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�� ���M � ��N ��9�IB O�A� ;G���+  .;G��! D�1�� � �?��� @)�	+ O�P� �;GJ�9�IB ����! F'�+ D)� 1� Q;J�� (P)E 

�����) B�! �)��'� �� .��� O�R � ��� �� �;� S�T ���M � ��N �! ����J �)�5M �9�GU � 
!)D  ��;�+ ��VG�25 0!���� 

��  S<� �X����� �� �J/ ��N @I� O�R � 
'YG�); 
���� � �0!��� D)� /����! O�(�� ���� �� 
��J�� ���9 
! �J  � ��N /�J

 Z�� ��� ��� O�)�6 �+ �A��)��� 1� 
'YG� ���M1394  .�(�N ����� 
��J�� ���9 
! ;�R � �) L)���( ��+ F��G� ��Y� \�B 1�

 L)���(]^�+ �� ) O���J /�J20 �� (
Y'�
�� ����!/  ab� .;� �����pH� EC&c ���� ��� ��'� � \�B �(�!�)  \�B �)�5M �9�GU

S���: ��8 (  ��);� ����R6   �)PG� � � �X
���� ��  �J�1�;�� ���� N�/ �5M �9�GU O�P� D)�RA! .;GR(�N ���d�)  � ��N �! ����J

YG� SX �� ���M
' SX D0��� �!) � �X 
! e�!�� mg/kg 28/700(� �8 ( 
! e�!�� D)�R�X SX D0��� �!) mg/kg 76/33 ( .��!

 �)�5M �9�GU (�);� � �)PG� �� �X ����R6 ��8 () f���� D0��� D)�RA!)mg/kg 43/461 ( D)�R�X � ��)��� ���M � ��N ��

)mg/kg 78/353 ( .;� �;J�A� ����B ����� D! ��  O�P� D)�RA! 
�&�Y� ���� /�J�8 ( ��&c ���� ����R6 � G�P)�  � ��N ��

�� 1� �;� S�T ���M/  @+�+ 
!) S!�1 O�R����mg/kg 88/25 �mg/kg 75/45 �mg/kg 8/365  �mg/kg 32/667(�  D)�RA!

� �X ��;'�  ��� ��O���J )mg/kg 06/813( ;� �)� � ��� ��1��� )mg/kg 48/629�GM �� � D)�RA! .;� �;J�A� (  O;� ��

) �8 ( 
! e�!�� F��G� SX6/002� � D)�R�X � (� �GM ) �);� 
! e�!�� O;�707/0��! (�GM �� � 
X �  � ���R6 ��8 ( /��! O;�

���� O�A� (E) 1� �+^�! �)��'�) �&c �� ���M � ��N �� �IGU Oc O;� �GM �;GJ�  1� �� �IGU Oc �!�	R�� L)���( � �(� �;J � ;��!

\�B ���! S�� /�J�� O�A� (���M � ��N gAG�) ��  .;J��R�)h ]^�+ �R ! \�B 
X ��� O�A� �J/  O���J (
�&�Y� ���� F��G�) i��& 
!

���( ;U� � �(�!)L 9�IB � ;GR J�� ����) O�A� Oc �d � ��� �;GJ���) ! 1� � O;�D N L��6 DR(�J�� �� ;��! .

9�IB�� �� 1� �;� S�T ���M � ��N/ �J���/ � ���O�R  �P ��� �;GGX a<�G�)�  �����! gAG��)D ;���! ��!���  4�R N �

�� O�A� �� F��G� D)� �� �?��� @)�	+ .;J�  

 :/;�X O�Nj��O�(�� �5M �9�GU ��?��� @)�	+ ����M � ��N /�J�) ]^�+ �\�B �J/ .O���J  
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����� ���  	�
� � ���� ������ 
���� � ����� 	������ ���� ����� � ! 	 "# $%��!�&' �� �(�  )*% ��

	 +!	, ��- ���� .
% � /! 0	 1�2�3 �4� 	 1�2� 3��� �5 )*%�6 �� �-�� .��  $�8��� "# �# "9�:

��;�!� ��3 �� ���!�: �<: =����� ) �- �?;�:! 	 	�
� � �� @�#5	�A���� � ���52001 5! �� ��� E��%�� .(

"
�9 GH� ��� "���� �<2 ����� 	 �I!	! .��J:  K�;&� �<2�� ) �- @�!�L� � �L��M�#1991(@   �	�� "�

: $&: !	 ��� �I!	! $O�;� G<- �� ��O "#P) $%! /! 	!�( �2 ��  @	�����%!2000( "� 6��5�% .��J: .

������ 5! �
�#�: �� ���!�� � ! 	 6��5�% Q���� $����( E��# ����� ����  ��R� K� S%�: 1�2 ����<: E��%��

 � �	�- � ��<2 E�!3�! @1�2 �TU� !�� E��# @���
� ����� E-�M V��: � �!3�� E��# @�	!TL��%	 @�� ��

 1�2 ��- ����%) $%! @�8��	!1992.(  

�� 	�
� � �� �A�W% � �A;�5 S�&� +!� ! E��# �!��  �%	�� 	�� !	 �� ������- � ���3�� +��'�X2 $;���

�( @�!�L� � ��-!	) ! 	!2013 .(-�� +���%	� 1�2 5! �%�� ����E �"A�� ��  �2 /!��� �'��� � !�� 	!�Z� [�%!

:��?A� +!� !� &� ���S �%���@E �%�� 	!�� .��! 	 .��	! �	!TL��%	 � \�O�E  	 1�2 $�	 	�� �R� 5! �H�:

�%�� "Z*���E �@/� ��A�! 	�# 5! @�5�J� ��-�M� %�GA; �� �����	� "����� � 	��3 "� J�� +��!�(! 	�R����	!3 

� GH�� �-�� ) @�!�L� � 	��2010���!�� .( �� �5�� ��!T� �'��� $�		�� 	 !	 ��H� EZ� ��� ��� #��  .�%� �

� ��	 �H9�: \��(����� ��!5 ) ��	! �<2 "��� � �<2 ����� 	@��A]��# � ^��	�%2007@�!�L� � 6�#�! ` 

2004 @�!�L� � a�%�� `2012) a��8��%! � \���	�A%! .(1990 �%�����#	�� 	 !	 ��!T� �'��� "�b�% $�	 	�� (

 .�:�: "�10 @14  �2 �� a������ .���# 	���� �?;� � �d��A�� @G�%�AM �!�� 	�A�� �� e�� ���#6%  �!	���� �

)2015�� ��	 �� "# �Z�Z&: 	 ( � 	�<# 	 ��%�� ��� e�g�! ��  @G�;�# @�?;�) ��!T� �'��� ���Z� ��!

