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Table 1 Information of the sampling sites and test soils
%i 5 B i FIHI 53 TR W KA AR AL 1R it 2 1 2 25 B 95is:0)
Code Parent material Land use Soil layer Sampling site Erosion degree and type Soil texture
1S Je BT T S 1) N fi& e F B B2 Slight/ i ik Bt
" Shale Upland field Lower part of low mount Surface erosion Clay loam
HOL S0 L0+ ek 3 Upland N (e B2 Slight/ ¥ B
Quaternary red clay field from woodland Middle-lower part of low mount [ Surface erosion Silty clay
HQ2 FEHLLa R+ i Be % . F % 2 J Intensive/ T flt i+
Quaternary red clay Bare land Lower part of low mount Surface erosion Clay
o T e L EETW 4 Slight/ i i B
7 Granite Upland field Lower part of low mount Surface erosion Sandy clay
— VASES) 7% e H & R U Medium,/Tij b 1 32 e g
Granite Uncultivated land Middle-lower part of low mount  Surface and gully erosion Sandy loam

HELADLREE TR 2% % FH SPRACO HE TP W55 3k | Wt Sk B by
T 55 4. 75 m, A5EHUL R TR 2l i 24 A 45 TR 5 K SR B R
1) 90% , ¥ 53 BE Ry 0.9, B W 3 BE f mE Sk 4500k 75
20 MR 20— AF — 8 5 TR 3 5 o T
JEEEHIAE 1 mm min ™ fBE/KE 3o 0.08 MPa, fiTH
PRI ELAR R 2m x 1.2 m x 0.3 m, ph il P 3 + 2
JE 20 em X ELN 1,10 g om 7 FE s bl A2 A7
A5 8 0.1 m 158 b X LA BRS8N o P i s
(6] R W b 7= 5 4 1 h B e S 150 [ HiRE
PRI AT 0, B 55 09 07 TR R S0 0 AR A
B 24 h fHETE K K RZ 2 ~3 em RIERIHE

I 1D 7 9 T 4 5 SR AR T K RE R U R RN 4G
W — 214 )8 0 AT e Vb 3 0, 4 ) 0 FL AR 43 )
$9:2.1.0.5.0.25 mm, 33 6 5 09 7K B R W A Tk
%2 0. 05 ~0.25 mm,0. 02 ~0.05 mm,0. 002 ~0. 02
mm, <0.002 mm K AR &R, RIS R)E,E
40°C T HETFRE , JRERAC R & 1 0, PR 40 4R 15

B ARLGLE VD URL H A= 1k Y VD WL G 4 B L 48] TRE 1 R
M= BRI =R LP Y >0.25 mm,
0.05 ~0.25 mm, <0.05 mm, H 7 238 ¥k 347 5
A 3 5 AL ZH B, = A U8 VD UKL 9% 43 0l 32 AT
AL B R A A A 1 R E
1.3 WEHEREFRE

48 pH R LK FE 1: 2. 5—pH HI E s A HL
J5T (OM) 2R F % R B0 2 ik — A i A6 0 5 5 B
BTt (CEC) SR &0 1R 5 38 #1572 5 Wi 25 41
b4 (Fed Fl Ald) R % Z W AR R B — Fr 2 R 4N -
iR 240 (DCB) 2 $2 JE d B & AL # (Sio) 2R H] 5
MR — R B WOR A, 12 B Wk B8 LRk R 4R
B R AGIE A (1CP) W€ 5 &+ W K AR X
SEEAT SR (XRD) I % 5 LR AR ] NaOH ¥ i
RS T W A i I A L R AR T R AR
TR ML 24 h J5 HLARGE &5 2 h, SR )5 A8 125 0 2
FCA 5 - 9 A B A K R b SR PSR O ok 2
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1.4 HEHE CDI(% ) = <0002 mm B IEAR(%) (oo
+ 3 S ¥ & B 2 ( Mean weight diameter, <0. 002 mm HLARZH K (% )
MWD) [ B 1K 4> 851 J& ( Percentage of aggregate dis- (6)

