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v 5=0] F5H-2 1/ dAIeE ]l Pectobacterium carotovo-
rum subsp. carotovorum (Pcc)ol| 2J3l] 2 gt} (Korean Soci-
ety of Plant Pathology, 2009). Pcc= 715 A& ZAfEol| A ¢
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Pectobacterium carotovorum subsp. carotovorum (Pcc) causes bacterial soft rot on a wide range of crops world-
wide, especially in countries with warm and humid climates. This study was conducted to establish an ef-
ficient screening method for resistant cultivars of Chinese cabbage to bacterial soft rot. Resistance degrees of
65 commercial Chinese cabbage cultivars to the Pcc KACC 10225 isolate were investigated. For further study,
three Chinse cabbage cultivars (Taebong, Hadaejangkun, CR Alchan) showing different level of resistance to
the bacterium were selected. The development of bacterial soft rot on the cultivars was tested according to
several conditions such as growth stage of Chinse cabbage seedling, inoculum concentration, and incubation
temperature after inoculation. On the basis of the results, we suggest that an efficient screening method for
resistant Chinses cabbage to Pcc is to inoculate twenty one-day-old seedlings with a bacterial suspension of
Pcc at a concentration of 1x10’ cfu/ml, and to incubate the plants in a dew chamber at 25°C for 24 hr and then
to cultivate in a growth room at 25°C and 80% relative humidity with 12-hr light per day.
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1 cellulase, protease, pectate lyase, polygalacturonase2} Z+
2 yUA B a45 AYAksHA "rhCollmeret Keen, 1986;
Eriksson 5, 1998; Jones 5, 1993; Kotoujansky, 1987; Péom-
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belon 5, 1979; Pirhonen 5, 1993). o]|#]3F & AL 7|39] A2
B Zofsto] Alzuto] 42 Fo =N AlE W Mol
2o} ML o} W AR 2A0) BB FAS SUw
(Collmer2} Keen, 1986; Kotoujansky, 1987).

Pecs 715 HE7E oi$- W2 Alto|iL, EQFolA @353t
AEo| 7hesl, A0 Be S 7|7k A sk=H] g
Yol A EEH wE S 2 ohE 22| 0 2 Ho|F|1L, A% 59
= wel7] o] Pecol o3 FEWS AR wAlo] 2 4]
=4 = sh)o|tHAleckd} Harrison, 1978; De Boer2} Kelman,
1978; Fritz&} Honma, 1987; Ren 5, 2001). Streptomycin}
oxolinic acid 5-9] A U BAEdEA| 52 o]83t= 35t
2 WWA|7F d2] AHgE AL Tk Z|ZEolli= Pseudomonast Ba-
cillus2} 22 AP E-L- 0]8-51A L} (Colyer2} Mount, 1984;
Geels2} Schippers, 1983; Raju 5, 2006; Zhao 5, 2013), PccE:
Eojzo g Fgstel §7AYIE e ent S AR
v 'hH o 2 o] &5t A7) QthJee 5, 2012; Rimmer,
2007). ARk $-2ftere] 7157k WA ofde) 7| F2 st
A wjFe] R WA 57 F745t glo], o] e B
AW PATHE Q7| v ofe} e Blolck

QH 0 2 A BFL Aulsto] 42, 53] =, A
24 W Hhole e WAISHE AL AAHlEAE T
Al vHA| o 2 QlAlE] 1 It} (Lee et al., 2018a; Tay-
lor et al.,, 2002). F-EHol tigt A &5 LS 7idsir]
PRI A F AU BRI 0} ol §3ho] AT
5 w52 Ay ==, o] of i Aol disto] &
A AR A 913 AtE0] HaE{HRen 5, 2007;
Williams, 1981). 12] 1L Lee 5(2018b)2 F.o] 21 o] 3t
A FF NS A B A4 A4 ol thsto]
HUSHRT SEARE - E ol Tt AoHd vl
T BRI A AW Bt A= AY

2 Aol = BEARL wiF FEE AR APHELS 2
317] Y3, Al EF 65712 vl EFE0] A3
Afslal, o] A= RE AFA =7t o wis FF 370
ato] HFshe viF R S A7), FEY 5= 4
i 5= o] Aulf 2o w2 751 TS AT

ok
i
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AlER| =H|. AT 91 H|3 &% 657l(Syngenta Korea
[Seoul, Korea] 25 E| ‘7}&3F, A& ‘CRUALAE], o} 2%F,
‘S, G-I, REAL, ‘CRIMY, CRAIAT 2 ‘RIS, Mon-

