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Abstract Diamondback moth (DBM), Plutella xylostella, is a major pest of cruciferous crops, and 777
cases of resistance development to 95 kinds of insecticides have been reported to date. For the efficient
management of insecticide-resistant populations of P. xylostella, therefore, of importance is a rapid evaluation
of resistance level in field populations. Here, we investigated the resistance levels of five field populations to
11 insecticides by leaf-dipping methods. 10 insecticides (except dinotefuran) showed low resistance ratios of
0.1~3.3 fold compared to the susceptible strain. However, five field populations exhibited a wide range of
resistance ratios (5.7 to 69.4 folds) to dinotefuran. Molecular diagnostic method was used to measure the
allele frequencies associated with resistance to pyrethroid and diamide insecticides. The allele frequencies of
kdr and super-kdr mutations associated with pyrethroid resistance were approximately 7% and 13%,
respectively, which were found to be lower than those in 2004 survey. The allele frequency of G4946E on
the ryanodine receptor gene, known as a molecular marker of diamide insecticide, was found to be 18.4%
and 79.2% in the GG_TB and GG _YY populations, respectively. The pesticide efficacy index (PEI) was
established to evaluate the efficacy of recommended concentrations of 11 pesticides to P. xylostella. The PEI
indicated that the efficacy of neonicotinoid and diamide was decreased.

Key words Insecticide, Monitoring, Pesticide efficacy index, Plutella xylostella, Resistance

M B Z$ 3]%°]th(Cheng, 1988; Talekar and Shelton, 1993).
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2Z0|=A|(Hama, 1987), Bacillus thruringiensis (Bt)Al
(Tabashnik et al., 1990), 2%3734=4A|(Perng et al.,
1988) & ti-Ee] ofAlo] Aol Wedk o= Wiy

ATk, TEgk 19909 o] ol ARE-E 7] AlZbgE Y] 9L
E]:=0]=A|(Ninsin, 2004)} tho]olulo] = A (Troczka et al.,
2012) A s T Aol wadh Z1o= Hig
vh Stk AxsE oA A3 dlo|Euo] 2 (Arthropod
Pesticide Resistance Database, APRD)el] W= 201637}
2 A dhd B3 AG7) 7777102 AR FE FolA A
G DA HA s 7P smekow, of 95%9) ofAl fra
el sl AE Hole ZoE UA Ith(Whalon
et al., 2008).

o] A9, 1991 tiAE A9 AlselA Bl Aol
gk A3 we41.3u)0] F4A R B EtHSong,
1991). 2 tha 7104, 2202, §71948A 18]
3L Bl FAl 45l tialA 47 A GAIE dist A3 5
= 37t A3, Bl GHAlE AlQlstal {71917, FH 2R
ZA, F71980A AN A2 33~61.18), 7.5~141.741,
10.5~33.348) AgHAdo] wast Aoz Vel (Lee et al,
1993). ©] & F7}2 o0& Fhulwo|EA|(Cho et al., 2001)%}
BtAl(Kim et al., 2010) FAIE] A3 Wgo] F712 B
AEAE BR8-S B A Iy iy o]

2148k o9 JhA ] AP FE S 8
AE 7o R o Mg Ak ArF FYE A FE
2=o|uA] kA AP 285 Voltage-sensitive sodium
channel (VSSC) e L1014Fg} T9291 E¢1wHo]7} B g
2=Hl, PASA (PCR Amplification of Specific Allele)?} rt-
PASA (real-time PASA) *-& o]&3te] =] okl o
A ZHE 100%, 75~100%2] w5 =2 =] A3d =<
Ho|7h EAlsle Aoz ERISHATHKwon et al., 2004a;
2004b). Acetylcholinesterase (AChE) <] Add #d =
Hol & 23gdste] {7107 A AEE 359 54
HO(A201S, G227A, A441G)e] EAIE F15F3 3 (Back
et al., 2005), k2] Fete] A201 (298)St G227 (324)A &
A= 77 67~100%2F 68.5~100%2A] vi-$-
Ao 2 YERITH(Kim et al., 2011; 2012).
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Table 1. Sites of Plutella xylostella collection
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opAlel ek A3 S Hrlste] a9o] w2 HAE
Al F= Al2" F5o] FasithKwon et al, 2015).
AR oA AR TFHoE A JHAIE WS A

