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Notes on Some Leaf-Spot Diseases of Broadleaved Trees-II,
Septoria leaf-spot of Zelkowa serrata MAKINO,
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Introduction

On the leaves of Zelkowa serrata MaxixoV, one of the most useful trees in
Japan, four parasitic fungi have been described as follows : Cercospora Zelkowae
Horr (Naxsu 1921, Hara 1923, Surrar and Hara 1527, Krrasmoa 1933, Karsukr
1951), Uncinula Zelkowae P. Hixx. (Saccarpo 1902, Hara 1923, Smirat and Haka
1927, Momma 1937), Mycochaetophora japonica Hara et Ocawa (Hara 1936) and
Septoria Abeliceae Hrravarxas (Hiravaya 1931).

The last fungus, Septoria Abeliceae, was first described by Hrravaya in 1931.
The original collection upon which the description of the fungus was based was
made in Prefecture Nagano (July, 1925, by K. Tocasmr) and Prefecture Ishikawa
(August, 1928, by J. Toxrpa).

In the autumn of 1948, the senior author observed that several thousands of
the Zelkowa seedlings were severely affected by the Sepforia in the nursery in

1) Synonyms : Abelicea hirta SCHN., Zelkowa acuminata P1..
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Prefecture Fukushima, and, in 1949, that almost all of the seedlings were attacked
by the same fungus in the nursery of the Government Forest Experiment Station
in Tokyo. Sincz it has already causad considerable loss and become an important
disease here, it has been made a subject of investigation by the authors.

As far as the authors have been able to determine, the short taxonomical
note made by Hrravama (l. ¢.) is the only one in which information on the
Septoria and the disease caused by the fungus has been reported up to the
present time. Then, from the etiological and pathological points of view, the
authors have made some experiments.

This paper presents morphological and physiological characters of the
Septoria as well as symptoms and patho-histological changes in the diseased
plants.

The authors wish to express their sinczre thanks to Mr. Rokuya Iamazexr,
Chief of Forest Protection Division, of Government Forest Experiment Station,
for encouragement and advice, and to Mr. Michio Naxacawa for help in the
preparation of the iflustration.

Symptoms and damage

This disease is characterized by the production of lesions on the leaves.
Seedlings and sprouts are more susceptible to leaf infection than older plants.

The small spots are dark brown and more or less circular or with straight
sides when the advance is limited by the veins. Older lesions show grayish-white
centers within which have a tendency to fall out, giving a shot-hole effect,
surrounded by a zone of purplish brown to dark brown.

The spots may be few or numerous and adjacent lesions may coalesce to
form large ones. The circular leaf spots vary in size from that of a pinhead
to several millimeters in diameter and are frequently counted more than one
hundred a leaf. Older angular spots are often 5x7 mm. in size (Plate I, 1-3).
Small, black pycnidia are evident, scattered throughout the lesions on the upper
and lower leaf surfaces.

The first symptom of this disease generally appears during the first week in
June in Tokyo and the disease is found any time thereafter until the leaves have
fallen, the amount of infection depending primarily upon weather conditions
In autumn the damage of this disease becomes very severe.

Although no defoliation is noted as a direct result of leaf injury, the large
amount of leaf area attacked would appreciably reduce the photosynthetic ac-
tivity, and in this way have unfavorable effects upon the annual increment of
the host, especially in the case of the seedlings.
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Morphology and geographic distribution

Morphology Pycnidia amphigenous, thin walled opening by a minutely-
~papillate ostiole or rather broadly ostiolate, light brown, membraneous, composed
of a pseudoparenchyma, globose, 72—120 22 in diameter, 84—120 . in height;
spores slender, curved, in maturity becoming usually 2- (rarely 1- or 3-) septate,

Text-fig. 1.
A. Pycnospores of S. Abeliceae on the diseased leaf of Zelkowa serrata.
B. Germinating pycnospores of S. Abeliceae.

sometimes slightly constricted at the septa, tapering slightly to both ends,
hyaline, 28—40x1.6—2.4 o2 (Plate II, 1—2; Text-fig. 1).

When leaves bearing pycnidia are placed in a moist chamber, the spores
are discharged from fruit bodies in whitish mass (Plate I, 4).

Morphological characters of the Septoria observed by the authors are nearly
agree with the original description of S. Abeliceae made by Hiravama (l. c.).

Geographic distribution The fungus has been collected by the authors in} :
many prefectures as shown in table 1.

Besides these districts, its occurrence in Nagano and Ishikawa was recorded
by Hrravayma (L. ¢.). From the foregoing the fungus is probably distributed
throughout all parts of Japan where Zelkowa serrata is grown.
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Table 1. Lacality of S. Abeliceae collected by the authors.

