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Abstract: In order to understand the resistance risk of the fall armyworm, Spodoptera frugiperda, to Bt
maize in China, the time for developing resistance was predicted by using the resistance risk analysis
model for three Bt maize varieties and two types of refuges. The results showed that, for both seed mix
refuge or structured refuge, the time for developing resistance was much longer for Cryl Ab+Vip3Aa-
transgenic maize than for Cryl Ab-transgenic maize or Vip3Aa-transgenic maize. In the case of cross-
pollination and larval movement between Bt and non-Bt maize plants, the time for developing resis-
tance was generally shorter for seed mix refuge than for structured refuge. When the Bt dominance of
cross-pollination was 0.5, the probability of larval movement was 0.95, if the proportion of refuge was
0.20, the time for developing resistance for Cryl Ab+Vip3Aa-transgenic maize was longer than 200 gen-
erations for structured refuge, but only 59 generations for seed mix refuge. These results suggested that
the resistance risk of S. frugiperda to Cryl Ab-maize was much higher than to Cryl Ab+Vip3Aa-maize,
and the resistance risk in the case of seed mix refuge was much higher than in the case of structured refuge.
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T 57 1% Wk Spodoptera frugiperda, SUFRBK B
Hu S T S U T R AT b DX Y ) B
ARAEY) 3 H (Montezano et al., 2018) . B b 57 7%
ALFE K R KRR &R 2 B AR A, 2 51 DL oK
FKFE R £ 2% EVEY (Dumas et al.,2015) .,
PR AT REE S E , 20184F 12 A ERE = RE X
IR T A 2 ] OK T IX (2R, 2019;
BR#E A, 20205 Li et al., 2020) , AR TR FE A9 501
W2 M e S E AL (KRR, 2019) .

I TR AR 5 [ L VY A [ R EE Bei
K JEAT BT A (Buntin, 2008) . 3% 46 [ 52 L0 R
() Bt K i Fil R 22 263K Cry 1F . Cry 1 Ab Y B[]
dn B, R B A T A0 CR 338 CrylAL 105+
Cry2Ab2 . CrylA. 105+Cry2Ab+Cry1F . Vip3A+Cryl-
Ab+mCry3A 9 5 & 3 K /i # (Huang et al., 2014;
Niu et al.,2014) . AHE T HAEL Rl A, 26 JE 9
b EL A B Y A BRI A 1B A H (Storer et
al.,2010; Farias et al., 2014; Jakka et al., 2014) . %
H I AT 4h B AL R AR Bebr B £0K , B 9T
W ZAMREEA R AT R IR H R ASRAETER
Bt bt dt EOKHATEE G B iR B AT 5 (LI, 2020) .
HHTE N2t & T 3235 Cry 1 Ab [ 5L Bt £ oK
FIFE3K Cry 1 Ab+Vip3Aa (& A3 K Bt £ K (5K 1)
MRALWT,2019) o XK HFFTEE R Wk, CrylAb+
Vip3Aa- = KX 51 B3 i HL A AR = 1 2% R
Cry 1 Ab- 5 KX B b 57 3 it A7 — 2 i 2% B
{HACR R 0 Cry1 Ab+Vip3Aa- K (i FFPHFILR AL
H1,2019) . Bt H £ K B AR T 20047 5%
LGy IE N e S S R LN E G (TR SRV EAE S & <8
] 7™ Bt oK 0 HR 52 A J DR X 5 b 57 1 ik 1)
AT RAR 5 1Y, A R b 51 80T [ 7 Bt oK
AT IXUSSE i AN R (SR8 55, 2019) o

