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Comprehensive abstract 

Introduction  
Barley (Hordeum vulgare L.) is a salinity tolerant crop species that has high economic value in arid 

and semi-arid regions of the world. Salinity stress is a multiple stress and it is mainly caused by high 

concentration of sodium ions. Osmotic stress reduces water absorption by plant roots, and leads to 

various physiological disturbances, such as reduction of photosynthetic activities and accumulation of 

reactive oxygen species. There are key biochemical processes at the cellular level that plants use to 

develop salinity tolerance. Salinity stress has important physiological effects, including loss of 

turgorescence pressure and osmotic adjustments, and reduction of germination rate, leaf water 

potential, internal CO2 concentration, CO2 stomatal conductance, and net photosynthesis rate. Also at 

the biochemical levels, salinity stress increases the accumulation of proline, glycine betaine, sugars 

and antioxidant enzymes, and reduces the Rubisco activities and accumulation of reactive oxygen 

species or Na+ /K+ ratio in the plants. In this experiment, the physiological and biochemical 

characteristics of barley varieties with the aim of identifying salinity tolerant varieties were evaluated 

under non-stress and NaCl stress conditions in the hydroponic system. 

Materials and methods  

To investigate the physiological and biochemical response of barley to salinity stress, four barley 

varieties (Reyhan3, Fajr30, Nosrat and Dasht) were assessed at four levels of salinity stress (0, 100, 

200, and 300 mM NaCl) under a hydroponic system. The experiment was conducted as a factorial 

experiment in completely randomized design with three replications in research greenhouse of 

Department of Biotechnology, Faculty of Agriculture, Azarbaijan Shahid Madani University, Tabriz, 

Iran. Two weeks after application of salinity stress, shoot and root of seedlings were separated and 

measured fresh and dry weight. Also, physiological and biochemical characteristics such as relative 

water content (RWC), ratio of K+/Na+ ions, osmotic regulators (soluble sugars, glycine betaine, 

proline), hydrogen peroxide (H2O2) and antioxidant enzymes, as well as non-antioxidants enzymes 

such as photosynthetic pigments (carotenoids, a and b chlorophylls) were separately measured in shoot 

and root of barley varieties. 

Research findings  

The results of analysis of variance showed that there was a significant difference among the barley 

varieties for all measured traits. Also, the effects of salinity stress levels and variety × salinity stress 

interaction were significant on all studied traits, except for glycine betaine in the root. The results 
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indicated that the salinity stress reduced RWC, shoot dry weight, photosynthetic pigments and K+/Na+ 

ratio, while increased the soluble sugars, glycine betaine, proline, H2O2, catalase and peroxidase in the 

root and shoot of barley varieties. The results of comparison of means and principal components 

analysis showed that Nosrat variety followed by Fajar30 variety had the higher RWC, shoot dry 

weight, photosynthetic pigments, K+/Na+ ratio, and catalase and peroxidase levels in the roots and 

shoot, and showed more tolerance to salinity stress compared to the other two varieties. 

Conclusion  

The results of this experiment showed that the effects of salinity stress levels and barley varieties, 

as well as variety × salinity stress interaction on the measured physiological and biochemical 

characteristics were significant. Comparison of the studied barley varieties also indicated that two 

varieties, Nosrat and Fajar30, were more tolerant to salinity stress, so it seems that these varieties are 

more suitable for salinity prone environments. 
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8��7 	�B�L�����B 3�Y) �� ���  �� � ���$ 	����+
 	�$ D�� P�
Q) UV/ ��'E #Y� (��� ��'E 8�x�)

 ��WF)100 �200  �300 	��� .��
O�� ���@ (�>) (��)
J�5�� �-A� �� 	����7�  �� ���W
/� �� 	�$ D��

3�Y)� �%���� J%�/ 	�B  #-5� 8� �%���� J�5��2:1 
�$ 3�A�� )Narimani et al., 2020 .( �� [\ 8
WB ��

 �	�$ 3�A��]�� (%�'
�� 	�B 8�%� � (%�B DQ�

 #Y� !�B��� �� �B 	��/��7 	�$ D�� � 3�)�� M%��$
 �� 8� �#A5@  .�$ J�59�#A5@ 3�� ������ 	��� 	���

(%�B DQ� :�; � �� !��  �8�%� J�x � 8�%� 
 ���W
/���� #A5@ � ������ #'7	��� 	�R� 	�B ��
 	�)�80-  87��t�5�/ 8 � 	���.�$  N�WF

