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Abstract; [ Objective] The effects of soil moisture content and root area ratio on the soil consolidation effect
of Medicago sativa and Euphorbia hypericifolia root systems and the interaction mechanism of root-soil
were studied in order to provide scientific basis for selecting plant species and controlling soil moisture
content in ecological restoration of mines. [ Methods] Wild M. sativa and E. hyperici folia were observed on
a Haizhou open pit mine slope in Burin City, Liaoning Pvocince. Tests were conducted to determine the
tensile properties of the root systems. The root-soil complex shear test was used to determine the optimum
moisture content of the root systems of the two plants. The root-soil composite shear optimization test was
conducted based on the optimal moisture content to determine the optimal root area ratio for soil
consolidation efficiency. [ Results ] D The tensile resistance of the root systems of the two species increased
as a power function of root diameter. The tensile strength of the root systems decreased as a power function
of root diameter. @ The cohesive force of the vegetative soil and the two root-soil complexes tended to
increase and then decrease with increasing moisture content, and the angle of internal friction tended to
decrease with increasing moisture content. @ The M. sativa and E. hyperici folia root systems had the
greatest soil consolidation effect when the moisture content was 25% and 21%, respectively. @ At the
optimal moisture content, the greatest soil consolidation efficiency was achieved when the root area ratios of the

M. sativa and E. hyperici folia root systems were 0.04% and 0.08%, respectively. [ Conclusion] The
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morphological and mechanical effects of the E. hypericifolia root system made it the superior species

because of its greater soil consolidation than the M. sativa root system.

Keywords: shear test; moisture content; root-soil complex; root area ratio; Euphorbia hypericifolia;

Medicago sativa

R P TR AR A K N T, s
T Y 8 A U S M BT U E R AR R R I R R
BN B2 A [R) I 7 A RV B K gk . TR
WA A BB IR R F AR R A A R iR
T S R 0,5 G AR AR A A R W) B SRR A8
Y AR ol B 1R E Y K R R B
T R AR AR RS A AN A A
B TR G G X I SR AT B A S R O Tl
AEL ) 8] - 4 3 2 05 g 2R FIAR R L R A
MR R . MY 25 16 35 m AR T, BEAR K2 3
FRECE R AT BT o Y R ) 25 v R R 4 R K,
DRETXTRZ Ry bt TRZ AR R A 1A B
YERDE MU - 525 1, 4 5 AR T893 B IR B Fv R
RN OR E VES Bag (e SR AN R (S I S L
YR, WEMEZEMRRILFEAE YW L ARRIE 5
It e . RZHWR R AH B2 LU0 0% H w5 )7
0] o N A

P AR 2R ] A 4 B 80 R — i sk et i A0 59 1)
FRPE AT AR . AE AR 2R B0 P A I 2 A AR R
T AR A SE AL . ORI RE AR R Y SRR AE AT
PrVERE AN R, HLpT PP e 2 AR LK 55 R 1Y
Wi, BT HE LRE A E . YRR AR
Tt 1 22 S {9 2 AR T AN [ 25 TRk 52 38 5 90 ) )
W BRI S b A e A 3. XA,
HR A B 007 T AR - ST Y R 48R RH ) LA SR R =2
NSRRI ESE AN E S (S RN/ =T S SR X N
PPy sR . R AR ERPIBY R E FEA 3 K
Jy2g AL, B WWMHMY (Waldron-WU-model )
FBM!* (Fiber Bundle model) , RBM"* (Root Bun-
dle model) . 84 58 3 FY KLy RBM . {H A7 7F — &
AR AR A AR Y D)0 T AR T AR
R AOR ., ER A T2 E R =
B 50 X AR A R BB 5T iR BE HEAT A ST AR 1A
Prpp 2 AR RIE AN L E KRS CE AR
R AR | A PR R DR A2 45 R 3 % Bt
SY SR EE S AR PR () 52, VT 222 AT ) AR BT 4
S PRA7C B 5 R Bl A5 K % 04 T T R AR, R
GV R B Y STKRERRTHERE MR EE
A AR BT BT 5 EE B S K ARG s B R R
T KA R RN Se g RS TV 9% L o B A A R
R et 1 AR B 5 /N AR IR AE T X (Ley-

