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Survey of Field Conditions of Clubroot Disease Incidence of Chinese
Cabbage in Major Production Areas and
Ecology of Root Gall Development

Choong-Hoe Kim*, Won-Dae Cho and Jong-Mun Yang
Plant Pathology Division, National Institute of Agricultural Science & Technology,
Suwon 441-707, Korea

In 1997 surveys, 82 out of 180 crucifer fields were infected with clubroot disease in a range of 1-
100% of diseased plants, and among crucifier crops Chinese cabbage was the most severe. In cropping
systems Chinese cabbage-monocropping or Chinese cabbage-radish were found to be most common
in major Chinese cabbage production areas. Welsh onion, squash, or paddy rice were also planted
between cropping of Ckinese cabbage. Paddy fields converted to upland were lowered in incidence of
clubroot disease, and fields with loam to silty loam soil were more severe in disease than those with
sandy soil. Soil pH and organic contents were not related to clubroot disease severity. Soil fauna, such
as, total fungi, bacteria, actinomyces, Pseudomonads and Bacillus, were not correlated with severity
of the disease. Root gall development on Chinese cabbage seedlings was initfially observed under a
microscope 13 days after inoculation with Plasmodiophora brassicae but 18 days by naked eyes after
inoculation. Root galls were formed mostly around collar roots and gradually spread to main root,
lateral roots and secondary root branches. Root galls started to enlarge greatly in size and weight
from 23 days after inoculation. Chinese cabbage plants at mid-growth stage with root gall development
were reduced to 1/2 of that of healthy plants in number of leaves, 1/4-1/5 in above ground fresh
weight, 1/6 in root length, but increased to 3 times in diameter of collar root. Diseased plants had
little root hairs. Diseased Chinese cabbage plants at harvest were reduced by 9.1-11.8% in head weight
compared to healthy plants, but increased by 2.8-5.7 times greater in root weight depending on the
clubroot severity. In healthy plants, a positive correlation was observed between root and head weight
but those relationships were rot found in the diseased plants.

Keywords : Chinese cabbage, clubroot, cropping system, ecology, Plasmodiophora brassicae, root gall, soil
property '
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Table 1. Incidence level of clubroot disease of crucifers in major production areas surveyed from July to October in 1997, Korea

Province Region Crop No. fields No. fields Range of *
surveyed diseased incidence(%)
Kyonggi Pajoo Chinese cabbage 15 4 20-80
Yeonchon Chinese cabbage 25 16 10-100
Cabbage 2 1 80
Pyongtaek Chinese cabbage 40 18 10-80
Kangwon Pyongchang Chinese cabbage 13 6 30-90
Radish 3 1 40
Cabbage 4 2 40-90
Taebaek Chinese cabbage 38 21 5-100
Cabbage 10 3 1-5
Chulwon Radish 5 3 1-5
Chungnam Cheongyang Chinese cabbage 5 1 30
Chunnam Damyang Chinese cabbage 15 1 20
Chunbuk Namwon Radish 5 5 1-30
Total 180 82 1-100

"Based on percentage of diseased plants.
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Table 2. Cropping system of Chinese cabbage in major production areas in 1998

Frequency (No. fields) at

Cropping system

Yeonchun Pyongtaek Pyongchang Taebaek
¢’ cabbage - C. cabbage 6 0 1 9
C. cabbage - radish 3 0 6 2
C. cabbage - rice 1 4 0 -
C. cabbage - fallow 0 0 0 3
C. cabbage - perilla 3 0 2 0
C. cabbage - rye 0 0 1 1
C. cabbage - soybean 0 0 3 0
C. cabbage - welsh onion 2 0 0 0
C. cabbage - spinach 0 1 0 1
C. cabbage - squash - C. cabbage 0 8 0 0
C. cabbage - squash - cucumber 0 1 0 0
Radish - radish 0 0 1 0
C. cabbage - welsh onion - radish 1 0 0 0
C. cabbage - squash - welsh onion - C. cabbage 0 1 0 0
C. cabbage - squash - spinach - C. cabbage 0 1 0 0
Green bean - radish 0 0 1 0
Total 16 16 15 16
‘C : Chinese.

