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N�@ *� �,& '�;� O�	 P&�	 0 ��� '�Q;"�@ ��$;	 �� G�� �#R&*�� '*���+� � S�T �%  ���. � U+T VW��@ '�0

 U+T�@ O0�� �0% .'��� ��� ;Y 
�F�� ��+&� ���B;"T �� '�;� ��Z[	 ��Sahara 3771 )'�;� �� !��#@ (� Clipper 
)'�;� �� \�R] (!&�;#��� O&�@*^ U& �% S;C� A�W �$�F �%  ��%�"	 !@�� '�0 ��3 ���,	  O�	 � '%�D _&��� G�	

�;� '100 �C�@  �Q;@NaCl  U�.;L����0 G+� �% ���&*�����.. �a0��6 ����#�� *� bL '�;� ����	  �� �C]�@ �% � �0
�a6�� '� ���D�  �	 � ���F�� �C]�@  �0%)5 �?#c0( %�� ���L �@�%�. P&� �� �� ��	�	�  O�	 ���D� ��� *�� �%*� 500 
�C�@ �#�$ NaCl  ��0 �d� �� 
�% *�� *� � ��C6;0 �;C�@ GeC� f". ����*� 1000 �C�@ �#�$ NaCl  !@�� GeC� �� ����0

 �%�c#�� ��C6;0��. ��cB  � g�� !����C� b.���;C� h�=�@ ��+&� U+T � �	 h*� �Ni] ��;W h�=�@h;&  '�0K+  �Na+ 
 �C]�@ �� �%24 GD�� ��6�� �� �C]�@ �% O�	 ���D� *� �d� �� �#c0 �i�L �C]�@ �% O�	 ���D� *� �d� �.*  �j�L  �#c0

���D� *� �d� �F�� �C]�@ �% O�	 �0% �*��.� �.�� '��6 . b.�&��� �&=i	�%�%  �0P�?.��@ �R&��@ �  '�;� �� %�% h�+. �0100 
�C�@ _&��� �� �R&��@ �% �Q;@ ��d@ O0�� kD�� '%�D  G>R. � �+&� �	 h*� ��%K+/Na+ ��. !]��@ P��  h*� �e. *� '���

��d@ ���c	 �+&� U+T � �	 G��& O&�=�� ��cB P&� h�=�@ '��� !]��@ G��+�L �� � G��% %;Y� ��% . �	 h*� �e. *� 
�F��
��d@ ���c	 �B�% U& ���#]� lE� �% �+&� Ni] � �.%�% h�+. '��% .F� �� m;��@ �+&� Ni] � �;W P&�#+�� NSahara
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�F�� !��#@ \�R] � '�;� ��   

��,
�
��&�F *� �,& ;Y G��0� �� � P&�	 �.�% ��� P&�	  '�

 �% �&;� � j.�� �
��6 ���p *� �d� �� Ni�L �>	� �� G��
 %��% ��.% �% U+T �%�@ ��$;	)FAO, 2013 .(� �� �Y;	 �

 =�. � �K� P�@[	 %�;@ �% �.��?. � ��.% h�=��*�� G�d�Y
P�@* G&%���@ 0 h�0��6 %�,C�D O&�=�� �G+� !��F '�

�@ ��.% G�d�Y '��� �K� ��$;	 ��� ���	 �D��* ���� .
O�	  '�;� ��@�� ��,+T ��.�@ �#R&*��� � �#R&* '�0

 G�c�� � G��� O&�=�� �% '%�&* G&%���@ Q�� '�@% �
�@ %�i&� �0��6 ����$;	 ���� . S�% �P&������ h�0��6 H��L

O�	 �� �0 
�6 *� �,&  �� !��#@ h�0��6 ��$;	 �% ��$�� '�0
G�� O�	 )El-Hendawy et al., 2005.(  

O�	 *� �,& @ �E��@ '�0� %�,C�D ����� %��
 ����$;	 O0�� �� �i�@ �� G�� '�;� O�	 �h�0��6
 �� � �E��@ GR&* � �,&:;$;�� h*�;	 
�D �'*���+�

 h�R.� G@�� P#T��.� �ET)h�R.� �&�K� ��� (�@ �%; 
)El-Hendawy et al., 2005; Violeta and Richard, 

2006.(P�@* !� �B�% Gc0 %��]  ��Z[	 G�	 ��.% '�0
 k�� h^ *� '�;� �C� h�;�D G�	 �� G�� A�@� q�;.�

�@  *� O�� � %;�20 P�@* !� �B�% �F '�0 ��.% G+� !�
��#R0 '�;� *� �Z[#@ )El-Hendawy et al., 2005 .( �%

�T '�;� =�. h��&� ����� %���@ !@�;D P&�#��@ *� S
�@ '*���+� �Q;"�@ ��$;	 ���� )Akhaii and 

Ghorbanli, 1993 .( O0�� �% '�;� O�. �� �Y;	 ��
 U& *� '��$;	 ��K� G�c�� '�� h^ ��Z[	 � h�0��6 %�,C�D
 *� G�d�Y �&�� �� ��� � ��$;	 r���@ G&%���@ � s�W

 �&����� � '�;� �� �C���@ ��?&% s�W h�0��6 ���d@ �
G&;$�� *� '�;� �� 
���@  t;R�@ '*���+� ������	 '�0

�@ �.;�.
 �Z� �'=��� �Z� V&�W *� h�0��6 �% '�;� ���RT

h;& �<&� G���  u� �&�K� �B��D tKY �% ��#T� � �0
�@ �0%)Mauromicale and Licandro, 2002; 

Flowers, 2004; Sairam and Tyagi, 2004( .
N�@ L P&�	G�� ��� O0�� �S�T '�;� �� ���6 H�� . ��

 *� O�� �� A�@� GeC� O&�=��»!��	 �.�#�^ « ����6
�@ U
;� ���6 �*��.� � �#��& O0�� ��� v�0^ %;� .

