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Introduction 

The first record of Erysiphaceae from Japan was that by M. J. 
BERKELEY and M. A. CURTIS, in a paper reporting new Fungi col­
lected in the North Pacific Exploring Expedition by CHARLES 
WRIGHT. In that paper, Cystotheca Wrightii on Quercus stenophylla 
collected in Loo-choo in April 1855 was first described as a new 
genus, which was considered to belong to Perisporiaceae. Since 
the publication of "The Monograph of Erysiphaceae" in 1900 by 
E. S. SALMON, a large number of our powdery mildews have been 
collected by Japanese mycologists, and those specimens were identi­
fied by E. S. SALMON, P. HENNINGS and P. & H. SYDOW. The reports 
were published in the Bulletin of the Torrey Botanical Club, Engler's 
Botanische Jahrbiicher, Memoires de l'Herbier Boissier, and Annales 
Mycologici by these authors. As these reports were published at 
about the same time, different names have been given to the same 
fungus by the different authors. From about this period, monographic 
treatments of Erysiphaceae have begun to appear in different 
countries in Europe, as for example in Italy by G. POLLACCI (1905), 
in Czechoslovakia by J. KLIKA (1924), in Norway by 1. JpRSTAD 
(1925), in Croatia by V. SKORIC (1926), and in Rumania by TR. 

SAVULESCU and C. SANDU-VILLE (1929). Also in this country, the 
new genera Sawadaea MIYABE (1914), Typhulochaeta S. ITO and 
HARA (1915), and Uncinulopsis SAWADA (1916) were described. 
The writer began studies on the Japanese species of Erysiphaceae 
in the year 1922, and has continued her researches up to the present 
time. The rich collection of specimens deposited in the Herbarium 
of the Faculty of Agriculture, Hokkaido Imperial University has 
been freely used in her studies. For the collection of the complete 
specimens of the conidial and perithecial stages, a long time has 



ERYSIPHACEAE OF J AP AN 187 

been spent. For each species, the writer has endeavored to give full 
descriptions of both stages. 

Besides, the comparative studies of all genera have been made 
on the form and formation of conidia as well as on the structure 
and formation of peritheria, because such investigations have not 
been carried out for all genera. The writer also studied with interest 
the relation between the powdery mildews and their host plants. 
Also, on Erysiphe graminis f. sp. Tritici parasitic. on wheat, a 
special study on the question of specialization has been made. 

In this paper, the writer endeavors to present not only a mono­
graphic study on all the Japanese species but also a consideration 
of many biological and morphological problems in Erysiphaceae. The 
paper is divided into two parts, the general and the systematic. In 
the former part, (1) the morphology and physiology, (2) the host 
and parasitism, (3) specialization and resistance are treated. In the 
latter part, all specimens which have been collected in every part 
of this country were carefully identified and classified. They are in­
cluded in eleven genera, viz. Cystotheca, Sphaerotheca, Podosphaera, 
Erysiphe, Uncinula, Sawadaea, Typhulochaeta, Microsphaera, Phyll­
actinia, Uncinulopsis and Leveillula. 

The writer wishes to express here her hearty thanks to Prof. 
Emer. K. MIYABE for his valuable suggestions and constant guidance, 
and moreover for his kindness in granting leave to study the numerous 
specimens deposited in the Herbarium of the Hokkaido Imperial 
University. This collection includes the many interesting specimens 
which were collected by himself and his assistants and pupils, ac­
companied sometimes with his valuable notes. The writer wishes 
also to acknowledge her indebtedness for the free use of his library 
rich in the literature relating to Erysiphaceae. 

To Prof. S. ITO, the writer desires to express here her greatest 
gratitute for his valuable suggestions and kind guidance. 

The writer has to thank Prof. Y. TOCHINAI for his kind advice; 
and her indebtedness is also acknowledged to the laboratory col­
leagues who helped her with many valuable specimens. 

The writer has to thank Sir ARTHUR HILL, the Director of the 
Royal Botanic Gardens, Kew, for a part of the type specimen of 
PhyHactinia sujjuUa (REBENT.) SACCo f. Pyri preserved in the 
Herbarium of the Gardens, which he most kindly sent at her request. 
To Dr. C. L. SHEAR, she desires to express her thanks for the speci­
mens of Uncinula polychaeta and Microsphaera Alni on Quercus. 
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The writer wishes also to express thanks to many Japanese 
mycologists for their kind help; to Dr. S. HOR! who most kindly lent 
to our Institution numerous specimens from the Herbarium of the 
Agricultural Experiment Station, Nishigahara, Tokyo; to Prof. S. 
KUSANO who most kindly gave her about six hundred specimens 
from his private collection; to Prof. T. MATSUMOTO who very kindly 
sent to our Herbarium the numerous specimens from the Herbarium 
of the Imperial College of Agriculture and Forestry, Morioka; to the 
Late Dr. T. NISHIDA who contributed to our Institution many speci­
mens from the Herbarium of the Agricultural Experiment Station, 
Kyushu; to Dr. KITAJIMA who very kindly sent to our Herbarium 
many specimens of the powdery mildews on trees and shrubs from 
the Herbarium of the Imperial Forestry Experiment Station, Meguro, 
Tokyo; to Prof. K. TOGASHI who most kindly sent the specimens 
collected by himself in Hokkaido and on Mt. Hayachine; to Mr. K. 
SAWADA who very kindly sent many interesting specimens from 
Formosa; to Messrs. T. YOSHINAGA, K. YOSHINO, K. HARA, S. IGATA, 
E. KUROSAWA, S. TANAKA and S. IWAYAMA who most kindly sent 
many important specimens at the writer's request. 

The writer wishes to acknowledge her indebtedness for the grant 
by the Imperial Academy for carrying out the present research. 

The specimens studied are all kept in the Herbarium of the 
Faculty of Agriculture, Hokkaido Imperial University, Sapporo, 
Japan. 

General Part 

I. Morphology and Physiology 

Mycelia 

Erysiphaceae have been classified in three subfamilies, 
Erysipheae, Phyllactinieae and Leveilluleae, by the character of 
parasitism. 

In Erysipheae, the mycelial hyphae are external creeping on 
the surface of the host plants and sending haustoria into epidermal 
cells. The hyphae are abundantly produced in Cystotheca, Sphaero­
theca, Microsphaera and Erysiphe; in Uncinula and Typhulochaeta, 
they are thinly effused; and in Podosphaera (except on the shoots) 
and Sawadaea, they are produced in intermediate quantity of the 
above two groups. 
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In the conidial stage, the hyphae are hyaline in all genera. In 
the perithecial stage, although they are generally hyaline, in not a 
few cases they turn gray, light brown, brown or blackish-brown in 
color. Erysiphe Pisi, Typhulochaeta japonic(1; and almost all the 
species of Uncinula are examples belonging to the former, while 
Cystotheca Wrightii, ClIstotheca lanestris, Sphaerotheca Mors­
Uvae, Sph. Humuli and Sph. japonica belong to the latter. 

For the examination of the mycelium, the following method 
was used. 

The mycelial hyphae were stripped off from the surface of the 
affected leaf with needles under a magnifier, and placed on a slide­
glass which had been moistened to a suitable degree. They were 
left exposed in the air for several minutes in order to make them 
stick to the surface of the slide. Iron-acetocarmine was poured on 
them and the slide was warmed over a gas flame for a short time. 

Small pieces of the affected leaf were fixed with Flemming's 
weak solution which had been diluted with three times its amount 
of water. After 12 hours, the pieces were slightly washed in water 
and stained with alcoholic solution of safranin. After 24 hours, they 
were washed again, and the mycelial hyphae were stripped off with 
needles from the surface of the leaf and were examined under the 
microscope. The nucleus in each cell was stained dark red in color. 
By this method, the nuclei in the mycelial cells could be exactly 
counted. Also, this method was used to determine the mother cell 
of the conidia. 

The nuclei in the vegetative mycelial cells have already been 
reported by R. A. HARPER in 1896 (13). Each cell includes one or 
many nuclei, but generally one. 

The vegetative mycelium is composed of long cells, especially 
so in the case of Erysiphe graminis and Sphaerotheca punnosa which 
are produced in the late autumn. The hyphae send out branches of 
a similar width or somewhat slender in diameter, and each branch is 
delimited from the creeping hypha by a septum. It seems that the 
hyphae have a tendency to branch especially at the margin of the 
mycelial patch. The mycelial hyphae of Uncinula, Microsphaera, 
Sawadaea, and Typhulochaeta are flexuous, delicate and easily broken, 
while those of Sphaerotheca, Cystotheca, Podosphaera, and Erysiphe 
are slightly flexuous and strong. The mycelium produced in the late 
autumn is more strong, smooth and thick-walled, and sometimes shin-
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ing, especially so in Erysiphe graminis and Sphaerotheca pannosa, in 
which cases the mycelial branches are rarely produced. In Cysto­
theca, special hairy branches are produced from the vegetative 
hyphae. 

From the mycelial hyphae, appressoria of an irregularly lobed 
shape are produced. They are firmly fastened on the epidermal 
surface of the host plant. 

Fig.1. ApPl'essoria. (x550) 

1. Sphaerothecajuliginea (SCHLECHT.) POLLACCI on Taraxacum 
ceratophorum DC. 

2. Podosphaera tridactyla (WALLR.) DE BARYOn Prunus tnjlora ROXB. 

3. Erysiphe Polygoni DC. on Polygonum aviculare L. 
4. Microsphaera Alni (WALLR.) SALM. on Castanea crenata SIEB. 

& ZUCCo 

5. Phyllactinia imperialis MIYABE on Paulownia tomentosa STEUD. 

The hyphae send haustoria into the epidermal cells of the host 
plant, and rarely, into the underlying mesophyll cells in the case 
of Uncinula. The haustoria are globose, subglobose or ellipsoidal 
in shape, sometimes in irregular forms, and about 14.4-16.8 x 7.2-
14.4 ,u in size (PI. VI, D, figs. 1-8). In Erysiphe graminis, the 
haustoria produce finger-like branches on one or both sides which 
are larger than those of other species, about 57.6-70.8 x 4.8-10.8,tt 
in size. The haustoria at first appear as small globular bodies at the 
apex of the penetration tube, and they gradually grow, assuming 
special forms peculiar to each species. 

In Phyllactinieae, the mycelial hyphae are of two forms, external 
and internal. From the external mycelial hyphae, special branches 
are sent through the stomata into the intercellular spaces of the 
mesophyll. In Phyllactinia, the external hyphae are more numerous 
than the internal, and on them we can notice here and there poorly 
developed appressoria with which they fasten to the surface of the 
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leaf, but from which haustoria have never been found penetrating 
into the epidermal cells. The internal myceliumis simple or branched, 
and it sends haustoria, 1 or 2 in number (usually 1) into the 
parenchyma or palisade cells, with which it comes in contact. When 
the internal mycelium reaches a certain length, it is checked. in 
growth.' The internal mycelium is composed of 1-3 cells (PI. VI, 
D, fig. 10). 

In 1899, the presence of. the internal mycelium was first .recog­
nized in the intercellular spaces of the mesophyll of the leaves of 
Berberis and Corylus by E. PALLA (26). In 1900, E. S. SALMON (32) 
and G. SMITH (41) reported on the internal mycelia and haustoria. 
In 1903, G.DELACROIX (7) reported on those of Ovulariopsis moricola. 
In 1930, K. SAWADA (38) published a paper under the title "On the. 
systematic investigation· of Phyllactinia in Formosa" (in Japanese), 
in which he used for the criteria of classification the characters of 
the internal mycelia and haustoria. 

In Uncinulopsis, the internal mycelium is more developed than 
that of Phyllactinia, while the characters of the external mycelia are 
similar to those of Uncinula and Sawadaea (PI. VI, D, fig. 9). 

In LeveiUuleae, the external mycelia are very scanty, and the 
internal mycelia spread widely in the intercellular spaces of the 
mesophyll of the leaves and send the haustoria into the surrounding 
parenchyma cells. The conidiophores are branched from the internal 
mycelia and are sent out through the stomata (PI. VI, D, fig. 11). 

Conidia 

The conidia of Erysiphaceae are produced in a chain on the 
conidiophore. There are two types in the formation. In one of 
them, the matured spore is solitary remaining at the apical end 
of the conidiophore and the second spore grows after the first matured 
spore has fallen down. In another type, the spores in a chain 
mature gradually downward from the apical one. Microsphaera, 
Uncinula, Uncinulopsis, Leveillula and Erysiphe Polygoni-section 
belong to the former type, while the others are of the latter type. 
In the former type, the spores rarely form a chain under certain 
conditions of the environment. In Uncinula Sengokui and U. 
Actinidiae, the conidia are sometimes, but not often, catenated in. 
a chain with two or three matured spores when they are luxuriantly 
formed in: n'ature. 
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Fig. 2. Conidia. (x 550) 

1. Microsphaera alphitoides GRIFF. & MAUBL. on Quercus dentata THUNB. 
2. Microsphaera Grossulariae (W ALLR.) LEv. on Sambucus Buergeriarta 

BLUME var. Miguelii NAKAI 
3. Uncirtula Salicis (DC.) WINT. on Salix Hultenii FLOD. var. angusti/olia 

KIMURA 
4. Erysiphe Polygoni DC. on Polygonum aviculare L. 
5. Erysiphe Cichoracearum DC. on Artemisia vulgaris L. var. kamtschatica 

BESS. 
6. Erysiphe graminis DC. on Triticum sativum LAM. var. vulgare HACK. 
7. Cystotheca lanestris (HARKN.) MIYABE on Quercus major NAKAI 
8. Sphaerotheca /1tiiginea (SCHLECHT.) POLLAeel on Lactuca Raddeana 

MAXIM. 
9. Podosphaera tridactyla (W ALLR.) DE BARYOn Prunus trijlora ROXB. 

10. Sawadaea Tulasnei (FUCK.) HOMMA on Acer pictum THUNB. var. 
eupictum PAX. a. Macro-conidia. h. Micro-conidia. 

11. Phyllactinia Fraxini (DC.) HOMMA on Alnus japonica SIEB. & ZUCCo var. 
arguta CALL. 

12. Uncinulopsis Shiraiana (P. HENN.) HARA on Celtis sinensis PERS. 
13. Leveillula taurica (LEv.) ARNAUD on Capsicum annuum L. 

193 

Microsphaera. The conidia belonging to the Alni-section are 
subglobose or ellipsoidal in shape. In the Diffusa-section, the conidia 
are elongate-ellipsoidal, oblong or cylindrical, including vacuoles and 
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granules, but lacking well-developed fibrosin bodies. The conidiophore 
has the septum at the point of branching from the creeping mycelium 
or sometimes slightly upward. 

Phyllactinia. The matured conidia are produced singly at the 
apex and they are the largest among the conidia in Erysiphaceae. 
Also, their form differs entirely from that of the other genera. They 
are clavate or broad-clavate in shape and those in some species have 
a papillate apex, including granules, vacuoles and rarely well-deve­
loped fibrosin bodies. 

Uncinulopsis. The matured conidia are produced singly at the 
apical end. They are elongate-ellipsoidal or clavate in shape, and 
smaller in size than those in Phyllactinia. The conidiophore presents 
a true spiral at the base. 

Leveillula. The matured conidia are produced singly at the 
apex, and they are clavate or cylindrical in shape. The conidiophore 
branches from the internal mycelium at the opening of a stoma. 

Although the genera in Erysiphaceae could be distinguished 
from one another by the conidial forms, the species belonging to 
the Polygoni-section of Erysiphe, the Diffusa-section of Microsphaera 
and one part of Uncinula have conidia similar to one another, 
and their classification is very difficult. 

2. Formation of conidia 

Erysipheae. In 1912, E. FOEX (8) reported the following four 
types in the formation of conidia. 

1st. type-Erysiphe graminis. The basal cell is the coni­
diophore, which produces at its apex a spore-mother cell which divides 
into two conidia, and another new spore-mother cell is again formed 
on the apex of each conidiophore, repeating the process. 

2nd. type-Erysiphe Polygoni, Uncinula Salicis, Microsphaera 
Mougeotii, Oidium Evonymi-japonici, and Oidium alphitoides. The 
spore-mother cell divides into a conidium and a new spore-mother 
cell, repeating the process. A fully matured conidium is formed at 
the end of the chain, followed by several elongated immatured spores, 
called pedicellate cells by Foex. 

3rd. type-Phyllactinia cory.lea. This type is of the same form 
as the 2nd. type, but the pedicellate cells are composed of slender cells 
and frequently of many cells. 

