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- )����� �'� 8���B� +����"�' ��� D�N�3 $��&#' �� ��a� b��� L(/� ���)�" � K

N�A?� O�,(# @�>�? ���� ���B�  $�
�� R��"��2-� +�I� 

- )�c/ ������# @��' Z?�%�B� D��
 M��/�B� 
�B�' �(/ �� `:��# � T���,F�GE 2'  �"

8���B� #��K��#)� ��� �"�P�"�' �2-� 

- N�A? �����
���_# ��) >�? @��� ��  ���a# [ ��#�(/�T
�%  ��#���2
�%�"�P (� 2

"��,�� ��"� �"�)L(/ � ��� K�" �� 8�� ���a���� D�N�3 $��&# � b�' ������ 

- N�A? ��������� >�? @�� ���# ��,?�-' �-��#'  [ ��# ��2F�GE
�%  ��(/�T
�% 

��,IB� 

  

8�� � ���#8�� � ���#8�� � ���#8�� � ���#�B�B�B�B        

 DUS�# DUS�# DUS�# DUS�#���#���#���#���# D&h�S#D&h�S#D&h�S#D&h�S#        

�� �� D&h�S# K�("'  �������B�  R��"� +�,-�Q%���  3��c� e��  �" ���'� ".7 '�5 °0�  " ��/05 

'�� °0� P�%' 3��c� ��� ���'� "W0 '0� ..°  " ��/�. '0� °..  h�L�%'   2�3�
 @���N   ���%)� .(

,LIP'  �� DUS�#D&h�S#���# �  !"��# �� 
���� @�#��P� D" D��/ �"�&' �,-�� ���    @��#���" 2�F�GE

")� (DB� �� �� =2F�GE
�% ,LIP �' �(/ 2�� D"�T�B� ��I��' c/ ����#���"��� ��   ������� D�"� �

���#��� B 2%���" ���(/ �*� T��P� .2-� D,3��  D�US�# C D�&h�S#���# �� D�L    q�-�,# ����- � X��?

�k� '@�# 
����"' h�-�) D���555n�W�; (�/�;� #� ��' # � ��,# ������ ��#� K�  h��-� D����   D����

,��-'# ���
') �%�"Fathizadeh et al., 2014 DUS�# .(��_h�� 
 =%�:�B�' ���� ��/�L�' �   D���


� R��" +) Th�g����' )��� D?�% � D��� ��,?�- �"2-� ( D��
 D� ��B� �� ����  D��L���    � D��" �X�h�*h��

 D�3��D"@��N � +) 
��LB D" 
�����:�# 
�'.��%  
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 ��% ��% ��% ��%���� n n n n    &P�#&P�#&P�#&P�#���� DUS�# 2 DUS�# 2 DUS�# 2 DUS�# 2D&h�S#���#D&h�S#���#D&h�S#���#D&h�S#���#    � +�,-� ��� +�,-� ��� +�,-� ��� +�,-� ��������������    ���� ����� ����� ����� �        

  

D��L�D��L�D��L�D��L�����"����"����"����"����    
����� �
����� �
����� �
����� �



������������    ��������
o
o
o
o''''�B�B�B�B����    >�?>�?>�?>�? : : : : ����K h�S# D&D"@��N 3��A/' -�/�L,I� ��&"� �" X

 D��%�WW×�WW &"�#�,#'  ���&/�WW D&SPD��L� ;W  
���_# �� *��#2F�GE
�%  �;W  �� *��#

.�% 2%���" 2F�GE +��" 
���_#  �B *��# }�� � ��D&SPD��L�  �SP D" �
�� D,# �� 
��G,-� �"7 

,��-' [L� �/ �,#�W ,��-'��" >�? D��L� D- �,# � �% 2%����/ D��L� X��' D"�L� +����� 
��

 +) >�?D&SPD��L� Q/�) �% DMaranon et al., 1999.( D��L��B� �#�) D" e�U,�� �� �&" >�?� 
���

��
 X�? ��B ��&# �� ��,"��� +��� ��� �� �&" � 
��D��- � b�- ��B�Ah�?�� �' �SP �" Xh� �� �B

� #��'23�" .���% 
��� ���� �,# B 8�� D" >�?��,#���� )Bouyoucos, 1962 i�A(# +�� �(

�B�F� - 8�� D"�) ����Blake and Hartage, 1986��� 8�� D" >�? 2"� � �(' )Famiglietti 

et al., 1998-� �(�����% � D,� /�/ D" >�?� TD"-��D�  
��,-�pH ��B 
��,-� � �,#� 2

�,�h���') f�-Kalra and Maynard, 1991# �(�h) K"�� +�*'  8�� D"��h��' X�" � )Allison, 

1965(� ��) e���a� 8�� D" �� +p��,Bremmer and Mulvaney, 1982-�,: �(��# � C�*� C


��A� 8�� �� 
��G,-� �" e��_#
��� ��#) @�,-� �"� ���-� �" �k�# X��� D,�  8�� D" XB) �

/�-��,�
����� +�
��� .���% � CsB 8�� D" �� �GI3-� ��) �Sommersc and Nelson, 1997( � 

-�,:��,#�,3 C�3 8�� D" �� C� )Bastida et al., 2007
����� (
��� .���% D��L�����"� ��? ���' 
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< 2-� 8�� D"� �B *��# }�� � �� KD&SPD��L� �" .�% ��a��� �� ��x�# K� ��&"� �" D��L� X;W 

×;W ,��-'&"�#�,#'  [L� ���; ,��-'�,#� D��L� .�% 
��G,-��#� �� +�) �� `d- � 8��L% �B� 

�W ,��- D���'��" ���
�  @�#�0  2��-������PD��L� .�% 
�B� ��/ X�?�" � K� D" X�? `#�

) �#) 2-�Heydari et al., 2014.(  �B ��D&SPD��L� �N�' ��Q< D&SPD��L� �X &"�#�,#' ��"� 


 =%�: 2%���"�B�' 3 .�% D,3�
 �x� ���� 2-�Q�D��
 D�B� 
�B�' # 
��LB D"� ��3� +�*� �N�� �

 =%�: r�/+)�B ��
 2�t�� )Braun-Blanquet, 1932D��L� .(����"� 
 =%�: ���B�'  q-��� ��

/ q-��� �/ ����?� 
�#�#���B'D� # ��x,��'D��
 ���� ����B� 
�B�'  DUS�# �S- ��D,%����sE  D" �

-� �#�� �%��
� �����a�� �%.  

   �YLB�-��" 2Q� K' 
 M��/�B�' Z?�% ��� !"��/ � �B���" �� -��"' .�% 
��G,-� M��/  

  � ��� q"��� KSD��
 ���&/ = ��BPiD��
 =%�: r�/ �N�� 2�I� =i  ) ��in �N�� M�La# D" (

D��
 =%�: r�/) �BN( .2-�  

        

*a/*a/*a/*a/����DDDD    ����    �_/�_/�_/�_/��������    ��#)��#)��#)��#)����        

� ���-��" D" ��,"� D&h�S# K' �������# ��,?�- � ���
�' D��L� .�% D,?���: �B����KR��/��  ��

e�# 8���"�B� G�,(#' S? ����#'��� �� � -�
'  
��G,-��% )Vannini et al., 2010.( ���� ���
�

����� �N� DA(�# D-' ) D��,-) �#�% D� 2-�C+C0tu/ D�#�� �(�) �RD&SP �t� � (�� )C0 .2-� (

tu/ D�#���D�N�3 �����E ���  D� 2-�`:+)�� �����# ��,?�- ��' �������� �.  �� 
�% 8���" e�#

�����" ���
�� ��_# �GN DSU� �� �y ��% �� �#� J��9�"��  q�&' L� ���� �GN DSU� �� �k�L&#' .���

P�/ �_#' %���" e�#'  ��_# �"y  +�LBD&SP �t��� ,P� .2-�' ���� ��? 2"�t ���U# D" ���
�

#'��� M�G/�� ��-���" D� 2-� D��,-) �E �"��" ���
���� M�La# �"��3��A/ `��' ) 2-�Cocco et al., 

2012�N� DA(�# D- �" 
��� .(' ����# ���
�'D&SP �t� 2�I� D�-�_# �" +��/��  ��,?�- D��,-) D"

