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Table 1. Characteristics of Verticillium dahliae isolates collected from different hosts and regions  
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Phenotypic nit mutant classes 

+�&�� 
	  
Isolates 

%
����  
Hosta 

N�� QJ� ��C  
Locality b 

 '	 �( �# �B (&�X�

+$�'@ c  

Sectors /Colony 

7�
�#� �^�( 
	d 

 7�� 

% nit mutants 
%nit 1 % nit M 

V-147-7 �
�pC .��&�� V 1.8  77.7 85.7 14.3 

V-44 �
�pC  .��&�� V  2.1 85.7  88.9 11.1 

V-52 �
�pC  .��&�� V  1.6 27.5  66.6 33.3 

V-28 �
�pC  &��.�� V  1.1 90.1 80 20 

V-17 �
�pC  .��&�� V  1.6  43.7 85.7 14.3 

Ptv L�B �$��,Po .��&�� V  2.2  95.4 81 19 

Ptg L�B �$��,Po  %
�'� G  2.9 86.2  100 zz 
O1 %# �, O �&#6 (
�C']6&A  3 83.3  88.9 11.1 

O2 %# �, O  ,&'�0Shi  2.6 50  84.6 15.4 

O3 %# �, O  %
�'� G 1  70  100 zz 
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 a����z) +�&(&                                                                         (Table 1. (continued) 

O4 %# �, O  �
�(��  Ro 2  85  94.1 5.9 

O5 %# �, O  %
�'� G 1.7 82.4  100 zz 
V1 %# �, O  �&#6 (
�C']6& A 1.7  64.7  100 zz 
V3 %# �, O  %��,
6 Ka  2 60  66.7  

V4 %# �, O  %
 B�'B  S 2.8  71.4  85 15 

V5 +]$@ Co %
]� B& '�p Kh 2.3  30.4  85.7 14.3 

V6 %# �, O  %��,
6 K 1.5  80 83.3 16.7 

V7 %# �, O  �&#6 (
�C']6& A 2.2  50  18.2 

V8 +]$@Co %
]� B& '�p Kh 1.8  66.6 75 25 

V9 %# �, O  %#��&(D 2.5  91.3 95.2 4.8 

V-d2 %# �, O  %#��&( D 1.4  78.6 90.9 9.1 

P700 + `@Pi %
[$`8�  Ra 1.1  72.7 100 zz 
Apr L�BAp %
[$`8�  Ra 2.7  51.9 92.9 7.1 

Ptr L�B �$��,Po %
[$`8�  Ra 2.2  72.7 87.5 12.5 

P4 + `@Pi  (�'	
0   Sha 2.8 25 85.7 14.3 

66-2 +�#� �4�'8T (�'	
0 Sha  2.2  54.5 100 zz 
Z-20 #/C(�,Apr (�'	
0   Sha  2  80 93.8 6.2 

B-16 Z&(
�Al  �'	
0 ( Sha  1.5  60 100 zz 
ALS1 Z&(
�Al ('6'�0  Shk  2.5  64 68.8 31.2 

ALS2 Z&(
�Al  ('6'�0Shk   2.2 90.9 90 10  

ALS3 Z&(
� Al  ('6'�0 Shk  2.8  71.4 80 20  

Ege %
[�(
�  %
]� B&   1.4  57.1 100 zz  
V12-1 +]$@Co ~'6  2.8  82.1  91.3 8.7  

Cg1
 

+]$@ Co  %
�'�G 1.7  53 100 zz  
Cg2 +]$@ Co  %
�'� G 1.8  50 100 zz  
Cg3 +]$@ Co  %
�'� G  2.9 51.7 86.7 0.313 
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 a����z) +�&(&                                                                         (Table 1. (continued) 

Cg4 +]$@ Co  %
�'� G  2.6 46.1 100 zz  
Cd1 +]$@ Co  ���(   2.5 96 95.9 4.1  

Cd2 +]$@ Co  ���(  1.5  73.3 100 zz  
Cd3 +]$@ Co  ���(  2  100 100 zz  
Cp1 +]$@Co    (�#$[�) 2�@

+X�E(  

1.4  92.8 84.6 0.4 

15 

Cp2 +]$@Co   (�#$[�) 2�@

+X�E(  

1.9 89.5 94.1 5.9  

Ct1 +]$@ Co  +����g 7�'�  3 90 96.3 2.7 

Ct2 +]$@ Co  +����g 7�'�  2.5  52 100 zz  

CS +]$@Co   %
�'�)t
p( G  3.2 40.6 84.6 0.415 

 

 
aAl = almond , Ap. = Apple, Apr = apricot, C= Cucumber, Co = Cotton, O = Olive, Po = Potato, Pi 

