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L0 B /K ST SR AR e AR FHARAE . 1 4128
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1 MR57E

1.1 RHEARTHIBHMER

PR R T WAL R T B, X
358 0 ARy e T S X, 343 16.8°C, UK
1572 mm, HiARTT PO JEURSE 25 p e L i )k
P

AT Xl BE T DAY TG UL R AR DY 40 41 &
TohF, UK LR RIX R R TRE G N LA
M2k AR B <5 1 4 FherdgE. oo il
F55 S M Q FRBEFUe A B DU L4 i+ oK
FERM% “S” BRER)Z L (0~15 em) , &R+
FELEA N M R4 5 L 15 kg KA. Bt
FEE T HRHENZRIENRAA G, KT
HIRE, PR 4T 53— ik i FH 1 4]
AR &, AT R AARTR I e B % T Dl e
HEZHT o

TR WAL R WS v, RER
M¥T1, AR ESRASMnGE, T
AWK LRREEAT o B R X AT
SHEME, e SN CuKa (A=0.15406 nm) %
B, MR R 40 kv, MHRK ALY 40 mA, DHEHHE,
HE N 10%/min, £K 0.01°, F AR REIE AT,
PETE LR 1.

1 Il TIREARBUERR
Table 1 Physical and chemical properties of soils
BUARZH 1%

J‘H Particle-size distribution/(gkg™) ﬁi B AL 4 5”%?&1&%
Soils W¥L Sand ¥k Silt T8 Clay Bulk density/(g-cm™) SOM/(gkg™) CEC/(cmol'kg™)
S1 225.90+4.52 408.9342.46 365.17£2.01 1.13+£0.01 16.26+1.37 13.13+0.26
S2 285.5049.65 374.73£9.49 339.77+£2.34 1.34+0.03 19.01+0.87 10.15+0.08
Ql 157.11£7.57 435.43£16.12 407.46+6.62 1.28+0.01 8.69+2.13 14.80+0.76
Q2 128.27£5.15 392.31+13.60 479.42+1.72 1.19+0.05 12.21+1.76 16.28+0.76

T Sy QM HIFTRICAMB AR+ BT 1. 2 0B A SR 25 bl b st

Note: S, Q represents Shale and Quaternary red soil, respectively; the numbers of 1 and 2 represent land use types for tea garden and forest land, respectively.

1.2 FABRIRETE K ERIE S

AT 3RAF RGBT ) o 3 R K R 1 415K
7w, o, TR 3~5 mm FEE, BT 40C
HIHERT A BET 24 h DLBf e AR R 75 7K & . FREX 50 g
A RARE TR I8 A0 B AT 1R v v, Y vl ik A v 22
P LA R AT, DA e T R i ey o |
T . RN, SErE e R b F AR I 42 2 50 3 4]
AR, DURIERTERAAR K 93 A 345« e R A e o
TR e, BRI KR B A A R AR 3 1) B 6% 7K
o, BHERAREREEESEN 15em, & 1em, L2
4 0.25 mm AR TR FXAIETE, BETE
B (20°C) BN THH SR E, didEEA
(i) BN ) A2k 213050 15 B8 R AN R o 75 7K e AR
BT RE 2% 3] 11 B¢ R /K 3 BIVAE 18 3V A F R i 7
IR PSR (20%) , fESE&MHE M ie

SANETIS KR, RN FMAET 3%) 5%,
10%. 15%MAMEEET (20%)
1.3 HBREREMESH

A TR ARREE MR R L, R AN
WIS KR TR RN E TR A TR TR (FLARAK
YA 2mm. 1 mm. 0.5 mm. 0.25 mm) Ji#E, 2 min
Ja It Eh ik, fEEAKTP U ENBEEA 4
cm, FEVIEE A 30 YK/min AR IREN 0.5 he 2R
BT K, FrKRTE, VB B A
R EIERAR, YN OB AR, R,
Fifia 0.01 g, BEANMEHES 3 XK.

A SRR ARG E M E P R B AT (MWD R
N, PR BB, IR E .

