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Figure 1. Layout of the Study area in Khorasan Razavi Province (ArcGIS 10.3)
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Table 1. Some physical properties of the experimental site

Soil Depth Particlesize distribution (%) _ Field Wilting Bulk
(cm) sand Silt Clay Soil texture Capacity Point Den5|_ty
(%) (%) (g cm)
0-30 34 40 26 Loam 28-34(31) 12-16(14) 1.32-1.48(1.4)
30-60 20 48 32 Clay Loam 33-39(36) 16-20(18) 1.29-1.4(1.35)
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Table 2. Chemical properties of the experimental site and the mean values, Standard Deviation (S.D.) and Coefficient
of Variation (C.V.) of soil chemical properties of the forthy two soil samples from each layer

Depth Parameter Minimum Maximum Mean S.D. C.V (%)
pH 7.6 8.0 7.8 0.1 1.2
EC (dSm™) 3.7 9.7 6.7 14 21.1
Na* (meq I1) 26.1 65.0 42.5 9.6 22.5
Ca®* (meq IY) 7.0 20.2 14.2 35 24.5
Mg?* (meg I%) 75 23.9 16.8 3.8 22.5
K* (meq I%) 0.1 0.3 0.2 0.0 23.4
0-30 HCO3 (meq IY) 2.2 2.9 2.4 0.1 5.3
; ClI- (meq I'Y) 24.9 57.6 38.2 8.1 21.2
S04 (meq 1Y) 11.1 55.6 32.3 9.1 28.1
SAR (meq I')05 8.5 14.7 10.8 1.6 15.2
CEC(meq 100g™?) 10.6 28.3 16.8 4.3 25.4
(meq 100g%) Nag, 2.0 2.9 2.3 0.3 10.8
ESR 0.1 0.2 0.2 0.0 20.1
I (mmol I) 53.3 153.3 104.8 22.8 21.7
pH 7.6 8.0 7.8 0.1 1.1
EC (dSm™) 3.0 7.8 5.4 1.2 22.1
Na* (meq I) 175 52.7 33.6 7.4 22.0
Ca®* (meq 1Y) 6.6 17.8 11.2 2.7 24.1
Mg?* (meg 1Y) 6.4 21.9 13.8 3.7 26.9
K* (meq I%) 0.1 0.2 0.1 0.0 25.8
30-60 HCO3 (meq 1Y) 2.2 2.8 2.5 0.2 6.6
CI- (meq I'Y) 18.1 46.7 30.7 6.8 22.2
SO4% (meq 1Y) 12.2 40.0 25.0 7.0 28.1
SAR (meq 1) 6.3 13.6 9.5 1.3 135
CEC(meq 100g™?) 13.2 31.6 20.6 4.6 22.4
(meq 100g™) Nag, 2.0 3.2 2.4 0.3 12.2
ESR 0.1 0.2 0.1 0.0 18.3
I (mmol I1) 46.8 121.4 83.4 19.0 22.8

EC is soil electrical conductivities of saturated pasted extract; SAR is Sodium Adsorption Ratio of saturated pasted extract; CEC is cation
exchange capacity of saturated pasted extract; Na_, is measured exchangeable Na*; ESR is Exchangeable Sodium Ratio.
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Table 2. Chemical properties of the experimental site and the mean values, Standard Deviation (S.D.)
and Coefficient of Variation (C.V.) of soil chemical properties of the twenty soil samples from each

layer
Depth Parameter Minimum Maximum Mean S.D. C.V (%)

pH 7.6 7.9 7.7 0.1 11

EC (dSm ) 3.7 9.5 5.8 14 23.8

Na* (meq I%) 24.8 58.0 38.3 8.9 23.1

Ca?* (meq I') 6.5 15.9 10.5 2.7 25.6

Mg?* (meq 1Y) 7.3 18.6 13.5 3.2 24.1

K* (meq I'%) 0.1 0.3 0.2 0.0 28.2

0-30 HCOs™ (meq I%) 2.3 2.9 2.6 0.1 5.7
Cl- (meq I'Y) 20.5 56.5 338 8.6 25.4

SO4% (meq 1Y) 18.0 31.6 25.7 4.5 17.5

SAR (meq I71)05 8.5 14.8 11.1 2.1 19.1

CEC(meq 100g?) 12.6 23.8 17.2 2.8 16.2

(meq 100g™) Nag, 2.0 2.4 2.1 0.1 6.2

ESR 0.1 0.2 0.1 0.0 19.4

| (mmol I 58.3 124.2 87.1 16.7 19.2

pH 7.6 7.9 7.8 0.1 1.0

EC (dSm) 3.1 7.7 4.7 1.1 23.7

Na* (meq I%) 17.3 54.1 32.6 8.5 26.0

Ca®* (meq IY) 5.6 15.0 8.8 2.1 23.7

Mg?* (meq 1) 6.6 16.5 11.0 2.9 26.2

K* (meq I'%) 0.1 0.2 0.1 0.0 27.7

30-60 HCO3 (meq I1) 25 2.9 2.7 0.1 4.5
Cl- (meq I'Y) 15.9 53.7 28.5 8.7 30.6

SO4% (meq 1Y) 14.7 30.9 20.5 4.4 21.3

SAR (meq I71)05 6.0 13.7 10.3 2.1 20.0

CEC(meq 100g?) 13.9 29.3 18.6 34 18.3

(meq 100g™%) Nag, 1.9 2.6 2.1 0.2 8.4

ESR 0.1 0.2 0.1 0.0 19.1

| (mmol I 51.4 114.5 72.2 16.4 22.7

EC is soil electrical conductivities of saturated pasted extract; SAR is Sodium Adsorption Ratio of saturated pasted extract;
CEC is cation exchange capacity of saturated pasted extract; Na;, is measured exchangeable Na*; ESR is Exchangeable Sodium

