
 

206 

 

  

Journal of Rangeland                  
 

  

 

Comparison of germination and characteristics of desert mustard seedlings in 

the growth substrates of mineral tailings and habitat soil 
 

 Javad, 3Azizabadi Farahani Aniseh, 2 Ahmadi KohbananiMohamad Reza , 1*Naseri Hamid Reza

 5 Yazdanpanah ShahabadiAhmad  ,4Shahbodaghi 

 
1. Corresponding author; Assistant Prof., International Desert Research Center, University of Tehran, Tehran, Iran. E-mail: 
hrnaseri@ut.ac.ir 
2. MSc. in Geology, Gol Gohar Research and Technology Management, Sirjan, Iran.  
3. MSc. in Coexisting with Desert, International Desert Research Center, University of Tehran, Tehran, Iran. 
4. MSc. in Horticulture, Gol Gohar, Mining and Industrial Company, Sirjan, Iran. 
5. MSc. in Watershed management, International Desert Research Center, University of Tehran, Tehran, Iran. 

 

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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 �� ^-$�$�	 3 %�	  (�
� 	 .��%.�2 $��`  

  

 L�	#�  

�2?
-  ������	  (�
� 	  g
�%�  �H
"�.  /�6 �
����*  

  - 
���
-$ U�7(�S��/�6  ) �-�4 $� ���0	1  
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�  ��  .,&�

)pH  - 
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 (� ]
 
$�RQ (
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"�.  /�6�%	�$�@

  �. d7�* - ��$\ �b` ������	)ᵠ  (�-�_���0	 /�6$�� 
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-$ U�7 $� d7�*882/0- �(    3H* ������(&�	/�  

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

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

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

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

��0	  $��,&� �%	�$�@  (&  ��R7 $�  ,��6�  "
�E  (%H�  .
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���� 1 ���	
� :"#�� ��	�*�8 �?�4�3 &	�"#��$	: ��"� ��(�	�� '%	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/  
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�%� f�&� ��(�,&�  
�	8  +�    ��	+8(��-�   (���4 ��+

 �6$F�    $�/�%@9
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��* ,!�    $�� 	 $�����	$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��+   �%��  $�
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(���4 �
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$�   $�  (H�8  ��J  .,&�  
�6��	  3��`  �1$�  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  
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 ��+
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��2 �2��+ (�E�	 �
��
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$-� a�& -
��2(V�	 /�  �*��  ����%� 
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&� ��
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�%� .(  ��+

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

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

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

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

  �1$�����4  �������  W� !�  g
�%�  .��*��  (%*��  ��+
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��� 3��!� �$ $F� �
����� ������
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(���4 .��$�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/  ��-�@ "%�&�� 
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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 /$����� U��� ,�.�{ (b&�- (� M�& ��<+ 
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�@ /L��  �  �
�F<  �1��Q  � .  9
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  �!b&  �-�!	) ,&�12   -  59 .(2 ��� - �*$�
�  ��� $�
 ,  

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

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

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

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