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T SRAE PR 88 W9 25 2 T A= fu el v 1 48 AT SR Al IR
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Table 1 Basic physical-chemical properties of the soils in the experiment

Ao ez A b I FkL o hL kL AL
Soil type Location Soil texture Clay (%)  Slit (%) Sand (%)  Organic matter (gkg")
T HEH A - () ¥k Yangling B+ 26.11 40.01 33.88 6.03
Earth-cumuli-Orthic Anthrosols Loam clay soil
( Lou soil )
WA EE PR (L) G IE B + Sandy 10.59 18.93 70.48 4.12
Loessi-Orthic primosols Ansai loam soil

( Huangmian soil )
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fift il — A28 0 SR R e, T —F- 5

HKTCE BB E . BURCRE B — YR, AR T T
FLAE 3 — HRAT T S A ORI AE X (16 R 2 e 4 A A
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6
- \ve

T 1, fhmceEs 2, P 3, MEEEEE . 4, HBD s,
Bk 6, Webhdt; 7, SCHERE; 8, JEARMIAL Note: 1. Liquid
supply apparatus; 2. Switch; 3. Raindrop generator apparatus;
4. Outfall; 5. Needle-type nozzles; 6. Splash pan; 7. Support
frame; 8. Bottom disc
K1 Sk R EIK

Fig. 1 Schematic diagram of the experimental apparatus
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PREETERL, m®, ARHFFTEIE0.007 854 m®; Ak
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LB i AT 2R R 76 DRl R i L 00 T S LA
R MNE TR 3 ol b BER B 0 A P 1
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A A1 5 A4 6T 35 TV FH RN AL A A A D i e
L IR RS A (RST) MR X LA e
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2 ER51HE
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H 8 4l 7K 195 % Vi B T RS Sk A A 1 T AN
W, B, e —& ST, B B i R
N B KRR N I R B e A AE R R 22 ) (R
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BET, 4K 1034 5 95%I5 K 1035 T 7 2 i i) F1F
VIR B BT 225, AT TR e R A A (E 43
FJEE M5O RI.201% . WAt iEAE, Ak A
o B T TV L1145 W X J07 1) B4 T B0 B 1 59.44 ~ 806.9
T m™ b, 95% IS FA = B AT T B e T % 10 17
PRI RE M40.13 ~497.2 T m™> h™', BAK A
JEE T 2 1 8 TR X N £14) B T 50 B R 9.5 % T A5 o T )
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2.1

R2 TRSETHHEKRERRERNGE

Table 2 Information of raindrops and related rainfall kinetic energy relative to height where the drops fell from

a4tk Ultra—pure water WikS Alcohol
N - \ THERE MW - ‘ § ]
)53 Lo ] 103 & i 1077 s i1 107 H 4k T EAR Ve /I Sl ik
. Mean Rainfall
Fall height  Time for 10 Weight of Time for 10 Weight of Mean diameter Rainfall kinetic
diameter of kinetic
(m) raindrops 10 raindrops raindrops 10 raindrops  of raindrops energy
(s) (o) raindrops energy (s) (o) ( ) (Jm=h)
s s mm m
g (mm) (Jm?h™) g
0.5 991 0.094 5 2.62 59.44 6.45 0.035 4 2.03 40.13
1.0 9.91 0.094 7 2.63 202.9 6.23 0.035 7 2.03 138.2
1.5 9.91 0.094 5 2.62 390.6 6.34 0.0355 2.03 253.0
2.0 9.92 0.094 8 2.63 598.3 6.29 0.035 6 2.03 380.6
2.5 991 0.094 5 2.62 806.9 6.33 0.035 6 2.03 497.2

2.2 BMLTIEFARKIREM

LB T 0 -+ 358 A 3R A = i s s 1k 48 b B 5 Fb
AXT PR B 23 . 1 ) = R I R IR R e e A
W AR E XS WA . PO
J5i 5% 35 S R 25 T MWDK /NG 51 0.492
2.109f12.647 mm, 4+ =F &M FAIMWD AN

A3 90.103 . 0.17110.433 mm, EJ =Fh &4 F 8
TR T A 4, UL A SRR M AR T
K, B A A A T A b A SR AR R R
FEBRE R S5V FH BB R A A HLRAG O6 . AP 3R
AR AR ML R, MW D34 77 7 18 R i e k.
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e 8y S AT SR AN DR 4% 2 AT SR A PR L Bt AT
WP I = R IE R O, R RGE MU 3 1
M, BRI KA PR R /N ok 2R P PR 4
SERHRLAT W 20 i 2 KM B 25 1 o B A ey e
£ PR R SRR I R R (RST) KT
XU AR K0 (RMI) 3 3 B 7 b e JE ) 31
A P BBURRAE 2 R T DU e A T o 3 R X T s
BOR T £, S 0] 3 BV g
Fom T o B A B HLROB R AR Ok T
WA, WH AR E TR, RV LX)
AU 4 P B R T 1 1

