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Abstract Article Info 

Background and objectives: Iron and related mineral industries are one of the 
important pillars in industrial development. Extraction of iron ore and steel 
production is not possible without land degradation, and in this process, in addition 
to steel, is a large volume of mineral tailings which if not properly managed, will 
be able to pollute soil, air, and water, that can pose significant health challenges. 
The aim of this study is to evaluate the establishment and germination of desert 
mustard on Gol Gohar iron mine tailings in sake of biological rehabilitation of the 
tailings. 
Methodology: At first, sampling of tailings and soil of desert mustard (Sinapis 
arvensis L.) habitat from Gol Gohar mine area were taken. In order to compare the 
particle dimensions, Granulation was done by dry sieving for both substrates and 
some of their physicochemical properties were investigated. Properties such as bulk 
density, EC, pH, Organic carbon, Phosphorus, Nitrogen, and Lime for tailings and 
soil were determined by conventional laboratory methods. Desert mustard seeds 
before planting in soil and tailing, were tested for germination. After ensuring the 
vigour and germination of seeds, they were planted in plastic pots with soil and 
mineral tailings and randomly placed in the growth chamber, irrigated daily with 
distilled water until the end of the experiment. Germination was recorded daily for 
16 days until germination stopped. After this period, the planting medium of the 
pots was washed with a gentle stream of water and the seedlings of each treatment 
were weighed separately and their root and shoot lengths were measured. By 
counting the germinated seedlings, Germination Percentage, Mean Germination 
Time, Coefficient of Velocity of Germination, Germination Index, Mean Daily 
Germination Percent, Peak Value for Germination, T50, Germination Value, 
Seedling Vigour Index were calculated based on the Common formulas, and at the 
final step, the mean of all data was tested by means of an independent t-test. 
Results: The results of the independent t-test showed that there was no significant 
difference between pH and EC in the two substrates, but the difference between 
Carbons, Phosphorus, Nitrogen, Lime; Specific mass, mean particle diameter, and 
ᵠ index between the two treatments is statistically significant (P < 0.01). The Mean 
Daily Germination Percent results show that the onset of seed germination was the 
same in two treatments, but the peak of germination has occurred for the soil 
substrate of 16.66% on the fourth day and for the tailings substrate of 12.85% on 
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the fifth day so in addition to the peak germination time, Germination Percentage is 
less in the tailing substrate. Although the Germination Percentage in the soil of the 
mustard habitat is equal to 64.28% and this is more than the Germination Percentage 
in tailings substrates, which is 56.19%, but as the Coefficient of Velocity of 
Germination and Mean Daily Germination Percent, the difference between the 
means is not statistically significant. This is while Mean Germination Time, 
Seedling Vigour Index, and T50 showed a significant difference (P < 0.05), in other 
hands the difference between the mean of the other parameters included 
Germination Value, Peak Value for Germination, Germination Index, Seedling 
weight, and Root to stem ratio, also is significant (P < 0.01). 
Conclusion: The results showed that the lack of N, C, and P in mineral tailings have 
a negative and inhibitory effect on the growth of mustard seedlings. Strengthening 
the tailings with nutrients is a vital treatment for the establishment and growth of 
plant seedlings, meanwhile adding Lime to tailings is essential to reduce the 
negative effects of heavy metals on plants and soil. On the other hand, it should be 
borne in mind that ecological remediation of mineral tailings will not be available 
in the short term without the use of unpolluted and biologically active soil, so topsoil 
and overburden can be used as an important and reliable source of seeds for 
regenerate vegetation. 
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���  ������	  ,
���  $�  -  ���* ��	��  /$�	8  ���0	 ��  �6  

 �� ^-$�$�	 3 %�	  (�
� 	 .��%.�2 $��`  
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�2?
-  ������	  (�
� 	  g
�%�  �H
"�.  /�6 �
����*  

  - 
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-$ U�7(�S��/�6  ) �-�4 $� ���0	1  
�* (
�$� (

  (%
��&�  ������	  -  �H
�%H��  ,
��6  f�&�  �
�  ��  .,&�

)pH  - 
���
-$ U�7 ,�# /�6�%�� ]
 (� ]
 
$�RQ (

  �-�_�  /$�	8  �Z�  +�  ���0	  (�S����0	/$��    $�  .�$���

 �� � E  ��OE  [�4  ��  3�%�	  �H
"�.  /�6�%	�$�@

  �. d7�* - ��$\ �b` ������	)ᵠ  (�-�_���0	 /�6$�� 

  
�
�  $����  -�  ����	-  ��*    $�� 	(�,&�    �_�	  
�	8

) 
���
-$ U�7 $� d7�*882/0- �(    3H* ������(&�	/�  

  (#  ���E  $�  �,&�  ,�#  �%��  �
�  $�  ,*$�  $����

(�S�� /�6  ) $�� 	 �� �Z� �
� +� ���0	199/1  (&�	 3H* (

  ����  e&�%	�	  ����#  �
�� 	  ������	  �-�_�  .�6�

�%��  �1$�  ]
  ob& $�  ,�0J-  ]68  -  �_�.  �3#  �Y-

��0	  $��,&� �%	�$�@  (&  ��R7 $�  ,��6�  "
�E  (%H�  .

  �`�. ��_�. +� ��< (� ���0	 (�S�� (# ,&� �
� 
�* �#\

 ]68 - �Y-�%�� ����#,&� .  
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���� 1 ���	
� :"#�� ��	�*�8 �?�4�3 &	�"#��$	: ��"� ��(�	�� '%	X#J� %$�� � ! &	�  

   ���0	 (�S��   
���
-$ U�7   /��+8 (4$�  $�� 	t 

)�H
�%H�� ,
��6dS/m (  10/0 ±  10/2  05/0 ±  94/1  18  ns 07/4  

 )(%
��&�pH (  10/0 ±  01/7  05/0 ±  20/7  18 ns 62/5  

(%)���#  00/0 ±  00/0  560/0 ± 014/0  9  **85/2 -  

 )�_�.ppm (  006/0 ± 140/0  67/3 ± 7/45  9   **44/12 -  

 (%)3# �Y-�%��  00/0 ±  00/0  006/0 ± 04/0  9  **27/6-  

 (�1$�)]68  00/0 ±  00/0  61/2 ± 60/16  9  **35/6-  

 ��OE [�4  00/0 ±  54/2  01/0 ±  47/2  18  **54/1 -  

)��$\ �b` ������	mµ (  30/1 ±  436  80/1 ±  1833  8   **60/445 -  

 d7�*ᵠ  004/0  ± 199/1  003/0  ± 882/0 -  8   **78/367  

ns :  ��0	 [�Q ��0	 :** /$�� ob& $� $��01/  

  

  g
�%� f�&� ��(�,&�  
�	8  +�    ��	+8(��-�   (���4 ��+

 �6$F�    $�/�%@9
�  e
��* ,!�    $�� 	 $�����	$Y (���4��+ 

  ������� ���7 $F� 
���94/1  ±00  /98    �1$�,&�   G`$ (#

  $� �8  /��2$�# (�  -  ��	+8  [-�  (�E�	 /���  ���;`  3��`

/�6�%��  3H* .,&� 
��� �Z� �$�	 ,�#  )1  $����� (  �1$�

�0�O�   (���4��+    -  
���
-$  U�7  ,�#  �%��  -�  $�  �$

(�S�� �6    �����	�6� 
�6��	 3��` $����� +� (# $�b���6 .  