 A�@� *� �#eC� ����6 G@���@ �.�#�^ �& !��	 �.�#�^
 O0�� h^ *� �	Q�� A;E� �% �� G�� S�T �% �;C�@

�@ *��^ %�,C�D %;� .� O0�� _&��� G�	 h�0��6 �% ��

�@ '�;� O�	  ���6 ':�.� �&�Tp O0�� !�$% �� �.�;	
G�$�d� ��#T� � O0�� *� �Z[#@ �@� P&� �� ����  '�0

�@ ���6 �#R�$;��#@ � �#R&*  ����)Kerepesi and 
Galiba, 2000 .(�Z� *��@ h�0��6 �� '�;� �c�@ '�0  h�;	

 � N&�� GeC� O&�=�� �=#��;#� O0�� �� � ���6 �% �C�
P�o	��L *� �T�� ��$;	 
�D N&=.^ � �0  %�� ����� �0

)Azarnivand et al., 2005 .( O�	 �� !��	 �
�6�
�.�;Y �C]�@ �% '�;�  ���6 �;C� �C]�@ � �a0��6 �.*

 ;Y �a0��6 �C]�@ �% O�	 �� !��	 �@� G�� ���c#@
 ���6 P&� �;C� !]��@ �% O�	 �� !��	 ����� b,d�@

G�� )Epstein, 1983; Ye, 2006(.  h���,�0 � �.�Y
)Jana et al., 1980 ( �'�;� O�	 �� !��	 ����� �%

��d@ ���c	 ��D��* ;Y NF� ���
 �.�;Y w��$ *� '��%  �.*
�.%�� ��0�+@ O�	 G�	 ..^��d@ �E��� ��  %��d	 P�� '��%

 J��=6 %�,C�D � �.�% ��=0 h*� �U+&� '��$ G��� ��	;�
�.%��.  

��&� h���,�0 � �%)Widodo et al., 2009 ( ����� ��
 �D��* ;Y �.;6 �% '�� '�;� O�	 �,�$;��#@ H��L

Sahara ) !��#@�� '�;� ( �Clipper ) �� \�R]
�'�; ( �� �.%�� ��0�+@Sahara  �� �R&��@ �%Clipper 

*� �&Q�� �]+Na g�� ����@ � �%�� r�i	 ��  �*��,. '�0
+. P&� �� %��% �� '�#��h�  �#+�� G@���@ ���0%Sahara 

 ��r�i	+Na G��. .^ �.%�� J��=6 P��a�0 ����  �#c0
���D� *� bL  ��� '�;� O�	Clipper  �% �� fF;#@

 �� �$�]Sahara  %;T �d�>W ��� �� �0�� h�0��6 ��.�@
%�% �@�%�.  h���,�0 � v.�&)Yang et al., 2009 ( �%

����� �;� � �&��CF O�	 G�	 �D��* ;Y �i�#. P&� �� '
 ���Z� �� �.����SS )SS=NaCl/Na2SO4(  '�;#�@ �%

�+&� N#R�� G�$�d� �t^ p;c. �'�  '�;#�@ � y�+� '�&KL
��Z[	 *� �#�� ���R� �.��?.� =#��;#� 

)AS=NaHCO3/Na2CO3( AS �@ ���� .�����P&� �AS 
�.��?.� ��+&� %�,C�D ��  y�+� N#R�� � '=#��;#� '�0

�@ ���RT � �.* �% �&�� O0�� �� �i�@ !@�;D P&� �
 =#��;#� '�;#�@ ��+&� N#R�� G�$�d� �t^ ����@

�.��?.�  O&�=�� � z$�T =#��;#� GD�� O0�� ��0 �&��
�@ G�$��#,$� G+. h�=�@ �% %�6% . '��,� � ��&��

)Karimi and Shekari, 1996 ( ;Y 
�F�� !��	 �d$�E@ ��
�.�;Y �C]�@ �% GeC� �� �.* {@ '�0 P&� �� h;�.^ fC#

h;�.^ GeC� O&�=�� �� �� �.���� �i�#.  ��K� �B�% �0
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�@ O0�� �%* �.�;Y  !�R.�#L O0�� �� h^ !�$% �� ���&
h;& G��� �Y�% O&�=�� � �;C�@ '=���  �% %;Y;@ '�0

�.%�� h��� �;C�@.  
 !�D � ��� �� '�;� �Z� %�;@ �% ��� 
�i.� ������	

G�RF �� �R&��@ �% �+&� �0�@ N� ���R� �&�;0 ' ���� .
 �� G�� ��� J��=6 ��� �� �R&��@ �% �+&� ���

G�RF  '�;� ��Z[	 G�	 �#�� �&�;0 '�0�@ ���F  %��6
 �,&:;$;��;@ �����|	 %�i&� �Y;@ '�;� G�� P,�@ �$�

 �% �@;	�.^ � �� A�@� � t^ tKY �i�#. �% � ��� �+&�
 ��#T� ��
%��� )Poljakff Mayber and Lerner, 

1994; Babaeian Jelodar and Tabar Ahamadi, 
2002(. P&������ � G�	 h^ '�=Y� � %�,C�D ��>Z � '���&�L

zT�� �C�Y *� O�	 _&���  '��� t�{#.� �CB� '�0
 �&�����}�	;.:  *� '���R� �% O�	 �� !��#@ '�0

