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W E: ANEAIREHE SRR (enzyme-induced carbonate precipitation, EICP) /N = [X 4 €6 173 B e J1 3R,
LW BEEE 5 EICP WKE (0 (CK XD, 0.5, 1.0 1.5 F1 2.0 mol/L) F1 6 NFEFFA] (1. 7. 15 30, 60 F1120d),
TE A R I6 20 A H 30 B A8 0, 8 R R 70 R R AT 7 5 A8 4k [ B BICP /B MR 43 B 1 b R A,
IO S FE SRR HR L . 5 EREET: 5 CK W IEAREL, EICP Ab3 B N30 5 ae 11, BE# EICP IR RIS,
Bt A B RE ) R IR N R K AR A S, AW 1.5 mol/L IR e, TiBEE SR I M T K, A E
RE 71 R I ST DO ek /N P2 MR RN AR AR, KX IRAE | 30 KJs/NIEE, EICP AL RAESS 7 KASIRIERE &, iR &5
RURIE) 85.79%~92.21%. FMELF N SR & 256 BICP W EE R38N Je i K5 i s, 0 BEFE5 i 8] A0 SE 4 43 31 S 35
SRR K el T RE A% . BICP fEH PR G LR REL IR S IR ETIRE, BWFHEH
FIBRIRAS & i 50+ B R BB B8R B R (P<0.01), BEWIRIFMRRR (A T4y B RE S AR A . IR 4 %
W EICP BEW A s/ NER L B B8, WA = B XK L AR in IR (B 45 T .
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Yy 78 o5 00K e AR I T I 0 B RE T PR 94.97%:
WANG 2 MR IR YR 5 1R R 45 & B R i +
B BRI 55%; ke e W SR B AR 4 R
i NI B RE IR LN T 1.9~21.0 5. A,
XL SR AV B AE 4 B KB Ja AT, Sebr BE
VIERAE W45 B R B TR K I [A), 75 AT) S DA A FE [
TR AR, I AT R PRI R Ak i it DA PRI R g )
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W A2 W 15 3 Bk B 45 U A Cmicrobial induced calcite
precipitation, MICP) F1 ik i 175 5 B IR 5 T #1 (enzyme-
induced carbonate precipitation, EICP) $7 AR /& il F Sk 3
TH#RIAZ R e R ) — MR RE A, HAZ LR
FA G 5 7= A B I S5 F I 45 é M SE B 25
AINE, HEA RIFRK AR, 7R MICP
AP SR IR B R R PRI 73%~97%,  FAE 135 AR A
B FE 84%~99%"M, FREERAESE R I MICP 1EH T I
RS2 B AR ot I 8] E 12 min ZEKC %S 88 min.
AR SO S T MICP 18 R i H 35 T 0 012 ol o
B2 235 AR P RO S B 1 58, 7E 1.0 mol/L I ROCR A B
o BbAh, AT R B EICP X PR . P IRR T
R I8 B R R e, fn: SHEN U7 Wk
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B, KA 1.0 mol/L (1) EICP ¥ ¥ vl ¥ b /i 42 b AR 1
IFIAJEIR 8 min, iR 13 Ll PR it sk
5 2081 2 3 Uk B S 0.75 mol/L 1) EICP Y& ¥ 5 K i %
Bk & 1B F B 08 8 /N By i3 75% i B R R b B
ALMAIJED 25UV ) FAS [ ¥ B ) BICP ¥ AL BE WD -,
RIL EICP ¥ FE A 1.25 mol/L i irb - i XU b 3R B £t K
A[IE 100%; LIU 2 P9 3% B 72 9K FE oA 0.25 1 0.5 mol/L
() EICP ¥ AE F R IR AR b 2 3l FEAR T 30% AT 71%.
AT L, EICP Pk bt R R 2 DRI B AN [R) 1T A7 7 2 3 22 5
[FIS, HH AT 0% B BICP I AR AE I [R50, s
TP KB EICP I Ak - M55 R 85 & B 75 4 i
IS RT3, 7 GO0 PR P 5 Rt 2 3 n; iR )
R B 35 % 30 I TR] (0 58 0 EXCP n (&K - (6 J6 0 PR Bt I
EPEAE 7d W ERTE, B R 0K RS .
AL UL, FRIPE (R EICP il 2 2 A B R 52, (R
AT B 5 M L ik AR . AR H AT % T ANE EICP WK
AbER 55 FR I [A) R 30 B RE T AR AR AN 2

