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Abstract: [ Objective] Soil erosion is serious in the Three Gorges Reservoir area, and green manure m
ulching can help improve soil structure and enhance erosion resistance. However, the regulation mechanis
m of green manure on soil erosion resistance is affected by vegetation characteristics and rainfall distribut
ion, and the seasonal response is not clear, Therefore, it is important to clarify the seasonal response cha
racteristics of different mulching treatments on soil erosion resistance, and to screen suitable green manur
e in the reservoir area. [Method] This study used typical citrus orchards in the Three Gorges Reservoir
Area as the research objects and set up three mulching treatments: clear tillage, white clover, and Kentuc
ky bluegrass. The vegetation characteristics, soil physical and chemical properties, and six soil erosion res
istance indicators under each treatment were measured in April, June, August, and October. The Compreh
ensive Soil Erosion Resistance Index (CSRI) was constructed with six erosion resistance indicators to furt
her quantitatively evaluate the influence of different green manure coverages on soil erosion resistance.
[Result] The results showed that soil erosion resistance under different mulching treatments showed seas
onal variation rules, with the strongest soil erosion resistance in April-June, declining in August under the
influence of high temperature and heavy precipitation, and rebounding but not reaching the peak in Octo
ber. Compared with clean tillage, green manure significantly improved soil physicochemical properties, an
d CSRI under Kentucky bluegrass and white clover cover was 1.94 and 2.33 times higher than that of cl
ean tillage, respectively. Multivariate statistical analysis showed that CSRI was mainly driven by vegetatio
n characteristics and soil nutrients together, and the key factors were root weight density (RMD), soil tot
al nitrogen (TN) and organic carbon (SOC). [Conclusion] These results show that green manure mulchi
ng significantly improves soil structure and enhances soil erosion resistance, and the effect of Kentucky b

luegrass cover is superior to that of white clover.

Key words: Soil erosion resistance; Three Gorges Reservoir area; Citrus orchards; Green manure; Season

al variation
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Table 1 Basic information of different treatments

T
W owE o owmm we ome oo
1 H Y PR A
hbFR . - N fruit trees ki o RL kL
Altitude Slope Slope Age of Area
Treatment o / Caly/%  Silt/%  Sand/%
/m /° direction  trees/a /m?
( plants
-hm?)
%ﬁc@ (CK) 455 8~10 N 18 520 460 3.08 78.07 18.85
SRR T 457 8~10 N 18 610 460 3.83 80.11  16.07
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LR 5 4.81 80.90
() 467 8~10 N 18 640 460

14.29

(D Cleantillage, (@ White clover mulching , (®Green manure
1.2 HEHFENE

FEANFEHLEI 3 AN FHAAEMER 1 mx 1 m 77, B 1 78 o T AR v SR 4078 6 T
FEREAMETT A BTIURE T 3 St B 870 R, AR [R] 206 5, 60°CHE T R HE JE IR E T H (),
i 500 cm¥1 )] (EAZ 10 em, = 5 em) KAEJUIRERE, G BR R G R+ 21HE,
MERRTE (mg) , PUTERAEZER, RuE%EHEAXT:

RMD = XM (D
\%

KH, RMD NRFIEZEE (mgem?®) , RMNHJTJNEYIRARFIMTEDE (mg) , VR
WIIARGHAER (em®)
1.3 HIEBU M FNE

EFFMEST AR 100ecm3 A ) (BAE Sem, & Scm) fER L EREFIRLRE, RAH
T3 E 3RS AN FLBREE R AN [FIRE R P S URE V2R 2 2 kg RE (0~10 em) HRFF
fy BB BRFIAR R 5 OE 5 A B il KU AR T, DA I e I LR ZE . K Ak A1 2R
R HIEANUK. 2% pHe TIEHUMZECR FMOGRL B (Mastersizer 3000) #E1TI 2
(EE G 3 Ihrife: PR 2~0.05mm, #HA 0.05~0.002mm, Fiki8<0.002 mm)
221, KA PEF AR Yoder YR AN ER) (&N 5. 2. 1. 0.5, 025mm) ; HIEHHL
TR BB TR AN BGEN e Y I & B R HYLIRE B AG e 148 pH R pH IR
FEit (FE28-CND Jll5E .
1.4 TIFIIRMEIEIRNE R IR MM RELR S8 (CSRD HE

