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Soil aggregate stability and erodibility of vegetation concrete slope

MA Jiaxin2, XIA Dong?®", Al Shangjin?, SHU Qian'?, MA Yueyang?, LIU Fang?3, YAN Shuxing?3

(1.College of Biology and Pharmacy, China Three Gorges University, Yichang, Hubei 443002, China; 2.Engineering
Research Center of Cement Based Ecological Restoration Technology, Yichang, Hubei 443002, China; 3.College of
Hydraulic & Environmental Engineering, China Three Gorges University, Yichang, Hubei 443002, China)

Abstract: The stability and erodibility of soil aggregates under three treatment conditions, including fast wetting(FW),
slow wetting(SW) and mechanical disturbance(WS), were analyzed using the Le Bissonnais method in this study. The
experimental materials were the soil of vegetated concrete ecological restoration slopes with restoration years of 1, 3, 5
and 18 a in the city of Yichang, Hubei Province. The results showed that soil aggregates under SW treatment were
dominated by =5.00 mm particle size, soil under WS treatment had the highest percentage of aggregates with =5.00
mm particle size, but its ratio was lower than that of SW treatment, and soil aggregates with <0.25 mm particle size had
the highest percentage under FW treatment, indicating that soil aggregates were highly fragmented after FW treatment,
and less fragmented after SW treatment. The mean mass diameter(MWD) and geometric mean diameter(GMD) values of
soil aggregates were the highest in the SW treatment and the lowest in the FW treatment, while the soil erodibility
value(K) was the opposite. The relative dissipation index(RSI) of soils were greater than their relative mechanical
fragmentation index(RMI) at the same restoration years, indicating that dissipation induced by rapid wetting was the main
mechanism of soil aggregate fragmentation. Under the SW and WS treatments, soils from the slopes with restoration
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years of 18 a had the highest percentage of =2.00 mm grain size aggregates, the lowest percentage of <0.25 mm, the
largest MWD and GMD values, and the smallest K values. It could be seen that heavy rainstorm scouring might lead to
soil structure instability and erosion of vegetated concrete slopes, and the soil structure of vegetated concrete slopes

gradually tended to be stabilized with the increase of restoration years.

Keywords: vegetated concrete slopes; soil aggregates; Le Bissonnais method; stability; erodibility
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Table 1 Information on vegetated concrete slope sample sites with different restoration years

e ot B s e i

CBS1 2020 1 111°22724"E, 75 %% (Medicago sativa), 1-(Miscanthus sinensis), 15215 (Commelina communis), —4F
30°41'40"N 3% (Erigeron annuus), /N ¥ (Erigeron canadensis)

CBS3 2018 3 111°20'3"E, 78 3 Fk K (Rhus chinensis) , %% B B (Amorpha fruticosa) , £ #£ A ¥ (Indigofera
30°44'49"N amblyantha), B} /A& (Justicia procumbens), #72§(Chrysanthemum indicum)

CBS5 2016 5 111°1526"E, 80 |14 (Albizia kalkora), %%l % (Bidens pilosa), 7% (Humulus scandens), %5 7K &
30°42'1"N (Pouzolzia zeylanica), i ¥ (Setaria viridis), &I JXU & Bk (Pteris ensiformis), =

(Miscanthus sinensis)

CBS18 2003 18 111°18'37"E, 67 ¥y (Broussonetia papyrifera), & Ak(Cyrtomium fortunei), XU WK (Pteris cretica),

30°43'36"N %j(Chrysanthemum indicum), B} /K (Justicia procumbens), &% (Causonis japonica),

i 1 & (Pleuropterus multiflorus)

2.2 MSRAWMSTNIER

KA LB kI A R AR A RHE . R
PR EARMWD)M L U EAR(GMD),
AXHHEFR (RS . AHXT LA BEFEZL(RMI)ETAT
-3 AT oM (K) VA A A - S SR AR R PR TR
fatbr.
2.3 HmEGItah

iz JH SPSS 25.0 il Excel 2016 X[ iB5dis 17
it oM A E IR

3 HERG5SH

3.1 ARELEEAIET CBS Al HIERBIEKZE S
R FFAE
3 2 AP 3 RSB IE A FE T A R 1

N+ R RN ERAR 5 22 IR, b
TE (FW) A 31 45 371 3% 1 8P SR AR A2 4 Hh #E <0.25
mm, &k 29.86%~34.63%, <2.00~1.00 mm
ARG REAK, H5 A 7.08%~14.28%; 18
TV (SW) Ab B R 2% 11 35 4 38 A R Aok 42 DA = 2.00
mm RF, SEREEEN—FEL L, Hfll=
5.00 mm RN 5 s, b 37.30%~48.48%,

