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Abstract: [ Objective ] This study was designed to explore the distribution of soil shear strength under different vegetation

restorations types in the erosion area of Benggang in southern Jiangxi, and to clarify the influence of soil basic properties on shear
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strength after restoration. [ Method ] The surface soil of various parts of the Benggang under three different vegetation types was
used as our research object. We analyzed and studied the changes in soil basic properties and the change characteristics of shear
strength parameters and their influencing factors using Path analysis and principal component analysis. [ Result ] The results showed
that the shear strength from high to low was forest > arboreal forest > scrubland > grassland > erosion area, and the soil shear
strength of arboreal forest was 29.74% higher than that of scrubland. As the terrain decreases, the capillary pores were increasing,
and the proportion of fine particles such as clay particles and powder particles was also increased and converged under the lower
slope. Moreover, the soil nutrient content was gradually increased as the recovery time increased. The cohesion of Benggang soil
showed an increasing trend as the recovery period increased while the internal friction angle showed a slowly decreasing trend, and
reached the maximum on the upper slope. Importantly, the cohesive force had a very significant correlation with organic matter and
saturated hydraulic conductivity, and the internal friction angle also had a significant correlation with water content and bulk density.
The total pores, capillary pores, clay content and soil saturated hydraulic conductivity were selected to characterize the shear strength
of the soil undersaturation and a prediction equation (R* = 0.80, RMSE = 5.95) was established, and it showed high reliability in
prediction accuracy. [ Conclusion ] The research results reveal the control factors of shear strength under different vegetation types,
which can provide a certain reference for soil restoration processes in the southern Benggang eroded area.

Key words: Benggang; Vegetation types; Soil basic properties; Soil shear strength
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Table 1 Basic characteristics of Benggang at different vegetation types

T (VA= Tk PRS2 1 T] FEAEY)
Vegetation types Location Elevation/m Recovery time/a Dominant species
Pinus elliottii Engelm and Schima superba
o H 115°11'00" E
NF30 198 30 Gardn. et Champ.
Forest 26°12'01" N . )
T LA+ A i
475 b 115°11'31" E Citrus sinensis ( Linn.) Osbeck
RA13 220 13
Arboreal forest 26°12'15" N s
475 115°10'59" E Citrus sinensis ( Linn. ) Osbeck
RA10 195 10
Arboreal forest 26°12'17" N figiss
475 115°1124" E Citrus sinensis ( Linn. ) Osbeck
RAS8 224 8
Arboreal forest 26°12'12" N figiss
TEA 115°11'11" E Camellia sinensis (L.) O. Ktze
RS9 212 9
Scrubland 26°12'00" N Pl
THEA 115°11'04" E Camellia sinensis (L.) O. Ktze
RS3 200 3 .
Scrubland 26°12'22" N AR
O 115°11'38" E Paspalum wettsteinii Hack.
AG2 203 2
Grassland 26°11'59" N FE e
Dicranopteris pedata ( Houtt. ) Nakaike, Pinus
115°11'35" E
EA / 210 / massoniana Lamb
26°12'08" N

BTt H+H RN

W NF30: ARG 3 RIKE MM ; RA13, RA10, RAS: GG HHEHL; RSO, RS3: JAHJSHE KM ; AG2: AikiGHE L

Hi; EA: HipdfRMIX

Note: NF30: Natural restoration mixed forest for 30 years; RA13, RA10, RA8: Replanted arboreal forest for 8 to 13 years; RS9,

RS3: Replanted scrubland for 3 to 9 years; AG2: Artificial grassland for 2 years: EA: Benggang erosion area.
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1.3 REHESHELE

T IEHTAT SRR 2T R AR s = e B 8
emse, EARBYYIHEE RS (50, 100, 150,
200 kPa ) FiFAT B BTIRLS, X0 A 2R T 7R K
A1 (79.8x10 mm) [, 7KL 24 h 25E2MHEF,
BYIE R A 0.8 mmmin', IR C N
154.1 kPa-mm'", HifinB§ 41 Sy b A7 AN HE K BBy, A4
AT 3 IRE K S5, >R ] Mohr-Coulomb 5% i # i,
WERRI 2 +EHTET5E B . Mohr-Coulomb A AN T -

S=C+Ptang (1)

