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Black rot of Chinese cabbage caused by Xanthomonas campestris pv. campestris (Xcc) is one of the most severe
diseases in crop cultivation. To define the resistance characteristics of Chinese cabbage to Xcc, we tested the
virulence of eight Xcc isolates in four susceptible cultivars of Chinese cabbage. The isolates of Xcc showed dif-
ferent the virulence on the cultivars. On the other hand, we selected 22 resistant or moderately resistant cul-
tivars of Chinese cabbage to Xcc and tested the occurrence of black rot on the cultivars caused by the isolates
of Xcc. Mean disease severity of black rot on the Chinese cabbage caused by each isolate was also positively
correlated with the virulence of Xcc isolates. Furthermore, the development of black rot in each cultivar in-
creased according to virulence of Xcc isolates. The number of resistant cultivars of Chinese cabbage to eight
isolates of Xcc decreased according to the virulence increase of bacteria. Taken together, these results suggest
that resistance of Chinese cabbage cultivars to Xcc is likely affected by the virulence of Xcc isolates, but not
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result from race differentiation.
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-2t A vl 5=(Brassica rapa ssp. pekinensis)2] Ajulj+= 2+
Bo| AlstEle] A5 ezt 7Hs kA =L, ofof whet Azt
AufR|7} F7 ekl whet theFst A&y o] WhAgstkal Qltk(Korean
Society of Plant Pathology, 2022). £3], 7|3 H3lel T Eof A
9] dhllo] 37| F78aL Qlth Xanthomonas campestris pv.
campestris (Xcc)ol| &3l WAYst= v S} 2= H245H

Research in Plant Disease
elSSN 2233-9191
www.online-rpd.org

(©The Korean Society of Plant Pathology

(black rot)-& 3t 7]2-0] 25-30°C3! Tkt Z| oA Aufiat
3, opul, TP, 2], B 5o AlsiA wisle] 7
AHo g Z £A4L8 331 Qltk(Jorgensend} Walter, 1955; Wil-
liams, 1980). 713} 24 A EHAA| T2 Xeces F=2 X AGst
<, 7dE A= 9 ol HE 55 ol A7) = gtk
Xee o1 FA A= 39, EFollAl= 20-40Y AYE0] 7155t
tHClayton, 1924; Cook 5, 1952; Danel} Shaw, 1996; Schaad2}
Alvarez, 1993; Schaad2} White, 1974; Walker, 1941, 1953). 3}X|t
EgolA Altrte = EAste Ak o BAE A& =
o o 2 &S 4= rk(Arias 5, 2000). Xec= W3} uk,
Eof ofaf Aut =z, detd e 2 Q) 7PgRE] Y] 435 B3l 4
EA Y82 sty B3-S £ 0153} Cook 5, 1952; Rus-
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sell, 1898; Vincente2} Holub, 2013).
Hlae] A A B YA 91 o E FAE Bels
349l Hel2 shod Az 7AF Z4ke] Al Gangopadhyayst
Gill, 1977; Kishun, 1984; McKeen, 1981; Schaad%} Alvarez, 1993;
Schultz2} Gabrielson, 1986), B|7|F ZHE3}e] §-2k H 2 =i
I} A 52 083t 3}8H4] WA (Bhat 5, 2000; Gupta, 1997;
Knosel, 1965; Onsando, 1988) 18] Agtn| = U vhg|g] e
TR E o]-&3t AESHA HhA|(Jalali®} Parashar, 1995; Pichard2}
Thouvenot, 1999; Wulff 5, 2002) S-0] AF-&E] 11 9l o1}, XL
H3} 5o = Qlsto] AletrEQl v 5] A2 51 HAYo] 2A 5
75HaL glo] o5 A e makao]x] 3t Aol
eE5d A FE= Aists AL 2187820, 535 Al
w9 A oA = 7 aE Rl WA= Q14 E A
QltH(Taylor 5, 2002; Vijeth 5, 2018; Yerasu 5, 2019). $-2]1}+
ghof| A H-2AZr ol tiet A d ez dfsial Q= vl &
T AY gtk A FF= NEsh] lsliA= A3 ++
AxHo] A Ty AR FaA o] wef 9 A wlE
E‘H B2 TAE T AR MAE aF o g Adst= A
&2191 7ol o] FoiAof gtk
1130‘ d F5< Ndsh] SRt B 2 ¥ A4
of thet U+t ol 73} o f5 AFSH= Zo] vl
Zastr} Yukshd 2= Aol Ao B At &
g W7o Fo|A B3y} gl WA A3H4(qualitative resis-
tance)?1A] &2 1 Aol et Yt o 237§
+= oA A g+Al(quantitative resistance)Q1A]o]] Wt ¥ A8+
5 NS St B S o= A sfof 57| diizolth
a8l AR AP FES 85t AEHE AL
= PAs7] A HEEA] B Ao A Hete] 9
o] &3} A7t dasirk
A HHE A=Y
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9] Floj& B3h= 715 AlE
o] AgH/do] A AFAEY Aol dojdtt. & S, FE
o] Y22 APAL Fom-13}+ Fom-2 73R ] oJ3f 24

