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Abstract Article Info 

Background and objectives: Mineral exploration is an important factor in 
rangeland ecosystem degradation in Iran. The first priority in mine site restoration 
is to use native plants as they can resist the stress caused by heavy metals and 
nutrients deficiency and also the harsh environmental situation. Vegetation 
restoration in polluted mining area depends on how plants can respond to phisycal 
and chemical properties of mine waste. This study aimed to assess the responses 
of five pioneer species (Glaucium fimbrilligerum, Melica persica, Hordeum 

vulgare, Polygonum aviculare  and Silybum marianum) in secondary succession 
to the phisyco-chemical properties of coal mine waste in Karmozd coal mine, 
Mazandaran, Iran. 
Methodology: The waste generated from the coal mining was heaped into different 
dumps in Karmozd coal mine site in Savadkoh county, Mazandaran province, Iran. This 
mine is one of the oldest and major coal mining site in central Alborz coal zone. Three 
dumps of coal waste were selected which were abandoned for more than three decades. 
All dumps had similar elevation above sea level and geographical aspect. During 
underground mining large volumes of coal wastes were heaped in one of the waste dump 
but in the other two dumps waste materials were deposited outside of tunnels. Plant 
species were sampled in 138, 1 m2 plots using random-systematic methods along 
transects. In each plot the cover percentage of each plant species were estimated visually. 
A soil samples were taken from the center of each plot at depth of maximum 20 cm. Then 
soil samples were kept in the plastic bags until chemical analysis time. The soil samples 
were air-dried at room temperature. Then Soil texture, pH, EC, OC, N, P, Cu, Zn, Ni, and 
Pb were measured in the laboratory. Plant species responses and the ecological niches 
were determined using eHOF model in R 3.5.3. The best model was selected using AIC 
index. 
Results: Results of this study showed that plant species responded to coal wastes 
properties in a variety of models. Among them the sysmetrical unimodal and 
bimodal with unequal two optima were more common. In response to the amount 
of sand in the soil all plant species except H. vulgare had an optimum in 49-88%. 
S. marianum showed an optimum in the lowest amount of clay while P. aviculare 
and H. vulgare had a broad ecological niche along the gradient of clay. G. 

fimbrilligerum and H. vulgare had a broad ecological niche than other plant 
species in response to the soil pH even with an optima in low soil pH. For soil 
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minerals the dominant response was bimodal with unequal two optima. The upper 
optima for soil total nitrogen was found for P. aviculare and the upper optima for 
soil available P was detected for P. aviculare and H. vulgare. Two plant species 
(S. marianum and M. persica) responded to all heavy metals with symmetrical  
unimodal while the other species showed a verity of responses. S. marianum 
showed optimum in greater amount of heavy metal levels and its optima was 
255.24, 53.74, 180.59, and 151.87 for Cu, Pb, Zn, and Ni, respectively.  
Conclusion: In this study the three forb species showed more divers responses to 
the measured coal waste properties than that in two grass species. The studied 
plant species had different life spans and life forms. According to their responses 
and the ecological niches it can be concluded that all of these plant species have 
the potential for establishment and growth on coal waste dumps. Therefore, they 
can be used for mine site restoration with a priority to S. marianum and M. 

persica. Further studies are needed to assess the facilitation of these plant species 
growth and establishment under different remediation treatments. 

Cite this article: Lashkari Sanami, N., J. Ghorbani, S.H. Zali, Gh. Vahabzadeh, 2022. Edaphic optimum niche for some 
pioneer rangeland plants in coal mine wastes in Karmozd mines, Mazandaran province, Iran. Journal of 
Rangeland, 16(1): 1-16.  
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fimbrilligerum  �Melica persica  �Hordeum vulgare  �

Polygonum aviculare    �Silybum marianum   -�

 Me8 �� �	oA &�0!� O'�
�!�  ���? c�1
�� ���
?�� �� �6

 ��  "�!�� ���5
%�  �  �?�  "'���	�  -�  "�	�  &�6�!�  &	S

-
��� J'	4�� �� "6�!� L?	8 @�!A� �� ����� �� "���� ��6
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+631  �41-�	G� .(  0��� �� ��2 bG� �� \�W ��!�

  �� �aU KG� #� � Me8 �620  "
��%  ����� �
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-�	� B%�8  ��6S. marianum  �P. aviculare  �  M. 

