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B M 2% 7 4% DR F0 A~ [5] 8 HA 4h H X B\ 4 AR BY
BRMERESHEANXE

THAE fHuE K # HEY EHET B K A H
IR A K2R P24 e, /INAE K P S s 7 4 [ B M S0 55, Tl i 20 R 24 0 ) 5 1oy ) o i S 0 22
VTR B SR O AR 25 R TR ARG uty, BN 450046 )

# E [HB)] WHMEH SRR Spodoptera frugiperda JHFIAS [FIHS 114l du ok m ik IR 19 st X He 5 %
TN ZUHeALHF (Mixed function oxidase, MFO ), #RIREREF ( Carboxylesterase, CarEs) FI#FHEH K
S-FEF4MHE ( Glutathione S-transferase, GSTs) JFIJLT Jfifi# ( Chitinase, CH) GHERIAICH:, [ Ak ] RH
DA WO R T AN 5 A ke T R AN i) 34 4ty LSt SRS PO %) B, ARSI T O AN [ 4 e A
MFO. CarEs. GSTs A& CH W36 1. [ R ) 5 M 0772 3k BRAIUAS ] 7 300 4 e ol sl O 190 e 5 g3
ETHE G T RS 5 BRI 6 15 )y HoOok mUE R A SURE B, LCso A T 107.67-1 003.81 pug/mL,
B 1#E . 288 3 IF0 4 1% RO EU IR B9 LCso 43918 11,90, 10.77. 1.38 1 2.26 pg/mL, HIXF# 1465k
I3 84.35.93.20, 727.40 Hl 444.16, LLANAUS BT R B, 1-4 2y RO R DR ) AH X 25 7148 %05 MFO
1 GSTs By LLIG S 2 HAASC, M5 CH WETHEMBEEMRX (P<0.01), [£Fig] FHL ST IR0 AA R 1
g B B IR U A R EE S, H 14 #8340 BRI CH IS MR8 T Be A A T BUE IR R #5  .
T TR T A A 817 9 v % 0 L 5 1 e 4y ERL P BRARL 247
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The susceptibility of eggs and different larval instars of the fall
armyworm (Spodoptera frugiperda) to lufenuron, and
the correlation between susceptibility to
this pesticide and enzyme activity
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(Henan Engineering Technology Research Center of Green-Pesticide Creation, Henan Key Laboratory for Creation and Application of
Novel Pesticides, State Key Laboratory of High-Efficiency Production of Wheat-Maize Double Cropping,
College of Plant Protection, Henan Agricultural University, Zhengzhou 450046, China)

Abstract [Aim] To determine the susceptibility of eggs and different larval instars of the fall armyworm (Spodoptera
frugiperda) to lufenuron, and the correlation between susceptibility to this pesticide and the activity of detoxifying enzymes
[mixed-function oxidase (MFO), carboxylesterase (CarEs), glutathione S-transferase (GSTs)], and chitinase (CH)]. [Methods]
Bioassays were conducted and the activity of MFO, CarEs, GSTs, and CH in eggs and different larval instars of S. frugiperda
was measured in the laboratory. [Results] The susceptibility of eggs and different larval instars to lufenuron gradually
increased, then rapidly decreased. Eggs and 5th and 6th instar larvae were the least sensitive to lufenuron, with LCs, values

between 107.67 and 1 003.81 pg/mL. In contrast, the LCs, values of 1st to 4th instar larvae were 11.90, 10.77, 1.38, and 2.26 pg/mL,
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respectively, and the corresponding toxicity indices were 84.35, 93.20, 727.40, and 444.16, respectively. Linear regression

indicates that the relative toxicity indices of 1st to 4th instar larvae were negatively correlated with MFO and GSTs enzyme

activity, but positively correlated with CH activity (P <0.01). [Conclusion] The susceptibility of eggs and different larval
y: p y y iy y 28

instar of S. frugiperda to lufenuron were found to be significantly different. Increased CH activity in 1st- to 4th-instar larvae

may exacerbate the toxicity of lufenuron. On the basis of these results, lufenuron is an ideal insecticide for controlling higher

instar S. frugiperda larvae.

