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ABSTRACT 

Nepeta binaludensis Jamzad is an endemic and rare perennial plant that grows in a limited area in Binaloud Mountain in 
northeast of Iran. The aerial parts of 20 populations of N. binaludensis, were collected during their flowering stage and seven 
morphological traits and essential oil yield were evaluated. Results showed significant differences in all of traits between 
populations (p<0.01). The highest and lowest aerial fresh weight were obtained in Zoshk1 and Grineh populations with 
average values of 378.2 and 58.2 g/plant, respectivel. The highest and lowest essential oil yield were obtained in populations 
of Darood and Friezy1 with average values of 4.91 and 1.2%, respectively. The results of correlation analysis showed that 
plant height was positively correlated with stem diameter, aerial fresh and dry weights. Climatic factors such as rainfall, 
altitude and slope percentage were positively correlated with morphological traits and essential oil yield. Morphological 
traits and essential oil yield were positively correlated with climatic factors, such as rainfall, altitude and slope percentage 
and negatively correlated with temperature of the habitat, indicating that mean of mentioned traits were increased by 
increasing altitude and decreasing of temperature. Cluster analysis using Ward method, the studied populations were splited 
into two groups. The populations of cluster 1 (seven populations adapt to high altitude and cold) had higher mean values for 
morphological traits, i.e. plant height, aerial fresh and dry weights. Results indicate the presence of high diversity among 
populations of N. binaludensis that could be used for domestication and breeding improved varieties of this species.  

 
Keywords: Cluster, Nepeta, PCA, variation. 
 

  

  



814   :����	� � �� � !	
��"#$%& '��() ��*��+,! &- ��&�.	) /�01 2(3(4�(�*�! � 5���- 67�8� ��  ... 

 
  

��)*�  

 6:; �&*� ��Nepeta  <����� !8��4 ��7 �-=7(> �8 

 =�?�:
!� (
�. �*=- 6:; @ & $ �(A*!B C���� 300 

!��%D =7(D E8� - =F%G &�, ��  �:��� !0.) =3�8�:H

�  ���%8��� �D�7��� I&� )Jamzad et al., 2003( .

-%&�,*@ =7(D !7���&4 � J(:$  �� �� 6:; @*� C��

8G = K:�%:; C�L( F&$ '��
 !-&M%� � =* � �&

=�
� 5(F � C��%3�	%��:� '��
 !-&M C� NF * 5�
 E4�

 E8�(Jamzad et al., 2003) .=- � �(A*� �5O* �&* �� !�

?�5�+�8  !.1� C��E8� 6:; @*�  =F PA�:� @*�

� J(:$ @*&�,%- =7(D J�(7� !7���&4  ���� �� 6:; @*� ��

!� .�
�-  ���Q �&*� ��75 6:; @*� �� =7(D  PA�:� ��

 E4�* !,Q� �(A =- �&*� S.�T�!� (
�7 =F  ���U$

�*G �� C�� ���Q) �� 54 �1�� =7(D (�� C��VW7�  �&*�

�:��� Jamzad et al., 2003) Ghahreman, 1999; ( .

=7(>  �� ��%)�:U7 5��(7�? =- P.U�� C�(3�:%- C�8

=7(D =7(> C�� .E8� �&*� !�(- C�8  ���7 � !�(- =7(D @*�

5(F =�
� �� ���W� �(A =- =F =3�8�:H �  XY�� �(3�:%-

!� �
� �&*� !Y&
 <�	
 �� ) �:FGhahreman, 1999( 

5�+,*�� �� 5�%D @*�  J�0$�� �- C��2300  �$2700  &��

 =7Z�8 !D�7��- @%+7�%� �- � �*�� [K8 CZ�-350  �$

370 !.%� &�� ���� N*�� )Rustaiyan & Nadji, 1999; 

