pesticide use on 
individual farms. Susceptibility is a cmrimon 
properly resource whicb needs to be m.:ioagcJ jf 
lho lotul benefit to all grower.~. nnd lo the wid<:r 
community, is to be maximized. 

Other kinds of externality arc associated wilh 
pcsHci<le use that also p<.lrtnin to tht1> problem. 
The lntrC1d1)ction of synthclic [l{.lStici<les into the 
crivitonment is a kin<l of e nvironinentnl pollu­
tion which can affect anyone. The cost of pollu· 
tion is also an externality l>ut differs fro111 t}rn.l 
a.~sociuted with reductions in tho stock of susccp· 
tib1e geoo(ypes because it is extcrn:U to the in­
dustry, not just lo in<lividual prodo<:<·rs. Expan­
sion of the cotton induslfy in response Lo the 
suce<.lssful management of inllccticidc suscepli­
bility can lead to gl'calcr tot:\l pesticide use and 
lo more pesticide in the environment. 'fhis effect 
occurs even though !he C'hemical prolcclN.l by an 
11\M may be S3fer than Us ~11bslit1.1te, and fewer 
pesticide applications per hectare arc used, We 
do not yet know how to Vllltte the environmc11t:il 
costs which result. In this report, we assume lh<lt 
they arc negligihlc. 

The in t~odtiction of an IR.M will usually dc­
pct'lcl on the h1cidcncc of the fhst ki11cl of cxter· 
nality; i .e., where the bono!lts C!\n be approp ri­
ated by the indmlry. However, the dfocts of 
pollution car) i;upport or dcll'i!.ct from the bene!lL~ 
of introuuch1g an IRM llependitlg on whcth~r 
the type of chemical protected by the IBM po.5cs 
more or less of an environmental Janger tl1:m 
substitutes. In Australia, the protected chcmico.ls 
{particularly pyrethroids Md, to a lesser cxlcnl, 
cndosulfun) were more environmentally accept· 
able than possible allern~tives such ns !he or­
gauophosphalcs. 

A third kiud of c.xtcrnality involves inforffill­
tion. Extraction from the stock of susceptibility nt 
n rate greuter than tho rate of l'egeneralion yie lds 
ded ining ammal benefits ns tl1c stock is clc­
p lctc<l, plus iu fonnntion about the stock (its 
level, nnd the rate of depletion). Even if the 
protected chcrnlc~l and the svbstitute technol­
ogy were equivalent (in terms of price, cffic:icy, 
:md cnvironmenrol toxicity), it would pay to use 
up first the stock of susccplibility whose r:\l<.: of 
rcgcJlcration was unknown because the process 
of e ll.1l'actioo reveals information 11bout itc: Si7.e 
and response characteristics (Harlwic:k & Ole· 
wiler 1986). Post kill and information are joir1t 
products. However, the information component 
is nn cxtero.ality (in this ca~e. a positive extemnl­
ity or benefit) because it will not be appropriated 
by individual growers but is rc~dily availnhlc 
tluoughout the industry. This inform!llio11 can he 
important io justifying an iilvestment ln ll\M 
(e.g., to support tho argument, "We shall only 
know we c~n do it if we try.") nnd in mM11lai11ing 
it (e.g., "We are lo:-ing a valu;wle chemical: w~ 
roust try harder to keep it."). 
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This framework for t11e an~lysiR of the costs 
and benefits nf agricultural research was .first de­
scribed by Grilichcs (1958). Edwards & bee~ 
bairn (1081) used thi11 framework in Au J> tralia to 
m<::nsui-c lhc gains from rt•r:'l research. The Aus· 
tmliM CeMrc for lnl<~matioMl Agric\lltmnl Re­
search (Ryan & Davis 1990) is c11mmlly using a 

8 ' similar framework to a~sist in st1lting of priorilics 
for agricullura! research. 

JRM in A\1Stralia 

0 
Ooantity 

Jn Australi:\1 an IR.M strategy was introduced 
in rc.t:ponse ~o field failures of pyrcthroicls 
agrun st H. unnlgero nt E111crnlcl fo early 1983 
(Cunnin~ et al. 1081). The IRM concerns insect 
control it& all summer crops in cwsl cm Ausln\Hn 

o and was implemented to cont:lin pyrcthroid re­
sistance, to prevent resek<:tiun or historical ~n­
do:;\i)fon rcsist;incc (i.e., curative IRM), aod lo 
avoid any future problems with otganophosphatc 
or carbnma.to rcsi~ti\nce (preventive IHM). This 
voluntary stralcgy represent.~ Ow world's first nt­
tcmpt al nationwide cnrative IRM, ancl compll-Fig. 1. Gmpliic11I illustration of changes in con· 

sumer and produc~~r sut:plus ill rcsp1;1nse to rcs<?.nrch 
which 6hifls the induslry supply curve for a i:-vrnmodHy 
frvn1 So to S \' 

ancc has hccn exceptional from it.~ i11<'.'eplioo. An 
altemalion slrate~y (with three sla~es) WllS 
adopted. T b is strl\tcgy w~s based on the rotation 

Ani'llysis or Cost<: tind Bene6ts of Resistauco 
Manngcinont. Knight & Norton ( 1989) describe 
the economics of rt~sistancc managemenl in 
terms of economic surplus. Severa) writers hllvc 
used ecoa) omic sllrplus for the :i.na.lysis of alter· 
t\ativc pest rnatia~emcnt practices (e.g., 'faylor & 
Frohberg 1977, Taylol' & Lacewell 1977, Taylor 
H)80). 

