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A method for enumerating resting spores of Plasmodiophora brassicae WORON
in the infested soil. by Takahide SasavA, Kei Ocawa® Kenji TakaHASHIY* Teturou
AvaNO* and Youiti TORIGOEF® (Shikoku National Agricultural Experiment Station,
Zentsuzi, Kagawa 765 ; *National Agriculture Research Center;** Chugoku National

Agricultural Experiment Station)

A fluorescence microscopic method was improved to enumerate efficiently
resting spores of Plasmodiophora brassicae in the infested soil. The infested soil
(1.0 g) was shaken with 0.05% (V) tween-80 solution for one hour and filtered
through sieves of 60, 140 and 635 meshes by turns. The filtrated soil suspension
was centrifugated (2,500 rpm, 10 min) and the pellet was resuspended in 10 ml
of distilled water. The suspension was layered on a 40% (W, V) sucrose solution for
ten minutes and the upper fraction (20 ml) was recovered. This operation
enabled most mineral particles to settle out leaving resting spores. Resting
spores in the suspension were counted under a reflected fluorescence microscope
after staining with a fluorochrome, Calcofluor White M2R (50 ug, ml ) aqueous
solution. This improved method has the advantage of easier enumeration under
a microscope and higher recovery efficiency of spores, as compared with the
previous methods. And this method could be applied to the infested soils

containing more than 10* spores /g.
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Table 1. Effect of shaking periods on recovery of resting spores
of Plasmodiophora brassicae from artificially infested Soil

Shaking periods Percentage of recovered resting spores (%)b>
10 min 55.8+ 6.2 ¢
30 min 85.4 4+ 12.1
1 hr 99.5 + 5.1
2 hr 105.7 £ 2.0

a) Soil sample: 1.0 g , Ando soil, spore concentration 1.0 X losspores/g dry soil,
b) Number of recovered spores X 100/number of originally added spores,

¢) Mean and standard error in four experiments,

Table 2. Effect of standing periods of artificially infested soil and shaking
periods of soil suspensions on recovery of resting spores of

Plasmodiophora brassicae from artificially infested soil2)

Shaking periods

Standing 10 min 1hr

periods Percentage of recovered Percentage of recovered
resting spores (%) b resting spores (%)

) 1hr 99.1+ 369 100.8 + 5.1

3 hr 71.9 + 135 100.9 4 3.5

6 hr 67.8 + 13.6 101.2 + 1.0

1 day 62.3 - 8.2 9841+ 14

2 days 575 + 2.8 97.7+ 1.4

1 week - 100.3 + 1.3

a) Soil sample: 1.0 g, Ando soil, spore concentration 1.0 X 108 spores/g dry soil.
b) Number of recovered spores X100/number of originally added spores.

¢) Mean and standard error in four experiments.
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Table 3. Effect of various combination of sieves on recovery of resting
spores of Plasmodiophora brassicae and removal of the soil
particles from artificially infested soild

Various combination Percentage of recovered Removal efficiency
of sieves b resting spores (%)c) of soil (%) ¢"
1 99.5 + 1.3 90.4 + 2.5¢)
2 99.5 £+ 0.5 95.9 + 0.3
3 160.1 + 1.5 94.1 + 0.8
4 99.9 + 0.6 95.4 £ 0.3
5 100.1 £+ 1.0 88.1 & 2.6

a) Soil sample: 1.0 g , Ando soil, spore concentration 1.0x 1 0® spores /g dry soil.
b) 1: Filtrating through the sieves of 2504m, 1054m, 37#m and 25u4m pore size.
2: Filtrating through the sieves of 2504m, 1054m, 37#m and 204m pore size.
3: Filtrating through the sieves of 2504m, 1054m and 254m pore size.
4: Filtrating through the sieves of 250#m, 105#m and 20#m pore size.
5: Filtrating through the sieves of 5004m, 250#m, 1054m and 374m pore size.
¢) Number of recovered spores X 100, number of originally added spores.
d) Dry soil weight after filtrating through sieves > 100dry soil weight prior to
filtrating through sieves.

