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Rapid determination of the pesticide sensitivity of Panonychus
citri populationsin thefield

PENG Min-Shan"?"" LIU Jia-Li' DONG Nan-Nan’> ZENG Xin-Nian'

(1. College of Plant Protection, South China Agricultural University, Guangdong Insect Behavior Regulation Engineering Technology
Research Center, Guangzhou 510000, China; 2. Huizhou University, Huizhou 516000, China)

Abstract [Aim] To develop a relatively quick method to detect the sensitivity of Panonychus citri to commonly used
insecticides and acaricides in orchards, thereby optimizing the use of these chemicals. [Methods] The toxicity of 10
insecticides and acaricides to sensitive strains of P. citri were determined using the leaf impregnation method. LCsy and LCy
values were calculated using the probability of death method. Using twice the LCqyy value as the alternative diagnostic
concentration, and setting a corresponding diagnostic concentration gradient for validation experiments, the concentration that
achieved 100% mortality was selected as the diagnostic dose. Based on the toxicity regression curve and diagnostic dose
method, evaluation criteria for pesticide sensitivity for a P. citri diagnostic kit were developed. [Results] The diagnostic
doses of 10 insecticides and acaricides, abamectin, cyflumetofen, bifenazate, etoxazole, spirodiclofen, spirotetramat,
progargite, pyridaben, chlorpyrifos and matrine, were 550, 400, 700, 650, 3 300, 2 000, 850, 350, 550 and 950 mg/L,
respectively. The diagnostic kit classifies populations in terms of resistance as follows; those with a mortality rate = 95% are
classified as sensitive, those with a mortality rate between 88% and 95% are classified as having reduced sensitivity, and those

with a mortality rate < 88% are classified as resistant. [Conclusion] The diagnostic kit developed in this study can quickly
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assess the sensitivity of P. citri populations to insecticides and acaricides in the field by measuring the mortality rate. This

provides a way to quickly select the most effective insecticides and acaricides for controlling a given P. citri population at a

particular point in time.

Key words Panonychus citri; diagnostic dose; acaricidal sensitivity; evaluation criterion

FHAE LMK Panonychus citri J& 19 B 8h%)
Arthropoda . WEJE4X Arachnida. 4§ H Acarina .
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Table 1l

Information on the collection locations of female adult mites of Panonychus citri populationsin the field

RAEH

Collection locations

desh

K&

North latitude East longitude

T i
Abbreviation

J PN TR S X R el

. L . 23°23'47" 113°49'6" Zengcheng, ZC
Orchard in Zengcheng District, Guangzhou City
7T AL IX B Orchard in Conghua District, Guangzhou City ~ 23°45'19" 113°47'55"  Conghua, CH
BN ILATA SR Orchard in Shangian Village, Huizhou City 23°21'45" 114°19'41"  Shangian, SQ
HN T4 b Orchard in Yang Village, Huizhou City 23°25'52" 114°28'16"  Yangcun, YC
BN T ERERE Orchard in Pingtan Town, Huizhou City 23°25'31" 114°36'08”  Pingtan, PT
BN TR BY Orchard in Henghe Town, Huizhou City 23°33'93" 114°13'81"  Henghe, HH
Yﬂﬁ?ﬁ;ﬁﬁ%ﬁ%ﬁ,ﬂ ) 24°5'50" 114°45'43"  Heyuan, HY
Lemon Industry Park in Dongyuan County, Heyuan City
VE I i X B Orchard in Fogang County, Qingyuan City 24°3'4" 113°43'57"  Qingyuan, QY
ZRIE R X B E Orchard in Longyang District, Yunnan Province 24°58'19" 98°53'9"  Yunnan, YN
A o d == 3 —
hﬁé FﬁTﬁ? H ?%IA%E] . . . . . 22°48"20" 108°38'3" Qingxiuqu, QXC
Citrus Garden in Qingxiu District, Nanning City, Guangxi Province
Nk T'%‘—TTTTTXXH}*T% . . . : 23°1'59" 108°1825"  Shuangqiaocun, SQC
Orchard in Shuanggiao Village, Nanning City, Guangxi Province
Nk T'%‘—TTTTTH%K*T% . . . . 23°1'59" 108°1821"  Tengfeicun, TFC
Orchard in Tengfei Village, Nanning City, Guangxi Province
M 5 I3 H A Bl Orchard in Dapu County, Meizhou City 24°1827" 116°53'34"  Dabu, DB
®2 HIRAAFNELRER

Table2 Basicinformation of thetested drug

K25 Test drug 4, English name

H:FE1% Producer

99.2%%E SL W 5By
99.2% Chlorpyrifos powder

99.0%I2 . Z I8l b
99.0% Spirotetramat powder

99.0% bl 24 71 3% JiAs}
99.0% Abamectin powder

98.0%% s il J5 by
98.0% Spiroxate powder

97.0% 2. Uk S5y
97.0% Etoxazole powder
99.0% I i 7 7Ry
99.0% Pyridaben powder

99.0%HK 7K i fig B Ay
99.0% Bifenazate powder

90.0% 1Rl K S5 A}

90.0% Propargite powder
96.0% T FEIH R I by

96.0% Cyflumetofen powder
15.0% v SR A

15.0% Matrine liquid

Chlorpyrifos

Spirotetramat

Abamectin

Spirodiclofen

Etoxazole

Pyridaben

Bifenazate

Propargite

Cyflumetofen

Matrine

WL AR R 7
Zhejiang Xin Nonghua Co., LTD.

WL Z G Ak T A PR A H

Hubei Kangbaotai Fine Chemical Co., LTD.

TTAE I 1 A DR A BR 2 ]

Hebei Yuancheng Biotechnology Co., LTD.

MR TABRA H
Changzhou Tianze Chemical Co., LTD.

WAL ZRRIRAL TABRA W

Hubei Yikangyuan Chemical Co., LTD.

TN IR 2L AT R
Guangzhou Suding Pharmaceutical Co., LTD.

B PG bR A= WA T AT R

Shaanxi Linnaeus Biological Chemical Co., LTD.

TR SR 2R 20 A RN A
Zhuhai Letai Pharmaceutical Co., LTD.

AU B R A IR

Beijing Biao Leibo Technology Co., LTD.

