
����� ��	
� � 
���	�� ��
� � ���� /�	�������� /��	 !�"
# � $%&)()�(/+�,	# -./0 

�� 

1,�	2 3�452 � (�67� 
	�	8�96:�
; �3��	< � =! � �>�36�? ��@A� 3� 

�3B C, D"?�, D?�B D� �,�� D)	� 

"��@����A�� �
E��@��� @ F� 
�?	4 G�@�*�? �H	6� �	�3��:��?	-

)����	
 ��	�� :�/��/�������� ��	�� :��/�/��(

�@�I& 

D� � 1,�	2 3�452 ���3� ��J
�	� =!8�96:�
;)Genistein(��@A� 3� �3B � �>�36�? CK, D"?�, D?�B D� �,�� L,�3K! �� ��K,	��M ED)	K�

D��+� 
�D�N	,�	� O��P�	� �� 
	�QRSR �-./TG�@� =��32 �	U�?�� 
���	�< �@V�?�� D��+� �� )���WQ� DK;�� S� DKA�X� 

Y3�RW� D;�� Z[DA�X� (=�3B �	"?� .3� ])	X �� ^,	��M_��� `D� ���	a2 $�	< 
	� O3� O��P �	K%& �� �@K! �3b �	� �� 
	�

@! �	"?� ��3I2 .1,�	2
	��	=!)@
c�� �6:�� � ��� E���(O3� �� D?�B � ��P� 
	� D"?�, 
	� C,D)	�)Medicago polymorpha cv. 

Santiago, M. rigidula cv. Rigidula, M. radiata cv. Radiata (O3� �� � 
	�=J�d � ��3 8�96:�
; (�67� 
	�)e�[e3K� ����3V�� 

36�) (O3� �� @
6�3B ��3X ��3� ��3� 
	� .
�6F� �3B E�	�B �>�36�? D?�B �� O	cP 3,	� � �,�� 	�
�K
�� O�	Kc2 �K��3� ���K� 
���

D?�B � @
6!�� M. polymorpha ��� =!	< 1,�	2 ��)@
c�� �6:�� (D?�B D� =�:? � 3U,� 
	���� 3J? ���@K�2 E�3KB ��@�2 E�3B f�b 

�3B 3gX � �3B D6�� ��@�2 ���< 3� �� �3B��� 323� .D?�B M. rigidula D?�B 3,	� D� =�:? 	�3K� DK� 
36�K�� =��	A� 	� ��� 1,�	K2 ��

 =!	<��� �	�?E��8�
& [e�@
,�+�� 3�452 8�96:�
; 36�) �� ����3I�� �3B 3� 
� � �,��
�6F��>�36�? ����	 2D?�B C, D"?�, 
	� D)	�

=!�� .D?�B �	 2 �� ��� =�� 1,�	2 �� 8�96:�
; �3B ^,�+�� h�	� 	� � �,��
�6F� �� ��	� 8,� 3�452 @,i� 3�� 8,� D� @! �	�B �>�36�? 

�3B ���%� ^,�+�� � �,��
�6F�D"?�, �>�36�? C, 
	� �� D��+� L,�3! �� D)	� @!	�.

�>�� 
	� 
@��� :� 1,�	2	E=!
�6F��3B E8�96:�
; E�>�36�? C, D"?�, E�,�� D)	� 

D�@A� 

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

	�-./ � 010$ ((! 2 3�4-!� 5��$� �$��� ��)��) 	
 6'��7$ 5��/

 ��� 5	'�8 .(:! � ;� 5�/ (! 2 () �<=! ���>? %� (,�� 5�/

 @!	�
 5���) (,�� @AB .�-C0) (! 2 ;� (:! � 5�/ D��� E(,�� ��

(:! � %� ��) D0��' 5	�2%��� 5�	�
 ' F
�G @H	 (,�� @AB 5�/

 (�! 2 E@A-=�/ I�1-4$ ��� �/ ' 3J K����H 5��/M. rotata, 

polymorpha, M. rigidula  M. L4) @0$� %� (�! 2 M��� 	
 ��/

 �$ 	�NH () ����� 
�� ��� ! @�A�J .��) �7O��A$ 5� �/' 3J 	


%��-=�$ (�! 2 EP��Q$ 5��/ 5��/ M. truncatulaEM. rigidula 

M. scutellata'M. polymorpha 	�
	 R�) 5�->) �0&8' %� 

S �A$ T0U�V ����@�$ P-=�0� (�) �>!J �<=! �07� $ ' F
 ) 

�$ 

�2 .(! 2M. polymorpha (:! � ���� () �<=! ;�� 5�/

 ' 
	�
 ����� 	
 �	 LAG��� TW� M��-C0) (,��
��-NG "��X�	� 	

�.Y0��� ()�-Z
 5 :C!�
5E!�
C0	�'5 :C!�
[)�� @H	� ���AH	�Z �\�	% EE5%	'�CG F@.C!�
)�� F�]C!�
0^	@$ ����>� E

*:�.0!'�-.,� �=� E_�<��.$ ` a=$ :Modaresa@modares.ac.ir 

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
87

.1
2.

45
.6

.3
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 js
tn

ar
.iu

t.a
c.

ir
 o

n 
20

25
-1

0-
29

 ]
 

                             1 / 11

https://dor.isc.ac/dor/20.1001.1.24763594.1387.12.45.6.3
https://jstnar.iut.ac.ir/article-1-900-en.html


����� ��	
� � 
���	�� ��
� � ���� /�	��������/��	 !�"
# � $%&)()�(/+�,	# -./0 

�� 

%�bccc d�R "� !� 	
 �-$ �$ F@�
 �/ 
 H)e.(��)��) 	
 fNU�

2 5�$��(!  5�/M. polymorpha'rigidula M. @�0gh� 
	 �$

��� (-��2 	��i)�.(

(�:! � %� F
�X-�� �) �0,��-�� 	
 ;�� 5��/ 
'@�� (,��� bcc 

��$ (���8� d��R (�) �j'��-0! 	��-./ 	
 6�2 10G 
 �H)��.(

(:! � ;� 5�/ Ed��R ��,J �j'��-0! 
���
%� ��) F'Q�\ (,��	


#0! d�R �,J M)�G L��#���0kh� @�!	�
 )l.(��!�'��� ' 	 m�� 

(:! � ;� 5�/ ��$ ��W0U$ ��/ 	
 (,�� 3��4-!� 5��A<$ @�!� �

(��! 2 @��H�) K0��U$ �J ���) 	�2%���� 5���/)�.(	
 ���H�G ����$% 

(:! � ;� 5�/ �$�]A/ �-� (,�� () (G(-�H�G S �14$ _	 �V

 5	 �O (�) E
	�
 5
���% �0kh� �>!J 
�.1N\ 	
 @! H ��H�G (�G

 (! 2 M�� ��
'% ? $ �/ ' @�H	 F	'
 ` �O E
�.1N\ L��#�� Y

�$ �>!J ;CR F
�$ 

�2)n.(E
��� ��-=�$% 5�	�
 ��� �! 	
 

o'�R (!� ? (�� ) �@!�$ F@!% Ed�R %� �/ ' ^	
'% @�H	 E��/

 (:! � 	
 pq N&$ 	�) @0, � ;� 5�/ (�) (G F@H �CG 
'% (,��

 �2@!	�) %� ���G F%�@!� F
��G F
�X-��� fr�� `'� 5�/ @�!� ��->) E

�$ 6�:!� 
�02)e.(%� �-NG _	��� s�-!��� (?	
 d��R 
���2

 5�-G�) �0,�&� Ii � Y<� �$ �/ 
 H .(�) �0Rh�� t�\�) F'Q�\

 ' F�02 (C�	 () 5�-G�) u X! ��$ %�!j'�-0! �0,�&� L/�G 

��2 .

_	���bc��sc�-!�� (?	
 5�-G��) ��0,�&� 5���) 
��2 5��/

����� Y����A$ 6 ��0)'#�	)s.(
 ���k� M0��,'� 5'	 M0����� 5���/�$

��/�02E��$ P=�0, )�-$ ' @�H	 �\�� 	
 L/�G @�H�) .5��$


M0���E@AAG �0<v� ��/�02 @H	 F(�G �!�/�02 %� �-C0) �	 �j'�-0! 

