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Occurrence and Distribution of Bacterial Canker of Red Pepper Caused by
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Bacterial leaf spot by Xanthomonas campestris pv. vesicatoria has been known to cause serious problem
in red pepper in Korea. However, recent survey showed that most symptoms in the leaves were mixed
with two different symptoms, one was leaf spot and the other was canker. Bacteria isolated from
canker were identified as Clavibacter michiganensis subsp. michiganensis on the basis of biochemical
and physiological characteristics. The causal bacteria were non-motile, rod-shaped and Gram-positive.
The lesions on pepper leaves appeard at first as small blisters or pimple-like white spots, which
enlarged in size at a later stage. The centers of some of the spots became necrotic and brown, and
were surrounded by a white halo. Pathogenicity tests were performed on pepper cv. Alchan seedling
by spraying of bacterial suspension. During 1997 and 1998, total 17% of 527 fields surveyed were
infected by C. michiganensis subsp. michiganensis. The canker of red pepper caused by C. michiganensis
subsp. michiganensis was first identified in this study in Korea, and new name “gueyangbyung” was

tentatively given to the disease.
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campestris pv. vesicatoria®| 2|3} M| T-A A F-=] ¥ (bacterial leaf
spot) 3} Clavibacter michiganensis subsp. michiganensis®] 2
g H P (bacterial canker)o] AAACE RHyHo] 9o}
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Smithel] 2JsjA] 2522 B 759 K Bryan, 1930). ©13 1968

* Corresponding author
Phone) +82-331-290-0425 Fax) +82-331-290-0453
e-mail) sdlee@niast.go.kr

105

ul=toll A C. michiganensis subsp. michiganensis7t 13=0]]

= 927 F Stk 7FeA S AN, 19703 ol 28
A A C. michiganensis subsp. michiganensis7} RFAAE] ol A
sweet pepper(Capsicum annuum)®] 93} Gujjol] WEEL oo
Ty HZ2Z B 73 cHassan 5, 1968; Volcani £, 1970).
1976\3 Wl = California®) A1 C. michiganensis subsp.
michiganensis7} bell pepper(Capsicum frutescens)ol | k=2
doAvhe B7 AN, 19953 v Indianas)) A bell pepper
(Capsicum sativum)ol| #Fgo] WAlstg k= B v7}t A9k
(Lai, 1976; Latin %, 19953).
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729 29 HTAE g4t dride 24 g 49
o] F4 Bl %2 (halo)7} A H o] AEFH M (bird s-eye spot)
< ao/‘j?}EKJones = 1991)

zm Bg & FEED Skl TAAEE A Aol

HHA XM- 19973 39 HEE] 1998\ 9U7HA] A= 59 7] Al -

29 7% A 2L AOT AT ZARROH, &
e élgiﬂi—‘?‘—ﬁi HaFe 2 - SARGT Wiee X
AEAIA Qelz 2078 Pslel WEFEE ZARAS
o, SALAN 53 wha AN

Wl 2| 2 HalM AN Hde vele el 43 7)
S S yalkRo} AxKe] A NA
ped i | % 2}0}%/\’&‘%‘5%@30(31)—& A
3 T Ag4z 23 AT BH AFE 2248 1 ml At
9]= Eppendorf tubeol] B 1A17F X AR A
ubx]gtgdtt o]% HEel-S yeast extract dextrose calcium-
carbonate(YDC, Dye, 1962) ¥|x]$} Nutrient-broth yeast
extract(NBY, Vidaver, 1967) )=o) streakingd}al 28°Cell A 3-
19 Mstel @ 22UE o5 Relegth £4 £ 7
o 15% A Ede] Fesle 70T ALY EI A7
Za3, A% SR 7E Aadl Aetei] Ao BE
sRA Aol AHgsich
MRy ARE A 7R PEOE FRsch S, NBY
WAl wjeke S sl Bereld wEE 1x10°
cfwmlZ 93 the- 9lo) 243 AJNE Ful(Nicotiana tabacum
cv. Samsun) Qo 3 HFE-OE FQl3le] 48 Al7kolujel] R
e A8E ZARYG EM, EsHE(Lycopersicon
esculentum cv. Seokwang) ol Al NS FA} @%‘S}C’%
579 Fo) WAl wAHE AL BAEL AM, 23
(Capsicum annuum cv. Alchan) E‘i%}(cotyledon)oﬂ L %‘jz
&tod 734519 ti(Chaldecott &} Preece, 1983). F-H 153 Al
aﬂ\%}_ﬂ" 1.5ml & 5 HEd & *e‘_“(ii 25 C 74
T, 100%)004] 48217 vk & 242 Sk &4 23
% 233 olgio A 24-30CE #A 3 dxdFE C
michiganensis subsp. michiganensis SL-1974% 2 AA &

