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Fig. 1. Geographical distribution map of the studied populations of M. longifolia. 

 T2�1- >3<�� 	��3���i� 	4��C��* �-,
 :��� ����<+�;� .	-/� �
�*  

  

 U���1- �$ TS� 	�3�O� m���� � 	��3���i� ��2�>3<�� ��I9� :��� ����<+�;� 	-/� �
�*.  

Table 1. Geographic location and summer climatic conditions of the studied wild mint populations.  
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To classify the climate, the Domarten climatic method has been used. 
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Table 2. The edaphic and climatic conditions of the summer season of the studied research field. 
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1396 38.73 14.86 25.50 3.6 0 416 

���G� R�M G3+�
D  
Analysis of the field soil 

 >���

R�M 
Texture 

	*��  
pH 

�:����� 	+D  
O.M (%) 

	2��I2+� >���� 
EC (ds.m-1) 

B37�I* 
K (mg/Kg) 

�!9� 
P (mg/Kg) 

�F��I3
 
N (%) 

Silty 

loam 
 	I�37

��+ 

7.83 1.27 485 225 12.3 0.068 
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������� ?�$ BC	�D. $3��� ��� .�
��� ��5  .��]���E  L�C3  ×3  �I�� �Ihh-* �D _��hhQ� �: � [�JI
� ���G� �:�:�hh�  [D 1� �

 .�� �*���� 4���3�� J�$ 1�3.�  L`* ^;7	��
�: I7`* ��3E  �� .�� ��
���*12 >��7. �
��
�� hh��:�� �hh<;O mhh7� 1� �I


1� >��Q� �"�: �	 ��c�� .�� ��7� � �D	 �1��
� �: �: R�M >��Q� �C34�� +��I�	 ��Y �hh� R�hhM � �hh� �����hh3> hh���1	 

7�3�. �� R�M �
��
L�� 24 >��7 �: ���: 105 ���: V�3hh9�7 ���hhO �:�: �hh� .1� _`IhhM� �1� �hh$ � �1� Ehh-M .R�hhM 

���,� >��Q� 	
1� �� ��7� �. T"�/ 1�[�l �:�" >��Q� 	
1� ���hhY ��hhSJ� �1� �:� hh��/ >hh��Q� �hh"�: .R�hhM	 

�� R�M>7: ��D � �: �;��� )1�� �:�: ���O ( )1(. 

%θdef = %θfc – %θw �;��� )1(  

Fn = θdef × dz × 100 �;��� )2(  

Iv = Fn × S �;��� )3(  

�: �;��� )1( θfc ��Y �/ �: >��Q�3> ���1	 � θw �<� >��Q� ���,�	  Thh�O R�M�D 1�hh3��� �Ihh9�.�  .53hh���� %θdef  

��� R�M >��Q� :���C ���,�� �D3��� �;��� �: .>7� (R�M v�� �I� �� �:) )2( dz u v���� ) R�hhM3/0 (�hhI� � (Fn)  vhh��

�D3���  N9/���I� >7� .�: �;��� )3 (	IO�  v���D3��� �<;O >/�9� �: S )5/4 �I�jhh��� ([�hhl .:�hh� Bhh�/ hh3�D��� (Iv) 

��L��" �I�N<2� ��>7: 	��D� � [�l �� ��5  �: :��1000 + N9/�� B�/ ���,�3�I ��>7: ����M ��D.  

�: Q	 ��� ���:. 1�4 Lu:��$� � ����> �
1���� $ �:3������ �1��hh
� ��cIhh7: 1� �:�!I7� �� K�IJ�hh34�� GI�hh7�I�1  :��hh�

1�����	  .>��4 ���O�$����  �:15 ��: U�7 �d� 
��1 >-C	  ��� �C>3<����  ����3-3� ���4	 7�3�
�  �hh@� �hhI� B3hh
 _q/ ��

�3��/ ��"�� �: ��5 	I
�7��I� �
�� >��:�� R�M ^;7 1�. �hh��1��hh
� ��]�� ��34Ehh-M �:�hh� :�hh2���. �hh
��
�� �� L�hh�

 ���: �: 1�� ��d670  ���:V�39�7  �:D�
�� E-M ����I � .� �9
	 �� [D82. �0�� V�hh7�� kirnak  ����hh2�� �)16( 

