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3=*�=  

3  �� F� .(�/ ��0121950 �Hb ���5�� (]7  7  4��/

�!�  %��� . ���H�� c��@ F� ���5�� ��� F� $2�& ��(d

4����� �>9Y7 B�8�  7 �G�� $2�& � $0�%&e  R��123 � ��

$< $3��F ()�7 )Slafer and Andrade, 1993( . ���5��

.(�/ �� ��0123  fg�) �>9Y7 c��@ F� �%H�7 �D�(< 4��

 � �)���7 �>9Y7 � J>C:< B+ h�<>�7 �� ���5�� D�(7

D�0<� $3��F R��123 �!� *(���/ ���� . ��&  7 �J�d ����7

$<  (!� *(�!� �>g iI!  7 .(�/ 4��7 �)���7 fg�)

�X�F �� ���5�� (�<F��& ��0123 �� $H��5�� �� �  *�>	

�!� �%H�7 5%�!>%� 4��6� � B+ )Aranjuelo et al., 

2013(.  

R�>0<�1+ 1+ �� (��� B!>0��!)2- 4�	 B�	� ��1+

(���1+ .>�&><' B�%<( �%!� ��8>+ R�I%H< F� �!� .

R�>0<�1+  5%�!>�7  g�b ��X< �� J^%g� �7 (���1+

�&� ��5&' ��8�]� F� \&�< �(�!� j�8�9�6 F�%%�! D�>k�+

 *()$< D����/ l�m	�� ���+ A6>< �  �>))Shekari et 

al., 2005.( ��+ F�  �8�� n( ��7�R�>0<�1+  �� (��1+

 ��(:< D' $/(�7�>g (o �"�  7 $3��F D����/ (�8>	

$< () .���5/��4 (]7  + ��� D�H& 4 F� *��m%!�

R�>0<�1+  ��(]	 ���5�� � -�! l�m	�� ���+ Z3�7 (���1+

 ���5�� � 19�! ��  &�� ��(]	 ���5�� � 	>7 ��  E��

p��- �4�>) ��<�!  7 �<��I< �/ R��Hd � ��(�� 

)Shekari et al., 2005; Gurmani et al., 2011; 

Koutroubas et al., 2014(.  

4�	 J�F' *(&���F�7 F� �G�� $���/ ��  5%�!>�7 4��

  �� F�  + (�%X� ��8�9�61960  J�%�+ 4��7

4��2�7  � (�%��� ��%X/ D��>&�6 � D����/ �� $b��- 4��

  �� F�1980  7*(��+ ����	 D�>�3 ()� 4��  �(��  ]!>	

(&��+ .q�57 F� R�9�+�	 ����Y< � ���	 *��/ ���	

 (�%X� j�2%X�! R�9�+�	(Shekari et al., 2005) .

4�	 J�F' $< ���- ��"#	 �:	 �� (�k>&���5�� ��X< ��  � (���

 � �1�	� 4F�!��F' ���+ ���8�9�6 5%�!>�7 F� �]&�2< �7

D><�>� ����I< �����+>%�! ?>P! ���5��  ��� � ���r	

$< ���( )Grossmann et al., 1994; Fletcher and 

Hofstra, 1988; Zhou and Leul, 1998.(  $/(&���F�7

1�	� 5%�!>�7$1� ���5�� Z3�7 � ��<' $< �� >)� )Shekari 

et al., 2005.( ���5�� �"� 4�	 R�9�+�	 $/(���  F� $8�F'

��+��+ �� �J�F��	>7>1+��  126  ���5/ $���/ 4�� *()

�!� . l�m	�� ���+ A6>< J�F��	>7>1+�� ��7��+ �.(�/ ��

� *��/D��< J>@ ���+ c��@ F *�/ ) ��( . ����s2�

 �_��3 ��1[���7 �� �mX� � ��!�%� �De��%�&   H�� 4��

(�%��� ���5�� 5�& q�7 � )Hajihashemi et al., 2007(.  

 j��&e .�& �7 J�(�2�X&�α - >10�! B�����- α- )4- 

+>%<$X B���( -5- ��(�2���� *(&���F�7 F� J>&�%<  ()� 4��

�!� $��(�2���� .*(&���F�7 �"� *(23  *��>&�g ��� 4��

$< ��8�9�6 5%�!>�7 F� �]&�2< ()�7 . �!� *() *(��H<

 5�& (�!� j�5X7' � J��%!� 5%�!>�7 �� ��>< ���  +

(&��� �8�g� .*(&���F�7 ��� (&��� 5%�!>%� �7 $+(&� �"� ��� 

 Q' n�C<  + �!� *() *��� D�H& �<� �� ���+$<��(� 

)Hejazi and Kaffashi Sedghi, 2000( . ���5�� �7

 7 ��1[ J�(�2X&�  %�� ��+$%��F D����/ F� 4��(]	 ��� 

 4()� R�m_ �� ���+(�&�<  � l�m	�� �jHg � �	 DF�

() *(��H< *��/ �P- . 4��7 $��C< Q' D�5�< ����s2�

�& D�(1/ ����+ �(�� ���+ 5 )Ahmad et al., 2014(.  

 �,' �-�2 $< �>H+ .(�/ ��� .�-�� t56  ��  + ()�7

*��%X/ uP! ��� �� 4� $< ���- �3��F ��>< ����F ���/ .

