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� ,#rR��� {��!� U%
��� "�,A�8  �� ���4�A
 ���=�
� �_��� e;�f� g4�,� �� �� U!�� �,$;�+ Z�#,	

 ���!) gA��� k�
� ,A1  �	6 ( g4�,� T��+ �,B4� �� �
 U4:W	 z���%j� � ��� �� OH� ���#�C i4 ���B+ UA �_���

 �C��]	 T��# Y�;A G�� UA)U4�I &,? (*
� V�W!� TA�\ .
�!N �� i4 ,8 �� U!�� �,$;�+ Q��!��� U�4���d�	 �� � �8

 �� ���=�
� �A �� UA �� ���]A �_��� e;�f� g4�,� Q�A
 �����t �� V�W!� .Q��!��� U�4��� T\��� G�� UA �8

�B>� ���=	���LSD �� V�W!� .V,! ��"�8��:C�SAS, SPSS, 

Excel, Sigma plot, Stat Graph T�;�	 � U4:W	 �� ���� �8
�� ���=�
�.  

  
03$ � 4����  

:W	 c4��!R��� x!�4��� U4 �� U!�� �,$;�+ � �8
 ��A�?� KB	 g4�,�)S(  ��# �A ��,�8 ��A�?� KB	 �

 �C�M� �N�,��!)SN) ( 
��j1 (d�	�!N U# ��� ���!  "�8
R��� ,b! �� U>[�_� ����  "�8MP `TOL `STI  � SSI 

R��� ,b! �� � ��A�?� KB	 g4�,� ��  "�8MP `GMP `

,TOL STI �SSI  KB	 g4�,� �� ��# �A ��,�8 ��A�?�
�B>� O���� �C�M� �N�,��!�B���� "��� . V�\�� Q4�,A�BA

 KB	 UA T��	 �4 *�
��� ��:�� ,b! �� U>[�_� ����
 Q4� "�,A �C�# {�B	 � ���� ���! �� �	��=�� ���C� �$��

R���*
� U���� ��j� �<!� Q�A �� �8.  
R��� Q�A ����%�8 �
�,A �� T'�� c4��!  � �8

$;�+ 
��,! ��A�?� g4�,� �� U!�� �,)Yi( ��A�?� KB	 `
)Ys ( �C�M� �N�,��! ��# �A ��,�8 ��A�?� KB	 �)Ysn (

 
��j ��2  ��A�?� g4�,� �� U!�� �,$;�+ U# ��� ���!
 Z
�B�)Yi (R��� U�;# �A  g4�,� �� ,8 �� �8S  �SN 

�B>� ����A � *%h� ����%�8���� "��� . g4�,� �� ���
 ��A�?�S`  U!�� �,$;�+)Ys (R��� �A �<B	 "�8MP `

GMP  �STI  ��A�?� g4�,� �� �SN U!�� �,$;�+ `
)Ysn (R��� �A �<B	 "�8GMP  �STI  *%h� ����%�8

�B>� ��B���� "��� .R��� Q4�,A�BA g4�,� �� U# �4�8
 U!�� �,$;�+ �A �4a�A ����%�8 "���� e;�f� �_���

R��� Q4,�<A ���B+ UA `�B��A�� �C,>� �8 �,4� `�!�,.
d�	�!N �4�
�B� � ��,# ��j UA ���\ a�A �,$;�+ �A �4�8

 �_��� g4�,� U!�. ,8 ���B��8 )Fernandez, 1992 (
R��� U# "�8GMP  �STI �B��8 �.P4� Q4� "���� .

R��� U�;# �A R��� �� Q4� ����%�8 �� ,8 �� �8
�B>� ����A �_��� g4�,�A *%h� � ��� U *
���� .

d�	�!N @=! UA R��� �� Q4� k�
� ,A l�f�!� Q4�,A�BA "�8
 �8��� KB	 V�+ � KB	 g4�,� �� a�A �,$;�+ T��!��I �A

��A .A c4��! UR��� Q4,�%
�B� �A U_A�� �� ���� *
� "�8 
T��	  UAU�C�4 �A �$�� ��!�!,C "�8 )Fernandez, 

1992( `�=
�4 ���!���r� )Yousefi Azarkhanian, 

2005 (",4�:j � )Jazayeri, 2004( ���� ��B8��8. 
R���  �$�� UA T��	 "�8(TOL) KB	 UA *�
��� � 
(SSI) � *%h� ����%�8 �B>�  �� U!�� �,$;�+ �A "���

 �A �<!� ����%�8 U$�[���� `�B���� KB	 ���A g4�,�
 Q4� ����� U# ��A �=B� KB	 g4�,� �� U!�� �,$;�+

 ����A � �=B� ����%�8 ����,A Q�4�I��.  
 ����$�8 � Y��#)Clarke et al., 1992 ( ��!�!,C �

)Fernandez, 1992 (R��� �,A��# *4����� UA :�! 

SSI �� ��A�[ � V�B. ��J��� ���JU� �!� .Y��# ,b! S%? �  
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����$�8 )Clarke et al., 1992(  ���=	 U# �	��' ��
 � KB	 ���A g��� �� �� U!�� �,$;�+ �� U!�� �,$;�+

 � �=B� ����%�8 Q4� ����� U# ��A �=B� KB	 g4�,�
 ����,A Q�4�I ����A�� . ����$�8 � Y��#)Clarke et

al., 1992 ( ��!�!,C �) Fernandez, 1992 ( UA :�!
 R��� �,A��# *4�����SSI  ��A�[ � V�B. �� �����

U���� �!� .����$�8 � Y��# ,b! S%? )Clarke et al., 

1992(  g��� �� �� U!�� �,$;�+ ���=	 U# �	��' ��
 � KB	 ���AA ",�4� T���+ S4,? �� KB	 U T��!��I :j

 �4 � "����A UA *�
��� �B!�� ��,C� �$�� T��	 �$��!N
 ��� T'�� KB	 ���A g4�,� �� G:4� UA *�
���

 `���ASSI  �,$;�+ K8�# � ��A �8��f! �<!� i�$=	 UA ���\
 K8�# UA ,WB� KB	 ���A g4�,� �� ��� ��W4�SSI 

�� �8��� .  
�
 ,4���� UA Uj�	�� ���! ����%�8 Z4�,M ,4  �8�

 �$4N�[��A D
�I i4 �� �
�$>!� *
� Q$�� R��� ,8 U#
A `���A KB	 UA ���=��*;+ Q��8 U  �� �6>A ����%�8

R��� �B>� �8  �����! )Ramirez-Vallejo and Kelly, 

1998( . �;# � �,����)Ramirez-Vallejo and Kelly, 

1998( �B>� ����%�8  Q�A �� "���GMP  �SSI  ��A�[ ��
A UUW��! � �!�����! *
�  ����%�8 V�+ U# �!�,# ",�.

