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THE ASCIGEROUS FORMS OF SOME
GRAMINICOLOUS SPECIES OF
HELMINTHOSPORIUM IN JAPAN

By
Seiya Ito and Kazue Kuribayashi

1. INTRODUCTION

The ascigerous forms of Helminthosporium parasitic on grasses have
been reported for a comparatively small number of species. In 1900,
F. K. Ravn(32) published a paper on the Helminthosporium-species on
barley and oats, in which he suggested that the sclerotia formed in culture
are the immature perithecia of a Pyrenomycetes, probably related to
Pleospora polytricha (WaLr.). In 1902, H. Diepicke(3) first recognized
the ascigerous forms of Helminthosporium-species on Bromus asper
Mugr. and Triticum repens L., and reported them as specialized forms
of Pleospora trichostoma(Fr.) WINT., naming them f. sp. Bromi and f.
sp. Tritici-repentis respectively, The next year, he(4) erected them to
the specific rank. He also studied on a species of Pleospora on barley-
stubble in a field badly affected by Helminthosporium gramineum RABH.
and named it Pleospora graminea, considering it as a perfect stage of
that speeies. Moreover, he, although failing to get any ascigerous forms
of Hel. teres Sacc. and Hel. Avenae EmaM, nevertheless proposed the
names Pleospora teres and Pl. Awvenmae in anticipation. In 1905, F.
Noack(29) recognized Pleospora trichostoma WINT. as the aseigerous
form of Hel. gramineum. C. DRECHSLER(6) in 1923, published an ex-
cellent paper on the graminicolous species of Helminthosporium and
discussed on 25 species in detail. Among them, three ascigerous forms,
Pyrenophora teres (Dip.), Pyr. Bromt (D1ED.), and Pyr. Tritici-repentis
(D1ep.), were recorded, changing the genus Pleospora to Pyrenophora
by the presence of setae on their perithecia. In 1925, the same author(7)
deseribed the causal fungus of the leaf-spot disease of maize, Ophiobolus
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heterostrophus, which is the ascigerous form of a Helminthosporium
exhibiting bipolar germination. Two years later, we(14) obtained the
ascigerous form of Hel. Oryzae in culture and named it Ophiobolus
Miyabeanus, and the next year Y. NISHIRADO (26) described Ophiobolus
Kusanot on Eragrostis major Hosr, of which the conidial stage is a
Helminthosporium. The same year, Y. Nisuikapo(27) also published
a valuable work on Helminthosporium parasitic on dJapanese grasses,
in which he proposed to divide the genus into two subgenera by the
shape and the mode of germination of conidia. The first subgenus Eu-
or Fuso-Helminthosporium includes 17 species, which have fusiform,
obclavate or ellipsoidal conidia, germinating by two polar germ-tunbes
and associated with Ophiobolus, such as Oph. heterostrophus, Oph.
Miyabeanus and Oph. Kusanoi. The seecond subgenus Cylindro-Hel-
minthosporium includes 7 species, which have cylindrical, not curved
conidia, germinating from every cell and associated with Pyrenophora,
such as Pyr. teres and Pyr. Tritici-repentts. In 1929, the junior author,
K. KuriBavasuai(16) recorded the ascigerous stage of Hel. sativum. The
preliminary note of the present paper prepared by the senior author(13)
was communicated by Dr. K. Mivase before the meeting of the Imperial
Academy of Japan held on October 18, 1930, and a new genus, Drech-
slera, was proposed for the subgenus Cylindro-Helminthosporinm of
Nismigano.

Since 1925, we have been studying on the life-history of various
species of Helminthosporium parasitic on the important cereals in our
country. In the course of the study, we obtained the ascigerous forms
of eight species, among which four species belong to Pyrenophora and
the others to Ophiobolus. Adding to them Ophiobolus Kusanoi and
Pyrenophora Tritici-repentis, ten ascigerous forms become surely known
in our country. Y. NisHIkApo kindly informed us that he has a specimen
of Pyrenophora Bromi on Bromus unioloides H. B. et K., but we do not
refer to it in the present paper, because we missed the opportunity to
examine the specimen before his departure abroad.

The present paper was prepared to congratulate the seventieth
birthday of the benevolent teacher of the senior author, Professor
Emeritus K. Mivasg, SD., Member of the Imperial Academy of Japan,
to whom we are indebted for his constant kindness and valuable instrue-
tion. Finally, we wish to express our thanks to Dr. C. DRrECHSLER,
‘Washington, D.C., and Dr. Y. Nisurkapo, whose publications on Hel-
minthosporium gave many suggestions to our present study.
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II. MATERIALS AND EXPERIMENTAL METHODS

1. Ophiobolus-group

Helminthosporium Oryzae BreEbA pE HaAN, Hel. sativum PAMMEL,
King et Bakke, Hel. Setariae Sawaps, Hel. Maydis NisaEIRADO et MIYAKE
.and Hel. turcicum PAssErINI were used in the experiment. The conidia
of all these species are fusiform, obelavate or ellipsoidal, germinat-
ing by two polar germ-tubes, and each species is distinguishable by
the morphological and biological characters of the conidia. Among
them, the former 4 species formed their mature perithecia in culture,
while the last species remained in an immature state as the sclerotial
bodies.

In all cases, the affected leaves or seeds were collected in summer
or autumn and preserved in the laboratory for the subsequent experi-
ments. For the formation of ascigerous forms, the rice-culm decoction
agar seems to be the most suitable medium, and the corn meal agar
follows it in order. Small pieces of the diseased part were cut off,
sterilized two minutes with 0.1% sublimate solution, carefully washed
with sterilized water, then .placed on the agar media in Petri-dishes and
incubated at 25°C. After four or five weeks, mature perithecia were
generally produced on the media. When the sterilized pieces were
placed on the moistened filter paper or quartz sand in Petri-dishes, Hel.
Oryzae and Hel. Maydis only formed their mature perithecia. The
single-spore-cultures of the ascospores were made in the ordinary way
and pathogenicity was proved by inocculation experiments, using the
conidia produced in the eulture.

2. Pyrenophora-group

Helminthosporium gramineum RABENHORST, Hel. teres SACCARDO,
Hel. japonicum Ito et Kurisavasar and Hel. Avenae EipaM were used
in the experiment. The conidia of these species are cylindrical with
rounded both ends, germinating by a germ-tube from every cell. These
species are only distinguishable from one another by their cultural and
biological characters, as they closely resemble one another in the mor-
phology of the conidia.

The perithecia of these speecies are formed in autumn on the stubble
or straw remaining in a field. In the vieinity of Sapporo, their ineipient
stage can be noticed in the middle or late part of September, and
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majority or at least some of them reach to maturity in the early or
middle part of November. Immature overwintered perithecia do mot
ripen in the next spring and the conidiophores with conidia are abun-
dantly produced on their surface. The formation and matuarity of these
perithecia are mostly influenced by the climatic condition of the autumn,
especially by temperature and moisture of atmosphere. In the rainy
and cool weather, we have often met with many fully matured peri-
thecia in the autumn.

Special attention was paid to get surely each perithecium of Hel.
graminewm, Hel. japonicum and Hel. teres, for they all commonly attack
the barley-leaves in a field. The following characters are applicable to
distinguish them from one another.

a) The perithecial formation. In Hel. gramineum, the perithecia
are formed only on straw and stubble of the affected plant, and never on
those of the unaffected one. Moreover, the abundant conidia are usually
accompanied by the perithecia on half rotten straw in autumn. In Hel.
teres and Hel. japonicum, the perithecia are formed on every straw or
stubble in a field, without any special reference to the occurrence of the
fungus on the plant in the previous growing season, and the conidia
are not so abundantly accompanied by the perithecia.

b) Different susceptibility of barley-varieties. In the vicinity of
Sapporo, Hel. japonicum attacks the leaves of naked barley mostly,
while Hel. gramineum and Hel. teres oceur mostly on common barley.

c) Susceptibility of the volunteer seedlings. Hel. japonicum or
Hel. teres very commonly oceurs on the leaves of the volunteer seedlings,
which have grown in a field after the harvesting of the crop. Hel.
graminewm does not occur usually on the leaves of such seedlings.

d) Conidia accompanying the perithecia. Bach species is identi-
fied by the conidia accompanying the perithecia on straw in a field.

e) Cultural characters of the ascospores. By the cultural charac-
ters of the ascospores, we can easily distinguish the species from one
another.

Taking into consideration these facts above stated, the perithecia
were collected from a separate field which had been severely attacked
by a single species of these Helminthosporia in the previous growing
season, and comparative studies were made on the perithecia matured
in the same season of the year. Their pathogenicity was also determined
by the inoculation-experiments, using the hyphae from the single-
ascospore-culture and also the conidia accompanying the perithecia.
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III. SPECIES OF OPHIOBOLUS

1. OPHIOBOLUS MIYABEANUS ItTo et KURIBAYASHI

Historical review of the fungus in Japan. The first record of the
disease caused by the fungus was given by K. Kurosawa(18) in 1900.
The next year, a detailed account of the disease was given by S. Hori(12)
and the fungus was named as Helminthosporium Oryzae MivaBE et Hori,
without knowing Brepa pE Haax’s paper(1), in which he described the
fungus from Java in 1900 under the name Hel. Oryzae. Since that time,
many papers have been published both by the Japanese and foreign
myecologists and pathologists. We(14) reported the formation of the
perithecia in culture of the fungus and named it Ophiobolus Miyabeanus
in 1927.

Personal observation. The fungus attacks the rice-plant in every
stage of its development and is one of the most widely distributed
parasites on rice in our country. In Hokkaido, the senior author first
noticed its occurrence in Prov. Tokachi in 1915, and it has since been
found more widely distributed year after year. At the present time,
it is observable in every rice-field in Hokkaido and the most serious
damage is caused by it to the rice-cultivation, especially in a boggy or
acid-soil district. The effective controlling methods are the hot water
treatment of the seed and precautions against the diseased straw, because
the conidia of this fungus on grain and the mycelinm in the diseased
straw and grain are the chief agents of overwintering and serve to be
the source of the primary infection of the fungus in the next season(17).

