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W BN TMPEALBI T Frankliniella occidentalis (Pergande) X it o ok i 5 ¥ SR , A% SC ik it 4t o (19 22 T2 45044
FUPERLAR RN FIREIG $E ) 04T T BF9C. 25 209, 205 35 1009 2 , 74 2L 0 5 5k g J0 ok 9 4 L T+ 10 21. 26 %
7 44 5 S ol s otk 15 T 24 1 2 R R A B 47 7 T K T A AT L 5 SR R A T K 2 7 B A 7 AR F A
Botk. BRI KW, = T3 S R BERR MY (DEF) | < 2 H% (TPP) 1 T ok ik — 2 (DEM) HLA 1 % 3 2
(SRy per =6. 38, SRy 1y = 5. 52, SRy = 160, P <0.05) o A= 1l 2 3 1 . L W s ohkc i % 75 44 867 5 1) ¥ T o iy
(5.06 ) FIA BE TRk S-4% B MG 15 1k (1. 63 £i%) 29 5L (P <0.05) 75 T BOge i & , 96 15 MR T 1 1 745 O H ik S —
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Mechanisms and cross-resistance of imidacloprid
resistance in Frankliniella occidentalis
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Abstract In order to better understand the risk of imidacloprid resistance in Frankliniella occidentalis ( Pergande) ,
cross-resistance and resistance ( synergists and enzyme activity) of this pesticide were investigated. After 35 generations’
selections, the selection populations obtained 21.26- fold resistance to imidacloprid. Imidacloprid had medium levels of
cross-resistance to abamectin and emamectin benzoate, and had low levels of cross-resistance to cyhalothrin, methomyl
and chlorpyrifos. The synergists s,s,s-tributyl phosphorotrithioate( DEF) , triphenyl phosphate( TPP) and diethyl maleate
(DEM) showed significant synergism (SR, ppe =6.38, P <0.005; SRy, pp =5.52,P <0.005; SRy, =1.60,P <
0.005) with regard to the toxicity of imidacloprid in the resistant population (BK). In vitro assays of enzyme activities
showed significantly increased activity of carboxylesterase (5.06-fold) and glutathione S-transferases (1. 63-fold) in the
resistant population ( BK), indicating that enhanced detoxification is responsible for imidacloprid resistance in F.
occidentalis.
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S8k TR T AR AU IR L 4 i 288 % R 7 A B 2 1 1Y
fleif ( Bielza,2008 ) . Atk Hu w55 357 08 % 3 o4 e 5
AR FBL ) 32 2002 RE 08 L UL £ Mt AR ( ACh) A £
T R R 25 TR M ARG R R
fih J JE b AR B R 2 TBE RE A SZ A b ACh B 25 45 07 A
(N 2,25 #)) , 330 ACh 254 8 71 F B il 40 11
FEE VE | BELIBT B2 Hrh X R 28 R G Y IR AR 5,
WRJE 3T FE T ( Liu and Casida,1993) ,iZ 25 4% H15)
J& F By 6 VG A6 8] 5 2R 84 i A R 2 — (E
PEARAE,2011) o (HATARR O A BIF S8 & B 74 A6 &
ST bk = A T 304 ( Zhao et al. ;1995 ; Grant and
Tanya,2005) . A S < At ok 4 4 FH 2 i A A3
AR B WS, AT I E T ok S K £
Jal BRI SRR A R L R B A R AR R R
A CHY4ESR) R B 4 5 28 19 28 BB 2k, IR 72 &2 3
Toft HE 500 ) Ak AL bR G 251 P A SRR A L I E L A
TR foME VY A & DR R MR OB
( carboxylesterase, CarE ) . & Bt H Ik S-% ¥
(glutathione-S-transferase, GST) F £ Bk fiH i BE
(acetylcholine esterase, AChE) fJi% ¥,

