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ABSTRACT

LCro r.alues for third insrar pink bollworm r+.ere obnined for laboratory susceplible ancl

field strains (Palo Verde Valley, CA) for the following compounds: petmethrin.

chiorpyrifos. malathion. merhomy..i, chiordimeform. S.S,S-tributyl pbcsphorotrtthtoate

rDEF). prperonvl butoxrde (PBO), and Bactllt s tnrrtngtensts subsp. i;rrstar.l !oxin.

I'lortalrtv aiter IcDrcai applications r,r'as recorded at 2'l and 48 hrs LCr,, \alues \rere also

obtained fOr selected inSecttcide,rsr.nergiSt COmbtnarrOnS. ReSistance rattOs *ere Caicuiated

for each insecticrie and lnsectrcidei s)'nerglst conb,nallon. Sinergrsllc r3Ilos u/ere

caiculated for each combinarjon for field and laboraror.'- popuiations. At the same trme.

rlgl€rrrroStroDS ol' total prote;n ano me35uremenls oi esterase Sclr\ ll\ la! nllnlhl I

rcetate, were also oorarned rn e{'fort to correlate esrerase activilv to lhe preser}ce ol

resishnce in rhe field strarn. Significant resistance *as found in the f.ield tc permelhrrn

and methornyl. Permethrin aiso was found to have a high synergistic rario suggestrns a

possible metabolic resislance component. The fieid srrain was found to irave significantlv

higher esrerase activity when compared ro rhe laborator-v strain. Though higher total

prorein ievels were found in the field strain. some unknown percenEge of resistance

(possiblv metabolic.y can be arrributed ro elevat*tsrerase levels especialilv for resistance

to Dermerntln.
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INTRODUCTION

The pink bollworm Pectinophoro gossypiella (Saunrbn) atncks morc lhan ?0

plant species (Nobel 1969) and is a major pest of cotron io mct pars of rhe world.

including the US. westert belt (Eurrows el a/,: Gordon Gordb. personat communicationt

In tbe desert growing areas of California and Arizona rhis speci.s hrs crused serious

econooic losscs to cotton since 1966 (Ashworth et al. and Anonymous l9t4). For rhe

past several yean, pink bollworm conrol in infesred areas of rhc u.s. conoa belr has

relied on organophosphares and synthetic pyrerhroid insecricidcs. Resisrancc of pink

boliworm larvae to DDT was firsr reporred in Mexico (Lawrv and rsao l96t) Receni

studres in Arizona and California have shown an rncrease rn resrsi:tnce of pinrl bollrrorm

iarvae cir:e to ptlssure from intensive appiicarions of pyrethroids iBerrola and Linc!gre:i

19E4. Bariola t9E5; Haynes ct al. t9E6).

We compared the response of third instar pink boll*'orm tarvae (,laboratory

sus,reptible) strarns and a field strain {Palo Verde Valley} ro chlorpyifos, rnalarh:ion,

methom:-1, permethrin and to Bacillus thuringrcnsts subsp. rurrraij torin. \[e also iested

permethrin for sy'nergism with chlordimeforrn (CDF). and *,irh rher oxidase inhibiror

piperon''i butoxide (t'BO), u well as malathion for s1'nergism *'ith the esrerase inhibiror

5,5,S-irrbut-vi phosphorotrirhioate (DEF), CDF xas aiso tesred rn combrnatron xith

rnathomvt or chlorpyrifos. The esterases present in rhe t*o strains were i::crnpared b1

starch ge: electrophoresis- Assays of esterase activiry and toral prorein ccntenl

ietei:aination were obtained. We compared laborator-v and field slrarns ars to e:iterase

activir,v and discuss the reiationship of esterase acriviry to resisnnce ro p.ermetj[rin.
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TTATENIALS AND IIIETIIOE

lnsccs

The susceprrble srrain (laborarorl, srnin) of pink bollworm was prrlvided bt' T c

Baker. Univeristy of Californra, Riverside. The srain has been reared in the laboratory

sincc l97t wirhour exposurc ro insecricide under a photoperiod of l4:10 (L:D) and

rcnperature of 26t.1 Co (Ha-vnes el aJ. l9t6).

cotron bolls infesred wirh pink botlworm larvae were collecled frcm Palo verde,

California anc! ,*ere held in wire racks in the laboratory. Metal trays lined wilh paper

towels were piaced under the racks for coilection of pupating larvaer. These alimajs were

subsequenrlv piaced indvidually- in cups accj held in an environmenlal chlmber uncjer the

same condirrons as the susceptible strarn iBartiett and Wolf I985). All cuilures wele

mainuined on an artrficial diet of casern. granulated sugar, \l'esson's salu. Alphacel.

u;heat germ, vitamin dier mixrure. KOH. formaiin and acelic acid (.{dkisson et al. 19601

and Vanderzam et al. 1962\.

