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Susceptibility evaluation of invaded Spodoptera frugiperda
population in Yunnan province to five Bt proteins
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Abstract The fall armyworm, Spodoptera frugiperda (J. E. Smith), is a native major pest of corn in the tropical-
subtropical regions of the American continent. Planting transgenic hybrid maize expressing insecticidal protein is
the main tool for fall armyworm control in this area. Since January 2019, it has invaded the western part of Yun-
nan province. In order to determine the susceptibility difference of this invaded fall armyworm population in Ruili
of Yunnan province to five Bt proteins, we conducted the susceptibility bioassay to CrylAb, CrylAc, CrylF,
Cry2Ab and Vip3A by using artificial diet overlay method. Based on the LC;, and GIGC;, values, the descending order
of lethal was ranked as follows: Vip3A ™ CrylAb> CrylF>Cry2Ab>CrylAc, and the descending order of
growth inhibition was ranked as follows: Cryl Ab>CrylF>Vip3A™>CrylAc>Cry2Ab. Compared with suscepti-
ble strain of fall armyworm population from USA, the sensitivity indexes of the invaded population to CrylAb,
CrylAc, CrylF, Cry2Ab, and Vip3A proteins ranged from 0.28—3. 76, indicating that this invaded population
has not significantly developed to resistance to these five Bt proteins. This study will help to construct the strategy
of planting transgenic Bt corn for controlling fall armyworm as one of main tactics in the future.
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Table 1 Susceptibility of neonates of Spodoptera frugiperda from Ruili of Yunnan to five Bt proteins
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Fig. 1 Susceptibility comparison of Spodoptera
frugiperda collected from Ruili of Yunnan with susceptible

population in USA to five Bt proteins

3 @RSt

2000 4 DR » 76 55 b 97 00 8k J5 % A H 55 YK
Bili » — 5 6 P Ak 2 % s HL 4 (E fl T
W AJy B kAR FOR 5 T Lo BRI AR o 3
i 4y AR ME 7T 20 2 M 30 25 70) 22 i 2 A B IX I
Hi SRR i T A A% SR G - 20 BRI 2 A LB
FRBGBEIE = A Uk, Bk 22 B 1A RO A B
M. BEE IR TR AR R K, 2000 4E L5, F
5 Bt SE T HUE B 2 5 N R i 428 ) 5 b 53 3 ik
HERFENELETB, B—RERBPER S CrylF
L ERFIRR AL B Cryl Ab P E K5 H T RiE
B SR 2 Horp 3Rk CrylF (3R &
K TC1507 7 PRI AR 171y FH [0 325 s 2k 5% o S S 9 K iy
PR Z W LRl . IR B 2003 478 36 E
TNERIFE T L AR AR LI £ FTAR ZE L BF4E L E
VG R 20 L 1% 7 2 L 2 4 [ 5 ok 4k
0T, B PR R K A Tl AR RO, Sk 45 )
DRI TFRE T s .

{HTERR I 2 R4S . Rk CrylF AR &
K7 RN TCL507 " ALAUFIAE 4 4 I TE) o 21 57 70K
Fxt CrylF 72427 1 000 F5 LM fEdt i W CrylF
10 000 ng/cem’ 25 FAEIGERIBH] T 100267, )5
T 35 [ A< AL 5 400 2 BLIK AL < 2 S 40 ] 45 3t W
D el S AP Cry 1 F A= 1 eak 1510 21 4%
TR A PR 2 A B Y b B 5 0 U )
CrylF j=4: T KRF 5 000 F5AHLIE) . AHF 78 %



. 18 - 490 44 25 2019

CrylF glifb 85 110 e 25 30 Bon s AR E 2w i i
455 1l 5 P RN EAZE 3 200 ng/em? S5 T AR IS %
H 0,CrylF 85 EF 5z AR LGy S 207. 840 ng/cm’
(95%CI; 163. 181~262. 884 ng/cny’) , 5 2 [ A e
LG 131 601 ng/ et (95%CI: 66, 591~193. 520 ng/ent)
AHECES AH B R 1. 56, 1B JC B W i B dE 7 A
UG T LA 0 SRR B S 26 [ R R, (R L 25 SRR AR
SCAEE VI 2238 B n T 2014 EAE SR E AR N ST
AT S i 0 7 ) R 2 000 2 i R B
PRVESE T R — S0 B K AR Sy A R R R R
55 AR 2 1 B T A L A T 1