FUAIZ Utk & dAellA

o= 117 Al o
o AP g RS AP GRS S Hrtet
ATk EgF gy ARo| =9} thojotnto] =] oFA] A3
W o FE FAWAE o]gdte] AFHoE Sl
Ao 2 55 o] FHERe gk 5ES Hrlslr]
3l kAl & B X 4>(Pesticide Efficacy Index, PEI)ZF= 7|
S AAste] wiFEupe] tigk ke s Wrlsigith. A4
A FAA ASE F wFEe] oA A
7t AT A NATE FE JRE FRlsk=d 8%
71% BARE AlFetH, 53] A agA T ATAE X
gk oA allFel gk &g Rlel] S Fas R

£ Assl & Sl

YY)a

T

AuiEA] oA N8k T (Table 1). A|Y AlS2] #4]
2] 8- o} A )R] (30 x 30 x 30 cm®)ete] BjF FE. (Y
SU)E A1H oz FFEate] Ful ARSEIeH, A
2% 25+2°C, AEE 50~60%, F=7 16L:
8DO|AT. wiFFUY A AlS(SUS)y A& A3 &A)
YA AER I 109 o) A=A o)
AT

-
-

%n.l

Aol ARESE ofAlE wiFELE Al AHH R F
=] A= 1159 ASAZA Acetamiprid (5% SL, Al
2 B73F), Bacillus thuringiensis subsp. kurstaki (25%
2F3] 2, G| 2), Chlorantraniliprole (5%

UEfo}, s ), Cypermethrin (5% EC, o} 1= H]

Population Collection sites Collection date Coordinate Remark
SUS - - Laboratory susceptible strain
GW YY Yangyang country Oct. 302015 38°08'84.21"N, 128°62'03.86"E Field population
GW_TB Taeback city Aug. 27.2015 37°21'91.35"N, 128°96'60.27"E "
IB MJ Muju country Aug. 11.2015 35°8926.05"N, 127°81'97.99"E "
JN_HN Haenam country Jun. 17.2015 34°86'78.76"N, 126°57'92.99"E "
) Jeju city Apr. 09.2015 33°48'14.14"N, 126°38'11.15"E "
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Table 2. The recommended concentrations of insecticides used in this study

IRAC classification Chemical groups Insecticides Fonal;regji?zn‘fc(a ():tive COES;?:; {[?;?C(l;gm)
. Cypermethrin 5% EC 25
3A Pyrethroids

Etofenprox 20% EC 200
Acetamiprid 5% SL 50
4A Neonicotinoids Dinotefuran 10% WP 100
Imidacloprid 10% WP 50

6 Avermectins, Emamectin benzoate 2.15% EC 10.75
11A Bacillus thuringiensis B.t. subsp kurstaki 25% WP 250
15 Benzoylureas Diflubenzuron 25% WP 100
22A Oxadiazines Indoxacarb 5% SC 50
28 Diamide Chlorantraniliprole 5% WP 25
Unkown Pyridalyl Pyridalyl 10% EW 100

@2, @ol2H), Diflubezuron (25% WP, TIH &, A4l
El=Z2]o}F), Dinotefuran (10% WP, 941, F%3Fs), Ema-
mectin Benzoate (2.15% EC, ollo|, AlAElZ o),
Etofenprox (20% EC, AW 2, 637-§), Imidacloprid (10%
WP, ZU%E, vlo]AIAFA|A2E), Indoxacarb (5% SC,
2RO EZE, E¥ehs) 28]3L Pyridalyl (10% EW, =8|
2, @5l 2 )0t} Insecticide Resistance Action Com-
mittee(IRAC)IA] AN A5A|9] A FEo] =
25 g Al9E o] EIth(Table 2).
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2 7]120) Bd A (leaf dipping method)
8) 3121 TH(Shelton et al., 1993). Q.ok3le] Aws}
A S FHT A FER SAEson,
(Brassica rapa L. ssp pekiensis) &1 AH (A& 6 cm)
FEo A S 1027 FA F AW o, 30
1 FEs] Sskdet. oA7E A | dHe AxE