��� �7 9d�C< h�!� �7 �J�d  � D�F���H+ �7 *() .�E&� 4��

 2�& R�>_  7 �-� ��� �$19- R��7�E	 �� �� �j� �7 � ���

 ! �v+�(d $< �3��F 5�& 4���7' �7>&  ���b ��  + �>)

7 ��0123 D�5�< $P���)  ���5�� $Y6>	 B7�- �>@

$< (7�� .  7 Q����� .�-�� ���& �-� ��� ���< 4���7' �<�

��I�>< $/(�7�>g  7 �9X& D' ��!�Xd B�8�  5�<'

$2& ()�7 . ���F ���X7 ���5�� B�8�  7 $P���) ���b ��

! (�8>	 �  	>7 l�m	�� 19�  $/(�7�>g J�2%d� q�57 4��

$< ���5�� (7�� . $7��F�� �>��<  7 c�I:	 ��� ��"�	

w��2���� ��7 �7 $g�7 ����	 *(��+ $%&' ()� 4��  ��8�9�6

�,' �-� .(�/ ��0123 4�56� �  &�� ��0123 �7 2  ��

 ���< 4���7' ;���)����	 *��< Q�x%&� �  ��1[ � *(��+

 ��0123 ���5�� �Y6 A!��<() .�E&�.  
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$8�2)`40  �°36  $-�) J>@ �`24  �°48  l�m	�� �

1610 ���� uP! F� �%< (=>17 ?�@ A8�- �� + 4�� B<�

) ��6� ���0	  ! �7 $���C	( .�2�	� B<�) $H��<F' 4��

	��2� (��) )����� .(3( �4����7 ����� *() 7 �PI< Q' �

)�m_ ��1[ �� w��2������(��( �R�>0<�1+ �1+� �� (�
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��V><��0�<  �� J�F��	>7>1+����Yb uP!  B<�)35 �70 �

105 �140 ��0�<�V><  �� J�(�2�X&� ���Yb uP!  B<�)

10 �20 �30 �40 ��0�<�V>< (&�>7 . �w��2���� �>��<  7

 R(<  7 ����7 �(%7�24  4�<� � �3�!4 !  6��X1�h> 

�� J>1:< *��<' 4�� @>[ *() (&() �� . D�<F .�2	� F� z�

 R(<  7 ����7 ���& ��><72  �3�! {�	� 4�<� �� ���-

(�!�7 �>g  �8�� DF�  7 �	 (&() *��� . F� z� ����7

p��- �7 $&>m3(o  �� �� �9X&  7 .���	 $X+>7��+ �+

(&() BI%�<  3�5<  7 ��5� . $	�I�I:	  3�5< =�g

 �$<>8 ���7 4���� *��m%!� ��><  ]P- �� D�E&F *�GH&��

pH  J��]<7/7 4���| }>Cx< DF� �(g/cm3) 48/1 �

 ��!�%�697 �mX� �5/43 B+ De��%�& �004/0  $8' *��< �

01/1 �>7 . ����mX� �>+ �x�)R�mX�  ��(I<  7 ��&><'

120 ��%0� �� .�/>1�+(jX�� �  ����	 �� u�PX	 � $&F

3/7/1391 () .�E&� . ����	 �� �)�+25/7/1391   7

i��� �7 $��)�< R�>_ $	�I�I:	 ��+ R^[

)Wintersteiger – tc 2700( ) .�E&�( .�� �� ��2�	 6 

 i��� 4��  1_�� �7 i���j� $%&�! i��� ��7 � �%<20 

$%&�!�%<  �d�X<  74/8 \7�< �%< )7×2/1 �%< ( �H+

() . ���< 4���7' B<�) �)�� R��123)  1_��  78 F��( �

 $���>+)  ! �	 �� D�<F �� *��� �>+ .>! j� �x�

 -�! F� B9- *(&�2�-�7 .>! �� � $/�7  D�5�<  7 4��150 

��%0� �� .�/>1�+(i13 $%!� J�%�+ � �! �F�� 4��  $)��

 �7 *F��9< �Y6���/ R�>_ .(�/ $!��  %) � �! .  

 7��� B�8�  1d�< ��  	>7 ��  E�� ��(]	 ���2)  +

D�0<� $/(�!� �! ��(]	 ��>9& ���� uP! (d�� �� ����7  19

) ���2)( . 	>7 .�2	  �� \7�< �%< j� uP! ��i+  � �7

 E�� �  -�! D��+ �(6 F� z�  �����7 4�� E�� ��(]	  4��

����7 () ���2) .DF�   1d�< ��  19�! �  -�! jHg

 Q�x%&� �7  &�� D()��10  ;!>	 R�+ �� F� $���C	  	>7

 c�-� 4�F��	) �-� �7001/0 (*F�(&� .�/ AXd �7  4��/

)( .*F�(&� 4��7  ��(]	 � 19�! ��  &�� ��(]	 4��/10 

7 $H��<F' (d�� �� F�  19�!  � Q�x%&� $���C	 R�>_

 &�� ���2) � �(6  19�! F� �� ��G&��< �7 � (&()  F� 4��/

	 ��Y&') ���5/  19�! �� ��  &�� ��(]( .*F�(&� 4��7  4��/

 ��(]	 � &�� ��5� DF���Yb   &>2&1000  &��  (d�� �� F� 4�

 j�	�<>	� ��2)��7 *�G%!� ;!>	 $H��<F'

)PFEUFFER, Germany(  c�-� 4�F��	 �7 � j�0m	

) �-� �7001/0 (() DF�*  7 �DF� D�>�3  �7  &�� ��5�

() �9" .�/ AXd . B+ �j�e>8>�5�� $/(�!� F� z�

 	>7  R�+ �� 4��) �)�d n�d F� z� �� (i+ DF� � �7

 7 � (&() .�/ AXd �7 $%X�F ��0123 D�>�3��  �%<

 \7�<) ���5/(&( . &�� DF� z�!4��  7 R�+ �� D�>�3

 \7�< �%< �7 .�/ AXd �7 uP! (d�� ��  &�� ��0123

) �9"( . �)���7 fg�)5�&  �7  &�� ��0123 ��XI	 F�

%X�F ��0123) D��7 (_�� AXd �7 �  9!�:< $( .  �5E	

4��<' *���  ��*��� D�>7 J�<�& D><F' F� z�  �� �7

.�& F� *��m%!�  ��5��SAS () .�E&�.   

  

F�0 � G��56  

  + ��� D�H& ���%&����	 ��7��+ *(��+  �"� ()� 4��

$�]<  4���7$<�2	 � *F�(&� R�m_  *() 4��/�)�� .  

