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45� 
6����& 7��� 8�9�� :�;�� <:��� ��:�� �9�= ���  ��  �� �>9�= 7�	 ���?� �� 
��@?A .)�	

C� ��DE?= FA�� �G �H�� <���  8�>9�� :>�;�� �>G C>I�� ��J�� K�& 
� :L �	 F�G C?A	�* ��M :>A	�%

)M	� �>��  )>=	�� �� 
6����& ��� N�9� )���:� 7�	�G��G . )>�?A	 ���>!G��	� ���>�� .�����>G ��>A 

��G���	��  �O�E���P���� �G  :M� ���5G � 
6����& C�!�K?A��Q )��R� 
	�� )E= �� 8�>9�� :�;�� � <���

�G .:��!A �S�� ���� ���!G �������  ��T�� ��J�� C���G ��� UE�V� W�X������G 7�	 � 
6����&  �>G �A


��>!E� 4>Y� �>��  ���%�� )�� ��DE?= �	KS	 � ��DE?= �G �	 :>ZG �>��  O�� )>��)(O:>�� )>M	� 

�=�K� C������  �	 �I>]) 
6��>��& ��� ^X� ��5_ �G30 60  �90 ��>�DA �� O���>E�� <��	 a>��� �	 � (

 ^X� ��5_ �2G ^��E� ���  �G�����G 7�	 �A  ^��E� 
�:G)����G���	 O�E���P����  � �	 ���!� b����c�IE� 

�����G �� 7�	����& d��	�G .:���� 	�S	 ( c���� �J	 �>��  ��>DE?= �	K>S	 � ��>DE?= �>G 
6��>��& ��� 

C�Z� �	� ��G�����G �G �2G ^��E� �D��	 �G 7��@?A . �>�	 :>���� e�>G 
6��>��& )TEQ F�	K*	 �G �H�� �A 

C�Z� +��  ���  ��DE?= �	KS	 ���� � ��DE?=  ��	������G ^��E� �G )�!& �A 	:& 
��&:& . 7�>G fG���� �J	

 ^��E� � 
6����&�����G �G �2G  �AK�& C�Z� ����� �T& �	 ��*�� �G �S�� �G .���& �	� F��>��� 7>�	 ��A  �	�>G

 )��O��  ��T�&	 fG�Y ��DE?= �G 
��!E� 4Y� ��� �	 ��?� 2  ���DA �� 7� �	�>S	 f>�� $�% g�	�M ��

 F�����75 C� ��]�� 
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%&'&  

�9�= 
6����&�  .)�	 ���  �?& � :M� �	�G C���L:M� fL	�� O�?� �� �	�>G �>9�= 7>�	 7���>� 

 �� kl�?Z� � <��G ����m <��� �>G <�>�� C�	2>Q �>]��= ���>� �G �!����
6��>��& ��	� ��>�& ���>��G .

f?= � <��� C �&�� ���!� �� 
6����& e�G K�����*  � ��>M	� C>?5� F>�& �Af>��D�  k	:�:>M <��>Q

) )>�	 �>9�= 7>�	 �G ��!G	� 
	��>D?A � 7>_2019.( ) ��P>!E��2009 F��>��� n>� �� (2  �;�>�

�=�K�  W�X� C���G �G �	 �I]100 200  �300 ���DA �� 
6����& O���E��  C;� 7G�� �� C��% ��

 
� 8�	 8�� ��72/0  O�� 8�� �� �81/0  ��G :]����	K�  ���� ^X� �� ���  �� ��DE?= �� ���

200 ���DA �� O���E�� K*	F� C�Z� 
��& ��	� �	� . F�	K>*	 �G �H�� 
6����& ��� �D��	 �G 7��@?A

C�Z�  ��?��) :A�M �G )�!& e�G 
6����& )TEQ �	��I] ���� (C>�Z� No�>%	 ��	 :����  7�>G ��	�

 ���� W�X�100  ��300 .��D& <:A��� ���DA �� O���E�� ) 
	��>D?A � C>��Gp2014 n>� �� K>�& (

�=�K� c����  +��  �	 �G ��� ��   �� �I] ���� ^X�240  C>���G 	� ��>�DA �� 
6��>��& O���>E��

 )>*�� F�	K>*	 K>�& ���  �� ��DE?= 
6���& ��� F�	K*	 �	�	�� �G :�_�A �� :��*�� �H��& � <��?&

F�	K*	 7�	 ��	  ���� ^X� ��180 C�Z� ����� �T& �	 ���DA �� O���E��  .��G �	�  

) ��P!E��2019 �	:>�� �G 
6����& ��� N�9� �G ���  +��  (200  �>G �>G	�G) ��>�DA �� O���>E��

 � �I] W�X� �G 	� (���� ��]��50  
� C;� 7G�� �� CDA� $�% n� �� 
� :]��38/0  ��>G :]��

 .�	� �	�Y �!���� ���� ���� ^X� �G �� ��DE?= 7�����G �� �	� 
��& ����&200  ���DA �� O���E��

�G  �� :�� )��C>�Z� ���>�� �T& �	 ���� �r�� ��?�� �� �G )�!& ��?�� 7�	 8�9�� F�	K*	  .��>G �	�

) 
	��D?A � ��HY2017 �>� :&��� ��	K� ���  ��DE?= �G 
6����& ��� UE�V� W�X� C���G �G K�& (

�G :�_�A 	 ���:>L �� ���  �� ��DE?= ���� ��]�� �G �	��� 
6����& ��� N�9� �>�	 )>*�� F�	K>*

 ���>�� �>T& �	 ��>G <��>� )>*���� 
6��>��& ���� ��]�� �G cG�X� �� ���?�� �G )�!& 
� No�%	

C�Z�  .���& �	�) 
	��D?A � 4H&	2007 �I] W�X� C���G �G (56  �112 
6��>��& ��>�DA �� O���E�� 

 �	�	� �� C��% �� ���  ��DE?= �	KS	 � ��DE?= �G41/0  :>&��� ��	K>� ��>G C>;� 7G�� :]�� �>�

7���l�G  � ���G s�I��	�� ��DE?=  ���� ��?�� �G112 �G ���DA �� O���E��  
� No�>%	 �>� :�� )��

C�Z� ���� �r�� ^X� �� �G )�!&  �D��	 �G ��	 ��G �	��� 
6��>��& ��>� F�	K>*	 �G F�	K>*	 <��>Q 


C�Z� ���� ��A��?�� 7�G ����� No�%	 ��	 )*��  .���& �	�  

C>� ���� 
��	��  $�% �	 C���& ��l �� <��� �I��K�� ��L�& �>G :>M�G  ���>M�� � )>�;�Z* f>�;�

����  	2; .)�	 C�	2Q �]��= �	 ��M�� �	t	�%  C>I�� � C>?� ���>!G ���>I� 
� C>G��D�� �>Z��S

 <��� �G ����������G .��	� ��I��K����Q $�% C>� :>&�	� O�& ����G�K�� �� �I��K�� ��L�& ��A  :>�&	��

�����G 7�	 �	 CA��� .:�A� �	�Y ��J�� )�� 	� ��% 
�GK�� <���  �A <�>�� :>M� �>G C>��R� �	�>J	 �>� 	�
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�����G�K�� k�LoX]	 :&�	� <��� :M� <:��� n���� ��A2 )PGPR (C� <:���& :&�M .�	 CD� C�u��  ��A

45� 7�	 �����G �A ����� � :?L	) )�	 
6����& CD�6�;��G )��R� 2014.(  

 O�E���P����3 ����G���	 �4 ��%��M �	 <:M  7��������G  ��APGPR  �>G �>5&� )>�R� �>J	 �>� :��!A


�A��� ��DE?= � :M�  U>E�V� � �>E� � 
�>�&�) )>�	 <:>M <:A�>�� ���>�� ��>������ ��2001.( 

�E���P���� �	 CD� O
	�	�* �����G s�& 7��� �A �PGPR )>�	  �>� �>��� �� C&�>E� f�D>�� �>G ���>Y


�>���A �E?S �	 UE�V� ������� :�;�� c��v �	 	� <��� :M� � <��G CA��� �&�� 7�:�_  CA�>�� ��>A

C>� F�	K*	  �����>G 7>�	 ��G��>� � ���>�	:S .:>A������>�� ��  8�>� �	1970  :>M ��>Q� ��o�>�

)7���	 
:�;�:&	� � ���A 2000 .(����G���	 K�& )>�	 ���	�� � C>I�� O�>� ��	�>A �����G n�  �>�

C� 	�	� 	� 
6����& C�!�� )��R� C��&	�� :M�G 8�E>� 7�j���>  )%�� �	�G 	�A 
6����& �	 �����G 7�	 .

