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Abstract 

Common bean root rot which is an economically important fungal diseases worldwide. Distribution and relative dominance of the 

disease was investigated in the farms of the major bean cultivating regions and clima of Lorestan province. The dominant pathogenic fungi 

were identified based on colony morphology and microscopic characteristics, and then confirmed by molecular technique using β-tubulin and 

TEF1-α genes. Frequency of fungal isolate and the pathogenicity tests showed that F. solani, with 33.42 % isolation frequency was the most 

important causal agent of common bean root and crown rot in Lorestan province  followed by F. oxysporum, Macrophomina phaseolina and 

Rhizoctonia solani with 26.55, 15.55 and 7.73 %, respectively. Frequencies of root rot pathogens distributed across bean farms of Selseleh, 

Borujerd, Azna, , Doroud and Aligudarz were 24.57, 18.64, 16.58, 15.20 and 8.25 %. respectively. The frequency of the pathogen isolated 

from common bean plants at the early growth,  flowering and podding stages was 20.70, 26.37 and 52.92 %, respectively. Based on the 

climate zone parameter, the highest frequency of fungal agents was belonged to semi-humid temperate climate. 
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Fig. 1- Counties and climatic zonation map in Lorestan 
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&� �% H}��� I$���!� 	%� 	!��� 9!
 Pv�^ ���li 2 	% 	!������ :� &Z' )Dhingra &Sinclair, 1995 (
�� =�"$�.  
�&�� R+�H��2 �!�*2 �%!:� L�> H   P5ZI$ �Z� �	U %	� 

$3�� ph  H�h  C>�%|�o� 	;�� 9�&'� �o(!+� 	% � H'* .
02 H8rW �%� P#( uj       � �%�1Z�� \Z:	� &Z� HZ� w	�ZW �3�	

H� �&� H'�� 	�R` ��2� ��(� 	!+��!X$� 	% w	�W u�!+ 9�� �1
�2% ��� @h � H�	%I��c!  HZD$ 	�%�  �Z� .�%  =!Z�  YZ"m 

�B�;�� &� 9���
 ��  L�Z>  9�&'Z� �  Z;|  =!Z� W��� ��Z$�
  �Z� 
�o'>� L�> 9�&'� � �!�*2 H��2 %	� �	U $!�(��1  ��Z� 

�H ���H� �w	�W �� P5I$ p H� � &�B ��. 9���
 H� ���  3� �����
H��2 �!�*2  �	U %	�	�- 9�&'�� �2 3�;H �� H��~� w	�W.  
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 	�T� 4�	 3� �
H�  � w	�W9%�% 	�&W @ E 	 �	��"2 H� �%!:� 	T�;
 H#�  HZ}��

 	% �%	!2 2!��&(�2 w	�W�  w	�ZW H� �%!:� <$&� 	T� 4�	 3� ��
 ��� %&�> 	�T� 9%�1�� �	% 	 n�&6�;
 H#��� �%��'�� H}�� 

)Sneh et al., 1996 ?Misheref et al., 2008 ?Cardona and 

Rodriguez, 2006 .(  
9���
 �2% 	% ��� @l H�	%  �I��c!  ��2 H�; H'�� |

	��RD$�  3�	 H� &� �;| �� 	���	��  �$�Z� . ��	TZ�� �!: Z� �
$!�-�~ &'>� YW	� 0r��  	% �9���
 &� 	% 	T� H� %��8+ �

 a
-;'$�� |� &'2�  P#(�� .�%%!(� 9���
  HZ� ��   ��&Z
�
�� K��	�� H�  �	!fD'��� (&+ ���%!( b� ��;Y  Z��'B�Y 
 &�I�)@l:@l:@l ( Pv�^ ��@hll B� B�  =�    �� =�"$� )Bilgi 

et al., 2008(. H� 3	� 	!v�2;��� �/2 �;� HI�	�
� �3�; ���;H  ���
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� 
 	!R� � =!� H'�� 3� gB� HZ}��   ��Z�  �Z�
 3�&�H$�#$ ��� ��	�
� �	� 	;=��$� � HW!6 �H#  �Z��  �!Z��; 
 P5��� .� 9!23��	�
� �3�;  �&Z�� @l ��� Z;  &Z� 3� H Z; 3� |
H$!
 ��� �%�)+ �o2�( �&6 b:�W 	% ��� &(U ��
-�   HZ�  ��

�� =�"$� 	�&X+ . � HZ� H�!+ �� Z;\   HZ$!
 HZ(  �Z�� 	�3!� Z; � =!
2!��&(�2� ��� PR��	�
� �3�; �'�!6	 _�+ H� H'I���   ��'ZI�

 )Nelson et al., 1983 ?Bease-Fernandez et al., 2006(  [!6 	%
��	 �	�%� 
��+ P0+ H5+&2 H� 9���'�!6	 _� ��'�&
 	�&W.  