, .. 
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4th. type-Oidiopsis taurica. The conidiophores. arIsmg from 
the internal mycelium produce pedicellate cells composed of many 
cells. A single conidium is formed on each conidiophOl'e,. 

In 1913, the same author (10) described the development of 
the conidia of Sphaerotheca Humuli var. Humuli parasitic on Erodium 
malacoides and also of Sphaerotheca Humuli var. fuliginea on 
Calendula arvensis. The basal cell (conidiophore) is unceasingly 
divided, forming spore-mother cells. A spore-mother cell divides into 
two cells, each cell developing into a normal conidium. In ,Sphaero­
theca pannosa on Rosa, Erysiphe Cichoracearum on Senecio vl,tigaris, 
and Podosphaera Oxyacanthae on apricot, the formation of the conidia 
belongs to the first type. In 1925, the same author (11) (p. 418) 
reported again on the formation of the conidia of Sphaerotheca pa11:-

· nosa parasitic on Rosa, Podosphaera Oxyacanthae var. tridactyla on 
Armeniaca vulgaris, P. leucotricha on Malus pumila var. domestica, 
and Microsphaera Mougeotii on Lycium barbarum. In Sphaerotheca 

· pannosa, Podosphaera Oxyacanthae var. tridactyla, and P. leuco­
tricha, the conidiophore divides at its apex into two cells, the short 
upper cell dividing again into two cells. The upper one enlarges, 

· becoming a conidium. The under one is divided continually and the 
conidia are thus formed in a chain. In Podosphaera, eight cells are 
formed in a chain 00 the conidiophore, and the uppermost four cells 
become the matured conidia. In Microsphaera, the conidiophores. 
and conidia are produced in the same manner as those in Sphaero­
theca. In this case, only the terminal cell becomes a matured coni-

· dium. 
In 1905, E. S. SALMON (36) reported that when Erysiphe Poly­

goni and Oidium Euonymi-japonici forming abundant tufts of con-
· idiophores are placed in a damp and still atmosphere, the conidia are 

produced in a chain, although normally only a single matured 
conidium is produced on a conidiophore. 

For the study of the formation of conidia the following species 
were used. 

Sphaerotheca fuliginea on Taraxamtm ceratophorum (PI. IV, A, 
fig. 1), Podosphaera tridactyla on Prunus trifiom (PI. IV, A, fig. 2), 
Erysiphe Cichoracearum on Plantago major var. asiatica (PI. IV, A, 
fig. 3), E. graminis on Trjticum vulgare, (PI. IV, A, fig. 4), Sa,wadaea 
Tulasnei on Acer pic tum, Erysiphe Polygoni on Polygonum avicular.e 
(PI. IV, A, fig. 5), Microsphaera Picrasmae on Picrasma quassioides, 
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M. alphitoides on Querc1{,s crispula (PI. IV, A, fig. 7), and Uncinula 
Actinidiae on Actinidia arguta (Pl. IV, A, fig. 6). The experiments 
were made using the same method as that employed in the case of the 
mycelial staining. Nuclear staining is found necessary to discriminate 
the spore-mother cells from the conidial cells. In all samples, at first, 
the incipient conidiophore is formed as a branch from the creeping 
mycelium on the surface of the host plant, and it is easily distin­
guished from the ordinary mycelial branches by its larger size and 
position. The young conidiophore assumes a cylindrical form, and 
when it reaches about 50 f1 in length, it is delimited from the mycelium 
by a septum. The young conidiophore is divided by a septum at its 
upper portion, forming a new spore-mother cell. The nucleus of the 
young conidiophore divides into two, one of which is included in the 
new spore-mother cell, and the other remains in the conidiophore. 
The spore-mother cell divides again into two cells, the apical one 
becoming a normal conidium when matured, and the lower spore­
mother cell dividing again into two cells. Similar divisions are re­
peated forming a chain of conidiospores. The spore-mother cell is 
always left remaining between the immatured conidium and conidio­
phore. In Sphaerotheca /uliginea., Erysiphe Cichoracearum, Podo­
sphaera tridactyla, Erysiphe graminis, and Uncinula Actinidiae 
(when the conidia were produced most abundantly), 5 to 12 cells are 
formed in a chain on the conidiophore, and the uppermost 2 to 5 
cells become matured conidia. In Erysiphe graminis and Podosphaera 
tridactyla, when the conidia are luxuriantly produced under favorable 
conditions, the conidiophore sometimes divides again into two cells, 
the upper one of them forming a new spore-mother cell. In Micros­
phaera alphitoides, Sawadaea Tulasnei, Erysiphe Polygoni, and 
UncinulO"i Actinidiae (when the conidia are produced in a normal con­
dition), 4 cells are formed in a chain on the conidiophore, and only 
the terminal cell becomes a matured conidium while the second cell 
develops into a matured conidium after the first matured spore has 
fallen down. 

Phyllactinieae. In 1902, F. W. NEGER (24) reported that if a 
leaf of Corylus producing vigorous tufts of conidiophores be placed 
in a damp and still atmosphere, the conidia formed remain connected, 
making ultimately a chain of 2-4 conidia. In 1925, E. FOEX (11) 
noted the conidia formation of Phyllactinia corylea on Paliurus aust­
ralis. According to him, the young conidiophore develops as a long 
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develop gradually, they begin to turn yellow. In this stage, the 
perithecia are always spherical in form in all species. When the 
perithecia become matured, they turn brown, deep brown and brown­
ish black in color. In Cystotheca, Sphaerotheca, and some species 
of Erysiphe, Microsphaera, and Uncinula, the matured perithecia are 
spherical. In Sawadaea, Typhulochaeta, and a majority of the species 
belonging to Erysiphe, Microsphaera, and Uncinula, they are depres­
sed-globose or lenticular in shape. 

In Cystotheca, the' appendages are very scanty or generally 
wanting; in Podosphaera, those of the Tridactyla section arise erect 
at the upper part of the perithecium, while in the Oxyacanthae 
section, they are produced from about the equatorial region; in 
Sphaerotheca, Uncinula, Microsphaera, and Erysiphe, the appendages 
are generally produced from the equatorial portion or from the part 
nearer to the base; and in Sawadaea and Typhulochaeta, they spring 
from the upper part of the perithecium forming broad coronate rings 
of about 3 rows and also those perithecia turn over upside down 
when matured. 

The appendages of the perithecia of Sphaerotheca and Erysiphe 
are hyaline, pale brown or deep brown in color, aseptate or septate, 
simple or irregularly branched and sometimes interwoven in the 
mycelial hyphae. Those of Uncinula and Sawadaea are hyaline, 
or brown in some species of Uncinula, simple, dichotomously or 
trichotomously branched, aseptate or septate, and uncinate or circi­
nate at their apices. Those of Microsphaera and Podosphaera are 
hyaline or brown in color, 2-6 times dichotomously branched at the 
apical portion, aseptate or 1-3 septate. Those of Typhulochaeta are 
clavate in shape, hyaline and aseptate. 

Phyllactinieae. The young perithecia coincide in shape with 
those in Erysipheae. The matured perithecia are, however, lenticular 
or concave in shape, and their diameter is always larger than that 
in Erysipheae. The perithecia of Uncinulopsis can be distinguished 
from those of Uncinula only by their larger size and the appendages 
are the same in character. 

The appendages of Phyllactinia are always simple, excepting a 
case in which abnormal branches are produced. They are needle 
shaped, having a bulbous base. They are produced from the special 
large cells of the outer perithecial wall, and these cells are arranged 
in the equatorial zone of the perithecium. The bulbous part of the 
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appendage is first produced and then the needle part grows straight 
out. When the perithecia are matured, they are lifted up on the 
surface of the leaves by the reflexed appendages, and then they turn 
over upside down. The penicillate cells are produced at the apical 
part of the perithecium at the same time with the formation of the 
appendages. In the formation of the penicillate cells, some of the 
outer wall cells at the apical part of the perithe6um enlarge into 
oblong-shaped cells, from the apical ends of which numerous branches 
are produced in a rosette form. When the perithecia are turned 
over, by the branches of the penicillate cells which have made a 
gelatinous modification, they adhere to the surface of the leaves. 

2. Structure 

The wall of the matured perithecium is divided into two layers, 
the inner and the outer. For the study of the perithecial structure, 
the usual paraffin method was used. The sections were stained with 
safran in . and gentian-violet. The outer wall was stained reddish­
brown in color and the inner wall a violet color. The outer wall 
is composed of large cells whose wall is thickened and lignified. The 
nucleus and cytoplasm could not be found in them. The inner wall 
is composed of small hyaline pseudo-parenchymatous cells including 
1 or 2 nuclei. 

Erysipheae. The perithecia of Cystotheca lanestris on Quercus 
serrata (PI. IV, B, fig. 2), Cyst. Wrightii on Quercus glauca (PI. IV, E, 
fig. 1), Podosphaera tridactyla on Prunus triflora (PI. IV, B, fig. 4), 
and Sphaerotheca /uliginea on Taraxacum ceratophorum (PI. IV, B, 
fig. 3) were used for the study of the perithecial structure of the 
single-ascus group. In Cystotheca, the outer perithecial wall is 
composed of the collapsed cells of 4-5 layers, while the inner wall 
is always of 2 layers. The innermost layer 'of the inner wall is 
composed of cells of larger size surrounding an ascus, while the 
outer layer becomes degenerate, when the perithecia are matured. 
When pressure is applied to the perithecium, the innermost layer 
enclosing an ascus easily separates from the ruptured outer wall. 
Cystotheca is distinguished from Sphaerotheca by the difference 
in this structure of the perithecial wall. Judging from the perithecial 
structure, Cystotheca belongs evidently to Erysiphaceae, h·aving a 
close affinity to Sphaerotheca. In Podosphaera tridactyla and 



202 YASU HOM;MA . 

Sphaerotheca fuliginea, the outer wall is composed of 2 or 3 layers 
of thick-walled cells while the inner wall is of. about 2 layers of 
ordinary structure. 

The perithecia of Erysiphe Cichoracearum on Plantago major 
vaT. asiatica (PI. IV, B, fig. 7), UncinuT;a, Actinidiae on AcUnid1ia 

. arguta (PI. IV, B, fig. 8), Sawadaea Tulasnei on Acer pic tum (PI. IV, 
B, fig. 10), Typhulochaeta japonica on Quercus serrata (PI. IV, B, fig. 
5) and Microsphaera Alni on Picrasma quassioides (PI. IV, B, fig. 9) 
were used for the study of the perithecial structure of the many­
asci group. In this group, the boundary line of the inner and outer 
walls is indistinct, and the inner-wall cells are gradually continuous 
to the pseudo-parenchyma cells surrounding the asci. In Erysiphe, 
the outer and inner walls are both composed of 2 or 3 layers. In 
Uncinula, the outer wall is composed of 3 layers of large cells, and 
the inner wall is of 2-3 layers. In Sawadaea, the outer wall is com­
posed of 3-5 layers, while the inner wall is of 2 or 3 layers. On the 
outer surface of the outer wall, the hyaline cells are arranged in a 
disconnected layer, and the appendages are grown from some of 
these cells. In Typhulochaeta, the outer wall is composed of more 
or less depressed cells. The inner wall is of 2-3 layers. . In Micro­
sphaera, the outer wall is composed of 3-4 layers, while the inner· 
wall is of 2-3 layers. 

Phyllactinieae. The outer wail is composed of 3-6 layers made 
up of thick-walled cells. The inner wall is of 3-7 layers of pseudo­
parenchymatous cells, which are gradually continuous to the pseudo­
parenchyma cells surrounding the asci. These cells are almost always 
binucleate. In the under half of the outer perithecial wall in Phyl­
lactinia, 2-3 layers on the outside are composed of especially large 
cells of irregular forms and arrangement (PI. IV, B, figs. 6, 11). 

3. Formation of perithecia 

The perithecia formation of Erysiphaceae has been studied by 
many authors. In 1863, the fundamental work on the development 
and structure of the ascocarp of Sphaerotheca Castagnei (Sph. 
Humuli) was done by A. DE BARY (4). The oogonium and antheri­
dium were found to be formed at the crossing or touching point of 
two special hyphae. In 1870, the same author (5) reported on the 
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perithecia formation of Erysiphe communis on Trifolium medium, 
Podosphaera Castagnei on Melampyrum silvatieum, Impatiens Noli­
tangere and Taraxacum, and Erysiphe Umbelliferarum on Angelica 
silvestris. R. A. HARPER (12, 14) published very important papers 
as the results of his extensive studies on the perithecia formation of' 
Sphaerotheca Castagnei, Phyllaetinia corylea, Erysiphe communis, 
and E. Cichoracearum from 1895 to 1905. Especially, the investi­
gation of Phyllactinia corylea is the most valuable cytological con­
tributi9n. In 1906, V. H. BLACKMAN and H. C. L. FRASER (2) re­
ported on the ascocarp formation of Sphaerotheca Humuli parasitic 
on Humulus. In 1906, P. CLAUSSEN (3) published a summary re­
port on the development history of Ascomycetes. In 1907, cytological 
studies of the perithecia formation were made in Microsphaera Alni 
by M. C. SAND (37) .. especially the nuclear divisions in the ascus 
were observed. In 1907, P. A. DANGEARD (6) noted on the perithecia 
formation of Erysiphe Polygoni parasitic on Pisum sativum and 
Ranunculus aeris, E. Cichoraeearum on SOfJtchus oleraceus, Phyllacti­
nia eorylea on Corylus Avellana, Uneinula Salicis on Populus, and 
Sphaerotheca Humuli on Humulus. In 1911, O. WINGE (47) re­
ported on that of Sphaerotheea Castagnei parasitic on Melampyrum. 
In 1914, N. BEZSSONOFF (1) reported on the perithecia formation 
of Sphaerotheca Mors-Uvae, Sph. Humuli, Microsphaera Astragali, 
Podosphaera leueot1'ieha, Erysiphe Polygoni, and Uncinula Salicis. 
In 1931, observations were made on the process of the perithecia 
formation in Erysiphe aggregata parasitic on Alnus ineana by E. A. 
WENTZEL (46). In 1933, the writer (18) reported that the 
ascogonial and antheridial hyphae of Sphaerotheca fuliginea parasitic 
on Taraxacum ceratophorum are formed on a single mycelium derived 
from the monosporic infection. 

Method. (1) . The experiments were made using the same 
method as that employed in the case of mycelia staining with iron 
aceto-carmine. By this method, the relation between the antheridial 
and ascogonial hyphae and between the young antheridium and as­
cogonium became clearly differentiated. 

(2). Small pieces of the affected leaf on which perithecia 
of different stages. had been produced were put in water, the air 
was removed from the materials by means of a hydraulic suction 
pump and they were transferred to the fixing fluid. For the 
fixing fluid, FLEMMING'S weak solution or the same diluted with: 
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three times its amount of water, CARNOY'S solution, BOUIN'S solution 
or ALLEN's modification of BOUIN'S solution, and formalin alcohol 
were used. In the case of young stage, the use of dilute FLEMMING'S 
weak solution has obtained a good result. The sections were cut 
5-7 f1 in thickness, and Heidenhain's iron-alum haematoxylin, saf­
ranin and gentian-violet, or crystal-violet were used for staining. 

Erysipheae. Cystotheca lanestris on Quercus serrata, Sphaero­
theca fuliginea on Taraxacum ceratophorum, and Podosphaera tri­
dactyla on Prunus triflora were used for the study of the perithecia 
formation of the single-ascus group. In Sphaerotheca juliginea, for 
the investigation on the origin of the ascogonial and antheridial 
hyphae, a single spore inoculation was made with the method and 
arrangement as already reported in the papers, "Homothallism in 
Sphaerotheca fuliginea (SCHLECHT.) POLLACCI" and "A life-cycle 
of Sphaerotheca fuliginea (SCHLECHT.) POLLAC. parasitic on Taraxa­
cum ceratophorum DC." by the writer in 1933 and 1934 (17,18). 

