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WE: [ B8] 95 LN =K Ostrinia furnacalis 3¢4aFe 8k K F B 09 B B ALH], 3B £ 4 B A
R T FF R ke R, [ 7] ¥R 2 RE 04 RIBAS 5 mg/kg 45.0.003 mg/kg £
R OR W B VAR S mg/kg 43 +0.003 mg/ke & & K T B 69 A TR P A IR, vAEE AR AR A
A LREE A ARE R R P EFew R R MR B R H B (3 # 4 k| A R e M A
PR k) PR A B [ W BK-S-45 4% B (glutathione-S-transferase, GST) | & 8% & B4 ( carboxylesterase,
CarE) fo T @t A2 5% B B (acetylcholinesterase, AChE) | &, [ 4 %] 5 mg/ke4a.0. 003 mg/kg & &
FPBE R E AL (5 mg/kg 43 +0.003 mg/kg R R FELRE) ST 2R B A KL FHY &~
A0, AREFRELEBENERES R AR K, RS RARFRERT. 1 LT R E
Fa % R A FFAK, BT IR ] B H AR, 1 mg, 2.4 mg F225.5% . 4B + R R K T B A L
THEREH XA AR R R TR R AL d, AFBHERS, R RALF LA
19.4% ; RE MR BABALERIKL.6d, 45 A R XTEBIEA4S + A R X FELE T B 2
RIZ G MR B E LA Hra, 5T BANL 48 R R R T BLM 4% + AR R T BER AT 23 2 R 3
W dh R MR R T CST FWARRAFFAER, Lo + R XX TERELZARFLETH
BI il BRI G GST 3 R34 & T A dAe st LA, 55 3 JRAR L, 40 2R 3R T BLIR & 49 +
A ERFERN RE L FHE LM 2 KIEe CaE FRERINAIRER, A48 + AR R PR AL
Af &R A BB ) B RR Carkl 769 #p I 4E A R R, B 3 IRAR ML, 48 RUR R P B AR + UK
RO BB 3t b E ORI 3 854 & AChE F MR I A F -FAE R, st s fe s & P AChE &4 69 4 )
R—, [##] 5 mg/kg45.0.003 mg/kg G %k K F R A I H A 42034 4605 %o Tt B R385 A&
KAH A ERA R RAREG YA,
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Effects of cadmium and chlorantraniliprole on the growth and
development and detoxification enzyme activities of Ostrinia furnacalis
( Lepidoptera. Pyralidae)
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Abstract: [ Aim] To clarify the defense mechanism of Ostrinia furnacalis against cadmium and
chlorantraniliprole, and to evaluate the cumulative effects of heavy metals and pesticide pollution on

insects. [ Methods] The newly hatched larvae of O. furnacalis were fed with the artificial diet containing
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0.003 mg/kg chlorantraniliprole and 5 mg/kg cadmium +0.003 mg/kg

chlorantraniliprole, respectively, and those fed with the normal artificial diet were used as the control.

