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Abstract: Diaphorina citri is the primary vector of citrus Huanglongbing (HLLB) . and its effec-
tive prevention and control are crucial for curbing the occurrence of HLB. This study employed
indoor spraying, residual film, and dipping bioassays to systematically evaluate the toxicity of
imidacloprid and pyriproxyfen against different developmental stages of D. citri, including
younger and older instar nymphs and adults. These results indicated that imidacloprid exhibited
significantly higher toxicity to nymphs compared with adults. At 3 days post-treatment (DPT),
LC;, values of imidacloprid were 1.23 mg/L for younger instar nymphs and 3.73 mg/L for older
instar nymphs, respectively, substantially lower than those for adults (residual film method:
37.91 mg/L; dipping method: 33.21 mg/L). In contrast, pyriproxyfen showed no significant
difference in toxicity across developmental stages, with LC;, values ranging from 95.90 to
118.21 mg/L.. Comparisons among methods revealed that the dipping method provided superior
results to the residual film method. Both agents demonstrated strong lethality and a stable adult
mortality process. In conclusion, this study elucidates the stage-specific toxicity of imidacloprid
and pyriproxyfen against D. citri. Meanwhile, the imidacloprid is particularly suitable for appli-
cation during early-instar nymph outbreaks and should be rotated with other agents to delay re-
sistance development. Both imidacloprid and pyriproxyfen are effective for adult control, and
the choice of application method can be based on operational convenience in orchards.
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(Candidatus Liberibacter asiaticus, Clas) i FEALFE A, M AG A EUAT 38 8 W £ 7 5 Al 1k 1)
T VR P R A R R AL A B i TN AR R B e S S H AT R C A BRI TS
2, B4 ARG AR LR A a8 ) 5 e o A S A O B R O
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fen) J2& 24 i By 96 A 46 A BURY 5 F 23245 70 . 0 il Y 2 196 AH 6 52 {4 (Nicotinic Acetylcholine Re-
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2007) , K bk L Bbk S5 24 0Lk P Ak T 24 ) D9 TR A, PR 25 B8 KBC I O DAR B R R R . i s ek
1.5, 10, 30, 50 mg/L; MENEE 5. 10, 20, 30, 50 mg/L,

WEHL 1 ml 24 908 AR S B A (O B BE A (K BE 20 ems BLAR 5 e 1 BB KPR TR
31 2 min, fEREANEZY, $E 15 min AW TP A, BAE A 30 K AHHE A BULH
i HAE S AT 2 hy BEBE 10 min 85— KR4 2 h IR B30 LB MA 4. Bi& T imE
T 1.5 mL B0 E R E b, PN Y N R A R IR, IR
H25EDC, MXIBEEL 70% , WEK R, A 3 AHEE, WEIH 30 d, & 24 hid
SO AT R . AR ) Ll O N BB T
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Z M2 2 N AR I e IR )« SRR B 14 B4y R AHEED(NY/T 1154.14-—2008) ,
*Hé WHE EE bR JE 245 AT AT Tk D 245 P D9 R A . P R R K BC R R LR R MR MRk 1.5, 10,
30, 50 mg/L; MEPNEE 5. 10, 20, 30, 50 mg/L.

%fﬁ#m¢MA2mL%m JUML BBk Gl R BURE I 2P0 50 8l =Bk, KREEZ 9~
13 e) A ZSHR T, 12 2 min 5 BOH B T ROK AR BT R A 385 A9 A 2% O PR i 38 <0 3 4
H, BAEETRE T 1.5 mL WK EOE PR RRRIE . i%mAﬁo%E%<ﬁd%ﬁEC$%ﬁ

2 D), Wium M2 fRIE 2 SOl . BEEIE KX B, B Ab 3 A, WA 30 d,
Mhﬂ%ﬁ&%t@g R S ) 542 ok T SR R BB T
1.3 HELESSITESH

A BEAE TR i Microsoft Excel 2013 #4F4t it 5 J1 013 7 #2 K 8055 B i ] SPSS
14.0 8 H PROBIT i F2 5 PG AR B AL 7 d A7 3% 3 SO 30 d T2 AR L B il GraphPad
Prism 8.0.2 2l .

