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���� 	 2>%	��: 83�� $�?���� )6�7 	 @A �� �B� $ C���� )6�7 83�� $	�9 )%����������� )  3- �����)  )2H3E3�� 
������ IJ�K�: )%3�: @A 	 6�7 
������ �5�L������ ) 4- %������)  )������ 
������ IJ���� �5�L�
��� M?�!��� ���>�� )%3�: 
���� 	 �N)
��� 	�� 	 O>3�AP� >%	��:)2 � )���B����� 5-  83�� $�?���� )6�7 	 @A �� �B� $ C���� )6�7 83�� $	�9 )���������� )��9�9 �;�<= 
���� 	 2>%	��:     :FR��%� S�%��03/07/97  :O��VG S�%��04/10/97  �����      $ � G @�J� ���������> ���R 	I� ���2 $>	��� ���B� >�W� ������N2 >F5� �X��� %� ��B!  �: F�� >�IE�Y�N2  !2  %� E3� ����� � �G%� �  � 	F��� Z�%�� >%	��:2 @35�� ���3�. %�  W��IN	\G) �]�  ����R ^���� ��	�C�� 
����: _�5�: ����3�� D� > >�5B���5� 	 %�9>�� �� ��`�F5�> 2��� %�B� I����R 2��� 	 F�<a� 6�7 F�� $ � �;E�X�. W� �%3b�� �� $��'��� >� <���2>�� %� M�3� )��� ��c�� I����R ��3���N2 ������ $ � �= >�d� ��5�>  %�������2 >� F����N2 e��J� ���  �'()�� 98 :���3�� �� F���(  FR�� �� 6�7 f3� 	� %����  	����� ��
%3( ��>AI� M�%3�:�R %� R��g� M��: h�= ^E�i� %��C� �� %� ��%��  ���9. �%���  6�7 %� �: ��� ���� 6�7 
�%j F:�k �����A F���D�7�3N  FR�� ������� 
�%j 6�7  F��� %�8 :���3�� �� 6�7 	 F��� ���  �� ��� %� 6�7 
�%j F���10 :���3�� . ���: F:�k �� f	�� F��� �� �%3(%���: ���� %�� ��3���N2 ������  $ �> O	% ��)��5� 
�%j  F��� %�97 :���3�� �l�N . ���C� F:�k F��� ��W� P���� ���� ���  
�'�� %�� 6�7 %� ����� �2�N%��� ������  O	% �� $ ���5�> %� F����N2  ��� e��J�%� �5���� �� ��3���N2  N�� IN�: �;��2%��  �����. %� 
	�'� %� ��  %� 6�7 
�'��W�� ��3���N2 ������ $ � > O	% ����5�  	2�N%����  N��  %�F����N2 m��2 5� ���%�� ?��Y�� .�3� ��%3=2�:  %�F����N2 I��  >�57 :���3�� � F��� ����c� � %� 6�7 
�'��2�N%���  ��  N��$%�<C� �cR�I� M��i�bkn��2 ��� ���� )�%3(%���:  %�6�7�N2 %����  �� $ �2��:�� ��c��  6�7 
�'��%��5� c�Y��  �	 k %� 	5/2 :8�93��  %� 
������ �3� F��� %�. W��l�N P����  
����: %� �� �: ��� ����_�5�: �����  	 F�	���2	%	�R 6�7 oX� � %�2�N%��� ������  O	% �� $ ���5�> � �� F<5�2�N%���   N����%3= �;��2%�� I��cR� F��� � �:W� ���� ���C�� $ �N�M� D� m�� �X� 8	���� 	% ��2 ��3���N2 ������ .F�� $ � �5���� W�� ��:��22�N � %� $��'��� �%3�W� IN	\G c�� ��� ����  �:Bacillus infantis 	 .sp Paenibacillus �%�:�� � . ����� 2��� I����R %�B� %� ��m��W������  �b���� �% � �:����� �� � � > O	%��5� �� ��3� �	%� �]L� ���2 <a�F� ���R %�B� 	 oX� 
�%jI� ���2  ��� 6�7.    �'���
# �(�)�: $%	�>A )F�<a�  )6�7����� )��5�>  
�'�� %��6�7.   
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������26  $%���4 825  �����  �C� >� ���B�W� ������N2 >F5� ���X� $ � G @�J� ���������> 	 I����R 2��� F��. I����R 2��� �:  >�  M��3�$ ��:�	 �� J�(�k2c� 5� %� 6�72%��  p��� >� ��B! F��  6�7 d�� IN�: ����X�) �E�Y�  !2  %� E3� ����� � �G%� �  � 	F��� Z�%�� >%	��:2 �� ��� ), 2013.et alEftekhari  ;, 2017et al.(Santra .  $	n;� %� ����N2 ���7 $ � G %��9c� 	 ��R3= W� 	 ���� %� d=��� D�7 	 ����D�7 ��  G$ �2� >F5� �X��� %� ��k  �%  <�M� $ � F�� �: �]�2�N @�J� ���	��R  �% ��<� � ����� F�� ), 2018.et alZhang ; 2018, .et alSaadoud (. ���RI� ���2 D� �R ��� %��5� G$ �l� )F�� >��� F�� ]q��� M��3�   ����N e��J����`� @A�3N	�� )%���9 � ��� )  )6�7 FR��) 6�7 r�37 )(��� 	:��^�  	��� :�7>��2)( 	�9\�2�N �> oX�W� R��93G3�)�) )F�3=% ��>2 �	�sAD�����  	 oX�I�3G 9�N�� 	 (2��%�: �>W� >%	��:))2 ($�9��Y 	 � ;� �%�� %��i ., et al XueYong( )2014.  >� W����]L� �t�'k 
�� i�� ���R %�B� %�I� ���2 ����3�  ��I��cR� F�	��� ��m ��X� 6�7 %� M���� I�� ���� ����! ��� >� .��: $%���W��)	% u��� 2%��5� >� O	%�N2 ����: I����R 6�7 $��'��� �%3� %� ��k )�Z�k ���<� �� F�<a� 	 F�3�� oX� %� .F�� 6�7 W�� )�X��% MC�92�� ���3G �C�c�R �� 
