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Abstract: [ Objective ] As clayey soil contains much clay and clay loam, it is rather complex in dielectric polarization. However,

not much study has been done on mixed dielectric models for measurement of water content. ~ Method  In this study, based on
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the theory for bilinear dielectric measurement, dielectric spectra were determined, separately of soil samples, 0, 5%, 10%, 15%,
20%, 25%, and 30% in volumetric water content, prepared out of each of the 4 clay soils different in texture were determined,
separately, within the frequency band of 0.001~3 GHz.  Result Dielectric value (the real part of complex dielectric constant
and apparent dielectric constant) is relatively stable within 300.4~2 952 MHz, but varies sharply with volumetric water content.
The band of 1 050~1 503 MHz is the ideal frequency band in the frequency domain for predicting clay water content, and
1503 MHz is the optimal frequency point. At this point, two empirical models for predicting water contents in clayey soils in the
frequency domain were constructed. In analyzing clay samples and validation samples, comparisons of the values predicted with
the real part of the complex dielectric model with the measured values of water content show that the predictions are all higher
than 0.9600 in R?, lower than 0.0190 in RMSE, and higher than 5.000 inn RPD. In analyzing clay soil samples, comparisons
between the values predicted with the apparent dielectric model formula and the measured values show that R? = 0.9669, RMSE =
0.0176, and RPD = 5.515. Compared with the Topp model, Roth model and Malicki model, the apparent dielectric model yields
values much closer to the measured value. In analyzing verification samples, comparison between the values predicted with the
apparent dielectric model and the measured values show that R?=10.9537, RMSE = 0.0208, and RPD = 4.602.  Conclusion The

bilinear theory is quite high in applicability to the measurement of clay soil moisture content with the dielectric method. The two

empirical models constructed in this paper are fairly high in accuracy in predicting water content in soils clayey in texture.

Key words: Bilinear; Clayey soil; Dielectric spectrum; Soil water content

A HETK 53 WA DN £ — B R FH B 5 400 48 17
SUH AL, HET IS KR Rk A T
SPk . K THE L AR ik mEGL .
Tk B IRE DY, bR &, e
Wt , (BB AE B IR L4254 | SRR IR I &
H SRR B RS B> O Ak 5 T A H
o ER R, A SRR, X mARHEE
AR B B o YT H I K
A LA A A, Topp il 40 Hr K SL 884K
P B A 25 8L Topp RIS BT 5 AR Topp A5 AU}
T IEYBALH BEATT ST, Roth 2B IES ) Roth
BEAIET, Herkelrath 45 V36 F 4 18 (& BUE K = 76
12%~21%78 [l 8 & 7K 2 540 J 3 8507 7 i S 2
FHCMOC R, I A E IR S &K &
i FH 2220 s Malicki U015 18 -+ RN S0 A 1 A0Y
M, X} Herkelrath #0938 H 2 X7 & I35 m
THREEREREWA T, FEN, RETENE
Herkelrath £ 4 938 FH 2 2CHERl b, 418 pu i A+
Hewf e TR SE; BEIRsRMINGE T RIS OK RS
IR ECE R ALC R A R, i
RS mAZm, FORLW g, 235 dAS [F R
JE B W B AR AR Ak, %o 1 K R A H RO A
FRM, Gong ZEUHETE T+ A HL R A
SRR MR B DL SRR B K B 2 [ AR 2k
K% ; Cosenza il Tabbagh U7 R ZEUSIGFEL + A0

R b Bk 5 A W IS O R AT T A B
FEo MR RN K A R B BT
Robinson #il Friedman UM —F K Hiok: + 1 &
JK A L R AR 5 Alharthi F11 Lange!®® | Ferre 452!
X0 5T A L RS KOG R AT IR ST 4 A
I K A HL I AR

Cole % Berberian'*! | Folgero 1 Tjomsland**
P LT XU M B AT U S8 (Sy) e i
I HLH4U, Estevez Fll Jones!™ #3777 ML LI
AL, JEXPRATE 7K S N R S I, S
RN HL 0 PR 0T -3 F 0 A T

FTLL B, ASSCEPXT RS IR 2
T CR 2 R ), T 4 ORI o 3 (b
2. AL L RS miREL . W
A, KR (Anritsu-MS2028B )
£ 0.001~3GHz JiBL, SR RS o i AR A )
15 BHEAR S KE T A (A REg. WED
HUE ). A HT A il 5 S K A, Ry
AKEEA F I 2 A RS, Db B A Ak
JK i P TR R BE 5 T