Key words Spodoptera frugiperda; lufenuron; bioassays; detoxifying enzyme; chitinase

H L ST Spodoptera frugiperda, & 5iH
H Lepidoptera 7% I#F#} Noctuidae JK 37 )&
Spodoptera, CHLUFSEIE Kk AT FE A9 w777
i A A R DR T 56 [ 2 BL IR N A b B R RE
( Zhang et al., 2020 ), T 45 1y 077 S X A
PLEEZS | SR RUAE TR | 2 B H PRI 2R A5 0 IR
A=A T R AP £ 4%, 2019a ),
F 2019 4F 1 Ay s st AR AR TR E = g LUK
MY H R e E 26 M (HEET . AIRK ), 76
M), 4 R R RS, R4 B 3
S04, EEONEIRE FORFUNE R EAE
Y (PhVINIBAE, 20195 FR745, 2020a; 3L
B4, 2020), XTREMRELEAEER TE
NGOk
AU IR Lufenuron J& A HIEIRE A 7], 2
—MREAAERKEN, BAEEAMSEN
( Zhang et al., 2023 ). %253 3 23 0 L
TR A AR TR 3 5 R T BH A58 2 R B
BT EILIET (Dean et al., 1998 ), A —E
ARUITEME (BREHESE, 2019 ), B 57 3 AH mUh ik
X RLHE BT 3 4t B AR i 1, A )
RIH B PHARCER (BRARESE, 2019; M
JEAS, 2020 ). BEAL, BT SCHRIRIE T 20 AR R
FAIXT AN [ 9% HH AN () b B A 5 b 5 18 0 1) ==
B, AHHACAE T 3 10 5 W40 dOk % By
R (EAAE, 2023), T UL, A OCHEU
R X5t B R[] 1 407 e b, £ 7 ik 40y o7 KO-
ATy B — 20 WA, AR 5 5 T R e dth 5 1 gk
A R A AR B S
B R LT b BRI iR
R FR 2z —, HAR A Bl 1) 15 M 5 0 UK
PR AR A0 PR S | W8 IS [ A 7R 0 25 25 S
(TKICHEAE, 19965 SZAEFIRSHF, 2005 ),

1, A ) 30 Rt 5 2 e Yo 7% R ) e 1 25 S
By () 27 326 245 it 247 9 DG S AR B . [
B, 3R T2 M 25 S5 1 — R AR FEAE AL AL
BRI A R B iR OR | IR SR gk e A it
FE R (EEPRSE, 2014), HAET, fEREGE
1) B 1 B 1 e v i ARAS DU BN LT B A Rl 1 AN
JUT Bs i 2 ROBERRR7E (Lv et al., 2022 ),
I EPTE I EE R SR, R, )R, WAL,
IR« BTEE . D)1 2 R S P 2 3 e %) L
WERR PR RN T 1.2-4.0 Z[8], AbTFHUZH
BUEMERFRKF (Lvetal., 2022). HILFT,
A B IR L Y B 22 A i e B H
WUk Plutella xylostella F =AUk Spodoptera
exigua( Zhang et al.,2023 ) S SBIE R 8 Drosophila
melanogaster ( Bogwitz et al., 2005 ) 253 H, 1fij
O il B AR gk %o Tl R ) BBURR M 5 D AN [+
W 11 4y A A A A O FHBIL R v ke = SCRik
il FETUE, WATLAEIEIRAE 255, BT
G e b, B 7R M DI RTAN (] 46 301 ) v X6 g el O 1 e
JRE R G HUR P A AR DG T 7, I 43 b s R ke
AN [) i 00 R b, B 1 ik 4 Y B AR A 3 R
M S JL T Fif ( Chitinase, CH) Hif J1 2 [H]
ARG, LA A {8 R sl JOR 77 7 e b, 5 72 ik 1)
o F R AR

1 #MBERE

1.1 K2R

R B SR T 2019 4FE 6 AR AT E)T
PR 7° (22.45°N, 108.30°E) M F KM, 7EEN
KT RMA S (Wang et al., 2026 ), HilE] A
A A AT 8 HUR  SESGEE B R —HE R B Bk
AR (27+1) °C. FHAHREE 80%-90%,



