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RBBAREFTEFT I/ FE G E
HIT A B B AL
B2k MRE FAR BEA

(BMERLBFBERET, /A 550006)

M ARRANOREAEXIREURRELENEE Plurella zylostella L. PUgh 4, s 8k
REMMALE TG E 35 RLBMRENNREN RERNREANRAGURETNERLES
BETSLEN 5. HIARNERERYES BHTANERNAER R, LHNB. EEPEE. il
BAFBERANEAS 1 HRARRAARRZRIVN EEERNR RSN ERE R EAENORR 5 &
KX WRARR, FEANFHRZ AT BOER T, MHHE, SRRBNFERETBHE
M AN RAAER AR LR FEBNXER ARREHNENER, EAREHK, RRHE
Bgga ik (PAGE) BAERVLMAHESHREMBOMKE—EX . AROENBREFENSE,
ML AT BAAS (AchE) Gtk fe(K, MFKERS (CarE) FEHTE R, MMKH Pb fu1 SV, F
P RRE > WUFRRINIRR R BT 6.28 R 1.45 HHMRIEA FRRENEBRRFSBE
4.85 R 1.39 fEROM 1 AL I LS RS (MFO) hEBAR BN MR AEANEER T,

XRF X FEX FES L

FREEREVHIO RS F,

INSEIR Plutella xylostella L. Bt FMm-+FiHER TS,

AUMRAEEENETESESNRAWEFER, ok XREBIHRESNE, B
B IRE BV R EF RIS R , BTN ST 5 AN SRR T R B O %
AN L ERBFINZE M B, HFNRROT /NSRS RE VLT — 2
FOABERR BB RGBERF 60, B EEROMIEREE, DU RFB R 254 8
BROE kIR,

S B
(=) AEEFREERMNE
L. gtz
(1) #EM (Dimehypo) ¥4tk abibnHE BECHMNE L THF B Do
(2) 45T (Padan) 98% FEUBH(HARBLHTUBRLH ),
DLEShyidt A, FHRERIENEL I 98% MAKN, 92% REIWE,

95% WHFE.80% BHRILIK. 0% RIRKL,95% DHIHHE.90% KL, 90% ARE.
98% A HIFK o

AXT 1991 % 11 JlKc,
* BMEHERARESTHTE.
ALK T8 B EA 2R MBI ATA ok AR R 18 ST B 1L M.
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2. B R M EFEAASNRBARERATEEXBFESHEZH, 22X
fAsE 1 RUEMEEIR L HAY LDy 18, R HEWG 0.55 B/ 3k RIEF 0.24 T/ ko 5
BT B WT S AT R B r0/ D B B R Bk 4 R LDy, fH, R4 1.50 3 78/ 3k %
P4 0.27 58 / Sk ERER , FE(E 24 0.37 1 0.89 £%, IEBIZBLRA/N SR H B AR BE M R i
PUGIE S CORp) - 8 A N

.S S FAO (1979) FIRIALEM G E(98 DM HHEHET T &
2, HEAE MERARN/NRBATLIRR 4R, STEYERESNEEARIERRE,
RFFRBEAER 25CH1°, X HH 16L:8D,

4 HMRESE ARESAELET MAZENSOE, RAABELE, %
ik R4 CO, RERRBEG, LIZGHIM LDy RE MBS 0.5 I 2585 3l
REIG R EE , SR EL R 2000 SLEEH, YK 70%, KBEFEHMERELT—R
S8, BRABFEKER, 85 RWE—R LD, #, FREFBRLET 5 Rikd, ¥
F—REURBAFLENN R, 5L B RARBERY @5, UHEFERAR.