Fi FH 1 245 A R 23 )
Ruiyang Pharmaceutical Co., LTD.
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Fig. 1 Composition of diagnostic kit

A. 9t B E#EEUOREE; C. BB, D.0SEBE.
A. Bean leaves; B. Portable magnifying glass;
C. Medicine; D, No. 0 brush.
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(RACEBTIER B )5 10<ibb st <40 (45K
TFHUMEBT B ); 40<bitEfiEi <160 (K Fhitk
BB ); BUPERTE>160 (e mAEHutE R B ) (3
BRBEFN B OB, 2004, X I [ ARES HL ) PRl
PRI 7 P S AR HE T (BT AR BN R
PIPTHE R E 7% ) BUREY B : 0%-3%; Bk
PETFREBTBL: 6%-14%; RACTFHIPERTBL: 15%-
65%; TEERFEHMERTBE: 70%- 85%; Ei/KFHT
PR B : 90%-95%; WK FHirEpT B : > 95%.
TR Al R A 21 ) e U 2R A5 %) B 7 [T 0 iy
2 (24 h) FIRH A 21 ik FE (R P32 W 791 3 0
13 B2 W FE T 8 6 22 ARG 21 W ek 12 DB X 0) 6
M SEGOEN e, FRR R, R
R, PR < 3; MU TIRRIRE, 3 < 4T
PEAGEL< 5 ARMUBCIRAS, PUbER =5, btk
% (RR) =H[EFPHE LCso/BURFIHE LCso (P
fEEh = N A e B AR )

135 MHEImkiZEXFEMBEER %
RS 2 ka2 W n) G E R, H 0 5 B2k
ST 0 o Y s 2 e e ol i B 1) 0 1, il
#H 1 min JFIRAZHEHHREE&DRERERZD 5-10 s
Ji, (A BT kAR50, B I R K 4 T
ISR B AR T, B 30 Sk, 3EFRMER 1 h
JEHRARET R, T AmES M 131 —
B0 o PR R A 2T Wk 12 W R B ) SRR R S 2
PEA R 0 2 12 b DX R ARG 27 i 178 SRR /KT

1.4 HIESH

Xof R A 1) ke I A s 52 56 X0 SR - SPSS
25.0 #E4740#r, Wid Probit-analysis 15 %7 Jj 1]
75, IFH8H LCso M LCoo S 4L M, AHXTHL
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2.1 10 Fh 3% B 30 5 3ot AH 4G 4T 0K e A B O B
HE

B 10 2% HUR 00 XA A 1 0o ol i
TPURRR R 24 h BN 3 R, T GRUBEE X
AR 2T Wk e 85 57 ) B8, L.C'so {4 0.56 mg/L;
T SO R A 2T W ek 1l 5 1 5 1 8855, LCso
{HA 13.85 mg/L; #EJIR/NMIUF Ry T FUH6NE>
5 WA > 8T 4 TR 2> e i > B S U T > 0B o 2,
i > 2 B> WG > Ik il > 2l R 10 Fob
% H IR0 A s 21 e 0 A BRI 1
BN 4 PR, BIHE RO RPRE R T
2, Ui HABE ) S HIORE E AR A5/ o T UG i ot
AR, 21 Wk 5 25 ) de s . 10 A ORI
1 h 1 LCoo W% 4 F/R,

22 LEABRNWHE

HIZE 5 Al M, BIZER s T IR . DR
P Cdpsme | SRUENE | RALLME . PREER . ki

537.80. 343.25. 679.68. 687.75. 3 220.81,
1 860.22.837.54,330.29 ,482.66 Fl 894.71 mg/L,
FF LA Ry 2 BEGE RE FH 7 A IR R Ao 5 e 6 5K
¥ (R 5), SEREH, PI4EEZR . T RS .
R ERR . ik | BRIEMR | IR SR | R |
WA R | FEE MR S0 e A A £ Mk AE T 3
IKF] 100% X% W ¥R B2 (B 53514 < 550, 400, 700,
650, 3300, 2000, 850, 350, 550 Fl 950 mg/L
(#£6), ULAL, M 10 B2 HO M A 50 0E Tk 138
1B ZMERLE IHZ A, PTAEE 2 T U .
PR RER . 2tk | DRG0 2R | iRy |
MAME R | FEFEMERNE S0 2xL.Coo RN IV 1Y 2
WILT AR 95.33%. 98.13%. 98.34%.
101.36%. 97.82%. 94.12%. 101.95%. 95.21%.
93.88%711 95.34% (&2 ),

2.3 WX S E | I N

WA & M B R R E 25 R AR 7 FR,
B4R Z AL, CH H#XF ZC. YC. SQ3 4
it DX R ARG 21 ek I J) b ST Y AE TSR 22 )£

310 PR BRI XS M A LT Mk A i S R BE S IR LR (HRIRRE, 24h)
Table3 Thetoxicity test results of 10 insecticides and acaricidesto female adult mites of
Panonychus citri (leaf impregnation method, 24 h)

A% WK B 7 A AR FRE MIXRR (R) FIFE () RS LCso (95%E{FIX ] )
Insecticide Toxicity regression  FRifEiR Correlation ~ Chi square  Probability (mg/L)

and acaricide equation (y=ax+b) Slope+SE coefficient (R)  value (x°) LCs(95% CI) (mg/L)

et
BE‘LEE‘% y=2.40x - 0.30 2.40+0.45 0.98 0.61 0.90 1.33 (0.96-1.68)
Abamectin

f=t e Tl
TR y=131x - 1.05  1.3140.24 0.99 0.36 0.95 0.56 (0.33-0.86)
Cyflumetofen
S i b
ﬂf? L y=1.66x - 1.05 1.66+0.34 0.98 0.69 0.88 4.32 (2.95-6.08)
Bifenazate
Z. Wik Etoxazole y=1.80x - 0.15 1.80+0.38 0.97 0.90 0.83 1.21 (0.87-1.68)

Rickinl
ﬂgiﬁ@ﬁ y=1.48x - 1.59 1.48+0.37 0.98 0.37 0.95 11.74 (8.16-19.47)
Spirodiclofen

b

ﬁ%\.ﬂa@a y=1.32x - 1.04 1.32+0.27 0.98 0.54 0.91 6.13 (3.71-9.33)
Spirotetramat
el Propargite  y=1.70x - 0.23  1.70+£0.37 0.98 0.48 0.92 1.36 (0.91-1.88)
Ikigh R Pyridaben y=3.20x - 3.52 3.23+0.65 0.96 1.10 0.78 12.32 (10.16-14.68)
FHEW Chlorpyrifos  y=1.75x - 1.73 1.75+0.38 0.98 0.57 0.90 9.74 (7.03-13.89)
H 2 Matrine y=5.75x - 6.57  5.75+1.64 0.96 0.53 0.91 13.86 (12.61-15.95)

CI: Confidence interval. ¥ 4, ¥ 8 [i], The same for Table 4 and Table 8.
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F 4 10FMFRFGFIHEIMBRERBHBEMBESHNELR (MHHRFE, 1h)
Table4 Thetoxicity test results of 10 insecticides and acaricides to female adult mites of Panonychus
citri (leaf impregnation method, 1 h)

" S LCso (95%HEfF LCo (95%E1(H
AMASR EAMRDIE GRS HOGREC(R) O G2) Bk e O i o o o
Insecticide ~ Toxicity regression FrifEiz Correlation Chi square Probability (I:lg ) Holg
and acaricide equation (y=ax+b) SlopexSE coefficient (R)  value V) LCso (95% CL) LCo (95% CT)

