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���� 	����  	����  	����  	���� Fusarium solani f.sp. pisi � � � � � �! � �! � �! � �!

"#$% &��� ���� 	
���#'"#$% &��� ���� 	
���#'"#$% &��� ���� 	
���#'"#$% &��� ���� 	
���#'    (��) *�+�, �"(��) *�+�, �"(��) *�+�, �"(��) *�+�, �"* 

Vegetative compatibility groups of Fusarium solani  f. sp. pisi the causal agent of chickpea 

black root rot in Fars province of Iran 
        

	-� .��/,0��1 � ���2  ���3	-� .��/,0��1 � ���2  ���3	-� .��/,0��1 � ���2  ���3	-� .��/,0��1 � ���2  ���3    	�4�
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** 

�,��4 ��5�%," ������6 ��7�%,"  

  

8)���" 9/�;/����       <��='��/�;/����  

  

���7>���7>���7>���7>        

 ���?
   ��
��?� ��?
�  	?���� )( Vegetative Compatibility Groups=VCGs  9� &?�,��   

)Fsp (Fusarium solani f sp. pisi ����B�! � "#$% �, �� C 8��� �
  D#?E) �" �"#$% F�,G  �

 D�� 	!,��   ��
�� ��  ����;            �8?4"��  ��,��?4 &? #3 � �4 (��) *�+�, H�+$  I�J% �, 

    	% ��BK ��L) �.����6 � ��M �	-L�  �*�N�+�, �G��    � �"�?�C �O�?%,#� ��,#?6 �"��C ����) �*,��P� 

*�5+)�� Q�� �, �"�B+�, �� ���M,nit8)�
 �,�M 	���� "�#  .���� 	%,�,�) 	��*�5+)�� Q�� nit  

S�???2  &???� �, �"�B+???�, �???� �M,�???3 S�???2  � �???4 T�???��+' O,�???�6 ���???3 8???�6  

)Minimal medium- chlorate=MMC(	????-� � U�????� S�????2  �V���+????L6" V��????
C   

)Potato dextrose agar- chlorate=PDAC(           �               S�2 8�6               �W7',  

**���' �, 	�$�   & �%�,��4 ��5�%," &� ��4 &X,�, D�, ��%��5% �4�, 	��-4��6  

**&NY�7  D#ZL    
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)Czapek dox agar-chlorate=CDAC (&�  U�Y�Y;�/�� �9�/�� � 9�/\� � ��"�
 &N��2  �]�" 

    �, 8���% �"9�   &�,�� Fsp  ���\  &+)�� Q�� nit  � C 8��� .  *�5+)�� Q�� ��      &?� ��?�% (��,

        ?-) ���?
 &?� �" O�, ^��-   	P�Y#nit1 ) ��/\[(%   �nit3 ) ��/;�(%   �NitM) 9/�� (%   �,�?M

 �-+)�
  

  ���
 .��`Y 8��  ��
��� ��
�  &�,�� 	����   *# �C ��
 &���J       *�?5+)�� Q�� .�� ����

NitM     *�5+)�� Q�� �� nit1   �� nit3  �4 a�b%, .  &�,�� "�#  �"  �M�) &6 	��
NitM  &?���J  �%"#� 

     *�5+)�� Q�� .�� ����nit1   � nit3   a�b%, 8)�
.     *# �C a�b%, �� 8���% �"  &?���J    ����?�9� 

 &??�,��Fsp �" ���??-+)�
 �,�??M 	??���� ���
��??� ���??
 . ���??
 VCG-1 �??� ;9 � &??�,�� 

���
VCG-11       6� .��+
�G� U�Y�Y &� &�,�� c� ��  ���
 .��+7>#   ��
��?� ��?
�  ,� 	?���� 

 �%"," ��7�Y .    d�
 �" 	���� ���
����% "#K  , a,�6 &�,�� �      �?�% ��
�?�  �?
.    e#?EK �"

 ���
 I�NY�,  ��
��� ��
�     &�,�� 	���),�f� gh�-  �� 	����     &� �
0�-i+�,     ���?
 �" VCG-5  � 

VCG-7�
 �	+Ni  	5+LN ��% ��
��  .  

�j,��j,��j,��j,�    ����6 ��
����6 ��
����6 ��
����6 ��
 : : : :&��� ���� 	
���#'&��� ���� 	
���#'&��� ���� 	
���#'&��� ���� 	
���#'����"#$% "#$% "#$% "#$% ����VCG. ����(��) (��) (��) (��)         

  

& �J & �J & �J & �J         

&� ��6 <�� ���
 	  *��% 	/#7/#  � 	7�+%j ��
 
"&�,�� �  ���
 c� �" &6 	>��M ��


   	  �,�M 	���� ���
���     &�,�� &�J� &� 8NL% �%��
         �,"�#?K�� ��+?��� 	7�+%j 8
�N4 �, �


�-+L
  	?L-�,�' �7�� g��h �, ,� 	7�+%j O�!lh, �%�"�M � )Parasexual cycle (   "#?K .�?�

 �-���% &/"�N )Leslie 1993.(   

m�
#') Puhalla 1985 (� 	���4�� nlNM &6 ,Cove) 1976 (  	?���� ���
��� 	���� �,�� 

�" Aspergillus /�o  �,�� "#� &+)�
 ��6 &�` p��M 	7�+%j & Fusarium  "�?� ��?6 &� .   .?�, �,�?�

*�5+)�� Q�� �, �#q- nit)  utilizing mutants-nitrate non ( S�?2  �, &6      O,�?�6 ���?3 ��?


 	  8���   	  �"�B+�, �-�C "#4 . ], &E$�       �4� �*�5+)�� Q�� .�, 	�    �"�+L
 � T6,�+  ��r

       8�, �M,�3 S�2  ��� �� ��%C              �?4� �,�," &?6 *C 	?�3� s?�Y �, &?6      �?� �,�?�
 T6,�?+ 
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&L��   	  	�,#
 ��
      8�, t�$�Y ���M 	+3,� &� �4�� . *,G?�          O,�?�6 &?� �?�>��M 8? ��J 

  *�5+)�� Q�� ��/#Y 8�� �"�,#  �" � �"#� O��B+  	)�E nit a�m   �" O,�?�6 �,�J  8�,

	�% ��/#Y ��#+7� �� O,��6 �, 	-���' *,G�  ���
 ��7� �� *#> ���� Q�,G), S�2   �� �� � "#4

                      "#?�% �?-
,#K �?4� 	?�3� s?�Y �?-%�  �M,�?3 S�?2  &?� ��?4 ��/#Y ��
�#+7� D�J+%,  

) Jacobson & Gordon 1988, Clark et al. 1995( .	���� �-> �
  �4 a�b%, ��
K �" �  e#?E

���
 .��`Y ��
��� ��
� �" 	���� F. solani 8NL%  &�F. oxysporum  	/� 8�, G�>�% ���L�

 .????�, 8????�, �"," *�????�% O�????J�J2Y"�," O,�????�6 &????� ��+????��� �????�2Y p��????M  

 )Correll et al. 1986, Hawthorne & Rees-George 1996.(/�o  	h  ?`&     S�?2  �, �"�B+?�, �?� �,

' �O,��6 �,�," D�5-��� 8�6 &�,�� u-F. solaniU�� �, �� C 8���     �?-> � .���?4 	-� �

 ���
 u-' �" �5�" *��G� VCG �?-+)�
 �,�M  )Elias & Cotty 1995(      v�?� W?�� � *��Y��?