F
�G F
�X-�� (!j'�-0! _�<0G�� %�E��$ 
'@U$ @�AG)w.(�$��N� 

P/ f���$ �-=��%)�2@�0x0�y(-�H	 E(C��	 F@AC�G 5��/	�� 

f.H EF@AAG ����� 5�02 �>!J 
�.1N\ ' F�2 @H	 E�>!J u X! '(

F
�
 ��C! � �U� (G @!�h5�/�$
 �0kM0��� 7WA$ (I�i -$ (C��	 

�$ F��2 %��zJ %� �-C�0) �	 F@ACG 5�/	�� �! X\ ' 
 H E5@�A)

 F�2 @H	 � () �!j'�-0! Y0G�� �� ' �/h�0R �$
%�@!�)el.((,
�<$ 

`�A]0� 6 �0)'#�	 M0) �, ., $ 5�/ ���/�02 ' ��/ 5���) ���)#0$

 5	'�8 6 ], (C�	 	
 F�2 @H	���)��.(M�%��
 �'Q�'#�� 

)Isoflavones daidzein(F	�r��\ �1��V� 5�#��?� M0a-=��0A? '

�7,� ` a=$ (G F
 ) �� � (C�	5�j6 �0)'#�	 5���) F��2 5��/

�$ @AH�)){.(��� �<=�! �) O	 �) �7O�A$ 	
 ��1�V� f�$�\ EM0

 @AAG 
'@U$F'�-0! �0<v� ' @H	 _	��� (?	
 �j M0���� fr�� 

�$ @H	 @H�))en.(`�A]0� E5�-G��) ' F��02 M0�) �, �.1$ 5�/

 �0*!M0a-=0A? F�2 f0.C� F@AAG 
'@U$ P>$ f$�\ ��� M.N$ 

5���$
 	
 6 ��], ����/�02 	
M0����� @��H�) (C���	 (��7WA$ )ew.(

M0a-=0A? 1�V�� ' F
��G ;��U� �	 @�	�G�� ]0,� @0, � (�!��$% 

�:�� ' T071� M0) '
 ��� ;�� �	 (C�	 F@ACG 5�/	�� �2@0x0� 


F�� G %'	 
 N! ��)bc.(M0a-=0A? �$�	 �2
 �,J �\��� @!� �

() (10��'B. japonicum F��2 (�:0-! 	
 ' F
�
 L��#��� ' ����%

 @��N! �-C0) �	 �j'�-0! �0<v�)ew.(	�@7$ M0a-=0A? (C��	 5q�) 

5�/�$
 	
M0��� L��#�� () �:A$ (C�	 (7WA$ F��02 (C��	 @H	

 F�2 L��#�� 	
 �N>$ L7! ��� M.N$ 	 -G�� M�� ' F@H ����%

 `
�&-$ @� ��% (C�	 (7WA$ 5�$
 	
 F�2 6�]A/ 
'% ��-=2 '

@H�) (-H�
 �J Y��A$ 5�$
 () �<=!)ew.(��
�7$ �/@�0g !'Q� 

P��/ ����)#0$ ����/�02 	
 M-����2	��i �0kh��� ���U� ��#��0$ �=���%

F�2 6 ], ���% �0<v� ' �/ () �	 �j'�-0! P07-=$ ��C�! �>!J (10�'

�$ @/
)b(.`�A]0� L/�G 5�-G�) ' F�02 M0) �, .1$ 5�/@A!�$ 

M0a-=0A? 	
 F��2 f0.C�� F@AAG 
'@U$ P>$ f$�\ ��� M.N$ 

5�$
 	
 6 ], ��/�02M0��� @H�) (C�	 (7WA$ .M0a-=0A? Y? $ 

5��$
 F@�AAG 5�02 1? �k� L/�G M0���� ' F@�H (C��	 (�7WA$ 

F�2 �$ L��#�� �� � 	
 �	 �j'�-0! �0<v� ' ���% @/
 .�$�]A/ (G

	
 (C�	 (7WA$ () (\	#$)�X�'#�	 (M0a-=0A? �k� E@�
�2 (��8� 

' F��2 f0.C�� 5'	 �	 d��R F	�>) 
�� 5�$
 F@AAG 5�02 1?

 �0<v� �j'�-0!
�
 L/�G)ew.(

() (! 2 3�4-!� 	 *A$ �
 �) M0���� () 	�2%�� ' Y��A$ 5�/ 

P�/ ' �C�G fr�� f��'� 	
 d�R ' � / 5�$
 #��� M0�AB �
'

fV�� #0R ' ��/	�#N�
 	
 �j'��-0! ��0<v� L��#��� ��) d�R 5

@H 6�:!� [07U� M�� E%�0! 
	 $ (� 1\ @0, � ' D���$.

���� �k��	�

() ' �C�G ��	��� �0kh�� ��	�) 	 *A$ M0a-=�0A? F��2 ��) E����%

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
87

.1
2.

45
.6

.3
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 js
tn

ar
.iu

t.a
c.

ir
 o

n 
20

25
-1

0-
29

 ]
 

                             2 / 11

https://dor.isc.ac/dor/20.1001.1.24763594.1387.12.45.6.3
https://jstnar.iut.ac.ir/article-1-900-en.html


1,�	2 3�452 � (�67� 
	�	8�96:�
; �3��	< � =! � �>�36�? ��@A� 3�... 

�| 

5 -U$ (� _�XV ���� ' F�02 �j'�-0! ;�� (�:! � (�! 2 E(,���

 (�\	#$ K���H 	
 �C��$%J 5�(�) 3���	�� _	 �V ̀ ��� 	
 5��/

es{s '�}�� ���0)�� F�]C��!�
 5%	'�C��Z F@~C��!�
 (��\	#$ 	
 

^	@$ )` Ole' (?	
 {��\ ' (70i
 sl' (?	
 �b(70i
 (

�����2 6��:!� .;��� (�:! � (��! 2 (��� %� L���$%J M���� 	
 (,����

Medicago polymorpha cv. Santiago, M. rigidula cv. 
Rigidula, M. radiata cv. Radiata (G (�,@-&$ ' 
��� [O�A$ �) 

@H F
�X-�� @!	�
 5	�2%�� .� �1) ���O Y�,�i 	
 L��$%J 5��/

 () ��
�r� f$�Z _�G _	 V 	��>B 	
 F@�H 
��R 	��) '
 5��/

 @H 6�:!� 	��.� .�CG ��	�� 	
 F�$@AX��� P-=0) ' P/
 E`'� 5�/

_�G 1V� 5�/ (! 2 ' �;� (:! � 5�/ () (,�� _��G �� �A\ 5��/

 ' ���\��M0a-=��0A? TW��� '
 	
 c'bc���-0, 	
 ` ��$'�.0$ 

)µ mol l-1 ( @�A-��2 	���i ��\�� ��\�� 5�/ _�G 	
 .fr�� 	


#0��� [N\ () P4H �� M0$% 5%�� F
�$J 5��) ���-!�� F
% ��-$

 (R 1Z �@H 
�R �>? ��� @H ��� M0�$% �@�H TW=$ ' �/

��) ! ��#��0$ (��) 6 ��0! $J _�X=��� 
 ��Z @��&) ' F
% �=���
 �|�

@�
�2 L4� 	�-~/ 	
 6�2 10Z .��1\ (�) [�07U� M�� 	
 M0���� 

(]! �0��� �
 ) 	
 %'	 (�� �/ �*! 
	 $ M0$% E��R 3J 5	�


 �$ 5	�0)J ��0$@H.()f0,
M0��� �
 ) fV�� #�0R 
 �Z E���R 5

��#0$ () F	'��/��() 	�-~/ 	
 6�2 10Z � A\ M0�$% (�) ��	�-��� �

@H F
�
 .KR LH %� f~C-$ _�Z �/��� �-!�� (�Z 
 �) 5�-$

 �]�@~� %� S WR fV� ����-!�� @H (-��2 �*! 	
 �-$ .��#�0$

 (-�	�' (N/ 5��) PG��� 	�@7$ () ' ��=.� (:! � 5�/��6�2 �10G 

@H (-��2 �*! 	
 	�-./ 	
 .M0�?' _��01N\ @�H	 F	'
 ��O 	



 () �2	�Z K� ����2 _	 V �i.

