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INTRODUCTION

A root rot which has been well known under the name of ‘“‘Murasaki-monpa by6”D
among phytopathologists and growers is one of the most destructive diseases in Japan,
because of its severe damage and of difficulties in its prevention.

In 1891, Tanxaxa, who studied this disease affecting mulberry trees which are culti-
vated on a large scale for rearing silkworms, described a new basidiomycetous fungus
as the causal organism and named it Helicobasidium Mompa.

Since the disease was recognized to attack 'mulberry trees very frequently and
induced a great deal of losses in economical standpoint, it has been noticed as “Japanese
mulberry root rot” in European and American literature.

The fungus attacks not only mulberry trees, but also a large number of other
kinds of plants, both wild and cultivated, belonging to many families. = Consequently it
is generally treated as one of the polyxenic pathogenes.

Some years after Tanxaxa’s first report on the fungus, Racmsorsxr (1909) recorded
erroneously its existence in Java and expressed his taxonomical opinion on this organism.
Sawapa (1919) discovered also this fungus in Formosa and made some morphological
and taxonomical notes.

The most important contribution to the fungus was made by Mivaxe (1920), especially
in' the morphological characters, but he could not obtain a pure culture from this
pathogene.

In their handbooks, Smrar(1903), Horr(1910), Miura(1917), Nismma(1921), Boxura
(1921), Tsuir(1926), Ixara(1927), Exno(1927), Hara(1927, 1930, 1931, 1936), Svemarsu(1930),
Krrarma(1933), and Hewmwi(1937) published some fragmentary notes of the fungus.

Despite of such a common disease, so far as can be ascertained by the writer, there
has been no reliable account concerning the artificial culture of the fungus. It has
been generally believed that the isolation and the pure culture of the fungus may be
probably unable, notwithstanding several workers seem to have made some efforts.
Accordingly it has heen considered that there may be many problems on this disease
that require further investigations, especially on the physiological and ecological characters
of the fungus, and on the pathological and therapeutical studies of the disease.

Since 1942, the present writer has carried out the experimental studies on this disease
and, during the courss of his work, fortunately succeeded in the isolation and the
artificial culture of the organism. Preliminary notes on these accounts were previously
published by Yosum and the present writer(1944) and by the. present writer(1944).

In the present paper the writer deals with the results of the etiological and

1 The Japanese word “murasaki” means purple; “ monpa”, a kind of nappy cloth; “by6”,
disease. Formerly this disease was called under the name of *“ Monpa-byd” in Japan, but at the
present time this word includes  at least two kinds of well known diseases, namely the one is
¢ Shiro-monpa by6 ” (““Shiro” means white), and the other, ¢ Murasaki-monpa byd ”. The former
is caused by Rosellinia necatrix (HART.) BERL.
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pathological studies on this disease which have been carried out mainly by the pure
culture method. :

The writer wishes to express his heartiest thanks to Prof. Dr. Hazime Yosmm, of
Kyfishii University, under whose direction the present investigation was done, for the
helpful suggestions and criticisms given throughout the study. He' is also much indebted
to Dr. Kogo Tocasar, Professor of Plant Pathology, of Yokohama National University,
for many suggestions and careful reading of this manuscript, and to Dr. Kimizd'
Krraymia for his valuable advice and encouragement during the work. Finally, ac-
knowledgements are also due to the facilities in connection with the supply of the experi-
mental materials given by Dr. Seitd Taxrmoro, Mr. Hiroshi Horr, and Mr. Isao Tapa.

ETIOLOGICAL STUDIES ON “MURASAKI-MONPA” DISEASE
Geographic distribution and host plants of the fungus

The fungus has long been known to distribute widely throughout this country and
to have a very large host range. Besides in Japan, Sawapa (1919) recorded this fungus
in Formosa and subsequently Naxara and Tarmoro(1928) in Corea.

According to Racreorsk1(1909), the fungus was collected in Java by himself, but his
fungus seems to be different from the Japanese species in the taxonomica} point of view
that will be discussed by the present writer in the Iater part of this paper. SAWADA
(1919) suggested that the fungus might be probably found in China. More recently,
Naxara and Asuyama(1930) reported this fungus attacking the pear-tree in Manchuria.

Hereupon it may be safely inferred that the geographic distribution of this organism
is limited to Japan, Formosa, Corea, and probably to certain districts of China.

As mentioned above, the fungus attacks a large number of plants, both mono- and
dicotyledons and also gymnosperms, including many kinds of the valuable plants, such
as mulberry tree, apple tree, sweet potato, soy beans, paper mulberry, paulownia tree,
etc.

The host plants that have been recorded in the literature are assembled in the
following table(Table 1), with several new additions and recognitions to the list (repre-
sented as “0O”) by the present writer himself.

Table 1. Host plants of Helicobasidium MompaVL.

Host plant ‘
Author Remark
Scientific name?) Japanese name3
Polypodiaceae
1. Pteridium aquilinum
Kunn. var. japonicum
NAKAT Warabi SAwADA('19)2

1 In the identification of the woody plants, the writer was much  indebted to the late Mr.
Yoshiz6 YANAGITA, of our Experiment Station.

2) The numeral in parenthesis after the author, e. g. (’19) means 1919.

8) In using the scientific and Japanese names of the plants the writer chiefly followed MAXINO
and NEmMoTo(1921). ;



Table 1. Host plants of Helicobasidium Mompa (Continued).

Host plant
Scientific name Japanese name
Equisetaceae

2. Egquisetum arvense L.
Ginkgoaceae
3. Ginkgo biloba 1.

Pinaceae
4. Torreya nucifera S. rr Z.

5. Chamaecyparis oblusa
S. enZ

6. C. pisifera S. rr Z.

7. C. pisifera S. et Z.
var. plumosa NMasr.

8. Cryptomeria japonica
D. Dox.

9. Pinus densiflora S. v Z.

10. P. parviflora S. xr Z.
11. P. strobus L.

12. Picea excelsa Lx.

13. Thuja occidentalis L.
Salicaceae

14. Populus Maximowiczit
A. Hexry

15 0B niora L.

16. Salix Bakko Kimura
17. S. wvulpina ANpErs.

Juglandaceae

18. . Juglans Sieboldiana
Maxaw,

19. Platycarya strobilacea
S. eT Z.

Fagaceae
20. Castanea crenata S. rn Z.

21. Cyclobalanopsis
myrsinaefolia Orrst.

22. Quercus acuta Tnuuns.

23. Q. acutissima CARR.

Sugina

Ichd

Kayé
Hinoki

Sawara
Shinobu-hiba

Sugi
Aka-matsu

Himeko-matsu
Sutor6bumatsu
Oshfi-tohi
Nioi-hiba
Doronoki
Amerika-
yamanarashi

Bakko-yanagi
Kitsune-yanagi

Oni-guruini

Nobunoki

Kuri
Shira-kashi

‘ Aka-gashi

Kunugi

Hara(C27)

Hara(27)

Hara(’27)

Author Remark
Sawapa(’19)
Naxsu(’17), Sawapa(’19), 4
(@)
Miura(’17), Sawapa(’19),
Horx(’21), Hara(’27) (0]
Miura(’17), Sawapa(’19), (o)
Horr(°21), Hara(’27)
(0]
Surrar(’03), Mrora(’17),
Sawapa(’19), Hori(°21),
SarraAr(’03), Miura(’17),
Sawapa(™19), Horr(’21), (0]
(0]
(0]
(6]
(0]
Mrora(’17), Sawana(’19),
Hor1(°21), Hara(’27)
(0]
0]
Miura(’17), Sawapa(’19),
Hara(27)
O
0
(0]
(0]

Mirura(’17), Sawapa(’19),
Horr(’21), Hara(’27)

Mrura(’17), Sawapa(’19),
Hor1(’21), Hara(’27)




TR

Table 1. Host plants of Helicobasidium Mompa (Continued).

Host plant
Author Remark
Scientific name Japanese name
7724. Q. gilba Brume Ichii-gashi - 6 "
25. Q. serrata Tuuxs. Konara Miura(’17), Sawapa(’19),
Hor1(’21), Hara(’27) (6]
26. Shiia Sieboldi MaxkiNo Suda-zii 0
Ulmaceae
27. Aphananthe aspera Mukunoki e}
PraNcH.
28. Cetis sinensis Prrs. Enoki SawapA(’19), Hara(27) O
29. Ulmus pumila L. No-nire 0
30. Zelkowa servata Maxmo | Keyaki 0
Moraceae
31. Broussonetia Kazinoki Kozo O
SiiB.
32. B. papyrifera Vesr. Kazinoki 0
33. Ficus Carica L. Ichijiku TAKIMOTO
34. F. elastica Roxs. 1 Indo-gomunoki | Sawapa(’19), Hara(’27)
35. F. retusa L. * | Gajumaru SawApA(’19), HArA(27)
36. Morus acidosa Grivr. Shima-guwa Sawana(’19)
37. M. alba L. Maguwa TaNAkA(1891), Surar(’03), O
‘ Mivaxr(’20), Hori(’21),
i Hara(’27), Exn0(’27),
‘ Nakara & Takmvoro(’28)
Chenopodiaceae ‘
38. Beta vulgaris L. var. | Satd-daikon Naxara & Taxivmoro(’28)
Rapacea C. KocH. ‘
Eupteleaceae ‘
39. Euptelea polyandra S.unZ. Fusazakura 0
Magnoliaceae
40.  Liriodendron tulipifera 1. Hanten-boku o
Anonaceae 4
41. Asimina triloba Dux. Popd 0
Lauraceae
42. 1C\'Iz'm'zafgmmtm Camphora | Kusunoki Nrgnmoa(’21), Kirarima(’33) O
BT 1, |
4
Cruciferae i
43. Brassica oleracea L. Habotan Hara(’27)
44. Raphanus sativus L. Daikon Srirar(’03), Mrra(’17), O
SAawaApA(’19), Nismma(’21),
Hara(’27)
Eucommiaceae
45, Eucommia ulmoides Tochii (0}
OLIVER




Table 1. Host plant of Helicobasidium Mompa (Continued).
Host plant
Author Remark
Scientific name Japanese name
Platanaceae
46. Platanus orientalis L. Suzukake-noki O
Rosaceae
47. Chaenomeles Maulei Kusaboke IIEI/IIURA,( 17), Sawapa(’19),
Lavar. ori("21)
4 . . Miura(’17), Sawapa(’19), 0)
48. %%th zjgggfl;?\%?] var. | Ringo Horr(’21), Nismma(’21),
N Hara(’27), Ixara(’27),
Naxara & Taxmoro(’28),
Tocasur et al.(’42)
49. Pirus sinensts Lixvr. Nashi SawapA(’19), Hara(’27),
Ikara(’27), Nakara &
Asuyama(’39)
50. Photinia glabra Maxm. Kanamemochi | MmwrA(’17), Sawapa(’19),
: Horx(’21), Hara(’27)
51. Prunus Armenica L. var. | Anzu IxaTa(’27)
Ansy Maxmr.
52. P. chikusienses Koivz. Oshima-zakura (0)
53. P. Grayana Maxiy. Uwamizu- (6}
zakura
54. P. Mume S. r Z. Ume TaxivmoTo
55. . Persica S. vr Z. var. | Momo Sawapa(’19), Ixara(’27)
vulgaris Maxin.
56. P. serrata Lixpr. Sakura Miora(’17), Sawapa(’19),
Hara(’27)
57. P. triflora Roxs. Sumomo Ixara(’27)
58. P. verecunda Kormnxg. Kasumi-zakura 0
var. typica NAKAT
59. Rhaphiolepis umbellata Sharinbai Sawapa(’19), Hara(’27)
MaxINo :
Leguminosae
60. Arachis hypogaea L. Nankin-mame | Sawapa(’19), Hara(’27)
61. Cercis canadensis L. Amerika-
hanazudo O
62. Glycine Soja Brxri. Daizu Sawapa(’19), Hara(’27), (6)
Tocasur ef al.(’42)
63. Robinia pseudoacacia L. | Nise-akashia Mrora(C17), Hara(’27) 0
64. R. pseudoacacia L. var. | Togenashi-
umbraculifera DC. niseakashia 0
Rutaceae
65. Citrus spp. NISHID’A(’Z].), IxaTa(’27)
Euphorbiaceae SLaEAl G0y
66. Mallotus japonicus Akame-gashiwa
MusLL. Ara.
67. Sapium japonicum Pax. Shiraki o)

et Horrwm.




Table 1. Host plant of Helicobasidinm Mompa (Continued).
Host plant
Author Remark
Scientific name Japanese name
Anacardiaceae
68. Pistacia chinensis Buxce. | Toneriba- KimAsrma
hazenoki
69. Rhus javanica L. Nurude o
70. R. succedanea L. | Hazenoki SawapA(’19), Hara(’27)
71. R. wverniciflua Stox. | Urushi Mira(’17), Sawapa(’19), 0
Hor1(’21), Niisuama(’21),
HaraC27)
Celastraceae
72. Evonymus japonicus Fuiri-masaki
TuuNs. var. aureovarieg- O
atus Lowx.
73. E. striata Lows. Mayumi 0
Aceraceae 3
74. Acer campesire L. Kobu-kaede ()
75. A. pictum Tauxs. var. Enko-kaede O
dissectum W ESMAEL.
76. A. pictum Truxs. Itaya-kaede (0]
subvar. eupictum Pax.
Sapindaceae
77. Sapindus Mukorossi Mukuroji (0]
GAERT.
Sabiaceae
78. Meliosma myriantha Awabuki o
S. kr Z.
Vitaceae
79. Vitis vinifera L. Budd Mrura(’17), Sawapa(’19),
Hara(27)
Sterculiaceae
80. Firmiana platanifolia Aogiri
Scmorr. Er EXDL. O
Theaceae
81. Eurya japonica Tuuxs. Hisakaki o
82.. Thea sinenses L. Cha Exp6(’27), Hara(’30)
Guttiferae
83. I(:‘alo‘bhylhm'z Inophyllum | Terihaboku SawapA(’19), Hara(’27)
Thymelaeaceae
84. Edgeworthia papyrifera | Mitsumata Horr(’10, ’21), Mwra(’17),
S. zr Z. SawapAa(’19), Nisama(’21),
Hara(’27), Tocasur et al.(’42))|.
Araliaceae
85. Aralia elala Serm. Taranoki (O




Table 1. Host plant of Helicobasidium Mompa (Continued).
Host plant
Author Remark
Scientific name Japanese name
Umbelliferae
86. Dauwucus Carota L. Ninjin SurrAT(’03), SAawADA('19),
Hara(27)
Cornaceae
87. Aucuba japonica Tunuxs. | Aoki (6]
88. Cornus controversa Mizuki 0)
Hewmsr.
89. C. coreana Waxa® Chosen-mizuki 0
Ebenaceae
90. Diospyros Kaki L. f. Kaki A Surar(’03), Mrura(’17),
domestica VIAxiNo SAawapa(’19), Hara(’27)
Ixara(C27, ’42)
Styracaceae [ z
91. Styrax Shiraiana Ko- (0]
Maxxo hakuunboku
Oleaceae
92. Ligustrum Ibota Sres. Ibotanoki (0]
: var. angustifolium Bruve ;
93. L. japonicum Truxs. Nezumimochi 0
Convolvulaceae
94. Ipomoea Batatas Law. var. Satsuma-imo Surrar(’03), Miwra(’17),
edulis MaxrNo SAawapA(’19), Horr(’21), (0)
Nisama(21), Hara(’27),
Himmr(’37)
Solanaceae
95. Solanum tuberrosum L. Jagatara-imo | Mrura(’17), Sawapa(’19),
Hara(’27)
Scrophulariaceae
96. Paulownia tomentosa Kiri .HARA(’27), NaraTA & (0]
StrEuD. Taxrmoro(’28)
Caprifoliaceae g
97. Lonicera japonica Twuss. | Suikazura (0]
98. Sambucus Sieboldiana Niwatoko Miura(C17), Sawana(’19), 0
Brome var. typica Naxar Hor1(’21), Hara(’27)
99. Viburnum pubinerve Kanboku (6]
Brume f. intermedium
Naxar
Compositae
100. Arctium Lappa L. Gobo Sawapa(’19), Hara(’27)
Araceae '
101. Amorphophallus Konjac | Konnyaku Mivra(’17), Sawapa(’19),
C. Kocn. Hor1(’21), Nismpa(’21)
Gramineae
102. Pleioblastus Simoni Naxar | Medake SvrmaTsu(’30)



Table 1. Host plant of Helicobasidium Mompa (Continued).

Author | Remark
Scientific name Japanese name t

Host plant

103. Saccharum officinarum L.| Sato-kibi Sawapa(’19)
Zingiberaceae
104. Zingiber officinale Rosk. S_hﬁga Sawapa(’19), Hara(’27)

As is shown in Table 1, 104 species in 76 different genera belonging to 45 families
have been listed as the hosts of the fungus. Among them, 50 species were newly added
to science by the present writer. Perhaps, more number of the species shall be
found as the host plants by further studies. :

The fungus is distributed throughout all the parts of Japan, and, in general, the
greatest menace of the disease in the regions of high temperature may be inferred
with probable certitude that the fungus is more frequently found in the southern
districts than in the northern sections.

As described previously, the fungus is one of ths most serious and destructive
agents for the mulberry tree. It may b2 no more necessary to say that wherever is a
mulberry tree, there occurs the fungus.

As well as the mulberry tree, other valuable plants such as apple trees, sweet
potatoes, soy beans and ‘“ Mitsumata ” (Edgeworthia papyrifera S. un Z.) are affected
most seriously by the fungus. Horr (1910) noted in his text-book that the
“Mitsumata” (an excellent material for manufacturing Japanese paper) cultivated
in Shizuoka Prefecture was seriously damaged by the fungus in the past and the
growers were obliged to give up its cultivation.

In the autumn of 1942, the writer observed in Kagoshima Prefecture large heaps of
heavily diseased fleshy roots of the sweet potato being piled up on fields. Such
events may also be seen probably in other districts of our country.

In the case- of soy beans, Tocasmur ef al. (1942) reported the occurrence of
serious damage caused dy this fungus in Iwate Prefecture.

Symptom and sign of the disease

A detailed description on the symptom of this disease of the mullb‘erry tree was
made by Mrvaxe (1920) , but as regards other host plants there has been scarcely and
unsatiéfactorily reported ub to the present time, and accordingly the writer will state
in detail the symptom and the sign of the disease affecting the sweet potato and some
woody plants except the mulberry tree.

1. On sweet potatoes

Materials infected in nature or inoculated artificially show the the symptoms as
follows.

The slender roots attacked by the fungus are rotted and later dried up; both small
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and large fleshy roots are covered with networks of the rhizomorphs. The attack
of the fungus has no relation to the size of fleshy roots affecting any one else. Among
numerous fleshy roots produced from the same plant, there have been observed different
degrees of infection.

In one case, the rhizomorphs on fleshy roots creep up, while in the other they creep
down, showing no general rule in the direction of creeping.

Even though the fleshy root of the plant has been heavily attacked by the fungus,
the plant may remain alive when its slender roots remain healthy. When all of the
subterranean parts are destroyed completely, the plant may wilt and finally be dead.

Small fleshy roots which were attacked by the fungus severely at the early stage of
’ development are unable to continue their further growth.

In the case of extremely heavy damage, it is not uncommon that a great number
of small sclerotia in pin-head size are produced on the basal portion of the stem below
the ground level, and that purplish-brown mycelial mats with whitish margin are formed
on the ground surrounding the diseased plants. The mycelial mat is velvety in appear-
rance, irregular in shape, variable in size (from 300 to 500 sq. cm.), and often embraces
some extraneous substances, such as weeds, pebbles and soil particles near the plant.
The mycelial mat practically seems to be a fruit-body of the causal fungus, but the
formation of hymenial layers is not observed even in late autumn (PL I, A).

For the purpose of convenience, affected fleshy roots were divided into five classes
by the severity of the damage macroscopically, viz.,

(1) Very slightly affected fleshy root (degree-a) : Only a small part of the fleshy
root is covered with purplish rhizomorphs and the other parts seem to be healthy in
appearance. Fleshy roots are not softened at all (PL I, B) .

(2) Slightly affected fleshy root (degree-5) : Rhizomorphs and purplish-brown
mycelial mats cover the whole of fleshy roots, but the mycelial mats can be removed
easily. Fleshy roots are not softenad (PL I, C).

(3) Moderately affected fleshy root (degree-v): The whole surface of fieshy root
is compactly covered with rhizomorphs and mycelial mats are dark purplish or deep
purplish brown in color. The fleshy root is roughened and rugged in appearance, as
its surface is covered compactly by the tangled rhizomorphs. Thes mycelial mat can not
be easily ssparated from the skin. The skins are separated from the fleshy parts by
slight force of pin-cette readily. There is not yet noticeable spaces between the skin
and the fleshy substance. The fleshy tissue is more or Iless softened and becomes chalky.

(4 ) Heavily affected fleshy root (degree-0): Rhizomorphs and mycelial mats cover
the whole surface of fleshy root compactly, and they are blackish brown in color with the
attaching of soil particles. As there is so remarkable space between the skin and the fleshy
tissue that the skin is separated very readily. A large part of the fleshy tissue is rotted
heavily, and softened conspicuously, giving out bad smell frequently. A great number of
pin-head sized sclerotia are produced on the surface of the fleshy root(PL I,D,E;PLIV,A).

(5) Very heavily affected fleshy root (degree-€ ): Soil particles adhere to the
skin of the fleshy root so compactly that the mycelial mats are seen only after washing
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with water again and again. * The decayed fleshy tissue covered by the crumpled skin
is sometimes contracted and dried up. On the under surface of the skin, numerous
small sclerotia are observed.

According to Rmaway’s (1912) color standard, the colors of the mycelial mat, of the
rhizomorph, and of the fruit-body or sporophore will be described as follows :

1. Mycelial mat (in degree-8) ; Madder Brown,
2. Rhizomorph ; Dark Vinaceous-Purple~Madder Brown,
3. Fruit-body or sporophore ; the upper surface is Light Burnet Lake~Madder Brown,
while the under surface Indian Purple~Blackish Red-Purple.
2. On woody plants '

Results of the observations concerning some woody hosts such as Robinia pseudo-
acacia, Platycarya strobilacea, Acer campestre, Juglans Steboldiana, Paulownia tomentosa,
Liriodendron tulipifera and Ulmus pumila will be noted briefly as follows:

Slender roots attacked by the fungus become yellowish brown or blackish brown
in color; they are softened, rotted and finally disappear. In the case of severer damage,
the cambial pbrtion of large roots is heavily destroyed, only remaining the bark as well
as woody tissue and leaving no trace of small roots. On heavily affected roots, a great
number of sclerotia buried in the cork layer are seen very frequently.

Purple rhizomorphs creep up the surface of the roots and the trunk, increasing in
diameter towards the ends. When the roots were destroyed severely, it is not rare that
numerous small roots develop newly, and thus the plants may escape from death at
least temporarily(Pl. IILE,F).

Soon after the aggregations of rhizomorphs reach the basal portion of the host,
they develop here into a mycelial mat or a sporophore. The sporophore formed on the
basal portion of the tree spreads its area upwards as well as sidewards covering the
surface of the trunk (PL II, A,;B,C; PL III, A). :

It is of interest to note that the sporophores are produced not only on the host plants
but also on no-living materials, such as stones, dead twigs, masses of soil and, even
on the concrete foundation of the house near the diseased tree (PL III, C).

During the period from May to July, the surface of the sporophore becomes powdery
white, being caused by the formation of the hymenial layer (Pl IID; PL III,B,D).

The size of the sporophore may not always be influenced by the severity of damage,
but rather by the environmental conditions, especially by the humidity. Conseguently
under an extremely humid condition, the sporophore reaches some times few decimeters
in height frorp the ground level, sweating a great number of colorless watery drops
upon the surface of it.

Many of the diseased trees show at first no remarkable changes in appearance above
the ground, but, by and by, some of them are Weake;ned noticeably and finally are led
to death. In such trees, the leaves may become more or less smaller and fall earlier
than in the healthy ones. In extreme cases the entire subterranean portion of the
plant may be almost completely destroyed probably by the secondary invasion of
wood-decaying fungi. Thus the plant becomes to offer no remarkable resistance



SR

to external force.

Isolation of the causal fungus
As pointed out already, concerning the isolation and the artificial culture of the
fungus in question, Mivaxr (1920) seemed to make a great deal of efforts, but failed
to gain its pure culture. Thus he reached the conclusion that [“the germ tubes or:
‘ the primary hyphae never develop to the large vegetative hyphae in artificial media,
but probably only in favorable living host:-«-=:++sseseeeee YT :
Prior to this report, Mmra (1917), in his text-book made a brief note on the isolation:
and the culture of the fungus without any description of his experimental method.
However, his fungus is very doubtful in many respects as compared with the causal
organism of this disease.  Thus, so far as the present writer can ascertain, there has.
been hitherto no reliable account dealing with the subject.
The present writer has made an effort to solve this problem, and, after some.
failures, succeeded in artificial culture of the fungus from both diseased fleshy roots of
sweet potatoes and basidiospores collected from woody hosts.

The experiments of the writer will be reported in detail as follows:

1. From the diseased fleshy roots of sweet potatoes

A. MATERIATS Materials obtained from the fields at Takarabe-machi, in Kagoshima.
Prefecture by the writer and those sent by Mr. Horr, of the Kumamoto Agricultural
Experim;:nt Station, were used in this experiment. As the sources of the isolation, the.
following materials were prepared ;

(1) Mycelial mats found on the ground near the diseased sweet potato,

(2) Rhizomorphs or mycelial strands formed on fieshy roots of sweet potatoes;

(3) Mycelial mass in the soil near the diseased plants,

(4) Affected fleshy roots; according to the severity of damge, thése were classified.
into five grades as noted in pages 9-10.

B. AcAr MEDIA Two kinds of agar media were prepared, namely

(1) Potato decoction with 2 per cent giucose, 1)

(2)  Apricot decoction agar 2).

C. EXPERIMENTAL METHODS (1) Small bits of the mycelium from the inner part of
the mycelial mat and those from rhizomorphs were placed on agar media after washing-
with sterilized distilled water or without any treatment. !

(2) The surface of apple fruit was treated with 80 per cent alcohol, 0.1 per:
cent corrosive sublimate solution and sterilized distilled water. After the apple fruit
was cut into desirable size using aseptic technique, some pieces of them were placed in
sterilized Petri dishes, and then the rind was opened by a sterilized knife. = Within the-
openings, the following materials were inserted respectively with or without treatments.
mentioned above : Small bits of the mycelial mat, fragments of rhizomorphs and the
mycelial mass from the soil.

