Contributions to the Diseases of Poplars in Japan-IL.*

The Cercospora leaf spot of poplars
with special reference to the life history of
the causal fungus.
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Introduction

Poplar leaf spot caused by a species of Cercospora was first collected by
the senior writer in the Government Forest Experiment Station, Meguro, Tokyo,
Japan, in the autumn of 1948. In the following year it was observed at the same

* The first paper under this general title was published in Bull. Gov. For. Exp. Sta., 45, 135
—144, 1950.
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place, but at that time it was found only occasionally and was not considered
economically important.

In the summer of 1950, however, the writers noted that several species of
Populus in Tokyo were severely defoliated by the same fungus. No extensive
survey to determine the exact distribution of the disease has been attempted,
but it may be occurring in many other forests and nurseries in Japan. The
writers’ observation lead them to believe that it is gradually increasing in
importance.

According to the writers’ researches the morphological characters of the
causal fungus are similar to those of Cercospora populina Evi. et Ev. which is
distributed widely in America and other countries. The first known collection
of the fungus in Japan was made by Hara (1930) on Populus alba in Shizuoka
prefecture.

This paper presents the results of studies made on the disease with special
emphasis on the causal organism, and chiefly on the perfect stage and certain
other features of the life history of the fungus. The name Mycosphaerella
Togashiana sp. nov. is proposed for the ascigerous stage of the Cercospora.
As far as the writers have been able to determine, this paper is the only one in
which information on the life history of Cercospora parasitic on Populus has
been reported.

The writers wish to express their sincere thanks to Mr. Rokuya Imazixi,
Chief of Forest Protection Division of Government Forest Experiment Station,
for his helpful suggestions and stimulating encouragement during the study, and
they are also indebted to Mr. Junzd Fusisimyva and Mr. Michio Naxacawa for
help in preparing the illustrations.

Symptoms and damage

The first symptom is a small brown area. As the disease progresses a
small necrotic area appears and gradually enlarged. In the necrotic area the
leaf becomes deep brown to dark brown in color and more or less thinner at
this point.

The spots may be few or numerous and adjacent lesions may coalesce to
form large ones. Most of lesions appear irregular in shape, this due to the
limiting of the lesions by the veins of the leaf.

The young lesions develop on the leaves of all ages, but chiefly on the
lower old leaves. They appear distinctly on the upper surface of the leaf, later
on the under surface as well, but the under surface of the lesions is usually
lighter in color. In the case of Populus alba, the lesions are most conspicuous
on the upper leaf surface, because the covering of trichomes on the lower leaf
surface renders the lesions less evident. Lesions do not occur on the petioles

and the stems. When the lesions become older the central portions of the spots
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dry out and turn grayish-brown. They are early beset with numerous dark
specks, the faccicles of conidiophores of the causal fungus (Plates I, II).

In Tokyo, the leaf spot is first found in the latter part of July on the
lower and older leaves, but the season advances the others are also attacked.
By the first week in August the species of Populus under observation are
practically defoliated. Defoliation progresses upward, till by the end of October
only a few of the youngest and uppermost leaves remain (Plata 1iI). Plants are

Text-fig. 1. Conidial stage of Mycosphaerella Togashiana sp. nov.

, Stroma, conidiophores and conidia of the fungus on P. Simonii;
, Stroma and conidiophores of the fungus on P. Simonii;

, Stroma, conidiophores and conidia of the fungus on P. Maximowiczii;

g o % »

, Stroma, conidiophores and conidia of the fungus on P. monilifera.
( =10 )
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not killed, but premature defoliation year after year probably brings about a
weakened condition.

As is usual with a foliage disease, the damage caused by it can not be
estimated accurately., The loss, however, at times is considerable, judged by
the extent of the defoliation.

It has been observed by the writers that all of the following members of
the genus Populus are susceptible to this disease: P. alba, P. Maximowiczii,
P. monilifera, P. nigra and P. Simonii.

Life history of the fungus

1. Conidial stage

The conidial stage, Cercospora, may be found at any time, throughout the
entire summer and the early part of the autumn since new lesions may appear
at any time and since successive crops of conidia develop on old lesion. The
conidial stage is responsible for secondary infection appearing late in the summer.

The fructifications of the causal fungus occur on both leaf surfaces on the
lesions, especially abundant on the upper leaf surface. The prominent stromata
usually develop in the substomatal cavities but sometimes at other places, and
they are brownish olive in color, 18—53 ¢ in diameter. From the stromata arise
erect, dilutely olive, the conidiophores, 10—30 /. long. The conidia are obclavate,
slightly curved, acute above, hyaline, 1~8-septate, usually 4~6-septate, 24—65 x
2.0—4.0 p, usually 35—56x2.5—3.0 ¢ (Text-fig. 1).

Results of the measurements for the fruit body of the causal fungus are
given in table 1.

Table 1. Measurements for the dimension of the Cercospora.
| [

Dimension of the fungus (u)

| |
Host and date of | Diameter of

collection stroma Conidiophore Conidium
I . o | . Number of
Length ’ Width | Length | Width (oo
Populus alba } Range 25—47 ‘ 14—17 2.5--3.0 37—65 2.5—4.0 1—7
Aug. 29 ’51 Average O4. 1 ;1507 2.8 50.3 | 2.9 4—6
M;‘;%Z)‘fczﬁ Range 21—46 | 20--31 2.5-3.5 28—57 2.5-3.0 2-6
; 2 .
Aug. 23 ’50 Average 30.6 26.7 2.9 40.3 2.7 4-—5 B
mIZZ%%Sm Range = 18—30 11—21 2.5-4.0f 27—50 2.0-3.0 2-6
Aug. 23 50 . Average | 23.5 } 15.7 3.4 ‘ 38.7 2.6 ‘ 4—5
Populus nigra ~ Range = 28-—53 13—19 | 2.5~3.0 37—59 2.5--4.0 3—7
Aug. 29 ’51 ‘ Average } 36.9 I15.2 7 50.3 3.0 4—6
Populus Simonii = Range 18-39 | 10—-22 ! 2.5-3.5 24-60 2.0—3.0 2--8
Aug. 8 51 Average 26.0 18.2 ! 2.9 41.6 2.6 ‘ 4-6

2. Ascigerous stage
Since no epore forms other than conidia had previously been reported for the
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Cercospora, in the latter part of September, 1950 and also 1951, a number of
the diseased fallen leaves of Populus were collected and stored in wire cages
out of doors in order to trace the development of the pathogene during the
winter and the following seasons. Examinations of the stored material were
made at intervals of about two weeks throughout the seasons observed.

Early in October, almost all of the conidia which had remained and had
been newly produced on the lesions of the fallen leaf disappeared. The sper-
mogonia were actively discharging spermatia, when observed at intervals, between
November and June of the following year. The spermogonia develop within
subepidermal stromata. Apparently these stromata may or may not have previ-
ously given rise to conidiophores, yet spermogonia have been observed bearing
conidiophore bases on their exposed surface. As the season advances, the
spermogonia increase in number and area often extend beyond the limits occupied

E
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Text-fig. 2. Ascigarous stage of Mycosphaerella Togashiana sp. nov.

, Asci and ascospores of the fungus on the overwintered leaf of P. alba;

, Ascospores of the fungus on the overwintered leaf of P. alba;

, Asci and ascospores of the fungus on the overwintered leaf of P. Simonii;
, Ascospores of the fungus on the overwintered leaf of P. Simonii;

mogaQwE»

,  Germinating ascospores of the fungus;

F—G, Spermatia of the fungus.