	 *A$ () 5�-G�) %� ��/�02 T071� Rhizobium meliloti �CG 

K0U$ 	
 F@H�'�-� @H F
�X-�� 	�2J �'@) .E5�-G��) (�0>� 5��)

F�2  C�-=H %� �� ' �@? (C�	 %� `�&� 5�/ �'�-�� F@�H )(�)

 ���1Z �0/ ` 1U$ 	
 (70i
 (� _@$}@V	
 (�C�G K0U$ ()

 �'@) 5��$
 	
 (G 	�2JCº��� _@�$ (�) ��'QG ��� 	
 (�70i
 


 �) F@H �! X\@8 @�!@�
�2 (���8� )es.(D���� ��0v.� 5���) 

_@�$ (�) �CG K0U$ 5�-G�)�5��$
 	
 %'	 Cºbl F
�
 	���i 

@H .T0�71� ��>? _@$ M�� �@H 5��� %� �� ��>!J %� F
�X-���

@�
�2 .' 5�-G�) �) 	'�) E�H�G %� f<i M0a-=�0A? @!@�H T0�71� .

M0a-=����0A? )Trihydroxyisoflavon l7,5,4 � 1R�����)ww%

Acros, New Jersey USA (��#��0$ (��) µ mol l-1bc (��) 

@��
�2 (��8� 5�-G�) F@H �! X\ @8 � 0=!��� �.	
 	'��) T0�71� 

5�$
Cºbc _@$ () �{@H 6�:!� �\�� .	
 (�Z M��� (�) (�? � ��)

L��$%J 5�/ a-=�0A? �
 �N! (���8� (�Z 
 ) F@H F@/�C$ �1<i (�) M0

 5��$
 K����H 	
 �� �� 
��~1N\ L��#��� t\�) (\	#$ ��R M0���� 

��$ (C�	 (7WA$ 5�	�
 5��/	�N0� 6��N� 	
 M���)��A) 

��2 M0a-=�0A? 

` 1U$µ mol l-1bc M0a-=0A? �C�G 	'��) 5'	 �W7$ 3J �) F��N/ 

@H F@0H�� �/	�0H fR�
 	
 F@H)e{(.(1��$ 	
ec%f26�@�i� �/


 (! N! () 	
 5	�
�) TW� l/c�-$ _�G %� D)�$ @��
�2 �C��$%J 5�/ .

F%�@!� ' ��	�) 
	 $ f$� \ _	�<\ 5�02 %�:F��2 ;C�R F
�$ ��#0$E

� 1G ' F�2 
�@&� EF�02 ' (C�	)F��2 (-�
 (' F��2 ��Wi E(C��	 	


 F�2 (-�
 'F�02 �j'�-0! 	�@7$ @!
 ) .F
�
 f01U� ' (�#:� () �/ (10��'

6�! %�#��SAS �2 6�:!� ��)ee(EM0]!�0$ (=��7$ '� �$%J K�� � �/

 TW� 	
 M.!�
l������ _	 V E@V	
 .

m,	6?hF�� 

(��) ���A&$ f��0,
 _�X��V %� 5
�@��&� 	
 `���� f��$�\ �@��H 	�


F%�@!� _�X�V �C��$%J 5�WR �!��	�' %� F
�X-�� �) EF@H 5�02

 � $%J EL��$%J `�� '
 	
 	 G�$�1�	�) ' F@�$J fN\ ()	
�

V %� 
	 $_�X )��� �/ L4) �CR F
�$EF��2 �C�R F
��$ E

F����2 (-����
 
�@���&�'(C����	 �C���R F
����$ (χ2����A&$ 	�
 

@H)`'@? �((�) _�X�V M��� �!���	�' (��#:� ��, E_	 �V

 ���2 6�:!� (!�0,�� .	�� �k��' (! 2 E�H�Z �M0a-=�0A? '	��kJ 

'	 �>!J f)�7-$5�	�) 
	 $ �XV 	�>B �)(�) �k� #�? f�)�7-$ �

A? 	
 (! 20=Ma- 	 �C�R F
��$ �X�V ��) ��(C(`��� '
 	


,� -$�A&$ �
 ) 	�
)`'@?�.(	

	 $ l��]�
 �XV )` �O 

(C�	 EF�2 �Wi E$	�@7 �j'�-0! E(C�	 F�2 
�@&� E	
 F��2 
�@&�

 (C�	 � 1Z �/(χ2�A&$ ! 	�
C@)`'@�? e(.���	�) M���)��A)

 ���-!S )�$ M�� ()l��) �XV F
�
 Y�G�$ (��#:� ^���� ��/

 ������ _	 V)`'@?s(.G ��	�� E`�� _��k���HE(! 2 �/5

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
87

.1
2.

45
.6

.3
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 js
tn

ar
.iu

t.a
c.

ir
 o

n 
20

25
-1

0-
29

 ]
 

                             3 / 11

https://dor.isc.ac/dor/20.1001.1.24763594.1387.12.45.6.3
https://jstnar.iut.ac.ir/article-1-900-en.html


����� ��	
� � 
���	�� ��
� � ���� /�	��������/��	 !�"
# � $%&)()�(/+�,	# -./0 

�� 

��@;-.���3� ���� O	cP 
�3� ^,	��M (�67� 
	�	gb n?	,��� �?�U � 8���2 

���>! (:0-! χ2�\�� _�Z 5�WR 5��) F%�@!� _�XV F@H 5�02 

CHISQ CHISQ CHISQ 

� ]N/�! **�}��/��*����/�*���|/�	�@7$F
�$ F�2 ;CR (C�	F�02�/ 

� ]N/ ����/�����/�}}��/�(C�	 F�2 
�@&� 

� ]N/ ����/�}|��/�����/�	
 F�2 
�@&��/(C�	 � 1G 

� ]N/�! **|���/|���}/�**����/|(C�	 	
 F�2 (-�
 
�@&� 

� ]N/ ����/�|��}/}�}��/�7$�j'�-0! 	�@ 

� ]N/ ���}/����|/�����/�F�2 �Wi 

� ]N/�! **����/�**|�|�/|����/�	�@7$F
�$ ;CR (C�	 F�02�/ 

� ]N/ }���/�����/�}���/�(C�	 ` O 

� ]N/�! *����/�}��}/��}��/��	�@7$F
�$ ;CR 

;� (:! � P/ ' (,�� (�! 2 f�)�7-$ _��k� M0AB ×E�C�G ��	��� 

��	�� �CG ×M0a-=0A?E(! 2 �/×M0a-=�0A? (�! 2 '×��	���

 �C��G×M0a-=��0A?���A&$ �0kh��� _�X��V ���vG� 5'	 (-��H�
 5	�


)ce/cP<(��k� E���7-$ _������ f)��`�×��! 2�(×���	����C��G �×

M0a-=0A? 	
 6�N� A&$ _�XV ��<! 	�
�@!
  .�N8���*1z p�A5��/

 I1-4$M0a-=0A? 	 	
 F��2 
�@�&� ��) K�7� ��A&$ (C�� 
 �) 	�
 

)ce/cP<(E)`'@��? }(.P��/ (��Z 
���Z ��C��! �O���R @����) M0��AB

�A&$ ��$ _�X�V �m�&) 
	 �$ 	
 �1�	�) � $%J �@H 	�
 @�!� �

 @�H�) `���'
 	
 @�H	 fr� f��'� 	
 �$
 �Q-R� () S )�$.	


