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Table 1  Activity of antibiotics against huanglongbing pathogen and their physiological toxicity to citrus referencel!"]
iR BT e EE / (mg/ 1) el T 1 A B
Antibiotics Mass concentration Solvent Activity and physiological toxicity
TR TR Actidione 25 7K Water BRMFE High toxicity
R + % £ Oxytetracycline hydrochloride 100 JK Water BRE BT High toxicity
MIREERE K Streptomycin sulfate 100 7K Water Toxk No effect
ZAEH R REL B Polymixin B sulfate 300 K Water JoR No effect
— -

VHi# ¥ 2 Cinoxacin 300 N, I?\Iiggr;eﬁlfffritjiide Jo%L No effect
FHE R EERE Kasugamycin hydrochloride 100 JK Water To# No effect
ZAi % E Tobramycin 20 7K Water Jo3 No effect
R M AT E E Lincomycinhydrocloride 100 JK Water TR No effect
i B2 B % % Neomycin hydrate trisulfate 50 K Water T3 No effect
Wi lE B K £ B Amikacin sulfate 100 7K Water Fo# No effect
R IR KEF & Gentamicin sulfate 100 7K Water Jo3% No effect
H X8 % Validoxylamine A 100 JK Water FATIEIT Part effect
A= W & Zhongshengmycin 100 JK Water A VRYT Part effect
¥4 % B Hygromycin B 150 JK Water FBAIRYT Part effect
iR K A8 % £ Kanamycin sulfate 100 7K Water HAFIEIT Part effect
EhBR K W% % Spectinomycindihydrochloride pentadrate 20 JK Water IAFIEIT Part effect
R T % & Vancomycin hydrochloride 40 JK Water FBATIRYT Part effect
W22 % R Cycloserine 50 7K Water FBAIEIT Part effect
H 45 8 E 1 EL Rifamycin sodium 50 7K Water MBI Part effect
F4EE B Rifaximin 50 Z % Ethanol A IRIT Part effect
Ki# % Colistinmethanesulfonate sodium 20 JK Water FAPIRIY Part effect
WH Y B2 EREL Ciprofloxacin hydrochloride 300 7K Water FBAIEIT Part effect
Ttk iz B Wk Sulfamethoxazole 100 7K Water B4 IRIT Part effect
s e WE Mk 4 L Sulfathiazole sodium 100 JK Water HBAYVRYT Part effect
% % Chloramphenicol 30 7K Water FBATIAIT Part effect
F 4% E Rifampicin 50 7K Water A3G)7 High effect
Ttk Ji AR s g 4 48 Sulfadumethoxine sodium 100 JK Water ARIEYF High effect
VG AN ER Ampicillin sodium 100 K Water HRAEIT High effect
R H R E L Carbenicillin disodium 100 7K Water AHROEIT High effect
HEZE GHEL Penicillin G potassium 100 7K Water HHIEYF High effect
LA Cefalexin 100 K Water R IT High effect

x2

LA R XA B R AT SR IR T

Table 2 Evaluation of the effection of antibiotics on citrus Huanglongbing

AR fa 7 =X RN ey EE PN
Antibiotics Useage method Test conclusion Reference
TR R o R ITf TRT IBE3G /S g g T R F A R 3R 9 A 0 B R T B A
Penicillin, sulfathiazole Foliar spraying/injection S Penicillin showed an effective control [23]
sodium or streptomycin of infected tree trunks effect on Huanglongbing in the field
W/ TR AR 2 BRIk S E R R R
XoF 490 M B B BELZE 5 B4 A G a5 RT  am m lk
TR S0 B K A AL Mk FE Expression of
T O G A T phloem protein 2 was decreased., and the
+ % % Oxytetracycline Injection of infected blockage of starch and protein on phloem [29,32]

tree trunks

was inhibited; the absorption rate was en-
hanced by increasing injection point,and the
effective concentration was increased by in-

