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Examination of the sensitivity of peach orchard aphids to imidacloprid

and afidopyropen

LIU Xinxin', WU Mengmeng', XUE Li*, WANG Su', GUO Xiaojun', XIAO Da", XU Qingxuan"
('Institute of Plant Protection, Beijing Academy of Agriculture and Forestry Sciences/Key Laboratory of Environment Friendly Man-
agement on Fruit and Vegetable Pests in North China (Co-construction by Ministry and Province) , Ministry of Agriculture and Rural
Affairs/Beijing Key Laboratory of Environment Friendly Management on Fruit Diseases and Pests in North China, 100097, Beijing,
China; *Zhucheng City Agricultural Technology Extension Center, Shandong Province, Zhucheng 262200, Shandong, China)

Abstract: [Objective] Green peach aphid and peach mealy aphid are pests causing significant harm to
peach trees and other crops worldwide. They primarily feed by sucking plant sap, resulting in leaf dam-
age that affects the growth, development, and photosynthesis of peach trees. Simultaneously, they pose
a threat to the health and yield of peach trees and other crops by transmitting viruses. Control of the
peach aphids has traditionally relied on chemical methods. However, due to characteristics such as large
population sizes, short life cycles, high reproduction rates, and strong migratory capabilities, these
aphids have developed varying degrees of resistance to many commonly used insecticides. Therefore,
monitoring the sensitivity of the peach aphids to common insecticides is particularly important. This not
only helps in assessing the actual effectiveness of the pesticides but also enables timely adjustments in
control strategies based on the degree of resistance development. By doing so, the emergence of resis-
tance can be delayed or avoided, leading to more precise pest management measures and thus achieving

sustainability in agriculture. The populations of Myzus persica and Hyalopterus amygdali were collect-
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ed from peach orchards in different peach-producing areas in China during 2022 and 2023 to monitor
the sensitivity to imidacloprid and afidopyropen. [Methods] The toxicity levels of these aphids to the
insecticides were determined using the glass tube film methods. The active pharmaceutical ingredient of
imidacloprid and afidopyropen were diluted with acetone to prepare a master stock solution for subse-
quent experimentation. An aliquot of 250 pL insecticide- acetone solution was applied to each tube
(length: 7.5 cm; diameter: 1.2 cm, internal surface area: 27.51 ¢m?®), and they were immediately rotated
using a micro-rotator (American Wheaton Company) until solutions were dried. These peach aphids
were treated for each concentration with three replicates, while controls were treated with acetone only.
The tubes were then placed under laboratory conditions. After 24 h, mortality was recorded, and individ-
uals were deemed dead if they showed no response when prompted with a brush. [Results] The monitor-
ing results of 2022 showed that the M. persica population from Jiaxing city of Zhejiang province was
found to be most sensitive to imidacloprid, with an LCs, 0of 0.222 mg- L. In contrast, the M. persica pop-
ulation from Qinhuangdao city of Hebei province, Xi" an city of Shanxi Province, and Lanzhou city of
Gansu province exhibited lower sensitivity. These results suggest a significant variation in the response
to imidacloprid across different geographic locations, potentially influenced by environmental and genet-
ic factors. In the subsequent year, the M. persica population from Hangzhou city of Zhejiang province
displayed the highest sensitivity to imidacloprid, though with an increased LCs, of 1.574 mg-L"'. Com-
parative analysis of the two years monitoring data revealed that the sensitivity of the M. persica from
Qingdao city of Shandong province to imidacloprid remained relatively stable. While a decreasing trend
in sensitivity was observed in the M. persica from Xianyang city of Shanxi province, underscoring the
dynamic nature of pesticide resistance. As for afidopyropen, the M. persica population from Qinhuangd-
ao city of Hebei province, was most sensitive in 2022, with an LCs, of 0.011 mg-L"'. In 2023, the M. per-
sica from Hangzhou city of Zhejiang province was most sensitive with an LCs of 0.159 mg- L. Compar-
ative analysis found that the sensitivity of the M. persica population to afidopyropen showed an increas-
ing trend from Lanzhou city of Gansu Province. The monitoring results of the H. amygdali indicated that
the population from Kunming city of Yunnan province exhibited the highest sensitivity to both imidaclo-
prid and afidopyropen. This observation is crucial as it points to possible interspecies differences in how
the resistance mechanism is developed and managed. In contrast, the sensitivity of the H. amygdali to im-
idaclorpid significantly decreased from Qinhuangdao city of Hebei province and Suzhou city of Anhui
province, highlighting the need for ongoing monitoring and adaptive management strategies. [ Conclu-
sion] The results of this study indicated significant regional and annual variations in the susceptibility of
the M. persica and H. amygdali to common used insecticides imidacloprid and afidopyropen, respective-
ly. These variations might be associated with factors such as the history of insecticides use, environmen-
tal conditions, and the genetic diversity within the populations. Therefore, it is imperative to consider
these factors when devising pest control strategies, implementing targeted measures to enhance control
efficiency and slow down the development of resistance. This comprehensive approach would not only
clarity the causes behind the varying pesticides sensitivities but also aid in the development of more ef-
fective pest management strategies. Moreover, continuous monitoring of the changes in pest sensitivity
to insecticides is crucial for effective pest management and sustaining agricultural development. Rotat-
ing insecticides with different mechanisms of action, reducing the frequency of specific insecticide us-
age, and conducting in-depth research into the molecular mechanisms behind reduced sensitivity in spe-
cific regions would contribute to delaying the development of insecticide resistance in pests.

