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Soil Physical and Chemical Properties of Different Land Use Types and Its Influence on Shear

Resistance in Jianhu Watershed of Northwestern Yunnan
Abstract: [Objective] Through the study of the relationship between soil physical and chemical properties and shear resistance under

different land types, it provides certain basis and ideas for the control of soil and Moisture loss in study area and the management of
the similar soil erosion area. [Method] Taking the Jianhu Moistureshed in Jianchuan County, Dali Prefecture, Yunnan Province as a
typical study area, the four types of soils in the study area which are grassland, woodland, cultivated land and mining land were used
as the research object. According to the local soil moisture content in the dry and wet seasons, three moisture content were con figured
respectively. Corresponding to 15% moisture content in the dry season, 35% moisture content in the rainy season, and 25% moisture
content in the transition season. Soil physical and chemical properties and shear strength were tested in the laboratory. [Results] The
results show that 1) 7 out of 10 index of soil physical and chemical properties (they are pH, TP, TN, TOC, nitrogen to phosphorus ratio,
silt and sand, respectively) have significant differences among the four types of soil, and the differences mainly exist between mining
land, cultivated land and other types of land; 2) the shear strengths of the four land use types decrease with the increasement of soil
moisture content, while increase with the increasement of vertical pressure; the cohesion force and internal friction angle basically
decrease while moisture content increasing; 3) the correlation between physical and chemical properties and shear strength shows the
at 15% moisture content, pH, Silt, and sand are significantly correlated with shear strength; when moisture content increasing, pH is
significantly related to cohesion and internal friction angle. [Conclusion] 1) It is proved that external disturbance will have a certain
impact on soil physical and chemical properties. 2) According to the correlation analysis of physical and chemical properties, soil

particle size, moisture content, pH are the properties closely related to soil shear resistance. Among them, soil particle size and moisture
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content are directly affect soil shear property, while soil pH can indirectly affect the soil by affecting the growth and living environment
of soil organisms and microorganisms. 3) At 15% moisture content, the content of clay and sand has a significant impact on the shear
strength, while under the conditions of 25% and 35% moisture content, the effect gradually weakens, indicating that under drought
conditions, soil physical properties will have an impact on the soil shear resistance, and the impact will be weakened when moisture
content increases.

Key words: Soil shear resistance; soil physical and chemical properties; land use type
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Tab 4-1 Pearson correlation coefficients of each physical and chemical index

B FRL {2 A 142 Median
FEFr Index kL Silt pH TP TN TOC K
Clay Sand diameter
ki Clay 1 0.091 -0.273 -0.087 0.009 -0.144 -0.161 -0.166 0.005
Bk Silt 1 -0.983** -0.287 -0.285 -0.549%* -0.439%* -0.520%* -0.145
kL Sand 1 0.294* 0.273 0.557%* 0.454%* 0.542%* 0.139
4% Median
1 0.126 0.006 -0.015 -0.007 -0.03
diameter
pH 1 0.235 0.136 0.133 -0.103
TP 1 0.662%* 0.960** -0.284
TN 1 0.722%* -0.319%
TOC 1 -0.263
K 1

e “aek” p<0. 01, AR R;  “x” p<0. 05, EREEMRK.
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(3) TP 5 TN. TOC AW W& KIEAH M, HAHGEER, JLH TP 5 TOC 2N IEAH KK R
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Tab 4-2 ANOVA results of soil chemical properties
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75 Z 5y Hr 53 ANOVA results

FE#% index F 2 Significance
pH 4.162 0.011*
TP 57129.993 0.000*
TN 10.973 0.000*
TOC 167.877 0.000*
TK 1.826 0.157
R 3.566 0.022%

TE: o “ak” p<0. 01, AR EZE RIS

“x” p<0.05, AREEZERME.

