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Table 1. Results of water chemical analysis used in leaching experiments 
� 

@]<^ 

Concentration��
(meq/lit) 

Adj 

RNa 

�?P_�	�0'

`�Q<����
Will cox 

classification 

SAR��
++

+
22

MgCa +2
Na��

pH��T.D.S 

(mg/lit) 

�@���(

&Q�)[Q>���
Electrical 

conductivity 

)(
m

dS

��  

4��
K��S���(��
Location of 
experiments 

a�����
Row 

5.43 C3-S2 5.11 6.90 9.50 8.25 1260 1.70 Pilot No. 1 1 

4.32 C3-S2��4.16 6.50 7.50 7.98 993 1.40 Pilot No. 2��2 
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  Table 2. Soil physical properties in different layers at pilot no. 1 (each layer with 25 cm depth)�

� �

�
��@'�_���7���&��

Gravity moisture 

percentage��

�@'�_��)8�

&.�*+��

Accumulated 

moisture 

deficit��
(cm)��

)8���

@'�_���

Moisture 

deficit��
(d)��

(cm) 

f��U��4
���

	)(�g��

Bulk density��
(g/cm3)� �

 
mcθ� �mFCθ� �

	)�5�h�\���

Permeability� �
(mm/hr)��

,�-�@��'��

Soil texture 

�@��U1� �

��b��

Layer 

thichness��
(cm)��

������i�G��

Depth

(cm)

4.87 4.87 1.39 12.30 26.30 0.66 Silty clay loam 25 0-25

7.65 2.79 1.57 15.90 23.00 23.00 Silty clay loam 25 25-50

10.24 2.58 1.59��16.60 23.10 1.59 Silty clay loam 25 50-75

12.75 2.52 1.46 16.30 23.20 0.82��Silty loam 25 75-100

13.56 0.81 1.62 18.70 20.70 1.47 Silty loam 25 100-125

15.81 2.24 1.52 17.10 23.00 1.23 Silty clay loam 25��125-150

17.58 1.78 1.58 18.90 23.40 1.40 Silty clay loam 25��150-175

19.79 2.21 1.47 18 24.00 0.92 Silty clay loam 25��175-200
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  Figure1. Planning method of double rings in leaching experiment��                                
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�2�/2�=C������*��	��	��	�=&>�������	
����

Soil sampling location befor experiment��

��
�2�/2�=C�����	
���{�E2��	�YM���ekvs�
����B�)*�������

�Soil sampling location after 0.25 meter water infiltration��
��

�2�/2�=C��{�E2��	�YM�������	
��ksvs�
����B�)*�������
�Soil sampling location after 0.50 meter water infiltration��

��
�2�/2�=C��{�E2��	�YM�������	
��ukvs�)*������
����B��

�Soil sampling location after 0.75 meter water infiltration��
��

�2�/2�=C��{�E2��	�YM�������	
��svT�
����B�)*�������
�Soil sampling location after 1.00 meter water infiltration��
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   Table 3. Results of soil chemical analysis before leaching at pilot no. 1�

������7����
&>��P+��

Exchangable 
sodium 

percentage 
ESP2��

�7�� ������
&>��P+��

Exchangable 
sodium 

percentage 
ESP1��

@P8� 

J5:��
������

Sodium 
adsorbtion 
ratio SAR��

�������
���P+��'�6��
EX.Na+ 

meq/100g 
soil��

���P+�@!�)g��
&��!+����
C.E.C 

meq/100g 
soil��

jM��
Gypsum��

meq/100g  
soil 

������7����
&k0-��
�������

T.N.V��

�[��!����
����G��
�l�P��
,�-��
pH��

@���(��
&Q�)[Q>���

Electrical 
conductivity 

ECe 
(dS/m)��

�7����
l�P����

Saturation 
percentage 

%SP��

i�G��
�����	���)'��

Sampling 
depth��

66.60��40.40 135.90 4.20 10.40 62.00 29.20 7.20 160.00 37.40 0-25

45.80 31.90 58.20 3.70 11.60 39.70 30.30 7.70 73.00 34.30 25-50

42.00 20.20 50.00 2.30 11.40 26.10 30.70 7.90 48.20 49.70 50-75

38.80 24.00 43.90 3.00 12.50 10.70 32.60 8.00 37.00 55.30 75-100

37.50 24.10 41.50 2.70 11.20 9.70 34.40 7.90 35.50 43.40 100-125

36.50 24.60 39.80 3.00 12.20 13.90 34.80 8.00 34.10 50.20 125-150

31.20 38.40 31.50 4.30 11.20 15.40 34.80 8.00 29.00 50.60 150-175

31.90 34.30 32.60 3.70 10.80 8.60 33.70 8.10 26.30 59.20 175-200
�

)01475.00126.0(1

)01475.00126.0(100
2

SAR

SAR
ESP

+−+

+−
=

  
100)

..

.
(1

CEC

NaEx
ESP

+

=
��

��

����:D�E��b�&Q� !��I�!7��-���?e0�����,�-�a<[U��	�(��Table 4. Soil physical properties in different layers at pilot no. 2  �

��

�7�� @'�_���
&�
���

Gravity 
moisture 

percentage��

�)8���
@'�_���
&.�*+���

Accumulated  
moisture 
 deficit��
(cm)��

)8���
@'�_���

Moisture 
deficit��

(d)��
(cm) 

f��U��4
���
	)(�g��

Bulk density��
(g/cm3)� �

��
mcθ��mFCθ��

	)�5�h�\���
Permeability� �

(mm/hr) 

,�-�@��'��
Soil texture 

�@��U1� �
��b��

Layer 
Thichness 

(cm)�

i�G��
Depth�

(cm)��

4.75 4.75 1.52 9.60 22.10 0.19 Silty loam��25 0-25

10.30 5.55 1.51 8.90 23.60 0.20 Silty clay 25 25-50

16.94 6.64 1.60 11.50 28.10 0.40 Silty clay loam 25 50-75

24.35 7.41 1.62 12.80 31.10 0.45 Silty clay loam 25 75-100

30.75 6.40 1.64 14.50 30.10 0.45 Silty clay loam 25 125-150

36.41 5.66 1.63 16.70 30.60 0.40 Silty clay loam 25 150-175

41.20 4.79 1.68 16.60 28.00 0.60 Silty clay loam 25 150-175

46.15 4.95 1.80 16.50 27.50 0.72 Silty clay loam 25 175-200
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     Table 5. Results of soil chemical analysis before leaching at pilot no. 2 

 

������7����

&>��P+��

Exchangable 

sodium 

percentage 

ESP2��

�7����

�����&>��P+��

Exchangable 

sodium 

percentage 

ESP1��

@P8����

J5:�������

Sodium 

adsorbtion 

ratio 

SAR��

������

���P+��'�6��

EX.Na+ 

meq/100g soil��

���P+�@!�)g��

&��!+����

C.E.C 

meq/100g 

 soil��

jM��

Gypsum 

meq/100g 

 soil 

������7����

&k0-��

�������

T.N.V��

�[��!����

����G��

,�-�l�P����

pH��

@���(��

&Q�)[Q>���
Electrical 

conductivity 

ECe 

(dS/m)��

�7����

l�P����

Saturation 

percentage 

%SP��

i�G��

�����	���)'��

Sampling 

depth��

5.70 26.70 4.80 2.70 10.10 0 43.10 7.60 8.90 44.10 0-25

18.90 18.80 16.70 2.50 13.30 0 42.90 7.60 17.00 50.60 25-50

25.90 32.60 24.50 4.30 13.20 0 42.50 7.70 21.50 55.80 50-75

30.80 39.20 31.10 5.60 14.30 0 42.50 7.60 27.00 57.70 75-100

32.00 39.30 32.80 5.30 13.50 0 41.30 7.50 29.00 55.80 100-125

32.90 38.50 34.20 5.70 14.80 0 47.40 7.60 30.30 58.20 125-150

33.60 18.70 35.10 2.60 13.90 0 43.10 7.60 30.00 57.70 150-175

33.20 49.70 34.50 7.80 15.70 0 43.20 7.70 27.00 60.30 175-200

                    ��

                Table 6. Studied empirical models                                      ����:XE��������&��)'�&')*+�	�(�  