2 HRE5SMH

2.1 BEMEENMHBARRAERSNDH

SR FH W% it 305 Ak BERAHE ARG R L L, Mk e R Ak D T G 1 R i 0 o A B T Il O R
Fl., 3 dJaFIMEL LR, 6P AN 2550 . nt s oo R AR AR U A B A ROR B, X
RCIE 2 UG LCyo S 25 MK T 5 I8 25 L5 T G P i X IR S 2 IR0 LG, R T i i A i, i 2 57
Ay 1A NGE T

K1 FAHAFTLEIIEHHBEARAERNENNE

A 2% 2 v 2B ~ o7 !
it £ bk i y=0.8632—0.078 0.056(0.754~0.972) 1.23(0.31~3.42)
1 i y=0.9372—0.536 0.107(0.728~1.146) 3.73(2.74~5.38)
it 7 ik i y=0.649x —1.484 0.097(0.458~0.840) 95.90(68.19~154.33)
=3 y=0.890x —2.000 0.118(0.658~1.122) 106.68(57.15~444.28)

1. PROBIT #i%# PROBIT(p)=#IE + Bx (Wh3 & = i HEECH 10 B9 HOR L) .
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1 2 3 4 5 6 7 8 1 2 3 4 5 6 7 8
I [H)/d & 1) /d
c. LA KSR IRl 5 HR AR AR A AT d. WL P RSO e A ER AR AR A A
Bl AAHALEMBARAALERY 7TdAEFR
23 HBEHEMBEREXNHBARABLRZT NS
K T2 BETE AR BE XS 5 H i AR A UG He 78 17 A s ok L DY T 0 25 0 DU 5 . &5 2R W

ML dOk A B 3 d S . S BETERY LCs i THRBUE (3R 2) 5 [RIAE, MENAEARPE 3 d J5 . 283k LG,
o Tk . BLES R . PIRR 2 500 %A AR A B 3 B B 35 7 (HIR B0 I Z0E 2L
W] AR T2 A

2 Mk R w0 AL T B X A AT UK EL B BB I E

B B brifEix

LCs/(mg+ L")

2l Tk AR (95 % B A5 X A (950 B AR X ]

it £ ke 2 5k y=1.605x —2.535 0.614(1.284~1.927) 37.91(30.93~44.82)
Bk y=1.2782—1.945 0.110(1.062~1.494) 33.21(23.65~44.55)

s P ik 2 y=12.563x—4.310 0.395(1.788~3.338) 118.21(58.16~375.91)
Rk y=1.183x—2.357 0.192(0.162~0.915) 98.03(80.54~122.54)

2.4
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(1 mg/L 15 mg/L)FET-FAS AL 5% B AL m W AL T- R A 3 d FFIG W 2 BT,
257 d LB TR A 20,

FE L H iR BEvE L R, BURAE T B A S 2 Bk B G HAR L, (HAE T b RO,
MEE 3 d I B, % 8 d A #HFATFEM, B 11 d F&LEsE TRE. 5 mg/L #
10 mg/LEYSET R ETEL 85% . M4 30 mg/L Ml 50 mg/L MFET- AL 100 % (F 2b),

XF IR A Tk 2 R A 3, BHUTE R 3 d BT bR, B 3 d B 9 AR TR N,
ZJa M BU/INIE B s (B 200 . ML N ERIZ TR AL B A, FERT 4 dAETSR B E BT, B 5 d
910 d BT R A G W, 10 dJ5 B 5 d SET R B/NE ETHAE 2D,
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0 5 L 1 L L 1 () b L 1 L L L L
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el /d i) /d
a. Mk Owph— 24 ik b. Mt bk - T3
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20 0 mg/L 80 F 7 £ 0 mg/L
dj ....................... 5mg/L £ | y P e e 5mg/L
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R = ¢
20 I 30 mg/L 20+ 30 mg/L
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0 sl it 1 1 1 L 0 L 1 1 ! 1 L
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3 SR