- 142 - R B 244k Chinese Journal of Applied Entomology 63 &

JAI 16 L = 8 D SRR AR o A I
ZhAi LA 1 HRR O . R4 AL IS o BIPE UK &
—HRIEEgh R (1 Hilg ) FAS[RNE 94 U T
A0 SE R A

1.2 Kz

TS E 257K 98.2% m\ i ik )5t 2
(VLI Al THRA R ),

1.3 BVSARX B X AR P AR E S HA 4 i
HhAE

A OPIE I R R I AT (BT,
2019b, 2020b), T 5 HJ5iH# KRBTk Bk
AT B 0 SR R MR A T (A,
2020c ), ELURIRAE . K EUEIRIF 25 Jeis T 3
H e (N, N-Dimethylformamide, DMF ) H,
Boiil 2%, SRIGLL 0.05%B i hiiE X-100
Fi ke, Pl 5-7 A2HFIHREE o K FORBOT B 4
Y29 1 om B, FEZSIPIRE 10 s, BB
FHA 10 fLFEFEE (EHAE 2.5 cm) F1, AKX
ZIN— 50118 1l R AN TR B 4 e (R 1 H
G TR, 288, 3. 40k SRR 6 i),
FALFE 10 Sk, 3 AEYFEES . 7F (27£1) °C
T 72 h R AT G, DU ATl i
ANBEIEH TRITHL BT,
14 HESHNEMITEESHEEERILT
R EEE R

141 BEEHE MRH&SE5CA LT
11 CERTTEE, 2017 )o T R 57 3 I A [ i
W% MR 22 AR, ARWFSE R T AR AN
[7) 0 30 40 R A e B AR R B Bl 9, 20 ) SR AR
A=K R R ST R B B 50 R, w04l e 50 3k,
1, 2 3 #k4h 45 103k, 4#84hm 53k, Sk
a3 3k, 6 WA 1 3k, AE TR AT BK
SRR, S 200 uL 59 0.1 mol/L PBS %%
M [# 1 mmol/L EDTA, 1 mmol/L DTT,

1 mmol/L PTU, 1 mmol/L PMSF 1 10%( m/m )
FHM, pH 7.8, FF-HRHIF S 28 SOBE S A vk i
WFEEAIS, A 800 uL % 0.1 mol/L PBS 2%
W% 1 mL, 12000 r/min 4 °CE.0> 15 min, |

THRAE A . LB T 3 i 2 e[ 2 D hg
AL EF ( Mixed function oxidase, MFO ) &R FREE
fiff ( Carboxylesterase, CarEs) 17+t H AR S-
¥ [ ( Glutathione S-transferase, GSTs ) JFl1JL
T P P I R R R R A R Ak B
W3 WY FESR .,
142 MBEHEEONE MRS ENE R
IESFZOCARTRHGE (£ S, 2017,
2020a ) #47 . H MFO iE MR Z w B A& A
MFO ¥, Bl mU-mg 'protein'min ',
CarE F1 GSTs L1 J1 LASF-2 450 ph g 2 se
SRR, Bl mOD-mg ' protein- min ',
1.43 JLTREGEWNE JLT Fme e
% CH Al & (AL R E R A PRA
A ) VLAY, CHKMRILT B~k N-C I
I AR, 5 3,5- TR KA IR P A kR AL
AL G, #E 540 nm A FRETROSCG, Wl
HEINER BT CH I, LA 37 CRZrE
R/ A JLT ™42 1 pmol N-Z B2 4
A R LS 1, Bl mU-mg ™ 'protein-h ™',
144 BEBEEWNE R/ Bradford %
(Bradford, 1976) MEkem SE A SR, HH]
A1 ¥E F&E A (Bovine albumin, BSA) £:ilbr
HERNZE, AR AWE L) mg/L £R .