7] 9J8te] A (A2 9 cm, ADVANTEC, Filter-Paper
No.1)ol oF 02mle] SHFE E55t AEUARE 9
cm, SPL Lifi Sciences, Cat. NO. 10090)°] &M, 1 9|
of A FAg MiFEE 3% 52 10vHY SukE 3
FIALh AT AR 1070 SFAIY A9 e 5 4877
o e, 23z EA AE2 DiflubenzuronS
oM 54 EAS aEste] A 12047 $ol ASTE &
Absllth 67 AlEe] oAl B WEEAARE R (LCs) A
o S S8l FAEUT WA, Abbotte] ¥4 ©HE
HAAEES 4= F(Abbott, 1925), SPSS 13.0 (IBM
Analytics)S ©]-8-3F Probit %41 343} CHFinney, 1971).
SN A A% AGPHE A HZ T A A5
HFPAAREE(LCs) e A4 ATe] o= o] Ak=3t
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Genomic DNA & ¥ %X HEH RHUX &=

HFEUE A9 A% 20250k R AAERE
ExgeneTM Tissue SV plus (GeneAll Biotechnology, Co.
LtD, Seou)E AME-sto AZAN] ZR2EZS we} st
ATk wiFEEUY ¢ rlE]E 1.5 ml vlo|A2R/H Yo §,
Plastic pestle(Bel-Art - SP Scienceware, NJ)S ©]-&3}]
200 plo] TL Moo} 3 22& wifiakadeh. 2 $oll 20 pl
proteinase K& 7} & 56°ColA] 12417k B33t =)
Aol oA svEH ¥ F 12,000 golld 2033t
AalEesisitt. sksds A A T 700 ple] TW buffers
23] A& %, 100 ul AE buffer? gDNAZS 235t}
gDNA2] A& NanoDrop 1000 UV-Vis Spectrophotometer
(Thermo Fisher Scientific Inc., Waltham, MA)S ©|-&3}
o, Hete] AP FAolE S| Sl Ao H=R
M AL gDNAZS 25 ng'ul= 34 5 72}t 5 a1 5
afo] B2 § & Aok A A8 KR Tl AR
s

gy R0l =8} tho|ofrto] EA] oA AFY i =<
Hol& el e A4 FE fAA dHE SESI
ok A 40 pl Rl Z47F 4 uMe| o] w(Table 3),
10 mM dNTP, 0.8 ul Taq Polymerase (GenAll Taqg DNA
polymerase), 100 ng genomic DNAE 3 7}s192™, PCR
2718 %7] 94°C/2min x 1 cyclez} 94°C /30 sec + 58°C /
30 sec + 72°C /90 secoll A 35 cycleZ 33153ttt A7]9%
< &% frdA S5 A F, NICEME &3 ABI 3730
(Thermo Fisher Scientific Inc.)& ©]83td 9714 E #4]
= TR, FHERo|= A Hdste VSSCE
of EAl3h= T9291¢} L1014F Ewole} thololujo] =7
oFA] A &d 3} R-3F Ryandine receptor (RyR) 2] G4946E
EdHolo] sgsh= H719] HE&2 Chromas (Technely-
sium Pty. Ltd.)S ©]-83}oH, o] FollA G4946E =¥
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Table 3. Primers used in this study
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Primers Oligonucleotide sequences Remarks
SIIS4 catggccgacacttaatttactca Amplification of VSSC partia gene (1451 bp).
311S6 tgtcgataagcetcgacgagecaa  Amplification of VSSC partia gene (1451 bp). Confirmation of L1014F mutation.
3 DBM_T9291 gegtacccaagggcataattta Confirmation of T929I mutation.
DBM_RYR 4946E F  agactggcgctaccaagtat Amplification of G4946E muta‘;?(;l g LZ(I)nl;p) Confirmation of mutation by
DBM RYR 4946E R  cccgttatgcgtgacagact Amplification of G4946E mutation (190 bp).
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Fig. 1. Resistance ratio of pyrethroid and neonicotinoid insecticides to five different population in Plutella xylostella in Korea. The
blue-dotted line represent the recommended concentration of commercial insecticide product. A, Cypermethrin; B, Etofenprox; C,
Acetamiprid; D, Dinotefuran; E, Imidacloprid.
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Sonoda £¢] Aokl AT 7| IE
2F=5}9A th(Sonoda et al., 2017).
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AH

kel
)

e

=
o
S ™, Tukey's HSD (honestly significant difference test)yS
=
[¢]

sl Ha7h xpol2 7AASIITHIBM SPSS Statistics version

3, IBM corporation).

