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&2)�2  

��22	  �22!. /�220)22*+ �� ,-22"�  �0�223 ?22+�(5 D��22	

 /��&�22$3 IE(22M@+ �� #22$% �22�!" & #22$% �'�(22"

  A2\0 ���2�� ���  �� ��* -� )Rezvani Moghaddam 

and Koochaki, 2001; Munns et al., 2002( .  �2��

��	 ��  )*+ /�0 /�(2; nH��+ D�� ��    �27� :�2% & 89

     �&-2@+ �� =-2�< �2��  �� /��&�2$3 IE(M@+ -!o(	 �3

�+  -�3)Downton, 1978(.    ,-2!f!� �2!0�+ �6 � (	 �6

    �26 ?2�@	 /��26 �S!B� p��P	 �q��� 1/�(; �6 ,�!< ?�@	

���+� �A'�� �6 /�(; �\!" ���� .    �26 ?2�@A+ �� �0�2!<

 /�(;�+  -�"��  N!2@+ �� -2"�(A6 �3     & ,��23 -2;� �(2;

-�3 -!o(	 /��MAB� �����5.  

)\!"��+  �0�3 �	��Q5 �6 & /�(; �6 ?�@	 /�0 ��2]9 

 �227� I&�22CA+ ��220�!< �� /�(22; �22C�+ . D22�� �� �22��

)22\!"��+  =-22�< �22��  �� �22!�(�!�< ��220�!< �� �223 �220

�7� ,-; ,-0�$+1   �2$�� �6 )�-7 �(� �&�& �� /�!<(� 

=�-"� ���7 �6 �^!A" �� &   /�20      �26 )�-27 R2�� �2� & ,�2!<

=�-"� D�� �� �S��H     =�-2"� �� �9 �2F�. �0�23 & �20   /�20

 �0�!< O!" &     =�-2"� �� )!27�A� �(2� �2F�. ���O2��   /�20

      ��2	 �26 ,�2!< �23 �"�2+� �9 T�P� 8�  n��H �� �0�!<

� �(+ /�(; 1�7� �+ ;�6- )Sharma, 1996(.  D2�� ��&� 

 �Q\" /���� K!	("L    � E�26 )�-27 �26 )!27�A� �2+ �   ��(2	

��3 ���O< /�(; �6 ?�@A+ .�(� D�� �F�. D���6��6  & �0

�9 �Q\" =�-"� �� �0 �+ )_�� [�6 ���  �� ,�!< /�0  -"�(	

    �26 ?2�@A+ ,�2!< b!h$	 �� )*+ b%�; #� ��(�5 �6

��!< ���B �F" -+ /�(; )Stuciffe and Baker, 1981( .  

=�B��  ��	("L!K �0/ 7��6 ��(+� �+ �� ��(	 �26  e�27� 

�9 ��3�&�0 �6 ��;�N @+!r� - �& �	�    ��2	 �&-26 &

�6 ��*_ ,&�< A 1B 1C  &D  )!\S	 ��23 . ,&�2< A   ?+�2;

	("L!K �0��  �27�   �23��  �20 &�  2@+!N  ��2���5  E�26�� 

-"��� 1,&�< B  /����	("L!K �0��  �7��3 �� @+!N �&-6 

��	 �����5 ���� & �� @+!N ��	 �����5  �2�3  -2"��� 1

 ,&�2< C � /���	("L 2!K  �20��  �27�  �23 ��  2@+!N  ��2	 

�����5 E�6 & �� @+!N �&-6 ��	 �����5  �2�3  -2"���  &

,&�< D  ?+�; O!"	("L!K �0�� �7� �3 ��  �20 &�  2@+!N 

�����5 ���3 -"��� )Fernandez, 1992(.  

�	 b%�; �(�3   �2C�Ah+ /�0    ��23�& �27��6 /��26

K!	("L   p2�Ah+ �r!@+ N���; �6 I&�CA+ /�0 � �26  e�27

 ,�!< �����5 D!6 N6�&��@	     ��2	 & ��2	 �&-26 N���;

����,-; �  -"�) T&- 1 .(b%�; D�� �� /��!\6  e�7� �6 �0

 ��3�&K!	("L   ,-2; p2��P	 ��$% ��	 �6 �0  -2"�1   �2o&

�+ �9 �� ��(	     O2!" /�(2; �26 ?�@A+ =�B�� 8�hA"� /��6 �0

��3 ,��CA7� )Najaphy and  Gravandi, 2011.(  

 & ��!22\'����22��0 )Hosseini et al., 2012( 

b%�;  /�0TOL،GMP  ،STI،  SSI& MP  e�7� �6 ��

 ��& & �2f0�!< T(H    �� �2$�� #2$%65    Z"�26 K2!	("L

    b%�2; �27 �23 -�A��< �^!A" & -"��3 �Q7�@+GMP ،

STI & MP b%�; D��A*6 b%�; D!6 �� �0   �6�2���� /�0

 �9 #2�3 �6 & -�A\0 ,-;  K2!	("L �20    �26 ?2�@A+ /�20 

 Z"�6 �� /�(; �� #!�C	��3-" .    & �2C^" ���2+�9 Z��2A"

