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Table 1. Populations of two sections, Acanthoprason and Asteroprason, from subgenus Melanocrommyum 

collected from different regions of Iran. 
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�
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Species  

�05� 

Section  

468�� 

Population  
pseudobodeanum  Asteroprason  10  elburzense  Asteroprason  1  
derderianum  Acanthoprason  11  elburzense  Asteroprason  2  
elburzense  Asteroprason  12  minutiflorum  Acanthoprason  3  
elburzense  Asteroprason  13  subakaka  Acanthoprason  4  
elburzense  Asteroprason  14  kurdistanicum  Acanthoprason  5  
derderianum  Acanthoprason  15  subakaka  Acanthoprason  6  
derderianum  Acanthoprason  16  subakaka  Acanthoprason  7  
derderianum  Acanthoprason  17  pseudobodeanum  Asteroprason  8  

        elburzense  Asteroprason  9  
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Table 2. Geographical information of the studied populations habitat.  
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�-T�� 
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Province  
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  648º35 50׳ 775º51 25׳  2277
 A�d5� ��� 

Band e Yakhchal  

���C% 

Tehran 
1 

  5º35 50׳ 10º51 25׳ 2120
\6#���� �:�F���� 

Emamzadeh 

Ebrahim  

���C% 

Tehran 
2 

  315º30 50׳ 067º50 33׳ 1920
4��#: 

Dehdasht  

����6BCE � ���� ��s� 

Kohgiluyeh and Boyer-

Ahmad 

3 

  17º35 6׳  26º47 39׳  2351
� �6/	�����  

Pir Baba Ali  

��72:�E 

Kurdistan 
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  42º35 7׳  309º47 40׳  2332
�9�%����� :��@ 

Taze Abad Oryeh  

��72:�E 

Kurdistan 
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  733º35 5׳  175º47 39׳  2318
����� u��� 

Jame Shoran  

��72:�E 

Kurdistan 
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  965º35 4׳  245º47 39׳  2618
�J �8�G 

Ghalelan  

��72:�E 
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  0º35 45׳ 372º52 50׳ 2290
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Shen Jari  
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Tehran 
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  514º35 44׳ 594º52 04׳ 2372
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 171º35 51׳ 458º51 25׳ 2515
`/�6� 
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  248º35 51׳ 786º51 25׳ 2645
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Dareh Oson  

���C% 

Tehran 
11 

  353º35 51׳  414º51 25׳ 2567
]6��@ 

Abnik  

���C% 

Tehran 
12 

 618º35 51׳  25º51 25׳  2821
x���� ��G 

Ghabre Oros  

���C% 

Tehran 
13 

 56º36 9׳ 16º51 19׳ 2672
�����E D
�% 

Kandovan Tunnel  

����
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Mazandaran 
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 856º36 18׳ 1º51 11׳ 2421
	,�:��@ 

Vali Abad  

����
9�� 

Mazandaran 
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  232º36 18׳  53º51 04׳ 2248
�BS�E 

Kochka  

����
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Mazandaran 
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  55º36 22׳  41º51 1׳  2926
I����
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Kochka  

����
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Mazandaran 
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�3 �: ;����9 "�#Melanocrommyum  I6� ����� �:�:  �%^� 	� :��) ����11 (

 �� <�T�� �E��67
"�# �0�#��� �� �L�s ^#�./ �:  .42�I��706� �G�2 R�� � N� %�� ��K6%�% y���� �� 468�� ]6��@ 

0�) \A. elburzense( � I��7�E � ���G 	������ �6/ �@ y���� �� 468�� � ���G 	������ �6/ ����: `/�6� .:�� I��706� N� %�� 

�G�2 �TG � D3���#: ��K6%�% �� 468�� 4��#: ~�2�� � �8�G) ���G �JA. subakaka( I��7�E � �@�# �� 468�� `/�6� 

����: .4��: <�8% I��706� �TG D3I�j@  ����� D3 �:  �7S��K6%�% y���� �� 468�� ) ���G ����� u���A. subakaka( � 

I��7�E � 	�� ���� �6/ �@ �� 468�� I� "��� �
���: �:�F���� � \6#���� ����: :�� <�87�.  

