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Abstract Article Info 

Background: Biological control of erosion in sloping lands and recognizing the 
effects of plant species, which are used for rangeland improvement, is the most 
effective and sustainable method for stabilizing and controlling soil fertility in 
rangeland.Variations of plants composition cause extensive changes in the soil so 
that in the short term return to the original state is limited   . The interactions of plant 
species on soil have been studied in various  research.Tree species with creating 
litter, have positive effects on physical and chemical properties of soil, and their 
loss due to various factors leads to a decrease in soil quality characteristics.  The aim 
of this study is investigation the effects of plant species planted to improve and 
rehabilitation slope lands on recovering of soil characteristics of Kakhk watershed. 
Methodology: Kakhk watershed with 37.2 Km2 area in northeastern of Iran is 
located between 58° 31ʹ 12ʺ to 58° 37ʹ 08ʺ E longitude and 34° 02ʹ 13ʺ to 34° 05ʹ 
04ʺ N latitude.  The average annual rainfall of the basin is 243 mm.  The project of 
improving and rehabilitating the destroyed lands and pastures in this watershed 
including sub-projects of planting fruit tree and non-fruit trees, shrub planting, 
range seeding, seeding, and mount culture Which started in 1993 and has continued 
until 2006. Slope, direction of slope, altitude, and geology maps of the basin was 
prepared with GIS software and by overlying them homogeneous work unit maps 
was obtained. Sampling sites were selected under similar condition of geology and 
topography. Soil sampling was done randomly and systematically from 0-30 and 
30-60 cm depth of understory soil of Prunus amygdalus, Pinus eldarica, Rhus 
Coriaria and bare area (control treatment). soil texture by hydrometric method, 
amount of organic matter by Valky block method, pH of saturated soil extract with 
pH meter, electrical conductivity of saturated soil extract with EC meter, total 
nitrogen by Kjeldahl method, absorbable phosphorus by Olsen method, lime, 
potassium, and Bicarbonate of soil samples was measured in soil science laboratory. 
One-way analysis of variance was used to compare between several independent 
groups. Also, the comparison of means and differences between groups was 
investigated using LSD and Dunnett t3 test.  
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Results: The highest percentage of Nitrogen (0.054), Potassium (270 mg/kg), 
Phosphorus (6.6 mg/kg), and the percentage of organic matter  (0.96) were observed 
in understory soil of R. coriaria and the highest percentage of lime (7.91) was 
observed in P. eldarica understory soil. Their lowest values were 0.017, 96.33, 1.92, 
0.3, and 2.87, respectively, in the soil of control area.  The analysis of variance 
results showed that there was no significant difference at the level of 5% between 
the amount of acidity, salinity in all soil depth, and bicarbonate in depth of 30-60 
and 0-60 centimeters of soil in different treatments.  The percent of sand, silt, and 
clay also have a significant difference at the level of 5% between treatments in total 
soil depth (0-60 cm). The average amount of Nitrogen  and organic matter of control 
area in depth of 0-30 cm have a significant difference at a 5% level with P. 
Amygdalus, P. Eldarica, R. Coriaria treatments. There is a significant difference at 
a 5% level between the average of potassium (137.67 mg/kg), organic matter (0.55 
%), and lime (8.04 %) in understory soil (0-30cm) of P. Eldarica treatment with R. 

coriaria region (278.67 mg/kg, 1.07 % and 4.38% respectively) and only in term of 
lime have a significant difference with P. Amygdalus treatment. The mean of 
phosphorus (6.26 mg/kg) and organic matter (0.84%) in P. amygdalus treatment are 
significantly different from the control area (1.82 mg/kg and 0.32% respectively) 
but not significantly different with P. eldarica and R. Coriaria. The soil of 0 to 30 
cm depth in the R. coriaria cultivation area was the most different from the control 
area in terms of studied chemical parameters. The average amount of Nitrogen, 
potassium, phosphorus, organic matter and silt of control area in depthes of 30 to 
60 cm showed a significant difference at 5% level with P. Amygdalus, R. Coriaria 
treatments. Soil pH and EC in none of the treatments and studied depths did not 
show a significant difference with the soil in the control area at the level of 5% . 
Conclusion: The results of this research showed the planting of different trees 
species in Kakhk watershed has been causes changes in some physical and chemical 
properties of soil. The R. coriaria and P. Amyigdalus species more than P. Eldarica 
provide soil fertility by increasing the minerals  Such potassium, nitrogen, 
phosphorus and organic matter in their understory soil without significant 
increasing unhelpful indicators such as salinity. Since R. coriaria has better ability 
for establish and growth in the slopping lands, so it can be used as a suitable species 
to repairing and rehabilitation of destroyed mountain pastures in Gonabad County. 
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!D�-  ������� *  ��  D�-  ��$  �&��+