MWDwa = Xn:XiWi

i=1
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A xi IR S AR FLAR I S,
mm; W N5 | SRR TR B, %.
1.4 ANTHERIER

N TN 25K FH 92 SPRACO 2w 4™
HIHETE WSk, WSk Bt ) o 1 =0 4.75 m, HEK R
71 0.08 MPa, B8 WL ECkR ], FERshRe
2y R TR AR BRI IR 90 %, Y51 0.9, 4%
MR AR, WIS E N 60 mm/h. iR
IO FH I A £l P PR Tl B A AR ISR A 2 5
1%, 30 em FENE G E3EE . AMEAEHAE 30 em,
m30cm, WIHAERE 15em, & 10cm, MM 5 RIR
v R F B e 78 A et b, R R A& B
K WA A EH AR R 15 ems 5 1 ems /L4224 0.25
mm 5L, MWL, &R - AR
FF sl rd. 2 EEAE Morgan JHiH AL
i F ek g0l

W 28 I A A S AR B SR R R T A
Wb, BENTTH PIAOE SR b, fr st e
JaWOERIAOIEIF A VI, B Y IS TRI AR B i 30 P 56
WE N 45 min, UABR 25 B2 Y i 2 2 /K IS Bl
(IREI o B TR Il R HR FH e R B I pp el 2E A IR 4
B R A SRR ROk, LRI RO T o 3 R
T o PO B 1 A SR AR O S 0 2 20, BIHE A 2R A
VEAESF (2. 1. 0.5, 0.25mm) 1, BEHEG 10
K, /T 0.25 mm B 17 2% Eyetech FOGHRLE
G & R4 53 A1 (>0.2~0.25.>0.15~0.2, >0.1~
0.15. 0.05~0.1. <0.05mm) . B2k o it A
FARFRL T FF FRE 24 0.01 FIRPFRR T .
AN LFERE 3R,
1.5 HuEAbIE

K H Excel2007 #1 SPSS17.0 HHAT 834041, J5
Ze o ria 1 LSD (e /i 35 22 406 T 2 E AR,
B2 K-h p<0.05.

2 BRSO

2.1 AERTEARKEZETEBRKIE
2.1.1 BARIRFHREABRTIAFIE
Bl 1 RN FHTIS K& T MWDy, 701

T LRI, 2 MRESUR B 404 MWD, BEEE 1
W KR T R R I A A AR A %, ST F S2
MWDy, B KRG Tz i ok, T 15%F1
20% 5 /K H AT N MWDy, i35 18K (p<0.05) . 1M
Q1 F1 Q2 MWDy, i i H 5% 7K 22 1) T iy e B H 2 1Y
KGNS, BIFEEKE R 15% 0 K. B
JKEE R 20%455E T, S1 AT S2 B M /K B s Pt AH %
TIKEN 3% Tt T 7.3 F 2.6 %, Ql
Q2 PSRRI KA HEAE B /K ZN 15% 45 N AHXT

TrIKE N 3% AT Tt T 5.8 F 2.6 fiF, Uil
PERTATIA AR R, iR 4 Fh AR R KRR
PE, TEAREZEE QL M1 Q2 7ERT & /KZE A 20%
FAE R BIRAKFEMERR B KR g 15% 54 TR

AHIRIRT IS KR R, S2 A1 Q2 7 3%~10%77
IKEFGEAT T BIEEIA MWDy, W2 5T S1H1Q1(p<0.05)
(1D o BEKERLE 3% 20%544 F LA, 4 Fpt-kE
AR E PR A S2>Q2>Q1>S1. 9T R 2115
kLS R A R E BIR AR R, (HAHR T
S2 FhkiFE N HRD> (34%) , HEkuErkn e 5
HUTE S BAR HoA R i e,

35 17 @si §S2 Aa ’.}fb
£ | @1 o NR
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i ARRS P RS R H R A R B KR4 TR e H AR %R
B3, AF/NGFBER S R B K25 T LR )P 3 B B2 72
B3, p<0.05.

