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Abstract 
In order to evaluate the response from chia (Salvia hispanica L.) to temperature, under abiotic stresses (salinity and drought) three separate 

experiments was carried out in the laboratory of Agricultural Sciences and Natural Resources at University of Khuzestan in four replications 
in 2018. Treatments included temperature (5, 10, 15, 20, 25, 30, 35, 40 and 45 °C), salinity (0, 50, 100, 150, 200, 250, 300, 350, and 400 

mM), and drought stress (-0.2, -0.4, -0.6, -0.8, -1, 1.2, and 1.4 MPa). In response to temperature, chia proved to be capable of germinating in 

the range of 10 to 40 °C. The base temperature, optimum temperature, and ceiling temperature were predicted to be 6, 28, and 44°C 
respectively. Germination percentage and germination rate decreased in response to salinity and at salinity of 400 mM, germination was 

completely inhibited. Salinity reduction of 50% in germination percentage and germination rate obtained at salinity 349 and 236 mM. 50% 

reduction in germination percentage and germination rate was observed at -0.92 and -0.79 MPa of drought stress. According to x50 
parameter, chia is resistant to salinity and drought stresses. In conditions of saline soils and drought stress, it can be recommended for 

cultivation to farmers. 

 
Keywords: Base temperature, ceiling temperature, drought stress, germination rate, salinity. 

  

  

  

  

  



�	 ! "#�!$ %&�&' !�(�& ")�*+, $&-. /0(� �+� 

  

 ����24 �  ���	
1 � ���
 1401 

32

  

1����� .  

�
�\�� ]	01 9��#�	;� ��%���3 
� ^";:�2  �% ��� A��4

900 '� ���� �� 
����4�� )Kamatou et al., 2010 ( ���

'Y"# !�� �� )Salvia hispanica L.( 
� ���� _
 9%�	#

_
 'H"# K�Y�%�� ��Y4 � _
`2� Q�	0 '��� �
\��


Y�� � �-���-� ^.�	� �� � ����  ���� %�:�% �-���-�

'� �%-P ��  � V� ) �-��Ixtaina et al., 2008a6�� .( 

��� 
� 9%�	# 

���% �%-� b����7 X��I � 9�� � b�� 

'4�T���7 '\�H� � ' K c�-d ���%�
� ���H:�% '� ��4 

)Kintzios, 2000(. 
�%� a����-� �%�%� ��� )15-25 

�I��(� '�-� )30-33 �I��(� X%���7��-  )26-41 

�I��(� -/�( '
%e6 K�� )18-30 �I��(� -:� �3 )4 -5 

�I��(� �%�� �'��;� a���:
��7 � ���� _�3 )90-93( 

'�) �4��2012 .,et alMohd Ali  .(  


�%���7 ��� '	6 �% ��7���% ���-f Q-� )20 

�I�� ���% �_��\�	�\ 60 ���%�I�� _�	\�	�\ (V�% 

)Kintzios, 2000 .(g7 a�	� �� Q& 
�%���7 ��� _
 

h+���� '	6 �% '"� �
�� �� ��0� �7 ��%�)Wilson, 

1993.( g7 _
 ��� a�	� </	� '\�# ':�& %��� 9% � V�% 

�i� ��Y#�% �% V�\�;( ':�& ��� %'�% 
�%���7 '	6�� 


� X+�� ����7 ���j���+( _���	�� ���%  k��-�'�  ��4

)Pratt, 1992(. 

%
�%�0 ��7�$\% ���� �� ^�P� X�#+. �8	� 
� '��

 V�  �%-�V�T(�� `��&
��� �%-T:�% Z�� �%-� 
2"� � ��7

 � ���� -�6 A�%�# 
� AYl�'
�
�� 9&  �7 _�3 ^.�	� ��

V�% g8� ����� )Gorai et al., 2011 � ( �%-T:�%

V�T(�� `��& 
�%�0 
� ���
� �m �� 9�7��� '$:�� '��

��%� )Gorai & Neffati, 2007(
�%�0 .
� '��9%�	# _
 


"m-� '���m �� 
3-� '���� 9�7��� V�% � �� ����� 

                                                                                    
1. Salvia 

2. Lamiaceae 

�n( � 9��� A��P-�6 ���'	�� V�% .	�a
� A��# 'R�l� 

�	��� ���� ����4 ��� � V��.� Z�3 
� ��. g7 9��� -� 


�%�0'�� -�op� '� ��%e�)El-Keblawy & Al-Rawai, 

2005, 2006(�%-T:�% .  ^.�	� �� '7��� 
��� _
 
�\�%

 Vl� _�3 � ��4-�op� 
�%�0 ���� 
� �e� '��

'� 'R�l� ��7��: �( �
�\�% �%-T:�% *K�Y;� � �4���T� �

%� V�;Y0 �% 
��� _
 '� a�Yn� �	 )Tobe et al., 

2000; Huang et al., 2003; Song et al., 2005 .(  

 q
�:� �7�r�� '2�3 � ���4 ���� - 
��� ���

)Salvia limbata '
��� 
	�%� �� 
  �%� 9��� (12  ��21 


�%�0 J���"� 
0�� ���� �% � V��o ���� '��21  
0��

 ��25  
0��
�%�0 �I�� J���"� '\�`� ���� '��

 .V4%�g7 a�	� 
�%�0 �I�� � ���4 
� ���� �� '��

 ���4 
  �%� 9��� '2�3264 '"�� �K��  �	� �

 '2�38 - 
�%�0 �I�� ��� '��*+��   SP�:��4 

)Saffariha et al., 2020(. 

