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Effect of Long-term Vegetation Restoration on Surface Soil
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Abstract: [ Objective] The effects of different long-term vegetation restoration types on differences of soil

surface infiltration and water storage in the loess gully region of Western Shanxi Province were studied in
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order to screen and enhance the ecological benefits of natural vegetation restoration as well as artificial
vegetation restoration in Loess Plateau in the future, thereby providing a scientific reference for an in-depth
understanding of the ecological benefits of vegetation restoration. [ Methods | We measured infiltration in the
top 30 cm of soil under four types of restored vegetation (Pinus tabulaeformis pure forest, Robinia pseudoacacia
pure forest, Platycladus orientalis pure forest, natural forest). We also measured soil physical and chemical
properties such as soil bulk density and mechanical composition., and monitored soil moisture dynamics in the
four types of restored vegetation in the loess hilly-gully region. We calculated soil water storage and analyzed
differences due to vegetation type., and conducted correlation analysis and principal component analysis.
Three soil infiltration models were then fitted to the measured processes in order to compare their suitability
for use in vegetation restoration areas of the loess hilly-gully region. Differences in soil infiltration and water
storage between different vegetation restoration types were also determined. We also evaluated the ability of
the models to supplement and improve the surface soil water infiltration pattern under different vegetation
restoration types in the Loess Plateau region. [ Results] O Natural forest was more effective in improving the
physical properties of the 0—30 cm surface soil compared with pure planted forests. Natural forest had
greater water content and better water retention, and planted forests were more effective in improving the
infiltration capacity of the soil in the study area compared with natural forest. @ The stable infiltration rate
of soil under different vegetation types from largest to smallest followed the order of natural forest = Robinia
pseudoacacia pure forest => Pinus tabulaeformis pure forest > Platycladus orientalis pure forest (for the
0—10 cm layer); Pinus tabulaeformis pure forest > Robinia pseudoacacia pure forest > Platycladus
orientalis pure forest = natural forest (for the 1020 cm layer); Pinus tabulaeformis pure forest = Robinia
pseudoacacia pure forest => Platycladus orientalis pure forest > natural forest (for the 2030 cm layer) ;
® The Horton model performed better than the Kostiakov and Philip models in fitting soil infiltration in the
study area (R*=0.94), and will be helpful in better understanding the soil infiltration pattern in the study
area. @ The main physical characteristics affecting soil infiltration rate were soil bulk density, soil organic
carbon, soil water storage capacity and soil clay particle content. [ Conclusion] There were significant
differences in soil infiltration properties due to different long-term vegetation restoration types. Compared
with long-term replanted forests, the long-term natural forest had greater vegetation restoration benefits,
and could effectively improve soil quality and enhance soil water retention capacity for the Loess Plateau.

Keywords: vegetation restoration; soil water infiltration; soil physical and chemical properties; infiltration

model; Loess Plateau
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Fig.1 Comparison of soil bulk density in different soil layers

under different vegetation restoration types
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soil layers under different vegetation restoration types
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Table 2 Soil infiltration characteristics under different vegetation restoration types

iR T3] TREHEE ecm FIHRABHEE/(mm -+ min) BEAB#ERE/(mm - min) FHABERE (mm -+ min ")
0—10 15.10944.054 2.75140.140 3.91442.851

R i bk 10—20 13.47942.80 2.567+0.850 4.026+2.481
20—30 10.1724+1.800 2.976+0.996 4.516+2.053
0—10 9.476+1.825 3.38+£0.127 3.966+1.367

DALY LIRS 10—20 6.87941.134 2.41840.422 3.14141.087
20—30 6.95741.073 2.21740.974 3.60241.630
0—10 14.02243.466 2.205+0.426 3.309+2.642

UETEELIRN 10—20 12.594+2.591 2.35540.759 3.89742.388
20—30 7.13941.589 2.17941.036 3.71741.954
0—10 35.454+8.351 3.65942.892 9.72148.880