(mg/L) (mg/L)
FrT 24 ] 2% _ 66.06 268.90
Abamectin 2082 7 6.94 3.82:0.88 0.95 0.93 082 (5629.76.97)  (171.98-852.69)
R i _ 2439 171.63
Cyflumetofen  » 2 7>% = 381 275053 0.98 0.78 086 193020.93)  (100.02-550.20)
B g _ 43.53 339.84 (194.32-1
Bifenazate y=2.61x - 427 2.61£0.49 0.97 0.98 0.81 (34.07-54.11) 096.81)
2. e B 76.42 343.88 (217.04-1
Eroxazole y=3.56x - 6.71 3.56x0.75 0.96 0.88 0.83 (64.78.90.32) 018.92)
ety _ 361.27 1610.40 (1
Spirodiclofen o8 = 917 3.38+0.75 0.97 0.74 087 (303.67-423.28) 035.45-4 497.89)
1 2 g 120.02 930.11 (498.59-3

=2.62x - 5.44 2.62+0.53 0.97 0.94 0.81

Spirotetramat y=262x - 5 (96.65-152.38) 804.84)
Ut R _ 114.32 418.77 (280.39-1
Propargite y=4.13x - 8.49 4.13+0.88 0.98 0.55 0.91 (99.35-132.36) 084.13)
Mgl 2R B 36.38 165.15
Pyridaben y=3.54x - 5.53 3542075 0.99 0.28 0.97 (30.51-42.72)  (105.10-480.48)
==
EEFEIR B 44.54 24133
Chlorpyrifos 2117 =323 3.17+0.62 095 142 070 (3673-5342)  (149.27-684.98)
TS _ 143.01 165.15
Matrine y=4.70x - 10.12 4.70£1.05 0.99 0.11 0.99 (126.50.163.05)  (105.10-480.48)

x5 MO UIBREERS S RMBEN AR R ERBFICHTEHREILE
Table5 Diagnostic dose gradient setting of different insecticides and acaricides for female
adult mites of Panonychus citri sensitive population

AR AR Insecticide and acaricide 2xLCqgq (mg/L) W (mg/L ) Concentration (mg/L)
P4 E 2 Abamectin 537.80 400, 450, 500, 550, 600
T UEE Cyflumetofen 343.25 200, 250, 300, 350, 400
WA PG Bifenazate 679.68 500, 550, 600, 650, 700
ZIm: Etoxazole 687.75 500, 550, 600, 650, 700
P2 Spirodiclofen 3220.80 2900, 3 000, 3 100, 3 200, 3 300
12 H 2 i Spirotetramat 1 860.22 1600, 1 700, 1 800, 1 900, 2 000
JRIEEE Propargite 837.54 650, 700, 750, 800, 850
Wkl R Pyridaben 330.28 200, 250, 300, 350, 400
LM Chlorpyrifos 482.66 350, 400, 450, 500, 550
20§ Matrine 894.71 750, 800, 850, 900, 950

EREES (F=556, df=3, P<0.05), T
IEERAL R, ZC. YC. SQ Fl CH 4 /MHb X [
it 21 W Aok D[R] B 1) S I SE T RN A I 25

S (F=045, df=3, P>0.05), BAMELTE
T, ZC HuIXF1 YC Hb X Ay H A RSP0 TR
MEEREES (F=276, df=3, P<0.05), &
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3R 6 FHE LT R 0 B A R B X A [B) 2% ER R 12 T Y B R B I N IR E KOG
Table6 Indoor validation experiment on the diagnostic dose gradient of different insecticides and acaricides
in the sensitive population of female adult mites of Panonychus citri

A% AR W WE (mg/L) FHEWE (n) SFEFET R R R (%)
Insecticide and acaricide ~ Concentration (mg/L) Number of repetitions (#) Average mortality rate+SE (%)
400 72.00+2.31
450 84.00+£2.31
i 4 T
GE R 500 3 93.33+1.33
Abamectin
550 100.00£0.00
600 100.00+0.00
200 76.00+2.31
250 88.00+4.00
300 94.67+3.53
4 kTG
TR 350 3 98.67+1.33
Cyflumetofen
400 100.00+0.00
500 69.33+£3.53
550 81.33£2.67
600 89.33+3.53
N2 e =
L 650 3 93.3342.67
Bifenazate
700 100.00+0.00
500 81.33+3.53
550 84.00:4.62
Lt 600 3 94.67+1.33
Etoxazole
650 100.00+0.00
700 100.00+0.00
2900 78.67+5.04
3000 85.33+4.81
pH:
B i 3100 3 94.67+1.67
Spirodiclofen
3200 97.33+1.33
3300 100.00+0.00
1 600 78.67+4.81
1700 82.67+4.81
b
BRI 1 800 3 94.67+1.33
Spirotetramat
1900 97.33+2.67
2 000 100.00+0.00
650 68.00+4.62
700 80.00+8.32
i A
Wiy 750 3 90.67+5.33
Propargite
800 98.67+1.33

850 100.00+0.00
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£E3R 6 (Table 6 continued)

IR HUR )
Insecticide and acaricide

W (mg/L)

Concentration (mg/L)

HIELUWHL (n)
Number of repetitions (7)

FEFET R R R (%)
Average mortality rate+SE (%)

200 78.67+4.81
250 85.33+4.81
ik g R
300 3 94.67+1.33
Pyridaben
350 100.00+0.00
400 100.00+0.00
350 76.00+15.70
400 81.334+5.33
==
Ea
4 3 2.00+2.
Chlorpyrifos 50 92.00-2.30
500 98.67+1.33
550 100.00+0.00
750 76.00+6.11
800 82.67+3.53
—H‘Z% .
ﬁ"m 850 3 90.67+5.33
Matrine
900 98.67+1.33
950 100.00+0.00

WML, ZC. YC. SQ F1 CH 4 NHbIX it
TS C0 Mok T B B BT R A R E S
(F=133, df=3, P>0.05), 12WEELIT

ZC. YC. SQ Hl CH 4 M #EFYIFET - R AL AE
BEXES (F=0.15, df=3, P>0.05), BHhz
EALFETR, ZC. YC. SQ Ml CH 4 A~HuIX frAH#%
21 Wk E () Fh BT Y BE TR OR AR A I 2 R
(F=0.59, df=3, P>0.05), el ,

CH 1 X F1A Fh 3 /i [X A A 21 ke 1 i) b b
PHPFETRAFE R 2R (F=4.86, df=3, P<
0.05), WAl RALPER, ZC., YC, SQ FI CH 4
A 1l DX (8 AH AR, 2T gk FH ) b JEESF- Y FE TSR AN AT
ERFEER (F=180, df=3, P>0.05), #4E
WLEFER, ZC. YC. SQ il CH 4 /M X it kA
CT R T R AR T R AR R E £ S (F
=127, df=3, P>0.05), %SWAHET, Z2C.
YC. SQ Al CH 4 /™ H X R AH A5 21 i ik FH 0] o
FEIET - RAFEEREZES (F=0.67, df=3,