ruption, PAD) | > 0. 25 mm 7K F& 1 B 4K 71 43 3% =
( Water stable aggregate, WSA _ 5 ,..) M A R (Ag-
gregation degree , AD) Fl43H{ & %X ( Clay dispersion in-
dex, CDI) Sk AN T 2 05

n+l

+r

MWD = Z%xm (1)
i=1

Kb r oS i DRLGALAR (mm) 5 =157, =7, 5,

[GE R - R/N WS
PV» (438U Bk .OM (Fed (Ald) & 4 %
:%‘7’3(ﬁﬁﬂl}ﬁ%ﬁ*ﬁ\OM\Fed\Ald)/gi 1)
4 HE (43 HUF WKL .OM (Fed (Ald) £ &

A, OM LR AHLF (g kg™') , Fed A1 Ald 43 51 5
7% U B 4R B R B AR AR (g kg )

N . SA
ot i AREIOR: B 45 2 GUREIIE
PAD _ >0.25 mm PR E 5 (T - W) (%) N
>0.25 mm >0.25 mm T RES (%) 2.1 #HitENFAREREN
x 100 (2) MR 3 AT HQ2 4 HERN b % i iy, TG2 4 3
PAD ~>0.2 mm BIEREE (TR - 85%) (%) Bk & Ak, HS HQ1 Fl HQ2 ff A R Ak = 25315
>0 mm >0.2 mm i AR 5 (% ) 7£ 0. 002 ~0.05 mm 5 B N, TG1 FI TG2 1 4] 5 f&
x 100 (3) >0.05 mm KL & 2 B, Ho HOQ2 A9 20 B R L
WSA o 25 e = >0.25 mm JRGFAERIKE (%) (4) (CDD) fe/Iy, WR BE (AD) fe K, BEWT% - S AT 2R A
AD(% ) =200 mm (RPATRIR - IUBRALNO) SR (% ) R Phdme i , 3 5 LR A B S B Sk iy o Bk v
- . e ] R AR A N 51, . N
>0.05 mm HERETR(%) R (F D) B B o R R P
x100 (5) HQ2>TGI > HQI > TG2 > HS, i {8 141 5 b b ki
EMEMK K N HQ2 > HQT > HS > TG1 > TG2,
x2 Mt EOUFERMF LY HER
Table 2 Chemical properties and clay mineral compositions of test soils
2112 " FHHLE OM CEC Fed Ald Sio iy
Code 2 (gkg™) (emolkg™) (gkg™') (gkg™) (gkg™") Clay mineralogy
HS 5.03 18.70 14.50 19. 16 4.48 0.25 UG KEE N E. AR L4 nm T Y
HQ1 5.79 17.58 16. 13 26. 46 4.99 0.31 Dominantly kaolinite and hydromica, with traces of
HQ2 5.12 3.18 17. 64 39. 40 7.71 0.48 1. 4nm intergrade mineral
VLRI o, & DR 28 1.4 nm 5 54
TG1 4.55 17.20 12.01 16.73 4.69 0.28 Dominantly kaolinite, with traces of hydromica and 1. 4
nm intergrade mineral
LB A A &, & b B 7K =B Dominantly kaolinite ,
TG2 4.67 5.60 7.26 6.07 1. 60 0.16
with traces of hydromica
®3 AR TEHVIMAR B REARR R
Table 3 Mechanical composition and micro-aggregate compositions of test soils
+ HE LA 2H il Mechanical composition( % ) T A B AR Micro-aggregate ( % ) IR
W IDI Clay VIR AD
i B8 Sand g Silt B Clay Rk Sand Bk sil B Clay CDI Clay Aggregation
Code 2~0.05 mm 0.05 ~0.002 mm <0.002 mm 2 ~0.05 mm 0.05 ~0.002 mm <0.002 mm dispersion index degree(% )
(%)
HS 19.70 56.77 23.53 31. 64 58.27 10. 09 42. 88 37.74
HQ1 4.41 60. 52 35.07 26. 48 66. 33 7.19 20. 50 83.35
HQ2 5.08 36.33 58.59 39. 66 57.74 2.61 4.45 87. 19
TG1 54.37 19.76 25.87 68.20 28.77 3.03 11.71 20.28
TG2 66.02 26.05 7.93 67. 40 30.63 1.97 24. 84 2.05
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MIRAE R R (R 4) , TG A1 TG2 A R ik KFa
PR, Ry HQ2, HS Fi HQT A /) 5 7K Fa i 1A
RAK S 8 (WSA) K P 4K 7 # R (PAD) AT,
HQ2 TG1 TG2 /K fa 4 HI AR LA >0.25 mm kit Ny

