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Abstract: In order to clear the control effect of pyrethroid pesticides to fall armyworm Spodoptera firu-
giperda, the toxicity of lambda-cyhalothrin, beta cypermethrin, bifenthrin, deltamethrin and indoxacarb
against the third instar larvae of S. frugiperda by drop method and the expression level of sodium chan-
nel gene in the third instar larvae under the induction of these five insecticides was detected by quantita-
tive real-time PCR. The results showed that the LD, values of lambda-cyhalothrin, deltamethrin, bifen-
thrin, indoxacarb and beta cypermethrin after 24 h treatment of the third instar larvae of S. frugiperda
were 74.911, 83.280, 152.662, 179.372 and 567.250 mg/L, respectively. After 48 h of treatment, the
LD, values were in the order of 18.946, 67.874, 120.888, 132.790 and 461.635 mg/L, respectively.
Meanwhile, the expression level of sodium channel gene was showed no change or down-regulated. It
indicated that the fall armyworm larvae could reduce the toxicity of the insecticides by reducing the ex-

pression of the target gene. This study was preliminary cleared that the indoor insecticidal activity of
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four pyrethroid insecticides and one chlorobiobenzoamide insecticides and revealed these insecticides

can be used as field emergency prevention and control of S. frugiperda at present.
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A% BRI 7] U6 (=) SCHRAS . 2019) A= HilsiA B
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A AL ES . DNA 4 i Phanta Max Super-Fi-
delity DNA Polymerase, 3¢ [ Omega 2\ ] ; Trizol i
5, 2€ [E Ambion 2 7] ; cDNA & 33 7 & Prime
Script™ 1st Strand cDNA Synthesis Kit, H 4 TaRaKa
N ) 5 SLET 2¢ 9 2  PCR AT & ChamQ Universal
SYBR gPCR Master Mix, [ 50 i MEREAE R A R
o] e o E el . 12 FLIG SRR T
I T RS B e A A B2 7] 5 ABI 7500 1 52 B 2
7€ 1 PCRAY, At 20 BHME RS A TR A R
1.2 Ak
1.2 R F AT AEH N E

IR 2019458 H 23 H R A S %
WU 5 i 245 7008 20 b 5 30 0k 3 W8 4 U 35 07 o 4 4%
245751 FH PR B & 10 000 mg/L YRR, 25 ek,
GBI 6~7 I e B, BV S S A A R 1k
FE43- 524 25.50,100,200 400,800, 1 600 mg/L, =554
ST 3R 2 T RIS 52 TR 1k B2 430 R 50
100.,200.,400.,800. 1 600 mg/L, B Ht & i ¥ 2 73 7]
4425.50,100.200.400 800 mg/L, LA A i b 3 g %if
B i1 2.5 pL RS IR 53 51 AE R b R0 3 3 40 T
T EREGHE SU 1 uL AR 25 7], Z SR Sk T
ALY 1.5 g AT hakH 12 FLEFF-M 0 76 1.1 Bk B8
Bk N TSR . AR 12 k4P AT
AEFR 3, 236 3, 40T 24 48 h S Geit 4 44
PIFET O, THEAET R A IESET R . LA Bl
i i HUAA 5 TG B2 0 5% &)y B B B B ) TR BRI
WAT IR 2% FldE B b T R A5 1 R A A
iR AE AR M BE T (Gutiérrez-Moreno et al.,2019) .

FET SR=FET HUEUA R B 100% s BEIEAET R=(4b
FRAE TR - X BRAE TR ) /(1= FRAET- %) x100%
K H Polo A4 #4755 71 MIH 43 B, 1153465 5 Fl 24
71 4 38R Ml BT gk 3 94 &) B 24 h S 1 LD,s LDy,
LD, S H:95% A5 BR , I LA i R0 S 3 44 g Ak 2
M DT 3 I 4l L 48 h S Y LD fE M 1.0 A7 A X
BEIFE BT, FLAA 24300 b 5 1 ik 3 #4
(RRE 1K
1.2.2  HAEF TR B TiaE ok FegmE

