University of Miyazaki Academic Repository

@ ERALEHEBYES PV

TR R /R BLERT 5E,
R = 389 7 KL A VEEGE M =5 T

&&2: English

HhRE: BIEEFEMER
~FB: 2014-02-17
F—7— K (Ja):
F—7— K (En):
ERRE: =ik, 1%
X—=ILT7 KL R:
Firi&:

http://hdl.handle.net/10458/4805




goboooboooodaoo

STk

UNIVERSITY OF MIYAZAKI

Physiological Studies on the Causal
Sclerotium Diseases of Ric Pl ant v
Reference to Some Factors ontrol i
Occurrence of the Diseases

Title

a)
-
—~
—

Author(s) [Endo6, Sigeru

Citation guoooobogooog, 11: 55-218

URL http://hdl.handle.net/ 10458/ 4683

Date of Issue |1 940 - 0 2

Right

Description




PHYSIOLOGICAL STUDIES ON THE CAUSAL

FUNGI OF SCLEROTIUM DISEASES OF RICE

PLANT WITH SPECIAL REFERENCE TO SOME

FACTORS CONTROLLING THE OCCURRENCE
OF THE DISEASES

By

SIGERU ENDO

I. Introduction

The Sclerotium diseases of the rice plant are very destructive and, being
widely distributed throughout Japan, cause great damage every year. In
1917, Sakura1®” published a report on the diseases in which he stated that
the causal fungi belong to four different species. Since that time, some brief
notes have been published by several authors. (12-18, 20-25, 29-31, 33-38,
49-52, 53, 57-59, 6669, 71, 73, 81, 93-94, 115) The writer (12-27, 29-31, 33,
36-38) also has been studying the diseases since 1926 and has published
several reports on the results obtained.

The present work was started at the suggestion of Dr. T. Hemmi, Pro-
fessor of Phytopathology of the Kyoto Imperial University, and a part of the
experiments herein recorded was performed in the Phytopathological Labora-
tory of that University. The work subsequent to 1929 has been carried on
under the supervision of Dr. I. Hino, Professor of the Miyazaki College of
Agriculture and Forestry. The writer here wishes to express his sincere
gratitude to them for their valuable suggestions and kind advices. A part of
the expense of this investigation has been defrayed by the Department of
Education and the Japan Society for the Promotion of Scientific Research for

which the writer expresses his heartiest thanks.

II. Symptoms of the diseases

1. Symptoms of the disease caused by Corticium Sasakii

(SHIRAI) Marsumoro

The disease of rice plant caused by Corticium Sasakii (Suira1) MaTsumoTo®®®
(Hypochnus Sasakii SHIRAT)C® appears in the growing season and continues until

harvest time. The fungus attacks the leaf and leaf sheath, producing elongated A



56 Bulletin of Miyazaki College of Agriculture and Forestry, No. 11

or roundish spots on them. When the spots appear on the ligule, they are
elongated and parallel to the axis of the stem. The spots become confluent
often forming large irregular patches. The action of the fungus on the leaf
sheath differs greatly according to the season and also to the growth condition
of the host. The diseased spots appear mostly on the first leaf sheath and
also on the second leaf sheath, but rarely found on the third. When the
disease is very severe, both the leaf sheath and leaf blade are moulded by
the myecelium of the fungus and numerous spots are produced causing the
plant to die.

The color of the diseased spots is at first pale green or grayish brown,
and then gradually turns into gray or greenish gray in the inner region with
a border of somewhat deeper color such as greenish brown. When the
diseased stems are examined after their death, the spots are found to be
“Buffy Brown”¢® and to differ clearly from the “Cream Color 7 of the
healthy portion. The diseased plants change color to brown in the ripening
period and fall to the ground.

The sclerotia of the causal fungus produced on the spots fall off very
easily. It is, therefore, very difficult to find them on the stem except in the

early morning or after a rain.

2. Symptoms of the disease caused by Sclerotium

Oryzae-sativae Sawava

Sclerotium Oryzae-sativae Sawapa was first described by Sawapa®*® in 1923,
but he had not proved its pathogenicity to the rice plant experimentally. The
fungus attacks the leaf sheath and culm, especially the part near the ground,
under natural conditions. In 1927 Hemmi¢*? proved experimentally the patho-
genicity of the fungus on the root of rice seedlings. The writer obtained the
same results under natural conditions and also confirmed experimentally its
pathogenicity to the leaf sheath and the stem near the ground. Under natural
conditions, especially in Hokkaido, the affected portions are often found on the
stem at the height of about 40 cm. above the ground.®” The color of the spots
is pale brown with a brown border, and numerous brown sclerotia are pro-
duced in the tissue of the leaf sheath and the culm. The affected plants break
down at the lower part of the stem and die.

According to the writer’s experiments the pathogenicity of the fungus to
the’ parts mentioned above seems to be greater than that of Sclerotium
hydrophilum.



Exp6: Physiological Studies on the Causal Fungi of Sclerotium Diseases 57

3. Symptoms of the disease caused by Sclerotium
hydrophilum Sacc.

The fungus was first noted by Sakurar®® in 1915, and Nakata®® described
it under the new name Sclerotium sphaeroides NakaTa in his work, without giving
its diagnosis, while recently Nakata® adopted the name Sclerotium hydrophilum
Sacc. for the fungus. Sakurar®® stated that the affected plants showed little
difference from healthy ones and that few sclerotia were produced in the tissue
of the diseased stem. The writer carried out inoculation experiments as many
as 23 times on full grown plants and seedlings of rice in 1927 and 1928. The
experiments yielded mostly negative results, except for the cases when the
sclerotia were inserted into the tissue of the leaf sheath through wounds made
with a sterilized needle and when inoculated on the weakened plant. The
writer, therefore, comes to the conclusion that the pathogenicity of the fungus
to the leaf sheath and the root of the rice plant seems to be very weak.

Under natural conditions, the fungus develops most vigorously from early
September to the ripening season of the rice plant in the southern part of
Japan. The blackish brown sclerotia generally appear in a small number in
the tissues on the under surface of the discolored leaf sheath, but rarely on
the surface of the stem.

4.  Symptoms of the disease caused by Leptosphaeria

Salvinii Cavara

In 1877, Sclerotium Oryzae Carr. was first found by Carraneo.®® In Japan
the fungus was stated by Sakurar® to belong to his Sclerotium No. 4 which
has been accepted by several workers for many years. However, recently
Nakara and Kawamura®? identified Sakurar's Selerotium No. 3 with Sclerotium
Oryzae of Carraneo. The writer also confirmed the fact by examining the
original description of Carraneo. In 1933, TurLLis@® published a paper on
this fungus applying the name Leptosphaeria Salvinit Cavara (Helminthosporium
sigmoideum Cav.).

In Japan, the pathogenicity of the fungus to rice plants was first noted
by Sakurar®®, but the grade of pathogenicity remained in question. The
writer, therefore, proved by experiments that the fungus attacks the leaf
sheath, the culm, the ligule and root. Under natural conditions, the fungus
attacks the culm and leaf sheath of rice plants showing irregular dark spots
and produces numerous small blackish sclerotia in their tissues. The diseased
plants break down at the lower part of the stem and die.
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5. Symptoms of the disease caused by Helminthosporium
sigmoideum Cav. var. irregulare Cr. er TurL.

As stated in the preceding section, the fungus was first found in Japan
by Saxurar®> and described as Sclerotium Oryzae Carr. However, as a result
of recent investigations it has been verified that Sclerotium Oryzae is identical
with Sakurar's Sclerotium No, 3. In 1935 CraLry and Turris@® published a
paper on the present fungus calling it Helminthosporium sigmoideum Cav. var
irregulare CrarLy et Turiis. The fungus attacks the leaf sheath and the culm
of the rice plant showing dark spots, and numerous sclerotia are produced in
the tissues of the diseased parts. The symptoms are quite similar with those
caused by Leptosphaeria Salvinii but the sclerotia of the present fungus are
smaller and more irregular in shape than those of the latter, and their tissues
are not differentiated into outer and inner parts.

6. Symptoms of the disease caused by Sclerotium fumigatum NakaTta

This fungus was first found by Nakara®® and described under the new
name Selerotiwin fumigatum Nakara. However, its latin diagnosis has not yet
been published. The fungus attacks the leaf sheath and the leaf blade in
September. When it attacks plants severely, numerous grayish brown
sclerotia are produced on the diseased parts and the plants mostly fall and
die eventually.

According to the writer’s experiment, the pathogenicity of the fungus to
the rice plant is somewhat weaker than that of Corticium Sasakii.

7. Symptoms of the disease caused by Corticium Rolfsit
(Sacc.) Curar®

The fungus attacks the leaf blade, the leaf sheath, the culm and the root;
it has never been found under natural conditions in paddy rice fields in
Japan, but frequently observed in upland fields. The diseased spots appear
both on the leaf blade and the leaf sheath. The spots are at first elongated
and brown, and later their inner regions become discolored and change into
grayish brown with a brown border. By experiments the writer has proved
the pathogenicity of the fungus to rice seedlings and found that the fungus
attacks not only the aerial parts, but also the root and that it grows vigorously

* The name, Hypochnus centrifugus (LEv.) Tvi. (Corticium ecentrifugum (LEv.) Bres,
has long been used to denote the perfect stage of Sclerotium Rolfsii Sacc. by many
Japanese pathologists, but recently Curz1 proposed to adopt the name Corticium Rolfsit
(Sacc.) Curzi for the fungus.
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in the so0il covering the stem near the ground with white mycelium. The
affected seedlings having poor roots may turn yellow and die.

8. Symptoms of the disease caused by Sclerotium japonicum

Enxvé Er Hipaka

This fungus was first found on Phyllostachys reticulata C. Kocu. and its
pathogenicity to the rice plant was proved by the writer and his coworker.®*
However the fungus has not yet been noticed on the rice plant under natural
conditions, According to the writer’s inoculation experiments, the leaf sheath of

the rice plant is very susceptible to its attacks producing elongated brown spots.

III. Overwintering of the causal fungi

There are three possible way in which the causal fungi of Sclerotium
diseases of rice plant survive over the winter: (1) in the form of sclerotia,
(2) in the form of mycelia or (8) in the form of spores (Basidiospores in the
case of Corticium Sasakii and Corticium Rolfsii. Conidia in the case of
Leptosphaeria Salvinit and Helminthosporium sigmoideum var. wrregulare). Ac-
cording to the writer’s observations on diseased rice plants under natural
conditions, the basidiospores are rarely found in general. The conidia of
Leptosphae/ria Salvinii and Helminthosporium sigmoideum var. irregulare are found
on sclerotia floating on the surface of water. Therefore, it may be naturally
considered that these fungi usually overwinter in the form of sclerotia or
mycelia. The writer studied their ability of overwintering, in the laboratory
and also under natural conditions, using the sclerotia or mycelia. The results
have already been reported.¢” A summary of the results formerly obtained

as well as those of the later investigations are as follows.

1. Ability of the causal fungi to overwinter in the soil

Unglazed pots (10 ecm. in diameter) containing field soil, were sterilized
in autoclave, and then sclerotia or mycelia covered with clean camellia leaves
were put in the soil. For each pot 20 sclerotia or 10 pieces of the fungous
mycelia were used. After a certain number of months, the sclerotia or the
mycelia were taken out of the soil and washed with distilled water. Then
their viability was determined by culturing them on apricot decoction agar

for two weeks at least.
(A) Experiments with Corticium Sasakii

The first preliminary experiment was made on December 25, 1925 and
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the result showed that the viability of sclerotia lasts for ten months and that

of mycelia for eight months. On December 25, 1926, the writer began the
second experiment. The temperatures during the period are given in Table 1.

TABLE 1. Temperature from December 1926 to September 1927.

Temperature (C.) Temperature (C.)
Month Month
Minimum MaXimum| Average Minimum Maximum| Average
December, 1926 | —0.52 9.37 3.66 May 9.75 22.92 16.33
January, 1927 —1.46 9.05 3.88 June 15.13 28.08 21.60
February —2.20 7.87 2.84 || July 22.20 | 32.70 | 27.19
March 1.01 | 1255 6.70 August 21.60 | 31.39 | 26.57
April 6.11 | 19.96 12.99 September 19.26 | 26.60 21.93

The results of the experiment are tabulated as follows.

TABLE 2. The viability of Corticium Sasakii in the soil.

Number of Number of living mycelial pieces or sclerotia after—
tests in each
month 15 2 3 4 ‘ 5 6 ' 7 ‘ 8 months
Mycelia 10 10 10 10 10 10 10 1 0
Sclerotia 20 - — — 20 20 15% | 16* 15*

Remarks: “—7 no test. * Number of sclerotia tested is the same as that of living
sclerotia in the table.

To learn the relation between the depth of soil, in which the fungus was
put, and the ability to overwinter, a third experiment was begun on Decem-
ber 1, 1927, using three culture strains, namely, No. 7, No. 13 and No. 23.
Three different depths of soil, namely 2em., 5cem. and 10cm. were tested.
The soil temperatures during the period are given in Table 3.

TABLE 3. Soil temperature from December 1927 to May 1928

Soil temperature at -

Month i 2 cm. depth 5 em. depth 10 cm. depth
‘Minimum Maximum|Average Minimum |Maximum Average [Minimum |Maximum| Average
December, 1927 2.0 8.0 5.64 3.0 9.7 6.53 3.5 10.2 7.23
January, 1928 0 3.5 0.94 1.0 40 2.08 1.5 4.5 2.61
February 0 3.0 1.11 1.0 3.5 2.00 1.5 3.5 2.45
March 1.5 5.0 2.83 2.0 5.5 3.71 2.5 75 4.92
April 3.0 13.5 6.79 4.0 145 8.11 5.0 145 9.53
May 9.0 15.0 13.13 9.0 17.5 14.58 13.0 19.0 15.45

The results of the experiment are tabulated as follows.

'
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TABLE 4. The viability of the sclerotia of Corticium Sasakii in the soil

Y

Number of | Depth |Number of sclerotia Number of living sclerotia—
of months of tested from each : . .
elapsed soil culture strain Cultlﬁr;:. %tram Cult&l(‘)ef T‘éram Cul@l\gga ;%ram
2 cm. 20 20 20 20
1 5 cem. 20 20 20 20
10 cm. 20 20 20 20
2cm, 20 20 20 20
2 5cm. 20 20 20 20
10 cm. 20 20 20 20
2 cm. 20 20 20 20
3 5cm. 20 20 20 20
10 cm. 20 20 20 20
2cm., 20 20 20 20
4 5 cm. 20 19 20 20
10 cm. 20 20 20 20
2cm. 20 20 20 19
5 5cm. 20 20 19 20
10 cm. 20 20 20 20
2 cm. 20 20 20 20
6 5cm, 20 20 20 20
10 cm. 20 20 20 20
TABLE 5. The viability of the mycelia of Corticium Sasakii in the soil
Number of | Depth | Number of mycelial Number of living mycelial pieces of—
months of pieces tested from . . s
elapsed soil each culture strain Cult&fg s_;,ram Cultll\}g‘f lsgraxn Cultlgg(‘a gtéram
2 cm. 10 10 10 10
1 5 cm. 10 10 10 10
10 cm. 10 10 10 10
2 cm. 10 10 10 10
2 5 cin. 10 10 10 10
10 cm. 10 10 10 10
2 cm. 10 9 10 10
3 5 cm. 10 10 10 10
10 cm. 10 10 10 10
2 cm. 10 9 9 10
4 5 cm. 10 8 10 10
10 cm. 10 9 9 ;O
2 cm. 10 8 10 9
5 5 cm. 10 9 10 10
10 cm. 10 9 9 10
2 cm. 10 10 8 9
6 5 cm. 10 9 9 9
10 cm. 10 9 9 10

In these three experiments, not only the sclerotia through all the culture

strains but also the mycelia have the ability to overwinter in the soil.

In

general, when they were put on culture media, the mycelia developed after 2

days and formed sclerotia after 10 days.
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On December 3, 1926, the first experiment was started in the same way

as in the case of Corticium Sasakiz.

The results obtained are given in Table 6.

TABLE 6. The viability of the mycelia and the sclerotia of Sclerotium
Oryzae-sativae in the soil
Number of months elapsed 1.5 2 3 5 6 ‘ 7 1‘ 8 9
Number of mycelial pieces tested | 10 | 10 | 20 | 30 40 |20 | 2 | 20 | 2
Number of living mycelial pieces 6 4 1 1 1 1 1 i 1 1
Number of sclerotia tested 20 012 | — | — | = |- | = ! — | —
Number of living sclerotia 17 110 | — | — | — | — | — | — | —

Remarks:

“—7” no test.

To learn the relation of viability of the fungus
which the fungus was put, the second experiment was begun on December 1,
1927, In this case, three culture strains, namely, No. 2, No. 5 and No. 7 were

to the depth of soil, in

used. The results obtained are given in Tables 7 and 8.

TABLE 7. The viability of the mycelia of Sclerotium Oryzae-satirae in the soil

Number of living mycelial pieces of—

Numbe;—1 of Depth | Number of mycelial
months of pieces tested from . " :
elapsed soil each culture strain Cultlll\}'g. s;nrzun Cultlﬁrg s;jtmm Cultllg: ‘?;'mm
2cm, 10 10 10 10
1 5em. 10 10 30 10
10 cm. 10 19 10 10
2cm. 10 10 10 10
2 5cm. 10 10 10 10
10 cm. 10 10 10 10
2cm. 10 8 9 10
3 Sem. 10 8 10 a9
10 cm. 10 9 10 10
2cm. 10 5 5 7
4 5cm. 10 6 5 6
10 em. 10 .5 7 7
2cm, 10 5 1 3
5 S5cm, 10 4 5 4
10 em. 10 5 5 4
2cm. 10 2 2 2
8 Hem. 10 3 2 2
10 cm. 10 3 2 3
TABLE 8. The viability of the sclerotia of Sclerotium Oryzae-sativae in the soil
Number of | Depth | Number of sclerotia Number of living sclerotia of—
months of ested from each i et .
elapsed soil culture strain C““g!g' s2tra.1n C““i‘\l‘g. %trmn Cult&r(‘)e: S,;’ rain
2 cm. 20 20 20 20
1 5 cm. 20 20 20 20
10 cm. 20 20 20 20
2 cm. 20 20 20 20
2 5cm, 20 20 20 20
10 cm. 20 20 20 20)
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TABLE 8. (Continued)

Number of | Depth | Number of sclerotia Number of living sclerotia of—
months of tested from each . . :
elapsed soil culture strain i(_lult:lllé‘g. sztram Cultlll\}‘s' sg,ram Oultlll\}'g. s;ram

2 cm. 20 20 19 20

3 5 cm. 20 20 20 20
10 cm. 20 20 20 20

2 cm. 27 19 20 20

4 5 cm. 29 19 18 20
10 cm. 20 29 20 20

2cm. 2) ’ 18 16 18

5 5 cm. 20 18 17 17
10 cm. 20 19 17 18

2 cm. 29 17 18 16

6 5cm. 20 18 18 18
10 cm. 20 19 17 18

From these results, it is evident that the mycelia and the sclerotia of
Sclerotium Oryzae-sativae are able to overwinter in the soil at least in the
vicinity of Kyoto.

(C) Experiments with Sclerotium hydrophilum Sacc.

To determine the viability of sclerotia of the fungus in soil, the first ex-
periment was started on December 8, 1926, using culture strain No. 1. The
results obtained are tabulated in the following table.

TABLE 9. The viability of the sclerotia of Sclerotium hydrophilum in the soil

Number of months elapsed 15| 2 3 | 4 5 6 7 8 9 10

Number of sclerotia tested 29 20 20 2) 20 20 29 20 20 20
Number of living sclerotia 20 18 | 15 | 20 2) | 20 20 20 | 2 5

A similar experiment was also begun on December 1, 1927, using three
culture strains, namely, No. 1, No. 3 and No. 9. In this case, the viability of
the fungus in three different soil depths was tested. The results obtained are
shown in Tables 10 and 11.

TABLE 10. The viability of the mycelia of Sclerotium hydrophilum in the soil

Number of | Depth | Number of mycelial | Number of living mycelial pieces of—
months of pieces tested from s 3 Lt
elapsed soil each culture strain Cult‘ll\fg. Sltr‘un Cultlll\rs %t'mm Cult}u}(‘f ?)t.r(un

2cm. 10 10 10 10

1 5em. 10 10 10 10
10 cm. 10 10 10 10

2 cm, 10 10 10 10

2 5em. 10 10 10 10
10 cem. 10 10 10 10

2 cm. 10 10 10 10

3 Scm. 10 10 10 10
10 cm. 10 10 10 10
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Number of | Depth | Number of mycelial Number of living mycelial pieces of—
months of pieces tested from X - .
: . |Culture strain/Culture strain/Culture strain
elapsed soil each culture strain No. 1 No. 3 No. 9
2cm. 10 9 10 9
4 5cm. 10 10 10 9
10 cm. 10 10 10 10
2cm. 10 8 9 8
b dem, 10 10 9 9
10cm. 10 10 10 9
2 cm. 10 9 8 9
6 5cm, 10 9 9 10
10 cm. 10 9 9 10
TABLE 11. The viability of the sclerotia of Sclerotium hydrophilum in the soil
Number of | Depth | Number of sclerotia Number of living sclerotia of—
months of tested from each . . "
e p Culture strain/Culture strain/Culture strain
elapsed soil culture strain No, 1 Xo. 3 No. 9
2 cm. 20 20 20 20
1 5cm. 20 20 20 20
10cm. 20 20 20 20
2cm. 20 20 20 20
2 5cm. 20 20 20 20
10 cm. 20 20 20 20
2em. 20 20 20 20
3 5 cm, 20 20 20 20
10 cm. 20 20 20 20
2cm. 20 20 20 20
4 5cm. 20 20 20 20
10 cm. 20 20 20 20
2cm. 20 20 19 20
5 5 cm, 20 19 19 20
10 em. 20 20 20 20
2cm. 20 18 19 18
6 5cm. 20 18 19 20
10 cm. 20 19 19 19

From the results above

shown, it is clear that the mycelia and the

sclerotia of Sclerotium hydrophilum have the ability to overwinter in the soil
in the vicinity of Kyoto.

(D) Experiments with Leptosphaeria Salvinii

On December 3, 1926, the first experiment was commenced using culture
The results obtained are shown in Table 12.

strain No. 1.

TABLE 12, The viability of the sclerotia of Leptosphaeria Salvinii in the soil

Number of months elapsed 1.5 2 3 4 5 6 7 8 9
Number of sclerotia tested 2 20 20 2) 20 20 20 20 2C
Number of living sclerotia 20 10 10 5 10 2 1 4 9
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A similar experiment was begun on December 1, 1927, using the myecelia

and the sclerotia of three different culture strains, namely, No. 1, No. 2 and

No. 5. The results obtained are given in Tables 13 and 14.

TABLE 13. The viability of the mycelia of Lepiosphaeria Salvi

nit in the soil

Number of pieces of living mycelia of—

Number of De};th Number of myfcelial
h f i .
Iel};g;cg s(())il g;gﬁeisﬁsutfg S;;%XEI Culture strain/Culture strain/Culture strain
No. 1 No. 2 No. 5
2cm. 10 6 7 8
1 5cm. 10 8 8 9
10 cm. 10 8 9 7
2 cm. 10 7 6 8
2 5 cm. 10 6 7 7
10em. | 10 8 8 8
2cm. 10 4 5 4
3 5cm. 10 5 4 5
10 cm. 10 b 6 4
2cm. 10 2 3 4
4 5cm. 10 2 2 4
10 cm. 10 4 3 3
2 cm. 10 0 0 0
5 5cm. 10 0 0 0
10 cm. 10 0 0 0
2cm. 10 0 0 0
6 5em. 10 0 0 0
10 cm. 10 0 0 0
TABLE 14. The viability of the sclerotia of Leptosphaeria Salvinii in the soil
Number of Depth | Number of sclerotia Number of living sclerotia of—
months of tested from each . .
i i Culture strainiCulture strain/Culture strain
elapsed soil culture strain No. 1 No. 2 No. 5
2cm. 20 16 17 19
1 5cm. 20 18 17 18
10 cm. 20 18 19 19
2cm. 20 17 16 15
2 5cm. 20 15 16 18
10 cm. 20 17 17 16
2cm. 20 13 16 15
3 5 cm. 20 14 15 15
10 cm. 20 15 14 16
2cm. 20 14 13 14
4 5cm. 20 15 15 14
10 cm. 20 14 14 16
2 cm. 20 10 8 10
5 5cm. 20 11 9 12
10 cm. 20 10 9 11
2cm. 20 8 9 7
6 5 cm. 20 8 10 8
10cm. 20 7 8 9
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From these experiments it is evident that Leptosphaeria Salvinii in the soil

has the ability to overwinter.

and die within 5 months under the above conditions.

(E) Experiments with Corticium Rolfsii

However, the mycelia survive only for 4 months

Starting on December 25, 1925, the first experiment was made using

TABLE 15. The viability of the mycelia and the sclerotia of Corticium Rolfsii

in the soil
Experiment on mycelia Experiment on sclerotia
Number of ‘
months Number of my- Number of Number of Number of
elapsed celial pieces | living mycelial sclerotia living
tested pieces tested sclerotia
1 10 10 — —
2 10 10 — —
3 10 10 — —
4 10 10 20 20
5 10 10 290 20
6 10 10 20 18
7 10 10 29 20
8 10 4 20 20
9 10 5 29 17
10 10 0 — —
Remarks: “—" no test

TABLE 16. The viability of the mycelia of Corticium Rolfsii in the soil

Number of | Depth | Number of mycelial Number of living mycelial pieces of—
months of pieces tested from . . .
p i . strain |Culture strain Culture strain/Culture strain
elapsed soil each culture strain No. 6 No. 17 No. 20

2cm. 10 10 10 10

1 5 cm. 10 10 10 10

10 cm. 10 10 10 10

2em. 10 10 10 10

2 5cm. 10 10 10 10
10cm. 10 10 10 10

2cm. 10 10 10 10

3 5cm. 10 10 10 10

10 em. 10 10 10 10

2cm. 10 9 10 9

4 5cm. 10 9 9 10

10 cm. 10 10 10 10

2cm. 10 9 9 8

3 5cm. 10 i) 10 9

10 cm. 10 9 10 9

2cm. 10 8 9 8

6 5cm. 10 8 10 9

10 cm. 10 9 8 8
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culture strain No. 1. It was found that both the sclerotia and the mycelia
retain viability for 8 months in the soil at least in the vicinity of Kyoto.
The second experiment was started on December 8, 1926, using the same
strain as in the first. The results obtained are shown in Table 15.

The third experiment was begun on December 1, 1927, using three culture
strains, namely, No. 6, No. 17 and No. 20. In this case, the relation between
the viability of the fungus and the depth of the soil, in which the fungus was
buried, was tested. The results obtained are shown in Tables 16 and 17.

TABLE 17. The viability of the sclerotia of Corticium Rolfsii in the soil

Number of | Depth | Number of sclerotia Number of living sclerotia of—
months of tested from each
: : Culture strain|Culture strain/Culture strain
elapsed soil culture strain No. 6 No. 17 No. 20

2cm. 20 20 20 20

1 5cem. 20 20 20 20

10 cm. 20 20 20 20

2 cm. 20 20 20 20

2 5cm. 20 20 20 20

10 cm. 20 20 20 20

2cm. 20 20 20 20

3 5em. 20 20 20 20

10 cm. 20 20 20 20

2cm. 20 20 20 20

4 5cm. 20 20 20 20

10 cm. 20 20 20 20

2cm. 20 20 19 20

5 5 cm. 20 20 20 20

10 cm. 20 20 20 20

2cm. 20 19 20 20

6 5em. 20 19 19 20

10 cm. 20 20 20 20

The results show clearly that both the mycelia and the sclerotia of
Corticium Rolfsii are able to overwinter in the soil of the Kyoto region.

