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T A BRI BEIR . Tang™ iz FH 38 A R K
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AT 7RI B N A A IR AR S e i P e
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DU RE 53 B T JHL A R AR 43 A R IE RN A0 Tl 1 i o 1) L
RGN, SRR Z — 0 A SR AT . AR
BERA T i N TIREE Pt I, N A
WA T IERRENI R, il
DeE rh LIRS SRR AR
1 #MR5RFE
1.1 RIEXER
HEHANII AT RHIX, /- 110°15'~112°04'E
F129°56' ~31°34' N Z ], J& Ty, 4571
FARHE 992.1 ~ 1404.1 mm, ZEEZE6~7 H, WHH
W], SRR, FREGE, TRIR 14~ 19 C,
TR TR IR B DX gl M R — 0 %) 30 3% R Y
Yk, IR AR AT, 2015 AE R AR AEN
AT EET—2E4 15 cm (A TIREE ., 1
Poits TR, A AR BCA YR A B R ) — H AR
P, KU KRR SEG 42.5 By AERREL K Ve, AL
Ykt ki INT 2 mm BIRZAREEAR , SRk as sl =
Iz K2 L P LY-002 BUSEARAS NG, DU [ AH 5
PR T B L 100 ¢ 10 ¢ 8 = 5 AR ES, H
PIAGE f 7K IR B WERTE Fo 2ille, HIAA
TIREE AT N 1.45 gem™, KIREKEHN 16.3%,
fLERAH 40.18%, pH HA 7.4, XFHEYIRAERKTTA
SR, X R A e U A A BORZ A SR 35k
X HR S b, HLT 5 B Xof R 3p b 55 N T VR e I
Hi B ST B AR AR — B, RO 3 e 45k, B
BEZy 58°, YiimiZ) 2.6 m, AHBEAE TG EL 90%, FEBE
AR AR A 30 ~ 100 cm.
1.2 R#EE
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TR AT ;s 4, FomBRE (%); D3R
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Fig.1 Particle size distribution of mechanical stability aggregates
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A R 32% 5 50% oA, BEET 5~0.25 mm
HRIRE & (P <0.05); ") 5 4-kiiad] H R4
B AT 5%, MHEZRITCEEZES (P<0.05),
XPHRE, AR EHOKE M SRR R AR 5 A RN
TARBE AR R X, o <0.25 mm AR K
Trhesn, A8 74% A, BEST AT IRE 1%
M)Er s 1> 5 mm BIREKE SR 12%, B

PRI
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@

FATIREE SR (P<0.05); HfE S ~3 mm,
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Fig.2 Particle size distribution of water stable aggregates

2.2 FUimMEIRFREFIE

Zeadise, N TIREEH35 [ AR PRl AR H
IR A PURERRAR IR 1 R, R LR, A
TIREE LIS A AR 0 AP R A (] A A A 22
SRFE (P<0.05). fFEARER A L, NTIR
e > 0.25 mm MUK S KR AR & = A L
HAk EHEE 9.0% 1 97%., N TR+ i i
& MWD FULASE-Y 548 GMD 43 5 e 3 9% 580

1.24 F1 1.59 5. Z5REIRAE PAD FNn] phE A+ K 43
T E SR G 38.1% Al 71.4%. A TiREE - 3E4E
T RO N IR D 435 EE AR AR 229 A
24.4%. TERAIRIR L, HRRG S5 HRE B A
IR IR 63.9% F1 38.5%, T4y HUR L H AR 1T
27.2%. WA, ANTIREHIEMANE S RLAK L
HE 65.2%

