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Quinoa is one of the salinity tolerant plants, capable of playing an important role 

in providing human food in the future. In order to investigate the effect of 

salinity stress on physiological traits and yield of quinoa cultivars, a two-factor 

factorial experiment was conducted as random complete block design with three 

replications in 2020 year under greenhouse conditions. Experimental treatments 

include three quinoa cultivars (Titicaca, Q26, and Giza1) and three salinity 

levels (0, 15, and30 dS/m). Salinity stress reduced traits such as photosynthetic 

pigments, relative leaf water content, and grain yield. The chlorophyll a and b 

content in control conditions, compared to the salinity level of 30 dS/m, have 

decreased by 46% and 77%, respectively, with the yield dropping by 35.6%, but 

the decrease in relative water content has been 12.6%. Electrolyte leakage, 

proline and malondialdehyde content, catalase, and guaiacol peroxidase activity 

have increased under salinity stress condition. The Q26 cultivar has had the 

highest content of carotenoids, chlorophyll a, relative water content, soluble 

proteins, proline, and catalase activity, compared to the others. Titicaca cultivar 

has had lower malon-dialdehyde (MDA) content and electrolyte leakage than 

Q26 and Giza1 cultivars, which indicates the least damage to cell membranes, 

being superior to the other two cultivars. Giza1 cultivar also has had higher 

chlorophyll b and carotenoids content than the other two cultivars. Q26 and 

Giza1 cultivars are probably the most resistant and sensitive cultivars to salinity 

stress, respectively. 
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  a'�"3   (               Chlorophyll a (mg /g FW) = ([12.25(A 663) - 2.79(A 645)] ×V) ÷ (1000 ×W)  
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! "� ( ���4�" �� c+ .�� ����� ���
%� 
(!�(,	
(�~�� ���(�� 5H% �' �&� ����6�7��N4,

 /�' ' 	 ����
' �&  O�!24  �' 	C "� ����70 �(���  \"� ��� c~� 	 �� ���� "�
M ��
� l4M� $	��
/ ^��/ �&

001/0 ������W�-
' 	 $
4�  �4'  /�' "� �
��������� �� c+ . O�PQ $
4�
S��"�!�
� 5H% �' c���"�	  �N�/ � "�N,� 

SAS   ]��)1/9 O����:! �(���� @4���4!�' �& ���P(�� �� �!�C ��p  �!���$ @���� "� `a� 1�H(-� v�+ �Q"� 	 [�" 

�&"���H� �' �
�"�N,� Excel ) ]�� 2016 ( �������.  

  

3. ./� � 0�1�  

3 .1. 2�� 34 �56� ���1/'  

���� c���"�	  �N�/ v��(���)! 
4RK/ 
���4' �&) "��01/0P≤ $��(G! 
' [M" 	 $"�� ( B'�:(! 
R� �7	 ���' D
' EC �F��

$"�� ×��)! [M" 1	�\) ��� "��2 ' ��� D
' EC �F�� $��(G! L&�% WF� $"�� L�/ .($"�V  �S�J "�  %15  	30 

��� ' D
' EC �F�� $��(G! �c�H�� ' W4/
/ �N4!6/5  	6/12  1	�\) �,�� L&�% �&�� "�H4/  ' �F�� �Q"�3 �� .(

"
'�"�! ��M"� @4' [M" N4� ��Q26  �'4/85 L4' ��Q"�  [M" 	 @�
/Giza1  �'3/79 [% ��Q"�  D
' EC �F�� $��(G! @�
/

 1	�\) ���� �"3$��(G! .( �F�� D
' EC �4){	  % ��� ���6�7��N4, �PQ 5� �'C ��4� c�)�! �" �!  W�J� 	 ��%

 ' �!  (,
� 
S� "� $NH�� L�/  ' BHG/ L��N� $�&"�4)! �� ��� ����) ���Chaum & Kirdmanee, 2010 L�/ .(

$"�� ����� ���' L�/ $NH�� �! (5�6�7��N4, ���*) �! �	�G! �"  ��" ^��/ EC EI\ 	 �����% )Munns & 

Tester, 2008 ' (�! L&�% $"�� L�/ ^��
� "� �&�4� D
' EC �F�� $��(G! B47� @4H&L&	8+ .�'������� $�&  ���

 "�  % ��� C 
���4') �,�� L&�% ���4% ��M"� D
' EC �F�� $��(G! $"�� L�/ ^��
�Parvez et al., 2020; Cai & 