™, oof what Wy F. oxysporum f. sp. melonis= & A3

[e

o] gl FPollet FAY 5= Gl ol 0, Fom-1 HAA} =
UH AES FAT 4 Y ol 1, Fom2E FFT 5 9

o_>f,

= ol 2, & A 37 Rt B HES AEE
= Sl= Floj& 1, 22 FREEH T (Risser 5, 1976). o] 9]of| = 11
9] Al A4 (Xanthomonas euvesicatoria)©l] That #]
3 (Hibberd 5, 1987), ¥l 5=2] Be] S W4t (Plasmodiophora
brassicae)l] T3t A3FA(Hirai, 2006; James2} Williams, 1980;
Kuginuki 5, 1999; Yoshikawa, 1983, 1993), %Fulj32] Al &5
w3t (Fusarium oxysporum f. sp. conglutinans)®] tigt A4

(Ramirez-Villupadua %, 1985) 18]1l Eul& Q] J-nao|+
(Fulvia fulva)®ll thgt 134 (Enya 5, 2009; Takken 5, 1
A2 A st 7159 A Rkl iRt e vt
gl ube Fol 2 Bk AAA ek vle) LML
ol XccQ] 7AL-o]= Vicente 5(2001, 2002)2 Xcc 352
rapa B. oleracea, B. juncea, B. napus 5-°ll E£A|3+= 22
A ARk} wEske] 6719 oAz &St

@T—;— ekl SR Seluetol A Al T }gh
T E3F i A2AFHA FlolL 73} of fof et A+
= I EA] gtk

wEhA B Jo A= AYo) AFESH= Xee 87 59 B

Y2 (virulence)S FA}SIL, T18]1 Lee 5(2020a)2] Az
B Ak wH-g Ui SRR Ao T
ShL Qs v EF 2070 Adsto], ol & HiS FEollA9
Xec 871 5ol ofet AL ALY WAL A}, A 7

Feol tig ol& FF AR F =g vla 245k Flol&

IS

1

rr _>|i i
I oL oo

ll‘

23} o} 8 2Asigh
= 3 g
Al R, 3ol

AT Xee 871 2] AL
ZfolE VS| YlelAl= Lee 5(2020a)8] ATHE Higo 2
A2ASTH o A4 v &5 V(R 54 [Syngenta
Korea, Seoul, Korea], ‘Z=3}'[Sakata Korea, Seoul, Korea], ‘CR
3} Q A]'[Takii Korea, Seoul, Korea], ‘Z¢'[Asia Seed, Seoul,
Korea)) & AlgollA F+dsto] Aol AH&-sH3ITh 12]al Lee

