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�73! �e�� (T�	�4 (�+��4�� 

 +9�,)�
+� 

��4 z$2 (

T5)( 

+9�, a81/4 a60/72 d00/0 ab35/5 abc11/3 a72/1 a40/0 a23/1 a41/2 

5% bcd01/1 a/e72/41 g38/0  - bc88/4 cd46/2 b/f65/0 de30/0 ijk97/0 klm11/2 

10% de08/1 b/g93/30 ij52/0 - ab90/6 cde34/2 b/e 7/0 de35/0 kl94/0 mn08/2 

15% ef02/1 efg2/20 k69/0  - ab15/5 de77/1 bcd79/0 efg23/0 l91/0 no05/2 

20% cd13/1 a/e29/36 h45/0  - bc 48/4 de 58/1 c/h38/0 de 34/0 m 85/0 p 00/2 

  

O��4
���  

T6)( 

5% k/p 23/3 b/e66/34 hi 48/0 - d 91/1 bcd 75/2 e/h 13/0 gh 026/0 hi 01/1 j 17/2 

10% nop 47/3 e/g00/28 j57/0 - d 02/2 abc 12/3 g/h 12/0 gh 010/0 ijk 97/0 jk 14/2 

15% op 76/2 fg 33/17 kl 72/0 - d 02/2 abc 12/3 fgh 14/0 gh 026/0 jk 96/0 klm 10/2 

20% k/p 85/2 b/e 33/33 hi 49/0 - d 85/1 cd 41/2 fgh 11/0 hi 033/0 l 90/0 jkl 13/2 

  

�!�4
���  

T7)( 

5% abc 00/3 a 54/64 d 01/0 a 58/8 ab 06/4 bcd 78/0 def 24/0 jk 96/0 lmn 09/2 

10% a/f 09/1 ab 09//55 c 15/0 ab 95/6 a 30/4 bcd 78/0 d 51/0 kl 94/0 k/n 096/2 

15% d/i 14/2 a/e 37/40 a 37/0 bc 57/5 abc 28/3 c/h44/0 d 48/0 l 90/0 mn 063/2 

20% c/i43/1 a/e 40/40 a 37/0 ab 55/5 abc 42/3 b/h50/0 c 75/0 ijk 97/0 p 00/2 

)!
�  

T8)( 

5% d/i 85/2 a/d 68/49 f 25/0 - cd 77/2 fg 68/0 i 07/0 jk 01/0 mn 83/0 q 85/1 

10% f/j04/2 hi 22/8 m 87/0 - d 40/2 fg 65/0 i 06/0 k 007/0 no 80/0 qr 82/1 

15% h/m 42/1 a/e 20/40 g 38/0 - e 76/1 g 59/0 j 04/0 l 002/0 op 78/0 r 80/1 

20% j/o 33/2 i 00/7 m 89/0 - d 31/2 g 56/0 j 038/0 l 003/0 p 74/0 s 74/1 

2�:���O �9�3 4� �!��& z[ �72f /+���9 � W��� !� OB��� ��2(� |n� ?�Q�[� v�� +#!� "
�V	 �a2� !��& +�!�+�. 



87  

����� ��	
� ���� ����� /�
� �� /��� ��
� / ��� ! 
 "��#1393 

 

�73! ?�P �e�� 
 �m �� ���!( -��� �m ��a2 !�P  &!��

 =o	�]	� �� ��BQ9� 
 �9!�Q�	 e �9 =�� !�) ?
+'

2 .(�73! ?�P ��4�
 =��� �m &�9!�Q�	 �� )+, ?�Q�� 

�� ��� "
�V�2 �73! ?�P O3�Q4 �4 &!�P  =p�` !� �m

15 )!�$� +#!�  &�9!�Q�	T4  
T8  ��^�2 �� h�		 ��

78/88  
10/67  ��� )!�$� !�Q�	 �� =��� �9�4 +#!�

 +, )+9�72 +9�,) ?
+'3( .=p�` O3� � )
<�  &�95  


10  !�Q�	 )!�$� +#!�T7  �� h�		 ��37/60  
90/29 

 +9�, !�Q�	 �� =��� �3�^�� +#!�) U�n\2 ( "���

)+�3�^� �73! +,! � &�  +���� ��7� �m) ?
+'3 .( 2� O3�

  �+�� !� fo2 �3��Q�,��*� ���2 =p�` �3�^�� (� ��7�

 "��� h�� �4 )��� ��� ��	 S3�, !�  ��!�� �3��9

^��2 ��!� �!�2 &�9�2�!�� � )+�3� ��, .  

�� !�P  &!�Q�	 (� )+, ��N	 )!�$� ��4 S3�, =o	 �4

 =�� !�e U��n2 &!���� �� )�Q9 O��4
��� ��4 ��!�4

) (T3 =p�` !�  &�95  �	20  � )+�3�^� �� O3�7�� +#!�

�73! ?�P �*�[ !� /=,�� �m  (� )+, ��N	 )!�$� �4

 !�Q�	) (T6 	h�� ��� ��	 S3�, =o  � )+�9�4 "���

�73! ?�P  +, ���!( -��� �m) ?
+'3( .��  ��4 !�P

=�*����2 ��^�2 ��	 S3�, =o	 &���� &�9  ����P! &�9

 ���3( &�9��4 (� )��V��� 
 )+, ��i	 !�m� �3�I` 


)���!�4
� O��4
��� 
 ( #��� UI' �3�^�� h��

U��n2 &!���� S3�, !� �3�I`  ���2 UI' &	� 


 ��9��� :3� �� =��� ��� ��	 S3�, !� �3�I`

�2 ��� .\o	�"�\ �2 ���� ��4 �3�^�� +�4 ���3( 

�!�� �!�4
��� 
 O��4
���& ���Q62 �& (� �4��& �9& 

=��x	 )+��4 ��
��� (� 
 �4���	(� ��'  ��3��
(� 

=�� �4 +,! 
 �a��	 �73! 
 =Q�e �9& �3��9 ��9��� 

�! h'�2 �2  ��,) /��!�BQ9 
 �,��� ������1389 .(

=p�` ��!�  �3��9  �+�� ��� )!�$� 8��>2 &�9 ��7�

���  �	 )!�$� =p�` �3�^�� ��15  &�9!�Q�	 !� +#!�T4) 