santo Korea [Seoul, Korea] 25| ‘73] &, ‘Wb, ‘gt
A, =34, B, EU3E, B EHE EYEEE
HEQZl, WA, A, Frolgdlzdol, HuL 9 ‘(RYE
<, Nongwoobio [Suwon, Korea] 25 F, ‘T1E, T4
ol B, AR old, ) e, 4, 'Ry,
‘CROJETY, ‘CRYZE, ‘CR3HA’ ¥ “YUEhAE, Farmhannong
[Seoul, Korea] © 2 H¥ ‘CRE2F T} ‘CRU#EE, Koregon [An-
seong, Korea]ol| 4] ‘CRRAJTFAF, ‘CR7] Q. A], ‘CRE}HE 9l “F&
Ao E, Hyundai Seed [Icheon, Korea] 2 58] ‘WA, ‘CR
IYPR| =2 9 ‘CRIEAFE, Jeil Seed [Jeungpyeong, Korea]
Z2HE ‘CRY7F} slotul='E, Sakata Korea [Seoul, Korea]
2HE gty &, & S2AY T Y
F, HE, s, St ‘(R E, ‘C(RE =, Nong-
hyup Seed [Anseong, Korea] 2 X-E] ‘CR73AF-E, Woori Seed
[Sejong, Korea] 25 ‘A 23} ‘HJoFE, Takii Korea [Seoul,
Korea]o]| 4] ‘CR3}F R AI'E, 18|31 Changxing Seed [Wuhan,
China] 25§ ‘Jinjinsanhaodabaicai’ &, 5= Degao Seed
[Dezhou, China] 25-¥] ‘DegaoCR1016'2} ‘DegaoCR117'S, &
X Norin [Tokyo, Japan] & 2 5-E| ‘Akimeki )& Fd5te] AH
ol A-g-813ick

Y 240 2wl S5 FE8 A AP, 657

d

(Sakata Korea), “5}t| %< (Sakata Korea), ‘CR¥ZHFarmhan-
nong)< Al sto] Aol A&

) A8 el T P B W AR Al BE A
Fo] A= 5%x8 S H-E 4 3Z E(70 ml/pot, Bumnong, Jeon-
gup, Korea)o]] ¥4d-8-AE 5% (Punong, Gyeongju, Korea)&
Y30 345 194 ShEeka 2455004 182 59t A
ot F2E AHESITE 281 HEShe ujFo] A7)
02 75 T A=E AP HeliAe dellAet sddt
HH O 2 ul£351al 2A41(25+5°C)0| 4] 14, 21, 28, 35
& AR 242t 2, 494, 64, 80l & AAE FRE AY
o AH-&-3FRTHFig. 1).

jus)

Wi RENEE $ENEH $UHAAY
AlIE|(KACC, Rural Development Administration, Jeonju, Ko-
rea)ZX-E] P. carotovorum subsp. carotovorum KACC 10225 <
F5 w4 ol Aol AR&-513{tt. Petri dish (2]7 8.5 cm)o]
ZH]3} nutrient agar (Becton, Dickinson and Co., Sparks, MD,
USA) Hjx]of] KACC 10225 o5 =8 3to] 53kl 30°Cof| A
19 ZoF ufjokst 9 nutrient broth (NB; Becton, Dickinson
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and Co) HiA|E 5 mi¥ W1 & 4ojE=}th o] At dsr A=
2 ml H3}o] 2L NB HJR] 200 mlo]] AZ35}1 30°Col|A] 200
rpme 2 36417 Fet gl st o] At vj S 4°C
o4 8,000 rpmCo. 2 1087F YAl 2 sk (Beckman Coulter
Inc., Brea, CA, USA) 3of] A2 wg] 1 T2 AAE AN
o EdtE Y S50 Al dE e wHESIT: o] & Hat
2 3|A43}al UV spectrophotometer (Beckman Coulter Inc) 2
ODgpo 32 A3t Al B XS 0Dgy,=0.2(1% 108 cfu/ml 2
Z ARG, o] AlFAEHE 2 348t 1x10° cfu/
ml 20) Al F Rkt S Zu]5}ot.
o] wE w5 FE1 A E@%‘—% %’4311*1%, 1%
10° cfu/ml2 233 Al E}—H% Hjj &
x10°% 1x10° cfu/ml = 9] A JEtHS —i‘—ﬂlﬁ}ﬂt}.

F 4 ZH|8F pcc KACC 10225 w#52] A
el T} HSE glycerol (Duksan Pure Chemicals, Ansan,
Korea)& 41 Hl&2 E5lal 27 Ao|=8 & TS50l &
of, AEA 7150l 5 mi¥ ko] HESHATE HES A=A
o] Aulf =0 whE FEH WA AYS AL B AP

TS HET AEAIE 25°C 5 ollA 24A17E 52k v

}‘ﬁ on, FAAR #jF FHE F2AFFHRSC HsE
80%) 2 o|=35}o] 550 12A)7H4] (55 pmol/m*sec)S RA}F
SHHA Ajufstch

Lmo }E BBy WY P AET HEAS 20°C,
25°C, 30°C SAAFA QPAFENE 24412 HhaF G ol 2]

20°C, 25°C, 30°C {4 = o] F3to] 3FFof 12417H4 F& £
AFSHRAA] At

v S Hof] URASE L E 8 0] v AT 2 Table 13} 22 7|
Fo2 WY ZASIHON, o] Th MESE asto]
Y= (%)= YT 283 2ARRE 2 F59 EHEE(%)
£ ot} 22 Ao uha}t HRAI A5 HZ (area under the
disease progress curve, AUDPC)E AAts}th(Jeger2} Vil-
janen-Rollinson, 2001; Madden 5, 2007). 18] 65&%9] &+
S dbAl A3 9] FLo o= ZF &9 A& AUDPC (relative
AUDPC, rAUDPQ)E AAbsIa =], Z4Ado] 7H =& ‘CRY
ZFe] AUDPCO]| thgt 2t &3] AUDPC] ¥i2-5(%) = SF3iTh

AUDPC = X7 [#(i+ 1) —ti] x [DS(i x 1) + DSi]/2; n=number
of assessments, ti=number of days after inoculation on as-
sessment date j, DSi=disease severity on assessment date i.