Chemicals

All chemicais ri5sd *ere of technical grade and *ere oblained fronr lne sources

indrcated: Dermethrin 94'6gt (FMc corp', Princeton. N'J ); chlorplriios 98h (Do*

Chemical Co.. Midland. Mich-): maiathion 9l*' {Amerrcan Cra;ramrci. Princeton. N.J.).

methom-'-l (DuPonr. Baltimore. DE); chlordimeform (Ciba-Geigv, Creensb,lro. NC); DEF

t0% (Mobay Corp., Kansas Ciry, MI); PBO ([tGK Corp., Minneapojiis, Mlti: and Bacrllus

thwingiensis subsp. /<rrsrali toxin lFOIL)(Ecogen, Inc. Langhorne, f'A.).

Bioassav

Serial dilutions of the chemicals were prepared in acetone, e)rcept t'or BT(k)

*'hich was suspended in warer. The insecticides were tested on the srusceptible and field

strains by ropical applicalion of I pl drops ro the rhoracic regic'n of third instar larvae

(weighing ca. I I mg), using an Arnold hand microapplicator (Burkhard Manufacturing

Co.. Lrd.. Rickmansworrh. England). Five ro citbt concentrations of each insecricide,
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insecricide-syncrgisr combination. BTK and eonrrols (acetooe only) werc appiied lo

groups of l0 larvae and *ere repcared on four different dalt. Tests on thr: ireld strain

werc conducred.using F, and F, larvae. Each group of ten larvae were prcrvided with 2 g

of artrfical diet. and were held in an environmengl chamber ar 26tJ f and a

phoroperiod of 14:10 (L:D). Mortality was recorded afrer 24 aoct 4t hn. The crirerion of

death was inabiliry ro react *.hen prodded wirh the point of a needle.

Svnereism studv

Synergisu were applied one bour prior to rrearment wirh insecricidt" Synergisr

sensitivity was esablished in preliminar)- tesr, so that rhe dose chosen represenred rhe

maxlmum sublethal concenrration tLDl) divided br'1. The doses ar w,hrch rhree

sy-net8,rsl's u'ere applied were as follo*s: PBO 20 yg/yl, DEF 20 ygitt!,:nd CDF 20

yg/larva.

Esterase

The elocrrophoretic mobiliry of esterases of pink bollworm was dete rmined in

third instar larvae bv srarch gel electrophoresis according to a modificarion sf the

procedure described by Pasteur et al. (l9tl ). This technique reveals esrerasrrs that

hvdrolyze a and F-naphthy! acetrte (NA) by stainrng the esterase hvcrroi;-si:i. procuct

{naph!hoi) wrth Fast Garnet GBC (Sigrna F0675).

Es tera;g r\ qtrv itv Dsterm inationt

Esterase acrivity was determined in whole pink bollworm thrrd inslar tarv:re

which were homogeoized in 100 pl of ice cold phosphare buffer (0.1 .\t, pil 5.5)

contarning 0.5% Triton X-100. Homogenate was djluted to bring esterase activtty to

within standard values fgr esterase (2-!0 nanomoles). Larval homogenate {i[] pl) was

placed in a 96-well microtiter plate. Once loadecl 100 pl of subsrrare soludon: 0.J ml of

60 mM o-napthyl acerate in absolute erhanol; 7 ml deionized water; 3-5 mi phosphate

buffer:0.01 ml of 2 mM 1,5 bis (4-allyi dimethyl ammonium phenyl) pena:n-3-one-

dibromide (Wellcome Research Laboratory. Research Triangle Park. NC), wis added to
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the glarc and incubarcd for 30 min t25t) Fasr Garna GBC {l00 pl of 0.8 mszml) was

added to each stlt 19 66velop the producr- wells were read at 550 nm l0 min aftcr

addition of developing agenl. Six individualslmicrotiter plate with cight replicattoos was

used and twenty four individuals were used for each stratn.