 ����,�� &� g)# .��-> &�,�� F. solani&�#
 �	N/�h *�
��
 �,  "#$% �	5%�)   ��?��#/ �	5%�)

   ??J+%, �?� � �%�??4 ��??6 � 	+!�?� �??
 �&?b%#� &??�,�� .?�, D�  &?� �??
S�??2    �??3 8?�6 �??M,  

(minimal medium=MM ) O,��6 ���3  )w �]�"  ( 8%�Y#  �",�`Ynit��C 8��� " �%�  W'

 �?�7  *# �C �,  ���?�  )complementaion test( � �x   &?�,�� .?�, �, &?�,��   �?
 �" w�  ���?
 

  �-+)�
 �,�M 	���� ���
��� &6 �y��-Y a,�6 �
 	���� ���
��� ���
     &?�,�� c?� � �?4 

�%"#�) Hawthorne & Ress- George 1996(.&>�
   *�5+)�� Q�� ��/#Y 8�� *�JJ2  �+���nit 

 �" e#EK &�F. oxysporum  S�2  �, 8�6  ��q% 	��
PDA � MM     	?/� �?%, �"�6 �"�B+�,

 8�, �"," *��% O�`/�o  &6S�2  8�6  *#> ��5�" ��
CDA )Czapek dox agar(   ���M G�%

  *�?5+)�� Q�� ��/#Y �" &6 8�, �"�B+�,nit   &?��� �, �?�>��M �, ����?L�  F .solani  U?��-  

	  �4��) Elias & Cotty 1995.(  *�5+)�� Q��nit �� *�4�4� �j#/#)�  O��]#EK (��, �� 

S�2  ���  &��' 8�6)BM=Basal Medium ( O�, ^��-  �, 	7� ���3 )O,�+�%  8��+�% �T���

 +%,�#P�
 �T���   a#�%# C O,��Y��Y � .� (   	P�Y#-) ���
 &� �" nit1   � nit3   � NitM 	  �,�M   �?%��
  

 )Correll et al. 1987, Klittich & Leslie 1988 .(  *�5+)�� Q�� ��/#YnitW-� �"   H�+$  ��
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p��M &%#
 �" 	+3 � �
   8?�, O��B+  W-� c� H�+$  ��
)Klittich & Leslie 1988(   �?
 �

�2  � ,#! �->	� G�% &�=fY � � " �-%�  	o �-+L�% ��{|�Y Correll et al. 1987) .( &���J  ��   ���?�

 }��Y�G
, &+)�� Q�� �" .��  (auxotroph)     (�?�Y �?2  �" ��5��?7� �#?� &� ��%C �4� �

  T
 �� &L���     &L�� �� �,��
 T6,�+  �4�     	  ��
��  	�,#
 ��
  "#?4 .        �?� �?�/" 	+/�?3 .�?->

 *#���???6��+
 ��7???�Y)heterokaryon (  8???�, &???�,�� �" 	???7�+%j &��???�Y &???b�+% �" �  

)Puhalla 1985 ( ���
��� ���
 c� �" &�,�� �" �	  �,�M 	����  �%��
. �"," *��% O�`/�o  

   ���
 .�� &6 8�,  ��
��� ��
�      p��M �" 	���),�f� gh�-  � 	����        	h�?NY�, H?�+$  ��?


        �"�,#  �" &7%�-> "�," "#�� ���~�' ���L�	     "#�% ��
��  �" .�, .�� 	+Ni  	5+LN�
 *,#Y  

 ) Puhalla 1984 (   "�,�??????% "#??????�� 	??????E$�  I�??????NY�, �"�,#??????  �" �  

 )Clark et al. 1995, Fiely et al. 1995 Correll 1991,.(   

  

	���� <��	���� <��	���� <��	���� <��        

�V &�,�� &��Y �
  

    D�� 	!,�� D#E) D#h �"   ��
������;       &? #3 � �?4 (��?) *�+�, �" "#$% F�,G  �, 

,��4        	% ��BK ��L) �.����6 � ��M �	-L�  �84"��  ��    ����) �*,��P� �*�N�+�, �G��    ��,#?6 �"��C

        &%#�% � � C ��`� ��"��� ���M, � �"��C �O�%,#�       ��?�B�! � ��?��� "#$% ��
      "#?$% F�,G?  ��?
  

)  ������ TXl! *��� ( � ^�  ��"�
 ���C )  D����( .&%#�%   �K," �" �
 &L�6  �
   �'   � 	7�+?�l

�""#4 a�b%, ����,�� ��6 �Y 8)�� D�J+%, ��5��� �C &� *,�$� .  

;Vt/�K �����,��   	����-4 � ����fsp. pisi Fusarium solani    

                 	/#?�`  �C �� 	 ,�C &� *�
��
 &M#h � &��� ,�+�, "#$% �, ������ � �! ����,�� �,��

                  O�?`oM &?� ,� �?�%C WP� "#4 ,�� *C �m � �
 �Y �4 &+L49V��   	?�     �?� � ��?��� ��?+ 

8���6#P�
   T���9 /   O�  &� �]�"9/�V� &J�M" �-
 	�,"��%��"�
  . O�`oM 	�,"��?-
  ��?4 

                    S�?2  ��� �=?r�6 D��+�" �� ��%C *"�6 c�K �, W' � &+L4 �oJ  �C �� &NY�  &�PDA  
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  8�6    �� " �" �°C ;9   �4 �"," �,�M .   ���B�! �, ����,�� �,��     �
��
 .�, &��� ,�+�, ��
  �� *

O�`oM &� WP� � �4 &+L4 	/#�`  �C9V�	��   �%�4 ����� ��+ .,� ��4 ����� O�`oM  �" 

c�l)   ��
;9[ 	��      ���3 ��+�/�[[ 	��               ��?-
" *�?7Y ��5+?�" �� � &+$�� �oJ  �C �+�/  

) ��\[�3  8�
�� � 8)� 86 (�%�4 �"," *�7Y  )Banihashemi & de Zeeuw 1969(  �, W?' �

M *"�6 c�KO�`o �=?r�6 D��+�" ��   S�?2  ��� PDA   8?�6  �?4 �"," . t/�?K   ���?�

&�,��     <�� &� �
      �4 a�b%, &L�� �#% � �#P�, cY.         &?�,�� &?%#
 � W-?� t�$?�Y     �?� �?