#1 ALRETESBARLTERMMERHE
Table 1 Anti-erodibility characteristics of vegetation-growing concrete and natural soil
>0.25 mmPIREE R (%) LEFIIEIR R PR E R AR JURPE AR
R 23] Proportion of > 0.25 mm aggregate PAD Percentage Mean weight Geometric mean K (thm?>h hm™
Soil type PR IKFa aggregate disruption diameter diameter MJ "' mm™)
Mechanical Water stability (%) (mm) (mm)
N TR BE 1 87.01a 50.25a 42.4b 2.842a 0.75a 0.02b
S ae: 79.86 b 25.51b 68.5a 127b 0.29b 0.07a
A% 9.0% 97.0% -38.1% 123.6% 158.6% —71.4%
e AU ITPARID eI e e
e . Fractal dimension . A
. Organic matter S Aggregate state Aggregate degree Dispersion rate
Soil type ke T i (%) (%) (%)
Dry sieving Wet sieving
N TR BE 4 2493 a 230b 2.11b 11.18a 28.23 a 53.36b
S une: 15.09 b 295a 2.79a 6.82b 2039 b 7332a
TR 65.2% 22.0% —24.4% 63.9% 38.5% —27.2%

T ARVNG FERR I — P P SFR A R LI [E) 22 5 3 (P <0.05), FEASHER =60,

ZERERN], S ARTEM, ANTIREET R
U PER B4R T WnTER R AR A b, AR

R > 0.25 mm KRR RS B E R T 7E
IKERHERI R IE S 5D, MWD 5 GWD M AR
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YL TR BE 1 S W0RL 8] A R LA i, H4E Ry (X)) 5 MWD (X;) (r=0.985"), GWD (X,)
SRS . AR K. PAD, 3IE4EE D (r=0.966"), AHLB (X;,) (r=0968") H k%
FUOFBCR AR TR, A TIREE P rmae IEMSe, Sl 7 K (X)) (r=-0983"). 4
TSN T I, eyt S e BT AR 1, 4% D (X,) (r=-0.950") WL B ERME, A
2.3 FuikitEEFREAE R M A MUE S & (X)) 5 MWD (X,) (r=0.982"), GWD

XPASCHTIR RN P8 bR E T AH M A, L4 (X,) (r=0.974") W FEIEMC, Salpb:RF
R 2, Z5ER, ANTIRETHE >025mm KE K (X)) (r=-0.950") B FRMKE, S5IE4E%
PEAIRIR S i Ryps (X)) FIANLE S = (X)) SHE D (X)) (r=-0915"), G505K3% PAD (X;) (r=
BP IR B R Y], R N TR & 3% —0.906") WEMAI, WA, HELNEIRZ N
PO PE A BN TE AR . KRR RIEE R FEE AR

* 2 UMtHETRERIAE KM

Table 2  Correlation between anti-erodibility indices

X X X X, X X X X X, Xio X
X 1.000
X, 0.954™ 1.000
X 0.961™ 0.985™ 1.000
X, 0.957 0.966™ 0.974™ 1.000
X5 —0.853 —0.983" —0.864 —0.868 1.000
X —0.912" —0.950" -0.915° —-0.907 0.879 1.000
X; —0.907" -0.923" -0.921" -0.913" 0.910° 0.864 1.000
Xq 0.773 0.875 0.768 0.774 —0.562 —0.798 —0.865 1.000
X 0.832 0.845 0.821 0.830 —0.764 —0.690 —0.675 0.903" 1.000
X —0.814 —0.891 —0.879 —0.871 0.745 0.619 0.902" -0.921" -0.911" 1.000
X 0.914" 0.968™ 0.982" 0.974™ —0.950" —0.915" —0.906" 0.865 0.871 —0.821 1.000

e “N0OUKF ERBEME, “H0.05KF BB, FARr=60, X K> 025 mmiUlEEERIRASE (%) 5 X8 >0.25 mmuKFa
PRI S Ry s (%) 3 X W PHEEERMWD (mm) ;3 X AJUAPFERGWD (mm) 5 XA PEFFK (thm? h hm? MJ7 mm™) ; X,
?gﬁ?%%%ﬁﬁD;&ﬁﬁmﬁﬂﬁnw(%);&%ﬂ%%ﬁ(%);&ﬁ@%ﬁ(%)hm%ﬁﬁ%(%)m%ﬁﬁMﬁﬁi(g@”h
24 FUihMEIERRER ST WAy, FREIESY M 6.305, 2.276 A1 1.942, Hih 3

i e T EHURPE IR 2, M ZAE B G Y, BN 57.32%, EM5Y Y, TR 20.69%,
T HA — @R R, il — LR &b e in T Y, TR N 17.66%, —FH B TTHRER L
X IESTE R TR, SR SPSS B4EXT AR SC 2.3 B 95.67%, {5 BRI H 4.33%, 12 E W0 %t
WY 11 A FRPREE T R 500, SRR 3. HRAE R AR,
FR B BUFE I, B 11 AN SRR TR AN