The antheridium and ascogonium on the mycelial hyphae which 
were produced by the single spore inoculation entirely coincided with 
those of the natural formation. The perithecia are formed from the 
center of the mycelial patch. The ascogonium and antheridium are 
formed at the place where the ascogonial and antheridial hyphae 
cross each other and touch (PI. V, figs. 1, 2, 4 and PI. VI, A, figs. 
3, 8). The antheridial hypha is more slender than the ascogonial 
(PI. V, fig. 5). Both hyphae alwa¥s run side by side or coil about 
each other or cross each other. The ascogonium and antheridium 
seem to arise simultaneously, and the former is larger than the latter 
from the start, also the ascogonium grows more rapidly (PI. V, figs. 
1, 3 and PI. VI, A, fig. 1). Sometimes both organs swen up at the 
base, adhere closely to each other and become more or less spirally 
twisted (PI. V, fig. 4). At first, they are single cell and delimited 
from the sexual hyphae by a septum (PI. VI, A, fig. 1). Later, 
they divide into two cells (PI. VI, A, fig. 2). The apical cell is the 
ascogonium or antheridium, and the under one is the stalk cell. The 
ascogonium soon becomes larger than its stalk cell, while the antheri­
dium remains smaller. The ascogonium grows straight up forming 
a subglobose body, while the antheridium clinging to the side of the 
ascogonium adheres at its upper part (PI. VI, A, fig. 5). The an­
theridial nucleus divides into two nuclei, one of which goes into the 
ascogonium. Two, or rarely three, nuclei are found enclosed in the 
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ascogonium, and one of them, which is apparently the male nucleus, 
is always more or less smaller than the other (PI. VI, A, fiigs. 6, 7). 

The primary perithecial wall cells are formed from the twisting 
hyphal cells springing upward from the stalk cell of the ascogonium 
(PI. VI, A, figs. 4, 5). The enclosing wall thus formed is closed at 
the upper part of the ascogonium. At this time, the antheridium 
is seen adhering at the outer side ofl the primary per.ithecia'l walL 
The secondary perithecial wall cells develop between the ascogonium 
and the first wall (PI. VI, A, figs. 7, 9). In this stage, the antheridium 
withers and gradually disappears. Thus, when about 4 to 5 layers of 
the wall are developed, the appendages begin to arise from the region 
nearer to the base of the perithecium, and the perithecial hyphae are 
sent out from its basal portion (PI. VI, A, fig. 17). The outer two 
layers are composed of larger cells, whose walls gradually turn brown 
in color (PI. VI, A, figs. 14, 16). These layers constitute the so­
called outer wall. The inner 2 or 3 layers make up the inner wall, 
whose cells are always hyaline and binucleate (PI. VI, A, fig. 14). 

At the time when two layers of the outer perithecial wall are 
developed, the male and female nuclei in the ascogonium conjugate 
to form a more or less large nucleus (PI. VI, A, fig. 10). Then, the 
ascogonium divides into two cells (PI. VI, A, fig. 11). The upper cell 
divides again into two cells (PI. VI, A, fig. 12). The same process 
is repeated, thus forming 4 to 5 cells (PI. VI, A, fig. 13). The 
penultimate cell is always more or less larger than the rest, and its 
reaction to the staining solution differs from the others. The 
second cell only is clearly stained a red color by safranin, while 
the rest of the cells take violet color from gentian-violet. This 
penultimate cell develops into an ascus. In the young ascus, a single 
large nucleus is found (PI. VI, A, fig. 14). This nucleus divides 
three times, and eight free ascospores are formed. Eight chromo­
somes could be counted in the first nuclear division, but it was diffi­
cult to detect them in the second and third divisions, as these divisions 
generally take place enclosed in the intact nuclear wall. 

In Podosphaera tridactyla (PI. VI, B, fig. 2) and Cystotheca 
lamestris (PI. VI, B, fig. 1), single spore inoculations were always 
unsuccessful. The perithecia formation was similar to that of 
S phaerotheca. 

Erysiphe Cichoracearum on Plantago major. var. asiatica (PI. 
VI, B, fig. 3), Uncinula Actinidiae on Actinidia a,rgutCII (P1. VI, B, 



206 YASU HOMMA 

fig. 4), Sawadaea Tulasnei on Acer pic tum (PI. VI, B, fig. 5), 
Typhulochaeta japonica on Quercus serrata' (PI. VI, B, fig. 6), and 
Microsphaera Alni on Picrasma, quassioides (PI. VI, B, fig. 7) were 
used for the study of the- perithecia formation of the many.:asci 
group. In Erysiphe Cichoracearum, single spore inoculation was 
made with a conidium using the same method as that employed in 
the case of Sphaerotheca. Between July 14, 1931 and Nov. 8, 1932, 62 
pots of Plantago major were inoculated each with a sinigle spore. 
Nine pots out of them were found infected after 7 to 19 days. But 
the perithecia did not appear in every case. Abundant perithecia 
were produced on the stock plant which had been left to natural in­
fection. In Sept. and Nov. 1933, 8 pots which were covered with 
large glass tubes were inoculated with numerous conidia. The peri­
thecia did not appear on the mycelial patches even after 3 months. 
The young perithecia were produced on the leaves of the stock plant 
on Oct. 25, 1933. The species may be heterothallic in nature. This 
point will be discussed in Chapter II. 

The perithecia formation in Erysiphe Cichoracearum (PI VI, B, 
fig. 3, a-h) is similar to that of Sphaerotheca. The ascogonium 
divides into 4 or 5 cells. The ascogenous hyphae may be branched 
from the second cell, which is found including two nuclei. As shown in 
Plate VI, B, Fig. 3, h, the young ascus is formed from the ascogenous 
hyphae. In this way many asci are produced. The nuclear division 
in each ascus is similar to that in the case of Sphaerotheca. Eight 
free ascospores are formed. In other species, the perithecia forma­
tion was similar to that of Erysiphe, as shown in Plate VI, B. 

Phyllactinieae. Phyllactinia imperialis on Paulownia tomentosa, 
and Uncinulopsis Shiraiana on Celtis sinensis were used for the study 
of the perithecial formation. In Phyllactinia, the ascogonium and 
antheridium are formed on the ascogonial and antheridial hyphae 
and they adhere to each other as in the case of Erysiphe. The primary 
perithecial wall cells also arise from the stalk cell of the ascogonium 
by the same process as those in the case of Erysiphe. These cells 
grow up somewhat in a spiral manner enclosing' the ascogonium. 
The formation of perithecial wall and asci coincides with that of 
Erysiphe. The nucleus in the young ascus divides three times and 
eight free nuclei are formed. Generally 2 or 3 matured ascospores 
are developed, the rest being degenerated. In Uncinulopsis, the 
perithecial formation was simHar to that of Phyllactinia. 
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HARPER (14) reported that the oogonia and antheridia arise as 
lateral branches from separate hyphae, though it seems fairly clear, 
from the circular shape of the infected spots in most cases in Phyl­
lactinia, that both these hyphae belong to a single mycelium, which 
in all probability is the product of the growth of a single spore. 
BLACKMAN and FRASER (2) noted that the oogonium and antheridium 
are borne on the hyphae of separate origin in Sphaerotheca Humuli 
on Humulus. DANGEARD (6) noted that the male and female cells 
of Erysiphe arise from the separate hyphae and these hyphae may 
come from separate mycelia. As the result of experiments, in 
Sphaerotheca fuliginea on Taraxacum ceratophorum, it is seen that 
the ascogonium and antheridium are formed evidently on the as­
cogonial and antheridial hyphae originating from a single spore. In 
Erysiphe Cichoracearum on Plantago major var. asiatica, both sexual 
organs seem to be produced on the hyphae originating from the in­
fection of the spores of two different strains. 

In Erysiphaceae, there are two types of sexual process, the hetero­
thallic and homothallic. The heterothallic species seem to be more 
common. The homothallic case is proved by the experiments to occur 
only in Sphaerotheca fuliginea on Taraxacum ceratophorum. 

On the conjugation of the nuclei of the male and female organs, 
HARPER (14) recognized that fertilization occurs in Phyllactinia, 
Sphaerotheca and Erysiphe. A portion of the walls between the 
antheridium and oogonium is dissolved in such a fashion as to form 
a circular conjugation-pore leading from the antheridium to the 
oogonium. The protoplasm of the antheridial and oogonial cells is 
thus brought into direct contact and combines to form a continuous 
protoplasmic mass. The nucleus of the antheridium migrates through 
the conjugation-pore into the oogonium and approaches the egg 
nucleus. BLACKMAN and FRASER (2), and also BEZSSONOFF (1) have 
the same opinion as that of HARPER. According to DANGEARD (6), 
fertilization does not take place, the male nucleus degenerating in the 
antheridium .. WINGE (47) supports this opinion. In 1931, WENTZEL 
(46) reported that no actual fertilization was observed. The writer 
recognized that the nucleus in the antheridium seems to have migrated 
into the ascogonium, as two, or rarely three, nuclei were found 
in the latter. 
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Asci and Ascospores 

In the single-ascus group of Erysipheae, the ascus is subglobose 
in shape, and is generally larger than that of the many-as.ci group. 
The asci of the many-asci group are elongate-ellipsoidal or elongate­
ovate in shape, and with or without a stalk. The ascus of Cystotheca 
is largest, and that of Erysiphe is smallest. The wall of an ascus 
generally becomes thin at the apex. The spores. are ejected from 
this portion. The ascospores in an ascus are 2-8 in number. 

Infection experiment. The perithecia on the affected leaves of 
Taraxacum ceratopkorum which had been kept in the green house 
were collected in early March. Experiments on the germination of 
the ascospores were made in the laboratory every ten days. On July 
5, the ascospores germinated. These ascospores were inoculated on 
the leaves of Taraxacum ceratopkorum planted in pots, which had 
been covered with large glass tubes. On July 16, small white mycelial 
patches were observed on the inoculated portions. On the check 
plant, the mycelial hypae did not appear on the leaves. The mycelial 
patches increased in number by the secondary infection, and nume­
rous conidia were produced. On July 22, young perithecia were 
produced on the first mycelial patch. 

Hibernation 

For the study on the hibernation of the perithecia, Microsphaera 
alphitoides on Quercus crisp'ula, Sawadaea Tulasnei on Acer pictum, 
and Sphaerotheca Humuli on Agrimonia. pilosa were kept in linen 
bags which were put in an open box planted in the ground in late 
autumn. The box was kept out of doors over winter. In early 
spring, when the materials were examined, numerous perithecia were 
found remaining on the host leaves, but matured asci could not be 
seen in any of them. The perithecia in a natural condition may lose 
their ascospores during winter when the affected leaves fall down on 
a moist soil. 

In 1931, the pots of Taraxacum ceratophorum affected by 
Spkaerotheca fuliginea were carried into the green house in late 
autumn. Perithecia were abundantly produced on the leaves. In 
early March of the next year, several leaves were collected; one part 
was carried into the laboratory and the other part was put on the 
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soil in the green house. The ascospores in the former case germi­
nated in the early summer, while in the latter, on which water had 
been poured every day, the ascospores seem to have been liberated 
earlier in the season. 

The hibernation of Sphaerotheca Mors-Uvae parasitic on Ribes 
grossularia has been observed for several years. The perithecia on 
the leaves fall down with the leaves in winter, but those on the upper 
part of the shoots remain firmly attached till the next spring. Be­
sides, a certain portion of the mycelia seems to hibernate between 
the scales of the buds. 

The perithecial stage of Sphaerotheca pan1Wsa on Rosa has not 
yet been collected in this country. Observations on its hibernation 
have been continued with interest for several years. In late autumn, 
the writer found the special mycelial masses on the shoots. A 
mycelium from such a mass was smooth, thick-walled and grayish 
in color, also it was composed of very long cells. In the next 
spring, although a careful observation was made on the changes of 
these masses, no new mycelial growth took place from them. New 
white mycelial patches appeared on the young leaves at the end of 
the shoot. The mycelial hyphae may probably have hibernated among 
the scales of the buds. 

II. Host and Parasitism 

A. Infection 

For the studies of the infection process, wheat was generally used 
for the host and Erysiphe graminis f. sp. Tritici for its parasite. 
The following experiments were made in the green house of our 
University. 

Experiment I 

On the susceptible varieties of wheat 

The seeds of Triticum vulgare (Sapporo Spring Wheat No.9) 
were sown on moistened cotton in a large Petri-dish (diam. 15 cm.) 
on Feb. 8, 1927. On Feb. '15, the seedlings were inoculated on their 
coleoptiles with the conidia of Erysiphe graminis f. sp. Tritici. The 
next day, the inoculated portions were stripped off with a razor. The 
spore was found to have produced short germ-tubes 1-3 in number, 
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penetration of the infection tube was not yet seen. The reddish 
patch then gradually spread out and a deep red portion appeared in 
its center. This center is the swollen part of the epidermal wall. In 
this stage, it was found that the penetration of the infection tube 
began to take place in the epidermal wan. When a haustorium had 
reached its perfect development, the epidermis of the infected portion 
was stained violet in color. 

The tips of the germ-tubes of the conidia were stained light 
red, and the red granules were found gathered in those parts. 

FEHLING'S solution was poured on the stripped epidermis of 
the affected leaf, and it was warmed with a gas flame for some 
minutes. The infection tube was found surrounded with a dense 
circular mass of small brown granules. Similar granules though 
few in number were found scattered in other parts. The same ex­
periments were tried on the epidermis of a healthy leaf. The small 
brown granules were also found scattered in small numbers in the 
epidermal cells: 

One and one-fourth percent Hel or Na (OH) was poured on 
the stripped epidermis of the diseased leaf and it was warmed as 
above described. The infection hole became enlarged to twice its 
diameter, showing that the cellulose portion of the epidermis was 
changed to soluble substances by enzymic action. 

As the results of the above experiments, the mode of penetra­
tion of Erysiphe grantinis f. sp. Tritici is considered as follows. The 
reserve materials in the matured conidia change to soluble substances 
and they are carried toward the apical portion olf the germ-tube. 
These soluble substances may most likely be of the nature of soluble 
sugars, as in the case of the germination of seeds, in which the apex 
of the roots is always rich in soluble sugar and has an, acid re­
action. From the results of the reaction to FEHLING's solution, the 
presence of the reducing sugar is proved in the center of the in­
fected spot of the epidermis, and that the infected patches are always 
acidic is proved by the staining reaction. From these facts, it is 
most likely that an enzyme is secreted from the under surface of 
the appressorium and from the infection tube, acting slowly on the 
cell wall of the epidermis. At first, the cell wall is changed to 
reducing sugar by the action of the cytase, and the reducing sugar 
thus produced immediately becomes changed to soluble sugar which 
permeates slowly to the: substance of the cell wall in immediate con-
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tact with the infection tube. In this stage, the reducing sugar re­
action is not recognized and the presence of the soluble sugar is shown 
by the acid reaction. The infection tube penetrates through the 
center of the cellulose sheath. When the penetrating action attains 
a certain point, a part of the soluble sugar becomes reversed again 
to reducing sugar, when the sugar reaction can be recognized. After 
the haustorium is perfectly formed, the red patch in the cellulose 
sheath becomes gradually light in color and finally changes to a 
violet color similar to the rest of the cell wall. 

Experiment II 

On the immune varieties of wheat 

Conidia from the affected leaves of Triticum 'vulgare were inocu­
lated on the leaves of T. dicoccum var. Khapli on Feb. 12, 1932. After 

1 

2 

Fig. 5. Showing the changes of epidermis of Triticum dicocc'Um, Khapli, 
after 48 hours from inoculation. (x550) 

1. Stripped epidermis seen from above. 
a. Infection spot colored deep red. 
b. Roundish halo stained light red. 



ERYSIPHACEAE OF JAPAN 

2. Longitudinal section. 
a. Conidium. 
h. Appressorium .. 
c. Point of infection. 
d. A portion of epidermis stained deep red. 
e. Epidermal cell. 

213 

3 days, several of the germ-tubes had already formed the appressoria 
and several others produced a septum at the apical portion of the 
tube. After 5 days, the mycelial branch began to be produced from 
the appressorium. At this time, a minute hole was seen on the 
epidermal wall under the appressorium. The pieces of the stripped 
epidermis were stained with safranin and gentian-violet. The epi­
dermis was colored violet, but the infected portion Was stained light 
red in a circular shape of about 22 fl. in diameter, and at its center 
a space of about 6 fl. in diameter was especially stained deep red. 
These changes in the epidermis are similar to those of the susceptible 
varieties. 

After 48 and 72 hours from the inoculation, the pieces of the 
inoculated leaves were fixed and imbedded in paraffin. The blocks 
were sectioned longitudinally at a thickness of 8 fl., and were stained 
by the same method. In the present case, the infection tube was 
found penetrating part way into the center of the cellulose sheath, 
but it could not be seen that any had succeeded in passing through 
the sheath, nor was there even any formation of an incipient 
haustorium. 