MRPEHT NI TR R, FE4E &AW TE X BFRE a, AR A 77 BENFH 7. MRl Sk
R OKBRERRE P REES. TR MREERES. BIET M K FFE N s
PEFebR. AWK Eiikelkamp B335 45 1000 2 388645 77, KA TYD-1 BEANLCNE +
BTN . TEREANRE T HE MR BOR SZ I 0 M 3E 4TI 5, AR REHBIEEL 18 AN A,
BN S AR LN 0.0025 m?. K45 6 AN A E 45 REFHE N —NER, 15513 4
B WE A T84t

BT BRI SR oK Rtk B R A S, b EOK R B R AT R B LA
(MWD) , THHEARWT:

MWD=Y X; W, (2)

K, MWD N PEIFEER; XN i MR RIRTFER (mm) 5 Wi i kg FIR AR
BAEE (%) .

IR FKE (Ks) RAEACKERATIE, HEAXWT:

Ks=2L (3)
AtH

X, Ks AHIEUWAISKE; Q AKMRE; A NTIEMHETR (mm?) 5 t MBI
(min) ; HAKLZE (mm) ; LRNEHNEE (mm) .
ety R e 4B EL (Soil structural stability index, SSD HJiHE AR T

SOM
Clay-+Silt x100 (4)

X, SSI AL FREETEEL, SOM. Clay. Silt 7AI AN (gkg™ Bk
(%) « BkL (%) &E.

SSI=
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BEPUIIE B R b (0 S B0 250,
1.5 BB IE

{87 Fl Microsoft Excel 2022 JEAT A4 53 . T+, {41 SPSS 24.0 #A4-%48 A AR 7 55 4k
PR R R R PR T I R R AR R U R BE LR S HR L (CSRD AT A &R
T3 25307, RF Waller-Duncan VAT G 2 HLLEL, f#H Pearson A5 Mt % K K f
bR ARG 5% R HEAT 00T, 16 R Studio 4.5.1 JF /@ R/ —Felal)d (PLSR) F1&k 4y 72
A (SEMD 43#T, {81 Origin 2024 /£,

2 45 K

2.1 HEHEFFER TR R ET T HHE

ANTR) 7 i AR AR R I A L ) B SRR 2 2 o EH R 2 TR, SRR A M
B b AR, WREREAS AL EEST CK 48, Cl. C2 BT, MmN
A TE B 5 BN 73.66%~99.28% « 67.89%~97.29% ;ML b AR W 1) AR 4k YE 4 0
65.22~156.35 g'm™. 67.89~97.29 g-m?; M &% LR WG 7374 0.23~0.46 mg-em™.,
0.29~0.52 mg-cm>, {HAFEREME, 10 AR, C1 A FHEWEESEEML Y EREET
C2, {HIRJEEEELT C2.

2 3 w51, &MEHAHET, BIRAETTREER. ILEST, TIRAREEES
T CK A, BAKEHET > 5 mm B HUERIALE 6 A 10 AR ZES, Cl AT <0.25
mm Fi % RAKTE 6 AR 8 H i 5 2 v T4 e 7 5

