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Abstract

Clubroot caused by Plasmodiophra brassicac Woron. is one of the most important diseases in
Brassica crops worldwide. To investigate resistance of cabbage to disease caused by P. brassicae
isolates, we evaluated development of clubroot on commercial clubroot resistant (CR) and non-
CR cultivars, a CR line, and F3 lines from a cross between a CR line and a non-CR line using
several isolates of P. brassicae. Four P. brassicae isolates (DJ, HN1, GN1, and YC) were used to
measure development of clubroot on 16 non-CR cabbage cultivars that have been commercialized
in Korea. Although four P. brassicae isolates induced similar disease severity on non-CR Chinese
cabbage, these isolates exhibited different virulence on the cabbage cultivars. The YC isolate was
the most virulent, followed by the GN1, HN1, and DJ isolates. Despite differences in virulence of
the isolates on the cabbage cultivars, a CR cabbage line “YCR478’ and two CR cabbage cultivars
showed high resistance to 12 P. brassicae isolates including DJ, HN1, GNI, and YC. When three
isolates (YC, GNI1, and DJ) were inoculated onto 107 F, lines that were derived from a cross
between “YCR478’ and a susceptible cabbage line ‘C1176’, our results showed that 89, 33, and 6
of F; lines were susceptible to YC, GN1, and DIJ isolates, respectively. In aspects of resistance,
6, 36, and 67 of F; lines exhibited resistant responses to YC, GN1, and DJ isolates, respectively.
Taken together, these results suggest that resistance of cabbage to clubroot is likely affected by the
virulence of P. brassicae isolates.
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oJll5&(Brassica oleracea ssp. capitata)ol'= A5 9 gjoF =98 Uehgl= tlefslt Alajeh E4o] gkgxlo] 9ot
(Fenwick et al,, 1983; van Poppel et al,, 1999), 12|11 o5 Qa|uaiiiat of et 2 A E Sof A da] A== 2FE
ofct. ol Wsk= 2 Wallze A2, AEsd H FeE 5ol &d=A =tlKSPP, 2009), S5
Plasmodiophora brassicac Woron. ]| 2]$t 2] 3 H(clubroot)2 B, rapa, B. napus, B. oleracea5-2] Brassica |40l HA5}o]
AE0] At} A A A ZAIA 0 & ARt 48 U 07 )= Hsfio|thHirai, 2006).

B2 S (P, brassicae)>-FH ZATE E ool EA6HH, €50 2glotH 4= d 5ok AlEo] 7hgste] Hajeryo] et
Al 2ol A Helwto] QBEeE Fot it o] H gt AAH AEAIE FHok HelE A H i e} glofR] i 5
o] B0l AVEI0] -7} 20] §47F SJAIEIO] R 0] HalSIo] A Rehe ARl ARG S Boleh ol
S}EE7E WhEsitt A= 1AKSHA Hth(Voorrips, 1995).

W53 Ao Slole] ECFOlpHE 2 HH AL AR o] o] 2HE )] Q24 S 50| 254 WAl uazinam,
flusulfamide ¥ cyazofamid ‘5-0] AtA|E 0|85t slhA HHA| v o] dg] o] &% 17 QItHKomyoji et al,, 1995; Mitani et al.,
2003). @5'doli= QPR w4tEol tit Thilo] oA A e o[- 8RR WAl WA 52 o 85 A
Hj] 59 ®HHA] o] 72 ¥31 QItH(Cheah et al., 2000; Jang et al., 2001; Lahlali et al,, 2012),

B, rapac]| £&51=81522] -0 *= European fodder turnip<! ‘GeliaR’, ‘Siloga’, Debra’ 2! ‘Milan White’ 25 E| CR (clubroot
resistance) S-S £QI5}o] Bla] & H of] tfst #otA] ZE-2 7i61) 11 (Hirai, 2006; Piao et al., 2009), B 5=0] Bia] Sy 2]
SHL tholzp 940l A © 2 oFe A QJthJames and Williams, 1980; Yoshikawa, 1993 ; Kuginuki et al,, 1999). 0|2} =2] B
2Z2], Filis AY 52 ZE3ok= B. oleracea 2E-2 B2 S A{gl/do] A Holeh= Aol )2 HChiang and Crete,
1970; Yoshikawa, 1983), -2 AL2}E-2 QTL(quantitative trait loci) 2432 £519] B, oleracea®] CRo| ¥4 &4 = sht
5.0 %719 5 QTLs 2} Y u]'5 QTLso]| 2J5 A|HljEithal sFtHLandry etal., 1992; Figdore et al., 1993; Grandclement
and Thomas, 1996; Voorrips et al., 1997; Moriguchi et al., 1999; Rocherieux et al., 2004; Nomura et al,, 2005), Z12{L} 0|5

