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The d e v e l o p .. cnt o f r e s .l s tan ee to pyr e thr o l d io aee tt.
e ld e 8 tn lh e t o blll ce o bud wo rm, He llothll11 v lr e a c e n a (F.), 
representa a pr o blem t o ~ 8ny cotto n pr o du c tlo n ar eas In 
TeX8 8 IInd, p Ol f> l1ttall y , t o o lh e r ar e al! In th e Un l l e d 
S tll te a. In An Rtte lllr t t o d e t e r.tn e Atra te g l e a t o d ea ! 
wlth th e r e 8l a t ~ nt p o pu l st10 n8, r e sLatan t and 8 us c ep 
tJbl e { Ir a l In s tnr lar v Ae we re ex pos e d In gl88s v l . la 
t o In aec t l c l dc.a al o n e , a r In COlllb t natl o n wlt h c hl o r 
dllJl e ( or m. Cr os a ren l Rt1l0 Ce wa8 o b.'l e r v ed t o alI the 
pyr e lhr Q l d" t .. ,, ' .. d . R" !'I 1 8 tnn r .. dl ,1 n nt " x t l' nd t o II v(' r 
lII" c llo " r to t h" S - fllk y l n r p, fln o p ltnRph ll t l' fI pr u r .. u o r oJII 
n n d n ce pllflt t·, b ut di" ex t e o d t o th!" c8 r b AIII8t e s raeth ollY ! 
a o d t hl o d l (' 8rb. Chl o rdlm e f o rlll s yn e rgl7. c d a l I lo s e c ll 
c ld cs , tlod sy o e r g l l'l m W8 S hJ g h e r 1I&3l n s t s usce ptl b l e 
thno sgol0 6 t r es t s t80t lar v a e wlth o rgan o ph oaphate 
In sec tl c i de !'l. Ho weve r, n o co o s l s t e ot pst t er o o { syne r -
gl s lII cou ld b e e!l t l!.b l t s h e d f o r th e dlff e r e ot st r sl ns 
w l th !'yo th e tl.c p y r e th r o ld s o r c 8rba lllst ell . Th e S- sl ky l 
o r g soo ph o sph8t e8 aee ~ t o be a goo d alt e rostlv e f o r lhe 
ea rt y Bea 80 n co ntrol o f t o b n cco budw o rm r cs l s tnnt 
p o pulAtlun a . 

10tr o du c tJ o o 

Rcs l ata n ce o f t he lo ba cco b lld wo rm ( TBW ) t o sy n t h et l c 
p y r e thr o i d In scc tl c ld e s {a beco ml ng 8 s e rl n u s thr e a t t o 
co tt o n pro d n c tl o o I n lh e s o ut h we Atern U. S . Te st s wlth 
flr s t lo s tar TBIol lar v ll e (r o ll C l slJcock Co • • TX . In 
\ 985 , In dlcnte 1\0 ~ppr ox llllllt e l y l fl- ( o l d r ea l S[lI ll c" to 
p er me thrln lo lh esc lo see t s (P la pp a nd Ca ~p a o ho l s 
1 98 6). In lh e 1986 se a 80 0 , p ro bl e lll 8 o f TR'" con tr o l 
wlth s y nth e tl c py r e thr o l da o cc urr e d in se v e nll cot t o n 
pr o d ue tl o o ar " A.!! I n Tf' Xn 8 . 

The r e a r e !la ny s t ud l es lo th e )I te r a lur e In wh lc h 
syne r g l s lll of lo sec tl c ld es W8 B obse r ved a gs l na t suscep
t l b le o r re sl s t n nt I nsects . Th cse st udt e a ln volved lhe 
co mb l n nt l o o o( In l'!ec tl c ld cs o r sddltL o n o f n n n - t Ol':lc 
co mpou nd s to th e t n sec tl c ld " s aI'! sy n e rgl s t a . 

Ch l o rd llllefurlll (COf) , ~ f O I ~a~ l d ln e , I s a o ov l cld e a od 
so adu l t be ll Av l or mod l {le r whlc h h as b ec n p rove o a goo d 
ay n e r g l s t wllc n co mb l ne d wlth o r g an o ph o spha tf: sn d p yre 
thr o ld I n SCC l lc ltl ('s n r. ~1 05 t th !.' T810l ( P l o pp 19 76 . PI Ol pp 
1979) . lI o weve r, t h e !Il ('c h a ol lt m b y wh t c h co r ll Ct!! os 
synergls t h n~ n o t ye l bee n e lu cld a te d . lt /lay I nvo l ve 
a cOllpe t l l 1o o be twec o COF an d I n sect l cl de a ( o r I nscct l 
c ldl! - lIe ta boL I 7.ln g e 07, y lll f:S c r ao in c rcs se o f l h e 
I nsec tl e i de b lndl ng t o th e ta r ge t a l te (Plltpp 1916 , 
Chan g s nd P l app 19 8 3 ) . 

