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Research advance in sublethal effects of pesticides on silkworm , Bombyx mori L.
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Abstract; Understanding the effects of pesticides on silkworms is important for both evaluation of pesticides ecological
effects and rational application of pesticides. In this paper, effects of pesticides on growth and development, economic
characters and food utilization of silkworm were reviewed. In addition, the mechanisms of sublethal effects of pesticides on
silkworm , in terms of physiology and metabolism, tissue ultrastructure and cultured cell, were introduced and discussed by
considering research results of sublethal effects of insecticides on other order lepidoptera. Overall, sublethal doses of
pesticides result in inconsistent molting, reduced weight of both dormant larval and pupa and prolonged developmental
duration. Sometimes, cocoon-making time of larvae affected seriously is delayed, and functions of cocoon-making or
spinning are impaired. All of those in turn may influence cocoon quality and silk production. Food consumption and
utilization of silkworm are also affected when exposed to sublethal doses of pesticides. Disruption of normal physiological

and metabolic equilibrium, dramatically adverse changes in important tissues, such as midgut and silk gland, and damage

ESWE L T4E [ E B2 A RPBT B R E (2005-82)

U545 B #7:2007-10-03; 4&iT B #4:2008-04-15

EE B RNAE(1963 ~ ), B INTEHAEA  BIFR R, FENERGFEHFHEPR. E-mail: 7j5963@ 163. com

# JBINAMEE Corresponding author. E-mail ; xwqiao@ public. ty. sx. cn

Foundation item ; The project was financially supported by the Scientific Research Foundation for the Returned Overseas Chinese Scholars of Shanxi
Province ( No. 2005-82)

Received date.2007-10-03; Accepted date:2008-04-15

Biography . ZHU Jiu-Sheng, Associate professor, mainly engaged in agricultural chemical environment toxicology. E-mail; zjs5963@ 163. com

http://www. ecologica. cn



7 RNt S RIIR AR (Bombyx mori L. ) BT BFLHUNBIIEHE R 3335

of ovary cells are primary mechanisms for sublethal effects of pesticides on silkworm. sublethal effects of pesticides on
silkworm are variable, and depend on pesticide types, experimental concentrations and treatment duration. Since the
mechanisms of sublethal effects of pesticides on silkworm are complicated, it is necessary, further, to investigate sublethal
effects of new pesticides on silkworm, in terms of biochemical and molecular mechanisms, and effects of combined pollution

of pesticides on silkworm.
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ZK 2 (Bombys mori L. ) XARE \HE, B—FHERVATRETNINE o 8URNSsd HR R, 2K
AR E YR REYHZ —, EA—FERNEFTRE, 2iF REFZEmMNENEL) BERE L
Tz, i BREE t R 2 55 — e B A s R AR 4, BE & S AT L 0 &
NI A0:3 SRSl AN -0 I 2 S a9\ R et D TR S>3 1 s I

AR, REAENTIRKIAYITRSR S , i T IOV REE S HAERETHHRAS, AL RG]
Foor R I, LR BT, % 5 R RS RS AR R AR BE AW R AR . K,
AR 2 B RA A BB R R 1 , AU RS 2R 30 BRI S R ARy BBl v X R T S , T ELAS [ iy R X A F AL
HGWARARR, I AR Z SR AR i, R RK PR HRERAED Y XERAR AR KR
METHRRZ """, BRENSMEESETREFEBWABIIR S, B9 25— 7 I 4 -7 Ha i 24
JRRGNREBNRBENEURELRER MG TRAESKENRBUN KRR, BEFHRGRE NI E L
B B ENEF AR REG AR R T AT NS W EBGERN Y B BT
ME R, TTRRAXNEENIEBFERN IR ERX S RRAGHTE TG BRI AR, T
HERAAREBE AN EREIS A EY IR R, ASURIE A R A X K& L ESCR BT 5 2t B A
—&R, PR TR RS G RE AR T 8%,