2.” Overwintering of the causal fungi under natural conditions

The writer tested the mode and ability of overwintering of the causal
fungi under natural conditions and obtained the following results.
(A) Overwintering of Sclerotium hydrophilum

The sclerotia of the fungus were collected in a paddy rice field at Miyake-
hatiman in Kyoto on March 2, April 30 and May 28, 1928, and their viability



68 Bulletin of Miyazaki College of Agriculture and Forestry, No. 11

was tested by culturing them on apricot decoction agar, using ten sclerotia
each time. The results showed that they were all surely alive.

(B) Overwintering of Leptosphaeria Salvinii

The fungus overwinters on rice stubble and in rice straw. In the irrigated
field, which is left untilled after harvest till the following May without plant-
ing any crops, the stubbles decay with time and the sclerotia in the stubble
distribute into the soil. The writer chose a field at Miyakehatiman in Kyoto
as an experimental field, where the stubbles about 10 cm. high were left, as
they stand. The sclerotia were collected from the stubble on February 19,
April 28 and May 28, 1928, for the purpose of testing their viability by
culturing them on apricot decoction agar. In all experiments, 10 sclerotia
were used each time. In all cases the results showed that they were all alive.
The reaction of the water in this field was pH 4.6, when tested on May 28,
1928. The same experiments performed at Mototanaka and Itizy6zi in Kyoto
showed similar results.

In the dry field in the Kyoto region, barley and other crops are commonly
sown after the rice is harvested, and the rice stubble is plowed into the soil,
or left to decay on the ground in winter. The writer chose a field near
Tyayama in Kyoto as an experimental field. The sclerotia were collected on
September 19, 1927, April 30 and May 80, 1928, from the stubble left untouched
on the ground. In all cases the sclerotia tested were all alive. On February
23, 1929, the writer tested also the viability of the sclerotia overwintered in the
stubble left untouched on the ground in a dry field at Unebi, Nara Prefecture.
It was proved that all the sclerotia were alive.

In the next experiment, the viability of the sclerotia overwintered in
diseased straws kept in a storehouse or of out doors, were tested. The sclerotia
from the storehouse were planted on apricot decoction agar on April 20 and
May 28, 1928, while those from the field were planted on April 20 of the same
year. In all cases they proved to be alive. The sclerotia in straw left on the
field at Unebi, Nara Prefecture, was also tested on February 25, 1929, and
was found to be perfectly alive.

From the results above stated, it is clear that the sclerotia of the fungus
possess the ability to overwinter in the stubble in both the dry and irrigated
fields and also in the straw kept in a storehouse or left on the field.

(C) Overwintering of Helminthosporium sigmoideun var. irregulare

On February 22, 1929, the writer collected 10 sclerotia of this fungus from
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rice stubble at Tyayama in Kyoto and found that these sclerotia were still
alive. Similar results were obtained by the sclerotia collected from the straw
left on the field at Miyazaki on June 8, 1934.

(D) Overwintering of Sclerotium Oryzae-sativae
The viability of the sclerotia of this fungus found in rice stubble in the
paddy rice field at Miyakehatiman in Kyoto was tested on October 29, 1927
and on May 28, 1928. In all cases, these sclerotia retained their viability.
The reaction of the water of the field showed pH 4.6 in the latter.

(E) Overwintering cf Sclerotium fumigatum

On July 5, 1928, the writer tested the viability of the sclerotia on rice
straw kept in a storehouse in Kyoto during the winter. All sclerotia tested
were alive.

From the above experiments it is evident that Leptosphaeria Salvinii and
Helminthosporium sigmoideum var. irregulare overwinter both in the stubble and
in the straw. The writer also proved that Selerotium Oryzae-sativae hibernates
in the stubble, while Sclerotium hydrophilum and Sclerotium fumigatum over-

winter in the straw.

IV. Influence of envirpnmental factors upon the growth
of mycelia, formation of sclerotia and viability of
the causal fungi, and upon the occurrence
and severity of the diseases

1. Influence of environmental factors upon the growth of mycelia

(A) Influence of hydrogen-ion concentrations

Investigation on the effect of hydrogen-ion concentration on the growth
of mycelia of the causal fungi of Sclerotium diseases of the rice plant is
considered to be very important in applying to a change of soil reaction for
control of the diseases. The writer performed some experiments on this
problem and has already reported the results®®®.

Potato decoction was prepared using redistilled water, and controlled for
different pH values with N/10 solutions of hydrochloric acid and of sodium
hydroxide. In this experiment 100 cc. ErLExmyEer’s flasks were used, each
containing 80 cc. of the medium. A sclerotium of the fungus to be tested

was transplanted into each flask and incubated at 28°C. After a certain
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number of days the cultures were filtered through filter paper and the reac-

tions of the filtrates were tested. In this case the contents of three flasks of

TABLE 18. Influence of hydrogen-ion concentrations on the growth of

mycelium of Corticium Sasakii

PR |t o e | AT A
1st 2nd 3rd 1st 2nd 3rd Ist 2nd Jrd
exp. exp. exp. exp. exp. exp. exp. exp. exp.
246 2.57 2.39 2.46 2.65 2.99 0 0.002 0

2.72 2,73 2.47 2.72 2.82 2.47 0.03! 0.007 0

2.96 3.24 2.65 3.13 3.43 2.65 0.050 0.016 0.005
3.72 3.77 3.43 4114 +.12 4.03 0.113 0.012 0.020
4.14 4.12 3.86 5.73 +.46 4.46 0.198 0.016 0.023
4.57 4.53 4.21 6.32 4.81 5.00 0.190 0.033 0.025
5.23 5.16 1.64 6.58 5.59 5.52 0.245 0.048 0.035
5.73 5.51 5.44 7.17 6.11 5.96 0.285 0.106 0.140
5.91 5.77 5.61 6.91 6.20 5.78 0.295 0.105 0.075
6.67 6.29 6.48 6.67 6.37 4.38 0.315 0.085 0.070
6.82 6.55 6.60 7.07 6.46 4.55 0.223 0.058 0.070
7.07 7.38 6.74 7.34 6.72 6.22 0.170 0.055 0.053
7.76 7.08 7.34 6.22 0.167 0.048
7.85 7.26 7.85 6.39 0 0.035

Remarks: The culture period of the fungus was 5 days in the first experiment, and
3 days in the others.

TABLE 19. Influence of hydrogen-ion concentrations on the growth of
mycelium of Sclerotium Oryzae-sativae

P value S OGO | b vatuo of fltrate | Aperie dry cieht of my-
Ist 2nd 3rd 1st 2nd 3rd 1st 2nd 3rd
exp. exp. exp. exp. exp. exp. exp. exp. exp.
240 2.40 2.39 2.40 2.40 2.39 0 0 0
2.58 2.58 2.58 2.58 2.58 2.58 0 0 0
2.84 2.67 2.93 2.84 2.67 3.01 0.008 0.003 0.005
3.12 3.27 3.55 3.01 3.37 3.64 0.019 0.010 0.020
3.72 3.64 3.72 3.83 3.72 3.72 0.028 0.030 0.068
117 1.24 4.41 4.35 +.33 4.61 0.058 0.040 0.095
5.68 5.13 5.80 5.68 5.13 5.39 0.049 0.025 0.065
5.96 5.75 5.84 5.56 5.75 5.66 0.038 0.022 0.063
7.27 6.18 6.10 6.30 6.10 5.45 0.015 0.020 0.045
7.59 7.07 6.95 6.39 6.95 6.55 0.010 0.015 0.017
7.67 7.61 7.33 5.33 7.15 7.00 0.005 0.008 0.008
7.99 7.69 7.86 6.67 7.60 7.62 0.004 0.002 0.007
8.26 8.30 8.30 5.87 8.30 8.30 0.001 0 0
8.49 849 8.49 8.40 0 0.
Remarks: The culture period of the fungus was 6 days in each experiment.
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the same pH value were mixed altogether. The dry weight of these myce-
lial masses were then determined. The results obtained are summarized in
Tables 18-24,

TABLE 20. Influence of hydrogen-ion concentrations on the growth of
mycelium of Selerotium hydrophilum

H value of medium c Average dry weight of my-
P prepared PH value of filtrate celmmggrow% in a% flask (grg )
Ist 2nd 3rd 1st 2nd 3rd 1st 2nd 3rd

exp. exp. '| exp. exp. exp. exp. exp. exp. exp.
2.30 2.13 2.21 2.80 2.13 2.21 0 0 0

2.39 2.21 2.47 2.39 2.21 2.47 0 0 0

2.84 2.58 2.56 2.84 2.58 2.56 0 0 0

3.18 2.67 3.27 3.46 2.84 3.53 0.028 0.005 0.015
3.89 3.20 3.62 3.98 3.29 3.98 0.080 0.018 0.015
4.51 4.17 4.24 5.14 443 5.02 0.110 0.127 0.055
5.63 5.06 5.02 6.11 5.52 5.39 0.150 0.107 0.078
6.03 6.13 5.56 6.37 5.97 5.73 0.160 0.148 0.078
6.29 6.56 5.99 6.19 5.89 5.73 0.090 0.130 0.148
753 7.64 6.70 6.29 6.43 5.91 0.076 0.120 0.115
7.72 7.81 7.81 6.91 6.77 6.08 0.068 0.120 0.110
7.79 7.90 7.40 7.08 6.88 5.99 0.025 0.0290 0.115
8.05 8.35 7.66 8.05 7.19 5.82 0.005 0.080 0.048
8.23 8.52 7.85 8.23 7.12 6.53 0.001 0.075 0.028

Remarks: The culture period of the fungus was 5 days in the first experiment and i
4 days in the others. ’ '

TABLE 21. Influence of hydrogen-ion concentrations on the growth of
mycelium of Leptosphaeria Salvinii

. Average .dry weight of
pH vg,luc of rgedlum pH value of filtrate mycelium grown: in a
prepare flask (gm.)

st 2nd | 3rd 4th 1st 2nd 3rd 4th 1st 2nd. 3rd 4th
exp. | exp. | eXp. | eXp. | eXp. | exXp. | eXp. | exp. | exp. | exp. | exp. | exp.

422 | 386 | 303 | 246 | 695 | 443 | 3.03 246-| 0.099 | 0.003 | O 0

448 | 428 | 8.27 | 270 7.43 | 487 | 8.27 2,70 | 0.105 | 0.033 | trace | 0

466 @ 443 | 3.69 | 3.20 752 | 493 3.86 | 8.2¢4 | 0.115 | 0.035 | 0.013 | 0.015
507 | 488 | 419 | 441 7.21 5.75 | 476 6.95 | 0.144 | 0.043 | 0.020 | 0.100
571 | 502 | 448 | 5.00 7.27 6.08 | 5.66 7.53 | 0.115 | 0.038 | 0.031 | 0.135
610 | 518 | 5.51 594 | 695 | 625 | 591 7.03 | 0.085 | 0.048 | 0.045 | 0.139
646 | 526 | 575 | 682 | 694 | 682 | 6.56 7.96 | 0.071 | 0.033 | 0.030 | 0.116
6.88 | 542 | 617 715 | 675 | 682 | 6.86 | 8.28°| 0.071 | 0.045 | 0.031 | 0.115

5.51 6.74 | 745 5.26 7.04 7.79 0.020 | 0.031 | 0.103
6.08 7.24 | 824 5.18 7.22 | 8.07 0.020 | 0.025 | 0.090

634 | 7.31 8.64 6.67.| 740 7.92 0.015 | 0.017 | 0.050
636 | 748 | 8.73 6.75 749 8.07 0.010 | 0.016 | 0.050
7.21 7.55 | 9.01 7.10 7.59 8.37 0.003 | 0.015 | 0.015
724 | 7.66 7.17 7.64 trace | 0.006

Remarks: The culture period of the fungus was 4 days in the first and fourth experi-
ments, and 2 days in the second and third.
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TABLE 22. Influence of hydrogen-ion concentrations on the growth of
mycelinm of Sclerotium fumigatum

. ' Average dry weight of
pH value of gledlum pH value of filtrate mycelium grown in a
prepare flask (gm.)

Ist 2nd 3rd 4th Ist 2nd 3rd 4th 1st | 2nd 3rd 4th
exp. | exp. | exXp. | exp. | exp. | exp. | exp. | exp. | exp. | exp. exp. | exp.

3.86 | 3.03 246 | 8.17 | 3.89 3.10 237 | 324 | 0028 | 0.005 | O 0.020
428 | 327 | 270 435 | 4.22 | 837 270 | 443 | 0.035 | 0.017 | 0.003 | 0.025
4.43 3.69 | 3.20 409 | 440 3.84 | 3.27 | 409 | 0.0388 | 0.022 | 0.010 | 0.025

488 | 419 | 441 | 448 | 481 | 441 | 443 | 443 | 0.045 | 0.02¢ | 0.018 | 0.020
502 | 448 | 500 | 459 | 499 | 593 | 526 | 454 | 0.040 | 0.021 | 0.020 | 0.030
518 | 551 | 873 | 510 | 506 | 556 | 823 | 501 | 0.050 | 0.083 | 0.010 | 0.025
596 | 575 | 901 | 537 | 540 | 639 | 7.85 | 532 | 0.085 | 0.028 | © 0.040
542 | 6.17 575 | 4.99 | 656 | 5.68 | 0.035 | 0.025 - | 0.055
551 | 6.74 596 | 545 | 6.66 571 | 0.050 | 0.024 0.050
6.08 | 7.24 707 | 580 | 683 6.56 | 0.043 | 0.025 0.025
6.34 7.24 | 594 | 6.74 | 0.050 0.085
6.36 752 | 6.25 | 6.91 | 0.033 0.030
7.91 792 | 717 | 721 | 0.085 0.030
7.24 860 | 7.95. | ‘ 7.34 | 0.010 0.025

Remarks: The culture period of the fungus was 3 days in the first and fourth ex-
periments, and 2 days in the second and third.

TABLE 23. Influence of hydrogen-ion conecentrations on the growth of
mycelium of Coriicium Rolfsii

pH value of medium . Average dry weight of my-
prepared pH value of filirate celium grown in a flask (gm.)

Ist 2nd 3rd 4th Ist 2nd 3rd 4th Ist 2nd 3rd 4th
exp. | exp. | exp. | exp. | exp. | exp. | exp. | exXp. | exp. | exp. | exp. | exp.

254 | 221 | 221 | 317 | 287 | 221 | 218 | 299 | 0.115 | 0.058 | 0.175 | 0.050
270 | 239°| 284 | 435 | 254 | 225 | 221 | 372 | 0125 | 0.083 | 0.115 | 0.050
852 | 242 | 3.01 | 409 | 261 | 230 | 270 | 265 | 0.167 | 0.110 | 0.215 | 0.140
3.67 | 267 | 329 @ 448 | 254 | 249 | 284 | 3.08 | 0.152°| 0.118 | 0.360 | 0.190
3.86 | 3.01 | 3.83 | 459 | 237 | 249 | 292 | 3.08 | 0.160 | 0.120 | 0.158 | 0.150
445 | 364 | 480 | 511 | 287 | 258 | 820 | 299 | 0.165 | 0.150 | 0.120 | 0.140
519 | 452 | 462 | 537 | 237 | 267 | 400 | 393 | 0.168 | 0.145 | 0.148 | 0.120
5.63 | 611 | 488 | 575 | 2387 | 270 | 258 | 3.95 | 0.168 | 0.095 | 0.095 | 0.120
581 | 663 | 533 | 596 | 254 | 276 | 267 | 3.2¢4 | 0.165 | 0.100 | 0.065 | 0.140
625 | 784 | 577 | 7.07 | 287 | 3.89 | 801 | 507 | 0.126 | 0.055 | 0.070 | 0.050
641 | 753 | 630 | 7.2¢4 | 237 | 561 | 3.01 | 455 | 0.123 | 0.055 | 0.075 | 0.040

6.69 762 | 6.75 7.52 2.61 575 | 258 | 475 | 0.131 | 0.043 | 0.055 [ 0.010
7.26 7.79 7.47 7.92 7.26 | 6.63 4.54 7.71 | trace | 0.030 | 0.033 | 0.008
7.68 7.92 7.85 | 8.69 7.68 7.17 6.13 850 | O 0 0.010 | 0

Remarks: The culture period of the fungus was 4 days in the first and second ex-
periments, and 3 days in the third abd fourth.



ML)

Exp6: Physiological Studies on the Causal Fungi of Sclerotium Diseases

~1

TABLE 24. Influence of hydrogen-ion concentrations on the growth of
mycelium of Sclerotium japonicum

pH value f’f medium pH value of filtrate A%Y;égﬁﬁxgrgrg\if};g Otf
prepared flask (gm.)
1st 2nd 3rd 4th Ist 2nd 3rd 4th 1st 2nd 3rd 4th
exp. | exp. | exp. | exp. | exp. | exp. | exp. | exp. | exp. exp. exp. | exp.
4.03 3.86 3.03 2.46 3.79 3.79 3.03 246 | 0.118 | 0.078 | 0.008 | O
4.22 4.28 3.27 2.70 4.03 4.09 3.27 2.70 | 0.113 | 0.070 | 0.015 | 0.010
4.48 4.43 3.69 3.20 4.54 4.26 3.53 3.12 | 0.165 | 0.078 | 0.058 | 0.043
4.66 4.88 419 441 471 4.38 1.68 435 | 0158 @ 0.106 | 0.095 | 0.110
5.07 5.02 4.48 5.00 5.26 4.68 5.09 518 | 0.173 | 0.078 | 0.113 | 0.150
5.33 5.18 5.51 5.93 5.18 1.97 5.42 575 | 0.173 | 0.083 | 0.115 | 0.140
5.56 5.26 575 6.82 5.44 4.97 5.75 6.5+ | 0.188 | 0.105 | 0.088 | 0.130
5.61 5.42 6.17 7.15 5.78 5.23 5.94 5.35 | 0.170 | 0.088 | 0.118 | 0.103
5.71 5.51 6.74 7.45 6.52 5.06 6.17 575 | 0.195 | 0.113 | 0.110 | 0.100
6.10 6.08 7.24 7.76 594 5.56 6.17 6.43 | 0.190 | 0.113 | 0.111 | 0.100
6.88 6.34 7.31 8.24 6.11 5.73 6.39 7.08 | 0.188 | 0.080 | 0.080 | 0.098
7.53 6.56 7.48 8.61 6.37 5.23 6.82 7.33 | 0170 | 0.070 | 0.080 | 0.088
7.92 7.21 7.55 8.73 6.46 6.30 6.56 827 | 0.118 | 0.040 | 0.086 | 0.015
7.24 7.66 9.01 6.89 6.58 8.34 0.005 | 0.077 | 0.008

Remarks: The culture period of the fungus was 3. days in the first experiment and
2 days in the others.

As shown in the above tables, the mycelium of Corticium Sasakii is able
to grow between pH 2.57 and pH 7.76 and most vigorously in the medium
ranging from pH 5.44 to pH 6.67. Sclerotium Oryzae-sativae grows between pH
2.67 and pH 8.26, but the optimum hydrogen-ion concentration for its growth
seems to lie between pH 4.17 and pH 4.41. Sclerotium hydrophilum grew
slightly at pH 2.67 and pH 8.52; its vigorous growth took place in the me-
dium ranging from pH 599 to pH 6.13. Leptosphaeria Salvinii is able to
grow between pH 3.20, and pH 9.01; its most vigorous growth was observed
at the hydrogen-ion concentrations between pH 5.07 and pH 594, The
growth of mycelium of Sclerotium fumigatum occurred slightly at pH 2.70
and also at pH 8.73, showing vigorous growth in the medium ranging from
pH 5.51 to pH 5.75. Corticium Rolfsit showed the growth of mycelium at
hydrogen-ion concentrations ranging from pH 2.21 to pH 7.92, with the op-
timum concentration between pH 3.29 and pH 5.63. The growth of myce-
lium of Seclerotium japonicum oceurred between pH 2.70 and pH 9.01 showing
the most vigorous growth in the medium ranging from pH 5.00 to pH 6.17.

(B) Influence of temperature

The influence of temperature upon the growth of mycelia of some causal
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fungi of Sclerotium diseases of the rice plant was reported by Hemm and
Yokoci®® in 1927,

In order to know the influence of temperature on the growth of mycelia in

They used sclerotia as inocula in their investigation.

TABLE 25. Tnfluence of temperature on the growth of mycelium of
Corticium Sasakii

Strain used Culture Series of Average diameter of colonies after 2 days at—
— mediaused | experiments | gy | 1670, | 20°C. [24.25°C. 28°C. | 32°C. | 36°C.

cm. | cm. | cm. cm. | cm. | cm. | cm.

Apricot | Ist experiment | 0.50 | 0.75 | 1.50 | 1.94 | 422 440 118

de‘;f?ctlon 2nd experiment| 0.50 | 0.84 | 1.08 | 1.45 | 280 308 | 124

B2 | 3rd experiment = 0.50 | 0.70 | 0.94 | 136 | 220 250 | 096

Japanese Potato 1st experiment | 0.50 | 1.66 | 3.90 | 5.84 | 8.50% 844 170
strai decoction | 2nd experiment | 0.50 | 1.62 | 4.00 | 7.4¢ | 8.50% 8.50 | 3.98
ram agar | 8rq experiment | 0.50 | 8.14 | 490 | 8.56% | 8.50% 8.50% 3.28
SATTO’S 1st experiment | 0.50 | 1.38 | 2.74 | 400 | 810 | 8.2+ 3.60

soy 2nd experiment | 0.50 | 274 | 500 | 6.60 | 8.50% 8.50% 5.00

agar® | 813 experiment | 0.50 = 1.40 | 254 | 398 812 | 825 38.54

Apricot 1st experiment | 0.50 | 0.64 | 0.84 1.10 1.26 | 2.08 0.58

decoction | 2nd experiment | 0.50 | 1.74 | 282 | 534 | 712 | 664 | 1.92

agar 8rd experiment | 0.50 | 0.60 | 0.60 | 1.40 | 254 | 3.04 | 1.50

Philivpine Potato 1st experiment | 0.50 | 0.72 | 0.90 | 094 | 3.50 | 3.76 | 0.76
PPINe | 4 coction | 2nd experiment| 0.50 | 112 | 3.58 | 8.86 | 8.50% 850% 2.46
strain agar 3rd experiment | 0.50 | 2.08 | 3.52 | 470 | 8.50% 8.50* 3.84
S ATRO’S Ist experiment | 0.50 | 1.02 | 1.40 | 292 | 632 | 6.34 | 4.00

soy 2nd experiment | 0.50 | 1.54 | 3.14 | 4.92 | 850 | 8.50* 498

agar 3rd experiment | 0.50 | 1.04 | 1.20 2.98 6.28 | 640 | 4.10

Remarks: * As the fungus colonies covered the whole surface of the medium the

actual diameter would be greater than the figures given.
TABLE 26. Influence of temperature on the growth of mycelium of
Sclerotium Oryzae-sativae

Culture media Series of Average diameter of colonies after 2 days at—
used experiments | ygo0y | 16001 | 20°C. | 24°C. | 28°C. | 82°C. | 36°C. | 40°C.

cm. | cm. | cm. | ¢m. | cm. | cm. | cm. | cm.

Rice straw Ist experiment | 0.60 | 1.68 | 2.90 | 4.56 | 830 | 4.82 | 0.80 | 0.50
decoction 2nd experiment | 0.60 | 2.10 | 295 | 4.20 | 557 | 502 | 080 | 0.50
agar 3rd experiment | 0.70 | 217 | 383 | 512 | 645 | 618 | 0.85 | 0.50
Potato 1st experiment | 0.60 | 1.62 | 2.90 | 468 | 6.52 .80 | 0.90 | 0.50
decoction 2nd experiment | 0.60 | 1.80 | 292 | 456 | 6.12 | 5.00 | 0.85 | 0.50
agar 3rd experiment | 0.70 | 1.47 | 2.82 | 462 | 6.52 | 685 | 0.81 | 05.0
Sarro’s 1st experiment 050 | L10| 1.75 | 295 | 420 | 3.65| 0.65| 0.50

soy 2nd experiment | 0.56 | 1.40 | 1.85 | 3.08 | 3.95 | 438 | 0.80 | 0.50

agar 8rd experiment | 0.50 | 1.17 | 1.95 | 2.80 | 3.98 | 442 | 0.70 | 0.50
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the case of using a bit of mycelia (0.5 cm. in diam.) as inocula and on the
development of mycelia from sclerotia, the present writer conducted some
experiments on Corticium Sasakii, Corticium Rolfsii and Selerotium Oryzae-
sativae. The experiments were repeated three times using 5 dishes at each
temperature.

The results obtained are summarized in Tables 25-30.

TABLE 27. Influence of temperature on the growth of mycelium of
Corticium Rolfsis

Culture media Series of Average diameter of colonies after 3 days at—
used experiments | ypory | 16°C. | 20°C. | 24°C. | 23°C. | 32°C. | 36°C. | 4°C.
Rice straw Ist experiment | 0.50 | 0.80 | 1.97 | 2.60 | 647 | 6.60 | 0.90 | 0.59
decoction 2nd experiment | 0.50 | 0.70 | 237 | 255 | 450 | 649 | 0.80 | 0.5
agar 3rd experiment | 0.50 | 0.60 | 1.05 | 280 | 6.50 | 6.70 | 0.90 | 0.50
Potato Ist experiment | 0.50 | 0.90 | 896 | 520 7.44| 850 | 1.20 | 0.70
decoction 2nd experiment | 0.50 | 0.60 | 3.48 | 4.22 812 | 850 | 230 | 0.70
agar 3rd experiment | 0.50 | 0.65 | 3.50 | 3.80 | 817 | 820 | 123 | 0.65
Sarro’s Ist experiment | 0.50 | 0.80 | 3.05 | 4.32| 820 | 835 | 250 | 0.70
soy 2nd experiment | 0.50 | 1.0 | 312 | 5.63 | 7.65| 837 | 3.20 | 0.70 »
agar 3rd experiment | 0.50 | 0.80 r 410 | 570 | 800 | 837 | 2.50 | 0.50
TABLE 23. Influence of temperature on the development of mycelium
from a sclerotium of Corticium Sasakii
Strain Cu]g}re Series of Average length of mycelia after 2 days at—
media i )
used used experiments  ypory  16oC. | 20°C. | 24°C. | 28°C. 32°C. | 86°C. [40°C.
cm. ¢m. | ¢m. | cm. | em. | cm. | cm. | cm.
Apricot | Ist experiment | 0 ' 0.16 | 0.50 | 1.22 | 1.68 | 1.88 | 0.74 | 0
decoction | 2nd experiment | 0 | 0.10| 0.50 | 1.10 | 1.84 | 1.88 | 0.76 | 0O
agar 3rd experiment | 0  0.12| 042 | 1.08| 200 | 2.02| 096 | 0O
Japanese | Potato Ist experiment | 0 L 052| 098] 250 | 310 500 | 0.92| 0
. decoction | 2nd experiment | 0  0.60 | 0.96 | 242 | 3.62 | 3.20 | 0.76 0
strain agar 8rd experiment | 0 ' 0.54| 1.52| 1.84 | 3.46  3.28| 084 | O
Sarro’s Ist experiment 0 | 018] 054, 098 | 232 | 240 | 146 | 0
soy 2nd experiment | 0 | 0.12 | 0.58 | 1.22 | 1.26 | 208 | 148 | 0
agar 3rd experiment 0 ‘ 0.20 | 0.60 | 1.22 | 200 | 2.02 | 148 0
Apricot | 1st experiment | 0 | 0.26 | 046 1.08 | 1.84| 1.92| 084 | 0
decoction | 2nd experiment | 0 | 0.24| 068 | 112 178 | 190 | 1.04| O
agar 3rd experiment | 0 | 0.23| 0.62 | 148 164 | 200 | 1.26 | 0O
Philippine| Potato | Ist experiment | 0 \ 110 | 070 | 258 | 350 | 406 1.20 | 0
i decoction | 2nd experiment| 0 | 0.08| 0.88| 340 | 3.60 | 416 | 1.64| O
strain agar 3rd experiment | 0 | 0.54| 118, 222 | 3.68 | 416 | 1.8 | 0O
Sarro’s | Ist experiment | 0 | 0.22| 058 | 112 202 252| 142 | 0
soy 2nd experiment | 0 | 0.20 | 048 | 1.20 | 216 | 272 | 148 0
agar 3rd experiment | 0 ., 0.12| 0.54 ‘ 106 | 204 | 244 148 | O
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TABLE 29. Influence of temperature on the development of mycelium
from a sclerotivm of Sclerotium Oryzae-sativae
Culture media Series of Avctrage length of mycelia after 3 days at—
used experiments 4000y | 1001, | 20°C. | 2. | 28°0. | s2C. | 36°C. | 40eC.
o em. | em. | em. | em. | em. | cm. | cm. | cm.
Rice straw Ist experiment 0 | 020 | 1.07 | 2.08 | 3.08 | 3.00} 0.20 0
decoction 2nd experiment 0 | 097) 147 | 282 | 3885 | 237 | 0.30 0
agar 3rd experiment 0 | 060 | 1.62 | 3.20  8.75 | 400 | 0.58 0
Potato 1st experiment 0.04 070 1.26 | 214 | 310 | 0.95 | 0.40 0
decoction 2nd experiment 0 040 | 148 | 1.84 | 382 | 177 | 0.51 0
agar 3rd experiment 0 0.63 | 1.60 | 2.45 | 3.80 | 2.64 | 0.70 0
SAITO’S 1st experiment 0 023 | 0.50 | 1.05 | 1.63 | 0.50 | 0.30 0
soy 2nd experiment 0 | 033 060 1.25| 1.904 1.08 | 0.40 0
agar 3rd experiment 0 | 033 078 1.23 | 220 | 1.60 | 0.4 0
TABLE 30. Influence of temperature on the development of mycelium

from a sclerotium of Corticium Rolfsii

Culture media Series of Average length of mycelia after 3 days at—
used experiments 10°C. | 16°C. | 20°C. | 24°C. | 28°C. | 82°C. | 86°C. | 40°C.
. cm. | cm. | ¢m. | em. | em. | ¢m. | cm. | em.
Potato 1st experiment 0 0.06 | 0.98 | 155 | 315 | 3.26  1.60 | 0.15
decoction 2nd. experiment 0 | 006 | 100 | 1.50 | 2.75 | 3.20 | 1.60 | 0.15
agar 8rd experiment 0 | 008] 090 195 210 | 270 | 115 0.10
Sarro’s Ist experiment 0 010 | 0.70 | 1.08 | 330 | 437 | 0.90 | 0.20
SOy 2nd. experiment 0 | 010 1.70 | 2.84) 504 | 565 | 1.20 | 0.21
agar 3rd experiment 0 | 010 1.67| 280 | 500 | 550 | 0.90 | 0.20
Rice straw Ist experiment 0 010 | 1.00 | 1.60 | 2.02| 3.00 | O 0
decoction 2nd experiment 0 010 | 1.15 | 210 | 8.00 | 2.20 | 0.50 0
agar 3rd experiment 0 | 010 1.L10 | 1.50 | 210 | 250 | O 0

The above tables show that the growth of mycelia of the causal fungi of
Sclerotium diseases of the rice plant differs according to temperatures and
to the kind of culture media. Little or no growth occurred at about 10°C. or
40°C. The optimum temperature for the growth of mycelia of Corticium
Sasakii and Corticium Rolfsii seemed to lie between 28°C. and 32°C., while
Sclerotium Oryzae-sativae grew most vigorously at 28°C. The results of the
effects of temperature upon the development of mycelium from a sclerotium
were quite similar to those of the effects unpon the growth of mycelia.