1 MRSITk

1.1 THXRE
4 FhOAS [R5 MO 6 B - BRI 28 1 R, 5

http://pedologica.issas.ac.cn



34

AR A s BT M TR Y b A L35 5 A R AR e A Y

687

1 AMARRFR YIRS

Table 1 Physical properties of the test soil relative to texture
HIELFR B Rk hp A kL A TR
Soil name Texture Clay /% Silt /% Sand /%  Bulk density/ ( g.cm®) Packing density / ( g.cm™)
i3+ Brown loam soil M TE+ 38.35 40.36 21.29 1.28 1.296
213 + Red soil HEmR 28.53 42.56 28.91 1.51 1.567
#E+ Yellow brown soil B+ 24.40 39.69 35.91 1.47 1.381
i+ Yellow loam soil — My#PiZiE L 20.56 46.25 33.19 1.39 1.393
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Table 2 Physical properties of validation samples
FhkL _ W g
Jo b ) BHL Sand
J¥5 Number Clay content ML Silt/% Packing density
Texture /%
/% / (gem™)
1 1 52.63 20.00 27.37 0.91
2 (e 42.65 18.40 38.95 1.16
3 Mb s+ 24.32 60.86 14.82 1.27
4 Fhike+ 16.56 40.12 43.32 1.61
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Fig. 1 Complex dielectric constant ( real and imaginary parts ) and apparent dielectric constant spectrum of clayey soil samples
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Table 3 Correlation analysis of real part of the complex dielectric constant and apparent dielectric constant with measured volumetric water
content of the clayey soil in value relative to frequency

- R @) TR Lo B LIES R @) TR Lo B
o Real part value of the Value of the apparent Frequency Real part value of the Value of the apparent
Frequency
complex dielectric constant  dielectric constant /MHz complex dielectric constant  dielectric constant
s R RMSE R RMSE R RMSE
300.4 0.9605 0.0202 0.9600 0.0205 1750 0.9681 0.0181 0.9675 0.0183
400.2 0.9639 0.0193 0.9630 0.0195 1902 0.9677 0.0183 0.9675 0.0183
604.6 0.9640 0.0193 0.9631 0.0195 2054 0.9674 0.0183 0.9673 0.0183
904.0 0.9650 0.0190 0.9641 0.0192 2306 0.9674 0.0183 0.9673 0.0183
1051 0.9678 0.0182 0.9667 0.0185 2558 0.9678 0.0182 0.9678 0.0182
1151 0.9680 0.0182 0.9680 0.0181 2700 0.9669 0.0185 0.9672 0.0184
1303 0.9690 0.0179 0.9682 0.0181 2952 0.9687 0.0180 0.9675 0.0183
1503 0.9704 0.0175 0.9683 0.0180
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Fig.2 Comparison of predicted water content and measured water content of the clayey soil sample relative to dielectric model
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Fig. 3 Comparison of predicted soil water content and measured water content of the validation sample relative to dielectric model
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Table 4 Comparison between predicted value and measured value of soil volumetric water content in accuracy relative to dielectric model

THEA AR Fhii + 4 Clayey soil sample K UEFEAS Validation sample
Prediction model )is RMSE RPD R RMSE RPD
AR (X (8))
0.9670 0.0173 5.676 0.9615 0.0188 5.091
Complex dielectric real part model ( 8)
MAEA AR (2 (9))
0.9669 0.0176 5.515 0.9537 0.0208 4.602
Apparent dielectric model (9)
Topp 17! Topp model 0.9558 0.0291 4.760
Roth %% Roth model 0.9634 0.0231 5.319
Malicki % Malicki model 0.9470 0.0287 4.347

RMSE=0.0208, RPD=4.602, 7R XF 5 F kLA
L HLA ARG 08 B o 1 A2 A L SR A (5K (8))
SRR FTIATR &K S R*=0.9615, RMSE=0.0188,
RPD=5.091, HAMRLE &40 it 5 ae ) i g T X
(9), Ut (8) XF5hF 4 3 &K BT R LS
REHF (9),

THOR R YR . K. EREEIRSE
PR T, AR A A TR LB e 5, 52 m +
BB R R L Sk R &
Eh g A ) Hoh - T S K R R A
HHGE E BRI AR S S A P A I T R M
A F I e X R T AR RIS Bk, SRR
JENE R, HHEARE RS T AT mixt
ANFIRLEE  3E FAR S R R A0 S K A F I
WFFEAFAE— AR o (EARSCIER . HAR G R
AR TR A i I B S X B R 1 4 FhOR TR R
M3 7 RO ERAE KRR A L I EL AT
A58 WP, A R T B I R B 28 T O [ T
A ERE TR RRE . XTSI 2 AR
KA FL i 2R A AL R, S Rt AR AR
FEARDEM 08T, BEADT R TR R, XN RS
AT HE AL I B SRt

3 45

Bt (R 28 B2 ) 4 FMORTR B 14
1£ 0.001~3 GHz #i B 17 0. 5%. 10%. 15%. 20%.
25% ., 30% AR RS K S A HL B A, A5t 300.4~2953
MHz WM& HE B . IR H BN e
BT AN AT EK N A B AL B2 R B SR

. EN W EE ) A BEXoM; 1050~1 503
MHz A HAE ST 260+ S K e i A B, 1
503 MHz Je-fe MR s . R EER 4 +RE, AEA Ha st
AU HA = A~ 22 AR AR LL , BRI TR 5 K
SENME e BB, YRR 2R/, A o HT
PRI s MAEA SRR B iy, AU AT
THRREIMAT o X Rh R 4 R FIRIEREA, A HL S
PR AV AL T TS BRI N W o BUE BT R, A<
SCHEERY 2 ANBR T R 3 S K R R A
FEAIS, 3 MR RCAT, IRE A
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