 
T8 (�73! ?�P (� �2 ����4 �m  "��� �� (� +a� 
 ��,

�!�� !�4I2 �2�!�� � )+�3�^� . �3�^�� ��*� �� 2� O3�

=p�` !� �3��Q�,��*� ���2  A3o	 
 	T�� &�96�(�) �& 

M����B2 (�  �� �B3��*�3^�� &�9M9  ������p� �� 

�2 +�! J !� �3�I` #��� UI' �3�^�� ��4!�P �� �2�

� !�Q�	 �!�4
��T3)  
T7 ( 
 U��n2 &!���� S3�, !�

)+�3�^� "��� �9!�Q�	 :3� �� ��3�\2 !� ��� ��	  � &�

�73! ?�P  =,�� �m) ?
+'3( .� �� �'�	 ��3O 4 �

!3�7 *
� �m�7>� O� � (�� =�� �q9�4\��2 ��Z�Q  !�

ta2 ���2 	����*�A� !�e �!�� � !� �I*�H!�^� �7  �9

(� �4�[ 4�9� !+, !3�7 �m S��	 h����� ���2  ��

*��� �� �3O ���2 
!& 4�9� �\	�M *����/ 4�9� !� 

2�� ��^4��O k�\*� 4)+�� +,! !3�7 �9 
 =*�%� !� �V�	 


 V��3�� � �+,4��	�+�2 �� +,�� ) /��!�BQ9 
 �
�m

2002J A���41  /��!�BQ9 
1989�:�� J2 /1996.(  

�� ���2 :3� ���� �3��Q�,��*� ��'�2 !�    �R�� )!�R$�

 "��� f�% &^�>�#�[ 
 ����P! ��	 S3�, !� ��9���

)+�3�^� +,! � &� ���� &!���� +�!�� �9 .   H!�^R� O�R\\o2

�3�\� +��4& !��
�m !�  3��R\2  MR4 
    �3��Q�R,��*� ���R2

!� ��'�2 �� !� =p�` �9&  /O�3�R�  sR���  AR3o	  +R,! 

���� �%� �9& !I� =,!� �2  ��,)
�9+��!�٣   /��!�RBQ9 


 /��!�BQ92002.(  

�� )!�$� ��4 !�P (� )+, ��N	 &�9  ��R4 !�Q�	  !� )!
�

      R�� O3�R7�� �R�� ��R	 
 U�R�n2 &!���� S3�, 
� 9

�e�� ?�P � �! �79�4     =Rp�` �3�^R�� �R� 
 ��� ��7� �m

 O3� )!�$��]	� �� +, ��% �7�� ��+�!��(��    �R4 �	!�#

�e�� ?�P  �R$��� )+, !�Q�	 &�9!I� �m)!   &�R9T4)  
T8( 

=p�` �3�^�� ��    �9�R4  ��!�R� ��� )!�$� 8��>2 &�9

 =��3) ?
+'3 ( �e�R� ?�P O3�Q4 
   !� �Rm  =Rp�`20 

       �RR� hR�		 �R� !�4IR2 &�R9!�Q�	 )!�R$� +R#!�73/70  


99/81  +9�, !�Q�	 �� =��� �9�4 +#!�)n\2 U� (  �R�

=��  +2�) ?
+'3 .(�e�� ?�P "���i	  v3��� +���Q9 �m

P�73! ?�   =Rp�` !� �Rm10   )!�R$� +R#!�   &�R9T3)(  


T7)( 		 ���h  ��33/27  
26/38    �3�^R�� +R#!�  =�R��

   +9�R, !�RQ�	 ��) Rn\2 U� (  )+R�3�^� "�R��    ?�RP R� &�

�e��  =,�� ���!( -��� �m) ?
+'3( . ��!�BQ9 
 ��'�

                                                             
1 Connick 
2
 Seigler 

3
 Randhawa 



88  

��+,�- '��(  ���4�� 
 :�:� ���@
�� 
 ?�� 59� �5 ���#�K ��� �9�1� ������ �7�82 �'... 

