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Abstract: To understand the resistance level of Helicoverpa armigera populations collected from differ-
ent cotton regions of north China to three insecticides, phoxim, cyhalothrin, and emamectin benzoate,
the field populations of H. armigera collected from Henan, Hebei, Shandong and Shanxi provinces
were evaluated using leaf dipping methods in the laboratory in 2014—2015 and 2018—2019. The results
showed that H. armigera populations from the four provinces had developed medium-level resistance to
phoxim, with resistance ratios ranging from 13.0 to 58.5 folds in 2014—2015 and 21.1 to 55.3 folds in
2018—2019, respectively. It indicated that the resistance of H. armigera to phoxim developed slowly in
recent years. The filed populations of H. armigera showed medium- to high-level resistance to cyhalo-
thrin. The resistance ratios of populations from Cangxian of Hebei, Anyang of Henan and Yanhu of
Shanxi increased from 61.0, 22.5 and 24.0 folds in 2014 to 91.1, 44.7 and 61.3 folds in 2019, respective-
ly. The highest resistance to cyhalothrin was detected in the population from Xiajin of Shandong with a

resistance ratio of 216.3 folds in 2019. H. armigera populations in the four provinces had developed
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low- to medium-level resistance to emamectin benzoate. The resistance ratios of populations from

Cangxian of Hebei, Anyang of Henan and Yanhu of Shanxi and Xiajin of Shandong ranged between
8.2-40.4, 5.8-16.6, 5.5-23.4 and 11.0-36.6 folds, respectively. The results suggested that the four H. ar-

migera populations had developed different levels of resistance to the three insecticides. Therefore, ex-

cessive use of phoxim, cyhalothrin and emamectin benzoate should be avoided. Insecticides should be

used in rotation with other types of insecticides to delay the development of insecticide resistance in

field populations of H. armigera.
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Fi 85 W Helicoverpa armigera J& 83 H 7% % &l
BT R, S — R E L RO 5 o, B A
J7 OB MRS VBB AR . AR R IA G — B
WA PR , A AR 25 P AN B, (A
B U R IR =R TN ERR E Myt (B F B,
2000) , AT FHF AL A2 B IE Y 2% SO D 2 Bk
/b, 20 20 90 AFEARARES B AEFR ] 2 X 2k R K
B SRR B AR A A ok T BRI 25542k G/
WFIER 75, 1993) .

B 25 5 Bt 3L BT AR B I L Ak2E e 25 1)
il R K B B A — e PR ISR T RS bt
251 i (4L, 2007 ; B 2285 ,2012) . R4E Bt
FRXTHRAS A B P T ASOR (R TEM e A K S
) Bt 25 (1 R ik A, XA A A B A v
154 5%~20% FIFRAS L4 HUFE 16 (Wu et al., 2002) ,
Bt FATH SR T Ll AL 27 % ORI B TR A 48 e (&
HE45,2020) o [A]F, % Bt 5 R B0 AR B AR S , (KR
HH A= 59858 A A AR KARAL , ¥ 8F Aphis gossypii K
U RN U355 Tetranychus cinnabarinus %5 50 W 203 H
TR R W R AR 25 B A 2 E U
[] B, A 5% M) T AR A4 LB BT 25 1 (Liu et al., 2008;
Wu et al.,2008) . 734k, #i4d BU25 £ 72, Br b A
TEHN B Ry /NG ORGS0 R
FIBH IR A IS EY) 3 23 HU A8 A5 3] T A &L
Pl (D425, 2013) o BTGRP A JR Ak 24
FE MITEPER 2 S FESR R BB PE R T, A% HOGT %
R HTHEAS WG 5 (LB AES T-95,2000) . #2JL
AR, A EARON A F AR P2 M I 45 S R A AL T
X AT L B AP B B4 T 25 % ORI APtk Ja s N
(5K UM, 2016a; 7K, 2017;2018)
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HOGE S B . — UL TR A TR A 2 BT 4 o 2 R
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1.1 ##

