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Correcting the effect of soil salinity in soil moisture measurement in
gypsum blocks using the response surface method (RSM)
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Abstract

Continuous evaluation and measurement of soil moisture content are necessary for irrigation
management and planning. One common instrument for measuring soil moisture is the gypsum block
method, which can be done easily and quickly. However, soil salinity can cause errors in measuring
water content using the gypsum block model 5910-A. In this research, the effect of different irrigation
salinities (1, 2, 6, 10, 18) dS m-1 was investigated on gypsum blocks in three textural classes; clay-
loam, loam, and sandy-loamy. The study was conducted in a completely randomized laboratory
experiment with two replications and correction functions were investigated using the response
surface method to determine the effect of parameters on the correction value. Correction functions
were developed for each texture at different salinities using response surface method. Results showed
that the response surface method (RSM) could estimate correction functions with an error probability
of less than 0.0001 using two variables; moisture suction and salinity, or considering just the salinity
factor. The accuracy of correction functions slightly decreased in different textures of clay loam,
sandy loam and loam. The response surface method showed that the best salinity correction model
was based on the salinity variable and the amount of soil matric suction for all three soil texture. Soil
matric suction was determined from the soil moisture curve using the Parabolic model with a
goodness of fit (R?) of 0.96 for loamy soil, and 0.94 for clay-loam and sandy-loam textures. To
minimize correction under maximum salinity and soil suction conditions in different textures, the
response surface method showed that the lowest moisture modification in clay-loam texture could
be0.075 (cm3/cm?) at a suction of 8 (bar) and salinity of 18 (dS m-1) with an acceptance degree of 1.
The desirability degree for loam soil and sandy-loam was calculated as 0.96 and 0.95 respectively.
The results indicated that moisture correction values increased with soil salinity, but the accuracy of
estimation functions for moisture correction values also increased. The changes in the moisture
modification function were sinusoidal and quadratic in relation to the soil salinity and matric suction
variables, respectively.
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Table 1. Water chemical variables used in the research
pH EC p* Na* CI° SOs%2 Ca Mg™ HCO;y CO?
ds m? Meq L*
68 06 0.051 256 49 23 9.2 9.3 5.3 0.02
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Table 2. The results of physical and chemical analysis of the studied soils

Texture Sand Clay Silt Bulk density TNV ocC
(%) (%) (%) (gr.cm®) % %
Sandy- 55 20 25 134 18.1 0.66
Loam
Loam 34 21 45 1.36 13.1 0.91
Clay-Loam 35 30 35 1.56 115 0.85
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Table 2. The results of physical and chemical analysis of the studied soil
P PW FCuolumetric pH Dg Ca+Mg EC
(mg.kg™) % % (mm) (meg 1Y) (dS mh)
13.2 12.8 23.3 7.3 0.2 8.4 0.5
15.6 135 27.9 1.7 0.2 8.8 0.35
16.1 14.5 32 1.7 0.18 9.1 1.07
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Figure 1. The amount of moisture read in the gypsum block at different salinities in loam-clay soil compared to 1
(dS mY) treatment
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Figure 2. The amount of moisture read in the gypsum block at different salinities in loam soil compared to 1 (dS
m-1) treatment
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Figure 3. The amount of moisture read in the gypsum block at different salinities in Sandy-loam soil compared to
1 (dS m?) treatment
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Table 3- The results of Fisher's test to compare the averages of the soil moisture curve in different textures and

salinities
Clay- Loam Loam Sandy- Loam
Salinit . Salinit . Salinit .
ds m‘lB)/ Mean Fisher Test ds m‘1>)l Mean Fisher Test ds m'l))/ Mean Fisher Test
6 0.36 A* 18 0.34 A 18 0.32 A
18 0.30 B 6 0.34 A 6 0.30 AB
2 0.28 B 2 0.27 B 2 0.28 BC
1 0.26 BC 10 0.24 B 10 0.24 CD
10 0.23 C 1 0.23 B 1 0.24 D
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Table 4. Statistical indices of the selected model of moisture correction in different texture

Predicted

Texture Model R Adjusted R? R? P-value
Loam Cubic 0.96 0.96 0.96 <0.0001
Clay-Loam Cubic 0.93 0.94 0.94 < 0.0001
Sandy- Loam Cubic 0.93 0.94 0.94 < 0.0001