As shown in Fi~. 1, lHM i.s introduced to rc­
~trict lhe movement of the supply curve for the 
cl'op from S l to S0 (so more is supplied at :i give1) 
price i11 l!nch lime period; i.e .. S 1, b:tselioc; S0 , 

with rcsislancc}, a move ment which would occur 
if rcsi stMce to pesticides dcvelo11cd in the insect 
populntion. 'J1H} quanlily tel'fn (shown on the x 
axis in Fig. I) refers to tolal crop production in n 
givon time I)e1iod rather tbao to the abrrono1nic 
concept of crop yield. The cquilihrimn p1'ioo 
(where the supply curve fnter.~c~ts the <kmnnd 
curve fot the crop) is less after the introduction of 
lRM because th~ dcmnncl cm·vo is downw'1rcl 
slopit\g. Thu!\', if Ute IRM m~intain .5 the supply 
schedule at Si. consumer:; roceive a surplus 
equal lo the ql\:\drillltcral P0 ABP1, the cllanµc in 
an~a above ll1e price line and he low the demand 
C•>rvc. Prod11cers receive a surph.1s equal lo the 
difference in the are:\s below the price litao and 
al>ovc the supply curve: i.e., CHE - P0ACl', . 
1.'his Ql.l<\nli.ty is usually known as producer sur· 
plu.~. The economic suqllus is the sum of the 
consumer sutphis and produce1· $urpl11s (ABE). 

of unrc lated che>mical groups on a por·g1.~neralion 
basis, nlonr, with a s trong rccmnfn<:ndnlion for 
the use of ovic!u::iJ mixtures. The miclclle (StnJ:tO 
2) poiiod defined I\ lime wl1<,n pyJ·c'11roi<l~ coul d 
be used . The~c chemical cou11tcrmcai:11rcs were 
integrated with ol11cr uonchemicnl control meth· 
ods (biological, ngtol\omic, llll<l cultural) into a 
workable Integrated Pest Man:igemcnl (IPM) 
progrum. B(~Cnusc of the mobility of the pc$(, the 
res trictions were appli<:tl to all crop:; (i1iduding 
cereals, oilseeds, grain kgumcs, tomat0<:s, to· 
b11cco, and cotton) suscc1)Hule to II. armtgem 
and ev\1n to other coincident pest spcch~s (For­
rester 1990). 

P)'l'Clhroids were fri(roduccd comm1.~rcially 
into Austr1dia in U>1: late 1910.s when smnmer 
crop ind\\strics were cxperic11cing mi\jOr p1'0h­
lc1~1s with the re$iSt1mce•prone and <Jnvironmcm· 
tnlly li!\ble organochlorine, cycl oUicuc, ancl or­
gAnophosphatc insecticides. 'fl1e pyrcthmhls had 
mimy benefits com1>•lred with insecticides that 
were then av:1il:\bfo. These chcmicnls were re· 
g:\rded n.s the almost pc,1{1.;d inscclicido (Lenhcy 
l!J85) bccm1sc t11cy wero vury cosl-o.ffcclivc nt 
extraord inarily low l'alcs :mrl 11<\tl no residnc 
problem.~, little 11dv~rsc effect 011 lhc environ· 
menl, and low mmmn:1lian toxicity (Elliott 1989), 
Their use Wi\S particnl<ll·]y favo,r<;d in col lon be· 
(:(\u so of their :rapid cQntact mo~lc of acliun an cl 
good efficacy against 1imviously resistant l) IO!:; ts. 
Before the IHM, pyrclhroids would h11vc ac­
countod fol' at lcn.~l lwo·thirds of lho total inscc· 
ticides ~pplicd on t·oUou. The dcvelop1ne11t nf 
pyrethroid resistance at Emerald was dearly of 
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Tnhlo 1. Jn~~('ticid~a 1w"l fol" col\1.rol of Helior/~14 app. lu-v11r. in /\u•lr• li•n t'ollon 

Cl.erlllcitl group 

Of({l\llochloriuc 

0rJluriophosphntcs 

Hc11zoylphcmylur~a chitin 
inllihit.m 

Hlnlr•l{i•~~l~ 

l\Cli\/C! C1lMl i lt1t'{lt 

Dultamelhria 
L:ombdo.cyhnlothri11 
'f.i~fcnv11lcrn1G 
Cyll•lthrin 
Alpll>\uyt•<:rm<>thrin 
fl11v,11in;1te 
Prof~norus 
Chlon•ytifos 
S11lprorvs 
Morll)('rvlvpho~ 
Pmnthlon 
Mttho1nyl 
·r ti1odrc:uh 
Ch!orfiu117.uro11 

major concern to the Australian cotton and other 
suml'Jll'r crop industries .. 

The other key product for Heliothis spp. con­
trol in summer c1"<>ps is eudOSlllfan. Endosl.llfao 
W'1!1 disCOV(?red in the 1950s and ht\S been used 
in Aush;ilin on cotton since the late 19G0s. Its use 
has Huctuated acrordiog lo its own resistance 
status nncl th::it of it:; contemporary 11.ltcmatives. 
f'ot CXtHnple, endosulfan \1$C increased afte1· I.he 
development of DDT rcsistnnce in 1972., then 
rcache<l a plateau because CIC the development of 
resistance to cndosulfan itself. EndoSl•lfau use 
dccr(?i\Scd afier the inttoductior\ of pyrethroids in 
the lat0 1970s. However, its use then esctllated 
u1·a111t'ltically after the development of pyrctbroid 
resistanc:o in Hl83 hecaui;c of restrictions on 
pyrethroicl use impo:;ed by the IRM strateJ...'Y· 
This transition WflS faci littiteJ. by the introduc­
tion or ~n ultralow volume formulation of en­
dosulfon with improved efficacy h1 the early 
1980~- Rndosulfon now acco\lnts for over h~lf of 
all inseclicldc use against Hel~olhls in cotton 
(Table: 1) :md for an even greater proportion in 
the otlrnr summer crops. Like Lhc pyrethroids, 
cnrlosll)fan lrns no residue problems but is 
sli~htly less environmentally dc$irable ,because 
of its acute fish. toxicity. The major advant:\ge of 
cnr1osulfa11 is thnt it has littl e cffoct on bencfici:\I 
insects and can he used early in Lhe senson to 
µrc~crvc t.h(? m:tximum hencfit from parasites 
and predators without causing outhreaks of sec· 
onclMy p~sts such as mites, aphi<ls, and white­
flies. Thus, endosulfao has n key enrly-sea5on 
role io the A11s1ralian HlM strategy. Early•season 
(Stngu I) endosulfan use i~ followed mid-season 
(Stage Ir) by ll1c highly efficocions pyrethroirl~ 
tnrgcte<l to protect p<:ak flow<.'.ring nnd early boll 
set (a vulnarnblo period of the cotton hrrowU1 
cycle). Use of neither cndo1rnlfan norpyrethroids 
is " llowed l.iy the IHM fate in the se:1son {Slagc 
Ill). 
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As well as theil' key roks in the Amtralinn 
IRM strategy, pyretlu·oids nnd cndosulf:.m are 
also the least costly Of the i11.secticidc~ used for 
control of Heliothi., species. fosc<:t control 
(~conling, chemical cost, and applic.'\lion) nc­
counls for ahont one-third of the total vnriable 
costs of Austrnlian cotton growcts (8xy.mt 1086, 
Volek &: Tllrncr 1986). These two oo~t·cffoclivc 
insecticitles •ire the most widely usetl insecti­
cides in cotton prod\lction (•111d other summcr 
field crops); together, they also account for >80% 
of insecticide l•SC against Heliutl1ts species. 
Their loss to resistance would havo hn<l a major 
economic offcct, particularly in the cotton io<fos­
try. 