3%:+� H�I JK� : D��+ ����� �$1+ *�G& j� ��

g DF� ���5�� A6>< .(�/ 4����7  7 �9X&  19�! jH

) (��) ��2�	( . ��2�	 �w��2���� 4����2�	 ��7 ��140 

  19�! jHg DF� ���%H�7 J�F��	>7>1+�� �V><��0�<

)48/1 .�/ (��� }�C%g� �>g  7 �� .�2�	 ���  7 �9X& �

  19�! DF� ���%2+  + (��))93/0 .�/ ( ��>7 ���� ��

 ���5��1/59 ��� D�H& �� 4(_�� . 5�& w��2������(��

 ���5�� A6><20  4(_��  7 �9X&  19�! jHg DF�

 () (��)) J�(61 .( �� (���1+ R�>0<�1+ �"� ���%H�7

 ��1[400  ��1[ �� J�(�2X&� 4��7 �40  �V>< ��0�<

 DF� 4��  19�! jHg*(��H< () . 7  19�! �x7 D�>�3

$<  %��/ ��& �� .(�/ �� 4��C%-� �>) . B<�) �m_ ���

 &�� DF� $< J5+ DF� � �� ()�7 . 7��� B�8��x7  +  $���

.>1/ � �a8�� ��28 ���& $< 59!  1d�< �� ��  (����� �� (�&�>	

!>%��56� ���  ]!>	 �(���2& �+�) 5%�  DF� ���5�� ��

��$<  & (�)�7 �">< (&�>	 )Tambussi et al., 2007( .

 DF� �7  &�� �� ����7  s1/ ��(]	 ��7 4>- � �9v<  P7��

B/  1d�< ��  19�! jHg �!� *() R�9"� $G%m0) 

)Gonzalez et al., 2011( . DF� �� ���5�� �����7��7

$<  19�! jHg  $IP�< ��9	�� ��0123 ���5�� �7 (&�>	

()�7  %)��. :<J>1  J�F��	>7>1+�� � (���1+ R�>0<�1+ $)��

 $��>� �x7 �	 � jHg DF� ���5�� Z3�7 4���' *��/ ��

  H�� � g�) ��(]	 � ) B/ � $9&�6 4��( . ����s2�

() ���5/�!� *  �� 4�%H�7 �"� J�F��	>7>1+�� ��7��+  +

�� 4���' *��/ �� (���1+ R�>0<�1+ �7  X��I<�) 

)Asgarian et al., 2013( .$8�d �� �o�d ���<F' ��  +

����	  �1+ *(��+  ()� 4�� ��  19�! jHg DF�  7 �9X&

(&��� ���5�� (��).  
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3M�� H�I JK� : ��  -�! jHg DF� ���	V�7

 ��2�	400  (���1+ R�>0<�1+ �V><��0�<)07/1 .�/ (

 (��)  7 �9X&  + () *(��H<7/42  ���5�� (_��

�)�� .& 5�& �������(�� ��2�	 (��)  7 �9X1/34  (_��

��� D�H&  -�! jHg DF� �� ���5�� . DF� �m_  7�H<

 c1]	 (��) ��2�	  7  -�! jHg DF� ���%2+ � 19�!

  -�! jHg DF� �7 w��2���� �9v< �"� �G&��7  + �)��

�>7 . R����r	 �� $CxH< (&�� (���1+ R�>0<�1+ ��2�	 ��

 jHg DF�*(��H< >7>1+�� ��2�	 �� $8� �(H& 7 J�F��	 

�>@  �	 $H��5�� (&�� $9��I	105  � () *(�� �V><��0�<

��+ �(�� ���+  -�! DF� D' F� z� . J�(�2X&� ��2�	 ��

& (&�� 5�&) *(��H<  -�! jHg DF� �� $8�5(  7  +-

 (&��  19�! jHg DF� R����r	 �7 $9��I	 R�>_

 �)�� $!>0]<) J�(61 .( �"� J�(�2X&� ���� J�2%d�

 4�%H�7 ��>< J�I%&� �  -�! �� *() *��g, ��>< =�:	 ��

*��g, ()�7  %)��  &��  7 4� .$< ��&  7   7 F��&  + (!�

 � D�<F ��  -�! DF� R����r	  P7�� �� �%H�7 $!��7

��5&' ��8�]� ()�7  %)�� �>6� ��>< ��� �� ��/�� 4�� .

$<  -�! ���g,  ��7 *(��+ B�(]	 � 4���7 �8�d (&�>	

%� ��<#	R^�2!�>  � \9�< ;!>	 4��6 *() (�8>	 4��

(�)�7 ��(CI< �� (CI< ;!>	 *(&�2�-�7 4�o�I	 .

R^�2!� B�X/F�7 $����+ �� n^%g� ����s2�  4��

$<  &�� (�8>	 �Y6  -�! �� $%->< *() *��g,  F� (&�>	

D�<F ��  &�� jHg DF� ���]	  9�6  $2����  + $���

R^�2!� ��!� *() ��(:< �� �Y< >) $I1	� )Borras 

et al., 2004( . &�� R^[ ��>< �� R�]8�P< �%H�7 ��  5��

�  -�!  + �!� *() fxH< q�7 n^[  *��g, B:< ��

 45%�!>%� ��><(�%X� )Calderini and 

Monasterio, 2003( . ��7��+R�>0<�1+ �1+� *��/ �� (�

Solidago canadensis $�]< ���5�� Z3�7  DF� ���

�	 � jHg  	>7 *(&F � �� ) D����/ $&�<( )Osman, 

2014( . *() ���5/ �B7�I< ��  + �!� �7 ��2�	

 � J�F��	>7>1+��R�>0<�1+  DF� ���+  7 �E�< (���1+

$��<F A�! �� $��>� �x7 jHg )Wang et al., 

2009( ) ���!�+ $��>� �x7 �	 DF� �( )Mendina et 

al., 2012( .>1+�� D��+  &�H�� .(�/ ��J�F��	>7  A6><

) q�7 jHg � �	 DF� ���+(�  � �	 DF� 4��7 $8�

 D�H& �� $	��m%< ��+�� .(�/ .�-�� � H�� �  -�! jHg

(&����  74>:&�� �7 4�"� �� D��+  &�H��  + R�m_ �

6>< �� � �)�(&) �Y&' ���+ A( )Hajihashemi et 

al., 2007(. 4��(]	 �� J�F��	>7>1+�� � J�(�2X&� ��7��+ 

�F D����/ F�) 4()� R�m_ �� ���r	 A6>< $%�( . �7

����	 ��1[ ���5�� *(��+  l�m	�� � jHg� �	 DF� ��

��+ �(�� ���+ D����/ )Ahmad et al., 2014( . ���%&

����	  ! �� ��7��+ ��>< �� �o�d ���<F'  ()� *(��+

�>7  -�! jHg DF� ���5�� �G&��7.  
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 ���r	 �� D�5�< 7 5%�!>%�*(23 �>@ ��   &�� ��5� DF�
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et al., 2013( .��  <�&�7 4�� $d^_� �  7  -^3 Q�x%&�
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.�(&� D><�>� ;!>	 �!� �02< �$H��F 4�� 4��  $���/
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$< *(��+��(:< B<�3 D5x< .(�/ (�(6 ()�7 )Borras 