�N+`  ��
���6 (Burgess et al. 1994, Nelson et al. 1983) 8�]�E+K, .��`Y �, W' � �4 a�b%, 

 	??5%�) "#??$% � "#??$% ��� 	%�??�G�   ( Mohammadi & Banihashemi 2006 )*,#??-! &??�  

 F.solani f. sp. pisi  �%�4 	����-4 .  

�V *�5+)�� Q�� ��/#Ynit ) nit mutants(   

 *�5+)�� Q�� ��/#Y 8��nit m�
#' <�� �,  )1985 Puhalla (��"�
 �"�B+�, . �
 �, ,�+�,

 S�2  ��� &6 t/�K &�,��PDA     	 #��?L�  �#?�� c?� �"#?� �"�6 �4�     S�?2  &?� MM  

     �� " �" � �J+- °C ;9  ��"�
 ��,��5% )     	�3� s�Y �4� ��
��  8��( .  �, W'�V� ��� 

�9   �#�� 9 /	��    &-
�' �, ��+          S�?2  ��� �"�?6 �4� ��
MM         ���?3 S�?2  &?� � ,�?� 

 O,��6)CDAC, PDAC, MMC ( �%�4 �J+-  .&� ��#h        �#?�� u-?' ��?+' c+?�Y �?
 �" &?6

  �"," �,�M 	 #��L�      �� " �" � °C ;9 ��,��5%  �%��"�
 . &-
�' �4�   &?%,��� �
      �?�/#Y �?q% �, 

    8)�
 �,�M 	���� "�#  �#+7� .   ̂ ��� ��
�#+7� ��
��  ��     &�4�3�, 	7>#6 8�LM ��4�/,

      &� n,"�b  � ,�� *CMM   �4 �"," D�J+%, .    *�5+)�� Q�� <�� .�, ��nit��4� �,�," &6   �?�r 

     #
 &L�� �M�) � �"�+L
 �T6,�+ 	�,    "#� S�2  .�, ����%       O,�?�6 &?� a��J  *�5+)�� Q�� �, 

      	�3� s�Y &���  ��4� &6)    a#��L�  ��,� � T6,�+  �4�  	�,#
 ��
( �-+4,"   "," t�$�Y  �

�4 ) Correll et al. 1987( . *�5+)�� Q��nit  �M,�?3 S�2  ���3 Q�� �C &/#/ &� ��4 ��/#Y 

�%�4 ��,��5% &%�K"�� �" � �J+- .  

�V��`Y  *�5+)�� Q�� 	P�Y#-) (l6 .nit  

*�5+)�� Q�� �,nit  S�2  ��� &6 MM�4�  ��r  T6,�+ �#�� �-+4,"   &?� 	 #��L�  ��


  �oM9 /	��      S�2  &� � ,�� �+    ��
       *j��+�% ^��-  �, 	7� ���3 8�6)   �T��� O,�+�% � �4
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     a#�%# C O,��Y��Y � .�+%,�#P
 �T��� 8��+�% (   �� " �" � �J+- ºC ;9 %  ��"�
 ��,��5 .  �, W'

9V����  *�5+)�� Q�� nit&-
�' �j#/#)�  �q% �,  ���
 �, 	7� �" �
  ��
nit1 �  nit3 ��NitM 

 �-+)�
 �,�M )Correll et. al. 1987 ( .  

9V&���J  *# �C   *�5+)�� Q�� ����nit   

  ���
 .��`Y 8��  ��
��� ��
�  &�,�� 	����   ��
Fsp �NitM�� �
 �, �� C 8���   &?�,

 *�5+)�� Q�� ��nit1  �� nit3&�,�� ����  &���J  �
 �4 ���� . &?�,�� "�#  �"     �?M�) &?6 	��?


NitM&���J  *# �C �%"#�  *�5+)�� Q�� .�� ��-Y �����nit1   � nit3 �?4 a�b%,   .   a�?b%, �,�?�

 &���J  *# �C     *�5+)�� Q�� ,�+�, ����nit  S�?2  ��� �� MM    �, W?' � �%�?4 �"," 8?�6  

�    �4� ��
���r   �"�+L
 � T6,�+    �#�� *�5+)�� Q��      �oM &� 	��
9 ./	��         &?� � ,�?� �?+ 

S�2    8�6MM   ����   &� �%��"�
 �J+-  ��#h        ��+' c+�Y c� S�� �" &6�[ 	+%��    ��?+ 

 �, �#�� c�NitM �, �#�� u-' G�% *C },�h, �" �  nit1  ��  nit3  &?�,�� ����  �?
  &�?]�) &?�   

9/;V;	+%��  �+  �� " �" � 8)�
 �,�M �ºC ;9�%�4 ��,��5%  .&L�� �4� ��  ��%C (��Y � �


 �T
 ��       *#���6��+
 ��7�Y a�! �� ��7�Y    8)�
 �,�M 	���� "�#  .     .�?� *#���?6��+
 ��7�Y

    &+)�� Q�� �"nit           	  *��% � �"#� ��%C 	7�+%j &���Y �� ��/" H�+$  &�,�� �" �,   �" .�, �
"

c� &� g�`+  &�,���
 �� VCG�-+L
  ) Correll et al. 1987 .(   

\V8�
�� *,G�  	����   *�5+)�� Q�� ���='nit  

 *�5+)�� Q��nit �    n,"�?b  �%"#� ��4 ��,��5% &%�K "�� �" D�� c� "��3 O�  &� &6

S�2  &�MM &-
�' �4� � �J+-    �
 �,�?M 	���� "�#  ��%C ��
 8?) .     s?�Y 8?/�3 &?� �?4�

8�
�� �� ��/" 	�3� �=' *�5+)�� Q�� ��nit��"�
 	J�Y .  