1 #MBERE

1.1 #iKEHh

SO RE (S) - PG AL & E v [ R B e g S AL
FERESE A F 2007 45 4 H $E4E K T 35 W E 1
ZEELAE 1% NaOH KW i 3 h Bl 3R 5
FEIEKWEVE 3 W, 5 75% Z BRI 10 s
Jei BCH Bt 5 5 AT A SR P R A 3R A kL, R IR
N (25 1) C AHXRE 70% ,OGHR L: D =
16: 8, % N 45140 T~ 78 BB 35 dUf T I W 5 25 5
T %, B 2P0 Ak A B o ok e R AT

PRI RE (BK) « 25 07 # BUR A B A 55 07 15 0
T o B I R R B A K TR TR 30% A2 A R
(VB B I T R 25 DA ST IR 10 s SR U
My 185 FH o AR e A 8 R I 1 £ 5 B R B
Y, SCHE A L 2 R 10 1 B A s 3 1 000 Sk A2 Ay
R TR AN, A 259 8 h J5 B, B A 771G
J M R 37 A 5 SRR R [ Pl O R R P A
8] T 25 558 37 ARG BE A5 2 0k Rl OEE, IO 3R Ak ik B
W e R AT U
1.2 XX mFFK

eI 1 6 Fh 25 ) 4 B O 48% AL

(chlorpyrifos ) X1 (VL7524 T SCAR R AL A IR A
Al) (1. 8% Bl 4 7 2% (abamectin ) FL i (#f VLI 1E4L
TR A FRA T ) (2. 5% A R 2 Ii ( cyhalothrin )
L (LAt 1) . 10% ik Bk (imidacloprid )
ALVEPE R AR (WL R AL TRy A BRA R ) (1% H
Zﬁﬁi( emamectin benzoate) ?L 7EE ( /ﬂjtgiliﬁi%’ﬂﬁ
T A BRA 7)) .24% K £ @ ( methomyl ) 7K 7
(VLI RO HIRAE AR A ) o

S imEHEH(BSA, 98% , Germany B. M. ),
& L e G250 (70% , Fluka) , a-2, 8 2515 (-
NA, 96% , Aladdin) ,a-Z5; (1-Naphthol, >99% ,
Aladdin) , [ # RR £ ( >99% , Sigma) ,99% 1-4(-
2, 4-"f§ %% (CDNB, >99% , Sigma),1, 2-—
S0 -4-f4 3L A (DTNB, >99% , Fluka) , ¥& J5 75 25 B
HRE(GSH, >99% , Fluka) , # it 508 ( =98% ,
Sigma) , g = J5 B (TPP, 98% , Sigma), = ] &
= WiBER lE ( DEF, 96% , Fluka) ,97% il T % —
iz — W5 (DEM, 97% , g4kl ) , Hoflik
Ay 1y oy Ay el B Ak 2 Al

1.3 4£¥AERE

Z: WA P 5% BR Ab 312: ( Brodsgaard , 1994) 3§ i1
et . 3 2 BL B 3 e Al 2 R 77 LR, ]
PEIS AR b0 B A RDE 2 8], O i O FL B A DY 28
[) FL7F 25 6] P9 RE FH 4 22 190 3 141, B AT {8 435 3% e 2%
PN — SO i 1k & Tk B, K (5 24 550 2%
TR LA 0.5 g 55 LR B LA T AN MR, B A Ik
JEUEE 3 AT, LRI K AE X IR, 3 50 &
TR N—F H B R (SRS S
22) IF B AR BT, Hh AR VR B ) e v A 3R R
FEW R 10 s B 5 B AR BT, i 5 I T 3
TR, W AR 23 S A2 A B AR
i) b Wl L 22 CO,SURIRIE 5 s G AFR LA,
35171 J5 57 %0 W58 45 A B P BB T BB, HEBR R AE
FOKX ORI S5 R KA R AR SO U
I AR IE T ) b TR R R (25 1) °C, A R B
70% ,JEHR L: D =16: 8RS 4, F 48 h J5 M %%
I ST (LA VG F6 8 T AN g 1E H CAT B R 55 K
(4 B B S AR S S AET) o

