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Optimization of microbial-enhanced ecological substrate
formulations for slope vegetation restoration
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China ; 2.Fujian Expressway Maintenance Engineering Co., Ltd., Fuzhou, Fujian 350005,China)

Abstract; [ Objective | The effects of cementation solution concentration, plant fibers, microbial fertilizers
and superabsorbent polymers on the mechanical and ecological properties of microbial-enhanced ecological
substrates were analyzed. The adaptability of plants to substrates with different ratios was investigated,and
the best formula of slope greening substrate was selected,in order to provide theoretical support and practical
guidance for the preparation of novel ecological substrates and slope vegetation restoration. [ Methods ] An
orthogonal test was performed to evaluate the influence of cement concentration, plant fiber, compound
microbial fertilizer and superabsorbent polymers on microbial-enhanced ecological substrate. Thereafter, the
shear strength of the substrate with different proportions was compared, and the micro-mechanism of the
strength improvement of the microbial-enhanced ecological substrate was analyzed by a high-definition
microscope. A pot experiment was conducted to study the seedling emergence characteristics and vegetation

growth of tall fescue and alfalfa in different substrate ratios. Based on the characteristics of shear strength and
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plant growth, the optimal substrate formula was screened using the entropy method. [ Results] O The microbial
curing significantly improved the shear strength of the substrate, and increased cohesion and the internal friction angle
by 179.78%—355.65% and 35.69%—58.97% , respectively. @ The concentration of cementing solution was
the most significant factor affecting the emergence time and rate of plants; as the concentration of the
cementing solution increased, the time to emergence increased and the emergence rate decreased significantly.
® The growth indices of the plants in the substrate group improved significantly compared to those in the
control group. The growth and development of tall fescue were best in the substrate with a cementing
solution concentration of 0.2 mol/L, and the mass ratio of plant fiber, compound microbial fertilizer, and
superabsorbent polymers of 1 : 2 : 0.09. Alfalfa had the best growth and development in the substrate with a
cementing solution concentration of 0.2 mol/L, and plant fiber, compound microbial fertilizer, and
superabsorbent polymers mass ratio of 3 : 1 : 0.06. [Conclusion] The shear strength of microbial-solidified
ecological substrates was significantly higher than that of the matrix soil, and 0.2 mol/L was the best

cementing solution concentration. At this concentration, the optimal ratios (plant fiber: composite microbial

fertilizers: superabsorbent polymers) for tall fescue and alfalfa were 1 : 2 3 0.09 and 3 : 1 ¢ 0.06, respectively.

Keywords: microbial-enhanced; ecological substrate; formulation optimization; vegetation restoration

P RS T A 162 1 5 B, R ot P 428 i B IR
TN b A R A 5 )2 TR R T R Bl R A RR R X
Il 3 2 Xl 7 R R A4 R AR R AR E R K
TREH . AHABEA R — i S 7 R R S T A A
DLIK BIR 52 300 35 A6 A8 B iR D M R P SR H R
Zal—H Z R KR, B AT IE R 58 5 R B R
I TR E R T Z R Y Horh R
FAR VIR & 8T (S ROR I S R
FE AP S AR 2 vb BRSOy 10 Bl AR i XK 0 2R By
R T HOR

SR o R T AR A BT 1 R E RS 2 AR 2R &R
SR ¢ QU N (YRR N> & F 9 6 s e s N 3
I A R) L, 7 EE S M W A B RO . BT IR
ERU TN TR AT 2 NI B S NG R R 7
20T, B, Lou Guochong 2 i i A K
e F B IR 25 TCHL B R B T 43¢ Al BE b 1% 5 B2 RN ERUE
P ABZIZ T LA B 2 5 30 pH (H 1 2% -
Tt 77 A A HEAE A [R]85, AT SE AR R A KRR L T
LG A S IR AT R 5 R et A R
R RLAEH A3 300 LA R TN s T M B DS S R BIL R R
VE R RE S5, 38 32 3 5 26 5% 7 308 0 4 A 1 e ol
PERE AH 22 KA DL RL b 52 31 B0 855 PR 3R 52 o 1 3 fige
SR AR ERE . W] UL, YA A AT A 2 — IR
N S SR AL TR B 5 B H T BT ] [ AT S MBS A B R
NG iy N