mus secalinus) 154 (Koeleria cristata) SR 845
PR AT B3R , & IR 5 ) B AR AR T AR L £ R
{G# ¥, Hamidifar 2% % & MR 2 (Vetiveria zi-
zanioides) R 15 4 VR IF JE FL BT 50, 25 S 3R B B R
TN EEEE MY SRR MR R IEASE, 28 B,
% 18 - e K R AR R I B (R RARD 5 39 D14
PEZ 8] 56 28 O U 22 IR o HL 85 738 10 1 B8 A ' A
K HUL RAR FE MR AR & IR IR B 5E 8D, K%
A RAR X35 U) 45 14 0 52 Wi 38 75 A DE ST . A
SC LA N 5% KA 301 3 5B Ab A= 8 AR A A ) B
BEFEXTAR . LLE KM RAR 8 e R R AR £ 4
GBI UIRR R T AR R R B 0
WAREBLRERE, 4 RAR R4, o748 & Kk K, T J#
MR8 AR U156 3R HL 2 P B A A AR AR 4
FEE KR Dl & K 300 BEmli R AR+ &2 & kY
YIE AL 55, 38 5 ek 8 RAR, 15 21 & £ B 4 208
RAR, BFFERUR AT 1A 2518 52 rb jil ) b 258 ) 3k
YR, e A K R A o) B BERL A K

1 MeH5J5ik

1.1 R

TR AR R B8 T A8 R T I M R R
WAL AR A AL T A2 121°41'1.58"Jb 26 41°59'57.44",
MK 143 m, FHREHKAE T HIEE 30 cm X 30 cm HH4)
AKX ERREAEY M RZ G, RE 5
10 em ¥R BE Y [ 9 4 B8 0 A 326 48 N [l S 06 &5 4%
2B (GB/T50123-2019 ) b e JF J& + Tk 5620,
PLIR TN AS H R E N 1,32 g/em® 5 RLME T 045
T RER SRS KRN 14.98% 5 L pH (A 45 4 pH
(EA 8,41 5 LAV 2 B 3K 5 U0 2 100 45 R S 0 323 R 43 3]
R 29.25 % F119.39 %%, Vi FR 248 + Hy AT SR A 2 3 3h
PR FBR K 2, BARR R A 1 T IR A A i B
[F] DR 285 B g S B 5 7K 8 5 A 40 0k T A - A 0K 9%
it 1 >2.00, >1.00~2.00, >0.50 ~1.00, 0. 25 ~
0.50,0.074 ~0.25 F<C0.074 mm 4 POk 4> 91 5
23.70%,10.78%,10.02%,17.78 % ,31.05%,6.67 % .
R Bk AR R A Sk S BT B E E L 0 2 mm
o TR R R TR e i I e - S N S o
Wk 2% Bt >>1.00~2.00, >>0.50~1.00,0.25~0.50,
0.074~0.25 F1<C0.074 mm k43 915 14.14% .
13.13%.23.30%,40.69%.,8.74 % .



% 6 39

T 25 < A0 A 5 AR R R ) e 59

T o S A R ST DX AT 9 Bh A
W4y 9 kB B T8 (Medicago sativa ). i B B
(Setaria viridis) JIHi 5 (Plantago asiatica ) . S i
(Iris lactea) B WL (Euphorbia hypericifolia) ./
AE VL5 5L (Bidens parviflora) B M2 4 (Pharbitis
purpurea) . K AR M (Melilotus officinalis) . Pt Fp B
(Bothriospermum chinense), %8 4K KM, o1
T RE RO W R e A5 i 48 R 55 4K A R 0
AL E AE B Z AR R RO AR R LR EAE
Do o S S (UM =15, K 7 R ) o P b ) RRA B 1
JEE P FREEIE N M R MR R TR AR AR SRR IR A
DA A58 52 1Y AT R 22 M 5 3 ) R — AR AR AR R
b KRB A F 3 5T DX BOE AR 34l 3 R A X
A, B AR RO SRS B R ROR I T 2y
MARIEA S W AT RS20k, 2 Fh BOA R U 34 S oF
G D) b A A AR A DXl 1 3 TR W B 2 Oy 370, AR K
W0 6 N o REER R A RKIER o E R
AR AR o SR FH A0 e Y0 TR ) SR 4 0 e o ok SR AR
REZBP . MY T 2022 4 9 A RHEKEZ
P EAZ G L 32 S K v Uk 25 AR R ST L R L O TR
KA 5 S B  — A8 AR AR TR R Ak
5, 5 — MR TR Z SRR, ARl
AT 4 CORRREEIET 7 d WSERIKT ., 2 Fhk
ASHE ) B M ZR 12 el AR R0 A ZH A L 5% 48 A AR AR
MR Z AR D 5 3 5 R AR R AR ik iR R A,
R 5 2 AR X AR R IE AR A R 4, 2 Fh R AR R AR R
BB T = MR,