 � �� ��3� �X7 I����R ��� �% IN�: . N�  $>	��� F�<a� 
�%j 6�7 �� $��'��� >� ��	cR���N) �G$ ��:%� ��N 	 hn(�$ ��:�N2 e��J�  8�������3� ., 2014)et al Prats(. $��'���  >�<a�F�$ ��:2�N ������� Han  ;., 2016et alFattah  ;2012Jacobi,  &(Goodrich ., 2007)et al) ��C��C�  ;., 2005et al(Zhang Fotouhi, 2013) &Azimzadeh   	��5�> et (Tisdall ) ., 2012al %�  e��J� 
�;E�X�O%�c9 .F�� $ �  �� �3!	 $��'��� $���59 >� <a�F�$ ��:�N 	 ��	cR��2�N �t�'k� 6�7 %� ) ���%�:�B�A �� M�E� 8 � %� ��G2 	 
�<]� �]�2�N �� v3�`��5�>�  F�� ��5��3�����%�:  �% 8>m ����3�� $�%Mk ^���� %� %�B� I����R hn(� 	 6�7   ���� �����)., 2007et alZreig -Abu.(. �]�2�N  v3� ��`��5�>� ��5�� 	� wE���N2 �'�� 	 �N����G 	 %� ��G��2 �B�A %� oX� 6�7 c�� �� 
�<]� $ ��% F�� et (Stabnikov ), 2009Rezaie ;., 2013et alEpelde  ;, 2013.al.  ��%> 
��� i�� D� ��� �3�;� O	%2 ���R ����:I� )F�� 6�7 � ���W� �%�� O	%2 �	 ��F�2�N 2%��5� �� ���. 6�7  d=���2�%�� I����R 2��� >� �b� 2>%	��: ^������  	 $�3�$	n� �� )W�� W��q� 
���� @A �R�: 2���   �%)��N��9 ^<� 2%�3�� 2��!� �A %� 2%��5� >� D�7 d=��� 	 ����D�7 �����9 et Stabnikov ( . ., 2013)al oX� 6�7  ��F��JZ  �Y ������� �� W� �Y ��������)  M��
��� %
��3!3�c� (Microorganism) 2c:�7 >� M�<i ��:��2�N) �N��:��3���� 	 x%�i�N F� )2012., et al Chamizo(. ��� ���� 
�;E�X�$  F�� �� �: ��� ��3�� _N��R`� ��� ^����2  �% 	 �;�3� �yR2 �5�>�) �W� 
��3!3� >� d��= ���z� `���� oX� )6�7 ��]q� ��c5�� %� �����  ���3G�C�c�R 	 6�7 oX� %� %� ��G2 6�7  %������ I����R  �N�37  F���et  Chen( )2006., al. %
��3!3�c� %� ���3G ��5�>  oX�6�7  �� %�:	>��2�N �'��J�  ����N o��� ��3� $ �<5Y �G�2 �%�:�� @3�% )5�: 
����:_� C�� 	M� �C<��2  >� Ne�2�N Y%�i�  �3<B� {���9 �<5Y� 
�%j c�% 6�7 	 I��cR� 2%� ��G  �A�� �3�. %
��3!3�c� 6�7>2 ����3�� F�E�;R  %���� ��� 4  ��11  	2��� W�� 10  ��55 �!%� ��������9 )., 2009et alFallah ( 	  M���`���� �C�7  ��15  �%�� �% F�3=%  (%� )2007., et al Xia Hui(   %� ����N2 ��7� 2%	Ĥ�R ��5�> %�9>�� �� `��� F5�> �� 8�� @3�% ��	�C�� 
����: _�5�: Microbial ( )precipitation induced calcite �� ��3�� D� O	% 2>�5B� �;�3� 6�7 ��R�� F��. �: �� 8�BE� W�R�9 >� F;�<=  	 ��>� $��'��� F�E�;R ��:��2�N  ^!3����z� 	�9\�2�N 
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�-+ ��.�, 	�... ������� 	 �C�c�R  oX�6�7 ���3�. � %�W� )$ � G  $%	� c�A `�3�_� $%	�>A o���$ �  >���:��2�N �� 	�� %
��3!3�c�N )c�E	% � 5�: 
����: 	_�  %3yk %��3� 5�:_� C��M� ���3� >� }G .������� C�� @3�%M�  )$ � ��g�� 	 I�3G ����� $ � �W� 6�7 
�%j ) {���F�<a�  
�%j oX� %� 6�7�� �3� .%���%� ��!c� ���3� �:�� c�A o���_� $%	�>A   ���� ����� �%�� ���3�  @3�% {���  
����:_�5�:  �3� .��:��22�N �� d�;��  }�!u3�����  ^�~�W�� �����3� %�� �%� ., 2013)et alStabnikov (. Cezari-Schwantes ) ��%�C�N 	2017() �%�� ���  @3�% ���	�C� 5�: 
����:_� �:  ���: O%�c9 ��:��2  Bacillus AP91 subtilis ���3��� m���� 5�: 
����: @3�% %�_� �%��. �l�NW� Wang )2015�%�� �� (�  @3�% ���%�: ���	�C� 5�: 
����:_� � _B� I�� �� F;�( %�W�  >� ���� ��:��2�N ��: $%���.F�� $  >����A���: oX� �;��	 >� ����� ���5�9 `�3� ����B���N ����R%�� a��M �������� )E��} 	 ����
��� �A �3G��$ ��  $ �����F  	���������>  %���X�� ����D�7 ���5�9 ����� ��E�M� ���`� �����i��� )�C�R  	 H3�3s%3E3RH��C �7r  %�MC� �;R� 37� ��f3i	 ���3�G ��F )., 2014et alArami  �� 	 ( �� �!3� ��3� %�9>�� 2�N>�5B� >��5�  ����`�>F5�  	��g�i�2 ��3� $��'��� >� %
��3!3�c� 6�7>2 %� ����7�� �3<B� 6�7 	 IN�: ��c��  FR%���6�7�N ) W��d����  � 8����.  
  
