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Identification, distribution and damaging rate of the causal agent  

of sunflower head rot disease in Mazandaran province 
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�"�R 1&� �5 +� KL0�" C�.D" ���g e�G
 K"�� ST�Th� �T � �hh �b�5 &0 iZ/ ?*+ R
 

%�%	j �])" R
 d��! 5�@��P R
 "	-0� �hh� �hh� Th/lm � ��/nn �b�5 � �5 +� KL0�" 

K"�@% R105 K"�� -���= R105 �5 Rf�  ��� 
	1��� � /	�� -�� R105  ��� ���6�� o%		� p1� 

R105 �5 �T% �?*+ � 4`/ -�� � /�	-� R105  �� R
 %�%	j '��!� E5�," n�/l� hl/T � �T/� 

�b�5 5�@��P 0� R
 �0��� 4�05. "	-0� 5�Q�� �5 iZ/ F�0�" ���`." � &0 d� �b�5 

)�-0� ��'�
( �% �� �b�5 )���6	�� r�@1( 5�
. d��! 5�@��P 1	� G
R. R
 -�"& F�V� 

5�Q�� &0 ln/h )�4�! ��'�
( �% ��/� �b�5 )���6	�� r�@1( 5����
 5���.  

����  ��� �����: �-05�B
�.�� /�=	�� �?*+  Rhizopus oryzae.  

  

����� 

/�=	�� ?*+ -05�B
�.�� )sunflower head rot( �@� &0 
	���� ��� A�" 0�M 	�� �5 

G
	��� &0 ?+�)" ���- 4/0. K"�P 0�M 
	���� �5 ZG��	M Q�o�0� � 0�4Q� -�.G�0� 

-�./��)� U��VRhizopus arrhizus Fisch.  (Agrawal et al., 1978; Arnan et al., 1970)� �5 0�4Q� 

Q�!	1�`	�� �"���@ � �!��)Q�) R1� R. oryzae Went & Prins. Geerl. )Rogers et al., 1978; 

(Middleton, 1977; Gulya et al., 1991 � �5 �����#� 
�)�� R1� Schol. R. microsporus  

(Swart, 1988) � �5 0�4Q�  �10;50�=0� -�./��)� U��VCladosporium herbarum (Pers.) Link. 

(Appaji & Chattopadhyay, 1994) ��,"� ��� 4/0. &0 ?*+  ��� ��0� ANOP 5�Q�� �% -�)! 

F0�10 R1�  ��� s��V� K"�� . Sclerotinia sclerotiorum (Lib.) de Bary� R. nigricans Ehrenb. � 

Diplodia sp. Fr.�(Hansf.) Tubaki & Nishih.  Alternaria helianthi � Botrytis cinerea Pers.:Fr. 

&�/0��� ��� 4/0 (Naras-Mhan & Prakasam, 1983; Bhutta et al., 1995). /�=	�� %��b� 

�
 K"�P Trichothecium roseum (Pers.:Fr.) Link � /�=	�� t�1 �
 K"�P R. oryzae &0 A�" �%�M 


	���� ��� -05�B
�.�� �5 �a" 4/0 � "	-0� 5�Q�� R
 0�M 
	����  �� �
 M/ � ��� /�	j 

5��� ?*+ [*%�" �5�
 4/0 (Sirry et al., 1978). A6&  ��� 0�5�] ��� [/�% ��0�'L 

�u�B% -��1�= � K"0�P $"	Z� d#1 �"��  �5 F�V� 5�Q�� R.�05 � /�GL	4 	�� 4*G1 

R
 
	���� �
 0��0�d M/ 	�� � K"�! -��  �10t0 K 
	�.' ��� 4/0 (Arnan et al., 1970).  
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 ���

�5 (V0� �5 R�L�" R10�� �K 4"��#" ?*+  ��� -05�B
�.�� �5 �
0�
 5�Q�� v�
 �5�
 �   

�
 F��� R�L�" ���g e�G
 /�GL	4 &�c� ��� 4/0 (Yang et al., 1979). 0�M 
	����   

!	`	4 � �!	4 E�a$" -05�B
�.�� 0� 4$% �	wx% �0�V �505 4/0 )Klisiewicz & Beeard ,1976; 

Kushal et al., 1995(. 

