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Research progresses in the resistance mechanisms of fall armyworm
Spodoptera frugiperda to insecticides
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Abstract: The fall armyworm, Spodoptera frugiperda, is an important migratory pest, which originated
in America and has invaded many countries in Africa and Asia. In 2019, it invaded China, and seriously
threatened corn, wheat and other crops in China. At present, chemical pesticides and genetically modi-
fied crops were mainly used to control S. frugiperda. However, a large number of studies have shown
that some insecticides, such as carbamate, organophosphate and pyrethroid insecticides, have developed
different degrees of resistance against S. frugiperda. The resistance mechanisms of S. frugiperda to
chemical agents can be divided into metabolic resistance and target resistance. The resistance mecha-
nisms of different insecticides were different. For example, the resistance to chlorpyrifos and lambda-cy-
halothrin was caused by the increase of detoxification enzyme activity and the insensitivity of target,
while the resistance mechanism of diamides was more focused on target resistance. Based on metabolic
resistance and target resistance, the resistance mechanisms of S. frugiperda to different insecticides was
reviewed; the effect of S. frugiperda on different insecticides was analyzed, and the management and
monitoring of insecticide resistance was forecasted in this review.
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Z —(Gouin et al.,2017) . E MG Ik L EH £
KIUFNIK AF Y 2 A4~ AR Py 78 e 6 K 280l 57 7 ik
B TR R RAURAFRHEY) KR AL R 5T
= B KRGS /NAE DY) (Pashley , 1986) o HLML TR 1%
WA ARSI CAE ST, NSEUIML FIAEIN, 2018 4E A
{2 EN B (Early et al., 2018; Shylesha et al., 2018) , 4k
T DA ) 128 0 A A= B R S, A b 3 B i 5
(RFKHEE,2019) o FHEHH BRI B — BTy,
PUPERNRE 09 PUIE S5 07 P 25 R 22 A7 7E (Ardas et al.,
2019),

e AR 25 PR TS SR I TR
b TR P 7 2 B S SR T M B A AT 24 Y
AP TR BRI ROR 45 N 2 B R R EL R
WIXE, B =A gy t— i 7 H ShtLsA
Writk Ak, o5 — 5 i T R IR ) . TR
77 AR HIAILEIAS [F] i A 245 58 i 1, AT Lk f
1 B PR MG 2 R AR S8 B SIS L R
FURIBTYE 468 T X 25 Wy i Ukt | gk v 1k
2 AR, DR, WD e, B A0 M X 45 e 3% e )
AIPTPERL T T B 45 2 e B2, A SO
PE—— B MU A et A N GO BT il 23 e IR
SR T 7K ik Tl 25 U TS A DA i X 3% B 1) e
BEVE P AR BRI —— B HGE 2 R AT #E A ) R
PEAR = A ATVE 24 D7 T ZRR T b 5 0 oo 2R
R AR TR R BILR  ASHI Shy 5 b, 57 13 M 11%) 1 22 B
PEPe BB

1 B R 2 £ S

H I, S SRR B X 2 2 A bt
FEAGUE AR SE 2GR RO . FRHGE
22 i W b BRIk X A ML R 15 25 (Carvalho et al.,
2013) | & HE H B2 5 2% (McCord &Yu, 1987; Yu &
McCord, 2007) . $ F& Ht % BiE 25 (Carvalho et al.,
2013) SAL Gk 25 7= R Btk , T BE AR ST A5 R
T, B 1 Mk XoF X 2 2S (Bolzan et al., 2019) . £ 5%
I# % (Lira et al., 2020) . < H it JJg 25 (Nascimento et
al.,2016) SRR 2t 7 A T Btk

L b B R A 24 P A A AN DB
Young & McMillian (1979) %& #L7F 3% [ 4 7 &6 £ K
P A A b 57 7 ek % B 28 R A T 10 5B
Young & McMillian (1979 ) if & PR 7E 55 [ 4 2 HL ik
P A0S S T S ) ) b £ 7 0 L 28 Xt S
(k] NGRSO 2 A N 5 N P P A
B A HOR AR IR ATE T X FE 28 R R O