R 43 DRUFURIBIFS EHTER

Tab 4-3 LSD results of soil chemical properties

% 5 H#% Multiple comparisons

BEM
A B 2EM [R5 [R] A BEN
Signific
Dependent variable Significance Dependent variable Dependent variable Significance
ance
FIH HIH L,
Mt Rt b S
Grassl 0.016% Grassl 0.994 Grassl 0.228
Woodland Woodland Woodland
and and and
L 81 Fith,
Bt B i
Grassl 0.939 Grassl 0.681 Grassl 0.319
Cultivated land Cultivated land Cultivated land
and and and
Bl B Bl B
PRImEER: KA PRImEE:
Grassl 0.393 Grassl 0.000%:x Grassl 0.207
Mining land Mining land Mining land
and and and
PRt TN it TK Ak
H Hi it Hith e
Woodl 0.016% Woodl 0.633 Woodl 0.976
Cultivated land Cultivated land Cultivated land
and and and
S R e Wi
PRIk KA PRIN:EE:
Woodl 0.020%* Woodl 0.000%:« Woodl 0.043%
Mining land Mining land Mining land
and and and
i it #hh
Cultiv KA F Cultiv KA FH Cultiv PRImEE:
0.427 0.000%x 0.059
ated Mining land ated Mining land ated Mining land
land land land
iy ) i
b0 b1 b S:i
Grassl 0.108 Grassl 0.465 Grassl 0.052
Woodland Woodland Woodland
and and and
T  Eih TO it TN/ Hidfh
M B bojgii
P Grassl 0.145 C Grassl 0.609 TP Grassl 0.371
Cultivated land Cultivated land Cultivated land
and and and
FEHh PRIk b KA b i KA b
0.000%: 0.000%x 0.004:x
Grassl Mining land Grassl Mining land Grassl Mining land
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and and and
pizS:i! Rt AR
brieei Hith HEh
Woodl 0.913 Woodl 0.903 Woodl 0.372
Cultivated land Cultivated land Cultivated land
and and and
31 B s B it -~
KAt KA PRImEE:
Woodl 0.000% Woodl 0.000% Woodl 0.046%
Mining land Mining land Mining land
and and and
A W B
Cultiv KA H Cultiv KA H Cultiv ST
0.000% 0.000% 0.019%
ated Mining land aed Mining land ated Mining land

land

land

land

TE: o “aek” p<0. 01, ARERMEFEZE R,

4.2.2 AW TACAS B

“#7 p<0.05, REREZERE.
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Fig 4-1 The histograms of physical and chemical properties of the four land use types
4.2.3 4y BT 2 bl
R 4-4 DIRYEM R IR E R R T E0ER
Tab 4-4 ANOVA results of soil physical properties
J7E 5y M4 R ANOVA results
FEFx index F 3 4 Significance
Bk clay 2.548 0.069
ki silt 6.19 0.001*
Tb¥ki Sand 6.813 0.001*
7112 Median diameter 1.234 0.309
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e “ak” p<0. 01, RERMEREZRME;  “*7 p<0.05, ERDEZE.

& 4-5 TIRYEN R B S EHRSR
Tab 4-5 LSD results of soil physical properties

Z#ELH Multiple comparisons

BN
BEN
[X|25 % Dependent variable Significan [X45 & Dependent variable
Significance
ce
Hith P Hith et
0.032% 0. 467
Grassland Woodland Grassland Woodland
i B i b
0. 024% 0.312
Grassland Cultivated land Grassland Cultivated land
i KA i Hh Mining FiHh KA F#E Mining
Zh 0.061 0. 000k
Grassland land Grassland land
B b
Cla I Woodland 0.603 Sand I Woodland 0. 647
Cultivated land Cultivated land
y
KA FH Mining KA Mining
it Woodland 0. 487 M Woodland 0. 000
land land
= Bt -
B KA FHE Mining KA Mining
0.727 Cultivated 0. 001%x
Cultivated land land land
land
i Rt i R
0.783 0.990
Grassland Woodland Grassland Woodland
i B i boiRiiA
0. 585 0.121
Grassland Cultivated land Grassland Cultivated land
Bl KA F Mining Bl KA HE Mining
i 0. 000 R 0. 766
Grassland land Grassland land
i Median
Hith Hlh
Sil Mt Woodland 0.719 diamete  #ith Woodland 0.075
Cultivated land Cultivated land
t r
AT Mining KA Mining
Mt Woodland 0. 000k Mt Woodland 0.748
land land
Hiith
Bih Cultivated KA I H Mini ng SR I Mining
0. 001 Cultivated 0. 455
land land land
land

e “wk” p<0.01, RN EZRM;  “+7 p<0.05, RERDEZEERE.

