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TS HEREN EfMERAFTINIAE

HHA T A B AR #Hke

(1. VLT RN RF AR YRS T, S 3302005 2. B & K EanRlrs:be, ME 330031)

B OE [BH)] S-0HTrA MG AT Diaphorina citri X3 HER HAH 2 MK E R FARRTE =, W5
N T) it XA A AR R 5 PR ORI P A, e e sc e G FRAb 254 ik . [ A3k ] SRATEN
P E T . HRORAGIE . WEHUE | IR E dUR R U S AR A e (SG) L HE (YH) . ME
(NF) . T#F (ND) . KA (DY) MIFEE (XW) 6 AKX HEHGARNE S, 68505
HHLR, BRPIHME. (SR ] LM B AR R B S8 B A AR T A KO (19.01-15.01)
MTHE . KEMTFE BN E KR (128.36-308.82) o KAFHEEXNTEE A4 IHL KT 133.71 4%,
FHofth 5 A~ Hi X B8 R 45 KF (17.08-88.53 ) o A [l XA A LRI R X 0 s W (R B ME R BIUEE 13.62-25.92,
AU H R AR AT 5 T AT TR I 0 e e BB EAS B 77.37-257.71, B ZRRIN K . SECE4EEEMD,
B T RAFIEEXT AU G R AKCERUESN, HoAy 5 MR AR AR K, [ 48] SR T
HBE . KRN T BTG AR B REXT S B FH S BURI R B Bk ek, W TR R R = X
FREE ( Fdh . HE BB L) o IR P XA KRR 2SR, IR 2y b A
B Hl R AT PR A 2550, DUEGE Bt K .

KB AMEARE; AR HEEREE; PrbERss Putis

Resistance of Diaphorina citri Kuwayama to five conventional
insecticides in Jiangxi province

HU Yan-Yue'~ SUN Yang' ZOU Zhi-Wen? HUANG Shui-Jin'™™"

(1. The Institute of Plant Protection, Jiangxi Academy of Agricultural Sciences, Nanchang 330200, China;
2. College of Life Science, Nanchang 330031, China)

Abstract [Objectives] The resistance of Diaphorina citri populations to common insecticides in various areas of Jiangxi
province was studied in order to rationalize insecticide use in this region. [Methods] The leaf-dip method was used to
measure the toxicity of Chlorpyrifos, Bifenthrin, Thiamethoxam, Nitenpyram and Chlorfenapy to D. citri in orchards in
Shanggao (SG), Yihuang (YH), Nanfeng (NF), Ningdu (ND), Dayu (DY) and Xunwu (XW) counties, and resistance ratios
were calculated according to cardinal reference toxicity values. [Results] Resistance ratios (RR) of D. citri populations in SG,
YH and NF counties to the routine insecticides were medium (9.01-15.01), whereas those in ND, DY and XW were high
(128.36-308.82). Resistance of the DY population to Bifenthrin was 133.71, whereas resistance to this pesticide in the other
five counties was medium (17.08-88.53). The resistance ratios to Thiamethoxam ranged from 13.62 to 25.92, which is low to
medium, whereas resistance ratios to Nitenpyram ranged from 77.37 to 257.71, which is high. Resistance ratios of D. citri
populations in all counties to Chlorfenapy were similar to those found for Bifenthrin; medium, except for DY which was high.
[Conclusion] The resistance ratios of D. Citri populations in navel orange growing areas of southern Jiangxi province to all
five common insecticides is high, much higher than those in other parts of Jiangxi province. This suggests that insecticides
should be used in rotation in these areas, and in limited amounts, to slow down the development of resistance.
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M # A @ Diaphorina citri J& 2 # H
Hemiptera A& Bl Liviidae, &M% 5 k5 B
Citrus Huanglongbing ) £ Z LRI, 12 HH
e R A E R (Hijaz etal., 2016; #M %
B, 2016; BeARESE, 2018 ), HHAE A HEUMHE AL
WETERE I 5R, PO R 170-200 K, &%
260 %i, JIMFILRAE 85.7%-95.8%2 [H] ( Grafton-
Cardwell et al., 2013 ); A Z4 B 1A R A BUEBH 1E
ORI K A YO EE R (RAESE, 19805
XEEAZ:, 20065 BRIGHTFIASCHL, 2008 ). HTI,
25 25 7T SR 2 77 47 A A7 A T e v R0 B (o 4 1Y)
FB (Boina and Bloomquist, 2015; F 775,
2018 ), SR, ARHFIAG BN, W —5
Tl 2 A ) 28 70 g % e e 2 S K (A, (2 ik
THHEAR BT R =AEUR R, e T B
TR (Afifaetal., 2016), Kitk, BIHHHHE AR
X i A B B 25 K, X e A PR 2
RS B S,