Locality : Date of collection Collector Host
Meguro, Tokyo } Oct. 5, 1948 K. It Seedling
Kamakura, Kanagawa Pref. Oct. 17, 1948 K. IT6 Sprout
Haranomachi, Fukushima Pref. Oct. 28, 1948 K. ITo Seedling
Kushigata, Ibaragi Pref. Oct. 29, 1948 K. ITo Adult tree
Usui, Gunma Pref. Aug. 29, 1949 K. IT6 Old tree
Asakawa, Tokyo Nov. 19, 1949 . K. IT6 Sprout
Meguro, Tokyo June 4, 1950 K. ITd Seedling
Kushigata, Ibaragi Pref. June 6, 1950 K. ITo Sprout
Kamikano, Shizuoka Pref. June 27, 1950 K. Ito Sprout
ékuwa, Nagano Pref. Aug. 23, 1950 K. Iro Adult tree
Hinoharu, Yamanashi Pref. Oct. 18, 1951 Ié ggs A‘i A Adult tree

Overwintering on the fallen leaves

In the latter part of October, 1949 and also 1950, a number of Zelkowa
leaves infected by the Sepforia were collected, placed in wire baskets and
overwintered out of door. Every two weeks some leaves were brought into the
laboratory, sectioned and examined the presence of new and old fruit-bodies of
the fungus under the microscope.

Pycnidia and pycnospores A few of old pycnospores in lesions remained
until the following spring. During the winter new pycnidia continued to develop
on dead leaves and mature pycnospores were found in early May to June. Pycnidia
formed on dead leaves are thick walled and arise often from heavy stromateoid
masses of mycelium (Plate IT, 3—5), while those on the green leaves are thin in
their walls. It has seemed best in the discussion of these pycnidial forms to
designate them, respectively, as “winter pycnidia’” and ‘‘summer pycnidia’ (Roarx
1921, etc.).

Germination tests of pycnospores on dead leaves were made several times in
1950 and 1951. Results of the tests are summarized in table 2.

Table 2. Germination tests of pycnospores on dead leaves.

Experiment—1.

a. Materials: Pycnospores obtained from dead leaves on June 24, 1950.
b. Medium: 2 % glucose-agar.

c. Temperatures: R. T. (room temperature), 26°C. and 36°C.

d. Period of experiment: 24 hours(June 24—25, 1950).

. T T
~_ Pycno-| Total number of Number of i Germination @ Maximum length
Tem =~ ~ spore pycnospores germinating | percentage | of germ-tube
(E'C) T~ counted pycnospores (%) ’ (u)
R. T. ; 991 } 753 | 75.9 81
26 ‘ 1083 } 783 ‘ 72.3 75
36 ! 733 | 0 0 —
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Experiment—2.

. Materials: Pycnospores obtained from dead leaves on Feb. 17, 1951.

a
b. Medium: Distilled water (hanging drop method).
c. Temperature: 25°C.
d. Period of experiment: 25 hours (Feb. 17—18, 1951).
Total number Number of 5 Germination iMaximum length
of pycunospores germinating percentage . of germ-tube
counted pycnospores (%) l (w)
1035 ’ 165 ‘ 15.9 ! 13

Experiment—3.
a. Materials: Pycnospores obtained from dead leaves on March 19, 1951.
b. Medium: Distilled water..
c. Temperature: 25°C.
d. Period of experiment: 25 hours (March 19—20, 1951).

Total number k Number of . Germination Maximum length
of pycnospores :  germinating | percentage of germ-tube
counted ) pycnospores (%) | (n)

_ b L |
1108 { 473 : 42.7 \ 125
i

* 1
As shown in table 2, in every caselexcept the collection made on February
17, 1951, 42 per cent germination or above was found. On the material collected
on February 17, 1951, about 16 per cent of the spores germinated.

Spermogonia and spermatia In early November to May of the following
year, smaller embedded fruit-bodies are formed on the lesions of the fallen leaves.
: AT
07,

a7

Text-fig. 2.
A. A spermogonium of S. Abeliceae on the fallen leaf of Z. serrata.
B. Spermatia of S. Abeliceae on the fallen leaf of Z. serrata.
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Apparently these are spermogonial structures, which are filled with spermatia.
The spermatia are short-cylindric, hyaline, one-celled and 1.6—3.0x0.6—1 ¢ in
size (Plate Ir, 6; Text-fig. 2).

Ascigerous stage  Sypow (1913) described Mycosphaerella Zelkowae Syp.
et Hara, which had been found by K. Hara in Japan on the dead leaves of the
host plant. Hiravama (L c.) stated that M. Zelkowae may be the ascigerous
stage of S. Abeliceae. However, the genetic relation between these two fungi
has not yet been established.

The authors observed rarely a very few of perithecia of a Mycosphaerella
in overwintered Sepforia-lesions on Zelkowa leaves, but attempts to isolate
it were-unsuccessful. In Tokyo, some of the asci have matured about the middle

of June.

A B Paraphyses are lacking in perithecia. The

mature asci, which contain eight spores, are

6—8 1. The ascospores are hyaline, one-septate,
A measuring 17—24x2.2—4.0 4 (Plate 11, 7; Text-
Y \ fig. 3).
There are seen some differences in dimension

6 ' cylindrical, short stipitate and measure 56—64 X

= of asci and ascospores between the authors’
Mycosphaerella and M. Zelkowae. Although
the authors have never been able to verify the

genetic relationship between the Mycosphaerella

ou

and S. Abeliceae, because of difficulties in

Text-fig. 3. obtaining suitable materials, the authors question
A. An ascus of a Mycosphaerella  the connection of the Mycosphaerella with S.
found on the fallen leaf of Z.
serrata.
B. Ascospores of the same fungus. From the data presented it may be said

Abeliceae.

that the fungus commonly overwinters as immature pycnidia in dead leaves, and
old pycnidia are a factor in the overwintering, but are restricted in occurrence.

