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1- Electromagnetic Induction Technique
2- Apparent Soil Electrical Conductivity (ECa)
3- Brevik
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1- Digital Elevation Model
2 - Horizontal Orientation
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Figure 1- Location of study area on Sabzevar- Davarzan plain, Khorasan Razavi on Landsat 8 False Color Composite (FCC)
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Table 1- Summary of descriptive statistics for measured characteristics in two years

Bl ysil
J guesa) lani RS N PN Sl Sl N> SIS
Year Variable Number Mean Std. Min Max Skewness Kurtosis
Dev.
gbilo)las (S8l colin
(520 2 tons (o2) 246 59.90 6784 193 27104 145 105
Electrical conductivity of
saturated extract (dS/m)
sl (Sl colin
Js (30 2 iy o) 97 407 4636 31 1864 145 103
First Bulk electrical conductivity
(dS/m)
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Clay Content (%)
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Bulk electrical conductivity
(dS/m)
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Figure 2- Correlation between electromagnetic device at h
down t

P EMh cold ol yon 4 L juste o) 51 (ECA) S1Ls (5,0l
Colid omoySy (gl Caol oty A edlitnl 6 pstodin g5
DL S gl S usllcobia blis ) glidl ojlas (S Sl
Ok ST K903 A (o) 123 9 Cusby doyd «(5y9 3o
I8 Joee Glon o oKiwd el S Jlae o b b 0 a8)S
ol AV 1 ool aimyd g dlais AY bl& S sluss aoes )3 0,8
olly a8 @l ¥ g sl ¥l e S) 3] 42
a3 oo Ui 1) BN (95,

orizontal orientation (EMh) and mean soil electrical conductivity
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Table 2- Analysis of variance of multiple linear regression
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Source of Variation  Degree of Freedom  Sum of Squares Mean Squares  Fisher Statistics F
Regression ;s 3, 3 297724 297724 103.0865**
Residual oxle,sl 78 75090.62 75090.62
Total Js 81 372814.7 372814.7
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Table 3- Coefficients of Multiple Linear Regression Model, Standard Error and significant levels
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Figure 3- Sensitivity analysis of equation 1 to changes in soil moisture percent
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Figure 4- Sensitivity analysis of equation 1 to changes in soil clay percent
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Figure 5- Relationships between measured soil salinity and predicted from EM38 reading at the center (right) and predicted
from 9 points EM38 readings around the center (left). Solid lines show 1:1 relation
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Introduction: Monitoring and management of saline soils depends on exact and updatable measurements of
soil electrical conductivity. Large scale direct measurements are not only expensive but also time consuming.
Therefore application of near ground surface sensors could be considered as acceptable time- and cost-saving
methods with high accuracy in soil salinity detection. . One of these relatively innovative methods is
electromagnetic induction technique. Apparent soil electrical conductivity measurement by electromagnetic
induction technique is affected by several key properties of soils including soil moisture and clay content.

Materials and Methods: Soil salinity and apparent soil electrical conductivity data of two years of 50000 ha
area in Sabzevar- Davarzan plain were used to evaluate the sensitivity of electromagnetic induction to soil
moisture and clay content. Locations of the sampling points were determined by the Latin Hypercube Sampling
strategy, based on 100 sampling points were selected for the first year and 25 sampling points for the second
year. Regarding to difficulties in finding and sampling the points 97 sampling points were found in the area for
the first year out of which 82 points were sampled down to 90 cm depth in 30 cm intervals and all of them were
measured with electromagnetic induction device at horizontal orientation. The first year data were used for
training the model which included 82 points measurement of bulk conductivity and laboratory determination of
electrical conductivity of saturated extract, soil texture and moisture content in soil samples. On the other hand,
the second year data which were used for testing the model integrated by 25 sampling points and 9 bulk
conductivity measurements around each point. Electrical conductivity of saturated extract was just measured as
the only parameter in the laboratory for the second year samples.

Results and Discussion: Results of the first year showed a significant correlation between electrical
conductivity and apparent conductivity with a regression coefficient of 0.78. Although multiple linear regression
by inclusion of soil moisture and clay content as independent variables improved the regression coefficient to
0.80 hut the effect of clay content was not significant in this multiple model. Sensitivity analysis by maintaining
one variable at its average value and changing the second variable also showed greater sensitivity of the model
to soil moisture in comparison with soil clay content. Generally under estimation of soil moisture and over
estimation of soil clay content produced about 63 to 65 percent Mean Bias Error (MBE) while over estimation
of soil moisture and under estimation of soil clay content produced about 35- 37 percent of MBE. So the model
is quite sensitive to both parameters and they cannot be estimated in the field by feeling and the other field
methods. Simple linear regression model between ECe and EMh was tested on the second year because the
errors in estimating soil moisture could be imposed a significant error on estimating soil salinity. Once the
model was tested for estimation of soil salinity in the central point based on EMh reading at the center and then
it was tested for estimation of soil salinity based on the average EMh of 9 points in each location. Results
showed that the correlation between soil salinity and apparent soil electrical conductivity could be improved to
0.98 using the average of 9 measurements instead of 1 measurement.

Conclusion: Based on the results the electromagnetic induction device is sensitive to soil moisture.
Although its sensitivity to clay content is less than the sensitivity to moisture content, but the total model error
as a result of over estimating soil moisture is about equal to its error resulted from under estimating clay content
and vice versa. So the field and feeling methods could not be implemented as inputs for the multiple regression
models but these methods have enough accuracy to divide soil samples into two groups of dry and wet soils or
sandy or clayey soils, on the other hand measurements of these parameters imposes more cost and time to soil
salinity surveys. Results also showed that the repeated EM measurements around each sampling point could
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improve the strength of the regression. Therefore regarding to the sensitivity of the technique to soil moisture
three methods are suggested to improve accuracy of calibration: a)- measurement and calibration under the same
moisture conditions; b)- field approximation of soil moisture and dividing soil samples into two groups of dry
and moist soils and deriving two different groups of calibration equations.

Keywords: Bulk soil electrical conductivity, Multiple regression, Soil moisture, Soil salinity