£(2020a)9] A7}= uleFo 2 Xcc KACC 103779] T3t #|3HA
2 AT W B89 el 0] Tl BERS
W AR AEE 2A] e, AR F B3 207) B
FAAEL R Z5E QR QAT R QYL BAE Sejolz
S e, A, A, A, Aol
A, ola gl 3 WML, s putole 2uE T,
HE, FAGZl, ALY D YU, DA ZFHAA R
AR, AR 2R WY, ATl TelolR e
TSP, ob Mo SR 2R RABE G T4 A& 75

o Aol Atk o] W) 4 Yhx EFOE Y, R
SR04 D 2AE W Asteik
0] 728 Al Allol AL§ 3 A1 BRI 5x8 §1

€ 92 3Z E(70 ml/pot, Bumnong, Jeongup, Korea)o]| lof|-&
AYE 235 (Punong, Gyeongju, Korea) & 911, Hj & ZX & L E
194 TR ) LARSES 06K s 5 102
Fof 20] AT ¥hE RS AHESHck
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A ZF. HFHIHSE A Xec = FE2NTH 54
SR LAlE](Korean Agricultural Culture Collection [KACC],
Rural Development Administration, Jeonju, Korea) 2 5-E
KACC 10377, KACC 17966, KACC 19132, KACC 19133, KACC
19134, KACC 19135, KACC 19136 W KACC 19527 35 E9oF
ol Agof| AT Xee FFE-2 Bt 20% glycerold]
g1 -75°C deep freezerof] A&sl7=3L Sh2 7Adjo] Ao
A5k

HB FH|.  Xec #5522 Petri dish (2]7 8.5 cm)of] FH]
S} tryptic soy agar (TSA; Becton, Dickinson and Co., Sparks, MD,
USA) Bljxo]l 2} <55 = sto] HF6ar 30°ColA] 127F uj
QFSHIL, 0] 2 A2 TSA Hjx|o] ThA] BT 5o] 30°Co)A 2
U7 HlFBIHTE Xee -5 vl Hi Aol Bt E 5 ml gal
WS 8k, 7)o et Y EE50] FESE &
| UV spectrophotometer (Beckman Coulter Inc., Brea, CA, USA)
183t F3%=(optical density, OD)& 7833t Bot <
|-85Fo] Al Feti o] =55 0Dq,,=0.175 (1.0x10° cfu/ml)
7HEES 279 S0 2 AH8aig

2
>~

(T
o

MR HE U, % fuo Heugy wy
2} Xee B30 Al Bt Hj% Qo)

o mE Welgo] 15 4 YES Azl BRAE 5

o Xec 255 AE ABAL 30°C S AN AT 48

AZE E3 AR ol FLFHASC, AThEE 80%)

2 0]F3+ 3179 124174 G (photosynthetic photon flux

density 55 pmol/m?s')-& ZAFSHHE A Aulistic

ol HZ o
Loyt o
I

ol
2

20% oJslo|H AFAHL R, 21-40%+= FE=AFACZ, 41%
ojAfe 7+ o 2 s3I THLee 5, 2020a). 11
TE HESHL 3¢, 44, 64, 8Y Fof] 2ARRE 7+ FF9| Wut
WA E00S AH§ 3k} ool 2L Alef net WAAT AR
(area under the disease progress curve, AUDPC)-S AAIS
thJegere} Viljanen-Rollinson, 2001; Madden 5, 2007).

—

AUDPC = Y™ [¢(i + 1) — ti] X [DS(i + 1) + DSi]/2

N=BRA} S, ti= BEA AL WF F AT A%, DSi = HR
A 1] LRS00

S7EA. BE UFS J g 104 48AE BE00
o, Age 23] WhE Sapaloirh, 123 o5 Auhi SAS X2
I3 (version 9.1, SAS Institute Inc., Cary, NC, USA)2 0] 83}
o] ANOVA 43 slaL, 2] Hat 7t B 2E 9|8t Duncan’s

multiple range test (P=0.05)E A A|3}4th
2 1}

i F=H2MSHA S T HE™H. Xcc 87 &F
(KACC 10377, KACC 17966, KACC 19132, KACC 19133, KACC
19134, KACC 19135, KACC 19136, KACC 19527)9] ¥ {=l&
Z A7) 93}, Lee 5(2020a)2] H 1S vlero 2 Xcco
thste] A4Al 47 W BE(CR 54, B, R ok2R
Al 2@ ol #FE HEsIL A4S S AL
gt A3 Xec 87 ol 93t v S FFY H2A S WA
2 HjF FF tolle 2 Aol & UehA] Egko Xec +5

