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2.67 cm’/em’, @FHFE K 250 MHz Al 1 000 MHz $i3R KL M 41 & eI A U IR R RHEAR I 222 H A0 &b ik, RO 5 94
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Parameter Modification of Dobson Dielectric Model and Water and Salt Content Inversion in

Drip Irrigation Cotton Field Under Film

ZOU Jie', ZHANG Jinzhu'**, WANG Zhenhua'?*, ZONG Rui'?, WEN Yue'?, CHEN Xiaojie'

(1 College of Water & Architectural Engineering, Shihezi University, Shihezi, Xinjiang 832000, China; 2 Key Laboratory of
Modern Water-saving Irrigation of Xinjiang Production & Construction Group, Shihezi University, Shihezi, Xinjiang 832000,
China)

Abstract: Soil salinization is serious in Xinjiang, and it is urgent to prevent the spread of soil salinization. Water and salt
contents can directly indicate the degree of salinization, so their rapid inversion is of great significance for preventing soil
salinization. In this paper, typical cotton fields with drip irrigation under mulch were selected in Xinjiang, wave velocities were
obtained with 250 MHz and 1 000 MHz antennas of ground penetrating radar (GPR) through common center point method and
were converted to apparent dielectric constants. Meanwhile, combined with field measured data, the parameters in Hu Qingrong
dielectric model of saline soil were modified, water and salt contents in topsoils (0 - 30 cm) of selected cotton fields were
inversed by the modified model, and the inversion results were also verified. The results showed that the corrected value was 0.74
for parameter 4 and 0.14 for parameter ¢ in Hu Qingrong dielectric model, and the modified model was feasible for the inversion
of soil water and salt contents in cotton fields with drip irrigation under film. Water content inversed better by 1 000 MHz
frequency antenna than by 250 MHz frequency, and inversed value had significant linear correlation with measured one (R*=0.948,
RMSE=2.67 cm’/cm®). Salt content in topsoil of cotton field could be effectively inversed by combining 250 MHz and 1 000
MHz frequency antennas of GPR, and inversed value fitted well with measured one (R2:0.835, RMSE=1.43 g/kg). In conclusion,
the modified model combined with GPR could not only improve the survey efficiency of water and salt contents in cotton fields,
but also helped edit the distribution map of soil water and salt contents in cotton fields at meso-scale, which provided theoretical

data support for soil salinization prevention.
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Fig.1 Location of study area and sampling plots
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Table 1  Soil physical properties of cotton fields under different years of drip irrigation
HHERES REERE BRE(gem®’)  BREE(®%) FhokL 5 (%) T KR (em’lem®) AR R (g/kg) pH
A b+ 1.46 +0.03 27.45+2.13 23.61 +3.21 20.40 + 3.44 3.41+0.31 7.59 +0.33
B Mt 1.43 +0.05 32.24 +3.42 10.44 £2.48 19.22 £3.52 2.19+0.24 7.15+0.24
C ML 139+003  2631+3.51 2123+ 1.78 26.68 + 4.12 3.28+0.28 7.72£0.31
D b+ 1.41 +0.04 21.48 £2.32 16.76 + 2.56 23.41 +3.65 1.76 £0.12 7.54 +0.25
E Mt 1.37 £ 0.05 27.56 +1.34 1432 £2.35 23.19 £2.78 1.61+0.18 7.47+0.18
FHE - 1.41 +0.04 27.01 +2.47 17.27 £2.47 22.52 £3.50 2.45+0.23 7.49 +0.26

[E: A, B, C. DM EMREARFEHEELAME 0~30cm 1y L8, £HARHN 3 MEEAEHMHE,

1.2 MEFE

¥ 2019 45 10 H 20 B HUENE - FER FMET
(103 ~ 108 °C, 10 h)yJE +HEFACK s ML HAER
i, o 2 mm T 1 S(m 2 V) EKHIRA,
B 1297 0 H 522K (electrical conductivity, EC); #)
FHBET A5 J5 57 1) 06 ZR U 1 0 4 46 15 35 )
FH G0 5 3R R OB 5 BAT 5 A, IR
2 A 3B R B - 398 o b = A P AT - 9 R K]
535 R TIEN 2 3RS o 5 3k A A 485 20K o
RS +-3E pH; SR AHESEEE TN E +3E Na™,
K" &, AgNO;TiEEM Cl i, EDAT [Al 35 &
I SOT HrE, AR EN Mg® . Ca’t F i,
CO3 . HCO; HIXUHE 73 7115 o 2 42
1.3 #HFELHBEERHQR /TEBEER)

