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 ��@/�a
��	 �"#�'�/� �/' �	 C�
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  مقدمه

!���"# �$%�
�& '�(����� )�#$ *+ ,-� ./
0 *1  2$

�3�	
 )�34� 5�� *+ ���,�% '6��7� '8 ��9 ;)
��8� � 5�


�#8 '6��70 (�
2%$ > �%�?
 6�#�1%	�2��@1 � AB �+� 2�

��7�( -� )Brockwel et al., 1995.( ��34� '%D� ;

+�6�#�	
 A�'6��7 7��� 2$ D,(	7�0 5��+�D	2� 

 ������"#! E�
 *+�� ����� >'�+D	�71�+ *B D,(	 � ;�

%�9	F� G�H0 "7�+0 ! 2$ � *79%$�*���I '�(� %B 

 $��JKLL  ��MLL 1� 2$ 2�7N( 2$ 5�!��	A  ;�% ���

)Peoples et al., 1989 .(	 *O
�	 A2%$ 5��
  *#�� ��P

�( '�7��� �+ *1 ;�%B �( '�7�+�� � $��B  � 5�!

 � Q��� R2�S+ � ;�% 2�!��� A@&	 ;@1 *���I �

0� $�9> � TH�	 2$ '8 ;@1 ���
$  $��JML ���� '�

 2�7N()Munns, 2007 (% 2$ �	 $��J '%�UMV  2%D(

 ;�% 2�7N()Vezarat Jahad Keshavarsi, 2009 .(

	#$ *+ *O
��� '$�+ %2%$ )� 7�*@	2 B%  �2�$ � W�,I


X�Y �920 ! *+ ;3�
� '�(�	 �% Z3� *#��N  

�7,1 [8 �7�2 ;�$B FH� \�& �%0 0� $�9  �H& �

� [8 ���� '��8 X�+	� ����0  .(�1 %20� �($ 

)Halvorson & Reule, 1980; Dunin et al., 2001(.   

�],(�� ���! �	%  �+ 07�	D,( )�#$ *+B�71�+ �( B

;�34� 
 ����^� � BD�_�`�J aI�+ b�& 2$ '6��7

 b�& ;	�/�0� $�9 (Karimi, 2005; Rastegar, 

2005) .�71�+B D,(	;�  �+	c���,I *O
� 

Sinorhizobium meliloti % � ;�%	8�� $�O	 ��

D,(	7�0 +�% �	�71�+ �B ! �� ��	8�� *O
�	��B 

d�]��� �$�+  �$�3� )��9 �	��NB �����" + �(�! �� ��

�71�+ �B ;�%(Long, 1989; Brewin, 1991; Denarie 

& Cullimore, 1993; Rhijin & Vanderleyden, 
1995).  

 �7,-� �% 2�9 \�& � [8	 ����1 $��F� )�%�I �

#���
 � A@& WY��� 2$ ��SF� �� [��F� A@& *,

�
�9 0� )Homaee et al., 2002 .(e%2% )1 �%0 �	 �


$ ;@1� �)fL�  ×g/f 2�7N( ( $��JKM  )N@� �`2$

2�9B �
2%$  )Shanon, 1984b( . $�i�� 2��8 j��%�+

 $��JkLL  ��VgL ����e%2% �% 2�7N( '�0 �2��@1B 


$�2�9 �% �lm7� �B  �$�n� *1 ��7�(
3

1 e%2%0 

�2��@1B +8 ;F��2�B '�-i 2$ �0 �9�+  

(Shanon, 1984a, b) .�����% 2���-d �	+8 Q+��� '%�0  �

1�&0 
%�%��0 �i $�& 2$ %2B  ._+ *1 ;�% �$%$

���n0  �%\�& �( ",@P OJ ���B +8 Q+��� �%0   

2�9 *+ o73� p�7_� R�i2$ *+ 2�@1B ��7�(  

(Pazira & Homaee, 2003) .�+ 2$�2�B  WY��� �%


 � A@&�
$ A@& *,�% ��
�� �	e%2% >'%�0  �l% 2$ 2�9

��-+ 2%$�+B +0 �2	 *0#�`% ��q � d� ��J 2$ *7��

;�% r�7�! .% 2$	 ;J��� '�\�& �(0	 I�
 *+ *10 

lm� ;F��2�9 �B  �+ s#�+ �
2%$ 2%��MK ���� 2�7N( '�

$D
 *1 ;�%	 *+ AML  � 2�@1 )1 TH� �% �`2$gg 

e%2% �% �`2$0  )��9 %2 ;@1 )+��0� $�9 (Food and 

Agriculture Organization, 1994; Pazira & 
Homaee, 2003) .	! *�,i �% *O
���73�
 '�(� " j��J

2�9 *+B 2�H+ >;�%	),F� *
�7�8 *N *+ 2�9B '8 K 

0�$ u�,	�  �7� �+) �$�n�KL 0��� 2X�� 	�� �	��1( 

;�% .2�9 �!%B + *+ \�&��% . K 0�$ u�,	� �7� �+ 

%D�%	 .	 .(�1 '8 $�N�,I � �92 >�+�0� �+�	  

(Mass & Hoffman, 1977).  

