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Resistanice Development and Cross-Resistance of Diamondback
Moth (Lepidoptera: Plutellidae) by Single Selection of
Several Insecticides
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Cho, ¥. S. and 5. C. Lee

ABSTRACT These studies were conducted to investigate the development of chemical resistance and cross-resista-

b
Jhu

nce m diamondback moth (Plutella xylostelia L), The resistance development of diamendback moth
greatly vaned under single selection of five msechcdes. The tnflumuron and lambda cyhalothrin
strains at &th selected generation showed 37 4- and 26.1-fold resistant levels, respectively, as compa-
red with the susceptible strain, However, the Bacillus thuringiensis-selected at &th selected generahon
exhibited 24 O-fold resistant level, and the prothiophes-selected at 8th generation revealed 14.3-fold
resistant level while the cartap hydrochloride-selected at 8th generation showed 9.1-fold resistant
level Prothiophos- selected strain showed low cross-tesistance level 1o cartap hydrochloride, while
this strain exhibited no cross-resistance of 1.3 to 28old to other msechiides. Cartap hydrochlo-
nde-selected strain showed 19.9-fold. a high cross-resistance to lambda cyhalothrin, but this strain
showed 2.2~34 fold, no cross resistance to other insecticide. Lambda cyhalothrin-selected strain
exhibited cross-resistance to cartap hydrochloride and prothiophes. Triflumuron-selected strain showed
1.3~4.9 fold, no cross-resistance to other mnsecticde The B. thuringtensis-selected sirain showed
no cross-resistance to other insecticides.

KEY WORDS Diamondback moth, chermical resistance, cross-resistance
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Wi EE 9N Plutella xylostelia 1)) gt A&7
A2 19534 Ankersmit?} DDTe| o) &la] &3
2 Byeun, oo #7]¢A{Sun et al 1978,
Mivata et al. 1982, Noppun ei al. 1984), Zlvapo]
S| EH(Sun et al. 1978, Noppun et al 1983. 1984),
g A2 0= (Lin et ol 1982, 1983; Hama
1987) & 352 =219 teflubenzuron 2 chlor-
fluazuron® 22 IGRAIE{Perng & Sun 1987, Pe-
mg et al. 1988)ell tf§t Aghde] HnHly, nAE
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Table 1. Insecticides used, their chemical names, active ingredients, and trade names

Chemical group Common name  Chemical name

% ai (purity) Trade name

Organophosphate  Prothiophos 0-2 4-Dichlorophenyl 50 EC(90%) Tokuthion
Oethyl S-propyl phosphora dithioate
LGR Triflumuron 2-chloro-N-(({@-(trifluoro 25 WP(90%) Alsystin
methoxy)phenyljamino)carbonyl)benzomide
Cartap Cartap §,5"-2-dimethyl aminotrimethylene 50 SP(98%) Padan
hydrochloride bis(thiocarbamate)hydrochloride
Synthetic Lambda {RS)-0-cyano-3-phenoxylbenzyl 1 EC{80%) Jureong
pyrethroid cyhalothrin {£)-(1RS,3RS)-{Z2-chlore-3,3,3-
triflucrapropenyl)-2,2-dimethyl
cyclopropane carboxylate
Microbial agent  Baciilus Bacillus thutingiensis 16 BIU/ Thuricide
thurigiensis Berliner varety Kurstaki Kg Wp
B (Serotype [lla, [Hb)

ols) w) Agjoich 70~80% 4EES JYEhE ¥
ErFEoz AR Sz =HA7e
357 mEpFe o Aldivic AES 449
LCro-soito 2 sty SelT7RE o A ==
10007}2] ooz syt ARA wdgze A
% Agd g8 et BRI ELCE
Tl AT LCoA 9 mlmstgch

RAAFE A4 2t AR puzEFd AAF
£ FAsle mEd o] e A (technical
grade)Z PlEmAdeHos Hsdm, BT
leaf discrje s #|sle] sAsigich ol A
W Ede ded 4E3A Az FUs
Fstel LCpAIE Tohd 4 D&M ReAA
59 LCspo# ¢ Wiste] naANd4 Axg HES
et

gzt % o

71214 %] prothiophos, cartapAlgl cartap hydro-
chloride, IGRAI¢] triflumuron, ¥4 pyrethroid4 21
lambda cyhalothrin, »] %8 F<Fel B. thuringiensis
T 539 FFAE FAEIA HFE e A
AS S FusHzie HPAALDE A A3} 2
= A7He) LCsoA % 3 AW-E 42 Table 29 BAE
sk