213 kA & 2R 4= (Pesticide Efficacy Index, PEIZF= 7

S =SSt PEL #9] A= WA o 8 4 s=2 Zn 9l pE

7} G AB] LCyWwlE VR § 1 3 21 #slksith.

a2 oS 7 NG AFe 2aX3 e HEES PEIR YEAYI|E of N MEY +F

A3ttt ofAl ' PEL AF7F )9 w2 Ad A5 & S Aol 23k 115 A5 oA AHE &
Qg o2 s, 0 ()9l W oFErt w3k A AA7IP o2 AL HE 20| =A &8k Cyper-
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Fig. 2. Resistance ratio to six different insecticides in Plutella xylostella in Korea. The blue-dotted line represent the recommended
concentration of commercial insecticide product. A, Emamectin benzoate; B, Bacillus thuringiensis subsp. kurstaki; C,
Diflubenzuron; D, Indoxcarb; E, Chlorantraniliprole; F, Pyridalyl.

methrin?t  Etofenprox®] 743 Als ¥l AFA Hl= o7} fle ALRE Hol A|9A AAo] Al WA &
22~33809}F 1.1~2.881 24 W& o] R3S HYTH & Ao g AZFETHKim et al., 2010). ¥FH| Chlorantra-
(Fig. 1A and 1B; Supplementary Table 1). 3%2] W] 2U= niliprole®] A &AJHI= 0.3~30.7915.2H GN_SCAIE2] Ht
E]:=0]=A] kA9l Acetamiprid, Dinotefuran Z22] 3 Imida- TFANEEE FAFERT =4 UYeht 95 A9 Aol

cloprid 2F4l A&/gul= Zbzb 0.5~3.1090, 5.7~69.4 12]3L
0.8~2.41120 Ao =2 YEPITHFig. 1C, 2D and 2E; Supple-
mentary Table 1). ©] 5ol|4] Dinotefuran®l*] GN_MJ 7Al%&
o] A3 m7L 6940024 ST Al ek Aol W
23l F15th. B3t Dinotefurane] 3 o] o
i A A wAAFsE b)) vk Ao g yepgt
L A] 57 AlEol ¥3HeE= Emamectin benzoate, Bacillus
thuringiensis subsp. kurstaki, Diflubenzurone, Indoxacarb,
Pyridalyl °FA| #13dul= 742t 0.1~1.490 (Fig. 2A), 0.9~
134l (Fig. 2B), 0.2~1.69(Fig. 2C), 0.3~1.54ll(Fig. 2D), —L
YL 0.6~1.5(Fig. 2FMIEA ZA}F R Fo|A] A EAdo] kgt
3R] -2 & & UK (Supplementary Table 1). Bacillus
thuringiensis subsp. kurstaki 2| 73-9-= WHXAFE=7T 0.8-
Lo mg 'L 201049 A 59 A= AAFNe & 2

A Ago] wekE Ao 2 A2 EQIthFig. 2E). Lok,
17 oHA| FollM FHEEAME A4S Uehle oA
T 3% vlouIE o] =A A9} thojopute] =AIQ A
© 2 Yepgt} 2 FoM % Dinotefurancll A thF-5-2] 2]
AFlA =& Ay wee] Yeht o= g A5
A E 0]-&3F Ao F9)7} 27,

O AZ0[=2t CHO[OtDIO| EA Y XMEY SO

Y LZo| A8} tholotnto] A D] oA A 3Hd
Mol FANEE T Az EdHolE 2T
Ae AR A FE FEE GUIME 24
sRlatih. FE =20 =A] R4l 2 VSSCE
3} super-kdroll ToIsk= L1014FSF T92919] A& ¥
Eo] HIEE 0~100%2F 20~100%24 GW_TB F