S. BEhMESE RAHFRKREAR (FAO, 1979) HEFHIXT/NRE T2 4 PR
T BARA 2—3mg REMEE LR, FHARENE. UREIER, GREXM
FIELFHE DD BB R , B H R 5—6 MRERT, H—RE A MHRE 100 3k
gk, AEHR 6cm MBI, LM 10 LML &, %% CO, RENREE, £EHRBY
T ALTE 0.5, HOZHHE, e BGOSR DLH 2 M 433%, 24 N R B R, SREEBHIRA
W R, BRFETHRAE 5% LIRAEGRER, TR RERTH, A PC 1500
PR EREIHRRE LDy FHHE,

(2 ENHELEE

L EiEs & Rk RO REGLRE 4—5mg) 50 3k, IR ED (5000rpm,
4°c, 20 4340, B LB 40% BBERRE —EEOBRER. B ARARREBR &
BREEEREKECKERE,1981), BERERE lmn, SEEKREX 7%, REBRKEY
2.5% , ik 50pl, HLEKAE 0°C DK EVK AT, DR SE A 30mA Hipk 30 4380, KRG
F+E 40mA ik 100 5, HKEHRBEBERETRE R P T 37°CKBRE, HEEHE
Ehit. REBRKEREDE CS-910 HNFRFEAMN LHH.

2. EEERHIE R ER W E

(1) $ERfEEE HX 20 SLPOHR 4, 0 8ml 0.04mol/L oH7.0 MIBEREZEME, &
RAKBRIR, TRET 4°C L (5000 rpm) 15 4, MEFRBE X B FH. 2 B
Asperen (1962) J5iEeEfTHEE HBE

(2) ZEiEmEREs (AchE) @thfapi: AchE EHME, 2 Ellman (1961) 75
Ho @METHEE: B Whittaker (1984) Jjik, H100 ke REVKBEH LR, TN Sml
fE MR, W oH, {ER pH, {Ho AchE MIHREITEY

ApH/ hr = <F£'I_l__,_l___._b> f

R b O EW AR KRB G f 0B EERE pH EHRRZE.
(3) EREFHER Pb CHEEOM SV, CERB)HIURERBBEARITRE, #H
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BB, S — BB AV BOT RS OS BE 0.5u1 T4 Rpi B iR, /i TRt
IRHFIOENNE. SR Brindiey (1977) BIFBRIHEL (SR) Rk E (SD).

g X 5 4 i

(=) AUEHTER

LR EINER SR ET HHAT (F, R)OMUIRLHE LDs &% 0554/ L 7
PRPEE AR BNk BRRYIKEE 29 1000ppm, R4 SkPUid4h B A RME B EH 0.5, LIGE
LEEEZIR S W F, R4 B & B 4000ppm; Fy, R 8000ppm; Fyy £ 16000ppm;
Fy f832000ppm; %] F;, REEKECRST 64000ppm, £ 3L MUt 41 1 A BB BN &
K 32ug, LLEFIETFIBEET 64 5, AELEFR 38 R, LB PHAEFATE 64000ppm
BEEEE,

2 GLREFH RS AEE  SEHRT (F, ROME4HRN LD #26 0.24ug/ 3k 5
—REE A RS BEIREE S 500ppm, R SKPUE4h A BERAE K FIE S 0.25u4g, DL
ERBRERS RS, I F, fRIKRE% 1000ppm; Fye { 4000ppm; 3] F,, UG REE
E#R 5% 8000ppm, LR B ABMNEBAEN 428, WRFLETNE R 5 16 5,
UREISE Bk BE 4 55 72 8000ppm (X H HRF,HELFF] 36 1R,

LNEBEBUREANES RULEEFANDREREEHEL F, RUTE, |
B3, AR E S AT A BRRR S E5%, USRS RS R

USRS 5 fRBE— &/ N PY 8 450 B3 2 RN FI R ST LDy B, THREH
Bk RRE&GE,ERNEZ 1,2.3.4 Tl 1,

%l REWHPRPNEZWER (1989.11—1991.9)

