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A New Disease of Chinese Cabbage Caused by Verticillium
albo-atrum and Some Factors Related to
the Incidence of the Disease

Tsuneo WATANABE*, Masaru Ozawa**
and Ryutaro SAKAr*

WEERE - BIR - OBR  \mIFE KRR ~7 91 @ Verticillium
albo-atrum 1T X HFIRE L T DORKRCRIEFET =0ER

3 N

£ Abstract

A new disease of chinese cabbage has been observed since 1966, and the occur-

rence area has been gradually increasing every year.

The leaves of the diseased 'plants turn blight yellow in color, and the plants are

a little stunted. These plants do not form compact central heads even near a harvest

time. Their roots and stems become dark brown or blackened in the vascular tissues.

Hyphae were always observed in the vascular tissues of the diseased plants.

Fusarium oxysporum, the suspected causal fungus, was never isolated from the freshly

dissected stem or root tissues of the diseased plants. Cephalosporium sp. was one of

the most frequently isolated fungi, but its pathogenicity onto chinese cabbages was

not positive. Verticillium albo-atrum is another frequently isolated fungus. It showed

pathogenicity onto 3 varieties of chinese cabbages tested under a greenhouse condi-

tion at 20C. The symptoms of the plants grown in artificially. infested soils were

more or less identical with those in naturally infested soils. In addition, V. albo-

atrum was recovered from the diseased plants. Vascular discoloration of the roots

or the stems were generally observed in some 40 days after seeding in the artificially

infested soil at 20C.

As Verticillium disease of chinese cabbage in nature appears not to have been

previously reported, this plant may be included as a new host of this fungus. “Yellows”

(Japanese name, Ohkabyo) may be coined to this new disease.
(Received December 20, 1972)

A new disease of chinese cabbage (Brassica pekinensis Rupr.) has become serious

since 1966 in the chinese cabbage fields located in high lands of Nagano prefecture.

Some 10ha out of 140 of the fields were damaged due to this disease in 1969, and the

occurrence area has increased gradually every year3).

The symptoms of this disease become obvious near a mature stage. The leaves

of the diseased plants turn blight yellow in color, and the plants are a little stunted.

These plants do not form compact central heads even near a harvest time. Their tap
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roots and stems become dark brown or blackened in the vascular tissues.

The cause of the disease has been suspected to be due to Fusarium oxysporum,
but this fungus has not been definitely proved to be the pathogen.

In the present investigation, the cause of the disease, and some factors related to

the incidence of this disease were studied.

Materials and methods

Hyphae were always observed in the tissues of the roots and stems of the diseased chinese
cabbages examined (Plate I, 1-3). Therefore, isolates of the fungi were only focused in this investi-
gation.

Isolation. Fungi were isolated from small pieces of root or stem vascular tissues incubated on
water agar (WA), or potato dextrose agar (PDA) containing 50 ppm streptomycin sulfate by single-
hyphal tippings. Freshly diseased tissues were always used for the isolation with or without treat-
ment of 50 ppm streptomycin sulfate solution for 30 min. A total of 8 diseased chinese cabbages
were sampled from 2 different areas in 3 different occasions, and used for the fungal isolation.

Inoculation method. Three different inoculation methods were used for testing the pathogen-
icity of the isolated fungi. In the first method, an aqueous suspension of minced PDA slant culture
was poured near each seedling grown in pasteurized soil at the rate of 1 tube culture for infestation
of soil (0.6 kg of air-dried soil) filled in a 12cm clay pot. In the second, a fresh PD broth culture
(0.12g in air-drying) used as an inoculum was placed at the equal position of seeding without
direct contact of each other, and pasteurized soil was further added over the inoculum or seeds
about 2cm deep. Two seeds were generally seeded per pot, but young seedlings were occasionally
used instead of seeds. In the third, PD broth cultures containing hyphae, resting mycelium, and
spores were minced by a homogenizer at the high speed for 2min, and used as an inoculum.
Then it was artificially mixed with pasteurized soil at the rate of 1 petri dish culture per 1 potted soil.
In the second, or the third, the fungus was generally grown in PD broth stationary in a 9cm petri
dish for at least 10 days at 23C, and used for further experiments.