®3  hiEiESR PCA SR
Table 3 PCA analysis of anti-erodibility index

. S kR K T2 ] SRR
B % *H*F.%ﬁ.m R AR 25 ﬁkf‘—

. Factor load of each index .. Cumulative
Principal Characteristic o

contribution rate
component X, X, X; X, X X, X; X X, Xio X root (%)
Y 0.932 0961 0943 0.952 -0.858 —0.870 -0.822  0.231 0.425 -0.543 0.141 6.305 57.32
Y, —-0.03008 -0.013 0.024 0.026 0.167 0.015 0.264 0.874 0.852 -0.828 -0.015 2.276 78.01
Y, —-0.2103 0.254 0.289 0.249 -0.431 0.379 —0.469 -0.379 -0.142 0.086 0.983 1.942 95.67
Hi e 3 s bn i far AT R, X F2 043 Y, BTk (X,) 550805 (X,); X ERS Y, STk K12

BRI > 0.25 mm LA E A RS E (X)), AP E R (X))o H > 0.25 mm HLEER & 1 4]
>0.25 mm KFRPEAT SRR B i Ry (X,). P EE BIASR (X)), >0.25 mm /KRl RIES & R
H#E MWD (Xy) 5L EER GWwD (X,); X (X)), FHEFERE MWD (X,)., JUTFEHEHE
F A Y, SRR R B2 A ROR L (X)), PBIR B GWD (X,). PR (X)), FIRE (X,) 5
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BUR S (X)) BRIEm BTk, (A 3H0E (X,)
St viEk, RN, > 0.25 mm HUE & PR
R > 0.25 mm KFPEA RIA S & Ry, I H
WwHAE MWD, JURPEE B GWD. ARG . H
RESAIREREER, SHeRE/ N, MU
PERRARAT

H 2 3t E R am SARIEAR AT 44
. = SERGRIRA, BRI

Y, = 0.148X, + 0.152X, + 0.150X; + 0.151X, —
0.136X; — 0.138X, — 0.130X; + 0.037X;, + 0.067X, —

0.086X,, + 0.022.X;,

Y, = —0.017X;, — 0.006X, + 0.011X; + 0.011X, +
0.073X; + 0.007X, + 0.116X, + 0.384X;, + 0.374X, —
0.364X,, — 0.007.,,

Y, = —0.110X; + 0.131X, + 0.149X, + 0.128X, —
0.222X; + 0.195X, — 0.242X, — 0.195X, — 0.073.X, +
0.044X,, + 0.506.X,,

WA N TR S+ 5 E AR eI )
FAMAE, Wk 4 PR,

F4 FRLFERBMERSE

Table 4 Main component values of soil anti-erodibility

o gl H—EAY, W FY, W =F Y, LA ESTY

Soil type First principal component Second principal component Third principal component Comprehensive principal component
N TIREE+ 4% 0.249 0.006 0.361 0.617

MR 13 -0.072 0.040 0.207 0.175

AR 32 143 X6 18 45 A AL o5 T i BRI 32 1l oy
SVRRAFAE Y b E AR N AR A5 B 25 5 A5 Y =
0.599 ¥, + 0.216 ¥, + 0.185 Y, kit A TIREE+
5 AR LIEDUMPER RS EROME. K 4 h]
DIASA, @ik 2Ea T PR 1S L T IR SR 3T
PPEIZE S FIAME R 0.617, H IR HIEH TR 25
B FWER 0.175,