= Pistachio, T = Tomato 
bA= Akbarabad Kavar, D= Darion, G= Gorgan, Ka= Kazeroon, Kh= Khafr, Ra = Rafsanjan, Ro= 

Roodbar, Sha= Shahrood, Shi= Shiraz, Skk= Share-e-Kord, S = Sarvestan 

 

c  : +$�'@ '	 �( T&'�6 +� Z�
i� 
	�# �B ��&�&'8) (&�X� '� 
	�# �B Q6 (&�X� -�`i� Q^
g

 
	 t#��( 

c = Frequency of chlorate resistant sectors per colony (total number sector/no of colonies) 

d :  m�J� �� +6 T&'�6 +� Z�
i� 
	�# �B �^�(MM��('6 �0� 3(' `� � t,
� T�#^ +� . 

d = % resistant sectors to Khalorate on MM 
e :  ��!�' �� N�
$� 
� ��
	 m�J� �� �0� 3#J� Y
B& '� 7�� 
	 7�
�#� �1��#$8 Y\6

�T�
U  .  
e = Phenotypic nit mutant classes on MM pluse different nitrogen sources 
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� � ���0 �B�'� 3
� �(

���0 3(&( 756 � 3�0 Qi $� 3
45�
�,C +� . %
	
�� 
	���C � +E
B 7�`E ,& �#h$� .�& &'�

 T�� +� � �0 +��� �XS
i� 3(#/C�z� -��B 7�'�6#1�	 �( +i�E( �/G � 3�0 ��#UW�* �^�( 

 756 m�J� �� �X�PDA���0 3(&( 756  .(&��� '	 �( 3(#/C %
	
�� (&�X� 3
� �( T�� � %

�0 �&('� 70&((
� ..��X� &'�+�&�� .�� �( ��&���
��� T�0   
	V. dahliae  &'�& +� Z&�E&

 
� �8(
�� \�
6 �'S �( Q��# 6
8 2�
�,C u�� �&'�� ) �&'b� '	�� �3
 ( ��^& �# 6
8 �( �

��('� . �# 6
8A ��{%
���� ,& +�&��  
	+�&�� � T�
U � T-9 (#� 
��'�C ,&  . �# 6
8B ��� 3
��

"
$X� 
$� B& +� V� �� .� T�0��
���&��'�  � (&�X� Y
B&�� '	 �( 3('� %
	
�X� �
���('� .� � �

 
� 'U^ ,&� ) G 
� %�GG�(#/C �) (�(#/C T�0 � �^�(�% : �� = � �%�G = � �%{�=��   

% �GG = �'	 �
5W& � ��]� ���0 Q(  

����+[� +[� +[� +[�         

  +�&�� Z
�� ,& T&'�6 +� Z�
i� 
	�# �B (#� T�
U � 
��C �( �	(�# �B �/� ��C 7B( +� 
	 .

 ,&�� �B�'� (�#� +�&�� �G�� +6 �0 Q^
g �# �B F�F��(#� 7�� 7�
�#� �# �B  . .�& �(

 ���#$8 �B�'�nit1�  nitM� �0 3(&( ���5�   nit3�5� 3�	
5�  ) a����( . ,& �p'�

+�&�� �
	nitM ��('�� ��/#�  .7�
�#� �^�( +B � (#� 
	 nit1 � { �^�( nitM��(#�  . �E\� 
�

7�
�#�  ,& �$��
]W +6 �0 Q^
g ��J� �5��� �
�,
B 3�'� +B Q��� 7�� 
	VCGA) �� 

+�&��( �VCGB) �+�&��  ( �VCGC) �+�&�� ((#� 3�0 &�� #/C(�, ,& +6 .  

   '� 7�
�#� .�� �E\� Y
B& �� 
	+�&�� 7 3�'� L� $� 
	 7�
�#� � ��J� 
	  7�� 
	

 N�'��G ,& +�&�� �� �( +�&�� VCG2B � � �( +�&�� VCG2A�$ 8'� �&'E  .+�&��  �&'E 
	

Archive of SID

www.SID.ir

www.SID.ir


 ���

 �( + 8'�VCG2B � ��(#� 3�0 ,
B&�� %
[�(
� � Z&(
� �+ `@ �+]$@ ��$��, L�B �%# �, ��
�p ,& 

+�&��  
	VCG2A# �, ��4�'8 +�#� ,& ��(#� 3��C 7B( +� L�B � %.  

