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to Black Rot Disease Caused by Xanthomonas campestris pv. campestris
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Black rot caused by Xanthomonas campestris pv. campestris (Xcc) is one of the most serious diseases of
crucifers world-wide. To establish the efficient screening method for resistant cabbage to Xcc, different
inoculation methods, inoculation positions, growth stages of seedlings, and incubation temperatures after
inoculation were investigated with the seven cabbage cultivars showing different resistance degrees to the
pathogen. Clipping with mouse-tooth forceps was better inoculation method than piercing with 18 pins or
cutting with scissors to distinguish the level of resistance and susceptibility. In inoculation using mouth-tooth
forceps, clipping the edges of the leaves near veins is more effective than injuring the veins of the leaves
directly. In addition, the inoculated plants kept at 22°C showed more clear resistant and susceptible responses
than those kept at 26 or 30°C. On the basis of the results, we suggest that an efficient screening method for
resistance of cabbage cultivars to black rot is to clip the edges of the leaves near veins of the four-week-old
seedlings with mouth-tooth forceps dipped in a suspension of Xcc at a concentration of 7 X 107 cfu/ml and
incubate the inoculated plants in a growth room at 22°C with 12-hr light a day.
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Development of Efficient Screening Method for Resistance of Cabbage Cultivars
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Xanthomonas campestris pv. campestris®ll 23} 2AY 3} S F3 JtH(Griesbach 5, 2003). Brassica <& ZH=0|
= A2HSHE AAZ SR wjF 2Ed & I8E A U ouiFd Jx Felx Y 7Fssta, 53] B oleracea
S 7)™ (Kamoun %, 1992; Williams, 1980), =327} # 220 Ak Aol 2 ASHE xYste] E &4
oA A 7HARIE Y] VEYo R 33lEE Al Huks & © ZItK(Taylor 5, 2002; Williams, 1980).
EAFHoZ YeATH(Smith, 1911; Stewart®} Harding, B. oleracea’= Capitata 2591 SHl5, Italica 2521 B
1903; Sutton¥} Williams, 1970). ¥o] XA g wa} ¢ Eiﬁl 2] 3 Botrytis &<l ZelEet] 59 4 A
Mol =S A e F2F AE T3 AR A= Lopo| A wjg- AAHORE Fag o g £
A AT o] gA|E o] vy o]EXH 2 o] 3 A tH(Cartea 5, 2008; Jo 5, 2012). FWlS== Brassica
o] EAR HAER AFE] AL A} ofxjolrt 9
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A AAER, O e 2 A EolM 23%7F At AL
QIThEum 5, 2012; Lee, 2007).

Gl WA stE T8 Weld H2A W] WAE
Al 2, A FA FEO AR 2 AR
HAade] d F Jde ¥E AE A wiF F=E A
Aske W So] dukro g 3 E th(Kocks &, 1998;
Schaad®} Dianese, 1981; Williams, 1980). A& F5<]
AL o} F gk WA W 2 ShUbE(Williams, 1980),
w$o v g o2 Ao S M T o F A
< 7R W o|th(Taylor 5, 2002; Vicente 5, 2001). X.
campestris pv. campestris(Xcc) A F ol gt A+=2=
GulF EF Barly Fuji’e} ‘Hugenot' 7} X =A&AS
Epditty 28 B ¥ (Bain, 1952; Bain, 1955) ©]%ol &
& AFAEL B. carinata, B. juncea, B. napus, B. nigra,
B. rapa ok ol2} B. oleracea| = E2 AFAH F7