THEH S v Fguiite] BE3AEd A A
g FES HFEAAEE Lo ol o nlas)

R AEAe 51E8H AFH M AelE
Rath Prothiophost 44T Z=8]&h5-& of 51469
vhe A3 FEe BRYeu 8Md EH dEs
e 14398 A8 $5ES B9tk Cheng(1986)
L Fe §71904¢ mevinphos® 204 THE =E]A]
AL o HEAo] 8uA=e FE FEom wds
921, prothiophos® 144 )& = &5 of 556
vle] AHahdsFEE By §1gx, profenofos=
124 =eAze o 3le0vwz 22 §71¢04
A2 Zesie ofAle] SA we APy
o] g2 ettt 51E .9 profenofos?
A7t Aol wmEA Ik ok B A
el e 84 ZeolA 14392 FPde] A
et e 2EA] Zeigte] ok Al 719
Ao AgdEn

Cartap hydrochlorided]| A= 440 8] AJRES o
4.24), 8Ath ZelAZE W 91WR ok SFAAF
o ¥l&) Agdo] @A FEE U=, Cheng{1986)
£ cartape]] o1& 1240 =E] 5 FFHo| 9TH =
dasgrtn s B A3 Ade 8Ad =H ¥
91z Mg wFETr waA dehted o
oA mEA ZEge] Eud AeE A7HErch

Triflumurong 44t ZefAdl= 1739, 8Ai)
EHAZAS W 37492 71F w2 A FES
Hedthk Fahmy S{1991)2 benzoyiphenylurea(lGR
A9 chlorfluazuron©. 2 =ejdt F 7} A GE A
A2 44 o 9.8~608], 84 = 57.3~93v],
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Table 2. Development of resistance in P. xylostella under single selection by several insecticides

Insechicide No. of Equation far probit 1.Cso (ppm) 05% CL! RR?
generations selected regression, line(Y)
Prothiophos 8 9714+317x 3289 + 750 14.3
4 B.67+1.96x 134.7 +6/73 59
0 12.08+2.68x 230 + 52 1.0
Cartap 8 10.184+281x 1437 +471 91
Hydrochloride q 966+2.15x 674 +12.3 4.3
0 12.68+274x 158 + 852 1.0
Triflumuron 8 BR7T+24Tx 2727 =841 374
4 10.26+2.77x 1259 +437 17.2
0 14124291x 73 + 23 1.0
Lambda 8 1255+261x 1290 +940 291
Cyhalothrin 4 14.22+251x 210 +104 47
0 18.87+3.19x 44 + 11 10
Baciflus 8 10.71+236x 382 +121 24.0
thuringfensis 4 1598+347x 0.8 + 34 43
0 1545+275x 15 = 07 10

1CL=Confidence limit; *RR(Resistance Rafio)=1Csp of selected strain/lLiCsy of unselected sirain

164 o 303~318w2 Ag4do] Wdsle] g
A7 ARE odal AT FAe] 5 A homo-
genity) == F¥elota Husid) E AN
A F iflumuron® IGRAIZA Maky wgke] w$-
L S=R R R e he =

Lambda cyhalothringl] A= 44t e} of 4.7
iz e A FE2& Hou SAdeME
2012 F& ARAH €5 UG Chenst
Sun(1986)2 Mel|zo|=A Mgl TolA wh
2A s, THste] AAHAE AiFAde] A&
HAon #9x, #F F(1990)e fenvalerates] &)
A weg EAlElE, 5A w644, 104]
ol o 75ul, 244 o 662w 2 AFAguirl 104
ARl dehg £x 2 S 1049 o3y
48 S S3oh £ Adele 599
HH 2o =A¢ lambda cyhalothrine = ZE&
B AT 47THE AHFQo] IFAT T
olFz Aol m=A AHR HAHE AT
Aty s B}, £ $(1992)2 EA4HAA
r2 MU ES GAS HEFA] g3 oAb
F 6% ZA cypermethrine. 2 TefAl# 341.84]
9] AgHdel thA FEREHAT, fenvalerates] o &4
< H43 2 AMae] fdslniy Eastged,
D7 meolAe FHE AFAuge yiire

o) ok AlAFe 2 o)) fenvalerate 4 AR}
SANETY 27 GEL Aoz BaHgo{Noppun
et al. 1987).