P>0.05),

24 LHRAZTHBREERTE

G, AR 0 R O 0 RE A A £ R 1 1]
FARE RN S0 28 BURFP R RS T3, XA RIRTAS 21

Wk FE () e ) SRR HEA TR S, SRS (T2 WG
TR B I AR 0 e L (R e B R PE T %, AR i
YS. ZH. HY. QY. CH 5 /M5 21 gk 1 a] 7
FEESWHA & T MSETRYEH , o i2 Wi
EHUBEERARE, BRI

XF YS, ZH, HY ., QY. CH 5 M5 £
Wk FH (i) P v Ak RSO IR S (Botfigk <3)
{14 R A 1 W v FH 32 W 750) 6 1000 445 3k S A ARG 1 i e
FH [ AP IR AE TSR A5 R o, X SO R A 21 vk FH
[EJFRHE ) I FE TR B AR BN 95.00%; YS.
ZH., HY. QY. CH 5 /A% 21 vk HH (B Feb e v
Wb TARBURMERAS (PR = 5) mAitfs 2
WL 12 T 1) 5 A5 3 S A9 21 Wik PR ) o 1)
FET-HREE R I, X SO 21 Wik 1 () P A9
IR T-R i 86.87%; YS. ZH, HY.
QY. CH 5 /A 21 ok FE [i) o b v 8% T %
BB (3 < BUMERREL < 5) MRS 20 ki Wi
F1) -8 B 00 53 Sl R s 1 ek T ) R R A BE T 3R
SRR, XA 21 Wk FH (R e B 1Y) P-4
RIARME R 88.00%, Iemi{H N 94.67%. il
RS 2T W R 3l FEL (DR S0 2B, 7Ei2
Wi A T B RISET- R = 95%, BRI
MR, 7E3X 50 ZHEI 2 h —BURIE 3] 98%:;
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o A ~ B 9 C e
9}, 100 ¢ PTAETE % a é 100 T RmR em _ % 100 * ;ﬁ:ﬁﬂ#@g - .
~8 Abamectin. <1 95,33 ~8 . Cyﬂm“?..t‘!f-“ 98.13 o p Bifenazate . 98.34
X E 80f -t X & 80 > E 80t L
— > P ~ & 0.117 3x+56.266 7 L = Fo
g 60 _y=0.1:;4_gx9-:)177.98670 #g 60 :y: R=08913 ﬁ g 60 0146701333
HE pof HE 4of S 40  R=09634
= 40 2 g 40 = g
L + 2 [0} r
T & 20f =& 20} §§°20'
H’§ 0 (53780 H-§ ol 34325 > of 679.68
< 350 400 450 500 550 600 650 < 150 200 250 300 350 400 450 < 450 500 550 600 650 700 750
W (mg/mL) W (mg/mL) W& (mg/mL)
Concentration (mg/mL) Concentration (mg/mL) Concentration (mg/mL)
e D 2z E —_ F BHZpE
100 Etofzuf)gle P S ;\? 100 BT - § 100 + Spirotetramat P
~ 9 F et 101.36 :—; L Splrodlflofen--—" 97.82 —~O L I 9412
X & 80 7 i; 5 80 7 < B 80 .
~ & [ y0.1067x+28.0000 Z 5 [ 005470782667 <~ B . [3=0.057 3x-12.533 3
{gﬂ- Té 60 g R=0.909 1 M__-_é 60 g R=0.9381 _M_,-_é 60 k09245
S g 40t Egm- §§4°'
%’&;ozo. Ty 20f 'ﬂgozo-
H‘g of o879 BB 322080 H’gg of 186022
< 450 500 550 600 650 700 750 2 ® $ Qm NS @ S &
WREL (mg/mL ) MR AEEEN NOE NN NN
Concentration (mg/mL) % (mg/mL) EE (mg/mL )
Concentration (mg/mL) Concentration (mg/mL)
by
o G Propargite s H  wR
< 100 f ; £ 100 | Pyridaben ;o .-
~ 2 L ;101 95 < E T 951
SER : S8 sof
wZ ol < [y=0.114 7x+57.333 3
M- E 60 01653365333 ! K- 2 60 p- .R2=0x;20é3
E S 40 R-0994 1 § 40 ’
s - : K E .
TS 20} : wg 20
o 5] of 1837.54 B 8 of 330.29
A 5 . . . . . )
< 600 650 700 750 800 850 900 E 150 200 250 300 350 400 450
W% (mg/mL) W (mg/mL)
Concentration (mg/mL) Concentration (mg/mL)
1 s =~ 1 %W
X 100  Chlorpyrifos aE é 100 |
Y S *7793.88 —~ @ s
© 8 80 e 80 .
~ 2 go [ 700573125333 & el y=0.054 7x=78.266 7
M3 F R=09245 M 3 y R=0.938 1
U5 40} H g 40
R E . }fzi 8 i
Ty 20} TS 20}
S of 48266 H’a;, of 89471
E 300 350 400 450 500 550 600 < 700 750 800 850 900 950 1 000
W (mg/mL) WE (mg/mL)
Concentration (mg/mL) Concentration (mg/mL)

B2 tHELMSRIER SRR AR R BRI F BB 2xL Coo iR EX NI TR &L MG B 2k
Fig. 2 Linear fitting curves of mortality rates corresponding to 2xL Cgg concentrations of different insecticides and
acaricides respectively for Panonychus citri female mite sensitive population

A, BTAERE; BT RGNS ; C. WORMHEE; D. ZWfmk; E. IRIEEE; F. 924 2
G BREEEE; H. mESER ; 1 FRIEME; ) WS
A. Abamectin; B. Cyflumetofen; C. Bifenazate; D. Etoxazole; E. Spiroxate; F. Pirotetramat;
G. Propargite; H. Pyridaben; I. Chlorpyrifos; J. Matrine.