L
i

ol r

}

of
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Table 4. The signal ratio and allele frequency of point
mutations associated with resistance of pyrethroid and diamide
insecticides, respectively

Voltage sensitive sodium Ryanodine
Population channel” receptor”
T9291 L1014F G4946E (%)

SusS 0.0 0.2 0.0
GW_SC 0.7 1.0 18.4
GW_TB 1.0 1.0 79.2
JB MJ 0.2 0.4 0.0
JN_HN 0.0 0.0 0.0
A 0.0 0.0 0.0

 Signal ratio
® Resistance allele frequency by QS methods (Sonoda et al., 2017).

A w9 =2 A0 E YEPRTH(Table 4). Tholopt=A] #13}
gel| 4&04 S Aog 4#A RyR A2 G4946EE<IHo|
= 0~79.2%°] WE2 X oW, GW_TB 7HAlol| &
Ak ACE Vet

WA AFoNA FU FE AR o|=A oA A3 =W
o] FANE 24 AFolA o AHAENA L1014F
EAH= 100% ZSPIENAAL, T9291 EAHC= 75% ©]
dozx mgigo|sA Ao =& APHS HAY
(Kwon et al., 2004a). SIA|RF, & Adrs= GW_YY9
GW_TB A9S Al¢sta JB MJ, JB_ HN 23 JJ A9
oA T92919} L1014F &A% 0] V= Ht 7% 13%=
Al g solzl g E1E i) Tt A4S 7
HEo 2 &} oA 7} wiFE bl Ao ARg-o] o] FH AR
olE kAol ok EEjFe] AFThE Fhael] 7IQlg AoR
AtEE T

U wjFEpte] tholotute| =] ofAl A3 #HE =
o] EA) oJF= Steinbach et al. (2015)] &J&f 22
2 HIEAY 201439 Bongnam-ri®} Sangsan-ri 7ol
12-247}] 5004 23 DNACIAM G4946E o] &=}
AL HIEE 12%9F 30%RoH, 53], WAzt das
Sangsan-ri Je] A9 70%S] FFATA A3 AT
EA) e Ao 2 B35 tH(Steinbach et al., 2015). ©]2 3k
A= FjellA] tholotuto] =A] A 3Hg wjFE i Feto]
2 Bl olm Edek S omjgith. & A=
G4946E E<iWo] JAWE7F GW_TB GW_YY et
A 18.4%%t 79.2%= 747 WAEATE RyR 732 G4946E
£ Uk B sty A1E S 1dY A vl¢-
=2 AAAATE I Ao HIEATHGuo et al., 2014;
Troczka et al., 2012). SFA|TF 2 Ao A G4946E =<
o] e AA| Tolx HAE A Ao} JaaA7E ¢l
Atk SRAA A AAZE RyR Fe F7F SRl
(E1338D, Q4594L 22]3 14790M 5)(Guo et al., 2014)3}
I sE8 A7 HAT ASE AlgHET) SFOE A3
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Fig. 3. The pesticide efficacy index (PEI) of 11 insecticides by
using LCs, of five populations. The lower case on each bar
represent the statistical difference by ANOVA analysis (F o 4 =
64.6, P<0.001).

S Yol 98k o= A EHAF(PENE 7 oA &
2 e tk(Fig. 3). FAERe vl ArFE=TR] A
£ Sste 202 Y)Y e FHTEIF Ao el
sl frase onlstal, 03 ()9 #e AY A9
LCo#tat oHAle] FHsEr} Blssste] ofart Wolsl &S
omsict, 17 A7 BlwE & EUS wl, 85 (Cyper-
methrin, Etofenprox, Emamectin benzoate, B.r. subsp.
kurstaki, Diflubenzuron, Indoxcarb 2 Pyridalyl) oFAll= <&
o] ke UehliH mEo] 94 WO YTt o] 7t
/4] Emamectin benzoate2] EF—".‘ o] 7WF L8k Ao 1}
EPStTE wHHO Acetamiprid, Dinotefuran, Imidacloprid, 2
2|32 Chlorantraniliproles X3sh= 471 HAl= 9] &
UeRlH 34 FE9] g¥o] Yol xghgo] wds Zlo=
VFERSHTHE, 44 = 64.6, P<0.001). ©] 9l|*] Dinotefuran®] 7}
& 2o 3 UERH Aol 7P A deEisith
PEI A 55 oA oF8 o7& AAste] it i
o] A dd oRE 7HHo R Hrlsled 719E &+
Aot FHFE} ]%?Z A AFE LCy w3t Aol +
AErzke] 835 Wrtshke Zlo] kAR probit 4
o &gk ZM 3|2l SJatel] olgk LCy, 74l ®ol7t &
Ao 7 YebdtH(Data not shown). WehA, & Ao e
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A Aol A £ 2ol AR FR] PELAS
o A3} A9lo] Basehy Y7,
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o