Gao, 2020; Heidari et al., 2020[& 
{�- L&	8+ v��(� �'  % ( .�"�� ����*  

  

3 .2. ���� 78�  
$"�� B'�:(! 
R� 	 $"�� �[M" 
4RK/ �G/ ���� ��� �PQ × 1	�\) �,
� "�
M [M"2L��N,� �' .(  ��� �$"�� �S�J

 �S�J .�,�� L��N,� N4� ����30 ���) ���� ��� �Q"� @�
/A�' �$"�� c�H��4/80  [M" "� �" (�Q"�Q26  �����

[M" @4'  % ��p
& ��
%Q26   	Giza1 ��)! O	�P/ 
S� @�� �� 1	�\) ����� ��\	 $"��4 �S�J "� .(30 
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���  [M" �c�H��Titicaca [% 
/) �Q"� @�5/65�� ( 1	�\) ��' �"�� �" ���� �4��J .($ �7��� �� @4(�]� 

��! ��� ���&  % �G/ ^��
� �! W4�C "�p� $NH�� L�/ ��� 	 ���	�
/ C L��N,� �! O"��* �N4!  p
& .�'��

��J  ' ��"�	$ ��� ��'�� L��N,� 1���  ����L4' L4'
/ 
/C �	��/ 	 ��� D
! W\�! �! 1��� @4H& 
' .���

 �f������ N4� ����  '���� ��� �� )!4�&"�$ ]�/4� /��64t�&$ BHG(!  ' �! $NH�� L�/���' )Beltrano & 

Ronco, 2008.( �47	
(�7� ��� ��)! 	 �P�! ��(�FH& �&) D
' EC �F�� $��(G! �' $"��607/0- r=  % ��� ��� (

 L&�%  % ��� @�� 
���4'$��(G! [�4���! 
'  % O�
4RK/ �' D
' EC  ' 
��! ���.� "� �"�� 1��� ���6�7��N4, $�&

�47	
(�7� ��� L��N,�  �&�! ��� n"�N� N4� 
��� O�)7�a! "� $"�� L�/ ^��
� "� ���4% ��4� "� ���� ��� L��N,� .

) ��� ���Aliyar et al., 2021 Heidari et al., 2020;.(  

  
 F;+�2 $1C�� M1�
� .��<�	 E��0� 0� �0�@ ?<� N1��@ 0� O�
P� �,1:���1C�" &�AB Q��10�;  

O�
44w/ sF�!  
  \"�  
$���C  

O�)'
! @4���4!  
D
' EC �F�� $��(G!  ���� ���   B4,	
�%a   B4,	
�%b  B% B4,	
�%  �4���/"�%  @47	
+  

"�
�/  2  ns28/12  ns61/62  ns031/0  ns 007/0  * 04/0  ** 03/9  ns2/615  
$"��  2  **41/278 **07/1765 **14/1 **049/0 **64/1 **22/67 **38/35978 

[M"  2  **09/84 **64/132 **10/0 **017/0 **07/0 *07/7 **91/13078 

$"�� ×[M"  4  ns95/7 **08/126 ns03/0  ns003/0 **04/0 ns09/3 *07/4781 

�a*  16  13/11 58/25 01/0 002/0 01/0 56/1 69/1502 

) O�
44w/ W�
{%(  -  04/4 53/8 25/9 56/36 77/7 89/11 92/20 

	 ** �*ns   '��)! 
���4' W4/
/ `a� "� $"��5  	1 ��)! ��� 	 �Q"�$"��.  

  
 F;+�3��<�	 &��B�R� �6 E��0� ; �0�@ ?<� &��=�  �4���� $S1�%� .  

  
 EC �F�� $��(G!

D
'  
)%(  

 B4,	
�%a  
)mg/g 

FW( 

 B4,	
�%b  
)mg/g 

FW(  

�4���/"�%  
)mg/g 

FW(  

 O�"�4&�'
%
1��G!  

