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10 �%. 	� �	�%�&  ���& �

  ��& 6�7�%\10   �%2186��5 �    ��& �#��%0�18   �%226  ��	�� �

 �Y�& �#��0� � a%%%��+� !#���1�26  !#���1� ��	�� �

) �?&�	 .��& ��(��5 ��*1  :(  
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22 ++

+

+

=

MgCa

Na
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2-1-2- ) L�*� *-��%Na( 

�0T^ ��%� l#�82 U#�%� �%S	� O5�%� ���& �#� ���&

  :!%%%��%Na  �� �+g
20  6�7�%\ �20   �%240  6��5 �40   �%2

60 6��� �60  �280 �%%S	� �#��0� � ��g+\� >&�4��e �Na  

 �� <�&80�� �	��&  '��(� ���& N%������ �  .��%��&  �?&�	

)2 ���2) (1980  :(    

%�� =  
(��� + 
�)

(���� + ��� + ��� + 
�)
× 100 

  

2-1-3- ) P�/ ��:#Q�)� K/��PI(  

 �� �%
 �& T^ �M�%0�  ��%�&PI   ) $�� `]
 	� �PI<75  � (

)  [��  `]%
75<PI<25�%�  	��%4  (  �	�%%�%&  ���%&  ���%�%�

�� N%����) [�%� `]
 �  � �%��&PI>25d�%�� �( ���(�

�� ��#PLQ�"� �M� �� U#�%%� �"�� �k� ��*�  �?&�	 .�%%��&

)3(   �����)1964:(  
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2-1-4-  ',!� K/��) L�"��� ��:MMAR (  

 �#��0� �U#=��� �?5 �# U#=��� �&P* !T%:� O5�%� ���&

  �Y�&50    ���& �  N%%������ !�"�
 ����
 d��& ��%%S	�

�� �	��& ) �?&�	 .����&4 �H�����	) (1987  :(  
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2-1-5- K/��  ) �A��KR( 

 O5�%� �#��0� ���KR  E# �� �+g
 �d�%�� ��%��& ���(�

 �87�?� �	�� �0?�� �  �� ���"+%%�� !#���1� ��*� [�\

) �?&�	 .!�� �	��&  	�M�� �&5 ��D�
) (1963        :(  
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+

=
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CaMg
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2-1-6- �J�� S����� L�*�) �*���RSC(  

 O5�%� �#��0�RSC  �� �+g
25/1 ���& �	��&  N%���� �

�� N������ d  �� �+�	=& �#��0� �) �?&�	 .����&6    :(  

)()( 222

33

++−−

+−+= MgCaCOHCORSC    
  

2-1-7- ) ��;T�U =�,�% K/��LSI(  

 �T%%%��1� ���&LSI� �D��) !�#��D4 ��(�+��	�L =�7��  [��

  �+�7 �&������D��) U�%:D
 �+m%� �( �+�7 �& [������ 

  	�������D��) $�D1� �%��%* ���� >%
 �(  �+�7  �&  [��

TDS  �(pH  ) �  H	��. �%*	� � �  �84��°� �	��%%%- (

��) �?&�	 /T^ .�%%��&7  �(pHs� d�%%�� ���(�pH   Z�T%%��

�� U�%:D
 H��&�
 �# U�%:D
 a%��2 ��%�  	��0� ��� .�%��&

  ��%%� �T%%��1�LSI� �
 ��%%�	 d�;�� ��%%��& !Tw� H��&

���(� 	�%%�+�� ��+,�� � U�%%:D
 ��� 6�	�� ��*� �(LSI  

 ��
 �%(��5 >%. �	 H�%�&�
 U�%%%:D
 ��  ��%%%��%& �"��

  ��� � (���%�	�5 !%�%%%S�%5)pH    �pHs    �%�%%%��%& �&��&

)LSI=0  �( O5�%� .!%��� �(��5 $��82 !7�. � LSI�    �&

 N:.mg/l �� d��&) �?&�	 .���7  :(  
��� =  �� –  ��� ̗  ��� =  � +  � � +  ��	! 