�!
+ ���R���% #�,&
'+ ���,&�� ��:.� ������ ��$  ��	�

)2( � ����.�+ �
�%    

 Q�#��  	
�#� 	��  

  c�R�  ��XLSTAT    #.� *   �Box-Cox 

transformation   0��
�  ��
	����  � �&  �  �+  ���J,&�  �$

����0��
�  �  p= �$i
� ���� � �&  ��(E�.22VerSPSS    .���+

  p������ (�:��*  � 9;,2� ��
% ��q N�	 2��;� �.x�� 	

  ��  #�.	  N�S$  �&�
	  ��
	  .�&�  ��+  ���J,&�  E
U"�

p������  #�.�� N��rS$  .�+  ���J,&�  #.:  #.� *   �  �$

N������  2��;���
%  N�	  H�EL,-�  �  �$  �  ���J,&�  �	  �$

  #.� *LSD  ��  ����  #.� *  �3    )test 3Dunnett t  (  ��)

p������ �
	�
	�� c��
+  .�&� ��+ �&�
	 (�$  

  

 K���� 

  0��Q ��)2(   ��J�! ��$
,����= p������ (�:��* t��,�

 Q.� �	 .�&� ��+ ���� #��� �:�U� ��.� u�;� �� D�-

  �������� vU& 	5  ��
% N�	 ������� \L,-� �C��  �� �$

�	  �  ^�S[�  S$  ��  ��.+  �  ,���&�  
,����=  ��  H��	
"

7S[  ��$30 -60  �0-60    ���;�  .�����  �.Q�  
,�  �,��&

  N�	 D�- 6$* � �:* ���� �j�&�,= �
J2E �H � ��$
,����=

���� H��J� ZT,)� ��$��S��  vU& �� ����5    .����� �C��

  (��  D�- w� �  �T�& �&��  �C��  p������  (�:��*  t��,�

����  \L,-�  !  ���  #���  vU&  ��  ���5   N�	  �C��

) D�- 9! 7S[ �� �$��S��0 ��60 �,��&
,�  .���� �.Q� (  
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 X�(82: ��:�U# $
�# [�;� 
$ %�� B6��� B\  	����#"
�H ]���
"� �:��� K����  

 
�P,�   D�- 7S[  ���� ���� vU&   
�P,�   D�- 7S[  ���� ���� vU&  

  30-0  **    30-0  **  

H �  60-30  **   �:* ����  60-30  **  

  60-0  **    60-0  **  

  30-0  ns   30-0  **  

 ,���&�  60-30  ns   6$*  60-30  **  

  0-60  ns    60-0  **  

  30-0  *    30-0  ns 

 H��	
"�	  60-30  ns  w�  60-30  ns 

  60-0  ns    60-0  **  

  30-0  *    30-0  ns 

 j�&�,=  60-30  **   &��  60-30  ns 

  60-0  **    60-0  *  

  30-0  *   30-0  ns  

 
J2E  60-30  * �T�&  60-30  *  

  60-0  **    60-0  **  

  30-0  ns       

��.+  60-30  ns       

  60-0  ns       

 vU& �� ���� ���� :*5% ���� ** �   vU& �� ����1%  �ns  �2�� ��� ����  

  

  N������ 2��;�  D�- �"�(�E � ����S�+ ��$
,����=

  ^�S[�  ��30-0  �,��&
,�  �60-30  �,��&
,�    �60-0  

�,��&
,� ���� #.� * c&.� �$�+ ;U�� � �$��S�� N�	 �

��3  #.� � �LSD  0��Q �� t��,� ! ��+ i�X��)3 (  ~���

 .�&� ��+  

  0��Q  	  Q.�  �	)3(  7S[  ��  �0-30  �,��&
,�  �

  ���;� N������ D�-  �$�+ ;U�� �� �:* ���� � 
J2E � H �

���� H��J�  vU& �� ����5  �C��  i���	 ��$��S�� �	  ����!

5�! ̂ �S& � ���!5�! ;U�� .���� ���!  H��J� ��+ ���!

����  � �:* ���� �j�&�,= �H � �xTe N������ 
x�  � ����

 ̂ �S& ;U�� �	 6$* ��S�� �	 6$* 
x�  � c;E � ���� ���!

i���	����  H��J�  ���!  vU&  ��  ����5    �C��  .����

i���	 ��S�� �:* ���� � 
J2E N���������� H��J� ���!  ����

5�! ;U�� �	 ��� ,+�� �$�+ ;U�� �	^�S& � ���!  ���!