�1��
���34  >]�
 .���hh
��c
���� GI�hh7�I�� T��hh�. ����Chh3T a .b Z��$���C � ThhC �hh3� �* �:hh���  0�� vhh�Q � ?�hh$ ���:

 m7�$ ��� 0��G4Dere  ����2�� �)13( �1��hh
� ��34d$ .�hh�hh3� �1��hh
� � ���hhS�hh34�� +��hh*35  �hh� 8�hh� :�1D0�� Bates  �

����2�� )8(  .�� ���
��1��
�34��  >-
 �"�:	
��  0�� 1�Beltrano  �Ronco )10( >��4 L��"�1��
� .hh34�� ����Chh3L��� 

���I
D 0�� �� TCHedge   �Hofreiter  )15( � .>��4 ���
���hh,� �hh7�B hh7�I* �3B  Ehh-M ��3hh7��39C� 0�� �hh�Beaton  �

Case )9( ��73�� \
�7� .��34�� 1� �:�!I7� �� 30 8�� ��4 ) �: ��� E-M m������hh$� ��hh�: � ���7(  �hh� 1�>hh3<��  �:

�� ���2$ �7 L���7 "�$ 0�� �� ���$ �� ��
��C ��cI7: 1� �:�!I7� �� >��73� �: ��hh� British Pharmacopoeia )11(  ��hh�
�

��. T"�/ G3
 \
�7� :�2��� [�l���,�  :�� E-M n:�� :�2��� �: \
�7�)25( .  

G�$�� ����\
� �:�:�� �� �:�!I7� 1� ��
��G�� ����D SAS Ver. 9.4  ��,��9� �3c
����3� ���1D  ها35�C �<�	���: LSD  �:

 U��I/� ^;75 % ��l ��7� � .�� ���
��N cI9���	 	4)����� 7��� :���	 0�� �� Pearson ��
 m7�$ ��G��SPSS Ver. 

22 � ?�C��* �-,
 .>��4 ���
����i3��	 >3<���� ��G�� ��
 1� �:�!I7� ��ArcGIS 10.4  :�4 B7���.  

$45	 � 6�
7  
��3I
���  \
����� ��G�$� L��!$ �C :�: ��-
35 >3<����  �]
 1�	4)����� �3G�F�+��E �:  U��I/� ^;71% <��	��: 

:�� .BC ?�$ �@� �� 	�D	4)����� ����C3T a��� .�> �I2+��2	. ����> �
1����. ����C3L��� TC. �:�� :�2��� E-M  �

\
�7� :�2���  U��I/� ^;7 �:�E  �� � �"�:�c�: 	4)���� ���7 G��.B 7�I*3B � Z��$���C3� ^;7 �:  U��I/�5 : �"�

�<�	��:  .��?�2���� >3<�� ?�$ �: BC	�D ���� ��� 	4)���� ��Z��$���C G�3.� ��I �� �9
	 [D� .\
�7� �:1� � 

C����3L���  U��I/� ^;7 �: TC�E �<� �"�:	��: :��  .(>7� ��-
 �:�: ��-
 \
����� ��G�$ U���)  

 53� �:	4)�����  .	���1�� :����,���9 ��I �� �9
	  [D?��)*  �l�/ �C :�: ��-
>3<����� ) ��4G���79/81 

) ��I7�+ .(�"�:25/76 ) ��I71�M � (�"�:08/79 (�"�:  5��I-3����,�  ��I��: �� [D 	�9
 ���I � �C��1  ?�$ �3@A$

BC 	�D���,� 5�� ���$$ �� N391/69  .62/66  �30/65 .>��� ?��C �"�:  �7 5��>3<�� � 5I��: ��3�I-�5 ��I �� �9
	 

 [D��U��I/� 2-M �� T� $ 1�	 �3�I-�  �� >�9
�c�: >3<����  ��:��M���
:�� 1� .��7  .�c�:>3<�� :G� -2 �� 49/54 

 

1  - LCA4, Decagon device, Pullamn, Washington, USA                                                2 - Relative water content (RWC)  
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 5��I�C �"�:���,�  �C >��: �� [D 	�9
 ���I ���1 BC ?�$ �3@A$ �� 	�D63/41 >��� ?��C �"�:  T2�)2( �: �6�4� .