23 B T 7 20% o|sto|H A0 =, 21-45%
STEAFAHLZ, 46% o2 Aoz BAstlth

SH BM. 2E A2 23] 533 vhES sk,
vhEG JA = 1072 5FFTh SAS version 9.1 (SAS Institute
Inc., Cary, NC, USA) = 2 732 0]-8-3}¢] ANOVA 242 5}
3 A2, BA7t Bl ZE ¢)5}to] Duncan’s multiple range test

(P=0.05)= AA|5}4ch

Zo e o
FEEoll chat AR = E82| M. wiF] 759
et B2 A A4 s sk S Adolle A

P =7 AR HE FF0| Baslth o & Hdf Al F
% 657)0) HEu WS NEe AT, Add BE FEL A
% 3 Al 717ko] Qoizlel wheh 28 WAkl Frlshglon,
2] whe} 1528 1002] rAUDPCE LheRo] Algat £%
& 78] iste] thopdt BEo] AR ek
21%IcH(Table 2). Chung 5-(2003)2 mineral oil& ©]
o BFHTHEL 7159 AT HAA AR A W7
A glole A gt FALSHA Al 75
Atk 181 Lee 5(2018b)& Fo] 24 A
< 7% 0} mineral oil hAlo] glycerol& AHg3}5=t, o]
! mineral oilo] &9 52| 31 Al @etH T} Fo] &
38 YR Foz AEeHL ol2ie S Fus
48 IS SR sl 780 n2A )
Ao M = v o] 759 HES S8k
A& Erlof glycerolS H7FsHS o viS f-H F5H

o] =AWt 751 WA At o|2kal FH At
)

ji)d
otv
o N o [Ulo
2 oN

o.?l‘, ﬂllo -hg‘ —d u
ox do o dn 4> M 2

(e}

A

0

1

AU 657 EF 5 FAAOIN B2 A B2
PSP FFL R AL, SRR, CRYIL
A CROIER, CRA%, CRAS, Y 507 550

S, ol 3 B S 7 W 1489 rAUDPCE L) A
8 55 3 7V 440l & BEol5IcHTable ). 721
SHPTE 4269 AUDPCE Mol =AY EH02 A%

Table 1. Disease index of Chinese cabbage bacterial soft rot ac-
cording to symptom

Disease index Symptom
0 Healthy plant
1 Chlorosis or rot 1-25%
2 Chlorosis or rot 25-50%
3 Chlorosis or rot 50-75%
4 Chlorosis or rot 75—100%, plant was dead
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Table 2. Resistance degree of 65 commercial Chinese cabbage cultivars to Pectobacterium carotovorum subsp. carotovorum KACC 10225°