BRI 36 B R 1 0 A R 4 R L b Ok
i A5 B R B B 25 W S 8 AI0R) SE A PL
FINER I & 10 mg/mlL, 301 30 F 97 1F K 1%, SR )5
W A U 25 AR AR 22 TR DL 100 75 21 1 3+
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BV Shy 5 A A J3E 24 38 v o 3 28GR 5 T R R
PC 785 VA1) 22 T, B I BRI DR IR 4 A ik RE Y 24
T HR 3 50 B R B SR 100 me/ L ( Zhang et al.
2008 ) , i 15 250500 7 0 2% A ¥ B2 1Y A% 1R R0 18 2% Y
—

1.4 EEMENE

1.4.1 HBERHIFONINE
(1962) J7 3k , B P4 46 6] B 5l B 40 Sk fE R A %
G ST ZAN A 0. 04 mol/L B iR 28 i (pH7.0) 2
mL FEVKIE S50 R R T4 51K, SR T 4°C
10 000 r/minE5.0> 10 min, 43 2 b5 Wk B 0 B W,
KGR . BAS mL 3 x 10 “mol/L «-Z, R 25 Hy
JEP, A 0.2 mL B, 7€ 37°C 444 N fH K%
J£3% 30 min, A 1 mL DBLS (1% "¢ [ i B £h/k
VW 5% T e SRR AN KW =2:5) &1k R
BB IR A WCE T2 5 B A4 30 min, 78 FEBR 4L )
€ 600 nm b OD ff, X HEARFE L) 0. 2 mL 9% 22 i
WA W o ARG o-Z8 b vfi it 2 153 Fg 2 T
il A BB - 25T e VR 20 1T o I A
M A (mg/mL) | 5 AR 2 R 6 1Y LU IS )
(pmol/min/mg pr) , LI FidfEEE 3 K,

1.4.2 ABERKS-HEBHEEANNE S Wu
Fl Miyata (2005) J5 vk , HUPG 46 6 5 o AL 40 3k, 7
WA P HEIGSEZ A 0.1 mol/L g 2% v i
(pH7.0)2 mL 75 vkt 2541 T B3 57853 21 0K, 515
T 4°C 10 000 t/min 5.0 10 min, 43 8 1 35 % D
K, VKA R . L CDNB R4, 263045 P ik
WA 2.4 mL ) 66 mmol/L Bz 22 wh ¥ ,0. 3 mL
i 50 mmol/L & Bt H k,0.1 mL 9 0.03 mol/L
CDNB,0.2 mL (¥ i & , 57 BPIR ), 78 27°C K 4%
A F B 5 min, 340 nm [l OD {f, 25 H X} #E LA
0.2 mL @M 2% MR AR W . BRIR 28 8 1 & i
W7, VT3 4 e H RS B il 1 E 3% 7 (0D/min/
mg pr), DL EsRRELE 3 K.

1.4.3 ZEEWEEEENMWUE S M Moores
(1994) 773k , B PG 46 8] B 5l B 40 Sk fE R A
WG ST ZI A 0. 066 mol/L 5 12 28 vhifg (pH7. 4)2
mL TEVKIE S50 T Rl 7R 21K, SR T 4°C
10 000 r/minE.L> 10 min, 4% B | 1% 7 B ok 6 7,
KB . ERE KO A 2.2 mL 0. 1 mol/L
pH7. 4 () W B2 2% v W, 0.1 mL BE PR % vh X 5
DTNB(1 :2)IR&#,0.4 mL @, T 27°CHH R

