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Abstract Article Info 

Background and objectives: Salinity stress poses a significant challenge 
worldwide, particularly in arid and semi-arid regions, impacting the physiological 
processes and secondary metabolites of medicinal plants like Mentha suaveolens 
Ehrh. Distributed in humid rangelands, this species is notably affected by 
environmental salinity rise and excessive exploitation. Therefore, enhancing or 
preserving the quality and quantity of its metabolites under natural or cultivated 
conditions, including irrigation with unconventional saline waters, using modern 
methods, becomes imperative. Recently, gamma-aminobutyric acid (GABA), a 
biomolecule known to induce plant tolerance in various physiological processes, 
has been explored to optimize conditions and enhance plant performance under 
stress. This study aimed to model and evaluate the effects of GABA concentrations 
on the secondary metabolites and physiological characteristics of Mentha 
suaveolens under varying salinity levels. 
Methodology: The influence of GABA concentrations ranging from 0 to 2.4 mM 
on secondary metabolites and physiological traits of apple mint species under 
salinity levels of 0 to 150 mM NaCl was assessed in a greenhouse at the Faculty of 
Agriculture, Maragheh University, during the year 1401. At the end of the trial 
period, parameters such as biomass performance, relative water content of aerial 
organs, and secondary metabolites including flavonoids, phenols, DPPH radical 
scavenging activity, proline, malondialdehyde (MDA), carotenoids, chlorophyll, 
and essential oil content were evaluated. Statistical analysis and Principal 
Component Analysis (PCA) were performed on the collected data. 
Results: Salinity stress led to reductions in root and shoot dry weight, piperitone 
oxide content, relative water content, chlorophyll content, and PSII maximum 
quantum yield (Fv/Fm). Conversely, malondialdehyde (MDA), total flavonoids, 
and DPPH radical scavenging activity increased under salinity. Application of 
GABA mitigated the negative effects of salinity stress, with the most significant 
changes observed under higher salinity (150 mM) and GABA (2.4 mM) levels. PCA 
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analysis accounted for 90.58% of changes under different treatments. DPPH 
activity, piperitone oxide, and essential oil content showed the highest gradients, 
indicating their sensitivity to salinity levels and GABA application. Notably, 
NaCl(0)-GABA(0) and NaCl(0)-GABA(2.4) treatments exhibited the most 
significant combined effects on plant physiological characteristics. Salinity stress 
had varying effects on phenol and biomass content, while GABA application 
showed minimal to moderate effects on these parameters. Overall, severe salinity 
stress (>120 mM NaCl) adversely impacted plant performance and evaluated 
characteristics. 
Conclusion: Salinity stress significantly altered functional characteristics of 
Mentha suaveolens, inducing metabolic changes to cope with or enhance tolerance 
to salinity stress. Modeling indicates that optimal GABA application could maintain 
or improve medicinal performance under moderate salt stress conditions. However, 
extreme salinity stress (120 to 150 mM) adversely affects plant performance, 
suggesting limited efficacy of GABA application in such conditions. 
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,�:3*U  )�Y�u  	3*A�hY*+  ��Y*x�-,*��/�6 �A	3
��*��� 

�0h��  ) U=� � �� ���'(9  � 16  .(  

   ���'�  +*�  z��0��  A*�/0  "�)M0  "�	��  "�  "Q�0  ��

  �  $�(�*�J�KL*1�   "	*4�  \���@  +**:0  !���  �I*/

   ���'�   ��4�  �  p=�	  \*/  [�S?��  �  ��*�  H���

  �(�*��VO  ) U=�8`�� �_, �( !��� �N�?S !��Y  !�(

 "?=  � ���>�,��� \���� H(��  �I*/ A��� !�	� �VO 

�  $�(�*�   ���'�  ��  ����0� �N?=� ��  ���W   "�  . �*#�

  ��b	 +*'( ��c�^ ":,�I �     �*VX0Ub���(  !0    �04/2  

*���h�   GABA  ��,���?*U�(!  ���V�"    � 1�*J�KL

3*)�>�,���  !��@ i�I= U/0 �=����Y Z�	:� "��� �0   [Y)

  �({,�L30  �60  �90  �120    �150  *���h�  NaCl   !���

"��?=Y +**:0 P'� "� H	0 U/0 �@� "	*4� \���@ � �(

 �� �� ���"?=� !�(  .U3�� ���W �������  ��  ��/ !�	�  

  