"��I! (G�3��� � G�%�AM �� ���� 5! 1�2 "� /�-  "� ����	�� ���� 5! "# �'��� 6�! 5! ����Z� �� !	 ��%�� ���

/�- "��I! 1�2  ";��Z� ��! "g�A� � ���#  G�;�# �!�� 	�
� � �� "��%�� �'��� �	� "# ��A���  � G�3��� @ G�%�AM

 ���Z�10  5! �A�# ��10 h�
��Z: �?;� �!�� � �'	 20  �:40 �- "
%�&� ����	�� "� $
;� �'	 . � a�b +��8�*�

) �!�L�2015A� "# ! ��<� (�"g !�������� ��� 5 	!�Z� i��2��� !T� �'��� 5!�� � 1�2 5!� �-�� A� ��h�Ag 

� �*2����� !5�� %�#! 	 !	�GA; ��� � � �<2�"� !3�! �<2�E �� ��. ) �!�L� � 5��H� /���2017 �� (

��� "�8�*� ���:�# "# ��A���	 ��A;�% "Z*�� 	�
� � �� �� /!��� j��&� ���  @G�;�# 5! +	�
� �� .8�� ���

����� � ���� e������ � G�3��� @G�%�AM @G��% �% � +!�A�� @$��A�� @����# 5! +	�
� �� .8�� ��� 6�! .���� +�?8

��� 6�! 	�4O "# ��A��� "g�A� 6�ZZ&� ��<� ��  �9� /�������� 	�- 	�
� � �� ���1  ����� k5� "g�A� 	

���# E�!3�! � ���� b�� .9�� ��A;��: e�� 	��;� ��� 	 	!�8 �� � /5�	 $;�� � �X�� "� e�%��  	 ���J
: ���

�� 	�
� � �� $-!�� ����� .�-  
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��	�*�� M "#�E�: �'! \��� �� �- /	�-!� �%�� 	�E ���  ����� @�!��! ��&� ����� 6�� 	 .$%!120  /5�	

�� $��#�O j�% 5! �:�� �!�� �!��! �(�- EJ� 	 "# ��	! l�2 �:�H- ��A;�% ) �����6�;O  @/!51376 6�! .(

�� �- $H9 �� /�� 	���H- �2!�! �: /�� !�2 \�!�! 5! ��: ���� j�� ��A%! 5! ���%� "Z*�� 	 �(�- j��-  ���

 @��A;n��� � ��A;�% �� ��I	 ��%!�2 � ����9 ��%!�2 ����� 5��� =��� � ��5� ��� �-�� ! 	 	�
� � ���6 

� ������ ���- ) @�%	��# � 	������1385.(  

��  "� "9�:2�8�;�<  � ����� E-�M 6A�	 6�� 5! @��2! ��� E��%�� $���!% "Z*�� 	 ������A;  �� �� � ! �

�	� �g��9�� !T� �'����� �J: ��. ! 	 @"���5 6�! 	 +��W�! �!�Z� � $-!�� ����� 	 1�2�6 Z&:��  kW:

$%! /�- 2��� '�X2�+� -������ 2�� �!3�� ��  ��!T� �'���/!���  ��� �	 5! /�- \�O 	�
�� ���H-� 

% $- 	 Q(!����A; �# p���� "#!�- /���S �J:�. I!	!� 	 Kb�:) P<�� ����� ���  	�
� � �� (�����

 @��A;�%	��� �-. 

  


�&�Y� ���� 
'YG�  

 1�A<� 5�� ���� K��9	 � ��A;�% ^	3� $- q�- j��- 	 � �!��! �(�- K��9 	 "�8�*� 	�� "Z*��

 \�-) 	! 	!�( ��A;��U�! � �!��!1 �����!�U9 $��(�� r�&8 5! � (6��°15 '61 �: °51 '61  � �(�- j��30' 48° 

�: °26 '31 s�� �8��- Q(!� /�- $%! )1��� @�!	���� � ��52018(.  

  
 S<�1: ��� ��d�� /�J 
�&�Y� ���� ]^�+ 1� /����! 
���� e�'� � O���J /�J  
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 S<�2: 
���� N�  ���8R�� �;�� ��)D '�+F  

�J ���� 

	 !�6 Z&:�� L��%	 5!�� G�� #�� \�-) \�-2 "# (�!�L� � �	���H- )2016% "Z*�� 	 (���A;  	�� "�

Z����$ ���3� 	!�( /�?A%! 	�� /�?A%! @��!  ! "� .�-�6  !��: 	�R��25 L��%	�� �	 ��� $<M e�� ���  j5���

�Z: V�Z:	! 	 � ��W���
� 4 ��A%�H- 	 6��5 )*% 5! ��A� ��� ) \�!57K�%	 ���5 @() ��4 K�%	 ���@(   ������

)5 K�%	 ���@(  ) 5�����4 K�%	 ���) ����� � (5 K�%	 ����� .X� (��"���� .  /	� �� "������ +	�' "� �	!��

�����  j�% $<H
�	! 5! "Z*�� 	�
� � �� ���1394  .�- e�g�! "����� +	�' "�"���� 6�!  � �� �!��� "� ���

R� 	 "Z*�� 5! �	�
� 	�
��� "A��� �  .���-Kb�: ���A� +��8�*� 	 "���! "� "9�: �� ���  "� ����� ����8! 6��

/�- "A2��- ��A;�% $- 	 	�
� � �� P<�� �!��� ) ��! @�!�L� � ��-!	2013 �� @(E����M  	 ��!�&' ���

 �A;�Kb�: �<2����� ���@ Z���� 5!� A� "#P � � �� �%�� ��A;��E ��� ) ����20  ��� 5! ("*Z�5 -0 

A��%��A�� "���� 1�2 	!���  ��O ����M Q(!�� 	 ����� Kb�: $�%� .�- e�g�!4800 ���#  /�- 	�� Q��� �A�

 )*% 5! "n��	 V�?:	! .$%!	 !5� ���480 �� �A�  "� q�- 5! @��A;��U�! 	�<# "� j��- 5! "n��	 6�! .�-��

������ ��A%�H- K��9 5! @ � "������ � 5����� ��A%�H-  "% � /�- ��&� "��- "��2�	 �!	��� $- "�

e�� "� ^	3� "uI�O �� $�;(  	 .�:�: "� "# /�� ���?: \��( ������ ����� � ����' @15�M ����� ���

j��- �� ��A;�% K�� � j��- @q�- ) �-��@��!�: v��I1371.( 

$��� M k�	 "� 1�2�$] )�5	! ��%��-	�# @1�2 ���2004/5!��! ( ����  "� � �-  \�8  	�
� � �� G# GgO

5�: �H� � $<H
�	!�Q  .�<� k	!3� /�� � 6�! 	 	�
� � �� +!	, /5!��!pH  �EC "���� ���  	 "�8�*� 	��

"� V�
-! /	�X� :�:�.  /�LA% ��# "�pH !�� � �A��$ w�% /5!��! ����  ) �- @�u%�8��2006(� 	!�Z� .�/ 8��  "�

 k�	:�%!�A��� ) @��� � ��8!�1934 (;8�! k�	 "� KT9 \��( �?;� �6 /5!��! �A��:���A�]%! /�LA% �� �  ����

�� /�LA% �� j��&� G��% � KT9 \��( G�%�AM $R�� .�-�G  k�	 "� G�3��� � G�;�# �X�� � $R�� � �A��A�

/5!��! ���%!�A�:  ���� ) �-.����	 	��<� 6�%��H� 1387.( 
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 "� "9�: ��@"Z*�� .8�� �� k5� $H9 � ��A%�H- +���%	 P<�� ����� Kb�: Gg�M �: j�! x�Z��@����  G<- x�Z�

��A%�H- +���%	 P<�� ����� Kb�: G��g� �: ���  P<�� ����� Kb�: G��g� �: G�5!� x�Z� @��5 � \�!5

� ��A%�H- +���%	�5��� � �: G�5!� x�Z� ��GA; ���� ��A%�H- +���%	 P<�� Kb�:� �- "A��� �R� 	  !T8

�- /�?A%! ��5 $
;� �
� ��A%�H- �� "� x���� x�Z� 5! ��A%�H- �� �!�� ��- ��� $
;� 6���: $H9  �%��)

 @��;�9 �1952 @�!�L� � p�8�M `1990(. 

