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The circular leaf spot of persimmon is occurred almost every place where persimmon is cultivated, especially
the disease outbreak severely in southern part of Korea. The disease reveals unusually long incubation period
after pathogen invade into leaf tissue and no practical control measure is available once the symptom has
appeared. Most of the farmers just follow the suggested spray schedules calculated on the basis of weather
condition of ordinary years. Therefore the damages due to circular leaf spot greatly differ year after year. In
this article, we tried to describe and summarized the investigation on the circular leaf spot pathogen,
Mycosphaerella nawae, related to disease outbreak such as overwintering of pathogen, inoculum formation
and spread, incubation period after infection, and secondary inoculum. With the summary of these results,
we suggest the disease cycle of circular leaf spot of persimmon. The pathogen overwinters in diseased leaves
as mycelial form or pseudoperithecial premodium. The pseudoperitheria become matured in spring as the
temperature raise and forms asci and ascospores. The maturation of pseudoperithecia are closely related to
the temperatures during March and early April. The ascospores completely mature in early May and the
ascospores released when the pseudoperithecia absorbed enough moisture after rainfall. The release of
ascospores are diverse greatly with the variation of maturity of pseudoperithecia. Generally the spore start to
release from middle of May to early of July. Duration of ascospore release is depend on the weather condition
of particular year, especially amount and number of precipitation. The ascospores produced from pseudoper-
ithecia is known to the only inoculum for circular leaf spot disease. But according to the results obtained from
our investigations, the conidia formed on the lesions which incited by natural infection. This conidia are infec-
tious to persimmon leaves and formed identical symptom as natural infection. The time of producing second-
ary inoculum of circular leaf spot of persimmon is considered too late to develop new disease. Generally the
importance of secondary inoculum is low but the conidia produced in early September are competent to
develop new disease and new infection also significantly affect to harvest of persimmon. The importance of
circular leaf spot disease is recognized well to farmers. The approaches to control of the disease should be ini-
tiated on the basis of the knowledges of inoculum dynamics and ecology of disease development. The forecast-
ing system for circular leaf spot is need to be developed. 
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� ���(� �, 1997c). 

��� ��(1929, 1932)� ��� ��������

���� ����� ��� ���	��, �� ���

���� � 24�� ��� ������(Cercospora kaki)

� ��� �������(Mycosphaerella nawae)� ��

�	�. � � ���� ��(1973, 1974) �� �� �

��� ����� � ���� �� ��� �� ��

���. ������ ��� �������� �� �

�� � ����
 ��� �� ��� ���� ��

�� 	��	� ��� �� � � ��
 ��� ��

�
 	�� �� ��� ���.

� ����� ���� � ��� ��� �� ��

� �� �� ��� �������� ��� ���

1992��� 1996��� 5�� ��� ��(�, 1997a)�,

� � 2004��� � �� ��� ��� ��� ��

��� ���� ����� ��� ��� ��� ��

� �� ��� ����� ��. �� � �� 2� ��

�� ��� ��, 	��, ���� �� 	�� ���

��� 
��� ���� �� ��� ���� ���

������ � ����� ��� ��� ���
�

� ���� ����� ��� � �� ��� ���

�� ��.

���

1. ��

������(PDA)�� �� ��� M. nawae� ��

��(1.0�1.0 mm)� PDA�� ��� ���� 20oC�

��� ����� 30�� ����� � ��
 � 37.0 mm

� ��� �
 �� ���. ��� �
 3.1~8.2 µm(�

� 5.3 µm)��. ������ ��� ��
 �� ��

��� � ���� ��� � ��� ���� �
 �

�� ��� ��� ��
 ����� ��� ����.

����� 	� �� �� ����� ����� �


���� ����(Fig. 2A). ����
 20oC�� 15~25oC

��� ���� 30oC�� �� ��� ��� 35oC��

� ��� 	��(Table 1). �� ��� ��� 
���

� �
� �� ��� ���� ���� �
� ��

� ��
 � ���� �� �� �� ����� �


3.1~8.2 µm(�� 5.3 µm) ����(Fig. 2B; � �, 1995a).

2. ����

����� 90� �� ���� ����� ����.

����� �� �� 	��
� 	��� �� ��


���, ����, ����, ���, ���, ��� ��

�� �� ���� ��
 �� �� ����� ��

� 12.2~32.6�6.1~10.2 µm(�� 21.0�9.4 µm) ����.

