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PRBE TG Y DT S BB A ME R oK s ik R
F B4 A U it FH 2 7 N AR P AS B 5 R, Sk AR L
E 200 i 46 e B0 5 3 s e AR AR I A KL XA )
(9 A AR AR S R AR AR 2R W 1 22 A P RO o
FEre YU E R EE B E W EEE M C R 80R
BRI A T 2 P B P A A Y kA A Y
EEIF NN YN RSN B SN R N
PR e SO AR Y . DI . By A 24 500 Y e i AR i A
NPT IR 2RI A AR s e, B R E X
FOCRE B KL CBRER - LR R HE
R B AR 90 %0 LA B X kR ST B 5 R L 200
235 ZEA6L/ @ A B ZE 60T T AT 1R A R AN 1. 6 06 WE EE
T A SR 0T TR W 15 973 95 A A ) B YR OR S B 804 )
7345 % 71,07 % . BRI B GX A AR 15t 97 9
(AL 2 By 1R B S HEAT T B9 L AL X By 3 24 700 0 i b
Jiti FF » 5 L 24 590 2 R A A0F 5 B0 e A R T . AR 5 X
JR TR Sl 5 B8 45 5 T A 2 W A8 A 3R A RRIE B 4y
FAEW2E T X I S R AT R GRS . Y
JEE 35 DN 2 A TR) B s 249 790 60 9 D 1T R B T 5 R FH A ook
JEE 3 0 5 35 L B 7R B 96 20 RIAE R I AR R AR I
PRIE B 6 25 70 (0 B 5 it FH 07 =X B A S A ARG 15 9% 9 1Y
Bl 16 S B I 24 790 Uk At 1 it FH i R R 2 A0 i

1 MH5RFE

1.1 KIEZFH

BRI 2H 20 00 W TR R B VR R CHT VT R IS Ak T A BR
F)) .20 %6 WA B R 4 B 7 R O & bl gl BH A R 2
A SR BT TR S 12 00 AR TR R 0T R R (R
SIS A A BR A FDD A 0.5 0 B AR K
FCGATA T e A WAL A BR A R .80 % £ i R FL M
R 3 Kt A Ak A W) BB BR 2 DD 4l B ) 5510 - 78 0
WIR - BREEVT AR R ) (L EAL AR A FRAFD .
1.2 REESBREVERSE
1.2.1 BERAGSBALEFIE

R AR 15t 97 9 o b2 L T P T 7 T R DSOS
TR A T SR A TR A SRR BT IO f AE A 1 A
2L, 75% LW RE 30 s, PR KIS R 3 R .
FH S R i BT A TC K B0 R
SR 5 2 20 e L TR B TR 5 R AR R0 4R 7 7E NA 35
IR LT RIL e, B T EIER FRA L, 30°C 4
P B8 5 57 48 h, PR HCH RV o 25 Al A 3G 3R WA
S B TR VR TR A s D R R RS IO K L R T
M W% 4 ) A L B R T BB I A R S

1.2.2 A Afsic

A T A AR I 2 E S 7 1 2 BRI A TR A T
EF M
1.2.3 BEMBRREALKG YR

4955 JE B JC B K e B A 1 X 107 CFU/mL ¥
J3E R TR R B PP 100 pL BB T 100 mL NB #5357
Frb, o B4 NB B3R E T 21°C . 24°C L 27°C
30°C ,33°C ,36°C ,120 r/min 514 T fH IR 7 35 3% 48
h J& . 78 600 nm &bl 0% 56 5, 5 A4~ Ab #E % 4 1k
Gi=I
1.2.4 pH xmBRH A K YA

FH B R 2 % vh ¥ NB AR 7238 pH A =
5.00,6.00,7.00,8.00,9.00,10. 00, ¥ 100 pL 4 &
WA 100 mL pH H A [A] A9 55 35 2 b, 78 30°C 1120
r/min 500 T E5 3% 48 h J5 I Ho % R 454 Ab
WAREL,
1.3 REESFEVELETE