XA ol ) 0 1 e =, s SRR R 119 500 £ 5 1979—
1992 4, B 1l 53 13 e %t FH 28 B B PR 3S in 1 50 1%
(Yu, 1992) ; Nascimento et al. (2016) & #LEL P4 £ K
FH 74 b 2 3 O 4% PR BRI SIS A% H ) g FOR 1) e
PH1% 915 4% ; Bolzan et al.(2019) [A]# % B 7k L P4
[ X  HEUAS R PR A 0 A P R 78 e Yoy A
JHE 158 ELHTPERAR , 205k 22435 , K S8R MU e 1) 22
AR R, KT 42 0001 ; Lira et al. (2020) 76 EL 75
P[] B0 5 Ml B P e Xt R 2 R TR AT 1 84445 1Y
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P A5 ) RT3 Jirt it (40 0 €5 3R © 30 I g ) 45 ffe 2 T T 1
HH b vy, o R b Sk B )RS A BT 2 (Y,
1992) , b 5T ROIRATT 24P () 38 i 25 LN 2 B4y ok
TEXKME, 21 22 LIk, Z 0 Rl A 25 8 A Al
HLAEAR MG B GEEE R )T, B SR ik BT AL
il A1 BRI A AR A, A A A v 2 Ak 321 L
B -3 A8 | £ I AH B R i (acetyl cholinesterase,
AChE) . faJE T 324K (ryanodine receptors, RyR ) %5 K
FORR A S A ERARPL M (Yu et al, 2003 ; Carvalho et al,
2013;Bolzan et al.,2019) , Boaventura et al.(2020)
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Ry 3 ASGR AT LA i 2 e AR T (B RE ] B 42
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HFIRE ST, N RS0k . F WA B A5 4%
e H BK S5 #4 f ((glutathione S-transferase, GST) 4l
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Xof B 25 B M K T DA 90 135 b AR B 6 1%, B2
b TR AT i ZR AR N I O AAE A FD B SR AL il
LU AU 2R 1, 1 — 2 U B 5 1R e %o R HUR
ARG a2 O FR 2R ™ A i i ) SR A
(McCord & Yu, 1987) . 7EHL b 57 7% i 41 HLAA 4 1]
FHFFIRIR BN 28 DI REVERE IR = BR S , H 4R
T A2 BB = LD, ¥ 0 T 280 4% (Dumas et al.,
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M SR IS H A T A MILB | 2 R R A% L 7
B e T ik AR N OB S A B L GST Ak
i I P B S T R RGN T s e R HUR )
FAEH o Yu et al. (2003 ) 7536 27 BL 5 M H ] 08 2 &
PR, e b B A U L 2Rk R 28 SR R X e A T
DU , b ST R BT i B AR P R A S A
GST 7K it il 1130 55 il 25 45 o o 2 A 1 Wl 0% 1k 250 1
TS5 & o Carvalho et al. (2013) 5745 R & P,
1 B AR I R UL A i RN LB R 1 7 A b
J& , HAR N GST . P450 1 CE m i SE PR (13 263k .
BEMGOYSER Y 1S o F TR B 4 PR 4 AR b vT g
SnlRERAPTZ . BERE W S R
U Y 3 58 A8 s X S ML 1 2 A S 5 B HON A HILBE
PR i . 22 2 Y R 158 R HUL 5 R 48 R 9 0 (Li et all.,
2007), 41 Zhu et al. (2015 ) P\ i 222245 H [a] e 45 21 %)
YU CrylF A 7 717 o i 5 57 1 ik, Xt
TR R e A 19 5 AT , A & B0 A4 Y TR
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A BRI 5 XA

3 iR

B BRI R T AR 2SR A
BEARUIE , BI3E i PR AR REAR 7 i A BRI 7 A 40 24
PE. HET, TR R ST RO FEAR UM T T, o8 Sy
FOBRL A5 EEALEHE RyR 5 -3 3H Al AChE %5 (Yu
et al, 2003 ; Carvalho et al,2013;Bolzan et al.,2019) .
A BRI B R B4 6 50, T S LR Y 5
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RyR J2& H 4/~ 20 1 0 5 38 18 , 32 250 A 1
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7N EE AR TR e TINTITR A ) EE RN SR Y N
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W28, 200 605 A5 2 R B, Sk e A BN il
B AL S Rl 2e8 5t , M sZim B Ay e &
A B 21 (Ebbinghaus-Kintscher et al., 2006 ; fH iz /¢
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TR B AR RIBIL I & B 592 07 5545 A i S, 1
2 X AR R BL I A% 2% Ha5a) 7 AR 52 B HPE (Yu & Me-
Cord,2007) o XS E4 PG ) e b 57 S e P a0 1 74
Ha R gt e Ak 3L, JHOGF GRS H T e 114 40 2 2 A%
FREERY 5 40015 LA L, 2 RH G0 Hh gk Frie Ao e ke 2 P
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A — st d R R A R B U B BT ™ A 28
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al.(2019) BFE 45 SR 2 B0 G MR T gt frie A i 0
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3.2 B FEERRALS

P S T AT R RS P AN R L AR
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b PRI A ) X R 28 S R X e 2 B 1
S AL RE 7T (= DO = N G N £ sl I
P (Yu & McCord, 2007 ) ; X 554 i 2 B8 = 5101 A9 /s
SR Plutella xylostella %1 efi B A Z B H Hi1E: (Yu &
McCord, 2007 ) ; % Efi HUBA 100 1 LA _E Btk iy 5 i
i 25, XHUBR U TR A DL IR TS AN 56 R R R R
) 22 B PP K338 (Shono et al., 2004) .
b, 76 B 36 M S AR, T B U S a3 T
P A HUBEFIBLES: A R4S A T, A B e AR B4
B
3.3 AChEXEERAIS