S R FW AREERY 3.5 f%, <0.50~0.25 mm
RIKM SRR, H5 R 1.89%~13.89%; HLIK
P (WS)ZbBE T 135 =5.00 mm IS AR,

Jy 21.75%~38.99%, <5.00~2.00 mm I EAAL) 5 i
=, {HBR CBS18 4MAMLT SW 4bHfY, <1.00~0.50
mm FRIR S Bk, HIh 6.35%~11.50%, #*
AF P 3 Vi) %o P SR AR A R R R G, 12 i Y i
Xof - EEE A R E F B/

#*2 FRISELEMRE FRA CBS Bl B EIRZF R A H St

Table 2 Percentage of soil aggregates of different grain sizes on CBS slopes with different wetting treatments and restoration years

e e . R 5 H 1%
) T
T 4ERf =500mm  <5.00~2.00mm <2.00~1.00 mm <1.00~0.50 mm <0.50~0.25mm  <0.25 mm
FW 1 CBS1 (19.14#121)a (1593#254)a  (9.67#3.99)ab  (9.3320.39)c  (12.9340.88)bc  33.00+1.61
3 CBS3 (1824#226)a  (13.8621.67)a  (9.54+1.38)ab (1353+1.37)bc (10.2042.79)c  34.633.19
5 CBS5  (6.0540.81)b  (7.84+1.79)b  (7.08+2.28)b  (16.63#4.67)b  (28.01+.14)a  34.384596
18 CBS18  (4.7840.62)b  (8.03+1.82)b  (14.28+1.12)a  (27.99+1.21)a  (15.0620.69)b  29.864351
swW 1 CBSL (37.30#234)b  (20.99+1.48)b  (8.850.48)b  (10.1940.44)a  (13.89%2.01)a 8.7842.61
3 CBS3  (4645#2.63)a (28.63#1.06)a (10.79+167)a  (3.730.49)b  (2.0520.48)c 8.35:40.16
5  CBS5 (37.6142.34)b  (26.0940.66)a (12.0640.32)a  (9.20+1.03)a  (8.7120.87)b 6.3240.14
18 CBS18 (48.4843.36)a (27.80#4.14)a  (10.73#057)a  (4.9340.68)b  (1.89:0.66)c 6.180.48
ws 1 CBSL (32.824373)ab (12.914234)c  (8.880.54)b  (10.5041.77)a  (18.43:1.50)a  (16.4644.94)b
3 CBS3 (21.75#632)c  (21.9645.44)b  (13.20#1.31)a  (10.7620.49)a  (5.8520.30)c  (26.47+1.96)a
5  CBS5 (25.06+.07)bc (21.99+1.70)b (11.74+1.60)a (11.5020.90)a  (14.48+1.28)b  (15.24:1.36)b
18 CBS18 (38.99#6.30)a (32.3945.68)a  (11.91#0.40)a  (6.350.32)b  (L.7420.30)d  (8.6240.81)c

[ A R) 7B ) — g Ak BT S A BR8] B4 22 5 A e 27 78 L (P<0.05) .
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AR G HERAE TR, i 19.14%F% % 4.78%; i
<1.00~0.50 mm [ %4 i kb iy A8 fk s # 5 = 5.00
mm AR, A, SW AR, =5.00
mm F1<5.00~2.00 mm AR {4 5 H 4 AR FIR 4 14
RS, 4y BI7E CBS18 I CBS3 A i i i
(48.48% ., 28.63%). WS AbFET, =5.00 mm 7%
1A 5 LU AR, 75 CBS3 FEHBIE 2 /A (21.75%),
Bl J5 OB WG N, CBS18 A Hb 14 (38.99%) 5 i ;
<5.00~2.00 mm KRR & HZEF FF, B 12.91%
F=E 32.39%,

30 t mFw OSwW BWS
25 | Aa

20 t
15 | A°¢

MWD/mm

10
05

0.0

CBS1 CBS3 CBS5
RS 5

CBS18

3.2 FELEEENIET CBS intk HEFRIAHIEE
MEAFE
3.2.1 FHREABFIUTFHAEZ
1 ATHL, REVREAERR CBS 13k 11 Al
BA MWD #l GMD IR, SW Ab R o 1) i
B, WS ZbM iRz, FW A IR, X
B3 AN TR S AF R CBS M1k B4k My i i 3
B PR PR 5 | I R E A, ORI
PeahER 71, R RLAE S5 I I A F X 1 SR 44 1)
IR T B 55 o