AR H IR T 2014—2015 4EF12018—2019 44
AE6 AfEidb A M e B RS LT 2
LR A8 N 7 S A L R P A8 2 3R T R I X 4 i
DX A FH PP R 2 AR L BB IX 5 4E 50 X L)
I e R DX ) TR D A R SR U
i 18 2 MR SR , ME RS L 2 B P AR 20 A 1 B
A BRI A BT A N TR 5 g 1F
L AL S TR R (261) °C HIXTEE A (60+
10)% G 14 L:10 DA TS AT
TakHEE . N TARDRIEC 5 2 BEARAS BT 24 P Wl e
WA ARHENY/T 2916—2016 il il . fFghdigE K=
2 I, I K — B 4l A T NI

HEARAE A6 VR N T V6 B R A M AR AL i
SRHEA 169, 10 B 44 % BH 1 42 FH L SR 4 Hu Al 46 i
SRR 79, 1L ARG FE T B LR A AR AL
S RAITE 2445 11 VG 48 32 0 T R DXOR AR MU AR AR
PR 5045 o FHTARAES HUSE N A W36 PRI 1Y)
FEAE ok B v RO B2 Be AR A 5 P i e R
i, iAoy AT 49,

AR G AL AU 2 92.5% “F i
W (phoxim) JF12Y , % BH 4= F A= PRHE A BR 2 7 5 U
Bk U TR AR 24 96.2% e AU E F T 46 T (beta-cyper-
methrin) J7 24, 140 E PERHE A BRA A s KIF AR
K25 63.6% T 4i £k (emamectin benzoate) 525 , iHdb
LKA E25E BRI H . B AIFLIE S Triton X-
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100, R & TR 404k TH R/ 7. RXZ BIE fE 1.3 ST
NTAMEFE, TR A 5 24 FLAH AU Fo b, %2 K DPS 7.05 G5 i A3 B 54707 -
FH T BEAR X B A ) AR s
n 2 HER55%H

1.2 Fik
1.2.1  F =AM EH 7 x

Z IR A (2016b) 73k , R BAVE A 737714
2l i BE 5 AR R LG B AR 10% ~E 58 BEC L5% — 31
A F SR EC A 1% B 4R BC, BT HFL AL A Triton
X-100, TN 10%. 385K B AR U 46
T RERL 8 A R ANBL VR, L | S B i v 2 43 5
“}450.300.200.133.3.88.9.59.3.39.5 F126.4 mg/L,
= U B 1 vk BE 43 5 675,450,300, 200
133.3.88.9.59.3 F139.5 mg/L, H 4EEh it e 155 43 51 Ky
0.1.0.05.0.025.0.012 5.0.006 3.0.003 1.0.001 6 #l
0.000 8 mg/L.

1.2.2 5 kA AR R0 A M ]

T2 PR R I B X A A A 2 i <l B kAT
BEHDE o SRAEARIEMATAT A B A 4675 101 T0U R
JRFFIEE 3 FARAEnt i, FATHLAATBUNR |, AR
55 24 AL L5 AR FLARARIR] 5 HE IR I 78 45 2R HU)
N T e B TR TR 0 10 s J5 B TRk 48 F T,
R A R BT 24 LU RN B
[ A 3 A2 AL T 4 h Y 2 18 4 R, B e
b3 2 AR A E A 24 3k, 1% 0.1% Triton X-
100 7K 28 PO IR 32 R i 5 90 2 2 e e
20 AR T AR IR kit . AbERS A4l
TR R (2621) °C AHXHR B by (60+£10) % ' J 3
14 L:10 DN TABAE N TR R SR . 2
T A = U SR LS T Ak 35 48 h )5 A6 A il e A T
B, e ER AL PR 72 h SR AR R . AR
2 ikt A 3 AN BB LE A TR R FE T (kI 4%
2016b) . XfHEZHFET Ry GITE 10% LR, Mt 10%
O 5 FA . AR A A gl TR S O L 11O
2 A8 AL B A FET RIS IE T3, R H 2% U
(5 D] I AR bR FHOC R B SOt ik
J¥ LCy S H: 95% AR DX [R] , [] B 3 F R0 A 4% HORE 2% ol
SIS HHE f5 84 (resistance ratio, RR) , RR=13 Fj 7
X 2% BRI ) LC ABURE iy 22 %60 2% U LG AR
RS B0 R L = R SO T RN 4 R 1
LCy, 43 51 &7 3.51, 1.38 A1 0.000 5 mg/L ( ik Uiy %
2016b) o e RBTHEATECHARES BUAS ] M AR R (BT
PEAKSESEAT 432 : RR<S MHUR, S<RR<10 A /KF-
Ptk , 10<RR<100 A 1 257Kk, RR>100 24 55 7K
SEHUPE(RIMAE,2014) .