�@�.�� �@ ���� �� �]�B� '�0 %�� )Abde Mishani and 
Shah Nejat Boshehri, 1998.(  

;&� & <��� �9  
�����=> ?�@ & �9��A <���  

 !@�� �d$�E@ %�;@ �0��6 %�;@
�F��  ;YSahara
3771  �Clipper %;� .Sahara 3771�@;�  ��&�=i$�  ������

!��#@ � �c&%� O� '�;� �� G�� .Clipper ����� NF� �
 ��� A�B� �% ���$��#�� �c&%� �%\�R] �  '�;� ��

�@ ����)Widodo et al., 2009(.  ��~�	;�� ���&*�� '���
 %�;@ 
�F�� '�0�K� ��#�� �d$�E@ ��,+.�% �.�{C6 �%

=&�>	 ��?+.�% '*���+�  '�@% _&��� ��C˚16/21 
)*��/�� ( �&����� �8/16  GD��)*��/��( !T�% �% �

 t;W�@ !&�#�� ���B K��� '�� � ��� �.;cD�� s���
�.�� �%�% ���  ��;Y *� bL�. �a0��6 ��.*  q�c	�� �� �&�0

h��C6 �� h�R,&  '�0�@�6;C�� U&  ���#.� G�$�L '��]
�.�� �%�% . �� ��C6;0 �;C�@ *� �%�c#�� �� h�0��6 �&K|	

pH  %��]7-5/6  
�i.��  �� �0 �0�K� h�� =>� �C]�@ �	
�a0��6 ���#.� *� �d� � ��>,& GD�� h��C6 �� �0  *�� �0 �0

 ��� ���� '����^�..  h���� *� �d� '�;� O�	 ���D�
�a0��6  �6�� �� �C]�@ �� �0)�a0��6 ����#�� ( �� 
�i.�

 �	 ��F�� �C]�@  �0%)5 �?#c0( %�� ���L �@�%� .P&� �� 
 �� ��	�	� O�	 ���D� ��� *�� �%'�; *� NaCl  ��

h�=�@mL 500  *� � ���C6;0 �;C�@ GeC� f". ����0 ��
 �d� �� 
�% *��*� NaCl h�=�@ �� mL 1000 ����0  ��

�� �%�c#�� ��C6;0 !@�� GeC� . ��;B �� O&�@*^
S;C� A�W �$�F �% !&�;#���  �% �� ��%�"	 !@�� '�0

 �cB '�;� G�	 }�	;.:)'%�D (� NaCl h�=�@ �� 
mM100 �� 
�i.� ���,	 �� �% . h*� ��	 h*� ��;W ��cB

 N&�� �� N���#L G>R. ��+&� Ni] �U+T h�=�@ �
g�� !����C� b.���;C� �C]�@ �� �%� 24 GD��  *� �d�

��6�� �� �C]�@ �% O�	 ���D�  ���D� *� �d� �#c0 ��
�i�L �C]�@ �% O�	 �.*  �j�L ���D� *� �d� �#c0  �% O�	

�F�� �C]�@ �0% �*��.� _&��� �% �0 �% �.�� '��6 .P&�� 
% �� �C]�@ �0 �% G��%�� *� �d� �;�K@ h�0��6 �� ��	�	 �

 �&�;0 
��.� � �+&� G�RF)U��L ( *� �d� � �.�� N�R�	
�*��.�  �% G�RF �% �0 O� _T �� �F�� � �+&� �;W '��6

'�@% �% h�^ ˚C70 ��@ �� �48  � ��� U+T GD��
&%�6 P&*;	 b~��.� . '�����*��.  *� �+&� Ni] '��6

 g�� !����C� h�=�@ � �� �%�c#�� U
;� ���@ �.�;#��
�c#�� �� =�. ��?#�% *� �% �#@��;C�)Handi PEA V 1.21( 

�� '��6 �*��.�. �*��.� '���  G>R. '��6K+/Na+  ��#��
�.;�. �	 ��C� U&�#�. ���� �% � ���
 �	;� !T�% �0 

˚C100�0 ���� �% �@�� �,�.�@* �	 �� �%�% ����] N
��.�. �.;�. b~�  �� �=�.;&% �E�@ t^ �� � ��� s�B �0

 Ni] mL50 .�����. h^ *� �d� h;& GeC�  � N&�� '�0
�� ��?#�% *� �%�c#�� �� N���#L �&�L �� � �#@;#� N&

�;C�@ �� '��6 �*��.� %���.�#�� '�0.  
 �����c@ ����� *� bL !@�� b.�&��� �&=i	

�ET �#T�;�,&��.���F�� ��@�. r&*;	 �O&�@*^ '�0  �Z� � �0
 �����	 � ���,	 �+&�=��b.�&��� �&=i	 �%�%  ��@ \��� �� �0


�. � �%�c#�� %�;@ A�W '��@^  ��=��MSTATC  
�i.�
�&%�6. �%�% ��.���F�� r&*;	  �0 h;@*^ *� �%�c#�� ��

Shapiro-Wilk  �� %�% h�+.��.���F�� '�0  �� m;��@
 ��@�. r&*;	 *� �+&� U+T � �	 h*� ��cB ��%�;T��

�.%;>.. &�>	 *� �+&� �	 h*� GcB h%�� ��@�. '��� !
 ��#&��?$ !&�>	 *� �+&� U+T h*� GcB � '�KY