1.2 REFH*E

12,1 BARAR R AR BRI 2p-500 %L
AR E G 500 NLKGE £0.1 ND, i 3k B ir
AL SN ST E VPR BN EREAVE T RN i I
RO 3 T 2 L1 R W AR R RO 150 mm, A 2
£0.01 mm), PFPAE Y3 7 T8 bR AS R AR A2 1
HEZR L BT ) 3 WO AT B A 25 s B /0N (AR AR AR AR/
AR R K (100 £5) mm PR BL, il & 4 T A R AR
R PR Ry — AN A R AR Rl . AR
BRT 1 mm B ARBPI NG AR 2 HFFAE 0.3 mm Z
P 25 (B Y 5 RAR/N T 1 mm B AR B iy L
BREMEHFE 0.1 mm Z W, M ZMEMEFE. b
ARG ) 0 ) AR A i A e ] 3 L ELAR
WOV S MEAE 2R Be AR AR IR0 s o B AR B I 22 1
B ARt b W I ph e B R L [ E I g AR 1
H7 10 mm, i E AR K 80 mm., [ ERES P
MEEESSS IS R N i T I e R 127N
SUN L SR NE AR LRSS N R L SR S T4 & R

B PO B AR B[] 1/3 o7 AR 47 7 A9 Hcdls . B r
SRS A (DI,

4F
T—J (D
HFF AP IN); d IRBREL(mm); T AH

P (MPa)
1.2.2 F ik

(L WEEH5EFI R, o8 #%(GB/
T50123-2019 )hR " il & AR + 52 & R IR . P b 5
A FE PR RSB BEAL 8 AR K OE R R AT E 5 A R
B 0.3~1.00 mm., BYBRAIAR  A0HR . 5 Bl K
2 em HE L AREL, FH B 48 9% 51 57 BRI, R il £ 4R
FT 4 CUKFHGEE, BT UIKAFE S48, R ©61.8 mm
X 20 mm( A X &, BRI 2 999.6 mm®,
B RAR £ 4l 46 0. 04%, BV AR & A% 4w ALK
1.2 mm® , AR 25 A8 A 1 B o 30 B R RO 2 AN (R AR B
HE AR ARG SIS . RAR M 208 % i AR A L 1k
B A Z . B KR LL 2% AR fL B B, 4%
13%,15%,17%,19%.,21%.,23%,25% F1 27 %KX
HEATICE , B XF R 2 K R E A R Loy U 1R
RSB e 24 AR B SRR IE TR A S
HERE 8 h, BCE 7R RR S R R KRG
B KB EE KBGE B AR R B KRB 2
6], B IR AR R A A AR IR A R A AR, AR E S
A% 3TN 5 — WKL 1/3 T RE I 5 5% S i ok
1 RAR R R H ¥ 54 A LA, FEA 1/3 +
FERR R R S FF R PR R ARG 1/3 8 I+
AP 2 S o = e o & - 15 i) 1V o = TR AL 8
I3 ORI 1Y 5 R A S S DT R AR S
EE s . R EE A AU R 1 R,

WEE ARV T T TRERAKR¥ %S
TR TR, Y% N 2.4 mm/min,
7)) AU AR P ) 20 B B A (DU ERBY) i AT H AR )
R AE 4 A% R 1 (50 kPa, 100 kPa, 150 kPa,
200 kPa) 51 FXAAR 8 AR #87 U il g, R
P 25 R LML G T AR 8 A R T B AR L 09 26
RN EEESS TR AR

T, =otang+c (2)

Koo, ERPLIT I E (kPa) s o N R BT K 3R
(kPa); ¢ HEEFEERF (kPa); ¢ I HEEMC) .,

() RMEESEIRAE . AT — L ®
RIS AR 52 G R R D3 RO SR A i
iR RNy U TR i KN e o = S N -
21% .7 RAR JFJR R + &2 &5 Uik ik, 2
FRRIAHE Y 22 RAR BRJE B4 0.02%,0.04%,



60 K - PR 4R

%43

0.08%,0.12 % F1 0.16 ¥ ., B AR Z A % 1 A2 4031 >4 0.6
1.2,2.4,3.6 Al 4.8 mm’, &t 10 AR+ B G K L4
R 5 A A T BN A 3 e i A AR R A e R o
RAR, FHAAE 65, 55 U i B 5 AR - 2 & 1k 55
YA, R -2 5Kt Bl 2 s,

ZEVE O LB SO D B R A BT O AR AR AE A R 2y
i o YT 2 FAR R ¥ 50 A7 35 2] A0 4 T O 45 ik
SEACTEAE AR AR B TG R 2 5 5 ol ) AR R
HF AR ) SN RS € -2 L3 7EN
LG AR A BT DD | L 8T U b AR Ak

R+ &

B1 RiEAGEINLETRE

Fig.1 Process of root-soil composite shear test
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Fig.2 Root-soil composite shear optimization test
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Table 1  Shear strength indexes of plain soil and root-soil composite at different moisture contents
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Fig.5 Variation of cohesiveness with moisture content in
vegetation and root-soil complexes
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Table 2 Shear strength indices of 2 root-soil

A (3

composites at different RARs
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T % c/kPa /() Ac/kPa
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2 0.12 15.72 26.24 6.61
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Fig.7 Schematic diagram of forces during shearing of root-soil composite
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