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In recent years, with the increase in population, the quantity and quality of surface 

water resources due to human activity have changed. By studying the effects of 

land-use change on surface water resources, we will be able to understand the 

interactions between land use and water quality. Therefore, the purpose of this 

study is to evaluate the surface water quality in the Mehran plain watershed 

affected by land use. In this study, after extracting land use, the percentage of 

each land use area in the region for four time periods of 2000, 2007, 2016, and 

2020 was determined, then the effects of land-use changes in both wet and dry 

periods on water quality parameters including anions, cations, SDR, TDS, EC 

were examined. Finally, Schuler and Wilcox's diagrams were used to determine 

the drinking water quality parameter. The results showed an increase in barren 

and urban lands compared to agricultural, rangeland, and forest lands. So barren 

and urban lands have increased by 13.2% over 20 years and the number of anions 

compared to the long-term average of 10 years is 14.82% and cations are 21.23% 

and soluble salts of SDR, TDS, EC is 36.9%, respectively, Increased by 18.35 and 

18.30 percent. In most of the studied applications, the trend of changes based on 

the Mann-Kendall test showed an increase, and based on Pearson correlation 

between river flow and quality parameters with all parameters has a negative and 

inverse relationship, which with decreasing river flow, the trend of quality 

parameters increased. Is. According to Schuler and Wilcox's diagrams, water is in 

the salinity range for the study area. The results showed that the increase in 

human activities and climate fluctuations are factors affecting the water quality of 

the Gavi River, therefore, there is a need to manage programs to control land-use 

change. 
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�� � �K1�� D� 2�K�� !�4(1����:. 

�� ���(� u���) �4! q�1�� 	 �# ��� �� ;=M��� ;#�: C�$6� ;�IJ�� ;�=� �4! ���E�� W� �4! ��#��4  (#	�j'

����4�� 	 !� (#�� C�$6� � ������ !�	� () 	 ;=M�� � 	�L�  ��� ;7<�M� ^��� �  .�# () S#�  H4	9:�� � �  

����4�� !�  2���< ���0��TM  	ETM ;� �� S��� 2#�� ��#(�� �����2 nF� ���� � �K1��  ;7<�M� S#� �  .�# ()

 ��	  �  �E��� !(���� C�(��B' ���(� ;�20  +�� �� ;<��1380  �'1399 OU' W]� 	�(  !�4(1����: C�(��B' (� 8�

_�F 	 �<��(' ��	  	  �6 �K��  +	�J) �� ;1F� (: �<��1.(  

                                                      
1 standardized precipitation index 
2 United States Geological Survey 
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 F�)G1: ���+
�� �-��53 ��5�	� �' ���H"/���+�  

�-+53 ;+, '����I�-+53 <-��3 ),�I ��)�3 �,�8� J�8H3 ��)4 

 2���<7  S# �	(G1380 7 30*30 

 2���<7  S# �	(G1387  7 30*30 

 2���<8  S# �	(G1395 7 30*30 

 2���<8  S# �	(G1399 7 30*30 

 

�K��� '�I��& �����L3 M���"/�  

W: �� �'�; (#	�j' ����4�� !� !�(� � 	�L� 
(� ���� (� �;7<�M�  ���  ���G�ENVI Q3�(� u�� (: q�1�� (#�j' 

� �K1�� ��. S��~I4 �  !�1��� u	� �� H��: C�(��B' ���(� +�I13� (����31 � �K1�� �# (). �  u	� ��� �# 

�(G (� S#� 2�� ;�  ;I4w6��� ������ !���  H���(: +��(� ��1-4 .2=�=3 �  �$� ;��I� �4! ������ �#�� 

T(7� 8� �$� ������ S#�(���� �' �3 8���� �#�� ��  ��7' ;��I� �4! � �K1�� !(1���  �� �' C�(��B' !���-� �� 

	#)9� �4! �K�6 �  S#� �(1-) ;1���: ��(`  (�) .�  ;=56 !��� (����3 Q-��: �+�I13� (v� ��� ;� ��$� 25-� 

� �  ��  �� ;� S#(1��� +�I13� w�7' Q-��: ;� 8� �$�  �J	  ��  )!�� �! �7-� 	 ���:1382(. 

 Q5` �� ;#�0' Q��L'	 C�$6� ����4�� !� 
�} �L�Lj' �2��'� (� !	� (#	�j' 
�F C��X . (�) H0�� � �	 �� 

!�4�MF � �  �4! �
�F !�4�MF ���� ���0�� �� 	 C�(O� !�J �� ;� ���� 2�J g�Lj' ���� �MF �� u	� g�Lj' 

H���(: !(K-I'� 	 g�Lj' �� ����4 t�� _�'�I1-�� � �K1�� �� �$�)  ���2 ���'�' 	3� 2007�#�0���� .( ;� 

(#	�j' e��(� ;� 8��� !�4 q�1�� � �� 	 ���#��� ��K'�� 	 ��L� ;��' 8� �4 q�1�� �� ������ ���� 2�� ;� C�L�Lj' 

_#(1��# �� 	 !�J (� !	� (#	�j' C��X  (�) .W: �� +�I� g�Lj' �_#(K-I'� b�E	 (#�j' ;� 8���� Q��` -

