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Characteristics of preferential flow of liana and secondary arbor forests along

riverside based on Ground Penetrating Radar

HOU Fang, CHENG Jinhua® , WANG Tongbo
School of Soil and Water Conservation, Beijing Forestry University, Beijing 100083, China

Abstract: The riparian zone is a transition zone between river ecosystem and forest ecosystem. The characteristics of
preferential flow in forest belt along riverside have an important influence on the surface hydrological process of the
watershed. Therefore, study of the relationship between soil heterogeneity and preferential flow is of great significance to
local groundwater security and water ecological security of upstream and downstream rivers. In this paper, using the
technique of Ground Penetrating Radar ( GPR) combined with the traditional staining tracing method, the liana and
secondary arbor forest sample plots along Yongding Riverside (the junction of Beijing and Hebei) were detected. The single

channel oscillogram of the GPR image was extracted, and then the parameters of reflected wave and dye area ratio were
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fitted. Finally, the key step was to analyze the preferential flow staining features. The staining morphological characteristics
showed that the preferential flow segment of liana sample plot was 5—30 c¢m below the soil surface, while the secondary
arbor forest sample plot was 10—25 cm below the soil surface. The average dye area of the secondary arbor was 1.68%
smaller than that of liana. The GPR lines results showed that the maximum amplitude and the total amplitude area decreased
with the increase of soil depth at 0—15 e¢m. At 15—35 c¢m below the soil surface, the two parameters began to fluctuate.
The maximum amplitude and total amplitude area of liana plot both were larger than that of secondary arbor plot. It was
found that the dye area ratio was logarithmic with the maximum amplitude and the total amplitude area. The logarithm
relationship between the dye area ratio and the maximum amplitude was y =25.104Inx+25.137 (R*=0.8697) , and the
logarithm relationship between the dye area ratio and the total amplitude area was y=23.874Inx—26.862 (R*=0.6173). The
soil compactness of secondary arbor forest was better than that of liana. Therefore, there was less electromagnetic signal lost
in the secondary arbor forest during the physical process. The electromagnetic signal of liana plot fluctuated greatly and lost
more signals. It could be seen that the difference of soil structure between different layers of liana vegetation was more
distinct than that of the secondary arbor, which led to preferential flow more frequently under liana coverage. In order to
protect the safety of groundwater, it is necessary to cut down lianas appropriately and moderately in areas with poor drainage
such as riverside bed zone and low-lying depression in front of hills. It could inhibit the over-development of preferential

flow in soil under lianas coverage.

Key Words: Ground Penetrating Radar; riverside; liana; amplitude; preferential flow
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Table 1 Basic characteristics of the three sampling plots

R IR g TR Fh
Plot Altitude /m Slope/(°) Dominant species
L1 17 4 K% ( Cynanchumchinense) FEHL ( Humulus scandens) |
L2 19 5 PHEE ( Rubia cordifolia)
L3 17 5
L4 17 4
L5 19 5
L6 17 5
Al 21 6 Bt (Ailanthus altissima) | FUR:( Ewonymus maackii) |
A2 18 5 P ( Fraxinus chinensis)
A3 20 7
A4 21 6
AS 18 5
A6 20 7

L1.12 L3 F/REA MR 36 T AR BT, 1A (15 L6 F/n AN B A 36 T A9 K-SRI IR DT 5 AL A2 A3 F7R IR AR I AR bR B4 3 1151 T
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Table 2 Basic physical soil properties along riverside

. s b I W T g P A0
B LRI Bijﬁii/ itaiLifﬁr; fv/ﬁ;iﬁéﬂt )rnﬁfifﬁxﬁt *ﬁ*ugiﬁéﬂz
Plot Soil depth/em (g/em®) porosity/ % content/% content/% content/%
FEAHIHE Liana 0—10 1.21£0.02a 40.88+1.36a 61.34%2.34a 20.11%1.56a 18.55+0.98a
10—20 1.25+0.13a 42.72+1.35a 59.62+1.65b 19.63+0.09a 20.75+1.15a
20—30 1.35+0.08b 42.432.03a 48.63+1.56¢ 21.65%2.05a 29.72+1.19b
30—40 1.3520.15b 43.77+0.65b 42.19+1.78¢ 35.47+1.07b 22.34x1.23b
TR A 0—10 1.27+0.30a 46.91£0.09a 59.36+1.56a 20.09+0.95a 20.55+2.31a
Secondary arbor 10—20 1.48+0.28b 39.22+0.21b 58.62+1.23a 18.56+1.24b 22.82+2.07a
20—30 1.4720.33a 37.58+2.13b 55.260.97h 17.46+1.26b 27.28+1.56b
30—40 1.4420.52a 41.47+2.45¢ 58.45+2.36a 19.85+0.86b 21.70+1.24a

+FR B R IEDR ;AN [R) P RE RO (] R R R 22 S P 3 (P<0.05)
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Fig.2 Diagram of GPR parameters extraction
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Fig.4 Dye area ratio of different soil depths in two types of plots
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Table 3 Correlation analysis between dye area ratio and single channel oscillogram parameters

o . e KR MR 5 AR W i AR SR TR e KIS ] [i1] By
SH FEH ) ) . . . .
Maximum Maximum amplitude Total amplitude Maximum time
Parameters Plot R K
amplitude/v area/ (nsXv) area/ (nsXv) interval/ ns
Jeta L A 0.714"* 0.582 0.658 ** 0.390
Ratio of dye area/% WA TR AR 0.706 ** 0.616 0.692 ** 0.423

#xRIRTE 0.01 7K (AU ) b 2 35 A0 ¢

Xt TR AR A i IR A2 T A RE MU 5 G (8 T B L5 fie KR B L S IR M 1 By 5 28 T LUK B, e (B i AR EL
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Fig.5 The fitting relationship of soil along riverside between dye area ratio and maximum amplitude, total amplitude area
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Fig.6 Variation of maximum amplitude and total amplitude area at different soil depths in liana and secondary arbor
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Fig.7 Diagram of single channel oscillogram of vertical soil section in liana and secondary arbor
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