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# 7 & § (Spodoptera frugiperda (J.E. Smith)) = RA W FMWaga T f g T anivty
RS HEELI AR B A NIP o RFERD 2019 & » EEFEU K FHLPBISRA T g
Roo FCRHEHED DR IS ER A B o TP AR 2022 & g5 s TR £ &
FRfrrEEI BEF LRI AFTEHEE FRAFEALA T PRI UAIHPEHE T
H F2~F4 5 % 3 &% A > 4484 ~ 2 P3EH #eigose (thiodicarb) ~ B # 4% (spinetoram) ~ 3%
% f& (novaluron) ~ 4 < @ (flubendiamide) {r#]% 3 (chlorantraniliprole) % 7 ﬁé%fr Eipt
B RS MR AE T BAEELY BREYD RS IR LR E 5 A R S R
B it v Ex - d e FarEEEL R LCoso3 v Bt s * k& o gt b L3 % ahft
FEAENF O LCo0 2 B IS i Apt 0 T R NRF chftit o B e BT E R e

i E R AT PGS T R R AR 2 P et A RS AL B AT e
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ANGEY BFREFHRR - AL LSRG 7 05 ) BRFEELORAA "RED B3 FE LY
MEBAHERRE B LR hTA . T 0 B s Rgaasmgd o
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Hil

™ 17 E & (Spodoptera frugiperda (J.E.
Smith, 1797)) » By J& 7 1> 28757 55 M Ay ik 48 H
(Lepidoptera) 7% ik #} (Noctuidae) 7% & ik &
(Spodoptera) ~E&s » CHIFfEERE FHEY %=
76 B 353 fE o L HERARHMEVIHI R G &
(Montezano et al., 2018) - RkfTE =N 2016 &£ A
FZIEINAL B Hh i B B RAYHE S (Goergen et
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TRRMESFrESA T WY

al., 2016; Harrison et al., 2019) ; H1gH 2018 4
5 A ARZEIE (Kalleshwaraswamy et al., 2018) -
A 2019 HFAH A HE] ~ 278 - 53E] - HARBIRE 5
FEZ 0 2020 £ AN 0 2022 F AP
(FAO, 2023) - k{7 &% B AMGRAVEIERE /T -
mEaEEE N EEHS (Food and Agriculture
Organization, FAO) I 5y & Bk THER EHEEE
ga 2 HAUAAREIT AR Ry B P R v P
EZHRE (FAO, 2017) -



£ R 5 Formosan Entomol. 46: 10-22 (2026)

MITE S EEA S EE > 1 £ 6 #e4)aaiH
FEE ST By 0.35-0.45+0.75+1.3-2.0 fi1 2.6 mm ;
shEge R R 1.7 8.5 6.4~ 10.0 ~ 17.2 71 34.2
mm - 5 1#% 5 §efG & HA2=2 10 % (Sparks,
1979; Capinera, 2008) - Fk17 &4/ & 75 &
ERE T B E G I 2 (EAHRA - BRI e E
f2E# A (Linduska and Harrison, 1986) - i%%+5
1 2 3 iahamiVie & G R EY SN EE A
10% - 4 f4haa 549 10% - 5 fikaady 20% - 1 6 &
S Al 5 #E# 60% (Sparks, 1979; Garner and
Lynch, 1981; Ren et al., 2020) - DIE K A6 45
I bieg el a N 2 RN e NES WAEER
ERNERHEIREEIR (Hardke et al., 2015)°
1 4 e de 2 S Ak h » THAL R B0 FREHIT450R
HOEM A& RS 2 AR (Zalucki et
al., 2002) - F{TESREFORZ GEUERE xS
%o AR AlfERHIEE oK - 2 - 3 #R4h
s ERENEER  TEEETRELERENER
& o JEahs G I EWIHIS MR - 4 £ 6
e~ #haEedHRR bRl R = O fE Y RG0S - BEELRER
A RERIEHES T IO REDEAR LS - R ECBH BB ST
T8 LEPE B Ah e M AF RS E & AR E - 2%
TERRE G TN P RIRIEAR - BB IS R ER IR
T (Buntin, 1986) ; [Fi » f{THE /&G E LK
fE (tassel) R 5EfE (Judrez et al., 2012) » LHAE
kR4 (whorl stage) ZFNEEN » ¥ £OKE
E2 25 KX (Maruthadurai and Ramesh, 2020) -
BEAh - BKATHE &R 4 & g A BN EHH BT R
(cannibalistic behavior)» R [H{F 28—k E R AR
#E HEH 1~2 £4)# (Chapman et al., 1999) -