PL1.2.1 TPRAR ) S A 25501 LD,s LDy, \LD,s
Qb BV FE 4 5915 3 SRRk 3 A 4y L, b B
[ 1.2.10 2 BIEA 2570 3 Fpifk B R i/5 5 24 h f148 h
JEATAEE B B B4l 3 3k, FH Trizol 42 HUEL
RNA, #% #f Prime Script™ Ist Strand cDNA Synthesis
Kit 6045 5 5% 5% 45 B cDNA

57 B TR R S 38 3B cDNA J¥ 1] (Gen-
Bank % 55 MN966968 ) , L 53 53 47 1k EF -0 3E A
mRNA (GenBank % 5 5 KT218669.1) {E & N Z: 3k
, B FH#E A Primer Premier 5.0 54 5045 149 (36
1), RIS 9GR8 i PCR AN G FE 5073 ik 3 1%
41 AU B T T SR AE S R 2GRN RNZE SR R A
FEIRMUAE , DDA R A EE A ) B 5 7K cDNA R A
2N, 20 pL RBEMARZR : b RIS [47450.5 ul.
cDNA # 47 1.0 pL . Mix 10 pL, ddH,O #b /& 20 pL.
F2 R £ 95°C T AR 14 30 53 95°C A8 ME 10 s, 60°C 1B
K 30s,40 ME, IR 3WAEYFEELE . R
2-ANCT Y 1AL 1 3 3 5 P 4 A e K 2 (Livak &
Schmittgen,2001) .

&1 AFRBATALRIEEE PCRY IG5
Table 1 Information of qRT-PCR in this study

EIE B S PR S 51(5-3") P bp
Primer name Amplification site Primer sequence (5'-3") Amplification length
qSFNavl F FES B IE AACGCTAAGCCACGAGAT 116
gqSFNavl R Sodium channel TGGAAGAGGCACAGGTAT
l1-alpha F EFl-a CGTCGCTGGTGACTCCAAGAAC 132
I-alpha R AATGTGGGCTGTGTGGCAATCC
1.3 HESH FKikmEl,

% H Polo Plus 2.0 F{F #4785 77 [|1H 43 Hr , 15
FEE S WA FERFR (LD, LDy, . LD, M H: 95% &
fHERR, DL LDy, 119 95% ‘EA5 PR 2 75 55 & K H B AN [H]
RIS T B (8%,2019) ., Rt
W56 1 X B E R A 7 22 5 W S YRR  , A F Graphpad
Prism 5.0 {422 1] 5 1 5 132 MM 2 -3 1 R DR A G

2 ERESH

2.1 HIRAFNEMEEBSRNENSH

Bt AL PR B R 1A 0, 5 RG] B b SR 100 3 i
W IESET R 5 BT Hid, 800 mg/L
Ef1 2 R A B S 3 I 4l L 24 h S AT IEAE T
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K5 80.56% , 1 600 mg/L 14 = 5 S IR A S TG L TR A
B TR FTIE R 24 i Ah B R0 b 53 0k 3 A 401 L 24 h S 1Y
FEIEFE T Z43 53k 51 86.11% .91.67% F197.22%,
P BT U A A TR TR A TR RIS 4 e
XoF Ml ST Mk 4 HUELA 2 B BOEAE T i R
TFHGBR Y RE ST AR S, 7E 1 600 mg/L ¥ FEALBE 24 h
JE IR IEAET %N 61.11%.

1o A5 S T2 i ) 5 1 TR A0 3 A 41 I R )
AT fe 5, AL B 48 hRF LD, fE A%, N 18.946 mg/L.
AbFE 24 h 148 5, 5 24 500 % e b 5 13 % 3 # 4

(19 LD, {5 FH AR S K Ry S AR R RS I (74.911
18.946 mg/L) . Vi & 44 ik (83.280, 67.874 mg/L) ik
K451 (152.662 . 120.888 mg/L) | Efi HL & (179.372
132.790 mg/L) RAGAHAENR(567.250.461.635 mg/L).
o B A SRR A R AR RS R 0 B 1 KA Y
ELG 2 34 2 s T LA 3 Ah 2 I A 75 0 5 IR R 3 i
Ve BB A o R T RS RS R U
BT R AT AT B S TR IR 7
L R0 S U T A X 7 B P Mk LA B B
(#£2),