R #R ERAFER LD,, (95% BixMR) e |k
Bitgg (y=3+bx) (S (5 F, ) (0

E, y = 5.4234 + 1.6332x 0.55(0.65—0.46) 1.00 $4.9924

F, y = 4.7253 + 1.7078x 1.45(1.77—1.19) 2.63 0.9742

F, y = 4.6172 + 1.2711x 2.00(2.47—1.62) 3.63 0.9524

F, v = 3.3314 + 1.7473x 9.02(10.62—7.65) 16.40 0.9973

F“ y = 2.786% + 1.83937x 14.75(17.06—12.75) 26.82 0.9939

F,s y = 2.6381 + 1.9903x 15.37(17.72—~13.33) 27.94 0.9939

F,, y = 1.5900 + 2.3736x 27.33(31.97—23.36) 19.64 0.9989

Fys y = 2.3370 + 1.6335x 28.34(32.97—24.36) 51.53 0.9804

BE 1A LA, 2dXHREEF 35 RN RS BAMN K RNOERE LD, H
M 05548 /3L FIERI28.34ug/ 3k, itk LTt 51.53 %, MR 3 FE | EHERSER X £
BN ERE R A MK, FufUHY LDs {H240.61ug/3k, 5 F, ik, BHIE N o
0.11,

RLME 1 EREY, 2 REFHET 35 A RP AN REAHOSKE LD,y M
0.24ug/ K FHER) 6.21pg/ 3k, itk 17T 25.88 £%,{8tk RS WA KB, X4 F
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B2 FEAXMERAEZWESR (1989.12—1991.10)
4t
nE EASER LD,, (95% BIXFR) G | ERAN
By K EN

Ry (y =3+ bx) (rg/k) (5F i) (o
F, y = 5.1321 + 1.8269x 0.24(0.33—0.22) 1.00 0.9698
F, y = 6.0232 + 1.8582x 0.20(0.33—0.24) 1.17 0.9931
F, y = 5.5260 + 1.3613x 0.52(0.61—0.45) 2.17 0.9887
F,, Y = 4.6275 + 1.8378x 1.59(1.85—1.38) 6.63 0.9879
F,, y = 3.2906 + 2,3288x 5.44(6.18-4.79) 22.67 0.9864
F,, y = 3.9098 + 1.4190x 5.87(6.97—4.94) 24.46 0.9969
F,, y = 3.5413 + 1.8792x 5.97(6.97—=5.12) 24.88 0.9821
F,, = 3.9014 + 1.3858x 6.21(7.31--5.27) 25.88 0.9978

3 RRAVMMEREZISROBHNE (1989.11—1991.9)

P
R EEAFER LD,(95% BIEHR) FAEE | HERN
ol (5F,

(y=a + bx) (nglk) H.) (r)
F, y = 5.4234 4 1.6332x 0.55(0.65—0.46) 1.00 0.9924
F, = 5.1482 4 1.5104x 0.70(0.04—0.67) 1 .44 0.9493
F, y = 5.1281 + 0.%146x 0.72(1.08—0.48) 1.31 0.9723
F,, ¥ = 4.8396 + 1.5392x 1.26(1.59—0.99) 2.29 0.9857
F,, y = 4.7903 + 1.7893x 1.30(1.54—1.11) 2.36 0.9945
F,, y = 5.0645 + 1.6430x 0.49(0.62—0.38) 0.89 0.9975
F,, y = 5.3629 + 1.4858x 0.57(0.68—0.47) 1.04 0.9811
F,, y = 5.3257 + 1.5135x 0.61(0.78—0.47) 1.11 0.9984

4 FEANDIREBLROHBHANE (1989.12—1991.10)
aR EYEN R LD, (95% RIEIR) BAEEK EXAN

-3 1

R (y = a+ bx) (pg/k) k) ()
F, y = 6.1321 + 1.8269x 0.24(0.28—0.20) 1.00 0.9698
F, y = 6.1831 + 1.6691x 0.20(0.23—0.16) 0.83 0.9969
F,, y = 7.3578 + 2.6850x 0.13(0.15--0.12) 0.54 0.9899
F, y = 6.0112 + 2.2340x 0.31(0.36-- 0.27) 1.20 0.9874
F, y = 5.5999 + 1.4593x 0.38(0.47—0.31) 1.58 0.9966
F,, y = 5.6069 + 1.3057x 0.34(0.46--0.25) 1.42 0.9547
F,, y = 6.0339 + 1.4606x 0.20(0.24—0.15) 0.83 0.9912
F,, y = 6.7187 + 2.2199x 0.17(0.20~0.13) 0.85 0.9828