H)� Ehrenb. Rhizopus �
 0�5�] 5�Q�� �5 ?*+ -05�B
�.�� yP�
 d��! "	-0� R105 � 

Mc�� R
 %�%	j �% �h � TT �b�5 5���� � "	-0� /0	� ��� _�s 50&� 0� &0 �/h �b�5 �5 

R105  ��� AQ�/ R
 n/�m �b�5 �5 R105  ��� �5�Q� 1�/�	�� 4/0 (Thompson & Rogers, 1980).  

���G6 ��1� &0 0�M 
	���� 1�"&� R! "	-0� 5�Q�� &0 �/S �% n/�� �b�5 ��5�
 �
0�
 �
 

�/� �b�5 5����
 5���� 4/0 (Schtienberg, 1997). �5 0�-0� /��
� 5��$"� �5 5��" 0�M 


	���� � K"0�P -� R
 K�P ��"� � )%�� ;�0� 5���" &0 0�M 
	���� �5 E�/ ��l� [/�% 

�0�� &0 R#Z)" -�� � -0��1&�" �'.)" ��� � K"�P 
	����� U��V R. oryzae ��,"� 5���� 

4/0 )Golzar, 1989(.  

0�M /��
� R
 z�$Q #�-0� ��PO+0 ��!� � V5	? &0 F�1 K"�P �� �K"0�P ��$1 d)!0�= � 

"	-0� ���G6 5�a.V0� 0�M 
	���� �5 -�./0 -0��1&�" t�]10 �� �% ��PO+0 5��" 1	&� 0�
� 

{�D%0 
0�%	� j/�)" �"���.� ���5�� 5��. 

  

��� �����  

�� ���!� ��
���: �5 %	� � 505�" ��" E�/ ���� 5&�
�� &0 F�0�" -05�B
�.�� (V0� �5 

-�./��� ��� ��/�� r�@1 � ��'�
 t�]10 4��. R1��1  ��� ��0� ANOP 5�Q�� (�� ���� � 

4�� &�/0��� K"�P 
	���� R
 �"&����B' K#.)" � �% -�"& /��
� �5 �"5� s��� R��5 

�.1�/ 50� �0��B1� �1��.  

"� #����$�: &0 �L [/0� 4��
 �5�Q� � AQ�/ R1��1  ��� (�� ���� ���� %�,ZV� R
 

5�,
0 �×� �.1�/ �." �
 %	| -��./ �&�/0�� � �
 E��$" �	��!�I�4 �/�A �} �b�5 R
 

��" ~ V5	R# �� 1�`P� $Z/� �1��.  HI/��,ZV �� 1�`P� ��� �
 _� �Z#" -��./ 

��'.G� ��� <c�! ��b� -��./ }'6 � �5 $"	[ 4'! PDA ��L� `"0��!)	K@ 
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  ���

(chloramphenicol) STh ��	" t� �5 Q	�. 4'! � R
 ��" R/ &�� �5 �"5� ST R��5 

�.1�/ 50� �0�V �505 �1�� (Schteinberg, 1997).  

%� &	�'  #��� :&0 R)�=  ��� �� �� &0 R�0��  ��� �s��V 4/�
 ��"� -�	G1�I/�/ 

  ��u �
 A�0�% �h�� 5�P �5 -0�	" ��5 ���/���	" �
 ��
����) X�h R	�% ��5�. �� ��Q 

(loop) &0 -�	G1�I/�/ ��� R
 ��+ 460�)�� ��� iZ/ _����� )WA( �5 �b�5 �5 �.'% 

��.= dD= ��5�. �.'%  �� �5 �"5� ��%0 �0�
 ��" Sn��S 4P�/ ��0��B1 �   ��u  ��� 

R10�� �5& R
 �0��� ��0�#" [	$" 4'� [/�% -&�/ -��./ R
 [	$" 4'� PDA ��L� 

K�	)`"0��� K#.)" ��5� )Nelson et al., 1983(.  