;v3$� !� H#��G� �� ���#. !�(� 
�0�� g�Lj' !(K-I'� (#	�j' ����4�� !� �� �K1�� ��� �� u	� (1��G (K'#w ��'#_4 

� �K1�� �# (). W: �� 
�0�� �C�L�Lj' ;� ��v�� (#	�j' (�-K' �� u	� ;=56 !��� C��v� ���5 ;� .�� � �K1�� S#� 

C��X ��1�� ;� �$� !�4 ! (����  �J�� �  �;=M�� �� C���I 
�0�� ������ 	 ���(� C�7<�M� ��5` 	 � �K1��  ��

;�=� !�4 �G�()�:�' �#����� ����. Q3�(� S#� �� �7�� D��� �"�� c��(' 
(� �   ���G�ENVI  u(� �� W: 	  �0#�

������ e�=� �� � �K1�� �� � 	�L� 
(� ;� +�=1�� �� 	 ^��� (#�� �E��� 	 Q"�J �&'(� �!��	��� !(���� ���N  ���G�

ARC GIS  !�(� !(���� (4 ;� e��(� 23�-� �X� ���N  ������ ��	 1380 �1387 �1395  	1399  ;5��L�

.�# ()  ;� H4	9: S#� � _�F C�(��B' ���(� ��v�� +�� �  �E��� !(���� 	  �� �<��(' 	 �<�� �4! 1387  	

1395  Q�� �  P#�1� .�� � �K1��3 .2�� ��� ;����  

  

 

                                                      
1 Maximum Likelihood Classifier; MLC 
2 Shalaby 
3 Tateishi 
4 Dark Subtract 
5 Supervised Classification 
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�,�N��� OP �H�& '�
�"���� �/��I  

5 ��1G() ��(` ���(� ��� H4	9: S#� �  ;� �'�5��(' 	 (X��C�� �� ��� ���8� �4! ) (��Cl-�( C�K<�� )SO4
2-( �

�� C���(� )HCO3
2-( 	 �� r�� S#(' '���8� �4 �� 8��' r#�� )Na+(�� ���#r )Mg2+ (	 r�-�� )Ca2+( 	  2#��4

��#(1�<�1 )EC( �+��L� b$�� Q�2 )TDS(  	r#�� DnJ 25-�3 )SAR( ;�  (� 
�� �� �6 +�� !�4 _�F �<�� 

S�I�  2���'�(��B' �  2v�o 8� �4  �0#�  ��. 
(� ���� (� W]�  ���G�Excel  	SPSS ;j��� �K�� !�4 D� 

;��F 	� Q��� 8���� �4 	 8��'�� ��4 2v�o b$�� 2#��4 �+��L� ��#(1�<� 	 ����#;1� ;#�0' Q��L'	 �.� �  2#��� 

 ��(` ���#��� ��� ;��F 	� D� 2�K�� (� �E��� !(���� C�(��B' (�OU'.2G()  ���L'�Q �4!  !�4(1����: !�(� !����

� �  	 D� 2�K�� � ;��F 	� 8�#(J !�4;�� ;1G() ���. ��:�� 8���� ;�IJ��� S� _#(1� -  ��	� ;7<�M� !�(� +����

Q��L' 
�I' .�� � �K1�� D� �K�� !�4(1����: �"1-5I4 	 �4  D� 2�K�� !�4(1����: 	 S��� �� � �K1�� t���� S�� �4

(E �� �  8��(�: �"1-5I4 c#�01/0 p <  	05/0 p < .���� ���(� 

 

.� !+�$P  - F�)(&  

;� _�F ��	� Q��L' 	 ���(� ��v�� �<�� � �  ;�}�� ����� ���=� �  �4#��"1- �4 S� 8���� �� -   � �K1�� +����


(� _I� ;� 8���� S#� ;5��L� .��  ���G�S� -  S� 8���� .2G() C��X +����-  ����� q#(7' �� +����S ;�  C��X

) ;M���1�� ( ����  �� ����)1385.(  

)1 (  � = ∑ ∑ ���(�	 − ��)����������  

;� �  8� xj  	xi ;� ;� c�'('i 	 S��� j ��4��� � �  S���  	 !�n  �� 2�$ &��' .2�� (!���� ��	  +�6) ;��I� ������

) ;M���2Q��` ( .2�� ;5��L�  

)2 (  �(�) = �+1 (�	 − ��) > 00 (�	 − ��) = 0−1 (�	 − ��) < 0  

Q=1-� �(G ��2F����# 	 8 ��� �  8 ��  ���7� T�(L�� 	 S�"���� �4S ;� � C��X	) l��3  	4�� ;5��L� ( :����  

)3 (  �(�) = 0  

)4 (  �(�) =  (��)(���)�∑ (	��)(����)� !"�#  

� � 	}�� l�� �n� �   ��7' :  ��4m�()  ��7' :  	 �4t: � �   ��7' 2�� �() (4 �  �4. ��v�� �� �() S#� 2�� ;� ()� �� _# 

���=� �� �  (1��� ��  �J	 ��# ;1��  ����� S#� (# �=� �!	�-� Q���' _# �() �� �� ��4   (# �=� S#�  ��7' 	