jection
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43R 2 Continued Table 2
bR 7 WL EEPE N
Antibiotics Useage method Test conclusion Reference
TR T ol FH 6 42 7 7 5% i ] i 1 2R
- - | . Pt T 579 /3 S e T SE i 7 L R EE P AL S R Mixed
B 4K T 1k AV LA R SRHOT R, SULIE L E Mixe
o . . . Foliar spraying/injection use can improve the curative effect and [30]
Amoxicillin, rifampicin and cefalexin X X .
of infected tree trunks increase the fruit yield, sweetness and
antioxidant properties
s A9 2 FEPE R B, Clas K U 22 B9 1
BT S DB A i B BULW ZHEHL T R Clas K22 P
. L. . . Microbial diversity decreased, and CLas [31]
Amoxicillin and gentamicin Soaking infected scion .
was negative
I FURISHIE T HERE O A O A9 OR T
e O WA 4 K L SRR 1 T DO B The
B 52 P4 4k Amoxicillin emulsion enhanced the absorption effi- [34]

Foliar spraying of nano emulsion

ciency in citrus leaves

2 FEiREEEGY

TR i R T A e 2 ) R Y A AR e
LR G BIEER — R . ST CLas YT 3K
ARG SRR B AT 25 ) 1 B AR B 3 AR T
Clas 26 Z W . t 5 Sinorhizobium meliloti Fl
Liberibacter crescens BT-1 2§ & 2 & M ¥ 4 FH T
CLas JEP D RENF 5T A/ 73 7 HE ) 25 19 35 1%k 74 ) 20
RO TE e T ) 25 BT AR TT IR £
A BB Z A] LU TR 97 AR 12 7 B Y 58 1] /N
T2, AR SO B e s T 4 HE 1) 245 W) 0F 5 P e
FrmiBE O i 22 B AH G AT IS S (L A M T 95
21 #$BFR:ABC HiZ R4

HEAR 8 U B EOR BAT A A BRI RE L 1
T A o3 WA R0 EE g A B DR R SR T AL 5 18 S
FEH T OGS 25 W) 0 TR SRS B S Bk F
00 240 T A R R R IR Qe iR PR RCR . T CLas B
A ME—Hf € 1Y ABC 1z % 73 W R 58 AL A R YA )
0 R v 2 By 0 AR 1 L AL A A O WA RE R I TR
MWEE T . XS0 A BUR G % A
K, PG L 0 WA AH S A AT LI O B e s R T R — 28
HEW WL WIAR . SecA ZAF7E T Clas 4
LR b B Sh o WA EE 1 2 5B B, AT 55 SecY | SecE S5 A
HAER, 5 & Clas 8b 40 W3 109 & 14 5k o3
W R, B Z SecA £ 5 BN U BE AN e
A Z AL, Akula U7 I T SecA 1Y 45 K B
fE Gl o T 45 G ORI TREE 45 B SecA
H ATP {GPELS M E /N 7259 (K 1, 1~5),
RANAIG R B, X 5 BN F AW Xt Agrobacteri-
um tumefaciens JE~ B R BT RE T .

22 ®irHFRAEERTF

CLas B HE H 5% 5% 0 1 & 48 800 i B2, LdeR

PrbP L — % S 1 (K] 1% 1 72 b 23 52 i 3 8% >

PRLZH 19 7 5% 3 A5 B ATT AT DAAE S V8 7E 19 25 1 40
FRle9o9sl 3 CLIBASIA 01510 19 4 i & [
PrbP 5 B o 55 9 T S0 L L 40 B R Ge BE T DL BOA
B e bt 1 A 508 S FR IR IR IR (B 2-1)/E 4 PrbP
Be A, Al % R PrbP-RNAP Hil PrbP-DNA f4 #H B /¢
FH , BE TR IR IR A W8 B, 5% TR 40 TR Y B SR OK
TS U 2 B L FE SN R AR ¥ Y6 A e TR W 55 5
Ao BB e 5 S T TR 7000 A0 ER . IR YT AR B
TN YL I T AR AT R DR R T R FEOF IR R
e BV B R R IR YT DY B Sk 4R T
LdtR B 1A Jhy 2 41 0 I8 A2 0 5% 48 1k 9 4% JE% 4%, 7T LA
JERAZ KT 18 AR 4K B il A ) G 28 A0 0 & 2 i 4 TR
it 250 . R K R 5 R A Ak e B K, i K 32
1B 3% AR A X 4 R AE ) KR A KA R, AR
KB AE Clas W LdtR 7 B2 FE 5 41538 K 1Y
e 7.0 LdtR XF CLas 7E4) 2 5 0 A fFRE 1 A & 3
Kgsm), m e, LdtR XF LdtP B3 8 78 A &
FEATEBENS LS A I LdeP FE N A5 5%l 2
T R R SROBE A5 1 1) ) R L 5 ) 40 R RE G i B 4
TR M) 17 98 38 AR A0 L R T 1] £k 2 285 9 %k Ak