F, on P. alba; G, on P. Maximowiczii; H, on P. nigra, 1, on P. Simonii.
(—=10p)
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by the stromata. The mature spermogonia are filled with a great number of
rod-shaped spermatia, 2—3%0.5—0.8 ¢ in size. Repeated attempts to germinate
the spermatia in various media have been unsuccessful (Plate 1V, A; Text-fig. 2, F-I).

Perithecia begin their formation about the same as do the spermogonial
primordia, but do not become sufficiently differentiated to be recognized as
_perithecial primordia until December. The perithecia become differentiated into
inner pseudoparenchymatous medullary portion, surrounded by an outer layer
or rind of a thickness of two to three brownish, thick-walled celle. The medullary
tiscues disappear as the asci develop. ,

The perithecia develop either singly or in groups, at first are embedded
within the host tissue, but later they become erumpent. The ascbspores mature
in the middle of July in Tokyo and evidence points to the fact that they furnish
.the chief primary inoculation of the disease.

All the asci in the same perithecia do not mature at one and the same time.
One may find very young asci, in which the spores have not yet been delimited,
and others which are fully matured and contain light mature ascospores.

Mature perithecia are amphigenous, single or in groups, partially erumpent,
globose, slightly papillate and measure 71—99x62—96 . Asci are clavate-
cylindrical, short stipitate, measure 31—43x6—8 2 and contain eight ascospores.
Paraphyses are absent. The ascospores are hyaline, unequally two-celled and
12—17x2.5—4.0 ¢ in size (Plate W, B, C; Textfig. 2, A, B, C, D).

Dimension of perithecium, ascus and ascospore of the fungus measured by
the writers are shown in table 2.

Table 2. Measurements for the dimension of the Mycosphaerella.

! Dimension of the fungus (u)

Host and |

date gf Perithecium Ascus Ascospore

collection | ‘ . . |Thickness! ors \ :
Height | Diameter ' 1550%S Length | Width | Length | Width

Lopulus | Range | 71-96 | e8—96 | s5-8  31-37| -8 13-17|2.8-4.0

Joioils) Average | 840 | 849 | 6.3 344 7.3 14.8 | 3.

Pobulus  Range  74-99 | 62-84  5-6 | 3443  6-8 12-14 2.5-3.0

\ 71.3 ‘ 5.6 l 39.7 | 7.5 13.0 | 2.8

July 17 752 Average 86.2 | “

These morphological features of the fungus zre clearly those that charact-
erize the genus Mycosphaerella (Sphaerella).

Physiological characters of the fungus

1. Germination of conidia
(a) Germination in several nutrient solutions Fresh conidia were
collected on the diseaced leaf of Populus Simonii on September 7, 1951, and
immediately germination tests were made by Van Tieghem cell method using
the following solutions: Sterile distilled water, 1 per cent sucrose solution and
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2 per cent sucrose sulution. Results of the experiment at 25°C. are summarized
in table 3.

As shown in table 3, conidia of the fungus germinate readily in all of the
nutrient solutions within four hours at 25°C. There are no remarkable differences
in germination percentage among three nutrient solutions tested. In germination,
the conidia usually produce germ tubes from each end and occasionally fom the
sides (Textfig. 3).

Text-fig. 3. Germinating conidia of Mycosphaerella Togashiara sp. nov.
A, Collected on P. Simonii; B, collected on P. Maximowiczii;
C, collected on P. nigra; D, collected on P. monilifera.
(=104
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Table 3. Germination test of conidia of the Cercospora in
several nutrient solutions.

Time passed (hour)

Nutrient solution 2 4 8 12
Germination
G P/ MLG| G PIMLGI G P MLG| G P MLG
I % ! u ’ % | w ’ % I © } % } u
Sterile distilled water 0 — 27 ' 19 84 35 | 90 | 63
1%, sucrose solution | 0 | — . 3 | 19 | 84 | 44 | 88 | 175
2%, sucrose solution | o 4y — | 29 ! 183 | 83 | 38 I 9 I 75
Notes: G P....Germination percentage. ML G... Maximum length of germ tube.

(b) Germinability of conidia collected at several times of the growing
season From early August to middle September of 1950, conidia of the
fungus were collected at several times on the diseased leaves of Populus Simonii,
and then germinability of the conidia were examined by Van Tieghem cell
method using sterile distilled water. Results obtained are given in table 4.

Table 4. Germinability of conidia of the Cercospora collected
at several times of the growing season.

Date of | Temperature Time ] Total number l Number of Germination
collect?on incubated passed of conidia | germinating percentage
! °C) | h ‘ counted ‘ conidia o
(hour) , (%)
Aug. 11 ’50 27--28 20 1438 1227 85
Aug. 22 'S0 20--21 20 995 866 87
Aug. 22 ’50 30—32 20 1059 943 89
Sept. 5 ’50 29—30 20 980 787 80
Sept. 19 ’50 25—29 20 , 1083 883 82

From table 4, it is readily known that germinability of conidia of the fungus
may be nearly constant in the growing season, counting about 80 to 90 per cent.
(¢) Germinability of conidia collected on some different hosts On
September 6, 12 and October 2, 1951, conidia of the fungus were collected on
the diseased leaves of the following five kinds of hosts : Populus alba, P. Maximo-
wiczit, P. monilifera, P. nigra and P. Simonii. Conidial suspensions from each
of the host were prepared, drops of suspensions were placed on sterile slide glasses,
keeping in moist chambers. At the end of 20 hours at 25°C. germination percentage
and the maximum length of germ tube were measured, as showing in table 5.

Table 5. Germinability of conidia of the Cercospora
collected on several hosts.

Experiment-1. Collected on Sept. 6, 1951.
Hos | Toml mumber of | SEOL | G e | Vot serm tobe
conidia (%) )
P. alba 1161 1050 ; ' 90 180
P. Maximowiczii 1072 1009 | 94 189
P. monilifera 1182 1059 90 183
P. nigra 922 843 91 195
P. Simonii 1128 1044 93 189
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Experiment-2. Collected on Sept. 12, 1951.
P. alba 1059 | 894 84 [ 127
P. Maximowiczii 1101 ' 966 88 143
P. monilifera 1306 [ 1125 86 152
P. nigra 1035 | 951 2 ‘ © 149
P. Simonii 1058 l 948 | % | 161
Experiment-3. Collected on Oct. 2, 1951.
P. alba 1047 \ 921 ! 88 ! 183
P. Maximowiczii 1050 ) 927 “ 8 ‘ 186
P. monilifera 1050 ‘ 939 : 89 . 198
P. nigra 1029 j 835 ‘ 86 \ 180
P. Simonii ; 1089 | 963 \ 88 | 189

As is obviously seen in table 5, among those collected on several different
hosts, there are no remarkable differences in germinability of conidia.

(d) Effect of temperature upon germination Conidia of the fungus
were collected on the diseased leaf of P. Simonii, and the conidial suspensions
were prepared. Drops of the suspension were placed on sterile slide glasses in
Petri dishes keeping in moist conditions and then all conidia were incubated at
different temperatures. Results of the experiments at the end of 20 hours are
given in table 6.

Table 6. Effect of temperatures upon germination of conidia
[]
of the Cercospora.