  �,&� (���4��+    ,&� 
��� l$ 9
�	+8 +�<8 �� $���� -� �6 $�

  ���� �$ ��
�H
 �� (���	 /��-$ $���� -� �6 -�	 ��6�    -

  $�� 	  $�  ����(���4��+    (�S��  ,�#  �%��  $������"�	  

/�%�#    �����	 �6�.   �
���  XP%7� (���4��+   �%��  $�

  (��-�  9O�&  $�� 	  ��  �6���
-$  U�7  ,�# (���4��+  

72/33    /��� - �1$�(���4��+    (�S�� �%�� $� �
���81/41  

,&�.  
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-PQ �
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 (� $���� $� .,&� 
��� l$ G%�6 - G%_6 /�6+-$ $� K����

(���4 �
�� 	 [-� ]�@]�@ ��+  
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-$ U�7 $���� $� �6

(� (�S�� -  K����86/2    -38/2  ,&�  
�� 	 �
� (# ]
�"� �

  $�  $����  -�  ���	+  (�1�.  (# ,����E  $�  �
�  ���%�6 (�

 +-$ ]
 �-� ]�@ �����6 [-� ]�@,&�.  
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$�   $�  (H�8  ��J  .,&�  
�6��	  3��`  �1$�  g�@  ob&

 (���4 d7�* (���4 ]�@ ���+ (���4 ^+$� - ���+  ��	+ - ��+

 (���4  (�  ���&$  ��+50  ������	  �-�_�  �1$�  -�  ���  �6

��0	�1$�  ]
  ob&  $�  $���� ��	+  ������	  .,&�  $��

 (���4(���4 (� ���&$ ��	+ - ��+  ��+50    U�7 $� �1$�

#  
���
-$ d7�* ��n�6 �6�%	�$�@  �
�&  $� -  ,&�  �%�

 (���4 (���4 ]�@ ���+ (���4 ^+$� - ��+ /��L�� �
�� 	 ��+

�	 ��R%7�  ��7  (�  �$T��b	  ,�0J-  ������  (#  �6�  ��

 (���4  ��+,&�.   $�  �6��2  (���  d7�*  ������	  XP%7�


��2 �+- - �1$� g�@ ob&  $� (`�& (� (�
$ ,;�� - (V

 (�S��  -  
���
-$  U�7 ,�# �%��  ���  �1$� ]
 ob&

��0	
��2 �+- - �6��2 (��� d7�* -� $� - ,&� $�� (V

 $��`  ���0	  (�S��  $����  +�  ��L��  
���
-$  U�7  $����

�	  ,;�� (# ���E $� ����2  (�S�� $���� $� (`�& (� (�
$

 
���
-$ U�7 +� 9��,&� .  

  
  

  ����2�8	! &�"� '%	X#J� %$�� � ! &	�"#�� &	�"#��$	: ��(�	�� ���	
� :  

   ���0	 (�S��   
���
-$ U�7   /��+8 (4$�  $�� 	t 

 (���4 (%)�
��� ��+  84/4 ±  19/56  11/20  ± 28/64  58  ns 13/1 -  

 (���4 ��	+ ������	 (+-$) ��+  25/0 ±  56/4  22/0 ±  91/3  58  *21/2  

(���4 ,Q�& K
�J (%) ��+  67/1 ± 90/23 99/1 ±  71/28  58 ns 84/1 -  

 (���4 d7�* (+-$) ��+  99/0 ±  06/1  17/0 ± 61/1  58  **80/2 -  

 (���4 ������	 (%) (��+-$ ��+  30/0 ±  51/3  22/0 ±  01/4  58 ns 33/1 -  

(���4 (� ���&$ ��	+ ��+50  (+-$) �1$�  23/0 ±  99/3  23/0 ±  29/3  58  *114/2  

 (���4 ]�@ (+-$ $�) ��+  73/0 ±  52/10  39/1 ±  25/18  58 / **4-  

 (���4 ^+$���+  5/70 ±  96/41  81/8 ±  94/77  58  **42/3 - 

 �6��2 (��� d7�*  61 ± 675  55 ±  851  58   *12/2 - 

 �+- 
��2 ([�2) (V  007/0  ± 183/0  009/0  ± 222/0  58   **22/3 - 

 (`�& (� (�
$ ��S ,;��  390/0  ± 040/1  034/0  ± 871/0  58   **25/3  

ns:  ��0	 [�Q ��0	 :** /$�� ob& $� $��01/0   :* ��0	$��  ob& $�05/0  

  

