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Fim and third insw IlllVac and aduJt males of suscepúble (S) and pyn:thrOid (PY) 
resistant (R) suairu of IObacco budwonn (TBW), l:W.inlll.i.1 ~ (F,), wcre bioas· 
uyed wilh diITen:nt ínscctlcldes usina a glass liquid SClnlillation vial ICchllique. Rcsis
tance 10 lhe PYs cypcnnelhrin and fenvalerate was observed in first insw larvae of ali 
R strains. low or no lolerante by first instar larvac was observed 10 lhe organo
phosptlates profenofos, accphate, anil melh)'1 parathion or lhe cyclodicne endo~ulfan, 

Onl)' one R IItraln, Uvalde, showcd n:sislllnce to lhe oJ.ime camamaLC thiodlcarb. 1l\c 
combination c)'permethrin plus thiodicarb seemcd 10 be ,yncrgistic onJ)' agairun lhe 
Uvalde Slr.r.in. Overall , lhe n:,rSl&nce Spccln to different inscctlcidcs werc approll.i
mllCl)' lhe slIDe for differenl R TBW sttains. OlOrdil1Kform synergized ali iniCCticldCl 
teslCd Ipinst first instar Ilrvle. The 'yneraism was vlriable for diffen:nt insecticidCl 
belwecn Slt'ainI. DifJerenca in to1ermee to c~rmethrin ob&crved betwccn R adull 
mllcs anil first insw IUVle showed lhal resistance does nol manifcsI equall)' in ali de
vclopmcnlal staaes of TBW. TeSlS with cypennethrin and methyl paralhion shawed 
hi~r re.sistance in third than in first instar llrvac, indicaung lhe presence of both target 
site and metabolic lesistances. 00 lhe olher hand. no slage showed lolerance 10 lhe ± 
isomer organophosphorothiollLe acephate. 1l\e use of 3-way combinalion o f cyper
methrin, chlo rdimefonn, and pipcronyl buloltidc aave nearl)' 2.IXXl-fold 'yncrgism ai lhe 
LC-90 leve! and improvcd lhe control ofPY-R third instarT8W larvac 10 such 10 elttenl 
that toxicity was 001)' arout 6 ·fold less than that of lhc cypenneUuin only againsl lhe 
suscepúble strain. 8 ascd on lhe information prcsented, a general approach for managing 
Py resistanoc in TBW Is proposcd. 

IDlmd"giº Q 

Failu.res of &obIcco budworm (1'BW),lk.llWbis~ (F.), control in lhe field with 
pyreUuoid (PY) insecticidcl have becn reporttd for $Cveral yean, mO$l notabl.)' in Cali
romil and Arizon. (Twinc and Reynolds 1980. Maninez-Carillo and Reynoldl 1983, 
Crowdcr el ai. 1984). 

1bc rua seriow COO1JOI problems wilh PYs in Teus were reponed in lhe Uvalde, 
Glassoock Co., and Fon Stockton area! in 1985 (P1app and Campanhola 1986). An 
approximatcl)' l6-fold reslstance to pcnnethrin wu observed in first instlr larvac. 
OIJordlmdorm (CDf) addcd to permethrin wu synergistic and largel)' overcamc rtsis

"""'. 
ProbIem. of TBW control with PYs occum:d in ieVeru COllon production areu duMa 

lhe 1986 season. Ao aduJl monitorina progBffi perfonned durina th:!.t year in associatlon 
'!Vith failures of controlln lhe "eld confinned lhe eltist.cnce of TBW re.slsunce in TCJ.u 
(Allen et aI. 1987, P1app et al. 1997), Arbnsu (1 R. PbiUips, personal communication), 
Missiwpp (Roush and LuIUtU 1987), and Louisiana (Leorwd el ai. 1987). Control 
problems coruinucd 10 be observed In lhe 1987 season in some In:as. Probably lhe 
acSopdon of mlnlatmenl watepcs by lhe lrowcn wu n:sponsible for arnelioraOna lhe 
shuadon as compareci to 1986 (PIapp et alo 1988). 

ID 1986,lUSCepÚble (5) and resistant (R) fir1t in...l'l.!rTOW larvac were biousaycd with 
dirrel'Clll insectic*' (Campanhol1 and Plapp 1987). The same R popuJation la U5-
13 .",.as uscd in lhe present llUdy. Sincc: lhe n:sistanoc CJ.tendcd 10 alllhe PYs, il cao 
be asswned that lhe Py resiSlanoe observed 11 of lhe "dr typc. I waet·site·chanae 
resistance, due to I rucssive aene (plapp and Wana 1983). 