 �() �  !	�-�m  (� �� 
�t �� .����  ��� �����1�� �(I� 8����Z S� ����� ���=� 8�I4 ;� -) ;M��� �� 2�� +����5 (

Q��`:2�� ;5��L�  

                                                      
1 Electrical Conductivity 
2 Total dissolved solids 
3 Sodium Adsorption Ratio 
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)5 (  $ = ⎩⎨
⎧ (��)*+(() � > 00 � = 0(��)*+(() � < 0  

���=� ;~���N Z z���  �� ('96/1± ����� � �  � ��	� !���  �4� ����� �  � (KX �(G 	�  ��  �`�G C��X S#� (�o � 

 2�� ��	� �� ����)1385.(  

: Z ����� &#��' +��(�  �����1�� �� ���� 	 �  _# 8���� 	  ;���  ;1-� ;� b�M�  ���  �I1� 8���� �� ����' (# �=� 

�K�1�� ;�  �F  (�) 	:S (1����: u	� S�- +���� 2�� ;� ;� ;5��L� ��L� 8� �  }�� ����� �# (). ���=�  �����Z 

!�(� b�M� 8���I6� 95 �X�  	 99 �X�  ;�(��(� c�'('  ��96/1  	58/2 � ;1G() (v�� �  ��  �� ����)1385.(  

  

R�I � S-�",  

�K��� '�I��& �����L3 �/��I  

 � S#� ;7<�M�  ��	  �  �E��� !(���� C�(��B' (� �	$20  ��	  	  !�(� !	�) ;��F 	� �K�� !�4(1����: �;<��

 ��(` ���(� ��� (' 	 _�F�� )� (. ) Q�� �� �I� ���� (�2�( +�� �4! 1387  	1395 ;�+�� c�'(' �4!  _�F

���� D��1�� D�6(� 	. 

 E8�2: J	N TN�� J-B+*��)�
 � �/�(��+
 �*�/ )1383 –1398(  

 Q�� �� �I� ���� (�2  ^F�� ;� ;J�'�� 	 �����1�� u��� +�� �� ;7<�M�  ��� ;=M�� !�(� �I��`� C�(��B' �1383 

 ;��7�  +�� �  	 ��� t	(�1387  	1395 _�F ��	  	  ��  	 2�� � �� ;J��� ;=M�� �#�� �<��(' 	 �#�� �<��

_�F ^F�� ;� ;J�'��  +�� �� �LM� D� (1����: (� C�(��B' S#� _#y�<	���4 �<��1388  _# ����� (�FU' ��

 +�� 	  ���� S#� (� .2�� ��� t	(� +��1387  	1395 4(1����: ���(� 2�J 2�  �  !	�) ;��F 	� �K�� !�

 .��1G() ��(` ���#��� ��� 8�(��  

 Q��3  	4  &#��'!(���� +�� �  8�(�� 2�  ����� ;E�3 !�(� S���  !�41380 ,1387 �1395  	1399  8��� ��

�� 4 ��. ;� !(�� 	 (#�� S��� !�(� (s��1� (# �=� �c�'('08/51  ��X� 2/60  ��X� 4/46  	 �X� 3/64 �X�  

-٣

-٢

-١

٠

١

٢

٣

١ ٣ ٨ ٣ ١ ٣ ٨ ۴ ١ ٣ ٨ ۵ ١ ٣ ٨ ۶ ١ ٣ ٨ ٧ ١ ٣ ٨ ٨ ١ ٣ ٨ ٩ ١ ٣ ٩ ٠ ١ ٣ ٩ ١ ١ ٣ ٩ ٢ ١ ٣ ٩ ٣ ١ ٣ ٩ ۴ ١ ٣ ٩ ۵ ١ ٣ ٩ ۶ ١ ٣ ٩ ٧ ١ ٣ ٩ ٨
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+�� �   �!�41380 �1387 �1395  	1399  �  &'(� ���=� 	 S#�+�� �4 ;� �c�'('6/34  ��X� 9/13  ��X� 8/21 

 	 �X� 1/13  S#� .�� �� �X� (!(�� 	 (#�� �E��� 	 &'(�) !(���� 	  &#�� ��� ;E�3 S#� �  � �K1��  ��� S#('�� 

� _�F� �����.  23�-�(���� ("# ! �4! ;E�3 �  �E��� 8�(�� 2�  �����S��� ;�IJ�� �  �  �!��	��� !�4

+��  !�41380 �1387 �1395  	1399 ;� � 	�3 �  c�'('4/10 �8/15� 2/14  	8/9 � �X� � ����. 