/-22"&��< )Najaphy and Garavandi, 2011( � �27 

�223 ��� ��22$" =-22�< K22!	("L  b%�22; &�GMP & STI 

b%�; /�0 K!	("L #!�C	 /��6 U7��+    ,&�2< /�20A  ��

,&�< ���7  �0b%�; &� & SSI & TOL b%�; /�0  ���2B

K!	("L b!h$	 �6  ?2�@A+ /�0    �� E�26 ��2���5 /���� &

 ��	 N!@+) ,&�<C (�+  -�;�6 .    & �2�f6 ���2+�9 Z��2A"

������0 )Bchini et al., 2011(  /&� �614   (2  K!	("L

  b%�2; �7 �3 ��� ��$"GMP ، STI& MP   N���2; ��

K!	("L b!h$	 /��6 N7(A+ /�(;  ,&�< /�0A  U7��+

 b%�; &� -�-; ��	 N���; �� & -�A\0SSI  U��2t & 

 �(!7�<�)b( K!	("L #!�C	 /��6     U27��+ ?2�@A+ /�20

-�A\0.  

K!	("L ?�@	 �6����� u-0 �6 �Po�r+ D��  =-�< /�0

b%�; �� ,��CA7� �6 ��"  �6 ,-; �Q7�@+ ?�@	 /�0

 e�7� )_�� [�6 �� )�-7 �6 )!7�A� �Q\" )*+ �CJ &

b%�; D��A*6 D!!P	 D!�f�0  /�(; �6 ?�@	 /�0

\' ��O!+ �6����� �* K!	("L ?�@	 & �!7�  =-�< /�0

K!	("L D!!P	 �6 �	 -; =�^"� ��"  �� ��(A6 1U7��+ /�0

�9 �+�"�6 �� �0  /�(; �6 ?�@A+ =�B�� �!*	 & �'jJ� /�0

�(�" ,��CA7�.  
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 �225��� T�227 �� n22!S@	 D22��92-1391  ,�`A22\�� ��

   �26 ��2+�3 �P!QH R6��+ & /��&�$3 I�S!S@	1756   �2A+

C	��    U2!	�	 �26 ���2!���v  w�5 & T(H & ���� xr7 �� y�

  �26 �6��630      & �B�2; �2S!B� #2� & �2 ��57   & �2 ��6 

 -2; =�^"� �o��; �S!B� .   ?+�2; ���2+�941    =-2�< )2B�

) T&- 4 (�(6 . D2�� �6 � (	 �6     nH�2�+ �� /��!2\6 �� �23

        �2 �(+ :�2% & 89 /�(2; ?�2$+ �26 �23 ��2+�3 ��A7�

�B�� ���P+ ).�!�5 -�A\0 =-�< -�-  /�(; �6 ?�@A+ =
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   & E�26 /�(2; �6 ?�@	 ?!o� �6 D;&� )B� �&�+� �6 �	 ��"

     �2�3 & ,�23 -2!o(	 �2^!A" �� & �	(6 ���� y�C	�� D!�f�0

   �2�� xr27 & ,-���`" u�' ����&�$3 �$3 �+�"�6 �� ����

�+ z�MA%� �(% �6 �� /���� �$3 -0� . ��o    �26 �2 (	 �26

 )B� ,-; =�^"� R6��+ �7��6  �2�@+ -0�; ��(�5 �6 D;&�

 �6 e�\' -0�; ��(�5 �6 O!" �	�9 )B� & /�(; �6 ?�@A+

   -"-2; ,��CA27� ���2+�9 �� /�(; )Hajizadeh et al., 

2009; Poustini et al., 2007; Rajabi et al., 2005( .

D�� ��1&� 41   �2Po�r+ ��(2+ =-�< )B�   n2!S@	 D2�� ��  ��

:(�6 G�H Uo�B �6 ����M	 ?+�3 /�0   I�(2J �6 ����	 �7

   89 �26 /��2!69 & D��!; 89 �6 /��!69 1�"�<�-  ���+�9 &�

1�(;   "-2; �2$3- .    /���� �9 89 �23 �0�2_ �� �(2; 89

 /�(;8/11 �7�     �26 ��"�2	 �26 & �!*	 1�(6 �A+ �6 Y����

 ?�' ���+�9 =�^"� ?@+-"-; /��!69 ��0�!< Y{7 &.  