Primary infection is considered to be brought about mainly by newly formed
pycnospores from overwintered pycnidia on dead leaves, and then secondary
infection throughout the season may be caused by pycnospores from the current-

ceason lesions.
Cultural characteristics

1. Isolation
Some diseased leaves were brought into the laboratory, and 20 hours after
they had been placed in a moist chamber, abundant pycnospore discharges were
obtained from pycnidia embedded in the leaf tissues. On glucose agar, about 90

per cent of the spores germinated usually.
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Monosporous isolations were made by a modification of Yosmmr’'s (1933)
method using two per cent aqueous solution of copper sulphate to avoid the
bacterial contamination (Plate TI, 1).

2. Macroscopic appearances of the mycelial colony on various agar-media

Test tubes containing agar-medium were sterilized and slanted by the ordi-
nary method. For the inoculum the colony on potato sucrose agar was cut with
a sterilized needle into small pieces, and these were planted in the test tubes
and kept at 25°C. for 30 days. The kinds of culture media used are as follows:
Potato sucrose agar, 2 per cent sucrose agar, Bouillon agar, Sarro’s soy agar,
CzapEK’s solution agar, Czarex’s solution with dry yeast agar, Rromarpg’ solution
agar and Waksman’s solution agar.

1) Potato sucrose agar Potato 200 g., sucrose 20 g., distilled water 1,000 cc., agar-agar
25¢g.

2) 2 per cent sucrose agar Sucrose 20 g., distilled water 1,000 cc., agar-agar 25 g.

3) Bouillon agar Distilled water 1,000 cc., peptone 10 g., meat extract 10 g., agar-agar
25g.

4) SAITO’S soy agar Distilled water 850cc., onion decoction 100cc., Japanese soy 50 cc.,

sucrose 50g., agar-agar 25 g.

5) CzAPEK’S solution agar Distilled water 1,000 cc., MgSO47H;0 0.5g., K,HPO,

1g., KCl 0.5g., NaNO; 2 g., sucrose 30 g., FeSO4 0.01g., agar-agar 25g.

6) CzAPEK’s solution with dry yeast agar = Twenty grams of dry yeast per a liter were

added to CzAPEK’S composition.

7) RICHARDS’ solution agar  Distilled water 1,000cc., KNO; 10 g., KHPO, 5g., MgSO,e

7H;O 2.5 g., sucrose 50 g., agar-agar 25 g.
8) WAKSMAN's solution agar Distilled water 1,000 cc., glucose 10g., peptone 5g.,
KH.PO; 1g., MgSO47H30 0.5g., agar-agar 20g. (pH 5.6).

Results of the observation on various agar-media are summarized in table 3.

Table 3. Macroscopic appearances of the fungus on various agar-media.

Production of 1 Protuberant Diameter of

Agar-medium aerial myceliuml growth colony ngﬂ?&f&?ﬂnﬁ f
i (mm.)
Potato-sucrose agar l ++ + b+ ! 15—17 | _
2 % sucrose agar + + 45 } —
Bouillon agar — + + 7-8 ; _
SAITO’S soy agar ++ ‘ + -+ 28—30 : -
CZAPEK’S solution agar + + 4+ 6—38 —
CZAPEK Sezg}tu:goar; with dry + PR 29 | B
RICHARDS’ solution agar 4 + 4 8 \ =
WAKSMAN’S solution agar ++ + 14—17 ‘ —

On potato sucrose agar the mycelium is white at first, soon turning light
brown, and finally is black in the central portion. Lateral spread is only 15 to
17 mm. during 30 days’ period, but the mycelium piles up on the surface of the
agar in a thick and black mass with white cottony margin. Very frequently
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cracks are formed in agar-media near the colonies of the fungus.

The fungus makes growth well in Samo’s soy agar, Czapex’s solution with
dry yeast agar, potato sucrose agar and WaksmaN's solution agar, while very
feebly on 2 per cent sucrose agar, Bouillon agar, Czarex’s solution agar and
Rrcarpe’ solution agar (Plate Im, 2—3).

3. Effect of the temperatures upon the mycelial growth

The relation of temperature to the growth of the fungus was studied by
growing the mycelium on poured plates of Waksmax’s solution agar incubated at
different temperatures. Bits of mycelium were transferred to the center of
each plate from the source and the plates were placed in incubators and left
there for three weeks. Results obtained are given in table 4.

Table 4. Relation between the mycelial growth and the temperature.

Experiment—1.

Temperature (°C.) ’ ! j 5 l 20 23 ’ 25 [ 28 30

Averaged diameter of colony (mm.)l 0 ' + l 19 1 22 } 22 l 16 ‘ 0

Experiment—2.