Nadjafi et al., 2009.(   

7(D !7�&*� !�:8 \A ��= =7(> C��  ���(� �� �8

 &%]7 C��U�� �^8G �_ ���� ���G `.? �a:,$ �_

 �5�::F E*( $ �b&U� �=4&8 �_ �5�::F !7(0) �_

.��G 5�)�Y !
��(D /Zc�?� �&+%� ����&8 �

!Y�&) /Zc�?� ���� ���� �_ �^8�d8� �_ � �_

!*�*&�F�- �_ �!H��Y �_ �!8�&*� � �_ ���($ �_

L�e�3� �NT- N���G !U_(� ���� �f-�Y �

I(;  ���� � L& ) IgD C�&- � �!�8(> C�� ���

 �� /�&,Q !D�::F!� ��&Y 5��0�8� ��(� �7&%D 

)Zargari,1990; Formisano et al., 2011(. 

 �� =:%�� &KU� � !*���� ���%D @%- J(:$ !8�&-

=��7&- ��h7� C�&-  �!�*2(3(4�(� !Qc1� C��

4 � !�*2(3(%- !*�%	%
(�%!DO*� �(Be- �(]:� =-  C��

���� �e7G !*���� !� &*i> I�� .���8  !0.�T� C��

 =F ���� �(;� ���%D @%- J(:$ !8�&- C�&-

�(8&�  �e7G @*&$E8� !�*2(3(4�(� J(:$ !-�*��� 

)Karimi et al., 2014.(  

 /�01 � =?�
&8 �&�.	) @%- !+��B	� /�U3�K�

�%)�:U7 5&%$ ���%D �� !�*2(3(4�(�  ��h7� �(4(-

 C�� =7(D C�� =F /�U3�K� �� C���U$ �� . E8� 5�


 E8�- !$��0�� a*��7 E8� 5�
 ��h7� 5�&� S.�T�

 � 67�8� 5���- @%- !�Bj� !+��B	� .E8� 5��G

 5���- � 'D � k&- �� �'%BY �� !�*2(3(4�(� /�01

 C��%�T- 5�&� �� 67�8�Satureja bachtiarica 

 `8($Khadivi-Khub et al. (2014)�  !+��B	�

 5���- � l,? �� � &$ �� �=$(- J�0$�� @%- EBj�

 �� 67�8�C&+:%
� 5�&� Satureja rechingeri 

 `8($Eghlima et al. (2018) @%- EBj� !+��B	� �

� <(A �=$(- J�0$��% k&- <(A �=Y�8 5&+7��  'D <(A

5�&� �� 67�8� 5���- � @*mG Satureja mutica  `8($

Karimi et al. (2014) �� @%- EBj� !+��B	� �

 !F��(? 5�&� �� 67�8� 5���- � l,?Satureja 

hortensis  `8($Hadian et al. (2009) <(A @%- �

 @,*�G �� 67�8� 5���- � k&- 5���7� �=Y�8Thymus 

migricus `8($ Yavari et al. (2010)  !+��B	� �

 l,? �� � &$ �� �=Y�8 J�0$�� @%- EBj�

 �� 67�8� 5���- � k&- �� �<(A �=?�
&8 =7(D�:H

 6:; ��@,*�G E8� 5�
 I��gD ) Razaei et al., 

2016(.  =F E8� 5��� �,7 /�U3�K� !?&- �'-� � ��

 67�8� 5���- !0:� !+��B	� !�*2(3(4�(� /�01

 5���- � 5&+7�%� <(A @%- !0:� !+��B	� &%]7 �7���

 !7��8�(? 5�&� �� 67�8�Satureja khuzistanica 

 `8($Hadian et al. (2011)  @%- !0:� !+��B	� �

 �� 67�8� 5���- � ��; <(A �k&- <(A �5&+7�%� <(A

C&+:%
� 5�&� Satureja rechingeri 5�
 I��gD

E8�(Esmaeili et al., 2016) . 