*
� ��$�� R��� �� Q4� Q�A  o8�,C �� "��,C� UA �A�4
�� ,4���� "���� U# �B#  "a�AGMP  o# ,4���� �SSI 

U+��W� �� 
�%!� UA U# �B��A  g%	,� e;�f� ��=' �� "�
R��� Q4� �� i4 ,8 �A  �8��� @�j ��#H� ��,C� �� :�! �8

�� . ����$�8 � Q4�[�,�]! U>[�_� ��)Nasir Ud-Din et

al., 1992 ( � U!�� �,$;�+ Q�A ��%h� ����%�8MP  ��
8��� KB	 � KB	 ���A g4�,� Q�A ����%�8 ��� `�� ��

 � U!�� �,$;�+TOL ��A *%h� KB	 g4�,� �� . U$B4� Q�M
 Q�A ����%�8TOL  �MP ��A �=B� .  

 g4�,� �� i4,8 �� �
�,A ���� e;�f� d�	�!N *=8
 �_���S  �SN R��� U�8 k�
� ,A � U!�.��j ��_A � �8

U��� U4:W	 ���� KB	 ,�� � KB	 g��� "�8�,$;�+ "�
,. ��,\�B�C .d�	�!N *�!��	 U4:W	 Q4� ��,. U
 �� �� �8

��,. �:W��B# "�BA .��,. Q�A Q��!��� U�4��� c4��! �� �8
 �_��� g4�,�SN ) 
��j3 ( 
�� ��,. U# ��� ���!

`��8�m
 V�\�� T���   Q4a � �����I9 `R��� U�;# ,b! �� -
 �8�,$;�+ � �8)Yi  �Ysn (�!��� ���! �� ����� Q4,���A .

 ,4���� ��,. Q4� ��TOL  �SSI  �� ����� Q4,���A :�!
 �� U!�� �,$;�+ �A *=' �� Q4� U_A�� Uw ,.� `��� ���!
 �� U!�� �,$;�+ ���A a�A ��� `*
� �=B� KB	 g4�,�
 �� �,$;�+ O���� ���A a�A UW��! �� � KB	 ,�� g4�,�

 ��:�� K4�:C� UA ,WB� `g��� ��TOL  �SSI *
� ��� .
? �� ����� ,�4� O,SSI  ��,. Q4� ��1/1  U# �� ����,A

 KB	 g4�,� �� �,$;�+ *C� � KB	 UA *�
��� O,>�
*
� .d�	�!N Q4�,A�BA �A � KB	 UA T���� ��,. Q4� "�8

��A �B8��� KB	 g4�,� �� �4a�A �%�! �,$;�+ T��!��I .  
d�	�!N Q4a � k�\ `,4�# T��� V�� ��,. "�811  ��
R��� ,b!�8 "MP, GMP  �STI  ���=	 
�� ��,. �A

�B>� �!��� ���! "���U# "��? UA R��� Q4� ,4���� �8
��� *
�A 
�� ��,. �� ,��# V�� ��,. �� . Q4�,A�BA

d�	�!N � �$�� KB	 UA T��	 ,b! �� ��,. Q4� "�8
Q�4�I �� �� KB	 g4�,� �� �,$;�+ g
��� ��,\ ",	

 U!�� �,$;�+ UA Uj�	 U# �B������A Z;_� Q��8 �4�� :�! .
 �� Uw,.� U# *C,. ��,\ V�
 ��,. �� �4�<B	 UA Q��� o\�

R��� U�;# ,b! ,4���� ��� `��� ���! �� ����� Q4,��# �8
 o#TOL  �SSI  UA *%�! o\� Q4� ���A T���� O,>�

 `*
� �$�� KB	 g4�,�U# "��? UA  �,$;�+ *C� ��:��
B	 g��� UA 
��,! g��� �� o\� Q4� ��# �A ��A�?� K

 ���� �� �C�M� �N�,��!45  ����,A �'�� �� U# ��
d�	�!N ,4�
 �A U�4���Q4,��# �8 ��A ����� . ~��[ UA ���

 ���! 
��,! g4�,� �� �� �A�� �,$;�+ Q��� o\� U$B4�
��! V�\�� ,4�
 �A U�4��� �� `*
� ����! o\� ���B+ UA �!��	

���A Uj�	 ���� �A�� .��� U�4�����,. Q�A Q��! �� �8
 �_��� g4�,�S ) 
��j3 ( T��� 
�� ��,. U# ��� ���!

d�	�!N Q4a � �����I "�89  �,$;�+ ����� Q4,���A � ���A
R��� � U!�� Ub��� ��,. Q4� �� T��	 � *�
��� "�8

�� . ",�L�	 �C�M� �N�,��! "��# ����	 �� ���=�
� Q4�,A�BA
���! d�	�!N �� Q4� ,AJ � U� ���! �� �<A��� ���C� �� ,8

�����!�.  

 o\�J� �� ��8�mJ �_��� g4�,S  ��,\ V�� ��,. ��

C,.J� ,h#� ,b! �� Uw,.� ��,. Q4� U# *JR�� ���=	 �8
�B>�. �A �� "���J�! 
�� ��,Jb! �� ��� `���! ��J�� ,J���  