Sinorhizobium meliloti F Liberibacter crescens

BT-1 470k . & AR J2 2 (Phloretin) IR R ) [
(Benzbromarone) (& 2-2,2-3) 7] LI 454 LdtR, .,
LdtRg . - 05 L. crescens F1'S. meliloti K, S
HAMEIL S ZE S W M m B EERRE . 5
X RECZH AR LG, MR OB R RN R Eh R O BRI T
LdtRe . BTEPE R0 T 41 9 IE 28, s e
BRIIAR T RORS s #E — 2 A SR W, SRR R
A B A T RS, RNA #% s vp 252 4> ik
DRl F IR REJE K AE T 840 (C Las [AJEHE R 182 4>, H
H LdtRe . B 45 58 3R 3k 19 T 6E L 52 mal Ak BRAR
E R 32 A A e SR A Y A0 E S L R AR
i 3B sh .
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23 Htt#=

YbeY HA RNA N UIBGIGE L, RIGE SR
SN P BRI B B S Ak S R AR 1T
K BT L YbeY BN H HTVA YT 88 00 55 A 2 v
TERE S, Zuo 28U 5 2 3 A He XS 23 B & B CLIBA-
SIA_01560 3K 5 KIHFFH YoeY ZEHFHEE 42 %1

B 1
Fig.1

B2 HERRFHE ProP.LdR.YoeY RATHEY

Fig.2 Prbp,LDTR,YbeY target therapeutic

compounds of Huanglongbing

FE AR AR M UE 5L Ybe Yo A5 16S rRNA
3757 PTG PE 5 SR FHAE 5 14825 45 1 1k i a2k 3
N T2 R B KL 2 (Luteolin) (A 2-4)  WFIEF B,
TERE YL ¥ TR 9 TR Y A PR TP, R R R R 0
YbeY 9 RNA B & P, T90 CLas B4 313G 2 16 1
DKLUt S AT Sk TS s () B 1) 24590

o
4
Iz T
o
~ -,
No

1-15 1-1

SecA BEUEBIT/ND FHW

SecA targets small molecule drugs

3 REFZEFT

RGN ARG PLME (system acquired resistance,
SAR) J& 1 4 52 S0 Ao I AR A A= T 75 A B PR AL )
W BRI B B AR o e iR A, e A ) W
SBAALE . 250 AR S e b R A AR 75 5
Jr HEMRTE R R RE B, KRR SA
(salicylic acid) FI/K 4R HF g 2 A #5 SAR @42 ) &
BAR SR . 2 S Y PR . G 2
CLas &Y 5 . KA B2 WG () 3= 58 K SF- 9 W b5 7
I 2R A K A IR Y 3 e R il iU AE T MeSA 46 R
SA I 5% S R 7458 W) 38 T 0T 3 N A i A% L 4
B W S Y R T B T UM A DG 2R 1 (pathogene-
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sis-related protein, PR) B 35, 17 A 3 S 3% I
RELOHY M SA IS 1 S AE RGP B e i 1 A —
SE MBI . CLas .Clam ,C Laf 0¥ 3 B L # J6 955 1 7%
AT AE 1 K 7 R RS 2R AL B 2R I (CLIBASIA _
00255) 74 Gt & WK A% R 2 B AL T L % SA Al
R AR A A (A 5 A6 R 3 PR Y 2 Bk B R
SA R ik BAd S 2 ik 42 2 BiL L PR AR 1A 5% K F
R BE T B S SX AN IRAR T AR AR XoF A1k g I A4 17
PP o A B R AR T X AR SA RSz g Y,