These results are almost similar o those given by Hemm and Yoxkoci®®
in the case of Corticium Sasakii and Corticium Rolfsii, but in the case of
Sclerotivm Oryzae-sativae they stated that the optimum temperature is about
32°C. '
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(C) Influence of sunlight

It has been known for a long time that the growth ‘of myecelia of fungi
is influenced by sunlight. But the subject as related to fungi causing Scle-
rotium diseases of the rice plant remained untouched. The writer has inves-
tigated the influence of sunlight on the growth of mycelia of such fungi as
Corticium Sasakii, Corticium Rolfsii, Sclerotium Oryzae-sativae, Sclerotium hydro-
philum, Leptosphaeria Salvinii, Sclerotium fumigatum and Sclerotium japonicum.
In this experiment a piece of mycelial mass (0.5 cm. in diameter) was trans-
planted on potato decoction agar in each Petri dish, and all dishes were kept
in a chamber where the temperature was regulated to 32°C. All dishes were
thus exposed through glass to the sunlight in the laboratory. At definite

TABLE 31. Influence of sunlight on the growth of the mycelia of the
causal fnngi of Sclerotium diseases of the rice plant

Average diameter of mycelial colonies
Duration of after 24 hours
Name of fungus exposure to
sunlight (hours) 1st 2nd 8rd Average
experiment | experiment | experiment S
 em. cm. cm. cm.
0 2.50 2.44 1.86 2.27
Cortici sakii 3 2.32 2.24 172 2.09
orticium Sasakii 8 509 198 141 181
12 1.58 1.54 1.26 1.46
. 0 1.98 1.26 1.26 1.50
Sclerotium 3 1.76 0.98 1.00 1.25
Oryzae-sativae 6 1.38 0.80 0.82 1.00
12 1.28 0.66 0.72 0.87
A 0 0.90 0.80 0.82 0.84
Selerotium 3 0.74 0.64 0.66 0.68
hydrophilum 6 0.72 0.62 0.60 0.65
12 0.66 0.62 0.52 0.57
0 0.86 1.08 1.00 0.98
Leptosphaeria 3 0.72 0.84 0.90 0.82
Salvinii 6 0.70 0.68 0.66 0.68
12 0.60 0.60 0.60 0.60
. 0 1.54 1.40 1.68 1.54
Selerotium 3 1.30 1.34 1.2 1.32
Fumigatum 6 1.92 1.22 1.22 1.22
12 1.20 1.10 1.1 1.13
0 1.12 1.16 1.28 1.19
. .. 3 .9 .9 1.02 X!

Corticium Rolfsii 6 88(% 872 O.gO 8?;
12 0.60 0.70 0.66 0.65
_ 0o 154 1.74 1.82 1.60
Selerotivm 3 1.08 1.30 1.00 1.13
Jjaponicum 6 0.75 1.16 0.88 0.93
12 0.72 1.06 0.84 0.87
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intervals, the dishes were transferred into a dark chamber regulated to maint-
ain the same condition as the former chamber, except for the absence of
light. After twenty-four hours from the beginning of the experiment the
results were observed and summarized in Table 81. The experiments were
repeated three times, using 5 dishes for each series of experiments.

From the results shown in Table 31 it is clear that sunlight exerts an
inhibiting effect on the mycelial growth of the fungi tested.

(D) Influence of water content of soil

The water content of the S(.)il may be an important factor for the growth
of fungi in the soil. The writer, therefore, tested the influence of water con-
tent of the soil on the growth of mycelia of Corticium Sasakii and Selerotium
Oryzae-sativae using sand and sandy loam. In this experiment 100 cc. ErLEN-
myer’s flasks containing 80 cc. of soil were used. Sand (28.07% water holding

TABLE 382, Influence of water content of the soil on the growth of mycelia
of Corticium Sasakii and Sclerotium Oryzae-sativae

!

Name of Kind of soil Water
fungus snd ot sol content

Rate of growth of mycelium

1st experiment | 2nd experiment| 8rd experiment

1% - -
5% + 4+ +4++ +++
102 +++++ e e
Sand 202 +++ + e+
50% + 4+ + o+ +4 -+t
402 ++ 4+ +44 -+ o+ ot
5025 + bt +4+ ++

Corticium
Sasakii

2% — — —
5% ++ ++ + 4
102 ++++ + o+ o+ +++
Sandy loam 202 ++++ + 4+ -+ + 4+ +
30% ++++ + 4+
40 +++++ ot ok o
50% +4++++ +b e+ O

1% - - -
5% - - -
102, - - -~
Sand 202 +++ +++ +++
3022 +++ +++ . +++
402 ++++ +4+++ + -+
Sclerotivm 502 ++++ ++++ + 4+
Oryzae- :
sativae 1% - _
5% — - —
102 - -
Sandy loam 2025 - -
302 “++ -+ ++ + 4+
4025 44+ +4+++ ++++
5025 +4++++ + 4+ +++++

Remarks: + indicates mycelial growth; — no mycelial growth.



Expd: Physiological Studies on the Causal Fungi of Sclerotium Diseases 79

capacity) and sandy loam (46.75% water holding capacity) were adjusted to
different water contents (as gravimetric %) such as 1%, 5%, 10%, 20%, 30%,
409 and 50%. A sclerotium of the fungus was transplanted onto the soil
and kept at. 28°C. After 21 days the rate of mycelial growth of the fungus
on the surface of the soil was observed. The same experiments were repea-
ted three times using 5 flasks for each series. The results obtained are sum-
marized in Table 32.

The rate of growth of the mycelia of these fungi in the soil differs greatly
according to the kind of soil and its water content. No growth of Corticium
Sasakii occurred at 12 of water content in either the sand or sandy loam,
but in the former soil the most vigorous growth was observed at 10-407%,
especially at 20-30%, while in the latter it was at 20-50%, especially at 50%.
In the case of Sclerotium Oryzae-sativae, no growth was obtained at 1-10% of
the sand and 1-20% of the sandy loam and the most vigorous growth at 409
and 509, in the former and at 50% in the latter.

The difference in the rate of growth of mycelium in soils showing diffe-
rent moistures may be influenced directly by the water or indiretly by the
insufficient ocxygen supply. According to Ase® Corticium Sasakii can not

grow when the oxgen is deficient.

2. Influence of environmental factors upon the
formation of sclerotia

As the overwintering of the causal fungi of Sclerotium diseases by means
of sclerotia and mycelia has been demonstrated, it seems very important to
ascertain the possible relation between the formation of sclerotia and the
environmental factors. Yoroci'® has already dealt with this subject with
respect to Corticium Rolfsii, and the present writer®? has also been studying

on the same line.

(A) Effect of a temporary rise of temperature

The effect of a temporary rise of temperature on the formation of scle-
rotia was studied in Corticium Rolfsii. The mycelial colonies developed from
sclerotia of the fungus on apricot decoction agar at 24°-25°C. were allowed to
grow to about 5 c¢m. in diameter, then kept at 40°C. for 5 days, and again
exposed to 24°-25°C. Although the growth of the fungus ceased at 40°C, the
sclerotia were abundantly formed at the margin of the older zone which had
been developed before the change of temperature. In this case, the size of
the sclerotia was greater than that of the sclerotia formed under the constant
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temperature of 24°-25°C.

Similar results were also obtained in another experiment. The fungus
was cultured at 26°-28°C., and when the colony developed to about 5 ¢m. in
diameter, it was kept at 40°C. for 8 days, then exposed to 26°-28°C. for 10
days. The results obtained are given in the following table.

TABLE 33. Effect of a temporary rise of temperature on the formation
of sclerotia of Corticium Rolfsii

7 Number of sclerotia formed on—
Treated dishes v Control dishes
Sclerotia developed before the 14 15
treatment
Sclerotia gfe‘;i]&%;% after the 595 166
Ratio ca 3 1

From these results, it is clear that a temporary rise of temperature pro-
moted the formation of sclerotia of the fungus tested.

(B) Effect of a temporary fall of temperature

In 1927, Yokoci!'® reported that the sclerotia of Corticium Rolfsii were
formed abundantly after it was exposed to a temporary fall of temperature.
This fact was later confirmed by the present writer®? using Corticium Sasakii,
Sclerotium Oryzae-sativae and Sclerotium hydrophilum. In all these experiments,
the fungus was first cultured on apricot decoction agar in Petri dishes at a
certain temperature, and then the dishes were exposed to a low temperature

and returned again to the original temperature.

(1) Results of experiments with Corticium Sasakii

In the first experiment, the fungus was cultured for 5 days at 32°C,,

then kept at 6°C. for 1 day, and again cultured at the original temperature
for 8 days. The second experiment was conducted in a similar manner:
the fungus was cultured for 4 days at 82°C., then exposed to 6°~7°C. for 1
day, and again kept at the original temperature for 13 days. In these two
experiments the number of sclerotia formed showed no difference between
the treated dishes and the control. In the third experiment, the fungus was
cultured for 4 days at 82°C., exposed to 12°C. for 4 days and then kept at
the original temperature for 8 days. The sclerotia formed in the treated

dishes were more abundant than those in the control, showing a ratio 5:1.
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(2) Results of experiments with Selerotium Oryzae-salivae

Two experiments were made using Sclerotium Oryzae-sativae. In the first
experiment, the fungus was cultured at 32°C. for 5 days, then exposed to 6°-
7°C. for 1 day and again kept at the original temperature for 8 days. Scle-
rotia were abundantly found on the zone formed before the exposure to low
temperature and the number of sclerotia was greater than that of sclerotia
in the control.

In the second experiment, the fungus was cultured at 32°C. for 3 days,
then exposed to a temperature of 10°-12°C. for 1 day, and again kept at the
original temperature for 8 days. The results obtained were similar to those
of the first experiment.

(3) Results of experiments with Sclerotium hydrophilum

In this experiment the fungus was first cultured at 32°C. for 5 days, and
then some of these cultures were exposed to a low temperature of 6°~7°C. for
1 day and other cultures to the same temperature for 2 days. After the
treatment these cultures were kept at the original temperature for 13 days.
The sclerotia were formed more abundantly in the series treated for 2 days

than in the other.
) From the above results of the experiments it may be said at least in the
case of these three fungi tested, that the sclerotia are rather abundantly for-
med when the fungus meets with a temporary fall of temperature during its

growing period.

(C) Influence of light

In 1927, Yokoci'® mentioned that Corticium Rolfsii isolated from disea-
sed soy bean produced more abundant sclerotia in the light than in the dark.
The writer also studied along the same line using Corticiund Sasakii, Sclero-
tium Oryzae-sativae and Sclerotium hydrophilum. In these experiments the
fungus was cultured on apricot decoction agar on Petri dishes at 32°C., and
before the sclerotia were formed, some were covered with black paper, while
others were left uncovered as controls.

(1) Results of experiment with Corticium Sasakdi

In the first experiment, the fungus was cultured under the above desc-
ribed conditions for 5 days, and then kept in the greenhouse for 14 days.
For each series of experiment three dishes were used. In the second experi-
ment 5 dishes were used for each series. The fungus was cultured under the

experimental condition for 5 days, and then kept in the greenhouse for 10
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days. The results obtained in two experiments are tabulated in Table 34.

TABLE 34. Influence of light on the formation of sclerotia of Corticium Sasakii

1st experiment 2nd experiment

In the dark | In the light | In the dark | In the light

Total number of sclerotia 71 231 71 290
Average number of sclerotia

per dish 23.7 77.0 14.2 58.0

Ratio 1 3.3 1 4.1

As shown in this table, the sclerotia were formed more abundantly in -
the light than in the dark, while the aerial mycelia grow more vigorously
in the dark than in the light.

In the third experiment, the fungus was cultured under the experi-
mental conditions for 4 days, and then kept in a greenhouse for 13 days. In
this case the total weight of sclerotia was compared. The weight of those
formed in the light was 2.5 gm., while the same in the dark was only 0.3 gm.

(2) Results of 2xperiments with Sclerotium Oryzae-sativae

Two experiments were made with thié fungus. The fungus was cultured
under two different conditions for 5 days and then kept in the greeﬁhouse
for 15 days in the first experiment, and for 10 days in the second experi-
ment. In these two experiments, the aerial mycelia grew vigorously and
were “Cinnamon-Buff ”¢® in color when kept in the dark, while it grew po-
orly and showed “Cream Color” in the light. The formation of sclerotia
showed a similar tendency with that observed in Corticium Sasakii, though

it was not so clearly demonstrated.

(3) Results of experiments with Sclerotium hydrophilum
The fungus was first cultured under experimental conditions for 5 days
and then kept in a greenhouse for 18 days. In this experiment five dishes
were used for each series of experiments. The sclerotia formed more abun-
dantly in the light than in the dark, but the aerial mycelium showed a rather
poor growth in the former.
From the above results it is obvious that light is a powerful factor to

promote the formation of sclerotia.

(D) Effect of temporary dipping of mycelia in water
The effect of temporary dipping of mycelia on the formation of sclerotia
was tested with Corticium Rolfsii. In the first experiment, 250 cc. ErLEN-

myer’s flasks containing 100 cc. of apricot decoction agar were used: The
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fungus was cultured at 24°-25°C. and before the formation of sclerotia was
began, sterilized water kept at 24°-25°C. had been poured into the flagks.
After 2 days the water was removed and the culture was continued for 6
days. For each series of experiment three dishes were used. The formation
of sclerotia was about 5 times greater in the treated cultures than in the
control.

A similar experiment was made using large test tubes (3.5 ¢m. in diam.,
30 ¢cm. in length), each containing 50 cc. of apricot decoction agar. The
fungus had been cultured at 26°-28°C., before sterilized water was poured
into the tubes. After 3 days the water was removed from the tubes and the
fungus was grown again for 5 days. The number of sclerotia formed was
122 when the fungus had been dipped in water, while it was only 5 in the
control.

The results of these two experiments show that the formation of sclerotia
is promoted greatly by a temporary dipping of mycelia in water.

(E) Effect of toxic substances

It seems to be important to know the effect of toxic substances on the
formation of sclerotia in order to get some practical hints on the application
of various fungicides. In this experiment, copper sulphate was used as re-
presentative of the toxic substances. 20 ce. of Sarro’s soy agar or apricot de-
coction agar were poured into Petri dishes and a sclerotium of Corticium
Rolfsii was planted on one side of each dish and a piece of copper sulphate
crystal on the opposite side. These dishes were kept at 28°C. The experi-

TABLE 35. Eifect of copper sulphate on the formation of sclerotia
of Cortictum Rolfsii

Number of sclerotia formed on—
Experiments Part of the colony Countelf' part of the
X olo acing co

facing copper sulphate colony sulpﬁlagm pper
irg s Total 106 6
First experiment Ratio 17.7 1
Second experiment E‘;ﬁé 308 3?

Control in the second .
experiment Total 409 149
(No copper sulphate Ratio 2.7 1
added)

Remarks: Six and _five dishes respectively were used in these experiments.
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ments were twice repeated. The fungus was cultured for 17 days in the
first and for 11 days in the second experiment. The results obtained are
shown in Table 35.

The table shows that copper sulphate and possibly other similar toxic
substances exert a great effect on the sclerotial formation of Cortécium Rolfsie.

(F) Effect of various microorganisms
HemMmr and the present writer®® showed that the presence of other fungi

TABLE 36. Formation of sclerotia of Corticium Sasekit in mixed cultures
with various bacteria at 24°C., 28°C. and 32°C.

Sclerotia formed at—

Bacteria added 24°C. 28°C. 32C.

Number| Weight (gm.) [Number| Weight (gm.) [Number| Weight (gm.)

None 8 0.483

Bac. aroideae 0

Bac. butyricus

Bac. cereus

Bac. coli

Bae. corallinus

Bac. dendroides

Bae. fluorescens
liquéfaciens

Bace. fluorescens
non-liquefaciens

Bace. megatherium
Bac. mesentericus
Bac. mycoides
Bac. phytophthorus
Bac. prodigiosus
Bac. subtilis
Bae. ureae

Bact. beticolum
Bact. Cannae
Bact. Citri

Bact. marginale
Bact. Martyniae
Bact. medicaginis
Bact. michiganense
Bact. Phaseoli
Bacl. rossicum
Bact. Sojae

Bacé. Syringae
Bact. tumefaciens
Baet. Vignae
Bagct. vitans

N=]

0.415 9 0.417

trace
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SO OO OO
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may be a factor to promote the formation of the sclerotia. To determine
the effect of various microorganisms on the formation of sclerotia of the
causal fungi of Sclerotium diseases, the following experiments were made
using 29 species of bacteria and 48 species of fungi. The results obtained

are given in Tables 36-50.

TABLE 37. Formation of sclerotia of Corticium Sasakii in mixed cultures
with Aspergillus niger at 24°C., 28°C. and 32°C.

Sclerotia formed at—
Fungi added

24°C. 28°C. 32°C.
None 0.673 gm. 1.330 gm. 1.300 gm.
Asp. miger (Stock No. 1) 0.120 0.320 0.210
Asp. niger (Stock No. 2) 0.400 0.673 0.460
Asp. niger (Stock No. 3) 0.097 0.100 0
Asp. niger (Stock No. 4) 0.270 0 0
Asp. niger (Stock No. 5) 0.150 0.130 0.100
Asp. niger (Stock No. 6) 0.070 0.075 0.210
Asp. niger (Stock No. 7) 0.113 0.115 0
Asp. niger (Stock No. 8) 0.190 0.070 trace
Asp. niger (Stock No. 9) 0.163 0 0
Asp. wiger (Stock No. 10) 0 0 0.460
Asp. wiger (Stock No. 11) 0.063 0.060 trace
Asp. niger (Stock No. 12) 0.450 0.090 0
Asp. niger (Stock No. 13) 0.080 0 0.365
Asp. niger (Stock No. 14) 0.043 0 0.245
Asp. niger (Stock No. 15) 0.320 0.175 0
Asp. niger (Stock No. 16) 0.240 0.220 0
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TABLE 38. Formation of sclerotia of Corticium Sasakii in mixed cultures

with various species of Aspergillus at 24°C., 28°C. and 32°C.

Fungi added

Sclerotia formed at—

24°C. 28°C. 32°C
None 0.700 gm. 0.570 gm. 1.050 gm.
Asp. candidus 0.500 0.502 1.000
Asp. cellulosae 0.450 0.300 0.550
Asp. cinnamomeus 0.050 0 0
Asp. clavatus 0.710 0.740 0.759
Asp. echinulatus 0.720 0.715 0.722
Asp. Fischeri 0.800 0.910 0.355
Asp. flavipes 0.200 0.210 0.205
Asp. flavus 0.620 0.500 0.205
Asp. fumigatus 0.710 0.725 0.760
Asp. gracilis 0.502 0.500 0.520
Asp. insuetus 0.400 0.340 0.150
Asp. Oryzae 0.352 0.400 0.385
Asp. parasiticus 0.450 0.410 0.505
Asp. quercinus 0.350 0.380 0.345
Asp. repandus 0.300 0.370 0.400
Asp. repens 0.200 0.080 0.600
Asp. Schiemanni 0.180 0.211 0.105
Asp. sulphureus 0.530 0.580 0.600
Asp. Sydowi 0 0 0.774
Asp. Tamarit 0.200 0.140 0.300
Asp. terricola var. americana 0.200 0.085 0.310
Asp. ustus 0.810 0.820 0.260
Asp. versicolor 0 0 0
Asp. violaseo-fuscus 0.450 0.360 0.365

TABLE 39. Formation of sclerotia of Corticium Sasakii in mixed cultures

with various species of Penicillium at 24°C., 28°C. and 32°C.

Fungi added

Sclerotia formed at—

24°C. 28°C. 32°C.
None 1.830 gm. 0.955 gm. 0.900 gm.
Pen. avellaneum 1.200 0.940 0.995
Pen. brevicaule 0.850 0.900 0.995
Pen. chrysogenum 1.830 0.700 0.500
Pen. citrinum 0.683 0.753 0.760
Pen. commune 1.030 1.230 0.575
Pen. divaricalum 1.600 1.100 0.470
Pen. granulatum 0.700 0.450 0.49%0
Pen. lilarinum 1.130 0.940 0.700
Pen. Olsoni 1.100 0.930 0.625
Pen. oxalicum 0.295 0 0.500
Pen. roseum 0.400 1.520 0.990
Pen. silvaticum 0.730 0.500 0
Pen. Thomi 0.370° 0.680 0.870
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TABLE 40. Formation of sclerotia of Corticium Sasakii in mixed cultures
with various species of Mucor and Absidia at 24°C., 28°C. and 32°C.
Sclerotia formed at—
Fungi added
24°C 28°C. 32°C.
None 0.800 gm. 0.950 gm. 0.800 gm.
M. bedrchani 0.370 1.010 1.000
M. circinelloides 0.270 1.000 0.900
M. racemosus 0 0.170 0.580
A. coerulea 0.216 1.280 1.050

TABLE 41. Formation of sclerotia of Sclerotium Oryzae-sativae in mixed
cultures with various bacteria at 24°C., 28°C. and 32°C.

Bacteria added

Sclerotia formed at—

24°C.

28°C.

32°C.

None

Bac.
Bac.
Bac.
Bac.
Bac.
Bae.

Bae.
Bac.
Bae.
Bac.
Bac.

Baet.
Bact.
Bact.
Bact.
Bact.
Bact.

aroideae
cereus

coli
corallinus
dendroides

Suorescens liquefaciens

. fluorescens non-liquefaciens

mesentericus
mycoides

prodigiosus

subtilis

ureae
beticolum
Clitri
medicaginis
michiganense
1088icum

Sojae

+++
+++

(+)

(+)

+4++

+++

Remarks:

quantity.

+ sclerotia present;—sclerotia absent; (+4) sclerotia present in small
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TABLE 42. Formation of sclerotia of Sclerotium Oryzae-sativae in mixed
cultures with various bacteria at 24°C., 28°C., and 32°C.

Sclerotia formed at—

Bacteria added

24°C. 28°C. 32°C.
None +++ +++ +++
Bac. aroideae — - -
Bace. cereus — — -
Bac. coli — — —

Bac. corallinus - — -
Bac. dendroides - — -
Bace. fluorescens liquefaciens - - -
Bac. fluorescens non-liquefaciens - - -
Bac. mesentericus - - -
Bac. mycoides - - -
Bac. prodigiosus - - -
Bace. subtilis - — -
Bac. ureae — - —
Bact. beticolum — - —
Bact. Citri — . — -
Bact. medicaginis - — —
Bact. michiganense — - -
Bact. rossicum - — —
Bact. Sojae — — —_

Remarks: After Sclerotium Oryzae-sativae had developed to 3 c¢m. in diameter the
bacterium was inoculated.

TABLE 43. Formation of sclerotia of Sclerctium Oryzae-sativae in mixed
cultures with various fungi at 24°C., 28°C. and 32°C.

Sclerotia formed at—

Fungi added

28°C.

None

Asp.
Asp.
Asp.
Asp.
Asp.
Asp.
Asp.
Asp.
Asp.
Asp.
Asp.
Asp.
Asp.
Asp.
Asp.

alliaceus
amsterodamsi
cinnamomeus
echinulatus

Sfavus

Sfumigatus

miger (Stock No. 1)
niger (Stock No. 2)
niger (Stock No. 38)
niger (Stock No. 4)
niger (Stock No. 6)
niger (Stock No. 7)
niger (Stock No. 8)
niger (Stock No. 9)
niger (Stock No. 10)

+4 4+
+
+4++

I+ +
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Sclerotia formed at—
Fungi added
24°C. 28°C. 32°C.
Asp. niger (Stock No. 11) - - -
Asp. miger (Stock No. 12) — — —
Asp. niger (Stock No. 13) - — —-
Asp. niger (Stock No. 14) - — —
Asp. niger (Stock No. 15) - - —
Asp. niger (Stock No. 16) — - —
Asp. parasiticus - —- -
Asp. quercinum (+) — —
Asp. sulphureus +++ - +
Asp. Sydowi + + (+)
Asp. Tamarii - - —
Asp. terreus + + +
Asp. violaceo-fuscus +) - —
Pen. chrysogenum +++++ ++4++ 4 + 4+ 4
Pen. citrinum 44+ + 4+ 4+ 4+
Pen. commune +++++ +4 + 4+
Pen. granulatum +++++ +4++++ +4+4+++
Pen. Uilacinum + 4+ + 444+ +++++
Pen. oxalicum [ T T + 44 RIS
Pen. roseum +4+++ + 4+ I
Mucor bedrchani -+ + + 4+
M. racemosus + 44+ +4++++ +++++
Absidia coerulea + + +

TABLE 44. Formation of sclerotia of Curticium Rolfsii in mixed cultures

with various bacteria at 24°C., 28°C. and 32°C.

Sclerotia formed at—

Bacteria added 24°C. 28°C. 32°C.
Number Weight(gm.)NumberWeight(gm.) NumberWeight(gm.)

