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1.1 $#iBEREEMAE

MM THEF RS R ERE DT Lipaphis reysimi FEST TN 23 CTFHAH KX
SEESE, BRI PR B U R T A AR K, ETRENAENSBRN%E
(2002) #E HIRE 2 BT , RAFBRIER A HIER SR B, X BARE,
FHRE P EANITHER A, 1 b B ISR T3, AR TR X BB A LR AR
AR 15%%K,8 h JFHITFET-E, 23T HE 1 h #19 h LC . FEHEBEAR T, A
R ERIR BRI SHE N 100 mg - L WSO SERRIRES S T HES B, 5% 5005
WU T Bk (PB, ZTHEEE BRI HIR) (BRER =2KBE (TPP, SR FRERBE 0 157 ) A ok iR
—Z. B (DEM , 3Bt H RK S HB BRI HIF) XK EL N S0 mg - L™, %t B A TRER
1.2 {EFFaRan

1-§-2,4- " & A (CDNB) (R JR B4 e B AR (GSH) Bk B/ Z BEAE B8 (ATCh)
Sigma 7= ;5. 5- Z&i- X (2-FHEEA F R ) (DTNB) , Carl Roth /™ ; 3 fi Z. 5. PB ., TPP I
DEM, Fluka /=& ; 90% F REBE IR \92. 5% S FRL 2R , ML VW RE R IRy B BR A |] 7= & 5
94% BIXFERIRZ , H AMERALF AT ;9% AEHEEIEL, Mt B ERGBERAR;
96% PIAEE R IRZY , L2y B A PR 7];92% MR MRRZS , ILARR N KE¥ET s 8
B S5% FAE, EES NP R AR M. ERZGH 8 F RS H P AREE R M
SEARN, ERXPAEZEAFEIR.
1.3 EmEERSHEENE

VR E N B T pH 7. 8 (JH T ZBEARMRELEF AChE) . pH 7. 4(HTAMHE R S H#
B GST) =, pH 7. 0( F THRBRARES CarE) UBERRE PR TP IKIB 593K, T 0°C (1500 g(H T
AChE #I CarE ) 5 10 000g( FiF GST) FE.L , B L EWRERSIR . SRRN]E(2002) ii&
#9720 AChE CarE #1 GSTH |
1.4 ERE X T R R R

FAFHIfEZa A0 PB TPP 1 DEM R9¥REE 1% SO mg - L™, W R4 S8 A& PB,
TPP #1 DEM Z4ERYLE H,1 h JGIUIEETEME, X RAAIE . SR B fl = M g2y s
(WREH RSO mg- L)1 h EBATLEE 8 h FTRIT-EHNO,
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DEM >TPP, 7EX}F R8BS FI4E R R B ABE SIS EE . SRS TR Aok Bk B 3 A B
1, PB I AE I = T TPP #1 DEM, 320 1K 5.0 ~9.6 £%5. TPP F1 DEM X F % |
DEM 37 8 & 938 RL L3k 2.6 ~3. 0 4%, {H TPP 71 DEM Xf P4 K . FUR BB NEA TS
B \TPP X 98 dL i 59 5 RV TR 38 72 1.9 A5 LR o PB.TPP F DEM X aif bk
PR B3 A R, = i AR R Mk HEL O G 3 S LK IR M9 6.6 B A8 24 L AR 1
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Table 1

insecticides in D. rapae collected from the field in Fuzhou, China

*1

3R 3 S A e B S A
The synergistic effects of enzyme inhibitors on susceptibility to selected

