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Résumé

STUDIES ON THE BACTERIAL DISEASES OF POTATO IN HOKKAILO
Takeshi NARITA

‘The ring rot, brown rot and soft rot are major
bacterial diseases of potato in Hokkaido. In this paper,
the writer has reported the results of investigations
on the natures of the diseases and their causal
organisms, with special reference to measures for the
control of the diseases,

The ring rot of potato.

1) The incidence of the disense in Japan was
first recorded by the writer in Hokkaido, in 1947.
However, the writer presumed that the disease had
been introduced probably in 1939 into the Shima-
matsu Potato Breeding Farm of the Hokkaido Agri-
cultural Experiment Station with seed potatoes im-
ported from Germany. This presumption is based on
the facts that come unidentified tuber rots which
would probably be regarded as ring rot at present
were observed in 1943 or 1944 at the Shimamatsu
Potato Breeding Farm and also that the disease was
found at first only in the fields of new varieties of
seed potatoes such as “Norin No. 1”, “Norin No. 27,
etc. Those varieties were bred at the Shimamatsu
Potato Breeding Farm and have been propagated at
local experimental farms in the districts producing
original stocks of seed potatoes since 1944.

The disease spread out very rapidly during the
period of 1948 to 1951 throughout most of the fields
cultivating seed-potatoes not only of new varieties
but also of old ones such as “Danshaku-imo”, “Beni--
maru”, etc., in Hokkaido. Accordingly the extensive
use of seed-potatoss produced in Hokkaido seems to
be responsible for the wide spread of the disease in
Japan.

2) Although the loss due to the ring rot disease
would be estimated with difficulty, seed-potato-
growers have suffered not only from lowered yield
but also from reduced market price owing to the
disapproval in the certification of seed potatoes.

3) The symptoms of the disease become evident
generaliy late in the growing season of potatoes. One
or more stems in a hill wilt and become more or

less stunted, whereas the rest of them look healthy.
‘The disease gives rise to mottlings on the leaf, and
color of leaf turns to pale green and then to pale
yellow heing followed by occurrence of hrown necrotic
areas usually at the margins.

4) In the tubers, the disease affects the vascular
tissues which become crumbly and are yellowish white
or creamy in color. Pus-like matters coze out from
the infected vascular ring of the tuber when it is
squeezed by hand. The diseased tubers in later staga;
generally show a reddish-brown discoloration of the
skin around the stolon end and the eye:, being ac-
companied sometimes by cracks.

5) The symptoms of the folinge are often con-
fused with or masked by other diseasez, insect injuries
or physiological disturbances. Some tubers cocasion-
ally become infected without showing any sign of the
disease on leaves, and sometimes the morbid changes
of tubers are so slight as to be undetectable by usual
inspections,

6) It was verified that the stem-coze-test prac-
ticed at the base of a wilted or suspicious stem is
more relinble than the examinations by observing
external vine symptoms in the field survey, although
it is necessary to examine with the stem smear
method and Gram-stain to diagnose the disease
correctly,

7) It is possible to diagnose correctly the tubers
affected slightly by means of appearance of greenish
fluorescens of the vascular tissues on their cut surface
when they are exposed to ultra-violet light. The
greenish fluorescens was, however, not always so
distinct as to accomplish the discrimination of dis-
eased tubers from healthy one:. Accordingly it can
be said that the ultra-violet irradiation method is of
practical value in discovering diseased tubers when
a large number of tubers are to be tested, though
an accurate selection may not be expected by this
method. Gram-stain method to apply to the smears
from the vascular tissues of the tubers seems to be
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the most reliable in detecting the ring rot infection
of the seed stocks, but it is unapplicable to general
uses because of its somewhat complicated techniques
and prolixity. Therefore, this method should be appli-
ed to the selection of fundamental seed-potatoss in
special organizations such as the Fundamental Farms
of Seed-Potato or the Potato Breeding Farms.