FHF R AR A B R BRI TR 5 ) O A
SR 2 RMARNR Uk (RS,
2018 ), HAT, FHAEARBERGTHER A £ 2
Bk, R T BARIESATAN, 5
PR ol LL B (Afifaetal., 2016 ),

H 7 1A R AR A L) 24 5700 3 B0 T 4 A
PEREPE A R, FLrp 2 HOR B TR SR B
bf, MR Z, s (GICBERRERZS ). it
Honbe CHRARBESSE ) FIBOR R (bR 4G EER );
(B e PNtV SR ORI =N ERA R i )
BT 24 T 25 FOW e RS 5 (kA2 1LAE, 2018 ), 7E
PSR, AR ) i 2 ) B A 3
A AR BT 25 P38 55% ( Qureshi et al., 2014 ),
] N AN AR AR A U 25590 B 245 1 340 G
FBERLHE (2019) BF5E T 5 ASASIE M BRFPREXT 6 Ff
AT AT, S IR A R H T i e bk
FIE HOR BT EREEGE ) 10 5L (AR
BUrk ); X HAth 4 Fh 2550 R A R I TE 10 £%
PR o XEHA2:4E (2012a, 2012b) A& 1) 75 58
el A A A TR B SRR A5 A BT AK -, & B G A
B H T EE SRR P BT ECR 8.80 (LA LCso 1)
5 21.66 15 (LA LCos 11 ), fwk Hifiie™ 2 17.1 1%
FITLPE, XLk HOmbk | i H PR RTgE Rt AT 4T

2% . Rao 55 (2019 ) A BLEDJE h &R b IX A4 A
AU FRRELE 2013 4F X E s T M AL T Uk
BrBto Pardo 55 (2017 ) Wl%E T 85 P4 ERA A% A EL
ML, 25 R R IR A O SR v
B R 34 F5RN 432 4%, XFRESEPTPEARTEL
TR IA 2 435 5 A0 1 424 f%,

% RS RN R R R R A R
] R B A 7 5, SRV AL (R
SR o ARk, MG R e H 5,
TR H TR T A 2, B0 =
TR, B, MENEIER A AR A, MG
KRERRE | WSR2 DR . TR G
AP RAR, AE A AR A B  F S ORI b i
IR FEEIAN 22 I, o AR B B X ARG AR U
A R KRGS0 DORAEHE | R
Mg . A e R S RPOR R, IE TP
P 6 AN [FIHEIX (9 Sk e I R | R F A 7 X))
SR Pl A A A B I 5 A S o) B ARk, R4
A AL 25 SR M B LR A ARl

1 #MR5HE

1.1 HiXHiE

2020 4 7-9 A, A MRS, E£HET S
HoORRE . 7HE . BEE . HEEMEsR
6 MR RHAGE o, BEREAR AR BN 5 BB, >R
PEARRR I PRI b, 58 Ry
EURI TR LR g B AL GE AR X, A AR AR
B Ie s e A 5 g oF B AR o B R R
FRGERPHEIX, ARG A SRS e s e R A % 5
v B T AR R S AR X