��
 ��� 
� 	� �� ��
 1~3� �� 	�

��(Fig. 2C, D). ��� �� �� ��
� ����

�. ����� Ramularia�� ��� ��� ��. ��

���
 ������ �� �	�� ���� �� �

� �����. ��� 20.4~102.0�3.1~10.2 µm(��

49.2�5.1 µm)��. ��
 ��� 

� �� � � �

� �� 	� ��. ����� ��� ��� ����

���	 � ��� �� ��� ���� ��� ��

��� �� ��� ��� 
��. ����� ����

��� ����� ����� ������ ��� �

�� ���� �� �������(SEM)
� ��� �

� �����(Fig. 3A, B), (� �, 1997d; Kwon �,

1998b). 

3. ����

����(Pseudothecia)
 �� ��� ��� ���

�
 

 �	
� ����� ��� ���� 
� �

��� ����(Fig. 1A). ������ �� �� ��

�� ��� ��� �� � ���� �� ��� ��

��. ����� ��� ��� �	��� 150~300�

��� �� �� �� 	�� ��� �� ���� �


 	
� ��� �� 	� ��� � �� � ���

��� �
 �� 	� �����. ��� ����


�� � ��� ��	�� ��� ����� �
 �

� ������. �	� �� � 3��� �� ����

� 4� ��� ���� ���� ��� ��� �� �

���. ��� �
 	
 4� ������ ���� �

��� ��� ��� � �
� ��� ���� ��

��� ���� �� ����. � 2~3���� ���

�� ����� 7� ���� ���� ��� ���

�, ����� ��� �� 	� ��� � ��. ��

��
 ����� ��
� �� ���� ��� ��

����� ��
 ���� 	�� ��� ��, ��,

��� ��� �����. ����� �� �� ��

��
 ���� ����� ����
 2~3�
� ��

��� ����. ��� �� 51.0~122.4 µm(�� 82.8

µm)��. �
 51.0~112.2 µm(�� 72.5 µm) ����

(Fig. 1B). 

��
 ����� �� ���� ��� ���� �

��
� �� 
��� ��� ���� ��� ���,

��� �� ����� ��. �
 �� ���� ��
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�� �� ��� ���� ���� ��� �����

����� ���. ���� ����� 8� ���.

��� 30.6~61.2�8.2~10.2 µm(�� 46.6�9.4 µm)�

�(Fig. 1C). 

����� ����� ��� ��� 2�� �� �

1�� �� �� ����� �� ����. ��� ��

�� ����, ��� 10.2~12.2�3.1~4.1 µm(�� 11.4

�3.2 µm) ����(� �, 1997e; Kwon �, 1998c). 
�������� ������

��� �������� ���(M.

nawae)� ��� 	�� ��� 9~10��� �� ���

���� ���� �� ���� ����. �� 	�

�� ��� ��� ���� ��� ��� 
� ��

�(prematured pseudothecia) ��� ���� ����.

����� �� ��� ��� ��� �� ���� �

�� ���� ���� � �� �� ���. ��� �

��� ���� ��� ���� ��� ���� ��. 

��� ��(��) 
���� ������

�� 	�� ��� ���� �����

�� ��� �� 4� ����� ����(Pseudothecia)

� ���� �
�� 5� ��� ���� ��� ��

� ���� ��� ����� 5� ��� �����

����. ����� ����� 5� ���� 7� ��

Fig. 1. Development of sexual stage of Mycosphaerella nawae in naturally infected leaf. A: Macroscopic view of pseudothecia on the
lower surface of lesion formed on the leaf after overwintering, B: Matured pseudothecia, C: Matured asci and ascospore (Right corner).
D: A infected leaf tissue induced by inoculation of ascospore. 