B 1 URGh FR 0 R PR B 19 PR

M3 1.2 FE 1 ATUBBE N, ES AT MR RRREE, M F RUUER
¥ TR, A RBUTLEM Fy REUG. BB Fu RUBHREMKEBETRE
R, B NBRRBE S B, TINNERAE R Ro
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50f —e— RATAN 2R RS)

o AEARARARE)

a0l meee SERARMNZNRE
[ S BARSAENEK

HBRKES

o
T

B 1 FRERMARRE ARG E (19891991 &)

(=) fiREM (RS) MHEARRA (RP) MEBRSFHR RN ERE

%t RS F1 RP GREL Fy FREUSEIZ B4 BB 23S R B0 ST, R RIR, B
B DRLB @ NI R B ES BRI 3B K2 R AR % 5% RO BUR R, 44
RIE 5o

%5 HRAVAEARADRBIRMRANHT L (1991.6—9)
8 = HRALF HABXSER IREARR
50

5o | (e s &S uin o) &sy
FHN 0.5500 27.3300 49.69 14.9000 27.09
FiE 0.2400 5.0000 20.83 5.9700 24.88
IR 0.1300 2.1400 16.46 3.7100 28.54
BB 0.3100 0.1300 0.42 0.3400 1.10
R e 0. 1600 1.7900 11.19 1.0300 6.44
6 HRAA 2.1100 2.2000 1.04 5.2200 2.47
B AR 0.0828 0.0316 0.38 0.0654 0.79
RNE 0.1320 0.1019 0.77 0.1386 1.00
nHE 0.1437 0.0503 0.35 0.0360 0.25
RER 0.1018 0.0707 0.69 0.0977 0.96
AT 1.0446 0.6356 0.61 0.9388 0.90

M 5 ATEH, AR HRRREA S B ORANERAM R R (RS) 1 RPY(1) 3¢
DEZRARN ZAERBOXEHitk, (XA HLBE R BFIBER . DR BRI R
RS @AK R/S EH5H124 0.42,11.19, 1.04; RP JJ AR R/S {E4514 1.10, 0.44 2.47,
RAAHBRREBMLE itk G)XWHRELMNBRREEE. 8BRS, HEFE
BROXZ B ARBROERESER LH, EAXESEI R, X—SRBLGEEYN
KRB Y, BRE N R RNBGH P EERE T U A EERE L TRERRY
B, SR DA 2 A B8 i S BB i R R Y B i
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(2) HiREM (RS) MHEREH (RP) MRS F I

| BEES AR ARRBER Bk (PAGE) BRI ARSACER H
TEMB T R A 2.3,40

ME 3 RS AR HEEDT N, EFREERETE B.E. E, =AMBTHE
HHEETE 45 H 5o ME 3B 4 £7RAEH, RS &AM RP FZRBF B, E; W
Ey SAVERHEEEES . ETIAG/NEET R BRI RIE P ERES BBy E, =
¥ i Be R R TER RO IR A %o

2. hMEEREE MBS EGE ) F6 BRAENL,RS F RP AP RARR/NER
DB -o-ZEAEDNRBRESREES S AAMRAE —THER, BEAEE, RRRER
RAKBEERBREEE AW, (BAER BN REANSERT IS EHRERE, Zil
PRBRERENE R REEZNER.

