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��)..	� ��..W+��� �� ����..W� ���..	+��  CO2  &..' ,��..+� H�..# ��
�'��!��	6�6   ��$% �   ���19 &'�*-�!    ���.' :.;�1�        &.' ���.' �.7 

    �9�.; �� ! ��)	�        ,�.0 �.G�W� ��.�� &.�)I� �   �.;)37.(   ]$1.�
�  H�# �'!��	) =�01 ( ��`C �����	' ,�	* ��  ]$1.�  H�.#  �!�.' 

   ��' ,�	*�	'     A��#� ,�	* !�   z�
� �0��% ���!.   �'!��	� ]$1�
           .'!��	� ]$1� �' ��' ,��� �G���� Q	�8� &��� &� ,��+� H�#  �  H�.#

  ,��+��!�'   ,�	*   &�  Q	�8�,��%   ���'  ���% ���% A��#�.     �.�� �' &'��� 
   �1� ! �	+ �v���%  ��+)33 (       &' ��������' Q	�8� &� �%��/% ,�6��� )	%

�0�� �6��J% H�# ]$1� @��)G� �' ��	ST� ���L1� .  
   a!�� ��2           ��.0 �%�.W� a!� &.b��� E	�1	.; �<��W� :���^ 

  �'��Ct=C0(1-e-kt)     ��� ���' &� ,����6   ,�0 ,��� {���' ��;�  &���� 
,����*��; .     ��	;�*� :��^ ���' <�')R2 (    �.C ��98/0    �.� 99/0 
  ���%��               &.+��W� �� ).	% �.6��/	� �.�� �� �'�� ��0 �%�W� �%!� �6�

    4.� �!�	7 a!� &b����/% �.� .         �'�.� ��.0 �%�.W� =	.%��7)C0 ( ��
��6��/	���� �� ���  ��.C! �;!�  ,��.% Q	.�8�  29   �.� ��.O�� 

�9���  ,��% Q	�8�  38        ,�.0 Q	�8� �;!� �� ��O�� 50      �.� ! �.O�� 
    ,�0 Q	�8� �9���54,��+� H�# &' �b% �O�� �!�'  ,�	* &�  Q	.�8� 

,��% ���'    ��� ��	7 @��)G� .         &.� ���# �� �'�� ��0 �%�W� =	%��7
      ��.' ,��� �G���� Q	�8� e��� ?�G�    ?.�G 8/3        H�.# �� ���.	' �.O�� 

  ,��+� ,��% Q	�8� ��'  .   �'�� ��0 �%�W� =	%��7)     =.'�g �'�� �j���C
     ���'�; �� ����� &�)I�  &� � ��    �� ��0 �%�W� ���%��� \J�� ���

����(                 ! �.	$	� ! H�.# ?���.0 &.8/� �� f.8�J� =���9 �	ST� �
� 
 �;��;� �	8'�g ���'�;   4� ���g �	*  �)1.(    ���% v���%���   ,�	* ��� 

  ��� �	1R/6 !,�	*  Q	�8� �' "��� ��������'    ��.0 �%�.W� =	.%��7 
  �� �� �'�� H�# ,��+�          @��).G� �.� �*��.+� �' ��� .     &.� ���.I%� ��

           ��.' ��.�� �6��/	� ���/� �� H�# d�% ! �*��+� �D8K    =	.%��7 ! 
    �'�� ��0 �%�W�       �;��;� �	8'�g &8/� �� f8�J� =���9 �	ST� �
� 

&' ���'�;  4� ���g �	*�� �� ��� ����        &.� ��.� P�b1�;� &%�*  ��`.C
                   �.;� �.�/� ���.�����' Q	.�8� �.' ,��./6 o.6 ! ���L1� &' o6 ,�	*

 � �����0    ���! &' H�# �� �           �� ���.'�; �.;��;� �.	8'�g &.� ��!�
 �6� @��)G�.         ���.'�; &' �;��;� �	8'�g @��)G� ���4�    o.6 �.%���

       �.�% &.� ! ��
0�� �� �0�%�6           @��).G� �� �.0�% o.6 ! &�.�� �
�'��!��	6 &' �;��;� �	8'�g�6�0�' ��$% �.  
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 2��1- �3�45 �%	$��� 6785 ' �
� 9�0:� �
��
��5 �� ���&)5=n ( �? ��� 2#� @
�
A *� 6A43@��D
%��+� *	�  EH : E�G��* ��O : ��

 E$D	�-P : E�
�) @	�%-B : EH���5 @	�%+B :��
�$0
% H���5  
  

 �	��2-  �	� �J5$� K�08�D �&�
3� L��$MCt= C0(1-e-kt)@�� �+�3�  �
� 9�0:� �
��
��5 �� N%$  
C0kc  �
��5  

 (g C kg-1 soil) (day-1)SE  R2  
-B-P5/28  050/0  70/0  99/0  
-B+O  8/36  047/0  92/0  99/0  
-B+H  2/39  046/0  93/0  99/0  
+B-P  6/29  044/0  66/0  99/0  
+B+O  8/42  041/0  89/0  99/0  
+B+H  9/43  041/0  83/0  99/0  

C0 : ��'�� ��0 �%�W� =	%��7kC : ��0 �%�W� �9�; �'�S
�'�� �R2 : ��l�b/6 :��^SE :# ��!��' ����%��;� ���)5=n.(

O : ��;!� ��H : ��9��� ��-P : �,�	* �!�'-B : �Q	�8� �!�'+B :,�0 Q	�8�.  
  

             =	.%��7 @��).G� �� o.L� =��9 ���19 &' &��� ��
0�� }���/9
 �%� ,�0 �G�W� �'�� ��0 �%�W�)10 .(  

             ,�.0 �%�W� �'�� =� �' ,�	* ��� ! �����' ��/	� �8O� ���S�
)Cmin (3 �43 ��	;�'��%� �!� �1W� ��.' ���)  a!�.�3( .  ��.�  �.�

          ,���.%� E� &' }�b���� �9��� �� ! �;!�)     :.	��� &.'35   ! 40  �.O��  (
       ,�.0 �%�.W� �'�.� =� ��)	�       �.%��� @��).G� �� �� �.C4+    Q	.�8� &.�

��������'   ?�G6      �	+�� �� @��)G� �O�� CO2     �0�� ,��/6 &' ) a!��
4 .(    � ��0 �%�W� =	%��7 @��)G�          a�.b%� &.' ! ,�	* ��� �S� �' �'�

            @��)G� �� ,�	* �bj� @�% ,�16� ���% ,�0 �%�W� �'�� @��)G� ��
        ��' �� �*��+� �' &W+��� ���� H�# �'�� �����7 .    �%�.W� @��).G�

     �� H�# �'�� ��04�   �	+�WG @��)G� &' �����6    �� �0�% E�F�+�	' �
 &��� �	+�WG �6     �W� =	%��7 @��)G� ��� ��� �b%      �.' �'�.� ��0 �%

     ���% ,�	* ��� �S�4�    �./6��G �.�� �.	8'�g @��)G� �� ,�	* �6�
           �.0�' �S�.� �;� ��/� &��� ��
0�� 2��3 �� ��b	��� ��� .  v��.�%

     H�# �� ,�0 "�I%� ��W+��� :8K��6           &.� �.;� ���.C ,��.+� �.	K �
           �9�i� ! �G!��!��6 ]$1� &��� ='�g @��)G� :b; ,�	* ��`CCO2 

   H�# ��4���*  �)15   ! 24 .(       �1	/���7 �S� ���19 �
� &� �,���7 ���

��$;!)��1     ��� �� �� 4�     f.8�J� ��.b	��� ! ��
.0�� �!�! &' ���0
     >!�1� �!�' �H�# =#�� &' &����6        �H�.# ��.0 >�3�� ! E�# �

  &%����# ������7 @6�� �6      >!��	� ! ,�	* �	' �'�g� ���! ! �6  ���.'
 ,��� �b% ���BK �O�19 >B�4� ��0)16 ! 25.(  

  
�#*)��3 4� '&�� ./2� , ���+ ./2�  

        &.��7 ]$1.� �' ,�	* ��� ! �����' ��/	� ���S��1W�  ��.���* ���
    !� ��� ='���� �S� �+! �1W� ��% ��� )  a!��3 .(   ]$1� ��������' Q	�8�

   �� &��711     ��� @��)G� �O�� ���C4+           �.� ��.� �� @��).G� �.�� &.�
       :	��� &' �9��� �� ! �;!�31   ! 34          ,�.	* !� �	.' �.+! ��.' �.O��

�1W� �!�$�� �0��% ���! ��) a!��4( .  
  �S�  �8O�               Q�.; �� ���.'�; �� �.0�% ]$1.� �.' �����.' ��/	�

0661/0�1W�    ��' ���)  a!��3 .(  ���  �.9��� �� ! �;!� ��  ]$1.�
    ���'�; �� �0�%  :	��� &' �� 27   ! 35        H�.# &.' �b% �O��   �!�.'

  ,�	*   ��� @��)G�)  a!��4( .'  �8� ��3 &SIR P�b��� �D8K �' ����)% 
������������������������������������������������������������
1- Rhizosphere priming effect 
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   �+� ,���=L;      �'!��	� ,�%� ,��� ! a�O�+�����) 3.(    )��8* ��!)G� �' 
    �G�� @��)G� ,���/6 �'!��	� ]$1�.    @��).G� SIR      ,��.+� H�.# �� 

        �'!��	� ,�%� ,��� ���' <�' =	+� &' �;� ��/�   a�WG ! ����  �0�'  .
  }<�/W�SIR     � a�WG �	W/� ,�16� ���%       H�.# �� �.'!��	4�  �.0�'

)25 (              �.+<� H�.# �� �.'!��	� �	W/� ���' a�WG �' �� @��)G� !
���� .     @��)G� ��l�� A�3 ��SIR         =.	+� &' �;� ��/� ,��+� H�# �� 

    >!�.�	� ��;� �;��;� "�9�6            �.� ! �.�$% ����.'�; &.' H�.# �
     �' ��$% ��b	��� H�%� ���B7 &�)I�4g   H�# ��� �� ,�%�� �6 �0�' )	% .

R/6     @��)G� ������ &' �	1SIR     ,��+� H�# �� BR   )	%  ��G�� �%!)G 
����'�1'    �D% &' 4��;�  &.���� �� \#�0 !� ��� �b% &����  �.L%� 

       ���	$� ��+�C �	1s �� ���L1� &'�;� .       v��.�% z�.;� �.' �./%�  �)1 (
    �D8K �� ,��� "�# �$%�6  �5   ! 10      �� ���'�; �� �0�% ]$1� �O��  

 :	��� &' 46   ! 69 �           �;� H�# �� ��� ��� @��)G� �10 H�# �� �O�
       �D8K �� ���'�; �� �0�% ]$1�5      �D8K �� ���	' �O�� 10   �.O�� 

��'.     �	' ��� ���0 eg�! �� �          ,�.0 &G�.^� ��$% ��b	��� &� �;� �� �*
 �	��8� ?;���6       �	bj� ! �
�; >B� �;� �4�      �� !� ��� �� ! �%�0

 >!��	� z��;� �6  ���#4��%�0.   ����'�1'   �	.1s4�    P�b1�.;� ���.�
                 ,�.11� �!�.
� =.��9 �'�.� �.	/� ��$% &' ,��+� H�# �� &� ��/%
             ��).	� �.� ! a�.WG �.	W/� &.�8' ��.	% H�.# �.G!��!��6 �	+�WG

      �+� �'�� ��� &' �;��;�)  ���'�; �	$	� �1W� (    &.' =��9 ����/L�
  ��/04���� .    ,��+� H�# ��  &��7 ]$1� ��)	�      ��.� ��.6��/	� ,�.0 

 �� ���	'   ��6��/	� �!�'   ��.' ,�	* .          d�./I� �� ).	% ���.�����' Q	.�8� 
     ����* H�# &��7 ]$1� @��)G� _9�' .  @��)G�  ���)/6��)	�   ]$1.� 

 ! &��7 SIR   ��    4.� ,�.	* �����   �.%�   �.89 &.'       ,�.%� ,��.� @��).G� 
  �'!��	�  a�WG   &��� �	+�WG �� �0�%�6  �0�' ,�	* � .    v��.�% d�/I� ��

  ���%4�      H�# �� ,�	* ��� �6�       a�.WG �.	W/� @��)G� _9�' ,��+�
 ����* �'!��	� .       v���% @J' �� &� &%�* ��/6,�6���    ��).	� ����* 

    H�# �'!��	� ,�%� ,��� �'���6 ��� �  ,�.0    H�.# ! �6   ��.� �
 &� ,�0   �%��' ,�0 Q	�8� �  H�# �� �6� �!�'      ��.' ���.	' ,�	*  .  ��<�.'