�%�"� 
3�4-� ���� ��-� '2�3 � ���4 ���� -o%3 

 
  
  �%� 9��� 9��#�	;� ��%���3 �%��� -� �I�� a



�%�0 ���� �� '��20  ���� �� � J���"� 
0��35 


�%�0 J���"� 
0�� '��*+��   SP�:��4 .g7 a�	� 


�%�0 �I�� �%� 9��� '2�3 � ���4 
� ���� �� '��

 �� 
 136 '"�� � ���4 �K��1- 
�%�0 ��2����$� '��

 SP�:��4 )Dadach & Mehdadi, 2018(.  

a�
�& 
��� �� ��� '2�3 �	� -o%4  ��%���3 �%


�%�0 �I�� '2�3 �	� �
%`(% �� �%� 9��� 9��#�	;� '��

g7 � X��H:� S":i� ��7��� ��  �� `�� 
��� �� ���� a�	�

) ��� X��H:� '2�3 �	� [
%-4Abbad et al., 2011.(  


� ��� ���� '(-;� 
� 
0�� ��  _
 9%�	# ����

) '
��%� � '#%�� �	Y4��%Seyedi et al., 2019 (

                                                                                    
3. Ballota hirsuta 

4. Thymus 



$�!&
�� �1!+, �1$ 23�� ��!��&- .4��� 53� 6�7 !/
&8 9.7 ��� ��3:� 

  

 ����24 �  ���	
1 �  ���
1401  
33

�7�r� '� ���� a
% ���� �� �7 ������  ^(% �� ��%��

 -
� WR� �
%`(% � ��\�� ��/8� �� �-os� �T� ��� 

a
% �% .�4�� 
:4%� 9& V�   V80 ��% !�� �� ���

'�r
� V3�	4 '7��� 
��� _
 V�T(��  ��7

��� 
� ���� �	��� '2
h�\� %�	� � S":i� ��7 ��7


� ���-f '2�3 � ���4 �	��� 
� ����-�6 -��

'�  -o% '��-� �7�r� a
% !�C�% �% c�7 a
%-��	� .���

 -� '2�3 � ���4 S":i� ,�R� �S":i� ��7���

'�r
� 
�%�0 ��7.��� ��� ���� '��  

  

2��� � ���� .�
  

2 .1��� ������ .  

 ��� �� �
���&1397  !�"# ��$��%� �� � ������ 

��$�
���& �� 9�:���3 ';�/. <��	�S"# !�"# ��7 ��7

 �%-2� ��8� �� �e� �h�\�	2� � �-7J��%-�  ,-.*+��  

 !�C�% '(��)��4 A��4 '
��� 
	�%� .q	� �10 �15 �20 �

25 �30 �35 �40  �45  %�:�% �� .��� J���"� 
0��

� ���2Y7 ��) ��� ���� ��7�e�s � ,+I% X�T�Tl� 
��

 
�8� (t-  �e� � ��8� 
�8��4.  

�-:�  ��710 ':��� �� �-:� -7 9��� � Q�i:�% �-:�

 ���Y4) aY�%� '(�I e6�  ��#1 9��� .�4 ��%� �%-P  (

 �-:� -730  9%`�� � �4 
:(-� -�� �� �e� ��#q	� 

'"��  
(�f% -RT� Q& -:�\�4 ���� �� ����	���h �� �7�e� .

12 #�� � '
�	4�� V12  .���4 ��%� �%-P '2
��� V#��

 �7�e� u��Y414  ��% ��� 
� �� .V4%� 
�%�% ���

 -7 �7�e� u��Y4 ��
���&V�7  ��7��� �� � V#��

 -7 �;�24  !�C�% ��� _
 V#���4
�%�0 ���;� . '��


�
� Z�� 9�4 9�
�Y� 9%`�� 
� 
�2-3 '"��.��� -:�  

  

2 .2���� � ! ������ .  

��& ,-. ��	/�-� �
�*+��   �� �%-2� ��8� �� '(��)�

 A��4 '2�3 �	� S":i� ,�R� .�4 
:(-� -��-HI �

2/0- �4/0- �6/0- �8/0 - �1 - �2/1- �4/1-  ��2����$�

'"� �% .��� a"��% ��$
+�6000  ��"l� V80 9�Y\& Z-�

 ���H:�% '2�3 �	��4 '"� 9%`�� ���;� � �%�a"  ��2
+�

J��%-� ���;�Michel & Kaufmann  )1973 .��� (

�-:� 9��� ��� ��7�e�
��4 ��7 '(�I e6�  9��� � �%

 �%�;� 
�30 V80 .��� ��#  a��p� �������� V��.�5 

'"����"l� �% -:�\ 
(�f% ��2
+� a"��% '"� ��7�4 .

