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R b5 PR [BIE o5 ik > UTECHERS £AR ~ (AR A
TEMIREA > DL 1% R&E#SH (NaOCl) FEUE 30 POt T
HVE 7 0 PR =08 M KR pE 1% o B ML KR 22
252) » DRI BUE IR 0K - EI#S PDA (potato
dextrose agar) FHUSEERE L - EEZRMNEE £ =
Ko PREE —F &S 28T PDA it » EE
R LU Hr #g5g > HAFH] 50 PRETE - 222 PDA RpfiLS
BEHLRAFIH -

i PR

W B HAR 2 M R D IS S PDA RS E kL
£ 30C — K% > BRFIPIEZA KT - DLopoloeds
{# (spectrophotometer, Bausch & Lomb) &% WK fiE
(Ago) £5 0.3 (10" cfu/ml) {EFSEEREYS » LIS el /7%
SIRES R E B R R R o =R R S
IBPESCE - 5391520 Hr8 ~ Hrl17 ~ Hr24 ~Hr31 & Hr45
F AR o K bt BB R R 1% 0 LATRRh 2
il AR AR AR GENR - I EEAE R AEPRIE A 30°C ElR
Farh o DI AR EARIRE - W KIRFRE BB LS - B
WGEC BRI 13 > P R 2 AR AR T B o BRI
TR S Bl s A 2 MR AH (] o

HIGA T 58 B A B AL

£ T IS T R MEE - #HY Hr8 ~ Hrl7 ~ Hr24 ~
Hr31 J Hr45 SFERHEARRR » 2=~ > /£ PDA Bi&A
B 2 Ri% > MIAVEFMER K - ESHSIR EERG 2 Hofk
b FIIAFE SRR 2% SHERY R ( PTA »pH 7.5 » &
0.1% Bovine serum albumin ) » 2 min %L/ formvar
ARG A A > P LA IREZ » &S Hitachi-7000
By 2235 N 8| 7 B % $% (Transmission Electron
Microscope) #%2 M FZRE K HFE o SMfifk Schaad %"
J% Saddler & Bradbury %% *" Rt 7 A AR LIHIE
LS e Hooy e i -

L) Biolog Identification System 3 %l &

SEHY Hr8 ~ Hrl7 ~ Hr24 ~ Hr31 J Hrd5 S5 {HadiR
BE > > BIREER B> BUG™ Agar (% 71 A Biolog
Universal Growth Agar 57 g) REFHH 16-24 /]NEF »
EEHE RS BUGM | - 558 24 /DR - RIS E
2 GN/GP-IF buffer (0.4% NaCl » 0.03% pluronic F-68 >
0.01% gellan gum) 1 > FEELIREE RS 63 % T (Turbidity) »
AN Biolog GN2 [ fE##Z (Biolog Inc. Hayward °
CA) > BFLIA 150 1 HFEERFHR » Eh* 30°C |
BSEE 4-24 JNRE > 2R LOGEERENRE - B %S B R m A

FENEL Biolog GN2 EHHEH (Biolog 6.1hR) Lt#f » DIk
RE A B (MR gne SR A R RO (0 IR AR (i
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I Hrl7 Fe Hrds FBOGAER » 7Bk EfS TSA
(BBL tryptic soy broth 15 g, agar 20 g) bsEkLr » B
WX WEEERAE R > ETH — - EMb
(saponification) X/ : JE/IA 1 ml reagent 1 (NaOH
45 g » methanol 150 ml » ddH,0 150 ml) » ¥ 5-10
> 100°C Kty 5 o7 - FEEERE 5-10 £ 2 100°C ki
25 oy > 55— » WL (methylation) SZFE : fIA 2 ml
reagent 2 (6 N NaOH 325 ml » methanol 275 ml) > FZ#
5-10 ¥ > 80°C kit 10 70§ » AlElE (Eokb) » %8
= » 28V (extraction) : fJIA 1.25 ml reagent 3 (hexane
200 ml » methyl-tert butyl ether 200 ml) ifi F F{E%) 10
i BRER G - BIRIER OKE) - 500 @it
(base wash) : JJLA 3 ml reagent 4 (NaOH 10.8 g, ddH,O
900 ml) > EFiRZ] 5 Jrd - BRERFDE » HOEAT
4 A HYAEAT R K AGVE T R g iz PLAL
BAEE R N - rfgse 2RI EIE 2 2/3 AigER
GC /& o SEpk iR B 1% - LISEAHIE T E A % GC-
MS (HP 6890N, Agilent, Palo Alto, CA, USA) #1714
#f » 3 LL MIDI Sherlock® Microbial Identification System
(MIS) ZZORHEE LS 347 > LARE 3295 I A A