kd
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B AdT4e 52U TEATAK @AM S PI010821)

9 ﬁ:r”ﬂ]?]%oﬂ ol& 3 =AUt} Supplementary Table

2 39 A (https://www.researchgate.net/publication/317

929293 Supplementary table 1 Toxicity parameter against
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Supplementary Table 1. Toxicity parameter against 11 insecticides from five local population in Plutella xylostella

Insecticides Population N (df) %5558/0( 133112))) (issl(])%ﬁ) R/RY Pll)zol;?lgtli?)fl
Cypermethrin SUS 295(4) 295(4) 1.4 (+£0.2) 14 (+0.2) 1 0.45+0.03
GW_TB 230(3) 230(3) 1.9 (+ 0.3) 1.9 (0.3) 2.4
GW_YY 250(3) 250(3) 1.4 (£ 0.2) 14(02) 2.9
JB MJ 250(3) 250(3) 1.7 (£ 0.2) 1.7 (£0.2) 2.6
JN_HN 300(4) 300(4) 1.3 (£ 0.1) 1.3 0.1) 33

1] 300(4) 300(4) 1.1 (£0.1) 1.1 (0.1) 22
Etofenprox SUS 290(4) 290(4) 1.3 (£0.2) 13(£02) 1 1.83+£0.08
GW_TB 250(3) 250(3) 2.3 (£ 0.3) 23(03) 23
GW_YY 300(4) 300(4) 2.2 (+£0.2) 22(+£0.2) 2.8
JB MJ 300(4) 300(4) 1.1 (£0.2) 1.1(£0.2) 33
JN_HN 175(2) 175(2) 2.1 (+ 0.4) 2.1 (x04) 1.1
1] 210(3) 210(3) 1.4 (£ 0.2) 14(02) 2.8
Acetamiprid SUS 300(4) 300(4) 1.1 (£0.1) 1.1(£0.1) 1 02+0.16
GW_TB 180(2) 180(2) 0.9 (+ 0.2) 0.9 (0.2) 3.1
GW_YY 300(4) 300(4) 1.2 (£0.1) 1.2 (=0.1) 3.1
JB MJ 300(4) 300(4) 1 (£0.1) 1(£0.1) 2.6
JN_HN 300(4) 300(4) 1.1 (£ 0.1) 1.1 (& 0.1) 12
1 203(2) 203(2) 1.7 (£ 0.2) 1.7 (£0.2) 0.5
Dinotefuran SUS 250(3) 250(3) 0.7 (£ 0.1) 0.7 (£0.1) 1 -1.02+0.19
GW_TB 190(2) 190(2) 1.5 (+0.2) 1.5(*0.2) 21.1
GW_YY 200(2) 200(2) 0.5 (£ 0.2) 0.5(x0.2) 8.5
JB MJ 236(3) 236(3) 1 (£0.1) 1(£0.1) 69.4
JN_HN 230(3) 230(3) 1 (£0.2) 1(x0.2) 21.7
1] 189(2) 189(2) 1.2 (£0.2) 1.2(+02) 57
Imidacloprid SUS 250(3) 250(3) 1.1 (£ 0.1) 1.1(x£0.1) 1 -0.26 + 0.08
GW_TB 193(2) 193(2) 2.1 (£ 0.2) 2.1(x02) 22
GW_YY 250(3) 250(3) 1.6 (£ 0.2) 1.6 (£0.2) 0.8
JB MJ 200(2) 200(2) 1.8 (+0.2) 1.8 (£0.2) 1.6
JN_HN 248(3) 248(3) 1.3 (£ 0.1) 1.3 (*0.1) 2.4
1] 182(2) 182(2) 2.2 (+ 0.4) 22(+£04) 1.4
SUS 230(3) 230(3) 1 (£0.1) 1(£0.1) 1 3.73+022
GW_TB 200(2) 200(2) 0.8 (+ 0.1) 0.8 (+0.1) 0.1
Emamectin GW_YY 200(2) 200(2) 0.9 (£ 0.1) 0.9 (+0.1) 1.4
benzoate JB MJ 250(3) 250(3) 1 (£0.1) 1(£0.1) 0.1
JN_HN 200(2) 200(2) 1 (£0.1) 1(x0.1) 0.3
1 270(4) 270(4) 1.2 (£0.2) 12(£0.2) 0.4
B.thuringeinsis. SUS 250(3) 250(3) 1 (£0.1) 1(£0.1) 1 222+0.17
supsp. kurstaki GW_TB 250(3) 250(3) 1 (+0.1) 1 (£0.1) 0.9
GW YY 300(4) 300(4) 1.2 (£0.1) 12(x0.1) 0.9
JB MJ 200(2) 200(2) 1.4 (+£0.2) 1.4 (£0.2) 13
JN_HN 210(3) 2103) 1.1 (£0.2) 1.1(*0.2) 1.8
i} 300(4) 300(4) 1.3 (£0.1) 1.3 (z0.1) 0.9