�� �%�c#��. �%�% ���&*�� '���  '�0��%;�. *� ��L '�0Q-Q 
 ��=�� 
�. �% ��LSPSS �� �%�c#�� . U& ��%;�. P&�

%�% G�d�� �� G�� O����L ��%;�.�  ��;B �� �� �0
�@ h�+. m��. �6�����L  ��L �%�% %;Y� ��;B �% � �0%

B �� �%�% h^���#� ��;  z{+@ ��%;�. P&� '�� ��%
�@ %;� . ��L b��� �� m;��@ '�0��%;�. P��a�0
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 ���Y1- �*��.� ��cB b.�&��� �&=i	  ;Y 
�F�� �+&� �% ��� '��6Sahara 3771  �Clipper '%�D _&��� G�	 �100�C�@  �Q;@
NaCl '��� �C]�@ �� �%  

Table 1. Analysis of variance of measured root traits in barley cultivars, Clipper and Sahara 3771, under 100 mM 
NaCl and normal conditions at three growth stages 

   ��d��@ P�?.��@Mean squares

�Y�% '%�*^
df���|	 r���@

Sources of 
variation

�;W �+&� 
Root 

length

Ni] �+&� 
Root 

volume

h*� �	 
��+&  

Root 
fresh 

weight

h*� U+T 
�+&�  

Root dry 
weight

b.���;C� 
!����C� g�� 

Leaf
chlorophyll 
fluorescence

G>R. N���#L
�� N&��

K+/Na+

13.123 0.03 0.049 0.788**0.006 0.212 2���,	  Replication

0.071 1.823**0.638**0.000 0.08*0.718 1NF� )�(  Cultivar (C)

7.005 0.061 0.268**0.188 0.002 4.937*1'�;� )J(  Salt (S)

17.528 0.250 0.02 0.02 0.002 1.085 1�  ×J  C × S
50.626**2.453**0.729**0.994**0.001 1.371 2��� �C]�@ )
(  Growth stage (G)
25.265*0.594**0.103 0.106 0.002 0.127 2 � ×
  C × G

3.20 0.234 0.049 0.006 0.011 0.881 2J × 
  S × G
8.71 0.066 0.014 0.064 0.041 0.186 2�  × J ×
  C × S × G
5.354 0.082 0.033 0.132 0.014 0.936 22 �ETO&�@*^ '  Error
15.10 65.29 27.21 9.58 1.47 86.43 - �����|	 �&�� (%) CV (%)

*  �** :	�	 ����d@ �� lE� �% ��%  ���#]�5 % �1.%                     * and **: Significant at 5% and 1% probability levels, respectively.  
 

�%�% �6�����L  h�+. b.�&��� � P�?.��@ �� G>R. �� �0
�@ �0% . ��@�. r&*;	 =�. O0�<L P&� �%�%�%  �% �0

 '�0��%;�.Q-Q �%�% s�#T� 
�D � ��L P�?.��@ *� �0  �0
� ��%;�. �% ��L �%�% %;Y� 
�D ���0% h�+. ��L b��

�@ ����. P�?.��@ �R&��@ �� �0 h;@*^  lE� �% P,.�%
�� 
�i.� �B�% j�L ���#]�.  

  
 B��%CD$� &  

�%�% b.�&��� �&=i	 �*��.� ��cB '�0  �% �% ��� '��6
 NF�Sahara 3771  �Clipper  O�	 � '%�D _&��� G�	

'�;� NaCl h�=�@ �� mM 100 @ �� �% '��� �C]�
 �+&� �	 h*� � Ni] ��cB �e. *� 
�F�� P�� �� %�% h�+.

) ���#]� lE� U&�B�%( �  !����C� b.���;C� h�=�@
 g��) ���#]� lE� j�L�B�% (��d@ s�#T�  %;Y� ��%

%��% ) ���Y1 .( �+&� �	 h*� �� '�;� O�	) lE�
 ���#]� U&�B�% ( G>R. �h;&  '�0K+/Na+ ) lE�
 ���#]� j�LB�%� (��d@ ��Z[	 G��% ��% . P�?.��@ P��

 '��� !]��@)�a6�� �� �i�L �'� �F�� � �.* �0% ( �e. *�
 � g�� !����C� b.���;C� h�=�@ *� ��� �� ��cB ��C�

��d@ ���c	 N&�� �� N���#L G>R.  ���#]� lE� �% ��%

�� ��0�+@ �B�% U& .��Z^ !���#@  NF� �>.�Y �% × '�;�
 '��� �C]�@ � ×�;� �Z� � ' !���#@ �>.�Y ��NF�  ×

 '�;� × �d$�E@ %�;@ ��cB ��C� '��� '��� �C]�@
��d@��� %;� ��% . �>.�Y �% �Z�NF�  × _�� '��� �C]�@

 �+&� �;W '��� �% ���#]� lE�j�L  �+&� Ni] � �B�%
 ���#]� lE� �%U& ��d@ �B�%  ��%;� %) ���Y1(.  