  
 E8�3:  �F�/ �� �K��� '�I��& Y-$+3 �	6,1380 �1387 �1395  �1399  

 Q�� P#�1� ���� (�4 �  +�6 20 �� �+���S �4!  8���� ;� (2��� 2� ) ��"�J 	 (#��2/13  	 �X� 9/8  �X� 

H#��G� 2�� ;1G�#� �<�3�   ;��E��� ;� &'�(� 	 �o�� 	 !��	���  	�3 �  c�'('6/0 	 �X�  6/26  �X� 

H4�� ;� P#�1� ;� ;J�'�� .2�� ;1G�# 2�   S#� �����;E�3 �����  ! �#� 23�-� !��� S���  	 !(�� 	 (#�� !�4

 H����N�� S��� � �7'(� 	 ��"�J !�4� ������ �� P#�1� S#� . H#��G� �� ;�  (� 8��� ;�E(G S#� �� 8��' w6��� 

(��!S��� 	 �4���K� � 2G�# ��4��F H4�� ��"�J !�4 �#)1  �8����I4 	2019.(  

                                                      
1 Yu 
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 E8�4: F�/ �� �K��� '�I��& �����L3 ���+�, �
' �1380 �1387 �1395  �1399  

  

��L3 �/��IOP �H�& ���  

) +	�J2B' 8���� (��C�(  ��	  �  �� D� �K�� !�4(1����:10 �(� ;<��!  ��	  	 _�F �<��  	�<��(' ;� c�'('

1387  	1395 � 8���� �4  ���� (� . S#�+	�J �� C�(��B' 8�����8� �4 '�� 	�8� �4 +�� �  �4!  �� (1��� _�F

+�� �4! '�� 2v�o .2�� D�6(��8� �4 �� 	�8� �4  .2�� (1��� D�6(� +�� �� ;-#�=� �  _�F +�� +�6 � 

'�� Q� 2v�o�8� �4 �� 	�8� �4 ;� _�F +�� �  c�'('16/32  	13/32 �<�3�  � �� (1�< (� 
()	(���  2v�o ;�

'���8� �4 �� 	�8� �4 ;� D�6(� +�� �  c�'('87/25  	25/28  
()	(���< (��(1 .�� ��4���  

 w56 (�#;1G� �4! ) +	�J2�� Q� T$1F� �!	�) ;��F 	� ��"1-#� �  �(�8� �4  S��2  +��1387  	1395 �� (��(� 4/4 

 ;�  �� (1�< (� 
()	(���82/14٪ 2�� ;1G�# H#��G�. '�� 8���� ���	  S#� �6 � �8� �4  ��	  ��o� �� ;-#�=� �  ���

  	�323/21٪ )38/6  �  .2�� ;1G�# H#��G� ((1�< (� 
()	(���_�F +�� �  ;��F 	� 8�#(J H4��  ��� � ��v1��

��  	� �� 2v�o ;��8� �4 '�� 	�8� �4 ���# H#��G�. H#��G� �# H4�� 
���(4 �� S#� (X�� ;� ���;  �F (� 2�K�� !	� 

D� ��n)(�OU' ��1-4� ;� !��6  �J	 ;� r�-�� �  D� {�� H#��G� ��K� D� ;� R�F QF�  �� . �� ��(v� !����� (4 

;N ���=� r�-�� D� +��L� (1��� ���� 8� D��M� (' �4��F x �� ��� S�I4 H#��G� (j� �  D� {�� �1�� 8� 

��  �� ;� �� � �K1�� 8� �� !�(� D� D(� 	 27�X  	�L� ��  ���. ����#r ��� ;� ���=� Q��` ��J�' �  D�  �J	 

;1��  	 ��1G� �  8� D� R�F	 ;���� r�-�� .2�� _I� �4! r#�� r���1: 	 ��� �  
�I' D� �4! �7�56 ;� ���=� r� 

	  ��   �J	  �#�  �� ����)1385 .(�� S�� � �8� �4!   �  ���(� ���	;<�� �  ��� �� 2v�o S#('}���8� �4  ;� e��(�

SO4
2-  ;� e��(� S#(1I� 	HCO3

2- '�� S�� �  	�8� �4!  �� r�� S#(1��� ���(� ���Ca2+ (1I� 	#S  ;� e��(�

Mg2+ �� ����'�� H#��G� �X�  ;E�3 S#� �  .�8� �4 �� �� (1����8� �4 r�� �� ��# . ��  !�(� �K�� !�4���7� S#('

;=56 ���! !��	��� D�� ��#(1�<� �#����� )EC( ;�  ��� ;=M�� �  .2�� 8� r#�� 8���� 	 !��� 8���  �;7<�M�

 +	�J) P#�1� w562 �(EC  ��	  �6 � 10 �� +�� �� ;<1387  �'1395 �30/18  �� 	 ;1G�# H#��G� �X� 78/2690 

 ;�3186 ��(1�	(� 1��� (�� (1�  ��	  �6 �  ;7<�M�  ��� ��"1-#� �  .2�� �����10 (# �=� �;<�� SAR 	 TDS ;� -
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 c�'('9/36  	35/18  �  8��� H#��G� �X� . ��+�� C�(��B' (v� �4!  �D�6(� 	 _�FEC �SAR  	TDS  +�6 � 

