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stability characteristics of soil aggregates in slope ecological restoration. [ Methods] Soils from vegetation concrete
slopes mulched with different types of biological soil crusts (algal crusts, mixed crusts, and moss crusts) were
used as research objects, with soils without crust mulching as the control group (CK). The Le Bissonnais (LB)
method was applied to investigate the distribution and stability of soil aggregates and the physicochemical properties of
different soil layers (0—2 cm and 2—5 c¢cm). [Results] 1) Compared with CK, the content of >>0.25 mm aggregates
(R, increased by 12.53%, 21.97%, and 30.20% in the 0—2 cm layer and by 20.11%, 32.00% , and 44.34%
in the 2—5 cm layer under algal crust, mixed crust, and moss crust mulching, respectively. This indicated that
biological soil crusts had a significant effect on soil aggregate stability and R,,;, with moss crusts showing the best
effect in improving aggregate stability. 2) In the three wetting treatments of LB method (fast wetting-FW, slow
wetting-SW, and wetting stirring-WS) , the soil aggregate stability in different soil layers and under different
types of biological soil crust mulching showed the trend of MWDy <<MWDys<<MWDgy and GMDy<ZGMDys<<
GMDysy, and the mean weight diameter (MWD) and geometric mean diameter (GMD) decreased with increasing
soil depth. This indicated that SW caused the least destruction to soil aggregates, while FW had the greatest
effect. 3) Biological soil crusts had more pronounced effects on increasing surface soil organic carbon (SOC) ,
calcium-bound organic carbon (Ca-SOC), clay, and silt content. Correlation analysis showed that soil aggregate
stability indicators (MWD, GMD, R,,) were extremely significantly positively correlated with SOC, clay
content, and Ca-SOC (»p<C0.01) , and extremely significantly negatively correlated with relative slaking index
(RSD , relative mechanical breakdown index (RMD) , and sand content (»<C0.01). The correlation with silt
content was positive but not significant. These results suggested that biological soil crusts influenced aggregate
stability by affecting soil particle composition, SOC, and Ca-SOC. [Conclusion] Biological soil crusts can
effectively enhance soil erosion resistance, and promote the formation of large aggregates from smaller ones,
thereby improving aggregate stability and soil structure. Thus, the biological soil crusts play a crucial role in soil
erosion control during slope ecological restoration and ecosystem stabilization and can provide scientific support for
the construction and species selection for vegetation concrete slopes.

Keywords: biological soil crusts; soil aggregates; soil organic carbon; Le Bissonnais method ; vegetation concrete
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Fig.2 Macro—aggregate contents (R,,;) under different wetting treatments for various biocrust types
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Fig. 4 Relative slaking indices ( RSI) and relative mechanical breakdown indices (RMI) for various biocrust types in each soil layer
R2 FARRBEYERBESTHLEBAMER

Table 2 Soil physicochemical properties for different biocrust types

— YN
YA KR RVE/em ifij}ff/ Y b/ v ok Y %’“fg_‘:ff%/
CK 0~2 5.56+0.29Ad 46.094+5.29Ac¢ 31.39+1.53Ac 22.524+5.51Ba 1.98+0.16Ad
i 2~5 4.554+0.12Bd 39.35+7.02Bb 30.67+2.52Bb 29.98+5.51Aa 1.58+0.11Bd
s 0~2 7.57+t0.41Ac¢ 49.27+6.11Ab 34.00+2.00Aa 16.73+10.50Bab 3.27+0.17Ac
- 2~5 5.494+0.12Bc 46.00+5.00Bab 30.04+3.51Bd 23.96+4.73Ab 2.57+0.22Bc
VB 2 i 0~2 9.56+0.11Ab 52.41+5.51Aab 33.77+2.52Bb 13.82+6.11Bab 4.30+0.25Ab
s 2~5 6.74+0.12Bb 47.194+5.51Bab 36.28+2.65Aa 16.53+5.77Aab 3.924+0.38Bb
ek 0~2 12.61+0.36Aa 60.05+2.65Aa 33.00+£2.65Ab 6.95+5.00Bb 5.96+0.15Aa
T 2~5 9.234+0.07Ba 55.62+4.62Ba 32.55+2.08B¢ 11.83+6.66Ab 5.08+0.64Ba

