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Calibration and field verification of TDR based on phase
difference for measuring soil water content

ZHENG Ru-mei', LI Zi-zhong'*, GONG Yuan-shi', WANG Yi-ming® .
YANG Xin-ming' . WANG Ke-dong?
(1. College of Resources and Environmental Sciences, China Agricultural University, Beijing 100193, China;

2. College of Information and Electrical Engineering, China Agricultural University, Beijing 100083, China)

Abstract The objective of this study is to test the performance of time domain reflectometry (TDR) based on phase
difference detecting with independent intellectual property rights measuring soil water content. A laboratory calibration
experiment using soil column was conducted to obtain the calibration equations for TDR measuring soil water content,
and field test was also conducted to validate these calibration equations. The results showed that, there was no
significant effect of bulk density on the calibration relationship between time measured by TDR and soil water content,
but the soil texture had a significant effect. It could be calibrated using three calibration formulas in sandy soil, loamy
clay soil and clay soil, respectively. All of R? were greater than 0.98,and the estimated standard errors were less than
0.020 cm®/cm®. The root mean square errors were less than 0. 035 cm?®/cm® for TDR measuring soil water content in
the field. Therefore, this new TDR instrument was reliable to measure soil water content in the field using calibration
equations from the laboratory experiments.
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Fig.1 TDR system and its probe
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Table 1  Tested soils and their properties in laboratory experiment

B ‘ - Hu F

BT it IR 3 2~0.02 0.002~0.02 <0.002 BB/ F#)/ pH

Eyill Pl
mm mm mm (g/kg) (dS/m)

1 X+ Wt mabE Mok BB T KE T i 93 0 7 0.9 0.09 7.21
2 W\t b4 GRNESY N R R N I 77 11 12 6.4 0.18 8.35
3 Wt WK At A A H 59 23 18 8.4 0.13  9.02
4 WA B Al R A R 2 T A< H 51 20 29 10.5 0.16  8.12
5 Wt B A Ag b R R G A< M 33 31 37 13.9 0.14  8.49
6 e Ft JTRABTTN T A& W 31 19 50 1.8 0.32  4.51
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Table 2 The soil properties in the field test experiments

L ) TORLALAL/ o wll  w(l w(H wf y(if
FH ]330 % /e CRE)/ 2~0.02 0.002~0.02 <0.002 RE/ ®BH/ R/ HFO/ T#)/ pH
(g/cm®) mm mm mm (mg/kg) (mg/kg) (mg/kg) (g/kg) (mS/cm)
B2 b 0~15 1.32 51 20 29 93.0 41.9 95.5 10.5 0.16 8.12
ERERB 0~15 1.63 77 11 12 19.8  11.0  71.7 6.4 0.18 8.35
)Ll 0~15 1. 40 69 18 13 99. 2 2.7 90.9  28.9  0.15 8.20
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Fig. 2 Effect of bulk density on the calibration
relationship for TDR measuring soil

water content
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Table 3 Coefficients of the calibration relationship §,=a « £’ +b « > +c »

®3 TDRUETFEESKENKREXFEO=a-+b-tc-t+dREE

t+d for TDR soil water content measurement

+ ¥ NN a b ¢ d R? SEE(cm® /em?)
-+ W S —3.0337 23.393 4 —59.269 2 49.492 1 0.98 0.016
b BURGE Sekl LC —0.871 0 6.688 5 —16.405 6 12.999 5 0.99 0.015
Zh+ C —0.796 7 5.998 1 —14.298 0 10. 927 1 0.99 0.019
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