  ,�2+ �(��*; �%�&� �� ���+�9 /�� � ?@+ D!+�  Y2�

 ��)h; ���(% & #\�� 1  xr2\+ -2; .    Z��2A" e�27� �26

   ����2S+ O23�+ :�% & 89 �h6 �!J(	 & :�% �(+�980 1

30  &60       I�C2\� R6�2�+ �� I�� & e�2A� 1�C2\� =�<(2�!3

,��+9 ��+� �� ,�&� & )!7�A� I�Co(7 1)!"(+9    D!2+� /��27

-; �h� D!+� �� �%�(��� I�(J �6 . & I�C\� /�0�(3

 =(7 #� & e�A�)0 ,�&�       =(27 &� & D!2+� �2!*	 �26 ��2+�

�B�6  �2^�� ��'�+ &� �� ,�&� ,-"�+     u�2M+ �0-2�< & �2"�

-; . T(H �6 N% �; ?+�; �$��+�9 I�3 �05/2  & �A+

 |(r% ��J��20 �A"�7  �(26 �A+ .     #2� �26 �2$3 |(2r%

 ��&-' n�5 �6 �A7� �q&���4  �o�5   ,-2; ��^�� �A�!A"�7

     e�27� �26 & �27� �26 �0��6 &350    �� R26�+�A+ �� �2"��

 -2; ,-"�;(� �7� �6 �*"9 /&� & �Ah�� �$3 |(r% .  �26

�	(6 �%�(��� ���SA7� & �-; OQ7 �(F�+   N���2; &� �� �0

  89 �26 O!" /�(; ���+�9 =&� & T&� /��!69 �P!QH & �(;

-; =�^"� D��!; . �� /��!69 1=(7 ��'�+N���; ��   /�(2;

�(22; 89 �226 )dS/m 8/11EC = ( 22; =�22^"�- . ���-220

:�% y�Q;� ,��M5 ����A�o�     ��2�!	 T�2�5� �� ?2QB �5�O+

 /�(;6/3 �7�     �(26 �2A+ �26 Y�2��� �23    =�2�	� �� Y2�

 �6 ���+�926/10 �7����� ���O�� �A+ �6 Y����.  

,��-22"� /��226   �22�'�+ �� �22Po�r+ ��(22+ I�C22J /�22!<

,��<        �(2H �26 ,-2��3 �26�B� �2	(6 Z�2� )B� �0 �� �"�$��

�0 �� ����M	    �9 )_�2� [�26 18�2hA"� ����	    & R2rB �20

-; ?SA�+ ,�`$��+�9 �6 /�.�3 �3�� ?%�� . ,�`$��+�9 ��

[�6 -; ($A\; �rS+ 89 �6 �0 Y{7 &    I-2+ �26 �&9 ��

48  /�+� �� �5�760   �2 �� e(!2\�7   -"-2; #2$% .

 ��O!+ Y{7  �2"(�" )!27�A� & )�-7     �&� �26 �2<�6 /�20

 ��P2;       �^�27 )Flame photometry(  ,��-2"�   -2; /�2!< 

)Tandon, 1995( .�;���6 ��+� ��   O2!" T(2M@+   �20 ��

&� p22��� ��22*_ I�223 /�22A+   �22;���6 & �22"�� ��22���5

,��-"� /�!<  -2; . b%�2;  /�20 STI ،YSI ،MP ،GMP ،

HM ،TOL ،YI & SSI  �C2J /��6 K+/Na+  26  e�27� �

T(+��  /�0H(6�+� ) T&- 1(  �Q7�@+-"-;.  

  

  

 T&- 1- b%�; N6�&� /�0 ��	 ?�@	  
Table 1. Tolerance indices formula 

b%�; T(+�� 
Index formula 

RQ�+  
Reference 

b%�; T(+�� 
Index formula 

RQ�+ 
Reference 

)Y/Y(-1

)/Y(Y1
SSI

ps

ps−
=  Fischer and Maure, 1978 2

p

sp

)Y(

))(Y(Y
STI =  Gavuzzi et al., 1997 

p

s

Y

Y
YI =  Gavuzzi et al., 1997 

p

s

Y

Y
YSI =  Bouslama and Schapaugh, 1984 

2

YY
MP sp +

=  Bouslama and Schapaugh, 1984 sp YYGMP ×=  Sio-Semardeh et al., 2007 

sp YYTOL −=  Hossain et al., 1990 
sp

sp

YY

YY2
HM

+
××

=  Rosielle and Hamblin, 1981 
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 ��O^	�;(%/�  ��2J�� N7(A+ U\' �6 =�.�� �&� �6 

,&�< D!6  �0(UPGMA) -; =�^"�. �rS" ��6  �26  e�27� 

 ujA%� �a3�-' ,��2+9 &� Y2��  �-2Q+E Λ)(   �2�'�+ &� ��

,&�< �o�(A+  /-�6P	!!D -; .�6 ��D 	�	!U �3 ��-S+ ,��+9 

&�Y�� �-Q+E )Λn( AB&� �3 �0 ��� �# �;(% �� �$	!? 