5 mg/kg cadmium,

The developmental duration, body weight, adult emergence rate and abnormal pupal rate were recorded
and the activities of detoxification enzymes including glutathione-S-transferase ( GST) , carboxylesterase
(CarE) and acetylcholinesterase (AChE) in O. furnacalis at different developmental stages (3rd instar
larva, female and male pupae, and female and male adults) were detected. [ Results] Cadmium
(5 mg/kg) , chlorantraniliprole (0.003 mg/kg), and their combined treatment (5 mg/kg cadmium +
0.003 mg/kg chlorantraniliprole ) had effects on the growth and development of O. furnacalis. In
chlorantraniliprole treatment group, the larval duration of O. furnacalis was the longest, significantly
prolonged by 7.1 d as compared to that in the control group, and the pupal weight, adult weight and
adult emergence rate of O. furnacalis were the lowest, significantly decreased by 9.1 mg, 2.4 mg and
25.5% as compared with those in the control group. In cadmium + chlorantraniliprole treatment group,
the larval duration of O. furnacalis was 4.9 d shorter than that in chlorantraniliprole treatment group, and
the abnormal pupal rate was the highest, significantly increased by 19.4% as compared to that in the
control group. The adult duration of 0. furnacalis in cadmium + chlorantraniliprole treatment group was
the shortest, significantly reduced by 1. 6 d as compared to that in the control group. Cadmium,
chlorantraniliprole and cadmium + chlorantraniliprole had effects on the detoxification enzyme activities in
0. furnacalis. Compared with the control, cadmium, chlorantraniliprole and cadmium + chlorantraniliprole
showed inducing effects on the GST activities in the 3rd instar larvae, female and male pupae and male
adults of 0. furnacalis, and the GST activities in different developmental stages of O. furnacalis in
cadmium + chlorantraniliprole treatment group were significantly higher than those in the other treatment
groups and the control group. Compared with the control, cadmium, chlorantraniliprole and cadmium +
chlorantraniliprole showed inhibitory effects on the CarE activities in different developmental stages of O.
Sfurnacalis, and the cadmium + chlorantraniliprole treatment had the strongest inhibitory effect on the CarE
activities in various developmental stages of O. furnacalis. Compared with the control, cadmium,
chlorantraniliprole and cadmium + chlorantraniliprole showed inducing effects on the AChE activity in the
3rd instar larvae of O. furnacalis, but had different effects on the AChE activities in the pupae and
adults. [ Conclusion] Cadmium (5 mg/kg), chlorantraniliprole (0. 003 mg/kg) and their combined
treatment can all affect the growth and development of O. furnacalis, and have different effects on its
detoxification enzyme activities.

Key words: Ostrinia furnacalis; cadmium; chlorantraniliprole; growth and development; detoxification

enzymes
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W T KR Ostrinia furnacalis 235 E T A 75
8 i S TP T e T R ] K 7 A
T (ZEPFRR A, 2022) o X T Y0 FOK IR Y 28 %, 1
i FH A HOR HEAT A2 B i (3R B R E
2019) . HE TR HRAEA B0 5 0], i 5 19 4%
BRI A T, 5k B2 A% dasilia ok 2 80y kA +
e, s A AN [ A= 77 FE M RLUNE (Morillo
and Villaverde, 2017) . [R]E} Tl Ak 3% 7T 4k 06 #E dF
RO A RREE R SR AN T AL, 3R o b IX 4 )8 Ak
2yi5 el A & (LR SE, 2019) , 2577
s R 4 SR BCR B R, A RIETE 2

IR PRSI A (As) (BT (Ph) (B (NI SEHE 42
J& ( Defarge et al., 2018)

% (Cadmium, Cd) &5 W 34 B H S8 | il
R KEE R A D7 AR RN,
EmARKEE RAMIES (FMIEES, 2007) , —f%
TEOUT , s B 10 BE A8 A7 08020 I I P bk
PR R (R A S5, 2015) , X A AU 5 X
AR B LR IR AR KR H (Moolman et al.,
2007) , &5 7 B ( chlorantraniliprole ) & XX Pk %
TR U] SO B et e T S AR AR N
(¥ Ca”" 3 B BRJ, 5 BCR HUFE T2 (Hannig et al.,
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2009 ) , ELA 3 o i HOR i K i 3L 3 ) K
SRR (Li et al., 2011) , X3P FORER s 2 AT R 47
2 Py I R PR RCR ( EARSE, 2014) , {HEE &
HORR R i 4 el T, — e Sl L, iR
K gk Spodoptera exigua ./|N3Z Wk Plutella xylostella | 14
451 B Pleonomus canaliculatus 25 5HZ 4% MFE FeA:
22 B KE P (Lai et al., 20115 Wang et al.,
2013 ; Ak AR4E, 2022)