Z: [ Van Asperen

KBRS K 15 min, I A 0. 5mL 1 x 10 " mol/L
B SLRZE IR TR SIS AE 412 nm RN OD {H,
25 EAXTIRLL 0.4 mL B R 2% o e A B W, SR I
£ OD {H % B B4 B A LB 1 £, AR 40 2 10 o b o i
LR AT R AR PR A R, TT A £ T R R
FEi% /3 (nmol/min/mg pr) . LI Bt TR 3 1K,

1.5 ERRENE

M % O o i G250 Yt @ 3 ( Bradford,
1976) . WG 0.3 mL + 10 mL X4, 25 [
XFHRLL 0.3 mL 8RR 22 vh i A, IMA 5 mL % 5
Wrse i G-250 X7, 5 /0 iR &) T 25°C A K i ¢
{6, 2 min, K )5 5 min NZE 595 nm L @] OD
Ho B3 WHBCEBE, R4 g 5 8 Hbs e
Mgt & L BR DL 0.3 ) g 2 T il
T S & (mg pr/mL) .

1.6 ¥iESH

SEH UM A B R DN g 45 SR R T Polo
Plusl. 0 B 50 M ds i LC {5 .95 % B 15 IX i) Fl Rk
PO EUE RR NPT R LC,, 5 BUR
F LC, WY LLMH,95% B A5 X M A H & LR ZER T
% 1 SPSS 14.0 GE i+ 8 A4 #E 47 e v 2 o0 i, H
Ducan’s 2 8 W HFAT B9 PE 25 5 b 3 Pk 3 T

2 HR5SMW

2.1 FEIEE] D Hu Mt A kb B O 0

A FH Ml e o] PG 4 i T i 35 ) ) AR v R
(1), Hr 23 AL b, PG A6 80 25 X ik A ki 4
P BTG g , 2t 23 AU 2B, P A8 6 5 X ik
Bk HTPEAL TS 5. 80 £5 525 ~ 35 AR PE AL & 1
Xof . H MR A R T R L AR 35 AR BT
BOAF) 21,26 £, Ry AT

2.2 TERHEYNEER

ZHBVESE R F W (K 1), POk 2ok i &R X
BT 4 1 2 (RR,, = 12. 38) I H 445 (RR,, = 10.26)
FETE T AR 22 B AL ME (10 < RR,, <30) , X 5491
AR (RRy, =7.72) VK Z i (RR,, =5. 11) fil %
FEW(RR, =4.20) fFEAEAR K28 B HiPE (3 <RR,,
<10),

2.3 BUFNEYUNEER

SARGIA B0 45 2R (3R 3) R W AR 45 57 1k e i
0 78 DEF R R P i 400 ) 5] TTP Xt T otk o vk
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F1 HEFDIWHAMARELE

Table 1 Resistance development of Frankliniella occidentalis to imidacloprid

P H AL R BHE( 2 hRER) LCs, (95% & {7 X (8] ) PO L
Selected generation No. Slope( + SE) (mg Al litre ") (95% CI) RR,,
F, 420 1.365 +0. 130 23.672(18.755 -29.686) 1. 00
Fa, 385 1.826 0. 173 137.377(110. 097 - 170. 246) 5.80
F,s 409 1.459 £0. 112 183. 169 (146.796 —226.995) 7.74
F,, 347 1.895 +0. 194 206. 069 (171.739 -247.553) 8.72
Fa 344 1. 879 +0.200 251. 646 (208. 896 —301. 815) 10. 63
F;, 352 1.961 £0. 192 301.975(250. 676 —362.179) 12.76
Fy, 375 1.942 +0. 175 411.634(334.234 —482.905) 17.39
Fis 361 1.983 +0. 205 503.292(417.793 - 603. 631) 21.26

PR B RR,, = LC,, (BK i &)/ LC,, (S M &) ,CL: BAF XA, 3£ 2 [,
Resistance ratio = LCy, of BK/ LC4, of S, CI: confidence interval. The same for Table 2.