W I T T PET %< 88.00%, ME 100% ; 12 Wi ) 8 e I 52 R (S 2 58 T K A
ﬁfcu A, TEX 50 HEE S — BRI R 86.67%-94.67%, MU T FRIRZE, TE1X 50 zﬂ
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T HAE LT R U A A E ) R B AR R RS RIS T I 2 E B IR SR
Table7 Thefield validation test results of diagnostic dose values of different insecticides and
acaricides for female adult mites of Panonychus citri in the field population

S R B LW (mgL) RV (n) FiTE ST RERHER (% )

Insecticide and acaricide ~Diagnostic dose (mg/L) reI[\)I;riI:ikz)erfso(fn) Population Average mortality rate+SE (%)

zC 88.00+2.31 b
(TS 550 3 YC 86.67+3.53 b
Abamectin SQ 89.33+£1.33 b
CH 77.33+1.33 a
ZC 96.00+2.31 a
T Ik E 400 3 YC 94.67+£3.53 a
Cyflumetofen SQ 94.67+2.31 a
CH 92.00+4.00 a
zC 90.674+2.67 a
B I i 700 3 YC 98.67+1.33 b
Bifenazate SQ 92.00+2.31 ab
CH 96.00+2.31 ab
ZC 66.67+£2.67 a
2, g 650 3 YC 62.67+2.31 a
Etoxazole SQ 68.00+2.31 a
CH 65.33+1.33 a
ZC 86.67+3.53 a
mﬁ%%ﬁs 3300 3 YC 89.33+3.53 a
Spirodiclofen SQ 88.00+2.31 a
CH 89.33+£3.53 a
ZC 66.67+2.67 a
i%EZ,@E 2 000 3 YC 72.00+2.31 a
Spirotetramat SQ 69.3342.67 a
CH 69.33+3.53 a
ZC 58.67+1.33 a
Ry 850 3 YC 62.67£2.67 a
Propargite SQ 64.00+4.00 a
CH 77.33+£1.33 b
zC 90.67+1.33 a
Wk i R 150 3 YC 96.00£2.31 a
Pyridaben SQ 94.67+1.33 a
CH 96.00+2.31 a
ZC 88.00+4.62 a
AL 8 550 3 YC 88.00+£2.31 a
Chlorpyrifos SQ 85.33+2.67 a
CH 93.33+1.33 a
zC 100.00£0.00 a
B 950 3 YC 98.67+1.33 a
Matrine SQ 98.67+1.33 a
CH 100.00+0.00 a

R IHEA2 FRAR SRR AN [) b DX P8 A A 20 e i et P (DR, R8RSR RIFVEE B AR R R B3 2%
5 (P<0.05, Duncan [CHEWEZKK ), FEIF,

The abbreviation of population names in the table represent the field populations of female adult mites of Panonychus citri in
different regions, details see Table 1. Data with different letters in the same column indicate significant difference (P<0.05,
Duncan’s multiple range test). The same below.
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62 &

B rh—EBOREF] 100% (£ 8 ).
K, 2 Wriksm & U E P R i TR

> 95%, WHUBCRE; JET-HR 88%-95%. i

al

BT RRIRES; FET-H<88%, NARBUZCIRES .

%8 HHFELIMMER Lk B FEEEYE (24h) SSWFIEE (1h) MWELER
Table8 Theresultsof field population bioassay (24 h) and diagnostic dose method (1 h) for female
adult mites of Panonychus citri

i LCer (950 PtEAS 121
and scarcide Population Slope+SE LCs0(95% CI) valug P ;Slilsttie;r;ze nlli%:lac;istt;c Sensitiveness
(mg/L) (RR) rate (%)

SS  2.40+0.45 1.33(0.96-1.68) 0.61 - 100.00 -

YC  1.90£0.39  7.14 (5.04-9.56) 1.31 5.37 86.67 MUK Sensitive
B4 1 22 ZC  1.84+037  6.71 (4.61-9.04) 0.57 5.06 88.00 T Decline
Abamectin HY  1.7140.34  7.93(5.39-10.99) 1.13 5.98 86.67 IR Non sensitive

SQ  1.43£0.28  5.76(3.59-8.47) 1.24 4.34 89.33  TFF& Decline

CH  2.02£0.39  9.46 (6.65-12.45) 1.27 7.23 77.33  JEfHUE Non sensitive

SS 1312024  0.56 (0.33-0.86) 0.36 - 100.00 -

YC  1.86£0.34 1.45(1.01-1.96) 0.15 2.58 96.00 B Sensitive
TR i ZC  1.60+0.31  1.43(0.93-2.02) 0.23 2.54 96.00 U Sensitive
Cyflumetofen  Hy  1.64+£0.32 1.81(1.25-2.57) 0.42 3.22 94.67  TF# Decline

SQ  1.64£0.30  1.82(1.24-2.58) 0.55 3.24 94.67  FF# Decline

CH  1.64£031 1.70(1.16-2.37) 0.36 3.02 95.00  FF# Decline

SS  1.66:0.34  4.32(2.95-6.08) 0.69 - 100.00 -

YC  2.51+£0.51 6.60(4.98-8.21) 0.19 1.53 98.67  fHUE Sensitive

ZC  3.31x0.64 18.57 (15.17-21.96) 0.48 4.30 90.67  FF# Decline
2 G HY  1.78+0.38 14.39 (9.97-19.65) 0.96 3.33 94.67  FF¥ Decline
Bifenazate SQ  3.84+0.76 18.12(15.42-21.01) 0.58 4.19 92.00  FF# Decline

CH  2.69+0.52 10.40 (7.92-12.80) 0.95 2.41 96.00  fHUEK Sensitive

SS  1.80+0.38  1.21(0.87-1.68) 0.90 - 100.00 -

YC  1.81+0.38 19.52(13.95-26.87) 0.48 16.12 62.67 B Non sensitive

ZC  2.88+0.54 13.37(10.52-16.22) 0.90 11.04 66.67  AE#UEX Non sensitive
2.t HY  5.88£1.19 28.99(26.17-31.99) 0.52 23.93 5333 IE#UEX Non sensitive
Etoxazole SQ  2.67£0.52 11.97(9.39-14.76) 1.37 9.89 68.00  IEHUE Non sensitive

CH  2.69+0.53 15.33(12.18-18.94) 1.19 12.65 65.33  JEfUE Non sensitive

SS  1.48+0.37 11.74(8.16-19.47) 0.37 - 100.00 -

YC  2.75+0.58 55.07 (43.73-67.57) 1.02 4.69 89.33  FF# Decline
0k i ZC  2.69+0.52 66.36 (51.22-84.53) 0.44 5.65 86.87  AEfHU/E Non sensitive
Spirodiclofen HY  2.36+0.57 76.66(57.51-97.22) 0.73 6.53 8533 E#UEX Non sensitive