1 THRPERERBZMTEBEHERGHER

REGHRT HIEVG , B T X B ind Y EER G E RS, BEE R He 2 B 1 22 57 LRI [RI G HERS , 3o
H4r BARE Y MARIT 2 R SR B PR A A WBGERN > . WBBEAUN R R ARG
BTN B A YIRS T T 5 HR AL, B A M AR AR ST O B A ) PR A L2 P
JRAES | — o B A% N B s A K VR X R B e S BAOPEA  BE  BRAE Bk A A B A
PRSI NETE . MEIREBIERBIRIR I RES N 1B BA — PG — R E, — e
AEEERXTRICT, BT HIE ¥ BT 8 B I 3R WEGLRN K B AR R GH TSR &, W
B R — AR X, AR R BB S AT B BB R T i TR F R R R A 4 A B AT
MR RN AR AN [E] AL AR 9 6 B HH R, TEBAE0) 8 19 BUELYE B AN BB RS X R A 7 3N I L PRk B 2 {H

REGXTRM R E BT5 5 R R BRSO ER A HR T AR LTI TE, (1) SMHRETEE:
KRG EAREMHEHRBER, MAREEGERE R, 2K ROKESEYHAE  BEKZLZME, 23
R AR EIEKRA IR, 28R EE B AK RS RRE ) ™ 2K GRS B R 25 B RE S R
RO, BEE RIS R, 45 DR (R BB Z Bt , th T BT A, BB BURZGER) 152 FIEs iR
(BMEHEAARBKRE RERA, ERBR) 73 MRRBRAE, EEINRBRIARY FRRAR
WEEMT HEEREAERE, RE—BRARERMN A THREMIIWIOLH &R, (2) WIRBE: R
O B R E A S R TE R, BT RENEL, RER R ERE S KBS, HERHO R
Z EFE, MZ B S HERBARNEAMEE, BRESAI, REIGEA S ERBT BRIXETER
SINAERE, FERIN . —RAARES R, BRBOHER ; R ARRESIN CER REARICAR
HA FRASE R RERBOHR S NS R EE IR B A BUR R B R, BiE RACRR A, BARAGHF A
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Ko FERE FIARL A R B (R ARRR, B XUE R 22 , BT I D, T K wh Rl 1L B 0 T eSS ) R 25k
FAMBEIERS AR, W TR MR T BN R RY ., 3)BESKEY - ARE BEM TN
REBMRZGN , RABHENEREEE, TEREREYE, JERBRETEY, W BREXERG
BUHBEERY, WETaS REEMERGHE,

2 RGEMNREBLTE BT

RATUERSREBET, WAWNRBNARE S METHEFESERREM, BIR Sk
THEFABEWHFE, R T RRERE AT EEFHE KR T A BREZ TR, REOSF R
B R B E 2 B,

2.1 SRBEYHEEW

HERBSEFERNSHEIERNEAER, T EQEAER AR AEERS FE KK, Kb, ]
BRERRBE LR TR NBROIEIES — B RERE T oS RIRE A TR B L MIRMER R FFo Saha
&) AU BER 2 RBE (10,20 \40mg - L") AR B R AR R RS, FELI b 05 A0 Bk R E 3 B B R
1%, 3¢ ELREZ R B 3 R IR . FIBRBE A SRR BE A B K2, B4l iR B ) BAR T2
B 2% B EAAEE(0.11 x107° ~1.08 x10 °*mg-L™" ) A HLR &G ,3 WIRBH A EBE TH, A
W% S B R (T  ADTRA A ABRA AR AR R R, SRS IR A 2 (0.1 x
107°,1.0 x107.10. 0 x 10 mg-L ™" ) AbBH 4 I E R (NI HEA 4 BTN 4 BER),1.0%x10  mg-L™"
A b e B P B SR B IR B AR B, BRI o KSR AR, (B RR B B ) TR

REFPERBRRGX REEWEEHN— N EEF T, SERBE(10,20,40mg-L™") B KR
Z, GRS H B EER™ , 2R EW(1.7x107° ~1.7 x10 " mg-d ™) LBH W RE , L REE
BT, R MR T B RER, 33 RESHTESFEHEHERE0.1x107°,
1.0 x107°.10.0 x 10 *mg-L™") b BE B9 R0,3 IR B A LI B B3R, BARER , REEE, HER
RBRMETRRE,

R RBIETE S —E R, Begum % 3B 7 Rk 2589 385 8 3 5K B Y B HEAT
T, BRI DL R HSF (2. Smg-L™") FI-H4.(100.200 mg-L™") AL /5 W ik 7= B9 B W 20>, o 3246
BRI, LR, FIEVIBERZ e MBEAAE R R IR T T R 5 R G E S
BRAO IR 2 5 A8 AR 258 2

