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Table 1 Resistance of field population of H. armigera to phoxim

H L ARy #HR+SE LCs0 (95 % EAF XA /(mg/L) LR e
Province Population Year Solpe+SE 95% Confidence interval Resistance ratio
_ T 2016 2.678 540.073 5 230.586 2(217.925 5~243.982 4) 65.7
IH Qiuxian
2017 2.246 9£0.260 3 117.869 0(93.033 6~149.334 2) 33.6
[t Hebei . . X 2016 1.994 74+0.156 2 157.327 0(133.609 6~185.360 9) 44.8
& Cangxian ) S
2017 3.163 0£0.443 6 136.432 3(109.992 1~169.228 2) 38.9
. 2016 1.002 24+0.149 6 191.706 3(143.638 7~255.859 3) 54.6
%P Anyang i _ .-
2017 2.062 6£0.366 0 116.415 6(84.889 6~159.649 6) 33.2
i Henan X 2016 3.346 9£0.358 7 88.599 3(78.544 6~99.941 1) 25.2
Pi4E Xihua
2017 1.706 34+0.211 7 85.130 2(67.305 1~107.676 1) 24.2
. . 2016 2.640 3+0.315 6 137.820 0(116.618 0~162.876 6) 39.3
# N Binzhou . 0
2017 3.132 4+0.194 5 137.822 5(126.366 1~150.317 5) 39.3
. 2016 2.062 8£0.107 1 92.407 4(83.945 4~101.722 5) 26.3
PHA Yanggu
1145 Shandong 2017 2.009 9£0.442 5 107.811 8(71.592 8~162.354 1) 30.7
N L 2016 1.689 7+0.196 7 143.669 3(115.869 2~178.139 4) 40.9
H 1 Xiajin B
2017 2.540 540.224 0 171.403 1(148.814 6~197.420 1) 48.8
N 2016 2.231 6+£0.312 5 190.929 1(149.335 4~244.107 7) 54.4
1 P4 Shanxi i Yanhu . i i _D )
2017 3.316 0£0.263 7 111.897 5(97.355 1~128.612 2) 31.9

T HURTEE I RE B HE R LCs=3.51 mg/L.

Note: The phoxim LCsy of susceptible toxicity baseline is 3.51 mg/L.
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Table 2 Resistance of field population of H. armigera to cyhalothrin