2.1 AERE BB EHmBRME

2014 4F 44> Wil o5 A A K FE () R X - B
B A KL, LC, M 45.687~140.270 mg/L,
BRSO T 13.0~40.0 15522 18] ;2015 AE3] b iy H A
TR R 22 PR AT BRI, TUPERS B3 00
2834551 16.9 5% , 1117 LI 2R B A e R L PG R i e
X ERRBE T AT B S 5, A A 2014 4F09
14.0f5F1 13.0 /548 55 2 2015 4E 11 58.5 15 H1 44.9 15,
LC,, 4% & & 205.503 mg/L fll 157.772 mg/L; 2018 4F
bEINEa g MRR IR R 7 b N e A O e X e e
5534 , LCy, 32 125 % 194.314 mg/L, 111 FoAt 3 4> W
SRS H T )RR A PO A BT B, Bt
AT 23.0~40.4 F5 2 [6] 5 2019 4 00) g 22 FHARAE (L1
IR SRR RN LG ER TR A BT KT A T B
PR T 21.1~32. 1 f5 22 1], Tl b v ELRp R bt
PERECEE T 2 39.0 55 (6 1) o KW 4 MEGy 8] 45 W
N S5 AR A8 X BB 38 e R TR A B K. 5
2014 4FAH E, 2015.2018 12019 4] b v B A Xt
FOBE BT AN, TR RS 4 P D AR
L PG ER TR LEAS R AR 03 T X == Bl i 7K -
L B, BARRIA S B R T RER
22 AEBEHMEN =SS FENRGE

2014 4F 44 Wil o5 A A % o T ) AR — 3R 580
TR C 2 AR AU, LCy, A1 T 19.789~
84.146 mg/L Z ] , HiEAE BN T 14.4~61.0 52 17]
ey b e BRI BT 7K P d5e 5 5 2015 4730 e %8
FEARE AP ACT B THIA 5, BUrEAR 4R 2014 411
22 54T N 2R 43.8 4% 5 LU AR S HEFPRE ()0 1k 1 e A
KL PUHEASE U H 2014 4 1Y 24.0 £ 38 1 22 2015 4F (1)
101.9 4%, i1 FR A5 AKSEHTPE T A s K SE b ifi i
At BRI R T A BT T B iR B
29.8 1% 5 2018 45 4 A W I 1 A 44 HL R () A R 1)
U AR RR B L T, e oial g e PH AR B Bt
PRV fe i, BUPE RSB I 2 1341 1%, LGy, =36
185.109 mg/L, ik Bl m K F-Huth s L 2R AN HL
PEIAKPR Z U R L T2 129.4 4% ,LCy, BTH R
178.563 mg/L; Tn Jb vt LR AT 1L DY £ 380 A B A Bt
PEAE RS 310 89.0 4% 1 65.2 4% 52019 4E Al by B b
AN LUV E8 50 R R A BT KR AR AS K, oA 4k
S35 OL A5 AN 61.3 £ 5 a1 F 42 FHAR AT LU AR 31 i
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FHRE ) BV S BB, T R 2 BRI e 7K
PR R KOt 2019 AP HERT R 44.7 5
17 Ly AR R o A A 0P Uk — 28 T, AR A