TE [ S R /ING 5 b 227 ] — 2 75 AN ) 26 0 A W 45 B 0] 22 5 W 25 (p<<0. 05) s AN KRG 5 B3R 7 [ — S R AR W 45 B A A [a) 2 1l 22 e

BF(p<<0.05),

MWD, o B 7 & S
MWD, [oosmwig” oF o @
MWDy | 0.85 nssMwDg? o7 @ 7
V
e

1R

1;
=
=)

GMD,,, |0.98 0.93 0.94GMDp7 @9 o7
GMD,y, | 094 0.97 0.97 0.95GMDGH
GMDy | 0,41 0.46 0.50 0.53 0.53GMDER) @&
Riseu 097 095 096097 094 0387, 37 N
By | 094 0.97 096 0.93 097 0.47 094k, o Qg
Rysoms | 0.00 091 094 0.91/0.91/0.51 092 091 R, gy W
RSI [H185 -0.65-0167-0.79-064 0.12-078 069 0.65 Rs1 ¢ g Qg
RMI [-063-061-0.73 065-061-041-067-062 073 0.51 kv g @
S0C|0.92 0.87 0.90 0.96 0.93 0.60 0,91 0.89, 0.90 -0.74 0.6 SOC GF
g | 073 0.70 0.71 0.71 0.74) 0.38 0.71| 0.74) 0.70-0.63 0.49 0.77 F#
FHEL | 0.02 0,14 0.13 005 0.13)0.19 005 0.14) 003 0.17-005 0.01-0.12 ¥
B .67 0.68-0.68 0.67 -0.73-0.42-0.66-0.71-0.65 052 045 -0.74-088 021 EH‘.D_\ -0.80
Ca-S0C | 0,86 0.78 0.82 0.83 0.83 0,45 0.85 0.830.84-0.78 0.67 0.93 0.78 007 -078 S|

\ Y4
8/
\N/
8/
8/
Y 4
8/
8/
Vd

AAL LML
<I-'é‘-§lll'llll

NIZNNNGNN\N\N

s S B 4
& FH& &

P ey - e "V VN
Q0¥ 9 9F 4 &g g P
o

¢ 9 08 o4 & & A
SIS S Sl T S

R W PR 2 (p=<C0. 05) R /m il i A 2 (p=<<0. 01D
Bs TEARGREESEAERBEXE
Fig.5 Correlation analysis between soil aggregate stability
and physicochemical properties

3 3 i
3 AEGREEBEBETIEARKIGTREEH

MER

g8 AT SR A A 2 B RN B R E MR TR
TR E TN R AR KRB, R A S R R
AR B UR Sk JZiE RN SRR T e a
B Hp eSS R EE T EERARRS ERZ,
MWD Fl GMD {H fi 7 ; b 2+ 2 TR BB I, 4 - Fn A
Yy 45 e 7 55 30 B A R 8 PEFE R MWD A GMD %
/N o DR AT AR S S AURL 20 A A BILBR PR B AR
Yy 45 Bz ZE B A7 AE 3 OQ Bk - — O I, A WL 2 AR i 1A
RARTE B B R I R AR RS e & 4
VRIS FE A 48 e i i R A v, L0 I R TR
Wy B Bl ) % AR A5 B3 B A W A R B Ak R A

http. // stbexb.alljournal.com.cn



6

AT AR W A5 N R B R I 30 B 9 P SR A O3 A KRG E M Y R T 81

+ AT R R E A LTS RS T 1S DR, A
1717 184 5 - S RIURE ] (4 % L 5| T o A BEREURL 1Y) W
B [ 47 1) 3 A R 25 L 42 R PR SR AR 3 . AR
BE & )2 R B 3 I, A A b B e A5 B Cln A BL Bk
85 P &2 WA ) s Bk 21 43 1 W BRI A L S R
VTSR A v Jie 485 700 & R R, o R IR AT SR AR R
PR 5 — 7 T 5 R A S WA I A 22 0 Ok [ E
R B R, DI 4 o A R R R Y R
J 38 3 ) FH A AR S e A K A 0 o I ) B 5 A /N T £
HEAmORL , HLEB A AR 55 B 22 1R R 65 AH B A8 S 4R E
T PR 25, AR 48 1 P 1 5, 2 Ry 4 9 T0RE 8] 19 Ji
ey (S I e B R A L 1 S e