Bt VE bR F B A BT XU — i 3 e A5 28 o
PEAE (Tves et al., 2011 ; Onstad et al., 2011) ., FRAIPF
Aiti Ay LA 5 {6 iR AR 22 52 2% 1 52 0l PR 2R G BeAE D 1Y
AR AP TR L ) AR RN S)
A HA #E— i (Carriére et al., 2010320163 Huang
etal.,2017) . FE[E M 1996 45 FF i 2 BAE ST AT 1Y
— R B BORTEAR AR AT
PR PPA 25 L 52 19 (U.S.EPA, 2011) . H T, F&[E
A Z148% 1 Pectinophora gossypiella MR M Heli-
coverpa armigera X} Bt A€ AIHT M XU PEAL 1A OC
W5, Wan et al. (2017) 55 & B, Bt A 5 3F Bt i 22
2 ZARIE IR A R T REA RS VLI
ZLE% HOxd BEARAE AP TE AL s Jin et al. (2015) 5

T REREEY T A AUHE R AR LR 25 HUX BeAR A6
PP . S5 IR Tt —Fh E A2 R A
(9 JFE 47 Bir 26 80 (Carriére et al., 2016) , (HAEFR [ R
FRUR e, Tl = Bt TR IS & Bt M %
TR KT 2 X6 5 1l 5 R i 1) % AR ) 4534 5 A
JIEASTRL, I3 AP B il S5 A AN TR . 2R
7 T [ R FH [ 7= Bt T K0 Bl 9% A R R A T B YA L 31X
2 LR 2R K AT RS ) b 5 % Bt K A S PRt
P RS , DRI I 5 A A X PR R 0 A 7 A A

ARG ET R = Bt K, % ERFIR A Y T
SRR BT 2 FRE S T 5 8 S AR X K
b BT ) Bedo RS 24 T BN IEAS , LUTA Bt £
K ED AT SR AP R PR SRR
1 MR5REE
1.1 ##

THREMUE R DL B R U « AR I % 3% E A
- 11 B M 50 RN 3 AR R Y [ B B K i Rl
CrylAb-E K | Vip3Aa-E K Hll Cryl Ab+Vip3Aa- £ K
WATIRERL T o ASESE ride FH T AU A 2 T
CHHE T MR (2 355, 2019) , RIS B
P FEORE T O RRISCR (R 1) . AR AW K
T SR IR Bt K SRR A SRR R
1.2 Ak
1.2.1 BEAME

AHIF 5T B T A I 1% 2% S U S B 1 RURS: 43T
AN A 40, 455 BAKRE PR DB PRI AR A | L e B [
FERVER X Cry 1 Ab- K Fl Vip3 Aa- T K, B PR A5 A
EF X Cryl Ab+Vip3Aa- £k, 7ERASLAEAI A Hik
1M SR, 78 N R AR | e 2 67 05
g . A XA I, $E5 Cryl1 Ab Fll Vip3Aa X 1 1
PPE R 20 308 0 R, FIR,, BIXF Cry1Ab il Vip3Aa
FIBTPE A3 0 PR AV T RIS A 2 DR o B DU HHAR
B[] B | LSS PRI A RS AR 1 . T R A
RURT DLAE SRy WU PR B () e 81 6 1 , PRI L B0 XU
RIS T

R A% O SHEUE H B 25 EA4EY) Eivid
G R R T X SEIE A TR S, T X T AR
HEAT 5325 . FEHL SR 1Y 2T AR AT S A IR G
JEEFF BT FES AL EED T 2 K2, 3 2 20 B 43 il
H1-P P o HAF-FIRA T T2 d8 6 Bt FiAH
INf g B AE Bt FOKR B4 — 5 LU TR 57— & Fh
FEL ) 2K H (Bt AEE Bt B KRFFF 14 Fe il 43 5liE h 1-
O Q) , ML fire 5 Bt £ H R RYARE
Bt £ oKH
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Table 1 The notation, meaning and default value of model parameters

ZH

S BRINE .

e &3 BEAW
Notation ) Default

Meaning Reference

of param- value

eter

s, BURSLS T S,S MECrylAb-E K FIE S (R FELL) 0.46 FKSISIRIZFLEA, 2019

Fitness of S,S, on CrylAb-maize at developmental stage 1
s, THERAATS,S, 7E Cryl Ab- oK A& A (K BB 2)
Fitness of S,S, on CrylAb-maize at developmental stage 2
sy HURSES T S,S,7E Vip3Aa- oK FIE S CREMBLL)
Fitness of S,S, on Vip3Aa-maize at developmental stage 1
sy THUERAEG T S,S, 7E Vip3Aa- Tk LIS A (KB HB2)
Fitness of S,S, on Vip3Aa-maize at developmental stage 2