���#' 
������ ���# �,Q" �� �B�"�' ������P� DY���< .� �� �,L� 2�I� K�;/W ���# ��,?�- �%�"' �P� �

"� K�;/W  ��;/W # ��,?�- � q-�,�
� "� �� �,��;/W ���# ��,?�- �%�"' &H�) 2-� OShi et al., 

2007.( �� 8�� �" 
����a���/ D�U� �b�����# !' c,#��B�� D&h�S#���#  $��&# 8�� �� 
��G,-� �"

���' ) D�N�3IDW� (�Q/ *�� �� .�% D���" 8�� K� �����B 
����� R�U� ��
���  D�N�3 $�-� �" �
�%

"�U� +) K&P�# �/ DS�# D,3�
 �x� �� Z(�# +�� e�Qa# DSU� 2'� `d- .��%� +��/ q-�/ +���� K

N/√ s=  MnD    DS"���n ��g Z?�%� D��
�� �Q�#�X    

         /Nin=  iP )       ipln ( ip iƩ -=  Hʹ     DS"���n +���% M��/ Z?�%n ���� 

         /Nin=  iP s        )] / ln ipln ( ip iƩ -j ʹ = [    DS"��.n  Z?�%�,?����' :��� 
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B� +��' # e�,��' .��%D"�� �D� +��/�B� j�*" =B�� �� ���)�" ���# DSU� �� �/��� R�U� �t� ��/

+��/ � 
����B� X<��+�� �/D" �� �B �� �2?�����/� "�CB R�U� K��/ �����# !'����.  

D" �&" D�E�# �� ����"�' 8�� 2_N�B�  ��� D"D,3�

�% ��" .�% D,?���:� ����x�# K  8�� ��

a�-���,��' ) �"�U,#Cross Validation�% 
��G,-� (  �" �&# �� 
��G,-���B��'� �H ����LB��/ T�� K

)2R� �N�� �(�# D������) �S? !"�# KRMSE# �N�� � (�����) �S? KME� (�G����)�" 2 

8���B� �U# ���# O�,(#� ���P DI) 23�
Machiwal and Jha, 2015 � (�Q����2  D" R�"�# D�U�

N�A?�@�  O�,(#-��"���#' _# ������ q��*3� +GS Q/�% D��.�  

�� ���YLB D&h�S# K�)�3 �� K���� ���U# D" ������# ��,?�- DI' c,#��B�� " �� O�,(#� �� K

�) �� 
��G,-� �" ���9# DUS�#/ +�#' �� �U,I# �S- �&#'���� )p<0.05( D" .�% D,?���: ��x�#

�U#�# DI������,� K���U# ���)�" �� �N�E f��B�,#���: �� 
�%��� " �� T-��# 8�� D"� DUS�# �� K

2F�GE
�% g �� �2F�GE
�% / +�#�) �' �� �U,I# [��  �����*3� SPSS 16 �� �S- �&#'���� 

)p<0.05 (
��G,-����# ���P 23�
. ��"� ����U# ��,"� �� ��x�# K�D�U� ��B� �,-�� �B�,#���:� 

���)�"� _# ��� qGIS ��U# `d- � ���% r��(,-��_# D" ����� q��*3� SPSS  e�U,��
���
�%  �

�U# ���#�.��,3�
 ���P DI  

  

�,��,��,��,�����ffff        

N�/ ��#)�G' c,#��B�� -��"���#'  e��� ���X  +���
���
�% �,� .2-��" f-��' ��#)� D��L� ��B� 


�����
��� # D� ��� +��� 
�%� �h��< +�*'  #��L/' c,#�  ��B� D�" *�� ��   ���? ���� 
���,'   Z?��% �

�,?����' �:��� e�#�� 
���_# �� ��" J2-��  +��� e�#����c,# K��B� ���h ���C,
��� �% 
��G,-�.  
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 e��� e��� e��� e������� n n n n    N�/ ��#)N�/ ��#)N�/ ��#)N�/ ��#)����GGGG''''    �B�,#���: D" R�"�#�B�,#���: D" R�"�#�B�,#���: D" R�"�#�B�,#���: D" R�"�#����    ���� O�,(#���� O�,(#���� O�,(#���� O�,(#
�
�
�
�



������������    
�%
�%
�%
�%        

c,#��  L��D�  #�����K  "���D�  &# }��_�����  �h�<'  ���
�'  

-����) D,pH( ��/�  �5/�  ;;/�  7�/W  ;W/W  �0/W  

��%� )1-ds m (  ��/W  �./W  ��/�  �5/W  .�/W n  0�/W n  

) M��%� 2"� �%(  �7  ��/00  ��  ../��  ��/W  0;/� n  

I���) e��_# C1-meq.Lit(  �5/W  0./�  �/;  .�/�  �5/W  �0/� n  

�#�*�) e��_# C1-meq.Lit(  �/W  �;/�  �/�  ;5/W  W./W  0�/W n  

) �� �GI31-mg kg( 0;�  ;0/�W5  ;/7�7  �5/�W7  WW/W  .5/� n  

-�,:��� C )1-mg kg(  �.7�  �/..W.  .5�;  7�/���  �W/W n  ;5/�  

(%) XB) ��  7�/.5  ��  �./��  ��/W  ;W/� n  

�B�F i�A(# +��� )3-g cm( �/�  0./�  �5/�  ��/W  W�/W n  ;./� n  

h) K"��' (%)  5/W  ��/�  0;/.  �5/W  ��/W  ��/� n  

 �� @��(%)  �/W  ��/W  .5/W  W5/W  ��/W  ;0/� n  

) j��%k2gr/m(  �;  ./�;.  5WW  .�/�;.  57/W  0�/W n  

(%) =%�: r�/  W  �5/�;  7W  50/�W  7�/W  �7/W n  

����? ��� 
��,' )2m/g( W  ��/�  7/0  W./�  W0/�  �./W  

� +���% M��/��� ;/�  ��/�  �/.  ;�/W  ��/W n  ��/� n  

��g� �Q�#�X �  W0/0  �/�  5W/W  �W/W n  �W/W n  

�,?����' �:���  �/W  7�/W  5;/W  W�/W  .�/� n  0�/�  

  

�,��f -��"' �������# ��,?�- ����
�' &/ ��� K�,Q"���" e�# K� c,# �B�� h�#)' ���� D�� 

�,L����U# K��S? �� P�"�# � 
���L�������" �S? K( ���: 
��LB D"�B�,#� �������
�  ��% ����  �

 e�����  +���
���
�% .2-� 
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 ��% ��% ��% ��%���� n n n n    �����������������B�,#���: D" R�"�# ���
��B�,#���: D" R�"�# ���
��B�,#���: D" R�"�# ���
��B�,#���: D" R�"�# ���
�����    Oh� JO�,(#Oh� JO�,(#Oh� JO�,(#Oh� JO�,(# n n n n    ��%��%��%��%����    ) >�?) >�?) >�?) >�?1-ds m ((((] �] �] �] �nnnn    -�-�-�-�������������>�? D,>�? D,>�? D,>�? D,r �r �r �r � n n n n    ####����I�� +�*I�� +�*I�� +�*I�� +�*���� C C C C

) e��_#) e��_#) e��_#) e��_#1-meq.Lit((((� �� �� �� �nnnn    M��%� 2"� � �N��M��%� 2"� � �N��M��%� 2"� � �N��M��%� 2"� � �N��
 �
 �
 �
 � n n n n    XB) �N��XB) �N��XB) �N��XB) �N��    ���� n n n n    �#�#�#�#����****����) e��_# C) e��_# C) e��_# C) e��_# C1-meq.Lit((((� �� �� �� � n n n n     �N�� �N�� �N�� �N��h) K"��h) K"��h) K"��h) K"��'''' � � � �

vvvv n n n n    �B�F i�A(# +���B�F i�A(# +���B�F i�A(# +���B�F i�A(# +������    ))))3-g cm((((R �R �R �R � n n n n    ) �� �GI3) �� �GI3) �� �GI3) �� �GI31-mg kg(((( � � � ����� n n n n    �� @���� @���� @���� @��> �> �> �> �nnnn    ####����) j��%k +�*) j��%k +�*) j��%k +�*) j��%k +�*2gr/m((((e �e �e �e �nnnn    