+� �-0 )� Y�-"n    �� & �27� ���2�� �� �;(% ��-P	 �6 �6��6

 �(�0 ��'�+ D��0!} �;(% /� �$	!?  �27� ,-$" (  �26��6

 �6�CJ �7� & �� �%9�D ��'�+ ��-S+ ,��+9 &�Y�� �-Q+E 

)Λn( �3 ��0 =�B�� �# �;(% �� �$	!? +� -�0� ) Y�-"�

 & �7� �;(% �6 �6��6 #�0 ���2�� ��     ���2B �2;(% #2� ��

�A��< -"�(1 �6��6 �6 �# -0�(% �(6 .,&�< ��.9 �6  -2�6  �� �26 /

 DA��< �F"|�S" ��6   �2;(% ?!�2$	 & �t��  �20 ��  �20 

��'�+ ��-P	 �;(% �6 ��(�5 ��-P	 	!��� &  ��-2P	  )2B�  2�� 

	("L!K �&�� �0 �;(% �6��6 �6  2P	-��   ���2�	9� 	! ��2� �� 

�F" �A��< -;. O^	 Y{7�� ��&�Y"�  vA+ -2�_ 2!,�  ��26/ 

�#  G�H���M	 ~j+�3� ��-P	 �6 ���!	 �6��6 �6 �-P	�   �2;(%

& =�22^"� ��-22S+ ,��22+9 Λ   ?22'��+ ���227 & �22�'�+ �9 ��

,&�<   -2; �Q27�@+ /-�6 .   ujA2%� Y{27 ,��2+9 &� Y2�� 

  Y"�2���& )0 �7 �$� & �o�(A+ ?'��+ =��	 /��6 �� �-Q+E

 -2; �Q7�@+ ,�!vA+ -�_ . 2o&�!D  �2rS" �/  �23  I&�2C	 &� 

,��+9 &�Y�� +E�-Q 6! �A2$ D� ��-2S+ ΛK-1- ΛK=Max)( 

�(6 �6 ��(�5 �rS" ��6 8�hA"� -; �;(% ��-P	 & �0  �26��6 

�226 K P	!22!D 22;- )Johnson and Wichern, 1992( .

,���     =�2" �� ,��CA27� �26 �20  ��O2�� SAS ver. 9.2 )SAS 

Institute, 2011 (& SPSS ver. 20 )SPSS, 2010( 

-"-; ?!�@	 & ��O^	 .  

�� � F!��(G  

 #2��& & &�!��; �(+�9 )Shapiro and Wilk 1995 (

,-"��!B�6 ��(6 T�+�" /��6 �0 )  T&-2 2 (    ���27 ,��2�0 �26

   �2�O^	 /��26 I�CJ =��	 ��(+ �� Y"����& ��O^	 I�!t��

    -2; =�2^"� U23�+ �2�O^	 & ,��7 Y"����& .   �2�O^	 Z��2A"

 U3�+ Y"����&)  T&-2 3 (      �2]� & )2B� �2]� �23 ��� ��2$"

 ?6�SA+ )B�× ��	  & )!7�A� 1)�-7 ��O!+ 1�"�� �����5 �6

��P+ )�-7 �6 )!7�A� �Q\" �(6 ��� .�P+� ���  �-2; � 2�D 

I��]� ,-�0� ��$" �( & ujA%� A"L!��  26!D � 2�D  =�2B�� 1

     ��(2+ I�C2J /&� �2$��+�9 N���2; &� D!6 I&�C	 �( &

 �Po�r+& ��3�& I&�CA+ =�B��   �26+ 2!��O  �(2;/  I&�2CA+ 

89  /��!69�7�.  

  

 T&- 2– ��S+��  ,��+9��;!&�- &�#� )Shapiro and Wilk, 1965( ,-"��!B�6 ��(6 T�+�" �(+�9 �� �0  
Table 3. Shapiro-Wilk statistic values (Shapiro and Wilk, 1965) in normality test of residuals  

#��& & &�!��; ,��+9  
Shapiro and 

Wilk Statistic  

/���9 � ��  
df 

�!vA+  Variable 

0.986ns 123  �����5 �"����	 �&-6 N!@+ ��  Grain yield under normal condition 

0.987ns 123  �����5 �"����	 N!@+ ��  Grain yield under stress condition 

0.979ns 123 ��	 �&-6 N!@+ �� )�-7  Na+ under normal condition 

0.981ns 123 ��	 �&-6 N!@+ �� )!7�A�  K+ under normal condition 

0.980ns 123 � �Q\")!7�A )�-7 �6 ��	 �&-6 N!@+ ��  K+/Na+ ratio under normal condition 

0.987ns 123 ��	 N!@+ �� )�-7  Na+ under stress condition 

0.988ns 123 ��	 N!@+ �� )!7�A�  K+ under stress condition 

0.979ns 123 �Q\" )!7�A� 7 �6)�- ��	 N!@+ ��  K+/Na+ ratio under stress condition 

0.983ns 123  b%�;��	 �6 �!7�\'  Stress susceptibility index 

0.983ns 123  �7-�0 D!`"�!+,�*6/�&  Geometric mean productivity 

0.987ns 123  D!`"�!+,�*6/�&  Mean productivity 

0.979ns 123  b%�;��	 �6 ?�@	  Stress tolerance index 

0.984ns 123  b%�;?�@	  Tolerance index 

0.979ns 123 #!"(+��0 D!`"�!+  Harmonic mean 

0.980ns 123  b%�;�����5 /��-���  Yield stability index 

0.988ns 123  b%�;�����5  Yield index 
ns :��P+�!. ���.                                                                                                                                                            ns: Not-significant.   
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T&- 3- U3�+ ��O^	 �� )_�� [�6 )�-7 �6 )!7�A� �Q\" & )!7�A� 1)�-7 & �"�� �����5 I�P6�+ D!`"�!+  
Table 3. Mean squares of grain yield and Na+, K+ and K+ /Na+ of flag leaf in combined analysis 