16S rDNA *&F B B

32EHY Hr8 ~ Hrl7 ¢ Hrd5 » £ PDA BEEEL b 28
—B# 7% > LL DNeasy plant mini kit (QIAGEN, Hilden,
Germany) f#HHY genomic DNA % » HHIE 16S rDNA
universal primers f8-27/r1510"” 317 PCR 31 » 57 fEHA
HERERS 50 1 > 2350 A 100 «M Y ANTPs ~0.5 mM
Mg* ~0.2 ¢M A93|F ~0.05 units/ x1 RealTag DNA
polymerase 5z 1X PCR [ JEXE B8 5 (Real Biotech
Corporation, ROC) ¢ PCR HM&fE{:5ELL 94°C X &
5 min ° 2% 1T 94°C 10 sec » 55°C 30 sec » 70°C
90 sec » 3t 30 {H{EHR » ARt FREIT 72°C 5 min 1 {EfE
B o HEie 2 )R LL 1.0 ~ 1.5% agarose sEfTEEVK 7Y
B o 5P 152 BT EFF (sequencing) > PG 911 LA
NCBI (National Center for Biotechnology Information »
LB RAEYRE AR L) fT SDSC-Biology
Workbench (INAEE Z BEbh oF 55 7048 i s B A R L) 2
BLAST (Basic Local Alignment Search Tool) 317741/ LL
#f o



SRR D Py i ) e
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seudt. » FEIZAE Y » BiR 406) SFHHRHEY) » % T (Green
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ERMAERLA) 2GS RHEY) > $AI0 (Cucumber,
Cucumis sativus L. > FEE R > 82 9% ~ FFE N
(Melon, Cucumis melo L. EEZFHEN » FKHE 2 5% ~ PH/IL
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AR > DUFEHHNRE 720 > BRPHS e Z& 8K b (IR
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A NA 555 5 ) i G R ik A [ ZE B A (] iR
J& 2 A PE o S HrS ~ Hrl7 ~ Hr24 ~ Hr31 S Hr45 %
FRUEARIE - HERIREL £ 10° cfu/ml 3 7AIHY 0.1 ml &
A/KIENE (water agar) H > PR NA i b 5545
BERIRRARRCA FIRELTR » 77 7IHY 0.14 ml R TEAR
(B 13 mm) F o Z&BIKE 3 (#5208 4K [E
i o Sl DIVR SRR K 2SS AR B IR AH > 1F 30°C NEGE
2~3 Rt » WEANHIEIA N - 7 MRS A A 2R 2
FRICE PRl G IR T 3 AR Pk 2 A = I ISR -
PEA 10 FHEERURRAR AN » HUAESRIASER] « SRUUEREGR
(Streptomycin Tetracycline » F§ f 4Bt % > 2540
F] »10.0% SP) ~ F#ifi5% (Streptomycin » FafHE BT
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> TN F] 0 68.8% WP) ~ FEiG#IZE (Kasugamycin »
P A EICK > KL T » 2.0% WP) : & SlilffikagE
Fill 2@ S AL (Copper oxychloride » 74 Rl AR
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8 > FRIKAFE 0 85.0% WP) ~ & E 1L (Copper
hydroxide > {5 i FHR 25%-101 » Nufarm Americas,
Inc. » 77.0% WP) ~ = JuHi i 3 (Tribasic copper
sulfate » P M8 & - HEL TAF > 27.12%
SC) : &Y SAXAZER 2 $¥54 I (Mancozeb > idh #5
BE- 200 0 FEFRANF] 0 80.0% WP) 3 IRAHEZER 2 5215
#f (Kasugamycin + Copper oxychloride » 7§54+ EH# #
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Fig. 1. Symptoms of bacterial spot of horseradish. (1) field symptoms, (2) close-up view of symptoms on leaves and
petioles, (3) petioles showed black streak, (4) vertical section of root showed black necrosis along vascular tissue; (5)