The mature perithecia are formed in the cultures of the conidia
and hyphae isolated from the diseased tissues of the leaves, rachis, and
grains of rice (Pl. IX, fig. 5), and they are also formed on moistened
filter paper in a Petri-dish, on which are laid these affected organs of
the rice-plant. They have not been found in field up to the present.
The formation and maturity of the peritheecia are mostly influenced by
the following environmental conditions.

a) Temperature. Optimum temperature for the formation of
mature perithecia is from 25° to 28°C. In the laboratory-room, they
are formed from early in May to the middle of September and especially
in the early or middle part of July or from late in August to early in
September.

b) Moisture. Saturated moisture or the presence of a little water
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in a moist chamber is favourable for their formation.

¢) Light. Light seems to be somewhat favourable for it, if tempera-
ture is constant.

d) Cultural media. Rice-culm decoction agar is the most suitable
medium, corn meal agar follows it, but decoction agars of onion, potato,
oat-culm and plum as well as bouillon agar are not fitted for the forma-
tion of the mature perithecia.

Single-spore-cultures of the ascospores from the perithecia thus
obtained were made and the conidia were produced in the culture after
ten days, then they were inoculated to the leaves of rice and other cereals,
and the characteristic lesions appeared only on the leaves of the rice-
plant as the result of infection.

Remarks on the taxonomy. In 1910, I. Mivare(21) published a
paper on the fungi on rice-plant in Japan, with an enumeration of all
the species recorded on the same host up to date. Among the species
recorded, there is only one species which has filiform ascospores which
he described under the name Ophiobolus Oryzae. In 1918, K. Hara(9)
published a book on the diseases of the rice-plant, in which he stated
that Mivaxe’s fungus is identical to Oph. herpotrichus (Fr.)Sacc. This
species is somewhat related to the present fungus, but the dimensions
of all parts do not correspond. The fungus in guestion is also distinet
from the four other species of Ophiobolus discussed in the present paper,
having the largest perithecia and characteristic conidia, as well as
showing the different pathogenicity.

The mature perithecium contains many asei, in which one to eight
ascospores are formed and they coil in a close regular helix (P1. IX, fig.
3 &4). As C.Dzecasuer(7) has already discussed in the case of Oph.
heterostrophus, in the absence of a more appropriate genus for the
fungus with such peculiar helicoid ascospores, the present fungus is also
tentatively assigned to the genus Ophiobolus. As the name Oph. Oryzae
is already occupied as above mentioned, we proposed a new name Oph.
Miyabeanus for the present fungus. The diagnosis of the fungus is
given as follows:—

Ophiobolus Miyabeanus It1o et KURIBAYASHI
in Ann. Phytopath. Soc. Japan, II, no. 1, p. 7, 1927.
Syn. Helminthosporium macrocarpum TaUM. (not Grev.) Die Pilze
der Reispflanze (Oryza sative Lainn.), p. 15, 1889.
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Hel. Oryzae Brepa pe HaaN, in Bull. Inst. Bot. Buitenz. VI,
p. 11, 1900.

Hel. Oryzae MivaBe et Hori, in Rep. Centr. Agr. Exp. Sta.
Tokyo, XVIII, p. 67-81, 1901.

Conidia, when mature, sooty brownish, obelavate, fusiform or long
ellipsoidal, mostly slightly curved, widest somewhat below the middle,
G- to 10-septate, 70-130 x 15-22.5 u; wall not fragile. Germinating by
the production of two polar germ-tubes.

Perithecia brownish black, pseudoparenchymatous, flask-shaped,
with ostiolar beak; bodies globose or depressed globose, 370-760 x 370~
780 u; beaks well developed, conical or cylindrical, 95-200x 55-110 u;
many hyphae and conidiophores produced on the young perithecia, later
disappearing. Asci numerous, fusiform or cylindrieal, straight or
slightly curved, widest somewhat below the middle, rounded at the apex,
shortly stipitate at the base, wall hyaline, thin, 140-235 x 21-36 g, with
1 to 8, mostly 4 or 8 ascospores. Ascospores flagelliform or filiform,
obtusely pointed at both ends, more or less wider at the apical portion
than the basal, 6-16-, mostly 8-12-septate, eoiled in a close helix, 235-
468 x 6-9 u, hyaline or light olive green in ecolour.

Hab. On Oryzoe sativa L.

2. OPHIOBOLUS SATIVUS (P. K. et B.) Ito et KuriBaAYASHI

Historical review of the fungus in Japan. The disease of barley
caused by the fungus was first recorded by K. Sawapa (35) from Formosa
in 1918. S. Ewomoro(8) reported in 1929 on the remarkable form-
variation of the conidia under varied temperatures and nutrients in the
culture, as well as the resistance of the fungus to heat and chemicals.
Y. NisrIkApo{27) in 1928, also recorded the morphological characters
. of this fungus, and in the next year, the junior author K. KURIBAYASHI
(16) reported the ascigerous stage of this fungus in culture.

Personal observation. The occurrence of the present fungus is
known only in Formosa and Hokkaido. In the latter distriet, we col-
lected the fungus in many localities in the provinces of Ishikari, Kushiro,
Kitami and Oshima. The severe outbreak of it is often observed in Prov.
Ishikari, especially in the vicinity of Sapporo, where the leaves and
grains of barley are attacked and the foot-rot of wheat is also caused by
the fungus. In 1927, we collected many affected leaves of barley (PL VII,
fig. 4) and wheat in the experimental plot of the University, and obtained
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many perithecia of the fungus in cultures from these materials. The
most suitable medium for the formation is rice-culm decoction agar,
and the incipient stage of the perithecia is noticeable on the fifth or
sixth day of culture. They attain to maturity in five or six weeks (PL
IX, fig. 1). If the fully matured perithecia were left 20 days more in
the cultures, the cells of the ascospore would be found separated into
short rods. As in the case of Ophiobolus Miyabeanus, the formation and
maturity of the perithecia are mostly influenced by the environmental
conditions. The mature perithecia are formed more abundantly in the
cultures placed in the laboratory-room from the middle of May to the
middle of July than those in an incubator of 25°C., but they were not
produced on a moistened filter paper in a Petri-dish.

The typical conidia of Hel. sattvum were obtained from the single-
spore-culture of the ascospores and produced the characteristic lesions
on the proper host-plants, when they were transferred on to them.
The seedlings from the seeds of naked barley and wheat smeared arti-
ficially with the conidia have shown a symptom of foot-rot, causing
the brownish discoloration on the portion of the culms at the ground
level.

Remarks on the taxzonomy. Compared with the related species
Ophiobolus graminis Sacc., the present fungus is larger in the dimensions
of all parts of the perithecia and has such remarkably coiled ascospores.
From the four species of Ophiobolus discussed in the present paper, the
fungus is easily distinguishable by the broader asci (Pl IX, fig. 2),
the nature of conidia, and its pathogenicity.

In the single-spore-cultures of the ascospores, it produces the typical
conidia of Helminthosporium sativum, which are characterized by the
dark brown and fragile wall, and the production of many deformed,
Y-shaped conidia.

Since the ascigerous stage of the fungus has not been described, we
proposed the name Ophiobolus safivus, considering that the name Hel-
minthosporium sottvum given by Pammen, Kive and BARKE(29) to the
conidial stage is preferable, and regarding Hel. Sorokianum SAcc. as a
probable synonym in spite of its priority, as DrEcHSLER(6) has already
discussed on this point.

The diagnosis of the fungus is given as follows:—
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Ophiobelus sativas (P. K. et B.) Ito et KuriBaYvASHI
in Trans. Sapporo Nat. Hist. Soc. X, p. 144, 1929.

Syn. ? Helminthosporium Sorokianum Sacc. in Wiss. Arb. Nat. Ges.
Kais. Univ. Kasan, 1890, p. 15; in Zeits. Pflanzenkr, I, p. 235, 1891.
Hel. sativum Pavmrer, King et BAKKE, in Towa Agr. Exp. Sta.
Bull. no. 116, p. 178-190, 1910.
Hel. acrothecioides LinDprogrs, in Svens. Bot. Tidskr. XII, p.
227, 1918.

Conidia, when mature, blackish brown, fusiform, obclavate, ellip-
soidal or ovate, rounded at both ends, variable in shape, often forked
at the upper part in Y-shape, slightly curved in nature, or straight in
cultures, 2-13-septate, 60-108 x 17.5-28 u; wall thick, very fragile. Ger-
minating by two polar garm-tubes.

Perithecia blackish brown, thick, pseudoparenchymatous, flask-
shaped, with ostiolar beak ; bodies globose or subglobose, 340470 x 370—
530 u; beaks well developed, paraboloid when young, later cylindrical,
90-150 x 80-110 u; many hyphae and conidiophores produced on young
perithecia, later disappearing; short setae (or most probably un-
developed conidiophores) often present on the beaks. Asei numerous,
fusiform or cylindrical, straight or slightly curved, widest somewhat
below the middle, rounded at the apex, shortly stipitate at the base,
with hyaline, thin wall, 110-220 x 32-45 x, with 1-8, mostly 4, 6 or 8
ascospores. Ascospores flagelliform or filiform, obtusely pointed at both
ends, more or less broader at the apical portion than at the basal,
6-13-septate, constricted at the septum when absorbed water, coiled in a
close helix, 160-360 x 6-9 u; wall thin, hyaline or light olive colored in
low magnification, gelatinous.

Hab. On Hordeum sativum JEess. (common and naked barley) and
Triticum vulgare 1.

3. OPHIOBOLUS SETARIAE (Sawapa) Ito et KURIBAYASHI

Historical review of the fungus in Japan. The disease of Italian
millet (Setaria stalica Brauv. var. germanica TrIN.) caused by the
fungus in question appears to have been first observed by K. YosHINO
(42) in 1906, who noted its occurrence in Kiushu and attributed it is to
a species of Helminthosporium, somewhat related to Hel. turcicum Pass.
In 1912, K. Sawapa(34) of Formosa deseribed the symptoms of the
disease and the diagnosis of the causal fungus, which he named Hel.
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Setariae as a new species. Y. NisHIKADO(23) in 1925, recorded this
fungus on Italian millet as well as on Setaria viridis, and K. NARATA
with 8. Taximoro(22) in 1928, recorded its ocecurrence in Corea. A
detailed account of this fungus was reported by Y. NisHigADo(27) in
1928, and he noticed that the causal fungus is identical to Hel. Setariae
on Setaria viridis in Denmark which was deseribed by Linp(19) in 1913.