 P�?.��@ �R&��@��Z^  �CB�) !,�1 (�+. �� �.%�% h
'�;� O�	 mM 100 '��� �C]�@ � NF� P�?.��@ �%

��d@ O0�� �>�  �� N���#L G>R. � �+&� �	 h*� ��%
 '%�D _&��� �� �R&��@ �% N&���&%�6 .'���] f&�� 

 %��^)Heydari Sharif Abad, 2001 ( �% �� %�� J��=6
 �;. tKY ��#��& O0�� g�� �d�;	 �'�;� O�	 _&���

� � ��� �#���@ %;>�� ��
% ���6 '=#��;#� G���  %;�
 ��Z[	 ���6 ��� �� '��$;	 ������ O0�� �� G&��. �% ��

G��K6 �0�;T. ��d@ O0�� ����� P&� �%  G>R. ��%
h;&  '�0K+/Na+  �� %�% h�+. O�	 ���D� *� �d� �+&� �%

 ��+&� �,�$����0 ���#.� G�C��F *� '��6;CY �� '�;�
�% O0�� �� t^ ���#.� �� N�RC� �]�B� �Z� *� r.�@ � �%

�@ ���6 %;� .�i.^ *�&�  N���#L h;& tKY *� N&�� h;& ��
�@ G��F� h^ �� � Gd.��@  ���)Hagh Niya, 1992(� 
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 h�=�@ O&�=�� �� N&�� �� G>R. N���#L h�=�@ �% O0��
 U�.�;>F !��F %;� �0�;T . �� N���#L G>R. P�� �E���
 N&�� Q�� �!��	 �;� �� �C��� �� h�0��6 ''%��d	  *�

 P��d	 '��� ����@ ���d@ h�;�D �� � J��=6 h��?+0�<L
�� '�;� O�	 �� !��	 � %�,C�D lE ��� �#��6 ��,

 G��)Jeschke, 1984; Flowers and Yeo, 1989; 
Chhipa and Lai, 1995 .(  

 NF�Sahara 3771  NF� �� �R&��@ �%Clipper  �;W ��
��d@ ��@ '���% ��%h*� P?�.  b.���;C� h�=�@ � �+&� �	

%;� '�#+�� !����C�.�����  �0 O&�=�� �� G�� �%�% h�+.
�Q��#]� �'�;� _&��� G�	 g�� !����C� '�;#�@ �%  ��

�@ g�� lE� �% O0�� GCD  � h��#��6^ �$� �����
 h���,�0)Agastia et al., 2000 ( �� �� �.%�� J��=6

 ���D���C� '�;#�@ '�;� O�	�@ O0�� !�� ���& .
�%  � ;L�*h��,�0 )Del Zoppo et al., 1999 ( h�+.

O�	 �� �.%�% mM 150 -50  O0�� �>� 
��6 �% U�.
 !����C� �% ��=Ya  �b �&%�6 ..^ �� ��	;� q�c	�� O0��

 O�	 �Z� �% �� ���6 U+T � �	 h*� � �g�� !� G]�R@
�.%�� ��0�+@ '�;�.  GeC� O&�=�� �� GR�. '�&%�	

&h;  �Z� �% �6�� G��� �% N&�� h;& �C�Y *� ��� '�0
� O&�=���@ !����C� �&�{	 �Y;@ �_��@ '�;  %%�6

)Asch et al., 2000 .(h*� ����6 ��� h�@* O&�=�� ��  � �	
G��& O&�=�� �+&� U+T.&�;W ��, P&�#�� � P&�#+�� �

.^ �&%��@ �% ��	�	 �� �� �%�F�� �C]�@  �0%) Ni�L �#c0
 _&���'%�D ( ��� �C]�@ �a6�� '� )24'%�D GD��  �

O�	( �� ��0�+@. ��&h���,�0 � � )Bai et al, 2011( 
� '�;� O�	 ��Z[	 �� �.%�� J��=6 U+T � �	 h*� �

h�@* �;W �% ���6  ���c#@ fC#{@ '�0G�� �;W& �% �,
'�;� O�	 ���D� *� �d� Ni�L �#c0 )�F�� �C]�@ �0%( 

 �	 h*� �% '��?�+
 O0�� ��� ��0�+@ �+&� U+T �
G�� . �F�� � �+&� �g�� U+T � �	 h*� �% ���+@ O0��

 J��=6 ���;6 � !cC� �j.�� �
��6 �% '�;� O�	 _&��� �%
 G�� ���)Ali Dinar et al., 1999; Chartzoulaksi 

and Klapaki, 2000; El-Hendawy et al., 2007; 
Hu et al., 2006.(

 NF� P�?.��@ �R&��@× ]�@ '��� �C) !,�2 ( h�+.
P&�#+�� �� %�% �  NF� �� VCd#@ �+&� �;W P&�#��
Sahara 3771 ��	�	 ��  �%�F�� �C]�@  �� � �0%

�a6�� '� )j�L  � �#c024 O�	 ���D� *� �d� GD��( %;� .

�% =�. �+&� Ni] P&�#+�� F� NSahara 3771  �#c0 �%
 '��� �C]�@ Na�L)�F�� �0% ( �0 �% h^ P&�#�� � �%

 �% NF�24 O�	 ���D� *� �d� GD�� )�a6�� �� '�( 
�� ��0�+@ ) !,�3(. ��&h���,�0 � � )Bai et al.,

2011(  � 
���@ ;Y 
�F�� '�� '�;� O�	 �Z� ����� ��
 '�;� �� \�R]Sakha93  �MX9H-15  �� �.%�� h���

 O�	 h�@* ��@ � }�	;.: �� �	;� q�c	�� �� '�;� �Z�
 �?#R�%��% . '��� !]��@ G��+�L �� =�. O0�<L P&� �%

 �� ��0�+@P&�#+�� �� �  �� VCd#@ �+&� �;W P&�#��
 NF�Sahara 3771  �% ��	�	 ���F�� �C]�@  �� � �0%

�a6�� '� )j�L  � �#c024 O�	 ���D� *� �d� GD��( %;� .
 �i�#. �% ���6 ��� O0�� �� G�� P,�@ '�;� O�	

O���� !�$% �,&:;$;&=�� '�0  ����6 t^ G�d�� ��.�@ ���6
� ��.;& �%�d	 
�D�����0;��� ��"#T� �& � �.;& G��  �0