(3) After the skin of the diseased fleshy root was removed with a sterilized

1), 2) TAkmMorTo(1982) 59, p.62.
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needle, small pieces of fleshy tissue beneath the skin were picked up and then trans-
ferred to agar medium. In'this experiment the diseased fleshy roots belonging to each
of four degrees of severity (degree-a, 3, v and ¢) were used.

(4) The glass-ring method employed generally for isolating fungi from contami-
nated bacteria was used. -

(5) Method using ths boiled skin of fleshy root of sweet potatoes as a filter.  After
boiling, the skin of fleshy root was peeled off carefully, and small pieces of it were
placed on sterilized agar medium in Petri dishes. Setting sources of isolation on the
skin, the writer expected the growth of the mycelium on agar through the filter.

(6) A small amount of sterilized agar medium was poured on pieces of apple
fruit or on those of boiled fleshy root in Petri dishes, making a thin film covering the
surface of them. On the agar film sources of isolation were placed. Thus, it was
expected that the mycelium of the fungus would develop on the pieces of apple fruit or
those of fleshy root passing through the thin agar film.

Each of the above-mentioned ‘experiments was at least triplicated, and in one
experiment, 30 Petri dishes were employed. :

D. Resurrs oF THE BEXPRRIMENTS Data of the experiments will be briefly shown
in Table 2.

Table 2. Results of the isolation experiments from

disease_d sweet potatoes.

Source of :
\iso]ation Sporo- Rhizo- Myecelial Affected dleshy root
TS ) . mass in
Experimental phore morph the soil Degree- | Degree- | Degree- | Degree-
method | 3y s cat
Potato agar ;
with 2% e R E o T 2 n
glucose
Apricot .
decoction — — —_ — — 1) —
agaar :

Using apple

fruit

Using agar-
film on apple
fruit or
fleshy root

Glass ring

method

Using boiled
skin of — = . e L st
fleshy root

1) Blank space, not tested ; +, suceeded; —, failed.

As shown in Table 2, the writer gained pure culture of the fungus in question
only in the case that small bits of fleshy root affected moderately (degree-r) were
placed on agar medium without any pretreatment, while failed in all other cases by
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the contamination with various microorganisms.
This strain of pure culture of the fungus was designated M-1.  Concerning the
causes of success of the pure culture from the moderately diseased fleshy root(degree-1)

the writer will make some discussions in a the later part of this paper.

2. From the basidiospores
A. Exprrrvent-1.

a. Marerians Basidiospores used in this experiment were obtained from the hymenial
layer on some woody plants, such as Liriodendron tulipifera, Prunus Grayana and
Thuja occidentalis in the yard of Forest Experimet Station at Meguro, Toky0.

b. Expermventan meraonp  The procedure was as follows: Ten cc. of 2 per cent
glucose agar which had been sterilized after filtering through absorbent cotton were
poured in the sterilized Petri dish and left to harden. On the inner surface of the
upper lid small pieces (ca. 5mm. sq.) of the fresh sporophore were attached quickly by
means of hard vaseline in such a way that the hymenial surface was hanged thereupon
the agar, when the lid was put in position. The Petri dish in this condition was kept
in the incubator of 15°C.

When the basidiospores had adequately fallen from the hymenium upon the surface
of the agar in the dish, the pieces of the hymenium were removed out.

At the end of about 18 hours, waiting for some growth of germ tubes, the portions
of the growing germ tubes which had not been contaminated with other microorganisms
were marked on the bottom of the dish under the low power microscope. A very small
amount of this portion was picked up with a sterilized platinum needle and transplanted
on a new 2 per cent glucose agar in Petri dishes and then placed in the incubator of
27° C. After incubated for 2 days at 27°C., the minute bits of the uncontaminated
primary mycelium were transferred again to a new 2 per cent glucose agar and placed
at 27°C,

Furthermore, after 2 days, with the same manners a small amount of the primary
mycelium was transplanted on each of the following agar media, and then placed in the
incubator of 27°C.:

(1) Potato decoction agar with 2 per cent glucose,

(2) mulberry bark decoction agar with 2 per cent glucosel),

(3) 2 per cent glucose agar, and

(4) 2 per cent peptone (Teruuchi) agar.

¢. Resunrs or mae pxrvermvENT By the above-mentioned procedure, the writer expacted
that a new growth of vegetative hyphae would take place directly from the small mass
of the inoculated hyphae in a few days, as seen in the normal fungous culture
however such a fact has not been observed at all beyond his anticipation, but a peculiar
phenomenon occurred. Namely, on both potato glucose agar and mulberry decoction
agar, the inoculated small mass of primary hyphae increased in its size gradually
and became a leathery sclerotium-like body with deep purplish brown papulae. This

1) Dried bark of mulberry tree  100g., distilled water 1,000 cc., glucose  20g., agar-agar 20g.
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Text-fig. 1. Stages in the development of the sclerotium-like body and the vegetative mycelium
from small mass of primary mycelium on potato-glucose agar.
a-e : plane figures, 4-¢ : side view of a-e, v.m. : vegetative mycelium.

body was very compact in tissue, protuberant, conspicuously rugged and light purplish
brown in color. When the sclerotium-like body reached the size of a soy bean or that
of a French bean after 7 or 10 days at 27°C., then from the bodies white cottony
vegetative hyphae began to develop on the agar in contact with the sclerotium-like body
(Text-fig. I; PL IV, C,D). After this stage an isolation of this fungus was readily secured
by transplanting a small bit of the white mycelium on potato glucose agar or mulberry
decoction agar. While, on either 2 per cent glucose agar or peptone agar, such a
phenomenon could not been observed in the period of this experiment. Thus three

pure cultures of the fungus were gained from basidiospores on the following woody

piants:
Prunus Grayana ........................... Strain M- 2 4
Liriodendron tulipifera-------------- Strain M- 3,
Thuja occident@lis-«-«------wreeveeseenss Strain M- 4.

B. ExpuriMeNT- 2 |
a. MATERIALS Basidiospores used in this experiment were collected from the following
diseased woody hosts : Robinia pseudoacacia var. umbraculifera, Populus mnigra, and
Salix Bakko. All these hosts were found in the yard of Kéma Local Forest Experiment
Station in Iwate Prefecture.
" b. EXPERIMENTAL METHOD The method employed in this experirﬁent is the same
as in the preceding one, and the last agar media used are as follows:
(1) Potato decoction agar with 2 per cent glucose,
(2) glucose-peptone agarl),
(3) 2 per cent peptone agar, and
(4) 2 per cent glucose agar.
These agar media planted with the bits .(2-3mm. sqg.) of the primary mycelium
were kept at room temperature (15°-25°C.).
c. Rusunts oF THE EXRERTMENT Results of the experiments are shown in Table 3 and

1) Distilled water 1,000 cc., glucose  10g., peptone (Teruuchi) 10g., agar-agar 20g.
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Table 4.

i

Table 3. Development of the planted bits of the primary

at room temperature

mycelium on various agar-media (1). After 17 days
(June 16-July 3, 1946) .

'\\\\Agar medium \

The fungus

Size of sclerotium-

like body (mm)

Shape of sclerotium-

like body

Potato agar

Glucose-peptone

2 2% peptone

’

2 9 glucose

agar agar agar
12.6 x10.0 8.3%x6.6 S8y 2.3%2.0
Protuberant Protuberant Protuberant Protuberant
remarkably remarkably slightly slightly

Color of sclerotium-

like body

s

Growth of hyphae

Light purplish
brown

Light purplish
brown

Light purplish
brown

Light brown

Typical vege-
tative hyphae
present

Typical vege-
tative hyphae
absent, but
feeble creeping
ones pesent

Typical vege-
tative hyphae
absent, but
feeble creeping
ones present

Typical vege-
tative hyphae
absent, but
feeble creeping
ones present

Table 4. Development of the planted bits of the primary

at room temperature

amycelium on various agar-media (2).

(June 16-July 10, 1946) .

After 24.days

typical vege-
tative ones
absent

1) Showing the average diameter of 10 sclerotium-like bodies.

e -
= Agay mediom Potafo e Glucose-peptone 2 9 peptone 2 % glucose
The fungus‘“ g agar agar agar
Size of sclerotium- ‘ ' 3
like body (mm) ‘ 15.3x12.8 11.3x9.3 5.0x4.0 3.5x3.0
1) ‘.
o ¥R | P
Shape of sclerotium- Protuberant and | Protuberant and | Protuberant Protuberant
like body rough extremely  rough extremely| slightly slightly
Color of sclerotium- Light purplish Grayish Light grayish Light
like body brown brown brown brown
Ashy feeble

Typical vege- Typical vege- glypgietﬁge:pér Vegetative
Growth of hyphae tative hyphae tative hyphae r%sent butg hyphae

present present p 2 present, but

very feeble

From Tables 34, it is obvious that the development of the vegetative hyphae from

the inoculated primary mycelium was observed on the three agar media, viz.,, potato-

glucose agar, quco_se-peptone agar and 2 per cent glucose agar, while the growth
of the vegetative hyphae did not occur on 2 per cent peptone agar.
It is also known thkat potato glucose agar is very suitable for the isolation of  the
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fungus and the other agar except glucose-peptone agar are undesirable because of
requiring long period for the fungous growth.

By transplanting of the small piece of the vegetative mycelium developed from the
sclerotium-like body on new potato glucose agar, several strains of pure cultures of
the fungus were obtained from each of the three hosts as follows :

(1) Strain M-6-----:--- Salix Bakko,
(2) Strain M-7 -+«------ Robinia pseudoacacia var. umbraculifera,
(35 ﬁtrain M-8 -nneveee Populus nigra.

In order to make clear the cause of the feeble mycelium doveloped from the
sclerotium-like body on both 2 per cent glucose agar and 2 per cent peptone agar, the
writer made further simple tests. A small piece of the feeble mycelium on 2 per cent
peptone agar was trapsplanted to a new potato glucose agar and kept at room
temperature. It became larger in size gradually and formed such a sclerotium-like
body as noted previously. From this sclerotium-like body the typical vegetative hyphae
grew abundantly. r_‘WhiIe, on the contrary, the feeble mycelium from 2 per cent glucose
agar developed directly to the typical vegetative mycelium on potato glucose agar
without formation of the sclerotium-like body.

The feeble hyphae produced on 2 per cent peptone agar and 2 per cent glucose
agar were observed under the microscope. The formers were irregular in shape,
variable in diameter, shorter in length, rugged, rich in vacuole and, in a word, they
had abnormal forms, while the latters normal in shape.

The phenomena found in the isolation experiments from basidiospores made hitherto
will be summarized in Table 5.

Table 5. Various stages in the isolation of the fungus from basidiospores.

I I 111 v . v
Ger_minating Primary Primary Sclerotium- Vegetative Sclerotium- ‘ Vegetgitive
basidiospores | mycelium mycelium like body mycelium like body | mycelium

2% 2% 2% == X T S S,
glucose agar |glucose agar| glucose agar ‘ potato glucose agar ‘ potato glucose agar ‘

= (k) —(+) = (=) —(+)

! mulberry decoction agar ’ potato glucose agar l

() —(+) (=) —(+)
/ ’ % 2% glucose agar ’ potato glucose agar 1
(+) ->(+) S =+ () (k) e G == ()
n ’ glucose-peptone agar ’ potato glucose agar }
N\ () —(+) () —(+)
\ [ 2% pe;jt});e agar WT potato glﬁcose> agar ‘
\

N et ) 2l —(+)
Note : () -+ present, (—):-w-- absent, (&)------indistinct. Lo
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It seems evident from Table 5 that the carbohydrate, such as glucose, plays an

important role on the development of the vegetative mycelium from basidiospores of
Helicobasidium Mompa.

C. CoNSIDERATION

In spite of detailed experiments on the germination of basidiospores, Mrvaxs (1920)
failed to secure the pure culture of this fungus, perhaps, because of his failure to pursuit
the development of germ tubes or primary hyphae extensively owing to the contamination
of other microorganisms. In order to keep the fungus free from biological contamination
for a long period, the writer examined the above-mentioned procedure suggested by the
fact that the basidiospores of the fungus germinated very readily at relatively lower
temperatures and they required no special substance for the germination bed.

Up to the present time, the fact that the vegetative hyphae do not develop directly
from the primary hyphae, but grow after the formation of the sclerotium-like body has
not been recorded, and, therefore, it might be well considered that Mivake and other
investigators would probably fail to gain pure culture.

Inoculation experiments

In order to make clear the pathogenicity of the fungus isolated by the present
writer, inoculation experiments were carried out on three kinds of plants, 7. e. sweet
potato, soy beans and radish.

1. SwereT POTATO

Twenty pots were filled with the field-soil and steamed for one hour at 15 pounds
pressure. After cooling down, in the eary spring of 1943, they were planted with fleshy
roots of the sweet potato (var. Okinawa Hyakug6) which had been treated with 80 per
cent alcohol, 0.1 per cent corrosive sublimate solution and then thoroughly washed
with sterilized water. These pots were placed in the green house at least during the
cold season.

On July 14, when the formation of newly developed fleshy roots was observed, 15
pots of them were inoculated with several small bits of the mycelial colony of the
fungus isolated from the diseased fleshy root (Strain M-1) growing on potato-glucose
agar plate, while others were left uninoculataed to serve as controls.

After about 2 months (on September 16) the plants were examined in detail by
the naked eyes. Most of the plants in the inoculated pots, except the ones in the
condition of insufficient supply of water, were infected in different degrees of severity,
while no sign of the disease was observed in the controls.

On the surface of the infected roots and stems, numerous purplish brown rhizomorphs
were formed in network. In the case of heavy affection, a great many of sclerotia in
size of pin-head were observed not only on the fleshy roots but also on the stems.
Finally the infected fleshy roots were decayed severely.

Most of the infected plants showed no remarkable change in the appearance above
the ground, but a few of them those subterranean portions had been perfectly destroyed
were led to death afterwards (PL V,A) .
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2. SoY BEANS

On April 30, 1943, seeds of 'soy beas which had been sterilized 'with 80 per cent
alcohol, 0.1 per cent corrosive sublimate solution, and then washed 'several times with
sterilized water were sown in each of the 15 autoclaved pots. On June 14, in 10 pots
of them inoculation was made by placing small bits of mycelium obtained from a pure
culture of the fungus (Strain M-1) and other pots were remained as controls.

On September 16, the effect of the inoculation upon the soy bean plants was examined.
Both large and slender roots of the soy beans were covered with purplish brown
rhizomorphs' of the fungus. Especially on the large roots, the rhizomorphs were observed
obviously. In some parts of the heavily attacked roots, the parenchymatous tissues
were destroyed so completely that only the periderm and the stele portion remained
their original shape. On the surface of the roots pin-head-shaped sclerotia were formed
very abundantly. On the contrary the controls gave no signs of infection(PL V, B).

3. Ravsa ‘

Seeds of radish (var. Tokinashi) were prepared for inoculation test. With the same
manners mentioned above, the seeds were sterilized and sown in the pots on April 30,
1943. On June 14, inoculation was made on the soil of the pots near the growing radish
plants. At the end of one month after inoculation, on July 13, the roots of radish were
covered with some of the typical rhizomorphs of the fungus, but were not yet softened’
or decayed at all. In controls no remarkable changes were observed (Pl. V,0).

Regarding the other strains of the fungus isolated from basidiospores obtained from
woody plants (Strain M-2, M- 3, and M-4 ), the writer made also’ some inoculation
experiments on soy bean seedlings and could prove their pathogenicity. -

i Cultural characteristics of the fungus

In order to know the general cultural characters ; rate of growfh, type of growth,
consistency of colony, surfacer character, and pigmentation, the writer made some
cultural experiments on various kinds of substrata, both liquid and solid. In the
experiments the strain M- 1 of the fungus was used.

1. On agar media i

Ten cc. of the medium were poured into each of 5 test tubes (17 mm. in diameter),
and they were sterilized under 15 pounds of steam pressure for 15 minutes and slanted.
FOI: the inoculum the margin of the mycelial colony on potato sucrose agar plate was
cut with a sterilized needle into small pieces about 4 mm. sq., and these were planted
and kept at 27°C. for 2 months.

The kinds of culture media used for the experiment and each of their formulael)
are as follows:
 Czapek’s agar ; Distilled water 1,000 cc., MgSO,. 7H,O 0.5g., K;HPO, 1g.,, KCI

0.5g., NaNO; 2 g., sucrose 30g., FeSO4 0.0lg., agar-agar 20g.
Bouillon agar ; Distilled water 1,000 cc., peptone 10g., Liebig’s meat extract 10g.,

1) TAgmMoro (1932).
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NaCl 5g., aga-ager 20g. :
Warsmax’s agar; Distilled water 1,000 cc., glucose 10g., peptone 5g., KH,PO,
1g., MgSO,. 7TH,O 0.5g., agar-agar 20g. (pH 5.6).
Apricot agar; Water 1,000 cc., dry apricot 25g., agar-agar 20g.
Potato-sucrose agar ; Potato decoction 1,000 cc., sucrose 20 g., agar-agar. 20g.
Carrot-sucrose agar ; Carrot decoction 1,000 cc., sucrose 20g., agar-agar 20g.

Results of the observation will be briefly described as follows :

(a) On Czarex’s agar: After 7 days, the white mycelium grows scarcely, and the
agar becomes light Dark Grayish Brown in color. After 1 month, the growth of
mycelium well develops, and covers almost all surface of the medium. Aerial hyphae are
- abundant. Color of the colony is Sorghum Brown, with Mars Orange amorphous bodies
among the hyphae. Agar medium becomes Olivaceous Black to Fuscosus Black in
color, but the lower layer of it colorless. After 2 months, the colony is colored Verona
Brown in cottony appearance. Mycelia near the inoculum are rather compact and deep
in color. Mars Orange amorphous bodies are abundant. Later, the media change the
color to Blackish Brown, and the lower portion of the test tube is very light in color.

(b) On bouillon agar: After 7 days, the mycelium is very feeble and Light
Purple-Drab in color. The color of agar is Dark Vineceous Drab in small area. After
1month, the growth of colony is not well, near the inoculum aerial hyphae present and
light Indian Red in color, while the white mycelium from the marginal portion of the
colony is creeping on the agar. After 2 months, the colony of the fungus is not large,
Hessian Brown in color. Mars Orange amorphous bodies are absent. Color of the
agar is Warm Blackish Brown, but it is limited to the portion just under the inoculum.

(c) On Waksman’s agar : After 7 days, the mycelial growth is well in Pale
Grayish Vinaceous color, the agar changing from Cinnamon-Buff to Pinkish Cinnamon.
After 1 month, the growth of mycelium well develops, aerial hyphae are dense, hyphae
near the inoculum being bushy and Prussian Red in color. = The marginal portion of
the colony accompanied with numerous little watery drops is white. Mars Orange
amorphous bodies among hyphae are present abundantly. The color of the agar is Dark
Indian Red, while lower ends of it colorless. After 2 months, the colony is rafher
compact, Hessian Brown, especially near the inoculum, small watery drops are formed
here and there on the mycelium. Numerous Mars Orange amorphous bodies are found,
and color of the agar is Diamine Brown.

(d) On apricot agar: After 7 days, the growth of mycelium is very scanty, aerial
hyphae relatively much, while creeping hyphae scarce, the mycelium is Pale Grayish
Vinaceous in color, and agar almost colorless. Even after 1 month, the colony of the
fungus is small in diameter, light Indian Red aerial hyphae are found near the
inoculum. Near the inoculum the creeping hyphae are present, and a small number of
Mars Orange amorphous bodies are seen, agar being slightly brownish. After 2
months, the mycelial growth is rather poor as it was after 1 month, Dark Vinaceous
Brown in color, and agar under the inoculum is colored.

(e) On potato-sucrose agar: After 7 days, as in the case of WaksmaN’ s agar the
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mycelial growth is well, while discoloration of the agar is lighter than the former case.
After 1 month, growth of the mycelium is very vigorous, aerial hyphae well develop,
having a tendency to grow erect, the mycelial felt in velvety appearance is Ocher Red
in color, and on the mycelial colony sclerotia being Madder Brown in color are formed.
Numerous Mars Orange amorphous bodies are present among hyphae, even on the
portion of the agar and the glass wall where there is no growth of the mycelium.
The agar is brilliantly Dark Corinthian Purple in color, except the ends of the tube
which are Deep Hellebore Red. After 2 months, remarkable differences in the colony
are not recognized, but sclerotia develop. The whole agr medium is colored in Hessian
Brown to Dark Corinthian Purple (Pl. IV.E,F) .

(f) On sweet potato-sucrose agar: After 7 days, the growth of the colony well
develops, agar being almost no colored. After 1 month, thé mycelial growth is very
vigorous, aerial hyphae well develop, and Prussian Red to Brick Red in color. On the
colony there are some brick reddish patches of mycelial mass, but less compact than
those on potato-sucrose agar. Mars Orange amorphous bodies are abundant, color of
the agar being Neutral Red to Indian Purple.  After 2 months, all the aerial hyphae
tumble down on the medium, color of the colony is Chestnut Brown, and agar Maroon
to Hessian Brown in color.

(g) On carrot-sucrose agar : After 7 days, the growth of the mycelium well develops,.
with resembrances to that on potato-sucrose agar in color of the mycelial colony and
the agar, After 1 month, the mycelial growth is vigorous, but less than in the case of
potato-sucrose agar. The colony is cottony, Ocher Red in color, with numerous Mars
Orange amorphous bodies, and whole agar medium becomes Corinthian Purple in color.
After 2 months, the cottony aerial hyphae develop abundantly with Chocolate color.
Mars Orange amorphous bodies are enormously present, and discoloration in the agar
is Hay’s Maroon.

2. On liquid media

One hundred cc. of each of the three kinds of the solution, viz., sweet potato-sucrose
solution, Czarex’s solution and modified Rricmarps’ solution were poured into 150 cc.
Erlenmeyer flasks, and each solution was set up at least in quadruplicate. After
sterilization they were inoculated with the fungus (Strain M- 1), and were kept at about.
27°C. At the end of a month’s culture notes were taken and the results were as.
follows:

(a) On sweet potato-decoction with 2 per cent sucrose: Growth of the mycelium
well develops, the colony appears to be light brownish purple and rather compact.
The mycelium extending in solution is very scarce, and the culture solution becomes.
Dragon’s blood Red in color.

(b) On Czarex’s solution: The mycelial growth is not less vigorous than the
preceding solution.  The loose colony covers only a small part of the medium surface,
and it is light Diamine Brown in color. In the solution some hyphal masses are present.
The solution is colored in light Sorghum Brown.

(¢) On modified Ricuarps’ solution: The composition of this solution is as follows:
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Distilled water 1,000 cc., KNOz 5g., KH,PO, 2g., MgS0,.7H.0O 1g., glucose 10g.
The result of the experiment was observed after both 20 and 40 days.

At first the mycelial growth well develops, but after two weeks it stops further
growth. Forty days after inoculation the colony is brownish, and turns the color of
the medium to light brown. Mars Orange amorphous bodies are formed abundantly.
By MoriscH’s reaction, the existence of sugar in the staled culture solution is affifmed.
By adding small mounts (0.5-1.0%) of calcium carbonate in the culture solution, the
retardation of the mycelial growth with the lapse of time is not remarkable, and
consequently the harmful action is probably due to substances produced by the fungus
in the course of metabolism.

3. On various solid media

(a) Steamed potato tuber: After washing thoroughly with water, potato tuber
was cut into pieces (15x10x10 mm.). Two or three pieces with or without skins
were placed in each of Erlenmayer flasks of 150 cc. capacity, and small amount of
distilled water was poured into the flasks. They were sterilized by the ordinary steam
autoclave, inoculated, and kept at 25°C. Uninoculated flasks were prepared as
controls. :

The mycelial growth develops well, the colony is at first almost colorless, and with
the lapse of time turns to deep brown. At the end of 55 days, the inner part of
potato pieces is colored to deep brownish purple, and softened remarkably. The corner
of the block is disappeared by the dissolving action of the fungus, while not infected
ones unchanged. On the blocks with skin the mycelial masses of rather compact
structure are found, but none of them are found on the blocks without skin.

(b) Steamed fleshy root of sweet potato
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" of potato tuber, there is no remarkable difference
between the two experiments.

(c) Sterilized soil

As substratum the following materials were placed in test tubes: Ten volumes of
sand, 3 volumes of humus, 1 volume of sectioned fleshy root of sweet potato and
sweet potato decoction. After sterilization with the ordinary manners, the fungus was
inoculated and kept at 27° C. in the dark room for 30 days.

At the end of the experimet, the mycelium develops weil and the mycelial masses
are formed in the spaces of the substratum. Between the substratum and the wall of
glass, numerous mycelial strands or rhizomorphs, Indian Purple to Mars Violet in color,
are found. These mycelial strands resemble considerably those formed on the infected
fleshy roots of sweet potato in nature.

(d) Steamed bark of mulberry tree

The bark of mulberry tree was cut into adequate size (ca. 1560 mm.). One piece
was placed in each of Kirasmma’s flasks (1930) containing a small amount of distilled
water. After sterilization by the ordinary steaming method for 20 minutes, a bit of the

mycelium of the fungus was inoculated on the inner part of the bark and then kept at
25°C.



In Text-figure 2, & is a piece of mulberry
bark, w, distilled water and 7, an inoculum of
the fungus.

The mycelial growth on the mulberry bark
is very vigorous, having abundant aerial hyphae.
At the end of 8 weeks the colony becomes
brownish purple in color, accompanying with
some deep brownish sclerotia. From the fact
mentioned above, the bark of mulberry tree
seems to be a very favorable medium for  the
growth of the fungus.

(e) Steamed twig of tree As shown in
Text-figure 3, twenty-five cc. of potato
decoction with 1 per cent sucrose () were
poured into each of large test tubes (200 mm.
long, 20 mm. diam.), a twig of tree (#), 15 cm.
long and 10 to 15 mm. in diameter, was inserted

Text-fig. 2. Culture of the fungus on 5 k
ity batle in the medium. After

b: bark of mulberry tree, w: distilled steaming with the ordinary

water, i:inoculum of the fungus. manners, a small bit of the
fungus (7) was inoculated on the surface of the culture solution,
and then incubated at 25°C.

In this experiment seven kinds of plants were used;viz.,
Cryptomeria japonica, Liriodendron tulipifera, Robinia pseudo-
acacia, Cinnamomum  Camphora, Prunus yedoensis, Quercus
myrsinaefolia, and Pseudosasa japonica. In each kind of plants,
the experiments were done at least triplicated. The results
observed at the end of 3 months are as follows :

(i) On the twig of Cryptomeria japonica: Under portion of
the twig is covered with the mycelial mat. It is brownish and
rather compact near the surface of the solution, while the
remaining portion with abundant aerial hvphae is pinkish. A few
sclerotia are formed (Pl VI, B). :

(ii) On the twig of Liriodendron tulipifera : In the apperance,
the growth of the mycelium, coloration of the colony, and
formation of the sclerotium are similar to the case of Cryptomeria
japonica. Furthermore, in this case, deep brownish watery-drops
are formed on the mycelial mat.