Personal observation. The fungus is found in many regions of our
country and is parasitic on the leaves and spikes of Italian millet,
Setaria glauca, 8. viridis and its variety purpurascems, causing small
dark brownish spots or leaf-blight. In Hokkaido, we often met with
the disease in the fields in the provinces of Oshima and Ishikari, but it
has not been doing any considerable damage on Italian millet.

In the fall of 1927, some affected leaves of Italian millet were
brought into our laboratory from Ohno-mura, Prov. Oshima, and the
affected tissues were carefully cut off and placed on rice-culm decoction
agar in Petri-dishes. These dishes were placed in an incubator of 25°C.
On the fifth or sixth day of culture, the mycelium had grown on the
tissue and agar medium, and after about four weeks the perfect mature
perithecia were produced among web-like mycelium. By the single-
spore-culture of the ascospores thus obtained, many conidia were pro-
duced on rice-culm decoction agar. When the conidia were transferred
on to the leaves of Italian millet and other cereals the characteristie
lesions appeared on the former plant as the result of infection. When
the seeds of Italian millet smeared artificially with the conidia were sown
in the soil, soon after germination all seedlings died away showing
blackish brown discoloration on the portion of the stem at the ground
level and then abundant conidia were produced on the dead seedlings.

Remarks on the tazonomy. The perithecia thus obtained were cave-
fully examined under a microscope and we ascertained the fungus to
be a species belonging to the genus Ophiobolus. As far as we are aware,
there is no record on the ocecurrence of Ophiobolus on Italian millet.
Compared with the other four species of Ophiobolus discussed in the
present paper, the fungus is closely related to them in the ascigerous
stage, but it is quite different in the conidial stage. The conidia of
this fungus are produced abundantly on the cultural media, and the
wall is dark olivaceous and fragile. These characters somewhat coincide
with those of Ophiobolus sativus, but the narrower width of the conidia
and the pathogenicity of this fungus prove clearly its distinetness.

The diagnosis of the fungus is given as follows:—
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Ophiobolus Setariae (Sawapa) ITo et KUriBAYASHI
in Proc. Imp. Aecad. VI, p. 352, 1930.

~ Syn. Helminthosporium Setariae Sawapa, in Taiwan Nojiho (Bul-
letin of Formosan Agriculture), no. 64, p. 19, 1912,
Hel. Setariae Litno, Danish Fungi, p. 527, 1913.

Conidia, when mature, dark olivaceous, sometimes lighter colored in
both end-cells, fusiform, obclavate or ellipsoidal, mostly somewhat eurved,
slightly broader at or somewhat below the middle, tapering toward both
ends, 5- to 10- septate, 40-120 x 10-18 u; wall fragile. Germinating by
the production of two polar germ-tubes.

Perithecia dark brownish, pseudoparenchymatous, flask-shaped, with
ostiolar beak; bodies globose or short ellipsoidal, 240-500x 220-315 yu;
beaks well developed, paraboloid or cylindrical, 60-125 x 50-110 . Asei
numerous, fusiform, straight or slightly curved, widest somewhat below
the middle, rounded at the apex, shortly stipitate at the base, hyaline
thin walled, 130-150x 22-32 g, with 1 to 8 ascospores. Ascospores fili-
form, wavy, obtusely pointed at both ends, 5-9-septate, coiled in a close
helix, 200-315 x 6-7 u, hyaline or light olive colored in low magnification.

Hab. On Setaria italica BEavv. var. germamica Trin., 8. glauca
Brauv., S. viridis Beauv. and its var. purpurascens Maxim.

4. OPHIOBOLUS HETEROSTROPHUS DRECHSLER
in Jour. Agr. Res. XXXI, p. 723, 1925.

Syn. Helminthosporium Maydis NiSEIRADO et MIYAKE, in Morioka
Kono Dosokwar Gokujutsu Tho (Seci. Res. Alumni Ass. Morioka Agr.
Coll.), 111, p. 52, 1926.

Historical review of the fungus in Japan. In the course of studies
on Helminthosporium turcicum Pass. of maize-plant, Y. NisgEIKADO and
C. MivAaKE(24) noticed that there is another Helminthosporium differing
in the shape of conidia, as well as in its symptoms on the same plant.
After the comparative study, they ascertained it as a mew species and
gave the name Hel. Maydes in 1926. After the manuscript of the paper
was put in press, C. DrecusLER(7) published a paper on the leaf-spot
disease of maize caused by Ophiobolus heterostrophus. After the com-
parison, NISHIKADO(25) recognized both to be fungi belonging to the
same species. '

Personal observation. The present fungus is widely distributed in
our country. In Hokkaido, we often collected it in many places in the
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provinees of Iburi and Oshima. Generally the fungus occurs associated
commonly with Hel. turcicum on the same leaves of maize, but does not
do as great damage as in the case of the latter. In the fall of 1926,
affected leaves were brought to the laboratory from Kuttchan, Prov.
Iburi, and Ohno-mura, Prov. Oshima, and the isolation of the fungus
was carried out on rice-culm decoction agar and corn meal agar. After
four weeks, we obtained the mature perithecia on both of them. When
the leaves were placed on the moistened filter paper in a Petri-dish, the
perithecia were also produced, though few in number. After a careful
comparison, we decided the fungus to be identical to Ophiobolus hetero-
strophus.

Remarks on the taxonomy. Among the other four species of Ophio-
bolus discussed in the present paper, Oph. Miyabeanus closely resembles
the fungus in question in the morphology of the perithecia, except for
being somewhat smaller in every part. However, the conidial stage as
well as the pathogenicity are quite different from one another.

The diagnosis of the present fungus is omitted here, as C. DRECHSLER
and Y. Nisuikapo have already well described it in their papers.

5. OPHIOBOLUS KUSANOI NISHIKADO
in Jap. Jour. Bot. IV, p. 108, 1928.

Syn. Helminthosporium Kusanot NISHIKADO, in Ohara Nogyo Ken-
kyusho Tokubetsu Hokoku (Omara Inst. Agr. Res. Sp. Rep.) IV, p. 150,
1928.

Historical review of the fungus tn Japan. The present fungus on
Eragrostis major Hosr was first deseribed by Y. Nisuigapo (26, 27) in
1928, and is a single species of Ophiobolus having the conidial stage of
Helminthosporium which formed the mature perithecia on the dead culms
of the host-plant in the field. He proved the relation of the conidia and
ascospores by the cultures of these spores.

Personal observation. The present fungus has not yet been col-
lected at any place outside Prov. Bizen. By the kindness of Y. NisuI-
KADO, We were able to examine the mature perithecia and conidia. Com-
pared with the other four species of Ophiobolus discussed in the present
paper, the present fungus is characterized by the smallest size of the
conidia and perithecia. The diagnosis of the fungus is omitted here, as
Y. N1sHigADO has already well deseribed it.
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IV. COMPARISON OF THE SPECIES OF OPHIOBOLUS
HAVING HELMINTHOSPORIUM FOR
THEIR CONIDIAL STAGE

Differences of the above mentioned five species of Ophiobolus having
Helminthosporium for their eonidial stage parasitic on the Japanese
grasses will be summarized in the following paragraphs.

1. Conidial stage

It is a well known faet that the conidia of Helminthosporium are
remarkably varied in shape, color and size caused by the environmental
conditions during their formation. Stevens(37), Dosparn(5), CHRIs-
TENSEN (2) and ExoMoro(8) have already pointed out this phenomenon
in Helminthosporium sativum, and Y. NisHigapo in Hel. Oryzae and
Hel. Maydis. We also recognized it in Hel. Oryzae and Hel. satrwum.
From this fact, it is evident that the comparison of the conidial stage
of these species must be undertaken on material under the same condi-
tion. However, the variability of the conidia of a single species shows
some distinet limitation or tendency, and does not generally surpass the
limitation of such a species.

a) General character of conidia. Each species may be distin-
guished by the general character of the conidia as given in the following
table. :

TABLE 1.—Showing the different character of the conidia of
five species of Ophiobolus

Species General charseters

Obelavate, fusiform or long ellipsoidal, typically obelavate,
0. Miyabeanus showing long and large appearance, widest somewhat below
the middle, moderately curved, dark brown, with firm wall.

Obclavate, fusiform or ellipsoidal, variable in shape, often
forked, showing broad appearance, widest somewhat below
the middle, slightly curved in nature, straight in culture,
blackish brown, with thick fragile wall.

0. sativus

. Fusiform, obeclavate or ellipsoidal, showing narrow ap-
0. Setariae pearance, slightly broader at or somewhat below the
middle, slightly curved, dark olivaceous, with fragile wall.

Fusiform or Jong ellipsoidal, showing slender appearance,
0. heterostrophus widest nearly at the middle, curved, dark olivaceous, with
firm wall,

) Obclavate, showing short and small appearance, widest
0. Eusanot somewhat below the middle, straight, dark olivaceous, with
fragile wall.
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b) Size and septation of conidia. Measurements of the conidia of
each species, except Ophiobolus Kusanot, produced on rice-culm decoction
agar in an incubator of 25°C. are given in the following table.

TABLE 2.—Showing the size and septailion of the conidia of
five species of Ophiobolus

Species Length (in u) Width (in x) Septation
0. Miyabeanus 72.5-127.5 15 -22.5 6-10
0. sativus 60.5-107.5 17.5-27.5 2-13
0. Setariae 50 -120 10 =175 5~9
0. heterostrophus 67.5~107.5 15 -175 6-10
0. Kusanoi* 25.5- 66.3 10.2~20.4 1- 6

* From Y. NisHIKADO(27).