£ Hof, KACC 19136 o=l 934 ‘CR 54, ‘&3, 'CR 8t
29 A, ‘2o A ZH2} 5.3%, 3.0%, 8.0%, 12.5%2] HHhH =
E2 Y #olglon,, KACC 19135 #5329 &A= R &
A, ‘&2, ‘R EFQA], ‘AN A 22 63.5%, 83%, 81%,
94.3%2] &2 YRrAYES YebHThFig. 1). 18] Xec 8
N +F5 FEst, 8¢ WS YAS v sk,
KACC 19136 #+E& HF = Ml 25 B+ HRd
HEo| 18.9%=2 7P Weron, 11 th&-& KACC 10377
25.2%, KACC 191332 36.9%, KACC 191329} KACC 17966
46.6%2} 54.29%0]%].21, KACC 195273} KACC 191342] 7%
B HutH A2 2 7H7) 88.8%29} 92.1%9] %1t 18] 172 KACC
19135 Fof| oafj A= 97.6%9] 71 2 WHIHZES 1
A THFig. 1).

Xec 87 55 AE3HL 3%, 4Y, 6Y E 8Y Fof| H24S
B HAE RARSELL o| 2 AXFE AUDPCEHS vl sk,
‘CREAS 162, ‘2312 183, ‘CR 3122 A= 207, ‘291" 209
23 F5 ol 283 2 2 Zol7t glalen,
Xcc T3 Tholl= 281 Aol & AfolE VreblithFig.
2). v 47l FFof At 2431 ] AUDPC Ht gk ]
W3HHE, KACC 19135 F3=0f 93] 714 =& 39529] AUDPCE
K on KACC 19134 346, KACC 19527-2 284, KACC 17966
2 156, KACC 191322= 119, KACC 19133 98.2, KACC 10377
70.40]%itk 18] 31 KACC 191369) &A= 713 X& 52.79]
AUDPCE 12l #o|9it}Fig. 2).

o 4
4%

i
0 ot Lo

X



Research in Plant Disease Vol. 29 No. 2

161

A —+—19136 ——10377 —e— 19133 —o—19132 B —— 19136 —o— 10377 —— 19133 —o—19132
—a— 17966 —0+— 19527 —— 19134 —— 19135 —a— 17966 —— 19527 —— 19134 —— 19135
100 A 100 4
~ 80 ~ 80 -
X X
3 3
G 60 - & 60 -
= -
© ©
2 2
- °
g 40 e %
3] ©
b 2
f= [=
= 20 = 20 A
0 0 ,
Day after inoculation Day after inoculation
(03 —+—19136 —o—10377 —e—19133 —o—19132 D —+—19136 —o—10377 —e—19133 —o—19132
—=— 17966 —0—19527 —a—19134 ——19135 —=— 17966 —0—19527 —+—19134 —4— 19135
100 - 100 -
— 80 ~ B0
X X
3 3
G 60 - s 60 o
= -
© ©
2 2
- °
g 0 g 41
3] ©
b 2
f= [=
- 20 4 - 20 A
0 0 1