 ����)El-Hendawy et al, 2007; Tammam et al., 
2008 .(�*  h���,�0 � P�$)Xue-Lin et al., 2009 ( ��

GeC� �� '�;� O�	 ���D� '�0 100 �150  �200  �C�@
 �Q;@ �>�L �%�D��*� ;� q�c	�� O0�� ���@ ��+&� �;W � �	

��6 ���%�&* %��d	 P#�� P�� *� � � �+&�  �� �>.�Y '�0
�.%�� ��0�+@. <L P&� �% =�. O0��;W  NF� �% �+&� �#��

Clipper  NF� �� G>R. '��� fC#{@ !]��@ �%Sahara
3771  NF� �#+�� G���R] ���0% h�+.Clipper  ��

%;� '�;�.  
 � �
��~,& �d�;	 �i�#. ���6 ����;C  G�� h�;Y '�0

�@ ��$;	 ��#R&�@ 
���@ N�R�	 �C��� �� �� �.;� . �;�
�@ h�� G��� �% �� �$;C� �d�;	 � N�R�	 �.�;	  �% '�0

�+&� ��� ��] �F�� ��0 g�� � �0  ��� %���@ �0)Mosavi
Nick and Mobasser, 2007 .( v��C&� � �&;L;o$

)Leopoid and Willing, 1984 ( �� �.%�� h��� ���
 �i�#. �% � ��� �+� �� h�.��� ���^ �Y;@ U�. h%;�

�@ �;C� �% �;C�@ %�;@ G+. �>� %;�.  � t^ '�;�
�@ *�� ��� *� �� G��;,�C6 h�0��6 �S�T %��% . O0�� P&�

 ���6 G��� �% ��� _��� �] %�;@ r�i	 *� ���. ���
U@��.� h��#T�� �% J�+#�� �Y;@ �� G��  ��$;C� '�0

���C� �&�{	�@ '=#��;#� G�$�d� O0�� � !�  %;�
)Bagheriye et al., 1995.( ;o��@ � �,@)Maki and 

Mineo, 2000 (�� ���D� NaCl h�=�@ ��  mM300  ��
 ��@24  '��� '�;� O�	 �� �.%�� J��=6 �GD��
�+&� PR@ '�0 �+&� �@� �G�� ���+� �	  *� h�;Y '�0
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�+&� !�,+	 V&�W ;W %�i@ q��� � �&�Y '�0 h�� !&
�@ �@�%� %;T ��� �� O�	 rEF *� �d� ��0% .�%�����  '�0

 �&�{	 *� !B�]DNA )P&����	-H3 ( !�,+	 '���
G��� �+&� �% �&�Y '�0  G��&*�� !��F ��&�F '�0
�@ ����� . h��]� � !���*�Y�)Ejaze Rassl and 

Rahmanm, 1997 ( � �.��6� ��.�	�� )Reggiani and 

Bertani, 1995 (�=6�.%�� J�  �� '�;� O&�=�� �� ��
��d@ �;W  O0�� 
��6 � �,+�. �+&� � �F�� �;W '��%

G��& . P�� *� � '��� ��#T� !�$% �� �&�� �@� P&� GCD
 '�;� O�	 _&��� �% ���6 ����� =#��;#� A;E� P#��

G��. 

 !,�1 -  ��	[	 �� '�;�h*� ���cB !����C� b.���;C� ��+&� U+T � �	  g�� �K+/Na+ ;Y 
�F��
Figure 1. Effect of salinity on root fresh and dry weight, chlorophyll fluorescence and K+/Na+ of  Barley 

cultivars

 !,�2 - !���#@ �Z� �% NF� �;W GcB '��� '��� �C]�@ � �+&�  
Figure 2. Interaction of cultivar and growth stages for root length traits 
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 !,�3 - '��� �C]�@ �% NF� !���#@ �Z�  '����+&� Ni] GcB  
Figure 3. Interaction of cultivar and growth stages for root volume traits 

 
  

 j&�#. kD�� '�;� O�	 �� %�% h�+. V���	 P&�
 O0�� �% '�#+��� G>R. � �+&� �	 h*K+/Na+  NF� �%

Clipper )'�;� �� \�R] ( NF� �� G>R.Sahara 3771 
)'�;� �� !��#@ (�&%�6  '��� !]��@ G��+�L �� ��

z{+@ ��Z[	 P&� �� �	 . �% �+&� �;W � Ni] P��a�0
 NF�Sahara 3771 �'�;� O�	 �� �#+�� G@���@ !�$% � 

G��6 ���F ��Z[	 G�	 �#�� .�] P�D �% h�+. �W�T �&�� �
 �+&� ��� '�� '�;� �Z� ���d$�E@ *� '���R� �% �� %��

G�� ��� �%�% _�� U�. GeC� �� ���6 .GeC� *� �T��  �0
�@ �+&� ��� ��.�;	  *� �� �	�;B �% ���� U&��	 �� �0

�@ '��6;CY �F�� ��� ��&��. . }�	;.: U& �% O�	 !��	

�6<&� *� �T�� �� �0��6 &:;$;&=�� '�0 �,&:;$;��;@ � �,
��% �?#R� h^% . �� �&�0���d@ P#��& '��� J�	 �*��@�

.^ *� h�;#�}�	;.: t�{#.� �% '�Z�@ �;W �� ��  !��#@ '�0
%��% �@�%� GRY ���� 
���@ �& . �� P&� ���#]� ��] P&� ��

h:  '�0@J�� �� � =���#@ ���6 �% O�	 �� !��#  '�0
� ���R� �.;� �#T��� �,&:;$;&=��G�� N.  