Plants tested. Varieties of chinese cabbages used for the experiments are Chirimen, Nagaoka-
hybrid Yokozuna no. 1, or Nozaki no. 2. These commercial seeds used for the experiments were
previously confirmed not to carry Verticillium and other pathogens in examining a total of 1,000
seeds of 3 varieties by culturing. However, the seeds were always surface-sterilized with Nichino-
meru (major content: ethylmercuric sulfate) before use.

Pathogenicity of 2 isolates onto 5 other plants, by the first, or the second inoculation method,
was also tested using 4-6 plants each of the following plants, and the experiment was repeated twice.
The plants tested are tomato (variety: Sekai no. 1), egg plant (early-matured Minjyu), bell pepper
(Mie-midori), radish (Minowase, and Kuroba-minowase), or cabbage (Shiki ehsu). ‘

Disease incidence in relation to inoculum quantity. Artificially infested soils were prepared
by mixing pasteurized soils with 0.1, 0.2, or 0.4 g of minced air-dried hyphae and resting mycelium
fragment per kg of air-dried soil. Incidence rate in relation to inoculum quantity was determined
on the basis of the number of plants with vascular discoloration, and that of infected plants per
a total of plants tested. When the fungus was reisolated from any plant tested by culturing, the
plant was tentatively determined to be infected by the fungus. The plants grown in the non-infested
-soil served as a control.

Iﬁfection rate in elapse of time. Artificially infested soils were prepared by the third inoculation
method at the rate of 0.2g of the inoculum per kg of air-dried soil. All pathogenicity experiments
were conduced under a greenhouse condition at 20C. Young seedlings grown in the artificially



346 HABMFEY2H $39% HF45 BH48EIA

infested soils were removed 10, 20, or 30 days after seeding. And then they were assayed for the

fungal infection by culturing.

Results

The fungi isolated. A total of 143 isolates of the fungi were obtained, and among them 93
isolates (65% of the total) were Cephalosporium, followed by 37 of Verticillium (26%). The former
genus was isolated from any plant tested, whereas the latter from 5 out of 8 plants tested. Other
genera isolated were Mortierella, Rhizoctonia; Penicillium, and Fusarium. Any of these fungi was
isolated from only 1 or 2 plants tested. One isolate of Fusarium, F. rosewm was obtained, but F.
oxysporum, the suspected causal fungus was never isolated.

Characteristics and identity of Verticillium isolated. The Verticillium isolates formed hyaline
verticillate conidiophores, but no dark foot cells of conidiophores were observed by culturing these
isolates on natural, or artificial media tested. The conidia are hyaline in color, and 5.3-8.8 (average
6.8) #m long, and 25-45 (3.3) pm wide in size by measurement of 50 spores formed on PD broth
culture. The fungus also formed characteristically dark thick-walled resting mycelium. Each thick-
walled cell is 8.8-17.5 (11.5) gm long, and

75138 (9.1) sm wide in size (Plate I, 4-6). I : 2
40| o
Growth responses of 2 isolates of Ver- E 23°¢C
ticillium at the 4 temperature levels of 20, 5 26°C
23, 26, or 28C were compared both on §30— 28°C
Czapek, or PDA in 4 separate experiments. 3
In both media, the optimum growth was ‘E 201
observed at 20C, or 23C days after seeding \%
(Fig. 1, Plate-I, 7). § 10k
Most of the morphological characteristics X
and growth responses were closely corres- 0
ponded with the description of Verticillium V-1
albo-atrum Reinke and Berth. by previous Fig. 1. Influence of temperatures on the mycelial
workerss):7~12), and our isolatets were iden- growth (diameter, mm) of 2 isolates of

Verticillium albo-atrum on PDA 10 days

tified as V. albo-atrum. !
after seeding.

