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Distribution of Plasmodiophora brassicae Causing Cluvrvu
Disease of Chinese Cabbage in Soil

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

Population density of Plasmodiophora brassicae in soil of severely infested fields of Chinese cabbage
decreased as soil depth increases. More than 97% of total population was found in surface soil (0-
Scm depth), and a few resting spores of the pathogen were also detected in 40 cm-deep soil. The
clubroot pathogen was evenly distributed over the surface soil without clustering around a Chinese
cabbage plant. Density of P. brassicae in soil at 23 Chinese cabbage fields in Pyongchang, Kangwon
province ranged widely from less than 104resting spores/g soil to above 1()6resting spores/g soil. Few
or none of P. brassicae was found in virgin soil without any cropping history, intermediate with 0.36-
2.75 % 10"resting spores/g soil in fields of other crops but more than 10 times higher population was
found in severely infected Chinese cabbage fields. Density of P. brassicae was highest in the fields of
monocropping of crucifers with some exceptions, but was low in rotated fields with corn, rye, medicinal
crops or other non-host vegetables. Pathogen density in soil was decreased rapidly when rye or
medicinal crops were cultivated after Chinese cabbage, suggesting that survival of clubroot pathogen
appears to be influenced greatly by cropping system. The improved method for detecting resting spores
of P. brassicae in soil used in this study seemed to be adequate for estimating population density of
P, brassicae in soil in aspects of clearer dyeing, increased detecting sensitivity, and simplicity in
preparation.

Keywords : Chinese cabbage, clubroot, cropping system, Plasmodiophora brassicae, population density, resting
spores, soil distribution.
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Table 1. Diagram showing density measurement of resting spores of Plasmodiophora brassicae in soil by the improved fluorescent dye method

used in this study

Step Description
Soil sieving Soil sample
l

Sieving with 10 mesh

l

10 g weighing — dry : measuring soil moisture content

Preparing soil suspension

!

Adding 0.05% Tween20 to make 50 ml

Shaking 2hr at 160 rpm at 20C

!

Soil suspension

l

Filtering soil suspension

!

Filter through 140 — 325 — 500 mesh sieve

Filtered soil suspension

l

Dyeing
|

54 of soil suspension + 54 of dye"

Observation under a fluorescent microscope

l

Counting on a hemocytometer under 200 X field

. . . b
Calculating no. of resting spores from the eqation

“Stock solution: @ Calcofluor white M2R (100ug/ml), @ Ethidium bromide (100ug/ml), Working solution: 504 of @ + 504 of @ = 1004

(Preserve in dark condition and use immediatly)

Number of resting spores = [(No. resting spores observed under a microscope X 6) X (weight of dried soile.l)XlO4]sp0res / g soil.
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Fig. 1. Horizontal distribution of Plasmodiophora brassicae in soils
in a heavily-infested Chinese cabbage field in Yeonchun, Kyonggi
province.
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Table 2. Vertical distribution of Plasmodiophora brassicae in soil
sampled from a heavily- infested Chinese cabbage field in Yeonchun,
Kyonggi province, Korea

Soil depth Density of resting spore Standard
(cm) (><104/g soil) deviation
Surface soil 1,049 60.5
5 17.3 35
10 9.3 4.8
15 8.0 14
20 9.2 1.8
25 39 1.3
30 35 1.6
35 0.9 0.6
40 04 0.5
45 0 0

Table 3. Distribution of density of Plasmodiophora brassicae in soil
from 23 Chinese cabbage fields in Pyongchang, Kangwon province

Density range Frequency

(x104spores/g soil) (No. fields) Proportion
< 1.0 8 0.35
1-9 9 0.39
10 - 100 6 0.26
100 < 0 0
Total 23 1.0
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Fig. 2. Temporal change of density of Plasmodiophora brassicae in
soil from fields with different cropping systems at Taebaek, Kangwon
province in 1999.
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Table 4. Density distribution of Plasmodiophora brassicae in soils from various fields with different cropping history

Soil density

Soil source Sampled area (x1 04spores Jo soil) Standard deviation Soil pH
Weed fields Suwon 0.75 0.85 83
Mountain Suwon 0 0 59
Pine field Suwon 0 0 8.0
Playground Suwon 0.23 0.50 82
Forest Suwon 0.66 0.81 4.3
Chinese cabbage(diseased field) Yeonchun 27.13 5.49 6.0
Chinese cabbage(healthy field) Yeonchun 395 295 64
Red-pepper Yeonchun 1.65 1.20 6.8
Welsh onion Pyongchang 2.58 1.69 6.1
Comn Yeonchun 275 1.95 72
Angelica Pyongchang 0.36 0.67 5.8
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Table 5. Grouping of cropping system in commercial fields at Yeonchun in Kyonggi province, Pyongchang and Taebeck in Kangwon province

based on density of Plasmodiophora brassicae in soil*

Density of resting spores (><104/g soil)

<1 1-29 3.049

5.0-6.9 7.09.9 10.0 <

W.onion-W.onion
W.onion-fallow

radish-rye corn
angelica-celery  corn-mustard

radish-C.cabbage
C.cabbage-rye

C.cabbage-radish
fallow-C.cabbage

C.cabbage-fallow(2)
C.cabbage-radish

soybean red-pepper C.cabbage-C. cabbage(2) C.cabbage-C. cabbage  C.cabbage-fallow(2)
radish-soybean cucumber-radish C.cabbage-C.
'W.onion-radish squash-radish cabbage(2)
W.onion-W.onion radish-radish(3)
red-pepper(?»)b C.cabbage-fallow
potato-rye C.cabbage-C.cabbage
radish-fallow
potato-C.cabbage
radish-C.cabbage
C.cabbage-fallow
C.cabbage-C.cabbage(2)
2 16 10 4 6

*W. onion : Welsh onion, C. cabbage : Chinese cabbage.

Number of fields observed.
“Total number of fields observed.
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