	!�Z�  Kb�: 1�2 	 �X��mg/kg) (/  	�
� � �� 	 �X�� 	!�Z�mg/kg)( =��- ��� $
;� 

�� ��<� �-�� �� 5! �A<�� ��- ��� $
;� 	!�Z� ��!  1�2 "� $
;� "A��� E��%�� +���%	 	 �X�� �� ��

 � /�- �A<�� @$-!�� \&��� ��<� !	 P<�� 1�2 5! �X�� �� $�	 	�� �!3�� � �'��� ���JA�! E��%��  ��

 @��;�9 � �%��)1952 @�!�L� � p�8�M `1990.(  

%	��� � yWA2!�L���6  � ��!T� �'����6 �&: ���5� S%�: ���H-�\ 	!��p�� �� "�!	ANOVA) (  )*% 	

���� 	!� 95 	!3�! e�� 5! /�?A%! �� � �'	 SPSS �- e�g�!.  

  

�R�)h k�! � 

[W#  1�2 $��� j��9) ����� Kb�: x�Z�1� ��<� (� �� "� "# :�:�. ���A<�6 A��� [W#� ) �A��% e�8 x�Z�

 @GA?� @Gg�M�@G�5� � � G��?� @G�	�Hn�GA;(A��� [W# �� 5! pM @� ) �A��% e�8 @G�5!� @G<- x�Z�

%�G�3 A��� [W# @(G�3��M �) �A��% [	 �3��- � GA<� @j�! x�Z�G�([W# @ ��� A���� ) ���8 � e�% x�Z�

 @(G�5���%	 ) � (GH� � e� x�Z��A��% �%	 e�8 )� G� x�Z� �A�# �HA�! 	 � (G��g��6 A��� [W#�  �%	 e�8

) ��-� (e	�Hn "*Z�� ��-���	b .�  �) �!�L�1998( �: �� "# ���ZA����%�� e!�E ���  "Z*�� 1�2 $��� 	��� "�

$-	 $-!�� J�'�O � /�- �:�3� � E��# 1�2� ����Kb�: 	 "A
8! . ��� K�%	 e�!�: ����� 	!T��  5��� 5! Q���

!�6  " �O�� �- .) �!�L� � z�! +��8�*�2016&*% 1�2 +!	, /��� EJ� "# ! ��<� (� 	 �A;� 	�"n� 

% +!	, /5!��! 	 (	�
� � �� P<��) j!	��$� "�) 8�� +	�'. .���� [	 � (��� �'! \�!�� 5!� �{ +�- �� � 

�%���E ��� ��!��� �%�� +!	,�E TM�� % ��u��)�$�$%! (.  

%	��� '�X2�+� -����� � ���!3 2��� !T� �'����� "���� 	 ��� Kb�: ���  j��9) �����1  \�- �3 ��<� (

� "# !��A<�6 �A�# ��6 8� /�� �'	� "� :�:�.  G�5!� "*Z� 	25/2  G<- "*Z� 	 � �'	03/0  �'	

"� � .��� $%�L���6 !�� /��� $%��� 8� 6��# �'	� "���� x�Z� 	 	!��� /�-  ����� Kb�: 5!62/0  �'	

"�  ��� $%�� 	!�Z� 6�! "# 1�2 �8� /  �A;� ���Kb�: ���  �����1�2 	 	�A#�� 6�! 6�L���� "��<� h�
��Z:  ��

 5! �A�#) ��A;�% $-5/0 ����W�) $%! (�'	 @�!�L� � �L��� /!51393 @�!�L� � ��� `1394 5! ��<� "# (

 5! �8� !�� $�	 	���� "Z*��  �-�� �'	 @\# 	 �/�� 8�� /5!��!���� !�� /�-� ���:� "���� x�Z� 	!���  5!

Kb�: ;� 	!�Z� ����� ����	� n���3� �� .���$�� ) �!�L� �2008'�X2 "�8�*� �� (�+� #�2� Kb�: ���  �����

8� 6��# 	!�Z� "# ��A-! 	�H}! �<2� !�6 �21 �� ;��	� n���3  5! �A�# �5/0 � �'	� �-��.  "# �Z�Z&: 	
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����W� /!5  � �L����!�L� )1393 "� � �8� 6��# ���2, "# ����%	 "g�A� 6�! "� ��! e�g�! ��A;�% "Z*�� 	 (

1�2 	 �8� !�� �� Q
: �<2 ����� ��� (��A;�% $-)�� G# 	��;� �-�� )45/0 (�'	  G��(! \�8 "� 6�! �

�M @G#�O �<2E-  	�� "Z*�� 	 ��� E��%�� \��� l�XJ� �<��%�� \�!�� $�8��� +�- � ��Z� �����

�� "�8�*� �-��.  

Z�;> :19�IB�� ����)  � �<)P(
���� �J/  �R !]^�+ O���J /�J 


���� ����� \�B LGX�� 
pH  

 �)�;J�<)�R<&� EC  
(dS/m) 

 �&c ����OM (%)  �(�! mnX Texture class  

  
29/4 34/1  �A��% [	1 

  
53/5 0/94 �%	2 

3 8/69 8/45 0/5 ���83 

4 9/1 27/6 0/44 ��- �%	 e�84 

5 9/26 25/7 0/74 �%	 e�85 

6 9/05 20/04 0/03 �A��% e�86 

7 8/65 12/02 0/13 �%	 e�87 

8 8/96 18/08 0/10 �A��% [	 

9 9/08 19/69 1/21 �%	 

10 8/26 7/1 0/37 �A��% �%	 e�88 

11 9/03 19/58 0/20 �%	 e�8 

12 8/46 9/15 2/25 �A��% e�8 

13 8/83 15/27 0/57 �A��% e�8 

14 9/15 25/3 0/20 �%	 e�8 

15 9/27 30/2 0/27 �A��% e�8 

16 9/46 38/1 0/17 �A�% [	 

17 9/02 20/5 0/67 �%	 e�8 

18 8/16 2/88 0/81 �A��% �%	 e�8 

19 9/34 39/6 0/81 ���89 

20 8/61 9/83 0/54 �%	 e�8 

D0���  8/95 21/60 0/62 - 

  

                                                      
1- Silt Clay 
2- Clay 
3- Loam 
4- Sandy Clay Loam 
5- Clay Loam 
6- Silt Loam 
7- Clay Loam 
8- Silt Clay Loam 
9- Loam 
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�u���6 �42!� ) �!�L� �2015� � �<2 ����� 	 K� ��� [�A% 	 "# ��A-! 	�H}! (�"� �<2  =���

8����$ ��d�8��� ������ �� �- �A�H� �!	�� ��6 !�� 1�&�� 8����$ ��� ��d�8��� ! 	�6 $%! �����@ !�6 

ZZ&��6 8�;�<2 5��� "# ��A-! 	�H}!� �J: =��� 	�
� � �� Q
�� ����� 	�. � E-�M���� �<: ��� 

����� ��� � 	�
� � ��� �- .8�;�<2 "� "9�: ��� �-�� �<2 =��� "# "Z*�� 	 G#�O� Kb�: ���  /�- �����

 @�!�L� � ��-!	)2012 @�!�L� � ��-!	 `2013A� @(�h�Ag !�6 !�-�S �#E� �M� E-���� 8� /�� ��  /!��� !	