��? � �) `'� `��Y��A$ () (�) �����$
 K����H �
 ��zJ 	
 ��%�

r��H	 f�@)���$
 M0]!�0$ $ '
 	
 �H	 fr� `'� F��� 	
 @�`�

`'�e�6'
 `���� 	
 'e/es��?	
 ���-!�� (��
����2((��! 2 E5���/

:! ��;� (��2 '  N! ' @H	 (,��F��<=�! 5�-C�0) ' ��->) ���%

 _@�$ 	
 Y���A$�! 5��$
 @�H	 fr�� 5�@-)� 	
 (G 6'
 `�� ()

�!q O PG�� 5�� (-H�
 EF
 ) ���)`'@? �.(

%J `��'
 �/ 	
 ��r$ L��$M0a-=0A? �1� (! 2 	
 ���	 $

 @�H �J ��r�$ 6@�\ (�) �<=! F�2 �CR F
�$ L��#�� t\�)

 ��r�$ 6@\ �� ��r$ �]�
 (! 2 '
 	
 �,' M0a-=�0A? �0kh�� 

�A&$ fZ 	
 E�H�@! 
	� $ �vZ� 	
 5	�
 M��-C�0) ;C�R F
��$

F�2 `���'
 ��/ 	
 	
(�! 2 M. polymorpha ��*1z ��) bc

���-0, 	
 ` �$'�.0$ M0a-=��0A?f��V�� 6 ��� �C��G ��	���� 	
 

@�
�2 )`'@? �.((W)�	 	
 M077U$ ���� ���-! �) fV�� ���-!

 �C��#�� �0kh� �)M0a-=0A? ()�C�$ F��2 ;C�R F
��$ 	�@�7$ ��) 

�$ @H�).%� F
�X-��M0a-=0A? �	 F��2 �C�R F
��$ ' F�2 
�@&� 

2 	
0�#�� F��<v� "'�H ��$% ' F
�
 L0! �0 � 	
 �	 �j'�-�	
 �

!���$% ' @��H	 fr��� ` ��O���� % ��A/ ����R (��Z������ 


$  1?�
%�@!�)ew.(

��r�$ `�� '
 �/ 	
 M0a-=�0A? �C�R F
��$ 	�@�7$ ��) 

6 �� ��H�Z ��	��� 	
 ��	�) 
	 $ (! 2 (� �/ ��� / L4)

 �A&$ �0kh� 6@�\ () �<=! �J 	�@7$ L��#�� t\�) ' �H�
 5	�


 @H �H�Z ��	�� ��N/ 	
 �J 
�)	�Z)`'@? �.(5�/�$
 M0���� 

E`'� �CG ��	�� 	
() ��� M~N$ �0kh�� f0,
 �XA$�	�@�7$ ��)

 
� $ `�7-!� ' #-A� -�EL/�Z t\�) � �/ L�4) �C�R F
�$��

@H�) F@H.��77U$ K� � (-~! M0
 M��A<$ �]�kh�� ��) 0��$
 �5

��0�! #-A� -� �) M0���� F@H �	�#2 #)eb.(`��� '
 ��/ 	


(! 2 ��	�� 	
 q'@0:�	 ��) �J 	��) T071� �) F��N/ 6 � �H�Z 

M0a-=0A? �C�R F
�$ �$� 
 N! @0, � 5�-C0) �CR F
�$ 	�@7$ 

�~\��) ' 
 �) �����
�	 %� ��-NZ �H�Z ��	�� M�� 	
 �J (C�	

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
87

.1
2.

45
.6

.3
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 js
tn

ar
.iu

t.a
c.

ir
 o

n 
20

25
-1

0-
29

 ]
 

                             4 / 11

https://dor.isc.ac/dor/20.1001.1.24763594.1387.12.45.6.3
https://jstnar.iut.ac.ir/article-1-900-en.html


1,�	2 3�452 � (�67� 
	�	8�96:�
; �3��	< � =! � �>�36�? ��@A� 3�... 

�� 

��
��

�.
�
	
�
�

�
��
��
�

�	
�

�

�

��

�
��
�
�
�
�
��

�

�
���
�
 

!
"

�	
#$


%
&

'
��
�
	#
�

�
(�
)
*+
�,�
�
-
��
.
�

/�
�
���
�
�

%

+
�01

2
+

�
��
��
��
	

��	
�

�

�
��
�

�

��
��

�
�
�
��
�� ��
��

)
g/

pl
an

t
(

��
�
��
��
���
��

��
��

�
 
��

�
�
��
��

!
��"
#

)
kg

/h
a

(
�
�
�
��
��

��
� (m

g/
pl

an
t)

�
��

��
�� ��
��

)
g/

pl
an

t
(

��
��
���
��

��
��
��
�

�
 
��

�
�
��
��

!
��"
#

)
kg

/h
a

(
��
�
�
�
�
��
��

(m
g/

pl
an

t)

�$
�� %&

'
��

�	
	(
�)
��*
�

++
,,

/+
.+
+

/,
//

/0
12

34
3

/5
++
,6

/+
10
+

/+
,.
7+
+

./
8

/,
6

���
9�

**
+8
0.

/+
**

,+/
6/

**
.,
7/
/+
/

**1/
/+
,

**
+6
.+

/+
**

8,/
10

**
86
.,
/+
8

**./
8.
.

1
:
�
;
<
��
��

++
+2

/+
==
5

/>
*

=?
4>
=

**
4@/

A=
@@
>=

/@
3>
@

/@
B=
B@
3

80
/

/1
7

�

�
'
�C
�

**
+7
+,

/+
**

3>/
34

**
=@
D3
@?
DA

**
?=
?4

**
>>
=5

/@
**

?A/
5@

**
3?
>B
5B
B=

**
A4
==

1
��"
�

*
++
8+

/+
**

AA/
AA

*
>>
>D
4B
?

**A/
5=
4

**
@@
B5

/@
**

==/
>D

**
>D
>3
53
5

**@/
=@
=

8
��"
�

×
:
�
;
<
��
��

++
,0

/+
*

45
A

/>
>@
@?
>

**
53/

>B
@@
>D

/@
=D
4

/@
?>
34
?

??
?

/A
,.

�

�
'
�C
�

**
+6
./

/+
**

D3/
?>

**
A>
?D
?>
A

**
>A
DA

**
@?
55

/@
**

BA/
?=

**
A@
?>
B4
A

**
>?
D=

,
�
	�G
*$

**
++
78

/+
**

??/
>>

**
?3
?>
@3
5

**=/
A@
@

**
@@
D>

/@
**

=?/
>@

**
=5
?=
@3
5

**>/
>D
@

1
�
	�G
*$

×
:
�
;
<
��
��

++
1+

/+
**

0.
6

/2
**

..
10
72

**0/
08
8

++
1,

/+
**

DD
A

/5
**

BB
B5
D3

**
>@
@>

1
��"
�

×
�
	�G
*$

*
++
6.

/+
**

+2
,

/8
**

6/
.2
,0

*8/
,0
.

*
++
88

/+
**

A4
?

/=
**

2.
/+
6,

**8/
,0
+

8
��"
�

×
:
�;
<
���
�

*
��
�

++
,+

/+
/8
,1

/+
./

,6
,7
/

70
7

/2
++
,1

/@
A5
D>

/@
7+
11
2

+2
27

/1
1/

�
���
&%
'
�C
�

:
�H
I
J

��

:
!
*�
�

:
G
	�
���

*:
!
*�
�

L
C�
��
���

2%

**:
!
*�
�

���
��

L
C�

,%

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
87

.1
2.

45
.6

.3
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 js
tn

ar
.iu

t.a
c.

ir
 o

n 
20

25
-1

0-
29

 ]
 

                             5 / 11

https://dor.isc.ac/dor/20.1001.1.24763594.1387.12.45.6.3
https://jstnar.iut.ac.ir/article-1-900-en.html


����� ��	
� � 
���	�� ��
� � ���� /�	��������/��	 !�"
# � $%&)()�(/+�,	# -./0 

|� 

��
��

3.
�
	
�
�

�
��
��
�

4
�*
�

*5
�
�
�
�
��

�
�
�

�
 

*
�


�
���
�
 

!
"

�	
#$


%
&

'
��
�
	#
�

�
(�
)
*+
�,�
�
-
��
.
�

�
�

%

 
�

!�

/�+
�01

2
+

�
��
��
��
	

��	
�

��
��
�"
N

��
�
�C
O

JP

�
�	�
���
Q�

��
��
J"
R;
��
��
�
���
��

��
��
��
��
�
���
��

'
���
%�
$�
�

�	
	(
�)
��*
�

**8/
16

**1/+
**//

,2
,

**1/,
**0/

,.
2

,
��
�

8+
6+

/
,2

+8
02

/+
16
/7

/1
+,
.8

/+
+.
70

/6
7

�

�
'
�C
�

**2/
/2

**
+0/+

**0/
17

**6/6
**2/

82
.6

1
:
�
;
<
��
��

1
**

+//+
**./

,7
**0/+

0/
,0
/

1
��
�

×
:
�
;
<
��
��

1/0
++
/

/+
0/1

+0/+
+/

.8
,1

�

�
'
�C
�

2/0
**6/6

**1/
2+

**1/
16

**7/
/6
,0
/

1
�

��"

1/8
+0/+

,/,
8/+

./
7+

1
��
�

×
��"
�

**8/
8/

**,/+
+/6

*8/,
**1/

76
88

8
��"
�

×
:
�
;
<
��
��

8/1
+6/+

**1/
,6

1/+
2/

1/
8

��"
�

×
:
�
;
<
��
��

×
��
�

6/
,6

+8/+
7/,

28/+
,/

,6
.