H i ARy R £+ SE LCs0 (95 % EAF X [H]) /(mg/L) Hi kAR B
Province Population Year Solpe+SE 95% Confidence interval Resistance ratio
2016 1.939 54+0.114 8 200.703 9(176.400 8~228.355 3) 145.4
E Qiuxian 2017 1.395 04+0.111 2 99.742 9(85.259 4~116.686 8) 72.3
4t Hebei . . . 2016 0.941 040.130 5 29.379 3(21.657 7~39.853 8) 21.3
B Cangxian _ _ -
2017 1.706 84+0.195 9 124.469 7(100.593 1~154.013 6) 90.2
220 A 2016 2.733 0+£0.314 9 228.647 2(192.160 5~272.061 8) 165.7
fyang 2017 2.057 84:0.097 9 81.619 3(76.011 4~87.641 0) 59.1
i Henan X 2016 1.783 940.250 0 71.657 0(55.226 9~92.975 1) 51.9
Pi4E Xihua
2017 2.018 940.204 0 160.390 4(129.682 1~198.370 3) 116.2
. . 2016 1.888 3+0.168 4 187.264 2(158.922 0~220.660 9) 135.7
VM Binzhou ~
2017 1.540 34+0.148 3 171.593 9(143.267 0~205.521 8) 124.3
2016 2.089 0+£0.220 4 71.339 6(60.323 5~84.367 5) 51.9
175 Shandong  FI%4 Yanggu 2017 1.385 8+0.066 7 258.692 9(234.447 5~285.445 7) 187.5
N . 2016 2.166 7+£0.377 9 177.858 1(140.114 0~225.769 8) 128.9
HH: Xiajin
2017 1.862 3+0.111 5 371.691 9(324.971 5~425.129 1) 269.3
N 2016 1.786 24+0.161 6 77.630 1(65.096 3~92.577 3) 56.3
1 P4 Shanxi i Yanhu i i i y i
2017 2.309 7+0.356 0 143.489 9(106.212 5~193.850 4) 104.0
L UREE R S F ) LCs =1.38 mg/L. Note: The cyhalothrin LCsy of susceptible toxicity baseline is 1.38 mg/L.
F3 MEHABEMBENAELNTIEKTF
Table 3 Resistance of field population of H. armigera to emamectin benzoate
A1y Piipisa HE Ay #HR+SE LCs0 (95% HEAF X)) /(mg/L) YU AL
Province Population Year Solpe+ SE 95% Confidence interval Resistance ratio
L 2016 1.447 8+0.116 7 0.012 7(0.009 8~0.016 4) 25.4
I B Qiuxian
2017 1.555 4+0.464 2 0.011 9€0.005 2~0.027 6) 23.8
N : 1939 7£0.09¢ .01¢ .013 2~0. 38.
WAL Hebei 35 Cangxian 2016 0.939 740.099 7 0.019 1€0.013 2~0.027 6) 38.2
2017 3.326 7+£0.358 6 0.025 0€0.022 1~0.028 2) 50.0
. 2016 1.160 14+0.120 9 0.012 6(0.009 1~0.017 4) 25.2
ZfH Anyang
2017 1.293 6+0.141 5 0.012 9(0.008 6~0.019 5) 25.8
7 Henan Pi4E Xihua 2016 1.405 24+0.282 1 0.011 3(0.006 3~0.020 2) 22.6
2017 1.449 14+0.142 4 0.005 3(0.003 9~0.007 1) 10.6
. . 2016 1.670 0+0.138 1 0.009 2(0.007 3~0.011 6) 18.4
VEM Binzhou
2017 2.205 7£0.191 4 0.008 1(0.006 8~0.009 6) 16.2
WA Y 2016 1.747 3+0.177 6 0.046 4(0.038 7~0.055 6) 92.8
4 anggu
7 Shandong 2017 2.008 540,137 1 0.012 5(0.010 6~0.014 6) 25.0
N L 2016 1.717 440.128 3 0.014 9(0.011 5~0.019 2) 29.8
H A Xiajin
2017 2.944 3+£0.275 8 0.044 9(0.037 4~0.053 8) 89.8
. N 2016 1.338 6+0.176 8 0.033 4(0.020 1~0.055 6) 66.8
L 7§ Shanxi I Yanhu 0
2017 1.588 14+0.200 7 0.011 9€0.008 8~0.016 3) 23.8

L HUREE I RL S E ) 1L.Cs0=0.000 5 mg/L, Note: The emamectin benzoate 1.Cs, of susceptible toxicity baseline is 0,000 5 mg/L.



68 NN S A NI i S

37 4

M. 2017 AR I B 2 BH R M = M A A% R R Xt
YT B PR B4 ) o 23.8.25.8 1 16.2 f%, =
BT K- 5 2016 4551,

VAL | PH A5 R 90 = iR % R B A9 T 1 K
A 0T B o v 4 At DX 44 S Rl R X A
PUrERE R 2014 4R 35.3 £ R R 2017 4R 1Y
10.6 1 - 2% W 12 A 42 R 0B X FH 248 58 %) UM %
BT, AR PUIERT SR 2016 4R 1Y 92.8 %
BEAR R 25 A5, b W0 FhE I P MK T 66.8 N RE R
23.8 % o W 1A 4% SRR ST AT R B

78 BL RIS T DX A A RO O A 8 T K
AR BT i B AP AT B B 2016 4R 1Y 38.2
f5 BT 50 A, BOHERR R BUME AT i 2016 AE Y
29.84% LTty 89.8 A% PUEAEEE & T 2 £,

3 i i

MRS B Az VBT ZR I 2 A B AL B
58 1Y SR A RE Ty o i EL T AR A 7 A R [ A KA
DXEAT S A BT I B DX AR K A 3~ 4 AR RV
S AR A 4~ 5 A B SRR Ik K . T
52 B B8 HUAS B ibt A 25 0 LA 24 X A A% LAY B 4 TR
T3 B A 5 Tt A5 9 52 5 A % R X S 3 A% R L
AL G A B B L FE AN R T AR £ d
PULGPE MR T A T B AR 4% S pT Ak A R B AL T R
B HUPIPE IR B AT S ) B A % B0 A RT3