*® 2 TEBEZELETEEFENFETRHERER

Table 2 Characteristics of seasonal changes and differences in vegetation characteristics under different mulching

treatments

B} 7] Time AbFR i A 7 5

AR

MR

Treatment Fractional vegetation Above-ground biomass/ Root mass density/
cover/% (grm2) (mg-cm™)
4 H CK 26.89+4.33b 8.89+2.69b 0.07+0.00b
April Cl 98.54+0.74a 152.50+3.85a 0.41+0.05a
C2 96.00+1.29a 163.10+5.35a 0.47+0.05a
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6 H CK 27.87+1.13b 10.474+0.22b 0.13+0.03b
June Cl1 95.21+0.85a 113.69+4.19a 0.37+0.05a
C2 92.00+5.17a 123.16+4.93a 0.39+0.00a
8 H CK 23.12+7.17b 10.08+0.83b 0.11+0.03b
August C1 83.49+4.92a 73.61£3.91a 0.22+0.03a
C2 88.00+1.63a 77.11£3.17a 0.25+0.02a
10 A CK 17.07+4.72¢ 6.65+0.69¢ 0.03+0.01c¢
October C1 76.32+2.66a 60.75+4.47a 0.20+0.03b
C2 66.35+1.54b 50.37+3.65b 0.27+0.02a

I RPEBIR AT IESRER: AFE A ARG F RN R E f A2 ] 22 55 % (P<<0.05) . FF. Note: The
data in the table are mean =standard error; different lowercase letters indicate significant differences (P<0.05) between different

vegetation coverin the same month. The same below.
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*® 3 FTEBZLETHRYIEMREVEUHERES

Table 3 Characteristics of seasonal changes and differences in soil physical properties under different mulching treatments

I 1] i A AL IKFETE R R AR RLAR 73 A1
Time Treatment Bulk density/ (g-em™) Total Particle size distribution of water-stable agglomerates/%
porosity/% >5 mm 5~2 mm 2~1 mm 1~0.5 mm 0.5~0.25 mm <0.25 mm
4 CK 1.46+0.05a 39.96+0.36b 15.74+0.93c 10.6+0.19a 6.11+0.57a 3.71£0.13a 2.26+0.24b 11.58+0.89a
April Cl1 1.40+0.05a 46.59+1.25a 18.04+0.20b 9.31+0.58a 3.72+0.27b 2.46+0.06b 4.40+0.79a 12.06+1.30a
C2 1.38+0.01a 48.72+1.44a 23.92+1.27a 6.10£1.03b 3.25+0.26b 4.74+0.94a 2.27+0.49b 9.73£1.13a
6 H CK 1.43+0.03a 40.95+1.45b 21.5440.68a 8.30+1.37a 3.78+0.27b 2.54+0.08a 2.34+0.46a 11.51£1.53a
June Cl1 1.43+0.05a 45.05+1.73a 25.78+5.56a 6.06+1.12a 4.36+0.68a 4.21+1.47a 3.29+2.18a 6.29+2.69b
C2 1.34+0.05a 46.66+1.77a 26.96+2.09a 8.32+0.68a 3.36+0.11b 3.07+£0.55a 2.62+0.26a 5.67£0.79b
8 H CK 1.49+0.04a 37.16£1.76b 13.60+1.23¢ 8.98+0.43a 4.9240.42a 4.7140.61a 3.93+0.56a 13.87+0.49a
August Cl 1.47+0.05a 45.03+£1.30a 15.96+0.43b 8.65+0.66ab 6.47+0.49¢ 5.76+0.34a 4.46+0.41a 8.71+1.02b
C2 1.48+0.03a 45.93+1.23a 18.53£1.07a 7.87+0.25b 4.314£0.92b 4.94+0.85a 4.41+1.16a 9.93+1.50b
10 H CK 1.54+0.05a 39.76+1.03b 13.88+1.80a 7.16£0.79a 4.2440.77a 4.89+0.61a 4.31£1.05a 15.52+0.88a
October Cl 1.53+0.02a 42.27+0.42a 18.46+2.25a 5.25+0.13b 3.15£0.70a 3.54+1.05a 3.60+1.22a 16.01£1.73a
C2 1.50+0.01a 43.32+1.80a 15.314£2.72a 4.70+0.38b 3.58+0.64a 4.64+1.13a 4.60+0.43a 17.17+0.98a
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H I 1a FIE 16 ATRIFTR, SRR S A EE I H3EA LR (SOC) A% (TN) FE R
FEE T CK AR, H&AMEET SOC F1 TN 230 B B (A LEE, C1 ALBEK) SOC &
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H2 8 H #7553 T % 25.93%F1 38.60%; L2 T, CK 4EE) SOC & E4F b T4
IAKF, 10 AR EERIVE (7.86gkg) « GBS HIESR SEA 4—6 H % Tt
HT 6 I3 HlERE(E 1.97 g-kg! 1.72 gkg!, (HE 8 AARFLEIEHFIAIN TN & &% R
ZNTE N