  
���EF.�G.  

 '��� =&�>	 ��?+.�% ��� �$;,$;@ A�B� ��CD �EF *�
%;� �@ '��=?��~� �:��L ��>#D� P�@�	.  

References 
Abde Mishani, S. and Shah Nejat Boshehri, E. A. 1998. Supplementary breeding (1st ed.). Vol. 2. 

Tehran University Press. (In Persian) 
Agastia, N. P., Kingsley, S. J. and Vivekanandan, M. 2000. Effect of salinity on photosynthesis and 

biochemical characteristics in mulberry genotypes. Photosynthetica 38: 287-290. 
Akhaii, H. and Ghorbanli, M. 1993. A contribution to the halophytic vegetable and flora of Iran. In: 

Leith, H. and Almasson A. A. (Eds.). Towards the rational use of high salinity tolerant. 1: 35-44. 
Ali Dina,R. H. M., Ebert, G. and Ludders, P. 1999. Growth, chlorophyll content, photosynthesis 

and water relations in guava (Psidium guajava L.) under salinity of different nitrogen supply. Plant
Physiologyo 64: 54-59. 

Asch, F., Dingkuch, M. and Droffling, K. 2000. Salinity increases CO2 assimilation but reduces 
growth in field growth irrigated rice. Plant and Soil 218: 1-10. 

Azarnivand, H. K., Bijan Zadeh, A. and Shahbazi, A. 2005. Effect of salinity and temperature on 
seed germination of two species of Atriplex canescen and A. halimus. Desert Magazine 10:  
396-383. (In Persian) 

Babaeian Jelodar, N. and Tabar Ahmadi, Z. 2002. Plant growth in saline soils and the waste lands 
(Translation). Mazandaran University Press. (In Persian).  



182                                           '��@ ���h���,�0 � '� :�+&� ���B;"T �� '�;� O�	 �Z� ;Y 
�F�� !��#@ \�R] � '�;� �� 
  

Bagheriye, B. and Farahi Ashtiyani, H. 1995. The effect of different concentrations of phosphate 
nutrient solution on the growth of rice seedlings Salt conditions. Journal of Agricultural Sciences 
and Natural Resources 2: 18-11. (In Persian). 

Bai, R., Zhang, Z., Hu, Y., Fan, M. and Schmidhalter, U. 2011. Improving the salt tolerance of 
Chinese spring wheat through an evaluation of genotype genetic variation. Australian Journal of 
Crop Science 5: 1173-1178. 

Chartzoulaksi, K. S. and Klapaki, G. 2000. Response of two greenhouse pepper hybrids to NaCl 
salinity during different growth stages. Scientia Horticulturae 86: 247-260. 

Chhipa, B. R. and Lal, P. 1995. Na+/K+  ratios as the basis of salt tolerance in wheat. Australian  
Journal of Agricultural Research 46 : 533-53. 

Del Zoppo, M., Galleschi, L., Onnis. A., Pardossi, A. and Saviozzi, F. 1999. Effect of salinity on 
water relations, sodium accumulation, chlorophyll content and proteolytic enzymes in a wild 
wheat. Plant Biology 42: 97-104. 

Ejazerassl, A. W. and Rahman, R. 1997. Germination responses of sensitive and tolerance 
sugarcane lines to sodium chloride. Seed Science and Technology 25: 465-471. 

El-Hendawy, S. E., Hu, Y., Yakout, G. M., Awad, A. M., Hafiz, S. E. and Schmidhalter, U. 2005.
Evaluating salt tolerance of wheat genotypes using multiple parameters. European Journal of 
Agronomy  22: 243-253. 

El-Hendawy, S., Hu, Y. C. and Schmidhalte,r U. 2007. Assessing the suitability of various 
physiological traits to screen wheat genotypes for salt tolerance. Journal of Integrative Plant 
Biology 49 (9): 1352-1360. 

Epstein, E. 1983. Crops tolerance of salinity and other mineral stresses. Better Crop for Food. 97: 
61-82. 

FAO, 2013. FAOSTAT. FAO, Rome. www.faostat.fao.org.
Flowers, T. J. and Yeo, A. R. 1989. Effects of salinity on plant growth and crop yield. In: Cherry, J. 

H. (Ed.). Environmental stress in plants. NATO AST Series. Vol. 19. Springer Verlag, Berlin, 
Heidelberg, pp. 370-410. 

Flowers, T. J. 2004. Improving crop salt tolerance. Journal of Experimental Botany 55: 307-319. 
Hagh Niya, Gh. 1992. Guide to plants tolerant than to salinity (Translation). Mashhad University 

Jahad Publications. (In Persian). 
Heydari Sharif Abad, Kh. 2001. Plants and salinity. Publications of the Research Institute of Forests 

and Rangelands. (In Persian).  
Hu, Y. C., Burucs, Z. and Schmidhalter, U. 2006. Short-term effect of drought and salinity on 

growth and mineral elements in wheat seedlings. Journal of Plant Nutrition 29: 2227-2243. 
Jana, M. K., Jana, S. and Acharran, S. N. 1980. Salt stress tolerance in heterogenous population of 

barley. Crop Science 29: 409-417. 
Jeschke, W. D. 1984. K+ / Na+ exchange at cellular membranes, intracellular compartmentation of 

cations, and salt tolerance. In: Staples, R. C. and Toenniessen, G. H. (Eds.). Salinity tolerance in 
plants. John Wiley and Sons. New York. pp: 37-65. 

Karimi, A. and Shekari, F. 1996. Study tolerance of five varieties of barley at different stages of 
germination, the concentration of anions in saline soils of Tabriz plain. Seed and Plant Journal
12: 9-1. (In Persian). 

