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Determination of chromosomes controlling physiological traits associated
to drought tolerance in rye
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5�6    � 7� ���"0	� � �	��89  :�	�'    ;�)6 �<=� ��,
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 ?! 0�    �� ��F� ��,  (�>��    (�)* �)� G7+-�   �)-��� ��),

    ))� �))> H))&� ���)), :��))��� /�)) 0��1 � /�)) 0 � �+�))&�

 ?�))&���	�>�))$  �))� � �))&��& 	� ��))���))� ��))���7))�

)(Maan, 1987; Khush and Brar,1992; Kalloo,1992 .
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   �))� 	��))� �))67* �	7))� ��<))@ (�))* A"��))�:�)) ���
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 �))��))� G�Z))=�))"' .   HF))I d))" ��<))@ �))� C))��*

               � �)�> HF)I d)" �)�+� :/�7)N  ��� �� �e��� � /��&

�f�$    �)N�6 �)� /� ��), D)+��� �)� �)��� .   C)��* 4"����)��

 � ��"!7))))�7�	7� ��F))))I 0� �))))N�>�* ��<))))@ �))))�

��"!7))�7"���      g�))� �NZ))  G' ?��))�� �))� �))> H))&�

(Relative Water Content = RWC):�� )))  �NZ)  G' ?��

���	 H&� 0�(Relative Water Loss = RWL):  C)����+>

+�))�&	7));(Chlorophyll Fluorescence=CHF) 5�_* :

  d"�Z)))�' ��)))&� � 4����)))$(ABA) ���)))&� O�)))h�* :

)Osmotic Adjustment( � :))) <)"	 /0��)�)Blum,1988 ( �

 �9"� ��,����	�$] �) 0�	 i��N*  ��h ��(CO2 exchange)

 � �"'	�>G' j�e� (Water Use Efficiency=WUE) :

) : ��)))���
SYk([ �)))� P�)))N*	� 	��)))���.  ��<)))�� 

> �*�B��-�  H)&� /�)� ��_ � l���@� �) Jiang et al.,1994;

Gale and Miller,1987;;Knott,1987 Sharma and 

Gill, 1983(� ))&� �)M� � \�)?! i�  �)� ���� �� � �9�� ��,

       (�)* �)� C��* ���� mJI� 	7h��   /�) 0 ��),)   � ��)�'

�	�����, ( ��"	�� ��    H)&� /�7� ���� ��, .     ���)= 	� 4)"�

   M�* �)> H&�            i�)M� � �	7)� 	� �>�) � ��)B��-� � ��)M�

��07���>   ?! �)" �,       ��)�� �)� �) �9�� ��), ���)�  mJ)I�

C��* (�* ��   /�) 0��1 ��),) :��<)@  )&    �	7)� � ��� (

  H)&� /�))� ��)_ � .� ()) �� �7)67  �))��� ! i�)��> ���))� 

       ��  � /�7N  ���> ��<@ �� AN*�� ��FI  ?' 0� O� �7* �,

�))�� �� 	� ��)),���n))�8�))�  /��F�))&� O�"� .H))o�	� ��"#))$

             ��<)@ A"��)� H)�* %)+1� ��)�+�
 ?7)f�, �*�FI

    �� 4"� �> :/�7� 4�"�$� �7*   d)p7> ; �)"	�� �� P7���

    ; �"	�� ?�7� g	�� �" ���� !       � A�)�� C)��M�� �o� ��,

���� q�*7 !(Smith et al.,1990) .W�	 �� 4"������  �"�),

       �)N�6 ��	 �)� ��<�� ��>�* ����     )"�B* :�)��� ! ��),  � D

?! H"�"�))�  O))"	�� 0�))�  (�))* A"��))� �))� 	��0�))& ��)),

)Morgan,1989 .(

  ��))�+�
 ���))� mJ))I��� /�J))
 ��<))��lr7))�B� �))>

  Ho�	� C��� �� �� C�<� ?' 4�"�$ ��"#$   �)� �)67* :����

�N�6         C)�N� 0� ��<)@ �)� C��* �9"� ��, K@�)�  ��),

��)))"�)))�7)))�"!7)) �)WUE, SR, CHF, RWL, RWC (

0�/n))))))"� H))))))��,� �))))))� 	��	7))))))@�� ���))))))���

) :��))))))���
SYk.(���))))))&� O�))))))h�* 0� �))))))�"

O)))8��)))F�[� 4"�)))* H)))&� ��<)))@ �)))� C)))��* ��))),

)Al-Dakheel,1991(Loss and Siddique,1994;>))))) �

      (,�))> � ��<))�� �NZ))  G' ?��))�� �))� ���))"0 P�))N*	�

�	�� �)))))��	 H)))))&� 0� �NZ)))))  G' ?��)))))�� �)))))��>

(Schonfeld et al., 1988; Yang et al., 1991;

Wang and Clarke,1993; Haley et al.,1993).

0�     0� �))�" ��<))@ �))� C))��* �))�' O))"!	 s�))��

�F�[�       A��� �> �-"��� 	� � H&� �	��"�$ ��,   t7)�* �,

   q�*7 ! :����� ����� ���"0    �)� 	��)"�$ ��,    ���)� �)� �7*

      ��"!7))�7"��� ��F))I \�))&� �))� ��<))@ �))� C))��*

MNu)))���)))�� �)))) 7))))�.(Clarke,1987; Singh,1989; 

Bidinger and Witcombe,1989; Blum,1992;

 Acevedo and Ferere, 1993 ) 

4"r           H)F6 d)" C)��= �)> d����"� �<"���� ��,

  � 7� 0� ��07���>       �) 7� ���� ! ����0 �� � ��<"7@ ��,

�)))� /�))) ����)))� :��)))���  4�)))�B* 	7)))h�� �)))� �)))� �7*

��07���>  ��,      ?! C)��= �)> �) �9��   i�)��> ��),  /�)��>

K@��     	��)� /��F�)&� �	7)� :����� ��<@ �� C��* ��,

� ���)Mahmood and Quarrie, 1993 .(   j�), 4"����)��

  �B��-� 4"� 0� :
 ( ��07���> 4���"      H)&� 	����)p 0� �"�,

?! ���)))B* 4"��<)))��  ��	�� �)))>i�)))��>  ��))),  /�)))��>

K@�)))�    )))@ �)))� C)))��* ��"!7)))�7"��� ��))), ��<

��)))���.� ( 4�)))�B*K@�)))���"!7)))�7"��� ��))), �o[)))� 

 �))�H))���M�    G�))E� � K@�))� �))��B� � ��<))@ �))� 

�� � ����p����.

a$	 $ -����+
 i�)))& 	� ("�)))�0'
SYY �0	��<)))> /��<))) �� 	� 

 �0�	 /�9<)) �� /�<)) ���> 	��))�   C))�� �))B��-� 	7))h��

/�9"�6  �) ! ��,  K@�)�         �)� C)��* ��"!7)�7"��� ��),

  p 	� ��<@   H)��� ��_ � 	���� .      C��)� �<)"��0' ��7)�
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4))))"r C))))��> ��))))& d))))����"� �<))))"��))�� ��)))),

	����))))p)1R,2R,3R,4R,5R,6R,7R ( O))))�	 �	����))))p

Secale celeale L.cv. Imperial (2n = 2x = 14)�  O)�	 

��))��Triticum aestivum L.cv. Chinese Spring 

(2n=6x=42))))� %)))�*�* �)))�  � /�)))�,� ��,�)))��� ?�7)))�


 ��7)))))� /�))))) ��� .O))))),��)))))�	� 4�)))))�p	����)))))p 

Cecale cereale L.cv. Lovaspatonia (2n=2x=14) �  

����Triticum  aestivum L.cv. Sardari (2n = 6x =42)

�  �       ������ 	��� �B��-� �	7� ("��0' 	� �,�� ?�7�
 .  �),

  4"r  �     A@ �� 	� O�	
�T        D)"�	 �+)I�� �)� ������ �& 

�T  � �+I�� � ����� �& 	 �*7�� D"�	 �&  H<)> ����� �& 

�))"��� .  v7))+� m�))u %))��� 	� ("�))�0'  C))��> ��)),

        (�* A��� �� 	� � 	���* �& 	� ����e*)   :(�)* A���

    w�), ?' 	� �> H&� �-���     i�)�
� �	�)��' 	�)��* �) 7�

           )� �)F�>� �7)6 �r��)  �� �8�* � /�< �(    (�)* ?��)� � 

) C��> �	���'(   �)"��� /���$  .      ("�)�0' ���)6� i7)u 	�

O8�  4"�*K@����,        0� ��<)@ �)� AN*�� ��"!7�7"��� 

     g�� �NZ  G' C�N�)RWC(        �)��	 H)&� 0� �NZ)  G' :

)RWL(  �)&	7+� C����+> :;)CHF( : H)���M� �) 0�	 ��

)SR (G' j�e))� �"'	�))> �)WUE ( (�))* A"��))� 	�

/0�� �  �)� ���� . O),         �	�'�)� � �)B��-� 	7)h�� �)� 4�)�p

��<@ �� C��* ?����])STI([Stress Tolerance Index :

 4"r ���+�
           (�)* A"��)� �� 	� �B��-� �	7� ���	� � �,

     (�)* ?��� �)	� �)
	�� ( /0��) �   �)� ��)�� .   A"��)� 	�

��N))� �))� �))�   /�9<))"��0'���))� �0�))&�))B��-�  �))� C))��* 

        i7�"J� 4+�*� �+$ 0� /��F�&� �� ��<@xTTT   K@�)� :

�*))6 ()) �7)� �) 0[Germination Stress Index(GSI)]� 

K@�� �) �76 H
�&  �) 0[Promptness Index (PI)] 	� 

        /0��) � (�)* ?��)� � (�* A"���   �)� ��)�� .   � ��F)I

K@��       W�	 \�)&� �)� �B��-� �	7� ��,      �)> �)"0 ��),

/�))
 A))&7*/�))� �))y�	� 4�))MM�� 0� ��/0��)) � : � ��))��

� �� �N&���.