M 1c AT, ANFRBERAAET, HEREE (C/N) 1E 6.34~10.17 Ju [ N 22155
Bk, Hrr, C1AREER) C/NTE 6 HIEFNEM (10.17) , B & THAWE (P<0.05) , H
8 HIGHHUE T, SR EaH/IAEZER: 5 4 M, CK ALK CON £ 6 H Bt
23.70%, T F-HAKRAE i AFENZE 8 H FBE 26.45%. 8 A1 10 AR, CKAHEf C/N &%
=T Cl. C2 abEE,

P 1d rTgn, AEBGAET, 3 pH AL VE RN 6.79~8.38, S AbHEIRILH B
WA . BRI S, 8 A Fra /LB pH 34 HIL/INME R, Hrd CK AFEfY
FEmgE o 5%, BIE 10 ARITHE 8.22. ML F, C2 AP pH EIErS: ETHEa%, M4
At 6.85 Z#iTHEZE 10 A1 8.02. C1 ALBE[K) pH ARk &34 AT W& 2 1Al

Bl ckENc[ |2
a) ) )
20 a 2.0 .
a
b
- Lopn N L5 a a a ga
_é —60 i a a —,; .
= o ® g
'I'u: = f}F Lo c b
& ol - Lo b
H 3 = E
5 0.5
0 1A 6/] 8/ 00 4 6/1 8/1 T
H 43 Month H 1% Month
c) 4 10
12F a
a b a b b
8 . a a a
b
a a a
= b a 6
—
l‘gg £ b =
4
2
o A wH MY o 8A 08
H i+ Month H 1 Month

B 1 AR A B R I Z T AR S 2
Fig. 1 Characteristics of seasonal changes and differences in soil nutrients under different mulching treatments
22 REEBE T HIRGUIR MR ARRY =TI LHFE
AR, HIEGTHPE SRR 2P IR R FE A . &l 2a WA, CL.
C2 W) TIRFLE 1 (Coh) £E 4 AW 73Rk B FeefE 10274, 98.37 KPa, J5 23L&

http://pedologica.issas.ac.cn



+
Acta Pedologica Sinica

#, BEREET Coh WAL =M%/ . 4 H. 6 A 10 K Cl. C2 &:# ) Coh
BEER, 8 AR C2 AR Coh B3 HET Cl. CK AT, Coh WK T4RARE 5 A HL,
B 2b AT %0, CKALRETR, HIEBINPH ) (PR) W% 4m, Cl. C2 ALFRE 4 . 8 AAI 10
HIEF PR 23 AR, 6 AR C2 BEKT C1.10 H I, CK 43 ff) PR 1A 3| #x% =1 209.17kPa.
H P 2¢ AT, CK AREER, HIEEMSKE (Ks) B KT LRACHE 5, BRFSEAE S Fh
] K Z A RE . 4 HBRASKER S, 25152 0.67. 0.6l mm'min!, 252 FEE
#o i 2d "TEn, Cl1ARREKSFR R EAS (MWD) {E 6 AREEIH&E{E 5.02mm, C2 4
FEAE 4 H ik B E{E 5.18 mm, CK ALEEf) MWD 5 8 2K T4 AEE 5 . 1 2e /40, C2
AR BRI IR EE MRS E TR 2L SSTAE 6 AN IA R mifE 37.17, 5 2 TR, C2 4P SSI
BEST =M, CK AT SSI BEM T4 ER, HaFushih. hE 2f ok,
CK AbFEf) L gen] it K 72 TR AR, 4 A 10 AN SIEE SR K ZR A
F, 6 A, 8 A C2 AbFE K BT CK e =M 5E 5%, C1 AHAE 8 AR K B,
5 CK LRFEZESR. C2 4N KL 6 HIER|HRAE 0.22.