 �"��B
� ��<�� �� �&�.!"� �� �L��� ��� ��7��%
  

 S��R!"�DNA  

��� &ZZ�ZZ;ZZ02 	% H��ZZ2 PZZ#( u; 7PDB  PZZ#(�ZZ� .
2�I���=! ��� 7
� 	���   	��Z/2 H� ���h/l   9�	% �=&Z
 �3�
�2;   ̀  9��Z� 3� �%��'Z�� �Z� � 7� Z��  �o2�Z�   	%!ZB�   CZ>�% 	%
2��&X+�K! h/� 2��� :�&'� �� �%�% 	�&W .  M�&*'Z��DNA   HZ�

4�	 CTAB )Cetyl Trimethyl Ammonium Bromide(  �ZZ�
(�$�� �+���� =�"$� ��& )Doyle, 1987.(  

*�� 
�������    �� �������  

�.+ PR������� ��;  � CZ2�!-� 	�Z
;�1�  �`	�ZW  bZ:�^  
)Fusarium solani �F. oxysporum (9d �ZZ�� TEF-1α  � β-tubulin  

9�  ��8+��:�!+ \� �� )O’Donnell et al, 1998? Kari Dolatabad 

et al., 2017.( �X+ZZ�m�!ZZ$ &�    3� �%��'ZZ�� �ZZ� &ZZv$ %	!ZZ2
�ZZ�!2&+;&�XC-1000  )Techne, Genius FGEN02TP, USA (
 =�ZZZ"$��ZZZ� .�&ZZZ�� �X+ZZZ�9d &TEF-1α  HZZZ$!
$ 	% �ZZZ��  

�`	�ZZZZW�  �ZZZZ�&
3�^� 3�� ZZZZf�)'>�� PZZZZ�%t��EF1   
)5'-ATGGGTAAGGAGGACAAGAC-3'( �B ��;P�% \ EF2 
)5'-GGAAGTACCAGTGATCATGTT-3'( � �&ZZZZ�� �X+ZZZZ�9d &  

β-tubulin �ZZZZZZZZZ�&
3�^� 3��  PZZZZZZZZZ�%t��Bt2a (5'-

GGTAACCAAATCGGTGCTGCTTTC-3') �ZZB ��; PZZ�% \
Bt2b 5'-ACCCTCAGTGTAGTGACCCTTGGC-3') ( �%��'��
�� )O’Donnell et al., 1998  ?Glass and Donaldson, 1995.(  

_�(�� &� �!�*2 )hl 2�:�&X�&'( &��� C2�� PCR x@ )�l 
2���   &Z+ 	t!Z2;g     Z���&�(�;	�; � |hl 2� Z��    &�( [!Z2 Z; �

��'B� YppH (� @/l2���    2 &� 3� 	t!dNTP �@/l 2� 3� 	t!2�&A
 �&
3�^� &�h/@ 2���    3� 	t!Z2MgCl2  �@h/�   1Z$� �Zm��; Y

Taq DNA Polymerase   	��Z/2 ��&
� H�h 2�:�&X� &Z'  3�DNA 
� ��� M�&*'�  Z$ �% PZv�^ ��� =&
!$ %!Z�.  r/+ 	�Z��% K� Z� &

��2 [&'�( 9�!�- H� 9�&'�� �� H�� DNA  �%��'���� .%��8+ 
E@ ��+	�&m CX� �2% ��� C˚pF )h W%�H/  �Fh$�� Z�H( �C˚h@ 
)Fh $���H ( �C˚j@ )�@W%�H/ (H� +&+��&� b�  �9�� P�&���

 uI� � [�)+�DNA   �Z� HZ'�&
 &v$ 	% )Cook et al., 2000( .
 _�(�� 3� Cf�m [!)02PCR �	�  3�	�
� [dh/�   �Zf	%