We estimated the level of pytclhroid resis­
tance weekly th1ring the cotton season froll\ Lhc 
stnrt of the IRM (F)g. 2). The percentage of H 
annlgera larvae surviving the test with the dis­
criminating doso of funvalerate at the st;nl of 
each cotton season incrca~cd from 11 total Stage I 
average or< 10% in Hl83-1984 to ~25% jo 1989-
HlOO. The average Stage IH percentage at the 
encl of cAch senson illcrenscd from · 15% in 
1!)8J/84 to >60% in 1980/90 {N.W.F., un1H•h· 
Ii.shed Jati\). The stock of su~ccptibilily to pyre­
throid il'l~Ccticides w:is being grnclnally ex­
hausted. 

The Model 

Two rnodds of the economic Lene.fit from in­
vestment in IRM io Ai1sh~lia were used. Model 
l is an economic surplus model. MQtlcl 2, an 
input-St\Ving moclel, is a variMlt of the eccmomic 
surplus model. 'Both models use a n~t preseut 
value (NPV) criterion. Accoruing to the NPV in­
vestment criterion, l\ project sh(l\rld be implc­
rncnted if its NPV i5 positive in the :ibsenc·c of 
any budget constraint (Sugden & Williams 1971:l}. 
The <·ost of estabh~hiJ\g the InM, and of rnoni· 
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Fii;. 2. Weeldy pyrcthroid resislAnce In fl. am1il_{era frott• the Namoi !Lnrl Gwydir riv(~ r valleys of northern 

New South Wale..;, Au~tr:i.liL\, for ll\c seven sensons since the introductiM of a cur.-tive rRM slT3tegy (for Sts\ges 
I, lI, Imo Ill). nesllll> expressed .!IS the perCcJ\tngc of l:\I'Vae (reared from llclcl ·C'Ollcctecl eggs) ~m·viving the 
feovalemtc discritnin:iting dose (0.2 µg/3(}-40 mg lnrv;ie). ~. J989-H>90 $t!1ge JI pyrothrold window, 35 d dnrn.tion; 
:i.ll others, 42 d (N.W.r'., unpublished do.ta). 

toring :ind maintahling it, are costs home ~t the 
\n<lustry level. We applied the models to scv~ral 
sccnttrios which relalctl to dilf ercnces in wh~tt 
might have happened had no IHM been inb·o­
duccd, arld the way in which tho IRM mfght 
l1ave hccn implemented. 

Oilr analysis is resb'icted to the e ffect of :iccess 
to pyl'elhroids on cotton production. If no lHM 
had hcen introduced , w0 assume that the stock of 
snsceptibility of H. armi~era to pyrethroids 
would have been substantially dcpleLod by the 
end of l 983-1984 (the season aftel' the first expe­
rience of field foilurus following pyrethl'oid ap­
plications). Efficncy would rnost li.kely have b een 
quickly attenuated to the point where pyrc­
thtoids WO\l kl no longer have been l'Cgarded as a 
rclfoble control motlsure. 

In both models, the co~ts and beneficr are ex­
prc:;scd in real terms (1990-19i.ll Ausb«iliau dol­
l:i.rs). We used a discount rate of 10% per nonum 
for NPV caJcufaHom. fosecticide cosl~ wel'C as­
su med to be const:mt at 1990-1991 prices. Fino 
:ldjus tm cnt ofh\stotical price dala fot• diffe1·cm:cs 
In the r:.tte of inflaHon, ot differences in pesticide 
pricit1g p olicy, in different yea.rs do not S\1bstan­
tially affect our ai1alysis. 

The annual co~t of moniloring and mllintaining 
tht! lRM was abot1t '300,000 Auslmlfon. This 
ro~rcscnls the i nput from both govemnienl and 
pnvatc s<.:ctor•. JI. includes the cost of an ento­
tno!~b.'.isl, tcclinical suppo1·t staff, nl\d laboratory 
foc~l1 t1cs as well as tr"vel ncC'e.SS!lry to monitor 
re:s1stimcc levels and atten<l growor meetings. 

, Thcto wei:e 110 inHial re.~~ard1 costs ; e.g., to cvnl-
' \i; tet the dncacy of the lRM nsing a small-scn1c 
, · J.ll ~ profoct. 1.110 IRM has nlwitys been seen as 
~:'. '.m H1dustry-wido attempt to ml\nage resist-Jnc~ · 
, ~ . ~t WM (\11 or tl . Th • , · . , • no lmg. o cost represents the 

ire ct au mi al cost of monil01ing an.d mainlainiug 

the lRM. Other icsc.,rch programs in Austrn.liA 
provide information to support the f: trategy. The 
11.m11111l total of this pul>lic· and intlustry-furitled 
investment in broacily resistnncc-relnlml IRM \'C­
sc::m~Ji is gcnerou~]y estimated to be $1 million 
Austrnlian. This Jlgurc is used for the ~cnsltivity 
<l.nnlysos. 

