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A review of 70 years of researches on cotton bollworm,
Helicoverpa armigerain China

HEWei~~ WU Kong-Ming™~

(State Key Laboratory for Biology of Plant Diseases and Insect Pests, Institute of Plant Protection, CAAS, Beijing 100193, China)

Abstract The cotton bollworm, Helicoverpa armigera is a major pest that poses a serious threat to global crop production.
This article reviews the population dynamics and damage caused by the pest in China over the past 70 years, as well as the
research progress in its biology, ecology, monitoring and early warning, and control technologies. In general, the cotton
bollworm in China was in a mild occurrence period from the 1950s to the 1970s, entered a severe occurrence stage caused by
chemical pesticide resistance from the 1980s to the 1990s, and has declined to a moderate occurrence period after the planting
of Bt cotton since 2000. As a pest suitable for semi-arid environments, the occurrence patterns and severity of the insect in
different climate regions of China are influenced by various factors such as crop varieties and planting structures, temperature
and rainfall, the richness of natural enemies, and pesticide use. The cotton bollworm has differentiated into geographical types
adapted to different climate zones in China. Combined with the climatic characteristics of the East Asian monsoon circulation,
it has formed a geographical type-facultative migratory regional distribution pattern. To ensure the healthy development of
national agriculture, China has established a monitoring and early warning network based on information technologies such as
insect radar and intelligent insect traps, and has developed and applied a green control technology system based on Bt crops
and ecological regulation, providing important scientific and technological support for the sustainable control of its occurrence
and damage, and also providing a successful case and referenceable experiences for the green control of other major pests.
This article also looks forward to the potential impact of climate change and other factors on the population dynamics of the
pest, as well as the role of biotechnology and artificial intelligence in its control.
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Fi4 i Helicoverpa armigera s J& 3 H
Lepidoptera 1% F} Noctuidae, J&—Fh 54 T1H
KEG A ML % 3L (Hardwick, 1965; 551
JG, 1998a; Tayetal., 2013), Ho@i B kET4E
R W 4t 400-800 mm (1 T4 IX, 78 P4 4%
HRE | B MR ST O 45 [ R ( Arnemann
et al., 2019), TEIEU S A ERE Fr L i K
43 E % ( Karim, 2000; Sithanantham et al., 2001 ),
TE RN H WL &8 A1 7R B b X (Avilla and
Gonzélez-Zamora, 2010), TE KRNI THK
)T FH 35 75 2% ( Zalucki and Furlong, 2005 ), 2013
AEAE R SRV A VY B IE SRR HURE S, HAl
HAZE TG 4EEAASEE (Murta et al., 2014;
Sosa-Gomez et al., 2016). HHj, Higs s Fie
IOy 2R RN TR X, EARTEILSE
FEH, A B AR KB ( De Freitas Bueno
etal., 2015; Kriticosetal., 2015; Riazetal.,
2021 ),

T RHFFEYMEFEIF AR
B k) (Fitt, 1989; Liuetal., 2004; Jones
et al., 2015), HHTE LI R AR, ™ H kb
AL AL . ARG RAIEY A= (T T,
1998b; Oliveiraet al., 2014; Haileet al., 2021 ),
rh AR S U BFSE T AR 2D T 20 t4D 50 4F4X,
ARILRGLRR T it 2 70 RAETHEBEZ T H A
AR L AEIAT R . WD 5 B s R R
SETIFRE, DU v D RO R A koA
BB S PR TR AL 2

1 PEBEHEAESHEERRAR
RInEZE

11 HMEHRESEENERETIE

B E G K, AR RUSARRT 43 20
2 50-70 AEARE & A4 . 80-90 AR E KA
2000 AF LI B A = A BB, 20 40 50 4R
RS AR ARAUAR X R ™ 8 & A, {H A B N
ARG FE B, XA A 0 G R B AR TR
Aphis gossypii . AP il Tetranychus cinnabarinus
FIAIE M-I Tetranychus truncatug 55 Jk 4= Fil - 14