U ( Y�� �5�B ZT ��9'�)RWC(
    4"r�, 0� W�	 4"� 	�   � O�	      �+=�� 	� 	���* �, 	� 

))� 4�))�	 ���))& � ����e))* 	7))u g�))� z�))$ � /�))� ��))6

?0� �+I��J� �)*])[Fresh Weight (FW?'  )� �), �  �+�)&�

   0�� � �����_"� {��� ��0��*/ �� ���� .     	7)h�� �)� ;|&

� �)))&�))<@ ?0� ?�	�' H) d])DW([Dry Weight  :

� 7�     ��� �� �,Y�     ���� 	� H
�& YT   �)& �6	�  ���9�� 

  �)) �"��� ?0� /	�))��� � � �))� /��� 	��))� ?�' 	�. �))�  

  0� /��F�&� })-��	    A)&7* �)> �)"0  �)+
 %)"�  ?�	�)��, � 

)Alidibe et al., 1990 (�� �y�	�H&� /  �NZ)  G' ?���� :

�"��� �N&��� �I	� %Z=�� g��:

100× [(FW-DW)/FW] =RWC(%)

� (MO- 
� �5�B ZT ��9'� ��:	)RWL(
W�	 4))"� 	� 4))"r �)), 0�  O))�	 � 	� 	��))�* �)), 	�

  4��	 ���& �+=��z�$  )� g�)�  �    � G�)E� � ����e)* 	7)u

  � �� ?0� �+I��J� . � 7�  ;|&       ��)� �)� /�� ?0� ��,

��     ���� 	� H
�& ST        � �)� /��� 	��)� ���9�� �& �6	� 

   ?' �����n$ ?0� �* � �,  � �"' H&� .  �) 7�  H)"�8  	�  �),

   ���� 	�
TT      )� ���9�� �)& �)6	�     ��)� ��X    	� H
�)& 

))� ���))� ?�' ��))����� 	��))� d<))@ ?0� ?�	�' H))&� .

            H)&� 0� G' ��)� %Z)= �)� G' (,�> ?����   0� �)��	

     	� g�� d<@ ?0���    �)� �N&��� H
�&  .   G' ?��)��

 �))))��	 H))&� 0�) %Z))= �))�g.g-1h-1 ( �))-��	 0� �))>�"0

 ?�	���, � � �" A&7*)Yang et al., 1991(   /�)� �)y�	�

  � �N&��� :H&��"��. 	�   �-��	 4"� t1   � t2 ?��0   �0r ��,

              ?0� � �)����n$ ?0� ���)� %)�*�* �)� H
�)& %Z=��

   � d<@W1 : W2 �W3?0� %�*�* ����, /���n$ :�*

�� d<@ �����.

RWL = (W1-W2/W3)/(t1-t2/60)

V (2':$�
% b�O	�
:)CHF(
    �+N�)& ���@ 0� �B� W�	 4"� 	�    g�)� jJ)1 0� �),

   : Op�$z�$       4"r �, 0� Op�$ g��     O)�	 �    	��)�* �), 	�

�  �             �7)� �7> ��)�+�
 O�"�>�)� � G�)E� � ����e)* 	7)u

  ��"	�)))* �)))� W0�)))& 0� �)))B�)Fv/Fmax  ( g�)))� �))),

     �)"�_* �"�6 /�9�&� A&7* Op�$      ���)&7�� ��)�+�
 �)�

]MINI-PAM ]/0�� � �� ����.
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Fv/Fmax =�7� �7> ���+�


    ?' 	� �> Fmax �
 O�"�>��      � ;�)&	7+� ��)�+Fv

    �)))� ?�<)))  �	 ;�)))&	7+� ��)))�+�
 ���)))���*�))),�

)Genty et al., 1989.(

c (M�$�A��B
$	  *�)SR(
    /0�� � ���� W�	 4"� 	�  ���� H)���M�  �) 0�	   0� ��

�))))����$ /�9�))))&�)Prometer(�))))� /��F�))))&� . ���))))�

/0�� �  ����H���M� � 0�	  � ��  �   ����e* 	7uz�$   g�)� 

  �, 0� Op�$ 4"r            G�)E� � 	��)�* �), 	� O�	 �     0� ;)$ �

 	��))�?���    \�Z))= ��,	7Z))�& 4�))� 	� Op�))$ g�))�  

  :�����$ H)���M�  �) 0�	           ����� �)& �)� �)� �o %Z)= �)� ��

)scm-1 (/0��))) ��)))"��� ��)))��.�*	7)))I 	� /�9�)))&�

 �)))� �o �)))� ����� �)))& %Z)))= �)))� �)))>)cmS-1  ( /�N���)))>

�)))) 0�	 H"��)))), :�7))))� ;))))�
 �))))> ��H))))���M�

�))) 0�	��)))� � /0��))) � �	 �)))��� �)))� ��)))���)))"�� 

)Mohammadi et al., 2003(.

d (�/01 �� 2�3� I1��( STI )

         H�&�Z= ?���� �&	�� 	7h�� �� ��  �
	�� A"��� 	�

4"r             �), ���)� ��<)@ �)� C)��* K@�� :�<"���� ��,

� 0� /��F�&� �� 4"r)� i7��))0� � �)Fernandez, 1992 ( �

� �� �N&��� �"0 �	7I�:
2)pY/()Yp)(Ys(STI =

i7)))��� 4)))"� 	� �)))>Yp�Ys�pY: %)))�*�* �)))�

4))"r ��))�+�
 O))�	 �  � (�))* :(�))* ?��))� A"��))� 	� 

    4)"r ���* ���+�
 4�9 ��� �),   ��)�	� �       ?��)� A"��)� 	� 

�� (�*����.

e (\�G� ��T	�% ZT)WUE(
   �) �E+� A"��� 	�    4)"r C)��> ��)&    �<)"���� ��),

    lJ��))> �<))"��0' m�))u %))��� 	� 	����))p d))����"�

           H)��� 	��)� �)B��-� �	7)� 	���* �& 	� ����e*  .  ���)�

     ?�7�� 0� � �E+� A"��� 	� H<>      /��F�)&� /	��)6�� ��),

�� .  �, ��	 �� ?�7���NZp��     � 4"r�), ��)  j�)B� �)> 

    �7� 4"r �, 	���* /	���   �)"��� %e   .    v�)@ %)�>�*

 ?�7�� �,)  �<)"��0' �)=�� (    � �)&�� :v�)@ 0� �u7)+E�

   �7� � �7�= /��&7$ �7> .;|&   :4)"r �), 0� O��& 	#� �&

  {�
 �� �<"��0' �=�� �, 	�d"   � �)� H<)> ����� �& 

   0� �B�/�  �7� 0�	          �<)"��0' �)=�� �), 	� �f,��� 4"�*

            ���� � �)� �	��)89  �)�	 �)���� ���� � G�E� �  �)f,�

9"�))= �))� �� j#)Ehdaei  and Waines, 1993( . 	�

  G' ?��))�� �N))&��� 	7))h�� �))� 	7>#))� �<))"��0' m�))u

    ?��+� :�<"��0' ��,�=�� �-&0� /����EN*  H<> ��,

 J��>  m�u %��� 	� ��  /�<  "   � �)"��� 	7)h�� ����e*

                 0� ��-)& �)�EN* {)"�u 0� �)> �)�' ?��)�� {"�u 4"� 0�

   0' ��,�=��  �-&  �� �	�@ �<"��   �)"��� �N&��� �� .

   � 0�	 �, 	�  �            �)� /�)� /��� G' ?���� {��� � Oh��  	7u

     ))� �))> �))�' ?��))�� � �<))"��0' ��,�))=�� � �	7))I

j�e))�   4"�))"0 ?�7))�� 	� � �	�))@ i�� ?�7))�� 0� /�<)) 

5)))�6�)))� �	�'    �	�)))� �<)))� 0� /��F�)))&� �)))� :�)))�

 d))p7>CC
TT/0��)) � �))� ��))�� . 0� ;))$ H))"�8  	�

Sk0�	 : O)))�	 � 4)))"r �))), ���)))�  	��)))M� )))� C)))>/��

 d<)))@) �<)))"	 � �"�7))), ���))) �( G' C)))> 	��)))M� :

      /0�� � /����EN* G' ?���� � /�� j�e�   �)� ��)�� . �

      �"'	�)> �)"0 i7)��� {Nu j�e)�    �)"��� �N)&��� G'

)Ehdaei  and Waines, 1993.(

WU

DM=WUE

 ?' 	� �>DM� 	��M� )<@ /��))d)Dry Matter( ��

 ��))� %Z=�WUM� )e� G' 	��))���)Water Used (

 ��� %Z= ��)�&�& (������.

