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Abstract

P-TDR is a new time-domain reflectometry based on the phase detection principle. It measures the
travel time of testing signal by detecting phase difference of the incident and reflected waves, and thereby
calculates the soil moisture content. The P-TDR measurement accuracy of soil moisture content reaches
the level of the traditional TDR. But if it is used to measure soil conductivity (o) by detecting the testing
signal reflectivity (p), verification is necessary. The measurement method of soil conductivity and the
principle of P-TDR were introduced firstly. Then an experiment was arranged. The testing signal
reflectivity of P-TDR was measured in 8 sandy loam soil samples, which had different salt contents under
five levels of soil moisture content (#). The relationship between p and o was modeled respectively by
using linear and quadratic polynomial model, and the quadratic polynomial was chose for P-TDR
electrical conductivity measurement model, whose determination coefficient was above 0.812. The
experiment results also showed that soil moisture content had greater influence on the electrical
conductivity measurement. After the analysis of the relationship between soil moisture and the quadratic
polynomial coefficients, the predictive model of soil electrical conductivity, which is the function of p and
0, was established. The experiments of in-situ measurements are needed to research the influence of
factors such as soil texture on the P-TDR soil conductivity measurement.
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Tab.1 Signal reflection coefficient p of P-TDR in sandy loam

R HSE o/dS-m™!
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Tab.2 Determination coefficients and RMSE of models
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Fig.3 Relationship between the coefficient of quadratic

polynomial model and volumetric moisture content
PR (4) AKX (3),78 P-TDR U i +3EH T
FIbRE AR N
o =(14686" - 531.760 +75.474) (p-1)> (5)
1 2 AP EY Y R (B & B, X TR MBI
IS KRG E AR B S T B X T =
YRR 35 KB AR (0=0.20 m*/m’) 14
K EE e o PRGN SR A BRAE T A Bk i i O B 407
FRA e B S B, A 2 JEOR: 4 Sk o e IR
PN DX (], 5370 oR FHZ P RN R AR R AT
FIREEAUEAE S O AL T RS, X H
SRS NIRRT T Bt — 25T

4 it

(1) P-TDR 2GEMMFE T R#ES HIER S
A 85K A OG0 8 SR A R e B I
I P-TDR RG] LU T 3 S 30 o

(2) P-TDR Z %+ 1 T S8 Fi i A 5 ml R H B



F1 B 45 BETAHA RGN TDR S8 S50 EAF5Y 187

KMo =4(0)(p-1)"8 “IRZWA MR 27 K, WRAEEAAT 0 = I K5 B ] LR 3
IR R*7E 0. 812 LU_| , RMSE WI/NT 0. 294 dS/m., IR AR AR XTE] 49 2R FH R PR A e A
(3) +HEESKEXT P-TDR o SR M A s,

£ % x o

1 Topp G C, Davis J L., Annan A P. Electromagnetic determination of soil water content; measurement in coaxial transmission

lines[ J]. Water Resources Research, 1980, 16(3) :574 ~582.

2 Topp G C, Davis J L, Annan A P. Electromagnetic determination of soil water content using TDR: I . applications to wetting

fronts and steep gradients[ J]. Soil Sci. Soc. Am. J., 1982, 46(4) .672 ~678.

3 Giese K, Tiemann R. Determination of the complex permittivity from thin-sample time domain reflectometry; improved

analysis of the step response waveform[ J]. Adv. Mol. Relax. Process, 1975, 7(1) :45 ~59.

4 Dalton F N, Herkelrath W N, Rawlins D S, et al. Time-domain reflectometry: simultaneous measurement of soil water content

and electrical conductivity with a single probe[ J]. Science, 1984, 224:989 ~990.

5 Robinson D A, Jones S B, Wraith ] M,et al. A review of advances in dielectric and electrical conductivity measurement in

soils using time domain reflectometry[ J]. Vadose Zone Journal, 2003, 2(4) :444 ~475.

6 Ewtk, £, BE, BT ARA R R AY 1 K S i R I BRI ST (], AR HLA A= 4R, 2010,

41(1) .72 ~76.
Wang Kedong, Wang Yiming, Feng Lei, et al. Research of soil moisture measuring technique based on phase detecting
principle[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2010, 41(1) ;72 ~76. (in Chinese)

7  Quinones H, Ruelle P, Nemeth I H. Comparison of three calibration procedures for TDR soil moisture sensors[ J]. Irrigation

and Drainage, 2003, 52(3) ;203 ~217.

8 Topp G C, Yanuka M, Zebchuk W D, et al. Determination of electrical conductivity using time domain reflectometry: soil

and water experiments in coaxial lines[ J]. Water Resour. Res., 1988, 24(7) :945 ~952.

9 Yanuka M, Topp G C, Zegelin S, et al. Multiple reflection and attenuation of time domain reflectometry pulses, theoretical

considerations for applications to soil and water[ J]. Water Resour. Res., 1988, 24(7) :939 ~944.

10 Zegelin S, White I, Jenkins D R. Improved field probes for soil water content and electrical conductivity measurement using
time domain reflectometry[ J]. Water Resour. Res., 1989, 25(11) 2367 ~2 376.

11 Nadler A, Dasberg S, Lapid I. Time domain reflectometry measurements of water content and electrical conductivity of
layered soil columns[ J]. Soil Sci. Soc. Am. J., 1991, 55(4) :938 ~943.

12 fhEde, MRdeal, Bon R, % DM SRR R SRS R OK 2 SC AR [T]. TR AR, 1997,
25(6) :69 ~73.

Sun Yulong, Hao Zhenchun, Chen Qihui, et al. Relationship among ionic strength and electrical conductivity of soil solution
and soil bulk conductivity[ J]. Journal of Hohai University, 1997, 25(6) : 69 ~73. (in Chinese)

13 Rhoades J D, Manteghi N A, Shouse P J, et al. Soil electrical conductivity and soil salinity: new formulations and
calibrations[ J]. Soil Sci. Soc. Am. J., 1989, 53(2): 433 ~439.

14 Vogeler I, Clothier B E, Green S R, et al. Characterizing water and solute movement by TDR and disk permeametry[ J].
Soil Sci. Soc. Am. J., 1996, 60(1): 5 ~12.

15 Bullock D S, Bullock D G. Economic optimality of input application rates in precision farming[ J]. Precision Agriculture,
2000, 2(1) .71 ~101.

16 Corwin D L, Lesch S M, Shouse P J, et al. Identifying soil properties that influence cotton yield using soil sampling directed
by apparent soil electrical conductivity[ J]. Agronomy Journal, 2003, 95(2) : 352 ~364.

17 Rhoades J D, Corwin D L, Lesch S M. Geospatial measurements of soil electrical conductivity to assess soil salinity and
diffuse salt loading from irrigation[ M ] // Corwin D L, Loague K, Ellsworth T R. Assessment of Non-point Source Pollution in
the Vadose Zone. Geophysical Monograph 108. Washington, DC: American Geophysical Union, 1999. 197 ~215.

18 ZEHW], 15, TilgH, 5 — MR R FRBOTSPIE[]]. AL TSR, 2001, 17(2) :161 ~ 164

19 XI7HY, ahs. RS ES RO SR LUK SRR AR [)]. BER, 2001, 32(HF 1) : 85 ~87.
Liu Guangming, Yang Jinsong. Study on the correlation of soil content with electric conductivity and soil water content[ J].
Chinese Journal of Soil Science, 2001, 32(Supp. 1) : 85 ~87. (in Chinese)

20 R, ERF, TERME. —Fh e SR AT AT T]. A TR, 2004, 20(1) : 51 ~55.