KR 10—20 30.683+8.478 2.265+0.844 5.506+6.797
20—30 12.555+3.408 1.55540.953 3.533+3.191
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Fig.5 Accumulated infiltration of soil layers within one hour

under different vegetation restoration types
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layers under different vegetation restoration types
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Table.3 Simulation result of soil infiltration equation in different vegetation restoration types

Kostiakov 18 % £ $(

Mg )RR

a b R? RMSE SSE
0 1.38X10°? 0.17 0.78 5.92X107* 3.51X10°°
P 15 6.67X10* 1.47X107" 0.92 1.32X10°° 3.15X107°
30 7.31x10°* 6.28 1077 0.85 1.19X10°° 2.26X107°
0 2.21X102 0.28 0.99 1.8810* 4,24 X107
G 15 2.20X 10" 2.21X1072 0.05 1.06 X107 1.68x107°
30 2.37X107° 0.74 0.93 1.76 X107° 6.19X107"
0 2.12X10 3 6.87X10? 0.47 9.47X10 7 1.70X10°7
IV 15 2.04X107° 0.21 0.99 1.12X107° 1.90X107°
30 2.14X107° 8.56X 1072 0.90 3.39X107° 2.19%X107°
0 8.01X107* 0.12 0.89 1.07X107° 1.50X107°
KRR 15 1.02X107% 0.32 0.98 7.80X107° 1.03X107°
30 3.68X107° 0.23 0.92 1.01x10* 1.55X1077

T——
HWRE £ R Philip fL 22

S 7 R? RMSE SSE
0 2.56X107? 5.22X107° 0.71 6.76 107" 4.57X107°
KR 15 1.40X10° 2.71X10* 0.90 1.47X10°° 3.89X10°°
30 9.12X10* 5.02X107" 0.88 1.08 X107 1.87X107°
0 4.49X 1072 4.43X107° 0.97 3.37X107* 1.37X107°
il #a 15 1.93X107" 1.92x107" 0.09 1.03X107° 1.60X107°
30 1.85X107° —1.85X107° 0.92 1.84X107° 6.80X107""
0 2.77X107% 1.41X107° 0.36 1.03X107" 2.04X1077
VN 15 5.23X 107 5.10X 10 * 0.98 1.47X10°° 3.25X10°°
30 3.27X10 % 1.28X107° 0.85 4,25X107° 3.44X 1078
0 1.81x107% 3.78 107" 0.90 1.00X107° 1.32X107°
KRR 15 2.73X107% 9.50X10°° 0.97 8.34X10°° 1.18X107°
30 8.14x107* 8.78 X107 0.88 1.27X 107" 2.42X1077

Horton B %1 £ %4
IR R -

s 1. F, K R* RMSE SSE
0 1.07X107? 9.21X107? —1.43X1072 0.96 2.47X107* 6.10X1077
A 15 2.75X107" 4.70X 107" 1.15X107? 0.91 1.37X107° 3.35X107°
30 5.46 107" 6.85X10"* 4.15X1072 0.86 1.14X10°° 2.09X107°
0 6.68X10 % 1.57X107? 5.14X107? 0.99 2.13X10* 5.48X 1077
il 15 2.00X107* 3.50X107* 8.00X 1072 0.25 9.41X10°° 1.33X107°
30 2.96X10° 2.30x10* 1.24 <1077 0.95 1.52X10°° 41,5910
0 1.72X107° 1.70X107° —1.83X107? 0.89 4.35X107° 3.60X107%
VN 15 0.70X10°? 1.29X10°° 2.19X 102 0.98 1.55X10°° 3.58X10°
30 0.88X1077 1.72X107° 4.01X107? 0.94 2.59X107° 1.28X107%
0 4.51X107* 6.47X10"* 2.49X 10 ? 0.91 9.72X10°° 1.23X107°
KR 15 1.90X 10" 4.80X 10 * 2.01X10 2 0.98 7.33X10°° 9.14X 10"

30 5.74X10* 2.24X10°° 1.03X107* 0.97 6.07X10° 5.53X 107"
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