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Table 1  Soil physical properties of the profile of collapse mound

. AL e e
R =~ iy RN KR
A= +HERE R e Soil particle composition ( % ) " - . "
Depth Bulk density Saturated moisture content
Location Soil layer VE A ki Ehki 5 Porosity
(m) (gem™) (%)
Sand Silt Clay (%)
FH 12
0~0.23 46.60 30.82 22.58 1.56 38.60 38.60
Wuli Surface soil layer
a7z
0.23~1.20 31.81 47.66 20.53 1.60 37.97 37.97
Red soil layer
KSR
1.20~3.80 39.92 37.54 22.54 1.56 43.69 43.69
Stripe layer
W
>3.80 72.21 12.87 14.93 1.60 38.81 38.81
Detritus layer
[ZE= A=
0~1.50 12.88 54.33 32.79 1.54 39.74 39.74
Yanglong  Surface soil layer
4+
1.50 ~ 4.00 6.89 52.33 40.78 1.52 36.78 36.78
Red soil layer
BELC)
4.00~7.00 37.94 42.26 19.80 1.60 37.50 37.50
Stripe layer
IR
>7.00 41.54 38.02 20.44 1.53 47.84 47.84

Detritus layer
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Fig. 1 Measured soil moisture characteristic curves of the profiles of Wuli and Yanglong
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Table 2 Distributions of equivalent soil pore size in different soil layers ( % )

TR Wali #2£Y anglong
RN - — — - — —
. H1)Z ) RELZ LN A 1= it B4 )2 AN
Equivalent aperture
( ) Surface soil Red soil  Stripe layer  Detritus Surface soil Red soil  Stripe layer Detritus layer
wm
layer layer layer layer

>3.00 6.07 4.11 11.05 20.37 2.13 8.47 10.77 16.36
0.60 ~ 3.00 6.50 6.32 10.40 4.50 8.68 10.39 12.28
0.20 ~ 0.60 6.87 6.66 7.20 7.53 7.24 6.37 6.62

2.3 HIEKOHFEMKINE

TP 5 AR T A ) T 3 K A R it 424U
BRI R X B 0K ) = T A
RS0 o3 S R LA B ARy AR X T B A b A 28 A
I ) T S I A 3] A - K e AT IR I REAE
Mkl G, MBS T RSE A E LR E R
BO(KR3) o BHGERATHA, ANE RN PR A g
KO3 RAE 2R B PLG S BEAAAE 22 57 . i aR3 T,
FF B SN2 IR, van Genuchten /7 FEX)
KB LER LGB, R RE )
90.995F10.997 , T X T i 2% 1 - e 4005 4 L AH
SRS, BB REUCHN0.975, Gardner i B2 X BELL 2
HE S 2 B G 8, e 2800190 90.992
F10.994, i X} T2 4 J2 AL 4 )2 B 1 0L 0 2

AEXTEAL, UH R LR E REH0.947, X T
W22 1 54 19 45 1 )2, van GenuchtenJ7 FEXT 3£ 1
2. A B MBS F AR, TR E =
1) G RTEE AR, P RECH0.984, Gardner
J7 RS BESL)ZE RS J2 0 3RS e hy, TR R
B R E Z%01K80.999, MiXt FRLEUE R,
HRIE R ELH0.867
2.4 TIEKSIFEMZIRE LR

LV b A i 1 TET B K A R g e S R
FAvan Genuchten 57 B2 flGardner 7 235 15 14+t
BT (ERMESZ) , METHEE S S E
ZI S, A DL T RS 1 U R AL BBk
22007 MURARYE , BRIk —A38 FH T 9 i i) T
TR B A [ J2 KR B K A RRAE 2R

http: //pedologica. issas. ac. cn



2 4 XBPIRAGE SO AS T A Il 791 T S 7K 3R i £ S A AL 359

R3 TEADFERETEUSSH

Table 3 Fitting parameters of soil water characteristic curve equation

) N van GenuchtenJ7 & Gardner Jj &
fr & THEZE R . .
van Genuchten equation Gardner equation
Location Soil layer "
o m! 2 R*Y 4" » R*?
FEs 12
1.202 0.184 1.226 0.995 0.315 -0.160 0.960
Wuli Surface soil layer
FANR =
0.679 0.194 1.240 0.997 0.324 -0.140 0.947
Red soil layer
BELLJZ
1.635 0.250 1.334 0.992 0.321 -0.262 0.992
Stripe layer
LIENES
2.314 0.387 1.632 0.975 0.199 -0.475 0.994
Detritus layer
[ZE= HKLZ
0.191 0.255 1.342 0.994 0.359 -0.099 0.867
Yanglong Surface soil layer
at )z
1.357 0.259 1.349 0.991 0.276 -0.265 0.978
Red soil layer
RELZ
1.575 0.295 1.419 0.992 0.260 -0.328 0.990
Stripe layer
IR
1.940 0.294 1.416 0.984 0.318 -0.335 0.999

