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Fig.1 Sketch of the apparatus of the simulation experiment
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Table 1 Soil physic-chemical properties
] RifE4LEL Particle size composition(%) R HHLR
Soiltype  <0.001  0.001~ 0005~ 00l ~ 005 ~ Bulkdensity  Organic matter
mm _ 0.005mm __ 0.0lmm _ 0.05mm 1mm (gem™) (9kg™)
Lﬁi?é&l 17.41 24.22 28.47 19.76 10.14 1.25 44.07
1377
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Fig.3 Temporal variation of surface runoff
2.2 MREMTL (B BREX RIS
k2R, MTARMERGEAM Tl (3 BREMNEUSHE GRE=10°)
Table2 Spatial variation of surface and Underground runoff with rain intensity and underground fissure porosity (slop
gradient=10

4% Surface #F Underground
W38 LEmE - BT Underg
e Pos® i T i R AN
Runoff rate (L) Runoff coefficient Runoff rate (L)  Runoff coefficient
30 1 0.0 0.00 223.8 1.00
2 0.0 0.00 230.7 1.00
3 0.0 0.00 226.8 1.00
4 0.0 0.00 236.8 1.00
5 0.0 0.00 248.9 1.00
50 1 0.0 0.00 260.2 1.00
2 0.0 0.00 268.7 1.00
3 0.0 0.00 279.4 1.00
4 0.0 0.00 280.0 1.00
5 0.0 0.00 291.2 1.00
80 1 356.9 0.64 198.8 0.36
2 346.5 0.63 204.4 0.37
3 348.2 0.62 209.2 0.38
4 336.5 0.61 216.9 0.39
5 329.8 0.59 225.1 0.41

F Itk HTRAEOREREMIL (3 BMEMNTMSFE GEE=109
Table 3 Spatial variation of surface and underground sediment yield with rain intensity and underground fissure porosity
(slop gradient=109

i3 Surface HF Underground
FY 58 FLE B
Rainfall Porosity (C4Ls LRl e (E4uts LENIE S
intensity(mm h™) (%) Erosion Sediment transport Erosion Sediment transport
rate(g) rate(g min™) rate(g) rate(g min™)

30 1 0.0 0.00 98.9 1.10

2 0.0 0.00 106.2 1.18

3 0.0 0.00 110.7 1.23

4 0.0 0.00 120.7 1.34

5 0.0 0.00 139.7 1.55

50 1 0.0 0.00 147.6 1.64

2 0.0 0.00 158.2 1.76

3 0.0 0.00 1735 1.93

4 0.0 0.00 174.3 1.94

5 0.0 0.00 184.2 2.05

80 1 545.5 6.06 1111 1.23

2 524.8 5.83 116.3 1.29

3 535.5 5.95 1234 1.37

4 511.2 5.68 133.7 1.49

5 495.5 5.51 141.7 1.57

SrHTRERANFL (B BREEXTHIER . HURRESI (GR 2) AN, WREXTHBER . HhRPERES
B, 30, 50mm h™ MY F R LR A= 80 mm h™t BV 3 N AR 7E Sl 7% 18] b AMAC LA R A0
£, MR REAE 0.59~0.64 2 7], BEEH T L (3 BRERIIE K, HREM R E /NI,
MR ZM AR S N RR AR ZEM 0.28 J/NE 0.18. LLE 3 Mg N N2 =2 RFAE
AR, bR U I R A K S 2 KR R AR A B, Horh 50mm b TR R M T AR
K, 30mmh™* fg7kz, 80 mm bt fli . AT LAE 50 5 80 mm ht [y 2 [AIAELE I FLRT o, {5 T
B RREEY R R KR . N FL (3 BREERIE KA H T AR R R A B E
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(R®=0.7563). M1 T2 5 H Ny B 25 IEHI K R (p<0.01,r=0.876), iX—45 EEK W2
e THERLE R I E AR, ML (B R SR RRAIC . R Rk 3
AR 32 AR v T AN B A 1A R AE Mgk WL, 3 I A o B A A R AR S 3 R U
Ko BRI, ML (3 BEENHEE. M NRUFEE B, MR Nl (3 RE
REZ N VP PR AL 2 fEE P At R, R BT AL () BREERIIE KRR T LR R &,
R RAZ = Vb B o
23FESH T () BREX RSN