Th c obJcct l ves o f l he p ..- e!len t s t u d y we r e to e va lu ste 
r ea t sta o c e o f r yrel h ro l d - r esls ta n t T8~ to dl(( e r cnt 
classes of losec tl c i dea , as wel l lU t he errec t of dl f
f e r e nt co mb ln~t l ons of In "ec tl c ld es a o S U8ce ptlb te ~n d 
r es t stll nt !l trllln s o f th l a In sce t . l he s y oe r g l Rt lc 
a c tl. on o f c hl o r d l mefo rm t o s11 lh e los ec tl e ld es s tu d l e d 
WAS nl so determ l ned fo r bo th st r al o s . 

Ma t e ri ais and Met h o da 

Th e 8uscep tl b l r a l1 d r es l s t 8 0t p opul a t l o n s f o r lhe 
bl oas~ay9 were obtaloed ( r o m I ltb co l on l es ma ln t8 1 0ed o n 
3 rt l fl c la l d l .. t (V Ande r 7.A ot et fi \. 1962) . 

Th e s\\scept tb le popu latl o n hn !l b e" o r e ar e d lo ln b f o r 
seve ro! yenrs and t h e r es l sta nt p o pulati on was es t ab 
ll sh eod I n 1986 l o t he Oe partlll e nl of Ent o,-o lo gy , Texa8 
A4H Uo lvE' r !l.lt.y , wlth {O Sf:cts pr ov l de d b y l e i , 
Co ld sbo r o . NC . 

In I 9 /\{, , r y ret h r o ld r e!l lfltn n t 
( r\) 1II d lff c r e nt l ocll tl o n a f o r 
1I 0 wcller, d ll t IJ 'H ' e o o t a v a ll flbl e 

budw o rm s w ~ r e co l 1 rc t ed 
b l oP SS 8y S lo the l ab. 
at lh e p re sc ot tlmp. . 
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The lna.etlcidea t e ateel lneluded tlle pyrethroida 
c.yper •• thrin, p e ra.cheio, fenvalerate, C.yh810chr1n, 
biphenthrln , trato •• thein, anel c. yfluthrin ô til. orsano
phoapha t e a 8ulprolo8, profen o t o ., anel 8cephatai th. 
e .rba.ate •• et ho.,1 anel [h iadtc..rb ô anel the alternate 
c. h •• lc.18 avera.ctio anel roeenone . Alao, co .btn_tiona 
of c.yperaethrin ..,lth prolenolo •• a.cho_,.I, a r thl o di
carb vere te s ted. 

AlI tlla lnltlc ticid •• ar co.bin.clone vere av.lu.tecl 
f or CDr .Jo.r,l... Tllerefore, _lI biaa ' •• ,. vere c.on
ducted boch In tlla pr.a.nea anel aba.nca of CDP . 

The c.1I •• lc81. vere 8upplied by coa.ereiai aou r ces •• 
eachnl c al grade •• terl a1a . 

Additlonal i n ae c tic ld.a are b eing tested. Thea. 
in c lude tha .ynthetlc pyrethr o lda [lu v al1nate, 
d eca.et hrin, and A.ana; the organophoaphatea . e thyl 
parathion and .o no crotop hol; and comb 1nlti ona of cyper
.ethrin vith Inl ectlc ld ea of other c laa ae a, luch a. 
.ethyl parathion, monocrotophoa , aUl pr ofoa, av er.ectin, 
and r o teno n e. Ali theae are alao b e ing evaluated for 
CO, aynerg1a • • 

Teat Procedur e 

TBW larva e vere expoaed to fil.a o f c he.lc ala on the 
inner aurface. of 20-.1. glaaa liquld aclntlllation 
viala (P lapp 1971). A ple c e of artificial di e t and 
five flrat instar larvae were pla ce d 1n each v la l . At 
lea.t 20 lar vae v e re teated per concentratlon of lnaec
tlcide, and ali the Inaectlcidea • c or were t e ated for 
auaceptible (S) and reslstant (ir populatlona o f TBW . 
In aec ti c ide(a) + COF vere uaed at I : I O (vt / vt) ratio 
and comblnatlona of inaectlcldea, at 1:1 (vt / vt ) 
ratl0. 