Kerepesi, H. and Galiba, G. 2000. Osmotic and salt stress induced alteration in soluble carbohydrate 
content in wheat seedling. Crop Science 40: 482-487. 

Leopoid, A. C. and Willing, R. P. 1984. Evidence for toxicity effects of salt on membrane in salinity 
tolerance in plant. In: Staples, S. R. and Toeniessen, G.A. (Eds.). Strategies for crop improvement. 
Wiley. New York. pp. 67-76. 

Maki, K. and Mineo, S. 2000. Cell death and growth recovery of barley after transient salt stress. 
Journal of Plant Research 113: 239-243. 

Mauromicale, G. and Licandro, P. 2002. Salinity and temperature effects on germination, 
emergence and seedling growth of global Artichoke. Agronomie 22: 443-450. 

Mosavi Nick, M. and Mobasser, H. 2007. Stresses on plants and deal with them (Translation). 
Shoara Publications. (In Persian). 

Poljakff- Mayber, A. and Lerner, H. R. 1994. Plants in saline environment. In: Pessarakli, M. (Ed.). 
The handbook of plant and crop stress. Springer-Verlag. New York. USA. pp. 65-96. 



��� ������	 /
���
 ��� / �����
�% /1393                                                                                                        183

Reggiani, R., Bertani, A. and Bozo, S. 1995. The effect of salinity on early seedling growth of seeds 
of three wheat (Triticum aestivum L.) cultivars. Canadian Journal of Plant Science 75 (1):  
175-177. 

Sairam, R. K. and Tyag, A. 2004. Physiology and molecular biology of salinity stress tolerance in 
plant. Current Science 86: 407-421. 

Tammam, A. A., Abou Alhamd, M. F. and Hemdeda, M. M. 2008. Study of salt tolerance in wheat 
(Triticum aestium L.) cultivar, Banysoif. Australian Journal of Crop Science 1: 115-125. 

Violeta, A. and Richard, T. 2006. Changes in gene expression in maize kernel in response to water 
and salt stress. Plant Cell Reports 25: 71–79. 

Widodo, P. J. H., Patterson, J. H., Newbigin, E. d., Tester, M., Bacic, A. and Roessner, U. 2009.
Metabolic responses to salt stress of barley (Hordeum vulgare L.) cultivars, Sahara and Clipper, 
which differ in salinity tolerance. Journal of Experimental Botany 60: 4089-4103. 

Xue-Lin, L., Zhong-Xu, L., Yi-Chun, N., Xiao-Ping, G. and Xian-Long, Z. 2009. Methylation-
sensitive amplification polymorphism of epigenetic changes in cotton under salt stress. Acta
Agronomica Sinence 35: 588-596. 

Yang, C. W., Xu, H. H., Wang, L. L., Liu, J., Shi, D. C. and Wang, D. L. 2009. Comparative 
effects of salt stress and alkali stress on the growth, photosynthesis, solute accumulation, and ion 
balance of barley plans. Photosynthetica 47: 79-86. 

Ye, W. W., Pang, N. C., Wang, J. J. and Fan, B. X. 2006. Characteristics of absorbing, 
accumulating a distribution of Na+ under the salinity stress on cotton. Cotton Science 18: 279-283. 



182                                           '��@ ���h���,�0 � '� :�+&� ���B;"T �� '�;� O�	 �Z� ;Y 
�F�� !��#@ \�R] � '�;� �� 
  

Short Communication 

Effect of salinity on root characteristics of Sahara 3771 (salt tolerant) and 
Clipper (salt sensitive) barley varieties 

Monir Miri Kondori1, Seyyed Abolghasem Mohammadi2,3* and Ali Bandehhagh4 

1, 2 and 4. Former M. Sc. Student, Prof. and Assist. Prof., respectively, Dept. of Plant Breeding and 
Biotechnology, Faculty of Agriculture, University of Tabriz, 3. Center of Excellence in Cereal 

Molecular Breeding, Faculty of Agriculture, University of Tabriz, Tabriz, Iran

 (Received: March 4, 2014- Accepted: June 16, 2014)

Abstract 
Salinity is one of the most important abiotic stresses that decreases agricultural production in arid 

and semi-arid soils.�To study the effect of salinity on root characteristics, Sahara3771 (salt tolerant) 
and Clipper (salt-sensitive) cultivars were evaluated in a factorial experiment based on randomized 
complete block design with three replications under 100 mM NaCl  and normal conditions in 
hydroponic culture. Salinity treatment was applied at three leaves stages and continued for five weeks.�
To establish salinity stress, 500 mL of NaCl along with the half concentration of Hoagland solution 
was added at first day of stress treatment and after second day and onwards, 1000 mL NaCl and 
complete concentration of Hoagland was used. Root length, volume, fresh and dry weight, chlorophyll 
fluorescence and K+/Na+ ratio were measured at 24 hours, three weeks and five weeks after stress 
application. Analysis of variance and mean comparisons revealed that 100 mM NaCl compared with 
normal condition caused a significant reduction in root fresh weight and the K+/Na+ ratio. Significant 
differences were observed among growth stages for root fresh and dry weight and K+/Na+ ratio and 
with advanced of growth stages, the mean of studied traits was increased. Significant differences were 
found between cultivars for root volume and fresh weight at 1% probability level. Maximum root 
length and volume was observed in Sahara 3771 at shooting stage.� Salinity stress caused more 
reduction in root weight and K +/Na+ in the susceptible cultivar (Clipper) compared with tolerant one 
(Sahara 3771). 
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