)mg/g FW(  

�7�! $�-

�4&�7C  
)µmol/g FW(  

 1�%���� �47�),
���4�%�
+  

) µmol/mg Pr Min(  

 �
��H�
 ���  

)g/plant(  
) $"��ds/m(                


PQ  a77/87  a54/1  a18/0  a83/12  c18/0  c13/1  c010/0  a87/0  
15  b83/82  b20/1  a15/0  b24/11  b21/0  b26/1  b021/0  b75/0  
30  c67/76  c83/0  b04/0  c50/7  a25/0  a45/1  a050/0  c56/0  

[M"                
Titicaca  ab44/82  b17/1  b09/0  b55/9  b20/0  b15/1  a028/0  a67/0  

Q26 a46/85  a30/1  b11/  ab76/10  a22/0  a32/1  a027/0  a76/0  
Giza1 b35/79  b09/1  a17/0  a27/11  a22/0  a36/1  a025/0  a75/0  

 1�H(-� `a� "� @���� �!�C f���
' ��(�& T
(�! z	
- $�"��  % $"�H4/ U�a� �(� 
& "�5 ��)! O	�P/ �Q"�.��"��� $"��  

  
 F;+�4��<�	 O�
P� E��0� �,1:���1C�" &�AB TU�0 0� �0�@ V6�%
� �=�  �4���� $S1�%� .  

$"��  
)ds/m(  

[M"  ) ���� ���%(  
B% B4,	
�%  

)mg/g FW(  
@47	
+  

)µg/g FW(  
�A�/�%  

) µmol H2O2/mg  Pr Min(  

  Titicaca 79/49 cd 58/1 b 86/115 d e0083/0 

0  Q26 62/45 d 80/1 a 30/150 cd e0086/0 

  Giza1 81/44 d 80/1 a 87/116 d e0069/0 

  Titicaca 19/55 c 31/1 c 63/137 d d0140/0 

15  Q26 10/65 b 41/1 bc 30/166 cd d0132/0 

  Giza1 92/49 cd 33/1 c 77/221 bc e0096/0 

  Titicaca  51/65 b 90/0 d 36/170 cd b0254/0 

30  Q26 43/80 a 06/1 d 06/309 a a0293/0 

  Giza1 25/77 a 66/0 e 37/279 ab c0185/0 

 1�H(-� `a� "� @���� �!�C f���
' T
(�! z	
- $�"�� $"�H4/ U�a� �(� 
& "�5 ��)! O	�P/ �Q"�.��"��� $"��  
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3 .3. 9�
:�� �,��1	��1�  

 B4,	
�% 
' [M" 	 $"�� "�H4/a  	b ��)! 
R� 1	�\) ���� �Q"� 5� 1�H(-� `a� "� $"��2 �G/ N4� B% B4,	
�% .(

B'�:(! 
R� 	 [M" �$"�� 
4RK/  $"�� × 1	�\) �,
� "�
M [M"2 .([& @4�p  	 �Q"� 5� 1�H(-� `a� "� $"�� "�H4/

 1�H(-� `a� "� [M"5 "�% $��(G! 
' ��Q"�/�4��� ��)! 
R� 1	�\) ���� $"��2 �S�J .(15  	30 ��� c�H��

 B4,	
�% $��(G! $"��a  ' �" ' W4/
/ �N4!22  	1/46  1	�\) ��� L&�% �&�� "�H4/  ' �F�� �Q"�3 �S�J .(

 B4,	
�%b  $"�� `a� "�15 �����)! O	�P/ �&�� "�H4/ �' c�H�� ������ $"���!�  �S�J "�30 ��� c�H��

 '  �N4!7/77  1	�\) �,�� L&�% �&�� "�H4/  ' �F�� �Q"�3 [M" .(Q26  �'30/1 ��4!) (
/ �	 �
� 
' �
�

L4' 
/ B4,	
�% �S�J @�a  [M" 	Giza1  �'17/0 ��4!) (
/ �	 �
� 
' �
�L4' 
/ B4,	
�% �S�J @�b  @4' "� �"

 1	�\) ����' �"�� ��M"� 
���3�S�J L&�% WF� $"�� L�/ .(  D
' B% B4,	
�%���  '$"�V  ��M"� @4' "�  %

��"
'�"�! [M" �Giza1  $"�� �S�J "�30 ��� �' c�H��66/0 ��4! �
/ �	 �
� 
' �
�[% 
/ B4,	
�% �N4! @�

 1	�\) ��' �"�� �" B%4 [M" �N4� $"�� 	�' ^��
� "� .(Titicaca  �'58/1 ��4!) (
/ �	 �
� 
' �
�[% 
/ B4,	
�% @�

 1	�\) ���� �" B%4 .([% 
/ 	 @�L4' 
/"�% �S�J @��4���/  ' N4� �S�J 	 �&�� "�H4/ "� W4/
/30 ��� c�H��

 ��&��! $"����  1	�\)3 [M" .(Giza1  	Titicaca  �'27/12  	55/9 ��4! ' �
/ �	 �
� 
' �
� W4/
/L4' 
/ 	 @�

[% 
/"�% �S�J @��4���/  1	�\) ��(��� �"3.(  

�N4��"$�& $N(���(, "�N'� �H.! $�
' �'���"� �
��H� ����
' $6
�� "�� ^��/ �&�4� �G/ L�/$�& ����
4J 

) ���Shu et al., 2013 @�� "� .�"�� ��F/"� �
��H� �' B4,	
�% $��(G! 	 (L&	8+  @4' ��(�FH& W�
{ �N4! N4�

��)! 	 �Fu! B4,	
�% $��(G! 	  ��� �
��H�) "��773/0=r( L&	8+ "� .��' L�/  % ��� ��� n"�N� $��)(! $�&

�N4��" L&�% WF� $"�� �&�4� $N(���(, $�&�! ���  '  % �47�), 	 $N(���(, [(�4� C 1�F�� ��47�'�(! $�&

�!  \��! B��! �' ��4�) ���Glenn et al., 2012 .(Parvez et al. )2020 WF� $"�� L�/  % ���
% n"�N� (

��(G! L&�% B4,	
�% $a� b  ���4% ��M"� B% B4,	
�% 	���N4��"  % �� n"�N� $
��� L&	8+ "� . $N(���(, $�&

�! L&�% $"�� L��N,� �' ���4%) �'��Jamali & Sharifan, 2018�N4��" $��(G! L&�% .( ���4% $N(���(, $�&

L&	8+ "� $"�� L�/ �G/) ��� ��� n"�N� N4� $
��� $�&Shabala et al., 2012; Koyro et al., 2008  % (

 ��p
& .�"�� �:'�a! 
{�- L&	8+ v��(� �'Cai & Gao )2020B4,	
�% $��(G!  % ���
% n"�N� (a � b 	 B%  �G/

L�/ $"�� "� �*
' ���4% ��M"� L&�% 	 "� 
��� ��M"� �*
' L��N,� �,��  ���4% r�(]! ��M"� �!	�:! �N4! 
���4'  %

 .��� $"��  '  

  

3 .4. <
���=  

���� c���"�	  �N�/ v��(���)! 
4RK/ 
���4' �&$"�� B'�:(! 
R� 	 [M" �$"�� "�� × 1	�\) ��' @47	
+ $��(G! 
' [M"2 v��(� .(

 ���� [M"  � 
& "� @47	
+ $��(G! L��N,� WF� $"�� L�/  % ��� ��� ��M"� 	 $"�� L�/ B'�:(! O�
R� @4���4!  ���:!

 1	�\) ��' O	�P(! ��M"� "� @47	
+ L��N,� �N4! �!�4[M" "� @47	
+ �N4! .( Q26  $"�� `a� "�30 ���  
��� �� c�H��

L4' ��M"� L4'
/ L4' .��'
/  [M" "� @47	
+ L��N,� @�
/Giza1  $"�� `a� "�30  ' �&��  ' �F��  �	�-  % �!C ���

139  1	�\) ��' �Q"�4[% .(   [M" "� $"�� `a�  � 
& "� @47	
+ �N4! @�
/Titicaca  '  1	�\) �!C ���4.(  

$�
' �&�4�  �'�:! L�/ ��" "�%$�& �P�(]! �7�H)! �� ��� .��"��C @�
/��& sH�/ [4S�/����% ����! $NH�� $�&

 �4!C�4�� @47	
+ �!���' )Trovato et al., 2008.( L��N,� �G/ @47	
+  �4!C�4�� L�/ $"�� "� $"�4�' ��  �&�4�
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O�FR� ��� ��� )Dar et al., 2016(C �� . L�/ "�  % �\�! L&�% EC B4���(+ $"�� "� @47	
+ �S�J L��N,� ��'��

�! ��F.' �"  ��" ^��/ EC EI\ �� 5� �� ���4� �4!�H�! 
��� $�� �� 	 ��]' 1�����" �� ����$�&  �" 84�%� ���C

�! L&�%�&� )Manivannan et al., 2008.( L&	8+����� r�(]! $�&  D
' @47	
+ �S�J  % ��� C 
���4' ���

�! L��N,� $"�� L�/ ^��
� "� ���4% ��4�) �'��Cai & Gao, 2020; Shabala et al., 2012; Mansouri & 

Omidi, 2021 ' v��(� �'  % (���  
{�- L&	8+ "� ��!C[& ����* .�"��  

  