Five dltf e rent concentratloo. vere u ae d for each 
lnlecticlde or com binltlon of lnaec ti cldea. 

Per ce nt r eaponae vaa deter.lned at 24 haura for th e R 
Itr a ln and at 48 h ou ra for the 5 strai n, lince the R 
larvae reapond e d faater t o the Inaecti c ld~1 than th e 5 
larva e . For aver.ectln the reaul ta vere co Ile c t ed a t 
48 houra for both atralna, becauae of the a10v r eapo nae 
of th e llrva e to thia chemlcai. LCS Oa, In ug toxi cantl 
viaI, and alopea of the r eapo n.e c ur ves vere calcu lat e d 
by problt analyala. 

The r e.lat an ce leveI vaa determlned aa the quotlent 
of the LCSO of each toalc.nt for th e It atraln and th e 
LCSO for the 5 atraln. 

The aYDergla. leveJa due to COF v e re c.l c ul.ted divi
dlng the LCSO for th e inae c tlcid e only by the LCSO for 
the ln.ectlcide • COF. The a ynera latl c effec t a of th e 
Inaectlclde cOllbtnatlon. vere deterlllned vlth cotoxl
clty coefflclen ta (Sun .nd Johnaon 196 0 ). 

Table a hova toxlclty d a ta for aeven ay nth et i c 
PJrethrolda onl y and In comblnatlon vl th COF at I: 10 
(pyrethrold :COr) r.tlo ag. lnat 5 .nd R flrat l nat.r TBW 
larva e. Re ala tance extended to ali th e pyr eth r oid. 
atudi e d, vlth the re.ist.n ce levei va r ying fro. 8.2-
fold (blphenthrln) t o 33.9 - fold (pe rllle thrln). 

COF a)'Deralzed alI the .ynthetic p)'rethroida aa.1 nat 
both atr.ina. The loveat le veI of a)'ner,ia. ~ •• 
obaerved vlth tralo.ethrln O.3-fold) .nd lhe hlgheat 
oc.curred vlth cyper." thrln (I8.3 - fold), b ot h on the R 
atraln . Th e cor synergia. ~aa hlgher a,alnat the S aa 
c.o.p.red to tha R atraln for [envl!lerate, cyha lo thrl n , 
and tr.lo.ethrin. The o ppoaite v •• o baerved for cy per
•• thrin, penal!thrln, biphenthrln, an d c)' fluthrin. 
Th.r.fore, no p . tt e rn of COF . y n e rgla. coul d be 
e.tabII.hed for the dlff erent .tr.lna .nd dlf fe rent 
PJrethrolda. 

There vere no .arked dlff e r e n cea In the a10 pea of the 
,,.r e throld reaponae curvea !oIhen CO P ~a. added. Alao, 
cor did not affect the slopea .ore in o n e .traln th a n 
the other. 

cor di DOt block r ea llt.nce co.pletely to any of th e 
'Jrethrolda .tudled. Further.ore, th e re vere caaea In 
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vhlch the leveI of realatance v •• eveo Incre.aed vl t h 
the addltlon o f CO,, auch .a cyh.lo thrln , fenv.lerat e , 
.nd tralollethrln. Oeaplte that , In ao.t case. cor 
Incr.aaed the toxlcltJ ol the p)'rethrolda to a levei 
vher. the LCSO for the co.blnation of inaectlclde • co r 
for th. I. atraln beca.e n ear ly e qu.1 to the LC50 for 
the Inaectlcide only, for the 5 atr.ln. Th e r efore, 
coablnatlonl of p)'rethrolda + cor aeea to be an op tl o n 
for the .anage.ent of rellataot TIW p o pulationa vhen a 
10101 realatance levei to p)'rethrolda ia preaent. Alao 
In f.vor of c or uae there la • prevloua atudy vhl c h 
de.onatr.ted that .ftar lO generationa of aelection 
v i th p er .ethrln:COr, .t the Lo80 levei, the susceptl
bllity dld not chanae (Crovder et .1. 1984). 

E.rl)' In the ae.aon, .. Itern.te cl ••••• of lnae c tl 
cide. could be uaed for TBW controI. 5uch uae mlght 
dela)' the onlet of p)'rethr o id rell.t.n ce by re. o vlns 
early aea.on aelectlon preaaure. 