�-:� �-�i/� �% �-���"0 V80 .���4 ���4�� 9�"
�� �� �7

 .��� ��� �
���& �	��� 
� �7�e� u��Y4  

  

2 .3#��$ � ! ������ .  

 ,-. ��	/� -� ���4 WR� ��*+��  ) A��4 '(��)�-HI �

50 �100 �150 �200 �250 �300 �350 �400  �450 

'"�� �-:� .��� g
���
-"  _Y� �% (�K�� -RP �� '
�710 

':��� � Q�i:�% �-:� �-:� -7 9���30  ��� �e� ��#

��# ��  ���Y4 aY�%� '(�I e6� )1(  �%-� .�4 ��%� �%-P

��"l� �% �-:� -7 ���4 ��75 '"�� 
:(-� -�� �� -:�\

.��� '2�3 �
���& �	��� 
� �7�e� u��Y4 .�4  

��%��% �%-�
�%�0 �I�� X�HI �-�� V#-� �'��


�%�0
�%�0 9��� [��:� �'��0 v3�4 � '��
�%� �% '��

 ���H:�% -
� XK��;��4.  

) 
R�%�1(                   Germination% = ∑ 

� × 100  

N  ��e� A  �%�;� �� V�% -�%-�n  �%�;� �� V�% -�%-�

 ��� 
�%�0 �e�  

) 
R�%�2(                        Germination rate = ∑ �

��  

n   � ��� 
�%�0 �e� �%�;�t 
�%�0 ��� �
 9��� '��  

) 
R�%�3(                �ean germination time = ∑ �

�   

Dn:  Q-f ��� 
�%�0 �e� �%�;� x�YC� �� V�% -�%-�


�%�0 ��� ��'��  

N: �e� A  �� V�% -�%-�  



�	 ! "#�!$ %&�&' !�(�& ")�*+, $&-. /0(� �+� 

  

 ����24 �  ���	
1 � ���
 1401 

34

) 
R�%�4            (Germination index =
∑�14 × �1� + �13 × �2� + ⋯ �1 × �14�  

n1 �n2... � �  n14
� U��-� ��� �� ��� 
�%�0 ��7�e� �%�;�  

g7 a�	�  U
-f ��% ��� �%-�14  -3& ��� �%-� �

 U
-f1 �4 
:(-� -�� ��.  

g7 a�	� 
2� �� ��� �% ��	
���  ���� a��;� �%-� �%

 ���H:�%�4 '� A
y ,-4 
� 
 .�4�� 

f (T)=(T 
_
 Tb)/(To 

_
 Tb)  if   Tb< T ≤To        ) 
R�%�5(  

f (T)= (Tc 
_
 T)/(Tc 

_
 To)    if     To< T < Tc 

f (T)=0    if    T ≤ Tb or T ≥ Tc  

Tb ���;� ���� �

�� To ���� ���;� �Q�"R� Tc 

���� ���;� -z %�m �
 ���� ST� � T ���� �
���& 

'� �	4��)Zaferanieh et al., 2020(.  

g7 ��%� u�%-� �%-� a�	� v3�4 
� k��-� ��7


�%�0  
\��;�) '��a���� -  
R�%�6
�%�0 9��� [��:� �(  '��

�  
\��;�)_��%��% -  
R�%�7��%��% X�HI � ( �-��  �� ��4

 �-:�%��� 
� _�:�C\ 
\��;� �% '2�3 � ���4 X��
���&

 
R�%�)8) �4 ���H:�% (Xiong et al., 2018.(  

) 
R�%�6 a���� 
\��;� (  

#$ = % × exp �−0.5 × %*+�,-,./0
1 �^3  

a 
�%�0 v3�4 -z %�m'�� {b [3 U�4 {TMAX   ����


�%�0 v3�4 -z %�m 9& �� 
  {�4 |��m '��c: 


\��;� U
-f.  

) 
R�%�7                               (�#4 = 56 + %7  

Y0  ��Y�� [
%-4 �� -
��T� �
 %�/� �% }-# �� V�% -�%-�

�7�4 {a [3 U�4.  

) 
R�%�8 
�) _�:�C\ 
\��;� ((�-:�%���  

8 = /
9:� ;

;<=
�>  

a ��� �� V�% -�%-� ��%��% X�HI -
��T� a
-� �-��  ��4

(�7�4) -HI ��Y�� ��  {b [3 U�4 {X50  '2�3 �
 ���4

 �7�  
� 9���� �%-� ���� ����50  X�HI �I��

��%��% �-�� ��4.  

��%� A�"l� � 

`C�A24 g�� � �7 �% ���H:�% �� �7

!-�  !�C�% X+��Y$�� �%`(%�4. 

  

3%��&' .  

3 .1��� .  