B, thuringiensiso] tiela]l= 44 2 4] 4 3] 2
W e APgAdE LYo, 8AteAE 240
2 A dge] MEA 3ok Tabashink
F{1991)= BTAHS A4S vehlly: 3037
Aol dlE] duelA] 94 2ElAZE o) 430~
20|77 w-E SE=m Al dEEigne B
IS Brp.eH, 2 Al Al oF 244 o)
AgEEE B mEstel ZeEAYF d=o)
etz 2RHoRE RElud AAEe] el it
wap A wegdee]l A Abelst g Zlem
Atk 58 3(1992)2 A9 AFd mel B
oRAlo] oiF Aude] 2241302 veElda B
g vk gtk

oAA Y AL 918 prothiophos, cartap hy-
drochloride, tflumuron, lambda cyhalothrin, B thu-
ringiensis 5 5&2] A&A2 il 2 L
Age] A& med FAFA e FEAE T4
Bt [CypE Wndt dife g 2o

Prothiophos® of] 225 A 5] 1) dto]= Table
3ollM g} el cartap hydrochloride?} 5542 2
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Table 3. LCs, values of prothiophos-selected and unselected populations of P. xylostella to other
insecticides, and their comparison with unselected population

Unselected strain

Prothiophos-selected{8th} strain

N . 1
Insectcide TCaupom) = 95%CL  Slope [Cafppm)£ 95%C1.  Slape kit
Cartap hydrochlonde 158+ 8.0 274 862+153 216 55
Bacillus thuringiensis 1607 2.75 45+01 228 28
Triflumuron 73£23 291 17.1£ 84 276 23
Lambda cyhalothrin 44+11 319 57124 209 1.3

"RR(Resistance Ratio}=LCsy of selected strain/T.Csp of unselected stram

Table 4. LCs, values of cartap hydrochloride-selected and unselected populations of P xylostella
to other insecticides, and their comparison with unselected population

Unselected strain

Cartap hydrochloride selected(8th) strain

- 1
Insecticide LCoglppm) = 95%CL  Slope  LCsolppm)+ 95%CL Slope RE
Bacillus thuringiensis 1607 275 54+ 1.3 121 34
Triflumuron 73+23 291 160+ 84 271 22
Lambda cyhalothnn 44+11 319 887+ 217 341 202
Prothiophos 930452 268 72,3+ 260 276 31

'"RR(Resistance Ratio)=LCsy of selected strain/LCsp of unselected strain

71914190 phenthoate EEfAE L cartapell 5}
372 e wapARdd Jelloiy Bugk up
2o, BTA, tiflumuren, lambda cyhalothrinel]
il 28, 23, 136 A9 vmaHgHe By
o} §HH, Sasaki(1982)% #7194 2kA2l dichlorvos,
prothiophos, & cyanophos TEjAE WFE&vule
71907, Fhp el 24 2EAd dishe] mAA
A& el pyrethrod# ¢ fenvalerateo] @5}
2T A AL Beltkn S99 Noppun S(1987)
2 H719141¢] phenthoate =E|A|E wj3:Z1 b
Fhale 2] 2421 methomylol] tisbe] o] w3}=
gL, 719042 acephates} FH4 pyrethroid ] 21
fenvaleratec] sl Y@EAXRYHE Husts, F3
Aoz {71004 ZHAES Fdads=e=A o
ste] wmAlHdes B OAPe Az JFAE
Akl

Cartap hydrochloride 28] %2 lambda cyhalo-
thrinell thsfrls 19982 ¥2 459 mAAYA
& H3ai(Table 4), B AT <Ale d=ir)le
22~34MF W@ANFES BT, Cheng(1986)
2 cartap hydrochloride &4 AEo] tjsle]
g~ mol=A ¢l fenvalerate®} deltamethrine]

.
glgden, B AlgeA lambda cyhalothring 2 )
g ol 109w 2 malAEAdg Hg Be
Y FErE AgdRes g8hE part 2A 2
Soll Afg Aes AdEch 3 Cheng{1986
cartap hydrochlonide A3 Aol sl -~
A9 prothiophes= 151 = v w2=z}=]zdoladka &)

1=, 2 APeAe 31z dazpAsds B
Ar) B9 IGRA Y <kAl9) BTAlw® oFA7ke] e
71zho]l @it wlaEAA|gAds 29l Fezn Algd
)