(� ��)* �+�� �
�	, ��--� :�� �� &0 R�0��  ��� WQ�6 �&�/ ��� ��� [	$" 4'� 

PDA ���L K�	)`"0��� 4'� � �5 ��"5 ST R��5 �.1�/ 50� R
 ��" 4`� &�� ��0��B1 

�1��. HI/ R105  ��� -05�B
�.�� AV� 5��!� �
 4�����I	� A��/ �} �b�5 R
 ��" �5 R#	V5 

�� �1�`P �$Z/ � �
 _� �Z#" -��./ �'.G� �1��. R105  �� H= &0 �'6 -�� �
 <c�� 

���b -��./ �
 "	G	�	t� U��V R.'c� �� � R105  ��� ��	��= ��� &0 RG�� U��V R
 -0�)P R��" 

�5�Q� ��))! �� 0���R R
 ���b R1�0�� �5 ��'��"&� �,
� 5��" �5�`./0 �V�0 �).�� 

)Schteinberg, 1997(.  

.� /��#, �+�0+��!�� �+��$  ��: �)= -0�� )�ZV �h �.1�/ �."( �
 ��6 -��./ �= ��� � 

�5 �� �� &0 -� �� �)= 5�P �<
 -05�B
�.�� )AV� "5��!�"(� H= &0 �� �1�`P �$Z/ �
 

E�1�%0 �h �b�5 R
 ��" �� R#	V5 � R/ ��
 �'.G� �
 _� �Z#" -��./ �� ��
 R
 ��" ~ 

�R#	V5 R.��� ��. -0�� ��� 4'� ��� �5 [�0�� �,	*+ ��0��B1 �1��. H= &0 ���g 

Rf��	  ��� �5 5�P &0 -� �� ��0��B1 � �#
�" �<L �1��5�. R��" U��V �5 R	L�1 t5 ?*+ 

�	 ��- � �5 R�L�" K K"�� )full-bloom stage( �0�V �505 �� )Schteinberg, 1997.( �	 ��- 

R��" �1& ��� �5 �+ s���5� &�� 5��" �/��
 �0�V �).�� � �5 5�0�" ����'" ��5�Q� �05�]" 

�&�/0�� � W	D'% ���b 4��.  

1� 2��3* &'�4 5��6' ���!��: �5 RP��" 0� (V0� �5 ��B.G�0 (��
 O� )-�./��� 
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 ��	

r��1(� d� C�5� ��	 -05�B
�.�� AV� "5��!�" �5 E�+ T �." � �
 ��R�b ��Z6 �/h �." M	
 

C�5� �� � n/h �." M	
 R%�
  �� 4'! 5��� R! �5&0�5 R%�
 )d� 4`� R%�
( &0 �5 5��C 

"	1�� R
 -0�)P �} �0��% �5 �^1 R.�� ��. R
 ��^)" �P��4 �.60�)@� �5 0���[ �"&���d 

�,
 &0 �*/ -�� ��<
 � ��� �	 ���- �5 �� �0�@% �5 R%�
 0� R� &0 �^1 b�a6��	 ����g 

R
�'" �15�
 R
 -0�)P �� 4`� _�D.10 �1��. �
 R��% R
 R�L�" ���� ��6 d� 4`� 

R%�
  � �5 �� R�L�" ����� �@� &0 R%�
  �� �
 �0�V -505 R��" U��V �5 t5 ?*+ ��5�1 R
 R.�0�
 

R��" �1& ��5� � R%�
 �B�5 R
 -0�)P ���� �
 R105  ��� -05�B
�.�� -��./ )���P &0 "t�	�	G( 

R��" �1& ��. W6�� ���G6 �� R�L�" �
 X�/0 E�"��  ��&R*/�$" ��:   

⎟
⎠

⎞
⎜
⎝

⎛ −
a

ba   

)5����P ?*+ AQ�/ =a� 5����P ?*+ �5�Q� =b(   

� KL0�" ���� (growth stages) -05�B
�.�� R
 ��� ��& M		,% � ��0��� ��:  