����) P�
Q) (%��A�$�� � :%��%,�O �:%��O�)  !��
 �:�;
Y) K+ 	� (-5�)RWC #-5� �(+Na/+K �

�3�Y) 	�B��@  ��5���\ �_����\!�����B� J%,�+ 	�B
(
�+(����5�� )CAT  �POX � (��I (
�+ (����5��

�B��b�����) � X�O����	�B a  �b(  � 8�%� �������  (%�B
 7 ��@��8� �%� f�$���������$ 	���:   

 7)�-�( P+ #Q@:  

 K+ 	�
Y) (-5�)RWC 8V��� �� ���W
/� �� ()1( 
) �$ 8-/�Y)Lara et al., 2004( :  

)1                             (RWC =
(���	�)

(���	�)
× 100  

 !+ �� 8�FW� DW  �SW 8�����a !�� ��� :�; 
 �!�� ����8  ����.��
5B 

����-� � ��;� O)��( #�)�� �);:) � &$��  

o�� �� <��V) !����AB � !/�
\ )Patterson et 

al., 1984�( 2/0 8�A� �� ���8�%� 	�B  8@�/ � ���W
/� ��
J��O �� 
/� �� �
)
O)JENWAY(  	��������� 	���

 J�/�
\ � J%�/ !�,�) ���W
/�.�$  

 R�2�,C< O)��(II ��;�S�9	��< �  

 	��� �H�) _%� �5/0  �� ���� ]�� 8�A� ���5/0 
(��)) !
/� �
��80  �F��V/V K��/+ (�  �%��9)Chl a 

 �Chl b �B��b������ � )Car( 8�y) 3= �� a���� 	�B
663 �645  �470  �� �
)���) �
)
O��
��/�PG 

Instrument Ltd., UK(  #b��@�  8��� �� N�%
Y)
 M���� �� ���W
/� �� 	,
�/
O)2(  ��)4(  �$ 8-/�Y)

)Lichtenthaler & Wellburn, 1983(:  
)2  (Chla(mg/g FM)=(11.75×A663)-(2.35×A645)  
)3(  Chlb(mg/g FM)=(18.61×A645)-(3.96×A663) 

)4 (Car(mg/g FM) = (4.96 × A470)- 0.265 [(20.2 × 

A645) + (8.02×A663)]  


;99< ��T9	7���) 7��  

!�,�) ��@	�B "� �3�Y) _����\ � _�b�
� _�5% ��
o�� ��% [ �!����AB )Dubois et al., 1956 %�� � (

) !����� �Grieve & Grattan 1983( ������ 	���.�$  
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 7*);�@<),� � 7*U�	�< 6�'�>2 �O1��;��;�@<),�  

 �� �H�) _%� 	���5/0 ���� #O�� ��� ��  t�/�
!����AB � ������ XAR���
/�  )Velikova et al., 

20008� .�$ ���W
/� (������ �H�) #���RO 	���CAT �
 y) 3= �� KL7 DB��240 8� �
)��� N�):%  89�@�

������ 	��� � #���RO 	���POX  y) 3= �� KL7470 
������ �
)��� .�$ 	��� �$ ����� d% 	�� Xx��) ��A�

)Venisse et al., 2001.(  


) 7��(+ &��L	��  

SA7 �� [\���� 	��+ 	�BD%�)�+ �� [��%��� 8%,�� �
_� ���) 85%�9) � (�%�)�+ f�= t�/��B ��  _���� o��

 3�A
x� UV/ ��g�\  �� ���W
/� �� �F�������,O� SAS 
8W�l) 8� 8%,�� .�$ ����� _� ���) �� ���W
/� �� (�F� 	�B

 �� ���W
/� �� 	�$ D�� #Y� P�
Q) ��@�� �� N�WF
�����,O� SPSS �  	�B���A� J/����W
/� �� 8=��)  ��
��� ��,O�Statgraphics �����  .�$  
  