Table 1. Mycelial growth of Mycosphaerella nawae on three different media with variation of incubation temperature

Diameter of colony (mm)a

5 10 15 20 25 30 35oC

LA 8.0 12.0 24.2 30.0 23.0 2.1 1.0

 PDA 9.0 12.0 27.0 37.0 26.0 4.0 1.0

V-8 7.0 11.0 24.2 26.0 21.0 3.0 1.0
aThe diameter of the colonies was mesured after 30 days incubation.
LA : Leonian agar, PDA : Potato dextrose agar, V8 : V-8 Juice agar.
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���� ������ 6� �����, �� � �� �

��	 ��, 
��� ��� �� �� ���� ��

�� 7� ���� ��� ����� ����(
 �,

1993; � �, 1995b, 1997b). ����� ��� 
�	

�� ��� ��� ��� 
�� �
�� 1�� ��

� �� �� ����. �
� ����� ��� ��

��� 
�� �� ��� ��� ����� 
�� �

��	 ���� ����, ���� 
� ��� ���

���� 
��. �� ��� ���� ����� ��

��� ��� �� ��� ����� ���� �� �

�� �	��. �� 2~3� ��� 3~4�� �����

���� ��� �� 
�� �� ����� ����

Fig. 3. Scanning electron microscopic observation of conidia and conidiophores of Mycosphaerella nawae emerging through stomata on
the lesions. A: Conidia formed from stomata after natural infection by ascospores, B: Conida and conidiophores emerging from stomata
after artificial inoculation with conidial suspension.

Fig. 2. Anamorphic characteristics of Mycosphaerella nawae grown on PDA. A: Colony of M. nawae grown on PDA for 30 days,
B: Mycroscopic view of old mycelium (over than 90 days), C: Chain of conidia formed on PDA, D: Scanning electron microscopic
observation of conidia of M. nawae produced on PDA.
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�� ����� 4� �� �� 5� ���� ����

10~20
 �� ����� �� ����� ���� �

�� ��� �� ���� ��� ����. ��� �

���� ��� ��� �� ������ ���� �

�� ��� ��� �� ����� ��� ����.

�� ��� �� �� �� �� �� ����� ��

�� ���� ��� ��. ����� ���� ���

�� 60~90� �� ����. ��� ����� ���

�� ��� ��� ��� �� 7� ��������

� 1� ��� ������, � � 	�� ��� ��.

7� �� �� 
��� ���� ��� ��� ���

���� ��� ���� � �� ����� ��� �

� ��� ��. 
���� ������

8� ���� 9� �� �� ��� ��

�� ���	 10� ��� ��� ��� ���� 


��� ���	� ��� 
�� 10��� ���� �

���	 
��� ���	���� 1� ��� ���

��� ����� �� ���� 	� � � ���. �

��� ��� ����� ��� �� ���� � 2�

���� � 	��. ������ ��� ���� ��

������ ��� � � �� ��� ��� ���

����. ��� � ��� ��� �� 
� ����

� ��� � �� ��� � ������ � ��� �

��� �� 	�� ����. �� 1996��� �� �

� ��� ��� 2� ��� ��� ��� ��� �

�� ����. ���� ����� ��� ���� 


���� 
��� ���� ����� ��� ���

����� 
�� ����� ��� 
��, � ���

�� ��	 ����� ����� �� 2� ��� �

�� � ��� 	� �����. ����� ����

����� ����� 10� ��� ��� �����

PDA 	� �� ���� ���� ����� ��� �

�� ��� ���, �� ���� ��	� ��� 


�� ��	� � ��� ��� ��� ���. 

����� ����� 
�� �����	 ��� �

�� ���� ���	 ��� ���� �� ��� �

� �� ����� ����� ������, ��� �

��� ��� �� ���� � �����(Kwon �,

1998a, c, d). 
������

��� ����� ����� ��� �� �

��� �� � ��� �� �� � ��� ���	 �

�� ��	 ����. ���� ���� 5� ��� �

�� �� ��� ����� �� ��� ����. �

� � ��� �� ���� �
�� �� ���� �

�� ����(Fig. 1D). �� � ����� � ���

� ���� ��� ���� ����� ����, ��

��� �
� ��� 25oC� �� ��� ��� 
�

������ �
� 30oC� �� 	�� � �� � �


� 20oC ��� ���� 9� �� ��� �� ��

Table 2. Disease rate and incubation period of circular leaf spot
casting disease of persimmon in nursery plant that was exposed to
the inoculum source for 10 days from 1st of May to 10th of
August

Exposing perioda

(month, day)

Symptom 
appearance 

(month, day)

Incubation 
period
(day) 

Infection 
rateb 

(%)