��� >3<���� ��1 ����m 	�D BC ?�$ ���,� ��I �� �9
	  ?��C 8�� [D�>��. � ����5 ?��C �"�:  53� �:>3<���� 

�� .:�� L��!I���Q�  �C>3<�� 1��+�  ��64/33 � ?��C �"�:3�I-�5  �>3<�� ����C -1  ��57/8 �I�C ?��C �"�:�5 

i$33�  �� �:���,� ��I �� �9
	 �: ��-
 [D T2�) :2 .( v�Q?��)*��� �� .���D T�� � �4���I� �9
	  �: 8�� [D

43���� +��	  ��35  �$70 ��Y .u�� ��
 L�� �: .�7�� �"�:3> GI�7�I��  ?��C��I�� �: � [D L��"34�� �� .:������C 

� :��d�	����. ���  1� �I�C35  �"�:N37D 
3T��O� � �: .>7� >-4���5 ?��)*. � �:3� �E  1�>3<���� �: ����m BC	�D. 

��I �� 
�9	  1� �I�C �� 8�� [D40 
 ?��C �"�:3>�� )18( . 

 \
�7� �3+�$ �:1������34 �: �����c-��� :�: ��-
 K�IJ� � �C3�I-�5 ���,� 
1� �"�: N9/�� \
�7�	 - hh
1�	  ��hh���

 ��>3<�� ��4G���  ��69/4  ���� ^;7 �: �"�: � ��33/4 ?�$ ^;7 �: �"�: �I�C � :���5 ���,�  \
�7� Ghh3
 �:>hh3<�� 

U� ���d6-2  ��53/0  � ���� ^;7 �: �"�:43/0 ?�$ ^;7 �: �"�: �hh� ����-� T2hh�) 3(. ?��)* V�hh7� �hh���hh� hh� �

 �I-3� �C 	
���34 .���D T���: �D ��hh��: ^;7 1� |�!$�� � �:�� 	I��Q� ?�$>hh7� �hhI�C �hh�. �hh
��: ��Ihh-3� \
�hh7� �:1�hh� 

)25(T2� �� ���$ �� . 1 U��� � 1 5�� �: .?��)*  ����-��� >3<�� ��hh<$ � �hh3J�$ �hh� .E-M ��3
 vQ��� 	��� �C 	���

 � u�� |�!$�� BC ���� 1� .��I9�����4G� .��I71�M  �����C-1  \
�7� �:1�� 5��I-3� ����:	������ .���hh,�  �hh��� 1� \
�hh7�

	4)�����	  �C >7���1 @A$3�  � T����3;	 I
F �32	 � �� ���$ �� .>7��5�C ��� >3<��?��)hh* 5�� ���  �:hh�E hh �3m  �

��� �:�m �O�3�	 ��N��,$ �
�92	 ��� >-C.�
� L��!$ �: ���,� �7�� �� \
	���$ �/ �$�  �hh�>hh3<�� 4hh3�� ) :�: >�hh9
4 .(

B�53�6 .BC m���� 	�D���,�  mhh,� �� \
�7�20/2  �: �hh"�:>hh3<�� 	+��hh� ��hh7��M-2  �: ?��Ghh�� 5hh�� �hh�� .:�: ?��Ghh��

>3<�� :G�- 2  :��/ �:22/52 :�� �"�:  T2�)3( .���� �2	 ����C�1�7 1�� �Q [�JI
�3<	 �� �:���chh-��� hh-/�	 ���hh� 

� ?�$ �� T� $3�I- 	M�� >3<���� �,� �:��9  �����c�:. ���,� +�$3� � \
�7�3�I- ����. 1��� � �hhI!4	:�hh� \
�hh7� �hhC�� 

3��Y> ���4	� ���) u��	� ��� �: � �
��:�m 2-M ?�$	 +�$)3� 4 �: �hh��4hh3��Mk �hh� (hh3�n hh7D �hh���� �: >hh]�� � � �hh��43N 

��:	�. 4 ��3�� � E�C	�C�� )14( .BC ?�$>3+��I� � GI�7�I� 	�D	� ?��C �� �3+�� ��� �hh3+�$ �3hh9� ��hh34 �D �@� �: � ��:

>3+���I��� �� ���
�@ ��� E� �������C�1�7 	� U�<� 	���:��C )25(.  G3
 \
�7� :�2��� }� + 1� ?�hhC�� � |�hh�$>3<�� ��hh�

 K�IJ���1  m���� �3@A$ ���3$� L��!I� ���3�D�� .:� .�C ���Q��:�,� \
�7� :�2���  �hh�1BC ?�hh$ 1� 	hh�D63/19  �hh$51/305 