.	!  

  

  
S<� 3:  �)��'� �)�5M �9�GU
������ ]^�+ �R ! /�J �);� :o ��)PG� :� �� �X :p ����R6 :] ��8 ( :q&� rO���J /�J  

���A<�6 ���!3  /	��- "*Z� 	 �?;�9 )mg/kg47/14 (�A�# ��6  x�Z� 	 	!�Z�8  �10 )mg/kg73/0 ( /���<�

 � �-Kb�: 	 �?;� 6�L���� ����� ��� mg/kg 91/5 � .�- "
%�&���A<�6 %�AM 	!�Z�� "*Z� 	 G12 )mg/kg 

461 (�A�# ��6  "*Z� 	 	!�Z�3 )mg/kg 77/0(  "Z*�� G�%�AM 6�L���� � $-! �9�mg/kg77/208 ��  \�-)
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3(Z&: 	 .�Z� X� "#��!�� )1371�	 (� '�X2�+� ��3��� - ������� 1�2 ��� % "Z*�����A; �Z� ! e�g�!�� 

%�AM � KT9 \��( �?;��G :�: "� !	 KT9 \��(�. 1/65 mg/kg � mg/kg90 A� � �# k	!3��"g 1�2 $��� ��� 

hW��# KT9 \��( �?;� �R� 5! "Z*�� Z��� ��A;�) �!�L� � ��� "�8�*� .1394 ��A;�% $- 	 "# ! ��<� (

 �?;� 6�L����mg/kg 03/20 ��Kb�: E��%�� ��A;� ����� 	 �?;� 6�L���� "# �-��  5! �A�# 	��;� ����� ���

�� ��A;�% $- 	 �?;� 6�L����  .�-�����A<�6 ;�# 	!�Z��G  "*Z� 	15 )mg/kg1030 (�A�# ��6  �� 	!�Z�

 "*Z� 	2 )mg/kg 120( �/� G�;�# 6�L���� � /�- mg/kg 626 $%!  \�-)3(�u�� .�6 ���A<�6 � 	!�Z

���3�G  "*Z� 	20 )mg/kg 7992( �A�# ��6  "*Z� 	 	!�Z�14 )mg/kg 120(  �� 6�L���� �mg/kg 1122 

��� $%��  \�-)3(.  

I!	! 	�  � $;M$- ��� %��W� 3� "� "9�: ���� 5 K� �����5���� ��� +����# 5!  � Q�g: @1�2 )*% "� ��

��!��� 
� 1�2 	 ����� $%!  @��%	��! � j3Au%!)2005(  "#��� !	 5!�w �:�6 ;�# +����# ���G �� �-��  �

!3�! =����E ;�# $R���G ! 	�6 � ������ �-	 .��8�� ) �!�L� �2001 �� /�W� 	�
� � �� "# ��A-! 	�H}! (

!T� �'��� \�O�� �'!� � @�?;� �����)��d��A8� /�� � (� �u���6 � \�!��{��!�� �� � � !�6 !T� �'�����  !	

+����# �����) � (���3 ! .	! /!��� "��6 ZZ&��6 1�2 	 "# ���ZA�� ��� � �����������  �?;��� ���X !T��� 

� "# $%! /���# ��&�� ��!�: � �-	 j�A�# ������� 5 �� P:��� � ��u����d��A 8� /�� �� �u�� � 	!TL��6 

%�AM�G �� ��3�G  �'���!T��� �	 �� 	!T� �� P: "#� #�:�. ��9�A� ������ � � �<2 ����� 	�"� �<2 �A;�.�  

���A<�6 �% 	!�Z��G  "*Z� 	12 )mg/kg 760( �A�# ��6  "*Z� 	 �� 	!�Z�4 )mg/kg 5/226(  � �- /���<�

 G��% 6�L����mg/kg 78/493 ��  \�-)3 ���Z� 6�! "# ( G��%1�2  �A;� ���Kb�: ���  ����� 5! �A�# 	��;�

1�2 	 j��&� G��% 6�L����  ��A;�% $- ��)mg/kg 3/922(  @�!�L� � ��!	�%) $%!2016 .(���A<�6  �

�A�#�6  	!�Z�pH "� :�:�. ) G�3��- x�Z� 	46/9) G��g� � (16/8"� ( ��� $%  j��9)1(� .�L���6  	!�Z�pH 

��3 "���� x�Z� 	 	!��� Kb�: /�-  ����� ���95/8 "�   ��� $% j��9)1 ( 	!�Z� \# 	 �pH "�� 	 �  x�Z�

"���� 	!��� �( 5! ��<� � /�� b�� /�-����  $-!�� ����� �����  .	! 	�
� � $%�� ���Z� $%! �#, ����-

1�2 E�#!� 6�L���� "��<� 	��;� /��� �� ��A;�% $- ���  @�!�L� � �L��� /!5 ����W�) �-��1393��� `  �

 @�!�L�1394 @�!�L� � ��-�� `1395 @�!�L� � ��!	�% `2016(E��~M . ��� ��A�� ��<� � "# ��!�L���6 

pH "� 	�
� � �� (P<��) $-!�� x�Z� 	  �( $������ ! 1�2 ����6 � b�� ������ �-�� ) @�!�L� � 	�?' =�8

1394 @���2 � ���&� `1393 @�!�L� � 6%�� a������ `2015( �( 5! ��<� "#���� �J: � ��-�.  	 1�2

!�6 � ������ �-��	�- 	!�Z� .� "� 1�2 :�:�. ) e� "*Z� 	dS/m 5/53( ���A<�6  G��g� "*Z� 	 � 	!�Z�

)dS/m 2/88( �A�#�6 � � 	!�Z��L���6 	�- 	!�Z�� � 1�2�3 "���� x�Z� 	 	!��� Kb�: /�-  ����� ���)dS/m 

60/21( "�   $%���  j��9)1( . �!�� /��� $%�� ���Z�EC  6�L���� 5! �A<�� 	��;�EC 1�2  ��A;�% $- ���

��  @�!�L� � �L��� /!5 ����W�) �-��1393 @�!�L� � ��-�� `1395 @�!�L� � ��!	�% `2016 � ( 	�- 5! ��<�

2 ���1�  	�
� � �� +���%	 $-!�� ����� 	Kb�: 	  ����� ���.	!  
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-1�2 ��� 	� "� =��� $-!�� "Z*�� 	 �� 	 G��6AJ A� 	 � 1�2 ���A2�%�"g !�� 1�2 ��- ��A;�� 

�%�� S%�: \�O � $-!���E ��� �� �-8 .�=  � 	�?' j�% 	 �!�L�1394  j�% 	 K�gH� � E��!�� �

2013 ���� "���� "# ��A-! ��� � 	�- $-!�� ����� 1�2� ��-�� .�u���6 !3�! ���E ���!3 ��� ��� ���3�G  �

�%�G !�� 1�2 )*% 	��� �<: ��-	�-�� �� �-�% 	!�Z� 6A�	 b�� .�G [	 E�#!�M =��� �J: � ���. 

 /�- 1�2 ���A2�% @��%	��! � j3Au%!)2005( A� ��h�Ag ���!3 �%���E TM��� ��� !3�!�E �� ���� ) � ��9�:

 @�!�L�1381	�- .(�  1�2�� &� \4���S 5�A;� �9��� � "# $%!� ��!�: ��!�:�� � 	!�ZA%!�/�  �� P: $&: !	