Rk, S BARG EICP X =l i [X 456+ 4) 55 8 1
SO, AHE T DA =0k X R A R %, W E AN
EICP W JE (0. 0.5, 1.0, 1.5 11 2.0 mol/L) FIA[HF=4"
FfE] (1. 7 154 30, 60 F1 120 d), 3 i A 40 v il ik
B3R 7T SR 0 4 B Ak 0% EICP ¥R B RN 37 47 B[] F 1) 97
M, F 2l R A B 5 0 FRR ER 45 & &2 10 M FE #R s+
B BRI SRR K, e RIS i
AN RO, DAEHA =0k 22 X K i 2k v B A L3S
A

1 #MR5EZE

1.1 il IR ARt

DL = sk 2 X gAY 2 60 i e xd %, B RS EE
WHEEEETHIEE (110°18'~111°0'E. 30°38'~31°11'N)
P 0~30 om 2. B REM L1512 58 IR 7 i
FEHUEWE SRR ERT G S mm LA RICA . B
RERM. 2WE, NTE&HKERNA4T%, FEHN 130
glem’, pHIH N 6.87, HHLFE & &N 6.75 ghkg, Fiki
(<0.002 mm) [ 16.50%. 43 #i (0.002~0.020 mm)
17 25.65%. R KL (>0.020~0.050 mm) 7 12.79% Al
kL (>0.050~2.000 mm) 5 45.06%, +3EFH A,

EICP R PIFEH R E KN ZREE. RES&AMNS, H
R EIRBEAE A PR 2K RS, R RS AR5 43 7 H
F EICP N FE R (B IR 545 3 7Y, JR&Z (4
Mrati) SEAE (rbrai) B E 254 B R R
AN FEIEFE I E AR AR . KT IR R ] Sk B ik
3, REBOLFEN: el THIRREIT M R&H, BEER
060 g A EIN 1 L Z818/KH L 9 BE4s 5+ 30 min,
ZJEAE 4 °CIRENEE 240, B2 SHVE R B DAL
tF ] 3000 r/min FE3E B0 15 min 75 2 PREEE W, 4 IR
BB TIRREAE S 4 °C T TR, RABSE
U (DDS-11A B AL S 3RAL) 22 V43 IR Bl 375 003
49 7.240.1 mmol/min. FIK, ¥EVRKERERIRE

5@ A5 TR B DA ) A RV FE (O I i, B e %5 B8
MR, KT B S SRR (1D BRI SR
BRI ER ) BICP ™, T 5 223 9T
1.2 R

% 1& EICP ¥R E 5 J i )Xo B R A5 A Jk ey s 26-271,
AW BEE S PR EICP K E (0 (CK XTHE) . 0.5,
1.0, 1.5F1 2.0 molV/L 4> %% 5 A : Ey Egss E o Eys
M E,), ML 6 ANFEP I (1. 7. 15, 30 60
120 &) S5 AT MRS DLER FEAS R EICP ¥ & 7747
B 1) X 45 5 o B RE S RE . Ak, ARIE Guo 2P
et G, WEE 46.6%. Zifa 30 L/min JF
Jeg i Rl AR 56 e 3 56 SR AR UL o R K R (K < BE i =
5.0mx0.4mx0.3m) T, KEEmERUh (Kx Fixix=
0.4 mx0.4 mx0.5 m) H{RRIHFE P15 2R 2 BRI KR

(B D
FHKith g,
WA Pool r|

Flow control

VA5 BEARAT

\ Slope adjustment

RN pedes
Sediment collection bucket
B 1 AR KA
Fig.1 Schematic of flow scouring device