Note: Different capital letters indicate difference of significance at p<0.05 in
mean weight diameter for the same soil at different antecedent moisture
content and different small letters indicate difference of significance at
p<0.05 in mean weight diameter among soils at the same antecedent
moisture content.

B 1 RE RS KR A p T KA F) SR AR
FHREALESA
Fig.1 Mean weight diameter of water-stable aggregates at
different antecedent moisture content
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f 2 #HR4MIBEFITPHENREESEE
v | Kt Table 2 Relative content of clay mineral composition for
» \ﬁ«f‘\“_ ! samples
8 P SR . ‘ (y
\\,%‘\7“% 4\.,/"‘-%“”»”“”‘)" ‘_\ W, S R e s1 © ) 5 .
" A Types of clay mineral Q Q
W /Y l“ 47 Vermiculite 0 0 6 3
z ’“"” ‘ JK Z: B} Hydromica 62 75 71 67
= R N e I A7 Kaolinite 26 2 23 30
Bz l 4 e N
28 /\ b Q2-Mg 1.4 nm 3 JEH ) 12 ) 0 0
E'Eé “ L W /\,\\ o s f |\ Q‘z“-K" 1.4 nm intergrademineral
6 R"'\u Pyt i M’/ \ T
g’ W A -
. e FES AT FEL R, 4 FRER 12 mm K
M, ey 'WSTI: e e S AA S MW In,  Forh BT P U

““w ;/WWW,WJ\ TREAE B KRN 20%>2 mm B4R S B EE K
o\ S2Me O 3%0F: ST 82% S2 WINT 72%:; BHR

KBV T B S KEN 15%07>2 mm

g 6 3 IRFETEBIR A S i B K h 3%: Q1 n T
&ﬁﬁﬁw> T7%- Q2 BIINT 73%, FEE /K 20%K 35516

0, 0, 1] ~ ~

. Mg 2RISR AT, KRR, Ky 27T 70R 44% (B 3) . ﬁ: 2570.5, 20571,
Hi, HAGRAKZERE, VARREEA, 1418 Ldnm LU0, >1~2 mm KR R A AT AN TR R (1 A2

Note: -Mg represents glycerol solvated Mg-saturated (orientated) film, -Kt ) I
> <
represents K-saturated (orientated) film, K=kaolinite, H=hydromica, 1{, 1EI yjfklii]_m%‘ ( p 0.05) -

TJLJ’ lek'ﬁﬂ:j'h

V=vermiculite, 1.4= indicates 1.4 nm intergrademineral. ZAETEEIAN, 1 BT S K ] G 3%k ]
B2 A L s X A B SR f Kb BRI, BRI £

Fig.2 Oriented X-Ray diffraction patterns for samples TE,

A5 A4k 42 /mm

[ <025 [ 0.25~0.5 3 0.5~1 B 1-2 W25
100 100 ¢
] . 80 | :?—: © 80 +
TG I
o0 L o
ﬁ g 60 F =& 60r
= Moo=
é 2 40 ﬁ 2 40t
® 2 ® &8
z= 20 == 20f
0 0
5 10 15 20 3 5 10 15 20
Ry & B K
Antecedent moisture content/% Antecedent moisture content/%
a.S1 b. S2
100 100
Hoo 80 EHe 80
bl <3
R R D
m £ 60 o e 60
EL w0 Z2 40t
w2 w2
== 20t == 2 |
0 0
3 5 10 15 20 3 5 10 15 20
A K HI K
Antecedent moisture content/% Antecedent moisture content/%
c.Ql d. Q2

B3 RRATIA KA A AR B R R

Fig.3 Size distribution of water-stable aggregates at different antecedent moisture content
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E: ARG PR SRR S KRS Pl R 2R 22, A
[FNE P RER AR SRS T LA Mgk 727 W2, p<0.05,
Note: Different capital letters indicate difference of significance at p<0.05 in
mass of splash for the same soil at different antecedent moisture content and
different small letters indicate difference of significance at p<0.05 in mass
of splash among soils at the same antecedent moisture content