) _�F +��2007�=� �  (;-# ) D�6(� +�� ��1395.��1��  !(1��� (# �=� (  

 
F�)G 2�#-�6� : ���� �
' =�H�& OP ��\"#-� '��D �� F�/ �
' O+��� � J	N  

!+�3�&  !+�,P 

EC TDS SAR ]�&�3  Y�G

!+�3�& 

meq/L  Y�G

!+�,P 

meq/L 

Na+ Mg2+ Ca2+ HCO3
2- Cl− SO4

2- 

04/30 3/6 46/4 28/19 67/29 27/3 77/7 63/18 94/2704 56/1811 87/1  �/+"�10 �*�/ 

16/32 51/5 3/5 35/21 13/32 6/4 2/11 33/16 3186 3/2134 54/1 J	N ���� �/+"� 

87/25 10/5 26/4 42/16 25/28 43/3 23/8 59/16 78/2690 76/1801 23/2 O+��� ���� �/+"� 

38/6 41/0 04/1 93/4 4/4 17/1 97/2 26/0 22/495 54/332 69/0 ���� �� .�I ���H3 

23/21 50/6 31/23 57/25 82/14 77/35 22/38 4/1 30/18 35/18 9/36 ?-�`>� )a�� 

  

;=56 ���! D� �4!  
�0�� r#�� DnJ 25-� 	 ��#(1�<� 2#��4 (1����: 	  ���� (� �}�I7� !��	��� �LM�

��  ��r�� �� ��# . u	� S#('  �4��	��� �  D� 2�K�� 2�7E	 (�-K' !�(�! �� �I� �W����#	1  u	� .2��

;=56 ���! W����#	 �I 8� �� �I� �� � �K1�� 	� ('#S ;=56 !�(� u	� ���!  ��#y�<	���4 C�7<�M� �  !����� D�

;=56 ���� (� .2�� ���! +�� �  W����#	 �4! 1380 �1387 �1395  	1399 �	() �  D� 2�K�� �C3S1  ��(`

8��� ;� 2�� ;1G();� P#�1� .2�� r� r#�� D� t�� 	 }�� !��� ���4 2�  D� �#��I�� 2�K�� ;7<�M� �� ����

 ��"1-#� �LM�!	�) ;=56 �� � �K1�� �� ���! (<��2  +	�J w562 +�� !�(� �4!  l��1� ��	  �  _�F 	 D�6(�

10 � !�(� ��"1-#� S#� �  ;��F 	� D� ;�  �  8��� ;<�� 2�J ;=M�� S#� �  (1��� 	 2�� l��1� �3 �  8�����

� � �K1�� 8� �� !��	����  ��  Q��)5.(  

                                                      
1 Wilcox 
2 Schuler 
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 E8�5 �,�N��� '��I �*+� ���+�, :'��D  

  

),�� E���3  .� '�"�����, A�� �I- F�)(& 

;�) ��1��  �K�� ;M��� ;��F 	� 8�#(J �� D� 2�K�� !�4(1����: ;I4  8�#(J H4�� �� �+��� 8��� 2v�o �;��F 	�

� H#��G� (1����:� #���S#��� .( �� �+�3 ;��F 	� 8�#(J 	 �4(1����: S�� !�` �"1-5I4 !���� (v� ����  �J	 (� �	$ .

;� �� �  8��� 8��� +�6 �  �� ��#��G� ��	� �4(1����: (1��� �S#� �J Na+  	Ca2+  ��4�� ��	� 8��� 2�n) �� ;�

S#��� .�� ��4��� �� �+�3��7� !���� (v� ��  �7� !���� (v��� ��� �4(1����: (#�� ��	� . �5�� ��  ;�  �5�  �J)86/2 τ 

=( Cl  ��	� 8��� 2�n) �� ;�;���C  +	�J) 2��  ��#��G�3;#�0' P#�1� .(  S� ��	� Q��L'	 - 8��� +���� �����

� ;0�1� S#�� ���� !	�) ;��F 	� �  .2�� ;1G�# H#��G� !	�) ;��F 	� D� �K�� !�4(1����: 2v�o ;� EC �SAR �

TDS+ �Cl-	 SO4
2– � !	(�: ;��F 	� 8�#(J ��	� ��� ����  �� ;��F 	� 8�#(J �K�� �"1-5I4 (�� S#� Q�<  	

S#��� . �� ���(� ��� !�4(1����: �7� !���� (v� �� �J	� ��   +	�J) �� �5�3.(  
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 F�)G3 :) .���b/� ��3� �\"#��
 �I F�)(& .� ),�� E���3RsOP =�H�& '�
�"���� � �,�N��� !�-�G .�I ( 

.���b/� �\"#��
 ),�� Kendall’s τ �"����  

077/0-  +  305/0  EC 

571/0* +  281/1  pH 

077/0- +  366/0 TDS 

107/0- +  48/0 SAR 

115/0- -  76/1 Ca2
+ 

275/0- -  67/0 Na+ 

198/0- +  28/1 Mg2
+ 

107/0- +  915/0 HCO3
2- 

242/0- +  86/2** Cl - 

231/0- +  60/1 SO4
2- 

  

OP =�H�& '�
�"���� � .��$ '�I��& '�
+\*� .�I c��3��  

;#�0' P#�1� �7� e�5'��  �J	 ("���� �"1-5I4 Q��L'	� �� !  D� 2�K�� !�4(1����: 	 �E��� !(���� !�4�"<� S��

�  +�� +�6 �4!  +	�J) 2�� !	�) ;��F 	� �#(�� ;E�3 �  D�6(� 	 _�F4�� �_�F +�� +�6 �  .(�S �4! 