C� <��I��	 8�E� 7�	 �� C�Y� .:�� C� �A  :&����5&� 
6����& �>G $�>% �>G � <:>M C&:>Z� C>�  .���>�

 K>�& CA�>�� �>&�� aG�>� �>5&� )�Z?S � <��G $�% <��� �	 ����G ���!G �I��K�� �� �A����G���	 C&	�	�*

C�  .:M�G�����G 7�	  :>�;�� �I��K�� CG��D�� �Z��S n���� 8�Z* CD�6�;��G �	�� K�����G c��v �	 �A

<�����*  ��A<:&�	���G ���?�G f�	�=  C�	2Q �]��= #2S ���5G CA��� �	� $�% �	 � CD�6�>;��G )��R�


6����& C� <��� :M� F�	K*	 �G �H�� ) :&�M 
	��D?A � C;	���S2015.(  

) CI��M � CI������	2018 � <��?& ^��E� O�E���P���� �����G �G 	� O:�� �2G C������ �� (

�� :&��� ��	K� ��ED?= �&	� �	:Z� �E��� �� aG����� 
�� �	KA �&	� :]�� 7�j���  �&	� � f�*��E� 

)�!& �G ^��E� O:= ��?�� C�Z� F�	K*	  
	��D?A � f���  .)M	� ��	�)2011 ( :&��� ��	K� �� ^��E�

 �G ���  �2GO�E���P���� �����G C�Z� F�	K*	 �G �H��  )�!& �� ��DE?= � <��Q �	:Z� <��Q 
�� �	�

 .:���� :A�M �G c���� ����&) 
	��D?A � C��!L2013(  �����G �G ���  �2G ^��E� �� �	� 
��&

C�Z� F�	K*	 �G �H�� ����G���	 ) 
	��D?A � w�IL .:M �� ��DE?= � <��Q 
�� �	�2004 ( n� ��

� ����G���	 �&�� n� O��G�K�� ���� :�_ �G ���  �2G ^��E� ��J�� C&	:E� F����(S8)  �2G ^��E� O:= �

�G  .:&�	� �	�Y �!���� ���� ���  4Y� ��5_ n�% <��� :�;�� � <��� �:M� ���]�9% �G 	� :A�M 
	��=

��� g��� 
6����& #2S � C�	�A O	:&	 n�% 
�� 7�����G �� �	� 
��& '��& �G �2G ^��E� ��?�� �� <

�G ����G���	 �����G   .:�� )��  

 �D��	 �G :�I� �	�J	����G���	 � O�E��P���� �G 
�A��� ��DE?= � :M� �G  � C>���G �>&��	:S ���>]

 C��R� ����&4A �G ) <:�� )�� ���!%2014 <:M ��	K� ��	 ( )�	 ��C�  �>5&� Ox�>� ^�>�E� �	 
	��

                                                           

2- Plant Growth-Promoting Rhizobacteria 

3- Azospirillum 

4- Azotobacter 
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 :M� ���5G �	�G K�&��?& <��I��	 <���  �:� ����� � �&�XE�)2013�G .(  � :>�;�� <���>�	 f>�;� 7�>?A

 ��G��� ���L CD�6�;��G ��A��� b���������G 7�	  ���>�� �Z>��� �>A�>�*��  	�>5& � 
	��A�>�) )>�	

2011.( ����& ) 
���&	� � �*2012�����>G �E���G 	KE� �2G ^��E� ��J�� C����� �� (  � ����>G���	 ��>A

�G O�E���P����  .:&��?& �Z;�X� <��� ��DE?= �	KS	 � ��DE?= �G 	� �5&� �	 ���!� b���� �� 	KH� ���]

 �2G ^��E� �� �	� 
��& ����&�G �����G  �AC�Z� F�	K*	 �G �H��  �	���G ��DE?= �� �>&	� �	:Z� � CD�6�;

 NoQ ��A��?�� 7�G No�%	 ��	 :M UE�V�C�Z� )I] �� 7�	 �G �2G ^��E�  �>r�� N�>v �	 .��>�& �	�

 7Q�� � �&	� ��DE?= 	KE� O�E���P���� � ����G���	 �	KH� ��G��� �G )�!&+��  C�Z�  ��	� �	:>& 
��&

7�	 �	 C����� �G �2G ^��E� ��	  �>G �>H�� �����>GC>�Z� F�	K>*	 .:>���� ���2>� ��I>] ��	�  � 4>H&	

) 
	��D?A2007�����G �	 ���!� C����� g��� ���  �2G ^��E� �G �� :&��� ��	K� (  � ����>G���	 ��A

 ��:L �� �� ��DE?= O�E���P����500  .)>*�� F�	K>*	 ^��E� O:= ��?�� �G )�!& ���DA �� O���E��

K*	 �G �H�� �2G ^��E� 7��@?A F�	C�Z� .:���� ���G s�I��	 �	�  

�����G ��J�� <��G�� CIE�V� ������� ��%	 8�� :�_ ��  ��APGPR  
�>A��� ��>DE?= � :>M� �>G

 ����>G���	 ���>L ^��E� ���� �5&� �	 ����!G �� �� )�	 <:M O�H&	 ���� 45� C=	��O�E��P>����  �>� �

)�	 <��G �����G s�& �� �A �	 C����� ) ���!%2014 .(7�	 �G  7>�	 ��G��>� �G ���  +��  <��G�� 8�L

�����G  y�A �� ���  (���%��) O�� )�� �� k�]�9V� )�	 ��*�� ���] ���:�� ���!G ��Z;�X� �A

 .��	:& ��S� CM�	K� ^��E� � 
6����& ��� UE�V� W�X� �G )�!& ���  <��� +��  F����� 7�	 �� 	2;

�����G �G �2G  ��A��	 � O�E��P��������G� .)*�� �	�Y �Z;�X� � C���G ����  

  

( )   ��*& 	"  

 �� c���� 7�	 �� C=	�� 8��1393  �1394  �� a>Y	� ��>G� 4>M�A �>��  ��>����� <�r�!�	 ��11 

 C��>�*	�zS 8�>v �>G 
���� 
����5M CG�Q 8�?M �����E��55  � �>S��36  {�>= � CY�>M �>��Y�

 C���*	�zS36  � �S��51  g>���� s�>I��	 �>G C;�?M ���Y�14  �	�� ^X>� �	 �>���>���  .:>���� 	�>S	

<�	� d��	�G ���	��  7�r&��� �:�:�EG ��S ��A :)>�	 W�>M 7>�	 �G <�r�!�	 7�	 �&��;�� C?�EY	 ��A

 C�:&��G527 CE�� ��� �G 101 � 8�� �� C�:&��G ��� C�>!& )>G�v71  :>]���>�����>��G � 6/22 

�	�� C�&�� �S�� ���?� ���� 4/12 �	�� C�&�� �S�� �>�� c>EX� �R�	:L 45 C�&�>� �>S��  �	�>�

 ��� cEX� fY	:L8/4 C�&�� �S�� �	��  ��V��1321 CE��  � 8�� �� ���2234 .8�� �� CG��*� )=�� 

 )M	��G �	 :ZG �E]�*oG ���  )��:M O�H&	 O:�� (���%�� )�� �� O�� )��) . �	 :>ZG ��T�� 7�:G

 .:���� <���� )�� ��!G � <:M <�� n!�� � 4VM 7��� (O:��) 8�	 8�9�� )M	��G )>�� �	 f�Y
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 c?= �	30-0 C�&�� ZXY ���� b��� �&�?& C������ � $�% ��5� )5S � 
���� 8�>��	 <�r������ �G

:����  8�:S ��1 C� 
��& 	� 
� ����& .:A�  

F����� �G  f������* ���]4×4 $�EG W�v b;�Y ��  	�>S	 �	�>D� �� �� C*��9� f��� ��A:>���� .