e) Mean and standard error in four experiments.
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Table 4. Effect of concentrations of sucrose solution and standing periods of
the soil suspension on recovery of resting spores of Plasmodiophora
brassicae and removal of the soil particles from artificially infested

soil )
Standing periods of soil suspension
Concentrations 10 min 30min lhr
of S?crose Pércentage of  Absorbance Percentage of  Absorbance Percentage of  Absorbance
solution recovered resting of soil sus- recovered resting of soil sus- recovered resting of soil sus-
spores(%)b)  pension ¢) gpores (%) pension spores (%) pension
20% 83.5 & 6.1d2 1.9 70.7 £ 2.5 1.4 66.7 &= 5.0 1.1
30% 86.8 &= 4.6 2.0 783+ 4.4 1.8 729 % 86 1.4
40% 98.9 & 3.3 2.4 93.94+ 7.2 1.9 79.1 £ 5.5 1.5

a) Soil sample : 1.0 g , Ando soil, spore concentration 1.0X 1 08 spores/g dry soil.

b) Number of recovered spores X 100 /number of originally added soil.

c¢) Removal of the soil particles was measured by absorbance of the soil suspension
at 400nm

d) Mean and standard error in four experiments.

Soil sample (1.0g) N
Add 40mlof 0.05% (V/V) tween-go0 solution
Shake for 1 hr o
Filter through the sieves of 60 mesh,
140 mesh and 635 mesh
Filter
I—— Centrifugate (2,500 rpm,10 min)
Pellete
Resuspend in 10ml of distilled water
Layer on 40 % (WV) sucrose solution
Stand for 10 minm
20 ml upper fraction
I——— Centrifugate (2,500 rpm 10 min)
Pellete
I— Resuspend in 5 -ml of Calcofluor White M2R solution (50 #g/ml )

Observation under a reflected fluorescence microscope

Fig. 1. Procedure for enumerating resting spores of Plasmodiophora brassicae in
the infested soil.



Fig.2. Resting spores of Plasmodiophora brassicae (arrowed)
in the soil suspension observed with reflected
flucrescence microscope. Bar represents 20 2m
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Table 5. Recovery of resting spores of Plasmodiophora brassicae from soil

artificially infested with various densities of the inoculum

Spore concentration added to soil Percentage of recovered resting spores (%)b)
(Spores/g dry soil) 2’
108 98.9+ 3.3 ¢
107 97.8+ 3.0
108 96.6 - 4.2
10° 94.0+% 6.0
104 125.0+ 26.0

a) Soil sample : 1.0g, Ando soil.
b)  Number of recovered spores X 100 /humber of originally added spores.

¢) Mean and standard error in four experiments.

Table 6. Estimates of the number of resting spores of Plasmodiophora

brassicae in soils from naturally infested fields 3>

Incidence of  Disease Soil Number of the resting spore in soil
Field names disease (%" index ¢ pH (10° spores/g dry soil )
A-1 75.0 52.8 6.2 3.6+ 0.2d
A-2 100.0 52.8 6.2 4.14+0.1
B-1 100.0 100.0 5.9 6.9+ 0.2
B-2 100.0 83.3 6.1 5.9+ 0.3
C-1 100.0 100.0 517 7.2+ 0.6
c-2 100.0 100.0 6.1 6.9+ 0.8

a) Soil sample:1.0g, Ando soil.

b) Incidence of disease = the number of infected cabbage roots X 100 the total
number of cabbage roots examined.

¢) Disease index = (0 Xno+ 1 Xni+ 2 Xna+ 3 Xng) X 100,73N. .ng~ns3 : the number
of cabbage roots in each grades of clubroot severity according to YOSHIKAWA et
al. (1981). N :the total number of cabbage roots examined.

d) Mean and standard error in four experiments.
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