ElckElc[ ez

bito )
Coh (KPa)
2
HAFAE
Ks/ (mm-min)

] 3K
H iy Month

e

FHERER
MWD/mm

[7] ] 10F, 1] 65 1 106

Y
F# Month

[T
H fi Month

2 AR AR I BT AR bR T AR A A 2
Fig. 2 Characteristics of seasonal changes and differences in soil erosion resistance indexes under different
mulching treatments
23 FREZE TR EF N EUHERETERR
2.3.1 BIEHTRMERE T ARG I 3 A, REGU R RE SR S fE L (CSRD I
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Fig. 3 Characteristics of seasonal changes and differences in Comprehensive Soil Erosion Resistance Index
(CSRD) index under different mulching treatments

2.3.2 M LIEGUIERE I B4E R AW U, IR M ESRFR Coh. K« MWD A1 SSI
5 FVC. AGB. RMD. SOC. TN “EHE#45  Je T3 B VE B bR S 225 1IEAHSS, TS BD.
PR 23 GG (B 4) o M4k, BRI FVC. AGB. RMD 5 SOC. TN &3 A (£ 3) .
CSRI 5 FVC. AGB. RMD. TP. SOC. TN 2 &#IEAH5, 5 BD. PR. K £ &3 K.
H1 T CSRI 5 RZH MR ZE MG, Bk, BE—P3kfT PLSR #2, DLX7p§20 CSRI
A EEH R

PLSR B ZE LN, AR TR S R . AR . U AR & A RE T AN
3 A H A AR FE CSRIARALZT 99.34%, JL A5 — FN5E 215 HURE 7353l N 97.88% 1 1.20%
RMD (1.365) . TN (1.345) . SOC (1.339) . FVC (1.280) . AGB (1.280) . TP (1.251) -
>5mm B (1.112) . BD (1.052) HREARREELZENT 1.0, UH X200 200
CSRI 2L BA B2 520, Hoh RMD R K, VIP HE K.

H TP X L RS R R A e A BB B AR SR . (R, 2D R S5 M T AR A (SEMD
KA 7R IX LL I K] 22 2 1A A ELVE G CSRI BISEM . A TR, SEM AIA R K it

(gof=0.79) . SEHRFHI, FEHMAFE (0.33%%) | LIEFRS (0.46%%%) | HIELEH) (0.22%)

Bxf CSRI A HAERMT, Hh ek 5 1357 0% CSRI A IR0 . BR ELARAE 41,
TR S BN 38R0y . B HIEES N, CSRI AR AEE M . 1 3857 70t ] DL I
O L ARAE RIS CSRI AR MM . MR E . LR HIREEHIXS CSRI LN 73
79090, 0.62. 0.22.

http://pedologica.issas.ac.cn



+
Acta Pedologica Sinica

FVC 1.0 | 0.88 -0.47 0.87 | ( { 0.48/-0.77/0.94 | 0. 61| 0.74 -0.42 0.70 | 0.92 0.85 1
AGB
RWD

BD

LR
>5mm
5-2mm
2-1mm
1-0.5mm
).5-0.25mm
<0.25mm
PR

Ks

MWD
SSI

*
%o

). 47, 0.87 | ( | 0.48:-0.77,0.94 [ 0.61 [ 0. 74 -0.42/0.70 | 0.92 0.85
0.67/0.84 | 0. 61 ). 4 0.47-0.81/0.90 | 0. 71 | 0.80 ~0.60 0.79 | 0.90 ). 42 0.91 0.8
12/-0. 60 0.610.70 -0. 47/-0. 56/-0. 64 0. 71 -0. 69|-0. 55/-0. 44 -0. 70}