���� H��J�  7S[ �� .����� ����0    ��30  �,��&
,�  D�- �

 ̂ �S&  ;U��  
x�   �  ��  H��J�  N�
,��	  ���!�%<��  ��$

 .�&� ���� #��� �$�+ ;U�� �	 D�- ����S�+  

  �T�& � �:* ���� �
J2E �j�&�,= �H � ���;� c&.,�

  7S[ ��30    ��60  �,��&
,����� H��J� D�- �  N�	 ����

i���	 ;U�� ̂ �S& � ���!  .��� #��� �$�+ 	 ��2� ���!

5�! ;U���%<�� �� c;E ���!  H��J� �T�& � 6$* ��$

����� vU& �� �$�+ ;U�� �	 ���5   .���� �C��  

  7S[  ��0-60  �,��&
,�  ��.�  ��$��S��  D�-  �

  H��J�  �:*  ����  �  
J2E  �H �  ��$
�P,�  
x�   �  �&�
	

����  vU& �� ����5    N�� �� .����� �$�+ ;U�� �	 �C��

i���	  ��S��  7S[ ̂ �S& �  ���! ���� H��J�  ���!  �� ����

�S�+  ��$
�P,�   �  6�  y�$  
���"�  	  ��2�  D�-  ���

  .������ #���  

  7S[ �� w� � �T�& �&�� ���;�0-30  �,��&
,�  �

 ���� H��J� �&�
	 ��.� ��$��S�� �� D�-  
���"� �	 ����

  7S[ �� D�- �T�& ���;� .������30-60  �,��&
,�    
$ ��

���� H��J� �$�+ D�- �	 ��S�� &  vU&�� ���5   �C��

 .�+��  

  ���;�pH    �EC    ^�S[� � �$��S��  � 6� y�$ �� D�-

���� H��J�  � �:�U� ��.�  vU& �� ����5    �C�� #���

  y�$ �� H��	
"�	 ���;� c&.,� (�� �;S[ D�- �� .������

 ���� H��J� �$��S��  � i��!  .���� #��� �$��S�� 
��& �	 ����  
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 X�(83:  ^3��# 	��
�R� 
$ %�� B\  	����#"
�H 
"(;# �_��# 	
�#� ����;# K����  

 
�P,�   ��S��   D�- 7S[(cm)     
�P,�   ��S��   D�- 7S[(cm)  

    0-30  30-60  0-60        0-30  30-60  0-60  

(%) H �  

 5�!  b032/0  b025/0  b028/0    

 (%)�:* ����  

 5�!  b55/0  c43/0  b49/0  

 i���	  ab048/0  a045/0  a046/0     i���	  ab84/0  ab76/0  a8/0  

 ̂ �S&  a061/0  a047/0  a054/0     ̂ �S&  a07/1  a86/0  a96/0  

 �$�+  c018/0  b016/0  c017/0     �$�+  c32/0  c28/0  c3/0  

 ,���&�  

 5�!  ns72/7  ns81/7  ns76/7    

 (%) 6$*  

 5�!  a04/8  a79/7  a91/7  

 i���	  ns68/7  ns8/7  ns74/7     i���	  b12/4  b92/3  b02/4  

 ̂ �S&  ns68/7  ns79/7  ns73/7     ̂ �S&  bc38/4  bc54/3  bc95/3  

 �$�+  ns8/7  ns82/7  ns74/7     �$�+  bc58/2  bc17/3  bc87/2  

  H��	
"�	

(mg/kg)  

 5�!  a21/5  ns88/3  ns54/4    

(%) w�  

 5�!  ns77/19  ns94/22  c45/21  

 i���	  bc21/4  ns13/4  ns17/4     i���	  ns37/22  ns13/21  a75/21  

 ̂ �S& ab98/4  ns67/3  ns32/4     ̂ �S&  ns8/20  ns4/22  ab50/21  

 �$�+  c92/2  ns25/3  ns08/3     �$�+  ns60/17  ns07/20  c86/18  

 j�&�,=  

(mg/kg)  

 5�!  bc67/137  bc122  bc83/129    

(%) �T�&  

 5�!  ns26/34  a8/31  ab4/32  

 i���	  ab67/205  ab17/197  ab5/198     i���	  ns27/29  ab13/30  ab7/29  

 ̂ �S&  a67/278  a33/266  a270     ̂ �S&  ns8/36  ab07/29  a9/32  

 �$�+  bc106  c67/86  c33/96     �$�+  ns4/16  c2/18  c74/16  

 
J2E  

(mg/kg)  