 ��
��
���  %c�� %� $��'��� �%3� ��%� ��!W�  d=��� 6�7 >� )IN	\G �%�� 	 D�72 ���RI� ���2 >��� ! ���5�9 �����2  �� 	 	%2 �3�>A �B�A�N2 ����~�92 ���3��� E3� � c�A_� $%	�>A )., 2012et alChu () �%��� C�7 �� F�	���� ) &Michel Kaufmann, 1973( 	 ���3��� 5�: 
����: @3�%_� ., 2013)et al(Stabnikov  �B�%� 	  � 8����F� 11 � !�� ���2 ��>AI� �B��� ��9 @�J��� �  �	 !)1.(  ��%3b�� �%��� �N>�5B� �]�2 >��5� ���R %�B� ��I�  	 ��� 
��3�%2 ��>A �� 6�7 %�I� <���2>�� %� M�3� )��� ��c�� I����R ��3���N2 ������  >� $ �d��= ��5�>  %� ������2 >� F����N2 e��J� ���  �� �'()98 :���3�� ��  �� 6�7 f3� 	� %� (F����� FR��� � 	����  
%3( �� ��>AI� M�%3�:�R R��g� M��: h�= Ê�i %�� %��C� �� %� ��%��  ���9.    0�(�1-  2
345%�.�
+��
# � 	� ��
6.�� �	 %�, �
7% � 8#�9!�, $ :(� ;�<�,  �< �	��)+4mM/min NH(  Molecular identification Urease activity (mM/min NH4+) 