1llC use of sYJlCl'liz.ed insecticides mly prove useM in coU.llteracting lhe developrnent 
of rcsistance (Wilkinson 1976. OppeMOrth 1971). CDF, I romlamidine, has bccn used 
prcviousl)' IM showed 10 be I good syncrgist when combined with ol'ianophosphale 
(CP) and PY insccticidcs against T8Ws (~app 1916, Plapp 1919. Campanhal . and 
Pb.~ 1987). Piperooyl bJlOudc, I m~lhykned.ioltyphenyl. is lnown 10 intubil lhe 
miJ.ed-funa.ion oll.idases anil is 10 effcaive syncl'liSl for $CVera] insecticid~s towards 
bolh 5 and R $l.raifls of insects (Wilkinson 1983). 

The S-alk.)'I ·phosphorothiolate insea.icidcs and endosulfao ml)' consulute alltmalC 
chcmicals for lhe conlrol of PY-R TBWs. tn I prtvious slud)'. slighl or no tolerancc was 
obscrved to sulprofos, prof~noros. and acephate by PY·R firs l instar TBW larvae 
(CampanlJolI and P\app 1987). Endosulfan, I biodegrac1able and vel'}' chcap cyclodienc, 
was rccommended for controlling 1kliolbi1lml.i&ta in Aust.ra1ia. early and mid season. 
as pan of lhe ilRlCgy for managing n:sisunce to PYs (Sawick.i 1985). Howcver, il is 
not c1car if thcrc is cross n:sislance ~ endosulfan in PY -R strains of li. ~. sincc 
controvcrsial resulu were obtained b)' N. ForesLer and P. Twinc (Sawicld 1985). 
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The objectives of lhe prescnt liludy were 10 delenninc lhe resinance spcclra for differ· 
cru TBW strairu, to detcrmine a.Itemale insccticides or insc.cliclde·syncrgisl combina
dons for lhe conuol of PY -R T8Ws, and 10 establish lhe rclationships betWCCIl lhe 
resistancc leveis in differcnl developrnenlal slages of TBW as weU as to underslaM lhe 
mcchanisms o f resistance involved. Based on lhe rcsulu obtained. we present recom
mcndatioRll for lhe managemeru of resi stance in TDW. 

Malçril! $ and MrttlSlds 

Thc S and R TBW Slrains for lhe bioassa)'l werc obtained from lab colonies main
taincd on anificial diel (Vanderunl CI al. 1962). 1l\c S Slrain (5Ioocville) was providcd 
by lhe Sou!.hem Fidd Crop 1nsect Manaaemclu Laboratory, USDA , ARS. Stoncvillc. 
MS, where il has been rearcd for severa! years wilhoul uposurc lO insccticides. lbrec 
R strains were sludicd and designaled ICI, Uvalde, and Heame. 1be ICl strain (U5-83) 
was prepared by ICl Americas, Qoldsboro, NC, from I miltlute of 10 different popula
tions coJlected from couon fields ln different swe.s. 1be resistancc was dcvelopcd by 
in·hou.se pcnnethrin prusure fOI severa! gcncnlions. The other Iwo R T8W strains 
werc brouglll 10 lhe ' Iab from cotlOn fields whcre control fai lu rcl wilh PYs wefC ob
K rved. 1bc Uv~dc strain wu coUecled near Uvalde, TX by D. F. Clower, consultam 
for la Amcricas, in July, 1986. The Heame straln was provided b)' V. V. Tumcr. a 
priVlte consullant, and wu coUectcd near Heame, TX, in AUkust, 1986. 

AlI lhe chemicals were lupp1.ied by eommercial IIOUfCCl as techníca1 grade materiais. 
Aga1nst rtrSl insLllr larvac, lhe Insecticides uscd iocluded lhe PYs cypennethrin and 
fcnvaleraJe. lhe OP:; ITlethy1 parathion, profenofoJ, and acephatc. lhe carbamate lhiodi 
Clrb, lhe combinalicn cypermelhrin plus thiodlcarb. and lhe cyclodiene endosuJ fan. 
Aaainsl. lhird i,bW I. rvac., cypcrmethrin. methyl paralhion, and acephale wcn: teSlcd. 
1be compounJs uscd as syne.rgists were lhe fo nn amidine COF and lhe mill.cd-function 
oltida.se inhitoilOr piperon)'1 bulOltide (PB). 

BjQl$,sns pC I aCXle 

FiJ"Sl iTlilar TBW lune wue ell.posed to filmJ of chemieals on lhe innc r surfaces of 
20-ml alus Iiquid scintillation vials (PI,app 197 1). A piec:e of artificial dicl and fi ve 
larvIC were placed in each vial. Thereafter lhe vlals were pluued .... ilh cotton. Ali lhe 
insccticides wert Itstcd against. S and R TBW populations. Insecticide(s) plus CDF 
we.re lCStcd 11;1 1:10 (WI/wI) raLio and lhe cypermethrin plus thiodicarb combination. ai 
I I : 1 (wtlwt) ratio. Four or five differtnt. conccnLrations were used for each insecticide 
or insccticide combination in additionlO untreated conuols (acetonc on1y). Reading5 for 
monalil)' were conducted 24 hr. aflcr lhe upoiurt ,taned. 

