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MANAGEMENT DF RESISTANCE DF ARTHROPOOS TO PESTICIOES: 
PRINCIPLES ANO PRACTICE 
T.J. Dennehy and C. Omoto 

ComeU Universily. Geneva NY 

SCOPE DF PEST RESISTANCE TO PESTICIOES 

Though li Ms been aver 80 years slnce lhe lirsl discovery 01 a maIor agrICUltura! pesl becomlng 
reSISlanllO a pestlclde, II was nol untll lhe 1950's Ihal producers became familiar wllh pestlclde 
reSISlance as a result 01 lhe wldespread development 01 Insecl reslslance lo DOT Since Ihen, 
growers 01 many agncultural commodllles have come to expeCl lhe eventual 105501 pestlcide 
etlecllveness due lo pesl reslslance By lhe mld·1980s. there were records 01447 reslstant 
speCles 01 ,nseCIS and mlles. 100 re slslant specles 01 planl pathogens. 55 resistam specles 01 
weeds. 2 specles 01 nemalodes. 5 specles 01 rodenls. and greatly Increasmg report5 of reSlstanl 
human palhogens (Georghiou 1986) 

Insecls and mlte account lor, lar and away. the grealesl numbers of cases 01 reSlstanl 
organlsms, however. olher groups 01 reslslanl organlsms are Importanl and Ihrealen publlc heallh 
Ihroughoullhe world ReSistam bactena In hospitaIs. reslstanl malana orgamsms and rodenlS 
reslslam lo rodenllcldes ali pose very senous problems'-In the U,S as well as in Oeveloplng and 
Thlrd World counlnes. Vou may have seen lhe recent (November. 1992) Public Broadcaslmg 
program delalllng lhe sharp Increase In latallUes In lhe U.S, resultlng Irom antlbiotlc-resislant 
tuberculOSls Though my preSentallon wlll deal speclllcally wllh reSlstant arthropods, it is worth 
rememberlng Ihat rCSlstance la chemlcat controls can and has been expressed In essentlally any 
group Ihat IS combatted wlth chemlcals--whether Ilsh. lrogs, planls . or other organlsm 

I wlsh 10 acknowledge Ihal many 01 the concepts delalled hereln are denved Irom lhe wntJngs 01 
two lounders 01 modern pestlcide reslslance managemenl--G P. Georghlou 01 lhe Unlverslly 01 
Cahlornla. RlVerslde. and lhe lale RM SawlCkl 01 lhe RolhamSled Expenmenlal Slallon m 
England 

PRINCIPLES DF RESISTANCE 

Oeflnlng Reslstance 
To lully understand reslslance . 11 is essentlallo dlsllngUlsh belWeen two common bUI very 
dlllerent contexls In which lhe word "reslstance" IS used Speclllcally, 1I IS importan! la understand 
how reslslance 15 dellned In lhe SClcnllftc conlexl versus how 1115 manlfeSI In lhe Ileld (Dennehy 
1967) 

BesIsrance as deftned In me labaraCON 
Reslslance. Irom lhe sClentlllC perspectlve IS a henlable. stalistically dellned decrease In 

sensrlrvrty lo a chemlcal 01 a pesl populahon, relallve lo lhe response 01 suscepllble (pnSllne) 
populallons Therelore . lhe presence 01 reslstance can be demonstrated by comparrng, In 
laboralory lesls. dlflerences rn suscepl!bllrly belween a populalron. Ihat can wllhsland lo some 
degree lhe elteels 01 a pestlClde. and a suscepllble populallon The eXlstence 01 reslslance does 
nol necessanly mean Ihal a chemlcal wlll lai!ln lhe held Pesl1C1de elfectiveness is rnfluenced by 
numerous lactors and reslstant pesls may or may nol be adequately controlled by any given seI 01 
trcalmanl condlllons (rale. volume, coverage. elc.). !rrespectlve of lhe oulcome 01 specllic 
apphcaliOn ClrcumSlances. lhe faC! remams Ihat reSISlanl pests can be demonstraled lo Ihwart lhe 
10xIC aellon 01 a pestlClde lo degrees 01 WhlCh suseepllble pesls are rncapable 

Resistance as mjJnlfesl In rhe fleld 
Resrslances thal are mandesl undcr Iteld Ircalmenl condllrons result In measurable rcduclrons 

in lhe ~relal1ve elhcacy~ 01 a peSl1crde ESllmallng lhe lmpacl 01 Ihis reduc\lon 01 conlrol comprlses 
an Importanl slep In managlng reslslances (Denholm et ai 1984) To do Ihls. convenlronal spray 
Inals are rephcaled, wllh lhe same apphcaltOn eQUlpmcnt and condl\10ns used by growers. at lield 
Iocal1ons wllh dltlcrenl leveis 01 reslslance When reSISlance reduces lhe relatrve elhcacy 01 a 
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pesHcLde. lhe chemLcal w.1I be slgnLlicanlly less ellecllve allocatLons wllh hrgher Irequencles 01 
reSlslance Ihan aI locatlons wllh lower IrequenCles, ar no reslstance 

Because held trials usually do not reveal lhe developmenl 01 reslstance In 115 early slaQes. by 
lhe time Ihal lield personnel nollce lha! pestlclde performance IS declln.nQ. reSlslance olten has 
bULI! up to lalrly high Irequencles In populallons 1I1s lar Ihls reason Ihal Inlormahon Irem laboralory 
!esls. ralher Ihan held expenence. musl be used lor earty deleCllon 01 reslslance Loss 01 relatlVe 
eHlCacy of a chemlCallS nol necessanly prool 01 reslslance. For example, some Instances 01 poor 
peStlClde performance Inrtlally annbuted lo pest reslslance have proved la be due 10 breakdown 
01 pesllClde by 5011 mlcroorganlsms ar due lo hlgh pH of spray waler 

Selectlon .. the ?rocess Drlvlng Reslstance Developmenl 
ReSlslance develops VLa lhe process 01 seleclLOn by a chemlCal on lhe genel1c vanalLOn In 
susceplibifrty present wrlhrn a pesl populahon How seleclron happens 15 easy lo undersland AI 
lirst, ollen only a vary smaU proponlon 01 a pesl populatron can survrve exposure to lhe pestrcide. 
bu! each time the pesticida is apptied a greater proportlon 01 reslstan! Individuais survrve Ihan do 
suscepllble types In olher words, each use 01 lhe pesllcide Increases lhe proportion 01 the less­
susceplible individuais In lhe populahon. 

The degree lo whlch any give reslslance reduces lhe relatlve eHlCacy 01 a pesticide depends on 
bolh lhe frequencyand mlensltyol lhe reslslance FreQuency relers lo lhe proportlon 01 lhe pest 
populalion lhal 15 reslstant; Intenslty IS lhe 'strenglh' 01 lhe reslslance Obvlously, reslslance rs 
more Irkely lo became a problem as lhe frequency of resrslant indtvlduals Il1Creases In a 
populalion Sul lhe Inlenslty 01 a reSlslance can al50 allect lhe pesllclde's efhcacy In lhe field In 
some cases, lhe suscephbLlrty of resistam pests is reduced very linle by reslslance In Olhers, lhe 
pests become virtually Immune lo the pesllclde (Figure 1). Therelore. a populalion may have a 
reslstance 01 low rntenslty presenl aI a hlgh Irequency (proportlon 01 lhe populallon) wlthoul 
slgni1icantly atfectlng lield performance 01 lhe peSllclde, On lhe olher hand, a very Inlense 
reslslance mlQhl reduce lhe eflicacy 01 a chemlcal, even when presen! at Iow Irequeocles In a 
pesl populallOn 

Mechanlsms of Reslstance 
There are two common mechanlsms by whlch insects and mlles overcome lhe toxlC acllOn 01 
pesticldes. mcreased melabollc deloxlficaltOn anel decreased largaI s/Ie sensltlvlty (8COII 1990) 
Reslslan! pests wllh enhanced metabollC detoxlhcallQn are able 10 drsarm loxrc pestlclde 
molecutes more rapldly Ihan suscepUble individuais. The nel resull IS Ihalless 01 lhe aclive 
peslicide sprayed on lhe lield reaches lhe largel srte In lhe pesl. For example. one mechamsm 01 
reslstance lo pyrelhrold Lnsecllcldes Ln houseflles IS enhance oxldatrve metabolrsm 

Wilh lhe second common mechanrsm 01 reSrslance, decreased largel Slte sensltlvlly, lhe 
physiologrcat largel lor lhe pesllcide in lhe resrstanl inseclls less sensllive to poisoning Ihan in 
susceptlble tndivLduals. For example. organophosphale tnsecllcides kill pesls by rnhrblhng 
acelylchottneSlerase . an enzyme lha! is importan! In nerve functlon, Some InseCIS, mlles. and 
Ilcks resistam la organophosphales have a lorm 01 lhe largel enzyme Ihalls tess senSlllve 10 
pOlsontng 

ReSlslance also can be enhanced by reduced cullCular penetranon 01 lhe pesllclde. lhough Ihls 
appears la be less common Ihan lhe aloremenlloned reslslance mechanisms Reduced 
penetrallOn. aCllng alone. generatty results in only tow Inlensrtles 01 reslslance, but when 
combined wllh Increased melabolic deloxllicallOn ar decreased largel Me sensrtlVlly can resull in 
very 10Iense reSlstances. lastly, a hl1le-sludied bul potenttally rmponam reSlslance mechanrsm 
involves changes In pesls' behavior 11 is Irkely Ihal some behavlOral reslslances enable pesls lo 
reduce contaCI wllh pesllCldes on trealed ptanls 

Cross-reslslance and Mulllple Reslstance 
Nearty hal1 01 lhe recorded cases 01 reslslan! Insects and mlles are ones In whlch pesls are 
reSlslan! la between rwo and ',ve dlflerent classes 01 chemlcats. Such pesls, resLstant tO many 
pestlcldes. pose an especlaUy dllllcull problem when chem.cal contrai IS reQulred Underslandlng 
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lhe dlstmctlon belween multlpte reslstanee and cross-reslslance IS necessary la grasp lhe 
pracllcat ramlllcallons 01 peSIS haVlf'lg more Ihan one reSlstanee lactor 

CrQSS fCS1S(ance 

fl.lany rt~Slstances are conlerred by a slnQ!e maior genelte lactor Ihal dlHers between reslstan! 
and suscepllble pests When a slngle laelor eonlers reSISlanee 10 more Ihan one pesllclde. thls IS 
cross-reSISlance For example. a mechanlsm maklng InseelS reslstanl 10 paralhlon also dramatlcally 
reduces suseepllblltly 10 a number 01 olher organophosphales_ Therelore. when parathlon 
becomes Inellectlve due la reStslance. some Olher organophosphates also lose etficacy because 
01 crossreslslance lhe key palnt IS that Wllh cross-reslstance a slngle m9chanlsms 15 respanslble 
tor reslstance lo more lhan one pestlclde. and cross·reslslance, when ri occurs. can cause 
reslstance 10 bulld up la pestlcldes Ihal Vou may never have used 

MJlIt/D/e rco::/srance 

Wlth mUlllple reslstances. two reslstance mechanisms are aequired independent1y Ihrough 
exposure to two dlMerenl pestlcldes. For example. some splder mlles possess reslslance la 
cyhexatln and dlcolot However Ihese reslstances are acqUlfed by two separate genellc 
mochheallons. and reS1Slance oI lhe peSI 10 one prooucl does nOI aHecl suscepllbility lo the 
olher When a peslls reslslanllO IWO pestlcldes lhe only way la Ilnd oulll rt IS due lo cross­
reslSlance or multlple reSlslance IS by conductlng genellC sludles In lhe laboratory 