 
	�%� �� ���� a
% 
  �%� 9��� ��� 
� ��� ����10  ��40 


�%�0 
� ���P J���"� 
0��'� '�� ���� �� .�4��40 

 
� ���P ���� a
% J���"� 
0��38 
�%�0 �I�� ��� '��

 ���� �� �45 
�%�0 J���"� 
0�� SP�:� *+��  '��

 �4 A24)1 - ��7��� �� .(S\%10  ��35  J���"� 
0��


�%�0 �I�� �% ��� '��90  A24) ��� �I��1 - .(S\%

 ���� ��5 
�%�0 
� ���P ��� J���"� 
0�� .��/� '��


�%�0 v3�4 q
�:� ��� �
%`(% �� 
  �%� 9��� '��


�%�0 v3�4��� � �
%`(% ��� '��  v3�4 a
-�


�%�0 ���� �� �� '��25  �30  ��7��� J���"� 
0��

 A24) �41- .(Q 

��%� u�%-� -:�%��� ���&-�  �%� 9��� a���� 
\��;� ��4


�%�0 v3�4 -z %�m 
  ���;� '��258  ���� �� 
  ���

16/24  A24) �4 |��m J���"� 
0��1- 
0�� �� .(Q


2� �� ��� 
�
�%�0 V#-� 
� ��4 ��%� u�%-� �% '��


�� ���� 
� a��;� �%-� �ST� ���� � Q�"R� ���� �


 ��� ���� 

�� ����07/6  Q�"R� ���� �J���"� 
0��


�%�0 '��44/28 
�%�0 ST� ���� � J���"� 
0�� '��

14/44 ��� J���"� 
0�� A24) �4 '	��2-.(t  

��� -�
�%�0 [��:� 9��� a
 ���� 
� k��-� '��10 

 ���;� J���"� 
0����8�  
� ��� �
%`(% �� � ��� ���

25 
�%�0 9��� [��:� J���"� 
0�� ��� _
 
� '��

 ���� �% .����30  J���"� 
0��������  9��� [��:�


�%�0 �V(�
 �
%`(% '��
� ��. ���� �� 
  �40  
0��


�%�0 
  J���"� V/o '���4  �� -�%-� �%�T� a
%88/2 

A24) ��� ��� 2- .(�  
  

 

  

  

  

  



$�!&
�� �1!+, �1$ 23�� ��!��&- .4��� 53� 6�7 !/
&8 9.7 ��� ��3:� 

  

 ����24 �  ���	
1 �  ���
1401  
35

    

(=+3>>?@A �>>,��) �>>��

5 10 15 20 25 30 35 40 45

(�
>>�

��
) �

1$ 
�1!

+,

0

10

20

30

40

50

60

70

80

90

100

MGT= 8.64+0.57*x+0.011*x^2

(=+3>>?@A �>>,��) �>>��

10 15 20 25 30 35 40

($
��

) �
>>1

$ 
�>>

1!+
, 

)�
�$

 8
A+

C�

0

1

2

3

4

5

6

7

GI = 258.50*exp(-0.5*abs((x-24.16)/14.07)^7.01)

(=+3>>?@A �>>,��) �>>��
5 10 15 20 25 30 35 40 45

�
��


�
 �

��

��

�
 �

�
��

0

50

100

150

200

250

300

Tb= 6.07

To= 28.44

Fo= 14.71

Tc= 44.14

(=+3>>?@A �>>,��) �>>��
5 10 15 20 25 30 35 40 45

($
��

 /
>>
 

  �
!�

>>F
7 )

 �
>1$

 �
1!+

, 
6

G/
A

0.00

0.02

0.04

0.06

0.08

0%

92%

100%

38%

100%100%100%97%

ال��ف

ب

ج
د

 
 JK
1������ /L! . �1!+, ���� /
 M@CN��1!+, O(�
 "(M�!) �1$ (P) Q�.&���R ���� '33F7 "(S) �1$  

�1!+, )��$ 8A+C� � �35 (�) �1$  

  

 X�T�Tl� q
�:�et al. Groai )2011 
  �%� 9��� (


�%�0 ����
��� '��  �
�\�� �% �%)Salvia aegyptiaca 

L.( ��� 
�%�0 �I�� a
-� ���� �� '��30  
0��

 ���� �� � J���"�5  �45  `�� J���"� 
0��

g  
�%�0 �I�� a
-�  -o% .�4 V/o 
� '��
��� -� ���  �%

) �
�\�� �%Salvia reflexa ���� �
%`(% �� 
  �%� 9��� (


�%�0 �I�� 
�%�0 � V(�
 �
%`(% '�� �� A��  '��

 ����12  ��32 g7 .�4 |��m J���"� 
0��  a�	�

 a
% q
�:� J��%-��7�r� 9%-� ���  V#-� a
-�


�%�0 '
��� 
	�%� �� '��28  ��32  J���"� 
0��


� �& V��g7 .� �7�r� a
% q
�:� a�	�  �%� 9��� 9%-�

 ���� �� 
 4 
�%�0 J���"� 
0�� ��� ��7��� '��

 
� ��� �
%`(% �� �8 
�%�0 �I�� J���"� 
0�� '��

 *�/
-T�60  �% ��� �
%`(% � �I��36  
�39  
0��


�%�0 �I�� J���"� �% '��90 g  
�  �% -�20  �I��

 ����)Weerakon & Loveet, 1986(. 

 �
�\�� 
��� ��� Q��	:� ��7��� � V��o ��7��� -o%

)Salvia officinalis
�%�0 Q�"R� ���� 
  �%� 9��� ( '��

 V��o ���� ��25  Q��	:� ���� �� � J���"� 
0��

20/30  ���)Oberczian & Bernath, 1988(.  