Day after inoculation

Day after inoculation

Fig. 1. Development of black rot on four susceptible cultivars of Chinese cabbage caused by eight isolates of Xanthomonas campestris pv.
campestris. (A) ‘CR Nongsim'. (B) ‘Chunkwang’. (C) ‘CR Haruyosi'. (D) ‘Chunyeon’. Ten-day-old seedlings were inoculated with a bacterial
suspension of each isolate at a concentration of 1.0x10°cfu/ml by spray method. The inoculated plants were incubated in a humidity cham-
ber at 30°C for 48 hr and then transferred to a growth chamber at 25°C and relative humidity 80% with 12 hr light a day. After three, four, six,
and eight days, disease severity was measured as percentage of diseased leaf area of each plant. Each value represents the mean disease
severity of two runs with 10 replicates each. Values labeled with the same letter within each day after inoculation are not significantly differ-

ent based on Duncan’s multiple range test at P=0.05.

o5 AR Ae] A8 Xec 7] FFE0) HUBE
KACC 191357} 7}AF 74514 at, 1 oh2-2 KACC 19134, KACC
19527, KACC 17966, KACC 19132, KACC 19133, KACC 10377 &=
o]gom, KACC 19136 5= ezl 714 e & 4 9)
itk 1231 2 Xee F0l o3t 4] EFOIAL ALH L
AJo] AUDPCE A EAJ5H, BT Xe 87} F7E
A 37 180 2 ks 5 itk Aol 7 wo] By
3t = Welgo] 714 733t 152 KACC 19135, KACC 19134 2
KACC 19527 o3¢, g8 o] &7kl 152 KACC 17966, KACC
19132, KACC 19133 18]12 Bgo] ¥ 152 KACC 10377
I} KACC 19136 #+3+°]%1t}HFigs. 1, 2).

—

b

Xcc 871 01| IS HiSE 237 23| HA2MSH . i
o] M3 Aol st Xec FFEC] o] A E3} o7
E XA Y81, Lee £(2020a)2] 23S vlELC 2 Xcc KACC
103779] tfsto] A &2 =43 d= Hehd 207 &%
(7, CR QM) EE3s), a2, 'R fAAE, Ao
of, Frol&qzol, EAlZol, S, Ad, XY, A
5 = WA A, ek, e Al el
Al QR R, A3 A 37 (58 'R EHFAA,
Z)ONA Xec 87H w0l 23 H2A 2 S AP AT,

M

AR R Ui B AT X FHY WYo] 57
45 4L WAlo] Z7HshrHTable 1)
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Fig. 2. Area under the disease progress curve (AUDPC) of black rot on four Chinese cabbage cultivars caused by eight isolates of Xan-
thomonascampestris pv.campestrisand AUDPCwere calculated using thefollowing equations. AUDPC=3 n i=1 [t(i+1)-ti]X[DS(i+1)+DSi1/2;
n=number of assessments, ti=number of days elapsed from the inoculation day to the assessment date i, DSi=disease severity (%)
on assessment date i. Each value represents the mean AUDPC of two runs with 10 replicates each. Values labeled with the same letter
within each cultivar are not significantly different based on Duncan’s multiple range test at P=0.05.

123 Xee 870 2+ ol 3 AR E FEAGAY vjE AFT A D FEAGAS viF FF 2070 F Xec 7+ 2
F50lAY F2M-2H TS BT HETHAE%) KACC  Zbo gt A FF2] =& vluwstd, HaEo] 7 74gt
19136, KACC 10377, KACC 19133, KACC 19132, KACC 17966,  KACC 191352} KACC 19134 ¢3¢ 3l A= A4S Lehy
KACC 19527, KACC 19134, KACC 19135 =0l 9J3f] Z}z} 8.6, + &F°] 192, KACC 195273 KACC 17966 «F+= 174,
10.4, 37.5, 46.3, 82.6, 90.3, 96.0, 98.0%2] HHIHAZE(%)S . KACC 191329} KACC 1933 F-3=0] A= 57 281 By
#tHTable 1). &, KACC 19135 #500f] oJ3t A4 A o] oF3k KACC 103773 KACC 191369] tiafi A= 242 17702k
o] 7} Wk, 1 th2-2 KACC 19134, KACC 19527, KACC  207f &Fo0] A4S BATHTable 3, Fig. 2). o]<} vl 7+
17966, KACC 19132, KACC 19133, KACC 10377 &0|9lom,  2A4< Jehjjs £2.2 wYdgo| 7338t KACC 191359} KACC
KACC 19136 w5l <]t 2451 WAL 718 A}k 19134 =0l tialiAl= 2071501, He=lo] 71 ok KACC

T3 AN A D FEAGAY 207 Wi FF 5 Xee 191363 KACC 103779 thsiAl= 242t 07)et 27 &50] 4=
87l #F BFo ARYS H £5-2 §isith(Table 2). A4F A 93-S BY Fo|%ithTable 3, Fig. 2).

