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Abstract:  Objective Collapsing gully is an erosion phenomenon of hillside soil under the effect of gravity damage collapse
and hydraulic scouring. It is also the most serious and harmful typical soil erosion mode in the granite red soil area in South China.
Collapsing gully is mainly distributed in granite hilly areas in seven provinces of Guangdong, Jiangxi, Guangxi, Fujian, Hunan,
Hubei and Anhui, and their erosion modulus is large and widely distributed. This causes serious concerns for the local ecological

environment and economic development. Limiting water content is an important parameter of soil hydraulic properties, which can
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characterize the ability of the soil state to change with a change in water content. Given that this is closely related to the
stability of collapsing gullies soil, it is of great significance to predict the relationship between rainfall and collapsing gullies
erosion. Method We selected three types of granite collapsing gullies in southeastern Guangxi, active, semi-stable and stable,
as the object of study to analyze the spatial variation of soil limiting water content in each collapsing gullies and to reveal the
influencing factors by using path analysis. Result The main results were as follows: (1) Soil limiting water content of each
part of collapsing gully varies spatially, the liquid plastic limit of active and semi-stable collapsing gullies soils had maximum
value at top of collapsing wall(the liquid limit was 54.45% and 57.08%, the plastic limit was 32.84% and 34.04%,
respectively ) and minimum value at the top of the pluvial cone(the liquid limit was 35.39% and 30.72%, the plastic limit was
21.92% and 20.23% respectively ). Also, the liquid plastic limit of stable collapsing gully had the lowest value at the bottom of
the colluvial deposit (the liquid limit was 33.78% and the plastic limit was 22.47%). After gradually stabilizing the
development of collapsing gullies, the limiting water content of the soil in each part showed an overall increasing trend.
(2) Correlation analysis showed that clay content, organic matter, total porosity and capillary porosity were positively
correlated with soil liquid plastic limit and plasticity index, with total porosity having the most significant effect on soil liquid
plastic limit. Nevertheless, soil bulk, gravel content and sand content were negatively correlated with soil liquid plastic limit
and plasticity index. (3) Path analysis showed that total porosity, clay content, organic matter and capillary porosity played a
dominant role in the variation of the limiting water content. Furthermore, total porosity, clay content and capillary porosity
were the main factors influencing the liquid plastic limit, plasticity index and liquidity index of soil, respectively. The higher
the clay content, total porosity and organic matter, the higher the liquid plastic limit and plasticity index of soil. Also, the
stronger the cohesion of the soil, the better the water retention performance of the soil, and the more difficult it is for the soil
to crumble and be lost. Capillary porosity negatively affects the liquidity index, that is, the larger the capillary porosity, the
lower the liquidity index and the more stable the soil is. Conclusion The limiting water content is closely related to the
start-up and stability of collapsing gullies. When the limiting water content is low and is washed by rain, the soil state is easy
to change, and surface runoff is produced, which causes soil collapse and fertility loss. Therefore, the results of this study can
help to clarify the soil erosion process, further clarify the erosion hazards of collapsing gullies and identify high erosion risk
areas. It can also provide theoretical support for the prevention and management of collapsing gullies hazard and have
important significance for the prediction of regional soil and water conservation.

Key words: Granite; Collapsing gully; Limiting water content; Developmental stage; Path analysis; Affect factor
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Table 1 Descriptive statistics of soil physical and chemical properties and limiting water content

Eiztan e /IME e KAE ¥ifE i 2 953 cv

Indicator Minimum Maximum Mean Skewness Kurtosis 1%
% BD"/ (gem™) 1.16 1.46 1.32 0.02 -0.92 5.95
TR p Y (gem?) 2.57 2.69 2.63 0.09 —0.74 1.23
£k Gravel/% 13.32 36.68 23.78 0.37 -0.16 24.56
ki Sand/% 32.72 69.20 47.65 0.40 —0.28 18.59
kL Silt% 22.70 38.72 31.36 -0.31 -0.51 13.52
Fhiki Clay/% 8.10 36.64 20.70 0.55 ~1.05 42.66
+ A ML SOM”/ (gkg™) 0.45 14.88 5.43 0.51 -0.70 75.55
SFLBREE TP /% 45.39 55.05 49.88 0.04 -1.12 5.61
TEILIE CP*/% 29.60 45.64 38.70 -0.81 0.54 9.84
JETEFLBRE NPO/% 3.37 17.37 11.14 -0.13 -0.61 31.99
FKIR KR NWCT/% 15.66 23.70 19.35 0.67 0.21 9.56
BARR w, /% 20.23 35.85 28.37 -0.11 -1.05 15.51
W w, ©1% 30.72 59.68 44.95 0.12 -0.60 16.64
PR 10.49 23.71 16.58 0.64 0.03 21.41
AR ~1.00 -0.09 -0.53 0.09 0.57 -40.68