% o} ol g3kict:

wpimol 42| - SISt 3l BEHS S T8 9AL Difeo

Aol ghshe AlekS o) 83a] 389 m, 3% KOH &

of»
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Ag o)g3te 13 FFH A4S ATAEATE AE FE
o} AR ZA T NBY Aol A 36412 vl g3t & 0.5%
uranylacetate 2 A 3le] 3} A1 v) Z(Hitachi H800)2 ©]
g3le] ARG Clavibacter 49 & %9 4<& St
o] CNS BHX](CarlsomIl} Vidaver, 1982)¢} TZC #A|(Kelman,
1954)0] BES & 28CollA g3t HEARE SH3INA
t}. Ribose, sorbitol, inuling ©] & A+ AAdejf= RSD wj
2)(Davis E, 1984)e] glucoseZ w7 AAT A4S 0.5% 4
7}kl ZAV514.0.1, acetate &} formate ©]-8-o-= RSD 4}
Zo)) bovine serum albumine fraction V& ¥ A AJoF
S 0.1% A A7}sle ZARBIATE 83 esculina} casein 43}
5o SC mlA|(Davis 5, 1980)0l ferric citrate 0.05%E 3
7¥8t 3 casein 1%, esculined 0.1% F7tskd ZARIAH:

EE A A2 WA 20%F A FLAT2A T
F vgelye 1F Al 1Y = 48 IRE AR
2 Yol SITkCa, 1988). A7 R Al BIE Ao

3 geo|yo.
2 ol stert & 9 B3 vje] 2ol HYo)
%}BP;} HLZJZ/J-o] izﬂ-gﬁ_a_q g & /\15‘5\0"4 H};ﬂ Z/\}
o] 7% X. campestris pv. vesicatoria7}t, Tio] 3¢ 3¢
C. michiganensis subsp. michiganensis7t Z3& =t

X. campestris pv. vesicatoria= Xanthomonas TB¥iZ] 1
YDCujA oA vi<F 2-3Q o B2 ke FEY7} EA
H9ou, Hdo 317‘101]1% 223 C. michiganensis subsp.
michiganensis= N5 Wj¥3ix] 34 o] E2YE &
S19100] A7 ehiiTie 334 Eo 7tk NBY
wj A olA 719E W X. campestris pv. vesicatoriaZt T |
WA A ¥a|& C. michiganensis subsp. michiganensis BT}
129 wEA A8t

vl o] Zakol| A B3t C. michiganensis subsp. michiganensis

g 98 1E Pl Qo) A AEAGS W HEHSH
2148471 ool AL 2O E INHGLT, BT Yol F
A HEIGS e 579 F HERAVL M0 g AAEHA
thFig. 1G). 187, I3 Yo £F FFAAE W= BF
4-59) o] o] A7 HE Ao Hle] #Hol AR
thFig. 1F).

C. michiganensis subsp. michiganensis®] 4572 Schaad
A9} Bergey' s manual2 FTE 3l 3= Ari(Table
1). X. campestris pv. vesicatoria’= 1% £33 ®¥hd Tl

Zro)| A B-28)8F C. michiganensis subsp. michiganensis< "L
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Table 1. Characteristics of present bacterial isolates obtained from infected red pepper compared with those of C. michiganensis subsp.

michiganensis and Xathomonas.

Characteristics Present C. michiganensis subsp. michiganensis Xanthomonas
isolates Holt" Schaad’ Holt* Schaad’
Gram stain + + + - -
Cell shape irregular rod irregular rod irregular rod rod rod
Pigment orange or yellow yellow or various yellow or various yellow yellow
Flagella - - - polar polar
Growth on CNS + +
TZC + +
Acid production from Ribose - -
Sorbitol - - -
Inulin - - -
Utilization of Acetate - + -
Formate - - -
Hydrolysis of Casein - - -
Esculin + + +

dHolt et al. (1994) in Bergey s manual of determinative bacteriology, 9th ed.

Schaad N. W. (1988) in Laboratory guide for identification of plant pathogenic bacteria, 2nd ed.

Table 2. Occurrence of bacterial canker and bacterial leaf spot in red pepper during 1997 and 1998 in Korea

Bacterial canker

Bacterial leaf spot

No. of

. ] Di
Location surveyed No. of . .Dlsease b No. of incid 1seaseq b
fields diseased incidence (%) diseased incidence (%)

fields Mean Range fields Mean Range
Kyunggi 53 11 7+11.3 1-40 24 43+37.1 10-100
Kangwon 82 20 22+30.3 1-100 12 10+6.0 1-19
Chungbuk 45 3 2+1.5 1-5 14 56+29.8 21-100
Chungnam 65 28 50+39.3 1-100 6 25+12.0 12-45
Chunbuk 29 9 4+6.1 i-20 10 54+28.0 22-98
Chunnam 39 6 5+£6.9 1-20 9 17+10.7 1-30
Kyungbuk 164 6 2+15 1-5 53 54+35.6 1-100
Kyungnam 44 9 38+38.2 1-100 18 434351 1-95
Cheju 6 0 0+0.0 0 2 8+3.5 5-10
Total 527 92 25+34.1 0-100 148 434342 1-100