AChE BE IV 7K fif £ BERR A , 447 B AR P IE
WAL SRR, R — R E B AR AR A7 2 (B
45, 2007) o 2 H R BRI AT HLBEIR RS AR AU
Y5 AChE #H B AF T, 38 1 A ok b 8 22 3k Y Tt i A ol
15 AChE M 2540 & HE 284k F i HOK i S IERRA , £
TR AR B H A g SRR, B S s R G fe i, a7 %
HeEE bR R 45, 2005) o

X AChE ANsM & i H FH e B A6 A WL
17 i 1 420 56 H IR i 7 A B M 19 R R 2 — (Voss,
1980; Fournier & Mutero, 1994) , 4l Yu et al. (2003)
TFFFE 45 SR S A9 2 LA N 11 5 b B A0 A P ot PR 3
X} B B8 R PR 28 S 38 e I R A e e AR b, L
b O M BURR S AR AR N ACKE LM &R L T
PP i F AN ACE 3 5 X Y 2%l 3¢ B0 T R UK
X 18 AChE $EAR ARSI FOXT 28l = A= Huik i
FHPFH LA ACE (%3 R 28 28 2 S 3R A xf
A HUGR = A U o3 — A A, 40 Carvalho et
al. (2013 )38 1 Xo) g A B b % 1A kA MLABH T i 2 3
FH R TG % BRI 25 13 ace-1 RN BEAT 5T A
K, B KR S T A201S . G227A F1F290V {7 15,
5550l B0 M X A WL IR TR I PTYE A O 5 Lee et al.
(2007 )WHFFEUETXIAT HUBE IR BRI A B FIAS U /)
SRR REAR N A201S FIIG227A KA T 4845,
3.4 HR%E Z BEABRE K EBARAL

KB, 2 T IR Bl A2 A 2 Ao 2086 o 8 1 195 8
FEREHI R AN RGBT, ZRHR
75 BRI 2 A0 2, TOE R0, 37 1A P 228 R4 985 551, 2]
2 TR BTN 2 i I S (1) 2 BEAELRSZ AR 45 4, 51 2% Al
ZICHHMI NS Ay, B R BRBAE T (£ 4K ,2009) .
B8 £ TERR B AZ A4 06 7 BT & AR A, TR 22 0 T
FAHURK, JE T TR 2 A B R ISR A A
YU F 2 A A (Lira et al., 2020) . Ry 56 ML
25 PR R A RIS R AE LTI B 2 R R

HHB R BRI B A 2 A s B
A HE 57 B SRR PR P A
4 RE

B it E — Mg e g, 1S BBk
1NN OB e S I IE I S WA I TA 6 ) S S I N |
HE P B 5 i A AR U SE I e AR 2 M A8 R i
£ (Sparks & Nauen,2015) , & H 5% 7% 19 Xof 58 HLUK
FH ke mUI IR | 3 2 R TR R SRR 2 PR i R
Yuta R gk i A% OO S HUR B IR R A B 1 phy B
PRI, % EUIH DR | £ 2 R TR R Pt 2 3
¥ (Nascimento et al., 2016; Bolzan et al.,2019; Li-
raetal.,2020) . AKX SE AR RIS A 1R K
M, M35t fE R B R Pt bR A R AR 1Y, R 2
R TR I SR R G 22 & F 4y,
HE AR b P & 7 5 A% 333 (Bolzan et al.,
2019),

XU e 21 % HORIAE FH 405 2 - 0E |, 0LB% HL 48

RSN AR P T4l e il |, 2 5L H IR RS A

A LB R HURE H F AChE, 2 8 i R 28R B FIE
FHTHAB . e NG SZ A, V58 I 2 2 b AT 2 A
AR, R AT DA SRRk 238l B B RC A
RN, HEZRHRMCEZREER
(Lira et al., 2020) | 98 45 M5 fiie 150t 26 1 i
(Boaventura et al.,2020) 2[RI 2R B R 24 = AR .
Ptk o A FHIH R 2k % 2 FHAE AL I A [F] S0A
U2y, b7 1= A 2 Bk .

P 8 352 A AL ) R e e 57 3 PRI A0 3% 1) A
b, A& R Z [R5 BTt s s maibe il & e, &
I E A7 B b B g T 2h M T b 2 OC HE
Boaventura et al.(2020) 3£ F PCR Ei R A& T —Fh 4%
LRSI % 2 B FHDEOCIRET | RE ARG
DR A 470 P A5 A7 R R, AT FH R £ 73 0 [ R
ERER B PRSI, L ERE R F . 5HE
G A 3 e A 67 S R A VR AR L, R St
PEOLEE AL T Bt I HL I (R0 S B P A A 3 A i
B, B, A 2 A 00 7y ks e WA O A T 4 o7
W1 R B A 3T (Andow & Alstad, 1998 ; Bolzan
etal.,2019),
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