 

)1389 (&+,! "��#�$% � ^�� )3( )!�$� ��!� !� 

w�	 W
% 
 �Q�� )	    R�� +��R,�� ����o	 R3A  �+R��4� 

 !�RRQ�	50   ?�RRP �3�^RR�� hRR'�2 )!�RR$� =RRp�` +RR#!�

�73! �m �e�� 
      !�RQ�	 �R� =�R�� �Rm  +9�R,) Rn\2 U�( 

+3�� .�� �!�4�&  )!�R$�  R���  !�  ��!�R�  =Rp�`  �R9& 

���3O �]	� ��+�m� � +,! !3�7 �m  �e�R� 
  �Rm  /=R,�+� 

*B�O �� �^��3� ��� )!�$� =p�` "�V#   �!�R2 R�!�� (� 

A3 +�
! 4 R79��    �R73! ?�RP =VR# !�    �R%� !� 
 �Rm

�73�^�� +�
! "�e
� ?�P !� �e�� �m ��
& �2  +R�4.  �R� 

 p�2� +�! ���2 )+�!��(�� ��'�2 !�  )!�R$�  R��� �\� R3�& 

 ��!�� (� P R35  =Ro	  �]R	�  ���� !�Re 2B��� MR�  �R9& 

+���Q9 �\	�M *����/ =a��Q2 (� �Q�  ��R2!�9   R�p� �R9 

���+ '�*�A� 
 �3?
+� ���+ ���A�/ (� ! +,!3 �R7  �Rm 

 ��R�'�& 
  r��R2 (� �P R3�  �+R,  �� R2�  +R��� )  
 +R�(

 /��!�BQ91383  .(!�       O�R�4� ��R2!�9 !�R_[ �R4 �*�R[

 +,! �9�4 h��!3�7   �R� �4 +3�� �e�� +,! �3�^�� 


 =RR,�� =RR\��n2 O�RR\\o2 RR:3� v3�RR��)RR:3�( 
 
^3�RR	1 /

2010.(  

*����^ )��� �9& 2���  �R�  �]R	�  )!�R$�  R���    ��!�R�

)  ��R4 zR$2 �
+� (�\2 
3    +9�R, �R� �� �R�) Rn\2 U� (

 ��� ��7�4�� )!�$� ��   �R73! AR7% �(
  ��!��   
 �Rm

�e��  �R� �! ���!( -��� �m   �R�a2 !�RP   ��� �9�R4 &!��

) ?
+'2 .(   �R� /��� ��R7� ���!( -��� +,! +�
! ��!�

 �(
 / ��!�� ��� )!�$� =p�` �3�^���73! A7%   
 �Rm

    +9�R, !�RQ�	 �R� =��� !�Q�	 =o	 &�9!I� �m �e��) U�

n\2 ( =��3 �9�4) ?
+'3.( �� ��!�4 �4 &!�P   )!�R$�

 =p�` ��20 &�9!�Q�	 +#!� T4  
T8    �R73! AR7% �(


 !�Q�	 �� ��3�\2 !� �! �m +9�,)n\2 U�(  		 �R� R�h   �R�

 ��^�237/88  
7/97  ��� �9�4 +#!�) ?
+'3 .(��  !�P

)!�$� ��4  ��4 !�Q�	 (� ��#�[ &�9 ��R�3( )T2 /T3 /T6 

 
T7 (  )!
� ��RR4 �RR� �RR�3�\2 !�T4)  
T8(  
 RR�N� +RR�
!

)+�3�^� �73! A7% �(
 �3�^�� � &� �e�� 
 �m  ��7� �m

O�3�� ��!�4 
 ���    �R�a3 )!�R$� =p�` O3	5   !� +R#!�

 !�Q�	T3  ��35   �R� =��� �9�4 +#!�  !�RQ�	  +9�R,) U�

2n\( /  �R73! AR7% �(
 O3�7��   �e�R� 
 �Rm   !� �! �Rm

  ��� ��RR$�%� ��RR% �RR� )!�RR$� 8RR��>2 &�RR9!�Q�	 ��R�2

) ?
+'3 .(   �R73! AR7% �(
 v3�R��   �e�R� 
 �Rm    �R� �Rm

                                                             
1
 Taiz and Zeiger 

 =R,�� =\��n2 :3+B3.  �R�       �R� )!�R$� ��!�R4 �R4 &!�RP

 =RRp�`20 )!�RR$� +RR#!�  &�RR9T4)  
T8(  ARR7% �(


�e��     �R� hR�		 �R� �! �Rm 5/87  
05/92    �9�R4 +R#!�

 �� =��� +9�,)n\2 U�(  ��� �9�4) ?
+'3 .(  )!�R$�

 !�Q�	 (� )+, ��N	T1 )!�$� �� ��3�\2 !�    (� ��R#�[ &�R9

 �!�4
��� &�9!�Q�	T7)(  O��4
��� 
T2)( �� )+�9�4 &�

�73! A7% �(
 � �e�� 
 �m  +��,�� -��� �m)  ?
+R'

3 .(   R�� )!
� ��R4 !�RQ�	 !� ���4� �3�^��   !�RQ�	 �R� =�

��4      �3��Q�R, &�R9��4 �R7�� UIR' :���� ���3( &�9

  ���RR2 +RR�*�	 �3�^RR�� 
 �3��RR9  �+RR�� �aRR��	 
 �RR��
���

 )�%j )��� =��� !� 
 =�� )��� S��	 �Q� �3��Q�,��*�

�2  ��,) /&+�Q[ 
 &��Qo21391 .( !�_[ O3� � )
<�

� �3��Q�,��*� ���2 ��^�2 � ��� ��	 S3�, !� )��� �Q

�2 +3�^�� .     !� ��
R��� ��R4 =33+R2 �R�!� !� O�\\o2

     (� ��R� )!
� ��R4 zR$2 �R4 +��,�� ����  ��!�� )���

200  !� �Q� ���2 rQ6	 �3�^�� s��� !��B9 !�  ����4

=��� �����  ��!�� �9��� &�9  �R2 &�   ��R,)  
 