3 iR

(B EPANEAS S Ol st TN a0 L T s s (L B
goh KRARKSHIR G R L, FHEEHRE
MWD 5 JUSEX EHAR GMD #ok, HBRIRN S5 F 5
FERUBRGT ; AR E PAD . PR K. 43
FELERL D KA, ke e e 5 b i e
5o ARSCH N TIRSE LA PrimbEie bS5 A 2R 115
BT ELIE LR, N TR BE T hl vk e Ak 14
BT, HBrihPELe & 5 B H AR )
3.53 4% ArMEBRA, N TR 3 A e sl s T
BEZMANEIRUKE . H—, fENRIRA IR,
BB KA 2 AR AR 2o K it E] A JE B, mT 4k
FAEBLTT, N TR EE 3 b LS Y K
FHEMEZ —MHK ., GHR R SHE AL
WA LA e AE FAT SRR, RBAE AL 1 b R AT 2R
TRITE A, v R 2 (B A Bl 1 o i - S B ik
PETEAR KRR B b O T LI 45 4 S xof R i 45 1)
AEJT, SFEARCY G5 R RIK S A PR - Ry

sER R RE W HERTY, Wagner Fll Yao 25222 [l o3 3
WA ML & sy, A AT A R S
PriderE 3R . RIRA DL S SR A 2B TIR
BT g e MR RIRIA G i (X)) FKERPER]
RIKTHE Ry (Xy) $2F4, LIEEPUMPES RIG5R . W)
i, AHLURERAEYERT o LG PR, AT
IEATRMAE L, WD T HEREBIR R (X;), tsstl
5 IR H T

H, AR KU AR A RN, 2 HHE
AL R K ACRERR S . KALER R 5 5E S & Ca(OH), f
G Y, XL G & BRIk 22 s A 1
T, B A AR R, A B S A i
5 IR [R SR R 25, (T IREE T T S 3
B, 3k 5K AERY [ BIFSE 45 AN R s - B [ Ak
B m i bR b AR L, N TR EE 1 45
IR IKIR I, SERE AU —FKR+, KRS
AR AL, AT st g i LSRRI (X ),
RERARE (X)), WA ER (X,), a5
P, R, TR EE 3 b oK e A R 3
e W E T B, SECLPUME LR G T
BT AREE, AHURAKEXN HLRE, BHLRE
T R T RBRMAIE R, B 1k KA R K
THHL WK JeA B 45 S Ak B ) 32 BE0G R il A SR A4
MIEERME . T R R AR 3 b il v Tk o ey
PRI ML N TR EE - 33 A He b M STk R

AHFFEIR LI, FEAH AR Hr > 0.25 mm KA
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PEPTSRAR S 8 R, o5 A BB & P 1 b S H AT
TVERE PR IR B R O, AT R i S e N TR
BEHHERPTMPE . SRMECT . ZhangPo SR i %) + T
MYERIRESE, IR BIR MR bR Bl S B R
& MWD, YRR K SHEYEE D ST R bR
Z AR 2 AR G . AR SCIF e 4 R R WA IX
— i ENTIREE S AR B IREA 2 Ty
TR, PRI RE AR N TR BE 1 eyt i
AoTikA e, BT DAELUS BOOT5E Rl S > 0.25 mm
R PSR AR & B A LT & B R R P N TR
Bk X — R AR A

ik, WA AT RAESBE T, &
T AR T 9 AR R AR R AT SR AR, A TR EE
TR R S T AR, KRR N
WRREE /N, RRSE VRS, INIMTAE H S A9 T2
B AR

4 5P

(1) FEH SRR AR, AL A SR 1,
N TR BE T 3 B A SR AR R R R R AT SR A
A W, W <0.25 mm /PNRARARIA ST
ERAL, HORAR MR R AR e S s o W i

(2) 5AKEEML, A TIREE &bt
TEbR A BEUGE, RUTHARBERS, ol
ReidR, putE SRCEHEA BT AR E, £
WA AT R, N TIREE LI Ui 25 A 3 E
PET 252.6%.

(3) MM R, NTIREE LR
> 0.25 mm KEaMER SRR S &7 Ry, AIAPLE & & 5
AT ph PR PRI AE WA OC M, HLX A Fa bR Xt
Ui A STk R, TR S AR N TR BE
T EER AT

(4) N TIREE 3L o B s i A AL Rk
AR e i H K AR A SR AR S e AT AL & A R
eI, SR R E S T AR g, I
BIE BT AR R A T A 3R T s P e ) o Y A
BB

EEBTE

[1]  ESE #REXS, 28 H, S5 15 e DO R R A T 3 bt ih
PERFZMAI]. o EZK AR, 2010, 41(12): 30 - 33, 73.

