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Table 1. Some physical and chemical properties of the studied soil.

Ov

PWP FC
% dSm'!

EC pH Sand Silt Clay BD ST

% g cm’?

16 358 125 785
134 283 146 758
159 942 135  7.64

8
37
54

50 42 1.10 Silty Clay
33 30 1.34 Clay Loam
30 16 1.47  Sandy Loam

oy Sand «dews Silt «_, Clay (Bulk density) s sl J& BD «(Soil texture) Sl= il ST

«(Volumetric soil moisture content) S+ jazm> < sb , 0, «(Electrical conductivity) G =31 sl , :EC

(Permanent wilting point) 51> S35 J= PWP (Field capacity) as 3s %S FC
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1. Ground penetrating radar
2. Nephelometric turbidity unit
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Fig. 1. The amount of soil required for creating different turbidity levels.
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Table 2. Root mean square error (RMSE) values for soil water content
measured by the TDR device with that determined by the gravimetric method.

RMSE (cm® cm™)

SC CL
0.065 0.048
0.080 0.057
0.090 0.047

T
(NTU)
0.024 0 (Control)
0.027 1500
0.038 3000

«(Root mean square error) Uas la o .Ske : RMSE. (Turbidity) <, 5.8 T

(Silty clay) s u, SC «(Clay loam) ., f}l ‘CL «(Sandy loam) ;. fj—‘ SL
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Fig. 2. Comparison of volumetric water contents determined by the gravimetric method with those measured by the TDR
device in soil textures: a) silty clay, b) clay loam, and c) sandy loam under control (0 NTU) water irrigation turbidity.
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Fig. 3. Comparison of volumetric water contents determined by the gravimetric method with those measured by the TDR device in
soil textures: a) silty clay, b) clay loam, and c) sandy loam under 1500 NTU water irrigation turbidity.
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Fig. 4. Comparison of volumetric water contents determined by the gravimetric method with those measured by the TDR device in
soil textures: a) silty clay, b) clay loam, and c) sandy loam under 3000 NTU water irrigation turbidity.
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Table 3. The regression line equations between soil volumetric water contents measured by the TDR device (O1pr) and the
gravimetric method (Ov).

Eq.

T (NTU) ST

O1pr=1.09 Bv + 0.028
O1pr= 0.954 Bv + 0.084
Otpr=2.111 Bv - 0.19
O1pr= 0.854 Ov + 0.101
Otpr= 1.056 By + 0.041
O1pr= 0.825 Bv + 0.074
O©tpr=1.101 By + 0.003
Otpr=0.712 By + 0.074
O©tpr= 0.934 Ov + 0.102
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Abstract

This study was aimed to investigate the effect of irrigation water turbidity and soil texture on the
measurement accuracy of soil water content using time domain reflectometry (TDR) device. Treatments
consisted of three soil textures (silty clay, sandy loam, and clay loam) and three levels of irrigation water
turbidity (0, 1500, and 3000 NTU). Volumetric soil moisture content (6,) was measured using a TDR device
and compared with the gravimetric method measurements. Results showed that TDR has the highest
accuracy in the sandy loam soil under different levels of water turbidity and by increasing the clay content,
the accuracy of the device is reduced as confirmed by root mean square error (RMSE) values of 0.024,
0.027, and 0.038 in 0, 1500, and 3000 NTU turbidity, respectively, in this texture. Drawing of the coherence
chart between the results obtained from TDR method and the gravimetric one showed that the highest and
the least correlations between the two methods were observed in clay loam + well water treatment (R*> =
0.94) and silty clay + 1500 NTU (R? = 0.84), respectively. Thus, increasing turbidity decreased the accuracy
of the TDR device in all of the studied soil textures. Results also showed that the highest accuracy of TDR
device was obtained in sandy loam + control treatment (0.0 NTU) conditions.

Keywords: Clay content, Gravimetric method, Soil water content estimation, TDR device, Water turbidity.

Background and Objective: Determination of soil volumetric water content (6y) is important in many areas
such as agriculture, horticulture, ecology, forestry, hydrology, civil engineering, waste management and
other environmental fields. This study was aimed to investigate the effect of irrigation water turbidity and
soil texture on the measurement accuracy of the soil water content using TDR device.

Methods: The experiment was conducted at Ferdowsi University of Mashhad in pots (25 cm diameter and
30 cm height), during 2019-2020. Three levels of irrigation water turbidity, 0 (well water), 1500 and 3000
NTU, plus three soil texture classes (silty clay, SiC, sandy loam, SL, and clay loam, CL) were used.
Measurements by TDR (PMS-714 model) sensors were assessed in three soil texture classes, and soil
samples which were irrigated with different water turbidities. The soil samples were weighted rapidly after
TDR measurements to determine gravimetric water contents. TDR measurements were replicated three times
for each soil sample and compared with gravimetric method values. The accuracy of 6, measurement
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using TDR was assessed by coefficients of determination (R?), root mean square error (RMSE), and relative
error (RE). All statistical analyses were performed with Minitab software and figures were drawn using
Excel software.

Results: The calibration of TDR probes is sensitive to variations in soil and water properties, such as soil
texture and water turbidity. The gravimetric measurement is a standard method that can be applied for the
calibration of all indirect methods (3). In the case presented, the PMS-714 sensor used was calibrated for 9
different treatments: SC + TO; SC + T1500; SC + T3000; CL + T0; CL + T1500; CL + T3000; SL + TO; SL
+ T1500; and SL + T3000. Results showed that TDR had the highest accuracy in the SL soil under different
levels of water turbidity as the RMSE at 0, 1500, and 3000 NTU were 0.024, 0.027, and 0.038, respectively.
By increasing the clay content, the accuracy of the TDR device was reduced. The drawing of the coherence
chart between the results obtained from TDR method and the gravimetric one showed that the highest and
the least coincidences between the two methods were observed in CL + 0 NTU (R? = 0.94) and SiC + 1500
NTU (R* = 0.84) respectively. Safarizadeh Sani et al. (2) compared values obtained from the standard
gravimetric method with the values measured by soil moisture sensors using linear regression equations for
each soil type. They showed that the laboratory comparison of gravimetric and TDR water content
measurements gave a good confidence in the TDR calibration relationships. Wanniarachchi et al. (4) also
reported that TDR calibration data fitted the gravimetrically determined 6, data very well (with R = 0.91—
0.99). Another report (1) showed that using Theta Probe (ML2 model), an increase in the irrigation water
turbidity in each of three soil textures reduced the accuracy of device measurement and most errors were
observed in loam with the highest percentage of clay.

Conclusions: In this study, increasing irrigation water turbidity decreased the accuracy of the device in all of
the studied soil textures. In other words, increasing irrigation water turbidity and soil clay content decreased
the accuracy of the TDR device. The results showed that the highest accuracy of TDR was observed in sandy
loam soil + control (irrigation water turbidity = 0.0 NTU) treatment.
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