In the pathogenicity experiment of this
fungus onto other plants, it was found that bell pepper become diseased, showing a stunting, but
other plants tested did not show any visible symptom within 60 days after seeding although some
of these plants were found to be infected.

Pathogenicity of V. albo-atrum in naturally or artificially infested soil. When 21 days old
greenhouse grown seedlings of chinese cabbages were transplanted onto naturally infested soils, the
plants became stunted, and turned pale yellowish within 40 days after transplanting, and withering
occurred in the lower leaves. All of 3 chinese cabbage varieties tested were infected and blackened
in the vascular tissues. V. albo-atrum was always reisolated from any test plants by culturing.

In the artificially infested soils, the symptoms were not severe probably due to young ages of
plants however the diseased plants showed a slight stunting, yellowing of the leaves, or withering
from the lower leaves. The symptoms are more or less identical with those of the diseased plants
when grown in naturally infested soil. In addition, infected plants were easily diagnosed on the
basis of vascular discoloration by examining the inside of the roots or stems of the plants (Plate I,

8, 9). Some visibly healthy plants were also found to be infected with this fungus. Two isolates
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of V. albo-atrum tested caused vascular discoloration of 3 varieties of chinese cabbages whatever

inoculation method might be used. For example, 17% of 123 plants of Chirimen variety were blac-
kened in the vascular tissues with the isolate, Vi, and 30% of them were infected as shown in
a summarized data of 8 separate experiments.

Other varieties were also diseased in the soil artifi-

cially infested with this fungus. On the contrary, chinese cabbages were never diseased in the soils
treated with Cephalosporium sp., or non-treated control (Table 1). ’

Table 1. Pathogenicity of Verticillium albo-atrum, or
Cephalosporium sp. to chinese cabbages
Variety Age Infesta’cio)n . .R:«'lte of disease incidence
a -
Initial Final method VYl/en‘zczllzumv2 gpezg)gziz Control
21 60 1st y20( 10 12 (1) 0/2(2) 0/2 (0)
Chirimen  0-14  53-709 2nd 413 (7)) 413 (7 0/9(9)  0/22 (0)
0 50-644) 3rd 16/108 (29)  6/35 (15)  0/32 (30)  0/78 (0)
Total  21/123 (37) 1150 (23)  0/43 (41)  0/102 (0)
Yokozuna 21 60 1st 2/2 ( 2) 0/2 ( 0) 0/2 (1) 0/2 (0)
No. 1 14 53 2nd 16 (1) 2/6(4 06 (6) 0/6 (0)
Total 3/8 (3) 2/8 ( 4) 08 (7 0/8 (0)
Nozaki 21 60 Ist 22 (1) 1/2(2  02(1) 02 (0
No. 2 14 53 2nd 06 (1)  4/6(2)  06(6  0/6(0)
Total 2/8 (.2) 5/8 ( 4) 0/8 (7 0/8 (0)
a) Inocula were poured near each seedling, placed near seeds or seedlings, or mixed with

b)

c)

d)

soil for the 1st, the 2nd, or the 3rd infestation method, respectively.
Numerator indicates number of plants with vascular discoration; denominator number

of plants tested.

Figure in parenthesis is number of infected plants from which the respective fungi were

reisolated.

Summarized data of 2-5 separate experiments.

Disease incidence in relation to inoculum quantity. Twenty or 22% of 20 or 18 plants became

blackened in the vascular tissues at the inoculum quantity of 0.2, or 0.4 g per kg of soil, respectively.
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Verticillium albo-atrum in relation to
time after seeding in the artificially
infested soils.
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However, no vascular discoloration occurred in any test plant at 0.1 g, or control. Infection rates
in the inoculum level of 0.1, 0.2, or 0.4g were 9.1, 5.0, or 27.8%, respectively (Fig. 2).

