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To establish simple and reliable screening method for resistant radish to Plasmodiophora brassicae Woron.
using soil-drenching inoculation, the development of clubroot on radish seedlings inoculated with P. brassicae
GN-1 isolate according to several conditions such as inoculum concentration, plant growth stage and
incubation period after inoculation was studied. To select resistant radish against clubroot, 10-day-old
seedlings were inoculated with P. brassicae by drenching the roots with the spore suspension of the pathogen
to give 1x10° spores/pot. The inoculated seedlings were incubated in a growth chamber at 20°C for 3 days then
cultivated in a greenhouse (20+5°C) for 6 weeks. Under the optimum conditions, 46 commercial cultivars of
radish were tested for resistance to YC-1 (infecting 15 clubroot-resistant cultivars of Chinese cabbage) and
GN-1 (wild type) isolates of P. brassicae. Among them, thirty-five cultivars showed resistance to both isolates
and one cultivar represented susceptible response to the pathogens. On the other hand, the other cultivars
showed different responses against the tested P. brassicae pathogens. The results suggest that this method is an
efficient system for screening radish with resistance to clubroot.
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Table 1. The degree of resistance of 23 commercial Chinease
cabbage cultivars to two isolates of Plasmodiophora brassicae

Disease severity (%)

Cultivar Trait

GN-1° YC-1°

CR Gangsan CR* 8 100
CR Ipchun CR 3 100
CR Yeoreummat CR 5 100
Geumbangul CR 5 100
Hadaejanggun CR 3 100
Jincheong CR 8 100
Norangmathajang CR 8 95

Sangjanggun CR 3 100
Sanulrim CR 8 100
Ssamyirang CR 3 100
Sungreen CR 8 100
Taebong CR 0 100
Woldongcheonha CR 5 100
Woori CR 3 100
Younggwang CR 3 100
Bulam III - 93 100
Chamyiseuleotgalyi - 85 100
Chunmibom - 98 100
Gaeulhwang - 95 100
Norangchuseok - 95 100
Noranggimjang - 93 100
Noranggwandong - 90 100
Norangkimchi - 98 98

*Seedlings of Chinese cabbage were inoculated with GN-1 and YC-1
isolates of P brassicae by drenching the roots with the spore
suspension of each isolate to give inoculum density of 4.0x10*
spores/pot. The plants were incubated in a growth chamber at 20°C
for 3 days with 12-hr light a day and then transferred to a greenhouse
(20£5°C). Five weeks after inoculation, disease severity of Chinese
cabbage seedlings was investigated.

"GN-1: isolate collected from Gangneung-si.

“YC-1: isolate collected from Yeoncheon-gun.

4CR: resistant cultivar to clubroot published by each seed company.

°Each value represents the mean disease severity (%) of two runs with
10 replicates each.
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Fig. 1. Clubroot development on commercial cultivars of Chinese cabbage inoculated with GN-1 (A-D) and YC-1 (E-H) isolates of
Plasmodiophora brassicae. A and E, ‘CR Gangsan’; B and F, ‘CR Ipchun’; C and G, ‘CR Yeoreummat’; D and H, ‘Noranggimjang’.

Table 2. Clubroot development of radish seedlings inoculated
with Plasmodiophora brassicae at four plant growth stages®

Table 3. Clubroot development of radish seedlings according to
incubation period after inoculation®

Inoculum concentration

Inoculum concentration

Growth stage (x107 spores/pot) Mean Incubation (x107 spores/pot) Mean
(after sowing) period
1.0 10 100 1.0 10 100
4 days 51°de 68b—e 68b—e 63 3 weeks 6f 8f 18f 10
7 days S4cde 70abc 78ab 67 4 weeks 44e 53de 63cd 53
10 days 70b—e 79ab 98a 82 5 weeks 66¢d 64cd 74bc 68
14 days 47e 49¢ 67b—e 54 6 weeks 79abc 89ab 90a 86

*Seedlings of radish (cv. Yeoreumchunhyangyiyeolmu) were inoculated
with P brassicae GN-1 by drenching the roots with the spore
suspension of the pathogen. The plants were incubated in a growth
chamber at 20°C for 3 days with 12-hr light a day and then
transferred to a greenhouse (20+£5°C). Six weeks after inoculation,
disease severity of radish seedlings was investigated.

®Each value represents the mean disease severity (%) of two runs with
10 replicates each.
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*Seedlings of radish (cv. Yeoreumchunhyangyiyeolmu) were inoculated
with Plasmodiophora brassicae GN-1 by drenching the roots with
the spore suspension of the pathogen. The plants were incubated in a
growth chamber at 20°C for 3 days with 12-hr light a day and then
transferred to a greenhouse (20£5°C). Three to six weeks after
inoculation, disease severity of radish seedlings was investigated.

"Each value represents the mean disease severity (%) of two runs with
10 replicates each.
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Table 4. The degree of resistance of commercial radish cultivars
to two isolates of Plasmodiophora brassicae*

Disease severity (%)

Cultivar Trait
GN-1° YC-1°
Ahwooriwoldong CR* 10° 40
Bitgoeunyeolmu CR 3 3
Chungwoon plus CR 0 0
Housecheongok CR 5 8
Jeonmuhumu CR 3 0
Kiljo CR 0 0
Myeongsan CR 0 0
Superkiljo CR 0 0
Taecheong CR 0 0
Varywoldong CR 0 13
Alpine - 3 3
Asia gaulgimjang - 0 15
Asia gauljeojang - 3 3
Backja - 0 3
Baekchun - 3 0
Bakja - 10 3
Chengdu - 5 0
Cheongilpum - 0 3
Cheongsugungjungmu - 0 0
Chungwoon - 0 0
Daeback - 3 0
Daedong - 5 25
Daepyeongyeoreum - 10 30
Geukdong - 5 0
Jangsaeng - 3 0
Minongjosaeng - 5 0
Pyeongganggimjang - 5 0
Sannariyeolmu - 3 13
Seonbongaltari - 3 0
Siraegi - 8 0
Songbaeck - 5 13
Taechang - 18 3
Tamseureon - 13 23
Togwang - 8 0
YR Championyeolmu - 0 0
Chobi - 30 53
Dongha - 13 65
Gangchu - 10 75
Gangseong - 10 60
Gwandongyeoreum - 10 60
Hannongyeoreum - 15 70
Janghyeongbom - 8 53
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Table 4. Continued

Disease severity (%)

Cultivar Trait
GN-1° YC-1°
Saerom - 63 40
Supermodel - 65 25
Yeoreumchunhyangiyeolmu - 100 33
Chorong - 55 100

*Seedlings of each radish cultivar were inoculated with GN-1 and
YC-1 isolates of P. brassicae by drenching the roots with the spore
suspension of each isolate on pot to give inoculum density of 1.0x10°
spores/pot. The plants were incubated in a growth chamber at 20°C
for 3 days with 12-hr light a day and then transferred to a greenhouse
(20+5°C). Six weeks after inoculation, disease severity of the
seedlings was investigated.

"GN-1: isolate collected from Gangneung-si

“YC-1: isolate collected from Yeoncheon-gun

4CR: resistant cultivar to clubroot published by seed companies.

°Each value represents the mean of two runs with 10 replicates each.
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