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Characteristics of Soil Aggregates and Organic Carbon Content for

Ecological Restoration Slopes at Xiangjiaba Hydropower Station

Ma Jiaxin''?, Xia Dong®?, Liu Fang®®, Yan Shuxing®?®, Duan Xiaoming'"*
(1.College of Biology and Pharmacy s China Three Gorges University, Yichang s, Hubei 443002, China ;
2.Engineering Research Center of Cement Based Ecological Restoration Technology , Yichang » Hubei 443002, China ;
3.College of Hydraulic & Environmental Engineering , China Three Gorges University , Yichang » Hubei 443002, China)

Abstract: [ Objective] The effects of ecological engineering restoration technology on soil aggregate stability
and organic carbon distribution were analyzed in order to provide a scientific basis for improving soil structure
stability and carbon sink function of different ecological restoration slopes at Xiangjiaba Hydropower Station.
[ Methods | Four different ecological restoration slopes at Xiangjiaba Hydropower Station were studied:
vegetation concrete (CBS), thick base material spraying (TB), frame beam covering soil (FB), and external
soil spraying (SS). The distribution and stability of soil aggregates and the characteristics of organic carbon

content were determined by the wet sieve method for two natural restoration slopes: natural forest (NF) and
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abandoned land (AS, used as the control). [Results] @O The soil for each slope was dominated by large
aggregates > 0.25 mm. The macroaggregate content in natural forest was the highest (81.83%). The
vegetation concrete and thick base material slope had the second highest macroaggregate contents, and the
macroaggregate content of waste residue land was the lowest (55.19%). The MWD and GMD values of the
four artificial ecological restoration slopes were lower than the values of the natural forest, and higher than
the values of the waste residue land. The values of the thick substrate slope were the highest (2.96 mm and
1.47 mm) , respectively. The fractal dimension (D) of the soil spray seeding and slag field was significantly
higher (p <C0.05) than observed for the other four slopes. @ The organic carbon contents of macro
aggregates with particle size >0.25 mm were the highest in all ecological restoration slope measures. In
addition to soil spray seeding and waste residue land, other restoration measures and natural forests had the
largest contribution rate of =2 mm soil aggregates. @ Correlation analysis showed that SOC was significantly
positively correlated with MWD, GMD, and R, (»p<(0.01). Aggregates of size =5 mm and 5—2 mm were
significantly positively correlated with soil MWD, GMD, R, , and SOC (p <0.01), and significantly
negatively correlated with D (p<(0.01). [ Conclusion] In the study area of Xiangjiaba Hydropower Station,
thick substrate spraying technology and vegetation concrete ecological restoration technology improved soil
structure and organic carbon pool similarly to natural forest. The improvement effect of external soil spraying
technology was poor.

Keywords: ecological restoration slope; aggregate stability; soil organic carbon; Xiangjiaba Hydropower Station
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Table 2 Distribution characteristics of soil water—stable aggregates in different ecological restoration slopes

e AR P R AR TR AR B

b .

>5 mm 5—2 mm 2—1 mm 1—0.5 mm 0.5—0.25 mm <C0.25 mm
CBS 21.67+0.48" 26.3840.65° 14.85+0.19° 11.22+0.05" 4,4240.41¢ 21.4740.99¢
FB 21.6640.27" 27.264+1.08° 13.43-+0.30° 7.03+0.75¢ 4,5340.54¢ 26.10+0.97¢
SS 17.3940.71¢ 9.33+0.82¢ 5.06+0.24" 8.53+1.06° 14.8940.59° 44.81+0.55"
TB 23.8240.66" 23.6040.94" 12.1140.4° 16.334£0.74° 5.9641.15° 18.17£0.25¢
NF 27.95+1.06° 23.9440.73" 12.48+0.24" 8.3440.56¢ 5.2840.40° 22.0140.63%
AS 7.314£0.89¢ 17.4240.54¢ 12.6040.90" 12.5940.35" 9.85+1.22" 40.2340.53"