 

3- V����  

3-1-  (& �)�� �����%��# �)�-�W ���&  

����%�� ��%(�+��	�%L  �  !%�"�
 �&�%#�	� ���& ���%%%� ����

��%%%� �%+,�� 	�%
 �%& �%87�%?� �	�� �%0?�� ������#�  .�%��

  H����I2 N%#�%%%- � 	�%�8� '��1�� ������%�� ��%���� �#��%0�

) $��* 	� �(�+��	�L1  V	�=� �( �87�?� 	� .!%%�� ��%%�

 >D� ��	��%%�
 � 	�&	��5 d����%%� ��(�	����+%%�� ��%%-�.

) �%1+�FAO, 1994  �  !%�"�
 �&�%#�	� `�%%%�� � �%#�%L �(

  �	�g%%� $��* /T^ .!%%�� ��%%� �+,�� �M� 	� ������#�

)2 �& �"�
 ��(�+��	�L �(mg/l  ��%� >#�T2 �#��0� �& �2 ���

) a%%��2 ��%%� V	�=� �	����+%%��FAO, 1994  �%%:#�0� �(

  �	����+%�� `�%�� �& .���%�FAO�  �U�%:D
 !MDe �#��0�
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  � $�D1� ���* ���� >
 � U���+L �H�"7�� ��#��D
 �U#�%�

  �#��%0� ���xg(pH    ������#� �  	� �;#�+;7� !%#��%( �

�%+,�� 	��4 ��%� �%. 	� ��2�%87�%?� �%0?��  !%MDe .�%��

�&  �� ������#� �  	� H�%�&�
3/140   �%29/835  �D��� [�

�� ��I+� �+�7 �&  � �%%%��%&5/8  ��%9 �� �%%%S	�  �  ��%(

�& �#��%0�  �������#�)  ��%� �%. �� �2Y�%&  H�%�&�
600  

�D��  ���& ��%%%� ���82 ��%� �%. .�%�	��  �(�+�7 �& [��

  a%%��2 U#=���FAO� 60 �D��  ���. .!%%�� �+�7 �& [��

17  ��9 �� �%S	�  U#=��� �#��0� ��	�� �������#� �  ��(

&�� �	����+�� ��� �. �� �2Y�.����&  
  

  4�*M1.  K/�� �� �%��� �����% �����& '�� ����	��	 (& �)�� �����%��# ���& ��  

 X����%� Y��Z  ���H� [%�+�%  ��C����  �\�%*0 FJ%*0  *0%� ���%��#  

3/2  2/0  4/7  8/7  1/7  - pH 
6/32  5/1  6/4  1/8  5/1  meq/l ���� 

1/78  9/2  7/3  3/15  5/0  meq/l ��� 

2/99  2/2  3/2  3/11  3/0  meq/l ��� 

5/38  06/0  1/0  3/0  0 meq/l 
� 

6/33  2/2  5/6  7/13  3/2  meq/l ����
� 

04/116  8/1  5/1  8/8  2/0  meq/l �	� 

3/80  1/2  6/2  02/10  5/0  meq/l ���
�� 

9/49  6/322  3/646  5/1709  5/201  mg/l TDS 

9/49  3/496  4/994  2630 310 µmhos/cm EC 

2/47  197 4/417  1090 135 mg�����/l TH 

  

 4�*M2 . �*� ��-�W ����%*����% �� �����% �����& '�� ����	��	 (& �)�� �����%��# �!��<�  

) ��%*����%FAO,1994 (  �\�%*0 � FJ%*0  *0%� ���%��# 

4/8  8/7-  1/7  - pH 

3000 2630 - 310  µmhos/cm EC 

400 324 /162  – 06/30  mg/l ���� 

60 9/185 –  07/6  mg/l ��� 

900 9/6  8/259  -  mg/l ��� 

78 7/11 - 0  mg/l 
� 

600 9/835 –  3/140  mg/l ����
� 

1000 9/311 –  09/7  mg/l �	� 

900 3/481 –  01/24  mg/l ���
�� 

2000 5/1709  – 5/201  mg/l TDS 

  

