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Kiyowo Aosumia: Germination of the basidiospores of Elfvingia

applanata (Prrs.) Karstex (Fomes applanatus).
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Introduction

Elfvingia applanata (Prrs.) Karstexy is known among mycologists, patholo-
gists and foresters as one of the commonest wood-rotting fungi. It is widely
distributed from the tropic to the subarctic forests in the world causing a white
rot in various species of broad-leaved and also, though less frequently, in
coniferous trees.

A large number of reports have been published concerning the morphological
and taxonomic, cultural, physiological and pathological problems of this fungus,
such as Wurre (1920), Frirz (1923), Huypurey and Levs (1931), Yaaavo (1931),
W. G. Caxpensern (1932), Huyenrey and Stceers (1933), W. A. Cavrernn (1938),
Davisox, Cavrpernn and Vaveny (1942) and Nosres (1948).

On the germination of the basidiospores, however, a paper by Winrr (1920)
is the only work, co far as the writer is aware, up to the present.

The writer has undertaken from May, 1950, some observations and experi-
ments on the germination of basidiospores and in this paper some results
concerning their dormancy will be given.

The writer wiches to express his sincere thanks to Mr. R. Inazexr and Mr.
Y. Nacar of the Government Forest Experiment Station, Meguro, Tokyo and
Mr. K. Koxrsay: of the Nagao Institute, Kitashinagawa, Tokyo for their helpful
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abvice and encouragement during the investigation. He also exprass his cordial
appreciations to Dr. J. S. Bovce of the Yale University, New Haven, Connecticut,
U. S. A. for his Kind suggestions and criticism of the manuscript. To Mr. T.
Kopavasnr the writer indebted for his assistance in the laboratory work.

Germination of the basidiospores on agar and in liquid media

Experiment (1)

Wurre (1. ¢.) reported in his biological study on Elfvingia applanata that
the germination of basidiospores of this fungus was very erratic and when it
did occur, gemination took place within 48 hours after the basidiospores had
been placed on agar media, in water or other liquid media, but the germination
percentage thus obtained was very small, being about 1.5 per cent. The writer
has also undertaken the same observations using various agar and liquid media.

Materials: A fruiting-body of Elfvingia applanata (about 15cm long, 5cm
wide and 3cm thick) on an old living trunk of oak tree (Quercus myrsinaefolia)
growing at Meguro, Tokyo, was found. On 2nd June, 1950, abundant brown
powder was observed on the bark of the host tree just below the fruiting-body
and on the upper surface of the sporophore. Brown masses were also present
on the underside or pore surface of the sporophore. The brown powder was
examined under the microscope to determine that it was composed of masses of
basidiospores. Immediately after the spore-discharge was examined, a piece of
paraffin paper was fixed just beneath the pore-surface of the same sporophore
and the sporophore was covered with a large paper bag in order to prevent
entrance of other microorganisms and insects. Fifteen hours later, at night, the
paper bag kept outside the fruiting-body and a piece of paraffin paper beneath
the pore sprface were removed. Numerous basidiospores were deposited on the
piece of paraffin paper about 0.2mm deep. In this way the writer obtained
easily the relatively pure mass of basidiospores.

Method: In a test-tube (20 cm high and 1.5cm in diameter) containing 10 cc
of distilled water, a mass of basidiospores was put in with a platinum needle
and stirred, thus a spore suspension of basidiospores was obtained which had
some shade of brown. In Petri dishes (7cm in diameter) very clear potato-
glucose agar was poured 1—2 mm deep, and some drops of the spore suspension
were spread over it. Agar media used in this experiment were the following
six : distilled water agar?, potato-glucose agar®, Sarro’s soy agar®, beech-wood
extract agar?, potato-glucose agar containing 0.2 per cent of tannic acid” and