Experiment-1. Sept. 10—11, 1951.
] A . . T .
Germination Number of \ Germination Maximum length
l of zg;?}iizuggii ed germipqting ‘ percentage ) of germ tube
Temp. (°C) ™~ | conidia - %) | )
‘ i
0—1 ‘ 1007 ‘ 0 0 | —
4-—-5 : 1035 0 0 —
1214 ‘ 1020 705 ‘[ 69 | 37
17—19 ‘ 1056 956 91 ) 87
20—21 1048 972 93 121
25 | 1054 991 94 ) 186
28 1037 970 94 189
30 \ 1024 941 92 \ 167
33 . 1022 | 873 85 68
40 ‘) 1070 ) 0 0] i —
Experiment-2. Sept. 13—14, 1951.
0 | 973 I 0 0 J —
4-5 1055 ; 6] 0] —
8—9 1008 196 19 22
1315 1038 568 55 53
20 1042 924 ’ 89 74
25 1088 962 88 127
28 1158 | 1052 91 164
30 1052 ! 906 86 96
35 1036 | 846 82 68
40 ! 1019 0 0 ! —
I |
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Experiment-2. Oct. 2—3, 1951.
0 1063 0 0 —
5 988 0 0 —
10 1131 444 39 17
13—15 1095 633 58 40
20 ‘ 1107 918 83 87
25 1 1026 927 90 180
28 g 1170 999 85 195
30 | 1203 1008 84 127
35 1086 705 65 46
40 1101 0 0 —

As shown in table 6, germination of the conidia occurs at the temperatures
ranging from 9° to 35°C., and the favorable temperatures for germination are
20° to 30°C. with an optimum between 25° to 30° C. At 5° and 40°C., germi-
nation does not take place at least in this experimental period.

(e) Effect of relative humidity upon germination The writers made
an investigation of the effect of relative air humidity upon germination of the
conidia by the method reported in the previous paper (Im6 and Hosaxa 1952).
Recults of the repeated experiments (after 24 hours at 22°—23°C,) are presented
in table 7.

Table 7. Effect of relative humidity upon germination of conidia
of the Cercospora.
Experiment-1.

\ Relative humidity Relative humidity (%)
100 98 | 94 92 v 87 84

Germinati ¢ i ‘ Salt in saturated solution
sermination of conidia MO T K50, | KNO, [K;HPO| KCI | KBr

Total number of conidia counted 1296 . 1224 1010 l 1098 | 1024 ' 1024
Number of germinating conidia 1 742 l 368 ’ 52 . ‘ 0 0
 Germination percentage (%) | s | s | 5 | 5 o | o
Maimum fengh of gorm whe 0 | w | s | s |~ | = | —

Experiment-2.

* Tota mumber of condia comtea | w058 | 1027 | on | wora | oo | o

- Ninnber of gerilinating c(gdia 7 7’ 76(;37 ' 7 1717 ' 4 ‘7 F ‘V T) 7[\ 0
Germinaton percsmage @ | s | 2| oa | o | o | o
Maximum length of germ tube (x) | sl 9| | - | = =

Experiment-3.

Total mumber o condia comied | 5w | 1066 | 1000 | w000 | 10m | oo
Number of germinating conidia 476 l 298 0 ’ 0 ‘ 0 ; 0
Germination percentage (%) 7 - 48 ' i;i ‘/0‘/’ 0 i 0 ; 0
Maximum length of germ tube (u) J 74 ‘ 23_‘ — ) — I — ’ _
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From table 7, it is indicated that a saturated atmosphere is almost favorable
to germination of the conidia, and the conidia germinate slightly in 94 per cent
humidity, while those kept at 92 per cent humidity and below 92 per cent show
no signs of germination.

(f) Effect of H-ion concentration upon germination A range of pH
value was obtained by additions of regulated amounts of HCI or NaOH solution.
Conidia were collected on P. Simonii. Germination was tested by Van Tieghem
cell method using sterile distilled water. Results of the experiments at the end
of 20 hours at 25°C. are summarized in table 8.

Table 8. Effect of H-ion concentration upon germination of
conidia of the Cercospora.

Experiment-1.

\ PH 3 4 5 6| 71 8| o
Germination T |
Total number of conidia counted i 1050 | 1096 | 1076 | 1020 | 1040 | 1140 | 1154
Number of germinating conidia 810 | 888 | 802 | 822 | 952 | 964 | 1034
Germination percentage (%) 77 81 75 81 92 ’ 85 90
Maximum length of germ tube () ’ 98 93 ’ 149 | 157 ’ 149 ‘ 143 | 124

Experiment-2.

Totel number of conidia counted 1030 | 1078 | 1078 ’ 1058 ‘ 1063 ’ 1022 1077
Number of germinating conidia 814 | 962 | 888 | 932 | 958 922 ‘ 936
Germination percentage (%) 79 ’ 89 82 88 90 ‘ 90 R 87
Maximum length of germ tube (u) 88 ‘ 138 | 138, 163 | 175 y 150 4 138

As shown in table 8, so far as these experiments go, influence of H-ion
concentration on conidial germination is not so remarkable in distilled water
with exponents ranging from 3 to 9, but in all probabilities the optimum for
germination of the conidia may be obtained at pH 5 to 8, seeing from the
maximum length of germ tubes at each pH value.

2. Characters in culture
(a) Isolation The fungus has been isolated in pure culture from both
conidia and ascospores.

Single-spores isolations of conidia were obtained by streaking water sus-
pensions of spores on 2 per cent glucose agar in Petri dishes, adding a drop of 2
per cent aqueous solution of copper sulphate and transferring germinating single
spores to potato glucose agar in tubes (Yosmir 1933, Ir6 and Hosaxa 1950).

The surfaces of 2 per cent sucrose agar poured plates were inoculated with
the suspension of ascospores taken from perithecia on overwintered leaves. By
the same method mentioned above, single-ascospore cultures were obtained.

The ascospores usually produced one germ tube from each cell and swelled
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remarkablly. Germination of ascospores was very well and germination per-
centage was counted about 90 per cent at the end of 24 hours at room temperature
(24°—29°C.) (Text-fig. 2, E).

(b) Macroscopic appearances of mycelial colonies on various agar
media The isolates from both conidium and ascospore were cultured on potato
agar plates respectively, and for the inocula the margin of the mycelial colonies
were cut with a sterile needle into small pieces and then these were transplanted
to the following agar media .

1) Potato sucrose agar Distilled water 1000 cc, potato 200 g, sucrose 20 g, agar-

agar 25 g.

2) Glucose agar Distilled water 1000 cc, glucose 20g, agar-agar 25g.
3) SArros’ soy agar Distilled water 850 cc, onion decoction 100 cc, Japanese soy

50 cc, sucrose 50 g, agar-agar 25 g.

4) RrcHARDs’ solution agar Distilled water 1000 cc, KNO3 10 g, KH,PO4 5 g, MgSOy-

7H,0 2.5 g, sucrose 50 g, agar-agar 25 g.

5) CzAPEK’s solution agar Distilled water 1000 cc, MgS0,4-7H,0 0.5g, K;HPO,

lg, KCl 0.5g, NaNO; 2 g, sucrose 30 g, FeSO,; 0.01 g, agar-agar 25 g.

6) CzAPEK’s solution with dry yeast agar Twenty grammes of dry yeast per a
liter were added to CzArrk’s composition.
7) WAKSMAN’s solution agar Distilled water 1000 cc, glucose 10g, peptone 5g,

KH;POy 1g, MgS0O4-7H;0 0.5 g, agar-agar 25 g (pH'5.6).

8) WAKSMAN’s solution with dry yeast agar Twenty grammes of dry yeast per a
liter were added to WAKSMAN’S composition. ’
9) Bouillon agar Distilled water 1000 cc, peptone 10 g, meat extract 10g, NaCl

5 g, agar-agar 25g.

In macroscopic appearances of colonies on various agar media, there were
no differences between the isolate from conidium and that from ascospore.

Resulte of the observation are summarized as follows:

1) On potato sucrose agar Colonies are compact, elevated, almost hemi-
spherical especially at first, and the surface is flat. Aerial mycelium is at first
pale olive gray in color and then smoke gray. Mycelia in inner part of colony
is grayish olive or castor gray in color.