Cryl Ab X}2 B Hi 05 5 b 57 7% Wk FpBE 1Y GICs,
A 5. 050 ng/em?®(95% Cl: 2. 384~8. 526 ng/cm?),
CrylAc %t GIG;, 7 31. 726 ng/ e’ (95%CI: 14. 505~
53.253 ng/em’) , 5 3¢ E MURFPHE CrylAb (1) GIG;,
3.8 ng/em? (95%Cl: 2. 4~5. 79 ng/cm®) . Cryl Ac 1)
GICs, 112. 02 ng/cm? (95%CI.80. 60~149. 6 ng/cm?)
FAECEY AU B0 510 1. 33 1 0. 28, B =
BRI AR REX] CrylAb 1 CrylAc {3555 5
MYRUERYE . S5 EE R JE Cryl Ac #1 FO0 F B
I R ARAT B3 P A K R B VR R (LB M A
R UZE 1 LCso =800 ng/em’, I 3 5 T CrylAb (1)
161. 258 ng/cm?® (95% CI: 123, 894~ 206. 756 ng/cnt’ ),
X5 ESMEE CrylAb fil Cryl Ac X 5 07 7% 3k 15
P22 S B 2 R — By e

Cry2Ab XJFiii ARFFHER) LCo A 603. 741 ng/ e
(95%CI:430. 110~888. 692 ng/cm?), Vip3A X}i%
LR LCso 2~ 50. 291 ng/cm? (95% CI. 39. 073 ~
63. 474 ng/cm®) , 5 3 EHUEFPHE Cry2Ab (1) LGy
226. 824 ng/ e (95% Cl; 113. 938 ~475. 371 ng/cnt ),
Vip3A 1 LCs 156. 496 ng/cm? (95% CI.: 87. 152 ~
217.960 ng/cm®)AH FE*, HARIERMEFS E0o 5 0 3. 76
0. 32, UL G W E Btk Rl T 2, 2T
SEMEE [, Vip3 A X b 57 3 ik i SO EVE F Bk .
Vips & £ M G AR TE B B2 o™ Az 1) — s R 0 %
W& [ (vegetative insecticidal proteins, Vips), 5
Hftlh Cry 2E A L HHUMED . B R EE
CrylF+Vip3A 2 AL H 1Y E oA B A HTC &
P L PTARAE | B VG S5 b A T R ML AR A T A RL
%t CrylF & A= E DU rE i S b s i g+

W B[] A7 R b, 5 7 kb v 7 AR i 22 3 0N
X T3 IR E A LR BT AR 2R G BT R IA R

AR SR . B SR OO AR U 2
B DX T P UM, B BE TR B OK SR AR A, 75
b BRI 52 B A AR B R R b 2 g S
AU RIS G B B2 2 PR IR S S el
Hi BT AR T 38 5 53 AN AR
JEEA BT, R Hp T e e ) SR, AR
IR BF IR 45 B, CrylAb, CrylF, Vip3A, Cry2Ab
AR R B I B A R Y BOEAE T T CrylAc
I BCIEAE B HA 2 K, P A 5% CrylAb,
CrylF = & it i CrylAb (= CrylF) + Vip3A,
CrylAb(s§ CrylF) + Cry2Ab LR F K WA ] B %L
b A2 o) e B0 0K (] N AR AR — S B A8 B JEE A i
T

B P R A I B R I I M RN 2
AR TH ST BT A R AR A ) A ol 55 K M A 3 A TR
AN F Az —, R ME—— D TEA ) [ A W) 3 X
Xt Bt AEY) = AL P I B AR T R AL 4
FAWFFE I, 5 [ 10 2 L35 b DX ) 2 b, 5 03 i e
FRE T RE 2 Dk 2 245 3 R ke iy, BB L, Bt 1k
BER AR R AN AR (), A SO % G i)
A= W0 5 T3 2 00 R AR TR ] 2 e ) B 0
JUF Bt 25 1 B RURR R R o (H 5 s RAUZ AL
AR S 3E ARSI A T 0. 001 AKSE R4 PR A L BRI AS
REHRIR R0 #6507 A T TR A BT Mk X 9 mT R 5 o5 4h
SR HY S W DA 2 e 45 At ] R 4k S AT
T — PR ERATF AR T AN [F] Bt 24 1 1)
PUPERE PR AR DL G ARPRE BT B PR Y 237K
RN bR b IX et B 73 M X6 Be 2 | 1% vk
IRV 22 57 6 IR ME R AL 2540 LT R AR
PR A B F B A HLE A 5L 5

S 3k

[1] SPARKS A N. A review of the biology of the fall armyworm
[J]. Florida Entomologist,1979,62(2) ;82 - 87.

[2] TODD E L, POOLE R W. Keys and illustrations for the army-
worm moths of the noctuid genus Spodoptera Guenée from the
Western Hemisphere [J]. Annals of the Entomological Society
of America, 1980,73(6).722 - 738.