�_�')�������

Formula 
Model������T����a�����

Row��
baXY +=�Linear �N���1 

bXaY += ln�Logarithmic���/�����I��2 

b
X

aY +=
1

�Inverse�i�'.���3 

cbXaXY ++=
2

�Quadratic�D(
����
��4 

dcXbXaXY +++=
23

�

Cubic�D������
��5 
abXY =�Power��2	����6 
X

abY .=�Compound��4B����7 

b
X

a

eY
+

=�
S�i	��8 

)).(/1/(1 X
abuY +=�Logistic�; �g�I��9 

baX
eY

+
=�Growth�����10 

Xa
ebY

..=�Exponential��/2����11 
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���    Table 7. Values of salinity in different soil depths with leaching water alternations at pilot no.1 
 

&����-�JK�a<[U��)���?���)'����
��n��,�-�&Q�)[Q>��@���(��
Soil electrical conductivity after application of different 

values of leaching water��
(dS/m)��

Dw=100cm�Dw=75 cm�Dw=50 cm�Dw=25 cm�

)100(fEC
�)75(fEC�

)50(fEC�)25(fEC�

 
�
���P6�&Q�)[Q>��@���(

&����-��
Electrical conductivity 

before leaching��
ECi��

(dS/m)��

 
i�G��

Depth��
(cm)��

��
��

a�����
Row���

4.10 4.50 5.00 11.00 160.00 0-25 1 

4.20 4.80��8.60��22.00��73.00��25-50��2��

6.90 14.00��30.50��69.00��48.20��50-75��3��

25.80 35.00 41.00 40.00 37.00 75-100 4 

37.30 35.20 35.30 42.30 35.50 100-125 5 

33.40 30.10 33.10 35.10 34.10 125-150 6 

27.00 28.20 32.20 32.10 29.00 150-175 7 

27.20 29.50 34.30 36.40 26.30 175-200 8 
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        Table 8. Values of salinity in different soil depths with leaching water alternations in pilot no. 2 
 

,�-�JK�a<[U��)���?���)'����
��n��,�-�&Q�)[Q>��@���(�&�����

Soil electrical conductivity after application of 

different values of leaching water��
(dS/m)��

Dw=100cm�Dw=75 cm��Dw=50 cm��Dw=25 cm��

)100(fEC
�

)75(fEC�

)50(fEC�
)25(fEC�

�&Q�)[Q>��@���(� �

,�-�
���P6�&�����

Electrical 

conductivity 

 before leaching��
ECi��

(dS/m)��

i�G��

Depth��
(cm)��

��

��

a�����

Row���

1.50 1.60 1.80 2.00 8.90 0-25 1 

1.50 1.80 2.00 3.60 17.00 25-50��2��

2.00 2.50 11.20 21.00 21.50 50-75��3��

6.50 11.00 21.00 22.00 27.00 75-100 4 

18.50 25.00 22.00 28.20 29.00 100-125 5 

25.50 24.00 25.10 30.60 30.00 125-150 6 

27.00 28.20 29.00 31.00 30.00 150-175 7 

27.80 29.10 30.40 28.30 27.00 175-200 8 
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         Figure 2. Salinity comparison of different soil layers at affected various depths of leaching water in pilot no. 1 
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Figure 3. Salinity comparison of different soil layers at affected various depths of leaching water in pilot no. 2 
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Figure 4. observated values of (ECf-ECeq)/(ECi-ECeq) with simulated values by cubic model at pilot no. 1 
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Figure 5. comparison of observated values of (ECf-ECeq)/(ECi-ECeq) with simulated values by cubic model at 

pilot no. 2�
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            Table 9. Coefficients of various desalinization empirical models in pilot no. 1 
 

