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1- Biological nitrogen fixation 
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 "� �&� H��-1 �> "�-���/� H�I��* � ���>�_�� �BP�_�I

 ���a� �� �*���+ H��> � �-�_I J$ �BP�" !�I�-�+)�

 !���" 0��I� %���'�\ ��� �1��" H�I��* H(�)B�' "��'

) �'���Bagheri Mofidi et al., 2005 H�I��* .(

 �=�=?-, �=�V "� ��/� %)��%)* �I!  !�� �=&, �����

�#�� !�I  �� � H(�)B�' ��?�$ b��), �� �$ �'��� ��\

�#�� �*���+ �.�B'  �> H�I��* ��� ��c�� !�I�B�� !� "� 

!)B$�> �I! ���>�_��1  ��.���� �'�, )Ramezanian, 

2005.( ��> �BP�_�I  �� ���>�_�� !)B$�> � ��/� �#��

 �=�=?-, %��*�� �'��� 122  ��142 H(�)B�' �)*�=�$  ��

 ��B&I�) ����' 0�?^� �Ramsieier, 2013 �#d> �$ (

 H+ �]>�� � �B�)* ��)	 �=�=?-, %��* ���B\� �� H+ "�

�� �'���  ��)* ��"+ �#�� )@��_�� b��� ��

)Javanmard et al., 2012 "� %��@B�� 
���)>�-> .(

�> !)/�� %��*  �=�=?-, U���.� �� e�=d� 0#$ H��-1

��  H(�)B�' �> ��)B�� �� �'��� �> ��)B�� �� � !��$

 %���' f]' !�@�� �=�=?-, %��* b��� %�, 0�?^� H(�)B�'

 !���� �g��h� �� .���+ 0�� �> �� )N' ���� �)&=�1 �

 �> H(�)B�' 0�?^� ���]� H��'" � �=�=?-, e�=d� 0#$

 0>�	� ���'��� � J$�)� 
!(������� O�?	 "� �=���1

0,�� �/BP> �=�=?-, )Mirhashemi et al., 2009(.  

Maffei and Mucciarelli )2003 ���i� _�' (

 ���g� ���� � j�-g' !���' e�=d� 0#$ �� �$ �-B,��

 � E)> kh� l\�, 
E)> kh� 
%)* )I �� E)>

e�=d� 0#$ �� E)> � �	�� A#\ H"�  %��* !�)>

��> )B#�> j�-g'. Rajeswara Rao )2002 ���)> �> (

�V�* � j�-g' e�=d� 0#$ i� �/')� ��� �$ 0,�� ���

 �� !��LB	� %�"�> � ���" "� %��@B�� �����$ 0#$ j�'

��#d> ��?�>.  �W)*� ��)B#�> H(�)B�' �> H�I��* "��'

H+ ���8M 0������  m�P�� �I�� ��,  K)L� ���

 "�)> ���� �� ��V�� O>�	 �'�)/' S?� )L-1 ��� ���"

>!���� !�I !_?� K)L� "� �,�'  � U�)B�' !��Z !�I

�' 0�)B�� ��, )Eftekhari and Heidari, 2014 .(

                                                           

1- Rhizobium 
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 ��g>� ������ H�I��* 0�@�$ ��?�>%"�� �!  ����� �� ��  