Model I. 1n the case of cotcon in Australia, tho 
c:conomic sui-plus founework can be simplil\cd 
considerably (l"i~. 3). Cotton Is b:nducl interna­
tion11Jly. most of the Austral inn col ton production 
is expo11ed, and Austmlia is not a major prod11c:cr 
in world tel'lns. The tevC'.l of Allstr:11in.n prodnc-

Priclil 
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) 'ig. 3. Pro<lu~·t!r smplus fo1· a tr;1cfoc1 good wjth 
~fa& tic dcrnand (the a.rea l>ctwccn ll1c two s'11>ply 
curves, the demm1<l cnrvc, :.md the :-.xis). 
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tion docs not alfoct the world price of cotton to 
any nppruciable <.·xtent. 'rlie ann ual price is dc­
tc:n r1in ed exogenously and the <lemancl curve is 
horizollt~l. I3eca .. 1se there is no additional con­
sumer sul'plus, we aro not concerned with the 
distrihution of the benefits of new technology 
between producers and con~\lmers. 1hc [ntro" 
d uction of rm IRM is cn<ictively a costlc$S tro.n­
~ition at farm level , requiring only a change in 
the sequence of differe nt types of chemicals 
within the overall spray regimen. The eCDnomic 
surplus can be estimntcd dire<:tly from the shift 
in tho (iuinua.1) '>Upply c11rve. This is represented 
hy the shaded arcS\ in Fig. 3. The model is ex­
pressed in nlgebraic forrn in Tahlc 2. The Net 
Present Vn.luc of the invesbncnt in IRM is the 
sum of l he discounted a1Hn1al net benefits (value 
of production attrih~1h1ble to the technology, less 
agency costs) ovor the life of the project. 

We are certain that, if there had been no IHM, 
the A11s1TAlian cotton ir'ufo~try wo11ld not have 
eX(J:'lndecl ~s r:1.11idly as it did. Indccll, it might 
hnve collapscc.l in the same way as the i11dusby In 
Iha Ord Rive1· valley of northwestern Australia in 
the Hl70s (Heam 1975). Tho coll:qisc of the cot­
ton industiy in the Ord was associated with high 
(a1id rapidly inc1·casing) levels of rcsi.stanco to 
DDT in the i1Lsencc of n m~t1agement strategy 
Forrester (19~2), usin~ Hearn's dat-a, has dcrnon· 
strated the economic cffo(;t of DUT resi$tance io 
I/. 011nigcra on cotton production in the Orel in 
the five seasons preceding the abandonment of 
cotton growing ia the arc:i .. The lotal spr;\ys per 
season increased from 15.9 in 1969 to 33.7 in 
Hl73. The cost of i ns~ct control incrn11secl from 
$63 Australian/Jin to $2\4 Australian/ha., The av­
cwg~ yidd decreased to 4. l bales/h~. the same 
vnlue as in Hl69 Lut afior reachi1lg 1.79 bales/ht\ 
iu 1971. Conscquenlly, the breakevcn pric~ of 
cotlon increased from $157 Australian per bnle to 
$208 A11strnlian per bal o. Cotton production was 
no longer cconomical1y viable. When resista:ncc 
t<> pyrcthroids fir~t became a problem in eastern 
Austro lia in the early 1980s, the specte r of the 
Orel C'ala.~tropho w;\s one of tll(' factors which 
predi~po.sed the cotton indmtry tow;ird accep­
tn•icc of IR.M. 

A similar sctm:u.io has been reported from 
soulhwesten\ Texas, northeastern Mexico, an<! 
Central AO<l South Ame1·ica hy Bottrell & Adkis­
son (1077). The comparison with the situation in 
Thniland is particularly similar. In 1083, th e si1,c 
of th~' 'fhni cotlon industry WHS simil11r to that of 
Austmlia (Fig. 4). Problems with the develop. 
mcnt of resi~lance to pyrl'throicls (\l)J?eared at 
about the same time in the lwo <.'ountries. 'f hc 
Thl\i Department of Agriculture produced a sttat­
egy of recommcmled alte rnations of pesticide 
<.·hemisbics to reduce the se lection pre!>sme, but 
the alternation was· haphazard and uncool'di­
nated (Collins 1986). Wilhout :m ciTcdive !RM, 
tho 'fhai industry collapsed (Collins 1986, S:\· 
wicki &: benholm 1989). The heavy insect pres­
sure and the ve1y s trong resishinC'c to pyrc~throids 
forced growers to abaudon gl'owing cotton. lhis 
decline in th e TJu1.i cotton ac~roage occurred dc­
spit~~ I\ sb:ong Joca) demaml for raw cotton for I.he 
booming textile industry (Wangboonkong ct al. 
1989; Fig. 4). With an IRM, the Aus~ralian cotton 
induslry thrived and eA'Jlandcd to hecome a mral 
rnccess story. Irnitictllly, a portion of Aust ralia's 
increased production is ex.ported to h<.:~lp saljsfy 
the supply shortfall in ThailanJ. Although other 
factors undoubtedly contributed to this di!lcr· 
ence between experiences in Thniln.od tmd Ans­
lra.lia (such as the relatively high capiblizal ion of 
the Auslr;tlinn ind11 .~try and the e-nse o( switching 
to an altemativ~ erop fo Thailand), the con1p:1ri­
son is -~"g"estivo of the importance of managing 
insecticide resistance. 

If the Australian cotton ifldustry hnd <:ollapsecl 
in the same way as that in Thailand 01· in Lhc Ord 
River Valley, the down.strcttm costs would have 
been large both in teems of the ac.X'dcrated de· 
prcciation of capital (!..~Sets (e.g., abandoned gins, 
oil mills, spccia.li..:ed <:ollon machinery such as 
pickers and module makers) and reduced rural 
employment (e.g., agrochemical and equip1ncr1t 
suppliers; crop aod financial advisers; fam1, gin, 
!lllcl mill workers) leading to mnssive social re· 
struch1ring in the affected areas. WI) have not 
ti·ic d to account for theso social costs scparalcly 
in our analysis. 

Furthermore, we do not know how much tl1e 
growth of the cotton industry in A\l::;tro.li11. would 
l1ave progressed if insecticide resistance had 
been managed by some other methocl. Other 
m 1:1chanisros would prohnbly hav~ come into 
piny (e.~ .• the .~doptton uf e,"pcnsive alt ernative 
chem\~ls, the use of which wns constl'nincd hy 
tho pricing policy of the chemical companie~ 
[Mir:mowski & Carlson 1900)). Thl:se would 
have helped to main min the economic hcncfits oC 
resistance management, but the distribution of 
tlie benefit~ would have been oiffere~llj a larger 
proportion would have be 0n trnnsforred to the 
chemical corr'lp<mics. 

Decausa we do uot know how 11n1ch the s;1pply 
curve was shifted by success ful resist:ince m:m-
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\\re C•timates). • , 11rea of cotton productiou ('000 ha): 0, cotlon imporlg ('000 ton~ lint); •. c0Uot1 proouction ('000 
tons linl). 