TEFMHIE - RIS FREERID7 ARk 1T H 2
BEaikRas B (pyrethroids) ~ i 5
(organophosphates) ~ fEL S EESE (carbamates)
B s (diamides) SFEEER] > DL fliE IR E
#x 1 (Bacillus thuringiensis, Bt) H&EH 2k
PREETELEY) - 281 > AT - FHRIRK T &0
BECUHEL > 82 K. Bt BEHEADUEEN: (Pitre,
1986; Yu, 1991; Zhu et al., 2015; Qingin et al.,
2019) - FKITEER(E 2019 FAREZE - BEINBIH
BER - (HE AR BIAHY ST A SR
NEEHIE R B A P& Rl 88 KB ) T RE RS I HH
KT T e R R A AR gt 2 el b -

H AT LS a1 E a7 HE ik £ 217
£ o BRI A ROk 1T B 4 20 R S A U S 1
(Pitre, 1986; Yu, 1991) - fk{TEH & EH 2019 FAE
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EEAELZSTAET - AAMBNHEGEERS 12
Wi EER 2 sz MR AT iR = 2 SRS - Ryletfid
EEDITHSRNPIEEMEIAR - ARt - &
M~ 55 - EREAEES T A E S T ORE TR T
Han HE 2 A - B 7AES M Insecticide
Resistance Action Committee (IRAC) FifElE >
s 774 Method No: 020 (IRAC, 2009) - %
A & k8 A A (diet-incorporated insecticide
bioassays) HIE KT EH 2T E 7 (thiodicarb) -
Batt (spinetoram) ~ ##{X[% (novaluron) ~ &K
J&, (flubendiamide) F1%1Z7Z) (chlorantraniliprole)
FREEEEREEN RN o 55 RS SIS
BRI 2 725 » AT IR E RS2 MR A (R A& -
DA 3~4 k2 5 WeHARKT TE st MG bk 71 A EE R Y B <2
P o B ELR ST AE R TR B H IR TEH BB 25 -

MHER T

(—) BITERZRENGFER

fatasi Ry 2022 FREHTAL - B &R
2R S ACHES AU 208 T W FORTEME AT - &
PR 3 {EHRE » SRR 2/ VIR EE 80 & RkTTH
& o EEDRE /D 240 4588 (R—) - K
sl AR &R T 2 AT T E AR - R
ErishET g E  LEALEm  NERS
B RRRy By E Ry 8 2 N TRt TaE - AL
G R 77 2%  Greene et al. (1976) K Chao
(2022) % AHYJTAMETTIEE o SLRF T A
80% —K » FHIIALES Ky ~ /INERRRES ~ BERER
GrivdfEftan ~ R RN TS R FR G A - SR
B 1% BHLIS 20% —TOKNEAERRR > FIA
St B EMAM DR &9 5) - Friakhe AR Rl
A (BoJTeF RIS —) « dhaabddimeg f 27 =
1°C » MH¥RE 70 = 10% - Se/MEEHAEE Ry 14 £ 10 -
1 2 ez #hasse Ll 250 ml A T PREErP e 5 Ry
Tofiak E AR - 3 B4R 2 30 FLEREALER
rp & 6 22 - LIt RS B T
B B4 s e BRI AHE] 2 6 R PUE <
(LAY ERS A LS FA0EL 7 2 A UUAE » 4G Tk HL
e /K~ BRSPS 2 ARAE LRl ER R & - R ER SR b
% (AL~ Tk FEFE - EFAGE) D F2~F4 1
RAETTR SSRGS - DL E 5 == 6 30
A EARFEB R 2 AT HES (B REEAE
HYEEE AME(AEANE R E AL - (F RS R
HiIgm A& -
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(Z) SERECE

REAFTATE 2 R RITBR R EZ B g )
WY EeE R (B RES EEYI e EE)
NEZPEKITHE SRR TS BT (75%
AR - ZEFEARAE) - iR (11.7%
KIGH 28 BB AR AE)D G LFE (10% W/V
IKITRE AR - BRI RER R AIRAED ~ 8K
W (20% KorBtER Rl - HERERGARAE)D
sz (18.4%/KGH 2EEEEHRAE) &
TR aR ] (Fgk ) o SERIEERTT A L ES Ik
mifggtTEZ B (Insecticide Resistance Action
Committee, IRAC) £ HI5{J77% (Method NO:
020) (IRAC, 2009) - ifi 2+ Nascimento et al.
(2016) K Okuma et al. (2018) 7 ZEkhnLIFEE -
DL g k2 A JE  (diet-incorporated insecticide
bioassays) {75 -