et al., 2004( .R^�2�!' J�I%&� ���5��   7 ��

 7 �$1v< (�8>	 4������>2��� q�57 D5x< j� ��E�� D�>�3
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$< �E�< �>) .$< D�H& (��>) ���(  + 	^[ ��$  ��  +

*��/ D�<F ��$< ���5�� 5%�!>%� ����| $&�H  �� �(7��

�X�& *(��+ ��(:< 5%�!>%�  &�� D() �� J>@ . 7 �>��<

 7 � ����| ��� F� *��m%!� � �%H�7  &�� (�8>	 �>��<

 &�� q�57 4�� ��XI	 De��%�& � �7�+ $%X��7 �	  4(�7

�>) *��� ���- Bv< (�8>	 �%X��< ���%g� �� � *() . ���%&�

$< � �7 ��� .��� ���5�� �7 � 5%�!>%� R(< J>@ ���5�

 �>) �%H�7 5�&  &�F�� 4��6 5%�!>%� �q�7 uP!

)Richards, 2000 .( ��c�I:	  ��7��+ �7 �o�d
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� ;���))  &�� ��5� DF� ���+ A6>< ���( . ���5/ ��

 ��� ;���) �:	 *() �+,  X��I< ��  19�! ��  &�� ��(]	

��+ �(�� ���5�� ��7 ��2�	 ��� .(3 ;���) �7 .  7 $8�

 Q' �>92+ � ��� ;���)  7  6>	 �7 �\9�< ����(:< B�8�

�h�%!� B7�- ���+  &�� ��5� DF� ��+ �(�� )Rajabi, 

2013 .( &�� DF� �� ���5�� $< ��  ���5�� B�8�  7 (&�>	

 ��>< ������ 4�%!�� ��  &�� D�>	 ���5�� � (CI< R�(-

()�7 45%�!>%� .  

��� �&�7 ��   126 F� ��7 w��2���� i1%x< 4��

w��2������(��  &�� DF� ���5�� A6>< ) ��(�  4�� �<�

"� J>0�&�� ��  &�� ��(]	$�]< � �)�(& 4��� )Farooq et 

al., 2006( . �!� *() ���5/  + �� D5x< ��8�]�

 �7  X��I< �� �������(�� 4����7 F� B_�d �>x& D����/

 D����/ D�>7 �	V�7 c��@ F� �<� ���  + �>7 �	V�7 (��)

��5&' ��8�]�  F��+�! ���& F��+�! �X�8>7�%< �� ��/�� 4��

+�! � F�	�>��� �F�%%��! F�%%��! R�mX� F���>7  ��  +

 7 �� ��0123 �  &�� ��5� DF� ���5�� ���Y&)�� J�9&� �

)Kaour et al., 2005( . ��7��+R�>0<�1+  (���1+>6 �� 

  E�� ��(]	 �� ���r	 A6><�()   &�� ��5� DF� $8�

��� D�H& �� $+(&� R����r	 )Ma and Smith, 1992( .

$8�d ����  + ��+ �o�d ���<F' ��7R�>0<�1+  (���1+

><) 5�&  &�� ��5� DF� ���5�� A6( . F� ���� J�2%d�

 D�<F �o�d ���5/ �7 {>� *() �+, ���5/ n^%g� B�V�

����	 ��7��+ *>:& � ()�7 *��/ 4�� *(��+.  
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 (d�� ��  &�� ��(]	 $�]� ��0123 $1_� t56 �� F� R^[

� uP! j	 DF�$< B_�d  &�� �>) . �>g 5�&  &�� ��(]	

_�d uP! (d�� ��  19�! ��(]	 �  19�! ��  &�� ��(]	 B

�!� .D�<F �� ��0123 $1_� t56 �� ���  F� $	��m%< 4��

$< B0) ()� BC�  ;���) y�]< ��  E�%& �� � (&��/

$< ���- $P�:< i1%x< (&��/ )Gonzalez et al., 

2011; Pedro et al., 2012(.  

 �!� *() ���5/  + F� *��m%!�R�>0<�1+ �1+ (��

 g�) ��(]	 ���5�� A6>< B/ 4�� B/ J>@ �*(���  ��,'

 �B/  g�) ��,' )  	>7 �� �� ���( )Osman, 2014( . ��

��1[ �� 5�& �o�d ���<F'  4�� i1%x<R�>0<�1+  (���1+

() *(��H< (��)  7 �9X&  19�! ��(]	 ���5�� . ��7��+

R�>0<�1+ �1+� uP! (d�� ��  19�! ��(]	 ���5�� Z3�7 (�

0123 �)  &�%X<F *��Y7 >6 ��  &�� ��( )Khajeh et al., 

2008( . �� J�F��	>7>1+�� ��7��+Camelina sativa 

���5�� A6>< )  &�� ��0123 � ��6�>g ��(]	( . D����/

 � �	V�7 4F�/ RV��9	 4���� J�F��	>7>1+�� �7 *() ��2�	

q�7 �	 () A6><  + (&�>7 4�%H�7 B����1+ D�5�<  ��

w&� *��	 (��� D�H& 4�%H�7 .��� � �	 . 5%�!>%�  E�%& ��

$&V>@ R(< 4��7 �	4  .�E&� ����� 4�%H�7 R^�2!�>%� �

)( )Kumar et al., 2012(.  
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B�(]	 Z3�7 uP! (d�� ���+ � (]	()  19�! ��  &�� �� .