 ��� �A C������ f��M6 �G )M�� U���  f]	�*80 C�&��  8�v ���6  � ��� U>��� ��� �>��G �E]�*

20 C�&��  .��G ��� <��I��	 ���� ���  4Y�)�� �	�G  
��!E� ���H� 4Y���G �����* .8�	  
6����& ���

(N)  �I] ^X� ��5_ �� �� ��G30 60  �90 ���DA �� O���E�� ~;�>% 
6����&  8�>?=	 <��	 a>��� �	

 .:M:&:>M #�V�&	 $�% 
���� ����& d��	�G ���� ��A��?�� 
	��>D?A � 
�����>m) 2006.(  �����>*

O��  K�& f��M UE�V� W�X��2G ^��E� �����G �G ���   ��A1- ����G���	 2- O��E��P���� 3-  7�	 c�IE�

�G) �����G �� (^��E� ���� �	 ���!� )�!&  �4- �����>G .��>G (�2>G ^�>�E� 
�:>G) :A�M ��?��  �	 �>A �	

� � $�% ������� �!��� �6�;��G FVG.:&:M ��5� #  �	 C*�>� �	:�� 	:�G	 �����G �G �2G ^��E� �	�G

�2G )1 (O���E��  )TEQ �G #� �� �DM 8�E�� �G2  �G �P� � <:M #�v�� :]��25  O��^�>�E� �>��� 

) �	�	� fY	:L108 (O�� �� �����G  n>�% ���� �� )=�� n� ��:L ��2G ^��E� �	 :ZG .:&:M ���Q�

<���� ���E?= .:���� )�� �P� � �	��% �%	�	 �� 7��� ����  .:>M O�H&	 O:�� )M	��G �	 �  � <��

 � )�� �	 f�Y��� O�?� �G $�% 
���� ����& d��	�G �G �A ���>!� ���] �	:>�� 100  �� O���>E��

�� ��I!*� �� ��� ���DA) :M �*�m	 fP� 
	��D?A � 
�����m2006(.  �>G b>�����) 
6����& ��� U9&

 
o*�>� C>���� F�>  FDIE= �	 .:���� ��EV� n!�� �G � �*�m	 $�% �G )�� �	 f�Y (���� ��?��

UE= 8���� �	�G  .:���� <��I��	 ��A ��A�>��G 
��>� n>�� f>��Y �	 C>=	�� ���E?= ����  7�>S� �>A

UE= �� �  ��A ��A.:���� 8�?=	 C���M��� �T& b!L �G ��*� �G <���  7�>_ �� �� (��) ���  8�9��

<�	:&	 �	�G .:M )M	��G  .:>M <��I�>�	 ��?�� �A g�� g% �� �	 ��DE?= �	KS	 � ��DE?= ���� 7�:>G

 ��T�� 
��� ��7�_  �	:Z� 8�	5  �5&� <��Q �	:Z� � ���G s�I��	 7�r&��� � #�V�&	 C*��9� ��v �G ���G

 �	:Z� 7��@?A .:���� )M	����20 �G <��Q  .:>M )>�J �>5&� 
�� 7�r&�>�� � )>M	��G C*��>9� ��>v

�>G CA:>E� �	 f�Y .:���� ������ f� ��DE?= �G 8�	 7�_ ��DE?= d��	 �G 8�9�� C�����  �	:>Z�

30-25  �:=7���:�:S  7�>�Z� )>5S � ��5� (���G ��5�&	 )?!Y �	 4H�  �� O��5_ e�G ) f��� e�G

 )TEQ
6����& .:���� 8���	 <�r������ �G a?S �	 �  <�	� ����  <��I�>�	 �>G ����� f�E�� � ��KH� �A

O�& �	  �	K*	MSTATC 7�r&��� �!���� � �G �A  ���LSD  ^X� �� �5% .:M O�H&	  

  

+,	-�  

 8�:S ��1 C%�G �G ��G�� ����& C�u�� �	 $�% ��A��	�	  .)�	 <:�����G $�% d��	 7�	 �ZXY

 C�������?�& )*�G �	�	� 7�r��  ��M��Q7G��  :L �� C;�#�>EX� k���>!& �� g����  � �>GpH  C>?�
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� ��M	:& C����:�� y�A <��� <��I��	 fG�Y 4����  �T& �	 $�% 7�	 7��@?A .��G C���EY  f>G�Y �I>!*

.��G g���� :L �� K�& 
� <��I��	  
  

 . /1- �12,  �3��4,	&5� !��/� 67& 8	3 �,	�9�:   ��,;�� !	" ���)5 .	<  � )�  

 8��

F�����  

EC  
)dS m-1(  pH 

C;� 7G��  

(%)  

 fG�Y �I!*

<��I��	  

)mg kg-1(  

 fG�Y 4���� 

<��I��	  

)mg kg-1(  

d�  

(%)  

)E��  

(%)  

7M  

(%)  

)*�G  

$�%  

1393  8/0  9/7  12/1  9/7  480  34  62  4  SiCL  

1394  27/1  9/7  28/1  7/9  475  30  54  16  SiCL  

  

 �&���	� ��KH� ��b��� <�	� �AC�Z� e�G 
6����& :]�� � C����� �G 8�� ��J��   �� �>�	 ���& �	�

 8�� �� ����& 7�G No�%	 ��I] ����C�Z� ��G �	� 
6����& ��� ��J�� 7��@?A .�G  ���R��	<��Q 
�� 

�G C�Z� ��I] ����  �	�:M ��J�� .^��E� C>�Z� e�>G 
6��>��& �>G g>�* K>�& �����G �G �2G  �	�:>���� .

 7��@?A fG���� �J	 C������ f��= �� 7�G � 
6����& ���) �G �2G ^��E�(�����G C>�Z� ��J�>�  �>G ��	�

 ���  ��DE?= �	KS	 � ��DE?=)M	:&  8�:S)2.(  

  

 . /2- =$�& >�	,)�  %,;�? +,	-� (�	A��& B�C�	�&) %�EF ����9� !�;/�   ����9� 

�	���z� aG���  
 �S��

��	��  
s�I��	  

 �	:Z�

<��Q  

 ���G ��  

<��Q 
��  
��DE?=  

 8�	 7�_  
f� ��DE?=  

 :]��

C�����  

 :]��

e�G 
6����&  

8��  1  **5376  ** 574  ** 58/2  **2481015  **4074680  203 n.s 133/0  n.s 

8�� ��X%  4  280  84/1 429/0  33430  128572  6/43  036/0  

���
6����&)A( 3  * 455  3/27  ** 219/0 n.s 577121 ** 587214 **  *272  663/0  ** 

 �����G)B(  3  8/23  n.s 748/0 n.s 019/0 n.s 111329 n.s 109049 n.s 166 n.s 061/1  ** 

A×B 9  2/90  n.s 97/3  n.s 189/0 n.s 32035 n.s 48070 n.s 8/24  n.s 039/0  n.s 

F����� ��X%  60  131 11/4  255/0  62750  110826  6/80  151/0  

�	���z� b��m  -  9/14  4/19  1/10  0/22  5/19  5/13  7/14  

* �** C�Z� No�%	 �	�	� b���� �G  ^X� �� �	�5  �1  � :]��n.s C�Z� No�%	 :Y�* C� �	� :�M�G  

  

<�	� 7�r&��� �!���� ����& d��	�G  ��� F�	K*	 �G �A
6����& �>G )>*�� F�	K>*	 K>�& �>��G s�I��	 

 ���� ��?�� �G ���G s�I��	 7���l�G �� ���v90  .:>�� )>�:G ��>�DA �� O���E�� ��>?�� �>D��	 �>G60 

 � �I] ��A��?�� �G )�!& �����G ���G s�I��	 
6����& ��� ���DA �� O���E��30  ��>�DA �� O���E��

 
��& 
6����&C>�Z� ����� �T& �	 �5&� 7�G No�%	 ��	 �	�  ��>�& �	� 8�:>S)3.(  �>��G s�>I��	 F�	K>*	

d�!�� F����� 8�	 8�� �� 
6����& ��� �G )�!&  7�	 .��G O�� 8�� ����& �	 ���;�!�  :��M �	 C>M�&
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���G s�I��	 No�%	  :M�G 8�� �� 7�G �� �A�G  ���v �����G s�I��	  �>A O�� 8�>� �	 ��>��G 8�	 8�>� ��

 F����� fDM) ��G1.(  8�� �� ���G s�I��	 7�r&��� � 8�	 F��>��� O���>G  b>�����>G �>G	�G 2/69 � 84 

C�&�� ��� .��G ���G s�I��	 No�%	  8�� �� �A1394  ^X� ��5 C�Z� :]��  8�� �� ��	 �	�1393  :>Y�*

 ���I��C�Z� ����  .��G �	�  

 ��� F�	K*	C�Z� F�	K*	 �G �H�� 
6����&  7���>��G �>� ���>v �G :���� ���G �� <��Q �	:Z� �	�

) <��Q �	:Z�6/11 ���� ��?�� �G (90  ��>� ��>?�� �>� �>A �>� 7>�	 �>G .:�� )�:G ���DA �� O���E��

C�Z� F�	K*	 �G �H�� 
6����& o�>%	 �>�	 :���� (
6����& ��� 
�:G) :A�M �G )�!& <��Q �	:Z� �	� N

 ���� ��?�� �� 7�	 7�G <��Q �	:Z�C�Z� ����� �T& �	  8�:S) ���& �	�3.(  7�r&�>�� ���>I� 7��@?A

C�Z� F����� 8�� �� 7�G <��Q �	:Z� �G ��G �	� 8�	 8�� �� �� ���v �G ���G �A  7�r&�>�� ��>v9/12 