�1!
+,

 6
G/

A
 

�
1$

 
($

��
 �

� 
�T


 �
!�

F7)
 



�	 ! "#�!$ %&�&' !�(�& ")�*+, $&-. /0(� �+� 

  

 ����24 �  ���	
1 � ���
 1401 

36

3 .2���� � ! .  


�%�0 �I�� �	� �� ��� '��6/0- ~� 9��� ��2����$� -��

.��� �7�4 
� V/��  �% '2�3 �	� �
%`(% ��6/0 - 


�%�0 �I�� ��2����$� �� � V4%� '\�`� ���� '��

4/1-  ��2����$�
�%�0 �� '*+��  A24) �
�-� SP�:� 

2-  �	� �� .(S\%8/0- �1-  �2/1- �I�� ��2����$�


�%�0 ��� '��
� U��-� 54 �48  �32 .��� �I��'� 9%�� 

 
  ��Y� 9��� �	� �%6/0-  ��8/- *�/
-T� ��2����$� 


�%�0 '��50  �7�  .V4%� �7�  �I��50  �I��


�%�0 -:�%���) '�� X50 '2�3 �	� �� (92/0- 

A24) �4 ��� a�Yi� ��2����$� 2-  
� ���� a
% � (S\%


�%�0 Am%-� �� '2�3 �	� '� !��T� '��.�4�� 


�%�0 V#-�
�%�0 �I�� �	��� 
� `�� ��� '�� �� '��

 '2�3 �	� WR�6/0 -  
� V/�� -��~� 9��� ��2����$�

 �% '2�3 �	� �
%`(% �� � ��� �7�46/0 -  ��2����$�


�%�0 V#-� �7�  .V(�
 �7�  '��50  V#-� �I��


�%�0 �� '��79/0 -  
� V/�� 
  �4 ��� a�Yi� ��2����$�


�%�0 �I��g  '2�3 �	� WR� �� '�� 
� �-�  ��& V��

 A24)2 - �7�  .(Q50 
�%�0 v3�4 �I�� �� `�� '��

87/0– 
� ��2����$�  .��& V��  

  

(Q�K>>A���U�) �K>>�( 9>>.7

0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4

(�
>>�

��
) 

�
&�>>

�1 
�

1$
 �

1!+
,

0

10

20

30

40

50

60

70

80

90

100

(Q�K>>A���U�) �K>>�( 9>>.7

0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4

�
1$

 �
1!+

, 
O

(�



0

100

200

300

400

MGT = 0.60*exp(1.42*x)

R
2
=0.89

(Q�K>>A���U�) �K>>�( 9>>.7

0.0 0.2 0.4 0.6 0.8 1.0 1.2

($
��

) 
�

>>1
$ 

�>>
1!+

, 
)�

�$
 8

A+
C�

0

1

2

3

4

5

6

(Q�K>>A���U�) �K>>�( 9>>.7

0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4

($
��

 �
� 

�T
>>


) 
�

>>1
$ 

�1
!+

, 
6

G/
A

0

5

10

15

20

25

30

35

G%=100.00/1+(x/0.92)
4.77

R
2
=0.92

GR=31.86/1+(x/ 0.79)
6.38

R
2
=0.95

GI=369.94/1+(x/0.87)
4.90

R
2
=0.93

ال��ف
ب

ج

د

 
JK
 2 ���� /
 �K�( 9.7 M@CN� W+:A /L! .�1!+, 1$�  6G/A "(M�!)�1!+, 1$�1!+, )��$ 8A+C� "(S) � (P) �1$  

�1!+, O(�
 ��35 (�) �1$  
  

  

  

  



$�!&
�� �1!+, �1$ 23�� ��!��&- .4��� 53� 6�7 !/
&8 9.7 ��� ��3:� 

  

 ����24 �  ���	
1 �  ���
1401  
37

  

 


�%�0 9��� [��:�
� `�� '��  �
%`(% '
�Y� X��I

 '2�3 �	� WR� �% � V(�
6/0-  [��:� ��2����$�


�%�0 9������ U�4 �� '��  � V(�
 �
%`(% �-�

��� 
�%�0 9��� [��:� a
-� '2�3 �	� 
� k��-� '��

2/1 - � 
  ��� ��2����$� ���;46/3  A24) ��� ���2 - .(t


�%�0 v3�4 q
�:� 
  �%� 9��� '��50  �7�  �I��


�%�0 v3�4 �� '��87/0- 
� ��2����$�  ��& V��

 A24)2-.(�  


��� -� '2�3 �	� -o% )Salvia reflexa L. 9��� (

 '2�3 �	� �� 
  �%�4/0-  ��Y�� 
� V/�� ��2����$�


�%�0 �I�� '2�3 �	� !�#�~� '�� U�4 � V(��� -�


�%�0 �I�� �7�  '2�3 �	� WR� �% '��6/0- 


� ��4 x�-4 ��2����$� ���. 
�%�0 �I�� 
  �% '��80 

 
� �I��20  '2�3 �	� WR� �� �I��1 -  ��2����$�

 '2�3 �	� �� � ����4/1- 
�%�0 ��2����$� '��

g7 .�4 SP�:� �7�r� a
% q
�:� a�	�  
  �%� 9��� 9%-�

 V#-�
�%�0��� '2�3 �	� S":i� ,�R� �� '��  -�

'� �%-P -�op� Vl�
� ��-�� ���. ��� 
   V#-� a
-�


�%�0 ���;� '��04/0  9��� [
%-4 �� V#�� �� �e�

 
� '2�3 �	� �
%`(% �� � ��� '2�3 �	�2/0 - 


�%�0 V#-�  ��2����$� 
� '��20/0  V#�� �� �e�

 ����)Weerakon & Loveet, 1986(. 