Key words: Peach orchard; Myzus persica; Hyalopterus amygdali; Imidacloprid; Afidopyropen; Sensitivity
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Table 1 Sources of green peach aphid (M. persicae) and peach mealy aphid (H. amygdali)
FEIX ST 5 HRWF M. persicae WERF H. amygdali
Region Collect location 20224E1n 2022 20234FIn 2023 20224 1n 2022 20234 In 2023
it LTHE KIET vV v
Around Liaoning province Dalian city
Bohai sea QR S iyl % v %
Heibei province Qinhuangdao city
IIFRe) H il vV
Shandong province Qingdao city
Ae77 JemtH 51X vV
Northern area Beijing city Changping district
Oy FEE i) vV
Hebei province Shijiazhuang city
K
Hengshui city
RAE el vV
Shangdong province Taian city
g3t €e) T M i vV
Anhui province Suzhou city
KT boiEl ey LT Vv
Yangtze River Basin Hubei province Wuhan city
WA Hu %
Zhejiang province Hangzhou city
F vV
Jiaxing city
[ 7K 7 vV
Lishui city
(i) piake) SN vV
Southwest area Yunnan province Kunming city
W vV
Zhaotong city
BT bNEEES) FH T vV v
Yellow River Basin Henan province Zhengzhou city
2T v
Anyang city
Bkptie RS vV
Shaanxi province Xi’an city
P Vv
Xianyang city
e =V vV
Gansu province Lanzhou city
AT vV
Qin’an city
2] 73t €e) BRI vV
Southern area Anhui province Chuzhou city
JE T vV
Wauhu city
IR E R X NI v
Guangxi Zhuang Guilin city
Autonomous region Wi T Vi
Liuzhou city

B (K73 cm; JEH HAT
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HLCWwN2.687 mg-L's PAHTAHUM TIFEE LCs
B LA, o AT W R 3L 48 I T B RR R P AL,
SF Aty DX D A e Ao S b R bR Ak A UK T

0 IR [R]— B X A B A 4 A, B R B L
TRAR T 8 TR e b T o I R R 11 R P AR AL /N o
A, A6 4E 25 B 5 T RUH R 48 22 0N T bk et o
X MLk R P e S T v 11 A, T Bk 75 44 R B

Hh | &N

2 BREIBREFFPEE XA R R A U B
Table 2 The sensitivity of green peach aphid (M. persicae) population to imidacloprid in peach orchard