L AR 4= 9= Eo]Z Q] Tafo|m| 9} RFLP (restriction fragment length polymorphism) B} 5] A H H= t}Qlx}o] 9]
ot BGECR G4 W #|H G4 Ay B 5.0 2 ol 50] CR &5 /e w8 o]3-2-2 7 11 QItHHirai, 2006)

Lol A= CR il E50] L 7w of o= Al glo, U_MOWL oFA] Al 1 ‘”1] °*E} FZolh=-9-21 g5l
A Z2PAI] 0] 2 Q 42 Q1A]5H] Golden Seed EZ2AEE Es|o] AJHE S |&7E 9405t 2284 1 i}]— AL E ]|
PR A1 ol gLon, O, Ml 9 50] CR B85S 7o) Sleh Qe Shis] A0Sl Sk ey 8 A of
i 52 A 0= /S| flsiale RE=A] i) Fel ey Aol tirt FielSrgate] glo| 2~ 2ot 7t H e

Shc. ShAlgk Qo] el e Aol theh el Eao] o) Batel dhsA A2) B vt gl

3 ATO A CR Ul B 7PS 910 8219] ol BejS ] w4 A shlo] Qgko 2 ouo] Aol
ohe e s ] do)s 2otE 2ALH] $I5te] A751C ol S ol Selutetol A Al 321 ol 1650l 4 wiel
T 47or0] W5 WA AR S 2A1510] A WSS o] el 2jolS ZAelrt. ) SR E oy
MRS CR |5 A1 YCRATS 7} Qo] 7.9J6HCR Qe 2350] 127) Mel Sl ot A9 A2 BlIshio.
o, YCRA7S 72528 744 AB(C1176)S ilfslo] F, 10752 Skl eleio] A2 ke Bel e 37) 7o
gt okl AgA Holg 2Asl

=

l
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Tl A1 P B 167§, ‘YRﬁ—ra’ YRk, YREW, YRETEA, TR, YR, U=
A, YRo S, oK, TR, CMSHEAT, TIRERE', ‘Srlof, TR, ‘o xep)ot QoA Puhgel CR
ORIl 2Z('YCR GEKKO’ NORTN/\]' ‘YCR TAE’, NORINAD-S- F1¢)51o] A 3ol ARgs19iT), 18] a1 oS 24 A

5% 'YCRA78 18] o] Als-2 7d FE(C1176)7} wHfislo] A2 F, 10774] >EEHER E1 oA ’“@Oﬂ A
et S5 el 22458 0 A 1o il B0 WA L RIS B U
siiek

Pl BEEL S X 8 A TESOmL/pot, AN YALAE ST(H5)E Y1 oelis: FAS ZEY 194 J2|1
FEES1094E mkgsto] AR5 + 5°C)olA 14 F% AfistAet. Wit et §Ue i o8 ggslo] 109 5
S At 2.5 Aol Akgstrt

HHa|S = =0
-ra|-‘—a.tgﬂ‘ =T zh-ll o".ll

H|

FN

20091375 2013 @7EA] tAFAA D)), T EE AAHAISS)2E FARHKS), THEE AFHGS), 715 AHTHY0),
Aehd e saHN1, HN2) 18] 1 7% ZF2A (GN1, GN2), AAHIS), BA7HHS) D HATHPC)ol| A P 2]0] Hie) s
2 Utehuf Bel2 20510l —80°C 242U 1ol stk Table 1), 2 2|iollH 23 )5 162 Holo] 24} 3