  

3 .3#��$ .  


�%�0 �%� 9��� ���4 S":i� ,�R� 
� V/�� ��� '��

'� ���� a
% 
   ���4 �	� �� ':m%� 
� ��%��300 

'"��  
� ���4 �
%`(% �� � �
�Y� AYl� %� �K��350 

'"��
�%�0 �I�� �K��g  
� '��  �% -�50  � ���� �I��

 ���4  �	� ��400 '"��
�%�0 �K��P�:� *+��  '�� S

 A24) �43- .(S\%  

 �7�  �%-� �������� ���450 
�%�0 �I�� ��� '��

349 '"�� A24) ��� �K��3- ��� .(S\%  V#-� a
-�


�%�0 V#-� ����4 �
%`(% �� � �7�4 ��Y�� �� '��


�%�0  �7�  �%-� �������� ���4 .V(�
 �7�  ��� '��

50 
�%�0 V#-� �I�� �� '��236 '"��
� �K�� V�� 

 A24) ��&3-  .(Q 


�%�0 9��� [��:� ���4 WR� �� 
  �%� 9��� '��

150 '"�� �
%`(% �� � V4%�� ��0� '�%�	� X��H� �K��

 �% ���4150 '"�� 
� �K��200 '"�� 9��� [��:� �K��


�%�0 A24) �%� 9��� '�
%`(% ���� '��3- 
� �(t  ���.

 �% 
 05/1  
� ���25/2  �� .���� ��� ���4 �	�350 

'"��
�%�0 
  �K�� 9��� [��:� ����� V/o 
� ��� '��


�%�0 A24) V(�
 �
%`(% ��� �4 
� '��3 -  .(t  


�%�0 v3�4 S":i� ,�R� -�op� Vl� `�� '��

 -:�%��� J��%-� � V(-� �%-P ���4x50  �������� ���4

 �7�  �%-�50 
�%�0 v3�4 �I��  '��323 '"��  �K��


� & V�� A24) ��3- .(� 

'� ���4 q
�:� 
� 
0�� �� ���� a
% 
  ��Y� 9��� 9%��


�%�0 Am%-� ��
� 
  '�� g8� 9%�	#  �%-T:�% 
"m-� a
-�

'� 'T"� ���� '� !��T� ���4 
� ���4 ���4 �� � �4��

350 '"�� `�� �K��50 
�%�0 
� ���P �7�e� �I�� '��

��� 
� 
0�� �� �-$
� c-. �% .�������7 
�%�0 ��7 a
% '��

'� � ���� <
-� ����� ����g  �� ��%��  
� ��� �� �% -�


�%�0 -z %�m '� ���4 .��-� ��3 '�����;� ��%�� 

'�����7 ���� %� -��~� ��%� � �
%`(% -C	� ���4 
� 

9����7 �7� ��7 �a�� % �a�	� �:�� a�\-/�0 � ���% 

_�"���\�� �� V(����7 ����  -C	� ��
%`(% 
� ���% 

_
`���& � X���Y��0 '�  ��4)Javid et al., 2011; 

Miransari & Smith, 2014.( 

'� ���4 ^
-. �% ��%�� �7� '�-:�� V�"��P  �Q&

-��~�  Z-l� -
�3y�e� ��:3�� -� -�op� �  
� -C	� a����-�


�%�0 �7� ) ��4 �e� '��2004., et alNeto -Machado.(  
  



�	 ! "#�!$ %&�&' !�(�& ")�*+, $&-. /0(� �+� 

  

 ����24 �  ���	
1 � ���
 1401 

38

    

(�X+>>� �>>@3�) ��+


0 50 100 150 200 250 300 350 400

(�
>>�

��
) �

&�>>
�1 

�
1$ 

�1!
+,

0

10

20

30

40

50

60

70

80

90

100

(�X+>>� �>>@3�) ��+


0 50 100 150 200 250 300 350 400

�
>>1

$ 
�1!