 0�1 2�H+B�71�+ B�(  �+ ;�	D,( 0���+�D	2

 *+ B�7@�+ ),F� 5�"# '�(��! *+ ;3�
 >5�"# '�(��!

�
2%$ B2�9 .�� .D,(	7�0 5�"#�2	+�D�N@� � 5�� )

2�9 .�� *+ ;3�
 ��!B D,�% �B �+� 2�j��J ��  �%

2 $�&	+�D�5� 5�"# ���! � ;�% .2�9 .��B )J%�� 

#�%�D,( *	7�0 5�"#�2	+�D� p��7� %2 5�0� ��1 
(Zahran & Sprent, 1986; Zahran, 1991; Zahran, 

1999; Wei et al., 2004) . ),F� )+�� B2�9 �41%�J

*O
�	 fU 0�$ u�,	� �7� �+ )�$�n� fUL 0��� 2X�� 

	�� �	��1 ( ;�%)Shanon, 1984 a, b.( #�0 �71�+B 

Sinorhizobium meliloti MLL  ��vLL 0��� 2X�� ��1	 �

��	  ),F� %20� ��1 (Embalomatis et al., 1994; 

Wei et al., 2004).  0	����9 $2�� 2$ 0,1 R�IoY%

*	�� �( $�i� *O
�	 ���! B%�+ X�+ 07�	D,( 0	%2�1 �+ B

>$2%$  0	����9*	�� �( Z3� X�+ 07�	D,( 0	%2�1 �+ B

 *O
�	 $�N�,I $�3-+0� $�9 )Zhao-Hai et al., 2007(. 

7
	�/F� �% ���8 ;��+ w� p�7_� R�/ ;�% '8 �% 01�J

 �2��&�9 A@& '�� *1	N0 n� �%��(2�B xd	 ��9 *7��

%�+B n���� �07�	D,( 0	%2�1 5�"#�2	+�D�;�% 5� 
(Hungria & Bohrer, 2000; Hefny et al., 2001; 

Appunu & Dhar, 2006) .Zhao-Hai et al. (2007) >
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  � �!�" ��#��
:  $��� �% &���'� � �()�*�� ��
��+ �!��%���! ������%�*�� $ ...  ��� 

fv �*	� �71�+B Sinorhizobium meliloti  �+ ;�	D,(

 ��P 2$ B% */H�� �% %2 *O
�	 ���!Q,i 2�8 � �
$�1 B

*	�� �(�
$�1 0	����9 %2 X�+ 07�	D,( 0	%2�1 �+ B .

0�2�+ *+�@� 0�2�+ �	% Chen et al. (2002)  B�2�+

$�+ *O
�	 ���! .Mrabet et al. (2005)  $�& 0�2�+ 2$

( 0	%2�1 B�2 �+ 07�	D,Rhizobium gallicum   ���! �+

 >�
$�1 '��+ ��+�#*	�� �( 07�	D,( 0	%2�1 �+ 0��+ B

 *+ ;3�
 0H�F� G	%�9 �+ 0	X�+ B2�!��� X�+

*	�� �( �	 *
�_�! 2$ %2 ���! $�N�,I � �
2%$ B2�O� B

 .	%D�% '6��7�
 $�1 $�+2�1 �% �@�+ 07J �	 �+%�+ *I2D�

0� ��($ .0�2�+ �	% *+�@� G���Mahdhi et al.  

(2008)   5�"# ���! B�2�+ Retama raetam  � �9 5�O
%

 0y����� R��`�S& 0�2�+ 2�?�� *+*	�� �( B

G�F� 2$ �-
8 B2�9 *+ ),F� >'8 �+ ;�	D,(  

YMA �J�9 0+�	�2% 	�� �	��1 p�7_� �	$�/� B� .

Mnasri et al. (2007) 0�2�+ 2�?�� *+  R��`�S&

 0y�����*	�� �( BRhizobium elti >Rhizobium 

gallicum  �Sinorhizobium meliloti  B2�9 *+ ;��/�

;?�q �+ ;@1 G�F� 2$ %2 �-
8  B�(z/MK  ��zKL 

0��� 2X�� �
$�,
 0�2�+ 	�� �	��1.Geogiev & 

Atkias (1993)  �Zou et al. (1995)  *1 �
$�1 r2%D!