SQ  3.59£0.75 66.66 (54.97-77.64) 0.17 5.68 88.00  TF[% Decline

CH  4.29+0.84 56.14 (48.05-63.89) 0.85 4.78 89.33  FF& Decline
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£E3% 8 (Table 8 continued)
EAREiE ZIHiSE

s LCso (95% 15

e 2 3 N
eeiate P KD el G e
and acaricide Population Slope<SE LCSE) n(195% Ch value (X2) multiple mo%tality Sensitiveness
/L) (RR) rate (%)
SS 1324027 6.13(3.71-9.33) 0.54 - 100.00 -
YC  2.91+0.59 54.96 (44.20-66.66) 0.72 8.97 72.00  AEfHUEE Non sensitive
12 11 7, i ZC  3.65+0.68 73.71(62.06-86.17) 0.47 12.03 66.67  ARHUE Non sensitive
Spirotetramat HY  3.3240.69 62.32(50.79-73.54) 0.25 10.17 68.00  AEfHUFE Non sensitive
SQ  3.16£0.67 58.70 (47.77-69.98) 0.89 9.58 69.33  AEfHUEE Non sensitive
CH  3.24+0.63 56.94 (46.22-67.60) 0.38 9.29 69.33  AEfHUEE Non sensitive
SS  1.70+0.37 136 (0.91-1.87) 0.48 - 100.00 -
YC  2.70£0.51 21.71(16.73-26.67) 1.17 16.01 62.67  JEfUE Non sensitive
e ZC  2.04+0.39 25.18(18.22-33.09) 0.12 18.57 58.67  AEfUE Non sensitive
Propargite HY  2.48+0.52 24.32(18.76-30.46) 0.89 17.93 61.33  JEfUE% Non sensitive
SQ  1.83£0.40 17.95(12.36-24.20) 1.06 13.24 64.00  JEfU Non sensitive
CH  2.54%0.52  9.69 (7.50-12.07) 0.75 7.14 77.33  4EfUS% Non sensitive
SS  3.23+0.65 12.32(10.16-14.68) 1.10 - 100.00 -
YC  1.46£0.42 29.68 (21.07-39.49) 0.62 2.41 96.00 U Sensitive
Ik gk 52 ZC  2.63£0.51 5831 (44.44-71.98) 0.52 4.30 90.67  FF% Decline
Pyridaben HY  3.93+0.77 36.99 (31.68-42.83) 0.40 3.00 95.00  TF% Decline
SQ  2.96£0.60 42.09 (33.86-50.83) 0.32 3.42 94.67  FF% Decline
CH  2.19+0.44 30.90 (23.04-39.95) 0.87 2.51 96.00  fHUE Sensitive
SS  1.75+0.38  9.74(7.03-13.89) 0.57 - 100.00 -
YC  2.77£0.58 52.34 (41.14-63.86) 0.47 5.37 88.00  FF% Decline
YA ZC  2.37+0.46 50.57 (38.28-63.97) 1.21 5.19 88.00 T[4 Decline
Chlorpyrifos HY  4.19+0.83 57.11 (48.82-65.22) 0.99 5.86 86.87  dEfHUE Non sensitive
SQ  3.24+0.65 59.88 (49.12-71.21) 0.49 6.15 85.33  AEfHUE Non sensitive
CH  3.17+0.61 41.75 (34.05-49.83) 0.81 4.28 93.33 U Sensitive
SS  5.75+1.64 13.86 (12.61-15.96) 0.53 - 100.00 -
YC  2.19+0.44 21.98 (16.42-28.41) 0.47 1.59 98.67 U= Sensitive
S ZC  6.01£1.08 14.47(13.01-15.92) 0.67 1.04 100.00  fHE Sensitive
Matrine HY  5.17£0.99 15.78 (14.11-17.74) 0.68 1.14 98.67  fBUEK Sensitive
SQ  4.01£0.86 16.94 (14.54-19.57) 0.88 1.22 98.67  ffuEk Sensitive
CH  5.28+1.02 14.83(13.19-16.53) 0.52 1.07 100.00 U Sensitive

PUPEREL (RR) =HEIFEE LCso/ BUBFNHE LCso (PUMEAREC % AP E I ),
Resistance multiple (RR)=Field population LCjsy/Sensitive population LCs, (resistance multiples obtained from indoor
biological measurements).

\ - df=17, P>0.05), FEFET-FNT 65.33%-77.33%
2.5 SHTAF SR HES BT S

Z 0], HRA 8 /N HiLIX Y FE ) o X ] 4 7 22 349 kb

I 9 R, BRI XS 8 I IOMIRSEL PR . T USR8 /M X FH (] R ERE (1)

Wk (R R R SCR E /A B2 (F=0.20, FARAURLRBALE (F=050, df=7, P>
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0.05), FIFET AT 89.33%-97.33%=2 0], H
1 TFC. QXQ. QY 1 YN 4 /™ [X Aty [T [a]
X T R PR AL T EBURR A, H At b DX 1 ) e
X T R TR AL T EBURE M T RERAS o IR PR X 8
DX P HBEIF RN ERMREREE (F =
2.68,df=17,P<0.05), VLT HEANT 81.33%-
97.33%z2[A), QXQ #1 DB HbIX (1) [ ] i X} Bk
A BEER AL FAERURIRAS, SQC. QY Ml YN 3 4
by DX TR IR B R 24 40 T BUEIR S 381
AXEY 3 A HIL DX T[] e o) 6 A g A T ek
PR IR ik Xt 8 A~ Hb X (1) FH 1] e 1) 25
AR EREE (F=1.90, df=7, P<0.05),

SEBET- AT 66.67%-94.67%22 0], QXC .

SQC. DB £ QY 4 /™ [X A HH [B) FhFE X} £ b e
Ak FRURME T RRRAS, LA b DX %) FH (] AT 2
I A Ab T R AUBRCIR A o BRI TR XS 8 /™ML IX 1Y [ ]

FREEMFE R ZRARE (F=0.78, df=1,
P>0.05), FIFET- N T 74.67%-93.33%Z [H]
HH. SQC £l DB 3 /i [X A4 K &I Ff B o i i
1) S $4 A T AR AR A, Al il DX 1% P ) o
T NG i Ak TR SRR S . R 2R XS 8
MM RURZETRE (F=1.82, df=17,
P<0.05), FYFET AT 78.67%-93.33%Z [H],
QY I YN . [X. (14 FH [ 5 Xof 038t 2, il Ak il Jok
PERBERIRAS, FAY 6 M DX %) (] FhFE XTI 2,
Fi b F A USRS o Bt 8 A i X (1% FH [
BRI LR B (F=256, df=17, P<
0.05 ), FHFET-HA T 70.67%-94.67%2 [] ,PT .
SQC. TFC Fl QY 4 /™t [X. 1) FH & e o bl il e
Ab F OB T REIR A, At b Xy T (R o)
IR A F AR SBUBRIR S o WA R X 8 A M X 114 H 1]
IR E R B (F=141, df=7, P<

RO AEFR B RBEFIS WIS XS A [ A 45 L1 40 ok e AL 95 E (B P BX 0 B2 BT SE T 2218 (% )

Table9 Field diagnostic mortality rates of female adult mites of different female adult mites of Panonychus
citri using diagnostic kits for different insecticides and acaricides (%)