+,
 O

(�



0

50

100

150

200

250

300

350

400

MGT = 0.54*exp(0.007*x)

R
2
=0.94

(�X+>>� �>>@3�) ��+


0 50 100 150 200 250 300 350

($
��

) �
>>1

$ 
�>>

1!+
, 

)�
�$

 8
A+

C�

0

2

4

6

8

10

(�X+>>� �>>@3�) ��+


0 50 100 150 200 250 300 350 400

($
��

 �
� 

�T
>
)

 �
>1$

 �
1!+

, 
6

G/
A

0

5

10

15

20

25

30

G%=98.19/1+(x/349.168)
19.82

R
2
=0.98

GR=25.94/1+(x/236.65)
5.26

R
2
=0.98

GI=339.55/1+(x/323.30)
11.07

R
2
=0.97

ال��ف

ب

ج
د

  
JK
 3.  M@CN� W+:A /L!��+
  /
�1!+, �����1$ �1!+, 6G/A "(M�!)�1!+, )��$ 8A+C� "(S) �1$(P) �1$   

� �1!+, O(�
�35 (�) �1$  

  

-�op� �
-"  ��7��Y�� S":i� ,�R� �g
��

" �
-"  � g
`�	��
-"  �g���:��
-
�%�0 -� g��"  ��� '��

 ��%� 9������ -� a
-�op�  ���� g
`�	��
-"  
� k��-�


� ��.� V�"6 �� 
  1/0-  �% ��� ��2����$�50  �I��


�%�0 �7�  � V4%� '��g  -� a
-�op�  
� k��-�

 ���� g
���
-" 
� ��. ���4 WR� �� 
  �30/0 - 

��7 ��2����$� 
�%�0 �� �-��~� 
��� �7�4 
� V/�� '��

 ��7������� )Stefanello et al., 2020(.  


��� -� ���4 S":i� ,�R� -o%) �
�\�� �% �%Salvia 

splendens L. 9��� ( ���4 WR� �� 
  �%�4/0 -  ��6/1 - 


�%�0 �%-� ��2����$�'	;� X��H� '�� �7�  �� ��%�


�%�0 �I�� V4%�� ��0� '��)2015., et al Rosa(.  

  

4�)�&' . #*�+  

 q
�:��7�r�  ��� ���� 
  �%� 9��� -f�m
� 9%�	#  _


'� �	Y4��% '
��%� ���� '
��� 
	�%� �� ��%��10  ��40 



$�!&
�� �1!+, �1$ 23�� ��!��&- .4��� 53� 6�7 !/
&8 9.7 ��� ��3:� 

  

 ����24 �  ���	
1 �  ���
1401  
39

 
0��
�%�0 J���"� Q�"R� ���� � �4�� 
:4%� '��


�%�0 a�� '��25  ��30 '� J���"� 
0��.�4��  

 J���"� 
0�� �4 ��� 

�� ���� -$
� c-. �%


�  a
% �� � V�  9�:���3 [
%-4 �� a
%-��	� ���& V��

'� ����aY8� [�%�% �% ��%��9�2�% �;� 
� ��� �% .�4�� -
e�

q
�:� -$
� c-. �
���&  ���4 � '2�3 
���%�0 ��7

�	� 
� V/�� 
  �%� 9��� 9�2�% � ���� !��T� ����-�6 ��7

Z�3 [
%-4 �� V� '� ��4 ��7 9%�����  -���� ��%��

g7 .�-�� �%-P  � K�� `�� '2�3 �	� 
� V���T� 9%`�� a�	�

a
% �% 
�%�0 
� ���P �7�e� '2�3 �	� [
%-4 �� �� '��

� � ��� �	7%�3 'T.�	� �� '2�3 �	� 
� V���T� 
� 
0�� �

'� ���%� ��0� Q& ��/Y  [
%-4 
 
� ��%��  ���� _
 9%�	#

.��4 '(-;� '2�3 �	� 
� !��T�  

  

5�'����- � *��! .  

 9�:���3 ';�/. <��	� � ������  !�"# ��$��%� �%


� -.�3 '7�$�
���& X���2�% � X%`�8C� 9�%����:3% ��� 

� '�%���P � -2��'.��-�  

  

6/0� � 1��2! .  

��7 
��� }��;� <(�	� [��� 9���	�
�� ��0� .��%��  

  

7/4� � . 

Abbad, A., Belaqziz, R., Bekkouche, K., & 

Markouk, M. (2011). Influence of temperature 

and water potential on laboratory germination of 

two Moroccan endemic thymes: Thymus 

maroccanus Ball. and Thymus broussonetii 

Boiss. African Journal of Agricultural 

Research, 6(20), 4740-4745. 

Dadach, M., & Mehdadi, Z. (2018). Germination 

responses of Ballota hirsuta seeds under 

conditions of temperature, salinity and water 

stress. Hellenic Plant Protection Journal, 11(1), 

34-39. 

El-Keblawy, A., & Al-Rawai, A. (2005). Effects of 

salinity, temperature and light on germination of 

invasive Prosopis juliflora (Sw.) D.C. Journal 

of Arid Environment, 6 (4), 555-565. 

El-Keblawy, A., & Al-Rawai, A. (2006). Effects of 

seed maturation time and dry storage on light & 

temperature requirements during germination in 

invasive Prosopis juliflora. Flora, 201, 135-143. 

Gorai, M., & Neffati, M. (2007). Germination 

responses of Reaumuria vermiculata to salinity & 

temperature. Annals of Applied Biology,151,53-59. 

Gorai, M., Gasmi, H., & Neffati, M. (2011). Factors 

influencing seed germination of medicinal plant 

Salvia aegyptiaca L. (Lamiaceae). Saudi 

Journal of Biological Sciences, 18(3), 255-260. 