Reslstance Stablllty 
Reslstances can be etther stable or unstable In lhe lield. dependlng upon many tactors Involvlng 
lhe pes!. lhe chemlcal. and lhe agrtcullura! syslem ollnlerest (Dennehy el aI. 1990). A stable 
reslslance Increases In frequency when a pesllclde IS used and does nol decline appreclably 
lherealter An unSlable reslstance also Increases In response lo pestlClde Irealments but 
decreases In frequency dutlng Inlervals when lhe pestlClde IS no Ionger actlve ThlS phenomenon 
ollnstablltly 01 reslslance. when ti oecurs. can be explolled lo manage reslslance. Under a glven 
seI 01 Clrcumslances. research can be conducted lo esllmale lhe length of lime needed lor lhe 
Irequency 01 reSISlanl pests lo be ·resel'. le" lo decline 10 leveis eXlsllng bE:lore lhe lasl 
Irealmenl was applted Then a reslslance-managemenl program can be assembled Ihal deploys 
pestlClde rolallons Ihal explOlt Ihls (eSelllng 01 reslslance 

The shoncsl tnterval tn whlch lhe Sillne chemlCal can be used and SlilI allow resistance 
Irequenclcs lO resel C::ln be caUed lhe m/nsmum reset mrerval 11 \realments are spaced altess Ihan 
lhe resel tnlerval. lhe reSlstance IOcreases In a slalf-slep lashton (Figure 21. bulll the tnlerval 
belween Irealments 1$ as long or Ionger Ihan lhe resel tnlerval. Ihere wlll be no nel Increase tn 
res1slance Resel mtervals WII! vary between crops and geographlC Iocahons However. once an 
approptlale resel 1nlerval has been estabhshed lor a syslem. appropnately selecled peSl!CldeS 
can be used In rotallon lo suslaln Ihel( elhcacy and monllonng 01 reSISlance can be dane 10 
evaluale lhe sueccss 01 lhe program 

Factors Inlluenclng Reslstance Development 
Researchers have shown Ihal reslSlance developmenl In pesl populaltOnS IS Lnfluenced by a very 
large number 01 blologlCal. ecologLCal. genellC. and operallOnallaclors (GeorghlOu 1983) 

Bra'QQ(cal and eCQIoQlcal 'aC{Qrs IOchH1t': 

• Charactensllcs 01 lhe pes!. such as lhe rale 01 reproducllon. lhe number 01 generallons per 
year, and moblllly 01 lhe speclcs 
• Characlenslles 01 the ecosyslem. such as proxlmny lO untre::lled areas. SUllablhly 01 allernale 
hosls lar PCS! dcvelopmcnt Immlgrallon 01 susceptlbte pests and ellecliveness 01 blol )glcal 
control. 

Gcaelle IJctQfS mclllde 

• lhe numbcr 01 genes conlernng reStSI.1nce 
• The Irequency and InlenSl\y 01 reslslance genes In lhe populallon 
• The ablltly 01 res1SIanllndlvlduals la grow and reproduc~ relatlve la suscepllble Pt!st:" 

Operar/aoal (detoro:: tOCú/de 

93 



• Treatmenl thresholds. 
• ApplicallOn melhodology and eqUlpment 
• Characteristlcs 01 lhe chemfcal, such as selectlvlty and perslstence 
• Chemical-use slralegles such as chemlcal rolaMns ar mlxtures, use 01 reduced rates 01 
chemicals, and selectlve tlming and placement 01 apphcalions 

In practice, many 01 these lactors are no! readily manipulated by growers. From lhe practlcal 
standpoint , growers wishlng lo Ihwart resistance would do weU lo glve allenllon lO lhe 10110wlng 
lactors inlluenclng reslslance' 

How effeclively Vou deploy methods 01 Inlegraled pest managemem 
• How often Vou use pestlcides. 
• How Vou select and apply lhe pestlcides Vou use 

Condensing Ihis even further, growers who use pesticldes lhe mos! sparingly ha .... e lhe mos! 
effecti .... e reslstance managemem programs. Conversely, experlence has shown Ihal resislance 
canno! be managed In sltualions where a pestlcide is used many times each season 

Chemlcal Use Strategles for Reslstance Management 
Since variables involving seleclion and use 01 pestlcides are ollen readlly manlpulated by 
growers, identifying opllmal chemlcal-use recommendations IS a crrtical slep In building a 
resistance management programo Chemlcal use recommendations have been conceptualized by 
G.P. GeorghlOu as being based on one olthree dllferen! stralegles: 

• Management by moderation. 
• Management by mutuple attack. 
• Management by saturaMn 

Maoaqemeot t2:t mQde,atioo involves reducing overall chemical use or persislence, This, as 
already polnted out, IS likely lhe mosl universal pnnclple for successlully Ihwarting reslstance. 
Chemlcal use or perslslence can be reduced by: 

• Using Iower dosages 01 pesticidas (when appropriale). 
• Using hlgher Irealmenl thresholds 
• Using cheffilcals wrth shorter half-li .... es 
• Treallng only limrted areas In groves ar lields. 
• Maintalnlng unsprayed areas as refugia 
• Spraylng onty speclhc pest stages. 

Many 01 these approaches are already oommon componenls 01 IPM programs and represenl 
good pest management Pracllces Ihat protect and promote natural enemies contrlbule lo 
reSlstance management slnce Ihey reduce pestlclde use (Hoy 1990). 

MaoaQement bx ~ a11aQs. involves using either mixtures or rotauons 01 pesticides to Ihwart 
resislance. Use of mixtures, for example tank mixes 01 two or more pesticides, IS based on lhe 
concepllhat insecls resistant lo one pesticldes will be killed by lhe olher component(s) of lhe 
mixlure, and few peSIS wlII be reslslanllo lhe enllre mixture. Though mixtures 01 lungicides have 
been used for years to combal resistance . bolh field experlence and models have shown Ihal 
mixturas should be aVOlded whene\lar possible wilh InsaClS and splder mites. Commonly, use 01 
mixtures of Inseclicides or acaricides has resulled in pest populalions deveJopmg high 
frequencles of reslstance lo aJ1 pesticides In lhe mixtura, an outcome resutling in disastrous 
consequences for IPM programs. By lar lhe safest approach is la rolate Insecticides or acaricides 
so Ihal each produCl is used as seldam as possible in any gl\len season. 

Manaaement bx. satu,ªC!pn involves methods that overcome resistance mechanlsms present In 
pests. Mos! commonly discussed is the approach 01 combaning resislance by uSing high rates of 
peSticides. ones Ihal klll resistant as well as suscepllble pesls Deceptively reasonable on lirsl 
inspectlOn, this approach rarely works In practlce. The reason IS Ihal pestiClde reSldues are usually 
deposrted very unevenly tn mosllleld sltuallons, e\len when very hlgh rates are used Uneven 
deposltlon 01 toxlcant allows reslstan! pesls lo SUrvIVE' 10 grealer proportlons Ihan suscepllble, 
Ihereby Increaslng reSlslance In addltion, use 01 hlgh rales can have many detnmentallmpacls on 
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beneficiai organlsms and lhe envlronmenl A complelely dlfferent appllcation of the management 
by salurallon is Ihat Involvlng use 01 chemlcal synerglsts, products Ihal enhance lhe aClion 
chemlcals Some synerglsls have been used successlully 10 neutralize melabolic palhways 
conlerrmg reslSlance 

Criticai Issues Regardlng Chemlcal Use Strategles 
11 IS very clear Ihal many complex lactors Inlluence lhe oulcome 01 reslslance developmenl In any 
glven agncullural sYSlem EQually clear IS lhe laCI Ihal dogma and melorlC lar ourwelgh field dala in 
lhe area 01 reslslance and reSlstance managemenl Therelore. we musl be weary of ali 
generalizallons and ulhmalely. our reslslance managemenl recommenda\lOns for any 91ven 
syslem should be based. whenever posSlble, on lIeld Iflals conducted In thal syslem. 
None!heless. In lhe absence 01 compelllng fleld dala to lhe contrary, cenaln generalizauons are 
compelllng regardlng chemlcal selecllon and use lo manage reslslance to Insecticides and 
acanCldes (Roush 1989. Denholm afld Rowland 1992) 

TQ ml! or nor to m'"( 
The answer to Ihls quesllons lurns oullo be very dlf1erenllor insecllcides and acaricides. 

versus for lunglcldes. Whenever posslble, II IS advlsable to ~ mlXlures of insecticides and 
acancides. There are practlcal reasons lor uSlng mlxlures--Ihey are requlfed aI limes when multiple 
pests muSI be conlrolled The polnt is tha!. In lhe absence 01 compel1ing Ileld data la lhe conlrary, 
mlxlures should nol be promoled lor lhe purpose 01 reslslance management (Wllh inseclicides ar 
acancldes). There are some very IImlted sctuallOn5 In which mlxtures ofier an advantage over 
allernatlons 01 products, bullhese condl\lOns oc.:cur only rarely Mosllmponantly, when mixlures 
are used and Ihese condl\lOns do nol occur (which is olten) lhe oulcome IS more rapid 
developmenl 01 reSlslance 10 ali components of lhe mlxture 

The reason Ihat mlxlures have been used wldely and successlully wllh lunglcldes 15 Ihal lhe 
older. 'convenllonar funglcldes. hke lhe d1\hlOCarbamales (eg. manebl and lhe phthahmldes 
(e g., caplan), are multl-slte In mode 01 aCllon. In olher words. Ihey mhlbrt lungal groWlh by 
damaglng many dlflerent physlOloqlcal and blochemlCal processes In lhe organlsm 
Recommended mlxlures 01 funglcldes have Involved comblnallons 01 such mul1l-slle compounds 
wlth lhe more moderno slngle·slte funglcldes Consplcuously. palhologlSIS generally do nol 
recommend mlxtures 01 slngle-slle compounds for reslstance management By contrasl, vtrtuaUy 
alllnsechcides and acancldes markeled In lhe pasl 30 years have one or lew majOr Slles 01 aellOn 
in anhropods. maklng them 01 lhe same general hlgh ressslance nsk as lhe modem. slngle-slte 
lunglcldes. 

Hiah mIe yerc;us /Qw rate 
One unlortunale mlsunderslandlng slemmlng Irom lhe concepl 01 sal!1ra/lOn, descflbed above. 

15 Ihal 01 lhe practscallly 01 l\flhng reSISlanl pesls, and avoidmg reslstance. by uSlng hlgh rales 01 
peshcide In pracllce. lhe condlllOns Ihal are necessary for a hlgh·rate stralegy to work almas! 
never eXlsl In graves ar "elds Ihal are sprayed wrth convenllonal spray equlpmenl The reason 15 
Ihal a unlformly high reSldue cannol be achieved Residue dlsconllnully allows reSISlanl pesls 10 
survlve In grealer proportlons Ihan suscepllble pesls and lhe end result 15 lhe worst posslble 
oulcome-very slrong selectlon for reslslance. Hlgh rales almasl always Increase setec\1on lar 
reslslance Moreover, hlgh rales of mosl pestlcldes are ollen much more delflmenlallo beneltcial 
organlsms Ihan are Iower rales. Ihereby reduclng or ehmlnallng lhe reslstance management 
benelll 01 natural enemles Unless Ihere IS data to demonSlrale olherwlse. use as low a rale as 
praCllcallo achleve needed resulls 

Chem/cal ocrsrsfpnce aad setectlYl/y 

The !Inallwo pracIlCal f\Jles 01 thumb lor man<lglng reslslance lo Insectlcldes and acanclCies are 
to. whenever posslble, selecl pesllcldes lha! have shoner residual hves (Wllhln praCI!Cal 
hmllallons) and ones lha! are teasl damaglng lo benellclal organlsms 

PUTTING PESTICIDE RESISTANCE MANAGEMENT INTO PRACTICE 

Impetus for PRM: Why bolher? 
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AS lhe rate aI whlch new pestlCldes are reglstered ctwlndles and pestlcldes continue 10 be 10Sl to 
reslslance growers are Ilndlng Increaslngly Ihallhey have key pests Ihal no reglslered prOduC! 
contraIs adequately Though 11 is fanlasy la balleve Ihal we can successlully manage reslslanees II 
pesllcldes are nOI used spanngly, evldence Irom many syslems around the world Indlcale lha!. 
wllh good IPM pracllces and appropnale cholCe anel use 01 pestlcldes. the eHleacy 01 many key 
pestlcldes can be prolonged conslderably and In speellle cases efllcacy can be sustalOed over 
long penods 01 1In18 