  % ����D%��+ 

  C���P� D%�  

   �c�^  ":,�I\���@  U/0    ������  �  "��S��

������!    .�@ ��M��  "��� ��#���   ��  H���Y  ��M��  !���

  T��8m�0*�  �����  "�,��  $��	� *+  ���  "�^�!  '|0* +  

�?L��	��  ?�>*��  �  ��* (� �  �@ ���W�  . ��b	 +�� !���

����)    Z�	:� "���= � *	�    �*m�0��^!  /*\   6����*U-

,�6*U  50:50  )v/v  .���@ � �  U�� (  U*(� "� "Q�0 ��

"?=� `�� "� )*,��Y � ":,�I +��  �(��'*0 ����0 �_, �!�	�

  "� � �� �*n?R���'M  30    .U3�� ���W �������  �� "��'�

 }I=  �!��@  i�I=  ��  P��(  !���  �~�	?  �0����  "�

 �� ��@ {S�GABA   H@ "� U3�� ���W � �N?=�  ��

� A�@ ��  $����  "� ���� p*0�0 +*'( "�  .�@����  �(

  � � �'� A.?
 �@�  "�  Z�N0��10?��=��?  =�* ��� �    "�30  

$����  10  ,*�?!  ��^!    �  "=�  �x�L  "�  v�� ��

 U�
��(  !2  �1  �  1�    .���@ A.?	  !�)Q� �J�  "� "Q�0 ��

$���� �  x�L ���4� U3�� �x�L  .�� �� +**:0 �	@ ��, �(

  �� �. +*	q'(pH  � �N
3 �u*=�?6 �$>��?*� ��,Y +��� �

  u*
��  1�	��� x�L  $���� �(  "�  � �:  p*0�05/7  �

7/18  ��J� 70/50  �71/42  �24 /35  *�����    �����*� ��

 �62/25   . �� �J�   

  C���P� ��+����� Q��6�  

�P    �U@��  ��  76  ��$�(�*�    w�:  � 5    }I=

��@ H	0 e�?S!  [Y) �(�@ A�@  {,�L  �(30  �60  �90  �

120    �150  * ���h�  NaCl  �� ���W�	?3  . ��b	 +�� !���

  ���L "Q�  �� ��:8 P'�5/99 ) �J� MERK  � �N?=� (

  .�@���!  ���Q*�!  )'=� x�@ ��!�  0* ��'  NaCl    ���/ ��

20  *��    �h�NaCl  Ub�� 7k= � �@ ���Y"� �(��0� f  

� (��� �  �()�)3�H   �U3�   �. �m���^ "� �0��  =�*��Y .*��!  

$�����(  ���/ ��    �(3    ���� P���    .�@ ��M��"��S�� \���@ 

!���   � !  25  ?��= "Q� � ���  ���� ��� !  16  U��=  �  

�
� U��8�� 80 �J�    . ��  

  ���.� ��*��  GABA    U��@  ��Sigma-Aldrich 

�L����!  ���/ .�@@�6 �  0 �� A�W ��� f	6*�(��' !  ��@ ! 

  ��(�@) e�?S Ub�� f	6 Z�'M�  � �@ Z��@8/0  �2/1  �

6/1    �4/2  *� �  .�@  ��'��  (�h�  +��  "�  �(��'*0  ��'��

  i�I= �� P� �( "�  �� A�@GABA   !��@ i�I= ��'0 ��

  "� �@ T*N�0 �4�� R�?  30    .�Y U=  "� "��'�0*�(��'!    �(�@

���/ U/0@�6 �    "?N( �  $���� �( .�	?3�� ���W �I. [Y

  ��5/0  ,*�?    [Y)  {,�L�I. (  �Y*��!    9'M0  ��  �0  �@

�*H�^��  ��   ��:�  ���Q  P'�*�!    . �@  "�  ��  +��

"��'� ��'0 !��� ��IL �� !�*���Q ��b	  .�@ ��M�� �(���!  

���Q*�!  _n  ��  ��'� ��!�    ��'0�*$�(�  $���� $��  �(  

  1��W �� �	���( ���/ ���P���4t    "?N( �  �(�P ���    �

_n0  �@�  AK3  ��8  � �"   ���@  )17(�  .  �4���U   !�)Q� 

�*(� �  � ��*��  �  �  �N	 !  80  ?��= "Q� � ���  ���! 