3 LBARTMIR I + 150 B SRR E AN B M 4R AR

Table 3 Aggregate stabilities measured with the LB-method and

related sensitively index in study soils

+HEKH MWD, MWD,, MWD,
RSI RMI
Soil type (mm) (mm) (mm)
b B
0.429a  2.109a  2.647a  0.838a  0.203a
Lou soil
i 1
Huangmian 0.103b  0.171b  0.433b  0.760b  0.605b

soil

H: W3 ERAFRERER B, p<0.05; MWD, .
MWD, FMWD_ Z5 5l o8 Bl dg 3 . T3 10 )5 7% 35 A0 12 ek Y i
SEH TR AR RSTAIRMIA: 51 Sk Al X 315 #5048 K400 A X HIL AR

W EFE B Note: Different letters in the same column indicate

significant differences at the 0.05 level; MWD, , MWD,  and
MWD, were the mean weight diameters obtained after the fast-
wetting (FW ) , pre-wetting and stirring ( WS ) and slow wetting
(SW ) , respectively; RSI and RMI were relative slaking index

and relative mechanical impact index, respectively
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2.3 P& EhREXT K R AY 200

W 5T ShRE S R R A R, AR
i, R A R s Y L R
Tk T O AR ) R R R IR LA,
P4 AT BE I IR IR A3 HLRE IR 1 4 AT 2R
A, AR - R AR AT B M AL s R iy B i, 4R
15 B8 T 5 B A 1 K TR 1) O ] R A BRES L AT o ik
MM, TR A Y R ShAE MR, X
SRR, - EBOR AR AS Y B BE A g
AEUNE SN, - 98 R Ak o W 1 0 ok 45 10 7T RE At
Han . BRIk, TR A R R AR R I kR Yy
B 5 R TN S BE 3G i B n (B2 ) o kR
H5REmahge R R#FETME, KITFREGEB R L
SR E Z R, O REIYE]0.950 1
(FR4) , ULHH FE T ) A8 A28 1L R % 55 g b S i +- 18
Mo > 17200

BeAh, PIRP AR S R R, Ak
T 9 0T S Y LA T o AR s (R FH - 50 T
Tl S 35 TV ORS RN HLARFT o/ F Rk % . A [
—PEMZhAE T, MRS T RS £, RN
Ry, XA - SEHE T RN Sl RE 0 kL] RS 257
AN, HEFRRA VLR ZE, FTE U R
R s B AR E L (R3) , W =AW
T b i >
2.4 HBEUANHLHL T o5 1E F X P& T B0 B RO MR R B 5T

HhE

FIH R4 R g R S5 EW e e R,
A3 AS02I800 T m™ h™" 9P I ZhfiE T Wb
AR IR R A (25 ) o B Al I 6 1 HE AL
BT o 0T R )1 A T o3 Sy S oo, TR

33
(=]

'b o #:+ Lou soil
s # 45 + Huangmian soil

—
(=]
T

(=]
S

200 400 600

ki Splash erosion rate (g m2min™)

P&zl fE Rainfall kinetic energy (J m2h™)

K2 MR SRR S RESC R (a. ALK bIEAE )

Fig. 2 Relationship between rainfall kinetic energy and splash erosion rate (a. Ultra-pure water; b. Alcohol )
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Table 4 Correlation coefficients between rainfall kinetic energy and splash erosion rate under two breakdown conditions on aggregate

B Soil 1ypo TH BRI T & 76 2 B Soil type AT & 7EH 2
Slaking plus mechanical impact effect Mechanical impact effect

4 Lou soil D,=0.056 5E°%°7 0.972 1 4 Lou soil D, =0.004 3E"'**° 0.950 9

# 4+ Huangmian soil D, =0.554 2E"°"*¢ 0.975 2 || 4 1 Huangmian soil D, =0.185 1E"7*7 0.983 6

%5

THBRFDATLRCET 5 E PR X 7 b 138 7 A 5] B 7R 3 BE T T Uk R R AR Y STk R

Table 5 Splash erosion rate and contribution rate of slaking effect and mechanical impact relative to rainfall kinetic energy and soil type