4 R 5 A% HORGS B R AR 80 5 it FH )
RN R AR M MRSEA 06, R URE
HREIARHN, REAE 1755 B HUIA A D IR-S-H RS il
GST ). &R MR Wi Wi
CarE ). & Mt H 9% 65 E&
(acetylcholinesterase, AChE ) Z& i {4 7% 4 , 13X X B 1
XA AR 24 S 4 Jm , AR AR A R A
FAER] (Dvir et al., 2010; Bao et al., 2016), GST
TSGR A B ) A T TR A A S, A
11735 3 A B AR O 1, 72 52 B S0 5 A 55900 5 0
BF, A N GST 3 Pk 45 & A A8 fb (% 2% )1 4,
2019) , {54 Ab 38 5 H AL FF IS Oxya chinensis 4N
GST G ML 2% ETH (XIMEBISE, 2013), CarE Y
REBS I 1Y B A AR K O B b A b AR A k27 245 71
HOR A AR (kR S, 2016) , 3 Hual DLd i
K4 CarE i 525 A 25 &, R ORITER]A
BEARL R Z T4 BEL Wl R Ak (R 32255, 2007) o /)y
S 3 W4 e 28 IR R U e A S 12, 24 F148 h
XS CarE I NG S Im Ml , RO E] P 24550 4%
NI i BEOROE 2 5 250 A, B o i
S, PR 2 W M ] (Liv er al., 2014)
AChE RE 98 1L 3 /K fift 2% 47 #i 28 3% T £ T JIH T
(acetylcholine, ACh) M {R-FFAIZE 5 fil 1 326 1) TE 7 )
B, AMF T 5 ACKE ANAL 345 & FEARH K ik BE
I3, 3 O b M) B A ACh R 2R, Al B He i Gk
P R 50 1 25 L, TR B % B B A (i FF
S5, 2019) o AR S A HY T i Ak AT S BN SR
WARN AChE T P 25 A0 (O KA, 2014) 5 iRk
JENZ AR Myzus persicae [f) AChE A5 B} i@ 411
TR (220 5, 2019) , 1T & 35 22 25 T 2= A0 A
45 M1 Helicoverpa armigera 53 AChE Ji§ 1 B 7] 4 3%
Iz T e (BN S, 2015)

HE R -RAER G T A, T2 AR B T
Ju¥y ( Machado et al., 2017; Polidoro et al., 2017;
Yu et al., 2019) , Pi& Z [E A AR ¥ = A 2 &
RN (BRRFNERIKE, 2015) o nAR AT —ag

( glutathione S-transferase,

( carboxylesterase ,

KUV I 2RI B M R, o T3 A5 i fe
XU A AR R AR A, R R e R iR N g
Prxof B HUASRIEARLON, , K 22 W 15 Y I AE SRR FE B
i RS ATt o 3 5, 513 1 M ik (Kafel et al.,
2012a, 2012b) , e 2 5 30F BRI & E (GFis s
55, 2017) , 4T, RASELEOECH —ERE
WS UEBHBR 3 AR 245 5 5 4 J@ Z (M AF AEF5 i AE
(B Af%s, 2021) . N Cd* " S5 EEAEM B 4k 1 R
A 4h FE RN B — Kb A EE 2 FR AR L X R T = i
Eisenia foetida [/)¥VE, W] =35 Z MIAFFERS HU/E
(Li et al., 2020) ; #5(Pb) ] 5B H B2 & difa e
Ak & P, DT 86 K 7 85 1) Pb> o ke ] A o
(Zhou et al., 2017) , HiZ4 M1k, MK KB E S8
R A R o IV 9 T K A A Ah B A R
U, WF5E A SR AR S Ak 25 S RO B e B2 A 05 e 1Y
BEHFRON HA R

AR FE LAY P K M g S 6 ) 52, 35 i) AT
TR RHER e SRR e , 15 S S e
B+ SRR P A R0 7S X B RS AT ] % 5]
oA )4 AL FE I A 45 A B S P ORI
B AR PR IR R & GST, CarE I
AChE JEH2m IR LR L, B 72 PN &
)@ A2 U5 Yt W K R K L BB B A
A

1 RS H%

1.1 ##

L1 (R R i 35 45 M R AR O e phy v
FE AP B A ) O 4 B 58 B K 3 TSR 2H 92
ft, 2N LR S S S R . 4
TREIE B ESHE (EAR 15 em & 7 em) P T AR}
T (A5, 2008) , BEEETR FF 200 Sk, ik 227
Je P AT REAR R K 07 T SRR G b A, T S
ETR—RKITEBE G PR P, P EEA
K x 58 x5 =30 cm x 10 cm x 10 em B3R} & fil
HACHE 790, 3 d J5 89T OF Bl & 1 3k 38 i v iz
&, By AL S ST B e, ) 352 25 < IR
(26 £1) C,fHXHEE 60% ~70% ,5JEH] 161.: 8D,
BEH RO B TR I K A H Ak &) HUE Sy
HHIEFR I