None 1 trace 28 0.030 47 0.042
Bac. aroideae 0 0 0
Bae. butyricus 0 0 7 0.007
Bac. corallinus 0 0 40 0.041
Bac. cereus 0 0 0
Bac. dendroides 0 0 0
Bac. fluorescens

liquefaciens 0 0 0
Bac. fluorescens

non-liquefaciens 1 trace 25 0.030 8 0.004
Bac. megatherium 0 9 0.009 2 trace
Bac. mesentericus 0 0 4 0.004
Bac. phytophthorus 0 5 0.018 41 0.040
Bac. prodigiosus 0 0 0
Bac. ureae 0 0 0
Bact. beticolum 0 0 3 trace
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TABLE #4. (Continued)

Sclerotia formed at—

Bacteria added 24°C. 28°C. 32°C.
Number Weight(gm.)Number Weight(gm.)‘Number ‘Weight(gm.)
Bact. Cannae 0 0 0
Bact. Citri 0 12 0.011 2 trace
Bact. marginale 0 0 2 trace
Bact. Martyniae 0 0 0
Bact. medicaginis 0 0 8 0.009
Bact. michiganense 0 33 0.028 37 0.038
Bagct. Phaseoli 0 0 76 0.049
Bact. rossicum 0 0 0
Bact. Sojae 0 0 0
Bact. Syringae 0 16 0.019 7 0.008
Bact. tumefaciens 0 11 0.016 0
Eact. Vignae 0 0 42 0.030
Bact. vitans 0 0 0

TABLE 45. Formation of sclerotia of Corticium Rolfsit in mixed cultures
with various bacteria at 24°C., 28°C. and 32°C.

Sclerotia formed at—
Bacteria added 24°C. 28°C. 32°C.
Number ‘Weight(gm.) Number Weight{gm.)|Number(Weight(gm.)

trace 20 0.024 30 0.830
trace

None
Bae. aroideae
Bac. butyricus
Bac. cereus
Bae. corallinus
Bac. dendroides
Bae. fluorescens
liquefaciens
Bae. fluorescens
non-liquefaciens
Bac. megatherium
Bac. mesentericus
Bae. phytophthorus
Bac. prodigiosus
Bac. ureae
Bact. beticolum
Bact. Cannae
Bact. Citri
Bact. marginale
Bact. Martyniae
Bact. medicaginis
Bact. michiganense
Bact. Phaseoli
Bact. rossicum
Bact. Sojae
Bact. tumefactens
Bact. Vignae
Bact. vitans

0.026

trace

[==] SO OO O -
[s=] OEOOH

0.007

trace

DOOOOHO U

0.031
trace
0.008

OO0 0C ] SODODOO

3.1
SO ODXINWNOOOOO@

OO0 ODDODOOOODDOODOOOO

" Remarks: After Corticium Rolfsii had developed to 3 cm. in diameter, the bacterium
was inoculated.
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TABLE 46. Formation of sclerotia of Corticium Rolfsii in mixed cultures

with Aspergillus niger at 24°C., 28°C. and 32°C.

Sclerotia formed at—

Fungi added 24°C. | 28°C. 32°C.
Number ‘?ggl)lt Number ‘?’;Ilf})lt Number ‘?’gerlgl)lt
None 306 1.084 192 0.695 371 1.000
Asp. niger (Stock No. 1) 66 0.520 77 0.595 174 0.786
Asp. niger (Stock No. 2) 39 0.340 59 0.540 1138 0.520
Asp. miger (Stock No. 3) 19 0.130 7! 0.420 93 0.373
Asp. niger (Stock No. 4) 62 0.497 45 0.470 84 0.300
Asp. mager (Stock No. 5) 45 0.383 54 0.580 69 0.635
Asp. niger (Stock No. 6) 59 0.443 11 0.575 90 0.189
Asp. niger (Stock No. 7) 40 0.200 14 0.110 62 0.305
Asp. niger (Stock No. 8) 38 0.230 36 0.275 62 0.150
Asp. niger (Stock No. 9) 56 0.251 89 0.575 88 0.473
Asp. niger (Stock No. 10) 92 0.570 9 0.460 107 0.300
Asp. niger (Stock No. 11) 24 0.200 80 0.450 95 0.590
Asp. niger (Stock No. 12) 50 0.310 62 0.550 132 0.518
Asp. miger (Stock No. 13) ' 41 0.500 42 0.465 79 0.560
Asp. miger (Stock No. 14) 83 0.635 80 0.540 96 0.340
Asp. miger (Stock No. 15) 37 0.410 70 0.520 84 0.563
Asp. niger (Stock No. 16) 0 46 0.455 159 0.535

TABLE 47.

with various species of Aspergillus at 24°C., 28°C. and 32°C.

Formation of sclerotia of Corticium Rolfsit in mixed cultures

Sclerotia formed at—

Fungi added 24°C. | 28°C. 32°C.
Number v(vgerlfl)lt Number \N(’;g})xt Number ‘%If.})lt

None 244 0.930 180 0.918 294 0.965
Asp. amiserodams 322 0.510 7 0.410 227 0.650
Asp. candidus 327 1.080 218 1.150 296 0.990
Asp. cellulosae 107 0.770 218 0.967 257 0.783
Asp. cinnamomeus 87 0.570 77 0.440 123 0.525
Asp. clavaius 106 0.640 108 1.150 146 0.575
Asp. eclanulatus 171 0.583 151 0.733 226 1.060
Asp. Fischeri 148 0.825 131 0.577 178 0.665
Asp. flavipes 520 0.970 115 0.505 247 0.620
Asp. flavius 80 0683~ 106 0.455 96 0.455
Asp. fumigatus 99 0.730 166 0.680 123 0.370
Asp. glaucus

(Stock No. 1) 128 0.875 181 0.917 215 0.780
Asp. glancus

(Stock No. 2) 105 0.77 106 0.400 182 0.647
Asp. gracilis 10 0.77 141 0.860 149 0.465
Asp. insuelus 155 0.790 103 0.460 187 0.730
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TABLE 47.

(Continued)

Selerotia formed at—

Fungi added 24°C. 28°C. 32°C.
Number ‘y;;f })ﬁ’ Number V(Vge];;g §1t Number i ‘?;C:E})lt

Asp. jaz)onicus 11 0.100 115 l 0.830 97 0.375
Asp. medius 182 0.815 119 0.667 181 0.730
Asp. Oryzae 107 0.775 144 0.390 184 0.925
Asp. parasiticus 62 0.440 51 0.275 120 0.570
Asp. quercinus 128 0.700 187 1.140 183 0.850
Asp. repandus 228 0.773 113 0.740 207 0.910
Asp. repens 166 0.837 118 1.150 153 0.650
Asp. Schiemanmi 80 0.460 96 0.393 97 0.370
Asp. Sydowi 155 0.857 104 0.479 1924 0.690
Asp. Tamarii 68 0.505 64 | 0317 165 0.585
Asp. terreus 117 0.650 128 ! 0.378 78 0.590
Asp. terricola var.

americand 200 0.660 73 0.287 103 0.430
Asp. ustus 160 0.700 148 0.723 160 0.711
Asp. versicolor 253 0.863 148 1.360 196 0.585
Asp. violaceo-fuscus 148 0.730 89 0.455 130 0.315

TABLE 48. Formation of sclerotia of Corticium Rolfsii in mixed cultures

with various species of Penicillium at 24°C,, 28°C. and 32°C.

Sclerotia formed at—

Fungi added 24°C. ’ 28°C. 32°C.
Number ‘yg(;lng?t’ Number ‘?’;If?t Number “{gﬁgt
None 306 1.083 294 1.010 181 0.917
Pen. avellaneum 121 0.826 262 0.850 114 0.710
Pen. brevicanle 193 0.596 285 1.060 166 0.443
Pen. chrysogenum 116 0.620 208 0.710 133 0.640
Pen. citrinum 114 0.900 184 0.725 167 0.693
Pen. commune 128 0.690 307 0.900 163 0.805
Pen. divaricatum 122 0.692 142 0.415 122 0.663
Pen. granulatum 56 0.423 173 0.650 108 0.517
Pen. lilacinum 230 1.010 134 0.720 115 0.578
Pen. Olsoni 134 1.030 241 0.910 136 0.673
Pen. ozxalicum 158 0.910 197 0.800 81 0.805
Pen. roseum 169 0.810 257 0.850 126 0.710
Pen. silvaticum 209 0.857 186 1.050 159 0.660
Pen. Thomi 99 0.740 221 0.750 153 0.600
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TABLE 49. Formation of sclerotia of Corticium Rolfsii in mixed cultures with
various species of Mucor and Absidia at 24°C., 28°C. and 32°C.

Sclerotia formed at—
Fungi added 24°C. 28°C. 32°C. -
- Weight | Weight | Weight
Number (gm.) Number (gm.) Number (gm.)
None 240 1.000 244 0.508 269 0.900
M. bedrchani 122 0.917 221 0.497 244 0.850
M. circinelloides 89 0.753 203 0.392 193 0.750
M. racemosus 51 0.750 251 0.292 141 0.700
A. coerulea 116 0.960 262 0.454 119 0.690

As shown in these tables, the formation of sclerotia of the causal fungi
of Sclerotium diseases in the mixed culture with various microorganisms
differs greatly according to the species of microorganisms added. The forma-
tion of sclerotia in respect to both number and weight, seemed to be promoted
by the presence of certain microorganisms, while it was on the contrary by
certain others. Therefore, it may be stated that the microorganisms are some-
times one of the factors controlling the formation of the sclerotia of the causal

fungi.

3. Influence of environmental factors upon the viability

of the causal fungi

To learn the effect of environmental factors on the viability of certain
important fungi causing Sclerotium diseases of the rice plant, such as
Corticium Sasakii, Sclerotium Oryzae-sativae, Sclerotium hydrophilum and Corticium
Rolfsii, the writer conducted some experiments. A part of the results of these

experiments has already been reported.(®

(A) Effect of temperature

In 1917, Sakurai®® touched on this subject and recorded a preliminary
observation. The writer also investigated on this subject adopting a different

method. A part of the results was previously reported.(®
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The temperature relation in both dry and moist states was carefully in-

vestigated. In former experiments, the sclerotia or the mycelia were placed

in Petri dishes and exposed to given temperatures using different incubators

for definite length of time, and then their viability was tested by growing

them on sterilized straw, or by means of the staining method devised by

Hemmi and the present writer.(*> In latter experiments, the sclerotia or the

mycelia put in the test tubes each containing 5 cc. of water, were exposed to

the given temperatures using the water bath, and then their viability was

tested by the same method. The results obtained are as follows:

TABLE 30. Effect of temperature on the viabilily of the sclerotia of

Corticium Sasakii

Number Number of living sclerotia after treatment for—
State of | Tempera- of
. ture sclerotia - 90
experiment | (1) |testedfor| O | 5 | 10| 20| 30 40 | 50 | 60 | 70 | 80 |mina-
each series tes
40° 10 10|10 (10| 10 | 10 | 10 | 10 | 10 | 10 | 10 | 10
45> 10 0|10 |10 | 10| 10| 10| 10 | 10| 10 | 10 | 10
50° 10 10|10 10| 10 | 10| 10 | 10 | 10 | 10 | 10 | 10
55° 10 10|10 |10 10|10 | 10|10 10|10 | 10 10
60° 10 1010|101 10| 10| 10| 10 | 10 | 10 | 10 | 10
Under
dry 65° 10 1010|100 ) 10| 10| 10| 10 8| 5
condition 70° 10 | 7| 66| 1| 5| 8 0
75° 10 10|10 (10 ) 10| 10|10 8 4
80° 10 0|10(10) 5 8|10 3 0 0
85° 10 10|10 (10 | 10| 10 | 10 [ 10 [ 10 | 10 | 10 7
90° 10 10|10|10] 8| 4 0 0
95° 10 10|10 [ 10 | 10 o 0| O 0, 0
30° 10 10(10[10] 10| 10| 10| 10| 10| 10| 10 10
35° 10 10101019 |10|10]|10|10]| 10|10 10
Under 40° 10 101010 10| 10| 10| 10| 10| 10| 10| 10
moist 45° 10 10|10 | 10 | 190 | 10 | 10 | 10 | 10 | 10 | 10 | 10
condition 50° 10 |w0l10]10]| | 7 0] 0] 0 0
55° 10 10 0 0 0 0 0 0
60° 10 10/ 0| 0| 0 0| 0| O 0 0
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TABLE51. Effect of temperature on the viability of the sclerotia of Sclerotium Oryzae-sativae

Number Number of living sclerotia aftlr treatment for—
State of | Tempera- of |—
. ture sclerotia 90
experiment (C) tested for | O 5 [ 10| 2)| 30| 40 | 50 | 60 | 70 | 80 |minu-
each series tes
49° 10 |lwl]10(10|10]10 1010 |10]| 10 10
45° 10 1010|100 | 10| 10|10 | 10 9| 10| 10 | 10
50° 10 10|10 |1 |10 |10 | 10| 10| 10| 10| 10 | 10
55° 10 10 10 | 10 9|10 |10 | 10 | 10 | 10 9 9
Under 60° 10 10 | 10 9 9 8 9 8 8 7 6 5
dry 65° 10 10|10 | 10 | 10 | 10 3 9 8 6 8 3
condition 7! 10 10 2 3 5 4 3 8 7 4 0 0
75° 10 10 1 0 1 0 0 0 4 5 4 0
80° 10 10 7 6 5 9 8 5 0 0 0 0
85° 10 10 | 10 8 8 8 9 5 5 0 0 0
90° 10 10 1 1 2 0 0 0 0 0 0 0
95° 10 10 3 1 0 0 0 0 0 0 0 0
30° 10 1010|1010 |10)10|10] 10| 10| 10 | 10
35° 10 10|10 |10 | 10| 10| 10 | 10| 10 | 10 | 10 3
Under 40° 10 10 4 4 6 5 4 4 2 2 2 1
moist 45° 10 10 2 1 2 0 2 4 2 1 2 1
condition 50° 10 10 0 0 0 0 0 0 0 0 0 0
55° 10 10 1] 0 0 0 0 0 0 0 0 0
60° 10 10 0 0 0 0 0 0 0 0 0 0
TABLE 52. Effect of temperature on the viability of the sclerotia of Sclerotium hydrophilum
Number Number of living sclerotia after treatment for—
State of |Tempera- of
. ture sclerotia 90
experiment [GH) testedfor| O | & |10 | 20 | 30 | 40 [ 50 | 60 | 70 | 80 |minu-
each series| tes
40° 10 10| 10|10 | 10|10 |10] 10|10 | 10| 10 | 10
45° 10 10|10 ]10|10 |10 |10]| 10| 10| 10| 10 | 10
50° 10 101010 {10]|10([10] 10| 10| 10| 10 9
55° 10 10|10 |10|10]|10(10] 10| 10 | 10 9 9
Under 60° 10 10 (10 | 10 | 10 | 10 9 9 | 10 9 8 9
dry 65° 10 10(10| 10| 10 7 9 6 9 7 9 7
condition 70° 10 0110 |10 10 9 9 9 7 8 7 7
75° 10 1010 | 10 9 7 9 8 6 5 5 4
80° 10 10 8 9 7 5 5 4 2 0 0 0
85° 10 10 7 3 2 2 1 0 0 0 0 0
90° 10 10|10 10 | 10 | 10 | 10 8 0 0 0 0
95° 10 10| 10 | 10 | 10 | 10 7 6 8 3 0 0
30° 10 1010 10|10]|10|10|10]|10]| 10|10 10
35° 10 w10 |1W|{10|10]|10]|10]| 10| 10|10 10
Under 40° 10 0|1W0!10W|10(10(10]| 10| 10| 10| 10| 10
, moist 45° 10 10|10 (10|10 | 10 | 10 8 710 8 8
condition 50° 10 10| 8| 0| 2| 0] ol ol o o 0] O
55° 10 10 0 0 0 0 0 0 0 0 0 0
60° 10 0| o0of| of o]l o of of 0] 0 0| O




96 Bulletin of Miyazaki College of Agriculture and Forestry, No. 11

TABLE 53. Effect of temperature on the viability of the sclerotia of Corticium Rolfsii

Number Number of living sclerotia after treatment for—
State of |Tempera- of
. ture sclerotia 90
experiment (G tested for | O 5 (10 |20 | 30| 40 | 50 | 60 | 70 | 80 |minu-
each series tes
40° 10 10 (10 (10|10 | 10| 10 (10| 10 | 10 | 10 | 10
45° 10 101010 (1010|100 |10 10|10 10| 10
50° 10 101010 | 10|10 | 10| 10 | 10 | 10 | 10 | 10
55° 10 10 (1010 | 10|10 | 10| 10 | 10 | 10 | 10 | 10
Under 60° 10 10 /10 (10| 10|10 | 10|10 | 10 | 10 | 10 | 10
dry 65° 10 10|10 (10| 10|10 10| 10| 9| 9 6| 3
condition 70° 10 10 9 9 9 6 6 7 7 5 5 3
75° 10 0 7] 4 3|1 0 0| 0 0l 0 0| O
80° 10 00|10 0| 0| O 0| 0 0| o 0| 0
85° 10 10 | 10 0 0 0 0 0 0 0 0 0
90° 10 10 4| 2 1 1 0| 0| O o| 0| O
95° 10 10 8| 5 710 0| 0, 0, 0| O O
30° 10 10 | 10 7 8 9 8 9 9 9 S| 10
35° 10 0| 8/ 8| 9 7)1 8| 8| 9 9 8| 8
Under 40° 10 10 71 8|10 9| 8| 8 9 7 8 7
moist 45° 10 10 7 7] 8 7 71 8 71 8| 8| 6
condition 50° 10 10 6| 5 21 0| 0| O 0| 0 0| O
55° 10 0] 0] 0 Of 0| 0] 0O 0o 0 0| O
60° 10 0 0 0| 0 o 0| O O] O 0| O
TABLE 54. Effect of temperature on the viability of the mycelia of Corticium Sasakii
Nug;ber Number of living mycelial pieces after treatment for—
State of |Tempera-| - ooin1
experiment t(lérc pieces 5 9 90
) tested for| 0 | © | 10| 20 | 30 | 40 | 50 | 60 | 70 | 80 | ng.
each series - - tes
40° 10 10 |10 | 10 | 10 [ 10 | 10 | 10 | 10 | 10 | 10 | 10
45° 10 1010 1 10 (10 | 10 |10 | 10 | 10 | 10 | 10 | 10
50° 10 10110 | 10 | 10 | 10 | 10 | 10 | 10 | 10 | 10 { 10
Under 55° 10 10 | 10 9 8 8 7 6 7 6 6 6
dry 60° 10 10 | 10 | 10 7 5 5 5 6| b 5 5
condition 65° 10 10 8 8 2 1 1 1 1 0 0 0
70° 10 00, 4/ 0t 0 0 0, 0| 0| 0of O
75° 10 0] 5 2, 0| 0o 0] O o 0| 0 0
80° 10 0] 0 0] 0 0| 0 0 0 0 0| 0
30° 10 10|10 10| 10| 10 | 10 | 10 | 10 | 10 | 10 | 10
35° 10 1011010 |10 | 10 |10 | 10 | 10 | 10 | 10 | 10
Under 40° 10 10|10 10 | 10 | 10 |10 |10 | 10 | 10 | 10 | 10
moist 45° 10 10|10 10|10 {10 |10 |10 | 10| 9 8] 8
condition 50° 10 10 0 0 0 0 0 0 0 0 0 0
55° 10 0/ 0] 0] 0| O o O 0| O 0| 0
60° 10 0] 0] 0] 0] 0 0| 0 0| 0| 0] ©
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TABLE 55. Effect of temperature on the viability of the mycelia of
Sclerotium Oryzae-sativae
Nug;ber Number of living mycelial pieces after treatment for—
State of | TeMPEra-| mycelial
experiment | () | PIOCSS 1o | 5 | 10 | 20 | 30 | 40 | 50 60 | 70 | 80 m?,?u,
_ each series - tes
40° 10 /10| 10]|10|10|10|10)| 8| 910 9
45° 10 10 | 10 8 8 7 7 8 7 7 8 4
50° 10 10 9| 10 8 7 4 2 2 0 1 3
Under 55° 10 10 8 7 7 5 b 2 0 0 0 0
dry 60° 10 10| 10 | 10 | 10 3 7 0 0 0 0 0
condition 65° 10 10 8 | 10 0 0 0 0 0 0 0 0
70° 10 10 2 2 1 1 0 0 0 0 0 0
75° 10 10 0 0 0 0 0 0 0 0 0 0
80° 10 10 0 0 0 0 0 0 0 0 0 0
30° 10 10/10|10|10|10| 10|10 |10 | 10| 10 | 10
35° 10 10 | 10 | 10 | 10 9|10 | 10 | 10 9 9 | 10
Under 40 10 10 | 10 | 10 9 6|10 | 10 8| 10 8 9
moist 45° 10 10 | 10 8 | 10 8| 10 910 | 10 9 7
condition 50° 10 10 0 0 0 0 0 0 0 0 0 0
55° 10 10 0 0 0 0 0 0 0 0 0 0
60° 10 10 0 0 0 0 0 0 0 0 0 0
TABLE 56. Effect of temperature on the viability of the mycelia of
Corticium Rolfsii
Nugnber Number of living mycelial pieces after treatment for—
State of Teglggra— mycelial l
experiment ¢y | PIeCeS | o | 5 |10 | 20 | 80 40 | 50 | 60 | 70 | 80 o
leach series tes
40° 10 10|10 |10 |10 10| 10| 10| 10 | 10 | 10 | 10
45° 10 10|10]10]10]|10| 10| 10|10 |10 10 | 10
50° 10 10/10|10 |10 | 10 | 10| 10 | 10| 10 | 10 | 10
Under 55° 10 10| 10| 10 | 10 | 10 0 0 0 0 0 0
dry 60° 10 10 | 10 | 10 0 0 0 0 0 0 0 0
condition 65° 10 10 | 10 1 0 0 0 0 0 0 0 0
70° 10 10 8 2 0 0 0 0 0 0 0 0
75° 10 10 4 1 0 0 0 0 0 0 0 0
80° 10 10 0 0 0 0 0 0 0 0 0 0
30° 10 10|10 | 10|10 10|10 | 10| 10| 10| 10 | 10
35° 10 10|10 |10 |10 10| 10 |10 | 10 | 10 | 10 | 10
Under 40° 10 10| 10|10 |10, 10| 10 | 10 | 10 | 10 | 10 | 10
moist 45° 10 10 | 10 | 10 9 7 4 3 4 3 0 0
condition 50° 10 10 6 0 0 0 0 0 0 0 0 0
55° 10 10 0 0 0 0 0 0 0 0 0 0
60° 10 10 0 0 0 0 0 0 0 0 0 0
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From the above tables, it is evident that the thermal death points of the
sclerotia of the causal fungi differs according to the species tested and, also
to the method adopted. In general, their resistance to high temperatures is
greater under dry condition than under moist condition.

The thermal death points of the sclerotia under dry condition are given
as follows: 90°C. for 50 minutes or 95°C. for 40 minutes in Corticium Sasakis;
90°C. for 30 minutes or 95°C. for 20 minutes in Sclerotium Oryzae-sativae ;
95°C. for 80 minutes in Sclerotium hydrophilum ; 90°C. for 40 minutes or 95°C.
for 30 minutes in Corticium Rolfsit.

The thermal death points of the sclerotia in water are given as follows:
50°C. for 40 minutes or above 55°C. for 5 minutes in Corticium Sasakii ; above
50°C. for 5 minutes in Sclerotium Oryzae-sativae; 55°C. for 5 minutes in
Sclerotium hydrophilum ; 50°C. for 30 minutes or 55°C. for 5 minutes in Corti-
cium Rolfsii.

The thermal death points of mycelia are lower than those of the sclerotia.
Under dry condition they are given as follows: 65°C. for 70 minutes in
Cortictum Sasakii; 70°C. for 40 minutes or above 75°C. for 5 minutes in
Sclerotium Oryzae-sativae ; 55°C. for 40 minutes 60°C., 70°C. and 75°C. for 20
minutes or 80°C. for 5 minutes in Corticium Rolfsii. Their thermal death
points in water are as follows: 50°C. for 5 minutes in Corticium Sasakii ; 50°C.
for 5 minutes in Sclerotium Oryzae-sativae ; 45°C. for 80 minutes, 50°C. for 10
minutes or 55°C. for 5 minutes in Corticium Rolfsii.

(B) Effect of drying
The effect of drying on the viability of the causal fungi of Sclerotium
diseases was studied with Corticium Sasakii, Sclerotium Oryzae-sativae, Sclero-
tium hydrophilum and Corticium Rolfsii.
a. Experiments using the desiccator

The sclerotia and mycelia covered with filter paper were placed in a

TABLE 57. Effect of drying on the viability of the sclerotia of the causal fungi

Nq‘é’f;;)g:i;f Number of living sclerotia after—
Fungi used tested for 7 " a1
each series 6 ‘ 9 12 ‘ 16 9 months
C. Sasakii 20 20 20 20 20 20 20
S. Oryzae-sativae 20 20 20 20 20 20 20
Sclerotium hydrophilum 20 20 20 20 20 20 20
C. Rolfsii 20 20 20 20 20 20 20
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desiccator containing calcium chloride and after definite length of time their
viability was tested by growing them on apricot decoction agar. The results
obtained are given in Tables 57-58.

TABLE 58. Effect of drying on the viability of the mycelia of the causal fungi

nglryncl():l:;aff Number of living mycelial pieces after—
Fungi used pieces tested 6 0 12 16 0 2
for each series ¢ months
C. Sasakii 10 10 10 10 10 10 10
C. Rolfsii 10 10 10 10 10 10 10

In these experiments, the sclerotia as well as the mycelia of the fungi
tested retained a strong viability at least for 21 months in the desiccator.

b. Experiments using dry soil

Unglazed pots (10 em. in diameter) together with soil were sterilized by
dry heat, and then the sclerotia or the mycelia covered with sterilized camellia
leaves were put in the soil. These pots (for each pot, 20 sclerotia or 10
mycelial pieces were used) were kept in the laboratory. After definite length
of time, the sclerotia or the mycelial pieces were taken out from the soil,
washed with distilled water, and planted on apricot decoction agar. The
viability of the fungus was determined by observing the cultures at least after
two weeks.

Since the results of the experiments have previously been reported by
the writer,®” they are here only conclusively stated as follows:

The sclerotia of Corticium Sasokii and Corticium Rolfsii, kept in dry soil,
lost their viability within twenty-one months, and the mycelia of Corticium
Sasakii within seven months, where as the sclerotia of Sclerotium Oryzae-
sativae and Sclerotium hydrophilum kept in dry soil retained their vitality for

nine months.

(C) Effect of chemicals

The sclerotia or the mycelia treated with various chemicals in test tubes
for certain lengths of time were washed thoroughly with sterilized water and
their viability was tested by culturing them on sterilized straw. The results

obtained are as follows:
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TABLE 59. Resistance of sclerotia of Corticium Sasakii to various acid-solutions

Number of | Number of living sclerotia after treatment for—

Acids sclerotia tested | _ 9
foreachseries | 6 12 | 2t | 48 | 72 | 96 | 420

Arsenic acid 10 4 0 0 0 0 0 0
Asparaginic acid 10 10 10 10 10 6 2 0
Boric acid 10 6 9 7 10 2 8 6
Butyrie acid 10 4 0 0 0 0 0 0
Carbolic acid 10 0 0 0 0 0 0 0
Chromic acid 10 0 0 0 0 0 0 1]
Citric acid 10 9 6 9 9 5 5 0
Hippuric acid 10 2 2 8 1 0 1 1
Hydrochloric acid 10 0 3 0 0 0 0 0
Lactic acid 10 4 2 4 1 0 2 0
Malic acid 10 7 8 5 10 7 10 8
Nitric acid 10 3 8 0 0 0 0 0
Oxalic acid 10 7 0 0 0 0 0 0
Picric acid 10 0 0 0 0 0 0 0
Pyrogallic acid 10 0 0 0 0 0 0 0
Salycylic acid 10 0 0 0 0 0 0 0
Sulphuric acid 10 0 0 0 0 0 0 0
Tannic acid 10 8 9 5 10 0 7 6
Tartaric acid 10 9 7 2 9 6 9 5
Uric acid 10 10 5 5 9 5 9 5

Remarks: Concentration of the acids tested was 123.