Chryseobacterium gleum 6/82 
Bacillus halotolerans 14/14 

Pseudomonas paralactis 14/21 
Bacillus paralicheniformis 15/68 

Paenibacillus sp1 10/08 
Paenibacillus sp2 19/29 

Bacillus megaterium 21/97 
Paenibacillus sp3 36/84 
Bacillus pumilus 7/06 
Bacillus infantis 19/74 
Bacillus albus 5/63 
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������26  $%���4 827  2���  8����W�� d���� � FR�� �� 6�7 f3� 	�����  	 ���  >�����N2 �5E R��z! 
�gJ�� �� ���5�9 ��������� 55  	 �!%�27  	 ���i�23 ����] R��z! �3=���� )37  �!%�  	55  	 ���i�20  ����]R��z! ������� 	 54  	 �!%�25  	 ���i�30  ����] �3=����R��z! 	 36  	 �!%�49  	 ���i� 4  ����]R��z! ������� ���Ec��  ��5���>AI� @�J��� . �   %���3���N2  6�7D�7�3N)  $��� %� ���EA )Walkley & Black, 1934(5�: 
����: )_� ����� )CCE( )Gautheyrou, 2006 &Pansu (�� )��� � )pH( )F�� N ��CE��C� )EC(�V~ �(��� Fb�~ )�� ���G )�'5R)_� 5�:_� (Ehyaei and Behbahani Zadeh, 1993) FR�� ) 6�7)>3�
� �G 	 6�7 
�%j $>� ��2%� � ��� :�7 )1986, RosenauKemper & ( $>� ��92�� . � P���� ��>AI�2�N �C�c�R  	������� 6�7�N2  %� $��'��� �%3� �W�  �	 ! %� IN	\G2 ���� 	� ���� ��2 6�7�N  %�  MC�1  $��� ����F�� $ �.    0�(�2- ��+� � ����9,�
# ��=,;� � ��,
�>� 8#�9! 	� ��
6.�� �	 % ?
�   6�72  6�71 �9\�	  5-0 5-0 ����) d������(  12/7 61/7 pH f�<�� $%�g�  96/0 78/0 %3�2 )���}���> (��� ��  32/9 53/11 : 
����:5�� _����� ( (%�)  07/0 08/0 EA $���� ( (%�)  01/0 01/0 ��( (%�) �H	��  20/4 28/6 ) �'5R����8�9  %�8�93��:(  2/138  170  ���G�) _����8�9  %�8�93��:(  99/0 08/1  r3gJ� �>	2�N�t  �� 8�9)�������� (^;C�  6 10 ( (%�) u% 49 76 F��� ( (%�) 45 14 ( (%�) W� ��3E - ��� F��� 8LE ( (%�) 6�7 FR�� 378/0 388/0 GMD dry )�������( 219/0 165/0 MWD dry )�������( 169/0  185/0  �G �7��2%� � ) ��� :�7WAS(  GMD: Geometric mean diameter MWD: Mean weight diameter WAS: Wet Aggregate stability   2��� $>� ��92��  >� 6�7 
�'�� %������2�N 2c�R  I��� r3gJ�I����R ���2  ��;�� ��5×30×50 �������� . � $��'��� }G >� W�J�% ��3���N2 6�7 %� )����  oX��B�A �� 	 ��( M��: %3=F7�3�C� ��9 �.  %� ���3�5����3�  2��:�� ��)_:��� ;�!�F 810 ×1  %��N ����E��� 5����3���3 ��B� 	% �� $ �2 ��`� �� F�:
� 
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�-+ ��.�, 	�... Nutrient Broth)(( � �3��� 	����� ��:) $ ��: �  _�5�:+  ($%	�����39�2   ��3�� �:  � @�J���D� ��������  oX� ��3���N �� �% �: f�<�� M��: %3= ) �	 !3.(  5����3� � ����3� ��:��2 ���	��� ��� O���A�  ��  F7�3�C� 
%3( 6�7 oX� ��$ ���G �� 	 
 �24 . � ����V9 �37 ��k �� F��� }��  �3���������  $ ��: ) ���: _�5�:  Fb�~ �� ($%	� +D� 3� 	 $%	� %m1  %m3� ��: � _�5�:  %� ^���� Fb�~)I���>A ���9� !�2  %� ;� 6�7 �3��W��  �� ( ���3���N2 . � �R�Z� 6�7 �l�N�W � 	�%��� > wE�� �	 ���5� � M���%���  6�7 ��3�� �����A @A �� $ � 6�7 ��3�� 	 �X�������A  �3��� �� $ � ������  $ ��:�� ��3����3���N2   N��. � ��R�9 �b� %� � )>	% $� >� }G2�N%���  ��� M�3� �� $ � D�7 �n��: . � M���� ���2 ;������R �����A W�� F�	��� 	 I�N%���  %�  M����F����N2 � ��� M�3� >� ��� e��J�L��� �5�
��� M?�!�N  �3�>A ���� 
X�� oX� �� %3�: 
���� 	80×80 ��������  �3= ��16 ��� ���. � $��'  �W� %3b����3���N2 ������  >� $ �d��= ��5�> >3� � ���  N�� 	W� 	 �� 
 � 5 i���� �! ��;� %���� F��� �� ����N2 e��J�  �� �'() 98 :���3�� �� . � $��� %��i (F��� ��c��  �>	 IN�: ��3���N 9%��i >� }G2��  ��� ��;� %�����3�� ���c� : ^5k �� 6�7 
�'��8�93��  F��� %� 
������ %�   � �<����., 2013)al etMovahedan ( .W��l�N  F�	��� 	%	�R2 Penetration resistance)(  $�?��� >� $��'��� �� P��j3'� zomorrodian, 2017)& Ghaffari (  
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%�<,8(   A�
.�< MR��2�	S M���  ��%3b�� �%���  >� }G 
�%j F:�k �����A F��� 9%��i2�� ��3���N �� )��� M�3� %��%�� 
�%j F:�k Fi�� ��� . �P�  6�7 %� �: ��� ����D�7�3N(Air dried)   ��  FR�������  F:�k �����A F���8 ���3��: �3� F��� ��)  %��E�k 6�7 %� �: D�7�3N ��� �� ��� %� 6�7 
�%j 



830 �+
,�	� �,�	
� �
#�
�-+ ��.�, 	�...  F���10 :���3�� . ���: F:�k �� f	�� F��� ��  %� 6�7�N2 @A��G� @A �� $ � F:�k �����A F��� �X�� �:� �cR�I� �� 	 F������^� �� 12  	14 :���3��  ���% F���) � %� �%3(��: ���� %�� �2�N%��� MICP  F��� �� ��� %� 
�%j97 :���3��  F��� �� c�� F:�k  MC�)  ���C�3.(    * �3�� �N %� :�W�?������N �: 2�%�� Mi� k D� ��k ����� �� ���� %� �3�>ALSD  %� oX�  (%� P�G 
	�'� �;��_N �� 2%��  �%� �.    @=�3- 
7%A�, : ME: ?
� 2�	S M��� A�
.�< MR���
#	
>�  � (#
�MICP  ?
� 2
6): 	
�  ���P� z� �� p3���
���� ���R 6�7 %� ��I� ��R��  %� �2�N%���   N�� 	MICP %� F����N2  %� ��� e��J�  MC�4  	5 .F�� $ � �s�%� ���N��39 � %� �:W� MC��N  $ N������3��cR� �� )I�  %� 6�7 
�'�� %� �� ��� F��� ��3���N2 �cR�  N��I� FR��. ��2%3= �: ���cR�I�  F���  ��18 :���3�� )F��� �� ���c� ���RI� ���2  %���3���N2 D�7�3N � 6�7 FR�� f3� 	� �N���� �� 	� Y��c�  �3� �cR� �� ���I�  >� ��� F���18  ��37 :���3�� F��� ��  %�  6�7����� >� 6�7 
�'�� %�� )2/15  �	 k ��20/89 :8�93��  ��
������ �cR� F��� ��I� FR��  �:W��  ��� ����$ �N� W���G  %� 
�%j F:�k �����A F��� ��3� 6�7�N2 �����  �� F<5�6�7�N2 ��� �� ���.  �5���� P����  ������ N� ���>�  @A 6�7 oX� �� �: �� � ��3������ 5�: %	��: 	 $%	�) $ ��:_� D�  (%m3���G$ �  � %�  )6�7 FR�� f3� 	� �N%��  �� 6�7 
�'��  F���37 :���3�� Y�� F��� ��c�  )�3����  %�F����N2 � ��m����c� �cR� 
�'��I� FR��) E	�  6�7 �� F<5�  D�7�3N.�3� ���:   %�6�7 ��� � %�W� �2�N%��� 2�%�� 2��:��  N�� 	 
�'�� %�� 6�7  F��� ��75 ���3��:  
	�'� F��� �� �;��2%��  ���?� C� . ���� � � F��� %�����  >�75 :���3�� � F��� %���c�  6�7 %� 6�7 
�'��  N�� ��?��Y  �� 	 �3�354 :8�93��  %�
������ F��� %�  %�  F���98 F��� %� ���3��: �% �. W��l�N ���P�  ��� ���� 
	�'� %� %� ��  %� 6�7 
�'��W�� 2�N%���� ������:�� 	 2�N%����  �	 �2��:�� �)2�N%��� ( N��  %�F����N2 2m��  ���%��5� ��?��Y �3�. ��%3=2�:  %�F����N2 �I�  >�75 :���3�� � F��� ����c�  %� 6�7 
�'�� �2�N%��� �cR�  N��I� M��i�bkn��2 F���) �%3( %�� 