Temperature (°C.) ' o j 5 . 18 | 20 \ 22 } 25 } 28 30

Averaged diameter of colony (mm.)\ o + 13 18 l 20, \ 20 ; 9 ¢}

It will be seen from table 4 that the mycelium of the fungus grows favorably
at the temperatures ranging from 20° to 25°C. with the minimum at 5°C. At
30°C. no growth is observed even after 3 weeks’ incubation. The opt mum may
lay between 22° to 25°C. (Plate TI,4).

4. Conidial production on agar-media

Conidia as well as spermatia of the fungus were occasionally produced on old
potato-sucrose agar, but no ascigerous stage was discovered in culture (Text-fig.
4). To make clear the environmental factors upon the conidial production, some
experiments were made.

Kinds of agar-media Results of the observation at the end of 20 days’
period at 25°C. are shown in table 5.

As shown in table 5, Czapex’s solution with dry yeast agar and Waxsax's
solution agar are found to favor the production of conidia, while the other
media were not favorable. It is noteworthy that Czapex’s solution agar becomes
good for the conidial production by the addition of dry yeast.

Kinds of nutritional elements Waxsman's solution and those lacking in one
of its components were prepared, and then they were added with 2.5 per cent
agaragar. - The results obtained at the end of 20 days’ incubation at 25°C. will
be given in table 6.
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Text-fig. 4.
A—B. Conidia of S. Abeliceae produced on potato-glucose agar.

C. Germinating conidia.

D. Chlamydospore-like bodies produced on potato-glucose agar.

Table 5. Conidial production on various agar-media.

Conidial

Kind of agar-medium 5 production

Potato-sucrose agar | —

2 % sucrose agar | —

Bouillon agar ‘ -

SAITO’S Soy agar _

CzAPEK’S solution agar | —

CzAPEK’S solution with dry yeast agar | + 4+
RICHARDS’ solution agar ‘ —

WAKSMAN’S solution agar +++++
Notes: —....Conidia are not found,

+++, +++++....Conidia are produced abundantly.
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Table 6. Conidial production on Waksman’s solution agar
lacking in each one of the components.

Experiment—1.

. | Perfect l Without | Without | Without |  Without
Agar medium j component |  glucose peptone ‘ KH,PO; | MgS0,-7H;0
Degree of conidial ‘ , \ ( i L L
production ++ 4+ + | + + ’ — ++++ + 4+ 4+
Averaged diameter } | :
of colony (mm.) i 16 | 9 | 9 14 14
Experiment—2.
. Perfect ' Witl;ur)l-lrtr 7 Witl’;l.;t 7 | ) Without | VWithout
Agar medium l component ’ glucose ‘ peptone i KH,PO,4 " MgSO0,-7H0
Degree of conidial i BRI " . ! I e

production i

As shown in table 6 it is evident that the conidia of the fungus is never
produced on the media without peptone.

Temperatures The relation between the conidial production and the temper-
ature was examined on Waxksman’s solution agar in Petri dishes. Results of the
experiment at the end of 15 days’ incubation will be shown in table 7.

Table 7. Conidial production on Waksman’s solution agar
at various temperatures.

Experiment Temperature (°C)
No. - ‘ i
© 5—6 18 20 | 22-23 { 25 28 30
Degree of conidial , ) -
production — -+ +++ -+t At T+ —
I
Diameter of colony
(mm.) + 13 16 16 11 0
I
Degree of conidial Lo
production - - R S E ot R AR S B -
I
Diameter of colony 5
(mm.) + 9 12 16 16 7 0

From table 7, it is seen that the conidial production of the fungus on
Waksman’s solution agar is favorable at the temperatures ranging from 22° to
25°C., approximately the same as the optimum for the mycelial growth.

Germination of pycnospores and conidia

Mode of germination Pycnospores taken from the pycnidia on Zelkowa
leaves collected in the field as well as conidia grown in pure culture showed
indications of developing germination tubes after about 15 hours at 25°C., when
placed on 2 per cent glucose-agar. The pycnospores and conidia swelled more

or less, and usually produced germ-tubes from each end and occasionally from
the sides (Text-fig. 1, 4).
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Temperatures The surface of distilled water agar (agar-agar . 2.5 per cent)
osoured plates were inoculated with the spore suspension. The dishes were
transferred to the incubators controlled at the desirable temperatures. Results
of the germination at the end of 24 hours are given in table 8.

Table 8. Eifects of temperature on the germination of
conidia of S. Abeliceae.