e W ; o % EEX] ; T HE JI4R4
41X Hy X sk gk g LG OVARIRIKED R R
Producing areas Province City Number  Slope + SE «(95% Con idence - ndex ot
Interval)/(mg- L") 7 (dh relative toxicity
2022 4 In 2022
W OBy FEBT 540 1.106 £ 0.183  17.571 (12.975~24.762)  0.301 (3) 79.15
Around Hebei province Qinhuangdao city
Bohai sea 7R W T 900 0.917+0.079  2.287(1.452~3.413) 9.794(7)  10.30
Shandong province  Qingdao city
b v Jextii ERHS 720 0.750 £0.105 1.079 (0.435~1.895) 4.743 (5) 4.86
Northern area  Beijing city Changping district
wALE K T 280 1351+£0.219  1.423 (0.816~2.06) 0.219 (4) 6.41
Hebei province Shijiazhuang city
) et 540 1.404 £0.181 1.419 (1.006~1.831) 1.330 (3) 6.39
Shandong province ~ Tai’an city
AR/ R AR ST 810 0.664 + 0.088 0.222 (0.001~0.826) 24.188 (6) 1.00
Yangtze Zhejiang province Jiaxing city
River Basin
B LI Sk [iikzan] 540 1.135+0.173  13.048 (8.656~17.494) 1.979 (3) 58.77
Yellow Shaanxi province Xi’an city
River Basin e BH T 900 1.120+£0.099  0.388(0.144~0.706) 21739 (7) 1.75
Xianyang city
Nk 24T 720 0.642+0.111  33.042 (20.780~53.826)  3.981(5)  148.84
Gansu province Lanzhou city
R 630 0.779 £ 0.127 1.929 (0.131~4.636) 6.196 (4) 8.69
Qin’an city
2] %€ JEIAT 280 0.835+£0.198  3.923 (1.468~6.792) 1.349 (4) 17.67
Southern area  Anhui province Wauhu city
2023 4 1n 2023
W LTA K 360 1.060+0.184  19.443 (13.185~26.972)  2.990 (3) 12.35
Around Liaoning province Dalian city
Bohai sea B[y 5 T 360 13380207  8.315(5.054~11.482)  0.472 (3) 528
Hebei province Qinhuangdao city
I RA T 540 1.043+£0.107  2.687 (1.839~3.658) 4.281 (6) 1.71
Shandong province  Qingdao city
677 (<) K 360 1.229+0.201 9.636 (5.781~13.428) 0.490 (3) 6.12
Northern area  Hebei province Hengshui city
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%2 (&) Table2 (Continued)
TN , e %EFX] ) QE=WAEiE
FE,Z %ﬁi} T_ﬁlz ﬁi/j\ éﬁ»}%i*ﬂwﬁlﬁ LC50 (950A)E’fn,:lg‘l) ‘F‘ﬁ . *EXJ*EjjTE%I
Producing areas Province Cit Number  Slope + SE LCx (95% Confidence (HHIED  Index of
g y P Interval)/(mg- L") 7 (dh relative toxicity

LSART R biB |y WA 540 1.207+0.110 3.264 (2.140~4.632) 7.546 (6) 2.07
Yangtze Hubei Province Wuhan city
RiverBasin - yeop o 540 0.928+0.103  1.574 (0.627~2.780) 9.916 (6) 1.00

Zhejiang Province Hangzhou city

7K T 540 0.881 + 0.096 6.849 (4.876~9.435) 2.597 (6) 4.35
Lishui city

i) PR R TT 360 2.071+0.273 8.276 (6.077~10.351) 2.771 (3) 5.26
Southwest area  Yunnan province Zhaotong city
BT MRSy G T 540 0.982+0.102  6.020 (3.936~8.808) 6.307 (6) 3.82
Yellow Henan province Anyang city
RiverBasin -y 0 B 540 0.797+0.094  4.811 (3.201~6.836) 2.060 (6) 3.06

Shaanxi province Xianyang city

Hila 2L 360 1.105+0.189  10.437 (6.147~14.702) 0.927 (3) 6.63

Gansu province Lanzhou city
T JUVRHR AR X FEARTT 360 1.355+0.202  10.941 (7.278~14.588) 1.388 (3) 6.95
Southern area  Guangxi Zhuang Guilin city

Autonomous region

T AR 7 A R U S 73 R X A AR ) 80 R A )

o

2.2 HhEFIT A RESH B E

A6 78] B e ot T 2% BT O0 PR B ER G 1) SR
R 3PN, 2022 £ FELE FTA B A X H L T b 2=
58 TIT AR AR A R G L PR A E R i SRR, L LCso 9
0.011 mg- L™, AN BUBIE 28 F 70 B Ho A 1o I b
DXk g et 6T X PR A e i () RRURR B K . HL TR Bk
V548 R BH T AL AR 57 % T Rk FoRE , L LCso 2
5124 0.040 F110.050 mg - L' AHXT T 5 » H 7k & bk
U A X U T A L i ) UK B A vy, FE LCso 730N

4.357 F11.062 mg- L', JL 5117 & ~F X 1k g Ao 2 6k
MU B A BBURR S B K, FELCs0ik 31 7.819 mg L

2023 £E FETE A W b X A, W VA8 e T )
Mk e o A 2 B9 6 0L PR B ER R e N U, FL LCso N
0.159 mg- L', [A#F AT AR R URIE 4 H T 0 A HoAth e
N DX )BT S 7K S o At 300 b DX ) Ak e o B
XUV A HLU 25 A T AR X B8RS 7K, LCs 7E 0.195~
0.987 mg-L" 2 Jd].