B 3 X R AR 15t 9% 9 TR AR S B DA R 1 %t iE
a1 GR DG /514 2 M54 3/514 4 F G
BEHWE A WRERMESIY. 519 5/519 6 A
W% 1 EOR N F pthA BS540, 519 7/514) 8
JyiE F 5D M A AL bR AT o> AR R A E . R
CTAB ¥ 42 WU J5i B DNA, # 47 PCR #" 14, PCR
PR R K W FE P W R : DNA 2 pL, Premix Tag
25 pL B NS4 2.5 pL K B ZE K #b R 2
50 pL;94°C WiAE 4 5 min Ji» LA 94°C A% 30 5,55°C
Bk 30 s, 72°CHEM 30 s S 1 PG, HEAT 30 496
LM 72°CIEM 10 min, 4°CEE. PCR “H4 1%
B G R e e VORI I 6 A E R A R PR
A
&1 PCREHERMESY
Table 1 PCR specific primers

E;il b WIA%EEJ(S’—S’)L , %ﬁiﬁﬁ:’;)
number rimer sequence (53 ment (bp)

1 CTTCAACTCAAACGCCGGAC !

2 CATCGCGCTGTTCGGGAG 197

3 TTCGGCGTCAACAACCTGH

4 AACTCCAGCACATACGGGTC 413

5  CGCCATCCCCACCACCACCACGACH®

6 AACCGCTCAATGCCATCCACTTCA 582

7 ATGTCGACAGGCCTAACACATGCAAGTC

8 ATGTCGACGGGCGGTGTGTACAAGGC 1 060
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1.4 AEMHAHFNFRENEANSTANE
1.4.1 #HAERE

18 3 TS 56 B A % B 16 24 57 B4 400 TR A R S L L o
20 %% 1E T i 2 17 700 A B 4 000 pg/mL. 3 000 pg/
mL.2 500 pg/mL.2 000 pg/ml.1 500 pg/mL &
WK 20 06 B B TR 4 &% 7 R # B L 4 000 pg/mlL,
3000 pg/mL.2 000 pg/mL.1 500 pg/mL.750 pg/
m L B 12 06 H A TR 3R AT 1 A AR AR R AL 4 000
pg/mL.3 000 pg/mL.2 000 pg/ml.1 500 pg/mL,
1000 pg/mL ¥ W K 0.5% W AR 2 7K 50 Fi B
0.800 pg/mL.0.500 pg/mL.0.250 pug/mlL.0.200
ug/mL.0. 125 pg/mL HEWL 4 80% 2,55 FLIMG S
% 40 pg/mL.30 pg/mL.20 pg/ml.15 pg/mL.10
g/ mL EW S T8 VOB IR« B AT I B AR A R
780 pg/mL.520 pg/ml.390 pg/ml.260 pg/ml.,
195 pg/mL W .
1.4.2 BaHhAERNEFHAMNT

FEVE fob B 9120 0 2 ARG 15 97 0 T X B 3 24 7R
M BURME . 75 100 mL NB 33543 5ImA 1. 4.1
T 2R, DA B 24 5 R R Rk R g Ak B
W4 WHEE , (ERCE AR SRR P A 100 pL
BB T 30°C 120 r/min &M FIRG R, fixt
HE b 3 3] X6 5 AR I I T 1 SR 45 A B A il
BE TR AR A E 2, B SPSS B4k % 2 57 BT i ik
JE 0T AR N 7 RO LA B FEAT 015 23 B o SR A5 2% B 16 24
B BE Sy 15 T3 e K2 O R BE (ECs)

s ﬁ";

(a) LT BT (X 20 000) FAIEIEZS 5 (b) i L IEIE S

(b)

1.5 REBREHBAFTERATHEKEL

A4 177 v 245 700 43 00 A B 2 RO Ok BE LU 1 mL
JIA 100 mL NB W AR B Fe b, R & 25 B R 5
25 IR IR 2 A 100 pL WS & F 30°C 1120 r/min
KT IRG R BT 4 RER., & 12 h Il
FE 1 RWOLRE AN 96 h P A K AL I
1.6 80UZHEAME 0.5UAMBRLAKFMNES
kA i&

£ 100mL NB 350 imA 1 mL 0. 41 pg/mL
0.5 Y MR 22 K F, % A 100 uL B 5 B T 30T,
120 r/min & PR ZHEFHF 48 h 5, HMA 1 mL
32.0 pg/mL 80% L 3R ZFLiM . BB % 4 R E
52 WS 96 h NG RE B R A I