  

b�+%b�+%b�+%b�+%&&&&        

�V  *�5+)�� Q�� ��/#Ynit  

*�5+)�� Q�� *"��C 8��� �,��nit � &�,�� &� Fsp &� � ��$+%,   &� ��� 	��� �C �#h

 S�2 PDA�   MM �  CDA   ���3�9�%�4 �J+-  T���+' O,��6 �+�/ �" a�
  .&-
�'  �, W' �


�9V�[       +7� d�
 � �-+4," �"�! �4� ���   ��% ��
��  ��# .     	)�E  O,��6 *,G�  Q�,G), ��
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  &��[      &-
�' �4� &>�
 �+�/ �" a�
       &?�#Y �?��M �#+7� T
 ��� 	/� �4 "��2  �
   8?��� �,

� ��% . &� O,��6 *,G�  Q�,G), ��9[&-
�' �4� �+�/ �" a�
   "��2  O�4 &� S�2  &� ��� �


 �, W' � �4�[V9 ��4 ��/#Y ��
�#+7� ��� )�74� VA(  S�2  &�MM   &6 �4 �"," D�J+%,

            �-+?4," 	�3� �4� S�2  .�, ��� �
�#+7� .�, �, �",�`Y) �7?4� VB .(     �?`� &?�3�  �"

     &� 	)�E  O,��6 *,G� �[         , �� &6 �4 �"," Q�,G), �+�/ �" a�
         �?��M ",�?`Y O,�?�6 *,G�  .�

	��#Y 8�6 S�2  &� �
�#+7� D�J+%, �� � �4 ��/#Y �#+7� MM   ?4 ��
�?�     �?]�" &?6 �

      O�#] &� ��%C �, 	�m����r   �"�+L
 � T6,�+   �%"�6 �4�  .        S�?2  &?6 "," *��% u��+%� W?7', 

)  ���3�[    O,��6 �+�/ �" a�
  (   *� �%,� ��;�/��         Q?�� 	��?���� 8�� S�2  .��+�� �]�" 

 *�5+)��nit&�,��   ��
FspS�2  � 8�,   ��
PDA  � MM  &?�      *� �?%,� �?� U?�Y�Y9�/�� � 

9�/\��%�," �,�M ��`� �3,�  �" �]�"  .    *�?5+)�� Q?�� �?�/#Y �,�?� ��/" .��
 &�nit  �" 

&�,��  ��
Fsp   S�2  �,� ���3 W7',�[ �?�"�
 �"�B+�, O,��6 �+�/ �" a�
  .  �, 8?���% �"

9� &�,�� Fsp ���\ &+)�� Q�� nit� C 8��� .  

;V  *�5+)�� Q�� 	P�Y#-) (l6 .��`Ynit  

*�5+)�� Q��nit C 8��� &�,�� �, ��   ��
F. solani f. sp. pisi��   �� 	���� �4� UL3

 O�, ^��-  �, 	7� ���3 &��' S�2  ���) O,��Y��Y � .�+%,�#P�
 �T��� 8��+�% �T��� O,�+�%

a#�%# C ( (l6 &� �"nit1 � nit3  � NitM ) �74� –C (&� �  	%,�,�) �� U�Y�Y��/\[ ���/;� 

 �9/���-+)�
 �,�M �]�" .  

�V  &���J *�5+)�� Q�� ����nit ��
��� ���
��
 .��`Y 8�� � 	����   

&���J  *�5+)�� Q�� .�� ����nit  &6 �"�,#  �" "," *��% H�+$  NitM  �� nit1 ��  nit3 

	  �,�M T
 ���J  	  ��7�Y ��+��� T6,�Y � 8!�� �� *#���6��+
 �%��
  "#4)�74�VD ( �"

�� .�� *#���6��+
 ��7�Y &6 	/�3 *�5+)�� Qnit1 � nit3     ���?L� T6,�?Y � �?+�6 8!�� �� 

	  O�#] H�`1 "��
 )�74�V E(. *�5+)�� Q�� .�� *#���6��+
 ��7�Ynit  &?�,��    ��?


   � ���
��� �� ��/" H�+$ &b�+% �" � �"#� T
 �� ��%C 	���"  ��
��?� ���
 c� ��  	?���� 

	  �,�M �%��
 .&�,�� �, 	�`� �" �
 &?���J  �, W' T
      *�?5+)�� Q?�� .�?� ���?�nit   d�?
 �

 ��% ��
��  	%#���6��+
)�74�VF (� .�, &6&�,� ���
 �" �
 ��
��� ��
� H�+$  	���� 
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  ��\

�-+)�
 �,�M.  

g�J2Y .�, �" 9� &�,�� Fsp # �C a�b%, �, W'  &?���J  *   �" ���?���  ��
��?� ���?
 � 

  �-+)�
 �,�M 	���� .    �� c� ���
;9     ���
 � &�,�� ��   � c� ��    &?� &?�,�    U?�Y�Y   � .��?+
�G�

��
��� ���
 .��+7>#6��%"," ��7�Y ,� 	����  .  

�V 8�
�� *,G�   *�5+)�� Q�� ���='nit  

*�5+)�� Q��nit      ��� �?� n,"�?b  �?%"#� ��?4 ��,��5% &%�K"�� �" D�L7� "��3  &6 

 S�2 MM 8)�
 �,�M 	���� "�#  ��%C &-
�' �j#/#)�  � 8�6  . F#�b  �"�9/�� �]�" 

6    *�5+)�� Q�� �nit              8?�
�� *,G?�  *,#?-! &� ��#�G  S�2  ��� �� 	�3� �4� ��    ���=?'

 *,G�  .�, �, &6 ��"�
 &N��2 9�/;� *�5+)�� Q�� &� I#��  �]�" nit1  � 9\/�� � ��/�[ 

 &� I#��  U�Y�Y &� G�% �]�"nit3   � NitM "#� .  

  

�2��2��2��2�        

�#+7� �"��� g�J2Y .�, �" &�,�� 	
"  ��
F. solani f. sp. pisi    S�?2  &?� ��� PDA � 

MM � CDA  ���3 �[O,��6 �+�/ �" a�
    U?�Y�Y &� T���+'9\/�9 ���/�� � ��/��  �?]�" 

S�2  .��+�� � ��"�
 &N��2     S�?2  �#+7?� ��/#Y 8�� 8�6CDA    �?4 &?+)�
 �?q% �"  .