� 7� ���& �+=�� 	� �, H86 � �	�@ ?��+� 0� 4��	

/0�� � ��� �� d<@ /��� ?���� ����XV 	� H
�& 

 ����YT� �� /��� 	��� ?�' 	� ���9�� �& �6	�  . 	�

?0� ����� W�	 4"�	� 4"r �, �*� ?�7�� �,  �, 	�

� 	���* � 0� �B� � ��' H&�XV ���� d<@ ?0� H
�& 

�"��� �N&��� 4"r �, . �� 	7h�� �� ("��0'  4"� 	�

 �-& 0� /����EN* G' jJ�@� ?� �&	 C���=

H<> �<"��0' ��,�=��H<> � /�� �-& :/�< 

j�I A&7* �<"��0' �=�� �, � 	 ��F& ��,

�� /���7$.
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W ( =�� I1���B����B
)GSI(
   4"� 	�("��0' 4"r    	����)p d����"� �<"���� ��,

     lJ��> �<"��0' m�u �� %��� 	�       A�)�� �� 	� ����e)* 

         ������ 	��� ���"0	� �	7� 	���* �& �� (�* ?��� � (�* .

      �+$ i7+�� 0� (�* H�* ("��0' 	� 4+�)*�    �)� i7)�"J�

   ���&� C�Z ��$MpaV/T]          0� (�)* ?��)� ("�)�0' 	� � 

�))"��� /��F�))&� �))-M� G' i7))+�� . ��))�$ �)), ���))�/�

         )� :�)� �)���� �h  	� i7+�� ���+�+��  � �	7)u   �)> ()�

   � ("�)))�0' ���)))��� 	� ?' �)))��+�+�� 	�)))8p  �)))��+�+�� 

 ())"� ��))�$ �))� O<))� 0�	 	� /�)) ������ �))� ���))�� �)),

)Sapra et al.,1991 .(M�))� �0r 	��))��B* ���))�$ 4) C�Z �

MpaV/T]  F�&� ��    0� /��W�	 C)f��     )� 4���)> �   �  H)&�

��')Michel and Kaufman,1973 .(���$("�  0� �)B� �,

/	���     4"r /	���  � 	���* �	�#�  ���	� � �,    �� �, ���� 

��)))�� 	� �)))�	 d)))��*� C)))@�� 	� : ("�)))�0'
�/�T

) %))))� / 0�	 ( H))))�7u	 �Y� % � �))))� /��� 	��))))�

)Michel and Kaufman,1973 .(��\�&� 4"�#� ���B* � 	

     �u 	� /�0 � �76/�        K@�)� 	��M� � �� H�����" 0�	 

 � �76 H
�&           {)Nu ("�)�0' �� �, 	� 4"r �, ���� � 0

�-��	�� �N&��� �"0 :

PI = nd2 (1.0) + nd4 (0.8) + nd6 (0.6) + nd8 (0.4) + nd10 (0.2)

 i7)))))))��� 4)))))))"� 	�nd2 :nd4 :nd6 :nd8 � nd10

  �76 	�#))� �))I 	� %))�*�* �))��))  :��� ��)),0�	 	� /�0

     �)� ?�<)  �	 O)),� � O�<), :O<)� :�	�)8p �)�,� . ;|))&

    �) �76 (�)* K@�)� 	��)M�  �) 0)GSI (  4))"r �), ���)�

  O))))�	 ��))))�  \�))))&�W�	  g7$�))))� � ��J))))&7� 

(Bouslama  and  Schapaugh, 1984)Nu )) {�))-��	"0 ) �

 �� �N&��� .    4"� \�&� ���-��	 4"r     �"��M� �> �"�,GSI

�          �)�,�7@ �)�  ��*r�)� ��<)@ �)� C)��* :�) 	�� ��*r�

H��� .

GSI=100(PI,Stress/PI,Non-Stress)

f (�B� I1��K �B�F��. Z�
) Multiple Selection Index=MSI(

�   C�� (�"�� 	7h�� � �) !QTL  i�)��> ��),  /�)��>

K@�))� K@�))� 4"�))�p \�))&� �))� ��"!7))�7"��� ��)),

0�MSI  �� /��F�&�  .  � W�	 4"� 	�  K@�)� �, �"��M� ����

       K@�)� ���
 5�6 0� � /�� �	�� ��&�    �	�� ��)&� ��),

 /�))�RWC,RWL,CHF,SR �  WUE��))M�  	MSI ���))�

 4"r �,    O�	 �  �� �N&��� .       4)"� �)� �)67* �)�    �"��)M� �)>

MSI    4"r 0� ��B� ����     )� �)F�� �), �    ���)� :�)�' H)&�

))=# �))F�� �"��))M� j:  �"��))M� ���))�* MSI  �)), ���))� 

"r)) 4�O))�	 � ))� �))o %"�))H��
T=C �"��� 5�6  

)Mohammadi et al., 2002( .

    /��� C�+�* � �"�_* H86�,    �),	��7�  O&	 �   ��)  0� 

  �	�))�' ��)),	����MSTAT-C:SPSS � HWG /��F�))&�

�� .O,  4��p ��FI 4�9 ���   K@�)� �  �),      0� /��F�)&� �)� 

����� ��p ?7�0'���� 	��� �Z"�M� �	7� 4� �� ����.

g3� $ h���B
             4�9 �)�� �Z)"�M� � ; �)"	�� �)"�_* 0� C)I�= z"�� 

     4)"r �)> ��� ?�<)  �B��-� �	7� ��FI   0� �<)"���� ��),

      )� �B��-� �	7� ��FI  �h   �        �)� ;�)&	7+� C)����+> �)6

  ��B� jJ�@� �9"��"       t7�* /��,� ?�<  4"� �> � 	�� 	��

   4"r 4�� 	� �767�    � �<"���� ��,  (�>��  � ���)F��  4)"

4))"r   (�))* A"��))� �))� HNZ))  �)),��<))@ �))� �))���

)i��6  ��,
�� .(   i��6 	�)� (    ��F)I 4�9 ��� �Z"�M�

     H)&� /�)�' 4)� �� ?7)�0' \�&� �� .   G' ?��)�� �)h  0�

  4"r :g�� �NZ     �)�B� jJ�@� �<"���� ��,   ?�<)  �	��

 � � ���  ��	7u  4"r  �>6R     4)"r � 4"��<�� ��	��   ��),

1R   � 4R  "���> ��	��          �) �7� g�)� �NZ)  G' ?��)�� 4 .

    C�� ���� g�� �NZ  G' ?����  ���07)���> ��,3R � 

7R ��  )� ) �7)� r� .� )))��, � H � )))?�	�Manette et al., 

1988) (  �)�B� jJ�)@�    �	7))� ��)�� ��)�	� ���)� �	 �	��

    � �7�  W	��� g�� �NZ  G' ?���� s��� 0� �B��-� . 0�

       r ���	 H&� 0� �NZ  G' ?���� s���   4)"6R    � 4"��<)��

  4"r7R             �)��	 H)&� 0� �NZ)  G' ?��)�� 4"���> ��	��

�7))� . C))�� ���))� �))��	 H))&� 0� �NZ))  G' ?��))�� ��)),

 ���07���>2R � 4R�� W	��� r�� ��   .4"r ��),1R 
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:3R � 5R /��))�, �))� O))�	  0� �NZ))  G' ?��))�� 0� �,�))� 

     � �7� 	��	7@�� ���"�$ ���NZ  ���	 H&�)  i��6�  .(t7�*

             H)&� 0� �NZ)  G' ?��)�� HFI ���� ���� 	� ���� !

��	))* �))+"�� A&7)?�	���, � �Bayles et al., 1937)  ( �

7"��)Dedio,1975 (  H&� /�� W	��� .4"r6R   ?���� 0�

               ���<)�� �)��	 H)&� 0� �NZ)  G' ?���� � r�� �NZ  G'

 �7� 	��	7@��)  i��6� .( �� 4"������     H)��� �)_��  ?�7*

 "r �>  46R             �"r�)� �NZ)  G' ?��)�� ��	�� �)> ��p �,

 �NZ))  G' ?��))�� �	��))89  �))� 	��))� 4))"r 4))"� �))�� �7))�

       H&� /�7N  /�� i��
� (�* ����� 	� �767� .   4"r ���7R 

          G' ?��)�� � /�7)� 	��	7)@�� �"r�)� �NZ)  G' ?���� 0�

          �� HNZ  4"r 4"� ���� ���	 H&� 0� �NZ �"�& 4"r  �),:

  �> �7� 4"���>  ?�<  4"�       �F= 	� 4"r 4"� H��,� /��,�

 �))� (�))* A"��))� 	� �7))67� G' C�Z)) ��$�))��� .7))"��

)Dedio,1975 (  g�))� �NZ))  G' ?��))��)RWC ())� �	 �

          ��<)@ �)� C)��* ���)� (�"�� 	� K@�� d" ?�7�


  �7�  ���"0	� ��F� .    H��,� ��  l���@�RWC �   �   d)" ?�7�


    )))� ��<)))@ �)))� C)))��* K@�)))� � �+F �)))� �+�)))&�

(Schonfeld et al.,1988)H&� /�� ��8�<�$   .O,  0� 4�)�p

 K@�� 4"�   ��"!7�7"���   ��� �� 	�   ��, ���n)�8�   H)86 

/0��))) � H)))&� /�)))� /��F�)))&� ���)))&� O�)))h�* ��)))��

)Morgan,1989; Singh,1989 .( 	� ��<@ �� ���M� ���	�

      C�Z)) ��$ �))F= �))h  0� ���<))�� �"�)) �7* ��	�� ��))��

 G'))@ g�))����Z)), �7)Keim and Kronstad, 1979;

Sojka et al., 1981 (    H)���� �)�  ���)&� O�h�* �h  0� �

  �) 	�� ���<��)Blum et al., 1983; Sojka  et al., 1981 .(

 ?�	���, � H ��)(Manette  et al.,1988 G' ?���� ���� 

  �)) �7�  W	��))� �"r�))� ��"#))$ H))o�	� g�))� �NZ))  .