1.1.2 {250 S04 (CdACL) 1 B R R RK
FE2E 3R, 4l B A 99. 99% |, ¥ T 2% 48 K b il BB
W5 SEHCR SR f W 52 3% S g R e A7 R
ST AT AR T T PN IR s S A I
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B, BT kA
1.1.3  fapkbAEC i 2 BT A 45 (2008 ) 19 N LAl
BTy, AR TR 4 1T TAE (B 200k %, 2016) T
S G 5 S KR T AP RL R A L S U A
i+ SR R P R M P e B, 7 G TR ARk S I AR
F R IR 51, LAAS S I A9 15 5 DR S Xt
BRI E R IR )G iE T 4 CukFh R
1.2 M EREERKEBHERMNE

FEATEESN 2 A 0N AR o/ S el A SHIEP YN
&5 mg/kg §7.0. 003 mg/kg S HCKHI LA 5 mg/
kg 5 +0. 003 mg/kg 58 H % H B (1) N Tk 2L
B N ARt B B v, - bmic i H D, & b 3w
F2 6 ~8 filf o HRIMEIL I FORIE Y & 7,
AR T A KL T S84 B i 5 (A
IFE RN O N A G PN NI
B H I RS R P 3R RN R T B R
1.3 IEN EREREENE
1.3.1 R4  REML R 224 . & 25 R e A
i+ A R I SO N AR R S A — 3
(R 3 WA 40y M, AR B e B R O A PRV R
PRGN - 80 CUKFEIRAE# . AL EE 15 T
(3B 3 Kol 1 ANEE AR 2 ko
I AERE) . WAL F T 51248500, 43 3 0. 8
mL A7) B 42 BOR 1T 510, AT GST, CarE Al
AChE J&EMEME . 5198 T4 °C 8 000 g £5.0> 15 min
S, B VWA R B 4 CARAEREI
1.3.2  J§IE PN E : GST, CarE F1 AChE % i
FESR A T AR TR A B2 w2 7= kR
BT, g 54 31k D799612-0100, D799812-0100
F1 D799814-0100 , ELAK 5 12: 2 BRGR G W 5 41 7.
1.3.3 R4 H (total protein, TP) &g & : % E
P 0 2 ) A (A045-2, Fg it AR ) LRt
FEHT) DI B e B . LA Ty 4 B w15
AT,
1.4 HiEHH

AL TR ] SPSS 25. 0 73 A B A% 45 B 2k
TR R I 225007, Tukey [RAG 30 HF1T 25 7 0 3
PRI

2 HR
2.1 §F.EBEPEHRE + 50 5 P B I

FEREEREFHIZT
A5 UL TR ARDRF A Y T OK SO IR (CKO) AH EE

FEE YN A 577 595 4 B % 5 mg/kg 4%, 0. 003
mg/kg SA R H LG AT 5 mg/kg 47 + 0. 003 mg/kg
AARH BN TR G HAE KRB 28— 5%
M (2 1) o . S H R Ik R R + S U o e
b FEZH &y 3 o S A o R A W HE K 0.7, 7.1
F12.2 d(P <0.05) ;58 4b 30 T 250 5 3 40t B 2%
(R 0.4 d(P <0.05) , SRR HI BERE 40 + | R
FH A A P 5500 T 400 A ok P B 3B B 0.3 i1 0.2
d(P <0.05 ) ; 7 FH 4= E 2R FH I i Ak 34020 g A g S 5
X B 3 ) i 8K 0.7 #10.8 d(P <0.05) 5 +
SR H R HE T e b B0 850 R P A 0] R 2 PRI
1.6 d(P <0.05) ;3 Ffrh H 45 5 SV P 5 K 05 oy 5
BN IR EFRR(P <0.05) ,RIN CK > 47 > 4 +
A IR PR > SRR e 5 R A AL 1
LIRS X A B R R E R (P >
0.05) , 5 AU F MR 4R + S8 SR AR PP i fde Ak 3 2 o
HUE RO R R 2. 4 F1 2.2 mg(P <0.05);
WA T A S5 500 HRA 1 T, B Ak 38 5 %) R 4 W T
WA TC i 2 25 5 (P >0.05) Ab, G U H It e 5 +
SR H 2R G P Ak L A R T M R A ) A S S
13.8% F119.4% (P <0.05) ; i HU P A5 g,
R Ak 38 21 55 % HE AT R B A P Ak R T B 3 22
(P>0.05) S HURHIERE 50 + S8 H 28 5 i Ak 34t
Y B H P B35 %) B A 2 A1 25. 5% F1 15. 3%
(P<0.05),