symptoms of radish leaf and (6) tomato leaf inoculated with Xanthomonas campestris pv. armoraciae isolated from

bacterial spot of horseradish, respectively.



FHE btk R A R REL X, campestris W2 X.
campestris pv. armoraciae (Xca) <4 FAALER PEAHIE]
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Biolog system 5@ #5 4

HEEE R LL Biolog Identification System 24 /\RF 2
PTG R Hr8 ¥ X. campestris pv. campestris (Xcc).ZFH
LIE £5 0.523 » Hr17 & Hr24 B2 X. campestris pv.
poinsetttiicola ZFHLUERS 0.726 ~0.784 » Hr31 &4 X.
campestris pv. begonia B ZfH{LIER 0.572 » Hrd5 Ed X.
campestris pv. juglandis ZFLUEES 0.627 ©
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NI 3 B o B o s S

AR B Rk Hrl7 K HrdS $SHRIEAE DB 7y
B> KERAIE > RIS EFIEEE M & RHE MIDI
Sherlock® Microbial Identification System (MIS) EL¥t »
SERERS X. campestris pv. campestris » HAUUEKF 5
0.370 5 0.312 (£ ) °

16S rDNA 5 B e

LUSHAHE 16S rDNA H#H 2 5] 7 % 8-
27/r1510 1T PCR MgiHEL DNA &0 » FiSGFS
Fr9 LL BLAST 23 #=% NCBIfl SDSC-Biology

Table 1. Physiological and biochemical characteristics of Xanthomonas campestris pv. armoraciae from bacterial spot of

horseradish
Item \ isolates X campestris’ Strains from horseradish Xca"’ Xce™®
Gram positive — - - -
Grows anaerobically - - - -
Grows aerobically + + + +
Diffusible pigment on PDA + + + +
Flagella 1, Polar 1, Polar 1, Polar 1, Polar
Colonies mucoid on YDC + + + +
Fluores pigment on KB - - - -
Kovacs’ oxidase — - - -
Urease activity - + - -
Grows at 35°C + + + +
Catalase + + + +
Starch hydrolysis + + + +
Esculin hydrolysis + + + +
Carbon sources utilized :
Adonitol + + — —
Alaninamide D + + —
Arabinose + — — +
D-Alanine D + + —
D-Raffinose D — — +
D-Sorbitol + + — —
Glycyl-L-aspartic acid D - + -
Glucose-1- phosphate D - + -
DL- «-Glucose phosphate D - + -
a-Ketobutyric acid D + + -
L-Alanine D + + —
L-Alanyl-glycine D + + -
L-Aspartic acid D - + -
L-Threonine D + + —
Melibiose + + - -
Pathogenicity on:
Tobacco HR + + + +
In Table 1, except specifically stated, +: indicated positive reaction, and —: indicated negative reaction, D: different reactions

occur in different taxa (e.g., species of a genus or genera of family)

‘Data from Schaad, et al., 2001. and Saddler, et al., 2005.; "Data from Mihail, et al., 1993.
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Workbench database Z L1 » #5557~ Hr8 ~ Hrl7
5 Hr45 Bl X. campestris pv. armoraciae (GenBank
accession number EU089711 for X. campestris pv.
armoraciae strain NCPPB 3471 16S ribosomal RNA gene,
partial sequence) » FEFIFH{LLEE (identity) 32 99% -