Czarex’s synthetic agar®. After drops of water on the surface of the agar were

1). 2% distilled water solution of agar 2). Potato-decoction (200 gr of potato in 1000 cc of
distilled water), 1000cc; glucose, 20 gr 3). Onion decoction (100 gr of onion in 100 cc
of water), 100cc; Soy, 500cc; water, 850 cc; agar, 20 gr 4). Saw-dust of sap-wood of
beech, 30gr; distilled water, 100cc; agar, 20gr  5). Potato-decoction, 1000 cc; glucose,
20 gr; tannic acid, 2gr; agar, 20gr 6). MgSO, 7H,O, 0.5gr; K,HPO,, 1gr; KCIl, 0.5gr;
NaNQs;, 2gr; sucrose, 30gr; FeSO, 0.01gr; water, 1000 cc; agar, 20 gr
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dried, the Petri dishes were transferred to incubators kept at the constant
temperatures of 20°C, 25°C and 30°C, respectively. After 48 hours incubation,
microscopic observations were carried out on germination of the spores.

Results: It was found that none of the basidiospores, among more than one
thousand observed, germinated in any mediz. and at any fempera’cures mentioned
above. The same results were obtained on 12th October, 1951 using the same
basidiospores and basidiospores obtained from another fruiting-body on 24th
August, 1951.

Next, observations were performed using the liquid media of potato extract
adding 2 per cent glucose, and Sarro’s soy extract varying the pH value, with
KOH and H;PO,, from 2 to 9 at intervals of about 1. After inoculation followed
by incubation of the Vax Turreex’s cells for 48 hours at 20°C, 25°C and 30°C,
a microscopical examination was made. Not one of the more than one thousand
basidiospores observed had germinated. On 12th October, reexamination was
carried out and the same results were obtained.

It is shown by the writer’s four series of experimets shown above that the
basidiospores of Elfvingia applanata do not germinate on the agar and in the
liquid media 48 hours after inoculation at their favourable temperatures.?

Experiment (2)

In this experiment the basidiospores of this fungus were observed for longer
periods of time than 48 hours. A single basidiospore isolated on the potato-
glucose agar in a test tube was observed in order to avoid contamination by
other microorganisms in the cource of the observation for longer periods of
time. The materials used in the present experiment were quite the same as in
the preceding ones.

Method : In Petri dishes (7 cm in diameter) very clear potato-glucose agar
was poured 1—2mm deep. After drops of water on the surface of each Petri
dish containing the agar medium, cide by side in the same direction. With a
platinum needle a drop of spore suspension was taken and streaked from one
end to the other of the pencil line on the agar medium. In order to vaporize
the water-drops containing the basidiospores which were put on the agar medium,
the Petri dishes were placed in a dessicator at room temperature for 20—30
minutes. Then single basidiospores were selected using the low power of a
microscope, picked up in a small block of agar by means of a platinum wire
ring, and transferred to a test tube containing potato-glucose agar. Care was
excercised to avoid polysporous inoculum and the writer obtained 150 single
basidiospores each in a test tube. Icolation of single basidiospores was carried
out on 3rd June, 1950 and observations were made to determine whether the
mycelium originating from single basidiospores of this fungus were visible or
not at irregular intervals from June to the end of September, 1950.

1). Temperatures in relation to germination will be given in the latter experiment of this
paper.
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Results: Table 1 shows the number of germinated basidiospores from which

the mycelium was just visible to the naked eye. v

Table 1. Number of germinated basidiospores among
150 spores during 4 months periods.

Date examined Numg:;igif Oéq:g::;nated ! Total
June 10 1 1
June 20 0 1
July 1 0 ]
August 30 1 2
Sept. 25 8 10

As will be seen from this table, only one spore
germinated during the first week and hyphae were
visible at the point where it was inoculated. At
first the hyphae were thin and arachnoid, then in
a few days they developed into a dense cottony
or felty mycelial mat (Fig. 1). From the second

week the germination occured very erratically Fig. 1. Mycelia of Elfvingia
applanata resulting from the
germination of a single basi-
diospore one year after isolation
of basidiospores of the present fungus was very on potato-glucose agar slants.

erratic, and when it occured, took place in distilled water or nutrient media in

throughout the four months period.
Wunmre (1. ¢.) observed that the germination

about 48 hours. However, the germination percentage was very small, being
approximately 1.5 per cent. In the writer’s experiment shown above, it was
indicated that most germination occured four months after the basidiospores
were put on the agar medium. This phenomenon drew the writer’s attention.
Accordingly, in the following experiment larger numbers of spores were observad
more regularly during the longer periods of time.