V��-: � W�/  

g%�
� XF�x �� 8%,�� [��%��� �����B !��� ���  8�
_�� J@��B� fV/ 	�$ � D��AB�� J@� × 	�$ �� �H� 
�{�� N�WF ��) (/���8� �,7 !�,�)  _�b�
� _�5%"�

8�%�� c"
;� (�R)	��� X@��x �� UV/ 3�A
x� g�\ 
�F�� �7�  #$��) 3��71 .(  

�-�( ,/ 7��� 89	 ,X)) 7 P+#Q@: �  0$Y O*�

 �. ��Z�) � &$�� � [,/  
 g%�
�_� ���) 85%�9)�B  ��� !��� 8�D%�,O� ��  D��

 �	�$
Y) 	�K+  (-5�)RWC(  8R��V) ��) 7 ��@��
 3��7) #O�% DB��2(. DB�� �$%� RWC �$ ��	 

300 )��( �>)NaCl �� �9) �� ��@�� 8AB%85  �� M%��$
D�� !��� ��B��) ��@�� .�$  N�?���O �30 8��� a���� 

66/63  �62/61  _%��>��9)��%� RWC �� � �����A 300 
)��( �>)NaCl ��
$�� ���� ���B� !��� 8�(%  �� �'�+

�$ D�� XAY�	 .#/� o��,����� !��� P�
Q) 	�B ���
}���� 8� 	���� �(��; � 	�$ D�� 8� XAY
) 	�B


Y) 	� K+ (-5�D��}���� 8� #-5� 	�� t�5x 	�B
) ��
5BMartinez et al., 2004; Morant-Manceau 

et al., 2004 !�B��� K+ 3��R� �D�� (= .( _�� ��

()���  	�
Y) 8��
� �� � K+ (-5� ]�� K+ X�5��
\ �
() DB��) ���%Bajjii et al., 2001.(   

���) !�,�) :�; ����� (%�B � 8�%� ��@�� P�
Q) 
,�� �� D%�,O� D�� 	�$ B��D #O�% .#Y�  M%��$!��� 

D�� 	�$ �D��_%�� ���) :�; ����� (%�B �� J@� 
!�Y%� )57/0 (� [�/ J@� #$� )49/0( ��B��) �$ .

J�_%�� DB�� ����A� DQ� (%�B �� �Z� D�� 	�$ 
�� J@� !�Y%� ��B��) �$ .�� �H� !�� :�; �8�%� 
J�_%�� DB�� #-5� 8� ��A�� !��� D�� 	�$  ,���� 
J@� !�Y%� ��B��) �$ )3��7 2( .	�$ �� ()�A� ��@�� 
7 ���) 8� DB�� !�� :�; �� 85%�9) �� M%��$ !��� 

D�� �$ 8� �� g%�
� �8#/� ��)+ �� N��B��) (��
/\  �
!����AB )Poustini et al., 2007 (#9��V) #$�� . ��

� g%�
� 8� 87�8() ��)+ #/� !�� D�� 8� #$�� !���
�� �	�$ ���O DB��  � �$� DB�� a-/ �[��/���

3�/ 8R/�8� ����� 	�B]�� �� �T%�() �B � �$ ��
_%���8� #��x _%� �� D�� t5Y) �Z� � DB�� N�F

() ��B��) �B ]�� :�; !���� ��"� .�$ %� !E �_
 JB�� � (%�LI �F��� KL7 �� 3"
;� a7) 	�$ D��

��() ���� �� (�% 3��R� !() ��$ � �$� DB�� !��
]�� 8R/� 3"
;� � (%�LI �F��� �-A� 8� �� 8@�/ � �B

8%Lr�) ��� #-5� 	�$ �� ($�� 	�Mirmohammadi 

Meibodi & Ghareyazi, 2002.(   

�. ��Z�) � #:�� =/)�� ,/ 7��� 89	 ,X)  

!�),AB �� D%�,O� �D�� !�,�) J%�/ JB �� 8�%� � 
JB �� DQ�	�B (%�B 8AB ��@�� ��) 8R��V) D%�,O� 

#O�%� �)� �� 8�%� �� D%�,O� D�� fV/� ���9) J%�/ �� 
J@� N�?� DB�� #O�% .�� _��`AB D%�,O� �D�� !�,�) 