B4 PR EAERR AT IA KR A T AR
Fig.4 Mass of splash for soils at different antecedent moisture
content
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R, BREKE N 20 % F<0.05 mm 4k, Pkid
WORCRLAE B MAGAE 0.25~1 mm JEEA, Hdd
TKEZEAE 3%~ 10% 0[] Py WEEAEL 79 AT Gk BH 2 5 17 128
KA PRI B 1 S2 AN Q2, Wk ik 43 Ay 32
SRR RN o3 A, B URL R A% A A AE 1~0.5
F1<0.05 mm uFE N, - H<0.05 mm W& E & T
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P e ek A T 428 0 A 349 S8 7 HA ER OB A R 328 ¥
) /N RLARRIORE I R, X R A S2 Al
Q2 H IR o
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Fig.5 Size distribution of splash at different antecedent moisture content
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P L BE MWD, SR FS M R I 28 A4 B Bl 5 7K R (1)
BommRee (E 1. B3 .

FERTIE KR 20%45144 T, Q1 F1 Q2 /KAa
SRR EZ T CRT 80%) 76>0.25 mm i
B, BT S /Kl 3%~ 10% 44141 B4 n,
BVE B S5 « AT IF9 3R B 3800 0% RRL 20 1L
FAT B, W2 5 0 SR A i A 1,
AWEFH QL M Q2 S /DN 2 1 1 BUEIK MR 1
WEA (2D, FESERT A Q1 Al Q2 HIR kAR
SEMERIBARAE TR B K& R (20 %) FRLIE
PRI AN SRR, 02 w5 AR I 4R it
il 3G 5 ) R0 RERE i/ NC Y, i S 0
SO R VE s -

AHIE G A AT IR O L LR Y, A
WA ERRK, it DAAS T 1 3 2 7K 0T Wik 1ok (1) 5%
. BT e MR L3 3. s, KXAB
RN e 5t RPN, R S S T R e I 208, TR
AR Yo R S e S o A W L, S K
RITFmesE T BRIk rfe e, BERAAE W I
T P B A R TS 955, DR T A R I K A1 B AR 0 A
%, ATHRAEIE A TR,

WEFTRM, TEN A PENENRE— e M, ik
(ISR S RIS D O we= b YA Es v o T (1D - S 2
B R T R R AR AT M AP, T
TRE R /NRLZ A 3R ok BAT A ik B R, g
FARIKFE I 2 45 & 3D, ZE RTINS KRy 3%~
10%%1FF, S1 A1 Q1<1 mm /K Fa M 15844 5t &
S B 80%~90%, S2 Fl Q2 1A 40%~60%,
IR AR T KRR S
[, BTS2 F1 Q2 AR m K M, Iz Kkifs
IR A SR A F R e, 1T LAY S2 R Q2 TR Y
REREH R T BB 2 R ILBR G H, /R R Ak

R A X B L R 0.5~ 1 mm S5 1R 25 A o 4
o S1 A Q1 FIRIRME A RERE M ZY, 3R LS5 Ek
=, NRARRRLRE A SRR T8, HEEERZE
BESLERAR, DR KA A R g ik 1) 2 4
b L N A i SR L RO RN A AT L XN R e
FHBE, BRI b s = 384 P A 0.15~1 mme 765
IKEA 15%~20%5AF T, BRI MF e v B e,
IKEEME R AA T b /e 2~5 mm (K 3) . R4
KIZ RGN, ABATAT 53 /N UKL A3 A7 E %
2 N2 TN RE RO BR ], A REHEE KRR R A,
AT b N 7 0T - S JUR 1) 40 e AH X 4 H £E<0.05 mm,

4 Z

1) il 55 7K S0 SR AR 5 2 1) s i) 32 24K
WA AR LIS, AR B4 T IR
AR AL 3 R Py i 5 R S e, BEES
A K Z T, PSR ARt e L il LA UBRAE A0
T YRR R AR S KR A 2. THBUTE ] &
5 | A 2R AR R R 1) e A R PRI L

2) RRIUAEKRE R 2 e g R Aokt
SN NP AR TTR Ty NP 1 L ERRA = oo
B2 MpesEh TR EA R 2 01 B
PERE LA, HAZR AR KRS ME R B I & /K 2 i T
A R ISEIE R JE 9 S, R AROK AR PEAE Bk
Foh 15%I k.