Experiment (3)

In the year after the previous experiment, observation was performed upon
the spore-discharge of the same fruiting-body as in June, 1950. On 25th May,
1951 the brown basidiospores were produced just as they were in June of the
previous year. They were collected and 430 single spores were isolated by the
same method and technique as described bsfore. The basidiospores which were
isolated each on an agar slant were kept in the room temperature from 25th
May, 1951 to 20 th October, 1951. On 20th October ungerminated basidiospores
were taken into an incubator and kept at a constant temperature of 25°C with
occasional fluctuations of +1°C to 20th May, 1952. The numbszr of basidiospores
which were germinated during this period are shown graphically in Fig. 2.

Another 120 basidiospores each isolated in a test tube in a manner similar
to the preceding ones, were observed from 1st June, 1951 to October, 1952.
They were kept throughout at room temperature. Fig. 3 shows the number of
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Fig. 2 Showing the numbers of germinated basidiospores from a total
of 430 each isolated in an agar slant, from June, 1951 to May, 1952
kept at the room temperature for the first 4 months and at constant
temperature of 25°C for the latter 8 months.

® indicates numbers of germinated basidiospores
QO indicates temperatures
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Fig. 3 Showing the numbers of germinated basidiospores from a total of 120
each isolated in an agar slant kept throughout at room temperature from June,
1951 to October, 1952.

@ indicates numbers of germinated basidiospores
Q indicates temperatures

germinated basidiospores during that time.
As wili be seen from Figs. 2 and 3, it is ascertained that most of the
basidiospores of Elfvingia applanata germinate after some dormant period, and

less than 0.5 per cent of the given basidiospores germinate one week after they
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have been inoculated on the agar medium. Winme (1. c.) observed that the
basidiospores of the same fungus lost their viability in about six months, if they
were preserved in dry condition. It will be evident, however, that germination
of the basidiospores on agar media occurs more vigorously after about six months
than they do after few days. This contrasts with Wurrr’s observation. His
observations. so far as the writer can ascertain, were carried out during shorter
periods of time and therefore it could not be discovered that the basidiospores of
Elfvingia applanata had a long dormant time after they had been produced on
the hymenium of the fruiting-body.

The germination percentage of the basidiospores during 4 summer months’
period was only 7 per cent as were shown in Table 1. From Figs. 2 and 3, it
was shown that the germiﬁation percentage during 5 months’ period was 10 per
cent. From November, however, none of the basidiospores kept at room
temperature germinated owing to the low temperature which appeared to be
unfavourable for the germination of basidiospores of this fungus. Owing to
desiccation of the agar media, it was difficult to observe germination of
basidiospores for longer periods than twelve months when kept in warmer
temperatures than that of a room. As is shown by Fig. 3, some of the
basidiospores on the agar medium did not germinate that year, but did begin to
germinate the next spring.

Experiment (4)

Another fruiting-body of Elfvingia applanata was found on the stump of
an oak tree (Quercus myrsinaefolia) about 200 meters distant from the living
oak tree on which sporophores of the same fungus used in the previous experi-
ments was grown. This sporophore first appeared on 2nd August, 1951 as a
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Fig. 4 Showing the numbers of germinated basidiospores from a total
of 100 each isolated in an agar slant kept throughot at room temperature
from Sept., 1951 to Oct., 1952.

® indicates numbers of germinated basidiospores
QO indicates temperatures
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small white subglobular body. In several days it became larger and by 23rd
August the normal applanate sporophore, 15cm long, 10cm wide and 1.5cm
deep had developed. The fact that the tubes of the basal part of the sporophore
were somewhat brownish, indicated production of basidiospores, but tubes on
the outer part of ths sporophore near the margin remained white and no spore
discharge took place. On 25th August, numerous brown basidiospores were
produced. The writer obtained 100 basidiospores on agar slants by the same
method as before. The basidiospores thus obtained were preserved at room
temperature and observations were made on their germination from 10 th Septem-
ber, 1951 to 10th Octobsr, 1952, at ten days intervals. The results of this
observations are shown in Fig. 4.