          ���% )	% �6��/	� ��� �� ,�0 �%�W� �'�� ���'�� �)G� �6�  @�SIR 
             �.'!��	� ,�%� ,��� @��)G� �89 &' ! ,��b% �'�� ���!�
� �� �0�%

  a�WG���0�' .         ���.�� �	' �l�b/6 �	1R/6 @����� ��� ��SIR  ! 

             ! �.bj� @��.��� ��.L�%� �� �'!��	� ,�%� ,��� �'���1W�  ��.' ��� .
  �	1R/6@��)G�         ���.% }���I� ,�0 �%�W� �'�� =� ��    =.��9 �.6�
���!�
� 89 �'���	% ���'�; �� �0�% ]$1� @��)G� � .  

            �b.% �.' �����' Q	�8� ! ,�	* ��� ��6��/	� ���S�BR/SIR 
           �'�.� &.' ���.;� �.	8'�g \#�0 &�)CAI (     ,�.	��% ).	%4�  ��.0

�1W��   ��% ��)  a!��3 .(          ��.0�' E.� &' E��)% \#�0 ��� ,���%� �6
       ��)	� &� �;� �� ,�16� ���%BR       �.' �.'��' }�b���� SIR�� ' �.0� !  

   ����'�; ��!)G�z��;� ='�g !  ��B.7 &�)I� ��;�   E.��
� :b.; 
      H�# �'!��	� �	+�WG ! �0��/%��0         =.��9 H�.# �'�.� ����'�1' !

     �'!��	� �	+�WG ,�11� �!�
��/%           E.� �� \#�.0 �.�� �.*� ! �0�'
              H�.# �'�.� &.' �.;��;� ���!�
� ���! ,�16� ���% ��0�' ��/�

    �'!��	� �	+�WG ���'��  �0�')7 .(�1s    �����/6 ! )7 (   �.%��� ���%
  &�CAI        E� &' E��)% ��$;!)�� H�# �� !     ��	' �+�/W� H�# �� 

   �;� ���s�� E� ��.           ��	.' E� �� \#�0 ��� &W+��� ���� H�# �� 
   �0�� &8O�G)66/0 .(    �� ���!�
� ���4�     �*��+� ���' �� &' ����

       H�# �'�� eb1� �	��7 �	$	� !) �'��!��.	6�6  �.�$% � (  ��� �b.% .
    �� A��#� "�9            ��.6��/	� �	.' �'�.� &.' �.;��;� �	8'�g \#�0

 ,��+� H�#      ,�	* ��� ! ��������' Q	�8� =��0   &� �;�1W� ��� &'  &.' 
             ]$1.� �,��.+� H�.# f8�J� ��6��/	� �� &��7 ]$1� @��)G� ������

      @��)G� )	% ���'�; �� �0�%4��'�� . �;��;� �B+ >!��	� �6   �'�� &' 
 ���� �$% ��'  .         �	8'�g @��)G� �' �1b� ,�0 t��� &	^�G A�# �'

  �'��!��	6 &' �;��;��6        &��� �	+�WG ! ,�	* ��� �S� �' �� ��6 �
       \#�.0 �� A��#� ���! "�9CAI        H�.# f.8�J� ��.6��/	� �	.' 