2) On glucose agar Ditto, but aerial mycelium is not compact.

3) On Saro’s soy agar Colonies are thick and flat on the surfaces. Aerial
mycelium is abundant and smoke gray to light olive gray in color.

4) On Ricmarps’ solution agar Characters of colonies are very similar to
those on potato sucrose agar.

5) On Czarex’s solution agar Ditto.

6) On Czaprxk’s solution with dry yeast agar Ditto.

7) On Waxsman’s solution agar Ditto.

8) On Waksman’s solution with dry yeast agar Macroscopic characters
of colonies are very similar to those on Sarro’s soy agar in shape and color.

9) On bouillon agar Mycelial growth is scarce, and colonies are pro-
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tuberant in shape. Aerial mycelia are a few, very short and smoke gray in color.
Mycelium in inner part of colony is blackish.

Diameters of colonies originated from both the conid¢ium and the ascospore
Results of the

measurement for the mycelial colony kept at 25°C. are given in table 9.

on agar media noted above were measured at various intervals.

Table 9. Measurements for mycelial colonies of the fungus on

agar media at various intervals at 25°C. (mm).

Experiment-1.

Time passed (day)
Agar medium Origin of isolate
2 4 11 18 25 37 57 74
Cercospora + 8 20 31 37 52 60 61
Patato sucrose agar Mycosphaerella + 8 19 30 35 49 61 64
Cercospora + 7 18 27 38 46 57 61
Glucose agar Mycosphaerella + 6 18 26 36 49 58 6l
, Cercospora ] ES 9 22 33 45 59 66 72
SAITO'S S0y agar | arocosphaerella | & 8 22 34 43 60 69 73
RICHARD’s solution Cercospora + 9 20 28 36 47 56 57
agar M ycosphaerella + 9 22 30 36 45 55 56
CzAPEK’s solution Cercospora . + 9 20 29 36 47 51 54
agar M ycosphaerella + 7 18 27 34 46 50 52
CzAPEK’s sol. with Cercospora ’ + 8 19 29 34 40 50 51
dry yeast agar Mycosphaerella + 9 18 28 34 39 48 48
- - Cercosposa ‘ + 9 19 27 31 48 54 57
WARSMAN'S Sol. agaT | nr0ssphaerella T 8 19 27 30 45 56 58
WAKSMAN’s sol. with Cercospora ‘ + 8 19 26 37 50 56 5
dry yeast agar M ycosphaerella =+ 8 19 27 37 48 56 57
: Cercospora + 7 10 12 12 14 14 15
Bouillon agar M ycosphaerella ' + 7 9 10 11 13 13 14
Experiment-2.
’ Time passed (day)
Agar medium Origin of isolate
2 7 17 36 55 99
Cercospora + 11 27 45 59 71
Potato sucrose agar Mycosphaerella =+ 12 29 47 62 70
Cercospora -+ 11 25 39 52 65
Glucose agar Mycosphaerella T 10 25 39 55 66
U Cercospora + 14 30 52 62 70
SAITO’s soy agar M ycosphaerella T 15 29 57 64 72
- . Cercospora + 13 28 41 50 65
RICITARDS’ sol. agar M ycosphaerella + 13 29 40 52 67
e ? Cercospora + 15 31 43 54 66
CzAPEK's sol. agar M ycosphaerella + 15 31 43 56 68
_ ) Cercospora + 11 26 36 43 59
WAKBMAN'S sol. agar M ycosphaerella + 9 26 37 46 59
. Cercospora + 8 12 12 13 13
Bouillon agar M ycosphaerella + 8 14 14 14 14

As shown in table 9, there are no remarkable differences in diameter of
mycelial colonie: on various agar media except bouillon agar.

(¢) Conidial production on agar media It is well known that members
of the genus Cercospora usually have been found to p'roduce few typical conidia.
in pure culture, and considerable difficulties have been encountered in obtaining

and maintaing conidial production in artificial media in many species of
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Cercospora (Naxara et al. 1922, Hroerns 1929, Junkins 1930, Nacrr 1934, Lrwis
1940, Dracruy and Vanneav 1941, Icara 1942, Itd and Hosaxa 1950, etc.). However,
it is not rare that at the initial stage of isolation sporulation occurs abundantly
on artificial media, though transfers from old stock culture to fresh media fail
to obtain conidia.

Text-fig. 4. Conidia of Mycosphaerella Togashiana sp. nov.
produced on bouillon agar.
(—=10p)

Within 48 hours after isolation from each of conidia and ascospores small
sparse mycelial colonies were produced on the surface of the nutrient agar
media, but careful microscopic examinations showed that no conidial production
had taken place in the culture of the fungus. ‘

On September 13 and October 11, 1951, bits of vegetative mycelium of old
stock cultures isolated originally from conidia and ascospore were transferred
to 10 kinds of agar media and held at a temperature of approximately 25°C.
The isolate from conidium used in the experiments had been obtained on August
8, 1950 and that from ascospore on July 28, 1951.

Results of the experiments observed during about 10 to 14 weeks are presented
in table 10.

As shown in table 10, the conidial production was not found on all culture
media used except bouillon agar. On bouillon agar conidia were newly formed
on isolate from conidium as well as that from ascospore. Conidia produced on
ascosporous cultures are indistinguishable from those produced in cultures from
conidia (Text-fig. 4).
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Table 10. Conidial production of the fungus on various agar media.

Experiment-1.

| Time passed (day)

Agar medium Origin of isolate |—

2 4 11 18 25 37 57 74

Cercospora - - - — — - — -
Potato sucrose agar Mycosphaerella _ B B _
Cercospora — — — _
Glucose agar . Mycosphaerella — — - —
ot i Cercospora — — — —
SAITO’s soy agar Mycosphaerella — - -
y - o | Cercospora — — - —
RrcHARDS’ sol. agar | Mycosphacrella _ B _ _
N ] | Cercospora — — — —
CzZAPEK’s sol. agar | Mycosphaerella _ _ _ _
CzZAPEK'’s sol. with Cercospora ’ - - - -
dry yeast agar M ycosphaerella - — — —

- Czrcospora — - — —
WAKSMAN’s sol. agar . M ycosphaerella B _ _ _
WAXSMAX’s sol. with ! Cercospora - — — —

dry yeast agar | Mycosphaerella — — — —
. Cercospora — + —
Bouillon agar ‘ M ycosphaerella ‘ - + + +

Experiment-2

Agar medium

Origin of isolate

Time passed (day)

Cercospora — - - -
Potato sucrose agar Mycosphaerella — - — _
Cercospora - - - -
Glucose agar M ycosphaerella — — — -
SAITO’s soy agar Mgg;’gzzazz” a - _ _ _
RICHARDS sol. agar | M%ggz;gg:g”a - - -
e e \ Cercospora — — — —
CzAPEK’s sol. agar ‘ M ycosphaerella _ _ _ _
WAKSMAN’s sol. agar ’ MSZSC‘;%Z:ZH a - - -
. . Cercospora r + + -+ -
Bouillon agar ’ M ycosphaerella -+ + = =
. ) Cercospora - - - - - -
; 3
Asparagin agar? ’ M ycosphaerella ‘. - — - - - -
Notes: 1) —....Conidial production is absent.
2) +....Conidial production, present.

3) Distilled water 1000 cc, KgHPO, 5g, asparagin 2.5g, MgSO,-7H;O 0.2g,
sucrose 10 g, agar-agar 25 g.