30                   T."�B\ � "��A� : T4�>	 �� �C�M� �N�,��! ��# ,L�L��� �$�� KB	 ��, ��! V�B.  
  

R���Q�4�I U%	� �� �8*C,. ��,\ ",	 . R��� ,b! ��
STI �B>� ���=	 :�!��� ���! 
�� ��,. �A �� "��� . �H[

d�	�!N� ��8�m
 `k�\ `,4�# T��� ��,. Q4� "�8  Q4a
11  "���� 
�� ��,. UA *%�!STI  �� ���=�
� � ���A ,��#

�!N �4�
�B� *<j R��� Q4�d�	 �� a�A �,$;�+ �A "�8
*
� ������,A ",��# �4���# �� g��� �� ,8 . ��,. ��

 �_��� g4�,� V�
S ` �_��� g4�,� UA���SN ` �<B	
Q�4�I U# *C,. ��,\ Q��� o\�R��� U�;# �� Q4,	 � �8

�8�,$;�+ �B>� ���=	 "���� � ��� ���! �� U�;# "�,A "���
A ��=' U�,� �� U!�� �,$;�+ :j T%\ ��,. �� �A KB	 g4

��A . �_��� g4�,� �� o\� Q4� �,$;�+ *C� �'��S  UA
 ����49  �_��� g4�,� �A U�4��� �� U# ��
� �'��

SN ����,A ,���A `�� . �� �<A��� *�>M� :�! ��8�m
 o\�
 �_��� g4�,� �� �,$;�+ *C� �'�� ~��[ ��S  �SN 

_��� g4�,� �� �,$;�+ *C� ��:�� � ��� ���! �SN 
 �� ,��#S  ��8����� U��� U4:W	 c4��! �A U# *�A�_� "�

A `���� U"��?  �,$;�+ Q4,���A �A 
�� ��,. �� o\� Q4� U#
 �_��� g4�,� ��SN  �_��� g4�,� �� ��� *C,. ��,\S 
 T��B� V�� ��,. UA��. U>[�_� ��  "�22  ��! V�B. d�	�!N

 R��� �� ���=�
� �ASTI ��,. U# �!�� "�BA  i4 �<B	
 Q4,���A �A d�	�!NSTI d�	�!N ,4�
 � ��,. i4 ��  �� �8

 �B�C,. ��,\ ,�4� ��,.)Yousefi Azarkhanian, 2005 .(
 ����$�8 � ZA�)Abebe et al., 19981 ( �A�4��� �A

d�	�!N  �,A��# � KB	 ���A � KB	 g4�,� �� ��A�[ "�86 

�B8 Q��!��� R��� U# �B���� ��<v� e;�f� R��� �

 ��[�	)GMP ( �<!� U>[�_� ���� U���! "�,A R��� Q4,�<A
*
� . ,A �4�A R��� l�f�!� Q�]]f�� Q4� ,b! S%?

���A ,b! ���� U���! � l�f�!� O�8 k�
� .  
�� T# �� Q4�,A�BA K4�:C� U# *C,. �� UW��! Q4� ���	

30  ��# �'��U!N�,��!  T��	 K4�:C� �� �<j�	 TA�\ ,�Lp	
�>	 � �$�� UA dJ�	�!N �� �� �=B� ��,L� T4   ���J� "�J8

      UJ# ��8�mJ
 � QJ��� V�J\�� �� :JWA `*
� U����! U>[�_�
 ���=	 UA ,WB��4:j      g4�,J� �� �,J$;�+ *JC� ��:J�� ��

 e;�f� �_������ *
� .[� �� U!N�,��! ��# ,�Lp	 V�+ T�
�� ���� �,��r *<j ���. �� �C�# @%B� ��j� V�+ UA ���	

  *J�;A�\ V�+ `�4�H�      V�J+ � U\�J
 �� ���J� ,�J��A �,J��r
     KBJ	 g4�,J� �� UJ!�� UJA U\�
 �� ,4��r Q4� ��W� 
���!�

��� *%�! ��A�?� .g��� �� ��=' K8�# �'�� U�4���-
 e;�f� "�8) 
��j4 (  �J�4�	 �� "� U��� U4:W	 c4��! :�!

 `���! UJ# "��? UA       KBJ	 g�J�� �� �,J$;�+ *JC� ��:J��
  �JA ��A�?� KB	 g��� UA ��A�?�    "�,JA �C�JM� �N�,J��!

 ZJ�	,	 UA Q��� � ��8�m
 V�\��   ���J� ��5/8  �6   �J'��
 ����,A ,��#�� . ����� "�,j�t  dJ�	�!N U�;# Q�A ��  �J8 �
g��� "�,A �� UA �� ���]A U>[�_� ���� "�8! U# ��� ���

U�8 "�,A Uw,.�d�	�!N "    � 
�J�,! g4�,J� Q�JA ���=	 �8
 J�,! g4�,� Q�Bn�8 � ��A�?� KB	    �JA ��,J�8 KBJ	 � 
�

     g4�,J� �� Q�JA �J�� `*J
� ��� �B>� ����A �C�M� �N�,��!
     "�,JA �J<B	 �C�JM� �N�,J��! �A ��,�8 KB	 � ��A�?� KB	

 QJJ4a � ��8�mJJ
 oJJ\�11 �JJB>� ���JJ=	�JJ� UJJb��� ��� .
 �C�M� �N�,��! �A KB	 g4�,� �� �� ",�<A *�>M� ��8�m


 Q4a U$�[�� �� `��� ���!11 ��$+ UW��! ��� ���! �� .  
 ��,A �� U!N�,��! ��# O,]� UA Ub��� TA�\ KB#�� V�+
 ��B8� ���! `*A�?� ��%�# ��j� �A U>[�_� ���� V�\�� ��

*
� �C,]� ��# �� ���. ���=�
� �� �$�� *4����� . ��
 ���C U>[�_�)Fathi, 2005 ( Rf����  g4�,� �� U#

� TA�\ ,�Lp	 �N�,��! O,]� K4�:C� �$�� KB	Ub�� "�
 O,]� KB	 ���A g4�,� �� ��� `*���! U!�� �,$;�+ ,A

��� K4�:C� �� U!�� �,$;�+ �N�,��! . ����$�8 � ��[�I)Palta 
et al., 1994 ( �� �N�,��! O,]� �4���# K4�:C� UA :�!