BN 2163 4%, LC,, 1514 298.507 mg/L(F£2) . N e, KA BT I
5 RO, YT e EL R 1L G W e

R 1 LA X AR B 8 Fh B EHmB T K T

PR ST S TIPS S TN e G A WAL S ST RE N
L T T L B AR B B e A KA
e AEA R RIS AR, 1 Ll AR AR AT

Table 1 Resistance of field populations of Helicoverpa armigera to phoxim in northern China
i ARGy RERLbREDR LIPS SR e
Population Year Slope+SE Correlation coefficient LCy(95% CL)/(mg/L) Resistance ratio
[ hiEe=3 2014 2.313+0.304 0.967 140.270(103.827-189.505) 40.0
Cangxian, Hebei 2015 2.036+0.356 0.957 99.400(67.616-146.125) 28.3
2018 1.619+0.110 0.989 80.825(70.380-92.820) 23.0
2019 6.521+1.808 0.902 136.911(76.594-244.727) 39.0
g4 B 2014 1.916+0.130 0.991 82.974(71.269-96.601) 23.6
Anyang, Henan 2015 2.597+0.244 0.979 59.325(49.295-71.396) 16.9
2018 2.314+0.148 0.990 194.314(173.675-217.406) 55.3
2019 2.724+0.108 0.995 74.144(68.563-80.179) 21.1
AR A 2014 1.801+0.208 0.968 49.125(39.473-61.136) 14.0
Xiajin, Shandong 2015 2.313+0.347 0.968 205.503(152.491-276.943) 58.5
2018 3.135+0.238 0.989 141.726(127.556-157.471) 40.4
2019 2.210+0.284 0.968 112.600(87.956-144.149) 32.1
PGSR 2014 2.624+0.238 0.980 45.687(38.504-54.210) 13.0
Yanhu, Shanxi 2015 2.109+0.339 0.952 157.772(113.668-218.987) 44.9
2018 2.817+0.170 0.991 110.506(100.158-121.923) 31.5
2019 2.331+0.210 0.984 86.826(74.568-101.101) 24.7
R2 LI RXARE R EHEFEN =R AT WK
Table 2 Resistance of field populations of Helicoverpa armigera to cyhalothrin in northern China
i A REREARIEDR LEESES PUIEEEL
Population Year Slope+SE Correlation coefficient LCy(95% CD/(mg/L) Resistance ratio
WA E 2014 1.808+0.082 0.996 84.146(77.99-90.783) 61.0
Cangxian, Hebei 2015 2.276+0.363 0.953 41.124(30.573-55.318) 29.8
2018 1.888+0.245 0.968 122.778(98.176-153.545) 89.0
2019 2.194+0.135 0.993 125.665(111.235-141.967) 91.1
a4 FH 2014 1.688+0.151 0.981 31.027(24.568-39.184) 22.5
Anyang, Henan 2015 2.288+0.199 0.985 60.436(49.599-73.640) 43.8
2018 2.406+0.341 0.962 185.109(152.234-225.085) 134.1
2019 1.895+0.185 0.977 61.660(50.932-74.647) 44.7
AR 2014 1.672+0.133 0.985 33.152(27.069-40.601) 24.0
Xiajin, Shandong 2015 1.783+0.296 0.926 140.571(96.980-203.757) 101.9
2018 1.971+0.175 0.981 178.563(154.815-205.954) 129.4
2019 2.392+0.079 0.998 298.507(281.570-316.463) 216.3
L PE LR 2014 2.191+0.113 0.995 19.789(17.620-22.226) 14.4
Yanhu, Shanxi 2015 - - - _
2018 2.094+0.166 0.988 89.962(78.032-103.715) 65.2
2019 2.322+0.214 0.984 84.550(70.676-101.148) 61.3

— WA RIMZEHRE 77, —: Virulence was not detected due to insufficient insects.