A& BRI
Insecticide HH PT SQC QXQ QY YN DB
and acaricide
IE 3
) 72.00£837a 77.33£5.82a 70.67+7.06a 76.00£10.07a 73.33+9.62a 74.67+7.06a 72.00+8.33a 65.33+£2.56a
Abamectin
e e
RRS L 89.33+8.74a 94.67+2.67a 89.33+5.82a 97.33+2.67a 96.00+4.00a 97.33+t1.33a 96.00+4.00a 92.00+4.62a
Cyflumetofen
NSTTR—,
&KH#@H 89.33+7.06 ab 94.67+2.67b 96.00+0.31b 97.33+1.33b 76.00+6.11a 97.33+1.33b 89.33+5.82 ab 81.33+7.06 ab
Bifenazate
BEI
LA 66.67+11.62a 93.33+£3.53 b 77.33£1041 92.00+6.11 ab 80.00+8.33 ab 94.67+2.67b 90.67+5.82 ab 73.334+8.11 ab
Etoxazole ab
e
E%%% 74.67+8.11a 89.33+533a 86.67+11.39a 92.00+8.00a 90.67+7.42a 93.33+2.67a 93.33+4.81a 86.67+5.82a
Spirodiclofen
b
E%TEE‘Z‘EB 80.00+4.62 ab 85.33+4.81 ab 80.00+4.62 ab 78.67+4.81 ab 72.00+4.62a 93.33+4.81b 90.67+4.81b 82.67+7.06 ab
Spirotetramat
M
E%m% . 70.67+48.11a 93.33+4.81b 92.00£2.31b  94.67+5.33b 77.33+7.42 ab 94.67+3.53b 86.67+7.42 ab 77.33+5.82 ab
ropargite
Hﬁ;ﬂ?ﬁi 72.00+8.33 a 86.67+11.00 93.33+6.67 ab 97.33+£2.67b 92.00+4.00 ab 85.33+7.06 ab 85.33+£5.82 ab 81.33+8.11 ab
Pyridaben ab
Ed
. 88.00+6.93a 93.33+4.81a 89.33t£533a 90.67+5.33a 82.67+9.61a 96.00+2.31a 90.67+3.53a 89.33£3.53 a
Chlorpyrifos
B0
E;M 93.33+2.67a 98.67+1.33b 98.67+1.33b 100.00+0.00 b 100.00+£0.00 b 98.67+1.33b 98.67+1.33b 96.00+2.31 ab
atrine

HH. PT. SQC. TFC. QXQ. QY. YN. DB X3 MAN [ Hlt X (1) FH 75 21 ke i s bl FHI [RDFPE, R L3R 1
The field populations of female adult mites of P. citri represented by HH, PT, SQC, TFC, QXQ, QY, YN, and DB in different

regions are detailed in Table 1.
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0.05), FIIET-HRNTF 72.00%-97.33%= [,
TFC i1 [X A F 0] b A o ik 58 A T BUBCIR S
SQC F1 QCQ Hu IX. f14 FH B Fof 7 Xof ikl SR Ak - ek
PETRERAS , oAt b DX (1% FE () o 5 6T ik gl 52 127 &b
FARHUBCIRTS o FRFEIT 8 DA IEIYFE R AR 2
FARE (F=049, df=7, P>0.05), E¥5E
TN T 82.67%-93.33%2 0], QY ML #5E
WAL THUBCIRAS . QXQ FHEXTREFE I TR
JEOIRZS, T 1Y) 6 AR X 22 S8 M) b T U
TFRRRAS o WS T 8 b X A H [R]FR R 19 25 %
MRERAEE (F=2.08, df=7, P>0.05),
8 /™ by DX (1) FH [R o B X2 S ) b T RUBOIR S

3 @itSiip

A5 1 3 BORTARS 21 IR E T3 R 100%
FIVE EEAE 2 Wil &, 454 10 Pk HR 5
FIZWIRIE N . BTERZE 550 mg/L. T SRR
400 mg/L BEZE PR 700 mg/L . 2. UM 650 mg/L
RIS 3 300 mg/L . R HL 2T 2 000 mg/L ., i
F5 850 mg/L . Wk 7 350 mg/L  FEAEM 550 mg/L
208 950 mg/L. 2 Wi &bt bn i
e BURBYEL, VTR = 95%; BUBRMET
BB EE, FIIFETR 88%-95%; ARBURETEL,
SEIIBOT %< 88%., A ST & HIIZWHAR &6k
% 378 3 00 R 0 R ()RR A BE TR, R
L VR R T G2 BRI A BB X
— A E R R T b R N BE R R
W), HE R AR s T ] R 2GR T R B R
FB.

12 W) S VAN T A% 8 8 A D 1 BN
fapfE DA R R, AT X3 B0 A AR A U AR R
HE, IFReA I 2 e A USRS AR B0 LR
A, A AT R USRS W R
A 9 B it 2 758 3K o R A e 2 Wi ik vT LA
PRHRAT (I ) FH (] AR A [] 24 390 1 %
PEES, AFTRS: . maids HEHZ ., (H
IR B R 2xLCoo B LCooo 1N
WAL WFIEAE ., BN, BB (2014) #F5E
SEREEWE Aphis citricolavander W BRSO ME
YIS IR B, 3 ek o) 77 R B M SRR 11 25 N B

J1E , RAGRE ST IRIA ML, IS 2L E
HUPKEY LCso. LCoo. LCro. LCso #l LCo, #AJS
LA A A BESEPRAE T 3 S LI TR R 5 — 2L,
IS e — B A e R R (B S HA2 )
FAI A (2012 ) 78 FF A KR 2 TR X 4 A mL
Bemisia tabaci W)EE G0 &b, 380 ARG EL
HUSRAM AT E N E , 3 h SRS R
FFARAGRE T T, ARAFZAP LR LCso . LCeo
LR LCso fE NSRRI, il it — P ik
B LA TS E T, i E LCoo( 40.66 mg/L )
VERSWIR & s FRaEIESE (2019) BIFFE AR 3
Hu 2 A OB %) R PR R, BERE LCoo .
2xLCo LA S 7% M A% 5 0] FH [|) 4 7 1 1] ¥k B2
(FRC), MRHEIX 3 ADUSELE M SLPRILT R Y
FH (8] Bl 85 =2 (] B AR S M, 10 12 Wik sh) & v 4l
WeBE ., SR, —SeE AL (W) MO RURFhHERSHE R
B, SRS BMERAR, A 4R A
ek, TEAN T SEURIE L 1 551 T WL RE AR AS 35 1
(U5 ) B2 W aE, R gk () A AN ] 2%
FI L E-RPR (LC/P) Hhek, &k &l
AR Z A S a5, B AT R Ec: F0 R AR ST
P BE PR ) 8 B DA R B AR OG , it 2 B )
AT RUIE AP 3, B (R 1 [
B o 80 0 — AR 7, 2558 n AT G
T RIS G BT ST, X 3R] (R R
ZWE(E (A%, 2005 ),

FEASCAF R, 8 i iR it s P o
ity 21 W B SR A XA ) 3% R 3R ol 39 ) e v
X R A L1 Wk ) S T A TS A, 1R B
I ZE LA S LCoo fH, a4 2XL.Coo Y FE{H W I
J& 5-6 DR BRI TR E S, e E e B
il 2T Wk AP E 100% FET R AU B (A N
W R, 256 10 B BRI Sk ik 2 i
BRI A LA H, 10 A B 5]
2xLCog fELXT N PRI AL T I 5 T 95%.