As were shown in Fig. 4, in only one test tube the hyphae resulting from
germination of a basidiospore were noticed on 1st October, 1951 about a month
after the isolation started. From 10th of September, none of the basidiospores
germinated up to the next summer owing perhaps to the low temperatures which
might have bsen unfavourable for their germinaiton. From all observations, it
may be establiched that basidiospores of the present fungus can overwinter in a
viable condition.

Experiment (5)
It was ascertained by thz previous four series of experiments that basidio-

spores on agar media had Table 2. Difference of the germination of the fresh
10ng dormant time and that basidiospores and basidiospores stored at room
) i temperature for one year.

even after a year, when

| . .
Basidiospores Basidiospores

they were kept throughout Date examined produced in 1952 | produced in 1951

at room temperature, they

X k June 1, 1952 0 ‘ 0
were able to germinate in |
10 0 ‘ 0
a similar way to fresh 20 o) c
spores. In this experiment, July 1 0 } G
. . . |
it will be determined whether 10 0 0
.. 20 1 C
C a
basidiospores placed on a Aug. 1 ‘ . o
piece of paper and stored 10 0 0
at room temperature for a 20 \ 2 0
- 2
year are able to germinate Sept. 1 } < 0
10 0 0
or not. The basidiospores 20 \ 3 o
used in this experiment were Oct. 1 ‘ 1 0
obtained in 1951 from the 10 { 1 0
. 20 0 0
same fruiting body as were i
: May 1, 1953 5 0
those used in the previous June 0 o
experiment. They were put Total ‘ 14 )
in a Petri dish on a piece Germination o 9
p percentage : 14% ! 0%

of paper and stored in a -
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relatively cool room from 1st June, 1951 to the next May. On 1st June, 1852,
single spore isolations were made from these basidiospores and their germination
was observed from June to the end of October. At the same time fresh spores
were obtained from the same fruiting body in May, 1552 and their germination
was studied in the same way. One hundred single spores of each group were
examined in this experiment. The results of these observations are shown in
Table 2.

It will be seen from this table that the basidiospores stored for one year at
room temperature in dry condition, did not germinate, while the fresh spores did
germinate just as they did in the previous experiment shown just above. From
the fact that the basidiospores produced in the spring, when placed on the agar
medium and kept throughout at room temperature, were able to germinate in the
next spring and summer, as shown in the previous experiment, it can be conclu-
ded that basidiospores on the agar medium retained their viablity, whereas those
stored in a dry condition did not.

Effect of temperature upon the germination of basidiospores

Table 3. Influence of temperature upon the The methods and mate-

germination of basidiospores. rials employed in this ex-

Number of germinated .
basidiospores periment were the same ones

o o | < I o | o . . .
20°C }23 C |25°C 28°C |33°C  wuged in the previous experi-
| !

Date examined

ments. Isolation of basi-

November 1, 1952 i 0 ’ 22 3 " 2
10 Pl 3 by 200 diospores on agar slants was
20 Lo } 1 L2 . 0 .
| carried out on 1st May, 1952
December 1 ! 0 i 2 3 3 ‘ 0
10 I 1 2 2 1 and they were kept at room
20 ol 1 ool o temperature to October 20th,
January L1958 0 2| 2 0 0 1952 On 20th October, 1952,
10 0 0 0 2. 0
\ they were transferred to
20 ol 1 1 0 0
{ ‘ the incubator and kept at
Total 2 01312 15 3

temperatures of 20°C, 23°C,
25°C, 28°C and 33°C, respectively. At each temperature, 50 agar slants, each
with a single spore, were used. Observations Wére carried out for three months
starting on 20th October, 1952 at ten days intervals. The results of this experi-
ment are shown in Table 3.

From Table 3 it is shown that the basidiospores of Elfvingia applanata
germinate from 20°C to 33°C and the optimum temperature for the germination
lies between 23°C and 28°C.
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Breaking the dormancy of the basidiospores by high

temperature treatment

It is commonly accepted that the ascospores of some ascomycetous fungi
break their dormancy by high temperature treatments. Dobci: (1912) has found
that heating the accospores of Ascobolus to 65 to 75°C for approximately 15
minutes induced germination after they were returned to a favourable temperature.
It has been also established by Surar and Dodge (1927) and Gouparp (1936)
that the ascospores of Neurospora are normally dormant and will germinate
only after they have been heated at the critical temperature of 49—52°C.
Considering the results obtained by these investigators, some experiments were
undertaken to determine whether exposure to high temperature would break the
dormancy of basidiospores of the present fungus.