VR — Bl T AR B A A PR R
7 B A A B SR B AL L2550 . 2013 4F BT R
SRR S DX 42 R R RE o S Bl A 0 Ak T R
R G R 1.0~4.8 )5, 2015 4FE A JLAR X
BT S DR % TRl 30 X0 5 &L 08 B BT BT BT
BB AU (PR R 12~ 65 FD) 1 ARHT
FEAER R 22016 — 2017 AF B ] I S DX A 4% HL Bl
AE T = B B B T A7 20 il O 25,2 ~ 65.7 A A
24.2~48.8 A% , WL JLAF AR #% X 3 B 0 1 BT 1R
A LTS B ARK PPk K B A KB
ST RN I M M DX A% ERLP R O A W08 19 B 1 AP A
SR TR o A 3K L8 1l DXV 2% PR A =7 B A 1) £ P A HE
Fi % LAY P25 1

X = J SR A e T e I A5 2R R T, 2016 —
2017 AF Yo 0 iy DX A &% R bR X = 98 S0 4 R AL T
Hh A R KCF PP . UG 2017 4R 2R e XY B
A% S Rl R 0 9 SR 2 TR R PP A B A
187.5~269.3 ff . YUK F L THEB S L 1 AR E 3K

(2SN = B SNV {0 SN NI K v Tl P | K 2
DCEU R Y RO AU AR R I R AR O A AR R
SRR AR A BB L T[] By 3R AR B R 24 B L 2
B, AT RE S O B BT 25 Pk S AN TR Y 3
PR, b Bl B T g 22 A R % H 0 = S SRR AR
B PP A B A 5 S i 25K F R, 4R
PACRBLE B L Al AR 2 PR i
A SR B 4 42, 2016 AR J0 A A OGO AR ] 25 45
AR i S B o] 7 $ 0 L 7 — SE AR B R T TR A
JA T B K 3 T 26 4 250 BT . 0 AT R
B 77 7 4 T 9 L A A ST A (BT AR R T XL S S S
DR JC LS il A A 0 8 R 48 B G4« A7 R AIR
TR R g ar L i E S B A BOR R R
T34 HEAAE W9 L g 6 B P BRI 5] S 46 =
A& RB T 2 02 28 A % HUp v ) T B At

PV 24 6 S — B 28 e % B 0 A 3R R R
Iz T B AR SEE Y R F BB7iE BT A N
2 X A B R AT B 00 B 3 R A A SR X T 4
B AL AR PUAS PR BN, 2013 4EAR
WA A W BT 2 1 D 2 R O A T A M D
B SRR A Xk T 2 b T UK P kg RN BT
FEININ 2014 AF 3 A J0 S A DA #% KBl A X HY 4 £
PIAL F OB  F BUPE A RN 1.5 /5. A3
PUOPE W5 SR R B L 2016 — 2017 45 4% W I A5 4 44
FREXT AR © 1 T o v S5 K ST, o BH A A
BELRERP R B A RO A 80 A, AT DL, 3 JLAF ok B
T] 3E A DX 4%tk P 4 3 ) BT ROk S BB T
(SR8

Li ERTIR NI 25 RO . AR AL T A X
A LT = B R — 950 S 4 TR PR DT K B
HAA LTtz 35, Pt 76 B 16 A AR 2% s, Rz X
PO i DX SR HOCAE 1l kg R A ol ) SR s il 2
AL e 1 = 9B S 34 i e L A T o 90 P £k
UK TRY Ak R g ) A P i B A QA 24, A SE S A 4%
WA PTLG Tk BT Dk S i A% U Y 4EER BT
(O 3 — 20 L Th L LA 22 W A A% o R 4E R B 4T
PEAS AL A A7 R S B 25, T R S AN R AR
L 1Ry % HL T S e A (8 o ol e o — A2 A )
il 2 30) 25 5 Bk ) T [ 45 B A il 3 ] 3k B 4 220
BRI HB.

Z % X W

(1] AW ™ B M JE RO, 55 AR JUFUR SRAR £ X = 2k 25 41



%4 WLE .

BT A SR DX % HOGE 3 el 3 HLUTR 19 T 24 1 69

PR A HTLT]. R 2% %R, 2000,2(3) :53-56.

[2] WEME. &G LA EEBANEM2 skl
T 221, 1999,26(3) :260-264.

(3] #/MAHL58T I8, 1992 SR A48 M3k & fo 9 45 A L A 43
[J]. P ER#ER.1993,9(5) :38-43.

(4] SRFLEH. FRIE B A6 R b Ak 09 2R BT 5% i 55 U 45
b A Py HEAR % ,2007,15(1) 1 1-4.