 �G �G	�G O�� 8�� �	�G �	:�� 7�	 ��	 )M	� <��Q8 �%	 .��G ���G �� <��Q 8�>� �� <��>Q �	:>Z� 7�G No

C�Z� ����� �T& �	 8�	  ��	 �	�C�Z� O�� 8�� ��  �	����&.  fDM2�>��G <��>Q �	:Z� 7�r&���   �	�>G �>A

����& ��� UE�V� W�X�6C� 
��& F����� 8�� �� �	�G 	� 
 .:A�  

 
�>�& )>�R� +>��  
6��>��& ��>� F�	K>*	 �>G )�!& (f� ��DE?= � 8�	 7�_) ���  ��DE?= �	�

�G )*�� F�	K*	 K�& ���  8�9�� ��� F�	K*	 �G �� ���v  8�:S)3( . 8�	 7�_ ��F�	K*	  �� 8�9��

) ���� ^X� 7��%�90  (���DA �� O���E��C�Z� ���I�  W�X� ���� �G )�!& ��	�)>M	� ����  �>�	

�� �G �D��	 �G f� ��DE?=  )>*�� F�	K>*	 K�& ���  8�9�� ��� F�	K*	 �	�	�� �>�	 8�>9�� No�>%	

 ���� ��?��90  � �I>] W�X>� �>G )�!& ���DA �� O���E��30 C>�Z� ��>�DA �� O���>E��  � :>M �	�

� f� ��DE?= �S�� fG�Y No�%	 4Q��E= ���� ��A��?�60  �90 ���DA �� O���E��  
6����& No�%	

 7�G 8�9���C�Z� ����� �T& �	 �5& ���& �	� �>r�� N�v �	 . �>� ��X&�>?A�:>S 82 C>� 
�>�&  :>A�

C�Z� ����� �T& �	 F����� 8�� �� 7�G 8�9�� No�%	  .��G �	�fDM  ��A3  �4 C>� 
��&  �>� :>�A�

�G <��G O�� 8�� �	 ����G F����� 8�	 8�� �� ���  8�9��  �� ���v�G  �� f>� ��DE?= 7�r&��� ��v

8��  ��A1393  �1394 �G  �G �G	�G b����1913  �1501 �� O���E�� �>G ���DA .:>�� )>��  7�>�@?A

C�Z� F����� 8�	 8�� �� 
6����& ��� UE�V� W�X� ��DE?= No�%	  F��>��� O�� 8�� �	�G ��	 �	�

����� ���I� :Y�* C�Z� .��G �	�  

d���� �G �H�� 
6����& ��� F�	K*	 �D��	 �G  )�>!& g>�* F�	K*	 7�	 ��	 :���� 8�9�� 
:M ��

C�Z� :A�M ��?�� �G  �	�C>�Z� No�>%	 � ��G  ���>� W�X>� 7�>G ��	�30  �>�90  ��>�DA �� O�>rE��

 8�:S) :�& <:A���3 .( 8�	 8�>� �� �>��  8�>9�� �>D��	 �G �r�� N�v �	 �	 �>�?�) ���:>L �>�3 

 (:]��d���� ��>G O�� 8�� �	 ��  �>5&� 7�>G No�>%	 �>�	C>�Z� ���>�� �>T& �	  8�:>S) ��>�& �	�2 .(

7��@?A  No�%	C����� C>�Z� ���>�� �>T& �	 F��>��� 8�	 8�� �� 
6����& UE�V� W�X� 7�G  �	�
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C�Z� �5&� 7�G ���I� O�� 8�� �� �� C;�L �� ��G .:�& �	�  fDM5  U>E�V� W�X>� C����� No�%	

C� 
��& F����� O�� � 8�	 8�� �	�G 	� ���� .:A�  

 )*�� F�	K*	 K�& e�G 
6����& )TEQ 
6����& ��� F�	K*	 �G�G  ������?�� �� ���v90  O���E��

����& :]�� 7�����G ���DA ��)M	� 	� e�G 
6  8�:S)3( +��  8�L 7�	 �G . F�	K*	 �G e�G 
6����&

C�Z� (:A�M ��?��) �I] ���� ��?�� �G )�!& g�* ���  ���� W�X� 7�G No�%	 � ��G �	�30  �>�90 

���DA �� O�rE�� C>�Z� ���>I� ����� �T& �	 �	�.)>M	:& �  8�:>S �>� ��X&�>?A 7�>�@?A2  
�>�&

C�  :A� No�%	C�Z� F����� 8�� �� 7�G e�G 
6����& :]�� �G ���& �	�  �>� ���v :>]�� 7�r&�>��

�G O�� � 8�	 8�� e�G 
6����&  b����67/2  �60/2 �G :]��  .:�� )�� No�%	 8�	 8�� �� 7��@?A

 ^X� �� 
6����& UE�V� W�X� e�G 
6����& �����5 C�Z� :]��  8�>� �� No�>%	 7>�	 ��	 :M �	�

 F����� O��C�Z�  �	� fDM .���&6  �!���� :]�� e�G 
6����& 	� 
6��>��& ��� UE�V� W�X� �	�>G

O�� � 8�	 8�� C� 
��& F����� .:A�    
  

 . /3- %�EF ����9� !�;/�   ����9� �� H� �-�� �*$ I�-J& �*K< ��L	? B�C�	�& %M,	'& +,	-�  


6����& W�X�  

 )Kg N ha-1(  

���G s�I��	  

)cm(  

<��Q �	:Z�  

 ���G ��  

��DE?= 8�	 7�_  

)Kg ha-1(  

f� ��DE?=  

)Kg ha-1(  

C�����  

(%)  

e�G 
6����&  

(%)  

�I] 9/72  b 99/8  b 955 c 1545 b 7/61  b 40/2  b 

30 0/74  b 51/10  a 1104 b 1641 b 3/67  a 64/2  a 

60  1/77  ab 63/10  a 1172 b 1729 ab 4/68  a 69/2  a 

90  6/82  a 56/11  a 1328 a 1913 a 1/69  a 79/2  a 

- C�Z� No�%	 :&�	� $���� N�L n� fY	:L �� 
��� �A �	:=	  ^X� �� ��	������ 5 .:&�	:& :]��  
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�

-&
(  

 H� �-�� �*$ �*K<))	-�" �� P�1*��$(  

 6�:1 -   H� �-�� �*$ I�-J& �*K< %?*� N	O?)� B�C�	�& %M,	'&  

. � .	<  P � .	<  
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Q
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 H� �-�� �*$ �*K<))	-�" �� P�1*��$( 

 6�:2 -   H� �-�� �*$ I�-J& �*K< %?*� )� �5*Q ��A? B�C�	�& %M,	'&  

. � .	< P � .	< 
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�G �2G ^��E� :���� e�G 
6����& )TEQ F�	K*	 �G �H�� �����G  8�:S)4( . F�	K>*	 7>�	 �>D��	 �G

C�Z� ����� �T& �	 �A��?�� 7�G No�%	 ��	 :M <:A��� K�& 8�	 8�� ��  ��J�>� �	� 
��& ����& .���& �	�

 O�E���P���� �����G �G �2G ^��E�  e�>G 
6��>��& F�	K>*	 �� ����G���	 �����G �G )�!& ���5G C�	���

 )M	:& 8�:S �� ��X&�?A 	���4 
�>�& C>� :>A� �	 ��l�>G 
6��>��& )>TEQ O�E���P>���� ��>?�� �� 

���>I� �����G �� 7�	 b���� �G �2G ^��E� ��J�� 7��@?A .)�	 ����G���	 ���>�� C>�Z�  ��>?�� �>G ��	�

�G ��	�I&	 ^��E� O�E���P���� .)M	:&  

 
 . /4- S�� H� �-�� (T)�) UV�Q �� !�-$	� 	� )W� X�'�? ��L	? B�C�	�& %M,	'& +,	-�  

�����G �G �2G ^��E�  8�	 8��  O�� 8��  8�� �� b���  

^��E� 
�:G 53/2  a 20/2  c 36/2  c 

����G���	 58/2  a 56/2  b 57/2  bc 

O�E���P����  86/2  a 80/2  a 83/2  a 

�����G �� b���� 70/2  a 83/2  a 76/2  ab 

- C�Z� No�%	 :&�	� $���� N�L n� fY	:L �� 
��� �A �	:=	  ^X� �� ��	������ 5 .:&�	:& :]��  
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 6�:3 -   H� �-�� �*$ I�-J& �*K< . � B�� ����9� B�C�	�& %M,	'&  