SIURR DI A R 27 A, Z i PRI

{HER A PR o I AT R el s ~ R ~ /D 2R S %
REE A ALRHEY) Bt BHEY) h.2 Tt » G SR A4
TEPE AR 1 > ELER pEEnnRl ~ SR R R EY R A
RS (R o HFHCRHEYMERE 2 ~ 3 K1k - B0k
LI BUKIRARIREE » BEZ NEA3E Ji8 7 Kik B
e J [ EL B B > 14 KA R BER SR AR A B
RALIREE > HREA 2 SRR ] - st 2588 t
BK Bt Rl - B EE E5E AR L - e A S
fr R B B RIS R AL - BEE RN -

SRR SZ PR

HEE L Hr8 ~Hrl7 ~ Hr24 ~ Hr31 J; Hr45 ¥t €8
10 FEEEFIE % BEAIREE & - B2 PRIE Z A5 REE
BN 24 REFIIHER (KP) » Hrh 3 DIgE
PUBR R < 2 A A ARECHN ISR 2 NE e £ f ) B
8 ~ BORME ~ SR ~ 2 REBERIGE ~ 290 ~ &
FALE ~ gk EE A ~ =ITRRER SR ~ $YEL I R 5
I -

R~ PRARAER 1 HEBE B 2 AR A R ) A

MR AEA R 7 RRE &R IR
(peroxidase) HEBSEAS  EEREEETHtENER
W7 R R E AR E A o FHER S SRR BB
N PRAR E R S LA M B T R B R 2 R AR
Y~ BB R TR o A SR R
KPR Be S Ml sz st VR EH Ffr 7 (A S: 1) 2 A BT 8 AT
B Ik AR R R 1% > K Schaad %" J% Saddler
& Bradbury %5 Pt T A AL EMIE > B
RELRT ANFSERR $ 5 Xanthomonas spp. iR E FiPERH
[ 20

AN JFGEE T TRE B A BEAE ARG - 45 2R S B SRR
PRE G5 ~ R BWRELE - v K6 Bk fe L BER
AlfA 35°C MR » A~AEBA Kovacs ELERIENE K 8¢
O EERE (32— > B Xanthomonas J&H X. campestris
(Xc) BRRYABEAA LR MR AH E 7 - F5LL Biolog #
R AR MNEA LRSI R S RIS X, campestris »
BRI A (pathovar) WYY RENZIEH Biolog 73#fid HHI
B begonia B BX campestris 3 juglandis BX
poinsetttiicola % > A~ Biolog $ & M1 fif Z25m R 7R
HIRERE © 3 — 20 i H IR I ERrH Al - 3B E RS SRS XL
campestris pv. campestris > HABLUER 0.312 ~ 0.370 »
SEAHLUE (R A - (Bt HARIAMEAHA L C16 2 1 wTc ~
Cl15:0 iso f C15:0 anteiso =ff & H e »
Yang “”J% Saddler & Bradbury % fF5¢ Xc EPRAIAERS

Table 2. Cellular fatty acid analysis of Xanthomonas campestris pv. armoraciae isolated from horseradish

Fatty acids X. campestris* Hr 17 Hr 45
Cis.o 3.6 3.2 3.6
Cis 1o 0 0.1 0.1
Cio. 100 0.9 2.0 2.17
Cis.1ume 12.7 14.5 14.3
Cii oo 0.7 0.9 0.8
Cis.oio 26.5 19.3 17.2
Cis . 0 aneiso 13.9 12.1 12.3
Cis: 00 3.2 5.2 4.7
Ci o oio 6.8 6.1 5.8
Cir . vanciso 0.8 0.8 0.9
C19 1 0 iso 0 - 02
C]S P liso G 0 —_ J—
Ciiiio w9 8.5 10.6 9.7
C]6 :0ale 0 - -
Cw 10 cyclo 0 — —
Sim Index 0.370 0.312

Result from data base

X. campestris pv. campestris

“‘Data from Saddler, et al., 2005. and Yang, et al., 2007.
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Table 3. Pathogenicity test of Xanthomonas campestris pv. armoraciae on different hosts
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Tested crops (Family) (Scientific name)