7 \\\ Conidium Total number ’ Number of Germination Maximum length
Temp. - of conidia . ° germinating percentage of germ-tube
«®) \\\ counted l conidia (%) ()
Experiment—1.
1 I 638 | 0 | 0 -
4 612 | 0 ‘ 0 -
725 . 4 | 0.6 trace
14 627 381 | 60.8 86
20 756 ‘ 510 j 67.5 13
23 494 438 ’ 88.7 125
25 572 i 549 i 96.0 188
28 714 | 602 i 84.3 100
30 508 : 397 ! 78.1 75
35 733 | 3 ‘ 0.4 trace
40 581 i 0 | 0 —
Experiment—2.
1 729 0] 0 —
538 ‘ 0 0 —
663 1 2 ‘ 0.3 trace
4 510 s ' 33.9 50
0 526 ‘ 281 53.4 86
23 579 l 490 84.6 94
25 612 } 557 91.0 119
28 1 563 482 | 85.6 98
30 438 \ 261 59.6 56
35 487 ! 0 0] —
40 411 \ 0 0 ‘ -
Experiment—3
1 562 0] —
5 548 0 0 —
8 567 3 0.5 trace
10 533 94 17.6 38
16 526 378 71.9 106
20 516 435 84.3 119
25 510 464 91.0 150
30 . 576 369 64.1 . 81
33 602 10 1.7 trace
35 537 3 0.6 trace
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From table 8, it may be said that the minimum temperature for germination
of spores is about 8°C. ; the optimum, between 20C°. and 28C°., about 25°C. ; and
the maximum, 35°C. or slightly above. Although no germination tooke place below
8°C. in a period of 24 hours, many germinating spores were observed after 13
days’ incubation at about 1°C.

Air humidity The authors made an investigation of the effect of relative
humidity upon the germinability of conidia of the fungus. Small drops of spore-
suspension of the fungus, which had been produced on Waksyax’s solution agar
were placed on clean slide-glasses. These slides were placed in desiccators (155
mm. in diameter), in which the air had been controlled to the desirable constant
relative humidities by means of using several salts (Spexcer 1926, KoaYORAGAKUKAT
1938). The desiccators were kept at 20°—22°C. for 24 hours, and then germi-
ability of the spores in different air-humidities were tested. )

The results of repeated experiments are shown in tables 9—10.

(1) When drops of the spore-suspension were dried before tests:

Table 9. Effects of relative humidity upon the germination
of conidia of S. Abeliceae (—1).

. Salt in o . Maximum
1'112::1121131‘1,? - saturated Condition Exp. Spores Spc?res G:errngérrllztl:go‘;x length of
%) | aqueous tested No. counted | germinated (%) germ-tube

- solution o (w)

I 682 | 174 25.5 38

100 Distilled Spores in I 16 108 11.8 25

dron * ! 463 352 76.0 54

water P w | 523 212 40.5 51

v 546 345 63.2 89

I 540 89 16.5 38

e IT 813 139 17.1 31

100 ! D‘;,S;éyr‘“'d Spores dried| I 495 54 10.9 44

IV 570 151 26.5 48

A% 572 107 18.7 I 67

I 593 21 3.5 25

Lon 795 0 0 ’ _

98 K,SOy Spores dried; I 562 17 3.0 25

i\ 594 5 0.8 i 5

v 562 4 0.7 | trace

I 528 0 0 | =

il 832 0 0 | —

94 KNO; Spores dried! 1if 492 0 0 —

v 591 0 0 -

v 602 0 0 —

T . 65 0 0 | -

1 I 679 0 0 | -

92 K.HPO; |Spores dried; TI 467 0 0 | —

v 528 o | o0 ! -

v 514 0 0 i —

‘ [ | 493 0 0 | -

1 1§ 741 | 0 0 ‘ —

87 KCl1 Spores dried I 455 0 0 ‘ -

[ W 502 0 0 | _

v 506 0 ) —

* A drop of sterilized distilled water was placed again on the dried spores.

(2) When drops of the spore-suspension were not dried before tests:
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Table 10. Effects of relative humidity upon the germination
of conidia of S. Abeliceae (—2).

s Salt in : - Maximum
lﬁilaifili‘g ’ saturated Condition Exp. Spores Spores G;ggéﬁ?atlgoél length of
%) aqueous tested No. counted | germinated %) germ-tube
% | solution | o ()

- B - T 613 I 298 48.6 63

. . 1T 716 238 ; 33.2 50

100 Distilled Spcéres in I 478 344 720 65

water | Tops v 538 267 9.6 | 54

v 535 279 52.1 74

. I 636 52 8.2 25

1 B 1§ 657 ' 11 1.7 31

98 K3SOy4 ' — T 518 ' 29 5.6 31

| w 564 26 4.6 19

| v 542 17 3.1 15

‘ 1 581 | o 0 -

o 591 o | o -

94 KNO; — TiL 446 o 0 —

w 578 6] 0 —

v 508 [0] 0] —

I 608 0 0 | =

‘ n 627 0 0 —

92 K.HPO, — gl 436 0 0 -

1\% 471 6] 0] —

v 628 6] 6] —

I 593 0 0 -

Ir £08 C 0 —

87 KC1 - T 430 6] 0 —

v 513 0 6] —

v 569 0] o] —

From tables 9—10, it is indicated that, so far as these experiments go, a
saturated atmosphere or a drop of precipitated moisture is almost favorable for
germination of the spores and they germinate slightly in 98 per cent humidity,
while those kept at 94 per cent humidity and below 94 per cent show no signs
of germination. It is also clear that the drying of the spore suspensions of the

fungus causes to reduce or retard more or less their germinability.
Inoculation experiments

Experiment-1. The fungous culture which had been derived from the mono-
sporous isolate obtained from the lesion of Zelkowa serrata and cultured on
potatc glucose agar was used as the inoculum. The organism from the slants
was first broken in sterilized distilled water, and then filtered through double
sheets of cotton cloth. On May 25, 1950, the adult leaves of potted seedlings of
Zelkowa were inoculated by atomizing with the fungous suspension. Following
these inoculations the plants were covered with bell-jars for two days. The
check-plants were sprayed with sterilized water instead of the fungous suspension.

