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F%�#��+(% )1-soil) (kg C g/( Density Bulk 9� 
k�[I� 5��
y V
? )3-m Mg(/ Depth c�� 

�����5,�#�� )m(/ Fragments Coarse �[	
?
� � 
�;WY5
� U,H� ))100(�,#/ u"j �;WY5
� (U,H� -1( � 
#(� 10 X��q ��(<� (j�� �� 1-ha C Mg (�!B� 

)2003 al., et Penman.(  
^� 9� o�(��  
��� #�� +#�#
�5 :��5,�@+(% � 
����� ^�
�,��
� ��X���� 
� ��9@5
� |��D��	�6- 

�$|���� � �	/ ��,�r�� �$,�� ��;�5,�# ��
.� 
�[I��5
� V
? S�� g��5
� l�!I� ����5,
6 � c�� 

V
? 9� ��9@ ��H"� ^�
�,�� �J�=�# +#
.!$� .(% �B�
�� 

��
D(�\ S���
�� +#�#
� 
�  9� +#
.!$���9@ S8��#  �
 
� �	@ S��6 S�� ��!B<�� �?���[I�� V
? 5
� 
�

9� +#
.!$� X��q  >
"�� �$��� ��!B<��(%.  5���
�
<$
�� 5,
�@/  9�>��,�HJ� 22 ver. SPSS +#
.!$� (%.  

 

�����  

,
�@ ����.� �[I��
�5 /�WY `W$ ]
� � a
.�,� 

!?,# ,# g��5
� ����5,
6+(% >�#
�) /���6 ��$ 

+���5� � ]
6 
�$���( ,#  �(� 1 �x�,� +(% F$�.  ���� 
�
 ����� �WY /���6 >�#
� ���D ,# wI�� �Y
$ #��� >(� ��

  �(� ,# ���D S�� ���$1 .F$� +(�
��  �(� 2 H�� f�
!� 
����.� �[I��5
� V
? ,# c��
�5  �� � >�# 

�g�5
� #,�� �;	
W� �, 
�� ��(�#.  
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-��� 1- �/012��# �+�,��# �34�
 5�&+��2) ± ��738� (����2 �
 :�*��# %&'����	��8  

�[I��  >�#
� ��6�  ��$ +����5  ]
6 $����
  

�WY $�������� )cm(  -  24/0 ± 3/9  55/0 ± 33/18  

`W$ ]
� )2m(  15/0 ± 92/1  55/0 ± 68/7 69/0 ± 88/11  

a
.�,� )m( 04/0 ± 42/1  12/0 ± 97/4  15/0 ± 51/7  

 
-��� 2- �/012��# ;�4 5�&+��2) ± ��738� (����2 �
 <�=��# -�� � >�
 :�*��# 
��2 ��?�@2  

�[I��  c�� V
? )cm(  >�#
� ���6  ��W�� (�
%  ��$ +���5�  ]
6 
�$���  

�!�(�$�  
0-10 02/0 ± 95/7  01/0 ± 9/7  02/0 ± 94/7  0 ± 98/7  

10-20  01/0 ± 02/8  0 ± 94/7  03/0 ± 03/8  03/0 ± 99/7  

F��(� �8��!8	� )2ds/m(  
0-10  0 ± 32/0 0 ± 31/0  01/0 ± 26/0  0 ± 27/0  

10-20  0 ± 27/0 01/0 ± 29/0  01/0 ± 26/0  02/0 ± 27/0  

S��6 �	@ (%)  
0-10  02/0 ± 09/2  04/0 ± 35/1 06/0 ± 41/1  05/0 ± 54/1  

10-20  06/0 ± 47/1  0 ± 32/1 07/0 ± 37/1  12/0 ± 59/1  

9� k�[I� )3g/cm(  
0-10  13/0 ± 54/1  17/0 ± 68/1  15/0 ± 51/1  1/0 ± 37/1  

10-20  14/0 ± 51/1  04/0 ± 43/1  16/0 ± 47/1  05/0 ± 44/1  

  

-��� 3- ���A* B+����� C����D*  ����+��E7F��# G�302 �+��	�4 �
 H�7*�� �� :�*��# %&'����	 � <�=��# ;�4  

+9�(�� ���(6
?  :<�� �����n�  ��,# 5#�9@  S���
�� �
;���  +,
�@ F 

�!��� 9� 2000 �!���8��  

g�� ����5,
6  

c�� V
?  

g�� ����5,
6 × c�� V
?  