(d) Effect of temperature upon mycelial growth The relation of
temperature to the growth of the mycelium was studied by Petri dish method
using potato sucrose agar. For inocula bits of mycelial colonies originated from
each of conidium and ascospore were cut and transplanted to the center of each
plate and then plates were placed in incubators regulated at desirable temperatures.
Diameters of the mycelial colonies at each temperature measured and averaged
after the experimental periods are presented in table 11.
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Table 11. Relation between temperature and mycelial
growth of the fungus.

Experiment-1. Period incubated: 17 days.

Diameter of mycelial colony (mm)
Origin of isolate "~ Temperature (°C)
0—1 4—5 9—10 14—16 20 25 28 30 35 40

Cercospera 0 0 + 7 21 26 23 13 0 0

M ycesphaerella | 0 0 - 6 22 28 24 15 0 0
|

Experiment-2. Period incubated: 14 days.

Diameter of mycelial colony (mm)
Origin of isolate ‘Temperature (°C)

|  0—1 6-8 10—12 16—18 20 25 25 30 35
Cercospora : 0 6 8 14 19 25 22 12 0
M ycosphaerella | 0 6 7 13 20 26 22 13 0
|

It will be seen from table 11 that the fungus grows favorably at the
temperatures ranging 20° to 28°C. with an optimum at 25°C., and the maximum
and minimum temperatlires for the growth are 6°--8°C. and 30°—35°C., rec-
pectively. At 4°--5°C. and 35°C. no growth is observec in thzee experimental
periods (Plate W, D).

(e) Effect of H-ion concentration upon mycelial growth
Experiment-1. For the cuiture solution potato decoction was prepared by
adding 2 per cent sucrose, and the range of the pH value was obtained by addition
of regulated amoun‘s of HCI or NaOH solution. By the preliminary tests the
influence of sterilization on the change of pH value of the solution was determined.

One hundred cc. of each of the pH regulated colution were poured into
200 cc. Erlenmyer flaske. After steam-sterilization, all these scolutions were
inoculated with each of the icolate from conidium and a:cospore and then placed
in incubator keeping at 25°C. for 30 days.

At the end of the experiment, the mycelial colonies were thoroughly washed
with distilled water, dried up in the oven and then averaged dry weight of the
mycelium was measured. Recults obtained are given in table 12 (Experiment-1).

Experiment-2. The relation of H-ion concentration to the mycelial growth
was also studied with semisolid potato sucrose agar in Petri dishes. By addition
of certain amounts of normal NaOH or HCI solutions, the H-ion concentration
of agar medium (agar-agar 2.5—5 per cen:) after sterilization was varied as
follows: pH 3.2, 4.2, 5.2, 6.0, 6.4, 6.8, 7.2 2nd 7.6.

Effects of pH value on the mycelial growth were determined by taking the
averaged diameters of the colonies at the end of 37 days at 25°C. Reculte of
the experiment are presented in table 12 (Experiment-2).

From table 12, it ig clear that influence of H-ion concentration is not so
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Table 12. Effect of pH values on mycelial growth of the fungus.
Experiment-1.

PH value [ Averaged dry weight of mycelium
: (mg)
| . .
: Origin of isolate
Initial After . After incubation - -
sterilization i
E ‘ Cercospora | Mycosphaerella
3 | 3.4 3.4 198 , 296
4 4.2 4.2 ’ 571 } 505
5 5.2 4.8 647 I 622
6 | 6.0 4.8 611 ‘ 606
7 | 6.8 4.8 636 ’ —
8 7.2 4.8 | 551 —
9 7.6 | 5.2 }' 571 1 —
9.6 8.0 6.2 487 505
Experimeni-2.
| . )
Averaged diameter of mycelial
PH value \‘ colony (inm)
} After Origin of isolate
Initial | gterilizati — ~ -- -
| sterthzation ’ Cercospora M ycosphaerella
—— ! — ! S - —— e
3 3.2 | 54 60
. 4.2 ‘ 61 62
5 5.2 63 70
6 | 6.0 71 i 70
7 6.4 ‘ 67 68
8 | 6.8 > 68 | 65
9 ‘ 7.2 69 68
9.6 | /.6 67 67

kel

remarkable in the medié with exponents ranging from 3.2 to 7.6, but the
maximum growth of the fungus may be probably obtained at the pH values 5 to
7. However, in every medium studied, the pH value becomes lower during the
growth of the mycelium, and therefore the writers can not lead the definite
conclusion by such simple experimental methocs.

Pathogenicity of the fungus

1. Inoculation experiment-1.

In order to make clear pathogenicity of the fungus, the healthy rooted
cuttinge of the followinz species of poplars, common in Japan, were inoculated
under green house conditions during the summer of 1851: P. Simonii, P.
Maximowiczii, P. monilifera, P. nigra and P. alba. The fungous culture
which had been derived from the monoconidial isolate of the Cercospora stage
obtained from the lesion of P. Simonii and cultured on potato wucrose agar
wae uced as the inoculum. The fungous colonies irom the uvlants were first
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broken in sterile distilled water, then filtered through double sheets of cotton
cloth.

On June 26, 1951, the leaves of potted cuttings of the poplars were inoculated
by atomizing with the fungous suspension on both surfaces of the leaves, then
being covered with bell-jars and kept in moist conditions for two days. The
check plants were sprayed with sterile water instead of the fungous suspension.

Careful observations were continued for more than two months after in-
oculation. On the inoculated leaves of P. Simonii typical leaf spots began to
appear 15—18 days after inoculation, while on those of P. alba symptoms did
not appear until after 24 days.

The appearances of the diseased plants were characteristic of the disease as
observed under natural conditions. The inoculated leaves of P. Simonii, P.
Maximowiczii, P. nigra and P. monilifera were defoliated about a month after
inoculation, while those of P. alba were not defoliated even after 2 months. In
check plants, no sign of the disease was observed on any of the poplar leaves
even after two monthe.

The lesions resulted bore conidiophoras and conidia typical of the Cercospora:

Table 13. Results of inoculation experiment with the Cercospora.

. Number of Number of ' Number of Incubation
CILiIt;mg sl;I;eI;:eiis Treatment ’ leaves leaves i leaves period
. o [ inoculated infected } defoliated (day)
1 l Inoculated ‘ 13 13 13 :
2 | 9 9 | 9 |
i Populus } c}g ?é ?1 i ?é “" 15—18
o | Stmonii do. 10 10 | 10 !
6 Check | 7 ‘ 0 0 B
7 do. | 12 0 ! 0
8 Inoculated 17 17 17
9 do. 6 6 6 ; l
T A S T T
12 ‘Zwaxtmowzczn do. o 8 777‘ E 3 l -
13 Check 8. 0 0 ‘
14 l do. 13 0 0 |
15 Inoculated 17 17 ‘ 16 i
16 dO. | 25 25 25
- i W o
9 monilifera - - l ‘ l
R — I B I
20 Check 17 0 0
21 15 0 [¢]
22 ! Inoculated 19 19 19 !
23 \ 17 17 17 |
24 . 2 2 2 i
25 PZIZZS gg. 1 12 1? 12 M e
26 do. | — — — :
27 Check ’ 19 | 0 1 0 o -
28 9 | 6] 0]
29 Inoculated | 7 7 0 |
30 : ‘do. 12 12 0 | l
g; Populus gg. l 1; 1; 8 i 24—28
2 alba - |
33  do. ! 6 6 0
34 Check 18 0 0
35 do. 21 0 6]
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used as inoculum. = Reisolation cultures were made from the conidia of the
artificially inoculated plants and the original fungus recovered. There appears
to be no doubt from the inoculation experiments that the fungus is pathogenic
on Populus. Results of the experiments examined on August 16 are summarized
in table 13.