Sources of variation I��!!v	 R6��+ 
/���9 � �� 

df 

I�P6�+ D!`"�!+      Mean square 

�"�� �����5  

Grain yield 

)�-7 

Na+ 

)!7�A� 

K+ 

)�-7/)!7�A� 

K+/Na+ 

Stress (S) ��	 1 207887854**  49.1** 4268.3** 262410** 

Replication / S ����	 ��	 �&��  4 242684.6 0.03  25.08 199  

Variety (V) )B� 40 3693077**  0.93** 46.8**  9951** 

S × V )B� × ��	  40 3202876**  0.67**  14.3**  547**  

Error  �r%���+�9 / 160 112306 0.002 1.8  60.08 

CV (%) U��t I��!!v	 (%)  7.6% 6.2 4.9 9.1 
* :P+��  T��A'� xr7 �� ���1%                                                                                   .** : Significant at 1% probability level. 

  

 & ?��!  �& ������0)Van Ginkel et al., 1998( 1

   ����2��0 & �2�f6)Bchini et al., 2011 (  ��!2\' & &

 ������0)Hosseini et al., 2012 (    y(2t(+ D2�� �26 O!"

-"��3 ,��;� ��3�& �3  K2!	("L     N���2; �� p2�Ah+ /�20

�\!" ��\�� ��	 & ��	 �&-6 I&�CA+ .  �2`�� I��Q5 �6

K!	("L       �2r!@+ N���2; �26 �	&�2CA+ �27�� 1p�Ah+ /�0

�22+ ��22$" p22�Ah+ K22!	("L D!226 ujA22%� & -22�0�  �� �220

� ���+�9 �6 �$��+�9  �2\!" ��2\�� �`� .   �2F�. �27��6

�(�     ��2$" )�-27 �26 )!7�A� �Q\" & )!7�A� 1)�-7 /�0

���  ,��2< ��+� �� )_�� [�6 )�-7 �F�. �3  � �"�2$�� �

     -2�"�+ 1-2"��� ��2	 N���2; �� /�	E�6 �����5 �3 �+�B��

       �26 =�2B�� �� �2A�3 1�2\QH & n2�� 1�"E(26 1�!_��3 1D;&�

    1D2^	 1�2	�9 -2�"�+ 1�A�3 �����5    �27� I�2!6 & ��&�!27

) T&- 4 .(�+ �F" �6    �+�2B�� �� )�-27 8�  ��O!+ -7�

    �26 �Q2\" -2"�(6 ��E�6 �����5 /���� ��	 N���; �� �3

 -2"��� ��!��� �����5 ��	 N���; �� �3 �+�B��1   & �2A�3

6 �A$!6 �9 R�� ��O!+ ��;�- . ����2��0 & �Q � )Rajabi 

et al., 2005( (+ D�� �6 �S!S@	 �� O!" -"��3 ,��;� y(t

   & )�-27 �(2� R�� �6 =-�< ���  �� �!�(�!�< ��0�!< �3

 �� ��3��]9 �9 ��7�0 �+ ,�!< �6 -�0�3 .  �2Qa+ �`A\Q�0

��P+ &   �26 ��	 N���; �� )�-7 �6 )!7�A� �Q\" ���Ys 1

)55/0 ( =�B�� D�� ���+ ��$"   -20�)  T&-2 5 (   =�2B�� �23

  �(	 /���� ��2	 N���2; �� /�(; �6 ?�@A+   8�2  ���2"

   �0�23 -2J�� �^!A" �� & ,�(6 )!7�A� �A$!6K+/Na+  ��

�9 )_�� [�6 �� ��	 N���;    �27� �2A�3 �0)  ?�2;1 .(

 (m� & ��&j�)Flowers and Yeo, 1995 (  & ��!A27(� &

 ,��22+ �227 & �227)Poustini and Sio-Semardeh, 

2004(      -2!��	 & ,��2;� �2A�" D2�� �6 �(% I�;��O< �� O!"

