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Effects of sublethal concentrations of emamectin benzoate and
chlorantraniliprole on digestive enzyme activity, growth and
reproduction, of Spodoptera frugiperda
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Abstract [Objectives] The objective To investigate the effects of two different insecticides on the digestive enzymes of
Spodoptera frugiperda larvae, and assess changes in the biological characteristics of the offspring of S. frugiperda exposed to
sublethal concentrations (LC,s) of these pesticides. [Methods] Third instar S. frugiperda larvae were exposed to sublethal
concentrations of emamectin benzoate and chlorantraniliprole, based on the virulence of each pesticide. These larvae were then
fed on wheat leaves and the pepsin (Pepsin), a-amylase (a-AMS), and lipase (LPS) activity levels of both the F, (parental)
and F, (offspring) generations were measured and compared 48 hours after feeding. In addition, we analyzed the impact of

exposure to sublethal pesticide concentrations on offspring developmental period, weight, oviposition characteristics, and
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population parameters. [Results] Exposure to sublethal concentrations of both insecticides significantly reduced the pepsin
activity of the F, generation compared to the control (P<0.05). Furthermore, exposure to emamectin benzoate consistently, and
significantly, inhibited the pepsin activity of F, larvae. Exposure to chlorantraniliprole did not, however, significantly reduce
pepsin activity. No significant differences were observed in a-amylase and lipase activity compared to the control group.
Exposure to sublethal pesticide concentrations reduced the weight of F, 6th instar larvae and pupae, significantly prolonged the
pupal period, decreased the oviposition period, and reduced average egg production per female. These effects resulted in a
significant decrease in the F; generation’s net value-added rate (Ry), intrinsic growth rate (r,), weekly growth rate (1), and also
extended its average generation period (7) and population doubling time (DT7). [Conclusion] Exposure to sublethal
concentrations of emamectin benzoate and chlorantraniliprole, inhibited the pepsin activity of S. frugiperda larvae, and

prolonged the developmental period, lowered the fecundity and slowed the population growth of the F, generation. Exposure to

sublethal concentrations of these two insecticides can therefore provide sustained control of S. frugiperda.

Key words sublethal concentration; digestive enzymes; developmental period; body weight; fecundity

L T MK Spodoptera frugiperda (J. E.
Smith ), X ARk, g T8 H Lepidoptera
R Noctuidae, Jit 7™ - JE P By RN HHT Hb
X, BAMRMRNET CEE SISy, E—FfeH
PR R AR EAOIEE B ( Montezano et al.,
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( Emamectin benzoate, fajFR4ELL ) FIs{HZE
FH Bt 1% (Chlorantraniliprole) B % HL I X 5L 3 5%
R EA RAFIIBERL (ESCIRSE, 2019), H4E
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B A0 o AR AR R, SRS R AR 41 2
EEREN “HK” ki — (Okuma
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0.006 5 mg/L, A A H EE=0.032 1 mg/L ),
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ORI A OREE R, IR PkEE 60 Sk K/h—E
)1 A R A RN NRIEE (d=
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BEM (P>0.05),
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HE AR
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QRSN 2 Fh A BRI SOV e B 3 S5 o S
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T AR (8] 2 ), HrpiiiA[(14.03+0.62) Al
(12.81£0.10) d]EIER (P<0.05), 43l R Xt
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Fig. 1 Effects of sublethal concentrations of two insecticides on digestive enzyme activitiesin the
3rd instar larvae of Spodoptera frugiperda

A B TR BB E; B, RO ST o -TEM G C. REMBSTRCMRAR TR 1

B BB A AN RN R R AR B R] 25 57
A. Pepsin activity of Spodoptera frugiperda;

% (P<0.05, Tukey HSD K% ), TR,
B. a-amylase activity of Spodoptera frugiperda;

C. Lipase activity of Spodoptera frugiperda. Histograms with different lowercase letters indicate significant
differences between treatments (P < 0.05, Tukey HSD test). The same as below.
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HEY 1.94 F1 1.77 4%, M BPIARNS) B To 2% 5
FECP>0.05 ), 4EER e T B I [(9.60+0.31)
dlE4 % (P<0.05), AXTREN) 74.23%, AL
DiiI[(44.88+1.06) d]iE E LK (P<0.05), AX}
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- 5 L

o 35
—Z30t
B2 o5t
R g 20+ ada
i & L
®e BT

5

@]

15 da a

1o b bab
5t ada

o LCOm

U ghd dE o R AR
Egg Larvae Pupa Adult Generation
i State

B2 2FRHAFTHIFERENEMFTREF,
RABRELE LA
Fig. 2 Effects of sublethal concentrations of two

insecticides on the development period of different
insect stagesin F; generation of Spodoptera frugiperda