 ���� �����  �! ����� ������ 	 
��� 
������26  $%���4 831   %� �:6�7�N2 %����  �� $ ���3���N2 ������:�� ��c��  6�7 
�'��%��5� c�Y��  �	 k %� 	5/2 :8�93��  %� 
������ � �: �3� F��� %�W�  f3Z3�����$ �N�  I����:��2�N  F��� ���� m�� 	 6�7 
�%j F:�k ����: %� F:�k �����A�B�A �� ���.     @=�4- 
7%A�, �) ?
� 2
6): 	
�H�� )�  	�O+�%�.% : 	� (MR
� 	��
#	
>�  � (#
�MICP B� ?
� 	��        @=�5- 
7%A�, �) ?
� 2
6): 	
�H�� )�  	�O+�%�.% : 	� (MR
� 	��
#	
>�  � (#
�MICP 	� � ?
��.)�   



832 �+
,�	� �,�	
� �
#�
�-+ ��.�, 	�...  M%�
7%��	��� ?
� TG�   F�	���2	%	�R ��m ��X� ����3�� D� �7�� >� F�	��� 6�7 oX� %� ����� I����R 2��� �� $��'��� >� P��	�R %� `���� D�7�3N %� ��m ��X� ��3���N2  6�7$>� ��92��  � �: P���� �A  %� �	 !4  	MC� 6 �s�%� F�� $ �.    0�(�4- %�U�
�� 2
F+�% �	��� M%�
7%� �)� 2
B+�� ���  ME: ?
���VW:  �
�-+�.�,�  %���� 2��>A �!%� 
�;��� W�?���� _�5�: 
����: 2	%	�R F�	��� 6�7 FR�� 1 333/064** ns87/006  2��:�� 12 65/831** 3045/07**  6�7 FR��×2��:�� 12 3/204** 193/760** �X7 52 0/231 29/931 ) 
����z� ^��ZCV(% - 2/94 8/960 : ������^ �;��%�� %� oX� D�  (%� 	 P�G  (%� 	 ~�� �;�� %��ns	*)**  P���� c���� %�	}���  wE�� >� $��'��� �: ��� ���� >��5� ]q��� �c5��� � %����� m�� R�C�c� �X��  �N %� �� 6�7 	�� � 	����  .F�� ������5���� �W�?��� ���P� � >� $��'��� �: ��� ����%��� MICP �� %3=�;��2%��  F�	��� %� ��2	%	�R  6�7 FR�� f3� 	� �N %� �% �cR�I� ���) ��%3=2�: �W�����  F�	��� %� ��2	%	�R  %���3�� MICP  ���%�: ����:��22�NinfantisBacillus   	3spPaenibacillus  ���: 	W� � %� F�	���%��� ����2 @A �� $ ��%�� .�3� �X��� ���P�  $��'��� �� �: ��� ���� � �3��� >������ � $ ��:��c� �cR� oX� F�	���I� �:� E	 �%��� �� �� 6�7 o���� ��:��2 �cR�I� M��i�bkn��2  � $ N���) ��%3=2�:  FR�� %����  	����� ��^���� 5  	8  �����I��cR� F���  MC�)6.(     2
B+�����)� �+��+  ���%�� %3b��� ��:�� I��2�N  %�^����  
����: _�5�: 5�: 
����: %� �� )6�7 %�_� ����� � %�2�N%��� MICP $>� ��92�� ��� �:  �P�  MC� %�7 �s�%� $ � .F�� �%�� ����P� � ����� �� �: ��� ����2�N%��� MICP )6�7 FR�� 	� �N %� 5�: 
����: %� ��_� �cR�I� �;��2%�� F���) ��%3=2�: � %�%��� Bacillus 

infantis �W�����  �� %� � $ N��� �A  �� F<5� �:   N��I��  >�100 �cR�  (%�� IFR��.   