% HUFA R T 0 5 S TE A % TR0 5 ol g R 55 1 R B, R R R R A S R R R S
FARHE . BUBIREIE R W], nik Bk T JE] B A A AR AR TSR B i T e A R AR R
AHFGE ik ORI 8 R i U LCso 43 3 1.23 mg/L A 3.73 mg/L, ¥IMETF 5 mg/L;
7T 8 H % bk e bl B e P AR X AR, JHE LG 4390120 37.91 mg/L(Z5 1) Fl 33.21 mg/ LRI,

IR e b SEUSR FR A F 70 Y0 Mt LB K 3 BICRE 700 S A A A AR H ) S5 5= A0 R B Y
LCsy M 0.880 2 mg/L, i ] 452 P M a] P BE Y 1.Cso 9 5.183 7 mag/ L, 5 B it K mbotof ol e B
5, H LCo SARMIIE 22 K, nTRES 257070 B S A AR BURh BE DT ME 22 R o6, babh, A s
87 it OO B R R SRR LCo 209 M 0.44 mg/L M1 0.43 mg/L, P& 25 A K>, SRS
SESLORIE] , v RE I EY AR BEAEAE R R R EE Dot . PR G 20 4h . MG S A 2 AT 3 d i A ik
Uk AL 2, TR (kA R B G S AR
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250000 E X PP AL AL 2E 2 ) s LA 4R S . R 2 5 AR AL . FE R SOR A
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T 925 T f KRR P UL S PRt 2 4 o, S5 R MERA TT 5 . FEMEWEVA R, nik sk TE 40 2F 1 04 AT A8
] 67, 245 200 Ik 0 S T A, R bt 23 S0 I 0 BB o AR b, I 3 IR o R
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FEHe BE . AN . T 25 R A A e e TR A s L R A R A I B 4 04 W WE A% (Bergera
koenigii 1.), V54 J5 WE it nit B obk , 5 = A A AR BU K % e o By s R BT

2l B T NG S i S A 3 A TR o B0 R AT 2 T s B A A R Y R 2k
FE T 5 DRI A DX 432 24 00V FH I 2 0 B3 0 R B B, DR 32 T R P 2 MR T A . R A AR
M2 . TE A VRS N WCE 2R R . AT T 2 BOR = IR R AR S R R TE A A R
THT A5 B SRR AT Sk £ S B 15 O

A MG A B A2 B P Y 2 AR — R 2 ik, B2 Rt b, B BB R
= B ARHE . AT 0T Mt S sORT bk P PR A IS A L R R R R 3 A HUES B B TR RO
17 AP, 48 3 Al F 5 ik e B VA T 45 . O B R 45 24 50 Bt 24 D vk AR AL T R 2
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P T UG . ACVEHEN , RO mT HE— 25 Wik 5 HLAE FH AL . DL e A7 BT 22 2% |5 Bl 42 5 1R

4} 2 TR

S &k

(1] BiFe, BEM, Tz, 5 MG A B SR BFE AT N AT R m sh i 5 [T, B 7 Rl 24, 2019, 50(9) .
2009-2014.

(2] AEZRWE, BRIk, SRFIMT . 6. R [R] A7 204 0 A AR AR B & AR A B2 mm (], 0o 1T R 2 4, 2018, 55(4)
602-607.

(3] MBAK. JAEAE. HEK. MGARAEYPIGIT R [T]. P EAER ST, 2023, 43(9): 20-27.

[4] THAKURIA D, CHALIHA C, DUTTA P, et al. Citrus Huanglongbing (HLB) : Diagnostic and Management
Options [J]. Physiological and Molecular Plant Pathology, 2023, 125: 102016.

[5] YU X D, KILLINY N. The Secreted Salivary Proteome of Asian Citrus Psyllid Diaphorina citri [ J]. Physiologi-
cal Entomology, 2018, 43(4): 324-333.

[6] QURESHIJ A, KOSTYK BC, STANSLY P A. Insecticidal Suppression of Asian Citrus Psyllid Diaphorina cit-
ri (Hemiptera: Liviidae) Vector of Huanglongbing Pathogens [J]. PLoS One, 2014, 9(12): e112331.