T OF: g 5% WRAR LR 1; QARG T BRI — R A2 78 A IR 3 3 ) 22 57 e 3 p<<0.05, NI,

22 4EHEEHETEARGEE IS

HE 178, MWD fil GMD 7E 6 A 548 5 i b
rh s AL LA AR L, b NF A MWD #i1 GMD ¥k
K49k 3.23 mm 1 1.47 mm. TB K Z H P # 2
22 5 A B E. AS B &Mk, MWD ' g K T
CBS,FB 1 SS,GMD H {2 21X T CBS #1 FB(p<<0.05) ,
5 SSAHFEREZESS ., £l EEN AL (D)
KNS AT J AR 2,56 ~2.82 2 [d], Hrph SS Al
AS BEEF (p<<0.05) HAh 4 i1, TB,CBS A
NF>0.25 mm H R KT ' (R,.) Z % A0 E, 555
7 81.83%,78.53% F1 77.99% . SS i3k R, F A%, AL
£ 55.19%.,

3.57 100
3.01
@ deC = e 1
® 251 =k
S =
o 2.0t =
= =
O 1.5} =
a =
=z 1.0t =
= =
0.5} =
olLLA =
MWD D Ry
#i#i C1CBS ZZ4FB [ss E=TB EENF B AS
B1 AEESEELETEABEARGRE S
$54%r MWD,GMD,D F R, s
Fig.1 Soil water stable aggregate stability indexes MWD, GMD,

D and R, ;s of different ecological restoration slopes

23 EEEERNLTREARKENERS HEE
HT I 2 Al 1A A A48 5 1 i A Pl & i

25 W3 (p<0.05) . M BMEAR K HES 8 . TB=>NF
>CBS>FB>SS> AS. + # & F HLik & 575 FH A
11.75~38.31 g/kg., AI[FASME & i ¥ + 340 Hlak
TEATRVRL G AT R AR v o3 A 22 5 1 3, AR [ R 9.55
~31.61 g/kg(d 2), TB W BAKLE 4R h A HL
&Y hEE . Hi & T CBS Al NF(p<<0.05), B&
5~2 mm kg% B ARAN, CBS F1 NF 2 8] 1 P 84 A
HLAR & i 22 T A B3,

IS
=)

w
(=]
T

[
(=]
T

TIEFAREE I/ (g« k")
=

XX

(=)

[%4
K
K
2
K
K
K
K
2
5

$i 42 /mm

#i# (] CBS [[COss E1 [EENF B AS

¥ FB
2 AAAESEBEELIRIEARGCENRSE

Fig.2 Organic carbon content of soil aggregates in

different ecological restoration slopes

5~2,2~1,1~0.5 mm 2% B B &t , FB (1 H
RIRA PR S B E T SS A AS(p<<0.05),AS Fil
SSZRIZESFARE., Wih.6 MESBEHY 5%
7 2 P AR DL R P B R N 2 1 R R 7R
el Bx TB AT AS, HARFE b i A 3R AR A HLIK & &
YI7E 1~0.5 mm $7 405 B 5 KA.



553

DEFE  mEIK RSB

24 EFEELHTEARECENBREBME

AN TR A= 2548 52 100 3 4 1 P 3R AT BB 5Tk R AL
Bl 3. Sk b R AE 2548 52 3700 3 1) 45 R 9 A R AR A
LBk Tk 22 F K. &3> 0.25 mm (1) KA
PR ALBs T - AT BB 1) BT R 2R 35 Sk fe e o X 5 AT 3R
PRAT MURR % o 40 A R AE AL, =>0.25 mm K H R AR
1, FB,CBS, TB fl NF i3 ¥ Ph 5~2 mm B RIEH
HURR 5Tk % fe 5 40 91K 23.16 % ,21.66 %, 19.48 %
13.36 % . 1M 0.5~0.25 mm H BAKE PLER 5Tk R 4 N
AR 43 3.92%,3.18% ,4.50 % Fil 3.28% ; SS i1
Ye=>5 mm HRAEA HLEKSTER R 12.46%6,2~1 mm
AT 3.57% 5 AS 3% >5 mm W B KA HLEE 5Tk R
SR o LA 25 R 0 1A 3R AR AT ML BTk 3 Ry 13.47 %6 ~
17.80% , <<0.25 mm f A A, AS Fil SS BT ik % K
FHA 4 A, o AS 05 STk L 43.94 %,