42 Begum % AP OBRGT LS 5, REGXTF T AL 12 0 BOBEAR N AR h L F LA T S4BT 5 L Ab
PG 40 AR IR, AR TR /I, — Begh h R BNt 42 250, KRR A4 et 2453 R P FE T R P, G
Bl B BB TE B 50, (B R ARALIR . XHIET S, A/, B SR B R B R B R B R4, Bi7e AL BT
JBEETS, SRS, ISR TFARERRE, = A G IEEIN, TR mERIETIER AT IR,
A BRBETE BIRAL SIRALIS 24h JEFET,

2.2 MRBLFERE W

BHRBIOER, RREB WA NEFNE, RRERNBLATINERSRE, BEEALHE &
B HEEI N EELREREREER RN BK.

FAA BB Z BB T BFEH & (0.2LD,)) MMM BMAIE S RFEEE L ¥, 4 E HEBNKER
P BEAR, Hh, B R E AT RIESRBE Y . FIARREN SmB b FE, BT 0. 16mg-L 7'k
B RO T A B IR WX R 1 ~3d, AR E B RS PR, St R — 245 IR T B A K
BEUBRB RS, EAREE AR BT AR RE BRBA R, BEEN BN TX R, LERH, 2%
BE5HERSEGHEREE™ . AMERFHRLHELNRT ESBARE, BB AR HHE IR %
RFoh, PSR ERER , FRMEE EE SR ARG — 25, 3k LR SR B B 2557
BRI AR ; MG R AR 1.08 x 10 *mg- L' Y2y Rutot, RE B BE T M Mk SR EA
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10. 80 x 10 *mg-L™' Je25 R tit, LB HERYH B ETHE . MIWAS" AARKEFEHERR
REFREABRRES SR, RAGFEF RGNS S0mg-kg " RBHHEEANHERASIRTVRE, B
A KRS HERREN RENR T RN HRRE RN, BLEENEERSHEE —EMERY,
B, EWBFER B RAME T, FBEEFHERZI W, RUELE (LK) HEER, 2 ERAZE&RA
RS, FR AR R 2 R 2 AR 2 Y B RIS B 0 5 o

2.3 XMNRBEFRFHBENZ W

AR ESRFN R H AR W RS AR e & AR R W RERRmU . A
Rl g iR i DS TR F &4 T B B B R A SR, MR RAE KIS BE,

HRER RN REOEYHAEREREM, Vyjayanthi Z° RARERBOVIETE THIRY
Fie . B & (LD, ) X436 R /R (Mysore) Fl NB,D, X7 i 4 i F1 5 i g BRI R . 5 R %L H
FURGEE SRS TR R E SRR, RS 4 R RER S 4 b, HERBRR(EHRER . FikE) M
BERYEEH(CHREYA AR YR B ERMK, I A ERZRE RS L mBEE X, 21
PH, KR BUREEE T T REBREAT ARSI TR HA AR,

BRATEI R, EEY PR BHR B AR ELYF AT EIEMEN, Radhakrishna 2 B
TENBER BRI AFERERFPABAAROER, SRER, RN LRI E MR IERBEN 2 mpk
i, RBER T RMFHACBR R BN, SR LR EE , RENZFEREERE, BREARG
FEFRHAFEMFELSE, KEHF NB,D,HLURIERBEM M B3 R0 5 R R R,
T 2 28 P B AR FEAR LA AR [F) A8 S SR b 3t g SR /5 R RB 38 0 . i 1AL 38028 B PR T e e b s 3R
g AR, Bi &l d i 2 R IG R TR OR A RE & T3 I e Ab 38

FILAHEN , 0t ERFAERRA T REE—ERE LT ZE YR MR (B YE A& R R el
%) , N R & BT 0 DL R BA R E RIS
3 RHGMRETHIEZR LI

B AT# KBR300 R BT BN AR BT £ EEE R E AR HAR AR R AR
M 3 AN HTE
3.1 RFAEHRBHEWE
3.1.1 XTEUBRER AR TR

R B MHEWR YT , LB ABESEE (acetylcholinesterase , AChE ) BB L /K il X A 1 4 2238 i £ T
REBR M AR FE A 22 R Al %53 RO IE TR, RA DB A A F REE X R MM E B ER, LR 8%
MR EEARAR, B N A TRAM T IR RIS I,