EfS Tk o] 5 v (e, EAE A 2lop) 1003270 486k 2420 + 5°C)eflA] 60 F<F Afulicte] F415H31
‘:’r. o]F HjF-0] HE| 55 glto] ZTLSIA AL —80°C A alo] HakslAl *a‘%.bﬂ A&t

e AEES TP Sloliie -80°C A2 Falel Btk F)l el SHd -5 Aol SR45E 73S
Alo] A Big] THo|| £-2 o] 5212 A A5t o5 Waring blendero]] @11 B<r& 27510 niafjshar, 4739] 712 of

= 22 AR A AlS v Itk T12] 1 ot ] SH300H)ofl A hemocytometer S 0]-85Ho] -5 A0
BB 201G, el S At 4vtoll et S LR EF 1650 He| S A A 9lolA=4.0 X 107spores -mL™" O
2 12Z Ha s tigt CR 9l Al YCR478'T} CR 9H[|S 225240 X 107spores -mL~' O 2 Big] S HI 3520
TRHF, AP 107792 A2 1.0 X 10°spores -mL ' 2 FH[SF ALY

Table 1. Twelve isolates of Plasmodiophora brassicae used in this study.

Isolate Districts of collection Year Williams race”
GNI1 Gangneung, Gangwon-do 2009 9
GN2 Gangneung, Gangwon-do 2009 1
GS Goesan, Chungcheongbuk-do 2009 9
IS Jeongseon, Gangwon-do 2009 9
HS Hoengseong, Gangwon-do 2010 2
DJ Dagjeon 2009 5
KS Geumsan, Chungcheongnam-do 2013 5
HN1 Haenam, Jeollnam-do 2010 4
PC Pyeongchang, Gangwon-do 2010 9
YC YYeoncheon, Gyeonggi-do 2009 2
HN2 Haenam, Jeollanam-do 2010 4
SS Seosan, Chungcheongnam-do 2009 5

“Source from Jo et al., 2011.
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2O A ol ol et A etk e SmLA EoF pFsle] FEolr Mels e glstel
£20°C A $71 5 5120 144 TS ZASHAA 79 T Heet 5] £4120 + 5°C)= o5t
ApstIct. el ey W HEE 2115k Sl A9 () SR E SAT 02 BES pelole B
1

& 65 Fol| 2FF ol Frel & o] TS AR Zhe ERIskal el AEA|e] fielE ot = 2oliial 5%

=
WA AL 7|0 0 = Bel 3 Mo G181 = 2] o] AAYelo] rle) Aer} A AR Seste] £4),2 = 27t
22, 3 = 0] o] AEn] M= Hew Hleh HErt, 4 = 20 So) Al A
2 el ) A7l 2 50 STl skt B L0 ofs1el A 9olie AR, 11 o gellk 20 o]k
EAaHY Tela 2 o Ao 2 sl

YCR4TS' X ‘C11760]F, AF] ol Bek 3 g A8 Aloleh e gL 1091202 23] $a8siirk 121
SAS(SAS Institute, Inc,, 1989, Cary, NC) T2 7212 o]835}o] ANOVA B4 s1dom, Aa] W7k vuE 95k

Duncan’s multiple range tast (p <0052 AA|5}5

22t Y 2y

S AlT QR ZSS0IM Ba|Ey wA
a5 9550 oA e Aols ZAY] Sfste] elS ey Aol ofd ke B 16300 474)
HNILGNI 8 YC 58 55T ol50] el g2 At Ak el &y 47) 25 ot

Mel5 g W e o] ket 2ol 7} QIoIEHTable 2),

3 2}
ZFLo, ARt S EE-E0] el S Bt = 217105,12,25 9 4,
THTable 2). A} uliSeof] thofAl= Be} S et ko] W eleo] Zo|71 Qlolom, Aolet w55
+YCo]lem 11 452 GNI,HN1, DIz 3lth

B Eeo] 7P 7R Y C o AR = S 5ol 4,08 LERL O g o] 7HE 2 DI o= 147
Z2o]A] 1.0 0]510] BHE LS H JtHTable 2), 18] 1 TFe-0 2 Helglo] Lo HN1 F50] A-Sofl= 117 Z£0] 1.0 0]5}2)]
S B 0w, GNI v 1.0 ofote] =8 Uehll= 552 {IGlom e F50lA 14 oo E =g B et