2. Perithecial stage

a) Perithecia. The perithecia of each species are almost similar
in general features. Bodies of the perithecia are mostly globose or sub-
globose and rarely short ellipsoidal, and the ostiolar beaks are paraboloid
in shape when young, later becoming cylindrical. Such elongation is
most remarkable in Ophiobolus Miyabeanus when placed in a moist
chamber. In general, the wall of the perithecia is blackish brown, thick
pseudoparenchymatous and fragile in texture. When young, their sur-
face is usually provided with hyphae and conidiophores. Short setae or
more likely unripened conidiophores are often noticeable on the ostiolar
beaks of Oph. sativus and Oph. Kusanoi. The dimensions of the peri-
thecia are quite different in each species as shown in the following table.

TABLE 3.—Showing the size of the bodics and ostiolar beaks of the
perithecia of five species of Ophiobolus

Bodies Ostiolar heaks
Speeies
Height (in #) | Width (in #) | Height (in ) | Width (in )
0. Miyabeanus 370~760 370-780 95-200 55-110
0. sativus 340~-470 370-530 90-150 80-110
0. Setariae 240-~500 220-315 60-125 50~110
0. heterostrophus* 400 400~-600 150 150
0. Kusanoi** 300-350 300-350 — —

* From DRECHSLER(7), ** from Y. NisHIKADO(27).



ASCIGEROUS FORMS OF HELMINTHOSPORIUM IN JAPAN

99

b) Asce. Generally, the asci are fusiform, cylindrical or clavate,
with rounded apex and short stipitate base, widest somewhat below the

middle, and with thin but firm wall.

The dimensions of these speecies

are quite different, for instance the longest in Ophiobolus Miyabeanus,
the widest in Oph. sativus and the narrowest in Oph. Kusanor.

TABLE 4.—Showing the size of the asci of five species of Ophiobolus

Species

Length (in &)

Width (in &)

0. Miyabeanus

0. sativus

0. Setariae

Q. heterostrophus™
0. Kusanoi**

142-235
110-220
130-150
160-180
130-170

21-36
32-45
22-32
24-28
14-18

* From DRECHSLER(7), ** from Y. NisHIKADO(27).

¢) Ascospores.

flagelliform or filiform in shape and obtusely pointed at both ends.

shape, septation and size differ somewhat in each species.

The ascospores of these species are generally
The
They are

flagelliform with a broader apieal part in Ophiobolus Miyabeanus, Oph.
sattous and Oph. Kusanoi, while filiform and symmetrical, tapering

toward both ends in Oph. heterostrophus and Oph. Setariae.

Among

them Oph. Miyabeanus has the longest, and Oph. Kusanot has the

shortest ascospores.

Miyabeanus and Oph. sativus.

TABLE 5.—Showing the size and septation of the ascospores of
five species of Ophiobolus

Septation more than ten is observable in Oph.

Species Length (in #) Width (in u) Septation
0. Miyabeanus 235-468 6-9 6-16
0. sativus 160-360 6-9 6-13
0. Setariae 200-315 6-7 5-9
0. heterostrophus* 130~-340 6-7 5-9
0. Kusanoi** 140-170 5 6~ 8

* From DRECHSLER(7), ** from Y. NisHIKADO(27).
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3. Pathogenicity

For the determination of pathogenicity, cross inoculation experi-
ments of each species, except Ophiobolus Kusamoi, were conducted on
the leaves of ten species of cereals. The eonidia used in the experiments
were obtained from the single-ascospore-cultures in Oph. Miyabeanus,
Oph. satiwus and Oph. Setariae, and from the cultures transferred from
NisHIKADO’S culture in Oph. heterostrophus. The results are given in
the following table.

TABLE 6.—Showing the different pathogenicity of each species of Ophiobolus

Plant inoculated |0. Miyabeanus 0. sativus 0. Setariae | O. heterostrophus
Oryza sativa 44+ 4+ + + — +
Setaria italica

var, germanica ++ + FRNRTRES
Panicum miliacewm 4+ + + + 4+
P, Crus-Galli

var. frumentaceum + 4 + +
Hordeum sativum

(common barley) ++ + e ++
H, sativum

(naked harley) ++ R o
Triticum vulgare + ERNENIRR -

Avena sative + + -
Secale cereale +
Zea Mays + + - +++++

N.B. According to the inoculation experiments conducted by Y. NISHIKADO(26),
Oph. Kusanoi does not infect the leaves of Oryza sativa, Setaria italica and Panicum
Crus-Galli var. submuticum.

4. Analytical key to the species of Ophiobolus

I. Ostiolar beaké of perithecia without any seta

1. Ascospores mostly flagelliform, often septate more than ten;

conidial wall firm ............. ....Ophiobolus Miyabeanus
2. Ascospores mostly filiform, septate less than ten
A. Conidial wall irm ............ Oph. heterostrophus

B. Conidial wall fragile .......... Oph. Setariae
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II. Ostiolar beaks of perithecia with setae (or immature conidiophores)

1. Ascospores often septate more than ten;

conidial wall fragile ............... Oph. sativus
2. Ascospores septate less than ten;
conidial wall fragile ............... Oph. Kusanoi

V. SPECIES OF PYRENOPHORA
1. PYRENOPHORA GRAMINEA (Raem.) I10 et KURIBAYASHI

Historical review of the fungus in Japan. The well known stripe
disease of barley was first recorded in our country by S. Hori(11) in
1899 and later by Y. TaramasH1(38), K. SAwapa(36), M. SagURraAI(33),
K. Hara(10) and others who have reported on the fungus as well as on
methods of its control. Y. NisHEIkADO(27) also recorded a detailed
account of the disease and its causal fungus.

Personal observation. The present fungus is widely distributed in
our country. In Hokkaido, it oceurs in all barley-growing regions, and
1s recognized as one of the most serious diseases of barley, showing a
characteristic systemic symptom. Since 1926, we often collected a speecies
of Pyrenophora on barley-stubble in the vicinity of Sapporo and proved
that it is a real ascigerous stage of Helminthosporium gramineuwm (Pl
VII, fig. 5), after a careful study on its cultural character as well as on
its pathogenicity.

The fungus occurs on the leaves producing a special lesion with
a dark olivaceous velvety appearance by the abundant production of the
conidiophores and conidia (P1. VII, fig. 1). The perithecia of this fungus
are formed only on straw or stubble of the host-plants affected by the
fungus in the growing season and special attention must be paid to find
them on account of their small number and small size, representing a
remarked contrast to other species. Usually, the fungus does not produce
conidia on the various culture media, and some of its strains produce
only the immature perithecia on sterilized straw, but in their small
number and smaller size, differing from Pyrenophore teres and Pyr.
japonica. The growth character of the single-ascospore-cultures is the
same as that of culture of the conidia. By the inoculation of the hyphae,
local infection occurs on the leaves of common and naked barley, form-
ing only a small number of small dark brownish spots. When barley-
seeds smeared with the hyphae of the fungus were sown, the started
plants showed a characteristic symptom after 30 days. The conidia
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associated with the perithecia on straw also produce a few dark brown
spots, when they were transferred on the leaves of the host-plants, buf
the size of .the spots does not enlarge, as in the case of the inoculation
conducted with the hyphae.

Remarks on the taxzonomy. As to the ascigerous stage of Helmin-
thosporium graminewm, first Diepicre(4), later Noack (29), PaxTon (31)
and Hara (10) reported on its occurrence. But after careful compara-
tive studies on the species of Helminthosporium, DrecHSLER(6) and
Y. N1sH1gAD0(27) expressed some doubt on their results, assuming that
their perithecia may be an ascigerous form of Hel. teres. According to
our parallel experiments with Hel. gramineum and Hel. teres, we agree
with DrecHSLER’S opinion. The measurements of ascospores and the
production of the conidia on cultural media clearly show that Noack’s
fungus is Pyrenophora teres. In 1922, PaxrTon also reported the forma-
tion of the conidia, when the ascospores were transferred on corn meal
agar. The result tells us that his fungus was not Hel. gramineum.
Hara(10) collected a species of Pyrenophora on barley-straw and
identified it to be Pyr. trichostoma(Fr.) Sacc., taking it as an ascigerous
stage of Hel. graminewm. He gave the measurements of the ascospores
as 44-55x18-21 u, which rather correspond to those of Pyr. teres.
Pyrenophora trichostoma is often considered to be the perithecial stage
of Hel. gramineum, but it differs from our fungus by the smaller size of
its ascospores (44-50x 17-20 p by WiNTER(40), while 45-75 x 20-32.5 u
in ours).

After comparison with the related species, we have decided finally,
that our fungus is the real ascigerous stage of Hel. gramineum. The
diagnosis of the fungus is as follows:—

Pyrenophora graminea (RasH.) I1o et KURIBAYASHI
in Proe. Imp. Acad. VI, p. 353, 1930.
Syn. Helminthosporium graminewm RasEnmorsT, Her. Myec. no. 332,

1856.

Brachysporium gracile (WALLR.) SAcc. var. graminewm (RABH.)
Sacc. Syll. Fung. IV, p. 430, 1886.

Helminthosporium graminewm (Rapa.) Erigs. Fungi Seand.
IV, no. 187, 1886.

Napicladium Hordei RosTrUP, Sygdomme hos landbrugsplanter
foraarsagende af Synyltesvampe, p. 130-132, 1893.



ASCIGEROUS FORMS OF HELMINTHOSPORIUM IN JAPAN 103

Conidia, when mature, yellowish brown, cylindrical, straight,
rounded at both ends, 2-7-, mostly 4-5-septate, slightly constricted at
the septum when water has been absorbed, thin walled, 35-105x 15—
22.5 u, rarely up to 25 p in width. Germinating by a germ-tube from
each cell, secondary conidia often produced on germ-tube.

