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Resistance of Cultivars of Chinese Cabbage to Plasmodiophora brassicae
Isolates of Several Races Collected in Korea

Su-Jung Jo, Sun-Ah Shim, Kyoung Soo Jang, Yong Ho Choi, Jin-Cheol Kim, and Gyung Ja Choi’

Chemical Biotechnology Research Center, Korea Research Institute of Chemical Technology, Daejeon 305-600, Korea

Abstract. Clubroot disease caused by Plasmodiophora brassicae, induces damage to cruciferous vegetables
worldwide. For control of the disease, many CR (clubroot resistant) F; hybrid cultivars of Chinese cabbage
have been bred and released in Korea. In this study, we determined the race of 10 field isolates of P. brassicae
collected from ten regions in Korea using Williams’ differential varieties and investigated the degree of resistance
of 25 commercial CR cultivars of Chinese cabbage to the isolates. The clubroot pathogens were assigned
into two (HS and YC), two (HN1 and HN2), two (DJ and SS) and four (GS, GN, JS, and PC) isolates
for race 2, race 4, race 5, race 9, respectively. All CR cultivars showed similar response, resistant or susceptible,
to each isolate and the P. brassicae isolates were divided into two groups. Among them, the DJ, GS, GN,
HS, and JS isolates could not infect the CR cultivars. In contrast, the SS, HN1, HN2, PC, and YC isolates
caused severe clubroot disease on the CR cultivars like susceptible cultivars. Even though they belong to
the same race, the CR cultivars showed a different response to the pathogens. The results suggest that the
breakdown of CR in Chinese cabbage has already occurred in cultivation areas of Korea and resistance source
introduced in CR cultivars may be very limited. In addition, it is likely that resistance genes of Williams’
differential varieties to P. brassicae are different from the gene of CR cultivars of Chinese cabbage used

in the study.
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Table 1. List of 10 field isolates of Plasmodiophora brassicae used in this study.

Isolate Districts of collection Host Year
DJ Daejeon-si Chinese cabbage 2009
GS Goesan-gun, Chungcheongbuk-do cabbage 2009
GN Gangneung-si, Gangwon-do Chinese cabbage 2009
HN1 Haenam-gun, Jeollanam-do Chinese cabbage 2010
HN2 Haenam-gun, Jeollanam-do Chinese cabbage 2010
HS Hoengseong-gun, Gangwon-do Chinese cabbage 2010
JS Jeongseon-gun, Gangwon-do Chinese cabbage 2009
PC Pyeongchang-gun, Gangwon-do Chinese cabbage 2010
SS Seosan-si, Chungcheongnam-do Chinese cabbage 2009
YC Yeoncheon-gun, Gyeonggi-do Chinese cabbage 2009

Table 2. Race determination of 10 field isolates of Plasmodiophora brassicae using the differential varieties of Williams (1966)".

v4

P. brassicae isolate

Host

DJ GN GS HN-1 HN-2 HS Js PC ss YC
Jersey Queen 0.0 £ 0.0' 07 +08 05+05 40+00 40+00 40+00 0706 09+03 03+04 3903
(RY) (R) (R) (S) ®) (S) (R) (R) (R) )
Badger Shipper 0.0 + 0.0 0.0 +0.0 0.0+00 4000 35%05 38+04 00+04 01%03 00£00 3705
(R) (R) (R) (S) ) (S) (R) (R) (R) ©)
Laurentian 07+05 35%07 39+03 40+00 40+00 40+00 27+09 34+08 07+08 3806
(R) (S) ©) (S) ©) (S) (S) (S) (R) )
Wilhelmsbuger 0.1 + 0.0 24+ 05 24+07 40+00 40+00 06+04 26+05 26+05 04+04 0204
(R) (S) ®) (S) ®) (R) (S) ) (R) (R)
Race 5 9 9 4 2 9 9 5 2

*14-day-old seedlings were |noculated WIth P. brassicea by drenching the roots with the spore suspension of each isolate to give

inoculum density of 8.0 x 108 spores* pot
a day and then transferred to a greenhouse (20 %

The plants were incubated in a growth chamber at 20C for 3 days with 12 h light
57T). Six weeks after inoculation, disease severity of 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 (+ standard deviation) of two runs with 10 replicates each.

*S, susceptible (disease index = 1.0); R, resistant (disease index < 1.0).
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Table 3. The degree of resistance of 28 commercial Chinese cabbage cultivars to 10 field isolates of Plasmodiophora brassicae”.