3	!��&'X:� ��D'�% 	%  Bio-Rad d�':� ���ll  ��2 H� P:�Fh 
W%��� 3	!��&'X:� H/.  
MN�����N P
 T�04% PCR  

 [!)02PCR �Cf�m   3� �%��'Z�� ��( Z�Pthe Accuprep® 

PCR purification  )Roche Molecular Biochemicals(  c��� &�
�	� C
8:�	!'�%;P�&� u�!+ ��� H 3�� �:�>� ��. 8+�� \

:�!+�  [!)02PCR �23� u�!+;8+ ��D# �Z� :�!Z+ \� Bioneer 
)�&(  �!��� (�� =�"$� PR� �% &� 	%.   HZ� �!�&2 ��-o6�

:�!+�  	�1�� =&$ u�!+Vector NTI V.10 1"+ %	!2;�0+ � H� C
PZZ�&
 	�&ZZW .:�!ZZ+� �ZZ�� DNA  � 	% ��ZZ2� PZZ�% HZZ�ZZ;\  

  HZ8:�r2  :�!Z+ �Z��  �Z�� ;    	% ��Z� PZ5� 9�ZIXGen Bank  �Z�  
3� �%��'��   C
8:�	!'Z�%standard nucleotide BLAST protocol 

)http://www.ncbi.nlm.nih.gov/BLAST (�/2;HI �$��.  
  
!��U4� � �*  

��&�� ������ �"��B �
� 9���J��%� �3=��  �� : H
� 	%
��	 Cm�&2� �!:�H$!
$ 9�23 	% � � 	�%&��H$�#$ � ��� ��	�
� 

�!B�
�� 	;H# %&
 ����#2 HW!6� Z;� . ��Z-!
"2 	 3�;  � HZ#

 HW!6��!: 9�����	�% �� H$�#$ ��� �!B�
�� 	;   �HZW!6 � HZ#
 %��8+��iF ���; H�`	�W H� �2� P�% . C2�!-�`	�W   ��Z
-

&�(� 	% H( ������;    �Z� ����Z#2 {	�1Z2 PFusarium spp. �
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 ���� ��� ������ ��� ����� ���� � ��� �!"��  �!"� #��$% �& � ���

Macrophomina phaseolina  �Rhizoctonia solani   ��Z)*#2 �Z� 
3; &��$%!.  

��	R ��B"
 F. solani �(% ���� �� F. oxysporum : w	�ZW 
F. solani �	� 02� P#( uPDA    �Z� � �%&Z( ��	 P-&� ��

:!+���+�
- H�
&B �   ��Z
 � =�&Z�( �$	 H��  +	!Zf�    _��Z� �Z+
2 ��	 � �$&
(��I�2!� 	 ����(�&B �|���+; �!Z� HI�;  �Z�� ��

��% �� ��&
�;��	 &� H5�B �� %&
 ����#2 Z;� . (�%�	!�Z��� =!
�(�&(�2 ��$	 =&( � 9���&���;=! �!��I�  CX�) OB L!$ ��

 n&Z6 �% &� 3� (�	�%� E F % Z; Z~&- �	�!�2 ���(�&X Z��;=! 
 � 9���&�� @ :!��� )P#( 	% ��� F h �3�	(� �� !Z,�   �Z+

�!:���;  7
"+ CX�;��&� 	% H'���  Z^�	%� \)False heads( �
2��(�&X��� H� ���� &�  [!6@h E� 2� &'2�&X)�
+ H��; �YR2 1

 HZZ$!
 3�F. oxysporum   [!ZZ6 �ZZ�2��(�&XZZ���   &ZZ�p �E 
2�&'2�&X (%!� P#( 	% � ��� �l 2o( �8� H� �3�	�  	!�Z���

�R+	!)� 9���&�� X+� ;"$3 ��&��R'$� �� 	; HI Z; Z� ��\ 	; HZI �� 
:!+�%&( � .  w	�ZW �Z� ������ w	�W ��)*#2 F. solani (Mart.) 

f.sp. phaseoli (Burk) Synd. and Hans.   P��% P/��r2(Booth, 

1971; Burgess et al., 1994; Leslie & Summerell, 2006) .  
��	R "��B
  ����M. phaseolina :3� �%��'�� ��  Z02� u
 P#(PDA ��( ��'�� 	%� ���&'I(�> �+ �� 	 9���;HI  �Z�� 