). 48 ). 52/-0. 72/ 0. 85 | ( )| 0.72 -0. 52 71 0. 86 0.84 0.6

15-0. 60/-0. 72-0. 72 ( 0.78|0.69 -0.63 0.71|0.69 0.74

0.4

11/-0. 62/-0. 5( 0. 52|-0. 55 0. 60} 0
-0.78/-0.79-0.77 0.71 -0.80/-0. 80 -0. 93]
0.77 -0.50/0.74|0.91 0.89 —-0.2

0. 56/ 0. 63 | 0. 69 0.51 0. 77

0.63 0.99 | 0.87 0. 86 -0.4
-0. 75/-0. 52|-0. 62 -0. 79|

0.84 0.89 -0.6

0.90

TR XY I X3
092902004
(TXXEY T X3
( LXX XX X X
P9000>20002e
¢ *®
®® " ® @
RN Y KX
* 009000
(XX X3
MWD (@® ®®e®

TP |@® =
KI® &0

>5mm (@

BDI® 200000 ®@ =
5-2mm

SSII®@e * 9@ ®

PR
Ks

FVC |®
AGB |®
RWD |@® #
2-1mm |
1-0.5mm
0.5-0.25mm
(]
SOCI®@» @
N |@® =
C/N
pH |#®
CSRI p

<0.25mm |@®

E: FVC H#E#Z, AGB Nib L/EY)E, RMD NIRFTE#E; BD A H, TP NEILEE; SOC
NEBEHEE, TN AR SR, C/NNBKEN: Coh NILIMEFZ)), PRALHENIS, Ks At
A SRR, MWD PRI RS, SSIONEIRAMREIE RS, K Oy ik K 7 CSRI A
TGRSR AR, FIA. * P<0.05 Note: FVC is Fractional vegetation cover, AGB is above-ground
biomass, RMD is root weight density; BD is bulk density, TP is total porosity; SOC is soil organic carbon content,
TN is total nitrogen content, and C/N is the carbon to nitrogen ratio; Coh is soil cohesion, PR is soil penetration
resistance, Ks is saturated hydraulic conductivity of the soil, MWD is mean weight diameter, SSI is the structural
stability index of the soil, K is the soil erodibility K factor; CSRI is the soil erosion resistance composite index, the
same below. * P<0.05
Bl 4 RgRRE. TS PET . Pk PESEFR 5 CSRI AR SGIE
Fig. 4 Correlation analysis of vegetation characteristics, soil physical and chemical properties, and erosion
resistance indexes with CSRI

[P A B VIR
a) e R EE S BReg Cosficient. D)

0.33%* 0.46%**

TR EREN
VIP
fRdn /s R[] )3 Z 3
Reg-Coeficient

gof=0.79
T Bt B (RMD) ; @Qt3EE%E (TN) ; @AY (SOC) ; OEgER

http://pedologica.issas.ac.cn



+
Acta Pedologica Sinica

JE (FVC) ; ©OXIILIRAE (TP) ; O LEYE (AGB) ; @L3EAE (BD) ; @ LML (C/ND
Bl 5 T fif/h A (PLSR) ) CSRI EFHT7r#r (a) SETEHMITEEL (SEMD 35
RONARE IR BN AR (b)
Fig. 5 CSRI dominant factor analysis based on Partial Least Squares Regression (PLSR) (a) vs. Structural
Equation Modeling (SEM) based Soil Resistance Effect Index Driving Path Solution (b)
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Fig. 6 Relationship between Comprehensive Soil Erosion Resistance Index (CSRI) and soil organic carbon
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