¢,  DUMEALG T RR PUEIH

Zhang & Wu, 2019
KPR AL, 2019
Zhang & Wu, 2019
KPR ALIA, 2019
Zhang & Wu, 2019
KFHHIRALI] L2019
Zhang & Wu, 2019
Vélez et al., 2014

0.76

0.00

0.24

0.00

Fitness cost of R;R,with i representing locus, j standing for larval stage (i, j=1,2)

d, PRI R

Dominance of fitness cost for R, with i representing locus, j standing for larval stage (7, /=1, 2)

e,  PUMEALE T RR IIATERNE

Wiz, 2019
Huangetal.,2019
Horikoshietal.,2016

0.00

0.00

Incomplete resistance of R R, with i representing locus, j standing for larval stage (i, j=1,2)

by PUVERERI R, B AR CR BB BE)

Dominance of resistance in R, at developmental stage 1
hy,  PUHERERI R, R CREE2)

Dominance of resistance in R, at developmental stage 2

by PUERE R, BRAIERE CRE BT

Dominance of resistance in R, at developmental stage 1

hy,  DUPERE R BB CRE BB 2)

Dominance of resistance in R, at developmental stage 2

0.15 Farias et al., 2016

0.15 Farias et al., 2016

0.00 Horikoshietal.,2016

0.05 BizH%E, 2019

Huangetal.,2019

AR R IR A Y BT, ISR Y Bt AHE Bt &
KAGRRZ [ 5 K A A B2k, S BUR AL A B
¥k (Chilcutt & Tabashnik, 2004 ; Yang et al., 2014)
H T WX RS AT R IR A B T R Y
FEFRRI4> 4 TT TN NN =Fh2EH 5483 Bl &
Flikk 2o G RIA bR  JE Bt Al R bk , L2 9ic
x\pzo UARSFAESZRBENLE A 3X 3 RIS ET 5 )
o) 53591 R x=(1-0)%, y=2x0x (1-0Q) , z=0*, FF &
T AR AR AR A EE R, ELRD Al A e, 2y
B RIRERRAE B G A2 BT H R T KRR
W2 B Btis Yy, [HREWBERR A O EF, 258
FRRAO AT 2 &2 8 Btis Y . AW HIEG
— I .

T Bt 5 K X 5 b 53 72 8 AN ] i 300 A 4 B 3
FERAE BRFFPHRI 524U, 2019) , BF LA & A 84 7
U3 500 B T o A RO S T A . AR SRS
1 R 1 A R R e B B 1 (1~249% ) Fl
REHB 2 # )2k F BB, itk
RIS SR = I 2] . S AR B 4 R RS E AR
ok, W% S kA B RR R FE (Sokame et al.,2020) . A T

AL RO VR L HS | IB0E &) 1 38 340 Kk AR Bl
PURLAR 7 B MR R S M(0<M<1) , H4h TE R B
R BB 2 EA KR . HECA IR
TR B 5 MR8 53 BORE R AR BeAi bk, A1
41 TR AB PR 0] 0 56 7% 22 ALY o TE X Fh I 10
T 4 TR R R R R Z (B I S AR H 558
ME 2R M ORI 25 A AR 2 A 5 LA G (Mallet & Porter,
1992) , B ANKH : Prpp=xX (MXx+1-M) | Py =x%
MXy, Prro™XXMXZ , Pry =YX (Mxy+1_M) s Pryrr=p
Mxx, Pron=VXMXz , Pyn=2% (M*z+1-M) , Py =2%
Mxx, Payoy=2xMxyo Feft P JE4 U TT B PR
RSB NN R AR AOER , BIZh e BB BE L4 T
TT AR, KB BB 2 7 T NN AR BRI BE S, HoAth
DI e

e LIRS T — I GAEM IR A
T F 1 iE G BN Wy (G) =P Wiy (G) Py
WTT—TN (G) +P. TTNN WTT—NN (G) +P TNTT S WTN-TT <G> +
I)TN-TN>< WTN-TN (G) +PTN-NN>< WTN-NN (G) +PNN-TT>< WNN-TT
(G> +PNN-TNX WNN-TN (G) +PNN-NNX WNN—NN (G) o /ﬂ\: EF‘
Wi (G)IEFEN T G A B BB L TT B, A F
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BB 2 76 NN BURE PR b (%) BBGE A B, HoAic 5 1 &
SCRTDARSEC 5 0 R hR2ed .