3  

1  

3  

38/211  

0  

63/51  

** 08/10 

ns 0  
ns 46/2 

2000-250 �!���8��  

g�� ����5,
6  

c�� V
?  

g�� ����5,
6 × c�� V
?  

3  

1  

3  

85/7  

34/44  

85/100 

ns 44/0 

ns 52/2  
** 75/5 

250-53 �!���8��  

g�� ����5,
6  

c�� V
?  

g�� ����5,
6 × c�� V
?  

3  

1  

3  

21/179  

87/9  

42/20 

** 17/36 

ns 99/1  
* 12/4 

�!�6 9� 53 �!���8��  

g�� ����5,
6  

c�� V
?  

g�� ����5,
6 × c�� V
?  

3  

1  

3  

64/162  

09/1209  

77/2 

** 71/6 

** 93/49  
ns 11/0 

** ��;�,�#5 ,# `W$ 
���=� 99 �(�,# * ��;�,�#5 ,# `W$ 
���=� 95 (�,#� ns �����;�,�#  
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f�
!� �̂
�,�� ��H"� �J�=�# ���(6
? 
���<= ,# 5
�
l�!I� �6 #�# 
�� ���� ���R� ���� g�� ,�(�� �� 5,
6
���(6
?
� 5
�  9� �!��� +9�(��2000 /53  
�250  9� �!�6 �53 

�!���8�� ,# `W$ 
���=� 99 (�,# ��;�,�#  /(�#��
�	
j,#h�J �6 ���(6
? ,�(��G\�6 5
� 9� ��53  �!���8��

��,�= ��;�c�� S�� 5,�#� /V
? l�!I� 5
� (�!%�# ��
.
)01/0p<.( ���R� H�� ,�6O� ��
� �# ��
�!� ��  ,�(��

���(6
?
� 5
�  +9�(��250  
�2000  �53  
�250 ,# �!���8�� 
`W$ �Y�(j 
���=� 95 (�,# ��;�  �(�) (�#�� ,�#3.(  

f�
!� �B�
�� S���
��  +9�(����<=5
� ���(6
? ,# V
? 
g��5
� l�!I� ����5,
6 
�� #�# �6 S��!��� ,�(�� 

���(6
?5
� U,H��� 9� 2000 �!���8�� ,# V
? g��5
� 
>�#
� ���6 � ]
6 
�$��� � S��!�6 ,�(�� @ ,# V
? g�� 
��$ +���5� (�!%�# #���/ �	
j,#�6 ,# S�� /g�� S��!��� 

,�(�� ���(6
?5
� 53 
� 250 �!���8�� +(�
�� (%. 5��� 
���(6
?5
� �!�6 9� 53 �!���8�� H�� V
? g��5
� 
����5,
6/ S��!��� ,�(�� �, F<B� �� V
? ��W�� (�
% 

��#�? k
[!?� (�#�#  �(�) 4.(  
 

-��� 4- �J��E2 5�&+��2 ± ��738� ����2  ����+��E7F��# �+��	�4 �
 H�7*�� �� :�*��# %&'����	 � <�=��# ;�4  

��n!� +9�(�� ���(6
?  c�� V
? )cm(  >�#
� ���6  ��W�� (�
%  ��$ +���5�  ]
6 
�$���  