persica  b� M�	U -� i� &�0!� -�  )��) "'�G�IV  J%� (

  3 ?)5-�	� O'� ���� -�!F� �'��5� .(  �6-�D!���  24/255 �

11/79    �85/134  "8"8-�	� ���� D%��� )�� .J%� �� 

G. fimbrilligerum    )�� �!]
� O'� -� J�+�VI    ���5� �� ��

  -�!F�63/98  �65  "8"8  ��	� ��  -�	� �H. vulgare    ���5� ��

  -�!F�65  "8"8  -����  .���  &���  ��  JW�	� '  ��
N�  ��

 -�	� b'>	4	��G. fimbrilligerum � P. aviculare   J�+�

 i� -�-�D!��� 53/161-65  �99/581-65 "8"8  ��	� ��

-�	� �'�% ���� �.J%� �F�2 -�!F� ���5� �� ����� �6  

-�	� ����  ��6S. marianum�  G. fimbrilligerum    �

M. persica    )��IV    ��� &�0!� -� J�+� ��
F� k#���

  3 ?) J?��5-�	� O'� ��
N� .(b� M�	U -� �6  ��	� "'�G�

  �F�2 -�!F� ���5� � -�D!���  59/180  �88/142    �60/132 

"8"8  )��H) J%�  ��1-�	�  .(��6   P. aviculare    �H. 

vulgare  B%�8    -�!F�  ���5�  ��  ��  ��  "'�G���-� D!��� 

88/185  �120    �01/171  �109  "8"8  O'�  -�  J�+�  ��

  -�	� .����� &��� �!]
�P. aviculare   ����� ��� -� J�+�

  �� ����� b'>	4	�� -����201-120  "8"8-�	� � ��	� ��  ��6

 .����� �	W -�!F� �'��5� �� -���� &�!?2 ���F8 �$'�  

� B%�8 ��-�	� �c�% -  ��6G. fimbrilligerum   �  H. 

vulgare   -�D!���    )��)  "'�G���  ��
N�VII-��
%2  �  ( ��

  )��)III  3 ?) ����� &��� �� (5  O'� ���� -�!F� �'��5� .(

-�	�  �6-�D!���    3��?17/47  �40/28     �69  �72/33  "8 -

 8"-�	� ���� .J%� ��  ��6S. marianum�  P. aviculare  � 

M. persica    )��IV    -�!F� �'��5� �� )�� O'�
F�74/53 �

19/41    �52/38  "8"8-�	�  O!�  #�  .J%�  ��	�  ��  �F��  �6

  -�	� b'>	4	�� -����H. vulgare  �� �����  69 -62/52   "8 -

 8" )��H) �	� -�!F� ���5� #� M��a
� � ��1 .(  

  )�� k#���HOF    &��� \�W 3 !� &�0!� -� J�+�

�-�	� B%�8 -� ��  ��6G. fimbrilligerum  �  H. vulgare  

  -�!F�  ���5�  ��  ��  �  "'�G���  M�	U  -�-�D!���    3��?

42/124  �09/116    �94/162  �43/109   "8"8 J%�  ��

  3 ?)5 -�	� ���� D%��� )�� .(  ��6S. marianum�  P. 

aviculare  �  M. persica    -�!F� �'��5� ��87/151  �31/129 

  �55/104  "8"8  )�� ���IV  -�	� O'� � ��	�b� ��
N� �6 -

�-�	� -G6 b'>	4	�� -���� .����� &��� �� "'�G  �� -���� �6

 .J%� �F�2 -�!F� �'��5�  

  

  

  

  

  

  

  

 #9(21: L�� ���� ����� 
�(<� 9 `"��� #(� 9 ����� =��,'a� ����� 
�(<�  ��&� �_�>  
�#�$� �����  %&' ��'" ���
�  �<W�� !�"

 .��
()��� ��*"��)'� F"�� #(� #(�) C��b Z��	 ��I #(�) C��'�-E %(II #(�) cW6� %(IIId� %(  #(�) �
�<*��) 9 �
�<*� �E�+)

IV  9V  #(�) �
�<*��) 9 �
�<*� �E�+)9� 9 (VI  9VII C"� (  

 -
��� M�!U	VW  
-����   -�!F� ���5� 

O'�
G�   O'�
�!�  S. marianum  G. fimbriligerum  P. aviculare  H. vulgare M. persica  

 (�U��) p�  62/3  24/34  )II (62/3  )IV (17 /10  )VII (61/22 �62 /3  )VII (54/29 �62 /3  )IV (10 /12  

 (�U��) J
!%  56/5  94/23  )VII (94/23 �36 /10  )V  (37/7  )VII (39/21 �86 /13  )V  (52/15  )IV (51 /13  

 (�U��) O?  76/49  58/87  )II (58/87  )VII (75/83 �76 /49  )V  (06/58  )I( -  )IV (33 /72  

 (�
� �� i�G'# "%�) " '�
 4� J'��6  08/0  36/4  )VII (59/1  �08/0  )IV (04 /1  )VII (79/0  �36/0  )VII (86/0  �08/0  )II (08/0  