ST ] — b X P AR R 2 A L 2B R BLL 2R
AT I TR Tt B X 0L PR A i S 1) B B 3 A T AR
b, A6 AA %5 2 5 T RN B 6 48 R BH T A 0 el T

R3 BREBRETFREE R A IR ERRBURE
Table 3 The sensitivity of green peach aphid (M. persicae) population to afidopyropen in peach orchard

LCs (95% B 5 X 18D

®Ir

AR AR H

PAaY/A ”E,“A E>< :\‘H_l o
s:olzducin areas Fﬁgj\jf\ince giitlz T%Zuigje\r éﬁ)ﬁ:jgéﬁlﬁ LC:(95% Confidence  (H ) Index of
J Y P Interval)/(mg-L™") yaC/)) relative toxicity
2022 4 1n 2022
R ihits uTh Kikh 540 1.120+£0.160  0.217 (0.136~0.297) 2402 (3) 1627
Around Bohai  Liaoning province Dalian city
sea MR ZE T 540 0.92140.163  0.011 (0.382~0.911) 1476 (3)  1.00
Hebei province Qinhuangdao city
IHRA H T 900 0.634+0.073  0.202 (0.104~0.347) 9.194(7)  18.36
Shandong province Qingdao city
e et EFIX 1080 1.067+0.187  7.819 (4.680~25.681)  3.090 (3) 710.82
Northern area  Beijing city Changping district
<) VEESE] 280 1.086+0.190  0.158 (0.084~0.239) 0.883(4) 19.73
Hebei province Shijiazhuang city
R ESai] 540 0.640 +0.149  0.254 (0.100~0.410) 0.360 (3)  23.09
Shandong province Tai’an city
SRR WL F%T 810 0.927+0.093  0.050 (0.013~0.100)  16.003 (6)  4.55

Yangtze River
Basin

Zhejiang province

Jiaxing city
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%3 (&) Table3 (Continued)
N N S . v 0, A:‘XA‘ = L s 3
FEX Aty LIS sRsk g dni O OSRIENID Ry R
Producing areas Province City Number ~ Slope + SE «(95% Con 1dence - ndexot
Interval)/(mg-L") 7 (df) relative toxicity
B LI [ERUTES) [iikzay) 540 1.488+0.186  0.889 (0.619~1.151) 1.420 (3)  80.82
Yellow River Shaanxi province Xi’an city
Basin A T 900 0.887+0.083  0.040 (0.020~0.065)  9.209(7)  3.64
Xianyang city
Hikr =Pl i 720 0393+£0.104 4357 (2.120~12.396) 1398 (5) 396.09
Gansu province Lanzhou city
Zh 630 0.513+0.115  1.062 (0.498~1.774) 0.700 (4)  96.55
Qin’an city
pig T JEI T 280 0.592+0.179  0.413 (0.092~0.827) 0.137(4) 3755
Southern area  Anhui province Wauhu city
20234 1n 2023
Rihifg U ) KT 360 0.558+0.181  0.886 (0.119~1.703) 0.384 (3) 5.57
Around Bohai seaLiaoning province Dalian city
b=y ZELT 360 1.457+0.211  0.893 (0.587~1.190) 1.662 (3) 5.62
Hebei province Qinhuangdao city
th 7R T 540 1.172£0.118  0.195 (0.134~0.263) 1.924 (6) 1.23
Shandong province Qingdao city
e OB =y KT 360 1.308+0.205  0.899 (0.553~1.236) 2.027 (3) 5.65
Northern area ~ Hebei province Hengshui city
KAy bik | =y PEw)d] 540 0.982+0.096  0.668 (0.428~1.012) 7.989 (6) 4.20
Yangtze Hubei province Wauhan city
River Basin WL oM T 540 11701 £0.118  0.159 (0.107~0.216) 2.121(6)  1.00
Zhejiang province Hangzhou city
[iif] PES) IH 38 T 360 0.927+£0.202  0.445 (0.124~0.795) 0471 (3)  2.80
Southwest area  Yunnan province Zhaotong city
BT LI RSy 2T 540 1.038+0.106  0.329 (0.231~0.444) 0.356 (6) 2.07
Yellow Henan province Anyang city
River Basin B PR 7 540 0.875+0.099  0.284 (0.184~0.402) 1290 (6)  1.79
Shaanxi province Xianyang city
Hikr 2T 360 1.058+0.194  0.839 (0.425~1.248) 1.828(3)  5.28
Gansu province Lanzhou city
T JUTRH R AR X FEAR T 360 1.301+£0.202  0.987 (0.618~1.351) 1.268 (3) 6.21
Southern area ~ Guangxi Zhuang Guilin city