A FrHE o7 Aaksie] =USFATtHDickson?t Hunter,
1987; Guo &, 1991; Hunter 5, 1987; Marthe 5, 2002;
Monakhos®} Djalilov, 2000; Quazi, 1988; Sharma %,
1972; Westman 5, 1999; Williams 5, 1972). 3FAI T+ #]
S£A o7 Ao e AF7F TR UMl =E A
AW gk A dF FFO SFTol 4A &
o} A&k Al 7} A& AAo]ti(Ignatov 5, 1998; Jensen
%, 2005; Taylor &, 2002; Vicente &, 2001). &S 2 Xcc
of gt FujFel A A7 M2 A8 SF 4
Aol d=o] 37| YA a&F ol AFE &
=9 A AAHe Yo WHHow 9 FHET)

mEba 2 A s EEA dF A2HSE A

=

F

2= 0]
pos

2
S AR, A 2= 5o e 2y 230 mE gl
F A2 I AEE AR

FolF A, FuF Aemen 4G 7
gab] Slal Alw F9 g% 30

5 FHleP@E=ET
710]), ‘@z (AFIErEL g oh) E] AL - 3P (obA] ok

By} 22502 RE B9 e lF 4l F5 “Saint’,
‘Joeun-ACE’, ‘Wonderball’ @ ‘XCCR 500°& 23] A}
L3t 74 FFE9 PulF H2H W g A
EAL Table 17} 7t}

GF TN FEe FAE Sx8 HE
pot, HsAholl A &AE SE(HiA})—g— 5-1 5 %s& 5
S Aro) W A3e ALt ZE 4 A
of| A oF 47 Fot Aug 497] FHFE @6&011 /\}%o}

R

g5 - T - AR

Table 1. Trait of seven cabbage cultivars used in this study against
Xanthomonas campestris pv. campestris

Cultivar Company Trait*
Rubia Takii Korea S
Ohjora Sakata Korea S
Greenhot Asia Seed R
Saint Monsanto Korea S
Joeun-ACE Joeun Seed MR
Wonderball Monsanto Korea MR
XCCR 500 Joeun Seed R

S, susceptible; MR, moderately resistant; R, resistant.

HAEL v 2 W
O 7= X campestris pv. campestris KACC 10377—%
AEH FHFAALANE(KACORTE 4 igkon,
o459 A7) BIE 218t 20% glycerol &-Holl Ea}t
o] ~70°C deep freezer®l] 73}t Trypticase soy agar
(TSA; Becton, Dickinson and Co.) ¥iX|ol| & HE3}
o] 30°Coll A 3U7F Wkt o o] TSA wjx|of ThA]
;Gz_olu_ 30°C°ﬂ/\1 201 Eo} HH §_ .E_O Naoﬂ /\]__9‘—5}_
Atk 77 g v HFrE R spreader®
Shato] Al @HAS TS DU00 UV/Visible
Spectrophotometer(Beckman Coulter Inc., Fullerton)E A}
g3ko] T35 (0D, optical density)S =4 ala e <)
FEE ODgo=0.125(6.86 x 107 cfu/ml)’} H=& D4

= %6}04 EScksv=g
HE el e ulF A28 TS 2AH]
floH ﬂi I 9 7H9E o] 83 A WHoE o
FrEO 2 19937 2990 HAHES HE k. I (mouth-

tooth forceps) HEE Xec AL FAof] &3 Fof 5=

T3 ool FHAR A7 YA Al A (secondary
vein) 9] 5 7PgAIE Ol o F 2314 o] 1eme] 4
A7 s Aoz ol FAN, A HE2 AU I91E
0] Xee Ao H Fo Sl 7}; 2 730] 71 4

o w9le) 7 me] Wo s By AFaAA. 719 B
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2 el Aol g We 9 F Gl G 3]
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Vicente 5-(2001)2] 7152 arste] 0=l ¢S,
1=k IAF E HE 4 = S

(r o = 24 K1 %2 o
=

MRubia @Ohjora [OGreenhot

Disease index
N

Mouse-tooth forceps

18 pins

Saint

w849l A%y Ay 97

3 BE A 23] AT FA 42 SAS(SAS
Institute, Inc., 1989, Cary, NC) Z212}& o]85/0] ANOVA
S sten, A Bk vE 918k Duncan’s
multiple range test(P = 0.05)2 A&} T}.
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=25 AP BAe) Folg B oHE Axe ¥
© F5A 24 o] =2 MRS BHAN F IS
A2e Wy B3 RE FF4 2 IHES UEY
of FF7e Folid 3= o7t fIeh. Elal 18 A
T A B TP ZolE Hele X sie
U FF70e] B W EoAM FAHSE FoAT 8131
ok sHARE B HEe] B e FELE Hole
‘exebel 49 32, A FF XCCR 5002 0.89]
WS Holn] FF7e AJA ztolE YehlH F4
How folAw SelEHArh(Fig 1)

