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Water retention of the clay interlayer of dunes at the edge of an oasis
SUN Chengpeng'*, ZHAO Wenzhi"* , YANG Qiyue'

1 Northwest Institute of Eco-Environment and Resources, Chinese Academy of Sciences, Linze Inland River Basin Research Station, Key Laboratory of Inland
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Abstract: A sandwich dune’s profile consists of layers with different soil textures, the upper and lower of which are sandy
soil layers, and there is a fine soil pan between the surface and the subsoil. The clay interlayer is composed of silty loam
containing over 90% silt and clay. Deposits of this layer occur at depths of 120—500cm and it ranges in thickness from 40
to 100cm. In arid areas with precipitation of less than 200mm, artificial sand-fixing vegetation coverage is approximately
10% to 15% ; however, the vegetation coverage of the study area with 117mm mean annual precipitation is approximately
65% , which does not meet the zonal water and heat conditions. Water retention is considered to play an important part in
affecting the water conditions and soil water carrying capacity of dunes. With regards to water retention, Betti et al. have
analyzed the effects of soil texture on water retention, revealing that when the sand content is increased, water retention
becomes weaker, and the soil layer has a significant effect on the water-holding capacity, and their studies have focused on
analysis of the water-holding capacity of homogeneous soil. In order to study the characteristics and mechanisms of the
response of the clay interlayer to water retention, we measured the soil water characteristic curve based on the centrifuge

test, particle size measured by Mastersizer—2000, and pore distribution based on the measured soil water characteristic
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curve and the calculated equivalent porosity at different depths of a sandwich dune. Our results show the following patterns.
(1) The soil moisture content of the clay interlayer was the highest, soil water content increased slightly with depth in the
surface soil, and the soil moisture of the subsoil was higher than in the surface, which was affected by the capillary action of
groundwater. (2) Field capacity, wilting coefficient, saturated water content, total porosity, and aeration porosity were
significantly correlated with soil physical properties, such as bulk density, sand content, clay content, and particle size.
Sandy soil layers were at 0—4.0m and 4.6—8.0m. The soil water characteristic curves of these profiles were steep and the
soil was loose (aeration porosity, 14%—27% ) with poor soil water retention. The layer at 4.0—4.6m was an interbedded
layer of silty loam, the soil water characteristic curves of which was smooth and the soil water content was high when the soil
water suction was high.This type of soil had less aeration porosity, leading to higher soil water-holding capacity than the
upper and lower sandy layers. Furthermore, correlation analysis showed that capillary porosity was not significantly
correlated with soil physical properties, but was weakly related to soil water content, and increased significantly only at both
the interface between the sandy layer and silty loam layer, and the water table. To a certain extent, the distribution of soil
porosity affected the soil moisture content and water conveyance between the clay interlayer and the sand layer. In
conclusion, soil textures lead to considerable differences in soil water retention of dunes at the edge of an oasis. The clay
interlayer can hold more water compared with all profiles, which improves the water conditions of the dune. (3) The soil
pan is the region where water collects, and provides water resources for plants. It plays an important role in the improvement
of sand-fixing vegetation of dunes at the edge of an oasis. Further, the ability of the clay interlayer to regulate the water
conditions of dunes depends on soil water retention and soil capillarity. In conclusion, our findings should provide strong

support for future understanding of the mechanism of spatial patterns of artificial sand-fixing vegetation.

Key Words: oasis edge; dune; clay interlayer; water retention
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Table 1 Soil particle composition of the profile of sand dune
BT /m KR % ki % Whhi/ % Tk AR/ mm A BT (S )
Soil profile Clay content Silt content Sand content Particle size Soil texture
0.1 0.43+0.71 4.92+0.11 94.63+0.16 63.98+0.77 W+
0.2 0.31+0.06 4.33+0.07 95.36+0.12 77.25+2.49 >+
0.4 1.08+0.69 5.88+0.04 93.03+0.05 40.56+0.31 it
0.6 0.74+0.11 6.33+0.19 92.91+0.19 48.07+0.59 i+
0.8 0.41+0.05 5.14+0.22 94.44+0.28 65.14+1.69 i+
1.0 1.14+0.04 5.42+0.12 93.43+0.16 39.78+1.09 [
1.5 0.92+0.16 4.86+0.25 94.2+0.42 48.78+2.82 it
2.0 0.96+0.94 6.44+0.02 92.59+0.01 42.7+0.06 W+
2.5 1.03+0.01 6.08+0.01 92.88+0.87 41.58+0.26 i+
3.0 1.05+0.02 4.93+0.08 94.24+0.16 43.72+0.71 it
4.0 9.32+0.34 45.8+0.61 44.87+0.36 5.97+0.17 et
4.3 12.14+0.66 80.41=0.07 7.43+0.13 4.0120.01 iz S o
4.6 5.14£0.73 18.99+0.05 75.85+0.15 10.86+0.30 bt
5.0 0.11+0.37 3.36+0.04 96.51+0.43 83.99+0.94 it
8.0 0.14+0.02 4.25+0.06 95.6+0.84 78.27+0.05 b+

+1ERIZ (0—0.2m) F/KEEAR(FE 2) ,0.2—4.0m 35 /K G BE 3 BB w34 fin (0.005—0.017 g/
em’) . HHEEIKEAE 4.0—4.6m EAEF K (0.241g/cm’) ;4.6—8.0m VJZ /K7 E B WK, HEFES.0m
AR A, 2K BRI (0.231 g/em’)
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Fig.2 Soil moisture and bulk density of the profile of sand dune
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Table 2 Fitted parameters of soil water characteristic curves of the profile of sand dune

4 HEHI T Soil profile/m 0, 6, a n RMSE R?
0.1 0.0429 0.2834 0.0096 2. 8901 0.0114 0.9847
0.2 0.0285 0.3033 0.0091 2.8410 0.0149 0.9775
0.4 0.0467 0.3015 0.0074 2.6495 0.0083 0.9934
0.6 0.0352 0.2845 0.0079 2.5482 0.0091 0.9916
0.8 0.0320 0.3300 0.0184 2.7980 0.0147 0.9754
1.0 0.0454 0.3376 0.0144 2.8279 0.0072 0.9946
1.5 0.0406 0.3090 0.0090 2.2288 0.0127 0.9843
2.0 0.0403 0.3138 0.0083 2.7011 0.0080 0.9944
2.5 0.0475 0.3284 0.0088 2.7273 0.0071 0.9957
3.0 0.0481 0.3241 0.0104 2.7779 0.0077 0.9932
4.0 0.1565 0.4313 0.0116 1.5800 0.0085 0.9903
43 0.2019 0.4818 0.0160 1.0278 0.0047 0.9897
4.6 0.0680 0.4102 0.0153 1.1436 0.0028 0.9983
5.0 0.0398 0.3338 0.0108 2.9588 0.0073 0.9952
8.0 0.0377 0.3546 0.0072 2.6086 0.0052 0.9981
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Fig.3 Soil water characteristic curve of profile of sand dune
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Fig.4 Soil porosity distribution of the profile of sand dune
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Fig.5 Soil water retention characteristics of the profile of sand dune
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& K i IR 2 IR AEAE ISR Z T . 2 0—4.0m ZV0 + H K BRAK, K B BRATZ /N T IRl
JZ d KB JERGJE TT LA kKA, T GE v e i 8K 4 25 1, (R k2 570 + )2 0] 3K o i A8
e BE IR 2 B VE R R IR 2 R R IR 200 B X U oK 43 s ma Ty g i — AL 5T
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