3 .5.?��/' ���(
,����  

 [M" 	 $"�� "�H4/ 
4RK/ �G/ �Q"� 5� 1�H(-� `a� "� D
' 1��G! O�"�4&�'
% 1	�\) �,
� "�
M5 �S�J L��N,� �' .(

 ' .�,�� L��N,� N4� D
' 1��G! $�&��M �$"��$"�V  �S�J  %15  	30 ��� �" 1��G! $�&��M �N4! �$"�� c�H��

 '  ' W4/
/ �N4!6/16  	8/38  1	�\) ��� L��N,� �&�� "�H4/  ' �F�� �Q"�2 [M" �N4� ��"
'�"�! ��M"� @4' �� .(Tititcaca 

  �'20/0 ��4![% �
/ �	 �
� 
' �
�  ��M"� 	 @�
/Q26  	Giza1  �'22/0 ��4!L4' �
/ �	 �
� 
' �
�  $�&��M "��:! @�
/

 1	�\) ����' �"�� �" 1��G!3O�"�4&�'
% .($�& 1��G! "� ��&�4�  ' ��H� "�V $�&��M B!�� �N%��� ��"�%�� $
/��7�& 

�! ���'  % �!����/ ���' �4Fu/ $��J �7��� 	 ��y+�/	
+ ���� )Guo et al., 2015.(  ��(�FH& 1��G! $�&��M �N4!

) $"�� ��)! 	 �P�!656/0 -=r "� .�� ���� 1��G! $�&��M �N4! EC $��(G! L&�% �' 	 ��� ��� EC �F�� $��(G! �' �" (

�&�4� �$NH�� L�/ ^��
� ���F�� L��N,� �' $�&��M �1��G! B4���(+ $NH�� ��* �"  �" L�/ O��  �4(� "� 	 L��N,�

L&�% �!��&� )Abdel Latef & Chaoxing, 2014 .(@��
'��' $��(G! $�&��M 1��G! �!����/  '���� 5� �*�� 

���6�7��N4, $�
' �'���"� $"��  ' BHG/ "� �&�4� ���P(�� ���. D
' "� 1��G! O�"�4&�'
% L��N,� WF� $"�� L�/ -

���4% ��M"� $�& ) ��Cai & Gao, 2020O�"�4&�'
% L��N,� .(D
' "� 1��G! $�& $"�� L�/ ^��
� �G/ ���4% ��4� $�&

L&	8+ "�) ��� ��� n"�N� N4� $
��� $�&Shabala et al., 2012; Mansouri & Omidi, 2021.(  

  
 F;+�5 .��<�	 E��0� 0� �0�@ ?<� N1��@ 0� O�
P� &�AB Q��10�; $1C�� M1�
�  

 sF�!O�
44w/  
  \"�  

$���C  

O�)'
! @4���4!  

1��G! O�"�4&�'
% �7�!�4&�7C $� ���4�%�
+ 1�%���� [�N�C �47�),  �A�/�% [�N�C �47�),  ��� �
��H� 

"�
�/  2  ns 0002/0 ns 013/0 * 0012/0  ns 00000012/0 ns 002/0 

$"��  2  **012/0  **23/0 **0039/0 **00065/0 **21/0 

[M"  2  **001/0 **11/0 ns00001/0 **00007/0 ns02/0 

 $"�� ×[M"  4  ns0001/0 ns02/0  ns00008/0 **00001/0 ns009/0 

�a*  16  0002/0  008/0  00003/0  000003/0  010/0  

) O�
44w/ W�
{%(  -  58/6 17/7 43/21 27/13 64/13 

	 ** �*ns   '��)! 
���4' W4/
/ `a� "� $"��5  	1 ��)! ��� 	 �Q"�$"��.  

  

 3 .6. A��' ��(
,(�4  

��� v��(���)! 
4RK/ ���&��7�! $��(G! 
' [M" 	 $"�� "�� $� 1	�\) ��� �Q"� 5� `a� "� �4&�7C5 WF� $"�� .(

�7�! $��(G! L��N,� $��7�! �S�J @�
/A�' .�� �4&�7C $�) �4&�7C45/1 1�!	
�4! 
' �
� �	  `a� $"�� "� (
/30 

���c�H��  1	�\) �� ��&��!3[M" .(Titicaca   �'15/1 1�!	
�4! 
' �
� �	 
/ [% �7�! $��(G! @�
/ $� �" �4&�7C

 ��M"� 	 ����Q26 	Giza1 L4'  1	�\) ����' �"�� �" C "��:! @�
/3�4���4�%�
+ .( �'
p$�& ��J  '����  ����$� �� 
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