1001

bode! RS
. RS RS
S S S
o 80rF ReSetede Rosesede!
7 S S
o sSes s
X 60 S 2
=4 L
i
=
w 40+
&
S
20 +
i
0
CBS FB SS TB NF AS
BARE ] >5mm V23 5~2 mm [CJ2~1mm
ME E51~05mm EHO0.5~0.25mm B <0.25mm

B3 AREESEENRTEARGANRITHE
Fig.3 Contribution rate of soil aggregate organic carbon in

different ecological restoration slopes

25 AREESEELHTEARKESSHEMEXME

AT

HE 4 7750, >5 mm Ml 5~2 mm B 9% B B RE
5+ MWD, GMD Hl R,,; ¥ 5 W W 2 1E A%
(p=<<0.01). 5 D Zk i 2 5 AH K (p<<0.01) ;<C0.25 mm
K2 A B AR KR 5 HE MWD, GMD Fl R, & W i
FHMHMK(p<<0.01), 5 D B EIEH K (p<<0.01),
+3 SOC 5 MWD, GMD #l R,,; 5 W% & & 1F # 5%
(p<<0.01),5>5 mm Ml 5~2 mm ki 2% 514 5
W IEA I (p<<0.01), 5<T0.25 mm Hi g A Bk &
B 3 TR O (p <<0.01) . 31X ik B K FAT 38 1A 5 i ik
%, TIRAEH AR E A LK B i U R IR S &
AT RTRE A VLR D . A A L
T 5 P R AR R e tE R OE H L B ALK 5 ol s £
SRR E

3 A A R AR I A ALK = RRAE 5
MWD |/ R 10
0.8
GMD N
VA%l e
. 0.4
02 ®
W&
*x 0 3_H
K
*k 0.2 32
* %k _0‘4
1~0smm | < (@@ 0.6
0.5~0.25 mm /, 08
<0.25 mm /w/ 1.0

o RFWFEMIC(p<0.05), » » REFEMBEHK(p<<0.0D,
B4 AEESEEDWHTEARKSHEEXE
Fig.4 Correlation between soil aggregate parameters of

different ecological restoration slopes

3 W
3.0 FEAEAIES b+ 5 F Bk 5 % fn e
=2

A AT SR AAC 1 /N R B 5 e A A o Mt
HEAT WUV 17, 5 5 L RS M 1 43 T DX B - B ik e
B A HURK R PR 3 SCE R AR SO OY kB A 4
P AR AR AR 1 20 A IR L AE 6 S ) A= 2548 2 i 3
BEHL A7 AE 22 5% AR S TG E H R &5 1 1
AR AR T i MRS e . — 7 TS TR A 08 2 i Bk
F T A A A U R ok A v L A R s AL RN b 2 O VR
Yy 1) Fp 2 5 80 R T L 5 80 A DL o) g RN Ak
TR AR ] , 175 0 S 45 ) B T N ()R A% T A D
HITE B » fe 2 e B 48 T SR AR 0 A R AE A AN B &2
DY A2 R0 S — L6 MRS B E D H T
AN ) %) 3t 3 A 0 7 o B R B L 4% 1 7 R A b R AR IR
FIUHE T 18 % AT SR AAR 235 ) 10 o T VR 4 FH At KOS A
] s JIT A4S 100 30 + HE A SR AR A 43 A 25 5 0

Ro.s 248 THOR A2 >0.25 mm 19 K B AR B,
A AR A 3 PR R A B b R, T - S 2
M Re e PRk A ARBFSE R B L6 N ANRIE S B E D
B A HELLI>>0.25 mm B K BRARR AR R £ Hd R
SRR by R 11 2R A 5 ke v 0 TI) R SR P R it A At
ANTEEhgammtae., FERFZ. 5ANTH§
SN L RIRRAC B R] Y A 28 O BRI A LT
TR, T AN E R TR A G A 0w R I 4
Fa A2 T T A A T R L R A A B s DTG A i
- SR 0 AL 5T, A3 W 1 TS 5 W 5 RT LA
PR AT B AR 1] R P AR SR AR L A DA R A 2 o i
FLAR(MWD) , JLA[ - 34 B 4% (GMD) DL B 40 4 40 (D)
FEPE A P R 25 M R RRAE 1Y B 2240, Hof MWD
GMD A, D {F /] . 158 B 4 48 P 3 A R g bk e