Detritus layer

H:1)a, b, o, m, n HRESE 2) szilyéf,%ﬁ( Note: 1) a, b, a, m and n are the fitting parameters; 2) R is

determination coefficient
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Soil water suction (100 kPa) Soil water suction (100 kPa)
50
40 o  SLil{A Measured value

VG FE#A VG equation fitting

30 — — = GHFHA G equation fitting
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Volumetric Water content (%)
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Fig. 2 Fitting curve of water content of the collapse mound profile of Wuli
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Fig. 3 Fitting curve of water content of the collapse mound profile of Yanglong
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Table 4 Residual analysis of two equations
525 FJ5 Al
A +EERK Sum of squared residuals
Location Soil layer van Genuchten J5 2 Gardner Jj &
van Genuchten equation Gardner equation
T %2 . .
1.675 x 10 8.406 x 10
Wuli Surface soil layer
oL i )
7.930 x 10~ 9.816 x 10”
Red soil layer
B2 ) )
5.731 x 10 3.525x 10
Stripe layer
W R ;
2.718 x 10~ 8.005 % 10
Detritus layer
2% )= » .
4.610x 10~ 1.702 x 10~
Yanglong Surface soil layer
o 43 . .
4.635x 10 6.683 x 10
Red soil layer
BELR . .
5.326 x 10 4.508 x 10
Stripe layer
eI )2 . S
1.758 x 10 6.149 x 10
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Characteristic Curves and Model Analysis of Soil Moisture in
Collapse Mound Profiles in Southeast Hubei

DENG Yusong DING Shuwen'

CAI Chongfa

LU Guoan

( Research Center of Water and Soil Conservation, Huazhong Agricultural University, Wuhan 430070, China )

Collapse mound, a serious soil erosion phenomenon in granite areas of South China, occurs

mainly on mound or hill slopes under the interaction of water and gravity, causing severe destructions and

threats in a wide range, including Hubei, Hunan, Jiangxi, Anhui, Fujian, Guangdong, and Guangxi,

mainly south to the Yangtze River, and hence a grave impact on the economy in these hilly regions. So far a

lot of research work has been done on mechanisms of how mount collapses occur. In the aspect of water regime

in collapse mounds, related scientists have analyzed permeability of the colluvial deposits from collapse
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mounds, revealing that colluvial soil reaches the level of steady permeation in a relatively short time, and also
studied soil permeability of collapse mounds at different depths. Analysis from the angle of initial infiltration
rate, stable infiltration rate, average infiltration rate, and infiltration angle shows that permeability declines
steadily from the red earth layer down to the detritus layer. Therefore, this article proceeds from collapsing
of mounds and water regime of the soil per se, with a view to elaborating water movement processes during
the collapse of mounds or cliffs, exploring soil water characteristic curves of collapse mound profiles,
including topsoil layer, red earth layer, streaked layer, and detritus layer, and their fitting processes with
equations, and analyzing the mechanisms of how collapse mounds occur from the angle of soil moisture and
pority. The study adopted field sampling and in-lab analysis together. Two typical profiles of collapse mounds
in Southeast Hubei, Wuli and Yanglong were selected as subjects of the study. Soil water characteristic
curves in various soil layers were plotted with the aid of a CR21G high-speed thermostat centrifuge of the
Hitachi Corp. and on the basis of the soil water characteristic curves, soil porocities of the various soil layers
were analyzed. Meanwhile, equations were screened for fitting the various soil water characteristic curves
of the profiles. Results showed as follows: (1) In the Wuli and Yanglong profiles, soil release rate varied
regularily with soil water suction rate. In the streaked soil layer and sandy soil layer, soil water release rate
was high when their soil water suction was low, and the soil water characteristic curves in various soisl layers
all leveled off. The topsoil and the red earth layers were higher than the streaked and detritus soil layers. (2)
Based on the field-measured values of the water characteristic curve and the calculated equivalent porecity,
pore size distribution in the profiles of collapse mounds was studied. It was found that the two profiles followed
a similar law in soil pore size distribution, that is, the proportion of large pores increased while that of
capillary pores decreased with soil depth going down from the topsoil layer to the detritus layer. The increase
in number of large pores created a favorable condition for water movement, thus enhancing the probability
of collapsing soil erosion. (3 ) The van Genuchten equation and the Gardner equation were tested to fit the
curves, and the fitting was evaluated. It was found that the van Genuchten equation was better to fit the
measured data of the soil moisture characteristic curve of the topsoil and red earth layers with relatively little
deviation, while the Gardner equation was better to fit those of the steaked soil layer and the debris layer. On
the whole, the van Genuchten equation is higher in fitting accuracy. Evaluation using the residual square sum
method indicates that generally speaking, it is advisable to use the van Genuchten equation to fit soil water
characteristic curve of granite soil.

Key words Collapse mound; Soil profile; Soil moisture characteristic curve; Fitting model
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