It is evident from the data mentioned already and in table 13 that, by
inoculation experiments, pathogenicity of the fungus to the genus Populus was
determined, and the same symptoms as in the case of natural infection were
obeerved, though, among the species of Populus tested, there were seen some
differences in incubation period and beginning of defoliation.

2. Inoculation experiment-2.

On September 12, 1951, another inoculation experiment was made by the
same method as in the previous experiment on the five species of Populus. The
following cultures were used as inoculum: (1) Icolate from cingle conidium of
the Cercospora stage collected on the lesion of P. Simonii, and (2) isolate from
cingle ascospore of the Mycosphaerella stage on the overwintered leaf of the
same poplar.

The course, symptoms and sign induced by this experiment were quite

Table 14. Results of inoculation experiment with the Cercospora
and the Mycosphaerella.
| ' '

Cutti i . Number of | Number of | Number of | Incubation
le\I NS Tree species | Treatment leaves leaves leaves period
o \ Cinoculated | infected | defoliated = (day)
) N o Inoculated | B T T
4l (Cercospora) | 9 9 ‘ 9
do. - % e
= (do.) e - B
43 Populus Inoculated 7 - 7 I
Maximowiczii (Mycosphaerella)
44 (gg‘) 4 4 4 ‘
45 Check Lo o | o |
[ Inoculated
o (Cercospora) 1 7 \ i 1
do. - ‘
= (do.) > ! 2 5 6—20
Populus Inoculated i 5 - ,
53 nigra - (M ycosphaerella) ‘ 12 ‘ 12 ‘ 12
o (gg’) 4 4 4
55 Check 6 0 0 ‘
T | Inoculated .
v (Cercospora) 8 o 1 ‘ l
7 ; do. % _%
T ‘ (do.) N - LR
Populus | Inoculated 5
% alba | (Mycosphacrella) 8 18 12
| 0. |
59 | (do) | 4 4 s )
60 Check l 7 o | 0 }

Note: *....Cuttings were dead by unknown causes.
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accordant with those obtained in the previous experiment. Typical conidiophores
and conidia were produced not only on the leaves inoculated with the isolate from
Cercospora, but also on those inoculated with the isolate from M ycosphaerella.
All check plants remained free from infection.

Results of the experiment obtained at the end of 50 days on the species of
Populus used, except P. Simonii and P. monilifera, are briefly presented in
table 14.

Taxonomy of the fungus

From the foregoing data presenting the complete agreement, in physiological
characters and pathogenicity, of cultures isolated from conidia with those isolated
from ascospores leaves no doubt as to the genetic connection between these two
stages. The writers, therefore, comes to the conclusion that the Mycosphaerella
found on the overwintered leaves is the perfect stage of the Cercospora occurred
on the green leaves.

1. Cercospora stage

According to the writers’ search Cercosporae parasitic on Populus described
hitherto are as follows: C. populina Ern. et Ev. (Saccarvo 1892), C. reducta
Syp. (Saccarpo 1806), C. populicola Trare (Tmare 1917) and C. sessilis Eun.
et Ev. (Cmure 1937). By Saccarpo (1906) C. sessilis was treated as a synonym
of C. reducta and accordingly three species of Cercospora are listed on Populus.

Among them Cercospora populina which was originally collected on the
leaves of P. alba and P. angulata in America is very similar to the writers’
fungus in Japan, though some differences are present in number of septum and
length of conidium between these two fungi. Seeing from the technicai de-
scription, the fungus may be probably identical with C. populina, but it has not
been identified with certainty.

Besides the literature mentioned above, some fragmentary notes on C.
populina were published by Saccarpo (1889), Hara (1930), who reported the
first collection of the fungus in Japan, Frrsa (1936), who collected the fungus
on P. nigra var. italica in Argentina and Seymour (1929). Seymour (L. c¢.)
listed the following species of Populus as the hosts of C. populina: P. deltoides,
P. dilatata, P. alba, P. angulata and P. monilifera.

2. Muycosthaerella stage

As the fungi inhabiting the leaves of Populus, many species of Sphaerella?
(Mycosphaerella) have been described as follows:

S. maculosa Sacc. Saccarvo (1882),
S. Populi Aversw. Sacearno (L. c.),
S. Populi Avrrew. var. Fuckelii Sacc. Sacearno (1. ¢.),

1) As the generic name, Sphaerella was used formerly instead of M ycosphaerella.
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S. macularis (Fr.) Auvukrsw. Saccarpo (1. c.),

S. crassa AUErsw. Saccarno (1. c.),

S. major Aurrsw. Saccarop (L c.),

S. tremulina Moxr. Saccarno (1902),

M. orbicularis (Px.) House House (1920),
(Syn. S. orbicularis Px.) Saccarpo (1882),

M. populifolia (Cxr.) House House (1. c.),
(Syn. S. populnea Sacc.)

Mycosphaerella sp. Brer (1939),
(Syn. Septoria musiva Px.)

M. populorum TuoxpsoN Tnowreson (1941),
(Syn. Septoria musiva Px.)

M. populicola Tworpson Tromrsox (1. c.).

(Syn. Septoria populicola Px.)

Three species of the genus Mycosphaerella, M. orbicularis, M. populifolia
and M. populnea, which had been described frem American specimens were
thoroughly studied by Twomrson (1. ¢.) examining the types. According to
Tuaomesox (1. c.), M. populifolia has groups of perithecia in erumpent, black
stroma and paraphysoids between asci, and therefore the characters of this
species do not correspond to the genus Mycosphaerella. In the type specimen
of M. populnea, Tuomrsom (1. c.) found neither perithecia nor ascospores, but
conidia typical of Septoria populicola in pycnidia in the leaf lesione.

On the other two American species of Mycosphaerella, life-historical studies
were made by Twuomeson (1. c.), who determined that M. populorum is the
ascigerous stage of Septoria musiva and M. populicola is that of Septoria
populicola, respectively.

Morphological characters of Sphaerellae (Mycosphaerellae) inhabiting the
genus Populus except the species mentioned above and those of S. maculiformis
(Prrs.) Aversw. having many broadleaved trees as the host are summarized in
table 15.

A survey of mycological literature dealing with Mycosphaerella (Sphaerella)
on Populus reveals the fact that 11 species and 1 variety of Sphaerella have
been recorded to occur on species of Populus. Among them, judging from the
recults of the careful studies made by Tuowrezonm (1. ¢.), 4 species, M. populifolia,
M. populnea, M. populorum and M. populicola, are clearly different from the
writers’ fungus.

An attempt was made by the writers to identify the fungus under consideration
by comparison with the descriptions of the species tabulated in table 15. The
writers, however, have failed to disclose any species identical with the fungus,
though direct comparisons have not yet been made, so far as they are judged

from the literature.
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Morphological characters of the some species of Sphaerella

(Mycosphaerella) inhabiting Populus.