TABLE 60. Resistance of sclerotia of Corticium Rolfsii to various acid-solutions

Number of | Number of living sclerotia after treatment for—

Acids sclerotia tested . 120
for each series| 6 12 24 43 2 96 hours

Arsenic acid 10 0 0 0 0 0 0 0
Asparaginic acid 10 7 7 6 0 6 9 5
Boric acid 10 5 1 0 0 0 0 0
Butyric acid 10 1 0 0 0 0 0 0
Carbolic acid 10 0 0 0 0 0 0 0
Chromic acid 10 0 0 0 0 0 0 0
Citric acid 10 7 10 9 4 5 7 8
Formic acid 10 8 3 5 6 10 9 7
Hippuric acid 10 2 0 2 2 2| "0 0
Hydrochloric acid 10 7 4 8 4 0 0 0
Lactic acid 10 5 2 4 6 3 2 1
Malic acid 10 10 9 10 9 7 10 10
Nitric acid 10 2 5 3 0 0 0 0
Oxalic acid 10 10 8 7 6 4 2 2
Picric acid 10 0 0 0 0 0 0 0
Pyrogallic acid 10 10 8 10 9 .9 10 8
Salicylic acid 10 0 0 0 0 0 0 0
Succinic acid 10 1 5 0 0 0. 0 0
Sulphuric acid 10 2 1 0 0 0 0 0
Tannie acid 10 8 8 8 7 8 2 3
Tartaric acid 10 10 10 10 9 9 9 8
Uric acid 10 10 8 10 9 8 9 7

Remarks: Concentration of the acids was 12.
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TABLE 61. Resistance of sclerotia of Corticium Sasakii to various alkali-solutions

Concentra- Number of Number of living sclerotia after treatment for—
Alkalis tion sclerotia tested

(%) for each 1 6 12 24

series hours
1 10 7 7 7 8
Calcium 5 10 6 8 7 8
carbonate 10 10 7 7 6 4
15 10 6 5 4 2
1 10 10 10 10 10
Calcium 5 10 10 10 10 10
nitrate 10 10 10 10 10 10
15 10 10 10 10 9
1 10 10 10 10 10
Potassium 5 10 10 8 6 2
chloride 10 10 7 7 5 7
15 10 5 6 4 4
1 10 1 0 0 0
Potassium 5 10 0 0 0 0
hydroxide 10 10 0 0 0 0
15 10 0 0 0 0
1 10 10 10 10 10
Potassium 5 10 10 7 8 8
nitrate 10 10 7 5 6 7
15 10 4 4 5 4
1 10 10 10 10 10
Sodium 5 10 8 7 5 5
carbonate 10 10 7 10 7 6
15 10 5 5 6 3
1 10 10 10 10 10
Sodium 5 10 10 10 10 10
chloride 10 10 10 10 8 7
15 10 10 10 7 5
1 10 9 9 7 4
Sodium 5 10 8 6 6 3
nitrate 10 10 7 5 5 2
15 10 5 5 2 0
1 10 10 10 10 10
Sodium 5 10 10 10 7 7
phosphate 10 10 10 10 7 6
15 10 10 9 6 6
1 10 10 10 10 10
Sodium 5 10 10 10 10 10
sulphite 10 10 10 10 10 10
15 10 10 10 7 3
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TABLE 62. Resistance of sclerotia of Sclerotium hydrophilum to various alkali-solutions

Concentra- Numper of Number of living sclerotia after treatment for—
Alkalis tion sclerotiatested

(%) for each 1 6 12 24

series ) hours
1 10 8 8 8 10
Calcium 5 10 6 8 6 8
carbonate 10 10 7 7 o 7
15 10 7 8 5 6
1 10 6 9 9 10
Caleium 5 10 8 9 9 10
nitrate 10 10 5 8 5 8
15 10 5 9 8 4
1 10 10 10 10 10
Potassium 5 10 10 10 10 9
chloride 10 10 10 10 10 9
15 10 9 9 9 5
1 10 1 1 0 0
Potassium 5 10 1 0 0 0
hydroxide 10 10 0 0 0 0
15 10 0 0 0 0
1 10 10 10 10 10
Potassium 5 10 10 10 10 10
nitrate 10 10 10 10 10 8
15 10 5 6 4 1
1 10 6 9 7 6
Sodinm 5 10 3 6 6 10
carbonate 10 10 3 4 8 1
15 10 5 3 2 2
1 10 7 7 8 8
Sodium 5 10 5 7 5 7
chloride 10 10 5 5 3 7
15 10 6 6 4 4
1 10 5 b 7 6
Sodium 5 10 4 9 4 6
nitrate 10 10 1 6 5 6
15 10 1 3 4 2
1 10 10 7 3 3
Sodium 5 10 8 7 6 5
phosphate 10 10 7 8 9 7
15 10 7 8 4 3
1 10 8 8 10 10
Sodium 5 10 7 6 8 9
sulphite 10 10 3 5 6 7
15 10 3 3 5 2
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TABLE 63. Resistance of sclerotia of Sclerotium Oryzae-sativae to various alkali-solutions

Concentra- Numbex: of Number of living sclerotia alter treatment for—
Alkalis tion Solerotia

(%) or 1 6 12 24

each series hours
1 10 6 6 2 3
Calcium 5 10 8 7 3 4
carbonate 10 10 8 8 1 1
15 10 5 3 2 3
1 10 8 4 3 3
Calcium 5 10 9 4 3 7
nitrate 10 10 5 2 2 1
15 10 b1 3 5 2
1 10 10 10 9 10
Potassium 5 10 10 10 8 10
chloride 10 10 10 10 10 10
15 10 4 2 1 0
10 0 0 0 0
Potassium b 10 0 0 0 0
hydroxide 10 10 0 0 0 0
15 10 0 0 0 0
1 10 10 10 9 10
Potassium 5 10 10 10 7 8
nitrate 10 10 10 10 10 10
15 10 3 1 1 1
1 10 10 10 10 10
Sodium 5 10 10 10 10 10
carbonate 10 10 10 10 9 8
15 10 1 1 1 0
1 10 6 3 4 2
Sodium 5 10 3 2 2 2
chloride 10 10 5 2 2 1
15 10 1 1 1 1
1 10 4 4 4 2
Sodium b 10 6 4 3 2
nitrate 10 10 3 2 1 1
15 10 2 2 2 0
1 10 10 10 10 10
Sodium 5 10 10 9 9 10
phosphate 10 10 10 10 10 10
15 10 0 0 1 0
1 10 5 4 6 5
Sodium 5 10 5 G 6 7
sulphite 10 10 3 6 4 4
15 10 3 i1 4 2
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TABLE 64 Resistance of sclerotia of Corticium Rolfsii to various alkali-solutions

Concentra- Number, of Number of living sclerotia after treatment for—
Alkalis tion tzclerotla.

(%) sted f?l‘ 1 6 12 24

each series ___hours
1 10 9 7 10 7
Calcium 5 10 8 6 5 5
carbonate 10 10 9 9 6 8
15 10 6 8 6 3
1 10 10 9 8 10
Calcium 5 10 8 4 4 4
nitrate 10 10 8 6 6 7
15 10 7 7 2 0
1 10 10 10 10 10
Potassium 5 10 9 10 7 3
chloride 10 10 9 9 8 2
15 10 4 8 4 1
1 10 0 0 0 0
Potassium 5 10 0 0 0 0
hydroxide 10 . 10 0 0 0 0
15 10 0 0 0 0
1 10 7 6 6 4
Potassium 5 10 5 5 6 3
nitrate L 10 10 5 10 5 2
15 10 4 6 5 2
1 10 19 8 8 10
Sodium 5 10 8 4 0 0
carbonate 10 10 4 1 0 0
15 10 4 0 0 0
. 1 10 7 6 6 4
Sodium 5 10 5 8 4 1
chloride 10 10 5 7 3 1
15 10 3 6 0 1
1 10 4 3 3 2
Sodium 5 10 3 3 0 0
nitrate 10 10 4 3 0 0
15 10 2 1 0 0
1 10 10 8 7 8
Sodium 5 10 4 9 5 3
phosphate 10 10 4 8 4 3
15 10 3 7 2 3

As shown in these tables, among various acids tested, arsenic acid, butyric

acid, carbolic acid, chromic acid, hydrochloric acid, nitric acid, picric acid,
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pyrogallic acid and salicylic acid were extremely harmful to the sclerotia of
these fungi. Among alkalis, on the other hand, potassium hydroxide, sodium
carbonate and sodium nitrate proved to be very deleterious to the sclerotia

of these fungi.

4. Influence of environmental factors upon the occurrence

and severity of the diseases

As to the influence of environmental factors on the occurrence and severity
of Sclerotium diseases, the writer has already investigated the subject in rela-
tion to air temperature, soil temperature, soil moisture, soil reaction and sun-

light. His results, in part, have been reported in previous papers.(®: 3075

(A) Influence of air temperature

The influence of air temperature on the occurrence and severity of a

TABLE 65. Influence of air temperature on the occurrence and severity of the
Sclerotium disease caused by Corticium Sasakii

Strain Tempera- | Series of Nun;ber Number of diseased spots appeared after—
a ture experi- plgnts ‘
use (C) ments ased, lday | 2days | 3days | 4days ‘ 5 days
g | Inoculated 5 0 20 58 99 | 160%
Control 59 0 0 0 0 ’ 0
9g° Inoculated 50 0 41 123 162 234%
Japanese Control 50 0 0 0 0 0
strain g | Inoculated | 50 0 |, 8 | 221 | 307% | 406
' Control 50 0 0 0 0 0
36 Inoculated 50 0 0 0 0 0
) Control 50 0 0 0 0 0
op Inoculated 40 0 16 31 38% —
Control 40 0 0 0 0 —
o0 Inoculated 90 0 130 333 560% —
Philippine - Control 90 0 0 0 0 —
strain - Inoculated 70 0 145 377 6375* —
° Control 70 0 0 0 0 —
Inoculated 20 0 0 0 0 —
36° Control 20 0 0 0 0 —

Remarks: * Diseased spots were so numerous that it was difficult to count clearly
the number of them. Therefore, the actual number must be greater than those
shown in the table.
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Sclerotium disease caused by Corticium Sasakii, has been studied by the writer
and his collaborator.¢®

The development of the disease was observed in moist chambers at con-
stant temperatures of 24°C., 28°C,, 32°C. and 36°C. The sclerotium of the
causal fungus was inserted between the leaf sheath and the culm of each fully
grown plant in the pots, and then the treated plants were kept in moist
chambers. The diseased spots on the inoculated plants were observed at pre-
viously determined intervals. The results are summarized in Table 65.

At 32°C. the disease was the most severe, and no diseased spots was pro-
duced at 36°C. The disease was less severe at 28°C. than at 32°C., but more
serious than at 24°C. The writer was unable to find any marked difference
between the Japanese and Philippine strains of the fungus.

Since it is also desirable to find the effect of moisture upon the infection
by the fungus at known temperatures, the following experiments were con-
ducted with the Japanese and Philippine strains. The plants were inoculated
in the same manner as in the former experiments, and put in the moist
chamber during a certain period and then placed on the greenhouse-bench.
The fungus inoculated on the plant was removed as soon as the plant was
taken out of the moist chamber. The experiments were repeated eight times
for the Japanese strain and seven times for the Philippine strain. The results
obtained are summarized in Table 66.

TABLE 66. Effect of moisture upon the infection by the fungus at various temperatures

| Period i Numb . . -
Strain Experi- e;igistln “’OI; er Percentage of infection
used ment chamber | plants o . s I oo
(hours) used 24°C. 28°C. 320C. 36°C.
6 10 i — — 0 0
Ist 12 0, - - 0 0
experi-
ment 18 10 ‘ - - 0 0
24 10 } - —_ 0 0
6 0 - - 0 0
?;ge 4 12 10 - - 0 0
ment 18 10 - - 0 0
Japanese 24 10 - - 2) 0
strain 6 10 B _ 5 5
frd 12 10 - - 0 0
experi-
ment 18 10 - - 0 0
24 10 — —_- 23 0
6 10 - - 0 0
i 12 10 - - 0 0
X peri-
ment 18 10 - — 30 0
24 10 - - 49 0
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TABLE 66. (Continued)
. Period in | Number i i
Strain Experi- st of Percentage of infection
used ment chamber plants o ‘
(hours) used 24°C. 28°C. 32°C. 36°C.
6 10 - - 0 0
5th
experi- 12 10 - - 0 0
ment 18 10 - - 0 0
24 10 - - 50 0
6 10 0 0 - —
6th 12 10 0 0 - -
experi- - _
ment 18 10 0 0
24 10 0 0 - -
6 10 0 0 - -
Tth 12 10 0 0 - -
experi- — —
ment ii 118 3 3
6 10 0 0 - -
8th 12 10 0 0 - -
Xt 18 10 0 0 - -
24 10 0 20 - —
6 10 — - 0 0
Ist 12 10 - - 0 0
experi- _
ment 18 10 - 10 0
24 10 - — 60 0
6 10 - - 0 0
ond 12 10 - - 0 0
experi- _
ment 18 1 - 0 0
24 10 - - 10 0
[ 10 - — 0 0
3rd 12 10 — - 0 0
S Poent | 18 10 - - 2 .
24 10 — - 60 0
6 10 - - 0 0
Philippine | 4th 12 10 - - 0 0
. experi- - -
strain ment 18 10 0 0
24 10 - - 0 0
6 10 - - 0 0
5th 12 10 - - 0 0
expert- 18 19 - - 0 0
ment 21 10 - - 40 0
6 10 0 0 — -
6th 12 10 0 0 - -
experi- _ _
ment 18 10 0 0
24 10 0 2) - —
6 10 0 0 - —
7th 12 10 0 0 - -
experi- 18 10 0 29 - -
ment | oy 1 0 2 - -
Remarks: “ —” no test.
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From these experiments it is evident that the most favorable temperat‘ures
for infection are 28°C. to 32°C. So far as the present experiments are con-
cerned, infection is nearly impossible at 36°C. and 24°C. As already shown in
Table 25 and Table 28 the mycelial growth and the mycelial development
from the sclerotia are very vigorous at 28°C. to 82°C., showing the most
vigorous growth at 32°C., where the infection by the fungus is also the most
frequent. From these facts the writer comes to the conclusion that the effect
of temperature on the infection by the fungus, is principally related to the

direct effect of temperatures on the fungus itself.

(B) Influence of soil temperature

The influence of soil temperature on the occurrence and severity of a
Sclerotium disease caused by C. Sasakii, has been studied by the writer®®
and a part of the results was published previously. In the experiment the
writer used the constant soil temperature tanks®® devised by him for
maintaining a constant temperature of the soil. The fungus was first ino-
culated in the soil, and after 3 days clean seeds of rice (Sinriki variety) were
sown. Five experiments were first made at the temperatures of 16°C., 20°C,,
24°C. and 28°C., and also five experiments were repeated at the temperatures
of 28°C., 32°C., 36°C. and 40°C. The results obtained are summarized in
Table 67.

From these results it is clear that the occurrence of the disease is effected
by soil temperature. The disease occurred slightly at 16°C., and gradually
becomes severe with the increase of the temperature, being the most severe
at 32°C. At temperatures above 32°C. the disease becomes again less severe
with the rise of temperature and at 40°C. it ceases to occur.

In order to interpret these data correctly the relation of temperature to
the mycelial growth and also to the mycelial development from the sclerotia
must be taken into consideration. As described in the previous section, the
mycelial growth and the mycelial development from the sclerotia are the most
vigorous at 28°C. to 32°C. especially at 82°C. which agrees with the observation
on the infection by the fungus.

The writer also investigated the relation of soil temperature to rice seedl-

ings. The experiment was repeated six times in the same manner as was
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The results obtained are summarized

in Table 68.
TABLE 67. Influence of soil temperature on the occurrence and severity of
the Sclerotium disease caused by Corticium Sasakii
Soil tem- | Number of | Number of | Number of | Number of Weight of
perature seeds seeds diseased healthy healthy

(C) sown germinated | seedlings | seedlings SEG(‘,g.]l;ln)gS
16° 400 380 27 353 15.6
20° 400 390 168 222 11.8
20 400 380 223 157 9.8
28° 400 304 308 86 6.1

Inoculated o
28° 400 387 173 214 15.5
32 400 382 196 186 15.6
36° 400 377 122 " 255 20.0
40° $00 381 0 381 22,5
16° 400 389 0 389 17.6
20° 400 390 0 3 21.2
24° 400 390 0 390 25.3
28° 400 387 0 387 27.1

Control
28° 400 395 0 395 25.1
32 400 391 0 391 26.0
36° 400 391 0 391 25.5
40° 400 389 0 389 22.5

TABLE 68. Influence of soil temperature on the growth of rice seedlings

Soil Number Number | Weight Height of Length of Number of roots
tempera- of | of seeds|of seedl-| Seedlings (cm.) roots (cm.) per seedling
ture seeds ger- ings
(C) sown |minated| (gm.) | Range [Average Range |Average| Range |Average
16° 300 289 141 |0 -80| 3965 |05-11.5| 6.388 -7 3
20° 300 296 174 |0 -135| 6.998 | 0.5-13.0| 8.862 1- 6 4
24° 300 294 205 | 1.0-28.0| 13.463 | 1.5-17.0 | 10.796 1- 6 5
28° 300 293 224 | 0.5-285| 15.995 | 1.5-15.5| 10.956 1- 6 5
28° 300 295 175 |0 -26.0| 17.784 | 2.5-22.3| 12.612 1-7 5
32 300 293 195 |0 -285| 18.473 | 1.0-25.0| 12.525 1-9 5
36° 300 293 195 | 0.5-27.0| 19.604 | 3.5-20.5| 12.206 1-10 5
40 300 292 170 | 0.5-24.0 | 16475 | 2.0- 8.5 7.193 3-12 6

So far as shown by these experiments, the germination of rice seeds was
most rapid at 32°40°C. But the height and weight of seedlings were the
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greatest at 32°-36°C. especially at 32°C. while length of roots was the greatest
at 28°-36°C. From these results, the optimum soil temperature for the growth
of rice seedlings seems to lie between 28°C. and 36°C. especially at about 32°C.
This result agrees with those obtained in the other experimentg®—6:. 81005
On the other hand, the growth of mycelia and development of mycelia from
sclerotia was most vigorous at 32°C. where the infection by the fungus was
also the most frequent. The writer therefore came to the conclusion that
the effect of soil temperature on the infection of rice seedlings by the fungus
through the soil, is principally related to the direct effect of soil temperature
on the fungus.

Similar experiments were made with Seclerotium Oryzae-sativae. Experi-
ments were first repeated three times for 16°C., 20°C. 24°C. and 28°C. and
then twice for temperatures of 28°C., 82°C., 86°C. and 40°C. The results ob-

tained are summarized as follows:

TABLE 69. Influence of soil temperature on the occurrence and severity of the
Sclerotium disease caused by Sclerotium Oryzae-sativae

Soil tem- | Number of | Number |Number of Number of ‘Yl?aflltlﬁ of
Experiments| perature seeds of seeds diseased healthy see d]ings
(B sown germinated| seedlings | seedlings (gm.)
16 300 288 23 265 19.5
20° 300 292 43 249 26.5
29° 300 284 56 228 26.5
28° 300 296 64 232 27.5
Inoculated
28° 100 90 20 ! 5.0
32° 100 84 12 72 6.0
36° 100 92 10 82 8.0
40° 100 46 0 46 40
16° 300 289 0 289 20.5
20° 300 293 0 203 27.5
29 300 291 0 291 31.5
28° 300 299 0 290 33.5
Control - —_—
28° 190 82 0 82 7.9
3 100 109 0 100 8.0
3 100 80 0 80 6.0
40° 100 30 0 30 4.0

The infection of rice seedlings by Sclerotium Oryzae-sativae through the
soil occurs at temperatures ranging from 16°C. to 36°C. From these results

it is easily recognized that the optimum temperature for the occurence of
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disease caused by Sclerotium Oryzae-sativae is slightly lower than for Corticium
Sasakii. The mycelial growth of the fungus is most vigorous at 28°C. to 32°C.
especially at 28°C., which is lower than in the case of Corticium Sasakii.
These facts suggest that the difference of the mode of the occurrence of the
two diseases is due to the effect of soil temperature on the fungus and the
fact that the optimum temperature for the mycelial growth of Sclerotium
Oryzae-sativae is lower than that of Corticium Sasakii explains the occurrence
of the former fungus in the northern parts of this country where the latter

is never found.

(C) Influence of soil moisture

To learn the influence of soil moisture on the occurrence and severity of
Sclerotium diseases of rice seedlings in the case of soil infection, experiments
were made using Corticium Sasakii and Selerotium Oryzae-sativae. The soil
moistures were regulated by auto-irrigators“®® maintaining the mercury
columns at 0 cem., 10 cm. and 20 cm. Experiments were repeated four times
by the same method, but the soil moistures were slightly different in spite
of the same height of mercury column of the auto-irrigator, according to the

experiment. The results obtained are summarized as follows:

TABLE 70. Influence of soil moisture on the occurrence and severity of the
Sclerotium disease caused by Corticium Sasakii

Experi Height of Soil Number of | Number of | Number of | Number of
P ments | mercury moisture* seeds seeds diseased healthy

® lcolumn (cm.) (22) sown germinated | seedlings | seedlings
0 38.9-42.9 200 116 69 47
Inoculated 10 29.9-35.5 200 143 66 w
2 22.5-28.4 209 139 50 89
0 38.9-42.9 200 123 0 123
Control 10 29.9-35.5 200 157 0 157
2) 22.5-28.4 230 163 0 163

Remarks: * percentage of the water holding capacity of soil in weight.

So far ag these experiments show, the disease occurred at 22.5% to 42.9%,
producing the greatest number of diseased seedlings at 38.9%-42.9%. Another
experiment was made with dry soil and with soil covered with water. The
results showed that the disease is more severe in the former than in the latter.
The relation of the soil moisture to rice seedlings was also investigated and
merely a slight difference was found in the height of the seedlings which

had been grown at different soil moistures.
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TABLE 71. Growth of rice seedlings at different soil moistures

FOE | sont [Number TG e oy | ey | nmber of roots

mercury |moisture seeds seeds

cc&‘;ﬁl)n (29 sown mi%glt:a 4| Range |Average Range |Average Range |Average
0 38.9-429 230 116 6.5-27.5 | 17.957 | 4.5-14.5 | 9.627 3-16 9
10 29.9-35.5( 230 127 2.5-26.5 | 14413 | 7.0-145 | 9.773 1-11
20 22.5-28.4 200 139 2.0-22.5 | 13.585 | 8.5-15.0 | 9.543 1-12 7

From these results and those shown in Table 32, the close relation
between the infection and mycelial growth is easily recognized. The results
indicate that the effect of soil moisture on the mycelial growth of the fungus,
at least in the case of rice seedling infected through the soil, is such as to
favor greatly the occurrence and the severity of the disease. Similar experi-
ments were made with Sclerotium Oryzae-sativae with four repetitions. The
results are summarized in Table 72.

TABLE 72. Influence of soil moisture on the occurrence and severity of the
disease caused by Sclerotium Oryzae-sativae

Experi Height of Soil Number of | Number of | Number of | Number of
p e-nts mercury moisture seeds seeds diseased healthy
m column (cm.) (25) sown germinated | seedlings | seedlings
0 45.2-52.2 200 194 71 123
Inoculated 10 32.3-41.1 200 176 34 142
20 23.5-25.8 200 160 9 151
0 45.2-52.2 200 189 0 189
Control 10 32.3+41.1 . 200 163 0 163
20 23.5-25.8 200 152 0 152

The result of these experiments shows that the occurrence of the disease
varies according to the soil moisture. The disease took place at all percentages
of soil moisture in these experiments, and it was the most severe at 45.2-52.225
moisture.

In these experiments the soil moisture did not cause any marked dif-
ference in the growth of rice seedlings, but it has already been shown in
another section that it remarkably effects the mycelial growth which attains
its most vigorous growth at 50¢9. The writer was thus led to the conclusion

that the s0il moisture directly effects the growth of the fungus.
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(D) Influence of soil reaction

Recently the relation of the soil reaction to the occurrence of the disease
was discussed by several investigators. The writer also studied the same
problem in the case of rice seedlings infected through the soil by Cortictum
Sasakii. In this experiment glass-pots (10 cm. in diam. and 105 cm. in
height) containing 400 cc. of clean sand were used. Two hundred cc. of Knopr's
solution of different pH values adjusted with N/10 HCI and N/10 NaOH were
put in the pots and the fungus was inoculated, and then rice seeds were
planted. The experiments were repeated four times in the same manner, and

the results obtained are summarized in Table 73.

TABLE 73. Influence of soil reaction on the occurrence and severity of the
disease caused by Corticium Sasakii

. Number of Number of Nu.mber of Number of “{&ﬁﬁt’ly(’f

pH of soil seeds seeds diseased hea.l'g,hy seedlings
sown germinated seedlings seedlings (gm.)
2.61 200 163 46 117 10.0
2.79 200 166 62 104 9.0
2.96 200 154 52 102 8.5
3.12 200 157 65 92 7.5
3.39 200 165 78 87 7.0
3.81 209 167 64 103 7.5
4.05 200 164 74 90 8.0
4.81 200 160 95 65 5.5
5.68 200 169 97 72 6.5
6.36 200 168 95 73 6.5
6.60 200 168 94 74 6.5
7.01 200 169 35 114 10.0
7.75 200 167 50 117 11.5

The influence of soil reaction on the development of the disease is not yet
absolutely clear. But, these results suggested that the disease occurs at pH
2.61 to pH 7.75 producing the infections most readily at pH 4.81 to pH 6.60
which corresponds to the condition at which the optimum growth of mycelia
of the fungus occurs.

The writer also studied the relation of soil reaction to the growth of rice
seedlings. The experiment was repeated six times using the same method
as in the preceding experiment. The results obtained are summarized in
Table 74.

So far as these experiments are concerned, the present writer could re-
cognize no external difference on the growth of rice seedlings, and the phy-
giological character remained untouched.
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TABLE 74. Influence of soil reaction upon the growth of rice seedlings.

Sumber [Sr | weighs | SIS of ) [ Tenefh o roots Number of oot
pH of of seads of seedl-
soil seeds qggr_ ings ] ;
sown | o q| (gm) Range Avérage| Range Average} Range |Average
2.61 3% 264 265 11.0-230 | 10.88 |1.5-2).1| 981 | 1-9 5
2.79 390 253 270 | 0.5-240 9.95 |0.8-20.3 9.62 1- 9 5
2.96 300 256 270 [1.0-240 | 1290 |0.5-19.0 9.00 1-11 5
3.12 300 2358 270 |0.5-27.5 | 1483 | 1.5-26.0 9.33 1-12 6
3.39 330 248 275 | 0.5-30.5 | 18.33 | 1.0-18.7 | 10.52 -9 5
3.81 300 251 27.5 | 1.5-23.5 | 1424 |1.5-185 9.48 1-9 b
4.05 300 261 27.0 1.0-23.5 | 13.47 | 2.0-2).0 9.54 1-9 6
4.81 300 281 27.0 0.5-29.3 | 13.79 |1.5-23.0 9.49 1-9 6
5.65 300 255 275 |0.5-23.5 | 1413 |1.5-20.0 | 10.77 1-9 5
6.36 300 267 27.0 |0.5-22.5 | 1258 |1.5-20.0 10.39 1- 9 5
6.60 300 263 27.0 |1.5-223 | 13.34 | 1.5-20.3 9.82 1-9 5
7.01 390 268 27.0 |0.5-23.5 | 12.68 | 0.5-21.0 10.22 1- 9 5
775 300 259 270 |[14-243| 1238 |15-19.5 9.70 1-9 6

In previous experiments the most vigorous mycelial growth of the fungus
was observed at pH 544 to pH 6.67, at which the disease occurs most
severely. From these results the close relation between the infection and the
growth of mycelia is easily recognized. The writer therefore believes that the
difference in the occurrence of the disease due to the soil reaction is prin-
cipally attributed to the direct effect of the soil reaction on the fungus itself.