,��Y*�()!  �*@�*'*���  �:� !  ���4#�!  �  �� � ���@* (� �  

W��*����'  ������� !���  7��=�   �6  ��  �  A� A	3� !  40  

?��= "Q� � ���  .���@ P�L $�Y �  

 9��� 2:�G�!��R�, 5��S�TU 2���P��  

������ (-
2  �VU MP% % W� 

�   A��  �@�  "�^�  A�  $��)(�(   ��'0  �

U'
W�(!  �*��  "��@ U@� �� A�� ��8!�)Q� .  ��"�   �

  ����(  �����"�1��J  �)M   .���@  $��  �  P�L  ���! 
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��  )  v�� [YRWC  �  (

0  "�  �=�6*�(��'!  ��@  H	0!�   P�L  $��  �  ���0  $��

  ����� "��'��*$�(�    "�  1� "�48    �  U��=$�Y  �  �� !  

70  ?��= "Q� � ���    ���W  � "�=�/ �	?@� ��?/!  �
� �  

:0 [Y**+  �@  A�@ "�  H���Y U*(� "�	��  "� "Q�0 ��  .

"?=� i�I=  �0  �NJ  i�I=  ��*��0  1��V�  A�@  �  !�	�

  ��'0 !��� ������� �_, � �� �(��'*0 �m���^30   ��M�� "��'�

  .�@ 

������ !%�F� � % M�!��� �X�!�� � )MDA(  

 ��?/!  ,��6*+   v���(!    �� � �N?=� �� ���0�P   a�:

�*+(*���+  �@  ��Y�� .  � ����  "� �+  ��?/ �`��!  ,��6* + 

���  �  ;��S?=�  +g�,�0  ��3  ��  A�!  �������*�!�( !  

�?�?3��?�k=�!  )��UV/Vis1800   ( )0����  "/NJ  � 

96   (�t�   �@  � �Y  )18( �4��  .�U  �������*�! �(   \=�0

  $��L "/NJ�    ��8  ;�520  ��?/ .�@ ��M�� �?���� ! 

,��6 A�*+  "� 1��J*�����  ,��6*+    � 1    ���0 $�� ���

�*$�  .�@    +*	q'(��?/!  $�,� !g�,Y*�  )MDA  (

"�  {L�@ $��	��#t��k��  v�� �  �����(!    o�=� �� ���0

 6 `��* �4	�!  +*�*6:0**+ � �� .�@� +   a�: �� �o�=�

0*�����*��?�P   =�*�  )TBA���  (!  ��0  [_Q*p   3�c� �  

MDA-TBA  ��8 � ;��( !  532    �600    � �N?=� �?����

�@ )19(  .  

������ ,%�/�� � X���%��� %��+� ' ,/,%�/� Y
���X�� � 

���.  3����* A  a3���� �* A  b  g�	0���� �*�  � A�  "`��  

Porra  ) U3�� 1��J20 (  ��� .!  � �+    ���b	2/0  "��'� ���

  �  ���0 v��10 *��,*�?    $�?=� ���/80    �J�  ��*��=  

"��'� � �@  1� "� �(15  W *".    U��= ��10000    �  �� 
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3�3���� 7��=��g�*A  )F0  �Fm  �Fv  �Fv/F0  � �Fv/Fm  �� (
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?��=� ���R��W�:? �    ��� �� � 3 ?��= "Q� � ���   ".*W  � 

  �0180    7k= �  �� ��*6 H��)3�  ��� �?��= "Q�   1� "�

2  W *".  �  � !  180  �?��=  "Q�  ���  U@�  eW�0  .

	q'(*+  � !  0�0 "� ��.?�� \L � ��?�B��*p  230    �240  

�?��= "Q� b	0   ���*u   .�@  �( *��  "�  ��  A�^  ��� $��	�

  ���1  ��*W  �  �?*,*".     .�@ � �N?=�e*8 �(   � ��/ �   

 ��Q [_Q 40-400 m/z  .�@ +�=�   p*��0 $ �� ��'�  

���� �� � �N?=� �� 7��=�  � �N?=� $��� � P*6 }I= !��=

�@ ��M�� },�J� p���c �� )24(  .  