2.3 AR HFhEEXT R4 BT
2014 55 J0] 5 22 FH AP FE RN LU PG 080 Fb A0 0 Y 4
R A AR U E 1 R 7.5 450 5.5 4%,

LC,, %354 0.003 mg/L £10.002 mg/L; ifii i Jb 78 H
FRE T L AR A X FE 4 R 2R L v A KT
PE, PUPEREEC 5 22.5 A5 F1 1.0 i

, LCy 50 51 N
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0.009 mg/L F10.004 mg/L ;2015 4[]t i B AR REFNA]
1 2 BRI BTV EC T R 2 8.2 F5 Fn 5.8 4%, 43
IUAARIK BT | T L AR SRR R0 1L PG R A
AIBTIE K- BT BT EC 500 o 39. 2451 23.0 %,
PRI N A KP4 2018 AE AT IL v L AR AT
B2 PRANRE AP & AR R AL, AR SR
A BT I 40.4 51 15.0 4%, T LU

VUSRI FIHE f b AP HTEAE ARKE Bot: , fibE
FEECHR 8.4 4% , 1L AR EHEFI R (BT AT S T I,
BB R 22.6 4% 5 2019 4F A 4 b X AR 42 i
HEXT H 4E SR BT — 20 BT, 44 Wl o5 A A 42
WAV R IR Th AU Ik ye B AR TR
B SRR | LU AR SRR RD LI PG R WA (R SR
B 15.64% 16.64i% .36.6 45 F123.44%5 (£ 3) .

T3 LA XARES B 8] Fh R X B 4E R BT I K

Table 3 Resistance of field populations of Helicoverpa armigera to emamectin benzoate in northern China

i A BRI HHIEREL AR EL
Population Year Slope+SE Correlation coefficient LCa(95% CI)/(mg/L) Resistance ratio
wdkE 2014 1.100+0.176 0.964 0.009(0.005-0.017) 22.5
Cangxian, Hebei 2015 1.828+0.363 0.929 0.004(0.003-0.007) 8.2
2018 1.617+0.234 0.952 0.020(0.013-0.031) 40.4
2019 1.562+0.133 0.982 0.008(0.006-0.010) 15.6
e 22 FH 2014 1.599+0.176 0.977 0.003(0.002-0.004) 7.5
Anyang, Henan 2015 1.864+0.257 0.982 0.003(0.002-0.004) 5.8
2018 1.676+0.171 0.975 0.008(0.006-0.010) 15.0
2019 2.284+0.153 0.989 0.008(0.007-0.010) 16.6
IR A 2014 2.040+0.422 0.924 0.004(0.003-0.007) 11.0
Xiajin, Shandong 2015 2.582+0.231 0.984 0.006(0.005-0.007) 39.2
2018 2.862+0.095 0.998 0.011(0.010-0.012) 22.6
2019 1.653+0.152 0.980 0.018(0.013-0.026) 36.6
L PG &R 2014 1.987+0.103 0.996 0.002(0.002-0.003) 5.5
Yanhu, Shanxi 2015 1.815+0.204 0.982 0.012(0.009-0.015) 23.0
2018 1.278+0.142 0.965 0.004(0.003-0.006) 8.4
2019 0.916+0.091 0.981 0.018(0.009-0.015) 23.4

3 iTig

RS HUR — P B ZLAY O 3 L, BEE fh2r e 2
o FH DT 50 A RE A, AR 24 6l FH (RSB i, DA S Ak
SRR FIPRE T B2 A AR, RS B R BRI B B
#5 Z% (Ahmad et al.,2019) . ABFFEAEZR NIIE T
AEAUAR X 4 S H 4% HL () F R X 2 Bl . — SRR
AT e ER PR AL, R IR AR AL AR X
RS HOGT 3 A RS HO = A T S )RR ARk
FRBEE— R A MBS R R, W)z
TR GEH H % (Xuetal.,2016) ., EREBE7EAR H
CA LT ARR T s, PRz Bk R et &
AT T K fofE R Y 5 22 Tl DR 28 140 S ), A [ e, DX
B BRI B A BT E K A AR K 24 57 (PR SR
L K ,2001; Wang et al.,2019), Wang et al.(2019)
HRIE 2017 453 [ 25 b Hi X AR S A RR B B il Ak
FHUBRE . 2019 2 FE R A F A Y2t
25 5 B B SR A B2k 6 DR DR A% R X
VB REURK , RV DX S PR X = B i ik