Ratio.
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Figure 2. Relationships between soil exchangeable sodium Ratio (ESR) and lonic strength for 0-30 cm soil
(A) and 30-60 cm soil (B)
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Figure 3. Relationships between lonic strength and Electrical conductivity of soil saturated extract for 0-30
cm soil (A) and 30-60 cm soil (B)
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Table 3. The p-value of independent variable, Coefficient of Determination
(R?) and Coefficient of Variation (C.V.) of the soil ESR-SAR model
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Layer Model Independent variable p-value R? %/o\;
0-30cm ESR=0.0182SAR-0.027 SAR 1.34E-23 0.918 18.5
30-60cm ESR=0.0157SAR-0.020 SAR 4.28E-15 0.833 17.2
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Table 4. Paired samples t-test analyses on comparing soil ESR determination methods on soil samples.

Average Standard Standard 95% confid
L Determination Difference  J€viation of andar 2070 contldence
ayer difference Error of p-value intervals for the
methods . .
%) Mean (SEM) difference in means
ESR-SAR model ns
0-30 cm and laboratory test -0.007 0.0288 0.0064 0.259 -0.0209 to 0.0060
30-60cm ESR-SAR model -0.004 0.0144 0.00321  0.280"  -0.0103 to 0.0032

and laboratory test

* significant at 99%, ** significant at 95%, ns is non significant.
ESR is Exchangeable Sodium Ratio; SAR is Sodium Adsorption Ratio of saturated pasted extract
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Figure 4. Relationships between Measured and predicted soil exchangeable sodium Ratio (ESR) with the line

of equality (1.0: 1.0) for 0-30 cm soil (A) and 30-60 cm soil (B)
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Figure 5. Bland-Altman plot for the comparison of Measured and predicted soil exchangeable sodium Ratio

(ESR) for 0-30 cm (A) and 30-60 cm (B); in (A), the outer lines indicate the 95% limit of agreement (-0.063

0.049) and the centerline shows the average difference (-0.007) and in (B) the outer lines indicate the 95%
limit of agreement (-0.032, 0.025) and the centerline shows the average difference (-0.004)
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Table 5. ESR-SAR relationships of various soils

soil ESR-SAR model R? Reference
Surface(0-30 cm) ESR=0.0182SAR-0.027 0.918 This study
Subsurface(30-60 cm) ESR=0.0157SAR-0.020 0.833 This study

A horizon
B horizon
59 soils from Western U.S.A

ESR=0.0058SAR+0.0076 0.902
ESR=0.0173SAR-0.0180 0.902
ESR=0.01475SAR-0.0126 0.852

Harron et al., 1983
Harron et al., 1983
U.S. Dep. Agric. 1954

LS ESR=0.0074SAR+0.1593 0.839 Paliwal and Gandhi 1976
SCL ESR=0.0109SAR+0.1324 0.834 Paliwal and Gandhi 1976
CL ESR=0.0109SAR+0.1320 0.918 Paliwal and Gandhi 1976
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Abstract

Sodium absorption ratio (SAR) and exchangeable sodium ratio (ESR) are two indicators of sodic
soils. Accurate prediction on exchangeable sodium ratio (ESR), which is often using costly and time-
consuming laboratory tests is important in reclamation of sodium (Na)-affected soils. A significant
correlation between ESR and Sodium Adsorption Ratio (SAR) has been documented in many studies
in different regions. The main purpose of this study is to develop a linear regression model between
soluble and exchangeable cations in the Sarakhs Plain, Northeast Iran. In this study, 124 soil samples
were randomly taken from the surface and subsurface the experimental site. The soil samples
collected using a soil auger at 0-30 cm and 30-60 cm depth. Then the linear regression model was
used for predicting soil (ESR) in saline soils. The soil ESR values measured in soil samples compared
to the soil ESR values predicted using the soil ESR-SAR model. The results revealed that ESR and
SAR are highly variable irrespective of depth despite a slight decrease with depth. The statistical
results indicate that the linear regression model ESR=0.0182SAR-0.027 (R?= 0.92, P <0.001) and
ESR=0.0157SAR-0.020 (R?=0.83, P<0.001) recommended to predict soil ESR from soil SAR in
surface soil (0-30 cm) and subsurface soil (30-60 cm), respectively. In conclusion, the soil ESR-SAR
model can be used instead of time-consuming and costly experiments in this study area.
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