 � ��I2� �� ��4��3C�:  1� ����85/20  �$7/375  53hh� �: ��hhI2� �� ��4��3C>3<�����hh3IJ� U�hh ���d6 ��hh�-2  ��hh4G��� �

) :�� �3iI� U���3.(   

 T3����C ���,� ?��C�: BC ?�$ m������ 	�D��G�� T3+: ?��hhC .1`3����C B�G
D >3+�<� ?>M�hh7  �: �hh33i$ � Thh3����C

) >7� �3Z�C`3$ ��IM�74 .5������� .(>3<�� ��
��I� �C 	��� ��1BC ?�$ GI�hh7�I� 	����hhC 1� .�hh��C w!/ �� :�M T3����C 	�D

 .�
��:�M�� ��I-3�.	�D BC ?�$ ����C >]�
 ?��C N���3T a .b ����C �3T � �: 8�� TC3�I- >3<����hh�  :��hh�	hh7��� 

�� .�����Q ����C �C3T b ��1 ����m BC ?�$	�D  ���$ �:>3<����  ?��C�.>�� +�/ �:	 ����C �hhChh3T a  �:>hh3<����hh� 

����C-1IJ� U� ���d6 .3���-1���kD .���� ��
	. �GO�.5 �:G-2 .��7��M +���	-2���� ��7��M .	 +��hh� ��7��M �	-3 �hh�1 

����m BC ?�$	�D �G�� �
���-	  �: ��� .:�: ��-
�c�: >3<���� -��C �
��	 >��:  U��hh�)3(.  0��Ghh4>hh7� ��hh�:�4  �hhC

2-M ?�$	  ?��C �� �������,� ����C3T Z��$���C �3�  �:��<
 �*�F) 	.Ls Mentha arvensi( :�4�� )12(� �hh� .hh�5 hh��.:�  �:

M��	  1�0��G4�� �G���? ���,� ����C3T a 
3G �: ����m BhhC ?�$	hh�D ) >hh7� ��hh� 0��Ghh424 �: .(	hh7���  ����hh-� �hhl�/

:�4�� ����C >�9
3T a  ��b Z��$���C �3� ����C ��3T TC  �:m���� BC ?�$	�D �hh� �: G�3<��> ��hh� ��hh��C � ��Ihh7�+-3 

�G���? *3�� :�C. �����Q � �C3�I-�5 � �I�C�5 ����C >�9
3T a  ��b   ��95/2  �53/0 �3�	 �$ �1� ��4 �� ��4�hh�hh3$�$N  �:

>3<����� IJ� U� ���d63��� -1  ��:G-1 :�4 ����-���  U���)3.(  
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Fig. 2. Effect of water deficiency stress on RWC percentage of the leaf of the wild mint populations (In each 

column, the means which are common at least in one alphabet, based on the LSD test is not significant at 

the 5% probability level). 

T2� 2- BC ?�$ �3@A$>3<�� 8�� [D 	�9
 ���I � �"�: �� 	�D	-/� �
�* ��� 53c
�hh3� ��Ihh7 �� �:) �hhC 	��hh�B2Ihh7:  Ehh� �:

 .����� R�I-� _�/��� ���1D V�7LSD . U��I/� ^;7 �:5 	�<� L��!$ �"�:.(�
���
 ���:  

  

 

  
Fig. 3. Effect of water deficiency stress on the essential oil content of the wild mint populations (In each column, 

the means which are common at least in one alphabet, based on the LSD test is not significant at the 5% 

probability level). 

T2� 3 - BC ?�$ �3@A$>3<�� \
�7� �"�: �� 	�D	-/� �
�* ��� 53c
�3� ��I7 �� �:) .����� R�I-� _�/ E� �: B2I7: �C 	���

 ���1D V�7���LSD U��I/� ^;7 �: .5 	�<� L��!$ �"�:(�
���
 ���:.  

  

  V�7���	7������ ��� ���
� �G�� ���? 2-M ?�$	. ���,� ����C3T +� ?��C 8��	 ����C >�9
3T a  ��b �G���? 

�	�.��� 1��� 2-M ?�$	 ����C >]�
3T b � ��3�I- ����C 1�3T a � ?��C	��:�� .�]
 	��7�  >�� �C 5���G���?.  ?��C

73BI9��� 2�z�C � 5I
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�� �C :�: ��-
 �: G�>3<����� ���3IJ� U� ���d6 -1 .����C-2  �1��+�  �:�c�: >3<���� ����C >�9
3T a  ��b �G���? 