i@ LCs(mg - L71) b1{H +SE it LCs(mg - L™1) b1 +SE MR

Synergism Synergism
Treatments (95% CL) ( 1h) Slope +SE ) (95% CL) (9h) Slope+SE tio
H {2 % methamidophos 61.4(57.8~65.3) 6.56+0.78 1.0 30.1(27.6 ~33.0) 3.72+0.18 1.0
methamicophos + PB* 22.3(20.1~24.8) 4.07 £0.58 2.8 4.3(4.0~4.5) 4.76 £0.19 7.1
methamidophos + TPP 38.2(35.0~41.8) 4.70:0.10 1.6 11.6(10.6 ~12.6) 4.79 £1.07 2.6
methamidophos + DEM 32.3(29.2~35.6) 4.19x0.45 1.9 10.1(9.19~11.1) 4.13+0.91 3.0
# HF fipronil > 100 — — 41.1(38.2~44.3) 4.97+0.46 1.0
fipronil + PB — — — 8.2(7.5~9.0) 2.94+£0.33 5.0
fipronil + TPP — — — 26.5(23.9~29.5) 3.530.31 1.5
fipronil + DEM — — —  13.7(12.7~14.7) 5.6920.31 3.0
P4 B & avermectins > 200 — — 98.3(94.1 ~102.6) 4.84+0.24 1.0
avermectins + PB — — — 15.2(14.5~16.0) 4.00+0.24 6.5
avermectins + TPP — — — 75.6(68.9 ~82.9) 3.41+0.42 1.3
avermectins + DEM — — — 55.5(50.4~61.2) 3.76 +0.66 1.8
BULSGHE fenvalerate  661.0(617 ~709)  2.85+0.13 1.0 694.0(647 ~745)  2.86+0.10 1.0
fenvalerate + PB 149.0(137 ~163) 4.55+0.65 4.4 93.9(85.7~103) 4.30+0.35 7.4
fenvalerate + TPP 680.0(593 ~778) 2.97 £0.33 1.0 465.0(415~493) 3.64£0.29 1.5
fenvalerate + DEM 570.0(537 ~605) 3.10+0.13 1.2 370.0(334 ~410) 4.39 £0.37 1.9
F A IBE cypermethrin - 518.0(459 ~586) 3.16 +0.21 1.0 475.0(424 ~533) 3.44+0.20 1.0
cypermethrin + PB 125.0(115 ~135) 4.48 £0.47 4.2 76.0(70.9-81.4) 6.36:0.62 6.3
cypermethrin + TPP 516.0(459 ~580) 3.47 £0.23 1.0 325.0(293 ~360) 4.61 £0.03 1.5
cypermethrin + DEM 485.0(432 ~544) 3.61 +0.33 1.1 261.0(230 ~296) 3.33+£0.59 1.8
Al HL MK imidacloprid  2926.0(2730 ~3135) 4.75 +0.13 1.0 8488.0(7565~9524) 2.86+0.48 1.0
imidacloprid + PB 484.0(448 ~524) 6.48 £0.52 6.0 882.0(825~943) 6.00+£0.70 9.6
imidacloprid + TPP 975.0(891 ~1061) 5.07 +0.73 3.0 1254.0(1157 ~1359) 4.30+0.38 6.8
imidacloprid + DEM 860.0(794 ~932) 4.26 £0.43 3.4 1037.0(957 ~1124) 5.13 +0.81 8.2

HAAM GBS ERIRS, #3050 PB.TPP #1 DEM MIZ3KREEIH 50 mg - L' Note:

(V:V) = 1:1, and the terminal concentrations of PB, TPP and DEM were S0 mg + L',

Insecticide; synergist
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2.2 EEFIN R HEREEAEADH
ERmHEIR S BRI (£ 2) ,PB.TPP 1 DEM X} 3£ 8% # ¥ AChE 7%t J0 B3 & 10 1
YEF , PB 1 TPP X 3 %F 4 % CarE 75 5 74 52 ZUIM S 4E 1, 370 1 3 70 5l X 2140. 4% 70
57.8% ,PB # TPP XJ3K8F 5 4% GST {53 R M&I1EA , {2 DEM X3 8f 5% GST &
BEMMHER, MHEFRIE25.4% ,
%2 PB,TPP 71 DEM ¥ 53 %F & AChE.CarE #1 GSTs B4k I H{ER
Table 2 The inhibition of PB, TPP and DEM on the activities of AChE and CarE

in field D. rapae, in vivo

7% 7 (mol/mg ZEH /min) Enzyme activity ( mol/mg protein /min)

AbE
AChE 1 SE CarE £ SE GSTs +SE x10*
Treatments
ATCh Inhibition( % ) a-NA Inhibition( % ) CDNB Inhibition (% )