!+ �3 -"��3�Q\" & )!7�A� ��O  =�-"� �� )�-7 �6 )!7�A�

 �A��� -;� ,�!<�@	     �2+ /�(2; ��2	 N���2;    �26 -2"�(	

��!< ���B �F" -+ ,�!< /�(; �6 ?�@	 b%�; ��(�5. 

 b%�2; Y"����& ��O^	 Z��A"      �26 ,-2; �Q27�@+ /�20

AQ\" e�7�)�-7 �6 )!7�A{ )K+/Na+ (  D!26 �3 ��� ��$"

 ��@o �� �7��6 ��(+ =�B�� D��b%�;   �2�P+ I&�2C	 �0  ���

 ���� �( &)T&-  6 .( b%�2; D!6 ��     �27��6 ��(2+ /�20

b%�; /�0 MP 1GMP،HM   &STI  & �Qa+ �`A\Q�0

��P+   �&-26 N���; &� �0 �� )�-7 �6 )!7�A� �Q\" �6 ���

-�A;�� /�(; ��	 & ��	 .�+ ��$" y(t(+ D��   �23 -0�

   b%�2; D2�� e�27� �6 �6�hA"� =�B��    1n2�� -2�"�+ �20   1)26

 1�"E(61D;&� _��3!1� /����   N!2@+ &� �0 �� E�6 �����5

 -�A\0) T&- 7.( ������0 & �7&��O�� )Izaddoost et 

al., 2013(/-222"&��< & �222C^" 1 )Najaphy and 

Geravandi, 2011  ( ����2��0 & ��!\' & )Hosseini 

et al., 2012( �S!S@	 �� O!" b%�; /&�   �Q27�@+ /�0

�5 e�7� �6 ,-;���� 1�"��   b%�2; D2��     ��(2�5 �26 �� �20

b%�; D��A*6�0  A"� �*       ��2	 �26 ?2�@A+ =�2B�� 8�2h

�3 ���P+-"� .0�!< ���"�(	��    D!26 �-2; ?q�B �!PQ	 ��

 =�-2"� �6 )�-7 & )!7�A� T�SA"�       �26 �23 ,�2!< ���(20 /�20

    �2+�6 ,�2!< /�(2; �26 ?�@	 �!Pt&  ���2< )Gorham, 

1990(1  (2m� & ��&j� I�S!S@	 �� )Flowers and Yeo, 

1995(     ,��2+ �27 & �27 & ��!A27(� & )Poustini and 

Sio-Semardeh, 2004( ,-; ,��;� O!" �7�.   
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 T&- 4- ��	 �&-6 & ��	 N���; �� )_�� [�6 )�-7 �6 )!7�A� �Q\" & )!7�A� 1)�-7 D!`"�!+ 
Table 4. K+, Na+ and K+/Na+ ratio of the flag leaf under stress and normal conditions 

Variety )B� 

 N���; �&-6 ��	  

Normal condition 

 ��	 N���;  

Stress condition 
 -J���0�3 

)�-7/)!7�A� 

Redusing 
K+/Na+ (%) 

