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Response of the runoff and sediment process on loess slope to the vertical

structure changes of three shrub and grass vegetations under simulated rainfall
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Abstract: The effect of vegetation on the processes of runoff and sediment production on slopes varies with vegetation types
and their vertical structural components. However, there are few quantitative analysis on how these factors affect runoff and
sediment yield processes on the slope. In this study, based on field runoff plots and artificial simulated rainfall experiments,
the effects of three different typical shrubs ( Hippophae rhamnoides, Caragana korshinskii, and Medicago sativa) and their
different vertical structural components (leaf, stem, litter, and root) on runoff and sediment yield processes in the loess
hilly region were studied. The experiment was carried out in Anjiagou catchment of Dingxi, Gansu Province and the runoff

and sediment reduction of these three shrubs were apparent. Compared with the bare slope, runoff and sediment reduction
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ratios of three shrub and grass vegetations were from 32.49%—44.86% and from 72.99%—80.63% , and the flow rate
reduction was about 29.17%—45.83% , respectively, indicating the better sediment reduction effects. Amongst three shrub
and grass vegetations, M. sativa has the best flow reduction benefit, which was about 44.86% , and C. korshinskii has the
best sediment reduction benefit, which was 80.63%. The runoff reduction benefits of the three types of vegetation differed
are significantly at different runoff generation periods, and gradually decreased in the early, middle and late runoff periods;
while the sediment reduction benefits had no obvious changes in different runoff periods. The relative contribution of
different components of the vegetation vertical structure to the benefits of flow reduction, and sediment reduction was closely
related to its morphological characteristics and its spatial distribution. The contribution rate of the above—ground part to the
flow reduction benefit and deceleration benefit was 75.42% and 68.38% on average, respectively, while the relative
contributions of different vegetation stems, leaves and litter have some differences. Compared with the Aboveground part of
vegetation, the root system played a greater role in reducing sediment, with a relative contribution of 78.44%. The more
complete the vertical structure of vegetation, the more significant the benefits of vegetation reduction and sediment
reduction. This paper provides an important scientific basis and theoretical guidance for soil and water conservation, plant

restoration and construction in the loess hilly areas.

Key Words: vegetation vertical structure; roots; runoff; sediment; simulated rainfall ; loess slope
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Table 1 The properties of the surface soil in 0—20 cm for different experimental plots

BN

N
A

35°35'N

35°34'

35033’
I

AR

Soil origin

e T - -
T + i
T ik B ph N gy DRLRE
Ground cover Clay/ % Site/ % Sand/ % 3 Y Antecedent K matter/
(g/cm”) porosity/ % (a/ke)

soil moisture/ %

#R b Bare land 8.03+1.16a 68.70+2.31a 23.27+3.23a 1.26+0.16a 14.88+1.48a 40.98+3.86b 6.86+2.03b

VPR Hippophae rhamnoides  8.27+1.21a 72.19+0.98a 19.54+1.34a 1.25+0.20a 15.24+3.23a 48.06+2.86a 13.07+3.16a
¥r4& Caragana korshinskii ~ 9.72+1.37a 69.53+3.26a 20.75+4.03a 1.22+0.04a 15.98+4.06a 46.93+£1.79a 10.88+3.11ab
H 15 Medicago sativa 9.43+1.01a 70.27+2.38a 20.30+2.76a 1.23+0.08a 15.03£1.89a 49.71+4.68a 14.38+4.23a

F PRI R BRI 22 AR FRHURAE P<0.05 KF B 2257 kB 3%
£2 TRRE/DRBREHESH

Table 2 Surface vegetation parameters of different experimental plots

‘ . seL . . Ay
k4 R Crown i UNEEA Fresh weight of biomass/g
Vegetation Height/m . N Coverage/%  Leaf area index
diameter/m - = V&Y
Vh ik Hippophae rhamnoides 1.17+£0.17 1.28+0.48 78.53 1.17 147.60 1192.80 70.25
¥1: 2% Caragana korshinskii 1.14+0.30 1.06+0.28 79.10 0.96 140.80 1287.85 88.70
BiE Medicago sativa 0.82+0.28 0.48+0.16 70.87 0.87 122.60 591.60 23.23

1.3 A
LR RN 22 40 ph 32 [ R b 3 ) 5% - 3R DR 5 S B S 0F %, R A STe ) R 2 X DR BRSO 1 A% [ T o 2
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Fig.2 Runoff rate under different vegetation vertical structure
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JE IR 2 A B SR A8 4, 430114 80.70% .80.00% 1 81.36% (K 4)
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Table 3 Runoff hydrodynamic parameters under the different vertical vegetation

wRW  mAsH . @b CASDR B G Wb
Ground Vertical lgjr:’:fi Sediment i‘;‘i‘t’:;rj Flow depth/ Flow Runoff Sediment yield
cover structure yield/g (/1) (mm/s) depth/mm reduction/ % reduction/%
Hih — 296.28 10409.40 35.13 0.24 0.24 — —
g EX 147.94 2812.05 19.01 0.17 0.16 35.15 72.99
Frut 204.12 3077.33 15.08 0.18 0.21 26.80 70.44
B2t 227.70 3213.36 14.11 0.20 0.21 19.47 69.13
LiEEA 258.82 3699.54 14.29 0.22 0.22 8.81 64.46
Frok B2/ 178.67 2016.54 11.29 0.17 0.19 32.49 80.63
Frnt 210.00 2880.18 13.72 0.18 0.21 25.92 72.33
R =En 225.62 3659.04 16.22 0.19 0.22 20.41 64.85
UEEN 253.22 4725.00 18.66 0.20 0.23 10.67 54.61
B £ 114.92 2576.70 22.42 0.13 0.16 44.86 75.25
Brut 161.96 2884.86 17.81 0.16 0.19 37.08 72.29
[Z=30) 235.06 3229.74 13.74 0.19 0.22 17.08 68.97
UEEN 263.34 4201.02 15.95 0.22 0.23 7.11 59.64

R4 R R AR AR R R 3R

Table 4 Runoff reduction and sediment yield reduction in different runoff periods

T A AR TR €Y
FHBE Runoff reduction/% Sediment yield reduction/%
Vegetation I iy Je w134 i Je
Early stage Middle stage Late stage Early stage Middle stage Late stage
VPl Hippophae rhamnoides 73.04 48.06 37.61 80.00 70.49 61.42
sk Caragana korshinskii 70.91 32.89 26.11 80.70 80.00 81.36
B Medicago sativa 82.71 60.43 48.62 75.05 79.75 69.35
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Fig.3 Sediment yield rate under different vegetation vertical structure
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Fig.4 Runoff and sediment under different vegetation vertical structure
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Fig.5 Relative contributions of different vegetation vertical structure in runoff reduction and erosion reduction
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