[7] NAEEM A. FREED S, JIN F L, et al. Monitoring of Insecticide Resistance in Diaphorina citri Kuwayama (He-



74

M E ¥ http://xbbjb. swu. edu. cn %54

(8]

[9]
(10]

[11]

(12]

[13]

[14]

[15]

[16]
[17]

(18]

[19]

[20]

(21]

(22]

(23]

[24]

[25]

[26]

[27]
(28]

miptera: Psyllidae) from Citrus Groves of Punjab, Pakistan [J]. Crop Protection, 2016, 86 62-68.

Bstie, T 200, SF TP OR R M DR AE R UK AR R R BT M A A [T, PR R A AR, 2025,
47(5): 1649-1659.

MR, R, E R RGN R R B m TR L], A& e, 2020, 29(1): 1-7.
SATPATHY S. GOTYAL B S, BABU V R. Role of Novel Insecticides in Crop Protection and Their Selectivity
to Natural Enemies: A Review [J]. Journal of Environmental Biology. 2020, 41(2): 149-160.

MENG J X, ZHANG X Y, HAN X S, et al. Application and Development of Biocontrol Agents in China []].
Pathogens, 2022, 11(10): 1120.

NGEGBA P M, CUI G F, KHALID M Z, et al. Use of Botanical Pesticides in Agriculture as an Alternative to
Synthetic Pesticides [J]. Agriculture, 2022, 12(5): 600.

DEKA B, BARUAH C, BABU A. Entomopathogenic Microorganisms: Their Role in Insect Pest Management
[J]. Egyptian Journal of Biological Pest Control, 2021, 31(1): 121.

EH, EAZE, B3k, % RN TE 3166 AR B 2 WR IR 0 AT A A IRy B B YA AR (7] R E, 2025,
64(1): 63-68.

FEPRAE, PHEZH], 20 MR 2 B IE 852 R b 5 R R R S AR ELAE T B O SRR R [T, R a4k, 2007,
9(4) . 309-316.

R 22, v [ BRI B R ORI RIS 5T R [T, AR ZY, 2023, 45(1): 1-12, 55,

FPAOK, ARHE, TKPEAE, S ML BOHE Uk BE N bR R SE W R AR R BN L R R P R IR sz e [T, B
BEE 4R, 2022, 44(4): 1027-1036

KISHK A, STELINSKI L L, GOWDA S, et al. Citrus-Mediated Gene Silencing of Cytochrome P450 Suppres-
ses Insecticide Resistance and Increases Mortality in Diaphorina citri [J]. Pest Management Science, 2024,
80(10) : 4980-4992.

LU W], LIU Z H, FAN X Y, et al. Nicotinic Acetylcholine Receptor Modulator Insecticides Act on Diverse
Receptor Subtypes with Distinct Subunit Compositions [J]. PLoS Genetics, 2022, 18(1): ¢1009920.
SERIKAWA R H, BACKUS E A, ROGERS M E. Effects of Soil-Applied Imidacloprid on Asian Citrus Psyllid (He-
miptera: Psyllidae) Feeding Behavior [J]. Journal of Economic Entomology, 2012, 105(5): 1492-1502.

MIRANDA M P, YAMAMOTO P T, GARCIA R B, et al. Thiamethoxam and Imidacloprid Drench Applica-
tions on Sweet Orange Nursery Trees Disrupt the Feeding and Settling Behaviour of Diaphorina citri (Hemipte-
ra: Liviidae) [J]. Pest Management Science, 2016, 72(9): 1785-1793.

SEZER B, OZALP P. Effects Of Pyriproxyfen On Hemocyte[]]. Fresenius Environmental Bulletin, 2015,
24(2): 621-625.

DEVILLERS J. Fate and Ecotoxicological Effects of Pyriproxyfen in Aquatic Ecosystems [J]. Environmental
Science and Pollution Research, 2020, 27(14) . 16052-16068.