[2] # %, 2% fHEeE % B ORNE AR
PEWFFEIE I [T]. K BRERIFSE, 2010, 17(4): 6 - 9.

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

An S, Mentler A, Mayer H, et al. Soil aggregation, aggregate
stability, organic carbon and nitrogen in different soil aggregate
fractions under forest and shrub vegetation on the Loess Plateau,
China[J]. Catena, 2010, 81(3): 226 — 233.

Liu X L, He Y Q, Zhang H L, et al. Impact of land use and soil
fertility on distributions of soil aggregate fractions and some
nutrients[J]. Pedosphere, 2010, 20(5): 124 — 131.

VFICAE, BARSE, R, 45 MgiRBE AL SR ORI S
SEERIM]. dbst: R FDK B AR, 2012: 55-64.

oA, T M, VRSCHR, SF AR BE L UMK oh R AR I
WFFELT]. b EK AR, 2013, 41(1): 54 - 56.

FIFA, 3 R, SO0 . S LIRS R 52 27 L e il
WFFE[). K L4240, 2014, 28(2): 79 — 84.

oo, RS, A B, S AR ARDCRIEE A ARIRAZ T L
Fil i PR AAFIE BT T2 )], K R PRFF2R, 2011, 25(2): 157 — 161,
FE BB, SEREWE, B¥ VL, AF. RGO B - KO HEE S
A RARFFE R R[], 4752547, 2016, 36(16): 1 — 11.
WA, B2, X T, A U S AR B L SR R
AES AT PRSI, LA, 2014, 22(4): 743 — 749.

HITT, BB BRI, L AR XY - 4 P R R
FR 2R PRI 2R ] 7K L PREFI AR, 2018, 38(5): 58 — 63, 69.

Delelegn Y T, Purahong W, Blazevic A, et al. Changes in land use
alter soil quality and aggregate stability in the highlands of
northern Ethiopia[J]. Scientific Reports, 2017, 7(1): 1 — 12.

Tang Y, Li J, Zhang X, et al. Fractal characteristics and stability of
soil aggregates in karst rocky desertification areas[J]. Natural
Hazards, 2013, 65(1): 563 — 579.

Yoder R E. A direct method of aggregate analysis of soils and a
study of the physical nature of erosion losses[J]. American Society
of Agronomy, 1936, 28(5): 337 — 351.

AR, E5A, X 4, 55 AR R 7 X 2 3 2R R 20
i B U P 58 A A 4 B 1) LR ABE (0], Al TR 274, 2011,
27(1): 340 — 347.

MR, £, 2% 8, & BHEDr SORBE AT I X A2t s X
A H S K R AT 388 A 23 A B AR R SE A 0], AR AR,
2013, 33(22): 7116 — 7124.

Wang H, Zhang G H, Li N N, et al. Variation in soil erodibility
under five typical land uses in a small watershed on the Loess
Plateau, China[J]. Catena, 2019, 174(3): 24 — 35.

KA, e, SR . P AR L B ) 4 R 26
BRG] K R PREFAR, 2019, 33(5): 50 - 57.

WIES, JTtags, i P IR KA e ORIkt 1 e h
PEVEH[T]. K AR FRIFAT, 2015, 22(2): 7 — 11,

£ OR A YL B LEERRETE USR] L
HEZAAR, 2011, 48(2): 412 — 418.

Wagner S, Cattle S R, Scholten T. Soil-aggregate formation as
influenced by clay content and organic-matter amendment[J].
Journal of Plant Nutrition and Soil Science, 2007, 170(1): 173 —
180.