Experiment (1)

In this experiment the writer examined effects of high temperature treatments
upon the dormancy of the basidiospores of this fungus in dry condition and in
water. In dry condition, temperatures taken in the study of their effect were
50°C, 60°C and 70°C, and the times exposed were 5, 10, 30, €0 and 240 minutes,
respectively. In water, temperatures were 40°C, 45°C and 50°C, and the times
were 10, 30, 60 and 240 minutes. In exposing to high temperatures in dry condi-
tion, the basidiospores collected on a piece of paraffin-paper were put on a piece
of cotton wool and were placed in incubators which were kept at the constant
temperatures desired. In water condition, basidiospores were put in sterilized
distilled water in a test tube which was kept at the constant temperatures above
written in the incubators. As soon as the treatments were done, the test tubes
containing the hot water sﬁspension of basidiospores were put in water at about
10°C where cooled. The examinations of germination were carried out as were
in the first experiment of the present paper.

The results of this experiment shows that among more than one thousand
spores observed, none of them under any treatment germinated 48 hours after
inoculation on the potato-glucose agar kept at a temperature of 25°C.

Experiment (2)

In order to observe the germination of basidiospores for longer periods of
time than 48 hours, those isolated each on a potato-glucose agar slant were
examined. Temperatures used in the study were 30°C, 35°C and 40°C and the
times of exposure were 24 and 48 hours in each temperature range mentioned.
The materials and methods in the present experiments were the same as those
employed in the previous experiment. The isolations were done on 15th October,
1951 and the basidiospores thus obtained were exposed to high temperatures of
30°C, 35°C and 40°C, for 24 and 48 hoﬁrs, respectively. In each temperature and
time combination, 50 basidiospores were used. After the treatments all of them
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Fig. 5 Showing the numbers of germinated basidiospores from a total of 50 each
isolated in an agar slant exposed to high temperatures for 48 hours.
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Fig. 6 Showing the numbers of germinated basidiospores from a total of 50 each
isolated in an agar slant exposed to high temperatures for 24 hours.

were kept at a constant temperature range of 25—26°C. Figs. 5 and 6 show

the number of germinated basidiospores exposed to the high temperatures from
the beginning of November, 1951 to the end of July, 1952.

As will be seen from these figures, it appears most probable that when the
basidiospores are exposed to high temperatures for 24 hours, 40°C is effective in
promoting germination, 35°C is considerably effective and 30°C gives no effect

at all in the course of the long periods of incubation, and that the germination
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percentage at the end of the test is not influenced. In 48 hours’ treatment,
35°C, 30°C and 40°C are effective in order, but significant differences do not
exist between the number of spores finally germinated.

Discussion

In most of the wood-rotting Basidiomycetes, the germination of the basidio-
spores occurs easily on agar or in liquid media at a favourable temperature.
Bunner (1909) observed germination of basidiospores of Coriolus wunicolor and
Schizophyllum commune, Farcx (1912) of Gyrophanus lacrymans, Ruoars
(1918) of Hirschioporus pargamenus, Sxernn (1922) of Gloeophyllum saepiarium,
G. trabeum, Trametes serialis, Fomitopsis rosea and Lentinus lepideus,
Hirr (1928) of Phellinus gilvus, Mouxce (1929) of Fomitopsis pinicola, K.
Iro (1942) of Fomitopsis rhodophaea, Aosurma (1950) of Fomitopsis olivacea,
Nacar, Aosmima and Kovavasur (1952) of Cortinellus edodes. Examining these
data, it can be summarized that the basidiospores of any of the above species
germinate easily on agar media 48 hours after inoculation at favourable
temperatures.