�C�# l� ��j� ���' �B���� �����.  ��S���	  � �!�,�A
�!��
�,
 �%
��<? )Bahraii and Tahmasebi 
Sarvestani, 2005  ( O,]� ���� � ����� �� K4�:C�

 ,�Lp	 �N�,��! ��W� 
���!� �����# � 
���!� ,A �N�,��!
 �B>� `*��� ���U# "��? UA  `�N�,��! &�_
 Q�C� a�A �A
 
���!�U!�� UA U\�
 "� �,��r ���� *C�4 . TA��� �� � ��[�I
 ",;�C)Palta and Filery, 1995 ( �A :�!K4�:C�  �,A��#

 ��# e;�f� &�_
�N�,��!  �!�,# G��:. V�B. "�� ,A
 ow,I �,A �� �N�,��! ��W� 
���!� �4���# U# U!�� UA

��� ���! K8�# . *<j �� �N�,��! ��# �� ���=�
� Q4�,A�BA
d�	�!N U�8 "�,A � U���8 �$�� KB	 ��,L� T4�>	 �8

�$4 c4��!J��! ���! �!��B����! � �8� *
� T��# �
�,A.  
g��� �� U!�� �,$;�+ "�>A U
 "�8�����! �
�,A -

 R��� �A ��A�?� KB	 V�+ � KB	 "�8STI  ��� ���!
#Jd�	�!N U��I "�8J Q4a `���11  Q4a �9 � ��Jg4�,   
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 ��A�?� KB	 �_���d�	�!N ��I "�8 � ��8�m
 `����
 Q4a9  ��# �A ��,�8 ��A�?� KB	 �_��� g4�,� ��

 ��,. �� �C�M� �N�,��!A  �B>4 `�B�C,. ��,\ U$B4� o8
�A� o# UA T����  ���A 
��,! g��� �� �<!� 
�]�� o8 �

*
a�A . ���! KB	 g��� �� U�4������  Q4a U#11  ��
B	 V�+ � KB	 g��� �� ,8 �� ��A�?� KB	 g4�,� K

 �A ��,�8 KB	 g��� �� ��� *��� �4a�A �,$;�+ ��A�?�
 U# �4��! ",�.�;j �,$;�+ *C� �� *�!���! �C�M� �N�,��!

�� ��� ���� �� U\�
 ,4��� K4�:C� V�+ *;+ UA �!��	
V��!� ,4��r 
���!� V�+ `��4�� V�+ � U!�� UA ���. "�8

�
 ,4��r K4�:C� ��bB� UA ���. �� �C�# @%B� ��j� U\
���A . ,#r "�8,�����I �� �A�� UA ��8�m
 o\� TA��� ��

 �A ��,�8 ��A�?� KB	 g4�,� �� � ��,# ���=�
� ���
 `��� K4�:C� �� U!�� �,$;�+ �C�M� �N�,��!U# "��? UA  ��

 ��,. �� �_��� g4�,� Q4�A *C,. ��,\.  �A c4��! Q4�
d�	�!N �,$;�+ U�4��� �A KB	 � KB	 g4�,� �� �8

�! �C�M� �N�,�) 
��j4 (�� *�A�_� z���#*�.   
 ��,. �� �_��� g4�,� �� ,8 �� ,4�# � k�\ V�\��

B �B�C,. ��,\ .d�	�!N �� a�A �,$;�+ "���� ��,. Q4� "�8
 
��,! g����B��8 )Fernandez, 1992 .( Q��� o\�

��A �_��� g4�,� �� ,8 �� Q�4�I �,$;�+ "���� . ���=�
�
A U
 �����! ����,. R�f�	 "�,A "�> A ��,. ,4�
 �� �8

 ��!�!,C g
�	 ��A�[ ��)Fernandez, 1992 ( V�B. �� �
�4�� �B���! g
�	 ����$�8 � )Nourmand Moayyed 

et al., 2001( � ,C���,C ������ � )Farshadfar and 

Maurer, 1978( *
� U�C,.��,\ ��4�	 � �
�,A ����. 
� K�A Q�A U_A�� �
�,A "�,A "�A �����! �� ,�|�� U
 �

� ��I�� ���=�
 ���)Fernandez, 1992 .( k�
� ,A
 � KB	 ���A � KB	 g4�,� �� d�	�!N ,8 �,$;�+

R���  ��I "�A �����! `KB	 UA *�
��� � T��	 "�8
 �� o�
,	)T$�"�8 1  �2 .(U=[�� U4:W	  ���! �;'� "�8

R��� `U=[u� Q�[�� �� U# ��� "�8STI ,TOL ,GMP, 
MP ��,�8 UA YI z�����80  � �'��84  ��,��|	 �� �'��
����  ��A�?� KB	 �_��� g4�,� �� �� Z�	,	 UA �� �8

�� U�j�	 ��A�?� KB	 � �C�M� �N�,��! �A ��,�8  �BB#
) 
��j5 .(�� �� U=[u� Q�[�� Q4�,A�BA  ���B+ UA ���	

�,# �C,>� �$�� T��	 � �,$;�+ T��!��I . UW��! ��
 Uj�	 ��I "�A �����! �� U=[u� Q4� *%h� � a�A ,4���� UA

d�	�!N �� �4�
�B� �� �4�8  �4a�A �,$;�+ "���� U# �B#
�B��8 KB	 ���A g��� �� .*�!��	 V�� U=[u� 20  �16 

���� ��,��|	 � {�B	 �� �'��  g4�,� �� �� Z�	,	 UA �� �8
 KB	 � �C�M� �N�,��! �A ��,�8 ��A�?� KB	 �_���

?�R��� �A ��%h� s�%	�� � �4��! U�j�	 ��A�  SSI  ,8 ��
*��� �_��� g4�,� �� . �A �=B� s�%	�� i4 U=[�� Q4�

��� ���! ��A�?� KB	 g4�,� �� U!�� �,$;�+ . Q4�,A�BA
�� �� U=[u� Q����  KB	 UA *�
��� U=[�� ���B+ UA ���	

 UA ���\ U# �,# �C,>� KB	 g4�,� �� U!�� �,$;�+ �
�
��jd�	�!N "� *
� ��A�?� KB	 UA k��� "�8. Uj�	

T��+ ��A UA  �� �� U!�� �,$;�+ U# ��� ���! V�� U=[u� �� �8
 �=B� � *%h� �;��+ ��A "���� KB	 � KB	 ���A g���

 �=B� U_A�� ,A "��4�	 U# *
�TOL  �SSI �AYS *
� . ,8
d�	�!N ���A ,��# U=[u� Q4� ����� Uw  l�f�!� �4�8

�� # �!�� ,��# ,4���� "���� UTOL  �SSI  �,$;�+ �
���A ��A�?� KB	 g4�,� �� ,���A U!��.  

d�	�!N �;# ��? UA     � 
�� UJ=[u� ���J�� Q4,�J��A U# �4�8
       �� ,J8 "�,JA `�BJ��A U�J��� �� V�� UJ=[u� ���J�� Q4,��#

KB	 ���A �_��� g4�,�   � �B8��� l�;_� ��A�?� KB	
��A .d�	�!N KB#�,I ���!  ,A �8U=[u� ,4���� Z��  
�� "�8

"�A �����! �� V�� � ��I U# ��� ���!d�	�!N  `�����I "�8
 Q4a9 KB	 g4�,� �� ��8�m
 �  �N�,��! �A ��,�8 ��A�?�

d�	�!N � �C�M�  Q4a `�����I "�89  �11   KBJ	 g4�,� ��
   �� Q�4�JI ,4��J�� � 
�� U=[u� �� a�A ,4���� "���� ��A�?�

 ���JA V�� U=[u�       �J_��� g4�,J� �� ,J8 "�,JA ZJ
�B� �
 �B�J�8 . dJ�	�!N   QJ4a � ,4�JJ# "�J811   KBJJ	 g4�,J� ��

d�	�!N � �C�M� �N�,��! �A ��,�8 ��A�?�   ,4�J# `k�\ "�8
    UJ=[u� ���J�� Q4,�J��A ��A�?� KB	 g4�,� �� ��8�m
 �
    KBJ	 ���JA �J_��� g4�,� "�,A �<B	 � ���� ���! �� V��

  �B�J�8 ZJ
�B�.   ��J$�8 � k�J��	 ��)Thomas et al., 

1996( "�A �����! �� ���=�
� �A ��JI    �B�J�!��	 ��$J�C ��
25 U�4���      �A�J� UJA �� UJ>[�_� ���J� ���JA  � "��J
��j 

��,. �B4��! "�BA.  
 ����$�8 � �4�#)Kaya, et al., 2002( ���=�
� �A :�!  
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U=[u� U4:W	 �� U# �B���
 Rf�� V�B. �� �;'� "�8 
d�	�!N  V�� U=[u� ����� � ,���A 
�� U=[u� ����� �A "�8

U���� �� �,$;�+ Q4,���A `,��# �!� . ��� V�W!� ��>[�_�
 ��$j�� � ��4 g
�	)Yan and Rajcan, 2002(  �� �#��

�����! �� ���=�
� U# *
� Q4� d�	�!N ��I "�A– �� *='
����  �� ��=' Q�A s�%	�� �A�� UA `�,�|�� �Bw "�8

���
 �� �<!� l�f�!� � V�\�� U�4��� � ��,# Rf��  ,	
�� �4��!.  Z!��j �� �C�M� U	�� ��# ,�L�	 Uw,.� �;# ��? UA

V�:[ ����� ��,A �� �� o# ,�L�	 ��� �� @\�� ,L�� e;�f� 
%\ �� �� "����� UA Uj�	 UA `��� ,	a�A &�_
 �,A ��# T�

d�	�!N ,4�
 ��,A��# �� ���=�
� �4�!��	 U# ���\�� � �8

V��!� ,���A ,4��r ,�Lp	 V�+ UA Uj�	 `�B��A U���� �� �8
 ��,� UA Uj�	 `Rf�� �� i4 �� K�A �C�M� U	�� ��#
 � �� "����� � k,�
� TA�\ Y�� �� �C�M� �N�,��!

 ���� �� "�8�_� UA Uj�	 ",�. ����!� T��,� �?��
�� �>_\ e;�f� ��='�4��!.  

  
567�87#�
  

   ���J� ����J%�+� T�� �� ��8�PI &,? Q4� �[�� @A�B�
  ��J� Q���	 ���
���� ���� ���
� ���� ����!�� ��8�PI

�� �!����\ V�+� U;�
� Q4�A U# *
����. 

  

��j1- R��� � U!�� �,$;�+ x!�4��� U4:W	 �
��� � T��	 "�8 �$�� KB	 � �$�� KB	 g4�,� �� �$�� UA *

�C�M� U	�� ��# �A ��,�8  
Table 1. Analysis of variance for grain yield and tolerance and susceptibility indices under drought stress and 

drought stress with extra N fertilizer conditions 
�_��� g4�,�  

Environmental 
conditions  

 @A�B�,��|	 
Source of 
variation  

Uj��
"����  

df 

 ��>A,� Q��!���)Mean square(  

Yp Ys MP GMP TOL  SSI STI 

KB	  
Stress  

 Y�;A
)Block(  

2 36.9 ns5.23 ns13.75ns  s  10.21 ns 29.36 ns 0.15 ns 0.03 ns  

 d�	�!N
)Genotype(  

6 *47.75 2.78 ns*14.02 9.72ns  *48.89 *0.34 0.03*  

�_�)Error( 12 15.13.444.58 3.94  16.7 0.1 0.01  

KB	/���  
Stress/Nitrogen  

 Y�;A
)Block(  

2 36.9ns2.03ns9.74ns 6.29ns 38.9ns 0.18ns 0.02ns  

 d�	�!N
)Genotype(  

6 *47.75 *4.03 *14.58 *11.34  *46.2 *0.23 0.03*  

�_�)Error( 1215.11.054.01 2.73 15.2 0.07 0.007 
ns�*�B>� ,�� Z�	,	 UA 
����� ^_
 �� ��� �B>� � ���5% 

  ns and *: Non- singnificant and significant differences at 5% probability level, respectively 
  