�>������C .3T �� TCG� �: >3<��	+��� ��7��M ��� -3  �:G�-2 :� �7�� >3<����  ?��C�>�� ) U���3( �]
 v�Q .

/3��� ���K :��D )3(>��� [D 5I�� >7: 1� .��� ����C ��� �IM�7 1� �d�$ �
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 U���3  - 53c
�3� �9��,� 2-M ���3$ �: >3<�� ?�2���� 	�� 	4)�� 1� 	M�� ���2�F�+��G3�	 >3<��	-/� �
�* ���.  
Table 3. Mean comparison of interactions of population and drought treatment on some physiological traits of the wild mint populations. 

 

 

In each column, the means that are common in at least one letter, , are not significantly different at the 5% probability level based on the LSD test. 

��I7 �� �:. 53c
�3� �C 	���B2I7:  R�I-� _�/ E� �:	�U��I/� ^;7 �: .����� 5% 7��� ���1D V�LSD 	�<� L��!$.�
���
 ���: 

 

 

 

 

 

 

 

 

>3<����  

Populations 

:�2��� 

�:�� 

E-M 
Dry 

biomass 

yield 
(g.m-2) 

 :�2���

\
�7� 
Essential 

oil yield 
(kg.ha-1) 

 >����

	2��I2+� 
Electrical 
conductiv

ity 
(mg.g-1  

Fresh 

weight ) 

 >����

�
1����  

Stomatal 

conductiv

ity 
(mol H2O 

m-2 S-1) 

 L���3����C

TC 
Total 

carbohydrate 

(mg.g-1  

Fresh 
weight) 

53+��* 
Proline 

(µmol.

g-1  
Fresh 

weight

) 

�3Z��$���C\  

TC T3����C 

Carotenoid/t
otal 

Chlorophyll  

(mg.g-1  

Fresh 

weight ) 

�3Z��$���C 

Carotenoi

d 

(mg.g-1  

Fresh 

weight ) 

T3����Ca\

b 
Chloroph

yll a/b 

(mg.g-1  

Fresh 

weight ) 

 T3����C

TC 

Total 
Chloroph

yll  

(mg.g-1  

Fresh 

weight ) 

T3����C  b 

Chloroph

yll b 

(mg.g-1  

Fresh 

weight ) 

T3����C 

a 
Chlorop

hyll a 

(mg.g-1  

Fresh 

weight ) 

100 % FC 
Ardabil 657.50df 126.51gi 27.67hj 49.58dk 40.63ot 0.72lo 0.69kl 0.35cj 1.33hm 0.52b 1.13b 1.45b 

Kerman-1 836.50a 297.48c 20.86jl 62.37ac 64.02eg 0.59qr 0.92gk 0.23pq 0.66lm 0.25lp 0.76dg 0.49os 

Lorestan 737.50bc 136.34gh 18.33kl 51.60dh 70.47df 0.87h 0.79il 0.40ad 2.05ai 0.51b 0.85cd 1.70a 

Chaharmal-1 588.33gj 83.28nq 40.16eg 43.47hn 39.69pt 0.63pr 1.49bf 0.30hp 1.11im 0.20pt 0.48jp 0.53nr 

Yazd-1 522.50kl 82.77oq 29.82hi 47.65ek 47.52lq 0.73kn 1.12el 0.39be 1.47em 0.35fh 0.71dh 1.04eg 

Kerman-2 607.50fh 115.74ik 19.39jl 48.97dk 40.86nt 0.89h 1.35ch 0.30hp 1.66dk 0.23mq 0.45lq 0.71jn 

Alborz 487.50 lm 74.2pq 21.88il 35.53mr 41.58mt 0.73kn 0.74jl 0.30hp 1.53el 0.40de 0.82ce 1.20ce 

W.Azarbaijan 817.50a 243.42d 19.61jl 53.43cg 50.17jo 0.80ik 0.89gl 0.23oq 1.16im 0.27jn 0.64em 0.71jn 

Ghazvin 827.50a 315.35c 20.89jl 58.07bd 46.47lr 0.79jl 0.85hl 0.29ip 0.68lm 0.34fi 1.01bc 0.67ko 
N.Khorasan-1 722.00bc 170.83f 18.11kl 41.33jn 57.74gk 0.69np 0.74jl 0.36cj 1.08jm 0.48bc 1.16b 1.25cd 