T DT Mk AT RE 10, PR R A R Ak
JEEHF T PR %) 8 HROT 5 TR A TR AP T P 1l R B L
AEHE, IXFESER Y G 7R T A 2 A b 9 IE A R
Al LR K W(G)=(1-P_) x Wy (G)+P x W, (G) .
I FIRE AR S HME I G, AU
ZP(G)HIERT L (G)=[AG)xW (G x fAX)x
WCOTE, Horp (O F (X)) 43591 2 3 PR 7R X1
WRFNE AR . RE DRI TR, MW IR IR 4,
FE A A FER A IR AT AR T o AR R ALY
BIR 41 B8 Hardy-Weinberg 5& 3 0] 113845 21| i 195
R T DR %R S5 245 BP0 35 PR g i AR
AR S R (BHEHT4E,2019)

122 BALKEXE

BRI O SBURE B ESEL I T RS
BEAE , B S WU R T8 (14) 35 A5 4 fik s B 35 PR U 1)
EABEZH. DONIEEREA S SRR, WiE A E W
(S,S,R,R,) BT A1), 4 5 2 A4 Bk PR R )i 45
O33R W (S,S,) Fl W(R,R,) , ¢ I 3fe £ 0 75 21
(S,S,R,R,)=W(S,S,) xW(R,R,) , HiAl X Ik K 7 1y 1%
G EETHRMZEHE . SRR R0 B EE PR AR Ak
A EERIAT 52 o ldE AL A S S, LS R, R R,
F1S,S,.S,R, R,R, 7E 3 Pl MR AL I (138 A BRI AT .
SR I R b BRI A U 2 S & BB B RELE S
RT3 1A (Mallet & Porter, 1992) . DAFEPR I
SR IERBFHE LT TT Bk R BB 2 b T

NN BUFE AR I8 5 BE W (SR TR 9], T 2R
20K E B BGE A B0 W, (SR) Bl Wi,
(SR, M W (SR =Wy (SR x Wy, (SR,) , H:
b3 PRI AR 3 A B R I 2R . IR 20000 1l 4
FE RS RIAE 2 R BB B RIS A R T . B A AR
P Btali A ik (TT RURLRE ) FIHE Bt 46 G A Bk (NN 7Y
FERR) B A BE TR 4 A AR AR (TN BUAE AR ) LY
WEAE. ULHERS S 754 F BB 14T TN AU
PR AYIE A BE W, (S,S) BT A B, an S iz 3k A
RUFE TT BRI AR A NN BUREBR 38 & B 4 51
WTT,I (SISI) ﬂ:ﬂ WNN,] (Slsl) ’ )I_!IJ WTN,I (SISI> :WNN,I
(S, S)+HX (Wi, (S,S) =Wy (S,S))) o 4 H=0 i}, 4+
AR LRE A E SAE Bt ai Ak L IE A
JE—50; 24 H=1 0, 24 A B PR L A0iE A T S Beal
BAERE LIS AR — 20, BT ASEH O] R A A A
BE A Bt B B AR FR Z Ok S AL Ry Be g 1
o B o B AR A s sk e AL T XA S
B AR EHE R, 7E 95% 1Y Bt T KA1 5% AR
Bt EARFFIET T &AF T, AE Bt EoRFEH Bt A K
%3k ] 38 2 I I Bt K BE Y 45% (Chileutt &
Tabashnik, 2004 ) . J&F I E s , A0F50K H AGERIA
B R 0.5, [F), AW E T H=0 Fl H=1 P
P EIE o

g5 b BRI R Y38 A B SRR A 3 ff R
2 (i=1,2) 2R BB B (=1,2) .2 F il pk 2
BI(TTFINN) ERiE &S5 D LS G S5
A2 IR SEOTR TR AR WR 2 R

