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Abstract: Soil aggregates as the fundamental units of soil structure, play a significant role in slope ecological restoration
and sustainability. Soil cementing materials are essential for the formation and stability of aggregates. These materials can be
broadly classified into three categories: organic, inorganic, and organic-inorganic complexes, However, the role of
cementing materials in this process remains unclear. This study aims to investigate the stability of soil aggregates, the
characteristics of cementing substances, and their interrelationships on restored slopes, Currently, slope ecological
restoration technologies are classified into four primary categories; spray-mixing, reinforced filling, trench and pit

construction, and laying and hanging. Among these, spray-mixing technology is the most widely employed slope protection
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method in China, as it takes into account both environmental and biological requirements. This study focuses on six distinct
spray-mixing slope restoration techniques in Yichang City, utilizing an undisturbed natural forest, a disturbed but
unrepaired bare slope, and a naturally restored slope as control sites., Vegetation concrete ecological protection technology
(CBS) ; Vegetative cement-soil and Vegetation concrete ecological protection technology ( VCS-CBS) ; Imitation vegetation
concrete restoration technology ( CCBS ) ; High-order pellet vegetation restoration technology ( CS); Spraying seeding
technique ( ESS) ; Natural restoration slope ( NR) ; Natural forest ( NF); Exposure slope ( ES) , analyzing the stability,
fractal dimension, and content of cementing substances in soil aggregates. The study also examined the influence of various
cementing substances on aggregate stability. The results are as follows; Aggregate Improvement: Ecological restoration
significantly enhanced the size distribution and stability of soil aggregates. Indicators such as mean weight diameter
(MWD), RO.25, and fractal dimension (D) were all significantly higher than those observed in bare slopes (ES).
Cementing Substances Distribution; Ecological restoration significantly increased the organic carbon content in aggregates,
with larger aggregates exhibiting higher organic carbon levels compared to micro-aggregates. Iron and aluminum oxides were
predominantly concentrated in smaller aggregates. Redundancy analysis revealed that iron-aluminum-bound organic carbon,
calcium-bound organic carbon, and total organic carbon are critical factors influencing the size distribution and stability of
soil aggregates. Ecological restoration primarily promotes the formation and stability of micro-aggregates by utilizing iron
(Fe) to bind soil particles. This process subsequently facilitates the development of macro-aggregates through the
cementation of soil organic carbon (SOC) , calcium-bound SOC (CaSOC), and iron-aluminum-bound SOC (FeAl-SOC).
Through the synergistic action of both organic and inorganic cementing materials, ecological restoration significantly
enhances the stability of soil aggregates on slopes. The effects of ecological restoration on aggregate stability and cementing
materials may be linked to the community structure, coverage, and litter content of slope vegetation. Furthermore, variations
in calcium ions (Ca’) and ferrous ions (Fe’) resulting from construction processes may also influence aggregate stability.
This study provides theoretical support and technical guidance for future ecological restoration projects, offering a deeper

understanding of the mechanisms underlying soil aggregate stability on restored slopes.

Key Words: soil aggregate; aggregate stability; ecological restoration of slopes; iron aluminum oxides; bond organic

carbon
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(ES) SMEEAR ARG K AR P AT SR AR 19 35 B BERLAR A0/ NTIT IR/ | S R R DU 25 R 20 7K A A DA SR AR ) 55 B i
KA A8 N TG

F1 HHERER
Table 1 Basic information of the different ecological restoration slopes
PRI AR MR e FEAEY)

Restoration mode Restoration time Location Slope/(°)  Main piant species composition in sampling plots

% &F 5 ( Bidens pilosa ) . £ f£ A #% ( Indigofera

FE B TR BE A A T CBS 2018 30°42'49"N, 7 amblyantha ) . Y ( Artemisia argyi ) . % ( Pueraria

HAR 111°14'6"E montana) M ( Robinia pseudoacacia) . Ft ( Morus
alba)