222 2 MRHFAMNEMIRE F RKEENY
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Fi AR4hHu(1-6 ) FRif iR S AR X, H 4k
ERAL IS 3-6 i 2)y BRI A FAK T S0 HUOR H ik
PR (R 1), WYEERAT 5 ¥4 H1[(40.02+
1.75)mg] . 6 #& 4h AL [(187.39+4.10)mg] Fil
[(179.05+4.12)mg] 5 5 % BEAH L34 ik 2 AR ( P<

0.05 ), & 2K I BERE W BOEHR A s, B
SR F AR 6 4l B R T R T AR (P<
0.05 ) IXFRHH 2 Pzl I BOFE ik B X H b 57 1
W R A R B A 2 A TR
223 2 MPARFIIEMZEE F REENH
BN 2 AR BN SO e T, E TR
i Fy MR BT IE R, I O A
O(E 3. A) (P<0.05), HodH4iEh kb3 s
B A 49 [(8.0£0.5)d] %% X HR AN G L 28 H L B
[(4.4+0.3)d]Ab B 4K (P<0.05), 433k 2
FRALFRAY 1.8 F1 1.4 A%, 1™ BRHI[(1.8+0.1)d]4
el HERT 4 H 2R B e Ak B 5 35 4 4 ( P<0.05),
AUH 2 FRAL PR 33.38%F1 52.82%; 4 Hi7E HI it
Jiie ib B 5 7 B B [(3.420.3)d] &8 %t IR 4 e
( P<0.05), AXTIAY 63.19%, 7= BURTIIJC &
573 (P>0.05),

2 Pl R HURD SOtk BT aa R, wh 5 1
Fy E B A1 S5 B 7 D) S R0 H 2 B ™ B
BIREAR (1 3. B )o Horb F 2 dh b 2 5 - 347 FL
PN EE[(226.5+27. 8 ki M/ H | 5 A% T 0 R AT 4R
AP EERALF (P<0.05), XN 2 FhibFRfY
25.77%F1 47.07%; H Y= Bl 5[ (126.5+7.5)
K/ H i EFRAK( P<0.05), Jg % HREY 76.49%,
SRR O e Ak B IS SF- $57 BRLME 7 O [(481.2+
28.5)ki/MfE/ H 1R 3 BEAK ( P<0.05), XA XT IR
54.75%; HYJHME~ 000 B & = 50 (P<
0.05 ),

F1 2FRBEFTEIERENEMZRE F REENZ D
Table1l Effectsof sublethal concentrations of two insecticides on body weight of F;
generation of Spodoptera frugiperda

{A® (mg) Weight (mg)

yhgiiil
Istinstar ~ 2nd instar  3rd instar 4th instar Sth instar 6th instar Pupa

i R
?t | 0.06£0.01 a 0.52+0.05 a 3.58+0.27 a 16.75+0.76 a 55.73+£2.19 a 224.88+8.34 a 205.76+3.13 a

ontro
H 4eEh

) 0.05+0.01 a 0.50+0.02 a 3.10+0.39 a 15.43+0.89 a 40.02+1.75b 187.39+4.10 b 179.05+4.12 b

Emamectin benzoate
%E]anmﬁ# 0.05£0.01 a 0.50+0.01 a 3.44+0.19 a 15.89+0.83 a 50.43+£2.85a 195.52+£3.16 b 187.17+3.92 b
Chlorantraniliprole

[F) 5 B3l o A A AN ) /NS SRR FoR A L) 22 57 1 25 (P<0.05, Tukey HSD £ 43), F3&I[A,

Data with different lowercase letters in the same column indicate significant differences between treatments (P<0.05, Tukey

HSD test). The same as below.
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O % B8 Control O % B Control
B H 4k Emamectin benzoate > B H 4k Emamectin benzoate
B & R F B Chlorantraniliprole = B & B 2K B B Chlorantraniliprole
<10 g1 0 a
~ A a & B
g8 % 'z 800
R b =g
/[: 6 b a x 5 600 b
< 4 b iy g 400
~ = 9 C
= 2 ¢ =5 200 a p ab
= RE o
e > \ .
7= BN P Lk O PIYHHETONE  H IR
Preoviposition Oviposition Oviposition rate Daily oviposition rate
period period per female per female

3 2MRAFLBIIEREXE MR F) 7~ IEATN B = B B AR

Fig. 3 Effectsof sublethal concentrations of two insecticides on oviposition period and female

fecundity of the F, generation of Spodoptera frugiperda

A, FOH TR BT RO BRI B ST S B

A. The length of the preoviposition period and theoviposition period of Spodoptera frugiperda;

B. The number of eggs laid by a single female of Spodoptera frugiperda.

23 2 MAMAXNEMETEE F RFABFESHH
i

2 Ffr % BRI SOOI B e T, T
Fi ARG | PN SRR S R ORI
i, SFRHAC T AR B AR ] AR (3R 2),
Horp A3 A 5 A R (58.68+8.40 ) W3
FEAIE (P<0.05), [OMXTHRAY 11.62%; B K