[3] PITRE H N. Relationship of fall armyworm (Lepidoptera; Noctu-
idae) from Florida, Honduras, Jamaica, and Mississippi: suscepti-
bility to insecticides with reference to migration [ J]. Florida En-
tomologist, 1988.71.:56 — 61.

[4] CAPINERA ] L. Fall armyworm, Spodoptera frugiperda (J
E Smith) (Insecta: Lepidoptera; Noctuidae) [ R]. University



45 55 3

AR AR 2 L SRR RS 5 T Be S B UG .

19 -

(6]

7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

of Florida Cooperative Extension Service, Institute of Food and
Agricultural Sciences, EDIS, Gainsville, FL, 2000.
CASMUZE A, JUAREZ M L, SOCIAS M G, et al. Revision
de los hospederos del gusano cogollero del maiz, Spodoptera
frugiperda (Lepidoptera: Noctuidae)[J]. Revista de la So-
ciedad Entomological Argentina, 2010, 69 209 - 231.
GOERGEN G, KUMAR P L, SANKUNG S B, et al. First
report of outbreaks of the fall armyworm Spodoptera frugi-
perda (] E Smith) (Lepidoptera. Noctuidae), a new alien in-
vasive pest in west and central Africal J/OL]. PLoS ONE,
2016, 11(10): e0165632.

(CABI) Centre for Agriculture and Bioscience International.
CABI warns of rapid spread of crop-devastating fall armyworm
across Asia [EB/OL]. (2018 -06 — 08). https: // www. cabi.
org/news-and-media/2018/cabi-warns-of-rapid-spreadof-crop-
devastating-fall-armyworm-across-asia/.

FEIE XU KRB, B SR R A TR Y AR B SRR
Kl ] PERERST]L2019,39(2) .33 - 35.

NN 0 Jek el L TR A, T K Rl 5 ke 4l ) ) 43
A B S RIAEBORLT . AR 2019,45(2) .13 - 18,

(SR UIY N SRR N EN RS e i S
0. K4y, 2019,45(2):19 - 24.

ERIFIE R ATRDR . S B REREE A TR AR
HELT] R 2018,44(6) : 1~ 10.

HRUSKA A J, GLADSTONE S M. Effect of period and level
of infestation of the fall armyworm, Spodoptera frugiperda .
on irrigated maize yield [J]. Florida Entomologist, 1988, 71:
249 — 254,

BLANCO C A, CHIARAVALLE W, DALLA-RIZZA M, et al.
Current situation of pests targeted by Bt crops in Latin America
[J]. Current Opinion Insect Science, 2016, 15; 131 —138.
(CABI) Centre for Agriculture and Bioscience International.
New report reveals cost of fall armyworm to farmers in Africa,
provides recommendations for control [ EB/OLJ. 2017. https: //
www. cabi. org/news-and-media/2017/new-report-reveals-cost-
of-fall-armyworm-to-farmers-in-africa-providesrecommenda-
tions-for-control/.

BLANCO C A, PORTILLA M, JURAT-FUENTES | L, et
al. Susceptibility of isofamilies of Spodoptera frugiperda
(Lepidoptera: Noctuidae) to CrylAc and CrylFa proteins of
Bacillus thuringiensis [ J]. Southwestern Entomologist, 2010,
35: 409 -415.

STORE N P, BABCOCK ] M, SCHLENZ M, et al. Discovery
and characterization of field resistance to Bt maize: Spodoptera
frugiperda ( Lepidoptera; Noctuidae) in Puerto Rico [J].
Journal of Economic Entomology,2010,103:1031 - 1038.
HUANG F, QURESHI J A, HEAD G P, et al. Frequency of
Bacillus thuringiensis CrylA. 105 resistance alleles in field
populations of the fall armyworm, Spodoptera frugiperda . in

Louisiana and Florida [ J]. Crop Protection, 2016, 83; 83 - 89.

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[26]

[27]

[28]

[29]

LI G, REISIG D, MIAO J, et al. Frequency of CrylF non-re-
cessive resistance alleles in North Carolina field populations of
Spodoptera frugiperda (Lepidoptera: Noctuidae) [ J/OLJ.
PLoS ONE,2016.,11:e0154492.

NIU Y, QURESHI J A, NI X, et al. F; screen for resistance
to Bacillus thuringiensis Cry2Ab2-maize in field populations of
Spodoptera frugiperda (Lepidoptera: Noctuidae) from the
southern United States [ J]. Journal of Invertebrate Pathology,
2016,138: 66 - 72.

