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The sensitivity of different larval instars of the beet armyworm
Spodoptera exigua to insecticides and correlation with enzyme activity
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Abstract [Objectives] The objective of this study is to analyze the susceptibility of different larval instars of the beet
armyworm Spodoptera exigua (Hibner) to emamectin benzoate and chlorpyrifos and the correlation of susceptibility with
enzyme activity. [Methods] Bioassay was conducted and activity of esterase, mixed function oxidase, glutathione-S-
transferase and acetylcholinesterase in different larval instars of the beet armyworm were tested in the laboratory. [Results]
Sensitivity to insecticides decreased continuously as larvae developed from 1st to 5th instar, the LCs, for emamectin benzoate
of instars 1 to 5 were 0.1010, 0.3561, 0.7568, 1.4325 and 8.4390 mg/L, respectively, while the LCs, for chlorpyrifos were
27.4632, 46.8495, 87.5222, 129.3217 and 1 356.6770 mg/L, respectively. The activities of esterase, mixed function oxidase,
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glutathione S-transferase and acetylcholinesterase increased with increasing larval instar (the activity of mixed function

oxidase of the 5th instar larvae reduced slightly due to the reduced intake of exogenous compounds). There was a negative

correlation between enzyme activity and sensitivity to insecticides. [Conclusion] The sensitivities of different larval instars

of beet armyworm to insecticides were found to be significantly different. The best time to control the beet armyworm is at the

early instar larval stage, when sensitivity to insecticides is high.

Key words Spodoptera exigua, larval instar, bioassay, enzyme activity
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1.2 #K755

RFEINENAFA 95%F 5 #
( Chlorpyrifos JRZ5( &R FIEECERLT )
M 746%FREMEERXFKE ( Emamectin
benzoate ) JR% ( BRI EERNFEPHEAR
FRERRTA )

1.3 BHANERZSHEIH

BHNEHRABHENEZH#IT. B EFHE
—EEMRAAN K ALERMELER , A
0.1% Trixon-100 & A KFHAFNBRERERE ,
R EMEREATINE KA R,

S EEASATNEETFITRER 10
cm ES , FHAEHARPIRE 10 s, BHE
EENBRET  AREHAWETEROIN, 2
FMARE -, £EKRSEFNEREHR
(BiF/E1d), M 20k, AREEHET , &
REARRH 15~20 MDA, RERABE
25°C, B 16L : 8D HERIZFFREANAFTE 24 h
EREFRCER , UREEFHERER , T
ARBENFER , FITETH , RER 4 RE
S, ADPSVI20l T HHITERLERTR
MREFRTR (FRELFBERE , 2007 ), Rt
BHEIRSRE, LCs RH BSWEFEXE , #1T
113 5 # o
1.4 ¥REAEEES. ZBEtAEMIERES. SBCHRL S-&%
HERNE
141 EBAMHE BHTHERETERBY
RUEBERRK ,AHRFN TREFERRDL R
R%RENERNER (RE 10% ), FBALEE
1R 30k, 264 HR 10k, 3, 4 M5k
hEsl SHETF 15 mL BOER , 23IM0A
120, 120, 225, 900 1 1 300 uL ( 5 #&%hED 2
RIA , EHBE2 mLBEOER ) 0.04 mol L™

FUSHIBEBRE M R( pH 7.0 ) EKBRB T K |
A EET 10 000 r/min, 4CEA 15 min , BRE
BRKAR HIRFNBRBEREE EE
AT LR 3 MEHSELNE. 1 M 2 IRHRER
15REE |3, AMSWRHBFR 0 REE.,
142 BBEEMNESZ S8R van Asperen
(1962 )Y T3 3% , TESFRARANAE AL AOA 135 pL
0.3 mmol L o-BEBEZEES , MOA 15 uL B® , &
37°CEMTH|E 30 min, MA 50 uL DBLS ( 1%
B B kKBRS 5%+ ZRERBM 2 :5
Bl YEER N FEAERETERES 15 min,
B T ESARAL A 600 nm RN ZEE , WU o-ZH
EFR L,

143 ZEEWEMMNESZ ZCHBIEHEEEN
SEDMEIR AchE BFI & ( MREREY TEH
RPN ) WBA R AT , SELAETE B Bk % 2 B A5
EREREE B BRANSHER &R ERK
NH=HEX (TNB ) BEELEY , REHER
ERHATHEEE K YRR A E & 7 & M A8
WEEBHE N ABERALAEAE 37CHRE6
min , KR BAERH | umol BEFRA 1 NEHE
£ (U mg™*pro )