PraaCCW8 verslJ:i reacC/ye ºCQarams 
fn lhe past, reslslance studies lyplCaUy have been undertaken ar supported by chemlcal 

manufacturers onty aMer a pestlClde has been used lor many years and lailures 01 lhe product In 
lhe lield have become commonplaee. These ClrcumSlances desenbe reactlve reslSlance 
management. Resistance IS known or strongly suspecled (repealed reports 01 produCI lallurel. 
and lhe Inlfial research obJectlves are to develop ways lo moMor reslslance, assess Ils inlenslly 
and Irequency in lield populalions, and charaelerize lhe blochemlcal mechanlsm(S) 01 reSISlance 
ThereaHer, 'Ield sludies toeus on underslaneling how qUlckly reSlSlance bUllds up 10UowIOg 
chemical treatment anel how las! , II aI aU, 11 declines lO lhe absence of lhe pesllclde 

In recenl years, progresslVe chemical manulaclurers have nol walled untllthelf produelS have 
lalled belore Inltlatlng reslstance managemenl elforts. Some producers are now addressIOg 
management 01 reslstance Irem lhe very earty slages 01 produe! development They are collecllng 
base-hne susceptlbility intormatlOn trom populallOns collected Irom around lhe world, Iooklng for 
potenllal reslslance problems, and proposlOg provIsIOnai anll-reslslance use slralegles lar Ihel( 
products early in lhe process 01 development. These proaCllve reslstanca management elforts 
rellect an overalllncrease In lhe sophisllCallOn 01 lhe InduSlry's reslslanee managemenl etfons 
anel Ihey are likely 10 prove very oenetlclal. 

PAM Is an Integral Component IPM 

Pesllclde resistance managemenl wllI exlend the uselul llIe 01 pestlCides used in agncultral 
produClIOn Vet, reslstance managemenlls hkely lo be successlul only In cases where pesl 
managers 

• use reasonable trealment Ihresholds; 
• roullOely monllor peslS; and 
• make lull use 01 non-chemlcal melhods sueh as olOloglcal anel cullural controls. sanltallon 
and planl reslslanee 

For well developed IPM systems conslderable progress IS being made loward punlng In place lhe 
essentlal components 01 reslstance management programs Our presenlallon wllI provlde 
examples 01 such advancements as Ihey relale lo managemenl 01 mlle resislance In Call1omla 
cotton, New Vork apples, Florida cllrus and Brazlllan cllrus 
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• Frequency is the proportion of the population that is 
resistant 
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FIGURE 1. lhe frequency and in1ensity of resistance both determine the degree 
that res istance will reduce the e!fectiveness of pesticide applications. 
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FIGURE 2. Reset intervals 01 unstable resistances. When spray applications 01 
a chemical with unstable resistance are made at intervals equal to ar greater 
than the minimum reset interval, it prevents the stair-step increase in resistance 
that occurs when the chemical is used more Irequently. 
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o Fl'TLRO DOS I:\SETICIDAS :\0 BRASIL 

<"RI' nANO \\' -\1 ITR '1MON 

Presidente I-:xi."cmi .... o ANDFF 

,\sS(X:I;:H;ao Nadem;!1 de DefeSJ Vcgcla! 

Ihl:! Capit;lll AntOlLlll RO~I. J7Cl 1 J' iJJli,.ur 

CFP 01441-010 Sào Paulo-SP 

Ha um St!l'uln. exatamente. um produto de ptoteçao de plumas qUlIniC31llente sintetiz.ado. 

;ljudoll iJ controlar palogenos pela pnmeiril vez. DL' f:no. este e um imponnme 31l1\'cr-sáriO porque 

a si!,(('m:ili ca e eft"liva proteçao de ph.llll>l!- hoje pr::lticadl no mundo inteiro. partiu dos própri~"l! 

IiIN'r:lh'rú~ de pesquisa (L.I indllMna. O produto M)P nome c0!11l'rr.:ial de Anunonnin. lançado 

('1\1 19H~ para conü,.t1CT um patogeno dl' tlores!;J. c l-ria~'ilo de~ti.\ 1l1du!>tria. como o sao m\lil()~ 

l'Ulrns man:~v.. na criaçJo nn hislOT13 da pr01l"<;30 qUlInica de planta..<;;. t\ind:!. que. juslificild4llllCnll' 

,lrglLlho~o~ dos ~U(,.·t'S~'S ct1nseg\l1tk)s ml p,ls.saclo, a I1ldustri~ se {lIrcciona :lgor~ p3m os ~randes 

,Iesali" ti" fl\turn. 

A pnpulaçal) I11l1l\tlLal cresceu dt' •• prmom;l(LlInen!e 1,7 hilh:io dc habit::lIlt~s quando da 

Innoduçan do rnmelrO produto agroqullnico. par.! os muitos maIs de 5 r.ilhàcs de p<"ssoa~ n.1 

! etr •• , hojl'. I; e ...... o,;e t'l\onl1('l'rCSCillll'mo d':l Ix'pul'IÇ.!O I.'ominua. Ali:ls. e mais como UII1 .. 1 c\plosao: 

;1 c .. d •• scgundtl. tr~:>o p<"S&)J!> nuscclII t'm nos.." ... o planeta. Em outras palJ.\ ras, uma nO\3 ci,lIul! COIl1 

LIma pnpulaçao de ~50.(X)() pcssoas c "cri:ld,,' .1 cada dia: [(xlo mes, o cquivaleOle ,I uma nov.\ 

t:icL1de com,) a d() Rio de Janeiro aparece ("111 nosso planeta. No tim do scculCl, a popUL..I\,olO da 

rt'ffil "cra l'!lIan de t1l:\lS ou 111('nos 6,5 bilhix's. e,lcb qual lendo seus ou suas propnas 

neces.siJades. incluindo a l"'tigênCla. dt' fato um t1irello, de ler alimento suficiente p3ra si 

Infelil1l1l'llIt', a terra uSo.1d .. para fins agncol;\s, nao pode ser aUlIlcIlt3cb mdelinid..1lllcn\c 

.-\ dt'stnliç;lll d.:lS n{lreslas tmplcals ,um!;1 l''tI~h~nTCS no no:,so planeta. sena n mesmo qUt' 

prOd;l11lar" q'l\ll'!lI,";1 dC' l1Ione ,li 1l0~S;1 ,lt11losfC't':1 C.ld.l IIWlro quadr:tul' dt.o florest;l c uma pant' 

.10 PUIIll;\(l vl'rdt' d.1 lrrt:l l' IIlIIa impot1;mte n:serva ,!to água. ~hUlIll;lr as !ltlrt'sl;ls I"lo.lt 

llllt'lInadas, tall1l'1('I11 11llt'llsllica n l'felh) (· ... tU\';l. que podcna :lcab,lr sendo um des;lslrl' p;m1 (1 

11\'\:-.:>oOl:li1l1;t O di,"od'l dtO (,.°iltr.nllt1 l' libt.'r;ld". 111I.1I1I\(" es."IS tre1l1end" ... 'Iuanlltwdes ,k lIlatcna 

v(")!I'tal S;Hl qllt'illl;ld;IS, j' is.....;o ;lpdrl' llIt"I1l('n!c 1<11111'>1."111 l'nntnbul para ('J tX'rignSt1 illllTlento dtO 

tel1lpc.:rall1ra da .:l111lllSfcr,1 da Il'rt:l 
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Em contraste, areas de terra aproven<lveis est.lO se tomando escassas. r-.·Llis e m31S [crr..lS 

de cultivo degeneraram-se e transfonnaram-sc em estepes pelo l1laml~elO impropno do 1I0::.sl"J 

precioso solo. Dc acordo com estimativas publicadas no 'Global 200()". O estudo rllnblCll1al 

comissionado pelo ex-presidente dos Estados Unidos Jimmy Cancr, <10 fim da década de 70, 

previu que cerca de 2.75 milhóes de hectares quase ~ milhóes de hectares de terra arnvcl. por 

si só serão perdidos como resultado da acumulação de sais a~ irrigaçao. por volta do ano 2000. 

Esta e a fonte de alimemo pnra aproximadamente 9 milhócs de pessoas, c bilhõcs de toneladas 

de solo fértil silo perdidas por causa da erosao. 

O solo disJX>llIvel para lins agricolas esta. desta fon113, dllninuindo. COIllO conseglléncia. 

a necessidade de um manejo adequado é inevit:ivel: entretanto o plantio intensivo. conseguindo 

altas colhe iras. deve redUZir, tanlO quanto possível. a excessiva exaustão do solo. Como UlIla de 

muitas tarefas. este esforço tambem requer adequado programa de proteçno das cuhurns. 

Uma pesquisa realizada pelo Instituto de Economia Agrícola do CelUro tle TecnologiJ 

Federal da Suiça demonstrou que em uma previsao sobre fi pesquisa e desenvolvimento de 

produtos quunicos e biológiCOS. em defesa vegetal. nos proximos 20 anos. os programas serao 

direcionados pela forte pressao da: 

• Opiniao publica: 

• Condiçóes econômicas; 

• lnnuenclas JX>líticas; 

• Legislação e regu lamentaçao. 

Um dos aspectos ma is imJX>names quando se quer prever como sem "O Futuro do!. 

inseticidas do Brasil". é sem dúvida poder avaliar. como serao as flllUras abordagens no 

De!.eovo lvimento de lnseticid;:t!. dentro do contexto d3 Ciência e da Regularneut ac;.i u 

Pertinente. 

Para começar. vamos avaliar onde estamos e corno chegamos a este pomo. Temos que 

admitir que a evolução nos últimos anos foi espantosa, sobretudo após a descobcnn dos orgrmo­

sint6ticos e suns utilizações na agricultura nos ultimos 50 anos. Naquela êpoca. a pesquisa na área 

de inseucidas era voltada para produtos pcrs i.<. tentes e de amplos e.<.pectros de aç::io. Outrora. 

a a lt a eficiência agrôoomica era fator fundamental no desenvolvimento de inseticidas. Hoje. 

estamos todos cicmes que as questOes ambientais cSlao merecendo o mesmo nível de 

itnponãncia que as questOes relacionadas ú .,aude hUl11lJna. e devem mesmo faLe -Ia. uma vez 

que sào interdependentes. Aindn que concordando COIll esta última obscrvaçao. e Indo mais longe, 

o Conselho de Assessoria em CiênCiaS da Agencia de Proleçao Ambiental dos Estados Unidos 

(EPA) recomendou aos seus administradores que O va lor dos C<:05sistemas naturai., não .. c 

Limita ã !l ua utilidade imediat a para O homem. l t'llI UIll va lor intnno;eco, moral. que preci<. a 
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... {"r IIIt'didn l'lU '>(' 11'. proprin,> 1('1'1110 ... {' prOltj:!:ido por .. ua propria c:lU~a \ indü~ln;1 que 

pn'\(hll. úllm·r..:r"h/a l' IHlh/;\ !>Uh~I'IrI!..:i'h \..jl!!11lr..:as 11;\0 l'st:.l 1l1l'I1US l1\tcrcs.."ad'l ou prCOCllpdd,j 

":1'111 qUt· ... f(WS .1111hll·lll,w" 

('PI11C\';L1l1(l!'> l'Olldll/lIldll I('!'oll'''' pn':-'!'l'..:rin1s cnm II1SCIIC"bs. pdra dl'lenllll1ar os nscns 1',lr;1 

;1 .... Ill,k· hllll1;UI;\ e, ClIIlIIl'lIor grau. l"S ns..:o!' 'IInolelll.lls, Ad111ilc-:-.l' quc iI cllfa!>e l'ra \ollad.l ~\HI 

