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Fig. 1 Illustration of the herbs going in the PVC tubes

ABR&, WRE S MR E A p i A S K

B2 =R g A s g % R LR ) R G
AR B R G0, N A A 4 s A B el
RGVH b, HES TR, SYIERE 414
mm-min~', FE 432 U A AR Y o e AR JE A
DA NS N Tl AR A P U N S R SR W S RN
gl 1) B AR IR ) 20% , IS A, X T AR A F
20% AN ARBEIR B FEA, H 5T 580 B B IOV A2 SR 159% XF
BRI, BRI E AT .

C=%a (1)

L, CHHARFEER T, kPa; olitimEAE R B
NiJ1, kPa, &30 (2) iTE

a=£ﬁ5><1000 (2)

Lo, Lok 240, N-0.01 mm™, A5
R E RN 7.238 N-0.01 mm™'; R 73t
B, 0.01 mm; ANKIEFIXFER, cm’,
1.4 FERAFEENE

MEIRTE AR R AR . ARE. KRR R AR
WA E By F, R RO B R i AR &R A B
BIFGIT AR AR AR | P EHE . R

MR .

WEIRTE AR % £ ( Root Density, RD ) AHYIRHE
R0 B A T R R A

MR THAR R HARKINA—, AR, HE]
4 ~F- 347 B AR R G IO AR o 5 8 3 e A T P A R
BRI

HRTA AR Lo i SR T AR &R Ak AR A S Ak
WmEARZ e,

FERAY & A o TR 40 B IR 5 1 B i A 4
i, O E TR, MIF A, KRR R,
FHW K AR AR R R TR 45T, PR 2000 5 i &
MR, SRETEALST P,

O=MR/M x 100 (3)

L, OFEE, %; MWHERNRAMT R
i, g, MAMARIRR R, g.
1.5 BiRHEE N E

20164F 10 7 2 BUFP 7E = B Ak K2 I 1 iy AR
MR . W5 SHEERA, wEET. M
BRI R AR, FARBERI00 N, KE
0.05 NAY 1L EE B SN 100% i 47 F1 3 58 AL 1 2R
PrhiJy, SR ETERAR PR v REE H 100 N9 &L
T, RIATT R ML TR 20 AR A 2
B AR R T h i A R bt bR . AR R E

http: //pedologica. issas. ac. cn



3 4 Betnas . AREAYR R

25 JCBR A2 1 b AR PR 470 3 i 653

T-brhrsm o R R E, IR R T RE e BN R B
BRIAR, JCHJEAR AN sl E L AAR , PRIE SR BT
R - AR R RE ] FEME

2z R

21 EXREYRAEEDFEROEE

32 F 56 A R B 0 A0 RE R S K L

%=1

Flo QTR0 HT, A FAEYIAE R 9 40 A5 K i
] AR R T s e, (HEMT S R LW
SR IR A B o A AR MR B AR R B K R B A
TR AR, PR R AT AR A A A ) AR AR
Fo T A HERURL ] B S B, REAR A B D, R
M W 1 K A o r TR I R DN TR I
DRI I A R A A 46 R % R /N T B R R R B0 A A
W

ZEAEFRIBMER. MM KERMEN

Table 1 Saturate density, saturated moisture content and cohesive strength of the compressed solum

AL FE Treatments REVEE Depth/cm
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WHEKE of/% FET1 C/kPa

%+ Bare soil 0~50
e YA e 5 0~25
Setariaanceps Stapf ex Massey L. 25 ~50
B 0~25
Dactylisglomerata L. 25~ 50
0~25

A H fE Medicago sativa L.
25~50

1.38+0.04 73.68+4.12 0

1.31+£0.04 61.98+3.94 4.7540.35
1.30+0.03 63.24+1.39 3.10+0.24
1.26+0.02 62.99+1.35 4.04+0.23
1.26+0.01 63.76+5.41 2.32+0.09
1.26+0.02 65.88+4.68 1.39+0.31
1.25+0.01 67.03+4.62 0.71£0.17
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Fig. 2 Shape of the soil samples with PVC tubes removed
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Fig. 3 Relationship between stress (o) and strain ( € ) in the root-soil complex
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Table 2 Eigenvalues of the roots in the compressed soil column

Qb B RS [N e ) e A T AR 2% I T AR T R L FEM AR it

Treatments Depth/cm HA&D,/mm RD/(number-cm™) RAR/(x 107%) Q/%
A YA 0~25 0.24 + 0.02 3.80 £ 0.49 2.243 +0.372 0.249 + 0.024
Setariaanceps Stapf ex Massey L 25~ 50 0.17+0.01 2.22+0.31 0.853 =0.261 0.083+0.011
e 0-~25 0.19+0.01 4.09+0.41 1.327 +0.183 0.209 +0.028
Dactylisglomerata L. 25~50 0.11=0.02 2.57 +0.48 0.551 +0.203 0.097 £0.012
EWHET 0-~25 2.29+0.39 0.20 £ 0.03 10.311£3.030  0.430+0.092
Medicago sativa L 25~50 1.35+0.20 0.20 £ 0.02 4.640 £1.704 0.184 = 0.044

e BFFAEO ~ 25 cm. 25 ~ 50 cmMNIREEVE B N A TR AZ K, FR SR TR EE B A MRS Note: Each herbs

has 7 samples in two depths of 0 ~ 25 cm and 25 ~ 50 cm, the average values and standard errors of the 7 replicates are all in the table
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Table 3 The relation between characteristic value of roots and increment cohesion
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Effect of Herb Roots Improving Shear Strength of Unconfined Compressed
Solum