Characteristic brown-spot lesions developed about three weeks later, while
plants which had been served as checks remained free from disease.

Experiment-2. On June 25, 1950, spores of the fungus were placed in drops
of water on both surfaces of young Zelkowa leaves of potted seedlings. The
seedlings were kept in moist condition by covering with bell-jars for two days.
The first appearances of the symptom appeared on the inoculated seedlings as
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early as four days later and after 12 days the typical lesions developed, while
the checks remained entirely healthy (Plate 1, 5).

Results of the exper.ment at the end of 12 days are summarized in table 11.

Table 11. Results of the inoculation experiment with

. pycnospores to the young leaves.

. . Number of Diameter of the
Se%:l(l)mg | rlg:tlzcrixe(ft le?iionsd i largest Ie)sion
: : produce . (mm.
1 ' : 7 3
2 | Lower-surface ' 4 1
3 inoculation 12 4
4 : 10 ‘ 3
5 | ~ 3 | 1
6 i Upper-surface 0 | -
7 i inoculation | 0 ‘ —
s | 9
9 0 -
10 l Check 0 _

Experiment-3. Drops of water containing spores of the fungus were placed
by means of a platinum loop on both surfaces of Zelkowa leaves that had been
removed and placed in a moist chamber (Crryrox and McCormrck 1924). Sixteen
drops were placed per one leaf.

The data taken after 25 days at room température are given in table 12.

Table 12. Results of the inoculation experiment with
pycnospores by means of Petri dish method.

Inoculated Check
" Inocula on the | Inocula on the | Drops on the ' Drops on the
- lower surface upper surface lower surface upper _siur_fgg B
Total number of ‘
Arops olacad 160 | 160 96 | 9
—_— — ——— ——— —— ! S
Total number of ‘ 0

lesions produced 85 0 ‘ 0

From the results of the experiments mentioned above, it is obvious that
pathogenicity of the fungus on Zelkowa serrata was proved by the authors and
the under surface inoculation resulted in heavy infection, while the upper surface
inoculation resulted either in no infection or in light infection. The period of
incubation for the fungus in the leaves of Zelkowa was found to vary with the
ages of the leaves and environmental conditions.

Anatomical observations of lesions

Small pieces of Zelkowa leaves bearinz lesions in various stages were fixed
in chromo-acetic acid solution (1 per cent chromic acid and 1 per cent acetic
acid). Zmrxkrnr’s (1930) method for dehydrating and clearing was followed, and
the samples were embedded in paraffin. Sections were cut from 7 to 10 ¢ in
thickness and stained with Fremyine’s triple stain.
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The lesions vary greatly in size and are more or less irregular to angular in
outline in the advanced stage. In many cases this irregularity in outline is due
to veins at the edge of the lesions.

In practically every case the leaf-spot lesion consists of a clearly defined
central dead area surrounded by a zone varing width and coloration. Following
the terminology used by Wuerzern and CuxNiNemay (1928), this central region
will be designated the holonecrotic area, while the marginal zone will be referred
to as the plesionecrotic zone.

The holonecrotic center is
grayish-white in color, while
the plesionecrotic zone sur-
rounding it is purplish-brown
or dark brown.

In the holone .rotic area the
cell contents have completely
dicsappeared, the cells have
collapsed, and the leaf is more
or less thinner at this point.

In the plesionecrotic zone
many of the palisade cells
as well as some of the cells
of the spongy parenchyma
are completely filled with a
dense granular substance
which did not react to any
of the stains used. Very
often small drops stainable

with safranin are found in
the palisade cells neighboring
the healthy part. Beyond
these granulated cells the
tissue is normal (Plate 1v;
Text-fig. 5).

As reported by CussxiNeiram

Text-fig. 5.

(l. ¢.) in certain species of

A. A section of plesionecrotic zone neighboring a vein. the genus Septoria the leaf

B. A section of plesionecrotic zone. tissues of Zelkowa serrata do
C. A section of central part of holonecrotic area.

not also respond to the
invasion of S. Abeliceae by the formation of a definite cicatrice or a typical

wound. periderm.
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Summary

In this paper the authors deal with some etiological and pathological
characters of the leaf-spot disease of Zelkowa serrata Maxino caused by
Septoria Abeliceae HrravyaMma,

1. Considering from the data obtained by the authors the fungus may be
distributed throughout all parts of Japan where the host plant is grown.

2. On the diseased fallen leaves new pycnidia continue to develop during
the winter and mature pycnospores are formed until the following spring.

A few of perithecia belonging to the genus Mycosphaerella are found on the
fallen leaves. The Mycosphaerella is probably different from M. Zelkowae
Syp. et Hara. The authors could not make clear the genetic relation between
the ascigerous, Muwcosphaerella, and the pycnidial, Septoria, stages.