67
�"
�
'
�C
�

,/
,0

+0/+
7/,

//+
**8/

,8
27
+

,
*$	

�GS
�
	

7/1
++
6

/+
1/+

++
7

/+
++
,

/+
,

��
�

×
$*	

�GS
�
	

7/
,8

**1/+
6/+

+2/+
**0/

,.
.,

1
*$	

�GS
�
	

×
:
�
;
<
��
��

**+/
7/

**,/+
*//1

8/+
**0/

.6
17

1
��"
�

×
*$	

�GS
�
	

./+
++
+7

/+
*7/1

+,/+
//6

1
*$	

�GS
�
	

×
:
�
;
<
��
��

×
��
�

//,
++
+.

/+
//+

++
8

/+
+/7

1
*$	

�GS
�
	

×
��
�

×
��"
�

*6/
16

*
+//+

*,/1
**0/+

**,/
72
+

8
*$	

�GS
�
	

×
:
�
;
<
��
��

×
��"
�

7/6
++
+1

/+
./,

+1/+
1/

,6
8

*$	
�GS

�
	

×
��
�

×
��
"�

×
:
�
;
<
��
��

7//
+1/+

./+
18/+

./
72

28
�
���
&%
'
�C
� **:

!
*�
�

L
C�
��
��

,%

*:
!
*�
�

L
C�
��
���

2%

:
�H
I
J

��

:
!
*�
�

:
G
	�
���

.

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
87

.1
2.

45
.6

.3
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 js
tn

ar
.iu

t.a
c.

ir
 o

n 
20

25
-1

0-
29

 ]
 

                             6 / 11

https://dor.isc.ac/dor/20.1001.1.24763594.1387.12.45.6.3
https://jstnar.iut.ac.ir/article-1-900-en.html


1,�	2 3�452 � (�67� 
	�	8�96:�
; �3��	< � =! � �>�36�? ��@A� 3�... 

|� 

��
��

6.
2
+7
	
+
�
�0
�
8
�

 

*
�

�

%

/�
9
5
8
��

+
2
+1�
0

:
�
;

<
�
��

�

�
�	
#$

�	
#$
�
���
�
 

!
"
*5


%
�

��
	#
�

=
��

�.

�

�

��
��

��
��
��
�
��
��
���
��

��
��
�
�
�
��
��

)
g/

pl
an

t
(

!
��"
#
�
 
��

�
�
��
��

)
kg

/h
a

(
��
�
�
�
�
��
��

(m
g/

pl
an

t)

:
U�
V
<
��
��

:
U�
V
<
��
��

:
U�
V
<
��
��

:
U�
V
<
��
��

�"
�

�

�

�

�

�"
�


��
�

�

�"
�

�

�

�

�

�"
�

�

�

�

�

*$	
�GS

�
	
µm

ol
/li

t

�G
��Q
�

�
	

��	
�

�#

,+/
,+

a
2+/7

b
0//1

fg
,8
/2

/+
gf

e
+0
/2

/+
gh

+.
12

/+
h

17
7/

e
11
18

fg
,/
,/

hi
j

++/
20

a
++/

17
b

12/
1+

c
1+

M
.p

ol
ym

or
ph

a

7//6
fe

6//,
j

++/6
fg

62
2+

/+
a

18
2+

/+
c

,2
++

/+
gf

e
61
26

d
,6
8.

kj
,1
.0

k
12/8

gh
ij

7+/,
kl

.1/6
hi

jk
1+

M
.r

ad
ia

ta

71/2
c

,1/1
hj

i
01/8

dc
18
++

/+
c

6+
++

/+
b

,/
++

/+
de

78
12

a
86
80

b
8.
,6

b
12/7

fg
2+//

ef
/2/2

fg
h

1+
M

.r
ig

id
ul

a

8+/8
de

8//2
c

1+/1
hg

i
,,
++

/+
fg

h
+.
12

/+
h

+7
++

/+
h

,0
8+

hg
12
76

fe
,/
.+

hi
2+/

,7
d

12/0
e

2+/.
e

+
M

.p
ol

ym
or

ph
a

01/1
fg

2+/,
ji

.1/,
hj

i
1+
/2

/+
dc

,0
12

/+
dc

e
,7
12

/+
df

e
18
++

fe
,7
6+

hi
jk

,8
,8

ki
j

12/6
ijk

l
62/,

l
02/1

ijk
l

+
M

.r
ad

ia
ta

71/6
f

6//1
hg

8//6
f

,0
2+

/+
dc

e
1,
++

/+
cd

,7
/2

/+
de

60
.7

c
81
20

c
2+
..

b
12/2

fig
h

62/1
jk

l
+1/7

fg
h

+
M

.r
ig

id
ul

a

�

�
��
�

62/
,+

a
+2//

b
2//1

fg
he

i
,/
++

/+
dc

e
,1
++

/+
fe

+/
++

/+
g

6+
82

d
12
7/

e
,7
2+

h
2+/

7,
a

12/
10

b
/2/

,2
d

1+
M

.p
ol

ym
or

ph
a

8+/6
ed

f
,1/,

j
22/1

fg
he

i
61
12

/+
a

11
++

/+
c

,6
/2

/+
df

e
6+
,,

d
,,
28

j
,+
78

j
7//6

fig
h

81/,
i

12/6
ig

h
1+

M
.r

ad
ia

ta

82/2
c

/1/,
hi

j
02/6

ed
11
++

/+
c

1/
12

/+
b

,8
2+

/+
df

e
20
60

a
8+
/0

b
6/
22

c
71/2

fg
h

61/7
fg

2+/6
ig

h
1+

M
.r

ig
id

ul
a

7//8
cd

0//2
bc

02/,
gh

ij
,6
++

/+
df

e
+0
2+

/+
gf

+8
/2

/+
g

16
21

f
1.
//

d
,/
16

h
/2/

,0
c

2+/
,+

e
2+//

fe
+

M
.p

ol
ym

or
ph

a

72/1
fg

he
i

12/,
ji

2+/,
hj

i
,.
++

/+
dc

,/
++

/+
dc

e
,6
12

/+
df

e
1,
7.

g
,8
+1

i
,1
1/

j
01/1

ig
h

1+/,
i

8+/1
ig

h
+

M
.r

ad
ia

ta

1//6
eg

f
+1/1

fg
he

i
0+/1

fg
he

,.
12

/+
cd

,.
++

/+
dc

,8
12

/+
df

e
6/
80

c
6/
11

c
60
81

b
21/8

fig
h

+1/1
hi

2+/6
ig

h
+

M
.r

ig
id

ul
a

�*
���
�*
W
J"
�&
%X

��
��
�J
"�
�
�#
��
���
�
�Y


�
Z
��
���
I�

�
[�
��
'
�

)
+2/+

P≤(
!
*�
�Y

H
��
�

���
�'
���

��.

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
87

.1
2.