+K �� 8�%� 8AB ��@�� 8�,7 J@� N�?� � #-5� +Na/+K 
 ��8�%� � DQ�	�B (%�B  8AB��@�� ��) 8R��V) DB�� 

#O�% 3��7) 2.( N�R��V) (�-@ ��'���\ ������� 8� 
#-5� +Na/+K :% ���R) :%��%,�O J') 	��� 8� #/� 

K�Q
�� XAY� 8� :A� �� 	���5� �� 8��	�B (B��� 
����) 87�( ��O )Juan et al., 2005(� �Q� )Tejera 

2006., et al (���W
/� $ .( DB������  +Na �� ���+ 
(�E (�% �� J5����)	�B (�F� XAY� 8� 	�$ 

)Ozturk et al., 2021( � (�% �� J')_%�� (�T%�	�B 
���Y) !��� SA�� +Na �� #O��	�B (B��� #/� 

)Tester & Davenport, 2003; Munns & Tester, 
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2008.( ��@�� XAY
)  G>�A
x� �� �%��9) J�	�� J%�/ 	��� 
wWx 3��R� (�% a/��) �� ]��	�B �; ���W
/� 

()��� )Schachtman & Munns, 1992 .( !�B��� ��
 �D�� #Y�+K ]�� 8�() ���� 3�9
�� �B�$� (��x �� 8�

+Na 8�#;���% X�$() S%�� 	��_%� �� .�$ #-5� ���
+Na/+K  !�B��� ��#Y� D�� 3�)�� M%��$ !�B��� �� ��

 D�� #Y�� #/�  #-5� _%� �M�Y) 	�$ D%�,O� ��
() DB����%) �Pandey & Penna, 2017 .(�_%������ 

()!�� 8��
���� 	��� 8� J@� N�?� �� J�_%�� !�,�) 
KL7 J%�/� ���@ 8� XAY� D�� 	�$ #/� ) 3��72.(  

89	 ,X) 7��� ,/ ��T9	 
;99<7��  7���)  

<-= �N��B��) D�� 	�$ k��� D%�,O� UV/ ��@ 
3�Y) �� 8�%� � ����� (%�B ��@�� 7 .�$ ���9) 	�B��@ 
3�Y) �� D%�,O� !�,�) �D�� �� 8AB ��@�� D%�,O� ���\ 

��� 8� _%� !�,�) �D%�,O� �� DQ�	�B (%�B � 8�%� 
��@�� ��) �8R��V) N��W� (����E #$��� )3��7 3 .(�� 
_%� c�F�� 8�a���� J@� N�?� � J@� !�Y%� �� D%�,O� 

�D�� D��_%�� ���9) 	�B��@ 3�Y) �� ��
$��.  _%�
) !����AB � �O��$�O g%�
� �� g%�
�Farshadfar et al., 

2008#$�� #9��V) (SA�� . 	�B��@ 3�Y)  3�/ !���
() :A� � �W%� (A') D9� 	,A/� J�H�� ��� �� ��

���% DB�� 3�/ K+ X�5��
\ D�� K+ �� wWx 	��� 	�
� #Y� [��/��� ���A� (@�� 3�/ X;�� �� (�+ J� D�

)Sato et al., 2004.(   
 g%�
� 3��7) [��%��� 8%,��1 ���� 8� ��� !��� (

 ��Z�� #Y� _����\ fV/ �J@�	�$ !+ D��AB�� ��B 
#$�� ���@� 8�8� 	�= (�R) N��W� 	��� ��@�� _�� ��

7 	�$ fV/ � �D��AB��  J@�×  	�$ ��Y� ��
 _����\ ���9)�$ ��B��)  3��7)1�� .( D%�,O� V/f 
�	�$ D�� D%�,O� (�R)	��� �� 	�
Y) _����\ �� 

����� (%�B � 8�%� 8AB ��@�� ��B��) .�$ �8�= _� ���) 
_%� D%�,O� �� DQ�	�B (%�B D���� �� 8�%� �� .