2.2 $B.SHRIFHEBERE + SR BRI
FRIEFSEEENZ M

2.2.1  GST {5 HUE IEF DRI K 48
(R ) AR B, S 9 EOK I ) 395 4 U 5 5 mg/kg
53.0. 003 mg/kg G HL 2K B G i FI 5 mg/kg RO+
0. 003 mg/kg S HURH BRI N TAkHE H GST 1§
PEAUT A Ir BT, SEARRBUONA T (£ 2) . mad
P GROR Y ER AL P R AR + G e A B2
3 4 Hur GST I 4 A8 %) BE 2 49 531) J 35 34 n 48 %
37% F185% (P <0.05) ; #EMHH GST {5 L0 R ZH
AP 2 32% | 44% Fl T4% (P <0.05) ; K I
H GST 1l PO BRZH 4330|5510 24% , 19% F148% ,
FR R AL B A, HoAR 20 I e b GST 3% 14
EX IR HA B2 57 (P <0.05) o SRR HI it
R Ab PRI + SR HUR Y ok i Ak 2 4 B L rf GST
TP g5t B 21 4y ) e 0 39% i 53% (P <
0.05) , fAAL L GST 3G Pk B 5% B L3 i 7% 1
ABRAWFEZS (P >0.05) ;4 + SR EERAL
PRZIHE R GST 36RO IR B 3 14 m 209% (P <
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F1 THEREVHHEREEAEASTAHNAIAREHNERETSH
Table 1 Growth and development parameters of Ostrinia furnacalis after feeding of the newly hatched larvae
on the artificial diets containing different toxins

e 4y e J75 ) i i 0 I H T 3 LGN R W i R PR

Treatments Larval duration  Pupal duration ~ Adult duration — Pupal weight ~ Adult weight Abnormal pupal rate Adult emergence rate
(d) (d) (d) (mg) (mg) (%) (%)

CK 16.5+0.14d 6.6+0.1b 8.0+0.3b 38.0+0.6a 19.7x0.3 a 9.9+0.9 ¢ 93.7+1.0 a

Cd 17.2+0.1 ¢ 6.2+0.1c¢ 8.7+0.3a 31.8x0.5b 19.0x0.5a 18.0£2.5 be 86.7+2.1 ab

Cl 23.6+0.2 a 6.9+0.1a 8.8+0.2a 28.9x0.4c¢ 17.3x0.3b 23.7+3.8 ab 68.2+3.5¢

Cd+Cl 18.7+0.1b 6.8+0.1a 6.4+£0.2¢ 29.4x0.4c¢ 17.5+0.3b 29.3+4.7 a 78.4£1.7 be

CK: IF4 A T4k Normal artificial diet; Cd: 275 mg/kg 5511 A\ T/AEF Artificial diet containing 5 mg/kg Cd; Cl; % 0.003 mg/kg % H A FH LI 11
N LAkt Artificial diet containing 0. 003 mg/kg chlorantraniliprole; Cd + Cl: £ 5 mg/kg #7 +0.003 mg/kg 5 57K B FE#%E i A\ T4k} Artificial diet
containing 5 mg/kg Cd and 0. 003 mg/kg chlorantraniliprole. &8s ASEIIME + FrifEiRFoR 5 Rl — 3 5E 5 AR/ NG F R 4 Tukey FAG I
22535 (P <0.05), Data in the table are mean + SE. Different small letters following the data in the same column indicate significant difference (P <
0.05) by Tukey’s test. [, The same for the following tables.

x2 VIMHHHERREEAESFHATAMEENERERELZEHMERLN GST FiE
Table 2 GST activities in different developmental stages of Ostrinia furnacalis after feeding
of the newly hatched larvae on the artificial diets containing different toxins