Reaul ti o btaln e d for the o rg.nophoph. te In.ecti c ldea 
are ln T.ble 2. Ali these t ox i c anta ar e 5 - alll.)'1 p h o a
phatea, h av lng four dlff e r ent a ubatltuenta attached to 
th e central p ho apho r u •• tOIl . Aa e .rller r epo rt ed, In
aecta h ave difflculty In dea ling vith auch l nae c tl c ldea 
(Plapp 198 6) . 

In the preaent atud)'. no real_tanc e vaa ob.erved to 
profenofoa or ace phat. ; th.t l a, theae c h e lllcala v e r e 
lIore toxi c to R lhan t o S larv. e. Ho vever, ao.e real a
tance v.a pre_ent to . ulpr ofoa. Ther efo r e, prof enofoa 
and acephlte a r e aood .lternate in_e c tl c ldea to th e 
synthetic p)'retholda ea r ly ln the ae.aon. They viii 
aeJect les_ for re a iatance, lI.klng lhe p)'rethr o lda more 
e ffe c tive I.ter In t he sealon. 

COP ayne rgized alI of the o rg a n o phoaph.tea agsln at 
both atrains. COf aynerala. ~. a areater ag.lnst lhe S 
th.n aa.lnat the R . tr ain for acephate .nd eul protoa; 
aa .uch ai 119-lold aynerale. wa a obtalned vlth . ceph
ate + COF aaalnat th e S _traln. Fo r prolenof oa . the 
_)'ne rgl _ tl c ratio vaa approxl.atel)' the _8me for both 
.t r a lna (4 - fold). Conaeq u en tly, real stance to profen o
loa + COF waa .alotalned a t the .ame levei •• com pared 
vith pr o fenolol onl)'. Hovever , the uae of COF enhan ce d 
the realat. nce lev ei to sulprofoa .nd acephate. Never 
thel esa, c or lncreased the toxlclty of these co mp ounda 
to R I a rv .e, .ak lng thell equ.l ly or .ore t ox i c tO R 
larvae than the in aect l ci de onl)' to S larvae. 

The only appa rent dia.dv.ntage of the us e of COF wlth 
the S-alk)' 1 organop hosphatea Is the de c r ea ae in th e 
alope of the r eaponae cu r ve for the R at r.ln , l ea dlng 
to greater v arlablllty of r e aponae t o th eae In& ec ti
cldea . Fo r t h e S atr.ln, the .ddltio n o f COF dld not 
aign ifi c antl)' change the stope fo r pr ofe nof oa , but 
de c rea.ed the al o pe for au lpro fo a and a cep hate. 

Re.ulta for the carba •• t e. aetho.)'l and th1 0d i c arb 
are In Table 2. Re llltance via obae r ved to both ln aec
t{cldel, but a au c h hlgher l e veI oc c urred to thtod l c arb 
(120-fold). W1th thiodl c.rb , CO F I)'n e ral zed Nore 
.galnat the S atraln .1 coap.red to the R atraln. but 
th e oppoalte w.a obaerved vlth .etho.)'i. In e1ther 
c. ae, CO F dld not block r eala t.n ce. The highel t a )' ner 
gla. le veI for elther c .rb.mate v ., obaerve d wlth 
thl o dlcarb .g.lnat the S atr.ln (3~.7 - fold) . In co~bl

natl on vlth COF, the tvo carba •• tel ver e ne.rl)' eq ual 
In toxlcit y to the S .tr.ln, but thi o di c arb + cor waa 
le •• e ffe c tlve a,alnat th e R atr.in. 

cor in co.blnatlon vith .etho.yl decre.aed the sl ope 
of r eaponae curve .a coap. red to .ethom)'l only. WJth 
thl od l c arb , COF incre.sed the alope of re .ponae curve 
for the R .tr.ln, whlch t. an .dv.ntag e lo r uaing th e 
thlodicarb + cor combinatlon. 

Ave rme c tln .nd rOlenone vere te.ted .a altern a te coa
p ou nd s for control of R TBW. Roten o ne waa teat e d 
bec.uae it vaa reco •• ended In the north e.ate rn U.5. (o r 
the co ntr ol of p)'r et hrold-re s llt ant Colo r.d o potato 
beetlea . The bioasaay r e. ulta for thele tvo toxlcanta 
.re a 1a o .hovn In T.ble 2. No re.t lt. n c e vaa obaeryed 
to aver.ectin o r aver.ectln • COF. Rotenone vaa 
practicslly nontoxic to both atralnl. When CO F waa 
co.blned vlth rote no ne, h11h levei a of lynerglalll v e re 
obaerved agalnat both atralna. 

cor in coabtn.tlon vlth .ver.ectln c. uaed no s1gnlfi 
c .nt ch.nge In lhe alo pe of the r elpo n ae c ur ves ln 



relatlon to averaectln on1y. For rotenone, no coaaentl 
ar e poeel ble lince accurate r ee ponle curvea for thil 
c h e aical o nly vere n ot deteralned. 