D��_%�� !�,�) _����\ ��  ��J@� !�Y%� � ��O �  �� [\
 �� !+ J@� N�?���B��) �$ )3��7 2 .( N�R��V) ��

g%�
� ,�� _���\ ('���)  #Y� _����\ D%�,O� �� (�-)

#/� ��$ o��,� 	�$ D�� )Cavalcanti et al., 

2007(�� . !��) 	���R� �� 8��	�B �(B��� SA�� 
�_����\ 	��7 �� ��
/AB �(�% 	��� d/�\ 8� D�� 
(��; � 	�$ X)��� 8
O�% #/� .3��) _����\ D9� 
(A') �� #HO�Y) �� 	�B��
;�/ !��� (��/ � 8V/�� 
J�H�� 	,A/� �� M%��$ D�� �W%� ()) ���Parvaiz & 

Satyawati, 2008; Rao et al., 2013 ( ��"� �� �_%� 
 G>�A
x� D9�	�B (9�-V� (��
) �� 8�A7 #HO�Y) �� 

	�B����A� (��/ �� cLx ROS )Smirnoff & 

Cumbes, 1989( � XA� 8�!��� :% 3��) 3�� �/ 
���B� J�H�� ����� �$� ���) �Trovato et al., 2008( .  
�
�%g ,��%8 ���%[�� !��� ��� 8�  J@� �Z��� 
Y) 	�

_�b�
� _�5%"� )GB( ����� �B(% � �%8� � �Z� D�� � 
D��AB�� !+ �B��B ����� �(% �� UV/  3�A
x�%: 

�F�� �R)(���  .���� t�/� �
�%g �9)%85 )� ���_�B� 
 	�
Y)GB ��  ��@�� 8AB �	�$ fV/ D%�,O� ��8��= 

�R)(���	 DB�� O�%��A�� � # D�� �B�$�� ���9) _%�� 
GB  ��8�.��� ��?
;� �;  

 ���) _%� !�,�)#Y� D�� �$	 �� �%8� J@� �%!�Y 
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 D�� fV/�� ��_ ��@�� P�
Q) N��W� �R)(���	  !���
���� .8�() �H� � ���) _%� ���� �_����\ c";�� 8� �/�

��I d/�\ :% �	�$ D�� #Y� !+ D%�,O� (F�?
;�
�$�� 8� 8� (�9� S@�� �� .GB  � 	�$ D�� �� 8V��� ��

() ���� #-5� #)��9) 	�9����$  _%� �� � D%�)�+ _%� ��
o��,� .��� ��B��) 7 ��@��z�9� � �p 	�B(  8V��� ��

�� _�b�
� _�5%"� |�-��� ��� �� (�-)  �� !+XAY� 8� 
D�� 	�$  #Y� ���� �$� !�,�) �� !+ #-{) �Z� �% �

 ��Z~� �� 	�$ D��[�7	�B ��H� P�
Q) (B��� 
Agropyron �Brassica �Tritticum  �Elymus 8b��� 
) #/� ��$Makela et al., 1996; Khalid et al., 

2015o��,� _%� .( �� 8V��� �� ��9� � �p 	�B _�5%"�
_�b�
� ()8� ���� �% � (�%�)�+ P�
Q) M%��$ 8V/��

8�� _�� (R@�� N��W�}���� � �B 8� d/�\ �� (B��� 	�B
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 3��71 - [��%��� 8%,��  D��AB�� � 	�$ fV/ �J@� �Z� J@�× 	�$ 7 ��@�� �� 8R��V) ��) N�WF ��  
Table 1. Analysis of variance of the effect of variety, salinity and variety × salinity interaction on the studied traits in barley varieties 

Source of 

variation 
df 

Mean square 

Relative 

water content 

Dry  weight Chlorophyll 
Cartenoid 

Soluble sugars Prolin H2O2 

Shoot Root a b Total  Shoot Root Shoot Root Shoot Root 

Variety (V) 3 58.74** 0.047** 0.0001* 0.039 ** 0.037 ** 0.11 ** 0.14 ** 0.19 ** 0.043 ** 28.07 ** 232.93 ** 38.64 ** 5.08 ** 

Salinity (S) 3 831.34** 0.0018 ** 0.16** 0.11** 0.031** 0.35** 0.25** 1.15** 0.024** 7614.86** 708.69** 27.58** 12.75** 

V × S 9 180.92** 0.00008** 0.009** 0.006** 0.005** 0.013** 0.013** 0.02** 0.0007* 352.31** 37.21** 2.87** 0.29** 

Error 32 13.72 0.00002 0.001 0.0003 0.0004 0.0006 0.0012 0.0051 0.00006 5.61 4.42 0.37 0.056 

CV (%)  6.27 7.69 14.92 7.25 18.97 4.97 9.21 0.29 0.033 6.03 10.91 14.91 13.62 
 ns, * and ** Not-significant and significant at 5% and 1% probability levels, respectively. 