   T�
U � V� �� %
	
�� �( ��('�D@ � (�, -�\W .�/�& "�'0 %
�, ��&���
��� 
��#�,C �(

(#� . +��
� �( -�\W .�/�&�� � + U	 +B ,& q@ %
[�(
� � QU�8 �%&('4�
 8C �( ���, +�
� ,& q@ ,�� 

 3'�� %
	
�� � �4�'8 +�#� �+]$@ �+ `@ �(Brassicaceae) &��6 � -�6 �+_�'� �n'� ( 3
� u� ,& q@

 ,& q@ "
$X� �( ����0 '	
} ,��  . �� 756 ,& q@ 3(#/C %
	
�� ,&PDA �V. dahliae 

�0 ,
B&�� . +� ��(#/C 'H& �( 3('� 
	 +�#� (&�X� q�
��&� +��[� ,& Q^
g P�
 �V. dahliae 

 (�#� �(�� (&( %
5� "
$X� )
$� B& +� �	
�� +�#�  � O�
E 
	 +�&�� � V� �� %
	
�� .�� �( +6

(#0 �� 3��( �&( �$X� o\ p& 
��C .�� 2$6&� . Y
B& '� Q^
g 
	 3(&( .�4�
�� +`�
i� �(

 .��&( %#�,C(P= 0.05)( �&( �$X� o\ p& V� �� %
	
�� �� '� O�
E 
	 +�&�� .�� � �0 3�

)a���� .(& "
$X� 3
�� (�#� �( q�
��&� +��[� 
� mi8 "
$X� %
	
�� &'�, �5� Z
[�� ,& +�&�� �� 

���0 ��, +�
� 2�
�,C (�#� +�&�� . + 8� �
6 +� -E� %#�,C .�& ,& 3��C 7B( +� P�
 � Y
B& '�

 %
5� 2�
�,C (�#� 
	 +�&�� +� ' �6 7�B
`g %
	
�� '�
B +� 7]`� �B�'� .�& �( "
$X�

7B& 3(&(.  

�J��J��J��J�        

  �B ��&�&'8 �B�'� .�& �(+�&�� �( �	(�#  (#� T�
U � �V� �� 
	 . �( �	(�# �B ��&�&'8

Fusarium moniliforme+ `	 u� �! a' $6 7J�    '^
$W (#�� +� (�&#� �p'� �( .�$_�	 7B& &

 2��&'�(transposable elements)7B& + `�&�  . �+�?f� |sB �
�( Q�� �s�J� m�&'0 Q�]E ,& ���&#W


i� %&��� �n
� �& �
58& N]$� � &, 2�� (&#� +� +�&�� 7��� Z#/#y#$  &� �# �B ��/#� %
���&�

�� �&'E '�H
� 7J�  �	((Klittich et al. 1988) .  

  �
y (Cove 1976)�� �&( T&'�6 m�J� �( 3(
U B& (�#� %!�' �� N]$� +6 (&( %
5�    ���&�&'8 ��&#�

7�
�#� ���#$8  �( 3�0 ��/#� 7�� 
	Aspergillus nidulans  �	( �&'E '�H
� 7J� &� . (��J� "#$�

3�'�     +�&�� .�� �5��� �
�,
B 
	    �� &� Z#���`���� 
	          �( ��`$� +�p'A (#�� Z�W +� %&#�
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 ���

(&( 7]`� O�
E .�& (Leslie 1993) .3�'� -6 "#$�  %&�i8 7�W +� 7B& .��� �5��� �
�,
B 
	

 X�� u��� 
��i� � >' ��`� +���,r +��6 ���0
� 
����C .���� 7���
E�7��B& 7��X�]S �( �A�
��E 7���  

(Elmer 1991) . >' `� +X/
s� .�& �(VCG2B  ���6 �#S +� � �0 3�	
5� �#56 V� �� e
i� �( 

  "#$�VCG('� .��X� (��J� T�#^ +� %&'�& �( �� .   '�4�( .��iiJ� 
��B�'� �(VCG2  �.��A ,& 

   7������B& 3�������0 >�&�������� +��#������B � 
�������BC n'������M ��������6'� 
�������BC  

(Daayf et al. 1995, Portenko & Akimov 1977)  . r
��� g&VCG2  ���� 
���BC ��#���  ���0
� 

 (Korolev et al. 2000) .+��� ,& .�iiJ� �p'� P�
 � o\p '�&( � V(Daayf et al. 1995) �  #/��#y

%&�
b�	 �  (Korolev et al. 2000)        +�6 %
����� ����#�#�`6
� 7��XE#� 
�� ��
��8&'f� +�is$� &�]�  

+�&�� 3��C 7B( +� %C ,& 
	 
�	�'� 
� ��(#� VCG70&�� e
]��& 3�0 ��
B
$0 .  