75, 1958), {H 60 P HALLS , B & e 5
TSR AL T R R R X ) R L, 70 ARAR
Ao H91 A6 YT 0 R YT 3 3Ry 3 b X ™ o % A
(LEHEE, 2021); 80 4FACHIIA ™ I KAl
FHARLS He 458 By AR AL L, 38 i T AR S HU™ &
AR RS, {8 80 AR R AR B £
Flifb g e 2 7= T Huhk, M & 4 S fa R B
BNk, A 90 FRJE, M HUFE 4 B FIN
HEAERRK, Fr9lE 1992 4E7E LA . ] mg i
LAY 4x10° hm? R IR R R 2, B XA AE
I 50%L) | (#8Foc, 1998b); 1997 4F
TR TT 4R b AL FP A 5% Bt-CrylAc JER Bt AR
1 (Bt#R4E ), | 2000 4F & ik Bt A 4L Fivk
AR S AR AL S AR 80%L) | ( =ALIH, 2020 ).
Bt ARAEMRIAE DI T RS AR /N L MidE . &
KA 77 BRI T MR A e 2%
ARAES TR RN EESEERE(Wuetal.,
2008; Li et al., 2020), 2010 4E)5, FfiZ Bt 43
A6 [ 2R 50 DX T AR TS B A AR AR S AR
PyFhRe ARG IN, ARES HUB L T /N AR
K ET A ER A, BIRRABEINE
( XFHHA, 2016; RlieiiEs, 2018; Xuetal.,
2025), 2023, 2024 F1 2025 4E7E4 [ K& A R
4351k 7108, 6x10° Al 3.333x10° hm? ( X754,
2023, 2024, 2025).,

12 BRI KIEMERE

RS HUWE B I E VW 1) B 25 N 4 i)
A, T R RS 1 A S I R E Y b
SERIA LRI 2, FEARE AR X B &
ARMAERRAE (1), 7EdLERFER S
iy DX A AT R AL s A, AF A Hi DR 44 T
1AERE 2-3 4%, 5 LR FEZEFE/NLZHH, 2-3
RETBEEMM . KE . Tk BESEY (5
HEHESE, 2004 ), WRiR MBI, ARES AL 14ER &
e 3-4 40 (IS, 2010; ZSMERSE, 2024 ),
LR ETRGFENE, 2-4EEME. XK,
A REAE (RS, 2018), 7Edbili iy
A DX, AR L 1 4R &4 5-6 18 (SRR
%, 2004), 5 1 RELREEFENE . T, BT
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&, 2-6 IRFEEFMAE., Tk, KT fb4.
Tl ) HZE . BN (KRB AR S0, 2003;
JETARAE, 2008 ), 7RG W HGH FIEAHFHLIX , fe
A HSEESRAE 10°C L) F, HRAS dunT g iR 4R

N /N Wheat

B b faE, —4F k4 8-10 1R ( ¥F e, 1998b ),
FEAEEFRK, Fom. B, KG. 4. mH
ZEFARAL S ED) o ZEVT R = R X, T aF
MG, MR RENREIL. EFER,

2-3f%

2-3 Generations

m ZEJRAF Cold temperate zone /
é #4E Cotton m FJEHF Mid-temperate zone .,
¥ EX Maize M %A1 Warm temperate zone S~ \
#. 18/ Peanut JbiF#fF North subtropical zone
i‘f Bk Pepper | HF$HF Mid-subtropical zone ) & .,':::._- /
¥ % Soybean M 7537 #F South subtropical zone ) ; ;; /
o [ [ 2 Sunflower B #HHF Tropic zone (7 ! \ B
2 ERA %X Plateau climate zone
J WiXi Pea .

% Z7h Tomato

Bl HMEREREARKGEFHNEERNSEEZEFIEHME
Fig. 1 Occurrence generation and main host crop types of Helicoverpa armigera in different climate zones of China

PR T AR RS Brhu, #HES . 5% (2025) G4 21525, Kl 2[A,
The map was sourced from the National Administration of Surveying, Mapping and Geoinformation,
with the review approval number: JingShenZi (2025) G No. 2152. The same for Fig. 2.

13 ®HEHEZERENERERR

MRS B R R BE S AR R | AR AR 245
P SRR L A SRR 5 R DA SR 2 18
15 10 5 Z2 B0 K 22 IS ) o AZ S8 VR S Rl oG Al 4%
HPLHEL, [ Bt fEWEE AR RRh B 22 1Y
FHEHEF (Wu et al., 2008), =558 B 1R X

RS AN BERC I, KT dsk S DA s X B 2
FETN 2 | H ok, v R R A AE TR
ik, X 7 A2 iR s A, &
e 8 A UIEM R F kA ™HE (T,
1998b ), i ML X AR HUE AR 2, AR LR
HETE SRR S T N PN
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MEFE (R 1), REFE RN
HESHREE L (FRKZAE, 2020). fhorqzy
IRIERZ AR AR A AR Y EE B2 N 7, R 2 T A

ST N A AR % O R A (BRI S B2 1
8 7 A AT AR T 8, HOO R R AR
i 25 R MR FARIR (¥8370, 1998b ).