KA & T B BErY GST 3544 [ mmol/ ( min-mg) ]

b GST activities in different developmental stages
Treatments 3 4 h W e i I HE P

3rd instar larva Female pupa Male pupa Female adult Male adult
CK 0.123 £0.002 ¢ 0.087 +0.002 ¢ 0.210 +0. 006 ¢ 0.193 +0.007 b 0.251 £0.008 b
Cd 0.182 +0.005 b 0.115+0.002 b 0.261 +0.008 b 0.207 +0.006 b 0.248 +0.004 b
Cl 0.168 +0.005 b 0.125+0.011 b 0.249 +0.012 he 0.269 +0.014 a 0.251 +0.011 b
Cd +Cl 0.228 +0.008 a 0.151 +0.008 a 0.310 +0.014 a 0.296 +0.016 a 0.301 +0.014 a

0.05) , {HfmALFE G0 AR H ke Ab BEZH GST {3 p 4
YRR R E R (P >0.05), H 5+ IR
FH I e 6 AN ) % 8 i BT 9 6 K ML ) GST 3% 175
SV A S0, 43 ) BT HR A i 25 4R 85 %, T4%
48% , 53% F120% (P <0.05)

2.2.2  CarE 3§ 5HCEIE# B E M £ K I8
OB A EE , 7890 FR IR 740 I 5 mg/kg
53.0. 003 mg/kg G HUK H EE L 1 5 mg/kg R+
0. 003 mg/kg G HL A% B ik e i N T4 k)5 H: CarE
W2 B (3 3) o 5 HUR ok i Ak 3 A4 F
B+ OB TR BRI AL TR 3 WA 4 L Cark 5 55 %
HEZH 23 90 5 A1 51% F1 62% (P <0.05) , 4§ Ak B
4 CarE I P30 FAL FEAR 12% (A H R 35 22
(P>0.05) ;4 F4h + 20 2R B A 2 4 0
CarE i MA00) B2 43 51 S 25 AR 15% 1 34% (P <
0. 05) , G HUA ok Jiig b B ZH BE 0 CarE 35 14 558 X% R
AR 3% , —FH TR EFEF (P >0.05) ;47 H A
IRH TR A+ EROR BRI CarE 1 1
G3 N B 2 AR 10% , 7% F1 53% (P <
0.05) 5 % G HUR HT Ik e FRAR + S Ho 2R HY Ik fiig A 21

ZHME RS L CarE 15 MK BR A 23 | B AIK 1% , 5% Fl
25% (B + EHORH B AL B Cark TE RS
XTREZH B W3 25 5 (P <0.05) 5 4 A HUR FH B
IR + S8 HU S H e Ak T A o, CarE 335 500
HEZH 43 BIFAAR 11% , 18% F1 29% , H: v 48 s 4% H 1k
Jie A + G R R AL PR EH CarE 15 M 5 % B4
A HAT RE 2R (P <0.05) , ff + 5 HOR I BEIG AL
PEXF AN & B B B 1 B R A Cark 375 1 A9 100441
VSR, B + SRR FE O Jie A B2 3 i 4 ol
W A | R RN RS CarE 3 PR/ S50 B2 5.
SRRAR 62% , 34% , 53% , 25% F129% (P <0.05),
T 54 SR HUR ok fre Ak B 2 45 K 7 B B
FOKIELAY CarE {5

2.2.3 AChE {5 % 5 B IE 5 ARDEH 91 oK 45
(OF HE) AH EL , 727 I F KB 7 40 s 5 me/kg
5.0.003 mg/kg S UK I e A S mg/kg R+
0. 003 mg/kg G LU F ik Jie i) N A kLIS, 9 %
KR AChE JEPEfL G R (£ 4) . Hp &R
F LA FRZE 3 % &)y AR Y ACKE 3 M d5 e, B0
HEZH B 35 186% (P <0.05) 4RAb3ia 3 4
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®3 VIMHYHERNREARFFHATABELMNERERE LB B CarE FE
Table 3 CarE activities in different developmental stages of Ostrinia furnacalis after feeding
of the newly hatched larvae on the artificial diets containing different toxins

AlE KRB BB CarE 7544 [ mmol/ ( min-mg) ]

b3 CarE activities in different developmental stages
Treatments 3 Weah iy W T 3 R A T A