! y*�R%

 /��!�BQ91391 .(  (� +Ra� !��
�m �7,�� )��� � "�\�\o	

=74 9   ��� ��R7� ����R���	 &� R���  MR`!    &�R9��4 UIR'

 =p�` �3�^�� 
 ���
��� �3��Q�,   !� �3��Q�R,��*� ���R2

 ?��4 +#!� &�o� �� �9��� =���8��  �R9&    �R	 (R940 

�2 �3�^�� +#!�  +9�) /��2� 
 &�	!�92002.(  

  

!�;� M��� ��(8� '�  

 ��� ��7� v3��� +#!�I�j�V�3&    
 �e�R� k�R7` ����

�� �73!  =Ro	 ���!( -��� )� �]R	�    
 &��R4 &�R9!�Q�	

 =�:� !�e &!���� S3�,) ?
+'2 .( -��� :3� ���� ��

 �� �3
!�3
! !� ���!( �3��Q�,��*� ���2 �� ����\2 
  =�QR�

  f�R%       �R4 )��� �3�^R�� �! ��R% �*��R� )!��R3� =2�>R~

 ZT�Q�[�%]	�  +,�� 2� O3� ��*� +,! !�)   /�R�� 
 zR,�

2008 .('
      �3��Q�R,��*� ���R2 ��^R�2 
 ��R	 S3�R, ��

    f�R% =�QR� ��^R�2 � f�% �� ���>2 &�3�\� !� ��'�2

�2 +3�^��    �*��R� )!��R3� =2�>~ �3�^�� s��� 2� O3� �4

�2 ��	 S3�, �� )(!��2 !�  ���)  /R:3�( 
 
^3�	2010.( 

��!� !� O��qQ9  )+R, ���� �+a�2 &�9    ��^R�2 �3�^R��

�9� ��7� ���3 =7�  �R2 �*��R� d2 �3�^�� )+   
 +R,��



89  

����� ��	
� ���� ����� /�
� �� /��� ��
� / ��� ! 
 "��#1393 

 

  
�\2  �e!� !� 2� O3��� h	�2   =R�� �Q4)   
 ���Rm �R��%

"���1 /2007.(  

��  ��4 !�P?��o2 ,���     &!�RQ�	 (� )+R, �R�N	 )!�$�

    !�Re �R�� ��R	 �� )�Q9 )!
� ��4 ��!�4 S3�, =o	 �4

 =��) (T8  !�=p�`  &�95 /10 /15  
20   =�R�� +#!�

 �� +9�,)U� n\2( 		 ���h   �R�53/32 /95/34 /58/36 /

83/39  /�9�4 +#!�    =R�*�a� R� ��+R�9�4 �� O3�7��

 /=,�� (T�	�4 M3^������ ��     �R�� ��R	 S3�R, �R4 &�  !�

    R� )+R�9�4 "�R�� �3�^�� h�� U��n2 &!���� �� ��3�\2

 +, (T�	�4 M3^�� =�*�a�) ?
+'3 .( �R�     ��!�R4 �R�4 !�RP

 =p�` �� )!�$�20  (� +#!�	��9!�Q& T4  
T8 ��    hR�		

 ��95/21  
83/39  +9�, !�Q�	 �� ��3�\2 !� �9�4 +#!�

)n\2 U� (     +R���� ��R7� �! (T�R	�4 M3^R�� =�*�a� O3�Q4

) ?
+'3.( )!�$� �4 �*�[ !�     ��R4 !�RQ�	 (� ��R#�[ &�9

 ���3()T2 /T3 /T6  
T7 (     �3��Q�R, ��R4 �R� �R�3�\2 !�

T4)  
T8(  �� +�
!    +R���� ��R7� �! MR3<2 h�R,   S3�R, 


  �! )+R�9�4 "�R�� O3�7�� )!
� ��4 �� )�Q9 ��� ��	   R�

 ��� ��7� (T�	�4 M3^�� =�*�a�) ?
+'3( .�2 p� ��   +R�!

 h��� )!
� !�Q�	 !� �Q� ���2 �3�^�����'  IR���3&   �R�

  !� hR���2 E��� �� !��e 
 )+���! M3^�� O3� +�*�	 M����

�� ��	 S3�,=�� )�� .  ��!�RBQ9 
 &��9�)1393 ( !�

     /�R�� !�RQ�	 �R4 +R���� �6��� �' ������� �� ��!�

*�Bb�*���9+& ���B3��O 
 �
	��h�� O 4�9� �a2�!�� 

2���^ *�a��=  ̂ R��3M 4 (T�R	� !�     +R, )R	 �Q�R� �Rq9��� .

O��[  ��!�BQ9 
 )��()1388 ( �4 +��,�� ���� !� �9�4

M3^�� =�*�a�  &�9����  R�4����+�  �R2 �!     =�QR� �R� ���R	

 &T�� �3��Q�,��*� ���2     ?��R� ���R�� M�R��� =R�9�2 


��� =���.  

   ��� ��RR7� (�+�RR�4�� M3^RR�� =RR�*�a� �RR�!� v3�RR��

?��o2 ,��� )!�$� �� )+, ��N	 &�9  !�P�a2� !��&   =Ro	

�]	�     �R� 
 =R�� !�Re &!�R��� S3�, 
 &��4 !�Q�	   !�RP

 ��4)!�$� �9& (� ��#�[      ��R4 �R� )�RQ9 �R�� ��	 !�Q�	

)+�9�4 +�
! )!
�   ��� ��R7� (�+�R�4�� M3^�� =�*�a� � &� .