1.5 #HIESH

K H DPS version 7.05 #4158 mUE IR X B
Hby 51 B B RS [0 391 40y s R 2 7 [T 5 7R L B
FEHHE LCso S H: 95%EfF X[l i DPS
version 7.05, %M Duncan [KHr & #2250 A
() b B [T TG PR 25 5, AN [R) /NS R R R AN ]
LRI AFAE & #F (P<0.05), R Origin
2024 A 1 B AR IR AN [] 9 15 &l e )
B TR BE DL RAS ) s 0 4y A e el il JO 7 e
SR 7 0RO T RN 43T

2 #RE5SH

2.1 EVBERRT Bt ST BUH B K 4 REYF

TR ZE AR R, B DT R I AN [R] % 19 4
O B IR 1 U E A AR W I B 22 . H
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Hr, EUEIRXT IR LCso 24 107.67 ug /mL, BE#
21 A RGN, R b A ke )y X TR R 1 R
PEZHTSE F TV T R s R X esi gy 1 %
2%, 3, 488, SR 6 Al HLAY LCso 25
4 8.67. 11.90, 10.77, 138, 2.26 . 179.03 Fl
1 003.81 pg/mL. LAEUENRXT 6 4l HL i AH X 5
FIFEHCH 1.00, B IR B3 51 A ik AL & B B

B AT BE 148 1R 727.40( 3 1 ) > 444.16
(41%) >115.78 (WIFEHIH ) >93.20 (2#) >
84.35 (1#%) >0 (9.32) >5.09 (5§ ) >1.00
(614 ) (R 1), 2RV, FHIDTRK 4 1¥HT4)
A CALFE 4 8% ) X EUIR b Rcigusk, o 3 i
4 9554y R R IR R UK, DI FN 5 I 40 U BUR PRI
6 144y U e 1%

R 1 BRI R R IH A A R R EI 4 R E S
Table 1 Toxicity of lufenuron to egg and different larval instars of Spodoptera frugiperda

il R BHEH U (95%E (51X 0] ) (pg /mL ) ROETPAE 4
Instars Slope = SE LCs(95% confidence interval) (pg /mL) Relative toxicity index
O Egg 1.49+0.15 107.67 ( 80.48-144.05) 9.32
WIS & Early larva 2.03+0.20 8.67 (7.61-9.87) 115.78
1 # st instar 1.04+0.35 11.90 (2.10-67.43) 84.35
2 ¥ 2nd instar 1.01+0.07 10.77 (7.88-14.73) 93.20
3 #% 3rd instar 1.52+0.22 1.38 (0.84-2.25) 727.40
4 iy 4th instar 1.04+0.08 2.26 (1.65-3.11) 444.16
5 #% 5th instar 3.08+0.56 197.03 (143.57-270.40) 5.09
6 #% 6th instar 2.44+0.50 1 003.81 (748.03-1 347.04) 1.00

FES 35 T3 A8 B A2 R LCso (ELARIXTRE T30 1, HABZY 50 AR X B 1 2 ORI LCso BRI G fY LCso (EI T3

firfs. WEgiAL: 1 Hi, &2 .

Relative toxicity index (RTI)=The maximum LCs, (RTI=1)/LCs, of tested pesticide. Early larva: One day age. The same for

Table 2.

22 HERMEMITBENTRAEBOLEAR
=R

BT FIER 2 S5 8 300 5 b 5 7% M 1Y
[V i F1 % 55 5 MFO . GSTs il CarEs u& CH
Eeidif o N1 aT LA H, BEE BB 3G
T BT AR A B R R R TR, 16 i
R EEAREZREE (P<0.05), HE

2 A[J, MFO Wif LL 1 s dudim, 6 #4)
Hude A, i Bl R R A B 0T RE AR . GSTs

FeIE AR A R 1 W e s, TE
3. 5 H 6 4 AR N A LIS S Ak, CarEs L
TG JIAE 3 1% 2Z i Bl 6 10388 i i v, (L 1-3
W4 4y e 22 (8] il LG TG ) 25 R (P> 0.05),
3 WA LIS CarBs FbiG J SR HikEAK. JLT
FE G EAE 1-5 W4 Z [N WG og , 3 5 i
=

18 000
16 000
= 14000
12000 | b
10 000 |
8000 |
6000 |
4000 |

2 000 ’_1—‘
ol & S 4 ’—I—|
Egg Early 1Ist 2nd 3rd 4th Sth 6th
larva

KBM B Developmental stage
B1 EMREHIMMAERESHNERRE
Fig.1 Protein concentration in egg and different
larval instars of Spodoptera frugiperda

Egg: Ull; Early larva (one day age ): #1044 (1 BHi% );
Ist: 1#%; 2nd: 2 #%; 3rd: 3 #%; 4th: 4#; Sth: 5,
6th: 6 W%, KT8 - F R, A AR 7R
#EES (P<0.05, Duncan [GHEMELKGE) .