   L/
M 
� �X�� ��� �!� ��&���
��� 
���D�� .��X�V. dahliae    7�'���� �( �
��`� 7���	& 

 (�&( ��#���`���� ��('�D@ �
���.(Douhan & Johnson 2001)   ��&���
���� %#��,C ,& Q^
g P�
 � 

 +�&�� +6 (&( %
5�  
	VCG2M +]$@ ��   +��&�� mi8 � ��(#� ��'�'� '�T-9   +�� +�6 VCG1  R��X� 

       +� 8
� 
�� P�
� � .��& +�6 ('�6 (
[�& ��'�'� +]$@ �� (�&(      ��� R��]s� '�4�( .��iiJ� 
�	   ��$6

(Strausbaugh et al. 1992, Korolev et al. 2000) .    +��&�� �( ��
����� ����� ��B�'� .�& �(  
�	  

V. dahliae�5� 3�	
5�  .+�&�� +A'�& 
	  V�� �� 
��
���� �( ���
U � ��&���
��� �2�
�,C (�#� 

 (�&( 7�����i�
s� .������iiJ� ,& ������p'� P�
����� � 
������ +�����6 �������(&( %
�����5� (#�����p ,&  

(Chang & Eastburn 1994, Subbarao et al. 1995) .+�&��     ���'�'� � ���'�'� '��M 
	(T-9)  '�h� ,& 

    +� ��(#� T�
U � ��&���
��� T�0     +�&�� +6 �#ST-9  
E�& ��        � +���
� �+]$@ �+ `@ 3(
U B& (�#� Z

            (#� -6 �
�`� %C ��&���
��� %&('4�
 8C �� � ('6 (
[�& ���0 ��&���
��� &��6 .    ���'�'� +�&��T-9 

  ,& �
�`� ��                 ��
�0 ��B�'� .�& 
	 + 8
� +� +�#� 
� �/� �	��� %
5� ���0 ��&���
��� %
	
��

      ���
W ��'�'� 7�^#�p +6 78'� +[� � %&# �  ��� �
�0 +� �
��� T�0 2�&�8& �(     +���� ���C

     �� �i�� 7U^ u� %&#$W +� (#0 .      +��&�� -�6 ��&���
���� Q�/( T-9         (�#�� %
�	
�� ,& ��p'� �� 

  �� &� �B�'�       (&( 7]`� 3(
U B& (�#� %
	
�� Z
E�& 2$y&� +� %&#� .+i]S     3(
U �B& �	
��� Z
�E�& �$�
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 ���

    '� �B�'� .�& �( 3�0    +�&�� +� 2$6&� Y
B&    �� %
5� O�
E 
	          %
��, 
�� 7��B
`g ,�'� +6 �	(

        �� �
h �& � + 0&( &� -�\W ,�'� %
�, .�' �6 +��
�  +A '�& (�&( e
]��& �g 
� -�\W �#�}   7�8�

          ��� %
5� &� .�& P�
 � +����#^ �( �0
� 3
�� .�' B
`g +6 �	(. 
B �       h� 3(
U �B& (�#�� Z
�E�& ' �� '

      � +� 7]`� + `@ � +]$@ �%
[�(
�   3(&( %
5�' 5�� 7�B
`g +��
   �� &� o\ p& .�& Q�/( +6 ��&   +�� %&#�

qbW      (&( 7]`� 3�0 3(
U B& Z
E�& Q�X/& .       #�� L�0 3'��� %
�	
�� �� 2�
�,C (�#� +�&�� 3�[�	

   ���('6 (
�[�& �
���� . 
�@
@&�
6 %&�
���	 � (Karapapa et al. 1997)     +��&�� +�6 ���(&( %
�5�   
�	  

V. dahliae
��
���� ,&  %
	
�� �� #� L0 3'�� cruciferous�� (
[�& ���0 ��&���
���  �$$6 .& �� .