F, Hof TGL A1 TG2 > 2 mm F 5 kK fa bk & &
B 5T HQ1 F1 HS DL <0. 25 mm [ B A R 3,5
A g2 R A g b ok B h A e, R S R O
VBB 5, S BOR R AR K R 8 2% .

®4 EREGTLIEARFREMHRNESARR
Table 4 Aggregate stability and size distributions under wet-sieving
P >0.25mm
FHER ” H 3 (k43 % PAD
Ki 243 Afi Particle size distribution( % ) A K A LR S
T %éﬁi WSA Percentage of aggregate
i 7 : ’ . .
%% MWD Water stable disruption( % )
Code Mean weight
0.5~ i aggregate
>5 mm 5 ~2 mm 2~1mm 1~0.5 mm <0.25 mm Cameter >0.25 mm
0.25 mm (mm) >0.25mm >2mm
(%)

HS 1.08 3.40 5.00 8.28 16. 68 65.98 0.48 34.02 58.51 92.30
HQ1 0.43 1.86 5.52 15.83 23.50 52.86 0.45 47.14 47.80 95.87
HQ2 2.71 20. 66 21. 04 24.19 14. 16 17.23 1. 80 82.77 10. 25 61.74
TG1 30.77 11.03 12.45 16. 65 12. 47 16. 63 3.37 83.37 12. 67 38. 44
TG2 36.33 11.30 7.59 8.49 11.99 24.35 3.07 75. 65 14.10 24.09

2.2 RMRDBAAMRRE SRR B X ATRE S il R R S B A K, 5

FR AL T SR BT 4R R v A L 3R AR
ATIRBL UL P 1oy 1 AT, AN [l B BRI R
b 08 0 1) JIURE 73 A AR 0 22 S B A

(1) X HS, Je Bk 4 i £E 0. 002 ~ 0. 02 mm
T N (BRI 60% (20 W7 5l 45% ) , ¥t 25 1F

TURYPH <0.05 mm FOKLAR X & & T 20 WA
RV s, AL B 0.002 ~0.02 mm 7 4

e, ok B kL, 5 5 + M, B i T 0002 ~
0.02 mm JFUkL B 4 B e, W AR 1,53, i AE
WA TR ER R, HikA 0.002 ~
0.02 mmfi ki, H & HE#53 5 Sh 1.41 F1 1,36 (3R
5);

(2)HQ1 F1 HQ2 e Vb Tk K 43 #0 J UkE 41 1
AR RL, 0. 002 ~0.02 mm 8 V> (430 & & &
= (31% ~49% ) , i HLA7E 20 3 55 T HAH X & & 5
TR, H R R 0.25 ~1 mm JEVP (24% ~40% ) , {H
LD N 35 T 2R G UE VD AH X i AR T R M, U
WM 25 T R T A ok o i, e U R T KN
ALK A AR il it 2 I 7 55 B AR Tk T B B
T 7K 3L DA 40 Uk B A2 R 3 o R TR b 2R R AR ik
Ye b B9 ML AR 20 0 28 1k — 30, HQT 4 i 7 0. 002 ~
0.02 mm i [H , Kk A <0.002 mm Pk, iii HQ2 M