���� ��  !�Q�	 �4 &�)T8 (=p�` !�   &�R95 /10 /15  
20 

     �R� =�R�� �! (�+�R�4�� M3^R�� =�*�a� +#!�  +9�R,) U�

n\2( 		 �� R�h 23/23 /48/24 /31/25 /80/27   +R#!�

 ��� �9�4) ?
+'3.(  

                                                             
1
 Khanna-Chopra and Selote 

�� !�P  ��4?��o2  �,��(� )+, ��N	 )!�$�  !�Q�	��4 

   R� �R79�4 �� O3�7�� ��� ��	 S3�, !� )!
�  =R�*�a�

(�+��4�� M3^��  =Rp�` �3�^�� �� 
 ��� ��7�    )!�R$� &�R9

 O3��]	�    =R��3 �3�^R�� �� ��+R�!��(�� .    �R4 �	!�R# �R�

)!�$�  �R9&  (� ��R#�[   ��R4 ��R�3( )T2 /T3 /T6  
T7(  


�, ��� )!�$� +9) /��4 z$2 �
+�T1  
T5 (  �R�3�\2 !�

 ��� ��	 S3�, !� )!
� ��4 ��)T8(  )+R�3�^� "���   R� &�

  =R,�� ���!( -��� (�+��4�� M3^�� =�*�a�)  ?
+R'3 .(

 )!�$� �4 �*�[!�20      S3�R, !� )!
� ��R4 !�RQ�	 +R#!�

 ��� ��	)T8 (  �R�12/15      )+R�9�4 "�R�� �9�R4 +R#!�

��a2   RQ�	 �R� =��� &!��    &!�R��� S3�R, !� )!
� ��R4 !�

 U��n2)T4(  ��� ��7� ��% (�) ?
+'3 .( ���� !�P  ��4

 ��� ��	 S3�,�\2 !�3��    �R2 U�R�n2 &!�R��� ��   +R���	

      �R�� )!�R$� !� ��R'�2 �3��Q�R,��*� ���R2 �3�^�� h��

��� )!
� ��4 S3�, =o	  ��!�� .��!�  ��� ��R7� �9 

���2& p�� ��V*��O !�  �R'��  R:���    S3�R, !�  +R�� 


k�\*� h�� ��	 ��	 �4��	�+�� 
 *�	�+ ��!3?�B �9& ��(� 

�4��>	 /�}3h �7`&  *��R�� 
 !� ��� �R6  ?�Ra�  �+R, 

��M�� ^��3Q� h�� �^��3� *�a��= ^��3M �9& �4��	�+�� 

�� 2 R� ��^2   �R	3   R2 R����   +��R,)  
 &��R9�  /��!�RBQ9

1393 /!�� ���n�� /1385 .(� (� �#�[ v3���   �R3�\� �R�!


!��% �'         /��� ��R7� &�
�R, 
 OR6	  +R��  �Re!� R�

M3^�� =�*�a� ��^�2 �' ��� )!�$� &�9   (�+�R�4�� /(T�	�4

 �! (�+��4� "��!�B�� 
 �R�  !�RP  �R�a2  ��� �9�R4 &!��

) /��!�RRBQ9 
 )��( O�RR�[1388 .( �RR�!� !� O�RR\\o2

�RR���' �RR��� �RR�(  �RR�� )!�RR$� !� ?�RR% &�RR910  +RR#!�

�RR���    ��RR	 RR��� !� =RR2
�\2 �RR4 +RR��4 ��RR�� ���:�

�������  MR� =�*�a� �3�^�� 
     =R�*�a� dR� !� �R3��(

M3^��      (T�R	�4 /(�	�QR�3� +�R�4� ��R� &�R9   ���	�R	��� 


 ��� �3�^�� �! !��4
�!)  ���R,� 
 R��2 /1967 .(  O�R�qQ9

��  dR� ����� ��+�!��(��  )�R��  �R3
!��  H�R%!�2  R� 

/ +�� �'�� :���/ ^�		f 
 z
!��   M3^R�� =�*�a� ��^�2

 =��3 �9�4 ��9��� O3� !� �! (�+��4��)   
 !�R� ���n�R�

 /��!�BQ91383.(  

 

 

  

                                                             
2
 Penner and ashton 



90  

��+,�- '��(  ���4�� 
 :�:� ���@
�� 
 ?�� 59� �5 ���#�K ��� �9�1� ������ �7�82 �'... 

 

�M��� '���  

�� �'�	 �� ���3v �#�[ (� �3O  �9
}R�    +R, )+9�R72  �R4

  ��R4 ��!�R4 (� )+, ��N	 )!�$�  ��R�3(   �!�R4
���T3)  


T7 ( ��� ��	 
 U��n2 &!���� S3�, !�*� ����  �3�^��

�73! h���2 !�\��� =p�`  �Q	 !� �9    �R� )!�R$� &�910 

    �R���' +R#!� R� =R�x2 "��� /�3�^�� +#!�    ?�RP /�R�(

�73! �e�� 
 �m  M3^R�� =�*�a� 
 �m     ���+�R�4� �R��� &�R9

 !� /=,��*�[� �4  )!
� ��4 &�9!�Q�	 (� )+, ��N	 )!�$�

T4)  
T8 ( "�RR�� �RRV�2 -RR��� &+RR,! "��RR#�$% RR�

��!( �	 �! �40 ��� �3�^�� +#!� .�� )
<�    ��R9��� !�R_[

 !�    ��R4 UIR' (� �R,�� =�Q� �� )�Q9 ��� ��	 S3�,

*����2 A3o	 h�� )!
��=     �+R, ��R,���� 
 �R3���� &�R9 

        !�RQ�	 �R� =�R�� )�R�� SR��	 �QR� �3��Q�R,��*� ���2

��4  
 �:�,���� :���� /O��4
��� 
 �!�4
��� ���3( &�9

�� )��V��� )��N� �3
!  U
�R�	 !� �9    �R2 �R��!( &�R9  +R,�� .