:1.gcmcnt, wo ttre ohliged to use the best esti­
mates provided by technic~1 specialists. Such es• 
timate~ are inevitably subjeclivti. We considered 
three S('en.arlos for the silllation if no IRM had 
been introduced in 1983. These scenMios were 
lhat annual output of the cotton ~t1uustry would 
have stayed at its 1983 level, the annual p1·oduo­
lion would have halved from ils 1983 level and 
remained there, and the .nclual annual produc­
tion would have been cut by hnlf. AU three sce­
narios arc real istic assessments of the prob ab le 
course of events. They >:died b oth the subjective 
as.5es.stneot at the time the IRM was formulntou 
;\nd lhe historical experience elsewhere. They 
differ onl)' ln ou.r subjective evaluation of tho 
ability of the A11strA.lian cotton industry to su1'­
viw U$ing alternative cl1emistries. We assumed a 
project life of 10 yr. D11.L1. Or\ cotton arc?. ancl 
production were tak~n from ABARE (1991). 

Model 2. 'rho ioputs-snvcd approach of 
Sehultz (1053) can a\so be used for the analysis of 
the value of H\M in A\1Stralian cotlon produclion. 
Jbc total number of Jleliothis spp. sprays used 
cutren~y is about 8 p<!r season (ra11ge, 6-16). Of 

,., .. '}iese, -.5 are pyn~throids 4.5 cndoi;ulfari and 
•:\_, 1.1 ·0 l ) , • 

· JJ1 i!I• . a~ ot )Ors (0.5 cirgariophosphat.cs plus 0.5 
(1ci~1cnrb). If pyrcthwids were lost (no JRM), 

. · otal numb1~r of spray11 would increo..~e from 8 
4 

· • because some of U1e ~lternalive chemicals 
ft',,. ,, ,. 

(organopllosphatcs) h::tve n shorter residua} offect 
and olhers (Hri odicn.r~ bc11zoy lpheny J urea chi tin 
inhibitors) have ll dittercmt mode of action (they 
are slom;ich pohon~ wliich require wore fre­
quent application limn conh\ct pesticides 011 rap ­
idly growing crops). Of these 12 sprays, 4.5 
would be ~mdosulfan (there wo11kl be no 011por­
tunity to incre:.\se cnt\omlfon use bccau.~c of re­
sistance probkrns wHh that chemical). '1 would 
be organophosphates, ~n<l 3.5 would be thiocli­
carb. Pyrcthroids CO$t $17 Au.~trali;1t1/h::i, org<\DD• 
phosphat~.s $39.Australian/ha, 1l(1d thio<licarh ~41 
Australia11/ha (1990-1991 prkes). A~·rial ~pplicn­
tion costs abont $1 Au!:trallnn/ha. The saving per 
season if the low-cost pyrcthroid -lcdmology is 
prescivcd is thus $245 Ausll'ali:~n/ha (chomio~l 
phis application costs). Ass \1 mi11g Jinlmr inlcrpn· 
latioo, th e cost saving per pyr<.>tlll'oicl spray is 
..... $100 Australiao/hn. 

TMs estimate of the benefit of IRM is repre­
sented by th e shndccl Rrea in Fig. 5. A~cording lo 
this model, tlic same <)llanlity of l'<>llon ts pro­
duced both with <1od without !RM, but the ben­
efit is * redudion in the cost of p ro<h1 <;ing ~hat 
qu:mtity. Withoul Jl\M, lhc marginal cosl of <:ot­
ton production will inc1·casc. An als:ubl'atc formu· 
lation of model 2 is gi\f(:n in T~l>1o 3. The NPV of 
the inves tment iu ll~M is the s11111 of the dis­
counted nnnual nct benefits (aron of crnp grnwl\ 
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Fi~. ~· Economic benefit c~timateJ n!iing the in­
put·J;\Vsn1.t ~pproac::h (teprcscnted by ~h:i.ded arc11). 

times. numbC'r of applic!ations of the protected 
c~1cm1.stry per hectare times the cost saving 11.sso­
cmtccl with acce:;s to <' protected chemistry, less 
agency costs) over the life of the projec..1. 

Using model 2, we conside,ed only the value 
of protcctiI\g nccess to pyrcthroids. Simultaneous 
loss of :tcccs1; to both endosulfan and py~cthroids 
would alter the Illlttern of pesticide use to such 
an extent tlint we C0\1h1 not predict the result. We 
assum.cd thal the life of the projcc.-t in years (H) 
W<lS <l1l'eclly proportional lo the n\lmber of pyre­
thro i<l spmy~ (.Py) :illowed hy the IRM sb11tcgy, 
by tho cquntrnn I!:-: 25 - 5Py. Thejusli6catioo 
for thh n1;sumption rests ou the subjective belief 
of tt)Chn~cnl specialists that, if the number of 
pyrethro1ds allowt•d by tbe IRM li:td been set at 
four, this chemicnl would have been abandonctl 
within 5 yr. With th1-ee pyrethroids aJlowcd un• 

Tial.la S. i\ICt<brair. J'onnul11tlo11 or mnrlel Z 

· -,11 l 
Nk'V ,_, L --J(C C 

('l · 1. ')"'n ¥'1tho•t ~ ... 111,l,11., - M.) 
II • I f' 

whore NI'\/ Is ne! !)resent vulu~ 
~is yvur, ' 
ll i~ tm:ijc-c! Hit: (ycou), 
r !~ Jincvunt 1uh!, 

c ... ~. ·~ ('ru<lucl.Jo11 Cl>lil wllli lftM (:J Au~ti·aliun per 
Ii•), 

Cwuho .. l I~ [lr<1duction cv~t witho11t lHM ($ Austrulfan 
pet Im), 

A i~ arcn nlfc•itcd hy IRM (hn), and 
M I~ c~tabli~hmcnr :uocl monih)rlng costs (' 

Au~traH:l11}. 

der the JRM, it ha.~ lasted 8 yr, but distinct signs 
of collapse are already t!vidcnt (Fig. 2). lf use of 
only one pyr?t~~oid had been allowed by tho 
IHM, s~1scept1~1hly ~ould h:ive been ll'laiotaine<l 
for an mdeflrute pel'tOd. With a <liscount m~e of 
10%, a~y benefits occurring >20 yr in the future 

s 1 can be ignored. We considcre<l four cnsos com~­
spondiog with the use of one, two, throe or four 
p~rcthroid applications in the JRM pyrcthroid 
~mdow. The co~t~ of establishing aml ma.intafo­
mg the I.E~M are con.'iiclcre<l to ho independent of 
the sev~mty of the stralegy and MO the same as 
those used in model 1. 