ZETBC BN - DL/INECRE P (i SO SRR EEER | > FF
HA#iE 5 1.0000 g + 0.0050 g » B A 10 mL 8
e lIAE 0.01% FEdET-FLm SR Triton™X-
100 (Merck, Germany) J—ZKZEZIELR » 1E R
BEHEAR (stock) - Z1&DUKIATERE Y 10 778 HEE
15 BRI e B TR YRR BB R [ER
[EHEERIS I - G ~ /NERRR Ry e IR R (R B
2L 3 1 1 EEEG » (ERETRIG R - FHEERA
TERIEE RN RDAEE &L 31 2 WYEEBIIIAAR T FRHUR
BRI o WA A BT R — (/N
& 0.6 g gaftsr4E e 30 LB R &L -

(2) BB EVRE

BEFHIRS R 7 mm + 0.5 mm 7 FHEFREE M £
F2~F4 ({3t shanlF Ryt el e i - o fE B3 & 5~7
(B RERE T HIE - W DA A S 2 R E A
—IOKNE R HE4H - F—(ERE LA 30 & 4haa 7ok
B o AT 3 B o A LETRHEC B 5% Sl hlr
T IREZ 5 78 - BE{R LAGER KUK T 85 » FEFL
A 1 EXITERSRL S - § 24 /NS —RIET
5 HEHBIZE T2 /N - DI EEE l4haais AR
Bz B BH R ) - AHE HIET (Muraro et al.,
2019)- f71% L Abbott /AF (Abbott, 1925) =&z
Tl 363 Bk 17 5 & HY 203E % > M L PoloPlus #R 48
(LeOra software, version 2.0) {5E LCso £l LCoo °

PRIRAH () SEC % — BHIFAE OK) JET%
100 — $fHE4H KIETH

FMEIESET 3R (%)= x100%
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(1) A ElREALS R E

s TR R R M e ah 5 - B (a8
PEN 52 M (S FHRETIERRE » DAL 8 ~ 4 K 5 #ieafii
HETTEYIRGIE > DLETAS R (5] He BA 4 s B e 88
B2 M2 52 - AR EtEa T - Fylal/ DR B 7 S R 1
IR > IR R BRI S S AR T 2 (E RS
TTHEYIRGE » 3 ey BEHASE f5 4.6 £ 1 mg ~ 4 1
4hE8 R 20.0 £ 5 mg ~ 5 #5408 70.0 £ 10 mg 2
waE o