WA AR B AR R EMMRIEE )7, s 2 0 SRR . Hh N AR
RECNH L (3D RARRE SRR BN, HAE AT DS e B fE i AR A s R
L R ALEBRIA A B B i N AR R . ML (B BRI RRE (B 4) AT,
PEREXTHL R P R 2, SN 1095 15 NP2 R AN 1, UERHAZIE B 20 R 3= 3t A
HFFL (D BN E MR TG mAT N, IR R E 209 1 N AR R BT LR/, FEIRTE
3.44%~14.74% 2 [H], (HAZIEFE T HIHL N2 R AT =ik 85.26%~96.56% . I AEM 209G K& 25,
R R R BCEREN, 5 209 R AR R B, FRIEIE 20.16%~27.70%. X —45 KB 30mm
ht R R N MR P A NG T, S EAE 15209 6], FA&RT A5 B BREI R 103 KT . M 4
ATCAE B, A 109F0 15 F A T b FL (B BREEX R A2 R EO0 R Ve, K% 202
25, HhFAL (B BN PH N AR R EUFE R EEER (p<0.05). ZHERH, HWE<I5N
FE R 5 IR AR ML L (B BRI BEEYE (15259 K, H R4l ()
BRI RBOR/DN, PR N FL () BRARRAT 5 W E /s AR & N AL (3D B~
MZH T () BERMATEMN, JERN 202 259, BTl () MRS IE i #2
W= A TR D B R AL (3 B k.

FLEIE Fissure porosity (%)
1234512345 12345123145

I
N

=
o

©c o o9
N o ©

o
o

2 &% Runoff coefficient

o
&)

10 25

15 20
Y FZ Slope gradient(®)
B4 W TRARGMEEE. HT7 () BEEMNEHEHE (W%=30mmh™)
Fig. 4 Spatial variation of underground runoff coefficient with slope gradient and underground fissure porosity (rainfall
intensity=30mm h%)
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WA B ERR ARG, 7E 102 15T N HER TR ™V, 209 564 TR IR h=ib, 3L
FEYDLEEANAE 0.03~0.15 2 (0], HEEHIAE 259, HiFRZ0=ib L E R KE 0.16~0.41, 5 209 /%
http://pedologica.issas.ac.cn



HEEAR
Acta Pedologica Sinica

FIEL, HIEIA 96.21%~503.02%. FISC/HT T 2090 25 o 4641 I MR 2 R AL () BER
We $2 25, [FIHZ =D SRR 2 FAE 3 IEAH KR R, N 5 it tith AL () B~ E
BaEI T Rt AL (R BRI E SR AL () FRARR R B ARRIE—3, ML (3D
A ARSIl (3 By LB 20T 3 IEAH R IE R (p<0.01,r=0.948) ., MR 53 F () Fg
PEYDHLE B N AL () BB O AR AR A, BRI L (B BRI IR IR R M
NHEBRBMASGRME TEZ M N EE, WSS L () B R AL (D) BER
BRGNS, MR =Vt E SN AL (B B 2 A7 PEAR 55 35 TEAH 58 9K 5 (p<0.01,r=0.536) .
BT B e TR AT S 0 — AN BB SR, HREU AR I Hh e e 3 b 398 42 e Ry
AER, BERER PN AR, R RS VR RN, R AR A v R L B R R P S
MRS o S4B 261 N L S AR S V0 BBl P R DT I AR AR A A BT 25 5, B RO K, Sy e
10 min PRGN B2 v 843 Wil 0.8240.12, 0.5640.11. 0.5140.05 1 0.4440.08 g L™, & HIH EEH K
S N b T ARl = O N = 5/ < - s SN W N o TR =R A NG o P 1 [ N~ Ry AN
FE BRI TR /N, 5 P PR /NI 2240 5] 9 6,707, 4.1<10°%, 4.0x10° F1 2,910, 1 & 7E 90
min {4 B I B A R Ay B T 0.2~0.3g L 2 (Al SR KRR T HE N AR SV R, RN R
FEEM IR FIEK, 1R SV B W/ IN R A R 45 2 S AL (34D B () 4 - 3 Bk 78 37 »
FERTIOER TR AL (2D Brh 78TV SR8 A& DU R i % A 4t iR ok
FLEDBEE Fissure porosity (%)