�S�#� � Z1� &"�T  

 (���4 - �J�$�  D��E�  vE�;	  $�  G�	 (���	 ]
 ��+

  �6��2 9*�@,&�  .f��E (�E�	 
��2 �2��+ (�E�	 �
��

 (���4  ��+  
$-� a�& -
��2(V�	 /�  �*��  ����%� 
��2 �2� -

��	  
��+  a��* ���# /��& ,� .�	 ��  �$  3E��	  �
��    -

&� ��
+ �8 $�� %&�) ,5(���4 ��� (# ��� ���� g
�%� .(  ��+

  �
��� �6$F�    -  
���
-$  U�7  /�6�%��  $�  �������  ���7

�	 ���� ���	� 	 (O�%� �
� ��$��� ��4- ��-�_� (�S��  �6�

(�S��  (#   (���4  /���  �%0���	  �H
"�.  �Z�  +�  ��+�6$F�  

���  ��O
�  -  ��#�6$F�    /L��  ��$��`   $����  -� �6  $�50 

  �1$�����4  �������  W� !�  g
�%�  .��*��  (%*��  ��+

)2003)  
$����  (��2  /-$  ��  (Datura stramonium L. (

�	  ����(���4  (#  �6�,�# �%��  $�  (��2  �
�  ��+ /�6

(��� - �&$,.�� �� "�$��# /�6  $�H*8 ��-�_� �c�%>	 /�6

�	 ����  �Z� +� ,�# �%�� -� �6 W� !� �
� $� �	� �6�

.��  
-�2(&�	  3H*  �%  ,�Q  (�  �&$  /�6�%��  ���$��  /�

�	 ,�# W�Q - �2���.  
��� 3��!� �$ $F� �
����� ������

(���4 $�� 	 �� G6 -������ $��{ ,Q�& G6 - ��+  ��p�� �6

(���4 .��$�F��
�` 
��2 $� ��+) ���Nitraria shoberi L.  (

�	 $��` U�7 ,.�� q�� ��p�� ,!�  ��* ,.�� - ���2 �%��

K&��	 (���4 /��� /���	 $���� 
��2 �
�  �*$ - ��+  �-$

)47(�S�� ��L�� ��OE [�4 (� (4�� �� .(�	 �6 ,�Q ����

 (���4  ]�@  $�  ��7��(�S��  �H
"�.  ,�0J-  (�  �$  ��+  �6

 (���4  ��V  �6  �,����  e;��	  �-�_�  $����  -�  ���  ��+

��0	  (�
� 	  -  �&$��  .,&�  
����  ����  �$  /$��  �1$�

 (���4 (���4  ��1�  �%	�$�@  ����Q  (�  �
���  ��+ /�$��  ��+

�	 ���� g
�%�  (# $�b���6 �	� �,&� ,��6� (V �2� �6�

G��R� /��� ��1� i-�* +� �%	�$�@ �
� �&$�� ,�4 /��2

  /��2$�# (��6$F�  (�S�� D��E� /���  ���0	 /�6 ,&�    �
� �	�

�V  �
�6�%	�$�@  .,���  �.�#  �
����  (�  i�* K
�J  �

 (���4 ,Q�& (���4 ��"�	 - ��+  $���� -� $� "�� (��+-$ ��+

  $�  (#  ��V  �������  ����  �$  /$�H*8  �-�_�  �&$��  �$�	

 (���4 /��%��  �;
� � ��+(�6  �"4� /  ��� [+L/  ��-�@ "%�&�� 

  $� ���&�6/  �4��  �$�� ��4- ����  )9  /�6��
��. (	��� �� �(
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F< �1��Q - /Y��� (� +��� �%�
+  ������ ]
 ��O
� /��� �
�

  $F�  
��7\  $�  �*$  /$-�J  ��;�#��  ��
+  ,&�  /$-�J

�	  �-�!	  $���� �$��&�@  -  (�&�	  W� !�  g
�%�  .��*��

)1987�	  ����  ((�
$  �*$  ��"�	  �6�(`�&  -  (V  -  (V

)  [��2  $�  ���  $��{Triticum Sativum L.  +�  a@  (

 (���4(
Fr� ,����` +� �p�%	 ��+  - U�7 /�  �&�%&� ��"�	

������  �*$  i�;�$�  q�J�	  �,&�  T8  (�(��2  /�6  /�6

(
Fr�  ,�0J-  -  �6��2  c�%>	  ��
��  �$�	  U�7  /�

  c�%>	 �����6-?@,&�  )31�  41  -  51  3��� ���6 (� .(

(���4  /�6�%	�$�@  �
�&  (�
� 	�	  ��+  ,�0J-  �����

3	�#(���4 +� /�������� ,�_�# - ��+  �%�# �%�� �6 /�6

(���4 ��	+ ������	 ��w	 /��� .��# aH0�	 �$  ��	+ - ��+

 (���4 (� ���&$  ��+50   +� �%�# 
���
-$ U�7 $� �1$�

(�S�� (���4 d7�* �
�& +� - ,&�6 (���4 ]�@ ���+  - ��+

 (���4 ^+$�  �$ /��L�� �
�� 	 ��+�	 ��R%7� ��7 (�  .�6�

��0	 �
�� q�J�	 �
� /��� 
���
-$ U�7 ,�0J- (# ,&�

 (���4
��� �%�� �6$F� �*$ - ��+   XP%7� +-�� (� �O�	 (#


�*  (�S��  -  
���
-$  U�7  ���  $�#F	  /�6�%	�$�@  .,&�

(�S��  ,���0. �`�. U�7 ]
 ���1�R7 �%*��� 3��� (� �6

�	  �H
Y������Z�  +�  -  ��*��    -  �
�F<  �1��Q  ^��2

�	 �� . 
��2 
���# (
Fr� ��;�#�� �
�� 	 ���n�6 ��*�� -

)63 ��%�6 �*$ ��"�	 +� �p�%	 (# �6�%	�$�@ �
�& (� (4�� .(

�	��;` 3��`  N�%�%&� (� ����� �O�	 9
-$ e�!	 +� /��

(n6��2 (� i���	 �6��2 (��� d7�* .��*  (%.�
 �*$ /�6

  (� 
���
-$ U�7 �%�� $���0	 $�S(�S�� +� 9�� /$��  /�6

  ���0	,&�(b��$  $�  .
��2  (���  d7�*  /  ��  
-PQ  (V

 (���4 �1$�
��2 ���S �*$ ���+ ��  G� %�	 3H* (�  (V

���
+$� (O�%� $� - ��%�6 $�F2 ��p�� d7�* ��"�	    �� �8

 (���4  �1$�  +�  
��_%&�  ]�7  �+-  .�$��  ,�!4$�  ��+


��2(V&��	 /��;	 "�� �6 �	 ,�# �%�� ���
+$� /��� �;-

T��b	 ,�# �%�� $� ��V �*��  �1��Q ��4- 3��� (� ��

�	  �����  /�%���  f�	���  L��0	  
��2  
���#  (
Fr�  ��#

)31  -  39  ������� ���7 
���
-$ U�7 /��� q�J�	 �
� - (

  .�$��  ���R	 W� !�  �
�  $�1�R7���  .�
����* �H
"� 

(�S���6  p����  _�	 �    $�  D��E����8  �%�
+  .�$��  (� $�S

 ����0	��$\  (�S�� $� ,*$� .�{,� �.��/ 0J ��$�� �_�  

- �8  ���	  �`�. �  Fr	  - /  ��%�6    ,�Q  (�  -.�{ G#  ,�  

$�����/  T8��� T��b	 ��6��2 /��� ����V �) ��*��49 .(  

(�S�� $� e
��* �
�(��	 $� ����	 ��0	 /�6  �H
�	8 /���&

  
�* ^$�"2 �-�%* e&�� "��) ,&�60(  . �%�0J- (%;��

(�S��  �
�& /���  (���	  /���  .,&�  $�R%	 "��  ���0	  /�6

  ��w	(�S��  $�  ��6��2  ��O	  9
-$  3����%@  ���0	  /�6

(%
��&� �T8 /$����� U��� ,�.�{ (b&�- (� M�& ��<+ 

  /$�*  ��"�	  ���
�@ /L��  �  �
�F<  �1��Q  � .  9
�&�.  -

  �!b&  �-�!	) ,&�12   -  59 .(2 ��� - �*$�
�  ��� $�
 ,  

r%	 (���6�/  !	�b�  &�%&� - $�� ��* ��	� ����	�   (� 

��0	 ���	 - T8 �  $-�J/  ,&� (%���-  .
H�  ��H	 +��G��6/  

$�2+�&/  2���6�  9
�".� I���	 ��;�# �� (4��	 $�   /+
���  

[�����6�
  (# ,&�TF4 (_�{-   
��Q �� �$ ��7 I;�	 �8

) ��$��37  .(	���6�  ��0	 �1��Q (#  $� �*�� G# U�7 $� �

  K�<�  ��6��2�  9>���%�/    +�/+
���  &  (��G%�  $
 (�  

	  ��R%7��)  ���
26  .(�
�  $�2+�&  9�#�-/  %�  $��(O 

r������  ����%	�]  Z�� - (`�& $��G  6���# �� %�����$�   (�

$
(�    .,&��	 ���� -$ 9�@ W� !� g
�%� $���� $� (# �6�

  ,;�� (�S��(�
$ ��S(`�& (� (V  U�7 $���� +� 9�� (V

�	 �8 3��� (# ,&� 
���
-$ �1��Q ��;�# (� i���	 �����

(
Fr�(�S�� $� /� �%��� �*$ (� (# �*�� 9
�	+8 �$�	 �6

(�
$������ (V  �0�;S 9�#�- ]
 (# ,&� 
�* �O�	 /�6

  �
�F< �1��Q (� �&�%&� /��� 
��2,&�  g
�%� $� .(� ,&�  

  +�  
�	8(�S��  �
����* "����8  d>�	 
���
-$  U�7 - �6

 �Y-�%�� - ���# +�  /$�Q  �;
� �  (�S�� ,�# �%�� (# �*

� (4�� 3��` "�� �8 �_�. $�� 	 - ,&�,&�  .� ��;�#�Y-�% �

)53 - 57 ( �_�. -)11 - 56( 6���# I�O� (� �O�	� ��$�  

��� $� �6    ���# �%��� d�R>� -$ (�
(�  �".� -
9  ,;��  

$
(�  	 (`�& (����*  .��;�#    �Y-�%��  -�_�.  + �E ��
��/  

�-� "%�&�%. ���(����%	 ��G� � � - ��`�G 6���#���$� ���  


��2 �"4�  p���� 	�.�$�F2  ) ��$�H�6 - �	$�*2020 �P%7� (

 9��  �p�  $�  "%�&�%.  $�  3	�Q  �$  �%�
+��<  �b�!	  /�6

  $�� 	 �� �p�	 G� %�	/+
���  �	 �.�0	 �6��2��#  g
�%� .�

�	 ���� W� !� �
� G6 - �6��2 (��� G6 (# �6�/+
���  


��2������ (V  ,�# �%�� +� ��L�� 
���
-$ U�7 $���� /�6

  (�S��,&�(
Fr� e
��* (� q�J�	 �
� .  
���
-$ U�7 /�

  $� �_�. - �+� (��4 +� �1��Q �7�� ��;�# - ,&� e;��	

,���0. �� (�S�������� �H
Y���
"�. /�6  (� - (%*�F2 �p� �6

 [
 D

O
R

: 2
0.

10
01

.1
.2

00
80

89
1.

14
01

.1
6.

1.
11

.3
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 r
an

ge
la

nd
sr

m
.ir

 o
n 

20
25

-1
1-

05
 ]

 

                            11 / 16

https://dor.isc.ac/dor/20.1001.1.20080891.1401.16.1.11.3
https://rangelandsrm.ir/article-1-1052-fa.html


 '$�% .VWWWD"WWW�16 '$	*8 .1  .1401                                                                                                          

  
 

217 

 

 $�  /�%�#  ��H��Q  
��2  -  
��#  �p�  
��2  ��  9��  3H*

 /+
���  �	 ����) /$�R����	 .�6�2010�	 ���� (  (# ��#

 f�%&� �7���	 "�� ����& ��"�. (��4 +� �6  �*$ �� ������

(�S�� $� �&�&� - ��$�F�� �p� 
��2 ��"�. (# �68 ���0	 /�6

�4�� 3��` ��"�	 (� ����&  �-�!	 
��2 �*$ ��$�� ��4- �

  .�* �6��7  ��# $�S (����Y-�%  )N() �_�. �P&�%@ - (� G  

)KFr	 ���	 (/  $-�J/  ��� U�7 $�/  2 �*$ x_E� ��6�  

) ��%�643� � .(
 z�;  (�S�� q�����  ��;�# �6��Y-�%    - ��$��

���$�/  � .��%�6 �_�. �`�. ���8 +�  (7�� 
-PQ�   �1��Q +�

�#�T�  � �$�	�+�  ���/  2 �*$���6�  (�S�� $�.�# �6�    (� -

�  �E�+�  2  �*$���6�  ��,�  )33.(   ��$�H�6  -  
��"��Q

)2015  (#  �����  ����  �����&  a	  ���0	  �&$��  $�  (

  $-�O	  I��	  -  ��0	  ,�@  X��S�  I���	  �6��2  ��Q��%4�

  3H*  U�7  �
�F<  �1��Q  $�!	  ���%	�  $�  �(�S��  �	��

(%.�2  ���0� 3	�Q U�7 �
�F< ���	 (� �&�%&� ��"�	 - ���

  ��6��2  q��  $�� %&�  
���#,&�  G�	  �1��Q  ��  
-PQ  .