B S-S 715:0] T Alsol whepA ook A BES-S UrehiTtar oA QlcWilliams, 1966; Buczacki et al,,
1975). 85=2] Z-¢olk= B} B St o= o]l 50123l o)A #3p7F EAlchHKuginuki et al, 1999; Hatakeyama
etal, 2004; Jo etal, 2011), 75A] ZZo| 4] 0] Big] S 1] U0 7 o] Zjol7} itk 5F2thJo et al, 2011), 2 G Lof| A & Hj
Foflx| o] el S Eato] HUH 2 Jo et al 20113} EF7EA 2 A 0] Zo)7} GGl oL, QFliFoll = Bl S+t o= 7+e] 1

913 zJo|= E=ai5}AtHTable 2).

CFst 2|5 80l CHSH CR SHlZS2| Aed

—

Z2FHEHE] B2 CR 5= AlE YCR4A78 '3 A2 o|A] 1QIgHCR ll5=2E% 'YCR GEKKO', YCR TAE 9]
oot Williams race(race 1,2,4,5,9)2] Ba] o B 127]]| #5=(Table 1)o]] tigh #5}A] Afo| & ZAReH 1Ko etal,, 2011), CR
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Table 2. Clubroot development on sixteen cabbage cultivars caused by Plasmodiophora brassicae isolates’.

. Isolate
Crop Cultivar Mean
DJ HNI GNI YC
Chinese cabbage Norangkimjang 37+05 40+0.0 40+0.0 40+0.0 39
Cabbage Ohgane 0.0+0.0 08+14 14£1.0 40+0.0 1.6
Cabbage YR-Onnuri 0.0+0.0 0.7+0.5 1.8+1.0 40+00 1.6
Cabbage Daebakna 0.0+0.0 1.0+1.6 20+0.7 40+0.0 1.8
Cabbage Asiaball 03+0.5 0.6+0.7 25406 40+0.0 19
Cabbage Jungsaengrubia 0.1+03 1.0+12 24+08 40+0.0 19
Cabbage YR-Honam 05+0.7 1.0+1.1 21+1.0 40+0.0 19
Cabbage Kkokkoma 02+04 0.8+0.9 26+0.6 40+0.0 19
Cabbage Redmart 0.6+0.5 09+0.7 23+0.8 40+00 20
Cabbage YR-Ecoplus 02+04 1.0+0.9 28+0.8 40+0.0 20
Cabbage YR-Hogeol 0.7+£0.5 0.8+0.9 26+09 40+0.0 20
Cabbage Grandmart 0.0+0.0 14+0.5 28+09 40+0.0 2.1
Cabbage YR-Omphalos 05+0.5 19+15 23+12 40+0.0 22
Cabbage Greenhot 02+04 14+14 3.1+07 40+00 22
Cabbage Rubia 05+13 1.6+£1.0 29+09 40+0.0 23
Cabbage Redsun 1.6+0.7 1.0+£13 28+0.8 40+00 24
Cabbage Ohjora 1.8+12 2.8+09 3.6+0.5 40+0.0 3.1
Mean" 0.5 12 25 4.0

“Fourteen-day-old seedlings of cabbage and 10-day-old plants of Chinese cabbage were inoculated with P brassicae by drenching the roots with the spore suspension
of each isolate to give inoculum density of 2.0 x 10° spores/pot. The plants were incubated in a growth chamber at 20°C for 3 days with 14 h light a day and then
transferred to a greenhouse (20 + 5°C). Six weeks after inoculation, disease severity of the seedlings was rated on a scale 0 to 4. 0, no symptoms; 1, a few very small,
separate globular clubs on lateral roots; 2, medium, separate globular clubs on lateral roots; 3, intermediate symptoms on main roots; and 4, severe clubs on main roots.

YEach value represents the mean disease index =+ standard deviation of two runs with ten replicates each.

*Each value represents the mean disease index of 16 cabbage cultivars.

