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Abstract: In view of the current poor adaptability of soil dielectric calculation model, a bilinear dielectric
calculation model was constructed based on bilinear theory. In order to explore the adaptability of the
bilinear dielectric calculation model to soil dielectric measurement, seven different texture soils were
selected for 0 cm’/em’, 5 em’/em®, 10 em’/em’, 15 em’/em®, 20 em’/em’, 25 ¢em®/em’ and 30 em®/cm’
volumetric moisture content, dielectric spectrum measurement at different water contents in the frequency
range from 1 MHz to 3 GHz. Through dielectric spectroscopy, the dielectric spectrum of the model can
well reflect the dielectric properties of mixed media under different soil water contents; the ideal
frequency point of soil moisture content dielectric measurement was 1. 502 88 GHz. At the ideal frequency
point, two empirical formulas for frequency domain measurement of soil moisture content were constructed
based on the real part of complex permittivity and apparent dielectric constant. Through the analysis of
experimental data, the calculated value of real moisture measurement formula of soil moisture content was
compared with the measured value of the moisture content of the drying method. The R® was 0.912 6,
RMSE was 0.029 4 ¢cm’/cm’, and RPD was 3.343. The soil water content was compared with the
measured value of the dielectric measurement formula and the dry water content measurement. The R’
was 0. 890 7, which was better than that of the other three classic formulas ( Topp formula, Roth formula
and Malicki formula). The bilinear dielectric calculation model had a good adaptability to the calculation
of soil dielectric constant. The frequency domain measurement formula of soil moisture content based on
the model had high measurement accuracy for soil water content.

Key words: dielectric measurement; soil water content; frequency domain measurement; bilinear theory

Wk H . 2019 -09 —23 & H H#Y. 2019 -10 —24
EE&TE : Per KRR TR (2014s1kj — 18 ) F1E 5 & 5 0F & 115155 H (2017YFC0403203 )
TEE BN FEOE(1978—) 53 Bl 2082 11, 2 R Afoll 3 R Jak 41 5 4% 1l D 5%, E-mail : x36936@ 163. com



%124

VPR S5 J6 T XUZ M BE A9 - 5/ v T 4 BT 0 323

0 35

K A3 S Il b K B U T TR A 2
9 K R T ER  R HA
f RS R AR SR AR K B R £
BOW 6 T i b i — L R
BT L T e HG gk R g A gy
VAR LL LA L Al R R L R R s, B
BHEARRSA S BRI,

A H BSOS B 1 A A e e e g
TR AR H AR B . T A v Oy
T G IR | h 2 ik DL R 2 ) 4% 1
a5y M H A5 i 4R 1 2k T 4 L NRW
Pt/ S S8 3 D B A R e R
(T O NI A < L (A 3¢ B
HASTED""" 5 4 — F 5 F 45 98k 149 A fis 6 B0 5 Ao
A A RSB S, W R s R
CLARKSON 45" fiik T — Ff il A U3 6 10 85 2
B, g 52 A HL R B A F A D ELAR L
BB, HX AR A ™ 4% 25K ; LOGSDON ™ 4t 7
— il st e L A R TR 5K B3 45 5 19 Logsdon
and Laird B8 (H @ S HAER K, 36 T 2 GHz DL 1
M SKIERUCHA 287 B & 7 — i oA 3 JF 1% 4 FlL
FORO B RERY () E BOE A k. DL R B
WS A R G R B T A N
FBI BP0 5 K R ) 3 P A TR R B AR
B R St 0 K R A v v W M6 RS B

Sy WA AR M 45, AR SC R FH ULk A B 4 ) 22 XL
LA SRR T Rl LA bR RS
A v R X S R S B . RS T
A HLE LR F L BFSE LA R S K R
ST TR A v AR Y - 9 K R 2
D8R, DI - S R T AT DA B K R A
L W I AL BT A B s

1 HESHE

1.1 WEMNEITERERRE

SCHR[21 ] H i B8 ) R0 £ 1k 38 6 B 2 8
S, M E AW R R, R, B iR A
YN

il

e (1)
b o — A A
AB—HRBY o — A FH
C—— P RAL IO -1

R P 50 e L o 2 o S A 4 g I, TR

2 (1) faifb >

Alw)p,(w) +C(w)

“ T T B(w)p, (@)

X o—MIR
Clw)TE 0 ~1 Za], FEAB B 20 A (w) |
B(w) AT I Jr B SK o p, () 2 8 L I 25 46
rHORE I I f8 DAy AR S S S AR B, R A e D
bR

(2)

r(w) -r(w)
ple) = () +r.(w)
A (o) —H Ak
r.(w) —— BTk e
A A i Y S S AR B R A B 2 AR
LAE 3 BT 275 ORI i WO 2 BOR N T A S b
B2 2% HU B B0 T AR AL
St = Siim (4)
Slw.+S,1m
X py (o) — M BT R RCGT R %
Syl T A U S 8
Sy S AR 2 8
ARIIRG R, 2 A S FH MR o & B oK
(ArHH % 81,T =20°C ) . Isopropoxyethanol ( 5N %
He LWE) 100% FEW (AL 8L 12,7 =20C) . A
CH 2 FRTRLY 52 A i H B DL S R R pgr ()
i (2) W 2 DK RBIHR LS EH A (o) .
B(w) . RF , FIAITREZSEA(0) B(w) Kkl
PR i o 2k 1k 5 B 4R A 2 Mo, Hop 2
S5 BN R 2 RO T R ek i B S &R
b s (0 (4) ) a2 bl i v B 2 5047 b
HEAL
K Logsdon g™ 4 &2 4 v KRG e R

(3)

pSﬁ'(w) =

TEA R B A
Ka:(1+4/1+t31212(e"/.9’))e’ (5)
AHF ok, PLTE A HLH AR
&" 524 WU H RO
RN S e

1.2 REGESSHEE
L 2.1 bRjE s il & -5 I it
K 6 Ff A A Isopropoxyethanol F17K {4 F1 H 1R
BWW(EW) o £ 16 FARRB IR G w8 &
HARAE A B8 % %0, Hirp Tsopropoxyethanol 15 1% % % Hy
0.903 g/cm’, KK 1 g/em’,
AWFRAEENH IR ((23 £2)C) F#f7, %M
Anritsu — MS2028B B < 5 |6 45 73 Hr A%, 35 & Tl 45
KN 0.001 ~3 GHz, R FE S 5L 632 &, KB M0



324 B 1 Y = SR

201094

F1 6 A LWEAHILESARREAENTHREHR
Tab.1 Six different(I: W) volume ratio mixed solutions

and their dielectric values
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Fig.1 Complex permittivity constant spectrum of six

different I: W volume ratio complex solution
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Fig.2 Apparent dielectric constant spectrum of six

different I: W volume ratio complex solution
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Tab.2 Seven soil samples physical properties
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Fig.3 Seven kinds of soil samples complex permittivity spectrum
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