CHANDRASENA D I, SIGNORINI A M, ABRATTI G, et
al. Characterization of field-evolved resistance to Bacillus
thuringiensis-derived CrylF §-endotoxin in Spodoptera frugi-
perda populations from Argentina [J]. Pest Management Sci-
ence, 2018,74.746 - 754.

VELEZ A M, SPENCER T A, ALVES A P, et al. Inherit-
ance of CrylF resistance, cross resistance and frequency of re-
sistant alleles in Spodoptera frugiperda (Lepidoptera: Noctuidae)
[JJ. Bulletin of Entomological Research,2013,103:700 - 713,
HARRISON F P. Oviposition and subsequent infestations of corn
by fall armyworm [ J]. Florida Entomologist, 1986,69:588 — 592.
SIEBERT M W, TINDALL K V, LEONARD B R, et al. E-
valuation of corn hybrids expressing CrylF (Herculex® I Insect
Protection) against fall armyworm (Lepidoptera: Noctuidae)
in southern United States [ ] ]. Journal of Entomology Science,
2008,43:41 -51.

ADAMCZYK ] R, HOLLOWAY J J, LEONARD J W, et al.
Susceptibility of fall armyworm collected from different plant
hosts to selected insecticides and transgenic Bt cotton [ J]. Jour-
nal of Cotton Science,1997,1.21 - 28.

YU S ], NGUYEN S N, ABO-ELGHAR G E. Biochemical
characteristics of insecticide resistance in the fall armyworm.,
Spodoptera frugiperda (J. E. Smith)[J]. Pesticide Biochem-
istry and Physiology,2003.77.:1-11.

BUNTIN G D. Corn expressing CrylAb or CrylF endotoxin
for fall armyworm and corn earworm (Lepidoptera: Noctuidae)
management in field corn for grain production [J]. Florida En-
tomologist, 2008,91:523 - 530.

SIEBERT M W, BABOCK ] M, NOLTING S, et al. Efficacy
of CrylF insecticidal protein in maize and cotton for control of
fall armyworm (Lepidoptera: Noctuidae) [J]. Florida Ento-
mologist,2008,91:555 - 565.

HARDKE J T, LEONARD B R, HUANG F, et al. Damage
and survivorship of fall armyworm (Lepidoptera: Noctuidae)
on transgenic field corn expressing Bacillus thuringiensis Cry
proteins [ J]. Crop Protection,2011,30:168 — 172.

FARIAS ] R, ANDOW D A, HORIKOSHIR J. et al. Field-
evolved resistance to CrylF maize by Spodoptera frugiperda
(Lepidoptera; Noctuidae) in Brazil [J]. Crop Protection, 2014,
64:150—158.

[30] HERNANDEZRODRIGUEZ C S, HERNANDEZ-MARTINEZ



20 -

5 4Ly

2019

[31]

[32]

[33]

P, VAN RIE], et al. Shared midgut binding sites for CrylA. 105,
CrylAa, CrylAb, CrylAc and CrylFa proteins from Bacillus
thuringiensis in two important corn pests, Ostrinia nubilalis
and Spodoptera frugiperda [J/OL]. PLoS ONE,2013,8(7): 68164,
GOUFFON C, VAN V A, VAN R J, et al. Binding sites for
Bacillus thuringiensis Cry2Ae toxin on heliothine brush border
membrane vesicles are not shared with CrylA, CrylF, or
Vip3A toxin [ J]. Applied Environmental Microbiology, 2011,
77(10):3182 - 3188.

BERNARDI O, BERNARDI D, AMADO D, et al. Resistance
risk assessment of Spodoptera frugiperda (Lepidoptera: Noc-
tuidae) and Diatraea saccharalis (Lepidoptera; Crambidae) to
Vip3A20 insecticidal protein expressed in corn [J]. Journal of
Economic Entomology,2015,108(6):2711 - 2719.

STORER N P, KUBISZAK M E, KING E. et al. Status of

resistance to Bt maize in Spodoptera frugiperda : lessons from

[34]

[35]

[36]

[37]

Puerto Rico [ J]. Journal of Invertebrate Pathology,2012,110:
294 - 300.
VLSRR, 5K PR BR, A5, B U AORAT AT 5 B R B
FEHERLT . RS, 2019,45(1):12 - 18,
DANGAL V, HUANG F. Fitness costs of CrylF resistance in
two populations of fall armyworm, Spodoptera frugiperda
(J. E. Smith), collected from Puerto Rico and Florida [ J].
Journal of Invertebrate Pathology,2015,127.81 - 86.
CAMARGO A M, CASTANERA P, FARINOS G P, et al.
Comparative analysis of the genetic basis of CrylF resistance in
two strains of Spodoptera frugiperda originated from Puerto
Rico and Florida []J]. Journal of Invertebrate Pathology, 2017,
146, 47 - 52.
SRR, 2 T, AL, A R TR ) BT P E Y
PEAR AT ] AP ERYT, 2019, 45(2) : 1 - 6.
(A% 5. HAm)