@'�o�/��)1��

Constant coefficients 
d��c��b a 

Model ����T����a����

Row 

����0.26��-0.10��Linear �N� 1 

����0.11��-0.14��Logarithmic���/�����I 2 

����0.04 0.06 Inverse��i�'.� 3 

��0.39 -0.37 0.07 Quadratic������
e 4 

-0.49 -0.68 0.30 -0.04 Cubic������
n 5 

�� 0.29 0.32 Compound��4B�� 6 

�� 0.06 -1.34 Power���2	�� 7 

�� 0.48 -3.28 S��	i 8 

�� -1.23 -1.15 Growth���� 9 

�� 0.85 -3.50 Exponential�����/2 10 

�� 3.43 0.32 Logistic��; �g�I 11 

�� -0.15 5 Reeve����� 12 

��   Dileman����/��
 13 

�� 0.03 0.06 Leffelaar and sharma ������(���6Q��14 

��  0.30 hoffman���/6����15 

�� 0.02 0.08 Pazira and Kawachi��M�`	(�B�(�	��0��16 

�� 0.09 -1.63 Verma and gupta����M�K�(����(��17 

�� 0.08 -0.86 Pazira and Keshavarz����(�<B�(�	��0M��18 
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   Table 10. Results of statistics of various desalinization empirical models at pilot no. 1 
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/�)1��

I�)!!p+���

C.V. 

�2�)S��
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SE��

�T):�/�)1

6�'&��������

CRM 

�	�e-��

&P8���

RE 

�	�e-

)k���9��

ME 

�	�e-

��!O��!�

i<e���

MAE 

�	�e-

�!O��!���

MBE 

�qe���

&0.�4��'�����

Sig. 

����

��!O��!�

�e-�I�.')���

������

/�)1 �

&O[8P�(��

R��

����T����

Model 

55.20 0.09��0.00��51.00��0.18��0.08��0.00��0.00��0.09��0.68��Linear 

69.57 0.11 0.00 31.40 0.13 0.05 0.00 0.00 0.06 0.85 Logarithmic��

64.29 0.11 0.00 40.30 0.15 0.07 0.00 0.00 0.08 0.77 Inverse��

68.86 0.11 -0.01 32.70 0.15 0.05 0.00 0.00 0.06 0.85 Quadratic��

72.06 0.12 0.00 23.50 0.16 0.04 0.00 0.00 0.05 0.89 Cubic��

46.02 0.08 0.20 40.70 0.18 0.07 -0.03 0.00 0.08 0.86 Compound��

122.58 0.20 -0.01 46.90 0.53 0.08 0.00 0.00 0.13 0.74 Power��

227.79 0.38 -0.10 85.10 1.47 0.14 0.02 0.01 0.32 0.51 S��

46.01 0.08 0.20 40.60 0.18 0.07 -0.03 0.00 0.08 0.86 Growth��

88.09 0.14 0.17 35.00 0.14 0.06 -0.03 0.00 0.08 0.86 Exponential��

46.00 0.08 0.20 40.60 0.18 0.07 -0.03 0.00 0.08 0.86 Logistic��

1104.29 1.82 -0.80 485.20 7.69 0.80 0.13 0.59 1.84 -0.12 Reeve��

243.30 0.40 -1.98 197.80 0.58 0.33 0.33 0.00 0.35 0.85 Dileman��

64.42 0.11 0.04 39.40 0.16 0.06 -0.01 0.00 0.08 0.77 Leffelaar and sharma 

173.10 0.29 -0.71 167.80 1.13 0.28 0.12 0.00 0.38 -0.68 hoffman��

58.45 0.10 0.43 100.50 0.40 0.17 -0.07 0.00 0.20 -0.68 Pazira and Kawachi��

372.16 0.61 -1.26 129.90 2.33 0.21 0.21 0.00 0.54 0.66 Verma and gupta��

61.69 0.10 0.18 37.70 0.18 0.06 -0.03 0.00 0.20 0.80 Pazira and Keshavarz��
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              Table 11. Coefficients of various desalinization empirical models at pilot no. 2 
 