GS3 : R10�� K  

GS 4.1 : F��� R�L�" ���g ��G
  

GS 4.2 : ���g ��G
 �5 ST% ?*+ 

GS 4.3 : ���g ��G
 �5 Th% &0 ?*+ � F��� �= -�� R105 �5 Rf�  ��� �1��	
   

GS 4.4 : ���g ��G
 �5 �T% ?*+ � R"050 �= -�� R105 �5 Rf�  ��� �1��	
   

GS 4.5 : ���g ��G
 �5 K� ?*+� �		o% p1� R105 �5 dD
 ����6 ?*+  

GS 5.1 : R"050 �= ��- �R105 ��	/ -�� R105  ��� ����6  

GS 5.2 : �		o% p1� R105 �5 �T% ?*+  

GS 5.3 : 4`/ -�� �R105 �'6 -�� u�
 � �RV�/ -�	/� R105  

RG��#" 5����P �	 ��- AQ�/ � �5�Q� �5 �� R�L�" �i	#�% �
 X�/0 -�"&� T t�]10 4�� 

)Schteinberg, 1997.(   

7� ���+#�� 5��6' �
 8+��4 
�	,�9 �3�;<: s��� RP��" &�� 4'� -05�B
�.�� �
 

iZ/ �#%�*� �} ��.@� &0 �� �� &0 R/ R#Z)" ����/ ��1 � ��'�
 _�D.10 �1�� � M		,% 
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  ��


���G6 �
 X�/0 ;�� M	.�0 u�
 )Schteinberg, 1997( ���b 4��. H= &0 ���g �?*+ 

R1��1 ��05�
 &0 KL0�" C�.D" ���b .��R � �b�5 �5�Q� �5 �� R�L�" ���� WD'" 

��5�. ��^)�
 M		,% �b�5 �5�Q� s��� RZ#1 ���a
 ��5�a% �5 �� RP��" _�D.10 � &0 

�� RZ#1 ST R%�
 �Q0�." �
 ��� �� C�5� �/��
 � �b�5 R%�
  ��� �5�Q� WD'" ��5�. 

M		,% ���G6 E�a$" �5 �� RP��" ?*+ RQ5�,":  

L
GS

GSi
i

IYL .
3.5

2.4
% ∑

=
∆=   

)I: �b�5 ?*+  ��� �5�Q� �5 �� �R�L�" L: W6�� ���G6 5����
 ��� &0 ��,Q�Z" 

RP��" �"&��'�� YL: d��� 5����P( R*/�$" �� )Schteinberg, 1997.(  

 
�=�>� � ?@� 

�� ABC� � D-E��F ���!��: ����	
 ��	/�= ?*+ -05�B
�.�� �5 R	�� F�0�" -05�B
�.�� 

-�./0 -0��1&�" �5 -�./��� ��� ����/ �1r� � ��'�
 ����'" ��5�. ANOP R	Q�0 ����	
 

���a
 R�Q  ��� �s�� _� R.6�/ �
 ��� ?*+ ���g��  R� H= &0 �%�" R�Q  �� R,/�% 

R.��� � R
 p1� ���V �0 -����1 5���1� )K�� �(.  

4��
 4�GV  ��� �5�Q� t�1 � �v��," ��G1 �5�Q� &0 ��G1 AQ�/ ��."�� 5�
. �
 4�< 

-�"& � /�%R, �5�Q�� 10��I/0Yt��  ��� p1���	/ U��V K"�P ����	
 ��� ?*+  ��� �5�Q� 0� 

��1���= � R
 p1� ��	/ ���g  �1��.  

"����!�� G��� �+���-4  :50�,% ST R�0�� �s��V &0 F�0�" 4!�� �-0� 4!�� ��0��= 

A./� �O! GL	M �5�
� �&��c0& ��	� �5�
� �}�5�1 �4�! ���6	�� �
�( �O! 54� �&�1 ?*+ 

��5 �Q0�P��M ����Q� t�/0 � R1�D"��(��   ����5���. R�0��  ��� �s��V �5 �0�.
0 ��� 

C	�  ��� �)�
 )1	A�.1�/   �."�� �.'	
( R
 p1� ��.G��6 5�& �% ���V �0 M��� �).�05 � �
 

4�< -�"& C	�  ��� 0&�1 R
 p1� 1�.�& �� C	�  ��� ��0& ��0�  �10t0 ��)�0& �	%� �% �1��5�. 