Inoculation results

+5F1ER} Cruciferae (Brassicaceae)
‘H# (Cabbage, Brassica oleracea L. var. capitata L. BEJIER » FIFK)
¥ 8] (Radish, Raphanus sativus L. 2k fEH » &)
#63%/[N\EH 28 (Chinese mustard, Brassica chinensis L. crispifolius. B FE 1)
B.0FFAE (Mustard, Brassica juncea var. capitata Hort, B f8 1)

5k} Solanaceae
HHI (Hot pepper, Capsicum annuum L. RN » K75
Fhi (Tomato, Lycopersicon esculeutum Mill. FEERfE T » f#HET 208)
[ Kl (Eggplant, Solanum melongena L.)
SHAL (Sweet pepper, Capsicum annuum L. var. grossum seudt. 2z flif » BEE 4006)

Tl Fabaceae
#k . (Green gram, Vigna radiata (L.) R. Wilcz.)
%L 5. (Adsuki Bean, Vigna angularis)
#HE R} Cucurbitaceae.
B/ (Cucumber, Cucumis sativus L. FEETHE » £F} 2 59
FEEF I\ (Melon, Cucumis melo L. B2 FE Y » FKIE 2 5%)
P8I\ (Watermelon, Citrullus lanatus. (Thund.) Matsumura et Nakai. B2/ » [BDL)

+++ +

_|_

+: symptoms =Leaf spot, —: no symptoms

PiHH BAH (5] (26 ) » IRt Bl R U3 rEmE e 3%
JRIRE B X. campestris °

B X. campestris WIIRIEA (pathovar) 2 3E/5 1%
T2 B AT T B4 X, campestris pv.
campestris (5|REAIHFAERHRIGHR) ©© ~ X. campestris
pv. coriandri (5| %8 WJE 25 Ml & PEIE AL ) ¢~ XL
campestris pv. incanae (5|82 %8 MR AT 2= 089%) ©°
& X. campestris pv. zantedeschiae (5| ¥8.2 H (OHEFFHHE
TEEEDER) 0 5 o DS H AR A 0 1993 4
Mihail ® ¥t X. campestris pv. armoraciae (Xca) & Xcc
ST WIS (ZAS SR EL ) BB Xea AT HHNE
Bl ~ D-NIEHE ~ o - T EAEE ~ L- NS ~ L- NI R
Jiclde ~ L-Rig e » SR B R8E ~ D- M B 5
A B ASHTE S i A AR B BRAHT (R—) » SS9 168
tDNA JEF7 sl e fifi R » BERaZ iR B NCBI L[]
J#Hh Xca FRHIFHAERE 99% o R A7E 25 0EA B8 ~ ik
U5RIFH Be 16S rDNA. S555 SRHEH 77 e ARAR . ARFEN
B A]REFS X. campestris pv. armoraciae °

LLX. campestris AN [FUA R MR T LR}
VeV » F 8 A — RS > Horh—fE £ 2 Xee 4]
FRERTER R > H 20 I SE R BAIR R Wi » 2V
FHRIRIEIRE - EnEpCRTME G s 5 Xca BY
X. campestris pv. raphani 255 | FERIEERER 4 » WEHE S
R EEDENR (2 (BN ENE R R PR E " o BTN
AL e+ FAE BHIE WD 0 & X. campestris py.
aberrans > armoraciae > barbareae > campestris >