A=l 'YCR478-C- A9
9}'YCR TAE & Bia| 53

%01 ‘YCR GEKKO’
HEE HTHTable 3),

1.0 A
212 o 4 sliek

@E%Erﬂi% a0l ofaf Hie] Ergo] Ao WgeA] gttt 18]l CR &5
A A }017} 390, W=7 ofofe] Lhe

w2} ‘YCR47S', ‘YCR GEKKO’ 9l YCR TAE': A1 mal s HTo| tislo] TEo] AJa) g

6158, rapa subsp. pekinensis ©] %2123 21 @muzowMﬁﬂ%E%Hﬂﬁ%ﬂﬂﬂﬂ‘ﬂ@ﬂ?ﬂ%iﬂ
SHY 50| Q=) o] 52 A5HdS European turnip(B, rapa)] ‘Siloga’, ‘Gelria R’, ‘Milan White”, ‘Debra’ 25
LRlE]lom o]E Hl|F 0] AL Telx} &4 -G48 oithal H 1%t James and Williams, 1980; Yoshikawa,
1993; Kuginuki et al,, 1999), 12|11 0]3 QlEo] CR B} ZEE e aoi] Agtio] FuiActy HEQ)c}
(Tanaka et al., 1998; Kuginuki et al., 1999). $FH 2005 o] H5(B, rapa cv, Parkin) 25 & Hla]sH] zg} o] Q% el oF
5= FF(Kilaton', Tekila)o] SA| =] Sl=H, Hl5=(Parkin )of| A2t i 1A = =9, EE, g F50] AR 2] Hof| A 2|g¢
Ao| B tHDiederichsen et al., 2009),

oletere] JuiFo] A ol tishl= thaet o do] EAsk=H],
Fdolets HAlke Qlout, 27 o] f7t Pefoh= 4 At dolek= Zle] x]uﬂxio]u} B2) 5ol thet B. oleracea
O] A G = A2 7EA] 2F227119] QTLso| Qittal €24 QItHPiao et al., 2009). A&l <=5 ‘Wilhelmsburger of| 4] B2
2l ) race 20 A2 Hol=2712] QTLs, CR2a%2} CR2b(Landry et al,, 1992), H 2= Oﬂ/ﬂ race 7°]| A& Hol=
3712] QTLs(Figdore et al,, 1993), ‘Bindsachsener of|4] 22 27119] 3% QTLs™} 17]19] u}'5 QTLs -5°] AAtHVoorrips et al,,
1997). wh2bA] B, oleracea®] He] 5+ 2qH3-2 270 o] thelAte] ofel] 278 == QTL #dol e, A4 Z3Hd el v

L_

XA O %

A0 G4 0 Mz} Aulighls B = A A
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CR ESolAIeh o] Aol FUIA= @4 5 Maksg ool it Hekzol dlols 2R dofuiA Spobi At 12
7 e ol dhet Ao Aol gl 208wl

Table 3. Resistance degree of clubroot-resistant cabbage cultivars to twelve isolates of Plasmodiophora brassicae’.

Cultivar Isolate

GNI GN2 GS IS HS DJ KS HNI PC YC HN2 SS
YCR478 0.0b* 0.0b 0.0b 0.0b 0.0c 0.0b 0.0b 0.1b 0.1b 0.0c 0.0b 0.0b
YCR GEKKO" 0.1b 0.1b 0.0b 0.0b 0.7b 0.1b 0.0b 0.7b 05b 0.7b 0.0b 0.7b
YCRTAE" 0.0b 0.0b 0.0b 0.0b 0.0c 0.0b 0.0b 0.1b 04b 02bc 0.1b 04b
Norangkimjang" 40a 40a 40a 40a 39a 37a 40a 40a 40a 40a 40a 40a

“Fourteen-day-old seedlings of cabbage and 10-day-old plants of Chinese cabbage were inoculated with P, brassicae by drenching the roots with the spore suspension
of each isolate to give inoculum density of 2.0 x 10° spores/pot. The plants were incubated in a growth chamber at 20°C for 3 days with 14 h light a day and then
transferred to a greenhouse (20 + 5°C). Five weeks after inoculation, disease severity of the seedlings was rated on a scale 0 to 4. 0, no symptoms; 1, a few very small,
separate globular clubs on lateral roots; 2, medium, separate globular clubs on lateral roots; 3, intermediate symptoms on main roots; and 4, severe clubs on main roots.