(iii) On the twig of Robinia pseudoacacia: The mycelial mat
developed on the twig is purplish, especially the upper portion
being deep in color, while the margin of the mycelial felt becomes
brownish purple. No sclerotium occurs.

rmnt
£

4

el A

(

e

B
2

&

o e e :
_'If :f ==

2

Text-fig, 3.  Culture
of the fungus on twig
of tree.
t: twig of tree,
m: culture solution,
i:inoculum of the
fungus.
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(iv) On the twig of Cinnamomum Camphora: The growth of the mycelium is
rather scanty, the mycelial felt with the Iight pinkisﬁ margin is as a whole brown in
color. Sclerotia are not formed.

(v) On the twig of Prunus yedoensis: The development of the mycelial mat is not
good, and the portion near the solution is brownish purple, while the margin of the
mat still white, aerial hyphae are scarce, no sclerotium being formed,

(vi) "On the twig of Quercus myrsinaefolia: The mycelial growth is good, and the .
upper portion of the colony is light pinkish, while the remaining part deep brownish
purple, aerial hyphae feeble, and some sclerotia are found.

(vii) On the stem of Pseudosasa japonica: The mycelium develops vigorously, the
stem is covered uniformly with the brownish mycelial mat. Mycelial strands or
rhizomorphs are formed on the surface of the mat, and several sclerotia are seen
distinctly (PI1. VI, A).

From above-mentioned data and the appearances showing in the photographs (PL VI,
A-B) it is interesting to note that the mycelial mats produced on the twig in this
experiment are very similar in many respects to the fruit-bodies found on the host
plants in nature, though the formers are rather soft and loose in structure as compared
with the latters. But, the formation of the hymenial layers on the twigs in test tubes
has not ever been discovered up to the present. Why the mycelial mats on the twigs
in test tubes are looser in structure than those found in nature ? Why the hymenium
has not been formed in this experiment ? Although the present writer has been unable
to explain these questions exactly, they may be probably due to the environmental
influences in the tubes, especially to humidity and tempzrature conditions.

(f) Ungrazed ceramic rod soaked in the solution

By applying the same method described in the preceding pages, but by using
ungrazed ceramic rods (10 cm. in length, 10 mm. in diameter) instead of twigs, the
similar cultural experiment was undertaken. In this case, as culture medium, sweet
potato decoction with 1 per cent sucrose was poured in the test tubes. After 2
months at 27°C. the experiment was finished. :

The results of the experiment are briefly noted as follows: The mycelium covered
over the rod is rather compact and deep brownish purple in color. Mycelial strands
or rhizomorphs are formed on the superficial portion of the mat. - These appearances
on the rod bear remarkable resemblances to the fleshy root of sweet potatoes attacked
by the fungus in nature (Pl. VI, C).

Morphology of the fungus

As regards the morphology of the fungus in question, since Tawaxa’s first record,
some notes have been made by ‘Sawapa (1919), Mrvaxe (1920) and some authors in
their hand-books. Especially Mrvaxr’s one is very sufficient and accurate in description,
and, therefore, there seems to be hardly necessary to take further explanation on it.
The writer will make only a brief description of the morphological characters of the
fungus, chiefly of those untouched by Mivaxe (1920).
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1. Sporophores or fruit-bodies

The sporophore of the fungus develops sur;ounding the basal portion of the trunk
of the diseased tree up to a height of 10 cm. or more, sometimes leaving here and there
small narrow parts uncovered, and often embracing some extraneous matters, such as
decayed leaves, twigs, weeds, gravels and particles of soil.

The size of the sporophore covered the trunk of the diseased tree depends mainly on
the degree of nutrition and environmental conditions, especially on the atmospheric
moisture. In the thick forest it is not rare that the fruit-body creeps up the trunk as
far as several decimeters above the ground (Pl. I, A,B,C; PLIILA, etc.).

The fruit-body is sessile, resupinate, often irregularly Iobed, velvety, and mem-
branaceous. The surface of the fruit-body which was deep purplish brown in early
spring becomes whitish or light pink in color during the later part of the same season
without developing its size, appearing as if white powder being scattered. This is due
to the formation of the hymenial structures (PLII, D; PL III, B,D).

In Toky0, the formation of basidiospores is observed in late May to early July,
and after spores are discharged, the hymenial surface becomes gradually purplish
brown again. Subsequently the surface is covered by whitish mycelium and the fungus
continues its further growth. Early in September, the whitish mycelium develops
vigorously and in-the later part of the same month it encloses sometimes adjacent
decayed leaves and dust, and finally it becomes brilliant purplish brown in color. The
purplish brown mycelium overwinters and, in the next spring, the basidial stage will
be formed again on the surface of this mycelial mat (PL II, D,E,F; PL III, A,B,C,D).

By sectioning microtomically, the spore-bearing sporophores were examined carefully

under the microscope, and as already pointed out by Mmvaks (1920), four or five layers
were distinguished. Mivaxe named each of them from inside to outside as follows:

Henpei-s6 (flat layer), henpei-j6-s6 (upper flat layer)l), ishis6 (weft layer), shijitsu-
ka-s6 (subhymenium), and shijitsu-s6 (hymeninm) ; the first two Iayers may be probably
unified under the name of subiculum.

Concerning four sporophores collected from the same numbers of hosts, the
measurements of thickness of these layers were undertaken by the present writer, and

the results will be given briefly in Table 6.

Table 6. Measurement of thickness of layers organizing the sporophore.

Host
, Liriodendron | Prunus Robinia Concrete-
Kind of Iayer & tulipifera } Grayana pseudoacacia ‘ foundation
| Range (Average\ Range |Average "Range \Average Range JAverage

2 ; | ‘ ; ‘ |
g | 4602 | 72:5 | 25-50 39 | 37-62 ‘ 50 | 87-125 | 92

Subhymenium(m) = | | s | | ol
4) g ' & : o

et i 1 | 46-125 "s0.0 | 3775 | 54 | 37-75 54 | 92-125 ‘
5) ‘ & = - £

g fat Lagerter] 92160 16 | | 92-187 | 138 [187-225 |

6) , : S g & e
Flat layer (u) [100-600 |~ [500-800 | 800-1200 800-1200

1) This layer is sometimes indistinct.  2),3),4) The upper three layers are formed in May to July.
5),6) The lower two layers have passed the winter.



Text-fig. 4. Basidia of Helicobasidium
Mompa.
A:on Prunus Grayana, Meguro,
Tokyo.
B:on Robinia pseudoacacia var.
umbraculifera, Koma, Iwate.
C:on Salix Bakko, Koma, Iwate.
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As shown in Table 6, there is conspicuous fluctuation in ' thickness of each of the
layers in accordance with different materials, and this may be due to the difference
in environmental conditions under which the sporophores were produced as already
pointed out by Mivake (1920).

By the microscopical observation it is clear the lower two layers, viz., henpeiss
(flat layer) and henpei-jo-s6 (upper flat layer) are dormant, and after passing through
a winter period, the upper three layers, wviz., ishi-s6 (weft Ilayer), shijitsu-ka-s6
(subhymenium) and shijitsu-s6 (hy_menium) are formed in the next spring successively.
Hyphae forming the dormant portions of the sporophore are very thick in cell wall and
deep brown in color, while those of the newly developed layers are generally slender,
and almost coloriess. ‘

2. Basidia

The basidium of this fungus may beIong to the so-called pleurosporous phragmo- -
basidium (Gavmany 1928, p.414).

Basidium is not arising from a pre-formed restiﬁg cell, probasidium. Young
basidium is hyaline, smooth, erect, club-shaped ; matured one curved, generally 3-septate,
30-50 x 5-10u : 4 sterigmaté are elongated, narrowed towards end, 10-15u long, tetra-
spored (Text-fig. 4).

Basidia collected from each of the three different hosts were examined, but there
was no significant difference in shape and size among them.

3. Basidiospores

Text-fig. 5.  Basidiospores of Helicobasidium Mompa.
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Basidiospores are hyaline, ovoid, inghtiy curved and filled with homogeneous

protoplasm; granules and vacuoles are not seen generally.
but the attaching portion of it is more or less thick (Text-fig. 5).

Cell wall is smooth, thin,
Sometimes the

spores of abnormal shape bearing large vacuoles are observed, but these are unable to

germinate.

The measurements of spore size on materials obtained from various hosts and

localities were carried out.

The results will be briefly shown in Table 7.

Table 7. Biometric data for length and width of basidiospores.
(a) Length in microns
Host plant }Locality gg;ng_‘z 4 Range ‘ Mean ggﬁfgég S:fifgf:i ;:f
Tﬁ‘c‘g% - %ﬁ'{%‘g"‘* 7170767_174.5:24.4 I 18.23-£0.12] 1.834.0.08 \ifov.ooib'@?‘
B T g S L et e P
U{Zf‘l’gfgj:g” do. | 100 |14.0-21.6 17.54:£0.10 1.5240.07 | 8.71:£0.41
S ﬁ‘;’ggg \ 100 | 12.6—23.8 } 16.36-:0.15 2.210.11 ’13.50i0.65
Populus | do. | 100 [12.2-22.2]17.120.12 1.7120.08 | 9.980.48
Rzpb;i;izfgoacacia ’ ‘
e, do. 100 | 12.0-20.4  16.14::0.11 1.68::0.08 10.40::0.50
culifera | | ‘
(b) Width in microns
] Coefficient
Host plant Locality Eg:;ﬁf_z d(‘ Range l Mean Sct:\lrli]a(.it?gg varigfn e
?ﬁ’cfggdmmh.s j¥§§y‘16r°’ 0 | 5.2-9.2 | 6.39::0.06 0.85-0.04 | 9.33:+0.45
oo 5 do. | 100 | 5.6-8.0 | 6.56::0.05 | 0.82:0.04 \172?421(5.63
Lgﬁ%ﬁil ;do.f:f‘i 100 | G.T—é._zﬂ_é:eﬁo.w 0.57::0.03 | 8.55:0.41
Sk | Koma, | 100 | 5.2-8.2 ’6.36j:0.05IO.79i0.OZ(12.34;0.627
P"fz?gﬁ | oo | a0 | 488 | 6.80:£0.05 | 0.67-0.03 9.8540.47
Robinia | ; | | PET
f;iui(;%ﬁfzm | do. 100 4.2-6.6 | 5.4840.05 ‘ 0.6540.03 12.59:+0.63
culifera | | | 3

As is obviously seen from Table 7, there are considerable fluctuations in the

dimension of the basidiospores, but statistically no remarkable differences are recognized

among the materials from various hosts and localities.

Size of the basidiospores of Helicobasidium Mompa measured by several workers is

shown in Table 8.
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Table 8. Dimension of basidiospores of Helicobasidium Mompa
given by other investigators.

Investigator : } TaxaxA(1891) SawapA(1919) Miryaxe(1920)

Size of baSidiOSP"reS‘ 10—12%5—7 l 13—25 x 4.5—7 15—29 x5.5—7

(p)

The results of the measurement made by the present writer are nearly agree with
SawApA’s one.  As discussed already by Mivake (1920), the dimension noted by Tanaka
(1891) secems to be too small.

4. Hyphae

Germ tubes or primary hyphae are very sleﬁder at first, but after some lapse of
time suddenly increase in their width, if the condition is favorable for them. Hyphae
which form sclerotia are very irregular in shape,

Shape and color of the vegetative hyphae on culture media are considerably

Text-fig. 6. Hyphae of Helicobasidium Mompa growing in extremely
small amounts of free oxgen.
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variable according to the cultural conditions and, for example, hyphae growing in
extremely small amouts of free oxygen are as shown in Text-figure 6.

Hyphae composing the inner part of sclerotia produced on culture media are very
large in width. Clamp connections are not seen in all kinds of hyphae, both primary
and vegetative.

Morphology and dimension of the hyphae of the fungus (Strain M-1) are briefly
shown in Table 9 (Pl VI, G).

Table 9. Morphological notes and dimension of hyphae on culture media.

Diameter in Le_ngth in
Honbas microns 7 ‘microns Rl
Max. | Min. Mode | Max. | Min. Mode

Young hyphae on ! Almost colorless, range of
dimension is wide, granular

sweet potato- T 20 1.4l 44t 288 48 60 | in content; branchings at
a right angle and H-shaped

glucose agar hyphae are seen.

|

Old. hyphae on \ Brownish, smooth branchings

sweet potato- 7.2 180 520 132 50 | 101 | at right angle and anasto-

glucose agar mosings in H-shape present.

Hyphae forming Purplish brown hyphae

‘ ’ abundant, branchings at a

mycelial strand 9.6 | 2.4 52 150 28 82 riaBt. donle: with “thaTasin

on soil medium axis present.

Hyphae of the undér Purplish brown, ‘granular Tn

taver oF ilio mveelial contents, v.ery irregular in

Mk GH et 11 (30 S Kl = — — | shape, having ‘frequently

Sepanis dod globose cells ; right-angle
branchings present.

Hyphae of the Brownish, range of dimen-

upper layer of the sion small; smooth in appea-

mycelial mat on 752 1 180 hed- | 130 76 92 | rance, right-angle branchings

ungrazed ceramic and anastomosings in

rod H-shape present.

5. Sclerotia
a. Sclerotia formed on diseased plants
Concerning sclerotia formed on fleshy roots of sweet potatoes and roots of soy beans
which had been naturally or artificially inoculated, a comparative study was made by
the writer, shoWing no significant difference among them.

Sclerotia are typically mushroom-shaped, spherical or semi-globular in the upper



portion, but frequently are irregular and unite with others (Pl. VI, D).
The dimension of sclerotia obtained from the diseased sweet potato will be shown

in Table 10.

Table 10. Dimension of sclerotia on sweet potato.

On fleshy roots On stems
Sclerotium -
Max. ! Min. ‘ Average ’ Max. l Min. l Average

Diameter of the upper ‘
portion, "pileus” (p) 450 5 150 ‘ 300 290 200 i 240
Diameter of the :
foot-portion, “stipe” () 180 ‘ 45 \ 90 100 40 1 60
Height of the whole | f
sclerotium () E 300 ! 150 [ 220 310 150 ‘ 240

When examined the microtomic sections of the sclerotium, four parts are
differentiated as follows :

(1) Vegetative mycelium Iayer ; the external portion composed of loose purple
hyphae.

(2) Rind; very firm tissue of deep brownish hyphae, which are thick-walled and
large in diameter.

(3) Pseudoparenchymatous part; that is composed of light brownish pseudo-
parenchymatous hyphae, cell walls of them are thinner than those of the rind.

(4) Prosenchymatous or prosoplectenchymatous core; the greater part of the
sclerotium occupied and formed of laminated hyphae. Hyphae of this portion are
colorless and slender, and connected with invading hyphae.

b. Sclerotia on culture media

Sclerotia produced on potato agar are at first small, white, and form loose mycelial
masses, then become white knots without stalklets by which they attach to aerial hyphae
or substrata. During the course of their ripening some watery drops of deep brown
color are exuded from' the surface of sclerotia. They increase gradually in size and
become more compact, hard in tissue and deep brown in color. Watery drops on the
surface of sclerotia finally disappear.

Matured sclerotia are convex, covered by velvety brown hyphae, having some small
pores through which watery drops were exuded. They are 3.0—4.5%<3.0—8.5 mm. in
dimension, and the inner part of them-is charcoal black (PL IV, E).

Comparing with sclerotia found on diseased plants, those produced on agar media
show some differences in several respects, viz., in size, color, and solidity. The writer
examined microtomic sections of them under the microscope.

In the case of sclerotia on diseased plants, there are some differentiations among their
tissues, while, on the contrary, no remarkable differentiations are seen in this case, Z.e.,
the latters are covered by small amounts of Ioose purplish brown hyphae on the
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surface and, in the inner part of them, are filled equally with large deep brown hyphae,
which are frequently more than 30u in diameter (Pl. VI, E). _
Consequently, it may be probably concluded that there - is conspicuous difference
between the sclerotium on the diseased plant and the one on culture media.
6. Mycelial strands or rhizomorphs

Mycelial strands creeping on the diseased plants and those on the artificial media

¢ are purplish brown and have a wide range of diameter from 0.1 mm. to 1.2 mm. (Pl

I.B;PLIV,B; PLV,C).
* Comparing with that of Armillaria mellea, the rhizomorph of the fungus in
question is very simple in structure and there is no noticeable differentiation in tissues,

and consequently it must be said that it is only an aggregation of numerous entangled
hyphae (PL. VI, F).

On the taxonomy of the fungus

For the fungus in question following scientific names have been used by various
authors :

1. Helicobasidium Mompa TANAKA

Taxaxa (1891), Sumar (1903), Masser (1910), Mrmra (1917), Sawapa (1919), Exnd
(1927), Nakara and Tagrvoro (1928), Hara (1927, 1930, 1931, 1936), Soraver (1932),
Boxura (1934), Hrura (1939), Naxara (1941), Hixo (1942), Tocasnr ef al. (1942).

2. Stypinella Mompa (Taxaxa) Linpau

Lrxpav (1908), Nansu (1917), Mmvase and Ipera (1923), Krrammva (1933), Tocrryar
(1938).

3. Stypinella purpurea (Tur.) Scrrowm.

Horr (1921), Nisuma (1921).

4. Septobasidium Mompa (Taxaxa) Racrn.

Raciorskr (1909), Saccarvo (1912), Mivaxe (1920), Boxkura (1921), Tsusr (1926),
Excrer und Praxtre (1928), Krrammvwa (1938).

As mentioned above, this fungus was described by Taxaxa in 1891 as a new species
to science under the name of Helicobasidium Mompa. Later, by Lixvav (1908), it was
transferred to the genus Stypinella which was erected by Scmrortsr in 1887. However,
now it is the general opinion that the genus Stypinella is to be treated as a synonym
of the genus Helicobasidium which was establishad by Parouvrnrarp in 1885 (Saccarpo
1888, ParouriArp 1900, Excrer u. Praxtne 1928, Giumany 1928, etc.).

Racteorskr (1909), discovering a fungus which is said to be the same to the present
fungus in Java, transferred it to the genus Septobasidium and emended the name as
Septobasidium Mompa (Taxaxa) Racie. He noted also that Septobasidium bogoriense
Par. might be the same as this fungus. Concerning the scientific name of this fungus
Siccarvo (1912) adopted RacrBorski’s opinion.

Mivake (1920), making a detailed study on the fungus, reached the conclusion that
his result was well coincident with Racreorskr’'s opinion, but not with TaAxAxa’s one.
Mrvagr’s conclusion is chieflv based upon the character of the sporophore of the
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fungus, which is not gelatinous, but subcoriaceous.
According to Saccarpo (1888, 1895) and ParoumLnArp (1900) the descriptions on the
genera Helicobasidium and Septobasidium are as follows :

The genus Helicobasidium.

Siccarpo (1888) Parovmnarn (1900)
Fungi resupinati, incrustantes, ceraceo- Réceptacle floconneux, indeterminé, non
molles. Basidia initio recta, dein sursum gélatineux, basides cvlindriques plus ou
eximie incurvata et ex arcu sursum moins incurvées, a stérigmates subules,
sterigmata 2-4 gerentia, septulata. Sporae placés sur la partie convexe; Sspores
ovoideae, curvulae, hyalinae. -+++eeee ~ incolores, lisses, ovoides, germant par

renovation ou par production directe du
filament mycélien. ««.:-weeeeee

The genus Septobasidinm.

Saccarno (1895) Parovrmnarp (1900)

Pileus effusus, resupinatus, coriaceus, : Réceptacle étalé, sec, rayonnant, crustacé,
non gelatinosus. Hymenium disjunctum; a subiculum de fibres rigides dressées,
basidiis primitus globuiosis et simplicibus supportant une crofite membraneuse
dein cylindraceis et transverse Sseptatis, mince, fragmentée. Probaside 2
rectis v. curvulis, sterigmata inconvexitate bourgeonnement tardif, persistante ou
gerentibus. Sporae continuae, oblongae, transitoire et s'allongeant en baside
hyalinae -+ cylindrique droite ou courbée, septée

transversalemant. Spores acro-pleuro-

génes, incolores, ovoides ou virgultiformes,
germant en se renouvelant en méme
temps qu’elles prennent 1 — 3 cloisons
transversales, «-«ooveeees

As underlined by the present writer, there are seen somewha't differences in the
character of the sporphore between Saccarpo’s description and PAmourmnnArRD’ s o~ne. It
seems to be correct for us to follow the description of Parovrmnrarp, by whom these
two ‘genera were established. Hereupon, Mivakr’s opinion must be criticized
thoroughly.

As pointed out by Covem  (1929), it is quite difficult to separate the genus
Septobasidium from Helicobasidium satisfactorily with decision but it seems best, for
the present at least, to follow Parouvrnrarp’s (1900) opinion that the presence of the
probasidium in Sepfobasidium and its absence in Helicobasidium are the chief
distinguishing characters betv;reen the two genera. Giuvmany (1928), etc. also recognized
the formation of the probasidium in fungi to be one of the most important characters
from the phylogenetic standpoint of view.

In the case of the fungus in question, no formation of the probasidium has been
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observed by earlier workers up to the present time. In spite of the careful investi-
gations by examining of microtomic sections of the sporophores of the fungus collected
from various kinds of hosts, the present writer has not yet found the formation
of the probasidium.

Furthermore, it may be doubtful in many respects whether Racrsorskr's fungus in
Java is the same as the causal organism of the “Murasaki-monpa” disease or not,
because, for example, Septobasidium bogoriense Par. which had been identified with
the present fungus by him has been cleared to be quite different from the fungus by
the studies of Huxvings(1899)1),  Givmany (1922), and Hara(1927, 1930).

More recently, by examining a collection of RacrBorskr labelled Sepfobasidium
mompa (Taxaxa) Racr., Herb. Cracov and U. N.S. Herb., Covcir (1938) identified it as
Septobasidium bogoriense Par.

From the facts mentioned above, Helicobasidium Mompa Taxaxa, the causal fungus
of the “Murasaki-monpa’ disease, is clearly a different species from Septobasidium
mom;ba (Tanaxas) Racm. identified by Racrsorskr (1909).

There may be some notes to be added by the present writer : —— Concerning the
“Koyaku-by02)” which is frequently found on the upper parts of the stems and branches
of old mulberry trees, Tanaxa (1891) stated in his conclusion (p.210) that “whether
the orbicular patches [Koyaku by0] just described simply represent a form of the
present species [Helicobasidium Mompa) or not can only be determined after further
investigation. But I venture to say that it is probably a poorly nourished form of the
latter”. ;

However, by the investigations of Sawapa (1912-a, 1912-b) and Hara (1931) it has
been demonstrated that there are two kinds of “Koéyaku by0” which are found
commonly on the mulberry tree, Zz. e., the one is the ‘“Kasshoku3)-kbyaku by0” and
and the other the ““Haiiro4)-kdyaku by0”. Concerning the causal organisms of these
diseases the following two fungi were identified by the investigators as Helicobasidium
Tanakae Mivasr (Kasshoku-kOyaku by0) and Septobasidium pedicellatum (Scrw.)
Par. (Haiiro-kOyaku by0). :

Thesz fungi which have been known as epiphytes are frequently found on the twigs,
the branches, and on the upper parts of the stems, but never on the basal portions of
the tree and the roots. On the contrary, Helicobasidium Mompa attacks the underground
parts of the tree heavily and produces its sporophore on the lower portion of the
trunk near the ground level.

Judging from Taxaxa’s description, his fungus of the “Kdyaku by0” seems probably
to agree with Helicobasidium Tanakae Miyapr (SAawApa 1912-b).

From the facts mentioned already, it is éenerally considered at present that there
is no relationship between the “K6yaku by® and the “Murasaki-monpa by6”, and

Ay

accordingly TAxaxA’s opinion on the fungus of the “Koyaku by0” quoted above may

1) Cited from SAccArDO (1902) .
2) Japanese word “Koyaku” means a medical plaster; “by4”, disease,

3),4) “Kasshoku” means brown in English ; “Haiiro”, gray.
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be denied.

Givmany (1928) working with Seplobasidium bogoriense Par. felt a great deal of
difficulties in comparison with Helicobasidium Mompa, because, perhaps, the above-
mentioned facts had not been fully recognized by him, but, at least, his following
conclusion (p. 172) may be correct : “Zusammenfassend konnen wir also sagen, dass
der polyphage und betriichtlich polymorphe Pilz Septobasidium bogoriense Par. diesen
Namen zu Recht trigt und dass die Kombpination Sepfobasidium Mompa (Tax.) Rac. in
die Synonymik zu verweisen ist. Das Helicobasidium Mompa Taxaxa ist mit dem
Septobasidium bogoriense Par. nicht identisch und muss daher vorldufig bei der Gattung
Helicobasidium verbleiBen". :

The present writer must make clear whether or not Helicobasidium Mompa TAxAxA
is a different species from an allied fungus, Helicobasidium purpureum (Tur.) Par,
which ié widely distributed through Europe and America.

By comparing the causal fungus of the “Murasaki-monpa’” disease with the
description of Helicobasidium purpureum in Saccarno’s Fungorum(1888), Tanxaxa(1891)
distinguished the former from the latter chiefly by the color of the pileus and the number
of basidiospores on a basidium, and thus he described it as a new species to science.

According to Sicearvo (1888) the description of Helicobasidium purpureum (Tur.)
Par. is as follows: “Effusum, tenue, primo roseo-violaceum, dein violaceo-purpureum,
albo-pruinosum; basidiis generis circinatis, ex arcu bisporis; sporis ellipsoideo-
reniformibus, nubilosis, hyalinis, 10-12~6 -8 # ”. - While TainaxaA’s fungus was purplish
brown in the color of the piléus and tetraspored.

Buoniy and  Waknrrenn (1927, 1929) expressed the opinion that Helicobasidium
purpureum (Tur.) Paw. is the perfect stage of Rhizoctonia crocorum (Prrs.) DC.,1)
the causal organism 'of the violet roct rot of clover and alfalfa, etc.  They noted also
that on germination the basidiospores of Helicobasidium = purpureum produced a
branched purplish hypha, and conidia belonging to the Imperfect form-genus Tuberculina
were frequently observed in culture. ;

As already mentioned by the present writer, in the case of the causal fungus of
the “Murasaki-monpa” disease, germ tubes or primary hyphae are colorless, and
secondary spores, such as conidia of Tuberculina type, are not found in the culture.

Furthermore, in symptom, pathogenicity and parasitism, there seems to be some
differences between the two fungi (Ducgar 1916, Farms 1921, Huanp 1911, Frowye 1916,
Drenr 1916, Broniy and Wakerienn 1927, 1929, Winmer 1940).