TCEE W 1 A S — o ) T B 0 A 5 TR TR 5
M7 35 B s TR R A I SRR A B T
FESLRT )z e o, B4 st A MICP
FeARXS B 1 AT A AL B, R I 1.33 g/ em’ BY B
WAL IS PR OR YR REAT BT el 3%, 4% [ Al 2+ XKIs y 1 2

Pl B B BTG 2R 28 A T X B X R e A 0
T 38 35 7 - VR IR A 4 1 Ak R ORI 445 R fik L 1
SN ST U8 T DR R K AR s AR K R AR R
SCAE SR B A W T A R n [ R - 3 TR i 2
ol 32 56 500 T g 2 5P AE [ AR B T LA R A s 2k
PSR ET IR E] 80 % LA . Al UL, f AR W 1 Ak BE e
% 4 5 A U B 5 B AN BT o BB 07 . CE A 5 A A
SEME B BS T —E R, (HE,
MET AR K 2 4 b T A [ A 4 2 B AR BT e ROR
{7 B 18 P A A5 BF 0 sk 2 4 T A R B 24k
FEM &b,

FT FIRWEE AW I A W AL S M T
gh 4G TR R G W [ AR AR 28 SR A B IEE EL O Ak 1K 5
9% . & T IEACTEE , X Fo AN [ BC bb 35 A4 19 B By 5 BE
I8 Bl = 3 00 40 b JEL 5 4R T A RO ALEE 5 3 i
F AR 0 A 5T AN () TEE b 6 B 1) 1 I R AR RO B 2R K
5 10 S5 J 308 Ao 00 3 0 1B 25 R T AN W) R 40 1 e e
MBC L . ISR R AT Sy o 2 AR 2 B M ) & 5 30 B A
LR NS R o N S
1 PRt S5k
L1 B
111 KB £ M AR RS R B A8 K
A PRV S M R B L R TR M R AT, 28 A
A B R AR TR A bR ) (GB/T 50123—
2019) W FE 1 B o, HLAR WL 3% 1. AR L 1
SLULIE 1, THEARAY A RECC, H6.21, R RE
C. H 1.09, H B R4, IR R 4 FF i A Bt A L
105 “CHERE 24 h J5 BRFE B H 2 mm b o 0 5 43, B
NTF2 mm B R TAE R+,



A R OB AR I R A P 1 A A R A RS T e A 161

F1 KETHEWESH

Table 1 Physical parameters of test soil samples
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Fig.1 Gradation curve of tested soil sample
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Table 2 Factors and levels of orthogonal test

NES
KV ARG/ BRY  CEABUEW DK/
(mol « L") £F4/% HEHE/ % %
1 0.1 1.00 1.00 0.03
2 0.2 2.00 2.00 0.06
3 0.3 3.00 3.00 0.09
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Table 3 Test scheme of substrate ratio
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(mol« L")  £f4/% HEHE/ % %
0* _ _ _ _
17 0.1 1.00 1.00 0.03
2% 0.1 2.00 2.00 0.06
3* 0.1 3.00 3.00 0.09
47 0.2 1.00 2.00 0.09
5% 0.2 2.00 3.00 0.03
6% 0.2 3.00 1.00 0.06
77 0.3 1.00 3.00 0.06
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Fig.2 Relationship between shear strength and vertical pressure
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Fig.3 Variation curve of shear strength parameters
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Fig.4 Relationship between levels of each factor and shear strength
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Fig.5 Microstructure of samples under high-definition microscope
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Table 4 Classification of substrate pore types
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Fig.6 Seedling emergence of tall fescue
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Fig.7 Seedling emergence of alfalfa
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Table 5 Range analysis results of plant emergence rate
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Fig.8 Cumulative evaporation of different plant test groups
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Fig.10 Plant height change of tall fescue
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Table 6 Performance evaluation index and weight of substrates
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Fig.17 Comprehensive score of substrates
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