S ilizeo edl gl p oud olss! Jaw uib ylg 36T -8 Jgus
Table 5. Analysis of variance of the selected model for different soil textures

Mean Adeq

Texture df Sum of Squares F-value L (GAY
Square Precision

Loam 7 1.84 0.26 1144 91.6 16

Clay-Loam 5 2.46 0.49 992 95 385

Sandy- 9 1.46 0.162 573 705 225

Loam
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Table 6- Coefficients of the proposed model for moisture correction with two variables of salinity and matric
suction in three types of texture

. Loam Clay-Loam Sandy-

Variables Texture P-value Texture P-value Loam P-value
Texture

Constant N -0.265 <0.0001 -0.38 < 0.0001 -0.1977 < 0.0001
A 0.189 < 0.0001 0.2483 < 0.0001 0.147 < 0.0001
B 0.0194 0.01 0.018 < 0.0001 0.0245 0.042
AB -0.00177 < 0.0001 - - -0.0023 0.0036
A2 -0.0256 < 0.0001 -0.0338 < 0.0001 -0.02 < 0.0001
B2 -0.00125 < 0.0001 -0.00153 < 0.0001 -0.0031 < 0.0001
A2B 0.0001 < 0.0001 -— -— 0.00014 < 0.0001
AB2 — — — — -0.000045 0.22
A3 0.0009 < 0.0001 0.0018 < 0.0001 0.00073 < 0.0001
B3 - - - - 0.00021 0.05

A = salinity of saturated soil (dS. m™r), B = matric suction (bar)

QLS 250 =B e (o oy (o00) SBglodl JS (5,58 = A
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Table 7- Coefficients of the proposed model for moisture correction only with consideration the salinity factor

Variables Loam P-value Clay-Loam P-value Sandy-Loam P-value
Texture Texture Texture

Constant N -0.215 < 0.0001 -0.034 < 0.0001 -0.14 < 0.0001

A 0.182 < 0.0001 0.24 < 0.0001 0.137 < 0.0001

A2 -0.025 < 0.0001 -0.033 < 0.0001 -0.019 < 0.0001

A3 0.0009 < 0.0001 0.0018 < 0.0001 0.00073 < 0.0001

A = salinity of saturated soil (dS. M) (e p (uios) (owd)is 90 = A
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Table 8- Performance indicators of moisture correction models in different texture, taking into account salinity
factor and matric suction

Corre]ation RMSE NRMSE MAE &€
Texture (r) NS CRM (Cm3lcm3) (Cm3lcm3) ) )
Loam 0.98 096 001 0.015 153 0.01 1256
Clay-Loam 0.97 094  0.052 0.022 14.1 0.013 36.9
Sandy- 0.97 093 0015 0.017 19.7 0.011 465
Loam

NRMSE w Sl i o o :NS P> oxilodly o o CRM (3las glas uj.:L.o :MAE ] b as s € dhs Sl u...iah.o Sade, RMSE

Al o (Siwad o p5 COITElALION § Jlo i Uns Slasyo o Kiloo s,
RMSE: root mean square error, €: relative error percentage, MAE: mean absolute error, CRM: mass residual coefficient, NS:
Nash-Sutcliffe coefficient, NRMSE: normal root mean square error and Correlation: correlation coefficient.
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Table 9- performance indicators of models only considering the salinity factor

Correlation RMSE NRMSE MAE €
Texture (r) NS CRM (Cmglcmg) (cm3lcm3) ) )
Loam 0.96 0.92 0.15 0.021 0.0004 0.014 75
Clay-Loam 0.96 0.91 0.12 0.026 0.0007 0.016 57.1
sandy- 0.95 09  0.09 0.022 0.0005 0.16 47.3
Loam
Predicted vs. Actual Predicted vs. Actual
02 | 02 ]
0.16 | 0.16
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Figure 4. Diagram of moisture correction values obtained by the model and measured values
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Table 10. Optimum points of model performance in different texture

Salinity Matric Vqu_metric R
Texture Iy . moisture Desirability
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difference
Loam 16.23 8 -0.021 0.96
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Sandy- Loam 15.76 8 -0.049 0.949
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