From these reasons, though a direct comparison has not yet been made unfortunately,
so far as it is judged from the literature, the present writer comes to the conclusion

that the causal fungus of the “Muraséki-mqnpa” disease is clearly distinct from

1) The existence of R.wviolacea TULASNE (=R.crocorum (PERg.) DC.) in Japan was recorded by
HarA (1931, p. 167-171), and it was considered as the causal fungus of the ¢ Kuriiro-monpa”
disease (“Kuriiro” means chestunt color) affecting tea- and citrus-trees. Though he  could not
discovered the perfect stage, he distinguished this fungus from Helicobasidium Mompa TANAKA by

the color of the mycelium and the symptom.
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Helicobasidium purpureum, and Helicobasidium Mompa Tixsxs is to be adopted as
the binominal for this fungus.

Physiology of the fungus

As regards the physiology of the fungus, there has been no report except Mivake’s
(1920) one which was, however, not sufficiently described, because he could not gain
its artificial culture. Consequently, it may be apparently considered that there are
many problems still requiring further extensive investigations.

1. Germination of the basidiospores

Basidiospores found on the woody plants in the yard of Forest Experiment Station

at Meguro in Toky6 were used as materials for this experiment.

Germination occurs very readily even in distilled water after several hours.

Text-fig. 7. Germinating basidiospores of Helicobasidium
Mompa on 2 per cent glucose agar.

(a) Mobr oF GERMINATION

On 2 per cent glucose agar, it is most common for the germination to start from
the distal end as well as from the basal end (apiculus) and rarely from the side wall.
Usually one germ tube, uncommonly two tubes, pushes out from a basidiospore. With
advancement of germination the protoplasm of the spore removes to the germ tube,
and gradually a vacuole is formed ; at last the spore becomes an empty sack. The
germ tubes, having 1.5-3.0p in width, are granular, soon septate, and branch out very
lately (Text-fig. 7; Pl VI, H). While, on Maver’s fixative (white of egg 50cc.,
glycerine 50 cc., salicylate of soda 1g.) the germ tubes are irregular 'in shape,
frequently branch off soon after germination and are larger in width than those on 2
per cent glucose agar (Text-fig. 8).



Text-fig. 8. Abnormal germination of basidiospores of
Helicobastdium Mompa on MAYER’s fixative.

(b) POSI‘TION OF 'MHE BASIDIORPORE BROM WHERE THE GERM TUBE PUSIHES oUT
Materials used in this experiment were obtained from a trunk of Liriodendron
55

tulipifera.  Basidiospores were sown on 2 per cent glucose agar and kept at 15°C.

in dark room for 6 hours. Results of the experiment are shown in Table 11.

(@]

Table 11. Positions of spores from where the germ tubes push outl).

R From the From the From the
Germination distal end ‘ basal end side wall ’ Total -
Numbers 737 ’ 280 | 49 ‘ 1066
Percertage(%) 68.7 | 26.6 47 | 100 :

1) Spores pushing out two germ tubes were omitted.

As is obviously seen in Table 11, the germination of the basidiospores starts most
frequently from the distal end, less commonly from the basal end, and rarely from the

side wall.

(¢) Errecr o¥ TEMPERATURE UPON THE GERMINATION OF THE BASIDIOSPORLS
Materials used for this experiment were collected from a fruit-body formed on
Thuja occidentalis. 'The basidiospores were sown on 2 per cent glucose agar in Petri
dishes and kept in incubators at desired temperatures for 20 hours. The details of the
experiment will be given in Table 12.
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Table 12. Germination of the basidiospores at various temperatures.

Temperature (°C) ] 17 1 P2 -8 ] 27 l B i 45
Germination percentage(% ) ‘ ca. 90 [‘ ca. 90 ‘ ca. 90 \ ca. 90 ‘ ca. 90 . ca. 90 ‘ ; O
- Maximum length of 77’ 250 1 350 | 500 | 630 1 385 \ | -

germ tubes (w)

It seems evident from Table 12 that there are no remarkable differences in the
percentage of germination at temperatures ranging from 17°C. to 35°C., but considering
from the maximum Ilength of germ tubes the optimum may lie about 27°C. No
germination occurs at 45° C.

(d) El“I"ECT o H-ION CONCENTRATION UPON THE GERMINATION OF THE BASIDIOSPORES

Materials were obtained from Robinia pseudoacacia and Liriodendron tulipifera.
Two per cent glucose agar (agar-agar 2 per cent) was prepared. A range of pH value
was obtained by additions of regulated amounts of HCl or NaOH. The pH value was
determined according to the method described by Kormmorr (1925)1). The pH values
of agar medium in this experiment were denoted after steaming sterilizz}tion. The
basidiospores were sown on agar and placed in the laboratory or in the incubators
respectively.

The results of the experiments will be shown in Tables 13-14.

Table 13. Germination of basidiospores on media of various pH values (-a) .
Material : from Robinaia pseudoacacia,
Temperature : 20°-22° C. (in the laboratory),
Experimental period: 20 hours.

‘ . [ | |
plvalue | 26 | 32| #8758 | 82 7278 99

 Peretptageof . |, S e s

L o | 40 J 80 % | 90| 90| %

Maximum length '

e e e el R

Table 14. Germination of basidiospores on media of various pH values(-b).
Material : from Liriodendron tulipifera,
Temperature; 28° C. (in the incubator),
Experimental period: 15 hours.

pH value 2.0+ 80| 40 5o | 62 68 | 78 | 00l08
Percentage of
ey | 80| % | s s | m | 80| &0 | 8| 80

Maximum length =g ' B ; 3 \ ;
“of germ tube( ) ‘ 24 1 150 \ 210 ‘ 240 420 ‘ 330 270 210 180

From the data shown in Tables 13-14, it may be said that the optimum H-ion
concentration for the germination of the basidiospores of the fungus is about pH 6.2;
while the percentage of germination is not so strikingly effected by the change of H-ion

1) Cited from TAxrMoro (1932).
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Text-fig. 9. Abnormal germ-tubes of Helicobasidium Mompa
on the exteme acid sides of medium. A:pH 2, B:pH 8.

concentration within the limits studied. In the course of experimets, the writer observed
some interesting phenomena that on the extreme acid side (viz., pH 2.0 and 3.0), as
well as on the extreme alkaline side (viz., pH 9.0 and 9.6) the shape of the germ tube
became irregular and branched very frequently (Text-fig. 9).
2. Effect of temperature on the mycelial growth

In order to know the temperature relations of the fungus in culture, estimating
the cardinals for the mycelial growth some experiments were undertaken. For the
purpose of this study the plate culture method with Petri dishes was used. For the
inoculum, the margin of the mycelial colony (Strain M-1) on potato agar plate was cut
with a sterilized platinum needle into small pieces (ca. 4 mm. sq.), and these were
placed on the agar media in Petri dishes. The inoculated dishes were kept in incubators
regulated at desired temperatures for 10 days.

Three culture media were used for the experiments, viz., sweet potato decoction
agar with 2 per cent glucose, Waksman’s agar, and potato decoction agar with 2 per
cent glucose.



The results of the experiments at each temperatures were determined by taking
the averaged diameters of five or six colonies in Petri dishes.

The influence of temperatures upon the mycelial growth will be summarized in
Table 15.

Table 15. Effect of temperatures upon the myecelial growth.
Experiment-1: On sweet potato decoction agar with 225 glucose

Temperature(°C) | 13-15 |
‘Diam. of colony | P
(mm.) | L 1 = |

| 35} 40

i
-~ " ek ' A S
34| 383 36| @0 * | -

2|l

Experiment-2 : On sweet potato decoction agar with 27 glucose

Temperature(°C) ‘ 42315

20 | 23 | 25\ 27| 29‘ 35\ 40
Diam'g,flrfgaﬁ& | 10.0 ['7725.3\ 35.5\ 41.8 | 47.0@ }

Experiment-3: On WaksyaN’s agar

Temperature(°C) L 1518 20 | 23| 2 1 27 29 | 3B | 40
TiGin. oeolony | » Sl ol [ 7‘7”77‘?7 P 7' e
Vit | 8.0 \ 16.4| 20.0| 22.6| 20.0| 193]

Experiment-4 : On potato decoction agar with 225 glucose

Temperature(°C) |15-18| 20 | 23 | 25 | 27 | 20 | 32 | % | 40

Diam. of colony | Sl ‘1 o RS RO Y N ORE
e 6.0 25.4 | 42.1‘ 4.2 | 47.5| 33.6| +| =]
Experiment-5: On potato decoction It will be seen from Table 15 that

: 2
agal V‘mth 2% gluc\ose the fungus grows favorably at the tem-
o a
'I:emper afgrg( (’3\7 _5 A 8”7717"7 peratures ranging from 20° to 29°C. with
Dla"(ll'n?rfl )colony l = " Lk L‘ 8.3 an optimum at 27° C., and the maximum

Experiment-67 On ‘politto. decostion and minimum temperatures for the

bl _agar with 2% glucose growth are 8° and 35°C., respectively.
Temperature(°C) \ 5 8 ’ 13 At 5° and 40° C. no growth is observed
Diam. of colony \ > l + |90 even after 2 weeks’ incubation.

(mm.)

3. Effect of H-ion concentration on the mycelial growth
For the culture solution, potato decoction (potato 100g, distilled water 1,000 cc.)
was prepared by adding 1 per cent sucrose ; the range of the pH value was obtained
by addition of regulated amounts of HCI or NaOH according to the method described
previously. By the preliminary tests the influence of sterilization on the change of pH
value of the solution was determined.
One hundred cc. of each of the above-mentioned solution were poured into 200 cc.

Erlenmeyer flasks. After sterilization, quadruplicates of all these solutions were
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inoculated with the fungus and then placed in the laboratory for 36 days (May 20 to
June 25).

At the end of the experiment, the mycelial colonies were thoroughly washed with
distilled water and dried up in the oven.  The dry weight of the mycelium was measured
in miligrammes and averaged for four flasks. Thus, the effect of the H-ion
concentrations upon the mycelial growth of the fungus was determined.

The results of the experiments will be summarized in Table 16.

Table 16. Growth of mycelium on the media having various pH values.

pH value Dry v%reight
T : o
(after gltlé%?ilzation) exppcf:{”tigellt ( ng;) Iz:g?clured) s amme
3.0 2.6 3.0 70.8
3.4 2.8 3.4 74.2
4.2 2.8 4.2 123.5
5.2 2.6 5i2 204.3
6.0 2.6 6.0 199.5
6.4 2.6 6.4 206.6
7.0 246 7.0 161.2
7.4 2.8 7.4 146.2
7.8 2.8 7.8 104.5
8.2 2.8 8.2 85.0

Table 16 shows that influence of H-ion concentration is not remarkable in the
solttion with exponents ranging from pH 4.2 to pH 7.8, but, in all probabilities, the
maximum growth of the fungus may be obtained on the media having pH 5.2-6.4.
However, in every medium studied, the pH value is apt to become strikingly low during
the growth of the mycelium, and therefore the writer can not lead the definite conclusion
by such a simple experimental method.

4. Effect of diffused sunlight on the mycelial growth
Petri dishes containing sterilized potato-glucose agar were prepared, and, after
inoculation, half of the cultures were covered thoroughly with red paraffin paper and
black paper, and another half untreated. They were placed on a disk in the laboratory
for 3 weeks, and the experiments were at least duplicated.
From the results of the experiment it is shown that the diffused sunlight may
induce almost no visible effect upon the growth of the fungus.

5. Effect of free oxygen\on the mycelial growth
In order to make clear whether the fungus grows under the condition without
free oxygen or not, an experiment was carried out using Bucemyer’s apparatus as
follows: In each glass tubes of 100 cc.-in the capacity 1g. of pyrogallol and 10 cc. of 10
per cent water solution of KOH were added, then a culture tube inoculated with the
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fungus was immediately inserted intoiit; and the large tube was stopped with gum
and sealed with melted paraffin. In the small tube, potato glucose agr had been
poured. Thus, the prepared apparatus was placed in the incubator of -5°C. for 24
hours and then kept at 25° C.  Of course, some checks were prepared adding with the
same amount of distilled water instead of pyrogallol and KOH-solution.

Even after 7 weeks no mycelial growth occurred in Bucnxer’s apparatus; but as
soon as the small tubes is taken out of the large one in the air, the mycelial growth
from the inoculum started vigorously.

From the facts mentioned above, it may be concluded that this fungus can not
grow under the condition without free oxygen at all. Accordingly this is an obliged
aerobic microorganism as most other fuhgi, while the fungus is not killed even after
7 weeks without free oxygen.

6. Growth of the fungus in relation to various kinds of sugars

As carbohydrates, sucrose, glucose, lactose and galactose were used. Agar media
(agar-agar 2 per cent) containing 2 per cent of each of these carbohydrates were
inoculated with the fungus and kept at 27° C. for 10 days.

The result of the experiment will be briefly shown in Table 17.

Table 17. Relation between the mycelial growth»and each of

various kinds of sugars.

Carbohydrate Sucrose ‘ Glucose ] Lactose Galactose
Degree of myecelial e ‘ il e i -
growth N Bt &

As shown by Table 17, the mycelial growth of the fungus is most vigorous on
agar containirig sucrose and very feeble on galactose.

Another experiment was done as follows: Czarex’s solution without sugar was
prepared. As a sourse of carbohydrate each of 2 per cent glucose, lactose, and sucrose
was added in each of flasks. Also, in this case, the same result as shown in Table 17
was gained.

7. Growth of the fungus in relation to various kinds of alcohols

In this experiment, methyl alcohol, ethyl alcohol, n-butyl alcohol, iso-propyl alcohol
and glycerine were prepared. Eight cc. of hot distilled water containing 2 per cent
agar-agar were poured in test tubes and autoclaved by the ordinary manners. While
the agar was still hot, one cc. of each of alcohols, except glycerine, was poured into
test tube by using aseptic technique. In the case of glycerine, medium containing 2 per
cent of it was used. These test tubes are inoculated with the fungus and kept at 25°C.

The results of the experiment obtained at the end of 7 weeks will be shown in
Table 18.
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Table 18. Reletion between the mycelial growth and each of
i various kinds of alcohols.

Kind of | Methyl | Ethyl | Nbutyl | Isopropyl, 2% | 2%
alcohol | alcohol ‘ alcohol ‘ alcohol ‘ alcohol ‘ glycerine glucose
= LN T ek 5 PR P Sy e —|— |—++ g
Mycelial | EE—— | [
[ Eg Ao i R
growth | [ e e Rt
Aerial ‘ 1 Iy 4 | \

The mycelial growth of the fungus occurred on all alcohols used in the experiment,
except n-butyl alcohol. The fungus grew very scanty on methyl alcohol and no mycelial
growth was observed on n-butyl alcohol. .

On 2 per cent glycerine, the fungus at first grew feebly, but with the lapse of time,
developed more vigorously than on 2 per cent glucose.

Strictly speaking, the experimental method mentioned above is rather imperfect in
some respects, viz., concentration of alcohol and néglecting of evaporation of alcohol,
but it may be probably said that some alcohols are able to be utilized by the fungus,
especially glycerine is one of the most favorable carbohydrates for this fungus.

8. Growth of the fungus in various concentrations of
glucose, peptone and the combination of them

This experiment was carried out to know the relation between the amount of
the mycelial growth and each of the following three respects: (1) Concentration of
glucose in agar, (2) that of peptone, (3) that of both glucose and peptone.

The data of the experiment after 20 days at 25°C. will be given in Table 19.

Table 19. Effects of various concentrations of glucese and peptone
on the mycelial growth.

Glucose(%)| ? i ! 1 I
0.0 0.8 i T gt 5.0 | . 10.0

Peptone(%) ‘ | | |
i 20.0 Y 34.0 ‘ 36.0 37.0 37.0 38.0
; Y 2 [4] [5] [4) 3] [3]
= 36.0 50.0 | . 72.0 63.0 60.0 54.0
; (5] [40] [45] [40] £38] [25]
1 20.0 52.0 54.0 52.0 52.0 48.0
! [4] [32] [35] [30) [28] [25]
h 17.0 44.0 44.0 42.0 44.0 41,0
P 3] i | [8) (25) 21 | 20
i 15.0 36.0 I 40.0 34.0 32.0 18.0
S [20] [25] | [24] (201 | [10]

10.0 15.0 26.0 \ 28.0 18.0 12.0 = S

: [1] (101 (18] [14] [10] o}

1) The number shows the averaged diameter of 5 mycelial colonies in milimeters.
2) The number in brackets represents the relative amount of total mycelium per unit area

apbroximately measured, in each ease (1] representing a minimum positive quantity.
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From Table 19 the conclusions will be given as follows :

(1) On various concentrations of glucose ranging from 0.5 per cent to 10 per cent,
there were no remarkable differences in the mycelial growth, probably with the maximum
of 1.0 per cent.

(2) In the case of peptone the maximum growth was shown in 0.5 per cent, and
the amount of mycelium in a given time decreased considerably with the increase of
the concentration of peptone.

(3) On glucose agar by adding small amount of peptone, or vice versa, the growth
of the fungus was promoted conspicuously.

Furthermore, the amount of aerial hyphae produced on various concentrations of
glucose and peptone will be shown in Table 20.

Table 20. Relative amount of aerial hyphae on various concentrations

of glucose and peptone.

“Glucose( %) ‘ i
Pept?me?%’) 0.0 0.5 1.0 ‘ 2.0 5.0 ‘ 10.0
R ey | I8 (2) @l -
0.5 (12] @ (7 (6) 0
1.0 (%) [10] (5] | % BB il i
2.0 8 (10 (8] (8] 5] e
5.0 (2] e i (6] (5] (4]
1.0 1o I TR -

1) The numbers in brackets represent relative amount per unit area, in cach case [1)
representing a minimum quantity.

As shown in Table 20, aerial hyphae were scanty on glucose agar, however, very
abundant on peptone agar, especially in its lower concentrations.

9. Acid production of the fungus

The remarkable shifting of acidity of the solution during the growth of the fungus
was already described by the writer in this paper (p.40) . In order to know this
fact more accurately some experiments were carried out.

(a) IN POTATO-SUCROSE AGAR

Potato-sucrose agar(potato  100g., distilled water 1,000 cc., sucrose 10 g., agar-
agar 20g.) was prepared. PH value of agar after first sterilization was adjusted to
pH 7.0 by adding regulated amount of NaOH. Each dye solution was added to the neutral
melted égar in a certain proportion, and after thoroughly mixed, 8cc. of agar were
distributed into sterilized test tubes (9 mm. in diameter), and then these were autoclaved
at 15 pounds’ pressure for 15 minutes. The fungus (Strain M-1) was inoculated on
agar and incubated at 27° C. Details will be given in Table 21.
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Table 21. Acid production on potato-sucrose agar with

the age of culture showing color reactions.

W Dye added
inoculat- Brc;r?lrlgi':sol Methyl red Brogrlxughenol .Thymol blue.| . Lacmus
ion(day) D) 2) i
Cott. | Thoe. Cont.‘ Inoc. | Cont.| Inoc. | Cont. Inoc. | Cont. Inoc.
1 Viole‘d yséﬁg()}:)‘t, yellowl‘ vellow | blue | blue |yellow| vellow | blue | blue
|
3 do. | vell do. | SHght | 4 d d ] d 1
.| yellow 0. | “rad 0. o. 0. do. 0.| rec
\
5 do. do. do. red do. ;Iélgl}(:sv do. do. do. —
T yellow red ; % red
12 do. |(whole do. |(whole do. do. do. do. do. |(whole
> agar) agar) T AT S ST
17 do. do. do. do. do.‘ yellow do. ng(lijt do. —
1) Cont...+.-Control, 2) Inoc.:..Inoculated.

From Table 21, it may be clear that pH value of agar at least near the inocula

hecomes about 2.8 after 17 days at 27° C. :
(b) In WARSMAN'S AGAR

Warksman's agar and that without glucose were prepared. The reactions of these
media adjusted to pH 7.0 with NaOH, using brom-thymol blue and brom-cresol purple
as indicators. ’

Five days after inoculation at 27° C., the remarkable shifting of acidity was occurred
- in Waksyan’s agar with perfect composition, but, on the contrary, no acid production
was observed in that without glucose even after 30 days.

From the fact mentioned above, it may be said that the rdle of glucose in acid-
production of the fungus is very important.

(¢) RELATION BETWBEN ACID-PRODUCTION AND VARTOUS CARBOIYDRATES

Waxsman’s agar media with various sugars were prepared, containing each of the
following compounds as a source of carbohydrate: 2 per cent glucose, 2 per cent
sucrose, 2 per cent lactose, 2 per cent galactose and 2 per cent soluble starch. The
experiment was carried out by the same method described in the previous page.

Six days after inoculation at 27° C., the shifting of acidity was observed considerably
in the agar containing each of glucose and sucrose, but was slightly in galactose and
starch.

(d) IN VARIOUS ALCOHOLS

Acid production occurred also in media containing - each of the following alcohols:

Methyl alcohol, ethyl alcohol and glycerine. '
10. Oxalate and phenol-like substance produced by the fungus
As already described (p. 19), the writer observed at Ieast two kinds of crystal-like
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bodies in media cultured with the fungus, the one was small and colorless, and the
other large and yellow under the microscope (Text-fig. 10, 11). Somsa tests were
carried out by the writer to make clear the nature of these substances.
(a) OXALATE PRODUCED BY THE FUNGUS
An adequate review of the literature with regard to oxalate production of micro-
organisms was given by Hamapa (1940), etc., and, therefore, it may be unnecessary to

@QQ@
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Text-fig. 10. Oxalate produced by Text-fig. 11. Mars orange
Helicobasidium Mompa on sweet amorphous bodies found on
potato decoction plus 2 per cent the colony of Helicobasidium
sucrose agar. Mompa.

include such review in this paper.

From the results of the microchemical tests following Monmscu’s (1913) procedure,
the small colorless crystals mentioned above (Text-fig. 10) seems to be oxalate.

Furthermore, another expzriment was carried out: Modified Ricwarps’ solution
cultured wi‘Eh the fungus for one month at 25°C. was tested by acid potassium
permanganate solution, and in a few moments, the color of the solution faded and
numerous bubbles were formed, while, on the contrary, no changes occurred in the
controls. From these facts, it may be probably concluded that the fungus produces
oxalatte in cultured media.

(b) 'PHENOL-L[KE SUBSTANCE PRODUCED BY THE FUNGUS

As mentioned already (p. 19), the discoloration in Czarex’s agar was different from
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that of other agar, namely the former was Olivaceous Black in color, but the latters
brownish purple. In order to make clear the cause of this phenomenon, some
experiments were carried out.

Experiment-1.  Czarrx’s solution and that lacking one of its components were
prepared. They were added with 2 per cent agar-agar and then inoculated with the
fungus. The results of the experiment obtained at the end of 23 days’ culture at 25°C.
in the dark room, will be shown in Table 22.

Table 22. Discoloration in Czarnk’s agar and in the same agar

without one of each component.

; Degree of mycelial o Degree of pigment
Agar growth Color of agar production in agar
Czarex’s agar [12] ’ Chaetura Drab (12}
Czarik’s Ngligg(r)q“;%%vt [12] l o [12)
. } E Sl g PO T, el P . Tl 3
Czavik’s agar without Dark Grayish
K;HPO, (8] Olive (103
Cravrx slg’ézlar without [12] Chaetura Drab [12]
CzArek SNzﬁ\?é 3Wlthout (12 i [12]
B s st s BRE i = e TC
s SSL'?'?;;SEWIthOLt {11 Pale Ecru-Drab e
Czarex’s agar without Light Cinnamon
FeSO, (103 I Drab (8]

As shown in Table 22, the agar containing iron sulphaté (FeS0,) were dark gray
in color, while those without it brownish purple; the degree of discoration was increased
by the addition of iron sulphate.

Experiment-2. One hundred cc. of 2 per cent glucose agar containing 2 cc. of each
of the follewing materials were prepared: Namely 0.5 per cent iron acetate (basic),
0.5 per cent iron sulphate, 0.5 per cent iron phosphate (Fe; (PO4).. 8H,0) and 0.5 per
cent iron trichloride (FeCl,). They were distributed in test tubes- respectively,
autoclaved, inoculated with the funcgus and then incubated at 26° C. for 27 days. As
controls, the same agar without ferrous or ferric compounds was used. Results of the
tests will be briefly shown in Table 23.
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Table 23. Cultural experiment on glucose agar containing

ferrous or ferric compounds.

Degree of Degree of pigment

Agar mycelial growth Color of agar production
2% glucose agar + 4 Light %i;m;;.mon =Ll
2% glucose agar \
containing iron acetate o Chaetura Drab ey
2% glucose agar S
containing FeSO, Fehid do. bt
295 glucose agar Gy Dreab g
containingFez(PO,)2.8H,0
2% glucose agar ; y
containing FeCls i Chaetura Drab S pian

As shown in Table 23, the agar containing a trace of ferrous or ferric compounds
became browish green in color. :

Experiment-3. Potato decoction with 2 per cent sucrose, as well as the modified
Rrcirarns” solution, in which the fungus had been cultured for 25 days were tested by
adding a few drops of iron trichloride solution. The color of these solutions became
brownish green, while the controls remained light yellow. Furthermore, the large
brown amorphous bodies formed on the mycelial colony(p. 45) were tested by the same
manners mentioned above and the tests indicated evidently phenol reaction.

These bodies were produced not only on the culture media, but also on the
mycelium, and they were observed even on the glass wall being a little distant from
the creeping hyphae of the fungus. Accordingly the formation of these bodies are not
considered to be due to the chemical changes of the culture media caused by the
fungus.

Judging from the above-mentioned facts, it may be probably concluded that the
fungus produces phenol-like substance in the course of the metabolism, though, so far
as the writer can ascertain, there has been hardly any report concerning the production
of such substanée by pathogenic fungi.

After sufficient accumulation of more data a complete consideration in connection

with this problem will be reported in future.

11. Preliminary tests on enzymes of the fungus

Very large numbers of work have been reported by various investigators on enzymes
secreted by various fungi, and, in Japan, an adequate review of the literature related
to this special subject has been made by Marsumoro(1923, 1924) and Tocasnr (1931),
etc. Therefore, the writer will permit himself only a brief review of the literature
most closely connected with his present investigation.

As regards the enzymic actions of the fungus in question no report has been made
up to the present time, except Mrvakr’'s (1920) brief note, which was carried out by
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using the mycelium from the natural fruit-body as materials for the reason of failing
in artificial culture. Hereupon, the present writer started work in 1944, and some
preliminary experiments have been finished.

The objects of the present studies were primarily to ascertain what kind of enzymes
Helicobasidium Mompa secretes, but the scope of the present study is limited only to
detect the enzymes concerned in pathogenicity.