7HIR FEske 7 S AE A "ol 8l
o W Aol AYAIA BaL FF 7+ AolE yER
A Fotol A4 WHer AdeA] Ggrial AzEt
B Joeun-ACE M Wonderball EXCCR 500

Scissors / side Scissors / terminal

Inoculation method

Fig. 1. Development of black rot on seven cabbage cultivars inoculated by four different inoculation methods. Four-week-old seedlings
of cabbage cultivars were inoculated with Xanthomonas campestris pv. campestris KACC 10377 using mouth-tooth forceps, 18 pins,

and scissors. The inoculated plants were incubated in humidity chamber at 22°C for 24 hours and then transferred to a growth room at

22°C with 12-hour light a day. After 3 weeks, disease severity of the seedlings was investigated on a scale of 0—4. Each value represents
the mean of two runs with ten replicates each. Values in the labeled with the same letter are not significantly different in Duncan’s

multiple range test at P = 0.05.
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B Rubia B Ohjora O Greenhot N Saint BJoeun-ACE M Wonderball BXCCR 500
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R
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Fig. 2. Black rot occurrence on seven cabbage cultivars inoculated at vein and near vein of leaf. Four-week-old seedlings of cabbage
cultivars were inoculated with Xanthomonas campestris pv. campestris (Xcc) KACC 10377 by clipping the edges of the leaves veins or
near veins in 1 cm from leaf border with mouse-tooth forceps dipped in a suspension of Xcc. The inoculated plants were incubated in
humidity chamber at 22°C for 24 hours and then transferred to a growth room at 22°C with 12-hour light a day. After 3 weeks, disease
severity of the seedlings was investigated on a scale of 0—4. Each value represents the mean of two runs with ten replicates each. Values
in the labeled with the same letter are not significantly different in Duncan’s multiple range test at P = 0.05.
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4

Disease index

%

3 weeks 4 weeks 5 weeks

Cultivation period

Fig. 3. Development of black rot of seven cabbage cultivars inoculated at different growth stages. Five-, four-, and three-week-old
seedlings of each cabbage cultivar were inoculated with Xanthomonas campestris pv. campestris (Xcc) KACC 10377 by clipping the
edges of the leaves near veins in 1 cm from leaf border with mouse-tooth forceps dipped in a suspension of Xcc. The inoculated plants
were incubated in humidity chamber at 22°C for 24 hours and then transferred to a growth room at 22°C with 12-hour light a day. After
2-3 weeks, disease severity of the seedlings was investigated on a scale of 0—4. Each value represents the mean of two runs with ten
replicates each. Values in the labeled with the same letter are not significantly different in Duncan’s multiple range test at P = (.05.

M Rubia B Ohjora O Greenhot N Saint BJoeun-ACE M Wonderball EXCCR 500

a a a a a a a a a

4

Disease index

22°C 26°C 30°C
Incubation temperature

Fig. 4. Development of black rot on seven cabbage cultivars according to incubating temperature after inoculation. Four-week-old
seedlings of cabbage cultivars were inoculated with Xanthomonas campestris pv. campestris (Xcc) KACC 10377 by clipping the edges
of the leaves near veins in 1 cm from leaf border with mouse-tooth forceps dipped in a suspension of Xcc. The inoculated seedlings were
incubated in humidity chamber at 22°C, 26°C, and 30°C for 24 hours and then transferred to a growth room at 22°C, 26°C, and 30°C,
respectively, with 12-hour light a day. After 3 weeks, disease severity of the plants was investigated on a scale of 0—4. Each value
represents the mean of two runs with ten replicates each. Values in the labeled with the same letter are not significantly different in
Duncan’s multiple range test at P = 0.05.
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(1972y= 5 F-Holl FAM (mouth-tooth forceps)>Z Xce
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