FRIR T Z T KR (R 4-4), 78 4 MR b, Bk, WORLE B & 2800 0 () A7 AE 25 22
Atk X ZEMRER Gk 4-5) KFE, BORIRRE 2 R0 120 T 5 SR, bt 5071
iy B SR I P P L s R A S 2 2 e T A AE TR M 5 At = e - SRS AR 1 A
LG
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Fig 4-2 Average particle size volume fraction of four land use types

TEFNRL. MrRL. ok =Fkiidatad, Bk b ok, RO IER MR R, IS RO, AL
BRUBR/IN s DL BRI - SRR U K, L g kN, ALK

HE 4-2 AT LA, FEHL AR SORAR AR 3 400 AR Fr (55.43% +16.66% ) >Hb K (40.37% +17.30%) >
FRL (4.20%+5.70%); Mt SRR AR BON Bk (53.80% +£15.71%) >Wbki (44.75%+15.83%) >k
Fi (1.45%+2.53%); Hthrh S RARAR AR50 200 Al kb (51.62% +£16.96%) >b kL (47.60% +£17.33%) >
FHRL (0.78% +1.22%); K™ FH i & RLAR AR 73 H o3 b RL (86.73% £0%) >Hrki (13.27%+0%) >%h
Fi (0% +0%)

VYR A= ) B 2878 A S R B R AR R Bk, M. BRIk 2, TSR RN PRLARER 2 R
KA iR R, B, MRz, TR RN B ERATTASHEE DU Folr b R S T A SRR 2 i 4 )
. BIEFLBR R /NBIR IRl R B PR b — AR — B — R

5 N[A) i) 2R A B 3B By P e

PRI KRR bR S7KZ 3 A (15%, 25%, 35%), T B % /7 4 /> (50kpa, 100kpa, 150kpa,
200kpa) .

TG REIE 4 DNEEIS TR REE . KT WAL 6 DNMEFRRERAL. N TIRREA
(7] - A P 2R A - S (e e B AEEPUBT PERE R B E 2 7, DL 4 DEA ROy B3R, 6 MPisIikRe
TEFRPRIE R AL &, 23R 3 AN 7K S A A TR 3R T 22 0317

R 5-1 AR FRBKBIB RERR R T E TSR
Tab 5-1 ANOVA results of soil shear properties of 4 land use types

s 15% % /K Z 15% moisture content  25%+% 7K 25% moisture content  35% % 7K % 35% moisture content
EPR Index

2 Significance 2 Significance W2 Significance

P EERR A

Internal friction angle

0.510 0.244 0.214
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EYNELHEE Ny SN
i)
0.307 0.196 0.066
Cohesion
50kpa ik T Hi B 5% 5
0.723 0.674 0.119
Shear strength under 50kpa vertical pressure
100kpa & N HLY5R
0.631 0.964 0.366
Shear strength under 100kpa vertical pressure
150kpa T HUETH
0.972 0.327 0.211
Shear strength under 150kpa vertical pressure
200kpa 3 = HUHTH L
0.821 0.202 0.256

Shear strength under 200kpa vertical pressure

AR 5-1 VA M, 1R 3 AEKEFMAT, 6 MPITRERIRE 4 Fh oA SRR 2 [ %A &2
ZEFt. T ORMEDT B EEMME EAIFEA R R SR A 2 (8] () 22 57 s
5.1 BKEMEHEHNX T EEHF M0

45.00 1
40.00 A

3

Las00 { RO

=301 .

j=2)

g 30.00 4 26.66

5 25.00 -

=

wn

Py

el

En )