Experiment III 

On several other plants 

On Feb. 12, 1932, the conidia of Erysiphe graminis f. sp. Tritici 
were inoculated on the leaves of barley (Chevalier). After 48 hours, 
small pieces of the inoculated leaves were treated as in the previous 
cases. The mode of infection was found to be similar to the case 
of the immune varieties of wheat. 

On Feb. 15, 1932, similar conidia were inoculated on the leaves 
of Prunus communis and Plantago major var. asiatica. After 48 
hours, the epidermis of the inoculated parts was stripped off with a 
razor. The spores had produced one or two germ-tubes which had 
frequently formed a septum. The appressorium was found at the 
tip of the germ-tube. No further development took place. 
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On March 5, 1932, the inoculation experiments were made on 
Plantago major var. asiatica and Acer pic tum with similar conidia. 
After 72 hours, small pieces of the inoculated leaves were imbedded 
in paraffin, after carrying though the ordinary process. The wall 
of the epidermis was stained violet and the reddish patches at the 
inoculated places could not be seen, moreover there was no obser­
vation of the cellulose sheaths in the epidermal cells just under the 
appressoria in both materials. 

Summary as to the infection process 

When the conidia of Erysiphe graminis f. sp. Tritici were in­
oculated on the immune and susceptible varieties of wheat, the infec­
tion tube produced from the appressorium ofl the germ-tube penet­
rated the cell wall of the epidermis in both varieties. In the sus­
ceptible varieties, the haustoria were quickly formed in the epidermal 
cells, while in the immune varieties, they were never produced. Also 
in barley, a process similar to that in the immune varieties of wheat 
was observed. According to SALMON (35), when the conidia formed 
'on wheat were sown on barley, after 24 hours, the germ-tube produced 
an incipient haustorium; after 48 hours, some of the incipient haus­
toria began to be disorganized, while some one produced a vigorous 
haustorium; on the third day, the incipient or arrested haustoria be­
came gradually disorganized; on the 5th day, nearly all the incipient 
haustoria showed complete arrest. In the present experiments, the 
author could neither observe the formation of the haustoria, nor even 
incipient haustoria, although the infection tube partly penetrated the 
wall of the epidermal cells. These different results may be caused 
by the biological characters of the conidia and the strains of the 
barley. In other plants which are distantly related to Gramineae, 
even the changes in the epidermal wall were not recognized. 

B. Correlation of the development of the host 
plants to that of the powdery mildew 

In the following experiments, the relation has been studied 
between the physiological condition of the host plants and the devel­
opment of the powdery mildew. The physiological condition of the 
host plant can be divided for convenience into the following three 
stages in the development of its leaves. 
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Growing-stage-ii1 this stage such leaves are included as from 
their youngest stage to the close of their growth. In the first half 
of this stage, their growth is ¥lost rapid, and in the latter half, much 
slower. 

Matured-stage-growth is suspended and the leaves remain as 
they are. But in the first half, they may regain their growth as a 
result of favorable conditions of the environmental factors. 

Senile-stage-in this stage the leaves become yellow in color from 
their tips and finally they turn yellowish brown. 

1. Experiments with Sphaerotheca fuliginea parasitic 
on Taraxacum ceratophorum 

Experiments A 

These experiments were made to find the most favorable con­
ditions of the host plant for infection by conidia. 

I 

On March 28, 1930 the seeds of Taraxacum ceratophorum were 
sown on moistened cotton in a Petri-dish (diam. 15 ern.). On April 
7, the conidia of Sphaerotheca fuliginea were inoculated on each 
cotyledon with a needle. On April 9, the epidermis of the cotyledons 
was stripped with a razor, and examined. A small number of 
haustoria had already been produced. On April 26, the young 
perithecia appeared on the mycelial patches. 

II 

The Petri-dish was partitioned into four sections with glass 
strips and six seeds of Taraxacum ceratophorum were sown in each 
section at three days' intervals (Fig. 6). 

The first sowing was made on May 11, as shown in the 
figure. On May 26, the seedlings in the four sections were inoculated 
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at the same time with the conidia. On May 30, the seedlings in the 
three sections (1, 2 and 3) were infected, but in section 4, the 
seedlings did not show any sign of infection until June 1. 

1 

v. 11 V. 20 

V. 14 V. 17 

2 3 

Fig. 6. 

In experiments I and II, it was ascertained that the seedlings 
after about 7 days from germination began to be infected with the 
conidia. 

III 

On May 27, the leaves of three matured plants affected by the 
powdery mildew were all cut off except one central youngest leaf. 
On the same day, this youngest leaf was inoculated with the conidia, 
and each plant was covered with a large glass tube, whose upper 
opening was closed with a cotton plug. After three weeks, it was 
observed that infection had not taken place on any of these host 
plants. In field observations, it was also recognized that the youngest 
leaves in the rosette always remain unaffected until they reach a 
certain size. 

IV 

Two pots of the host plant which had been covered with the 
glass tube were put in a dark-box from April 16 to April 26, and 
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the lid of the box was opened for two minutes every day during the 

day time. On April 20, the leaves of the host plant turned greenish­

yellow in color, and these etiolated leaves were then inoculated with 

the conidia. But the infected spots did not appear even after 10 

days from the inoculation. 

A . similar experiment was repeated. During five days from 

June 9, two other pots. were put into the dark-box without any ex­

posure to sunlight. On June 13, the etiolated leaves were inoculated 

with numerous .conidia, and the pots were kept in the same box until 

June 16, when they were carried out on to the bench of a green house. 

In this case also no infection took place, showing that the etiolated 

leaves are resistant to the attack of the powdery mildew. 

v 
On June 1, 2 cm. long pieces were cut off from the tips of the 

five unaffected leaves of the host plant, and each piece was placed 
on moistened filter paper in separate Petri-dishes. Conidia were 
immediately sown on the leaves. On June 5, haustoria were found 
in the epidermal cells of all the leaves, besides, even conidia were 
produced in a few cases in small numbers. 

To state briefly the results of the above experiments; it was 
shown that Taraxacum ceratophorum was not infected in the earlier 
half of the growing-stage of its development with the conidia of 
Sphaerotheca fuliginea, nor in the latter half of the senile-stage. 
The most favorable conditions for infection by the conidia were found 
in the matured-stage of the development of the host plant. 

Experiments B 

These experiments were made to find the most favorable con­
ditions of the host plant for the formation of perithecia by 
Sphaerotheca ful·iginea. 
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I 

Taraxacum ceratophorum which was used as the host plant, 
was covered with similar glass tube as in the former experiments. 
The pot was watered daily, so that the air in the tube was kept 
saturated with moisture. 

a. Experiment by single spore inoculation 

TABLE 2 

Results of experiments of single spore inoculation of 

Sphaerotheca fuliginea on Taraxacum ceratophorum as 

to the time required for the formation of perithecia. 

Experi- Date of Date of Date of ap- Incubation 
No. of days 

from appear-
ment appearance pearance of ance of spot 

No. inoculation of spot perithecia period to perithecia 
formation 

I { X.19 XI. 6 XII. 16 19 40 
1930 . 

II XII. 26 I. 4 I. 10 10 7 

III 
1931{ 

1.14 I. 21 8 

IV I. 14 1. 25 II. 2 12 13 

In No's. II and IV, the growth of the host was checked soon 
after inoculation; while in No's. I and III, the growth was continued, 
especially so in No. III. The powdery mildew parasitic on No's. II 
and IV made a rather poor growth. In those on No's. I and III, 
the mycelial patches continued their growth, and the conidia were 
abundantly produced. But in No. III, when the diameter of the 
mycelial patch attained about 1 cm. its growth was checked, and it 
gradually changed to grayish-brown in color and finally disappeared. 
The affected leaf in No. III thus regained its normal healthy con­
dition. 
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b. The influence of the environmental factors 
on the formation of perithecia 

TABLE 3 

Results of inoculation experiments with Sphaerotheca 
fuliginea on Taraxacum ceratophorum plants which 

were placed in abnormal conditions. 

219 

Physiolog- Date of Date of Date of ap- No. of days 

ieal condi- appear- from appearance 

tion of inocu- ance of Experiments pearanceof of spot to 

the host lation spot perithecia formation of 
perithecia 

No forma-
Good IV. 6 IV.13 Control tion of -

perithecia 
-

Poor IV. 6 IV. 16 
Host plant was 
put in dark-box IV. 30 14 

from IV. 16 
- -

Good IV. 6 IV. 12 
Host plant was 
put in dark-box IV. 17 5 

from IV. 13 

On IV. 16, midrib 
Moderate IV. 6 IV. 13 was wounded IV. 19 6 

with needle 

On V. 7, host 
Good IV. 26 V. 8 plant was carried V.IO 7 

into glass house 

On V. 27, host 
Good IV. 26 V. 2 plant was V.29 27 

withered 

As shown in the above table, on April 6, the host plants No's. 
I to IV were inoculated on the leaves with the conidia. After the 
spots had appeared on each plant, the experiments were begun. 

No. I was left as' a control under normal conditions. From the 
start, the host plant was in an excellent condition, and conidia were 
abundantly produced. After about two weeks, the mycelial patches 
began to disappear, and the affected leaves regained the normal 
healthy condition. 





ERYSIPHACEAE OF JAPAN 221 

place; and in the third one, the host plant gradually enters senility 
and only in this case does perithecia formation take place. When 
the host plant is affected by a wound, unfavorable temperature or 
drought, the change in its physiological condition thus brought about 
causes similar results as in the case of the use of the dark-box. 

c. Experiment with cut leaves 

The tips of ten healthy leaves of the host plant were cut off 
in 2 cm. lengths, and each piece was placed on moistened filter paper 
in a Petri-dish. The cut end was covered with moistened cotton. 

TABLE 4 

Results of inoculation experiments with Sphaerotheca fuliginea 
on cut leaves of Taraxacum ceratophorum which were 

placed under abnormal conditions. 

Exp. Date of Date of Experiment Observation 
No. inoculation infection on VI. 8 

I VI. 1 VI. 3 Control, left in laboratory Conidia produced 
II .. near the window in small quantity 

-------

III VI. 3 Petri-dish was brought into Conidia produced 
IV .. VI. 4 glass-house (l3°C.) on VI. 5 abundantly 

--

V VI. 3 Petri-dish was put in dark-box Conidia not from VI. 5, and exposed .. to sunlight for several VI VI. 4 minutes every day produced 
-- -------------

VII VI. 4 Petri-dish was put in dark-box Mycelial spot 
VIII .. from VI. 5 to VI. 7, without disappeared .. exposing to sunlight 

I 
i On VI. 5, midrib was wounded IX I VI. 4 Conidia produced 

X I .. with needle; then left in abundantly .. laboratory as in control 

All the leaves were changed to yellowish green in color on June 
10, especially so in the leaves which were kept in the dark-box, and 
the perithecia were not produced on every leaf. 
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Each plant of the five pots showed a poor physiological condition. 
The midrib of certain leaves of No's. II and III was wounded with a 
needle. No's. IV and V without wounding were kept in the dark-box 
for 48 hours. In No's. II, III and IV, the perithecia formation oc­
curred sooner than in the case of the control. In No. V, the host plant 
and its powdery mildew were induced to grow by the interception of 
sunlight for two days. The formation of perithecia was more or 
less retarded by this abnormal growth. 

TABLE 6 

Results of the inoculation experiments with Sphaerotheca 

fuliginea on Taraxacum ceratophorum plants which were 

placed in the dark-box of different temperatures. 

Date of Date of Physiological Dateoffor- No. of days 
Exp. condition of the from infec-

inocu- infec- host plant 3 Experiment mation of tion to for-
No. days after mation of 

lation tion infection perithecia perithecia 

VI V.27 V.30 Poor Control VI. 8 10 

VII " V.29 Fair Host plant was 
put in dark-box VI. 6 9 

VIII V.29 at room VI. 3 6 " " temperature 

IX 
" 

VI. 1 Poor Host plant was VI. 7 7 
put in dark-box 

X " 
V.29 " 

in green house VI. 8 11 , 

On May 27, conidia were inoculated on the leaves of all the 
host plants. In this experiment, an attempt was made to show the 
influence of temperature on the formation of perithecia. The plants 
in No's. VII and VIII were placed in the dark-box at room tempe­
rature, and were exposed daily to sunlight for 3 hours from midday 
to 3 p. m. The temperature of the dark-box was as follows: 
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Date 

VI. 1 

" 2 

" 3 

" 4 
" 5 

" 6 
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When the pot was 
brought out from 

the dark-box 

12° 
12 

14 

11 

12 

Temperature 

When the pot 
was kept in 
the dark-box 

14° 
12 

12 

14 

10 

In No. VII, the host plant continued abnormal growth for about 
3 days after being placed in the dark-box, then the growth was 
retarded from about June 4, and on June 6, young perithecia ap­
peared. In No. VIII, when the pot was put in the dark-box, the 
host plant was retarded in growth. Perithecia were more quickly 
produced than in the case of No. VII. 

In No's. IX and X, the hosts were placed in the dark-box of the 
green house from June 4, and were exposed to sunlight for 3 hours 
every day. The temperature of this box was as follows: 

Temperature 

When the pot was When the pot 
brought out from was kept in 

Date the dark-box the dark-box 

VI. 4 20° 
5 14° 14 

" 
6 16 15 

" 
7 17 16 

" 8 20 

The host plants were placed on the bench of the green house 
from the date of infection to June 4, that they might improve their 
physiological condition as they were much weakened. After they 
were placed in the dark-box, young perithecia were produced in 
4 or 5 days. 
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XII 

XlII 

XIV 

XV 
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TABLE 7 

Results of the experiments on the influence of wilting 
on the formation of perithecia. 

Date of Date of Growth of Date of for- No. of days 

inocu- infec- mycelia 3 Experiment mation of from infection 
days after to formation 

lation tion infection perithecia of perithecia 

VI. 13 VI. 18 Poor Control VI. 25 8 

" 
VI. 17 Good The pot dried VI. 22 6 

" 
VI. 16 Good 

in green house 

" 
VI. 22 7 

" 
VI.l8 Poor The pot dried VI. 26 9 

out of doors 

" 
VI. 17 Poor I " 

VI. 26 10 

The above experiments were carried out to study the influence 
of wilting on the formation of perithecia. In No's. XII and XIII, 
the pots were not watered until the leaves had drooped to the surface 
of the soil. In No's. XIV and XV, similar experiments were carried 
on out of doors, and the condition of these plants was more vigorous 
than that of the plants placed in the green house. 

When the apical portion of the leaves of the plants under obser­
vation became yellowish green in color, the perithecia began to be 
formed. That is to say, when the host plant began to enter the first 
stage of senility in its development, the perithecia formation would 
begin to take place. 

From the experiments of series II, the same conclusions are 
drawn as from series 1. 

2. Experiments with Erysiphe Cichoracearum parasitic 
on Plantago major var. asiatica. 

In Oct. 1930, ten pots of Plantago major var. asiatica were trans­
ferred to, the green house and three of them were inoculated with 
the conidia of Erllsiphe Cichoracearum formed on the leaves of a host 
plant of the same species growing out of doors. In late November, 
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perithecia appeared on those leaves. The conidia formed on these 
host plants were used in the following experiments. 

Experiments A 

These experiments were made to find the most favorable con­
dition of the host plant for infection of conidia. 

I 

On Aug. 6, 1931, the old matured leaves of the plants growing 
in six pots were cut off leaving only two or three young leaves be­
hind, and conidia were immediately inoculated on these leaves. No 
plants were infected. 

On Aug. 11, a similar experiment was repeated on leaves from 
two other potted plants. The infection was again unsuccessful. 

II 

Two plants were put into the dark-box on Feb. 18, 1932; they 
were exposed to the sunlight for one minute every day. On Feb. 
23, when their leaves became etiolated turning greenish yellow in 
color, they were inoculated with conidia, and were kept continually 
in the same condition. They were not infected. 

On March 12, the etiolated leaves of the plant kept in the dark­
box were inoculated with conidia. In this case, they were also not 
infected. The vital condition of the etiolated leaf may be similar 
to that of the latter half of the senile-stage. 

III 

Two pots of Plantago major var. asiatica were placed on the 
bench out of doors. On Nov. 10, 1932, the old leaves turning red 
in color were inoculated with ·conidia. This inoculation was also 
unsuccessful in infection. 

As the result of the above 3 experiments, Plantago malor var. 
asiatica may be said to be non-infectable in the earlier half of the 
growing-stage and in the latter half of the senile-stage. 
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Exp. 
No. 