3rd instar larva Female pupa Male pupa Female adult Male adult
CK 4.097 £0.694 a 5.505 £0.355 a 7.147 £0.108 a 6.939 +£0.168 a 4.576 £0.174 a
Cd 3.597 £0.139 a 4.653 +0.259 b 6.446 +0.094 b 6.877 £0.082 a 4.054 +0.338 ab
Cl 2.021 £0.183 b 5.345 +0.188 ab 6.615+0.157 b 6.555+0.177 a 3.756 £0.284 be
Cd +Cl 1.539£0.293 b 3.628 £0.153 ¢ 3.374 £0.346 ¢ 5.210 £0.028 b 3.257 £0.163 ¢

R4 MFEHHRNESREEHATARE T M EKERE RSB EAY ACKE 514
Table 4 AChE activities in different developmental stages of Ostrinia furnacalis after feeding
of the newly hatched larvae on the artificial diets containing different toxins
AR B BB AChE 3§44 [ mmol/ (min-mg) ]

kb3 AChE activities in different developmental stages
Treatments KR AR i TE WHE A T F

3rd instar larva Female pupa Male pupa Female adult Male adult
CK 21.199 +1.006 ¢ 366.520 +25.734 b 139. 186 +9.463 he 47.766 +11.633 a 64.465 £1.724 a
Cd 47.453 £3.305 b 372.102 £34.056 b 116.702 +2.304 ¢ 48.766 +4.483 a 67.668 £8.594 a
Cl 60.618 +2.978 a 254.322 +14.464 ¢ 165.608 +10.075 ab 37.608 +3.842 a 51.284 +3.850 b
Cd +Cl 26.008 +£2.080 ¢ 528.489 +35.411 a 194.357 £16.357 a 53.216 £1.561 a 46.120 £1.602 b

AChE i P 5500 B 2H {2 25 38 T 124% (P < 0.05)
B+ ORI AL A 3 %4 B AChE 1% PR
MRAIIE N 23% B2 A B35 (P >0.05) o T
AR B AR + S U P DA A B ZE LA A 7 By
B3 CORFEEH | A A O 0t Ll HL ) ST 9 K M P
AChE T PR IREA AR A A o S8 U Y Tt M
Kb BRZE ME 35 fA N AChE 376 1 850 0] B 41 2 35 % I
31% , T BRAL BRAL A4 + S R P I s Ak P21 650
BRFF2% (P >0.05) Ff144% (P <0.05) 4% + &H
A P It e ok 2 B 0 ACKE T35 M e ey, 00 R4
FEHMA0% (P <0.05) o # + S HUA H I A0 P2
MERSC AR Y ACKE T Pt de g , 00T B4 i 1%
HoF T REMEZEF (P >0.05) o Ak HH2H e il oR
PRIN AChE 35 PEf g , 00 BRALIE i 5% , — & 1Al JR
TJolE 2SR (P >0.05)  (HAR + S HUAS i Ak
A MERSCHUAR N ACKE 5 P BRI, 0T B4t 25 1%
1 28% (P <0.05)

3 itig
WFIE T 4 I8 AR 25 B £ 75 P00 et T4 B

FA BGR SRy T B B S ARTIEA R R M,
B SRR I B A + SR AR I A X I 9 K

WP A K B 3 B T S, 3X AT e AR AN [
it ZRTEPER O OG0 R ORI e e R &
AL PR SO Y ORI 2 d PTHRE R (R 1) , X
CAHiE Hg, As fil Hg-As 4R B 5 35 38 1 — AL IR
Chilo suppressalis )%l 8 78 (k FREEE, 2017 ) ; Bk
INELL L Carposina sasakii (X 55545, 2021)  #4%
W Helicoverpa armigera ( W35 448, 2012) LKW E
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AMTFE R B 58 + A Tt i Ak 3L 40 g 3 4
IR TP e . — Ab 3R A &)y o Py 3 R 2 4 e, SRR
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FAEF, BRI Y T oK W ok, e 36k i A 3 o gl e P
Y S5 25 A A e P R YN R K IR AR HR AR 2 ) i
P A S G A, A REE — T U T3
Py A R R A B T B B A K K
B, TR B R A B RE R ORI , 3K — B A]
AE-T 25 B 0 A 5 [ A ( Moolman et al., 2007) ,3X
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SRS A5 S U T M S + S R
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B AU N A AN R R 1) i A AR AL 2
— 2 B MU 75 1 R A ME S A5 R N TR AN IR R
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