)�-7  

Na+ 

)!7�A�  

K+ 

)�-7/)!7�A� 

K+/Na+ 

)�-7  

Na+ 

)!7�A�  

K+ 

)�-7/)!7�A� 

K+/Na+ 
Parsi 7���� 0.21 20.3 96.8 1.08 22.2 21 78.9 

BCRoshan  D;&� 0.19 20.6 106.9 1.19 23 16.5 84.5 

Bahar ��*6 0.26 19.6 75.8 1.43 23 14.3 81.1 

Morvarid -���&�+ 0.26 21.6 82.4 1.28 22 14.1 82.8 

Pishtaz ��A$!� 0.14 26.6 168.1 0.39 30 85.6 49.0 

Tajan D^	 0.25 22.6 88.3 1.48 21.1 14.8 83.2 

Hirmand -�+�!0 0.24 21.0 87.4 1.41 18.7 16.8 80.7 

Sivand -"(!7 0.27 20.3 73.6 1.76 19 11.7 84.1 

Hamoon �(+�0 0.22 19.3 85.7 1.31 17.28 13 84.8 

Sirvan ��&�!7 0.18 23.3 111.1 1.58 21.4 13 88.2 

Ofogh n�� 0.27 23.3 86.5 0.51 27.4 56.3 34.9 

Arg [�� 0.12 22.6 181.4 0.30 28 94.4 47.9 

Akbari /�Q3� 0.15 23.3 149.5 0.39 30.6 78.2 47.6 

Roshan D;&� 0.16 24.6 154.4 0.33 27 82.4 46.6 

Chamran ����_ 0.24 23.6 96.5 1.24 21.6 18.1 81.2 

Niknejad #!" ��k" 0.18 23.3 129.8 0.36 25.1 69.4 46.5 

Gonbad -Q�< 0.29 25.3 87.4 1.78 23.8 14.7 83.1 

Sistan ��A\!7 0.11 28 245.9 0.35 30.0 86.9 64.6 

Arta �	�9 0.26 24.3 87.2 1.56 21.8 12.8 85.3 

Kavir ��(3 0.17 23.0 132.8 0.36 26.8 74.1 44.2 

Alvand -"(o� 0.32 23.6 73.9 1.16 19.3 17.2 76.7 

Sorkhtokhm g�7 )h	 0.26 23.0 86.3 0.61 27.7 45.6 47.1 

Mahooti �	(0�+ 0.13 22.3 167.9 0.37 25.3 69.3 58.7 

Mahdavi /&-*+ 0.28 24.0 94.7 1.25 21.7 16.9 82.1 

Bayat I�!6 0.27 23.0 84.1 1.82 19.7 11.6 86.2 

Bzostaya ���A7&O6 0.12 28.3 179.9 0.39 35.3 90.1 49.9 

Inya �!��� 0.11 29.3 200.5 0.34 36.0 104.3 47.9 

Darab2 8���� 2 0.20 24.3 123.7 0.55 28.0 50.4 59.2 

Tabasi �\QH 0. 14 24.6 172.2 0.45 30.6 68.6 60.1 

Marvdasht �;�&�+ 0.11 22.0 188.8 0.35 26.6 76.8 59.3 

Neishaboor �(6�$!" 0.16 22.6 138.8 0.35 29.0 83.6 39.7 

Moghan3 ��v+ 3 0.33 25.0 75.8 1.49 20.7.6 13.9 81.6 

Falat Ij� 0.34 25.3 74.5 2.14 24.1 11.6 84.4 

Ghods e-B 0.26 23.6 89.9 1.94 21.8 13.5 84.9 

Shiraz ���!; 0.26 21.0 78.8 1.59 21.3 13.4 82.9 

Shiroodi /�&�!; 0.30 22.0 72.5 1.33 21.0 16.8 76.8 

Gaspard ���{7�< 0.35 21.3 50.3 1.89 19.2 10.4 82.7 

Bam )6 0.15 23.0 153.6 0.40 27.5 68.8 55.2 

Shoeleh ��P; 0.11 23.3 200.2 0.27 24.3 90.5 54.7 

Bolani �"E(6 0.19 24.6 127.7 0.37 26.6 71.6 43.9 

Karchia �!_��3 0.24 24.6 102.8 0.53 28.0 68.3 33.5 
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 T&- 5- �����5 D!6 �`A\Q�0 U���t 1�"�� 7 �6 )!7�A� �Q\" )�- &b%�;/�0   /�(; �6 ?�@	  
Table 5. Correlation coefficients among grain yield, K+/Na+ ratio and salinity tolerance indices  

b%�;  
Index 

Yp Ys (K+/Na+)P (K+/Na+)S (K+/Na+)R STI MP GMP HM YSI SSI YI 

Yp 1            

Ys 0.07ns 1           

(K+/Na+)P -0.18* -0.09ns 1          

(K+/Na+)S -0.04ns 0.55**  0.55**  1         

(K+/Na+)R -0.02ns -0.8**  -0.11ns -0.86**  1        

STI -0.05ns 0.54**  0.22**  0.76**  -0.78**  1       

MP -0.03ns 0.59**  0.19* 0.77**  -0.81**  0.98**  1      

GMP -0.04ns 0.63**  0.18* 0.79**  -0.84**  0.98**  0.99**  1     

HM -0.05ns 0.66**  0.17* 0.79**  -0.86**  0.97**  0.98**  0.99**  1    

YSI -0.04ns 0.79**  0.03ns 0.72**  -0.88**  0.76**  0.77**  0.828* 0.86**  1   

SSI 0.04ns -0.79**  -0.03ns -0.72**  0.88**  -0.76**  -0.7**  -0.8**  -0.86**  -1**  1  

YI -0.05ns 0.68**  0.16ns 0.79**  -0.87**  0.96**  0.98**  0.98**  0.99**  0.9**  -0.9**  1 

TOL 0.04ns -0.29* 0.14ns -0.05ns 0.18ns 0.17* 0.2* 0.1ns 0.04ns -0.4**  0.42**  -0.05ns 
ns & ** : U!	�	 �6��P+�!. ��P+ & ���  T��A'� xr7 �� ���1% .  
† :b%�;I��Q5 �0�� -"� :Yp  �����5 1��	 �&-6 N���; �@	 �"��Ys  1/�(; ��	 N���; �@	 �"�� �����5(K+/Na+)P  )�-7 �6 )!7�A� �Q\"

 1��	 �&-6 N���; �@	(K+/Na+)S  1��	 N���; �@	 )�-7 �6 )!7�A� �Q\"(K+/Na+)R  1)�-7 �6 )!7�A� �0�3 -J��STI  ?�@	 b%�;

 1��	 �6MP ,�*6 D!`"�!+ 1/�&GMP ,�*6 �7-�0 D!`"�!+ 1/�&HM  1#!"(+��0 D!`"�!+YSI  1��	 �6 ?�@	 b%�;SSI  �!7�\' b%�;

 1��	 �6STI  1�����5 b%�;TOL ?�@	 b%�; .  
ns and ** : Not-significant and significant at 1% probability level, respectively.  
†: The indices are including: Yp, grain yield under normal condition; Ys, grain yield under stress condition; 
(K+/Na+)P, K+/Na+ ratio under normal condition; (K+/Na+)S, K+/Na+ ratio under stress condition; (K+/Na+)R, 
redising K+/Na+ percentage; STI, stress tolerance index; MP, mean productivity; GMP, geometric mean 
productivity, HM, harmonic mean productivity; YSI, yield stability index; SSI, stress susceptibility index; YI, 
yield index; TOL, tolerance index.  

