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Abstract; [ Objective ] The study aims to explore the impact of plant root characteristics on soil shear
characteristics in typical abandoned farmland undergoing the ‘Grain for Green’ program over a period of 20
years, and to provide reference for evaluating the soil and water conservation benefits of vegetation
restoration in the Loess Plateau during the new era. [ Methods] Eight typical grasslands including six
different successional stages and two artificial grasslands, were selected in the hilly and gully region of the
Loess Plateau. Soil samples from the topsoil (0—5 cm) were collected, and measurements on soil shear
characteristics, soil properties, and root characteristics were conducted to explore the influence of vegetation
restoration on soil shear characteristics. [ Results] (1) There were no significant differences in soil bulk
density among the sites (p >>0.05). However, capillary porosity, total porosity, and soil moisture content

exhibited significant differences (p<C0.05). The artificial grassland had relatively lower capillary porosity and
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total porosity, and the Bothriochloa ischaemum (Linnaeus) Keng grassland had the lowest soil moisture
content, (2) In different successional stages, the root length density and surface area density of fibrous root
systems were generally higher than those of taproot systems. However, the root volume density of fibrous
root systems was lower than that of taproot systems, except in the early successional stage. The artificial
grassland (Astragalus adsurgens Pall.) exhibited lower values for these root characteristics compared to the
natural fallow grassland. (3) The average shear strength of the root-soil complex increased by 22.11% to
46.22% compared to the bare soils but the difference in average shear strength between natural fallow
grassland and other grasslands was not significant (p >>0.05). The cohesive force of the natural fallow
grassland was generally higher than that of the artificial grassland, and the friction angle within different
successional stages showed that fibrous root systems had higher values compared to taproot systems (1.07,
1.25, and 1.23 times higher). (4) Cohesive force increased linearly with total porosity (R*=0.84) or root
volume density (R* =0.47), while the friction angle decreased linearly with increasing soil bulk density

(R*=0.47). [Conclusion] In the process of vegetation restoration, soil properties, root characteristics and

root configuration have certain effects on soil shear resistance.

Keywords: soil properties; root characteristics; cohesion; internal friction angle
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Fig. 1 Root characteristics under different vegetation types
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Fig. 2 Changes in soil shear strength
under different vegetation types
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Fig. 3 Changes in soil shear strength indicators under different vegetation types
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Table 3 The correlation coefficient between soil properties, root characteristics, cohesion and internal friction angle
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Fig. 5 Regression analysis of soil properties, root characteristics, and shear strength indicators

PR S 3 7 b 0 o 22 S 0K 30 1) S o A2

(RT3 A0 obe £/ UK S Y7/ B2 0 NS UR e A R



158 S ol T S 1

o531 %

A VHSE BT MR LB B AR L
R L EAE AR FARE e L TR W LT O R
ABETE R AR R A LSS ok 5 K] Y
T FEREAE T RS 1 A A Rl BAL A AR D L il
A4 - 95 OB 22 (] 14 5 3R 7L A Ky R 4 B R A
o3 2 AL AR TN 5| Ak B AR R B0 By R I 0 —
JBETT 55 5 e 9 LR A, e SR BURE ] F) A R, R
L 5] F) 9 7 A A v B ) L B B R A BT DT
IR B R TN A R SRR
B B ER AR 2 — , b A UK B R S
THEDUOTPERE SR . ASHFIT L B R T B AL
SR LM/ L N R A B A R X
B D9 MR AR A B T AR MG N T A AL LR A
AR T LA, — s P B REAR ST sy PR fE L H
AR T o A S5 X T BT B AR R AR B R
T HEHT I R B B WA R R . R AT B ST R ]
K i — T R N2 1 55 RS BT R BE L AR TS R
T K AR AN A R TR R P R 4 A SR ROR G L
HAEE X ERREHTAE—E LESKREHN.
IR IR T 2o DA A M I 1 6 T T 5

AR FR % B2 REAR 1 b A B AR 28 0% 8] L LB, AT A
N RAE L PO B B E SR . AR R
5 7 AR A R BE 1 1 R T 1 O X ke 25 AR
WRFEAE R — 2, R, B A AR AR 3% T AR AR 1A
PR A — 7 R B 1 3R W 50 5 1) AR R 20 W8 ) A LIS 45
PR R TR (6 1) 45 & 56 2 A7 BT 3 56, AR AR S 4 3
TOURL I 286 45 A0 ER 06 7 245 1 P A ek =5 A 2 iz 4
5. Tsige S5V WFFE AR AR AE Y AR R 38 3 15 5k
DYDY N 7 ok 4% 58 - M B BT 5 R B - ARTE SN 1 AR
K A BT IR L R A BTN T 22 98 S AR R B BT
5if B R M R - S BT TY 9iR EE

