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Table 1 Stratified information of all soil profiles
btz 5L OGN %
Vil B B oz . f,i pH{E Ak b WS Proportlc?n c:)f particle Dielectric SR
: E il ulk A size/% constant . *
Sample 5911 Depth/ Root Texture density/ pH Water  Salt con};:nt/ Conductl\illty/ B Dielectric
plot horizon cm %, value content/% (g'kg) (mS-cm ) VUT R S VR Y 1TA S A H constant
(grem™) S . Imaginary
and Silt Clay Real part
part

Ap 0~22 ZEH WHEFE 153 8.37 14.38 228 0.41 5277 9.15 3808  6.16 0.55 6.18

Pl ACzl 22~32 & WHEL 161 8.65 15.59 0.37 0.24 59.38 10.43 30.19 6.73 0.48 6.75
ACZ2 32~53 TiRZR WL 167 9.51 16.05 1.50 0.34 56.15 1538 28.47 6.96 0.47 6.98

Ap 0~20 HE WHEFE 154 9.96 14.25 10.30 1.15 73.00 550 2150  7.46 1.25 7.56

P2 ACz 20~53 /b WRFE 175 10.26 17.95 14.78 1.56 59.60 11.10 29.30 8.33 1.40 8.45
C  53~71 TiRZE WREIE 174 10.18 19.63 11.89 1.29 57.30 16.40 26.30 9.22 133 9.32

Ap 0~22 Z&E WHEFE 140 9.29 14.18 9.74 1.10 46.70 19.60 33.70  7.20 1.32 7.32

P3  ABz 22~32 /& WEFIE 173 10.24 18.18 15.73 1.65 59.20 10.70 30.10 7.76 1.45 8.01
Bz  32~59 TiRZ WIAFHE 165 10.36 20.45 21.73 2.20 63.90 3.70 32.40 8.66 1.98 8.78

pa Ap  0~32 Z& WHREE 145 9.40  23.07 521 0.68 6940 040 3020  8.83 1.02 8.49
ABz 32~62 W/ WL 1.68 10.21 24.07 12.77 138 61.90 18.10 20.00  9.02 2.05 9.25

ps Ab 025 FE WHEFL 163 10.10 24.07 12.35 1.34 53.80 11.00 35.20 9.53 1.90 9.72
ABz 25~54 W/ it 1.65 10.32 24.16 15.67 1.64 4820 36.80 15.00  10.36 2.12 10.58
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Fig.2 Soil profile images of all sampling points
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Note: The red line represents the time-domain position of soil stratification, the same as below.
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Fig.3 Soil layer identification results based on GPR waveform image
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Table 2 Comparison of soil layer thickness between GPR detection and actual measurement

LTS TR KT
GPR interpretation layer thickness
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Error analysis

N . B EAg= T Tt .+ Hi VR S AR 7Y o T T .+ Hi W R T AF AL 7Y
TR Ty B ST G E 5 Hilbert B AT 7 1% ST R E 5 Hilbert B IR J7 12
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Sample  Soil Method based on radar waveform . Method based on radar waveform .
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thickness/em 3y 7 ;¢ i HET XU e Hixfik % R 2 AiXiRE HXRE
Two-way travel — Calculated =~ Two-way travel Calculated Absolute Relative Absolute Relative
time/ns value/cm time/ns value/cm error/cm error/% error/cm error/%
- 0 1.85 1.95
. Ap 22 5.02 17.12 6.35 23.76 4.88 22.18 -1.76 8.00
P ACz1 10 — — - — — — — —
ACz2 21 - - 11.72 28.99 - - -7.99 38.05
- 0 1.05 1.15
) Ap 20 5.15 2091 532 21.27 -0.91 4.55 -1.27 6.35
P ACz 33 - - 10.83 28.10 — — 4.90 14.85
C 18 — — 13.92 16.69 — 1.31 7.28
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Bz 27 — — 11.82 22.09 — — 491 18.19
— 0 1.08 1.06
P4 Ap 32 6.25 27.91 6.72 30.56 4.09 12.78 1.44 4.50
ABz 30 — — 12.85 33.1 — — -3.10 10.33
- 0 1.16 1.17
P5 Ab 25 6.87 30.83 6.02 26.19 -5.83 23.32 -1.19 4.76
ABz 29 —_ — 10.52 24.30 — — 4.70 16.21
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Acquiring the soil stratification of soda saline-alkali soils using ground
penetrating radar

ZHU Xiangming® , FU Meiling' , LU Haipeng™? , WANG Mingming® , ZHANG Yu'! , MA Lianggian*?
PENG Wei! , RAN Enhua'?

(1. State Key Laboratory of Black Soils Conservation and Utilization, Northeast Institute of Geography and Agroecology, Chinese Academy
of Sciences, Harbin 150081, China; 2. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: A large area of soda saline-alkali soil has seriously restricted the local agricultural productivity in the western
Songnen Plain of Northeast China. The soil layers can also dominate the movement of water and salt in soil. It is of great
significance to rapidly obtain the stratification in this area, in order to evaluate and improve the soda saline-alkali soils. Taking
the typical saline-alkali soils in this area as the research object, this study aims to acquire the soil stratification using ground
penetrating radar. Firstly, the soda saline-alkali soils with different salt contents were selected to conduct the ground
penetrating radar (GPR) detection experiment. Then, the time domain location of stratification was then determined by radar
image waveform and Hilbert spectrum instantaneous attributes. In waveform diagram of radar image, multi-point single
channel waveform diagrams were combined with the radar time profiles. The soil layering was then determined as the time
domain position in the overall soil layer division of the studied plot. The "three instantaneous" attributes of radar signals
(instantaneous amplitude, frequency, and phase) were compared to determine the soil layering, according to Hilbert spectral
instantaneous attributes. As such, the multi-point instantancous phase maps and profiles were combined to determine the time
domain position of the overall soil layer division in the studied plot. Then, the dielectric constant of each soil layer was
calculated using the extended Dobson dielectric constant model. The propagation velocity of electromagnetic wave was
estimated in each soil layer, according to the dielectric constant. The thickness of each soil layer was calculated to combine the
time domain position of the soil layer. Finally, the field excavation profile was compared after data acquirement. The
stratification of the field excavation profile was also evaluated by the soil classification experts, according to the visual and
tactile characteristics of the soil. The results indicated that: 1) The content of soil salinity shared a significant impact on the
ground penetrating radar signal. There was the very small amplitude of electromagnetic wave, when the two-way travel of GPR
exceeded 7 ns. 2) Both radar image waveform and Hilbert spectral instantaneous attributes were accurately identified the time
domain position of the plow layer (Ap). However, the waveform failed to recognize the layers below the plow layer, due to the
attenuation of electromagnetic wave energy. On the contrary, the Hilbert spectral instantaneous phase was accurately identified
the most soil layers within 60 cm, except for a few transition layers; 3) The absolute and relative errors of soil thickness were
basically within 5 cm, and 15%, respectively, using Hilbert spectrum instantaneous phase and real soil profile. The performance
was fully met the needs in the field exploration of saline-alkali land. This finding can provide a strong reference for the rapid
and nondestructive access to the salinized soil layers.

Keywords: ground penetrating radar; soil stratification; soil dielectric constant; Hilbert transform; soda saline-alkali soil
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