&"� �(V? �� !$�U3�K� �� J�0$�� �� [K8 ���*  &-

1(V?/�% � 5�
 ��h7� !�*2(3(4�(� E8Kofidis 

Bosabalidis & )2008(  �� =F �7�&F I��gD

/�)�0$�� &$Z�-  �� k&- <(ANepeta nuda  N��F

��8�� @%	� �� .E4�* Narimani et al. (2017)  �,7

�7��� 5�+,*�� �� =F ��C Z�- /�)�0$�� 5���7� &$!?&- 

 � <(A �=$(- J�0$�� �:7�� !�*2(3(4�(� /�%1(V?



   �(.)!7�BM�- �&*���� �� 52��	
 �� 4 ������ 1400  815 

 
'D <(A � k&- n&)  @*mG=7(D ��  C��=7(> �8C 

Nepeta nuda � Nepeta crassifolia N��F  .E4�*

Gonuz & Özorgucu (1999)  =7(D ��Origanum 

onites L.  PK:� �� 5�%D @*� =F �7��� �,7 =%F&$ ��

 ���U$ � k&- <(A �5�%D J�0$�� &$ X0$&�'D �� C

 5���7� !3� �:�
�� C&�	F'D �� .�(- &�D�g-  

U3�K� ��&"� = J�0$�� �� [K8 ���*  &- �&�.	)

 !�*2(3(4�(� /�01 � 67�8�Layeghhaghighi et al. 

(2017)  &"� �*�� [K8 �� J�0$�� =F �7�&F I��gD

!:U�  l,? �� !�*2(3(4�(� /�01 C�� C���

67�8� 5���- � =?�
&8 =7(D ��Nepeta 

pogonosperma  =F ��� �,7 �e7G a*��7 � E8� =�
��

0$�� ��) Z�- /�)�2800  E%	F � �&�.	) (&��

 .E4�* N*�g4� 67�8� /�B%F&$Yavari et al. (2010) 

@,*�G =U3�K� �� �-�mG*7�h! Thymus migricus 

 @%- !0:� !+��B	�J�0$�� 5�+,*�� � �-% 67�8� �g

 67�8� �&�.	) @*&�,%- � @*&�	F � �7�&F I��gD

� J�0$�� �- 6*&� ��8&e
 X0$&� PA�:� �� [K8 �

) �*��1900) �0.; ��8&e
 � (736  E8�- (&��

.�7���G Mohammadian et al. (2014)  g%7 �� =U3�K�

 &- �*�� [K8 �� J�0$�� &"� 67�8� 5���-@,*�G Thymus 

fallax  ����eH  !)�0$�� =:��� �- 5�+,*��1800  �$2500 

�*�� [K8 �� &���  @*&�,%- �� 67�8� �g%� /�)�0$��

2500 �� .���G E8�- C&I��gD !?&- '-� � ��  ��

 ���- &> � X0$&� PA�:� �� 67�8� �&�.	) N��F !F�Q

!� �
�- )Yavari et al., 2010; Habibi et al., 2007; 

Figueiredo et al., 2008.(  

 5�%D &_�Q <�Q �� =�:*� =- =;($ �-=7(> �8 C

 E
��&- EU%BA �� C�(3�:%-!� (
 � !	F !8�&- .�

 !0%F5�+,*�� �� 5�%D @*�  !*�g�- N 7 !U%BA C��

q%$(F� !*�8�:
 ��  !.�� � E,F Ee; &$&- C��

.���� I��� �- 5�%D @*� C��8  

 &- �*�� [K8 �� J�0$�� E%	�� =- =;($ �- !4&A ��

 �� !U%BA 5�+,*�� �� 67�8� 5���- � =?�
&8 �&�.	)