HU W, WANG K J, ZHONG X Y, et al. Enhanced Control Efficacy of Different Insecticides Mixed with Min-
eral Oil Against Asian Citrus Psyllid, Diaphorina citri Kuwayama, under Varying Climates [J]. Insects, 2025,
16(1): 28.

PINTO L Z, BITONDI M M G, SIMOES Z L P. Inhibition of Vitellogenin Synthesis in Apis mellifera Work-
ers by a Juvenile Hormone Analogue, Pyriproxyfen [J]. Journal of Insect Physiology, 2000, 46(2): 153-160.
XL ES . R, IREDBK. ML Y BE TR (5 BOxk 5 Fh HIR BN i sg BT [T, i R AR o el e Ak
2015, 26(3): 252-253, 257.

AR SCHEA S ARDUIL. A AR A UM B0 A A9 A= By ie [T, A< 2y, 2016, 38(1) . 21-31.
KRB, f8—F, BZBEK, F. 7 ARG A U AR EEXT 5 H 2R i hr 2ok [T 5 R R4, 2021,
43(5): 1321-1324.



% 28 X SO, 2w ok 5 vk 0 B T AR R BLRS A A R AR R 75

[29]

[30]

[31]

[32]

[33]

[34]

[36]

[37]

[38]
[39]

PARDO-MELGAREJO S, RODRIGUEZ-MACIEL ] C, PINEDA-GUILLERMO S, et al. Susceptibility of a
Mexican Field-Collected Wild Population of Diaphorina citri (Hemiptera: Liviidae) to Selected Insecticides [J].
Journal of Entomological Science, 2022, 57(2) . 281-287.

BYRNE F J, DAUGHERTY M P. GRAFTON-CARDWELL E E. Rapid Uptake and Retention of Neonicotin-
oids in Nursery Citrus Trees as a Safeguard Against Asian Citrus Psyllid (Diaphorina citri) Infestation [J].
Crop Protection, 2020, 138: 105345.

HARBURGUER L V, MENDOZA J, GONZALEZ P V. A Review of the Use of Pyriproxyfen for Controlling
Aedes aegypti in Argentina [J]. Current Tropical Medicine Reports, 2022, 9(4): 261-266.

HOPKINSON J, BALZER J, FANG C, et al. Insecticide Resistance Management of Bemisia tabaci (Hemipte-
ra: Aleyrodidae) in Australian Cotton-Pyriproxyfen, Spirotetramat and Buprofezin [ J]. Pest Management Sci-
ence, 2023, 79(5): 1829-1839.

Mrom s 0K, XIJEPY, S, 1006w 5 « M7 IE S5 24 50 B i M ARG R mURCR 3 [T, e o)™, 2021,
37(2) :74-76.

IQBAL J, NAZEER HUSSAIN H., LATIF M, et al. A Field Study Investigating the Insecticidal Efficacy A-
gainst Diaphorina citri Kuwayama on Kinnow Mandarin, Citrus Reticulata Blanco Trees [ J]. Saudi Journal of
Biological Sciences, 2020, 27(5): 1237-1241.

PALUMBO J C, HOROWITZ A R, PRABHAKER N. Insecticidal Control and Resistance Management for Be-
misia tabaci [J]. Crop Protection, 2001, 20(9): 739-765.

DE CARLI L F, MIRANDA M P, VOLPE H X L, et al. Leaf Age Affects the Efficacy of Insecticides to Con-
trol Asian Citrus Psyllid, Diaphorina citri (Hemiptera: Liviidae) [J]. Journal of Applied Entomology, 2018,
142(7) . 689-695.

VIEIRA J G A, SANTANA E D R, THIESEN L V, et al. Effect of Systemic Insecticides Applied via Drench
on the Mortality of Diaphorina citri on Curry Leaf [J]. Insects, 2023, 14(5): 422.

ARUT. R, BN . A5 WA HORO R RS mUA O T K I B2k [T, AR, 2012, 38(5): 189-193.
W, 2, XRIETE, 55, A2 M R RE S 28 K 4 Fh 2 R 500 00 05 o i v g A B R0 E [T, R, 2024,
63(12): 932-936.

REHRE SR