12345123451234512345
1.2

O #h FUnderground @ Hb7 Surface
L mAanAanAnRnnnnnnnm

08 I
06 [
04

e S L

10 15 20
3 F Slope gradient(°)

F=yb b EProportion of sediment yield

[ 5 sk, TP LEEREIREMMTFL (3 BREREHHFHE
Fig. 5 Spatial variation of surface and underground sediment in proportion with slope gradient and underground fissure
porosity
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BT AL (RO BRI, SEMRHERNERT NEERM T T AR
PR WG RN G T ARIRAE KT 7 ) B RE R R B, A4S B A ARIRAN 75 3 A% A A e S )
FE M EBUEI R HIUER . H AL (B BREEFE KW (80 mm h™) M Tl TR W & Sz A
B, R N LR EAE 1%~5%70 Bl A AR R AR IR 2 a4, (H3E K L (G BRATIRE
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ARG TR R AR 23 R G K S A BT W) IS A8 R O R AL G BURIR R
Hom s FZJFE A BOR AL HEIAR B RSl (RO BREG AR RE S A GRS I B 2 i K . B ORRY B
eSS AR 22 (O NS B TR AR TR T, T W S8 K — gl (Il 3k 50~80 mm h™ 2
DI PG E AP | P Ao (SR I 1 T S b a1 51180 NG 7 =01 A = O 5 51 N %
P /0N R A T SR DRSS 3R — S B A, (RO AE — E R RE b T AR B G .
RAMER, WTREEFMEFREXME
Table 4 Correlation analysis of surface and underground runoff with various affecting factors

Byt R 528 Wz LD B
Type Rainfall intensity Slope gradient Fissure porosity
JAVE
LG 0.937" 0.511" -0.105
Surface runoff
sy
G -0.485™ -0.702" 0.537"

Underground runoff
VE*FRIRAE 0,05 /KT B EMSE, **RIRTE 0.01 /K _E B3 2%, FH Note: *Correlation is significant at 0.05 level, **. Correlation is significant

at 0.01 level

MRET] LR . MR R E R AR MR E R RO, AR, MM R E R R
FHIEARK R GG S SR T WA < IR Y], FaR. SRR L (B R M
RIS AR . MR AR R AR . R A WA R PR R INE R R B T H S R R
BRERISCR, W HLRT SRS T vb s 58 T H P i AR, E 2 R K RE RS 2 2 e
BEHLTR Py S R SR O A R S BRI B T R AR, R RARAE R T R
REWS TE B 2 S /NI R 3RORE,  AEAR IR AR I N R AE SR BT ) s RS, AN g st s = ib &

R5itiR, MTRMESZFIWEFHEXMY
Table 5 Correlation analysis of surface and underground erosion rate with various affecting factors

eyt Y 9 R L (3 BE PR
Type Rainfall intensity  Slope gradient Fissure porosity Runoff amount
Sl " .
Mok bt 0.922 0.219 -0.074 0.991**
Surface erosion rate
(=
Ho b 0.277* -0.537** 0.407** 0.969**