6 WSRO SER TR 543 %
Fo Pk B R . AR MRS T, R MWD Rl >2 mmoki#8 B R HLER 9 STk R e . R

GMD #mFATAEBBE LY. 5>0.25 mm K%
P 2R A 5 £ 19 4 A R — 350, HLARSGPE 3 T R W] R s
5 MWD #l GMD 2 % i 2 1E 40 5¢ (p<<0.05) , i W]
- O TR A A B B e T R A A OB R E L X
b5k A R A SO AR RS A AL . AT R
BANESTEBEE NN R, » MWD fil GMD ¥
m T, D WA UL A S TREE AR
Dy RIS iR e, 250 EKEEE.
OEESTEEEHEARERBEMTMATEZNE
A N8 A AL RS B 5T A A L S AT g
B WA W BB R PR ok B 0 - 3 AR W i B
H o M DL SR A T A o T s R B AR S R R B 2
VE T 3 M K B 0 T i 39 4 9 A SR AR 10 JB i 5 R
K, O3 it i B o0 A AL S M 22, HL
FRABEZ N b4 )2 K Gl SRR 25 M A K %
BRSO ORI T A BLA 0 R 2R 4 BORE 0 B 4
N TABE b rh %+ Wi 3 100 B F2 e R A At 3 434
e 2%, —J7 W A] BE 2 K R i3 e ) b 5 B2 RA g
T R 7 AR I AR RN AT MLIR AR T A i B, £
B e 45 M FHUCES MTT R P SR A R e o R
T3 — 77 TH AT RE PR Ry % - WERR i A O IX, TAE A
A TR I UL BRSO TR B & T8k
35 R V5 B0 D D R A R A R
32 FAAEDEELKTEARGCHNHEHE T
A LA Ay — Tl B 5 45 W) 5T 5 e 3 AT 2R AR
(% 155 A R T e 1) AT 2R (R SLRT L 5+ 48 1 [
WRRE 1 o A SO A S 2 A7 b R R £ HE SOC 5
MWD,GMD I R; £ # i 2 1E A 3¢ (p <<0.01) , ffl
U A L 5 W RIR R E B DG, BE
SRR G e BRI RE K A T L AR AR A R AR
BUBR % 5 5 b ) s I A a3, o 5~2,2~
1,1~0.25 mm BLK & & B 23 10 0 BiF 9 28 B
VAT SR AR AT WL & f fe KA BAE 1~0.5 mm Fl 0.5~
0.25 mm Figk . RN [EDRL AR A AR N A LB B
AR 25 R (R IR B S R A SR AR Y A BLB 7
Bm TR, A 4 DS TRE R
=>0.25 mm KR AR AR HLAR % i 5 T <<0.25 mm A
AR AEA LR & &, Hh 5~2 mm,2~1 mm Fl
1~0.5 mmAi 2 A ALk & it e, X 5 LR R4S
— B0, UL B A 2508 A TR AT L i 4 K A BB AR A L
e it 4 e R R Rk BE ) . TR S A R i B A
R AT SR A LA % 8 340 05 T K SR bRORI A B TR R
Y X 5 4 A PR A AR R — 3 JF B

