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Abstract: To study the reinforcement to soil by herb roots along the Qinghai-Tibet railway, an artificially restored
grassland along the Qinghai-Tibet railway is selected as test site. By conducting tensile tests to a single root and
direct shear tests to the root-soil composite system with its growth period of one year, such mechanical indices as
roots’ tensile strength and shear strength of root-soil composite system are quantitatively assessed. The results
show that the values of the mean root diameter, tensile resistance and tensile strength for the combination I
(Agropyron cristatum + Puccinellia distans + Poa crymophila) are greater than those for the other combinations.
Moreover, a positive power function can be introduced to describe the relationship between the root diameter and
its tensile resistance for the three species, while a negative power function is introduced to describe the
relationship between the root diameter and its tensile strength. In addition, the cohesion of the root-soil composite
system for the three species exhibits a decreasing trend with the increasing soil depth. Of the values for cohesion
for the three species, the cohesion for the combination I is 32.62 kPa, greater than that of the other two
combinations by 15.3 % and 57.7%, respectively, suggesting the excellent capacity in reinforcing soil. The results
may provide a theoretical basis for the prevention and control of the alpine grassland degradation, soil erosion,
shallow landslides and other geo-hazards and eco-hazards along the Qinghai-Tibet railway, and are of a practical
guiding significance for ecological restoration by planting vegetation along the railway.

Keywords: Qinghai-Tibet railway; artificial restoration of grassland; tensile strength of single plant root; root-

soil composite system; shear strength
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Fig.1 Combination and growth of three kinds of herbaceous
plants planted artificially in the self-built testing area
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Fig. 2 In situ sample preparation process of the root-soil
complex samples of three herbaceous plants in the testing area
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Table 1 Experimental results of the physical property indexes of

BRI AR

the soil mass at two different depths under the surface of three

different combination planting types of herbaceous plants in the

testing area

SR BE/(grem ) SRR %
HAFIAEIE R

12 T2 0= T2
HAEFKMI 2.03+0.06  2.06£0.06  16.70£1.98  15.99+2.69
HEIEL 2.00£0.10  2.05+0.23 18.30£1.12  16.45+5.66
A 1.994£0.03  2.00+0.06 17.16+2.45  15.39+£3.22
HENRL 1.96£0.09  2.04£0.09  16.99+2.15  17.41+0.04
HAERRI 2014006 2.05£0.06  18.06+1.98  16.87+2.69
HAEMEL 1.9940.00  2.00+0.05 16.99+0.88  15.35+0.49
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Table 2 Statistics of the root characteristics of the root-soil

complex samples of three combined planting types of
herbaceous plants in the testing area
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Fig.3 Relationship between the single root tensile force, tensile strength and root diameter of three different combined planting types of

herbs in the testing area
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Table 3 Fitting function relationship between the root and mechanical strength of the root-soil composite samples of three combined

planting types of herbaceous plants in the testing area

HURFHL WU
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[l et R EIER e R
Rk y=11.03x""" 09215 y=14.072x "¢ 0.708 8
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b LR 3=9.2589x""° 0.702 8 y=11.789x " 0.703 1
W y=4.2647:""° 0.7379 y=4.094x """ 0.843 4
LA TR y=17.366x"""" 09303 y=22.111x 0.703 7
R 7=6.8425:"2" 0.907 2 y=8.7114x """ 0.750 0
TR 7=2.5499:" 0.701 4 y=3.2906x ¥ 0.9210
AT Rt R y=8.0364x"* 0.880 2 y=9.9354x 7% 0.7229
RS 7=3.0709:"" 0.738 3 y=3.7758 " 0.8193
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UNTE N R A =R R N RS e VA e
S A BR VK EL Y 6.0, 5.4 1% .

x4 RBEX I FESLR D 6 MERLRNMIXWER
Table 4 Tensile test results of the single root of 6 herbs of 3
different herb combination planting types in the testing area

He ) IR R RS
S v e
JRHUKEL 0344024 3.09+3.20 40.68+27.23

HEHMI [IEe 0.28+0.12  1.70+0.63 36.87+21.32
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HAZEAM AHWREHK 0124005  0.60£0.35 56.65+25.25
RS 0.13£0.06  0.50+0.27 50.60+35.47