Itesults 

Model 1. Our analysis of economic s11rplus 
suggest~ that value of the investment in lH.M lw 
been subirt:mlilll. If 1983 produclioo had l>ccn 
m:~intained without an mM, tho NPV W3$ $1405 
million Australian. If production had stayc~l at 
half the 1983 levol without an IRM, the NPV was 
~3,398 million Au~t'1'21ian. If pro<luction would 
have hc<ln reduced by 50% withonl an IHM, !lie 
NPV was $2,605 million Au~tralian. Thus, de~ 
pen cling on th!:l scenllrio, the NPV of the invest· 
1!1ent in InM is between $1,100 m'illi.on Austra­
li~n _and $3,400 million Auslr:dfan (mean, $2,500 
m1ll1on Ausb'!l.lit\n). Those NPVs should he !ICeu 
as \Tpper-bound e~limates. Undoubtedly, such n 
profound chang~ in tho Australian cotton irl<lus­
try would have rdeased \'csources for use in 
othci: production proco!lscs, altbol1gh we nre un­
sure how. 

Model 2. The results of the NPV calc\lfation 
suggest th1.1t ~ r?sistimco managcincnt strategy 
based on tCSlnction of the uurober ofpyrethroid$ 
to between one :\nd four all give a. positive NPV. 
The si7.e of tho NPV depends on the number of 
I>:Yrethroid :lpJ?lico.tions allowed. With 1 sp•·ay, 
the NPY was $181 million Australian; with 2 
sprays, $311 mil!fon Australian; wilh 3, $350 mil­
lion Australian; and with 4, $240 million Austra­
lian. Thus, rertricti.on of the number of penni.llcd 
pyrethroid sprays to three gives the highest NPV 
(=.:$350 million Austrolian). 

l3ene6ts estimated with the economic surplus 
.apptoMh a.re substantially higher than those es­
timated usin!r the input·saving appro..'lch, pal'~\y 
bec;iuse the direct cost $avings 00 a nxccl-sprn.y 
1·eg:imen for:<\ single chemic~} do not c;tpturc the 
full value of the technology. Th~ IRM mtin.'.lges 
re~istanco to chemicals other th~n pyrcUrroi<ls 
both directly (e.g., endosulfon} ftnd inclircctly (by 
restricting the use of eicpensive pesticides be­
cause. it maintains ¢Ontinucd access to cheaper 
chem1cah). Cox at al. (l9S)O) e$lirnated th;it Joss 
of access to CTidosulfan (whether through the de­
velopment of rcsistnnc<: or becansl! of lcgisfo.­
tion) would cost t110 Australfan cotton inchistry 
~ ... $200 million Australittn. 
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The value of the invest.ment in lRM in Auslra­
li :i. i.~ probably between $350 and $2,500 million 
Auso·alian. This 'Value is the NPV of the invest­
ment undertaken ii\ 1983 e11prefised in 1990-
1991 Australian lloll1us. Titesc estimates are ad­
mittedly very crude, but whichever estimate is 
used, tho vahlc of the economic return fots been 
subsllmti.a). lkstriction of the number of pyre· 
throi<l sprays to three gives the highest economic 
return consistent with our assumptions. Three is 
the llctual number permitted under Oie IRM. 
Necessarily, the number was determi-ned before 
n11y economic asse ssment wa.~ made. 

If the agency cost of the IRM is represented 
instead by tho cost of all resistance-rehlted re­
search supported by the Australian cotton ind\1s­
{ry ($) milJion Australian per :tm'\um), the NPV 
would be reduced by only ... 1 o/o. The rate of 
rct\im on research investnle11t would still have 
been substantial. 

Discuuion 

In the Austtt\Jian Ifu\.f, the duration of the pe· 
l'iod when the protected ch<:mi~l could he used 
was dctcnninod largely on biological groun\ls. 
The 11se of pyrethroid~ was conflned lo a single 
generation of the pest, thus re<ll1cing the overllll 
selection pressure and allowing lime for suscep­
tihility to pa.:rlially re~eneratc before the follow­
ing !>eason. ln o.ddition, the maximum number of 
protected sprays WM specified at three at the 
inception of tho IRM. The choice of three pyre­
t11roid sprays (rather than lwo) appears rational 
for several reasons. First, the JRM ha<l a better 
cl111nco of being accepted if it was Jess severe and 
gtive moro immediate cconotnic rctums to grow­
ers; tho effect was unce1'l:ain, so helter to try for 
tho ~renter gain. Second, the progressive in· 
creas~ in SJ?rl\y failures associR.ted with a more 
HbcnJ. IHM helped to reinforce the 1)e1·ccived 
benefit of mainlainlng the strategy. 1"h1nlly, 
much inrorm:'ltion.was gained about the behavior 
of the biological processes that would h1we Leen 
lost if the final sp1'9y had not hcen marginal. 

An IRM l>f lhe type used in Ausb-alia wi 11 gen­
erally be of limited duration hcca11 sc the optimal 
rate at which susceptiblo genotypes are \1sed up 
is positivo. 'rhc cxtracti(ln rate wilJ converge 
with lhe rale of rcge11eratioll ::t$ time progresses 
bcc:ansc of the iucreasing l'iSk of a spray failure as 
the stock ofsusccplibility is used up. Tho exlra~ 
tion ut susceptibility was achieved in Ausunli11 
by t'irgelins a single H. armigera generation per 

· soason. Tho number of applications required lo 
do this also rcprnsonts the level which maxi-

· .,r~ilmd the economic hen~flts of the inveshncnt 
, ~. ·UUJ.' IRM. This coincidence wa.~ not entirely fortu­
. OUS, )Io\~Gvc.r, U1\ the sto<.:k of susceptibility is 

.~d up, it will leaa to increasing pressure to 
,rte1> tho Pe1fod when the ~rti<:ular chemistry 
.~be used l'nd hcn¢e fe(luce the value of the 

.. 

net 1l1mual bM cfit from the mM. This h:\p})Cncd 
in Australia. Fot• 6 yr, the period for pyrctbroid 
l}Se was hold al 1 2 d; from the 1989-1990 scnson, 
the window was shortened to 35 d. The number 
of pyrethroid :ipplioations perniittcJ under U1c 
JRM remninccl nt three. Whereas £.5-3 pyro­
throids were u~ccJ origi11ally, lhc numlicr used 
now is closer to l.5-2.0 per sea.~on (because of 
the incre~sing incidence of spray failures rather 
than the shortening of the pyruthr·oid winclow}. 
In praclice, Ow spccificatio1) of an oplimnl extr~c­
lion rate is fargcly beside the poin(; an IHM is a 
holding a(;tion to preserve the use o f pe~tiddi)s 
which are cheap, efi'c1.1ivc, ::md e1wiro1rn1e11l:-illy 
SO\tml. 