(
Fr��/�  +�� ��-$ $�
�� �   2 9*�@�6��  #�� ����0	 $�� ��;  

-�E/  ��#�G  ��"  ��  9 ��$�  ��	�  E�  $��� $�� %&�  -  D  

2���6�  �
�_9 � /  	� ���#  )15 (  (# ��V �	�� �� 
-PQ��  

�#��G  ���/  2 �*$� �
�  w�7 (��+�&/  &���
(%  �".�  -
9  

pH   	 ]�#����# .  �	 ���� g
�%�(�S��  �6�  ���0	 /�6

32 $� �68�	 ]68 �`�.  ��2  (� ]68 ��4- (%;��  .��*��

  e&�%	 $�� 	16    �� ������� ���7 
���
-$ U�7 $� �1$�

 32 ( b�	 ]�7 G��`� (� (4�� (
���p T�&$ +� ���� ��2

)  �$��  K�#��  �
�44(�S��  D��E�  /���  .(  ���#  (.�J�  �6

���	/  Z���  68  M�& ]  sP1�  ����Q  (� /$-�J  
���#

  (#  ��V  �,&���#  ��4-�G    $�(�S��
-PQ  �6    ���0%	  ��

  ���#�	  ����� < $�S (��� %�	�G  ��%!	 ��/  ��& ��"�. � �  

� U�7 $��"    �p�  �����# .�*�� (%*�����# D"4 G���#  /�6

 $��` (# ,&� U�7 e�!	,&�   +� ��0� �~����* TF4 ��

G����H	 ]
 ����& �1��Q    G6��. �$ "�. /$����� - TF4

  ,���0. 96�# K;& - 
�$-83H*   ���2 �1��Q �
� ���!	  

)6) ��$�H�6 - }
���%�8  .(1971(# ����� ���� "�� (  pH  

��%!	  -  U�7/  ��#�G   �U�7  ��"�.  ,Z�<  +�  ����& 

.��$�� /�%��� ,��6�  ) ��$�H�6 - -$�-��2008 � � !� $� (

  G<���Q (# ����# ^$�"2(�S�� $� ����& ��"�. ��4-  /�6

  ��0	 (�*�E �J�$� U�7 $� G���# �����# ��4- ����0	

  96-?@  .,&�  
�*  U�7  $�  ����&  ��"�.  ,�;w�  vQ��

)  ���6���2014(���4��  (  
��2  �*$  /�6�%	�$�@  -  ��+

�	��2(L.) Beauv  Echinochloa crus-galli   
���  ���� 

(��2 �
� (# ,&�  ���`,�    T�& 3�!��$   /�6��&� $��E $�

  �� �	� ��$�� ]���#���#�".� 9
  ���%@3�    $� T�& TF4  �
�

  �(��2p������  �  
��$��+���
  2  �*$  ��  ���	
��    3��`  ��<

e�!	  -  /��R%`�  �Z�	  +�  (%;��  .,&�  T��%4� (�  �%�
+

  �
�&  -  ]���#���#  ��&�  +�  
��_%&�  ��  ]68  /��2$�#

^-$  �6  (�S��  sP1�  $�  �
����*  /�6  .�$��  ,�!4$�

(���/���  "
$�  (�S��/�6  �68 ��0	 ]�7    �0%�	 �$ �����  

  $�;<  -  ��2�	)  �+�&47 .(    (4��  ���
�O��4  (�  ��$\ 

(�S��/�6    $�  G�	  �
�F<  �1��Q  ��;�#  -  ]�7  ���0	

 �8  �Z�  (�  ���V �6�	�&$    (#D��E�   �H
Y�����  sP1�  -

(�S�� /�6    ����� ^-$ ��  ���0	�H
Y���#�    �$ /��
+ ��	+

  �;�b��
�4 ��(#    �0�;S /��E�(�S���6   ,&� �H�	 �%E

  ��	+  ��&  �6�1  (#��;�   )61�
�  +�  .(  $�� %&�  ,�4  -$

  �
��  �6��2 9*�@(�S�� �6    �Z�  +�(
Fr�/�    .���* ,
� �

  ��w	  /���  ��#  ��-".�	� �����  2  �*$���6�  	�� �    -
 �  

2� ��6�  �1��(  ��� 
�*/  D��E�  (�S���6  + �E ��
�� /    ��;��

��>;�  )13.(   +�  c�%>	  ��8  /�6+����  -  �	��  /�6��#

$�V���  (��4    ]�	��6  ��&�  �
  -  9
�".�  ��  X�S  ]
  +�

  ��;�� �� ��
� X�S +� - U�7 $� �
�F< �1��Q (� �&�%&�

�2?
-/�6    ����	  U�7  �H
Y�����  -  �
����*  ��H
"�.

9
�".�  ��-�H�	  ,�0�4  -  ������#  ���;�   (�   ��;��

  /"�>�1�E- ,�# �%��    ]�# 
��2 �*$�	���#  )17  .(

  ��8 ��;�#��  ����Q (�  I;�	��1��� 3�&  � ���#  �$�1 $

  ,���0.  9
�".�  -  ]
�!�  K;&  �U�7  $�  /��2$��`

/�-�E �� - 
�* ��-�H�	�   �Y-�%�� - ���# ��* ���0	

  9
�".� �$�	 ��6�  )22.(  +�� ,&� 
��� ���� ��0��b	
�� �  

+ q���
%��  ���0	 $��    ��4- �-��
]  L
(  !b& U�7�  

 ���  �6��>�  W.�	  ����V  )28    -52  �(������
 ��  	��� G  

���#�
H�  (�S���6/  ��0	�  2$�#  (�  �-����/    U�7

 <�
���8�    -�  �Z�  +�  ��0.�Y���
 H�    3��`  ��	  
���#  $�  -

���  �6��>�  f�%&�  . U�7  !b&�    ����Q  (�  $F�  ]���

(��2�6�/  
]   b	  -  G�	  I;�	�	��  ,�4  ����   �6$F�  

2���6�  ���/  E���/  2  9*�@  ��O	� 6��  %E  .,&��    ��

*� 
��6 /   Q��R	 �  �!	  U�7 ���#  
��#��@  - �  -$  ��/  

 [
 D

O
R

: 2
0.

10
01

.1
.2

00
80

89
1.

14
01

.1
6.

1.
11

.3
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 r
an

ge
la

nd
sr

m
.ir

 o
n 

20
25

-1
1-

05
 ]

 

                            12 / 16

https://dor.isc.ac/dor/20.1001.1.20080891.1401.16.1.11.3
https://rangelandsrm.ir/article-1-1052-fa.html


                                                                ����� ���	
� � ����	
� �� �	����� ��	�	�� �%"� &	�  ... / &"�	�  ;�$	?*� �  
  

 

218 

 