O,          �)> �) �7�  W	��)� 4�)MM�� 4)"� 4��p    Z)� ?!  7� i

 /���> i���>WC  )�   �       �)� C)�
 �<)"���� �	7)I �)"��  .

          H)o�	� 0� �)��	 H)&� 0� �NZ  G' ?����    ���"�)$ ��"#)$

         �)> H)&� �)-��� ���)o� H)+
 �)� 4)"� � �7� 	��	7@��

  C��<))* �	 HF))I 4))"� �|�*7))�� t7))�* 0� �))�	�� ())E�

����,� .         �)��� ! t7)�* ?7)p 4"����)�� ���)�    G' ?��)�� 

 0� �NZ   �)��	 H&�           4)"� �)��� ! �)"�_* :H)��� �7)6� 

  ))� �))u7��� HF))I �))> ��� ?�<))  HF))I � C))�
 �+�))&�

  �))� i�))��> ?! �<))"����    �))� �))���� �))_��  � ���))�

          CZ)  	� �)u7��� HFI ���� G�E� � �>F2    �7)� ��)_ � 

)Farshadfar et al.,2000 .(4"r 4�� jJ�@� �<"���� ��,

    �7)� �7> ���+�
 �h  0�)  ;�)&	7+� C)����+> ( )�B�� 	��

 4))"r �))�� �<))  ��)),5R � 3R /�))�,����� �  )Imperial (

   4"r ��M� �� HNZ           ��*r�)� �7)� �7> ��)�+�
 ?��)�� 0� �,

 �))) �7� 	��	7)))@��) i��)))6� .( ?�	�)))��, � �)))��6

)Genty et al., 1989 (9�ZN�,))�N�� �))�� �))�+�
 4)) ��

            �)> �) �7�  �J
� � W	��� ��<@ �� C��* � �7� �7>

 � ���	�         ���<)�� ��<@ �� C��* :��<�� �7� �7> ���+�
 �

H))��� �))�,�7@ �))�  .  H
�))& :�7)), H))�7u	 ("��))�� �))�

  �� ("���� ���&7��  O, � ���"     H
�)& (,�> �
�� :?��0

F�*)�� ;�7�)Stoyanov and Frolov,1969 .(  �)��u 0�

   �)))> H)))&� �>�)))= ����7������|)))&� �)))"�_* �)))9"�

  ��))"0 �NZ))  H))�7u	)V�%�))*kT (%�))
�� iJ��))�� 

 g�)))� 	� C)))����+> �)))h=J� C)))����)))� �)))��7� ��))),

) �))� C))����+> ��))9�+�� �))��7� g�))� ?0� ��))� �)), L�0�(

)ElGelami, and ElGammudi,1977 .(

 ?�	�)��, � ����,Hirai et al.,1984)  (   W	��)� �)� 

          0� ��<)�� :O)> �NZ)  H)�7u	 	� z �� ���&7�� �> � ��>

     ��"0 �NZ  H�7u	 �> �7� ����= �7�  .    ��  g�� /n"� ?0�

 �))> �7))� ����))= 0� ��<))�� O))> �NZ))  H))�7u	 A"��))� 	�

              ���)&7�� H
�)& �)� H)��> 4"� � �7� ��"0 �NZ  H�7u	

   ��� ?�<  ��N�� �9�ZN�, . �� 4"������     H)��� �)_��  ?�7*

   4"� �� �67* ��           �NZ)  H)�7u	 ?��)�� (�)* A"��� 	� �>

  �)� ���>   �)� :�)���    ���)&7�� ��)�+�
 ���)� ?�7)*  ��<)�� 

�7))�  (�"�))� .O)), 0� ;�))&	7+� C))����+> ?��))�� 4�))�p

Ho�	�    �)� 	��	7@�� ���"�$ ��"#$         H)+
 �)� 4)"� � �)���

            �|�*7)�� t7)�* 0� �)�	�� ()E� �)> H&� �-��� ���o�

    �� C��<* �	 HFI 4"���,� .    ���� ! t7�* ?7p 4"������

    �))"�_* :H))��� �7))6� ;�))&	7+� C))����+> ?��))�� 	�

   <  HFI 4"� ���� !       )� �)u7��� HFI �> ��� ?�  �  �+�)&�
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    �� i���> ?! �<"���� C�
        �)> �)� ����� �_��  � ����

  CZ))  	� �))u7��� HF))I ���))� G�))E� �F2�7))� ��))_ � 

)Farshadfar et al.,2000 .(H���))M�� 0�	  H��,� �> ��

i7+))& 	� �7))67� G' ?��))�� �	��))89  	� ���))"0 ��)),

     C�� ���� ?' 	��M� �	�� �,���   )���> ��),  ���073R :

5R � 7R �))� W	��))� r�)� ) i��))6� .( ?��))��H))���M�

� 0�	         �7)� r�)� ��  �,�� ��"	�� � /��,� ���� ��  .  4)"� 	�

   4"r {�M�*7R     ?���� 4"�*r�� ��	��  H)���M�  �) 0�	  ��

      4)"� �� �67* �� � �7�            G' ?��)�� s�)�� 0� 4)"r 4)"� �)>

       �)�� :�7)� 	��)M� 4"�)��> ��	�� �)��	 H&� 0� �NZ  4"���

��    H��,� �� ?�7*H���M� � 0�	      �	��89  � �F= 	� ��

   ��� �$ ��7+& G' .     �)� �)h  �� �#�    4)"r �)> �)&	7R 0� 

  {"�uH���M�  �) 0�	           ?��)�� (,�)> 	� �)�8� ()M  ��

   H&� 0� �NZ  G'     H)&� ��)��� �)��	 .    ?�	�)��, � z) r

(Lange et al.,1971)M�B�  ))�� > )) � 0�� 	� 5"�& ����* �

��Z))��)) 0�	 ?�))�    0� C))I�= ��))B* �))� (�))>�� 	� �)),

i7+&     )� �	 H)��= 4)"� � H)&� ����� ��, �   d)" ?�7)�


 G7+-� ��n"�     �� �
�� ��"0 :� ��> ����+�    0� CN� �7�

4"�    i7+& �"�& G' C�Z ��$ �>       :�)��" (,�)> g�)� ��,

  ���" (,�> ��B* .         i�)��> :�7), �)�EN* ����M* ("���� ��

��))) � (,�)))> {)))"�u 0� /�)))�� 	��))) 0�	 /0 i�)))�
� �))),

�)))�  4"����)))�� � �7)))�H)))���M� �)))� ("��)))�� �)))��"

(Raschke and Kuhl,1969; Lange et al., 1971) .

 i7+& 4"������   )� ����� ��,  �        �)� \�Z)= /�9�)&� ?�7)�


  �� C�
 H�7u	       �	�)@ � C)@�� C�Z ��$ jJ�@� � ���>

/0��)) � �	 g�))��))� ��))���))��> . /0��)) � (,�))> �))_�� 

� 0�	 6 �,       ("���� :G' �r�� C�Z ��$ �F= H8H���M�

    �� HNZ  g��CO2       �)� (,�> ���&7�� �#� � H&�  �)��" .

                ���)�� 	� O)> �NZ)  H)�7u	 /�)�
 �)o� %)�*�* 4"��

   �� /��� ���+�
 ?��>        G#)6 �� �o� {"�u 0� � �7*CO2

G' (�* ��_"� 	� ?' �o� {"�u 0� �  � ���� .

�� �9�Z)))N�, �)))> G' 0� /��F�)))&� �"'	�)))> � H)))N

��B�       	� ��)�+�
 � ��<)@ �)� C)��* K@�)� �)� �	��

 ��� ?�<))  (�))* A"��))�) i��))6S( 4"��<))�� : �"'	�))>

   G' j�e�)0.167g/g(   ���� O�	   �,��   �)"��� 4��B*  � 

      � /�))�,� �))��� ���))� G' 0� /��F�))&� �"'	�))> ?��))��

C))�����07))���> ��)),7R � 1R�7))� r�))� ) i��))6� .(

 �)) 7� 	� �))��� ! t7))�*��� ��)),  �))h  0�  �))
�	0 ?�)),

   H))))&� /�))))� W	��))))� G' 0� /��F�))))&� �"'	�))))>

)Briggs and Shantz,1914;Ehdaei and Waines,1993( .