Perithecia developing on fully rotten straw or stubble of the host-
plant affected in the growing season, at first covered by the epidermis,
then erumpent, secattered, globose when young, later flask-shaped or conical
by the formation of short ostiolar beaks; wall blackish brown, thick,
pseudoparenchymatous, more or less firm, provided with many long setae
and conidiophores on the surface; bodies 350-850 u in height, 450-800 u
in long diam., 350-700 u in short diam.; ostiolar beaks short paraboleid
or eylindrical ; conidiophores intermixed with setae, rounded at the apex,
with sears of conidia. .Asci numerous, fasciculate, long clavate, rounded
at the apex, short stipitate at the base, mostly curved, wall thick when
young, thin at maturity, hyaline, firm, 225-425x 32-50 u, variable in
size aceording to the number of including ascospores, with 1-8, mostly
4 or 8 ascospores. Ascospores yellowish brown, ellipsoidal, rounded at
both ends, with 3, rarely 2 transverse septa, without or with one or two
longitudinal septa in the median one or two cells, greatly constricted at
the septum, wall hyaline, with gelatinous sheath, 45-75 x 20-32.5 14 (mean
59.23+0.47 x 24.28 0.2 ). '

Hab. On Hordeum sotivum Jess. (common and naked barley).

2. PYRENOPHORA TERES (Sacc.) DRECHSLER

Historical review of the fungus in Japan. In 1903, Y. TARAHASHI
(38) recorded this fungus from Hokkaido, pointing out the different
symptoms of the disease from the stripe of barley and giving the
results of the controlling experiments. In 1905, K. YosamNo0(41) briefly
reeorded its oceurrence in Prov. Higo, Kiushu. In 1928, Y. NisHIRKADO
and C. M1vAgRE(28) published in detail on the conidial as well as on the
perithecial stage of the fungus.

Personal observation. It seems to be a widely distributed fungus
in our country, although not many records have been given of its oceur-
rence, probably owing to the misunderstanding for Helminthosporium
gramineum. In Hokkaido, the fungus occurs frequently on the leaves
of varieties of barley used for beer-brewing.

The conidia of the fungus are so sparsely produced on the affected
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leaves that they are hardly detected by naked eyes. When the perithecia
are formed on straw or stubble, the conidia are also poorly produced,
showing only a sooty color to a slight degree. The perithecia are
usually found on barley-straw or stubble in a field (P1. VII, fig. 7) regard-
less as to whether or not the erop of growing season had been affected
by the fungus. The volunteer barley-seedlings after harvesting are
often affected by the fungus, showing the characteristic net-blotch on
the leaves (Pl. VII, fig. 3).

Single-ascospore-cultures from the perithecia collected in the vicinity
of Sapporo were prepared in order to prove the cultural character and
pathogenicity. Immature perithecia with very long setae were produced
abundantly on the surface of the sterilized culms of rice, barley and
corn, which were laid on culture agar in Petri-dish. On rice-culm decoc-
tion agar, corn meal agar and oat meal agar, the conidia were produced
abundantly, and the special claw-like hyphal bands were formed on
the margin of cultural vessels, differing from other species of Pyreno-
phora diseussed in the present paper. The characteristic lesions of
net-blotech were formed on the leaves of common and naked barley by
the inoculation of the conidia found accompanying the perithecia on
stubble. The hyphae from the single-ascospore-cultures as well as
isolated from the affected leaves also produced long brownish spots with
netty appearance. Only the first leaf of seedling from barley-seed,
smeared artificially with the hyphae, died away presenting long netty
lesions on the sheath.

Remarks on the taxonomy. The present fungus is easily distinguish-
able from Pyrenophora graminea by the long, many-septate, lighter
colored conidia and the smaller ascospores (Pl. VIIL, fig. 2). It also
differs in the cultural character and pathogenicity. From Pyr. japonica,
it differs in width and color of conidia and smaller size of aseospores,
moreover in the presence of the special hyphal bands in cultures as
well as in its symptom of net-blotch. From Pyr. Avenae, it differs in the
septation of ascospores.

In 1903, DiepickE(4) tentatively proposed a name Pleospora teres
for the ascigerous stage of Hel. teres. A. G. Jomnson(15) and C.
DrECHSLER (6) collected the real perithecia on barley-straw or stubble in
Wisconsin, and the latter author changed the genus Pleospora to Pyreno-
phora because of the presence of setae on the surface of the perithecia.
DrecHSLER also pointed out that the Pleospore graminea of DIEDICKE or
Pl. trichostoma of Noack, which were recognized by them as the peri-
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thecial stage of Hel. gramineum, is identical with the present fungus
and proposed the name Pyrenophora teres (Diep.). The name was also
used by NisHixapo(27) in 1928, but we like to use name Pyr. feres
(84c0.) beeause of the priority of SAccARDO’s name for its eonidial stage,
and from the fact that DiEpIcRE’S name is nomen nudum.

The diagnosis of the fungus is given as follows:—

Pyrenophora teres (Sacc.) DRECHSLER
in Jour. Agr. Res. XXIV, p. 656, 1923,

Syn. Helminthosporium teres Sacc. Fg. Ttal. Autog. Del. pl. 833,
1881.

Hel. Horder EmaM, in Der Landwirt. XX VII, p. 509, 1891.
Pleospora teres DiEpickE, in Centralbl. Bakt. IL Abt. XT, p. 56,
1904.

Conidia light olivaceous or sooty olive colored, cylindrical, straight,
rounded at both ends, often somewhat wider in two polar cells, 2-9-,
mostly 4-6-septate, not constrieted at the septum, with thin wall, 48—
140%x 15-22.5 u. Germinating by a germ-tube from every cell.

Perithecia developing on not yet rotten straw or stubble of the host-
plant affected or not in the growing season, at first covered by the
epidermis, then erumpent, globose or depressed globose, sometimes flask-
shaped when ostiolar beak developed ; wall blackish brown, thick, pseudo-
parenchymatous, more or less firm, provided with many long setae and
conidiophores on the surface; bodies 300-600 i in height, 430-800 u in
long diam., 350-550 u in short diam.; ostiolar beaks short paraboloid
or wanting ; setae blackish brown, long needle-shaped, straight or slightly
curved, 6-10-septate, 150-400x7.5-10 u. Asei numerous, fasciculate,
clavate, rounded at the apex, shortly stipitate at the base, wall thick
when young, thin at maturity, hyaline, firm, 190-335 x 32-42 u, with 8§,
rarely 4 ascospores. Ascospores yellowish or yellowish brown, ellipsoidal
or fusiform, rounded or more or less angular at both ends, with 3, very
rarely 4 transverse septa, without or with one or two longitudinal septa
in the median one or two cells, remarkably constricted at the septum,
wall hyaline, with gelatinous sheath, 40-62.5x 17.5-27.5 ¢ (mean 51.9+
0.39 % 21.482-0.17 u).

Hab. On Hordeum satwum JEess. (common and naked barley).
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3. PYRENOPHORA JAPONICA It0 et KURIBAYASHI

Historical review of the fungus in Japan. In 1926, we noticed a
special Helminthosporiose of naked barley cultivated at Kotoni and
Teine, near Sapporo, and named its causal fungus Helminthosporium
joponicum provisionally. In the autumn of that and the succeeding
yvears, we collected many specimens of its perithecial stage on straw or
stubble in the affected fields of the same localities. After careful studies,
the species of Pyrenophora thus obtained was ascertained by us to be
quite a different one from the related species on the same plant in its
morphological, cultural as well as pathological aspects.

Personal observation. The species occurs abundantly on naked
barley, rather rarely on common barley in Hokkaido, at least in the
vicinity of Sapporo, and at any rate the disease seems to have been
confused with the mnet-blotch caused by Helminthosporium teres.
Though the fungus occurs throughout the growing season, its dis-
semination and virulence will be specially noticed just before or in the
heading stage and in an extreme case almost all stands in a field are
subjected to its attack. Usually, late heading and poor ecrop result
from the earlier death of leaves, and sometimes no heading at all in
ithe early or severely affected cases. These dead leaves are usually
covered by a sooty mass of conidia and conidiophores on the whole
surface, and some dark brownish spots often occur on the sheath and
culms, or even on the glumes. In the last case, the seeds in such
affected glumes are often stained with small brownish spots on their
surface.

At first, the small roundish or linear dark brownish spots appear
on the leaves and they inerease in size along the veins coming to take
long elliptical or fusiform shapes, up to 50 em. in length and 5em. in
width (Pl. VII, fig. 2). These spots are often sharply delimited from
healthy part on the sides, but not clearly on their terminal ends.- Such
large conspicuous lesions are usually produced on a single leaf either
singly or in two to three, and the affected leaves gradually turn yellow
and suceumb to death. In the macroscopical appearance of the conidial
stage, one sees a quite different symptoms from the related species,
namely, from Hel. graminewm in that it differs by the non-systemic and
non-velvety spots, from Hel. feres by the absence of a net-work of
brownish longitudinal and transversal linear streaks in spots and from
Hel. sativum by the greater elongation of spots.
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In the auntumn, the peritheeia of this fungus are produced very
abundantly on straw or stubble of barley in a field (Pl. VII, fig. 6)
regardless as to whether or not the crop of growing season had been
affected by the fungus, as in the ease of above mentioned Hel. feres. In
the middle or late part of November, the majority of these perithecia
reach to maturity, which is a characteristic of the fungus, ripening
earlier than those of the congeneric fungi. The volunteer barley-seedings
after harvesting are affected by the fungus, producing the characteristie
spots on the leaves.

The perithecia are provided with very long setae on the surface
(Pl VIII, fig. 3). Such perithecia ave also produced abundantly on the
surface of the sterilized culms of rice, barley and corn as in the field, but
always remain in immature state. The single-ascospore-cultures from
the perithecia collected in a field were prepared to prove the cultural
character and pathogenicity. On agars of rice-culm decoction, corn
meal, koji, oat meal and plum decoction, the conidia are produced pro-
fusely or abundantly, and on the last medium their deformation was
often observed. The special claw-like hyphal bands as in the culture of
Hel. teres are not produced in this case, but characteristic fan-like bands
of white or grayish aerial hyphae are produced on the central part of
the hyphal mass, showing in quite different appearance from the cultures
of Hel. teres and Hel. gramineum. These cultural characters are just
the same to the cultures obtained from the conidia and hyphae on the
affected leaves. The characteristic lesions were formed on the leaves of
barley by the inoculation of the conidia found accompanying the peri-
thecia on straw or stubble. Naked barley was always more susceptible
than common barley. The hyphae from the single-ascospore-culture and
also from the affected tissues yielded similar results in the inoculation-
experiments. Brownish discoloration of the coleoptile was only notice-
able when the seeds smeared artificially with the hyphae of this fungus
were sown in the soil.