(E) Influence of sunlight

It has generally been known that the occurrence of plan't disease is in-
fluenced greatly by sunlight. A good many papers on this'subject have been
published by several investigatorstl 68,9  Thege investigations, however,
have been made on rust of cereals for the most part and on the development
of the disease following infection, but studies on the effect upon the infection
itself are as vet rather scanty. Recently ABe® reported some interesting
results of his study on rice blast. The present writer studied the effect of
sunlight on the infection of the rice plant by Corticium Sasakii. In his in-
vestigation, rice plants (Miisinriki variety) fully grown in pots were used. A
sclerotium for each plant was inserted between the leaf sheath and the culm.
These inoculated plants were kept in the inoculation chamber regulated to
maintain a constant temperature at 32°C. and were exposed to sunlight.
After a certain lapse of time the pots were transferred into a dark inocula-
tion chamber regulated to maintain the same condition as the former.
Twenty-four hours after inoculation, all sclerotia were taken out from the host
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plants and the pots were remaved to the greenhouse at 28°—32°C. The water
wasé nat allowed to reach the aerial part of plants, and the results were ob-
served after 5 days. The experiments were repeated seven times on bright
sunny days in July and August, 1934, The results obtained are summarized
as follows: '

TABLE 75. Influence of sunlight on the infection of the rice plant by

Corticium Sasakis

Length of exposure Number of plants Number of plants Number of
to sunlight (hours) tested infected diseased spots
0 70 21 : 87
3 70 9 13
6 70 4 5
12 70 0 0

As shown in the table, the infection occurred remarkably in the dark,
the percentage of infection decreased with the increase of the time of exposure
to sunlight, and when the plants were kept in the light for 12 hours, no in-
fection was produced, although they had been kept for 24 hours under a
moist condition.

In order to know the effect of sunlight on the growth of the fungus, an
experiment was made employing the same apparatus as that used in the
preceding experiment. The writer obtained a result indicating that the sun-
light has a tendency to inhibit the development of mycelia from the sclerotia.
From these facts, the writer concludes that the reduction of the infection on
rice plants in the presence of sunlight is due to the direct effect of the sun-
light on the fungus itself.

In the next experiment a study was made on the influence of sunlight
upon the appearance of the diseased spot after the penetration of the fungus
into the tissue of the rice plant. A sclerotium was put on the leaf sheath near

the ligule in the same manner as in the previous experiment. - The inoculated

TABLE 76. Influence of sunlight on the appearance of diseased spots on rice
plants caused by Corticium Sasakii

; Number of Number of plants which showed diseased spots after—
plants ¥
used 1 day 2 days 3 days
In the light 2 9 (9) 18 (17) 13 (26)
In the dark 26 6 (6) 12 (9) 12 (19)

Remarks: () diseased spots.
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plants were kept in a dark inoculation chamber at 82°C. After 24 hours all
the sclerotia were taken out from the host plants, and one half of the ino-
culated plants were put in the greenhouse and the other half were placed in
a dark chamber. Both series of the experiment were kept under the same
conditions. The experiments were repeated three times in July and August,
1934. The results obtained are summarized in Table 76.

The above results show that the appearance of diseased spots after the
penetration of the fungus into the tissue of the host plants is influenced by
sunlight to a considerable extent. The diseased spots were produced more

abundant]& in sunlight than those in the dark.

(F) Influence of sodium chloride

The writer often observed that the Sclerotium disease caused by Corticium
Sasakit occurred rarely on rice fields near the sea. It may be naturally at-
tributed to a certain influence of sodium chloride either on the fungus or
on the rice plant. Some experiments were made in order to learn the influence
of sodium chloride on the rice seedlings and the fungus.

The fungus was inoculated in sand (100 cc.) put in a 250 cc. ERLENMYER’s
flask, and the flask was moistened with 50 ce. of sodium chloride solutions of
various concentrations. After one or two days clean rice seeds (Miisinriki
variety) were sown in the sand. The experiments were repeated three times,

with results as summarized in Table 77.

TABLE 77. Influence of sodium chloride on the occurrence and severity of
the Sclerotium disease caused by Corticium Sasalkii
Sodium Inoculated Control
chloride | Nymper of | Number of | Number of | Number of | Number of | Number of
solution seeds seeds diseased seeds seeds diseased
added sown germinated | seedlings sown germinated | seedlings
%
0 12) 120 76 120 123 0
0.01 120 120 52 120 120 0
0.05 12) 120 35 129 129 0
0.10 120 120 29 120 120 0
0.50 120 120 8 120 120 0
1.00 129 12) 0 120 129 0
5.00 123 0 0 120 0 0
10.00 120 0 0 120 0 0
15.00 123 0 0 120 0 0
2).00 120 0 0 120 0 0

The diseased seedlings greatly decreased in number with increase in the

quantity of sodium chloride as shown in Table 77. The germination of seeds
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was also depressed as the concentration of sodium chloride increased, and no
germination was secured in the case of the concentration of 5% or more.
Similar experiments were also carried out with a 2000 cc. pot containing
150 ce. of field soil.

quantity to keep the water 2 cm. deep over the surface of the soil. The ex-

Sodium chloride solution was applied in sufficient

periments were repeated twice and similar results were obtained, although the
seedlings grown in 1% sodium chloride solution changed color to brown and
finally died.

TABLE 78. Influence of sodium chloride on the occurrence and severity of
the Sclerotium disease caused by Corticium Sasakii

Sodium Inoculated Control
chloride | Number of | Number of | Number of | Number of | Number of | Number of
solution seeds seeds diseased seeds seeds diseased
added sown germinated | seedlings sown germinated| seedlings
o 200 200 a7 200 200 0
0.1 200 200 43 200 200 0
0.05 200 200 16 200 200 0
0.10 200 200 4 200 200 0
0.50 200 200 0 200 200 0
1.00 200 200 0 200 200 0
5.00 200 0 0 200 0 0
10.00 200 0 0 200 0 0
15.00 200 0 0 200 0 0
20.00 200 0 0 200 0 0

From these results it is clear that the severity of the disease of rice
geedlings caused by Corticium Sasakii decreases rapidly with increase in the
quantity of sodium chloride in the soil. The,disease never occurs when
sodium chloride of 0.5% or more is added. The cause may be attributable
to—(1) the influence of sodium chloride on the fungus, (2) the influence of
sodium chloride on the host plant, or (8) the both.

made some investigations on the influence of sodium chloride on the fungus

The writer, therefore,

alone. In this case a bit of the mycelial mass (0.5 cm. in diameter) was put
on potato decoction agar containing sodium chloride of various concentrations.
fxperiments were conducted at 24°C., 28°C. and 32°C., each being repeated
three times. The results obtained are summarized in Table 79,

As shown in Table 79, the growth of myecelium of the fungus on culture
media was reduced by the addition of sodium chloride, and no growth was
obtained when 102 or higher solution of sodium chloride was added. The
host plant was also influenced by sodium chloride, and the growth or the

germination was entirely stopped when sodium chloride of 1% or more was

'
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TABLE 79. Effect of sodium chloride of ‘various concentrations on the growth
_of mycelium of Corticium Sasakii

Sodium chl oride Average diameter of the colony after 2 days at—
added- 24C. 28°C. 32°C.
%

0 7.766 cm. 8.166 cm. 9.266 cm.
0.01 7.266 8.000 8.766
0.05 7.266 7.633 8.966
0.10 6.133 7.400 9.044
0.50 5.166 6.600 7.266
1.00 4.066 . 5.666 6.333
5.00 0.533 0.666 0.800
10.00 0.500 0.500 0.500
15.00 0.500 0.500 0.500
20.00 0.500 0.500 0.500

added. These facts may show that the direct influence of sodium chloride
on the fungus is one of the factors controlling the occurrence of this disease
through soil infection, while the influence on the rice seedlings deserves

further investigations.

V. Antagonistic action of microorganisms to the growth
of mycelia and to the viability of the causal fungi,
also their influence upon the occurrence and
severity of the diseases

The diseases and their pathogenes are much influenced in their develop-
ment and growth by the presence of other microorganisms. Since the
appearance of PorTer's®® interesting report on the effect of bacteria on the
infection of wheat seedlings by Helminthosporium a number of papers. on
similar subjects have been published by different authorities.(* 618 20. 21, 22,24, 32,33,
34,38, 39,40, 55, 56, 60, 72,74, 75, 85,01, 92,105, 1L, 12, D The writer has also been studying along
the same line and has already published the results of his investigations on
the antagonistic action of various microorganisms upon Corticium Sasakis,

Corticium Rolfsii and Sclerotium Oryzae-sativae (s 221, 2 24,5, 31, 37,38
1. Influence of other microorganisms on the growth of mycelium

(A) Antagonistic action of various microorganisms -on the growth -

of the causal fungi of Sclerotium diseases in culture media

A bacterium or a fungus and a sclerotinm of the pathogene weré ino-
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culated on the agar medium (bouillon agar for the bacterium and Saito’s soy
agar for the fungus) in a Petri dish to confront each other. All cultures (3
dishes for each series) were kept for 21 days at the temperatures of 24°C,,
28°C. and 32°C. The first investigation was carried out on the effect of various
microorganisms upon the growth of mycelium of Corticium Sasakii. The re-
sults are shown in Tables 80-97.

TABLE 80. Antagonistic action of various bacteria on the growth of
Corticium Sasakii at 24°C.

Growth of mycelium of
Antagonistic Growth C. Sasakii
Name of bacteria a(i)t;gtner%fn;he ba(,():ftet;'}i‘gm Part of t}}e Counter part
used used colony facing of
the bacterium| the colony
None - - +4+4+ | 4
Bac. aroideae +++ ++ 4+ - (+)
Bae. butyricus + 4+ ++ — +(+)
Bac. cereus ++ ++ - +4 4 ++
Bac. coli +++ T 44+ - +
Bac. corallinus 4+ - — (+)
Bac. dendroides + 4+ +4++ - (+)
Bac. fluorescens liquefaciens -+ + - gk
Bac. fluorescens
non-liquefaciens - + ++++ + 4+
Bac. megatherium ++ + - . + 4+ 4
Bac. mesentericus +++ + 4+ - (+)
Bac. mycoides + 4+ ++ e + 4+
Bac. phytophthorus — (+) +4++++ TS
Bac. prodigiosus + -+ ot — (+)
Bac. subtilis + 44 ERES - (+)
Bac. ureae + 4+ + A — (+)
Bact. beticolum + 44 RIS - (+)
Bact. Cannae ’ ++ ++ - RIS
Bact. Ciiri 4+ 4+ +4++ — (+)
Bact. marginale + 4+ ++ — 4
Bact. Martyniae + 4+ ++ - (+)
Bact. medicaginis +4+ 4+ + 4+ - (+)
Bact. michiganense - +) +4++++ ot
Bact. Phaseoli +++ + 4 — (+)
Bact. rossicum + 4+ ++ ++ 4+ ++ 44+
Bact. Sojae +++ + 4+ - (+)
Bact. Syringae (+) (+) - +
Bact. tumefaciens + + — 4+
Bact. Vignae (+) + et +4+++
Baet. vilans ++ 4+ +++ — (+)

Remarks; - present; — absent; (+) present, but very weak.
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TABLE 81. Antagonistic action of various bacteria on the growth of
Corticium Sasakii at 2+°C.

Growth of mycelium of

Antagonistic | Growth of C. Sasakii
Name of bacteria t‘h:(g‘l’g?egfum bag}"’gium Part of the | Counter part
used used colony facing of the
the bacterium colony
None - — +4++++ + o+
Bac. aroideae ++ -+ +++ - + 4+ +
Bac. butyricus ++ + 4 + 4+ ERITIS
Bac. cereus + 4+ +++ + + 4+
Bae. coli B e + 4+ (+) + 4+
Bac. corallinus ++ ++ + 4+ L4+t
Bac. dendroides +++ +++ -+ + 4+
Bac. fluorescens liquefaciens +++ +++ + +++++
Bac. fluorescens
non-liquefaciens - + e+ A+t
Bac. megatherium ++ ++ + 4+ RIS
Bac. mesentericus -+ + +++ RN R
Bac. mycoides + 44+ +++ + L+
Bac. phytophthorus - (+) e+ ++ RIS
Bac. prodigiosus + 4+ + 4+ (+) + 4+
Bac. subtilis + 4+ 4+ (+) 44
Bac. ureas + 4+ +4++ + A4
Bact. beticolum +++ + 4+ (+) 4
Bact. Cannae + 4+ + 4+ 4+ RTINS
Bact. Citri + 4+ +++ + + 4+
Bact. marginale + -+ ++ + 4+ +
Bact. Martynige (+) + 4+ IR
Bact. medicaginis (+) + RIS +++++
Bact. michiganense - + +++++ ERNTETEI
Bact. Phaseoli + 4+ +++ + 444
Bact. rossicum + -+ +++ 4+ NRERERES
Bact. Sojae 44+ +++ + + 4+
Bagct. Syringae +) + +++ +++++
Bact. tumefaciens (+) + 4+ + 4+ 44+ A+t
Bacl. Vignae (+ +++ +++ +
Bact. vitans ++ -+ + 4+ 4 + 4

Remarks: The fungus was first inoculated and allowed to develop to 3 cm. in diam.,,
and then the bacterium was inoculated on the opposite side of the dish.
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TABLE 82. Antagonistic action of various bacteria on the growth of
Corticium Sasakii at 28°C.

. Growth of mycelium of
Antagonistic | Growth C. Sasakii
Name of bacteria %té(})lg of b of the
bacteriam | "t | o Toetms o
used t(i?e ggcteriuﬁx colony

None - - +4+++ | A+
Bac. aroideae + 4+ +++ — (+)
Bac. butyricus ++ ++ - +(+)
Bac. cereus ++ ++ - 44+
Bac. coli +++ +++ - -+
Bac. corallinus +++ +-++ - (+)
Bac. dendroides +++ +++ - (+)
Bac. fluorescens liquefaciens ++ + — + 444+
Bac. fluorescens

non-liquefaciens — + RIS +++++
Bac. megatherium ++ + - At
Bac. mesenlericus +++ +++ - (+)
Bac. mycoides +++ + 4+ - + 4+
Bac. phytophthorus - (+) +++++ +++++
Bac. prodigiosus +++ +++ - (+)
Bac. subtilis ++ -+ +++ - (+)
Bac. ureae +++ +++ — (+)
Bact. beticolum +++ +++ — (+)
Bact. Cannae ++ ++ — + 44+
Bact. Citri + 4+ + 4+ — (+)
Bact. marginale ++ ++ — + 4+
Bact. Martyniae + 4+ + 4+ — (+)
Bact. medicaginis +++ + 4+ - -
Bact. michiganense - (+) A+ b+
Bact. Phaseoli +4++ +++ - (+)
Bact. rossicum ++ + 4+ ++ IR
Bact. Sojae +++ +++ - (+)
Bact. Syringae (+) (+) - ERTITNE
Bagct. tumefaciens (+) + - 44+t +
Baot. Vignae (+) + + 4+ +4+++
Bact. vitans +++ +++ - (+)
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TABLE 83. Antagonistic action of various bacteria on the growth of
Corticium Sasakii at 28°C.

Growth of mycelium of

Anpagonfistic Glf‘O“}’]th Sasakii
Name of bacteria a%;gltlelgmﬁle ba(::t,eg-iﬁm Part of the |Counter part
used used colony facing of the
the bacterium colony
None - - +++++ +++++
Bac. aroideae + 4+ KRS + + 4+
Bac. butyricus + 4+ + 4+ +4+
Bac. cereus RN + 4t + + 4+
Bac. coli +++ +++ (+) +++
Bac. corallinus o KRR + 4+ G+ +
Bac. dendroides 44 RN + + 4+
Bac. fluorescens liquefaciens 44 ++ 4 (+) +tH++++
Bac. fluorescens
non-liquefaciens — + 4ttt +4+++
Bac. megatherium 4+ + 4+ +++
Bac. mesentericus + 4 + 4+ + + 4+ +
Bac. mycoides + 4+ + 4+ + + A
Bac. phytophthorus - + et 444+ +
Bac. prodigiosus RS + + + 4
Bac. subtilis 4t 4+ + +4++
Bac. urece e e e + 4+ + 44+
Bact. beticolum R, + 4+ + 4
Bact. Cannae ++ +++ +++ 4+
Bact. Citri ko +++ (+) + 4+
Bact. marginale ++ ++ + + 4+
Bact. Martyniae ++ + 4 + + 4+
Bact. medicaginis + 4+ + 4+ + A+ 4+
Bact. michiganense — + A+ + + 4+ 4+
Bact. Phaseoli + 4+ + 4+ (+) A+t
Bact. rossicum + 4+ +4++ + + 44
Bact. Sojae +++ +++ + +++
Bact. Syringae (+) ++ ++++ +++++
Bact. tumefaciens + +++ +++ +++++
Bact. Vignae (+) +4++ +++ R
Bact. vitans + 4+ +++ + 4+

Remarks: The fungus was first inoculated and allowed to develop to 3 cm. in diam,,
and then the bacterium was inoculated on the opposite side of the dish.
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TABLE 84. Antagonistic action of various bacteria on the growth of
Corticium Sasakii at 32°C.

Growth of mycelium of
Antagonistic | Growth of . Sasakii
Name of bacteria acg;z&fifuf,}f ¢ bacg:ium Part of the | Counter part
used used colony facing of the
the bacterium colony
None - - +H+++ | 4+
Bac. aroideae + 4+ + 4+ - (+)
Bac. butyricus ++ + 4 _ 4+
Bac. cereus + ++ +++ - 4
Bagc. coli +4+ o - +
Bac. corallinus +++ 4+ 4+ - NS
Bac. dendroides +++ + 4+ — +
Bace. fluorescens liquefaciens + 4+ + + 4+ + — +
Bac. fluorescens
non-liquefaciens — + +4+++ 4+ +4++4++
Bac. megatherium + 4 + — 4
Bac. mesentericus ++ 4+ +++ — +++
Bac. mycoides + -+ + A+ — +
Bac. phytophthorus - (+) +4+++ | A+
Bac. prodigiosus +++ +-++ - +
Bac. subtilis +++ + 4+ — (+)
Bac. ureae +++ +++ - 4
Bact. marginale + -+ ++ —_ (+)
Bact. Martyniae +++ +++ (+) ++
Bact. medicaginis +++ ++ 4+ +) +
Bact. michiganense - (+) + 4+ + +t
Bact. Phaseols +++ + 4+ — (+)
Bact. rossicum ++ +++ ++ +++++
Bact. Sojae +++ +++ —_ (+)
Bact. Syringae (+) (+) - ++++
Bact. tumefaciens (+) (+) KRR b
Bact. Vignae (+) + F4++++ | +++++
Bact. vitans + 4+ + 4+ - (+)
TABLE 85. Antagonistic action of various bacteria on the growth of
Corticium Sasakii at 32°C.
Growth of mycelium of
Antagonistic Growth Sasakii
Name of bacteria action of the of the -
bacterium bacterium Part of the | Counter part
used used colony facing of the
the bacterium colony
None - - ++t+4++ | FFE++
Bace. aroideae +++ +++ -+ + 4+ +
Bac. butyricus ++ + 4+ + 4+ +ob
Buagc. cereus +++ +++ + + 4+
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. Growth of mycelium of
Antagonistic Growth Sasakii
Name of bacteria a‘if;?;ﬁeﬁm?e ba(():i,eg'}i]ﬁm Part of the |Counter part
used ‘ used colony facing of the
1 the bdcterium| colony
Bae. coli +++ i+++ (+) + 4+
Bagc. corallinus +++ e ++4+ ++++
Bac. dendroides + 4+ } + 4+ + R
Bagc. fluorescens liquefaciens +++ Lo (+) 4+
Bac. fluorescens
non-liquefaciens - + + 4+ +4++++
Bac. megatherium ++ + 4+ + ++++
Bac. mesentericus +++ +-++ ++ + 44+
Bac. mycoides + 4+ 44+ (+) R
Bac. phytophthorus - — b+ TR
Bac. prodigiosus +++ +-++ (+) 4+
Bac. subtilis + 4+ 4+ (+) o+
Bac. ureae + 4+ 44+ + 4+
Bact. beticolum + -+ S+ 4+ + 44
Bact. Cannae ++ ++ +++ +++++
Bagct. Citri +++ +++ (+) +++
Bact. marginale +++ + 4+ + 4+
Bact. Martyniae +++ + 4+ (+) + 4+
Bact. medicaginis + 4+ +++ + 4 + 4+
Bact. michiganense - + 44+ ++ 444+
Baci. Phaseoli +++ +++ (-+) + 4+
Bact. rossicum ++ +++ + -+ +++
Bact. Sojae + 4+ + 4+ + + 44
Bact. Syringae (+) + +o++ B
Bact. tumefaciens + 44+ +++ 4+
Bact. Vignae (+) + ++++ +++++
Bact. vitans ++ -+ + -+ + +++

Remarks: The fungus was first inoculated and allowed to develop to 3 em. in diam,,
and then the bacterium was inoculated on the opposite side of the dish.

TABLE 86. Antagonistic action of Aspergillus niger on the growth of
Corticium Sasakii at 24°C.

Growth of mycelium of
Antagonistic | Growth of C. Sasakii
Strain number of the fungus js;‘_of”:i g?:f' mj;:;.hg{\;wof c(ﬁg;ty ofE a.tclilfl . Counter part

used used the colony of of the

Asp. niger colony
None - - +++++ | A+t
Asp. niger (Stock No. 1) ++ +++ - +++++
Asp. niger (Stock No. 2) ++ +++ - + 44+
Asp. niger (Stock No. 3) ++ +++ - ++4+++
Asp. niger (Stock No. 4) ++ +++ - +++++
Asp. niger (Stock No. §) ++ +++ - +++++
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Growth of mycelium of

Antagonistic Gro¥th of ; Sasakii
Strain number of the fungus Zf;"(’% g(;f- lei’;:;. 133;@0 C(:E),la(;ll‘:yoffa, ;illlneg Counter part
used used the colony of of the
Asp. niger colony
p._nig
Asp. niger (Stock No. 6) ++ +++ — + 4+
Asp. niger (Stock No. 7) ++ +++ - ++ 4+
Asp. niger (Stock No. 8) ++ + -+ - +
Asp. niger (Stock No. 9) + 4 + 4+ - +
Asp. niger (Stock No. 10) ++ +-++ — G4+ +++
Asp. niger (Stock No. 11) ++ + 4+ — A+
Asp. niger (Stock No. 12) ++ +++ - +
Asp. niger (Stock No. 13) ++ + 4+ - o
Asp. niger (Stock No. 14) ++ +++ - +++++
Asp. niger (Stock No. 15) ++ + 44 - 44+ 4+
Asp. niger (Stock No. 16) ++ +++ - +++++
TABLE 87. Antagonistic action of Aspergillus spp. on the growth of
Corticium Sasakii at 24°C.
Growth of mycelium of
Antagonisgic Gro;\fth off Sasakii
s action o mycelium o
Name of fungi Aspergillus Ayspergillus cOP]a(;g’yoffaé?f Counter part
used used the colony o of
Aspergillus the colony
None - - e+ | A+
Asp. candidus - + +4++++ A+
Asp. cellulosae ++ ++ - + 44+
Asp. cinnamomeus +-++ +++ - + b+
Asp. clavatus (+) + ++++ +++++
Asp. echinulatus - + +tt4++ |
Asp. Fischeri (+) ++ ++++ +4 4+
Asp. flavipes - + +4+++ |
Asp. flavus +++ + 4+ - RIS
Asp. fumigatus — + + +4++++
Asp. gracilis ++ ++ - e
Asp. insuetus + + + 4+ + 4+
Asp. japonicus + + - 4+
Asp. Oryzae + -+ ++ - + 444+
Asp. parasiticus ++ + — T+ 444+
Asp. quercinus + ++ - + b+
Asp. repandus - + +4+++ | A+ttt
Asp. repens ++ ++ - +++++
Asp. Schiemanni. ++ ++ — NS
ASP. sulphweus -+ -+ + 4 4+
Asp. Sydowi - + +4+++ A+t ++
Asp. Tamarii +++ +++ - + 44+
Asp. tereus +-+ ++ - +++++
Asp. lerricola
Tar. GMEricana +-+ ++ - B B NN
Asp. ustus + + - + 4+
Asp. versicolor - + 4+ 4+ f e
Asp. violaceo-fuscus ++ ++ - +++++
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TABLE 83. Antagonistic action of Penicillium spp. on the growth of
Corticium Sasakii at 24°C.
i Growth of myecelium of
Antagenistic | Growth of C. Sasakii
Nowe of funl | picton ol mpcelien of | Bt o760 G pur

used used the colony of of the

Penicillium colony
None - - e T T I
Pen. avellaceum - + 4 + 444
Pen. brevicaule — + + 44+ + 4
Pen. chrysogenum - + + b+ [E ST
Pen. citrinum + + — +4+++
Pen. commune (+) + 44+ + + 444
Pen. divaricatum - + 4+ + 4+ + 444+ +
Pen. granulaium - -+ + 4+ ++ + 4+ + 4+
Pen. lilacinum + + + o
Pen. Olsoni - ++ +++++ +++++
Pen. oxalicum ++ +4 — IR
Pen. roseum ++ ++ — A
Pen. silvaticum + ++ - G4
Pen. Thomii + ++ + +4 ot

TABLE 89. Antagonistic action of Mucor spp. and Absidia sp. on the growth
of Corticium Sasakii at 24°C.
Antagonistic Gme‘fiﬁlmog f Growth ?f my](c:;_aihum of
Name of fungi action of the | ™Y¢ the Part of the |
> antagonist | _ . agonist | colony facing 0111;1761‘ part
used > of the
used the colony of colony
antagonist

None - - +ebt et | bttt
M. bedrchani + +++ +++ +++++
M. circinelloides ++ +++ + +++++
M. racemosus +++ +++ - +++++
A. coerulea +++ +++ - +++++

TABLE 90. Antagoni

stic action of Aspergillus niger on the growth of
Corticium Sasakii at 28°C.