9 Confidence interval.

® Resistance ratio.

9 Pesticide efficacy index.
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Insecticides Population N (df) %555&,(%3112))) (iSS](l)EFI)\i) R/RY P:’Eol;ﬁgtlgf]

Diflubenzuron SUS 3004)  300(4) 0.4 (£0.1) 04 (x0.1) 1 1112021
GW TB  280(4)  280(4)0.4(x0.1) 0.4 (=0.1) 0.3
GW YY  300@4)  300(4)0.5(0.1) 0.5(x0.1) 1.1
JB MJ 280(4)  280(4)02 (+0.1) 02 (+0.1) 0.2
JN_HN 2804)  280(4) 0.6 (+0.1) 0.6 (£ 0.1) 1.6
1 300(4)  300(4) 0.5 (+0.1) 0.5 (£0.1) 0.2

Indoxacarb SUS 300(4) 300(4) 1 (£ 0.1) 1@0.1) 1 1812013
GW TB  260(4) 260(4) 1 (= 0.1) 1 (0.1) 0.4
GW YY  2503)  250(3) 1.4 (+02) 1.4 (02) 0.4
JB MJ 300(4)  300(4) 0.8 (+0.1) 0.8 (£0.1) 1.5
JN_HN 2503)  250(3) 1.4 (+0.2) 14(02) 0.3
1 297(4)  297(4) 1.1 & 0.1) 1.1 (£0.1) 0.4

Chlorantraniliprole SUS 2503)  2503) 03 (£0.1) 03(x0.1) 1 20.11£0237
GWTB  236(3) 236(3) 1 (0.2) 1 (£02) 0.3
GW YY  2503)  250(3)0.3 (+0.1) 03 (x0.1) 30.7
JB MJ 2002)  200(2)0.7 (+0.2) 0.7(+02) 0.6
JN_HN 3004)  300(4) 0.5 (+0.1) 0.5 (=0.1) 1.9
1 2002)  200(2) 0.5 (= 0.2) 0.5 (02) 8.7

Pyridalyl SUS 3004)  300(4)32 (£ 04) 32(x04) 1 148+ 0.08
GW TB  2203)  220(3)2.8(+0.4) 2.8(+04) 12
GW YY  2403)  240(3)33 (:0.3) 33(0.3) 1.5
JB MJ 2503)  250(3) 4.4 (+0.6) 4.4 (+0.6) 0.7
JN_HN 1842)  184(2) 1.7 (:02) 17(02) 0.7
i 1962)  196(2) 1.9 (0.2) 1.9(£02) 0.6

9 Confidence interval.
® Resistance ratio.
9 Pesticide efficacy index.
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