(—) HEETE R E SR RS2

A B P (5 A RN s 2 P T B 2 P A
ksl B S E 30 R R KITHSE
RE IR - AEIRAER 2022 FEREFAL - E
o s ERAEE A EEEE A FORERR > ££
EERAFE— - Bl 2 e iRy sh ez -
BARAITI 22312 iR e FHEE S Rk —
i FEEGEEE (Lethal Concentration 50%,
LCs0) 43715 4.60~0.14-0.35-3.34 } 0.14 mg/L>
ifii LCo0 43 Rl 5 13.2-0.59~0.95-12.9 1 0.47 mg/L-
DL LCs0 2KFE - EUME S SRR B e A B2 M M > 3
BB R R L B RS2 MR s 1T LCoo RIlZ 3147
IRV VR sy o (ERK AT EE &5 FH T R Y RSz PR
> Y P A it P 5 =X R B RS Ay
11.7~17.0 mg/g » {2 B 5 {(ELLE: - RIS EEEIR
W56 > FH s A R Y 187.5 mg/L > FiEt
H FLAERK 7B 85 FH iR EEAY LCso £ LCoo B2 A8
48 FH R ey i P R - Horp DL & Y RS2
PR > LCso A1 LCoo 73 71| By 24.9 1 73.3 mg/L ;
T A 2 0 T Y B 57 1A 2 LCso 1 LCoo 43 1) £ 8.00
1 20.2 mg/L - B FrAy i i RS By 39
mg/L > ARl FLERKT T & EEERY LCso A
LCoo 597 8 18 [ B NI AR - Horp MR
HOIEAT LCso fre > (LT AR > LCso 4371 £ 0.39
1 0.14 mg/L ; LCoo RIJZ AT LI A 1y » fEMEHT
AR » LCoo 7373 Ry 1.23 1 0.61 mg/L - ZE{X[ZHY
FHFET S P RIS Ry 66.7 mg/L > Frflaey 7Rk
1T E & HH M EEEAY LCso F1 LCoo #5747 8 18 FH T
s FH RS » & R X DAEE I IE R LCso e 2
FE I > 43 1B 1.38 1 0.75 mg/L 5 i LCoo Hil
A LRSS - ZrEHEERAS - 5 H ks 7.88 F
1.34 mg/L - 5 Ak Y HH [ i i it FH R &y 66.7
mg/L > LCso LAZ FHIIE i 5 » 2 bihli i (i 5371
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Table 1. Spodoptera frugiperda collection information in Taiwan from 2022
Strain code Location Site (Latitude (N),  Collection Date Developmental stage Collection
Longitude (E)) numbers
Huwei, Yunlin 23.42°,120.24° 20220915 2nd _6th instar larva 125
Yunlin Yuanchang, Yunlin 23.36°, 120.18° 20220915 2nd _6th instar larva 81
Tuku, Yunlin 23.39°,120.22° 20220915 20 _gth ingtar larva 114
Ji'an, Hualien 23.57°,121.32° 20220917 2rd _gth instar larva 120
Hualien Ji'an, Hualien 23.27°,121.33° 20220917 2nd _6th instar larva 150
Ji'an, Hualien 23.57°,121.33° 20220917 2nd _6th instar larva 90
Erlin, Changhua 23.95°,120.43° 20220923 3rd -6t instar larva 83
Changhua Erlin, Changhua 23.94°,120.44° 20220923 2 -6th ingtar larva 90
Fangyuan, Changhua 23.59°, 120.22° 20220923 3rd .6t instar larva 150
Yizhu, Chiayi 23.20°,120.14° 20220925 3rd -6t ingtar larva 83
Chiayi Yizhu, Chiayi 23.21°,120.15° 20220925 3rd -6t instar larva 106
Yizhu, Chiayi 23.23°,120.14° 20220925 31 _gth instar larva 84
Yanshui, Tainan 23.17° > 120.14° 20221014 2nd _5th instar larva 120
Tainan Yanshui, Tainan 23.29° » 120.25° 20221014 2nd _Gth instar larva 88
Yanshui, Tainan 23.30° » 120.23° 20221014 3 _6th ingtar larva 87

K5 18.4 F19.97 mg/L - [t4h - A ={EHIE&HT LCoo #2
38 FH R e e P RS » 43 Al Rk Bk~ 515 LCoo
53R 96.1 ~ 7T1.7 §1 126 mg/L » HZEg L 201
B2 M B A - S22 Y s e P R Ry 73.6
mg/L > BTty 7 ERk T EE & R EEEERY LCso I
LCoo £5)4 A 8 18 HH e R 0Tt R - Hph X DLEZ
FA I B2 1 e > LiCso fl LCoo 43711 By 1.54 FI
15.8 mg/L> iAEEEH & AT = 4 s » LCso A1 LCoo
53R Es 0.64 f1 4.13 mg/L (=) -
DISUPELL E— P LU EAR R BRI
SR Rl R (RR<2) ~ &HitE (2 <
RR < 10) » f1fitE (10 <RR < 30) ~ &tk (30 <
RR < 100) fi#EE+Hit: (RR = 100) (Torres-Vila et
al., 2002) « FALHNIE 2 FKITE S ERHT - anEs
Tyl BB R ~ B AR 2 2h = TR ST R {
Utk « EMfIE 2 R TE R R R Ky B » M
BRVOTEZER] & Ry ERPLME - & Z AT HE S ER
e Ry R S L BR VU SRR Al Ry (R - R
HHGRER R BRSPS =
R NPT - AT RIZZ LR A 111 A

~13~

AU - AR R A R Ry R
B R Ry (B P - H8E AR A il Ay FH T RK
{TH s IGRRE & HRE R IE R aR (R 22l
W BRI ~ SRR LA el 2 i = TR i
ELEARNL 5 Hp il gy it R 2 2 it
MR EME N ST REERERE (R -