 ���� �����  �! ����� ������ 	 
��� 
������26  $%���4 833    @=�6- 
7%A�, %��U�
�  M%�
7%�	���� �)0
=�
! )�(  	��
#	
>�:  � (#
�A� >�
#�  MICP
7%)A�, 
+ Y %�< LSD   	� TG� ((C	� ZB!     @=�7- A�,
7% ��U�
�% 	�(7% 2
B+�����)� �+��+  ((C	�)	� �
#	
>�:  � (#
�A� >�
#� MICP 
+ A�,
7%) Y %�< LSD 	� TG� ((C	� ZB!  ���   %� W������)d �%�:�� �N>�5B�2 >��5� ���3� ���� ����^ 5�: 
����:�_ ���	% ��3��� ���2 �cR��I  F�	���  I�� M���� %� 6�7���� �!���  ��� � ����>%���� .�P  ���%�: �: ��� ����>�5B� >��5�  �]�M��i�B!3�  IN�: %� ��� 
�'��� ���R >��I ���2 ��$\�	  %�F���2�N  m�� ���%. ��2%3=�: ����c  F��� �� 6�7 
�'��89 :����3�   k %� F��� %�5/2 :�8�93� F��� %� 
������ %� 



834 �+
,�	� �,�	
� �
#�
�-+ ��.�, 	�... $>� ��2��9  � . W��������� �b� �� �% �cR��I  F�	��� �X�� ��3�� %��N2 ��%�� � �� $ ����� >��5� ����  >� �R�%	2 MICP E��M �(�� .F�� 6�7 
�'�� IN�:  �� ��c�� �:  � $ N��� IN	\G W�� >� M(�k P���� ��%�� %� _�5�: 
����:��3��2�N  ��5�> 2�N>�5B� �� $ � %����  M��i I��cR��bkn�2�  .F�� �������2%3= �: ^���� ��  ���� _�5�: 
����: )6�7 
�%j W�� %� _�5�: 
����: W�� �=�<�%� MG ����� {��� ����� 
�%j$ �)  ����� %� ��  I��cR� �Xi��� :�7�N)  F�	��� F:�k �� 
�%j ����� %�  ��� ����!FR�� I��cR�. ����P ��� >� M(�k��5  F�	��� 2	%	�R ��3���N2  N�� 	 2��:�� �� $ � %���� �c� ��?��� �W� C�� �: F�� ^�X�M� 5�: 
����: @3�%_� � %�W� �'k$2�N � {��� 6�7���� D� ��m  %� FJ�D� ����2����  oX���3���N �� %� �: F�� $ ���� �cR�I�  ��g�� �� ;������N  ���?� C�  `�3��:���5�2�N  
����: 5�:_� �� ���. ��%�� ���P�  >� $��'��� �� �: ��� ���� � �3�������� � $ ��:��c� �cR� oX� F�	���I� �:�  �%�� ���  ���%�:$���N �� $ ��: ������ �3��� ��:��2 $%	�>A �cR� F<a�I� M��i�bkn��2  oX� F�	��� %� �� F<5�   N�� ��3���3�� ����� �: �W�  f3Z3�����$ �N�  _B� I�� ��:��2�N 5�: 
����: @3�% %�_� 	 �cR�I�  oX� F�	���  .F�� ����%��  2�N%����2��:��  $��'��� $ �� %�W� IN	\G) �W����� 5�: 
����: %� ��_� ����� � 	W�����  F�	���2	%	�R oX� %� 6�7�N2  $ � o������ Bacillus 

infantis 	 3spPaenibacillus  �: ���3��� m���� E3� %� � c�A_� $%	�>A   ����� � $ N��� �: �W� � f3Z3�c�  ��  p�<�%�W�� ��c��  �E3� _�c�A $%	�>A  	^���� 5�: 
����:_� ��:�� I�� 	2 %� W�� ��R ��  	I��cR�  oX� F�	��� �:q� �� �:. Douzali joushin  ��%�C�N 	)2018( c�� �%�� ��� > wE�� ���%�: ��5� $���N ��2��:�� Pasteurii Bacillus   %����R %�B�I� ��� 2در  �: M<! ��X��2 �c� ��� ��P� � �����W� ���d�  F�� ��R��.  Kucharski  	 ��%�C�N )2005 ( c���� �;E�X� $��'��� >� %���%� ��!c  E3� $%	�>A) $%	� 	 D���N2 �3��� 5�:�)_ %� �R� �� ������ � � >�5�� %� ��3� VGj3'���) %�� ��R� �: %���%� ��!c �� v��E� @3�%%�V92 5�:�F %� 6�7 	 ��� ^!3� �cR��I F�	��� %��R2 �� ��I >� 5 ��C��G�?� �� �3�. �l�N�W Whiffin 	 ��%�C�N )2007 (��c  �� �%��� �]� ��:��2Sporosarcina pasteurii  8�C���� �� 6�7 ����  ���� �: �3���N2 �%��2 5�:�F ��)��� F�	��� ��m��2 F<5� �� ��3���N2  N�� . �%��   ����� ������� ��
�  
− Abu-Zreig, M., Al-Sharif, M. and Amayreh, J., 2007. Erosion control of arid land in Jordan with two anionic polyacrylamides. Journal of Arid land research management, 21: 315-328. 
− Arami, A. H., Ownegh, M. and Sheikh, V. B., 2014. Assessment of desertification hazard by using the 9 criteria IMDPA model in Semi-arid Agh-Band region, Golestan Province. Journal of Water and Soil Conservation, 21 (2): 153-172.  
− Azimzadeh, H. R. and Fotouhi, F., 2013. The study on the effects of desert pavement on wind erodibility (Case study: Yazd- Ardakan plain). Iranian journal of Range and Desert Reseach, 20(4): 695-705.  
− Chamizo, S., Cantón, Y., Miralles, I. and Domingo, F., 2012. Biological soil crust development affects physicochemical characteristics of soil surface in semiarid ecosystems. Journal of Soil Biology and Biochemistry, 49: 96-105. 
− Chen, L. Z., Xie, Z. M., Hu, C. X., Li, D. H., Wang, G. H. and Liu, Y. D., 2006. Man-made desert algal crusts as affected by environmental factors in Inner Mongolia, China. Journal of Arid Environments, 67: 521-527. 
− Chu, J., Stabnikov, V. 1. and Ivanov, V., 2012. Microbially induced calcium carbonate precipitation on surface or in the bulk of soil. Journal of Geomicrobiology, 29:544–549. 
− Douzali joushin, F., Badv, K., Barin, M. and Sultani jige, H., 2018. Inhibition of wind erosion by SBR polymer and Bacillus pasteurii microorganism (Case study: Jabal Kandy region). Iranian Journal of Soil and Water Research, 49 (4): 795-806.  
− Eftekhari, R., Moghaddamnia, A. R., Ekhtesasi, M. R., Basirani, N., Shahriari, A. R. and Khosravi, M., 2013. Evaluation of desertification intensity using ICD model in the southwest of Hirmand city, Iranian Journal of Range and Desert Reseach, 20(4): 669-678.  
− Ehyaei, M. and Behbahani Zadeh, A. A., 1993. 