Of the present fungus, Elfvingia applanata, Winre (1. c.) observed that
the germination was very erratic and when it did occur, the spores germinated
48 hours after being put on agar, in liquid media, or in distilled water. The
results of his observations, thereafter, were recognized by Huserr (1931)
Bavexpayy (1936) and Carrwriear and Frxonay (1946). In the present writer’s
experiments the basidiospores on various agar and in various liquid media, did
not germinate within 48 hours at any temperatures tested.

By means of single spore isolations, the basidiospores on the agar slants
each in a test tube, were observed on their germination for about a 12 months’
period. As a result of these observations, the writer came to a conclusion that
basidiospores of the present fungus had individually different dormant times
ranging from one week to 12 months. The difference betwesn the writer’s and
Wurre’s observations is quite large, but the reason is unexplainable, without
further experiments and observations. But the number of basidiospores germinated
as plotted against the time, follows a normal S-shaped curve.

W (1. c¢.) also reported that the basidiospores of this fungus lost their
viability in about 6 months in dry condition. The present writer’s observations,
however, indicates that the basidiospores on agar slants and kept at a favourable
temperature (about 25°C) germinate most vigorously after about 6 months.

Nearly ten per cent of the basidiospores produced in the fruiting-body in
June in Tokyo germinated in that year, when placed on the agar medium and
kept throughout at room temperature. That winter none of the basidiospores
germinated but the next spring they again began to germinate, and continued to
germinate until that autumn. Under these circumtances, this experiment confirms
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their ability to overwinter in natural conditions.

Wiurre (1. ¢.) reported that the germination percentage of basidiospores of
this fungus was very small, about 1.5 per cent. However, if placed on agar
media and kept throughout at their favourable temperature, more than 50 per
cent of the spores in the presént writer's experiment germinated in over 12
months.

The basidiospores of this fungus germinate at the temperature ranging from
20°C to 33°C, and the optimum temperature for the germination appears to lie
between 23°C to 28°C. But it does not indicate whether or not in temperatures
beyond 20°C and 33°C, they are able to germinate.

In order to break the dormancy of the basidiospores of this fungus, high
temperature exposures were performed in dry condition as well as in water.
Within 48 hours none of the basidiospores germinated, which is contrary to
the results obtained by Dopce (1. c.), Suear and Dooege (1927) and Gopparp
(1936) in that ascospores of Ascobolus and Neurospora were induced to germinate
by high temperatures. Exposure of the basidiospores isolated on the agar media
to 35°C, 30°C and 40°C for 48 hours and to 40°C and 35°C for 24 hours, did
promote their germination.

In this case, however, diiference between the germination percentages in a
ten months period were insignificant. Exposure of basidiospores to 30°C for 24
hours did not influence their germination at all.

In conclusion, the phenomenon of their dormancy and inducing them to break
dormancy is unique in the Basidiomycetes. This may be due perhaps to the
thick and special structure of their cell walls.

By the way, the writer has completed a similar experiment on the germi-
nation of basidiospores of Ganoderma lucidum (Lryss) Karsrex, and succeeded
in getting clear cut resulte. Comparing these with the above mentioned results,
it seems that the basidiospores of the species of Ganodermoideae may possibly
possess the same behavior in their germination process.

Summary

In the present account the writer dealt with the germination of the basidio-
spores of El fvingia applanata (Prrs.) Kansrexy (Fomes applanatus).

(1). The basidiospores did not germinate on the agar or in the liquid media
within 48 hours at any temperatures.

(2). The dormancy of the basidiospores were examined by the writer’s
experiments. Their dormant time varied from one week to 12 months according
to individuals and environmental factors.

(8). More than 50 per cent of the basidiospores isolated on agar media
germinated when they were observed for over the periods of 12 months.

(4). The basidiospores placed on agar media and kept throughout at room
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temperature germinated considerably after nearly one year, while none of the
basidiospores germinated which were stored in a dry condition for a corre-
sponding period of time at room temperature.

(5). The basidiospores germinate at temperatures ranging from 20 to 33°C
‘and the optimum temperature for germination appeared to lie between 23°C to
28°C.

(6). Exposure of the basidiospores icolated on agar slants to 35°C for 48
hours and to 40°C for 24 hours resulted in earlier germination but did not
increase final germination.

Laboratory of Forest Mycology, Government Forest Experiment Station
Meguro, Tokyo, Japan
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