%6 =SAMRRBREERPENIHERILHA

NEB TR BREIR K - NI R/S ERDEHT
HRBXEFR (RS) 5.4035 x 10~ 1.1237 X
BRAEALR (RP) 5.0757 X 10-3 1.0556 F
HqREFR (S) 4.8085 %10} 1.0000

* GiEARSEIKMILE P 0.05

87 =SANDERERZBEAWEEL (AchE) FH R4
EEprit e E e b e g R e
QESLLES ZpH/100 TEE
%p- N R/S ;f BERIK - 3005 R/S | pxras

RN EAE (RS) 0.34 0.29 * 1.8267 X 10-* 0.40 *®
AR RR (RP) 0.54 0.46 * 2.5960%10-* 0.57 *
ﬁﬂ;ﬁ,% (S) 1.18 1.00 4.5240%10-% 1.00

* GHLASHELALE P=0.05

3. 2R IEARERRE e ME TG RTED, IRERMLAENERLS RIGEHN,
RS BAM RP BAS S BALE, CHBBEEEESFTE %K, 272 %, BEaW
EERGH, IRESRSRCHMIRZE, ER R EECRERBEBNEERARE, &
B#—F W 5o

4 FFIMEER K Pb O SV, TRUIEHOI S B A FTRTL B, 5 0UE R
BWRIRE X RS BAM RP SRAMNMEIER, GRIEKS, MNERSERF I, Pb
100ppm,200ppm FI 500ppm % RS FHAAIMEEL (SR E) 51K 6.23, 6.28 F14.16;
W E (SD {H)4 8% 15.61,23.83 %1 21.53, B[ I{. Pb200ppm I3 A% T 35 ,Pb200 ppm
f RP AR SR fE24 4.85;SD fE2% 4.93, % BFE, SV, % RS B RP @AM
BEBNABE, RBLEREZH, Pb RHEME RS AR RP KARKKNSIIREL &
(MFO) WELVER, REREE, RAZFNRANIEEEZHT MFO BB/,
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%8 MUAMFAEHRUEDEINLRLMWNER 1991.8—10
=] iE%(?ﬂJi&E LD g nﬁ ig =
MR TR S (ppm) (mgl3) & G
HABRRBER R — 28.34 -
PFRBRNGER Pb + FHW 100 12.73 2.23 15.61
WA BRTBR Pb + FHR 200 4.51 6.28 23.83
PRBERZER Pb + #HXN 500 6.81 4.16 21.53
HRABRRLR SV, + FHR 100 23.04 1.23 5.30
PiFRERNAR SV, + FHN 200 19.61 1.45 8.73
RARTER KT - 6.21 — —
HREFRER Pb + RiRF 200 1.28 4.85 4.93
HREARE SV, + R 200 4.46 1.39 1.75

SR = _ AFBE LD,
FaM+ ARG LD,

** SD = FRAQF L LDy, — FRAN +IMHKNE LD,

Wt w

L 253 35RAGFEIKET , K BIE BRI/ N TBE AR, HIUIRGHE LDy, BHES
BIRY 0.55 02 /3k3R B3] 28.34 T / 3k, Gk 34K 51.52 5 RIRSH4L #, LDy, EHEH
BUHY 0.24 55w /KR F) 6.21 f&5a / 3k, ubE ik 25.88 £, UM R R R 2081
218 b IR A I EEREY, HEAREN S B, BH RP ARH Fo RUEZEFs R
otk R RREARSE , BT AR BRI M BRI & R,

2. W RBIEFFREFHET F, RUUGRESERRE/NEBRIEIR 4 5, 450
£ MZAFINE RERE, U TRLZ LR, HERTURAEEN: HARNRRRM
PUARIEFT R A R/N B D B HRER IR B MR RR, REFARRAZREREHZR
BHf s S HE LSRR R OEE R, SHRBRER SR Tt W 3Ea %
ARSI RO AR R S A A AR R RN K BB, AR SN
BHUEHM, X—ERAEEEQLARN, REATIEA Xl 6 TR kR
ROVEP B Fo

3. M Uk RO A FSURE AR R DN BB VLA R S R A, FRPAR
Zit AL R AR Y 5 40, A ER T R R RS RN, B RATUEH 285
HUNBRELZHTFER, QU/NREN R BRRRREN = E 5t 5 5% R R T
RERE —EXFR; EREEBEATL X, BEBEENR, AXGE7) FBEEMLE
BUERE RERU, AN ARS8 RGERILE, CBIOEAE (AchE) fEHEHH
BRER,BERBE, BEXBRE(ER, 198D TNEPHHBEDPEEE (REN., JEFWE
BANEYDRIE A EAL R S WM ORERERR 4k (AchR), ERMHMHARAESE MiEE, R
% AchE FAEMIEIER. HALRANEKY, DEFRNE AchE fIERARSE, —RE
RBUHPARIEH. MRITUERRNANHiERR AchE HIEHMERE, BEANN FE
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FERARHAT AchR MY BEBHFREREBRMTE AchE EMBK? BB 3—5H % B H.