�!��;  3� �8� �j  �+�l 3 3�	;&'B |'#+ &�    �o2�Z( �Z$	 H�
+�2 � ����#2 �&���&�X���&X ��� ����   �Z$	 :!+ 9���&Z� Z� �

�� .>&� 3�� ���;H ���   � CZ2�- w	�ZW� 	�Z
� �	�   ��Z8rW

��!: HZZ}��ZZ�ZZ02 	% ��K� PZZ#( u B �	�ZZ
���XZZ��;=!�ZZ�� 
����  &rW H� �$	��l �Fh 2��( � &'2�&X��;=! Z���   n��Z�
��!,�  %�8�� H� CX�@l �h × h �l 2� :!+ &Z'2�&X Z� �Z� � .

H$!
$ 3� ������ w	�W ��)*#2   �� ��  w	�ZWMacrophomina 

phaseolina (Holliday and Punithalingam, 1970 P��% P/��r2. 

��	R ��B"
 ����R. solani  :� 	%;2 �w	�W \��I�  HZ� =!
�	!f 5I`��� H� 02 sr���� P#( u  �Z�	  �!Z��;  ZI��	� 


(� :!+�%&
 �;� .��� 	% H�
&B;� b�^� ��	 C� �� �+ �$	� �
2&( ��  2 ����#2� 3 �$	 � ��; &�2 =�% H'�� 	% |'#+; C

�!RW H� �� +�(�$� ��&� �
'2;%!� 12&W H� C .	;HI ���   HZ� w	�W
	�+; �!ZRW < �� + � Z�   %!Z
- ����8Z#$� �Z� �&�   &ZrW �F �l 
2�%&
 ����#2 &'2�&X;� .'*� =�% H'�� 	%�H� ���   HZ� 9���&�

:!+ 	�
� sr� 	% Yv�2�$ [�X���   ��Z'�� HZ( �Z� ��  XZ#+� �C
���	�+ H� � �$	 �;�!RW �$	 H� < �� �2;C H� &'I(�>�  Z;� 

�!RW �� +��& 	% �$�2�. � 	%;/0+ \� w	�W aR. solani �%  {!Z$ 

'*��{!$ ��� ����#2 H� [�� �&( � %��8+&�B�  �Z+ �� !Z,�  	%
�	��( ���  &rW H� �H�
&Bh/l F/�  � E/l @ 2���  {!Z$ � &'2 

=�% t!
82 �&(� �	 &�� '*��H�  �Z��     %�Z8�� HZ� � [�� {!Z$
�	1�  &+h/l�h/h – h/F h/l 2� Z��   �3��Z$� &Z'2 
 Z�&�  �Z�. 

 �� ������ w	�W ��)*#2w	�W Rhizoctonia solani Kuhn �; �
+	�5- H�� mycelial state of Thanatephorus cucumeris (Frank) 

Donk)( ��% P/��r2 P(Domsch et al., 1980).  
�%�K�� 
������$
� �3=�� �� :
��2 9���;H  Z$3�    �Z� ��Z�

�� H$�#$ �b:�^ H$!
 	�R`�     �Z� H$�Z#$ �Z� H��Z#2� �� 	�Z
� 
  �&Z� �	 HZ-	12 	% ��� ����#2�  � &Z��   �Z$%�% 9�Z#$ &
	�Z
 .

H$�#$ ��� ��$ ��� ����#2� �2 3�;H $3� w	�W ��� F. solani  �
F. oxysporum  C2��%	3�
%&2GB �� 
��!B ����
�� m�$ 	%� H

	;�+ � H#���$	 & �!RW �� �� P��� \��	� �$��� 	; %!� H#
 H$!
 k!)> 	% H(F. solani  H$�#$ ��� �!B ��*#2�
�� 
�R(&+ �� ��&
� �|#>� :!6� 	 	%;�f� H#� �;%&
 %�" Z;� .