A PSSR VB S 5K kb B L, %] Dobson
BRI TEIE, AT A3 A H R,
AR Ry 5 K B R A0 U o3y B ) A R Y T
FoRH

e
g, = {1 +&(5§’ —1)+ mvﬁlg_';w —mv}

Ps (1)
o =y
ﬂ':(127.480—0.519G—0.152C)/100 2)
ﬂ":(133.797—0.603G—l.66C)/100 3)
A -
. sx(ps=p) P @

278, Py
1.000-1.962x1072V +8.080x107° V> —VN -
x=|13.020x107° +3.922x107V +
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(%)
o, e, T ey, 3 R ARAE A HL R B0 S R
HILRH T a=0.65, p RH&5AKIBIERE, 51

T E(G)MFRE (ORI, AN %o XT NaCl,
BRAB; p e R, R EL 2.65 g/em’; &,
TR RE R, B 475 p, B TIEAE,
glem’s &, NRIEHRBEEAS [T 40K 4 o s
s S EEAEEE, %; m MEREIKE, %;
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HECRM— G REL B 0145 y WEEEIE
FE(V =25-1); N NETWE, mol/L; & NEHZE
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1.4 EHiFT i BEEE AR

Sk BE 5 T VE AR R S KR S E T
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Table 2 Classification of soil salinization of China

I8 P X T Hhid (g/kg) horem
E| L35 h R H+
T8, TR <1.0 1.0~2.0 2.0~4.0 4.0 ~ 6.0(10) >6.0(10) HCO;+ CO}, CI', CI'-SO}, SO -CI
e FESEE R R A R A X R SR ALY FE AT YR & 10 g/kgs
WA HL S BIORE R ) 22 (B K T S 2 22 . TR AT DL MHz 53R B R R 1T CMP 3 8RB, R4E

BUE s &0 =&y, = Emp —Emy, o PILASCE R ML TR
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&, th CMP BRI, FIHAR Y = ¢/ Ve 5
NAAEA LR, PR SR 5 A e X (2)
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" " " o— 1 1
En ~ gy < rm ) Z'S(Z_Z] (6)
gL Nifa L P (7)
v - h

K. £ £ 4051 250 MHz Fl 1 000 MHz 501
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Table 3 Parameter setting for CMP method of ground penetrating

radar
TR % R R mhgr A&
(MHz) A K (m) (ns)  KEL
250 T HER R+ 0.15 30 64
1000 T HER R 0.05 18 64

it B “Line View” #4dE il BEHLA ]
FHHLRE I BAEAE R, an: & 2A A MR TR 36
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TR RFERDN, HAEN E B e PR TF ()
A
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SFRE I (ns)
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Fig.2 Schematic diagram of CMP acquisition wave speed
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Fig.3 Variation of 250 MHz and 1 000 MHz complex dielectric constant and imaginary part with water content under different salt content
conditions
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Fig.4 Comparison of the complex dielectric constant of 250 MHz and 1 000 MHz
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Table 4 Soil semi-empirical correction parameters

S8 A LB LBEC LD LBE
p 1.273 1.272 1.273 1.273 1.273
g 1.332 1.334 1.332 1.333 1.333
a 5.363 5.143 6.088 5.725 5.727
b 5.753 5.789 5.456 5.574 5.528

WA T AT A R & IE Dobson 4 HLAR
R B S8 A f & Hod, S804 h e
BT RO I AL E . S8K & 2 Stogryn /K5
AU SRS SRR — I LA R (B35 24
ES RV P AR AR Ak, T U — 2
BHRE T A BRI 5,