. � .	< P � .	< 
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 6�:4 - H� �-�� �*$ I�-J& �*K< 6$ ����9� B�C�	�& %M,	'&  

. � .	< P � .	< 
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 6�:5- H� �-�� �*$ I�-J& �*K< �<)� 5 B�C�	�& %M,	'& 

. � .	< P � .	< 
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. � .	< P � .	< 



84                                                                            ����� ��� ) ��+ ����� ����  ��7) $%�&' (2 !(1398 

[7�  

 ����&c���� 7�	 �� �	� 
��& C>�Z� F�	K*	 �G �H�� 
6����& ��� N�9�  �	:>Z� �>��G s�>I��	 �	�

 
6����& )TEQ � 8�9�� C����� ��DE?= ���G �� <��Q ��:���� e�G  8�:S)3( . )�?A	 ����& 7�	

 �� 	� �9�= 7�	 
��G �:�E� �C� 
��& ���  :A� �G �� ���v  �������� �R�	 �� FA�� � �>?& � :M�

�J	 �� <��� ��DE?=  ���?�
6����& )>�	 <:>M <:A�>�� )���� 
	��>D?A � ��>52008 3 C>E=2015.( 

 4�o= ��5�� ���  �?& � :M� �G 
6����& ���?� k��;�Q�G ���G s�I��	 FA�� ���] C� ���G  ��X&�?A .:��

 8�:S ��3 C� 
��&  :A�) ���G s�I��	 7�����G6/82 C�&�>�  ���>� ��>?�� �>G (�>��90  �� O���>E��

�G 
6����& ���DA :�� )��.  ���� ��?�� �G )�!& ��?�� 7�	 ���G s�I��	 No�%	 :A�M )>�	 
� �r&�>�G

 ��:L �� ���G s�I��	 
6����& N�9� O:= �J	 �� ��12  .)�	 ��*�� FA�� :]�� 
	��>D?A � ��D�;�A

)2010�G ���  ���G s�I��	 �� :&�	� 
��& ( C�Z� ��v C�*���� 
6����& 
	K�� ��J�� )�� ��	� �	  )>�	

�G �v ^X� �� 
6����& ��� N�9� �G �� ��120  ���DA �� O���E�� s�I��	���G  �G )�!& �A ��?�� :A�M

)*�� F�	K*	�� .5��) 
	��D?A � ��2008 (��	K�  :&��� �� F�	K*	���  
6����&���  )=	�� ��  �H��

���G s�I��	 F�	K*	 �G <��� �G :M  ��?�� �� ���v150  
6����& ���DA �� O���E�� �>��G s�I��	 7�����G

.)M	� 	� <�� 7�G �E]�* F�	K*	 c��v �	 
6����& <�� �	:Z� F�	K*	 �� �A �>A� �>��  CE>]	 �Y�>� ��� 

C� �	�Y ��J�� )�� 	� ���G s�I��	 :A�  CE=)2015.(  

 7�	 ��c����  7�G �D��	 �G<��Q �	:Z�  W�X�30 60  �90 ����& ��� ���DA �� O���E��6 ���I� 


C�Z�  �	:Z� F�	K*	 ��	 )M	:& ��S� ��	� 
6��>��& ��>� �I] ��?�� �G )�!& �5&� <��Q ���>�� �>T& �	

C�Z�  8�:S) ��G �	�3 .( ����A�G)2009 �I>] W�X>� C>���G �>G K�& (33 67  �100  �� O���>E��

 ���DA ��� 
6����&c���� 7�	 �G �G��� ����& O:�� �	 :ZG ���  O�� )�� ��  ��	K>���>�.  � 	�	:>&�G

) ���A����	2001 F�	K*	 
6����& ��� F�	K*	 �	�	�� �G ���  ���G �� <��Q �	:Z� �� :&��� ��	K� (

�G ��*��  �� ���v ���� ^X�110  .)>M	� 	� <��Q 7�����G ���DA �� O���E��) �>���2002 ��J�>� (

 �I] W�X�56  �112  �� 	� 
6����& ��� ���DA �� O���E�� � <��>?& �>Z;�X� ��p �	 :ZG ���  )��

C�Z� F�	K*	 K�& <��Q �	:Z� 
6����& F�	K*	 �G �� ��?& <:A��� )*�� ��	� . �	:>Z� �>G 
6��>��& ��J�>�

C� 	� ���  <��Q  � ��>5����) �	� )�>!& �>��  <�>�� �>?& � :>M� �� �>9�= 7>�	 �:>�E� F�& �G 
	��

 
	��D?A2008 	��� (>G C>?5� �9�= 
6����&) )>�	 K��>���* � C �&�>� ^X>� ���>!� �	� C>E=

2015 
6����& 7���� .(���& ����  �>G �>H�� :M� f9* 8�v �� <���:>�;�� e�>G ��>AC C>�  �>� ���>�

C� :�&	��  �	���K�����*  C*�� C��	� �	KS	 :M� �	�G:>��� 4A	�>* 	� ���  ) ���A��>��	 � 	�	:>&�G

2001( .7�	�G��G  
6����& C*���& 7���� �� 
� �G <�o=e�G FA�� �G �H��  <��� CA�C�  FA�>� ��M



�������� 
����� � ������ ���                                                                                                                              85 

e�G :M� UY�� �� �G K�& 	� �A �lo�%	 7�	 �H��& �� ��	� 8��&�  � K��>���* FA�>�f�D>�� �A:>�Y �

���& ����  �	�G<��Q :�;��  ��G :A	�%) CE=2015.(   

 ���  �?& � :M� �	�G C���L �9�= 
6����&<��G  ���& �
�  7�	 �G �9�=F�G  �]��= ���� �	����m 

 <���C� :M�G .�9�= 7�	 �	�G  K�����* F�	K*	 � C �&�� ���!� <��� 8�9H� :�;�� �H��& �� � C�	K;	

)�	  
	��D?A � ��5����)2008(7�	�G��G .  8�:S) �	� 
��& c���� 7�	 ����& �� ��X&�?A2 F�	K*	 (

��� 
6����& $�% �G C�  .:A� F�	K*	 	� ���  ��DE?= :&	��k	�R�	 8�9�� F�	K*	 7�	  �	:>Z� F�	K*	 �G

C� ��G�� <��� <��Q C� K�& <��Q 
�� �G 
6����& ��J�� 8�L 7�	 �G .��M :&	��  :A� ���5G 	� <��� ��DE?=

 CE=)2015�G .( C� �T& �G k��:?= ���  8�9�� F�	K*	 c���� 7�	 �� �� :�� � ��J�>� )E= ��>� )>�R

 
6����&C�Z� ��J�� )�� <��Q 
�� 	��� )�	 <��G <��Q �	:Z� �G  8�:>S) )>*�r& �	�Y 
6����& ��� �	�

2��	K� .(  ��J�� <��G�� ��:Z�� ��A ����G .��	� ��S� ���  ��DE?= �G 
6����&  8�>R� ��>v � )>����G

) n�����G2000� :�;�� 
6����& ��� F�	K*	 �G �� :&��� ��	K� (O	:&	 n�% <��  �>��  U>E�V� ��A

 �Z;�X� ����& .)*�� F�	K*	 K�&) 
	��>D?A � 4>H&	2007 ��>� F�	K>*	 �>G �>� )>�	 <�	� 
�>�& K>�& (

C� F�	K*	 K�& ���  ��DE?= 
6����& .:G��  

 No�>%	 �D��	 �G .)*�� F�	K*	 K�& ���  ��DE?= 
6����& ��� F�	K*	 �G �	� 
��& c���� 7�	 ����&

 8�9�� ���� W�X�60  �90 C>�Z� ���>�� �T& �	 ���DA �� O���E��  ^X>� 7���l�>G �>�	 ��>�& �	�

C� 
��& ����& 7�	 .)M	� 	� ��DE?= 7�����G ���� �G 
6����& ��� ��	 �� :A�  <��I��	 b���� �	:��

 .)*�� :A	�% FA�� <��� ��DE?= ���&���  �	�G 
6����& ��� b���� �	:�� �G  f�	�=>IE�V�C  f>R�

 s�& C?�EY	 g�	�M 4Y���	� Cr�>!G ... � C=	�� 4�!��  
	��>D?A � �����E�>�)1992.(  �>���A�G

)2009 ���� ��?�� �G ��DE?= 7�����G O:�� �	 :ZG ���  O�� )�� �� �� ��� ��	K� (60  O���>E��

.:M f]�L 
6����& ���DA �� ) n>�����G � )����G c���� ��2000 ���>� ^X>� (84 � �� O���>E�

 .)�	 <��� :�;�� 	� ���  8�9�� 7�����G 
6����& ���DA) 
	��D?A � 4H&	2007 W�X>� C>���G �G (

 4Y� ���  ��ED?= �G 
6����& ��� UE�V�MNH-552  :&��� ��	K� �� ��� N�9� �>G �>H�� 
6����&

C�Z� F�	K*	  �	� ��DE?= N�9� �G 8�9�� 7�����G � <:M ��� 112  �� O���E�� 
6��>��& ��� ���DA

�G .)�	 <:�� )�� ) 
	��D?A � 4�E�2010 K�& (N�>9� �G 	� ���  ��DE?= 7�����G 120  �� O���>E��

 
6����& ���DA:&��� ��	K�. ) 
	��D?A � ��5����2008 �	 :>ZG ���  O�� )�� �� �� :&��� ��	K� (

 N�9� �l��G150 :�;�� �G �H�� 
6����& ��� ���DA �� O���E��  .:>M ��>DE?= 7�����G � �:�>M�

) C�oQ2011(  K�&�=�K� F����� n� ��  �G � C���G 	� 
6����& UE�V� W�X� �G ���  +��  �	 ��?��

 ����200 
6����& ���DA �� O���E�� <��� ��	K� 	� ���  ��DE?= 7�����G :&	.  



86                                                                            ����� ��� ) ��+ ����� ����  ��7) $%�&' (2 !(1398 

 ���  8�9�� 
��� d���� ��%	 8�� :�_ ��) ���DE?= �� �D&� 
�:G�>G C>EE% :>���G ��>S� (

 ����� )�?A	 <��� 7�	 )=	�� ��.)>�	 <��� 	:�   
� 8�>9�� )>M	��G �� a��>!� � �>��  C>�����

C�  f9* �%� �	�X% :&	��C� ��*� ���!% �G ��G�� k��:?= �� 	�  :>A� FA�>� ��M 8�>�Y	)2003 .(

<��Q 
:M ��G �	�G f9* �%� �� ��S g�	�M ��	 7��@?A �A (<K���  d���� ����� fR�)  )>M	��G �

:M��& :=�!� 8�9�� CE=) )M	� :A	�% ����� ���!G )�?A	 ���  C����� 2015 .( c>���� 7�	 ��

 �D��	 �GC����� :]��  ���� ��A��?��30  ��60 ���DA �� O���E�� C�Z� ���I�  �>�	 �	:>& 
��& ��	�

 �G
6����& ��� N�9��A��?�� C�����  G )�!& � ��?��:A�M C>�Z� F�	K>*	  8�:>S) )>M	� ��	�3( .

 C>=	�� )���:>� � C>X��� C?�EY	 g�	�M � <��G ��:���& CA:E� <��� �G CA��� ��� C>�  <��� :>&	��

�G .:A� �	�Y ��J�� )�� 	� 
� C��	� � C���� :M� f�;� 7�?A  C>����� U��Z� �	�G �:L	� ���Z� ��

 �� ��� ���c*	�� �  �?A 7�����:M�G��	:& ��S�  �	:>Z� f>� ��>DE?= �G 8�	 7�_ 8�9�� )�!& .

<��  ��AaY	� CE]	 �Y�� ���  �� :�I� f� 7��%� �l�G�  �� 
:M K�� 
��� �	 ��� �	:Z� 7�>;�	 ��5�

 <��Q 7�;�	 
:M ��G �� :�I� f� <��I�>�	 �>��  C>����� 7�>�Z� �	�>G k	�>R�	 �>� :��>!A C��A���Z�

C� �M&:  � 8��Y	) 
	��D?A2003 
	��D?A � ������ 32013 .(  

) 
	��D?A � ����2015 �I>]) 
6��>��& ��� ^X� ��5_ �� 	� ���  8�9�� C����� (60 120  �

180  �>� :&��?& ��	K� � �!���� f� ��DE?= �G 8�	 7�_ ��DE?= )�!& d��	�G (���DA �� O���E��

.)*�� FA�� C����� 
6����& ��� F�	K*	 �G  �G�� �D��	  )�	 <:M <:A��� C5G��� ��Z;�X� �� ��>�

C� 
6����&  bS�� :&	�� � <��� ��EG �� ��%����M ���  8�9�� C����� ) 
	��D?A � ���2007( ��	 

 �>G ���>!% ��>H�	 � C>����� bS�� ���  C��	� � C���� :M� 8��Z� 
�� 45G �G �9�= 7�	 C��r�A

C� 8�9��  ���& �	 ����G �� �������� �	�Y 
� ����%	 �� <��� ) n�����G � )����G2000 3
�>��o� 

2003) 
	��D?A � 8��Y	 .(2003<�� �	:Z� C���G �G (  4>Y� �� �� :�I� f� 7��%� �l�G �� aY	� ��A

�H��& ���   :&��� ���� �� �� �I] ���� W�X�125 C5S�� fG�Y ��J�� 
6����& ���DA �� O���E��  �>G

8�9�� C�����  W�X� �� ��	 )M	:& ������l�G )175  �250  FA�>� C����� (���DA �� O���E��

�TLo� fG�Y  .�	� 
��& �	�=�K� F����� 8�� ��5_ ����&  �	) C��� � )&�S2002 K�& (��� )G�J  �>�

 ���� ��?�� �G )�!& ���  8�9�� C�����60 C>�Z� +>��  
6��>��& ���DA �� O���E��  
�>�& ��	�

 �	:&
� �	 ��l�G ���� ��A��?�� �� ��	 .)*�� FA�� k���!& C�����  �r�� N�v �	 �>G 
6��>��& 
�_

 CE=) )�	 �	2���J�� ���!G ���  <��Q �?& � :M�2015 7�	�G��G ( 
6��>��& ��>�?�C>� :>&	��  b>S��

.��M 8�9�� 
:M d���� �H��& �� � <��Q ��EG :����* �� ��%�� �>G � �� 8�>R� 
	�>�= �>� C>�����

) 
���o�2003( �G  C=	�� 8�� �� �:�H&	�	� O�  ��?& ��	K� �� 
6����& ���?� ���  �� C�����

�G �	� FA�� 	� 8�9��  (
6��>��& ��>� N�9� 
�:G) :A�M ���� ��?�� �� ���v7���>  �	�	�  7��>�



�������� 
����� � ������ ���                                                                                                                              87 

 .��G C�����:>M� �>9�= 7>�	 
�_ <��Q �?& � :M� �G 
6����& ��J�� �G <�o=  a��>!� 	� �>��  �>�;�	

C� :�VG 7�	�G��G  
6��>��& C*�� 7���� ���] �� <�>�� 
�>�� �:>� �� 	� ��>% C>���� :>M� <���

<���� C� C��	� :M� �EL�� ��	� ����� � <��?& Cv ���  8�>9�� C>����� F�	K*	 
� :���  �� ����

) ��G :A	�% 
	��D?A � 
�%2019.(  

e�G :�;�� ���  �� � :�:S ��A :M� �?& �  .)�	 
6����& �G ��!G	� k	:�:M �5&�e�G 7�	  �A f>?= �G

 K�����* �?& � :M� �	�G O�l �6�&	 � �	�� <���C� 4A	�* 	� 8�9�� :�;�� � :>���  C>E=)2015.(  ��


6����& )TEQ 
6����& ���?� ��  e�G �� <��Q <	�?A �I��� �	�� 7���� <:5=�G 	� 
� :M� �	�G O�l

��	� C� FA��  .:G�� 
:M 4� :��� 7>�	 )TEQ e�>G �� �>9�= FA�>�  f>�*��E� e�>G.)>�	  7>�	

�G �	���z� �:M  � K�����* K��� 8�Z* �K�����* �	��C� �	�Y ��J�� )�� 	� :A� �G  �>� ���v7���>� 

�	�:�A�G�� <��Q ��A C� FA�� �A :G��. C>� 
6��>��& ���?� 
� �G <�o=  �>G �>H�� :>&	�� �� 8o�>%	

 C;�E>� ��>�Q C>G�_ 
��>�	:!�	�  F�	K>*	 FA�>� 
� :>���  �� ��M 
6����& � 7G�� 4!�;�G��� �

��G :A	�% e�G b��V�  
	��D?A � 7_)2019.(  c>���� 7�	 ����& K>�& �>� �	� 
�>�& F�	K>*	 �	�>G

e�G 
6����& )TEQ 8�:S) ��	� ����m 
6����& ��� N�9� 3 .() n>�����G � )����G2000 ��J�>� (