Table 3. Soil properties of Chinese cabbage fields with varying degree of clubroot disease incidence in major production areas in 1998 surveys

Level of disease  No. fields Frequency(No.fields) No. fields belonged to
incidence(%) surveyed Paddy fields* Upland Sand Sandy loam Loam Silty loam
0 2 8 18 8 6 8 4
<s 10 2 8 2 4 2
5-10 7 3 4 1 3 3 0
11-30 1 0 1 0 0 1 0
30 < 9 1 8 0 2 3 4
Total 53 14 39 1 15 17 10

*Paddy fields converted to upland.

Table 4. Soil pH, organic matter content and slope degree of Chinese cabbage fields with different level of clubroot disease incidence in major
production areas in 1998 surveys '

Level of disease No. fields Soil pH Slope degree Content of organic
incidence(%) surveyed P pe eg matters(%)

0 26 5.72 1.2 2.33

<5 10 542 0.1 2.20

5-10 7 5.75 0 221

11-30 1 5.86 0 2.50

30 < 9 5.90 23 2.06
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Table 5. Biological properties of soil sampled from Chinese cabbage fields with varying degree of clubroot disease incidence in major production

areas in 1998 surveys

Level of Total Total Total Fluorescent Non-fluorescent )

disease No. fields fung1 bacteria Actlnomyces Pseudomonas Pseudomonas Baczélus
incidence(%) (x10°cfu)’ (x10%fn)  (x10°cfu) (X 10°cfu) (X10°cfu) (x107cfw)

0 3 93 325 6.7 3717 6.0 16.8

<5 3 43 15.8 20 434 5.2 350

5-10 4 5.8 6.5 3.2 36.6 6.8 36.8

11-30 1 55 53.0 16.0 36.5 6.0 67.5

30 < 6 10.2 17.1 7.8 299 6.9 30.5

*Based on a gram of soil.

Table 6. Development of root galls on Chinese cabbage seedlings growing in plastic plug nusery trays 18 days after pathogen inoculation in

a greenhouse

No. Above ground Root Degree of Gall Gall size Site of gall
Plant leaves wgt (g) wet(g) root hair wgt(g) (length X widths, mm) formation”
Healthy 4.72 1.01 0.19 ++ - - -
Diseased 4.67 0.97 0.21 +~++ 0.07 3.73x6.50 CR.MR,LR
CR : collar root, MR : main root, LR : lateral root.
60 - 2.0
N oL =B gallasize
AR FAHQ Ayt B A9 AR & ZALIA - @ gall weight
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Fig. 1. Temporal development of root galls of Chinese cabbage
seedlings growing in plastic plug trays after inoculation of
Plasmodiophora brassicae.
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Table 7. Temporal pattern of root galls at various parts of roots of Chinese cabbage seedlings growing in plastic plug trays after pathogen

inoculation in a greenhouse

Frequency of root gall formation

Site of root

13 DAI 18DAI 23DAI 30DAI
Collar root 11 21 32 26
Main root 1 13 19 24
Lateral root 0 3 19 29
Secondary root branch 1 0 6 1
No. roots examined 30 4] 38 44

DAI : Days after inoculation.

Table 9. Growth of Chinese cabbage plants as influenced by root gall development at harvest in a field of Yeonchon in 1998

Degree of a No. plants Above ground Root Degree of No. plants with gall
root gall formation sampled fresh wgt(g) wgt(g) root hair rot/No. plants sampled
- 27 2666 34 +++ -
+ 16 2424 47 +++ 9/16
+ 6 2351 70 + 4/6
+++ 3 2390 194 + 0/3

‘~ o gall, + : gall wgt < 50g, ++ : gall wgt 50-70g, +++ : gall wgt 70g<.

Table 8. Development of root galls and their influence on Chinese cabbage growth at mid-growth stage growing in plastic pots 60days after

pathogen inoculation in a greenhouse

Soil typea No. Above ground Root Collar root Degree of Degree of root
leaves fresh wgt(g) length(mm) diam(mm) root hair gall formation
Healthy soil 12.2 376 18.8 6.8 +++ -
Diseased soil 6.9 8.5 31 20.3 - +++

a14-day-old seedlings were transplanted into the described soil.
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Fig. 2. Relationships between head and root weight of the healthy
and diseased Chinese cabbage plants at harvesing time in a field of
Yeonchon in 1998.
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