T EFT T M EE I A S Bl e Y

Fo| 713} 743 KACC 191359+ KACC 19134 #329] T3l A= o =

/g Whe& Yebllon, UmA] Xec 670 ol tistol=

A3 WhH-3-& B thTable 2, Fig. 2). 71 th-& ‘CR eHA'T} ol H2H 5 S TN Xeed] S AS)
‘U dslz yodgo) Aia o=z ofgt 47 FF(KACC 19136, 7] I8k, Xecoll thshe] A=Al vl 47 FF-l Xec 874

KACC 10377, KACC 19133, KACC 1932, KACC 17966)°] th3l]  #FE FHE3IL ol EF oA d243H TS 53
Ae AFA 2D S AP vhS HEXg Hago] 743t Xee =9 WY vt A Xee 9 FF 5
KACC 19135, KACC 19134, KACC 195279 tidAl= Z+4=A vk KACC 191357} 713 733t y¥igo] 743t #39on, 1 &
2 & UedtHTable 2, Fig. 2). A3t 22 g 2BO xecof o] -2 KACC 19134, KACC 19527, KACC 17966, KACC 19132, KACC
St AgAdo] 7H ot ‘CR AT AAI3E = BYlgo] 7 19133 =03, KACC 191362 o] 714 ofgt o =0|
oF&F KACC 191360] ThaljA1et 23S Yebiar, Uz Xec 7 ThFigs. 1, 2). mebA] A3 Xec 752 iS04 318
A FFo] sirs A4 v yeRfA] 3tth(Table 2, Y ApolE Htk

Fig. 2). 2 AEYYA
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Table 1. Occurrence of black rot on 23 Chinese cabbage cultivars caused by 8 isolates of Xanthomonas campestris pv. campestris®

Isolate of X. campestris pv. campestris (KACC no.)