M S HAL: AR IXER B T A Na™, Ca™",
K", SO . CI'. HCO; . Mg*" 7 fhi7, HrhNa™ &
XK, COT FERAL, ASCKEHZNE., XtF
NaClIFW M, 4=1, {EXFTF5&Za4 H R 5E
e, HBUEH BT 1, @i Na™ il Cl &
BT o Er, DU R R e S, A
AU AE 0.74 JEREINESN. XHT & ARAE LM AL T 505
SUMLAEEE, BB S el —REls 25 ¢
N
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Table 5 Corrected parameters and ion contents e N . 8
— — — — — — TIEEKEA BN EARXRE, J& Toop A=K
AT _Ph_bRA bEB BRC bWD BmE T o0 3 Pt
Na~  ghkg 3.7708 24583 3.6322 2.0018 18339 T Z . Jo, RZTETIET Toop A A A
Ca®  gkg 07309 04765 07040 03880 03555 T 8 PR & FA o H B AR B & oK 5 2 8] 1 48
K'  gkeg 00596 00530 0.0508 0.0486 0.0442 B 2, HR S MR b i L R R A K
SO gkg 03132 02042 03017 0.1663 0.1523 . N L N
CooE HE— U] T Toop 24 3UAE 5 /K 5 i v I 2 5 1T A9
CI ghkg 04207 02841 03901 03596 0.2082 _ i ot K i
HCO; ghkg 0.0574 00512 00488 0.0548 0.043 4 JUZE . RPN S BUEIE IS I HQR A i AR 4 4
Mg*  ghkg 04900 03194 04719 02601 0.2383 R B KB SO AR, BEEAG L Toop 28 20
co;  gkg - - - - - 1 000 MHz #5158 K 26 & 1E i1 J5 (1) HQR 7 7K & [z il
At /kg 5.6186 3.6910 53990 3.0241 2.7633 S N e A
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A ~ 0746 0743 0745 0737 0.739 #
g 0154 0142 0151  0.138  0.133 i o
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Fig.5 Comparison chart of soil water content in different formulas
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K REAT, WEAEINEMNCR. 456K 5B
HFIME, &I Toop A3 R WARAL, i
fEIER HQR F /Kt Rl AU a5 R mims , RAEIE
JE Y HQR Fk A S Mg ey, A&
Hy=0.930x+0.041, —BrMALETIRERA 0.93,

[FIRSS, Ry 5 et o A8 IR 1) AR Kt Y
S5 S E K AR 25 5, LA SRR
SRR B REURY) . BT RIR2E(RMSE)
XTI TR 22 (RPD)EXT R A AT, 45
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Table 6 Accuracy comparison between volumetric water contents
measured and inversed by different formulas

L okEIE R RMSE SD MRE RPD
ey (em’/cm®)  (em’/em®) (%)

28 Toop 2430 0.938 6.49 2.74 27.26 0.422

BIERT HQR AL 0.947 7.51 4.90 33.62  0.652

BIEJE HQR A 0.948 2.69 4.15 11.72  1.540

MFE 6 W LLFE B IE A Dobson & 7K 38 S AT
FHE HA 54~ 2438, H RPD # Kk, RMSE #il MRE
#%/v; H R*>0.94, RPD>1.5, RMSE<2.70 cm®/cm?,
MRE<12.0% .2 Bl 1& 1E J5 1Y) Dobson 7 7K & 5 i 23
X, HIFEREERE, JFRA B E &0t a
HE I .

25 SHEMNRE

AR 3K (7) R R AR AR B oK dt m, LA TERY
SR AL ¢, RN G R, IS S A R E X
(& 6)

M 6A T LUE H: ABIERTER /3 & i B /N T
SRR i, s RS ) HQR A - G
U Ml S A b B e 2 R O, B ST 2
RAHIT, HARMEZ: SD 4 0.082 g/kg. [ANF, @il Al
6B & BHL S T 25 i ELAT 5 i R AR G, RP=0.835,
BIA TN =0.820x+0.441, — R MEBIA RN
0.820, RMSE Jy 1.43 g/kg, MRE N 15.3%., #HIE
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