4 WRFIRKE L REH, Pb REMBIRA SRR /NZ®RL RIAN SRR L &
(MFO) MIE/LVEH, MBRIERTE %,%00 MFO ESBUNUEXN 2 WA RE S =45
BRNEERE, BTERRAENFERESRTER, S4B RBITEMIN—E
HER, BRERER ARG EAONE, RAERBI T RAGEN k. MAEMILE M
E, BRERHERERTERALNBOBERMEN, RETERARERTRONS
o Bk, &L A F A6 B MR H 801,

£ * X w

IR 198 PEFXREARRENOBRNL RGFME(5): 40-6,

FLE.HE 1981 MARERFARGERNEIG, BRMA18(5). 233,

REME 1981 ALXRIERMER. 3 94—111 T, ARHEFHRMY.

Asperen, K. V. 1962 A study of housefly csterases by means of a sensitive coloretric method. J. Insect Physiol. 8-
401—16.

Brindiey, W. A. 1977 Syncrgic differences as an alternate interpretation of csrbary-piperony]l butoxide toaicity
data. Environ. Entomol. §: 885. :

Ellman, C. L. et al. 1961 A new and rapid colorimetric determination of acetylcholinesterase activity. Biochem.
Pharmacol. 7: 88.

FAO 1979 Method for che diamond back-moth (Plutella xylostella L.) FAO Plan: Prote. Bull. Vol. 27(2) No. 21:
44—-46.

Whittaker, M. 1984 Methods of Enzymatic Analysis, 3th edition p. 52—57, Verlag Chemie Press Weinheim.



418 B L::] =24 54 36 %

DEVELOPMENT OF DIAMOND-BACK MOTH STRAINS RESISTANT
TO DIMEHYPO AND CARTAP WITH REFERENCE TO THE
MECHANISM OF RESISTANCE

CHEN ZH1-HAO Liv CHuaNn-x1U L1 Feng-Liang HaN ZHao-J1U

(Instisrze of Plant Prorection, Guizhou Academy of Agriculiural Sciences, Guiyang 550006)

Diamond-back moth (Piutella xylosiella) larvae in fourth instar were topically applied with
-dimehypo and cartap in successive generations in the laboratory to develop resistant strains of
the moth. After 35 generations, the resistance of the moth to dimehypo and cartap increased
by 51 and 25 folds, respectively. The time course of resistance development appeared o be in
S shape. .

The sensitivities of the dimehypo-resistant and cartap-resistant strains to 11 insecticides were
tested. The results showed that the resistant strains had marked positive cross-resistance to di-
mehypo, cartap and thiocydam and slight positive cross-resistance to DDVP, malathion and feni-
trothion, but showed negative cross-resistance to deltamethrin, cypermethrin, permethrin, me-
thomyl and thiofonox. PAGE demonstrated that the resistance to insecticides was related to
the activity of special types of esterase. Activities of CarE and AchE were measured by colori-
metry and acidity analysis. The results indicated that in the resistant strains the AchE activity
decreased, but he CarE showed on difference in activity. Topical application of the synergist
Pb or Svi to the fourth instar larvae would increase their sensitivity to the insecticides, the
synergism in dimehypo-resistant strain was 6.28 times for Pb and 1.45 for Svi, and in the
cartap-resistant srain 4.85 and 1.39 times, respectively. I seems that MFO is an important
factor for the moth to resist dimehyp and cartap.

Key words Plutellg xylostella

dirnehypo——cartap insecticide resistance