� �-	 1�2 ��-	�- � �� 	!�(�����  � E��# !	�� � 5! .
%�6 �� 6A�	 � ��� �- �!�L� � �	32!) 2015�� .( 

!�� �b�� ���Z� "� "9�:�$ 8!��A����@ pH Kb�: ��AJ� x�Z� 	 G��% � � "� ����� ����� �R �%	 ���!��  

Kb�: �A;� 	 ���	���8�� Kb�: 	 �8� /�� � ��!T� �'��� 6���M ���Z� 3�� � $%! V�(� j�O 	 ��  ����� ���

� E-�M ���- .��J: /��� ��<����� 1�2 � Kb�: ���  ����� ���� .$%!��; ) 1�A%! �2007 "# ���ZA�� (

8�:�����#�� J�'�O ��3�  @+���%	 $;<���� ����� 	 � E��# (	�
� � �� P<��) $-!�� ����� 	 1�2

!3�!�E �� ����.  

Z�;> 2: 9�IB�� ����) � �O�P B�!� �5M �9�GU�) 
���� �� �J/ ���M � ��N  

 

�A��)��� ����B  �+  �����  ��)���  ���  SX D0���  

April-May  May-June  June-July  July-August  August-
September  

September-
Octobr  Total Average  

\�B LGX��  
pH  

8/8  a
 9/04 a 8/64 a 9/06 a 8/38 a 8/71 a 8/77 

�<)�RX� �)�;J 
EC (dS.m-1) 

42/76 a 40/60 a 36/88 a 40/13 a 41/77 a 36/25 a 39/73 

�8 ()mg/kg( 
P 

43/14 ac 27/49 ab 34/72 ab 26/43 b 52/74 c 18/03 b 33/76 

���R6)mg/kg( 
K 

289/94 ab 197/94 a 207/58 a 178/21 a 419/20 b 272/49 a 260/89 

�);�)mg/kg( 
Na 

370/46 a 340/28 a 326/30 a 346/84 a 704/67 b 227/23 a 385/96 

� �X)mg/kg( 
Ca 

653/77 a 706/60 ab 818/08 bd 753/64 ab 372/49 c 897/09 d 700/28 

�)PG�)mg/kg( 
Mg 

466/58 a 496/60 a 515/83 a 618/40 ab 758/04 b 597/384 ab 575/47 

�&c ���� 
OM (mg/kg) 

34/25  a 33/16  a 58/21  a 52/18  a 31/17  a 23 a 35/20  

�9�GU D0��� �)�5M 

)P,K,Na,Ca,Mg(  364/78 353/78 380/50 384/70 461/43 402/45 27/391  

*($�'�X2 �� 6�L����) ���*% 	 ��<� "��<� y��O *% 	) �	��� yWA2! e�� /��� )95 .$%! (�'	  
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[W# "�: 	 /�- Q�9 	�
� � �� +���%	 $��� ��� L��%	�� !�� @�:��8�*� /5�� 	� ��A%�H- ��� � @\�!5�@���� 

� � ������5��� �A��% e�8 �� �-����&� .�  ���2� )1393 � E��!�� � (K�g&� )1997 (����  "# ��A-!

 	�
� � �� +!	, .8�� $����A��% e�8 �� �-�� @8�� "�: 	 /�- Q�9 	�
� � �� +���%	 $��� [W# ��� L��%	�� 

 ��5 ��A%�H-��- e�8 "�  � ��!�b! .��� $%�
���<8! )2013� (  � 6�u�:��) �!�L�2015� (��� ��A-!  "#

"���� ��#! 	 1�2 $��� ���  "�8�*� 	���8��- e "� ��� $%. 

6��A<�� �!3�� 	 �%	�� 	�� �'���  j��9) "�8�*� 	�� /	�2 6�L���� ��) G�;�# "� x���� "Z*�� \# 	 � (

 \#28/700 ( 6��A�# �	!�Z� 8� /�� "� x����� \# 6�L���� ��) mg/kg 35/20(  ��� �<2 "� "9�: �� "# $%!

8� /�� �!�Z� � $-� � 	�RA�! 5! 	��;$  pM �5! ) �?;� ��mg/kg 76/33�A�# (�6 .$%! !	! !	 	!�Z� 

) 1�2 E�#!� 6�L���� 6��A<��06/9) $<H
�	! 	 �	�- 6��A<�� � !�� 	 	�
� � �� ( dS/m76/42 � (

) 	���H- 	 .�:�: "� ���Z� 6�! 6�L���� 6��A�#38/8) �H� � ( dS/m25/36yWA2! 6�! "# �- /���<� (  "� ��

���� �	��� r�&8  j��9) ���
� 	!2 �?;� 6�L���� 6��A<�� .()mg/kg 74/52( G�%�AM @)mg/kg 20/419( @

 G��%)mg/kg 67/704 ( G�3��� �)mg/kg 04/758 ( G�;�# � 	���H- 	)mg/kg 09/897 ( �8� /�� � �H� 	

)mg/kg 34/25 ( 	�
� � �� 	 j��9) �- /���<� $<H
�	!2 �?;� 6�L���� 6��A�# .()mg/kg 03/18(  G��% �

)mg/kg 23/227( @�H� 	�
� � �� 	  G�%�AM)mg/kg 21/178(  G�;�# @!�� 	)mg/kg 49/372 ( � 	���H- 	

 G�3���)mg/kg 58/466 ( �8� /�� � $<H
�	! 	)mg/kg 33/16 (- /���<� !�2 	�
� � �� 	 j��9) �2 (

���� �	��� r�&8 "� (�8� /�� 5! ��� "�) /�- /	�-! +��WA2! "#  ��!T� �'��� 6�L���� 6��A<�� .���� 	!)mg/kg 

43/461 ( 6��A�# � 	���H- 	�
� � �� 	)mg/kg 78/353 ( j��9) �- /���<� !�2 	2 V�I�� 6�! "# (

��<� (���JA�! E��%��) �'��� $�		�� +�- /��� .$%! "Z*�� 	 	���H- 	  
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S<� :4  
 )�'� D0��� � �)��� ��9�IB���M � ��N �! ����J �)�5M �9�GU :q&� r��� �J LGX�� :p �\�B /��� :] �\�B 

�8 (�&c ���� :s � �)PG� :t �� �X :u ��);� :o ����R6 :� �  
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 !	 "�8�*� 6�! w��A� ��H9 ��AJ� x�Z� 	 "��<� +��8�*���:�� �� ��# )@	�����%!2000` �����a� 6%��  @�!�L� �

2015EJ� �� .��! G�;�# .( LA;
�� 1�2 �:3�	 ���� ) ��A;� E��%�� ��A;� �A<�� !39! 6�! "#	! � ���

 @�!�L�2005 .( j�% 	 �!�L� � 5��H� /��� +��8�*�2017  � �� 	 !	 	!�Z� �A<�� G�;�# "# ! ��<� 3��

 .	! ��A;�% "Z*�� 	�
��u���6 Kb�: ��H#�2 ��� �����( "� "9�: ��  � G�;�# �X�� �b�� ���Z� � ����� ���

Kb�: 	 �?;� G# ���Z�  � �� ��'! Q
�� ����� 6�! 1�2 ��n � ��.$%! �Z*�� w��A� 6�! !T8 $%! "Z*�� 	�
�  