2 (0.10£0.00 ) F1JE PRIFH A (1.11£0.00 ) W2
R (P<0.05); FPRENIAEIFR][(6.6+0.2) d]
W IR EERK (P<0.05), 4 1.64 15, AHAE
G e b PR JS R Hb 0T R IR Fy AR o B A R
(160.27+9.71 ), PIELHEK AR (0.13+0.00 ) F1JH]
PRI R (1.142£0.00 ) 5 EAKTXF AR (P<0.05);
FhEEANAE I A [(5.1£0.1) d] B EFIER, KXHEE
1.28 % o P AR 1 0 25 2= R ( P>0.05 ),

R2 2MAHEFNTHILRENEM XA F KBS HHIN
Table2 Effects of sublethal concentrations of two insecticides on the population parameters of the
F, generation of Spodoptera frugiperda

S5 Population parameters

M HHETEE Ry WEGRR ry BRI A 2 SF AR 7 (d) FREEINASIE) DT (d)
Treatment Net reproductive  Intrinsic rate of  Finite rate of Mean generation  Population doubling
rate increase increase time (d) time (d)
apitl

AR 505.02+40.14 a 0.17+0.00 a 1.19£0.00 a 35.86+0.63 a 4.00+0.05 ¢
Control

72N
e . 58.68+8.40 b 0.10+0.00 ¢ 1.11£0.00 ¢ 38.25+0.12 a 6.56+0.20 a
Emamectin benzoate
A h e b
AR 160.2749.71 b 0.1320.00b  1.14+0.00b  37.39+0.88 5.1040.07 b
Chlorantraniliprole

3 itig GRS B A BEAE AN, X HAR NI 1L

28 PRI R B, P A Ao e R Y Tt i
X e 3 R EL AT B B R ORCR (2R
2021), FERCIRARE BTG H IR E R . R

L= 2A
2

REHEVEA RN (SKRATSE, 2018 ). B HAYTHILEG
CLAREE A . o -VERYREAIAR D, ok LT 11 57
OMREYI TR ROREE B, RN, B

SR SRS SR A T AR A (5KFAE
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2019), FEHMSSRAAERKAEFEIRPHZH
AEBRINE , UNEFAESE I A RN 2 5 (2
5%, 2015 JATFREE, 2021 ), fT A #R5E (2019 )
W9 & BRI 451 . Pleonomus canaliculatus 3 &
4y HULE 7 SR R 1) SRR R gk i ik 3 - g rp
24 h Ji, HARNRE ARG . o-TE A B A DI S
PR & AR, T E 5 e 4 B O S AR S
FIHGETT, M HARK LT EAFR R, AW
FER, FH DT 3 144 HL g F YRR G HUR
FH R i e e FE AL B R, H: Fo R4 RN B
B PE B PG, P 4R b BT Fy AR4)
R P A RS I E A R R
BRI ARCREEL (Xu et al., 2016; KA
&, 2021),

A& B () S BB R B AN AN 5 i) 5 L i) A
AT R45tE ( Zhao et al., 20185 Fan et al., 2021;
BEORO5SE, 20215 IR IAE, 2021), WARESE
HEAR e+ RAERK AT MERE A2 (Cui
etal., 2018; FIrir4s, 2019; Xuetal., 2021 ),
L RFAE (2021) Hl T BRI E A R R H
Pk e b BNV M EOK W Ostrinia furnacalis J& 241X
TR A e R EPLME S O R AR, HL A AR
UFMIARAE S o FRIETHAE (2017 ) A& BHE HL R 1 2
F e FE X RIEUR 8k Spodoptera liture FPRERS KA
PIHIVE R o AR e 0 A 3 RN S8 HUR Y I e I
HCHe B AL P R b Bk 3 WA S FARCF)
A (6 iy ) AN W R, WA
1, 77 B RN 5 B B S e L, R
AR R R Fy AR B N T W
BEEARR, P RE 2 A% HORIAE (A P 114 % 7 00 o] sl A
BRI LT (A, 2016), fHH 70N
HOAER , 4% BR ], s opie . XS4
SHRBFREE R —F, BRI A 5 r s
WX AR KB B —E AR B 1
A5 (2017 ) WF9E 0 e e B Bk b B AR 2L
B , FiACR BT A | Rl B G o i 2
fis, PR R EEK, ARERER,
T b TR I 2 FP A R G R H g e S SO v
JEMEJE Fy ARG EA P BT A ] B 1

F R A, 1 34 S AR B o 3% s 1] 2
K, FIm AR T A8 BRI B0 R B X A4S HURD
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