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Abstract: The Three Parallel Rivers area is located in the northwest of Yunnan Province and is the core area of an
important ecological barrier in Southwest China. The area has serious soil erosion, but is rich in hydropower resources, so a
large number of hydropower stations have been planned and built. With the operation of the power station, the long-term and
repeated changes of the reservoir’'s water level have made it difficult for many native plants to survive, and a large-scale

water level fluctuation zone has been formed around the reservoir. The erosion of the soil in the water-level fluctuating zone
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is intensified under the effects of rainfall and changes in water level of the reservoir. Therefore, studying the mechanism of
soil consolidation by herbaceous plant roots in the reservoir water level fluctuating zone and selecting suitable plants with
strong soil-fixing ability is of great significance for restoring vegetation in the water level fluctuating zone of the reservoir,
controlling soil erosion, and improving the stability of the reservoir bank. In this study, four herbaceous plants including
Cyperus alternifolius L., Canna indica L., Arundo donax var. versicolor, and Acorus calamus L. with a growth period of 18
months were taken as research objects. The self-made in-situ shearing instrument was used to measure the shear strength of
the root-soil complexes and the rootless soil ; the root tensile testing machine was used to measure the tensile strength of the
roots. The Wu and Waldron model (WWM) was used to predict the increment in the shear strength of the soil by the root
system and to evaluate the reliability of the model. The results showed that. (D the roots of the four suitable herbaceous
plants could increase the shear strength of the soil. Compared with the rootless soil, the shear strength of root-soil complexes
with roots of Cyperus alternifolius L., Canna indica L., Arundo donax var. versicolor, and Acorus calamus L. were increased
by 403.89% , 248.32% , 388.50% and 200.71% , respectively; @ The tensile strength of the roots of the four herbaceous
plants all showed a negative power function relationship with the diameter; 3) Herbs with higher root tensile strength,
higher root area ratio on the damaged surface, and more fine roots with D <1 mm, the soil-fixing effect were more
significant; @ The calculated value of the WWM model for the 4 herbaceous plant roots to increase the soil shear strength
was 9.37—43.85 times of the measured value, so the model had a low prediction accuracy for the herbaceous plant roots. In
conclusion, the root systems of Cyperus alternifolius L., Canna indica L., Arundo donax var. versicolor, and Acorus calamus
L. all had strong soil-fixing ability, especially the root systems of Cyperus alternifolius L.. and Arundo donax var. versicolor,
which were the preferred species for vegetation reconstruction and soil consolidation in Huangdeng Reservoir hydro-

fluctuating zone in the Three Parallel Rivers area.

Key Words: water-level-fluctuating zone ; herbaceous plant roots; shear strength; Wu and Waldron Model
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Fig.3 Device schematic diagram of in situ shear measurement
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Table 1 Fitting parameters of the power law relationship between root tensile strength and root diameter

2K Ak 7 B iR
Zijg: * N “ b R? P '1‘en§iii§f£;ma
WAHE Cyperus alternifolius 1. 33 16.755 -1.059 0.746 S 15.13
F NEE Cyperus alternifolius 1. 33 10.558 -1.482 0.680 R 8.17
FEM AT Arundo donax var. versicolor 27 34.640 -1.263 0.740 I 37.89
B Acorus calamus L 44 19.423 -1.558 0.773 SO 20.07

N B a,b S35 BRI REL, » = + KR8 P<0.001 AR 3%

4 FhREAKE PR 2 3BT B/ IMR YR Oy A AT > B > KR 7> 38 A, AR R I deh s B 2 bl 4
LA A HE R 222 7 R BRI /N 35 | B AR /NI AR 2R BT 28 I MR R b i B 5 AR 3 vy AR 5 7 9
MBI NFEAR R RPUPIoR K RGA S T 79.23 MPa ., 62.42 MPa 47.84 MPa il 21.30 MPa, A] UL it
4 FhELAFE YN R AN E DA A B A SR A PTRIR | BEAE AR T R AR
2.2 MR E A ARY R IE R BT 5 S

AL RGP B 5 B SME | AR IE AR ERRE SR T 2,
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Table 2 Physical properties of root soil complex and shear strength

b7 B K A BUBY R
Species Water content/% Volumetric weight/ ( g/cm®) Shear strength/kPa
RAETE Cyperus alternifolius I, 29.64+0.44a 1.32+0.00b 28.47a

% NFE Canna indica L 30.73+0.35a 1.31+0.00b 19.68b

M AT Arundo donax var. versicolor 29.67+0.33a 1.31+0.01b 27.60a

B Acoruscalamus L 30.70+0.68a 1.31+0.01b 16.99b

# 1 Rootless soil 26.71+0.36b 1.34+0.00a 5.65¢

FRBAE N IR EZE (n=3) s ARVNG PR AR BEAE P<0.05 K 1225 B3

A% 2 AT, A A0 B & AR TS A T 26%—32% 22 1] ; 77 2253 0 26 W 4 RSl 2 [ A & K R0 i
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FIAEAERG N T IR B AL S &, s T R EK e ), HIEAEENRRE KRR ILE R K, A
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SRR AR, R R BB IR B R 5.65 kPa, WA= 6 A JEIT 2T FNE T AR 28 % AR 4T 55 5%
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MR AT 3K 30.92 kPa 24.13 kPa 32.68 kPa F120.56 kPa; KU Z=HE AL 27718 142 SR B934T 5 5 5 8 2 =
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F 3 AL 4 FhRE Y EA ST VISR I, AR D<0.1 mm BIAR R IED 405 T SAREN 6%—9% ;L) D=
1 mm 5B MEB R ST ER R AR R, 0<D<1 mm MR RZE0E 5 LS, 2090 80.11% F
74.10% , T 25 NAEFTE T 435114 59.24% F1 58.81% ., 1<D<2 mm FIH 250 R 25 N AR E T IY 5 bR
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Table 3 Proportion of root diameter distribution, total number and average diameter of roots on the damaged surface

AEny AT

=3 Gans RAM Arundo donax var. Al
Diameter class/mm Cyperus alternifolius L. Cyperus alternifolius L versicolor Acorus calamus L
<0.lmm/% 8.76+0.01 8.95+0.01 6.30+0.01 8.26+0.01
0.1-0.2mm/% 13.92+0.01 8.36+0.01 11.30+0.01 11.66+0.02
0.2-0.3mm/% 17.01+0.01 5.80+0.01 16.46+0.01 11.46+0.01
0.3-0.5mm/% 16.77+0.02 9.79+0.01 17.06+0.01 13.06+0.04
0.5—1mm/ % 23.65+0.03 26.34+0.02 22.97+0.03 14.38+0.02
1—2mm/% 11.63+0.01 29.22+0.01 16.97+0.03 28.28+0.06
>2mm/ % 8.26+0.01 11.54+0.01 8.93+0.01 12.91+0.04
Y EH AR Average diameter/mm 1.23 1.01 1.61 1.08
35 AR EL Average total number of roots 243.33 106 206.67 144
FHRRSERER 207.31 119.11 235.29 142.67

Average total root cross-sectional area/ mm?
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Fig.4 Shearing strength-displacement curves of root-soil composite in situ measurement
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Fig.5 State of root system in the root-soil complex of Arundo donax var. versicolor under shearing and destruction
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Table 4 In-situ test and modeling prediction values of anti-shear enhancement of herb root systems
PRI Model prediction
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