WFIT A B, ft FARG 43 5 o 2 1) A 2 1 590 ] A
SAE B[R R ROCR . X S i S Y B A L
HRE (D) A B A HA R ERE ST 5 (2) BEGE BTG ALY
SAR GBI AR 5 (3) X 40 B 1 70 o) AN UK L A
R 15t 922 06 16 97 TP A B, S e 75 S W i E AR L
W2, 6- S S DL B B TR A T TS M A
SAR, K B2 42 7+ PR-2 FE A i 3 35, 30 46 0% 1
Xanthomonas citris ssp. Xf M % # o 8 geto,
Palmer S0 MR SA 2548, Bt 25 44 2 L e 40
B R R R T PR A R A R X L
NG B T A B R A S S P AT A D v A
f 8 e BT 6 2590 .

T, ©UESEER /N T 55 S W) T A
JeRRERGTT . B BT A A R 2 W S Y B
FAET M2, 1, 3- A JF e k2, 6- 5 5 M. 4t
IR 2- Wt SA-D-Hj & B J5 . PR R FI R A i 2
R FEE i T, B 9 1 S AR RE AR A i Al B SR
THIT A 2 7 B AT 8 22 A L AELIA T A0CR 32 BT A
Y1 ) 52 W AR K, A1 A7 A A B R IR B ROCR B 2 AL T
FSCEA R AT AR AR LS T R AR AR T U S R R L B R —
AU R T E e B TR L 2, 6- U S MR R I+
R RRAR T B e B0k B, L rp R R e e ]
FARTH PR-1.PR-2 FEH YR IA I R IR AE R 10 35 1
JFPR-15 P MR B A FEY R B, m
SR EIE W B A IR T B R RCR B A ] 2
B FAEAEY R R B S E I LS SRR
ARK S BRI =2 8h i 5 f 92 2 I X 8 5% 1) 38 5 380
o3 PR R A SRR L PR 2R3 8 3R SR X T
Yy B e i B A AR K52, Li 0BG A
I8 NG T | 3 I 25 2 A B e B9 SR L A T T
X5 W ) B TR T ROR AT TR AL L B AE R
—Rh SR A AR E) A IR T e 1 T k. B
L B A TR AT IR I R A it T & LSS A LR Y
ROR 2 0 EA ARG > AT AR RS2 71, Rk, k3%

998 it T AERE RO i TT LD 55 S — )R R e
LR IR B A RO . BRI S W) TE e R
T SR B T —E iR B R AT A
A (D W BE TP s FAE S T RRAE Y
IR 5 (2) B il 7 S W0 5 AN BE AT A0 42 1 2 e
TTEAE . P, [BISE e s S 1 . T 45 5 HAl 259
BB LR ST B H B = R S Y 5T 4
JRRERMELNE,

4 HIBEZFN KLY EREE

A K BARAE A BNy S — AT Bl T 42
VEW o 2O 3G A 7= B R H R A4S . (D W]
0 KA A X AL D 3 EAT 2 W 5 (2D 4K 5 /)
A2 A T 45 (3) 185 71 48 Jm 499 oK il 5 425 1 A8 0 s
H o AT e A 25 W in o7 U v T I Y B R
ME RS2 R AR It R 3R T 1 R 1 K B T2 B2 ) A% i
ROCR AR, T2 KR BAT B B RSE (1~ 100
nm) FlE R He 3% 1A LA e ml e H: 2 T 48 i AS [ 1Y
G W A R AT SO 24 W K P B L B A A i
XTGP, B, Yang S8 A B ) A B P Ak-
Brij-35 4K FL (R N~ 5.26 = 0.04 nm Fl 94 +
1.48 nm) AUIE R T B RTEK v i B2 L 38 4
R PR R ARG M R A RO B ST T I
JtJZ X 2540 53 132 H% ) B2 AR A 5 L 25 W) 4 3 R0R
T T 3.3 48 VR RORAH XS T AR 40 K FL M R A
FHTE . Huo SR L N-F 20tk w4 1 A —
P SIZ IR g 35 700 R0 B 7)o 3R 4 0 B JRR T BRI e ik
TR AR S = b A B W R 15 Dy 2R T PR S
T RAWRIT BB K FLA . SRR, A
Agrobacterium tumefaciens \Escherichia coli strain
DHb5a. Liberibacter crescens. Xanthomonas citri
subsp. citri \ Rhizobium etli , Bradyrhizobium ja-
ponicum . Mesorhizobium loti F1 Sinorhizobium
meliloti TEN Y 8 Tl 4 BT . 31 1) 25 ) 91 K ZL3F) (& 1,
6~ 16) Y e /N A T8 W BE R LF- AH 24 T HE % R L A
TE AR 25 GRS R] T R R T