25 r mFw OsSw BWwsS
Aa Aa

N .
CBS18

CBs1 CBs3 CBS5
FEHBZR S

PEAE BN RIRS 7B/ Rl — R A B R PRS2 4F R B] 9 22 5 BT 2 B L (P<0.05); AN [Rl/ING P17 [al— 1 A2 4F BRITAE AL 317 3R] Y

2G4 X (P<0.05),

1 FREIEEAEMEE FIR CBS iME HIRARFHFIIREERM/LAFHER

Fig.l Mean mass diameter and geometric mean diameter of soil aggregates on CBS slopes with different wetting treatments and restoration years

FW kb3, CBS1. CBS3. CBS18. CBS5
Wbk AR MWD FT GMD K N, e
CBS1 Fil CBS3 i) MWD F1 GMD K {i # (P<0.05)
T CBS18 fil CBS5 f; SW 4b#F, CBS18,
CBS3. CBS5. CBS1 i1 3 KA MWD F1
GMD {E{k¥ /N, H CBS18 F1 CBS3 f) MWD Fi
GMD A 2 # (P<0.05)f T CBS5 F1 CBS1 iJ; WS
ALEETR, CBS18 i1k -3 MWD 1 GMD {42
# (P<0.05) fm T HA K & 4 PRI Y, CBS5 13k
+HERY MWD 3% (P<0.05)/5 T CBS1 9y, CBS5
% 43R GMD .3 (P<0.05) /T CBS3 it

3.2.2  ARAFIHHAR A AR XT HUAR AT

% 3 A1, 44 CBS it RSI ¥KT
RMI, H CBS1. CBS3. CBS5 #il CBS18 ¥ RSI 43
B RMIEY 254 1%, 1.28 1. 2.81 1% . 7.05 1%,
XRIAARFEIREZ AR T % CBS i3k A AT
THEUE FH B RO B 2 EU ML S E T s RSI 2
BRI LY, 5 CBS1 WAHEL, CBS3.
CBS5 Fi CBS18 1 RSI 43 %1 35.44% .

83.39%. 92.33%, iiiH] CBS18 A - 45 P H A%}
THHE B AU, CBS5 IR Z .

& 3 TREMREFR CBS i HIRFARKEIHR
R B FAE XL AR R AR

Table 3 Relative dissipation index and relative mechanical
fragmentation index of soil aggregates on CBS slopes
with different restoration years

FEd IR AR a RSI RMI

CBs1 1 (39.50+2.69)c (15.5442.80)c
CBS3 3 (53.5044.40)b (41.7545.54)a
CBS5 5 (72.4422 28)a (25.78%2.53)b
CBS18 18 (75.9742.72)a (10.7745.58)c

[RISIAN R SRR IR AR BRI 14 22 S A e 27 72 L (P<0.05) .

3.2.3 AR MAA TR

A& 2 A1, e 3 RN B =R, SRR
AR CBS i1l 8 ml plt: i % A T AR AR
fk. FW ¥, CBS1., CBS3, CBS18, CBS5 1
TR RIS R, Hirp CBS5 i 3] ki
3% (P<0.05)m THAth 3 MFEHILK; SW ARFT,
+3gEn % B CBS1. CBS5, CBS3. CBS18
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B L SE AT ARG O, o CBS1 i3k B AT ik
P 3% (P<0.05) i FHifth 3 AMFEMAY; WS b B
T, CBS18., CBS5. CBS1. CBS3 fitj -4 n] fili{k:
MR K, Hodp CBS3 1l 3 n il i 2 (P<0.05)
7T CBS5 1 CBS18 1Y; AFMKEAFRE Fw.
WS SW iR il Ab B i) 4= 48 ] p i S5 4R ks, 2R
HITE SW b~ -3 A R ARG e e fedy, - 3EnT il
PERAR, FW ALFE T e R AR e M e 22

010 F ®BFW OSW BWS

CBS1 CBS3 CBS5 CBS18

FEHI 5
PELRE AN TR B 7 ) — Ve A B R A AT B ) 7 2 S e it
27 X (P<0.05),
2 TRELNZELIEFRE FR CBS i TR AT R4 E
Fig.2  Erodibility values of CBS slope soils with different

wetting treatments and restoration years
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