144 BEBEHK S-H#BEUESZE ABHKE
BEBASEONER GST BA& (MREREY
TR )RARHT AREK S-EBBEA
BECEFEREAMHEMK (GSH) 5 1-8-2, 4-=
HEX (CDNB ) £&WEED , £ —ER BIATIE]
RO EEMSEERNAIEREYRENTLLEL
MXR, BIRMEREAMHK (GSH ) IRE
WEERRBEAMERK S-EBEEINR,
GSH( KY ) REREBES A AMHK S-REBEE
ME LA, Rz, A8 mg AATRE
37CRAI 1 min , ERBIAERH GSH IRERIK 1
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umol'L'l N—ANEEEHEA (U mgTtpro )

145 EHRESENE EBRESENER BCA
EQNERLTE ( Pierce EMHEARLT ) HBAH
1T,

1.5 ZIHREFHERFEHMIE

151 EEEFIE BEALIEE 1 #84hHR 30 3k 218
$hR 10k ,3, 4 M5RghRBEL HHIETF L5
mL BOER , 23IMA 120, 120, 225, 900
1300 pl( SEEEHES 2RMA FHEBE2mL
BOEMW ) 0.1 mol L™ FUSKBIEEE K (pH
7.8, € 0.1 mmol L DTT, 0.1 mmol L EDTA.
0.1 mmol L' PTU ) , EAKARBTAR , 9%
JR&F 10000 r/min, 4CE /A 10 min , B EFE®
F 10000 r/min, 4°CHEXE L 60 min , L LEES
BAHR | IR FNIRESRERM LS, A
F2HESHEEREINE, LM 2IRHRE
RIGREE , HRYAKRIOREER,

152 MEHSZE S8 YuH Nguyen (1992 )
E, NHREBREANHETFR-O-HAE
(PNOD ) SEH#ITME. KA 96 FLESIRIR ,
DUXNHEXRBAEY ESHESCENER
T AERNHEERS LUIHERERERLZ.,
RE&RA: THHRRMELSR MDA 0.1
mmol L BT R EL K FBE 100 uL , 9.6 mmol L
# NADPH 10 pL FE® 90 uL , 30°C & E 30
min & A BSFRSUNE 405 nm & OD B, THEEH
ZBEARNE , SHEARESE. AXNHERH
4 BB R REE S nmol L™ mg™ pro ¢ 30min )* .

153 EARSENE ZEOR=ZENEZR
Bradford Z S Hi5%1& G-250 3% ( Bradford 1976 )
8 % 10 mL BRELE 2 BIMA 0.1 mg mL*
4 MFEBAFRAER 0. 0.01, 0.02, 0.04, 0.08,
0.16, 0.32 % 0.64 mL , T2 1 mL F AT Z Kb
BE 1mL. BEHFHAMAEZLHRE G-250 BH&K
5mL, BE1YE, BB 2~3 min &, 7£ 595 nm
BETHEENERKLE , EE€ 3R, UEAR
RERBEALRR , RAEERN LIRS HIREL,
R BARA TR PMA 100 uL &
DEHZER®K , MA 2 uL B , EBETHRE 10
min 5 & T BFRH 595 nm N K HEE,

154 ¥WWHF5% A Excel 2010 S EIEH 1T

ST BT | FE N EH AR A [ 0% X 2 A9 U=
HERE DA ERT M.

2 ER59
2.1 FHEERIT AL X 2 AR R Ak P

REER (R1) ®XH , HEREHETE
RBRENAHNBRAEFEIREAENESR
RN 5 NMREAF | IR EE M, AR
TR Hep 15 R AP REMERFREXR
EREEMY LCso 2 5IR 0.1010. 0.3561, 0.7568,
1.4325 F 8.4390 mg/L , Xt FH LB LCso 2 BIH
27.4632, 46.8495, 87.5222, 129.3217 #
1356.6770 mg/L , LA 5 4 EERNEBHIEH R 1,