Fungus species Perithecium Ascus Ascospore Literature
lamphigenis, saepissime in parte asgi superiori
famen Tty | e
S . . X
Sphaerella fusco ;;;ﬁ?gff;:{si s ii;siﬂli):rséusel?gﬁili? ovoideo-oblongati;, .| SACCARDO
maculosa SACC. ébhé\éﬁoideis ostioh’) 70_95:11_’14 .. ,ad septum leviter| (1882)
minuto atris7 60— 75, constrictis, flaves-
latic : ’ ’ # centibus vel luteolis,
I DA S U-16=6-7 |
'elongato-cylindricis, |
Sppaoretia[SIPIS SPS covas, breve  sibISOe
AU‘I’EZ?QVZV pertusis, 140—150 w. 753100’,_ 15_17 ©tttvstipatis, hyalinis, ; (1. c)
R diam. ; - 30—35=4—4.5, ‘
- - leviter curvis.
ovalibus, univel
amphigenis,.......... s
2%3?2%? globosis, ostiolo m1nuto cylindricis, ........ s sé;?;?egtsﬁm ' no;l ad SACGARDO
(FR.) AUERSW. }S”;‘é’lmlag‘;“om“s’ 6032— 424 6. constrictis, hyalinis, (1 ©)
o m o B 7—9=2—-2.5. B o
| '2-3-stichis, oblongis,’
Sphaerella  » . . . } . . 18—25=5—7, . .
crassa fg;r:;s’ majusculis, ggf‘i;lffgtls’ 7 constricto-1-septatis, S‘zlw‘é R)'DO
AUERSW. S loculo speriore cra- o
ssiore, , hyalinis.
L “loblongis, unisepta ACCARDO
Sphaerella minutis, innatis, epi- \‘{81_02%57 Ulgtllsell;tatlb, S.(\i:c HSDO
orbicularis  |dermide tandem per-subcylindricis,...... k- g - G
PECK forata velatis, ichlorinis. THOMPSON
o i R J(11-14x2—-3 x) ~(1941)
Sphaerella ‘hypophylhs nigris, ..le basi ventricosalobovato-oblongis, ‘
pm?z oy sparsis, globosis, attenuatis  breviter|. ad seplmentum SACCARDO
AUE]I‘SW papllla elongata stipitatis, ...., 68~constr1ctls ........ , (Loe)
B ~ lornatis, 150 p. latis; 172=10—12; luterolis, 14:=5—6 |
. 12-3-seriatis, cuneato-
?;%erﬁfza Imim‘tis’ 1/10 mm., r}i){m}{iiﬁ}) L"I%gi?anléii”oblomxs, sine  SAccARDO
MoNT gregariis, innatis; 308 P ’lconstrictione, ...... . (1902)
oo B hyalinis, 10-12=3 |
. biseriatis obovato- .
hypophyllis, ........ b N -
L A [ . . longis, uniseptatis
Sphaerella .., globosis, nigris, intereti-clavatis, o >, e ’ I
maculiformis [maculas inaequales [sessilibus, constricts, 14=:3—4 SACCARDO

PERS.) AUERSW.

M ycosphaerella
sp.
of the writers

lat.

amphigenous, scattered
or aggregated, partially
erumpent, globose,

712909 % 62— 96 4.

conglomeratis, 70 —80u.50—60=7—8

, ostiola pap111ate >

(rarius 2)-Spermogo-
nia Septoriam
quercinam Desm.
lirregularly blserxate
naviculate, straight
or slightly curved,
one-septate, slightly
aparaphysate, 31—43iconstricted at septum,
6—8 u. cells unequal,
hyaline,
12—17x2.5—4.0 u.

clavate-cylindrical,
short stipitate,

(1882)

If it is true that the conidial stage of the fungus in question is Cercospora
populina identified by the writers with some doubt, it would appear unlikely
that the perfect stage of a leaf spot fungus that is as commonly and as widely
distributed as this one on Populus could have escaped being collected and
described previously. Certain of the Sphaerellae appear to the writers to be
synonymous, but they hesitate to assign one of them to synonomy without first
having made a detailed comparative study of their morphology and cycle of
development.

The problem of identify and synonomy of species of Sphaerella (Myco-
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phaerella) on Populus must remain for some future investigations.

It is believed, however, that least confusion would result, at this time,
because the fungus under consideration is not identical with Cercospora populing
with certainty in conidial stage, and its identity could thus readily be established,
if a new gpecies name were erected for its accigerous stage. It is therefore
proposed to name it Mycosphaerella Togashiana, in honor of Prof. Dr. Kbgo
Tocastr, who made a great number of contributions to dendropathology and
died on July 21, 1952. The technical description is as follows:

Mycosphaerella Togashiana sp. nov. (Plate v, Text-fig. 2)
Syn. Cercospora populina Evrn. et Ev.?
Jour. Myc. 1887, 20.

Peritheciis amphigenis, sparsis vel aggregatis, nigris, globosis, parenchymati
innatis, semi-immersis deinde erumpentibus, ostiolo papillato, 71—95x62—96 1
ascis cylindraceis-clavatis, breve stipatis, 31—43 < 6—8 11, aparaphysatis, octosporis ;
gporidiis irregulariter biseriatis, naviculatis, rectis vel curvatis, uniseptatis, ad
septum leviter constrictis, cellulis plerumque aequalibus, hyalinis, 12—17%x2.8—
4.0 /2.

Hab. in overwintered fallen leaves of Populus Simonii (July 24, 1951,
Meguro, Tokyo, Japan, by T. Kosavasnn)® and P. alba (July 17, 1952, Meguro,
Tokyo, Japan, by T. Kopavasnr).

Summary

The results of an investigation on the Cercospora leaf spot disease of poplars
with special emphasis on the causal organism are reported in the present paper.

By the detailed life-historical studies the perfect stage of the Cercospora,
which was identified as C. populina Ernn. et Ev. with some doubt, was found
by the writers.

The complete agreement in physiological characters and pathogenicity of
cultures isolated from both the conidial stage and the ascigerous stage leaves
no doubt as to the genetic relation between these two stages. The fungus in
the ascigerous stage was described by writers as a new species to science under
the name of Mycosphaerella Togashiana K. Ind et T. Kopavasui, sp. nov.

Furthermore, effects of the environmental factors upon the germination of
conidia, the production of conidia, and the growth of the myceliun were made
clear experimentally.

Lasorarory or Foresr Parwonoay,
GovErNMENT Forest EXPERIMENT STATION,

Mzgecuro, Toxyo, Jarax

1) The type specimen has been deposited in the Herbarium of the Government Forest
Experiment Station, Meguro, Tokyo, Japan.
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Explanation of plates

Plate I. Leaves of some species of poplars attacked by Mycosphaerella
Togashiana sp. nov. Xx1.
A. Populus alba; B. P. Maximowiczii; C. P. monilifera; D. P. nigra;
E. P. Simonii.
Plate [I. Leaves of some species of poplars attacked by Mpycosphaerella
Togashiana sp. nov.
A. P. monilifera, by artificial inoculation x1.
B. P. Maximowiczii, by artificial inoculation Xx1.
C. P. nigra, by artificial inoculation x1.
D. P. Simonii, by artificial inoculation X 1.
E—F. P. Simonii, by natural infection x5/7.
Plate T1I. Defoliation of some species of poplars caused by- Mycosphaerella
Togashiara sp. nov.
A. P. mowmilifera. Photograph. Oct. 8, 1951.
B. P. Simonii. Photograph. Sept. 11, 1950.
C. P. Simonii. Photograph. Sept. 11, 1950.
Plate IV.
A. Spermogonium of Mycosphaerella Togashiana sp. nov. in the overwintered.
leaf of P. Simonii. x310.
B. Perithecium of Mycosphaerella Togashiana sp. nov. in the overwintered leaf
of P. alba. x310.
C. Perithecium of Mycosphaerella Togashiana sp. nov. in the overwintered
leaf of P. Simonii. x310.
D. Relation between temperature and mycelial growth of Mycosphaerella
Togashiana sp. nov. on potato sucrose agar, after 24 days.
C, Isolate from Cercospora stage; M, Isolate from Mycosphaerella stage.
1, 0°C; 2, 6—8°C; 3, 10—12°C; 4, 16—18°C; 5, 20°C; 6, 25°C; 7, 28°C;
8, 30°C; 9, 35°C.
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Efn 28 4F (1948) DISEMSERREAEAD ¥ = 7 7 S PUCBER P Lilld, 4RI L oTid
FORFIRDBBM TRV E D, ST DWW THETOUI EiT0%k,