Days after inoculation®

Cultivar Trait® AuDPC* rAUDPC*
4 5 6 7
Taebong R 0.0+0.0" 5.0£0.0 25.0+2.2 25.0+2.2 40.0 15
Sangjangkun - 5.0+1.3 15.0+1.3 30.0+1.8 30.0+1.8 62.5 23
Norangkimchi - 5.0+04 10.0+0.9 35.0+£1.9 35.0+£1.9 65.0 24
Powerchunkwang - 0.0£1.3 15.0+1.3 35.0+1.8 35.0+£1.8 67.5 25
CRJangkun - 50413 35.0£1.3 35.0+1.9 40.0+1.9 77.5 29
Gaeulhwang - 15.0+0.4 30.0+04 35.0+1.9 35.0+1.9 82.5 31
Bulam3ho - 5.0+04 15.0£1.3 45.0£1.9 45.0£1.9 85.0 32
Buhwal - 15.0+0.0 40.0£0.9 40.0+£2.7 40.0+£2.7 95.0 35
Sinnongbom - 10.0+0.0 20.0+1.9 55.0+2.2 55.0+1.8 102.5 38
CR Kangsan - 10.0+1.9 35.0+1.9 40.0+2.2 45.0+1.8 102.5 38
CR Yosimasa R 5.0£1.8 20.0+£1.8 55.0+£3.5 55.0£3.5 105.0 39
Norangmathajang - 15.0+£0.9 15.0+1.3 55.0+2.7 55.0+2.7 105.0 39
Yeongkwang - 0.0+£1.7 30.0+1.8 50.0+£2.0 50.0£2.0 105.0 39
Woori - 30.0+2.6 35.0+2.6 40.0+1.8 40.0+1.9 107.5 40
Eiar:fc‘;im:‘; hodae- - 150413 250422 500435  500%35 107.5 40
Sanullim - 250+1.8 450422 450418  450+1.8 115.0 43
Hadaejangkun R 20.0+£1.8 35.0+£1.9 45.0£3.5 50.0+4.5 115.0 43
Norangkimjang - 25.0+£1.9 35.0£1.9 50.0+£1.9 50.0£1.9 122.5 45
Ssamirang - 30.0£1.8 45.0+1.8 45.0+1.8 55.0£3.5 1225 45
CR Kiyosi R 15.0+2.2 25.0+2.2 60.0+3.3 60.0+3.3 122.5 45
CR Myeongka - 25.0+1.9 35.0+1.9 50.0+2.0 50.0+2.0 1225 45
CR1016 - 20.0£1.3 25.0+£14 60.0£3.6 60.0£3.6 125.0 46
CR lIsacholli - 25.0+2.2 50.0+2.2 50.0+4.5 55.0+4.5 127.5 47
Aremchan - 25.0+2.2 40.0+2.2 50.0+2.0 50.0+2.0 127.5 47
Bulamplus - 250413 30.0+14 60.0+3.3 60.0+3.3 130.0 48
CR117 - 5.0£1.7 45.0+£1.8 55.0+£2.7 55.0+2.7 130.0 48
CR Mat - 40.0+£1.8 40.0+2.2 50.0+4.5 50.0+4.5 135.0 50
CR Cheongrok - 15.0£1.1 20.0+1.1 75.0+3.7 75.0+3.7 140.0 52
Okhwangssial - 25.0+1.8 35.0+2.2 65.0+2.6 65.0+2.6 140.0 52
Norangkwandong - 0.0+1.9 45.0+2.7 65.0+2.6 65.0+2.6 142.5 53
CR Myeongpum - 20.0£1.8 35.0£1.8 70.0£3.8 70.0£3.8 142.5 53
Champion - 30.0+1.8 30.0£1.8 65.0+2.6 70.0£3.9 145.0 54
Cheongya - 25.0+2.2 25.0+2.2 70.0+2.7 75.0+£3.7 145.0 54
CR Haruyosi R 15.0£0.9 20.0£1.3 80.0+5.2 80.0£5.2 145.0 54
CR Hwangkuem - 30.0£1.9 35.0£1.9 65.0+4.0 65.0+4.0 147.5 55
Sungreen - 35.0£1.9 40.0+£1.9 65.0+4.0 65.0+4.0 1525 57

Continued
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Table 2. Continued
Cultivar Trait’ Days sfter Inoculation' AUDPC* rAUDPC*
4 5 6 7

Kangryokyeoreum - 5.0+1.9 45.0+£3.5 70.0+5.2 75.0+6.7 155.0 57
CR Jewang R 20.0+£1.9 40.0£2.2 70.0+£2.7 70.0+£2.7 155.0 57
CR Hwangrok R 25.0+£1.9 40.0+£2.6 70.0+5.2 70.0+5.2 157.5 58
Samutgali - 30.0£1.8 50.0+1.8 70.0+2.7 70.0+2.7 160.0 59
Matchum - 30.0+£1.8 50.0+1.6 70.0+3.9 70.0+3.9 160.0 59
CR Jinshim - 20.0£1.9 40.0£2.6 75.0+6.7 75.0+£6.7 162.5 60
Cheonhajangkun R 25.0+4.5 50.0+4.5 65.0£2.6 70.0£2.7 162.5 60
Allpum - 25.0+1.9 55.0£3.5 65.0+3.4 65.0+34 165.0 61
Woldongcheonha - 40.0+1.8 60.0+2.2 60.0+3.3 70.0+3.3 165.0 61
Chuwol - 40.0£1.9 40.0£2.6 70.0£5.2 70.0+5.2 165.0 61
CR Hwangtaeja - 35.0+2.2 40.0+2.2 75.0+3.7 75.0+3.7 170.0 63
CR Anshim - 30.0+1.8 45.0+3.5 75.0£5.1 75.0£5.1 1725 64
CR Gorengjinorang - 40.0+2.2 60.0+2.2 70.0+3.9 70.0+3.9 175.0 65
Jincheong - 25.0+£1.9 45.0£2.7 80.0+5.2 80.0£5.2 177.5 66
Cheongok - 25.0£2.2 40.0+2.2 85.0£5.0 85.0£5.0 180.0 67
CR Yeoreummat - 25.0+1.8 45.0£1.8 80.0+5.2 90.0+£7.0 182.5 68
CR Nongshim - 25.0+4.0 65.0+4.0 65.0£5.1 65.0+2.4 185.0 69
Chameseuluggali - 55.0+£2.0 65.0+£3.5 650134 70.0+£3.4 187.5 69
Akimeki - 30.0+£1.8 55.0+£3.5 80.0+5.2 80.0+5.2 190.0 70
Hwangkeumal - 30.0£1.9 45.0+2.7 90.0£7.0 90.0+7.0 195.0 72
CRIpchun - 25.0+2.2 70.0£5.2 80.0+5.2 80.0+5.2 202.5 75
CR Hagae - 10.0£3.6 70.0+£3.9 90.0+7.0 90.0+£7.0 210.0 78
Geumchonulgali - 25.0+4.0 80.0+5.2 80.0+£3.6 80.0+£3.6 2125 79
Guembangul - 35.0+2.7 55.0+2.7 100.0£8.9  100.0+8.9 2225 82
Daetong - 35.0+1.9 55.0+3.5 100.0+£8.9  100.0+8.9 2225 82
CR Matjjang - 40.0£2.0 70.0£5.2 95.0+6.9 95.0+£6.9 2325 86
Hangamssambaechu - 60.0£5.2 80.0£5.2 100.0+8.9 100.0+8.9 260.0 96
Dduksimutgali - 70.0+4.0 80.0+5.2 100.0£8.9  100.0+8.9 265.0 98
CR Alchan - 70.0£3.7 85.0+7.1 100.0+£8.9  100.0+8.9 270.0 100

