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Single spores were isolated from infected roots of Chinese cabbage with a typical clubroot symptom, collected
from different Chinese cabbage cultivation areas in Korea. When the single spore isolates were inoculated on
Chinese cabbage, radish, turnip, kale, leaf mustard and Williams' differential varieties, among 321 roots har-
vested two weeks after inoculation, a visual symptom was observed on only one root and light/uncommon
symptoms were done on 70 roots. These 71 individuals were homogenized and used as inocula. These inocula
caused generally higher pathogenicity than that of single spore. Finally 15 isolates, with enough growth for
conducting further experiment, were selected. These 15 individuals were grouped four, seven, two and two
into race 1, race 4, race 9 and race 11, respectively, using Williams' differential set. It was confirmed that race
4 were dominantly present in Korea. These 15 had been obtained from roots of Chinese cabbages, radishes
and turnips inoculated with single resting spores and had shown pathogenicity to Laurentian and Wilhelms-
burger belong to Rutabaga in Williams' differential variety set. Therefore, we assume that such characteristic
pathotypes including race 4, especially, of P. brassicae showing strong pathogenicity to Chinese cabbage, rad-

ish and turnip may be dominant in Korea.
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Table 1. Comparison of rate of single-spore inoculation between
host plants

Total  No.of Percentof
Host plants diseased diseased
used  plants plants
Chinese cabbage 126 26 20.6
Radish 31 17 54.8
Turnip 61 19 311
Kale 6 0 0.0
Leaf mustard 40 0 0.0
Laurentian 13 4 308
Williams'  wijlhelmsburger 15 5 333
differential
set* Badger shipper 16 0 0.0
Jersey queen 13 0 0.0
Total 321 71 23.1

L, W and B, J are belong to the systematization of Rutabaga and
cabbage, respectively.
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Fig. 1. Various symptoms of clubroots caused by Plasmodiophora brassicae. A: typical clubroot in the field; B, C, D, E, F and G various
symptoms of the clubroot in cruciferous plants after re-inoculation (B, discolored hair roots in chinese cabbage; C, root branched by sev-
eral divisions in radish; D, branched roots and screw-shaped hair root in radish; D', Scanning Electron Microscopy of an clubroot in a
white circle of D, resting spores observed on screw-shaped hair root; E, uneven side roots in chinese cabbage; F, small and many clu-
broots on the surface in radish; G discolored and creviced root in chinese cabbage).
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Table 2. Possible host reactions to infection by races of Plasmodiophora brassicae using differential varieties (Paul H. Williams, 1966)

Differential variety Race
12 3 4 5 7 8 9 100 1 12 13 14 15 16
Cabbage: JerseyQueen +° + + + - -
Badger Shipper — + - + - + - - + + - + + + -
Rutabaga : Laurentian + + + + - - + + - + - + - _ -
Wilhelmsburger + - ~ + - - - + + + + - + — +

*Bold letters mean races analyzed in this study.
"+ — indicate a susceptible and a resistant host reaction, respectively.
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Table 3. List of Plasmodiophora brassicae SSIs (single spore
isolates) isolated in this study

Isolate Host Collection site
R1-1 Brassica rapa Yongpyong, Kangwon
R1-2 " Uljin, Gyeongbuk
R1-3 " Cheorwon, Kangwon
R1-4 " Haenam, Jeonnam
R4-1 " Hoengseong, Kangwon
R4-2 " Yeoncheon, Kyunggi
R4-3 " "

R4-4 " Cheorwon, Kangwon
R4-5 " Pyungchang, Kangwon
R4-6 " Asan, Chungnam

R4-7 Raphanus sativus L. Cheorwon, Kangwon
R9-1 Brassica rapa Jangsu, Jeonbuk
R9-2 " "

R1l1-1 ! Yeoncheon, Kyunggi
R11-2 " Haenam, Jeonnam
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