TE: e SRR R T B RE AR B 308k

FHR b, 20 A 25 1 b 3 R AR HOP R AR ok
/MR M E B (0.16 mm) | B35 (0.15 mm) . Ffl
PEHHRE (0.10 mm), 3 Bl REAE- 3 AR BT ) i K &/
MR R B8 (0.83 N) . T AEBE A7 (0.73 N) | A
(0.68 N), Bdi ¢ FRAR BT 7)) K F Hofth 2 FhRE A, FOF- 3
PR TR Ty 43 0] O o RE B A R L R R LAY 11 A%
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Table S Direct shear test results of the root-soil complex of three
combined planting types of herbaceous plants in the testing area

Y1555 S cfEi/kPa ST N PR £ o EL/(°)
AR

L2 T2 = TZ
HAEERML  32.62+11.74 18.61+11.62  19.78+10.86  23.81+8.01
HEIEL 19.81+4.20  22.85+23.48  20.74+19.39  26.73+7.51
AAEHRMI 28.2849.61  27.61£20.57  29.96+3.60 23.93+11.84
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HERMI  20.69+11.74 7.36+11.62  31.55+10.86 24.87+8.01
HAEMET 1437+9.62 14.94+4.10  27.02+424  24.68+1.00

A M, 3 AL A H R ER-+E SR EHER T
cfl, R KRE/MRK NA A A 11(27.61 kPa) |
ZH AR 1(18.61 kPa) . 2 A 257 111(7.36 kPa) , 4 &
RN R -+ 82 AR EER T c Al A2
RUT, AR I Y 1.5 0% 3.8 s AHZS UM, 3 Al
AHTEZLVPFHFHRI c b KENMEK NAE
I% +(2285kPa) . & &K+ (2142 kPa) . 4H &
I %+ (1494 kPa), HE 1 & T+ F BB S cE 05
HHAGN R L A MR LM 11465, 1.5, sk,
HAETL M HEFZRELENFERS i, WRFHEL S
KA TER-LEEEFERT) cfE, Bailh Tz
-T2 A EREE T o 1.2, 2.0 %, [, R-+E24
R (L BE A TR R I mi B (%, mE L FR T
o fH I i R 38 o 2 T A K AR B 3RS
MR-+ 58 AR K& N EEE A o (IR R W3
PEASfE R . B X LR R 2 2 R AL AR -
52 AR BT R R AT, 3 Rh A A HAR -+ B A AR Y
55 B o S A T AR ) B T o g 4 O, LA R AR
WH 753%., 2.43%. 181.1%, Wil 6 FhEL AL R A
AR ER AR -2 A RPUSYSRE EH, B —E
R S L A I MR T R L i S K G AR Ak
k0N

3SMAAHMR-EE AR ZLEHR N cEHXAR
wmE 4 s, 3MAAHER-EE A5 EFHRT) c(HEMR
W EERFTENRE, B+ HERERT c(HEH N
TE¥YRTLE. #E—50Hra 2], 7805 X ) %
PUR AR B 41T, 3 Ml A H FER -8 AR E
RO cHHPBRTEL; FTEBRAGEM I SHE
NEI, HELFHR N cHYRTR-LESIK, 4
B, H AR TR - E A RE R T o fl, I
‘B2 A A 2SR B A X A K R AE, LR
c B 1Y 58 hi g BE N 64.6%. R, 3 Fhel &2 R, 4
AT HMR -2 SRR o HAX KT HAL 2 FhéH &
FhoAR A 37 — P 8 S R i A R B LA A X
T Sy S 3 1 4 A AR VR, O T VR SR X N AR
PG AR

35p 326 OLE OFR
30k 28283761

<
(=)
2 25 20.6
i 20} 18.61
Q
=15F EZ
o
% 10}
5 L
O 1 1

9
7.36
FERE =3Il HARMI  HAKMII
(a) R-+E A&
2142 OFZE BFE

1?% 14.3714.94

HAENE+ AAHME T
(b) £+

4 RBEX3MASGEIERENR-TESEHRHN S HEE

Fig. 4 Distribution characteristics of the root-soil composite
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