,I ('firaria 

()m'n'lIhl'" Il'lI1or'lr. que .1 de"CllN'na dll l'Il'HO in!'oclicit,b do D1)T "primem" ins{"lIcid;.: 

,'T!!:mÍl'o :,1I1Il'!ICO) dt'l1 ;In :-.t·\I tk':-.n1bridor. Paul f..tillcr o Premio Nobe! til- l\tcdicl11a. f..1.lis ,I,' 

:! milhl't's dt' 1"lC!'sOól:i fOr.J1I1 sa]\;lS, na l'llUI.:.l. gr:H;:>lS ,IS .lplÍl'açocs dú DOI 110 (',,'THn,l .. de 

cpldl'llli,IS Ir,l1\Stnlndas p0r 1n:-.l'!OS Ihll"l!M M elcalf. d:l 11Ilivcr'Sl(bdc dt' lIIinois. dl;1!lJ\ll1 iltlllda 

.tc":ild.1 Ik 1'I"lI.:,1 d" t1lirnblllll. lal l·rol a e!llon.1 41k' n'11l;1\'.1 pt'kls aplic.lçóes do DDI" O Dr 

\1;lrl'll~ I\.1'.!!<L1I. t'm Anal:-. til. I SIMI. II~.:-. rl'I.II; \ que, na pmprra " .. lo.:'lcdoltk de enlnmoll1glsIib d,,~ 

L,I.ld,~ i ;lIId\I~ . ~l' I'tlIllCI1I.w;I qUt' n OI) r Irra rt'S\.lh er Itxl~ os problemas ocasionadl1s pelas 

pr:lf!as. No l·III 'lIl1n. " IIII{' al·lllllt·..:ell l .\plic.:'lçrw.·s crrad3s. exagcrad,l:-' t' Irr..lcloll;ri!'o. lllllie t· ... It'IISi\S 

ilft·.l" !!t, .. '}!ratil'.ls f.lram ":lll·'l'n.L~ p,,'r ilpill'iI\·l"ll.·S. l"\1Illnb\llr3111 para n de~n\"oh-1I111.'1I1O 11.1 

r(,sl~lt'nci;1 til' insl'hls'l d .. ·!t·mllll.ldn:- ddl'l1sl\/OS il~rrcuLrs, IInic . de.' r1l.:ordo Cl)1ll li pn1prÍll ('rlll 

I\.ll~ • .lTl. S,IO <:OIlh('I.:IIWS aprl1\1111ó1{L.I1IlCOIC 500 I'spcCIt's dc m:-;Clos e .il'art1s reSlslt'nll's .1 

II1!'t'lll"rLb" 

Nill~lIt'l1I ('!'oI;1 Ilt'gotlld,'. tlm' t"\1slIr;1I11 pn1blt'IIKh Clll11 prr",11I1L1S qmmit'lls tll)S 31\",,,; 1II11.:1;li~ 

.!"·l'rnlt'ç;1\1 dL' pl.lIl1.IS; prllhklll>lS 'Iuc 1lI1l!luelll pl.ldra llt·1tI1I1CS1110 SlIspcrt,lr Ilaquelc!'s di.ls . • \lIIe, 

I,'u\'adns ..:.'lllll 'lliir.ll·uk,S\ ... ". ,'S ;1~rl"ll.plllltiCflS d.\queles di.ts sem dU\i1l1a H\"I.'t'311l seu!'o li.kh ... s 

11I'gill1\"L1S. ;10 bdo dI.' Indl:-.;,:uII\'CI:- ';'UI1.tgl'ns. 1 :.s~ls desvantagt'ns, dt' f.IIO. St)!lll'1lIC se lom,ir.tll! 

l'videlllcs com \) Fmgrt's~l ..:iclll1fkLl. ~t.IS •• lprl'lldl·1ll0S ":r"l1Il cs.."cs l·rtl~. t' 1Il1111l~ ",,'OS pn1blt'III,1:' 

inklills hlralll n·~(llv1tI,"lS. 1,1111":111 ,,~ ,,!!-riclIl1on's I11mbril!ll, \1L!;,lull'll!t·. t·:-.l.IO dl· ... l·J(l~l'~ .k 

":tllllbi n .. r n 'ai iL "ISO l'111Ihl',:1I11l'nlo di' Sl'lIS .\nlt'p.lsso"k"ls sl,brt' l1al!ltl·[.l e ~IS pr.u I\',IS ~·lIll11r.II~. ~. '111 

.1 h·Çll,\ll"l~r., 1I1,,,krll;ll' II1t'h"h\ ... l'úll,'glúl!'o_ () rl·"ul1.It!'ll· 11 M ,Hlt'Jl' Inlt·gr.ld'"I d~ l'\II111r,!S 

.. \ lll·l·\·!'o"ld.tdl.' dt' 11I1I1"llIlia,d sl1pnllWllIll dt' .rlillll'11I0 11;\ Sfl • .:k·tloldt' óllua!. !'l'llIellll' I''' .... k 

... t·r .1I1II!!-id.l. "'1' .IS l·Ultllr.t:-. tI11l'lIll'nllt'gld,ls l·llIIlr.1 inst·Itls. doeIHi"!,> c p1.IIII.\S lblllllh.IS. I't·sqllb.l ... 

P;lf" ;.lS ~Olll\""""i d\lS I'r\lhklll<l!'o ,k· I'rt1Il'\iiLU dc pl.IIII.lS t' IIIll Ir.lb;rIIt~"I:-;""l pr"lo.:e,..~~t' Ul1t·rdr"":lrlin.1I 

hl\"I",' IIl11a 1.11 ... " illI1pb di' dlf,·n·llh· .... l·ll·lllt:-.la!'. Ict"tlh:,h ,. l·..:\'II"!11isl.I .... 11,,1\\,,; \'\'lIlnhl1l11d,\ L'lll 

~II.IS l·!'ol ..... ·çlalid.ldt·., Ih! pr.lClIra dl' ~lIU\'l"-'" pr.tll":.IS I' (·l·11IIÓlIlILI!'o . 

.\ l"''1l1.'nl·lIl'la m,~lI,l!\ ;1" hlllllt'lI1l\lIl' tI.ln:-t: dl"1.' ..:,1111b.lll·r t'" lIb,·!<"\$.1' .. 1111 !ll.H1l·i;\ .~ . 

r lIl·t·\·!'osari,l, 1\I:lis d"lJlIt' 1111111:.1. I'n'!'ol't\;tr prt·dad,lfl'~. p;lr;bll;r~ t' l'<llilll/,ldl'ft .. ,. I"-'rrtlllllhkl ql.t· 

.IS IIIt':-'11l\1~ IlllSSalll dl'St'lIllx'lIh;rr :-.,'11 p.lpd LLld 11.1 ;r~n":II1tlJr;t. N.I \l·rd.h\l'.;1 llil1!!IIL'111 1IIh·T.'· ;t 

11111 1· ... l·I's.SIV\) l'llll!'otllllt"l li,' dl'lt·II"'1\""<' .1!!-fll'."lI.IS, ' .... ,IS l;t] t''''l·t·:-.!'>\l il..:ab.1 I'n'\\"lt:im.t. 
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aparecimento de pragas resistentes. Não Interess.'l ao agnc ultor nem ao comerciante e ao tec!\lco. 

que hoje deve prescrever recellunrio agronõJnlco. a mdicaçao de um prodUlo resistente; isso rxxlc 

levar li perd'l da credibilidade pelos seus consulentes. Para .. Indústria de pesticidas que. a duras 

penas cria novos produtos. a resistencia e assustadora. porque Lmpede que o inseticida tenha um 

consumo adequado e prolongado, abreviando:l vida útil dos produlos. 

Hoje a pesquisa na area de desenvolvi me lHO de IJIseticidas estri gerando produtos mais 

especificos. mais seletivos. de baixa toxicidade ao homem e animais de sangue quente, de 

rápida degradação no meio amiente. alem da alta eficiência agronômica. 

A indústria é a gmnde propulsora do Manejo Integrado de Prdgas (MlP). pOIS 

acreditamos ser ele um caminho seguro. para minimizar o impacto ambiental. No passado. iSlo 

parecia ser muito mais o papel de órgãos de pesquisas e universidndes no nosso pais. Hoje, 

estamos de mãos dadas. O dilema da resistência. que tem estado presente hâ anos, com relação 

aos inseticidas, também contribuiu para o desenvolvimento de programas de MIP mais uma vez. 

a indústria esteve profundamente envolvida neste proce~so. 

Entender como as moléculas se comportam e como interagem com moleculas de 

organismos vivos. ajuda-nos a predizer que substâncias apresentam possibilidades de inleraglr em 

sistemas vivos. Direcionando nossa síntese. o processo de descoberta se toma mais eficiente. 

Mesmo assim. someme uma substáncla em 20.000 testadas satisfaz todos os severos requisitos 

exigidos e aungem o mercado. 

Usar as defesas propnas da natureza e Qulro meio de encontrar novas lIloleculas com 

atividades biológicas. Para isso, necessilamos de um conhecimento datalhado do ambiente e as 

interaçóes entre a cultura e suas pragas. Procummos meios de identificar e entao sintetizar ou 

fennentar substânCias que protejam sistemas naturais es~cificos. Esta fonna promete um 

tratamento novo e especifico pnta a defesa vegetal. 

Outra área imponante de pesquisa e desenvolvimento é o conllnuo monitoramento e 

melhoramento dos produtos. O maior desafio li encontrar fonnas de controle de pragas. usanno 

a menor quantidade pos5lvel de lOgrediente ativo, tltiJiz.1.do de fom13 correta, de modo que 

salvaguarde o operador, o consumidor e o ambiente. Isso e feito por meio de novas fonnulaçóes. 

embalagens e métodos de aplicaçao. para a"5Cgurar que os prodwos esUio sendo usados 

apropriadamente. 

A eficiênCia de um mgrediente ativo pode ser melhomda, considerando-se em que fonna 

ele atua melhor. Isto é em parte detenninado pelas suas propriedades físico-quunicas e. em pane. 

pelo modo como ele age na planta e na praga. Houve um tempo em que a maioria dos agentes 

de protecilo de plantas eram aplicados como s61idos dissolvidos em água. No ent::lIl1O. granncs 

avanços foram alcançados nesta arca, desenvolvendo novas fonnulaç6es. as quais redUZiram 
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con:-'ldcral.elnwnTl· ,I 41Wlllllbdc de mgredicnte .ltlvO que precIsa ser aplicado. melhorando a 

~l'glltança no milmbClll do Cl'I1IPf'l:-.tO. hmllul.n,oe:-. lir.c-mndn o 1I1gredlente ativo vagarosamente 

no amhlente ...... lO geralmente tIlalS eticaLes 411c os 1TIt'IOllos de pulvenuçao tradicionaIs. Gdnulos. 

rcvestld(ls ror polllncr<"'!S 1131 urais l'U SlntCIICllS. t~,:xlel1llhll\inllir a quantidade de mgrcdiente allVo 

4\lC precl:-;a :-.cr u!-oauo. Proteger" :-.ubstancl;1 all\<l ('111 capsulas de polnnero. e outro tnado de ler 

a subst.incia onde da e m31S neccss.3ria e mame·la lá. Metodos de compactar pós em grnnulos 

solúveIS Ctn ;iguJ. tabll'ICS c peiteIs. 3SSIIIl Cl111\O os sacos solúveIS em agua. sao todos 

desenvnlvlInentl)s que dl1l1Jlluctl) ;\ r)()sslhllllbde dL1 lIsuann ter COl\latO acidental com o produto 

agroqulIIHco dur..lntc a ,lplicaçao. 