Protein Determination'

A modificarion of rhe Braclford method (Brogdon t9E4)xas rr53d rilh aliquors of

homog6nates diluted rrith deiOnized water. Sampies (placed in microriter Fjates) were

held on ice and 200 vlof l:4 sotution (r/v) of Bradford reagenr added to eacn well'

Plates were held ai room temperature for l0 min and absorbance reaci at 600 nm

Data A nalvsis

Resuits oi the closage morralitV erpertments u'ere anai.vzed bi Frobrt 3nalysrs

iFinney t97l). The following parameters pere caicuiated. LDr,,, resi:;tance ratto'

synergi$tic ratio. and relarive synergism ratio. Absorbal6s wBS rranslormcd to ntnole o-

naphthol with reference to an o-napthol standard curve for eslerase acrivity

determinatons, and !o gmoles protein per lan'ae u'ith refrence tc garnma-giobuiin

standard curve for grotein deterination. Standard curves wers run for ali assa-vs'

RESULTS AND DISCUSSION

The use of nrerabolic rndicators as a measute ol- reslstarlce n3s been useo

successfully in mosouiroes {Pasteur. er al. lgtj; Ferrari and Ceorghiou. j990) usrng titers

of esrerase activit-r as an index to resisnnce levels. These studir:s showed thar high

esterzrse activity n Culer qutnquelasciat;rs was correlated wrth :rn increase rn resislance

ro organophosphare insecricide, However, both stucjies indicatecl lhat the functronal ievel

of esierase activity is not a direct measure of resistance deveiopmenl in the aurnal.

Levels orf esterase acrivlry may var], depending on the life stage of ttre anirnal and the

gencric composition of the popr,at,ion being rested.

Using the two above studies as a guide, a modification of the eslerase procedure

was uscd in this study to determine if differences in laboratory and f ield pr,nk bollworm
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poguhtions could be dcfincd. Toral prorcin concentrations on tn rndividual levcl wcrc

found to bc an ordcr of ma3;1itudc hiSher than that of mosquitocs. This protein increUe

b probably a rcflecdoa of the sizc of thc rnimel. This protein contenl should bc

rcflccrcd in a correspondingly incrcased esterasc activily. Thus, pink bollworm with a

concspoodingty higher ritet of csterirse acrivity should show diffcrences based on

fecding preferences and rearing substralc. By adjusting for tot1l protein. comparisons

cao be made betwecn ficld and laboratory straias.

When esrerase acdviry was compared between the field end laboratory strains of

piak boltworm (Fig. l), rhe field strain was found ro have a significanrly higher eslerasr

3s$vit1r {mean - ficld 1.23c0.3? nanomolesi susceptrbte 0,57i0.0E nanomoies). Field

strain cslerase activity was also found tO be diStribured over a larger range Of valueS

than the laborarory strain of pink bottworm. This larger distribution probabiy reflecs a

grcater heterogencily fouad in the field population.

Topical roxicity resul6 are presented in Table l. Resisance ratios (RR) *ithin an

insccticide were similar for 24 and 48 hr exposure limes with R,R values in;reasing

slighrty ercept for p€rmethrin where the RR value droppped from tE.3 lo I I after 4E

hn exposure. Little resistance *'as sho*'n for chlorpyrifos. malathion and BI(k) but the

RR valucs for merhomyi and permerhrin rndicared that reslsrance was present in rhe

field population for these trvo compounds. Synergistic ratios (SR) were also higher for

thesc rwo compounds. The SR was highest for permerhrin with PBO indicating that there

rnay be a significant metabolic factor leading lo the development of resisance in the

field population we tested.

Io Fig. 2 wc comparc the esterase acrivity found in larvae from field and

hbomrory strains via sarch gel electrophoresis. Therc was a visible difference with the

ficld popularion having higher amounrs of protein. Greater prorein cortent in the field

populariol may rcflect a hrval rcsponse ro i$ host ptanr, When analyzing the esrcrase

astivity bctween thc two populatrons. rhesc wha wcre elso higher. 8y comrtensati!8 the
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Tabfe t' Topicat lDl}cty ol diflerenr insecrrcides and Bactllus rhufl,'gtensrs (k) lo SusceDlrble anoiesrsrant lhird insrar rarvae or lhe pink boilworm p*ttrngiora gassygaila.