4 % g

(1) FHBEIK A AT 25 4 = 3BT BT Mg, 8 A4~ St
TR b 55 b 7 AR 525 R BT 5 5 B B I SR L B
FZEWINT 22.11% ~46.22% ; [ 9K 18 5 B 4 + 39 Wi
RS FEEE s IR R | TN TR, iR R
P b ] 2 ) A 3BT B KR PO B A AE BT R B
BLER RN R KT BHAR R, Jo & B 5 1
P TR0 T

(2) IR RSP0 R B V) (AR R 5w
5 R I S RO R R 7 i A L R R M R, D R
A B+ e 7R AN, — R RS Y
PEBE s (HAF T T 4 3 B0 T 59 4 v A S i L AR
FRA G A HEGTBY RE M Y 5 e B A

(3) TIEPER TR R RS 805 PO 3T R PE 1Y R
HOC A AR 2R 00 T 55 280 0E T 4 o - S MU ) b 45
AR IR 45 1 L AR B B 2 5 ) 1 SR BT B R Y
FEESH, RIR 7 BE S AL W E SRR AR B Y 6 n 2
ZRAMERG R (R* Z0.47) PN JEE 62 f1y Bt - 498 25 o0 1) 385 m
LMW (R =0.39),
£ 2% X HRK (References) :

(1] HRIS FA, 200 vh 5 €0 - 5 s Rl o AR R 2R B R A5 1
X LS R AL e [T ] FM 2 4R . 2022, 31(7) : 28-37.

Gan F L, Wei J, Li S S. Response of root-soil friction

characteristics of three common grasses to soil water

content in purple soil bunds[J]. Acta Prataculturae Sinica,

2022,31(7) :28-37.

[2] Kok H, McCool D K. Quantifying freeze/thaw-induced
variability of soil strength[ J]. Transactions of the Asae,
1990,33(2) :501-0506.

[3] Moayedi H, Tien B D, Dounis A, et al. Novel nature-
inspired hybrids of neural computing for estimating soil
shear strength[]J]. Applied Sciences, 2019,9(21) :4643.

[4] Barbhuiya G H, Hasan S D. Effect of nano-silica on
physio-mechanical properties and microstructure of soil:
A comprehensive review[ ] ]. Materials Today: Proceed-
ings, 2021,44.217-221.

(5] RZME .8, BR o E K b £ 350 08 5 BTS2 [T ],
K LR FEIE R, 2001,21(3) :5-9.

Zhang A G, Li R, Yang Q K. Study on soil anti shear-

ing intensity of water erosion in China[J]. Bulletin of

Soil and Water Conservation, 2001,21(3):5-9.

(6] BRALEL MR AL EY 45, 1 M5 K 3 5 - HEm A XoF 1 3¢
PSR E A 0 ) AN T A2 41,2007, 23(2) :21-25.

Chen H X, Li F H, Hao S L, et al. Effects of soil water

content and soil sodicity on soil shearing strength[]].

Transactions of the Chinese Society of Agricultural En-

gineering, 2007,23(2):21-25.

(7] ZFA, £, B EGE 55 I A [R) 1 4 ) 26 20 4 S 41
5 5 520 R ZR 0BT [0 ] K B AR RS2 AL 2017, 31 (1) ¢
80-84.

Li X, Wang X, Sheng S 'Y, et al. Analysis of influence

factors on soil shear strength in slope under different

land use types[J]. Journal of Soil and Water Conserva-

tion, 2017,31(1) :80-84.

(8] ZE#lEX¢ I M, =2, S R R 9P 3 A A ) 19 AR & 40
A AR S X A ST B 5 BE A 2w L) ) A0l TR 2= 4
2013,29(10) :144-152.

LiJ X, He B H, Chen Y, et al. Root distribution features

of typical herb plants for slope protection and their effects

on soil shear strength[ J]. Transactions of the Chinese Society

of Agricultural Engineering, 2013,29(10) :144-152.



%3

FEI A 357 46« 3 b B DX MR R A AR 2R R A X b B0 5 R 4 ) 5 T 159

[9]

(10]

[11]

(12]

[13]

