
(Armoracia rusticana P. Gaertn., B. Mey. &

Scherb.) horseradish

(Brassicaceae)
(7, 13)

(7)

(peroxidase)
(11, 14,

34)

96 

Plant Pathology Bulletin 18: 145-154, 2009

Xanthomonas campestris pv. armoraciae

1 1 1 2 3, 4

1. 

2. 

3. 

4. kckuo@mail.baphiq.gov.tw

98 8 31 

. 2009. Xanthomonas campestris pv. armoraciae

. 18: 145-154.

96 ~ 97 

Biolog Xanthomonas campestris

( Xc ) 16S rDNA Xanthomonas campestris

pv. armoraciae ( Xca ) Xca 

(bacterial leaf spot of horseradish)

10 

Xanthomonas campestris pv. armoraciae



1% (NaOCl) 30 

PDA (potato

dextrose agar) 

PDA 

Hr 50 PDA 

PDA 

30

(spectrophotometer, Bausch & Lomb) 

(A620) 0.3 (108 cfu/ml) 

Hr8 Hr17 Hr24 Hr31 Hr45

30

Hr8 Hr17 Hr24

Hr31 Hr45 PDA 

2 

2% ( PTA pH 7.5

0.1% Bovine serum albumin ) 2 min formvar

Hitachi-7000

(Transmission Electron

Microscope) Schaad (30)

Saddler & Bradbury (3, 27)

Biolog Identification System 

Hr8 Hr17 Hr24 Hr31 Hr45 

BUGTM Agar ( Biolog

Universal Growth Agar 57 g) 16-24 

BUGM 24 

GN/GP-IF buffer (0.4% NaCl 0.03% pluronic F-68

0.01% gellan gum) 63 % T (Turbidity)

Biolog GN2 (Biolog Inc. Hayward

CA) 150 l 30

4-24 

Biolog GN2 (Biolog 6.1 ) 

(

)

Hr17 Hr45 TSA

(BBL tryptic soy broth 15 g, agar 20 g) 

(saponification) 1 ml reagent 1 (NaOH

45 g methanol 150 ml ddH2O 150 ml) 5-10

100 5 5-10 100

25 (methylation) 2 ml

reagent 2 (6 N NaOH 325 ml methanol 275 ml)

5-10 80 10 ( )

(extraction) 1.25 ml reagent 3 (hexane

200 ml methyl-tert butyl ether 200 ml) 10

( )
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(MIS) (29)
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(1) (2) (3) (4) 
(5) (5) 

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.
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Biolog system 

Biolog Identification System 24 

Hr8 X. campestris pv. campestris (Xcc)

0.523 Hr17 Hr24 X. campestris pv.

poinsetttiicola 0.726 0.784 Hr31 X.

campestris pv. begonia B 0.572 Hr45 X.

campestris pv. juglandis 0.627

Hr17 Hr45 

MIDI

Sherlock® Microbial Identification System (MIS) 

X. campestris pv. campestris

0.370 0.312 ( )

16S rDNA 

16S rDNA f8-

27/r1510 PCR DNA 
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Table 1. Physiological and biochemical characteristics of Xanthomonas campestris pv. armoraciae from bacterial spot of
horseradish 
Item \ isolates X campestris a Strains from horseradish Xca a, b Xcc a, b

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
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

-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)
a Data from Schaad, et al., 2001. and Saddler, et al., 2005.; b Data from Mihail, et al., 1993.



Workbench database Hr8 Hr17

Hr45 X. campestris pv. armoraciae (GenBank

accession number EU089711 for X. campestris pv.

armoraciae strain NCPPB 3471 16S ribosomal RNA gene,

partial sequence) (identity) 99%

( ) 2 ~ 3 

7 

14 

Hr8 Hr17 Hr24 Hr31 Hr45 

10 

( )

(7)

(peroxidase) 
(11, 14, 34)

(13, 22, 37)

(13) (8, 24) (9, 10, 26)

Schaad (30) Saddler

& Bradbury (27)

Xanthomonas spp. 
(3, 12, 13, 22, 30, 31)

35 Kovacs 

( ) Xanthomonas X. campestris

(Xc) (3, 27, 30) Biolog 

X. campestris

(pathovar) Biolog 

begonia B campestris juglandis

poinsetttiicola Biolog 

X.

campestris pv. campestris 0.312 ~ 0.370

C16 1 w7c

C15 0 iso C15 0 anteiso 

Yang (39) Saddler & Bradbury (27) Xc 
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Table 2. Cellular fatty acid analysis of Xanthomonas campestris pv. armoraciae isolated from horseradish
Fatty acids X. campestris a Hr 17 Hr 45
C16 0 3.6 3.2 3.6
C15 1 8c 0 0.1 0.1
C16 1 9c 0.9 2.0 2.17
C16 1 7c 12.7 14.5 14.3
C14 0 iso 0.7 0.9 0.8
C15 0 iso 26.5 19.3 17.2
C15 0 anteiso 13.9 12.1 12.3
C16 0 iso 3.2 5.2 4.7
C17 0 iso 6.8 6.1 5.8
C17 0 anteiso 0.8 0.8 0.9
C19 0 iso 0 0.2
C15 1 iso G 0
C17 1 iso 9c 8.5 10.6 9.7
C16 0 alc 0
C17 0 cyclo 0
Sim Index 0.370 0.312
Result from data base X. campestris pv. campestris
a 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
Tested crops (Family) (Scientific name) Inoculation results

Cruciferae (Brassicaceae)
(Cabbage, Brassica oleracea L. var. capitata L. )
(Radish, Raphanus sativus L. )

(Chinese mustard, Brassica chinensis L. crispifolius. )
(Mustard, Brassica juncea var. capitata Hort, )

Solanaceae
(Hot pepper, Capsicum annuum L. )
(Tomato, Lycopersicon esculeutum Mill. 208)

(Eggplant, Solanum melongena L.)
(Sweet pepper, Capsicum annuum L. var. grossum seudt. 406)

Fabaceae
(Green gram, Vigna radiata (L.) R. Wilcz.)
(Adsuki Bean, Vigna angularis)

Cucurbitaceae.
(Cucumber, Cucumis sativus L. 2 )

(Melon, Cucumis melo L. 2 )
(Watermelon, Citrullus lanatus. (Thund.) Matsumura et Nakai. )

: symptoms Leaf spot, : no symptoms
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Table 3. Efficacy of different pesticides on the growth of Xanthomonas campestris pv. armoracia

Chemical
Concentration No. of strains Inhibited / Inhibition zone

(ppm) No. of strains tested (diameter in cm )
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ABSTRACT

Hseu, S. H. 1, Sung, C. J. 1, Chen, M. T. 1, Gao, R. L. 2, and Kuo, K. C. 3, 4 2009. Occurrence and

identification of bacterial leaf spot of horseradish. Plant Pathol. Bull. 18: 145-154. (1 Plant Pathology

Division, Agricultural Research Institute, Council of Agriculture, 2 Biotechnology Division,

Agricultural Research Institute, Council of Agriculture, Wufeng, Taichung, Taiwan, ROC., 3 Plant

Quarantine Division, Bureau of Animal and Plant Health Inspection and Quarantine, Taipei, Taiwan,
4 Corresponding author, E-mail: kckuo@mail.baphiq.gov.tw)

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
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