 T�/�� 5�"#  �+ �(*	�� �(34� B2�9 *+ 5��/� B ;�

G�F� 2$ %2 '6��7�
  .	%D�% 2�9 B�(0� �($ . �% {�(

 .(�|d �	%�2�+0 �
%��0	 *	�� �(B 2	+�D� 5�

Q,i 2�8B  �% ��9\�& �( 2$ *O
�	 ;@1 �	� B

'�7�%  '6��7�
 ;�34� 2$ '�O
� � '%�-� B�() 0	%2�1

07�	D,(( � ��2�9 p�7_� }�H� *+ �-
8 ),F� '%DB 

$�+.  

  

  ها مواد و روش

+* ?��2� ���%�iB ~#�& � ���B *	�� �(B 

���+�D	20 D,(	 �+ ;�	*O
� � p�7_� E2%D� �%	 ;@1 �

	'�7�% 2$ *O
� B�( '%�-�  ��� 2$ '�O
� �fMzU >

�$�S� R2�S+0  �92 )S� 0Y 2$ *��+ B$�	� $%�n�

Q,i 2�8�
�9 B.  �% ud 7��� )��1 B�@7�9

*@	2 B%  >���!��! �( � �%�2 7�	*@ %B !� >���i� %  2$

%2%$ *1 Z���� 2%$ [2$ {���B ���� �6�N) [��i

*+�Y�#%(  �	X A	xq�1 ��,7�$ *B �$%$ 2%�� >$�+ �9  �

���8 *+	�
�9 )/7�� ��"@ .���8 2$	 ��"@��! �(  *+ %�7+%

 R��g�M 
�l�* �+ �% )N#%��� AVU �`2$  �+ uy� �

( ���F����1�y	�� ;	 g/K  R�� *+ �`2$fg �$� */


��I�e0 �
�9 . uy���! �( *#�# 2$ .	���8 B�( 

��JB f  ��K ���0#��7�% �H/� [8 �7	�
�9 *# ) .

 0`�S7&% ;@1 G�F� 0��1 �	$�/� uy�B�71�+ B�( 

5��+�D	2 )YMA(  )fL 
�� 5�!� >��7g/L  �2�SI 5�!

  >�,_�K/L 5�!NaCl   >K/L  5�!MgSO4 >g/L  5�!

K2HPO4 >fg  >2�!8 5�!g/K ���0 #� 2$ �7#�$2�"
�1 �7 

�`2$ A	  �fLLL ���0 #��H/� [8 �7 ( 2$ � *�-�

�	$�! )	�7�% �o1��% . '���
�y�����! �(  2$�d�; �(B 

G�F� B��J YMA ��$ 2$ ��9 ;@1B  Z����

)C°ML�Kz (�
�9 �$%$ 2%�� )Vincent, 1970(.  �% ud

�71�+ �92B �d TH� 2$�; ��P �% �n+ >�(	 2�+ �  

�O�	;@1 �  $%�n�gL %	~#�& *#�D B��� �9  

(Vincent, 1970).  

n���� �� '%D 07�	D,( 0	%2�1*	�� �(B  ;��+

r�2 j��%�+ ���8 Beck et al. (1993) �9 5�O
%.  

0��1 �	$�/� x+�! 2�� ��� '�+D)	*O
� 0,+ �2(  ud

���F� �+ 0FH� )	�7�% �% (���1�y	�� ;	 g/K 

%�9 2$ �`2$	�7�% G	�2 )B B��J B�( ;��d [8  �

2�!8 f �`2$ ��$ 2$B Kz  *i2$7
��� 2%$ *
%�i  $%�"

�9 �
)Howieson et al., 2000.(  $%�n� uy�fL $�I 

 2x+*
%�i 2%$ '%��! �( 2$ 0��!���1 A	 ��JB #�d� ;

�7�%	o��1 }�Y R2�S+ � 2%�N� *� 2$ ��9 ) "�$�S�0 

 ��� 2$fMzv �+ 2�-+ )S� 2$  B2�
 )N��fU/z  ;I��

0	��9�2 /2����2 R2%�J *i2$ >0N	 / Z9Kz/fg  *i2$

 03�
 ;+�Y2 � $%�"�7
��Ug�gg  *
�_�! 2$ �`2$

�9 ;@1.  5�,�*	�� �( ��9 B��� ~#�& 0���+�D	2 B

 ;@1 G�F� *+ YMB ) G�F�YMA 2�!8 ���� (

 B��$ 2$ � T�/�� >��9 )	�7�%Kz  *i2$7
���$%�"  2$

 .&�P �+ �N�9fgL ��7��! 2%�� */��$ 2$ 2�$ .+ �( *

0��� A	 *](��! *	�� ���� ;@1 '���
�y��� �% �7�#

 �?
 $2��)���2 �$ ;@1 ( �9 *��e%(Beck et al., 

1993).   }�H��� 2�,R2�S+ �	�  0	%2�1 ���n� B%�+

 07�	D,(*	�� �( *O
�	 0
%��! ;@1 2$ �9 ��,I%�
:  

 �(�9)T0 :(��J '%��!B fL ! $�I� ��	 *+ *1 *O
�

%xq ���F� '80	 ( ���!�(Hoagland & Arnon, 1950) 
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���                    �����	
�� ����� ���	  
��
 ������ ����� �� ����� 

%2%$B 
 $2�� �`��I 5�,��! ���
 DO+ ����9 �$%$ '6��7.  