O�J�J2Y"," *��% 8�, � S�2  &6 CDA �#+7� �" O,��6 ���3  &�,�� 	
"   ��?
F. solani  

 &� 8NL% ��+N��-  S�2 PDA  � MM  8�, )Elias& Cotty 1995.(   ��>��M �" �#+7� ��/#Y

   "�," �,�?M p��?M F#% � &�=fY �� " �-%�  	B�+$  � ,#! ��{�Y 82Y)Klittich & Leslie 1988( � 

#K�� 	]�K 8��
, �, G�% 	7�+%j � ,#! e#EK .�, �" &>�
� �%�,")Klittich et al. 1988  .(

                O�?`/�o  �+?��� �" �?�>��M �" �#+7� ��/#Y 8�� 	)�E  T���+' O,��6 *,G� 9/�   �?]�" 

 8�, ��4 <�,G
) Jacobson & Gordon 1988, Clark et al. 1995,  ( "�#  �" 	/�F.solani    �?�

  8?�, ���% ��/#Y ��#+7� O,��6 �, *,G�  .�, }�E )Hawthorne & Ress- George 1996(  

�, *#>  &� 8NL% &%#
 .F. oxysporum       	?  *�?�% T�?��+' O,�?�6 &?� ��+?��� ��2Y   �?
"  

 )Correl et al. 1986  .(  ��4 ��/#Y ��
�#+7� D�J+%, �� &6 �4 ��
��  .�-~�
 	���� .�, �"

 S�2  &�MM  �4� �
�#+7� 	�`� �"�+L
 � T6,�+  ��r&+)�� Q�� *,#-! &� &6 �-+4,"  nit    
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 �74�V A :�#+7� ��/#Y �, Fusarium solani f. sp. pisi S�2  ���  8�6CDAC V B :  � 	?�3� �4�

   S�2  ��� �
�#+7� H�`1   8�6MM V C :        *�?5+)�� Q?�� s?�Y#-) .�?�`Ynit ��� 

S�2     8?�6BM   O,�?+�% ���?3   T��?� )NA( 8?��+�% �   T��?�)NI(  .�+%,�#?P�
 �)H ( �

 a#??�%# C O,��??Y��Y)AM(V D :T6,�??+  *#���??6��+
 ��7??�YV E : *#���??6��+
 ��7??�Y

H�`1VF : *#���6��+
 ��7�Y a�! )= a � 	�3� �4�b =H�`1 �4�(.  
Fig. 1. A: sectore formation of  Fusarium solani f. sp. pisi on CDAC -B: fast ,thin and wild type growing 

on MM- C: growth of nit mutants on BM containing sodium nitrate ( NA) , sodium nitrite (NI), 

hypoxantine (H) and amonium tartarate (AM) – D: dense heterokaryon formation- E: thin 

heterokaryon formation–F: no heterokaryon formation. ( a= wild type growth- b=thin growth).   
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  ���

   �%�4 &+)�
 �q% �".   .�-> ��
�#+7�	     ��� �?�/" .�?�
 &� � �"#N% O,�+�% �, �"�B+�, &� �"�M 

 S�??2 MM  "#??� �??-
,#$% 	??�3� �??4� &??� �"�??M 8??�, *j��??+�% ^??N-  �,�," �??�-Y &??6   

)Correl et al. 1987  (      �-+?L
 	?�3� �?4� �,�," S�?2  .�, ��� &6 	��
�#+7� 	)�h �,

          7?� .�-> �--6 �"�B+�, "#�#  O�, �, 	�#K &� �%�"�M   �,�," 	��
�#+ ?N�6�Y  &+?L
 �, 	   ��?


  �-+?L
 O,�?�6 &� a��J  &6 �"#� &+)�� Q�� � (�L3 �a��J  )Correll et al. 1987 .(  	?%,�,�)

    *�5+)�� Q�� F#%nit              S�?2  �" "#?�#  O�, ^N-  F#% ��{�Y 82Y �%,#Y 	  ��>��M �"    ��?


 �,�M T���+' O,��6 ���3 	  .�%#X�Y *"�6 &)�1, �� nli  "��
 	%,�,�)NitM 	  Q�,G),   �?���  

)Klittich & Leslie 1988  .(   Q�,G?), �?!�� .�%#X�Y "#�� &6 �%"," *��% *,��7�
 � *��Y��


 	%,�,�)NitM  �" F. solani	    "#4)Hawthorne & Ress- George 1996 .(  

  

 D����V O�E$� &�,��  ��
  Fusarium. solani f. sp. pisi���
 �  ��?
 ��
��?� ��   	?���

%C�� (��) *�+�, �"  
Table 1. Characteristic of Fusarium solani f. sp. pisi isolates and their VCG in Fars province 

 

 ����4H�"�  
Number 

&�,�� �6  
Isolate code 

 &%#�% �2 

��,"��  
location  

*� �  
Time  

*��G�   
host 

 ���� ,�� �2 

8)�� �,  
plant tissue  

 ���

VCG  

1 EST1  *�N�+�,E  ;�/�/�[  
( M 2001 )  

"#$% C  &��� R  6  

2  Est2  ˝˝  ˝˝  ˝˝  ˝˝  ˝˝  
3  EST3  ˝˝  ˝˝  ˝˝  ˝˝  ˝˝  
4  EST4  ˝˝  ˝˝  ˝˝  ˝˝  ˝˝  
5  EST-gl  ˝˝  ˝˝  *��� .���4 GL  ˝˝  1  

6  FAS1  �L) FA  ��/�/�[  
( M 2001 )  

"#$%C   � &???????????M#h

&���R&CR  

˝˝  

7  FAS2  ˝˝  ˝˝  ˝˝  &���R  ˝˝  

8  FAS3  ˝˝  ˝˝  ˝˝  ˝˝  4  
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 D����V) & ,",(                        Table 1. (continued) 

9 FAS4  ˝˝  ˝˝  ˝˝ &M#hCR  ˝˝  

10  FAS5  ˝˝  ˝˝  ˝˝  ˝˝  1  
11  SHI1  �,��4SH  �9/;/�[  

(April 2001)  

˝˝  &���R  7  
  

12  SHI2  ˝˝  ˝˝  ˝˝  ˝˝  ˝˝  
13  SHI3  ˝˝  ˝˝  ˝˝  ˝˝  ˝˝  
14  SPD1  *,��P� S  ;9/;/�[  

(April 2001)  

˝˝  ˝˝  2  

15  SPD2  ˝˝  ˝˝  ˝˝  ˝˝  1  
16  SPD3  ˝˝  ˝˝  ˝˝  ˝˝  ˝˝  
17  SPD4  ˝˝  ˝˝  ˝˝  ˝˝  2  
18  KAV1   �,#6K  ;�/;/�[  

(April 2001)  