R2 ARFIHMEAWREREI S HRAFHTENE

Table 2 Resistance survey of imidacloprid resistant strain of Frankliniella occidentalis to five insecticides

255 Fh 2 LR FEE( £ hRER) LCy, (95% &5 X []) BUME A HL
Insecticide Strain Slope( + SE) (mg Al litre ™) (95% CI) RR,,
ik H mbk BK 1.983 +£0. 205 503.292(417.793 - 603. 631) 21.26
Imidacloprid S 1.365 +0. 130 23.672(18.755 -29. 686) 1. 00
[o] 4 T = BK 1.979 £0. 204 161.570(137.610 - 169. 796) 12.38
Abamectin S 1.452 £0. 132 13.053(10.494 - 16.208) 1. 00
FH 2 BK 1.755 +0. 139 20.278(17.828 -23.218) 10. 26
Emamectin benzoate S 1.771 £0. 164 1.976(1.627 -2.392) 1. 00
EX Rl BK 1.710 £0. 154 1 285.988(1043.942 - 1578. 854) 7.72
Cyhalothrin S 1.506 +0. 152 162.993(130. 646 —202.518) 1. 00
KL, BK 1. 828 +0. 161 37.606(31. 880 —44.563) 5.11
Methomyl S 1.384 +0. 132 7.353(5.863 -9.243) 1. 00
AUl BK 1.494 £0. 120 268.098(219. 725 - 326.255) 4.20
Chlorpyrifos S 1.563 +0. 132 63.811(53.822 -75.486) 1. 00

F3 IMEBFGHUEAMRRNGERRALEHDIGHIER
Table 3 Synergism of imidacloprid by TPP, DEF and DEM in BK and S strain of Frankliniella occidentalis

8O B 2 oM E AR EEX) LGy, (95% B AF X [0]) FOREIE LA AL BRI AR L
Synergist Strain Slope( + SE) (mg Al litre ') (95% CI) SR, SR,
Ty H bk BK 1.983 +0. 205 503.292(417.793 - 603. 631) — 1.00a

Imidacloprid S 1.365 £0. 130 23.672(18.755 -29.686) —

© DEF BK 1.980 £0. 127 60. 647(48.716 —75.259) 8.30 6. 38bc
S 2.037 £0. 197 18.188(15.518 —-21.420) 1. 30
BK 1.881 £0. 121 73.446(59.000 -91. 128) 6.85

+ TTP 5.52bc
S 2.138 £0. 199 19. 164 (16. 132 -22.744) 1.24
BK 1.956 £0. 119 296.713(249.583 -350.716) 1.70

+DEM 1. 60b
S 1.961 £0. 192 22.285(18.790 —26.540) 1. 06

T FRERE A H = LC,, (ML M)/ LCy, (i HROMbk + S8R ), 552 I 15 200 f8 B = Btk ol A 1 280 A 0/ A0 o R 280 3 2, A
R A B s i E 2 7 (Duncan’s, P <0.05),
synergism ratio = LC, (imidacloprid)/LC, (imidacloprid + synergist) , actual synergism ratio = SRy, (BK) / SR, (S). Data

followed by difference letters indicate significantly different at 0. 05 level by Duncan’s multiple range test.
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ih Z8 VU A6 S 3 VR TR, 4 A oy B
SR,, =6.38 1 SRy, =5.52, HW HEZ R ANIFLER
F 25 (P <0.05) M AR R 55 A PG Al v % 1R 1 T
TE PG AL B S X5 ik ok A HT 1k P A T AR
DEM X470 Atk R B i 2 P4 AE 8] 5t ) AR 1 I 3 A0 1
BAEHT (SR, = 1.60 47%) , R W14 BE H ik S-5% ¥ il
TE P4 A1 B X ik ok 4 HT 4k bR B T —E AR
(P<0.05),