K2 AMRERESESHHIHTERKN

Table 2 The formulae for computing the fitness parameters of the model in this study

Z#ic 5 Notation of parameter & Y Meaning 1145528 Formula
W (SS) SSAEAE Btk A B BB B 3 (i, j=1,2) 1
Fitness of S,S, on non-Bt plants at developmental stage j(i, j/=1,2)
Wi, (SR) SR ZEAE BtAik b A H WrB & B (i, j=1,2) 1-dxc
Fitness of SR, on non-Bt plants at developmental stage j(i, j=1,2)
Wi, (RR)) RR 7EE BtAE bk AT BB iE & B (i, =1,2) 1-c,
Fitness of R,R, on non-Bt plants at developmental stage j(i, j=1,2)
W, (SS) S,SfE Btk F A BB ME A G, =1,2) s,
Fitness of S,S, on Bt plants at developmental stage j(i, /=1,2)
Wi, (SR,) SR e Bk 15 8 B MR AT (1, j=1,2) o< (1-exs,)
Fitness of SR, on Bt plants at developmental stage j(i, j/=1,2)
W (RR,) RR 7EBtAitk & BB B iidE G (7, =1,2) l-e,

Fitness of RR, on Bt plants at developmental stage j (i, 7=1,2)

AHIF 5K 4l U R R M) BRIAE I M 0.95,
R4 BV 35976 95% (1 vl BEPE & A fe bk . S50k
I B AR ST R N 3 W T IR AR R
10, T LAl A ELA AR (R A A Ay, [R)sftho HLA R

5 55 RS e F1 , T 38 k22 AT HEAT 4% (So-
kame et al.,2020) . ABFFEEFEIE T M=0 Fl M=0.5
PR AR BRI IE o

PUPEFE I R, F R, 1) 1h A 2% B i [ A B I
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BB SE, NIEAM G S B Ives et al. (2011) ik
FHUHEEEA R, IR, RT3 15E4 0.001 .

JEE4 BT LU A8 Sy mT AR S0, e 4 Jr Be 491 3 B 0
0.05.0.10,0.15.0.20 FLFf L 5] . ARWF5E %5 & T Fh 7
IRA MG LIS 1T 2 M  FE R IR A e T
TG, FEA BT H A2 R Bt B R PR 7 r 4 1 E A3
FESS R TG B v, JEEdP 0T il 2 AR Bt K
JIt o5 ) He A3
1.2.3 3RS B 1) 64 TR

PR B[] 2 — B i B 0 v XURS: DA 48 A
(Ives etal.,2011) , 4% ik SHOR B R CHHiE T
F14) 2 PR 70 03 1 B A 0 ) PR s ), 5 X 53 P
FE R RS T 43 A T . 7R BE R TR
T, BT SE P A 43R 15 3] 50% (I ] A bR T
L STk BT R ZERCEREIE TR, L2 A
B 5 DR A 0 44 15 3] 509% 1) I ] g b 5 B

Wb TR APV ] o PO IR ), B IR s
e, S BT

2 BEREHMH

2.1 MFREESEMMLTERRT Bt S ARSI

EFXT Cry 1 Ab- = K (B R T 45 5 s, 76
TR A A TR A AR e 3 Fr 2 PP B B0 T, ik B
() 357 B 5 P4 T B A6 P 388 i 4 o (&1 1-A) o AR
BRINS B ) 25 R Bos SR 4 0.0.05,
0.10.0.15.0.20 RN TR A FES TS, 5l 53 730 I 1)
U] 2351 28 130,33 .36 .39 48, 1M 24 2% FH AH [+]
Fb A9 (10 2485 4 £ JEE 37 i B, 702 B[] 35310 ok 28 .31
35.39 441t SE5HLEY A L R AR IR A
JREHP T T S5O B T WA 400 i, RO Ve Aol 3 s
I, (EHATE HAYIE, XF Cryl Ab- T KM 5, 24
PR LR O B, Ui e) oAy 28 4%

—a— FiF BT Refuge-in-the-bag  —m— Z5HJEE4H BT Structured refuge

200 - A
180 |
160 |
140 |
120 |
100 -
80 -
60 -
40-——____._&.;._/_:’!