KK TTHRIRFER (K>3 =54 0.70 mx0.45 mx
0.20 m> HEAT M R EE B % 5 IR 9, AR AR AT AL
(L2 0.5 em) FITHEK. KR ERIH T AEIH 15 em
JEEE (Sem$BEE, 3 E), IHAER)E B AL HE L
B L2 T AESE, W, 1E e R R R a5l
IIAAH T H 8B 20% & /KA A R EICP ¥
221d 10 min 7870 $5 J5 338 2 wUREAE v LA 1 4F & I 1A
AR ROR . ARG, BRImtET R, DA
JE SRR . IR RIS HER T, IR E R 3 IR,
WP AN A I 288
1.3 IR

M EHIFRT) (B4 10.05 cm, &5 cm) BEATERE,
B J %oF B TR A A7 R R Ak B DAL, = ORI B
SIOIRAS LA BT B AT A K S i sz B0 58 i o8 PR 4
AR Rl 7K R 3 FE 1 B2 2 46.6%, AR I # BTG AL TN
BRI % = 05 8 e R, DA I & o AR v
P /0.0 7 L <ia R Y T e S S 5 N A I @
B4 30 L/min (GRZ/NTF 5%)  FErbiliE Kt e i
WCR B f TR, MR 2B 1 2 om HAL
RS, Al BRI G, A R BT v R BT
Ui R ) 55 R 500 sB ISR IR 56 (1 T AT AR
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PIFEIEFE 24 0 UL E, 2 ¥ B2 R I s
PV B AN TR EH TS L e
AT, R8T 46 BT E BRAE AR P9 2 1 BE A7 B R FH BB A
(mD mVST A B, J-MIERFERS ZACB AR AT e
FIERF RN, FAE R FAL B BRI RRPEER il
WA E. ERRBEHAREEDES 3 K. I,
B IR KA 7 d B FRZLRT EICP 3K 2~ 1.5 mol/L Ak
HEPRFEREAT T A0 2, BENLIEIE R 5 mm 22 45 1R
BB FHREENEEE e G LS B E e, e
AR T AT S A, 2 JE RIS st (Prisma
EAY, EEZEB CHRBHEAFD WS LA DL
WA AR 7R BICP 1 FH T 48 8 20 B RE ) B OBLL I o
1.4 HURAIBES %94
PRAE AL TR A AR T, FIA (D 3
THESERE S (D, — kUL, FH—KAEMT, D,
BAE BT W T HEPTR e
E,
TSt
XA E, R FTICEE BRI FET &, ke S NI
REETAL, m? ONRFEPRIES ], s
BRER S & BRI BR e 5 R E =, FIAR ()
T

QD)

M, - M,
1
KPP CHRBRE & &, % MONRAFERUEATRE, g
My AR T G T, go

KH Excel 2019 #EAT %4 4b 38, @1 SPSS 24.0 i
ITREESZHE T Z5Hr, FIH Origin 2023 #47 KK
221 o
2 GHR5HR
21 TESEHED

+- 385y B8 8 7152 BICP & FE AL 3% 477 1) 16 52 M B 2,
D7 2 Hr e . EICP ¥’ 5 A0 37 47 i 1] () 28— 1 FH R0 9 2
A HAE ¥R 35 B Re Sy E AR 2 (P<0.001),
WRYE FAE, FPAEEmER R, BICPREXRZ, —HK
HAEM MmN (R D,

FE 2 50, L34 B RE IRl BICP ¥ B /39 n 2
e/ 38R AR . 5 CK X IRZAAH LK, EICP
Al N Sy B RE ) (P<0.01), EICP KN 0.5,
1.0+ 1.5 F12.0 mol/L WM& 44 B8 7103 BN 19.63% ~
86.92%-38.79%89.41%48.13%89.91% F31.78%84.49%,
TEWREEN 1.5 mol/L I Jdi/ MR Bl L34y 296 1B 7%
PP ) 1) 2 K I RF SRR AR A A, AT RN R
FERK . SFPEN 1 d AL, FRYEEDA 7. 154 30,
60 1120 d B85 5+ 3 B RE 120 i 19.79%~84.08%
33.81%~ 87.80%-. 87.27%~ 94.21%. 91.41%~ 93.18%
F191.18%~92.77%. CK Xt HEZHAERT 30 KIKIEF K, B
JE B TR E: 1M EICP AL FRLHAE S 7 KIN 70 B B
R FEAR BV BARAK S, 2 S5 BE =4 B ) 384 - 48 4 B e