 5�!  ab22/5  ab 68/3  b45/4    

 (%) &��  

 5�!  ns97/45  ns26/45  bc65/45  

 i���	  ab 26/6  ab 9/4  ab 57/5     i���	  ns36/48  ns74/48  b55/48  

 ̂ �S&  a 73/7  a48/5  a 6/6     ̂ �S&  ns40/42  ns53/48  bc10/46  

 �$�+  c82/1  c02/2  c92/1     �$�+  ns 66  ns 73/61  a40/64  

 ��.+  

(ds/m)  

 5�!  ns 88/0  ns 76/0  ns819/0              

 i���	  ns 75/0  ns 73/0  ns741/0              

 ̂ �S& ns 93/0  ns 7/0  ns 815/0              

 �$�+  ns 7/0  ns 73/0  ns 716/0              

N������ #.,& 
$ ���� D
,�� \
� 6� ����� 9b��� ! ���$ vU& �� ��+�	5 ���� \L,-� �C��  ������� j$�	 ����ns  ���� H��J� �b�E��.	 ��� ���  

  

`W�   �L�� �	��   

  d����  H��TS[  ��
Q� ���
�  vU&  ��  6�F.:.�	

S��  �  6�-  7����  ���,2$.!  ���(E�  
	  ��L[  6�-

�� �D�- � k* ���J� ��
	 �S,2�&.!� H���-  �� ���.�

  \�$ �	 �$�<= N�� .�+�	 A&��� k."+� 
�  �+.= �.�'	

 �%<�� 
	 ���J,&� ��.� �$��% �.% h.� �;� �&�
	  ��$

��% 6-�! �Q�  (�)	* � .� �� ���
� �!�-  .�+ i�X�� ��	

 #�(�� N�
,S! ! ��� #��� ����* 2��;�  � 9C�� t��,�

�.%  ��!  N��
	��	  ����  �.Q�  �$�+  ��S��  ��  H �  ��$

 �  ���  jX�  ���(E�  �V
�+W  #�(��  ���(E�  �	  �$��%

  D�-  H �  #�(��  ���(E�  z[�	  D�-  ��  5
E  9T-  ��X��

��  6�F.:.�	 H��TS[ �� ,E�� N�� '	��� .��
%  KLC� �

)  #�'�'	  N�
�+  ��q  ��
�7  #���&  ��  i���	  ��!  �  (

) �
!
'+32 ����� ��$��S�� N�	 �� .�&� ��+ M��(% (


�  ��  D�-  H �  ���;�  N�
,��	  (��  6�F.:.�	  k."+�

^�S&  7����)  ��+  ���!054/0    9�E�
=  9!  ��  �C��

���� \L,-� ! �+ ��$��� (D�-  �$�+ 7���� �	 ����

)017/0  C��5�! �  (�)  ���!028/0   .�&�  ,+��  (�C��

  ! ��� #��� #�
�� k
e �� ^�S& �-�� 6�F.:.!� �&�
	

���� ���(E� D�- H � #�(��  �$�+ ;U�� 	 ��2� ����

) �&� ,+��27  5�! �-�� k."+�  
�  �� H �  #�(�� .(

 �� x�L� 9	�b ���;� 	 ^�S& � i���	 �-�� 	 ��2�

  c&.,� �.� 	)40%! (�� N��
	��	 .�.	 
,S  u���,&� #�.�

 �.% c&.� H � ���B� ! �+��  ��2� V
	 �� .& ��$

�.%  	  
,S!  V
	  N'=  ��$�&�    
���  ��  ,E��  N��  �

�$�<=  ����� #�,&
'+ �T��Q D��= �� ��+ i�X�� ��$

)19��
,��� 7���� � () ��3  .�&�  ,E
% ��
b ���+� ��.� (

  N������pH    �$�+ ;U�� � �:�U� ��.� ��S�� & �� �D�-

)74/7   � ��	 �+f% �	 � �.	 
	�
	 _���
;� (25    ��!  � 0�&

�.%���� \L,-� �;U�� �� �$  #* �T[ .��� ���� ����

��  ���� ��2� ;U�� D��� �%����	 � 6$* �.Q� 	 ���.�

�
E .�.+  �E�! �[
& � �C
E i�[ � .2"�  �  6$* ����
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  �:* ��$��&� ��:.� i�[ ���'� �� � �'%
�+W �(X� ��
	

  � #* �.�,2+ � 6$* #�+ 9� z[�	 �.- ! ����� �

  .��"�  
��P�  D�-  ,���&�  ���;�  ��+  z[�	  ��&�  D�-

�.%  ��!   �  �'	���  t��,�  )  #�
��  k
e  ��  ^�S&27 �(

 W ����E �� 5�! �.%) #�X�$4�.% � (  �� �
& � 5�! ��$

) 5���& ��	* N2�11  .�&� ��+ M��(% (  

���;�   EC0�'�  7����  ��  D�-  H��J�  ��+  ���!