£ 100 mL NB 5 3% 5 oy [7] B i A 45 ot 2t vk B2 1)
0. 5% B 2K FIF 80 % £ 3r Z L » B T 30°C ,120
r/min FAFFHRG HE5R BAAB 3 HE K, WA
96 h NGB A TG B

2 HRE5SMH

2.1 REEEYFHE
2.1.1 RRAMESFHAE

WAL AR TE L T 0B NI 7E NA {5 3R %6 L
TEAFHE 208 8 AR AT T L WV R BE, # 6, 2
S RO A IEEE R, F R, 5 22 AR B R
T Bt R AR (& D

(a) Bacterial morphology under electron microscope ( X 20 000) ; (b) Colony morphology on medium
1 R EIE S RE
Fig.1 Morphological characteristics of pathogens



XN, ER, X HERRFEHRATNKSEARRELTHR

2.1.2 AmANKFIE

2850 A BRAE AR RRAE 43 BT o I B A 2 Qe
S5 M-R IREG AR £h S8 AL S S B B, V-
P iU | il e 52 56 | Fy s R £h S 5 L o A1k = S P
PR ST RE K i BB E R A B L 5 Xan-
thomonas W) BRAE AR PESEA — 5,
2.2 REM pHXNHREEEKNZMN

£ 21 = 30°C . OD g, {F Rl U BE 71 w5 72 #7338 0
0T A K R AR A 30 — 36°C . OD g, i Fifi 5 1
Th i 2 W G 0. A0 AR K R A2 B ] 30°C I
OD oo fH K S it T il P26 KR B2 5 pHL (H 7R
5.00—7.00,0D¢, {HFEHE pH {HI% M08 s pH H
£ 7.00 = 10. 00, OD ey fE B pH AR5 K 1M 98 /) 5
pH {4 7. 00 B} OD g, 8 5 K, 05 I 3 il & A=
K pH . £ L iEE R 30°C .pH {H N 7. 00 A% )5
WIS AR AR (R 2.8 3D,
x2 BEMFREEEKHZMN
Table 2 Effects of temperature on the growth of pathogens

HREE O OD gy, fH
Temperature (°C) ODy, value
21 0.90 £ 0. 05¢
24 0.95+0.02b
27 0.97£0.03ab
30 1.00%£0.01a
33 0.95+0.05b
36 0.86+0. 04c

T A /NG 52 B 7R 22 53 W 3 (P<<0. 05)

Note: Different lowercase letters indicate significant difference (P <<
0.05)

x3 pHXHEREEEKHZM

Table 3 Effects of pH on the growth of pathogens

pH fH ODg, T
pH value ODy, value

5.00 0.80£0.05d
6. 00 0.95+0.02b
7.00 1.00+0.03a
8.00 0.90 0. 06bc
9. 00 0.86 0. 02¢
10. 00 0.72+0. 0de

TE ANF/NG 7R R0R 26 53 8. 3 (P<<0. 05)
Note: Different lowercase letters indicate significant difference (P <<

0.05

2.3 REESTFENFETE

FIHBI Y 1/ 519 2.51% 3/514) 4.51% 5/519)
6 LA X AT 16S rDNA @ 519 7/51 % 8 Ha I s Ji
W DNA & 2) 9256 W 77 45 5, 53 51453 30 75 5 B0
K/ 197 bp.413 bp.582 bp 11 060 bp i H 1 4
. K PCR F= 9 ¥ )5 15 2] 09 )7 51 £ Genbank Hi
#47 Nucleotide BLAST 43#r. &5 8w ,.514 1/5]
Y2 P BRI FH S X. citri subsp. citri strain Xcc49
(B35 CP024 030. D AHALEE S 98.96 %5 519 3/751
Y AP BERFI S X, citri subsp. citri strain Xcc49
(B35 CP023 662. D AR 98.81% ;519 5/75]
Y6 PIAFES S X. citri subsp. citri strain Xcc49
(B35 CP023 662. 1) AHMLEE N 99.81% . 519 7/75]
Y8 P AIFES S X, axonopodis strain THKL1 (&
K5 MT328 603. DAHMBLEE K 99. 810, 454G 4 XA
) 57 | 400 1 7 38 5 R i T3 it T g A A7 15 92 96 TR (X
citri subsp. citri ) A B &R,
2.4 BEATSEHNEER