 %���' ��.�� H��V )��)� �� Un�L�� ���0�� 

)Chatterjee, 2002 "� ��+ !�I��$ "� %��@B�� .(

���, !�I��$ K)L� �> %�)�I ���� !�I��$ �=�V ���

�� �-'���  
������, !�I��$ K)L� ���]� fI�$ ���

 ����� !�����9 � H�I��* ��� �)&=�1 ��?�> ��H+ �I  )rs�

) �,�>Bigonah et al., 2011.(  

 "� �1�' �=R� p�L�� �> %�)�I H�I��* 0#$

 H�&�� �$ 0�� e�=d�%)�> !��  JI�)� �� X>�-� "�

�� �-$�> %")@�� 0#$ . �=R� p�L�� H��-1  b��), ��

 !_?� K��L� 0�V �=�=?-, 0,��)>�� �'���  �����

�'�� !�I  !�)> �� �-BPI (
���� "� ��,)� �$ %")@��

) �,�> �B,�� %�)�I �> "���#$Pouryousef et al., 

2011.(  

 �=�V "� ������ H�I��* ����� U��)� �> 0��-1 �>

 "� )B�$ %��@B�� b��), �� !_?� K��L� !�)> �=�=?-,

�$ )r� ���)> K�I �> f���"+ ��� 
������, !�I�

 � !��$ !�I�����0?P' �I!  �*t�� )> e�=d� 0#$
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 �, 0#$ 0?P' �> )i�-B� �I��$ ���� K)L� H�_�� �$

H+ �I  _�' �]�@=� !�I����� �� .�, �B�)* )N' ��50 

 � ���� ��$ "� �R��50  �����, !�I��$ �R���> ��$ 

.�, %�)>  

 3���� �� %��* �� )I 0,�$26  .�, ��.'� 0#�?����

 O��, �#���"+ U)$ )I8 $ b\ �> !)B� �� 0,�
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�  b��), x��� )> !���>+ .�, �B�)* )N' �� %")@��

 )I �h���2  ��6 � �'���> 7�� �> ��?&� "�� .0�)* ��.'

�=1 �I! ��V� �> �,� %��� �o �� ")I  p)B-$ �B��

.�,  

�>  ���g� ��N-�l\�, �I!  �� 
�=�=?-, %��* !�,�

 ���i � �I�=* �=Z)�'��� �I 
 ��,�Z )r� m�PBZ� �> )I "�

 ����L� U��R �> U)$5 
 �#�� %�)�I �> ���> q�1 "� 

40 B'��� !)B�  "� �g> � 0,��)> u�\%"��'� *!)� 

0�P	 
���> j�@���  ��V JI "� %��* �#�� � ����I !�I

 %�/B�� "� %��@B�� �> E)> kh� 
���)*%"��'� *!)� 

 E)> kh�%"��'� *!)�  !�#BP, "� v9 
�, �?���� �

��#� �I %)* 
u�\ "�  "� ����>�_�� !�I��#� �I  ��V

 ��"�� "� �g> � %�,H+ �I ��#W |�&��)&�� )�" �� 


 v{� �'�, 7���, � %��P\�,��#� �I  �> �'�*��V

 U��48  !��� �> H�+ �� 01��75  �V��B'��� ��)* 

 A#\ H"� � �, %��� ��)	H+ �I .���)* �?����  

 [�� \]! KL	�1)LAI(  

l\�,  %�--$ 0����� kh� %�-I� H�#' E)> kh�

 �?���� )�" �h>�� �> � 0�� ���" kh� �Z�� �� ��'

�� ��, )Riyasat and Nasirzadeh, 2005.(  

 

 H+ �� �$L � E)> kh� :G p�`,� ���" kh� :

0�� %��* b��� %�,.  

 [�� �^�� \]!2)SLA(  

 %��* E)> 0��d� %�-I� H�#' E)> %t�� kh�

��  H+ �Z�� � �,�>B'��� )B�  �)* )> X>)��� �,�>  �> �

) ���)* �?���� )�" �h>�� "� %��@B��Riyasat and 

Nasirzadeh, 2005.(  

 

 �� �$ H+L � E)> kh� :LDW A#\ H"� :

0�� E)>.  