C(_� �8�&? ��8� �(3�:%- /�)�0$��  �(;� ��) �

% W$=:%�� @*� �� !$�   &]7 =- C��&_ P% W$ @*� ��h7�

!�  &- 5�+,*�� &"� !8�&- P% W$ @*� �� r�� .�8�

=7(> �� 67�8� 5���- � !�*2(3(4�(� /�01 ��&�.	)  C�8

 C�(3�:%-Nepeta binaludensis Jamzad  a*��7 =F 5�(-

67�8� 5���- � !8�:
 ET*� ��&�.	) !8�&- �� '1�Q 

L�T�7� �(]:� =-  E,F =1&) =- ���� C�&- \8�:� 5�($

.E4&D ���(? ��&Y 5��0�8� ��(� C��8 !.�� � 

  

=� � ����  ��  

��� ������� � �!"#$  

=U��;  =U3�K� ��(�� ��*@ E�%- '��
 N��O> U	;%E 

!,Q� ��  =7(DNepeta binaludensis .�(-  @*�

E%U	;  �� ���:H*4�&s; = K:� @%�!*  5(F =�
� �� XY��

%-C(_� �8�&? ��8� �� XY�� �(3�:  '��
��*5�+, ��C 

�Q �(D%:! ��%&C 
�l C����8�� /�)�0$�� �*���-g 

 =:*&D �����7% �(-�, � /�)�0$��5�+,*��  C��
�l ��M�� �

 �Cg*&4 ���B�� �=:*�&F �b&M�; �(5�+,*�� =8) t:F

 /� % W$ =)�g� � �s� ���	.D ���-G E3��

 (! *�1)C����,F �e,� '�
) �(-1 .( /�VT,�

4�&s;%�!* .Y� �%	! 4�&s; n&) � <(A =.	; ��%�!*  �

'W� J�0$��\%
 Ee; �\%
 =;�� � ��*5�+, ��C  =7(	7

���&- C�&7 �� 5��0�8� �- ��g4� GPS  = K:� &� C�&- EB"

�
 Ee; � J�0$�� �\%
) !4�&D(*g%4 C��&%s�� �7

� �� J�0$�� !�(Y� =*Z �� 5��0�8� �- �(\%
�&7 `%W  ��g4�

ArcGIS 10.5 <��;) �7�
 =%e$1(.  =�:*� =- =;($ �-

 J�0$�� � ��� @%- � ^% ��� u�B$�� J�0$�� � !D�7��- @%-

 �g%� J�0$�� N*�g4� �- � ���� �(;� v(�U� u�B$��

 ��-�* !� N*�g4� g%7 !D�7��-��&�����>C  '��
 !	%.Y�

 �� !D�7��- �=7�%3�8 !D�7��-5�� C��� ��&D  �=7�%3�8

L(A&� 5�� C��� 5�+��*� /�)cA� v�8�&-  C��

 5��0�8� �- ���h� !8�:
�(�=, 7 ��  !4�&D(>($ C��

 !�(Y� l	F =- J�0$���&7 ��g4� GIS �&-C  &� 5�+,*��

�
 =B8�W� <��;) �71( .  

  

%�!&� '�( 

 ���.D =?�
&8 P% W$ @*� ��20 =7(> �� E%U	;  C�8

�� C�(3�:%- 20 �� 5�+,*�� �(3�:%- 5(F =�
� <��;)1 (

 5�� ���&� � &%$ ��1397  !��.D =.Q&� ��X	;  C��G

.�
  �&*� !.� �(*��-&� �� !��%D =7(D !�(*��-&� =7(	7

'+:; /� % W$ =�8(� �� �(,F X$�&� � �� � !*�8�:
 

 !�(*��-&� 5��	
 �-592 .�
 EB"  



816   :����	� � �� � !	
��"#$%& '��() ��*��+,! &- ��&�.	) /�01 2(3(4�(�*�! � 5���- 67�8� ��  ... 

 
=7(	7  ���� �Q �$ =F �
 ��h7� C(W7 =- C���&-

+7�%-�
�- !8�&- ��(� 5�+,*�� 'F & C���&- =7(	7 .