2066 .
20.00 A comhi
=z 15.00 A
’ 10.00 A
5.00 A
0.00 -

b Grass land #HsWoodland ~ #fHiCultivated land R4 HiMining
land
P15 1E 15% 75 7K % 15% moisture content 14148 25% %5 7K % 25% moisture content

m P-4 {E 35% 1 7K % 35% moisture content

[ 0-2 50kpaBEEENATREKET Lt 2B 5B

Fig 5-1 Shear strength of 4 land use types under different moisture content at 50kpa vertical pressure
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Fig 5-2 Soil shear strength of 4 types of land use under different Moisture content
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Fig 5-3 Cohesion of 4 land use types under different moisture content
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Fig 5-4 Internal friction angle of 4 land use types under different moisture content
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B> RAT FI > Bt o [RIPUBY SR RAN, AR 2 B & AR A R R BB RE IR, 4 o 1 SR A A Ry
PRI PY BE AP B R, OKAE S i MERIZE R oK 20T I8 R RA™ FH M & AR AR L A i
(I EEE AR OR, R, R B AR FLREE 0 2 DR DA 5 7R ) P T i/ L ) (R R 5, SR BN RA™ F 3
N B A1 52 S K R AL IR R K

6 HIRBAME A PIBTHEREIR R
6.1 LERPH

K 6-1. 6-2. 6-3 2 LIEBLAL IR BT AR A L3RG BTV B FR AR BEAT ORI AH R M OS5 R, DI ARHIE 5T
MBI BRI i A A 9T X3 4 B L b ) F SR AR e o B PR RR AR AR AR DG5S, XA

(1) 15% % /KZ 4 150kpa &N IHUBT 580 E 5 RARD R & H W00, HAHCRR RS, Bk
KL, BRI R R, PUBTIRE MR, MRS EEOK, PUBYRRERES, X 45 a0 A I T 4 RAR TR
(Xiong 5%, 2003; T =¥%, 20065 VLS, 2009; ER%, 2009).

(2) b4, pH Fl 15%. 25%F1 35% 1358 57K 3T HORG 3R ) AT 2 M 62 B2 IEAR O, 5 25%H1 35%
B K EEN 0 A R A AR A DG . £E 4 Fh ORI SR R, IF B W R B M S L, E pH AE X
TG PE RIS R BRI, o AT R DR AT B R B T S A A KA, IR 2 e IR AR
YIRS, IR S sl ot LA T & R e AR R

& 6-1 5% KBTI EMEREFIRIL M RV XS HHER

Tab 6-1 Correlation analysis between shear and physicochemical properties under 15% moisture content

. - 150kpa 1 /& i .
WEEHR S S50kpa /& FHi8Y  100kpa TR FHUBY 200kpa I & T 89
BY3R % Shear
Internal K577 SRF Shear strength 5% Shear strength 3L Shear strength
FEFx Index strength under
friction Cohesion under 50kpa under 100kpa vertical under 200kpa
150kpa vertical
angle vertical pressure pressure vertical pressure
pressure
FikL Clay -0.080 0.151 0.159 0.103 0.085 0.143
Bk Silt 0.184 0.018 0.233 0.129 0.331* 0.184
R ki Sand -0.163 -0.045 -0.254 -0.144 -0.335* -0.204
#1% Median diameter -0.185 0.073 -0.093 -0.075 -0.209 -0.177
pH 0.014 0.472** 0.262 0.225 -0.025 0.070
TP 0.159 -0.010 0.061 0.159 0.018 0.135
TN 0.125 -0.064 0.070 0.043 0.035 0.125
TOC 0.141 -0.098 -0.006 0.088 -0.028 0.093
K -0.014 -0.142 -0.041 -0.066 -0.029 -0.016
TN/TP -0.070 -0.029 -0.059 -0.096 -0.070 -0.044

R 6-2 25%E7KE T BB MR AL MR IR AR S A 4521

Tab 6-2 Correlation analysis between shear and physicochemical properties under 25% moisture content

50kpa & T HiEY \
100kpa & FHiBY  150kpa HfE F4i8Y  200kpa I /& i8]
W EERE 5 J% Shear - - -
i FRRF Shear strength  5&J¥ Shear strength 3% Shear strength
fahr Index Internal friction strength under
Cohesion under 100kpa under 150kpa under 200kpa
angle 50kpa vertical
vertical pressure vertical pressure vertical pressure
pressure
FikL Clay -0.040 0.187 0.103 0.039 -0.013 0.011
AL Silt -0.062 -0.015 -0.058 0.029 -0.008 -0.090
Rbki Sand 0.067 -0.020 0.037 -0.036 0.010 0.085
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*F4% Median