;� !��	��� Q��` ��6����� �K�� !�4(1����: �� ��J�' +Ca2 �+Na  	+Mg2  	 2���� !�� ��7� e�5'�� !��� 

� e�5'�� ���(� ��� !�4(1����: 
�I' �� ��"�J �E��� . �� �K�� �"1-5I4 (1����: �� ���' 	 2���� !�� ��7Cl- 

 25�� 	 �� ��7� e�5'�� !��� )05/0 p> (. �� �7'(� !(���� �7� e�5'�� �#��I�� !�4(�B1� (��� ��� �� !  �<	 2����

�� �K�� �"1-5I4 cl- 	 HCO32 – 4 �� 8�(�� 2�  �o�� 	 !��	��� �E��� . �  8����� 
���  +�� !�4(1����: ��

�7� �"1-5I4 _�F� �� ! 1������;� �  (1����: �� �JSO₄²- )05/0 P<�� . �� �K�� �� ��7� e�5'�� !���  (�S �4! 

�2v�o �� !(�� 	 (#��Ca2 + �Na+ 	 SO₄²-  25�� �"1-5I4 �� �K�� �"1-5I4 !���  �4(1����: (#�� �� 	 +�6 �  .

 �� �7'(� �E��� �D�6(� +��EC� Cl-  �pH  	HCO3
2–  ��1��  �K�� �"1-5I4. S#��� �� �+�3�7� !���� (v�� ��  

��4 �� ��"�J !(���� .2��  25�� e�5'�� �4(1����: (#�� �� 	  �5� �7� e�5'�� D� 2�K�� !�4(1����: �� _#� �� ! 

;� .2���� � ������6� 8��'  25-� _�F +�� �  �E��� !(���� t���� 	 D� 2�K�� !�4(1����: S�� ;� 2G() ;0�1�

�` l��	� D�6(� +�� ;�! (' 2��   �J	�� �S#� (� �	$ .�S �4!  !(�� 	 (#�� �E��� S��~I4 	 �o�� 	 !��	���

 +�� 	  (4 �  S��� �� � �K1�� !�4�"<� (#�� �� ;-#�=� �  D� 2�K�� !�4(1����: ���` l��	� _�F 	 D�6(�! ('! 

 �S#� (� �	$ .��1�� Cl- �SO4 
2- 	 Ca2+ ;�S#��� .�� �� e�5'�� �  S��� �� � �K1�� (1����: _# Q`��3 �� C��  �+�3

��4 
���  ��(����! �4 S��� !�7� e�5'��� �� ! �� pH �SAR r�-�� 	 Ca2+  8��� _�F 	 D�6(� +�� 	  (4 � 

� ����.  

  

  

 



  

  

  

  

139   ----------------------------  ��	"#�� $% 
&	��
 
#��'( )	�	� �*
��	��+ 
# �	
,� -��( '�.� �/0 12� ...  

 

 F�)G4 !+/�� �\"#��
 ]-�K :.�I F�/ F+� �� OP =�H�& '�
�"���� � �K��� '�I��& ;�+,�  �K+d �� O+��� � J	N '�


'��D �,�N��� `��IP  

J	N �*�/  F�/)1387(  

�"���� �e�I � '$���	& E\(G Y3�� '�f� � �-�I �K��� 

EC 4/0 26/0 15/0 10/0 - 

pH 23/0 26/0 18/0 18/0 - 

TDS 4/0 26/0 15/0 10/0 - 

SAR 04/0 40/0 12/0 47/0 

Ca2
+ 02/0 - 03/0 - 23/0 02/0 

Na+ 08/0 39/0 16/0 47/0 

Mg2
+ 006/0 - 04/0 10/0 21/0 - 

HCO3
2- 54/0 54/0 10/0 - 15/0 - 

Cl- 5/0 56/0* 01/0 - 16/0 - 

SO4
- 36/0 - 20/0 - 30/0 25/0 

 F�/) �*�/�31399(  

EC 09/0 - 15/0 20/0 - 03/0 - 

pH 11/0 41/0 37/0 - 29/0 - 

TDS 10/0 - 15/0 20/0 - 03/0 - 

SAR 005/0 - 27/0 21/0 48/0 

Ca2
+ 45/0 - 07/0 - 17/0 07/0 

Na+ 07/0 - 27/0 21/0 49/0 

Mg2
+ 17/0 - 16/0 - 21/0 10/0 - 

HCO3
2- 14/0 10/0 20/0 - 05/0 - 

Cl- 23/0 19/0 24/0 - 11/0 - 

SO4
- 56/0 -* 08/0 - 43/0 28/0 

 

 �1��� S�I4 � �#1 ) 8����I4 	2016 ;���� ��4	9: �  (�  u���)�  (1����: ;� �EC (1����: ;� ��  �(#�� �E���

&'(� 	 Q"�J �7� ;M���� �� ! � 8��� ��� �4 � �<�3�   ;�pH ��4 ��  �� . ���� e�5'�� D� 2�K�� !�4(1����: �� _#