Remarks on the taxonomy. The present fungus is somewhat
related to Pyrenophora teres, but not identical from the following
differences between them. In general shape of the conidia they resemble
each other, but the conidia of the present species are sooty brown in
color and mostly 15 u (15-18 u) in width, while those of Pyr. teres olive
color and mostly 17.5 ¢ (15-22.5 u) wide. The conidiophores of the
fungus are darker in color and 6.5-9 ¢ in width, while those of the latter
lighter in color and 7.5-9.5 1 in width. Moreover, the earlier ripening
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of the perithecia and somewhat larger size of the ascospores are the
characteristics of the present fungus. The ascospores are 40—-65 x 17.5-
30, average 53.36--0.38 x 23.160.21 p in the present fungus (Pl. VIII,
fig. 3) against 40-62.5 x17.5-27.5 u, average 51.90=0.39 x 21.480.17 u
in Pyr. teres. Cultural characters are also quite different from Pyr.
teres as above stated. In respeet to suseeptibility the common and naked
barley are just opposite against these fungi, and the symptom of the
leaves is also different by the absence of net-blotch in the present fungus.
These differences clearly show that the fungus in question is undoubtedly
distinet from Pyr. teres.

From Pyr. gramines it differs clearly in the characters of the
conidia and in the size of the ascospores as well as in the cultural and
biological characters. From Pyr. Avenae it is easily distinguishable by
the number of the septa of the ascospores and also from Hel. californicum
Mackie et PaxTon(20) and Hel. Tritici-vulgaris Nisaigapo (27) by the
morphological characters of the conidia and the difference of symptoms.
After a careful comparison, we came to the conclusion that the present
fungus is new to science. Its diagnosis is given as follows:—

Pyrenophora japonica Ito et KuriBAYASHI
in Proe. Imp. Acad. VI, p. 353, 1930.

Syn. Helminthosporium japonicum Ito et KURIBAYASHI in schedule.

Conidia sooty brown, cylindrical, straight, rounded at both ends,
2-9-, mostly 4-6-septate, slightly constricted at the septum, thin walled,
42-145x15-18 . Germinating by a germ-tube from each cell, secondary
conidia often produced on germ-tubes. Conidiophores amphigenous,
single or fasciculate, straight or more or less curved, geniculate at the
apical part, 3-7-septate, sooty brown, 115-210 x 6.5-9 pu.

Perithecia developing on half rotten straw or stubble of the host-
plant affected or not in the growing season, at first covered by the
epidermis, then erumpent, easily rippened, flask-shaped or conical; wall
blackish brown, pseudoparenchymatous, rather firm, provided with many
setae and conidiophores on the surface; bodies 300-600 ¢ in height,
400-700 u in long diam., 350-500 u in short diam.; ostiolar beaks short
paraboloid or cylindrieal, about 130 x 130 u; setae blackish brown, long
needle-shaped, 6-14-septate, 150-350 x 8.5-11 . Asci numerous, fasei-
culate, clavate, more or less curved, rounded at the apex, shortly stipitate
at the base, thick walled when young, thin at maturity, hyaline, firm,
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225-350 u (rarely up to 400 p) x 35—45 u, with 8 ascospores. Ascospores
yvellowish brown, ellipsoidal, rounded at both ends, with 3 transverse
septa, without or with one or two longitudinal septa in the median cells,
remarkably constricted at the septum, hyaline, thin walled, 40-65 x 17.5—
30 2 (mean 53.36-0.38 x 23.16+0.21 u). '

Hab. On Hordeuwm sativum JEsS. (common and naked barley).

4. PYRENOPHORA AVENAE (EmaM) Ito et KUukiBavasHT

Historical review of the fumgus in Japan. The occurrence of the
fungus in our country was first recorded from Kiushu by K. YosHino
(41) in 1905, and K. Sawapa (36) described the symptoms of the
disease and the diagnosis of the fungus in 1919. Y. NisHIRADO(27) also
recorded in 1928 the fungus on Avena setive as well as on Av. fatua.

Personal observation. In our country outside of Hokkaido, little
attention has been paid to the disease caused by the present fungus, as
oat-cultivation is not extensive there, but the disease occurs widely
throughout Hokkaido and often is one of the great menaces to oat-
growers, especially in districts of peaty soil. Its outbreak is specially
noticed just before or in the heading stage of oat-plant, showing irregular
reddish brown spots on the leaves. Finally, the affected leaves die away
and result in a very poor crop. Usually, the fungus can not be detected
on the affected leaves and conidia are often produced on straw or stubble
accompanying the perithecia.

The perithecia are formed, as in the case of Pyrenophora teres and
Pyr. japonica, on oat-straw or stubble in a field (P1. V11, fig. 8) regardless
as to the occurrence or absence of the fungus on the crop in the growing
season, and they are found rather frequently on the nodal portion of
the half-rotten straw and the basal part of the fallen grains or the rachis
remaining attached to them, especially on the decaying oat-straw which
was used previously as the underlying or covering mat of some other
crop. In the vieinity of Sapporo, the perithecial formation begins in
the middle or late part of September and some of them reach to maturity
late in November.

On the various culture media, the fungus produces no conidia® and
never or very rarely produces the perithecia. Characteristic white or
grayish brown bands with fan-like apex of aerial hyphae are often

*) In the preliminary paper (13, p. 355), the conidial formation in eulture was
erroneously written as vigorous.
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formed abundantly everywhere on the surface of the hyphal mass in
the culture of rice-culm decoction agar and corn meal agar. The growth
character of the single-ascospore-cultures is the same as the cultures from
the hyphae in the affected leaves. By the hyphae from these cultures
and also by the conidia found accompanying the perithecia in a field,
the artificial infection was effected on the oat-leaves producing the
characteristic large reddish brown spots, but not on the intact or
wounded leaves of common and naked barley.

Remarks on the taxomomy. As already noticed by many investi-
gators, the morphological character of the conidia of this fungus is so
similar to that of Hel. teres, that we could secarcely distinguish them
{rom each other, though there are some differences in the cultural and
biological characters. As far as we are aware, no one has yet succeeded
to get its perfect ascigerous form. The ascospores of the present fungus
(Pl. VIII, fig. 4) are quite different from those of the congeneric species,
namely they are 3- to 6-, mostly 5-septate, while those of the four other
species of Pyrenophora discussed in the present paper are usually 3 in
septation. The difference clearly shows the distinetness of the present
fungus.

The diagnosis of this fungus is given as follows:—

Pyrenophora Avenae (Emam) ITo et KURIBAYASHI
in Proc. Imp. Acad. VI, p. 354, 1930.

Syn. Helminthosporium teres Sacc. forma Avenae-sativae BR. et
Cav. Funghi par. delle piante colt. od util. no. 80, 1889.

Hel. Avenae BipaM, in Der Liandwirt. XXVII, p. 509, 1891.

Hel. Avenae (Br. et Cav.) Ravy, in Bot. Tidskr. XXIII, p.
212-213, 1900; in Zeits. Pflanzenkr. X1, p. 25, 1901.

Hel. Avenae-sativae (Br. et Cav.) Linpavu, in Rasm. Krypt.
FL 2 Aufl. IX, p. 34, 1910.

Conidia olive or dark olive, ecylindrical, straight, rounded at both
ends, rarely forked at the apex, 2-7-septate, not constricted at the septum,
70-140 x 15-21 . Germinating by the production of a germ-tube from
each cell.

Perithecia developing on half rotten straw, grains or stubble of the
host-plant affected or not in the growing season, at first covered by the
epidermis, then erumpent, semiglobose when young, then flask-shaped or
conical by the deelopment of ostiolar beak; wall blackish brown, pseudo-
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parenchymatous, provided with many long setae and conidiophores on
the surface; bodies 300-600 u in height, 450-800 x in long diam., 350-
700 p in short diam. ; ostiolar beaks short paraboloid or eylindrical ; setae
blackish brown, long needle-shaped, straight or more or less curved, thick
walled, 5-14-septate, 250-430x9-12 u; conidiophores intermixed with
setae, rounded at the apex, with scars of conidia, often geniculate. Asei
numerous, fasciculate, clavate or cylindrical, often slightly curved,
rounded at the apex, shortly stipitate at the base, wall hyaline, firm,
250-350 u, rarely up to 400 p in length, 35-45 p in width, with 2 to §,
mostly 8 ascospores. Ascospores light yellowish or light yellowish brown,
ellipsoidal or oval in shape, rounded at both ends, with 3-6, mostly 5
transverse septa, without or with one to four longitudinal septa, greatly
constricted at the septum, wall hyaline, thin, with outer gelatinous
sheath, 50-75x 17.5-30 4 (mean 64.814-0.41x24.414-0.19 g).
Hab. On Awvena sativa L. and Aw. fatua L.

5. PYRENOPHORA TRITICI-REPENTIS (Diep.) DrRECHSLER
in Jour. Agr. Res. XXIV, p. 667, 1923.

Syn. Helminthosporium gramineuwm Rasr. f. sp. Tritici-repentis
DiepickE, in Centralbl. Bakt, IT Abt. IX, p. 329, 1902.

Hel. Tritici-repentis DIEDICKE, in Centralbl. Bakt. IT Abt. XI,
p- 56, 1904.

Pleospora Tritici-repentis DIEDICKE, l.c.

Pi. trichostoma (Fr.) WinT. f. sp. Tritici-repentis NOACK, in
Zeits. Pflanzenkr. XV, p. 203, 1905.

The ascigerous stage of the fungus on Triticum repens (= Agropyron
repens) was first reported from Europe by Diepickre(4) in 1903, and
then DRECHSLER (6) reported from America in 1923. From our country,
the oceurrence of this fungus was reported in 1928 by Y. NisHIEADO (27)
who had collected it on Agropyron semicostatwm NEES in the vieinity of
Kurashiki, Prov. Bizen.

The ascospores are short fusiform, rounded or somewhat pointed
at both ends, with 3 transverse and one or two longitudinal septa. The
shorter and broader asei and a peculiar snake-head-like shape of the
basal cell of the conidia clearly show the distinctness of this species
from other Pyrenophora deseribed in the present paper.