Infection rate in elapse of time. An average of 12.7% of 102 plants tested were infected in
10 days after seeding at 20C, and in 20 or 30 days, 31.3 or 75.0% of the plants tested were infected,
respectively (Fig. 3).

Discussion

The cause of a new disease of chinese cabbage in Nagano prefecture had been suspected to be
due to Fusarium oxysporum. Therefore, inoculation experiments with F. oxyspohtm isolates from
chinese cabbage were tried, but the results were not satisfactory®. F. oxysporum f. conglutinans
isolated from cabbage yellows was, however, shown to be pathogenic, causing yellowing of leaves,
twisting leaf veins, and vascular discoloration of roots and stems even in the young seedling stage
(Unpublished data). This fungus was also listed as a pathogen of chinese cabbage®. Therefore, this
fungus, if present, may be possible to be the cause of a new disease of chinese cabbage found in
Nagano prefecture.

However, F. oxysporum was never isolated from freshly dissected root or stem tissues of the
diseased chinese cabbages in our experiment, but V. albo-atrum was frequently isolated. In addition,
V. albo-atrum isolates from the chinese cabbage was proved to be infective and pathogenic to chinese
cabbages under green house conditions, although the symptoms observed were generally mild. The
symptoms of the plants observed were more or less identical with those in nature, and this is
especially true when symptoms were compared between the plants grown in naturally-infested and
artificially-infested soil. The vascular blackening was always observed generally 40 days after seeding
in both cases.

The fungus appears to infect or to be intimately associated with the seedlings grown in the
artificially infested soils as early as 10 days after seeding. The development of the symptoms, how-
ever, may be influenced by the plant age, varieties to be tested, nutritional or enviromental condi-
tions. Furthermore, unknown factors may be involved in nature for predisposing plants more
susceptible to this pathogen, and intensifying the development of the symptoms.

As Verticillium disease of chinese cabbage found in nature appears not to have been previously
reported in Japan®), or other countries!):56)11), this plant may be included as a new host of V. albo-

atrum. “Yellows” (Japanese name, Ohkabyo) may be coined to this new disease of chinese cabbage.
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Cephalosporium sp. 13I8 E\WHE CHOBEINICHNY Y 1 CINRBER Y Rk o, Verticillium albo-
atrum 3FORICE S HEEIR, NP AR LT, 20°C OBRELET CREM LR Lice ASWAHELLA
BRI 3 4 238 UBRED X T 5 LHEORBMIBIE—KL, V. albo-artum BNEHE IR, 1§,
EMOEEREAIIABNORLE TIBEERN 40 FENOBE I i, NI 31 D V. albo-atrum = k. % BRFE
R NETOEZARERIIUDHENAE CIRESRTCRVDT, ZZeny ¥4 ¥AEOH LWEFTHEY
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Explanation of plate

Fig. 1. Cross section of a diseased chinese cabbage naturally infected with Verticillium albo-

atrum showing vascular discoloration of the root and stem tissue.

Fig. 2.-3. Longitudinal (Fig. 2), or cross (Fig. 3) section of the root of the diseased chinese

cabbage in nature showing hyphae in the vascular tissues.
Fig. 4. Verticillate conidiophore of V. albo-atrum.
Fig. 5. Conidia of V. albo-atrum. ‘
Fig. 6. Dark resting mycelium of V. albo-atrum formed in PD broth 10 days after seeding.
Fig. 7. Colonies of V. albo-atrum on PDA 10 days after seeding.

Fig. 8.-9. Cross (Fig. 8), or longitudinal (Fig. 9) sections of the roots of chinese cabbages
grown in the soil artificially infested with V. albo-atrum, or non-infested soil showing
the diseased (left 2 plants in Fig. 8, or left 2 pieces in Fig. 9), or the healthy (right 1
plant in Fig. 8, or right 2 pieces in Fig. 9) plants 50 days after seeding. Note the

vascular discoloration of the diseased plants.
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http://www.tcpdf.org

