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Black Rot of Broccoli Caused by Xanthomonas campestris pv. campestris
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A new bacterial disease of broccoli (Brassica oleracea var. italica) was observed on field-grown plants in
Pyungchang during 2003 and 2004. Seedling infections first appeared as a blackening along the margins of
the cotyledon. Cotyledon shriveled and drepped off. Infected seedlings were stunted and yellowed and eventu-
ally died. The disease was easily recognized by the presence of yellow, V-shaped, or U-shaped areas extending
inward from margin of the leaf. As the disease progressed, the yellow lesions turned brown and the tissues
died. Isolations made from diseased leaves on yeast extract dextrose calcium carbonate agar yielded nearly
pure cultures of a yellow-pigmented bacterium typical of a xanthomonad. Two bacterial strains were purified
and used for further tests. Pathogenicity of strains was confirmed on 3-week-old crucifer (cabbage, Chinese
cabbage, kale, radish and broccoli) plants cut by scissors with bacterial suspensions containing 10® cfu/m/ of
phosphate buffered saline. The Biolog and fatty acid analyses and 16S rDNA sequencing of two strains
(SL4797 and SL4800) from broccoli black rot showed that they could be identified as X. campestris pv.
campestris because of their high similarity to the tester strain (X. campestris pv. campestris NCPPB528) with a
match probability of 100%. This is the first report of black rot of broccoli in Korea.
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Fig. 1. Symptoms of black rot caused by X. campestris pv. campestris on Crucifers. Leaf blights on infected leaves of broccoli (A, B and
C), Chinese cabbage (D) and cabbage (E) and black rot of radish roots (F) in the fields. Black rot of radish root (G) by artificial injection
inoculation and V-shaped symptoms of cabbage (H), Chinese cabbage (I) and kale (J) by artificial leaf cutting inoculation. K: colonies of

X. campestris pv. campestris on YDC medium.
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Table 1. Bacteriological characteristics of bacterial isolates
(SL4797 and SL4800) from broccoli black rot and a reference
strain X. campestris pv. campestris NCPPB528

Characteristics SLA797 SLA800 NCPPB528
Gram reaction _a - _
Anaerobic growth - - -
Yellow colonies on YDC + + +

Hypersensitive response on tobacco  — -
on tomato +

Pathogenicity on broccoli +
cabbage +

Chinese cabbage +

radish +

kale +

*+, positive; —, negative.
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3X10® cfm! =2 dEA71 & Z+ZF GN2 microplate
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Table 2. Metabolic activities of bacterial isolates (SL4797 and SLA4800) from broccoli black rot and a reference strain X. campestris pv.

campestris NCPPB528 in the Biolog GN2 microplate assay

Substrate SLA4797 SL4800 NCPPB528 = Substrate SLA4797 SL.4800 NCPPB528
2-Amino ethanol - - - D-Lactate + + +
Acetate + + + D-Lactose - - -
Adonitol - - - Lactulose - + v
cis-Aconitate + + + L-leucine - - -
L-Alanine - + + Malonate + + +
L-Arabinose - - - Maltose + + +
D-Arabitol - - - D-Mannitol - - -
L-Asparagine - - - D-Mannose + + +
L-Aspartate - - - D-Melibiose + + +
Bromo succinate + + + Monomethylsuccinate + + +
Cellobiose + + + [-methyl glucoside - - -
Citrate + + + L-Ornithine - - -
Dextrin + + + L-Proline + + +
I-Erythritol - - - Propionate + + +
D-Fructose + + + D-psicose + + +
L-Fucose + + + Quinate - - -
D-Galactose + + + D-Raffinose - - -
D-Glucose + + + L-Rhamnose - - -
D-Gluconate - - - L-Serine - - -
L-Glutamate + + + D-Sorbitol - - -
Glycerol + + + Succinamate v v A%
L-Histidine - - - Succinate + + +
a-Hydroxybutyrate + - v Sucrose + + +
B-Hydroxybutyrate - - - D-Trehalose + + +
M-Inositol - - - L-Threonine + + +
Ketoglutarate + + + Xylitol - - -

®+, positive; —, negative; v, variable.

AZdsted TS A7 SL47977 SLA800L X, campestris
pv. campestris NCPPB5283}-9} vizb7}A| &2 Acetate, cis-
Aconitate, Bromo succinate, Cellobiose, Citrate, Dextrin,
D-Fructose, L-Fucose, D-Galactose, D-Glucose, L-Glutamate,
Glycerol, Ketoglutarate, Lactate, Malonate, Maltose, D-
Mannose, D-Melibiose, Monomethylsuccinate, L-Proline,
Propionate, D-Psicose, Succinate, Sucrose, D-Trehalose, L-
Threonine2 ©] 833 2-Amino ethanol, Adonitol, L-
Arabinose, D-Arabitol, L-Asparagine, L-Aspartate, i-
Erythritol, D-Gluconate, L-Histidine, p-Hydroxybutyrate,
m-Inositol, D-Lactose, L-Leucine, D-Mannitol, B-methyl
glucoside, L-Ornithine, Quinate, D-Raffinose, L-Rhamnose,
L-Serine, D-Sorbitol, Xylitol- ©]-&3}A] &3l 3] tH(Table
2). L 9 L-Alanine, o-Hydroxybutyrate, D-Lactulose,
Succinamate= 5ol whg} 24A17F v EA = 2f7he] A
ol UNOY 48A17F vlGAl = A e o8 FHE

B 99 Biolog systeme ©] 83 g4 o] &A=
= Hildebrand 5-(1993)°] 231§ Xanthomonas campestris
o] &4 o] 8AEY v FAlBAT.