����)  �$�+  ;U��  �	  ����716/0  �&�  (
,�  
	  p�S� 

  .�+ ���� �$�+ ;U�� 	 ��2� �(�q�� ���(E� � ,+���

  #�(�� N������ "��.U	Ec   ̂ �S& ;U�� �����!  )93/0 

�&�  
��& ��2� 	 (D�- �RU& 7E� �� 
,� 
	 p�S� 

 ̂ �S& �� �'	��� t��,�  �.	  
,��	  7�������!  k
e  ��$

  #�
�� 	�&�  )  �&�  ���*27  ��  c;E  H��	
"�	  #�(��  .(

���� \L,-� �RU& D�-) �$�+ ;U�� N�	 ����mg/kg  

92/2 5�!  7����  �	  ()���!mg/kg  31/5 ̂ �S&  �  (���!  

)mg/kg  98/4��  ��  #*  �T[  !  �&�  ����  #���  (  #�.�

  #��	  ^�S& � 5�! #�,-�� �+.= 5��  ��  �  ��	 j!�
�

  ��+ H��	
"�	  �  (��  H��|  N,-����  i��  	  z[�	  !  �
!

) ���	��	 7���� �� W.2:�& ���% ��! .�&�13  ��! � (

)  ��.),+�  ���
�  ��  ���24 #�(��   ���(E�  z[�	  (��  (

  �� H��	
"�	�W  #��	 ;U�� 	 ��2� D�- �RU& ��$

��+ �+.=  .���  

 ̂ �S&  ;U��i���	  �  ���!���! #�(��  N�
,��	  ��+

	  ��  j�&�,=  N������A��
�  )mg/kg  270)  �  (mg/kg 

5/198  7����  �	  �  ����.	  ����  D�-  9�E�
=  9!  ��  (

)�$�+mg/kg  33/965�!  �  ()  ��+  ���!mg/kg 

83/129��  \L,-�  �����(��  vU&  ��  ����5    �C��

��,2$ ��& 
�  �� �:*��.� �SX� j�&�,= ���(E� 9�W�  � .

�.	 N��  ���� X�,� �� � ����S�+.�	 ��:��E ���(E� � �$

���! �� j�&�,= #�+ �� *j�&�,= ��$  �� * �� � ;U�� ���

V
�+W �(X�  � #�+  �$�&�  �� j�&�,= 
Y�[ ! �X�*  � .

� ��.�	* 
	�
	 ��+ ,2+ �,��� 	 � ���� �
,S! ����;

�� 5��- D�-  � �  	 �$�+ ;U�� �� T12� N�� �f: �.+

�� ��  
,��	  �$��% �+.=  i�[ �T[ ���!  ^�S& .�$�

  ��+ #�
��  �	
e  ��'T��Q �� D�- j�&�,=  ���(E�  z[�	

) �&�27  z[�	 i���	 H�e�	 	 j�� �[��  �
	��! 9���� .(

���� H��J��(�� ���7S[ �� j�&�,= #  ��$0-30    �30 -60  

�,��&
,�    vU& �� D�-5     �$�+ ;U�� 	 ��2� �C��

) �&� ��+29  .(  

���� #�(�� N������7S[ �� �:*  �� D�- H��J,� ��$

0�'�  7��������  ���(E�  ��+  ���! .�&�  ,+��  ����

  7E�  ��  H�
��P�  N�
,��	0-30  �,��&
,�  ^�J��  D�-  �

 ̂ �S& ;U�� �� "��.U	 ��&� ���,E�  �	 ���!234    �C��

i���	  �  ��+  ���!162   ;U��  	  ��2�  ���(E�  �C��

5�! ;U��  �  
,��	  ��$�+) ���!71    ��.	  (���(E��C��

�� #* �T[ .�&� = V
�+W #�(�� ���(E� ���.�V
	 N'  �$

V
	  �� .& 	  ��2�����  #�(��  ���(E�  �  �$  
�  ��  �:*

N'=  #�$��%  k."+�  
	  ����  
�I}�  !  �+�	  V
	

��:��E) ���� D�- ����S�+.�	 ��$27 9! 
J2E #�(�� .(

 ̂ �S& ;U�� �� A��
� 	 D�- 9�E�
=) ���!mg/kg6/6  (

i���	  ����!  )mg/kg  57/55�!  ;U��   �  
,��	  (���! 
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