Aorfr, SN EBUBTRE (kPa); C NEERJ1 (kPa);
PRIEEET (kPa); o FPNEEEAM (°),

KHPeE ZEC (R, HiR2E (RMSE) K
iy B UL PRBII A R0 o BB SR ] Excel 2019,
Canoco 5.02. Origin 2021 F11 SPSS 21.0 #E47%#i 48
THorHr AL 3,

WFFE X B RAF: i o7 B

ok

2 4 R

2.1 AEEHEB G T IEE RS R FE

HA B AS TR ST - 3R A 5 A L AR S 4
2 PR, HEEHUALS R RS R 2, WA
T 38.01%~81.69%, Fiki Mk &L, L
SR R TP R AR b I £ . o
T (AG2) 8 FR B W) g 2 I Al A b
4, ETE AL X SR B Ak T AR 1A R B
N TN A48 PR BT H AR shA K, Buflial
PIAE ) LI A 5508, H IRk & i AR
FIEAFEAATEENT 1.19~1.46 gem >, HEARM
(RS3) +HEAEIEY AR KGL 1.46 grem ™. pH
BZAEALTE LR 4.01~5.56, SE-gma ek, e
SRR IR 0.014~0.123 cmmin', 513
THRDCAH B, AR, R AR b R AC b ) £ 39 A oK
R R, Ao A R S K R R

http://pedologica.issas.ac.cn



6 4] 3C 0 ERAE B A R DOR R AR AR D B b ST BT i B K R R PR R 1521

R2 FEEHRELIE N L REBUER

Table 2 Soil basic properties of the sampling sites at different vegetation restoration types

AR5 IE T AN
) Particle-size distribution/% N ) N FH ] 35 7k TR AL
B wE MALRE B
HAL it Saturated Organic
Site Bulk density/ Total Capillary pH
Parts Foki b g A kL Field water  hydraulic matter
code (gem?) porosity/% porosity/%
Clay Silt Sand capacity/%  conductivity /(gkeg™)
/(emh™)
NF30 US 47.85Aa 37.22Ce 14.93Ac 1.16Bc 56.55Aa 46.61Ba 12.18Bh 7.39Aa 4.44Cb 14.97ABa
MS  39.92Bab 48.24Bcd 11.84ABbc  1.22Ac 54.47Ba 46.79Bb 10.46Cf 7.15Aa 4.67Abc 14.62Ba
LS 39.08Bb 51.83Ab 9.12Bc 1.20ABc  49.78Cb 54.20Aa 13.83Aef 7.17Aa 4.61Bb 15.77Aa
RA13 US 38.13Bb 40.01Ae 21.86Ab 1.15Bc¢ 47.99Ab 45.19Bb 20.59Aa 6.52Ab 4.01Ce 10.86Bb
MS 50.60Aa 33.06Be 16.33Bb 1.25Ad 47.72Ac 42.06Cd 14.86Cc 5.51Bb 4.64Abc 11.97Bb
LS 49.03Aa 40.97Ac 10.01Cbc 1.28Abc 49.08Abc  51.23Ab 16.29Bc¢ 6.22ABb 4.17Bd 15.07Aa
RA10 US 32.05Ac 39.64Ce 28.31Aa 1.33Aab 46.79Cc 44.95Bb 14.28Cg 4.92Ac 4.90Ab 12.52Ab
MS 28.04Bb 54.32Bc 17.64Bab 1.22Cd 50.88Bb 47.52Ab 19.06Bb 4.47Bc 4.48Cc 11.07Bbc
LS 23.17Cd 59.62Ab 17.22Bb 1.27Bbc 52.75Aa 48.73Ac 20.04Ab 5.11Ac 4.56Bbc 11.20Bbc

RAS US 26.43Bb 58.25Ac 15.32Cc 1.28Ab 45.77Cd 43.83Cbc  16.21Bd 4.43Bcd 4.65Ac  8.50Ac

MS  35.14Ab 47.54Bcd 17.32BCab  1.22Ad 51.71Bb 50.42Aa  20.27Aa 3.85Cd 4.09Cd  9.76Ac
LS 37.46Ad 36.3Cc 26.21Aa 1.31Ab 48.59Ac 46.11Bd  13.83Cef 5.17Ac 4.25Bcd 10.58Abc
RS9 US 31.91Ac 55.02Bcd 13.07Bc 1.35Bab 44.52Be 42.20Cc 17.61Ac 4.02Ad 4.56Bcd 11.17Bb
MS 22.52Bb 65.20Ab 12.28Bbc 1.43Aa 45.00ABd 43.35Bcd 11.52Be 3.98Ad 4.82Ab 11.61Bbc