AW ST K B, FW Ab BEAR B i b B 7 5K, K 1A
BIRE BB ERMM, A RKEES RN, 55T
GRS EE AR o T FW AL BN A R
Tk, BB T s A2 R, Y e ) - R BT g
HRAZ A b PR A BR AR 0 A7 e A T IO /N R
AWFFEH FW A3 5 /) HEK SR DL =>>0.25 mm i f2
RN 3, 5 E ISV BEIE R 1 FW b 35 + 15
I3 AT LA R AR R E R S5 AN TR, LR R AT fE 2
1) 45 Bz 'S0 i 1 7 ) A K, ELOE R T A K A
R 3R )2 A 8 B 3% B B oy W 1 22 BB, 4 R
S5 4 FH B ) - 4 A A R T s 2) AT R BE R o
IS I KU S 45 00 A R0 0 Y A BE R BT b e g
J1 i EHETE FW &b B HDLER F A% 14 o B fR 4 K A
BRI REE , R 5 W i AN 43 1
32 AEGHEABESETHEEBAEROTHEME

+ B BB AS R A+ A 7 0 4 L R 2
R oEe g I 0 U e 2 T N e
Hes f Mk it A b SR A6 A S O i R R
BRI ARG AT AR Y G R Y
BIURR FIE5 45 5 25 MLBR & 5 38 T CK, H 8845 Je 3
HEESREA AEEEPTFO0~2cmt)E. AR
JR R DAY 48 K B 55 4y AR, 7 (B AR B
W, A 45 B AAE T 0~2 em )2, % F 2 LR
M A B 20 A A 45 B A R 4 A 3 Ak M T Oy T B
A A, B B TR A 46 R B A R i AR A
(B ke 2 At AR i B IS B AR A IR B AT A 2R A L
fe B A B R Y 3D AR Tl A B R AR 45 e | e 2
B HLA TN 57 # AR BEAE H 5 A S ) ) T AT e
(DAL

ABIE ST R W] TR W45 KB o D BB AR
B 5 b T RD R E AR, ELRD R L
B - 2 R R 1 T 2 R R RE R H T A AR R AR
TR SR AE R R B 2 T R

EA I 0 13 N Ve D ol S T I L I S
B4 AR S 2 0 TRT IR A 0 65 Bz 43 b 1) 6 YRORIARE 28
S R A M A URE [  h Re  A RAA  TiAR A
WK GERS MR, 76 T ) 2y B RB BRI AR T 1)
W2 B, N2 A W45 e o 6 2 FLBR A 3% 22— 45
DR B, 5 BRI AR B BRI

33 AEWMFIEHTELEARGCHESR

N7 LB 30 AN ) 4 fz 2 R a5 T+ e R
R vk, a5 R W A 3R RV AL B R FW ik
PG B3 A SRR L e 22 HLGE - 4 P SR A B IR
K, WSIKZ, SW SR iR/, 55 BAE I 50 25 1
— B0, UEHA FW b 3T 7 A T FOR0N 2 4 A R A
BESR M EZ N R . RN FW b B 0 52 W o 7 %
A 398 A 3R R e e KR B I TR e B K P 4 T
FAURSLBR iy 2 R AR R R I K, — B R
HRZ MW, ST R RFLBR I 51 & S B4, [ ik
Iy 1935 3% AT FH 23 W) 55 A JB0RL 22 1] 19 5 445 1 T
T 2 5 3P SRR & A A, DAL O T AL SRR 1 1 IR AR
FH B K, e A5 Bk O < T BV 7 5 WS Ak A8 4
14 2 T 7K o T 6F A 3R O 1 1 IR VR D 5 A 1 2 LA
Pesh VB 5 SW A BEAR S0 1) 2 /1N B S50 T i 45 14 £
16 A B A SR AL, 55 U8 25 S M R R ik £ T B
W AR AR E T 2 BE b HEAT 2480 58 A AR A, R
T A FAR LY, RO B A0 IRk 4 Be T AR /N AT
XoF - M DA SR AR ) 8 IRV AR G SR /N o A6 DE A TSR AR
Xof AN T) A A ML i A i JR R R R SR D R X 9 HREE A
(RSD FIHL B B 7 45 B (RMD BE 47 40 Br°, 45 31 3%
B, R TR 45 iz 78 55 + 38 RSTIE i T RMI, B = B8
AR AR R 25 R, U B R R IR R T AR T B 4
P SR A e 1) 6 2 AL, EL 6 90 1V R 9 URK R
FHUBRE A -

4 4 ¢

D) AR W) 25 B X 4 HE AR R o AR E R K&
=>0.25 mm A BEGRER,,AEREEN., 5 CKH
Fb, A 25 R 78 25 0 4 38 A SRR R e 4R A MWD,
GMD B 43 314841 1.26~1.83 . 1.68~2.14 4% , R, .- 34 /il
1.06~1.44 5 , H &% 45 fz o $i 5 A 3 M e e M i) sl SR
Ak, AT 4R 5 20.39% ~24.35% .