Autonomous region
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0.007 mg- L', A U 42 75 A H A 00 3 [X 6
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FlEE, LCs0 N 0.098 mg- Lo Hoth I W0 1 [X. Fr B AT tif
Tl S U TR A B G A, 22 4k AR HBBUBR K S, LCso 7
0.104~0.724 mg- L' Z [A] . 2023 4F & 7€ 7 A Wi I b
DX Hf, VAT i A8 SRR M TR P B YR DX T Ak
K73 U o B T X B R 35 Ak T BBUBOK S, FE LCso
439 0.419 F110.958 mg- L' Vi) 5 44 M 7 I S5
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Table 4 The sensitivity of peach mealy aphid (H. amygdali) population to imidacloprid in peach orchard
5 . . N %EEX] : OFAEi=F
eI i i wEsk gt DO OSGREDID R XS
Producing areas Province City Number  Slope + SE (95% Con 1dence <7 ndexol -
Interval)/(mg-L™") 7 (d relative toxicity
2022 4F In 2022
it OBy ZE LT 630 1.469+0.436  67.924 (41.255~162.846) 2.486 (4) 754.71
Around Hebei province Qinhuangdao city
Bohai sea R i 900 0.948 + 0.082 1.027 (0.726~1.377) 1394(7) 1141
Shandong province Qingdao city
b g6 T T 280 0.673+0.188  58.718 (30.90~155.642)  1.564 (4) 652.42
Northern area Anhui province Suzhou city
[tk PAES EL AT 720 0.603 + 0.070 0.090 (0.010~0.265)  20.954 (9) 1.00
Southwest area Yunnan province Kunming city
Ik A M 810 0.782 £ 0.091 0.855 (0.486~1.290) 4296 (6)  9.50
Yellow River Basin ~ Henan province Zhengzhou city
2023 4F1n 2023
BRI MOy FH N T 540 0.892 + 0.098 8.129 (5.808~11.249)  1.650(6)  1.00
Yellow River Basin  Henan province Zhengzhou city
2] FIERHRERX N 540 1237+0.115  10.304 (6.495~16.362)  11.886(6) 127
Southern area Guangxi Zhuang Liuzhou city

Autonomous region
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Table 5 The sensitivity of peach mealy aphid (H. amygdali) population to afidopyropen in peach orchard
o . s o e % B (EIX ; EROR: WAL
FEX #tn i wEsk gk g LG OVOBENED R A
Producing areas Province City Number  Slope = SE (95% Con idence A H B ndex ot -
Interval)/(mg-L™") v (df) relative toxicity

2022 4 1n 2022
)it kA FERH 540 0.630£0.159  0.402 (0.064~0.814) 0.492 (3) 57.43
Around Bohai sea  Hebei province Qinhuangdao city

7R H i 900 0.844 +0.081  0.098 (0.065~0.137) 1.306 (7)  14.00

Shandong province  Qingdao city

Bl 4 € T M 320 0.686+0.139  0.566 (0.250~0.973) 1.353(5)  80.86
Northern area Anhui province Suzhou city
[tk PR BB 720 0.530 £ 0.066  0.007 (0.001~0.020) 15.330 (9) 1.00
Southwest area Yunnan province Kunming city
BT bR HEH T 810 0.648 £0.082  0.724 (0.496~1.099) 4419 (6) 103.43
Yellow River Basin  Henan province Zhengzhou city
ipg LRE T 360 0.679+0.126  0.104 (0.029~0.210) 5.366 (6)  14.86
Southern area Anhui province Chuzhou city
2023 4 In 2023
Bk A HM T 540 0.711+£0.091  0.419 (0.262~0.616) 3.870 (6) 1.00
Yellow River Basin  Henan province Zhengzhou city
M IR AR X W 540 0.693 £0.093  0.958 (0.632~1.457) 0.800 (6)  2.29
Southern area Guangxi Zhuang Liuzhou city

Autonomous region
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