The fungus commonly overwinters as immature pycnidia in the tissues of
dead leaves and old pycnidia are a factor in the overwintering, but their réle
may be less important.

3. The mycelium of the fungus makes growth vigorously on Sirro’s soy
agar, Czarex’s solution with dry yeast agar, potato sucrose agar and Waksmax’s
solution agar, while very feebly on 2 per cent sucrose agar, Bouillon agar,
Crzapek’s solution agar and Rrcmarps’ solution agar.

4. The optimum temperature for the mycelial growth of the fungus lies
between 22° to 25°C., the minimum and the maximum are 5° and about 30°C.,
respectively. ‘

5. Conidia are abundantly produced on each of Czarrx’s solution with dry
yeast agar and WaxsymaN’s solution agar, while scarcely on the other agar-media.
On WaksmaN’s solution agar conidial production never occurs by lacking in peptone.

The conidial production on agar-media is favorable at the temperatures
ranging from 22° to 25°C.

6. The germination percentage of pycnospores obtained from the diseased
fallen leaves pacsed the winter is usually about 40 per cent.

The minimum temper:ture for germination of fresh pycnospores is about
8°C.; the optimum, 28°C.; and the maximum, 35°C.

A saturated atmosphere or a drop of precipitated moisture is almost favor-
able for germination of the pycnospores or conidia, and spores germinate slightly
in 98 per cant relative humidity, while those kept at 4 per cent show no signs
of germination.

7. By inoculation experiments pathogenicity of the fungus was proved.
The incubation period for the fungus in the leaves of the host is found to
greatly vary with the ages of the leaves and environmental conditions.

R. Some patho-histological observations were made on the diseased parts.
The leaf-tissues of the host do not respond to the invasion of the fungus by the
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formation of a definite cicatrice.

Lasorarory or Foresr ParHOLOGY,
GovErxyaeENT Forpst EXPERIMENT STATION,

MEecuro, Toryo, Jarax.
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Explanation of plates

Plate .
Fig. 1. Leaves of Zelkowa serrata attacked by Septoria Abeliceae. x4/5.
Fig. 2. A leaf of Zelkowa serrata attacked by Septoria Abeliceae. x1.
Fig. 3. Lesions of the leaf-spot disease caused by Septoria Abeliceae. x5/2.
Fig. 4. Pycnospore masses of Septoria Abeliceae produced on the diseased

leaf of Zelkowa serrata in moist chamber. x5/2.
Fig. 5. Lesions of the disease produced on the leaves of Zelkowa serrata by
the inoculation experiment. x4/5.
Plate ] . 4
Fig. 1. A pycnidium and pycnospores of Septoria Abelzcr’ae on the green leaf
of Zelkowa serrata. x150.
Fig. 2. Ditto. x310.
Figs. 3—5. Pycnidia and pycnospores of Septoria Abeliceae produced on the
fallen leaves of Zelkowa serrata. x310.
Fig. 6. A spermogonium and spermatia produced on the fallen leaf of Zelkowa
serrvata. x310.
Fig. 7. A perithecium of Mpycosphaerella produced on the fallen leaf of
Zelkowa serrvata. x400.
Plate [ .
Fig. 1. Colonies of Septoria Abeliceae started from pycnospores. X2.
Figs. 2—3. Mycelial colonies of Septoria Abeliceae on various agar-media.
After 1 month at 25°C. x1. '
a, Sarro’s soy agar; b, potato cucrose agar; ¢, Bouillon agar; d, 2%
sucrose agar; e, Czarex’s solution with dry yeast agar; f, Waksyax's
solution agar; g, Rrcuarpg’ solution agar; /%, Czarex’s solution agar.
Fig. 4. Growth of the mycelium of Septoria Abeliceae at various temper-
atures on Waxksmax’s solution agar. After 15 days.
a, 1°C.; b, 5°C.; ¢, 20°C.; d, 23°C.; e, 25°C.; f, 28°C.; g, 30°C.
Plate V.
Figs. 1—4. Photomicrographs of the lesions of Zelkowa-leaf caused by Septoria
Abeliceae. xl‘*O
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' W #® AT

AL 23 4E (1948) DISEAILOTHNTIYN T & v & 24 ORC TE BRI IEO BN
o, TOPHLBMTAV T & XDk, TOHRFIRWAZT TR EAKRT btz OWi
HHLCIEBITERD 6L D, i b 2B, WEOELVWDIZEENOYLAETD 5.

AIK OIS Septoria Abeliceae Hiravaya 131 (1931) 1T LOT & 450k 241z b
DT, [COHFEEIVERIIMCIE 2T DV TIFORERTFRI B BV L5 TH 2,

AN ¥ FOEIGRREBLRELOT, XPFHICAN 2N D TH 205, FHEG
Z DISEE R UIGRIC OV TV 2 A MEREE Y {TO7%.