�+��P��� 	% �$	 & ��� �>�%� 	;H# &'I(�> H� ���  Z� �+� ��
:�^3� ��$� X#+ 3��2 C��R+�&�X���&X� P��� 	% 9���&� ��� 
�>�%�� ��	 P��� sr� 9�� ��;H# %	3 � ��� �&�   &Z�� 	% ��

M. phaseolina �ZZ� ����ZZ#2 .HZZX: 3�&ZZ� �ZZ��  � �3�&ZZX$
D'�	�&�� '���� ;��&X$�� �� �2 12&W � 12&W;�!RW H� C ��   �Z+

��9� %��'2� � ��� m�!$ 3� ��� 3; � HW!6 &;	 �;  �Zf� HZ#�   �Z+
	 ����8#$� C02;H# ��� -&�� �f� 3�� H$�#$ � ��� %	3�  �


%&2GB� ��$�  w	�W 3�R. solani %&
 Hvmo2;�.  
�23�;+�2�/2 _� ��	�
� �3�; ��� Z;H  �Z�� 	�3!� Z; 	% =!

�&�;5I$ ��5� 3� H$�*�
 u� �/2 	% P�!6	 � �2%; sr� �� HI
 
%!ZZ:� {!ZZW� � %!ZZ� 	�%	!ZZ>&� HZZ-	12� ZZ�!B�
�� 	; HZZ#
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 13C99d c�ZZ��&��ZZ�� αTEF1-  �β-tubulin  �
 �� �f	%F. solani  H� +&+� ���Z( �� b�  Z�&'�%� 

KT374270 �B 	%;��ZZZD NCBI PZZZ��% H��ZZZ#+ .
 H13R2 9d c��� &���� αTEF1-  �β-tubulin  �

 �� �f	%F. solani  H� +&+����( �� b�  Z�&'�%� 
KT374270 �B 	%; ��ZZDNCBI %�% 9�ZZ#$ H��ZZ#+ .

14 $ Z�  9d c�Z�� &Z� 1 �Z�� αTEF1-  �β-tubulin �
 �� �f	%F. solani  H� +&+� ���Z( �� b�  Z�&'�%� 

KT374270 �B 	%; ��ZZDNCBI PZZ��% PR��ZZ#2 .
 $ Z� ��� HZ( 1 Z;   HZ$!
 &Z+&� HF. oxysporum   	%

	�ZZ
� �3�ZZ; 9d c�ZZ��&� �%!ZZ��ZZ�� αTEF1- �  
2� 9�1�� H� �f	% +&+�  ���Z( �Z� b�  Z�&'�%� 
 �KY498526 �B 	%; ��ZZDNCBI PZZ��% H��ZZ#+ .

 [��� 	% ��R��#+S 2 �	� 9�!+ ��$�  _:�` 3�
w	�W \ ��� 	�3!�;&v$ 3� =! H$!
 gX��
( ���   {!Z�+

YI  � w	�W;� !B;��; 8
�� Z'�   Z��$�  3�  {!Z�+
%!ZZ
$ 9� )Zhang et al., 2006 ?O’Donnell, 2000 ?

O’Donnell (.  

  
 9�1� {!W��	�
�  ��� u�!+;H ���  �`	�ZW  �	 xZ�'*2� 
 .�r>� 82�2 	��D$��\ P�� ��� �%�% 9�#$ ��.  

Fig. 2. Disease incidence caused by fungal isolates on common 

bean. Means error showed by standard error. 
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 3�=@A , ����BC 3�."� ,DEFG  
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XZZZ#> _�ZZZ+ �� YZZZR2 �	 &ZZZ+; CZZZ2�- \
	�ZZ
� �3�ZZ;  w	�ZZW �	�ZZI> �F. solani 

Amanifar  (�� 9�%!
$� �$� .X#> _�+� 2�   �Z$�!+
��( 9�1� Z��1�	 9!;  ��� uZ�!+ HZ# Z;H  �Z��  
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2 Hvmo2� %!�� �� %%&
;  �&Z� 	% HZX; u
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( �Z�2� ��Z� %	�� 1
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�      �Z2 &Zv$ HZ� HZ( �Z$%&( 	  �Z�
 HZZ�!+ CZZ��W P� � 3�ZZ; HZZ$!
 \�`	�ZZWZZf�> �� P
�'� 
 	%� ��Z��� H'��% ��  )Dhingra et 

�+ H� �!�&2 ���TB&;&� 3;� 	% %�; H$!
 \�`	�W 
Werner and Irzykowska(. _��GB c���&�  �Z�� 

��$� 2!��&(�2 w	�W 3��$ ���H� 1   HrZ���
d!:!(� 9!
�$!
 C2�!-;X�  ���1; d!Z:!;X�  �1Z��; Z2 _� ; �Z�� 

Guler Guney and Guldur, ( �Y( a6��2 	%  z-�� 9�R� K�
 %!Z� )Das et al., 2008 .( �&��Z��;  [!Z6 	% \
� _�+ H5+&2 H� X#>� %&
 [�
-� Z; � �
 CX� 	% ��� H��	� <� H� �2� P�%.  