� '6��7)T1 :(��J '%��!B fL ! $�I� ��	 *1 *O
�

%xq ���F� '8 *+0	 %2%$ ���!�(B 
 $2�� �`��I 5�,�� ��

!�
 � ��� '6��7) TH� �$ 2$Mg  �vL 0��� 5�!  '6��7�


�7�# 2$ (�9 �$%$.  

/���T )T2( :��J '%��!B fL ! $�I� ��	 *+ *1 *O
�

%xq ���F� '80	 %2%$ ���!�(B 
 $2�� �`��I 5�,�� ��

!�
 DO+ ���! � �9 �$%$ '6��7�*](� �� �+ �(	�71�+ *B 

/�� �?
 $2����
�9 T.1  

*��+ B�( 	2$ *O
� 2$ ��% ��P (��! E��9 '���0 

 $��J *1UL ����O
% ��Y *+ ��2 �� � �
�9 ;9%$�+ '

 A@&�2��&�9 ! ��%�
%��B �9 *1 D�
 5�$ ��P 2$ >

 $��JUL ��2 R��` >����O
% ��Y *+  A@& '��

��! A@& '�� � $%�n� >�2��&�9 ! ��%�
%��B �9�
 .

j��% �+ 07�	D,( 0	%2�1  A@& '�� 2$ �2��&�9

 B%�+ >��% ��PgL � 2%�N� *� �( 2$ B�71�+ *	�� �% 

� *H+%2	� �9 *3��F�:  

fLL×
01

02

TT

TT
SE

−
−=�  

'8 2$ *1:  

SE :07�	D,( 0	%2�1  

T2:  '�� A@&*��+ �2��&�9  �+ ��9 T�/�� B�(gL 

5��+�D	2 B�71�+ *	��  

T0:  '�� A@& �2��&�9*��+ �(�(�9 B  

T1:  '�� A@& �2��&�9*��+ �(2�,�� B vL 0��� 5�! 

�7�# 2$ '6��7�
(.  

 �!%SE ���� � �7NP�1B  �+gL �`2$ �9�+> 1�+�7B 

“�l�� ��q”>  ��+vg�gL  �`2$“c�73�
 �l��” >��+  

fLL �vg “�l��”  � �% �7!2D+fLL �71�+ �9�+B “&��0 

�l��” ;�%.  ~&�9 *+ *i���+SE >B�71�+ �( ���! ��+B 

                                                                                   
1. Symbiotic effectiveness 

�9�
 (Beck et al.,1993).  

B%�+ n���2�9 *+ ;���/� �B *	�� �( F� 2$� G

YMA��JB $�/�	��1 p�7_� �	�� �	> F� %�7+%�G 

YMA ��JB $�/�	�� 2���1 p�7_� �	 )L >KLL >

kLL  >ULL  �vLL 0��� 2X�� 	�� �	��1 (-��*  ud �

 �%)	�7�% '$�1 >�o1��% G��� �d 2$���� �( ;	�9 Q .

B�71�+ B�( �2 �+ �?
 $2��B F��;@1 G �(B ��JB 

$�/�	p�7_� � ��1	�� �	  2$M 2%���  R2�` *+

*N#  B2%x! 2$ � �
�9 ;@1%�9	 Z���� G)C°ML�Kz (

��+�N
%��
�9 '� . ;9x! �% udM 
��1 �H� ��20  �(

��%�
% !��B �9 (Appunu et al., 2007)  ��$%$ �( 

o��1 }�Y Z#�� 2$ )	2�71�� .	���8 R2�S+ً �$�S� 0

�
�9 D�#�
8.  