45
.6

.3
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 js
tn

ar
.iu

t.a
c.

ir
 o

n 
20

25
-1

0-
29

 ]
 

                             7 / 11

https://dor.isc.ac/dor/20.1001.1.24763594.1387.12.45.6.3
https://jstnar.iut.ac.ir/article-1-900-en.html


����� ��	
� � 
���	�� ��
� � ���� /�	��������/��	 !�"
# � $%&)()�(/+�,	# -./0 

|� 

��-NZ �H�Z ��	�� M0N/ 	
 �J ��� / 6�@!� �CR F
�$ ����
�	

 ��� F
 ) q'@0:�	 %�.6�@�!� �C�R F
��$ �vZ�@�� q'@�0:�	 

E��� F
 N! @0, � 6 � �H�Z ��	�� 	
 �	 ��� / P�/ 	
 M0�AB

��	���/5'
 %� L0�) �J (�� 1\ 
�~1N\ ��#0$ #0! �]�
 �H�Z 

�XV M�� () (? � �) ��, E
 ) �]�
 (! 2 F�02 	 Z�$6'�7$ M���

 �� (:! � ��$ ' F
 �) �$��� (�) (�! 2 (� M�� M0) (,�� @�!� �

 ' @H�) (-H�
 6 � �H�Z ��	�� 	
 �	 ��� / 6�@!� @0, � �vZ�@�

 -!� 	
 ' 
	�
 	��i ����
�	 �J %� @&) ��1� ��> fi�@�� ���	 $ F
��$

 � �/ L4) �CR��
��Z @�0, � �	)`'@�? �.((�! 2 (�B�2�

�1� �vZ�@� 5�	�
 ��	 $ F
��$ ' F��2 (-��
 
�@�&� EF��2 
�@�&�

 E
 ) `�� '
 �/ 	
 F�2 �CR,'�(i��� ' (C��	 �CR F
�$ 

��� (-��� L/�Z �]�
 (! 2 '
 () �<=! (! 2 M�� 	
.(�) ��*!

$�1� (! 2 (Z @�	� $��-=2 ��V �	 
 R �� � M��-C0) ��	

�/@��'5$ �j'�-0! �0<v� () S )�$ �@���N! P�/ �AB0M�~N$ M

F�2 E��� �/5~C� 0'	 F@H f5	�C((�! 2 ��/5	�:�0' q'@


�	�,' @AH�) `�&� ����� �) �M(Z�F�2 
�@& 1� (! 2 	
 �/����	 $

 
 (! 2 '
 () �<=!�) �]0��� �-C.��F�2 M,�&� �/0@�AB �!��

<v� �*! %�0! �0(-H�@! �j'�-)@AH�)`'@? �'�.(

�1� (! 2 	
 ��	��� 	
 EL���$%J `��� '
 �/ 	
 ��	 $ 5��/

 ��r$ 6 � ' 6'
 �H�ZM0a-=0A? �J ��r�$ 6@\ () �<=! 

F�2 (-�
 
�@&� L��#�� t\�) �$ pq�N-�� (Z E@H �/ ��C�! @!� �

 �<v$ �k� F@A/
M0a-=0A? 
 
�@&� L��#�� 	
 F�2 (-� E@�H�) ��/

P/ M��-C0) M0AB F�2 (-�
 
�@&� 	
(! 2 M. polymorpha 	


 ��*1z ' 6 �� �C�G ��	�� µ mol l-1 bc ��-0, 	
 M0a-=�0A? 

@H fV��)`'@? �.(

��r$M0a-=0A? �1� (! 2 	
 �H�Z ��	�� (� �/ 	
 ���	 $

 �A&$ L��#�� t\�) @�H F�2 
�@&� 	�
)`'@�? l(P�/ E	
 M0�AB

 M0N/ ��r�$ K���H 	
 (Z @H F@�
 (! 2 M0a-=�0A? 	
��	���

 �H�Z 6 � ' 6'
 `'� ��H�Z ��	�� () �<=! 5�-C0) F�2 
�@&�

 
�Z @0, � .��	�� 	
 (! 2 	
 6'
 ' `'� �H�Z 5�/ ' �����
�	 5�/

 
�)	�Z q'@0:�	M0a-=0A? �A&$ �k� �H�@! �/ F�2 
�@&� �) 5	�
 .

P/ M��-C0) M0AB2 	
 F�2 
�@&� (!  M. polymorpha 
�*1z 	

µ mol l-1bc M0a-=��0A?	
 '�C��G ��	��� 6'
 5��/ '6 ���'

M����-NZ (��! 2 	
 �J M. radiata	
 	
 ' 6'
 �C��G ��	����

�*1z 5�/ µ mol l-1 c'bcM0a-=�0A? @�H f�V�� )`'@�? l.(


�)	�ZM0a-=0A? ��1� (�! 2 	
 �>A� 6 �� ��H�Z ��	��� 	
 ���	 $

 �@&� L��#�� t\�) @H �J ��r$ 6@\ () �<=! � 1Z �/ 	
 F�2 
.

P/ M0AB 	
 � 1G �/ 	
 F�2 
�@&� M��-C0) E��H�Z ��	��� M0�N/

 ' (! 2�*1z µ mol l-1bc M0a-=0A? @��
�2 F@/�C$)`'@�? l(E

F�2 (&� � ' @H	 �) �$
 �0kh� %� �G�� (G �/(! 2 M�� 	
 �$@�H�) .

P>$ %� �.� F�2 L/�G 5��) f�q
 M��� �%(C�	 (7WA$ PG 5�$
 E��

���)bc.(' ^ �.&$ ��k� E(C��	 (�7WA$ _	���� (�?	
 L/�G

 F�2 �) 5@�@H 6 ], ���% �$ �j'�-0! �0<v� ' �/ 
	���2)n.(_���k�

 F��2 	
 �j'��-0! �0<v� @A���� fN\ 5'	 M0��� _	��� (?	
 5��/

 P/ (C�	 �C�z 5�����u X! 	
 ��00�� ��1\ (�) ���� M~N$ M0AB

 0=Z� () �<=! @H�) ��)��.(��<v$ �0kh�� �) #0! M077U$ �]�
 ���-!

M0a-=0A? F�2 �) ���% 
	�
 @0Zh� .%� F
�X-��M0a-=0A? L0� F	'
 	
 

(!� ? %� P07-=$ 
�)	�G �� �!% M0a-=�0A? F��02 (C��	 K0�U$ 5'	 E

F�2 �$ L��#�� �	 �� � ���%@/
)ew.(

��r$M0a-=0A? �1� (! 2 	
  $	�Z ��	�� 	
 �� 6 �� ��H

 @H �J ��r$ 6@\ () �<=! F�2 �Wi L��#�� t\�).P/M0�AB

 ��r$ 6@\ K���H 	
M0a-=0A? M0�) ��Q-R� E(! 2 (� �/ 	
 

��	�� ' @C�! f�V�� F��2 ��Wi ��*! %� �C�Z I�1-4$ 5��/

 (�! 2 	
 F�2 �Wi M��-C0) M. polymorpha �C�G ��	��� 	


�*1z ' 6 � µ mol l-1bc M0a-=�0A? (�) @�$J ���
 .�)(��*!

$�(Z @�	 %� F
�X-��M0a-=0A? 5�$
 	
 �	 F�2 f0.C� �\�� 

M0��� F�2 ��, EF
�
 L��#�� 5�-C0) @H	 ' F@H f0.C� ��
'% �/

 ̀ �&� ' F
 N! @A-=/ �� )`'@? l.(��$� M�� ��$ pq��N-�� @�!� �

 F@A/
 ��C! �0kh� M0a-=0A? 	
F�2 
 <>) (! 2 ���% (�:! � 5��/

;� $ K���H 	
 (,�� (\	# ����� ����-! ��) f�V�� ���-! ' @H�)

 �C��#�� �0kh� �) (W)�	 	
 M077U$M0a-=0A? �) F�2 ()�C�$ ����%

��� .!'Q� TW��/@0g  F��2�) P07-=�$ �0kh� ����%	��(CF��02

 ' (-H�
	�@7$ @0g !'Q� �/P�/ ��)#0$ ��/�02 	
 ��#�0$ E�=��%

 F�2 M-��2 	��i �0kh� �U� 6 ], ���% �/��C! �	 ��$ @�/
)bc.(

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
87

.1
2.