Miranowski &. CRrl.son (1986) discnssed tl1c 
CQnditions favmfog voluntary multifann resis· 
t:mce management. These nro t11nt pests :nc mo­
bile, that the coordinntion costs :U'o low, thAt the 
hcnefils and cost a1·c proportion;\! to tho level of 
participation, :md that minor benefits accrue to 
thoRe who do not Abide by the i<lmtcgy. All of 
the.se condition~ apply t.o 1he l'i \1CceMful IHM in 
Auslralia. HeliotMs spp. arc very mohile pe.~ts 
(Fitt 1989). The ~ffect of dilution from a susccp~ 
ti.hie refu~ia is one of the mechanisms by whioh 
msct-ptibilily is regenerated. The coordination 
costs ho.vc been low. Because sprnys arc applied 
predominantly by indepcndenl aerial operators 
(ofien on tho advice of thircl-p:nly crop consult­
ant.~), adhcre•1ce to the lllM is mt~inlnino<l by 
peer rires~\lre witltio the industry. The IRM 
guicfoHncs arc not eai;\ly violated wiUtout any­
one knowing about it, and b reaking the guide­
lines is unl\ccetltuble behaviot'. Few violate llic 
guidelines. Some growers of CJ'OllS other than 
CQtton have bad difficulties; e.g., the ncc<l to use 
pyrclhroids :igainsl :umyworm on whe:ll outside 
the pyrcthroid window or lhc need lo accommo­
date sorglmm growers' 11ccess to pyretliroid.~ for 
midge control. Jiowcve1', these difficullit's are 
not a mnjor threat to tho !RM bcc;,usc the prob­
lems faced by these growers were widely recog­
ni?.ed ii.nd cvmy dforl W<t~ made to meet their 
needs. 

In addition, there was little opportunity for n 
single chemical company to manaf:~ Tcsistaiice 
successfully hec:u1sc hoth pyrclliroids nn<l e'Q­
do:;ulfii.n Mc manufactured :\nd matkotcc1 by sev­
e1':l) different companies, each with limited abil­
ity Lo increase prices (Table l). However, 
complitlnce of the chemic:aJ comp;mies M a 
group was achieved bcc~usc the rnM extends 
tho product life C'yclc of tho ge neric product 
Suppliers of subslilute lN:h1wlogi~s nlso coopcl'­
ated with the ~trntegy: lhe higher prices which 
they obtain is a justif'icntion for malT\tcmmcc of 
the IHM. 

Parvin (1988) indicMcd two trouble.<;omc as· 
peels of the IRM concept; i.e., thnl it ~ives chem­
ical companie.!I the wrong imprcssio1\ nnd aclu, 
a.l ly delays the nni.val of lhe next (l:\chnologic:d 
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Dllntirm uf l"t."'i.'. l:U\ l J>r" t 
pt>puhlioos from .o. 
snscoptibfo n:fv1ri:1 

Simple, cffi:<·th~-. and 5unsitive 
l'flc(hu\1 fclf 1nonitori11g 
rc~i:"it,1nc·,~ 

ll'M jy ~t:tncl:ml P~·"'til'C in 
Amtrallan collclil )lru(lurtion 

\,:xpcrlance of pellid<lc 
lTcndmill wilhln 
imlmtry 

Rnoi<l i<rowlh of industcy, 
with 1nany new 
grower> 

hronkthrough i11 chemical ins<tct control, al)d th~t 
ll1e success of at) IHM J<tpttnds on the p<:rccption 
of the: supplicrli. If a chcmicnl supplier perceives 
that InM wiJl fail, it will cut prices to lY'l:liOtain 
mru-l<el sh:ltc: aou revenue. If pyrcthroid prices 
fall low enough, Parvin ro~intaim that the IRM 
cannot ho sttcc~ssful. However, ncith~r of these 
C1lllsitleratiot1s a.pp! ics to the IRM in Australia. 

First, the Austmlian cotton industry is compa.r­
atlvely lim:ill by world stmdMds, flnd all the 
cht~mk:\l man11fact1u-crs are based overseas. Any 
act.ion in Auslr:tlia to prolong the life of nc:nly 
obsolete chcrnical technologies is unlikely to in· 
Jl1101lCO the rate of innovMion by pesticide 111an­

ufa('turi=1·s in Europe and North America. How­
ever, lhc loss of these pc.st!cidt:s would be a very 
serious m.ittcr for the Arnstralian colton i11dm;try. 
The JRM was iustrumen~I in eliminating the 
assumption that novel pesticides would always 
be av;)ih\ble if the c1)rrc11t ones failed. 