@'�o�/��)1��

Constant Coefficients 
d��c��b a 

         Model ����T����a����

Row 

����0.37��-0.15��Linear �N� 1 

����0.14 -0.13 Logarithmic���/�����I 2 

����0.21 0.003 Inverse��i�'.� 3 

��0.53��-0.55 0.11 Quadratic������
e 4 

0.65 -1.05 0.51 -0.73��Cubic������
n 5 

  0.34 0.31 Compound��4B�� 6 

  0.07 -0.81 Power���2	�� 7 

  -2.20 0.01 S��i	 8 

  -1.09 -1.17 Growth���� 9 

  0.85 -3.30 Exponential�����/2 10 

  2.96 3.21 Logistic��; �g�I 11 

  -0.15 5 Reeve����� 12 

    Dileman����/��
 13 

  0.03 0.06 Leffelaar and sharma ������(���6Q��14 

   0.30 hoffman���/6����15 

  0.02 0.08 Pazira and Kawachi���`	(�B�(�	��0M��16 

  0.09 -1.63 Verma and gupta����M�K�(����(��17 

  0.08 -0.86 Pazira and Keshavarz����(�<B�(�	��0M��18 
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   Table 12. Results of statistics of various desalinization empirical models at pilot no. 2�� 

 

����K 

/�)1��
I�)!!p+���
C.V. 

�2�)S��
��!.���
SE��

�T):�/�)1
6�'&��������

CRM 

�	�e-��
&P8���
RE 

�	�e-
��9)k���

ME 

�	�e-
��!O��!�
i<e���

MAE 

�	�e-
�!O��!���
MBE 

�qe���
&0.�4��'�����

Sig. 
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/�)1 �
&O[8P�(��

R��

����T����
��

Model 

58.23��0.14��0.00��59.70��0.25��0.14��0.00��0.00��0.16��0.66��Linear 

71.71 0.17 0.00 42.30 0.23 0.10 0.00 0.00 0.12 0.83 Logarithmic��

38.81 0.09 0.00 71.20 0.33 0.17 0.00 0.03 0.19 0.44 Inverse��

75.66 0.18 0.00 38.00 0.26 0.09 0.00 0.00 0.11 0.86 Quadratic��

3477.50 8.33 11.37 1147.40 36.37 2.75 -2.72 0.07 8.25 0.38 Cubic��

47.89 0.11 0.29 50.10 0.31 0.12 -0.07 0.00 0.15 0.88 Compound��

342.95 0.82 -0.29 108.30 3.50 0.26 0.07 0.02 0.75 0.48 Power��

65.23 0.16 0.42 70.80 0.44 0.17 -0.10 0.05 0.22 0.41 S��

47.87 0.11 0.29 50.00 0.31 0.12 -0.07 0.00 0.15 0.88 Growth��

90.20 0.22 0.11 30.70 0.21 0.07 -0.03 0.00 0.10 0.89 Exponential��

47.86 0.11 0.29 50.00 0.31 0.12 -0.07 0.00 0.15 0.88 Logistic��

4337.3 10.39 -9.34 1196.50 49.15 2.87 2.14 0.19 10.33 0.28 Reeve��

169.57 0.41 -1.28 127.70 0.62 0.31 0.31 0.00 0.33 0.87 Dileman��

815.57 1.95 -1.48 202.60 8.96 0.48 0.35 0.03 1.87 0.44 Leffelaar and sharma 

113.67 0.27 -0.07 149.90 1.13 0.36 0.02 0.00 0.44 -0.66 hoffman��

69.42 0.17 0.63 100.90 0.60 0.24 -0.15 0.00 0.30 -0.66 Pazira and Kawachi��

2881.80 69.00 -61.20 6119.90 330.50 14.66 14.65 0.06 68.92 0.40 Verma and gupta��

499.02 1.19 -0.71 135.40 5.31 0.32 0.17 0.03 1.11 0.46 Pazira and Keshavarz��
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