Y10��I/0�t�   ��R�	/�
 A's �	c i�G" K
�V 4��� �15�
. -�Q�./0   ��)Stolons( ��`� R
 

4"�D� S/���Sn �."���	" � �	N����   ����`� �% ���V �0 ��	% R
 E�+ ������� �."���	" 
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 ���

�15�
 ) K�� a�S.(  

10��I/0Y����� R
 p1� 5�& �% ���V ��0 5�`)" �� R./5 �0 �	c "�j,') R
 �ZV �/�l��/�S 

�."���	" � R
 E�+ ��/��nm/h��	"  �."  ����'" ��5�. Y10��I/0�t�   ���
 �ZV l/�Tl��/Tn 

�."���	" � R
 p1� ��.G��6 �% ��	/ �0�
 �15�
 )K�� b�S.( O"�Q�� )Columella( ����� �
 

4*G1 E�+ R
 ��P -�G�� �5�
 � �h�Th �b�5 �ZV Y10��I/0�t� 0� �'%K	�"  505. O"�Q�� 

���V �0 p1� �5�
 � �
 &0 M	
 M.�� r�'c Y10��I/0�t� R
 ���b �.s X��," ���5�"  ��. 

Y10��I/0���I/�  ��R
 ���b ��&�Q ����	Q � ���� ���5 �1�� �R �10�&0 -�  ���5 5��L 

�/T� �/� �."���	" 5�
 )K�� c�S.(  

  

 
��� �� ���� ����	
� �� ���� ���� oryzae Rhizopus �� ����� ���������! ����� ���
"#��  

Fig. 1- Sympotoms of sunflower head rot caused by R.oryzae in sunflower fields of Mazandaran 

  

�
 R��% R
 ��Y�  ��� ���0�L ��"5 ����� E�+ ��	N���� �ZV Y10��I/0��t� K�� 

�O"�Q��  �10�&0 � K�� Y10��I/0����I/� 0���R  ��� �s��V /��
� ��� ?�,." R
 R1� 

Rhizopus oryzae �1�� �505 W	D'% )Scholer & Schipper, 1983( R! M�0 W	D'% �5 dD
 

#$%	��# �5� �)
� "�RG/ ��#	#$% 	�� @��=� [/�% �.!5 �`,� 5���0 �	1 5��" %x�	� �0�V 

4��. R1�  ��� �5�,." &0 H)� Rhizopus R
 -0�)P K"�P /�=��	 ?*+ -05�B
�.�� ���," 

��� 4/0. �5 ���	G
 &0 ?+�)" ���- R1� R. oryzae R
 -0�)P R1� jQ�c K"�P M�0 ����	
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  ��

R.6�)� ��� 4/0 )Rogers et al., 1978; Middleton, 1977; Sirry et al., 1978(. �
 R��% R
 

��,Q�Z" t�]10 ��� �5 -�./0 -�.G� )Golzar, 1989( � ���.1 4/�
 ��"� �5 M�0 ��/��
 R1� 

R. oryzae 0� �" -0�% K"�P ��b0 ����	
 ��	/�= ?*+ -05�B
�.�� �5 E��� ��'� 4G105.  
  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

GH4 "� �	N���� (a)� 10��I/0Yt��  �� )b(� O"�Q�� � 10��I/0Y��I/�� ��� )c( U��V   

Rhizopus oryzae� K"�P ��	/�= ?*+ 05�B
�.��- �5 -0��1&�"  
Fig. 2- Rhizoide(a), Sporangia(b), Columella and sporangiospores(c) of  

Rhizopus oryzae, casual agent of sunflower head rot in Mazandaran 

  

%� /��#, �+�0+��!��: R�� R�0��  ��� �s��V �5 AV� "5��!�" 5�]�0 �5�Q� �15��1. 

R1�'1  ��� ����	
 H= &0 �� R.`� ���a
 R�Q  ��� �s�� _� R.6�/ ���g �� R� �
 

4��'	= �5�Q� R�Q  �� ���V �0 p1� �1��5�. &0 R1��1  ��� ?*+ R��" �1& ��� R� ��0� ANOP 

��� ��<Q0 ��15�
 �05�]" R1� R. oryzae �&�/0�� � ���/�)� ��5�.  

a b 

c 
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���� ���� !�" ��!���#$� !%	� �� !���&�%'� ()* 
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 ���

(� 3*��2 &'�4 5��6' �
 G��� �4�� I�>J�: �5 R%�
  ��� R��" �1& ��� �5 

KL0�" GS3 � GS4.1 ANOP �5�Q� &��
 5��)1. �b�5 �5�Q� �	 ��- R��" �1& ��� �5 

KL0�" GS4.2 � GS4.3 j	%�.
 ��/�� � ll/ll �5�
 	� ��- �"�R 1&� ��� �5 KL0�" GS4.4� 

GS4.5� GS5.1� GS5.2 � GS5.3 R
 ��+ �b�5�b �5�Q� �1��. W6�� ���G6 �5 KL0�" 

���� GS4.2� GS4.3� GS4.4� GS4.5� GS5.1� GS5.2�  GS5.3 R
 j	%�% �� �� l�/h� nn/h� 

hl/h� hT/h � h�/h 5����
 ��5�. �
 R��% R
 R�)�0 R��" �1& �5 GS3 � GS4.1 �])" R
 F�V� 

�5�Q� ���5�B1 � ���G6 GS4.2 � GS4.3� �hh �b�5 �5�
 0<Q ��*/�$" ���"� �5 

��a6 RG��#" M�0 s��� R�L�" �
 ���� z�$Q ��5�B1. R��]% ��"�� ���/ KL0�" �5 E��� 

����� � RN0�0 ���5� 4/0. 

 
K��$ �� RG��#" �	wx% U��V Rhizopus oryzae &0 KL0�" ���g e�G
 �5 �T%  ?*+  

�% 4`/ -�� R105 �
 ��� -&� �hhh R105 -05�B
�.�� AV� 5��!� 
Table 1- Effects of Rhizopus oryzae infection on the 1000 grain weight from  

4.4 to 5.3 growth stages of sunflower Record cultivar. 

����� ���	 

Growth stage  

����� ��� 	��� ��� 	� ���� ����  

mean weight of 1000 grain in 

healthy plants 


����� ��� 	��� ��� 	� ���� �����  

mean weight of 1000 grain in 

infected plants 

4.4 88.17 gr 26.50 gr ** 
4.5 89.17 gr 49.83 gr ** 
5.1 87.5 gr 82.33 gr **  
5.2 88.83 gr  84.33 gr * 
5.3 89.33 gr 86.33 gr (ns) 

** ;&�0 T �5 iZ/ �% ),"� �05 ��� 4/0(Significant at 1% probability level) .  

* ;&�0 T �5 iZ/ T% ),"� �05 ��� 4/0 (Significant at 5% probability level).  

;&�0 T ),"� �05 ��'1 4/0 (ns: Non-significant)  
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  ���

.� 
��,�� ��/�0 5��6' �
 L��0� ��=*�: ��$1 R,/�% ����	
 ��	/�= ?*+ �5 �S 

RP��" ���]% -05�B
�.�� �5 E�/ ���m �/��
 ��. ANOP ����	
 �5 F�0�" R
 K�� 5��$" 

�5 L�"R� n/n ����'" ��5� R� �
 4�< -�"& d�0��0 4���. �b�5 5�Q�� F�0�" &0 KV0�L 

l �b�5 �5 4��� -0� �% ���0�L �� �b�5 �5 RP��" �	���6 �5 +� KL0�" C�.D" ��� 

K ���`." 5�
 )E��� S.( �
 �5 �^1 M.�� �b�5 5�Q�� �5 KL0�" C�.D" ����� -0�	" 

d��� 5����P �5 F�0�" C�.D" )?*+ RQ5�," RN0�0 ��� �5 4�GV � ;�� /��
�( 5����
 

��5� )E��� S.(  

 
K��$ "– 5����
 d��� 5����P F�0�" ���]% -05�B
�.�� �5 �w0O.
0 R
   


	���� /�=	�� ?*+ �5 ?+�)" C�.D" -�./0 -0��1&�"  
Table 2- Yield loss estimations disease in various sunflower planting regions of Mazandaran. 