OFEAN RN AL BT 2R, Roos o L SRR IR
SW>WS>FW, 3 bl & + 2 VR BE 1Y 38 Jin 32 7 B AIG
3¢ WP 0 0 ) A PR T - g AT R A %) B AR AR e K
% AT T Ak O B IR A e

DAY R WAFTEAEIE T - HEa Lk A28 A 5E
BLAR R KR RL & it 1 B, X RJE (0~2 cm) -3
T K- FETHE R BB ., T 8 55 18.24 %6 ~26.82 % .

http. // stbexb.alljournal.com.cn



82

PSRV R 3

%039 %

ADAHRANE M 45 R R W, OB 20 A L A

PR 85 45 & 25 HLAR I 52 i AR 1 TR B i i A1 3R
R E PR FE R .

%30k
(1] Hesfmm, #28, x i, 45 7Y AER™ X 2k ) 1 e 2% 5 1 24

[4]

[5]

[6]

[7]

[8]

A AR T B H e A TR L] 5 e 2 4, 2022, 47
(8): 2883-2895.

BIY L, GUO Y, LIU F, et al. Ecological restoration
effect and carbon neutrality contribution of biological soil
crusts in western mining area[J].Journal of China Coal
Society, 2022,47(8) : 2883-2895.

SUN F H, XIAO B, LIS L, et al. Towards moss bio-
crust effects on surface soil water holding capacity: Soil
water retention curve analysis and modeling [J]. Geo-
derma,2021,399:e115120.

XIE T, SHI W, YANG H, et al. Variations in organic
carbon mineralization of the biological soil crusts follow-
ing revegetation in the Tengger Desert, North China[J].
Catena, 2023,222:e106860.

R L, B Aok, A5 B KO [ 5 B A 4
BRI T 7 3 b SCS-CN A AL CNE 52 m [ T]. K £ 44
Fpf, 2021, 35(1) : 132-137.

GU K M, YANG K, ZHAO Y G, et al. Effects of bio-
logical soil crusts’ coverage on slope runoff and the CN
value of SCS-CN model in hilly loess plateau region[J].
Journal of Soil and Water Conservation, 2021, 35(1) :
32-137.

R, T AR R, 5 BRI TR -
B BUIR BB et SR [T #4244, 2019,27(3) : 531-538.
MA'Y X, WANG Y L, LI G T, et al. Research prog-
ress on the status of biological crust-a kind of biological
carpet sand control engineering[J].Acta Agrestia Sinica,
2019,27(3):531-538.

B R, DA, WX, B B WS i Xt s BE
WA A N RS S R [T ] K R AR R AR
2019,39(6):124-128.

JUM C, BU C F, WANG Q X, et al. Effects of algae
and microorganism addition on restoration of biocrusts on
steep slope[J].Bulletin of Soil and Water Conservation,
2019,39(6):124-128.

LIU F, ZHANG G H, SUN F, et al. Quantifying the sur-
face covering, binding and bonding effects of biological soil
crusts on soil detachment by overland flow[J].Earth Surface
Processes and Landforms, 2017 ,42(15) : 2640-2648.

VKSR BRSSO L LRSI KA S B R
FRWFFELERLT] K MK AR, 2017,48(2) : 130-137.
ZHAO B Q, XIA Z Y, XU W N, et al. Review on
research of slope eco-restoration technique for engineer-

ing disturbed area[J]. Water Resources and Hydropower

[9]

[10]

[11]

[12]

[13]

[14]

[16]

[17]

Technology, 2017,48(2):130-137.