The occurrences of some of the following kinds of enzymes, namely esterase, amidase,
catalase, carbohydrase and oxidase were examined in the culture media and in the
extractions- of the mycelium of the fungus.

Two kinds of experimental procedures employed by the writer are very simple and
convenient, but are rather inaccurate. Classification and arrangement of enzymes are
followed Orax’s (1939) handbook.

(1) TesT OF ENZYMES BY ‘‘OULTURAL, METHOD

The term “cultural method” here means the following procedure: The fungus was
cultured in media containing low percentage of certain substratum at 25° C. for several
days, and as compared with checks, the change in media was tested by suitable
reagents. © The presence of enzymes was indirectly ascertained.

A. Esterase
a. Tannase = The fungus was inoculated on 0.5 per cent tannic acid (Merck)
solution, and after 12 days some growth of mycelium occurred.
B. Amidase
a. Asparaginase Soluble starch (Takeda) solution (0.1 per cent) in which
the fungus had been cultured for 8 days was added with small amount of 1 per cent

solution

3 5 Lo,

and after a few minutes, the solution was tested by Nussner's
reagent. The reaction of ammonium was shown distinctly.

.b. Urease In the soluble starch solution containing small amount of 1 per
cent urea (Merck) solution, th¢ fungus was cultured for 8 days. The presence of
ammonium’ in the culture solution was ascertained by a few drops of Nessrer’s reagent.

C. Catalase :

The fungus was cultured in 2 per cent glucose (Merck) solution for 9 days,
and then a few drops of H, Os-solution were added to the solution. As soon after that,
numerous bubbles were seen.

D. Carbohydrase

a. Sucrase Two per cent saccharose (Merck) solution in which the fungus
had been cultured for 9 days was tested by Barrorn® and Frmnmwe’s solutions.
Cuprous oxide was produced.

b.. Maltase The fungus was cultured in 2 per cent maltose (Merck) solution.
After 9 days’ incubation at 25° C., it was tested by Barrorn’s solution. Cuprous oxide
was observed.

c. [B-phenol-glucosidase (Emulsin) Two per cent amygdalin (Merck) solution
in-which the fungus had been cultured for 9 days was tested by Frmning's solution.
The presence of cuprous oxide was observed. Furthermore, by Swurra’s method, the
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production of HCN in cultured solution was ascertained.

d. Lactase (B-d-galactosidase) Two per cent lactose (Merck) solution was
infected with the fungus. After 9 days’ incubation at 25°C., it was tested by Barrorp’s
solution, but the reaction was not clear.

e. Amylase The fungus was cultured on 2 per cent soluble starch agar (2
per cent agar-agar) for several days, and, then iodine alcohol was poured on the
surface of the agar. The result shows as follows: Agar under and near the mycelial
colony was colorless, while the other portion purple in color.

f. Cellulase No mycelial growth occurred on colloidal cellulose prepared
by Scrwrrmzrer’s reagent.

g. Pectinase Two per cent pectinl) was inoculated with the fungus. After
several days the cultured solution was tested by Fenning’s solution and the production
of sugar was ascertained.

h. Gelase(?) Agar media on which the fungus has been cultured for a long
time are softened, watersoaked and somewhat dissolved. To make clear whether this
phenomenon is due to the agar-dissolving enzyme or not, the following experiment was
made.

The fungus was cultured on 0.5 per cent agar for 3days. Mycelial growth
occurred evidently. The agar was tested by Fennina’s solution, and the presence of
sugar was determined.

E. Dehydrogenase

a. Succinic acid-dehydrogenase Experiment-1. Eight cc. of 1 per cent
succinic acid (Merck) containing one drop of 0.5 per cent methylene blue solution
were inoculated with the fungus. After 2 days’ incubation at 25°C., the color of the
solution was disappeared evidently, while in controls no change occurred.

Experiment-2. Eight cc. of soluble starch solution containing one cc. of 2 per cent
succinic acid solution were added with one drop of 1 per cent methylene blue solution.
The fungus was cultured in this solution for 20 days. The color of methylene blue
was conspicuously faded.

b. Glucose-dehydrogenase The fungus was cultured in 2 per cent glucose
(Merck) solution containing a few amounts of brom cresol purple solution. After 7
days, the color of agar became yellow and consequently the production of acid in the
solution was ascertained.

¢. Amino acid-dehydrogenase Two per cent glucose- and the same percentage
of sucrose-solution were prepared and inoculated with the fungus. After 12 days, the
solutions were added with small amounts of asparagin acid solution, then tested by
Nugerur’s reagent, and in a few moments the production of ammonium was shown.

F. Oxidase
Concerning the fungus in question, the so-called Bavexpamu’s (1928) reaction, which

had been used for diagnosis of wood-destroying fungi by him and other investigators,

1) Pectin obtained from the rind of summer orange was kindly supplied by Mr. K. TAKUBO,
of our Experiment Station.
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was tested as follows: Potato sucrose agar containing low percentage of tannic acid
(Merck) or that of gallic acid (Merck) was poured in Petri dishes, inoculated with the
fungus, and incubated at 25°C. for 8 days. The results of the experiment will be
shown in Table 24. :

Table 24. The fungus on tannic or gallic acid media.

Agar medium Diameter of colony Brown zone on agar
(mm.)
Potato-sucrose agar 1
(control) /. 41.71) absent
Potato-sucrose agar SR
containing 0.1 per cent 33.0 do. |
tannic acid
Potato-sucrose agar
containing 0.1 per cent 34.3 do.
gallic acid

1) Figures in the table show the averaged diameters of five Petri dishes.

As shown in Table 24, the discoloration on agar containing tannic or gallic acid
was not observed ; namely Bavexpamm’s “Oxydationszone” was not formed.
a. Monophenol oxidase (Tyrosinase)
The fungus was cultured on potato-sucrose agar containing a trace of each of
thyrhol and carbolic acid. Table 25 gives the results of the experiment after 5 days.

Table. 25. The fungus on potato-sucrose agar containing
a trace of thymol or carbolic acid.

Agar medium Diam&tﬁ; ]fr)f)COIOny Brown hallow on agar
fgé?;g;?r?gr?ﬁ;n?éar 0 absent
fgrf?;g?gggib%%;racid 33.2 present '

b. Polyphenol oxidase (Laccase) Experiment-1. The fungus was cultured in

Petri dishes, each of which contained 9 cc. of pdtato~sucrose agar with each of the
following phenol-compounds, 7. e. 0.1 per cent resorcine, 0.1 per cant hydroquinon(Merck),
and 0.1 per cent phloroglucin (Merck). The results obtained are shown in Table 26.

Table 26. The fungus on potato-sucrose agar containing
small mounts of various phenol-compounds.

3 , Diameter of colony Brown hallow around

Phenol compound Gm.) . the colony
Resorcine 0 absent
"Hydroquinon 6 ' present
Phloroglucin 1.4 present
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Experiment-2. Two per cent saccharose (Merck) solution in -which the fungus
had been cultured for 12 days was added with a few drops of 2 per cent guaiacol
alcohol. The solution became slightly brown, while no change occurred in control.

(2) TusT OF INTRACELLULAR ENZYMES

One hundred cc. of potato-sucros= solution (potato 100g., sucrose 10 g., distilled
water 100 cc.) were placed in each of Erlenmeyer flasks of 150 cc. capacity, autoclaved
by the ordinary method, and inoculated with the fungus in question.  After 45 days’
incubation at 25° C. the mycelial mats grown in culture were gathered on the filter
paper of known weight, having been washed thoroughly with distilled water, first
dried in an electric oven at 30° C. for 3 days, then in a calcium chloride desiccator for
2 days, and weighed. The dried mycelia were powdsared in a ceramic mortar, ground
again with a small amount of distilled water, diluted to a concentration of 0.2 per cent,
and filtered through absorbent cotton. The mycelial extraction containing intracellular. .
enzymes is light brownish purple in color, rather opaque, and has mushroom-like smeﬂ
and fluorescence-like character. As the antiseptic, toluol in the proportion of 1 per cent
was added in it.

A. Esterase

a. Tannase Eight cc. of 1 per cent tannic acid solution were added with
1 cc. of the enzyme solution. After 2 days at 26°C., they were tested by Rmxp-Syrr’s
method, 7. e., indigocarmine-KMnO,; method, and it was cleared that the quantity of
tannic acid in the solution added with enzyme solution decreased remarkably as
compared with controls. '

B. Amidase

a. Asparaginase To 1 per cent asparagin solution, a small amount of the
enzyme extraction was added. After 2 days, it was tested by Nussnur's reagent.
Thus the presence of ammonium was determined.

b. Urease One cc. of the enzyme extraction was poured in 8 cc. of 1 per
cent urea solution, and after 2 days tested by NrssLrr’s reagent. The reaction of
ammonium was noticed.

C. Catalase

The enzyme extraction was added with some drops of HyOs-solution and in a few
moments numerous bubbles were formed evidently.

D. Carbohydrase

a. Sucrase  Two per cent saccharose solution was added with small amounts
of enzyme extraction. After 2 days, it was tested by Frnumg's solution and by
Barrorp’s one. The production of cuprous oxide was determined.

b. Maltase  Nine cc. of 2 per cent maltose solution containing .1 cc. of the
enzyme extraction were placed in the incubator of 25° C. for 2 days, and then tested
by Barrorv’s solution. Cuprous oxide was produced. ¥

c. B-phenol-glucosidase (Emulsin) Two per cent amygdalin solution was added
with small amounts of the enzyme solution. After 2 days, it was tested by Femuma's
solution.  The existence of cuprous oxide was ascertained. = Furthermore, by Smiru’s
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method, the reaction of cyanic acid was detected.

d. Lactase (B-d-galactosidase) Using 2 per cent lactose, the same experiment
was made. When used by Bawrrorp’s solution, the cuprous oxide was ascertained
evidently. .

e. Amylase Eight cc. of 2 per cent soluble starch solution were added with
1 cc. of the enzyme extraction. After 2 days, the starch solution was tested by
Frrnive’s solution for the sugar determination, and thus the hydrolysing power of the
enzyme was ascertained. Furthermore, by adding some drops of iodine alcohol, it was
clear that the reaction of starch in the solution containing the enzyme solution was
considerably weakened as compared with the control.

f. Cellulase The distilled water containing colloidal cellulose prepared with

Scuwrrrzrr's reagent was added with small amounts of the enzyme extraction. After
2 days, the solution was tested by Frmumng’s solution.  The hydrolysing activity of the
enzyme was seen apparently.
‘ g. Mannase The powder of “Konnyaku” (Amorphophalius Konjac) was
washed with distilled water several times, and soluble starch and sugar were removed
as much as possible. Distilled water containing small amounts of “Konnyaku’ powder
was added with the enzyme solution. After 2 days, the solution was tested by
Funuine's solution.  The hydrolysing power of the enzyme was noticed.

h. Pectinase Two per cent pectin solution was added with some amounts of
the enzyme solution. After 2 days the mixed solution was tested by Fruuing's
solution, and the hydrolysing activity was detected obviously.

 E. Dehydrogenase ‘

a. Succinic acid-dehydrogenase Eight cc. of 1 per cent succinic acid solution
containing a drop of 0.5 per cent methylene blue solution were added with 1 cc. of the
enzyme solution.  After 2 days, the color of the solution was slightly faded, but not
distinctly.

b. Glucose-dehydrogenase Concerning 2 per cent glucose solution, the same
test described above was carried out, but no remarkable reaction was determined.

C. Amino acid-dehydrogenase Experiment-1l. Two per cent asparagin acid
solution being added with small amounts of the enzyme- extraction was tested by
NussLer’s reagent, and thus the reaction of ammoninm was seen. :

Experiment-2. Concerning glycin, the same test was made, and consequently the
presence of ammonium was noticed very evidently.

F. Oxidase

a. Monophenol-oxidase (Tyrosinase) The enzyme extraction was poured in
each of the test tubes containing 0.1 per cent carbolic acid or the same amount of
thymol, but even after 2 days, no remarkable reaction was observed.

b. Polyphenol-oxidase. (Laccase) Some amounts of the enzyme solution were
added with a few drops of guaiacol alcohol, after 15 hours, the solution was increased
in color.
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(3) Coxcrusron
The results obtained in the present series of experiments may be summarized in
Table 27. Experiments concerning this subject are still in progress. Therefore, a

sufficient discussion and a definite conclusion will be left for the further investigation.

Table 27, Kings of enzymes of the fungus tested by the writer.

Result of the experiment
Kind of en :
zyme o l Ty -
e | “cultural method” | mycelial extraction
Esterase 1 Tannase o4 } e
Amidase Asparaginase -+ 4+
Urease + ++ -+
Catalase g ‘ e
Carbohydrase Sucrase Eralats : At
Maltase + ++
B-phenol glucosidase
J (Emulsin) ++ G5
Lactase % o
Amylase ' + -+ +++
Cellulase ¢ ++
IVERTHASE L R d e s o e iy et
Pectinase + O
Gelase( 7) s N A s
5 TR G e iSRRI €Ki e -
uCCiniC a 0 +
dehydrogenase
Glucose-dehydrogenase et ?
Amino-acid
dehydrogenase + e
Oiiase Monophenol-oxidase et 9
(Tyrosinase) I >
Polyphenol-oxidase + i
(Laccase) i

PIGMENT PRODUCTION OF Helicobasidium Mompa TANAKA

Since the end of the nineteenth century some mycologists and pathologists have
called attention to coloraton and pigment production of fungi. As regards chemical
natures of pigments produced by various kinds of fungi a great many works have been
published by various investigators. ~While, however, from the physiolgical and ecological

points of view, a few reports have been made, especially on pathogenic fungi.



sy

An extensive review of the literature relating to this special subject was given by
Naramura (1927), and therefore it may be unneccesary to cite the earlier literature,
except the ones more closely connected with the present investigation.

One of the most important studies on pigment-production of fungi with special
relation to the environmental factors made by Brssey (1904) on Fusarium sp. and
Neocosmospora sp. isolated from sesame plants. Danmov (1925) gave an noticeable
contribution on this subject in his excellent work of Isaria virescens.

In Japan, Kawamura (1924) reported some interesting facts relating to the pig-
mentation of the fungus in the course of his expariments on Cercospora (Cercosporina)
Kikuchii, the causal organism of purple speck of soy beans. Some notes on this subject
were published by Nisarkapo (1926,1928) on Pivicularia oryzae and Helminthospoyium
gramineum. More recently Hamava (1940) expressed an opinion that, in the case of
Armillaria mellea, brown coloration of the mycelial colony and brown pigmentation ot
culture media were depend on the concentration of glucose and peptone, and finally he
reached the conclusion that this phenomenon might be related to N/C-ratio.

Concerning Helicobasidium Mompa Taxaxs, no noteworthy reserches have been
made, except a brief chemicalﬁ test by Mivake (1920).

The present writer has carried out some experimental studies in order to make clear
the environmental conditions influencing the pigment production and its biological signi-
fication.

Experiments on pigment production of the fungus
in various cultural conditions

1. Effect of temperature on pigment production
a. C()LOR OF THE MYCELIAL COLONY :

Three kinds of agar media were used as follows : Sweet potato decoction agar with 2
per cent glucose, potato decoction agar with 2 per cent glucose, and Waksmax’s agar.
Each of these media was distributed in Petri dishes, a small bit of the mycelium (Strain
M-1) was inoculated on it, and then placed in incubators having been regulated at
each of the following temperatures; about 15°, 20°, 23°, 25°, 27°, 29°, 32°, 35°, and 40°C.

Ten days after inoculation the observations were made. The coloration of the
mycelial colony is very slight at the lower temperatures, while, with the rise of
temperatures, it becomes deeper gradually. Outstanding coloration is noticed at 29°C.,
which is higher than the optimum for the mycelial growth of the fungus. At higher
temperatures, such as 32°C. and 35°C., the mycelium on and near the inoculum is colored
remarkably in spite of its feeble growth. :

. The above-mentioned facts are clearly seen especially on sweet potato decoction
agar with 2 per cent glucose.

b. PIGMENTATION OF CULTURI MEDIA
Results of the observations will be given in Table 28.
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Table 28. Effect of temperatures on pigment production in culture media 1).
Experiment-1: On sweet potato decoction plus 2% glucose agar.

Temperature(°C) | 13—15 20

23 25 27 29 35 1 40

colorlessicolorless

almost slightly slightly slight

‘colorless colored | colored Etuscan

;Ocher colorless
Red \

Red

Color of agar

Experiment- 2: On potato decoction plus 2 25 glucose agar.

Temperature(°C)| 15—18 20 23 25 2 29 32 35 40
Calor gcl;lfti i almost JVinaée_- '[?qion ‘Vimceo-‘Vinace&;P'ru& Bﬁrk l Black- Color-
ous Cin-skin us us siian inera .
of %%%iﬂ;ge colorless namon |Pink  Russet |Russet iRed Red gigple less
T P T e S 0 1
agar gﬁamm almost Binkish [V eo_‘[glilllkls]h 811;111;11%1; ’Ocher Livid  |ArgyleColor-
ML | oo lorlessCinnam-lus Cin- [ZPRAM-LIINAM oy Brown [Purplelless
portion b namen on on [
Experiment-3: On Waiksmax’s agar.
Temperature(°C)| 15—18 20 ’ 23 25 27 I 29 ] 35 ; 40
The Sqe
Color [portion Russet |Russet Russet Russet [Russet Mars Mars Colorless
under the Brown [Brown |[Brown [Brown [[Brown
of |inoculum - 3
agar The; e Cream [Maiz 'Warm Anti- Anti- Ochra- Mars Coloilas
> Imaining |~ : mony |mony [ceous
artion Color ‘Yellow lBuff Buff Buff T Brown

In the experiment with Waksman’s agar, an attempt was made to state in figuring
the relation between the mycelial growth and the pigment production at various
temperatures. The result will be given in Table 29. Figures of diameters show
average values from 5 Petri dishes in milimeters (the inoculum is 4 mm. sg.).

Table 29. Relation between the mycelial growth and the pigment
production at various temperatures.

Temperature( °CH) | 15—18 20 23 | 25 27 29 35 40
Diamleteir of the 9 3)
mycelial colony o 0 o
) - Gtim) 8.0 16.4 | 20.0 22.6 | 29.0 19.3 4.0 4.0
Diameter of the d%aep
colored portion o 2
agar () (nim.) 4.0 7.6 10.5 | 15.8 21.0 18.0 7.0 0
\
Ble x100 (Z) 50.0 46.4 52.h ; 74.6 724 93.2 |- 175.0 0

]j)ibescriptions of color were designated according to RipGwAY's (1912) color standard.
2) Mycelial growth is very scanty; 3) 'mycelial growth absent.
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From Tables 28—29, it may be said in general that the pigment production- of the
fungus is scarce at lower temperatures, but is abundant at higher temperatures than
the optimum for the mycelial growth, namely 29°—35°C.

2 Rélation between pigment production and H-ion concentration
a. COLOR OF THE MYCELIAL COLONY ,

The fungus was cultured in potato decoction with 1 per cent sucrose adjusted to

desirable H-ion concentrations using NaOH or HCI at room temperature.

Table 30. Effect of H-ion concentrations At the end of 36 days (from May
on the color of the colony, 20 to June 25) after inoculation, the

observation was made. The result will
PH Color of the colony be given in Table 30.
From Table 30, it seems clear that

3.0 Russet-Vinaceous - the color of the mycelial colony is deeper

3.4 do. at H-ion concentration ranging pH 5.2
: 4.

4.2 do. to:pHL 7

5.2 Mikado Brown

6.0 do.
6.4 | do.
7.0 do.
7.4 do.
7.8 Russet;Vinaceous
8.2 do.

b. PIGMENTATION OF CULTURE MEDIA
(1) Potato decoction agar with 1 per cent sucrose was used in this experiment.
After 10 days’ incubation at 27° C., the observation was made, and the result will be

summarized in Table 31.

Table 31. Effect of H-ion concentrations on the pigmentation

of the culture agar.

L 4.0 4.2 { 5.0 5.6 ‘ 6.0 ’ 6.8 ‘ 7.2 7.6
Color of Bone Buffy [Buffy | Natal Army Natal |light light
| Prussian | Ocher
agar Brown| Brown Brown‘ Brown Brown Brown Red Red
J

As shown in Table 31, the coloration of agar is most remarkable at pH 6.8.
(2) In potato decoction with 1 per cent sucrose which was adjusted to the
desirable pH-values, the fungus was cultured. The results of the experiment obtained

after 36 days is shown in Table 32.
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Table 32. Effect of H-ion concentrations The optimum pH-value for the pig-
on the pigmentation of the culture ment production seems to lie at pH 6.0-7.0.
solution. 3. Effect of the diffused sun-
- light on the pigment production

PH Color of the solution The diffused sunlight is apt to promote
s e more or less the pigment production of
3.0 Orange Cinnamon the fungus, but the effect of it is not
3.4 do- remarkable.
4. Effect of free oxygen on the
4.2 do. ¢ g
pigment production
5.2 Verona Brown a. Expsrivment-1. One hundred cc.
6.0 do. of potato decoction with 1 per cent
6.4 a5 sucrose were distributed into each of 150
: cc. Erlenmeyer flasks, after sterilization
70 40, by the ordinary manners, they were
7.4 light Mikado Brown inoculated with the fungus and incubated
7.8 do. - at 25° C. (in the dark room). At the
time of inoculation, the following two
8.2 do.
groups were prepared: (a) Inocula were

floated on the surface of the culture solution, and (b) inocula were sunk in the
bottom of the flasks. As controls uninoculated flasks were prepared.

The results obtained after, 25 days’ incubation are as follows: (i) In the case of (a),
the growth of the mycelium is abundant and the colony on the surface of the solution
as well as the culture solution becomes purplish brown, while the dipped portion of the
mycelium is almost colorless; (ii) in the case of (b), on the contrary, a feeble growth
of the white mycelium is observed and the solution almost colorless. In controls, no
change occurs.

b. Exrerrvint-2. With the same manners mentioned above, each of flasks
containing potato decoction with 1 per cent sucrose was inoculated with a bit of the
fungus, and then the inoculum was sunk in the bottom of the flask.

After 25 days’ incubation at 27°C., waiting some groxlvth of the cottony mycelium,
the flasks were grouped as follows: (i) The ones, those mycelial colonies in the bottom
of them were floated on the surface of the solution by shaking slightly with a hand, and
(ii) the others were left as they were.

In the former case, the growth of the mycelium became vigorous, and, after several
weeks, the color of the solution as well as the colony changed in purplish brown. In
the latter case, pigmentation of the colony or the solution was not observed even after
10 weeks.

c. Experivent-3. In this experiment, Bucuner’s apparatus was used. For the
purpose of supplying a very small amount of free oxygen in the apparatus, a slender
needle was inserted into the large tube through the gum stopper; and, by moving
the needle very slightly, a small amount of free oxygen was given in it. In the small



tube, potato decoction agar with 2 per cent glucose was distributed. The results of the
observation at the end of 50 days after inoculation at 25°C. were as follows : In the
case of no free oxygen, the mycelial growth did not occur at all, while, in that supplied
very small amount of free oxygen, the mycelium grew slowly and both the colony and
the agar were almost colorless. The colony which developed under the conditon of
sufficient oxygen was deeper in color.

Seeing from the resultstof Experiments 1-—3, it may be probably said that the pigment
production of the fungus occurs only under the condition of sufficient supply of free
oxygen.

5. Relation between the pigmentation and each of the components
of Warsman’s agar ]

Waksyan’s solution and those lacking one of its components were prepared.  They
were added with 2 per cent agar-agar and adjusted to pH 5.6 with HCl or NaOH.
The results obtained at the end of 10 days’ incubation at 27°C. will be given in Table33. -

Table 33. Pigmentation of Warsvax’s agar lacking each one
of the components (—=1). After 10 days.

s Perfect Without Without Without Without
Agar medium component glucose peptone \ KH,PO, MgS0..7H,0
Hektee of ++++ ¥ ST RS e s ++++

mycelial growth !
Degsce of 4 %+ Ve | ++ +++
coloration of agar ‘
] 11'7giht7* e hga e u¥br1¥11717ant o light light
Color of agar purplish i purplish’ purplish purplish
brown BERG brown brown | brown
|

Table 33 gives that the color of agar without glucose is lighter and is more
purplish than the others. After 18 days, the colors of the agar media become very
different from the above-mentioned data as shown in Table 34.

Table 84. Pigmentation of Waiksmax’s agar lacking each one
of the components (-2 ). After 18 days..

; Perfect W ithout [ Without Without ‘Without
Agar medium component glucose } peptone KHsPO, MgS0.7H,0
“Degree of | ++++ R e e R T
mycelial ++++ o+ e +4++ A+
_ growth ++++ < 7
Degree of + 4 ko +++ ST R e
coloration of Tttt i Sl oo e ‘ e
agar | +++ +++ +++ +++ +4+
Verona Perilla J Verona Verona Verona
Color of agar Brown Purple Brown ' Brown Brown

As shown in Table 34, the mycelial growth on the agar without glucose is very
feeble, but the coloration is not inferior to the other agar media. The color of the agar



lacking glucose is purplish, while that of the others brownish.
6. Relation between the pigment production and various carbohydrates

a. VARIOUS KINDS -OF SUGARS
Sucrose, glucose, lactose and galactose were used. Agar media (agar-agar 2 per
cent) containing 2 per cent of each of these sugars were respectively inoculated with
the fungus and incubated at 27°C.

given in Table 35.

The results obtained at the end of 10 days are

Table 35. Relation between the coloration and various sugars.

Kind of sugar Sucrose Glucose Lactose Galactose
Degree of the el i + - T 4
mycelial growth i e v ~Es=ek 4
Degree of the
pigment production L g e e e o e g *

; dark yvellowish light light

Color of "agar purplish purplish purplish

brown brown brown brown

Table 35 gives that the coloration is strongest on sucrose agar, and weakest on
galactose one.
b.

With respect to five kinds of alcohols, viz.,

VARIOUS KINDS OF ALCOHOLS

methyl alcohol, ethyl alcohol, n-butyl
alcohol, iso-propyl alcohol and glycerine, the experiment was carried out by the same
After 50 days’ incubation at 25°C.,

the results were observed and are summarized in Table 36.

procedure described in the proceding page (p.41).

Table 36. Relation between the pigment production and

various kinds of alcohols.

Kind of | Methyl | Ethyl N-butyl | Iso- | .| Glucose
propyl Glycerine | o
alcohol alcohol alcohol alcoho] alcohol ’ | control)
Color of almost Fawn i Vinaceous| Sorghum Wood
the mycelial| color- ;
colony less Color Buff ‘ Brown Brown
‘ i
Degree of _
coloration b e ot b 2 it i i i i i * +++++ %
of agar
Pale Vinaceou‘a-} nght Dark Wood
Color of agar| Grayish ; Vinaceous| Vinaceous
Vinaceous| Fawn | Fawn Brown Brown

1) No growth.