FAA DB R B R IR B Z BB I BFER & (0. 2LC,, ) AbHL 5 IR B , IR T INES NS B h Fn 22 ik
i) AChE Y5 M3 230 H , RN A+ ZBHEmR & B 75 . RWANBER B HIE T TREEHE
AR RER AR, FRBEE AR REIT N RESZE ., FEKF ACKE 7] LI Wiric
YR TSRS RETHEIBERA R,

3.1.2 MFRBERARPERR W

YRS ZMHPLELAR, ENEBEREASEN BB R AReZRGPESEEER, Hb
R A ALY E LB (SOD) Fiid AL S (CAT) BRHLIREEMIL AL REHR R, 8 8 (MDA) 241 HAg i i &
LB R =4, B, R AR A A W s AL B R IR S E AL TR — BB & &, 7T LAUR BRAURTE B B B 2R e K
AR R ERE B PRT UM REZARGRENEE,

RIS WE T REEBEXT R E S 4 B R B ALY AL B B, 45 R BN, 4G 48h UL
P, I SOD FTE PR R T X IR B2 5 #/E B F SOD 7E MK T3 MR s I HLAR BR B v B8 8 K, X SOD
EHFIE R, XWiil SOD B HAEREZIRAM BN, BB /E R MMM S &2k, FEw LR
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% SOD {E MR MR KRB Z AT FHEE UKD BEHBRER,
3.1.3 XEREHNE A& EMHELEE NN

BFRBYBNAREA T ER—FIRED, EE VARRICA FER BNESE T HREENE
Mo ZBBZIRIGME, KAEE&E SXRM LR, 2TBFHE (0. 20C, ) RIERBEN ZHBEL
HH 5 8RB, AR AR 4 itk P 2 4 . DNA 7 RNA S 83 B E|MTXR™ . 22 30m 400,600
800mg-kg ' YREEALFERY 5 MR T WA AT RIBER, R P E A S B SR KRR PR, MiRAb 2
MRE MEEFER, EASEWE L7 L5808 200mg-kg ™ AR E B 5 RGN FE BB —3K,
B EFHRE A Sd W BE/R TR,

ZEBARARSREEUSEAROMEEE X, BRIpERAME K% R~0E g RIKEEZ0E
AR RIKER . KEBARY, TERANEAOMEEEL. FHEBILHE (0. 2LD) RIEHBEM
B 5 R &, FHURMI AR FIMM B rh R A EEE B, BEESBEA () WEN B B EERESE
W, RN AEREE YRR AR KA A M A QR BL AT B E R, RRERNEETEEAK
AR EERNEEEA™ . FBRERNEABEEGTEZIRGHMH, REREFNE R
REAHFRM, FEBINEE (0. 01 ~10. Omg-L™") TEE W , R BB E NS M5 BB R BBAM R, 7
FES B, FRRERIEREHBE ARSI TR, BE S RAPSRANR . HHITRN, K%
JE ) TR BB (0. 002mg - L") Feh 5K VP 28 1 T AL AT R EE BRI IR I R R ™

PR E MBS, R ZGE N HEHLE AR REH . FEBOLHE(LC;) BURM ALK &, Kb mN
TR P o TR 0 ek B IR, YO S R, U AR R T R R IR A R

FERZHMHE T , REEABKAL G R B S RERL ., KERELIILHE (0. 2LC;, ) RIEFBEA
ZHRBERA T , ML EL AR BT 1A P TR TR R 2 B O PL IR B SR S R () Rl L BRUK P T 5, BE AR /R SCHE 3
e PR R R DL , 2 T 5 PR 5 T S R PR S Bl 2 TR (1, S BRI R R0 , oK AL B W AR R R 7R
W, RERBEA Z BB KB R POE R R —E N
3.1.4 FREXTRADUH:EELRIBITE

AFRFRE SR BT A 2R, HWEE" BN EREEN SR RRAENA XY
—SEEERE B T P LA BOR AR A, IEA T K& R A BRER eI R PRBR BRI M SRR . REXIRA
BT, R IR PRt T 2 B R AR A e A ) B T RIS RS o SRR AL AL H LR BT 5
AT RENRTFET
3.2 WREBEBHLHELBHSAHIL R