 ���� �����  �! ����� ������ 	 
��� 
������26  $%���4 835  Methods of soil chemical analysis. Tehran water and soil research institute, Technical Journal, No 983. 150p.  
− Epelde, L., Burges, A., Mijangos, I. and Garbisu, C., 2013. Microbial properties and attributes of ecological relevance for soil quality monitoring during a chemical stabilization field study. Journal of Applied Soil Ecology, 75: 1-12. 
− Fallah, A., Besharati, H., Khosravi, H., 2009. Soil Microbiology, Ajir Publishing, 192p.  
− Fattah, M. Y., Joni, H. H. And Al-Dulaimy, A., 2016. Strength characteristics of dune sand stabilized with lime-silica fume mix. International Journal of Pavement Engineering, 19(10): 874-882. 
− Ghaffari, H. and Zomorrodian, M., 2017. Evaluation of shear strength of soil stabilized by microbiology. Iranian Journal of Soil and Water Research, 48(4): 737-748.  
− Goodrich, B. A. and Jacobi, W. R., 2012. Foliar damage, ion content, and mortality rate of five common roadside tree species treated with soil applications of magnesium chloride. Journal of Water Air Soil Pollutant, 223: 847–862. 
− Han, Z., Wang, T., Dong, Y., Hu, Z. and Yao, Z., 2007. Chemical stabilization of mobile dune fields along a highway in the Taklimakan Desert of China. Journal of Arid Environments, 68: 260–270. 
− Hui Xia, P., ZhengMing, C. H., XueMei, Z. H., ShuYong, M., XiaoLing, Q. and Fang, W., 2007. A Study on an Oligotrophic Bacteria and its ecological characteristics in an Arid Desert Area. Science in China Series D: Journal of Earth Sciences, 50: 128-134. 
− Kemper, W. D. and Rosenau, R. C., 1986. Aggregate stability and size distribution. In: Klute, A. (Ed.), Methods of Soil Analysis. ASA and SSSA, Madison (WI), pp. 425–442. 
− Kucharski, E. S., Winchester, W., Leeming, W. A., Cord-Ruwisch, R., Muir, C., Banjup, W. A., Whiffin, V. S., Al-Thawadi, S. W. and Mutlaq, J., 2005. Microbial biocementation, Patent Application. WO/2006/066326; International Application No.PCT/ AU2005/001927. 
− Michel, B. and Kaufmann, M. R., 1973. The Osmotic potential of polyethylene glycol 6000. Journal of Plant physiology, 51: 914-916. 
− Movahedan, M., Abbasi, N. and Keramati Toroghi, M., 2013. Experimental investigation of Polyvinyl Acetat effect on wind erosion of different soils by impacting sand particles. Journal of Water and Soil Conservation, 20(1): 55-75.  
− Pansu, M. and Gautheyrou, J., 2006. Handbook of soil analysis: mineralogical, organic and inorganic methods. Springer Science and Business Media, Germany. 