Yazd-2 553.27ik 29.02r 16.50kl 33.67ns 32.36t 0.49t 1.25dj 0.25nq 0.53m 0.20qt 0.67dj 0.32s 

N.Khorasan-2 640.20dh 141.45g 39.53eg 52.33dh 57.74gk 0.66oq 1.24dj 0.25mq 0.64lm 0.21os 0.67dk 0.37rs 
Hormozgan 867.67a 375.7a 13.70l 69.83a 96.1b 2.05c 0.74jl 0.41ac 1.14im 0.65a 1.52a 1.71a 

Guilan 691.83cd 123.25gi 19.33jl 37.50lq 49.28jp 0.58rs 0.94gl 0.34cl 1.28im 0.36ef 0.80df 1.02eg 

Kerman-3 605.00fi 102.63kp 21.51il 40.10ko 35.58st 0.62qr 0.64l 0.23pq 2.88ab 0.35fg 0.46kq 1.31bc 
Khuzestan 855.00a 350.57b 18.69kl 65.30ab 76.47cd 1.95d 0.86hl 0.39be 0.92km 0.45cd 1.18b 1.09df 

S.Khorasan 756.00b 207.93e 20.18jl 52.55ch 78.36cd 1.86e 1.02gl 0.31fp 1.21im 0.30gk 0.70di 0.81hk 

N.Khorasan-3 667.50de 120.4hk 22.81ik 48.90dk 46.32lr 1.03g 1.35ch 0.20q 0.96km 0.15t 0.41or 0.36rs 

Chaharmahal-2 485.00 lm 20.85r 33.33gh 35.13ms 51.36hm 0.77km 1.36ch 0.39bf 2.20ah 0.29jl 0.46kq 0.97fh 

Kerman-4 587.17hj 30.52r 24.54ik 36.47lr 36.65rt 0.87h 1.03fl 0.36ci 2.30af 0.36ef 0.55ho 1.26cd 
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Table 3. Continued. 
 

>3<����  

Populations 

 �:�� :�2���

E-M 

Dry matter 
yield 
Yield 

(g.m-2) 

 :�2���

\
�7� 
Essential 

oil yield 
(kg.ha-1) 

 >����

	2��I2+� 
Electrical 

conductiv

ity 
(mg.g-1 

Fresh 

weight) 

� >���

�
1����  

Stomatal 

conductiv

ity 
(mol H2O 

m-2 S-1) 

 L���3����C

TC 

Total 

Carbohydr

ate 

(mg.g-1 

Fresh 

weight) 

53+��* 
Prolin

e 

(µmol.

g-1 

FW) 

�3Z��$���C\  

TC T3����C 

Carotenoid/

Chlorophyll 

total 

(mg.g-1 

Fresh 

weight) 

3Z��$���C�  
Carotenoi

d 

(mg.g-1 

Fresh 

weight) 

T3����Ca

\b 
Chlorop

hyll a/b 

(mg.g-1 

Fresh 
weight) 

 T3����C

TC 

Chloroph

yll total 

(mg.g-1 

Fresh 
weight) 

T3����C b 

Chloroph

yll b 

(mg.g-1 

Fresh 

weight) 

T3����C a  

Chloroph

yll a 

(mg.g-1 

Fresh 

weight) 

60% FC 

Ardabil 444.17mq 104.49jm 57.12bc 30.50ot 50.87in 0.86hi 1.13el 0.35ck 1.37gm 0.31gj 0.65dl 0.89gj 

Kerman-1 623.17eh 244.68d 52.50cd 51.27dj 82.36c 2.05c 1.25dj 0.26kq 2.18ah 0.21os 0.36or 0.71jn 
Lorestan 524.17kl 109.19il 52.73cd 42.12in 82.5c 1.96d 1.68bd 0.47ab 1.37fm 0.28jm 0.61fn 0.80hl 

Chaharmal-1 475.00ln 75pq 60.02ac 39.87kp 52.69hl 0.69np 1.78bc 0.33cm 2.95a 0.19qt 0.24r 0.71jn 