 

 
 3��71 -                                                                                                                         8)���                                                                                                 Table 1. Continued 

Source of 

variation 
df 

Mean square 

Glycine betaine content Na+ K+ Peroxidase Catalase K+/Na+ ratio 

Shoot Root Shoot Root Shoot Root Shoot Root Shoot Root Shoot Root 

Variety (V) 3 462.59** 1848.24** 0.10** 0.32** 38.20** 153.70** 22.72** 5.44** 1.70** 7.11** 671.98** 207.45** 

Salinity (S) 3 2673.29** 96.94 ns 2.001** 0.19** 659.71** 131.57** 18.76** 18.53** 1.72** 4.55** 739.42** 4683.81** 

V × S 9 584.31** 44.16 ns 0.16** 0.31** 10.60** 248.59** 3.99** 9.52** 0.20** 1.45** 535.92** 238.03** 

Error 32 21.24 54.52 0.005 0.002 1.20 7.90 0.34 0.21 0.018 0.0461 19.0 2.63 

CV (%)  13.68 21.14 5.29 6.36 3.72 10.03 11.85 7.44 12.86 10.72 10.44 6.01 
  ns, * and ** Not-significant and significant at 5% and 1% probability levels, respectively.  
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3��7 2 - �9)%58 )� ���_  � �WF 	�$ fV/ �� 7 ��@��100 �200  �300 (��)�>) NaCl  :��\����B #�� J
5�/ �� 3�A
x� UV/ �� _���� !)�+ �� ���W
/� ��5 �F��  
Table 2. Comparison of means of barley varieties at salinity level of 0, 100, 200 and 300 mM NaCl in hydroponic culture using Dancan’s test at 5% probability level 

Variety × Salinity  
Relative water 

content 

Dry weight (g/plant) Photosynthetic pigments (mg/gfw) Sugar (mg/ g dry mater) Proline (µmol /gFW) H2O2 (µmol /gFW) 

Root Shoot Chl a Chl b Cartenoid Total  Shoot Root Shoot  Root  Shoot Root 

Reyhan 3 × 0 63.47 BC 0.08 A 0.57 A 0.362 B 0.176 CD 0.619  D 0.538 B 23.68 HI 23.35 FG 10.18 H 13.32 HI 2.727 GH 1.220 E 

Reyhan 3 × 100 61.05 BC 0.08 AB 0.44 BC 0.311 CD 0.153  DE 0.567 E 0.464 C 23.91 EF 23.39 D 24.02FG 15.28  GH 3.623 E-G 1.544 DE 

Reyhan 3 × 200 51.04 E 0.06 C-F 0.23 D-G 0.256  E 0.059  HI 0.442 H 0.315 DE 24.29 BC 23.41 C 53.45 D 18.15  E-G 3.871 EF 2.193 C 

Reyhan 3 × 300 51.05 E 0.06 EF 0.24 D-G 0.201 F 0.020 I 0.361 I 0.222 G 24.38 B 23.45 B 69.68AB 26.49 BC 4.061 EF 4.214 A 

Fajr 30 × 0 67.92 B 0.08 A 0.30D 0.281 DE 0.062 H 0.681 C 0.343 D 23.56 IJ 23.34 G 4.052I 16.78 F-H 2.631 GH 1.220 E 

Fajr 30 × 100 53.44 DE 0.07 B-D 0.23 D-G 0.266 E 0.039 HI 0.499 FG 0.306 D-F 23.81 FG 23.36 EF 21.36G 24.80 CD 6.406 BC 1.602 DE 

Fajr 30 × 200 57.38 C-E 0.06 C-E 0.20 FGH 0.143 G 0.118 E-G 0.468 GH 0.261 E-G 23.94 EF 23.40 CD 68.91A-C 25.33 BC 7.112 B 1.888 CD 

