Varistaltic Pump (Fisher Scientific Co.,
Richmond, VA). Impacted spores were
washed from the filter and resuspended
in 100 ml of distilled water. Fourteenmilliliter samples of the treated and
washed spore suspensions were incubated
with 21-day-old seedlings at 25 C in the
dark for 36 hr. Seedlings were potted in
LSW after incubation and placed in the

greenhouse as described previously.
Thirty days later, the cabbage roots were
rated for clubbing.
Field trial. Microplots consisting of
bottomless plastic pots 15 X 15 cm
containing a Frederick silt loam soil (pH
not determined) were seeded with about
30 Scarlet Knight radish (Raphanus
sativus L.) seeds on 4 May 1982. Each

row of five microplots was a plot.
Microplots were buried 12.5 cm deep at
15-cm intervals; 40 cm of fallow soil
separated each row. Five treatments were
applied randomly within each of 10
replicate plots on 14 May 1982.
Suspensions were prepared to yield 106
resting spores per milliliter of distilled
water in 500 ml, and appropriate
amounts of chlorine were added to
obtain 2, 20, and 200 mg Cl/ L as
described previously. Five minutes after
treatment, 500 ml of the suspensions were
dispensed into the microplots. Two
controls consisting of untreated resting
spores and distilled water alone were
included. Treatments were evaluated for
disease incidence, fresh weight, and stand
count from all the plants in a microplot
and for plant height from five randomly
selected plants 35 days later.
Analysis of data. The pH level data
were analyzed by Student's standard t
test. Other data were analyzed by analysis
of variance and Fisher's least significant
difference procedures at P=0.05. Each
experiment was repeated at least once.
RESULTS
Laboratory. Estimated total chlorine
levels were very close to the total chlorine
levels determined by titration (Table 1).
The proportions of free and combined

chlorine increased as the concentration
of total chlorine increased. The pH was
not significantly different before or after
incubation at each chlorine level,
indicating chlorine concentrations were
not altered during treatment of spores
(Table 1).
Resting spore concentration, symptom
intensity, and disease incidence all
decreased as chlorine level increased
(Table 2). The only disease occurred
when chlorine concentration was less
than 2 mg Cl/ L after treatment for 24 hr.
The resting spores exposed to 200, 20,
and 2 mg Cl/ L appeared devoid of
cellular contents or coagulated even
though the cell walls remained intact.
Chlorine was phytotoxic and caused
stunting and interveinal chlorosis to
cabbage seedlings incubated 36 hr in
treated, unwashed spore suspensions of

20 and 200 mg Cl/ L. No treatment and a
1-min exposure of P. brassicae resting
spores to 20 mg Cl/ L caused a 73.3 and
66.6% incidence of clubroot, respectively.

greater than the uninoculated control
treatment. Chlorine treatment at concentrations at or above 20 mg Cl/ L
significantly decreased plant height, fresh

No cabbage plants developed clubroot
symptoms after a minimum 5-min
exposure.
Field. Only the 200-mg Cl/ L treatment
significantly reduced the incidence of
clubroot compared with the inoculated
control treatment (Table 3). The extent
of disease was negligible for this
treatment and was not significantly

weight, and the stand count compared
with either the inoculated or uninoculated
control treatments.
DISCUSSION
The results demonstrated that chlorine

is probably sporicidal to P. brassicae
resting spores, because resting spore
concentrations were reduced and no

Table 1. Estimated and titrated chlorine levels and mean pH
Estimated
chlorine levels
(mg Cl/L)

Titrated chlorine levelsa
(mg CI/L)
Free
Combined
Total

200.0
20.0
2.0
0.2
0.0

140.00
10.59
0.15
0.02
0.00

59.00
4.43
2.27
0.27
0.00

pHb
Before

After

10.5
9.1
6.9
6.5
6.4

10.8
8.9
7.1
6.8
6.4

199.00
15.02
2.42
0.29
0.00

aChlorine levels measured with an amperometric titrator.

pH chlorine treatments before and after 24 hr of incubation with Plasmodiophorabrassicae
resting spores. Means of before and after measurements were not statistically significantly
different for pairwise comparisons of chlorine level based on Student's standard t test at P = 0.05.
Data are mean pH of three replicates.
bMean

Table 2. Resting spore concentration, symptom intensity rating, and disease incidence of clubroot
in cabbage plants (Brassica oleraceavar. capitatacv. Market Prize) exposed to Plasmodiophora
brassicaeresting spores treated with different levels of chlorine from NaOCl
Chlorine
levelsv
(mg CI/L)

Resting spore
concentrationw
(spores X 10 5/ml)

200.0
20.0
2.0
0.2
0.0

Symptom intensity
ratingx

3.9 az
4.7 b
7.5 c
8.4d
8.8d

0.0 a
0.0a
0.0 a
1.6 b
2.9c

Disease
incidencey

(%)
0.0 a
0.0a
0.0 a
80.0 b
95.0c

vChlorine concentrations were prepared from a stock solution of 5.25% NaOCI (liquid bleach).
(I X 106/ml) were treated at 25 C for 24 hr.
xSymptom intensity rating index: 0 = no clubs, I = clubs on taproot, 2 = clubs on secondary root,
and 3 = clubs on the taproot and secondary roots.
Disease incidence was calculated as a percentage of diseased plants in the population.
zMeans followed by the same letter are not significantly different at P=0.05 according to Fisher's
least significant difference procedure. Data are means of four replicates.

WSpores

Table 3. Incidence of clubroot, plant height, fresh weight, and stand count of radish seedlings
(Raphanus sativus) grown in the field after treatment with chlorine (as NaOCl) and Plasmodiophora brassicae race 6
Disease
incidencex
Treatmentw
Chlorine (2 mg Cl/L)
Chlorine (20 mg Cl/ L)
Chlorine (200 mg Cl/L)
Inoculated control
Uninoculated control

(%)
96
93
2
90
4

aZ
a
b
a
b

Plant
height
(cm)

Fresh weight/
plot
(g)

Stand county
(no./plot)

5.9 bc
5.7 c
3.6 d
7.4 a
7.1 ab

61.3
46.3
8.8
74.9
56.3

27 a
24 a
11 b
26 a
25 a

a
a
b
a
a

'Chlorine treatments plus 1X 106 resting spores per milliliter in 500 ml, inoculated control = 1X 106
resting spores per milliliter in 500 ml of distilled water, and uninoculated control = 500 ml of
distilled water alone.
Disease incidence was calculated as a percentage of diseased plants in the population.
About 30 Scarlet Knight radish seeds were planted per plot.
Means followed by the same letter are not significantly different at P =0.05 according to Fisher's
least significant difference procedure. Data are means of 10 replicates.
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