8) ‘The morphological, physiological and cultural
characters of the causal pathogens of the ring rot
disease of potatoes in Japan agree with Corynebacte-
rium sepedonicum (SrikcK. et Kutrin) Skarrasox et
Burkuorpek, The electron micrographs of the causal
organism have been examined in detail.

9) In nature the potato ring rot organism never
affects any plant in Hokkaido other than potato. In
artificial inoculation experiment, however, the ring
rot bacteria readily caused severe wilting and death
on tomato plants, and they also invaded vascular
tissuse of egg-plants and peppers without distinct
external vine symptoms.

10) Several methods of inoculation having been
applied to the tubers at their sowing time, injection
of bacterial suspension into the eyes and the smear-
ing of it on the vascular tissues of their cut surface
of tubers caused high percentage of infection to the
potato plant. On the other hand, the smearing of the
bacterial suspension on the parts between the eyes
of a potato or on the medullary part inside of vascu-
lar tissue of the cut surface hardly caused infection,
even when the inoculated parts were punctured with
needles.

11) The knife used in cutting seed-potatoes
often plays a role as an effective agent of causal
bacteria in spreading the disense. A knife contami-
nated by being used in cutting affected tubers may
be capable of transmitting the disease even to 20
seed -pieces which will be cut thereafter.

12) It has been generally observed that the
disease does not spread from plant to plant in the
field. Under certain conditions, however, such as the
too narrow planting, field infection seems to take
place occasionally.

13) Laboratory tests have indicated that the
transmission of ring rot bacteria by wireworms
(Melanotus candex Lrwis) and resultant infection of
the disease takes place by chance. But, no actual
case of field infection of potato ring rot by wireworms
has ever been recorded.

14) Two years’ experiments on the varietal

susceptibility of potato plants to the disease have
shown that two varieties “Kamiyaimo” and “Professor
Wohitmann”, both being bred from the same cross
“Daber” x “Erste von Fromsdorf’, were free from
disease for two years; on the other hand most of
the varieties tested were readily affected, and espe-
cially “Benimaru”, “Norin No. 2”7, “Hinomaru No. 1”
and “Early Rose” were highly susceptible. Marked
variation in the symptoms was observed among the
potato-varieties examined.

15) Effective and essential measures for con-
trolling ring rot disease have been fully studied.

16) Since the first discovery of the ring rot
disease in Hokkaido every effort has been made to
control the disease. At the Shimamatsu Potato Breed-
ing Farm, three years were devoted to keeping the
disease out by employing the Gram-stain method,
Ultra-violet irradiation method and every sanitary
precaution. The effort was fully successful, no dis-
eased tuber being found thereafter 1951. Also at the
four fundamental farms for producing seed potatoes
in Hokkaido, as the result of same practices employed
at Shimamatsu Farm, disease free seed-potatoes have
been produced yearly since 1950.

17) Data submitted by the Plant Quarantine
Office in Sapporo have indicated that the incidence
of the disease in the seed potato fields has heen
remarkably reduced since about 1952. On the other
hand, its incidence in the commercial potato fields
has been gradually increased year by yeuar.

18) The ring rot disease has not been com-
pletely eradicated from the seed potato fields in
Hokkaido, in spite of the use of the disease-free
seed potatoes originated from the Fundamental Farms
of Seed Potato. The reason for this fact appears to
be mainly the careless use of uncertified commercial
potatoes for seeds in the fields neighbouring to the
seed-potato farms planted with certified ones. Infec-
tion results at the times of harvesting, storing and
planting, '

19) In conclusion, it should be understood that
for the complete control of the ring rot disease
continual efforts must be made to produce disease-
free original seed potatoes, to prevent contamination
of healthy seed potatoes with diseased ones by means
of various sanitary measures and, furthermore, as
soon uas possible to use completely disease-free seed
potatoes in the growing for ordinary commercial
purposes,
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The brown rot of potato.