"��� �
 +�0?�5�� I� V� �rDNA-ITS: 
  .+ PZR� Z�; �Z���� ��;    bZ:�^ CZ2�!-

�!: HW!6 � H#� H$!
 �% C2�� �F. solani  
�23� 	% H(;� ��#� 	�Z
;�1�; &Z+&� ��   9�Z#$

  9d 3� �%��'Z�� �Z� �$%�%  �Z�� B-tubulin  �  αTEF1- � � Z� &D$�
 %!�)[���S .(  
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Table 1. Molecular identification of dominant Fusarium isolates from common bean based on TEF1-α and β-tubulin 1NCBI: National Center for 

biotechnology information. 

 Mycobank 

 

NCBI1 

Isolate TEF1-    �α β-tubulin TEF1-   α  Similarit

y 

β-tubulin Similarity 

 

13C9 99% Fusarium solani 99% Fusarium solani 99% 

13R2 100% Fusarium solani 99% Fusarium solani 99% 

14R12 99% Fusarium solani 99% Fusarium solani 99% 

23R5 100% Fusarium oxysporum 99% Fusarium oxysporum 99% 

  

 T�3=CW 1"+;	�� H;��� g$�;H ��� �`	�W ��	 Cm�&2 3�� �!: {	�12 	%��� 9�'�&R� ��� 9�'�&: 9�'�� x�'*2  
Table 2. Analysis of variance of fungal isolates from growth stages in common bean farms of Lorestan province counties. 

Factor Df SS MS F 

Fungus 3 1831.292 610.431 19.418�� 
County 4 792.5 198.137 6.303�� 
Stage 2 1691.5 845.7 26.904�� 
Part of plant 1 1740.4 1740.4 55.363�� 
Fungus�County 12 942.2 78.5 2.498�� 
Fungus�Stage 6 749.8 124.98 3.976�� 
County�Stage 8 454.6 56.831 1.808 n.s 
Fungus�Part of plant 3 932.7  310.919 9.891�� 
County�Part of plant 4  185.5 46.388 1.476 n.s. 
Stage�Part of plant 2 302.1 151.058 4.805�� 
Fungus�County�Stage 24 720.950 30.04 n.s. 0.956 n.s. 
Fungus�Stage�Part of plant 6 185.417 30.903 n.s. 0.983 n.s. 
County�Stage�Part of plant 8 155.55 19.444 n.s. 0.619 n.s. 
Error 36 31.436   

Total 119    

���&D$� �82 no'>��  sr� 	% 	�%y  � �f	%�� �� sr� 	% no'>� &D$�;�f	% | �/2 9!23� c��� &�;2 HI�D$�� \X$�% \P��.  
* and ** Indicate no significant difference at the 5% and 1%  level based on Duncan's mean comparison test 
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Fig. 3. Comparison of the average of fungal isolates. The 

presence of one common letter at least, indicates no significant 

difference at the 5% level based on Duncan's mean comparison test

Data is the average of different sampling stages in different counties
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Fig. 4. Comparison of the total number of fungal isolates for 

different growth stages of beans. The presence of at least one 

common letter indicates no significant difference at the 

based on Duncan's mean comparison test. Data is the mean of 

different sampling areas. 
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Fig. 5. Comparison of the fungal isolates mean in different sampling stages of beans
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Fig. 6. Comparison of the fungal isolates in samplified counties. The presence of one common letter at least, indicates no significant difference at th

5% level based on Duncan
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Fig. 7. Comparison of the fungal isolates mean in different sampling stages of beans
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Fig. 7. Comparison of isolation frequency of  the fungal isolated from  root and crown of common bean at the growth stages and  

counties in Lorestan province 
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Fig. 5. Comparison of the fungal isolates in samplified climatic region. The presence of one common letter at least, indicates no significant 

difference at the 5% level based on Duncan's mean comparison test. 
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