��#�63 ;�� ��6,@ ��D6,: 	����9 D3I�j@ 9� e��, 	7��9 F6
 :��� ���% ��7X# .I7��: �G�2 D3:���# ���� � ��TG � 

D3I�j@ Q�F� � "���: D3"�# ������ 	��
��% n9�� ��":�.
 ����1�� ��C�"��:�� 	7��9 9� I�� �
�3�# �� �: �� �7��: ���� .

468�� 4��#: � �2 468�� ���G ����� u��� � �J �8�G ?	�� ���� ��/ D6X
�7/ 	��[ "��� �:� 72� 	7��9 �
��:. I��706� 

� �TG �9� U�2 �� 468�� ���G 	������ �6/ � 4��: <�8% I��7�E �@ ��K6%�% y���� �� 468�� `/�6� � ����: x���� ��G 

 .:���� :��� �@ �E �706� 4�XG"�# :��� �:� 72� I�� #�63�� Q���# 	������ � U�2 �7�E :��� �:� 72� ���G 	�:�63? ��� 

��
��# �W�: ��#�63 ;�� ��6,@ U�2#� F6
 D��G �:� 72� �:�� � n9�� 	��h
 � 	����: �
��: .	B� 9� 	��J: �E U�2�# �7�E 

:��� �:� 72� ���G 	�?�
�63 ��S �,�2 �:�� ��63 42� �E J��8� "��� ��� �����: �@ �: A�2 �8� U�2�# 4��:�� 	�
�
�� 

��� �3� ��E ��":�.
 "�� I�� #�63�� ���
� :�� � ��63 	�#� ��� � �: x�72: ���G :�63? U�2�# F6
 D��G �:� 72� ��#��[ :�� .

468�� �: ��
��# �8,�T� :��� "�#	2���"�# ) I606/5�9� �: f�� % ( �
�: 468�� ��6� .�� ��#�0� �#I��%J�� �9� 

��F# �
�: 468�� I�� �:y���� �# �� 468�� �6,: "�72�� ) ����
9�� (�BS�E)A. elburzense( � �/I6�I��% �@ �� 468�� 

I� "��� �
���: )A. pseudobodeanum( 4��: <�8%. n��F3 :��� 9� ":�87� "�#	
�3�
�3 45��	2��� 468�� �: � �#

 [
 D

O
R

: 2
0.

10
01

.1
.1

68
07

15
4.

13
98

.2
0.

3.
3.

4 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 jo

ur
na

l-
ir

sh
s.

ir
 o

n 
20

26
-0

2-
22

 ]
 

                             4 / 13

https://dor.isc.ac/dor/20.1001.1.16807154.1398.20.3.3.4
http://journal-irshs.ir/article-1-238-fa.html


9�����	 45��	2��� � �6��76�6�	� [��... 	 

341 

�
�3 ;�� >�75� "�#/6�29� ) :��: :���1 ?5 ?13 .(�� ��= 	�E? 	� �8,�T� I�� �:���% 4 3 �E �706� 	3.��"�# 	���9�� 

��� 468�� �:�#"���: 	2��� :��� " 	
�3�
�3 	�2��� �
:�� �E I��706� 	
�3�
�3 �� N� %�� �G�2D3���#: � �9� U�2 

<�8% 4��: .	3.�� 4��5L Q�� I��7�E 	
�3�
�3 �� ��0
 :�: .�: �8,�T�F6
 "� �E "�� 13 �
�3 9� �05� Acanthoprason 

���
� �� 	
�3�
�3 	�J�� �: 	3.��"�# 45��	2��� ��I �
�3�# ��#�0� ) ��5�E ( I�� N�L�� 	��
��% "��� g��#� 

��":�.
 :��� �:� 72� ���G :�63.   

 

A��� 3- 	3.��"�# 45��	2��� 	�E �9��
���� "�63 �: 17 468�� ��6,@.  

Table 3. Measured quantitative morphological characteristics in 17 populations of Allium. 

  

  

  

 A���4-  I6W
�6�	3.��"�# 45��	2��� 	�E "��� 17 468�� ��6,@.  

Table 4. Average of quantitative morphological traits in 17 populations of Allium. 

 K��L%�66M�#  

C.V.  