N 4 TR, 20 U6 WE T e A8 T 5 L 20 V6 4 i TR S
BVEA T8 R ¢ AT R 120 P AE R R
AR A 7). 80 %0 ik FE FL I L 0. 526 B A K Y
ECs, 5 M K 2] /MK K 26.60 pg/ml,18.80 pg/
mL., 3.39 pg/mL, 3.01 pg/mL. 0.32 pg/mL,
0.004 1 pg/mL, 0.5%#AH % KF ECs, {85/, B
AR .

1 2 3 4 M

2000 bp

1000 bp
750 bp
500 bp

250 bp

100 bp
1,2,3, 4. MARIRMRET W 1/519 2,519 3/5149) 4.519
5/51% 6.51% 7/514) 8 J¢ DNA Marker
1.2.3,4, M represent primer 1/ primer 2, primer 3/
primer 4, primer 5/ primer 6, primer 7/ primer 8 and DNA
Marker
K2 FmtEsl¥ PCR & 45 R

Fig.2 Results of PCR amplification with specific primers
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R4 BHABFNMHBREBFRENENNE

Table 4 Toxicity determination of bactericide X. citri subsp. citri against citrus canker

i LY
NN R B 7 7 B E 5 7 TR A(R?)  ECs fH(pg/mL)
B ¥ 24 71 (pg/mL) . . )
C o Virulence regression Regression EC;, value
Bactericide Dilution mass G o )
concentration (ug/mL) equation coefficient (R*) (pg/mL)
4 000
= 3 000
20 %6 198 T 4] B I 741 _ _
20% Thiodiazole copper SA 2 500 vy =5.6455x — 3. 0440 0.995 7 26. 60
2 000
1 500
4 000
- 3 000
05 BN G i A 2 7R
206 ¥ BE L 7 2 000 y=2.07482 + 2. 3863 0.990 5 18. 80
20% Resin acid copper salt SA
1 500
750
40
8076 £ 75 A FL itk 28 =4,3218x +7.1346 0.995 4 0.32
80% Ethylicin EC 5 yo : : :
10
0.8
0. 570 BLAR LKA 00.255 =2.4016x +10. 7350 0.990 8 0.004 1
0.5% Berberine AS 05 Yo e A : :
0.125
780
T8YUIR - 58 5 AT A A o0
R 390 y=7.7044x +0.9113 0.990 8 3.39
78% Boer manganese zinc WP 260
195
4 000
1294 1§14 B 26 T 5 ) 2 000
. B . 2 000 y=2.1122x + 3. 9881 0.994 6 3.01
12% Zhongshengmycin WP
1 500
1 000
2.5 HERBREEERALAERTERTL Y— mamapsy
o s [ 78% 3 75 e vy 3 o ) % N
EE 3 ﬂ%ﬂ ’36 h HTJ‘ 7OD600 {Eﬁi{i’\j‘j 20% ﬂ% [il 78% Bor-manganese-zinc WP O 12% v i % LR R A

o A B 12% Zhongshengmycin WP
— - N o 20% A4 i 1R 4 ek Y 4
R B 5 > 20 00 WA i T R A T R > 78 A R - A 20%Resin acid copper salt SA

T3 M 012 % A 1 2 T R >80 2,58 B 20t w0 5o npenine

1.4 [J0.5% W 42K #0.5% Berberine AS

ZFLI 0. 5% LR 22 K5 548 h B, 0D g {HAR U N . - S-S el
20 % W TR ] B T 77 > 20 Y6 A0 R TR A4 B TR R >80 % & g f {1t |1t
AL 78 96 A B B T > 12,96 v /4 £ 109 il al
AR AL R 0. 5% B2 K 71560 — 72 h, OD g §;08- 4l
fIEAR Y g 20 %6 WE T R 8k 77 361 > 20 96 b M 4 2k 7F 2067
FI=>0. 5% 81 R 22 K R =12 %6 v 2k 1 2 n) 0@ M b 30 > © 0
78 Y6 W IR A T IR I >80% £ AR E FLh ;84 h
5« AT 80Y6 275 F LI A T . (0 B A R 2 mﬂ
2.6 0.5%EMBLAFANIMSOU ZH=IAHAEKS 00755 08 T 36 48 60 72 84 96
B 3a i} ] (h) Time (h)