 

�-. ��/�,� (%) 

Yield losses of plant 

�+ ��� 3�%4� ����� �� 
+���� !�"�� (%) 

Incidence of disease at the different flowering growth stages 

5,6 �7� ����  
Collection Localities 

 4.4 4.5 5.1 5.2 5.3 Total  

1.10 - 1 3  3 10  17    Shahid Abad 

1.47 1 1 1 3 4 10    Asiabsar 

1.14 - 1 2 5 10 18    Rostam Abad  

0.66 - 1 1 2 2 6    Ran 

0.81 - 1 2 3 3 9    Nodehak  

1.78 1 1 2 4 10 18    Khorshid 

0.64 - - 4 5 5 14    Kolet 

1.39 1 1 1 2 3 8    Bye Kola 

1.48 1 1 2 2 4 10    Veloja  

1.60 1 1 3 2 6 13    Dolemarz 

0.87 - 1 2 3 5 11    Asrem 

1.41 1  1 2 2 2 8    Tbaghdeh 

  

�
 M�0 X�/0 M��.�� -0�	" d��� 5����P KV0�L ln/h �b�5 )4��� -�./��� r��1( � 

www.SID.ir



Arc
hi

ve
 o

f S
ID

                      	���� ������ � ������ �
���� ���� !�" ��!���#$� !%	� �� !���&�%'� ()* 
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 ���

���0�L ��/� �b�5 )�	���6� -�./��� r��1( R*/�$" ��5�. KL0�" C�.D" �5�Q� �	wx% 

�5��& �5 d��� 5����P 105R 4�05. �5 R�L�" K	�'% R10�� K � F��� R�L�" ���g ��G
 

(GS4.1) R��" �1& K"�P ����	
 �])" R
 5�]�0 �5�Q� ���5�B1 �"0 -�"& ���g ��G
 �5 ST � 

Th �b�5 ?*+ (GS4.3, GS4.2)� �5�Q� R
 ��+ K"�� 5�]�0 �� � �hh �b�5 d��� 5����P 

R
 �0��� 4�05. �
 ���g ��G
 �5 �T � �hh �b�5 ?*+ -05�B
�.�� d��� 5����P R
 T/lm 

� ��/nn �b�5 �	/� � �5 R�L�" K"��% R105 )&0 -�"& ��	/ -�� R105 �% ��	/� �K"�� 

GS5.1 �% GS5.3( d��� iZ/ ���G6 ��	G
 M	��= �% �5�
 � d��� 5����P &0 n�/l �% �T/� 

�b�5 5����
 ��. R
 M�0 z�$Q ��� ���G6 �5 ��*%�0 	#.G"A �
 -�"& �5�Q� -�� �
 R��% 

R
 KL0�" ���� ��	 �5�
 4/0. �	wx% F�V� �5�Q� �
 d��� 5����P �5 �0�.
0 R�L�" 

����� ���0�L � �5 R�L�" K"��% �R105 R
 KV0�L /�	�. ��*%�0 ��� ���G6 5�]�0 ��� 

[/�% K"0�P �0�����	
 ���	 �
 -�"& F�V� �5�Q� �5 KL0�" C�.D" ���� �	 ��- [/�% 

M	##$" C�.D" 5��" %x�	� �0�V R.�� 4/0 )Yang et al., 1979; Zadoks, 1985.( ��*%�0 

A	#.G" d�0��0 4	/�GL -05�B
�.�� R
 ����	
 ��	/�= t�1 �
 d�0��0 M/ ?*+ O*V" R
 

��*w0 /�	�� 4/0 (Yang & Thomas, 1981)� �"0 �5 M�0 �/��
 WD'" �� R� �
 X�/0 -�"& 

���g 
��G � �5 (V0� &�c� ���g e�G
 �K M�0 4	/�GL F��� � �� R
 d�0��0 R.�0< 

4/0. M�0�
�)
 �
 R��% R
 ��PO+0 5���" )'	=��5 �" 55� M�� �/��
 ?	V5 �% ���Q�)� ��	 

�5 �RP��" #$%	��# �5 "&	R) �5�`./0 &0 U��V d�  ��� ���	�	� �� ����Q�	
 �5 �5��$" �1�"& 

&�c� �% K"�� -�� ��� ��G
 �5 K ���b 5��<=.   

  

  

���M� /�9����N�:   �.�5     � ��	Q5 ���	�P �	/  �.�5 �	�/    ����P ��	L�   �    ���#	#$% ��!�"

� �&���'! -0��1&�" -�./0 �,	*+ (
�)"-0��0 �.  
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