 <(A =- C��(� E��7�&$ =8 �� 5��0�8� �-100  &��

 E��7�&$ &� C�� �� .E4&D ��h7�10  =$(- /�(1 =-

 !4��V$ � �&�.	) � �7�
 L�T�7� /�01

�*2(3(4�(�5���7� =$(- =	� !  @%+7�%� � �
 C&%D

10 c) .�
 =�4&D &]7 �� ��&�$ �(:U- =$(- &- 5�

 =7(	7 l* E��7�&$ &� �� �@*�100  �- !�&D

 =?�
&8 �&F u(.T�10  =$(-5���7� C�&- C&%D 

.�7�
 L�T�7� 67�8�  

  

<��; 1 .�!*�%4�&s; E%UY(� !*�(� � LG `*�&
 20  C���&- =7(	7 5�+,*��=7(> �8�(3�:%- 5(F =�
� �� C�(3�:%- C�  �e,�

�&*�.  
Table 1. Geographical locations and climatic conditions of 20 sampling sites of Nepeta binaludensis in Binalud 
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(mm) 
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Temp. 
(°C) 
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Temp. 
(°C) 
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Slope 
(%) 

1 Azghad 2288 36°10'35" 59°16'02" 308 18 5.30 6.20 11.76 20.83 
2 Darrod 2480 36°11'07" 59°12'10" 325 22 3.90 4.60 14.47 25.80 
3 Dehbar 2413 36°13'19" 59°14'12" 306 18 5.60 6.50 24.70 46.00 
4 Dizbad 2457 36°07'43" 59°15'51" 271 11 9.30 10.50 4.28 7.49 
5 Dowlatabad 2344 36°18'22" 59°05'02" 301 18 5.70 6.70 25.88 48.52 
6 Ferezi1 2391 36°25'30" 58°54'55" 298 19 6.00 6.90 16.81 30.22 
7 Ferezi2 2268 36°25'35" 58°54'13" 300 19 5.60 6.50 7.42 13.02 
8 Gerene 2630 36°10'35" 59°13'29" 313 19 4.80 5.70 39.13 81.36 
9 Golmakan 2375 36°20'03" 59°03'17" 308 20 5.20 6.00 4.30 7.52 
10 Jaghargh1 2366 36°18'22" 59°11'08" 303 18 5.70 6.70 20.84 38.06 
11 Jaghargh2 2258 36°12'57" 59°12'01" 301 18 5.90 6.90 10.63 18.76 
12 Kang1 2575 36°14'40" 59°10'21" 315 20 4.60 5.40 18.57 33.60 
13 Kang2 2521 36°14'44" 59°10'24" 320 21 4.30 5.10 10.56 18.64 
14 Kordine 2154 36°13'06" 59°12'58" 292 15 6.40 7.50 16.92 30.41 
15 Mazrae 1017 36°12'56" 59°38'53" 254 6 7.90 12.50 0.26 0.46 
16 Moghan1 2501 36°08'07" 59°18'36" 312 18 5.10 6.00 23.81 44.12 
17 Moghan2 2482 36°09'12" 59°16'50" 314 19 4.90 5.70 18.08 32.65 
18 Shirbad 2490 36°16'07" 59°07'19" 315 20 4.50 5.40 18.50 33.45 
19 Zoshk1 2509 36°15'54" 59°09'09" 323 22 3.90 4.70 19.93 36.26 
20 Zoshk2 2650 36°15'50" 59°09'07" 323 22 3.90 4.70 16.37 29.37 
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1.  =, 720  5�+,*�� 5�%D �� C��&- =7(	7=7(> �8 �� C�(3�:%- C�(3�:%- 5(F =�
��&*� ��e,� �.  

Figure 1. Location  map of 20 sampling sites of Nepeta binaludensis in Binalud Mountain, Mashad, Iran. 
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Table 2. Results of variance analysis effect of site on some morphological traits of Nepeta binaludensis. 