�RR�  &!�RRP  +RR#!� �9�RR�� &�RR3�\� +��QRR�� =�QRR� �RR4

����' �73! +,! /��(  �e�R� 
 �m    M3^R�� =R�*�a� /�Rm   &�R9

����  R�4����+�       �R��!( -R��� +R,! �R�*
� �R[�2 !� �!

8�� �� ����\2 !� )��� ����e! ���	 
 )��� �9�4    (R9 &�R9

�2 ?��4 �! +�4 . !�   ��R�3( &�R9��4 (� )��V��� Y�Q62

 �� O��4
��� 
 �!�4
���4]	�+ )��N� z$2 �9�4 � 
 �9

 k�� �� O��qQ9�\�3�  U
�R�	 !� ��9��� �   
 �R��!( &�R9

2]	�O       �R3Ii	 �R� hR����2 Z<2�R4 �	!�R# �� �3�I` #���

  =RR�V�4 ��RR�N� /��RR9��� �RRa��P 
  =2<RR� �RRV[ 

o2�S (3=� �	 �� )(!��2 �� )�Q9�  �Rn�o2 &�9   ��R#�	

�2 ��,.  

  

A5�   

) /�,��� ������./ / �2� &. z /O�2�! �*�Q' 
. 1389 .��3�\2 �� �9��4& ���3( �� �9��4& �3��Q�, � /+,! �B�Q� 
 +#!� 

O`
!  ���:�����(Helianthus annuss L.)  ��	 8��>2 ;�n� !��B7% .�37�  �� ���,� (!
�74&/ 2)3 :(501 -492.  

	B���/ W./ +,�! �$o2/  .;. 
 ���3�� /?
�  . 1389. �!�� ������� 	����*�A� )!�$� ���  �+�� ��9�3 3�6�� ����' � �(� 
 

+,! ���q9��9& (9 8�� ���� !�Nm .7�3� �9
}� �9& ��!(� �3/�� 9)1( :69 -60.  

�[�O )��(/  . //�Q��!��4 �./ )��( ���>�3� / . 
 �!��#/ Y .1388 .� �� ��!A�	����*� "���4	 ��% �'!
  ��^�2 �

@	
��O �9 /9��4�"�!+ �9  
 =�*�a��%� (� ^��3M �9&  +�� . ��62(3=� ���,� �3 /��22)3( :406-392.  

Q[�+&/ �./ Q[�! /&+./ 4Q�����W /.Y.! . 
f�� ��=; / .1389 .�9��& Q9�B�� 	����*�A� ����9� ��!(� � 
3�}� �9& 

+,!& w�	 W
% (Amaranthus retroflexus L.) �7[
 zT�3 /(Avena fatua L.)  
7[
 �'� (Hordeum 

spontaneum Koch.) .�37�  �� �%��,� 8�� �9& /(9 1)2 :(144  - 135.  

y*�% 
!H /./  �Re� ��� ��R>�  /.  W!+R2 
  ���R�&Y /.  .1389 . �]R	�  !�+R\2  R4�� �� ��
R�  R� �Q� RB� 4 RQ� 
 �4 RV�  �R���� 

/"!j �(!� !�
23+& 
  ��!�� !�  �p� 4=7 ����
� .7�3� �9
}� �9& ��!(� �3/�� 8)6 :(938-930.  

+�(/ �./ [!�Q�/�� ;./ 4m��B/ Y./ ��\�%�/ w./ ���2&W /. 
 ��_2!� /f. 1383 .�4��*�& 8�� �9& (9 ."�!�7���  ��N'

9�:7���� /+N72 123 -110. 

��n���   /!��.�. /9�,��2�/ Y./   /�3�~!.U. /+�% �3/O U .
   /)+�(��.  .1385 .�"�� ������� ����� ��)� H�%!�2 � 

����' �(� 
 !
I� +,!  ��������!( ��9�� �'�� :���  +�� 
 .��62 (3=� ���,� �3�/� 19)1 :(28-19.  

���n��   /!��.�.  /�3�~! /.U. Y /�9�,��2 
 .1383 .��� A�	����*� "��� ��!�H�%!�2 )��� �� � 8�� �9& (9 

Echinochola crus- galli  
Lepidium sativum. �9
}� 
 /��+�(�� 17)14 :(8-14.  



91  

����� ��	
� ���� ����� /�
� �� /��� ��
� / ��� ! 
 "��#1393 

 

! /&��9�./ Y /v[+2 .
 &��� /��� W.!.1393. �!�� �� 	�4"�� ,��*��Q���3 �' ��!(� )Hordeum vulgare L. ( �

����'  /��(� +,!��q9� 
 *�a��= %�� ^��3M �9& ���q9� �Q��  )	)Chenopodium album L..( �37�  ��9��� =��V[

)&(!
�74 r3��# 
  ���(/ 28)2(: 241 -234.  

&��Qo2 /H. 
 ! /&+�Q[ .1391. ��Q�� A�	����*� ���	 � f�% V�� 
 =��P! ��  +�� &�9 .��3�� �2�� +,!� ����,!�4. 