1lUrd Instar IlllVlC from lhe 5 and 10 popullillons were also bioassayed. Basically lhe 
lime procedure \1SCd Cor fi Bt imur larvae wu adopted . However, UM: readillgs for 
monality WCrt verrormed .nu 72 houD and onl)' onc larvl was bloassa)'ed per vial. In 
addition, lhe efTccta of P8 in combination with cypcrmethrin or cypcnnclhrin plU5 CDF 
werc evilualCd. 

Ilklwin pf Ad"ll! 

The ,ame via! techrüque de.scribed for rU'Sl instar larva! bioassays was uscd 10 mclSurc 
lhe response of R anil 5 adulJ. male TBWs 10 cypcrmethrin, melhyl paraltUon. and 
acephalc. At leut foUl diffen:nl conccntrations were uscd for each insccucide. Two 
male moths werc tested per vial comainina a small piece of COllOn wic" soaked wilh 
10% sucrose solution in watcr. 

0111 ApalnÇ$ 

LC"s, in I',lOJUCanl per vial, u .",.ell u alopcs of lhe response curves wcn: calcuJaled 
by pcobit analygs (SAS lnstiruI.C 1912). Data from all bioa5S3ys wen: conectcd ror 
controI mortality usina Abbccl', lonnula (Abbou Im). Overall control monalit)' 
ranaed from o 10 l~. Tbc rWsunce Icvd.s were dctennined dividing lhe LC. of each 
IOlticanc for lhe R lUaio by lhe LC. for lhe S suain.. The synergism leveIs due to COF 
and/Or P8 \Itere calculated by dividina lhe LC. for lhe InJCCticide 001)' b)' lhe Le", for 
lhe insecticide plus syneraist(s). Tbe synergistie errect ror lhe combination cypennethrin 
plus thiodicarb wu evaluaud b)' cotoxicity cocffi ciems (Sun and Johnson 1960). 



8g"1I' md PiJQl$$joo 

n.: results of toxici'y lests for lhe insecticidcs. aJone or oombined wilh CDF, Igainst 
, fim instar larvae of diffe~t TDW strains are p~serted in Table I . 1lle rcsislance ral ios 

and CDF synergism are presented in Tablc 2. 

Resislance was presenl to bolh PYs lested. cypc.rmelhrin and fenval erate. Further
mo~, in tests wilh some of lhe R TBW slrains il was observed lhal R was widesp~ad 
10 ali lhe py~lhroids (data nol shown). This is a characteriSlic of target-site ~sistance. 
lhal Is, a change in lhe number of sites available for insecticide binding (01ang and 
ptapp 1983). Tlle resistance leveis varied from 10.9- to S2.2-fold for cypcnncthrin:md 
from 9- 10 47.8-fold for fenvalerate. However. thcre w~ no comislenl resistance paliem 
to these compounds. Resislance WIS greau:r in lhe ICI strain for fe'lvl1erate lhan for 
cypermelhrin. However. for lhe Heame strain. lhe resistance leveI Wl.! similar 10 both 
in.'iCcticides. L.eonard et ai. (1987) also found differences in su5Ceptibilily to these in· 
SCi:ticide~ in Ihird instar TBW larvae from dirrerent R field populatlons. 

CDF synergi~m was higher with cypermethrin Ihan with fcnvalerale. Also CDF syn
ergi7.ed cypennclhrin more agaimt lhe R strains than against lhe S strain. Wilh fenva]-

• erate CoF synergism was similar against alI lhe slrains studied . 

Low or no tolerance in firsl instar larvae W1$ observed 10 u~ OPs profenofos. 
acephale. and melhyl paralhion. Prevlous study showed lhe presence of low resistance 
to sulprofos in lhe ICI strain (Campanhal. md Pllpp 1987). The S -alkyl-phosphorolhio
lales. sulprofos. prorenofos. aOOlCtpNle. are relatively safe for natural enemies (PIapp 
and Vinson 1977, P1lpp and Buli 1978). They have plus or minus isomeB due 10 lhe 
prescnce of four different substiluenL. (plapp 1986); therefore. melabolic ~sistance 
prescnt lo olher OPS does not usually extend 10 oompounds of this type. 

cor Syncrgi7.cd ali OPs againsl 111 strains. However. lhe only appreciable leveI o f 
syncrgism was observed for acephate plus COF against lhe S strain ( 42.4-fold). Also, 
synergism tended to be higher agaiost lhe S than agaiost lhe R slrains whcn CDF was 
combined wilh Ihese insecticides. Therefore. lhe resiSlance leveI increased when CDF 
was combined wilh OPs. Nevertheless. CDF increased lhe toxicity of lhese chcmicals 
to R larvae, mak.ing them equaUy or more toxie 10 R larvae than lhe insecticide only lO 
S larvae. Anolher advantage of adding COF to OPS for R TBW oontrol is an overall 
docrease in lhe SIOpe of lhe respof\Sle curves. which may minimize resistance develop
ment (P!app el al , 1979). 