�YE��s  

Max  

DG��s  

Min  

I6W
�6�  

Mean 

	3.��  

Character  

38.37  3.3  1  1.78  
���� ) Q��1( 

Leaf number (1)  

29.73  245.98  86.86  125.38  
A�=  Q��)mm( )2( 

(2) )mm(    Leaf length   

44.41  64.12  10.78  30.81  
R��  Q��)mm( )3( 

 (3) )mm( Leaf width   

15.4  .96  .54  .73  
 Q�� 4��5L)mm( )4( 

(4) )mm(   Leaf thickness   

59.04  79.41  13.72  31.72  
�G�2 N� %�� D3���#: )mm( )5( 

  (5))mm( Scape length   

29.66  4.93  1.78  3.02  
�TG �G�2 D3���#: )mm( )6( 

(6) )mm(    Scape diameter   

29.39  81.45  31.33  44.48  
 �G�2 N� %��)mm( )7( 

(7) )mm( Stem height   

30.15  6.56  2.37  3.93  
�TG  �G�2)mm( )8( 

(8) )mm(  Stem width   

18.29  27.81  12.58  20.05  
�TG  U�2)mm( )9( 

(9) )mm(  Bulb diameter   

53.1  11.36  2.08  4.01  
�9� U�2 )g( )10( 

(10) )g( Bulb weight   

22.07  4.17  2.34  3.09  
�9� ��F# �
�:)g( )11( 

(11) )g(1000-seed weight   

49.73  107  14.2  46.97  
����  D3 �: ) �7S12( 

Flower number in umbel (12)  

17.39  58.32  32.85  46.37  
�TG D3I�j@ )mm( )13( 

(13) )mm( Inflorescence diameter   

13 12 11 10 9 8 7 6 5 4 3 2 1 
Character 

Pop. 

53.29 18.66 3.84 2.63 18.23 4.05 59.73 2.82 17.25 0.96 34.24 122.5 1.1 1 
39.16 14.2 3.00 2.11 16.92 3.19 45.05 2.55 17.41 0.84 26.97 120.5 1 2 
46.37 46.96 3.18 4.05 22.83 5.26 59.31 2.51 79.13 0.72 24.82 245.9 3.3 3 
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K���L 	W7X��# �:�2 I6� 	3.���# ��0
 :�: �E 	[�� 9� 	3.���# 	W7X��# 	�8�"��: �� \# ��7��:  A���)5(. 

������� �
��
 ��#�63 �� U�2 4��:�% 	3.��"�# 	0��� � 	0��9 	�2��� F6
 ��7��: �E 9� I�� 	3.�� 	����% "��� i�57
� 

U�2"�# K2��� "��� ^��F�� �6
 	X�� "��� 	��672: �� 	
�#�63 i��T� �:� 72� :�E .�@ 9� �E 	���U�2 4��: "�#

�:��"�# 	� \#��� ��63 	#��3 � ��� "��� "�706� 	��h
 .42� ��17
� D��G 	W7X��# I�� I������� ?���E\#I6�S 	[�� 

	3.��"�# 	0��� F6
 �� 	3.��"�# 	0��9 	W7X��# 	�2��� ��0
 �
:�:? I������� 	�%��� �� x�2� 	3.��"�# 	0��� 

i�57
� ���
� :�: � �% ���9 9��� 	3.��"�# 	0��9 D��% :�B
 .	W7X��# I6� A�= Q�� �� A�= �G�2 D3���#:? R�� Q�� �� 

�TG �G�2 D3���#:? �TG D3I�j@ � ���� D3 �: �7S 9� ���� I�� 	W7X��#42�# . ��63 �: i��T� 	0��� ���K�2  :��C�

7� ��F6�7�2�	� F�� ��� I�� �E : ����3.	�#" �9�0.4��: �#��[ 	7�Y� �6r�% ��63 	 �: 486�= �706� ��#�63 I�� ^6/ 9� 

:��� �� ��s�� D3	#: 4��:�� 	��
�� � �3� g�# i�57
� "��� �!�-� 	7��9 ���� �� �:� 72� 9� I�� 	W7X��#�# 	����% 

^6/ 9� 4��:�� �@�# z2�% :���� 	��� ���G� �� i�57
� :�E .  