  ��� �� 	� ���  ��,���n�8�        4)"� ���)"0	� �J�<� H+
 �� 

    H))&� /�<))  /��F�))&� ?' 0� �))
	�� A"��))� 	� HF))I

)Ehdaei et al., 1991� Evans and  Wardlaw, 1976.(

d"�& ?�	���,�(Siddique et al., 1990) W	��� 

  	�  G' 0� /��F�))&� �"'	�))> mJ))I� �))> �)) ��> ��))�	�

      H&� H����� K@�� �� /���, ���� �"�6 .��h 4"���  � 

i��	��Nizamuddin and Marshall, 1989) (  ���)��� ?���

         4"r 	� G' �7N�> �� Q&�$ 	� ���+�
 (,�> �>  ��),

     ��  	� : O> ���� ��+��$     4"r 	� � A&7�� /�*7> �$ �  ��),

  H&� ��"0 /�*7>�$ .C��  ��,    ��	 �) ! ��07)���> �), �

3R   � 7R    /���, �� O�	  A"��� 	� �"r�� ���+�
 0� �,�� 

  C)))��  � �))) �7� 	��	7)))@�� (�)))*��))),��	 �))) ! 

��07)))���>�))), �2R :4R � 6R 	� ���"�)))$ ��)))�+�
 0� 

   � �7� 	��	7@�� (�* A"���)  i��)6�( . +�
 ?��)��  ��)�

        C)�� ���)� (�* ?��� A"��� 	� �"r�� ��),    ��	 �) ! 

��07���>�,�1R  :3R:5R � 7R   /��)�, �)�   O)�	  �,�)�

   �"��� 4��B*)  i��6� .(   ��<@ �� C��* K@��)STI (

  C�� ���� ��    ���07���> ��,7R   �3R      /��)�, �)�   O)�	

�  C)�� �"�& �� HNZ  �,�    �7)� ��<)�� ���07)���> ��), .

�))) � �)))0�Fernandez , 1992) (� ) ���� K@�� 4"� 0� �

  4"r ?�7�  i���1            /��F�)&� ��<)@ �)� ���)M� ��)�	� � �,

�7�  .O, C�� 4��p��,  ��	 � !   ��07)���>  �),�2R :

4R   � 6R           	��	7)@�� ���"�)$ ��<)@ �� C��* K@�� 0� 

� �7�)   i��)6� .(     �) �76 (�)* K@�)�   �) 0)GSI (  �)>

   ��B� � HN�� �9�ZN�,   �* K@�� �� �	�� �� C� ��<@

      ��� ?�<)  �)
	�� A"��� 	�)   i��)6S (     ���)� ?' ?��)��

C��     ���07)���> ��),7R   �3R        4)"� ?��)�� � �7)� r�)� 

  C�� ���� K@��   ��),   ��	 �) ! ��07)���> �),�2R :
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4R   � 6R   �7)� 4�"�$ ) )6  i��� .(     �)h  \�)&� �)�   � ��$�)&

?�	���,(Sapra  et al., 1991)4"r  K@�� 0� �> �"�,

GSIr�))))�  	� (�"�))))� ���))))� ��))))��� 	��	7))))@�� �"

  �7))� �))�,�7@ �))�F� (�))* A"��))� .O)),  �))67* �))� 4�))�p

  g7$�))))))� � ��J))))))&7� ���8�<))))))�$ i�))))))� �))))))�

)Bouslama  and  Schapaugh,1984(�N� ))� �)) �"� �7* �

 K@�))�GSI4))"r (�"�))� 	�  ��<))@ �))� ���))M� ��)),

��        4)"r �)> H)��� �)_��  ?�7*   ��),7R   � 3R   4"��<)�� 

*��o        \�)&� �� ��<@ �� C��* i���> 	� �	 �GSI �) 	�� .

  � � K@�� ?����E   ��"!7)�7"��� � ����p G�)MSI (  �)� 

 C�� ������,  ��	 � !   ��07)���>  �),  �7R  :3R   � 5R 

   C�� ���� � r����,  ��	 � !  ��07���>  �), �2R � 4R 

�7))� C���))=) i��))6�C�))� � 
 .( ��	�� /�))�,� �))���

   ?���� 4"�*r��MSI  � �7�  O)�	         ?��)�� 0� �)�  �,�)� MSI

�7� 	��	7@�� �"r��.

  g�))� �NZ))  G' ?��))��)RWC ( ))�N�� �9�Z))N�,�

)r = 0.53 (��� ?�<  G' 0� /��F�&� �"'	�> ��) i��6S .(

O)),  G�))E� � K@�))� �))� g�))� �NZ))  G' ?��))�� 4�))�p

�)))) ����p)(MSI�))))�B� �9�Z))))N�, ��� ?�<))))  �	��

)r = 0.74** .(��))NZ  G' ?��)� 0� � �9�ZN�, ���	 H&

�)))�B� � �)))F�� �)))� �	��H)))���M��))) 0�	 ��� ?�<)))  ��

(r = -0.79**).

4"������    ���� G�E� � H���M� � 0�	      �)
�� :��<)�� ��

      �� �,�7@ G' jJ*� ?���� 	� (,�> .O,    ?��)�� 4�)�p

         �)�B� � �)F�� �9�ZN�, ���	 H&� 0� �NZ  G'  �)� �	��

��<@ �� C��* K@��)r  = -0.77**( �)� :  (�)* K@

�)) �76�)) 0)r=-0.70* (   (�))* A"��))� 	� �)) �� ��))�+�


)r = -0.86** (  �) ����p G�)E� � K@�� �)r = -0.71* (

 ��� ?�< )  i��6S .(      �)� P�N��&� 4��p z"��  4"� 0�  �7)�

�>       H&� 0� �NZ  G' ?���� 0� /��F�&�  � ���	  �  d" ?�7�


         4)"r � ��)�	� (�"�)� H86 ��"!7�7"��� K@��  ��),

�C))��� �7))� �)),�7@ �))�F� ��<))@ �))� . 4))"� 0� /��F�))&�

  /�
 A&7* K@��       H)&� /�� W	��� ��  4�MM�� 0� ��

)Dedio,1975 ; Schonfeld et al.,1988 ; Singh,1989 ; 

Morgan,1989 .(H���M� 0�	  �      � H)N�� �9�ZN�, ��  ��

��B�@�� �� �	��)� C��* K))�<@ �))�(r = 0.79**)  :

@��))�* K))� �76 ( 0�(r = 0.69*)  	� �) �� ���+�
 :

�)))))�* A"��)))))((r = 0.86**) G�)))E� � K@�)))� � 

� ����p(r = 0.85**)<  ))��� ?� .�))@�))��* K )))  �)� C

�<@))      � HN�� �9�ZN�,  � ��B� 	��Z��	��    ��)�+�
 �� 

(�))* A�))�� �� 	�(r = 0.95**)(�))* ?��))� � (r = 

0.97**)  ��� ?�<   .   �)� 4"����)��     \�)&� �)� ?�7)*   K@�)� 

          ��)�+�
 ("��)�� ���� �	 (�"�� C�
 ��<@ �� C��*

  (�))))))))))))))))))))))))))* A"��))))))))))))))))))))))))))� 	�

� �))�* ?��)��� ��_ � ( . 0� � ��(Fernandez, 1992) ��  

 %"��))� � (�))* A"��))� �� 	� ��))�+�
 4�))� �9�Z))N�,

        ��<@ �� C��* K@�� �� (�* ?���      	� W�)� ���)� �	

 i�))��=� �-))&
 %�))�B��7))�  W	��))� 	�� .O)), 4�))�p

 K@�)))�STI K@�)))�  �)))� MSI � H)))N�� �9�Z)))N�,

�B�))�<   �	��))��� ?�)r = 0.72* .(����)�� 4"��  �)� ?�7*

 K@�))� \�))&� �)) ����p ��"!7))�7"��� )MSI ( H))86

  ��� ��))_ � �	 G�))E� � C))�
 (�))* A"��))� 	� (�"�))� .

   K@�)))�  �)))� �))) ����p ��"!7)))�7"��� K@�)))�GSI

�,�9<"��0')r = 0.75** (  �)�B�� H)N�� �9�ZN�,�� �	

 ��� ?�<  .          ��<)@ �)� C)��* K@�� �"'	�> �� �67* ��

)STI ( � �76 (�* K@�� � � 0)GSI (  ��)�	� (�"�� 	�

 4"r �  H86 :��<@ �� ���M� ��,4��B*   4"�)�8� ?�7)�  

 K@�)�  4))"� �9�Z))N�, %"��)� 0� :��"!7))�7"��� ��)),

K@��      K@�)� �)�  �),   ��),STI� GSI  �)� /��F�)&� . 0�

 K@�� ?��� 7�7"��� ��,       G' ?��)�� :�)B��-� �	7� ��"!