As shown in Table 36,
containing glycerine than

the pigment production of the fungus is better on the agar
that containing glucose, and is obvious on the medium
containing ethyl alcohol.
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7 Relatmn between the pigment productmn and each of various

concentratlons of glucose, peptone, and the combination of them

The observations on this subject were made by the writer simultaneonsly with the
experiments bescribed in the preceding page (p.42).
a. CoLor OF THE MYCELIAL GOLONY

Results gained at the end of 20 days are given in Table 37.

Table 37. Eifect of various concentrations of glucose and
peptone on the coloration of the mycelial colony.

Glucose(%) \
_— 0.0 0.5 1.0 250 5.0 10.0
Bty o e e S R
very Pinkish Pinkish. Pinkish Pinkish Pale
0.0 slight : - Pinkish
purple Buff Buff Buff Buff Buff
Dark Fawn Army Nutal Army Army
0.5 Livid
Brown Color Brown Brown Brown Brown
Deep Fawn 1 Fawn . Army Army Army
1.0 T iveiclies = !
Brown Color . Color Brown Brown Brown
- Vina- Vina- Vina- Light Army Fawn
2.0 ceous ceous ceous Russet
Brown Fawn Fawn VinaceousJ Brown Color
almost Vina- Vina- Vina- Vlna- Vina-
5.0 color- ceous ceons ceous | - ceous ceous
| less Buff Buff Buff Buff Buff
ih P e ey oinhiy L
almost Tilleul Tilleul Tilleul Tilleul
10.0 color- A
J less Buff - Buff Buff Buff

From Table 37, the following conculsions may be given :

(1) On various concentrations of glucose ranging from 0.5 per cent to 10 per
cent, there are no visible differences in the coloration of the mycelial colony, but at
the highest percentage, the color is more or less lighter than the others. :

(2) In the case of peptone, the coloration is remarkable at the lower concentrations
(from 0.5 per cent to 2 per cent), especially, at 0.5 per cent. ~While at the higher
concentrations, the mycelial colonies are almost colerless.

(3) On glucose agar by adding with small percentage (0.5-1.0 per cent) of peptone,
the color of the mycehal colony bhecomes brownish.

(4) On 2 per cent peptone agar containing the Iower concentrations (0.5-2.0 per
cent) of glucose, the color is brilliant brownish purple.

(5) Generally speaking, at the lower concentrations of peptone only, the color is
deep and purplish, while by adding with glucose, the degrees of the coloration are
apt to decrease more or less.



b. PIGMENTATION OF CULTURE MEDIA

The results are summarized in Table 38.

Table 38. Effect of various concentraions of glucose and peptone

on the coloration of agar medium.

Glucose(%) \ ‘
— 0.0 0.5 ‘ 1.0 2.0 5.0 10.0 .
Peptone(%) ' | |
‘ Pinkish Pinkish | Pinkish Pinkish Pinkish [
0.0 COIOE(I)%SS Buff Buff ' Buff Buff Buff *
ST LS N (3] (2] 21 [
Deep { Army Army Army Army Army
0.5 Livid i Brown Brown Brown Brown Brown
5 i Purple
Sk Lred T gy [12) [12] (12 [10]
. Dark Army 1 Army Army Army Army
1.0 . Livid Brown { Brown Brown Brown Brown
2 . Purple !
(5 ik 72 [12] (12] (8]
. Dark Nutal Nutal | Warm Warm Warm
. Vinaceous | Brown Brown | Sepia Sepia Sepia
2.0 Drab
e . 1 B (SO 1 O S D O, (2] [10]
Colorless Warm Warm Warm Warm Warm
5.0 Sepia Sepia Sepia Sepia Sepia
(o] (7] [8] 101 (8] 5]
Colorless Colorless Colorless Colorless Colorless | = «weee
10.0
(ol [0] [0l (o] [0] (o]
Notes: The numbers in brackets denote the degrees of the pizment production ; namely

in the case of (1), a minimum positive quantity.
The portion enclosed with the broken line is better purplish in color, while

the that enclosed with the solid line rather brownish.

From Table 38, the following conclusions may be given :

(1) No differences in color are observed in all percentages of glucose, but the
degree of the coloration is best at 1 per cent.

(2) In the case of peptone only, pigment production is remarkable at the lower
concentrations (from 0.5 per cent to 2 per cent) , but at higher ones it is almost
absent.

(3) Within lower concentrations of peptone (0-0.5%) the color is purplish, while,

* increasing the concentration (1-2%) , it becomes dark. Degree of the pigmentation is
best at 1 per cent.

(4) On higher percentage of glucose (2 per cent to 10 per cent) agar with small
percentage of peptone (0.5 to 1.0 per cent) , there are no remarkable differences in
color.

It may be said in general that the lower concentrations of peptone are apt to

promote the pigment-production and to make the color purplish (PL VID) .
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8. Substances promoting the pigment production

a. Merayn rep  When the fungus was cultured on potato decoction agar with
2 per cent sucrose, containing a few drops of 0.04 per cent methyl red solution, the
color or of the mycelial colony was conspicuously deeper, namely it became deep
grayish brown. ;

b. Canomwy carsowaTE  Potato decoction with 1 per cent sucrose and the
modified Rremarps’ solutionl) were prepared, and each of these was added a small
amounts of calcium carbonate(0. 5—1. 0 per cent). After sterilization, they were inoc‘u]ated
with the fungus. At the end of several weeks’ incubation at 25°C., it is noticed that
the pigment production is strikingly better in the media containing calcium carbonate
than in the one without it.

c. Mok In cow’s milk, the pigment production of the fungus is very pronounced,
and the color is brilliant Dahlia Purple.

Augmentation in pigment production of the fungus
by mixing with other microorganism .

In the course of culture experiments the writer observed frequently the facts
that the coloration of the mycelial colony and the culture medium were promoted
noticeably by mixing culture with other fungi or bacteria.

On these facts some notes will be given as follows:

: 1. By mixing culture with fungi ‘
a. Opservarion-1.. On potato decoction agar with 2 per cent sucrose, the
coloration of the colony and the agar medium became deep purplish by culturing

Text-fig. 12. TFormation of the deep purplish zone on the
culture of Helicobasidinm Mompa by mixing with other
fungi. x 6/b.

h: colony of Helicob. Mompa, t and p: contaminated
fungi, z: deep purplish zohe.

1) Distilled water 1,000 cc.,; KNOy 5 g., KH,PO; 2g., MgS0; 1g., glucose 10g.



together with some species of Penicillium and Trichoderma. The coloration was
especially remarkable on the portion near the growth of foreign fungus. Furthermore,
there has been seen often a deep purplish zone between the colonies of the fungus and
the foreign fungus (Text-fig. 12).

The pigment production was not always promoted by all fungi used, but by a few
of them, and therefore it may be concequently said that there were many fungi which
could not influence the coloration at all.

b. OsservaTion- 2. On boiled potato tuber, the part of the mycelial colony of
the fungus adjacent to the colony of Penicillium sp. became Deep Livid Brown or
Sorghum Brown.

2. By culturing with bacteria

a. Expermvent-1. One hundred cc. of potato decoction with 1 per cent
sucrose were poured into each of 150 cc. Erlenmeyer flasks. After sterilization by the
ordinary method, they were inoculated with the fungus and incubated at 25°C.  After
several days, waiting for some mycelial growth, a loop of Bacillus mesentericus was
added in each of the flasks and observations were continued. By adding B.
mesentericus, the color of the culture solution became remarkably deeper and dark
brown in color.

b. Exeermvest- 2. Bacillus mesentericus was cultured in 150 cc. Erlemeyer
flasks containing 100 cc. potato decoction with 1 per cent sucrose. After 3 days’
incubation at 25°C. the culture was filtered by Brerkrrierpn’s apparatus. Five kinds of
agar media containing various amounts of the filtrate of B. mesentericus were prepared

as shown in Table 39.

Table 39. Compositions of agar media containing the
filtrate of B. mesentericus.

Kind of media No. No. 2 No. 3 No. 4 No. 5

Filtrate of ‘
B. mesentericus (cc.) 50 . 25 10 5 0

Potato decoction plus

1 % sucrose solution 0 25 40 45 50
- _ (ec) b el o ST '
Soluble starch (g.) 0.5 0.5 0.5 0.5 0.5
Agar-agar (g.) 1 1 1 il 1

Ten cc. of the above mentioned media were poured into’ each of Krrasmva’s (1930)
small flasks, which were inoculated with the fungus and then incubated at 25°C.
Results of the experiment at the end of 12 days are given in Table 40.
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Table 40. Pigmetation of agar media containing various amounts of
the filtrate of B. mesentericus (for each media, 5 flasks
were prepared) .

Kind of media No. 1 No. 2 No. 3 ‘ No. 4 No. 5
Diameter of the '
colony - (marm.) 12.5 15.0 225 ‘ 26.0 36.0
Degree of coloration ‘ e ‘
el I b | hnd Lok | e -~
; Olive Olive Olive Nutal Fawn
Color of agar medium ’ Brown Brown Brown ‘ Brown Color

It may be apparent from the results given in Table 40, that, by adding the filtrate
of Bacillus mesentericus the pigment production of agar media is promoted; and it
may be said that there is certain substances stimulating the coloration in the filtrate.

Differences between white young hyphae and colored old
ones in the behavior towards external conditions

As already mentioned, the mycelium of the fungus is at first white, and with the
1lapse of time it becomes brownish purple. In order to know how much differenes are
seen between these two kinds of mycelia in their physiological characters, the writer
has made some experiments as follows :
1. Time required for the recovering of growth

Both white young colonies and brown old ones of the fungus cultured o

potato
agar were prepared ; the formers’ age of culture was 7 days, and the latters’ 50 days.
These colonies were cut into small pieces (4mm. sq.) and washed with sterilized
distilled water. One piece of each of the colonies was placed on new potato agar in
Petri dish and incubated at 25° C. Four dishes were used in each case.’

After 24 hours, visible growth of mycelium from the young inoculum was observed,
while it took 4 to 5 days in the case of the old inoculum. For example, the size of
the colonies which were started from both of the young and old inocula measured at
the end of 6 days’ incubation is given in Table 41.

Table 41. Width of colonies after 6 days started from the young
and the old inocula.

‘ Width of newly developed colony (mm.)
Kind of inocula = — — - -
i No. 1 No. 2 No. 3 No. 4 | Averaged

White young inoculum 11.0 10.5 10.5 11.5 ‘ 10.9

Colored old inoculum 1:5 1.5 1:5 0.5 ‘ 153



LS

2. Resistance to low tempeératures

Deep purplish-brown old colonies (the age of culture, 90 days) and white young
ones | (the age of culture, 10 days) were prepared, and then they were cut into small
pieces in size of 3 mm. sq. Each of these pieces was placed in each of test tubes
containing potato decoction agar with 2 per cent sucrose, and they were kept in
incubators set at each of the following temperatures:—3°, -15°, and 25° C. (check).

After each of desirable periods of exposure to the low temperatures, the test tubes
were transferred to incubator and kept at 25°C.  If no new growth of the mycelium
occurred even after 30 days’ incubation at 25° C., it was presumably determined that
the inoculum had been killed by the effect of the low temperatures. .

The results of the experiment are summarized in Table 42.

Table 42. Differences in durability to low temperatures between
white young mycelium and colored old one.

s s Kisd of Period of exposure to temperatures
: mycelum | 1gn. | 14 | 2d. | 3d.| 7d. | 14d. | 214, | 28d. | 350
Y.M = i ok b i =t a5 = T
) !
0.M -+ ot S + =E = + = -+
Y.M - o = - - -
~15
0.M =f Sie = =5 e + =t e =+
Y.M =4 i o S =t + i -
25
O.M =+ e =i + A = = =
Notes: Y.M......... White young mycelium, O.M.........Brown old mycelium,
18k i canas 18 hours, Id......... 1 day, Fooesliving, @ —aueiin died

From Table 42, it may be clear that both old and young mycelia start to grow again
even after 35 days’ exposure at -3° C., while at -15° C., the white young mycelium is
killed by 18 hours’ exposure, Whereas the colored old one seems to be resistant to low
temperature and is not put to death even after 35 days at -15°C.

3. Resistance to high temperatures

By the same manners noted above, small pieces (5mm. sq.) of both young and
old mycelial colonies were prepared. Each of these inocula was sunk quickly in sterilized
distilled water in test tubes. These tubes were inserted into hot water which had been
regulated at the following desirable temperatures respectively : 35°, 40°,50°, and 60° C.
After 10 minutes, these inocula were transferred into cold sterilized water and
_then placed on potato agar, incubating at 25°C.. Some checks were prepared. The
results are given in Table 43.
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Table 43. Durability of the mycelia to high temperatures.

Experiment- 1.

Kind of mycelium White young myecelium Colored old mycelium
Temperature(°C) 35 40 45 50 60 35 40 45 50 60
5 e + = = + i o o —
Period of 10 E S =5 == = 5 o J= =
exposure 15 e & £ s 5 T i u e izl
(minutes) SR,
20 o + + - = - + = = =
30 + = e o e s - o I L
ORI R R R R

Experiment- 2.

Kind of mycelium White young mycelium Colored old mycelium
Temperature(°C) 35 40 45 50 60 35 40 45 50 60
AN e ST R B AE e BN S
Period of 10 S =t Se s = o+ = == = =
S B+ + + |- —|+ + + |- -
(minutes)
20 | +. .+ + | = — |4+ + +|= =
30 -+ + + — — + + =+ — =
60 + + | S == + + B =
Notes: +.ivernnne living, —......... died.

From the results in Table 43, it may be probably said that the mycelia of the
fungus are killed by heating at 45°C. for 15-30 minutes, and at 50°C. for 5 minutes..
It is noteworthy that there has been hardly any difference "in durability to high
temperatures between the white young mycelium and the brown old one.
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Consideration and conclusion

1. Effect of temperature

Bussuy(1904) reported that Fusarium sp. and Neocosmospora sp. isolated from
sesame plants produced no pigment at extremely high temperatures. Concerning
Cercospora Kikuchii, Kawamura (1924) observed no special relations between pigment
production and temperatures. Danmov (1925) working with Isaria virescens indicated
the fact that the production of dark-brownish color was promoted remarkably at higher
temperatures.

In the case of the fungus in question, the pigmentation of mieida becomes deeper
at higher temperatures and is found in abundance at the maximum temperature for
the mycelial growth, and also the mycelial colny is colored most conspicuously at 29°C.

This is considered to be apparently due to the effect of temperature, because the
pigment production at 29°C. is better than that at 25°C., while the mycelial growth is
almost equal at these temperatures.

Judging from the above mentioned facts, in the color production the fungus
resembles Isaria virescens studied by Daxmov.”

2. Effect of reaction in culture media

Brssuy(1904), as regards Fusairum sp. and Neocosmospora sp., noted the following
‘data: (1) The two kinds of pigments, namely reddish and purplish, were produced
only when the fungi had been 'cultured on acid medium and then transferred to slightly
alkaline one, but no pigmentation occurred, when they had been cultured on acid or
basic media from the first. (2) Another orange pigment was not effected by the
reactions of culture media. Furthermore, he noticed that Fusarium culmorum infected
wheat produced red-purplish pigment on basic media, and yellowish one on acid media,
but no coloration was observed on weaker basic media as well as on weaker acid ones.

Syurm AND swingL (1904) 1) stated that the production of light reddish color by
Fusarium oxysporum was retarded by alkalis, but promoted by acids.

According to Kawanmura(1924), Cercospora Kikuchii produced the reddish purple
pigment in media of all reactions, but the color is strongest especially in acid side.

Concerning Helminthosporium gramineum, Nismrxkapo(1928) made some studies
on the coloration relating to H-ion concentrations and he reached the conclusion that
pigmentation did not take place at pH 4.8, and, with increasing of pH value, it was
produced and became brilliant red at near pH 7. ‘

In the case of Helicobasidium Mompa, the pigment production was more or less
better at pH 5-7, but it may be said that the effect of H-ion concentration on the
coloration of this fungus is not so remarkable as of. that.

3. Effect of light
Kawamura (1924) observed that Cercospora Kikuchii produced reddish® purple

1) Cited from NARAMURA (1927).
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pigment equally in both dark and light rooms. Studying some kinds of pigments of
Isaria virescens, Daxmov (1925) divided them into two groups, the one produced only
under existence of light and the other required no light.

Later, Nmsmravo (1926) reported that the coloration of the colony of Piricularia
oryzae was better in light place than in dark one. According to Naxamura (1927),
the pigment production of Septoria callistephi was not influenced by light at all.

Helicobasidium Mompea, seeing from the results of the experiments made by the
present writer, produces the pigment both in the dark and in the light conditions very
abundantly, but there may be a tendency to be promoted by the diffused light more or
less, Accordingly, the case of the fungus may be similar to that of Piricularia oryzae
reported by Nisurgano (1926).

4. Effect of free oxygen

Bussuy (1904) described that Fusarium sp. and Neocosmospora sp. repuired free
oxygen absolutely for their pigmentation, but on the contrary, in the case of Fusarium
culmorum free oxygen was not necessary.

Usrpa (1920) 1) reported that Monoascus sp. never produced the reddish pigment
unless free oxygen was presnt.

With respect to Cercospora Kikuchii, Kawamura (1924) noted that its pigmentation
was not effected by the presence of free oxygen.

Judging from the above-mentioned literature, there may be two groups of fungi,
the one, for pigmentation free oxygen is absolutely necessary and the other, unnecessary.

Helicobasidium Mompa, according to the present writer’s investigation, may belong
to the former group. :

5. Effect of nutrients of culture media

Brenxyer (1918) 2) reported that Penicillium purpurogenum required magneium for
its coloration.

As regards Cercospora Kikuchii, Kawamura (1924) reported that the pigment was
produced very abundantly on media containing each of gllucose, sucrose and glycerine,
but effects of CaCly and BaCl, were extremely slight.

Concerning Isaria virescens, DANTOY (1925) indicated the following facts: (1 )There
was close connection between the pigmentation and the amounts of nitrogenous
compounds, (2) the pigment production was promoted by each of magnecia, phosphoric
acids, sugars, proteins and peptone, but retarded by licium.

In the case of Helicobasidium Mompa, the coloration was very remarkable on media
containing each of CaCOs,peptone, protein, sugar, and alcohols. (especially glycerine), but
it was scarcely influenced by!each of MgSO,, KH,PO, JKCl, and NaNO;.

6. Effect of concentrations of culture media

As already mentioned, Danmoy (1925) reported that the pigmentation of Isaria
virescens was hindered gradually with increase in quantity of nitrogenous compounds,
and at the limited concentration it was not observed. For example, on a medium
containing only 0.016 per cent of (NH,), SO, no coloration occurred, and also in the

1), £) Cited from NAKAMURA (1927).
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case- of nitrates, about 0.04 per cent.

Bessey (1904), studying Fusarium sp. and Neocosmospora sp. stated that reddish and
purplish pigments were not produced at a certain limit of osmotic pressure of media,
but orange pigment was found at higher pressure.

According to Nrsurkapo(1926), color of the colonies of Pivicularia oryzae was
variable with amounts of carbohydrates in media, namely it was blackish orange on
agar containing 0.5-3.0 per cent glucose; when the agar contained 15-30 per cent glucose,
dark greenish orange, and when 40-50 per cent, colorless. '

More recently Hamapva (1940), in his studies on Armillaria mellea, made an
extensive study on the relation between the coloration and concentrations of both
glucose and peptone. Results of his observaitons are summarized as follows: (1) The
brown coloration of the colony was not remarkably influenced by the differences in the
concentrations of glucoss alone, whereas, it was strikingly effected by those of peptone,
namely the optimum concentrations were 0.5-1.0 per cent, while at 4-8 per cent no
coloration was observed.  Generally speaking, the coloration of medium containing
peptone was very slight comparing with that of glucose medium. (2) The brown
pigmentation of agar media was variously influenced by the conentrations of glucose
and peptone, viz., the pigment production was best at the concentrations of 1-2 per
cent of glucose and at the higher concentrations it became scarce gradually. (3) When
Armillaria mellea was cultured on agar media containing both glucose and peptone,
the following facts were obtained; (a) the color of the colony was very deep at
the combinations of lower per cent peptone and higher per cent glucose, while the
pigmentation of agar media was better at the combinations of higher per cent peptone
and lower glucose. In the latter case, some exceptions were observed.

Consegently Hamapa came to the conclusion that the above-mentioned relationships
might be denoted as N (peptone): C (glucose)-ratio, namely Braunhautbildungen”
was best at N/C=1/4, but “Bridunung der Nidhrboden” was not closely connected with
N: C-ratio. :

Concerning Helicobasidium Mompa, as pointed out already, the coloraton of the
colony was not influenced remarkably on agar media having various concentrations
ranging from 0.5 to 10 per cent of glucose and the color was not brilliant purplish
brown, but light brown. In the case of peptone alone, the coloraton was deeper at
lower concentrations (0.5-2.0 per cent) and especially it was deepest at the concentration
of 0.5 per cent, but no coloration was observed at higher concentrations (5 per cent and
10 per cent). At 0.5 per cent, the color was deep purple, but became rich in brown
at the higher concentration (1 per cent and 2 per cent).

The above-mentioned facts on the fungus are different from those reported by
Nisarkano(1926) as regards Pixicularia oryzae, but are rather similar to HamapA’s
(1940) description on Armillaria mellea.

In the case of the combination of various concentrations of both glucose and
peptone, the coloration of the colony is influenced by peptone more conspicuously than
by glucose. The color is apt to become purplish by adding peptone in low con-
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centrations. On the other hand, there is a tendency to become lighter in color by
mixing with glucose. : :

The pigmentation of medium is betten when it contains low concentrations of both
glucose and peptone, furthermore different colors were observed according to various
combinations of them.

Though the pigment production of the fungus may be indeed promoted by a
certain combination of both glucose and peptone, as it is so variable that the writer
can not come to such a definite conclusion as N/C-ratio offered by Hamapa (1940).

Considering from the reactions of Helicobasidium Mompa on media, the writer
cannot agree with Bussuy’s opinion that the coloration is depend upon the osmotic -
pressure of media alone. It is considered by the present writer that the coloration is a
special character of Helicobasidium' Mompa in certain concentrations of carbohydrates
and organic nitrogenous compounds.

7. Signification of pigment production

As regards the signification of the pigment production in fungous world, very few
raports have been published up to the present time.

Livosster (1891) 1), in his study on Aspergillus niger, stated that the dark color
of conidia was relating to respiration, Later, Daxmoy (1925), in his investigation of
Isaria virescems, called attention to the fact that the pigment production was a
protective action of the fungus against the light because the pigment was produced
only on the surficial portion of colonies, but not on the inner portion.

Judging from the result of the present writer’s experiment that Helicobasidium
Mompa requires sufficient free oxygen for its pigmentation, and that in a very small
amounts of free oxygen the feebly developed mycelium of the fungus is colorloss, it
may be considered that the pigment is not, perhaps, produced for the purpose of
respiration, but produced as the result of sufficient respiration; and accordingly, at
least in the case of this fungus, the writer can not agree with Livossizr’s opinion.

Furthermore, the present writer has no reason to support Daxmov’s theory, because
the pigment production of the fungus is inade almost equally both dark and light
conditions. ‘

When the fungus is mix-cultured with other microorganisms, the pigmentations of
the colony and of the medium become better strikingly, and, in most cases, the growth
of the mix-cultured microbes is hindered conspicuously. These phenomena do not
always occur with every kind of mix-cultured microorganisms; namely some of them
are not relating to the coloration.

In cases of mixed culture with certain microorganisms a deep purplish zone is
formed halfway between two colonies. Furthermore, the coloration of the fungus is
promoted by adding staled solution of the microorganisms. From these facts the
writer can not confirm that the pigment of Helicobasidium Mowmpa is pfoduced for the
purpose of defence against other microorganisms. Turning to the factors influencfng
the pigment production of the fungus, favorable nutritions, free oxygen, suitable tem-

1), Cited from NAKAMURA (1927).
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peratures and some periods are indispensable conditions for the sufficient production
of the pigment of the fungus.

The old purplish-brown mycelia developed under favorable conditions may be
“Dauermyzelien” (Fiscuer u. Givmany 1929), because of following facts:

(1) They take several days for starting to grow again,
(2) they are highly resistant to low temperatures below zero,
(3) after overwintered, hymenial structures are formed on them (p.24),

Taking into consideration the above-mentioned facts, the writer comes to‘ the
conclusion that the pigment production is a unique character of the fungus following
its maturity as a result of metabolism. The pigment may have some physiological
and ecological significance in respect that when it becomes darker the mycelium
becomes also more resistant to low temperatures and can pass the winter safely.

PATHOLOGICAL ANATOMY OF THE AFFECTED PLANTS

No experimental study on the infection of the host by Helicobasidium Mompa
Taxaxa has been published up to the present time. Concerning the pathological
changes in the plant tissues, Mrvaxr (1920) made a brief report on the roots of the
mulberry tree attacked by the fungus.

The present writer has made some experiments to know the mode of penetration
of the fungus and the anatomical observations on the tissues affected by Helicobasidium

Mompa. A report was preliminarily published by Yosmm and the present writer
(1944).
Plants used were sweet potatoes, soy beans, mulberry trees and potatoes. More

extensive studies were carried out on the former two.

Mode of penetration

Before making a detailed study of the relation of the fungus to the various host
tissues it was considered of fundamental importance to know how it enters the host.
There seems to be no definite information as to the exact mode of entrance of the
fungus into its hosts. It was hoped that by using pure culture methods penetrations
of various plants by this fungus might be obtained so that they could be detected by
the aid of microscope.

For this purpose the following four of plants, viz., mulberry seedlings, potatoes,
soy beans and sweet potatoes were used as materials for inoculation, but the first two
were omitted in this report, because these were similar to the latter two.

1. Young root of sweet potato
a. MATERIALS AND METHODS

Two varieties of the sweet potato, Okinawa Hyakugd and Genji, were used as
fundamental materials of this experiment.

Seedlings which had been cultured in sand-bed were rooted up carefully and the
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| thickness, and stained with Fremying’s triple -stain. As controls, uninjured roots were

W

Text-fig. 13. A.Young root of sweet potato
infected by Helicobasidium  Mompa.
After 3days at room temperature. x 8/3.

B. Young root of mulberry seedling
infected by Helicobasidium Mompa. After
2 days at room temperature., x 8/3.

roots of them were washed several times with sterile water, and then placed in the
moist chambers, where filter papers wetted with water were prepared. As inocula
small squares cut from the colonies of the fungus (Strain M-1) growing on potato-
glucose agr plate were placed on the young roots of the seedlings.