− Prats, S. A., Martins, M. A. D. S., Malvar, M. C., Ben, M. and Keizer, J. J., 2014. Polyacrylamide application versus forest residue mulching for reducing post-fire runoff and soil erosion. Journal of Science of the total environment, 468-469(0): 464-474. 
− Rezaie, S. A., 2009. Comparison between Polylatice polymer and petroleum mulch on seed germination and plant establishment in sand dune fixation. Iranian journal of Range and Desert Reseach, 16 (1): 124-136.  
− Saadoud, D., Hassani, M., Martin Peinado, F. J. and Guettouche, M. S., 2018. Application of fuzzy logic approach for wind erosion hazard mapping in Laghouat region (Algeria) using remote sensing and GIS. journal of Aeolian Research, 32: 24–34. 
− Santra, P., Moharana, P. C., Kumar, M., Soni, M. L., Pandey, C. B., Chaudhari, S. K. and Sikka, A. K., 2017. Crop production and economic loss due to wind erosion in hot arid ecosystem of India. Journal of Aeolian Research, 28: 71–82. 
− Schwantes-Cezari, N., Medeiros, L., De Oliveira J. R. A., Kobayashi, R. and Toralles, B., 2017. Bio precipitation of calcium carbonate induced by Bacillus subtilis isolated in Brazil. International Journal of Bio deterioration and Biodegradation, 123: 200-205. 
− Shao, Y., 2008. Physics and modelling of wind erosion. www.springer.com/series/5669, 575 p. 
− Stabnikov, V., Chu, J., Naing Myo, A. and Ivanov, V., 2013. Immobilization of sand dust and associated pollutants using bio aggregation. Journal of Water Air Soil Pollutant, 224:1631-1639. 
− Tisdall, J. M., Nelson, S. M., Wilkinson, K. G., Smith, S. E. and McKenzie, B. M., 2012. Stabilization of soil against wind erosion by six saprotrophic fungi. Journal of Soil Biology & Biochemistry, 50:134-141. 
− Walkley, A. and Black, I. A., 1934. An examination of the degtjareff method for determining soil organic matter, and proposed modification of the chromic acid titration method. Journal of Soil Science, 37: 29–38. 
− Whiffin, V. S., Van Passen, L. A. and Harkes, M. P., 2007. Microbial carbonate precipitation as a soil improvement technique. Geo microbiology Journal, 24: 1-7. 
− XueYong, Z., ChunLai, Z., Hong, C, LiQiang, K. and YongQiu, W., 2014. Cogitation on developing a dynamic model of soil wind erosion. journal of Science china Earth Sciences, 58:462–473 



836 �+
,�	� �,�	
� �
#�
�-+ ��.�, 	�... 
− Zhang, C., Wang, X., Zou, X., Tian, J., Liu, B., Li, J., Kang, L., Chen, H. and Wu, Y., 2018. Estimation of surface shear strength of undisturbed soils in the eastern part of northern China’s wind erosion area. journal of Soil and Tillage Research, 178: 1–10. 
− Zhang, Y. M., Wang, H. L., Wang, X. Q., Yang, W. K. and Zhang, D. Y., 2005. The microstructure of micro biotic crust and its influence on wind erosion for a sandy soil surface in the Gurbantunggut Desert of Northwestern China. journal of Geoderma, 132: 441–449.     



837 Iranian Journal of Range and Desert Research, Vol. 26 No. (4)   
Evaluation of the efficiency of biological reformer in controlling wind erosion  

S. Rajabi Agereh1*, F. Kiani2, K. Khavazi3, H. Rouhipour4 and F. Khormali5   1*- Corresponding author, Ph.D. Student, Department of Soil Science, Faculty of Soil and Water Engineering, Gorgan University of Agricultural Sciences and Natural Resources, Iran, E-mail: r.sareh@gmail.com 2- Associate Professor, Department of Soil Science, Faculty of Soil and Water Engineering, Gorgan University of Agricultural Sciences and Natural Resources, Gorgan, Iran 3- Professor, Department of Biology, Soil and Water Research Institute, Karaj, Iran 4- Associate Professor, Desert Research Division, Research Institute of Forests and Rangelands, Agricultural Research Education and Extension Organization (AREEO), Tehran, Iran 5- Professor, Department of Soil Science, Faculty of Soil and Water Engineering, Gorgan University of Agricultural Sciences and Natural Resources, Gorgan, Iran  Accepted:12/25/2018  Received:09/25/2018 
 

Abstract       Nowadays, the destructive phenomenon of desertification and wind erosion is one of the most important environmental crises in the world, which are serious challenges to sustainable production and agricultural land management. In the present study, the effect of microbial precipitation of calcium carbonate has been studied as a biological reformer and compatible for controlling wind erosion and soil stabilization. For this purpose, erosion rate of bio-cemented samples was investigated through ….in a wind tunnel under the condition of wind velocity of (0 to 98 km hr-1) in two soil types with sandy and silty texture in a completely randomized design in three replications. Investigation of the threshold velocity of soil particle movement revealed that air dried soil particles begin to move at the velocity of 8 and 10 km hr-1 in the silty and sandy soils respectively, however, in all biological samples (MICP) particles did not move at 97 km.hr-1. The results also indicated that the weight loss of all MICP treatments at different wind velocities were significantly reduced as compare to the control. The amount of the soil loss among biological cemented samples and control treatments were dramatically different at higher velocities. So that, at velocities more than 57 km/h, soil losses indicated significantly enhancement in control, whereas in the soils which are treated by bacteria, soil losses were insignificant and approximately 2.5 kg.m-2.hr-1. The results also showed that the equal's amount of calcium carbonate and the penetration resistance of the soil surface increased significantly in MICP treatments as compare to control treatments, this event indicated the formation of a surface-resistant layer on bio-treated cement samples. In this study, the comparison of used bacteria also showed that Bacillus infantis and Paenibacillus sp3 have high efficiency in controlling wind erosion. Therefore, it seems that cementation by biological methods could be an effective way to stabilize surface particles and control soil erosion. 
 
Keywords: Urease, soil stabilization, bio cement, soil loss flux.      