aKangwon (Chulwon, Chuncheon, Hoingseong, Hongcheon, Hwacheon, Jeongseon, Pyungchang, Taeback), Kyunggi (Anseong, Hwaseong,
Kanghwa, Kapyung, Paju, Pocheon, Pyungtack, Suwon, Yangpyung, Yeoncheon), Chungbuk (Cheongwon, Jecheon, Koisan, Okcheon, Tanyang,
Youngdong), Chungnam (Cheonan, Cheongyang, Kongju, Poryung, Seosan, Yeosan), Kyungbuk (Andong, Cheongsong, Euseong, Kyungju,
Munkyung, Pohang, Ponghwa, Yeocheon, Youngcheon, Youngju, Youngyang), Kyungnam (Changryung, Hapcheon, Keochang, Kimhae, Koseong,
Ulsan, Yangsan), Chunbuk (Cheongeup, Imsil, Jangsu, Muju, Namwon), Chunnam (Haenam, Hampyung, Jangseong, Poseong, Suncheon), Cheju

(Bukcheju).
Disease incidence (%) = diseased plants/total plants examined X 100.
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Fig. 1. Symptoms of bacterial canker (A, B and D) and bacterial leaf spot (C) and electron microscopy of its causal agent, C. michiganensis
subsp. michiganensis (H). A: upper surface of diseased leaf, B: lower surface of diseased leaf, D: the diseased fruit, E: severely diseased

pepper plant. C: upper leaf surface of pepper diseased with bacterial leaf spot caused by X.campestris pv. vesicatoria. Symptoms on seedling
by artificial inoculation (F) and the hypersensitive response on tobacco leaf (G). Bar represents 1 pm.

E 9 AAF 2oz W) dolHtk UAFY GulATel  (Fig 1A). ¥HEe] FAdle AL dojual A2 R W)
= el 22 ukde] AH Y, AAHW ¢28 BAge w, O FZ 34 g5t =T o SH@de v
2 Rz} SulHATkFig. 1C). ¥V, C. michiganensis subsp.  ©] E&F o] o] T4E UeArkFig. 1B). 271 2 &
michiganensiso] ©8F AFH L AoE Yol £ (pimple) ATl 24 wkgo] A7)H FIA7L oFF BARAH HHEE

o} 7o AL I wgo] Yehty, AAHEA 44 ARt EEFHE AYSEE ROt SuiARds 24 o) 47
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=8 X. campestris pv. vesicatoria®l 2|3 =4i= A9l 2
Ho| =R gigkth Guljolle Z7)dle o B9 A4 v
o] 4713 1 FH= M HFEF AN HA A
o] A¥57del ersithFig. 1D).

AEHE HE g gutdog ¥AS 7|22 WHysich
A1} A9- C. michiganensis subsp. michiganensis©l| 2]gt
2 IF Y JH gdo] A4S HolBg tiolHozt
Hsle= Ao] efgstA| T o)y 71E X campestris
pv. vesicatoria®l] 2|3+ WO g wWwlo] Quh K3l ErlEd
M= C. michiganensis subsp. michiganensis®l 213+ & %
Holg}y HHsly gloeng B e ‘wF oy o2y
wate Ao wiEFsitty AztEh 3 A7 X
campestris pv. vesicatoria®] 2|3+ WS telo|Wo|gly WY
AR TRdo] FAdol fla WA W IAHA %7
2ol AFAPATFHE 02 Agsie Aol sty AZE
th I35 FAPo] AFAHOR TE] QLT XF7HA|
BHZA 2 o] fr= APEH tidoy o] uf¢- ARSI, +
71A Hee]l 474 HAS o YDC wjA|eA HEFE
FE ydd B2Al AL =8 C michiganensis subsp.
michiganensisS E-2]8}X] £8}3 X. campestris pv. vesicatoria
o BElH o] S42 dod|= HWAE X campestris pv.
vesicatoria®l] &8t o7 AL A3 Ao =F ALFHUL

19973 3€RE 19983 947kA] A= 597 A2 A] 5277
AF TS AR A3 Al RTEH 14870 (28%) X
oA AR whd A BB 927) (17%) EA3NA A%yl
WAE AT Table 2). 15 AP 199730 AFHo2
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o
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Qo SRS FERF] B4 o] 471 B7)NE A%
Z42 Bath 298 FES 240 A B Ao
= <}

%

HIZ7A] Fol A ol WSS dodle AaHos
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do] Fate] EAFH Qe H, tgo] S EeE B
QAFE C. michiganensis subsp. michiganensisZ 53 % Atk
o] WM B TR T 540l AU
th Ago] A oA A FX HFY Bk vhgo] A7)
I AAEE wbgo] AxH, ¥hHe] FARE HAE Lo
U 2o 2 Waty FHole sk HIFElzt A4EMU B
AL IHEFE: 4Dy FBo ERETsY AAskAth
o2 7kR] EAL F§sle] B WS C michiganensis subsp.
michiganensisdl| ©)8F 7% FHdH o7 w3} 19974 3
YEE] 19983 9Y7R] A= 597 Al A 52770 I 2R
& 2R A3t 927 (17%) XA AlFEo] EAHIT
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