C= x100% @)

JRIRE N FEFEPINE A 7 d I, EICP /EF T 1305
e 7 BRI A B A JRIE 1K) 85.79%~92.21%, 7EWSE A 0.5,
1.0, 1.5F1 2.0 mol/L i 4 Jll ik #] 92.21%. 89.62%-
87.97% F1 85.79%, 8] EICP AbFH g g s #12 & 1+ 5 4
RIEE T .

&1 EICPREMFIFFENEBI OB TWUFHBEAM

BB EBEMAEDH
Table 1 Analysis of variance (ANOVA) of EICP solution

concentrations and maintenance durations on soil detachment
capacity, apparent cohesion and calcium carbonate content

F {4 F value
ZH EICP ¥ (CC) FrAIf (] (TT)
Parameters EICP solution Maintenance CCxTT
concentration duration
i i
Soil detachment 1 606.78** 3008.41** 191.95%*
capacity
: S B B
MR T‘jj. 517.37%* 202.05%* 3.03%*
Apparent cohesion
kR 4
Calcium carbonate 3 880.78%* 454.67%* 31.39%**

content
VE: **, P<0.01. FI[A. Note: **, P<0.01.Same as below.

35
O E,

72 Bos
N Ej
I By s
IIIEZ”

3017
251
20HEs ¢
15}

Rae: N

Soil detachment capacity Dr/(kg-m™2's™")

1.0
0.5 {
0.0

AU | peem [Pen, (P
15 30 60 120
774715} [#] Maintenance duration/d
A ANEKRE 5 B L8 A [F 57 7 1 (8] R AN [ EICP R 7% 5 & %
(P<0.01); ARIFA/NG FREFRA A EICP WL T A F2 57 I ) 22 57 1 2
(P<0.01); BEy~E,, 23 %7R EICP #kEH 0. 0.5, 1.05 1.5 #12.0 mol'L™";
NG
Note: The different capital letters indicate the significance differences among
different EICP solution concentration under the same maintenance duration
(P<0.01), and the different lowercase letters indicate the significance differences
among different maintenance duration under the same EICP solution

concentration (P<0.01); E,-E, , indicate the EICP solution concentration is 0, 0.5,
1.0, 1.5 and 2.0 mol-L"; the same below.

B2 AF EICPRE L Fdp it o] T L34 B 6 A R4
Fig.2 Variations of soil detachment capacity under different EICP
solution concentration and maintenance duration

22 RMNFERAH

KM FNTE 152 BICP W FE A F% 47 1 (] ) ik 35 52 0,
TR EICP 3% 5 RN 3% 47 i 1] () B — 1 R 2
A2 HAE F 5% R M E R = Ak B2 2 (P<0.001),
H EICP ¥k FEXT Hsgm e X, FHUCNFRIIT ], )52
THEAHAEM (1. RMFNE I EICP ¥ 138 hn
U KRN RS (K 3). 5 CKxfR4A
AHEE, EICP fEH FRMF T T BEH K (P<0.01), EICP
WEH 0.5, 1.0, 1.5 A1 2.0 mol/L I} % M ZH 5. 7 43 ) 488
1 43.70%~77.43%- 58.54%~101.21%. 77.06%~135.68%
F1 64.08%~ 87.86%, TEK N 1.5 mol/L B H1H & K -
PbAl, FAEE T 7 Bl T I [R] () 2 K 2 B0 R R4 K A AR
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fefadh, HAarHiKmEE Rk, SR 1d MLk, 77
P KA 7. 154 304 60 F1 120 d I 28 W0 2658 ) 4 ) 3%
I 10.46%~36.38%. 21.98%~46.46%. 35.12%~55.41%.
45.15%~65.49% Fl1 48.61%~72.76%. CK X 18 ZH [t 774
B TR SR RF S, (H KR FE AT 4/ EICP 4 i
TIPS (] 3G IR 3G 0, BAERVTAE IR, fEFRP
B 7 d B, EICP AE N R MR 77 (1) 38 ik 21 i 1
W& 37.59%~59.56%, EMREHN 0.5+ 1.0. 1.5 F12.0 mol/L
2> BIEF] 50.00% 54.23%- 59.56% Al 37.59%, & H]
EICP #b 3 g Vi 4 g TR AL 3R T o