˝˝  ˝˝  8  

19  KAV2  ˝˝  ˝˝  ˝˝  &M#hCR  ˝˝  

20  KAV3  ˝˝  ˝˝  ˝˝  &���R  ˝˝  

21  KAVcp  ˝˝  ˝˝    Q�??�6 &??L�6
CA 

˝˝  11  

22  FUS1   "��C ����)F  ˝˝  "#$%C  ˝˝  1  

23  FUS2  "��C ����)F  ;�/;/�[  "#$%C  &���R  1  

24  FUS3  ˝˝  ˝˝  ˝˝  ˝˝  ˝˝  
25  KAR1   .����6KA  ˝˝  ˝˝  ˝˝  ˝˝  

26  KAR2  ˝˝  ˝˝  ˝˝  ˝˝  ˝˝  
27  KAR3  ˝˝  ˝˝  ˝˝  ˝˝  ˝˝  
28  ABD1   �"��CAB  �/�/�[  

(June 2001)  

˝˝  ˝˝  9  

29  ABD2  ˝˝  ˝˝  ˝˝  ˝˝  ˝˝  
30  ABD3  ˝˝  ˝˝  ˝˝  ˝˝  ˝˝  
31  ABD4  ˝˝  ˝˝  ˝˝  ˝˝  ˝˝  
32  ABDam1  ˝˝  ˝˝  Y(��K v� AM  ˝˝  10  

33  ABDam2  ˝˝  ˝˝  ˝˝  ˝˝  ˝˝  
34  ABDch  ˝˝  ˝˝  ��Y &��� CH  ˝˝  1  

35  EGH1   ���M,EG  ˝˝  "#$%C  ˝˝  3  

36  EGH2  ˝˝  ˝˝  ˝˝  ˝˝  ˝˝  
37  EGH3  ˝˝ ˝˝  ˝˝  ˝˝  1  
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 D����V) & ,",(                        Table 1. (continued) 

38 EGH4  ˝˝  ˝˝ ˝˝  ˝˝  ˝˝  
39  NIR1   G�� 	%N  9/;/��  

(April 2002)  

˝˝  ˝˝  ˝˝  

40  NIR2  ˝˝  ˝˝  ˝˝  ˝˝  6  
41  NIRgl  ˝˝  ˝˝  *��� .���4  ˝˝  1  

42 MAM1   	-L� M  ;[/;/��  
(April 2002)  

"#$%GL  ˝˝  ˝˝  

43  MAM2  ˝˝  ˝˝  ˝˝  ˝˝  ˝˝  
44  MAMgl  ˝˝  ˝˝  *��� .���4GL  ˝˝  10  

45  KAF1   �BKKF  ;\/;/��  
(April 2002)  

"#$%C  ˝˝  1  

46  KAF2  ˝˝  ˝˝  ˝˝  ˝˝  ˝˝  
47  KAF3  ˝˝  ˝˝  ˝˝  ˝˝  ˝˝  
48  KAF4  ˝˝  ˝˝  ˝˝  ˝˝  ˝˝  
49  BAV1   O�%,#�B  ;�/�/��  

(May 2002)  

˝˝  ˝˝  5  

50  BAV2  O�%,#�B  ;�/�/��  
(May 2002)  

"#$%C  &���R  5  

51  BAV3  ˝˝  ˝˝  ˝˝  ˝˝  ˝˝  
52  BAVal1  ˝˝  ˝˝   	�3� ���AL  ˝˝  1  

53  BAVal2  ˝˝  ˝˝  ˝˝  ˝˝  ˝˝  
E= Estahban, FA= Fasa. SH=Shiraz, S= Sepidan, K= Kavar, F= Firouzabad, KA= Karzin, 

AB= Abadeh, EG= Eghlid, N= Neyriz, M= Mamasani, KF= Khafr, B= Bavanat, C= chickpea,  

R= Root, R&CR= Root and crown, CR= Crown, GL, Glycyrrhiza glabra  

CA= Capsella bursa-pastoris, AM= Amaranthus retroflexus, CH= Chenopodium album, AL= 

Allium seabriseapum   
  

 *�5+)�� Q��nit1     *�?5+)�� Q?�� � ��?+6�"� O,�+�% 	%��+K�� ��5%j �" Q�� �{, �" 

nit3    	?  �?�/#Y O,�?+�% �=� 	]�E+K, ��L  ��--6 T�q-Y ��5%j �" Q�� �{, �"    �" �%#?4

 	/�3NitM    ?��� ��?5%j u-?' �M,�3 �" Q�� �{, ��  	?  8   �?�C)Klittich & Leslie 1988, .( 

 �+�6 	%,�,�) �]�"  NitM  &� 8NL%nit1 � nit3     Q?�� F#?M� D�?�+3, &?� *,#+� ���4 ,�    �?


     *#> � "," 8NL%NitM            8?4," �
,#K G�% ,� ��+�6 �]�" &b�+% �" "�," ��+�6 D��+3,  . �"

 &���J  *# �C       8?%�Y#  .�?� ���?�     ��?
NitM       8?%�Y#  �, 	?7� �?�    �?
�nit1    �?� nit3   ��7?�Y 
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  ���

                     .�?� *#���?6��+
 ��7?�Y &?6 	/�?3 �" �?4 ��
�?�  �+��� T6,�Y � 8!�� �� *#���6��+


8%�Y#     ��
nit1   � nit3        ��"�
 �
�� H�`1 O�#] &� � 	5+L
C &�  .&�,��      ��7?�Y &6 	��


  	  H�`1 *#���6��+
         &?� ,� *C �-+?L�% �"�?M �*#���?6��+
 ��7�Y �" 	��%,#Y "#�� �� �-
" 

   �B3 	�#K�--6 .  ���
 .�, ���!,   ��
��� ��
�           }l+?K, T?
 �� ��5%j �" �� c��" 	���� 

          �%�," ��+��� 	5+L�,� c��4 &�#� &� *#���6��+
 ��7�Y �,�� � �%�," .     .�?-> �?�/" .�, &�

&�,��  �
      ��
��� ���
 ���!, �, 	�`� �� 	��      �?� � �#?M *#���?6��+
 ��7?�Y "#K 	���� 

��6��+
 ��7�Y 	�`�	  H�`1 *#�  �-
"(Woudt et al., 1995).  

      �" .�� H�`1 *#���6��+
 ��7�Y &+)�� Q��   	?  ,�          8?M#  *#���?6��+
 	!#?% *,#?Y  

 (transitory heterokaryon) 	��l'#+�� ��  *C �" &6 8L%," (cytoplasmic killing) &�3�% �" 

       &%#
 &� 8�, �,"�#K�� 	�6 8!�� �, ��# #+��%C       +-?� ^%�?  &6 �,  T�G?%C G      ��?--6��3, ��?