R2 REHGFIXEH R 3 4 REYE S
Table 2 The toxicity of different insecticides on the third instar larvae of Spodoptera frugiperda

2 ?ﬂ 7R iD Ifﬂ }é\ % 55 Rt /4\‘(1;& *de—ijj?ﬂb*
Izeiﬁgci Tiile/h Totj?ﬁ. Jripiisﬁ; LD;,(95% CL)/(mg/L) 4 Relative jxicitygiidex
i HUk 24 252 1.689+0.220  20.835 179.372(127.170-256.022) 16 9.47
Indoxacarb 48 252 2.016+0.237 28331 132.790(91.265-187.881) 16 7.01
TR RS RS A T 24 287 0.654+0.141 74.911(28.742-134.018) 19 3.95
Lambda-cyhalothrin = 43 287 0.804+0.164 16244  18.946(4.405-38.754) 19 1.0
ey e Rk 24 252 1.339+0.199  21.443  567.250(380.422-971.180) 16 29.94
Beta cypermethrin 48 252 1.483+£0.203  24.843  461.635(311.459-742.449) 16 2437
TR 44T 24 252 1.324+0.209  13.458  83.280(47.672-120.796) 16 4.55
Deltamethrin 48 252 1.473£0.228  26.193  67.874(27.853-110.281) 16 3.58
IR A TR 24 250 1.94240.239  17.754  152.662(111.550-200.533) 16 8.06
Bifenthrin 48 250 2.800+0.355  21.268 120.888(92.343-153.980) 16 6.38

22 MBFEEEREGTIFS THRIEFES T

5 A 257 7E LD, LD, Al LD, &b H ¥ B R 43531
5T T 3 I 4 R 24 48 hE , HAN
RN R IR R IAYE S 80A S TIRBLE (E
). &EEARTAEERSET 24 05, £UWE(7.75
F1800 mg/L ) Ab 3T il 57 13 Mk 3 % 4y e Ak 2 13
TE LA By R3A 1 5 0 BRI b 2 25 57,48 h i 800 mg/L
VB T T N LR Y ek i R R (P<
0.05), ZEGAR SRR S 24 h A48 hif, 180 mg/L
F11 800 mg/L Ve 175 T ¥ ml fufi 4 15 -3 1 S R Ay
Fih W E N (P<0.05),560 mg/L kAT N H
Fak BRI B E . 270 mg/LEEEAGRRAES 24 h
ol 48 h i , I BT K 3 440 U S R PR ek
R #E T (P<0.05), 150 mg/L F1340 mg/L i
S T HAGK BRI W ANME . 2R A
B v (270 mg/L F1450 mg/L) Fl 3 i (85 mg/L
F1180 mg/L) 5524 h 5 , 35 nl i 55 57 3 ik 3 e 4l
R 3 L PR s B T A (P<0.05) , {IR vk
J& (25 mg/L #1170 mg/L) 5 5 J5 H ik & 5 X IR G
BEXES, 70,180 F1450 mg/L He B g5 F 48 h
Jei , Y1 AT {6 R b £ 1 ik 3 o 4 H A S T R PR A

Fk g R E T (P<0.05) , HIRE SR R 7E 25 mg/L
VTS T R b B K 3 05 4y HLU S T R PR ) 3R
K N JH (P<0.05) , 7F 85 mg/L #1270 mg/L ¥
JEIAT PR S TR E 2R