Ho r e data ar e belng obt.lned for thele c h@at c lll, but 
I ve r aec tln + c or leea. to be an optlon for the co ntr o l 
of R T!W. Furtheraore, the hlgh levei o f cor Iynergl •• 
of cor aynerglla vlth rotenon e suggeat. thls cOllbi 
n.tlon .a1 b e ue e ful aa another option for T&W 
control. 

In the field, t he in c ldence of pyr e th roid-R T8Va ia 
lIore frequent I.te in th e aeelon . In an attellpt t o 
I.prove the co ntrol of R TB W at thl. tiae , co.bln.
tl o n s of cype r aethrtn vith I n .ecticlde. of other 
cl.aaea .re b e lng te l ted. 

So . e reaulta for the coabln.tiona cy per.ethrin + 
ot h e r lna ect l c lde •• re pr esen ted in Table 3. No on e 
of the coabin.tlona blo cke d re ailtan ce coa pl etely , 
Ind In the c aae of cy p e raet hrln + thlodic.rb I 
r esla t.n ce le vei •• hlgh aa 515- fold V.I o bserved. 
Ho weve r, on ly 2.4-fold re a l st ance wal pr ele nt f o r 
cy peraethrln + prof e nofo. Ind 4.1 - fold to cyper
aet hr ln + aethollyl. 

c or tend e d to .ynerglze the cOllb lnllti o na 1III 0 r e 
.galnat th e S 8tr8ln. ThuI, there s ee as to be n o 
adv.ntsle In Iddlng c or to th e ae at x tur el for R 
popu latio n a, exce pt in t he c a.e of cy p e raeth r l n + 
thlodlcarb , whe r e 92 -fol d sy n e rlla. V.I obtalned v lt h 
COF. Furtherll o r e , f o r the R Itraln the addltl o n o f 
cor to thla COll blnation did not chanle the slope of 
the r ea po n .e c ur ve In co ap.rison '11th the coab tnatl o n 
o nl y . 

T.bl e ahows th e co t ox l cl ty coefflclenta f o r the 
I n aect l c l de co.b in.tl o na. Th e only hllhly Iy n e r 
gtatt c co abtn.tl o n va a c yperaethrln + thiodl carb, but 
I t waa ay n e rgl at i c o nly wlth th e S at ra l n . Th l. 
combina tl on waa .nt ago ni.tl c '11th the R at raln 
( co tolll c ity coef f. ( I ). rheref o re, it aeelaa that 
there la n o .dv.nt.ge In coa binin g cy perllll et hrln vl th 
profenofo., ae th o ayl or thlodlc.rb for co ntr o l of R 
T8V. Ho ve ve r , when cor t a .dded to c ypenl e thrln + 
thlodl c arb, hlgh .ynerl! a a I. o baerved. 

In euaa.ry, b •• e d 01'1 t h e c ondltlone und e r vh lch the 
p r esent reaulte 'l e r e o bt.lned, the f ollovln l lnae c tl 
cldea, o r co.bln.ttona , c .n be r e co lllllended f or f leld 
teetlng f o r control of R T8W: alI of the p y r et hr o l d a 
(c y permethrln, perlllet hrln, fenv.lerate, cyhaloth r!n , 
blphenthrin , tralollethrln, cy fluthrln) + cor; profe n 
ofo. or . ce ph.t e + c or ; aulprof o e + cor ; av e rll ect{ n + 
co r ; .nd cy p e raethrln + thl o dl c arb + cor. 

We th .nk \.Ia l te r H. Ve n ce fo r .a a tat. nce In perfo re 
Ing t h e blo •••• ya dea c rib e d h e r\! . 

· Pera. n e nt addr e.s: 
138 2 0 J.gu.rtuna , SP, 

EHBRAPA ,CtHO A.. 
Ir.~I1. 
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r.bIe 1. LC5 0a ( UI /v i.l) .nd .lope . o f r eapon.e cu r ve. 
of eynthetlc pyrethrolda + c hlordll1 efo ra (C OP) agalnlt 
lu ace pttbt e (5) and re a llt ant (R) tob.cco budworll lat. 
i n.ta r l.rv.e. 