O transpone. 11KlIluselO e n descarte de ,-lgroqll1micos sjo influenciados pelo modo como 

a fonnulaç:alJ c c11lhalatb. A scgurançól IH~SS<lS .Iti\'id."ldes. tcm sido um fator importante em 

recentes des("nvolvil11enTOS. Os pnnclp.·lis nscos de se!gllf:ln~'.l no uso de agelHes de proteçao de 

plaruas vem de dcrr:ullatnCnlO aCIdental. mIstura mCOfTt'ta e descarte sem cuidado. Desenhistas 

e projCltSt3S de cmhóllJgens cstao procural1do simplicidade e robustez em procedimentos de 

embalagens c ólplica~·ao. I 'mil dessas in()vrlçocS c n saco solúvel ell1 água. Dissolve-se 

rapidamente liberando o conteudo dentro do tanque de pul .... enzaçao e não deixando nenhum 

material de ncondlcionamento para ser jogado fora. Tambem. apresenta corno vanl3gem o fato 

do USllólrtO n;\o l~ntrar elll contato com o produto de nenhuma fonna. Por causa d..1 dificuldade de! 

descarte de emr.al.lgells \"aJ.iólS de agroqlltlllicos fomm concebidos recipienTes rCllli!izaveis. 

Talllbclll \ C 111 sl'ndo IIIdhor~ltb a cticicm:l..llLcs emhalagcns convenctona.is de 1'00113 a scre1tl11l,lis 

fáceis de wnt' r e de serc rl1 maIs facilmcnte bV:lvCls. Estas c muitas QIHrJ,S inovaçOes de 

3cond;nIl3Ittt'1I10 ~IO p;tnc (\;IS tl·nl.ll1vólS clmlhinatL1s pM3 assegurar o liSO correto e seguro do:; 

produtos. Tl'll1amns lIl.uller 11m eqlliltbno l'ntre sll1lpliçÍcbde e ,lha lecnologia. Em colabor.lç'-K' 

com orgaos olicia is de pesqlllsiI. a Im!ustria esla descnvohendo uma serie de novas tecnicJ,s de 

pulven/";'l~'ao rara provcr as nl'cessidade::- til' ambns. o pequeno agncultor e o cll1presario ngncola. 

DI3S diferentes tl':cnolngias dtO ' lpIt Ci\~·i\l) \"1S.11ll prll110rdiahnente proteger o usu.:mo li.) Clllllatll 

ólcidel1lal C0111 o ;lgroquunico e direciona-Io tI':l melhor I"onna ~sl\el. 

Sistell13S de cndlltnellto fechados . • 1l1de O produto fonnul;ldo e injetado diretolllcme no 

C(llIip:ullellln de pul\"l'n/ .. lI;ao 11IlC(!t;1taIllCnlC ames Jo IISl1. C\ l1a erttlS de COI1Cclltraçao e 11:10 deIxa 

c'«('e&;o de soluça0 d,' plllvl'riJ~I\,;~IO 1" .. 11.1 Sl'r .iO~ildl.l for.l .In nnól! do tratamt·nt!..l, l', tal1lr.clll 

elllt1tnatll a pos..<;ihilidade ,j(- derr;llIlamt'lII11 .. Icidental dur.lI1te a lL1istum e prep..1raçao. 

' :_<;1311l0S I~HlIr.c-1tl :-'t"gu ros lJlle ,I t'duraçao I' fi Ireinamento devem COlll1nUar rcccl:~"l1d .. .) 

por p.1r1e da nOSS;1 IIldll::-lria l· ... lx·cl;\ll·nll:-;ldl·r:I~·illl. relllllS dell10lblrado. que estamos pn."ocUp,-ltkh 

com o emprego rurreto (' .. t·J.!lIrn dllS prl. ..... hlh"lS till'l:-;:-;,ll1l1aril's .. \lrav('s ti,· nOlorios progral1l,-1 clt": 

event~. (!UC tel!1os dcscnvolvidll::- l',lm ,!)"II)ll) lIl' ,IT!!.Il1S Ot"iCl,lis. entidades de d;ISse c 'dl' 
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;t.<;sociaçC-Cs ligadas ao nos...;o "'t'tPT. -\tr.1\ t' ,L.I ~1rI';1 .k Nlu('aç::ttl t: I n·lIIallll'nto. It'l1h'i dl\ ul)!.I\I, 1 

('I descnvol\"l1ncnlo de formlllaçllO t: l'lIIhalagt·n .. UH" .1,hlT;I'" pT"dIlJ'ld;l~ IX-I;I ... nO~"";L' .LS! XI;),!.L' 

Ao que tudo indicl. pM multos ;lnt'S. havt'r.1 dt·mand.} P,'T prnduws qllllllic(l" 11;\ dl'f~ ... a 

das la"ouTas. 1,,10 porque. iX'T mais qUL.' ... t· pr0Curc.'" ITal .. tT ('I.., SI ... IL'1I\a'i ;1~rH.:OI.I'" Ctl1l10 l·l·(ll{'.~II".>II"" 

eles S<lO por nalllrCZ'l. aharnen!e in ... lá\"eis. O apro-t.·C("'ISSi ... ICIIl:.1 c rt'lall\alllt'llIc.'" fta~t1. t,:nlblllllldü 

de muitos individll~. porem de poucas cspedes. !.:s.,"{;.\ C;JTactcrlsllca (I faL IIUI1IClICIIIlC. ~1I",Cl'll"l'1 

ao desequllíhrio. 

Aqui nO$ a..,si ... tc o dircilo de re'''altar iI It· ... ptm ... ahilidadt· ti" cll!;!t'TlhelT<' .Lj;:ni IH'lIln .• \ 

respons.\bilidade do tccmco. Lnquanto C) l.·co!ogr' pnx:uTíI prt's{'I"\'at (1 CCO~SI ... ll'lI'" n<llurill, I' dl.'\ er 

do engenheiro ap.rónomo e, no 1111nll110, duplo: 

Modificar o eCC'lSSlslema paw ttansfonn<i lI) nUIll ngro-t'C(lS"'I~[CIllJ.. 11m;} unidadc 

produtiva. 

Prescrvri lo para conlimwr pnxlutindo, t' F;Jr:"Il1lit sua 

futuras. 

De modo crescente. a ,1~ricultllra IntCnSI\-a ... ~I<u-.:i \"lllt.lda para ;.14uel,l'l .irea.; mais 

apropriadas p..'1ra agricultura ~lIstenla\"cl. libemndo '-Irens marglllais para C(lnset\'a~',ln, recn.'<lçan 

e outros u~s. 

Nas arca ... de agriclIllllr.l 11l1ellslva, maiS e ... forço:':> scrao \Jlilil.ad(l~ para ot1Tllilar I) lI:-'O ..1.) 

ap.roqllimico. IlSólndo a rnmillla dose efetiva .. lIra\·e ... tI.1 melhl,ria ck~:-. SI:-.ICIIl:l!> de mmI\IClr.Ullt'TlIt', 

melhorias nn cpcx:a de ap1ica~' .. () t' IllIc!!-raçao com (lulras ICCnOI\lgt:I:-'. 

No mundo em desenvolvimcnto, onde a ncce!>sldade r~lra a melhoria 11;1 pro[cçao dt' 

plamas e Illc\i'-'T, tIIas onde o ... pt'slicidas sao usados S(1mCme t'Jll pcqUCTl<l p<lrccnwgclll da 'Ire'l 

agricola. o principal dCSCII\-Cl]..·irne11ltl ... em il IraTlsfert'n.:ia c adO(,'.lo de lecn(llogia jil t''''''h'l1ft' 11\' 

mundo dcscllVolvido. com grandes t'nl;Jscs lia scguralh.; •• do uso c l.',cclcncia no dcsclllpt'nho dI' 

prndulo. 

Ainda hiÍ Illuilas oponullItbdt's para IItlVOS pnltlUlt1s .• qX'silr de C,islITt'1I1 IXHK'OS 

proDlemas de rrole(;ao de pl;1ntns para os qUllis nao existam medidas pralicas de cnmrolt: 

baseados na quunica. E. ... las 0ponunid..'ldes arJrtCclIl pnrqm' há um3 t:OllunU3 nCt:cs:·;\<.wdt, de 

substiluiç:1O de il1~redicntes ativos C fonnulat;ao já e,islentes. p<.lra S;IIlSfaUT ns IIImlanç ...... 

ambi<'ntais. OS u~u.irios e as demanda::. ecoI111mic.ls. 

Os novos produtos serao: 

• seguros p.:1r..1 o alllbienlt:, par.I o u ... uario l' para () consumidor de culturas tralada .... 

• altamente ativos e CI11ll CUSh."lS cnmpt'UlI\llS. 

• fleXlveis e convenientes lI<' u"'o. 
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Há mUHes dados sobre novos ucancldas eSllllluladt)$ pe·l ... nect.'ssulldt' de novos prodllt,l~ 

nesta :irea. como con~equellci ... III press.'lo dils ,ltllof1tbdt's re-gulamelHadoras sohn' produtt.l" 

antigos. 

Tem sido observado slgnlficallvo avanço na i.11I\td.lde de reguladores de- çrC~1I1H'!l10 til· 

insetos. pamcuJanncme pmprox.ifen , que esta sendo desenvolvido como IIIll IInHiI(klr de 

homlônio juveml pela Sunmomo. 

Um numero de novos toxofores foram aprcsentadtlS, paniculanneme os al.ois insellcitus 

da lei. que atlL<lm alfilvcs do bloqllcio dos canais de pows.."io dependentes do caleio ;\xollal. 

Os produtos naturais evidenciam uma fonte nca de novas cMrutura::; COIll ntiviel'ldc 

biológica interessante. Tem-se venficado que vanos c(lln~tos. ocorrendo naturalmente c com 

tipos estmlurais diver.ros, possuem imJXlrtantes propriedades como agentes para defesa veget:d. 

Ocorre algumas vezes que o nivel de atividnde c propriedade de I ... is composlos os tomalll 

apropriados para aplic:lçao direta como ugroquillllcos tpor exemplo. :lS milbemicin:ls c 

avennectinas). Usualmente. os produtos que ocorrem nnturnlmente servem tanto C0l110 ulIla fonte 

para slntese quimica. como um in::.tmmento para cxpl<,n:u novos modos de açao, Jxxlclldn 

inclusive servir para redirecionar programas de pesquisa. 

Apesar de todo esse indiscuttvel progresso. crtllcns as praticas culturais e protcçao qUlmicn 

de cuhuras contmU:lIll. Alias. as chamadas ao "retomo a nalUrel..a- parecem cJ:lmar mais aho que 

nunca. De qU:llquer modo. um completo "retomo a nalllrC7 .. .:l" nao e c nno pode ser posSlvcl. A 

umca fonna de salvannos nossa Terra da ameaça imincnte da explosao JXlpuJacional t! ;Hta\.-'cs 

de mais progresso Científico. E. neste JXlnto, especialistas do mundo mtelro concordam. 

No 13msil. ti defesa sanHaria vegelal é regida por moderna e ngida legislação. Com OI 

prol1lulgaçao da Lei 7.802. cm li de julho dc 1989, rC'gul:llncllI:lda pelo decreto 98.816. de 1i 

de j:lneiro de 1990, podemos dizer que o Brasil deu o JXlsso defimttvo no sentido de adequar-se 

as eXl!!énclas de qualidade para produtos agricolas reclamadas em âmbito domestIco l' 

1OIen13cionnl. 

Em pnmeiro lugar. os produtos fllossanllarios c "Iins pass."lr.UIl :l ser cotllcrci:llizados 

obrigatoriamente mediante n aprcsemaçao, pelo usllario, de recelluano agronól1llco proprtl) 

prescrito JXlr profissionul de nível superior legaltncnte habilitado. 

Amparados n3 nova legi!>lação. os Ministerios da A!!ricultura, d,l Saúde e o lHAMA, ell1 

~lIas are.:lS de competência, balX:lram nonnos e aperfeiçoaram lI\ecomSll1os e::.pecificos destmad()~ 

a garnnllr.:lO consumidor a qualicl..'ldc dos prcxlutos. seus componentes :1 nlins, tendo em vista .1 

identidade. atividade. purez.a e elicácia. 