 -
'�!%�  56/3  91/7  )II (90/7  )VI (90 /7 �20/4  )IV (26 /7  )VII (23/7  �56/3  )IV (04 /6  

O���  (�U��) "42  45/0  72/14  )II (45/0  )II (45/0  )II (45/0  )VII (32/13 �64 /4  )V  (98/5  

 (�U��) 3� M#�  001/0  53/0  )VII (42/0  �001 /0 )VII (32/0  �001 /0 )III  (53/0 �27 /0  )VII (30/0  �001 /0  )IV (07 /0  

 "8) cPH 3��Z �a+N"8 (��  0  2/25  )VII (21/19 �69 /2 )VII (61/18 �41 /5  )VII (2 /25  �0001/0  )VII (2 /25  �12  )IV (02 /4  

"8) i�"8 (��  65  582  )IV (24 /255  )VI (63 /98 �65  )IV (11 /79  )II (65  )IV (85 /134  

"8) ���"8 (��  109  201  )IV (59 /180  )IV (88 /142  )VI (88 /185 �120  )VII (01/171 �109  )IV (60 /132  

"8) c�%"8 (��  16  69  )IV (74 /53  )VII (17/47 �40 /28  )IV (19 /41  )III  (69 �72/33  )IV (52 /38  

"8) 3 !�"8 (��  88  178  )IV (87 /151  )VI (42 /124 �09 /116  )IV (31 /129  )VI (94 /162  �43 /109  )IV (55 /104  
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           Z-	5L�� F"�� :  ��&�  �� �_�>#�$� ����� 
� 5���" =���D ��
()��� ��*"� %&' ��'" ���
�  �<W�� !�"  

  

�T�*) 9 e[� ����  

-
��� � "���� ��6�
+� �� "�!�� "6�!� L?	8  �6

  �?� -� ���Z -� "��6�!� JW��? ���� �� "?#�� �� JU�N

R!C� O!�S ��"� E6��N ��
+6 "����8 ��6) ���33  .(

-
��� �� "a
� -�	� ��S B%�8 -�4�_� O'� ��  "���� ��6

)�Q#  .JN�� ���Z "%��� ��	� \�W 3��	� "W�� -�  Y�%

S. marianum    ��  ��4�Q  -�  J%�  -4�%��  �'  b'  "6�!�

��$
+'#J!4��N #� "?�� M��!!]� k	1
%� ��6  "��+�� ��6

"� �6�v) �	?11"��a��� ����C� �� K���� �� .(  700    ��

1100  J!�GH  ��
�)  �����  L'��  -�	�  O'�  ��628  .(

  �  ��?  35
��  ���  -
!%�  -�  "��%2  -�  ��!�  O'�  ��6�P�

 -��	H  .�����  "�	W  "�#P. aviculare    -�  -4�+ '  "6�!�

 ��$�'��  ��  ���#�%)  J%�  `	�
�  ��632  .(H. vulgare 

�7'�  " '>	4	'0!N  M�!U	VW #�  �  J%�  -4�+ '  "6�!� ��

+�L�� -� J� ) J%� ����	W�� �630  .(M. persica    "6�!�

 ����� .J%� &�!���� ���	��W #� � -4�%��S ����#�% -����

  "'���	� ��!� O'� .J%� \�W Jv�aA ���� D%��� � c	W

  `�a��� �� �?�2900    D!? � �
�90  ) ���� �� �U��44.( 

-�	�  -�	� �� ���G6 u	N ��6G. fimbrilligerum   O'�
�!�

-
��� �� �� �	oA  .��
?�� -�4�_� ��	� "���� ��6  

 M���  M�!U	VW  "6�!�  L?	8  �  \�W  R����  ��

-�	� .��
+6 "
U� ��6 mW�? #� \�W  ��	� "6�!� ��6

 b'>	4	�� &�!?2 "��?	~G6 \�W JN�� &�'���� �� -�4�_�

  ��!� .����� &��� �� "���a
�S. marianum  �!F� ��  -62/3 

  �	N�  �  �U��5/14   p�  O!'�8  �'��5�  -�  J�+�  �U��

-�	�  O!��G6  .���  &���  ��
F�  ����#�%  ��6P. 