Cy per a e t hrln 
Cyp e rll. + co r 
Perllethrin 
Per ..... cor 
Fenval er a te 
Fe nva1. + co r 
11 phenthrln 
81 ph en. + co r 
Cyh.lo thrtn 
Cyha l o t . ... c or 
TralOllethrln 
T r a l om .... CO F 
Cyflu thr ln 
Cy flut. + CO F 

Le50 I 5lope 

O. I 9 
O. O 19 
0.5 1 
0 . 060 
0 .38 
0.024 
0 . 0 68 
0.0 10 
0 . 0 45 
0 . 0040 
0.02S 
0 . 0050 
0 . 01 8 
0 . 021 

1. 38 
I. I 6 
1. 4 5 
1. 38 
0 . 83 
1 .22 
). 0 6 
t. 02 
1. 50 
1. 50 
I. I 3 
2. 18 
0.9 1 
1.)9 

LC 50 2 510pe 

2.93 
0.16 

17. 3 I 
I. 30 
9.91 
0. 9 6 
0.56 
0.040 
0.40 
0.040 
0 .21 
0.090 
1. 08 
0 .19 

I. 2 4 
0.86 
I. 23 
2. 2 1 
I. 38 
1. 12 
2. 05 
I. O 1 
1.38 
0 .92 
I. 53 
t. 90 
1.12 
I. 40 

Re a l .t . nce - co l ulln 2,.1, f o t e.c h 
pyr et hr otd-CO r CO llllbin.tlon. 

5y nergla a - e.ch Inaectl c l de,.e a ch 

pyr e thr o ld or 

+ CO F. 

T. ble 2. LC50a (ug/vla ]) IInd a l o pea of respo nae cu rvea 
or n o n - p y r e thr oi d lnaectlclde a + CO F a gatnst S an d R 
lat. Ina t.r l.r v.e . -

ln ll ectlclde 

Sulprofoa 
Sulpro f o. + cor 
Profenofoa 
P r o ten .... c or 
Ac eph.te 
Ac e ph.t e + cor 
He th omy l 
He th o my l + co r 
Th lod I Cllrb 
Tlllod . ... cor 
Ave rll ect t n 
Av erlll. + CO F 
Rot e n o n e 
Roten o n e ... cor 

LC50 5lope 

0 .16 
0 . 028 
0.19 
0.041 
8 .93 
0.015 
0 . 023 
0.0058 
0. 25 
0.0072 
1. 2 2 
0 . 043 
> 2S 
0.008 

I. 58 
1. 06 
lo 46 
1. 58 
I . 57 
0 . 89 
1. 02 
0 . 66 
t. 51 
1. 21 
1.03 
1. 2 I 

0.19 

11. atraln 
LC50 Slo~ 

Q. 1) 
O . I 7 
O. I 5 
0 . 039 
) . 34 
0 .31 
0.1 1 
O. o 16 

30 
2 
I. 40 
0 .043 
> 2S 
2 . 11 

).1) 

0.95 
3.8 1 
1. 87 
2. I 1 
t. 38 
lo I 9 
0 . 14 
1. 16 
2. 50 
0.89 
0. 98 

1. 12 

Table 3. LCSO s (ug/v l al) .nd slopes of t el ponae cu rv~s 
o r co mbi n.t l o n a of c yper~eth rln + ot h e t Ina ec t tcldes + 
cor •• 1n.t 5 .nd R I.t. Inat.r l.rv.e . 

5 s train R~r. in 
Inae c t lc ld ea LC50 I S l ope LC50 1 Slo~ 

Cyp . + p r o(e n o fo. 
Cyp. + pro f . + CDF 2 
Cy p. + II Pt h olllly l 
Cyp .... met h. + c or 
Cy p . ... thl odl c .rb 
Cyp . + thlod .... c or 

Q. I I 
O. O 14 
0 . 030 
O. O 11 
0 . 0 16 
O. O 1 4 

2 . 06 
t. 2 I 
t. 81 
1. 40 
0.44 
I. 34 

0 . 26 
O. 12 
0 . 14 
0 . 068 
9.20 
O. 10 

3.)7 
2.54 
lo 16 
1. 06 
t. 08 
J. 08 

I Eech va l ue c Ollp oaed of 50% of e.c h Ins ec tl c l de. 
2 Ratlo In aect i c fde:lns ect t c lde:COF • 1 : 1 : 10 . 