 $�0�[�� \]!3)LAR(  

_B-��B� kh� �� A-�9 kh� 0?P'  H"� �> %�--$

0��> v@-� !�I ) %�--$LARH�#' �$ (  �*)> )9 %�-I�

 _�' %��* A��� �,�> ����)� H�_�� �  �� %��* !��8*

 �����E)> �I  H�#' ���� �I� )Seghatoleslami 

and Ahmadi Bonakdar, 2010�� � ( H+ �Z
                                                           

1  - Leaf area index 
2- Special leaf area 
3- Leaf area ratio 
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 H+ �� �$L � E)> kh� :Wt� : O$ A#\ H"

.0�� %��* ����I ���'�  

 [�� P�� $�0�1)LWR(  

 %��* O$ A#\ H"� �> E)> A#\ H"� 0?P'

)LWR* )> �)* H+ �Z�� �$ (�� �)  "� %��@B�� �> 
�,�>

) ���)* �?���� )�" �h>��Riyasat and 

Nasirzadeh, 2005(. 

 

 H+ �� �$LDW � E)> A#\ H"� :Wt H"� :

.0�� %��* ����I ���'� O$ A#\  

 v'����� ��_.�%��� �I �)' "� %��@B�� �> ��_�� SAS 

��/'��� �P��]� � 0�)* ��.'�  H��"+ "� %��@B�� �> �I

� O	��Z�-g� K
B\ ���  p��BZ� kh� ��5  ��.'� �R��

�,.  

f+� � W�	5�  
 }��B'�> 0�� %��+  v'����� ��_.� "� %��+%��� �I 

���g� �$ 0�� �$�Z  ���> �� ����>�_�� %)* )� H"� �

 �=�=?-,�> ��o �-g�  � ��$ j�' )�ra� 0�� !���

0?P' �I!  ��� O>�]B� U�)r� � e�=d� 0#$ �=Bd�

* ��)	 O���1 p��V) 0�)1p��V .( )2(  U�P��]�

���/'�� �I  H�#'�� �I�  %)* H"� � ���g� ��)B#�> �$

) %")@�� :�=�=?-, 0#$ ����� "� ����>�_��2:1 �)>��$ �> (

) �]�@=� ��$50:50  JBP�� j�' �� "���8`� !� OR�Z (

 ����>�_�� %)* ���g� "� ������, ��$ �)>��$ �> .�,

%�, �B��$ �=�=?-, �#��  �JI ��-W  %)* ���g� ��>

 � 0?^� �/BP?�I H+ H"� � ����>�_��-g�� !���   
  

p��V) 0,�� ��V� 3.(  
                                                           

1- Leaf weight ratio 

 0?P' �> e�>)� �=�=?-, ���> �#�� H"� ��)B#�>

) %")@�� :�=�=?-, 0,�$1:2��> �]�@=� ��$ �)>��$ �> (. 

x��� )> ) p��V5 �=�=?-, %��* �#�� A#\ H"� (

 ��n�> � 0?^� �/BP?�I �> ���g�)***64/0 ( %)* H"� �

����>�_�� )***65/0(  %��* �#�� �� ��V����� H�#' .

0?P' )�ra�  O>�]B� U�)r� � ��$ j�' 
e�=d� 0#$ !�I

 p��BZ� kh� �� �=�=?-, E)> A#\ H"� )> O���1 ���

 �R�� A�-g�� ��� p��V) ��> 1 e�=d� 0?P' .(

 %")@�� :�=�=?-,2:1 #�> �]�@=� ��$ �> %�)�I 0?P' � ��)B

 %")@�� :�=�=?-, e�=d�2:1  ������, ��$ �> %�)�I

 �'��> ���� �� �=�=?-, ���> ����I ���'� H"� ��)B�$

 p��V)5.(  %")@�� :�=�=?-, e�=d� 0?P' "�2:1  �> %�)�I

 OR�Z ����I ���'� H"� ��)B#�> �]�@=� ��$ S�)� �,

> �=�=?-, ���> E)> A#\ H"� �$ ��� H�#' �/BP?�I �

� 0?^� �h>�� �#�� H"� -g�� !���  p��V) ����3 )�ra� .(

0?P' �I!  ��� O>�]B� U�)r� � ��$ j�' 
e�=d� 0#$

 A� p��BZ� kh� �� �=�=?-, �	�� A#\ H"� )> O���1
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 .��I1- ) ��
������ ��
 '��V� �� "
�#� $�% $�0� � '
% N
� �)� g�	���� ���h� W�	5�NN ��
������ ��
 P�� � (