(�S��]��� ��6  !b& $F��    U�7�� ,&� $��`  60  �1$�  +�  

(��2 �
�6  ���` (#�,  	��� G  E� -�D�   ���0	 �J�$�    ��$�� �$

	����   ��#    +� 
��_%&� ��  (��&��V 
���# ��	+ ,*F2 ��  -

  ��!	 U�7  ��70  (�S�� /-$ �� �0�;S 9*�@  �1$�  �6

�7  ���
+��  ,����`)  ,*��  �6�27( �!	  U�7  .�    ��  
-PQ

	����    �$F� ]������;` 3��` e
��*  ���/  2�
� L�@ �
  �$��    -

  $�%7�&  (�  (4��  �� �Q��	  �F<  ���	  �U�7 �
    -  K&��	

.�{�,  $�����/  T8  T��b	  �� 
�  �S�����    ��  �$��  ��4-

&�3H  2��+�  	���2$�-�H�["�H�  �6�3  ��*  -   I�O�

	���2$�-�H�["  �6  �$  (�S�� $���� �3  ��#.  ) ����*1983 (

  (#  ,&�  
��#  ^$�"2%`- �   �	�/    ��635    ��38   (4$�

�%��&���2    ��*��  �	�  W�Q  $�1    ��2  %��&�  �%	(�S��  �6

�	  �� ������ �z�;
  65  %��& (4$��  ���2�-�� L��    �	� �
� (#

 (���4  e
��*�	  �-�!	  �$  ��+  +�  
��_%&�  �
������  .�+�&

!	  U�7
$��-$  -  ��  /-$  9*�@  ����Q  (�  ���0	  /�6

(�S���	 �6  ��O
�  -  �	�  $��	  $� �$F�  ��	��  ��  
-PQ �����

 (���4  K&��	  e
��*  ������@  ,
���  $�  .�*��  3�7�  ��+

�	(�S�� D��E� /��� (# ��* ,
� � ��68 ��0	 ]�7 /�6

(
Fr� �1��Q  /��2$�# (� ���n�6 - ��* (%.�2 �Z� $� /�

	 U�7 ��+$� /$�H6�$ ����Q (� "�� 9*�@ ����Q (� ��!

 9>� (4�� �$�	 �
�� ,��`HSE .���2 $��`  

 &$�4(J	[J  

  
$��* ���$��` K��` $� W� !� �
�3511/97    
������

32 �%0�1 -  ���0	 ,#�* ���	  ,
��E ��  -  �����  ��2

  +� .,&� 
��&$ [�O�� (� ��4��&32 (Q��O	 ���
�	  ��2

�4�E ��	� f���	 /�`8 
?
�� W� !� [�%!	 ,
�
�	 
��+

��Q��	 ���n�6 - ,#�* �8 /$-��. -  /�`8 ���Q /�6

 /��E� [��E �%#�  �H�� �
�J$$�@ ���4 �%#�  - ���2���

�	 ���$�` - .��*

  
References 
1. Abdul‐Baki, A. A. & J. D. Anderson, 1973. Vigor determination in soybean seed by multiple criteria 1. Crop 

Science, 13(6): 630-633. 
2. Adiansyah, J.S., M. Rosano, S. Vink & G. Keir, 2015. A framework for a sustainable approach to mine 

tailings management: disposal strategies. Journal of cleaner production,  108: 1050-1062 . 
3. Alizadeh, A., J. Ghorbani, J. Motamedi, G. Vahabzade, A. Vandarent & M. Edraki, 2018. Distribution of 

plant communities in the area of Sungun copper mine, Varzeqan, East Azerbaijan. Journal of Rangeland, 
13(4): 658-672. (In Persian) 

4. Antonovics, J., A. D. Bradshaw & R. G. Turner, 1971. Heavy metal tolerance in plants. Advances in 
ecological research, 7: 1-85. 

5. Askarian, M., 2004. Investigation of the effect of salinity and drought on germination and seedling 
establishment of two rangeland species Elymus junceus and Kochia prostrate. Pazhohesh va Sazandegi, 
2(64): 71-77. (In Persian) 

6. Bahmanyar, M. A.,  2007. The role of lime and organic matter in the accumulation of heavy elements in soil 
and plants in lands affected by industrial wastewater. 10th Soil Science Congress of Iran, Karaj. 

7. Bayliss, C., M. Bertram, K. Buxmann, B.D. Gelas, S. Jones & L. Wu, 2012. Global Primary Aluminium 
Industry 2010 Life Cycle Inventory. In Energy Technology 2012: Carbon Dioxide Management and Other 
Technologies. John Wiley & Sons. 

8. Benvenuti, S., 2003. Soil texture involvement in germination and emergence of buried weed seeds. 
Agronomy Journal, 95(1): 191-198 . 

9. Bewley, J. D., 1997. Seed germination and dormancy. The Plant Cell, 9(7): 1055. 
10. Bhattacharya, A., J. Routh, G. Jacks, P.  Bhattacharya & M. Mörth, 2006. Environmental assessment of 

abandoned mine tailings in Adak, Västerbotten district (northern Sweden). Applied Geochemistry, 21(10): 
1760-1780. 

11. Cakmak, I., C. Hengeler & H. Marschner, 1994. Partitioning of shoot and root dry matter and carbohydrates 
in bean plants suffering from phosphorus, potassium and magnesium deficiency. Journal of Experimental 
Botany, 45(9): 1245-1250. 

12. Chen, L., Y.  Tian, R.  Stehouwer, D.  Kost, X.  Guo, J. M.  Bigham & W. A. Dick, 2013. Surface coalmine 
land reclamation using a dry flue gas desulfurization product: Long-term biological response. Fuel, 105: 258-
265. 

13. Ciarkowska, K., E. Hanus-Fajerska, F. Gambuś, E. Muszyńska & T. Czech, 2017.  Phytostabilization of Zn-
Pb ore flotation tailings with Dianthus carthusianorum and Biscutella laevigata after amending with mineral 
fertilizers or sewage sludge. Journal of Environmental Management, 189: 75-83 . 

 [
 D

O
R

: 2
0.

10
01

.1
.2

00
80

89
1.

14
01

.1
6.

1.
11

.3
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 r
an

ge
la

nd
sr

m
.ir

 o
n 

20
25

-1
1-

05
 ]

 

                            13 / 16

https://dor.isc.ac/dor/20.1001.1.20080891.1401.16.1.11.3
https://rangelandsrm.ir/article-1-1052-fa.html


 '$�% .VWWWD"WWW�16 '$	*8 .1  .1401                                                                                                          

  
 

219 

 

14. Coolbear, P., A. Francis & D. Grierson, 1984. The effect of low temperature pre-sowing treatment on the 
germination performance and membrane integrity of artificially aged tomato seeds. Journal of Experimental 
Botany, 35(11): 1609-1617. 

15. Courtney, R. & L. Kirwan, 2012. Gypsum amendment of alkaline bauxite residue–plant available Aluminium 
and implications for grassland restoration. Ecological Engineering, 42: 279-282. 

16. Czabator, F.J., 1962. Germination value: an index combining speed and completeness of pine seed 
germination. Forest science, 8(4): 386-396. 

17. Dahlawi, S., A. Naeem, Z. Rengel & R. Naidu, 2018. Biochar application for the remediation of salt-affected 
soils: Challenges and opportunities. Science of the Total Environment, 625: 320-335. 