*Clubroot resistant (CR) cabbage line

*Values labeled with the same letter within each column are not significantly different based on Duncan's multiple range test atp < 0.05.

“Commercial CR cabbage cultivar

*Commercial non-CR Chinese cabbage cultivar

CR iz F, AlS2| 2= A

el 29Hd fllE Als YCRAT8 M 4d Als 'C1176'-2 wfisto] TE=F, Ak 1077 9] #e| S 2)ld
2 Jrrt Az o 371 ool thisho] AR A} YC, GN1 B DI w#=0] olet S F, 107A15-0] Bt =
3.1,1.6 2 0.9°]{tHTable 4). WA JHlS UUHEF 16504 0] e} 5+ WAL nEd7 IR = F, 107801 thoiA = 18
efo] 7P EHYC B 7P e SIS 10T ielo] 71 W DI B AP WS R S Uehck Tk )

5 37} P. brassicae w-5°] gt 'YCR478' x ‘C1176" WHi 2] 1077] F, Al'5-2] A3}/d-2 o5 w-2] = (virulence)
of wtel ch2 AT LeRiQIEN Table 4), % ilo] 714 A5 YC F50] tfotel AR el B, 67 355 5
71 A 9o, FEAIAT 7S Hol=F = 212t 127091 89701t )@t Ea] HdElo] 71 Wk DI w5l this]
A= 2 F7E 6770 71 Bt o, SEAR I d W2 Hol= Foe 282 34709t 6701 Qi S A o] Bl
212 A4= GN1 =0 Hisfixt= Ade] 3671, S do] 3871, 7401 3371 AHd F, o 47151t et

123 AR YCRATS X ‘C1176° B O] F, 107A15-2] 37F2] Be| S rwtol| thgh A AfolE 2K | flsto] Table 40]]

Yol Z=& <5 YC,GN1, DI 75 A & o5 wf=rof] Ofet ] e i e A efolH, A, 5102
APs-2 7-2] ' eelo] ST -5 2 do] HAasiGithTable 4), 18] 31 U 2] 57 F, (20, 32, 78,91, 97)7t0] GN1 w5
@} DJ 3= 7tof| thighHk-go] grojxlet Ee] A2 o = Hel2lo] 739t GNI wofli="T =7t A, o] -2 DI v
o= =T F A Ut SEAITE o] 5 Fof| A 9] 7 wto]] Ofet Hie| S i = Jpo |7} 22 Qfo B = o] 50| & o]
tisto] Sol2] 0= kg HEe= Hehd 71 0 & A7 )= okttt

Jo et al. 2014):> 1150 Y 2|2 A A}delnl, 115 EFEC] Argwtoll it A2 P. capsici 50t 15 &
F bl SolAQl A whgo] EASHA] @3ar, 15 FFol 978t 41 A IS Gt gl Edskal-thol et

ST

2 race a7 EAfo = 213t g, o] el

0

[¢]

o,
o
v
o,
)
=)
Am
-9,
ity

o
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YCR4TS' x ‘CI176'9] F,ol 34 587} o] AIslo] e F, A2 izl
A RRAE A B0 T, AB-2 o) R BFIIR A g Mol Ao A zaaiuh
SR eI A 3SR Al 1 42 Y e | A BEE AT e v 27
£ BENE, BB AP BEE AR ONI 3

Table 4. Resistance of 107 F, lines from a cross between a clubroot-resistant cabbage line 'YCR478’ and clubroot-susceptible line ‘C1176’ to three
isolates of Plasmodiophora brassicae’.