PUA - BR A B I A ALY i 2 oh . D485 % %2, )&
J2 BB 3 10 80T BRI 55 O RO R AR T 5 5
SR PE R K AR PRI S T A BLBR A9 7 fl 3 %
AT A BB B [ R BT LAJRE )2 R A 3 A L
ik 5 i i e O R SR R AR SRt T Z Rk IR . O JF
JE BB DR P H Dl o A 0 B e A AR D IR
MR AR ZR A R ik Hoor i g 1 A L
JoT A i A L 3 A AR AR I AL T R 3 K R
Jr WA R R, 98> T P HLIR o B Ok
FEUCH 5 U [ R B i [ U T D7 A
T Sy FE A b R 531 2 2 3 ) R Y AR R T R Y
ZAF T BF B R B V% Y L 2 Rk i 3
OS5 b 70 3 3 B DL <20.25 mm A9 13 A 3R 1k 5T kR
B o ATREJE A O X P 1 B SR a3 R = H ) Rl
B, S EC P RO E L B T O AT R A R
T PN P 1 1 A BL A . T ol AT 2R A 1 S ) AT AL
I 32 3 Yy BAR Y LB RR E  AN T Bar fi

4 5B

(D 55,4 MESBE N - E R
RURFE YA T & BRSO 22 T KA, H
T JEL )23 o S R 340 3k RN A TR B 3 B AR e PR AR
PRE 5 722 30 RARAR HEAR B2 L ih ok Z % T Wi %

(2) HEESANR S ERIA JEEEM LY >
KRR EE L > ER R E LD K+
WERE D > S s AR A S E 3 LI >0.25 mm
RLAR Y R W SR A LA & 5o 325 82 B B
AR Bl TR B - 30 3 RN AE A SR AT 4 ik B X DA
=2 mooRL g 38 A SRR BT R R B K A A 3
75 Hb DL <<0.25 mm R ) B AT 3R AR B Rk R e K

(3) T In] G 3K H 3l F 5 DX P B )2 66 b s o ¢
AR TR A TR B A A A8 52 4 R R - 8 45 4 R A BIL Bk
JIE B A AR e A, % L AR R R Bl O B 2%

[ 2 % x #& ]

(1] ZEEELE BR#E . Bih o, S K @XM AESAHE NS
PEAY R S0 K R w51 T AR T SR R S B,
2013,22(12) :1573-1580.

[2] Raiesi F. A minimum data set and soil quality index to
quantify the effect of land use conversion on soil quality
and degradation in native rangelands of upland arid and
semiarid regions [ J]. Ecological Indicators, 2017, 75:
307-320.

[3] Hartley W, Riby P, Waterson J. Effects of three differ-



553

Ty AL 5 5 ) ZRIK i 2B 548 52 300 3 9 PR 3R AR R A LA 3 R R AE 7

(4]

[6]

7]

(8]

(9]

(10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

ent biochars on aggregate stability, organic carbon mob-
ility and micronutrient bioavailability [J]. Journal of En-
vironmental Management, 2016,181:770-778.

Li Junya, Yuan Xiaoliang, Ge Le, et al. Rhizosphere
effects promote soil aggregate stability and associated or-
ganic carbon sequestration in rocky areas of desertifica-
tion [J]. Agriculture, Ecosystems &. Environment,
2020,304:107126.
Six J, Paustian K. Aggregate-associated soil organic mat-
ter as an ecosystem property and a measurement tool
[J]. Soil Biology and Biochemistry, 2014,68: A4-A9.
WE BB A L A3 A o T ORI BT
JRERRE[)] AT FRE,2022,41(3) :589-596.
AP FE BR L PG5 T R L0 b XN AR B i AR
{1 - e SR Ar R BLLY ] 11, 2003, 35(3) : 222-226.

Qiao Leilei, Li Yuanze, Song Yahui, et al. Effects of
vegetation restoration on the distribution of nutrients,
glomalin-related soil protein, and enzyme activity in soil
aggregates on the Loess Plateau, China [J]. Forests,
2019,1009):796.

Gu Xiang, Fang Xi, Xiang Wenhua, et al. Vegetation
restoration stimulates soil carbon sequestration and sta-
bilization in a subtropical area of Southern China [J]. Ca-
tena, 2019,181:104098.

Huang Yanzhang, Xin Zhongbao., Ran L, et al. Topsoil

carbon sequestration of vegetation restoration on the

Loess Plateau [ J]. Ecological Engineering, 2022,177:

106570.

ING X EAZ  INGE R 55 A L R A R ) R 3K

Tt AT R A g g2 g (7). 30 k2, 2018,35(6) : 1361-1367.