Undergrounderosion rate

3t it

3.1 FISEATER I A= 30 =  HO 2R

ek 9 o T A o i kR 3 R 2 SRR D ) R BEIR AN 7, AR — R VIR R, BE A LI
P PR A 2 et e R 2, 0 OV 3o W s R 2 X, (B <109 4RI /N X A3 B 45
R TR AR B VE PR RY SRy 25mm hh, TAEE TT PR 105 I R AR ik v B 7E
50~80 mm h 2 [f]. IR, ARHE 7 HF T A 0 B A 7o - B e N S8R 1) A AL R 5 4 5P 1 A T
e 9 a0 7 3 5 B R Ay 501 BTk T - 3912 P kR AE 25 30 11 45 SRAHAS, 76 30~80mm h™ Y 3%
05 B P 1 T AR B A R A e R 9 R K B S R BN AR A B o T LRI R SR 4
b AR PSS 5 3 ORI S AR e T S IR R g e — B, R ERB TR EERA
MIEKDIRE, RERE RIS LR Z R ZZMER, FAKANBREZRBOLE#EAT (FL
R FR, REERREEEREELRUTRE A MR, k=R RRE A th R 5 O
P T PR MG, BGOSR 0 b B A R A S0 TR X R A b R R 2 1) T
PRl o ACHIFFE I I BRI 3R 88 o e ke i ) “ —ou gk 7, LN LRER N TB, B IRER TR mI %
R 2R SR A W RS B S VD RHE TR T 3 5 A 0 T K 7 AN YD I 78 1) R B 2
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Abstracts [Objective] The unique “dualistic structured” (land surface and underground) hydrologic
system in the Kkarst areas of Southwest China has the areas subjected to two types of soil erosion
simultaneously, i.e. surface erosion and underground erosion. Relevant researches show that soil erosions
on the land surface and in the underground crevices are the two pathways for and components of the soil
and water loss in the karst region. In recent years, with the intensified development in the karst region of
Southwest China, construction of industrial parks and urbanization has become a hot spot. Consequently
large areas of forest land and/or cultivated land have or are being stripped of topsoil for construction
projects, thus depriving the land of its vegetation protection and topsoil cover, and making it completely
nude and exposed to rainfall erosion. Currently, though much effort has been done studying underground
soil and water loss in Kkarst area, almost nothing has been reported about characteristics of the soil erosion
on slope land with topsoil stripped of, and the researches, done or being carried on, fail to illustrate either
characteristics of the spatial distribution of runoff and sediment in the surface and underground of slopes or
effects of affecting factors, like rainfall, slope, underground fissure porosity, etc. of slope soil erosion on
characteristics and mechanisms of runoff and sediment generation on stripped slopes in the areas. Therefore,
this study is oriented to illustrate and analyze distribution characteristics of runoff and sediment in the
surface and underground along stripped slopes, and further to explore effects of rainfall, slope, underground
fissures, pores and holes  on soil erosion. [ Method] An indoor experiment was carried out using steel
troughs filled up with rocks and soil to simulate the "dualistic structure” of stripped slopes the karst area.
In the experiment, troughs were adjusted to slope gradient, 10< 15< 20<and 25< separately, and rainfalls
different in intensity (30, 50 and 80mm h™) were simulated on troughs of artificial slopes, different in
fissure porosity (10< 15< 20<and 259, to explore how the three factors affecting soil erosion on the slopes.

[ Result] Results show that: (1) On stripped slopes, underground erosion became more elusive and tended
to be neglected when the rainfall event was low in intensity. When rainfall intensity rose up to 30 and 50
mm h™*, underground soil and water loss turned to be in dominancy and surface runoff was observed only
on slopes =15° in gradient. With rainfall rising in intensity, underground soil and water loss varied in a
curve of saddle shape, and the variation with rainfall intensity displayed an order of 80<30<50 mm h™ in
magnitude. (2) On gentle slopes,<<15< soil and water loss occurred mainly in the fissures and pores
underground, and was not observed on the surface, while on slopes, 20° or 25° ingradient, the
underground sediment yield accounted for 85% ~ 97% and 59%-~ 84% of the total on the slope.(3)The
effect of underground holes and porosity on underground soil and water loss was significant, and a positive
relationship was observed of underground runoff and runoff coefficient with underground fissure porosity.
The higher the fissure porosity, the bigger the channels for soil and water loss and the more soil and water
lost underground, and hence the higher the proportion of the underground soil and water loss to the total.

[ Conclusion] To control soil erosion in karst areas, it is not wise to pay attention only to surface soil
erosion. Downwards erosion or underground soil and water loss should be the focus of attention in the karst
region. In development and construction projects, it is crucial to control underground leakage, so as to
avoid leakage-triggered collapse of underground karst caves. All the findings in this study are expected to
be of some theoretical and practical significance to future studies on underground soil and water loss as
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well as guidance of soil erosion prevention and control in the karst areas.
Key words  Topsoil stripping; Soil erosion; Underground soil and water loss; Karst slope
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