I6�S 	W7X��#	��# �: �W�: 	2���"�# ���
� �7��3 "�� ;�� /6�29� F6
 ��#�0� ��� 42� .�: �8,�T�"� �E "�� 

�62 ���
� ��? ��#�0� �� �E �S�# �9� U�2 �706� ���� �TG �@ F6
 �706� 42� )3�E ( I�� 	W7X��# �: I�� �8,�T� F6
 

��#�0� 	2��� �: �: .�� 	W7X��# F6
 �
�3��� 	7�Y� I6� 	3.��"�# �9� �S9�6/ � R�� Q�� �62�� ��#�0� ) ��1 ?

10( �E �� ��67
"�# ��42: ���@ �: I�� �8,�T� <�T�� 42� .��� �: 	2��� 24 I0XE� �62 	��� ����� �6# �
�3 

	W7X��# I6� �9� �S9�6/�# �� R�� Q�� ��#�0� ) �0
6( .�: �8,�T� Sepahvand et al. )1( 	W7X��# 	7�Y� I6� N� %�� 

�G�2 �� A�= Q�� ��#�0� �62�� �: �� �E �: I�� <6-�% F6
 I6�S 	W7X��# :��� 4��:.  

��67
"�# ��42:���@  �� ��F�% 9�� ,�� 	�!� "�#15 	3.��  A�� � ,�� �2 �E :�: ��0
 ��� �8,�T�72%  DE 9�

 ,�� \C2 �E �
:�E �6��% �� ;
����� 	��C�% �� A�� �39% � ,�� \C2 � ��2 � ��: "�#��K6%�% 19  �14%  A�� � ,�� �: .:��

	3.��"�# R�� �TG ?Q�� 4��5L ?Q�� �G�2 D3���#:R�� ? �TG ?�G�2 �9� ?U�2  ?U�2����  �TG � �7S �: D3

D3I�j@ ��K6%�%  K��L ��92/0 ?62/0 ?86/0 ?89/0 ?92/0 ?76/0  �78/0 7��3 ���GA�= �� ��: � ,�� .�� ?Q�� N� %�� �G�2 

D3���#: � N� %�� �G�2 ��K6%�%  K��L ��87/0 ?73/0  �74/0  F6
 ��2 � ,�� �: .�
:�: D6B0%���� Q��  K��L ��89/0 

 �: .4��3 ���G	2��� 468�� "�� ��� ���
�� ,�� �� ��F�% �62�� >�75� "�# 	�!� "�#	3.��"�# 45��	2���  ��0


�: A�� � ,�� ��CS �E :5/77%  DE	
�3�
�3 45��	2���  A�� � ,�� �: .�
:�E �6��% ��	3.��	��#  ?U�2 �9� � �TG ��S

 ?Q�� R�� � A�=���� N� %�� � Q�� �G�2 D3���#: ) ��7��: ���G13.(  

  

  

  

  

  

  

 

58.32 107 3.42 11.35 27.81 6.56 31.33 4.79 26.36 0.87 64.11 126.1 2.1 4 
46.36 60 2.69 4.66 20.27 3.95 38.91 3.17 23.40 0.68 38.82 91.6 1.3 5 
58.12 70.6 2.776 4.85 23.06 4.44 44.04 3.39 25.26 0.77 45.70 114.0 1.6 6 
46.78 56 2.35 4.85 22.39 6.15 44.30 4.93 17.63 0.79 53.50 131.1 1.8 7 
32.85 27.4 2.34 3.29 13.81 2.59 36.86 2.17 25.09 0.61 18.12 126.1 1.3 8 
55.11 35.2 3.21 4.06 22.32 4.87 45.21 2.9 42.28 0.70 31.42 151.8 1.4 9 
42.38 31.8 2.76 2.17 12.58 2.37 36.71 1.77 13.72 0.55 10.78 86.8 2.1 10 
43.74 60.2 2.41 3.06 18.09 3.35 33.31 2.60 16.60 0.67 19.29 99.9 2.4 11 
40.44 31 3.09 3.76 19.58 3.12 81.45 1.97 36.19 0.74 28.58 154.6 1 12 
50.17 41.4 4.00 2.08 22.19 3.56 32.45 3.64 50.96 0.82 30.26 131.3 1.3 13 
53.10 49.4 4.05 4.35 20.88 3.17 47.97 3.97 68.43 0.75 32.36 137.6 1.1 14 
32.87 36.4 2.88 3.02 17.64 2.88 52.61 2.38 33.80 0.54 14.94 103.2 2.4 15 

40.77 42 4.17 3.02 20.10 3.56 34.26 2.68 24.06 0.63 24.63 90.1 2.5 16 

48.50 70.2 2.40 4.77 22.22 3.72 32.65 3.04 21.58 0.66 25.21 97.8 2.6 17 
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A��� 5-  	W7X��# I6� 	3.��"�# 45��	2��� 	���9�� ��� �: 468���#. 