2.4 EREMMNELSR

Pl % PR 45 SR (3R 4) R WY, AR X T U A
Z(S) UL HUBH i AR (BK) Y R 12 1 I 05 1 A
P, REURAM R S. 06, “HZ AR BH
ZES A H IR S-Fe BBV — e B R
T ZESEE, fE T 163 A £ IH i
ik 16 PR TR 2 5

x4 HMAWMMBNMGEMHEALTEDARER S-REB RRIHBMZHEMEBHILESN
Table 4 GST, CarE and AChE activities in BK and S populations of Frankliniella occidentalis

R FRIRTE M CarE activity AWK S-Fe R GST activity CBENB AR EE AChE activity
Strain (nmol/mg pr/min) (OD/mg pr/min) (nmol/mg pr/min)
BK 11.53 £ 1. 04a 1.84 0. 176a 25.52 +2.31a
S 2.28 £0.25b 1.13 0. 09b 21.72 +2.01a
Ratio rate 5.06 1.63 1.17

RPN R 7 B R 22 5 3% (Duncan’s, P <0.05)

The different letters indicate significantly different at 0. 05 level by Duncan’ s multiple range test. Ratio rate = activity ( BK)/

activity (S).

3 g

B ik TA S, A (] AE T AIL B A % HL 3R] 2 ) R
#AE 2L H Pr M ( Ffrench-Constant and Roush,
1991) , AN [RIAE FHATL B 69 27 Ha 500 ity o 22 [0) g 3 A0 (]
AR i 2 B A AT BB 7 AR 28 LA : Jensen
(1998) .Maymé %45 (2002 ) Al Léopez-Soler (2008 ) Hf
5T 22 BT Y A 6] B o) 22 Fk FY IR 1 2 % |5 7 A
IRf— fi% P B 5 T T R0 4 D T Ik S-%e A% i 5 4 T
1o, I ELR R 28 2% B3R 22 8] A7 A8 28 EATCTE 5 AR TR
Tl Tl R4 G T TR 3% i A S 9 A A 2 1 T 2
VOAEE] X Y = A pr i F N R JFH S
BT 24 T 2% E A 0 e KO 9 58 EL TR, X T
A% HUR) ke R bty BT IR S 32 B A (B R EI AR,
2012) o ZZHHUHEWESE K 306 6 B X atk B ok 5
AT 24 TR7 2R R R 4 b A 7 Th SR K S B UM, X SR
FE TR K 2 UM 3 S8 WAE AE AR KT 28 B,
Ji PR AT R 2 VG A 7 S X bt e o R R At (1 3 % H R
LR R T N A DG H K S-ARe B i A3 i 2 AL
il o 38 2 a0 e 9% A ) A 4 R 3R W R R IR Tl
T PG AL i) T X6F A s obk 0 4 b R AR L A e H
Ik S-Fe e pitE B B T — M, X5 B
RUME By A AR BF X e Hu bk 9 HT Ve AL AE L.

Rauch F1 Nauen (2003 ) & P Mk kA9 B 7Y 40 85
5 R TR G Al 1 3 e 9 B 42 5 W SC5E (2003)
2575 FNEE A9 42 (2007 ) B 5% & BT Nk H m Al F 5 R
A PN AR TR T I R 45 e H IR S-H B i 1) L 3% g B
T HUR S R

SRS T AR AR R — Az e =y b B IR P AR
] L Fof 1 S o 3 A Mk bk 5 BT 4 TR 2 2 R U AR
AH R s A, DR AR B0 1 7= 2 5 U, SiE itk H
W ) ol FH 5 i o R TR TR il A I RK S-A 8 il 1Y
F2 Ty Be S 38 2k X A% U A AR A S5 i 1 AR
ARV 18 i) b A 52 % R L TR AR e R
AR IS N AR TR 96 00 1 7% TPP A5 e H K S-%%
FEE AR DEM (%) I 32 5 58 nit, o obk X 75 48 i 5
MBI IBRBOR , BEAR A 7 A, 8 m 2 0 3l &5 5 TR R
ES Q0 I < s N s o s L QL N7 Y a0 71
)R BRI AT HET o
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