=
NZY

Plant Dis. Agric. 5(2) : 84-89(1999)

Lol
od

Plant Disease and Agriculture
[©The Korean Society of Plant Pathology]

sETAfHE $o|2e| SN ojXE 25, EU4E, Eof pH, Bo| HE
Uss - x| - 9EE
YA e A H

Effects of Temperature, Soil Moisture, Soil pH and Light on Root Gall
Development of Chinese Cabbage 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

Development of root galls of clubroot disease on Chinese cabbage seedlings was first observed 17days
after inoculation of Plasmodiophora brassicae, at 25°C 4-11days earlier than at 5, 20, 30°C and 35C.
Subsequent enlargement of root galls was also fastest at 25°C and 20°C, but delayed at 15°C and 30
‘C or above. Chinese cabbage seedlings with root gall formation showed reduction in number of leaves,
above ground fresh weight and amount of root hairs, but increase in root weight. Root galls development
was highest at soil moisture level of 80% of maximum soil meisture capacity than at 60% and 100%.
Optimum soil pH for root gall development was pH 6, although root galls were formed at a range
of pH 5 to 8. Period of light illumination also affected root gall development with the greatest gall
development at 12hr/12hr in light/dark period and the least at 8hr/16hr. Site of root gall formation
and gall shape did not differ greatly among treatments of temperature, soil moisture, pH and light

experiments.
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Table 1. Effect of temperature on development of root galls on Chinese cabbage seedlings after pathogen inoculation in a greenhouse

Temperature Tirr{e needed to No. plants with galls(/3) .Gall size G.all Shape of
. initial root gall (width X length, weight b
(©) " development(day) 1SDAI'  22DAI 24DAI 29DAI 35DAI mm) ) galls
35 28 0 0 0 1 1 3.6x28 0.12 Sp. to Ir.
30 21 0 1 2 2 2 13.1x22.6 0.83 Sp. to Ir.
25 17 2 2 2 2 2 18.9%29.0 1.40 Sp. to Ir.
20 23 0 0 1 2 2 20.9x24.1 1.37 Sp. to Ir.
15 28 0 0 0 1 3 7.0x8.2 0.26 Sp. to Ir.

“DAI : Days after inoculation.
Spherical to irregular.
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Fig. 1. Effects of temperature on the increase of root gall size formed

on Chinese cabbage after inoculation of Plasmodiophora brassicae in
growth chambers.
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Fig. 2. Temporal development of root galls on Chinese cabbage plants

after inoculation of Plasmodiophora brassicae at different soil moisture
levels in growth chambers (MSC : maximum soil moisture capacity).

Table 2. Comparison in growth of Chinese cabbage plants as influenced by root gall development of clubroot disease at various temperatures

in growth chambers

Temperature No. leaves Above ground Root Degree of Plant growth Main
. Plant . a "
() /plant plant wgt(g) wgt(g) root hairs status injury
35 Healthy 12 2.28 0.03 + Extremely bad Lir °
Diseased 11 1.32 0.15 * Extremely bad Ltr
30 Healthy 12 8.70 0.14 + Good Ltr
Diseased 10.5 4.96 0.90 +~+ Bad Ltr
25 Healthy 12 12.82 2.86 +++ Good None
Diseased 7 4.00 3.47 + Bad Wilt
20 Healthy 11 11.83 2.37 +++ Good None
Diseased 10 9.10 2.72 +~++ Intermediate None
4 ~+++ : rare to abundant.

°Lir : leaf tip rolled.

Table 3. Effect of soil moisture on root gall development of Chinese cabbage after inoculation with Plasmodiophora brassicae at 25C in

growth chambers

Soil moisture No. plants with galls(/7) Gall size Gall Site of gall Gall
level(%MSC") 18DAI’ 21DAI 28DAI (width x length, mm) wet(g) formation” shape’
100 2 4 4 6.5%x7.6 0.96 CRMR,LR Sp. to Ir.
80 1 4 4 11.4x15.6 3.23 CRMR,LR Sp. to Ir.
60 2 5 5 7.3%x13.9 2.30 CR,MR,LR Sp. to Ir.
*MSC : Maximum soil moisture capacity.
°DAI : Days after inoculation.
CR : collar root, MR : main root, LR : lateral root.
dSp. to. Ir : Spherical to irregular.
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Fig. 3. Temporal development of root galls of Chinese cabbage plants
as influenced by soil moisture levels after inoculation of Plasmodiophora
brassicae in growth chambers.
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Table 4. Growth of Chinese cabbage plants as influenced by root gall formations at different soil moisture levels after inoculation of

Plasmodiophora brassicae in growth chambers

Soil moisture Root gall No. leaves Above ground Degree of Plant growth Main
level (%MSC) formation /plant plant wgt(g) root hairs” status injury
100 No 8.0 11.4 ++~+++ Good None

Yes 8.0 9.7 ++ Bad wilt

80 No 10.0 19.1 +++ Good None

Yes 10.2 15.0 - ~+++ Bad Wilt

60 No 10.0 222 +++ Good None

Yes 8.6 15.0 - ~+++ Bad Wilt

- ~ +++ : none to abundant.



88 e

ofj

olf

Table 5. Effects of soil pH on development of root galls on Chinese cabbage plants after inoculation of Plasmodiophora brassicae at 25C

in growth chambers

No. plants with

Soil pH
galls(/4) No. leaves Gall size Gall wgt Site of gall Gall
a of plant (width X length, mm) (2) formation” shapeC
Before After 20DAI  25DAI
experiment experiment
4.0 - 0 0 8 - - Sp. to Ir.
5.0 4.6 0 3 8.3 53x14.9 0.30 CR,MR,LR Sp. to Ir.
6.0 5.6 1 4 8.7 17.5x25.7 1.69 CR.MR,LR Sp. to Ir.
7.0 74 0 3 8.3 6.2x16.2 053 CRMR,LR Sp. to Ir.
8.0 7.9 1 4 8.7 22%12.3 0.05 CR Sp. to Ir.
DAI : Days after inoculation.
°CR : collar root, MR : main root, LR : lateral root.
CSp. to Ir. : Spherical to irregular.

Table 6. Effect of photoperiod on development of root galls on Chinese cabbage plants growing at 25°C after inoculation of Plasmodiophora

brassicae in growth chambers

Photo-pe No. plants with root

riod(hr) galls( /3) id lf}alll sizc;,1 ) Gal(l )wgt Nof. lelaves Sfite of. gatl)l }(liallc
. width X length,mm of plant ormation shape
(light/dark) 18DAI" 21DAI 32DAI s £ P P
8/16 0 3 3 9.3x18.1 0.34 6 CRMR,LR Sp. to Ir.
10/14 1 2 2 11.2x25.1 0.64 8 CRMR,LR Sp. to Ir.
12/12 0 1 2 19.5%24.2 0.56 9.5 CRMR,LR Sp. to Ir.
14/10 0 3 3 14.0x22.1 0.71 8 CRMR,LR Sp. to Ir.
*DAI : days after inoculation.
bCR . collar root, MR : main root, LR : lateral root.
“Sp. to Ir. : Spherical to irreqular.
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Fig. 4. Temporal development of root gall development of Chinese
cabbage plants as influenced by photoperiod after inoculation of
Plasmodiophora brassicae at 25°C in growth chambers.
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