3-2-  K/�� ����� (& '�)�� ��  

O5�� �� E#�( �#��0� �(�& ) a&��	 �� ���"+��1  �27  	� (

V�	 � ���� <m&��� ���82 ��( .���  

SAR    :  ���  �T��1�  �#��0�SAR    �	��  ����1�  	�

  ��&  ��87�?�26 /0    �252/4  d���  �  !��  ��I+�  ���(�

�0T^�� �	��&  '��(� ���& �7�\ ���& .���& 

%Na    :  �#��0�%Na    ��& ��2�87�?� ����1� 	�4/7    �2

9/57    d��� �� .!�� ���I2 	� �S	�59    ������#� �  ���g�

  ��0?��8/67    �M� ��  �S	�%Na    ��7�\ `]
 	�7/23  

  ���82 � ��5 �0T^ 	� �S	�5  ) ��9 �0D.5/8    �(�S	�

�� ��� `]
 �& @�&��.����& 

PI  :    �#��0�  �����	�  �+,�&  !��  	�PI  ��  �34 /29    �2

75 /86  �D��  �T��1� �#��0� .!�� ��I+� �+�7 �& dY�� �
�

��  d���  ���#PLQ�"�  O5��  ���&  ���  �
  �(�08/5  

  �� �S	����g�  �#��0� ��	�� �(PI  <�&  �� �275    � �S	�

  ���829/94  ��9 �� �S	�  ��	�� ��&  ��(PI    ��& ��I+�25  

 �275 �� �S	� .����&  

MAR  :    �#��0�MAR    ��&  ��2�87�?�  !��52/18    �2

06/75  �D�� �& �*�2 �&  .!�� ���I2 	� �+�7 �& dY�� �
�

  ��#��0�  �#�6���g�  ��  �S	�  /#�  �  ��(  ���&  ������

 �� N������ �	��&  '��(��7�.	� 6����&  �
35/81    �S	�

���"+�� ���&�& �	��&  ��(�� �?5 .����&  
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KR  :  ��)L  �+��	�L ���&KR  �� d�����9 �
 �(� >
 ��(