Data in the figure are mean+SE, different letters
above bars mean significant difference (P < 0.05,
Duncan’s multiple range test).

a

{,

EEWE (mg/L)

Protein concentration (mg/L)

T
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R2 EMEAREIIAMARRE RAARSEMILT REBRLLE N

Table 2 Detoxifying enzymes and chitinase activity in egg and different larval instars of Spodoptera frugiperda

BMCH K S-S MG E FRRRERAHS

Z I AR JUT Bt

&ﬂﬁbﬂﬂﬁﬁ@_(ﬁ@ (mOD'mg'l (mOD-mg"! T ﬁﬁ(ﬁ_f}
(mU-'mg . . . . (mU-mg

5 1Y in-min-) protein-min” ") protein-min”~ ") inh )
Instars p;}?g mtln it GSTs activity CarEs activity p:jolflemt' it

1 ac “,”y .1 (mOD~mg'1 (mOD~mg'1 _?C le q
(mU-mg” " protein'min” ") . . -1 . . -1 (mU-mg" " protein-h™ ")
protein-min ") protein'min )

B Egg 20.43+3.46 cd -0.65+7.45 ¢ 45.06+£8.44 ¢ 0.26+0.04 ab

WIWF4h He Early larva 26.07+10.91 ¢ 262.81+£30.98 a 542.31£103.59 b 0.310.09 ab
1 # 1st instar 87.744+20.71 a 266.63+10.46 a 1151.44+72.01 a 0.11+£0.02 b
2 # 2nd instar 66.56+£3.85 b 106.29+8.32 b 1116.28+28.44 a 0.13+0.02 b
3 ¥ 3rd instar 26.00+£1.92 ¢ 27.84+9.93 ¢ 1257.73+378.97 a 0.47+£0.26 a

4 Y% 4th instar 21.35+3.12 c¢d 84.60+10.48 b 623.16+58.90 b 0.31£0.05 ab
5 % 5th instar 4.14+0.29d 22.20+1.31 ¢ 459.15+25.63 be 0.55+0.02 a

6 % 6th instar 1.99+0.20 d 27.35+3.94 ¢ 320.01+49.93 be 0.22+0.01 ab

FPEUH PR bR DR, 7] — S B 5 A R 7 B B35 22 5% (P <0.05, Duncan [GHT RN ZEKLE) .

Data in the table are mean+SE, and followed by the different letters within a column indicate significant difference (P < 0.05,

Duncan’s multiple range test).

2.3 EMh SRR 4 e BV AR F A X B e
5 AR EEsLL & AHE XS

32 3 0 1-4 1 E b 1 Mk 4 H T s R 1) A
XFEE I EC S B 0 AH M T 45 SR o DA
309 4y O A R %) AE D 7 8 S T LIS Y
MNERT, 1-4 % oo EUE IR IO AE X 5 11384k
5 CH Wil /1 B2 B EIEA XK (#=0.999 2, P<
0.001 ), HiYk 5 MFO(r=- 08726, P=0.1274)
M GSTs (r=-0.7735, P=02226) 2%
P, {05 CarEs i FLTE JIAHCHEA KR r= - 0.024 5,

P=0.9755),
3 gitEitie

FE] AN T W57 U O (577 37 b 9 7 I
WA R RAIE T K P2 & ( Dal Pogetto et al., 2012 ).
ULAER, [ PN B e T B IRAS SO0 3 34 5 1l
TR A A BT R AR, B RIBT IR RCR
o5 (RBEARESE, 2019; MATESE, 2020), A&
AIF 5% 4 T PP T JOR Xt 5t 5 72 K B9 R AN [ iy
Wighdt (wiEghdt, 1. 2. 3. 4. 5HI612) 1Y

®3 EMImEaSEIREENE ARSI E KA
Table 3 The correlation of the relative toxicity index to lufenuron with the
activities of detoxifying enzymes in Spodoptera frugiperda