1) The disease was first identified in Hokkaido
by the writer in 195]. However, the disease had
already been distributed throughout the western dis-
tricts of Hokkaido causing severe damages since
more than 20 years ago. This was true especially in
the northern parts of Kamikawa, It was mistaken as
the Fusarinm wilt caused by Fusarium oxysporum
Scur.,

2) The disease is characterized in its early
stages by a slight wilting and fading of green color
of the leaves at the ends of branches, without any
rolling or shrivelling at the margin of leaflets. When
the stems, roots, stolons and tubers of the affected
plants are cut, it is found that the vascular rings
turn brown or dark brown in color and the bacteria
ooze out from them as waoite shiny masses. It is also
found that the bacterial slime exuded from the eyes
of the severely affected tubers; sometimes, when
being dried, darts are stuck on the surface of the
tuber. In the Iater stages of the disease, it is com-
monly observed that Fusariu or other saprophytic
organisms infect secondarily, and symptoms become
quite complicated.

3) The isolated bacterium is proved to be
pathogenic by the artificial inoculation; it causes the
same symptoms of brown rot disease on potatoes as
in the fields in nature. Furthermore the reisolation
tests of the artificially infected potatoes give positive
result. The cauzal organism is also pathogenic to
tomato, egg-plant, rustica-tobacco etc., but it is
slightly or not pathogenic to tobacco plant.

4) The morphology, cultural characters, physi-
ology of the causal bacterium agree completely with
those of Pseudomonas solanacearum E. F. Swmimn,
The electron micrographs of the brown rot bacterium
showed somewaat differentiated structure of the
protoplast.

5) The ability to utilize carbohydrates of the
organism in synthetic media containing NH, NO;
as the nitrogen source was examined. The organism
produced gas and acid from glucose, levulose, sucrose,
mannit and glycerin. Acid but no gas was preduced
from mannose, and neither acid nor gas was pro-
duced from arabinose, xylose, rhamnose, lactose,
maltose, dextrin and starch. Considering these
results, it is concluded that the brown rot organism
in Hokkaido seems to belong to strain 1 (Tomato
strain) of P. solanacearum according to the classifi-
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cation of this bacterium by Okabe. But, details con-
cerning the problem of the physiologic specialization
in P. solanacearum should be an interesting and
important item in further studies of this organism.

6) The results of the study of meteorological
data of the Piuka region of Kamikawa district for
the last 18 years show that the severity of out-
breaks of the disease correlated significantly with
high temperature and heavy precipitation during July
to August. The disease was generally severe when
the mean temperature was above 20.5°C and when
the sum total of precipitation was above S0 mm
during the period from mid-July to mid-August,

7) ‘The reason why the brown rot of potato
was especially prevalent in Piuka region situated in
the northern low temperature district of Hokkaido
has yet been remained as a perplexing question.,
The writer presumes that the following may be
answers to that question.

a. Piuka region is of comparatively low tem-
perature, but it is not cool enough to prevent the
occurrence of the brown rot disease in the summer
time,

b. The population of the causal bacteria in the
soil of potato fields of this region is presumed to
be high enough by accumulation owing to successive
or short interval plantation of potatoes.

c. Poor drainage of potato fields situated on
the flood plain of the Teshio river promotes the
occurrence of the disease.

d. Frequent flooding of the Teshio river pro-
motes either the dissemination of the causal bacteria
in soil or their infection to potatoes by resulting
high soil moisture.

The Soft rot of potato.

1. The soft rot of potato prevails quite com-
monly in Hokkaido, and it has been especially severe
in rainy and hot years. Its causal agents seem to be
complex. The disease seems to be caused by Erwinia
areideae, E. carotovora, and the bacteria having inter~
mediate characters of both the above mentioned.
Under these circumstances further studies are need-
ful on the morphology, physiology, physiologic spe-
cialization and detailed pathogenicity of the soft rot
organisms parasitic on potatces and also on other
crops.