Table 4. Cotoxtctty 
cyperlethrtn + other 
lnatar larvae. 

Co.binatlon 

Cyp. + profanofoa 
Cyp. + .atho.yl 
Cyp. + thlodlcarb 

coefrtclenta ror the co.btnatlona 
lnaectlcldel 18alnlt S and R llt. 

1.8 
1.. 

11 . ~ 

1.1 
1., 
0.6 

BELTWIcE COTTON HELIOTHIS MONlTORING 1980-1986: 
STATUS OF FIELD POPULATIONS TO CYPERMETHRIN 

C. A. Staatz 
Re.aarch Aaaociate 

FHC corporation 
prineeton, NJ 

xey MordI: Ammo, Cyper1llathr in , Hel ioth il 
viraReen., In.aetieidel, Inseet raaiutanc., 
Inlect au.ceptibility, Inaect monitorinq, Tobacco 
budwOrll. 

Ab,trAct 

FKC Corporation initlated A pyrathroid euaceptibility 
aonitorinq prograa in 1979 to monitor tobacco budworll, 
H.liothi, vir.,cenl, larvAl susceptibility to permeth
rin. cype:naethrin VAS add.d to the program in 1980. 
Annual collectione ot H. vir.ac.na hAve been aade in 
GA, MS, LA, TX, AZ And CA to determine it any change. 
in aueceptibility have oeeurred. Overall, no coneiat
ent or generalized decreaae in H. virescena auacepti
bility ha. baen detectado However, con.iderable .ite
to-.ite and yaar-to-year variation in .usceptibUity 
haa be.n obeerv.d with high.r LO valu.a typically being 
tollowed by lower values in subsequent yeara. 

Introduction 

A major difticulty in past .piaodes with inaeçt re
aistance haa b.en the lack ot adequate baaeline 8US
c.ptibility data. AlI too otten very susceptible labo
ratory atrainl or extr.maly limited data troa field 
strAina have b •• n us.d to determine Buseeptibility 
levals ot tiald atraina atter tha insect population has 
been expoaed to numaroua treatments ot a particular 
1naecticide er insecticide claBs. 

FMC was Avare ot the problems created by the lack ot 
ad.quata baselina datA. Theretore, a pyrethroid moni
toring prograa vas initiated in 1979 (Staetz, 1984) to 
survey sev.ral populations ot Heliothis vireaeens to 
dateraine ausceptibUity leveIs for permethrin and 
astablish baseline datA tor H. yiresceoa larvae. Stand
ard collection and test proeedures were dev.loped, 
annual coll.ctions of adults was initiated, aod a joint 
project involving aany cotton iosect r eseareh.rs was 
und.rtak.n. In 1980 cypermethrin waa introduced lnto 
the teatlng programo 

MateriaIs aod Methoda 

A generally aceepted test method was developed and 
adopt.d tor the FMC monitoring proqram (staetz, 1985). 
Brl.tly, Adulta (occaaionally larvae) are collected 
trom tha tield, eqgs ara obtaloed trom the tield-eol
lections, and th. relulting larva. are used tor teat
ing. Tha larvae (20-25 .g) are topically treated and 
aortAlity i. recordad 24-72 houra atter treatment wlth 
th. 48 hour data ueed tor alI comparisons. The resulta 
are reported in ug of inseet1eide per gram ot inaect 
body weight to compenaate tor variations 1n the aiz. ot 
the larva. used. G.nerally, 5-7 rates vith 2 or 3 
raplicates ver. run tor each teat with larvae from aaeh 
eol1eetion location: tvo to tour testa be1ng conducted 
annual1y with larvae troa e .. ch site. The data were 
aubjected to probit analysia to generate LO valuea and 
tidueial limita. 

BI.,11n, pata 

Base1ine data tor pera.thrin v.re deter.ln.d in 1979 
and ara report.d .lsevhere (staetz,1985); similar dAta 
for eypenaethrin vere established tor six atatea in 
1980 and 1981 (Table 1). There vas a eonsiderable 
aaount et variation in .usceptibllity of H. vireacens 
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larva. oriqinatinq 1n G.orgia, Mi •• i.aippi, Leuiaiana, 
Taxa., Arizona and California. Larvaa froa tha East 
vare more auaceptible thao tho •• collacted in the West. 