. Isolate
Cultivar YC GNl D Mean
Norangkimjang 40+0.0"a" N 40+00a S 40+00a S 4.0
103 0.1+03a R 00£00a R 00+£00a R 0.0
62 09+03a R 00+00b R 02+04b R 04
54-1 0.6+0.7a R 03+05a R 02+04a R 04
104 07+05a R 0.7+0.7a R 00+0.0b R 0.5
102 1.0£00a R 0.8+09ab R 00+0.0b R 0.6
65 12+06a MR 0.6+0.7ab R 0.1+03b R 0.6
8 1.0+0.0a R 1.0+00a R 00+00a R 0.7
26 l.6£1.1a MR 0.5+0.5ab R 00+£00b R 0.7
65-1 19+10a MR 0.1+03b R 0.1+03b R 0.7
13 1.1£0.7a MR 07+13a R 05+05a R 0.8
27 1.6+£0.7a MR 04+£05b R 03+05b R 0.8
57 1.1+£04a MR 1.3+05a MR 01+03b R 0.8
60 14+07a MR 09+0.7ab R 02+04b R 0.8
10-1 1.3+05a MR 05+0.7a R 0.7+05a R 0.8
64 20+15a MR 0.5+£05a R 05+05a R 1.0
17 22+09a S 0.5+0.8b R 04+05b R 1.0
39 20+08a MR 08+09b R 03+05b R 1.0
33 24+14a S 05+05b R 03+0.7b R 1.1
37 1.8+08a MR 12+1.1ab MR 02+04b R 1.1
95-1 23+09a S 0.7+£05b R 02+04b R 1.1
10 26+12a S 05+05b R 03+05b R 1.1
11 23+14a S 1.1+1.0ab MR 00+£00b R 1.1
69 24+0.7a S 09+13b R 02+0.6b R 12
97 24+10a S 02+04b R 12+0.8b MR 13
79 1.8£09a MR 14+£0.7a MR 0.7+09a R 13
3 26x1.1a S 1.0+0.8ab R 05+13b R 14
28+1.1a S 05+0.7b R 08+1.1b R 14
93 224+09a S 19+12a MR 00+£00b R 14
63 27+05a S 1.0+£1.0b R 0.5+05b R 14
73 26+13a S 14+1.1ab MR 02+06b R 14
16 36+10a S 0.7+13b R 04+05b R 1.6
71 36+0.7a S 08+09b R 04+08b R 1.6
28 32+09a S 1.5+05b MR 02+04c¢ R 1.6
25 35+0.8a S 09+03b R 0.6+0.8b R 1.7
59 28+13a S 14+1.1ab MR 0.8+04b R 1.7
82 34+07a S 1.0+£0.7b R 06+1.0b R 1.7
90 34+08a S 1.0+09b R 0.6+0.7b R 1.7
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Isolate

Cultivar Mean
YC GN1 DJ
95 33+12a S 0.7+£0.7b R 1.0+12b R 1.7
12 32+0.8a S 1.3+13b MR 0.7+05b R 1.7
53 38+04a S 1.0+0.7b R 04+05b R 1.7
23 29+10a S 1.7+£0.7 ab MR 0.8+0.6b R 1.8
75 39+03a S 12+09b MR 03+05b R 1.8
86 36+10a S 08+04b R 1.0+05b R 1.8
78 35+08a S 0.7+09b R 13+12b MR 1.8
30 36+1.0a S 19+12b MR 0.1+03¢ R 19
44 28+1.0a S 1.7+1.1a MR 1.1£13a MR 19
89 33+0.7a S 1.8+1.5ab MR 05+0.7b R 19
100 37+0.7a S 1.0£05b R 09+0.6b R 1.9
45 38+04a S 1.5+12b MR 04+05b R 19
72 35+08a S 1.6+14b MR 06+10b R 1.9
85 37+£05a S 13+13b MR 1.0+12b R 2.0
6 38+06a S 1.5+1.5b MR 08+13b R 20
20 37+07a S 1.0+12b R 14£14b MR 20
61 39+03a S 1.5+£0.7b MR 0.7+0.8b R 2.0
84 36+05a S 19+1.0b MR 06+1.1b R 2.0
98 32+13a S 1.6+12ab MR 13+0.7b MR 2.0
66 40+00a S 12+0.6b MR 1.0+12b R 2.1
96 37+£05a S 12+0.8b MR 1.3+£0.7b MR 2.1
34 35+1.1a S 23+0.7a S 05+1.0b R 2.1
58 39+03a S 1.6+1.1b MR 0.8+0.8b R 2.1
14 36+0.7a S 19+1.6b MR 09+14b R 2.1
48 36+0.7a S 14+05b MR 14+1.1b MR 2.1
50 30+12a S 23+13a S 1.1+14a MR 2.1
74 40+00a S 13+1.1b MR 1.1+0.7b MR 2.1
83 36+1.0a S 23+14ab S 05+0.7b R 2.1
94 39+03a S 14+05b MR 1.I+1.1b MR 2.1
9 37+07a S 1.7+0.7b MR 1.1+09b MR 22
101 33+05a S 1.7+14ab MR 1.5+08b MR 22
22 37+05a S 1.7+15ab MR 12+1.6b MR 22
38 39+03a S 22+14b S 05+05¢ R 22
43 40+00a S 14+£05b MR 12+16b MR 22
99 39+03a S 1.6+1.0b MR 1.1£06b MR 22
21 38+04a S 1.6+15b MR 13£15b MR 22
32 40+00a S 1.0+£0.5b R 1.7+1.7b MR 22
51 34+08a S 22+12ab S 1.1+£03b MR 22
52 36+0.7a S 14+12b MR 1.7+05b MR 22
54 31+06a S 34+0.7a S 03+0.7b R 23
35 29+14a S 3.1+06a S 09+0.6b R 23
40 36+1.0a S 24+13ab S 1.0+12b R 23
29 35+06a S 32+04a S 06+05b R 24
87 37+0.7a S 19+14ab MR 1.7+£13b MR 24
15 40+00a S 27+1.1b S 0.7+£05¢ R 2.5
55 31+09a S 31+10a S 12+0.6b MR 2.5
67 38+04a S 33+09a S 03+05b R 25
68 35+08a S 25+1.6ab S 14+1.7b MR 25
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Isolate