. DBulk density; @Soil particle density; (3Soil organic matter; @Total porosity; (B Capillary porosity; ®Non-capillary porosity;
(DNatural water content; @Plastic limit; QLiquid limit; (0Plasticity index; (DLiquidity index.
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Table 2 Limiting water content of different parts of the crumbling hill at different stages of development
Al it R IR IR AL WESE E
Type Section Liquid limit/% Plastic limit/% Plasticity index Liquidity index
AG uc 50.35+0.69Cb 31.184+0.95Bab 19.17+0.25Bab —0.81+0.04Ad
WT 54.45+1.21Aa 32.84+1.15Aa 21.61+0.06Aa —0.64+0.00Acd
WM 41.43+0.29Bd 26.03+0.84Acd 15.40+0.55Abc —0.45+0.07Abc
WL 35.44+0.92AfF 22.29+1.03Ae 13.15+1.94Ac —0.424+0.05Aabc
DT 38.58+0.20Be 23.55+0.34Bde 15.03+0.54Abc —0.39+0.12Aabc
DL 43.96+0.14Bc 28.824+2.68Abc 15.14+2.54Abc —0.63+0.22Acd
SC 48.75+1.62Ab 30.62+1.43Aab 18.13+3.05Aab —0.39+0.12Aabc
PT 35.39+0.41Af 21.92+0.44Be 13.47+0.04Ac —0.14+0.11Aa
PM 42.26+0.70Bcd 27.18+0.93Bc 15.08+0.23Abc —0.31+0.04Aab
PE 50.51+1.18ABb 32.534+2.48Aa 17.98+3.67Aab —0.58+0.23 Abced
MG ucC 54.99+1.23Ba 33.25+0.38Aa 21.74+0.85ABa —0.66+0.03Abc
WT 57.08+0.84Aa 34.04+1.59Aa 23.04+0.74Aa —0.56+0.07Abc
WM 43.28+1.19ABcd 27.80+0.34Abc 15.48+1.54Abc —0.56+0.06Abc
WL 35.29+0.39Ae 22.26+0.09Ad 13.03+0.29Acd —0.51+0.17Abc
DT 43.29+0.37Acd 28.12+1.02Abc 15.17+1.39Abc —0.56+0.14Abc
DL 44.97+0.28Ac 29.04+2.23Ab 15.93+2.51Abc —0.70+0.25Ac¢
SC 43.73+1.62Bc 26.68+0.64Bbc 17.05+2.26Ab —0.37+0.02Aab
PT 30.72+0.37Bf 20.23+0.21Cd 10.49+0.17Cd —0.09+0.03Aa
PM 41.11+0.08Bd 26.43+0.30Bc 14.68+0.22Abc —0.56+0.05Bbc
PE 48.77+1.62Bb 33.92+1.19Aa 14.85+0.44Abc —1.00+0.07Ad
SG uc 59.68+1.85Aa 34.97+0.38Abc 24.71+2.23Aa —0.64+0.08Acd
WT 56.48+2.73Ab 33.20+0.32Ab 23.28+3.05Aa —0.60+0.08 Abcd
WM 45.39+0.18Ad 26.95+2.63Ad 18.44+2.81Ab —0.43+£0.13Ab
WL 33.78+0.44Af 22.47+0.21Ae 11.31+0.64Ad —0.52+0.09Abc
DT 45.51+1.44Ad 29.27+1.34Acd 16.24+0.10Ab —0.51+0.02Abc
DL 45.77+0.45Ad 30.57+0.62Ac 15.20+1.06Abc —0.62+0.02Abcd
SC 42.26+2.22Be 24.26+3.44Be 18.00+1.08Ab —0.18+0.09Aa
PT 36.05+0.61Af 24.27+0.05A¢ 11.78+0.57Bcd —0.48+0.07Bbc
PM 45.94+0.45Ad 30.63+1.05Ac 15.31+0.60Abc —0.76+0.09Cde
PE 53.36+0.22Ac 35.85+0.51Aa 17.51+0.29Ab —0.89+0.05A¢

H: AG: WEENAELSK; MG: “PRGEBI K ; SG: REBiix; UC: HEKMH; WT: MRk L3#; WM: BisEhEr; WL: i
BETR#E; DT: JifE L&F; DL MBURET#; SC: Wif; PT: #ET; PM. #i; PE: #E. AFKEFRFRIR AL F BB
A — 8 Z [ 22 7 B 3, ANF/NG FREFR R R — & & W B AR A [RE AL 2 8] 25 5 Wk 3% (P<0.05) . Note: AG represents active
collapse; MG represents semi-stable collapse; SG represents stable collapse; UC represents upper catchment; WT represents the top of
collapsing wall; WM represents the middle of collapsing wall; WL represents the bottom of collapsing wall; DT represents the top of colluvial
deposit; DL represents the bottom of colluvial deposit; SC represents scour channel; PT represents the top of pluvial cone; PM represents
the middle of the pluvial cone; PE represents the bottom of the pluvial cone. Different capital letters meant the significant differences
between different development stages of collapsing gullies in the same position, different small letters mean significant differences between
different positions of collapsing gullies at the same development stage at 0.05 level.
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Fig. 1 Correlation coefficients between soil physicochemical properties and limiting water content
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Table 3  Path analysis of soil physicochemical properties on limiting water content

AR KR AR AHCRH HESER R ) 4238 42 R 4L Indirect path coefficient RE REL
Limiting 3R AR RECATT Decision
Independent Correlation Direct path
water TP Clay SOM CP Total indirect coefficient
variable  coefficient coefficient
content path coefficients R?
. TP 0.712 0.491 — 0.119 0.102 — 0.221 0.458
TR
Clay 0.709 0.472 0.124 — 0.113 — 0.237 0.447
Liquid limit
SOM 0.687 0.222 0.224 0.241 — — 0.465 0.256
TP 0.677 0.465 — 0.084 0.128 — 0.212 0.381
IR
Clay 0.589 0.327 0.118 — 0.144 — 0.262 0.278
Plastic limit
SOM 0.661 0.281 0.213 0.167 — — 0.380 0.294
MPEREEL TP 0.660 0.499 — 0.161 — — 0.161 0.410
Plasticity index Clay 0.764 0.637 0.127 — — — 0.127 0.868
Wk A
CP —-0.655 —-0.655 — — — — — —
Liquidity index
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Fig. 2 Micromorphological character of soil particles in different soil layers of granite weathering crust
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