14
OIE, EAE)s NE,, RIE s EIE,,

—_
[SS]

2

(=]
XXX Abe

X RRRRRRRRRX,

FKMFE
Apparent cohesion/kPa

e
A1 B
R RIHRRRRNR
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JN
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R
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F541I5} 1] Maintenance duration/d
B3 AR EICP R & fdr i 1] T RIAER A £ A
Fig.3 Variations of apparent cohesion under different EICP
solution concentration and maintenance duration

23 HRER{EAE

Tk B 45 5 252 BICP ¥k 5 5 77 47 i 1] 1 5 35 52
J7 2T 8. EICP ¥k 5 A0 35 47 i 7] () 28— FH R0 9 2
2 HAE FH 3056 B RS & B 7 AR AR 2 (P<0.001)
HHE FAE, EICP WM, FHUCHFRIIE], W=
HREAER RN (R 1) . BRRES S 2R EICP KE
by ES TN N UNTE L A E QD

7.5 ¢

6.0 -

45+

RRRKRKKIR Aa
a

X

1k
J
Calcium carbonate content/%

R RRRERRRRIRR:

IIOIIIIIIIIIIIIIIII IO T
2

IIIIIIIIIIIIIIII‘IJ;
I I IIIIIIIIIIII
L R

XK

SIS
RIS
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F7J115} 18] Maintenance duration/d
B4 R EICP RE &5 i if ] T KB4 4 AL
Fig.4 Variations of calcium carbonate content under different
EICP solution concentration and maintenance duration

5 CK 6 R4 A L, EICP &35 1 hn o Be 45 & &
(P<0.01), EICPKE A 0.5. 1.0, 1.5F1 2.0 mol/L i
TR S & B2 I 10.29~17.35 f%. 11.12~23.00 1.
12.00~29.59 f%F1 10.88~24.35 1%, EWJEJY 1.5 mol/L
B3I R R e o RO, BRIRES 5 2 BB IR 4 I R () 1 K
BIEMKEETRENEHES. 5FPEEA 1d
FHEE, CK XHRABRFRES & EE AN, EICP ¥ T, 77
PN 7. 15, 304 60 A1 120 d B URERR B4 & 85 il
HK54.17%~133.48%- 60.94%~134.39%. 61.98%~134.84%.

61.46%~134.84% F1 62.50%~135.29%. Fr4 I E AN 7d
iF, 75 BICP 1EH Nk BR 45 2 5 3G K 0 B 45 Sl ik 3] 4 1
KM FEF 78.26%~98.66%, {EIRFE N 0.5, 1.0, 1.5F1
2.0mol/L W43 AIiA%E] 86.67%- 98.54%. 98.66% #l178.26%,
B EICP Ab 3 ] v ige 3 i -+ ek i 5 & & o
24 KBINBRNDSESRIUFBHMKERIGSEN KR
WEDHEY (BsME 6, LiENERIEER
MEREIFRRE S BN E R ENERERE R (P<
0.05), —~HHIRE R RN 079 F1 042, % )&
CK X} HE 20 28 W 3 56 1 AR IR 45 & A8 (AN K 2 52 M U
GER, Bk CK XRS5, EICP /EH T30 5h
5RWE R N ABRKIRES & B0 2 B IR ER B R
(P<0.01), H#FHHE /5 R A HEEM, 25
90.85 F10.97, KR ME R JTFIBRIRES & &2 0] 7
T fRFE EICP AL BE T 85% H1 97% 4% 7> B Rt 1484k,
Hep, RIS ES 50 S 6 R e REL
AR, AR N TN R 8+ 3 B RE D ) B R AR