T 1k 2% Splash erosion rate ( g m’ min~")

Tk Contribution rate (% )

THHCRALARAT 7

B . HUAAT i . HURAT Ve 1
KW Bl fiE fEM Slaking plus T B SR AE . . T B SR . .
Mechanical impact Mechanical impact
Rainfall mechanical impact Slaking effect Slaking effect
effect effect
kinetic energy effect
(Jm™h™) CERS 4+ B4+ B4+ 4t
b S S B4 o L o
Huangmian Huangmian Huangmian Huangmian Huangmian
Lou soil Lou soil Lou soil Lou soil Lou soil
soil soil soil soil soil
50 1.77 7.70 1.40 4.56 0.38 3.14 78.81 59.21 21.19 40.79
100 3.26 12.27 2.43 7.08 0.83 5.19 74.59 57.74 25.41 42.26
200 6.01 19.56 4.18 10.99 1.83 8.56 69.53 56.22 30.47 43.78
300 8.58 25.69 5.68 14.21 291 11.48 66.12 55.30 33.88 44.70
400 11.06 31.18 7.02 17.03 4.04 14.14 63.47 54.64 36.53 45.36
500 13.46 36.22 8.25 19.60 5.21 16.62 61.27 54.12 38.73 45.88
600 15.80 40.95 9.38 21.98 6.42 18.97 59.38 53.69 40.62 46.31
700 18.10 45.42 10.45 24.22 7.66 21.20 57.71 53.32 42.29 46.68
800 20.36 49.69 11.44 26.34 8.92 23.35 56.20 53.00 43.80 47.00

PR AT de VR A MURIT AR I STk Atk i, — 3%
Z 22 T O AR F BTRRIN P 3 o 23 1K T B R
VEFIAALARAT o A FH I o ik vy il et = 5 5 ik 5 A
BR A 20 BRI FILARAE FHBEIR T L A STk <
VA SR AT BB OR A PRI BILBRE T o A4 T % il o R
YR T S RESE AN TR N . XA, PR IARAE
T VR AR T Sh BER IR, 5 2 o W9 3 3 RE $ A3t
JF U ShRE A BB I 2, TR Ik 0 A
TTHRRRFE , L e i d +, I AR
FHUARAT o 11 A0 i k3 20 5] it 3 I T 30 B A9 2
M /N (525) o ORI, B FE R 3 hE
B0, WEEAUMCT B BRI N, TR e T AL
PRAT e VR I STk A o AR R SRR, 8 T ik
PR STRRR R T840 £, AURAT di ) 52
BRI N T i+, XY, S, W

6 T OB SRR R (RST) B, T X L
BT BUEPE (RMT) B/ (R3) .

ULAh, TEREW ShBER /NG, 38 b i T O IR A
BTk R K F65%, JLHAESORI100 J m™ h'if,
TUHRRE L 70% , P im oT ik 3 5 =y, 1M
B AIF AR B IS, O BOE ST R — /D
F60% . X A] fE-5 WA 1 598 T HORBLAR T < 76 H
AR AU R [R) A O o 38 X 3 OV D WL AT o
VB SRR 43 591 410,838 F10.760 , #5451 A T
BRI 43 301 90,203 F10.605 ( £63) o B+ AYRSI
FERMIAY4. 1284, MiE 40 RS RMIfK1.256
f, XERY], SOMETEHERARLG, B X RO E
FHEURIE R T84 + .

gE Lk, FAEIRIRBY B, T HORE IRV F AT AL
FIa Ve A STk o1 AR ) B A A 55, T AE A ) -
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SRR [+ i 0 3l RE I A7 A5 DX, I, B ok /T 2
REAIE A, 3F HOAE P SR A< s T HLARE T o 41 1 5T
Rk