$96� ��o�d ���5/ n^g�7 )Rajabi, 2013(  ��

�,' �-� �� ��� ;���) �:	 $H��<F'2  (�8>	  s�� ��(]	

 (��) ��2�	 � *() ����� 4����2�	 �� 4�%2+ *()

��+ ���5/ . 7 4� ���<F' �� �� Q' D�>7 ����� B�8�

De��%�& �>+ �%2+ ��7��+ � h�%!� ���.(�/ D����/ � 

q�57  19�! $8� �%2+  E��  7 �� �	  &�� ��(]	 �G�� R��93

(&��+ (�8>	 4�%H�7  19�! �� .h�!� �7 ���%& $96� 

)Rajabi, 2013( $< �o�d ���<F' �  ���/  E�%& D�>	

  + �,'2  (d�� ��  &�� ��(]	 ���5�� B�X&�%� 4���� ��

�!�  &�� DF� ���5�� � uP! . 7 �����7��7$< ��& �(!  ��

  + �!� 4��0%!� B7�- c��@ �� F� D5x< R�(- �-� ���

��� ���5�� ��  &�� ��0123 ��(I< D�>%7. 

*��/ F� B9-  1d�< ��  +  s1/ ��(]	  ���]	 $&�H��

$< ���]	 � �Y< �I& ��>) *(��+   &�� ��(]	 ���]	 �� 4�

���� .(�/ �� )Gonzalez et al., 2011(.  (�8>	
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 s��  1d�< $@ �� $���[ ��>< � Q' ��]o� ��<�  $&F

�)�� (��>g .R��(��>7�+ �.(�/ *�	>+��  2�& .�-��  4��

 D() B�>@  1d�< $@ �� �7�-� ���+ F� $)�&  + ��F�<

0H	  7 �%H�7 �� �!�  -�! &�� B� $< }�C%g� �� (��� .
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 7 �	V�7 �)���7 fg�) D(<'�!� $/(�!� .�G�� . ��

.(�/  4��4F��<� ��>& $+(&� ���r	  	>7 ��  19�! ��(]	 �

 ��(]	 ���5�� F� $)�& J��  6�� �� ��0123 �>9Y7 � *��+

� ��(]	 �  19�! ��  &���!� *�>7 uP! (d�� ��  &� 

)Slafer and Andrade, 1993(. 

 A6><  s19�! B�0H	  1d�< �� J�F��	>7>1+�� ��7��+

23 ���5��) $�2b i13 ��  &�� ��01( )Hampton and 

Hebblethwaite, 1985( . ���5�� �7 ;9	�< ���5�� ���

 ��  &�� ��(]	 ���5�� � J�! �� �� �� ����7  19�! ��(]	

s19�!J�! F� $0� �� �Y�	   �>7 �� . t�56� �G�� �B7�I< ��
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 7 (���1+4�	 *��2�  B�	� =���50&D�%+ ���  J>X�+ ��(]	
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2011, 2013(.  
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2006( . �� J�F��	>7>1+�� F� *��m%!� �7  H��  ]!>	 ���5��

Solanum trilobatum  )Nivedithaderi et al., 

2012 ( H�� J>@ � �P- ���5�� � .(�/ �� 4�9�� 4�� 

)Berova et al., 2002( �!� *() ���5/.  � J>+

 D���02�)Cole et al., 2013 ( jHg DF� ���+ 5�&

  H�� � $��>� �x7*��/Hydrangea quercifolia   ��

�"� �� J>1:<  J�F�&>0�&>� �7  H�� 4���7' �� q�7 $)��

�5/(&��+ �� . F� *��m%!� ��1m) *��/ �� �B7�I< ��

F� ���5�� A6>< J�F��	>7>1+�� �  -�! �q�7 jHg � �	 D

)  H��( )Mazhar et al., 2014( . � �9v< �"�

���5��  *(���R�>0<�1+  *��< (�8>	 � ��0123 �7 (���1+

�!� *() ���5/ $3��F D����/ F� 4��(]	 �� jHg . ��
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 ��7��+ �51+>0<�1+R�  7 (���1+ � ��7 ����� R�>_

J>1:< A6>< $)�� )  	>7 jHg *��< (�8>	 ���5��(. 

 ��6�>g �%H�7 ��(]	 � �%H�7  g�) (�8>	 �7 ���5�� ���

�>7 *��2� *��/ �� )Pourmohamad et al., 2014( . ��

 F� *��m%!� *() ���5/ �B7�I<R�>0<�1+  �� (���1+

Q�%�' �� J�F��	>7>1+�� 13 D���/$   	>7 l�m	�� ���+ �[�

�)�(& $��>� �x7 DF� �7 4��"�	 )Koutroubas et 

al., 2014( . ��7��+ �7 jHg *��< (�8>	 ���5��R�>0<�1+ 

$< (���1+  7 (&�>	 F� ���+>%�! J�I%&� D�5�< ���5�� B�8�

()�7 ()� ;���) �� �>9Y7 � $��>� �x7 �2!  7  H�� 

)Shekari et al., 2010( .���/ �� s  �>��+ 4��

��1[ R()  7 J�(�2X&� ����� 4�� B�>@ F� D()

 -�! �+ 4��/>16  b�� ��1[ D�2� �� $8�   H�� ()� ��

��1[ �� �Y�	 � j��:	  ()� �� $H��+ �"� �	V�7 4��

() *(��H<  H�� )Tanimoto, 2012( . F� 4��(]	 ��

��F D����/) A6>< J�(�2X&� F� *��m%!� $% �2o �	 (

�� ���+*��/ l�m	�  ���+ 5�& $��>� �x7 jHg DF�

7��( )Ahmad et al., 2014( .*() ���5/ B7�I< �� 

 + �!�  *��/ �� J�(�2X&� ��7��+Hydrangea  �"�

$�]< �)�(& $��>� �x7 jHg DF� ���r	 �� 4��� 

)Cole et al., 2013(.  