THURZAACEHHEACE (R E RO AR k55
H0,2020) . ABFFRETIR KR, 2014—2019 4F4E 0L
Hiy DXARAES BB s 2 2 Bk h S BT KT
Ui AR RSt B P E A R B 28 1A W
W) TR G AR, 2018) . X ATRES 1A% R
FUAIREPE Sl T A G, S X 25 SR AR UK,
WSCHE Ty o3 88 AR b B FR U0 (B 718
4,2012) . fEfEH-E BB A RS B, — i 5
& AR A X 0T Re A — e R L REAR T
TR XA AL U8 5 7, NI REE T A A8 X =
TR BTIE A JRH 58 (MRRE SCRITE B R, 2001) 6
RS TR LR H A R 2SS R X R
A7tk B BRI TANE K
K KA RS . 2013 AR EAR A E A=Y
P24 W 235 SR ], 3 A 424 E T [ A X = 9L
SRR AL T U R TP SR (BRI A, 2014) .
2016 4F 12017 AFHUE W 25 SR o, SRR X A48
HORR T = SRR A TG 2 BUUA IR 2 Kb
H YAl R 2 BERPRE | LU AR V2 o A S R A B



448 WL A AU DR A% s = HORI AT M s 905

IKEB s (HK I, 201752018) o ASHFST A48 Bt =
FAFAERRIA Th A& 2 S IR E
HARE P iR, HA B4 LT E, 2018 4F
F12019 4F 2R HEXT — JRUS U IR 1 PR 45 5]
JE 20144519 5.39 5 A19.01 5 . 3 dL X 2% B b ik
(1) K e As Ak 32 B A7 BRI X e 2 2 5 S 24
A F R (R AL RS T IC,2000) o IR
YR PN T R L b R ) R R R S A
SEHb, FH 25 7K - i B il 24 R X A AT BRI 2 > b
XA A RN M AT T ) 32 2 (R AT
2012; XU XUINAIT S B8, 2020) . [RIItL , FEARES Ak 2#
BTG 7 T, e 2 NPLE PTG P B 25 i b2 e
G ZY B HRAS BB 7 A BT 2P G 2% ORI
Fofr, 107 PR sl FLA FH it Al A% IR B S AN
[ VE AL B JE A2 B o 0 2% J TR el e 8 L 4e
2y

FH 24 62— 2 e A1) A% HRUR IR %o 5
R TEYE, s 2 TP iR s H &
W (FEHEE4E,2011; Yasin et al., 2020) , {F 2013 4E
ZHT, T RS R AR AR R B A e A fURR
AR CRINEE, 2014) o ABFFE NI ZE KT, 2014—
2015 AFEAEL L X A% R X FR 4EER bk 2 &
TR B 2 i KR RV X R B Pt AE AR TRI4E
1 Z A6 I 2y, (AARES AT F b T vEAE =
TSl DA BTSN, 2019 4525 i I s Al 4% HURRE X Y
A ER IR B S BT ACE  PUEAEEE 1545 DL,
5 ERNHE AN M55 0 (2020) TR BFES R AL
A—%F, H Ahmad et al.(2019) B 4RiB T [ 3 iH
344 du FH R R RE7E 2004—2014 45 X6 H 4k 3h b T
JEEARPUMEAE , 78 2015—2016 4EH L BLE T,
PUPEAG R IA 52,018 . X SERFFTAE RFR WAL
[ FPE O 2oxd B e dh A Tk, Btk A%
AT mEREHE . I, 55 RS B s
JO7 3 ek 2> R AR R A0 AR, kit A 2t 2
el I 1R]— A FATL B 2% B, RESRAR S HR BT 25 PR 11
K o TR Bst Ry 2k 52 T ot FE 8 R AP0 PE W, 4R
Hpi2htE & R shZs , 38 5 a4 B 25, B 748
X HR e R 2 BTt

ZE LR, NS5 SR E , B3R E AR X
A4 H FH [ A R XT Br l A —  S S U BR BT 7K
ARG R, FG R b = A T — g i, B
43 i XA HOGE 3 Bl R ORI BT PER 1B 4F BT
P, I, T A ) OGRS HUGHIX 3 R ORI Y
PUtk & R 3 B SR EBORE L A 14 A28 2 Ay B it
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