F1 BEANTIEXRFMEESHZAKAR

Tablel Themain natural enemy typesand application techniques of Helicoverpa armigera

& fift 5 IR Z7 30k
Family Species Characteristics and application techniques References
R} S RFAR M2 A DMK R R A BN 75 AT HE s sl Al 2 g i 55
Braconidae Cotesia ruficrus WA IR AL B Bk s AR % 54.6%-62.87% 2010
Larvae parasitism; breeding with young larvae of Mythimna
separata as the host; releasing during the early stage of
infestation of H. armigera or at the peak of egg hatching;
parasitism rate of 54.6%-62.87%
ol R ML AT i L A L2 AR g O A EE TR MR IR P N S,
Ichneumonidae Campoletis AR ORI AL BRI A AR 19.2%-40.0% 2005; 173EFE
chlorideae Larvae parasitism; breeding with second-instar H. armigera 4%, 2019
larvae as the host; releasing during the early stage of
infestation of H. armigera or at the peak of egg hatching;
parasitism rate of 19.2%-40.0%
R HR R W R BRAFLE s LINE&ROIIE N7 EHEAT R s MBS I R B0 s 2= o 4 45
Trichogrammatidae Trichogramma ORI AL B Bl s 2941 % 41.28%-83.40% 2005
chilonis Eggs parasitism; breeding with oak silkworm eggs as the
host; releasing during the early stage of infestation of H.
armigera or at the peak of egg hatching; parasitism rate of
41.28%-83.40%
PR SR RO DT el gt 58H s Mg ikl m e
Coccinellidae Propylaea I sl IR B R H SRRl 70 kLB 4§, 2005; Li
Japonica Preying on eggs and larvae; reared on artificial diet or etal., 2021
aphids; releasing during the early stage of infestation of H.
armigera or at the peak of egg hatching; maximum daily
predation of 70 eggs
S @B RO DT R s it 5 FE s sl Al 9 0L I 45,
Harmonia I ORI B R R RO AR 2016; 21k,
axyridis Preying on eggs and larvae; reared on artificial diet or 2019
aphids; releasing during the early stage of infestation of H.
armigera or at the peak of egg hatching; possessing strong
predatory capacity
FLIH} RELHE RO AT TSR s i B wI e S BOmye~7 e
Chrysopidae Chrysoperla UISREAL BRI R4 A T R &) iR 570 Sk EWRREER
septempunctata Preying on eggs and larvae; reared on artificial diet; i #f 57 41 .
releasing during the early stage of infestation of H. armigera 1g7¢. A e
or at the peak of egg hatching; during the entire larval stage, 200 4’ ’
it preys on 570 larvae
SRR MRS, DA T TSR MR BN T AR E
Chrysopa sinica UISREAL BRI R4 T R &)y iR 574 5k F, 1986
Preying on eggs and larvae; reared on artificial diet;
releasing during the early stage of infestation of H. armigera
or at the peak of egg hatching; during the entire larval stage,
it preys on 574 larvae
HR Ll EAA DU g SN TR T 5T sl B & 55,
Pentatomidae Arma chinensis VIR AL BB 1T W] B3 60% 1A L 2023; Wik

Preying on larvae; reared using mealworm pupae or artificial
diet; releasing during the early stage of infestation of H.
armigera or at the peak of egg hatching; field control
efficacy above 60%

4, 2025
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4% 1 (Table 1 continued)
B Fif i 5 AR 27 30k
Family Species Characteristics and application techniques References
SUS T i EYA UANTRRETEE ; M8 R A s ones i i i 55 ,
Eocanthecona TR Bk HAf it 47 Sk4)ih 2013; Fifite
furcellata Preying on larvae; reared using artificial diet; releasing 4, 2024
during the early stage of infestation of H. armigera or at the
peak of egg hatching; maximum daily predation rate of 47
larvae
TEHEY /NS HEECIN AL L s LN TR 5 A% L WIS 3% 0T, 1994,
Anthocoridae Orius spp. ORI AL BB R s FH R B A4 58.7%-80.6% X3 A
Preying on eggs and larvae; reared using artificial diet; 2010
releasing during the early stage of infestation of H. armigera
or at the peak of egg hatching; field control efficacy of
58.7%-80.6%
LIRS ey EYA; UATRR TSR MR R sones: W% a 5% ,
Labiduridae Labidura riparia FERIIREN; Sk HAf i i 31 k4l 2023
Preying on larvae; reared using artificial diet; releasing
during the early stage of infestation of H. armigera or at the
peak of egg hatching; maximum daily predation rate of 31
larvae
RN R R O R 2 K JoRH; OO T & SRR R U FUK Bk 52 28 08 Bk 55,
Baculoviridae o HE TR 2R 7 ks A AR L R AR A0 S R AR A BB it s T ET B 20085 BR SR 75
Helicoverpa armigera %{ 86961, I- X B
nucleopolyhedrovirus k|| larvae; high-content virus original powder and 2020
water-dispersible granules and other formulations have been
developed; spraying during the early stage of infestation of
H. armigera or at the peak of egg hatching; field control
efficacy above 86%
F AR BRA A R BEASIAG CHPR SRR . aHRMER R SR 2R RIE D B R A,