) ��
� �'NW��� X�L P�� � () �RW) �Q	! X�L P�� �(SW) [�� X�L P�� �(LW) �	�� X�L P�� � (PW �	�
 (

�������  

Table 2. Results of ANOVA (mean square) for effect of fertilizer type and intercropping ratio on 
weight (WN) and number (NN) of Rhizobium node per plant, dry weight root (RW), dry weight stem 

(SW), dry weight leaf (LW) and dry weight pod (PW) of Trigonella foenum gracum 
) �	V��� @�6�	��Mean squares( 

 ������� i���S.O.V df  NN NW RW SW  LW PW  

 ��)&�Replication  2 003ns.0 0.00006ns 0.005ns 0.2ns 0.01ns 0.009ns 

) e�=d� 0?P'A(Intercropping ratio  3 7.449*** 0.13*** 
0.17***  6.23*** 59.1*** 1.2*** 

) ��$ j�'B (Fertilizer type 2 5.58*** 0.001*** 
0.04***  10.62*** 0.93*** 0.48*** 

A×B  6 4.71*** 0.0004*** 
0.05***  3.89*** 0.61*** 0.18*** 

 �#���"+ !�h\Error  22 0.22 0.0001 0.001 0.11 0.01 0.02 

 (�R��) U�)��`� S�)�CV )%( 
 

5.3 10.3 6.8 8.2 3.6 29.6 

ns-g� ��1 )/'��> S��)� �> *** � ** 
* 
� !��� -g� �� ���  p��BZ� kh� �� H��>5 
1  �1/0 0�� �R��  
ns, *, ** , and ***  are insignificant and significant at 5 and 1 and 0.1 percent, respectively. 
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������ ��
 '��V� �� "
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% N
� �)NN) ��
� �' ��
������ ��
 P�� � (NW P�� �(

) ���� X�LWR) �Q	! X�L P�� �(WS) [�� X�L P�� �(LW) �	�� X�L P�� � (PW(  

Table 2. Effects of fertilizer type and intercropping ratio on weight (WN) and number (NN) of 
Rhizobium node per plant, dry weight root (WR), dry weight stem (SW), dry weight leaf (LW) and 

dry weight pod (PW) 
"
�#� $�% $�0�  

Intercropping ratio 
��$ j�'  

Fertilizer type 
NN  NW 

(gr) 
WR 
(gr) 

WS 
(gr) 

WL 
(gr) 

PW 
(gr) 

                T 

M  

  10.66e 0.1e 0.55c 3.29ef 4.7d 0.29cd 

)2:1( TP 10.60e  0.12d 0.37f 5.28b 4.23e 0.92b 

)1:1( TP 7.93f    0.1e 0.54c 3.91c 3.88g 0.14d 

)1:2( TP 10.66e
 0.12d 0.53c 6.46a 4.06f 0.78b 

                T 

I 

2.12d 0.23c 0.54c 3f 5.04c 0.39c 

)2:1( TP 4.16a 0.28a 0.87a 6.82a 6.08a 1.16a 

)1:1( TP 14.2c 0.23c 0.63b 3.85cde 4.21ef 0.87b 

)1:2( TP 15.20b 0.25b 0.52cd 3.89cd 5.34b 1.20a 

                T 

C 

2.33g  0.04f 0.5cde 3.08f 0.91h 0.30cd 
)2:1( TP 2.46g  0.04f 0.47de 4.88b 1.02h 0.29cd 

)1:1( TP 2.4g 0.04f 0.46e 3.33def 0.93h 0.25cd 

)1:2( TP 2.33g 0.04f 0.19g 2.10g 0.88h 0.27cd 

M  
���� ��$ )/'�#'I  
�]�@=� ��$C  
������, ��$T  
�=�=?-, l��\ 0#$TP(2:1)  
%")@�� ���� A� � �=�=?-, ���� �� e�=d� 0#$TP(1:1)  ���� A�

 
%")@�� ���� A� � �=�=?-,TP(1:2) � � �=�=?-, ���� A� 
H�B� )I �� .0�� %")@�� ���� �) ��/'��� )���]�3=n ( K
B\� �	�� 
�>�#� K�)Z !����-g�� ��� 

) �-BPI05/0>P(.  
M, indicant manure fertilizer; I, integerated fertilizer; C, chemical fertilizer; T, monoculture Trigonella; TP(2:1), 
Intercropping of two line Trigonella and one line Plantago; TP(1:1), Intercropping of one line Trigonella and one line 
Plant ago; TP(1:2), Intercropping of one line Trigonella and two line Plant ago. In each column, mean values (n=3) with 
the same letters have not significant differences (P>0.05). 



  

  
  

 .��I3- ) P
!��< �650�(� =���jr) P�� @�� (WN) ��
 '��V� � (NN) ���� X�L P�� ���
� �' ��
������ (WR) �Q	! �(WS) [�� �(WL( ) �	�� �WP '��V� �(�L	� & ) ���	INLB �(

) [�� '��V�NL) [�� \]! KL	� �(LAI) ��
� N	 ��� �(H) [�� �^�� \]! �(SLA) [�� \]! $�0� �(LAR�0� �() [�� P�� $LWR) ���
� ����� P�� � (TW) (36=n.(  

Table 3. Pearson Correlation Coefficients (r) between weight (WN) and number (NN) of Rhizobium node per plant, dry weight root (WR), stem (WS), leaf 
(WL) and pod (WP), number of lateral branches ( NLB), leaf number (NL), leaf area index (LAI), plant height (H), special leaf area (SLA), leaf area ratio 

(LAR), leaf weight ratio (LWR) and total weight of shoot (TW) (n=36).  
 WN NN WR WS WL WP  NLB NL LAI  H SLA  LAR LWR WT 

WT    -0.01ns    0.003ns    0.07ns   -0.01ns   0.71***     0.71***     0.06ns    -0.22ns     0.32ns    -0.08ns    -0.04ns    -0.03ns    -0.02ns 1 

LWR    0.69***    0.79***    0.37*   -0.01ns   0.86***    -0.02ns     0.5**     0.63***     0.09ns    -0.07ns     0.006ns     0.94***    1  

LAR    0.60 ***     0.74***    0.38**    0.09ns   0.8***     0.01ns     0.56***     0.60***     0.10ns    -0.06ns     0.33*     1   

SLA   -0.09ns    0.02ns    0.08ns    0.39*   0.08ns     0.04ns     0.23ns     0.07ns     0.03ns      0.06ns     1    

H   -0.80ns   -0.30ns    0.02ns   -0.30*   0.05ns    -0.006ns    -0.37*     0.08ns    -0.15ns     1     

LAI   0.06ns    0.11ns   -0.08ns    0.18ns   0.16ns     0.22ns    -0.15ns    -0.52***     1      

NL    0.69***    0.75***    0.63***    0.33*   0.74***    -0.23ns     0.49**     1       

NLB    0.41*    0.37*    0.49**    0.16ns   0.46**    -0.16ns     1        

WP   -0.17ns   -0.16ns   -0.18ns   -0.22ns  -0.16ns     1         

WL    0.85***    0.69***    0.63***    0.44**   1          

WS    0.35*    0.45***    0.54***    1           

WR    0.65***    0.64***    1            

NN    0.93***    1             

WN    1              
ns-g� ��1 )/'��> S��)� �> *** � ** 
* 
� !��� -g� �� ���  p��BZ� kh� �� H��>5 
1  �1/0 .0�� �R��                                            ns, *, ** , and ***  are insignificant and significant at 5 and 1 and 0.1 percent, respectively.  
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