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To develop the efficient screening methods for antifungal compound active to Chinese cabbage clubroot
caused by Plasmodiophora brassicae, the control efficacy of three fungicides fluazinam, ethaboxam, and
cyazofamid on the disease was tested under several conditions such as soil types, cultivars of Chinese cabbage,
growth stages of the host, and inoculum concentrations. The in vivo antifungal activities of the fungicides on
clubroot of two Chinese cabbage cultivars were hardly different. At 7- and 14-day-old seedlings, the
fungicides were more effective to control of clubroot than at 21-day-old seedlings. In a commercial
horticulture media soil (CNS), disease severity of untreated controls was higher and control activity of the
fungicides was less than in a mixture of CNS and upland soil (1:1, v/v). Disease development of the seedlings
inoculated with P. brassicae at 1.8x10” spores/pot to 1.1x10° spores/pot was almost same, but control efficacy
of the fungicides was negatively correlated with inoculum dosages. To effectively select in vivo antifungal
compound on Chinese cabbage clubroot, 14-day-old seedlings need to be inoculated with P. brassicae by
drenching the spore suspension to give 1x10° spores/pot 1 day after chemical treatment. To develop clubroot,
the inoculated plants are incubated in a growth chamber at 20°C for 2 days, and then cultivated in a
greenhouse (20+£5°C) for four weeks.

Cyazofamid, Ethaboxam, Fluazinam, Inoculum concentration, In vivo antifungal activity,
Plasmodiophora brassicae
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Fig. 1. Chemical structures of fluazinam (A), ethaboxam (B), and cyazofamid (C).
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Table 1. Efficacy of three fungicides for control of clubroot in two Chinese cabbage cultivars®

Con. . Chemical
Cultivar - -
(ng/ml) Fluazinam Ethaboxam Cyazofamid Average

A Noranggimjang 54b° 54b 82a 63
Sambokeotgalyi 8lab 57b 90a 76
20 Noranggimjang 84ab 92ab 99a 92
Sambokeotgalyi 90ab 99a 99a 96
100 Noranggimjang 100a 93ab 100a 98
Sambokeotgalyi 100a 100a 100a 100

*Disease severities of untreated controls Noranggimjang and Sambokeotgalyi were 68% and 58%, respectively.

®Control value (%).
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Table 2. Control activity of three fungicides on clubroot of Chinese cabbage at several growth stages®

Con. Chemical
Growth stage® - -
(ng/ml) Fluazinam Ethaboxam Cyazofamid Average
7 47cd’ 39b 48¢c 45
4 14 56bcd 19bc 62abc 46
21 Oe 5¢ 55bc 20
7 100a 90a 9lab 94
20 14 93ab 8la 99a 91
21 30de 15be 80abc 42
7 100a 100a 100a 100
100 14 100a 9%a 100a 98
21 75abe 75a 100a 83

*Disease severity of untreated controls was 58% for 7 days after sowing (DAS), 80% for 14 DAS and 100% for 21 DAS.
°Growth stage of Chinese cabbage seedlings.
“Control value (%).

Table 3. Control of three fungicides on the development of clubroot in Chinese cabbage plants inoculated with spore suspension of
Plasmodiophora brassicae at various concentrations®

Con. Spore concentration Chemical
(ng/ml) (x107 spores/pot) Fluazinam Ethaboxam Cyazofamid Average

1.8 100a° 68a—e 95ab 88
A 7 42bc 52b—e 68bc 54
28 15¢d 30de 50c 32
110 0d 26e 53¢ 26
1.8 100a 74a—d 100a 91
2 7 63b 74a—d 100a 79
28 25cd 45cde 99a 56
110 5d 47a—e 89ab 47
1.8 100a 100a 100a 100
100 7 100a 89ab 100a 96
28 70ab 75abc 100a 82
110 63b 73a-d 100a 79

"Disease severity of untreated controls was 95% for 1.8x 107 spores/pot, 95% for 7.0x 107 spores/pot, 100% for 2.8x 10 spores/pot, and 95% for
1.1x10° spores/pot.
®Control value (%).
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Fig. 2. In vivo antifungal activities of three fungicides (A, fluazinam; B, ethaboxam; C, cyazofamid) on clubroot of Chinese cabbage
seedlings cultivated in two soil types. And disease severity of untreated controls was 95% for commercial horticulture nursery media soil
(CNS) and 38% for mixed soil of CNS and upland soil (1:1, v/v). Columns labeled with the same letter are not significantly different in

Duncan's multiple range test (P = 0.05).
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