  

J�(6 1- X��I<   �,' �-� .(�/ ��0123 4�56� � ��0123 ��G&��<2 )� *(��+ ����	 4����2�	 ��$%&' (w��2������(�� � ��8�9�6  
Table 1. Mean comparison of yield and yield components wheat, cv. Azar 2, treated with antigibberellins and 

hydropriming  
 fg�)

�)���7 
Harvest 
index 

�0123 � &��  

Grain 
yield 

 ��0123

$%X�F 
Biological 

yield 

  19�! ��(]	

\7�< �%< �� 

Spike/m2 

 ��  &�� ��(]	

 19�! 

Grain/spike 

 &�� ��5� DF� 
1000 Grain 

weight 

 jHg DF�

 -�! 

Stem dry 
weight 

 jHg DF�

 19�! 

Spike dry 
weight 

��2�	 
Treatment 

13.2d 303.3d 2130.3ab 311.11bc 23.16c 39.82d 0.75c 0.93c (��) 

Control 

17bc 357.6b 2100.0a-c 357.37b 21.07c 44.36bc 1.01ab 1.12a-c w��2������(�� 

Hydropriming 
16.3c 398.7ab 2445.0a 377.67ab 22.61bc 47.52a-c 1.07a 1.36a-c 400 CCC 
21.4ab 410ab 1916.7bc 439.96a 19.00d 49.78ab 

0.78bc 1.14a-c 800 CCC 
20.1a-c 363.3cd 1808.3c 331.02b 21.16bc 49.87ab 

1.03ab 1.34a-c 1200 CCC 
22.0a 373.3b-d 1700.0c 424.72a 18.20d 49.56ab 

0.82a-c 1.04bc 1600 CCC 
18.6bc 387b-d 2083.3a-c 350.07b 21.63bc 50.64a 

0.93a-c 1.09bc 35 PBZ 
18.7bc 360.7cd 1925.0bc 358.80b 20.83cd 45.23b-d 

0.84a-c 1.21a-c 70 PBZ 
16.8bc 350.6cd 2085.3a-c 398.09ab 19.66d 48.79a-c 

1.03ab 1.14a-c 105 PBZ 
20.2a-c 452.7a 2100.0a-c 415.27a 20.56cd 50.98a 

0.87a-c 1.48a 140 PBZ 
19.5a-c 399.3ab 2050.0a-c 338.36b 23.83ab 49.30ab 

1.00a-c 1.32a-c 10 ANC 
19.3a-c 425a 2200.0a-c 378.84ab 25.93a 42.59bc 

0.98a-c 1.32a-c 20  ANC 
18.1bc 387.3b-d 2085.3a-c 361.12b 21.53c 47.49a-c 

0.93a-c 1.33a-c 30 ANC 
19.1a-c 375.0b-d 1966.7a-c 374.11ab 21.03c 48.57ab 

0.91a-c 1.41ab 40 ANC 

��G&��< 4�� 4���� n��d  7�H< �� �� �D>%! R��m	 $�]< 4��� �7 �� (&��(&. CCC R�>0<�1+  �(���1+PBZ  � J�F��	>7>1+��ANC J�(�2X&�.  

Means followed by similar letters have not significant differences. CCC, chlormequat chloride; PBZ, 
Paclobutrazol; ANC, ancymidol. 
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#$%�& : 4����2�	 ��7 �� ��2�	 ���<F'140 

 � J�F��	>7>1+�� �V><��0�<20  �7 J�(�2X&� �V><��0�<

425 (�%)�� ��  &�� (�8>	 D�5�< ���%H�7 \7�<�%< �� .�/

 ���5��  +4/40  D�H& (��) ��2�	  7 �9X& 4(_��

(&��� . ���5�� A6>< 5�& ��7 �������(��30/18  4(_��

()  &�� ��0123 .7�<  &�� ��0123 ���%2+ ��2�	  7 �>

 �7 (��)3/303  �>7 \7�< �%< �� .�/) J�(61 .( j� ��

 w��2������(�� F� �3� ��7 D��+ ����� l>& �� �$1+ *�G&

����	 �7 ����� �� *(��+ 5�� A6>< ()� 4�� ��0123 ���

) uP! (d�� ��  &�� � ( 4����$�]< n^%g�  �7 4���

 (��) ��2�	>7� .  
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7 �\-�� �� ��0123 B�X&�%� �� *��g, ����|  ��H�

 fxH<$< �+$<  + (  3>2E< (&�>	  B<�) t�56� F� 4�

��(]	 �%< ��  19�!  � 19�! ��  s19�! ��(]	 �\7�<��(]	 

 s1/  &�� � ����7 4��  �  19�! �  s19�! �� �>6>< 4��

�()� BC� J>@  7  6>	 �7  + ()�7  &�� *F�(&� ���Y& �� 

 (��>g fxH< �� (�8>	 Q>b��Yb�+� )Shekari et al., 

2005( . ��YX	 � ()� D�>�3  7 5�& $3��F D����/ ��0123

�x7  7 *�>	 �X�F  i��]	 *��/ (�2)F�� � 4��C%-� 4��

$< �>) )Shekari et al., 2010( . 7�>@  �$1+

*(��+(�+  ��YX	 �� ���r	 c��@ F� $���/ ()� 4��

R^�2�!'>%� D' ���(� � �� < �2!  7 ��3�7 D5x Z

$< ��0123 �� ���5�� >)(& )Shekari et al., 2005( .

��� D�H& c�I:	 j� ���%&   + �7 ���5�� ��1[

De��%�& ��7��+ � J�F��	>7>1+�� ��1[ �B����1+�  4�>%:<

 (�k>�	���+��a	��� ��(I< �  ���5�� .(�/ �� J>1:< 4��

���� . ����s2� J�F��	>7>1+��A6><  � Q�6 ���5��

�&%I���%�& JDe  *��/ ��) ()Nouriyani et al., 2012( .

 ��7��+ J�F��	>7>1+��A�! �� $��<F 5%�! F� 4��/>16 �7

R^�2!' \�F>	 (�!� j�8�9�6 *([ �2!  7 �� ��  ��

��� ���5�� . DF� � ��(]	 AXd �7 ��0123 ����s2�

 ;!>%< �uP! (d�� �� *([5�� DF� ��(]	 � *([5�� ��

 4V�7 *([5��5  �� .�/���� ���5�� . J�F��	>7>1+�� \-�� ��

 � q�7 uP! (d�� �� B����1+ D�5�< D��7 V�7 �75�& 

R^�2!' \�F>	 ���5��  �� ��0123 �*([ �2!  7 ��

��� ���5�� )Tekalign and Hammes, 2004( .