For years melhyl parathion was used for l1dimbi1 comrol in 001100. In IPM programs. 
melhyl p:ualhion Is 100 disruptive of natural enemies and ma)' cause pcst oulbrew when 
use<! elrly in lhe season. Arother restriction for lhe widesp~ad use of methyl parathion 
as a PY· altemate insectielde is Ihat TBW re5istanee 10 this eompound was previously 
observed Ihroughoul lhe colton bc:1t (Wolfenbarger and McGarr 1970. Graves el ai . 1973. 
P;eleB and Boyelte 1977. Crowder el al , 1979. Twine and Reynolds 1980) anel selection 
preS$ure might easily select for resistance agaln. Thc:refore. among lhe OPS. lhe S-alkyl 
phosphorothiolates are possible altemate insecticides to lhe PYs whe~ resistance 10 lhe 
laller is presen!. 

Uvalde first instar IlUVae showed subslalllial resiSlance to lhe oxlme earbamate thiodi
carb. but Hearne and ICI larvae were more susceptible to lhe Insecticide Ih:m lhe S 
slmin. In previous lests. with lhe ICI strain,' 120-fold resislance was obscrved in fiBt 
instar larvae (Campanhola and ptapp 1987). The rcsults listed here are from a new 
sample of lhe la Slraln. II is pot clear why lhe resistance levei changed and If there 
is a CtoSS rcsistance relationship for PYs and oxime carbam'les, 

COF synergism with thiodieatb wu very high for lhe S and Uvalde straim. wilh 
syne'1ism leveis of jj.7- and 3OO.2· fold. respectively. For lhe olher two R strains, ICJ 
and J-Ieame, synergism was 4.4- and 2.(,..fold, respectively. Here also. even Ihough COF 
did not block resistance completely. it increased thiodiearb toxicity 10 R lune to a levei 
greller than Ihat observed for lhe insecticide only Igainst lhe S larvae. CoF did no! 
change consistently lhe slope of response curves to thiodicarb. For lhe S anel Uvalde 
strains lhe curves became naUer wilh lhe Iddition of CoF. whlch is advanlageous in 
tenns of resistanoe management. but lhe opposite occurred wilh la anel Hcame strains. 

The cOloxicity Indices for lhe combination cypermelhrin plus lhiodicarb were 0.2. 
10.2. and 1.4 for lhe la, Uvalde, and Heame stDoN. respectively. Thereron:. this com
bination seemed to be synergistie only .,ainst lhe Uvalde strain. CDF synerglud this 
oombination mon: .,ainst lhe R Ittaln than aaainst lhe S strain, with as much as 72.8-
rold .ynergism observed for lhe la .tnin. With lhe R stnins. no .Ignificanl changes 
were observed in lhe slope of lhe response curve. with lhe Iddilion of COF. 1lle com
binallons cypennethrin plus thiodlcarb and cypennethrin plUJ thJodlcarb plus CDF were 
teJted In a cotton field in Uvalde, TX and wcre inc:luded amon. lhe best b'eatme:nts for 
TBW and boUwonn centrol (C. T . AUen. unpubllshea dali). 

first instar TDW llUVat showed. practieally, no tolerance to endosulfan. A,lhiS'! lhe 
la strain. endosulfan was even mote 10xlc than I,alnst lhe S Jlrlin. Thus, lhe~ seems 
to be no eros! ~siSIanc:e between lhe PYs and endosulfan In TBW, CDF synel'Jlsm wilh 
endo!UlJan WIS higher .g~inst S than againsl R stnins. Thus. lhere secms to be not 
much Idvantage in combinin, CDF with endosulfan for eontrol of PY-R TBWs. 
J-Iowever. when (DF wu combined whh thIs todcant, lhe LC. for lhe R stnins beume 
nearty equal or lower Ihan lhe LC" ror lhe Insec:llcide only 1.lInst lhe S JtnIn. 'There
fore , endosulfan aJone or comblned with CDF ('-11'1 be anothet altem.live ror eontroUlnl 
PY-R TBWs. 
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lo summar)'. lhe resislance spec:lra for ali insecticides werc approximately lhe sarne for 
lhe diITerent R strains. CDF synergil.ed ali insecticldes tcsted. 001 lhe synergism leveI 
was variable for differenl insecticides against diITerent R straim. The resulls showed 
Ihlt lhe S-a1Ityl p~phorothiolates profenofos and acephale. alone or comblned wilh 
COF. lhe carbamate lhiodicarb plus CDF, endosulfan ± CDF. and lhe oombinatloo 
eypermethrin plus lhiodiCllb plus CDF are possibk alltmate todcants for PY-R TBW 
centro!. 

oala on cype nnelhrin IOxicily against TBW adult males of dirrerent Slrains are shown 
in Table 3. 1llese results were cornpared to those obtained for first instar tarvae (Table 
1). For ali slrains. adul~ were 5- to 30·fold mo~ loler.rnt to cypermethrin than fim 
instar larvae. Tlle R levei in mille moths r.rnged fram 6-fold for lhe la strain lO 17-
fold for lhe Heame strain. 1T0wever, no consistent correlation was observed between lhe 
resistance leveis in fi rsl instar larvae and adults. The "carne strain showed lhe least 
resistant firsl instar larvae, but U)C most resistanl adult maJes. Thls may imply physio· 
logieal and biochcmical differences ando consequenUy. lhal resistance meehanlsms do 
nol manifest equally in aIJ developmemat stages of TBW. 