45
.6

.3
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 js
tn

ar
.iu

t.a
c.

ir
 o

n 
20

25
-1

0-
29

 ]
 

                             8 / 11

https://dor.isc.ac/dor/20.1001.1.24763594.1387.12.45.6.3
https://jstnar.iut.ac.ir/article-1-900-en.html


1,�	2 3�452 � (�67� 
	�	8�96:�
; �3��	< � =! � �>�36�? ��@A� 3�... 

|} 

��@;o.8�U?	�� D:,	A� O�34� 
	�$�	A6� 8�96:�
; =!	< 1,�	2 �D?�B �O	cP 3� 

D?�B (�67� D"?�, 	� f, 
	� D)	��	� �� �� 

(C�	 F�2 
�@&� (C�	 � 1Z �/ 	
 F�2 
�@&� F�2 �Wi (mm) 

�H�Z ��	�� �H�Z ��	�� ��H�Z ��	� M0]!�0$ (=��7$ �/M0a-=0A?

µmol/lit
`'� 6'
 6 � `'� 6'
 6 � `'� 6'
 6 � 

M. polymorpha �� c�/|�a�/�}�a|/�}� bc |/�b�/}a�/���/� b��/� ba}/�

M. radiate �� g�/��hi �/��g}/��efgh �/�fgh �/�fgh �/���/� de ��/� g�|/� fg 

M. rigidula �� f�/}|g�/�}d�� cdefg �/�Defgh �cde �/��}/� f��/� fg |�/� f

M. polymorpha �e}/��b|/��d}/�}bc |/�b�/}b�/}��/� dc �}/� bc ��/� bc 

M. radiata �gh�/��i|/�g�/��gh |/�Fgh �/�defgh �/���/� fg ��/� fg ��/� f

M. rigidula �ef }/��g�/��ef �/�}cdef }/�h�/�cd �/��}/� f|�/� fe ��/� f

	�@7$(! 2 �j'�-0! �/)mg/g(
(C�	 ` O 

)cm(

M. polymorpha �� ef �/}�de �/}�de }/}�bcdef �/��ab }/��f�/��

M. radiata �� cd �/}}ab �/}�ab �/}�def �/��ab �/��a�| 

M. rigidula �� de }/}�ab �/}�ab �/}�def �/��Bcd �/��bcdef }/��

M. polymorpha �f�/}�ef |/}�ef �/}�ef �/��abc ��ef �/��

M. radiate �de �/}�bc �/}}abc �/}}def |/��cdef �/��cdef �/��

M. rigidula �de �/}�a�/}�ab �/}�bcd �/�}ab }/��bcde �/��

� �) 
�@\� M.!�
 � $%J ^��� �) � -� �/ 	
 ()�C$ �'�)��/�P≤(�A&$ �Q-R� 
	�@! 5	�
.

��@;p.8�U?	�� D:,	A� O�34� 
	� �	� q�P� D?�B (�67� O	cP 3� D"?�, 	� f, 
	� D)	��	� �� �� 

�CR F
�$

 F�2 

(mg/plant) 

�CR F
�$

 ��� / L4)

)kg/ha(

�CR F
�$

(C�	 

)g/plant(

(-�
 
�@&� 

(C�	 F�2 

F�2 
�@&�

(C�	 

F�2 
�@&�

 �/ 	


 � 1Z

(C�	 

F�2 �Wi

 (mm) 

	�@7$ 

�j'�-0!

(! 2 �/

)mg/g(

` O

(C�	 

)cm(

`��

`'� 

��/�� a���� a �|�}/� a|�}/} a��/�� a��}/� a����/� a�|/}} a�}/�� a

`��

6'
 

��/�� a�|��b��}�/� a�|�/} a�}/�| b}��/� b|�}�/� a��/}� b��/�� a

M.!�
 � $%J ^��� �) � -� �/ 	
 ()�C$ �'�� �) 
�@\�)��/�P≤(�A&$ �Q-R� 
	�@! 5	�
.

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
87

.1
2.

45
.6

.3
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 js
tn

ar
.iu

t.a
c.

ir
 o

n 
20

25
-1

0-
29

 ]
 

                             9 / 11

https://dor.isc.ac/dor/20.1001.1.24763594.1387.12.45.6.3
https://jstnar.iut.ac.ir/article-1-900-en.html


����� ��	
� � 
���	�� ��
� � ���� /�	��������/��	 !�"
# � $%&)()�(/+�,	# -./0 

|� 

�Cz TW� 	
 ̀  1� (G �!�$% 5�/ F@H �#:$ ��/�02 M0,'� 5��)

 '	 M0��� 5�$
 K���H �) 	�) )(�$ '	 ��W&!� E@! H �C�z 5���� 

�$ L/�G �J fN\ '@)�� .��W&!� )� 	
 �C�z TW�� 5����� �@�-

() �$ L/�G E(C�	 (7WA$ M0��� 5�$
 (10�' (�) �:A$ M�� ' @)��

 ���'��� �'�) �\�� L/�GM0a-=0A?�$

�2)ew.(


�)	�ZM0a-=0A? ��	�� 	
 (�� ��/ 	
 ��H�Z I�1-4$ 5��/

 ��H�@! �j'��-0! 	�@�7$ ��) 5�0kh�� (! 2 .(�! 2 ' �����
�	 5��/

 ��r$ �) q'@0:�	M0a-=0A? ��	�� 	
 Z 5�/ 6 �� ' 6'
 ��H�

 6�@�!� 	
 5�-C�0) �j'�-0! 	�@7$ `'� �H�Z ��	�� () �<=! 5��/

 @��!
�Z F���0Ru ��� ��/)`'@��? �.(������
�	 (��! 2 '
 p�AN��8 '

���1� (��! 2 %� q'@��0:�	����	 $ 3���? 5�-C��0) �j'���-0! 	�@��7$ 

F
 N! @!� �$ �0&8' M�� (Z () pq�N-�� @!� � �-C�0) ��$'�7$ f0,


 (! 2 M�� �$��� (�) ��/ ' ��� �/ 6�@�!� �-C�0) @�0, � (�:0-! 	
 '

@�H�) �j'��-0! 5��) �-C0) 5�8�7�.(�! 2 (�:! � I�1-4$ 5��/

;� ' (C��	 5'	 F��2 f0.C�� 	
 ��'��X-$ �� �� (,��� 3��?

@!	�
 �j'�-0!.

() �$ �*! L��#��� (Z @�	 F��2 ��Wi ' (-��
 EF��2 
�@�&�

 �) F�02 T071� �k� 	
 F@H f0~C�M0a-=0A? � 5�$
 	
 7WA$ M0��(

�j'�-0! 	�@7$ L��#�� �>? (C�	 ��� �/ 6�@!� @�$J	�Z�! F��02 

@H�) .(Z ���:!J %� (�! 2 M. polymorpha ��$'�7$ (�) ��NZ

 (! 2 ���� () �<=! �$�� 6 �� �H�Z ��	�� 	
 @��) ��, 
	�
 �/

 6�2 � / (Z ��� ��E
 H (-H�Z E(�) pq��N-�� �
 �<! `��&� f�0,


F�2 F�� Z �� �/  ) �� E@H	 F	'
 ` O �
 ����� () �<=! F�02 M��

(! 2 �/E5�-NZ �CR F
�$ @0, � 
�Z @0, �F-! 	
 '03��? (:

!02 K� � �j'�-0
 �) @�/� R ��-NZ ��R %� F� ����-! (�Z���M

�$%J�L��$ @�0�h� �	 
	 �$ M0�N/ #�0! @�AAZ)`'@�? �'�.(

��r$M0a-=0A? ��	��� 	
 ����
�	 (! 2 	
 ' 6'
 ��H�Z 5��/

 � @H (C�	 ` O L��#�� t\�) 6.	