  D�#�
8�$%$ �( 5�
 �% �$��7�% �+ B2��8 B�(2%D�%SAS  

 �MSTATC �9 5�O
% .*i�� �+ ,(% *+�R��` ;>  $%�n�

�2% 2$ �2��&�9 A@& '�� � ��!	+�0 /��� � W��� T

34��
 ;�'6��7 (Smith et al., 1988) "7�3,(0 %	� 

 �+ R��` 07�	D,( 0	%2�1$�! *3��F�	� . 5�I )�#$ *+

 �% B$%�n� �92*	�� �( + B2�9 BX�+ }�H� 2$ * 2�?��

 D�#�
8�$%$ �( )	�3� >�$%$ �(  � ;��! R2�` ���i B%�+

��"
��� �(  �%�$%$ �(�9 �$��7�% ��@
 )	�3� B. %�+B 

(��!��3B 	��* �(�% 0���+�D	2 B ��F#  $2�� R��`

>*n#�H� DO�	 �7�o1 *	*9�& �%B �2 �+B  ��,


 $2%�
�7�%(Z) �$%$ �(*+ �9 5�O
% $2%� r�2.  

  

  ج و بحثينتا

�7
	DO� w	2%� *	�2��&�9 A@& '�� u
�>  R����

0�n� 2%$B  TH� 2$ %2�`2$ A	 +� �*	�� �(B �71�+B 

2	+�D� $%$ '�@
 5�)���if.( �7
	�/� w	� *��"
��� 

��%�
% R��` !��B  ���i 2$ ��9K  ��9 �$%$ '�@


;�%.  

  

  

 ,�-/01  2�3%�� 4�56��� �7
���! �� �% ����%�*�� $89�� ����� � ,�
 4�; �� �-� $��� ��
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 $ ��6��  

�����  

���		
�  

���  

�����  

������� ��� ��� 
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��� �	� ��  
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�����  

�!�"#$% �"���&  

)��� �	�(  

��' ��*+�  

)��� �	�(  

��' ��� ���  

)��� �	�(  

��$	�  

�,�  

-.  
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**///0 

0/3/0  

**3//0 

/01/0  

43 

/00  

**--//-5.- 

-5/-6-4  
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:  $��� �% &���'� � �()�*�� ��
��+ �!��%���! ������%�*�� $ ...  ��< 

  

  

  

� 5�,� 2$ �2��&�9 A@& '���2$ �(2�,  ��% ��P

*+ ;3�
 �� �(�9 2�,)/����71�+ �+ ��@
 T ���� � B

$�1 ( 2�H+0�n� 2%$�7@�+ B  $�+)���iK .(��	* 

 �2�,9 0���+�D	2fM> �2��&�9 A@& '�� B%  $��J

kf/K � �+%�+� � �(�9 2�,Uk/f � �+%�+�2�, vL �0�� 5�! 


�'6��7 �7�# 2$ #���$�1 �. *	�� �( �2�,9 0���+�D	2 B

fM >ML  �M  ��"
��� B%2%$�2��&�9 A@& '�� 

 �	�� *+ ;3�
 B��X�+*	�� �( � �
$�+ *	�� �( B

 �2�,9 0���+�D	2Mf >kL  �U  ��"
��� B%2%$ '��

�2��&�9 A@&  �	�� *+ ;3�
 B�� ��	�d*	�� �( 

�
$�+ .D�
 5�$ ��P 2$  5�,� 2$ �2��&�9 A@& '��

�� �(2�,*+ ;3�
 �� �(�9 2�, 2�H+0�n� 2%$�7@�+ B  $�+

)���iM.( *	�� �( �2�,9 0���+�D	2 BML >M  �ff 

 ��"
��� B%2%$�2��&�9 A@& '��  *+ ;3�
 B��X�+

 �	��*	�� �( � �
$�+ *	�� �( �2�,9 0���+�D	2 BMf >

kU >kL  �U  ��"
��� B%2%$��&�9 A@& '���2  ��	�d

 �	�� *+ ;3�
 B��*	�� �( �
$�+ . Z���� *	�� �+ T�/��

0� 
%�� '�+D�� 5�"# ���! B��#�� j����+ .	%��% Z3� �

 $�9)Zahran & Sprent, 1986(.  w	�7
 *+�@� w	�7
 �	%

Zhao-Hai et al. (2007)  2$ �-
8 >$�+ *O
�	 ���! B�2 �+

 B�2 �+ *n#�H�Sinorhizobium meliloti ��*	 B%  *1 %2

�	�7@�+ B%2%$ �2��&�9 A@& '��  '%��I *+ >$�+

*	�� B% �
$�1 0��n� X�+ 2���+ 07�	D,( 0	%2�1 �+. 