B 3R LR AR Y R P oA A AR T AR
PO BE — BT S A 5 AR 110 7 At T2 PR
T HAE R BTG PR TR K R S 3 i K
AR EE SR AR TR R . AR 9 TR R R oA
B e BV A B RN KR L 2 T AR AT LU A 7 AR B
AR RIS R A B RE N . A 25K 1 4
oK S A B A A T A A 15 97 5 D T L < e T 7R R
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S (VR B 9E 26 B L 5 0.56 kg/hm® B9 40 K E 1k
BEVR YT Y 15t 97 5 11 T 0E M A L & B 0 R R T
RRET A0 Y0 o 1 BT A AR 1 SR UL R B 1504, [+
i 7E A 97 3 8] 5 A L 2% 3] g 3 0 A B Y
330 mg/L(1 = D i A& F-9OR AR (4 nm) &
B U T T SRR Y B TR I R 4 AN A IR L T
1—3H PR ik 97 % . 4 B He BE AR X T oK 5
HIZHI/NT 21 ~43 £5 . BREEGR BT 4h . B 98
KR T ) 12 1N FH B0 B R O & SR RS (50
mg/1.) (10~100 nm) FI & AL (200 mg/1) 2
b B AR e e I AR A AR A 6 A A S IR A dE A
TN IR R X R AL BE (UK /DMSO) Y 2.5~5 5.
AR AL B A Y M A RE R AR R EOE Y
Zhang % 3 a (9 WA X 3 AFE AR B
955 P A A I TET EPE 200 mg/ L Al TR S A0 4 B A 4
(5.60 kg/hm®) HEATIR & AL 3R, 45 SR BT, — % %t
BORIR T AR B, X e 0 AR E 5L, 42 R 4 oK
245 0] A 5 T I B e S A B T S8 R B e
HIIRIT .

5 B B

AR B e A DA T S L £ A A 2B 7 19 T 2
F o AT AR B R AR B e A AR5 1 T LR 2
A 7l oo R K TR . AR BRI B O A A
W AR DN BRI 58 N W P | BT 5 N
FHAN KB A B il 5 280 AR 5 P 1) 94 K o 25 L B OA 2
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Strategies on drug prevention and control of citrus Huanglongbing

HAN Heyou'?,CHENG Shuaihua' ,SONG Zhiyong® ,DING Fang®,XU Qiang’

1.State Key Laboratory of Agriculture Microbiology ,College of Life Science and Technology »
Huazhong Agricultural University sWuhan 430070,China ;
2.College of Science s Huazhong Agricultural University sWuhan 430070,China ;
3.Hubei Key Laboratory of Plant Pathology/College of plant Science and Technology -
Huazhong Agricultural University ,Wuhan 430070,China ;
4.Key Laboratory of Horticultural Plant Biology (Ministry of Education) ,
Huazhong Agricultural University ,Wuhan 430070,China
Abstract Huanglongbing (HLB) is one of the most devastating disease of citrus worldwide, which
has caused huge economic losses.It is caused by phloem-limited bacteria Candidatus liberibacters ,and
disseminated in orchards by Diaphorina citri (Kuwayama).At present,the main prevention methods of
HLB disease are as follows:first,the traditional “three-axes” prevention and controlling strategy,name-
ly,planting pathogen-free citrus,removing the infected plants,and large scale successive killing of psyl-
la; second,drug control, mainly including antibiotic drugs, narrow-spectrum targeted drugs,immune in-
ducers,nano- agents and other antibacterial agents. This review systematically discusses the development
on drug control of citrus HLLB at home and abroad,hoping to provide theoretical basis and reference for
the research and development of new drug for citrus HLB.
Keywords citrus Huanglongbing; drug prevent and control; metal nanopharmaceuticals; immune

inducer; targeted drug; nano pesticide; green pesticide
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