The diagnosis of this fungus is omitted here, as many investigators
have already well defined it.
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VI. COMPARISON OF THE SPECIES OF PYRENOPHORA
HAVING HELMINTHOSPORIUM FOR
THEIR CONIDIAL STAGE

Differences of the above mentioned five species of Pyrenophora
having Helminthosporium for their conidial stage parasitic on the
Japanese grasses will be summarized in the following paragraphs.
Among them, Pyr. Tritici-repentis was often omitted in the discussion,
as we did not actually engage in study on that fungus.

1. Conidial stage

As in the case of Ophiobolus, the shape, color and size of the conidia
of Pyrenophora depend also to a considerable extent upon the environ-
mental conditions during their sporulation. In general, the conidia on
straw in the late autumn have deeper color, often blackish brown, smaller
size and fewer septation than those on leaves in the summer time, and
those produced in a dry summer are more or less smaller in size and
fewer in septation than those in wet weather. The conidia of Pyreno-
phora japonica produced on corn meal agar are normal-shaped but
abnormally blackish brown in color, while on plum decoction agar they
are normally sooty brown and varied in shape ranging from short
ellipsoidal to a remarkable dwarf.

a) General character of conidia. The conidia of the four species
of Pyrenophora parasitic on cereals are so similar in shape, being cylin-
drical with rounded ends, that we could hardly distinguish them from
one another. The following table was prepared to show the minute
characteristics of the general features of the conidia using fresh materials
collected in the summer time.

TABLE 7.—Showing the general characters of the conidia of four species
of Pyrenophora parasitic on cereals

Species General character

Short and large. Cylindrical, variable in size, yellowish
P. graminea to yellowish brown, slightly constricted at the septum,
often producing conidiophore from the end cell.

Long and large. Cylindrical, straight, light olive to
P, teres sooty olive colored, mnot constricted at the septum, not
usually produeing conidiophore from the end cell.
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Narrow and long. Cylindrical, straight, sooty brown, not
P. japonica constricted at the septum, often conspicuously guttulate,
often producing conidiophore from the end cell.

Long and large. Cylindrical, straight, rarely intermixed
with irregular shaped conidia, olive to dark olive, not
constricted at the septum, not usually producing conidio-
pheore from the end cell.

P. Avenae

b) Size and septation of comidia. Measurements of the conidia
produced on leaves collected in the middle of June are given in the
following table.

TABLE 8.—Showing the size and septation of the conidia of five
spectes of Pyrenophora

Species Length (in #) Width (in #) Septation
P. graminea 35-105 15-22.5 2-7
P. teres 48-140 15-22.5 2-9
P. japonica 42-145 15-18 2-9
P. Avenae 70-140 15-21 2-7
P. Tritici-repentis* 50-185 11.5-23 1-8

* From Y. NISHIKADO(27).

¢) Vitality of conidia. Comparing with Ophiobolus, the conidia
of Pyrenophora seem to have very weak resistant power against dryness.
For example, the conidia of Pyrenophora graminea, Pyr. teres and Pyr.
japonica collected on July 20, 1928, have shown in the germinating ex-
periments that they have germinated at the rate of 32.8%, 18.7% and
4% respectively on October 20 of the same year, and those of Pyr.
Awvenae collected on November 10, 1926, 29.8% on December 9 of the same
year.

2. DPerithecial stage

a) Perithecial formation. The ascigerous forms of all the species
of Pyrenophora discussed in the present paper were collected in the field.
Among them, the perithecia of Pyr. graminea are formed only on straw
or stubble of the host-plant which had been attacked by the fungus in
the growing season, while those of Pyr. teres, Pyr. japonica and Pyr.
Awenae are not restricted to such remains. Accordingly we may collect
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them more easily in the latter three species than in the former. More-
over, the fact seems to have correlation to the differences in parasitism,
that is systemic in the former while loecal in others. There are also
slight differences in the.perithecial formation of each species, as for
instance they are usually produced in Pyr. graminea on culms, sheaths,
glumes or stubbles which had been laid on the soil surface and had
become fully rotten, in Pyr. teres on not yet rotten remains, in Pyr.
Jjaponica on half rotten ones, and finally in Pyr. Avenae on half rotten,
especially on the nodal portion of culms or the basal part of fallen
grains.

The formation and maturing of the perithecia depend upon the
climatic condition of the autumn period. Those of Pyr. teres mature in
the middle of March in Germany (NoAck), early in May in Madison,
North America (DrecHsLER), and in April to May at Kurashiki,
Prov. Bizen (Nismrgapo). In the vicinity of Sapporo, the forma-
tion of the perithecia of these four species parasitic on cereals begins
in mid- or late September and the majority or a part of them ripen
early or in the middle of November, just before snowfall. The percen-
tage of their maturing differs in each speeies, as about 50% in Pyr.
graminea, about 20% in Pyr. teres, about 80% in Pyr. japonica and
about 30% in Pyr. Avenae. After overwintering, their maturity pro-
gresses more or less in April to May. In the late fall, the perithecia
which are to ripen in the next spring are rather large in size and filled
with fasciculate paraphyses, while those which will remain unripened
as sclerotium-like bodies are smaller and without such paraphyses in
them, having many conidiophores on the wall in place of setae.

b) Morphological character of the perithecia. There is no remark-
able difference in the morphological character of the perithecia of the
four species on cereals. All perithecia are formed under the epidermis
and then become erumpent, with flat base, nearly round or elliptical in
surface view, and globular or semi-globular when young, then flask-
shaped or conical with ostiolar beak in side view. Ostiolar beaks are
not so well developed as in the case of Ophiobolus, assuming a short
cylindrical form or a wart-like appearance, and sometimes lacking
entirely. Among these four species, Pyr. japonica has a comparatively
well defined beak, Pyr. graminee and Pyr. Avenae succeed in order and
Pyr. teres has a very poorly developed or not beak. The wall of the
perithecia is generally rather firm and leathery, when dried becoming
rather hard so as to be not easy to crush. Setae are always present on
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the surface of the perithecia without any difference in the morphological
character in each species. The position and number of the setae as well
as number of the conidiophores intermixed with the setae seem to depend
upon the environmental condition during the perithecial formation.
Measurements of the perithecia and setae are given in the following
table.

TABLE 9.—Showing the size of the perithecia and setac of five species
of Pyrenophora

Perithecia (in ) Setae (in u)
Species

Height Long diam. | Short diam. Length ‘Width
P. graminea 350-850 450-800 350-700 60-500 7.5-10
P, teres 300-600 430-800 350~550 150-400 7.5-10
P. japonica 300-600 400-700 350-500 150~-350 8.5-11
P. 4venae 300-600 450-800 350-700 250-430 9-12
P. Tritici-repentis® — 250-350 — — —

* From Y. N1sHIKADO(27).

¢) Asci. Generally, asci are formed in great number and fascicu-
late in a perithecium, long clavate or cylindrical, often slightly curved,
with rounded apex and shortly stipitate base (Pl. VIII). The wall is
hyaline, firm, very thick (sometimes about 12 u) when young, then
becoming thin by the maturity of the ascospores, and often provided
with one or two constrietions, from which the ascospores escape when
the wall of these portions becomes broken in water. The dimensions of
the asei of each species are as follows:—

TABLE 10.—Showing the size of the asci ¢f five species of Pyrenophora

Species Length (in u) Width (in #)
P. graminea 225-425 32~-50
P. teres 190-335 32-42
P. japonica 225-350 35-45
P. Avenae 250-350 35-45
P. Tritici-repentis* 144-185 37.5-53

* From Y. NisHIKADO(27).
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Ascospores in a single ascus are typically eight in number and
arranged obliquely in distichous rows.
Avenae, the varied number of them is noticed.

In Pyr. graminea and Pyr.

TaBrL® 11.—Showing the variability of the number of the ascospores in

an ascus of four species of Pyrenophora parasitic on cereals

Number of ascospores in an ascus

. Number
Species e
examined 1 9 3 4 5 6 7 3
P. graminca 30 1 3 3 14 1 2 — 6
P. teres 30 — — — 3 - — - 27
P. japonica 30 _ — - —_ - — — 30
P. Avenae 50 — 2 2 9 2 10 - 25

Diepicke, DrEcHSLER and NisHIKADO recorded that the ascospores

in a single ascus of Pyr. T'ritici-repentis are eight in number.

d) Ascospores. The ascospores of these fungi are ellipsoidal,

obovate or short fusiform, with transverse and longitudinal septa,
rounded or somewhat pointed at the two ends, constricted at the septum,

yellow to yellowish brown, with thin wall and guttulate.

septation somewhat differ by the species (P1. VIII).

The size and

TaBLE 12.—Showing the size of the ascospores of five species of Pyrenophora
(Number of spores measured—150)

Length (in u) Width (in &)
Species
Range Mean Mode Range Mean Mode
P. graminea 45~75 59.23 60 20-32.5 24.28 25
+0.47 =+0.20
P. teres 40~62.5 51.90 30 17.5-27.5 21.48 22.5
+0.39 +0.17
P, japonica 40~65 53.36 52.5 17.5-30 23.16 25
=0.38 +0.21
P, Avenae 50~-75 64.81 67.5 17.5-30 2441 25
+041 +0.19
P, Tritici-repentis*| 50.8-63.7 - - 18.2-23.6 -~ -

* From Y. NisHIKADO(27).

By the septation of the ascospores these five species of Pyrenophora
may be divided into two groups. Pyr. graminea, Pyr. japonica and Pyr.
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Tritici-repentis represent a group, having typiecally 3, rarely 2 or 4 trans-
verse, with or without 1 or 2 longitudinal septa, while Pyr. Avenae
represents another group, having typically 5, rarely 3, 4 or 6 transverse,
with or without 1 to 4 longitudinal septa.