Clavicipitaceae

SR

Clavicipitaceae

ZEHUAT B R
Bacillaceae

Beauveria bassiana

e IREr T

Metarhiziumrileyi

I A A AT
Bacillus thuringiensis

it s AR R AR S AL B T 5 R USSR AL R
WAL IESET %y 63%

Kill larvae; highly virulent strains and wettable powder
formulations have been developed; spraying during the early
stage of infestation of H. armigera or at the peak of egg
hatching; after infection, the corrected mortality rate of
cotton bollworm in the laboratory is 63%

REASIA COUPRERE I TE R . ORI 5 2 Rl B i
RS ML A A A0 40 Bl BB AL R S G 5 AR %5 A % TR 3 N AL
IESET- N 73%

Kill larvae; highly virulent strains and granule formulations
have been developed; spraying during the early stage of
infestation of H. armigera or at the peak of egg hatching;

after infection, the corrected mortality rate of cotton
bollworm in the laboratory is 73%

FEANI EOF R ZRBHA R R Bt R 25 H BtAEY)
(FRAE. EK . K5, BtAZMFEHIZCR 40%-70%, Bt
TERIRIBT AT 3% 90%LA L

Kill larvae; various Bt pesticides and Bt crops (cotton, corn,
soybean) for controlling cotton bollworm have been
developed; the control efficacy of Bt pesticides ranges from
40%-70%, while Bt crops can achieve a control efficacy of
over 90%

2001; T4,
2020

Wiess, 2015

Wang et al.,
2006; Wu
et al., 2008;

Yang et al.,
2023
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ﬁ%ﬁ & Cold tolerance: Strong )
ﬁf??ﬁﬁ T Genetic diversity: High

ARV St iz o A B A e B (1 2), X
HIEAT R BT T RAT . YR
DA B e 25 PEAL I A TR AT 58 A Bl T R M 00 it
LG A PR

% [ WEIEFIEES : K Diapause critical photoperiod: Long
) Pizhthk . W/KF Pesticide resistance: High level

L7 GIJERE: %R Cold tolerance: Stronger

/” lﬁﬁ'%#ﬁ #5#5 Genetic diversity: Higher

ﬁﬁﬂ”ﬁ)’ﬁﬁ% #¢44 Diapause critical photoperiod: Shorter
X ﬁﬁﬁ 57K Pesticide resistance: High level

S "‘”}ﬁ.%ﬁ —J8 Cold tolerance: Common

Jﬁf?%#ﬁ : ik Genetic diversity: Lower

‘ JC#®E . No diapause

= %]" EE&EE?&[Z ﬁgﬁ H1457K - Pesticide resistance: Middle level

inii 3  kEAA TR 0 TSR Theel L PigEME . 55 Cold tolerance: Weak '
meang type ecologlcal zone * ﬁ%—tﬁ | AEZAEY: ¢ K Genetic diversity: Low i
ﬁ%ﬁﬁ AX ¥ H. armigera / e o o o o e S .
Temperatc type immigrationzone /MBI ¢ o \
H;%gi AKX Small-scale migration\ :
Temperate-type ecological zone ﬁ%ﬂﬁﬂ‘—& J
PP T A A X Masswe migration R :.; ':"::-?:-.'.
Subtropical-type ecological zone ST ,
Pl RIS IX .
Tropical-type ecological zone =

B2 HEMRLAMERANERN. FEENEHESTE R

Fig. 2 Geo-type composition, environmental adaptability, and migration characteristics
of Helicoverpa armigerain China

21 HRTHA

Figs 25 B4 30 AR 200 48, {4
FEEK, S5, M M. B, mMHAZE, K
TSR S MR B S E S E (ST T,
1998b ), #HA Ak, ARIT B LA
e 3L LB B, B A A AR AT R I DG
# (Tangetal., 2016), % HUAYHUEEFRIKEE DI
A SNSRI (18 T XA B FR R R IR (5 R, &8
T AT 2T (AL BE, A5 38 28 v b 48 P X ORI
M4k (Tangetal., 2000), i T4hdii%sh
T B B, B = P R e T 4l U B A
Wy RS S HCPIL S A RRHURIE R R F
T CREGHAT N, TR IR - R L A 5