 	�% O,�+�%  "#4 .       	  �,���' ��J%C ��4 ��7�Y *#���6��+
 &b�+% �"        	?K�� G+-� *�7 , �Y �%� 

T�G%C          T�G%C &6 �-> �
 �""�
 T
,�) O,�+�% ��--6��3, ��
          � T6,�?+  �4� �,�� ��4 G+-� ��


 �"�+L
(extensive) 8L�% 	)�6 (Leslie 1996, Clarkson & Heale 1985) . .�� *#���6��+
 T6,�Y

  �" &+)�� Q�� &+L
 8NL% � 8�,�M &� �"��� 	5+L�    �?2  �" 8%�Y#  �" .�� ��4 	7� ��


 "�," ��# #+��%C .          T6,�+  *#���6��+
 �4� �4�� �,"�#K�� ��+�� *�,#Y �, 8NL% .�, &>�
   �Y

 ���?! �     "#?� �?
,#K �?Y(Sidhu 1986) .     &?L�� <G?� C *"#?� O��?B+  �?6 �"  �,  "�?b�, �

*#���6��+
      � H�`1 ��
  &�,�� �" �#M       ��
��?� ���?
 c� ��
�  	?  ,� 	?����     &?� *,#?Y

&�,�� 8�
�  8%�Y#  s�Y#-) � �
 ��
nit "," 8NL% (Joaquim & Rowe 1990).  

          &�,�� �, 	�`� .�� �" &6 �4 t$�  g�J2Y .�, �"         ��7?�Y 	%#���?6��+
 F#% d�
 �


	�%  "#4 .     .�� a#��,�#) W-� �"&�#�     &+L
 �,�," &6 	��
         G?�% �-+?L
 	���� ��
����% ��


&L�� <G� C 	  O�#] �,  .�, �{, �" 	/� "��
�-�C�)	  �� 	�-6,� ���
����%   �!�� &6 �
"

#�� ��  D 	  c�Y#���6��+
 ��
  "#4(Leslie 1993)	  �         &?� n�?+���% &?6 &?~%C 8?B
 *,#?Y

     	  	�����, *#���6��+
 ��7�Y a�! O�#]  4    D#�� ��  �, W' "#    8�, �"�N �% ��
 .  u��?+%

&���J  *# �C �, �]�3 8%�Y#  .�� ���� ��
nit&�,�� ��
 &6 "," *��% ��"�    ��
F. solani 

f. sp. pisi	  ��
��� "#K  �-4�� .	�,�K �,� )�wx�( &?���J  *# �C a�b%, �� G�%     .�?� ���?��\ 
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 &??�,��F.solani U�??� �, ��??4 ,�??�  � &??�
 	??-� �&??�,�  "," <�,G??
 ��
��??�"#K ,� �??
  

 Rahkodaei 2000)(.&�,��  &�,�� ��
����% "#K ��
     &?���J  �" &?6 �-+?L
 	��?
    .�?� ���?�

8%�Y#  ��
 nit	�% ��7�Y 	%#���6��+
 d�
 ��"�    �-
"(Klittich & Leslei 1988) .�"  	�`�

&??�,�� �, ��??
 F. oxysporum f. sp. melonis  ,G??
 ���
��??��%"#K  8??�, ��??4 <�  

(Jacobson & Gordon, 1988).  

 � *��Y��
v�� W��&�,�� .�� �" &6 �%"," <�,G
   H�+$  ��
F. solani �"��� ",�`Y 

 "�," "#??�� ��
��??��%"#K &??�,��(Hawthorne & Ress-George 1996). �"  F. moniliforme 

	???  D�???+-6 *j c???� S???�#Y &???6 8???�, 	???{�, 8B???] c???� ���
��???��%"#K "#???4  

(Correrll et al., 1987, Leslie 1993).  

    g�J2Y .�, �"��  ��
��� ���
 �&�,�� ",�`Y �q% �, &6 �4 	����-4 	����      T?
 �?� �?


O��B+  �%"#� . c� 	���� ���
��� ���
)VCG- 1(   ��;9$  I�J% �, &�,��  H?�+ )   ��"�?�C

           �?�C ����) �	-L�  �O�%,#� ��L) ��BK �G�� 	% ����M, �.����6 �*,��P�   *�N�+?�, � "(   .��?+
�G� 

��
��� ���
 � ���
� �"��� 	���� )VCG -11(  &�,�� c� ����,#6 �, ���
 .��+7>#6   ,� �


��7�Y�%","  . � *�Y��
W�� v�� )���\ (9� &�,�� F. solani *�?�G�  �, �� C 8�" &�    ��?


 �" ,� H�+$ �9��
��� ���
 �   �?%"," �,�?M 	���� (Hawthorne & Ress-George 1996) . �,�

	�,�??K) Rahkodaei,2000( ;[��
��??� ���??
 � *�??�  �" ,� 	??���� �\ &??�,�� F. solani 

U��    "," t�$�Y 	-� � . ���
 ",�`Y   ��
��� ��
�     	� ,#?! &?� 	5+?L� p��M c� �" 	���� 

 ̂ ??N-  *#??>� &??%#�% ",�??`Y      "�," *C �??i  �??�/#Y <�� � ��?? C 8??�" &??� 	>��??M ��??
  

(Sidhu 1986) .��
 F#-Y� ��
��� ��
�p��M �" 	����  �-%�  �%�," 	L-� �i  ��/#Y &6 	��
  

 Neurospora crassa � Cryphonecteria parasiticap��M &� 8NL%      	?L-� �i �?�/#Y &?6 	��


 �-%�  �%�,�%F. oxysporum 8�, �+��� (Jacobson & Gordon 1990).   "�#?  �"F.oxysporum f. 

sp. ciceri����� &`/�o  ��  �9�, � ",�% 8B
 �, &�,��  ��
��?� ���
 c� ��-Y H�+$  I�J% � 

 8�, ��4 	����-4 	����(Perez-Artes et al., 1995).  

                � *�4 ,�� D�3 �" UY�  �#h &� 	%j O�N�6�Y �%�," 	L-� �i ��/#Y &6 	Y,"#�#  �"

             	?  "#�#  �" 	%j F#-Y "�b�, �!�� "�b  *�4 U�6�Y �� &6 �-+L
 .+L74  � �%#?4  �" 	?/
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	  	M�� 8��{ 	%j O�N�6�Y �%�,�% 	L-� �i ��/#Y &6 	Y,"#�#    �?-%� (Correll et al., 1986) .