Cultivar Mean
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2 40+0.0a S 26+1.7ab S 09+1.0b R 25
76 36+09a S 22+10a S 1.7+1.7a MR 2.5
92 40+00a S 26+13a S 09+13b R 2.5
1 33+09a S 28+12ab S 15+12b MR 2.5
31 39+03a S 19+12b MR 18+1.1b MR 2.5
7-1 40+00a S 22+13ab S 14+14b MR 2.5
36 40+00a S 26+1.1b S 1.1+£06¢c MR 2.6
49 38+06a S 31+12a S 1.1£09b MR 2.7
91 39+03a S 14£13b MR 27+1.7ab S 2.7
5 40+00a S 29+17a S 12£1.1b MR 2.7
19 40+00a S 33+08a S 0.8+0.8b R 2.7
24 40+00a S 33+13a S 1.0+0.6b R 2.8
47 40+00a S 30+1.1a S 14+14b MR 2.8
88 38+04a S 22+12b S 24+1.6ab S 2.8
56 39+04a S 32+04a S 14+13b MR 2.8
18 39+03a S 29+1.6ab S 1.8+13b MR 29
77 40+00a S 28+14ab S 21+14b S 3.0
81 39+03a S 32+1.1ab S 20+14b S 3.0
7 40+00a S 31£13a S 25+08a S 32
46 40+00a S 38+0.6a S 19+14b MR 32
70 40+0.0a S 26+1.0b S 3.1+0.7ab S 32
80 40+00a S 40+00a S 31+1.1a S 37
Mean" 3.1 1.6 09

“Fourteen-day-old seedlings of 107 F, lines and 10-day-old plants of Chinese cabbage ‘Norangkimjang” were inoculated with P brassicae by drenching the roots with the

spore suspension of each isolate to give inoculum density of 5.0 x 10° spores/pot. The plants were incubated in a growth chamber at 20°C for 3 days

with 14 h light a

day and then transferred to a greenhouse (20 + 5°C). Six weeks after inoculation, disease severity of the seedlings was rated on a scale 0 to 4. 0, no symptoms; 1, a few
very small, separate globular clubs on lateral roots; 2, medium, separate globular clubs on lateral roots; 3, intermediate symptoms on main roots; and 4, severe clubs on

main roots.
*Each value represents the mean disease index (+ standard deviation) of ten replicates.
*Values labeled with the same letter within each line are not significantly different based on Duncan's multiple range test atp < 0.05.

“Resistance response, R = resistant (disease index < 1.0); MR = moderately resistant (1.0 < disease index < 2.0); S = susceptible (disease index > 2.0).

“Each value represents the mean disease index of 107 F; lines.

2z
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