 )�:7���(��,/ 141 �.  

f /&!��>2 .; .
 �� ����[W /��.( .1392.  ������� � A3��*��� 
 )!
� &�9��4 ���������   ��!������� �&  !�

��� ��	 S3�, .��3�� �2�� +,!� ����,!�4.  )�:7���(��,/ 145 �.  

f /&!��>2 .; .
 W /���� ����[.( .1392 .]	 ��!� ��	 ���B7%  "!+e �A�	����*�  !��
�m.)Secale cereal L .(

4 O�2
�:������!� 5\o2 )�:7���  ��2 
 A����!� &(!
�74 ).  

/���\�2 z.1382 ./�	����*� (�  �NV2 ��!�4 �	 .��"�!�7� �	� �ae�
 .?
� ��m /254 �.  

 

Andrade, M.M.M., Stamford, N.P., Santos, C.E.R., Freitas, A.D.S., Sousa, C.A., and  Junior, M.A.L. 

2013. Effects of biofertilizer with diazotrophic bacteria and mycorrhizal fungi in soil attribute 

cowpea nodulation yield and nutrient uptake in field conditions. Scientia Horticulturae, 162: 374-

379. 

Ashraf, M., and Ali, Q. 2008. Relative membrane permeability and activities of some antioxidant 

enzymes as the key determinants of salt tolerance in canola (Brassica napus L.). Environmental 

and Experimental Botany, 63(1): 266-273. 

Bialy, Z., Oleszek, W., Lewis, J., and Fenwick, G.R. 1990. Allelopathic potential of glucosinolates 

(Mustardoil glysides) and their degradation products against wheat. Plant and Soil, 129: 277-181. 

Chance, B., and Maehly, A.C. 1955. Assay of catalases and peroxidases. Methods in enzymology. 

Academic Press. New York, 2: 764-775. 

Cheema, Z.A., Farooq, M., and Khaliq, A. 2013. Application of allelopathy in crop production: 

success story from Pakistan. In Allelopathy Springer Berlin Heidelberg, 63: 113-143. 

Chon, S.U., Jang, H.G., Kim, D.K., Kim, Y.M., Boo, H.O., and Kim, Y.J. 2005. Allelopathic potential 

in lettuce (Lactuca sativa L.) plants.Scientia Horticulturae, 106(3): 309-317. 

Chon, S.U., Choi, S.K., Jung, S., Jang, H.G., Pyo, B.S., and Kim, S.M. 2002. Effects of alfalfa leaf 

extracts and phenolic allelochemicals on early seedling growth and root morphology of alfalfa and 

barnyard grass. Crop Protection, 21:1077-1082. 

Connick, W.J., Bradow, J.M., and Legendre, M.G. 1989. Identification and bioactivity of volatile 

allelochemicals from amaranth residues. Journal Agriculture Food Chemistry, 37: 792-796. 

Dhindsa, R.S., Plumb-Dhindsa, P.A., and Thorpe, T.A. 1981. Leaf senescence: correlated with 

increased levels of membrane permeability and lipid peroxidation, and decreased levels of 

superoxide dismutase and catalase. Journal of Experimental botany, 32(1): 93-101. 

El khatib, A.A., Hegazy, A.K., and Galal, H.K. 2004. Allelopathy in the rhizosphere and amended soil 

of Chenopodium murale L. Weed Biology and Management, 4(1), 35-42. 

Glick, B.R., Penrose, D.M., and Ma, W. 2001. Bacterial promotion of plant growth. Biotechnology 

Advances, 19: 135 – 138. 



92  

��+,�- '��(  ���4�� 
 :�:� ���@
�� 
 ?�� 59� �5 ���#�K ��� �9�1� ������ �7�82 �'... 

 

Haddadchi, G.R. and Gerivani, Z. 2009. Effects of phenolic extracts of canola (Brassica napus L.) on 

germination and physiological responses of soybean (Glycin max L.) seedlings. International 

Journal of Plant Production, 3: 63- 74. 

Ismail, B.S., and Chong, T.V. 2002. Effect of aqueous extracts and decomposition of Mikania 

micrantha HBK debris on selected agronomic crops. Weed Biology and Management, 2: 31-38. 

ISTA. 2010. Hand book for seedling evaluation. International Seed Testing Assosiation (ISTA). 

Zurich. Switzerland. 

Jefferson, L.V., and Penacchio, M. 2003. Allelopathic effects of foliage extracts from four 

chenopodiaceae species on seed germination, Journal of Arid Environments, 55(2): 275-285. 

Jozwiak-Żurek, A., Pietrowska-borek, M., and Kozłowska, M. 2014. Effects of allelochemical stress 

on response of cucumber to UV-B radiation and Botrytis cinerea infection. Allelopathy Journal, 

33(2): 112-123. 

Khanna-Chopra, R. and Selote, D.S. 2007. Acclimation to drought stress generates oxidative stress 

tolerance in drought-resistant than susceptible wheat cultivar under field conditions. Environmental 

and Experimental Botany, 60(2): 276–283. 

Kong, C., Hu, F., and Xu, X. 2002. Allelopathic potential and chemical constituents of voliatiles from 

Ageratum conyzoids under stress. Journal of Chemical Ecology, 28 (6): 1173-1182. 

Kruse, M, Strandberg, M. and Strandberg, B. 2000. Ecological effects of allelopathic Plants. A review 

National Environment Research Institute, Sikleborg, Denmark, pp: 66. 

Maguire, J. D. 1962. Speed of germination aid in selection and evaluation for seedling emergence and 

vigor. Crop science, 2(2): 176-177. 