SR R ARG E KSR B T BRI KR L BB R BEA LR . K& 2 AR T 33T
78 10 5 LA BB X8 T B 2R , FUG 2 IRE 2R IR 4 K P BR A 184 , R BV ZAR I B R, 4
R, B bt , M 3K P REL T PO 5k PP R B TR P 3 A, TR TR A A, DA R R XU T R gk 22
Thee™,

RV — KRR AGE L RA T TN RENHA BT RRE —EHRWH, AlIEH e
B ( Bacillus thuringiensis , Bt) 2 /K RE4E-A i R KMD2 A K9 R HIRSR 3 R BEZE 5 ], i P L
B RE T W BRI, RN b P EE AT 40 o A0 [ 0 20 M 9 S S B W B AR L AR, T B A AR
BT E B DY R B B B BRI AR R A BRI BURBE A, BN T ZEEEW AR
BB iS5 , TR AR TR, BA FBRBERRTHER IR,

EPRIRSERER , MBRAGTRERZZN —LEZHARE W HANGELRERLSEHZIH
1, B R EFR R REAIE 22 B8, AT BE— PRI KB A KA T MEHF R,

3.3 WREIHFHMAI
AR T R P A T, AP SMA T ORISR A AR B p R R A B SR T AT O, B XL
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AHEE FERRSEREHEHEEEE N, DEWREY, R RHMBLEYHIE T, RE N
RS BT BAR

BT AL B R 2 O S SR A, 49K B 5 0. 0625 mmol - L™" i, X7 BRSL 3% SR 4 g 48h B I R T
ERAR; B AR 4 25 0. 0625 ~ 0. 5000mmol - L™" 43 24h 5, 9 55 40 f 4% tH B HA B i T B4 PRk 26
0. 5000mmol - L ™' 4:3 48h /5 , 7 U S 3557 40 DNA 4% % A2 Wi, A g Bk HE vk 58 2 O 58 200 J 3 78 70 9
TEI BN B 5B A ] S5 30 B ONE , B AL TR B 5 e B P b R B W B R A B .
BMETEM N RN IEFAEEE —EREMH, 0.032mmol - L™" LI F ¥ B it T 5 By 3 U9 S 40 fi 3 5
TR HEVERT , (B0 B WA vk i Ak e i hn I o B2 2, MO A K ISR B 2 B, BE T 20 BB BA B 3% , LA e S 38U
B RIRRE . T LB Ao R SE 3 R ARG LCso (72h) 9 0. 051mmol -L ™", ¥ B st 0. 128 mmol - L' i}, B 5 B
S0 DNA 55 %2734, 3 DNA #6517,

4 5%

UEAESR , ST 2% B xh B B W BORER N B BT B B — BT S SR, AR B XTI TI SR H
H— /NSy, RIS BIR A E M R R H T, BIEANA T ES RBN B RNTH ERET LR
Byt R BEMS, R WESH BHR R B R AR e R R TR RRE , FRESRER
R b L IR B R TR

B2 BFEH] B i 3% 3 A RMOE R R A, X T AR R S Bt e E h FRERM FEREZ —. I
Nemoto 51 SRS % B0 I 3L 8 19 K 2 BRACTH/NSE MR 4 1840 s FAR , AR dh B 2 3 0385 , MR ol By 7
SIEH B R TXR, 5—SeBTores S AIF 0 AR ) X 3 8 5 i 58 B MBI VE . 10 Laecke &7
TSP B A BENR e sk IR SR AR IRAL FREHSEROIR A 3 W4l b, ISR e IRAL BG4l o 6 — 4L 5 IR P A 2670
ALFEH U 90% B MERRE R B R . 78 10% BB K I A —E B A FIENR (0. Img-L™") 4R BRIP4k
) B o B T (L = U B 0, (B DR IR R 16% , 3 FLRBT = IRNA MBI BRI R B3 5 ih4h i,