��j2- R��� Q�A ����%�8 Z4�,M  �$�� KB	 � �$�� KB	 g4�,� �� KB	 UA *�
��� � T��	 "�8�C�M� U	�� ��# �A ��,�8  
Table 2. Correlation coefficients between tolerance and susceptible indices under drought stress and drought 

stress with extra N fertilizer conditions  
Yp Ys MP GMP TOL SSI STI 

Yp 1 0.26 0.98**0.85**0.98** 0.83** 0.8** 
Ys 0.18 10.43*0.71**-0.07 -0.13 0.75** 
MP 0.98** 0.3310.93**0.92** 0.75** 0.9** 

GMP0.9** 0.58**0.96**10.73** 0.57** 0.99** 
TOL0.96** -0.070/95**0.82**1  0.89** 0.67** 
SSI0.86** -0.20.79**0.66**0.91** 1 0.5* 
STI 0.86** 0.64** 0.93** 0.99** 0.77** 0.58** 1 

*  �* * Z�	,	 UA 
����� ^_
 �� ��� �B>�5 % �1%  
* and  :** Singnificant and significant differences at 5% and 1% probability levels, respectively 
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T$�1- "�A �����! d�	�!N KB#�� ��Ig��� �� �,$;�+ � KB	 UA T��	 � *�
��� R��� cBI � e;�f� "�8  ��# �A ��,�8 KB	 "�8

KB	 ���A � �C�M� �N�,��!  
Figure 1. Biplot curve of different genotypes reaction and five tolerance and susceptible indices and grain yield under 

drought stress with extra N fertilizer and non-stress conditions  
 

 
T$�2 - "�A �����! d�	�!N KB#�� ��Ig��� �� �,$;�+ � KB	 UA T��	 � *�
��� R��� cBI � e;�f� "�8  � KB	 "�8

KB	 ���A  
Figure 2. Biplot curve of different genotypes reaction and five tolerance and susceptible indices and grain 

yield under drought stress with extra N fertilizer and non-stress conditions 

 
��j3 - R��� Q��!��� U�4���� �8��,. �� U!�� �,$;�+U��� U4:W	 �� T'�� "�8e;�f� �_��� g4�,� �� "�  
Table 3. Comparison of mean of indices and grain yield in resulted groups of cluster analysis under different 

environmental conditions  

��='  
(Traits)  

��>A,� Q��!���  
)Mean square(  

 ��,.�8 )Groups(  
g���S(S environment)    g���SN (SN environment)  

 g���S  g���SN 
�� ��,. 
Group1 

V�� ��,. 
Group2 

V�
 ��,.  
Group3  

  
�� ��,.  
Group1  

V�� ��,.  
Group2  

V�
 ��,.  
Group3  

YI 71658*  80407**759.1 a  661.7 a   303.7 b      765.1 a  623.3 a  303.7 b  
YSN/ YS 1304  1907*202.9 a  161.9 a 154.9 a      187 a    132.6 a    164.5 a  

MP 21295*  23032**a481.1  411.8 a   229.4 b    476.1 a  379.9 b    234.1 c  
GMP 11488**  12319**a390.1  322.1 a 204.6 b    376.9 a  286.1 b    212.1 c  
TOL 60742*  72498**a556.2  499.8 a 148.8 b    578.1 a    486.7 a    139.3 b  

SSI 0.14**  0.16* 1 a  0.99 a 0.44 b    1.01 a    0.98 a  0.38 b  
STI 0.02** 0.03**0.37 a 0.27 b   0.11 c    0.35 a    0.21 b    0.11 c  

S: `��A�?� KB	 g���SN :`�C�M� ��� �A ��A�?� KB	 g���YI:,! g��� �,$;�+`
��YS : `��A�?� KB	 g��� �,$;�+ YSN : KB	 g��� �,$;�+
*A�?� `�C�M� ��� �A ��,�8 *� ** �B>� Z�	,	 UA  
����� ^_
 �� ���5 % �1% .���! ���=�� O�,��B>� ���=	 ��B8���,. Q�A ���*
�8.  

S: Stress moisture, SN: Stress moisture with extra N fertilizer, YI: Yield under normal environment, YS: Yield under  stress 
environment, YS  YSN: Yield under stress environment with extra N fertilizer, respectively. *and **: significant at 5% and 1%  
probability levels, respectively. The different letters means significant differences between groups.  
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��j4-  ����� c4��!t �� ��_��� e;�f� g4�,� �� U!�� �,$;�+ K8�# �'  
Table 4. Results of T- test and percentage of grain yield reduction under different environmental conditions 

 
d�	�!N  U!�� �,$;�+ K8�# �'��  

Percentage of grain yield reductio   �����t  
t- test 

Genotype YI/YS YI/YSN YSN/YS  YI/YS YI/YSN  YSN/YS  
,4�# kavir 79.9 80.1 2.18 -   **706.6/ 141.7 **706.6/ 138.6 138.6 / 141.7ns 
k�\ Ghods 73.4 72. 2 3.88  **569.1/ 151.9 **569.1 / 158.1 158.1 / 151.9ns

�����I Pishtaz 74.9 74.1 3.26  **768.9/ 192.7  **768.9 / 199.2  199.2 / 192.7ns

Q��� Roshan 48.9 44.5 5.78  **303.7 / 155.1 **303.7 / 164.5 164.5 / 155.1ns

 Q4a9 Line 9 73.2 74.3 -4. 1  **749.3 / 200.8 **749.3 / 192.6 192.6 / 200.8ns

��8�m
 Sepahan 79.6 76.8 8.42  **777.1 / 159.6 **777.1 / 174.3 *174.3 / 159.6 
 Q4a11 Line 11 73.1 76.2 -10.23  **594.2 / 159.5 **594.2 / 141.3 *141.3 / 159.4 

�ns ` * �**: �B>� ,�� Z�	,	 UA  
����� ^_
 �� ��� �B>� � ���5 % �1%  
YI : `
��,! g��� �,$;�+YS :`��A�?� KB	 g��� �,$;�+ YSN :`�C�M� ��� �A ��,�8 ��A�?� KB	 g��� �,$;�+  

ns * and **: Not significant and significant differences  at 5% and 1% peobability levels, respectively 
YI: Yield under normal environment, YS: Yield under stress environment, YSN: Yield under stress environment with extra N 
fertilizer, respectively. 