1994

May      1-10 0  0   0.0d

 11-20 Sept.  9 122 65.1c

 21-31  Sept. 12 114 77.4bc

June      1-10  Sept. 14 106 88.1ad

 11-20  Sept. 14  96 91.5a

  21-30  Sept. 16  88  89.6ab

July        1-10  Sept. 22  84    8.0d

  11-20  0  0    0.0d

  21-31  Oct. 1  73    0.5d

August   1-10  0  0    0.0d

1996

May       1-10  0  0    0.0f

 11-20  Aug.  5  87    4.8ef

 21-31  Aug.  7  79  18.9d

June       1-10  Aug.  9  70  71.8b

 11-20  Aug. 12  63  88.5a

 21-30  Aug. 14  55  93.5a

July        1-10  Aug. 18  49  66.2b

 11-20  Aug. 21  42  50.4c

 21-31  Aug. 26  37  12.0de

August  1-10  0  0    0.0f

1995

May      1-10  0  0    0.0e

 11-20  Sept.  4  117  21.0cd

 21-31  Sept.  7  110  86.3ab

June       1-10  Sept. 10  102  96.2a

 11-20  Sept. 12  96  77.1a

 21-30  Sept. 14  94  23.0c

July       1-10 Sept. 16  78  96.6a

 11-20  Sept. 18  70    9.1de

 21-31  Sept. 21  63    3.0e

August  1-10  0  0    0.0e
aThe nursery plant was exposed to the inoculum source (1.0 × 1.0 ×
0.2 m) at the intervals of 10 days, then removed to isolated place and
observed symptom occurrence.

bNumber within a column followed by different letters is significantly
different (P=0.05) according to Duncan's multiple range test.
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�� 	�� ����.
��������

������ ����� ����� � ��

��� 	���� 90~120� ��� ��� ��(Table

2). 
�� ��� ��� 5� ���� 8� ���� 10

� ���� ���� � 
�� ���	� �
�� �

� ��� 	� � ��� �� 	���� ����, �

� ��� 	� � ��� �	� 	��� �� ��	

�. 5� ��� ���� 9� ���� ������ 	

���� 90�� ����. �� 9� �� ����� �

��� ��� ����� PDA 	��� ��	�� �

���� ���� � ������ 	���� �
 �

� 37� � ��� ��	�. ��� 5, 6, 7�� ���

�� ������ �
� �� � ��� �� �� 	

	��� 
� � ����� 
�� 
� 9� ��� �

���. 	���� �� � 
�� 
� ��� 
�(�

�, 1998e).
���� ������

�
�� ��� �������� ��

� ���� ����� �
� �� ��. ���� 


� ��� ���� �� ����, ����� �� �

� 	�� �
 ��� �� ��� �� ��� ���

� ��� ��� ��. �
�� �� ��� ��� �

�� ���� ��. ���� �� ��� ��� ��

���� ��� � ��. �� ��� �� 
� ��


��� �	� ��� ��� ��� 3~5 mm ���

����� ����� ���~
���� �� ���

� 
���� ��� ��. �� �� ��� �� ��

��� ��� 	�� �� �� �� ��� ��� �

�� ��� ���� ��� �� ���� ��� �

���(Fig. 4A). �� ���� ����� ��� ��

� ��� 

�� ����. �� ��� ���� �

��� ���� �� �� �� 200� ���� 	�

��. � ��� ��	 ����� ��� ��� 1�

��� �� �
��. �������� ��� ���

	 ����� ���� ����� ����� ���

� ���� ��. ��� ��� ��� ����� �

����� �
 �� 8� ���� ����� ���

9� ���� ���� ����, ������ 9� �

������. ��� ���� �� ���� ��� �

� � ��� ��� ��� ��. ����� �� ��

�� � ��� ����, �� ��� �� � ���

�
 ���. �������� ��� ����� ��

���� ��� ��, ����� ���� ��� ��

�� ��� ����� �� ��� ��� �����

�� � ��� ��, ����� ���� ��� ��

Fig. 4. Various symptoms of circular leaf spot casting disease of persimmon. A: Typical symptom induced by matural infection,
B: Symptom induced by conidial inoculation obtained from artificial media, C: Symptom induced by conidia collected from diseased
leaves, D: Symptom induced by conidia formed on the leaves induced by artficial inoculation with ascospore. 
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�� ���� ���� 2� ��� ��� �� � �

��� �� ��� ��� ��� ���(Fig. 4B, C, D).