Strain number of the fungus

None

Asp. niger (Stock No. 1)
Asp. niger (Stock No. 2)
Asp. niger (Stock No. 3)

Growth of mycelium of

Antagonistic | Growth of C. Sasakii

action of | mycelium of | "Part of the | o

Asp. niger Asp. niger colaornyofacing Counter part
used used the colony of of the

Asp. niger colony

— - B ok = S ISR SRS

++ +++ - +4 e+

++ +++ - +++++

++ +++ - +4++++
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TABLE 90. (Continued)
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Growth of mycelium of

Antagonistic | Growth of C. Sasakii
Strain number of the fungus jﬁ;f“,’,’,-ggi m}f;.l ‘;zlgef? ' cgﬁ)rl:yoffaz?l?g Counter part
used - used the colony of of the
Asp. niger colony
Asp. niger (Stock No. 4) ++ 4+ - +++++
Asp. niger (Stock No. 5) ++ +4++ — dd e+t
Asp. niger (Stock No. 6) + -+ +++ - + 4+t
Asp. niger (Stock No. 7) ++ + 4+ — 4t
Asp. niger (Stock No. 8) 4+ 4 — RIS
Asp. niger (Stock No. 9) + -+ ++ -+ - e s
Asp. niger (Stock No. 10) ++ ++ 4 — A+t
Asp. miger (Stock No. 11) ++ +++ - +4+++
Asp. niger (Stock No. 12) ++ +4++ — +++++
Asp. miger (Stock No. 13) ++ + 4 - + 4+ ++
Asp. niger (Stock No. 14) ++ +++ — +++++
Asp. niger (Stock No. 15) ++ +++ - + 4+
Asp. wiger (Stock No. 16) ++ +++ - +++++
TABLE 91. Antagonistic action of Aspergillus spp. on the growth of
Corticium Sasakii at 28°C.
Growth of mycelium of
Antagonisgic Growth off Sasakii
Name of fungi Aiﬁptgggil(l)us gﬁﬁg’ﬁlug cgl‘fxtyot? ag;‘fg Counter part
used used the colony of of the
Aspergillus colony
None - - 44+ |
Asp. candidus - + RTINS + 4+ 4+
Asp. cellulosae ++ +4+ — +4++++
Asp. cinnamomeus +++ +++ — +++++
Asp. clavatus (+) + 44+ +4++++
Asp. echinulatus - ++ 4+ 44+ 4+
Asp. Fischeri (+) + — ERTETI
Asp. flavipes - + Attt |
Asp. flavus +-+ ++ - +++++
Asp. fumigatus - + bttt | A+
Asp. gracilis 4+ ++ - + 4+ ++
Asp. insuetus + ++ +++ + 4+t
Asp. japonicus +4+ +++ - ++
Asp. Oryzae ++ +++ - +++++
Asp. parasiticus + 4+ + 4 — e
Asp. quercinus + ++ — NI I T
Asp. repandus - + +++++ +4+
Asp. repens + -+ + -+ - + o+
Asp. Schiemanni + -+ ++ - 4+ ++
Asp. sulphureus + + +++ 4
Asp Sydowi — + +++++ e+t
Asp. Tamaris +++ + 4+ — (+)
Asp. terreus ++ ++ — IR
Asp. terricola var. americana +-+ ++ — +++++
Asp. ustus + + — RS
Asp. versicolor — + A+ + ERTRE R
Asp. violaceo-fuscus ++ ++ - +++++
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TABLE 92. Antagonistic action of Penicillium spp. on the growth of
Corticium Sasakii at 28°C.
Growth of mycelium of
Antagonistf',ic Grovis:th off Sasakiz
- : : action o mycelium o ]
Name of fungi Penicillium Pgnicillium cgag;fyof;gfg Counter part
" of the
used used the colony of
Penicillium colony

None - - +++++ +++++
Pen. avellaneum - + ++4++ +++++
Pen. brevicaule - + +4+++ EIT
Pen. chrysogenum — -t 4+ RIS
Pen. citrinum -+ + 4+ — 4t
Pen. commune (+) + +4+++ + 4+t
Pen. divaricatum — ++ + A+ + RIS
Pen. granulatum - + +4++++ RTINS
Pen. lilacinum + 4+ 4 TS
Pen. Olsoni - ++ +++++ +++++
Pen. ozxalicum + -+ + 4+ - (+)
Pen. roseum ++ +++ - +++++
Pen. silvaticum ++ + 4 —_ ERERERET
Pen. Thomii + + 4+ + ERTTTIE IS

TABLE 93. Antagonistic action of M: ucor. spp. and Absidia sp. on the growth
of Corticium Sasakii at 28°C.

Growth of mycelium of
Antagonisgic Grmisfth of ; Sasakir
T : action o mycelinm o ;
Name of fungi the antagonist theyantagonist cgﬁ)rxfyofﬁagﬁg Counter part

used used the colony of of the

antagonist colony
None - - +4+4+ |
M. bedrchani + +++ +++ R e
M. circinelloides + ++ — RIS
M. racemosus +++ ++++ - +++++
A. coerulea +++ + -+ - +++++

TABLE 94. Antagonistic action of Aspergillus niger on the growth of
Corticium Sasakiz at 32°C.

Growth of mycelium of
Antagonisftic Growth off C. Sasakii
Strain number of the fungus j'cs;;l.ogig%r nﬁﬂfh;ﬂf cgﬁfrtyoff ag;?g Counter part
used used the colony of of the
Asp. niger colony N
None - - +++++ | A+t
Asp. niger (Stock No. 1) ++ ++ - + 4+ 4+
Asp. niger (Stock No. 2) ++ + — RTINS
Asp. niger (Stock No. 3) +4+ + -+ - ++
Asp. niger (Stock No. 4) ++ +++ - + 4+
Asp. niger (Stock No. 5) ++ + -+ - +++ 4+
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Growth of mycelium of

Antagonistic | Growth of C. Sasakii
Strain number of the fungus jgxo,%;e’i mz;:;.h;:ig;?f coP]T)I:y(;fa ctl}rl)% Counter part
used used the colony of of the
Asp. niger colony
Asp. niger (Stock No. 6) ++ + 4+ - + 4+ 44
Asp. niger (Stock No. 7) +++ +++ — +
Asp. niger (Stock No. 8) + 4 + 44+ — A+t
Asp. niger (Stock No. 9) ++ 4+ + — RIS
Asp. niger (Stock No. 10) ++ + -+ -+ - + 44+
Asp. niger (Stock No. 11) ++ +++ - +++++
Asp. niger (Stock No. 12) ++ + -+ - R s
Asp. niger (Stock No. 13) ++ + 4+ - + 4+ +
Asp. niger (Stock No. 14) ++ +++ - +++++
Asp. niger (Stock No. 15) + 4 + 4+ - +++++
Asp. niger (Stock No. 16) ++ +++ - +++++
TABLE 95. Antagonistic action of Aspergillus spp. on the growth of
! Corticium Sasakii at 32°C.
Growth of mycelium of
Anta.gonis’gic GrO\lvvth of ; C. Sasakii
q : action o m, ium o
Name of fungi Aspergillus Ays(};)e;argillu.s Pla.rf, Off tihe Counter part
used used (13',?1 eoggl 0‘;‘1’(;, ] of the
Aspergillus colony
None — - At | A+
Asp. candidus —_ -+ +4++++ + 4
Asp. cellulosae ++ ++ - + 444+
Asp. cinnamomeus +++ +-++ - +4 4+
Asp. clavalus (+) + +4+++ +++++
Asp. echanulatus — ++ +4+++4 4+
Asp. Fischeri +) + - +++++
Asp. flavipes - + b4+ | A
Asp. flavus +-+ ++ - + b
Asp. fumigatus - + s s i s o e e e =
Asp. gracilis + -+ ++ —_ e
Asp. insuetus + ++ + 4+ +++++
Asp. japonicus ++ +++ - -
Asp. Oryzae o+ ++ — 4
Asp. parasiticus ++ ++ - + 4+ ++
Asp. quercinus + 4 — 4
Asp. repandus - + +++++ |
Asp. repens ++ ++ - +++++
Asp. Schiemanni ++ + 4 — T+
Asp. sulphureus + + +++ ++++
Asp. Sydowi - + +4++++ | A+t
Asp. Tamarii 4+ + 4t — +
Asp. lerreus + 4+ ++ _ G+ 4+
Asp. terricola var. americanc ++ ++ - ++ 4+ +
Asp. ustus + + — T+
Asp. versicolor — + +4+++ IR
Asp. violaceo-fuscus + -+ ++ - ++++4




130 Bulletin of Miyazaki College of Agriculture and Forestry, No. 11

TABLE 96. Antagonistic action of Penicillium spp. on the growth of
Corticium Sasakii at 32°C.

Growth of mycelium of
Antagonistic | Growth of C. Sasakii
Name of fungi Ponioilliom | Pomseiifom | oLert 9L oo intor part
used used the colony of of the
Penicillium colony
None - - +++++ +++++
Pen. avellaneum - + + 4+ ERE BT S
Pen. brevicaule - + A+ +++++
Pen. chrysogenum - + Ft 4+ b4
Pen. citrinum + -+ — +++++
Pen. commune (+) + +++ 4+
Pen. divaricatum - + +++++ 4 4+
Pen. granulatum - + + 4+ BT
Pen. lilacinum + -+ +++ +++++
Pen. Olsoni — + +4+++ ettt
Pen. oxalicum ++ ++ - ++ 4+ +
Pen. roseum ++ ++ - WREREII
Pen. silvaticum ++ ++ - +++++
Pen. Thomii + ++ A+t + 4+
TABLE 97. Antagonistic action of Mucor spp. and Absidia sp. on the growth
of Corticium Sasakii at 32C.
Growth of mycelium of
Antagonistic | Growth of Sasakii
Name of fungi agﬁg;lggrfl ii;ltie tgéyggi:;’gn‘g b c(f’lz(\)r;yflf; gfg Counter part
used used the colony of gglg}r:&;r
antagonist
None - - +4++++ | e+t
M. bedrchani + +++ ++ A
M. circinelloides ++ +++ + ERTRIr
M. racemosus +++ +++ - F b A
A. coerulea + 4+ 44+ — A+

From these results, it is shown that the antagonistic influence of bacteria
upon the growth of Corticium Sasakii differs remarkably according to the

species of bacteria.
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Bacillus aroideae, Bac. butyricus, Bac. coli, Bac. corallinus, Bac. cereus, Bac.
dendroides, Bac. fluorescence liquefaciens, Bac. megatherium, Bac. mesentericus,
Bac. mycoides, Bae, prodigiosus, Bac. subtﬂis, Bac. ureae, Bacterium beticolum,
Bact, Cannae, Bact. Citri, Bact. marginale, Bact. Martyniae, Bact. medicaginis,
Bact. Phaseoli, Bact. rossicum, Bact. Sojae, and Bact. vitans were highly ant-
agonistic to Corticium Sasakii. These bacteria infested the colony of the
fungus and inhibited its mycelial growth.

Colonies of Bacillus fluorescens non-liquefaciens, Bac. phytophthorus and Bact.
michiganense were entirely covered with the mycelia of Corticium Sasakis,
thus showing no antagonistic influence upon the growth of the fungus.

Antagonistic action of 44 species of fungi, belonging to Aspergillus, Peni-
cillium, Mucor and Absidia, was observed at various temperatures. Aspergillus
niger (Stock No. 1), Asp. niger (Stock No. 2), Asp. miger (Stock No. 3), Asp.
niger (Stock No. 4), Asp. niger (Stock No. 5), Asp. niger (Stock No. 6), Asp.
niger (Stock No. 7), Asp. niger (Stock No. 8), Asp. niger (Stock No. 9), Asp.
niger (Stock No. 10), Asp. niger (Stock No. 11), Asp. niger (Stock No. 12), Asp.
niger (Stock No. 13), Asp. niger (Stock No. 14), Asp. niger (Stock No. 15), Asp.
niger (Stock No. 16), Asp. cellulosae, Asp. cinnamomeus, Asp. clavatus, Asp. Fis-
cheri, Asp. flavus, Asp. gracilis, Asp. insuetus, Asp. japonicus, Asp. Oryzae, Asp.
parasiticus, Asp. quercinus, Asp. repens, Asp. Schiemanni, Asp. sulphureus, Asp.
Tamarit, Asp. terreus, Asp. terricola wvar. americana, Asp. ustus, Asp. violaceo-
fuscus, Penicillium commune, Pen. lilacinum, Pen. oxalicum, Pen. roseum, Pen.
silvaticum, Pen. Thomii, Mucor bedrchani, M. circinelloides and Absidia coerulea
were proved to be antagonistic to the growth of Corticium Sasakii on the
culture media, their mycelia covering the colony of the latter and retarding
its growth.

Penicillium citrinum was somewhat antagonistic to Corticium Sasakis ; both
microorganisms stopped their growth leaving a sterile region between them,

Colonies of Aspergillus candidus, Asp. echinulatus, Asp. flavipes, Asp. fumig-
atus, Asp. repandus, Asp. Sydowi, Asp. versicolor, Penicillium avellaneum, Pen.,
brevicaule, Pen. chrysogenum, Pen. divaricatum, Pen. granulatum and Pen. Olsoni
were all covered with the mycelia of Corticiam Sasakii on the culture media,
having on effect on the growth of the latter.

The antagonistic action of various bacteria on the growth of Sclerotium
Oryzae-sativae was studied by the same method as described above. The
results obtained are tabulated in Tables 98-106.
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TABLE 98. Antagonistic action of various bacteria on the growth of
Sclerotium Oryzae-sativae at 24°C.

Growth of mycelium of
Antagonistic | Growth of S. Oryzae-sativae
Name of bacteria acterumn | bacterium | gt e | Counter part
used used the of the
bacterium colony
None - - 4+t | A+t
Bac. aroideae ++ -+ +++ + +++
Bac. cereus +++ + 4+ — —
Bac. coli +++ + 44 (+) +
Bac. corallinus + 4+ +++ — +
Bac. dendroides + 4+ + 4+ — +
Bae. fluorescens liquefaciens 4+ -+ + 4+ - +
Bac. fluorescens
non-liquefaciens - + +4++++ +4++++
Bac. mesenlericus ++ ++ - +++
Bac. mycoides +++ +++ — +
Bac. prodigiosus + I TN _ +)
Bac. subtilis 44+ 4t - (+)
Bac. ureae + 4+ 4 _ (+)
Bagct. beticolum + -+ b+ - +
Bact. Citri ++ ++ - .
Bact. medicaginis +++ 4+ 4+ - } +
Bact. michiganense + -+ -+ ++ -+ - I {+)
.Bagct. rossicum + 4+ + 4+ — TS
Bact. Sojae (+) + ++ ‘! I
TABLE 99.

Sclerotium Oryzae-sativae at 24°C.

Antagonistic action of various bacteria on the growth of

Growth of mycelium of
Antagonistic Growth S. Oryzae-sativae
Name of bacteria thgfl c‘t?zlt(():{alefifum ba?:ft;r%%m Part of the | Counter part
used used colony facing of the
the bacterium colony
None - - +htt++ | b
Bac. aroideae +++ +++ - ++
Bac. cereus +++ + 4+ — + 4+
Bac. coli +++ +++ - ++
Bac. corallinus +++ +++ - ++
Bac. dendroides +++ +++ + + 4+
Bac. fluorescens liquefaciens +++ + 4+ + + 4+
Bac. fluorescens
non-liquefaciens - + 44+ TR SR
Bac. mesentericus + + ++ + 4+ 4+
Bac. mycoides + 44 + 4+ (+) + 4+
Bac. prodigiosus +++ +++ - ++
Bac. subtilis EITIR RIS - ++
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Growth of mycelium of
Antagonistic | Growth of S. Oryzae-sativae
Name of bacteria action of the the Part of the
bacterium | bacterlum | olony facing | Counter part
used used the of the colony
bacterium
Bac. ureae +4++ +++ — + -+
Bact. beticolum +4++ “ — +
Bact. Citri 4+ + - + 4
Bact. medicaginis ++ + 4+ + 4+ 4+ 4+
Bact. rossicum +4++ +++ (+) ++
Bact. Sojae +4++ +++ - ++

Remarks: The fungus was first inoculated and allowed to develop to a diameter of
3 cm., and then the bacterium was inoculated on the opposite side of the dish.

TABLE 100. Antagonistic action of various bacteria on the growth of

Seclerotium Oryzae-sativae at 28°C.

Growth of mycelium of
Antagonistic Growth 8. Oryzae-sativae
= TR My oy ¢ r——
used ased colon{}vh gaclng of the
bacterium colony

None - - +++++ | A+
Bac. aroidene +++ +++ + + 4+
Bac. cereus + 4+ + 4+ - (+)
Bac. coli + o+ - +
Bac. corallinus 44 +++ — (+)
Bac. dendroides 4 + 4+ — +
Bac. fluorescens liquefaciens +++ +++ — + 4
Bac. fluorescens

non-liquefaciens - (+) + 4+ T+
Bac. mesentericus + 4+ + -+ — 44+
Bac. mycoides ++ + + 4+ — (+)
Bac. prodigiosus +++ + 4+ 4+ - (+)
Bac. subtilis + 4+ + 4+ — (+)
Bac. ureae ++ + +++ - (+)
Bact. beticolum +++ + _ +
Baet. Citrt + 4+ IR _ (+)
Bact. medicaginis A4 ++ 4 — (+)
Bact. michiganense + 4+ 4 — (+)
Bact. rossicum + 4+ + 4+ + e+
Bact. Sojae + 4o 4 ot
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TABLE 101. Antagonistic action of various bacteria on the growth of
Sclerotium Oryzae-sabivae at 28°C.
Growth of mycelium of
Antagonistic Growth S. Oryzae-sativae
Name of bacteria ag;lgtgx?ifugle ba(():ft,eﬁ*}i!sm COPJ%I;S (}ggf Counter part
used used f?ile g of the
bacterium colony
None - - +++++ | A+ttt
Bac. aroideae + 4 RIS — 4o
Bac. cereus + 4+ + 4+ + ot
Bac. coli S+ 4+ + 44 - + 4+
Bac. corallinus + 4+ 44+ —_ +
Bac. dendroides +++ + 4+ — 44+
Bac. fluorescens liquefaciens +++ +++ — ++
Bac. fluorescens
non-liquefaciens - + +H+++ | A+
Bac. mesentericus + +++ +++ +++ 4+
Bac. mycoides ++ ++ — ++++
Bac. prodigiosus +++ g — 4
Bac. subtilis g RIS _ -+
Bac. ureae + 4+ +4+ — ++
Bact. beticolum + 4+ 4 — RIS
Bact. Citri + 4+ +++ + +++
Bact. medicaginis + +++ + IR
Bact, rossicum + 4+ + 4+ + S+
Bact. Sojae +++ +++ - ++
Remarks: The fungus was first inoculated and allowed to develop to a diameter of

3 cm., and then the bacterium was inoculated on the opposite side of the dish.

TABLE 102.

Antagonistic action of various bacteria on the growth of
Sclerotium Oryzac-sativae at 32°C.

Growth of mycelium of

Antagonistic Growth S. Oryzae-sativae
o of barin | SGUROL | 0P ol G
used used the of the
bacterium colony
None - - +H+++ | FEt+
Bac. aroideae +++ 4 + ++
Bac. cereus +++ +++ - (+)
Bac. coli + -+ +++ - (+)
Bac. corallinus +++ +++ — (+)
Bac. dendroides +++ +++ - +
Bac. fluorescens liquefaciens +4++ + 4+ — +
Bac. fluorescens
non-liquefaciens — + + 4+t + RIS
Bac. mesentericus ++ ++ - + 4
Bac. mycoides +++ +++ - )
Bac. prodigiosus +++ +++ - +
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Growth of myceliumn of

Antagonistic Growth S. Oryzae-sativae
Name of bacteria 3(17)1; &233 frllle : ba(():fte E-lilﬁm . (ﬁ?)l:yoffat:}ilﬁg Counter part
used used the of the
bacterium colony
Bac. subtilis +++ +++ - (+)
Bac. ureae ++ -+ + -+ — (+)
Bagct. beticolum + 4+ +4++ — +
Bact. Citri +++ + 4+ - +
Bact. medicaginis + -+ + — +
Bact. michiganense +++ +++ - (+)
Bact. rossicum +-++ + 4+ -+ + 4+
Bact. Sojae +++ +++ +++ + -+

TABLE 108.

Antagonistic action of various bacteria on the growth of
Selerotium Oryzae-sativae at 32°C.

Growth of mycelium of

Antagonistic Growth S. Oryzae-sativae
Name of bacteria aggggr?ige ba(::ieg}ilﬁm ?lart off the | ounter part
used used co Ongheacmg of the
bacterium colony
None - - A+ |t
Bac. aroideae + 4+ + 4+ - e
Bac. cereus + 4+ + 4+ + T+
Bac. coli + 4+ 4+ — 4
Bace. corallinus ++ +++ ++ + 4+ +
Bac. dendroides +++ +++ - &+
Bac. fluorescens liquefaciens +++ +++ - ++
Bac. fluorescens
non-liquefaciens - + +++++ | A+
Bac. mesentericus + + 4+ + 4+ ++++
Bac. mycoides -+ 4+ + 4+ — S+
Bac. prodigiosus ++ -+ +++ - ++
Bac. subtilis +++ +++ + + 44
Bac. ureae 4+ + 4+ - ++
Bagct. beticolum +++ +++ - ++
Bact. Citri +++ +++ + + 4+
Bact. medicaginis ++ +++ + ++++
Bact. rossicum +++ +++ + 4+
Bact. Sojae + -+ +++ : - ++
Remarks: The fungus was first inoculated and allowed to develop to a diameter of

3 cm., and then the. bacterium was inoculated on the opposite side of the dish.
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TABLE 104. Antagonistic action of various fungi on the growth of
Sclerotium Oryzae-sativae at 24°C.
Growth of mycelium of
Antagonistic | Growth of 8. Oryzae-sativae
Name of fungi ”";ﬁ‘lﬁ;‘ggﬁ?f th"éyﬁﬁltla‘ggn?it cﬁi‘;fy‘}g ;i};fg Counter part
used used the colony of of the
antagon'ist colony
None - - 4+ | bt
Asp. alliaceus ++ ++ + + 44+
Asp. amstelodami (+) + + 44+ A+ -
Asp. cinnamomeus +++ +++ - ++++
Asp. echinulatus (+) ++ A+ 4+ +4++++
Asp. flavus ++ ++ + ++++
Asp. fumigatus + 44+ +-+ -+ - +
Asp. niger (Stock No. 1) + 4+ +++ - +
Asp. niper (Stock No. 2) + 4+ + -4+ — +
Asp. niger (Stock No. 3) +4++ ++-+ - +
Asp. niger (Stock No. 4) -+ 4+ +++ - -+
Asp. niger (Stock No. 5) +++ +++ - +
Asp. niger (Stock No. 6) + 4+ +++ — +
Asp. niger (Stock No. 7) +++ +++ - +
Asp. niger (Stock No. 8) + 4+ + 4 — -+
Asp. niger (Stock No. 9) +++ ++ 4+ - +
Asp. niger (Stock No. 10) + 4+ “+++ - +
Asp. niger (Stock No. 11) ++ 4 + 4+ — +
Asp. niger (Stock No. 12) +++ 44 — +
Asp. niger (Stock No. 13) +++ + 44 — +
Asp. niger (Stock No. 14) +++ + -+ - +
Asp. niger (Stock No. 15) +++ +++ - +
Asp. niger (Stock No. 16) + 4+ + 4+ — -+
Asp. parasiticus +++ +++ — (+)
Asp. quercinus +++ +++ - +++++
Asp. sulphureus + -+ ++ + 44+
Asp. Sydowi ++ ++ + +
Asp. Tamarii +++ + 4+ - (+)
Asp. terreus +++ + 4+ - +
Asp. violaceo-fuscus +++ +++ - +
Pen. clrysogenum — + A+ + 4+ 4+
Pen. citrinum + -+ ++ +4++ + 4+ 4+
Pen. commune (+) + + 4+ +4++
Pen. granulatum — (+) +++++ + 4+
Pen. lilacinum - ++ et I
Pen. oxalicum — + + 4+ + RTINS
Pen. roseum — + EITRTRTIorS RTINS
Mucor bedrchani + + 4+ 4
M. racemosus - + +++++ + 4+ ++
Absidia coerulea ++ + 4+ ++ TR
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TABLE 105. Antagonistic action of various fungi on the growth of

Sclerotium Oryzae-

sativae at 28°C.

Growth of myeelium of
Antagonistic Growth of S. Oryzac-sativae
Nomo of tangt | Agn 0 e myectun 6Bt of ¥ | Copmr pard
used used the colony of gglgge
antagonist ¥
None — — +++++ +++++
Asp. alliaceus 4+ ++ + o
Asp. amstelodami +) -+ + 4+ + +++++
Asp. cinnamomeus +++ +++ - (+)
Asp. echinulatus + + -+ +++ + 4 A+
Asp. fAavus + -+ -+ + 4+ (+) 4+t ++
Asp. fumigatus +++ +++ - (+)
Asp. niger (Stock No. 1) + 4+ +++ - +
Asp. niger (Stock No. 2) +++ +++ - +
Asp. niger (Stock No. 3) +++ ++++ - +
Asp. niger (Stock No. 4) +++ + 4+ - +
Asp. niger (Stock No. b5) + 4+ +4+++ - +
Asp. niger (Stock No. 6) +++ + 44+ - +
Asp. niger (Stock No. 7) + 4+ -+ +++ - -+
Asp. niger (Stock No. 8) + + 4+ - +
Asp. niger (Stock No. 9) + 4+ + 4+ - +
Asp. niger (Stock No. 10) +++ + 4+ + - +
Asp. niger (Stock No. 11) +++ ++ 4+ - +
Asp. niger (Stock No. 12) +++ ++ 4+ — +
Asp. niger (Stock No. 13) +++ ++++ i +
Asp. niger (Stock No. 14) +++ + 4+ + — +
Asp. niger (Stock No. 15) “+++ +4+++ — +
Asp. niger (Stock No. 16) + 4+ +4++ — +
Asp. parasiticus + + 4+ — (+)
Asp. quercinus IR 44+ (+) RIS
Asp. sulphureus + + ++ RIS
Asp. Sydowi +++ +++ (+) + A+
Asp. Tamari 4 + 4+ — +)
Asp. terreus + 4+ +++ - +
Asp. violaceo-fuscus o T+ — +
Pen. chrysogenum — + A+ 4+ 4+ ++
Pen. citrinum -+ + + -+ + -+ G4+ 4+
Pen. commune (+) + ++++ 44+
Pen. granulatum — (+) IR TS ITITT I
Pen. lilacinum — (+) e e b
Pen. oxalicum — + e+ ERTRTRR
Pen. roseum + 4+ o+ 4+ A+
Mucor bedrchani -+ + + A+ ERETE NS
M. racemosus - + +++++ +t+ A+t
Absidia coerulea ++ ++ +++ + ot
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TABLE 106. Antagonistic action of various fungi on the growth of
Sclerotium Oryzae-sativae at 32°C.
Growth of mycelium of
Antagonistic | Growth of 8. Oryzae-sativae
Name of fungi a?;cgggg;itélée tlrwltlzy:g}:la‘ggn?sft cgﬁ)r;yoffagiﬁg Counter part
used used the colony of of the
antagonist colony
None - - +4+++ | FFEE+
Asp. alliaceus ++ ++ (+) + 44+
Asp. amstelodams (+) + +4+++ e+t
Asp. cinnamomeus +++ + 4+ - (+)
Asp. echinulatus + ++ + 4+ + 44+t
Asp. flavus +++ +++ +) +++
Asp. fumigatus +++ +4+ - +
Asp. niger (Stock No. 1) + -+ -+ + 4+ + — +
Asp. niger (Stock No. 2) + -+ +++ - +
Asp. niger (Stock No. 3) + 4+ +++ - -+
Asp. niger (Stock No. 4) + 4+ ++++ — -+
Asp. niger (Stock No. 5) + 4+ + -+ — +
Asp. niger (Stock No. 6) +++ + 4+ - +
Asp. niger (Stock No. 7) + 4+ ++++ — +
Asp. niger (Stock No. 8) +++ +++ - +
Asp. niger (Stock No. 9) +++ ++++ — +
Asp. niger (Stock No. 10) +++ ++++ — +
Asp. niger (Stock No. 11) +++ + -+ — +
Asp. niger (Stock No. 12) +++ ++++ — +
Asp. miger (Stock No. 13) +++ +++ -~ +
Asp. niger (Stock No. 14) + -+ +++ - +
Asp. niger (Stock No. 15) +++ +++++ — +
Asp. niger (Stock No. 16) +++ +++ — +
Asp. parasiticus +++ +++ _ (+)
Asp. quercinus +++ + - ++
Asp. sulphureus + + ++ ottt
Asp. Sydowi +++ +4++ — 44+ ++
Asp. Tamarii +++ + 4+ — (+)
Asp. lerreus + 4+ +++ — +
Asp. violaceo-fuscus -+ -+ -+ +++ - +
Pen. chrysogenum - + o+ WIS
Pen. citrinum + + ++ 4 o+
Pen. commune (+) + 4+ ++ 4+
Pen. granulatum - (+) A |
Pen. lilacinum — +) T+ e+
Pen. oxalicum — + IR A+
Pen. roseum ++ ++ + 4 RIS
Mucor bedrchani + + + 4+ b+
M. racemosus - + A+ A+
Absidia coerulea + 4 ++ +++ A+t +




Expd: Physiological Studies on the Causal Fungi of Sclerotium Diseases 139

From the above results, it seems obvious that the antagonistic action of
bacteria on the growth of S. Oryzae-sativae also differs greatly according to
the species of bacteria. Bac. aroideae, Bac. cereus, Bac. coli, Bac. corallinus,
Bac. dendroides, Bac. fluorescens liquefaciens, Bac. mesentericus, Bac. mycoides,
Bac. prodigiosus, Bac. subtilis, Bac. wreae, Baci. beticolum, Bact. Citri, Bact.
medicaginis, Bact. michiganense, Bact. rossicu;rn and Bact. Sojae were highly
antagonistic to the growth of S. Oryzae-sativae, but Bac. fluorescens non-lique-
faciens showed no influence on it.