raphani & incanae %" 5 1M X. c. pv. armoraciae +

FfeFHTFARHEY) » EHEHIR® ~ 3EE Y RHE™
25 Fiife AR 2R R (pathovar) - it
— AT e R o AR R AR R e SR
BE S FEAE DA~ TRE T FERHEY) 0 AN S
o JRIE E R SIS 0 1% WA DR A AR
AR Bt B Kt BERS - i D 2 TE IRER ) - B
McCulloch ®® ~ White ®” ~ Zhao % “” ~ Sahin & Miller
SEY ~ Pernezny ¥ K Zhao 5 “" F{SAEFAHE o BRIt
Gt o A Rt AT G BHEY) vhz Fal o A AR A
Welse it - 1 FEli fr s (bl - ELBE S+ E B KGR AR
ZUEDHTEL > B White ™ [ Zhao 5“0 HUAS AL o
I S E ST e b2 A SR wT DL R (A AR s S R
X. campestris pv. armoraciae > BB+ 2 A1Z HARANE 1
BEPF R (bacterial leaf spot of horseradish) £54H [BIFYHR
X. campestris pv. armoraciae 7|82 FFAR HE 4R
F o AT St O B A R A 2R E
#fcH5 CABI F§ZIIECHEL " Xea f& FBARAT 2t SRy o4
] 2 B bl B REE 2 A1ERIN (RS BE) ~ ma il
(B - ENEE » HA > BEH) » R (r R ~ L3
(EB > FE s » ERLECN » RRm L > HhiEE
SEN o FRFIEE I » BT I BE S BTN > K5 B RE
I > AR BN > AL REE AR o BN > ABGCRL TT
RGN > FEE BRI > T8N > #EFH e RN ~ mE (B2
P ~ KEEM GROKHIRR) 5 > P DAHTE Lot CTAHRH
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KM ~ B FEREEEANRIRR L T AEARRMT R M S B A 5= 2 IIHIECR

Table 3. Efficacy of different pesticides on the growth of Xanthomonas campestris pv. armoracia

. Concentration No. of strains Inhibited / Inhibition zone
Chemical . . .

(ppm) No. of strains tested (diameter in cm )
Streptomycin 100 5/5 1.07-1.27
(12.5% S) 200 5/5 1.13-1.37
400 5/5 1.33-1.60
Streptomycin+Tetracycline 100 5/5 1.60-1.73
(10% SP) 200 5/5 2.10-2.23
400 5/5 2.23-2.47
Thiophanate methyl+ Streptomycin 500 5/5 0.93-1.20
(68.8% WP) 1000 5/5 1.10-1.30
1500 5/5 1.23-1.47
Kasugamycin 100 4/5 0.10-0.43
2% S) 200 5/5 0.07-0.93
400 5/5 0.43-1.07
Kasugamycin+ Copper oxychloride 500 5/5 0.67-1.10
(81.3% WP) 1000 5/5 0.93-1.33
1500 5/5 0.97-1.47
Copper oxychloride 1000 5/5 1.00-1.27
(85% WP) 1500 5/5 1.07-1.27
2000 5/5 1.13-1.30
Copper hydroxide 1000 5/5 1.20-1.37
(77.0% WP) 1500 5/5 1.30-1.40
2000 5/5 1.40-1.43
Tribasic copper sulfate 1000 5/5 0.97-1.13
(27.12%SC) 1500 5/5 1.03-1.27
2000 5/5 1.17-1.30
Oxolinic acid 100 5/5 0.93-1.67
(20% WP) 200 5/5 1.03-1.73
400 5/5 1.17-1.80
Mancozeb 1000 5/5 0.50-1.13
(80.0% WP) 1500 5/5 0.60-1.23
2000 5/5 0.80-1.30
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ABSTRACT

Hseu, S. H.', Sung, C. J.', Chen, M. T.', Gao, R. L.?, and Kuo, K. C.** 2009. Occurrence and
identification of bacterial leaf spot of horseradish. Plant Pathol. Bull. 18: 145-154. (' Plant Pathology
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An unknown leaf spot was occurred on horseradish in two experimental trails in Jiayi between

2007-2009. When diseased, the horseradish shows irregular brown flecks on the abaxial surface of the

leaves and later these individual lesions coalesce to develop black streaks along veins. Dry, dead

tissue may fall off from the lesion giving the leaves a shot hole or tattered appearance. The systemic

development of the disease can cause internal necrosis in roots with black streaks on the root surface.

The causal agent was identified as Xanthomonas campestris pv. armoraciae based on molecular and

physiological evidence. Due to the pathogen is recognized as quarantine pathogen, the produce of

these two cultivation trails were totally destroyed and the fields were set fallow. Among ten pesticides

screened in vitro, antibiotics and oxolinic acid showd better efficacy.

Keywords: horseradish, bacterial leaf spot of horseradish, Xanthomonas campestris pv. armoraciae,

agrochemical screening