I 
1I 
III 
IV 
V 

VI 
VII 
VIII 
IX 
X 

XI 
XII 
XIII 
XIV 
XV 

XVI 

XVII 
XVIII 
XIX 

XX 

XXI 
XXII 
XXIII 
XXIV 
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TABLE 9 

Results of sipgle spore inoculation experiments with 
Erysiphe Cichoracearum on matured plants of 

Plantago major var. asiatica. 

Date of Date of Results inoculation infection 

VII. 2,1932 Not infected 

" " 
" " 
" " 
" " 

VIII. 11 
" 

" " 
" " 
" " 
" " 

IX.5 
" 

" " 
" " 
" " 
" " 

X.26 XI. 2, 1932 On II. 15, 1933, the host plant was still in 
vigorous condition, but perithecia had not 
been produced 

" Not infected 

" " 
" 

XI. 2 On II. 15, host plan t was in weakened condi-

" Not infected 
tion, and perithecia had not been produced 

XI. 8 
" 

" " 
" " 
" 

XI. 14 On II. 15, host plant was in vigorous condi-
tion, but perithecia had not been produced 

Among nine infected plants, No's. XI, XII, XIII of Table 8 and 
No's. XVI and XXIV of Table 9 were in vigorous vital condition. 
They had progressed from the growing-stage to the matured-stage, 
and reached the senile-stage in the green house within about four 
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The control was kept continually on the bench of the green 
house. On Nov. 28, 1932, No's. II and III were put into the dark­
box of the green house and were exposed to sunlight from midday 
to 2 p. m. every day. In No. IV, a similar expe:r';iment was carried 
out in the glass house instead of the green house. Perithecia were 
not produced in any cases. 

The temperatures in the boxes placed in the green house and 
also in the glass-house were as follows:-

When the pot When the pot When the pot When the pot 
was brought out was put into was brought out was put into 
from dark-box dark·box of from dark-box dark-box of 

Date of green house green house of glass house glass house 

XI. 28 29° 100 

" 
29 26° 23 8.50 9.5 .. 30 25 23 8.5 8 

XII. 1 29 31 10 11 

" 
2 26 21 9 7 

" 
3 28.5 29.5 8.5 8.5 

" 
4 31 29 9.5 9 

" 
5 29 30.5 8 9.5 

" 
6 ' 29 23 9 9 

" 
7 26 8 

" 
8 30 10 
9 27 9 

On Dec. 9, after 12 days' inclosure in the dark-box, the leaves 
of the host plants turned yellowish green in color. In No's. II and III 
the pots were then brought out. from the dark-boxes to the bench 
of the green house and in No. IV to the gllass house to r'egain their 
normal condition. The perithecia could not be found on those leaves 
after two months. 

The follow:ing facts may be set down as the results of the two 
series of experiments B. In the leaves of the host plants in experi­
ment I, the senile-stage was very short while the growing-stage was 
long as they were covered with large glass tubes. Mycelial hyphae 
and conidia were abundantly produced on the leaves, but perithecia 
did not appear on any plants. In experiment I, a, by a single spore 
inoculation, perithecia were not produced on the leaves although the 
host plant was matured, showing that the fungus is most likely hetero­
thallic in character. In experiment I, b, using inoculation with many 





ERYSIPHACEAE OF JAPAN 233 

According to the experimental results shown in above table, the 
infection did not occur at the same time on the host plant of the 
different stages. In this case, the infection did not occur unless 
the host had passed about three weeks from the time of sowing. 
The conidia were produced on the second or third day after the ap­
pearance of the spot. Such phenomena. were observed in every 
case on the first, second and third leaves and so on consecutively. 

In July, 1931 Triticum turgidum planted in the pot reached the 
flowering stage. At this time, the plants were inoculated with 
numerous conidia. The uppermost leaf was infected after a week 
from the inoculation, but spots did not appear on the fully matured 
leaves on the same stalk. 

Experiment B 

In these experiments, the author observed on the relation of 
the incubation period and the physiological condition of the host 
plant. 

I 

The seeds of Triticum turgidum were laid on moistened filter 
paper. in the large PetrI-dish which was then placed in the green 
house at 14°-28°C. Three days later (Jan. 14), the seedlings grew 
to about 1 cm. in length. Then the seed was removed from the seed­
ling which was quickly sterilized with 50% alcohol, and transferred 
to a test tube containing about 15 cc. of 2% sterilized agar. On 
Jan. 16, the conidia were inoculated on the first leaf with a sterilized 
platinum needle. On Jan. 25, newly formed conidia became visible 
on the surface of the inoculated leaf. In this experiment, the incu­
bation period was 10 days. When the conidia were inoculated on the 
normal leaf, the incubation period was 3 or 5 days. 

II 

On Jan. 27, the seeds of Triticum turgidum were sown on 
moistened filter paper in a Petri-dish as in the former experiment. 
The cotyledonous leaves were inoculated with conIdia on Jan. 31. 
After 24 hours, the epidermis was stripped off with a razor and was 
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observed. It was found that almost all the conidia had germinated, 
but no infection had taken place. On Feb. 20, conidia were formed 
on the leaves of the host plant and many haustoria were produced. 
In this case, it is shown that the infection took place within 3 weeks 
from the time of inoculation. 

III 

The following experiments were made for the purpose of study­
ing the development of the conidia inoculated on the leaves which 
are in a physiological condition unfavorable for infection. 

On Feb. 10, seeds of Triticum turgidum were sown in a large 
Petri-dish, and after 4 days, these seedlings were transferred to 
test tubes as in experiment I. The cotyledonous leaves were inocu­
lated with conidia on the next day. After 24 hours, the seedling 
was drawn out from the tube and the epidermis. of the inoculated 
portion was stripped off with a razor. Small germ tubes were pro­
duced from the conidia. After 2 days from the inoculation, the 
germ tubes became gradually elongated and swollen up a little at 
their apices, whose contents presented a dense granular appearance. 
After 3 days, an appressorium was produced at the apex of the 
germ tube, but no penetration tube was yet produced. After 5 days, 
the appressorium firmly adhered to the surface of the epidermis and 
began to penetrate into the epidermal cell by sending out an infection 
tube. After 7 days, the infection tube penetrated into the epidermal 
cell and produced a globular vesicle containing granules. After 10 
days, many finger-shaped haustoria were produced in the epidermal 
cells and young conidia were formed on the surface of the leaves. 

By the above experiment, it was shown that for the penetration 
of the infection tube into the epidermal cell about 6 days were needed. 

Seeds of Triticum monococcum var. vulgare and T. dicoccum 
var. farum were sown in pots on Oct. 19, 1931. On Nov. 10, the plants 
were inoculated with conidia from on T. Spelta. They were readily 
infected, but after a month, the affected leaves withered, and the host 
plant continued healthy growth. On Feb. 23, 1932, spores from on 
T. Spelta were abundantly sprayed on the leaves of both species, kept 
in green house. This experiment ended with a negative result. The 
leaves were too fully matured for infection. 
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Acer pictu1n were inoculated with macro-conidia on Sept. 11. The 
infected spots appeared on both plants on Sept. 23 and 26. On this 
occasion, the macro-conidia were at first produced. Later, the micro­
conidia appeared on the same mycelial patches of both plants on 
Oct. 3 and 7. It was determined under microscope that the macro­
and micro-conidia were formed on the same mycelium. Perithecia 
'were produced on both plants on Oct. 27 and 19. In this species, it 
seems to be necessary for the fungus to pass the micro-conidial stage 
in order for the perithecia formation to occur. The incubation period 
of this species was longer than that of the powdery mildews on 
the grasses. 

5. Experiments with Phyllactinia imperialis 
parasitic on Paulownia tomentosa 

On Sept. 26, 1931, two young plants of Paulo'lvnia tomentosa 
about 30 cm. in height were inoculated with conidia from a host 
plant of the same species growin:g in nature, and they were put in 
the green house. On Oct. 8, both plants were infected, and on Oct. 
23, perithecia appeared on each leaf. 

On Oct. 3, conidia were inoculated on the plants in other pots, 
and perithecia were produced on matured leaves after a month. 
But, on young leaves, the conidia only were produced. Later, the 
old affected leaves fell down without producing any perithecia. The 
natural infection by conidia took place on the young leaves, but 
perithecia were not produced on them, although they were put into 
a dark-box or caused to wither or were wounded. The old mycelial 
hyphae turned brown in color from the center of the white patches. 

6. Field observation 

Field observations on the relation between the host plants and 
powdery mildew are recorded in the following notes. 

Erysiphe Galeopsidis on Lamium album var. barbatum appears 
in late June in nature in the vicinity of Sapporo, and perithecia are 
produced in the middle of summer. Lamium album var. barbatum 
sprouting in the very early spring, in early July plants attain the 
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flowering stage, and in middle summer they gradually enter the 
senile-stage, when the perithecia are formed on the leaves. 

Podosphaera leucotricha on Malus baccata var. mandshurica 
attacks its sprouts in late May. Some sprouts wither from its at­
tack, but some others continue their growth. Conidia are abundantly 
produced in the latter case, and a small number of perithecia are 
formed in November. Generally, when hyperplasia is induced on the 
host plants by the stimuli of the powdery mildew, the perithecia 
formation is always retarded. This is probably due to the vital con,. 
dition of the host plant which is restored to the growing-stage by an 
abnormal growth. Sphaerotheca pannosa on Rosa, and Sph. Epilobii 
on EpiIobium belong to this category too .. 

When Erysiphaceae attacked the shoot, as for example, in the 
cases of Podosphaera leucotricha on Malus pumila var. domestica, 
Sphaerotheca pannosa on Rosa, Microsphaera alphitoides on Quercus, 
Sawadaea Tulasnei on Acer, and Sphaerotheca Mors-Uvae on Ribes, 
the apical part of the growing shoot is not always affected. 

Also in the rust-fungi, when the sporidia are sprayed on the 
shoots of thir hosts, the sori are not formed on the apical part of 
the sprout. Similar cases are observed in Peronospora on Stellaria 
media, Papaver somniferum, Spinacia oleracea, etc. Two or three 
leaves on the upper part of the sprout were not always affected, 
although all other leaves were infected. It will be recognized that 
the results of the field observations and of the experiments entirely 
agree. 

Summary of the results obtained in the experiments on the 
correlation between the developments of the host plant and the 
powdery mildew. 

The physiological condition of the host plant could be treated 
as of three stages, growing, matured and senile. In the first half of 
the growing-stage and the second half of the senile-stage, the infec­
tion of the conidia and the mycelia growth did not take place. The 
most favorable condition for mycelia growth and conidia formation 
is found in the matured-stage, and that for the perithecia formation 
is in the stage of early senility. Perithecia formation is found only 
on the host plants which have made their full growth. The late 
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maturity stage and early senility stage seem to be abridged or absent 
in the green house. The three stages of the host plants are influenced 
by environmental factors. 

On the relatio.n between the several species of the powdery 
mildew and certain environmental factors, viz., sunlight, temperature, 
and humidity, many experiments have been tried. 

In 1914, G. M. REED (29) studied the influence of light on the 
infection of barley and wheat by the powdery mildew. The seedlings 
of barley and wheat which have been grown in the dark until the 
first leaf was, about 2 to 3 cm. long, were inoculated with! conidia 
of powdery mildew. Some of the plants Which had been kept con­
tinuously in the dark were not infected. Also, on the seedlings which 
had been grown in the light, when they were kept continuously in 
the dark after the inoculation, no. infection occurred. The effect 
upon the mildew of the absence of light is considered to. be an in­
direct one and has to. do with the primary effect upon the develop­
ment of chloro.phyll in the host cells. 

In 1930, F. LAIBACH (21) nQted that the influence of the sun­
light on the cDnjugation of the sexual cells is very sJilght, because 
on LamiU1n album and L. p'llrp'llreum, the perithecia are abundantly 
produced in mid-summer or in the green ho.use in winter. The 
perithecia formation is also nQt distinctly influenced by the tempe­
rature. According to. the results o.f his experiments carried out in 
different ro.oms of 3°_7°, 10°_12° and 18°_20°, in the low tempe­
rature room, 3°_7°, the incubatio.n period was lQnger than in the 
other rooms, nevertheless the formation of perithecia too.k place in 
all ro.oms. The influence Df high humidity on the vital functiDn 
o.f the fungus is felt directly Qr indirectly through that of the 
host plant. 

In the results of the above described experiments, checking 
the sunlight did not promote the formatiQn of perithecia Dr the growth 
of mycelia, -but when the host plants happened to. grDw vigorously, 
the perithecia formation was checked, and the growth of mycelia 
was increased. When the affected hQsts were etiolated, the powdery 
mildew gradually disappeared. In the etiolated condition, the host 
plants CQuld not be infected with conidia. The influence of tempe­
rature and -moisture was similar to that of sunlight. 

In the experiments o.n the influence of such factors as light, 
temperature, and humidity it is extremely difficult to distinguish 
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(44) noted that T. vulgare (with the exception of a few races), 
T. compactum, and T. Spelta belong to the susceptible hosts, while 
T. durum, T. polonicum, T. turgidum, and T. monococcum to the 
resistant. T. dicoccum has both susceptible and immune races. In 
1918, the same author (45) reported that Triticum sativum in a 
broad sense is attacked by Erysiphe graminis f. Tritici, while some 
varieties of T. dicoccum are absolutely immune. 

In 1909, 1912, 1916, and 1918, one hundred and sixty-one 
varieties belonging to the eight recognized types or species of Triti­
cum were tested on the resistant character to Erysipne graminis 
under green house conditions by G. M. REED (27, 28, 30, 31). 
The great majority of these varieties were highly susceptible to the 
wheat powdery mildew. It may be specially noted that T. dicoccoides 
KCKE., the wild wheat of Palestine, proved to be quite susceptible. 
In the distinctly resistant varieties are included T. dicoccum var. 
Khevpli, Russian Emmer and Spring Emmer, and T. vulgare var. 
caesium and pyrothrix. 

REED also tested various other species of Triticum, and T. 
bicorne and T. caudatum proved to be highly susceptible, while T. 
triaristatum and T. triuncinale proved to be resistant. 

According to the papers above cited, in Triticum polonicum and 
T. turgidum, both lines of resistant and susceptible varieties seem 
to be included. Also, in T. dico'ccum and T. vulgare, both varIeties 
of distinctly susceptible and highly resistant characters are included. 
We have come to recognize that the degree of the susceptibility and 
resistance in different varieties of wheat to the infection by Erysiphe 
graminis f. sp. Tritici can not be stated in general terms. 

Experiment 1 

In the spring of 1922, many varieties of wheat, which were sent 
from Dr. D. FAIRCHILD, Bureau of Plant Industry, U. S. Department 
of Agriculture to Prof. K. MIYABE, were sown in the field of our 
University, and left to the natural infection. The degree of the in­
fection caused by the powdery mildew is shown in the following 
table. 



Exp. 

No. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 
11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
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TABLE 13 

Results of the natural infection of Erysiphe graminis on 
wheat sent from the Bureau of Plant Industry, U. S. 

Department of Agriculture. 

Degree of infection 

Varieties of wheat 1922, 1922, 
VII. 20 VIlLI 

Marquis (T. vulgare var. lutescens) 1 1 

Little Club (T. compactum var. Humboldtii) 3 4 

Haynes 1 1 

Federation (T. vulgare var. alborubrum) 4 4 

Kota 3 2 

Pacific Bluestem 3 3 

Early Baart (T. vulgare var. graecum) 1 2 
Preston (T. vulgare var. erythrospermum) 0 0 -
Kanred 0 0 

Turkey (T. turgidum var. iodurum) 0 0 
Mammoth Red (T. vulgare var. erythrospermum) 0 0 

Dawson's Golden Chaff (T. vulgare var. alborubrum) 0 0 

Fulcaster 0 0 

Poole (T. vulgare var. milturum) 0 0 

Purple Straw (T. vulgare var. lutescens) 0 0 

Pentad 0 0 

Hybrid 128 0 0 

Acme 0 0 
Kubanka (T. durum var. hordeiforme) 0 0 
Monad 0 0 

Note, 0 = infection spots did not appear; 1 = infection spots appeared 

in minimum quantity; 4 = infection spots appeared in maximum quantity; 

2 and 3 = infection spots in intermediate quantity. 

From the above table, it may be seen that different degrees of 
resistance and susceptibility to the infection of the powdery mildew 
exist in the different varieties of Triticum vulgare growing in 
the field. 
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Experiment 2 

The experiment was made to determine the specialization of 
the conidia. Conidia of Erysiphe graminis parasitic on Triticum 
Spelta were inoculated on the leaves of host plants belonging to the 
genera Hordeum, Triticum, Secale, Avena and Poa. The method 
used was to make a spore-suspension of the conidia, and spray them 
on the host plants in the green house by means of an atomizer. 