     :���	 H&� 0� �NZ H���M� � 0�	      /��F�)&� �"'	�> � ��

    ��B� �9�ZN�,  G' 0�    K@�)� �)� �	��   �)
	�� ��),��

)STI (�,�9<))))"��0' �)GSI (�)))) ��� ?�<))))  . 4))))"� 0�

K@��  �,��  ?�7*         K@�)� �), \�)&� �� (�"�� H86

 �7�  /��F�&� .         4)"�  �9�ZN�, �� �67* �� 4"������ K@�)�

)MSI(  K@�)� �)�  �)
	�� ��)),��)STI(�,�9<))"��0' � 

)(GSI�))�   G�))E� � K@�))� �"'	�))> H))��,� �))� ?�7))*

        4"r � ���	� (�"�� H86  ��"!7�7"���  � ����p  	� �,

Archive of SID

www.SID.ir



"4��B*��07���> i���> ��, ��FI /���>..."

١٢٥

�$ (�* A"������.

          (�)* A"��)� 	� � �� ���+�
 H��,� �� �67* ��)Ys (

 � ��))�	� (�"�))� 	�C))���   �))� �))67* �))� � ��<))@ �))� 

N�,    K@�� �� ?' �r�� �9�Z  ��,STI  :GSI    �  MSI  �� :

  	� �)) �� ��))�+�
 ?7�))&��	 A))@ �))���B� 4�))�B* 	7))h��

   K@�)� 4"�)�8� 4��B* � (�* A"���   ��"!7)�7"��� ��),

 ?7�)))&��	 �)))���B� W0��)))� 	� �	 ��o�)))* 4"��<)))�� �)))>

  ���+�
              �)� /��F�)&� ��)� �)� ��)� ?7�)&��	 0� �) 	�� .

  W�	 4)))))"� 	�Ys)))))�  ��� ?�7)))))�
  � 5��)))))* �)))))��

K@�))�  ��"!7))�7"��� ��)),SR,WUE,RWL,RWC �  

CHF �   �       G�)E� � CM�Z)� ��),����� ?�7)�
 � �)�. ?�)�,

�	7)))))u�)))))>:H)))))&���$ ?7�)))))&��	 �)))))���B�  0�

Ys=13.13-991.92(RWL)+5.52(SR)+276.83(WUE):

  ��,�����RWLWUE,   � SR     ?7�&��	 ����B� 4��B* 	�  

  ��)�+�
   ��)��� �	 ��o�)* 4"��<)�� � �)  .    	� �)���� �)& 4)"�

  t7�_�69.66%        A"��� 	� ���+�
 �� P7��� ������* 0� 

   K@�� \�&� �� (�*      �	 �)B��-� �	7� ��"!7�7"��� ��,

�� ��67*��"�� .?7�0' 0� CI�= z"�� T ����� �& ���� 

  ��B� ��  	7>#� � 	��  �  �)�' H&�)   i��)6X .( O),  4�)�p

?7�0'F �-& 	� ?7�&��	 ����B� �� P7��� i���=� 
 %

��B� �� 	��)  i��6� .( �� /�J
 K@�� :4"�    �)> �"�),

/�))� �	�� ��))�+�
 ?7�))&��	 �))���B� 	� �9�Z))N�, �)) �

 �))))
	�� K@�))))� �))))� �"r�))))���)STI ( K@�))))� �

�,�9<))"��0')GSI (�)) ��� ?�<))  .�))� 4"����))�� �))� ?�7))*

        K@�)� �)& 4)"� H��,�)WUE,RWL�SR( * 	� 4�)�B

    �* A"��� 	� � �� ���+�
     4"r (�"�� 	7h�� ��  (  � �),

      ��)� �$ ��<@ �� C���� ���	�.         ?��)�� 4�)�B* 	7)h�� �)� 

  K@�)))� i�)))��> 	� ��07)))���> �))), �"'	�)))> ��))),

     i��6 0� : ��"!7�7"����  �"��M� C> t7�_� MSI ���� 

 C)��  ��), ��	 �)) ! 	����))p ��07)���>)∑ = 63.7MSI(

    O8& � �N&���    ��	 � ! /�9"�6 7���> �,   %Z= �� ��0

   K@�)� 4�)�B* 	� �)I	�     �)� C)��* ��"!7)�7"��� ��),

 %Z= �� ��<@MS�� �N&��� . 4"������C����, � ! 

�> ��	��07)))))����))))),7R :3R  �5R \�)))))&� �)))))� 

 K@�))�MSI   %))�*�* �))�21.30% :17.97% � 17.88%

� �"'	�)))> �� G�)))E�)))��)))& � �����	 �))) ! /�)))9"�6 

    ��B�6 	7>#� ��07���>57.15%  N* 	�   K@�)� 4��  ��),

 ���))��� ())M  �))B��-� �	7))� ��"!7))�7"��� .C))�� ��)),

 ��	 �)) !�07))���>� �)), �2R � 4R    %))�*�* �))� �))� 

3.80% � 6.28% G�)))))E� � �"'	�)))))>   \�)))))&� �)))))� 

MSI������ .

    4)"r (�"�)�  	7h�� ��      �)� ��<)@ �)� C)���� ��),

   0� (�))* ?��))� � (�))* A�))�� �� �)), 	� r�))� ��))�+�


 �& 	��7�   ��B�)3-D (  ���+�
 ?' 	� �> �"��� /��F�&�

            	7)�� ��	 �)� (�)* A�)�� 	� � ��X     	� ��)�+�
 :�),

i��6
] ��B��� 4�9 ��� ���� K@�� ��, ��"!7�7"���4"r 	� �,���	� �  �<"����

Table1. Mean  squares for physiological indices in additional lines and varieties.
 C����+>
;�&	7+�

H���M�� 0�	��/��F�&� �"'	�>
G' 0�+

0� �NZ  G' H&�
���	

�NZ  G'g�� �6	�
���0'* 5����������S.O.V. 

Chlorophyll 
fluorescence

Stomatal 
resistance

Water use 
efficiency+

Relative water 
loss

Relative water 
content

df

0.002ns0.869ns-0.000006ns183.58*2	���*Replication
0.002ns7.92**0.002**0.0003**2151.83**10q�*7 !Genotype
0.0010.9790.0000610.0000007145.7920/�N���Error
4.4715.05.468.655.84]�������* %"�CV%

ns :* � ** : ��B���1 %�*�* ����B� � 	�� i���=� �-& 	� 	��� % �
.%

WUE+ ����e* lJ��> m�u %��� 	� � � �E+� A"��� 	� )�� = dfe (H&� /�� �B��-�.

ns, * and **: Non significant, significant at the 5% and 1% probability levels , respectively.
+ WUE was studied in greenhouse condition using completely randomized design (df = 22).
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 i��6S]K@�� �9�ZN�, %"��� ;"�*����,��"!7�7"�����FI � 

Table 3. Matrix of correlation coefficients of physiological indices and traits
X9X8X7X6X5X4X3X2X1Traits

1.00Chlorophyll fluorescence(X1)
0.53nsRelative water content(X2)

-0.21ns-0.11nsRelative water loss(X3)
-0.79**0.47ns0.47nsStomatal resistance(X4)

0.79**-0.77**0.38ns0.07nsStress tolerance index(X5)
0.93**0.69*-0.71*0.45ns0.15nsGermination stress index(X6)

0.94**0.97**0.73*-0.71*0.49ns0.07nsGrain yield in optimum condition(X7)
0.91**0.94**0.95**0.86**-0.86**0.86**0.25nsGrain yield in Stress condition(X8)

0.62*0.68*0.75**0.63*0.41ns-0.49ns0.53ns0.27nsWater use efficiency(X9)
0.73*0.83**0.71*0.75**0.72*0.85**-0.70*0.74**0.65*Multiple selection index(X10)

ns :* � ** : ��B���1 %�*�* ����B� � 	�� i���=� �-& 	� 	��� % �
.%

ns, * and **: Non significant, significant at the 5% and 1% levels of probability , respectively.

 i��6X]0� CI�= z"��   �"�_*  ?7�&��	 W�	 �� (�* A"��� 	� � �� ���+�
 ���� ��� �� ���)Ys(

Table 4. Results of regression analysis based on stepwise method for grain yield

under stress condition
Sig.TT�	�� ��&� /�N���b

)SE b(
K��  ?7�&��	 %"���

)bi(
������* 5����S.O.V

-2.97**333.44-991.92���	 H&� 0� �NZ  G'Relative water loss
0.0053.04**1.825.52H���M�� 0�	 ��Stomatal resistance
0.0292.29*120.64276.83G' 0� /��F�&� �"'	�>Water use efficiency

* � ** : ��B� %�*�* �� i���=� �-& 	� 	��� % �
.%

* and ** : Significant at the 5% and 1% levels of probability , respectively.
Multiple r = 0.85
R2 = 0.73
R2adj = 0.70
Ys = 13.13-991.92(RWL) + 5.52 (SR) + 276.83 (WUE)

 i��6�] ?7�&��	 ; �"	�� �"�_* 0� CI�= z"�� (�* A"��� 	� � �� ���+�


Table 5. Results  analysis of variance  of regression  for grain yield under stress condition
Sig.FFMSSSdf5����������*S.O.V.