XIBEH ARG R, flot, 25 AR IR B 1 A B S BORWE
FEb L] B TR B, 2022, 12(3) :916-927.
LIU L M, SONG Y S, ZHONG B, et al. Re-search
progress on ecological restoration technology of concretes
biotechnical slope[J].Journal of Environmental Engineer-
ing Technology,2022,12(3):916-927.
KRS, UM, v 0, A R PR IRk b HL SR 4 R X
FEBU i e sz (], K AR R, 2021, 19(1)
115-121.

XIAZY, HONG H, GAO F, et al. Influence of cement
addition amount and maintenance duration on the erosion
resistance for ecological restoration substrate [ J].Science
of Soil and Water Conservation,2021,19(1):115-121.
XK, X8, bR, 55 VR A0IE 3R E T A B R 8E -
P 2R 25 g A2 A X 5% 23 181 455 B8 0 RS2 [T ], vk 1 ok £
2022,44(2):623-633.

LIU D X, LIU D Y, TONG B, et al. Effect of aggre-
gate structure change in vegetation concrete on nutrient
retention ability under freeze-thaw cycles [J]. Journal of
Glaciology and Geocryology, 2022,44(2):623-633.

XIA L, ZHAO B Q, LUO T, et al. Microbial functional
diversity in rhizosphere and non-rhizosphere soil of differ-
ent dominant species in a vegetation concrete slope [J].
Biotechnology and Biotechnological Equipment, 2022, 36
(1):379-388.

DAL, HIREE MR LA R A K S A R AR TR i B
o€ B ML 5 A5G I WF S o e [T/OL ], L4~ 4k,
2025, https://link. cnki. net/urlid/32.1119. P. 20250122.
1118.002 .

MA Z,LIZL, YANG Y R, et al. Research progress on
the mechanism and related application of soil bio-driven
aggregates formation and stability [J/OL]. Acta Pedo-
logica Sinica, 2025, https://link.cnki.net/urlid/32.1119.
P.20250122.1118.002 .

XIAO B, MA S, HU K. Moss biocrusts regulate surface
soil thermal properties and generate buffering effects on
soil temperature dynamics in dryland ecosystem[J]. Geo-
derma, 2019, 351: 9-24.

YODER R E. A direct method of aggregate analysis of
soils and a study of the physical nature of erosion losses 1
[J].Agronomy Journal, 1936, 28(5): 337-351.

O, w0, HRHE S, A b MR IRULR MUK A [ A A L
il T PR AR R A e [T]. i, 2021, 58(3)
649-656.

XIAO H, GAO F, SHAO Y Y, et al. Influence of
native soil particles on soil aggregate stability relative to
breaking-down mechanism [J]. Acta Pedologica Sinica,
2021,58(3):649-656.

FRig, ZE 5% 2, 5k AR, 55 W Le Bissonnais 23 BF 58 A

http. // stbexb.alljournal.com.cn



5 6 3]

LA+ AR W) 4 O AR AR B 0 e 9 P SR A A B R M R e 83

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[ A Bl 28 0T 4L e PR R IR AR B MR L)L R 2R 4R, 2020,
57(4):855-866.

CHENG L, QIN J H, ZHANG L C, et al. Application
of Le Bissonnais method to study soil aggregate stability
in red soils under different types of vegetation [J]. Acta
Pedologica Sinica,2020,57(4) : 855-866.

Vo, XA MRSESC, A5 R R S TR B B R A
P B R e iE B Ho R R [T]. K R AR 25 4, 2021, 35
(5):80-86.

LENG N, DENG Y S, LIN L W, et al. Characteristics
and stability of soil aggregates developed from different
parent materials in the south subtropical region[J].Jour-
nal of Soil and Water Conservation, 2021,35(5) :80-86.
PR, B, EEAR,E T LBIEMEE o Bk
AT R R AR P LT ] R K+ R, 2020, 18
(2):52-61.

JIANG C X, WANG B, WANG Y J, et al. Soil aggre-
gate stability of typical forest stands in the Jinyun Moun-
tain based on Le Bissonnais method [J]. Science of Soil
and Water Conservation, 2020,18(2):52-61.
Wt R KIB B, 45 AE WK A2 A5 0 AT 2R A
AT LR B LAY S e [T ] BRAR S B B SR 4R, 2022, 42(6)
631-639.