TABLE 14 

Results of the inoculation experiments on Hordeum, Triticum, 
Secale, Avena, and Poa with the conidia of Erysiphe 

graminis parasitic on Triticum Spelta. 

Exp. Date of Date of Date of Date of ap-
No. Host plants sowing inocu- infection pearance of 

lation perithecia --
I Avena sativa (Belgium No. 12) 1926 1926 1926 1927 

XI. 3 XII. 16 0 0 
2 Hordeum sativum var. 0 0 hexastichon (Marumi No. 15) " " 
3 Hordeum sativum var. distichon 

" " 0 0 
4 Avena sativa (Victoria No.1) 

" " 0 0 
5 Hordeum sativum var. 0 0 vulgare (Mitsukigo No.1) " " 
6 Hordeum sativum var. 

0 0 vulgare (Sapporo rokkaku) " " 
7 Secale cereale 

" " 0 0 
8 Triticum Spelta 

" " 
XII. 19 1. 16 

9 Triticum com pactum 
" " 

XII. 18 1. 14 
10 Triticum vulgare (Turkey Red) 

" " " " 
11 Triticum dicoccum (Emmer) 

" " 
0 0 

12 Triticum monococcum 
" " 

XII. 18 0 
13 Triticum turgidum 

" " 
XII. 19 I. 18 

14 Triticum durum (Belotourka) 
" " 

XII. 18 0 

15 Poa pratensis 1932 1932 1932 1932 
XI. 3 0 0 

The writer made observations every day for two months after 
the sowing of the seeds. The susceptible species belonged to the 
single genus Triticum. The conidia, which were used in this experi. 
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ment, evidently belonged to the race of Erysiphe gramtms f. sp. 
Tritici. Conidia formed on Triticum spelta were employed in all 
the following experiments. 

In the present experiment, Tr'iticum dicoccum var. Emmer 
proved to be the only one immune variety among the wheat. In 
T. monococcum and T. durum (Belotourka), the infection spots 
gradually disappeared after the maturity of the host leaves. 

Experiment 3 

Wheat seeds, obtained from the Hokkaido Agricultural Experi­
ment Station, were sown in pots in a green house, and the inocula­
tion experiments were made using the same method as in ex­
periment 2. 

TABLE 15 

Results of the inoculation experiments with conidia of 
Erysiphe graminis parasitic on Triticum Spelta on the 

varieties of wheat obtained from the Hokkaido 
Agricultural Experiment 

Exp. Varieties of Wheat Date of Date of Degree of 
No. inoculation infection ' infection 

1927 
1 Triticum vulgare (Kota 6404) V.28 VI. 1 VI. 8 VII. 5 

4 4 

2 T. vulgare (Sapporo No.9) VI. 5 VI. 7 1 3 . 
3 T. vulgare (Marquis 4051) 

" " 
1 2 

4 T. Spelta (638) V.28 VI. 1 2 4 

5 T. com pactum (5036) .. V.31 3 4 

6 T. turgidum (Alaska 3914) .. VI. 1 3 2 
7 T. Algerian (Macaron'i 3862) 

" " 2 1 
8 T. durum (Belotourka 3972) 

" 
V.31 4 0 

9 T. polonicum (1349) .. " 3 0 
10 T. monococcum (5725) VI. 5 VI. 7 1 0 
11 T. dicoccum (Emmer 3933) 

" 0 
12 T. dicoccum (Khapli 6400) 

" 
0 

The seeds were sown on May 14,1927. 
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In No's. 2, 3, 10, 11 and 12, the mycelial spot did not appear 

in the first inoculation. On June 5, they were again inoculated. 

Among them, in No's. 2, 3 and 10, the white mycelial patches were 

produced on June 7. 

According to the observations on June 8, and July 5, Triticum 

vulgare (Kota 6404, Sapporo No.9, and Marquis 4051), T. Spelta 

(638), T. compactum (5036), and T. Algerian (Macaroni 3862) 

proved to belong to the susceptible varieties, and T. duru1n. (Belo­

tourka 3972), T. polonicum (1349), and T. monococcum (5725) be­

longed to the resistant. After two months, in the former group, the 

leaves and stems turned yellow in color, while in the latter, they 

continued to show the normal heathy growth. T. dicoccum (Emmer 

3933, and Khapli 6400) proved to be immune. 

Experiment 4 

Seventy-six varieties of wheat cultivated in this country were 

tested to determine the degree of their susceptiblity to Erysiphe 

graminis f. sp. Tritici. 

The wheat seeds used in the experiments whose results are 

tabulated in tables 16 and 17 were distributed from the Hokkaido 

Agricultural Experiment Station. 

In tables 18 and 19, are reported the results of the inoculation 

experiments using plants grown from seeds rece,ived from the Ex­

periment Station of the Department of Agriculture and Forestry 

at Konosu. 

In the experiments. reported in table 20, the plants grown from 

seeds received from France and Italy were used. 

Each variety was sown in five pots, and the inoculation ex­

periments were made out of doors. 
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TABLE 18 

Results of the inoculation experiments with the conidia of 
Erysiphe graminis f. sp. Tritici on varieties of wheat of 
foreign origin received from the Experiment Station 

of the Department of Agriculture and Forestry 
at Konosu. 

Exp. Date of Date of Date of Degree 
Varieties of wheat inocu- of in-

No. sowing lation infection fection 

1931 VIII. 31 
141 Tetsurei zairaishu VIII. 6 VIII. 18 VIII. 20 2 

142 " " 
., " 

2 

143 " " 
., " 

3 

144 " " " " 
3 

145 " " 
., " 

2 

146 Extra Kolben " " " 
1 

147 " " " " 
1 

148 " " " " 
1 

149 " " " 
withered 

150 " .. ., VIII. 22 1 

151 Ritter " " 
VIII. 20 4 

152 " " " .. 4 

153 ., " " " 
4 

154 " " " .. 4 

155 " 
., " " 

4 

156 Garnet Qt. 652 VIII. 21 IX. 3 IX. 9 IX. 19 
4 

157 " " " " 
4 

158 " 
., " 

IX. 8 4 

159 " " " 
IX. 5 4 

160 " " " 
IX. 7 4 

161 Huron Qt. 3 " " 
IX. 9 4 

162 " " " 
IX. 8 4 

163 ,. " " 
IX. 9 4 

164 " " " " 
4 

165 " " " " 
4 
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TABLE 18. (Continued) 

Exp. 

I 
Date of Date of Date of Degree 

Varieties of wheat inocu- of in-No. sowing lation infection fection 

IX. 19 
166 Harvest Queen VIII. 21 IX. 3 IX. 8 4 
167 

. 
" " " " 4 

168 Of. " " " 4 
169 " 

,. " " 
4 

170 " " " " 4 

171 Hard Federation " " " 4 

172 " " " " 4 

173 " " " " 4 

174 " " " " 4 

175 " " " " 4 

176 Bunyip .. " " 4 

177 " " " " 4 

178 " " " " 4 

179 
. 

4 " " " " 
180 " " " " 4 

IX. 25 
181 White Odessa VIII. 29 IX. 10 IX. 12 4 

182 " " " " 4 

183 " " " " 4 

184 " " " 
IX. 14 4 

185 " " " " 4 

186 Martin 
" " " 4 

187 " " " " 4 

188 " " " " 
4 

189 " " " " 4 

190 ,. " " 
IX. 12 4 

191 Russian No. 25 
" " " 4 

192 
" " " " 4 

193 
" " " " 4 

194 
" " " " 4 

195 
" " " " 

4 
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TABLE 18. (Continued) 

Exp. Date of Date of Date of Degree 
No. Varieties of wheat sowing inocu- infection of in-

lation fectioh 

196 Podolanka VIII. 29 IX. 10 IX. 14 IX. 25 
4 

197 
" " " 

IX. 12 4 
198 

" " " 
IX. 14 3 

199 
" " " 

IX. 12 4 

200 
" " " " 

4 

201 1 Lwowianka 
" " 

IX. 14 4 
202 

" " " 
IX. 12 4 

203 .. " " " 
4 

204 
" " " 

IX. 14 4 

205 
" " " 

IX. 12 4 

206 Gentile Rosso fam. 58 IX. 2 IX. 15 IX. 17 IX. 30 
4 

207 " " " " 4 
208 " " " " 4 
209 

" " " " 4 

210 " " " " 4 

211 Altai 86 
" " " 4 

212 
" " " " 4 

213 
" " " " 4 

214 
" " " " 

4 

215 ., 
" " " 4 

216 Altai 414 
" " " 4 

217 
" " " " 4 

218 
" " " " 4 

219 
" " " " 4 

220 
" " " " 

4 

221 Russian No. 38 X.5 
" " 0 

222 " " 
{IX. 21) 0 

223 " " " 0 
224 " " " 0 
225 " " " 0 
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TABLE 19. (Continued) 

Exp. Date of Date of Date of Degree 
Varieties of wheat inocu- of in-No. sowing lation infection fection 

241 Akita-zairaishu' (Akita) IX. 3 IX. 17 IX. 19 X.5 
4 

242 .. " .. IX. 22 4 
243 

" " " " 3 
244 

" " " " 3 
245 

" " " " 4 

246 Waraide (Yamagata) 
" " " 4 

247 
" " " " 4 

248 
" " " " 4 

249 
" " " " 4 

250 
" " " " 4 

251 Sunagawa-daruma (Fukushima) IX. 9 IX. 23 IX. 28 X.15 
4 

262 
" " " IX. 29 4 

253 
" " " " 4 

254 
" " " " 4 

265 
" " " IX. 28 4 

256 Shirasaya No.2 (Ibaragi) 
" " " 4 

257 .. " " IX. 29 4 
258 

" " " " 4 
259 " " " " 4 
260 " " " IX. 28 4 

261 Akaboro No.1 (Tochigi) 
" " IX. 26 4 

262 .. " " IX. 28 4 
263 

" .. " IX. 26 4 
264 " .. " .. 4 
265 " " " IX. 28 4 

266 Nitta-wase (Gumma) IX. 10 IX. 29 X.16 
" 4 

267 " " " " 4 
268 " " " IX. 28 4 
269 " " " IX. 26 4 
270 " " " IX. 29 4 
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TABLE 19. (Continued) 

Exp. Date of Date of Date of Degree 

No. Varieties of wheat sowing inocu- infection of in-
Iation fection 

X.26 
301 Nishimura (Fukui) IX. 25 X.7 X.10 4 

302 
" .. " " 

4 

303 
" .. .. " 

4 

304 
" .. " " 

4 

305 
" " " " 

4 

306 Akage-gumbai (Yamanashi) " " " 
4 

307 
" " " " 

4 

308 
" " " " 

4 

309 .. .. " X. 9 4 

310 .. " .. X.lO 4 

311 Shibu-shirazu (Nagano) .. " " 
4 

312 
" " " " 

4 

313 " " " " 
4 

314 
" " " 

X.ll 4 

315 
" " .. X.10 4 

316 Aichi-akatake No. 1 (Aichi) " .. X. ]2 4 

317 " " " 
X.ll 4 

318 " " " X.lO 4 

319 " " " " 
4 

320 " " " " 
4 

321 Mihara (Hyogo) " " 
X.12 4 

322 " " " X.lO 4 

323 .. " " X. 9 4 

324 .. " " 
X.lO 4 

325 " .. .. " 
4 

X.27 
326 Shin-nakanaga (Hyogo) IX. 29 X.9 X.l7 4 

327 " .. " 
X.I6 4 

328 " .. " " 
4 

329 " .. " 
X.l7 4 

330 " " " 
X.14 4 
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TABLE 19. (Continued) 

Exp. Date of Date of Date of Degree 
Varieties of wheat inocu- of in-No. sowing lation infection fection 

X.27 
331 Ejima No.1 (Shimane) IX. 29 X.9 X.I7 4 

332 
" " " " 

4 

333 
" " " 

X.I4 4 

334 
" " " 

X.I6 4 

335 " " " " 4 

336 Hatada-komugi No.2 (Okayama) .. " " 
4 

337 " " " " 
4 

338 " " .. X.I5 4 

339 
" " " X.16 4 

340 
" " " " 

4 

341 Wase-chinko (Hiroshima) " 
X.I0 

" 
4 

342 " " " X.13 4 

343 " " " " 
4 

344 
" " " " 

4 

345 
" " " X.I4 4 

346 Wase-komugi (Kagawa) 
" " X.I5 4 

347 " " .. X.I8 4 
348 

" " " X.I6 4 
349 

" " " " 
4 

350 " " " X.I7 4 

351 Homan (Kochi) 
" " " 4 

352 " " " X.I9 4 
353 " " " X.17 4 
354 " .. " " 

4 
355 

" " " X.I8 4 

X.31 
356 Ejima-shinriki (Fukuoka) X.5 X.19 X.2I 4 

357 
" " " " 

4 
358 

" " " " 
4 

359 

.1 
" " " " 

4 
360 

" " " " 
4 
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TABLE 20 

Results of inoculation experiments with the conidia of 
Erysiphe graminis f. sp. Tritici on the species of Triticum 

which were sent from the Agricultural Experiment 
Stations in France and Italy. 

Exp. Date of Date of Date of Degree 
Species of wheat inocu- of in-No. sowing Jation infection fection 

381 Triticum Tumonia (France) 1931 XI. 7 XI. 9 XII. 4 
X.19 4 

382 
" " " 

XI. 10 4 
383 

" " .. " 4 
384 

" " " XI. 9 4 
385 

" " " " 4 

386 T. Tumonia (Italy) " " 
XI. 10 4 

387 
" " " XI. 11 4 

388 
" " " 

XI. 10 4 
389 

" " " .. 4 
390 

" " .. " 4 

39l T. abyssinicum (France) 
" " 

XI. 11 3 
392 " " " 

XI. 9 3 
393 " " " " 3 
394 

" " " 
XI. 10 3 

395 
" " " " 3 

396 T. boa tum (Pays-Bas) 
" 

XI. 11 0 
397 .. .. (XI. 23) 0 
398 

" " " 
0 

399 
" " " 

0 
400 

" " " 0 

401 T. Tb'aouder (Italy) XI. 7 XI. 11 XII. 4 .. 3 
402 

" " " " 3 
403 " " " " 3 
404 

" " " " 3 
405 " " " " 3 

The seeds of the above varieties were received from the Agri­
cultural Experiment Stations in France and Italy. Triticum boatum 
proved to be immune, but this species is not numbered among the 
common wheats. 
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Summary of the inoculation experiments on 
eighty-one varieties of wheat. 

261 

The results of the inoculation experiments with conidia produced 
on Triticum Spelta are as follows: 

In Triticum vulgare, both susceptible and resistant varieties 
are included. Among the varieties of T. vulgare tested in these 
experiments, the most highly resistant and perfectly immune varieties 
could not be found. 

In T. turgidum, T. Spelta, and T. compactum, the susceptibl,e 
character was retained throughout all vegetative stages from the 
seedling to the ripening stage. 

The seedlings of T. polonicum, and T. durum were highly sus­
ceptible, but in the ripening stage, they became highly resistant. 
Sometimes they are mistaken to be immune in the field observation. 

T. monococcum and T. dicoccum proved to be resistant through­
out all the stages, but T. monococcum var. Hornemanni still remains 
undetermined on account of the non-germination of its seed. 

Russian No. 38, and T. boatum belonged to the immune varieties. 

Experiment 5 

As a result of further inoculation experiments, Triticum dicoc­
cum, Khapli 6400, Emmer 3933, and R'USsUL,n No. 38 proved to 
be immune varieties. T. monococcum var. Hornemanni still remained 
undetermined. The following experiments were repeated for the 
ascertainment of these facts. 

TABLE 21 

Results of inoculation experiments on Triticum dicoccum 
with the conidia of Erysiphe graminis parasitic 

on Triticum vulgare. 

Varieties of wheat Date of Date of Date of 
sowing inoculation infection 

T. dicoccum, Emmer 3933 VIII. 11 VIII. 24 
, 

0 

T. dicoccum, Khapli 6400 
" " 

0 

In this experiment, the conidia on Triticum vulgare were used 
for inoculation. 
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TABLE 22 

Showing the results of the inoculation experiments on 
Triticum dicoccum using the conidia of Erysiphe graminis 

parasitic on Triticum Spelta. 