Table 4 shows lhe lOJl.icily and resi stance t3liO$ for eypermelhrin. mclhyl parnthioo, 
and Iccptrate Igalnsl three differenl stages of lhe ICf and S Slrains. Much higher l C", • 
were observed ror third In.<;tar larvae exposed to cypermelhrin anel melhyl paralhlon in 
lhe ICI straln Ihan in lhe S slrain. Also IOlerance was observed in lhe ICI adul~ trealed 
wilh cypcnnelbrin and melhyl paralhion. On lhe olher hand. wilh acephate lhe toxicily 
varied ver}' liule fOr dirre~t stlges of bolh TBW slJains. Preliminary resu)ts have 
shown lhe lame palltm for othcr S-a1kyl phoSJtlorolhiolates such 11 profenofO!' anel 
sulpmfos. 

Rrsl instar larvae showed practically no lolerance to melhyl parathion (l.8-fold) . but 
showed lolerante to cypennelhrin (20.3-fold). This is evidenee ror lhe presence of 
larget-site resistance in Ihat stage. Conversely. lhe 19-fold I'tsislance 10 melhyl para
lhion and 998-fold 10 cypennethrin demonstratcd by Ihird instar lmae is evidence for 
metabolic resistance. Metabolic resistance seems also 10 be presenl in adults due lo 
some lolerance of this stage 10 melhyl paralhion. On lhe other h:md, ali stages sMwed 
no tolerance lO acCphlte. 11 seems. lherefore. lhat lhere are two genes respon~ible ror 
resislance in lhe la strain, one for t,,-rer.;I -~ite ~sistance and lhe olher for melabolic 
n:s1stance. These results agrec wilh Ihose obtained previously whcre il Wl$ suggesled 
lhe presence of IwO genes in permelhrin-R TBW responsible for lhe above resislance 
mechanisms (Payne et alo 1987). 

The effects of combining eypennethrin wilh CDF and/or PB against Ia third instar 
IU'VIe are p~nted in Table!li. Synergism was observed wilh aU lhe combinations 
tested. At lhe LC" levei. synergism was 77.I -fold for cypermclhrin plus CDF. IS9-fold 
for cypennelhrin plus PB. and 2S7.6-rold for cypermethrin plus both CDF and PB . AI 
lhe LC.level. lhe lrealmenlS cypennelbrin plus PB and cypermelhrin plus COF plus PB 
showed very high synergism with leveis of 1740.!Ii - and 1946.7· fold. respcctively. Thus. 
lhe combinations cypennelhrin plus PB and eypennethrin plus COF plus PB ean Im
prove lhe conlml of PY-R lhird instar TBW larvllC. since lheir toxicilies were only aboul 
6-fold less Ihan thll of lhe cypermethrin on]y against the sllsceptibte slrain. 111e reversal 
of inseeticide n:sistance by PU con.~lilutes I usefuJ indicator of lhe extenl or mixed
runction oxida.se involvemenl in insecticidc ftslstance (Wilkinson 1983). Thus, lhe 
synergism by pn reinforce lhe hypothesis for lhe presence of metabolle resistance In PY
R TBWs. 1I0wever. slnce TOW seems to show more than ooe meehanism or re..~I~lance, 
lhe use of combinatlons such as cypennelhrin plus PU may block one metabolie palhway 
and selecl for resistlnce by olher mechanism(s) (Wilkinson 1983). Therefore, only lhe 
oombination cypermelhrin plus COF plus PB scems to be Ilood allemative for control· 
lin, PY-R third Instar TBW IvvlC. 

Ver}' little is known lbout lhe effect of synergislS on lhe onset of rtSistance. In favor 
of lhe use or S)"lC'1ists Ihe~ art: dala showing lhat lhe use of COF in combinatlon wilh 
pyttlhroids mcy prevent lhe development of resistance. ARer 10 generatiom of selec· 
tion wilh I I : I pennethrin:CDF ratio. aI lhe LO", levei. lhe susceptitility to pennethrin 
did rol change In lhe populatlon of TBW lestcd (Crowder et 11. 1984). In contraS!. 
selt:Ction witl! pcnnethrin only during II generations raised lhe lO. 37· fold compared 
with lhe LD. of lhe FI' 