Huang, Z., Zhang, X.S., Zheng, G.H. & Gutterman, 

Y. (2003). Influence of light, temperature, 

salinity & storage on seed germination of 

Haloxylon ammodendron. Journal of Arid 

Environment, 55, 453-464.  

Ixtaina, V.Y., Nolasco, S.M., & Tomas, M.C. 

(2008). Physical properties of chia (Salvia 

hispanica L.) seeds. Industrial crops & 

products, 28(3), 286-293. 

Javid, M.G., Sorooshzadeh, A., Moradi, F., 

Modarres Sanavy, S.A.M. and Allahdadi, I. 

(2011). The role of phytohormones in 

alleviating salt stress in crop plants. Australian 

Journal of Crop Science, 5(6), 726-734. 

Kamatou, G.P.P., Viljoen, A.M., & Steenkamp, P. 

(2010). Antioxidant, anti -inflammatory activities 

and HPLC analysis of South African Salvia 

species. Food Chemistry, 119 (2), 684-688. 

Kintzios, S. E. (2000). ed. Sage: the genus Salvia. 

CRC Press. 

Machado Neto, N.B., Saturnino, S.M., Bomfim, 

D.C., & Custódio, C.C. (2004). Water stress 

induced by mannitol and sodium chloride in 

soybean cultivars. Brazilian Archives of Biology 

and Technology, 47(4), 521-529. 

Michel, B.E. & Kaufmann, M.R. (1973). The 

osmotic potential of polyethylene glycol 6000. 

Plant physiology, 51(5), 914-916. 

Miransari, M., & Smith. D.L. (2014). Plant 

hormones and seed germination. Environmental 

and Experimental Botany, 99, 110-121. 

Mohd Ali, N., Yeap, S.K., Ho, W.Y., Beh, B.K., 

Tan, S.W., & Tan, S.G. (2012). The promising 

future of chia, Salvia hispanica L. Journal of 

Biomedicine & Biotechnology, 

https://doi.org/10.1155/2012/171956  

Oberczian, G. & Bernath, J. (1988).The 

germination of Salvia officinalis L. and Salvia 

sclarea L. seeds affected by temperature and 

light. Herba Hungarica, 27(2-3), 31-37. 

Pratt, D.E. (1992). Natural antioxidants from plant 

material, 54-71. 
 



�	 ! "#�!$ %&�&' !�(�& ")�*+, $&-. /0(� �+� 

  

 ����24 �  ���	
1 � ���
 1401 

40

  

Rosa, D.B.C.J., Soares, J.S., Moreno, L.B., 

Michels, G.S., Lemes, C.S.R., Scalon, S.D.P.Q., 

& Rosa, Y.B.C.J. (2015). Germination of Salvia 

splendens L. subjected to salinity. Ornamental 

Horticulture, 21(1), 105-112. 

Saffariha, M., Jahani, A., & Potter, D. (2020). Seed 

germination prediction of Salvia limbata under 

ecological stresses in protected areas: an 

artificial intelligence modeling approach. BMC 

ecology, 20(1), 1-14. 

Seyedi, A., Parsa Motlagh, B., & Yazdani-Biouki, 

R. (2019). Introduction of Chia (Salvia 

hispanica L.) as a valuable crop plant and 

medicinal plant. Iranian Medicinal Plants 

Technology, 2(1), 63-72. (in Persian). 

Song, J., Feng, G., Tian, C., & Zhang, F. (2005). 

Strategies for adaptation of Suaeda physophora, 

Haloxylon ammodendron and Haloxylon persicum 

to a saline environment during seed germination 

stage. Annals of Botany, 96, 399-405. 

Stefanello, R., Viana, B.B., Goergen, P.C.H., Neves, 

L.A.S., & Nunes, U.R. (2020). Germination of 

chia seeds submitted to saline stress. Brazilian 

Journal of Biology, 80(2), 285-289. 

Tobe, K., Li, X.M., & Omasa, K. (2000). Effects of 

sodium chloride on seed, germination and growth 

of two Chinese desert shrubs, Haloxylon 

ammodendron and H. persicum 

(Chenopodiaceae). Australian Journal of Botany, 

48, 455-460. 

Weerakoon, W.L., & Lovett, J.V. (1986). Studies of 

Salvia reflexa Hornem. III. Factors controlling 

germination. Weed research, 26(4), 269-276. 

Wilson, R. (1993). Desert plants-derivatives for 

personal products. Drug and Cosmetic Industry. 

January. 

Xiong, R.C., Ma, Y., Wu, H.W., Jiang, W.L., & 

Ma, X.Y. (2018). Effects of environmental 

factors on seed germination and emergence of 

velvetleaf (Abutilon theophrasti). Planta 

Daninha, 36, http://dx.doi.org/10.1590/s0100-

83582018360100122. 

Zaferanieh, M., Mahdavi, B., & Torabi, B. (2020). 

Effect of temperature and water potential on 

Alyssum homolocarpum seed germination: 

Quantification of the cardinal temperatures and 

using hydro thermal time. South African 

Journal of Botany, 131, 259-266. 

 