   ���% ,��+�4�     @��).G� �.' ��	ST.� ��������' Q	�8� ! ,�	* ��� �6�
     H�# ��� �� �'�� &' �;��;� �	8'�g6 �    �� ,�.	* @.�% �B.+ ! �0��%

   &�)I� @��)G�TPH           �.�	
� ?���.0 ��.bL' �1%�� ��l�� =���9 &' 
  ,�11� &�)I� ���' �6  A��W�4����* .      �S� �' ,�	* �0� @6�� }<�/�C�

            &.	C�% �� �)�1.;��G ��
.0�� h�i�#� @6�� _9�' ��$% �*��+�
  &���4���0 .        �.� �� &�.�� �.1	/���7 �S� ��# &'�% &' &+T� ��� @6

        �.$1� ��J.7 E� ���O &' ! ,���14�         \#�.0 @6�.� �.' �.%���
�0�' ��B* �	ST� H�# �� �'�� &' �;��;�.  

  

 �	��3- 6+
���	 ���45)  ��
�'P(  $O� H���5 	 �
�) PQ$% ��
�$0
%(�
� 
�� �
� �����&��%	$��� 1  

TPH-deg MP qCO2 Cmin MBC BR/SI
R SIR BR !�$��R5 S%
8�  

0001/0< 0001/0< 0001/0< 0023/0 0001/0< 5827/0 0661/0 0014/0 �����'  
0001/0< 0001/0< 0001/0< 0001/0< 0001/0< 7028/0 0001/0< 0001/0< ,�	*

3325/0 0440/0 0005/0 1105/0 0006/0 5208/0 8677/0 5297/0  ,�	* ×�����'
5/15 2/10 0/8 6/7  0/8  4/11 3/10  8 CV(%) 

������������������������������������������������������������
1- Negative feedback 
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"�#�'�,#-�� �%�4 ����  ,  '-�	���*� 8�#:)qCO2(  
    ]%����! &�)I� v���%)  a!��3 (        ! �����.' ��/	�  ���S� ��� ���%

               �.'!��	� ,�.%� ,��.� �'�.� �.' ��/	� !� ��� ='���� �S� ! ,�	* ���
�1W� ����* ���.           �.� ! �;!� �� ��� ���������' Q	�8� ��`C "�9 �� 

    �� �'!��	� ,�%� ,��� �'�� �9���  :.	��� &' 47 ! 39   �b.% �.O�� 
      ��� @��)G� ,�	* �!�' H�# &') a!��4( .  ,��.+� H�# &� �����0 ��

             �� ! �;!� �� ��� �� �'!��	� ,�%� ,��� �'�� ����� �����* Q	�8�
    :	��� &' �9���78   ! 71      H�# &' �b% �O��       @��).G� ,�.	* �!�.'
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1- Bioaugmentation 
2- Biostimulation 
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Abstract
The contamination of ecosystem components with petroleum and its derivatives is considered as one of the 

most crucial environmental threat in Iran, particularly in southern areas. Bioremediation has frequently been 
regarded as an appropriate and more practical alternative to clean-up petroleum hydrocarbons in the 
contaminated environments. Bioremediation optimizes conditions for microbial hydrocarbon degradation and 
uses the microorganisms and plants potential to metabolize contaminants resulting in their removal or 
attenuation in situ. This study aims at remedying an aged petroleum-contaminated soil using bioaugmentation 
and phytoremediation techniques. A consortium has been prepared using oil-degrading bacteria; 10% oil-
contaminated soil was then inoculated with the consortium. Additionally, oat and/or barley were planted in 
certain treatments to separately evaluate the effects of plant-bacteria interaction on Total Petroleum Hydrocarbon 
(TPH) degradation and inoculum's efficiency. TPH degradation value under unplanted and uninoculated 
conditions was only 2.4% in the studied petroleum -contaminated soil after 4 months. However, the presence of 
the two plants elevated TPH degradation up to 30%, and bacterial inoculation resulted in only 20% TPH 
degradation. The significance of the plants in enhancing TPH degradation could be probably explained by 
promoting microbial populations, growth and activities. The highest amount of TPH degradation recorded was 
44% and was observed with inoculated plants. The presence of plants in petroleum-contaminated soils promoted 
microbial populations and activities with increased microbial respiration and biomass well developed petroleum-
degrading microbial population and decreased microbial metabolic quotient (qCO2), hence, increased 
biodegrading of hydrocarbons. 

Keywords: Petroleum degrading bacteria, Wild oat, Barley, Phytoremediation 
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