Source 
of 

variation 
df 

Mean of squares 
Plant 

 height 
Internode  

length 
Leaf  

length 
Leaf  
width 

Stem  
diameter 

Branch 
 number 

Aerial fresh 
weight 

Aerial dry 
weight 

Sites 19 537.0** 3.6** 101.3** 52.9** 3.5** 20.7** 70031.7** 9755.6** 
Error 180 37.3 0.4 3.3 2.4 0.5 5.6 4354.0 613.0 
CV% 

 
14.1 17.4 12.4 18.7 19.1 20.9 39.4 39.6 

** : /��0$!:U� ���  <�	�Q� [K8 ��1 �1��.  

**: Significantly difference at 1% of probability level.    
  

<��; 3.  @%+7�%� =�*� �!?&- &- 5�+,*�� &"� (� /�01�=7(> 67�8� 5���- � !�*2(3(4 C�(3�:%- C�8.  

Table 3. Mean comparison effect of site on some morphological traits and essential oil yield of Nepeta 

binaludensis. 

Site name 
Plant 
height 
(cm) 

Internode 
length 
(cm) 

Leaf 
area 

(mm2) 

Stem 
diameter 

(mm) 

Branch 
number 

Aerial fresh  
weight 
(g/p) 

Aerial dry  
weight 
(g/p) 

Essential 
oil % 
(w/w) 

Gerineh 35.40 ef 4.58 ab 118.19d 3.81 de 10.30c 58.2 h 23.2 h 2.0cd 
Dizbad 38.85 def 4.26 bc 70.15e 3.87 de 10.60c 87.6 gh 39.0 fgh 1.3d 
Zoshk1 52.40 ab 4.08 cd 75.58de 4.79 a 10.00c 378.2 a 140.8 a 2.7bc 
Shirbad 47.59 bc 5.00 a 59.45e 3.73 de 9.90c 299.2 b 110.0 b 2.9b 
Ferizi1 50.10 b 3.41 fg 248.75a 4.23 bc 10.10 c 273.9 bc 105.8 b 1.2d 
DolatAbad 38.60 def 3.57 ef 194.33b 3.59 ef 10.90 bc 127.8 efg 50.9 efg 3.3ab 
Golmakan 37.85 def 3.37 fg 186.05b 3.80 cde 9.90 c 207.5 cd 73.0 cde 2.8b 
Kang1 45.90 bcd 3.69 de 116.55d 3.07 fg 11.30 bc 136.6 efg 44.0 efg 2.7abc 
Kang2 33.70 ef 3.27 fg 105.25d 3.95 cd 11.90abc 189.2 def 63.0 ef 2.7abc 
Dehbar 38.60 def 3.38 fg 169.39bc 3.20 efg 10.50 c 92.2 gh 28.2 h 2.3c 
Azghad 51.00 ab 3.79 cde 192.81b 4.85 a 10.70 c 175.3 ef 70.7 def 2.1cd 
Moghan1 45.50 bcd 3.43 fg 177.94bc 4.25 bc 11.50 bc 170.7 ef 67.4 def 2.2c 
Moghan2 49.20 bc 3.85 cde 154.80c 4.43 abc 10.50 c 191.7 cde 75.0 cd 4.2a 
Kordineh 46.90 bc 3.29 fg 98.40d 3.81 de 12.60abc 138.0 efg 49.3 efg 1.4d 
Mazrae 45.00 bcd 2.80 gh 48.69f 3.14 efg 13.90 ab 105.2 fg 37.6fgh 1.8cd 
Darrod 31.80 f 2.63 h 61.90e 4.13 cd 11.20 bc 91.0 gh 33.3 gh 4.9a 
Jaghargh1 31.20 f 3.42 fg 58.10e 2.81 g 10.30 c 103.5 fgh 41.5 fg 3.8ab 
Jaghargh2 44.60 bcd 3.08 fgh 66.78e 3.20 efg 13.90 ab 101.3 fgh 40.2 fg 3.7ab 
Ferizi2 41.30 cde 3.13 fgh 160.26bc 3.40 ef 11.00 bc 148.0 ef 56.5 efg 2.1cd 
Zoshk2 58.10 a 4.41 abc 167.06bc 4.69 ab 14.80 a 273.7 bc 101.8 bc 2.0cd 