49513 Cercospora IBEHD —HC L 2 b DTH 255, REDEGEFER L TEDEEIFA
Mycosphaerella %385, YT R, HRERPEED R OHEREEBRIT L 2 T i D #5 B 2D
FREREEE Lice Y~ 7 7 o HiD Cercospora BERIKIZAL, Wiz DB b5 <
SAT2EDTH B, EDT-REETE TLH L CRRBR 2 Wi LcD I3 A ImD b
DTHAH9,

[zt(-

AFEITE D Rog e ftld Cercospora populina Enn. et Ev. TP CH 20, FEEC
NEMETZT & EMSEF, Nr~rJoBicHH FTRkENT WS Mycosphaerella
(Sphaerella) JFE 11 i, 12RO NC ZAUCHEY T2 LD XL LA WD T, Z2D5%E
Feftic s LTgrie Mycosphaerella Togashiana K. Iro et T. Kosavasur sp. nov. 44
T3z kiclie,

e #

IRFRBEZ IR /B & LCHLDIL, BliORBERIRA L, BEHMO)IBEREEYET 2, 3K
BEIEGD T & b D D BT EZMR2 52 & bHET, AIRBHEAAS LTARIEE LT 5 2
E VTR Ve RBEOTLRIEAMAIT, BIRICEE SN TAHBERE ET 232G b H D, FEDK
M R CEAEIC Y B AL, EMTIE IR TH 2, FHTF > F v T LI %
FBHD 72 DITRBEE ARG 2 L4055 v, JRiTE 7 N RiDERgEkE Tido 6, 8 Ik
AL B IRIEIE TINBEE 5 2 o IRBEICKIETE O 4 T ORI T- A 2 BB 2L 5,

FrFe, Fr, €£=)~7¥=F 7>, T2V Ih¥v~=F o HEc = FedDfiLdHEL
5112 (PL 1, PL. I, PL 10,

REHEOAFER

Rzl s Cercospora WHCIZME LS~ WKEIZ THRO S, TALHH KB
L %o WHIE RIS ETH RO ENT 25RO b0k 10 Huiz Ty, BHEEL LT
*RRGHE - BEEHE  REET - MR —prEER
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Wb IR T-AIE 2D T L id Ak » (Textfig. 1),

HARGHIEIICIE 11 155 B4ED 6 LI T spermogonia K UF spermotia DI A3E.
BHND, FREXDILKIL spermogonia & FIFHEX [ L { LTiTHILD A, WFCR 20
12 HUFET, WFRRT- @248 7 Minuisgi L, itk Mycosphaerella RO %7 L
T\w%, Cercospora XD ENLF R Mycosphaerella Bp{tod T3 T ¥ & « BfHIEE
LTI & 1707k R c OWFL N —{TH 2 & & BWER Lico H—REIIHGEIE LI
NZFEERTIC L2 3D EFE2 612 (PL W, A, B, C,; Textfig. 2),

IRREOAIRARRA M

L. orAEfuFo 32 FEU LD TE S Tl W T OMDs & FEE L T, Hiftkr
07T EIFEEROEERIC X 2 BAFROMEIEED 51k v, SRERENK o5 RO X DOT
b 2R YRICTELET R V. FYIEHEIE L 26°~30°C, 9°C Kk 35°C TRFIT D
A3, 5°C Krr 40°C TlE 20 RRlilBORHIERD bk v, BEIRBE & HHEOMRE 52 &,
100% Tk & < FHF L, 94% T il T 2525, 92% RO ZNLFTRECFHEF LA
W, FERHC T TIRIEA & VIREOREIZFEE AR pH 3~9 DOIITIEFT 243, EFLE
06 HT, pH 5~8 AUT5@D L 5 TH2 (PL W, D),

2. HEE LOFRMEL Cercospora Wei\J 1k Mycosphaerella WifCD % 2515 il
DEEIEEr TV, 9D IERIEIRIL LY 7 W L7zA%, DR DIIC RO IIR,
ORRFEHREIC 4 2R TR0 2 & LAk A D7e,

Cercospora @l —ieic A DEEEL IS/ ET Xk 2w Hoz oRERHFT2 2 &
BIRHEZ S D & 2T WD, (F LAEEEFRO AN 1380 THEIANT X & 2 23 BT O,
D TAGAIL Vo AT IZ B BEIT L b s b & FANBEEEO RN T b JRT ORI
R 2T ENHBEE DDz, DT WIEEOE R 10 FEOILRIEFIITBHL L7fIL,
Tev 74 a vIRK 72 3 BT DI L iz, BB 74 3 vIRK T, 7ok 2l Wi b
LT UG ERT ZIRE 2D T & ZILN Lie,  MEERIRC K 27z 4RI T2,
Cercospora Wifthse D b DT b3 Mycosphaerella Wif:0d> { DT IR A—T H D72,

ARG 20°~28°C Ik CRUT- R 36 & L, Frc 25°C MLk SoifE & 2, 6°~
8°C Kur 30°~35°C e zhil, EihiiEs L, X 4°~5°C Ror 35°C TRHEF LA
Vo KA A VIRBERESROFETICHEET 2 2 L34 <, pH 3.2~7.6 OHipTAT L, pH
5~T KRTEIVRVWESTH S,

# & L
vE=FnR, Fr, FE=2)A~F¥~F 7, TAY A¥~F 7 RUFY Fuick LT
HREATV, ARG 2 L ABROKEE OB Y B Ldie, vE=Fnr, Fr, 72U %

ﬂ;‘ll‘;
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YT 7Y RBE=Y~T Y ~F 7 FEWHERER 1 o ALUN T E 380 W24 %+ 2
25, Fr P2 r e LT L ERERI ERO SNk p07z, BRI AT L OT
EFOXEBDD, ve=Fua R Feid 4—21 ], =V ~5¥~F 5 RUT2Y A¥~
F72EM 18 HTH B8, ¥ FrTlEe s 2428 H'C D7z

Cercospora Jo 08 Mycosphaerella D #£FFh 6 73k L 7 BFLITIC 2 RIGHED 7 1438
WHILF, HOMi# & bISHHT Cercospora O43H:T-Hi B U5 4N T-Z K Liz,

iy £

IOk F KT BT T
Mycosphaerella Togashiana sp. nov. (Pl. IV, Text-fig. 2)
Syn. Cercospora populina Evrv. et Ev. ?

TRER IO MENC AT TN A, B0, S, T LR, Lo  FEER, A
X 71-99%62—96 o1, (BETHMHRIRIN I, WX AL, K2 31—43x6—8p, 8 JAT %%
I, Mk k<o THENUT-RABINC 2 FUC oy, TUrsizst, 20k kv, FEEEs
THEpTHfL, FHIEOR 244, M, K3 12—-17x2.8—4.0 2.



Plate I

Bull. Gov. For. Exp. Sta. No. 59.

Ir6, K. & KoBAYASHI, T.: Diseases of poplars-II.
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Plate |
Bull. Gov. For. Exp. Sta. No. 59.

Ird, K. & KoBAYASHI, T.: Diseases of poplars-1IT.
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Bull. Gov. For. Exp. Sta. No. 59.

Into, K. & Kobavasui, T.: Diseases of poplars-1[.
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Plate |V
Bull. Gov. For. Exp. Sta. No. 59.

Ird, K. & KoBayasnt, T.: Diseases of poplars-|]j.