8ased on all lhe dltl presenled. a genem seheme for resistance management Ctn be 
proposed. The main point Is 10 dela)' lhe onset of resist.anee by one generatlon. earl)' 
in lhe season. thll Is. 10 displace lhe build up or resistance f tom June to Ju1y 10 lhal lhe 
R acne frequency wouId not relCh hilh kvels until late In lhe scuon. when lhe yleld 
Is alre.dy IUUttd. Thc: idel I, to .vold lhe use of PYs early in lhe $Cason. minlmh.ing 
lhe selcctlon pressure and Increlsing lhe dficacy of lhese insecticldes dUM, lhe criticai 
mklleuon period. 'Therefore, lhe S.aJkyl phosphorothlolates pmrenofos. sulprofos, and 
acephalt. lhe eyelodiene endosulfan and lhe oxlme carbamlte lhiodiearb. l10ne or 
combircd with CDF, ~ possible altemlte insecticides for lhe corvol of PY·R fim 
lnau TBW luvae. pllticularl)' earty in lhe scason. Ir Ilter instar IINae Ire to be con
troUed. lhe S-alkyl phosphorothlOllles ~ probabty lhe best cholee. 

late leason centrol of TBW ttnds to be mo~ difficult to achieve. H centrol is 
n:quired _ lhis time, h is deslrable to use olher types ofinsecticide than PYs. The same 
iMecticides mem.ioned abave for euly IelSOll control oould be utilized later in lhe 
aeuon ror controllin, PY-R first inslar TBW larvae. Aglln, lhe combin.tion wlth 
.ynefJIsts such u COF wouJd enhance lhe emeacy or thote Insecticides aaaill$l R 
TBWI, AlJo, lhe combl.nadon of PYI plua CDF plus PB seemed 10 be ver}' eITectlve 



in supprcssing later instar larvle of PY-R TBWs. To date l!lere are no ficld comparisons 
belween lhis combinalion and aJlematc in.'\eCticides. 11lcrdorc, il is not clear which ls 
lhe belt approach for controlling lale scason inscels undcr fi cld conditions. 
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Tahle I. Toxicitl cf insccucides -t chlordimeronn ICO!:1lsainSl su5C9!!ibk IS1 and resistant !!l rll'Sl instar lObacc:o budworm 1aNK. 
Stoneville (S) ICI(R) Uvaldc(R) Bearne(R) 

ln5ecócide 

.' .""" LC~ (95'l1 0..)2 • ""'" lC~(I}5'l1a..) • ""'" LC~(95" 0.) • ""'" LC
la 

(95 .. 0.) 

Cypvmdhrin 18. 1.96 0. 15 (0.11 ·0.19) 2S< 1.16 3J)4 (1.15-4.31) ,., O." 7.83 (4.06.11.99) 36> I.lA 1.63 0 .23·2,.13) 
Cyp. + COP "" 0.75 0.008 (0.004-0.01) lA1 0.92 0.19 (0.11 ·0.29) ,6< 1.07 0.20 (0.092·0.31) 80 1.78 0.055 (O.OOJ'l.O.II ) 
F<n,""'" '4> 1.14 0.24 (O.I7-0.l l) 230 1.11 11.5 (1 .14-16.51) ·3 210 1.36 2.17 (1.49 ·2.91) 
fenv . + COP '80 ,.28 0.04 (0.028-0.06) '89 1.47 1.3 1 (0.9·1.11) ,., 2.4 1 0.59 (0.43.0.14) -_ .. 148 1.93 0.084 (0.0S4·0.12) 133 2.31 0.21 (0.16-0.21) '" U I 0.15 (0.039·0.29) 'O, ,.68 0.18 (0.11·0.21) 
Prol. + COP. '94 1.47 0.02 (0.01 ' ·0.021) "O 1.12 0.044 (0.01.0.01) 233 1.67 0.05 (0.036.0.06) 110 1.59 0.079 (0.0".0.11) - 18' 1.61 4.66 (3.31·6.29) ,., 1.48 2.36 (0.13..6.55) 2>6 0.68 9.16 (5.31· 19.32) ,>O 1.09 6.26 (3.14-IOJM) 
Aceph. +COP 233 0.67 0. 11 (0.01l·0.1'l) 12> 1.11 0.72 (0.50·0.99) 233 ' .60 1.74 (1 .26·2.69) 12> ,.38 0.57 (0.32-(1.") 
M. Parathion 200 1.01 0.16 (0.096·0.24) '" 1.45 0.29 (0.13.0.0) 1(10 1.78 0.21 (0.13·0.29) ' lO 3.06 0.065 (0.0$3.0.08) 
M. Par. + COF 321 0.11 0.016 (0.09·0.0lS) ' 00 1.20 0.20 (0.011 ·0.32) '00 1.34 0.064 (0.0'2.0.1) ' 00 ' .00 0.032 (0.011.0.045) 
1lúo<fioaob "8 1.03 1.95 (1.22.2.99) li> 0.53 0.74 (0.21 ·1.31) '" 0.91 33.02 (11.6-90.6) 12> 0.66 1.0 1 (O.OOOI ·l .'ll) 
ThKld. -+ CDF ,., 0.91 0.035 (0.0'll·0.05) '00 2.11 0. 17 (0.11-0.23) 269 0.82 0.11 (O.Ot ·O.21) '04 ' .22 0..39 (O.14.o.l2) 
Cyp. + lbtod. 90 3-" 0.085 (0.06'-0.11) ., 0.99 2.91 (1.15 ·5.9) '" ' .01 0.62 (0.12-1.22) '''' 1.11 0.45 (O.'l.5.o.1t) 
Cy. + lb. + COF ,., '.>6 0.028 (0.0'2·0.031) " 1.Ó2 0.04 (0.001-0.09) , .. 0.97 0.058 (0.02-0.1) '" ,.28 0.093 (0.1t57-O.15) ......... 290 2.01 1.22 (1.01 -1.4') 18' ' .28 0.53 (0.32..0.76) ,>O 1.61 3.47 (2.5'2·.5.05) 1204 2.72 1.11 (0.1'·1.41) 
Endos. + CDP 'O, 1.91 0.069 jO.038 -0.(99) 200 ' .66 0.12 jO.0I2.0.16) ,.s' 1.37 0.65 {0."'-O.91) 