-�,:-�,:-�,:-�,:����) �� C) �� C) �� C) �� C1-mg kg((((� �� �� �� �nnnn    ����������? ��� 
��,��? ��� 
��,��? ��� 
��,��? ��� 
��,''''    ))))2-g m((((+ �+ �+ �+ � n n n n    =%�: r�/ �N��=%�: r�/ �N��=%�: r�/ �N��=%�: r�/ �N��$ �$ �$ �$ �nnnn    ��g Z?�%��g Z?�%��g Z?�%��g Z?�%����    �Q�#�Q�#�Q�#�Q�#����XXXXM �M �M �M � n n n n     Z?�% Z?�% Z?�% Z?�%

� +���% M��/� +���% M��/� +���% M��/� +���% M��/����������������    }}}}nnnn     Z?�% Z?�% Z?�% Z?�%����,?����,?����,?����,?����''''    �:�:�:�:������������        
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�,� $�-� �"�� f�D&h�S# K -��
 !"��/' ��� �� �- �� �,Q"����# ��,?�- !"��/ �' c,#��B��  ���#

����"�'  ������� +����YLB .��,� K����# ��,?�- D� ��� +��� f' c,# ��L/ ����B�� -��"���#'  ��

���P M�� �� D&h�S# K�  �� � 2-� q-�,# �B���X c,# ������# ��,?�- �B�' &H� .��� 
�B��# O

c,#��B�� -����# �D,�=%�: r�/ �j��%k +�* ,?�� ]��%�'� ����? ��� 
��,'  Z?�% �

�,?����' �:����� ��� S-�,# ��,?�-' "�D��L� K ���P�" �B�- �� � ��"�c,# ���P ��,?�- �B���� "� K

D��L� e���) ��" ���P�" �B�(�YLB .�� D" D��/ �" K������ILB�� D��� ��� ������
� ���� 
�B��# �B

�������
� c,#��B�� 
�����
��� .2-� �����ILB M�� �� 
�%  

  

 e��� e��� e��� e������� n n n n    ��������
o
o
o
o''''�B�B�B�B����    ��� O�,(#��� O�,(#��� O�,(#��� O�,(#����c,# D" R�"�# ���
�c,# D" R�"�# ���
�c,# D" R�"�# ���
�c,# D" R�"�# ���
������B��B��B��B�����    O�,(#O�,(#O�,(#O�,(#        
c,#��  e�#   D�#��

tu/��  

 D��,-)

)0C+C(  

D&SP �t��� 

)0C(  

���# ��,?�-'  D")

(�N��  

-����) D,pH( �L�'�  ��.  WW5W/W  WW0;/W  ;W  

��%� )1-ds m (  -��
'  7;5  ��50/W  WW5�/W  ;/5�  

) M��%� 2"� �%(  -��
'  �.7;  05/���  70/.�  ./50  

I���) e��_# C1-meq.Lit(  ����  ��;�  ��/.  WW�/W  5/55  

�#�*�) e��_# C1-meq.Lit(  -��
'  ��W�  ��/W  W�0/W  7/5�  

) �� �GI31-mg kg( ����  ��55  ��W�W  W/�W  5/55  

-�,:��� C )1-mg kg(  �L�'�  ��  �50.W  ���WW  �/�5  

(%) XB) -��
'  5�7  �/07;  W/��  ;/5�  

�B�F i�A(# +��� )-g cm
3( 

-��
'  ��0.  �05/W  WW�/W  7/55  

h) K"��' (%)  ����  .�WW  05�/�  WW�/W  5/55  

 �� @��(%)  -��
'  ��.�  W�;5/W  WWW�/W  0/55  

) j��%k2gr/m(  -��
'  ����  5���W  �7�WW  ��  

�: r�/(%) =% ����  ����  �/;77  �W;  �/�;  

����? ��� 
��,' )2-g m( �L�'�  ���W  70./7  �7/.  5/��  

� +���% M��/��� ����  �;�7  050/W  WW�/W  7/55  

��g� �Q�#�X S?'  ;0��  �.�/�  .�./W  �/7�  

�,?����' �:���  S?'  ��70  WW�;/W  WW.7/W  ;/0�  

  

�,����� f�"�' 8�� 2P� � 2_N�B� ���a� � b�IDW c,# ���)�" ����B�� -��"���#' ) e���

. (L(/ � ���)�" D� ��� +������ 8�� �� �� K�a���� D�N�3 $��&# � b�' �*� 2P� �"� CB D" X
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�E�3 @��G/ � 2-� D,3�
 @��N' "�� K� 8�� �� K�x��� #� .����� ���� ���)�" 2P� � 2_N +�*

��"�Ke�E �� 8���a�" 2P� � 2_N �" b���,��  2�I���� D�N�3 $��&# 8�� D"'  2-� D,I���/

�W c,#���% ��I�� ���# �e��_# C�*�-�,: �e��_# C�h) K"�� ��� C'=%�: r�/ � ��P�3 ]��%�' �

����? ��� 
��,'� +���% M��/ Z?�% �� Z?�% � ���,?����' �:�L(/ �� ����L� ���)�" � K��  e���)

.(. 

�YLB��,� K�# D� ��� +��� f� +�*2R  ��c,#��B�� -����-�,: �D,�� ��� C���? ��� 
��,'  �

 Z?�%�,?����' �:���� ���# 8�� �� �B �� ���"�' �:��� � 2-� K�N�A? D" D��/ �" 8�� �� K� @�

/��' c,#�� � �B��D��L� ���&/ *�B� 2%���"
�% ��"� ��c,# K�D,I���,� ��B����)�" ����  � 2_N �"

.��%�" D,%�� T-��# 2P�  

  

 e��� e��� e��� e���.... n n n n    �U#�U#�U#�U#����" DI" DI" DI" DI������ 8�� K�� 8�� K�� 8�� K�� 8�� K����aaaa���� � b� � b� � b� � b�IDW    c,# ���)�" ��c,# ���)�" ��c,# ���)�" ��c,# ���)�" �������B��B��B��B�����    -��"���#-��"���#-��"���#-��"���#''''        

c,#��  �� 8���a�b�  8��IDW  
2R  %RMSE %ME  2R %RMSE %ME  

-����) D,pH( W5./W  �.5/�  WWW/W  ��/W  W5�/�  WWW/W  

��%� )1-ds m (  ��/W  ���/��  WWW/W  ��/W  ���/��  .��/W  

) M��%� 2"� �%(  �./W  �55/�W  W��/W  ��/W  ..5/�5  W�0/W  

I���) e��_# C1-meq.Lit(  ��/W  ..�/��  ;.;/W  ��/W  �05/��  �77/W  

�#�*�) e��_# C1-meq.Lit(  7;/W  5.5/�.  �7�/W  70/W  ;0;/�0  �W�/W  

) �� �GI31-mg kg( �5/W  5��/�  W5./W  7�/W  .�W/�  W.�/W  

-�,:��� C )1-mg kg(  WW�/W  .��/7  ��./W  WW�/W  ��;/7  .W�/W  

(%) XB) �./W  7�5/��  �0./W  ��/W  �07/�W  .�5/W  

�B�F i�A(# +��� )3-g cm( �5/W  ;50/;  WWW/W  7./W  W.;/;  7�W/�.5  

h) K"��' (%)  5./W  ���/5  �.�/W  5�/W  �07/�W  �.5/W  

(%) �� @��  7./W  �.�/�.  WWW/W  70/W  �.�/�.  WWW/W  

) j��%k2gr/m(  ;W/W  ��;/��  �;�/W  ;W/W  555/�W  ��;/�  

) =%�: r�/%( 0�/W  5W0/��  7W�/W  .5/W  �7�/�.  ;WW/0  

����? ��� 
��,' )2-g m(  W�/W  �55/���  70�/W  W;�/W  0�5/���  .;�/�  

� +���% M��/��� 7�/W  5��/�  W��/W  �5/W  .../7  �W5/W  

��g� �Q�#�X 0�/W  ..�/��  �5�/W  0�/W  W75/��  W55/W  

�,?����' �:���  ��/W  .��/�  �00/W  ��/W  ;.�/7  WWW/W  
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�c,# =����: D�U��B�'� ���)�" 2_N D��  ��+)�B �"�Pe��P ��" )> 0.5 2R( �" %��' ���� D�� 

���)�" 2_N� "� �� �,�;W � � �N���" 2_N *�� 8�� D" 2�I� �,�� ��" ��Q/� ��%) �% D. .(

�,���B�,#���: ���U# D� ��� +��� f'� # ����#�� +���% M��/ Z?�% � M��%� 2"� � +�*� �� �� DUS�#

2F�GE
�%  DUS�# D" 2�I��(/�T
�% "��B�,#���: ���U# ��� �� � 
��" �,�'� ��% ����LB�  >�?

