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Study of the Water Infiltration Processes using ERT and TDR in Layered Soils

LIN Qing, XU Shaohui’
(College of Environment Science and Engineering, Qingdao University, Qingdao, Shandong 266071, China)

Abstract: [ Objective ] Soil water is the link between surface water and groundwater, and the carrier of solute transport in soil,
which plays a key role in the Soil-Plant-Atmosphere Continuum (SPAC) system. The movement of soil water is a very complex
process, especially in the layered structure. Heterogeneity of texture and pore of layered soil changes hydraulic characteristics at
the interface of the soil layer, and thus the soil water movement and solute transport differ significantly from that in homogeneous
soil. [ Method ] To fully understand the process of soil water movement, infiltration was evaluated using electrical resistivity
tomography (ERT) in soil with a stratified profile. A field infiltration test was performed on an 8.7-m-long transect and successive
measurements using ERT allowed determining resistivity changes as infiltration progressed. In the meantime, the soil water
content was measured by time domain reflectometry (TDR) at the point scale, and the quantitative relationship was established
between resistivity and water content. In addition, the soil water contents derived by ERT were validated with the soil water

content derived by the drying method. [ Result ] Results showed that the Multi-electrode resistivity method can fairly monitor the
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process of soil water movement, identify the depth of water infiltration, 90 cm in our study, and quantitatively retrieve the profile
water content. The movement of soil water is mainly vertical downward with a weak horizontal flow. A good correlation between
resistivity and soil moisture measurements revealed the capability of resistivity measurements to infer soil moisture spatial and
temporal variability with root mean square error (RMSE) equal to 0.042 cm®*cm™ for loam and 0.041 cm®cm™ for clay loam.
However, when the soil water content was lower than 0.15 cm® cm™, the electrical resistivity changed greatly with the increase in
water content, while the soil water content was higher, the resistivity did not change significantly with water content. When the
soil water reached the interface (~30 cm) between loam and clay loam, the soil water did not immediately move to the lower layer.
According to the established relationship between resistivity and water content, it is estimated that at the soil interface, when the
mass moisture content reached 0.136 g-g™' at the upper layer of the soil, the water infiltrated the lower layer. Unexpectedly,
abnormally increased resistivity appeared under the area of the soil water infiltration, which was presumably caused by the
significant difference in resistivity of soil adjacent layers during the infiltration process. [ Conclusion ] In comparison with TDR,
the resistivity method gives information integrated on a greater volume of soil and the measurements are easier and quicker to be
carried out without disturbing the soil. Therefore, this method can be considered as an alternative tool to be employed for

qualitative and quantitative soil moisture monitoring in the field. Also, this study provides a new method for quantitative analysis

of the movement of soil water at a layered interface.

Key words: ERT; TDR; Electrical resistivity; Layered soil; Water movement
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Table 1 Physical properties of soil in the study site
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Soil type Soil layer/cm Soil texture Sand/% Silt/% Clay/% Bulk density/ ( g-cm™)
it 0~30 i+ 44.65 43.64 11.71 1.64
Brown soil 30~60 it 24.45 47.03 28.52 1.75
60~ 100 e+ 28.08 52.12 19.80 1.63
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Fig. 2 The electrical resistivity of the soil profile before water infiltration
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Fig. 4 The rate of change in electrical resistivity of the soil profile at different times after water infiltration

Tt LI RS SR EHTIIE, A5 RE
W, WK S FIER 2 iR, o M SRS AR

KFZZ LTS Y, LR RN T (2,65 gem®) HHER .

0.50
0.45
0.40
0.35
0.30
0.25
0.20
0.15

N A ity
Volumetric water content/(cm’-cm™)

A 0~30 cm SZM{E Measured data 0.50
0~30 cm #14 [1£% Fitted curve 045

0.40
0.35

K

=

0.30

4%

Volumetric water content/(cm*-cm™)

0.25
0.20
0.15

20 30 40 50 60 70

LB Electrical resistivity/Qm

A 30~60 cm FM{E Measured data
——30~60 cm L5 HHZE Fitted curve

1 ] 0.10 I

20 30 40 50 60 70
H1BL*R Electrical resistivity/Qm

Bl 5 e r PR S IRRRE K R LA i 25

Fig. 5 Relationship between the electrical resistivity and volumetric water content from TDR

http://pedologica.issas.ac.cn



396 E I 60 %
*2 HEXERAKEEEXRZSHBEER
Table 2 The fitted parameters for relationship between electrical resistivity and volumetric water content
T2 fLBRE o TR R pg TFIEEHEE R RMSE/
Soli layer/cm Porosity Saturated electrical resistivity/Qm Saturation exponent (em’em™)
0~30 0.38 17.27 1.05 0.702 0.042
30~60 0.34 22.66 1.12 0.627 0.041
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