�& �#��0� �����1�%& � ��	�� E# �� <%� �	��&  ���%  N���

�g�  �#��0� .����&RSC  ��9 �&  aT2��  ������#�  �  ��(

  ��&  ��0?��15/11-    �22  ��  ��I+�  �  ��#��&��&  6���&

 �& �!�� ������#�  �M� �� ��0?�� �� ��9 �  =*RSC  �

�� N���� �	��&  '��(� !)* .����&  

LSI  :  ��g2%�  �%&  ���  �T��1�  �#��0%  ���LSI  �"��  �

�����+� 	� 6����&   ���:� � U�:D
 H��&�
 ���	 d�;��

���(� 	��+�� d����?4 �	��&  	� �( .�	�� ��*� ��  
  

3-3- �D<� ��]W��]# �� *��  

O5�� ���;� H����I2 >�D12 	�M�� �&  ��  !�"�
 ��(

��0� ��)2 �& [��4���)L ��(V�	 �� ���"+�� �& ���&  ��(

d�	�d�� �&�#) �DS�, `�;8� �(�1
IDW  � ( v��#��
2  

[�� 	�) �#��,��I* H�\]^�  U+:�� 	�=,�Arc GIS  ��� (

d��  V�	  .!���  �(�%#��
  �  �DS�,  `�;8%  ��  v��

_#�	V�	 �#�2  �� �	��:& 	� �
 ��+:( ���"+�� �	�� ��(

���  ����  o�-�2  HY�0�  ����	��  �  ��#�7�)  ���2011  .(

� �#�y, 	�+5�� � h#��2 �& ��I+� �#��0� ��gm2    �&�#�	�

��  ������  v��#��
  ��gm2  �#�  �&  ���g(  ��?5  ���

  ��D\�&�&  �  �4��S)1399d��  V�	  	�  .(  `�;8�  �(�

  ��(��I+�  �������  `���  �&  ��I+�  E#  V�	�  ��DS�,

����1� 	� �#�:g(�� �T��1� ��8� ��(  � �4��S) ���

  ��D\�&�&1399$�� !4� .(d�	� ��(  �&�#�	� [��� �& �&�#

  �?5�� 	��4 ��	�& �	��U
 �
 �7�� � ����  �	 �?5 �#�2

��  ��m+��  �	��  V�	  ��  ���"+��  a#���  ��  �;#  .���

��)L 	� v��#��
��X#� ���&  d��& $���� ��?�1� ��(

���� h#��2�� �(  ��)2 !)* �-�. �87�?� 	� �#��&��& 6���&

��0����� d��& $���� ��+&� 	� �(�+��	�L �& @�&�� ��(  �& �(

��1�� �� ���"+��  � [����+:�( ��(Normal Q-Q Plot 

���� =�7��  	�=&� 	� �	�� 3    �#�(�+��	�L ���& � �� ��	�&

V�	  Z����  ��  ����T�  $����  �
 >#�T2  ��(4    $����  !)*

���� �>#�T2 V�	 	� .�� ���"+�� d��
  h#��2 �� �
 �#�(

�g� 	��	�5�& $���� h#��2 �& ����&�� >#�T2 $����  .����

V�	 �#��� >#�T2  ��(U+#	��7 >��� ����2  ��#	 �����

  V�	 �# � [��Box-Cox  V�	 ���g2 �
 ���&  �
Q ��(

���� =�7��  �+:& 	� ���[�� 	� �	��   	�=,�Arc map  	��4

 
1 IDW  
2 Kriging  
3 Geo-statistical Analyst 

�	��.  V�	  ��(�+��	�L  d��  $����  ��  JLd�	�  ��(  �&�#

d�� v��#��
  �  �DS�,  `�;8�  �(�    ���&  �7�g8�

O5���& �  !�"�
 ��( �� E# �( ���& .���� ���& 	�


O5��$��  �!�"�
  ��([����#	��  �g�  ��(  �	��

d  �� E# �( ���& $�� �#�+)& � ��+,�� 	��4 <#���   �(

��+:&�� l�S�2  ���&V�	 .�� ��m+�� �#�y, ��(  ��(

d�	��&  �&�#�O5��  �(  ���&  ��� ���&	�
   ���"+��  �&  ��

  `��� �& >&�0+� ���	�T+\�MAE
5    �RMSE

6   �&�#�	�

<�L  �
  �7��  ���&  .������  �s�	�  �	  �0�4�  ���&  ��(�

) �?5 /D?�	�4 �������MAE  ���& �"S �& E#�=� �#�& �(

) �?5 H�8&�� ������� ��#	 �RMSE  �+g
 d�;�� �. �2 �(

��0� !#�)� 	� .���&d�	� ��(  O5�� �( �& N���+� �&�#

) �	�g� $��* .��  !�� �& �  !�"�
3d��� �(  ���(�

d�	� V�	 � >&�0+� ���	�T+\� _#�+�  `��� �& ���)& �&�#

)MAE)  �  (RMSEd���  �  (  �g�  $��  �#�+)&  ���(�

��  !�"�
  O5��  �(  ���&  [����#	��  a��2  �
  6���&

V�	����  ��(d��  �	��   �  �DS�,  `�;8�  �(�

�&  v��#��
  �  ���  !��)  >;�  .!�2d���  �(  ���(�

��0�d�	�  ��(<�L  �&�#&%�  ���%�&  �&  ���	�
% ���

V�	d��  ��(  ���&  �v��#��
  �  �DS�,  `�;8�  �(�

O5��  �&�#�	�  	�  �	��&  '��(�  !)*  �  !�"�
  ��(

 �� ����	� �+,�&  !�� .���&  
  

4- �^�����_  

���g� ���g2  �#��0� �M� �� ��87�?� �	�� !�� �&  ��(PI  

�� N���� �	��&  ���& !MDe �M� �� .����&SAR  ���g2 �

���g�  �� �+g
 �#��0� �(10  ���� z�C+5� ��5 �& �	  � ���

�� N���� �	��&  ���&  �& @�&�� �#��0� .����&%Na 	� �

��9  ���  �2  �7�\  `]
  	�  ��0?��  ������#�  �  ��(

	�C� !)*<�& .��	�� 	��4 �	��&  '  O5�� 	��0� �#�2

MAR d�g
�2 �K2 �[�0� ��(���	� ��;2 /^��� �& @�&�� �

�T& ��D+\�� �-  ��D���	� ��7�S� � �0?�� ���* 	�  �"�


  �	�� �0?�� r�� $�g� 	� /�=� � �7�#	�� ��D"��7�*�& 

��  �87�?� �  '��(�  !)*  �
  6���&%���  �M�  �	�%  N���

���)L .����&�  �+��	�L ���&KR    �LSI  �� d��� �
 �(�

��9��  N������  �	��&  ���&  �����1�  >
  ��(  .����&

  O5��  ���;�  >�D12RSC  /^���  �
  !��  d  �����&  �

4 Transformation  
5 Mean Absolute Erorr  
6 Root Mean Square Erorr  
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  	�  ���
  >T*  �  ��e  	�  E7  �-�	�  �  �D��&  ��D+\��

  �Y�&  d�=��  ��  ��0?��  �4��  ���*RSC    	��	�5�&

��0�  `���  �&  .��+:( ;�  h#��2  ��(O5��  ���  ��(

  �����	� �+,�&  !�� �=
�� !g:4 �������#� �  !�"�


 �� �	��&  '��(� !)* d�� �#�+)& .���&  

  

  

 F>�2. �D<�K/�� ���>� `�	�W �� �����% �����& '�� ����	��	 (& '�)�� ��  
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 ��%�% F>�2. �D<� ��K/�� ���>� `�	�W �����% �����& '�� ����	��	 (& '�)�� ��  

  

  4�*M3 . 9�� a��^�%�� 9�� %�� �*� (�b��% c%�_���%� ��� ���]� 4*� � ����  ��� ��  

RMSE MAE ("#/ 

"#+ ")% 

Range effect 
(Km) 

Sill ("# + ") Nugget 

("#) 
 9�� � 4*�  K/��  ��

 (& '�)�� 

00 /10  46/7  - - - - IDW PI 

67/0  48 /0  8/49  5/21  42 /0  21 /0  Kriging-Exponential SAR 

54 /9  06/7  - - - - IDW %Na 

46/8  25/6  5/14  8/22  1/0  01 /0  Kriging-Exponential MAR 

29 /20  01 /12  4/16  6/10  37 /0  06/0  Kriging-Exponential KR 

30 /2  55 /1  - - - - IDW RSC 

14 /0  11 /0  7/72  8/21  02 /0  02 /0  Kriging-Exponential LSI 
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Abstract 

The aim of this study is to evaluate suitability of groundwater for irrigation purposes in Urmia alluvial 

plain, West Azerbaijan, Iran; where agriculture activities are dependent on groundwater because of 
increasing drought trend in Lake Urmia. Fifty-nine water samples from groundwater were selected 

during dry season in 2018 and analyzed for water quality parameters. The present study was carried out 
to investigate the spatial variability of water quality indices (PI, MAR, SAR, RSC, LSI, KR and %Na) 

by geo-statistical methods to determine suitable areas for irrigation. Electrical conductivity (EC), pH, 

calcium, sodium, chloride, sulfate, potassium and TDS concentrations were in permissible limit, while 
%8.5 and %17 of groundwater wells; in bicarbonate and magnesium, respectively; were higher than 

acceptable limit within prescribed limits as FAO (1994) for irrigation purpose. The calculated SAR 
values suggested excellent quality for irrigation. The values of PI and %Na suggest that the groundwater 

of study area is suitable for irrigation purpose. It shows that concentrations of MAR in %18.6 of wells 
and RSC values in three of samples, are lower than the permissible limit; Whereas computed values of 

LSI and KR indicate unsuitable groundwater of study area. The spatial distribution maps of groundwater 

quality indicated that the central of Urmia plain is the most suitable zone for irrigation purposes.  
 

Keywords: Groundwater, Urmia Alluvial Plain, Irrigation Purposes, Water Quality Indices, Spatial 

Distribution. 
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