(D) FEREIITE S BN BRI 2 B2
KBRS N - S E It EAIKTT
B ga B} H 7 S A SR 0 RN 2 M A fer 3
BEAE > PRI {5 F 2= me s . PR R Ry sl »
WA B B PR PR (el aa A T i 22 F4 - FfE
TTHDIGE - 3~ 4 J b W4 B LCso 77
Ak 19.3 ~ 38.1 1 49.8 mg/L » LCoo 5 44.4 ~ 108
1141 mg/L ; 555 LCso 4371 By 0.25 ~ 0.54
#11.07 mg/L > LCoeo % 0.57 ~ 1.61 1 7.62 mg/L ;
Y5 R FE LCso 43 Bl B 0.40 ~ 0.54 F10.98 mg/L >
LCoo £ 0.92 ~ 1.44 F1 3.61 mg/L : & &1 LCso
43Rk 16.8 ~ 37.5 f1 81.9 mg/L » LCoo % 96.9 ~
235 #1510 mg/L ; #7121 LCso 53 5l A 1.27 ~
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Table 2. Susceptibility of five wild Spodoptera frugiperda populations to five emergency insecticides in

099  0.82-1.20 4.45 3.32-6.70 715  9.42
154  1.18-2.03 15.8 9.75-31.9 111 334
0.64  0.49-0.80 4.13 2.89-691 458 873

Chiayi 570 337027 235(17
Tainan 630 127+0.10 30.1(19
Hualien 630 271022 31.1(19

1. df, degree of freedom.

2. 95% CI, confidence interval.

3. RRs0, Resistance ratio = LCso of the field strain / LCso of the susceptible strain.
4. SS, Susceptible strain.

Taiwan
Insecticide Population  n Slope + SE X2 (df") LCso  95%CI? LCo 95%CI  RRso* RRgo
(mg/L) (mg/L)
Sst 450 479+042 183(13) 460 389542 132  104-188
Changhua 450  3.16+0.31 42.6(13) 804 567113 398 238113 175 301
o Yunlin 50  566+046 565(16) 955 753121 233 174387 208 176
Thiodicarb Chiayi 450  3.10:030 41.9(13) 881 625125 410  264-133 192 340
Tainan 480 273+031 7.01(14) 9249 212-30.8 733 53318 541 554
Hualien 450 545052 1L1(13) 800 7.06899 202 178254 174 153
sS 420  348+036 233(12) 014 011018 059  041-1.13
Changhua 510  3.33+0.30 18.9(15) 027  0.22:0.33 123 091189 196  2.09
‘ Yunlin 630  315+027 35.1(19) 021  0.16-0.27 105 076169 151 177
Spinetoram Chiayi 300 482:051  8.70(8) 039 033048 112 085171 285 190
Tainan 630  279+027 89.7(19) 023 0.14-0.32 067 048130 169 114
Hualien 630  3.46+0.35 16.5(19) 014 011017 061 049082 103 104
sS 420  512:048 35.4(12) 035 027045 095  0.70-1.65
Changhua 540  2.80+0.25  66.4(16) 129 081-1.89 788 457235 365 828
Yunlin 50 256+025 57.1(16) 097  057-143 703 408209 275 739
Novaluron Chiayi 540 348+030  28.0(16) 111 087137 473 347754 312 497
Tainan 450 864+092 8.92(19) 075 0.68-0.82 134 119160 211 141
Hualien 540 340029  36.7(16) 138 105-177 6.13 428108 390 643
sS 450 375+035 442(19) 334 285386 129 102176
Changhua 450 223027 13.2(13) 997 787128 961 564230 299 747
o Yunlin 450  287+083 129(19) 127 107154 608  525-123 382 579
Flubendiamide o
Chiayi 450 283+029 275(19) 120 901166  7L7 415199 359 557
Tainan 450  263+031 682(19) 184 148245 1% 763276 552 9.81
Hualien 630 412034 21.4(19) 105 898124 358 275516 314 278
sS 390 412:046 112(11) 014 011017 047  0.37-0.67
Changhua 570 321026 28.2(17) 075 0.59-0.92 36 260576 536 76
" Yunlin 630  265+021 62.0(19) 114 081-161 174 462184 822 164
Chlorantraniliprole a
(19)
(19)

2.24 f1 4.64 mg/L > LCe % 5.73 ~ 36.5 fl 71.5 L PHEEERI LCoo &7 A2 H HiTHY HH 6 5 it
mg/L - B E » EEHIHSSRASREE R N HgE FRRE > 8Ur B RIRVEER R s i e 4h &5 A B
B RSZ ME E FE - SEA RIS SRR  BriGaETT TERER -