Cultivar Mean
19136 10377 19133 19132 17966 19527 19134 19135

Mansumukang 0.0+0.0° 0.5£1.8 11.0+9.2  13.0£55 112448 133+75 90.0+10.2 98.0+8.2 296
CR Anshim 0.0+0.0 0.3%1.6 15.0+9.1 100462 288+64  60.0+52  80.0+8.8  90.0+9.2 35.7
Woldongcheonha 0.0£0.0 1.9+1.1 15.0+84 15.0+122 35.0+58 77.0467 95.0+11.2 90.2+5.8 39.9
Champion 0.1£0.3 23+15 30.0+£7.5 15.0£9.1 78.5+5.2 81.0£52 90.2+12.8 85.0+9.1 479
CR Yosimasa 7.5+2.2 3.3+£2.1 10.1£11.1 19.5+8.5 87.0£5.8 88.0+£6.9 98.3+£9.8 96.4+7.2 513
Sambokeotgali 4524 3.3£19 10.5£5.9 24.0+£9.6 86.0+4.9 92.0+6.7 95.0£59 100.0+£0.0 519
Chameseuleotgali 8.0+3.2 3.3%1.2 395468 25.0+85 855462 95062  97.0+6.9 100.0+0.0 56.7
Dduksimutgali 9.0+4.2 35+16  30.0+58 36.0+55 91.3+3.8 100.0+0.0 95.0+7.2 100.0+0.0 58.1
Guembangul 10.0+44  42+19 275453  445+65  87.5+48 100.0+0.0 95.3+53  100.0+0.0 58.6
Sanulim 7.0+4.2 33+16 250455 50.1+58  88.0+3.8 100.0+0.0 95.0+7.2 100.0+0.0 58.6
Jincheong 9.5+44 3519 26.0+£6.5 50.0£5.3 95.0+4.8 100.0£0.0 90.0+5.3 100.0+0.0 593
Gangryeokyeoreum 12.5+2.6 4.3%3.2 28.1+£8.3 59.6+7.8 859+25 100.0£0.0 100.0+0.0 100.0+0.0 61.3
Norangkimjang 15.5+6.6 55+2.2 30.1+4.4 52.0+7.2 923+4.8 100.0£0.0 100.0+0.0 100.0+0.0 61.9
Seealjewang 13.5+6.8  56+3.9  405+55 60.0+4.8 100.0+0.0 100.0+0.0 100.0+0.0 100.0+0.0 65.0
Daetong 13.0£6.9  7.7+4.5 50.5+4.2  70.0+3.8 100.0+0.0 100.0+0.0 100.0+0.0 100.0+0.0 67.7
Norangmathajang 14.5+7.2 7.745.8 702459 74564 100.0+0.0 100.0+0.0 100.0+0.0 100.0+0.0 70.9
Norangkimchi 145+54  7.9+6.1 733463  75.0+55 100.0+0.0 100.0+0.0 100.0+0.0 100.0+0.0 713
Norangchuseok 11.0+4.2 33.0£9.1 72.4+8.2 755+44 100.0£0.0 100.0+0.0 100.0£0.0 100.0+£0.0 74.0
CR Jinshim 120+£3.3 44.0+£10.2 725152 76.0+0.0 100.0£0.0 100.0+0.0 100.0+£0.0 100.0£0.0 75.6
Jangseng3ho 9.5+2.2 63.5+£11.1 73.1+11.2 81.3+0.0 100.0£0.0 100.0+0.0 100.0+0.0 100.0+£0.0 784
Mean 86 104 375 46.3 826 90.3 96.0 98.0
Chunkwang 16.5+4.2  73.2+72  70.0+83 100.0+0.0 100.0+0.0 100.0+0.0 100.0+0.0 100.0+0.0 82,5
CR Haruyosi 345+7.2 752489 100.0+82 100.0+0.0 100.0+0.0 100.0+0.0 100.0+0.0 100.0+0.0 88.7
Chunyeon 63.5+9.2  100.0+0.0 80.1+94 100.0+0.0 100.0+0.0 100.0+0.0 100.0+0.0 100.0+0.0 93.0
Mean 38.2 828 834 100.0 100.0 100.0 100.0 100.0

*Ten-day-old seedlings of Chinese cabbage cultivars were inoculated with a bacterial suspension (1.0x10° cfu/ml) of each isolate of X. camp-
estris pv. campestris by spray method. The inoculated plants were incubated in a humidity chamber at 30°C for 48 hr and then transferred
to a growth chamber at 25°C and relative humidity 80% with 12 hr light a day. Eight days after inoculation, the percent diseased leaf area

of each plant was scored.

®Mean disease severity+standard deviation of two runs with ten replicates each.

(virulence)ol] 2}o]7} Qlrkar B 1 E|QITh Jo 5(2016) Ha] S
2] 750l P. brassicae 47 57} Full ol sl Y=
of| ZFo|7} 9J-&-& ¥ 13kgTh 18]l Lee 5(2018)% R. sola-
nacearum 1471 o7} 315 F5of sl L =2t 674
IFL 2 78T 4 Qlokar ik E3F 5=t (Phytoph-
thora capsici) 73$-9= W2 AFAE9| P. capsici 55 7t
o HHo| 2}o)7} 9-&-& K 15k tHFostere} Hausebeck,

2010; Jo 5, 2014; Yang 5, 1989). By} ojue} A S-S
(Fusarium oxysporum f. sp. raphani) 87| % H-{Hof| u}a}
A 374 AFL 2 FEE 5= okl sHitH(Lee 5, 2020b).
3, Lee 5(2020a)0] X 113+ Xcc KACC 103779] 2|3t 887}
v E559 A2 U 2AERE A 2 FEA
PE Kol w5 207 FE2 ALstod, Xec 8 #5755 2
Zolal o] & FF A9 A2 A 2 A A=
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Table 2. Resistance response of 20 Chinese cabbage cultivars to 8 isolates of Xanthomonas campestris pv. campestris’

Isolates of X. campestris pv. campestris (KACC no.)