'Y��Q �- !*�� @%+7�%� (�8 &� �� �{&�,� r&Q l* [K8 �� �7���7 C��� !:U� /��0$ �1�� a:> <�	�Q�.  

In each column means followed by at least a common letter, are not significantly difference at 5% probability level. 
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Table 4. Correlations among aerial yield, morphological traits and essential oil content of Nepeta binaludensis. 
Traits Plant  

height 
(cm) 

Internode 
length  
(cm) 

Leaf  
area 

(mm2) 

Stem 
 diameter 

(mm) 

Branch 
number 

 

Aerial fresh 
weight  

(g/plant) 

Aerial dry 
weight  

(g/plant) 

Essential 
oil % 

Plant height (cm) 1        
Internode length (cm) 0.36 1       
Leaf area (mm2) 0.28 0.01 1      
Stem diameter (mm) 0.55** 0.33 0.35 1     
Branch number 0.31 -0.27 -0.21 -0.08 1    
Aerial fresh weight (g/p) 0.66** 0.41* 0.21 0.60** -0.15 1   
Aerial dry weight (gp) 0.68** 0.43* 0.22 0.64** -0.16 0.99** 1  
Essential oil % (w/w) -0.36 -0.24 -0.30 -0.11 -0.11 -0.11 -0.12 1 

  .1��                                *, **: Significantly difference at 5 and 1% probability level, respectively��Q� [K8 ��1  �5 .	�U� <:! ��� $&$%\  -= ** و *:
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Table 5. Correlations among climatic parameters with aerial yield and morphological traits of Nepeta binaludensis. 
Traits Plant  

height 
(cm) 

Internode  
length 
(cm) 

Leaf  
area 

(mm2) 

Stem  
diameter 

(mm) 

Branch  
number 

Aerial fresh 
weight 

(g/plant) 

Aerial dry  
weight 

(g/plant) 

Essential 
Oil% 
(w/w) 

Altitude (m) -0.03 0.49** 0.26 0.35 -0.40* 0.24 0.24 0.20 
Annual precipitation (mm) 0.06 0.26 0.19 0.42* -0.23 0.40* 0.37 0.47* 
Hot month raining (mm) 0.05 0.21 0.28 0.37 -0.28 0.45* 0.42* 0.42* 
Cold month temperature (°C)  -0.13 -0.16 -0.15 -0.36 0.10 -0.45* -0.40* -0.47* 
Annual temperature (°C) -0.07 -0.24 -0.25 -0.39 0.26 -0.41* -0.38 -0.43* 
Slope (%) -0.08 0.41* 0.19 0.06 -0.31 -0.05 -0.04 0.10 
Slope degree -0.11 0.41* 0.17 0.04 -0.30 -0.09 -0.08 0.08 

 .1��                   . *, **: Significantly difference at 5 and 1% probability level, respectively� �Q� [K8 �� ���1  �5	�U� \%$&$  <:! -= * و**:

  

 <��;6. &$��*6 �&_*\ �����&-C 5O*��� � �*& �*5O ��� �*67� a:> =03|�  !.1��&- <��C s��%��&C 8�&- ��(�!  ��20 U	;%E 

=7(> .C�(3�:%- C�8  
Table 6. Matrix of coefficients of eigein vectors, eigenvalues and variance of the first five principal components for 

the examined traits in 20 populations of Nepeta binaludensis. 
Variable  PC1 PC2 PC3 PC4 PC5 