Triflumuron EHAATL o2 AE9 <A of
sho] 1.3~4.98) 2 o}E Aol Wjshe] malA A o]
o AV 2w A A RS By tHTable 5). Fahmy
F(1991)%  benzoylphenyl-ureas(BPUs)¢1  chlorflua-
zuronol] TEte] A PP £xel {rlelAg]
phentheoate, U] & F2of0] BTH|, IfAxo|=A ¢l
fenvalerate 52| Al WS 2AVS EEH,
o) ofAl9l chlodluazuron AL LCsA) )
g3t AZAAurt 1~32v] =2 wlualAdsgde 2ol
Hr FHu B oAgedd AHES tiflumurone
ureaA v o} AT FL3 IGRA =AM vhE ka3
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Table 5. LCsy values of triflumuron-selected and unselected populations of P. xplostella to other
insecticides and their comparison with unselected population

Unselected strain

Triflumuron-selected(8th) strain

[ ici 1
nsecticide LCalppm)= 95%CL Slope  LCuolppm)= 95%CL ___ Slope RR
Bacillus thuringiensis 1607 275 21 06 2.56 1.3
Lambda cyhalothrin 44+11 219 210+ 141 272 48
Prothiophos 230+£52 2.68 758+ 286 157 33
Cartap hydrochlonde 158+ 80 274 /68175 49 49

'RR(Resistance Ratio]=LCsy of selected strain/LCry of unselected strain

Table 6. LCsy values of lambda cyhalothrin-selected and unselected populations of P. xplostella to other
insecticides, and their comparison with unselected population

Unselected strain

Lambda cyhalothrin-selected(8th) strain

- 1
Insecticide [Coolppm)L 95%CL. Slope  1Caolppm)® 95%CL Slope PR
Bacilius thuringtensis 1607 275 40+ 16 1.74 25
Triftumnuron 73+ 23 291 1914116 316 26
Prothiophos 230+52 268 119.14 782 249 59
Cartap hydrochloride 158+ 80 274 1433+ 643 315 a1

'RR(Resistance Ratio)=1.Csy of selected strain/LCeo of unselected strain

Table 7. LCs values of B. thuringiensis-selected and unselected populations of P. xplostella to other
insecticides, and their comparison with unselected population

Unselected strain

B. thuringiensis-selected(8th} strain

_ 1
Insecticice [ Coofpprm) £ 95%CL, Slope LCsolppm) = 95%CL. Slope RR
Lambda cyhalothnn 44+11 3.19 86+ 22 201 20
Triflumuron 73+23 291 124+ 87 263 17
Prothiophos 23052 268 251+111 259 1.1
Caxtap hydrochloride 158+ 8.0 274 322+133 197 20
'RR(Resistance Ratio)=1.Cs; of selected strain/LCso of unselected strain
S5 vl uRAg4e Rgsd, o) oA MR phos o frIA] el e ] wxbAqgay

Arolal A&7\ 2% Aes i) 1AL St o cartapel oishedE BlmA)

Lambda cybalothrn S8 A F(Table 6)< cartap Kﬂ%”&% O shEch ey 2 AR

hydmchloﬁdeoﬁ el A 918 mApAEAAL 1Y

i, prothiophosel] W&« 5.2uf8] o wxbA
}‘éo Hyon, tl& AEe oAl dsjds 25~
26M=z BaAARRA L2 2T Chendl Sun(1986)
£ fenvalerate EIZEL o}E T age|=A oF
A dAe 1= BAATAYE Bl W,
prothiophosE ¥1E3 /71214 250 sy <
w2 i IARALES Blgmgt wp glew,
Noppun F{1988)= Fdfu 2] =A ¢l fenvale-

rate ©ERAEL phenthoate, prothiophos, cyano-
P Y

lambda cyhalothrin =&} cartap hydrochlo-
ides] oA R& el TAAPA] ebded.
o= 7} ARGl AREE A7 S A
gz ojmA o)A T gFo] B ol oFAPE FHE-
7lzhe] zpelo] 20lg o= ARHAU

BTAZ =g 744 F(Table 7)1 BTA A3
A 242 28 AEEE LYAE ke A5
SfAle A 11~20M2 ¥lmaAads 2vh
A FEESA AEEHE vdE w99 BTAS

9148 eo] B¢l Bacilius thuringiensis subsp. kur-
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stokiZHE &5 XAk vl dygaAe ZHE
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