20 F

iR ] (H4%%0 Time to resistance

0000 005 0.10 0.15

0.20

200 - B
180 |
160 |
140 |
120
100
80 |-
60
40
20

0000 005 0.10 0.15 0.20

JEY BT L4 Proportion of refuge

1 REFFIR &ML e B LE 5 & 4 T B 2 B IHRT CrylAb-EK (A) 1 Vip3Aa-E K (B) BIHT iR ]
Fig. 1 Time for developing resistance to Cryl Ab-maize (A) and Vip3Aa-maize (B) in Spodoptera frugiperda under different

proportions of refuge in the bag or structured refuge

BF X Vip3 Aa- T oK BB TN 25 R R TEiS
SRR IR A Y T i 25 AL b BT , PP Rt
(] 359 B 2 JEE 3 JUT EL A8 e g i 34 m (1 1-B) o 245K
FH 4514 0..0.05.,0.10,0.15 ,0.20 FFhFIRA JFE BT
B, Sl SRR BT TR 4350 2,14 21,27 344K
R FH TRIRE EL A8 10 285 K Ak JEE 47 T Bt 70 B 1] 43 531
72.60.119.,185.>200 1%, it 2, 54510
PTAH L, 2R R T-IR A B T 2 R PRt 14
PR o =S T E oA O B, Hodpst [a] A
2%, X K Vip3 Aa- T K B b 0T R 1~2 1340
HAEAEARIA T T 100% , BOOE R, Hirk k£ E
IR AR TR I B I O T e AR

B 4T Cry1 Ab+Vip3Aa- T K 14455 71 1510 45 S
N, TGSk R IR A e il 2 25 AL e 4
POk Bt 1] 24 B 25 JEE 477 T 481 %) 258 o v 338 fin (&1 2)
M2 A5 4 0.0.05.0.10.,0.15 ,0.20 B Rh IR EE
P, b ORI B BT B[R] 4300 Ry 28 .37 .44
51,59, T 24 R [FIRE o 9 i 25 4 Ak JEE 3 e B
Uk BT[] 4351 Sk 28 . 181,>200,>200,>200 18 . 5
Cry 1 Ab- T KAl Vip3 Aa- T K A BB R AR HE , 25K
A FIRA Y I, WX Cryl Ab+Vip3Aa- £ K [
PO B[] 34545 — 58 B2 1) B4 5 25 R FH &5 #4 1k JRE
1T, WX Cry 1 Ab+Vip3Aa- T K B 40 1 I 8] R K
HEK
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200
—&— FfiFJEEH BT Refuge-in-the-bag
—— ZEHJEEH BT Structured refuge

D X
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T T

D B o o
o O
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(=]
T

D
[=}
T T

=
=)

Hi Pk ] (AR %) Time to resistance
S ES

(=}

0.00 0.05 0.10 0.15 0.20
JEPFTEEA Proportion of refuge

B2 AEFFRAMEML R AT LB &4 TR R i
%t Cryl Ab+Vip3Aa-T KB HT 14 Rt i)
Fig. 2 Time for developing resistance to Cryl Ab+Vip3Aa-
maize in Spodoptera frugiperda under different proportions of
refuge in the bag or structured refuge

2.2 RIETHIT EH & IR RN R R

TEFF IR A T Hl Cry1 Ab+Vip3Aa- £ K 4%
PR, b SRk APt A TR 2 S A6 2 4 Bt Bk
JE BRI 46 5 (E13) o M d ir Hetsil ok 0.05, 546
P2k Bt S AEE M ORI ZE 0.5 F1 1, PR fa] WA 5448,
oy 4 2R 37 AR 29 48 5 Y e b i 51K 0.20, 55
AEF2H) Bt N 08I0 22 0.5 F1 1, Hrpk et (] bA
1291843 14550 22 5940 A 41 4%, ZHA TR i L (s
15, SEACTEN Bt A B XU B ] ) s R . 5
S, SRR Bt AEREE 0 SR PERH R IR

