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Effects of soil erosion and land use patterns on the characteristics of soil water and gas trans—
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Abstract: Soil erosion is one of the main causes for the degradation of black soil in Northeast Chi—
na. Understanding the differences of soil water and air transport under different land use patterns
can provide scientific basis for efficient utilization and protection of soil and water resources in the
black soil area. In this study we examined the in-situ soil saturated hydraulic conductivity air per—
meability and relative gas diffusion of 0—5 cm soil layer in three typical land use patterns ( crop—
land woodland abandoned land) in the Northeast black soil area and explored the impacts of soil
erosion and land use pattern on water and gas transport. Results showed that there were significant
differences in soil water and air transport between different eroded croplands and between different
land use patterns. Soil bulk density of serious erosion cropland was higher than that of other lands

and that of ungraded cropland was significantly lower than other lands. Compared with the ungraded
cropland soil bulk density in the light erosion cropland the moderate erosion cropland and the
serious erosion cropland increased by 12.7% 17.6% and 39.2% saturated hydraulic conductivity
decreased by 84.4% 53.7% and 12.7% air permeability decreased by 94.6% 64.4% and
14.0% and relative gas diffusion decreased by 91.3% 82.6% and 4.3% respectively. The satu—
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rated hydraulic conductivity air permeability and relative gas diffusion of pine forest decreased by
86.5% 83.0% and 91.3% respectively compared with that of ungraded cropland saturated hydrau—
lic conductivity air permeability and relative gas diffusion of sea-buckthorn forest decreased by
51.7% 45.6% and 82.6% and saturated hydraulic conductivity air permeability and relative gas
diffusion of abandoned land decreased by 16.2% 1.4% and 73.9% respectively compared with that
of ungraded cropland. In addition the measured result of soil air permeability and relative gas diffu—
sion could be used to estimate saturated soil hydraulic conductivity. Soil water and gas transport

characteristics were significantly affected by soil erosion and land use pattern.

Key words: land use pattern; soil erosion; saturated hydraulic conductivity; air permeability;
relative gas diffusion.
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Table 1 General status of experimental lands

Geographical Land use pattern Planting age ~ Organic matter Total nitrogen Total phosphorus
position (a) (g-kg") (g-kg") (g-kg™")
Uneroded cropland 60 55.60+0.60a 2.70+0.14a 1.02+0.02a
Hebei small Light erosion cropland 60 49.57+0.64¢ 2.45+0.11ab 0.90+0.02b
watershed Moderate erosion cropland 60 23.30+0.69¢ 1.13+0.04d 0.52+0.02d
Serious erosion cropland 60 20.82+0.62f 1.10+0.10d 0.46+0.02e
Pine forest 30 52.43+0.99b 2.33+0.09b 0.73+0.03¢
Sea-buckthorn forest 4 24.50+0.28e 1.41+0.12¢ 0.53+0.02d
Xingmu small watershed Abandoned land 10 27.12+0.88d 1.56+0.06dc 0.40+0.01f
( P<0.05) Different letters in the same column indicated significant difference at 0.05 level. The same

below.
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Table 2 Soil bulk density total porosity and particle size distribution under different land use patterns
Clay Silt Sand
Land use pattern Bulk density  Total porosity  ( <0.002 mm (0.002~ (0.05~ Texture type
(geem™)  (em®*cem™) %) 0.05 mm %) 2 mm %) ( American system)
Uneroded cropland 1.02+0.02¢ 0.62+0.01a 42.1+0.4b 53.4+0.3b 4.5+0.4d Silty clay
Light erosion cropland 1.15+0.03b 0.57+0.01b 41.5+1.1b 54.0+1.2b 4.5+0.4d
Moderate erosion cropland  1.20+0.03b 0.55+0.01b 45.3+4.9b 46.5+1.2¢ 8.2+6.0bed
Serious erosion cropland 1.42+0.03a 0.46+0.01¢c 41.2+1.4b 49.4+2 3¢ 9.5+3.6bc
Pine forest 1.18+0.06b 0.56+0.02b 51.0+2.2a 43.3+2.5d 5.6+0.4cd
Sea-buckthorn forest 1.18+0.04b 0.55+0.02b 26.4+1.1d 53.4+1.6b 20.2+2.7a Silty sand loam
Abandoned land 1.21+0.02b 0.54+0.01b 30.2+1.2¢ 59.6+0.5a 10.2+1.7b Silty clay loam




( P<0.05) Different letters indicated significant difference at 0.05 level. CL:
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Table 3  Fitting parameters of soil water characteristic 0 )
curve under different land use patterns 0.014
Gardner Gardner model 0.012
Land use A B R? 0.010
atty : .
pattern Parameter A Parameter B ' 0.008
0.206 0.359 0.98** &
Uneroded cropland 0.006
0.173 0.325 0.99* 0.004 f
Light erosion cropland
0.124 0.335 0.99™* S
Moderate erosion cropland ‘ 8.]0 01s 0.20 035 0.30 s 0.40
0.071 0.227 0.98* 8 (cm’™-em )
Serious erosion cropland
0.174 0.318 0.99%* 2 K
Pine forest (6) (K.)
0.098 0.264 0.99% * (D,/Dy)
Sea-huckthorn forest Fig.2  Effects of soil water content ( #) on air permeability
0.118 0.293 0.99** (K,) and relative gas diffusion ( D,/D,) under different land

Abandoned land

* P<0.05; * % P<0.01.

use patterns.
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