I (Zhou et al., 2019b). Ji{ R — B B Bt
A AL E (F57IT, 1998b), HEAR
B AL RS, AREEAET YR . BlE IR
J&E UL R A At 1 R R S o IR A ) (A B
4%, 2017; Zhang et al., 2024; Chen et al., 2025 ),
QR AT A R S L DT IR LA S B

Ok EN FE (RALHME T,
2000b ),
22 BHETA

R T 3 o B T AR R R e
TR A L, el 2ot ik b P RS R R A R
REZMARGME(E B E (Liu et al., 2021), M
WM 1 H v S lE, i i S B iR T 2-3
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Hit, imEEH N 4 HIE, SG0 %R
4:00-6:00 ( Z=[E54F, 1998), Mk HA Z kA
B e, —AAlsgle 1-7 R, MEMRASELE,
Fa R EE A, HAAE = R s RS
(ZEETES, 2002 ), 4 RS ELAT Ry 32 6 5 1
JEHREE . IR AT Z MR R A, a0
st (50 Ix) M R . HEEEEE
LR AZHE, 06 (0.51x) FE3E T MR AR A |
T (ESE, 2014 ), fF 14 L : 10 D #9565
O S LV B RS S = N U
%, 2019), MfEMK—AE]=BR 1000 KL AT, TE
25 °CH}, Mt - 257 0 & fe K ( RIPH 4,
1978 ). 4l MUY %5 3R H = B i B 3 R
Mel, MO 38 S S AR S U™ O R I 2R TR
BEK. ML, Fa. BEAEE (Livetal.,
2004 ),

23 EHBSUE

RS HOXT P 058 1) 3 07 LA b 3 P st A%
SEME, B R RAS [ Bt B T8 e A BH 5 i
W S RS ORI R 2% 38 A [ 5 Ji A QM 0 ™= B 2 Y
WEAL R A5 B S RO W E AR b, RIRR AR IX
FRAS U 43 A 1 A I8 315 K ( S FL A AN s
TG, 2007 ). A[A|HBEFP RS B F S S0
TR, IR A2 pg b AR S HUR B BACH TR 55
R B REE , RTT IR T Ui R b IX A A U
S TR = 7 o o0 B2 NN (1 s~ B el 735 1 s |
B BRI X | JbER AR R DX APE L P B
A DX R X | TS 1 TS DU AR Ay e
( ZFLBFEEFIC, 1997, 2000c ), Xf 454 AKX
R A HHL VS T 3 ¥ 20 0 S 2 W AN [ bt R
PUIERE ) 25 5 I B, LI b B 45 B R4 T i i
RSB W N (RfLIA%E, 1997 ), 7F 1%
X E K E 0%-80%% 14 T, NIR] M BEFPE Y P 4L
R A 98 K R N 3 R R 20-30°C iR
X, A[FEIH AN & B T e g (R
FLBHAIEEFoT, 2007 ), H&FFREEE by 1: nl 3
ES TR Eale b6 5] i 2 L NN 7423 0 N 5
FUB SRR, EATAIE AR X o B m X | KT
HRR R DX, BRI S DX R S X (WU and
Guo, 2005 ), % HUTE (A PR 20 i e 4 SR 3R

A IR A 44 AR s A 22 2 1T AT 0 M AR R | 4R
AR AR EEFIRT AN EE , ELRTIRANEE S B
bl DX IR PR 2 A7 A B 22 5, HCR A g A= ik
RERPEE R (Jnetal., 2023a).
24 FREIITA