Fajr 30 × 300 61.62 BC 0.04 G 0.15 H 0.133 G 0.027 HI 0.214 K 0.160 H 24.22 CD 23.44 B 70.96  A 35.15 A 9.285 A 3.241 B 

Nosrat × 0 85.22 A 0.08 A 0.40 C 0.439 A 0.217 B 0.892 A 0.656A 23.67 HI 23.34 G 25.80F 4.641 J 0.8008 I 0.324 G 

Nosrat × 100 57.52 C-E 0.07 B-D 0.29 DE 0.438 A 0.205 BC 0.834 B 0.644 A 23.93 EF 23.37 E 29.91E 5.645 J 1.945H 0.286 G 

Nosrat ×  200 39.83 F 0.06 D-F 0.23 D-G 0.324 C 0.255 A 0.609 DE 0.578 B 24.13 D 23.40 D 30.44 E 21.46 DE 2.441 H 0.7436 F 

Nosrat × 300 63.66 BC 0.04 G 0.18 GH 0.139 G 0.105 FG 0.339 I 0.244 FG 24.65 A 23.49A 65.24 C 28.85B 3.070 F-H 1.849 CD 

Dasht × 0 63.83 BC 0.07 ABC 0.49 B 0.378 B 0.180 B-D 0.606 DE 0.553 B 23.54 J 23.24 K 8.776 H 10.87 I 2.032 H 0.673 FG 

Dasht × 100 58.70 CD 0.07 AB 0.28 D-F 0.272 E 0.141 D-F 0.518 F 0.406 C 23.73 GH 23.26 J 25.33 FG 16.02  F-H 4.365 DE 1.359 E 

Dasht × 200 51.46 E 0.06 C-F 0.21 E-H 0.155 G 0.100 G 0.428 H 0.249 FG 23.98 E 23.28 I 53.70D 19.66EF 5.384 CD 2.046 C 

Dasht × 300 57.19 C-E 0.05 F 0.14 H 0.125 G 0.018  I 0.283  J 0.137 H 24.10 D 23.32 H 65.69 BC 26.00 BC 6.081 BC 3.479 B 

    

 3��72 - 8)���                                                                                                                                                                                                                    Table 2. Continued 

Variety × Salinity 

Glycine betaine 

(µmol /g FW) 

Na+ 

(mg/g DW)   

K+ 

(mg/g DW) 

Peroxidase (µmol H2O2 

decomposition d min1) 

Catalase (µmol H2O2 

decomposition d min1) 
K+/Na+ ratio 

Shoot Root Shoot Root Shoot Root Shoot Root Shoot Root Shoot Root 

Reyhan 3 × 0 94.67 A 42.84 BC 0.5239 H 1.683  A 39.95 B 32.16 CD  76.14 A 19.11 I 5.430 F  5.639 CD    0.55G 0.08 H 

Reyhan 3 × 100 27.21 DE 53.52 AB 1.321 DE 0.550 GH 28.57 E 34.37 BC  21.60 E 62.94 AB 7.435 A-D 4.177 EF   1.26D 1.14 G 

Reyhan 3 × 200 25.52 DE 57.93 A 1.623 B 0.837 CD 27.05 E-G  18.76 H-J  16.69 GH 22.33 I 6.057 EF   3.300 FG   0.88E 1.48 F 

Reyhan 3 × 300 24.27 E 58.05 A 1.884 A  0.831 CD 25.58 GH  29.46 C-E 13.60 I 35.53 G 2.464 H  2.172 HI  0.25H 1.01 G 

Fajr 30 × 0 33.63 D 28.60 D 1.085 F 0.571 GH 43.24 A   39.40 A   39.84 D 68.65A 7.937 AB   3.091 GH  2.15A 3.46 B 

Fajr 30 × 100 30.82 DE 26.91 D 1.259 E 0.3327 J 24.60 HI 16.24 J  19.57 EF 48.67 DE 7.143   B-D  7.226 A 1.81B 3.38 B 

Fajr 30 × 200 28.12 DE 26.20 D  1.319 DE 0.8504 CD 23.46 I-K 27.21 D-F 17.76 FG 32.00 GH 7.017 CD   5.639 CD   1.65C 2.32 E 