Thaae data ara i.portant bacause it i. against thesa 
value. that 'data ganaratad later can be compare 10 
order to determina it sU8c.ptibi1ity laveI. in a parti
cular araa ar. incraaainq or decrealiog. It i. readily 
appar.nt th. bae.lin. valuea trom tia1d collected popu
lationa ar •• ore ot a range ot va1uaa than a .iogle 
nuaber. It i. alao import.nt to .xa.in. antire doae
reapona. (O-R) lioea rather than liogl. v.luea, 8.g., 
L050 I I, beeau.. ahitta at the upper portion repreaeot 
chanqe. in auaceptibUity vhich .ay tranalate lnto 
chanqe. in tie1d etUcacy. In addition, th. tirat 
indicatlon. ot ehangioq ,auaceptibility vill oecur in 
thia portion of th. O-R lin •• 

Reaultl aod piscy •• ioo 

FHC ha. p.reiatad vith it. aonitorinq programo Hov
aver, in recent yeara attorta hava been tocu •• d mor. in 
th. West than the Eaat bacaua. of graat.r H. y1resceoo 
population praa.ur. in the W •• t. A .ummary ot the test 
datA ia Ihowo in Table 2. Data tor U. vireac.oa lar
VAe trom aach atate ara pr.sentad balow . The data 
Iho\lttt in each tigure sho .... the higheat LO valuea ob
tained thu. tar (AZ - 1982), tha base yaar tor the 
atate and value. tor aach aub.equent when data vere 
obtainad. 

c.orgia: Population. var. aampled and ta.ted in 
1980-1982 and in 1986. Th. 1986 population wae somewhat 
aor. auaceptlble than tha 1980 population (Figure 1) 
indicatinq no changa in tobacco budwora auae.ptibility 
to eyparmethrin has occurrad. 

Mieeiaeippi; Good data vera qaoaratad on larvae trom 
thi. araa in 1980,1981,1983 and 1986 (Figura 2) . Two 
collaction. vera mada in 1986; one tro. a cypermethrin 
performance co.plaint tield (Sita 11) and one trom a 
naighborinq field vith axcallant Heliothia control 
(Site '2). While ,ulcaptibility ... aa aomavhat le •• thao 
that ob •• rvad io 1981 or 1983 thera wa. esa.ntlally no 
ditter.oce in auscaptibility batva.n the two 1986 
saaple. and the original base aample col1eeted and 
t •• ted in 1980. AlI larva. col1act.d in this area have 
b •• n signiticantly more sueceptible than th. Arizona 
atrains collected in 1980 or 1982. No control problems 
were noted in AZ, theretore, the susceptibllity leveI 
indicated by this strain vould not cause any control 
problema. 

Louisiana: Only tvo good eollections have been made 
in this area, 1981 and 1986 (Figure 3). Texleity data 
lndieate the ausc.ptibility ot the populations sampled 
in thes. two yeara to ba aore .iailar to the auscepti
bility ot populationa in Texas, Arizona and Calitornia 
thao those in ceorgia. Suseeptibllity haa decreased 
tro. the 1981 base1ine but i. still considerably 
greater than that observed in 1980 and 1982 in AZ. 

Texas: Coll.ction. have b •• n , made troa two loca
tions, the Rio Grande Valley and th. Uvalde area 
(Figure 4). Uva Ide populations have tended to be lesa 
susceptible than the Rio Grande Valley populationsi LO 
valuea , vhlle higher in 1985 and 1986 than the 1983 
valuas, remai~ aubatantially lower than those obtaioed 
in 1980 or for Arizona larva. teated in 1980 and 1982. 
No change waa obaerved in th. 1985 and 1986 suscepti
bllity lev.la. 

Arizona: Celleetions hava b.en mada troa the Phoenix 
areA .inca 1980 (Figure 5). The original collectlooa 
(Sit. 11) ... ere .ade troa ti. Ida vhieh hAd received a 
nu.b.r of ina.cticide application. vith d1tterent 
ela •••• ot in •• cticld... Site'2 were t1elds vhich had 
receiv.d a numb.r ot pyrethroid treatmeots prior to 
col1.ction. The highe.t Lc value. qenarated tor the 
1D.onitoring proqraa v.r. vith larvae collected trom this 
stat. (1980 and 1982). Ho ... aver, no tield control 
probl.m. or eons1.t.nt trend haa been observ.d state. 
tn tact, high LO value. tand to b. tollowed by lower 
values in succeeding years. The 1986 values were lower 
than the 1984 valuBa and aigniticant1y lower than the 
baseline values. 

California: Cata vera qanaratad with larva. from the 
Imperial vallay every year except 1984. The hiqhest 