 R�!�
�9����+  

a����'�� $��Y ��?��-    ���� �=��� !��� a���*'=�

� �  $ ��  �(� �N?=� ��    �� 76 .U3�� ���Wg�0*�    �	#'(

� �  7������  ��(,��Y*)  ���� 7�� 3 �K0 Rd�� i�8 p,�W �  �  

)CRD  (  � SPSS    +*	q'( .�@ ��M�� "���b	  "?=� !�	� 

� �   `�� "�  $�� ��� ��8 ��(DCA    ��  �?'�3    U=  "�

  �_,  ��Y�/0*A  �J�  "N,O�  )PCA"�  ($��	�    ��� ��

u4�0�+  `��!�(  "?=�!�	�   ���!  "JdL 1�8��0�� !��=

   �� 1�*J�KL������U/0 �  0 *�(��'!  GABA    �NaCl  

.�@ ��M��   

  

��
�J  

  �*VX0 U/0 Z�	:� "��� !>�,��)*3 1�*J�KL �������

  i�I=  �����GABA    "�   �  $���  !��@ H	0  ��.0� R��  

  �� !�� �	: 1��**n0 �������  �� !�(��?��3 ��'0"?@� ���  .

  }I= �  !��@ e�?S i�I=) !��@ �V�   ���  p���  � 

0GABA  1��V� �� �?�*� (GABA    �������  �� 1�*J�KL

!��?/ "�'Q �� 3����*A a  �b   ��t  !�� �	: A�@ "� ��

)  U=�  � �'�  �**n0P<0.05.(   i�I=  ��*��0  1��V�

  !�(��'*0� �N?=� ��   "�'Q��  1�*J�KL  �L��  ��

g�	0����* �(�  �  U�
�  Fv/Fm   ���u��    �� �	:  ��  1��N0

  ���Q �  . ���1 !�(��'*0 �NJ i�I= +?3�� �b� �  �� �

 ��*��0 (�NJ �*�) e�?S i�I= 1��V� )*� � �� �N?=�  ��

GABA  ��B�� 1��**n0  �!��@ H	0 � �������   �� !�(

.U=� ��@  �  $���  

  

 Q%�?1: 	�RK� ) Y
����%��1
��� 5�����  9���� %F 5�[S (�������2  ������ ���� ������� ������� ���  ���� C�� \�] ���  

NaCl * GABA GABA NaCl  �*n0 9�	  
F  Mean squares F  Mean squares   F Mean squares  

4/6*
 33/414 **9/28 143/342  **11/28 346/435  ��?/! 3 A�dg��� *�(� DW)1 -(mg GAE g 

*6/1  752/425 **7/12 1374/572  **8/24 1458/125  ��?/! A	3 A��( DW)1 -(mg QE g  
*7.2  366/734 **8/45 488/432  **8/68 585/213   ,�:3*U  �� ��4���� DPPH (%)  
ns1/4  3/102 *4/20 16/326  *5/10 19/404  ��?/!  ,��6*+ FW)1 -(mg g  

*5/15  78/814 **6/75 132/411  **7/11 138/205  !��?/ $�,� !g�,Y *�  )MDA( FW) 1-(mg g 

ns0/78  0/122 ns1/1 0/021  *5/74 0/224  g�	0����* �(� FW)1 -(mg g  
*13/5  6/224  *6/44  9/271 12/12** 16/111  !��?/ 3����*A a FW)1 -(mg g  
*5/12  5/031 *5/88 8/342 44/10**

 11/122 !��?/ 3����*A b FW)1 -(mg g  
ns0/48  0/233 ns0/82 0/111 *5/21 0/536 U�
� Fv/Fm    
*4/32  0/222 85/8**

 
**0/344 02/11**

 0/754  7��=� !��?/ (%)  
*4/45  41/342 76/7** **77/352 *5/30 155/432  !��?/ 
��*� 6 *�k� $�	? (%)  
ns1/11  143/221 *5/42 *852/352 *5/12 1851/132 ��?/! �
�� v�� [Y  )RWC ( (%)  
**8/42  301/134 24/16**

 
**285/445 41/18**

 425/145 P�L $��  ����( ����� (g)  
**9/12  105/422 74/13**

 
**145/234 42/17**

 285/435 P�L $�� "��� ����� (g)  
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 �:�4 \�] �� d�(��� �� 9��� 2:�G�!��R�, ��+�����, 2��e, N�P�� :9��[������  �� ������� ������� ���  ���� C�� %  

 )TFC= Total flavonoids content, TPH= Total phenols content, DPPH= DPPH-scavenging, P= Proline, RWC= Relative water 

content, MDA, Cla= Chlorophyll a content, Clb= Chlorophyll b content, Ca= Carotenoids, Fv/Fm ratio, SDW= Shoot dry weight, 

RDW= Root dry weight, EOC= Essential oils content, POC= Piperitenone oxide content, TCl= Total Chlorophyll). 
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