�!��� 9� 2000 �!���8��  

0-10  

10-20  

S���
�� �6  

a36/2 ± 22/24  
a37/6 ± 15/18  

A5/5 ± 19/21  

b01/2 ± 57/17  
a73/9 ± 02/16  
B12/7 ± 79/16  

c07/1 ± 16/9  
a89/0 ± 74/11  
B65/1 ± 45/10  

a02/4 ± 64/21  
a14/2 ± 6/19  
A17/3 ± 62/20  

2000-250 �!���8��  

0-10  

10-20  

S���
�� �6  

b39/4 ± 24/30  
a04/2 ± 97/34  

A05/4 ± 6/32  

a57/2 ± 55/38  
a59/3 ± 34/31  
A82/4 ± 94/34  

a21/3 ± 43/38  
a54/6 ± 85/28  

A7 ± 64/33  

a56/6 ± 91/32  
a89/0 ± 56/35  
A56/4 ± 23/34  

250-53 �!���8��  

0-10  

10-20  

S���
�� �6  

b96/1 ± 07/10  
b81/1 ± 84/11  
C98/1 ± 96/10  

a11/3 ± 65/18  
b19/2 ± 01/13  
B91/3 ± 83/15  

a01/1 ± 46/21  
a03/3 ± 65/20  
A13/2 ± 05/21  

b45/2 ± 19/11  
b31/1 ± 41/11  

C82/1 ± 3/11  

�!�6 9� 53 �!���8��  

0-10  

10-20  

S���
�� �6  

a96/4 ± 45/35  
a74/5 ± 02/23  
A29/8 ± 24/29  

b43/1 ± 22/25  
a24/5 ± 65/12  

B6/7 ± 93/18  

a13/2 ± 94/30  
a41/8 ± 26/20  

A05/8 ± 6/25  

a3/5 ± 25/34  
a71/1 ± 76/20  

A08/8 ± 5/27  

|�j5
� ��
.!� G\�6 �B����� ,# �� �W$ ���
�� |�!?� ��;�,�#  �Y�(j)95 ((�,#  �;	
W� #,�� 5
�,
��� S��,# >�(6�� 9� c��5
� V
? (�!B�/ �	
j,#�6 |�j5
� 

 ��
.!�U,H�/ |�!?� ��;�,�#  �Y�(j)95 ((�,# 
�,
��� 5��� S���
�� �# c�� V
? �, 
�� ���#�.(  
  

f�
!� ��H"� �̂
�,�� �J�=�# S% ���(6
?
� ,# ��<=5
� 
l�!I� 
�� #�# �6 ���R� ���� g�� ����5,
6 �� ,�(�� ��� 

��<=5
� S% ���(6
?
� ,# `W$ 
���=� 95 (�,# ��;�,�# 
#��(�. S��i��/  h�J,�(�� S% ���(6
?5
� 
� +9�(�� �!��� 9� 

2000 �!���8�� ��,�= ��;�5,�# S�� c��5
� l�!I� V
?/ 
��
.� (�!%�# )01/0p<(. ���R� ��
�!� �# ��
� ,�6O� H�� �� 
,�(�� ��� +9�(��5
� S% ��H� ��<= 53 
� 250 �!���8�� ,# 

`W$ 
���=� 99 (�,# ��;�,�# ��(�@ F$#.  
f�
!� ���# ��H"� �̂
�,�� 
�� #�# �6 ���R� ���� g�� 

����5,
6 � c�� V
? � H�� ���R� ��
�!� @
� �� 
S���
��5
� ��9� � �$(�� �WY ���(6
?
� � ,�(�� X�$�� 

S��6 V
? ,# `W$ 
���=� �Y�(j 95 (�,# ��;�,�# #��(�/ 

�� (;�  
!6��J ���(6
?
� h�J F�� ��Ro� c�� V
? #�� 
)01/0p<(  �(�) 5.(  
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-��� 5- ���A* B+����� C����D* 5�&+��2 �+�� �@L� 5�&+��2 � �'# �@L � ��� -�3	��M �+��	�4�# � N� �* 5��	 ;�4 �
 H�7*�� �� :�*��# 

%&'����	 � <�=��# ;�4  

��n!�  :<�� �����n�  ��,# 5#�9@  S���
�� �
;���  +,
�@ F 

S���
�� ��9� �WY ���(6
?
�  

g�� ����5,
6  

c�� V
?  

g�� ����5,
6 × c�� V
?  

3  

1  

3  

5/0  

17/0  

11/0  

** 69/13 

* 66/4  

* 17/3 

S���
�� �$(�� �WY ���(6
?
�  

g�� ����5,
6  

c�� V
?  

g�� ����5,
6 × c�� V
?  

3  

1  

3  

44/1  

0  

49/2 

** 47/18 

** 98/174  

* 18/3 

(;�  
!6��J ���(6
?  

g�� ����5,
6  

c�� V
?  

g�� ����5,
6 × c�� V
?  

3  

1  

3  

001/0  

06/0  

003/0 

ns 39/0 

** 23/17  

ns 87/0 

X�$�� S��6 V
?  

g�� ����5,
6  

c�� V
?  

g�� ����5,
6 × c�� V
?  