“Twenty four-day-old seedlings were inoculated with P. carotovorum subsp. carotovorum KACC 10225 by drenching the proximal of plants
with bacterial suspension at a concentration of 1x10° cfu/ml. The inoculated plants were incubated in a dew chamber at 25°C for 24 hr and
then transferred to a growth room at 25°C and 80% relative humidity with 12 hr light a day. Four, five, six, and seven days after inoculation,
disease severity of plants was investigated on a scale of 0—4.

PResistance to bacterial soft rot: -, unknown; R, resistant.

‘Disease severity (%)={3(disease index x the number of diseased plants)/(the highest disease index x the number of plants rated)}x100.
YAUDPC (area under the disease progress curve)=X,_ [#(i+ 1) —ti] x [DS(i x 1) + DSi]/2; n=number of assessments, ti=number of days after
inoculation on assessment date i, DSi=disease severity on assessment date i.

“Relative AUDPC (rAUDPC, %) of each cultivar to AUDPC of the most susceptible cultivar.

‘Mean disease severity+standard deviation of two runs with 10 replicates each.
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ok AT FF T CRYZFS rAUDPC 100022 el 58, H|E B ARk 13T o a82o]%] gtal sttt wh

FEHel tisto] 2 A4 W& Halrh 2hA 919] rAUDPC 313t HE 4%, 5Y, 64, 79 $ofl ARt
o5 ZAY=ZHH rAUDPCE o|-&3t vl 259 #5898 =) A5 vlusto] HEAAZ|E 2Rt 2ol 2a

off
=
o,

mﬁu\‘

2 2 (AUDPC7} 0-20% o] A3}HA, 21-45% = &
217 4% ol k] AUDPCE ehii: 5.2 1<
BHe Zo] AT Ao 2 WA oS 7|2

4o pajeld AEE E5 F A

, A 657 52 A4
3 -2 207 22|21 YA 4474

A

ol of

HU o 2L X
o
o

P FTZ N T=ARE &
Zzo 720l

Lee 5-(2018b)2 -‘?—‘Etﬂ A é% B8 B HsiA
€ ofd g Al7lef

Hr} of2] Al7]o] EAE 3l AUDPC— ARSI o] & HHA|
=/ &3] AUDPC| tigt rAUDPCE AlAtsto] A3

275 o] Bk Aok Zolch. ST A4 %% e
_r]zs]- q-]alz }\]E_,] _‘?_EH:I xi‘o‘]-kl A4E j_]v]]/e] AlE)
2] dhste] ofe] ¥l 78 SUALE sho] AUDPCE T3t

T 1AUDPCE: ANISto] AL ZASHE S £REE =

3t A2k £ 65712] rAUDPCZLo]| w2 Xi?‘i}*é Avke} HE
49, 59, 6%, 79 F2) W (6) Arbof) 7|ukE 2tzhe] A3}
4 A vt 23, HF 49 Foll= FEH0l Ao 2t
A ot Ao AL FF T A FFUH A e v
Ehdlon, HF 58 Foll= Aol 107, F=AZ/dol 357,
ZrpAdo] 207 2 Ae &5 5 307H(46%)7} rAUDPCE} 2
A H-2-S B tHTable 2). 3HARF A= 6Y o= ‘gl &
o] 25%2] rAUDPCE Ho] A4 EFL& gisloy, =A%
Aol 137), Z4Ado] 527l =2 %%‘; T (%) 7|Eo 2 gt
A& WA AUDPCE 7|1E0 2 3 e 2hE vlas)
™ 577/(86%)7} ¥ X]5}Ith j_E] AZE 79 Sl A7}Ao)
07l SE=AZHdo] 1170, /o] 54712 AR FF 5 5571

(83%)7} 22 Hh-g-= WERTh w2 tiZFe] v Al=S0l
st F58 AFAEES A A= HF 678 T

Table 3. Development of bacterial soft rot on seedlings of four Chinese cabbage cultivars according to plant growth stage®

Day after inoculation

Plant growth stage® Cultivar AUDPC*
7 8 9 10

14-Day-old Taebong 32.5° 325 325 325 97.5b°
Hadaejangkun 325 375 375 425 112.5ab
CR Alchan 30.0 40.0 425 45.0 120.0a