12 kg

BERZ AR, 43 B 96.0%EEFEME (1L
RAEFHFURA A FRAF] ). 95.0%B R34 (3£
5 SRS T ). 95%M e UM (Ll ZR A5 A4k
TARRAF )., 98.0%HWIE (FFEHEPLA YL T
HIRAT ) 1 97.0%8E Huk (Fy+ e 1Bk EYff
PAERAF ),

1.3 EWMWEFE
i o AR BEA Wi AT AT 3% R R A



24 BIE A A TP 48 AR A O 200 B2 0] 4 24 - 421 -

R A O R A AT R AP A TS
BT, SRS S 7K 05 R A A 2 A3 A 0 45
(Hhma - PREFRE, HAZFLE ). PRBGE 2y
Fl T WP, B SR 0.1% A9 ik -
80 KAWL AL 6-7 MR ERER B F &
HER AP R IR AZ5W 10 s OB BT B 24
R ECE T N4 6.7 cm = 8 em BYBE IS A,

B 1 A, IR AR AR EUSCR 20 S0, R
AU M, Jra EHE/NML (EHZ 2 cm)

PR , BT IRE( 2521 )°C, FHXHEE 65%+5%,
JCEH L s D=14: 10 WA TSR )5
—ERFE] (3R 1) R RIE TG O . SEER ],
B TCVE T AT MASET DL CK FET-#
HAGIE, EH 4K,

®1 SHAFMNHBAANGERSHEL
Tablel Toxicity baseline of five insecticides against Diaphorina citri

255 LCs (95% CL) R (hRiERZE ) 25 AR (h)
Pesticides (mg/L) Slope (£SE) Investigation time after treated (h)

FESLI Chlorpyrifos 1.50 ( 1.00-3.00) 1.36 (£0.25) 48

X7 450E Bifenthrin 0.76 (0.40-2.40) 0.92 (£0.21) 48

BE H % Thiamethoxam 0.60 (0.40-1.00) 1.07 (£0.21) 72

JWE L% Nitenpyram 0.06 (0.04-0.09 ) 1.39 (£0.22) 72

% Chlorfenapyr 0.90 (0.60-1.70) 0.98 (£0.21) 96
*FONBIES % Afifa 5 (2016 ),
* indicates data reference Afifa et al. (2016).
14 Higsbm 2 ZBRESH

i AR FH DPS #A43#t47, 115 LCso 1A
B 95% EAF KR | Rh Bl ; USRS WL 1,
PGS ( Resistance ratio, RR ) =H[a]FpEEH)
LCso/BURFIBER) LCsoo HUMEAKT I3 HARER -
RR<5.0 JHU; 5.0<RR<10.0 HEAKFHitE;
10.0<RR<100.0 A H1 457K F-Hitk ; RR=100.0 K
FACERLE (5K, 2020 ),

21 ARMEXHEEARIFENSIEMRATA T

MR 2 WA, BB B X S AL A 4T
PEARECH 9.01 1%, JE TIUKFIilE, EmEs
FEFIR = B AR BTIE RO 15.01 570
14.49 A5, RINHSEAKFPilE. TH. KRR
T EL A A A T R X 7 B WAL T A RO

* 2 AEHEFBEHBARRINFZIREHHEKE
Table2 Resistance levelsof Diaphorina citri to Chlorpyrifosin different populations

i S AR Pl LCs 95% CL SR e
Population Toxicity regression equation P value (mg/L) (mg/L) Resistance ratio
% Shanggao y=2.97+1.52x <0.01" 21.74 17.62-26.83 14.49
‘H# Yihuang y=2.93+ 1.83x <0.01" 13.51 11.38-16.03 9.01
M Nanfeng y=3.06 +1.43x <0.01" 22.52 18.02-28.15 15.01
TH Ningdu y=0.86+ 1.81x <0.01" 192.55 150.73-245.97 128.36
K4% Dayu y=1.01+ 1.64x <0.01" 269.17 204.04-355.08 179.44
F5 Xunwu y=-0.31+1.99x <0.01" 463.23 367.20-584.37 308.82

B N ETE SN

** represents extremely significant differences.
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128.36-308.82 {5 2 0], HUHEAFEIIRT 100 £F,
FHIX 3 HuAAG A EURPREXT R AE MY P A T
AEHTHE, B2 B MK om .