YANG Q, ZHU D Y, CHEN J, et al. Effects of vegeta-
tion restoration models on soil aggregate and organic
carbon stock [J]. Journal of Forest and Environment,
2022,42(6):631-639.

g B, SOM e A5 A BOR BE 3 b P R Ik
B A E S ATk [T T AL K S iR CH AR
J) ,2023,49(6):702-707.

MA J X, XIA D, AT S J, et al. Soil aggregate stability
and erodibility of vegetation concrete slope[J].Journal of
Hunan Agricultural University (Natural Sciences ) ,
2023,49(6):702-707.

TRAS R, EREL, SF AN IR A AL X R A e A R AR
U A E B e v 5w (D], M2 i, 2025, 62(5)
1353-1367.

ZHANG J, ZHOU J, WANG Y M, et al. Effects of dif-
ferent organic fertilizers on the formation, stabilization,
and turnover of aggregates in acidic soil [J]. Acta Pedo-
logica Sinica, 2025,62(5) : 1353-1367.

REN C, LIU K, DOU P, et al. The changes in soil micro-
organisms and soil chemical properties affect the heterogene-
ity and stability of soil aggregates before and after grassland
conversion[ J].Agriculture, 2022 ,12(2) : e307.

ARSESC, B PI , E A B, 45 . B I B N bR il e ) ol
LI RAK > A K Aa g PR sz (D] R0 AR B2 4R
2020,31(11):3647-3656.

LINL W, DENG Y S, WANG J Y, et al. Effects of

plantation on aggregate distribution and stability of later-

[26]

[27]

[28]

[29]

[30]

[32]

[33]

itic red soil in south subtropical China[ J].Chinese Journal
of Applied Ecology,2020,31(11):3647-3656.

A S, AR AL SRR, A5 AN TR]R B AE R AR 5 -
Ry 8 R AE B 58 [J]. K £ OR 55 24 4, 2016, 30 (4D -
206-209.

HUA R, XU X X, ZHANG S N, et al. The research of
soil particle fractal characteristics of forestland and grass-
land with different restoration years [J]. Journal of Soil
and Water Conservation, 2016,30(4) :206-209.

WREL, S 3CH, R E 45 . i 28 B o i AL 0 398 AT 2R
MR AR S T B H e 45 Wy B i s [T]. M 24 4R, 2023, 60
(1):151-163.

CHEN H, MA W M, WANG C T, et al. Effects of
shrub-encroached grassland on the stability of soil aggre-
gates and cementing materials in alpine grassland of Qing-
hai-Tibet plateau [J]. Acta Pedologica Sinica, 2023, 60
(1):151-163.

LAN S B, WU L, ADESSI A, et al. Cyanobacterial
persistence and influence on microbial community dynam-
ics over 15 years in induced biocrusts [J]. Environmental
Microbiology, 2021,24(1):66-81.

BULLARD JE, OCKELFORD A, STRONG C, et al.
Effects of cyanobacterial soil crusts on surface roughness
and splash erosion[J].Journal of Geophysical Research:
Biogeosciences, 2018,123(12):3697-3712.

GAO L, BOWKER M A, SUN H, et al. Linkages
between biocrust development and water erosion and
implications for erosion model implementation [J]. Geo-
derma, 2020, 357:e113973.

Fi TR AT FBIGESE L W Le Bissonnais ¥ % & £k £
o 3R MR A AR E M B H R LT ] K R AR R AR AR, 2004
(1>:7-11.

LUS G, ZHU L, ZHEN X P. Le Bissonnais method of
measuring aggregate stability in ferrisols and its implica-
tions [ J]. Journal of Soil and Water Conservation, 2004
(1:7-11.

FE M, B Le Bissonnais 325 iff 58 AS 8] A7 40 4F B +
HE P 3R U B B E 1 [T ] P AR I 2 4R, 2017, 30(5) ¢
1153-1157.

WANG S, MAO L. Application of Le Bissonnais
method to study stability of soil aggregate in different
tobacco planting years [J]. Southwest China Journal of
Agricultural Sciences,2017,30(5):1153-1157.

DURU M, THEROND O, MARTIN G, et al. How to
implement biodiversity-based agriculture to enhance eco-
system services: A review [J]. Agronomy for sustainable
development,2015,35:1259-1281.