  

��j5- `�P4� ,4����  �� �>�W	 � �%�! x!�4��� �'��U=[�� UA U4:W	 *�	 �;'� "�8 � ��A�?� KB	 g4�,�

�C�M� ��� ��# �A ��,�8 KB	  
Table 5. Eigen value, relative and cumulative variance in principal components under

drought stress and drought stress with extra N fertilizer conditions

��='  
(Traits)  

��A�?� KB	  
Stress moisture 

�C�M� ��� ��# �A ��,�8 KB	  
Stress moisture with 

extra N fertilizer  

  

U=[��
��
PC1)(  

V�� U=[�� 
PC2)(  


�� U=[�� 
PC1)(  

V�� U=[�� 
PC2)(  

Yp 
Ys 
MP  

GMP 
TOL 
SSI  
STI 

0.41 
0.23  
0.41  
0.4  

0.39  
0.37  
0.39 

0.17 
-0.79  
0.05  
-0.19  
0.32  
0.37  
-0.24 

0.42  
0.19  
0.42  
0.41  
0.4  

0.34  
0.41  

0.13  
-0.76  
-0.01  
-0.21  
0.27  
0.48  
-0.24  

�P4� ,4���� 
Eigen value  
�%�! x!�4��� 

Relative variance  
�>�W	 x!�4��� 

Cumulative variance 

5.86 
  

83.81 
  

83.81  

1.07 
  

15.39 
  

99.21  

5.62 
  

80.37 
  

80.37  

1.36 
  

19.47 
  

99.84  

  
  
  
  
  



��� ������	 /
�� 
�
 / �����
�� /������ 1390                              35
  

References  
Abebe, A., Brick, M. A. and Kirkby, R. A. 1998. Comparison of selection indices to identify 

productive dry bean lines under diverse environmental conditions. Field Corp Research 58:15-23. 
Bahraii, A. and Tahmasebi Sarvestani, Z. 2005. The effect of rate and time of using nitrogen on 

quantity and quality characters, remobilization efficiency of dry matter and nitrogen in two wheat 
cultivars. Iranian Journal of Agriculture Science 36: 1263-1271. (In Persian) 

Blum, A, 1996. Crop responses to drought and the interpretation of adaptation. Journal of Plant 
Growth Regulator 20: 135-148. 

Blum, A. 1996. Yield potential and drought resistance: Are they mutually exclusive? In: Reynolds M., 
Rajaram, S. and Mcnab, A. (Eds.), Increasing Yield Potential in Wheat: Breaking the Barriers, 
CIMMYT Press, Mexico. PP. 90-101. 

Blum, A. 1998. Improving wheat grain filling under stress by stem reserve mobilization. Euphytica 
100:77-83. 

Clarke, J. M., DePauw, R. M. and Townley-Smith, T. F. 1992. Evaluation of methods for 
quantification of drought tolerance in wheat. Crop Science 32:423-428. 

Dalling, M. J., Boland, G. and Wilson J. H. 1976. Relation between acid proteinase activity and 
redistribution on N during grain development in wheat. Australian Journal of plant physiology 
3:271-273. 

Ehdaie, B. 1998. Genetic variation for stem reserve and its mobilization to grains in spring wheat under 
terminal drought. Proceeding of 5th Iranian Congress of Crop Production and Plant Breeding, 
31Aug.-4 Sep. Karaj, Iran. (In Persian) 

Ehdaie, B., Alloush, G. A., Madore, M. A. and Waines, G. 2006. Genotypic variation for stem reserves 
and mobilization in wheat: I. Postanthesis changes in internode dry matter. Crop Science 46:735-
746.  

Ellen, J. and Spiertz J. H. 1980. Effects of rate and timing of N dressing on grain yield formation of 
winter wheat. Fertility Research 1: 177-195. 

Farshadfar, R. A. and Maurer, R. 1978. Drought resistance in spring wheat cultivars: I: Grain yield 
responses. Australian Journal of Agricultural Research 29: 897-912. 

Fathi, G. 2005. The effect of drought and nitrogen on nitrogen remobilization in six wheat cultivars. 
Iranian Journal of Agricultural Science 36: 1093-1101. (In Persian) 

Fernandez, G. C. J. 1992. Effective selection criteria for assessing plant stress tolerance. Proceeding of 
Symptom, Taiwan, 13-16 Aug. Chapter 25, PP: 267-270. 

Fischer, R. A. and Maurer, R. 1978. Drought resistance in spring wheat cultivars. 1. Grain yield 
responses. Australian Journal of Agricultural Research 29: 897-912 

Guttieri, M. J., Stark, J. C., Brien, K. and Souza, E. 2001. Relative sensitivity of spring wheat grain 
yield and quality parameters to moisture deficit. Crop Science 41: 327-335. 

Hossain, A. B. S., Srars, R. G., Cox, T. S. and Paulsen, G. M. 1990. Desiccation tolerance and its 
relationship to assimilate partitioning in winter wheat. Crop Science 30: 622-627. 

Jazayeri, M. R. 2004. Response of oat varieties to moisture stress. MSc Dissertation, Isfahan 
University of Technology, Iran. (In Persian). 