����� ��� ������ � ��� ��� ��

� 20~22oC�� ����� ���	 �
��� 20oC�

�. ��� � � ��	 ��� �� � ����� �

� ����.

�  �

��� �������� � ���� ���� ��

�� �� ���� ��� �� � ��� �� ���

� ��. � �� ���� ��� ���� ����	

��� �� �� �� �� ���� �� �� ���

�� ��� ����� ��� �� ��� ��� �

� � ��� ��� 
� �� ��� ��. ��� �

�� ����� � ��� ����� ���� ���

	 	�� ���� �� �� 
�� 	��� ���

	�� 
���� �� �
� ���� ��� ���

�� ���� ����� �� � ��. � ���� �

��� �� ��� �� ��������	 ���

(Mycosphaerella nawae)� �� ���� ������


�� ��� ����� ���	 	�, ���	 �

�, ���, 2� �� � � �� ��� ��� ���

�� ��
� ���� ���� � �	 ��(Disease

cycle)� ����� ��(Fig. 5).

� �	 ���� �� ��� �� �� ���� �

�(Pseudoperthecial primodium) ��� �
� ���, �

� � ��� ��	� �� ����� ���� ��

� ����� ���. ����� 5	 �� � ����

	�� 	� ���� ���� ����� ����. �

���	 �� ��� ��	 ����� �� �� �

�� �� ��� 7	 ���� � 60� �� 
��. �

� � ��� 	���� ��� �� ����	 ��

��� ��� ����. ����� ���� 5	 ��

��� � �� �� ��� ����� �� ����.

���� �� ���� �
�� �
� ��� ���

� ����� ��� ������ ����. ��� �

�� ������ ���� ��� � 
��� �� �

�� � ���	 ����� �� ��� ��� ��

���� ���. ��� ��	 �
��� 20oC ��

��� ���� ��� �	�� 6	 ���� �	 �

�� 25oC �� ��� ���	 ����� ����

��� ����.

��� ��� ��� �������� ��� ��

�� ���� �� ���� ��. ���� ��� �

�� ��� ��� ���� �� ����� �
	 �

�� ��� 9	 ��	 ��� 
�� ��	 ��� �

��� ����. ������ 	�� ��� 	�� �

Fig. 5. Suggested diseases cycle of circular leaf spot disease of persimmon caused by Mycosphaerella nawae.
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���� ��	�� ���� ��	��, ��� �


���� ��� ����� ���� �� �� ���

���. �� ����� � �� �� ��� ����

�
� ���� �� ���� �
 ������ ��

�� ���. ��� ���� ��� �� ��� 8	

��� ����� ��� 9	 ���� ����. ��

�� ���� ��� �� ��� �� ���� ��

���� �� ���� 9	 ��� �� �	 � ��

�� ��� ��. 

��� �������� 	�� ���� �����

����� ��� ����� 
�
 ���, ����


�� ��� 	�� �
��� ��� ���� ��

��� ���� �� ������, � ����� ��

�� ���� ��� �� ��� ����� � �


���� ���� ��� �� ��� ���� �� �

����. �� ������ 90� �� ��� ����

� ����� �����, � ���� ��� �
��

	 �� ��� ��� �� ���� ����� � �

��� ��� ���. ��� 2� ���� �����

�� ���� ��� � ���� �� �
� �� �

�� �� �
 ��� ��� �� ���� ����

��� � �� ��� ���� � � ��.

��� �������� ��� ���� ��� �

�� �� 
� ����� � �� �� ����� �

�� ��� ��� ��. � �� ���� ���� �

�� 	�� ����� ���� ����� ��, ��

� ����� �� ���. ��� ��� ��� ��

� � � �	 ����� ��� �� ������ �

�� �� ����� �� ���� ����� ���

�	 ��� ����	 ��� �� ��� � �� �

�� ��� ��� ��� ��. �� � �	 ����

� ����� ��� � ��� ���� ��� ��

��� �� 2� ���	 ��� 2� ��� 	� ��

��� ��� � �� ��� ��� ��� � ��

�. �� ����� ���� � ��� ���� ��

�	 ��� ��� �� ���� ���� �� ��

���� �� � ����� ��� �� �� ���

��� ����� ��� ��� � ���. 
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