18. Delach, A. & R.W. Kimmerer, 2002. The effect of Polytrichum piliferum on seed germination and 
establishment on iron mine tailings in New York. Bryologist, 1: 249-255. 

19. Ebrahimi, M., 2014. The effect of amino polycarboxylic acids on seed germination, seedling emergence, and 
phytoremediation ability of Echinochloa crus galli (L.) Believe in lead-contaminated soils. Journal of 
Rangeland, 7(4): 262-271. (In Persian) 

20. Ellis, R. H. & E. H. Roberts, 1981. An investigation into the possible effects of ripeness and repeated 
threshing on barley seed longevity under six different storage environments. Annals of Botany, 48(1): 93-
96.  

21. Farooq, M., S. Basra, N. Ahmad & K. Hafeez, 2005. Thermal hardening: a new seed vigor enhancement tools 
in rice. Journal of Integrative Plant Biology, 47(2): 187-193. 

22. Fellet, G., L. Marchiol, G. Delle Vedove & A. Peressotti, 2011. Application of biochar on mine tailings: 
effects and perspectives for land reclamation. Chemosphere, 83(9): 1262-1267. 

23. Filho, M. R. R., Siqueira, J. O., Vangronsveld, J., C. R. F. S. Soares & N. Curi, 2011. Inorganic materials as 
ameliorants for soil remediation of metal toxicity to wild mustard (Sinapis arvensis L.). International journal 
of phytoremediation, 13(5): 498-512. 

24. Gol Gohar Mining and Industrial Company, 2020. Statistical Performance Report for the year 2020. 
25. Goudie, A. S. 2018. Human impact on the natural environment. John Wiley & Sons. 
26. Hermans, C., J. P. Hammond, P. J. White & N. Verbruggen, 2006. How do plants respond to nutrient shortage 

by biomass allocation? Trends in Plant Science, 11(12): 610-617. 
27. Holmes, P. M. & D. M. Richardson, 1999. Protocols for restoration based on recruitment dynamics, 

community structure, and ecosystem function: perspectives from South African fynbos. Restoration Ecology, 
7(3): 215-230. 

28. Holmes, P.M., 2001. Shrubland restoration following woody alien invasion and mining: effects of topsoil 
depth, seed source, and fertilizer addition. Restoration Ecology, 9(1): 71-84. 

29. Jones, H. D.V. & Boger, 2012. Sustainability and waste management in the resource industries. Industrial & 
engineering chemistry research, 51(30): 10057-10065. 

30. Jones, K.W. & D.C. Sanders, 1987. The influence of soaking pepper seed in water or potassium salt solutions 
on germination at three temperatures. Journal of Seed Technology, 11(1): 97-102. 

31. Kirkegaard, J.A., H.B. So & R.J. Troedson, 1992. The effect of soil strength on the growth of Pigeonpea 
radicles and seedlings. Plant and Soil, 140(1): 65-74. 

32. Kossoff, D., W. E. Dubbin, M. Alfredsson, S. J. Edwards, M. G. Macklin & K. A. Hudson-Edwards, 2014. 
Mine tailings dams: characteristics, failure, environmental impacts, and remediation. Applied 
Geochemistry, 51: 229-245. 

33. Lashkari Sanami, N. J. Ghorbani, S. M. Hojati, G. Vahabzadeh & B. Moteshare Zadeh,  2000. Seed 
germination characteristics of plants grown in Coal mines under stress of copper, lead and cadmium metals. 
Journal of Environmental Sciences, 1379(1): 14-22. (In Persian). 

34. Liu, Y., F. Du, L. Yuan, H. Zeng & S. Kong, 2010. Production of lightweight ceramisite from iron ore tailings 
and its performance investigation in a biological aerated filter (BAF) reactor. Journal of hazardous materials, 
178(1-3): 999-1006. 

35. Lottermoser, B.G. & P.M. Ashley, 2011. Trace element uptake by Eleocharis equisetina (spike rush) in an 
abandoned acid mine tailings pond, northeastern Australia: Implications for land and water reclamation in 
tropical regions. Environmental Pollution, 159(10): 3028-3035. 

36. Marques, A.P., A.O. Rangel & P.M. Castro, 2009. Remediation of heavy metal contaminated soils: 
phytoremediation as a potentially promising clean-up technology. Critical Reviews in Environmental Science 
and Technology, 39(8): 622-654. 

37. Marschner, H., 1995. Mineral Nutrition of Higher Plants (2nd ed), Academic Press  
38. Masle, J. & J. B. Passioura, 1987. The effect of soil strength on the growth of young wheat plants. Functional 

Plant Biology, 14(6): 643-656. 

 [
 D

O
R

: 2
0.

10
01

.1
.2

00
80

89
1.

14
01

.1
6.

1.
11

.3
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 r
an

ge
la

nd
sr

m
.ir

 o
n 

20
25

-1
1-

05
 ]

 

                            14 / 16

https://dor.isc.ac/dor/20.1001.1.20080891.1401.16.1.11.3
https://rangelandsrm.ir/article-1-1052-fa.html


                                                                ����� ���	
� � ����	
� �� �	����� ��	�	�� �%"� &	�  ... / &"�	�  ;�$	?*� �  
  

 

220 

 

39. Milleret, R., R.C. Le Bayon & J.M. Gobat, 2009. Root, mycorrhiza and earthworm interactions: their effects 
on soil structuring processes, plant and soil nutrient concentration and plant biomass. Plant and Soil, 316(1): 
1-12. 

40. Miransari, M., 2010. Contribution of Arbuscular mycorrhizal symbiosis to plant growth under different types 
of soil stress. Plant Biology, 12(4): 563-569. 

41. Misra, R.K. & A.K. Gibbons, 1996. Growth and morphology of eucalypt seedling-roots, in relation to soil 
strength arising from compaction. Plant and soil, 182(1): 1-11. 

42. MMSD, 2002. Mining for the Future Appendix A: Large Volume Waste. 31:1-55. 
43. Moghaddam, M. R., 1997. Range and Rangeland. University of Tehran Press. (In Persian). 
44. Monemi, N., A. Rashtyan, A.A. Karimian & H. Azimzadeh, 2017. Effect of Bauxite Mine on Structural 

Parameters of Rangeland Vegetation (Case Study: Sadrabad Nodoshan Rangeland, Yazd). Journal of 
Rangelands, 11(1): 116-124. (In Persian). 

45. Mouazen, A.M., S.A. Alhwaimel, B. Kuang & T. Waine, 2014. Multiple on-line soil sensors and data fusion 
approach for delineation of water holding capacity zones for site-specific irrigation. Soil and Tillage 
Research, 143: 95-105. 