The antagonistic action of various fungi on the growth of S. Oryzae-sativae
also differs greatly according to the species used. Asp. alliaceus, Asp. amste-
lodami, Asp. cinnamomeus, Asp. echinulatus, Asp. flavus, Asp. fumigatus, Asp.
niger (Stock No. 1), Asp. miger (Stock No. 2), Asp. niger (Stock No. 3), Asp.
niger (Stock No. 4), Asp. niger (Stock No. 5), Asp. niger (Stock No. 6), Asp.
niger (Stock No. 7), Asp. niger (Stock No. 8), Asp. miger (Stock No. 9), Asp.
niger (Stock No. 10), Asp. niger (Stock No. 11), Asp. niger (Stock No. 12), Asp.
niger (Stock No. 13), Asp. niger (Stock No. 14), Asp. niger (Stock No. 15), Asp.
niger (Stock No. 16), Asp. parasiticus, Asp. quercinus, Asp. sulphureus, Asp.
Sydows, Asp. Tamarii, Asp. terreus, Asp. violaceo-fuscus, Pen. citrinum, Pen. com-
mune, Pen. rosewm, Mucor bedrchani and Absidia coerulea were antagonistic to
S. Oryzae-sativae. The mycelia of these fungi covered the colony of the latter
retarding its growth.

Colonies of Pen. chrysogenum, Pen. granulatum, Pen. lilacinum, Pen. oxalicum
and Mucor rasemosus were all covered with the mycelia of S. Orgzae-sativae,
thus showing that they exerted no antagonistic influence upon the growth of
the fungus.

In the next series of experiments, an investigation was made on the
antagonism of various microorganisms to the mycelial growth of Corticium
Rolfsii, with the results shownii‘n ’Tab]es 107-120.

TABLE 107. Antagonistic action of various bacteria on the growth of
Corticium Rolfsii at 24°C.

Growth of mycelium of
Antagonistic Growth C. Rolfsii
- ;. action of the of the T th
Name of bacteria bacterinm bacterium coPﬂ)rrfyofa;in‘; Counter part
used used the of . the
- bacterium colony
None - - 4ttt |
Bac. aroideae +++ +++ — +
Bac. butyricus +++ +++ — +
Bac. cereus ++ ++ - (+)
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TABLE 107. (Continued)
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Growth of mycelium of
Antagonistic Growth Rolfsii
Name of bacteria af)ggtlél?ifuglle ba(gtetrlilﬁm coPl%’:yoffaé’Ef o Counter part
used used the of the
bacterium colony

Bac. corallinus —- +) + 4+ b o
Bac. dendroides 44+ + 4+ — (+)
Bac. fluorescens liquefaciens +++ +++ — (+)
Bac. fluorescens

non-liquefaciens - ++ Gtk + 4+
Bac. megatherium ++ + — e+
Bac. mesentericus + -+ -+ ook o — o+
Bac. phytophthorus - (+) +Att |
Bac. prodigiosus + 4+ 4+ — —
Bac. ureae 4+ 4+ + —_ —
Bact. beticolum 44+ + - bbbkt
Bagct. Cannae + 44 4+ - -
Bact. Citri + +++ - +
Bact. marginale - + b+t | e+t
Bact. Martyniae + o+ o - o+
Bact. medicaginis + + - b
Bact. michiganense - (+) b+ RTINS
Bact. Phaseoli - -+ o ook b o d
Bagct. rossicum 4 ROPrI — (+)
Bact. Sojae +++ +eb et - (+)
Bact. Syringae + -+ - NI
Bact. tumefaciens ++ + - +++ 4+
Bact. Vignae - + bttt | At
Bact. vitans + + +++ - -

TABLE 108. Antagonistic action of various bacteria on the growth of

Corticium Rolfsii at 24°C.

Antagonistic Growth
Name of bacteria acg;z&ﬁigw bagftctx"};ﬁm
used used

None — -
Bace. aroideae + +
Bac. butyricus + -+
Bac. cereus o +
Bac. corallinus -_ (+)
Bac. dendroides 4 e+
Bae. fluorescens liquefaciens ++ + -+
Bac. fluorescens

non-liquefaciens - +
Bac. megatherium ++ ++
Bac. mesentericus + +

Growth of mycelium of

C. Rolfsii
AT
colon facing | Counter part
bactgfimn colony )
e S S IR T S
- o
- +4+++
- + o+
4+ | At
- +
- +4++++
+++++ ++++-+
- + 4+
- ++
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TABLE 108. (Continued)

Growth of mycelium of
Antagonistic G;ozs}'lth C. Rolfsu
Name of bacteria agi:gtrércﬁlil ¢ ba(():teri:l}m cgﬁ)rﬁyofiagfg’ Counter part
used used ihe of the
bacterium colony
Bac. phytophthorus - (+) 4+ | 4+
Bae. prodigiosus + +) — RTINS
Bac. ureae =+ + — (+)

- Bact. beticolum + + +4+ RTINS
Bact. Cannae + + — NIRRT
Bact. Citri + ++ — G4+ 4+
Bact., marginale - (+) A ERERETIrS
Bact. Martyniae + + - + 4+ 4+
Bact. medicaginis + ++ - +4
Bact. michiganense + + 44+ ++4+4++
Bagct. Phaseoli - (+ B e e S SR S SPCR  &
Bagcl. rossicum + + - +4++++
Bact. Sojae ++ ++ - + 4t
Bact. Syringae + (+) B —

Bacl. tumefaciens + +) +4+++ o+
Baet. Vignae - 1G9 B I B s
Bact. vitans +-+ ++ - +4+ 4+ 4+

Remarks: The fungus was first inoculated and allowed to develop to a diameter of
3 cm., and then the bacterium was inoculated on the opposite side of the dish.

TABLE 109. Antagonistic action of various bacteria on the growth of
Corticium Rolfsii at 28°C.

Growth of mycelium of C. Rolfsi

Antagonistic
Name of bacteria aclg;%];egfug:e Part of the Counter part
used fl?éoll)lay.c tf,eaﬁlli]fl of the colony
None - +++++ +4+++
Bac. aroideae + 4+ -+ — -+
Bac. butyricus + 4+ - 4+ 4
Bac. cereus ++ — (+)
Bac. corallinus - + -+t + b4
Bac. dendroides + 4+ - -
Bac. fluorescens liquefaciens ++ — ++ 4+
Bac. fluorescéns
non-liquefaciens - 44 ++ IS
Bac. megatherium ++ - b
Bac. mesentericus + — —
Bac. phytophthorus — . 4+ 4 A
Bac. prodigiosus +++ - -
Bac. ureae +++ - RIS
Bact. beticolum ++ - 4+ +++
Bact. Cannae +++ - +4+++
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TABLE 109. (Continued)
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Antagonistic Growth of mycelium of C. Rolfsii
Name of bacteria acl:’;()zltler(;fngl © Part of the Counter part
used cologgc é:flllllllf;’l the |  of the col ony

Bact. Citr (+) + 4+ +4 4+
Bact. marginale - 4+ + PRI
Bact. Martyniae -+ — ERTII
Bact. medicaginis + +++ . 4+
Bact. michiganense - +++++ +++++
Bact. Phaseoli — +++++ + 4+ ++
Bact. rossicum +4++ — —
Bact. Sojae + 4+ — _
Bact. Syringae + - b 4
Bact. tumefaciens ++ — ++++
Bact. Vignae - ++++ +++++
Bagct. vitans +++ —_ .

TABLE 110. Antagonistic action of various bacteria on the growth of
Corticium Rolfsii at 28°C.

Growth of mycelium of
Antjagonistic Growth Rolfsii
Name of bacteria agt;&rér(;flgl ¢ bagfoétr,liﬁm cglag:;yoffag?ﬁ z Counter part
used used the of the
bacterium colony
None - - +4++++ +++++
Bac. aroideae +++ +++ — ++
Bac. butyricus ++ -+ + 4+ - [ S BT E
Bac. corallinus - (+) A+t + 4+
Bac. cereus ++ ++ — ICTIS
Bae. dendroides “++ -+ +++ — +
Bac. fluorescens liquefaciens ++ -+ — 4+
Bac. fluorescens
non-liquefaciens — + +++++ | +++++
Bac. megaiherium + -+ + — ‘ FA ettt
Bac. mesentericus + + - [+
Bae. phytophthoius - (+) +++++ I S+t ++
Bac. prodigiosus + -+ — 4+
Bac. ureae ++ + +++ —_ | -
Bagct. beticolum -+ -+ — A
Bact. Cannae + + — TR R,
Bact. Citri + ++ - ++++
Bact. marginale - (+) +++++ +++ 4+
Bact. Martyniae + + - RIS
Bact. medicaginis + +4 — +
Bact. michiganense + +4++++ b+
Bact Phaseoli — (+) +++++ +++++
Bacl. rossicum +++ + 4+ — +
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Growth of mycelium of

Antagonistic Growth C. Rolfswi
T y action of the of the Part of the
Name of bacteria bacterium bacterium ctlony facing Counter part
used used the of the
bacterium colony
Bact. Sojae +++ + 4+ - +
Bact. Syringae + + — RTINS
Bact. tumefaciens ++ (+) - +4++++
Bact. Vignae - (+) +H++++ | e+
Bact. vitans ++ ++ - +4++++

Remarks: The fungus was first inoculated and allowed to develop to a diameter of
3 cm., and then the bacterium was inoculated on the opposite side of the dish.

TABLE 111. Antagonistic action of various bacteria on the growth of

Corticium Rolfsii at 32°C.

Growth of mycelium of

Antagonistic Growth Rolfsii
Name of bacteria [ *ORAI  Sovhem | 2art of T TCounter part
used used the > of the
bacterivm colony
None -~ - 4+ | A+t
Bae. aroideae +4++ 44+ - (+)
Bac. butyricus + -+ + 4+ - o
Bac. cereus ++ 4+ — (+)
Bace. corallinus - (+) RICTTIIS 4+ +++
Bac. dendroides +++ +++ — -
Bac. Aluorescens liquefaciens ++ ++ — +4+++
Bac. fluorescens
non-liquefaciens - 4+ b4+ 4
Bac. megatherium ++ + 4+ — 4+
Bac. mesentericus ++ + 4+ — 4
Bac. phytophthorus - (+) +4++++ | 4+
Bae. prodigiosus +++ +++ — —
Bac. ureae + 4+ RITR - _
Bact. beticolum + (+) - + 4+ 4+
Bact. Cannae 4 4 - - _
Bact. Clitri ++ (+) — 44+
Bact. marginale - (+) NIRRT 44+
Bact. Martyniae + + 4 — RIS
Bact. medicaginis + (+) - + 44+
Bact. michiganense - (+) +4+++ + A+ +
Bact. Phaseoli — (+) + 4+ ++ NI
Bact. rossicum + 4+ ~+ — —
Bact. Sojae +++ +++ - —
Bact. Syringae + (+) — 4+
Bact. tumefaciens -+ 4 + — NI
Bact. Vignae - (+) e+ttt | Attt
Bact. vilans +++ +++ - -
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TABLE 112.

Corticium Rolfsii at 32°C.

Antagonistic action of various bacteria on the growth of

Growth of mycelium of

Antagonistic Growth C. Rolfsii
Name of bacteria a.(l:)t;gtner(;flgl © b agfmt;.}ilﬁm cgl?)lg’ Offaé,i}f' Counter part
used used g,he & of the
bacterinm colony

None - - F 4+ | et
Bac. aroideae -+ + - +4++++
Bac. butyricus + + —_ G4+
Bac. corallinus — (+) + 4+ + 4
Bac. cereus + 4+ ++ — + 4
Bac. dendroides + 4+ + 4+ — +
Bac. fluorescens liguefaciens ++ 44 — 4
Bae, fluorescens

non-liquefaciens — + = 4+
Bae, megatherium + ' + - I
Bac. mesenlericus + + - + 4+
Bac. phytophthorus - (+) 44+ TR
Bac. prodigicsus -+ (+) — : 4+t
Bac. ureae + + — (+)
Bact. beticolum + + _ R
Bact. Cannae + + — RRIR.
Bact, Citri + 4 —_ RN
Bact. marginale — (+) +4+++ TR,
Bact. Martyniae -+ + - +
Bact. medicaginis + ++ - + 444+
Bact, michiganense + +4++++ e b o
Bact. Phaseoli - (+) o + 4+
Bagct. rossicum + + - RIS
Bagct, Sojae + 4 ++ — 4
Bact, Syringae + (ED) — At
Bact. tumefaciens ++ -+ — + 4+
Bact. Vignae - (+) +4++++ +4+++
Bact, vitans ++ ++ - ERTRERTN

i

Remarks: The fungus was first inoculated and allowed to develop to a diameter of
3 cm., and then the bacterium was inoculated on the opposite side of the dish.

TABLE 113. Antagonistic action of Aspergillus niger on the growth of

Corticium Rolfsii at 24°C,

Growth of mycelium of

Antagonistic | Growth of C. Rolfsii
Strain number of the fungus | action of | Mycelium of “Pari of the
£ 4. niger 4. miger | oolony facing | Counter part
used used the colony of | of the colony
A. miger

None +++++ | +++++

4. niger (Stock No. 1) - +++ 444+ +4+++

4. miger (Stock No. 2) - ++ Attt | bt




TABLE 113. (Continued)

Expé: Physiological Studies on the Causal Fungi of Sclerotium Diseases

145

Growth of mycelium of

Ant.:gonisftic Grovis.'th off C. Rolfsii
: action of | mycelium o
Strain number of the fungus A. niger Y A. niger coP]%l:yoffa ctllxlleg Counter patt
used used the colony of | of the colony
A. niger
A. niger (Stock No. 3) (+) ++ +++++ | 4
4. niger (Stock No. 4) (+) ++ RTINS e
A. niger (Stock No. 5) - ++ +4++++ | +++++
A. niger (Stock No, 6) - ++ Attt | At
A. niger (Stock No. 7) +) + 4 + 4+ o
A. niger (Stock No. 8) (+) +++ ++++ =
A. niger (Stock No. 9) ~ ++ et | bt
A. niger (Stock No. 10) — ++ + RIS
A. niger (Stock No. 11) - +-+ +H+4+++ |
A. niger (Stock No. 12) — ++ +4++++ R R R Bt
A. miger (Stock No. 13 +) ++ ++++ + 4
4. niger (Stock No. 14) (+) ++ ++++ +++++
4. niger (Stock No. 15) - ++ A4+ |
A. niger (Stock No. 16) — + 4 RIS +4 4+

TABLE 114.

Corticium Rolfsii at 24°C.

Antagonistic action of Aspergillus spp. on the growth of

Growth of mycerium of

Antagonisftic Gro‘lzvth off C. Rolfsii
- : action o mycelium o f
Name of - fungl Aspergillus | Aspergillus cgl%rrtl'yofag?xfg Counter part
used used the colony of | of the colony
Aspergillus
None +4+++ | FEEE
A. amstelodami - (+) d b+ d
A. candidus - (+) R T B s
A. cellulosae — + 4 A b
A. cinnamomeus —_ + 4 + 4+ ++ ERTEII
4. clavatus - ++ +4+tt |
A. echinulatus - +) + 4+ e
A. Fischeri - ++ + 4+ -+ +4+++
A. flavipes -~ + +4++++ | F++++
A. flavus - ++ T o s
4. fumigatus - (+) N I s
A. glaucus (Stock No. 1) - (+) A+ ++ o+t
A. glaucus (Stock No. 2) — (+) 4+ RTINS
A. insuetus - + s o T I S
A. japoricus - +++ +4++++ | 4+
A. medius — + + 44+ + 44+
A. Oryzae - + +++++ | F++++
A. parasiticus (+) +-+ ++ +4+ 44+
A. quercinus - + +H+++ | A+
A. repandus - + +4++++ | 4+
4. repens - ++ FH+++ | e+t
A. Secliemanni - ++ +4+ 4+ -+ A+
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TABLE 114. (Continued)
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Growth of mycelium of

Antz:gonisgic ’ GroYth of . C. Rolfsii
N . action o mycelium of "Part of the
Name of fungl Aspergillus | Aspergillus | oolony facing | Counter part
used used the colony of | of the colony
Aspergillus
A. Sydowi - + bt |
A. Tamarii (+) ++ +4+++ +4+++
A. terreus - - +4++ 4+ +4++++
A. terricola var. americana — (+) +4++++ + 44+
A. ustus - + + 4+ 4+ 4+ 4+
A, wersicolor - (+) + 4 IR
A. violaceo-fuscus (+) ++ + 44+ 444
TABLE 115. Antagonistic action of Penicilium spp. on the growth of
Corticium Rolfsii atﬂ24°C.
Growth of mycelium of
Antagonisgic Grovis{th of . C. Rolfsii
N i action of | mycelium of \"part of the
Name of fungi Penicillium | Penicilliom |, ony facing | Counter part
used used the colony of | of the colony
Penicillium
None +4++++ | A+
P. avellaneum — + 4+ + NIRRT
P. brevicaule - + +++++ +
P. chrysogenum - T4 +4++++ A+
P. citrinum - + bt |
P. commune - -+ +++++ + 4+ 4+
P. divaricatum — ++ 444+ + RITT T
P. granulatum - ++ +++-++ +++++
P, lilacinum — (+) +4+++ e o o
P. Olsoni - + bbbt | bt
P. oxalicum - + -+ +++++ +++++
P. raseum - + +++++ | FFF++
P, silvaticum - + +4++++ +
P. Thomii - +++ bbb | b4
c TABLE 116. Antagonistic action of Mucor spp. and Absidia sp. on the
growth of Corticium Rolfsii at 24°C.
Growth of mycelium of
Antagonistic m(iizg‘l‘irfl};ogf C. Rol?‘sii
Name of fungi action of the the Part of the
antagonist | . 4a00nist | colony facing | Counter part
used used the colony of | of the colony
S o antagonist
None +4+++ |+t
M. bedrachani - +++ +++++ | +++++
M. circinelloides — +4++ o+ + 4
M. racemosus - +++ ++4+++ +++++
A. coerulea - +++ +++++ +++4++
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TABLE 117. Antagonistic action of Aspergillus niger on the growth of
Corticium Rolfsii at 28°C.

Growth of mycelium of

Antagonistic | Growth of ; C. Rolfsis
Strain number of the fungus jﬁ;iogi;efr nf;ﬁh,l:,;ro COP]%IIY(%%}};Z "Counter part
used used the colony of of the
A. niger colony
None — - + 4+ e e s o o
A. niger (Stock No. 1) - ++ +++++ +++++
A. niger (Stock No. 2) — ++ + 44+ + e s
A. wiger (Stock No. 3) (+) ++ + 4+ + +++ 4+
A. niger (Stock No. 4) (+) ++ ++++ +++++
A. niger (Stock No. 5) - ++ + 44+ 4+ ++4+++
A. niger (Stock No. 6) - ++ +++4+ + 4+ 4+
A. niger (Stock No. 7) (+) +++ +++ +++++
A. niger (Stock No. 8) (+) + <+ ++++ 4+
A. niger (Stock No. 9) - ++ + FA+4++
A. niger (Stock No. 10) - ++ + 4+ +++ +++++
A. niger (Stock No. 11) — ++ +4++++ +++++
A. niger (Stock No. 12) - ++ +++++ +4++++
A. niger (Stock No. 13) (+) ++ ++++ +4++++
A. niger (Stock No. 14) (+) ++ ++++ +++++
A. niger (Stock No. 15) . ++ +++++ +++++
A. niger (Stock No. 16) — +++ ++++ + 44+
TABLE 118. Antagonistic action of Aspergillus spp. on the growth of

Corticium Rolfsii at 28°C.

Growth of mycelium of

Antagonis?ic Gro‘rth of ; C. Rolfsii
v : action o mycelium o
Name of fungl Aspergillus | Aspergillus colony Tocing | Counter part
used used the colony of of the
Aspergillus colony
None - -~ ettt | 4+
A. amstelodams — (+) A+ ottt
A. candidus - (+) b4+ |+t
A. cellulosae - + -+ +4+++ | A+t
A. cinnamomeus - ++ +++++ +4++++
A. clovatus — + 4+ 44+ +
A. echinulalus - (+) A + 44+
A. Fischeri - ++ +4+4+++ | e+
A. flavipes - ++ +++++ | 4+
4. favus - ++ e
A. fumigatus - + +H+++ | R+
A. glaucus (Stock No. 1) — +) b+ TR
A. glaucus (Stock No. 2) — (+) RIS A+
A. gracilis - (+) Attt | bttt
A. insuetus - ++ +4+++ | o+ ++
A, japonicus - +++ e N B
A. medius - ++ e+t |
A. Oryzae — ) o o S I S
A. parasiticus (+) + 4 A+ T
4. quercinus - ++ +++++ ++ 4+
A. repandus - (+) +4++++ + -+ +
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Growth of myeelium of

Antagonis};ic Grovlv_t.h of ; C. Rolfsii
9 A action ol mycelium o
Name of fungi As;ergillus A).;%ergillus cgﬁg’yoégﬁ 2 Counter part
used used the colony of gf)lgge
- Aspergillus y
A. repens - ++ +tt++ | dbtt+
A. Schiemanni (+) + 4+ 4+ +++ 4
4. Sydowi - (+) dd b | At
A. Tamarii (+) +++ +4 4 +++++
A. terreus - + o e e I e s =
A. terricola var. americana - (+) 44 b+
A. ustus - ++ e o T I
A. versicolor — (+) + R aS
A. violaceo-fuscus (+) ++ +4+4+++ EEEEN RS
TABLE 119. Antagonistic action of Penicillium spp. on the growth of
Corticium Rolfsii at 28°C.
Growth of mycelium of
Antagonis%.ic Grox;:th of . C. Rolfsii
C : action o mycelium o :
Name of fungl Peniotllium | Penicillium cotons vt | Counter part
used used the colony of of the
Penicillium colony
None - - 444+ |t
P. avellaneum - ++ ERTIRTRIS + 4+
P. brevicaule — ++ e+ bt
P. chrysogenum - ++ Attt | A+ttt
P. citrinum - ++ bt | Attt
P. commune - ++ ettt | At
P. divaricatum - ++ b A o
P. granulaium - (+) 4+t | At
P, lilacinum -— (+) U 4
P. Olsoni - (+) +4++ -+ b
P. oxalicum — (+) T R RTINS
P, roseum — (+) + 44+ + + 4+ +++
P, silvaticum — (+) A4+ 4
P. Thomii - ++ +++++ +4++++
TABLE 120. Antagonistic action of Mucor spp. and Absidia sp. on the growth
of Corticium Rolfsii at 28°C.
Growth of mycelium of
Antagonis;ic Growth of ; C. Rolfsii
N ; action o mycelium o F
Name of fungt the antagonist| thg antagonist coPlaoﬁy(}tasil;Sg Counter part
used used the colony of of the
antagonist colony
None - - +++++ | e+
M. bedrchani — ++ +++++ + A4+
M, circinelloides — (+) 4+ 44+ +
M. racemosus - +++ + 444+ + 4+
A. coerulea - ++ +++++ +++++
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TABLE 121. Antagonistic action of Aspergillus niger on the growth of
Corticium Rolfsit at 32°C.

Growth of mycelium of

N b Anta;gonis}aic Gro?rth ol?f C. Rolfsii
Strai tion o i ium o
Strain 1{131111;;? of the jfp_ ol HIZ:;. 11,’2}161' cOPl?)I;:y(}; g;‘fg Counter part
used used the colony of g(f)lgille
Asp. niger y
None - - ek ok o N S e
A. niger (Stock No. 1) - ++ +4++++ + 44+
A. niger (Stock No. 2) - ++ +++++ + 444+
A. niger (Stock No, 8) (+) ++ ++++ ++++
A. niger (Stock No, 4) (+) ++ +++ + 44+
A. niger (Stock No. 5) - ++ ++4+ 4+ + 4+
A. niger (Stock No. 6) - ++ o N I S
A. niger (Stock No. 7) +) ++ L+ RIS
A. miger (Stock No, 8) (+) +++ A + o
A. niger (Stock No. 9) - ++ ettt | A4+
A. niger (Stock No, 10) - +++ +H4+++ | 4+
A. niger (Stock No. 11) - + 4+ RIS e
A. niger (Stock No. 12) - ++ + 4+ ++ + 44+
A. niger (Stock No. 13) (+) SR ++++ e s o
A. niger (Stock No. 14) (+) 4+ R | +++++
A. niger (Stock No. 15) - ++ + A4+ + 444+
A. niger (Stock No. 16) - ++ +4+++ + 44+
TABLE 122, Antagonistic action of Aspergillus spp. on the growth of
Corticium Rolfsii at 32°C.
Growth of mycelium of
Antagonistic | Growth of C. Rolfsii
Name of fungi Aas;gf gl l?lfls Iﬁgﬁﬁlrl;ﬁu‘;f OE ]a‘ol;tyofta(t;?lfo Counter part
used used the colony of of the
Aspergillus colony
None - - +4+++ | FH+++
A. amstelodami — (+) 4 4o A
A. candidus — (+) 4+ 4t
A. cellulosae - ++ +H+++ |
A. cinnamomeus - ++ e
4. clavatus - + e+ttt | A+
A. echinulatus - (+) + 4+ + 4+ 4
A. Fischeri - ++ +++++ + 4+ 4+
A. flavipes - (+) +Hdt++ | et
A. Aavus - ++ +H+++ | A+
A. fumigaius — -+ + 4+ -+ + 4+ 4+
A. glaucus (Stock No. 1) - (+) +++++ + 4+ ++
A, glaucus (Stock No. 2) — — 444+ + 4+ 4+
A, gracilis - (+) +4++++ + 44+ +
A. insuelus — —_ 4 NI
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TABLE 122. (Continued)
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Growth of mycelium of

Antagonistic | Growth of C. Rolfsii
Name of fungl zfs'(}:até?gilcl)lfls Iﬁzg‘;lrlgirﬁuc;f - Part of the | counter part
used used colony facing of the
the colony of colony
used -

A. japoricus - +++ +++++ +++++
A. medius _ -+ + 4+ ++ + 4+
A. Oryzae - (+) ettt |
A. parasiticus (+) T+t 4+ 44+
A. quercinus — 4+ b 4+ +++
A. repandus — (+) 4 RN
A. repens - ++ +++++ ++++-+
A. Schiemanni (+) ++ RRRI G+
A. Sydowi - + +++++ +++++
A. Tamarii (+) ++ + 44+ + o+t
A. terreus - + +++++ + 44+ +
A. lerricola var. americanc — + 4+ 444+
A. ustus — + +++++ +++++
A, versicolor — + + o+ + b+

A, violaceo-fuscus (+) ++ 44+ + 44+

TABLE 123. Antagonistic action of Penicillium spp. on the growth of
Corticium Rolfsit at 32°C.

Growth of mycelium of

Antagonistic | Growth of C. Rolfsii
Name of fungi Pz;ﬁ:?ﬁigfn I?’Zfl?gzll?lrlr:lxglf coPlaal;';:voffa;ihne Counter part
used used the colony 0% of the

Penicillium colony -
None - - +++++ | A+ttt
P. avellaneum - ++ 4+ | bt
P, brevicaule - + + 444+ + 4+t
P, chrysogenum - + FAdd+ |
P. citrinum —_ + +++++ +++ 4+
P, commune - (+) +4+++ b+
P. divaricatum - + 4+ +++++ +++++
P, granulatum -_ + ++ 44+ s
P, lilacinum - (+) ++++-+ +4++++
P. Olsoni - + B 4+ 4+
P, oxalicum - +++ FHFF+ | Attt
P. roseum - (+) 44+ |+
P, silvaticum - (+) RS IR
P. Thomii - + +H+4+ | A+





















































































































































































































































