1 Number oIlar\lle 1I:$lCd uciudini wr.ttoh. 
2 Concerlll'ationl.-e upuJed in micrograms 01 ins«ticide pcI' viii. 

3 Daca oot availabk d&Ic 10 klss of strain. 

4 IIcame snin aftet 10 gentraUons In lhe lab (R ratio 10 cypc:nnethrin - 3). 351 



TabIe 2. Resi!tInce BIiot lDd chIordimeform (CDF) JynCI'Ji.1m fcr cifferm iNec:tk:idra apN: lIl!CqItIbIe (S) Iftd ftÁtIIlI (R),.. ..... lobcco .............. 
S_(S) ICI (R) 1MI<Io(R) -(R) - S i'fttIUra 1 R. raóo2 S, rocnó ... 

R_ 
Svneni_ 

R_ 
S ........ :lsm 

~ 20.3 '2.2 10.9 
Cyp ... CDP 19.2 2U 16.0 25.0 39.2 1.1 29.0 ""'....., 47.9 ' .0 
fenv . .. COF 0.0 32.1 ... 14.1 3.1 - 2.' I .' 2.1 
Pror. .. CDF 4.2 2.2 4.' 2.' l .O l .' 2.3 - o., 2.0 I .l 
Acepb ... COF 42.04 O., 3.3 lU ' .l ' .2 11 .0 
M. hndlion I.' I.J 0.4 
M. P." COP 10.0 12.' .., 4.0 l .l 2.0 2.0 
",.,...., 0.4 16.9 O., 
Thiod. +CDF '5.7 4.' 4.4 l . 1 JOO.2 11.1 2.0 
Cyp ... Thiod. l4.2 1.3 '.l 
Cy ... n . + CDF l.3 1.4 1U 2.1 10.1 l .l ... _ .. 

0.4 2.8 O., 
Endot. + COP 17.7 1.1 ... ' .4 1.1 

i CaulMcd by dividinllhe teso f ti' lhe iMectk:ide by lhe teso fcr Ibe iMccticide .. CDP. 

2 CalculMcd by dividiRa: lhe LeSO for lhe resisranl snin by lhe teso ror lhe SU!CqltiNe strUn. 

StoneviUc 11 9 1.63 2..95 (2.07 ..... 43) 
la 251 1.93 18.46 (U.lI -24.08) 
UvaIde 144 2.02 40.63 (28.31 -80.61) 
Hcsne 35 3.32 SO.38 Q5.24-90.66) 

I Numbcr or mothslestcd c:ccludinl control!. 

2 Conccntrations are uptt:.Wd in miaograms or iluccticidc)Xl' VW. 

3 Calculated by djvidinllhe lCSO for lhe rc.mWlI straÍJI 

by lhe teso for lhe suJCeptiblc stmn (SlOneville). 

O.l 
13.8 
17.1 

Table 5. ErTccts ofchlordimefonn (CDf) and piperonyl butoxide(pB)on cypmntlhrin apinst 
la third instw TBW laMIc. 
Inscc:ticidc " .... lesg (95'" a..) SyntrJism LCgo (95'" CL) S_ 

~ 125 0.78 1,288.0 55.871.0 
(594-).315) (11.36'Z •• 4.2 .. 10 ,) 

Cyp. + COP 100 1.61 16.7 71.1 104.9 532.6 
(8.2-24.1) (61.5 -315.3) 

Cyp . .. PB 120 2.14 '. 1 159.0 32.1 1,740.5 
(5.9-10.1) (21.5-64.2) 

Cyp.+COF.PB "" 1." '.0 257.6 28.7 1,946.7 
0 .5-1.6) (1.5.4-109.3) 

Cyp. (S strain) '" 2.02 I.J '.0 
!0.9. I .l) p .9. IO.l} 

Tablc 4. To .. icily Ind resistlmce rMio ol imcctici<b yainst diITcrenlSla!!:es ri lhe S and lei (R) nw stnlÍns. 
C""""""," 

S,,"' 

" Leso (95'" 0..) R_ 
fim jn_ laryllÇ 

S ". O.U 1.0 
(0.11 -0.19) 

10 254 3.04 20.3 
(2.15-4.31) 

Third jn:w lIryoe 
s '" 1.29 1.0 

(0.91.1 .11) 

ICI 125 1,288.0 998.4 
(594 -),325) 

&1!III.mIko1 
S "' 2.95 1.0 

(1.01 .4.0) 
la 251 18.46 O.l 

115.11 -24.01) 

Prcliminuy rcsults. 