 

  

 T&- 6- Y"����& ��O^	 b%�; �0 /?�@	 �6 �(; /�Q7�@+ ,-; �6 e�7� �Q\" K+/Na+  
Table 6. Analysis of variance of the salinity tolerance indices calculated based on K+/Na+ ratio  

I��!!v	 R6��+ 

Sources of variations 
/���9 � �� 

df 

    I�P6�+ D!`"�!+Mean square 

SSI GMP MP STI TOL HM YSI YI 

����	 

Replication 
2 0.025ns 30.9ns 84.4 0.009ns 458.48ns 10.12ns 0.007ns 20.56ns 

)B� 

Variety 
40 0.48**  5909.72**  4975.64**  0.904**  1094.94**  6533.79**  0.148**  24148.5**  

�r%���+�9 / 

Error 
80 0.006 41.35 41.04 0.015 74.69 44.38 0.002 238.3 

U��t I��!!v	 (%) 

CV (%) 
 19.8 8.4 7.5 22.1 13.2 9.6 11.6 13.1 

ns  &** :��P+�!. U!	�	 �6 P+ & �����  T��A'� xr7 �� ���1% . 
† :SSI  1��	 �6 �!7�\' b%�;MP ,�*6 D!`"�!+ 1/�&GMP ,�*6 �7-�0 D!`"�!+ 1/�&HM  1#!"(+��0 D!`"�!+STI  1��	 �6 ?�@	 b%�;

TOL  1?�@	 b%�;YI  1�����5 b%�;YSI �����5 /��-��� b%�; .  
ns and ** : Not-significant and significant at 1% probability level, respectively. 
†: SSI, stress susceptibility index; MP, mean productivity; GMP, geometric mean productivity, HM, harmonic 
mean productivity; STI, stress tolerance index; TOL, tolerance index; YI , yield index; YSI, yield stability index.  
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�+    )!27�A� �Q2\" & )!7�A� ��O!+ �3 ��3 ��*�� ��(	

   /�(2; ��2	 N���; �� �o�6 ,�!< )_�� [�6 �� )�-7 �6

�+  �6 -"�(	    �2F" -2+ ,�2!< /�(; �6 ?�@	 b%�; ��(�5

��!< ���B .b%�; ����� �6 � (	 �6 �0 )STI1MP  1GMP ،

HM،YSI   &YI(  /�22�Q+ �226�Q22\" K+/Na+  �Q227�@+

 1-"-;D�� ��&� `A\Q�0��P+�!. �  b%�2; D�� ���    �26 �20

�&-6 N���; �� �����5   |�2Q	�� �( & =-5 �� �3�' ��	

�(6 ��	 �&-6 N���; �� I�CJ D�� D!61  ,�!< �AB& ��P�

    T��2Q	 �� /�2!!v	 �2\!" � �(+ /�(; ��	 �"(`f!0 �6

�(� /�0 ��� -0�(h" g� )!7�A� & )�-7.   �� �2`�� u�H ��

 �5�7 �6 ,�!< /�(; ��	 N���;�(� �o��Q+  )!7�A� /�0

 �Q\" ���O�� 45�6 & ,��� ���O�� )�-7 �6 ��K+/Na+  ��
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Figure 1. Percent reduction of K+/Na+ ratio of flag leaf in wheat varieties 

 

 

  

  

  

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

?�; 2 -  �A%�� ���(�"�;(% ��O^	 /�6�  �&�UPGMA �6 �Q+b%�; /�  /�0�Po�r+ ��(+  b%�; �&-6TOL  
Figure 2. Dendrogram of the cluster analysis by UPGMA method based on tolerance indices without TOL index.  
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Abstract 
In arid and semi-arid regions of the world including Iran, soil salinity is one of the major abiotic 

stresses. One of the ways to achieve high performance in these areas is using salt tolerant varieties. To 
assess salt tolerance indices, 41 bread wheat varieties planted in randomized complete block design 
with three replications under normal and saline irrigation conditions (0.631 and 11.8 dS/m, 
respectively) in Agriculture and Natural Resources Research Center, Kerman, Iran, in 2012. The 
results of analysis of variance showed significant effect of salinity on grain yield, sodium content, 
potassium content and K+/Na+ ratio in flag leaf of the studied genotypes. Evaluating the correlation 
coefficients among recorded data indicated that there were the significant correlations between K+/Na+ 

ratio under both condition and the indices of mean productivity (MP), geometric mean productivity 
(GMP), harmonic mean (HM) and stress tolerance index (STI) calculated based on this ratio. 
Therefore, MP, GMP, HM and STI indices were the best indices for selecting tolerant genotypes. 
Based on these indices, the genotypes Tabasi, Arg, Akbari, Bam, Sorkhtokhm, Bolani, Sistan, Karchia 
and Roshan were selected as salinity tolerant genotypes. These genotypes had also high K+/Na+ ratio 
under both normal and saline condition. Also, the significant correlation between these indices and 
grain yield under stress condition showed that these indices will be useful to screen a huge set of 
genotypes and/or to select tolerant genotypes before determining the grain yield and is recommended 
as the suitable criteria for selecting the salinity tolerant and high grain yield genotypes. 
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