Table 5. Correlation coefficients between evaluated morphological traits in populations.  
	3.�� 

Trait 

1 

 

2 3 4 5 6 7 8 9 10 11 12 13 

1 -A�= Q�� 

Leaf length 

1             

2 -R�� Q�� 

Leaf width 

.09 1            

3 -Q�� 4��5L 

Leaf thickness 

.25 .67** 1           

4 - %�� �G�2 N�

D3���#: 

Scape length 

.77** -.05 .03 1          

5 - �G�2 �TG

D3���#: 

Scape diameter 

.01 .86** .54* .08 1         

6 -�G�2 N� %�� 

Stem height 

.52* .07 .17 .31 .31 1        

7 -�G�2 �TG 

Stem width 

.39 .83** .52* .12 .74** .06 1       

8 -U�2 �TG 

Bulb diameter 

.23 .78** .49* .34 .74** -.06 .82** 1      

9 -���� Q�� 

Leaf number 

.18 -.19 -.42 .14 -.07 -.23 .22 .18 1     

10 -U�2 �9� 

Bulb weight 

.09 .77** .29 .01 .64** -.18 .72** .72** .16 1    

11 -: ��F# �9��
� 

1000-seed weight 

.26 .10 .41 .56* .17 .17 0 .26 -.28 .03 1   

12 -����  �: D3

�7S 

Flower number in 

umbel 

-.15 .64** .11 -.01 .65** -.45 .64** .74** .46 .85** -.16 1  

13 -D3 �TG9�� I�j@ 

Inflorescence 

diameter 

.27 .69** .61* .24 .63** .13 .65** .73** -.13 .52* .33 .54* 1 

* and ** indicate significace at the 5 and 1 percent level, respectively. 
*  �** ��K6%�%  �� "��8�	�8� �:�� ��: wT2 �: ]� � ��/.42� �!�: 
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x�2��� ��F�% ���["� �  \2�?���3���
: 468��"�# :��� �8,�T� �:  	2�6�G� ��!��10 �: ��CS ���3 �F�� ���G 

��7��3 )DB� 1(. �# ��CS 468�� �
�3 A. derderianum � �: 468�� �
�3 A. pseudobodeanum �: ���3 A�� ���G 

��7��3 �E I�� ��0
���#: 4#��� 45��	2��� I�� �: �
�3 �W��B� �� 	����� .�: ���3 ��: F6
 ��# 468��"�# �
�3 

A.elburzense �� ����# �C�% 468�� �
�3 A. kurdistanicum � 468�� u��� ����� ���G 9� �
�3 A. subakaka "�� ��7��3 

�E I�� N�L�� 4#��� �@�# �� �W��B� �� ��0
 	��#: .�C�% 468�� 9� �
�3 A. minutiflorum �: ���3 �
�3���"� ���G  4��3

� �: 468�� �W�: 9� �
�3 A. subakaka F6
 ���3 "�W�: �� D6B0% �
:�: �E I��706� ��!�� �� �� �W�: 468���# ��7��: .

: I��������
�3 ���3���
: �"�# ���0� �: ]� ���3 ���G ��7��3 � I�� N�L�� 	=��%�� �� �-T�� 	��6���M� �@�# 4���
 .�C�% 

�: �
�3 A. subakaka 	B� 9� 468���# �: ���3 "�W�: "�� 4��3 �E I�� N�L�� 	��
��% 	��
 9� z���� 	T6�� �-T�� 

u��� ����� ���G ���� �� �
�3"� �E 468�� �I� �-T�� �: i�7�@ � �: u�L 	,��� ��E ���G �7��3 � �: 468�� �W�: 9� I�� 

�
�3 �: ���2 � �: u�L 	���� ��E uG�� ����
� .�8,�T� ���7
 �� <�T�� �L�s ^#�./ ���7
	2��� �� �@ �: �E :�� "� 41 