A O ARITHEHRE T 6 A Lmh R E TRY b, fHiT 9~10 FUlicpidissgi#
iCh 2,

HMOIET AN B R & LTHRDI, #BRS T L) 3ERicEan T4 R EMAE
Wi ABUN R BER & 72 Do FRBE P AIBIZ BITAK AT AR D BEBA D 2O BBERT 22 &
b2, SNBIOIHEITIL IR T L D 2D, IWHERIEL THRAT 2T EBE 0,
FRC IZHORIEATA L TR ERIKHEL 252 & b & 2. WRHEL —BHCE Jh ) 20 3% 958
L3508, 100 EEST 22 & TRV, IRHERFINICIE B CER2~3 mm ¥ 3%l &
T2, KW ZMPBERIEABIIT 5x7Tmm (THET2 2 & b 5. JNHELICTRBEH /G
FIATBIL N DD TH 25, THILKEHOWTHTS 5.

AT L OTHWFEEE T2 L idhvas, MLENSILEIN 20 ARAR L RS,

BREOME  WT-XEIEOMmE R 340, SRR, B 72~120 4, 2 84~
120 110 HIELT-HM BRI L, BEA L7 b DRIEH 2 BOREY A L, RO Tk
L, RS, Meth, K3 28—40x1.6—2.4 1,

¥y v X OBEEMRED 5 % Cercospora Zelkowae Horr 12 X % & Doyt U TR (1921) R OHLE;
(1933) & TE3ERl %, XE (1923) (k THEN] 5T, Mycochaetophora japonica HARA et
OGAwa I X BPIREE (1936) (X [MHER] L LT3 REIELEEF L LVOT, HHET
Cercospora Zelkowae W= X % & O iBEEFHY, X Mycochaetophora japonica vz X % & D HER
%% C, Septoria Abeliceae = X ZAFRCKT L TIE FWYPSKH O L WY HER LA TR E
o :E‘\ Z} °
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REEOMEL AN L FIMCA 2 TI~7eiiT £ 5 &, ARBIRHFNE RClizich
TR UWIBTEEE L, TAAEARE TITHRET 5. MWIITERACHILT b 27228 ES
FHEETRERAAL, BN B L TW S, BIERTIE 2N W TR DI W 2 AT
T %o

KR | ic |2 £% D spermogonia KX spermatia ke TR Mycosphaerella 7\
RT3 FEEROK XD 7ens, Tins Septoria Abeliceae D SERIFFICT B 5 238D X
B2 EIFNsERND, 52D Mycosphaerella iz Syvvow (1913) #37 v DK -
HEtHk L7z M. Zelkowae Syv. et Hava 138 AE2PD N L 5TH 5,

GO F—H B Z Az & L CHIE Rk S el T ko Tle 2L s 0T,
oA T DFEOFIECTER SN Fic L2 b D LML T LT DS 5,

FREEAOERLOME  WIRTH 5 OBEHERIC SO THi« DHEIL LORH LS 2 &,
FEhae X, BERAI Crarex ICIER, BEFSSIR KR WaksvaNy RIER TR BT AFE LT
298, 74 3 v3EX, Ricuarps [RERNLETRRRTH 2,

AREDHRIE 20°C~25°C Tl BLOER R L, ifKREER 5°C, L 30°C ThrHFH LA
W

FEEE BT 2 WRIRF & W] — T RED AR 125580 BV . 7R A F DI & SHBRERSSIC D
WTIiinic Lic s THIC k2 &, WaksmanN RIERK O WERERN Czaver FRIEKIT 3T S
BRAERTHED D, (AL Waksmax REKH S ~7 F ¥ & BRlofe HE RO FREE oLz w
Czarvek IREXRTRASEMFORKIEE RO bR DT.

WEE &SN TF Ok & DBEMRIE, HPROATOREG & «FE L, 22°~25°C It THefL
i By

WRFROSERFORF ATRYORGEIREILN 25°C, HfRk U Ik IRE 130k«
8°C Kkt 35°C Td 3,

BIPRIBHE & 364 & O BIfRIL 100% ICRTIKBRTH D, 3 98% T hitihcIEH T 248 94%
B THUTFCRESFEHFERO LoDz, (T IRIER T O Leacid, sk
TEBITIR DT b FHRII P PIT Lz

HERR WRT, A4 TR OSSR T L O THAEHER BTV, Z ORI PE L R
7o IRINIZ R ROIEDELIT L O Th A D DD 6L, LIED LMD 6 HAT L2 HA T
(FHEIE D> 5 ORI LA~ TREUED 28B4 48000 T BT & D,

RHHORERFMR B ASEOMILO AT R Rk L, MlREedE L 2 O
1T B Do IRBERI BT B T AMRALEL S O IRALE R D A X S D SR T e 2
TW 2, A DA ICIIRHE & AT MBI R 242 &5 5 T Lk adDl.
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Bull. Gov. Forest Exp. Sta. No. 57. Plate |

Ir6, K. & HosaKa, Y.: Leaf-spot diseases-II.



HREARBUIRERG 5575

Bull. Gov. Forest Exp. Sta.




125 B2 D BE R MR FE—IL (PR o (RI)

Bull. Gov.;Forest Exp. Sta. No.57. Plate [l

Irto, K. & Hosaka, Y,: Leaf-spot diseases-1T.
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Plate [V Bull. Gov. Forest Exp. Sta. No. 57.

Ir6, K. & HosAKA, Y.: Leaf-spot diseases-II.