S1:1cond, the protected chemicals (pyrethroids 
and tmdosulf.1n) am already inexpensive com· 
pared with substitHL~s (such as organopho:i· 
phatcs); this is an important part of the :irgumcnt 
tlrnt maintains the IHM. Fu1ther price reductions 
of the protc<1cd pesticides would enhnr'lcc the 
perceived need for an IRM and augment the 
CMt·Snving to growers. 1'h~ po~sibility of col­
lapse in the IRM because of a price war between 
suppliers of the protected chcn)iStries empha­
~iz<;s tho importance of eni;uriug the participa· 
lion of the chemic.ii suppliers in the design and 
mannJ!wment of the IR.M. IBM ~hould not be 
perceived by either growers or by thci( SU1?pliers 
a.~ a lcchnofogy which is impost•d on them by 
hi!.{llcr no1hority, n point cmpha.."lizcd previoosly 
hy Forrester ( 1990). !n pmcticc, pyrethroid use ts 
limited more by decreasing eillcncy over time. 
To a l:u·ge ext<:nt, changes In efficacy override 

Bcunomic 

lligh c:iplr~lizltimi of 
Au~trnliAn cotton h1<l11$fry 

T<''"l("t t•hcmMrics low cost, 
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u~naGu of IRM c:m be 
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Crop consult:mts widely used 
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hy Lhir<l pnrly 

Mod<?rn proi;rt:~~!v1: 
itmov.i.t!ve !nclu~lry ope11 to 
new Jtlc:is 

lntci.iration of lndust~y; <!.p:., 
11 ,,,,,.p:h Jlinnir1g nnd 
ml!rl.:t?t<11~ t".01np;1nks, 
resc~rcli co11for1ml'ttl 

Conct·pt of stcw:u-d!l••11 
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11S~Qeintc<l with pc't Cllntml 

W(ilin~nes~ of pnrticil'"nt~ 10 
a..·.:01lt Olll~idc dlrcdion 
from <-rcdibfo ~ourcc' 

Chl'nges in price; if Lhc sprays do not work, they 
will not be t•Scd whatever the pricc.'J. 

Couv~r:;ely, the supplier~ of the key chemicals 
also supply mbstitutes. If the supply o.f ocw pc~­
ticidc~ is limited, the inLroduction of II\M will 
help to mnintain their Cttsh flow and prolll margin 
throngh the pricing of lhc substitute technolo· 
gies; the higher the price of the snbstil11tc, the 
gt'Cl\tcr the benet.l to the pe~ticide induslry of 
mainh\ininS( the IRM. Rcdu<:cd use of the suhsti· 
tute technology will also help to prolong its life 
nnd the income a.~socialc<l with it. Thus, far fr()m 
expecting n collapse of the JRM because of the 
pricing policy oft he chemical mnn 11tnct \1rcrs, we 
expect manufacturers to be in!E:rcsted in ensur· 
ing its success. 'Rcca\1se the chemical suppliers 
valued lhc orderly marketing and prt:clktable 
volumes associated wUh the IHM, Pamo's 
(1988) fears are forgely groundless in the Austra­
lian context. 

The Australinn IRM was fortunate hec:msc it.s 
majot beneficiary was the cotton indusb'y. Many 
factors contributed to its succcs~ (Table 4). The 
realization of the benefits oflRM dcpcodcd on n 
combination of hislorical, economic, ancl socio· 
culhm1\ experiences, not just lhc tcclmit:al con· 
sidcrations conccro iog the behavior of pesl pop­
ulations ancl pesticide chemistries. For cxnmple, 
it is uncle11r what would have hG.ppeoe<l if cotton 
growe1·s had bef:n isolated and made their own 
decisions without the help of crop <'Onsultants. 
chc:mic:il resellers, and acrit\I operatm·s. 

The high rate of economic return generated hy 
the introduclion of Il\M in Australia is consistent 
wilh the argument th::it a,gl'icultorat rcscMch is 
undcrfi.m<led. Additional reSl·arch inveslrncrit 
could be used to finance tho development of 
altem'1tive p~st m:iz)agcrnent te<>hnolo,qics. Such 
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generation of chemical insecticides is lost The 
economic rclums to lh<r investincnt in IRM pro­
vide both the evidence l)f the profitability of ru­
scnrch into !RM fonded by industry and the rc­
sour~~os needed lo u11dcr~akc it. 

In Australia, oovel chemicals for use in sum­
mer crops will probably not be widely avail.able 
until the mid· l990s, :ind 1.h~y will be expen$\Vc. 
1110 present IRM will hiwc only j11st managed to 
support the growth of the Austntli;\n cotton in­
dustry until the curreut group of pesticide chem­
istries can be snfdy di.scanlcd (""'10 yr). We have 
described the economics of curativ¢ IHM in t(.!­
sponsc to the d evelopment of field resistance to 
pyrclhrojtls. An analy$is of the economks of pre­
ventive IRM is slightly different beca11so of the 
uncert.lirl lcn'lporal displacement of th~ benefits. 
An answer lo this uncerl:.<unty will soon be re· 
quired by tl10 Australian cotton and !>ummcr crop 
indn.strics. We mu.~t <levelop innovative ap· 
proaches within IRM to cope with the changed 
situation; e.g., the use of sinrnlation models to 
design and evaluate allcmaUve strategics (Cox et 
al. 1991), or the mnrkcting of product-use periods 
in the strategy to pesticide coolpanies 4o help 
finance the research into IRM. 

The design of any future mM, whether in a 
developing. or a developed agricultural syste.n, 
must include recognition of the importance of 
commercial and regional linkages and tho p:utic· 
ipalion of m11ny different t\ctors in the design of 
the technology. This e.11proach to agricultunll re­
scard1 has hccu institi.1tionalizcd in recent years 
throni,:h the development of farinin!{ syslcms m­
search (Hemcoyi 1985). Fox e t ~I. (1990) suggest 
lhe importance of expanding the policy dimen­
sion of fanuing systems research through consid­
eration of s ocial M d macroeconomic issuei;. lRM 
is nn CKamplc of a social technology, The prob-
101)1 faci1)g IRM is the development of sust.1io· 
able Institutions (Brinkerhoff&. Goldsmilh 1990) 
to ~11anagc susceptibility to viiluablc p esticide 
che mistries. 

Conclusion 

Allhough lhe experience with llie nlM\f\ge­
'.neut of io.~<.·eticide resistiut<.'e in Jfoliot>iis spp. 
m .t\u.~tralia shows that lhe economic returns :is· 
SOCi:ltcd with lRM can be sttbstantinl JHM is a 
so~ial .tec~nology. Tile dcsig11 and n)~nngemcnt 
of m.~tit.1taonal sustainability is a new experience 
f?r tcsearchers ti·ained in the natural sciencL:s. 
: ~c. nppl'aisal of an~ mM project in other coun­
_nei;, where the soc1o·c11ltural context and histor­
wnl experience arc dilFt!rcn t, l'll\lst consider all of 

" · these factors. losccticide reslst.-incc management 
:. . 9:1nn<it be based sin1ply on the perceived neces­
l'. · ~1y. to preserve a particrilar peslicido without 
: • •;.r!' .. ercnce to economic~ and social forces. 
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