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Abstract: Steep slopes of Pisha-sandstone are the major sources of silt and coarse sand in the mid-reaches of the Yellow River of
China. Revegetation of herbaceous plants on the slopes is one of the most effective measures to control soil erosion thereupon.

However, so far little has been reported in the literature about how herbaceous plants influence soil erosion on steep slopes of
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Pisha-sandstone. [ Objective ] This study aimed to quantitatively study effects of herbs on soil erosion on steep slope of
Pisha-sandstone and hydraulic mechanism of the erosion. [ Method ] A total of ten artificial slopes (37°) were set up and planted
with alfalfa plants different in spacing (2cm 4cm 5.6cm 8 cm ) in Erdos, Inner Mongolia. Plot runoff scouring experiments
were carried out with a constant inflow (2 L-min"). Runoff and sediment yields on the slopes and variation in hydraulic features
of the runoff were monitored and analyzed to explore the mechanism of alfalfa controlling soil erosion. [ Result] Results show
sediment yield on the slopes planted with alfalfa occurred in the initial period of runoff and scouring period, forming a single
peak. Sediment yielding rate increased with flow velocity and stream power in a power function, with determination coefficients
being 0.94 and 0.68, respectively. The presence of alfalfa decreased runoff volume and changed the flow hydraulics. Flows on the
alfalfa covered slopes were in a laminar and subcritical state. Increase in plant spacing resulted in greater flow velocity (R?=0.90)
and stream power (R’=0.62), but a decrease in flow resistance (R*=0.87). Stems and roots of alfalfa played an important role in
altering flow hydraulics. Before rill formation, stems of the plants hindered the flow of runoff. However, after rill formation, apart
from the stems, roots of the plants standing out in the rills inceased resistance to the flows therein. Due to the changes in flow
hydraulics and soil erodibility, soil loss on the slopes decreased exponentially with alfalfa coverage (R?=0.55). However,
compared to the alfalfa coverage, plant spacing was more closely related to soil loss (R*=0.93). [ Conclusion ] Plant spacing may
reflect more comprehensively the effect of alalfa as a whole (shoots and roots) on controlling soil erosion of steep slopes of
Pisha-sandstone. The study may provide a certain scientific basis for planting herbs on steep slopes of Pisha-sandstone for erosion
control.

Key words: Pisha-sandstone; Steep slope; Herbaceous plant; Coverage; Plant spacing; Hydraulics
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Table 1 Treatments of the experiment

R [H] g INXEL NXE
Plants pacing/cm Alfalfa density/ ( #-m?) Replicates Plot
2 2 500 2 1.2
4 625 3 3.4.5
5.6 319 2 6. 7.
8 156 3 8. 9. 10

http://pedologica.issas.ac.cn



2 1 TARTTAE: Hfa RN RD o BE AR ) 2K ) ) “# WL 287

DX 7 1 BE A/ T AR TR HE A /N DX 7 s B AR
SCEG R EIR B BN 2 em AY SR IS A SR i
5 em WHLZ 10 g+, DIHETF I (105°C) i
] - SR Bk 3 PR AR ML T /0N DX 3 T %o
INKHABELL AT B S 2 2 R, 2 5 I BY T/ M
B E T E)E, (R 2 3 cm ZEFF, 20 s 5256
T K R 2 i A= 18 K, SR A K Sk Rtk
AR5 R/, B3t PRI 2 Lemin
A 2 TR RS A L X R RN SR (60 mmh ') R
S5m0 3K PR B TR T 7 A AR I o UK S R AL
HEATHE , DIMRUEICHERAPE . SCIe K iR 22 koK
FAEA R, PR —HUKOPcE (RURE G
AR E K ) WA 2 i BB R B e 1w Al
20 A — 5 T AT LMK AR B BS T YAy 404, AT
PRAUE SIS /INX 1 5 7K G AT 2 7K 3 4 T8 X 35950 Ml 1
TS, Sy —J7iE Rl DA KAR G T, AR Tk
JERE T, Bk borad B . 22 el 2K i A B
B 3R I B AL /I DM T T S AR TR, e SR
KT I3 T TR g 380 3k /0N X K T & A 7 B T 48
RS IE] CF= 3 DT ) 7= 30 2 I o Rl S 56 4k 25 15 252
20 min, 7E3X B E] Y AERE 1 min FHZABUN 1L 998
BRI 1 AR TV AL, B RIRFERH 27 30 s
B/NX 5 EBE (075 m) AIFEE (075 m), HEFE
4 min 4] KMnO, J& 8325 4 51l I £ JH 34 T8 A8 i 3t 3
I 2 B FH YRR 5 A S B KMnO, W, [R5 T
FORIFIRTIET, Y% 500 A B 2 TR 2R i) Rk T
B, IR RN, BRRmRE N L.
BERJE (0.75 m) 43 BRes o) J5 OIS (E 25 . e
o 3 0 £ 11 2R T T AR P R A A T8 1 LAARAR
BRAFHE, AR WY AR ER (T
A ), BIERBUR 0.67 % FIHSE K 0.5 mm Y
RFHE/NX KT 0.1 m, 0.5m, 1.0 m Al 1.4 m
() 4 /W I S AR R AR, DL 4 AN Wi A S (A AR
FY AR . Rl RE 4 min X B i3 8
RS2 35 181 A58 T R T AR P R AR AR . kil i R 5
WG, FRECEAKIPHER TR, UE . B e
Ay BIE W Z JEABLRAHE 24 h (105 C, 24h), Z
JE PR TR v T
1.4 RACEHFIREN