Karimi, M. 1987. Weather in the Central Region of Iran. Isfahan University of Technology 
Publication. (In Persian). 

Kaya, Y., Palta, C. and Taner, S. 2002. Additive main effects and multiplicative interactions analysis 
of yield performances in bread wheat genotypes across environments. Turkish Journal of 
Agriculture and Forestry 26: 275-279. 

Mainard S. D. and Jeuffroy, M. H. 2001. Partitioning of dry matter and N to the spike throughout the 
spike growthperiod in wheat crop subjectedto Ndeficiency. Field Crops Research 70:153-165. 

Malakooti, M. G. and Homaii, M. 2004. Productivity of Soil in Arid and Semiarid Regions (2th Ed.). 
Tarbiat Modarres University publication. (in Persian) 

Nasir Ud-Din, B., Carver, F. and Clutter, A. C. 1992. Genetic analysis and selection for wheat yield in 
drought-stressed and irrigated environments. Euphytica 62: 89-96. 

  



36                  T."�B\ � "��A� : T4�>	 �� �C�M� �N�,��! ��# ,L��� �$�� KB	 ��,L� ��! V�B.  
 
Ndunguru, B. J., Ntare B. R., Williams, J. H. and Greenberg, D. C. 1995. Assessment of groundnut 

cultivars for end of season drought tolerance in a Sahelian environment. Journal of Agriculture 
Science of Cambridge 125: 79:85. 

Nourmand Moayyed, F., Rostami M. A. and Ghannadha, M. R. 2001. Evaluation of drought resistance 
indices in bread wheat (Triticum aestivum L.). Iranian Journal of Agriculture Science 32: 795-
805. (In Persian) 

Palta, J. A., Turner, N.C. and Filery, I. R. 1994. Remobilization of carbon and N in wheat as 
influenced by postanthesis water deficits. Crop Science 34: 118-124. 

Palta J. A. and Filery I. R. P. 1995. Application enhances remobilization and reduces losses of 
preanthesis N in wheat grown on duplex soil. CAB abstract, 47: 4. 

Papakosta, D. K. and Gaginas, A. A. 1991. Nitrogen and dry matter accumulation, remobilization, and 
losses for Mediterranean wheat during grain filling. Agronomy Journal 83: 864-870. 

Pheloung, P. C. and Sidique, K. H. M. 1991. Contribution of stem dry matter to grain yield in wheat 
cultivars. Australian Journal of Plant Physiology 18: 53-64. 

Ramirez-Vallejo, P. and Kelly, J. D. 1998. Traits related to drought resistance in common bean. 
Euphytica 99: 127-136. 

Richards, R. A. 1996. Defining selection criteria to improve yield under drought. Journal of Plant 
Growth Regulator 20: 157-166. 

Robert, K. M. and Waker, J. 1994. Physiological of Field Crops. Shiraz University Publication. (In 
Persian). 

Rosielle, A. A., and Hamblin, J. 1981.Theoretical aspects of selection for yield in stress and non-stress 
environments. Crop Science 21: 943-946. 

Thomas, H., Dalton. S. J., Evans, C., Chorlton, K. H. and Thomas, I. D. 1996. Evaluating drought 
resistance in germplasm of meadow fescue. Euphytica 92: 401-411. 

Yan, W. and Rajcan. I. 2002. Biplot analysis of test sites and traits relations of soybean in Ontario. 
Crop Science 42: 11-20. 

Yousefi Azarkhanian, M. 2005. Evaluation of selection efficiency for drought tolerance in wheat. MSc 
Dissertation, Isfahan University of Technology, Iran. (In Persian). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



37                  Cereal Research, Vol. 1, No. 1, 2012 

Effect of extra nitrogen fertilizer on reduction of drought stress  

Maryam Golabadi1* and Akbar Ghandi2

1. Assistant Prof., Dept. of Agronomy and Plant Breeding, Faculty of Agriculture, Islamic Azad 
University, Khorasgan Branch, Iran, 2. Staff Member of Isfahan Center for Research of 

Agriculture and Natural Resources, Isfahan, Iran 

(Received: October 23, 2011- Accepted: January 2, 2012)  
Abstract 

This research was performed to investigate the role of extra nitrogen fertilizer in reduction of drought stress 
effects in bread wheat. For this propose, an experiment was conducted as split plot using randomized complete 
block design with three replications, during 2010-2011. The three different environmental conditions consisted 
of  normal conditions, terminal drought stress condition with 30% increase in N fertilizer and terminal drought 
stress condition, were allocated in the main plots and 7 cultivars and lines of bread wheat were assigned in sub 
plots. The genotypes under investigation revealed significant differences on MP, GMP, TOL, STI and SSI under 
drought stress and drought stress with extra N fertilizer conditions. Based on the results of correlation between 
drought tolerance indices and grain yield, GMP and STI depicted positive correlation with grain yield under all 
environmental conditions. Therefore, GMP and STI indices were considered as the best for the selection of 
tolerant genotypes under different environmental conditions. The result of cluster analysis which was based on 
the reaction of the seed in different environmental conditions, and the indices could lead to separated genotypes 
to three groups under stress condition and stress condition with extra N fertilizer. Comparison of traits on 
genotypes in these groups revealed that Sepahan, Pishtaz and Line 9 had the highest amount of yield and indices 
under drought stress condition with extra N fertilizer, however only Pishtaz and line 9 showed the highest 
amount of different traits under drought stress conditions. There were low reduction in grain yield under stress 
condition with extra N fertilizer for Sepahan and Rowshan which is mainly related to effect of nitrogen on 
drought stress adjustment. Nitrogen treatment did not have noticeable effects on the other genotypes. By 
comparing the percentage of yield reduction under stress environment, it was proved that Sepahan and Rowshan 
had 9 and 6 percent yield reduction respectively under extra N fertilizer less than the drought stress. T-test 
indicated that there were significant differences between grain yield under normal and stress conditions for all 
genotypes, however, Sepahan and line 11 showed significant differences between drought stress and drought 
stress with extra N fertilizer conditions.  
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