&���+ ( 
	��#�1�& +�#� %&#$W +� &� 
��C � �$ `	 � Z
� +� &�[� V. longisporum  �8'X�� ���('y  . �(

iJ��&�� Z
�� '*
g R�+ +� R�X � 
	 V. dahliae ��(#� .    +��&�� >�&��� .��& R�]S    ,& Q�^
g 
�	


	
��'�M % cruciferous   +��&�� ��B�'� .��& �( ���(#]� &���
��� &��6 -E� P$@ ��    ,& V�� �� 
�	

%
����         ��(#� &���
��� &��6 �� #� L0 3'�� '�M 
	 .   + 8
� �( T�
U� .�&          -�E� +�� %&#� � ��
0 &� 
	

 (&( 7]����`� �����B�'� .�����& �( 3(
U ����B& (�#����� &������6 .3'�
����� � 7����B�#	 T
$����0&  

(Schnarthorst & Mathre 1966) +]$@ ��'�'� ���#�
@ �( (D)+]$@ ��'�'� '�M � (N)��('6 V�^#� &�  .

 ��&#0&(Ashworth 1983)(
�$5�@   ('6  +6 +�&�� %
�� + B#�@ ��&���
��� u�   ,& 2�� +]$@ ,& ��
	

(�&( (#�� ���#�
@ �(. V��&(   %&�
���	 � (Daayf et al. 1995)     .��� +�6 ���('6 7��
H VCG �( � 

�
@      +�&�� +���#s� (�&( (#�� e
]��& +]$@ ���#     +� ��'�'� 
	VCG1    +�&�� � ���&( R�X�     '��M 
	

    +� R�X � ��'�'�VCG2   � VCG4 �$ `	  . +�&�� Q��&'B& �(  -�\� 
� V�Up -�\W +]$@ �� +6 ��
	

        ��'�'� '�M ���#�
@ %&#$W +� ��('6 (
[�&(ND)  +�&�� �         ��'�'� 
�� ���0 -�\W 
� ��
	     
�� -�6 �

 ��'�'� +]0 ���#�
@ %&#$W +� %C %���(DL)���0 �8'X�  .+�&��  
	ND  +�� VCG2A, VCG4B � 

VCG2B   %
���� ,& +6        +��&�� � ��$ 8'� R��X� ��(#� 3�0 &�� +]$@ ,& '�M 
	   
�	DL �( VCG2B 

 �$ 8'� �&'E(Korolev et a. 2000) +��&�� ��� �B�'� .�& �(    
�	VCG2B  +]�0 +�]$@ ��   ���'�'� 

��(#� .  �B�'� .�& Z
��                ��� T
�]H& +�� &� +]$@ �( &�[� ���#�
@ �( ,& 2�� (#�� 
	  ��
�B�.   %#�`�� 

(Nelson 1950)&'� �^
� p& %
���� u� &� "
$X� Verticillium dahliae  ('�6 �8'X�  .  
���#�,C �(

Archive of SID

www.SID.ir

www.SID.ir


 ���

      %
���� ,& +�&�� �$A �0 Z
[�& "
$X� 3
�� �� +6 ��&���
���  T�
U � 
	    .��& +��	 � ��0 �B�'�

+�&��     & �( ��6 ��&���
��� T�0 
	�� .���(&( %
5�  3
 .     ��B�'� u�� ,& Q�^
g P�
� � +� +�#� 
�

        &'�� ������ %
����� u�� 3
��� .��& +�6 �0 3�	
5� �"
$X� 3
�� ��V. dahliae  ����   � ��0
�

+�&�� 
	V. dahliae� ���&( 3
�� .�& +� 7]`� ��
���� �
�,
B u� "
$X�   ��
����� 7��^
� p& + .

    +�&�� +6 3�0 (
�$5�@ + ]/&          +�� 7]�`� "
�$X� �� ' �5�� ��&���
���� T�0 +���
�, 
� "
$X� 
	

 ��� �
�0 +� &�[� ���#�
@ u� �$	( %
5� (#p ,& 
��
���� '�
B  ��$�C) (Douhan and Johnson 2001 .

     +�&�� t��& ��&���
��� 7�W %&# � ��
0     $X� �� "
$X� '�M 
	      -6 �
�,
B +� R�iJ� .�& �( &� "


+�&�� (&( 7]`� %
���� � 
	.  

 

N�
$�N�
$�N�
$�N�
$�        

 T
JU^ +� +hg\� 7��)101-104 ((#0 +X�&'� �`��4�& . �.  

  

%
����
4� ��
5�:  � +�,�� -�'� ' 6()
�* �$� .��/& ��0
	 ���0�1	
�� 2�� 3��5�&( �

,&'�0 3
45�&( �,��
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