DUAN Qingsong ' ZHAO Yike' YANG Song” WANG Jinxia’ YANG Yang®
GONG Aimin > SUN Gaofeng' YANG Cangling' YU Jianxin'’

(1 Engineering Research Center of Science and Technology of Land and Resources, College of Water Conservancy, Yunnan
Agricultural University, Kunming 650201, China )
(2 College of Water Conservancy, Yunnan Agricultural University, Kunming 650201, China)
(3 Southwest Nonferrous Kunming Survey and Design Institute ( Institute) Co., Ltd, Kunming 650051, China)

(4 College of Water Conservancy and Hydropower Engineering, Hohai University, Nanjing 210098 , China )

Abstract [ Objective ] The aim of this study was to explore effects and mechanism of herb roots
in natural state improving shear strength of unconfined compressed solum, so as to provide a scientific
basis for calculating the capacity of herb roots to reinforce slopes and selecting proper species of grasses
to grow on slopes. [ Method ] The experiment was carried out at the experimental farm of the Yunnan
Agricultural University, China. In January 2016, a total of 40 PVC tubes, Slcm in length, 110 mm in
diameter and 3.2 mm in thickness were all cut in half, and then the halves were bound together by pair with
rubber bands. Upland red soil < 5 mm in particle size was packed into in these rubber band fixed tubes with the
bottom sealed with plastic film up to 50 cm. The soil in the tubes was 28.31% in moisture content and 0.78 g.cm™
in dry density. The tubes were divided into four groups, 10 each. Three groups were sown with seeds
of Setariaanceps Stapf ex Massey L., Dactylisglomerata L. and Medicago sativa L. 12 seeds each tube,
separately, in May, and the other group left unplanted as control for comparison. Besides, the three species
of grasses were planted, separately, in the field, 1 m2 each in plot area for determination of tensile strength
of the grass roots. In October, out of each group, 7 tubes were picked randomly, placed in water for 24 h
until they were fully saturated, and then removed out of water. The tubes were split off and the soil columns
inside taken out. Shoots of the plants were cut off. The soil columns were cut into two, 25 cm each, in the
middle with a hacksaw. From each half of the soil columns, a section of 20 ¢cm in the middle was taken as
test samples and the section was 10.36 cm in diameter. The samples were analyzed for saturation density

and saturated water content and tested for unconfined shear strength on a SJ-1A type strain controlling
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triaxial apparatus (made in Nanjing Soil Instrument Factory, China). The test went on in line with the
geotechnical test code (SL237-1999) of China. Before the test the pressure cell and pressure system was
removed from the apparatus and then the sample was put on the platform of the triaxial compression system
for pressure test with a shearing rate of 4.14 mm-min~". A dial gauge was used to monitor deformation of the
soil column and of the dynamometric ring and record the process of ess-strain until collapse of the sample
or the total axial strain reaching 20%. For soil samples that stood the pressure even after the total axial
strain reached 20%, their shear strength should be the value that corresponded to the one when the strain
reached 15%. After the compression test, the soil columns were separated along the failure surface, and
then the roots appearing on the failure surface were counted and measured with an electronic calipers for
diameter; Biomass of the roots in the sample was measured after the samples were oven dried. In October,
roots of the three species of grasses growing in the field were dug up and measured with an electronic
calipers for diameter and with a Shandu SN100 tension tester and a universal testing machine for tensile
resistance of each root. [ Result ] (1) The root systems of all the species of grasses enhanced the cohesive
strength (A C) of the 0 ~ 25 cm soil layer by 4.75 kPa for Setariaanceps Stapf ex Massey L., by 4.40 kPa for
Dactylisglomerata L. and by 1.39 kPa for Medicago sativa L., and that of the 25 ~ 50 cm soil layer by 3.10,
2.32 and 0.71 kPa, respectively; (2) AC (increment in tensile strength) was significantly related to root
density (RD) and root area ratio (RAR) of Setariaanceps Stapf ex Massey L. and Dactylisglomerata L. roots
in the failure surface and root content (Q) in the soil-root complex. The relationship between Q and A C was
the highest. However, A C was not related with mean diameter of the roots (7,,). In the case of Medicago
sativa L. A C had nothing to do with all the four root parameters. [ Conclusion ] Setariaanceps Stapf ex
Massey L. is the highest and Medicago sativa L. the lowest in the effect of enhancing shear strength of the
soil. AC of Medicago sativa L. varies sharply, being higher in the upper half section than in the lower half
section. As Setariaanceps Stapf ex Massey L. and Dactylisglomerata L. are herbs dominated with oblique
root, among the three root parameters, RD, RAR and Q, Q is the best index for calculating A C, which
makes it feasible to use the probability theory to calcuate stability of the unconfined compression test of
samples collected from a number of sampling points on a vegetated slope.

Key words Herb; Roots; Unconfined compressive strength test; Shear strength
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