Fajr 30 × 300 26.47 DE 24.54 D   1.389 CD 0.7469 E 22.03 K 42.39 A 15.83 G-I 56.28 BC 5.639 F  1.921 I   0.76F 2.24 E 

Nosrat × 0 43.58 C 23.53 D 0.620 H 0.4257 I 40.65 B 22.03 G-I  65.34 B 51.71 CD 2.423 H   7.561A  1.31D 2.66 D 

Nosrat × 100 28.98 DE 24.33 D 1.504 BC  0.7729 DE 31.51 D  33.67 BC  20.92 E 43.32 EF 8.020 A   7.561 A  1.31D 3.68 A 

Nosrat ×  200 27.80 DE 29.16 CD 1.878 A  0.6042 FG 28.01 EF 22.91 F-H 14.93 G-I 37.96 FG 7.853  A-C   6.809 AB  1.22D 3.00 C 

Nosrat × 300 25.93  DE 32.45 CD 1.898 A 0.954 B  26.09 F-H 38.04 AB  13.76 HI 39.69 FG 7.435  A-D   5.848 BC  0.63G 0.29 I 

Dasht × 0 51.97 B 29.68 CD 0.8696 G 0.4929 HI 37.60 C 25.23 E-G  39.22 C 42.06 CD 6.671 DE  5.577CD   0.51 F 2.01D 

Dasht × 100 25.21 DE 32.31CD   1.230 E 0.5031 HI  26.22 H 18.49 H-J  21.40 E 36.00 FG 7.307  A-D       5.176 CDE  0.84DE 2.40 DE 

Dasht × 200 22.62 E 34.65 CD 1.469 C 0.8987 BC 24.36 H-J  30.55 CD   17.74 G-I 34.67 G 6.653  DE  4.589  DE  1.18CD 1.77 F 

Dasht × 300 21.96 E 33.95 CD 1.613 B  0.6575 F 22.55 JK 17.49 IJ   14.14 HI 17.01 HI 3.353  G  2.669 G-I 0.24GH 0.68 HI 
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 3��73 -  8W�l) 8� 8%,�� g%�
� (�F� 	�B:%��%,�O N�WF  M/
) �� 7 ��@�� �� (%��A�$�� �fV/  	�$ D�� NaCl  

Table 3. Results of principal components of physiological and biochemical traits of barley varieties under 

average salinity stress conditions 
Trait PC1 PC2 PC3 

Relative water content -0.253 0.130 0.009 

Root dry weight 0.040 -0.257 0.356 

Shoot dry weight 0.147 -0.242 0.263 

Chlorophyll a 0.261 -0.008 0.129 

Chlorophyll b 0.244 0.099 -0.170 

Cartenoid 0.266 0.064 -0.029 

Total chlorophyll 0.266 0.064 -0.015 

Shoot soluble sugars 0.243 -0.010 0.222 

Root soluble sugars 0.132 0.145 0.398 

Shoot proline -0.249 0.012 0.200 

Root proline -0.209 0.202 0.157 

Shoot H2O2 -0.256 0.112 0.047 

Root H2O2 -0.196 -0.218 0.178 

Shoot glycine betaine content 0.042 0.298 0.286 

Root glycine betaine content 0.039 -0.309 0.262 

Shoot Na+ 0.267 -0.055 0.012 

Root Na+ 0.262 -0.087 -0.007 

Shoot K+ 0.265 -0.056 0.069 

Root K+ 0.164 0.223 0.261 

Shoot peroxidase 0.146 0.286 -0.157 

Root peroxidase 0.142 0.301 -0.106 

Shoot catalase -0.088 0.328 0.151 

Root catalase -0.015 0.364 -0.005 

Root K+ / Na+ ratio -0.014 0.240 0.386 

Shoot K+ / Na+ ratio -0.259 -0.020 0.143 

Variance percentage 54.77 30.03 15.20 

Cumulative variance percentage 54.77 84.80 100 

Eigen value 13.69 7.51 3.81 
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Figure 1. Biplot graph of principal component analysis of physiological and biochemical traits of barley varieties 

(Nosrat, Fajr30, Reyhan3 and Dasht) under average salinity stress conditions 
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