~ 35

» =E, ¢Ey; 4B, vE;s ¢ Ey

7;9 3.0 fn

2 s y=28.131 ¢ 057
N
=35 20
xR S :
g g 15 y=12.553 ¢ 0
Lg %’ R*=0.79
Hg 1O} P <0.01

<

£ 05

Q

=l

3z 00

w

4 5 6 7 8 9 10 11
BRI
Apparent cohesion/kPa
e B SRR A BRI G R R, ARSI CK HBHRE K&
KFR. K.
Note: The solid line represents the fitting relationship by using all data, while the

dashed line represents the fitting relationship after deleting the CK group data;
the same below.

BS5 XESBERASENBRAYXZ
Fig.5 Relationship between the soil detachment capacity and the
apparent cohesion

= 35F
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L 3.0

2 a5t y=1388enion
] = R*=0423
09 = i
ET: é 20fF= P<0.05 o,;‘ y =3.785 e 0710+
& § 15t . R=097
= : P<0.01
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Z 00F
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Calcium carbonate content/%
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Fig.6 Relationship between the soil detachment capacity and the
calcium carbonate content
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T, X ek A2 7E [ R 441 N AL EICP X 3 CK % R AH FE A DL/ SR AR 9 3, 10 EICP AL BE T 48

R iR R 45 B, — 5, X5 EICP J 3 A BB R 45
St E AT IR 45 SR IR L. fE EICPER T,
TIERIRE R SRR S R BN (& 3 AE
4, FmuHem LSRR ER P RIGE 77, M5 E 5y
BIRe )R E K. b, BEAE EICPIREEMIG N, i3
oY RES I RIS NG R AR S, 1X 5 OSSATL &
WD AR e R —3., —J7T, B EICP
WREESGE I, N S R BE 2 3, S I AL A
VERIAE — 52 R B b mr Lo & 4B, 5 —Jrm, &
EICP Ab f5 75 AR T2 Bk BRES Ui, R HIRESER T
Tk AR R — 08 T, BEE BICPIREMIG N,
A E RS g, (H I 1 PR 2V B 2 4 IR e 12
TG — %€ 72 FE ] EICP e Mt 2, S EURRIRES 4 i &
VD, N R RCR B, MR IR, Ak
A FE S BT R BE 77 (5 TR B /N T IR R B 3 P 40
i 11 5 20 EICP hn [ 2 R sk 55, A AR BN
2.0 mol/L B, A4 1y ] 2 SR AHEL T 1.5 mol/L B A% 72,
AT HH IR 358 23 B R 7 SN fE R B G

Bl & FR 3P I T R, 3580 25 RE ) 5 B S R ik
/NG RSN AR, TR ARG SR R k. X
FEEG IR BRI T o 7E R R4 R
EYMKP), SHERMNEE RS (B3, #
M T B35 B EE 1. LT CK X R4, EICP 4b#
Ae Vil = 3R PUR MEE /). 7E EICP 403, 4
Sy B RESITE 7 d PRE PR F AR KT, R R 2
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Performance of enzyme-induced carbonate precipitation (EICP) for
reducing soil detachment capacity of purple soil in
the Three Gorges Reservoir Area

LIU Deyu'! , ZHANG Lun?, XIA Zhenyao'** , ZHANG Wengi® , XIANG Rui! , GAO Feng! , XIAO Hai'***

(1. Key Laboratory of Geological Hazards on Three Gorges Reservoir Area, Ministry of Education, Yichang 443002, China; 2. College of
Civil Engineering & Architecture, China Three Gorges University, Yichang 443002, China; 3. Engineering Research Center of Eco-
environment in Three Gorges Reservoir Region, Ministry of Education, China Three Gorges University, Yichang 443002, China)