Yazd-1 409.17os 72.93q 68.29a 41.78in 58.91gj 0.85hj 1.34ch 0.38cg 2.65ac 0.29il 0.43mr 1.01fg 
Kerman-2 394.17ps 89.43lp 46.48de 41.73in 48.58kp 1.07g 1.62be 0.28jq 1.44em 0.18rt 0.41nr 0.46ps 

Alborz 374.17s 67.05q 64.66ab 33.70ns 44.58ls 0.91h 1.10el 0.34cl 1.47em 0.31gj 0.63em 0.91fi 

W.Azarbaijan 604.17fi 198.06e 58.45bc 46.10fl 61.36fh 1.01g 1.23dj 0.30hp 1.93bj 0.25lp 0.46kq 0.80hl 

Ghazvin 614.17eh 240.17d 35.99fh 48.87dk 53.25hl 1.05g 1.19dk 0.30gp 2.59ad 0.25ko 0.36or 0.92fi 

N.Khorasan-1 608.67fh 164.21f 39.91eg 26.53rt 71.65de 0.79jl 1.24dj 0.39G 2.22bh 0.32fj 0.50ip 1.10df 

Yazd-2 428.17nr 30.21r 59.98ac 21.33t 42.28mt 0.53st 1.30ci 0.28jq 1.65ek 0.21os 0.44mr 0.63lp 

N.Khorasan-2 447.73mp 103.44jn 40.16eg 43.12hn 74.72cd 0.79jl 1.40bg 0.26lq 2.39ad 0.19qt 0.31pr 0.64kp 

Hormozgan 650.83df 305.51c 35.59fh 57.37be 118.08a 2.80a 2.40a 0.48a 1.20im 0.17st 0.38or 0.42qs 

Guilan 478.50ln 87.28mq 42.92ef 30.40ot 53.47hl 0.64pr 1.88ab 0.33cm 2.01aj 0.19qt 0.34pr 0.60mq 
Kerman-3 391.67qs 80.65pq 63.26ab 29.73qt 37.88qt 0.71mo 1.32ch 0.27jq 1.88ck 0.21os 0.39or 0.67ko 

Khuzestan 641.67dg 298.81c 41.23eg 54.43cf 93.69b 2.31b 1.25dj 0.38ch 1.68ek 0.30hl 0.56ho 0.94fh 

S.Khorasan 542.67jk 165.46f 42.20ef 43.97hm 93.41b 2.34b 1.19dk 0.35cj 2.26af 0.30il 0.52ip 0.97fh 
N.Khorasan-3 454.17mo 89.36lp 52.57cd 40.63kn 60.52fi 1.15f 1.37bh 0.23oq 2.32af 0.17rt 0.27qr 0.59mq 

Chaharmahal-2 375.33rs 19.63r 64.39ab 25.47st 63.76eg 0.85hj 1.47bf 0.32dn 2.34ae 0.22os 0.33pr 0.75im 

Kerman-4 407.17os 31.81r 45.25de 30.00pt 50.08jo 1.05g 1.49bf 0.31eo 2.75ac 0.22nr 0.32pr 0.79hl 

 
In each column, the means that are common in at least one letter, , are not significantly different at the 5% probability level based on the LSD test. 
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Fig. 4. Interaction of water deficiency stress and populations on the percentage of sodium and potassium in the aerial 

part of the wild mint populations (In each column, the means which are common at least in one alphabet, based 

on the LSD test is not significant at the 5% probability level). 
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 U���4-  53� 	cI9���	4)�����  E�F�+��G3���3� >3<��	-/� �
�* ���.  
Table 4. Correlation between physiological characteristics among wild mint populations. 

 
Chl a 

(mg.g-1FW) 

Chl b 

(mg.g-1FW) 

Chl total 

(mg.g-

1FW) 

Car 

(mg.g-

1FW) 

Pro 

(µmol.g-

1FW) 

Ch 

(mg.g-

1FW) 

EL 

(mg.g-

1FW) 

RWC 

(%) 

LP 

(mol 

H2Om-2S-1) 

Na 

(%) 

K 

(%) 

Y 

(g.m-2) 

EO 

(%) 

EOY 

(kg.ha-1) 

Chl a 

(mg.g-1FW) 
1 

   
          

Chl b 

(mg.g-1FW) 
0.50** 1 

  
          

Chl total 

(mg.g-1FW) 
0.89** 0.85** 1 

 
          