aviculare    �H. vulgare   -� J�+� "�!%� b'>	4	�� -����

 ����� p� �}���A � 3Z��A �'��5� �� � -
?�� �!]
� O'�

��
!�!4�%  n'�
�  .���	�  -�!F�  ���5�  )  &��� G6  �2019  (

&���    -�	� -� ���P. aviculare   \�W #� "��	�� ��  �g� #� �6

 "� �?� JN�� &�0!� �	H� #� "��A -
��� " '0!N 0!4��2 .���

) ��	� -
��� �� O? ��T��26) Y!� -�4�_� �� -� (1992  (

)�Q# -
��� ���� 0!�-�	� .J%� ��? k��0� Y�%  ��6G. 

fimbrilligerum    �S. marianum    -�!F�  �A  ��75/83   �

58/87    -�  J�+�  ��  ��	�U  ����  �  J�}�  B%�8  ��U��

O? #� "��A -� ���� &��� -
��� O? �U�� L'�0N�  J%��
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  -�	� .J%� �F�2 &�	�H. vulgare    )�� #� O? -� J�+�I  

 .J%� -
?��� �!]
� O'� -� "V1�� B%�8 � ���� ���!8

 -�'� E
+!%  -�	� �	Z ��S. marianum  "� DH	� �	?

 �?� "
A�� -� "�? \�W � b�% JN�� �� "'�6�
+� �� ��

)  ���2)  M� %�  "%���  ��  .(1963  #�  -�	�  b'  ���  (

Glaucium  ��$
+'#  -�  �VC��  -�  �?  m1��  ��  ��6

 � � O? 3}� c	W L 6#  ��!?	8 K���� O!��G6 � -%�

)  &��� G6  �  "��
�  t'�v  .J%�  -
���  #�2010  ��Fv�  (

  -�	�  -�  ��
?��M. persica  \�W ��  b�%  JN��  ��  ��6

"� ^!H��  .J%� ��	� �	� O'� E6 -�4�_� O'� �� -� �6�

  -�	�G. fimbrilligerum    J
!% O!'�8 �'��5� -� B%�8 ��

  -�	� � -
?�� ��
�!� �������S. marianum   ���5� �� ��

 �}���A � �
G� �'��5� -� J�+� "�!%� &�!?2 ����� -�!F�

.�	� J
!%  

-�	� �-
��� -
'�!%� ��	� ��  ��6G. fimbrilligerum  

  �H. vulgare   "�!%� b'>	4	�� &�!?2 -�!F� ���5� �� ��

 �
G� -
'�!%� �� -� ��	� -� .��
?�� �!]
� O'� -� J�+�

  #�6  � O'� &�!?2-�	-�	� �'�% #� �6  � ��	� �0�� �6-�D!���  

  -�!F� ���5� ��20/4    �56/3    ��!%� R'��? -� "'T�� 3GC�

) &��� G6 � �� �n'�
�  O'� ��  	+G6 .��
?�� -
���2011  (

  -�	� -� ����� &�!�H. vulgare    \�W ��!%� R'��? -�

  -�	� -% .J%� ���5�S. marianum  �P. aviculare  �  M. 

persica    O!� -
'�!%� ��6    ��8    .���	� -�!F� �����  -S���

 -�	� ���� -
'�!%� -�!F� ���5�P. aviculare �� ����� 26/7 

��
!�!4�%  �g�  K��  ���  ��	�  )  &��� G6  �2019  �'��5�  (

  n'�
� �� K��_� .J%� 3GC� 3��Z &2 ���� -
'�!%� M��a
�

-
N�' ���`��# ��6 ) "$!��!�� � �!�2006  -�	� -� ��� &��� (

S. marianum  "}�W -
'�!%� �� \�W  "� ^!H�� ��  ��� �6�

) &��� G6 � � %�>���2 �g� p�%� ��2011  �A -�	� O'� (

\�W �� ��
F� �?� � ���� 3GC� �� -
'�!%� #� "�!%� -

  -
'�!%� �� ��66/7-5/5  -
��� - �'� -� -H	� �� .����  ��6

)�Q#  ���	�  -
'�!%�  �g�  #�  "���a
�  R'��?  �����  Y�%

i �-�	� 3G�4��4�_� ��	� ��6 �
�!� �F�2 -� ��� &��� -

"� �� -
��� ��!%� R'��?.����+8  

-
��� �� " '�
 4� J'��6 �'��5�  #� -�4�_� ��	� ��6

08/0    ��36/4  ) �	� �!]
� �
� �� i�G'# "%�26  K�� .(

)  &��� G6  �  Y���  -
a�2007  ��  " '�
 4�  J'��6  (

-
���)�Q#  ��6"� T��  �
�+� Y�%"� -� �?��  ���	� ����

-�	�  � OS .�?�� -
?�� ���G6 -� �� "a�� M��X� "6�!� ��6

)  &��� G62009 ����  ��	?  ��	�  ��  ��  "F����  n'�
�  (

-
���)�Q# ��6  "%��� �� .����� k��0� "��8 &��� Y�%

-�	�  B%�8  "�C��  -�	�  �" '�
 4�  J'��6  -�  �6S. 