 DUS�# ���(/�T
�% "� DUS�# �� �,�2F�GE
�% �,� $�-��" .2-�����)�" 2_N �f� c,#��B�� 

M��%� 2"� � �N�� ��#�*�e��_# C �XB) �N��� �� �GI3 ��� @�� �N��� �B�F i�A(# +���  �

#� j��%k +�* �" 8��IDW ���)�" 2_N �� c,#��B�� ��%�  �>�?I���e��_# C � K"�� �N��

h)'  �� +���% M��/ Z?�%���  �"�� 8���a�b� "�) ��" �,�> 0.5 2R.(  
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 ��% ��% ��% ��%.... n n n n     D�U� D�U� D�U� D�U���/��/��/��/�������# !���# !���# !���# !''''    c,#c,#c,#c,#�����B��B��B��B�����    O�,(#O�,(#O�,(#O�,(#Oh� JOh� JOh� JOh� J n n n n     8��) M��%� 2"� � �N�� 8��) M��%� 2"� � �N�� 8��) M��%� 2"� � �N�� 8��) M��%� 2"� � �N��IDW((((] �] �] �] � n n n n    ��%��%��%��%����    ) >�?) >�?) >�?) >�?ds m -1� 8��) (� 8��) (� 8��) (� 8��) (��������aaaa����(b�(b�(b�(b�r �r �r �r � n n n n    �#�#�#�#����****���� C C C C

) e��_#) e��_#) e��_#) e��_#meq.Lit-1 8��) ( 8��) ( 8��) ( 8��) (IDW((((� �� �� �� � n n n n    I��I��I��I������) e��_# C) e��_# C) e��_# C) e��_# Cmeq.Lit-1(((( �� 8��)�� 8��)�� 8��)�� 8��)����aaaa����b�b�b�b�
 �(
 �(
 �(
 �( n n n n     8��) XB) �N�� 8��) XB) �N�� 8��) XB) �N�� 8��) XB) �N��IDW((((    ���� n n n n    ) �� �GI3) �� �GI3) �� �GI3) �� �GI3mg kg-1 ( ( ( (

 8��) 8��) 8��) 8��)IDW((((� �� �� �� � n n n n    h) K"�� �N��h) K"�� �N��h) K"�� �N��h) K"�� �N��''''    �� 8��)�� 8��)�� 8��)�� 8��)����aaaa����(b�(b�(b�(b�v �v �v �v � n n n n    �B�F i�A(# +���B�F i�A(# +���B�F i�A(# +���B�F i�A(# +������    ))))g cm-3 8��) ( 8��) ( 8��) ( 8��) (IDW((((R �R �R �R � n n n n    ####����) j��%k +�*) j��%k +�*) j��%k +�*) j��%k +�*gr/m2 8��) ( 8��) ( 8��) ( 8��) (

IDW(((( � � � ����� n n n n    N��N��N��N�� 8��) �� @�� � 8��) �� @�� � 8��) �� @�� � 8��) �� @�� �IDW((((> �> �> �> � n n n n    � +���% M��/ Z?�%� +���% M��/ Z?�%� +���% M��/ Z?�%� +���% M��/ Z?�%������������ �� 8��)�� 8��)�� 8��)�� 8��)����aaaa����(b�(b�(b�(b�        
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�,� $�-��"��U# �� �N�E f�" DI� DUS�# �� K2F�GE
�%  ��(/�T
�% )�� �x� ��U#����)�" �� 

c,#��B�'� ���)�" 2_N D��  ��+)�B �"�Pe��P D�U� ��L/ �� D� �% Z(�# (��"�B� ��U# ���)�"� �

�B�,#���:� 
�%���G/ ��&# @��'���� "� DUS�# �� K2F�GE
�%  ��(/�T
�%  e���) ���� ����

0�,� .(�� f���U# D� ��� +��� D&h�S# K�h) K"�� ��� @�� �j��%k �>�? 2"� � �'  M��/ Z?�% �

� +���%� DUS�# �� ��2F�GE
�% "��(/ 2_/ DUS�# �� �,����U# � T��# ��*�I�� �e��_# C� C

+�� ��� �GI3 �e��_# �B�F i�A(#� �(/ 2_/ DUS�# �� XB) ��" T� DUS�# �� �,�2F�GE
�% 

.2-�  

�YLB��,� K�-��" f' ���# ��,?�-' c,#��B��  O�,(#-��"���#'  DUS�# �� ��2F�GE
�%  �

�(/�T
�% �&# @��G/ D� ��� +���'���� "����# ��,?�- K' c,#� ���� ���� O�,(# DUS�# �� �� �B�

���# ��,?�- �' #c,��B�� -��"���#'  DUS�# ��2F�GE
�% "� DUS�# �� �,��(/�T
�%  2-�

 e���);.(  

  

 e��� e��� e��� e���0000 n n n n    �,��,��,��,�����ffff    �U#�U#�U#�U#����DIDIDIDI    ��#)��#)��#)��#)����    ��U#��U#��U#��U#��������    ���)�"���)�"���)�"���)�"    
�%
�%
�%
�%    """"����KKKK    ��������    DUS�#DUS�#DUS�#DUS�#    �"�"�"�"    
��G,-�
��G,-�
��G,-�
��G,-�    ��������    +�#�)+�#�)+�#�)+�#�)    ////''''    �U,I#�U,I#�U,I#�U,I#        

c,#c,#c,#c,#��������        t Sig. (2-
tailed) 

c,#��  t Sig. (2-
tailed) 

��%� )1-ds m (  07�/.��n  WWW/W  B�F i�A(# +���� 

)3-g cm( 

�.�/5..  WWW/W  

) M��%� 2"� �%(  ���/���  WWW/W  h) K"��' (%)  5�./�.�n  WWW/W  

I��� e��_# C

)1-meq.Lit(  

�5�/.;�n  WWW/W  (%) �� @��  W;�/75;n  WWW/W  

�#�*� e��_# C

)1-meq.Lit(  

W�./� n  WWW/W  ) j��%k2gr/m(  W�./0�7n  WWW/W  

) �� �GI31-mg kg( 55./�.�  WWW/W  ��/� +���% M��� ��7/.5.  WWW/W  

XB) �N��  70�/5�5  WWW/W        

  

  

 e��� e��� e��� e���;;;; n n n n    �,��,��,��,�����ffff    �U#�U#�U#�U#����DIDIDIDI    ��#)��#)��#)��#)����    ���# ��,?�-���# ��,?�-���# ��,?�-���# ��,?�-''''    c,#c,#c,#c,#�����B��B��B��B�����    O�,(#O�,(#O�,(#O�,(#    """"����KKKK    ��������    DUS�#DUS�#DUS�#DUS�#    �"�"�"�"    
��G,-�
��G,-�
��G,-�
��G,-�    ��������    +�#�)+�#�)+�#�)+�#�)    ////''''    �U,I#�U,I#�U,I#�U,I#        

  

c,#c,#c,#c,#��������        ####�������������������� ��,?�- K ��,?�- K ��,?�- K ��,?�- K

���#���#���#���#''''    ))))2F�GE2F�GE2F�GE2F�GE
�%
�%
�%
�%(((( 

####�������������������� ��,?�- K ��,?�- K ��,?�- K ��,?�- K

���#���#���#���#''''    ))))�(/�(/�(/�(/����TTTT
�%
�%
�%
�%(((( 
t Sig. (2-

tailed) 

���# ��,?�-'  ..�/75  7�/�5  �.�/5..  WWW/W  
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�_"�_"�_"�_"    ,� �,� �,� �,� �����DaDaDaDa



������������        

�,��+��� �� 
��G,-� f�"�' ���a�#�L/ �� ���)�" D�U� �� D� ��� +��� b�' c,#�# ��B��L� +�*� D�

" ���� 
�% ���)�" D�8���� ���a�/�/ D" b��" T��,� �� �,L� � L� ���U#�" � D���� �� D�D��L��B� 

h���2-� D JD"@�������� � ���L� ���U# D&h�S# K����)�" D�U� D�� �� 8�� �"�a�" 
���LB b�� �� �,�

L� ���U#� D�
����B� h��� DD��L��B� 2%���"
�% " ���U# ���� ���)��" D�U� D��  �� 8�� ��"�a�  b��

" ���U# �� �,L� 
���LB��� D�
����B� h���h� .2-� D�� �� �# �� �#� K'  �N�? �� +���/� ���� 2 
�����' 

�8��B� #��K��#)�  D,�h� .��� �a,I��"�P��� +��� 8�� �B �� D� 2-��"�' #� ��K��#)�  
���LB

&P�� ���U# D" 2�I�' #���*' � �� .���� ���� �S? ���� �a��� *��� �" �S? K� L� ���U#� " � D��� ��� D�

Q/ �� �N�E�   ) 2�-� ��9�
�t� D��U� DYamamoto, 2005 ��,� .(�� f ��U_/ K ��  +���� [ �#'   D�� ��B�

D"���� ' ���# ��,?�-' &H�G' "� KD��L��B� B���X  ��c,#��B�� -��"���#'     ����� .������ �����

���# ��,?�-' �P� "� KD��L��B� �c,# X ��  +���� � �#'  c/ D�� ��B��� 9�:����  D�A(�# ��B�   >��?

-��"���#' ���# �&" D"' �,I" �N��3 �'  2_/ �,L� � ����tu/�� c,#��B�� �� ���P ��#'
� � .���� �� K

+���� 
��B��� D� 2-� K �� e��# � 2-� '3��A/ DGhy# �� =�" �����,?�- DGhy# =U    '���s3 ��,?��-

�P ��,�I�� 2-� �����?�". ���# ��,?�-' "� KD��L��B� � +���% M��/ Z?�%� ���g � ��� �Q�# �� �� X

�P ��,?�- M��� " �� KD��L��B�  Z?�%�,?����' �:�� q-�,# M�� �� ���I����
 D&h�S# �� .2-'  �

 ) +�����LBGonglanski et al., 2005 �� ( ��  �-�� �� ����� X�� D �� �,�I�LB *'  ����#'   ����# ��

Z?�%�B�  ) +�����LB � ���d#�� D&h�S# �� .����� 8��*
 �� M��/Campana et al., 2002  ����# �� (

D��
�B� ��? ���' ��LB *�   �������� D�&h�S# �� .���" ���P�" ��h� K  ) +�����LB �Nangendo et al., 

2002� (����# ��,?�- *' S-�,#' "�
��� K�B� � +���% M��/ Z?�%����� DUS�# �� ��'  ��,?�- �

�P��� " ���D�.2%�� ���� ��� �YLB��,� K�� f��,� �" D&h�S# K� ) +�����LB � �3 fFu et al., 2018 (

 DUS�# �� �� D�2F�GE
�% g ���2F�GE
�% < ��� K��a��
�%   ��,� $��-��" .���� 2U"�S# 2-�� �f

c,# *��-�,: �� D�#�� D� �� Ctu/�� B�/�� 23�I#'  �#�% ��#' ��- �� ���%�c,# ��   D��#�� ��B� tu�/�� 

"� 23�I# �� =�WW ����# �� � �,#�  ���E �/���W 2-� �,# J��"��"� K#' +��/,��Da
���   D�� ���

D"���� '  DUS�#D&h�S#���# �x��� N�A?� @�D&h�S#���# �����  &�H�� ���LB 2'  c,# � 2�-��  ��B�

D"��/�f c/ ��<��� �
�%��� � ��g �M��/ Z?�% D- �" DS"�� �� .�,?����'  D�#�� ���U# tu�/�� "�  �� �,��

) D"��# @�&h�S#Nangendo et al., 2002; Gonglanski et al., 2005 (D"2-� 
��#)  h� .2�-� �� �

�� �#� K#'LB D" ����/��' "� DUS�# �� �,�D&h�S#���# �U# ���     �,#����: .��%�" ���9�# @��&h�S# �" DI

����� ��� �� D��3��
�'  2-� D"#')� �t� �D&SP�� � �� .2-��D" D&h�S# K  ��t� ��  D�&SP��   X�<��

 �t� .��"D&SP�� ��E X<��' ��� ���3��A/ `��' �:�� DUS�# �� KD&h�S#���# � D" .2-�� ��&# K'   D��
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L�D���B� �*�� D" XCB I"� � D"��# ��D��L��B� I" CB �� ����   ��"���" ���,�IB C�B �� @��G,# ���  ��" K

 ����# D" D��/
�%��� �:��  ��t� +��" K D�&SP��  +���� c/ 
���B� ��� ���/ @���a'  ���U#�c,# �� ��B�� 

-��"���#'  DUS�# ��D&h�S#���# .2-�  
2R  �RMSE ��"� -��"'  .��,IB ��-�# 2_ND"� ���' # D< �B� +�*2R "�# �%�" �,�� +�*

 �,#���: ��RMSE  �ME �*� �GN D" � �,L�� X#'c,# �� �� .��%�h) K"�� �'  Z?�% ��,?����' 

�:� 
�B��# ��#' ���U# +��" �/k�" D� ��%2R  ��:��K +��" �/RMSE +���
��B� " 2_N� 8�� �,�

���a� 8�� D" 2�I� b�IDW  .2-���"�Ke�E #��* +ME 8���� ���a�" b�� +) ���U# �� �,�

8���� IDW 2-� JD"@�������� "���U# K� �2R  �RMSE  �"ME ���(LB'  �" DS"�� �� .����� ����

c,#��B�F i�A(# +�� ��# ��� =%�: r�/ � j��%k +�*� ���# KD"@��N  .2-� 
��,3� |�G/� `��

#�����) �S? KME�� ���U# (��'  +��� ��#'� �B�  2h�E ����
��" e)�,I' ��I#� ��U# .�%�" �GN� �

 2��#�G�# �' /�/ D"�+��� T" ���)�" 
��B�� �,��&P�� ���U# �� �,L� �' #') ��%�"Isaaks and 

Serivastava, 1989; Wakernagel, 2002� �L� �� .(� ���U# KB�� ��" �B��(� �GN �"��" 2P�

)Gallichand and Marcotte, 1992� .(�) ���,-���- � `��IIsaaks and Serivastava, 1989( 

:� ���U# D� ����� ��Q��ME #' ����/D"+���� &#���� � �� �B D��
o' &# }��_��� �� 8�� 2P� � ��

��" ������" ��� �U#� DI8���B ��� ���" J��"��"� K#'c,# �� ���)�" �� D� 2G
 +��/�h) K"�� �'  �

 Z?�%�,?����' �:� ���"��D�� �� 8�� 2_N�a�" b�� 8�� �� �,�IDW  8�� ���)�" 2P� �#� 2-�

IDW "��� 8�� �� �,��a��YLB .2-� b���,� K�# D� ��� +��� f� +�*2R c,# ��Q< ���-� ���� �D,

-�,:�� ��� C���? ��� 
��,'  Z?�% ��,?����' �:���� ���# 8�� �� �B �� ���"�' �:��� � 2-� K� K

" D��/ �" 8�� ��N�A? D�/�� @�' c,#��B� � �� ���&/ *D��L��B� 2%���"
�% ��"� ��c,# K� ��B�

D,I���,���� ���)�"�  �x� D" .��%�" D,%�� T-��# 2P� � 2_N �"#'�-� ��" D�� �*3�� 2_N =

L(/ � ���)�"�c,# �� K��B�� � ���9#� ���&/ D" ��D��L��B� "��,�� � �� 
��G,-� �/ 2-�� K8���B 

��"� L(/���U# K���/ �"�P ��) �%�" DAbdelRahman and Tahoun, 2019.( D"���� ' �,�� f

 �� �N�E8�� #��K��#)� ���a� D" 2�I� b�8�� IDW ����� " 2_N��,�� � .2-�� K8�� 

8�� D" 2�I��B� +����"�' �S? �P�3� -�/�L,I�L(/ �� � ��,IB X�K���� �B� ��� �P��E� `��

 .2-���"�Ke�E L(/ 2Q� T-��# 8��� K�c,# X�c,# M�� D" ���DUS�# �#��� � ���  +) �" �ty#