21-Day-old Taebong 225 250 325 375 87.5¢
Hadaejangkun 375 40.0 55.0 55.0 1413b
CR Alchan 50.0 55.0 575 57.5 166.3 a

28-Day-old Taebong 7.5 12.5 20.0 250 48.8b
Hadaejangkun 15.0 275 325 35.0 85.0ab
CR Alchan 17.5 17.5 425 47.5 925a

35-Day-old Taebong 12.5 15.0 17.5 225 500b
Hadaejangkun 10.0 12.5 125 225 413¢
CR Alchan 250 250 275 30.0 80.0a

°Seven-, 14-, 21-, 24-, and 34-day-old seedlings were inoculated with Pectobacterium carotovorum subsp. carotovorum KACC 10225 by drench-
ing the proximal of plants with bacterial suspension at a concentration of 8x10° cfu/ml. The inoculated plants were incubated in a dew chamber
at 25°C for 24 hr and then transferred to a growth room at 25°C and 80% relative humidity with 12 hr light a day. Three, four, and five days after
inoculation, disease severity of plants was investigated on a scale of 0—4 and then converted to a percentage value.

°Fourteen-day-old, fully expanded two-leaf stage; 21-day-old, fully expended four-leaf stage; 28-day-old, fully expended six-leaf stage;

35-day-old, fully expended eight-leaf stage.
‘AUDPC (area under the disease progress curve)=

Zi[ri+ 1) -]

x [PSG+ 1)+ DSAY ; n=number of assessments, ti=number of days

after inoculation on assessment date i, DSi=disease severity on assessment date i
¢ Each value represents the mean disease severity (%) of two runs with 10 replicates each.
“Values in the labeled with the same letter within each growth stage are not significantly different based on Duncan’s multiple range test

at P=0.05.
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Table 4. Development of bacterial soft rot on seedlings of four Chinese cabbage cultivars according to inoculum concentration of Pecto-
bacterium carotovorum subsp. carotovorum®

Inoculun:c::/nnc‘;ntration Cultivar : Day :fter mocul:tlon - AUDPC®
1x10° Taebong 5.0° 75 7.5 17.5 263 ¢
Hadaejangkun 10.0 15.0 30.0 30.0 65.0b
CR Alchan 225 225 30.0 30.0 788a
1x10° Taebong 5.0 10.0 15.0 15.0 350c
Hadaejangkun 20.0 20.0 25.0 25.0 67.5b
CR Alchan 25.0 27.5 325 325 88.8a
1x107 Taebong 10.0 10.0 10.0 125 313c
Hadaejangkun 15.0 17.5 20.0 225 56.3b
CR Alchan 30.0 325 40.0 40.0 107.5a

“Twenty eight-day-old seedlings were inoculated with P. carotovorum subsp. carotovorum KACC 10225 by drenching the proximal of
plants with bacterial suspension at concentrations of 1x10%, 1x10°,and 1x10” cfu/ml. The inoculated plants were incubated in a dew
chamber at 25°C for 24 hr and then transferred to a growth room at 25°C and 80% relative humidity with 12 hr light a day. Three, four,
and five days after inoculation, disease severity of plants was investigated on a scale of 0—4 and then converted to a percentage value.
PAUDPC (area under the disease progress curve)=%"_ [¢(i + 1) —ti] x [DS(i x 1) + DSi]/2 ; n=number of assessments, ti=number of days
after inoculation on assessment date i, DSi=disease severity on assessment date i.

“Each value represent the mean disease severity (%) of two runs with ten replicates each.

“Values in the labeled with the same letter within each inoculum concentration are not significantly different based on Duncan’s multiple
range test at P=0.05.

A= Zlo] Atz o2kl AZhE ik gston, A, SEARA, A F5 AUDPCO] SAIA
J2)3 o5 ZHRRE HiFY FEE ALY AFM 22 {FoA e Zol7t itk (Table 3).

< 93 AF LS 5T ETF 02 AFPA Ako| Ao|7} = Doullah 5(2006)-2 Alternaria brassicicolaoll 2|3+ -1

o 22 371 F5S ALSIATE rAUDPC gho] 20 okl Rl it 7o A FE-S 7o A DAl wEt A& o

S A FF2E, rAUDPCTE 45 ofslel ‘st B W I AEE Holet, 2fF Yol ofd o Hsl o =

FTEAFHCRE T80 7P B2 A4S Bl RREFS 243 Yehdtka B skl o|ef g i Ao ¢

A FFo= AAsHIT: e dad F5U REFY Aol 2196 & )

oA 7H4 2 AUDPCE eI 1 th3-2 144Y &4
HiF2| M A|7|0f (2 FEHE W, AU 4 FEE N 2L 6% 2 8o & HviE i 289} 35Y R H

}FSIaL 14, 21, 28, 35 Bt ARt 22 29, 4, 6%, 80l = 23]8] F5H WA o] F4astGitH(Table 3).