22 ARBEHEFEREMENRERERRIREYT

KA EL AR AR A TR X B K 4 T 1Y BT
Bl 13371 1%, BRI EKEUE, Ha 54
T R AG ER PP E RS BUAE 17.08-88.53 52

], RICHHEKEME (%3 ). [HEWEMF,
5% P A DX TR L RO A -1 B TR A
BT HAR 3 MBIX

2.3 7[R X HH A A B b B of 1Rl R L 2R 1

Wk 4 Pros, B, M AEALER 3 A
ARG E R A BT PR BO7E 13.62-25.92 {52
], hSEACEitE; B .

®3 AEMEBEMEHBARANKEFTENEKF

Table3 Resistance levels of Diaphorina citri to Bifenthrin in different populations

== = 2 b A7
Pojilﬁafion Toxicit?ijglig?ii*jquation Pillﬁue LCs (mg/L) — 95% CL (mg/L) Rejﬁ'{airj;fitio
5 Shanggao y=2.81+1.97x <0.01" 12.98 11.00-15.31 17.08
H# Yihuang y=3.15+ 1.52x <0.01"" 16.45 13.33-20.29 21.64
®E Nanfeng y=3.11 + 1.62x <0.01" 14.72 12.10-17.92 19.37
THB Ningdu y=2.20+ 1.67x <0.01"" 47.37 36.32-61.80 62.34
K4 Dayu y=1.20+1.89x <0.01"" 101.62 79.02-130.67 133.71
F5 Xunwu y=2.13+1.57x <0.05" 67.28 49.16-92.09 88.53

FONREES, HRAMBEES . FERR.

* represents significant differences, ** represents extremely significant differences. The same below.

R4 FEMER AR A AR AR BT 1 B R Pk
Table4 Resistance levels of Diaphorina citri to Thiamethoxam in different populations

" — - N
Poﬁlﬁjtion Toxicit?ijglig?izl*jquation Pillﬁue LCs (mg/L) — 95% CL (mg/L) Rejﬁ'{airj;fitio
‘H Yihuang y=3.63 + 1.51x <0.01" 8.17 6.45-10.35 13.62
#E Nanfeng y=3.20+ 1.78x <0.01" 10.29 8.61-12.30 17.15
F# Shanggao y=2.32+2.24x <0.05" 15.55 13.44-18.00 25.92

R RS P i R, SORBER 3 MR, TR

" indicates that test insect are collected from only three areas due to the limitation of the population in the orchard. The same

below.

24 AEMRHEARBRFE TG BRI

1 B AR A EUF B M W H I 8 T
Bl 77.37 15, RINPEAKPYME, KRB
T AL AT A E R X 07 I R B A A )
R 185.15 £5 M1 257.71 £, FI R m /K- Ehutk:
(#£5),

25 AEMR AR RERNNGNE

KAy EL A ARG A B RS X H il I 04 A 4
S 135.58 1%, FTICMEKTEPiE, H4e 5

A A EURIRE X TR0 B BUE A BOfE 10.15-66.19
FZlE], RN P ERCEUE (F6).