Car 

(mg.g-1FW) 
0.50** 0.27** 0.45** 1           

Pro 

(µmol.g-1FW) 
0.07 0.09 0.09 0.36** 1          

Ch 

(mg.g-1FW) 
0.09 0.09 0.10 0.40** 0.83** 1         

EL 

(mg.g-1FW) 
-0.28** -0.54** -0.47** -0.02 0.001 0.03 1        

RWC 

(%) 
0.35** 0.44** 0.45** 0.23* 0.42** 0.32** -0.52** 1       

LP 

(mol H2Om-2S-1) 
0.11 0.44** 0.30** 0.05 0.45** 0.42** -0.45** 0.54** 1      

Na 

(%) 
-0.08 -0.36** -0.24** -0.11 -0.54** -0.55** 0.38** 

-

.045** 
-0.69** 1     

K 

(%) 
-0.17 -0.30** -0.26** -0.17 -0.50** -0.54** 0.27** 

-

0.40** 
-0.69** 0.77** 1    

Y 

(g.m-2) 
0.25** 0.62** 0.49** 0.06 0.24** 0.28** -0.73** 0.57** 0.70** -0.60** -0.57** 1   

EO 

(%) 
0.05 0.28** 0.18 0.13 0.65** 0.65** -0.16 0.33** 0.68** -0.79** -0.81** 0.58** 1  

EOY 

(kg ha-1) 
0.13 0.46** 0.33** 0.14 0.58** 0.60** -0.38** 0.46** 0.76** -0.79** -0.82** 0.79** 

0.94
** 

1 

**.*  �ns 	�<� N3$�$ �� U��I/� ^;7 �: ��:1  �5 	�<��3
 � �"�:��:. 

**, * and ns are significant at a probability level of 1%, 5% and non-significant, respectively. 

.Chla = a T3����C .Chl b = b T3����C .Chl total = TC T3����C .Chl a/b = b\a T3����C .Car = �3Z��$���C .Pro = 53+��* .Ch = L���3����C CT  .Car/Chl total = �3Z��$���C\TC T3����C  EL =	
�� >-
 

.RWC = [D 	�9
 ���I � .LP = ���
1�� >���� .Na+ = B��7 ��� .K+ = B37�I* .Y = E-M �:�� :�2��� .EO = \
�7� �:1�� .EOY = \
�7� :�2���  
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�: ��I-3� �3Z��$���C��I� .BC ?�$	�D 	�<� ?��G�� �� ���� ��:TC L���3����C ��.  �: ?��G�� 5�� �I�+�>3<�� ���
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��c
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>3<�� �����I71�M .	���� ��7��M .����C -1  ���I7�+ $�� �:�� ��<� ����� �����>3<�� �����>�9
 �T� I  ��

	� :�d�-3* .:��� 5�� �� .�
�� �IM��� 	2-M 53� �9��,� ?���1D ::�4>3<����  �:>9�1������  ��6 �: 	<3�Qm���� 
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Research article 

 

Effect of Deficit Irrigation on Physiological Traits, Yield and Essential Oil 

Content of Twenty Iranian Wild Mint (Mentha longifolia L.) Populations   
 

A. Moshrefi -Araghi*, H. Nemati, M. Azizi, N. Moshtaghi and M. Shoor11 

 

Mentha longifolia L. is one of the most valuable perennial, rhizomatous, aromatic and 

herbaceous plants belonging to the Lamiaceae family. In this study, the effects of deficit 

irrigation stress on physiological traits and yield of 20 different wild mint populations were 

evaluated by a split-plot experiment based on a randomized complete block design with three 

replications. Soil moisture control was performed using irrigation treatments based on 100% 

(control) and 60% of field capacity. In the current study, physiological traits including 

chlorophyll a, b and total, carotenoids, proline, total carbohydrate, relative water content, ion 

leakage, stomatal conductivity, sodium and potassium elements, dry matter yield and 

essential oil yield were investigated. There were significant differences (P<0.01) between 

populations in two levels of water deficit treatment. The most tolerant populations had the 

highest essential oil yield (4.69%), relative water content (69.91%), total chlorophyll (0.32 

mg g-1) and proline (2.80 µmol g-1) under water deficit stress. Results of correlation between 

dry matter yield and all traits except carotenoid content were significant. Finally, five 

populations of Hormozgan, Khuzestan, South Khorasan, Kerman-1 and Lorestan respectively 

were identified as the tolerable populations and introduced for future breeding programs. 

Keywords: Essential oil, Proline, Wild mint, Water deficit. 
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