A AN wlE FEO PecE HEdI FEY TS AFE 5= S5 A= A&sHA HelAagst=

ZARRE A3}, AR A7ER] S A7) 5 oS S 2198 {2 E Ao] Fa5kL B3 A F59 AT A Y 3

a4 e AL T HE T AL S A0 MR & UehE wilFY S A7)0 AE SOk st

T A FEQ CRYZYS| AUDPC ghol 12} 875, 141.3,  H|, 8|3 FAE ah5dkaL 24(2515°C)0f|A] oF 219 A{ufisted

166.301310H, 37} EF S A2 STAZSE R =2 29 490] LA 2NE s FHE AHESH] Pecell gk A7)

o|F Hith(Table 3). 12|31l A3Hd FF50 A4 F5 Y A= A5k Aol anpaolzial A2 =gtk

AUDPC Z}9] zto] = 61.30 & AT A4S A|71E ZH4=/dx} A

P EF 7H AUDPC Ato7} 71 Zpol & HirHTable 3). HEE S0 s FEH W, A3 37 5 vis
JY ohE 5149 &, 28U B, 35U & FEEOA fE WY Pec KACC 10225 #FE 1x10°, 1x10°% 1x107

= AR F5T A FF 1 AUDPC 3E9) atol7 212y cfu/mle] F= 2 HFslal 51 TS AR A}, Ayt

22.5,43.7,302. 2 UEl} JE7ke v A o] xlo|7t A= EFREO] B AUDPCE 7H7E 56.7, 63.8, 65.0 0]Q]oH, 7H4
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9] ‘CRY3Fe] AUDPCE 77} 78.8, 88.8, 107.50|31tH(Table
2, 3% 550 1SS g0y EEE T8
Z71He & 4 Sl ST ARy BB e A
EE7F 1x10°, 110, 1x107 cfu/ml2 108]%) Z7}stoi=
AUDPC7} Z}7} 263, 35.0, 31.30 2 70424 EZ3} v wd o

ofN FlO E ox

A F7FHA] sk th(Table 4).
A5} 37}1] AE E=(1x10°, 1x10°% 1x107 cfu/ml)2 HZ
SIS E5 7He] £E9 WHAUDPOL BE B0z

ol e X}Ol% Uelth(Table 4). webA 3712 HE 5
L= A HH_’__,] _‘?LE'-I:H ;ﬂ?ﬂ-/\‘] ﬁZ—]oﬂ o]_Q_‘Gl— s 011:]._*1—]_ j‘:]_-la-;]
e, o]F F 1x10” cfu/ml2 FF3HHS o= A
BE- 1 Fre/d 2l ‘CRYEZES] AUDPCE] Z}ol7} 76,22 7HE %1
THTable 4). ©]Z o]o] 1x10° cfu/mlo] 53.8 12|31 1x10* cfu/
mlo] 52.5 2ol & Ktk o) Anfz e v F-51 A]
F9E A7sP] Y= 1x10 cfu/mlE 28t A&t
HS AEAF 5 miB HFsh= Zlo] aeAol=tal A=tk
A Aoz izl A& J=Z2Y (Fusarium oxy-
sporum f. sp. melonis) A3 T4 G- Z}2l ‘Fom-
1, ‘Fom-2'¢]| &J8f| A3 o] LA = =H|(Risser 5, 1976), °|=
AR YR WF STt BTl E ARl s
7 A9 gllth(Lee 5, 2015). Ty 2152] A= (Phytoph-
thora capsici) A4 18|31 1139 3Eut-E9(Ralstonia sola-
nacearum) A3 5 W AE o] 2P EL FA AFHA]
Q] A7} w-ag|(Lefebvre2} Palloix, 1996; Lefebvre %, 2002;
Thabuis , 2003, 2004), 0| E9] AL o= AE Ex7} 278}
A =A Aol Zadteka A Qlth(Barksdale 5, 1984;
Hwang 5, 2017; Kim 5, 1989). wr2}A] w39 259 #3514
& T3o) o W E0159 AT AR AL ehich
o Az,
HE = 1hiul 2=0f| [ HiF £ 2. AU F59

3§59 PecE AE3HaL 20°C, 25°C, 30°CoflA] A E]ekaL
Apsstel $5 WS 2ARE A3 A LES} 20°C, 25°C,

30°CY uj] 37]) &39] H+ AUDPC g2 77} 517, 81.7, 122.99]
om 7H4AJel ‘CRY=ZFS] AUDPCE= 7121 68.1, 128.8, 138.82
Al =7F kg F58 WS S7HskItH(Table 5).
Raju 5-2008) %= 20-35°Cof| 4] Frof| 51 o] WA, A5
7} 100%0] 1L 2= 7} 35°CR1 -l 5ol 71 AsiA LAy
Sirh shelch AR0) A9oE A% F A LEE T EY
Apel AR o Sk QoA SlrHFox 5, 1971). 3 A7
SN o} ATje} s AR HE 5 AMLEES S71eol o
ghufj o] 751 WA= F7sHIrH(Table 5).