Varieties of wheat Date of Date of Date of Treatment of the 
sowing inoculation infection host plants 

a XI. 17 II. 23 0 On stripped epidermis 
T. dicoccum, Emmer 

b " " 0 On epidermis wounded 
with needle 

a I. 18 
" 

0 On stripped epidermis 
T. dicoccum, Khapli 

b On epidermis wounded 
" " 0 

with needle 

In this experiment, the conidia formed on T. Spelta were inocu­
lated on T. dicoccum, Khapli and Emmer. They were not infected 
even though the epidermis. of the leaves had been stripped off with 
a razor or wounded with a needle. 

TABLE 23 

Results of inoculation experiments on Triticum dicoccum 
and T. monococcum using conidia of Erysiphe graminis 

parasitic on Triticum dicoccum var. farrum. 

Varieties of wheat Date of Date of Date of Degree of 
sowing inoculation infection infection 

T. dicoccum, Khapli 
XII. 8 1. 18 0 

" withered 0 

T. dicoccum, Emmer 
XII. 17 1. 18 0 

" " 
0 

T. monococcum 1. 9 II. 9 11.15 (II. 23) 
var. Hornemanni Not germinated 2 

" 
Russian No. 38 

II. 16 II. 26 0 

" " 
0 

In this experiment, conidia from the fungus on T. dicoccum var. 
farrum were used for inoculation. After the inoculation, the pots 
were placed in the green house side by side with the pots of af-
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parasite on either T. ddcoccum var. furrum or on T. vulgare (II), 
which had passed through T. dicoccum var. farrum. It was found 
that in order for the conidia on T. vulgare (Ekishirazu) to cause in­
fection on T. monococcum var. Hornemanni, the fungus must pass 
T. dicoccum var. farrum as a host. 

Experiment 7 

In this experiment, the morphological characters of the conidia 
of Erysiphe graminis f. sp. Tritici used in experiment 6 were studied. 
The matured conidia were used for measurements. 

TABLE 27 

Measurements of the conidia produced on T. vulgare (I). 

Length in Micron. 

Class 31.2 32.4 33.6 34.8 36.0 37.2 38.4 39.6 40.8 

Frequency 2 8 10 16 30 17 9 4 4 

Width in Micron. 

Class 13.2 14.4 15.6 16.8 18.0 

Frequency 3 31 52 9 5 

TABLE 28 

Measurements of the conidia produced on T. vulgare (IV). 

Length in Micron. 

Class 28.8 30.0 31.2 32.4 33.6 34.8 36.0 37.2 38.4 39.6 40.8 

Frequency 3 7 12 13 15 16 19 7 6 1 1 
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onto T. vulgare, the forms of the conidia gradually returned to their 
original size. 

On May 19, 1932, germination experiments with the conidia 
formed on T. vulgare (IV) and T. dicoccum var. farrum (II) were 
made in the hanging-drop cultures. As shown in figure 7, the germ 
tubes of the conidia on T. dicoccum var. farrum were shorter and 
larger than those on T. vulgare; in addition irregular branches were 
frequently formed at their apices. 

2 
I 

Fig. 7. Germination. (x 550) 

1. Germination of conidia of Triticum vulgare III, after 20 hours from 
the start of hanging-drop culture. 

2. Germination of conidia of T. dicoccum var.farrum, after 20 hours 
from the start of hanging-drop culture. 

Also, conidia formed on T. vulgare and T. dicoccum, var. farrum 
were sown on the leaves of T. dicoccum var. Khapli which were 
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infected and proved to be immune. The cultural solutions were re­
newed every two days, and after 2 weeks, the length of the seedlings 
was measured. In both kinds of wheat, they attained the greatest 
growth in the solution of PH. 6.8. In Triticum vulgare, the seedlings 
cultured in the medium of PH. 5, showed the least number of infected 
spots and the poorest growth in length. 

2. Difference in characters between the susceptible 
and immune varieties of wheat 

(1) Morphological differences 

For investigation on the morphological difference of each variety 
of wheat in regard to susceptibility and immunity to the powdery 
mildew, the different characters were observed as shown in the 
following table. 

TABLE 31 
Morphological difference of the susceptible and immune wheat. 

Color of Color of Number of Degree 
Varieties of wheat coleoptile leaves hairs in of in-

1 sq. mm. fection 

Upper Under 
T. vulgare (Wase-komugi) Light green Light 10 6 4-4 

green 
T. vulgare (Ekishirazu) Light green Light 20 10 4-4 

green 
T. compactum (Hokkaido, Agr. Greenish Green 10 6 3-4 

Exp. Stat. No. 63) brown 
T. Spelta var. Dukamelianum Greenish Green 6 20 2-4 

(J. 4. 4. 1. 1. 1.) russet 
T. turgid urn var. pseudocervi- Light green Deep 20 40 3-2 

num (Alaska) green 

T. durum var. hordeiforme Brownish Green 6 Trace 4-0 
(Belotourka) green 

T. polonicum var. chrysosper- Light green Deep 10 Trace 3-0 
mum (de Pologne ou d' As- green 
trakan) 

T. dicoccum var. farrum Greenish Deep 60 65 2-0 
Hay's russet green 

T. monococcum var. vulgare " " 30 20 1-0 

T. monococcum Greenish 
" 50 100 2-0 

var. Hornemanni russet 

T. dicoccum, KhapIi, 6400 " 
Green 5 20 0 

T. dicoccum, Emmer, 3933 Greenish Deep 15 15 0 
Hay's russet green 
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The coleoptilesof Triticum dicoccum, T. monococcum, and T. 
Spelta are greenish russet or greenish Hay's russet in color, those 
of T. compactum and T. durum are brownish green, and the rest 
are light green. At first, the reddish pigment is found diffused in the 
cell sap of the subepidermal cells. In this stage, the portion con­
taining the pigment has the property of partial immunity. After 
about 2 weeks from the germination, the pigment is changed to pur­
plish red in color. The diffused pigment assumes globular shapes 
in a certain limited number of cells. The pigment becomes then 
insoluble to water. In this stage, the coleoptile loses the resistant 
character. 

The hairs in an area of 1 sq. mm. were counted under microscope 
using the square micrometer by means of Leitz's Ultropark. The 
marginal part of the middle portion of the leaf was used for the 
counting. The basal cell of the hair is always free from the 
haustorium, besides the hairs check the adherence of water drops 
on the epidermis. Therefore, the strains having numerous hairs 
show the tendency of resistance to the powdery mildew. Also the 
incubation period for the conidial infection is shorter in the case 
of the strains having fewer hairs than in those having numerous 
hairs. In T. vulgare, T. compactum, T. Spelta, T. turgidum, T. 
durum and T. polonicum, only a few hairs are produced. T. dicoccum 
var. farrum and T. monococcum have numerous hairs. But this 
character has no relation to their immunity. In T. dicoccum, 
varieties Khapli and Emmer, the hairs are far less than those of the 
susceptible form of T. dicoccum var. farrum. 

The structure of the matured leaf blades of wheat was fully 
described by J. PERCIVAL (26) in 1921. In 1931, HELEN HART (15) 
'Published a paper on the relation between the structure of wheat 
and the rust. According to her, most of the tissues of wheat in the 
seedling stage are thin-walled chlorenchyma, with numerous inter­
cellular spaces and the epidermis is then a thin, delicate and easily 
ruptured cellulose-walled membrane. The rust susceptible tissue in 
the leaf blade occupies the area between the parallel vascular bundles 
and extends from the lower to the upper epidermis. The girders of 
sclerenchyma that accompany some of the vascular bundles separate 
each collenchyma area from its neighboring area. The width of the 
area varies in different varieties of wheat and in different species 
of Triticum. 
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In Erysiphe graminis, the mycelial hyphae on the leaf surface 
send haustoria into the epidermal cells. As a consequence, the 
characters of the epidermal cells have a close relation to the penet­
ration of the infection tube. The characters of the epidermal cells 
are determined by the number of vascular bundles and by the environ­
mental factors. The leaf epidermis just above the vascular bundles 
in both the upper and lower surfaces is composed of thick-walled 
cells with thick cuticular layer, especially so in the large vascular 
bundles. 

The infected spots. of Erysiphe graminis on wheat become elon­
gated along the veins. The production of haustoria is limited to the 
thin-walled epidermal cells. The creeping mycelial hyphae send 
haustoria into the cells of the valley of the epidermis., and in this 
part, the cuticular layer does not develop so well. In the sheath, the 
same characters were recognized as those in the leaf blade. The 
development of the thick-walled cells of the epidermi's with thick 
cuticular layer is influenced by the temperature, moisture, light, 
nutrition, etc. When the wheat is grown under unfavorable condi­
tions, the thin-walled epidermal cells become predominant, thus mak­
ing the plant susceptible to the attack of the powdery mildeW\. 

The seeds of T. vulgare (W ase-komugi) were sown on moistened 
cotton in a glass dish, and it was covered with a bell-jar, and placed 
on the table of the laboratory. When the seedlings had grown to 
10 cm. in length, they were inoculated with conidia. On the third day 
after the inoculation, white patches began to appear on the leaves at 
the inoculated portions. These patches become elongated along the 
veins. After a week, the stripped epidermis from the affected leaf 
was examined. All epidermal cells were thin-walled. In this stage, 
haustoria were seen even in the epidermal cells on both sides of the 
vascular bundles. After three weeks, tne mycelial hyphae spread over 
the surface of the leaf. In this stage, under the abnormal condition, 
the haustoria were sometimes found in the epidermal cells on both 
sides of the bundles, besides also even in those of the midrib. This 
fact was also observed in the specimens collected at Sorachi, in the 
Province of Ishikari, Hokkaido, in 1931, when the wet weather had 
continued for a long time. 

The relative development of the thin-walled and thick-walled 
epidermal cells is determined by the relative number of vascular 
bundles in a certain area. In the cross section of the leaf the distance 
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plasmolysis appeared immediately in T. vulgare, the susceptible 
variety, but in T. dicoccum, the immune variety, 3 mol solution had 
to be used to have a similar result. 

(4) Chemical difference 

a. Staining 

The dyes are generally classed in the natural and artificial 
groups. For the latter group the author examined the reactions 
induced by the several basic and acid dyes in immune and susceptible 
varieties of wheat. 

. Acid dyes 

1. Orange G. Clove-oil solution. 
2. Bismarck brown . . . . . . . .. Alcoholic solution. 
3. Congo red .............. Alcoholic solution. 
4. Aceto Methyl blue. 
5. Fuchsin ................ Alcoholic solution. 
6. Aceto Carmine. 
7. Anilin blue ............. Alcoholic solution. 

Basic dyes 

1. Crystal violet. . . . . . . . . . .. Alcoholic solution. 
2. Giemsa's stain + NaOH 
3. Methyl green. . . . . . . . . . .. Alcoholic solution. 
4. Safranin ............... Alcoholic solution. 
5. Thionin ................ Alcoholic solution. 
6. Light green . . . . . . . . . . . .. Alcoholic solution. 

After 20-30 minutes from the treatment with the above dyes, 
the experimental material was observed under the microscope. When 
the stripped epidermis of T. dicoccum, Khapli was treated with 
Congo red the epidermal cells were not stained, while those of T. 
vulgare (Ekishirazu) were stained light red. When Bismarck brown 
was used, the epidermal cells of T. dicoccum, Khapli were stained 
orange in color, but those of T. vulgare stained light orange. When 
the other dyes were used, no difference could be recognized between 
the two varieties, both being stained to an equal degree and present­
ing a similar reaction. 
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five days. The H-ion concentration of the living protoplasm of the 
epidermal cells of the leaves could not be measured accurately because 
the protoplasm caused plasmolysis before the epidermal cells were 
stained to any perceptible extent. The thick-walled epidermal cells 
were more or less stained by the indicator solution, but the PH. value 
could not be very well determined on account of the cells being stained 
light in color. The guard-cells of the stomata were stained exceeding­
ly well, and these cells are not infected by the powdery mildew. 

The H-ion concentration of the haustoria in the epidermal cells 
was measured 10 minutes after the treatment by the solution. The 
PH. value was about 5.8-6.0. The PH. value of the conidia, germ 
tubes and mycelial hyphae was similar to that of the haustoria. 

In addition, Methyl Red alcoholic solution (207c) was used as an 
indicator solution. The results were similar to' those of the former 
experiments. 

As the results of chemical tests, the difference of the epidermal 
cells of the susceptible and resistant varieties of wheat in regard 
to the staining reaction is that in T. dicoccum, Khapli, cells are not 
stained by Congo red, but they are stained orange color by Bismarck 
brown, and in T. vulgare, they are stained light red by Congo red 
and light orange by Bismarck brown. Also, the measurement of 
the hydrogen-ion concentration of the living protoplasm of the epider­
mal cells could not be determined by Small's method. 

Summary of the section on specialization and resistance 

1. The immune and susceptible characters of wheat to the in­
fection by Erysiphe graminis f. sp. Tritici were determined by in­
fection experiments. The characters differ more or less in different 
species and varieties. In susceptible varieties of wheat, the degree 
of susceptibility differs greatly in different varieties. 

2. The highly or less susceptible characters are more or less 
changed by the environmental factors. In wheat cultivated in the 
field, the haustoria did not form in the thick-walled epidermal cells 
on both sides of the vascular bundles, but when the plants were grown 
in the laboratory, the haustoria were produced in tho.se cells. The 
resistant characters of the protoplasm in the living cells did not 
change even though the plants were cultivated in Knop-solution of 
different hydrogen-ion concentrations. The osmotic pressure in the 
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epidermal cells of T. vulgare was lower than that of T. clicoccum, 
Khapli. 

3. The susceptible and resistant varieties are distinguished by 
the difference in the morphological characters of the leaf. In the 
less susceptible variety, numerous hairs are produced on the surface 
of the leaves and the epidermis is composed of numerous thick-walled 
cells. The highly susceptible variety has less hairy epidermis, whose 
wall is much thinner to a great extent. But, in the immune varieties, 
no significance could be assigned to the morphological characters as 
in the cases of the resistant and susceptible varieties. 

4. In the course of the infection experiments, the writer found 
that the conidia on T. vulga.re (Ekishirazu) did not infect T. mono co­
ccum var. Hornemanni unless they were passed through T. dicoccum 
var. farrum. T. dicoccum var. farrum proved to be a bridging species. 



280 YASU HOMMA 

Systematic Part 

Erysiphaceae are to be found widely throughout the tropical 
and temperate zones. In this country, which ranges from Lat. 21 °45' 
N. to Lat. 50°55' N. numerous species have been found. For the 
investigation of both the conidial and perithecial stages of the fungi, 
Sapporo in the island of Hokkaido is most favorably situated. 

The species reported in the present paper are as follows: 

Erysipheae •••..•....• Cystotheca 2 species 
Spbaerotheca 6 species 
Podosphaera 4 species 
Erysiphe 7 species 
Uncinula 23 species 
Typhulochaeta 1 species 
Sawadaea 3 species 
Microsphaera 17 species 

Phyllactinieae ......•.• Phyllactinia 9 species 
U ncinulopsis 1 species 

Leveilluleae •..•.•..... Leveillula 1 species 
----------------------------

Total 74 species 

Among the above species, those considered as new species are 
nine in number; namely, Microsphaera Ligustri HOMMA on Ligustrum 
ovali/olium; M. Coryli HOMMA on Corylus heterophylla var. japonica, 
Corylus mandshurica and Corylus Sieboldiana; M. Abeliae HOMMA 
on Abelia spatulata; M. Viciae-unijugae HOMMA on Vicia unijuga 
and Vicia Tanakae; Sawadaea Negundinis HOMMA on Acer Negundo; 
Uncinula bifurcata HOMMA on Quercus serrata; U. Picrasmae HOMMA 
on Picrasma quassioides; U. Betulae HOMMA on Betula Ermanii var. 
sub cordata, and Betula Tauschii; and U. Nis'kidana HOMMA on 
Sterculia platanifolia; those species whose names are revised by the 
new combination are six; viz., Sphaerotheca japonica (SALM.) 
HOMMA, Sawadaea Tulasnei (FUCK.) HOMMA, Microsphaera pseudo­
Lonicerae (SALM.) HOMMA, Phyllactinia Fraxini (DC.) HOMMA, 
Phyl. Pyri (Cast.) HOMMA, and Phyl. quercus (MER.) HOMMA. 