200

180+ +H=8.0
—-— =

ol H0.5
S H-1.0

140+
120+
100

=
[l )
T T T

M

P e 18] (1H:AKH) Time to resistance
[ =] =]
< <

<

000 0.05 0.10 0.15 0.20

TR e B LAl

Proportion of refuge in the bag
HACE A28 Bt LS . H represents the dominance
degree of cross-pollination.
B3 AEFFEEF AL GIF1F LN Bt B E K4 T =i
HWIENT Cryl Ab+Vip3Aa-FE KByt 8
Fig.3 Time for developing resistance in Spodoptera frugiperda
to Cryl Ab+Vip3Aa-maize under different proportions of
refuge in the bag and different degrees of Bt

dominance of cross-pollination

2.3 ZhHEBIT R RETIE RN

TERP IR A FED FIEF Cry1 Ab+Vip3Aa- £ K 55
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Fig. 4 Time for developing resistance in Spodoptera frugiperda
to Cryl Ab+Vip3Aa-maize under different proportions of refuge

in the bag and different probabilities of larval movement

3 iFig

AHIF G S AR AT K BR, FE 3 E 2 1A TR
O, 51 ST Mk X Cry 1 Ab- K (Bt P s [a]
AHEE T-XF Cry 1 Ab+Vip3 Aa- 7 K A 40 1 i ) K K 4
ST, BV Ml 5 7 Mk 6T Cry 1 Ab- 6 K FR 470 1 XU e Jt
T X CrylAb+Vip3Aa- 5 K BB dE AU . anRAR
MENER 25T, X ADEE RIS, K F ik
2 Fha 2 Fp L AR TR A U R BURE YR JURA
B INTEANER , %0 LA X 2 Rl 2 (A R A= A bt
P A" B £7 1% (Edwards et al., 2013; Huang et al.,
2017) o Aid, SXAEE RO E LN T E Z M B E
w2, LLE RS F W 20% 258 ki3 i
1 (U.S. EPA,2011) , R 57 &2 1 X Cry 1 Ab- £ K
Pt i [E) 2 44 4%, T XF Cryl1 Ab+Vip3Aa- T KAt
PR AR T 200X

KT RFIR G i 5 258 A0 e 4 el 3 gt



240 FICEEAT T ST [ Bt F R BT KU ATAL 419

PRAE RS20 2 1 O A SCERHRGE . BRI, 54
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P14k (Mallet & Porter, 1992 ; Carriére et al.,2016) -
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stad et al., 2011) . AW 5% 45 & 5 Heuberger et al.
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FIRER DL S AL 1Y Bt ik i, X 46 5 Bt &
KA RSP T LRI AE %% BE 45 A DG, Yang et al.
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HTA A 516 7 Bt oK B AH DG IR 9T, AR R 77
T JR 3 Ty TIAE Y, LIRS v b DAk T8 1 0 s 5 732 0
X Bt F K AT AU .
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i, DB X R IR A A T 55440 i 35 bk
AU A TR TR T

BT RSB )P T 2R AL S AR R A4
BERS SN A, i G S 5 1 5l 5 1 kT XU
(R —EAEIN R . AR RTIABFGT R, i«
BRI R SR, R SR BT
25 () A AN EE ST R KA R R HR ) DX S i
Ak 7= A2 #i (Huang et al.,2017) . QSRR AP IR
BB S8, W RE4 B 114 Lo e 25 a) b — 30
FEXFRE LT, 35 H 7R 4523 8] BA T A BT 7 16 A5k i
IR —Z, PRI OG5 1 X 3l M v A ) 52 Tl
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91 114 24 [F0) 26 S5 b, 5 78 0k DX 3 1 9 A P 5
MEE CRE— 2% FE A 2 (Jin et al., 2015) .
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