AT AR B AL AR, AN B
So) o we] Hol7k A3 o] Fo] BAHOE FYH Uk

Aol g Holi= Zo] FR3tTE. AR Al 71X L= 20°C,
25°C, 30°Co| A AP 2o 7 Aukal ‘gia} 7hhA] T2
© 2 Mukgt CReEEFS] 28 ubg AUDPC 2o 212} 45,0,
83.8, 40.72 25°Co| A 7} 2 Zpo|2 Urehich 18] A
4 B SEATA s, %‘—’F“ ‘CRYZFS] AUDPC 3f
T 25°Cof|A] AufslelE Holle 2R TARLE Fo4 A
Apo] 2 LETHTable 5). 37t 20°Co} 30°CollA] skl
< woli= 37) EFo0] BE EAR0 2 SOl = Aol 2 1}
EPRl rorTh whEh vl R AR ARE Pans
PccE HFSHL 25°Cof| A 24A17t SAX 2R 0] 3FF0f| 124]
A Fa 2AFHHA 25°C 235 Ao A AHliste 2o &
A olgar 7= ok

Hj =0 FEH 9] Aol thet A= A7
oFo]] Z1A Z|3+Ad(qualitative resistance)o]abd, E=
Aol et At w9 Rej s
sicae)ol] gt A AAHE AFE FFNA HE 5= 7Y
A5 A7), AE T Al 2= 5 2 240 wheh H Aol A
o] ztol7}t glom BWUF-L race7t EbE]o] 91S AolthKim
£, 2016; Lee 5, 2015). 121} o]9} e oA #|gkAjolabd 11

9] IH(P. capsici) A3/} o] race E3h= gl WA 45
o] Ao whul|sto] A3 Ui, 1?% M FEol
Ty 2ol whet A9 Ao ZpolE EY Aoltto 5,
2014, 2016). &2 ALoA AP EFo =2 /\‘W =] ‘B BT} e
T AT Y 55 w5 7Y *E% A7), AE 5 A
Lo wheh A F=of Aol UEHT: kA HiE 2
_H;Fﬂ-zkl _,] L= E‘-l:ﬂ-';L Pccoﬂ q]ﬁl- ;(1‘8]%-1.9_ 01:7(-1 x{‘&]—k] o]

Ao &2 AZEQ) o] = ZA oA FEHo| HsHA LAY st

B olg AR F3= A4 e v = dn= A

QA B
o ga=

" (Plasmodiophora bras-

2 oJujaieh

W B ve P 789 ALY BE AT
ol o 2 $A4g 935k 2ARSLFONN 219 F
Apfsto] asto] 2is] AR vl 52 7150l pec A

EFH(1x10” cfu/ml)E 5 mIA BFAE35)a1, 25°C SAA o] A
24071 B9 SAA R Fofl AEAIE 25°CY] FLFSAR
T 80%)2 o 55k B} 1241704 B2 ZALSFA Aol
sk, % 79 Fol )5 R3] YRS 2AE R
= Aljbstaral ghek. shA|uk v o] F-FHol et AgHdo] &
W 27 £ disease pressureo] w2} A3 A7t dEfR|=
oA Ao 7 Qzbe|E R KACC 102257} obd T2 pec
FE AR AP = 7 dg(virulence)ol] whet
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Table 5. Development of bacterial soft rot on seedlings of four Chinese cabbage cultivars according to incubation temperature after in-

oculation®
. . . Day after inoculation b
Incubation temperature (°C) Cultivar AUDPC
7 8 9 10

20 Taebong 5.0° 75 8.8 8.8 23.1b°
Hadaejangkun 10.0 21.3 23.8 27.5 63.8ab

CR Alchan 17.5 20.0 23.8 313 68.1a

25 Taebong 8.8 13.8 17.5 18.8 45.0c¢
Hadaejangkun 15.0 20.0 275 325 713b

CR Alchan 338 43.8 45.0 46.3 1288 a

30 Taebong 225 313 36.3 38.8 98.1b
Hadaejangkun 40.0 42.5 45.0 48.8 1319a

CR Alchan 438 413 48.8 53.8 1388a

“Twenty eight-day-old seedlings were inoculated with Pectobacterium carotovorum subsp. carotovorum KACC 10225 by drenching the
proximal of plants with bacterial suspension of at a concentration of 8x10° cfu/ml. The inoculated plants were incubated in a dew cham-
ber at 20°C, 25°C, and 30°C for 24 hr and then transferred to each growth room at 20°C, 25°C, and 30°C with 12 hr light a day. Three, four,
and five days after inoculation, disease severity of plants was investigated on a scale of 0—4 and then converted to a percentage.
PAUDPC (area under the disease progress curve)=2"_ [#(i + 1) — ti] x [DS(i x 1) + DSi]/2 ; n=number of assessments, ti=number of days
after inoculation on assessment date i, DSi=disease severity on assessment date /.

‘Each value represent the mean disease severity of two runs with ten replicates each.

%Values in the labeled with the same letter within each incubation temperature are not significantly different based on Duncan’s multiple

range test at P=0.05.

Fig. 1. Growth stage of Chinese cabbage plants used in this study. Fourteen-day-old (A), 21-day-old (B), 28-day-old (C), and 35-day-old (D)

seedlings.
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