 �7 *() ��2�	 .(�/ ��  &�� �%H�7 ��0123R�>0<�1+ 

 (���1+$<  7 (&�>	 H�� �%H�7 ()� B�8� �<��I< ���5�� �

 &F��   &�� ��(]	 ���5�� �q�7 �� �%H�7 Q' B�X&�%� �4�

 s19�! ��(]	 �uP! (d�� ��  4��()�7  19�! �� �� ����7 

)Shekari et al., 2005( . �!� *() ���5/  +

R�>0<�1+  (���1+ ��YX	 �� ���r	 c��@ F�

R^�2�!'>%�  D5x< �2!  7 ���(� � �� �� ���5�� Z3�7

0123) w&�1/ ��( )Ebrahimzadeh Sarvestani et 

al., 2011( . ��7��+ �B7�I< ��R�>0<�1+  �� $@ (���1+

$�]< �"� (-�� �� D���G7�%�' �� ���<F' J�!  ��0123 �� ���

< �� � �>7) c9@ ��  &�� ��0123 ���+ A6>( 

)Koutroubas et al., 2014(.  

S�!
#0 TI�� :��2�	1600  �V><��0�<�>0<�1+R 

 �7 (���1+22 (_��  �7 (��)��2�	 � ���	V�713 (_�� 

(&��� D�H& �� �)���7 fg�) ��(I< ���%2+ . 7 �$1+ �>@

�7 D��+ �����) �)���7 fg�) ���5�� A6>< ��� (

) J�(61.(  *��< �">< B�(9	 F� $��2x	 �)���7 fg�)

 �!�  &�� ��0123  7 jHg)Aranjuelo et al., 

2013( . 7$< ��& � �� �)���7 fg�) D�>7 ����� (!

 7 (��) ��2�	 7 *(23 �>@ D�5�< D�>7 ����� B�8�

()�7 *() (�8>	 4��C%-� ��0123 .$8�d ��  ��(I<  +

 ��0123$%X�F �G�� D��7  7 ��  *() (�8>	 �1+ D�5�<

 ��2�	 F� (]7 � �>7 V�7 ���X7400  �V><��0�<R�>0<�1+ 

 ��0123 ��(I< ���%H�7 (���1+$%X�F  D�H& �� *() (�8>	

 ���) J�(61 .(  

 �!� *() ���5/  + .(�/ �-�  ! ��7 w��2����

 � &�� ��0123 � E�� ��(]	 ���5�� Z3�7 ��� ;���) �:	

 ��0123) .(�/ �� �)���7 fg�) � $%X�F( )Rajabi, 

2013( . ��0123 ���5�� �7 .(�/ �� J�F��	>7>1+�� ��7��+

�7 fg�) ���5�� A6><  &��() �)�� )Dwivedi et 

al., 2013( .��7��+ R�>0<�1+ (���1+  DF� �9X& >6 ��

 ��(]	 �  19�! ��  &�� ��(]	 �*��Xg�)  7  H�� jHg

��� ���5�� ��	 D�(7 � $0Hg ;���) �� ��  19�! 

)Sharif et al., 2007( . ��7��+R�>0<�1+  ��>! �� (���1+

 5�&��/ ��  g�) ��(]	  6>	 B7�- ���5���� � * (�8>	 ���5

  &�� � n^[ � B/��)�� $� � .���s2��  ���5�� Z3�7

 &�(G&�  45%�!>%� 4��� 5%�!>%� ���5���   &�� DF� ���5��

��7 fg�) ���5�� ���Y& �� � ��2�	 �7  X��I< �� �)�

) (��)( )Devi et al., 2011( .  

��UA 8�0 4V5R:�D :  &�� ��0123 ��7 $G%X92�

 19�! ��(]	 �7  � �9v< �)���7 fg�) � \7�<�%< ��

$�]<  �>7 ���) J�(62 .( 7$< ��&  ��0123 ���5�� (!�

 7  &�� 7 *(23 �>@�%< �� ����7  19�! ��(]	 ���5�� �13 

�!� *�>7 \7�< . ��  19�! ��(]	 �7  19�! ��  &�� ��(]	

�)�� $m�<  P7�� \7�< �%<.  7R��93 ����G  ���5�� �7

  19�! ��(]	\7�< �%< �� ����7�   19�! ��  &�� ��(]	

���� ���+ .�%< ��  19�! ��(]	 ��7  fg�) � \7�<

$�]< � �9v< $G%X92� 5�& �)���7 () *(��H< 4��� .

$< D�H& A1P< ��� ���<F' ��� *��(:< ��  + (��� 

��(]	  19�!  4�%H�7 �"� ����7 4���7  �)���7 fg�)

�!�  %)�� . 4�56� ��7 �� i1%x<��0123�   &�� ��5� DF�

��� �7j� $�]< $G%X92� $!��7 ��>< R�m_ F�  4���

�(& D�H&� . �  -�! jHg DF� �7  19�! ��  &�� ��(]	 $8�

 ����7  19�! ��(]	 �7 � �9v< $G%X92�  19�! jHg DF�

 \7�< �%< ��$G%X92� $�]< ���X7 � $m�<  D�H& �� 4���
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��� . 7  -�! jHg DF��I%X<��[ �>@$< �  A9! (&�>	