The genus TyphuIochaeta is the only endemic genus in this 
country, and Typhulochaeta japonica is found widely in Honshu 
and Kyushu. 
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At the present time, the relation of the perithecial and conidial 
stages of Erysiphaceae is as follows: 

Perithecial stage Conidial stage 
Erysiphaceae Mucedinaceae 

Subfam. Erysipheae Genus Oidium 

" Phyllactinieae " Ovulariopsis 

" Leveilluleae " Oidiopsis 

Historical survey of the Japanese Erysiphaceae 

Cystotheca Wrightii parasitic on an evergreen oak was described 
by BERKELEY and CURTIS in 1858 (50). This was the first record 
of the Japanese Erysiphaceae. It was collected in the Loo-Choo 
Islands by CHARLES WRIGHT in April 1855, in the North Pacific Ex­
ploring Expedition under Commodore Rodgers. 

In 1887, E. TANAKA (170) noted on the parasitic fungi in 
general, and he used therein for the first time the name "UdonkoH, 
meaning the "floury powder", for the powdery mildew in this country. 
In 1890, Cystotheca Wrightii on Quercus myr8.inaefolia (Shira-kashi) 
was referred to by the same author (171) in his paper published 
under the name of "On the collection of fungi". 

In 1891, K. SHIRAI (157) noted on the Koshu-grape mildew 
disease (Oidium Tuckeri) which had appeared in the vicinity of 
Katsunuma in the province of Kai. In 1892, the same author (158) 
reported the powdery mildew of Nicotiana Tabacum in his publica­
tion on the parasitic diseases in Saitama Prefecture. In 1897 
Sphaerotheca on Arctium Lappa was noted by the same author (159). 

In 1901, S. KUSANO (197) studied the haustoria of the powdery 
mildew, and he said that the common powdery mildew send haustoria 
into the epidermal cells. of the host plants, while in the genus Phyll­
actinia, the mycelium spreads in the intercellular space among the 
mesophyll cells of the leaf and it has a tendency to approach the 
vascular bundles, owing to the phenomenon of chemotropism. In 
1902, the same author (98) recorded that the conidia of the powdery 
mildew may pass the winter in the warmer region in the Province of 
Izu. In the same year, he (99) wrote on Cystotheca Wrightii para­
sitic on Quercus glauca (Aragashi) in his paper on "The parasitic 
fungi collected in the Chugoku district". 
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the Erysiphaceae" was published by the same author (143). He dis­
cussed in it the several species of Uncinula and Sphaerotheca of 
Japan. 

In 1900, P. and H. SYDOW (165) published the "Fungi novi 
Japonici", in which they reported on Uncinula Kusanoi n. sp. and 
Oidium japonicum n. sp. In 1909, the same authors (166) noted on 
Erysiphe Polygoni, Uncinula Miyabei, U. Salicis and Phyllactini'a 
corylea in the "Micromycetes japonici". In 1913, in the paper en­
titled "Ein Beitrlige zur Kenntnis der parasitischen Pilzflora des 
nordlichen Japan", 12 species and 1 variety of Erysiphaceae were 
reported by the same authors (165). Uncinula Salmoni SYDOW is a 
new species. In 1914, the same authors (168) published "Zweiter 
Beitrage zur Kenntnis der parasitischen Pilzflora des nordIichen 
Japan". In this paper, they noted on Microsphaera Yamadai n. 
comb., Uncinula Delavayi and Cystotheca lanestris. The above 
materials which were reported by SYDOW are specimens which were 
sent to them by Mr. M. MIURA. 

In 1901, P. HENNINGS (77) published "Fungi japonici, I.", 
reporting in it on Erysiphe communis, Microsphaera japonica (n. 
sp.), Sphaerotheca Castagnei and Phyllactinia suffulta var. moricola 
(n. var.). In 1902, the same author (78) published his "Fungi 
japonici, II". The species reported therein are as follows: Sphaero­
theca Kusanoi (n. sp.), Sph. Phteirospermi (n. sp.), Sph. Humuli; 
Erysiphe Polygoni, E. Pisi var. Desmodii (n. var.); Microsphaera 
sambucicola (n. sp.) ; Uncinula Shiraiana (n. sp.), U. Zelkowae (n. 
sp.), U. clandestina form. japonica (n. form.), U. Salicis, U. vernici­
ferae (n. sp.); Phyllactinia suffulta. The above two papers are 
reports on specimens which had been sent to Prof. HENNINGS from 
Prof. K. SHIRAI. In 1903, 2 species of Erysiphe, 2 species of Un­
cinula, 1 species of Microsphaera and 1 species of Phyllactinia were 
reported in "Fungi japonici, III" by P. HENNINGS (79). In 1905, 
the same author (80) noted on Sphaerotheca Castagnei, Erysiphe 
Cichoracearum, E. Polygoni, Microsphaera Mougeotii, Uncinula 
Clintonii and Phyllactinia suffulta in "Fungi japonici, V". 

In 1902, T. NISHII?A (124) wrote on Uncinula Salicis, U. poly­
chaeta and Phyllactinia corylea in "The list of fungi collected in the 
Etchu Province". 

In 1904, N. NAMBU (119) reported on Microsphaera Alni, Un­
cinula Kusanoi, U. Aceris and Phyllactinia corylea in "The parasitic 
fungi collected in the vicinity of Tokyo". In 1906, the same author 
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(120) published a paper under the.name of "A list of parasitic fungi", 
in which he reported on Sphaerotheca Humuli, Erysiphe Cichoracea­
rum, Microsphaera Alni, Uncinula septata and Oidium erysiphoides. 

In 1901, T. YOSHINAGA (181) noted on Cystotheca Wrightii, 
Erysiphe Polygoni, Phyllactinia suffulta and Oidium erysiphoides in 
"Some fungi from Tosa Province". In 1904 (182), he published 
the third part of the above paper, in which Sphaerotheca Castagnei, 
Microsphaera Mougeotii and Uncinula Clintonii were described. 

In 1905, K. YOSHINO (183) reported the following species: 
Sphaerotheca 2 species, 1 variety; Podosphaera 1 species; 

Erysiphe 3 species; Microsphaera 1 species; Uncinula 4 species; 
Phyllactinia 1 species; and Cystotheca 1 species. 

In 1907, 1. MIYAKE (115) described Uncinula Mori (n. sp.) 
parasitic on Morus bombycis. 

In 1914, a paper under the title of "Studies on the Oidium stages 
of Erysiphaceae" was published by K. SAWADA (149). In this paper, 
he published the new genus Sawadaea MIYABE, and he attempted the 
classification of Erysiphaceae according to the characters of the 
conidial stage. Erysiphe Polygoni was changed to the name Micros­
phaera Polygoni, and Oidium subspiralis SALM. was proved to be the 
conidial stage of Phyllactinia subspiralis (SALM.) SAWADA. In 1916, 
Phyllactinia subspiralis was separated from the genus Phyllactinia, 
and a new genus Uncinulopsis was established (151). In 1919, the 
same author (152) published his "Desc. catalog. Formosan fungi". 
He therein described 14 species, among which there was 1 new species, 
Erysiphe Cinnamomi SAWADA. In 1927, "Studies on the Oidium 
stages of Erysiphaceae in Formosa" was published by the same 
author (153). In this paper, he recorded 6 new species, Erysiphe 
Tabaci, E. Plantaginis, Oidium Leonuri-sibiricae, Oid. Leucas-javani­
cae, Oid. Lactucae-debilis and Oid. Sonchi-arvensis, and also made 
notes on Erysiphe graminis and Oid. crystallinum. In 1930, a paper 
"On the systematic investigation of Phyllactinia in Formosa" was pub­
lished by the same author (38), in which he described 6 new species 
and 1 new combination of Phyllactinia, and 9 new species of Ovulari­
opsis. These species are as follows: Phyllactinia Actinidiae-lati­
/oliae, Phyn. Actinidiae-formosanae, Phyll. BroU8sonetiae-Kaemp/eri, 

• Phyll. Sapi, Phyll. kakicola, Phyll. pyri-serotinae, Phyll. moricola, 
Ovulariopsis Alni-formosanae, Ovul. Asclepiadis-curassavicae, Ovul. 
Ampelopsidis-heterophyllae, Ovul. Ampelopsidis-ciliatae, Ovul. 
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tissue, forming conidia on the conidiophores issuing from the 
stomata and forming perithecia on the superficial mycelium. 

Conidia (Oidium, Ovulariopsis and Oidiopsis) are produced con­
catenately; they are large, one-celled, hyaline, ellipsoidal or clavate, 
borne on the conidiophores which branch either from the external or 
internal hyphae; conidiophores are hyaline, simple, thin walled, erect 
or bent at the base. 

Perithecia are sessile, single, seated on the mycelium, membra­
naceous, at first colorless, then yellow, finally becoming dark brown, 
globose or globose-depressed, sometimes concave or lenticular, with 
walls several-layered; appendages arising from special, equatorial or 
basal portion of the perithecium, and they are either similar to the 
mycelial hyphae or different showing definite forms, colorless or 
brown. Asci are produced singly or in groups from the base of the 
perithecial cavity; they are colorless, subglobose, oblong or ovate, 
usually pedicellate. Ascospores are simple, colorless, ellipsoidal or 
ovate, thin-walled, each ascus holding 2-8 spores. Paraphyses absent. 

Subfam. Erysipheae PALLA 

Mycelium is wholly ectophytic, sending haustoria into the epider­
mal cells of the host plants. Conidia (Oidium) are produced in a 
chain on conidiophores arising from the external hyphae. 

Key to the genera of the subfam. Erysipheae 

1. Ascus single. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 
Asci several .............................................................. 3 

2. Special hairs produced from the creeping brown mycelium, appendages 
wanting or very scarce, matured conidia produced in a chain, barrel-
shaped ..................................................... Cystotheca (288) 

Appendages simple and hypha-like, matured conidia arise in a chain, 
elongate·ellipsoidal ...................................... . Sphaerotheca (295) 

Appendages dichotomously branched at the apex, matured conidia arise in a 
chain, subglobose or ellipsoidal .......................... . Podosphaera (313) 

3. Appendages simple.......................... ............................. 4 
Appendages branched .................................................... 5 

4. Appendages more or less like the mycelial hyphae, matured conidia produced 
solitary or in a chain ...................................... .. Erysiphe (320) 

Appendages uncinulate at the apex. matured conidia solitary .... Vncinula (343) 
Appendages clavate, conidia not yet known ................ Typhulochaeta (369) 

5. Appendages simple, dichotomously or trichotomously branched, uncinulate 
at the apex, matured conidia arise in a chain and have two forms ..• 
........................ ...... . " ............................. • Sawadaea (370) 

Appendages dichotomously branched several times at the apex, matured 
conidia solitary .......................................... Microsphaera (376) 
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x 9.6-14.4 ft in size; appendages none; ascus 1, subglobose or ellip­
soidal, stalked, hyaline, 76.8-91.2 x 54.4-57.6 ft; spores 6-8 in number, 
ellipsoidal, 19.2-24.0 x 12.0-15.6 [I. 

Hab. On leaves of pusuniu cuspidutu OERST. (Shii). Honshu-Sagami. 
On Quercus acuta THUNB. (Aka-gashi). Honshu-Musashi. Shikoku-Iyo. 
On Quercus glauca THUNB. (Aragashi). Honshu-Musashi, Kazusa, Awa, 

Sagami, Suruga, Izu, Shinano, Mino, Yamashiro, Settsu, Bizen, Aki, Inaba. 
Kyushu-Buzen, Hizen, Higo. Loo-Choo Isl.-Hanechi, Yaeyama. Formosa­
Daihoku. 

On Quercus myrsinaefolia BL. (Shira-kashi). Honshu-Rikuzen, Musashi, 
Hitachi, Kozuke, Echigo, Mino, Bizen, Inaba. Kyushu-Higo. 

On Quercus stenophylla MAKINO (Urajiro-gashi). Honshu-Musashi. 
Loo-Choo Isl.-(Apr. 1855, C. WRIGHT, U. S. Pac. Ex. no. 422, type). 

Distrib. Japan (Honshu, Shikoku, Kyushu, Loo-Choo and Formosa) and 
China. 

Remarks. Cystotheca, Wrightii on Quercus stenophylla was 
first collected in this country by CHARLES WRIGHT in the Loo-Choo 
Islands in 1855. It was the first record of Erysiphaceae from Japan. 

This species is parasitic on ever-green oaks and is very common 
in the warmer parts of this country. This fungus can be recog­
nized at a glance by the dark chocolate-brown colored mycelial mass, 
which appears on the under surface of the leaves of the host plants. 
By this mycelial color, it is easily distinguished from Cystotheca 
lanestris. Besides the mycelial hairs are deeper brown and broader 
in width, assuming a sickle shape. 

In 1912, this species was transferred to Sphaerotheca by v. 
HOHNEL (178). In 1923, K. HARA (75) without knowing of v. 
HOHNEL's action, also renamed it Sphaerotheca Wrightii. Truly, in 
a certain species of Sphaerotheca, as in Sph. Mors-Uvae, ·the myce­
lium assumes a dark brown color as in the case of Cystotheca, and 
they are both monoascus. But, in Sphaerotheca special shaped hairs 
:;tre never found on the mycelium and the inner perithecial wall is 
not easily separated from the outer as it is in Cystotheca, in which ap­
pendages are either entirely wanting or very rarely present. Be­
sides they are distinguishable from each other by the forms of their 
conidia. 

From the above mentioned characters, the present author con­
siders it better to retain this fungus in Cystotheca than to transfer 
it into Spaerotheca. 



ERYSIPHACEAE OF JAPAN 

Cystotheca lanestris (HARKN.) MIYABE 
(PI. VII, fig. 3) 
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In IDETA, Jap. Phytopath. p. 226, 1909; MIYAKE, Bot. Mag. Tokyo, 
XXVII, p. 40, 1913. 

Syn. Sphaerotheca lancstris HARKN. New Calif. Fungi, p. 20, 
1886; TRACY and GALLOWAY, Journ. Myc. IV, p. 34, 1888; SACCo 
syll. Fung. IX, p. 364, 1891; ELL. & EVERH. N. Amer. Pyren. p. 9, 
1892; SALM. Monogr. Erysiph. p. 74, 1900, and Bull. Torr. Bot. 
Club, XXIX, p. 95, 1902. (SALM. Ann. Myc. III, p. 252, 1905, and 
VI, p. 11, 1908; SHIRAI, List, p. 94, 1905; SHIRAI & MIYAKE, List, p. 
627, 1917; SAWADA, Agr. Exp. Stat. Formosa, Bull. XIX, p. 159, 
1919; IDETA,' Jap. Phytopath. (Suppl. I) p.204, 1925; SHIRAI & 
HARA, List, p. 371, 1927). 

Sphaerotheca K usanoi P. HENN. & SHIRAI, in ENGL. Bot. J ahrb. 
XXIX, p. 147, 1901; SACCo Syll. Fung. XVI, p. 402, 1902. (SHIRAI, 
List, p. 94, 1905; SHIRAI & MIYAKE, List, p. 627, 1917). 

Cystotheca tenuis MIYABE & TAKAHASHI, in IDETA, Pract. Phy­
topath. p. 170, 1901. (Shirai, List, p. 28, 1905; SHIRAI & MIYAKE, 
List, p. 191, 1917). 

Cystotheca lanestris (HARKN.) SACCo Ann. Myc. IX, p. 249, 
1911; SACCo Syll. Fung. XXII, p. 20, 1913. (SYD. Ann. Myc. XII, p. 
161, 1914). 

Oidium ventricosum HARKN. New Calif. Fungi, p. 20, 1886; 
SACCo Syll. Fung. IX, p. 364, 1891. 

Hypophyllous, mycelium persistent, forming dense mass, gray­
ish brown in color, the mycelial hyphae 4.8-5.6 fl in width, the mycelial 
hairs slender, flexuous and long; matured conidia produced in a 
chain, barrel-shaped and the free end of the apical one is rounded or 
obtusely pointed, granulate, vacuolate, including the well-developed 
fibrosin bodies, 26.4-36.0 x 12.0-22.8 fl in size; perithecia globose, 
98.0-108.0 fl in diameter; cells, those of the inner wall 12.0-16.8 p, 
the outer wall 12.0-14.4 fl, the inner wall is composed of hexagonal 
cells, hyaline, and the outer wall dark brown in colo'r; appendages 
scanty, interwoven with the mycelial hyphae, or hyaline or pale 
brown in color, frequently wanting; ascus 1, elongate-ellipsoidal, 
with a short stalk, 116.0-130.0 x 70.8-74.4 p; spores always 8, ovate 
or ellipsoidal, 22.8-27.5 x 13.2-15.2 p. 




































































































































































































































































































































