Comouru

hlorpyrrio-

i Malalhron

* tJtrl-

Methomyl

Pe rmethrrn

'rbu

rou+utri*

Bt(ki

,ErFsure
Timo (h) Strain 9s% c.r.

(0.8 0-2.4 0 )
(1 .7 -3.2\
(0.2-7 .01
lo.s-r.e)
(1.0.2.7)
(0.5-0.141

(?4.5-41 .ai
{38.7"57.8)
t18.2.29.7',,
(26.1.39.8)
(3 r .7.46.4 !
(23.0.33.?)

(0.s-2.6)
(1 7.5-25.2)
(0.?-0.8)
(14.1-21.5)
(1.03-1.6)
(1.17.2.9)

(0.3-0.s)
(0.6-0.8 )
(0.4-0.7)
i4.3,8.5)
{U.Z.U.J,|
(0.2.0.3)
(0.2.0.3)
(0. t-0.2)

(2.25.3.65)
(2.7 5.r 8 .9 0 )
(r.08-2.26)

Slee
{:SEi

1 .01t0. t 4
0.93!0.I7
0.95t0.'13
1 .01r0. rl 5
l .0310. 13
1 "06t0. r 6

.55:0.ii0

.9 3:0. ?r5

.8110.2 0

.91*0.24

.03:0,il1

.40+g-30

0.86r0.'t 0
4.94t0.3I
1.0Itl.r?
4.97i0.38
3.46+0.24
2.8i1:0.:9

1 .84r0.1r3
3.73:0.3,1
3.61:0.3ii
3.07':0.3.l
4...t r:u.Jt)
2.4 9r.36
?.4 9 3.36
1 ?nsn ?1

LC5oa
(pg/ins)

24
24
48
48
24
48

a!
24
rg
48
24
4B

24
24
48
48
24
48

24
24
.r8
18
aa

48
24
48

24
24
48
a8

01 .5
02. 0
00.5
01 .0
01 .7
00.8

32.8
a7.6
24.0
32 "7
3 8.5
2 8.0

I .50
21.50

1.40
r 7.80

1.20
0.95

00.4 0
7 ?n

U, DU

n ?n

v. au
v, av
n rq

2.91
7 <2
1.66

l.3

z.u

13.44

12.71

1n ,q

I 1A

ar.J

h
c
H

F
B

S
H

F

t{

q

R

s
l-t

n
FI

S
F{

6

Ft

FI

h

5
R

S
H

2.9 7 (*0 ".ri8 )

0.89(t0.il4i
2-64 (i0.6i7)

(4.15-7 .321 .081:0.eit )

aEach LC56 rs based on tour replicates; eacn replicate @nststed of ten tarvae ror each Insecltcroe
concentratton or unrealed controls.

oResrslance ratro (LCso lor R strarvLC5s for S strarn).
cSynergistic ralio (nonsynergized L05g/slnerlrzed LCso).
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STJSCEPTTELE

Frg. 2. Srarcn 8el eiecrtopnorests comDatrnB esrerase actlvitres berween field and

laborarory susceprrble srrarns of pinx bollworm iarvae. The fiekJ strar'n ton lhe rlght)

sho\*'s a considerably Erearer amount ol'esrerase activity for all larvae tesrec

I
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tsrrr:rse readings by adjusting for roral protein, true ctcrasc acdvity meNuremcn$ wcrS

obained. The increased levcl of esterise acriviry in thc larvse may be a res;ponsc by lhe

larvae lo ic environment but lhere is abo rhe possibility thar some ol' this r:levared

estenBe acrivity is atrributed lo elevated resistance levels in rhc fietd population

parricularly for permethrin. Funller srudy is requircd to determine what perceat of

esrcrase activiry can be directly atrributed to insecricide resisBnce.

Tess comparing field aad laborarory srains of pink botlrrorm are ? necessary

elcment lo understanding resisunce problems. However, many t35ts of resispncc 1ack the

sensitivity that is required to determine if a low level of resisance !s presenr within a

specific poputation. Even when significanr differences are nored in a resr. there i:; srill

thc problem of derermining if that difference is meaningful in rerms of resisrsnce

mechanisms. Many times rhe actual resistance mechanism is nor known. It i:i jmportant

that mote '*'ork be done in esublishiog sensirive rests for resistance and to i,mplenlenr

rhese tes$ within the contert of 3 resistance monitorrng program.
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