�,I"' L� � ����'L(/ 2Q� T-��# 8�� +��/� K�c,# X� �� ���- D" �� DUS�# X�c,# �� � �B�

��% �" [ ��#�L&/ @��G,# q�.��� C  

�,��� f�U,I# DS"�� D� ��� +��� D&h�S# K�L' "�# K�h) K"�� +�*' @�� �# � ��� j��%k +�*

 .���� ����D"�� �D� �*3� �"�h) 
��# ���U# =' #� �� @�� +�*�*3��=�D,3�  �,����Da  j��%k ���U#
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�� �"� #��" K��B�F i�A(# +�� � �,�� # =B�� >�?'��"� J�� ��U,I# DS"�� >�? @�� ���U#� C

h) ���# �"' ) ����;�( .�� �" =%�: r�/� ����� h) 
��#'  ���%�*a/ q�# �+) D�G�� =%�: +�*' �

�-�3 � 2F�GE�# �t� >�? =' � ���9
�Q����2 N�A?�3 @��*��' % ��L��'� tu/ 2_/ �� >�?� �

# ���P') �B�Sanchez-Maranon et al., 2002; Sabau et al., 2010.(  

�,� $�-��"���U# D�N�E f�c,# ���B��  +�� �$�,-� �� �GI3 �>�? XB) �>�? 2"� �

#�B�F i�A(� 
 M��/ � >�?�B�'  DUS�# ��2F�GE
�% "�g DUS�# �� �,��,F�GE�'  .2-� ��

U_/�[S�# �� M��%� 2"� � ���U# =B�� �H�E [ۀ �(/�T �D,3� #'D" ����/h�� $� @��� ���U# �

-� >�? +�< .�%�" >�?' �U# ���#�h >�? �" DI' �% i�A(" �' 3�F����Q�� 2�  ]) ���U#

"��,�� ���� )�B�%'� ��.7; |�P �t� �� .(@�#���" �*3��# =� ��< 2_/ DUS�# 2�I� ]) ��G� +�*

)� ���#�  ����A"�.7��*3� � (��*3� � $� �N�� =�3�F =����Q�� 2� ) ])Gao and Shao, 

2012# |�G/� ('�,� �" D� �,3����# �# f' �t��"  2F�GE 2��#@�#���" �*3��"�=  >�? 2"� �

���(LB' .���� �*3��# =�# 2F�GE 2_/ DUS�# �� XB) +�*'
����B � e�_�� D" ����/' "� �,�

b�-�B� �B)' �����" " 2"� ��� �� �,�� .�%�" D,%�� R��/�� DUS�# K�,��� f�U_/ K��YLB [� K

 D� ��� +����(/ 2_/ DUS�# ���T# ����% +�*� �*3� >�?� =:�
�����  [ ��# �� � 2-�

2F�GE
�% ��% ���U#� D" .2-� �,L� T/��#!P���� �(/�T =%�: 
�B�' ��< 
��LB D"� "'��� D

 �����*3� ���"���? =' �? � >,����Da �*3��# =�(�/ +�*���% � �� # >�?'��% .�YLB� K k�"

�B�F i�A(# +�� +��"� [S�# ۀ�� �(/�T
�% #'D" ����/ =B�� ����� � j��%k h) 
��#'  `:

�(/ ��� �%�" D,I"�� T)Sarah, 2006.(  

h�����" ��
 K� � M��/ 2F�GE�,I'&/ ����� �� +) ���)�" � K�
����B� � �&' -� T�g� �� D� 2

Z?�% Th�P �� @�&h�S#�B� ���� ��g� D��
�� ��,?����' D��
 M��/ ��� D��/���# # !P��' ���%

)Poorbabaei, et al., 2008; Heydari, et al., 2017�U# �� .(�Z?�% DI�B�  [ ��# �� M��/

�(/� T� � D,3��#���2
�% #'&H� +��/�-��� 2�C,IE� �� `: �B� ���# ������� �� 2�"�'  .���

��g � M��/ =B��� D��
�� 
 =%�:�B�' @�&h�S# �� ��) $��# � �,ILZechmeister. and 

Moser, 2001 (h��,-� ]�g ���tu/ 2_/ ��c/ ����"��� ��� �����) +����LB � XVujnovic et al., 

2002 (�B��*G�� ��� �/��h)� *��#� ��< �� `: ������ ��� �k� '@�# ����  +����LB � ���Q,��

)�.7� @��G,# 
������ �� �� (�x��� �Q�# ]��� �� (��< 2_/ � |�P) ��< � �� +����LB � +��

)�.7�� $��3 +�,-� �� ��")����3 +�,-�Q% !/��# �� '�(" �� (� *8��*

�% .2-� D��
 M��/�� 

D"+����  Z?�%�
��� ���� �� e�,?��B� #) R��"��B��*,?�� D,(� �/),�� e�L% �� ��-�" �� X

��d-�� �3�&#'
�% 2-� )Onaindia et al., 2013N�A? K�" DS"�� .(�
 =%�: � >�? @��B�'  ��
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 �#���&/��K
���� D��
 M��/�� 2-� )Fraterrigo et al., 2006�,� .(� f�� D&h�S# K D� ��� +���

�#���,F�GE 2' D��
 M��/ �" 2��# �t��� .2-� D,%�� #�3���/' B ��) ���Takafumi, and Hiura, 

2009�" ( -��"' �(/ DU"�- @��t�� ��� 'B��
 =%�: ��h�/ � ',I�� M��/ �" 'S�_# �#��� � T

� ]��%���(/ D� ��� +��� *�G�# @��t� T' @�#���" N�A? �"��� @��B���'  ���g � >�? ����#

D��
�� E� D� ����� +��" � 2-� D,%�� +�IdL�- M��/ Z?�% ���� �<���% K�S'  DB� ��< D"

� +�#��.���� �� ) +����LB � �3Fu et al., 2018( ���#�� ��) +����LB � KKamarudin et al., 2019 (

��� ����LB ��? @�&h�S# �� *�H��� 2F�GE 2��# @��t� D" D&h�S# K' �� �"� N�A?� � >�? @�


 =%�:�B�' �u/�� M��/ �GE .����� ��,I' #��� e�,�� D"_# ��S' tu/ �� .2-� q�/�# ��9
�

# @��B��# $�-��"����' �(/ DUS�# ��� T� ��� D,3�D"@��N  @�&h�S# �� ��� ��sE .���� ��sE C���

��� ��� *D"+���� ��' 
 M��/ =B�� CQ# �#��� ���B�' 
�%��� ) 2-�Kamarudin et al., 2019.(  

�,��� f�# D� ��� +��� D&h�S# K�c/ +�*��9:���� DA(�#�B� � � >�?�c,# *��B��  � ��g �M��/

�,?����' ���# �&" D"' �,I" �N��3 �' �YLB .������,� K�� f�U_/ K�Q" 8�� D� ��� +��� [� � D�

��" T-��#� L(/ � ���)�"�
��� Kc,# M�� D" D,I" �B�# �'� �#��� .�%�" @��G,# ����/���� D�L��� 

#���LB +�*' ���LB�� �' &-� �DUS�# 
���_# 2D&h�S#���#D��L� ���&/ � �N��3 � �� ��� 
��%� �B

�,Q" ]�(,���T-��# � K�/�L(/ 8�� K�) ���ty# KBhunia et al., 2018�,� .(�� f� +��� D&h�S# K

 D� ���D"���� ' �(/�&H T�- T����# ��,?�- +�% O' �B�,#���:�  =%�: M��/ � >�? D" R�"�#


�B�' #'D�U� �� .��%�B� ���)�"� c,#��B�� �&# @��G/ �O�,(#'���� "� DUS�# �� K2F�GE
�% 

�(/ �� T���
 
�B��# D,3��+��� D� ��# �t� 
��B����,F�GE 2' c/ ���� �"��c,# @����B��  O�,(#

D" 2-�/��N' �# D����,F�GE 2' ��U# D� 2-� 
�% T�-� K"�� ��� @�� �j��%k �>�? 2"� � �

h)' �% M��/ Z?�% �� +��� DUS�# �� ��2F�GE
�% "��(/ 2_/ DUS�# �� �,�� .�%�" T�Q����2  �"