Only after staying 24 hours at 19° to 27°C. (On June 1-2), the inoculated portions
of the root changed already to light yellowish brown and further, after two days, they
were more or less withered, becoming purplish brown. The severely infected rootlets
became finally blackish brown in color (Text-fig. 13). The inoculated portions were
fixed in chromo-acetic acid solution (chromic acid lg., glacial acetic acid lcc., distilled
water 100 cc.).

By Zmxre’s (1930) n-butyl alcohol method sections were made from 8 to 10 w in

fixed and stained in similar manners.
b. OBSERVATIONS
The mycelium covers the whole surface of root near the inoculum and frequently
grows along the suture portions of the cells of epidermis. Usually the hypha of the
fungus penetrates through the suture of epidermal cells. It is rare to observe the
hypha actually piercing the epidermal wall. In these cases, little or no constriction of
the hypha is noticed at the point where penetration occurs (Text-fig. 14, A-C).
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Text-fig. 14, Mode of penetration of Helicobasidium Mompa.
A-C: Young root of sweet potato,
D-E: Young root of mulberry seedling.

Text-fig. 15. Penetration of the thickened cell.wall of young

root of sweet potato by forming an infection cushion.
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When the cell\ walls thickened, probably by the counter action of the thost against
the fungous invasion, the mode of penetration are found in two ways ; namely, the one

is that a hypha constricted remarkably is making its way along the middle lamella of
the epidermal cell, and the other is that the hyphae forming an infection cushion

penetrate forcibly t_hrough the thickened wall (Text-fig. 15; Pl. VIII, B, C).
Thus the fungus progresses inward mostly through the intercellular spaces of the
cortex, but frequently enters in the cell cavities.
2. Root of soy bean
Q. MA”ER.IALS AND METHODS .
In order to make clear the mode of penetration more in detail, a method was deviced

By
£
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Text-fig. 16. An aseptic method for germination of soy bean.

s: seed of soy bean, f: filter paper, c: absorbent cotton.

=

by the writer. As shown in Text-figure
16, large test tubes (35 mm. in diameter)
were prepared placing on the bottom

small amounts of absorbent cotton (¢)

and a sheet of filter paper (f)in layers

ails S Sl LOL pPapIe

o M
o V4N
® Q‘{é which were moistened and rendered as
A N
,’v{” a medium for the growth of both fungus

and seedling by pouring an adequate
amount of Czarex’s solution over them.
These tubes were autoclaved and then
one seed of soy bean (s) was placed in
each of them. These seeds had been
previously treated with 80 per cent alcohol,
with 0.1 per cent solution of mercuric
chloride, and then washed several times

with sterilized distilled water.

When the seeds germinated and the
primary roots elongated to an adequate
length, some of the tubes were inoculated
Text-fig. 17.  Young root of soy bean with the fungus (Strain M-1) from a

inoculated with Helicobasidium Mompa. pure culture, while others were Ileft
A. After 4 d m 5 S
il s e uninoculated to serve as controls.

B. After 8 days at room temp. x 3
The inoculated portion colored in light
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brownish gradually and at the end of four days (on May 14-18) the heavily infected
part became conspicuously slender as shown in Text-figure 17.

By the same manners mentioned above, the affected roots as well as uninoculated
ones were sectioned and stained.

With respect to the old root of matured plants, the materials obtained from the
inoculation experiment in the pot were used.
v b. OBSERVATION

Hyphae creep along the suture of the epidermal cells and gain entrances from
this portion very frequently (Text-fig. 18). Slight constriction of the hypha is observed
at the point where the penetration occurs.

Text-fig. 18. A-D: Hyphal penetration of the epidermis of soy bean root,

rh: root hair,

E: Hyphae in the cortical cell of the young root of soy bean.
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The hyphae which penetrated the epidermal cells develop intercellularly as well as
from cell to cell in.the cortex (Text-fig. 18,E) , but they are uable to attack the well-
lignified xylem portion in vascular system.

In the case of penetration of the old suberized root, after forming a mycelial
cushion the hyphae invade the periderm through the suture portion (PI VIII, G). I

3. Fleshy root of sweet potato
a. MATERIALS AND METHODS

In this experiment, three varieties of sweet potato were selected as follows : Okinawa
Hyakug6, Norin Nigo and Genji. The glass jars with covers which had been placed
on the bottom a sheet of filter paper and small squares of absorbent cotton moistened
with water were autoclaved. = The surface of the fresh fleshy roots to be used was
treated with 80 per cent alcohol, with 0.1 per cent solution of mercuric chloride and then
washed thoroughly with sterilized distilled water.

These fleshy roots were placed in the jars and inoculated with small pieces of
the fungous colony (Strain M-1) growing on potato-glucose agar plate. Sterilized
- water was applied in the jar at intervals.

The inoculated portions of fleshy
roots were fixed after suitable Iapse of
time by the following fluids : (1) The
chromo-acetic solution and ( 2 )formalin
acetic alcohol. The formula of the
latter was as follows : Seventy per cent
alcohol, 90cc., glacial acetic acid, 5
cc., commercial formalin, 5 cc.

They were embedded in paraffin
by Zmxkur’s method. Sections were cut
8w to 10w, in thickness, and stained
mainly with Fremying's triple stain.
Uninjured fleshy roots as well as those
which had been wounded by pricking
with a sterile needle were fixed and
stained as control.

b. OBSERVATION

Hyphae amassing and forming an

infection cushion at the suture of the
cork layers begin to gain entrance
through the middle lamella between
the cells. At first the infection
cushion is only a bundle of hyphae, but

du.

e

Text-fig. 19. Early stage of infection at the g . :
4 gradually becomes sclerotium-like in

shape as the invasion progresses.
As soon as the hyphal bundle of

phellem of fleshy root of sweet potato
(A-B).
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Text-fig., 20. An infection
cushion of Helicobasidium
Mompa penetrating the
phellem of fleshy root of
sweet potato.

Text-fig. 21. Hyphae of Helico-
basidium Mompa in the secondary
cortex (fleshy tissue) of fleshy
root of sweet potato. ;

sg: starch grain, h: hyphae

of the fungus.



the under side of infection cushion which penetrated the phellem at the suture portion
reaches the phellogen, as if it were a haustorium of a certain parasitic green plant,
the apical hyphae of the! bundle thrive rapidly in all directions in the secondary cortex.
In the final stage of the penetration, the infection cushions are in “mushroom’-shape
(Text-fig. 19, 20; PL. VIII, A,D).

In the fleshy tissue (the secondary cortex) the hyphae at first grow usually

intercellularly, but later they make their way in all directions dissolving the walls of
the parenchymatous cells (Text-fig. 21).
: It is commonly observed that the hyphae try to pierce into the walls of the cork
cells (phellem) directly, but, in this case, the occurrence of the penetration of hyphae
is never found throughout the experiments. Their advancement may be checked
perfectly by the formation of the so-called callosities (Text-fig. 26 , P1. IX). Concerning
the callosities further discussion will be made later in detail.

The invasion of the hyphae through Ienticels has never found so far as the fungus,
is concerned.: It seems that lenticels are no favorable entrances for the invasion of
the fungus in question.

4. Stem of sweet potato

_ Text-fig. 22. Callosity-like body produced on the epidermal cell

wall of stem of sweet potato by artificial inoculation.
h: hypha of Helicobasidium Mompa.

Infected materials are obtained by the inoculation experiment in the pots. By the
same manners noted already, they are fixed, sectioned and stained.

Also in the case of the stem, it is seen usually that hyphae forming an infection
cushion gain entrance through the suture of the cutinized cell wall of the epidermis.

The cushion becomes similar to the sclerotium in shape generally, but, in some
occasions, when a large amount 6f wedge-shaped mycelial mass invade the suture
portion it often becomes irregular (PL VIIL E-F; Pl X,E, F). Sometimes an actual
piercing of the epidermal wall by the fungus is noticed, but the penetration is commonly



—Eg

checked by the callosity (Text-fig. 22) .

Rarely a conspicuously constricting hypha enters the cell cavity of the epidermis
and some branchings ~occur in the cell, but soon the hyphae are enclosed by the
remarkable thickening of the cell wall and no instances are observed further invasion
of the hyphae-into the cortex (Text-fig. 23).

Text-fig. 23. Penetration of hypha in the epidermis of stem of sweet potato.

Anatomical observations on the diseased fleshy roots of
sweet potato in various degrees of infection

The affected fleshy roots in various degrees of infection which had been classified
in the proceding page (p.9) were fixed, sectioned, and stained. ~ The results of obser-
vations on each of these degrees are noted briefly as follows:

(1) Very slightly affected fleshy roots (degree-a): Small wedge-shaped mycelial
cushions are formed on the suture portions of the periderm attached with rhizomorphs.
The mycelium enters only one or two layers of the phellem. In general, a very few
infection cushions are observed and no change occurs in the periderm except the portion
of the cushions.

(2) Slightly affected fleshy roots (degree-B) : Almost all surface of the fleshy
root is covered with the purplish mycelial mat and many infection cushions are observed.
Some of the infection cushions invade several cork layers, but there are not still seen
cushions which penetrate the periderm perfectly. In the outer layers of the periderm,
the thickening of the cells and the formation of callosities are noticeably ohserved,

(3) Moderately affected fleshy roots (degree-r) : The surface of the fleshy root
is covered with the thick mycelial mat of purplish brown in color. A great number of
infection cushions penetrate the cork layers and the hyphae invade the phellogen and
the phelloderm.  Here, they thrive conspicuously and further develop in the secondary
cortex (fleshy tissue) mostly intercellularly, but frequently enter also in the cell cavities.
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The cell walls of both the phellogen and the phelloderm are fairly dissolved, but
some of them retain still their original forms. The cell walls of the outer layers of
the periderm are remarkably thickened and a great many of callosities are formed on
the cork cells. The infection cushions become typically mushroom-shaped.

(4) Heavily affected fleshy roots (degree-8) : The thick mycelial mat colored in
deep purplish brown covers the whole surface of the fleshy root. The mushroom-
shaped sclerotia are found abundantly. Sometimes ruptures are produced in the
periderm by the emergence of sclerotia. The phellogen as well as phelloderm are
entirely dissolved and they have almost no traces of the original forme. The mycelium
develops vigorously both inter- and intracellularly in the parenchymatous tissues of the
fleshy part, forming interwoven hyphal masses.

Histological changes in the affected plants

The purpose of this experiment is to see the histological changes which take place
in the infected cells and tissues by the action of the fungus. Materials and methods
are the same as those noted already.

1. Young root of sweet potato

In the case of heavy infection the cells of the cortex, the endodermis and other
parenchymatous tissues are dissolved seriously and only those of the epi(ierm and the
xylem remain their originl shapes. The most conspicuous change in the host tissues
is markedly increased tendency of the stainability of the cells walls; when the invasion
is comparatively slow, the walls of the cortical cells as well as the endodermis become
thickened remarkably and become very stainable with safranin. The thickening or
the swelling of these walls may be found to be associated with invasion or before the
hyphal penetration. Frequently, the fungus forming a bundle of hyphae penetrates
forcibly the heavily thickened cell wall of the cortex, resulting the raising of cell walls
of the cortex and the epidermis by the mass action of the mycelium (Pl VIIL B, C).

The region of the thick cell-walls stained strongly is seen to extend over a con-
siderable distance beyond the limit of fungal penetration. The invasion of the fungus
is sometimes observed to be checked, perhaps, temporarily, by the thickened walls of
the endodermal cells.

Accompanying the changes of the staining reactions of the cell walls the changes
in the protoplasm itself are observed; the protoplasm of the host cells not only im-
mediately surrounding the portion of invasion, but also those at some distance from
the fungus becomes plasmolyzed and granularized in appearance. F urthermore there
are often some small masses stained with safranin in the affected cells. = The nucleus
of the cell near the fungous invasion becomes less stainable, but the peculiarity of the
nuclear orientation is not seen. ‘
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Text-fig. 24. The original portion of the lateral rcot of sweet potato
which had been infected heavily by Helicobasidium Mompa.
Mr: main root, Lr: lateral root.

The lateral roots of the sweet potato are affected readily and the parenchymatous
cells of them are dissolved rapidly. In the incipient stage of infection the walls are
thickened and wound-gummified conspicuously. The exudation of the wound-gummy
substance is also occurred in the intercellular spaces,

In the final stage, these roots are discolored in dark blackish brown and fall off,
and the wound-gummification takes place in large quantity in the tissues adjacent to
the rotted portions as far as several cell layers in the cell cavities as well as in the
intercellular spaces. Thus, with the aid of thickening of the cell walls, it seems
likely that the advance of the parasite is checked for no further development of the
hyphae beyond these barriers (P1.X. B,C,D). Plasmolysis and degeneration in the cells
occur beyond the hyphae and at a great distance from the fungus.

When the hyphae make advance deeply in th® basal portion of the lateral root,
the cells in the vicinity of the pericycle of the main root, the origin of the lateral
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‘root, are remarkably wound-gummified and here, not rarely, further invasion of the
fungus may be prevented at least temporarily (Text-fig. 24).
2. Root of soy bean

By the invasion of the hyphae the parenchymatous cells, such as the hypodermal
layers of the young root and cells in the vicinity of the endodermis, including cortical
as well as pericycle cells are quickly plasmolyzed and then brought to the granular
degeneration. The cortical cells attacked by a large amount of the hyphae are
sometimes dissolved, but, in general, are pressed to the stele with the cell walls becoming
slender, thus they leave traces of themselves. The cells 'of the epidermis and the
endodermis keep rather their original shape. Penetration of the hypha through the
lignified xylem cell has not been observed.

Wound-gummification is often ob-
served in the cells of the cortex and the
endodermis, but in these cases, it is not
so remarkable as in' the root of sweet
potato (Text-fig. 25).

In the infected lateral roots there are
a large amount of hyphae in the cortical
layer both in the cell cavities and in the
intercellular spaces. Furthermore the
hyphae penetrate the cell walls of the
stelar portion except the =xylem cells.
Usually, the hypha is greatly constricted
at the point of penetration; a fine filament
passes the wall and then immediately
swells up again to its original size after
gains its position in.the new cell cavity.

So far as the present experiment is
concerned, it appears that the hyphae
are unable to attack the lignified xylem
cells, which are frequently filled with

: plugs of wound-gummy substance (Text-
Text-fig. 25. Cross section of the lateral root

of soy bean infected by Helicobasidium fig. 25).
Mompa. In the case of heavily infected old
£5, 90400 g, e BoondE OF BHE HUnauR. roots, the parenchymatous cells of the
hypodermal tissues are dissolvc;d severely
and almost have no trace of the original form, and consaquently there exists a noticeable
space between the periderm and the stele. :
3. Fleshy root of sweet potato
a. MICROSCOPIC OBSERVATION
For this purpose both artificiallg and naturally infected fleshy roots were used.

They. were fixed in formalin-acetic alcohol or in.chromo-acetic acid solution, then were
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cat from 8 w to 10 w in thickness by the manners of Zmknr (1930) and stained mostly
with Fruwine’s triple gtain.

The hyphae which entered through the suture portion of the cork layer, forming
an infection cushion, develop vigorously in the phellogen and the phelloderm, dand here
dissolve the cell walls conspicuously. Furthermore, making advance inward, they in-
vade the cortical tissues of the fleshy portion. At first they grow here only inter-
cellularly, but soon destroy the cell walls. Thus the upper part of the fleshy root are
more or less softened. There are formed so noticeable spaces between the phellem
and the fleshy part that the cork layers can be separated réadily.

Text-fig. 26. Callosities formed of the cork cells of fleshy
root of sweet potato by artificial inoculation of
Helicobasidium Mompa.

It is noteworthy to state that the rapid soft-rot of the fleshy root may be chiefly
due to the secondary invasion of decaying microorganisms inhabiting in the soil, because
they gain entrance through the ruptures of the phellem near the mushroom-shaped
sclerotia and thrive mostly ‘in the cortical cells intercellularly, and finally dissolve
the tissue.

In the phellem, thickened or swollen cell walls are commonly observed in association
with invasion of the infection.cushion of the hyphae, and a great many of callosities
are also produced on the opposite side of the walls pierced by the hyphae. Invasion of
the hyphae is checked by the formation of the callosities without exception, and the
hyphae never grow out of the callosities (Text—fig. 26. Pl; IX.).

As well as callosities, deposits stained with safranin are seen frequently on the
walls of-cork cells. Seeing from their appearances, they may be probably the same
bodies reported by Aunex (1927) as “warts”.

In order to make clear the optical character of the swollen bodies, such as
callosties, warts and thickened cell walls, the writer examined them by Nicol's prism
under the microscope. The result of the examinations showed that these bodies were
inactive optically.
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As regards the callosity, further detailed descriptions will be made in the later

part of this paper.

b. MICROCHEMICAL TEST
Several thousand sections of artificially or naturally infected fleshy roots were
made 8 u to 12 p in thickness by the microtome, and their pathological changes were
examined by microchemical tests and compared with healthy ones.

The results of the experiments will be summarized in Table 44.

Table. 44. Microchemical reactions of the diseased fleshy

root of sweet potato.

Kind of :
tissues | Cell wall | Cell wall | Cell wall | Callus Thickened | Sum like
of of of and cell wall in cell
hN 2ndary i of cavities and
St 5% phellem phellogen | cortex wart phellem Stereatialar
2 spaces
very slight | almost colorless light light light
No stain yellow colorless brownish brownish | brownish
yellow yellow yellow
: very brilliant brilliant | o7, light deep
Ruthenium deep red = ’
red }';mld slight 6 (especial- | greenish greenish brownish
rgri.eeteg - purple giggﬁf M1 purple purple green
lamellae)
; middle middle pur—;;iish 3 2%
Sugig I light lamell'ae lamellge green purplish deep
methyl red f_‘;g slight ?gs slight Eﬁgg}leagg green green
BEEED reddish)
i((:)l(]ili(()il;ao.of slight almost almost vellow yellow brownish
R yellow colorless colorless yellow
Methylene | greenish brilliant light blue | brownish | brownish | deep blue
blue blue blue green green
Congo red slight light ?;;eelilae almost almost very
are red, slight
Cimanitm red red it aiddls colorless colorless o
lamellae
solution) almost
colorless
deep red orange ggﬁgﬁf | deep red déep red deep
Safranin yellow l(esr%eigi&lé orange orange orange
famellae) | & i5a ¥ed
Detarii: Suberin, Pectin Pectin : Wound- Wound- Wound-
Pectin . (especial- | (especial- | gum, gum, gum,
e (middle ly middle | ly middle | Pectin, Pectin, Pectin,
lamellae) | lamellae) | lamellae) | Lignin 7 Lignin 7 ] Lignin 7
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4. Serial cross section of the affected stem of sweet potato
a. MATE.U.I'ALS AND METHODS
The infected stems of the seedling which had been inoculated with the fungus in

.

Text-fig. 27. Heavily infected sweet potato inoculated
by Helicobasidium Mompa artificially. x 2/3.

the pot were cut into pieces of suitable length as shown in Text-figure 24.  These
pieces wei'e numbered serially and placed in separate fixing vials containing formalin
chromic acid solution (formalin 3 cc., chromic acid lg., distilled water 100cc.). With
the same manners mentioned already, the materials were sectioned transversally from
8 wmto 10 p in thickness and stained with Fremming’s triple stain. Thus the histolog-
ical changes as well as the mycelial development in the tissues of these sections were
examined systematically under the microscope comparing with their macroscopic
appearances.
b. MACROSCOPIC APPEARANCES

No.11)--.... The epidermis with abundant rhizomorphs and sclerotia is separated from
the stele and the parenchymatous tissues are destroyed heavily.

No.2:-eeee This is very similar to No.1.

No.3 ------ Rhizomorphs and sclerotia are not seen at all.  The portion beneath the
epidermis is colored in blackish brown.

No. 4 -+ No remarkable changes are noticed.
No.5 -+ do.
No. 6 ------ do.

1) This number designates that of the piece in Text-figure 27.
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No. 7 -veee Numerous rhizomorphs and sclerotia are present, but the epidermis is not
yet separated.

No. 8 eeeee The epidermis falls off completely and the parenchymatous tissues disappear.
Only the central portion remains.

¢. MICROSCOPIC OBSERYATIONS

No.1:--e The parenchymatous cells near the phloem and of the cortex are affected
heavily by the mycelium entering through the suture portion of the epidermis and they
leave almost no frace Qf the original form, but the xylem remains unaffected.
Matured sclerotia are seen very abundantly. The epidermal cell walls near the
sclerotia are thickened remarkably and are stained deeply with safranin. The xylem
cells are often filled with wound gum-like substances. . In the remained parenchymatous
cells, starch grains are not found, but bacterial masses invading secondarily are
noticed.

No.2 -eeee This is very similar to No. 1, but the parenchymatous tissues are less
dissolved.

No.3:weee Infection: cushions are formed on the suture of the epidermis and many of
them do not still penetrate the epidermis, but rarely there are some entered-the
cortical tissues.  The epidermal cell walls are thickened conspicuously and a large
number of callosities are observed on the cell membrane. The mycelial development
in the cortex is limited to small range. THhe protoplasm in esch cell of several layers
of the cortex is plasmolized and becomes granular in appearance. In the small
regions near the fungal invasion, the cell walls ‘are more or less dissolved and the
wound gummification occurs. In the parenchymatous ftissues, there are numerous
bacterial masses both in the cell cavities and in the intercellular spaces (Pl X,H).
e Neither the fungal penetration of the epidermis, nor the mycelial thriving
are observed.  Bacterial precipitations are seen in some cells of the phloem.

No.5 -----This resembles to the case of No. 4, but bacterial precipitations are’ rate
(PLX,G).

No.6 - This is healthy and no histological change is obsarved.

No.7 - The mycelia thrive in the cortex both inter-and intracellularly. = The cell
walls attacked by the fungus heavily are dissolved and disappear. The hyphaeﬂare
generally checked to invade the steler tissue at the endodermis, but sometimes a few
enter the cells of the pericycle. Wound-gummy deposites are formed remarkably in
the cell cavities of the cortex as well as in the intercellular spaces. Almost no
histological change is observed in the stele (Pl X, E,F).

No.8 - The heavily decayed cortical tissues disappear. The cell walls of the some
other parenchymatous cells remain still no injured, though they are surrounded by the
hyphae of the fungus. The xylem portions are not attacked at all, keeping their
original forms. The phloem portions are filled with brownish wound-gummy substance
both in the cell cavities and in' the spaces, while in the xylem very scarce. Some
bacterial massses are present in the stele. ,

d. SUMMARY OF THE OBSERVATIONS
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(1) The hyphae penetrated the suture of the epidermis make growth in the
cortical layers at first intercellularly and then in the cell cavities. In the case of
heavy infection the cell walls are finally dissolved. The fungus enters the phloem,
but never the xylem.

(2) Degeneration of the protoplasm and the production of the wound-gummy
substance are seen even in the cells at considerable distance apart from the hyphae.
In severely attacked tissues, a great amount of bacterial masses which, perhaps,
invaded the host secondarily are observed.

(3) The range of the hyphal enlargement in the longitudinal direction is so small
beyond expectation that there are seen no mycelia in the sections at some distance
(1-3 cm.) from the heavily rotted portion. While, on the contrary, the secondarily
invaded bacteria are seen to extend for a considerable distance beyond the limits of the
infected portion by the fungus. :

Discussion and conclusion

(1) On the mode of penetration

As regards the mechanism of the penetration of the tissues by parasitic fungi, a
large number of works have been reported by various invstigators since the time of
DuBary. The greater part of the discussion has concerned the question of the
penetration of cuticularized plant surface.  Some studies, however, have been made of
the penetration of cell membranes within the host. :

In order to explain the question as to the exact means by which fungous hyphae
penetrate cell membranes, as being well known, two theories have been advanced; the
one is the so-called chemical theory supported by DrBary (1886), Warnp (1888-89), Bisaux
(1893), Brrrexs (1898), Swimu (1902), Voces (1910), Brown (1915), Harrrer and Weimvek
(1921), Hrcarss (1927), Parnmin (1928), etc.,, and the other is the mechanical theory
offered by Brackyaxy and Werstornp (1916), Hawxins and Hawvey (1919), Dry (1919,
1933), Bovre (1921), Warkrnousr (1921), Brown and Harvey(1927), ete.

Some investigators, such as Lwacn (1923), Marsumoro (1923), Prarsox (1933),
Ikara (1933), Horr (1934), Burner (1935), etc., have expressed the opinion that fungal
hyphae may penetrate through the cell membrane by neither the chemical means nor
by the mechanical process alone, and by the combined action of these two processes
the penetration may be completed. )

Concerning the mechanism of the penetration of Helicobasidium Mompa some dis-
cussions will be made by the present writer:

(a) In the case of the penetration of the non-cutinized or the non-suberized cell
walls, as mentioned already, the following data are obtained, namely (i) no conspicu-
ous constriction of the hypha at the point of penetration is generally seen, (ii) the
fungus secretes a large quantity of pectinase and cellulase (p.52). {

Taking into consideration these data shown by the fungus and the microchemical
reactions of the cell membranes of the hosts, it is considered that the penetration
may take place merely in a chemical way. But, it may be, perhaps, unable to explain



by the chemical process alone, because of the fact that hyphae constrict at the thicker
cell walls.

(b) As noted already, the hyphae of the fungus can penetrate the cutinized
wall by forming an infection cushion. Similar examples of penetration have been
reportad by Urnrstrur (1936) in the case of infection of China aster leaves by Rhizoctonia
solani and Naxavama (1940) in the infection of cotton seedlings by the same fungus.
Urnrsrrur (1936) concluded, from his observation, that passage of Rhizoctonia solani
through the cuticle is entirely a mechanical process.

According to Buvbiy and Wakerierp (1927), the hyphae of Helicobasidium purpu-
reum, the perfect stage of Rhizoctonia crocorum, may penetrate the roots of red clover
and other plants by making an infection cushion.

So far as the W}‘iter can ascertain, there are a few accounts concerning the fungal
penetration of healthy cork layers. Warkins (1938), in a study of Phymatotrichum
root rot of the cotton, reported that Phymatotrichum omnivorum making a hyphal mass -
dissolved the phellem cells and developed into the phellogen, the phelloderm and finally
into the cortex rapidly. He was not sure of the detailed process of the penetration,
but suggested that the fungus might probably secrete a substance capable of dissolving
suberin.

Scmaan (1939) made some observations of .the actual growth of the hyphae of
Rhizoctonia solani entering the uninjured skin of potato tuber and reported that some
wedge-shaped infection cushions of the fungus were invading a few layers of the phellem,

but no perfect penetration of the skin was found. Thus he concluded, without any
experimental proofs, that the fungus may probably gain entrance only through the
lenticels of the healthy ipotato tuber. Somewhat similar phenomenon was noted by

Farris (1921) in the case of potato tuber attacked by Rhizoctonia crocorum.