-0.013 -0.067 0.027 -0.048 -0.027 -0.025

diameter
pH 0.100" 0.410" 0.051 0.112 -0.176 -0.103
TP 0.207 0.078 0.142 0.030 0.112 0.239
TN 0.250 -0.022 0.173 0.079 0.143 0.274
TOC 0.183 0.017 0.106 -0.013 0.080 0.209
TK 0.018 -0.057 0.096 0.026 0.097 0.053
EE L -0.076 -0.005 -0.015 -0.036 -0.087 -0.064

I a: “0p<0.01, AERMEFEMR: b: “p<0.05, REEEFEMRK.
£ 6-3 3% EVKE THIBT M Re B AL FRIAR SIS 3R
Tab 6-3 Correlation analysis between shear and physicochemical properties under 35% moisture content

200kpa & F i

S0kpa fEJE N4t 100kpa &K R4t 150kpa /& i

R BY5E P Shear B85 Shear BY5E 1 Shear BY5& & Shear
$84% Index W EEHE A Internal friction angle ) strength under strength under strength under strength under
Coheston 50kpa vertical 100kpa vertical 150kpa vertical 200kpa vertical
pressure pressure pressure pressure
FkiL Clay -0.120 -0.151 -0.117 -0.227 -0.114 -0.178
Bk Silt -0.125 -0.018 -0.275 -0.204 -0.235 -0.224
fibHi Sand 0.142 0.045 0.287 0.239 0.248 0.249
#12 Median
-0.087 -0.024 -0.050 -0.086 -0.077 -0.066
diameter

pH -0.360 0.393 -0.012 -0.097 -0.245 -0.259
TP -0.103 0.098 0.241 0.006 0.083 0.090
TN 0.054 0.006 0.238 0.081 0.162 0.176
TOC -0.054 0.070 0.255 0.030 0.107 0.124
TK 0.148 0.085 0.111 0.163 0.160 0.142
ZmELL 0.068 -0.081 -0.116 0.013 -0.077 -0.015

o “Da” p<0. 01, RFIMEEAS:  “x” p0. 05, RFREFMHK.

7 W5 g

(1) JE i P A AN R) 3 SRR A P S mT i, AR 00 2 1 10 R -8 PE R, 5 7 B (il Rk
WL, pH. TP. TN. TOC AL 7E 4 N HHF R P AR E SR ER, JFHER BT R
Fth . BEH AN AR 3, R EER R TR LI R 2 RR 20N N, @RI S TR T
TR

(2) LA Dk L b ) FH R B B0 BT PR RE TR AR, IR b ) B0 B B A T A w0 T oA - 1 R
A, HEA Rfebd s T oAb 3, SRR, R ) SR A - M RO RA B 7E = P B BRI
T BT AR, R IRATRE BT RS T B B 1.2 glem®, RG4S SO R EL SERR
TEOLE SR 2, T T3 B LI BB ERE IR CEAA R 4%, 2017; Shun 55, 2018), MG K
TP R . FAE, B A SR R

(3D PR AN B 1 L 38 AH ELASE, BT RO REEH T 0% L SLI B, ORI N AR Z AR N5
R AR+ 3 A BB PERE A T isth -3, DRk, BA &, MM 3R h BT AR AL T e 3

(4) £ 15%&KZETN, FRAIRGRL S EXHUBT A B0, MAE 25%M 35% 5 K M4 T %

WIS ARAELE, VLR 7E XIRAE TR 440, R fext IR PUBYsm s RO R 1. N BRI M 7 A i
M, 7ET3EE/KBI NG, XS X— W s SR QLSS 2009), HERATEE, &K
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R FHE G, HIRYBIE R X DU PERE P AR M, X — I FHEAT AR 4R L0 5T (Han 2%, 2014),
(5) pHAEAE =G RERFA N ENS LR R A, A SL IR ], IRl 2 g Ry + 0
AR A DD A AR A IR B, AT (352 SR (BT TR RE

2 £ X W
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