marianum    -�!F�  ���5�  ��59 /1   �
�  ��  i�G'#  "%�


�!�-�	�  �'�%  -�  J�+�  ��  �������  O'�  n'�
�  .J?��  �6

)  O!���  �  "��	Z2008  ��  -�	�  O'�  �?�  ���  &���  (

\�W  ��  " '�
 4�  J'��6 ��  ��615    �
� �� i�G'# "%�

"�  "
�  �	�  -�  .�?��  EF�  \�W  Jv�aA  �g�  #�  ���	�

-�	� �����  -
���  ��	?  E�  �'��5�  ��  -�4�_�  ��	�  ��6

�6  .���	�  -�!F�  -
���  -�  ���  &���  "
�Z  M��4�_�  ��S

&�	H)  �!W	�  -�	�  R%	�  �
�!�  ��	?  ��  ��Kochia 

prostrate  .�	� ��? D4�Q (  

  -�	� 0H -� �\�W &>��
!� �� -_��� ��P. aviculare 

-�	� �'�%  ���	� -�!F� ����� �!]
� O'� 3Z��A ���5� �� �6

  ��!� -�M. persica    E� �'��5� �� ��
�!� �	N� &>��
!�

-�	�  O!��G6  .���  &���  ��6G. fimbrilligerum    �S. 

marianum    \�W M#� �U�� ����'# �'��5� �� "'T�� �	N�

  -�	�  ����  -� ��	� -�  .��
?��S. marianum   ���5�  ��

  -�!F�42/0   ���5� O'�
�!� -� -�	� O'� �	N� &>��
!� �U��

)96/83    -�	� � �!%� (�U��G. fimbrilligerum   ���5� ��

  -�!F�32/0    �	N� ����� &>��
!� �U��15/65   .�	� �U��

) &��� G6 � ���	!� n'�
� K��2012  -�	� (S. marianum  

)  p	
!N��
!�  &�6�!�  0HNitrophilous "��'  .J%�  (

  -�  �  -
?��  &>��
!�  cPH  ��  "'T��  J!
��Z  -�  "��6�!�

&>��
!� "�����  .��
+6 ��+8  

-�	�  ��6G. fimbrilligerum  �S. marianum    �P. 

aviculare   "��?	~G6  �����  "42  O���  �U��  3Z��A  ��

&��� `	[	� O'� .���	�-�	� O'� 3GC� ���6� �	�G� -� �6

 -�	� � ��	� "42 O���S. marianum  �	N� ��29/28   �U��

  -�	�  "N��  #�  .���  &���  &2  -�  ��  �������  O'�
�!�H. 

vulgare    -�!F� ��32/13  �� "
�}� B%�8 "42 O��� �U��  

 &��� G6 � i!������ .��� &��� �!]
� O'� ��T�� �'��5� -�

)2011"%���  ��  (  -�	�  -�  ��
?��  ��Fv�  �	W  ��6S. 

marianum  -'P]�  #�!�  �����  �  ��	�  R%	
�  ��  E�  ��

\�W"� 3GC� �� E� �0!1
U�A �� ��6-
��� �� .���  ��6

 [
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 cPH 3��Z �a+N "����    ���� &�6�!� �?� �� "GF� L5�

)36 -�	� .(G. fimbrilligerum   �'��5� �� �� �	N� O'�
�!�

  -�	� .��� &��� �a+N ��'# � E�P. aviculare  �!%� O'��

  -�	� #� �!Q -� .J?�� �� b'>	4	�� -����M. persica  � &�!?2

�'�% -�	�E6 ����� �6 .�	� "��?	8  

-�	�  B%�8  "%���  ��  �6  ��  �	H	�  i�  -�  J�+�

-
���  -�	�  ��6S. marianum   ��  ��  �	N�  �U��  O'�
�!�

  -�!F�  ���5�24/255  "8"8"4�A  ��  �J?��  ��    �'�%  -�

-�	�  #�  �
G�  -�!F�  ���5�  �����  �6200  "8"8  .���	�  ��
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