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Effects of Plant Age, Inoculum Concentration, and Inoculation
Method on Root Gall Development of Clubroot Disease of
Chinese Cabbage Caused by Plasmodiophora brassicae

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

Effects of inoculum concentration, inoculation method and plant age on development of clubroot disease
of Chinese cabbage5 seedlings were examined in growth chambers. Root galls were developed at the
concentration of 10" resting spore or above per ml of incoulum, and as the inoculum concentration
became higher, rate of development of root galls was faster. In the plants with root gall development,
fresh weight of above ground parts was reduced to 30-44% of that of healthy plants, but root weight
increased by 4-10 times. Growth of diseased plants was greatly reduced as compared to healthy plants.
Planting in the diseased soil, as a inoculation method, was most effective for disease development
showing uniform infections, but time of initial root gall development was delayed by root soaking
inoculation. Some plants inoculated by soil drenching method did not develop root galls. However,
root gall enlargement after its initial formation did not differ greatly among inoculation methods.
Nine-day-old seedlings showed poor development of root gall, but 16-day-old seedlings was found to
be most adequate for inoculation for gall development.

Keywords : Chinese cabbage, concentration, Clubroot, gall development, inoculation method, inoculum, plant
age, Plasmomodiophora brassicae.
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Table 1. Effect of inoculum concentration of Plasmodiophora brassicae on development of root galls on Chinese cabbage seedlings in growth

chambers
Inoculum No. plants with galls(/4) Gall size Gall Site of Shape of
concentration (width X length, weight root gall galls
()’ 24DAT’ 34DAI SODAI mm) (2 formation®
10° 2 3 4 10.8x26.8 0.37 CRMR,LR Sp. to Ir.
10’ 0 1 3 7.5%29.5 042 CRMR,LR Bs. to Ir
10° 0 1 1 20%2.0 0.01 CR Sp.
10° 0 0 0 - - - -
10' 0 0 0 - - - -
Uninoculated 0 0 0 - - - -

ZNumber of resting spore/nl.

DAI : days after inoculation.

CR : collar root, MR : main root, LR : lateral root.
dSp : Spherical, Ir : Irregular, Bs : Bead shape.
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Table 2. Comparison of seedling growth of Chinese cabbage between healthy and diseased plants after inoculation of Plasmodiophora brassicae

with different level of inoculum

I 1
fiocu un.1 Above ground Root weight Degree of root Status of plant
concentration Plant No. leaves fresh weight (¢) ) hair devel @ th
(No. resting spore/ ) resh weight (g (g air developmen grow
10° Healthy 7 322 0.06 + Good
Diseased 4 1.43 0.62 + Bad
10’ Healthy 8 6.89 0.14 ++ Good
Diseased 4 2.69 0.65 + Intermediate
10° Healthy 8 9.44 0.03 +++ Good
Diseased 6 2.84 0.30 + Bad
“+~+++ : moderate to abundant.
Table 3. Effect of inoculation method on the development of root gall on Chinese cabbage seedlings in growth chambers
No. plants with
Inoculation method galls(/4) Size of gall Root weight Site of gall Gall
= (width Xlength, mm) (2) formation® shape
25DAI 35DAI
Planting in diseased soil 4 4 8.9x25.4 0.32 CRMR,LR Irregular
Soil drenching 3 3 82x18.2 0.30 CR,MR,LR ”
Root soaking 1 4 6.8X26.2 0.28 CR,MR,LR ”
Uninoculated 0 0 - - - -

*DAI : Days after inoculation.

bCR . collar root, MR : main root, LR : lateral root.
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Fig. 1. Temporal development of root galls of clubroot disease on
Chinese cabbage seedlings as influenced by inoculation method with
Plasmodiophora brassicae in growth chambers.
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Table 4. Comparision of growth of Chinese cabbage seedlings infected by Plasmodiophora brassicae with different inoculation methods in

growth chambers

. Above ground Root Degree of Status of
Inoculation method No. leaves fresh weight(g) weight(g) root hair® plant growth
Planting in diseased soil 6 2.11 0.32 x Severely wilted
Soil drenching 5 1.70 0.33 +~+ Severely wilted
Root soaking 7.5 3.11 0.33 +~++ Wilted
Uninoculated 8.5 392 0.19 +++ Good

®+ ~+++ : rare to abundant.

Table 5. Effects of plant age of Chinese cabbage seedlings on development of root galls of clubroot disease after inoculation in growth

chambers
Plant age No. plantsa Gall size Gall weight Site of gall Gall
(day) (/6) (width XIength, mm) (&) formation” shape
9 5 58x17.0 0.16 CR, MR, LR Irregular
16 6 8.4x13.8 031 CR, MR, LR ”
23 5 7.2X11.5 023 CR, MR, LR "
29 6 7.3%16.1 0.46 CR, MR, LR ”

aData were collected 33days after inoculation.
°CR : collar root, MR : main root, LR : lateral root.
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