Cultivar Trait HS YC HN1 HN2 DJ SN GN JS GS PC
(Race 2) (Race 2) (Race 4) (Race 4) (Race 5) (Race 5) (Race 9) (Race 9) (Race 9) (Race 9)
Ahreumchan CRY 0.3 +06° 35+07 40+00 36+07 00+00 40+00 04+05 03+09 00+00 3804
Buhwal CR 04+05 38+04 40+00 36+05 02+06 40+00 00+00 0000 00%00 39+03
Bulam Plus CR 01+03 39+03 40+00 37+06 00+00 40+00 04+05 00+0.0 00+09 4.0+00
Champion CR 07+09 37+05 40+00 38+04 00+00 37+06 00+00 0000 03%00 3903
Chuwol CR 06+09 37+06 40+00 40+00 02+06 40+00 00+00 0000 00%09 40+00
CR-Alchan CR 06+10 34+05 40+00 32+06 00+00 40+00 05+09 04+08 03+00 4000
CR-Ansim CR 03+06 38+04 40+00 37+06 00+00 4000 01+03 00+0.0 0000 4.0+0.0
CR-Cheongrok CR 03+06 36+05 40+00 37+05 00+00 40+00 01+03 0000 00%00 3705
CR-Gonaengjinorang CR 06 +0.7 35+05 40+00 32+07 00+00 39+03 02+04 0000 00+00 40+00
CR-Hagye CR 02+04 35+07 40+00 36+08 00+00 40+00 05+05 00+00 00+0.0 40+00
CR-Hwanggeum CR 01+03 39+03 40+00 33+08 05+00 40+00 00+00 00+00 00+00 39+03
CR-Hwangrok CR 03+05 31+09 40+00 24+09 00+08 40+00 00+00 00+00 00%0.0 37+06
CR-Hwangtaeja CR 05+05 38+04 40+00 39+03 00+00 37+06 0405 0000 00+00 40+00
CR-Janggun CR 06+07 37+05 40+00 38+04 00+00 40+00 03+05 02+06 00+00 38+04
CR-Jinsim CR 02+04 37+05 40+00 3507 02+06 40+00 00+00 00+00 04+12 36=+05
CR-Kiyoshi CR 00+00 39+03 40+00 39+03 00+00 40+00 03+05 0000 00+0.0 40+00
CR-Mat CR 05+05 36+05 40+00 37+06 00+00 40+00 02+04 00+00 00+00 4.0+0.0
CR-Matjjang CR 06+07 33+06 40+00 36+05 00+00 39+03 00+00 00+00 00+0.0 40+00
CR-Myeongga CR 09+05 36+05 40+00 30+09 00+00 39+03 02+04 00+00 00+00 39+03
CR-Myeongpum CR 05+08 37+05 40+00 40+00 00+00 38+06 0706 01+03 00+00 40+00
CR-Nongshim CR 03+06 35+05 40+00 33+08 00+00 40+00 00+00 00+00 00%11 31+10
CR-Yosimasa CR 05+05 3705 40+00 32+07 00+00 3903 00+£00 00+00 0003 39+03
Daetong CR 05+07 38+06 40+00 39+03 00+00 40+00 02+04 00+00 03+06 39+03
Matchum CR 02+04 36+07 40+00 40+00 00+00 40+00 00+00 0000 0000 40+00
Olpum CR 01+03 37+05 40+00 39+03 00+00 40+00 00+00 00+00 00+00 33+038
Gangryeokyeoreum - 40+00 36+07 40+00 3706 2607 40200 39+03 33+06 32+00 39+03
Noranggimjang - 40+00 40+00 40+00 40+00 3.0+08 40+00 38+04 38+04 39+00 4.0+00
Sambokeotgalyi - 38+04 37+05 40+00 38+04 21+03 4000 38+04 35+05 37+00 4.0+00

?10-day-old seedlings of Chinese cabbage were moculated with P brassicae by drenching the roots with the spore suspension
of each isolate to give inoculum density of 4.0 x 10® spores-pot™.

3 days with 12 h light a day and then transferred to a greenhouse (20

The plants were incubated in a growth chamber at 20°C for
+ 5C). 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.
YCR, resistant cultivar to clubroot commercialized by each seed company.

*Each value represents the mean (+ standard deviation) of two runs with 10 replicates each.
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Fig. 1. Field isolates of Plasmodiophora brassicae collected
from ten regions in Korea. The grouped isolates were
determined as same races by differential varieties of Williams.
DJ, Daejeon; GS, Goesan; GN, Gangneung; HN, Haenam;
HS, Hoengseong; JS, Jeongseon; PC, Pyeongchang; Ss,
Seosan; YC, Yeoncheon.
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Fig. 2. Clubroot development on cultivars of Chinese cabbage inoculated with HS (A-D) and YC (E-H) isolates of Plasmodiophora
brassicae. A and E, Ahreumchan; B and F, CR-Alchan; C and G, CR-Janggun; D and H, Sambokeotgalyi.
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