Judging from the general opinions, Corticium salmonicolor seems to penetrate the
uninjured periderm of the para rubber tree, but no experimental studies have been made
up to the present time.

It is noteworthy to state the fact that Helicobasidium Mompa, as shown previously,
can penetrate the cork layers of the hosts only through the suture portions, forming
infection cushions. A study of the numerous examples of penetration through the
phellem does not furnish evidence sufficient to justify the conclusion that penetration is
either by a chemical or by a mechanical process alone. Hyphae making a mycelial
bundle are observed closely amassed along the suture and seem to force open the way
of penetration, as though they were exerting a pressure, and accordingly this fact, as
well as the appearances of development of the infection cushion, may support the theory
of mechanical action alone. However, there seems to be some slight indication that
the chemical action occurs also in the course of the penetration, for the reasons of
striking swelling of the middle lamellae at the point of penetration.

A part of the middle lamellae of the cork cells of sweet potatoes seems to be
pectin-like materials, which may be acted chemically by the fungus and useful as food

| for the fungus.  Enzymes, including pectinase and cellulase,; secreted by the fungus



G
may soften the middle lamellae so severely that the fungus may be able to penetrate
them by the hyphae with comparatively slight effort.

The greatly thickened or swollen walls met with so frequently do not offer so much
resistance as might be supposd at first glance, for the chemical action on the walls
in these instances may partly result in the production of substances that swell con-
siderably. There appears some evidence that penetraton is at least in part a chemical
process.

(c) The fungus can not penetrate the lignified cells and consequently the xylem
remains its original form for a long time.

Sometimes, a few fragments of the hyphae are seen in the root hairs of the soy bean,
but the instances which hyphae invade the cortical cells are not seen, and thus at least
in the case of this fungus the writer can not assume Tisparr’s (1917) opinion that the
certain fungi, for example Fusarium lini, penetrate the host through root hairs.

From what has been discussed in the preceding pages the following conclusion may
be induced: Both mechanical and chemical processes may be concerned in bringing
about the passage of the fungus through the cell walls of the host. The chemical
compositions of the cell walls of the host may play an important r6le in determining
which process will predominate. The non-cutinized or the non-suberized cell walls
which are partly made of pectin-like substance and hemicellulose hydrolysed by
the fungus undoubtedly are acted chemically in wall penetration chiefly, whereas the
cutinized walls as well as the suberized walls are less subject to chemical action of
this parasite and their penetration may result mainly by the mechanical process.

The more or less similar conclusions were already drawn by Prarsox (1931) studying
the seedling blight of Indian corn by Gibberella saubinetii.

(2) On the rot of affected plants

Roots and stems of the hosts attacked by the fungus are decayed heavily.
Especially in the case of sweet potato, fleshy roots as well as stems are brought to
conspicuous soft-rot. This is due not only to the action of the fungus, but also to
the secondary invasion by saprophitic microorganisms, which are occupied mainly by
bacteria and Rhizopus spp. Fleshy roots attacked by the fungus "alone do not
‘become so%t conspicuosly, but rather chalky.

The greater part of difficulties in isolation of the fungus from the affected fleshy
roots may lie in the above-mentioned facts. The writer could gain the pure culture
of this fungus by the careful selection of the suitable materials (p.12).

It is also observed commonly that the cambial portion of the roots of woody hosts
is first decayed by the fungus and then secondarily the lignified portion is destroyd
severely by the invasion of wood-rotting fungi.

(3) On the formation of “callosity”

It has been well known among phytopathologists that the so-called callosities or
calli are sometimes formed in plant bodies attacked by certain fungi.

According to Youne (1926), Maxary, in 1899, was the first to record the callosity in
wheat infected by Septoria gramineum, and afterwards Frow, in 1912, reported the



production of the same bodies in the infection of wheat by Leptosphaeria sp. =~ Youna
(1. ¢.), furthermore, reported the extensive formation of callosities when wheat, oat,
rye, and other seedlings were inoculated by each of the following parasites : Alternaria
spp.,  Cephalosporium acremonium, Diplodia zeae, Colletotrichum wnigra, and
Acrothecivm sp.

Similar structures were noted by Fruiows (1928) in the infection of wheat by
Ophiobolus graminis and by Sivvons (1928) in the infection of oat by Fusarium
culmorum. The callosities formed varied considerably in size from small round ones
to elongated structures which followed the penetrating hyphae.

Puarson (1931) made some notes on the formation of callosities in corn seedlings
infected by Gibberella saubinetis. Kusano (1936) who studied the parasitism of
Olpidium on pea, broad bean, etc., made a great contribution to this subject,
especially on the mechanism of the formation of callosities.

As regards the prothallium of fern attacked by a fungus, the callosity-like bodies
were observed by Frirz (1937). :

Similar observations were reported by Ikara (1939) in the cases of the infection of
rush plant by Stagonospora sp., Gloeosporium Kaki and Sclerotinia minor, and by
Iwara (1940) in the infection of leaves of Sonchus oleraceus and Nasturtium
sublyratum by Peronospora Aparines.

Arnun (1927) stated the formation of similar globules or “warts” in the case of
the infection of Malakoff wheat by Puccinia triticina physiologic form 11. She found
that these structures took up stains that were generally supposed to stain pectic
materials, and concluded that they might be the result of a hydrolysis of the middle
lamellae of the host cells by the action of the enzymes produced by the fungus.

Jonaxy et al. (1931) described a similar accumulation of materials in the walls
and intercellular spaces of cells surrounding lesions produced by Penicillium oxalicum
in corn mesocotyls, and they reached the conclusion that the formation of these bodies
were due to oxalic acid secreted by the causal fungus.

Yousa (1926) and Stumoxvs (1928)  did not definitely state what they considered
to be the method of formation or the chemical composition of the callosities.

By the microchemical tests, Frrrows (1928) could not ascertain the existence of
callose, but observed the clear reaction of lignin and thus he used the term “lignituber”
instead of “callosity’.

Concerning the mechanism of the formation of callosities, a great many of
investigators, including Youxe (1926), Frrrows (1928), Prarson (1931) and Friz(1937),
have considered that they are produced mainly from the cell walls secondarily, but
Kusano,. (1936) has taken a different opinion that they are formed directly by the
accumulation and the aggregation of the protoplasm of the host cells.

With respect. to the significance of the formation of callosities no definite conclusion
except Kusano’s one has been given to the present time, but it has been considered in
general that they may serve at least as a partial barrier against fungous penetration.

However, Kusaxo (1939) , studying Olpidium and Synchyirium, reached the
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conclusion that the callosities were not formed in order to check \the fungous invasion,
but to heal the wounds injured by the causal organism, and accordingly there were no
close connections between the formation of the callosity and the resistance of the plant.

More recently Iwara (1940), in his study on Peronospora Aparines, stated also that
the callosities were not considered to play an important réle in the infection of the
fungus.

As previously stated, a great number of callosities and “waris” are observed on
stems and fleshy roots of sweet potato attacked by Helicobasidium Mompa both in
the artificial inoculation and in the natural infection. Especially in fleshy roots they are
formed very abundantly. The formation of the callosities by the fungus in question
is limited to the cutinized or suberized cell walls.

The callosities are formed not only by the fungous hyphae, but also by the
mechanical injuries alone, some examples of those which were produced by pricking
" with a sterile needle are shown in Text-figure 28.

Several thousand sections of both artificially and naturally infected materials were

examined very carefully, but no hypha is observed to pierce through a callosity formed
in the wall of phellem cell.

Text-fig. 28. Callosities or caliosity-like
bodies produced on the epidermal
cells of stem of the sweet potato
seedling by mechanical injury (A-B).
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Text-fig. 29. The detailed structure of the
callosity on the phellem stained with
Sudan III and methyl green (Semi-
diagrammatic drawings) (A-C).

a: the outer lamella, b: the light
purplish green portion, c: the part
colored in deep purplish green, d:
the pirecing filament.

For the study of the details of the
structure of the callosities on the phellem,
sections were stained with Sudan III and
methyl green (Yosum, 1933). This staining
method seemed to be very well for the
differentiation of the minute structures.

As shown in Text-figure 29, by this
stain three portions of the callosity are
differentiated clearly, ﬁamely the outer
membrane (@) is light reddish, the basal
part (c¢) deep purplish green, and the other
portion (&) is light purplish green. In
many cases, careful examinations indicate
that the greater part of the swelling is due
to the increase in the size of the middle
layer. In the example shown in Text-figure
29, the callosities usually appear to have
been formed by the addition of successive
layers of material, as though the structure
were the result of the continued deposition
of several layers of the material, and some
of them are rather homologous in texture.
In the central portion of each of them a
penetrating filament (d) is seen obviously.

A difference in density between the
wall and the callosity may be interpreted
as the result either of a swelling of material
already present or the addition of new
materials. It may be also clear that the
middle lamella, which is of a pectin-like
material, under the influence of certain
enzymes such as pectinase possesses the
ability to swell to a considerable extent
during hydrolysis.

Judging from the facts mentioned above and other microchemical reactions the

writer may be permitted to make a definite statemant as to the method of formation

of callosities. A penetrating filament enters the suberized lamella mechanically and

the hypha, perhaps by the secretion of pectinase, is able to act upon the material of

which the middle lamella is composed, and thus the products by its action may be

substances capable of considerable swelling.

Furthermore, the accumulation of materials stainable with safranin on the walls
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could then be interpreted as a hydronsed material of pectin-like substance by the
chemical action of the hypha.

At least the callosities found on the cork cells are produced directly from the walls
and accordingly the writer, in the present case, cannont agree with Kusaxo’s (1936)
opinion that the callosities are formed immediately from the protoplasm.

In the case of the cutinized cells of stems, it is possible that the increase in
swelling may be due in part to an accumulation of products from “che protoplasm in
the cells and in part to the hydrolysis of the middle lamellae.

Concerning the significance of the formation of the callosity, ‘KUSANO (1939) has
published a theory as follows: “[The host plants produce the callosities to heal the
injuries caused by the causal organisms, but never to check the penetration of them,
and whether the fungi grow out of the callosity and continue further development or
not is wholly due to a certain substance in cytoplasm. According to the kind of the
plant, this unknown substance is different in both quantity and quality and conse-
quently in the plants which give a great deal of unfavorable action to the entered
organisms the invasion appears to be stopped earlier, as if the callosities surved to
check the penetration of the fungi]”. In short, Kusaxo’s theory is that the fungous
penetration of the cell wall is not checked by the callosity, but by the cytoplasm.

In the case of the present writer, seeing from the fact that the callosities are also
produced on the cell walls wounded by the mechanical injury alone, Kusaxo’s theory
may be true at least in part. However, the formation of callosities in the plant seems
to be not merely a healing process, but also a response to the fungous action.

In the case of the callosities formed in the cork cells, it may be impossible to say
that the cause of impediment to the fungous penetration at the cell wall is attributable
to the cytoplasm ; this must be considered to be entirely due to the function of the
callosity originated from the cell wall.

 Taking into consideration what has been discussed the writer comes to the
conclusion that the callosities produced in sweet potato may surve a defensive function
against the hyphal penetration of Helicobasidium Mompa at least in those places, but,
on the whole, they are of little use for this purpose, because the fungus makes
entrance forcibly through the suture portion of the cells forming the infection cushion.

ToxiC EFFECT OF THE STALED CULTURE MEDIUM OF
Helicobasidium Mompa TANAKA UPON HIGHER PLANTS

In order to make clear the mode of infection of Helicobasidium Mompa TaxaxA
the writer placed an inoculum from the fungous colony growing on agar-medium on a
young leaf of the camphor tree (Cinnamomum camphora). It was observed that the
portion of the leaf to which the agar medium was attached was discolored .soon after
and finally became necrotic. ~ Thus the writer knew incidentally the injurious effect
of the staled culture medium of the fungus to the higher plant. Hereupon the writer



has carried out some experiments on this subject.

Concerning the poisonous substance produced by causal fungi of wilt-diseases in fhe
staled culture solution, since the first report of Hurcmixsox (1913) many works have
been published by various investigators: Braxpus (1919), Asrexar and Ban (1921),
Durrgxoy (1921), Brwrney (1922), Fanmy (1923), Nean (1927), Warre (1927), HayMAKER
(1928), Kurxarst and Muxoxur (1928), Lryrorp (1931), Yosun and. Masaxo (1935) and
Yosum (1935), etc.’

Baryum (1924) reported that the production of a toxic principle in culture solutions
is not limited to plant pathogenes such as Fusaria, but that a saprophytic fungus like
Penicillium expansum Lixx acts a similar manner. As for the detailed historical

review on the subject, the reader may see the account in Yosmi’s (1935) paper.

Toxic effect by attaching with the staled culture agar

a. Lrar
Experiment-1. A shoot of the camphor {ree having several leaves was inserted in an
Erlenmeyer flask containing water. On the under surface of the leaf, were placed

small pieces (about 4 mm. sq.) of the staled potato agar with (Text-fig. 30, @) or
without the mycelium (Text-fig.30, &) on which Helicobasidium Mompa Taxaka

Text-fig. 30. Text-fig. 31. Text-fig. 32,

a: Staled potato agar with the . i ; ; i .
mycelium of Helicobasidium Toxic effect of the staled Toxic cffecvt of the staled
Mompa. = culture agar on the leaf culture agar on the leaf
boPrled potato fgan dnthion of camphor tree. x%/4 of broad bean. x1

the mycelium of the fungus.
¢: Uninoculated potato agar.x?/,

(Strain M-1) had been cultured for 26 days at 27°C. As control, a piece of
uninoculated potato agar was placed on the opposite half of the leaf (Text-fig. 30, ¢).
As soon as the pieces of the staled agar were placed on the leaf, the flask in which
the shoot had been kept was covered with a large belljar to keep from drying.

. After 24 hours at room temperature (19°-25°C.)  the portions of the leaves on which

the staled culture agar were placed changed distinctly from green to brown and in 4 days



-1 gy L

they became brown and dry. Outside of tha necrotic portion was -surrounded by a
deep brownish zone (Text-fig. 31). Macroscopically, the appearances of the necrotic |}
part were closely similar to the leaf fixed in chromic acid solution. No change was
observed in the control (Pl. XI,A).

Similar test was made on a leaf of the broad bean (Vicia Faba). After 7 days
the portion under the staled agar became brown, but in this case the change occurred =
more slowly than in the former (Text-fig. 32).

Experiment-2.  For the purpose of testing the relation between age of culture and
toxicity, a similar experiment as the preceding one was carried out with the cultured
agar media having each of the following culture-age at 27° C.: 10, 20, 30, and 50 days. -
This test indicated that the toxic action is increased with the age remarkably.

Experiment-3. The staled agar which had been boiled for one hour and the un-
treated one were placed on a leaf of the camphor tree simultaneously.  After 24 hours
necrosis was formed by each of the above two cases and no considerable difference in
the toxicity was seen between the boiled medium and the untreated one.

Experiment-4. The nerotic portions of leaves of the camphor tree caused by the staled
medium were cut into small pieces and fixed in formalin-acetic acid-alcohol solution (70
per cent alcohol 90 cc., glacial acetic acid 5 cc., formalin 5 cc.). By the n-butyl
alcohol method reported by Zirkne (1930),vsections were made.S,uJ to 104 in thickness
and stained with Fremmmne’s triple stain. As control, the healthy part of the leaf
was also fixed and stained in the same manners.

As shown in Plate XI, E, at the incipient stage of necrosis, the plasmolysis occurred
in the cells of palisade and spongy tissues, and then protoplasm swelled and stained
with safranin brilliantly. The tissues found in the final stage of necrosis were
contracted and collapsed (Pl XI, D).

b. Youxc room

On the young root of soy bean (Glycine Soja) which had been cultured by the large
tube method noted by the present writer previously (p.74), a small piece (4mm. sq.)
of the staled Czarrxk’s agar (3 weeks old, at 27° C.) was placed. After 8 days the
part attached with the staled agar was discolored slightly, but no ‘severe necrosis was
observed (Pl XI, G).

Toxic effect by absorption of the staled culture solution

Exverivexnt-1. One hundred cc. of potato decoction with sucrose (potato 100 g.,
distilled water 1,000 cc., cane sugar 10g.,) were poured into 200 cc. Erlenmeyer flask
and sterilized with the ordinary manners. A small piece of the fungous colony was
planted in the flask and the culture incubated at room temperature. .

After 36 days the solution was decanted from the flask and . filtered by suction
through Bucuxer’s funnel, using double sheets of filter paper and a heavy mass of
absorbent cotton. Microscopic observation of the filtrate showed the absence of the
fragments of the mycelium. This original solution was diluted with distilled water
and identified by the number as shown in Table 45. :
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Table 45. Solutions containing various amounts of
the staled culture solution of Helicobasidium Mompa.

No. Cultur(ec nglutlon DIS‘CIH(?:(}:. )Water ’%‘(c:)c‘c.a;l oH
0 0 100 100 . —
i * 2 98 100 6.6
2 5 95 100 6.4
3 15 85 100 1 ag
4 30 70 100 5.4
5 50 50 ‘ 100 550
6 70 80 100 4.8

Small branches of the camphor tree, the mulberry tree and the soy bean were
inserted in each of the above-mentioned solutions. Observations made for 7 days and

the changes in the appearance of the leaves are given in Table 46.

Table 46. Toxic action of the staled culture solution of
Helicobasidium Mompa upon plants.

a. Soy bean b. Camphor tree
No. of Days No. of Days
SO0 S e A R G solution {1 2 3 4 e agies Neg
Q. sl B Sem s Sl e ) S e M s o
1o e T (LYY () bl R e 61 )R8 08 3)
2 = — (1)(2)(2)|(3) (3) el ol S <2>i<3) (3) (&)
3 = 12 [e8) (8).¢8) (o T | 2502)€8) (3) 4)
4 = + (2| 4 (M2) (2)]4) '
& — k020 ca) 5 2y (2)) (4)
6 — %02 (%) 6 [(2)(2) |(3) (4)
Notes : Notes :
= e B unchaged, —ieees ...unchanged,
+.........wilted slightly, £ Lauvissss wilted slightly,
(@ wilted distinctly, G wilted distinctly,
(2) .....wilted severely, (2) s wilted severely,
(3) s distinct soaked area present (8) .....changed into purple and
and somewhat dry, curled,
(4) .....dry and curled severely. G s all leaves fell.



c. Mulberry tree

No. of Days
Notes :
solution| 1 2 3 4 5 6 7 e ek unchanged,
0 R e I L inay o & B +..oocowilted slightly,
SRR (1) sssuss wilted distinctly,
1 [ 2 (2) C2)(4) (2) acoens wilted severely,
7 e T ) el B 6y (8) .siuss dried and curled,
N () eea all leaves fell.
| e i )N
4 o 0 65 [ G LW
5  [(D(2) | (3) (4)
6 - (D(2) | (3) (4)

It seems evident from Table 46 that the higher the concentration of the staled
culture solution is, the severer the toxic action to the higher plants. By the toxic
effect of the staled culture solution all of the plants used were wilted at first, but
afterwards the appearances in the leaves are different according to the kind of plant.

In the case of soy bean plant the yellowish soaked parts are formed surrounding
the veins (PL. XI, F) and the leaves of camphor tree change their color from green to
purple, though no discoloration is observed in the case of mulberry tree. Generally
speaking, the toxic action is seen more rapidly in the camphor- and the mulberry-tree
than in the soy bean.

ExperiveNT- 2 . The fungus cultured in potato decoction with 1 per cent sucrose

25° C. The culture solution was filtered with the same
After the

filtrate was poured into two large Erlenmeyer flasks, the one was boiled for an hour

for about 7 months at
manners noted previously and diluted two times with distilled water.
and the other untreated. Distilled water and 0.2 per cent oxalic acid solution were
prepared as controls.

In each of these flasks cut stems of the following kinds of plants were inserted :

Pleioblastus variegata var. viridis f. glabra Nezasa,
Chamaecyparis pisifera Sawara,
Larix kaempheri Kara-matsu,
Cercidiphyllum japonicum Katsura,
Morus alba Kuwa,
Robinia pseudoacacia Nise-akashiya,
Fagus japonica Inu-buna,
Liriodendron tulipifera Hanten-boku,
Sambucus Buergerina var. typica Niwatoko,
Platanus orientalis Suzukake-no-ki,

Ipomoea batatas

Satsuma-imo.

Changes in leaves after 2 days at room temperature will be shown as follows:



(1) Pleioblastus variegata var.
viridis f. glabra

(2) Chahmecyparis pisifera

S§-1 1).-.Leaves are dried slightly and
somewhat curled.

S-2 2).--do.

S-3 3)---No change was observed.

S—4 4)---do.

S-1:--e- No change occurred.

(S e do
S-3:eeeen do
S—4eeeees do

(3) Larix kaempferi

(4) Cercidiphyllum japonicum

S-1------No change was observed.

G-Duveeen do
G=3reeeen do
S4.--eee do

S—1--eeee Dark brownish soaked part was
formed surroundng veins of leaf.
Leaves were dried and curled slightly.

S2:-eee do., but the grade of toxicity
was weaker than that of S-1.

S§-3:eene Leaves were dried slightly.

S—4.-ee No change occurred.

(5) Morus albe

(6) Robinia psendoacacia

S-1------Leaves were wilted distinctly.

G-2.-----Leaves were wilted slightly.
S-3......Leaves were wilted severely.
Light brownish part near veins are

seen.

'S-4.----Unchanged.

S—1:-een Light brownish soaked parts
were formed around the veins. Here
and there dark brownish spots in size
of pin-head were seen.

S2:eeeee do., but the toxic action was
weaker than that of S-1.

S-3:eeene Unchanged.

L o

(7) Fagus japonica

(8) Liriodendron tulipifera

S-1-+--Almost all parts of leaf were
changed in color from green to light

brown. Leaves were dried and curled.

S-3:+-+-A small area of soaked part
was formed.
S—4eeeeee Unchanged.

1) Two times diluted staled solution.

2) Boiled two times diluted staled solution.
3) 0.2% oxalic acid solution.

4) Distilled water.

S—1---ee- Large soaked parts were formed.
Leaves were dried.

S2:eeeee do., but the grade of the toxicity

was lower than that of S-1.
S-3eeeees Unchanged.

S—4eeeeen do.
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(9) Sambucus Buergerina var. typica

(10) Platanus orientalis

S-1:-----The marginal and apical portions

of leaf were changed the color from
green to purple by soaking in the
staled solution.
or less dried.

Leaves were more

S2:eeeee do., but the toxic action was
weaker than of S-1.

S SERTER Leaves were wilted and the
soaked portions were observed

scarcely.

S—4--eee Unchanged.

Exrurmve~nt—3.

S-T-enee Almost all parts of the leaf
became light brown in color and
were dried.

G-Disvens do.

S-3:enee Wilted slightly.

S—4eenees Unchanged.

(11) Ipomoea batatas

S—1-eeee No change occurred.

S-Devenen do.
S—-3:eeeee do
S4--ee-- do

This experiment was carried out by the same method as the

previous one, but, instead of potato-sucrose solution, the modified Ricrarps’ solution
(KNO; 5g., KH, PO, 2g., MgSO, 1g., glucose 10g., distilled water 1,000 cc.) was used.
The kinds of plants used in this experiment are listed as follows:

Pleioblastus variegaia var. viridis f. glabra

Larix kaempheri
Cercidiphyllum japonicum
Robinia pseudoacacia
Fagus japonica

Platanus orientalis
Morus alba

Ipomoea batatas

Nezasa,
Kara-matsu,
Katsura,
Nise-akashiya,
Inu-buna,
Suzukake-no-ki,
Kuwa,
Satsuma-imo.

The effect of the staled culture solution upon the plants were tested after 2 days

at room temperature.

The results will be shown as follows :

(1) Pletoblastus variegaia var. .
viridis f. glabra

(2) Chamaecyparis pisiferd

S'-1 1)---Leaves were dried and curled
severély.

S-2 2)---do.

S$-3 3)---Leaves were dried and curled
slightly.

S—1-eeeen No change occurred.

S Deennen do.

S’~-8-+r++-dos

(3) Larix kaempheri

(4)  Cercidiphyllum japonicum

) REERER No toxic effect was observed.
Sl do.
S’_S ...... dO.

1St KRR Veins of the leaf became deep
brown and leaves were dried.

S'—2:eeree do., but the toxic effect was
more or less weak. ‘

S SEEEED No toxic effect was observed.

1) Two times diluted staled solution. 2) Boiled two times diluted staled solution.

3) Uncultured two times diluted solution.
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(5) Morus alba (6) Robinia pseudoacacia
§-1:-+--Leaves were dried and curled. §'-1.-----No toxic effect was observed.
* Veins became necrotic and brown.
§'-2:+--do., but the toxic action was 19 do,

weaker than that of S-1.
§'-3:.----Marginal portion of leaves S’-3-+---.do.

became light brown.

(7) Fagus japonica (8) Platanus orientalis

§-1.-----A great amount of brown '

i SERREE A great amount of necrosis was

necrotic portion was formed in the formed. Leaves were somewhat
veins and the marginal portions of dried and curled.
the leaf. Leaves were curled.
S’-2:+-+--do., but the grade of the toxicity S—2:eenee do., but the toxic action was
was weaker. weaker than the case of S™-1.
§'-3....--Slight discoloration was observed. | S'-3:--:-Almost no change occurred.

(9) Ipomoea batatas

S*1.-.---Unchanged.
§'—2w:-do,
S=8ve-r-do.

From the results of the experiments 2-3, the following facts may be known :
(i) The texic action of the staled potato solution upon the higher plants is
stronger than that of the staled Ricmarps’ solution (somewhat modified).
(ii) By boiling for one hour, the toxicity is apt to be decreased more or less.
(iii) The toxicity of 0.2 per cent oxalic acid solution is not recognized so clearly
as that of the staled solutions.
(iv) The severity of the toxic effect is different according to the species of
the plants as follows ;
(a) No visible toxic effect is seen in the following species, Chamaecypaiis
pisifera, Larix kaempheri, and Ipomoea batatas,
(b) Moderate toxic effect is seen in the following species, Sambucus Buergerina
var. typica, Liviodendron tulipifera, Robinia pseudoacacia and Morus alba.
(c) Severe toxicity was induced in the following species, Pleioblastus variegata
var. viridis f. glabra, Platanus orientalis, Fagus japonica and Cercidiphyllum japonicum.
The toxic action of culture solution on which Helicobasidium Mompa Tanaxa
had been grown upon the higher plants was observed distinctly, and the grade of
toxicity induced was not equal according to the species of the plants. Judging from
the results of the experiments there may be probably no noteworthy correlation

between the toxic injury by the staled solution and the susceptibility to the “Murasaki-
monpa” disease. :