LPSEN P{H

ARXSBE T 85T x ity L6 7 y 1) 75 ;
Relative toxicity index Specific activit Regression Correlation P-value
y P Y & coefficient
47I ok
= jjﬁb%ﬂzm y=-10.090 6x + 80.964 4 -0.8726 0.127 4
. Mixed function oxidase
ARAT 14
FAARE X3 T R4 M’t,ﬁ S-HeRoms y=-0.2559x +207.640 1 -0.7735 02226
. - Glutathione S-transferase
The relative toxicity
i A Ti5 TG
index of lufenuron TR ARG y=-0223 4x + 1 044.688 1 -0.024 5 0.975 5
against 1st-4th instar Carboxylesterase
JLT il Chitinase y=0.000 5x +0.070 7 0.999 2 <0.001
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B 1o WFFE 45 SR 2R AU IR X087 2 3 W 4 L)
A& MU PE R S S SE nmsasi , XF 4 2 AU R
FHEL 3 1540 i B AT AR, (EHAR XS 28 146 8
ik 444.16 X — %5 5L 3% I mUlE IR TE H 1] B 36 e o
4 i B — 2 B BAR EUE IR LA — R R
BTGP, AEURF A T HO B b 5 73 ik P R R
AROIIEVER B 22 , WO EEUUE A b ST R )
A TRV o HEA 0 00 A A O 3 R A e
A 245 350 QL P e, A S, A P e A H IR 25 ( 2
FEFE4E, 2019b, 2020b ),

5% 3 BBU 2 PEAIL T 5 R 20l % 4 AR AR
DL 22 5 B 11 2R S 0 il 3 M /N R R
YRR, FEAE R R AR 011G R 7
RS (RCHSE, 1996 ). HIbFEE, K
FE IR E HORW AR K2R, HOE AR A
IRE IR (TR AE, 19965 A AIXS BT
S, 2005; EPFRAESE, 2014 ), KM, ARHFSE
7R b O R 1 B 1 VR B R TR 1 M 4y
T IS T S 238 AR SO Bl 5 R
WY 3 PR R A L TG 15 1-4 14l O 25700 1Y)
AT T HEBGHEAT T ARG S0 25 R B, 1-4
W4 4y B o L R A AR X B 1 HE B0S MFO I
GSTs TG P2 TAAHOE, KU MFO 1 GSTs 7r 5
by 5 A e T R O ) i AU R T B
VER o B4 B TR B4, B b 5 13 Bk P 2 Pk
B E TR, AR m mUE IR B 0 1 S AR AR
LN, S R 6 1A 4 HUGT mUE IR L
AR, AR GRS T
Ko PRI, mUEIRXT 5 A 6 4l HUIR Mk I 4%
FHAR P A G 1

B H LT T il mT A e ik B H A B ] £ i
o LT BT, 7R R RO R S A i 2 v A
Uifie (Lv et al., 2022; Zhang et al., 2023; i
ERAE, 2024), T HJE (2014) CToRHIE
JIR 2 275 HUFR GRURE M AR GRUAR X AR 44 HUA CHL Y 1
HA — BB 05 S E A HGE , 25, mU6
JUK 32 B3 s LT A RN TR & R
YEH (Lvetal., 2022; Zhangetal., 2023 ),
I, FRATTXT B H TR AN [ 4 s CHL i 1
VLG DR X AR X B H8 B AT T R LA 4

Mro ZERZ0, BUBEIRXT 1-4 54 A A XT3
F8E S CH TG MM B IEAHOC . X T g 5 Fo b
TR CH % M Pl Y U138 IR g, i
HETIUT Bk, I migsl b HAE R N B
Koo TMT BV IR AT A TL T 55 R A AR
WD TR LT BEE AR N A A TP AR R i —
IR T HUR N LT K B sh 2574, {82
K TCRIE R KT, e K RIGMiAET (L et al.
2022; FIEEELE, 2023 ),

ZE B RTIR , mUE IR B ST R R 2 4 1%
Ay P ELA B B AR TE I, % LA T R) 7 b
DRI A AT B A 1 b X LA B R i A [
BF, FH R B2 | FH 2400 X6 S st IO ) £ P
Far LA EEE L, REIRANKG E— 200 5%
MFO F1 GSTs {3 5 415 %) 50 b 53 g % EL
W6 W e LSBT E AL . CH TSP 5 AT e
T w9 R & ¥ BE T, A R T LT Bl
BOE R T E R PHE P T B A
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