\�- 4 �Z�� ���!T� �'��� � ������- +��'�X2 ��A%�H- 	  6��A<�� .$%! /�- "�!	! ��A;�% "Z*�� ���

�8� /�� �!3��  \�-)4(� @ ) \�!5 ��A%�H- 	 /�- \�O 	�
� � �� 	mg/kg 88/25 ( 	 �!3�� 6��A�# �

��A%�H- ) 5�����mg/kg72/13( ! "# �- /���<��6 	��� r�&8 "� yWA2!� ���� 	!  .�� "# $%! �#, ����-

�� ���Z� 1�2 	 	�A#�� 6�! 6�L���� 5! �A<�� 	��;� 	�
� � �� �8� /  5! �A�#) ��A;�% $- ��mg/kg 5 $%! (

����W�) @�!�L� � �L��� /!51393 @�!�L� � ��� `1394 !�� $�	 	�� 5! ��<� "# (�� "Z*�� 5! �8�  .�-�� �
�

 3�8���pH  "Z*�� 	6�L���� 1�2 E�#!�  \�-)4(�8! @  	�
� � �� �b��8 ��� $%��  /��� $%�� ���Z� "#

1�2 E�#!� 6�L���� "��<� 	��;� �� ��A;�% $- ��� ����W�) �-�� @�!�L� � �L��� /!51393 @�!�L� � ��� `

1394 @�!�L� � ��-�� `1395% ` @�!�L� � ��!	�2016( 6��A<�� .pH  ��A%�H- "� x����5����� )26/9 � (

 6��A�#pH  ��A%�H- "� x������5 )45/73g: .�� (�" ��<� w��A� �	���  ���% �� ��5 ��A%�H- ���Z� !

��A%�H- ���� yWA2! �� @	! �	!  ��A%�H- ���% 6�� �  ���� yWA2!  6��A<�� .	!�� �9� �	! 	!�Z�EC 

 \�-)4(K @ ) 5����� ��A%�H- 	dS/m3/29 () ��5 ��A%�H- 	 �� 	!�Z� 6��A�# �dS/m66/55( /���<�  .�-

%	��� 	���� ��<�  ��A%�H- ���% �� 5����� ��A%�H- w��A� ! ���� yWA2! �� ��A%�H- @	! �	!  � \�!5 ���

���� yWA2! G� �� ������ �	! ��A%�H- ���% �� �8� ��	!�� ���� yWA2! �� ��A%�H- @��	! �	!  � ��5 ���

���� yW2! G� �� 3�� ����� ���� yWA2! �� ��A%�H- ���% �� �8� ��	!�� �	!  .��	! �	! ���Z� $%! �#, ����-

 �!�� /��� $%��EC  6�L���� 5! �A<�� 	��;�EC 1�2 �� ��A;�% $- ��� �W�) �-����� @�!�L� � �L��� /!5

1393 @�!�L� � ��-�� `1395 @�!�L� � ��!	�% `2016(.  �b�� ���Z�pH  �EC  \�8 "� "Z*�� 	�
� � �� 	

 �b�� ���Z�pH  �EC Kb�: 5! $-!�� x�Z� 	 ���  j��9 	 "u���n $%! �����)1( 5 .�- "ROW���  ���

���!3 !���$ 8 ����A�8!���  $%!! ���6 "Z*�� 5! 	�
� � �� +!	, "# .�*� 1�2 �� �! � P<�� 	�- ���� ����� 

) @���2 � ���&�1393�	�� `  @�!�L� � /!51395 .( ���Z� "# $%! $���! 3��O "��;� 6�!pH @EC  G��% �

��<� "Z*�� 	�
� � �� ����� /��� .$%! 	�- 	�
� � �� ��� !�6 ����� ��� ��� - �����������  P<�� "# ��A;�

	 �<2 �A;� �H���"n�Kb�:) �� (��  �<2 ����� 	 ����� E-�M 5! �	�� �H9�: \��( 	!�Z� � /��� 	 !���3 

�( � 	�-�� �% +�?8�% ������G ��# ��� �%�G  � ��	! /!��� "��� �H:�� ;��	� !�� GH�� ��!�$ d�8�#!���  	

� K�;&� �<2 ������ ���- )8!���
�� �!�L� � @2010() �!�L� � 5��H� /��� "�8�*� .2017 	�4O 3�� (

����� �� ����: ��A;�% "Z*�� 	 !	 	�- 	�
� � �� ��� ���# 	�4O !��� \�8 � ��#  h�Ag�A� � ���J
: ���

��� �� (���! �� k5� � ��) ����(! S�!�- � �8�;�<2 � ! 	 "Z*�� 	�
� � �� 	 "����� ��� !.���  
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6��A<�� ���!3 �?;� )mg/kg77/44(  \�-)4(z @ G�%�AM � )mg/kg8/365 \�-) (4(+ @  \�O 	�
� � �� 	

�	 5! /�-� ) �?;� 	!�Z� 6��A�# 6��u�� � \�!5 ��A%�H-mg/kg27/25( ) G�%�AM �mg/kg27/173(  	

%	�� "9�: �� .�- /���<� ��5 ��A%�H-� 	���� ���� yWA2! \�!5 ��A%�H- 	 �?;� �!3��%�H- �� �	!��A 

��A%�H- ���% �� � 	! ��5 ���� yWA2! \�!5 	 G�%�AM 	!�Z� 6��u�� � 	! ��# yWA2! ��  �� 	!�Z� �� �	!

��A%�H- 	 ��A%�H- ���% �� � 	! ������ � ��5 ��� � �!�� /��� \�b 5! ��� .	! ��# yWA2! �� ���Z

��5 ���Z� \�!5 ��A%�H- 	 G�%�AM � �?;� �b��  � ��� "u���n .$%! ��A%�H- 6�! 	�
� � �� 	 �8� /��

�!�L� )1394/�# /	�-! �?;� 	!�Z� � 1�2 �8� /�� 6�� $
�� �LA;
�� "� (  G�%�AM � �?;� G# 	!�Z� 3�� � `��!

�
% $��� \�8 "� ��5 ��A%�H- 	A%�H- 6�! �:.$%! x�Z� ���% "� $
;� ��  6�L���� "# $-! "9�: ���� "A
8!

) 	�
� � �� �?;�mg/kg 76/33) �?;� 6�L���� 5! �A<�� 	��;� (mg/kg 03/201�2 (  � ���) ��A;�% $- ���

 @�!�L�1394�� ( �� ��!T� GH� �X�� 6�! ���- $�	 	�� � ��- ��� 5! ��<� "# �-�� .�-��  

6��A<�� �# 	!�Z� G�; \�-)4(i @  ��A%�H- 	����� )mg/kg 06/813 (�� ��3�G  \�-)4(� @  ��A%�H- 	

\�!5 )mg/kg32/667 (;�# 	!�Z� 6��A�# ��G  ��A%�H- 	5����� )mg/kg87/579( �u�� ��6 �A�#�6  	!�Z�

���3�G ) ��5 ��A%�H- 	mg/kg6/509(  G��% 	!�Z� 6��A<�� .�- /���<� \�-)4(� @ A%�H- 	 5����� ��

)mg/kg48/629 (H- 	 �� 	!�Z� 6��A�# ���A%�  ��5)mg/kg 13/222(  .�- /���<� 6�! "# $%! �#, ����-

 ���Z� G��%	�
� � �� 1�2 	 G��% 6�L���� 5! �A�# 	��;�  ��A;�% $- ��)mg/kg 3/922(  � ��!	�%) $%!