[5] WUK M,LU Y H,FENG H Q.et al. Suppression of cotton

HAEmELT].

bollworm in multiple crop in China in areas with Bt toxin-con-

ARRIELT]. B4R .2016,59(3) . 1238-1245.

[10] B ¥F B anbe , 52 25 AR, A4S HUPT O B A 2R (1Bt 1 L3
[J]. 25224 ,2008,10(4) :410-416.

D117 BRAE3C, P05 R AR S SRS 2 il 01 19 XU P A 5 W4 [ .
B 247, 2001 ,44(4) 1 462-468.

C127 sk B3R 22Kk . 2013 4F 4 [ 4l A 5 2 4t 24 1k s )
SRR AW )], T E AR, 2014,34(3) 1 55-58.

(137 kb, 2015 4 4 [ AR Ml AT 3 25 W bt 24 1 Wi 0 25 51 R b2 FH 24
#IWT]. P ERA T, 2016,36(3) :61-65.

taing cotton[ ] ]. Science,2008,321(5896):1676-1678. (147 BEEMLE. 25 2 KA 0 3% Fi LU 9] 66 28 I 45 4 £ AL 0F 5%

[6] e, ZHR. 5 Be SR AR AR Ryt p et 2s sh 800 M [0, R E AL U5 X8 ,2017,38(7) : 164-171.
4’3%%&.1999,11<3>:141—146. (157 TAN . F A 5 TR 32 2 A 1 h o A 4% oo A B 1 7 T 3088 3
(7] kb, 225400V 58 . 5% NY/T 2916 — 2016, 43 4% d 4 24 14 REBEFE[D]. At . b E Al BR 3 B, 2011,
W AR FARLST, db s o E AR AL, 2016. (167 k. 2014 4F 4> [ A b A5 55 A= W) B0 20 1 W 00 4 SR R b 2 A 24

B KR 2 AW, P EEA S HL2015,35(3) :65-69.
[17] sKZH K. &%%”EHHIEHW%E’J%MEW*U' I B b R 24 1) 04 XU

PAGLD]. AT B ARl R %, 2015,

[8] 5Kk, 2016 4F 4[4 b A 55 Ak Wy 24 1k s ) &%
AT, PR S T.2017.37(3) :56-59.
(9] k. DhHa, par . &, fedb i X 3 2 % dupi 25 vE W 55 90 3 B

Monitoring on resistance of Helicoverpa armigera (Hiibner) to three
insecticides in main cotton-growing areas of Yellow River Region

HU Hongyan REN Xiangliang MA Xiaoyan JIANG Weili MA Yajie WANG Dan MA Yan

Institute of Cotton Research ,Chinese Academy of Agricultural Sciences/
State Key Laboratory of Cotton Biology ,Anyang 455000,China

Abstract

thrin,and emamectin benzoate in the main cotton-growing areas of Yellow River Region were monitored

The insecticide resistance level of Helicoverpa armigera (Hiibner) to phoxim, cyhalo-

in this study. Eight geographic populations of H. armigera were collected from Henan, Hebei, Shandong
and Shanxi and tested by leaf dipping method to monitor the resistance level of H. armigera to three in-
secticides. The results showed that all populations of H. armigera from different monitoring area
showed a middle level of resistance to phoxim,with the resistance index remained between 25.2-65.7 in
2016 and 24.2-48.8 in 2017 ,showing a rising trend in recent years. The resistance of H. armigera to cy-
halothrin reached a middle to high level,and the resistance level and developing trend were discrepant a-
mong eight regions. The resistance level of Cangxian, Yanggu and Xiajin populations of H. armigera in-
creased obviously,with resistance index increased from 21.3,51.9 and 128.9 in 2016 to 90.2,187.5 and
269.3 in 2017. The resistance of Qiuxian and Anyang populations of H. armigera shifted from a high
level to middle level with the resistance index of 145.4 and 165.7 in 2016, and 72.2 and 59.1 in 2017.
Eight populations of H. armigera showed a middle level of resistance to emamectin benzoate in 2016 and
2017, with the resistance index of 16.2-92.8 and 10.6-89.8, respectively. All the eight populations were
found to have developed resistance to all three kinds of insecticides,excessive use of the same kind of in-
secticide therefore should be avoided or limited. In order to delay the development of insecticide resist-
ance of H. armigera ,different insecticides should be used in rotation.

geographical population; insecticide; insecticide re-

Keywords Helicoverpa armigera (Hiibner) ;

sistance monitor; phoxim; cyhalothrin; emamectin benzoate
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