30 PSR AT HH B K R0 B N Dl et 8 ) I8 5
VTV R 2 P2 el i 2 Bl i 300 25 AR (1 7
W FINLAF LR E 2 Phar ek & b mr
i & S PR Y o WAN = N S A E i
RN 15%IIE B e/ o BERTIERE A, FTS AKX,
[ SR AR IR i B A 0 AT RN 22 - G5 4 7 A T S,
AT 352 M) R 5% 6T = SRR (1) 433 R

IR T BT B 4 Phel g R
PRTEAS [ HT 5 7K 264401 R R e WL ol AN RS e 2k
(KA AR, Ay R 5 20 3 X K 5 R VR g F 5%
RS, S KRR A R AR e ME R L &
IR R R ) BRI GEA FE E—2F5 o

(& % X W]
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Effect of antecedent soil moisture on aggregate stability and splash
erosion of krasnozem

Ma Renming™?, Cai Chongfa®?, Li Zhaoxia?*, Wang Junguang™?,

Feng Junyuan*?, Wu Xinliang"?, Zhu Huirong?
(1. Key Laboratory of Arable Land Conservation, Middle and Lower Reaches of Yangtze River, Ministry of Agriculture, Wuhan
430070, China; 2. Research Center of Water and Soil Conservation, Huazhong Agricultural University, Wuhan 430070, China;
3. Administrative Office of Landscape Greening, Zigui 443600, China)

Abstract: Rainfall splash erosion, usually the first step in soil loss and sediment transport, is a critical process in
hillslope water erosion. It is recognized that antecedent moisture content influences the re-aggregation of soil
particles and their subsequent enhanced ability to resist exogenic soil erosional forces. The purpose of this study
was to determine the effect of antecedent moisture on aggregate stability and splash for Utisols in subtropical
China. Four soil samples derived from Shale and Quaternary red soil and five antecedent moisture contents (3 %,
5 %, 10 %, 15 %, and 20 %) were tested in this study. Effects of antecedent moisture on aggregate stability and
splash erosion were discussed based on the analysis of aggregate water stability using wet-sieving method and
rainfall simulation with an intensity of 60 mm/h for 45 minutes in laboratory. Mean weight diameter of aggregate
water stability (MWDy,,) was used as the aggregate stability index. The fragments splashed out were measured by
wet sieving with sieves of 2.0 mm, 1.0 mm, 0.5 mm, 0.25 mm, respectively. And fragments less than 0.25 mm in
size were then measured by a laser diffraction sizer in five classes (0.2-0.25 mm, 0.15-0.2 mm, 0.10-0.15 mm,
0.05-0.10 mm, and < 0.05 mm). The results showed that aggregate water stability significantly increased with
increasing antecedent moisture content and slaking was the most efficient breakdown mechanism. With the
increase of antecedent moisture content, MWDy, values of the soils derived from Shale significantly increased.
However, the MWDy, values of soils derived from Quaternary red clay increased initially then decreased, with the
most stable value at the moisture of 15%. With antecedent moisture content increasing, the total mass of splash for
soils derived from Shale decreased, but decreased first then increased for soils derived from Quaternary red clay,
with a minimum value at the moisture of 15%. The size-selectivity was determined by the size distribution and
surface structure at different antecedent moisture contents. For more stable soils, size distribution of the splashed
fragments is bimodal with a major peak at 1-0.5 mm and < 0.05 mm. For less stable soils, size distribution of
splashed is unimodal with a large peak at 1-0.25 mm except the ones at the moisture of 20 %. The results can
provide a reference for agricultural water-soil engineering and water erosion mechanisms of Utisols, which has
great significance for improving soil erosion models.

Key words: soils; moisture; rainfall; aggregate stability; splash erosion
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