	� $ �vZ� M0a-=�0A? ��) 

(�! 2 ' �H�@! 5�k� (C�	 ` O �!�=�~� (C��	 ` �O #�0! ��/

@A-H�
.��00% _���
�5	 ` O 	
 �) 	
 (C0� M0PC�B (�) �/	�N

N!�	 ` O pq�N-�� ' 
	 R�
 f$� \ D)�� (C���]5z (�) �0%� �

�0�/	�N5� 	
 
�)	�Z 
	 $ ��$%J M�$ L�H�) @)`'@? l.(

D"�6?
3�B 

�����-! (��) (��? � ���)F@��$J ����
 (��)(��! 2 EL����$%J M���� 	
 

M. Rigidula  (! 2 ���� () �<=! �$��� (�) 5�-C0) �$'�7$ �/

 ' (��� 1\ 
���.1N\ ' F
�
 ��C��!	�@��7$ �j'���-0! � ��/ 6�@��!���

(�! 2 (�) �<=�! 5�-C�0)M. polymorpha , � �0@
��Z .���

�$ (! 2 %� �� �M. rigidula ' Y��A$�! ���$
 K���H 	
M0��� 

 N! ' @H	 (G(! 2 ���� �/��N! Y��A$ 
 �N! F
�X-��� E@�H�) .

(��! 2 %� F
�X-����M. polymorpha 'M. radiate [O���A$ 	


 �$ (0V � `@-&$ (�! 2 %� @&) �$�� () �$'�7$ �*! %� ���% 
 H

Medicago rigidula ���$ 	����i 
���02 .�����-! (��) (��? � ���)

L����$%J (��\	#$ K�����H 	
 F@��H 6���:!� 5���/ ���$ E5� %� �� ���

(! 2 �/5, rU$�� �fv$ (! 2 M. rigidula �) �R �$'�7$ (G 

(-H�
 P/ �$�� ())E@AH� 
��� [O��A$ 	
 ���
'% �C�G 5���)

 F��2 @�@C�� ' ��� 7� 5���) ' 
 N! F
�X-�� 5��/�$
 	
 ����%

M0��� �) �>!J 	'�) T071� EM0a-=0A? �) 6%q �C�G %� f<i (�G F
 

�$ @!� � F�2 ' �2
 ,J %�zJ 	
 D��=� Y? $ (�:0-! 	
 ' ����%

�#���L	�@7$ F�02 �j'�-0! 
 H .(�) ��:A$ ����>! 	
 fN\ M��

 TW�� @���' 	
 (� 1\ 
�.1N\ L��#�� @�H @�/� R.��)��A) �M

(:! � %� F
�X-�� ;� 5�/ (,�� @A!�$ M. rigidula (�G �7O�A$ 	


 �R ' � / 5�$
 L�'	 fr� 	
 dM0��� �>!J T071� S�H () F
 ) 

�)M0a-=0A? �<���A$ ��� �/ 6�@!� @H	 ���% F
 ) Y��A$ 	�0=) E

�H�
 @/� R K���H ���� �
 ) P/��� _	 V 	
.

��	
� ���� ��	c6�� 

�." Ef2@A�.3 '.;1$ 	 � .esns.(�:! � �) (W)�	 	
 ��?� `�� 	
 ' F@H 6�:!� _�707U� �) 5	'�$ ;�� 5��/ 
 (,��� ' ������ 	

F@A�J 5	�G ($�!�) M�'@�.f]A? _�707U� (=��$ (��C! E	 CG D���$ ' �/ ���>�.

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
87

.1
2.

45
.6

.3
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 js
tn

ar
.iu

t.a
c.

ir
 o

n 
20

25
-1

0-
29

 ]
 

                            10 / 11

https://dor.isc.ac/dor/20.1001.1.24763594.1387.12.45.6.3
https://jstnar.iut.ac.ir/article-1-900-en.html


1,�	2 3�452 � (�67� 
	�	8�96:�
; �3��	< � =! � �>�36�? ��@A� 3�... 

|� 

2. Appelbaum, E. 1990. The Rhizobium/ Bradyrhizobium – legume symbiosis. PP. 131-158. In: P.M. Gresshof. (Ed.), 
Molecular Biology of symbiotic Nit rogen Fixation. CRC Press, Boca Raton, FL. 

3. Clarkson, N. M. and J. S. S. Russel. 1979. Effect of temperature on the development of two annual medics. Aust. J. 
Agric. Res. 30: 909-916. 

4. Cocks, P. S. and T. A. M. Ehrman, 1987. The effects of geographic origin on frost tolerance of pasture legumes in 
Syria. J. Appl. Ecol. 24: 673- 683. 

5. Dalal, R. C., W. M. Strong, E. J. Weston, J. E. Cooper, K. J. Lahance, A. J. King and C. J. Chiken. 1995. Sustaining 
productivity of a Vertisol at Wara, Queensland with fertilisers, no-tilage, or legumes 1. Organic matter status. 
Aust. J. Experim. Agric. 35: 903-913. 

6. Ehrman, T. A. M. and P.S. Cocks. 1990. Ecogeography of annual legumes in dryland. Agron. J. 63: 359-362.  
7. Jeranyma, P., O. B. Hesterman and C. C. Sheafer. 1998. Planting date effect or dry matter and nitrogen 

accumulation when clear seeded or intercropping with corn. Agron. J. 90: 616 – 622. 
8. Kosslak, R.M., R. Bookland, J. Barkei, H. Paaren and E. R. Appelbaum. 1987. Induction of Bradyrhizobium 

japonicum common nod genes by isoflavones isolated from Glycine max. Proc. Natl. Acad. Sci. USA. 84: 7428-
7432. 

9. Legros, P. and D. L. Smith. 1994. Root zone temperature sensitivity of nitrogen fixing and nitrate supplied soybean 
[Glycin max (L.) Merr. Cv. Maple Arrow] and lupin (Lupinus albus L. cv. Illtra) plants. Environ. Exp. Bot. 34: 
117-784. 

10. Materon, L. A. and P. S. Cocks. 1988. Constrains to biological nitrogen fixation in ley – farming systems designed 
for west Asia. In: Murrel, W. G. and I. R. Kennedy (Eds.), Microboilogy in Letchworth Hertfordshire. Research 
studies Press LTD Engeland. 

11. SAS Institute Inc. 1997. SAS User's Guide. Statistical Analysis Institiute Inc. Cary, North Carolina. 
12. Sloger, C., D. Bezdicek, R. Milberg and N. Boonkerd. 1975. Seasonal and diurnal variation in N2 (C2H2)-fixing 

activity in field soybean. PP. 271-284. In: W. D. P. Steward (Ed.), Nitrogen Fixation by Free-Living 
Microorganisms Cambridge University Press, London. 

13. Somasegaren, P. H., J. Hoben. 1994. Handbook for Rhizobia (Method in Legume- Rhizobium Technology). 
Springer Verlag. Pub., New York. 

14. Verma, D. P. S. 1992. Signals in root nodule organogenesis and endocytosis of rhizobium. Plant Cell 4: 372-382. 
15. Walsh, K. B. and D. B. L. Layzel. 1986. Carbon and nitrogen assimilation and partitioning in soybeans exposed to 

low root temperatures. Plant Physiol. 80: 249-255. 
16. Weisz, P.R. and T. R. Sinclair. 1988. Soybean nodoule gas permeability, nitrogen fixation and diurnal cycles in soil 

temperature. Plant Soil. 109: 227-234. 
17. Whigham, D. K. and H. C. Minor. 1978. Agronomic characteristics and environmental stree. PP. 77-118. In: G. A. 

Norman (Ed.), Soybean Physiology, Agronomy, and Utilization,  Academic Press, New York. 
18. Willemot, C. 1975. Stimulation of phospholipid biosynthesis during frost hardening of winter wheat. Plant Physiol. 

55:356-359. 
19. Zhang, F., N. Dashti, R. K. Hynes and D. L. Smith. 1996. Plant growth promoting rhiobacteria and soybeab [Glycin 

max (L.) Merr.] nodulation and nitrogen fixation at suboptimal root temperatures. Ann. Bot. 35:279-285. 
20. Zhang, F. and D. L. Smith. 1995. Preincubation of Bradyrhizobium japonicum with genistein accelerates nodule 

development of soybean [Glycin max (L.) Merr.] at suboptimal root zone temperatures. Plant Physiol. 108:961-
968. 

 

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
87

.1
2.

45
.6

.3
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 js
tn

ar
.iu

t.a
c.

ir
 o

n 
20

25
-1

0-
29

 ]
 

Powered by TCPDF (www.tcpdf.org)

                            11 / 11

https://dor.isc.ac/dor/20.1001.1.24763594.1387.12.45.6.3
https://jstnar.iut.ac.ir/article-1-900-en.html
http://www.tcpdf.org