3 itig

R, 5 2 P ) 3 T BT R A B

16, PR e 2 A 24 PRt e ol 7 e 58 A 0 A e
Ry B 0 e 32 vk GRUE R 45, 2019b) . HHT
E i IEet 7 o B Nt [ d i R VA R B e
P20 B 1R SR A B, BT AR AR A 7= v
IFEAT T T2 A X U i, A R K b 2 4%
A UL RE , NI IR 2 2B 1 0 B B (1
UHT,2018) o [EIMf FH Ak 274 24 B R i 5 1 i 1)
7 50 F A K (22K F-45,2019) , XS RiTBIG: H 3G T2 R
M2, 5% BEVEY) AN — S35 2% R s
RIGTA RIS HR L2 R AR BRI R
R ST b B A Mkt A BH R B B TR RICR CR TS
252019 X R %5, 2019¢) . 4% (2019) &
FYeth ZRER SR B A== i ol 1R R Y
HB 1A A FE 24 R 00 ey Uiy 22224 70) . AR
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- AT R RCA USRS R A el g A, H R
BOR R (B = A 5, 2019) 5 5T HLAE(2020)
2.0 FEREFEEFBE Lambda-cyhalothrin

K M55 R E 1 3 FPLIER He 4G R 2R 2550 X ) AR
J N T B R ) A T L IR 3 e 245 24 2
A BAFIBHARCR ; (X Y S AU 45 ] —2. B2
T A (2019 ) 388 Ak X FH PR 470 04 3 I 540 6 4 7 4
BT, i 0 e B0 e 2 X6 ML 2 L B R TR 2
PSR R FRA b 2 B SE U A . R, FRIE R
et AR A AR 245 B i 5 BTk ) SRR 7 1 — 20
RAIRVT .
1.5 - FEEFIGEE Beta cypermethrin

1.5 1
5 1.0

1.0 % .

05- - 0.5
S
2 0.0- T T T T 0.0 T T T T
g 0 7 75 800 0 7 75 800 0 180 560 1800 0O 180560 1800
% 2.0 B 25 g Bifenthrin L3 TR FEEE Deltamethrin
&
§ 1.5 1.0
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E 0.5 sk iy 0o
% OO‘ T T T T 00
"Hk( 0 70 150 340 0 70 150 340 0 25 85270 0 25 85270
;%' 1.5 - B BBk Indoxacarb

1.0 m 24h

x X % o *k 0 48h
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OoO - T T T T
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Fig. 1 Relative expression level of sodium channel gene of the third instar larvae of Spodoptera frugiperda

at 24 h and 48 h induced by different concentrations of five insecticides
P B 280 PR bR s o o o S 1) S 2% VR BE AL TS 0of IR 28 ¢ 00 46 5 A 36 7 P<0.05 . P<0.01 1 P<0.001 /K-

2253 5.3 . Data are meantSE. *, ** and *** indicate significant difference between each concentration treatment and control at P<

0.05, P<0.01 and P<0.001 level by ¢ test, respectively.

HAT, 385 3 DA Ay R HO 28 B B pe AL R 32 2
ALHE 34T TH « 3R B2 2F il MR AR A eV 3 s R
HREUB: N % (Teixeira & Andaloro,2013) . HH4HE
TE HE PR AR B S s BB BT A 5
Pt M (knock-down resistance , Kdr) 42 F2 1t %) 25 g 2K
25500 P A LR £ KA Z — (Milani, 1954) . 1R
22 B ik A7 Kdr Al super-Kdr BLG2 , Al 35 i
DA F R R BT AN R RR AL  B 2E7AE , H52
M B S 3 PR AR ZE & . AR AR R 78
BEERRAFNE T T, B H TRk 3 i 4y A g s -
SIEE- PN PSS o N e 7 Sl A N S MG = 6
FAHTRTES 5 48 h T, HAR P A5 1 1 B A ) 3R

AR 25500 HE G I S BE B B RS, e
2550 BRI B AP EL R, (E R A {4 S i
FE PR T YRR IR 1 DU, TE SRl B0 B S i
e PRk B A AR AT LA R0 B TR 25 77 1Y
L85 BRI 25 HE

B AU T AU R B4 RS 25 1
FOARAZ AR, i 2 AN BRI DDT S5 22 28 255 452
PR B U T4 2 24 750 B A FHATL AR AN ], JHG
T B A N AR R N-25 OB LAY DCTW , Jf:
VRIS BB S il , A 22 b AL , 2
— ki B A AR HGR] . ADFTEAE R R TEE
HRE AN [ P ] B P et 5 0K 3 e 4y R AR T
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