R4S HUR et W, i B i B i
KHES . AT E N M IR EI, LR |
17 6 d P 21T AT 41.30 h, ®ATHEES N
239.70 km ( RALBAFIESTIC, 1996 ), 7F =&
B, BT EE VT A 21-41 km/h, FREE R
fFIFE] AT 3% 5-10 h (Feng et al., 2005 ), A#4%
PR RN T Pt AN RIAEE, SR E S
M, B, PR SRR RS SRS BT
KRR T A AT T R R K
LBV 3B B, R GE R AR B 20 H
%5 0.5 h), Ty e RIS 20( H 17T 0.5h)
(Feng et al., 2004 ), & HtiE iy B A b i
1500 m AR, HfE—M R A4ETE 200-500 m A4
T e 3 BT )2, FEARAb b D% i BE X (] Y Y
TR K s B AL HiE R (Feng et al.,
2009 ), HRAS HLELAG R 10 >, FEASTRI T
A BN [R] v B2 2 A R R, S B i XL
KR FLIHAERTI0, 2007; Feng et al., 2009 ),
TERK ZE G i, A48 2 £ 3 RAT & 500-
1500 m = B LA BhsA T IR AL XU R RS . 24
A5 H 7 iR B, A8 G ] ) Rk B
i, FETE SRR B MG AS 7Y [mT o A o R4S I
EE I B A2 R R OGRS IR R R )
S, (EIRERT 13 Cf 5t ik ®AT (& A e
B, 2010), AHEGARE ©AMA, 3 RARES B
TR N e AR 3L RURD R AT WLES ¥4 % B SE R ik
w2, HIARYNEER G (Joneset al.,
2015), JHFRIES 1-2 fRARAS HURT AR A5 e i
T REENFER NIRRT A 25 X AU b X KA
itk 2= ARICHL X R 3, B AR AL X [l &
A8 b [X i 7 B4 ( Feng et al., 2009; Zhou et al .,
2019a). TR 2 R &R B RE %
%, WA RN RA A A% HOE LA BE 7Y e I Ab
i, (HRK R AT BERAEAH AR A S XA . B
TR PA b 22 (8] 1) K SR M ot e BELAR: 17 5 s 28 R
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55 BRI A, (EAFAEBER PP T N
HOTE s DRI AT ARG R RETE

25 mAMEEL

g 25 BAT sl IRRAR S, 2R
B 1 FE T B, (E R A Ak 2 R 7
IR ERAS A Hibk . 50-60 44T, & EBh
BRI EEUANER R E, 60 FR)5
WA HLECR ORI P ME B 2R 5m (Phis A,
1982), 70 4EAC 5 1 32 LA LR A I R
FE% FIBTAARES B, Brej iz s . 80-90
AEAR, PABR A R AR 250 2 i B s i s
o, SRR dp g, X Ag R AR 2y 183
LR EPUKT CRYER AR, 1990; RiEAR
%5, 1995 ), 1994-1997 AEFRIETL X 26 M4
B RPN = SRR TR | BB R P =
AKEBLPE (RFLIAAIEST-o6, 2000a), 2011 4F4E
JeH DX 14 A FH R RN S8 R A 25 2RI
ek i PirE, E DI X P K% ( Yang
et al., 2013 ), 2014-2019 AL 1 X [ [] Ff e Xt
VR BER I TP SO X RS A R R
PR A 2 ORI, R il e Ik =
FARCEPUE (BAZA45F, 2021), HAET, —Lbhl
X AR HOHBLGR U3 RS . A LSS . EL
eS| Wb S AN PR AR R I A b

(Wang et al., 2021 ), Hf44 B 322130 i 4 A7
s 07 A5 A S 5 DR 2 73 488 o fit 75 I A 2 8 X R
By (e, 2022), A HUENE T
T FE PR A AR, (AU BR HUBH TR SR ORI TGk
A REE AR, B BR R FR IR Hu5 =
EPigitE (RS, 2004), 4B P450

(CYP450 ), ¥R MgME ( Carboxylesterase) Fl1#+
e H Ik SHERREE (GSTs) AR Uik iy i E 1
FREERE, BT LAACIR 7], el R e R
RN FEYE (Zhang et al., 2022; Jinetal.,
2023b ), BRXHfb2Ege 2y impitesl, Apes it Bt
WA T Y, 1997-2006 4F A4S . [H] A
REXS Bt 2% HUER 1 CryLAc R0 W I 26 BH FH 7] b
HEXT R A CrylAc SRR (Wu, 2007 ).

H 2010 4FLISf, IRl R VS X AR S
HFPHEXT CrylAc PYBURE 35 N RE, IR
X F 4% R REXT CrylAc 139k U ( Zhang et al .,
2011, 2019; Jinetal., 2015), {44 35550
JREEREAEMAZ . R RE A Z R R A
Foik m AR B RGN R Bt A =4E
Uk, RS R Aok B AT Do 75 2= 1) g 2 1 g
FEH HaTryR H3iAKE N CrylAc 7% (Liu
etal., 2014 ), ATP %54 & ( ATP-binding cassette,
ABC) #%iz 3K HaABCC2 Fll HaABCC3 %
A JE, MRE X CrylAc B R Pkt 15 000
f5 (Wang et al., 2020), Hiij, FEMEBF
HEXT CrylAc T PEAL TR BT B B, (H P
IRFARA] 2R (Ras AR5, 2021 ), EFXFH%S
X Bt MiAERY BT IEIA B, FRIE EERA “H R
PR SEZHTMEE L E (Wang et al.,
2019 ),