46. Naseri, H. R. & H. Ahmadi Biragani, 2019. Investigation of germination rate and yield of Nitraria schoberi 
in different soil textures. 16th Iranian Soil Science Congress, Zanjan. (In Persian). 

47. Naseri, H.R., M.R. Ahmadi Kohbanani, E. Azizabadi Farahani, J. Shahbodaghi, A. Yazdanpanah Shahabadi, 
2021. Similarity analysis of vegetation in different tailings of Iron Mine and Un-mined site in Gol- Gohar 
Region. The 1st International and the 8th National Conference on Rangeland Management in Iran. 

48. Navarro, M. C., C. Pérez-Sirvent, M.J. Martínez-Sánchez, J. Vidal, P.J. Tovar & J. Bech, 2008. Abandoned 
mine sites as a source of contamination by heavy metals: a case study in a semi-arid zone. Journal of 
Geochemical Exploration, 96(2-3): 183-193. 

49. Norland, M. R. & D. L. Veith, 1995. Revegetation of coarse taconite iron ore tailing using municipal solid 
waste compost. Journal of Hazardous Materials, 41(2-3): 123-134. 

50. OSA & SCST., 1993. Rules for testing seeds. Journal of Seed Technology, 16: 1–113.  
51. Pabin, J., J. Lipiec, S. Włodek, A. Biskupski & A. Kaus, 1998. Critical soil bulk density and strength for pea 

seedling root growth as related to other soil factors. Soil and Tillage Research, 46(3-4): 203-208. 
52. Putwain, P.D. & D.A. Gillham, 1990. The significance of the dormant viable seed bank in the restoration of 

heathlands. Biological Conservation, 52(1): 1-16. 
53. Remans, T., P. Nacry, M. Pervent, T. Girin, P. Tillard, M. Lepetit & A. Gojon, 2006. A central role for the 

nitrate transporter NRT2. 1 in the integrated morphological and physiological responses of the root system 
to nitrogen limitation in Arabidopsis. Plant Physiology, 140(3): 909-921. 

54. Riis, P., E. Meiling & J. Peetz, 1995. Determination of germination percentage and germination index—
collaborative trial and ruggedness testing. Journal of the Institute of Brewing, 101(3): 171-173.  

55. Rotkittikhun, P., R. Chaiyarat, M. Kruatrachue, P. Pokethitiyook & A. J.M. Baker, 2007. Growth and lead 
accumulation by the grasses Vetiveria zizanioides and Thysanolaena maxima in lead-contaminated soil 
amended with pig manure and fertilizer: a glasshouse study. Chemosphere, 66(1): 45-53. 

56. Sánchez-Calderón, L., J. López-Bucio, A. Chacón-López, A. Gutiérrez-Ortega, E. Hernández-Abreu & L. 
Herrera-Estrella, 2006. Characterization of low phosphorus insensitive mutants reveals a crosstalk between 
low phosphorus-induced determinate root development and the activation of genes involved in the adaptation 
of Arabidopsis to phosphorus deficiency. Plant Physiology, 140(3): 879-889. 

57. Scheible, W. R., R. Morcuende, T. Czechowski, C. Fritz, D. Osuna, N. Palacios-Rojas & M. Stitt, 2004. 
Genome-wide reprogramming of primary and secondary metabolism, protein synthesis, cellular growth 
processes, and the regulatory infrastructure of Arabidopsis in response to nitrogen. Plant Physiology, 136(1): 
2483-2499. 

58. Sharma, A., V. Kumar, B. Shahzad, M. Ramakrishnan, G.P. Singh Sidhu, A.S. Bali & B. Zheng, 2020. 
Photosynthetic response of plants under different abiotic stresses: a review. Journal of Plant Growth 
Regulation, 39(2): 509-531. 

59. Sheoran, V., A.S. Sheoran & P. Poonia, 2010. Soil reclamation of abandoned mine land by revegetation: a 
review. International Journal of Soil, Sediment and Water, 3(2): 13. 

60. Shetron, S. G., 1983. Alfalfa, Medicago sativa L., establishment in mine mill tailings: I. Plant analysis of 
alfalfa grown on iron and copper tailings. Plant and Soil, 73(2): 227-237.  

61. Sun, W., B. Ji, S. A. Khoso, H. Tang, R. Liu, L. Wang & Y. Hu, 2018. An extensive review on restoration 
technologies for mining tailings. Environmental Science and Pollution Research, 25(34): 33911-33925. 

62. Velazadeh, M., 2010. The importance and role of steel industries in the development of the country, Isfahan 
Steel Symposium. (In Persian). 

 [
 D

O
R

: 2
0.

10
01

.1
.2

00
80

89
1.

14
01

.1
6.

1.
11

.3
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 r
an

ge
la

nd
sr

m
.ir

 o
n 

20
25

-1
1-

05
 ]

 

                            15 / 16

https://dor.isc.ac/dor/20.1001.1.20080891.1401.16.1.11.3
https://rangelandsrm.ir/article-1-1052-fa.html


 '$�% .VWWWD"WWW�16 '$	*8 .1  .1401                                                                                                          

  
 

221 

 

63. Yan, D., F. Zhao & O. J. Sun, 2013. Assessment of vegetation establishment on tailings dam at an iron ore-
mining site of suburban Beijing, China, 7 years after reclamation with contrasting site treatment methods. 
Environmental Management, 52(3): 748-757. 

64. Yáñez-Espinosa, L., Briones-Gallardo, R., J. Flores, & E. Álvarez del Castillo, 2020. Effect of heavy metals 
on seed germination and seedling development of Nama aff. stenophylla collected on the slope of a mine 
tailing dump. International Journal of Phytoremediation, 22(14): 1448-1461. 

65. Yellishetty, M., P.G. Ranjith & A. Tharumarajah, 2010. Iron ore and steel production trends and material 
flows in the world: Is this sustainable? Resources, conservation and recycling, 54(12): 1084-1094. 

66. Yin, G., G. Li, Z. Wei, L. Wan, G. Shu, & X. Jing, 2011. Stability analysis of a copper tailings dam via 
laboratory model tests: A Chinese case study. Minerals Engineering, 24(2): 122-130. 

 

 [
 D

O
R

: 2
0.

10
01

.1
.2

00
80

89
1.

14
01

.1
6.

1.
11

.3
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 r
an

ge
la

nd
sr

m
.ir

 o
n 

20
25

-1
1-

05
 ]

 

Powered by TCPDF (www.tcpdf.org)

                            16 / 16

https://dor.isc.ac/dor/20.1001.1.20080891.1401.16.1.11.3
https://rangelandsrm.ir/article-1-1052-fa.html
http://www.tcpdf.org