FOsEZZZ A B h0—EEe A » Bz MR g S $91E

1.3~2.5 {575 © 5 B IR Lo 3N 4.7 & i

£z M 4 #eaadwlZgniy LCoo HIFEAN 6.4 2 (&

=) o JEAN  BREARRLIS » b o4l HarHyUfE E R PIEM B AR E M AR - National

~14~
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Table 3. Susceptibility of three instars of Spodoptera frugiperda to emergency insecticides in Taiwan
N LCs LCso fold' LCso fold' Lo LCs fOld. LCoo fOld.
Insecticide Instar  Slope = SE (mglL) compared with  compared with (mglL) compared with compared with
3 larvae 4" larvae 3" Jarvae 4t |arvae

3rd  6.08+058 193 444

Thiodicarb 4th  4.86+043 381 1.97 108 2.43
5th  4.86+043 498 2.58 1.31 141 3.18 131
rd  6.06+055 025 0.57

Spinetoram 4th  4.63+043 054 2.19 1.61 2.82
5th  257+028  1.07 4.31 1.97 7.62 134 4.73
3rd  6.02+053 040 0.92

Novaluron 4th  514+046  0.54 1.36 144 1.57
5th  3.88+0.35  0.98 2.48 1.83 3.61 3.94 2.51
rd 2.89:029 168 96.9

Flubendiamide 4th  276+029 375 2.23 235 2.42
5th  2.77+029 819 4.87 2.19 510 5.26 2.17
3rd  336+037 127 5.73

Chlorantraniliprole 4th  1.18+025  2.24 1.76 36.5 6.37
5th  1.85+025  4.64 3.65 2.07 715 125 1.96

R o

Research Council (1986) & f1g%M: (resistance)
— A N E e R B R MR - B
ZREEAEENE - RIBEIREY R S &R
B8 (Arthropod Pesticide Resistance Database,
APRD) f4csk > HARKTTHEERCYS 44 FEAVREH]
Bk TR SR HE R MUY - e a5
(EFIAYMET ~ Waatr - BRI 28] 15 PUAE 4
il o iZ b S HHEE MBI (resistant allele) 1Y
MATH £ » T RE G REE R HVER M IEAE AR
fyihE (Yainna et al., 2021) - 28 @ ARk TH 85
A T RE M E RO H R AR R EE - R
DUEEMEEL R A -

Zhang et al. (2020) 7347 A= HHEIAYRK T H 25
ARG I 0 2 B E b BS B
(acetylcholinesterase, AChE, A201S - G227A -
F290V) - B EA{IFRI Sk T/ (voltage-gated
sodium channel, T9291 - L932F - L1014F) fifaE
T %48 (ryanodine receptor, 14790M - G4946E)
FHIHUMEAERAER R B o RAC= IR R ) 1 B
A TREE S R R R BRI ~ SRR ER S BRI —
B e I BT EE M A R - AR » (£ ZBRhE
fRlENE - 3537 A201S F1 F290V Ze8% - 1 S EE{(<HE
RUgiHE T EBL R E T A8 RS A RZe s

~15~

455 8L Chao (2022) HHFEEE &bl Rk {7 &
M RR A B R B oe S SU DL - T higet SR AR
Fet% B Rz e Bk e R T B s mTRE A A AT
#Ept » Zhang et al. (2020) 375 AP EIAYRKITHE
e F A RBEE S R BR S BRI MIRE B S
il 222 B IR K o SR AR 2E R SRAT)
> BT SRR E AR RS M
& Tl e AR A [E]F BRI SR A o
EHVPTMELL -

i BT T i R R M R
HREBLRE R FHEE L E AR - Ariaset al. (2019) B
ZE S h RO PE & KT B S R R Y R R &S i S
o BIE B A PR RIERHES 2 HivHhE - iR
—JE G E MG 2 P T E SRR B SR 0 RS2 M
TR > HR 2R TEAUAA B ARG AL
TET o & EEEE L L8 A b (5 F A (B 0 R B i
HNMPIE RN S EREN SRR ] N iRy o &
T AERZ M R  PEAh > Faasu i —{EH AR R
T > DUEEME TS AR R AR R - R R R
a7 S F s pe (RPN AT AL IR
ForemrEnEE (Georghiou and Taylor, 1977) - £k{T
A E A 0 1F 30°C BT N4UFE 20~25 K (Du
Plessis et al., 2020) - #DUEF 10 ({55 - F2E
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H 2019 FAZZRITHERRATRECAELT 50 2L
b R DUEEME R AR A AT A E 72 2 H A
FIRTTE ST EEMERY £ - (HH AR BRI T H &
AR MR E A AP MR R AR RTAE - &)
FRRPERDH - DUR R UMY -