BA B L% E TR PTFLI BN Ve IR, AR B Ed R IR SR BEE T RS AN
HERRBERRE S,

B A B A T A R IAEERE (CaE ) A BEH K S-675ME ( GSTs) FIZ ThAB A LME (MFO) 45, H 51
BER A FIANEAL A A S X8 B 72 B3R R R ML SR I VR AT T B s /R tH R B, N TR TS T
o Bis S IR R R, WEFEH & (LC,, ) BT 4 T 2 70 0 Ak S U35 B A B /) S o SOk B 1
GSTs 15 A —E I AR, XTI M & B CSTs 15 H:A — sE 4 HI/E s X GSTs 3 /2 Bhoe 20, BUR
ZFBNE SIS GSTs [ Km (8 Hoad HRFEE T I 40% , 3EBI B AR SUEEAL B S , GSTs YR 37
B BIR, RS BTTSTES 2R, LSRR IR 4l 2 55 i 0 A5 B AL U , PR A K B
AT IR N30 SR PR R R, AR 40 2 Rl PN A R I R R R B, HE I AR T
BE PR X ) B T SR ) 19 MFO 3585 5 5 =2 19 GSTs LA K CaE 540k 5 45 & HE SR T (i EL R R 2530 10
Rk B W BRI, B 2 B e R E TE R B 1B B R T AR

B I B BT R R — NP 2 I 5 2R A BT N B R, REM SRR T HATH . B
W& IR R, WHFEH & (LDy, ) I DI MBI S T ERER S RE R R NWE TH, Wi
PN TR R SR 1S 755 3 7 2 B B A9 SR, Haynes & 4R 38, WBSEH B SR BB SRR a4k
( Pectinophora gossypiella) ,4d PIMERSRABTE 20 R 2 FRORA, T LI SFEH B 2 ) xh Bt SR s,
TRERE N B B 5 B BB RAL K TRV T AT o

A BT TS T BT 5 o . el £ L 7 6 5 M SR 4R Y SR AT P L . TE BHBEHI B (0.2 x
10 *mg-3k ") WAL K- MANERE Y TR SRR L A, Ul A o 1 SR B 8 2 T T B A% , 32 9 2 I A BBU A £ B9
LA TR B S IE HRX AR, 2R B AR TR A L R SR A T SERREARANES . X
TR BB R B AT N R N S o, HE TR A SR 3 B W B 7T e R S E R AT N
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HLLE RGN ENEFRLBSERL RN E AR, TE WETERET RYH A AMET %
R, JEFEMWET AT A7 AU ; XSRS BT, B A A H RN L B
MEWETEREW, EENEREPEREMANGERRERRLTE, RN F RSB P
RO A L BLH BRI R BRI BB IRAEE%,

BRI, 0 BB KO BOLH BAR A A R B RIRMEA T, IRERENREERR, RFHREK,
FRPEEHE( L) RRHER, B 2SR RA Y, ZRARBHRE TR, | LRBIRGE—ERE
bR REE G B R IR TE DR AVE IR B B BE— I R & R AT N DL R BA R B AR R LB
RO A LB, — W BB R 25 T 5 % B AR Py IE A2 BUK SR P O P 30, X R & A B ™
AR R E BRI s —RMEBRGET [ REN —SHARIESEMZ R, BRI LI REMESR
W IR s = RAKRE R AT R bE T , KE IR MR W R SR T B4

ERBESRGET , RERARE , 2 K& H B FA TRl 2R A T55, KEA W REH A2
WEFCH KRG, BIRRBSERERGNE RN EEEERE MR ZEESYFAT B R HEiXt
REWLBBCH AR EBRFENEZEBERAT SRR YAHETE, NERE KM 2Kk
P TIK EX BB 7 A LB A T RO BT S AR T B LR R 2 i . BEE REGEIFPIE IR A7
B U R E Z 250 B AR BUR G AN it R A R, R Z X R BRI BSEA D B R B H . HHHERE
ZRIIFR AR BASRETHE AR RERIRWE IRIFTRAKELBSCHBIT, F AR
AT TR TR TEU A RAR RN R BN, RSB RAESEEEN—NERRET M,

bR b, AR A ), S B ) A B R W BSERX — B, RE
Tl ARRERIR S =307, IIB0R BB M SR R KR A Y E R ES, H—PMURAEE
BAREF BTN , T BSCBUN R T HUE X T5 B RR 2, A HBIE A RAE B
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