�7
	DO� w	2%� *	 u
�07�	D,( 0	%2�1  R����0�n� 2%$B 

 ��,7J% TH� 2$ %2�`2$ A	 +� �*	�� �(B �71�+B 

2	+�D� $%$ '�@
 5�)���if.( *	�� �( 0���+�D	2 B

 �2�,9fM >ML  �M  2�H+0�n� 2%$B%2%$ B  0	%2�1

 �	�� *+ ;3�
 B�7@�+ 07�	D,(*	�� �(  �
$�+

)���iK .(*	�� �(B 2	+�D���0  ��F# �% 0	%2�1

07�	D,(  *+k �/� ���!� �
�9 )���iK .(+ �%� �gL   

  

 ,�-/=1  �7
 4�56��� �)��'� >��(6���! ����6�� ?�(@� 2�AB �% ����%�*�� $ ���%  

� "89 ��!&�

�8	��#"�  

 ��	' :8$: ;,��

"89 �%�8	��#"� �  

��� �	� ��� �	�  

������� ��� ��� 

)��*<' �� ��'( 

�!�"#$% �"���& 

)*=��( 

������� ��� ��� 

)��*<' �� ��'(  

��' ��*+�  

)�8� �� ��*+�(  

��' ��� ���  

)�<	� ��' �8� ��(  

/ ��>:�  hijklm7-/0 defg .-/70 ?�!@�:�AB� ghijklm5-//  jklmnop17/3  ghij.0/4  

. ��>:�  defghijklm3//0 abcdefg6//40 �AB� �<	� cdefghijkl60/. fghijklmnop  /6 efghij07/- 

6 ��>:�  abc60// ab5/.53 �AB� �<	� ab.//6 ab17/66 b37/60 

4 ��>:�  abcde.0// abcd4/.-7 �AB� �<	� abcdef30/. defghijkl/1 cdefghij67/7 

- >:���  abcde./// abcde./.43 �AB� �<	� abcdef51/. efghijklm66//4 defghij46/1 

1 ��>:�  klm13/0 g/./41 �AB� �	C m66// mnop17/1 ij46/6 

7 ��>:�  defghijkl34/0 abcdefg7//45 �AB� �<	� cdefghijkl60/. defghijkl/1 defghij06/7 

5 ��>:�  hijklm74/0 defg7//1- ?�!@�:�AB� ijklm76// mnop17/1 hij77/6 

3 ��>:�  ghijklm75/0 cdefg30/5- �AB� hijklm50// klmnop66/3 ij-0/6 

/0 ��>:�  efghijklm5-/0 bcdefg.///1 �AB� �<	� defghijkl.6/. efghijklm17//4 defghij30/1 

// ��>:�  abcd.-// abc5/.17 �AB� �<	� abc/4/6 defghi17//5 cdefgh57/5 

/. ��>:�  abcdefgh07// abcdefg3/.0/ �AB� �<	� abcdefgh10/. cdef17/.0 cde70/3 

/6 ��>:�  a6-// a7/6/1 �AB� �<	� abcde36/. defgh/3 cdefghi-6/5 

/4 ��>:�  abcdefgh03// abcdefg.07 �AB� �<	� abcdef57/. defghijkl66//1 cdef-0/3 

/- ��>:�  ghijklm77/0 cdefg71/5. �AB� defghijklm///. klmnop66/3 hij06/4 

/1 ��>:�  cdefghijkl3-/0 abcdefg6//-- �AB� �<	� bcdefghijkl40/. fghijklmn17//6 efghij16/- 

/7 ��>:�  abcdefg/.// abcdefg6/./7 �AB� �<	� abcdef77/. defg66//3 cdefg60/3 

/5 ��>:�  abcdefghijkl/ abcdefg6//71 �AB� �<	� abcdefghijk-//. ghijklmnop/. efghij07/- 

/3 ��>:�  abcdefghij01// abcdefg4//34 �AB� �<	� abcdefgh14/. defghijkl66//1 defghij36/1 

.0 ��>:�  bcdefghijkl37/0 abcdefg///16 �AB� �<	� abcdefghijk4-/. fghijklmno66//6 defghij.7/1 

./ D"�& E���  bcdefghijkl35/0 abcdefg7//1- � �<	��AB abcdefghij-//. lmnop17/5 fghij46/4 

.. ���� �F:  ghijklm77/0 cdefg71/5. �AB� ghijklm5-// defghijkl/1 defghij7 

.6 "8G��H  fghijklm50/0 cdefg4//30 �AB� defghijkl.-/. fghijklmnop17//. efghij10/- 

.4 ���� �F:  abcd.-// abc3/.71 �AB� �<	� abcdef53/. cd.6 c/6//. 