0.00025.49**5058.4215175.243?7�&��	Regression
198.475755.5229/� ������Residual

-20930.7732C>Total

** : ��B� i���=� �-& 	� 	��
.%** : Significant at the 1% Level of probability . 

A�))))��   	7))))�� ��	 �))))� (�))))* ?��))))�Y � �)))), 

K@�))))��)))) ����p ��"!7))))�7"��� (MSI) ��	 �))))�  

	7)))��Z  �)))� /��� ("�)))�  �))),) C�)))�� .( ���)))�

?��� ?�<)))))   � �)))))���� �)))))& 4)))))"� 4�)))))� A)))))���	

4))"r ?�7))�  ��))6 /��))� ��)),A� 0� ))))/��)),� �� �))9"

) C, B �D (O, ���p)))�E<* 4))   K@�)� �����7)& K

))))� �))))h  �	7))))� � G�))))E� � ���))))� �	�))))�B� ?�7))))�


4))"r      �-))& ��<))@ �))� C))���� � i7e))���$ ��)),
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X-Y�  �             /��)� 	�)8p �)� 5u�)M�� P7)-@ ?��<)> �+�&�

A  :B  :C  �D�"��� O�ZM*  . 0�) � �� )(Fernandez,1992

   )))� �	 /��)))� 	�)))8p 4)))"� � �B* �)))"0 �	7)))I D)))"

H&� /�7� .

  /���A– q�*7 !          �), 	� �	 � �Z)�" �,�h* �> �"�,

���Z, �	�� (�* ?��� � (�* A��� ��.

�  /��B– q�*7 !       	� AM� ��7@ �,�h* �> �"�,

���Z, �	�� (�* ?��� A���.

  /���C– q�*7 !       A��� 	� �"r�� ���+�
 �> �"�,

���Z, �	�� (�*.

  /���D–q�*7 !  �,�h* �> �"�,   �� �), 	� �F�B)�

���Z, �	�� (�* ?��� � (�* A���.

0�)))) � ��(Fernandez,1992)�))))� ?�))))��  �))))> �	��

%&���     ���� G�E� � 	��B� 4"�*     �)� C)��*    �	�)�B� (�)*

 �> H&�       /��)� K�E<)* �� 	���A     /��)� �"�)& 0�   ��),

 ���� �9"� .  ?7 	')(Arnon,1961       �)> �	 ���)�	� �)�   	�

       �)* ?��� � (�* A��� �� �,       �)��7* �N)&��� ��)�+�
 (

))� �	 �))�"��  �  ��))�	� ?�7))�
C))�����))� �))��B� �))"��  .

 �))& 	��7))�  �))&	�� 	� ��))B�Yp:Ys �MSI /�,�<))� 

 4))"r �))> �))�  �<))"���� ��)),7R :3R � 1R  /��))�, �))� 

     /��)� 	� �,��A   �)���� 	��)�    4)"r 4)"� � �) �  ��	�� �),

MSI�)))* A)))&7��  �)))� �)))�  �"r�)))� 4)))"� �)))> ��)))���

�7))@?�<))      ��))6 	� K@�))� 4))"� �����7))& /�))�,�

  /��)))� ?�7)))� A/��)))� 0�  �)))� �)))9"� ��))),�)))���

) C���.(

  �))F�[� �))� �))"�_* H))��,� �))� �))67* �))��+))I� ��)),

[Principle Components Analysis (PCA)]  0� /��F�)&� �

 ��� W�	   4"r (�"�� ���� �J$     ��<)@ �� ���M� ��,

)Fernandez,1992(  K@�))� \�))&� �))� :)), ��F))I � �

     i��)6 	� �767��    �)F�[� �)� �)"�_*     ��)_ � �+)I� ��),

 ��� � i�� �F�[� �> :H���)PCA1, PCA2 ( t7�_� 	�

�/V� %       /��� ;"�*�)� 	� �7)67� ������* 0�     �)�67* �	 �),

� �7�  .       i�� �)F�7� �� \�&� ��)V/x� (%   ��� �)x/
S (%

���             �)� O�Z)M* �)�=�  	�)8p �)� CI�= �J$) C�)�S .(

  � �� ;|&   �F�7� �9�ZN�, %"��� \�& �� ��� � i�� ��,

K@��              �)�8� (�"�)� H)86 �)B��-� �	7)� ��F)I � �,

4"r      �)F�[� :��)�	� � �),     � �)� �	�#)9��  �), .   i�� �)F�[�

 �))�B� � H))N�� �9�Z))N�,   �))� C))��* K@�))� �))� �	��

��<@r =0.93**) (  (�)* A"��)� 	� � �� ���+�
 �) (r 

=0.97**   � �9�Z)))N�, �)))F�[� 4)))"� � H)))��� � �)))F�

��B����	 H&� 0� �NZ  G' ?���� �� �	��)r = -0.82** (

H��� .     ��B���1 �F�� �9�ZN�, ��	�� ��� �F�[�  �� �	��

     �)))�<)@ �)� C)��* K@�)�)r = -0.27(  ��))))�+�
 �

 (�))* A"��))� 	� �))) ��)r =-0.13 ( H))N�� �9�Z))N�, �

�))�B�   g�))� �NZ))  G' ?��))�� �))� 	��r = 0.75**) ( �

  )� �7> ��)�+�
 �7)r = 0.82** (    �)�1 H)N�� �9�Z)N�, �

��B�  �)��	 H&� 0� �NZ  G' ?���� �� 	��)r =0.30 ( �7)� .

 �� 4"������    �� �	 i�� �F�[� ?�7* �F�[� ?�7�
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 �� ���	� � �,
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  }F�[� � ��>    �F�[� ?�7�
 �� ���         (�"�)� �)� 	��)� �> ��

4"r            	� � r�)� �7� �7> ���+�
 � �NZ  G' ?���� �� ��,
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 ?���� i�= 4�
  :�)���
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 )��=� (A   �7� �,�7@ G7+-�  .O,  �)�=�  4��pB   �)> �)�  

            � A&7��  �"��M� � i�� �F�[� ��<�� � HN�� �"��M� ��	��

       �7� �,�7@ G7+-� ���� ��� �F�[�  HN�� .   �)�=�  4"������

A           (�)* A"��)� 	� (�"�� H86 ��=�  4"��8� ?�7�
 ��

  ��F�  O, :�7� �,�7@  �)�=�  4��pB        l��NZ)  �)�=�  d)" �)� 

G7))+-� �))� G�Z))= �))� 4))"r � �))"' ��	�� �))> �"�)),
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 �� 
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Fig. 1.Comparison of  additional lines and varieties  based on MSI
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Fig. 2. Selection of additional lines based on Fernandez model
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Table 6. Matrix of correlation coefficients of indices with components 1 and 2 based on

principle components analysis
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Fig. 3. Selection of additional lines and varieties for drought tolerance based on principle
components analysis and biplot method

            � �) �E+� � �)
	�� A"��)� 	� ��<@ �� C��* K@��

�))) �76 (�)))* K@�)))�0)))  � /�9<)))"��0' A"��)))� 	� �

  K@�))))� H))))��,� �))))� �))))67* �))))�MSI �))))�67* 	� 

 K@�� �"�&   7)�7"��� ��),!  ��"   �)� ��8�<)�$    �)> ���)�

 4"��<)))))�� lr�)))))��=�QTL /�)))))��> i�)))))��> ��))))),

K@�)))�  ��"!7)))�7"���  ��))),C)))��*   ��<)))@ �)))� 

��07)))))���> ��	 �)))))� ��))))),3R � 7R  	����)))))p 	�

� 	�� 	���.

 �-�<�O� -	�� i����References                                                                                

 	 :�����.
SYk.   ?! ���07���> C�� 4��B*  ?��"�)$���' � 	����)p 	� ��<@ �� C��* /���> i���> ��, . ?�)"�$  �)�� 

��	� �&���	�> .�0�	 /�9< ��.

Acevedo, E. and E. Ferere. 1993. Resistance to abiotic stresses. In: M.D. Hayward, N.O. Bosemark and I.A. 

Romagosa (eds). Plant Breeding: Principles and Prospects. Chapman and all. London. pp. 406-421.

Al-Dakheel, R.J. 1991. Osmotic adjustment: A selection criterion for drought tolerance. In: E. Acevedo, A.P. 

Conesa, P. Monneveux and J.P.A. Srivastava,. (eds), Physiology-Breeding Winter Cereals for Stressed 

Mediterranean Environments. Montpellier. France. pp. 337-368.

Alidibe, T., P. M onneveux and J. Araus. 1990. Breeding Durum Wheat for Drought Tolerance: Analytical, 

synthetical approaches and their connection. Proceeding of International Symposium, June 4th-8th, Albena, 

Bulgaria, Agricultural Academy, pp. 224-240. 

Arnon, I. 1961. Some aspects of research of field crops in Israel. Div. of publ., Nat, and Univ. Inst. of Agric., 

 ��� ����	PCA1

 

��

 �
���

	
PC

A
2

 ��=� A

��=� B ��=� C

��=� D

Archive of SID

www.SID.ir



"�_?��"� �
�	0 �7+
 �+" :6�+$�_O�� :/	��: ?��Z��*`abc

١٣٠

Rohovot, Israel. Abstract of publ. 372-E.

Bayles, B.B., J.W. Taylor and A.T. Bartel. 1937. Rate of water loss in wheat varieties and resistance to artificial 

drought. J. Am. Soc. Agron. 29: 50-52.