;� _�F 	 D�6(� +�� 	  (4 �  �("#  T(6  !���1�����S �4!  _# �� Q`��3 D� 2�K�� !�4(1����: 
�I' ���"�J

� (� 2��O C�=�=L' �� !���-� .�� �� l5'(� �E��� !(���� t��  D� �� �15�� ;M��� �7'(� 	 ��"�J �E��� ;� ���

���� . ���M�� S��~I42 ) 8����I4 	2021 D� 2�K�� 	 �E��� !(���� !	� (�  �F H4	9: �  ( ��4 �� (� 8���

I4Q��` �"1-5  (# �=� S�� ��J�'pH �SAR � -
Cl  	+

Ca2 +�� �  S��� �� � �K1�� t���� ��  _�F 	 D�6(� !�4

��� �#�����x �<�3�  2v�o w��M� ;� ) ��#(1�<� 2#��4EC( � +��L� b$�� Q�)TDS(  	+
Mg2  �� t�� _# �� Q`��3

(����! �4! .�� �� l5'(� S���  � ;7<�M� �SN l��' ;� ("#  !3 ) 8����I4 	2021 (� �E��� !(���� C�(��B' (O� (

                                                      
1 Yu 
2 Soltani-Gerdefaramarzi 
3 Chen 
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;� �� (� 8��� ��� �� � �  
�0��  �'(5<� ;��F 	� 2�K�� ���S �4! !(�� �E��� ����� 	  �7'(� �E��� 2��� 2� 

;� t�� !(���� �E��� �� ����� ;� �� ^F�� �4! 2�K�� D� e�5'�� 25��  _�F +�jG �  8y	(1�� 2v�o 	 ���� 

�� (1���  H4	9: S#� �  . �� D�6(� +�jG  �5�� �� ;��F 	� 2�K�� ���� &���� 8 (�(1��G �� �7'(� 	 ��"�J �E���

(<��� C�7<�M� ;���� S#� �  .�� �� ������1 ) 8����I4 	20172����` ;�  �  8��� (  !}�� !(#n:��K�R�F �4! 

�7'(� 	 ��"�J (0�� ;� ;�Kj' 2I-` !(1��� �� u��� ��  �� ;� �  C��K'�� ('}�� ��  ��� 	 ����	  ;� 8��� 

D� ;#�: �  H�� �4! ;��F 	�  D� ;F(N  ��	��  ��. S#� D� ;�Kj'���� 2�K�� D� ;��F 	� �� H#��G� �� �4 ;� � -

Q�<  S�I4 �� �"1-5I4 �K�� H��: Q"�J �� pH� EC�  ��� !nB� 	 #8� �4! !��G ��  �F 8��� � �  .2�� 

S#�(���� �� ;�E(G �� ���5�1�: �� ��� 	 w��M� �� C�7<�M� ("#  W#�(:) 2��2 �2011���N(:  �3  �8����I4 	2019.( 

  

",��� D��'  

��# �� H�� !�4 ����� 	 r�� �  (4 ��4�"1-#� !�4(1����: �K�� 	 �I� &���� ��� �� ���� ;� 2L' (�OU' 

!(���� �E��� ��N  �'�(��B' ��  �� .;�IJ�� Q��� ��X� ;� H�� �K�� 	 �I� &���� ��� �� 2L' (�OU' ��(` � �  

�2��  �J	 ��	  !�4 _�F �<�� 	 �<��(' �� ���� .�  S#� H4	9: �� � �K1�� ���N !(���� �� S�"���� QX��G ����� 

5 +�� C�(��B' !(���� �E��� ;E�3 ����� 2�  8�(�� ���(� ��� ��(` 2G(). ���(� (�OU' !(���� C�(��B' (� 

2�K�� D� ;��F 	� !	�) 8������4  H4�� �5-� 2�K�� D� ;��F 	� �6 � �� 8��� .2�� S#� t�E�� �� �� 8��' ;� 

H#��G� �E��� !(�� 25-� (#�� 	  � .  ����� ��1��G ;� ;7<�M�  ��� ;E�3 � EC �SAR  	TDS  ;E�3 !�(�

 ��	  �  ;6��(�10 ) +	�J �  ;<��2 �<��(' ��	  	  �  �K�� (j� ;� S#� H#��G� �� ���3 P#�1� ;� 2�� ��� (

_�F 	 .2�� � �� �<�� 

 2��(#� ;� 	 !(�� 	 (#�� �E��� b�M� H#��G� ��Q��` H#��G� !��� 8���� �;��F 	� 8���(�: �E��� S1G� ��J�'

� ���� ;� 2�� ;1�� _�F 	 ��� &���� gM� H4�� � �<�� !�4 �: �:�   ���� (� ;� 2�� ;7<�M�  ��� ;=M��

�� 8���`�#"�� �5' ���( wG� !��� �D� �LM� b�M� �4!  H#��G� �� (#�� �E��� 8���� 	 ���� gM� ;� R�F S�#�:

+�� �  .2�� � �  8��� �K�� !�4(1����: (� ��  �F (O� ;� 2�� � �  �4! D�6(�� ��� (1��� �� �o�� 	 !��	��� �E

;�  �� �K�� �"1-5I4 !���  ;��F 	� �K�� !�4(1����: � 2��O� ���  !�4(1����: �S��� 2��6� 8���� H#��G� ��

��� D(� 	 2�K�� �  �K�� C�(O� {�� ;� ;��F 	� �K�� ����  �  ��"�J �E��� H#��G� �� .2G�# ��4��F H4��

+�� �4! �� �� �I� ���� (� _�F��#	 	 (<� ;� 2��  ��(` !��� � 	�L� �  D� ;7<�M�  ��� ;E�3 !�(� W�

� l��1� �3 �  !��	��� 2�J� ����x �� �<	Q��` �3 �  D(� (v�� +�5`� ����� �  ��	� ���(� �  . �4!  �K��

! �7X ��	� ;��F 	� !�(� D� 2�K�� !�4(1����: 
�I' �  !	�) ;��F 	� !�(� ��� ��4��� ;�  	 
�#����  ��� 	  �J

;1��  �K�� 	 ��4�� ��	� ;� C���(� 8y	���4 	�) ;��F 	� �  D� 2�K�� H4�� �� 8��� ;� ���!  ��	  �6 � 10 

                                                      
1 Kändler 
2 Price 
3 Procházka 
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;<�� ;1��  2��. 2�<�7G 	 !��	��� ;7��' (�OU' 2L' !�	(]��  	 !�����  !�4  H#��G� ��� &���� �) �<� 8����

 �;1�� ;� !��6 ����`� S#� ;�;��F 	� (��� D� 2�K�� H4�� {�� C  �  �48�(�� 2�� ��� )(�-41 �2004 .(  

C��X ;7<�M� � H�� �� ��# ;1G()  ��� &���� �K�� 	 �I� !�4(1����: !	� (� ;� �#�4(Of�  H�� 2�� � ��

 2��  H4�� �K�� !�4(1����: �E��� S#� u(1-) �� .2�� !(�� 	 (#�� �E��� ;� e��(�H<�	)2  	�I4 �8���

2005;� �(!��6;7<�M� �  ;�  l��' ;� !�C�43 ) 8����I4 	2004 �( !	� (�OU'�( (�� r��('! � 	#2F��( �4! 

��4�� }� ��� 	 2v�o (�#��� �4 �4(�� � ! _N��  �  	 �� �� ;1F� (: u(1-) ;� �� (� 8���  �F H4	9: P#�1�

D� !��� H#��G� �� !(�� �E��� 2�K�� H4�� 	 ;��F 	� &���� ���#U��� 	 ���(� �� ;M��� �  .2�� e�5'�� �  

 ;��F 	� ����� ;E�3 �  ���#}��� 8�(�� !	�)  (� 8��� 8��'  (�OU' 2L' �$��� ;��F 	� S#� D� 2�K�� ;�

2�<�7G  2�� !��	��� �E��� �(1-) 	 �4)����� �� �1383 .(+�� �  r��`� (��B' ��  �4��) H��: 8���� �(�F� !�4

� �� .2�� ��� (1��� !(�� 	 (#�� �E��� gM� 8� ;0�1��  ;� 2�� ��� �<	�� 8� ��	� 	 2�� ;1G� H4�� ;� 	

 gM� ;� 25-� ;=M�� !��	��� �E��� b�M� ! �j1`� Q��-� 	 �#�no ��� S��U' ;� ���� 	 !(�� �E��� ;7��'

  H4�� ��� &���� 2�K�� 8� ;0�1��  ;� 2�� ;1��  ! �#� u(1-) ;#�:) 2�� ;1��;3��  	 () ��4�)(��1389 .(

;� 8�(�� 8�1�(�� �  S��~I4 	 !�(� ;��#�:  �J	 Q�< S1G�}��  ! �#� �E��� !(���� C�(��B' �;��#�: S#� �    ('

�  ;� 2�� ;1G�# u(1-) �����(#� 	 �LM� 2<�3 	  (4 ;� ��� &���� ;� ���� 	 2�� ;1G() C��X1��;0  8�

;� .2�� ��� (��B' ��N  ��� &���� �K�� !�4(1����: ��N  +��L� b$�� 2v�o ���� &���� H4�� �� +��� ��6

 �8����I4 	 �#��) 2�� � �  2�  �� ��  �F ��X� 2�K�� w6��� �k7� �  	 2�� ��� H#��G�1395.(  

 ���� (�H4	9:!�4 ) 8����I4 	 !��j�`1396_�F ���#��� ;� ;� ( �<��  8� (�OU' 	 ��#y�<	���4 	 �������4

��1F� (: u�F���) ;��F 	� D� 2�K�� (�x ��	  �  ;=M�� �  ;�  �� 8� �� ���3 P#�1� �4! +�� ����� �4! ��� 

1370  	1386 _�F �<�� 2�� ��� ;��F 	� D� ��  H4�� {�� ;� 2�� � �  �� �#�4� �� ;7`�	 S#�  (� ����'

 	� D� 2�K�� H4�� �#��'���� ��n)(�OU' ;��F. �� S#�(���� ;0�1� 8��' _�F ;�  (� !(�) �� �<�� �  � � 

+�� �4! �� ���(� ���  D� 2�K�� 	 2�I� C�(��B' �  ���� 	 ��"�J 	 �7'(� �4��) H��: H4�� {�� ����'
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