 �I] ���� W�X�84  �168  �>��  e�>G 
6��>��& �	:>�� � ��>DE?= �G 	� 
6����& ���DA �� O���E��

C>�Z� F�	K*	 �G �H�� 
6����& N�9� �� �	� 
��& ����& .:&��� �Z;�X�  e�>G 
6��>��& � ��>DE?= �	�

�I] ���� ^X�) :A�M ��?�� �G )�!&) ���	� � 
6:��* .:���� (2004� ��	K>� ( N�>9� �>� :>&��

 �	�	�>� �>G �>D��	 �>G 7�>�@?A .:>���� ���  e�G �� �9�= 7�	 )TEQ F�	K*	 �G �H�� 
6����& ���

) ���� ^X� 7�;�	 ��J�� ��	 )*� l�G K�& e�G 
6����& )TEQ C*�9� ��� �	:�� F�	K*	45  O���E��

�G �I] ���� ^X� �G )�!& e�G 
6����& )TEQ F�	K*	 �� (���DA �� �W�X� �	 ����G b�	�   �:>ZG

.��G  

��	K� �D��	 �G C�Z� ��J�� <��G�� ��:Z�� ��A  �	������G ��A ����G���	  �O��E��P����  � ��DE?= �G

��	� ��S� ���  ��DE?= �	KS	 4H&	)  
	��D?A �2007 ��	 ( �����>G ��G��>� �� 7�	 �G c���� 7�	 ��

C�Z� F�	K*	 �G �H��  
6����& )TEQ �	�:���� e�G C>�Z� +>��  ���  ��DE?= �	KS	 � ��DE?=  ��	�

�����G 7�	 �G )�!& �A �����G C�	��� .�	:& 
��&  ��APGPR  ��>A��� 7>�	 �>G )�>!& <�>�� +>��  �

 f>R�) $�>% ���>]�9% <�>�� s�>& fR� CIE�V� f�	�= �G C�!��pH �>]��= C�	2>Q�>�� )>*�G  

�����>>G )>>G�Y� f>>R�) C�>>!�� f>>�	�= � C>>?�EY	 g�	�>>M ()>>G�v� ��I>>��K�� ��>>A��	� Cr�>>!G ( 

���������)  
	��D?A �2015��	:S s�& �� <:M ��	K� .( �����G 7�	 ��A  � �A
�D�  �>5&� ����	:S

C�	��� �G K�&  )>�	 �	2>���J�� �>5&� ^�>�E� �G <��� +��  �  �:>� ����� � �&�XE>�)2007 .(��>�	 	�����

)2007 (�����G �G )�!& ��p <��� +��  C&	:E� F����� n� ��  ��APGPR  U>E�V� $�>% �� �� 	�



88                                                                            ����� ��� ) ��+ ����� ����  ��7) $%�&' (2 !(1398 

�����G �G <��� ^��E� �D��	 �G �	� 
��& ����& .��?& �Z;�X� �>G 	� �>��� n>�% 
�� �A C>�Z� ��>v  ��	�

O	:&	 n�% 
�� ��	 �	� F�	K*	  <��� C�	�A ��A+��  C�Z�  �	��	:& 
��& . C��Z;�X� �� ���� ��>��� 

�� ��	 CY�M � 
����:�A O�H&	 <:M )�	�G   �	 ��?� �� 7�r&��� ��v35  ��	�� :]�� <�>�� ��>DE?=

�����G ��G��� ��J�� )��  ��APGPR 7��@?A .)�	 ��*�� �	�Y  �� C>��� 7�>���� �� C������� ��

<�	� O�H&	 UE�V� cv���  :&	 g�*�� 8 �F���� �	  s�?H�23 F����� = d�!�� F�	K*	��DE? <�>�� 

<��� <:A��� 	� �G .:&	 �����G 7�	 f�l� 7�?A �A 
����� !&	��&�� :&	 :>�&�?A O�>�G�K�� �>A �� O�>r; �>A 

7�Kr��S C�j?X� �	�G ��� 
6����& M�G ���!%) :�2014.(  

  

%��-� !��1  

�G ���%�� )�� �� ���  ��DE?=  8�>?Z� )>�� �	 �>�?� <��� �?& � :M� <��� 
:M ��:�� )E=

 .��>G :>A	�% �>�?� )>�� s�& 7�	 �� K�& C���?�M ��A��� �G ���& �� )�	 CZ��v 7�	�G��G .)�	 
�

 �� �	� 
��& c���� 7�	 ����& F��>��� 7>�	 �	�>S	 f>�� �>G �G��� g�	�M � Cm	�	 �� )>�� �	�>G

 ��T�&	 fG�Y ��DE?= �G 
��!E� 4Y� ���  ���%���	 ��?� 2  fY	:>L �>G ���DA �� 7�60  �R�	:>L �90 

�G �� )�	 ���& ���� 
6����& ��� ���DA �� O���E��  �	:�� g���� ��v75  ��>]�� ��>�DA �� O���E��

C� %�>� )>�� �� 
��>!E� 4>Y� �>��  ��DE?= �	KS	 � ��DE?= 7��@?A .��M�>D= 
� ���  f>?Z;	

C�Z� �����G �G �2G ^��E� �G ��	� �A �����G���	  �O�E���P���� �G .�	:& 
��& C>� �T&  g�	�>M �>� :>��

�����G 7�	 )G�Y� 
	�� �� CX���  .)>!�& 4A	�* ���  )�� s�& 7�	 �� �5&� ��	2��J	 � )�;�Z* �	�G �A

7�	 �G C� ��5���  8�L  �� ��M�����G 7�	  �>� � �>A ���>��>G��>��  ��>APGPR  � g�	�>M cv�>�� ��

8��  ��A 7>�	 ��J�>� �>� )>�	 O�l 7�>�@?A .���� �	�Y �Z;�X� ���� ���  ���%�� )�� �� K�& �r��

�����G �� �A ����   .��M C���G K�& ���  ���H� O�Y�	  

  

\�	E&  

1. Ahemad, M., and Kibret, M. 2014. Mechanisms and applications of plant 

growth promoting rhizobacteria: Current perspective. Journal of King Saud 

University- Science, 26:1-20. 

2. Ali, N. 2015. Review: Nitrogen utilization features in cotton crop. American 

Journal of Plant Sciences, 6: 987-1002. 

3. Amiryosefi, M., and Sharifi, P. 2018. The Effect of Nitrogen Fertilizer and 

Azospirillum brasilense bacterium on some properties of wheat at Jozan, 

Isfahan. Journal of Crop Production and Processing, 7(4): 29-43. (In Persian 

with English Abstracts). 



�������� 
����� � ������ ���                                                                                                                              89 

4. Anjum, M.A., Sajjad, M.R., Akhtar, N., Qureshi, M.A., Jami, A.R. and Hasan, 

M. 2007. Response of cotton to plant growth promoting rhizobacteria (PGPR) 

inoculation under different levels of nitrogen. Journal of Agricultural Research, 

45(2): 135-143. 

5. Antoun, H., and Kloepper, J.W. 2001. Plant growth promoting rhizobacteria 

(PGPR). Pp.1477-1480, In: S. Brenner and J.H. Miller (eds.), Encyclopedia of 

Genetics. Academic Press, NY.  

6. Bondada, B.R. and Oosterhuis, D.M. 2001. Canopy photosynthesis, specific leaf 

weight, and yield components of cotton under varying nitrogen supply. Journal 

of Plant Nutrition, 24: 469-477. 

7. Boquet, D.J., and Breitenbeck, G.A. 2000. Nitrogen rate effect on partitioning 

of nitrogen and dry matter by cotton. Crop Science, 40: 1685-1693. 

8. Buehring, N. 2009. Double cropped cotton after wheat response to N. rates. p. 

5. Proceedings 12
th
 Annual National Conservation Systems Cotton and Rice 

Conference, 27-28 Jan., Marksville, LA. USA. 