R1 RS EEREAL X R R R A BRI

Table 1 Toxicity of insecticides to different instar larvae of Spodoptera exigua
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R Pl LCso Cao ) LCoo Cao XY
smmn S 5 (OswBEER) — BHEK (SwBEfER) ~— BOEHK
Pesticide ir?glz; Toxicity (95% confidence) Relative (95% confidence) Relative
regression (mg/L) toxicity (mg/L) toxicity
index index
_ 0.1010 0.1466
1 y=2.0828+7.0736 4 0g52.0.1243) 83.55 (0.2962-0.6796) 606.03
74.6%BREHE _ 0.3561 1.0433
- 2 y=27a0.2310 (g 307.0.4171) 23.10 (0.8253-1.4391) 85.16
e R B 0.7568 2.9620
z:sj é&(;/m 3 y=2.1625x+5.2618 (0.6150-0.9056) 11.15 (2.4180-3.8060) 29.99
. 0
Emamectin _ 1.4325 6.7196
benzoate 4 yFLO092x+4.702 () 15301 7984) 589 (4.7945-10.7218) 1322
_ 8.4390 88.8436
5  yFl2536x+38388 (g 919714 2185) 1.00 (38.5711-512.5410) 1.00
_ 27.4632 78.6942
1 y=2.8060x+0.9615 )3 5463 37 g615) 4940 (599116.118.4233) 2709
_ 46.8495 509.6064
2 y=1.2364x+2.9344 39 4628.86.9365) 289 190860-2125.0570)  *+28
950035 JE 4 _ 87.5222 609.4555
95% 3 ym2.0469x+1.5205 g4 07561955357y 190 (30181503 2046481) 37
Chlorpyrifos 129.3217 637.7486
4 y=l8A+l0948  gg5078.1657640) 0% (435.4507-1179.3099) @ 2
1356.6770 2 178.6824
5 y=6.2297x-14.5143 (1 252.4454- 1.00 (1 886.8269- 1.00
1482.8951) 2 844.8566)

X ENENRUBK LCs, BHNAFIMMEXEZ NN 1, RAFINAENENRARKK LCsx BREZZFIE LCs EITEME.

The index of relative toxicity = the maximum LCs, (TI=1) / LCs, of tested pesticide.

W 4R BENPHEMERRKFRL,
M E NS IH 5.89 F 10.49 ; 3 RSB
2 MZFNMENEF DR A7 11.15 M 15.50 ;
2 B 2 HAFMHENELELD BH
23.70 %1 28.96 ; 1 R4 AXT 2 MZGF W MEX T 1
B9 B 83.55 M 49.40, HLLFKAFIX 2 fhZh
FIXS 3 R ATLh RELRBR 3T 4-5 R4 R
NRAR

22 EHSRABRAFIRAALRIEATFEERE 5

ME 1 HANEN , TRERATHXEED R
CEEBHEEESMELE DL 1 RYPRES |, 5 RY

RHE , EOBEREOENIMERE. S8
{LES P4S0 ILLSE DL 4 Bsh RS HRRHE
RARK(E2) AMHMKS-HBBHLFEINI
RYHES , 4 RYBRIE (B3 ) BREROEEN
WEHDUSRPYRES , LRHBRE (B4 )
B BT 295 9 U S R LESE D AR R AR
B, FARBYRENFEEMERRRFRIEN
ERENBBRMES ZHEFHEEELLE N2 EM
X, EAMERK S-HBE. ZIEEELE P450
FBEREERAI LT AR K (R 2)

R 2 EHRREAT R AR A M BURM S T RIESELE I RIE X1
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Table 2 The relationship between toxicity and the specific activity in different instar larvae of Spodoptera exigua

-.-:- 1 J F R
é'J_?f_J 8 Enzyme EPE| H_*az HXRE
Pesticide Regression r
RS R LR % IhAEE{LES Mixed function oxidase y=0.1157x+5.6806 0.2069
EFRRBELH LCs BB B8 Esterase y=0.0006x+0.0139 0.2265
The LCs to emamectin BBt HE K S-# B B Glutathione-S-transferase y=-1.6589x+61.907 0.7532
benzoate from 1st to 5th
instar Z BB ER &S Acetylcholinesterase y=-0.0007x+0.0826 -0.9311
% Ihae &1L ES Mixed function oxidase y=0.0005x+5.7658 0.1587
E X B IEEM LCy ¥ EAESES Esterase y=0.0006x+0.0142 0.2054
The LCsgq to chlorpyrifos
from 1st o 5th i?\)étar ARt H RK S-# B8 Glutathione-S-transferase y=-0.01x+61.53 0.7445
Z BB ER BY Acetylcholinesterase =-0.0005x+0.0808 -0.9078

3 HERHMAERARAESTEREISENEXM
Table 3 The relationship between toxicity and the enzyme activity per individual in different instar larvae of