(EHE14 5D

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

BERTA C D. VIRLA E, COLOMO M V, et al. Efecto en el
parasitoide Campoletis grioti de un insecticida usado para el
control de Spodoptera frugiperda y aportes a la bionomia del
parasitoide [ J]. Manejo Integrado de Plagas (CATIE), 2000,
57. 65-70.

DIEZ-RODRIGUEZ G 1, OMOTO C. Inheritance of lambda-
cyhalothrin resistance in Spodoptera frugiperda (] E Smith)
(Lepidoptera: Noctuidae)[J]. Neotropical Entomology, 2001,
30(2): 311 - 316.

CARVALHO R A, OMOTO C, FIELD LL M, et al. Investiga-
ting the molecular mechanisms of organophosphate and pyre-
throid resistance in the fall armyworm Spodoptera frugiperda
[J/OL]. PLoS ONE, 2013, 8(4): e62268.

PRENZE. J7 WA 47 12 2. 3 R 4% FHT 2 39835 bk 0 % By 3 o 5
L) AR %R 5 X K], 2014,35(4) : 1 - 5.

AR  IMIRST . OO L 5. SRR 20 RO AR W 2 AP Y
ALY ). ZRRFFAR CA AR 2008, 30(S2) £ 365 — 360.

P R L0 B A . A€ 24 5 P A= Wy 00 5 X 6 o DU 2% 150 5
5 ERGr ARG M RI B B NY/T 1154, 5 - 2006[S]. b5t
Hh LAY R 2006.

e N RN [ AR . A< 24 % A A ) s K o D) % ke R4
14 4% 3805 . NY/T1154. 14 - 2008[S]. JLET . E Al 11 A
#1,2008.

He Ty Al A ORI R e RN L) 1. 4R 24, 2011,50(7)
469 —473.

T B AT RS% . S AL A5 T A ) G U Yt M B HC TS
I dE L) ] P42, 2008,7(5) .8 - 11.

BeULH ., ORI kAT S SRR MBI (L Lk
2011(S2):239 - 243.

JEIE BB (R L A BB BR A s R e st SR LT .
R4 2006, 32(3) : 16 - 20.

[23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

AL ST T AR AL S IR A b R 43 £ R DX IR S R
(1. 4. 2007.33(5) .6 - 11.
ROSE A H, SILVERSIDES R H. LINDQUIST O H. Migra-
tion flight by an aphid, Rhopalosiphum maidis (Hemiptera:
Aphididae), and a noctuid. Spodoptera frugiperda (Lepidop-
tera; Noctuidae) [J]. The Canadian Entomologist, 1975, 107
(6): 567 —576.
CABIL Invasive species compendium [ EB/OL]. [2019 - 03 - 26]]
[2019 - 03 - 167 https: // www. cabi. org/isc/datasheet/29810
251812C7-20E5-473 A-BE75-3A51F1C43ES8D.
KA BTN SRS 55 AR P B AR 4 [ .
Y-, 2019,45(2) .19 - 24.
WOOD K A, WILSON B H, GRAVES ] B. Influence of host
plant on the susceptibility of the fall armyworm to insecticides
[J]. Journal of Economic Entomology, 1981, 74(1): 96 - 98.
ADAMCZYK ] J. LEONARD B R, GRAVES ] B. Toxicity of
selected insecticides to fall armyworms (Lepidoptera: Noctu-
idae) in laboratory bioassay studies [J]. Florida Entomologist,
1999, 82(2). 230 - 236.
AL-SARAR A, HALL F R, DOWNER R A. Impact of spray
application methodology on the development of resistance to
cypermethrin and spinosad by fall armyworm Spodoptera fru-
giperda (J E Smith)[]J]. Pest Management Science, 2006, 62
(11): 1023 - 1031.
LhIR. Al MR EBNALT ] B R 1976,19(2) . 129
- 141.
FN/INE S Xk B 37 A 45 R A P R 6 ik 4 L 1 43 (] 43
A B S AR BORLT 1. AP 4. 2019,45(2) .13 - 18,
A bl 2 A5 T, PN/ NI S5 B 5 0 R R SO M P T S
AEFIA:= 927 2 P H AR L) 1. AP ERE AR S:T1], 2019,39(5) : 26 - 35,
(e HAW)