Fl A K IR A B S 30°44'49"N 246 A W (Indigofera amblyantha ) . £ B A ( Rhus

AR+HE B REE + A ABF VCS-CBS 2018 111°20'3"E ’ 78 chinensis ) . Bt IR ( Justicia procumbens ) | £ T R

AR (Amorpha fruticosa) . 73 ( Chrysanthemum indicum)
B ( Broussonetia papyrifera ) . %5 B ¥ ( Amorpha

5 FeL TR O A CCBS 2020 30°45'35"N, 65 fruticosa) | % 4 A€ ( Ipomoea purpurea ) . Ji J& K

FA 111°19'24"E (Setaria viridis) /)N 0 & Erigeron canadensis ) b
R ( Cynodon dactylon)

HI¥E ( Robinia pseudoacacia ) | E iV NS ( Indigofera

30°41'43"N, amblyantha) | ¥ B ( Broussonetia papyrifera) | # 5

U AR B A 201 7 .
PR OAR €S 015 111°22"21"E 3 ( Humulus scandens) .35 7K & ( Pouzolzia zeylanica) , 5
J5 ( Digitaria sanguinalis)
30°44'1"N EZiV N ( Indigofera amblyantha) LT ( Amorpha

% LWk ESS 2018 111° 19,49,715 70 fruticosa) £ IR A ( Rhus chinensis) . J1) J& ¥ ( Setaria

viridis)

e - B 30043 1%2”]:1 . 7 RIE( Erl,‘gerofl aziris ). iE Y% ( Solanum TLigru-m) HFE
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RIRM NF — 111° 18"40”]5 50 ¥ ( Broussonetia papyrifera ) . €| " R B BR ( Pteris

ensiformis )
30°43'45"N

)y s o ’ _

REELK £S 111°19'18"E 68

CBS: F#IREE -4 PP 4R Vegetation concrete ecological protection technology; VCS-CBS . iz K U8 1 A= 5 44 S 4 AR + R W TR 5 1= A 25 Bl
P HAR Vegetative cement-soil and Vegetation concrete ecological protection technology; CCBS: {)j i #% R #E + #8 %% K & % R Imitation vegetation
concrete restoration technology; CS: Ry UK R AE % % & $% R High-order pellet vegetation restoration technology; ESS: % - W{#& Spraying seeding
technique; NR; FAZRKE Natural restoration slope; NF; KR Natural forest; ES: #EE 13 Exposure slope

ANEABE RO.25 MWD, 43 A B — 2, RAAM (NF) 5 K, 73900 89.39% .5.17, ES Fe/Nor 5k
37.49% 0.92; N TAEZ N W0 T EZRHS & 2% 8% (P<0.05), 5010 1 [l 4 4 58.72%—
75.89% 3.38—2.14, HAHBIREE 4 BB PH AR (CBS) iy MWD 7% T % . Wi3% (ESS) A R0.25 i #1{K
THAR 4 i3 (P<0.05)  fEA K Ye AR A SR +RE g IR e 1 AE SR (VCS-CBS) iy fE gk 1R 5E 1
TR HR (CCBS) R B R B B H A (CS) (ESS Jo il 3 25 7 (P<0.05) o
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0.05) , % BB E h Y 2 0] J6 3% 22 5% (P<0.05) ,
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221 AFAERMBE b AR A & R

RIRTCHUILEE Y F—F B SRR (Fed (Ald) \ TCE B AERAR (Feo Alo) (28 G B EKER (Fep  Alp) FE4%
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Fig.1 Distribution characteristics of soil aggregates in the ecological restoration slopes
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Fig.2 Mean mass diameter and Fractal dimension of soil aggregates on the ecological restoration slopes
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Fig.4 Distribution of organic carbon in soil aggregates in different sample sites
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Fig.5 Distribution of the content of calcium bound organic carbon in soil aggregates in different sample sites
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