.- ���� �8$I�  abcdef/-// abcdefg6/.64 �AB� �<	� abcdef53/. bc66/.7 cd// 
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�� ����� ���	  
��
 ������ ����� �� ����� 

 ,�-/ ��
�
=  

 ��!&�� "89

�8	��#"�  

,��J:8$:  ��	'

"89 �%�8	��#"� �  

��� �	� ��� �	�  

������� ��� ��� 

)��*<' �� ��'(  

�!�"#$% �"���& 

)*=��(  

������� ��� ���  

)��*<' �� ��'(  

��*+� ��'  

)�8� �� ��*+�(  

��' ��� ���  

)�<	� ��' �8� ��(  

.1 "8G��H  efghijklm57/0 abcdefg.//.1 �AB� �<	�  

defghijkl.-/.  hijklmnop//  efghij10/4  

.7 KL@���9  abcdefghi01// abcdefg/31 �AB� �<	� abcdefgh1./. hijklmnop// efghij70/4 

.5 ���� �F:  bcdefghijkl3-/0 abcdefg5//-4 �AB� �<	� cdefghijkl6./. ijklmnop17//0 hij57/6 

.3 ���� �F:  abcdefghijkl0/// abcdefg5/MNO AB� �<	�� abcdefghi-6/. defghij17//7 cdefghij16/7 

60 KL@���9  ab6/// ab3/600 �AB� �<	� a.5/6 a40 a30/-. 

6/ "8G��H  jklm70/0 efg-5/-6 �AB� ?�!@�: klm10// op66/- ij-0/6 

6. KL@���9  hijklm74/0 defg05/7/ �AB� ?�!@�: hijklm73// p- j17/. 

66 ���� �8$I�  hijklm74/ defg71/7/ �AB� ?�!@�: jklm11// mnop17/1 ij-7/6 

64 ���� �8$I�  abcdefg/.// abcdefg./7 �AB� �<	� abcdef77/. fghijklmn17//6 defghij37/- 

6- D"�& E���  bcdefghijkl33/0 abcdefg7//11 �AB� �<	� bcdefghi-6/. fghijklmnop17//. efghij76/- 

61 ���� �8$I�  defghijklm30/0 abcdefg-//.1 PB� �<	� defghijkl.5/. efghijkl/- defghij40/1 

67 ���� �8$I�  bcdefghijkl3-/0 abcdefg-//-6 �AB� �<	� bcdefghijkl67/. defghijk66//7 cdefghi47/5 

65 Q�&  defghijklm3//0 abcdefg4//6- �AB� �<	� defghijkl.1/. defghijkl66//- cdefghij40/7 

63 Q�&  abcdefghijkl04// abcdefg///51 �AB� �<	� abcdefghi-6/. defghijkl66//1 cdefgh50/5 

40 D"�& E���  jklm70/0 efg5//-4 �AB� ?�!@�: lm-1// nop17/- j.6/6 

4/ ��� �8$I��  bcdefghijkl35/0 abcdefg/11 �AB� �<	� bcdefghijkl4//. defghijkl66//1 defghij57/1 

4. ���� �8$I�  abcdefgh07// abcdefg1/.01 �AB� �<	� abcdef56/. ghijklmnop66/// defghij1 

46 "8G��H  fghijklm5//0 cdefg76/34 �AB� fghijklm01/. fghijklmnop17//. cdefghij66/7 

44 ���� �F:  abcde/3// abcdef5/.46 �AB� �<	� abcdef57/. defghijk/7 cdefghij46/7 

4- ���� �F:  abcdefghijkl0.// abcdefg6//55 �AB� �<	� abcdefgh-3/. efghijkl/- defghij66/1 

41 ���� �8$I�  ijklm70/0 fg57/-/ �AB� ?�!@�: lm-5// fghijklmnop17//. efghij47/- 

47 & E���D"�  hijklm76/0 defg.7/14 �AB� ?�!@�: klm1/// defghijkl17//- defghij47/1 

45 ��"�R�  abcdefghijk04// abcdefg///33 �AB� �<	� abcdefg15/. fghijklmno66//6 defghij50/1 

43 ���� �8$I�  abcdefgh05// abcdefg3/.06 �AB� �<	� abcd3-/. cde.. cdefghi-0/5 

-0 ���� �8$I�  defghijklm30/0 abcdefg.//61 �AB� �<	� bcdefghijkl61/. ghijklmnop66/// efghij37/4 

*%�� S  m-7/0 S  n.1/0 0 0 

ppm N70 S  fghijklm5./0 S  bcdefghijkl63/. 0  0  

ppm N60 S  lm15/0 S  efghijklm05/. 0  0  

*  ���� T��U���: �*�%� ��+� ���  TL!�� ��8@:�	V:�	� �% �*��� �� *=�� �" W,9 ��  �X:�� Y�� Z�9� �.  