PHATEEMITH SR AHIEE NS - Chao (2022)
o G E R T S R A e R~ B (RE
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Appendix 1. Feeding formula for fall armyworm adult

Ingredient Usage amount (mL) Supplier
Honey 3.75 Kirkland signature, USA
Yeast 15 Go Far International Co., Ltd., Taiwan
Beer 1.5 Taiwan Tobacco & Liquor Corporation, Taiwan
Water 43.25 -

The formulation was modified from Greene et al. (1976) and Chao (2022).

Mtk — AMERERREHEI - R « IRAC /ERKEINBEBREERRREIR
Appendix 2. List of dosage forms, suppliers, IRAC mode of action and recommended field concentrations
of the insecticides used in this experiment

content of
Chemical ingredient supplier IRAC mode of action (group) field recommendation
Thiodicarb 75.0% WP Bayer Taiwan Co., Ltd. Acetylcholinesterase inhibitors (14) 11.7-17.0 mg/g
Nicotinic acetylcholine receptor allosteric
Spinetoram
11.7% SC  Dow AgroSciences Taiwan Ltd. ~ modulators site I (5) 39.0 mg/L
100 G/L Sodium channel modulators inhibitors of
Novaluron
(10% W/V)  Lanlix Crop Science Co., Ltd. chitin biosynthesis affecting CHS1 (15) 66.7 mg/L
Flubendiamide 20% WG Taiwan Nihon Nohyaku Co., Ltd. Ryanodine receptor modulators (28) 66.7 mg/L
Chlorantraniliprole 18.4% SC  FMC Taiwan Co., Ltd. Ryanodine receptor modulators (28) 73.6 mg/L

Piperonyl butoxide PBO) 90%w/w  McLaughlin Gormley King Co.
1-fluoro-2 4-dinitrobenzene
(DNFB) 99%+ Sigma-Aldrich Co.

triphenyl phosphate (TPP) 99%+ Sigma-Aldrich Co.

1. According to the Animal and Plant Health Inspection Agency (APHIA), Ministry of Agriculture
(MOA), ROC. Accessed 26 February 2024.

2. Abbreviation of formulation: WP, Wettable powder; SC, Suspension concentrate; WG, Water
dispersible granules
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ABSTRACT

The fall armyworm, Spodoptera frugiperda (J.E. Smith) (Lepidoptera: Noctuidae), is an
invasive herbivorous pest originating in the United States that has caused severe damage to
a wide range of crops and poses a great threat to agricultural production. Since its invasion
into Taiwan in 2019, continuous control pressure has likely increased the risk of resistance
development in field populations to currently used emergency insecticides. In this study, field
populations were collected in 2022 from five major corn-growing regions: Changhua, Yunlin,
Chiayi, Tainan, and Hualien. The diet-incorporation method was used to evaluate the
susceptibility of F,—F, third-instar larvae to five insecticides used for emergency control:
thiodicarb, spinetoram, novaluron, flubendiamide, and chlorantraniliprole. The results
indicated that the fall armyworm population exhibited the highest susceptibility to
spinetoram and the lowest susceptibility to flubendiamide. Additionally, the LCogos for
flubendiamide in the Changhua, Chiayi, and Tainan populations exceeded the recommended
concentrations.

Furthermore, the LCso values of the field fall armyworm population showed a higher
resistance ratio to chlorantraniliprole when compared with the susceptible strain, suggesting
that the resistance to both flubendiamide and chlorantraniliprole may have developed in the
field population. In addition, susceptibility comparisons among the third-, fourth-, and fifth-
instar larvae of the Tainan populations showed that the LCgo for fifth-instar larvae did not
exceed the recommended concentrations for most insecticides, except for flubendiamide.
These findings provide a baseline for subsequent resistance studies and basic information for
field management, particularly regarding regional variation and larval-stage-specific
differences in susceptibility.

Key words: Spodoptera frugiperda, susceptibility, registered insecticide, bioassay, instar
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