TABLE 13.-—Showing number of the septa of the ascospores of four species
of Pyrenophora parasitic on cereals

Species eﬁjﬂ’{;‘;‘;ﬁ Transverse septa Longitudinal septa
2 3 4 5 6 0 1 2 3 4
P. graminea 150 3 147 69 65| 16
P. teres 150 149 1 75 63| 12
P, japonica 150 150 83 ] 54| 13
P. Avenae 150 31 13 ) 127 71 50) 52| 28} 15 5

3. Cultural character

The growth character on the cultural media is characteristic in
each species on cereals. The cultures examined were obtained from
the hyphae in the affected tissues of leaves and also from a single
ascospore. These characteristics of the cultures on the various media
incubated at 25°C. are briefly given in the following paragraphs.

a) Perithecial formation. The most suitable medium for the
perithecial formation seems to be the sterilized culms of cereals. Their
formation is varying in degree by the species, that is to say, many large
perithecia are formed on barley-culms in Pyr. japonice and Pyr. teres,
but a few small ones on rice-culms in Pyr. graminea, and only one or
two perithecia rarely on oat-culms in Pyr. Avenae.

b) Conidial formation. For the conidial formation, rice-culm
decoction agar, corn meal agar and oat meal agar are suitable media.
The formation is most vigorous in Pyr. japonica, followed by Pyr. teres,
but did not oceur at all in Pyr. graminea and Pyr. Avenae.

¢) Chlamydospore-like bodies. In the cultures of Pyr. teres and
Pyr. japonica, chlamydospore-like bodies, that are blackish brown
globular bodies composed of 2 or 3 cells, are formed in corn meal agar
and koji agar. These bodies are not found in any culture of Pyr.
graminea and Pyr. Avenae.

d) Claw-ltke hyphal band. In the cultures of Pyr. teres on the
various agar media, the special claw-like hyphal bands, which are
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flattened wedge-shaped bodies with incurved apices, are produced on the
margin of the vessel when the hyphae have covered the whole surface of
the cultural media. Such a formation is not noticed in the case of other
species.

e) PFan-like hyphal band. In the cultures of Pyr. jeponice and
Pyr. Avenae, many white or grayish brown hyphal bands with fan-like
expanded apices, are erected vertically on the hyphal mass. In the
former species, these bands are mostly formed in the central part of
the hyphal mass on rice-culm decoction agar, and in the latter species
they are scattered everywhere on the surface of the hyphal mass on
various kinds of cultural media.

The above mentioned characters in the cultures of each species are
summarized in the following table.

TABLE 14.—S8howing the different characters in cultures of each species
parasitic on cercals

Speeies Peritheqial Conidi.al Chlamydospore- Claw-like Fan-like
formation | formation like hody hyphal band (hyphal band
P. graminea =+ - - - -
P. teres + + + + -
P. japonica + + -+ - +
P. Avenae = - - - +

4. Pathogenicity

As inoculum, hyphae or conidia were obtained from the following
three sources.

A....Hyhae from a single-ascospore-culture.
B....Hyphae isolated from the affected leaves.
C....Conidia found accompanying the perithecia on straw in field.

They were inoculated on the leaves of the seedling (10-15cm. in
height) of common barley (var. Chevalier), naked barley (var. Marumsi)
and oats (var. Victory). The results were measured by the length of
the effected spots, using the following standards.

T e no infeetion, =+ ........ 0.5-1cm.,
+ o 1.5-10 em., ++ ... 11-20 em.,
+++ ... 21-30 em., +4+++.... 3140 cem,,

+++-++4 ., 41-50 cm.
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TABLE 15.—Showing the results of inoculation-experiments with four
species of Pyrenophora parasitic on cereals

Common barley Naked barley Oats
Species
A B C A B C A B C
P. graminea + + + 4+ + | * _ _
P. teres ++++H T - - +
P. japonica | + ++ ++ + |+ ] - — -
P, dvenae - - - - - - [++++H+++|F++H++

From the results of the inoculation-experiments, we may conclude
as follows:—

a) Pyr. graminea produces small dark brownish spots on the leaves
of common and naked barley, but these spots do not enlarge in size.

b) Pyr. teres infects readily the leaves of common and naked
barley, especially of the former, resulting in the death of the leaves after
the formation of large dark brownish spots. A characteristic net-blotch
was conspicuously produced when inoculated with the conidia. A trace
of infection was noticed on the leaves of oats.

¢) Pyr. japonmica attacks common and naked barley, especially the
latter, forming large sooty brown spots which are somewhat similar to
those of Pyr. teres, but not net-blotched at all.

d) Pyr. Avenae infects only the leaves of oats, producing long
reddish brown to sooty brownish lesions.

In the next experiments, twenty seeds each of common and naked
barley and oats smeared artificially with the hyphae from the single-
ascospore-culture of the four species of Pyrenophora were sown under
glass. The results were as follows:—

a) In the case of Pyr. graminee, only 2 among 20 seedlings of
common barley have shown a systemic symptom as in nature after about
30 days, but all seedlings of naked barley remained healthy throughout
the whole duration of the experiment.

b) In Pyr. teres, only 3 among 20 seedlings of common barley have
shown brownish discoloration on the first leaf-sheath and then ineon-
spicuous net-blotch appeared on the leaf-blade, but no sign of infection
on the second and further leaves. Some of the seedlings of mnaked
barley only produced brownish disecoloration on the first leaf-sheath.

c¢) In Pyr. joponica and Pyr. Avenae, leaf-sheath of many seedlings
of the host-plant changed into brownish color.
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5. Analytical key to the species of Pyrenophora

I. Ascospores typically with three transverse septa
1. Basal cell of conidia snake-head like in appearance ...
.......... Pyrenophora Tritici-repentis
2. Basal cell of conidia normal
A. Claw-like hyphal band not produced in culture
a. Conidial formation greatly suppressed in culture......
e Pyr. graminea
b. Conidial formation vigorous in culture ....... Pyr. japonica

B. Claw-like hyphal band produced in eulture ........ Pyr. teres
II. Ascospores typically with five transverse septa ...... Pyr. Avenae

VII. SUMMARY

1) As it includes so many economically important parasites, the
genus Helminthosporium has been studied intensively by many workers
from the pathological as well as the myecological standpoint. However,
the ascigerous forms have been reported for a comparatively small
number of species. Fortunately, we have succeeded in obtaining new
aseigerous forms of six speecies, all of which are parasitic on the important
cereal crops in this country and abroad. In the present paper, we have
recorded observations on these fungi together with four other species,
of which the perithecial stages were already found, with special remarks
on the history of these fungi in our country, personal observations and
their taxonomy.

2) The ascigerous forms of Ophiobolus Miyabeanus Iro et Kur.
(=Hel. Oryzae Brepa pE HaaNn), Oph. sativus (P. K. et B.) Ito et Kur.
(=Hel. sativum PaumeL, Kine et BAKRE), Oph. Setariae (Saw.) ITo et
Kur. (=Hel. Sctariae Sawapa), and Oph. heterostrophus DRECHSLER
(=Hel. Maydis N1sHIKADO et MIvYARE) were secured only in cultures,
and have not yet been collected in a field. Oph. Kusanoi NISHIKADO was
obtained on the dead culms of Eragrostis major Host by Y. NISHIRADO.

3) The most suitable medium for the perithecial formation of these
species seems to be rice-culm decoction agar, with corn meal agar follow-
g it.

4) The morphological character of the conidia differs in a con-
siderable degree in each species of Ophiobolus, but their perithecia are
similar to one another, showing only some difference in their dimensions.
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5) The ascigerous forms of Pyrenophora graminea (RasH.) I10 et
Kur. (=Hel. gramineum Rasm.), Pyr. teres (Sacc.) DrecHSLER (=Hel.
teres Sacc.), Pyr. japonica Ito et Kur., and Pyr. Avenae (Emam) Ito
et Kur. (=Hel. Avenae Emam) were collected on straw or stubble of
their respective host-plants in the vieinity of Sapporo. Pyr. Tritici-
repentis (DIED.) DRECHSLER was obtained on the dead eulms of Agropyron
semicostatum NEES by Y. NISHIKADO.

6) The perithecia of Pyr. graminea are produced, a few in number
only, on straw or stubble of barley which was attacked by the fungus
in the growing season. The fungus is distinguishable from Pyr. teres
by the larger size of ascospores as well as by the cultural and biological
characters.

7) The perithecia of Pyr. japonica are produced abundantly on
straw or stubble of barley regardless as to whether or not the stand has
been affected by the fungus in the growing season, as in the case of Pyr.
teres. The fungus is distinguishable from the latter species by the
morphological and cultural characters of the ascospores as well as by
the absence of net-blotch.

8) The perithecia of Pyr. Avenac are produced abundantly in the
similar manner as in the case of Pyr. teres. The fungus is easily dis-
tinguishable from other congeneric species by the number of transverse
septa of the ascospores, that is 3 to 6, mostly 5, in this species against
2 in all others. :

9) Pyr. graminea causes a systemic symptom and only feeble local
infection on leaves, while other species of Pyrenophora infect locally
the leaves of their proper host-plants.

10) The morphological character of the conidia is rather similar
in each of the species of Pyrenophora, but they differ in the morphology
of the ascospores as well as in their cultural and biological characters.

11) The conidia of the species of Ophiobolus germinate with
bipolar germ-tubes, while those of Pyrenophora with a germ-tube from
every cell. Those of the former are more resistant to unfavourable con-
ditions than those of the latter, and may serve as a principal source
of the primary infection in the next year.

12) In the inoculation-experiments, the species of Ophiobolus
generally show a wider host range in infection, while those of Pyreno-
phora are more strictly specialized to their proper host-plants.
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conmnon barley attacked by Pyrenoplora graminca
naked harley attacked by Pyrenophora japonica
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conunon barley attacked by Ophivbolus sativus

of Pyrenophora graminea on culms of common barley
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of Pyrenophore Advenae on culms of oats
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Plate VIIL

Agcus and ascospores of Pyrenophora graminca
Ascus and ascospores of Pyrenophora teres
Perithecium, ascus and ascospores of Pyrenophora juponica

Ascus and ascospores of Pyrenophora Avenae
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Plate IX

Perithecium of Ophiobolus sativus

Two asci of Ophiobolus sativus

Perithecium of Ophiobolus Miyabeanus

Two uasci of Ophiobolus Miyabeanus

Showing the perithecia of Ophiobolus Miyabeanus, which were formed
on rice-culm decoction agar
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