O capllulo das infrnçocs ahngoll, t'm 16 Itens, I.'ollsidemçocs referentes o todos os 

elementos env0hldo!oo no amplo procc:';So que cnnligur,-I a ,llIvldadc de defeso I"Itossannana, 
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":l1ntC'lIlpl.mdn no !.t"1l (,:aplIulo vrn. prauc.Ullcntt", úl!sde a pesquis..'l ale a aplicaç:lo no campo, 

:--lI) SoC'1l Olmdo 1\ a leI fixI)u' 'Ouandl) L'r~ ... OI1.3ç~S internacionais rcspons:ivcis pela 

..... muc, alilllcnt.Lç;m nll 1Ilt"1O ,HnhlC'ruc, das qu.l\s \l Brasil scp membro 1I11C!!rantc ou signatann 

de aCI'HI,)s l' l'l'Il\'CnlllS, ;lk' n,lrCIll p;IT~\ r1:->CI'I:-> lU UCSó.I(.'(.lOselharclIl o LISO UC agrotoxicos, Sot'tI!. 

<':olllponl' lItl' s t' ,I rins, t: .. l"'l("ra ;Ln orgao fedeml rl' ~I:-lraIl1C avaliar Illlediatalllente os problcl11;.ls, l' 

mll,"llal,~l'C!. ;lprc:-ent.1dos. (,'otLsuhamlo o org:io oticial de agncultura. saude ou meio ambientc, 

confonlH.' o C,IM)' 

() aMigo I'"' c .... clarecc quI,' ~l) rq!l!>lm r,lra IhWO prodL.lto ayrolOxico. seus componcntC$ t' 

.dltLo,; Sl'r .. l'llnccdiu(' se <I ~LLa .:Iça0 to'(\ca ,;obre o ser humano e o meIO ambiente for 

comprO\.ldameme igualou menor do que a daqueles.in registrados para [l mesma finalidade". 

O rollws proibiçocs, e:mcC!;lTIlCnlO ou unpugnaç:io c('IIuido n:lS seçOes [TI e IV, abrange 

I) llllC de llIalS ngldo l' amplo \l'1Il !'>cndo .1Iuahn<.'!U~ cOIL",uerado em todo o mundo em lama dos 

rmJutCY.) IIIQSsulItanos. 

Mas o t~rnpo esta rC'3lmelllc correndo e c por isso que nào podemos e n:io p'xierellllls 

dC'sc.lOsar ""ore t1S IO\lwS do rass.'-ldo. Con llnu3n:lllos;l lraoolh:lr com grande detenninaçao, a tim 

til, minimi7,.'H ('S conhecid"s riscos da proteç;}~"l quunil-a de culturas e faze-Ia cada VCL maú 

segura. St.'lIlpre que possl\.cl e pr0missor lell13rCIllOS novos rllJllOS em nosso esforço. !\1;lS Icmos 

4ue reC('I1hC'ct.'r que " maIs a\'anç<ld:l prolcçao biológie:l dt.' culturas e O~ metodos altamente 

.. el(l\n;ld~'1S da l'ngenh,lria gCllt,tica eslao ,11mb t'm s('u~ prulllirdios, SI.' podemo eles SUbSlillllr li 

rT0tCI,';lO llllllllie.l de pl,lIlt;ls, C .• 10 1llC'1I0S, r..I...;t.".lllú no cSI.I~io ;lIu.L1 de cl"lnheCllllclHo, l{\lcsllona\ el. 

Por (':-.I~ lIlollV(', os .1!!r0'lIlL/nt<.:OS :-.10 c !'>er.:to indispens'l\eis no seu segundo século de e\lslé-nd .. 

etllllO panl' de M.lIIl'.I'l l nlqmld() <k Culturas. 1II;IS S(\lIIe11le qU;lllCk .. a~,lutalllcntc ne,:c:.,sJrú}:o; 

l' somente n'lllllcbs \lu'Hllld.\dc:- rt.'colIIl'lIdad,1S r~lr;\ <.:umpnrcll1 os ohjetlvos ,lOS qU;.lIS H' 

destinam, 
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CROP MANAGEMENT SYSTEMS ANO THEIR EFFECTS ON ANALYSIS OF BIOLOGICAL 
CONTROL TACTlCS ANO STRATEGIES FOR INSECT PEST CONTROL 

JERRY ". STIMAC 

Depanment of Enlomology & Nematology 
InSlllule 01 Food & Agrrcultural Sciences 

Unlvers1ty 01 Florida, Gamesvllle. FL 32611·0620 USA 

ABSTRACT 

Allhough lhe classlcal approach lo b1ologlcal conlrol has been eXlremely successful for COOlrol 
01 many mseCI pesl specles. managemenl 01 IOsec! pesls In crop syslems may requlre a 
broadenlng 01 Ihl$ approach Ihrough development 01 new methods for evaluallng bloJoglcal 
contrai agenls 10 lhe conlexl 01 C(OP sySlems Naturally·occurnng and IOlroduced blologlcal 
agents shovld be allowed lo luncllon wllhoul major Interferences Irom olher conlrol laelies and 
olher crop prOduCllon pracl1ces Evaluallon 01 biologlcal control sIralegl9s may be 
accomplished by analysls 01 crop managemenl syslem models whlch incorporale lhe effects 01 
blologlcal conHol agents In lhe conte xl 01 lhe crop produCllon syslem Computer Slmulatlon of 
allernatlve crop produCllon Slrategles olters a means la explore a large number Of comblnaMns 
01 brologlcnl conlrol agenls and predlCI how Ihey mlghl perlorm In lhe crop sYSlem 
enVlronmenl A serlOus chJlienge WllJ be la aCQUlre lhe blologlcal and ecological knowledge lha! 
150 necessary lo underSland lhe key brologlcal processes aI a levei Ihal Ihey can be modelled and 
lhe expenmental Sludle50 rr.Qulred lo Quanlllallvely descnbe crop syslem etfeCIS on blologlcal 
:onlrol agenls 

INTROOUCTION 

Biologlcal contrai 01 lI1::;ecl~-, In crop ;y~lern5 can be compllc<ited by lhe facl Ihal many 
crop systems are reldtlVoty stlort flved. hlghly perlurbed syslems In which many or most 01 lhe 
nseCI p~~1 ';peCH?S invadI? ttlP. crop Irom areas oulSlde lhe cropplng system iBarlield & Sllmac. 
1979. 1981 8<lrlleld 81 ai 1980, Sllflner el ai 1983, Sl1mac 1990\ Anottler compllcallng 
laClor 15 111m :.ucccssILJI bIOIOQIC.11 ~orl!rol 01 one pesl can be Inlerrupled by COntrol tacllcS 
I,Chenucal peSll<ldesl Implenwnll'd lor Ille contrai 01 OUlt.'f pesls not under blologlcal contrai 
c8arfleld & SlIInac '980} Also. crop productlon pracllces sucll as culllvallOn. IIngallon and 
tertlhzallQn can Inlerlere wlllJ 5ucce5oslul blologlCJI contrai 01 Irlsec! pesls by Irldlgenous and 
,n troduced natural enemles tStlmac 1990). The Illsect pest populallOns do nOI ex 1St In 
Isolatlon. 111\''1 are pafl 01 a complex nelwork 01 Inleracltng componen1s 01 lhe crop syslem 
\SlllnitC & Barlll"'ld 1979: Stllnac & O'NE:'ll 1983. 1985\ Theretore. blologlcal control lO crop 
producllon <:,v~,tPms should De pvalu,lted In lhe COnlE':\1 of crop SVs!ems and may dlller Irom lhe 
~Iasslc;ll !)IOloCjIC,11 conlrol .1ppro,lctl 

1 do nOI wl<;h to Cf IlIel4'l' CI.1%IC.11 blOloqlCdl canHol bl~cause we ali know Ihal lhe 
classlc:11 dpprOaCtl to biulvqlC...I1 ':Oll!rol 01 If1St~(;I pl'~I:i hd5 produced some tremendcu5 succe;.se~ 
ilnd ha~ dl'11l0nslraled ttle v.ltW! 01lhl5 pl'SI C!JI1\1ot :;tr,ltt'g'y lar a v.ldt~ vallel..,. 01 crop and n ... 1' 
('rop SySlf·nt5 IHull:1kt:,( ;}'1d Ml'ssPflqm 19~6 DurlnQ 1111'1 yeilrs. seven biotogll:JI control 
programs III Cahlornl;.J produced mOre Ihan $\00 mlllion In bl'l1efns ivan den Bosch el ai 
1985) Im,IQlOe whal IIU" bl'nl'!lt5 01 bloconlrol proÇlrdnlS t1ave been dUflng lhe pa~,1 , 00 year 
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hlslory on a worldwlde basls. Cenamly lhe economlc benellls 01 classlcal blologlcal programs 
are suHlclent lar us to believe Ihal Ihls approach lo pesl control has a place In every country of 
lhe world. 

However. lhe c!asslcal approach la bio!oglcal conlrol IS nOI an appropn81e slrategy for 
ali pesls In ali producllon syslems In ali sltuallOns Therefore. my subJec!. my obJecllve here 
loday IS la Sllmulale everyone lO begln lo thlnk 01 whal lhe nex! generallOn 01 blologlcal control 
wllI be. What wllI be lhe blologlcal control approach In crop syslems 50 years Irom now? 
What melhods are we gOlng la use? We know Ihal lhe currenl malhods 01 blological control are 
nOI sufficient lO ellminate lhe dependence on chemlcal pesticIdas In crop produchon syslems. 
Will this always be the case or will lhe next generallOn 01 blo!oglcal control aI least dlmlnish 
use 01 chemlcal pesl lcides? I suggeSI Ihal I1 biologieal con lrol is la play a major role in lulure 
pesl management programs lar crop systems. we must develop new methods for evaluallng 
biological control agems In lhe eontext 01 erop syslems. 

MANAGEMENT DECISIONS 

I would like to slan by demonstraling how compheated a produetion system really IS and 
why il is so compheated lo evaluale a laelie or biologleal conlrol stralegy wllhln lhe context 01 a 
crop producllOn syslem. AlmoSI everything we do during lhe produetlon seasan can have a 
potential effeel on lhe blologleal conlrol agems Ihal we wanl to introduce, conserve ar 
maOlpulale. There are many declSlons lha! we make belore planttng a crop Ihal may have 
prolound effeclS on lhe success of biologleal contrai agenlS (Table 1). 

Table 1. Types 01 managemenl declSlons made prior la and after plamlng a crop. 

EABM 1 EyEl pSE·SEASON pEÇfSIQNS 

Decide whteh crops to planl 
Decide lotai acreage la plan! 
Delermlne Ileld slzes and spaltal arrangement 
Delermlne field sizes and planting dates 
Determine preparaMns for each fteld (cultlvallon. fertilizaM" and pesllclde 

appltCallons) 

fIEL P I EyEL WITHIN-SEASON pECISIONS 

Cultivallon schedule 
Ferttlizallon schedule 
lrngallon schedule 
Schedule lor pesl conlrols 
Harvesl date 

A larmer Ihal mUSI make Ihese deeisions every year does nOI even Ihlnk much aOOul whal lhe 
elfecls wllI be bul these deeislons may have profound efleets on lhe pesl problems thal lhe 
larmer wll1 eneounler. These declsions 10 par! determme lhe Slruclure 01 lhe crop productlon 
syslem and lhe capaclty 01 lhe naturalty occurnng blocontrol agenls. Many limes we do nOl even 
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conSlder Ihal 1i we change some 01 Ihese declStons belore plantlOg 01 lhe crop Ihal we can have 
benetl lS 

Ali 01 Ihese dectslons. bOlh pre-season and wllhln·season can have eflecIs on lhe 
perlormance ar bloloqtcal conl/ol agems beca use Ihey a/e IOlegraled 1010 lhe crop producllon 
syslern and wllh lhe tactJcs Ihal we use for pesl contrai Whal I want la say wllh thls IS Ihal lhe 
producllon syslem JS very comphcaled lhe phtlosophy 01 classlcal blologlcal conlrol IS la 
procure a nalural enemy and release 111010 nalure and hope II does well. I am propoSlOg Ihal we 
need 10 dlscover melhods la analyze blologlcal com rol agents at lhe levei 01 complexlly 01 lhe 
c/oP producllon syslem as I have shown here. How can we do thls ? 