3  

1  

3  

05/43  

83/216  

94/38 

* 41/3 

** 19/17  

* 08/3 

** ��;�5,�# ,# `W$ 
���=� 99 �(�,# * ��;�5,�# ,# `W$ 
���=� 95 �(�,# ns ��;����,�#  

  

�B�
�� S���
�� w?
%5
� l�!I� V
? S�� 
5
�,
��� #,�� �;	
W� 
�� #�# �6 S��!��� ,�(�� 

S���
��5
� ��9� � �$(�� �WY ���(6
?
� � H�� ,�(�� 
X�$�� S��6 c�;!� �� V
? g�� >�#
� ���6 (�!B� 
 �(�) 6.(  

�� f�
!� e
$���F$# /V
? �	@ S��6 (�,# /+(�@

��;� F<t� ��!B<��S���
�� 
� 5,�# � ��9� 5
�
���(6
? �WY �$(�� X�$�� � 
�  �� c�� ,# V
? S��6

 �.�� ��!B<�� V
? �	@ S��6 (�,# S��i�� .#�# 
��
���(6
?  
!6��J (;� 
� c�� ,# .F%�#  �� c�� ,# 
�

 S��6 X�$�� � �	@ S��6 (�,# S�� ��!B<�� h�J >�#
��;� /V
?  �(�) #�� ,�#7.( 
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-��� 6- �J��E2 5�&+��2 ± ��738� ����2 ����  �@L � �'# 5�&+��2 ��@L �+�� 5�&+��2� ��� -�3	��M �+��	�4�# � N� �* 5��	 ;�4 �
 H�7*�� �� 

:�*��# %&'����	 � <�=��# ;�4  

��n!�  c�� V
? )cm(  >�#
� ���6  ��W�� (�
%  ��$ +���5�  ]
6 
�$���  

S���
�� ��9� �WY ���(6
?
� )mµ(  

0-10  

10-20 

S���
�� �6  

a05/0 ± 22/1  
a01/0 ± 8/0  
A22/0 ± 01/1  

b14/0 ± 94/0  
a49/0 ± 02/1  
A34/0 ± 98/0  

c06/0 ± 46/0  
a05/0 ± 49/0  
C05/0 ± 47/0  

b07/0 ± 87/0  
a09/0 ± 59/0  
B16/0 ± 73/0  

S���
�� �$(�� �WY ���(6
?
� )mµ(  

0-10  

10-20  

S���
�� �6  

a0 ± 986/0  
a0 ± 983/0  
A0 ± 985/0  

b0 ± 985/0  
bc0 ± 98/0  

B0 ± 983/0  

b0 ± 985/0  
ab0 ± 981/0  
B0 ± 983/0  

c0 ± 984/0  
c0 ± 979/0  
C0 ± 981/0  

(;�  
!6��J ���(6
?  

0-10  

10-20  

S���
�� �6  

b04/0 ± 61/2  
a07/0 ± 57/2  
A06/0 ± 59/2  

a03/0 ± 63/2  
a09/0 ± 55/2  
A08/0 ± 59/2  

a02/0 ± 64/2  
a05/0 ± 58/2  
A05/0 ± 61/2  

b42/0 ± 61/2  
a64/0 ± 58/2  
A54/0 ± 59/2  

X�$�� S��6 V
? )1-ha C Mg( 

  

0-10  

10-20  

S���
�� �6  

a46/4 ± 29/27  
a75/3 ± 66/15  
A29/7 ± 48/21  

a08/4 ± 38/19  
a91/0 ± 33/16  

AB18/3 ± 86/17  

a84/4 ± 38/18  
a85/2 ± 14  

B36/4 ± 19/16  

b39/2 ± 96/17  
a44/3 ± 19/16  

B9/2 ± 08/17 

|�j5
� ��
.!� G\�6 �B����� ,# �� �W$ ���
�� |�!?� ��;�,�#  �Y�(j)95  ((�,#c�� 9� >�(6�� ,# �;	
W� #,�� 5
�,
��� S��5
� V
? �	
j,# /(�!B�|�j �65
� 

/U,H� ��
.!� |�!?� ��;�,�#  �Y�(j)95  ((�,# 
�,
��� S���
�� 5��� �� 
�� �, V
? c�� �#.(��#  

  

-��� 7- N��Q��# �&3J7�#  R� ���5�� 5��	 �?S �� �/012��# ;�4 <�=��# -�� � >�
 :�*��# 
��2 ��?�@2 

n!��� c�� V
? )cm(   ����
�S �9�� �WY ���(6
?   ����
�S $(��� �WY ���(6
?  (;�  
!6��J  $���X S��6 V
?  