3 @RS

TEPA MR R, TR AR EAH e
5, SRR SR AR, XTI RS I 2R
TS 9N W B D) E o R N W €A SV o
B B I~ 2RI EA TR , X 0] e S BOHAR
AREAIGCLPEHG N o TEVE A [R] 3 IX 25 > AN
], FETEE LS BRI PT 25 PRSP ATt L
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5 N[ 2R Fh B AR T R B M ME H AR A B 1 K
Table5 Resistance levels of Diaphorina citri to Nitenpyram in different populations
1.0 e o e L A
Poifﬁion Toxicit?rjejglrie“sflizquuation PF\)/eflgue LCso (mg/L) — 95% CL (mg/L) Rejifgtrailj;fitio
F5 Xunwu y=3.84 + 1.74x <0.01" 4.64 3.59-6.00 77.37
K4 Dayu y=3.24 + 1.69x <0.01"" 11.11 8.47-14.57 185.15
T#K Ningdu y=2.93+ 1.74x <0.01"" 15.46 12.00-19.92 257.71
R 6 MR FREEA AR AR BT RS R ik
Table6 Resistance levels of Diaphorina citri to Chlorfenapyr in different populations
. - - o
Pojilﬁjtion Toxicit;&rjejgfizquuation Pzﬁle LCs (mg/L)  95% CL (mg/L) Re:{;tra%j;fitio
b Shanggao y=2.74+127x <0.01" 59.57 46.97-75.56 66.19
‘H# Yihuang y=3.17 + 1.22x <0.01" 32.11 25.10-41.22 35.67
B4 Nanfeng y=3.61+1.45x <0.01" 9.14 7.41-11.26 10.15
T#B Ningdu y=2.70 + 1.40x <0.01" 4422 32.57-60.04 49.14
K4 Dayu y=123+181x <0.01" 122.02 94.23-158.00 135.58
F5 Xunwu y=1.82+ 1.90x <0.01" 47.11 37.14-59.76 52.34

B o PR XV PG A8 AN [l AE AR 7= X, I TV
VYA 6 /AN [A] b DR ARG AR EURNREXT 5 Flvi R
FIHT 1

SEIRZRH , S [R)b X 8 AH AR A EURDE R B
— 7 P HBIEURE L, BV RS RS 7 X 3 A H ()RR
SR 12 SR (e ) b, 7 A4
RIS ACEYUME s mE R pE B X,
AP ACE AL T 4K (B 1), 35
B RRBMTHEE TEm B SfE X,
MEAAEE e EEBESEMEX, e
J& TR ZE SR BT LA X, AN (] b DX e A A
5 SR BT ASE] o Xk (2015 ) 8 5 BIF5E 78 = A
JUREMT BE 3 FAHE T EHEFE 12 50
AT R A R P2t 2 B, AR % o
M) M AZG AR BB . 45 e H K -S54 A% il A 4 i
F P450 1HPE. AR R AT AP LY
Jo 2 s M e 2 AR A 0 4 22 S e 3k, ke A
GRS PASO FRIK, WIS Y T RIS v
545 M H IK-SHERE Mg )15 P 4354 5 ( Wadleigh
and Yu, 1988; Lietal., 2007 ), HHEAT N
FRMER W, B R IR R, R
iy DX 0 38 B AR AR AR B P & R o R A R A

ARERIFIEA T, AR S G Al AL 2575,
AT S5 305 T A ™ DX 80T A5 AR T D 24 79
PR R

w
W
o

r OFEFLE Chlorpyrifos
- O EXHE 35S Bifenthrin
- B & A1 B2 Thiamethoxam
L I J40E HUBE Nitenpyram
- W HUEEHE Chlorfenapyr

HLHEAEE Resistance ratio
T S
() Wi (o) (973 ()
s &8 8 8 8
T

W
(=]

SG YH NF ND DY XwW

F7% Populations
B 1 AEMEBHBARI 5 MAFIRHmE

Fig. 1 Resistance of Diaphorina citri from different
populationsto five insecticides