�,� D" D��/� f#' +��/"���L� +� =B�� D� D��
 M��/�� � �(/�-��� T�C,I�B �/ �"�N�A? �" D� @�

>�? D" h��
��G,-� ��B� �a"�� #��- ���2-� K��P �9h . �� �B �# D#���"���,' ���� �� �"�� D" 

-��"' Z?�%�B� � M��/�,I' D��
�B� �B DUS�# � �#��� tu/���9
� �"  �+)D�L��� N�A?� >�? @�

 J2?���:D"@�������� ��' 
�� ���B� �#���D��
 M��/ 2�� �# �" *��L/���2 N�A?� >�? @�

i�A(" �9g �N���'�  >�?.2-�  
  
  

!"��#!"��#!"��#!"��#        

���Q,���.v � '3���� .v �.� '��I_h� '���P� r .$ .�.7� .Z?�% DI��U# � '-��"�B� D��
 M��/ ������ 

@��G,# ���< 2����# �" 
������ �� ��� ��2I-��%' +�����   �. )0 n.:(05n;7.  
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 �+����.� r �'��z�%�: '��"�P.� ����% ��. � ������� +���G&� .�.7� . '&/�# ��/ �� �� 'B��
 =%�: D&h�S#

 ���a# '���� 'H��� �+)�B � �� '�(" ��$��3 +�,-� ��")����3 +�,-�Q% �� ]���/ �- 
��E ��� 

�!/�#  �)0:(.�Wn.7;.  

�B�%'� .i .$ ��.7;2%�- . � N�A?�@� >�?B�� r���- �5WW .D_GN  

 �~��� �.  �.� .$ �'��IE �L_#�r ��.  .� .$  �',aE�.5�'-��" . ��,?�- '���# @��N�A? >�? �� X� 


��/ '���� �" 8�� 
��G,-� �� 8�� #��K��#)� D�a# ���� � +��3 ������z � !"��# �'&��  ���� ]) � 

 �w�?�� )�W :(�.5 n�;W.  

AbdelRahman, M.A., Tahoun, S. 2019. GIS model-builder based on 
comprehensive geostatistical approach to assess soil quality. Remote Sensing 
Applications. Society and Environment, 13: 204-214. 

Abuduwail, J., Tang, Y., Abulimity, M., Liu, D.W., Ma, L. 2012. Spatial 
distribution of soil moisture, salinity and organic matter in Manas River 
watershed, Xinjiang. China. Journal of Arid Land, 4 (4): 441−449. 

Aishah, A.W., Zauyah, S., Anuar, A.R., Fauziah, C.I. 2010. Spatial variability 
of selected chemical characteristic of paddy soils in SawashSempadon, 
Selangor, Malaysia. Malaysian Journal of Soil Science, 14: 27-39.   

Allison, L.E. 1965. Organic matter. Pp 1367- 1368 in Black, C. A. (ed). 
Methods of soil analysis part 2. chemical and microbiological properties. 
Agronomy 9. American Society of Madison, Wisconsin, 1572 pp. 

Bastida, F., Moreno, J.L., Hernández, T., García, C. 2007. The long-term effects 
of the management of a forest soil on its carbon content, microbial biomass 
and activity under a semi-arid climate. Applied Soil Ecology, 37: 53-62. 

Bellehumeur, C., Marcotte, D., Legendre, P. 2000. Estimation of regionalized 
phenomena by geostatistical methods: lake acidity on the Canadian Shield. 
Environmental geology, 39(3-4): 211-220. 

Bhunia, G.S., Shit, P.K., Chattopadhyay, R. 2018. Assessment of spatial 
variability of soil properties using geostatistical approach of lateritic soil 
(West Bengal, India). Annals of Agrarian Science, 16 (4): 436-443. 

Blake, G.R. and Hartage, K.H. 1986. Bulk Density. In: A. Klute (ed.) Methods 
of Soil Analysis. Part 1. Physical and Mineralogical Methods- Agronomy 
Monograph. Pp: 363-367. 

Bocchia, A., Castrignano, B.F., Fornarob, A., Maggiore, T. 2003. Application 
of factorial kriging formapping soil variation at field scale. European Journal 
of Agronomy, 13: 295-308. 

 [
 D

ow
nl

oa
de

d 
fr

om
 p

ec
.g

on
ba

d.
ac

.ir
 o

n 
20

25
-0

8-
30

 ]
 

                            20 / 24

http://pec.gonbad.ac.ir/article-1-663-en.html


 و همكاران حيدري 

215 

Bouyoucos, G.J. 1962. Hydrometer method improved for making particle 
sizeanalysis of soils. Agronomy Journal, 54: 44–46.  

Braun-Blanquet, J. 1932. Plant sociology: The study of plant communities. 
McGraw- Hill, USA, 439 p. 

Bremmer, J.M., Mulvaney, C.S. 1982. Nitrogen total. In: Page AL et al (eds) 
Methods of soil analysis. Part 2. Chemical and microbiological properties 9. 
American Society of Agronomy, Inc., Madison. Pp: 595-624. 

Burgess, T.M., Webster, R. 1980. Optimal Interpolation and Iisarithmic 
Mapping of Soil Properties. I. The Variogram and Punctual Kriging. Journal 
of Soil Science, 31: 315–331. 

Campana, C., Gauvin, S., Ponge, J.F. 2002. Influence of ground cover on 
earthworm communities in an unmanaged beech forest: linear gradient 
studies. European Journal of Soil Biology, 38(2): 213-224. 

Chang, W.E., You, B.A., Yun, J.N., Zang, F., Xio, L.U. 2009. Spatial variability 
of soil chemical properties in the reclaiming marine foreland to Yellow sea 
of China. Agricultural Sciences in China, 8(9): 1103 – 1111. 

Cocco, A., Cossu, A.Q., Erre, P., Nieddu, G., Luciano, P. 2012. Spatial analysis 
of gypsy moth populations in Sardinia using geostatistical and climate 
models. Agricultural and Forest Entomology, 12: 417–426. 

Ewald, J. 2003. A Critique for phytosociology. Journal of vegetation science, 
14: 291-296. 

Famiglietti, J., Rudnicki, J., Rodell, M. 1998. Variability in surface moisture 
content along a hill slope transect: Rattlesnake Hill, Texas. Journal of 
Hydrology, 210: 259– 281. 

Fathizadeh, O., Attarod, P., Keim, R.F., Stein, A., Amiri, G.Z., Darvishsefat, 
A.A. 2014. Spatial heterogeneity and temporal stability of throughfall under 
individual Quercus brantii trees. Hydrological Processes, 28(3): 1124-1136. 

Fraterrigo, J.M., Balser, T.C., Turner, M.G. 2006. Microbial community 
variation and its relationship with nitrogen mineralization in historically 
altered forests. Ecology, 87: 570–579. 

Fu, T., Han, L., Gao, H., Liang, H., Liu, J. 2018. Geostatistical analysis of 
pedodiversity in Taihang Mountain region in North China. Geoderma, 328: 
91-99. 

Gallichand, J., Marcotte, D. 1992. Mapping clay content for surface drainage in 
the Nile Delta. Geoderma, 58: 165-179. 

 [
 D

ow
nl

oa
de

d 
fr

om
 p

ec
.g

on
ba

d.
ac

.ir
 o

n 
20

25
-0

8-
30

 ]
 

                            21 / 24

http://pec.gonbad.ac.ir/article-1-663-en.html


 1399 پاييز و زمستان، هفدهمشماره  ،هشتمدوره / انحفاظت زيست بوم گياهنشريه 

216 

Gao, L., Shao, M. 2012. Temporal stability of soil water storage in diverse soil 
layers. Catena, 95: 24-32. 

Gonglanski K.B., Savin F.A., Pokarzhevskii A.D., Filimonova Z.V. 2005. 
Spatial distribution of isopods in an oak-beech forest. European Journal of 
soil Biology, 41: 117-122. 

Hernandez-Stefanoni, J.L., Ponce-Hernandez, R., 2006. Mapping the spatial 
variability of plant diversity in a tropical forest: comparison of spatial 
interpolation methods. Environmental Monitoring and Assessment, 117(1-
3): 307-334. 