Niakan, M., and Mazandrani, N. 2009. Allelopathic effects of Ascorbic acid and canola on 

germination and antioxidant enzyme activity in soybean seedlings. Allelopathy Journal, 24(2): 283-

290. 

Niakan, M., Tajari, M., and Ghorbanli, M. 2008. Effects of salinity on allelopathic potential of canola 

(Brassica napus L.). Allelopathy Journal, 21(2): 329-338. 

Peng, S.L., Wen, J., and Guo, Q.F. 2004. Mechanism and active variety of allelochemicals. Acta 

Botanica Sinica-English Edition, 46(7): 757-766. 

Penner, D., and Ashton, F.M. 1967. Hormonal control of proteinase activity in squash 

cotyledons. Plant Physiology, 42(6): 791-796. 

Randhawa, M.A, Cheema, Z.A., and Ali, M.A. 2002. Allelopathic effect of sorghum water extract on 

the germination and seedling growth of Trianthema Portulacastrum. International Journal of 

Agriculture and Biology, 4(3): 383-384. 

Rani, P.U., and Prasannalaxmi, K. 2014. Water stress induced physiological and biochemical changes 

in Piper betle L. and Ricinus communis L. plants and their effects on Spodoptera litura. Allelopathy 

Journal, 33(1): 157-169. 

Rice, E.L. 1984. Allelopathy. Second edition. Academic press, inc. Orland, London. pp: 457. 

Rice, E.L. 1987. Allelopathy on overview. ACS Symposium Series 330. American Chemical Society, 

Washington, D.C. pp: 605. 

Richards, L.A. 1954. Diagnosis and improvement of saline and alkali soils. Agriculture Handbook.60, 

United states Department of Agriculture, pp: 109. 



93  

����� ��	
� ���� ����� /�
� �� /��� ��
� / ��� ! 
 "��#1393 

 

Seigler, D.S. 1996. Chemistry and mechanisms of allelopathic interactions. Agronomy Journal, 88: 

876- 885. 

 Subramanian, K.S., Charest, C., Dwyer, L.M., and Hamilton, R.I. 1995. Arbuscular mycorrhizas and 

water relations in maize under drought stress at tasselling. New Phytologist, 129(4): 643-650. 

Taiz, L., and Zeiger, E. 2010. Plant physiology. Sunderland, MA: Sinauer Associates. 

Wang, H.B., He, H.B., Ye, C.Y., Lu, J.C., Chen, R.S., Guo, X.K., and Liu, C.H. 2009. Physiological 

responses of allelopathic rice accessions to low phosphorus stress. Allelopathy journal, 23(1) 245-

256. 

Weston, L.A. 1996. Utilization of allelopathy for weed management in agroecosystems. Agronomy 

Journal, 88: 860-866. 

Williamson, G.B., and Richardson, D. 1988. Bioassays for allelopathy. Measuring treatment responses 

with independent controls. Journal of chemical ecology, 14: 181-187. 



94 

Journal of Oil Plants Production, 1(2), Autumn & Winter, 2015 

 

The effects of nitrogen and water stress on allelopathic potential of sorghum 

forage on seed germination characteristics and primary growth of safflower 
 

Hossein Mokhtari Karchegani
1
, Seyedeh Zahra Hosseini CC

2
, Seyed Abdolreza Kazemeini

 3, * 

  

 

1, 2 and 3 former M.Sc. Student, Assistant Professor and Associate Professor of Shiraz university, 

Shiraz, Iran 

*Corresponding author, E-mail address: kazemeini22@gmail.com 

 

(Received: 2015.02.07 - Accepted: 2015.03.19) 

 

Abstract  
  

To evaluate the effects of nitrogen and water stress on  the allelopathic potential of sorghum 

(Sorghum bicolor) on the seed germination traits of safflower (Carthamus tinctorius), a factorial 

experiment was carried out in randomized complete design (CRD) with three replications in the 

greenhouse and laboratory, College of Agriculture, Shiraz University, Shiraz, Iran in 2012-13. 

Treatments included irrigation [Normal (I1) and water stress (I2)] and nitrogen [control (no nitrogen), 

Urea (200 kgN ha-1), Nitroxin (Azotobacter) and Nitrokara (Azospirillum and Azotobacter) 

inoculation per kg seeds]. Extracts were prepared from sorghum shoot reside in 5, 10, 15 and 20% 

(W/V) and were applied to individual Petri dishes; distilled water was used as control treatment. Also, 

foliar applications of extracts were applied in treatments under the greenhouse conditions and sorghum 

dried residues were also mixed with the soil in amounts of 0, 5, 10, 15, and 20 g after the first 

irrigation. Analysis of variance showed that interaction effects of sorghum extract type and its 

concentration had significant effects on all traits except relative water content. Safflower germination 

percentage reduced to with increase in concentration. 5, 10 and 15% concentrations of Nitrokara under 

normal irrigation had 34, 22 and 12%,  the effects on allelopathy index of safflower respectively. 

Whereas concentration of 20% extract, decreased allelopathy index by 71%. The antagonist effects on 

length and dry weights of roots and shoots were observed when biofertilizer treatments (Nitroxin and 

Nitrokara) applied. In addition, more synergist effects were obtained when urea extract was applied 

under water stress. The results of foliar application revealed a decrease in CAT and POD activities in 

leaves of safflower when urea was used under water stress conditions. However, the lowest 

germination rate and primary growth of safflower was observed when urea applied under water stress 

conditions. 
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