 @�!�L�2016 .(3g: "� "9�: ���" 	���� ��A%�H- ���% �� 5����� ��A%�H- w��A�  yWA2! �� 	!�Z� l�X2 	

 G��%���� �� "ROW� "u���n .	! �	!  $�!�� � 1�2 E�#!� 	 !	 	!�Z� 6��A<�� 5����� ��A%�H- �-

�% 5! � 	! !	 ����A�8!� ��L  �� �� /!��� �8� /�� 6��A�#� �� 1�2 ��- 	�- .	! "Z*�� 	 !	 	�
� "Z*

� 5! =��� $-!���6 � E-�M 6A�	���� �� �- )��42! �!�L� � 2015.5 � (�/�A  E��#�"A�� A� 	 ��"g  	!�Z�

8� /��� M 	 � /�� �A�# $-!�� "Z*��� ! 	!�Z� ���6 � 	�
� � �� /!��� �A�!	�M�3  ��5 ��A%�H- .$%! G#

@1�2 E�#!� 	!�Z� 6��A�#  !��$� 	 G��% � ����A�8! +!	, /5!��! �- /	�-! �A<�M "u���n 	! !� 	�
� � �

 ��5 ��A%�H- ��- [	 ���! $%!)CEC  "� $
;� �A�#���8 �� (�A��% e�8 ��A%�H- �L� +!	, /5!��! �� �  ��

!T� �'��� �� x�
:	! 	 � ��	!�� 	�� "# 6- +!	, !T8 $%! +��?A��� ����A; 6�!5!�Z� �	�k�  5! �A�#��L �Z� x

E�! .�� #�H-�  �!�L� �)1395� (�3  P<�� ����� Kb�: �� /�W� ��5 	�
� � �� "# $-! 	�H}!���L ��3 

'�X2 !T8 	!�E:� �#� ! .$%! �: +��?A��6 "]: EZ� "� �ZA�� �Z&� ��� �-�  $- 1�2 � ��5 y!��!

%���A; ��� P<�� �!��� "�� ! 	 	�
� � ���6 # $%! �H-" �:	��6 Kb�: 5! �H- ��� % $- 	 ��������A; 

�� �-��.  

6��A<�� ��� $
;� j��9) �5�%3) �?;� "� x���� ����� \# 	 (6/002��� $
;� 6��A<�� �� 5! pM � ( �5�%

) �8� !�� !	3/232��� .;� 6��A�# .$-! () G��% "� x���� �5�%707/0) G�3��� � (734/0.$%! (  ���Z�

��� $
;��5�% ��<� �� 5! �:b�� ��- �� 	�
� � �� 	 �X�� �� ��- ��� /���  E��%�� � $�	 	�� � �-��
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1�2 5! !	 �X�� �� ���JA�! �� ��<� (	�
� � �� P<��) $-!�� \&� ���  �!�� �I�O "�8�*� 	 	�� 6�! "# ��

 "��J: h���;� .$%! /! 0	 G�%�AM � �?;� ��'! ��!T� �'��� � �8� /�� "� 1�2 �8� !�� � ��'! ��!T� �'���

Kb�: �A;� 	 "�8�*� 	�� �����) $-!�� "Z*�� 1�2 .��J: .�- ��!�2 wA�� (����� ���  

  

Z�;> 3: �0��D � 
'YG� �� ���M � ��N ����J �)�5M �9�GU O;� �GM �� �O�R  

��� �8 (  ���R6  �);�  � �X  �)PG�  �&c ����  

City   P  K   Na   Ca   Mg   OM  

S!�1  
7/518 1/653 0/673 0/800 0/794 4/813 

Zabol 

EJ1  
4/245 0/814 0/418 0/794 0/547 3/729 

Zahak 

;G��J  
6/235 1/094 0/660 0/761 0/786 2/560 

Hirmand 

1����  
6/013 1/268 1/153 1/087 0/899 1/944 

Nimrouz 

O���J  
5/996 1/077 0/633 0/665 0/646 3/116 

Hamoun 

D0���  
6/002 1/181 0/707 0/821 0/734 3/232 

Average 

���� Q�����  
1/166 0/310 0/270 0/158 0/138 1/103 

Standard deviation 

  

8� ) �!�L� �2007�� $
;� �2 "�8�*� 	 (� !�� ��-� 8� 6��#� � !	�6 2/3  �:6 ���# 	���� .�u���6 

) �!	���� � /!5 �	��1395	 (���A�� 8� /�� 	!�Z� "#�  	�
� � �� 	3 :��8�*� "Z*�� 1�2 ��!��� ��-  � $%!

	 +!	, "# $%! \�8 6�! "� E�!3�! 6�!���3 
;�$ 	 1�2 "���:3 	 +!	, � ��A;��3 ��:�\ ��E  KT9 "� ��:

8� !��� /�W� .��	! !���6 <J�� /���b� 5! �!�: ����� #�: @��H-�+�
 8�� � �?;�:! 	!� "# $%!�  +!	, � ���-

	���3 ! � /�# \�� �3#�� "A;� �!��� "��6 � \ZA�� �2 /!��� @$;<���� Q(�� !	 !��� ���#.  

!�� � ���5���� )19862�� "�8�*� 	 (� !T� �'����� �%)�@G %�AM�@G ;�#�@G ���3�G 8� /�� ���� $
;� (� 

� !	 ��-�6 1  �:3 ���# �!��� .�u���6 	��8�� ) �!�L� �2001! (�6 !�� !	 $
;�� ) �?;�3%�AM @(�G )2/1 @(

���3�G )4/4�% @(�G )8/3;�# � (�G )5/10 	���� (���#.  

�� �� $
;� 	 +��WA2! "� "9�:� � �R� "� ��AJ� +��8�*� 	 ��-� �%	 ! "#�6 !	�M �A���  l�2 \���

"Z*�� !� &*% 1�2 ��� @�� +�- "� $%! 6��� "# /��� � "A-!�� P<�� "���� �!��� "� "#� �-  /5!��! �

��?:	! 	 +!	,� "���� "# ��� 	�� Q�9 	�
� � ��� �� @���- LA;�� ) �-�� "A-!@�!�L� � �8 2007.(  
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���� ��!�� "# �<2 ����� 	 "# $-! "9�:� !T� �'����� � ��&�� @�-�� 	�� �� $�	 � ��� ��!�:  �� P:

d�8�#!�� �-���  .	!TL�	!�Z� 1�2 .��J: /��� ��<� ��A;�% $- 	 �'��� �b��  ��� ����� $%b��

1�2) 1�2 5! �<J� � 	�<# ���5�� 5! i	�2 ���  (��A;�% $- ���Kb�: � 8 .$%! ����� ����  �!�L� �

)2007ZA�� (� "# �����!3 !T� �'��� $�		���� �%�� � ! 	 1�2 5!�E ��� � 5!��!3 �H�: "� 1�2 $�		���� 

GH� $%! �:. 
� � �� 	 "# ��b�� G��% ���Z� !T8	� 	�- �� /!���� /�- /���<� b��  �u�� ��6  	��;� 	!�Z�

 [�A% 5! 	�
� � �� ����� /	� �� �� "# 1�2 ��?� �'��� 5! ���5�� i	�2 ��<� @���-  �I!	! .��J: /���

�%�� "��%�� ��A;�% $-�E ��� .$%!  