B Sk, B2 05, % i RAMBPRRE S
PRGBS 08T o B A R I Foe LT, b Rl K
4R .1996,1(2) :31-38.
Yang Y C, Mo Y J, Wang Z F, et al. Experimental
study on anti-water erosion and shear strength of soil-root
composite[ J]. Journal of China Agricultural University,
1996,1(2):31-38.
ZS IR A 7 B o & o B e S G o 8 e w7 I Y
AR AE Bz HG R PRZR LT ] AR AL 2 4R, 2014, 45
(5):125-130.
Zheng Z C, Zhang X Z, Li T X, et al. Change Charac-
teristics and Influencing Factors of Soil Shear Strength
during Maize Growing Period[ J]. Transactions of the
Chinese Society for Agricultural Machinery., 2014, 45
(5):125-130.
Mhibe 22 , 4 i, BEJK , 55 203 X b 2 1k 1 R B p 1k 5
S DI B0 ] KR 24, 2013, 44(10) :1175-1181.
Chen X A, Yang J, Xiong Y. et al. Research on the
soil characteristics and factors of collapsing erosion in
the red soil zone[ J]. Ournal of Hydraulic Engineering,
2013,44(10):1175-1181.
6 H AR SR AR L SRR L 253 R AR — + 2 S AT BT
PEXT AT LT ] K AR 5251 2014, 28(2) . 85-90.
Ge R L, Zhang C F, Meng Z J, et al. The shear property
comparison of three roots-soil composites[]J]. Journal of
Soil and Water Conservation, 2014,28(2) :85-90.
XS T 7 £ 8 DX H L REAAR 52 A IR AR W ) SR pi ik
HLBRAF5E (DRI A ol K2, 2015,
Deng J. The research of biomechanical erosion resist-
ance mechanism forthe common herbal roots-soil com-

posite in southern red soil region[ D]. Wuhan: Hua-

[14]

[15]

[16]

[17]

[18]

[19]

zhong Agricultural University, 2015.

TRAL 2 BB AL R EE A ORI R TR R N P
D35 Bk b 21 2 1 Be 59 9 B (s o [ ). - 3 2 4. 2022,
59(6):1527-1539.

Zhang L Y, Duan Q S, Fan M P, et al. Effects of
maize and soybean roots on topsoil shear strength of
red clay on slopingfarmland in central Yunnan[]J]. Acta
Pedologica Sinica, 2022,59(6) :1527-1539.

T ERL 2 e DR LR RS . LY
PR BTN 2 i (ML b sT B2 e, 1978,

Institute of Soil Physics, Nanjing Soil Research Insti-
tute, Chinese Academy of Sciences. Physical properties
of soill M]. Beijing : Beijing Science Press, 1978.
Martel S J. Mechanics of landslide initiation as a shear
fracture phenomenon[ ] ]. Marine Geology. 2004, 203
(3):319-339.

Wei J. Shi B, Li ], et al. Shear strength of purple soil
bunds under different soil water contents and dry den-
sities: A case study in the Three Gorges Reservoir Area,
ChinalJ]. Catena, 2018,166:124-133.

JH R 2 00 SR o A TR 3 by T S 3 AR
W—LE A IRt ()] A % #2019, 39 (16)
6114-6125.

Tang H, Chen Y. Liu X H, et al. Study on the mechanic
features of root and root-soil matrix of Dolichos lablab
L. hedgerows on the slopes of the karst areal J]. Acta
Ecologica Sinica, 2019,39(16) :6114-6125.

Tsige D, Senadheera S, Talema A. Stability analysis of
plant-root-reinforced shallow slopes along mountainous
road corridors based on numerical modeling[ J]. Geo-

sciences, 2019,10(1):19.

IQVOVAVAVAVAVAVAVAVAVAVAOVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVOVAVAVAVAVOVAVAVAVAVAVAVAVNYS

(k3% 152 7O

[25]

[26]

[27]

Lv]J R, Luo H, Xie Y S, et al. Effects of rock frag-
ment content, size and cover on soil erosion dynamics
of spoil heaps through multiple rainfall events [] ].
Catena, 2019,172:179-189.

R B A, F IO, SR, A5 BE W 4 1T PR A e 2 T
TARMEBURSLRIK U G R 5 =k 3 Jy AR LT 1. 0 A=
A2 ,2020,31(9) :3141-3153.

Nie H Y, Wang W L, Guo M M, et al. Runoff-sedi-
ment relationship and erosion dynamic characteristics
for two types of engineering deposits under rainfall
condition[ ] ]. Chinese Journal of Applied Ecology.,
2020,31(9):3141-3153.

HE T AR H R AR A RO R TR M B R

[28]

K Bl g 2 e A A0 VA R S R AR 1K AR e
2018,32(2) :134-141.

Rong Y B, Wang S, Bai Y J. et al. Characteristics of
hydrodynamics and rill morphology of tapered engi-
neering piles with gravel[J]. Journal of Soil and Water
Conservation, 2018,32(2) :134-141.

SRICER BRI & N IR 4 A 7 b 1Y - R R A AL 1
i AR ) A 5 LD A T AR 2441, 2006, 22(2) 1 64-67.
Zhu Y J, Shao M A. Processes of rainfall infiltration
and sediment yield in soils containing different rock
fragment contents[ ] ]. Transactions of the Chinese So-
ciety of Agricultural Engineering (Transactions of the

CSAE), 2006,22(2) :64-67.