Cultivar
19136 10377 19133 19132 17966 19527 19134 19135
Mansumukang R® R R R R R S S
CR Anshim R R R R MR S S S
Woldongcheonha R R R R MR S S S
Champion R R MR R S S S S
CR Yosimasa R R R R S S S S
Sambokeotgali R R R MR S S S S
Chameseuleotgali R R MR MR S S S S
Dduksimutgali R R MR MR S S S S
Guembangul R R MR S S S S S
Sanulim R R MR S S S S S
Jincheong R R MR S S S S S
Gangryeokyeoreum R R MR S S S S S
Norangkimjang R R MR S S S S S
Seealjewang R R S S S S S S
Daetong R R S S S S S S
Norangmathajang R R S S S S S S
Norangkimchi R R S S S S S S
Norangchuseok R MR S S S S S S
CR Jinshim R S S S S S S S
Jangseng3ho R S S S S S S S

*Ten-day-old seedlings of Chinese cabbage cultivars were inoculated with a bacterial suspension (1.0x10° cfu/ml) of each isolate of X. camp-
estris pv. campestris by spray method. The inoculated plants were incubated in a humidity chamber at 30°C for 48 hr and then transferred
to a growth chamber at 25°C and relative humidity 80% with 12 hr light a day. Eight days after inoculation, the percent diseased leaf area

of each plant was scored.

°R, resistant, disease index <20%; MR, moderately resistant, 20%<disease index<40%; S, susceptible, disease index >40%.

£ AR A5 AR R FFE2 X 59 HY
Hol| vlF|sto] H2A o] oA 3}ME}(TabIe 1, Fig. 2). 1]
3 Xee Z+ %&-?—01] o5t 207 |2 EZ 20| Ao mon S
E (%) Bt doll & Xec 772 HaE
=18 WAo| T7HFAAL, 2 Xee w5l o
= Aol AFES Xec FFEC] HEHT

dh|gste] F718HaL, A FEY e X dFEY ¥
Ao]| v|F|5te] A3 HTable 3, Fig. 2). &, )R 2] £3&
=2 AT Xee #FE9] HLH o vhH|gste] A3 e
pri=g
ol ATZRE Xcc 87 3o tigt viF FE =Y AT

|

oA, A2 AR TAHE A A= HaE 7
ZE 719 Eo|& A= HAT 4= ¢9ltHHibberd 5, 1987
Kim 5, 2016; Kuginuki &, 1999; Ramirez-Villupadua 5, 1985;
Risser 5, 1976). wrabA] wll3=2] Xcc 320 T3t A3HAdL 24

=2
AaHAo] ok W2 Agoln, Aay W EEL BT

Xec #5-2] B Hhsto] AAS HehdE & =+ 3

U] e A EES AL 9% AT B3
(3E1a7) e ArEe) Wewel oid Al A A
2914 A AU wret et Bk 8o A
A9l 2ol 237} doluA) shed of
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Table 3. The number of resistant, moderately resistant and susceptible cultivars of Chinese cabbage to each isolate of Xanthomonas camp-

estris pv. campestris

Isolate of X. campestris pv. campestris (KACC no.)

Response
19136 10377 19133 19132 17966 19527 19134 19135
R 20 17 5 1 1 0 0
MR 0 1 8 2 0 0 0
S 0 2 7 17 19 20 20
R, resistant; MR, moderately resistant; S, susceptible.
7)) o2 WEe] P2my AaH4olth. B2 Fom-13} Q ok
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