Abstract: The Three Gorges Reservoir Area (TGRA) has often suffered the most serious soil erosion in recent years. Soil
erosion control still remains on the purple soil, the main soil type for the sloping farmland in this area. Among them, enzyme-
induced carbonate precipitation (EICP) can rely on the urease enzymes to catalyze urea. Specifically, the urea can be
decomposed into ammonium and carbonate anions, and then precipitated the calcium carbonate (CaCO;) with the presence of
carbonate anions and external calcium sources. EICP has been proven to efficiently strengthen the soil for less infiltration, in
order to restore the rock and heritage. A promising approach can be regarded to effectively control soil erosion. However, the
effect of EICP on the soil detachment capacity is still far from clear, especially for the response of soil detachment to the EICP
concentration and maintenance time. Therefore, this study aims to clarify the effect of EICP solution concentration and
maintenance duration on the soil detachment capacity of purple soil in the Three Gorges Reservoir Area. The purple soil in the
TGRA was taken as the research material. The scouring experiments were conducted under five EICP solution concentrations
(0 (for control check), 0.5, 1.0, 1.5, and 2.0 mol/L) at six maintenance durations (1, 7, 15, 30, 60, and 120 d), in order to
estimate the soil detachment capacity. Also, the apparent cohesion and calcium carbonate content were measured at different
experiment conditions. Moreover, the SEM was employed to reveal the micro-mechanism of erosion reduction by EICP. The
results indicated that the soil detachment capacity of purple soil significantly decreased with the application of EICP solution.
Compared with the CK, the soil detachment capacity decreased by 19.63%-86.92%, 38.79%-89.41%, 48.13%-89.91%, and
31.78%-84.49%, respectively, at the EICP solution concentration of 0.5, 1.0, 1.5 and 2.0 mol/L, with the most pronounced
effect at the concentration of 1.5 mol/L. Additionally, the soil detachment capacity decreased rapidly, whereas, the subsequent
slowly decreased as maintenance duration increased. Compared with the maintenance for 1 d, the decreases at 7, 15, 30, 60, and
120 d were 19.79%-84.08%, 33.81%-87.80%, 87.27%-94.21%, 91.41%-93.18%, and 91.18%-92.77%, respectively. Moreover,
the reduction amplitude in the soil detachment capacity accounted for 85.79%-92.21% of the total reduction amplitude at the
maintenance duration of 7 d under the application of the EICP solution. The apparent cohesion and calcium carbonate content
of purple soil showed a trend of increase followed by a decrease with the increase of EICP solution concentration. Compared
with the CK, the apparent cohesion increased by 43.70%-77.43%, 58.54%-101.21%, 77.06%-135.68%, and 64.08%-87.86%,
respectively, at the EICP solution concentration of 0.5, 1.0, 1.5 and 2.0 mol/L, while the calcium carbonate content increased
by 10.29-17.35 times, 11.12-23.00 times, 12.00-29.59 times and 10.88-24.35 times, respectively. Additionally, the apparent
cohesion increased by 10.46%-36.38%, 21.98%-46.46%, 35.12%-55.41%, 45.15%-65.49%, and 48.61%-72.76%, respectively,
at the maintenance for 7, 15, 30, 60 and 120 d, compared with the maintenance for 1 d. The content of calcium carbonate
increased by 54.17%-133.48%, 60.94%-134.39%, 61.98%-134.84%, 61.46%-134.84%, and 62.50%-135.29%, respectively, at
the maintenance for 7, 15, 30, 60 and 120 d under the application of EICP solution, compared with the stable content in the CK.
The increase amplitude in the apparent cohesion and calcium carbonate content accounted for 37.59%-59.56% and 78.26%-
98.66% of the total increase amplitude, respectively, at the maintenance duration of 7 d. Additionally, the microscopic analysis
exposed that the soil detachment capacity was reduced to aggregate the calcium carbonate in the soil surface under the
application of EICP solution. Furthermore, the soil detachment capacity was better described by the apparent cohesion and
calcium carbonate content with an exponential function. The findings can provide theoretical guidance to promote erosion
control in the application of EICP on soil detachment of purple soil in the TGRA.

Keywords: soils; erosion; urease; the Three Gorges Reservoir Area; purple soil; detachment capacity; EICP solution
concentration
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