9. Chen, J., Liu, L., Wang, Z., Sun, H., Zhang, Y., Bai, Z., Song, S., Lu, Z., and 

Li, C. 2019. Nitrogen fertilization effects on physiology of the cotton boll-leaf 

system. Agronomy, 9(6): 271. 

10. Clawson, E.L. 2003. Optimization of row spacing and nitrogen fertilization for 

cotton. Doctoral Dissertations. Texas A&M University 

11. Craig, C.C. 2002. Nitrogen use efficiency of cotton following corn in rotation 

and foliar fertilization of cotton using leaf blade analysis. Doctoral 

Dissertations, 4087, Louisiana State University. 

12. Devkota, M., Martius, C., Lamers, J.P.A., Sayre, K.D., Devkota, K.P., and 

Vlek, P.L.G. 2013. Tillage and nitrogen fertilization effects on yield and 

nitrogen use effciency of irrigated cotton. Soil and Tillage Research, 134: 72-

82. 

13. Egamberdieva, D. 2007. The effect of plant growth promoting bacteria on 

growth and nutrient uptake of maize in two different soils. Applied Soil 

Ecology, 36(2-3): 184-189. 

14. Fridgen, J.L., and Varco, J.J. 2004. Dependency of cotton leaf nitrogen, 

chlorophyll, and reflectance on nitrogen and potassium availability. Agronomy 

Journal: 96: 63-69. 



90                                                                            ����� ��� ) ��+ ����� ����  ��7) $%�&' (2 !(1398 

15. Ghajari, A., Gharanjiki, A., and Dieji, A. 2017. Optimizing the nitrogen 

fertilizer use and row spacing for yield increasing of Cotton cv. Golestan in 

double-cropping. Iranian Journal of Cotton Researches, 4(1): 47-60. (in Persian 

with English Abstracts). 

16. Hafeez, F.Y., Safdar, M.E., Chaudhry, A.U., and Malik, K.A. 2004. Rhizobial 

inoculation improves seedling emergence, nutrient uptake and growth of cotton. 

Australian Journal of Experimental Agriculture, 44(6); 617-622.  

17. Hallikeri, S.S., Halemani, H.L., Patil, V.C., Palled, Y.B., Patil, B.C. and 

Katageri, I.S. 2010. Effect of nitrogen levels, split application of nitrogen and 

detopping on seed cotton yield and fibre quality in Bt-cotton. Karnataka Journal 

of Agricultural Sciences, 23: 418-422. 

18. Hoseini, J. Ardakani, M.R., and Changizi, M. 2013. The effect of mycorrhizal 

fungi and Azotobacter growth promoting bacteria on yield properties of cotton 

cv. Varamin. 8 p. In: Proceedings first national conference on sustainable 

agricultural development and healthy environment, 26 Feb., Hamedan, Iran. (In 

Persian). 

19. Iqbal, M., Chang, M.A., Iqbal, M.Z., and Muhammad -ul-Hassan. 2003. Effect 

of nitrogen on maturity of cotton by using node above white flower. Pakistan 

Journal of Biological Sciences, 6: 1845-1848. 

20. Janat, M., and Somi, G. 2002. Comparative study of nitrogen fertilizer use 

efficiency of cotton grown under conventional and fertigation practices 

using 
15

N methodology. In: Pp. 85-98. IAEA (ed.), Water balance and 

fertigation for crop improvement in West Asia. IAEA-TECDOC-1266. 

International Atomic Energy Agency, Vienna, Austria. 

21. Jnawali, A.D., Ojha, R.B., and Marahatta, S. 2015. Role of Azotobacter in soil 

fertility and sustainability–a review. Advances in Plants and Agriculture 

Research, 2(6): 250-253. 

22. Khan, N., Han, Y., Wang, Z., Wang, G., Feng, L., Yang, B., and Li, Y. 2019. 

Role of proper management of nitrogen in cotton growth and development. 

International Journal of Biosciences, 14(5)5: 483-496.  

23. Khosravi, H. 2014. Application of bio fertilizers containing free-living nitrogen 

fixer micro organisms in agriculture. Journal of Land Management, 2(1): 51-63. 

(in Persian with English Abstract). 

24. Kizilkaya, R. 2009. Nitrogen fixation capacity of Azotobacter spp. strains 

isolated from soils in different ecosystems and relationship between them and 

the microbiological properties of soils. Journal of Environmental Biology, 

30(1): 73-82.   

25. Kumbhar, A.M., Buriro, U.A., Junejo, S., Oad, F.C., Jamro, G.H., Kumbhar, 

B.A., and Kumbhar, S.A. 2008. Impact of different nitrogen levels on cotton 

growth, yield and n-uptake planted in legume rotation. Pakistan Journal of 

Botany, 40: 767-778. 



�������� 
����� � ������ ���                                                                                                                              91 

26. Munir, M.K., Tahir, M., Saleem, M.F., and Yaseen, M. 2015. Growth, yield and 

earliness response of cotton to row spacing and nitrogen management. Journal 

of Animal and Plant Sciences, 25: 729-738. 

27. Naderifar, M., and J. Daneshian. 2012. Effect of seed inoculation with 

Azotobacter and Azospirillum and different nitrogen levels on yield and yield 

components of canola (Brassica napus L.). Iranian Journal of Plant Physiology, 

3(1): 619-626. 

28. Patil, M.B., Kadam, S.M., and Pillai, S.G. 2011. .Effect of Azospirillum on fibre 

quality and yield of irrigated cotton. Bioscience Biotechnology Research 

Communications, 4(1): 102-104. 

29. Poonguzhali, S., Madhaiyan, M., and Sa, T. 2008. Isolation and identification of 

phosphate solubilizing bacteria from Chinese cabbage and their effect on 

growth and phosphorus utilization of plants. Journal of Microbiology and 

Biotechnology, 18: 773-777. 

30. Rashidi, M., and Gholami, M. 2011. Response of yield and yield components of 

cotton to different rates of nitrogen fertilizer. Academic Journal of Plant 

Sciences, 4: 22-25. 

31. Reddy, K.C., Malik, R.K., Reddy, S.S., Nyakatawa, E.Z. 2007. Cotton growth 

and yield response to nitrogen applied through fresh and composted poultry 

litter. The Journal of Cotton Science, 11: 26-34. 

32. Saharan, B.S., and Nehra, V. 2011. Plant growth promoting rhizobacteria: a 

critical review. Life Sciences and Medicine Research, LSMR-21: 1-30. 

33. Saleem, M.F., Bill, M.f., Awais, M., shahid, M.Q., and Anjum, S.A. 2010. 

Effect of nitrogen on seed cotton yield and fiber qualities of cotton (Gosyipium 

hirsutum L.) cultivars. Journal of Animal and plant Sciences, 20(1): 23-27.   

34. Seilsepour, M. 2009. Studying the effect of various levels of nitrogen and boron 

spraying on quantitative and qualitative properties of cotton cv. Varamin. pp. 

950-951. In: Proceedings 11th Soil Science Congress of Iran, 12-15 Jul., 

Gorgan, Iran. (in Persian). 

35. Seilsepour, M. 2019. Field study of municipal solid waste compost and nitrogen 

effects on quantitative and qualitative parameters of cotton and chemical 

properties of soil. Iranian Journal of Cotton Researches, 6(2):95-116. (In 

Persian with English Abstracts). 

36. Silvertooth, J.C., Malavolta, E., Yun-hi, L., Momtaz, A., and Singh, M. 1992. 

Cotton. In: World fertilizer use manual. W. Wichman, (eds.), International 

Fertilizer Industry Association (IFA). Paris, 457-471. 

37. Steenhoudt, O., and Vanderleyden, J. 2000. Azospirillum, a free-living nitrogen-

fixing bacterium closely associated with grasses: genetic, biochemical and 

ecological aspects. FEMS Microbiology Reviews, 24: 487-506. 



92                                                                            ����� ��� ) ��+ ����� ����  ��7) $%�&' (2 !(1398 

38. Sultana, T., and Kumar Pindi, P. 2013. Assessment of PGPR bacteria of cotton 

fields. International Journal of Agricultural Science and Research, 3(1): 207-

2016. 

39. Zabihi, H., Ramazani Moghaddam, M.R., and Nourihosseini, S.M. 2014. 

Effects of different amount of N-fertilizer and irrigation water on yield and 

yield components of cotton. Iranian Journal of Cotton Researches, 6 (2): 43-55. 

(In Persian with English Abstracts). 

40. Ziaian, A., Seilspour, M., and Ghoshchi, F. 2006. Cotton Nutrition Principles. 

Marze Danesh Press. Tehran, Iran, 168 p. (In Persian).  

 