PRSI S5 RS, R /IN DX T BE IR I i A
553 10 I i ok ) 25 Ml R 7 SRR S A, A A
FEEHE, FEVER N Sem, BUEEEE N 7.5 cm,

W R A RS | RSIFF IR E . 2R
WA, KRBT EWHN A4 MR L, D
EPSONScan A {C#ATHHE, 520 & 5 1
WinRHIZO 2013e 3 {3517 4b BRARAS AR K04
1.5 K NWSHItE

(1) THUEEU W3 i 44 3 B AR Al 71 2
e, HRITEIE

Re:ﬁ

v
X, w AFRE (ms'); R KIS, S
WZ KT LRI A (m) AR5 v NiEshBh
MR (m*s™), JE/KIR (t, C) MpR%L, v=0.01775/
( 1+0.0337t+0.00221t* ),
(2 )b Y AR R AR L A 1B M 0 FN 0 1 HRAEL,
TWEINEWT

u

Jon

Lrb, g HEIIMEE (ms?).
(3) IK V4 -4k 17 CLBRBH g 28 X0RE S WA ] s F R

Fr=

LM ARG ABH ) Ko, ATk R
f:Q?
u

K, JREEY (mm '),

(4) KFHRICEAATAE T H R A5
AERE KN, S T B0 580 B AR VD s 1 AT
FTA SIS, ARIFFERKTEINIR (0,W-m?) (1)
HALR TR,

o =1tu=pghlu

Kb, o MBI (N-m ™ ); p 7K EYSEHE (1000 kgm ™ ),
1.6 HELIE

A 5T Fl PCOVER-3 #5756 B 43 Mr 412215y
BrFASRE G /N X R A5 2 /N X B 78 55 8 5 1 SO 3% 1 =
TERFIE . P2V RAE LA AR K 8 1 2 R T 40T
Horp, PSR RIFLR S 20 min ZNX H K G SE
DA IE A A, 777 I 3o 23R S0 T AN A3 T BRI LA o]
V) PN R =, G, = R U R Al A A A
W7 L. FH Pearson AHJCAHT 77 i i Fll ™= Vb i 5 Al fig

http://pedologica.issas.ac.cn



288 +

=

57 %

SN E NI PR 2R Z 8] A DG 56 28 5 P TRp 0 ol 0 3 A
UL A ARTUK S e R S B R L bR
VR | AR B A8 B ALY O 2R o AT A G 23 el
IH5rHT347E SPSS19.0 itk

2 45 R

2.1 AEEELEMEEFERE = RER E L
M
AR R ARV R (P 2)

RUEBE, AR bR R R, AHRD A BESS Y

PR BB R AR R R, S - T R

JR K AR 5 AR 20 oA, 3o BRI v

ARAZ D, AR IR AF S 1 50 by R 3 T, 7 b AR

WK BERARRIC AR MU, AR T VIS in 4 e

B/ N R A, Y R OR o R R AT

FERIT IR R 3~ 5 min Z [EEA R (R, 2 )5 SR 70

AR D, X B EFLE 10 min Z2A7, BEEE™

VAR BIFRERE, MEWE TRE. R™

HARBAR N —ERERPE), EREEARYERFTE

BARMKF-, ELRSCIRETA . il 45 05 I A B

RRANVATRL N 3 eme WEEAN[R] A R 1] AL 213

T =Y BRI ZR T LU B, A7 U R Ik B R

ZHT, U T AR S 3R I A I R D B R

BER o BRRAE AR BT E T, B A k]

B A AE A AP B A R R

1or HRiE]HiPlant spacing

< < <
N o o
T T T

/(kg'm>min")

FEYb AR Sediment yielding rate
o
[\
T

0.0
0

B} B8] Time/min

2 AN 7 ok ) S Ak FER R A 30 T ) 7= v ol
Fig.2 Sediment yielding rate as a function of time and plant
spacing on steep slopes of Pisha-sandstone