3 45 i

ARHF ST, B Al K A TR A Y R T
X 7 4 B S B B H59.44 ~ 806.9 J m h', 95%
T AE A 8 BE T8 B0 B T XTI A [ TR 30 e
40.13~497.2 J m~ h™", FBAKH KN S HE N 95%
RE 91,4845 ~ 1.6214% . LBELAY =FhiA 414 F
R R A K, TR 1 R A R AR
IR A AT SR A PR S 0 i) oL Bt A 8 3 B 114 28 SR )
YERN F, HUCEIEER, BRI Ik VR 5
M) 5 /0> o 38 15 IOV FH R b 3 K T i 1
T AL B B A P AP de /N T 8 2 = . R R T
Xof P b - SR e R v, B o R i % Y B
FE A I N3 0 o 2 R AR RE 5 AR A b 1 A - S0 ol
REEMEhAEZ B R, MHIEIFEN SRR, Bl
K R IR Xk = 9 (R LA T o D I R4 T S 3
T ody 25 34 SR T T K R 9 R — ML AR A A A e ke
R A SR AAR RV WO YR A FH AN AILACET o A FH 0 D ke
RIBEE W S RERG RN, N TTERRORE,
- VAR Y T BB IR Y 5T kR I A R B
FIE S o i /N LA T o A FH %) BTk 3 2 B o %
SRR . FER DY BE , T HUBEIRAE FH AL AT
i VB 1) BTk A (] = S RS [ B W 3 e o A7 7
Dl [FIEF, BEEREFShRERY I, T HCVE ] STER
8/ IN T AUARAT o VR FH BTk 218

2 % 3 #f
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Characteristics of Mechanical Impact and Slaking Effect of Rain Drops on Soil

Aggregates
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(3 College of Hydraulic and Environmental Engineering, China Three Gorges University, Yichang, Hubei 443002, China )

Abstract

(4 College of Forestry, Sichuan Agricultural University, Chengdu 611130, China)

[ Objective] Soil aggregate is a basic unit in soil structure and its stability is an important

index describing soil’s resistance to breakdown in the process of water erosion. However, in splash erosion

how raindrops function through mechanical impact and slaking effect on soil aggregates and what are the

mechanisms and contribution rates of the two are still unclear. This study is oriented to investigate effects

of mechanical impact and slaking effect of rain drops on breakdown of soil aggregates during splash erosion.

[ Method] A series of indoor splash erosion experiments were carried out in the State Key Laboratory of
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Soil Erosion and Dryland Farming on the Loess Plateau, Institute of Soil and Water Conservation, Chinese
Academy of Sciences and Ministry of Water Resources, China. Samples of Loessal soil ( Sandy loamy soil )

collected from Yan’an and Lou soil ( Loamy loam soil ) collected from Yangling in Shaanxi province,

two typical soils in the Loess Plateau, were tested in the experiments. A home-made needle type rainfall
simulator, consisting of three parts: water supply apparatus, needle nozzles and support frame, was used
to simulate rain drops of ultra-pure water and alcohol to determine effect of mechanical impact alone and
joint effect of mechanical impact and slaking on soil agegregates, separately. The splash erosion experiments
were designed to have two type of soils and 5 treatments in height for rain drops to fall, i.e. 0.5 m, 1 m, 1.5
m, 2 m and 2.5 m. [Result] Results show that in the two soils soil aggregate stability exhibited an order of
MWD, < MWD, <MWD,

ws sw*

Slaking effect ( Fast wetting ) was the major mechanism of the breakdown of soil
ageregates, and followed by mechanical disturbance ( Wetting and Shaking ) , and then chemical slaking
( Slow Wetting ) in the end. The soil of loamy clay was higher than the soil of sandy loam in RSI ( Relative
Slaking Index ) , suggesting the former is more susceptible to slaking effect than sandy loam soil, while the
latter is more to mechanical impact. In splash erosion, when rain drops fell from the same height, splash
erosion rate was lower in loamy clay soil than in sandy loam soil, and splash erosion rate caused by rain drops
of pure water through the joint effect of mechanical impact and slaking was higher than that caused by drops
of alcohol through mechanical impact alone in both soils. Regardless of pathways of the rain drops affecting
soil aggregates, splash erosion rate increased with rising kinetic energy of the rain drops, and power function
could be used to well describe the relationship between splash erosion rate and rain drop kinetic energy. The
splash erosion rates caused by slaking effect and/or mechanical impact of rain drops both increased with rising
rain drop kinetic energy or rising height where rain drops fell from. The slaking effect contributed more than
50% to the splash erosion rate, indicting slaking effect was the main factor causing aggregate breakdown
effect, but the slaking effect decreased in contribution to splash erosion rate with rising rain drop kinetic
energy, while the mechanical impact acted reversely. In the cases the same in rain drop kinetic energy, the
contribution of slaking effect was higher in loamy clay soil than in sandy loam soil, but that of mechanical
impact was just the reverse. [ Conclusion] Contribution rates of slaking effect and mechanical impact vary
with rain drop kinetic energy and soil type. All the findings in this study could be of great significance to
evaluation of aggregate stability and to in-depth understanding of the mechanism of aggregate breakdown
during splash erosion.

Key words Splash erosion; Soil aggregate; Rainfall kinetic energy; Slaking effect; Mechanical

impact
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