COMPL EXITY OF CROP SYSTEMS 

When we Ihlnk about a pesl and a conlrol melhod lar lhe peSI in lhe crop. we usually do 
no! Ihlnk about hOw the pesl arrtved 10 lhe fleld where we wan t la conl rol I1 Figure 1 is a 
spaltal hlerarchy 01 processes Ihat can occur belore a pes! specles IS observed In a panicular 
held 01 a crop I p/esent Ihls figure SO lha! we can remember how a pes! arrtves in lhe crop 01 
IO terest Th ls example IS from SOUlh Florida bul I Ihtnk Ihal Brazll has very similar syslems 
In lhe slate 01 Paranâ lar example The upper pan 01 lhe figure represents whal happens belore 
a peSI arrtves In a fleld Pesls cao orlglnale Irom areas very tar away and Ihrough aclive ar 
passlve mlgrallon enler lOto a large reglon hundreds or thousands 01 kllomelers away Irom lhe 
source. PaSSlVe mlgraMn can be movemenl 00 weather Ironts or by wtnd. For example, lhe 
velvelbeao ca terpllla r, Aoucarslª gemmalªlis, whlch 15 a pesl 10 soybean In nonh FlOrida may 
come yearly Irem Central or Sou Ih Amenea lhe pes! 100culum Irom lhe regional Inoculum 
moves through mlgral lon ar dlsperslon 1010 smaHer areas Each of Ihese smaUer areas have 
crop and non·crop hosl planls lar lhe pesl lo survive and reproduce This is what determines 
lhe polenllal 01 a pest specles lo become a peSI 10 whtchever crop 10 lhe area In lhe area Ihere 
are multlple I.elds of each crop and I1 is ai Ihis lield levei Ihal we define our pest contrai 
obJectlves. Ignoon9 lhe IOlIuences Irom olher Ilelds and non-crop 110s1 piam communllles. 

W'lhto e8ch Ileld Ihere IS a specles hlerarchy (Figure 2) Ihal can be allached la lhe 
bailam 01 lhe spallal hlerarchy 01 Figure 1 lhe specles hlerarchy figure shows what happens 
w'lhlO lhe crop aI lhe fleld leveI. lhe crop cao be dlVlded 1010 luncllonal planl pariS such as 
leaves. rOOls slems and pods. lhese plaOl paris have potenllal lo selVe as a resource base for 
dlHerent types of peSIS. The nexl levei 10 lhe hlerarchy '5 calegorles 01 peSIS such as nemalodes, 
plant palhogens. weeds aod InseCIS. Each calegory can have multlple specles populallons. Below 
Ihls peSI specl9s levei IS lhe levei lar o.llural enemles 01 lhe pests populallOns lhls IS lhe levei 
appropnate 101 eV31u811Og IO troduced blologlcal conlfol agen ls In the conte xl 01 the whQle crop 
syslem Jusl add ano lher c.rcle la lhe Ilgure lor each blologlcal con lrol speeles and conneet 11 to 
lhe pesl populatlon Ihal 1i elleelS duectly However. lhe blologlcal control agents can have 
Indlrecl ellecls also bul lhese are evaluated by hOw lhe acllvllles 01 lhe blologlcal agenlS fllter 
Ihrough lhe web 01 lhe crop syslern lhls 1$ why blologtcal conlrol agenls should be evalualed 
wllhlO lhe contexl 01 lhe cropplng syslem. 

lhe IOdlfccl elfecls are lhe ones Ihal are dlHlcult 10 evaluale. Conslder lhe example 01 a 
soybean deloh;uof SpCCIBS such as lhe velvf'lbean Ci'llerpltlar thal has paraSlles. predalors and 
dlseases (Figure 2) Suppose Ihélt 10 a glven fJf!ld. l!lere IS a fungai dlsease Ihal kiUs velvelbean 
caterp,llar larvae but Ihere IS ,molher lollar luogal patllOgen damaglOg soybean leaves 11 
durtng lhe seasoo a lunglclde IS appited lo conlrol lhe planl dlsease, II m3y also klll lhe 
benefiCiai eOlomophaqous lunous. thereby destroymg lhe fli1lura! blologlca! controlai lhe 
velvelbean calerplllar larvae lh.s demonS!ra!t~S IhlÕ' ne~d la ('! .... aluale any tacllc yOu wlsh la use 
Hl lerms 01 110W lhe ellecls 01 lhe laCltC wllI It!lP/ Itlrouqh lhe crop system 
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The nex! levei in lhe crop syslem IS lhe one represenllng processes Ihal determine pest 
populallon leveis. Canslder a COncAplual model of an InseCI pesl oopulalJan represemed as a tlOi\' 
diagram (Figure 3). Boxes represem lhe number 01 individuais In each 01 lhe slages and 8rrowS 
between boxes represenl lhe processes mvolved In Iran51110n Irem one slaqe la anOlher 
Malhematical models 01 lhe processes (emergence. mallng. OVlposllion. develoomen! and 
mortallly) can be conslrucled lO descnbe lhe rales 01 change In numbers 01 mdivlduals in caco 
slage. Therelore. one can eSllmale ar predlcllhe sta tus 01 lhe JOsecl JXlpulallon 00 any glllen day 
and simulate wllh a computer pragram lhe changes In lhe pesl populallon. 

Matcd 

~ 
OvipoelLlon r:cl08loo _ .... SmaD 

Adult Eggs 

~rtalIty Larvae 
Moths 

rtPJJ~ MaUng ~torty MO~ MolL1D~ 

Adult ~ Adult cf Mediwn Moths Moths 
Larvae 

t /' M»rtali( MolUng 
EmergCDce 

b Mortallty 

Pupae I+--III ----..:!-.'-"----1 Large 
Larvae 

PupatJoo 

'------' 

Figure 3. Conceptual modelai an JOsec! populahon Wllh key biological processes delermlning 
rales 01 tranSlllons belWeen classes (Modllled fram 511mac 1982). 
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MATHEMATICAL MODELS OF CROP SYSTEM COMPONENTS 

lhe millhem311cal models can be very complex Wllh maoy equattons to represem lhe 
blolOOlcal processl:!s Oul lhe general !orm 01 lhe Insecl populatlon mode! 15 slmple (51lmac & 
O'N'~11 19R5. 511mae 1990 . 

Grneral Insect Pcs! Modcl 

N 11 ,,-N,lD,{1 M,)+I, lequallon 'I 

where. N, I - number 01 individuaI 10 513ge I aI time I 

D, • developmeol rale for 51age 1 

M, _ mortallly rale 01 513ge i 

J. - nel Immlgratlon rale 01 51age I 

GI"'oer 'c Mouallly Model 

The mortallly cao be fepresented by a more detalled submodel, includtng lhe vanouS 
Iypes 01 mortallly faClor$ For M. In equaltOn 1, we cao substi tui a equallOn 2 .. lhe genenc 

mortallty mode! (511mac & O"Nell 19851 

[equallon 21 

where. M, • 513ge speclllc mortal tI)' rale 

mpr#d mortahty Imposed by predalors 

mpar '" mortallly imposed by paraSItes 

mp,'lh mortallly lmposed by palhogens 

mb background mortahty 

ThlS equallOn Inlegrates lhe dlflerem sources 01 morlaJlly Ihal eflecl each stage of lhe pesl 
populallon 

Etlch 01 thp Iypes 01 monahly can be represented by paramelers ,Etvln el ai 1983. 
O·Nell 1984 , GOdlrey el ai '989) or models (Frazler & Gdbel1 1976; O'Nell & Sllmac 1988<1. 
1988bl ConSldPr some models lor lhe predallon processo Frazler & Gllbert 11976' desc/lbe 
lhe number 01 prey allacked. N 1 • as 
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where, NO .. number cf prey 

b .. predalor demand rale 

T .. lime 

P .. number of predalcrs 

a .. predalcr dlscovery rale. 

In Ihis predallOn mode!. predalors search more as predator damand 1ncreases O'Nel1 (1984) 
modeled predallOn rale as a /unctlon 01 lea! area o/lhe planl Ihal predalors muSI search 10 loca te 
prey. 

where, P .. numbar of predalors 

VL .. number 01 prey per uml leal area 

c, .. maxlmum leal area searchad 

c2 .. rate of change 10 area searched 

c) .. mlOlmum leal area searched 

In thls model lhe predator·lOduced monalily is strongly IOlIuenced by changes in lhe crop leal 
area, whlch 15 a funcllon 01 many componenls 10 lhe crop producllon system This 15 anolher 
example 01 why biologlcal control agents should be evaluated 10 the context 01 lhe crop systam. 

Models 01 Ihis Iype can be construcled for aach pest populalion and Ihen Integraled inlO a 
model 01 lhe crop 50 Ihat lhe combmed effecl of mutl1ple pest specles can be evalualed in lerms 
of effecls on lhe crop. 

General Crop Growth Model 

A good example of a general crop growlh model is lhe phySlologlcal proces5 model 01 
Gulierrez (Gutierrez aI aI. 1976). 

dwidt .. dpldl . GlldOldl - R. W Rsdc/dl 

where, dpfdl .. pholosynthehc producllon rale 

Gil; - growlh resplrallon 

dO'dl ,., piam hssue growlh rale 

R.,: .. ma10tenance resplrallon rate 
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W standmq crOQ 

R s\Orf>O ':'ilard1 rnsplrallon rale 

oç:dl "- rale oi change in earbohydrale reserves 

The physlological process model r::. necessary 10 be able la Integrale lhe elleels of ali Iypes oi 
stress laclofs. brolre and abrollC (Jones el aI 1980. 1985) I am nOI going lo discuss lhe 
eomplre31ed del811s 01 lhe CfOp medel beeause Ihls IS nOI lhe iment 01 my presentatlon bul I wllI 
reler Vou to several papers wtlere such delarls are dlscussed (Gutierrez el ai 1976.1977; 
Jones st ai 1980. 1982. 1985: Pennlng 81 ai 1982. Wllkerson e\ ai , 983a. 1983b; Zur el ai 
1983\ 

A erop growlh model and pe51 populalion models are important cemponents of a crop 
syslem model lha! ean be used lo evaluate biologlcal contrai agenls in lhe contexl oi lhe crop 
system bul Iherl::' are olher essentlal components 

Key ComooneDls 01 CroD MaoaQf!1ll8m System Model 

Physlologlcal process ModelaI Crop GrowH1 

Pesl Populallon Models 

Pes! Di'lrnilge Models 

Mode!s 01 Control Ti'lctlcs 

EconOO1ic Model 

Weath!~r InpulS 

lhe crop system model Clln be used lo evaluale biologlcal contrai laclres ar pes! 
maoagemenl slrategles usrng brologlcal aod chemlcal pesl conlrol lacllcs (Stimac 1985. '9901. 
A computer prograrn Incorporallnq tlH' ll1alllernalical equallons Df lhe component models aod 
wealhpr InpuIs l~, used lo $Imulal~! ,lltcrOa!lve crop producllon scenrwos. Thp medel s~rves as a 
1001 Wllfl wlilch 1l1rlny dll!erenl crop producllon aod pesl managemem slrategles can be éloalyzed 
Ihrouqll computer Slmulatlon. 111e typrs of Intorm8tlon needed lar runniog a computer 
sunulatlon are crop VJfI(.'ly. plantlnq date. row spacmg. soll Iype. dally weather (solar 
radlalcon. lempcralurc. humldlty. r<llDfall p3n evaporallon. and wlnd speed\' Influ)(es oi pest 
and beneficIai organlsms. IlIIgatlOfI schf'dules or rrllerl<l. and crop and pesl managemeot 
lechniqut:!s. 