BRI AT WosEREIE N 2. 4. 5.6, 8 cm i,
TR A BE 39 - 25 7= i R 4 ol 1,575, 1.684

1.628. 1.960 L-m>min™", B[R 1 75 bk A BEHG AC
Pl R R IR e AU, P TR
SRR 7 V0 T8 1) SV S5 35 B 1 ke ) BP9 K
MK, BARMS, HEREEMN 2cm £ 8 om 3
K, SEE= R 553500 0.054, 0.139.,
0.189. 0.256 kg'm >min ", [fif % 1 Ab B ) s {1 7= £
HRAMR 0.113,0.368 ., 0.592., 0.894 kg'm >min ',
), P2V AR R i 8 K PR, A 1 7 bk 1)
S/NBEE, PRI

22 FmatR AR~ HESER

2 R SLR/NX EAE SRR P VR . A
Rl DL I, ARSI /N X A a5 R AR AT L
43.39%~95.79%, “FIMH K 79%, HrokkialEE
8 cm LI =AEE (8. 9. 10 F/NX ) Mk
FETAA — 2 i 22 5, i D5 AT B2 AE BY B8 4 AR Ak ( LA
IR B THRR R FE ) B — 0840 R ke 1) 5 38 A i 160 Y Vi
P, IR EE R MR, AR, %2
SRR TE—ERE L R, Bl TR
P Ao R R 2 e SRR e AR A AR
PHIL, 1 o5 8 225 S s i T B/ TR E 7 Bk
] PR A 3 /N X R K 2 R AR AR Ll 3.65 ~
48.20 km'm ™, VIR KB F 16.50 km'm>; EIA
FIY 3 S K RIE RN 11.9%~20.7%; 7= i i 78
IEEH 16~66 s; iimAALiEE Sy 12.51 L~
18.84 L; =V RARLIER N 0.67~5.01 kgm >, %
KAE N/ MER 7.5 1%

X7 B SR A S KR PR AT
W, BfE ST MK EESE 5 ANHE AT Pearson A
FOIMT LB, PRk S R AT W A e
{EIEA M B RTE P25 4 min N 7= B S5 Rk R A
AR (1=0.66, P<0.05), X yba 5o
Vit . EfE SR RRIEE | AR . RSk
AR PTG, SRR (% 3), &
RS EE S BRIEE | AR SRR B T R
HYAS R WEARDG, r 430 h—-0.82. 0.96. —0.67, i
— LR RS A, P 5 A e B IR 2
FERTRBCRECE R, H R0 0.55 F1 0.46, Stk
[FE LR 2R, RZ M 0.93 (K 3),

GI BT RIEAD 5 G 3 A% T 7K B ) 2 R R = 10 1Y) 56
F, SRR VD HOR AR K B ) 2 R
YIAESG, o, Y™ vb s 26 5 i FUK i 2 24
K RZKY RN 0.87 F10.81, [MIFAMT LB, FevbE

http://pedologica.issas.ac.cn



2 1 TARTTAE: Hfa RN RD o BE AR ) 2K ) ) “# WL 289

Table 2 Characteristics of alfalfa, runoff yield, and sediment yield of the experimental plots

H B i 25k e il ‘ \
IR 0 Pt Pt
Root length density Soil moisture Time to runoff
Plot Coverage/% Runoff yield/L  Sediment yield/kg
/ (kgm™) content/% initiation/s

1 94.3 48.20 16.6 55 16.67 1.07

2 95.8 20.39 14.7 59 12.51 0.67

3 79.4 17.11 20.7 57 13.89 2.25

4 92.0 18.50 13.8 66 15.17 2.36

5 87.4 18.68 13.3 60 18.25 2.03

6 73.0 3.65 17.4 44 14.81 2.69

7 67.7 8.02 11.9 16 15.97 3.36

8 86.2 14.77 16.4 26 22.86 3.89

9 73.2 8.70 12.6 58 13.69 3.81

10 434 6.69 13.6 30 18.84 5.07

F3 DEXFERFVESEBRFEZEOBEXYE

Table 3 Pearson correlations of alfalfa characteristics and runoff and sediment yield

WRREE kR 7

g wE Tk ] B 7
Root length  Soil moisture Time to runoff
Variables Coverage Plant spacing Runoff yield
density content initiation
FRIA]#E Plant spacing —-0.70%
A% Root length density 0.64* -0.69*
I & 7K % Soil moisture content 0.23 —0.26 0.24
7RI Time to runoff initiation 0.59 —-0.57 0.41 0.19
FE A Runoff yield -0.14 0.46 0.03 -0.10 —-0.54
=¥ Sediment yield —0.82%* 0.96%* -0.67* -0.29 —-0.63 0.48

F=Yb AR Sediment yield/kg

e RN B K T-<0.01,* 3878 I 3 7K F-<0.05 Note: ** significant at <0.01, * significant at <0.05

6 6 r b o1 c
o [ ] .
4t 4t R A
y=4.0546¢ 00
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2+ =) 99D 0029 2 r 2+
R=0.55, P<0.05 y 04119002
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Fig. 3 Relationships of sediment yield with alfalfa coverage (a ), plant spacing (b ), and root length density ( ¢ )
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