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Table 1 Test plants

AR #l F ) T A 3% A

YWITIE(SDW) R Astragalus adsurgens .
A R (MX) TR Medicago sativa A
R (HZZ) A Lespedeza bicolor

i (MI) 2R Indigofera pseudotinctoria
LR (ZSH) R Amorpha fruticosa

Fr4(NT) A Caragana korshinskii

H4IT) T, &ff SR Vitex negundo TR
A CYFM) B R} Rhus chinensis

W2 (OL) R Cerasus humilis
R F(HCM) PRt Rosa xanthina

R (SZ) AR Ziziphus jujuba
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Table 2 Root sample numbers and success rates of 11 plants

iR/ KRS OL HZ7 YEM MJ 7ZSH HCM JT S7 NT SDW MX
IR AL/ A 71 79 96 68 63 45 45 49 88 103
A BB/ A 33 38 42 33 32 26 31 27 31 47

IR E/ %% 46.5 48.1 43.8 48.5 44.6 50. 8 57.8 68.9 55.1 35.2 45.6
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Table 3 Single root tensile force range and average tensile force of 11 slopeprotection plantsroot

T ) 45 Bk AL/ mm VIR EN VAN EEHURL T /N
OL 0.46~2.13 4.00~48.07 15. 83
HZ7 0.54~2. 26 5.00~33.21 17.59
YFM 0.42~2.30 2.00~10. 23 5.90
MJ 0.41~2.28 5.00~122.91 30. 89
7ZSH 0.31~2.22 4.00~80. 67 25. 31
HCM 0.37~2.26 4.00—71.19 22.21
JT 0.39~2. 30 5.00~167.08 71.28
S7 0.40~2.23 4.00~104. 00 35.61
NT 0.35~2. 30 5.00~98. 65 33.68
SDW 0.53~2.20 6.00~23. 88 14.79
MX 0.44~2.10 4.00~70.81 28.96
A . 50 [
10 é%& I ab abc a B ﬁig& II
B 40 a
z 8 "‘Tl"" T abe Z
= abe =
E 6l | abe E 30
Sk ke - i =
B o4t i Z 20
iy iy
2 d 10 -
. N
OL HZZ YFM MJ ZSH HCM JT SZ NT SDW MX OL HZZ YFM MJ ZSH HCM JT SZ NT SDW MX
P Fh 2 THPI RS
a r /}‘Q a
00 ¢ W - 150 D ey l
S - € 120
= 80 'E‘ I
j}g 60 b E 90 - b }1(:
= 40 be b J = 6o | od }F’ l}" bed
El- | de | cd cd ‘Zd E_ de I ‘ 2 i
20 o 4’—‘ —‘ ef ) 3017 ef ef
£ - r f °
o Lo N o O ‘ ‘ ‘ ‘ ‘ T ‘ 0 ‘ e

OL HZZ YFM MJ ZSH HCM JT SZ NT SDW MX
(ER7EUES

OL HZZ YFM MJ ZSH HCM JT

[IEZELES

SZ NT SDW MX

E1 11#MPEENARERRENERTA AN
Fig. 1 Single root tensile force in each diameter class of 11 slopeprotectionplantsroot
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Table 4 Root tensile strength range and average tensile strength of 11 slopeprotectionplantsroot
1 ) 24 B AR S E/mm PUAL o EE ML/ Mpa SEEHCRL s EE / Mpa
OL 0.46~2.13 7.14~26.49 17.48
HZ7 0.54~2. 26 6.19~21. 36 9.77
YFM 0.42~2. 30 0.94~15.88 4.95
MJ 0.41~2.28 11.98~37.28 26.09
ZSH 0.31~2.22 6. 37~60. 20 25.57
HCM 0.37~2. 26 8.59~37.22 25.49
JT 0.39~2. 30 25.25~75.24 49. 50
S7 0.40~2. 23 11.24~32. 66 20. 00
NT 0.35~2. 30 16. 75~74.87 44. 36
SDW 0.53~2. 20 4.00~32.65 10. 56
MX 0.44~2.10 9.31~34.05 21.04
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Fig. 2 Tensile strength in each diameter class of 11 slopeprotectionplantsroot
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Table 5 Ultimate elongation range and average ultimate elongation of 11 slopeprotectionplantsroot
T ) 24 B FRAZ S B/ mm M WA 1 5230 Bl / 6 1 A% BR A A 2/ 0%
OL 0.46~—2.13 3.63~19.53 13.72
HZ7 0.54~2.26 0.25~9.08 4.35
YFM 0.42~2.30 1.48~6. 36 3. 20
MJ 0.41~2.28 6.53~14.56 10.79
ZSH 0.31~2.22 4.04~15. 83 30. 24
HCM 0.37~2.26 0.94~7.98 3. 89
JT 0.39~2. 30 1.20~18.99 9.09
S7Z 0.40~2.23 3.88~14.30 8.63
NT 0.35~2. 30 2.50~24.44 12.22
SDW 0.53~2. 20 3.29~8. 86 5. 18
MX 0.44~2.10 2.39~20.41 9.01
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Fig.4 Regression relationship curve of single root tensile force and diameter of 11 slopeprotectionplantsroot
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Fig. 5 Regression relationship curve of tensile strength and diameter of 11 slopeprotection plants root
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Study on single root tensile properties of 11 kinds of
slope protection plants under simulated rock