8!���
�� ) �!�L� �2010!�- ���ZA�� (�S J
:��� "� b�� 8�\ �- E��:�� -	�2�� 5 )*% ���  G# ��� � K�

	 	 ���"n� ��� � �<2 ����� �% 5!� ��L V!3� "� "9�: �� ��� ���A9!� "Z*�� � !� !�� �<2 ����� 	 "#� 

 @	! �9� �H�� "�%�: � k�A;�"n��	 "��L��! "� ����9 ��	� E�!3�! �!�� K� $}�?O �� j�ZA�!  E��# $H9 ��

E��~M ���ZA�� 6�ZZ&� 6�! .$%! �	!���M�� ��!�(! �I!	! .��J: � ��� E��%��  +��'�X2 �
H� ��	 �� ���� ��

�� $;�5 �!�� .%��� S�!�- @1�2"n��	 GA;�% ���
� ���O! � ���� ����  E��# �!�� ����� 6�! 	 ��

����� .��-�� "A-! 3#��: @E��%�� � 	�
� � �� ��� 

  


�R�/�N 

�A��w Kb�: �A;� 1�2 "# ! ��<� +��8�*� ��� �%�� ���;� $��� r�&8 "� ������E '�X2 � ��A;��+� 

-������ ��<� �� �( � 	�- /������� ��- � 5! ��6 � E-�M 6A�	���� �� �-��'�X2 .�+�  \�O 	�
� � ��

�	 5! /�-� ���H-� % $-���A; :��8�*� /	� 	� ��3 ! "# ! ��<��6 2'�X�+� !�- /���# p�����S  P<��

! $-!���6 Kb�: �A;�) +���%	 ��� ����� 1�2 � �� $%b�� ����� ���� (� �-���% 5! .� ��L  � �� ��n

h�:��� 	�
� ��O� 	 +!	,�3 �Z� !T8 @��A;� 1�2�� !T� �'����� ;� �H�� �� /!����	� $
;� "# $%b�� ��� b��� 

��� ��- !�6 � ��<� !	 "��;�� ���. ���� Kb�: 	 "# $-! "9�: ���  ����� $-!�� ����� ���% � $�� "�

��!��� 	!TL��%	� ��� "��2�	) �	 /!�� ��� @������ ���	 "�<2 ���% ��'! \4�� (� �J:�. I!	!�  � ! 	

8�;�<2�@ �% � 	�-��� 1�2 ��-@ �%���E ��� !T� �'��� $�		�� ��� A� 	 ��"g J�'�O E��# ���3�  �

� E-�M���� ��  �*2 ���5 $-T� �� "# �-��d�8�#!��  ��A;�% "Z*�� $;�5 S�&� � ���#�% �!�� V�I�� 6�!

 5��� ������� ��� "� 	�- 	�
� � �� !3�! $��%�E  ��!�2�$��.  

 

/��P0��b�  

 6�!"�8�*�  :"����~M /	��-) �8�� $���O ��UOZ-GR-9618-80e�g�! \�!5 /�L<�! (  @"��%� 6��� .$%! /�-

W�! /�- e�g�! �8�� $���O �!�� \�!5 /�L<�! �	���� � E��~M $����� 5! !	 �2 [�]% .:!�� �����;��� e

�� ��	!.  
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v!�G�  

��!��X� ) �!�X�1371.( �%	�� +��'�X2 ���3�� � ������- 1�2 � V��9 @��A;�% $- ��� +b�Z� 	����% �%	�� \��;� ����� 

������� � ����# �!��!. 

) G��!��! !��TM `6;O ���O	 `!�� ��9�:1381 �� G��% KT9 $
;� � ����A�8! $�!�� @1�2 �8� !�� � ! .( �<<# $���Z�

"�!�#�2 "�g� @��  @���
� Q���� � �5	��<# ���� � e��� �3@ �' 1-15.  

6�;O �I	 ��% /!5 )1376.( ����� 120 /5�	 @��A;�% "����X� +�Z�Z&: @�����!�U9 46�' @ 103-128.  

) \4?8!��! ����� `�
Ag� ���g�� `��� �	���H- `��H� �#�H- E�!1395��� � ��X� +!���U: .( 5! /�- \�O 	�
� � �� 0�� ��

�H- ��	 E��~M "��<� @����(! ����A�!	�M �2�� �� �� x�
:	! � ��A;�% $- ���  @1�2 � K� $}�?O ���6 )23 �' :(199  �:

215. 

��&� ��!�:v��I ) 6;O1371 @�%��-�A�� @�g�� "��� 6<9 @��A;�% "8�n ���
� S�&� ��H��~�� .(185 �' @217  �:213.  

�W���� /!5 ) v��%! @���
�- `��;� ��-�� `������ ��!	�% `��O! �L���1393k�	 ";��Z� .(  � �	��� 6��5 @�*2 ���%��	 ���

j�� 	 ����X� �
X� "�
-  @1�2 � K� "��<� @��A;�% $- �<2 �I!	! 	 �8� 6��# �5�%6)28 �' @(1250-1260.  

 @�%	��# `���! 	������ ) k�����1385���5	! .(q�� �d��! ����8! 6�� p�!�?�# @�!��! 	�<# 	 �� \�;��AM �d��! �@  @���� /�L<��~M

 @�!�H:21 �' @2094 -2084.  

) ���! �?:�� `��O! ���8W9 `p��� 	�?' =�81394�%	�� .( ��	�# $���A�� 	 ������9 5! ����3�	 � k�A;� ������ ��!5 	 1�2 

���� �� ���8 $���  6�8�! @��- �' @�!��n ��H- /�L<�! @5!��! @	�
� � �� ����8! 6�� p�!�?�#484  �:490.  
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Abstract  
Land degradation is one of the major threats to ecosystems, especially in arid areas due to drought and wind 
erosion. Dust characteristics can indicate the extent of land degradation. The aim of this study is an assessment 
of some chemical characteristics and amounts of some nutrient elements of dust in the Sistan Plain. Twenty-five 
half-spindle shaped dust samplers were installed in the cities of the Sistan region. The dust samples were 
collected monthly from early April until late September in 2015. Topsoil samples from erodible or susceptible 
areas to erosion were taken (20 samples) from different parts of Hamoun wetlands (as the main origin of dust). 
After that pH, EC, organic matter, soil texture, and amount of soil nutrient elements including P, K, Na, Ca, and 
Mg were analyzed in samples. The Ca was the maximum nutrient elements associated with dust (average 700.28 
mg/kg), and the minimum was P (average 33.76 mg/kg). The highest amount of Total (P, K, Ca, Mg and Na) 
nutrient elements were observed in August+September (461.43 mg/kg) and the minimum amount in May+June 
(353.78 mg/kg). The highest amount of OM, P, K, and Mg have observed in dust loaded over Zabol city (25.88 
mg/kg, 45.75 mg/kg, 365.8 mg/kg and 667.32 mg/kg respectively), and the maximum amount of Ca was 
observed in Hamoun city (813.06 mg/kg) and the maximum amount of Ca was observed in Nimruz city (629.48 
mg/kg). The highest amount of enrichment ratio belonged to P (6.002) and the lowest enrichment ratio belonged 
to Na (0.707). The results showed soil textures of Hamoun wetland beds are susceptible to erosion and its 
chemical properties showed salinization and alkalization and loss of vegetation cover. Characteristics of the dust 
carried over the cities of Sistan plain reflected the conditions of dust origin and indicated the expansion of land 
degradation in these areas. 
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