TREC RN G2 A L R T B 1 KA B E X+

I A SRR R P R = T I B S [T ) AR A A

2022,42(22):9057-9068.

Zhong Zekun, Wu Shaojun. Lu Xugiao, et al. Organic

carbon, nitrogen accumulation, and soil aggregate dynam-

ics as affected by vegetation restoration patterns in the

Loess Plateau of China [J]. Catena, 2021,196:104867.

MR BT, SRR AR, B A9, SO [ 7K b R 4 A B ) i R

ol DA SR A R P 0 5 i [T . AR R ARl R 2 A

2019,47(6) :26-30.

rh R 27 B Bt ST 5 S A AT 5 L )

PRI 5 2 (ML AE 5t B2 AL, 1978,

o B R R AL A [M L3RR AL AT v R AR

#t,2000.

ZEU L AR A G AFL T B R R AR Bt - M R K

T 1 K HCA HLBK 43 A e AR [T AR &5 2% 4, 2021, 41

(19) :7669-7678.

[18]

(19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

FOK L IRMEAS , 5RBK R AN [ AR BY 2 22 7% W bk - M A 2R
A R HA HL R AR LT ] B mt MOl 24 27 4 CH AR R 27
M) 52021,45(3) :15-24.

X i, XN ST o IR 45 A K B % T R XA SO IR
H, - AT SR AR 2 1 M A BIL B A 2 e T K O 35 F
7%,2022.,29(5):137-143.

oG SRR 1 SO S TR AR 8 A2 AR N AR - 8 1A
BT HA ML AL FRAE L) ] K 2 AR $5 2% iz, 2019, 33
(5):126-131.

Zeng Quanchao, Darboux F, Man Cheng, et al. Soil ag-
gregate stability under different rain conditions for three
vegetation types on the Loess Plateau (China) [J].
Catena, 2018,167:276-283.

XNHE 2 RAE A 0, L8+ A IR s R R Oy Uk
KRR RAR R E R W T AR
2016,31(9):1564-1576.

SR XA A, F W TR A0 Ak X R Oy
FONS 3 TAT 588 A R K R A L S A R AR 1Y 5 )
[J]. -4 4# , 2021,52(6) : 1308-1315.

B30I, NN T, AT, S A B BN SR BT X 1
PR 3 AR e M s ma L) ] R B 22 50K, 2022, 50 (1)
222-229.

JAB U T SCAR B, T 28 30K R ol AR I Bl IO [ 2
R 0 e R G 508 0 v B 0L 00 JH A A 2
2010,21(4):1031-1037.

LA VP DA BIRSE. 1) 230 TR I Bl 2 B A
EIIREZ HEE AP T L) ) AN R KT 2016,47(21) : 20-24.
TR R e &4 S ORI g AR SR
SRR R HAR s DL s o T B s
FH4%,2018,38(6) :2223-2232.

FH 2 R i T B 0 R ST MM AR 2 Tl 1 3 P R AR R
P LA BLIe o A B4 52w [T ]+ 39838 4, 2021, 52 (6)
1316-1322.

MR, SRR 2, BRI Ak b X 4 b ) 7 =3 -+ 4 141
RRRR R A L B s [T, B A, 2021, 40
(2):346-354.

TG RBKGE XU 457 g L DR R B2 0 1 A 2R
WOKEEE B A LB R 2 o A 19 52 i [T ], A 25 22 4l
2013,33(9):2835-2844.

TR KX ik, 55+ B KA K E A [ kL
P S R A LB o> A R AR [T 0. K AR = 4R
2007,21(6):109-113.

AR 2R/ HE B SR AL I I Y R - X
T L A ML S A e AR KOS i R R [T ] A S 2
2020,40(18) :6374-6384.

JEVZE WA S R IS R SO0 T 1 M K L i 3 30
LA R TELT ] OK HL 5T RE TR, 2021, 35(2) £ 46-49.
JENE B8, T T BT AR A WO U )1 3t g 3 S 3 3
by AL ] K R, 2022(6) :23-25.