LS  29.40Ac 51.93Bb 18.67Aab 1.42Aa 46.29Ad 50.00Abc  10.95Bg 3.15Bd 4.61ABb 14.64Aa

RS3 US 23.68Bd 51.308Ad 25.02Aab 1.35Aab 43.15Bf 43.34Ac 17.99Ab 3.88Ad 5.07Aa  6.82Ccd
MS 31.68Bb 43.71ABd 24.61Aa 1.39Ab 43.61Bde  43.59Acd 14.32Bc 3.42Bd 5.56Aa 10.60Bc
LS 48.96Aa 36.05Bc 14.99Bbc 1.46Aa 45.64Ad 4431Ade 13.62Bf 2.63Ce 5.28Aa 12.23Ab

AG2 us 1.76Bf 77.97Aa 20.27Abc 1.41Aa 40.78Cg 39.39Bd  14.99Bf 2.71Be 4.70Ab  4.59Bd
MS 4.73Ac 83.00Aa 12.27Bbc 1.45Aa 43.73Be 44.31Acd 13.35Bc 2.19Cf 4.69Ab  4.92Bd
LS 2.34Be 84.11Aa 13.55Bbc 1.47Bbc 44.54Ae 44.47Ae 14.64Aa 2.32Ad 4.75Ab  4.25Ac

EA US 13.32Be 63.98Bb 22.70Ab 1.42Aa 40.53Bg 40.20Bd  14.64Ae 2.53Ae 4.88Ac  5.08Ad
MS 5.40Cc 85.73Aa  8.87Cc 1.43Aa 42.20Ade  43.65Ac 14.67Bd 0.85Be 4.89Abc  4.45Ad

LS 28.88Ac 5831Cb 12.80Bbc 1.22Aa 44.01Ae 43.5Ade  21.04Ad 3.53Abe 4.87Ab  9.02Ad

d: US: ¥ MS: mil; LS: R ARIMKREFEFRRAFEBEPZ MM EFRE, AE/NGFRERRAHFERAL A
[FI 2RI B 2 [A] 2% 7 @ % . Note: US: upper slope; MS: middle slope; LS: lower slope. Different uppercase letters indicate a significant

difference under different parts of vegetation types. Different lowercase letters indicate a significant difference among different types of
vegetation types at the same prats.
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Fig. 2 The distribution of soil cohesion and internal friction angle at different vegetation restoration types
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Table 3 Statistics of soil shear strength relative to position of different vegetation restoration types

‘ o BRRK
HBAL R/MAE STPN] FHE PR 2
Coefficient of
Parts Minimum Maximum Mean Standard deviation
variation/%
FEN A
2.78 12.04 6.75 3.01 44.59
Soil cohesion/kPa Upper slope
Yerp
1.47 11.27 5.38 3.19 59.29
Middle slope
i
1.48 14.28 6.66 4.19 62.91
Lower slope
PR R4 A ek
40.45 46.99 42.54 1.99 4.33
Internal friction angle/° Upper slope
e
34.04 49.75 42.04 1.43 6.14
Middle slope
¥
37.45 45.49 41.82 1.71 4.09
Lower slope
=f e \ RAS
- RS9 - Elevation o
Sand RA13
) RA13
OM ’ e
BD RS9 Clay
SC Elevation
| RA10 eetTyps E ‘éVegtTyps Ks
[Ks EQA ¢ CP
FC
CpP
TP
A A NF30
NF30 A AG2 i
RAS E RA10
=) <
10 ) 10" -10 1.0

[E: BD, FH#; CP, BEAKE; TP, BAKE; Ks, LHIUMSKE; Clay, Fokight; Silt, HK&H; Sand, VRIS, TP,
2ff; OM, FHLET; FC, HIEFEKE; SC, HEEERI; O, WIEEESM; Elevation, MIHEZ; VegtTyps, AH#2% Note: BD,
bulk density, CP: capillary porosity, TP: total porosity, Ks: saturated hydraulic conductivity, Clay: clay content, Silt: silt content,

Sand: sand content, TP: total nitrogen, OM, organic matter, FC, field capacity, SC: soil cohesion; @, internal friction angle; Elevation,

environmental factors; VegtTyps, vegetation types.
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Fig.3 RDA ranking diagram of soil shear strength and environmental factors
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Fig. 4 Relationship between soil basic physicochemical properties and shear strength index
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