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Characteristics of preferential flow and water infiltration in desert oasis

wetland
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Abstract: Surface moisture, solutes and pollutants infiltrate into deep soil or groundwater in the form of preferential flow,
which will lead to soil nutrient loss and groundwater pollution. Therefore, the soil preferential flow study may provide a
theoretical basis for the process of moisture transport and salt accumulation in the desert oasis wetland in arid areas. In this
paper, Tamarix chinensis, Saline-alkali grassland and Poplar forest were selected as the study area in desert oasis wetland,
and path were taken as control. The characteristics of soil preferential flow and moisture infiltration were studied by outdoor
dyeing tracer method. The results showed that there was a significant difference in the infiltration depth of the soil between
different vegetation types. The tamarix chinensis and saline-alkaline grassland were almost twice as large as that of poplar
forest and path. The staining area ratio fluctuated with the increase of depth. The staining area in 0—20 cm soil layer
accounted for 54.42%—=89.27% of the total staining area. The dyeing path width was mainly 20—250 mm and > 250 mm.
The preferential flow types is dominated by highly interacted macropore flow and heterogeneous figure flow. In desert oasis
wetland , gravel promoted the occurrence of soil preferential flow and increased lateral flow. At the same time, the decrease

of coarse roots inhibited the occurrence of preferential flow. In addition, soil salinity affects the process of water infiltration
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by affecting the distribution of soil macropores. Therefore, the difference between soil preferential flow and water infiltration

in desert oasis wetland is the result of soil texture, root distribution and salt segregation.

Key Words: desert oasis wetland ; preferential flow; tracer experiments; stained area ratio; stained path
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Table 1 Soil property

BUBRZH AL, REIEE ST
Bl A + R Mechanical composition/% Saturated hydraulic Bulkﬁdisity .
Vegetation farm Depth/cm HkE Clay Bk Silt ki Sand conductivity/ (&/em®)
(<2 pm) (2—50 wm) (50—2000 pm) (em/h)
TR HE A 0—20 3.29+0.41 33.91+1.87 62.80+2.86 2.23+1.87 1.27+0.05
Tamarix chinensis 20—40 6.15+1.05 68.44+3.02 25.41+1.47 1.20+0.87 1.29+0.03
40—60 1.09+1.28 11.72£1.20 87.19+2.84 0.29+0.18 1.36+0.01
60—80 0.02+0.01 3.83£2.14 96.15+1.83 6.20+0.49 1.38+0.02
TR b 0—20 4.85+1.54 61.77+2.11 33.38+3.58 1.54+0.23 1.30+0.09
Saline-alkali grassland 20—40 6.08+1.10 82.77+2.93 11.15+0.49 1.45+0.99 1.36+0.04
40—60 0.68+0.37 7.14£0.52 92.18+2.08 2.00+0.30 1.35+0.03
60—80 0.18+0.08 3.92+1.62 95.90+1.95 1.57%1.15 1.38+0.04
Wbk Poplar forest 0—20 0.98+0.10 6.46+1.35 92.56+5.84 2.78+0.44 1.42+0.01
20—40 1.04£0.48 7.39+3.29 91.57+2.29 1.82+0.54 1.48+0.03
i Path 0—20 1.68+1.02 15.18+0.83 83.14%3.17 0.27+0.25 1.50+0.04
20—40 8.33+0.85 88.26+0.87 3.410.52 0.44+0.13 1.45+0.05
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Fig.1 Root Biomass Distribution
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Table 2 Criteria for classification of preferential flows

e L T T H R

Ratio of staining path width

Prseim e LRI

Type of preferential flow Pattern of dyed flow

<20 mm >250 mm

b1 o2
Y <20% >60%

Homogeneous flow

Y R 2
AL S ] <20% 30%—60%
Heterogeneous figure flow - 7

FAREAE R AR

<20% <30%
Highly interacted macropore flow v v

- s
AP PSR 45 &* ! .
Poorly interacted macropore flow \ = : 2 '{ = >50% >20%
TRA1E I RALIR

20%—50% <20%
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Mixed macropore flow
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Fig.2 Vertical distribution of preferential flow
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Fig.3 Stained area ratio of the vertical profiles
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Table 3 Morphological parameters of the dye tracer image relative at the different soil layer

SRAEIX PRV S gt AR L Yo R AR AL AR GEY Stained path width/%
Sampling area Depth/cm Stained area ratio/ % Stained path number <20 mm  20—250 mm  >250 mm
E N 0—20 80.99 12 4.70*" 29.07** 47.22%*
Tamarix chinensis 20—40 47.72 8 311 20.97 23.64""
40—60 12.10** 5 2.12** 7.88** 2.10**
60—74 11.45** 4 1.12** 10.33** 0
R 0—20 93.08 ** 5 1.08** 26.53"" 65.47 "
Saline-alkali grassland 20—40 61.52 7 2.39** 27.64* 31.49*
40—60 1.60** 2 0.71** 0.89"* 0
60—72 3.29** 2 0.39** 2.90** 0
MR HK Poplar forest 0—20 89.87** 4 1.59** 20.27** 68.00 "
20—39 32.55** 5 2.30** 25.96** 429"
i [ Path 0—20 58.46 10 2.93** 38.14** 17.39
20—38 7.81** 3 0.55** 6.47** 0.79
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Fig.6 Stained path width of the vertical profiles
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Table 4 Correlation analysis of root biomass and stained area, stained path number, stained path width

SRRER ARy Yo AR Yoo B AR R Y (o 4% 9 Stained path width
Sampling area Analysis parameter Stained area Stained path number <20 mm 20—250 mm >250 mm
FENNHE DA SRR AP 0.118 0.337 0.380 0.094 0.100
Tamarix chinensis AR APy -0.485 -0.387 -0.316 -0.557 -0.442
LAY 0.703 0.913** 0.898 ** 0.747 0.629
EN RS SRR R 0.467 -0.086 -0.229 -0.063 0.650
Saline-alkali grassland A Yy 0.143 -0.232 -0.234 -0.267 0.314
AR 0.570 -0.006 -0.201 0.042 0.737"
¥Rk Poplar forest SRR 0.632 0.519 0.419 0.541 0.273
FAR A= 0.375 0.665 0.603 0.660 -0.020
AR 0.860 -0.489 -0.615 -0.398 -0.921
iH ¥ Path BARRAEYR -0.227 -0.314 -0.302 -0.399 0.041
AR A Py -0.539 -0.687 -0.738 -0.792 -0.097
AR A i 0.496 0.611 0.689 0.0671 0.162

w A3 IRZRAE 0.05 F10.01 K- |- 34056

3 HL 93K Soil elctrical conductivity/(dS/m)

0 100 200 300 400 O 100 200 300 400 500 O 100 200 300 O 200 400 600
0 T T T 1 0 T T T T 1 0 T T 1 0 T T 1
20 + 20 20 20 +
g
Q
=
2 40 | 40 |- 40 - 40
a
il
60 60 60 60 *1
REAIEA R Wbk 1 W
80 L 80 - 80 L 80 L

8 FEMmIEESEEHE

Fig.8 The average value of soil electrical conductivity
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Table 5 Correlation analysis of soil electrical conductivity and stained area, stained path number, stained path width

PN et PR AL Yo BAZ T8 Stained path width
Stained area Stained path number <20 mm 20—250 mm $250 mm
i 2R
R -0.485 0.279 -0.235 0.540 -0.699

Soil electrical conductivity
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