EVALUATION OF PEST MANAGEMENT STAATEGIES W1TH COMPUTER SIMULAT!ON 

In ordt:~r to IlllI~lratt~ IIOw COlllpull'r slmul<'ltlon can be used lo evaluate alterna!lve pasl 
maoagelllenl I<lC\lCS In Iht' COOlI;~l 01 lhe crop $Vstem. I wlll pres~nt some ellarnple slnlula!IOf1S 
trem Ibr. Soybl'an Inl{~gl,lll'd Crop MClIl[\Oellll.'l1t Model (SICMI. devploped <lI tlll~ unlverslly of 
Florida (Wllkerson et ai 1983. Jooüs el "I. 1985\ The pnmary Inst!ct peSI specles is lhe 
lepidopterous (Iefolléllor AnucnrslJ ~.~ Huboer lhe velvelbean calerplllar ThlS 
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specles IS alsa an Importam pest 01 soybean m Brazll and IS commonly known as "lagarta da 
sOla~ Tha pas! contrai lacUcs 10 be evalualed 10 lhe Slmulallons are chemlcal Insecllcldes and 
biologlcal control lor managemenl 01 velvelbean calerplllar IVBC). Thls peSI specles Invades 
soybean helds 10 north Florida Irom warmer southern ateas. Ptlor 10 lhe arnval 01 lhe VBC 10 
lhe sptlng or summer, a complex 01 IOdlgenous anhropod predators establishes 10 the soybean 
CtOP CElvin et ai 1983. Godfrey el ai 1989). For the Ilrsl 4 Slmulatlons. assume Ihal lhe 
IOllux 01 VBC is 01 normal magmtude and average IImlng, abundance 01 arthropod predalors 
(when presen!) is average and dally temperatures are average for a 20 year petlod lor lhe 
north Florida soybean growlog reglon, The contrai taclles are no IOsectlclde apphed ar methyl 
paralhlon (184 glha) or carbaryl (92 gha) applled when the denslty 01 medlum and large VBC 
larvae exceeds 20 per 0.92 meters 01 row 01 soybean plants. Table 2 summanzes lhe results 01 
lhe slmuta!IOns 10 lerms 01 soybean erop deloliatlon, VBC larval denslly. soybean yleld and nel 
proht . 

. . . ..... . 
Tabla 2. Summary 01 resulls Irom slmulallOos , 4 

.. . ... 
Sim Conlral Prads. Max. Delol Max. No. Max Yield Ne' 
No. Tactic (day) larva e kg."ha Prolll/ha 

no IOsectlclde presant '00 1120) 26 289 $ 10.50 

2 no msectlcide absenl '00 ('00) 38 243 $ , 09 

3 methyl paralhlon presenl 85 ('20) '85 347 $ '209 

4 carbaryl prasenl 34 (112) 28 397 $ 2792 

In simulallOos and 2, no insectlclde was apphed lor V8C contraI. lo slmulatlon 1. predators 
01 V8C were presenl but predators were absent In slmulallOn 2. Companng lhe resulls 01 these 
two simulallons allows an assessmenl 01 lhe value 01 lhe nalurally occurnng blologlcal contrai 
Irom predalors. In bolh Slmulattons 100% deloliallon occurred bul wlthout predalors vec 
larval denSllies rose to hlgher leveis and maxlmum delohallon occurred 20 days earher lhan 
when predalors were presen\. Nole thal soybean yield was lower when predalors were absent 
Tha value of lhe predalors IS demonslraled besl 10 economle ferms. Wllh predalors presenl lhe 
nel prolil per hectare was $ 9.41 higher Ihan when predalors were absent. This suggesls Ihat 
conlrol laelles Ihal damage predalor populallons may IOlerfere wllh nalUral blologlcal conlrol 
Irom tndlgenous arthropod predaIOr$. 

In Slmulallons 3 and 4 chemlcal Insectlcldes were appllsd when VBC larval deosmes 
exceeded an aClion Ihreshold 01 20. In Slmulallon 3, Ihree applic3tions 01 melhyl paralhlon 
were made as compared wllh two appllcallons 01 carbaryl In Slmulallon 4 NOle Ihal lhe 
diHerence 10 lhe cholce 01 lhe ehemical control laelle resulted 10 a dlflerence 01 2.3 times more 
nal prohl when earbaryl was used This dramallc dllference was due 10 lhe efleel of lhe 
chemlcal contrai laellcs on lhe predalor populallon ISttmac & O'Neil 1985) Melhyl parathion 
appllcations nearly completely destroys indlgenous predalors whereas carbaryl IS much less 
damaglng 10 predators and beller conserves lhe n.nural bioloqlcal control 01 V8C 10 soybean 
Ilelds. [I 15 clear Irom these Slmulations Ihat predalors are valuable and worth canservlOg bul 
thls conclUSlon would hRve been dllflcull 10 make wllhout evaJuatmg lhe biologlcal control 11) lhe 
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-:onteKt 01 the crop system 
A second sei of compute r s!mulaMns was run to evaluate a chemlcal and a blologlca 

control tacllc for VBC wllen the IOftUK Of molhs lOtO soybean !S abnormally heavy. Fo 
$lmulatlon5 5. 6 and i 11 IS assumed thal lhe IOllu'l. 01 V8C 15 50 heavy Ihal 1I no conlrol for VBC 
IS used lhe crop would be complelely defohated early durlng formatlon and filllOg 01 pods anc 
seeds. For these Slmulallon5 lhe wealher and predalor abundance IS lhe same as for Slrnulallon:: 
24 Results 01 lhe SlmulallOns IS summaflzed 10 lable 3 

lable 3 SlmulallOns wllh heavy IOllux 01 velvelbean caterpillar (VBCl and arthropoc 
predalors presenL 

S,m Contrai Max,Oelol MaK, No Max. Yield Nel 
No lacllc (day) larvae buiacre Profltiacre 

- - - - - --
5 no IOsectlclde 100 (1 10) 32 8.9 $ 83.86 

6 orthene 100 ( I 40) 26 26.5 $ 12_21 

7 Bacillus 60 ( I 10) 20 33.8 $ 60.05 
IhurlnglenSls 

From lhe results 01 slmula llon 5 1I is obvious Ihal when VBC influx is heavy. some insecl pesl 
conlrol lacltc IS necessary to avold unacceplable economlC losses 01 nearly S 84 per acre 
($ 207.56 per hectare) 

lhe VBC cOnlral stralegy In slmulatlon 6 was apphcatlon oi 13 lbs, 'acre of orthene 
when denslly oi medlum and large VBC larvae exceeded 20 per 3 row leet of soybean plams. The 
slralegy lar Slmulanon 7 was lhe same excepl a mlcroblal IOsecllclde. ~ thYUOQlensls 
(BT). was appl1ed ai a rale 01 0.25 IbS.facre Inslead of orlhene. Simply changlng Irom 
appllcanon 01 lhe chemlcal onhene lar the blOloglcal pesllclde 8l may seem Jike a sublle change 
bUI 11 Md prolound elfecl when evalualed 10 lhe contexl 01 lhe crop syslem which Includes 
nalurally occurflng blologlcal conlrol agents. In Ihls case predalors. lhe mlcroblal pestlclde 
dld not eltect predalors 01 V8C but orthene dld. resulhng In a dilference In nel proflt 01 $ 47.84 
per acre 1$ 1182tha), By USlO9 lhe mlcroblal pestlclde and conservlOg ali natural bloJoglcal 
conlrol trom predalors. nel pro"l .ncreased nearly 4 lold 

The example I have glven wllh evaluallng a bacleflum as a blologlcal pesllcide In order 10 
preserve IOdlgenous natural enemles I;; only one example 01 how SlmulallOn models can be used 
la evaluale b1ologlcal conlrol agenlS. These evaluallOn melhods are also applicable to evaluatlon 
01 genellcally eng1neered organlsms or lor determlOIOg the types 01 characlenSllCS Ihal 
genellcally englOeered bloconlrol agenls should have (SllmaC 1990) 

As Vou Wllt see 10 lhe presentahon oi Dr Maqone Hoy in Ibls Congresso she and her 
colleagues are researchlO9 genelrc Icchnlques 10 change char<IC!E'nstlcs such as pesllclde 
reSISlance and developmem and fertdlly rales. The s.mulahon lect1nlqu~s I Mve presenled here 
loday could be usCd 10 evaluale how Illese chanqed characlcrlstrcS 01 blologlcal COnlrol agents 
would work 10 lhe conlexl 01 Crop syslcms 

I am nOI surtQesllnf1 tllal lhe rnethods Ihal I 11:we descflbed here loday are appllcable or 
necessary lar <111 slluallons beca use Ihere are some slluallons where II wllI never be pracflCal 
la gel ali IOformallon nepded lo bUlld complex modcls Sul use 01 Ihese lechnlques where 
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apphcable and leaslble WIU allow US to enter Inlo lhe neltl generatlon 01 blologlcal COnlrol , 
where computer tecnnology and genetlc englneenng are comblned to dlscover pest management 
suategles wllh a sHong blologlcal control basls and tar less depenoence on cMmlcal p.?sllcldes 
,51lmac 1990). 

CONCLUSIONS 

hope Ihal I have convlnced you 01 lhe need aM value 01 evaluallOg bloloqlcal control 
agenlS lor insect pesls 10 crop systems in lhe conlexl 01 lhe crop producllOn Slrategy_ Althougn 
new methods lor analysIs 01 blologlcal control agenls wlll have to be developed and lhe classlcal 
approach la brologlcal contrai expanded, Ihls growth In melhodology wllI aUow more 
comprehenSNe Slralegres 01 IOsecl pesl contrai la be explored A grealer emphastS on crop 
producltOn system management wtll be reallzed 

Computer Slmulallon 01 alternatlve pest managemenl syslems can be used lo explore lhe 
deslrabllUy 01 various comblOallons of altrlbules 01 blologlcal conlrol agenls la determlOe how 
Ihey mrghl lunclron In lhe enVlfonmenls 10 which we wanl lo use them, lhe crop producl1on 
system, Desired altrrbutes may be conSldered 10 dellOlng goals lar uses 01 blotechnology lar 
englOeerlOg blologlcal control agenls 

II lhe use 01 blologlcat contrai In crop syslems 15 gOlOg la reduce hcavy reliance on 
chemlcal pesllcldes. lhe predlclablltty 01 performance 01 b.ologlcal contrai muSI be close la lhe 
rlsks assoclaled wllh use 01 chemlCal pestlcldes. Thls IS a blg la'lure wl!h present bLologlcal 
conlrol programs for crop syslems because !here IS filtle predlclablllly ar abllrly 10 evaluale 
rtsks. II we can'l predlCI lhe ellecls 01 ImplemenllOg blol091cal conlrol tacllCS aI lhe same levei 
Ihal IS currently possrble lar chemtcal pestlcldes, chemlcal contrai WIII always be an appealrng 
alternallve lar farmers. We have arnved aI a paIOl lha I we need 10 admll thls and begln lo 
dlscover better evaluallon and predictive melhods. 

A sertous cha!ienge la lhe developmenl 01 blologlCal contrai agenls lar lhe next 
generauon Wllh methods Itke Ihose 1 have presented here loday will be lhe expenmenlal sludies 
reqUtred lo quanlilatrvely descnbe crop system ellecls on exotrc nalural enemles and engrneered 
blologlcal agents, What WIII be lhe most dillicult challenges lor using lhe melhods 01 evaluallon 
Ihal I have proposed loday wllI nOI be wrrttng lhe malhemallcal equaltons ar compu ler 
programs. I1 WIU be to acqUlre lhe blotoglCal and ecologlcal knowledge Ihat IS necessary la 
undersland lhe processes aI a levei Ihal Ihey can be modelled Thls IS an expenmenlal challenge. 
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