XF T2 W) G iz Wit m e , AR
() AN [R A 2552 W R 1 e R 1 2 W
[BfEfE2ZE S . E/DAE (2012 ) WFFRHAR 2 BE X
FH K T2 Wi R) & IR P2 W A 3 hy R
ARIESE (2019 ) R FH UG IR AT F0 R 0o AR A0
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il Tetranychus cinnabarinus 2 WHAR) & 5 £
PSR 4 by W7E B85 (2018) AF5EME
WE e e R X KRBl Laodelphax striatellus
2GR A &, FESWRIE TR T 1. 2 L
J 3 h R REURBET R, &Jaiie T 3 h N
RIS WIETE] . FEABEZE P2 Rl ke T 1
h VERS W], B 52 R A P U R B AN [
A8 HOAR I A AU () PREAS I e 6 T 1 h AR
FET-R . TS A M LR LCoo AR ],
FEZ W = R IE S R YR A T 1 h R
BRE] s R, 1 h B2 W R A X e, B
T2 Wit S 0 ) A S 3T

& B WHO BT (1) I S Aedes albopictus
() Bk E M bR E . BURRRRBE, FETSR K
98%-100%; AT REHTYERNAE , FET-H K 90%-97 %;
PUrERRE, LT3R <90%., BEBhEES: (2016) H
W R SE T R AT 80% Hif S /N2 K
Plutella xylostella ;" "EH 25 VERIFRIE . A5,
I FH A B0 5 3 N2 W 0 9 A TR S
VAR A 2 Wk o sl , AR AR 6 12 1
K43 BUBERRHE , PR AT R AR £ Wk Y AT
K< 88%IT e W% b I T 1% 25 77 b T A1 Ok
A, DEETEE Gz X 3k P e AR a2 BT R sk
IREEZ A,

AT GEEE R AT FME T RE 8 MHLIX
AR 2 Wk X BT 4 B 26 2 A T AR BUBOIR S
Déker % (2021) WF5E A+ HHW 9 MisLr
WHIR AP EEXT BT 2 P 2R . 2 Wi | SR | ki R
Byhbh T AR UBOIRES 5 #ilg (2021 ) WSS R B
2019-2020 4F-F [EI A4 5 277 X0 AH AR 20 1 e
o 24 B 2% BB A S R R . FR T, e
FAETR A A AR X R A 25570, X 8 A4
Hby DX 98/ BT A TR 2R B A% . TFC. QXQ.
QY . YN 4 /™l DX A 21 gk XoF T Sl i Ak T4
JORAS, HoAth 4 A IX AL T HUSNE T RRIRES
TSRS T — o 7R B O 2R TR
Feng %5 (2018 ) BF5¥ A 80 T FeUH T T ikl R 1)
ZHPUHRE] 63.8 1%, AWF5EH, HH.PT. SQC.
DB 4 /™ DX AH Aty 21 Wik FE (B e ko il 2R 3% ek
TR T R s AR BRSPS 4 b XA

A5 21 Wk X6 T RS g A T AU T BER AR T B
SRR 2 A T A2 B . HH, SQC. QXQ.
DB 4 /™ i DX AHAR 21 W X 2, g s &b~ 3 SUBR
Ao P 4 Al DXORHARS 21 vk %o 2t A 1 4
RS R AR AT REJE S WmE 2012 4FiEA
T S5 )Tz A, R R R A 1 e X g
it A AR A, T 2 i A R il P 2 ) Oy
K—HE, AT EYM., HH, SQC., DB3 4>
by DA 21 W %ok BB T Ak T A USRS, HiA,
5 /™ by DR S I TR 15 b T AU R RRIR A . TR
FE| AR 22 b 7 R A 20 e o 2l G 45 b I UK
RA (TR, 2014; Doker et al., 2021; PRl
T, 2023), TER[EHBIX R 3K A0 25 5 1] AE
S A TR AH A7 ] fof P W25 1 (%) A R AN ] . HH
QXQ. YN, DB 4 /™t DX R Ak 2 g1k Xof fe ifh A4 Ak
FARBUBCRAS , Hifth 4 A H DKM 21 stk xof Je
5 DU Kb FABUR M R AR AS o e e (2023) #F5E
2 BYLEE DT e 1 DO R AR P BRI B 2%, AN
TEHHPRB A A2 Mk . HH, PT. QY. YN,
DB 5 /™ Hiu DX AH A 21 e X mik il SR Ak A SUR
A, SQC il QXQ Hiu DX AH AL 21 e X ik s 2 b
HUBE FIRZS . Doker 25 (2021) K3 +HH:
O AN AR 21 gk b B o Ik i R A T A BURRR S
PRI (2023 ) fF5E L BPU)I, EK . =F. 1L
PR VAR 13 /b DX (R AH AR 20 e o ik 2R 9
TURREAR 22, FIAS SCRIFZE 25 R — 3. HH F1 QXQ
Hiy DA ARG 21 ko 22 SR AL TR fUBOIR S, QY
Hby DA 21 %ot B SRR T USRS, HAth 5
A b DM AR 21 A X 25 A0 A T UM TR R
Ao BPBE (2014 ) WFFT & B D HE DR A 21 ik
XTEE LM BT BB E Y 12 5. BESEIH
TR ERPIACAMEFET , KPR
FHFBUR 2 1 X6 B BUS M 22, DA HE T2
T E RAYBIIE . B HH LISMNY 7 DX, i
i 2T AR X 17 S A A T BUBIRAS o 5 SR AE
YR 2y, 237 (2022) W5 & BRI S0 5 R
2T AR 9 25 1 BCRAR S, R w7 2 0AT LATE
[ FH R B IR RS 20K . QY F1 YN M X AH A% 21
WG X R H 2, T Ak T BURR A T RRRR A, At 6 A
by DX A 21 e Xof R e 20 TR A R BUBOIRAS .
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Doker 55 (2021 ) A& 4 H-H: 9 NFHAS 21 ik Fb
FEXT IR e 2 g Ab FAERUBR A . SQC . TFC Al
QY 3 A Hb DX A 21 ok Xl B A bk i Ak F BURRCAR:

A%, HH. PT A1 YN 3 /™l X R A 21 ik xof B 4
JBRER AL THBURME T RRAS , AL PR M X R A 21
W X B R JE T A Tl EBUBRR S . ®g (2021)
WFSE R PRFR [ 548 7 A1l XS 21 ke %o BB 25
B () SRR R AT AN TR R B 1 B o PR il 3k 12 W
,%ﬂﬂMEWPﬁm%ﬁﬁﬁ%m%w%@
RS, Ay HH ) 6 FH B 88 4 iy 25 R0 4 i T =
%, A2 W a0 i A P | AR
RO Y& =03y =W (P il PPN o S NS ST R
Je AT S A LR
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