3 MEHPEUTIESHERA

AW 70 4, P EMRE R T AR
NE L AR ARG ML Bt #AER AN
AR R =B B, H ATIE [ 25 T —UE R
TR W -H A 1 e o s 00 e 5 e 5 5 4%
PR FR KR (K 3),

31 HKMMEHER

311 RHRMENFERAR i dUS R R
WM AR FEAFE TR IR W . AT IE NI | B LA
# . HEEIAENIAE L (He et al., 2021),

B I WD LA [ 3 4000 15 23 TRA TR S (R AL S
B (Pming | AR R ) MRITSE (/AT
BPIE] . R BB ARRNEA ) (R, SEE L
T RAT N A SZ R (Feng, 2025 ), k717 Wil
I BReS A N T B s 7 N B AR K S i S
AR, AP A48 ORI 20 M R PR B 2
(Fengetal., 2005 ), BJ&fiF ) /& T ek o 5L
R GO A T A A A A e YR BT T o
FEORNEhAS . G E R UL, RRAS BN HLE AFPEE G
Sy UER IR F O A, SN R FHI N 1%
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” BB 3%’,2& ) ¢¢@< pesticides
\_—7 Food attractant trapping @ 'o\“b 0/{ &‘é& AP R
‘ é)%" $ RS TEEREA, %‘%ﬁﬁ " Protecting and releasing ladybirds
prss S A . -
i g:ﬁ:ﬁiping $° HER A il ‘9% vy ¥ ?fa FpiEBtEY)
Y;b IR ARG g i . Planting Bt crop
Applying ecological
regulation techniques to & A
g i & build a stable and harmonious % N T .
UG 3 <, % : S Monitoring and early warning
i Monitoring and early warning % agricultural ecosystem °$ &g,
(>} N
'%gz?’/ & @@’ g AR
<% ﬂ% O~¢0 @ ’% Protecting and releasing ladybirds
a & X
P y(ﬂ . &@\OO 'S QQQ n
S %, j L WA
: Spraying biopesticides or green pesticides
o S oy RURUBE A2
Winter irrigation Protecting and releasing egg parasitic wasps

B3 RBEHPHENMESREHERREREN
Fig. 3 Thearchitecture of early monitoring and warning, and green control technology
system for Helicoverpa armigera

AR HEAAREOANAEAE , A AU )R 1-2 20
g 5 A (SYEFEAE, 2011), MESIEEN
D00 ) P A B 3R B ) 4 i 0 %o FE (] g, o
TR A, M AR b DA 4% B B e A2 80
o MRS R R ) P 7 v S R P e A
RUTR | 3T R O A (S BB AR T = ANy
I, N3 12 AR EGIT XSRS R sl A
MRS 583, R Single sine BRI T
RS s P s e ] (S5 5%, 2012); AT
B0 R A4 A F ) W5, R B H i
FERTARLTON T AR AL B R ) Pk S ) (He
etal., 2021); ididFyIAFIE 25 KT AR AL v 25
AT EOFR R S I WD E | 12 LTS BT
R TN T AR S R R I IE R K AR R AL X
(Fengetal., 2009; Feng, 2025). Hpij, FH
EHE T H 43 NIRRT SR . PUR .
AEACFZR A Il X L R R M 46, A KA T T
P S HUA5 T R AR AT TR A W) T

312 BR.4hmANERIEE L EMBEA L
LGP FNL) AR I A TR A W T B A
RIY 5 SR, FS A T A O L O

LA EFH AR R o A B VR A A AT T, R
FI 5 HHUREYE, SR 1 m? A AR E L
5, PR TIEU N T 2-3 em HIK 28—
i, NREE e R A A HT M R iE , A
J B, D] 4k S 3 ) R R (28 AR
2018 ), BF . 2y MR 00 4R AR A4S A AR T
KA BTN, A S T 5E LA (] )R A R A
MRS I — SR R T (LR . et |
BEA), FEIER DAL . R . AR
P T S AR BT AR A A R A
AP . % AR e TR0 A AR Dy s U L R
SR SR T IR A4y ) K A i BEAE (R B A
ARAES G HUFE DR N, FRE T # S AR AE
Y R ER A TS R R, AR5
X AN [ b, DX A 48 HL ) R A1 DL A T R 2 A T O
S I E (2 pKAE, 2006 ),

32 KEFEEAR

321 Bt 1EMIFERAR Bt EMPIIAHIARZTE
I 3 PR o 2] 4 AR SRR TR & & SR AT
Bacillus thuringiensis (147 HL 5 K 54 AANEY) 21 i
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W, EY =L Bt#EE (40 CrylAc) KBhiGE
H, AP E Bt LR LRI LR, Bt ML
B R T RS AR & 42 (Ouyang et al.,