4 TR AE 48 b I A 80 Y 20 25 2 P P 3 U AR IR B0 20 ECy, (R 19 2k K A Mk

Fig. 3 Growth changes of X. citri subsp. citri under

OD g {E72 10 B BAK T 80— 2557 5 S FH 0. 5 %0 AR different bactericides EC;, values
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O %A ek
[[] 0-5% il 2K i +80% L 4 FL (48 h)i7 )
0.5% Berberine AS+Ethylicin EC (48h later)
[ 0-5% i S 2 K A+ Lt 4 Bl
0.5% Berberine AS+Ethylicin EC
_ [80% Zai#Lih

1.4 80% Ethylicin EC
[E10.5% 4 % Kk 5 N
124 0.5%Berberine AS - m m
ﬂ:
o 4 I m
% 1.0 m & ]
Z i
Qg 0.8 A i o
4.% i
L6
g #
0.4 i
0.2 A
ol

12 24 36 48 60 72 84 96
ff ] (h) Time (h)
B4 TEAB7iA T ARG B2 Y A AR 1
Fig. 4 Growth changes of X. citri subsp. citri under

combined control
A T 802 L 55 F FLIM M BTG BORTE 72 h
T AR 7 () R i A7 A 24 500 1 B 3R AR 5 72 — 96 h
Felti 1 0. 5 %0 WL 22K 5, 5 i 80 %0 Lws R FLAMAY
B 35 280 W e T [ B A T A 24 5]
3 itig

MF5E 2 W1, L 40 b B A1 R0 27 AR W) 1 B0 1
2SR AE B E 8 AVBL.C.D.E 5 M &R,
Horb B0 1) R BT RO A B &3 B.C.D.E
WHRSMNER TR LM B0 BV EMEEBD R
BT ARG 165 (DNA I 22 5, SO AR 35195
5 T 53 DR 3 AN LAl BIVRT G i B A AR S (X catrd
subsp . citri s Xce ) b 0 8 U SERGE E ABh (X. fus-
cans subsp . aurantifolii , Xfa ) A E 15 ¥ 5 Jg AL
WA (X. alfalfae subsp.citrumelonis,Xac ), F
Fh R A B BRI AT R M R D D A TR AR D R B BN
MHE A (X . axonopodis subsp. citri ), W5
2550009 ST A o LR A A AR RRAE R 16 s rDNA
U SE T S 53 T B LT A AR AT AR R A AR I A
AT AR 2 b EAE 57 06 B 0 R Rk
S BRI 4 R — L

= TR R A 2R 0 A F R AR R
M bRz —"1 L ARBIRSE P B A 2 70 8 e b R R
B, 6 PP IR 2550 h 0. 5 %0 LR %KY ECy, H
/N8 0.004 1 peg/mL, X AH 4% 15t 95 0 T A9 B 96 5K
REHR ;80 %0 L RFLIMIRZ s ECs, (HERIYZ 20 %
P A TR 4 A2k 17 391 T 20 06 WE AT A 8 7 790 7O A A o )

4350 4 18. 80 pg/mL F1 26.60 pg/mL, ZAE™ %
BULAE 14 2500 s, BORE i B AT AR 15 02 e 1Y) A
ANSIRI R BE R 0. 039 1 mg/mlL, 30 5 20050 B 5 43 00
T2 S0 2 WA R ZE AT B A ECs, 150 5. 28 g/L,
U0 5 R ELG R R AN s R e A B g
2 B B T AN Sk A E & N FE e K T T it
R 4 B B M K, A i - 23R R
25100 By v 24 700 o EL AT R A R A % 0 2R K
TER L X Bt R i A EHEZENSEE L. R
Tt — DR ST 57 9 DA B I 2 00 el Akt Y L 58
b AR 2 1Y B 36 245 500 1 B U6 AR s AR AR AR T LU
48 h Z At FH 0. 5 %6 B AR 22 K 5 B v AR B AE . 80 %6
L ZFLINTE 48— 96 h NPIARMUR T N B, KM
o B 363 245 30048 P i FH i s B 3R R B A R — 2
F, HAE 72 bR AR T 1R B A 6 Fh 25 30 5 B A Rk
J.72 hJE W T TR I A T e 24 70 B IR R S 4
W ] st i A P Al 2 30 AR B 72 h )R 80 % Zw R FLiM 2y
SREAR 5 S BT RE I 2 590 .k T )t By 9 24 550 11
HEEE R B 255 2 23 72 h J5 800 L R AL
T 24 AT o SR T e o 24 R0 R 2 B 24 590 1Y it
FH &, DT 3 5 G, B AR BIF 5 A R A 2 e
0.5 YRR %K 5,48 h J5 Fita FH 80 %6 & 7k 2 LM
120 h J5 =i 0. 5 %6 KL 2 /K ) 1) it 24 7 s A
T 52 B B I 24 700 B A A