  

��	�71�+ *B 2	+�D� 5�vK �`2$ *	�� �( &��0  >�l��

fL �`2$ *	�� �( >�l�� fU �`2$ *	�� �( c�73�
  � �l��

K �`2$ *	�� �( q��
$�+ �l�� � )���iM.(  w	�7
 �	%

 w	�7
 *+�@�Baraibar et al. (1999) *	�� B�2 �+  B�(

Rhizobium loti  ��+ �% �-
8 0�2�+ 2$ >$�+ *��!�2% 2$

gL  0���+�D	2 *	��U B%2%$ �`2$  07�	D,( 0	%2�1

 $��JffV �fLL  � �`2$U �`2$ B%2%$  0	%2�1

07�	D,(  $��JkL�L �
$�+ �`2$.  ���],( w	�7
 �	%

 w	�7
 *+�@�Öğütçü et al. (2008) 0�2�+ 2$  0	%2�1

B�2 �+ 07�	D,( *	��  B�(2	+�D��� 0 �+ ;�	D,(

$�+ *�1�� 2$ $�_
.  

�7
	DO� w	2%� *	�n� R���� ��! $%�n� u
�02%$B  %2

 TH� 2$�`2$ A	 +� �*	�� �(B �71�+B 2	+�D� 5�

 $%$ '�@
) ���if .(*	�� �(B  �2�,9ML >M >Kk  �Kg 

�	�7@�+ B%2%$  ��! $%�n�� *	�� �(B  �2�,9U >MM >

kL >Mf � MK %2%$B �	�7,1 + ��! $%�n� �
$�)���iK.( 

�1 2�H+0 � $%�n�	%�+ ��! $�B ��"# �(0 ���$�� 

)Fyson & Sprent, 1982( ��! *
�@
 ���+B  ;�% W���

%�+ �B 34��
 ;���1 '6��70 ! �92 �2�$ ��Y 2$� ��

2��eB 0��9�+ (Sheehy, 1988). Zhao-Hai et al. 

(2007) *O
�	 ���! B�2 �+ 0�2�+ 2$ R����  B�(

0�n� 2%$$ B '��� 2*	�� �( ;�` B�2 �+ 5��+�D	2 B

 $%�n���! �
$�,
 r2%D!. Pereira et al. (1993) +� '�

 *1 �
$�1��! �(B +�cX�,7J% �7@ �
%�� �%0	 +� 2$ �7@
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  � �!�" ��#��
:  $��� �% &���'� � �()�*�� ��
��+ �!��%���! ������%�*�� $ ...  ��D 

��!��+B 7
�� *O0 *1 >�
�9	� -� )��I A l2%0  2$

D,(	7�0 5��+�D	2� 5�"# ;�% >+ ��! $%�n�� �7@�! %2 ��

2$�� �0  �� $���
����,�% '6��7B +��7@B 34� %2� ;

��1 .�	% w	�7
 w	�7
 *+�@� Aouani et al. (2001)  �+

� $�_
 ���! B�2 Mrabet et al.  (2005)  ���! B�2 �+

$�+ ��+�# .  

�7
	DO� w	2%� *	��! A@& '�� u
�  5�$ ��P 2$

 R����0�n� 2%$B  ��,7J% TH� 2$ %2�`2$ A	 +� �

*	�� �(B �71�+B 2	+�D�� $%$ '�@
 5)���if .(

*	�� �(B  �2�,9ML >M >Kk  �Kg �	�7@�+ B%2%$  '��

��! A@&  �*	�� �(B  �2�,9Mf >V  >U >kL � MK 

%2%$B �	�7,1 '�� A@& ��!  �
$�+)���iK.(  

Naeem et al. (2004)  >*O
�	 ���! B�2 �+ *n#�H� 2$

R����  B�(0�n� 2%$ '��� 2$ B*	�� �( �+ 5��+�D	2 B

�` B�2 A@& '�� ;��! �
$�,
 r2%D! .R���� �( B

0�n� 2%$ '��� 2$ B*	�� �( R��` B%�+ 5��+�D	2 B

 ��
�� p�7_��2��&�9 A@& '��>  � $%�n� A@& '��

��! ;�% ��9 r2%D! p�7_� R�n#�H� 2$ .��4� B%�+ 

R����  B�(0�n� 2%$ '��� 2$ B*	�� �( ;F� 5��+�D	2 B

 *I2D� � *
�_�! >�92 ���% G	%�9 �	�� B%�+(Hungria 

et al., 2001; Musiyiwa et al., 2005; Appunu & 

Dhar, 2006) j�I )Bremer et al., 1990(�  2�39

(Ferreira & Marques, 1992) $�_
 �(Chandra & 

Pareek, 1985)  r2%D!;�% ��9. �7
	 ���i w

"7�3,(0 )���iM ( '�@
0� �($ *1 "7�3,(0 X�+0	  

��+ ��&�9 A@& '���2 ��! $%�n� � )**vKg/L=�r( 

;9%$ $�i�. Romdhane et al. (2007)  $�& 0�2�+ 2$

 B�2 �+*	�� �( BMesorhizobium ciceri  �+ ;�	D,(
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