2011), ITAEREFFET Bt LKA Bt KRG
R Ay B TAE (Yuetal., 2013; Yangetal.,
2023),

322 WEFEBEAR  EARE RAIkE R T
RN FZALFEIR AR . AL &
HERERZS | &L P RRERZE . DRSS | H (LT
A E R R | USRS (55770, 1998b ),
A] AR H [R] AP ME I 25 SR 2, e il
FHASTRIE AL A AR 25 LAVS 2% A 4% Uit 25 4 7K
Vo BRILZAL, BTERE LY, WA 2510 18
i, REARANBARCE . I ANUZS, o]
WEPIA] | RS HERGZY , DA 24 (i BRIl
AEA (EERAE, 2020 ).

323 BEUIFREAR M RWMBIBERYIR
BAREITGHER | BEREROAAS . VMR . 25
FIFEARSE, TS R aetE, i LED i
HUTAI KRN (Pan et al., 2020). 7E4
FH et FE B IS VB A5 1 d i AR 44 A o
50 SkU I, MHELN; By Az R 2 RN (R
SE, 2020 ), R S 2B, AH OO
KH, MR A e AR R AR (IR E
RYNREY) ) EK AR B4l B - 340 i
4 34%-62% ( Wang et al., 2023 ),

324 HEYIMEEAR MR EYPIE R
0 3 ) P E R S R H R e A 9 i S5 A 4 9 U
SR AR A AR REECR , D XA R e F
(3R 1), 7607 5w &6 A0 DR I B % R 4%
Trichogramma chilonis X§ #1444t 2 10 i) 21137
HF N 18.67%-44.02%, R E N 25.3%-
64.2%, FERWFIMIERESY 46.8%-76.8% (VF
ZEAF, 2004 ). it FH AR S BB B 2 A A 1
( HaNPV ) /K7 Hcki# ( 6x10™ PIB/g) 7 #1110 d
Je , RS ) H 8] Bl 2% 03 0l 68.3%F11 84.19( fili
BLHESE, 2020),

325 RAPFFERA AR R L B A it
T2 AL FE R A THE AT A M S0 P
i, WEAEYIAR R, A0 KRR AL S Y A

HINEFEE, F 5 REPIE (Zhang et al.,
2025); HEsmMMASTHL, e RORIE, Rk
MRS TGS R R (5T, 1998b),
326 HEFTAEFEAR MR ETHEHALE
—Fh L Gis A2 R B O v, sl ek i fb ke
SIS L RIPRTRI R B A A R VR A AR
TR ARG, SR A S R
BE AT PSR R R o SR AR R
TEMRAE LW ENBRAF P2 ) ( NSKE ) BKEERREY
W, FER I FES A ( FOKRFRG ) W5 g
H17#5) (Zhang et al., 2013), 7EAEY) I 5L
FH 3 b A &% K T Cnidium monnieri . 4> 2534
Calendula officinalis, H H %4 Zinnia elegans 1)
REfEY), A RER B (NSl | s | Sifhg s )
PR YR SO B, 3558 RO RS 4 i g
71 CRlseEss, 20205 XS, 2025),

4 RRE

R T 22 T B 1R 2 U 52 i Al & Je 1) o
KER, NEHERN I REL:ZEMKI IS
o KB RIRAPIRBALIE, —rmE, &k
AR T A T L A T R R R AN
BEE, BEMPLEL T A AE R RGE AT, N
KT HiA% By % A2 XU ( Chen and Wu, 2024 );
A5, {5 B AR A B A A % R i T AR
B R W T 5 4 AR B, A RE RS R
B, DA N TR AR TE T A4S 5
W TR Y s e A e AL (Wuetal., 2022),
FE Bt BURMEYH AR E TR, 214 Btk
TR Bt KEMFE &, K AErpes B
BTEP E#HEKREH. RNA T3 ( RNA
interference, RNAIi ) & 25/~ —Ff B4 P4
2, E AR S R OCEERL  R A, TR
e il 2 s ) H B (Fletcher et al., 2020 ),
BARE W R R UF A5 7 B SR
e ROl & HAR (Jangetal., 2025),
AT, AL 5 F B RNAT L2575
Wik, AKokbfiE R AR | 9K L8 R G
He (S B SR R AR A i ] 2
RNAi 22k A7 i BBt ( Duanmu et al.,
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2025 ), Ak, AL HUREEEET KER, K.
[ERIAEPE AR E (R K S =GR 737
BEFE AT A VG e XA BOUR SE  nE E A
R W R PR A A TR, R AR iR
B L [FAR ( Zhou et al., 2021).
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