Spodoptera exigua

ZHF | =
zq_?f_J 8 Enzyme =Y 75_& HXRH
Pesticide Regression r
BB R4S % IR AL Mixed function oxidase y=2.8667x+0.0834 0.9967
REREBED LCs ¥ EREEES Esterase y=10.694x+9.6339 0.9580
The LCso to emamectin BBEHBK S-#BE Glutathione-S-transferase y=20326x+31808 0.9218
benzoate from 1st to 5th
instar Z BB EREY Acetylcholinesterase y=25.793%+39.963 0.9220
% hac &1L ES Mixed function oxidase y=0.0368x-0.6998 0.9976
FREN BB LCy ¥ ERES B Esterase y=0.0639x+12.279 0.9376
The LCsx to chlorpyrifos e .
from 1ot to 5th Inatar ABEMK S-HBW Glutathione-S-transferase  y=120.03x+37314 08914
ZEERBTRER S Acetylcholinesterase y=0.1522x+46.985 0.8910

xRS EELEIEATBBENEXRESNIEA 1-4 REE.
The mixed function oxidase avtivity of 1st to 4th is analysised.
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Fig. 1 Acetylcholinesterase activity of different instars larvae of Spodoptera exigua

O Huif JiSpecific activity 8 H3k 1% JJEnzyme activity per insect

7

1%

1st instar

21 34 4l 51
2nd instar 3rd instar 4th instar 5th instar
1 1

B2 AEHAGERRSA RS IR LEE P50 &S]

4.5

3.5

25

1.5

0.5

Fig. 2 Mixed function oxidase activity of different instars larvae of Spodoptera exigua
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Fig. 3 Glutathione -S-transferase activity of different instars larvae of Spodoptera exigua
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Fig. 4 Esterase activity of different instars larvae of Spodoptera exigua

UBLYPYRRTEEHN  BRER. A% YHEANEELEMEREE (B 2) FTRERHHR
Hik S-# B, CBEREREE DERPNEN NPEEMNEEXETRLNSTENTRM
mZEgEm, Hh 3 RYRNBEHLEMEE ELRIMNBELENDSAMEX (K3 )
(B1,3,4) ZYEEHILES P450 HSEHNTE 14
% 4h 2R B B BRBE SRR Y 18 hN T E 48R | 5 IR
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3 Wig

IR L R R AT KRG L) B 7 A8
B BRI BRI B H PR AR | Sk 4 RV R RS
B, ZUEEELES, R HIK S- BN Z BB
WEEESE DRERIRMNIB MRS SRR
TRy BB 2 MK RATUER 4 MESH HLE
HmE BRZCEAEMRES B LE h 5B R X 25
FIWBBM 2 EMXI Hi 3 MEAIMEXMESR
A XAEERATEAMAEASERRRE
B 18 B KT 8 LB O /Y 48 hniE P

SR B H BRI Z I EER LS P450 5E DR 4
R BEFRE XATRERHETZUHREELEE
MHEARILEMBRARE XS B TERX
ZHRECBEERNEERTE REER
REENFTERHEF —ENKE  MERERMH
BXEEM , XHERESBAEYRIERSA
£, Krieger & (1971 ) KF L A7 B Prodenia
eridania ZE{LFRIEFELEEBIL/NNE , HP BN
SRR RAE KR TES R HE
RERNLHEREEMS, RRBPIHFEREK
SRR REFHLGE | BIFHLE , RRERK ,
ARICEMBAEHENEL ERNSEERL
B§ P450 SE N BBEZRIR , X EALRHLE RM
— ¥,

EYNELERKRPIHIRE L BFE R E
MNEAEEMAERREFRENSXENHR
MIEEERK XARESREFERMRAKREX
TEHEIRE R AT REZELNBREEES R
DREF R E | HEEE R BT BR AR AL
WetE  EEEREFESHEIERE, XIKAR
FMEER (2003) A MC HicEAERENE

HRREYRRFRFERLERRA LEF8H,

PEmR 5 RYBNREFERNANBRRR

$hRK 55.5% ,IERREFERNBRER=ERN
MH—NEENE BEAREFERRK MK
TEESIES KN NYE  HEeEHMTRENG
m@EERHEFEFLESERN BRARKAER
SKFHRME EERAMPNEMRERFE
"E{LYER ( Delorme etal. , 1988 ; XX AL E
R ,2003)% %4, B ESELETUTCERR
FINEEHERBREENAMEREN—IMEERR
(BES, 2011 ) BREAXHRLR , EHEA
BisA s RLEEREX R BRI BURBEREN KRR
NERERE
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