HEZEXT R (BT PERTECR 100, AR AR A SR R
SACEPUE R KB 2 2. SG: B YH:
HE; NF: MF; ND: TH#; DY: K& XW: 5,
The dashed line corresponds to a resistance multiple of 100,
which is the dividing line between medium level resistance

and high level resistance. SG: Shanggao; YH: Yihuang; NF:
Nanfeng; ND: Ningdu; DY: Dayu; XW: Xunwu.
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R RS X, 3 A H [RD AP X X R LG
A R KB IR 1 0 L DX g T () AR X A e
WPk A = PR, HAR BRI K4t
PE o e RS AR = X oAt 3 ALK, b
B R ORI R S E A R R AR TR A R Y
PP e, FE R AR E AR E
BAE AR RE e r= X, HH (R RRREXT 4 Fh 6L
R0 AT R IARAL, (HATS A — 2 22 51 5 R B
o I i b DX PR () AR X A 1 B £
66.19 £ (£ 6), MMiI'E B HLIX [ H RIFHEE, ©A7
XTEESCME BT A 9.01 £%, JE TPk
(R 2), EFEMMEMFGHERT, HE
AT AN 25500 A BT 24 1 7K St R AN ] 5]
AE-5 2 b FH 24 2T 15T A S A S BE PR b 56, #Er
JBF R 7= X AT R B AR &2, P R L X Y
[ AREEXT 4 B 255001 3R R S HiKF, X R
A b DX AT R FH 24 5 Ay Al 3 AN T 2 R
s AEEE R R X, HE R S EE BARSE, 2
BT ML IXCF4) T[] o B o 2 0 g 1 S BRAER P /K
-, Bz T el S AR AT BTG . I
A, HHAG AR B 2550 BT K- SR N 2 D4
ATERE G, TR S A T A DAY P 4 e i il K] 3
T DU) 5 T e Al Y 5 1 224k ( Maymo et al.,
2002; Tiwari etal., 2011a, 2011b), Kishk %
(2017 ) 2R RNAi FAR LS PR A B 4
WA L, RIAT 3 4> S IERR AR il 3 R A 208 i
A, FH 4 25000 AR A mUaE A T b 3, 2 A
AR TR L 4 847 UG B 8 IR G 24 A1 179 i
TR, (X bk b A R 4 R SRR TG
Mo X (2015 ) A 305 B BTG PEAR DG I 4 25
FHEIE T V410 . M918 F1 F1534 2 A% AR mlHT 24
PEAH I AT B A A Y J R 28 A8 4, TR) A fthiads
BRI 7 HT M AN R ATLEE , A — 2 mT X Ry 2 45 SE
P8, A H K-S 16 55 &% P450 FEH
49 Zko ANFIZGFNTES B0 i 75 i LA B A5G 3k [H
FIEVREA TS, HEr i ARG A BB 2545
FHLEIF R, AThae i — 2 o .

XEEH2A%E (2012b) K BU VU AR Bl b A
AREURHBPZGTE, UL LCso HAIUIER S, K
X HEFC IR BT 245 P 22 A ThoKSEBT X Bl i
UM, A2 (2019) BIFSE R BT PE MG A

AVFPRERPTPERE T, YEPE A SN T 15 = B X
HXPR TR . B A0 MURITGE BUR B B A 00 A
59 %, 2.9 f5F0 5.2 £ A HLIX FHZ) 2 B A]
A ERYA AR, AR 255750 5t K
WARIAN, bah, T AR A
TEIEREA—, DS ITEAE, PrtEfs
BOS AT AS A 22 50K, (H RS, SR 5 i A BT
FEEE R LR AR

ARAFGREE A, VLA = X A A AR EL
Xt H 2GR = TR R AR BE AP 241 o AR SE R 1
SR 0 2 T 3% M 2R ORI AT 40 B o KB BH 2% %%
(2012a ) & BUH A A EURE T IR IR R ORIA77E
ZHPUME, Hi, TIVE 6 HX AR A TR AT
REXT ) 3 [R) — 2 FHAIL B A A% J 57 A Bk T
REARAL TR R Ko SRR A B ) Rk
BRI MG LR A o s X MG A mUE 2
K EHEAR B TR R, PR 3E BAEH
FH A A B AR B TR B 010 2 U, R TR A
T AR R HUGR), naaoR R R A R
N N G S e N i | P
B, tesh, R AAE Y piE B
KB BRI, BIARFANE . T R B R
PACEE P A, DT 38 21 4E 28 R A AR ELAT 25 14 7K OF
H .
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