Altitude (m above sea level) 0.33 0.12 -0.10 -0.08 0.14 
Hot month raining (mm) 0.37 0.09 0.19 -0.11 -0.01 
Annual precipitation (mm)  0.38 0.11 0.18 0.01 -0.07 
Cold month temperature ( °C) 0.35- -0.08 -0.24 -0.08 0.18 
Annual temperature (°C) 0.38-  -0.11 -0.16 0.04 0.07 
Plant height (cm) 0.10 0.47- -0.07 0.16 -0.32 
Stem diameter (cm) 0.22 0.32- -0.01 -0.11 -0.06 
Aerial dry weight (g/plant)  0.23 0.42-  0.06  0.08 0.20 
Aerial fresh weight (g/plant) 0.23 0.41- 0.09 0.09 0.19 
Slope degree   0.23 0.26 0.41- 0.15 -0.22 
Slope % 0.22 0.27 0.43- 0.15 -0.22 
Internode length (cm) 0.19 -0.14 0.41- 0.43 0.25 
Essential oil% (w/w) 0.11 0.30 0.45  0.16 0.13 
Leaf area (cm2) 0.13 -0.13 -0.21 0.75- -0.27 
Branch number -0.14 -0.12 0.23 0.32 0.72- 
Eigenvalue 6.21 3.10 1.88 1.09 1.06 
Proportion 0.41 0.21 0.13 0.07 0.07 
Cumulative 0.41 0.62 0.75 0.82 0.89 

- \*�&_�.�:
�- !� &]7 ��(� =03|� �- ��� !:U� !+��B	� C���� 5�
 5�%,F `? �e7� &*� =F E
�� E7(4 �  
* The bold font and underline coefficients have significant correlation with the relevant axes. 
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Figure 2. Scatter plot of 20 populations of Nepeta binaludensis of the first two axes (PCA analysis) for morphological 
and climatic traits. 
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Figure 3. Loading plot of climatic and morphological traits of N. binaludensis based on the first two axes of PCA. 
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Figure 4. Dendrogram of the 20 populations of Nepeta binaludensis resulting from the cluster analysis of all 
morphological traits based on Ward method. 
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Table 7. Comparison of mean morphological traits and climatic parameters in two clusters obtained from cluster 

analysis of 20 populations of Nepeta binaludensis. 

Variables 

Chuster1 
( low altitude, warm, low rain area) 

Chuster2 
(high altitude; cold, rainy, and steepy) 

Darrod, Dehbar, Dizbad, Dowlat abad, Mazreah 
Ferizi2, Jaghragh 1,2, Gerine, Golmakan, Kang1,2 

Azghad, Ferizi1, Moghan1, Moghan2 
Shirbad, Zoshk1, Zoshk2 

Plant height (cm) 39.21b 50.56a 

Internode length (cm) 3.42b 4.0a 

Leaf area (cm2) 111.86b 153.75a 
Stem diameter (mm) 3.52b 4.34a 

Branch No. 11.41b 11.07a 

Aerial fresh weight (g/plant) 122.01 251.81a 
Aerial dry weight (g/plant) 44.59b 95.93a 

Essential oil% (w/w) 2.75a 2.47a 

Altitude(m above sea level) 2397b 2473a 
Annual precipitation (mm) 300.7b 313.3a 

Hot season raining (mm) 17.31b 19.71a 
Cold season temperature (°C) 5.76a 4.80b 
Annual temperature (°C) 6.97a 5.66b 

Slope% 15.23b 17.89a 

Slope degree 28.43b 32.41a 

�� &� %+7�%� S*��@ =F ��&�8cF  C����r&Q �:
�- !� {&�,� &- v�8� (��G !$ E�$ �� [K8 <�	�Q� a:> �1�� /��0$ !:U� C��� �7���7. 

In each row means of clusters followed by common letter, are not significantly difference at 5% probability using T test.  
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