slope conditions

YANG Shuang', CHEN Ji-ding’, KONG Ya-ping”, TAO Shuang-cheng®,

WU Hong-yan', LI Jin-bo', SONG Gui-long"*
(1. School of Grassland Science , Beijing Forestry University , Beijing 100083, China ;2. China Academy of Trans-

portation Sciences , Beijing 100029, China ;3. Engineering and Technology Research Center for Sports Field and

Slope Protection Turf,National Foresiry and Grassland Administration, Beijing 100083, China)

Abstract: [ Objective] The purpose of this experiment is to screen out plants with excellent single root tensile

properties under rock slope conditions, and to provide a theoretical basis for the selection and configuration of plant

species in vegetation restoration. [ Method] In order to provide a theoretical basis for slope vegetation restoration , the
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45°slope was simulated, and 11 kinds of commonly used ecological restoration plants (Astragalus adsurgens, Medi-
cago Sativa, Lespedeza bicolor, Indigofera pseudotinctoria, Amorpha fruticosa, Caragana korshinskii, Vitex ne-
gundo , Rhus chinensis, Cerasus humilis , Rosa xanthina , Ziziphus jujuba)were selected through data query and investi-
gation as the research objects to explore their single root mechanical properties. The difference of single root tensile
properties of 11 kinds of slope protection plants was explored by pull-out test combined with one-way analysis of vari-
ance. The correlation between root tensile strength, root elongation and root diameter was analyzed by regression
analysis. [Result] 1) The order of average tensile force of single root of 11 plants was as follows: Vitex negundo™
Ziziphus jujubaCaragana korshinskii™Echinops latifolia>>Medicago sativa>>Amorpha fruticosa>Rosa xanthina
> Lespedeza bicolor> Cerasus humilis™ Astragalus adsurgens™ Rhus chinensis. The order of average tensile strength
of single root was as follows: Vitex negundo™ Caragana korshinskii=>Echinops latifolia>Amorpha fruticosa>Rosa
xanthina>>Medicago sativa> Zizyphus jujuba>> Cerasus humilis> Astragalus adsurgens>Lespedeza bicolor=Rhus
chinensis. The order of average ultimate elongation of single root was as follows: Amorpha fruticosa Cerasus humilis
> Caragana korshinskii=>Echinops> Vitex negundo>>Medicago sativa>Zizyphus jujuba™ Astragalus adsurgens>
Lespedeza bicolor=Rosa xanthina™>Rhus chinensis. In the comparison of the four diameter classes, the single root
tensile force, tensile strength and ultimate elongation of Caragana korshinskii in diameter classes I and II and Vitex
negundo in diameter classes III and IV were higher, and the single root tensile force, tensile strength and ultimate
elongation of Rhus chinensis were smaller;2) There was a positive correlation power function relationship between the
single root tensile force and root diameter of 11 plants. Except that there was no significant correlation between root
tensile strength and root diameter of Vitex negundo and Ziziphus jujuba(P>>0.05) ,the root tensile strength of Lespe-
deza bicolor and Rhus chinensis decreased exponentially with the increase of root diameter, and the correlation be-
tween root tensile strength and root diameter of other plants showed a negative correlation power function. In terms of
ultimate elongation: The fitting curves of Cerasus humilis, Vitex negundo and Zizyphus jujubawere negatively corre-
lated power functions. The ultimate elongation of Rosa xanthina, Caragana korshinskii and Medicago sativa roots
was positively correlated exponential function distribution. There was no obvious functional relationship between the
ultimate elongation and root diameter of Lespedeza bicolor, Rhus chinensis, Hippophae rhamnoides, Amorpha fruti-
cosa and Astragalus adsurgens. [ Conclusion] Under the site conditions of rock slope, Vitex negundo and Caragana
korshinskii with high single root tensile force, tensile strength and ultimate elongation are the optimal selection plants
for slope protection, and Rhus chinensis is not recommended.

Key words: slope protection plants;tensile force; tensile strength; ultimate elongation;simulated slope
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