=R EMR, ik, SN TR 45 K S AR A IR BE 1
B T SR AR B AT LA B4 5 o [ 0] 7K = AR 45 4R L 2023,
43(3):414-420.

http. // stbexb.alljournal.com.cn



84

PSRV R 3

%039 %

YAN S X, XIA D, AT S J, et al. Effects of different
crust types on soil aggregates and organic carbon of veg-
etated concrete substrates|J].Bulletin of Soil and Water
Conservation, 2023,43(3) :414-420.

AL BRI B BRI A4S B e R K i KU S A XA T
A 4 B 2R RN A Pk By H A i s [T K =
TREF2E M, 2024 ,38(4) 1 38-44.

WU J, ZHANG B C, CHEN J, et al. Effects of differ-
ent biocrust types on soil organic carbon and its transfor-
mation in the water-wind erosion crisscross region of the
Loess Plateau [J]. Journal of Soil and Water Conserva-
tion, 2024 ,38(4) :38-44.

WL L SRR M A TR DX P g 2 A R
RS o 8 P 3R AR S R o AR e v S e ()L 0 AR
A2FH, 2023, 34(4):892-902.

CAO Y S, ZHANG C H, XIAO B, et al. Effects of cya-
nobacteria and moss-biocrusts on soil aggregate stability and
splash erosion in croplands of the China mollisols area[J].
Chinese Journal of Applied Ecology, 2023, 34(4) :892-902.

(E#% 7470

[35]

[36]

[37]

[38]

MAHER B A, TAYLOR R M. Formation of ultrafine-
grained magnetite in soils[ J].Nature, 1988, 336:368-370.
BLUNDELL A, DEARING J A, BOYLE J F, et al.
Controlling factors for the spatial variability of soil mag-
netic susceptibility across England and Wales [J]. Earth-
Science Reviews, 2009,95(3/4) :158-188.

WS AR B Bk TLAR 45 AR R T R AR X
K IY A B B A AT REAE B S R [T ], P R 2R CH
SREF M), 2022,44(12) :136-144.

ZENG F L, ZOU Y X, ZHANG W H, et al. Effects of
rate and particle size of biochar on water infiltration and
redistribution characteristics of purple soil [ J]. Journal of
Southwest University (Natural Science Edition) , 2022,
44(12):136-144.

MAHER B A. Characterisation of soils by mineral mag-

netic measurements [ J]. Physics of the Earth and Plan-

[36]

[38]

[39]

[40]

[41]

5 E L B PIAN R S, A5 R A A 5 XM R AR
B+ A R R M A S [T ] A A 2, 2022, 42
(7):2751-2762.

WEI H, DENG Y S, LIN L. W, et al. Comparative
study on the stability of soil aggregates in typical micro-
habitats in karst ecologically fragile areas[J]. Acta Eco-
logica Sinica, 2022, 42(7): 2751-2762.

PR ARG B A SP R A DY ALK R AL A R
MY A SE M B RS RE ML ) AR [T K AR R 2 Al
2004,18(4):69-72.

L1Z X, CAI C F, SHI Z H, et al. Aggregate stability
and stable mechanism of aggregate derived from quater-
nary red clay in south of Hubei Province [J]. Journal of
Soil and Water Conservation, 2004 ,18(4) :69-72.

XIAO L, YAO K, LI P, et al. Effects of freeze-thaw
cycles and initial soil moisture content on soil aggregate
stability in natural grassland and Chinese pine forest on
the Loess Plateau of China[J].Journal of Soils and Sedi-
ments, 2020,20:1222-1230.

etary Interiors, 1986,42(1/2):76-92.

KR, PESEI W A, A AR R RS N &%
AR SR AL AR BT R AR L [T R R g R
LA WEYE,2009,25(1):91-94.

ZHANG C Y, PANG J L, CHANG M R, et al. Com~-
parative research on soil granularity and magnetic suscep-
tibility of the cultivated soil and anthropogenic forest soil
[J].System Sciences and Comprehensive Studies in Agri-
culture, 2009,25(1):91-94.

RAZZAGHI F, OBOUR P B, ARTHUR E. Does bio-
char improve soil water retention?
and meta-analysis[ J].Geoderma,2020,361:e114055.
L1Y Y, ZHANG F B, YANG M Y, et al. Effects of

adding biochar of different particle sizes on hydro-ero-

A systematic review

sional processes in small scale laboratory rainfall experi-
ments on cultivated loessial soil [J]. Catena, 2019, 173
226-233.

http. // stbexb.alljournal.com.cn