Bidinger, F.R. and J.R. Wttcombe. 1989. Evaluation of specific avoidance traits as selection criteria for 

improvement of drought resistance. In: F.W.G. Baker (ed), Drought Resistance in Cereals, C.A.B. 

International, pp. 151-164.

Blum, A. 1988. Plant Breeding for Stress Environments, pp: 43-69. CRC. Florida.

Blum, A. 1992. Breeding methods for drought resistance. In: G. Hamlyn, T.J. Flower and B. Jones (eds), Plant 

Under Stress. Cambridge University Press. pp. 197-215.

Blum, A., J. Mayer and G. Gozlan. 1983. Association between plant production and some physiological 

components of drought resistance in wheat. Plant, Cell and Environ. 6: 219.

Bouslama, M. and W.T. Schapaugh. 1984. Stress tolerance in soybeans. Evaluation of three screening technique 

for heat and drought tolerance. Crop Sci. 24: 933-937.

Briggs, L.J., and H.L. Shantz. 1914. Relative water requirement of plants. J. Agric. Res, 3: 1-64.

Clarke, J.M. 1987. Use of physiological and morphological traits in breeding programmes to improve drought 

resistance of cereals. In: J.P. Srivastava, E. Acevedo and S. Varma (eds), Drought Tolerance in Winter 

Cereals. Proc. of an Int. Workshop, 27-31 October 1985 Capri, Italy, ICARDA. John Wiely and Sons. pp. 

171-189.

Dedio, W. 1975. Water relations in wheat leaves as screening tests for drought resistance. Can. J. Plant Sci. 55: 

369-378.

Ehdaei, B. and J.G. Waines. 1993. Water requirement and transpiration efficiency of  primitive wheats: A model 

for their use. In: A.B. Damania. Biodiversity and wheat improvement. ICARDA. pp: 187-197.

Ehdaei, B., A.E. Hall, G.D. Farquhar, H.T. Nguyen, and J.G. WAINES. 1991. Water use efficiency and carbon 

isotope discrimination in wheat. Crop Sci. 31: 1282-1288.

Elgelami, M., and M. Elgammudi. 1977. The degradation effect of high humidity on the chlorophylls  in 

Phaseolus vulgaris plants. Plant Physiol. 59 (6,suppl.), 303.

Evans, L.T., and I.F. Wardlaw. 1976. Aspects of comparative physiology of grain yield in cereals. Adv. Agron. 

28: 301-359

Farshadfar, E., M. Farshadfar and J. Sutka. 2000. Combining ability analysis of drought tolerance in wheat over 

different water regimes. Acta. Agronomica Hungarica, 48(4), pp. 353-361.

Fernandez, G.C.J. 1992. Effective selection criteria for assessing plant stress tolerance. In proceeding of a 

Symposium, Taiwan, 13-18 Aug. Chapter 25. pp: 257-270.

Gale, M.D. and T.E. Miller, 1987. The introduction of alien genetic variation in wheat. In: F.G.H. Lupton (ed.). 

Wheat Breeding: Its Scientific Basis., pp. 173-210. Chapman and Hall, London.

Archive of SID

www.SID.ir



"4��B*��07���> i���> ��, ��FI /���>..."

١٣١

Genty, B.E, T. Brain, and N.R. Baker. 1989. The relationship between quantum yield of photosynthetic electron 

transport and quenching of chlorophyll flourescence. Biochemi Biophys. Acta. 990: 87-92

Haley, S.D, J.S. Quick and J.A. Morgan. 1993. Excised-leaf water status evaluation and associations in field-

grown winter wheat. Can. J. Plant Sci. 73: 55-63.

Hirai, G., M. Takahashni, O. Tanaka, N. Shimanmura and N. Nakayama. 1984. Studies on the effects of relative 

humidity of the atmosphere on growth and physiology of rice plants. III. The influnece af atmospheric 

humidity on the rate of photosynthesis. Jap. J. Crop  Sci. 53: 261-267.

Jiang, J., B. Friebe, and B.S. Gill, 1994. Recent advances in alien gene transfer in wheat. Euphytica 73: 199-212.

Kalloo, G. 1992. Utilization of wild species. In: G. Kalloo and J.B. Chowdhury (eds), Distant Hybridization of 

Crop Plants. Springer Verlag. pp. 149-167.

Keim, D.L., and W.E. Kronstad. 1979. Drought resistance and dryland adaptation in winter wheat. Crop Sci. 19: 

574-576.

Khush, G.S. and D.S. Brar. 1992. Overcoming the barriers in hybridization. In: G.Kalloo and J.B. Chowdhury 

(eds). Distant Hybridization of Crop Plants, Springer Verlag. pp. 47-61.

Knott, D.R., 1987. Transferring alien genes to wheat. In: E.G. Heyne (ed.) Wheat and Wheat vement (second 

edition). pp. 462-471.

Lange, O.L., R. Losch, E.D. Schulze and L. Kappen. 1971. Responses of stomata to changes in humidity. Planta 

100: 76-86.

Loss, S.P., and K.H.M. Siddique. 1994. Morphological and physiological traits associated with wheat yield 

increases in Mediterranean environments. Adv. In Agronomy, 52: 229-276.

Maan, S.S. 1987. Interspecific and intergenic hybridization in wheat. In: E.G. Hyene (ed.), Wheat and Wheat 

Improvement. American Society of Agronomy. Inc. pp. 453-461.

Mahmood, A. and S.A. Quarrie. 1993. Effects of salinity on growth, ionic relations and physiological traits of 

wheat, disomic addition lines from Thinopyrum bessarabicum, and two amphiploids. Plant Breeding 110: 

265-276.

Manette, A.S., C.J.  Richard, B. Carre and W. Morhinweg. 1988. Water relations in winter wheat as drought 

resistance indicators. Crop. Sci., 28: 526-531.

Michel, B.E. and M.R. Kaufman. 1973. The osmotic potential of polyethylene glycol 6000. Plant Physiol. 51: 

914-916.

Mohammadi, R., E. Farshadfar and M. Achaee-Sarbarzeh. 2002. Localization of QTLs controlling drought 

tolerance criteria in rye  (Secale cereale) using multiple selection index. 21-25 November, 2002, EUCARPIA 

Cereal Section Meeting. Salsomaggiore, Italy.

Mohammadi, R., E. Farshadfar and J. sutka. 2003. Genetic control of drought tolerance in wide relatives of 

wheat. 10-13 June 2003. The 1st Central Asian Wheat Conference, Almaty, Kazakhstan.

Archive of SID

www.SID.ir



"�_?��"� �
�	0 �7+
 �+" :6�+$�_O�� :/	��: ?��Z��*`abc

١٣٢

Morgan, J.M. 1989. Physiological traits for drought resistance. In: F.W.G. Baker (ed), Drought Resistance in 

Cereals. C.A.B. International. pp. 53-64.

Nizam Uddin, M., and D.R. Marshall. 1989. Effects of dwarfing genes on yield and yield components under 

irrigated and rainfed conditions in wheat. Euphytica. 42: 127-134.

Raschke, K., and U. Kuhl. 1969. Stomatal responses to changes in atmospheric humidity and water supply.

Experiments with leaf sections of Zea mays in Co2-free air. Planta, 87: 36-48.

Sapra. V.T., E. Sarage, A.O. Anaele, and C.A. Beyl. 1991. Varieties differences of wheat and triticale to water 

stress. J. Agron. Crop Sci., 167: 23-28.

Schonfeld, M.A., R.C. Johnson, B.F. Carver and D.W. Mornhinweg. 1988. Water relations in winter wheat as 

drought resistance indicators. Crop Sci. 28: 526-531.  

Sharma, H.C., and B.S. Gill. 1983. Current status of wide hybridization in wheat. Euphytica 32: 17-31.

Siddique, K.H.M., D. Tennant, M.W. Perry and R.K. Belford. 1990. Water use and water use efficiency of old 

and modern wheat cultivars in a Mediterranean-type environment. Aust. J. Agric. Res. 41: 431-437.

Singh, D.P. 1989. Evaluation of specific dehydration tolerance traits for improvement of drought resistance. In: 

F.W.G. Baker (ed) Drought Resistance in Cereals, C.A.B. International. 165-175.

Smith, M.E., W.R. Coffman and T.C. Baker. 1990. Environmental effects on selection under high and low input 

conditions. In: M.S. Kang (ed.), Genotype-by-Environmental Interaction and Plant Breeding, pp. 261-272. 

Louisiana State University, Baton Rouge.

Sojka, R.E., I.L. Stolzy and R.A. Fischer. 1981. Seasonal drought response of selected wheat cultivars. Agron. J. 

73: 838.

Stoyanov, Z., and R.I. Frolov. 1969. Photosynthesis and entropy with various air humidity conditions. Soviet 

Plant Physiol. 16 : 330-333.

Wang, H. and J.M. Clarke. 1993. Relationship between excised-leaf water loss and stomatal frequency in wheat. 

Can. J. Plant Sci. 73: 93-99.

Yang, R.C., S. Jana and J.M. Clarke. 1991. Phenotypic diversity and associations of some potentially drought-

responsive characters in durum wheat. Crop Sci. 31: 1484-1491.

Archive of SID

www.SID.ir


