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Distribution and mechanical characteristics of roots of slope protection plants
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Abstract: In order to reveal the mechanism of soil reinforcement by herb roots, we selected 4 typical hillslope protection plants,
Trifolium repens L, Coronilla varia L, Lolium perenne L. and Poa annua L to study the spatial distribution of root length density
and tensile properties. The result showed: With the increase of the soil depth, the root length density ( RLD) of gramineous
plants gradually reduced in the form of exponential function, w hile the RLD of legumes first increased and then decreased, with
a polynomial fitting curve. With the increase of the distance to the stem, RLD of gramineous plants decreased gradually, while
RLD of legumes plants increased first and then decreased. In the roots diameter range of 0. I~ 3 mm, the average tensile resist
ance of leguminous plants was greater than that of the gramineae plants. Legume$ root tensile resistance and root diameter
showed a power function relationship, and the relationship betw een tensile resistance and diameter of Kentucky bluegrass and

ryegrass was exponential function and logarithmic function relationship, respectively. T he tensile strength of four species de
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creased with the increases of root diameter and their stress and strain show ed alogarithmic function relationship, which illustra

ted that their roots were inelastic. At the same diameter, different plants show ed variance with stress as ranked: White Clover >

Crown vetch > Ryegrass > Kentucky bluegrass. U sing the principal component analysis (PCA) to comprehensively analyze

the characteristics of the plant to protect the slope, we could conclude that leguminous plants were better than gramineous

plants and W hite Clover was the optimal in the four plants.

Key words: grass plant; root length density; tensile strength; strain; principal component analysis
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Fig. 1 Layout of ex perimental plots

1.3 #FsmnE

FE R 0152560 5 5 BT UEAR, IF AR R4
(LG 4800) F1 IPP 553§ 40 F % i AR 1) 25 1 45 A
(RRAC ARAR A5 BEATME 43 B o KA DA AR 2R 4%
< 0.3 mm.0.3~ 0.5 mm-0.5~ 1.0 mm. 1.0~
.5 mm.1.5~ 2.0 mm.> 2.0 mm BT 75
G, B K15 MR, FARKER 6 cm, 7R84
KBle LERFIIAR 2R EAERE 1.5 em 40 RZEAFFRIC, I
FHU b RO 45 AR AR AR, 45 ANbR g A 15 A T ) 4%
DEE 1k, BCP AR AR R E AT, B AR &
FUA RN A b 1R 48, BERLIRORT: Hh A
(10 SRR R FEREATOR A, T 24 h WEATHE )k
Ko $7J7 K HDE-500 300 37 50tk b7 g 1+l
KRG A H G200 £ 7 ) T RIAR R 2 i 1EH,
0.2 s VIV B 1305 KR 2R I i1 5K
J1(552 s Agnd sk 1 REED .
1.4 AR 5%+ 547

i Excel 2007 #11 SPSS 18. 0 #A4:%f 2 % 4y
HREAT LSD 22 3k 434 - 4343 i, Pearson A 5%
AT B origin BEATIE K.

MR B (RLD ) w80 :n ke

L
RLD= 7, (1)

R L K (mm); V o EREAEF (em’) .
S ZA BRpr b & P) b

4F mx
P= g (2
S8 & b (3)

A P OMAR A BRPTF758 FE (M Pa) 5 Fuax g $7 774X

M KA JJ(N) ;s D MR R T B EH 42 (mm); §
HN 3 MPa) 3 F SERHL F3(N) o

2

2.1 TRIMEGBRKEEGZE A

GELY/L e Rl B - AL == M e oy A
0~ 50 em )z, DURMHE A7) 1) S AR 2 FE R I A
AR HORS 1 = NEde, SRR R
ARHEY) LSRR BT GRMEY . R A
[ 2 AR R % R B 3 K T AR LR ) . 3 =
i RS R ORI IR AR /R0~ 10 em I
2, MK RE 2350 2 10~ 20 em Y 2. 28 1.3, 98 1
H15. 65 %, /& 20~ 30 em )2 3. 09 £5.7. 58 i
118,54 %5, J2 KT 30 em + 210 2. 73 £%5.7. 98 1%
Ar16. 11 fife i/ ebfE MR R FEAEPALE 10~ 30
em 2, AR K% R 43 5l 2 0~ 10 ¢cm+30~ 40 cm
F140~ 50 cm [f) 2.32 £5%5.3. 26 f5 A1 4 f5( WK 1) «

1
Tab.1 The vertical distribution parameters of root length
density of 4 typical herbaceous plants

cm/ em?

A L E R
LERZEL 5~ 10~ 20~ 30~ 40~
5 em 10 em 20 cm 30 em 40cm 50 em

M= 1.39a 1.64a 1.33a 0.98a 0.62a 0.49a
NEE 0.20a 0.49a  0.85a  0.75a  0.49a  0.40a
A

oK 9.58a  8.78a  3.25a 0.99a 0.72a 0.42a

12.50b 8.96b 5.38b  2.83b 1.73b 0.96b
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Tab.2 The horizontal distribution parameters of root length

density of 4 typical herbaceous plants

AR K 2
[ERV/REIES
0~ 5 cm 5~ 15 em 15~ 25 em
=0 2.81a 1. 75a 1.88a
/NGEAE 1.0la 1.30a 0.89%
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FaoR 12. 76a 9.94a 1.05a
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Tab.3 Regression equation between root tensile force and diam eter of four kinds of herbaceous plants
LEL/EEES BihL ) FIN Ve BB R? P EAR mm SRR I/N PRI MPa
A= F= 22.843D1 721 0.947 1.1£0.43 37.46%6.59 34.49%£10. 46
AN F=7.0987D1 514 0. 962 1.6%0.07 22.3%9.52 10. 68 £9. 52
RAR F= 0. 4697¢> 39 0.876 0.8%+0.32 6.22%+4.35 14.24%+4.35
LeF 2 F= 2.15In(D) + 4.1983 0.833 0.6%0.22 4.72%9.23 15.63£8. 84
2

Fig.2 Mechanical characteristics analysis of four kinds of plants
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Tab.4 Root parameters of stress strain curve of four kinds of plant

A D/ mm  FPFP 8 K5 JR2AR i [ U5 R?
(= y= 15.173In(x)+ 65.798  0.916
N AE y=7.3909In(x) + 33.609  0.968
022 WA y= 15.172In(x) + 65.799  0.962
HAK y= 8.2946In(x) + 35.474  0.933
[ =t y=29.106In(x)+ 115.35  0.952
031 UNRES y=5.9387In(x) + 27.599  0.977
A y=3.7883In(x)+ 16.97  0.962
SRAPN y= 4.7036In(x) + 18.086  0.920
=1 y= 11.28In(x) + 48.641  0.899
N AE y= 2.139In(x)+ 11.841  0.935
104 T y= 0.9517In(x) + 4.066  0.958
FLOR y=2.9477In(x)+ 12.923  0.979
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Tab.5 Correlation coefficient matrix of different specifications
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Tab.6 The principal component scores
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