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Abstract Bt maize has been commercialized for over 20 years in the American countries, which was successfully used to
control a number of economically important insect pests such as the European corn borer, Ostrinia nubilalis, fall army-
worm (FAW), Spodoptera frugiperda, etc. However, a couple of resistance cases have threatened their efficacy and
resulted in the failure of field control. What’s worse, most Bt maize events/stacks varieties lost their ability to control
FAW in just 3 years after their release in the tropical and subtropical agricultural ecosystems. In this paper, we reviewed
the internal and external factors which drove/facilitated the rapid evolution of FAW resistance, including the biology and
ecology of FAW, its inheritance of resistance, cross resistance to different Bt proteins, initial allele frequency of resistance
in the field populations, agroecosystem landscape of Bt maize planting, cropping systems, Bt maize events, adaptation of
insect resistance management (IRM) practices. etc. Furthermore, we suggested a “Natal Source IRM” strategy based on the
integral scenario of maize cropping landscape throughout the country, ie., careful consideration should be taken in deploying
Bt maize in the tropical and subtropical regions of China (winter maize region) where FAW reproduced year-round and is the
source of adults to migrate to the Yangtze River Basin, Huanghuaihai summer maize region, even up to the northern spring
maize region. If the resistance evolved in the Natal Source of FAW population, it will diminish the Bt maize efficacy in the
rest regions of the country. Even more care should be taken in deploying Bt maize expressing CrylAb protein in the winter
maize region. At least, different Bt maize varieties (without cross resistance) should be used between tropical and temperate
regions. In addition, IRM plans should be designed to ensure a reliable resistance monitoring program, ensure refuge compli-
ance to make high dose refuge as a corner stone tactics under limited Bt maize resources.
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Table 1 Inheritance of Spodoptera frugiperda resistance to Bt maize and/or insecticidal proteins
N \‘/‘¥A 3 =g N, ‘5!63 - N , . N . .
g BoEk/En OB e manss kus il
. . . collection site/ 5 . - . .
R population Bt maize/Protein . Inheritance of resistance Fitness cost Cross resistance Reference
Laboratory selection method
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AECTCL507” T Aehihk WO SRR CrylAb, CrylAc
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KA CrylAb, CrylAc
Ji: XenTari WG Al
Dipel ES Bt % H %]
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PR-5 FR 3 [H] f9 9t ok 24
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PW-R MONB89034 X B Fe kit Wik pitnf. 2 —En (114,118 -119]
TC1507 X FE R s il e
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R strain Bt maize/Protein . Inheritance of resistance Fitness cost Cross resistance Reference
Laboratory selection method
RR MIR162 L E PSRN R g A II% ﬁuf’? ﬁﬁ - Jt:CrylF, Cry2Aba, [122]
1 Bollgard II # H., A K 1 7% B % & Cry2Ae
‘MIR162", Fy IRk, FEH
RR Cry2Ab F 2k EEIET 2013 WY R B/ AN T A S [84]
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RR32, CrylA.105 K 2011 4¢3 [ @2 Bk M WY @ik, A, R 58 55 [123]
RR67 K/EH FiEE S SSCHEMFPEE) M SRR ua Bk
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Table 2 Frequencies of Bt maize/protein resistance alleles in field populations of Spodoptera frugiperda

TR A i SRR ] Bt £X/HEH B A 87 B PR AR (95 00 B DX [R)D CHER
Population location Collection time Bt maize/Protein Frequency of resistance alleles (95% CI)  Reference
W 52 B B R T 2% 2011 4E—2013 4 CrylF 0. 85~0. 925 [81,107]
Juana Diaz, Puerto Rico
2 [ i 5 B R 2011 4=—2012 4 CrylF 0.132 2(0.079 9~0.172 9) [107]
R TR 0. 020 0(0. 005 5~0. 042 6)
Florida, Texas, USA
35 [l e 5 H 2 AR 2011 4 CrylF 0. 103(0. 070~0. 141) [42]
852 BLIR N 0. 293(0. 242~0. 347)
Louisiana, Florida, USA
2 [E b= 2 kg 2014 4 CrylF 0. 009 35(0. 004 05~0. 016 79) [111]
North Carolina, USA CrylA. 105+Cry2Ab 0. 001 17(¢0. 000 03~0. 004 30)
CrylF+CrylA. 105+Cry2Ab 0. 001 17(¢0. 000 03~0. 004 30)
CrylF+Cryl Ab+ Vip3Aa20 0. 001 17¢0. 000 03~0. 004 30)
5 [ 1% 5 B 42 A 2011 4 CrylA. 105 0. 015 8(0. 005 2~0. 032 3) [124]
i 5 HL IR 0. 055 9€0. 031 9~0. 086 8)
Louisiana, Florida, USA
BTG 7 > FZ R RN 2011 4E—2012 4 CrylF 0. 07(0. 02~0. 13)~0. 6 [125]
8 A HuBE i 420, 24€0. 17~0. 25)
Eight populations from 7 major
states of Brazilian maize production
ELPG 5 A 2 FORFIAE M 2012 4 CrylF 0. 009(0. 000~0. 027) ~ [65]
12 /> B 0. 277(0. 222~0. 327)
Twelve populations from 5 major 3.0, 088(0. 077~0. 100)
states of Brazilian maize production
ELPE 6 A~ 2 FORFIAE M 2013 4E—2014 4E Vip3Aa20 SEH:0. 000 9(0~0. 002 1) [121]
11 A A A 2013 4E—20154F Wil 3 600 ng/cm? o 3 ANFRESH TG 2

Eleven populations from 6 major
states of Brazilian maize production

0.87%~0.97%
0. 001 2(0~0. 003 3)
0.001 1(0~0. 003 1)
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TR A4 KA [R] Bt £k /HEH B A 07 6 PR A3 (95 Y% B IX DD SCHIR
Population location Collection time Bt maize/Protein Frequency of resistance alleles (95% CI)  Reference
By 2010 ££—2011 &£, 55— CrylF 0. 000 0(0. 000 0~0. 003 7)~ [50]
Brazil 2011 4E—2012 4, 55 —F LI 0. 006 9(0. 003 2~0. 014 1)
o Z 2 000 ng/cm? 0. 001 0€0. 000 1~0. 006 0)~
2012 4E—2013 4F, 5 — 2 0. 087 6(0. 071 4~0. 106 4)
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0. 813 3(0. 787 9~0. 836 8)
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0. 780 8(0. 754 4~0. 805 4)
0. 224 4(0.198 2~0. 252 5)~
0.971 6(95. 95~0. 980 5)
EL PG R 6 AN 7 b BN 2012 4§ CrylF 1 [64]
Seven populations from 6 states in Wi 2 000 ng/cm?
Mid-South Brazil
R AL 4E 2009 4F—2012 4F CrylF 0. 00~0, 02 [75]
Argentina 2012 4=—2013 4F ZWiFlE 10 pg/mL 5 >0. 02(15 PFPEEFRY 8 )
2013 4 —2014 4F 2 000 ng/cm? 0. 052~0. 91517 4~Fh#E, 14 0. 415)
2014 4 —2015 4F 0. 166~0. 979(25 4FhHE, 14 0. 629)
[T AE [ S 2 4 2017 £ CrylF £k 0.479 [76]

Tucuman, Argentina
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