PB 16.09 £0.45a 6.67 72.79 £2.47a 40.40 1.78 +0.09a 1.69
TPP 17.39 £0.39a -0.86 51.59 +4.53a 57.78 1.79 20.04a 1.10
DEM 17.59 £0. 86a -2.05 115.52 £13.59b 5.49 1.35+0.09b 25.42
CK 17.24 £0.23a 122.22 +15.71b 1.81 £0.02a

& AT H{EZi PB.TPP &I DEM Z5HIKEEXIN 50 mg - L' M 3ESF S e 2 A& PB.TPP 1 DEM Zy B A
a1 h JSIEREYE, X N B, Note: 50 mg - L~! PB, TPP and DEM were used to produce the residual film, the en-
zyme activities were detected 1 h after D. rapae were introduced inio the tubes covering the residual film of the synergists. Ace-

tone was used in the control.
3 g

SR BT T IR 6 Fh 3 LR P26 M5 2% s R B9 R B AT A SR B A
%, HREBOASERAUTREEERR. APRSREY, HEH RS S 6 F
Z B BITH 25155 MFO  CarE $1 GSTs RBEA . BT PB Xt 6 Fiak sl i 3301k
FIWi @ % F TPP #1 DEM, [ it MFO #9351 I 76 F (] Sk S S5 B 3F 6 3% ) iy it
itk VEFE AT B T CarE #1 GST,{E PB (75 HE30 1/ FiI the T B 5 L X S 4 e SR PR
B I E P 6. 14PHE 1L 25 (1999 ) $R38 PB AT 1% {4410 i K542 1 ( Helicoverpa armig-
era ) AChE #E#" {HABFF + PB X 3EIFH A ACKE LU B 1 f  MEF N R X T
B 5 5 PRI A 2 R B R I R K

B TR N S A S e A R A s LA B R AR, BRI o S RO AT
PR AR o, B RO X KRB AL R M BIE L, R R R, AR IE
B RGP REE BB

& £ X #

1 & R, KR#E, &R, % HESREEENHLBSUREEN REENE AT EYRTER, 2002, 29
(2):168 -172

2 Feng HT, Wang T C. Selectivity of insecticide to Plutella xylostella{ L. ) and Apanteles plutellae Kurd. Plant Prot. Bull. ,
Taiwan, 1984, 26 275 —284
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Effects of synergisms on insecticide susceptibility and detoxification
enzyme in a field population of parasitoid Diaeretiella rapae

Wu Gang'  Jiang Shuren

(1. Department of Plant Protection, Fujian Agriculture and Forestry University, Fuzhou 350002, China;
2. Department of Applied Chemistry, China Agricultural University, Beijing 100094, China )

Abstract: The synergisms of enzyme inhibitors on the susceptibility to 6 insecticides in a field
population of parasitoid Diaeretiella rapae (M’ Intosh) ( Hymenoptera; Aphididae ), collected
from vegetable district in Fuzhou, China, were detected with a dry residual film bioassay. Sig-
nificant synergisms of piperonyl butoxide (PB), triphenyl phosphate ( TPP) and diethyl mal-
eate (DEM) , in the order of PB > DEM > TPP, on methamidophos, fipronil, avermectins,
fenvalerate, cypermethrin, imidacloprid were found in D. rapae. PB showed the highest syner-
gism ratio, ranged from 5. 0- to 9. 6-folds, to methamidophos, fipronil, avermectins, fenvaler-
ate, cypermethrin and imidacloprid. The synergism ratios of TPP and DEM for avermectins,
fenvalerate and cypermethrin , and that of fipronil by TPP were less than 1. 9-folds, although
synergism ratio of TPP and DEM for methamidophos and that of DEM for fipronil ranged from
2.6- 10 3. 0-folds. In addition, TPP and DEM also displayed high synergism on imidacloprid,
and the synergism ratios of PB, TPP and DEM were 9.6, 6. 8 and 8.2-fold, respectively. PB,
TPP and DEM showed no inhibitions on the activity of acetylcholinesterase, but strong inhibi-
tions on the activity of carboxylesterase (CarE) by PB and TPP, and on the activity of glutathi-
one S-transferase ( GST) by DEM were found in D. rapae in vivo. The results suggested that
the tolerance to the insecticides tested was associated with mixed-function oxidase ( MFO),
CarE and GST. In particular, MFO might play the most important role in the detoxification me-
tabolism to the insecticides tested in D . rapae.
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