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Effects of vertical cover structure of grass and shrub on reducing runoff and soil

loss under natural rainfall in the loess hilly region
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Abstract; The Loess Plateau is one of the areas with the most serious soil erosion and ecological environment problems in
China. Vegetation restoration is an important measure to prevent and control soil and water loss. The plant vertical cover

structure includes aboveground canopy, surface litter, and underground root system. Each component has a different role in
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soil and water conservation. It is the basic unit to study the relationship between vegetation and soil erosion. At present, the
research on the effects of different components of plant vertical cover structure on soil erosion in loess hilly areas is mainly
based on artificial rainfall, and there is a lack of systematic research on the effects of different plants vertical cover structure
on runoff, sediment and infiltration under the condition of natural rainfall. The research objects of this study were the typical
grass ( Andropogon yunnanensis) , sub-shrub (Artemisia sacrorum) and shrub ( Spiraea pubescens) in loess hilly areas. Each
plant was treated with three different vertical cover structure compositions (e.g., intact condition, removing litter and only
roots ) and bare land control treatment. The runoff, sediment yield and infiltration of rainfall events from 2015 to 2016 were
observed. The runoff and soil loss reduction and relative contributions of different vertical cover structures were analyzed.
The results showed that the three types of plants had great runoff reduction (45.9%—73.2%), soil loss reduction
(87.5%—94.6% ) , and increased infiltration (4.7%—10.8% ). The runoff reduction of shrub (73.2% ) was significantly
higher than that of grass (45.9%) and sub-shrub (63.5% ). However, there was no significant difference in soil loss
reduction among the three plants. The canopy had the greatest effect of reducing runoff, with a contribution rate close to half
(48%—50% ). The contribution of grass litter to runoff reduction was basically the same as that of the roots, while the
contribution of sub—shrub and shrub litter was slightly higher than that of the roots. The contribution of canopy, litter and
roots to soil loss reduction was basically same (36% , 30% and 34% ). In specific, the roots of grass had a greater effect on
controlling erosion, and the contribution to soil loss reduction rate reached 39% , while the contribution of sub—shrub and
shrub canopy to soil loss reduction rate was slightly higher than that of litter and roots. The study shows that the canopy is an
important factor in runoff reduction, while the canopy, litter and roots all play an important role in reducing soil loss. The
differences in the ability of the vertical cover structure to reduce runoff and soil loss among different plants mainly related to
plant functional traits. The above results will provide a scientific basis for vegetation restoration and soil erosion control on

slopes in the loess hilly region.

Key Words: natural rainfall; vertical cover structure; runoff and soil loss; infiltration; loess hilly region
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Table 1 Plant and soil properties of grass and shrub

TP M Plant species FEPIFIZE Plant species
iR BT E FLH i HE BT E LA
Andropogon Artemisia Spiraea Andropogon Artemisia Spiraea
yunnanensis sacrorum pubescens yunnanensis sacrorum pubescens
FEYHFFAE Plant properties LM Soil properties
PR E B Plant height /cm 43 71 114 ki & H Silt /% 55.2 59 57.1
P 3% Plant coverage /% 45 75 70 kL& i Sand /% 422 37.6 39.7
W F K Leaf length /cm 20 7.5 6 PRI i Clay /% 2.6 3.4 3.2
WA FERE Leaf width /em 0.3 0.9 2.4 +HEZ4H Bulk density/ (g/cem?) 1.29 1.25 1.22
MARIRE Root depth /em 65 50 80

1.3 HdlicsE

A FE W B B Ry 2015 4F 6—9 H Fl1 2016 4F 6—9 H , FERI/INX BT i 25 5 L, >R T A e 2 &t
(RG—3M) Wi R TR 2t 72 | SRR B TR = 0 i S RO ik | i BE TR 0 A5 PR T S 40, B A PR L 6 h, AR
FIPRUR BTN A BRI AR S IR R R AR I i, R — 8 B IR A Y 51 5 AR T RE i, AL TR
LI VD i AR VE VDV FE TR B Vb, R N B AR S AR (EC—S5 soil moisture Smart sensor)
PRSI R 3 K AR AL B U30 03 SR 4E 2% (HOBO U30 NRC) #EA7iC 5%, Wi %R & 0—5 em . 5—10
em  10—20 cm ,20—40 cm , B RAE IR A 60 s , 38 28 % 7= it i A o 4= 498K oA 1 1 SIE e s 245 2 A W, 4R B
PRV G ISR R N AB A,
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Fig.3 The runoff reduction, soil loss reduction, ratio between runoff and soil loss reduction, and sediment concentration reduction under

different vertical cover structure treatments for the three plants.
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Table 2 Runoff and sediment reduction of different vertical cover structure components for the three plants
N TR %S Runoff reduction/ % TP 25 sediment reduction/%

G ES

Plant species R Canopy &Y Litter R 2 Roots = Canopy K& Litter M A& Roots
TS Andropogon yunnanensis — 22.6+2.4 Ba 12.1+2.0 Bb 11.3+£2.0 Ab 29.9+2.4 Aa 24.1+1.8 Bb 33.5+£2.5 Aa
HHTE Artemisia sacrorum 30.3£3.2 Aa 18.9+2.3 Ab 14.2+1.8 Ac 33.9+2.7 Aa 30.2+1.6 Aab 27.1+1.6 Bb
G522 Spiraea pubescens 36.3+2.8 Aa 23.1+2.2 Ab 13.7+1.4 Ac 34.6+3.6 Aa 29.8+2.1 Aa 30.3+x1.3 Aa

NP AT TN 2R 3 N [R) 2 L7 25 45 AL 43 X Vs s Vb (1 SRR A 4 o eE)2 BB Bk R
2y i AR IR N 48%—50% , FE — FhR 4 1] 22 5 388 /0N 5 il 9% 0 169 S 41080 38 DT R R (29% ) W i AR &R
(22%) o v FIAR 22 98t 03 R 3R AE A [R)AF 40 R) 25 S 0K, AR AR T 43 R 26%—32% Fl 18%—25% .,
RAE A TE P R TR KNI Sy« G548 2 > BRI S 20015 B T = AR AR R BB DTk R /NI
H2Z MK,

BRI Z R RRR 22 08D 5T R SRV 43 R 349%—37% 27 %—33% Fl 30%—39% , V34 {E 43
Bk 36% 30% 1 34% (&l 4) o ZBP5 B RATE RN S5 26 48 1Y) T L7 3 45 A AL oIk U BTk R KNI 43 3R - AR
FR>TEE AR T IE AR > IR R 2SR R >HVE Y, 5000 TR EEAE L, )2 A TR 5 I e R
1%, AR 2R A VD STk R A 1 T TR A Y 40 Ak v SR R AR AR A A

3 it

AR R, S AEYIREA R DR A LR (K 2) . SHHA L, AR w AT A
G T 45.9% 63.5% 73.1% 19775 B 87.5% 91.3% 94.6% 1 7= Vb, 33t 35 WIS Wy 45 ) 1 452
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Fig.4 Contribution rate of different vertical cover structure components to runoff and soil loss reduction for the three plants
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