Yao S H, Qin J T, Peng X H, et al. The effects of vegetation on


https://doi.org/10.3969/j.issn.1000-0941.2010.12.012
https://doi.org/10.1016/j.catena.2010.04.002
https://doi.org/10.3969/j.issn.1000-0941.2013.01.016
https://doi.org/10.11733/j.issn.1007-0435.2014.04.010
https://doi.org/10.1038/s41598-016-0028-x
https://doi.org/10.1007/s11069-012-0383-2
https://doi.org/10.1007/s11069-012-0383-2
https://doi.org/10.2134/agronj1936.00021962002800050001x
https://doi.org/10.2134/agronj1936.00021962002800050001x
https://doi.org/10.3969/j.issn.1002-6819.2011.01.055
https://doi.org/10.11766/trxb200911220527
https://doi.org/10.11766/trxb200911220527
https://doi.org/10.1002/jpln.200521732
https://doi.org/10.3969/j.issn.1000-0941.2010.12.012
https://doi.org/10.1016/j.catena.2010.04.002
https://doi.org/10.3969/j.issn.1000-0941.2013.01.016
https://doi.org/10.11733/j.issn.1007-0435.2014.04.010
https://doi.org/10.1038/s41598-016-0028-x
https://doi.org/10.1007/s11069-012-0383-2
https://doi.org/10.1007/s11069-012-0383-2
https://doi.org/10.2134/agronj1936.00021962002800050001x
https://doi.org/10.2134/agronj1936.00021962002800050001x
https://doi.org/10.3969/j.issn.1002-6819.2011.01.055
https://doi.org/10.11766/trxb200911220527
https://doi.org/10.11766/trxb200911220527
https://doi.org/10.1002/jpln.200521732

164 £ % @ R % 52 %

restoration of physical stability of a severely degraded soil in [25] %= WS, & %, B, 5 ByPrr2e/NiEoR R 4

China[J]. Ecological Engineering, 2009, 35(5): 723 — 734. HEPUI R ZE[T). RO B 222447, 2012, 32(8): 64 — 70.
[23] 3K3F5F, EZM, Xk, 25 K ek KB oS # E B[] [26] Zhang BJ, Zhang G H, Yang H'Y, Zhu P Z. Temporal variation in
IKSCHB BT TARHBITT, 2015, 42(3): 92 — 96. soil erosion resistance of steep slopes restored with different
[24] SKIEAE, 4 1R, INEAR, 5. A0 B HK + 04 i FBF vegetation communities on the Chinese Loess Plateau[J]. Catena,
FLHENE[T]. +3E, 2018, 50(1): 28 — 34. 2019, 182: 104170.

Influence of Vegetation-growing Concrete on the Distribution and
Anti-erodibility of Aggregates

SHEN Jian', GAO Jia-zhen?, PENG Song-tao®*, ZHOU Ming-tao**, ZHANG Nai-chang®

(1. Huadian Tibetan Energy Co., Ltd., Lhasa 850000, China; 2. Engineering Research Center of Eco-environment in Three
Gorges Reservoir Region, Ministry of Education, China Three Gorges University, Yichang 443002, China;
3. Northwest Engineering Co., Ltd., Xi’an 710000, China)

Abstract: In order to quantitatively evaluate the erosion resistance of base materials on the ecological concrete protec-
tion slope, the aggregates distribution characteristics and various erosion resistance indices were analyzed in laborat-
ory, compared with the natural soil with similar site conditions. The results showed that the proportions of > 0.25 mm
mechanical stability aggregates and > 0.25 mm water-stable aggregates, mean weight diameter (MWD), geometric
mean diameter (GWD), and organic matter in the vegetation-growing concrete were higher than those in the natural
soil. However, the structural failure rate (PAD), erodibility factor (K), dispersion rate, and fractal dimension (D) in the
vegetation-growing concrete were significantly lower than those in natural soil. The principal component value of anti-
erodibility of vegetation-growing concrete was 2.5 times higher than that of natural soil, indicating that the vegetation-
growing concrete improved aggregation degree, and increased its anti-erodibility. Correlation analysis showed that the
proportion of > (.25 mm water-stable macroaggregates and organic matter were closely related to the other anti-erod-
ibility indicators. Hence, the addition of natural organic materials and cement significantly increased the content of or-
ganic matter and the proportion of water-stable macroaggregates of vegetation-growing concrete, resulting in signific-
antly better aggregate stability and anti-erodibility compared with that of natural soil.

Key words: Aggregate distribution; Anti-erodibility; Organic matter; Ecological remediation material
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