(�,# S��6 	@�  
0-10  * 69/0  * 56/0  * 5/0-  * 7/0  

10-20  ns28/0   ns33/0 -   ns37/0 -   * 62/0  
* �!B<��� ,# `W$ �=��
� 99 (�,#� ns �(� �!B<��� �;��,�#  

  

���  

Q���� Q���, �6 #�# 
�� S��!��� ,�(�� ���(6
?5
� 
U,H��� 9� 2000 �!���8�� ,# g��5
� >�#
� ���6 � ]
6 

�$��� � S��!�6 ,�(�� @ ,# V
? g�� ��$ +���5� 

+(�
�� (�(%. S��i��/ V
? S�� g�� 5�
j S��!��� 
���(6
? 
� +9�(�� 53 
� 250 �!���8�� .#�� �r�9� 
���(6
?5
� G\�6�� 9� 53 �!���8��/ V
? �$ g�� 
����5,
6+(% #,�� �;	
W� 
� ���(8� |�!?� ��;�5,�# 

/(�!%�(� 
�� ��,�= ��;�5,�# �!��� 9� V
? ��W�� (�
% 
(�#�� ) �(� 4.( F<B� #
�9 ���(6
?5
� U,H��� 9� 2000 

�!���8�� ,# g��5
� >�#
� ���6 � ]
6 
�$��� ��(���� 
��F�� S��6 �!��� +��?p+(% ,# V
? @
� (%
�  �(�) 
2.( S��6 	@� V
? 9� uT����S ����� �Rz� �� ���(6
?

59
$/ 9���: +9�(�� � 
��,�(5 ���(6
?
� _�B�� ��#�% 
)2007 al., et Green 2001; al., et Domı;nguez.( 

��,�=5�6 
� �HJ��Q S��6 	@� #�,�5 �� V
?/ ���(6
?
� 
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U,H��� � ��,�(�
� � I��
j�H5 V
?/ ���!� ��#�% 
)et 2013; Mao  et al.,; Liu 2001 al., et Domı;nguez

2014 al.,.( J�=9��/ ���(6
?
�5 U,H�/ J�y�F  5�!���
5��� ?p�+� S��6 F<B� �� ���(6
?
�5 ,���H /(�,�# 

	
j,#��6 S��6 	@� V
? ,# ���(6
?
�5 G\�6/ 
��,�(�� 
� (Y����� F$� ) al., et Onweremadu 1998; al., et Six

2010(/ ���
���S ����� S��\ v
<�!$� #�6 �6 V
? 
g��5
� >�#
� ���6 � ]
6 
�$��� ���W$�� ���(6
?5
� 

U,H��� F<B� �� V
? ��W�� (�
% � g�� ��$ +���5�/ 
��,�(�
� � ��H�I��
j (�!B� � ��
���� 5�!��� ,# X�$�� 

S��6 (�,�#. S�q �8�@ ,# �� �$ g�� ����5,
6 ��F�� 
,�J� ���(6
?5
� H�, )�!�6 9� 53 �!���8��(/ S��6 �	@ 
V
? F<B� �� ��W�� (�
%/ ��,�(�
� F$�.  

,�(�� S��6 �	@ #���� ,# V
?/ �"�!� 9��� S�� 
5#�,� S��6 ��
j 9� ��H"� NmU�� � ���, 
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Abstract 

     This study investigated the effects of reforestation by native broadleaf and exotic 
coniferous species on some soil properties at Rimaleh plantations, Khorramabad County, Iran. 
The experiment was performed by using a completely randomized design with Arizona cypress 
(Cupressus arizonica Greene), Turkish pine (Pinus brutia Ten.), wild almond (Amygdalus 

scoparia Spach) and control treatments in four replications. Each replication consisted of a 20	× 
20 m2 plot. Diameter at breast height, canopy cover, and tree height were measured at each plot. 
Two combined soil specimens were sampled at the two distinct 0-10, and 10-20 cm depths in 
each treatment replication. The two-way ANOVA was used to compare the ratio of aggregate 
size and sand proportion, fractal dimension, the mean weight diameter (MWD) of aggregates, 
geometric mean diameter (GMD) of aggregates, and carbon sequestration among tree species 
and sampling depths. Results showed that wild almond and Turkish pine plantations play a 
major role in the development and sustainability of both coarse (more than 2000 µm) and fine 
(less than 53 µm) aggregates. The Arizona cypress plantations only led to increase of fine 
aggregates (53-250 and less than 53 µm). A significant increase also was observed in the MWD 
and GMD of aggregates, and the carbon sequestration in the wild almond plantation soil. In a 
short time, the wild almond and Turkish pine plantations added more organic carbon to the soil 
and improved both the soil properties and the stability of aggregates in comparison to the 
Arizona cypress and control treatment. 
 
Keywords: Forest soil, fractal dimension, geometric mean diameter of aggregates, Lorestan 
Province, mean weight diameter of aggregates. 