CA BFFE R, By iA 25 500 1 4 B A3 o fE R T
SRS NSy N 55 T N e w0/ N7 | b N
o SO B bl A 2 B85 A7 AN R AR B 0 T e 1 K
AR 2 5% BR 5 Y I A AR W T B AT 100 %67 L (AR A
MR — BT P L b2 B TR KSR 2 B A AR AR W
EAN M € PN O e o = N T o I 1 UL =8
27y T 25 RN B 2R S 2 R
B 36 24 70 i Ak O 3K KRS L R oK VR W 1 A O s
FHEAT B, SEIL AR TS T R G R H b TRAR
SE B v 24 700k B 1k T 2R A A Sk B 6 e R 0 K
Rtz —,

MG 90— AE A 3 > A e W T L 36 A s
WETE 5 H Erpf), A R S EAE 6 H T A) L, BB
KR 9 A FAIZE 10 A%, L6 -7 HRERM
W SN 52 5 e T L AE R e U BT SR FH R U i 2 1 7
2, BE AT LUA 087 6 B A 5t 92 9 1 R AR, SCRT DA b
B 36 25 7% 4 398 55 R 1 75 s, BRI OO R fa F
HAF G g O AR B ORI 19 5K 0 B Ak 2 2
RIB iR E A LR XL,
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Research on Combined Application and Reduction of Bacteri-
cides for Citrus Canker

LIU Dandan, WANG He,GAO Wenjing

(Environment and Safety Engineering College, Shenyang University of Chemical Technology,Shenyang, Liaoning,110142,China)

Abstract: The pathogen flora in the sampling site was determined,and the toxicity of the agent to the patho-
gen was determined. In order to reduce the harm to the environment and human body,it is necessary to ex-
plore the combined antibacterial methods of bactericides and seek the reduced application of bactericides.
Pathogens were isolated by plate streak method, and identified by morphological observation, physiological
and biochemical property and 16S rDNA method. The turbidity method was used to determine the toxicity of
bactericides to the pathogens, and the toxicity equation was obtained by regression analysis. The dynamic
changes of pathogen growth were obtained after the interaction between fungicides and bacteria was deter-
mined by spectrophotometry through the combined antimicrobial test. The pathogens were Xanthomonas cit-
ri subsp. citri , strain A. The ECs, values of 20% Thiodiazole copper SA,20% Resin acid copper salt SA,78%
Boer manganese zinc WP,12% Zhongshengmycin WP, 80% Ethylicin EC,0. 5% Berberine AS were 26. 60
pg/mlL,18.80 pg/mlL,3.39 pg/ml.3.01 pg/mL,0.32 pg/mL,0.004 1 pg/mL.respectively. The results of
combined antibacterial test show that the control effect of 0.5% the control effect of 0. 5% Berberine AS is
the most obvious when the dosing time is less than or equal to 48 hours. After 48 h.the control effect of 80 %
Ethylicin EC is significantly higher than other bactericides, but after 72 h, the control effect decreased. The
best application method is to give priority to 0. 5% Berberine AS,apply 80% Ethylicin EC after 48 h,and re-
apply 0.5% Berberine AS after 120 h. This method is not only beneficial to the prevention and control of cit-
rus canker,but also can reduce environmental pollution,and alleviates the adverse effects of bactericides on
food safety and biological health.

Key words: citrus canker; Xanthomonas citri subsp. citri ;bactericides;toxicity; environmental pollution
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