 �" nli F. moniliforme   &?b�+% �" � "�," "#?�� ��5%j �" 8�, 	L-� �i ��/#Y �,�," &6 ;�[
 

 	-`��[;�8�" ���M 	%j H�+$  U�6�Y  8�, 	��� .� 	�/C }l+K, c� 	+3 "�#  .�, �" .�

  	  &�,�� �"                   �" 	?7�+%j F#?-Y &?b�+% �" � "#4 ��%C �" 	���� ���
����% "�b�, �!�� �%,#Y

	  Q�,G), p��M .�, 8�`��  ����(Puhalla 1985) .�" F.solani ��4 <�,G
 ��5%j 8B
 �M,�3 

 8�,(Hawthorne & Ress-George 1996)  &6	  84," ��q+%, *,#Y  8?`�Nh �" �[�  	?-`� �;� 

 U�6�Y�4�� &+4," "#�� p��M .�, �, 	%j . �"F. oxysporum       	?L-� a�?) .+?4,�% 8?�! &�

 ��??5%j ",�??`Y �, 	??J�M" Fl??h,   8??L�% 8??�" �" 	??���� ���
��??� ��??--6 D�??+-6 ��??
  

(Elias et al., 1991).  

	L-� �i ��/#Y �"�	MlY    ( crossing over )  � "�," �"�?�� 8��
, 	7�+%j F#-Y "�b�, �"

 "�b�, �� �" U�6�Y #% ",�), 8�`�� *C 	7�+%j F#-Y �8�`�� c�	  Q�,G), ���� . �i ��/#Y �"

 	L-� ,�'(parasexual reproduction)    &?�,�� .�?� 	?���� ���
��?� D��+3, Q
�6 ��    �" �?


 	)"�EY 8/�3�     	  T6 8�`�� �" F#-Y   "#4 .         �?� ",�?), *�? C "#?�� &� D��+3, 8/�3 .�, �"

 F#-Y 	7�+%j�L� ���� 8�, T6 ��(Bowden & Leslie 1992).  

���
 ",�`Y ��
��� ��
�&%#�% ",�`Y &� &�#Y �� 	����   O��B+  8�, .7�  	>��M ��


"#4 <�,G
 . �" nli F. oxysporum f. sp. cubense�   U?�Y�Y &�� �;[ � ;�  ��
��?� ���?
 � 

        ",�`Y Q�,G), �� &6 ��4 <�,G
 	����&%#�% ���
 ",�`Y ��
 �� ��
��
��  �+?��� G�% 	���� 

 8�, ��4(Ploetz & Correll 1988).  

 	  *��% g�J2Y .�, u��+%  �
" �, &6��  ��
��?� ���?
 �      �?�-Y ��? C 8?�" &?� 	?���� 

���
    ��
VCG-5  � VCG-7&�,�� � �4  	  	���),�f� &Jo-  c� ��
  	��J+L  &o�,� � �-4��

 -  .��   ���
 � 	���),�f� gh�   ��
��� ��
�    	����  	  ��
��  "#4 .   ���?
 &�J� �"      .�?-> �?


&o�,�    	�% ���" �,    ��#h &� "#4 &6    ���
 	�`� �"    &�,�� �
      � �?%�," �,�M H�+$  gh�-  ��


  &�,�� G�% "�,#  	�`� �" ��
��� ���
 �" �" &Jo-  c� ��
� 	?  �,�M 	����   �?%��
 .  nli? 

&�,��        *,��P� � �,#6 ��"��C ��L) ����M, ��
    � �, Q�� �" ��
��� ���
 c� 	����   �?%�," �,�M

  ���
 �" �   ��
��� ��
�   	���� VCG-1   � VCG-6 &�,��       gh�-  ��
   �?%�," �,�M H�+$ . �"
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 ��
��� ���
�   	���� VCG-1 &�,��     ��
��       ?
 � "�," �,�M H�+$  &Jo-    &?o�,� d�     .�?� �,

���
   ��
��� ��
�     &�,�� 	���),�f� gh�-  � 	����     	�% ��
��  �
  "#4 .    ?-  .�?� &o�,� gh�

  ���
 � 	���),�f�   ��
��� ��
�    a�?) �" 	����             O��?B+  ���?L� a#?��,�#) 	?]�E+K, ��?


8�, ��4 <�,G
.  

  ��J+L  &o�,� m�
#'  ���
 .�� 	   ��
��� ��
�   &�,�� �" 	���),�f� gh�-  � 	����   ��?
  

 F. oxysporum&�  8�"     "�?6 ��
�?�  �"��," �?
 �, �� C(Puhalla 1984) ./�o    ����?� O�?`

&�,��  ��
F. solani 	5%�)"#$% �, �� C 8�" &� ���
 .�� &6 "," *��% ��
��� ��
� 	���� 

&�,�� 	���),�f� gh�-  �  "�," "#�� 	��J+L  &o�,� �
(Hawthorne & Rees-George 1996) .  

	�,�K �,�)Rahkodaei,2000(&�,�� "," <�,G
   ��
F. solani U�� &� 	-� � 8�"  �? C � �,

��
��� ���
 c� �" &Jo-  c��	  �,�M 	����  &�,�� &6 �"�,#  �" � �%��
  ���
 c� ��


      	  O��B+  &Jo-  �" �, 	���� ���
���    �� 	%,�-> &�]�) 	���),�f� �q% �, gh�-  .�, ��-4��

 �%�,�% T
 .    ���
 .�� O�#] .�, �"   ��
��� ��
�     �"��?3 �?Y 	��?�),�f� gh�?-  � 	���� 

#�� &o�,�"�," ".  

 ���J! &�Elmer ) ���� (&�,�� "#�� �
��
��� ���
 c� �" H�+$  gh�-  �� 	���� 

   &� ��     ��
��� ���
 c� "#�� �5�" 	Y��N!�     *��% &Jo-  �-> �" 	����    %, ��-
"   *"#?� 	��$+

�J�0 ���
    ��
��� ��
�       p��M "�#  �" �-> �
 8�, 	����        �," 	?L-� �i ��/#Y &6 	��
  �?%

 ��$+%, .�,*,�-> *��G�  S�#Y 8L�% 	`oM (Elmer 1991). 

  

^��- ^��- ^��- ^��-         

O�2B] &� &q3l  8��(47-50) +  "#4 &`�,�  	L��5%, ..  

  

  

*�
�%��5% 	%��% :	-� .��/,0��1 � ���2  ���3 	�4�
�  �,��4 ��5�%," ������6 ��7�%,"  
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