A kAt B8 Miller(1982)2] W] &3k A W4k
9k4Fo MIDI Library version, TSBA 5.03 Library
Generation system software version 5.0 ©]-83to] £4
19 o, EalMl SL4797, SL48003} X. campestris pv.
campestris NCPPB528& 9-methyldecanoic acid(11:0 ISO),
13-methyltetradecanoic acid(15:0 ISO), 12-methyltetradecanoic
acid(15:0 ANTEISO),
ISO) 59| saturated branched-chain fatty acid, hexadecanoic
acid(16:0) 5] saturated straight-chain fatty acid, cis-9-
hexadecanoic acid(16:1 w7c), cis-7-15-methylhexadecanoic

15-methylhexadecanoic  acid(17:0

acid(ISO 17:1 w9c) -9 cyclopropane acid, 3-hydroxy-9-
methyldecanoic acid(11:0 ISO 30H), 3-hydroxydodecanoic
acid(12:0 30H)2] hydroxy acid ¥ 307FA2] xkske- 7}
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Table 3. Fatty acid profiles of the bacterial isolates (SL4797 and S1.4800) from broccoli black rot and a reference strain X. campestris pv.

campestris NCPPB528

Shorthand name Systematic name SLA4797 SL.4800 NCPPB528
10:0 decanoic acid 0.83 1.04 0.82
11:0ISO 9-methyldecanoic acid 3.37 3.79 4.12
11:0 ANTEISO 8-methyldecanoic acid 0.25 0.28 0.25
10:0 20H 2-hydroxydecanoic acid 0.20 022 0.18
10:0 30H 3-hydroxydecanoic acid 0.25 0.36 0.38
Unkiown 11.799 ' o 1.05 139 1.22
11:0ISO 30H 3-hydroxy-9-methyldecanoic acid 232 2.67 2.86
11:0 30H 3-hydroxyundecanoic acid 0.32 0.51 0.36
13:01SO L1-methyldodecanoic acid 0.26 0 0.21
12:01SO 30H 3-hydroxy-10-methylundecanoic acid 0.28 0.33 035
12:0 30H 3-hydroxydodecanoic acid 2.79 3.65 3.70
14:0ISO 12-methyltridecanoic acid 0.33 0.29 042
14:0 tetradecanoic acid 0.93 0.83 1.14
13:0 ISO 30H 3-hydroxy-11-methyldodecanoic acid 3.31 3.46 3.50
13:0 20H 2-hydroxytridecarioic acid 0.39 0.48 041
15:1ISOF 13-methyltetradecanoic acid isomer F 0.39 041 043
15:01SO 13-methyltetradecanoic acid 18.39 16.98 19.26
15:0 ANTEISO 12-methyltetradecanoic acid 12.92 12.86 13.97
16:01SO 14—methy1pentadecanbic acid 3.00 241 253
16:1 wic cis-7-hexadecanoic acid 2.07 2.48 1.82
16:1 wic cis-9-hexadecanoic acid 13.25 15.33 14.09
16:0 hexadecanoic acid 6.69 5.69 5.36
ISO 17:1 w9c cis-7-15-methylhexadecanoic acid 8.73 7.90 8.36
17:01SO 15-methylhexadecanoic acid 10.12 8.39 8.46
17:0ISO 30H 3-hydroxy-15-methylhexadecanoic acid 0.54 0.72 0.66
17:0 ANTEISO 14-methylhexadecanoic acid 1.41 1.28 1.21
17:1 w8c cis-9-heptadecanoic acid 1.74 2.29 1.57
18:1 w9c cis-9-octadecanoic acid 1.08 1.02 0.90
18:1 w7c cis-11-octadecanoic acid 1.02 0.97 0.81

A2 A THTable 3). ©]% 13-methyltetradecanoic acid] SL4797
SL4800

ko] 17~19%Z 7P =3, 82 cis-9-hexadecanoic
acid(13~15%), 12-methyltetradecanoic  acid(12~14%),
15-methylhexadecanoic acid(8~10%), cis-7-15-methylhexa-
decanoic acid(8~9%), hexadecanoic acid(5~7%), 9-methyl-
decanoic acid(3~4%), 3-hydroxy-9-methyldecanoic acid(3~
3%)9] o= TRl AULH, Al e @5 e
2 ajolg wolA ghgkout, B & WM @I W
o2 A9it 238 7RI S U(Table 3). Vauterin 5
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Fig. 2. Phylogentic tree of isolates SL4797 and SLA800 based on
the 16S rDNA sequences of Xanthomonas strains. The 16S rDNA
of SLA4797 and SLA800 shared 99% sequence identity with the
16S rDNA of X. campestris pv. campestris ATCC33913.
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