�  19�! ��  &�� ��(]	 ���5��  ��0123 ���5�� ���Y& ��

>)  &��� .$<  -�! jHg DF� D�>7 V�7  7 (&�>	 $3>&

*��/ F� ��� *() *��g, R��(��>7�+ ��(I< �G&��7  $&�H��

 �2!  7 �(E< B�X/F�7 �7  &�� D() �� D�<F ��  + ()�7

� ��0123 ���5�� A6><  &�� �� (CI<&�>)  � )Shekari 

et al., 2010(.  �!� *() ���5/  + 4����  + $<�-��

 ��0123$%X�F (�)�7 V�7 �)���7 fg�) ��  J�2%d�  7

�>7 (���>g 5�& $�V�7 ��0123 4���� ���F )Gonzalez et 

al., 2011( . $�V�7 �)���7 fg�)  + $<�-����� ���- �(&

R��(��>7�+ (�%X� �(&� F� �� 4�%H�7 4��.  59! 4��

(&>) ��0123 ���5�� Z3�7 � (��+ BI%�< . ��� \-�� ��

fg�)�  ��  &�� (�8>	 ��  %��� f�Cx	 �7�+ D�5�<

$< fxH< (�+ )Shekari et al., 2010( . $G%X92�

 ��7 � �9v<  -�! jHg DF� �7  19�! jHg DF�

$�]< �>7 ��� .D' F� $��6  19�! ��  &�� ��(]	 D�!>&  +

 �>7 =(&�)6 J�(1(�  �9v< $G%X92� �>6� ��7 DF�

$< D�H&  19�! �7  -�!  (��  + jHg DF� ���5�� �7

 -�!�  &�� DF� �!� *() �%H�7 5�& *() (�8>	 4�� .

���5/$< D�H& ��  + (��� A9! w��2���� F� *��m%!�

J>1! ��(]	 ���5��  � �!^���1+ ��1[ �B���5< 4��

 B����1+ ��(I<$<)> E�%& �� � �  ���+ 4�>& ����(�

 q�7 45%�!>%� D�>	 ����5�� $<��(7  Z3�7 �<� ���  +

 �%H�7 jHg *��< (�8>	 �� s���/$< B_�d 4���>) 

)Shekari et al., 2010(.  

  

 J�(62-  A���o $G%X92���  ]8�P< ��>< R�m_ ��7 .(�/ �,' �-�2 ����� ��� ;���) ��    
Table 2. Correlation coefficients among the studied traits in wheat, variety Azar-2 in this research conditions 

 19�! jHg DF� 
Spike dry 

weight  

�)���7 fg�) 
Harvest 
index 

 ��0123 &�� 
Grain 
yield 

 ��0123$%X�F 
Biological 

yield 

 ��  19�!

\7�<�%< 
Spike/m2 

 ��  &�� ��(]	

 19�! 
Grain/spike 

��5� DF�  &�� 
1000 Grain 

weight 

 �m_  
Trait 

         1 0.05  19�! ��  &�� ��(]	 
Grain/spike 

      1  -0.52** -0.05 \7�< �%< ��  19�! 
Spike/m2 

   1  0.006  0.14 -0.23  ��0123$%X�F 
Biological yield 

  1 0.24 0.47**  0.19 0.19  ��0123 &�� 
Grain yield 

 1 0.60** -0.38** 0.45** -0.07 0.21 �)���7 fg�) 
Harvest index 

1 0.26 0.30 0.12 -0.01 0.40** 0.24  19�! jHg DF� 
Spike dry weight  

0.39** 0.02 0.06 0.11 -0.19 0.33* 0.28  -�! jHg DF� 
Stem dry weight  

*  �** : 7$�]< $G%X92� A�	�	 J�2%d� ?>P! �� ���5  % �1  .%  
* and ** : Significant correlation at 5% and 1% probability levels, respectively.  
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.(�/  �,' �-�2 ) Q����� ;���) �:	( . ��0123 ���5��

 7��5�� c��@ F� *(23 �>@ DF� � ����7  19�! ��(]	 �

  &�� ��5�) 19�! ��  &�� ��(]	 ��  & � (�>7 . D��< F�

 *��m%!� ��>< ?>P! �*()�� J�F��	>7>1+�� ��7 w��2���� 

 ��1[140 �V><��0�< ��1[ �� J�(�2X&� �20 

 �V><��0�< �R�>0<�1+  ��1[ �� (���1+800  �V><��0�<

�+ (�8>	 ��  &�� ��0123 ���%H�7�(& . ��2�	 ����s2�

1600  �V><��0�<R�>0<�1+  (_�� ���	V�7 (���1+

 ��� }�C%g� �>g  7 �� uP! (d�� �� �)���7 fg�)

 7  + 7 *(23 �>@ ��0123 B�8�$%X�F  (d�� �� �%2+

 uP!) &�� ��0123 (�8>	 �	  �%H�7( �>7 .�� ��� ���<F'� 

 7De��%�& �>+ � Q' ��(I< D�>7 $��+ �13� ]	  s�� ��(

 uP! (d�� �� 7 ���5�� $Y6>	 B7�- �>@���� . ���5��

*�	>+ A6>< uP! (d�� ��  19�! ��(]	  D() �	

 19�! )  -�! �� �� �>6>< 4��( � ��� F���  19�!  4��

*�	>+ �	�  &�� �7 �<� ���)�� 4  �	) (�8>	  19�! ��( . 7 ��&

$<  �-� (!� �,'2� � ��(]	 ���5�� B�X&�%� �� ��  &�
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Abstract 
In this research, the effects of seed priming with three anti-gibberellin regulators were investigated 

on yield and yield components of wheat cv. Azar-2, based on randomized complete block design with 
three replications under regular irrigation conditions in research field of University of Zanjan, Zanjan, 
Iran, in 2012-2013. The experimental treatments were control (non-primed seeds), hydropriming, 
chlormequat chloride (400, 800, 1200 and 1600 µM), paclobutrazol (35, 70, 105 and 140 µM) and 
ancimidol (10, 20, 30 and 40 µM). The biological yield decreased in most treatments compared to 
control. On the other hand, seed priming with all of the growth retardants increased the grain yield. In 
contrast, the use of three growth retarder totally improved the grain yield of wheat cv. Azar-2. Among 
the growth regulators, paclobutrazol in 140, ancymidol in 20 and chlormequat chloride in 800 µM had 
the highest grain yield. Seed priming with mentioned growth retardants increased 1000-kernel weight 
compared to control. The highest fertile spike/m2 and seed/spike was found in 800 µM chlormequat 
chloride and 20 µM ancymidol, respectively. By increment in the number of fertile spikes, the length 
of spike decreased significantly. As a result, there are smaller spikes but with large grains in each 
plant. It seems that Azar-2 cultivar has a potential for increasing both the number of grain/spike and 
grain weight. Therefore, it is possible to increase grain yield in this cultivar by improving sink straight 
from both ways. 
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