DEVE LOPHENT OF A HE I JOTHIS CELL CULTURE 6IOASSAY FOR ASSESS INC 
TIIE TOXICITY OF HETHYL PARATHION, PERHETHRIN , ANO LtHONENE 

H. H. ElialaIde,* R. D. Stipanovic, J . O. Noraan,* 
and D. \I . Altmao 

"rl i ma l Physlologlstl. Chelllb t, Microbiologists , aod Plant 
Ge nctlc ists, re s pect i ve ly; USOAJARS, Vete rinary Toxi co l ogy and 

EntoJllo l ogy, * aod Southern Crops Research Laboratorlel 
College Statlon, TX 

Key Words ; Hf ll othis yiresçena, Cytotox iç biossaay, MechyI 
pa r athton, Perllethrln, lillonene, HTT , Ce ll Cu lture 

A colorlmetrle assay utilizing ml t ochondrlal enzYlle a to cleave 
a tetrazoIlUQ saIt (HTT) vas used to quaotltate the cytotox l c ity 
o f methy l para t hloo (MP) , perllethrln (PER), aod llMoene (LtK) 
01\ a utabllshed He llothis v i rucenl cell Une . TIle results, 
wh i ch were rapldly obtalned v i th I ault l vell sCloolog 
spec t rophotometer (96 vell ELISA relder), correlated to a hlgh 
degree with other traditlooal but cumberlome lIIe t hodl of 
nssess lng cytotoxl c ity . The toxlc dostls cs l culsted to klll 50 
percent of Hellothh C8111 follov log a 20 hour u~osun to MP, 
PER. or LIH vere 2 . 39, 3 . 92, aod 2.84 pg/vell, reape ctlve l y . 
Tlle HTT b l oasaay syatell descr ibed here eao be broadly applled ln 
the C1eld o C ins ect toxleoloKY . 

" 
200 

'" 
149 

174 

127 .. 

Melhyl Panlthion "'-l.C50 (95'" 0..) R..uo " leso (95,*, CL) Rratio 

0.16 1.0 '" 4.66 1.0 
(0.096-0.24) 0 .38 -6.29) 

0.29 1.8 2" 2.36 O., 
(0.13-0.0) (0.13-6.55) 

12.57 1.0 !lO 22.24 1.0 
('.51-11.15) (16 .30-30.09) 

237.80 18.9 401 36.15 1.0 
(11 1.6)·)11.63) (17.04-349.14) 

4 1.1 0 1.0 19 13.96 1.0 
(31 .19·53.01) (10.51 -11.60) 

215.30 ' .2 .. 17.58 I.l 
041.4.)41.0) (11 .51-2.'U41 

Iotroduc tlon 

Resc~rchers io che fleld of toxicology have developed a oumbe r 
o f ass ays to detect the deleterious e ffects of toxlç agents on 
ce ll cul t ure . Hany of t he ~o re s enst t ive 81saya us ed In 
asseaalng cy totoxiclty utili~e radioactlve compound •. (l) The •• 
t echnlques, whlle very effec ttve io quaotltating çytotoxlclty, 
have the 10herent disadvaotagel of storage, haodllog, aod 
dlsposa l of a rad l oact l ve material. An lnexpeos ive but 
sensltlve lo .illI.2 method to quao t ltate cytotox i e l ty of ce lts 
exposed t o tox l c compouods has been recently descrtbed . (4) Thl . 
system utili~ea the enzymatlc modifieation of a t etrazoliUII •• l t 
l nto a deeply -colored produc t ~hich eso be mea sured 
speetrophotometrlcally 00 a multlwell ELISA pIs te reader . The 
r eact l oo occurs 10 t he mttochondr la by various dehydrogenase 
enzymes (7) aod the ac t lvlty la observed ool y io vlable ce ll • . 
(4) \le desc rlbe io this pape r a lIIodlflcat i oo of t hls enzymst lc 
t echnlque (1 ,4) 00 inaec t ce lta aod utilize tt to l1Ieasure the 
toxic effects of methyl parat hioo , perlllethrlo, and Iimonene 00 
cell cultures of H. vireacena . 

Ma te riaIs .nd Hethods 

Culture of the Cells 

A ce ll l i ne derlved frol1l pupal ovarles of He liothia v lr,'ç'QI 
(tobacco budworm) vs s cu ltured st 30·C in hUlllid 8ir io 
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