I0XE� 9� 13 �
�3 �05� Acanthoprason? :���� �# �
�3 �� f��! �F�� �-�=���" ) �
��5( . 	2��� I�� �: I6�	
�3�
�3 

45��	2��� 468�� 	��6���M� u�9�% ��#  ��
��#	2���"�# ) I606/6 ?13468�� � �0
 ��#�0� 	=��%�� ( �0�� �� 	��#

 .��7��3 ���G ���3 ]� �: f�� 7� 	��6���M�  

�: I�� 	2��� �
�3"�# �: �05� Acanthoprason � Asteroprason �: ���E �W��B� ���G �7��3 � ���3"�# 	��F�� �� 

D6B0% �
:��
 .����@ 	2��� �05� Acanthoprason 	B� 9� ��6d6/I��% � ��� I��%F6W
��� N�L���# �:�� � �����# �: 

R�8� �66M% ���G �7��: 42� ��"��= �E ����" 9� �
�3"�# �05� Acanthoprason �� �05� "���� �� ��
 Asteroprason 

�D-7� �
�� )12( .I�������? ��� ]6B % I�� �: �05� 9� \# �6
 D��G ��17
� 4X6
 .�: �8,�T� Aryakia  ����B�# � )5 (F6
 

�
�3 A. elburzense �C�% �
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Fig. 1. Dendrogram of 17 populations based on morphological data. 
DB� 1- ���3���
: ��42:���@ 9�  	2���	
�3�
�3 45��	2��� 17 468��. 

  

 ��x�2� ��67
"�# ��*,�%!�2 ? �6��F 9��
� ��: ��" :���A�B :�9@ DPPH 468�� I6� �:� �#�� ]�:F
 \#�:�  �

 I��706� �!�:���" ���c��"  41�
 ��100 �6�	 �� ��3�6�	,6�7 �
�3 9� \0� ]6��@ 468�� �� y���� ?A. elburzense  ��

 ��F6�36/85%  �
�3 9� ����: ��2�� ��: 468�� �� y���� ���-� I��7�E �A. derderianum  ��F6� ��20/73% :�� DB�) 2( . 

 [
 D

O
R

: 2
0.

10
01

.1
.1

68
07

15
4.

13
98

.2
0.

3.
3.

4 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 jo

ur
na

l-
ir

sh
s.

ir
 o

n 
20

26
-0

2-
22

 ]
 

                             8 / 13

https://dor.isc.ac/dor/20.1001.1.16807154.1398.20.3.3.4
http://journal-irshs.ir/article-1-238-fa.html


9�����	 45��	2��� � �6��76�6�	� [��... 	 

345 

  
Fig.  2. DPPH free radical scavenging activity of populations.  
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Fig. 3. Total phenolic content (mg GAE/g FW) of populations. 
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Research article 

 

Morphological and Phytochemical Evaluation in Some Populations of 

Allium from Iran 

 

J. Rezaei, M. Zare Mehrjerdi*, H. Mastali  and N. Yazdani11 

 

 

 In order to investigate the morphological and phytochemical variations of 17 

populations of the genus Allium, a medicinal plant, from different regions of Iran, 13 

morphological traits, as well as total phenolic content and DPPH free radical scavenging 

activity were evaluated. The highest and the lowest coefficient of variation belonged to scape 

length (59.04 mm) and leaf thickness (15.4 mm), respectively. The highest leaf number, leaf 

length, and scape length belonged to Dehdasht population and Pir baba ali had the highest leaf 

width, flower number in umbel, bulb weight, bulb diameter, and stem width. Results of 

simple correlation analysis showed the existence of significant positive correlations among 

some traits such as bulb weight with flower number in umbel (0.85), leaf width with scape 

diameter (0.86) and stem width with bulb diameter (0.82). Principal component analysis 

showed the cumulative proportion of the first three components explained 72 percent of total 

variation. According to the cluster analysis the studied populations were separated into four 

groups. Among the studied plants, the highest antioxidant activity (85.36%) and total phenolic 

content (6.76 mg GAE/g fresh weight) were observed in Abnik and Dareh Oson populations, 

respectively. The results showed that there was a suitable diversity in morphological and 

biochemical traits in studied populations which have the potential to be used in breeding 

programs.  

Keywords: Allium, Germplasm, Melanocrommyum, Morphological diversity, Phytochemical 

diversity. 
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