Heydari, M., Faramarzi, M., Pothier. D. 2016. Post-fire recovery of herbaceous 
species composition and diversity, and soil quality indicators one year after 
wildfire in a semi-arid oak woodland. Ecological engineering, 94: 688-697. 

Heydari, M., Omidipour, R., Abedi, M., Baskin, C., 2017. Effects of fire 
disturbance on alpha and beta diversity and on beta diversity components of 
soil seed banks and aboveground vegetation. Plant Ecology and Evolution, 
150 (3): 247-256. 

Heydari, M., Poorbabaei, H., Bazgir, M., Salehi, A., Eshaghirad, J. 2014. 
Earthworms as indicators for different forest management types and human 
disturbance in Ilam oak forest, Iran. Folia Forestalia Polonica, 56 (3):121-
134. 

Holmes, M.A., Matlack, G.R. 2018. Assembling the forest herb community 
after abandonment from agriculture: Long�term successional dynamics 
differ with land�use history. Journal of Ecology, 106(5): 2121-2131. 

Isaaks, E.H., Serivastava, R.M. 1989. An introduction to applied geostatistics, 
Oxford University press, 561 p.     

Ismail, M.H., Junusi, R. 2009. Determining and mapping soil nutrient content 
using geostatistical technique in a Durian orchard in Malaysia. Journal of 
Agricultural Science, 1(1): 86-91. 

Jordán, M.M., Navarro-Pedreno, J., García-Sánchez, E., Mateu, J., Juan, P. 
2003. Spatial dynamics of soil salinity under arid and semi-arid conditions: 
geological and environmental implications. Environmental Geology, 45 (4): 
448-456 

Kalra, Y.P., Maynard, D.G. 1991. Methods manual for forest soil and plant 
analysis. For. Can., Northwest Reg., North. For. Cen., Edmonton, AB. Inf. 
Rep. NOR-X-311. 

 [
 D

ow
nl

oa
de

d 
fr

om
 p

ec
.g

on
ba

d.
ac

.ir
 o

n 
20

25
-0

8-
30

 ]
 

                            22 / 24

http://pec.gonbad.ac.ir/article-1-663-en.html


 و همكاران حيدري 

217 

Kamarudin, K.N., Tomita, M., Kondo, K., Abe, S.S. 2019. Spatial variability 
and geostatistical mapping of selected soil properties in Mt. Wakakusa 
grassland of Japan. Japan Agricultural Research Quarterly, 53(4): 265-277. 

Karahan, G., Erşahin, S. 2018. Geostatistical analysis of spatial variation in 
forest ecosystems. Eurasian Journal of Forest Science, 6(1): 9 -22. 

Karczmarczyk, G., Renman, A. 2011. Phosphorus accumulation pattern in a 
subsurface constructed wetland residential wastewater. Water, 3: 146-156.  

Machiwal, D., Jha, M.K. 2015. Identifying sources of groundwater 
contamination in a hard-rock aquifer system using multivariate statistical 
analyses and GIS-based geostatistical modeling techniques. Journal of 
Hydrology: Regional Studies, Article in Press: 31 p. 

Maranon, T., Ajbilou, R., Ojeda. F., Arroya J. 1999. Biodiversity of woody 
species in oak woodland of southern Spain and northern Morocco. Forest 
Ecology and Management, 115: 147-156. 

Mirzaeitalarposhti Mohammad, Z.M., Taghizadeh-Mehrjadi, R., Akbarzadeh, 
A., 2010. Evaluation of geostatistical techniques for mapping spatial 
distribution of soil pH, salinity and plant cover affected by environmental 
factors in Southern Iran. Notulae Scientia Biologicae, 2(4): 92-103. 

Nangendo, G., Stein, A., Gelens, M., de Gier, A., Albricht, R. 2002. 
Quantifying differences in biodiversity between a tropical forest area and a 
grassland area subject to traditional burning. Forest Ecology and 
Management, 164: 109–120. 

Onaindia, M., de Manuel, B.F., Madariaga, I. and Rodríguez-Loinaz, G. 2013. 
Co-benefits and trade-offs between biodiversity, carbon storage and water 
flow regulation. Forest Ecology and Management, 289: 1-9. 

Pang, S., Li, T.X., Wang, Y.D., Yu, H.Y., Li, X. 2009.Spatial interpolation and 
sample size optimization for soil copper (Cu) investigation in cropland soil 
at county scale using cokriging. Agricultural Sciences in China, 8(11): 1369-
1377. 

Perez-Rodrguez, R., Marques, M.J., Bienes, R. 2007. Spatial variability of the 
soil erodibility parameters and their relation with the soil map at subgroup 
level. Science of Total Environment, 378: 166-173.  

Poorbabaei, H., Heydari, M., Najafifar, A., 2008. The relationship between 
plant diversity and physiographic factors in Ghalarang protected area, Ilam, 
Western Iran. In Proceedings of the Global Conference on Global Warming 
(GCGW) (pp. 6-10). 

 [
 D

ow
nl

oa
de

d 
fr

om
 p

ec
.g

on
ba

d.
ac

.ir
 o

n 
20

25
-0

8-
30

 ]
 

                            23 / 24

http://pec.gonbad.ac.ir/article-1-663-en.html


 1399 پاييز و زمستان، هفدهمشماره  ،هشتمدوره / انحفاظت زيست بوم گياهنشريه 

218 

Sabau, J., Schmidt, M.G., Krzic, M. 2010. The impact of black cottonwood on 
soil fertility in coastal western hemlock forest. Forest ecology and 
management, 260 (8): 1350-1358. 

Sanchez-Maranon, M., Soriano, M., Delgado, G., Delgado, R. 2002. Soil quality 
in Mediterranean mountain environments. Soil Science Society of America 
Journal, 66(3): 948-958. 

Sarah, P. 2006. Soil organic matter and land degradation in semi-arid area, 
Israel. Catena, 67(1): 50-55.   

Shi, J., Wang, H., Xu, J., Wu, J., Liu, X., Zhu, H., Yu, C. 2007. Spatial 
distribution of heavy metals in soils: a case study of changing, China. 
Environmental Geology, 52:1-10. 

Sommers, L.E., Nelson, D.W. 1997. Determination of total phosphorus in soils: 
A rapid percholoric acid digestion procedure. Soil Science Society of 
America, 36: 902 – 904. 

Takafumi, H., Hiura, T. 2009. Effects of disturbance history and environmental 
factors on the diversity and productivity of understory vegetation in a cool-
temperate forest in Japan. Forest Ecology and Management, 257(3): 843-
857. 

Ugolini, D.C., Edmonds, R.L. 1983. Soil biology. In: Wilding, L.P., Smeck, 
N.E., and Hall,G.F, (Eds.), Pedogenesis and Soil Taxonomy: Concepts and 
Intractions, Elsevier Amsterdam, 1: 193-231. 

Vannini, A., Natili, G., Anselmi, N., Montaghiand, A., Vettraino, A.M. 2010. 
Distribution and gradient analysis of Ink disease in chestnut forests. Forest 
Pathology, 40: 73–86. 

Vujnovic, K., Wein, R.W., Dale, M.R. 2002. Predicting plant species diversity 
in response to disturbance magnitude in grassland remnants of central 
Alberta. Canadian Journal of Botany, 80 (5): 504-511. 

Wakernagel, H. 2002. Multivariate geostatistics. Springer press, 387 p. 
Wu, J., Boucher, A., Zhang, T., 2008. A SGeMS code for pattern simulation of 

continuous and categorical variables: FILTERSIM. Computers & 
Geosciences, 34(12):1863-1876. 

Yamamoto, J.K. 2005. Correcting the Smoothing Effect of Ordinary Kriging 
Estimates. Mathematical Geology, 37(1): 69-94. 

Zechmeister, H.G., Moser, D. 2001. The influence of agricultural land-use 
intensity on bryophyte species richness. Biodiversity & Conservation, 
10(10): 1609-1625. 

 [
 D

ow
nl

oa
de

d 
fr

om
 p

ec
.g

on
ba

d.
ac

.ir
 o

n 
20

25
-0

8-
30

 ]
 

Powered by TCPDF (www.tcpdf.org)

                            24 / 24

http://pec.gonbad.ac.ir/article-1-663-en.html
http://www.tcpdf.org