JR AR (WLFR 5) ,HOQL Y8 ¥ 0.05 ~0.25 mm i
B EUE ) B AR R R R (BRI 3. 84 (20 W 3 35 K
2.62) , HRK N 1 ~2 mm Fki; HQ2 Je b 43 HUS 45 Fi
2 ORI ' AR AR N B S, 3 AT R 5 L A R A
FFe e A AT O, R il it B P OR B R Ay EL, S
HUKR B e A B

(3) X} F TG, B F2b W 7 35 T <0.02 mm Jg
U (R4 80 40 A b3, Horp 0.002 ~ 0. 02 mm g
VB B 5 (40% ~45% ) , Hovk K < 0.002mm g ¥
(21%~25% ) ;P43 HUF , <0.002 mm Pk & & i
(YR 56% ), Hoyk R 0.002 ~ 0.02 mm, & &K
33%~36% ; SR AL (WLER 5) RV <0.02
mm FUKL (73 BU5 ) B & E R, H 0,002 ~0. 02 mm
BAERIE 2.90 ~3. 14, <0.002 mm & EFR N 2.17,
MR TG2, 4= i e b (R 43 1) £ h 7E 0. 002 ~ 0. 02
mm FiAEE BN (B R 51% (207 35 0 58% ) 543
WS, Ve v WUk 4 B 0.002 ~0.02 mm P
(47% ~52% ) , F ¥k A <0.002 mm ik, X £H 5
TG2 ARG FiAL & HALA X, DMWEE T <0.02 mm
TR ) B SR TRl 0O PR O B A R KT Y
1R T3/ AR SE S A TR
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Fig. 1  Particle cumulative percentage of sediments before and after dispersion as affected by coverage of the land
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PN AR B Rk s B (R ok 8 U G 4 R P AR
212 AR 20 T 3T M 3 A2 K U e R B AR
JHT, 98 P 58 A O R 2 5 /1N, U8 b 4 45 4 P R X
B, XFF HQU AL HQ2 T 7 , I8 10 0k A B i 5

J e 22 550N ik e T R TR AR B B AR E TR AR
75, R 3T ol AR AL v b P 0T DG B8 IR 23 HIORH X ¢
55 5 e Vb 3 WO AR RO v, o 20 0 5 R g v
UKL B8 73 B A B R (HQL Oy 60.47% FT HQ2
13.42% ) , 3% n] RS2 7K L IC 5l 4z M5 I 7= A= ) 4
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B, TP b 3% AT B MR R 3 A2 TR T R AR
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Table 5 Enrichment rates of different size fractions of particles after dispersion in sediments as affected by land coverage

& 4£ % Enrichment rate

i AR
. - .. 2~1 0.5~1 0.25~0.5 0.05~0.25 0.02~0.05 0.002~0.02 <0.002
Code Surface condition
mm mm mm mm mm mm mm
HS # i Bare land 0.14 0.42 0. 54 0.75 0.35 1.53 1.15
= Mesh covered land 0.05 0.29 0.30 0. 45 0.54 1.36 1.41
HQ1 i Bare land 1.58 0.72 0.99 3.84 0. 81 1.17 0. 65
5 Mesh covered land 1.25 0.50 0.54 2.62 0.93 1.12 0.78
HQ2 #Hb Bare land 1.92 1. 11 0. 66 1.53 0.97 1.06 0.95
= Mesh covered land 1.33 1.26 1. 00 0. 80 1.02 1.16 0.91
TG1 # b Bare land 0.02 0.51 0.63 0.03 0.11 2.90 2.17
% Mesh covered land 0.01 0.15 0.26 0.19 0.30 3.14 2.17
TG2 # 4 Bare land 0.09 0.85 0.59 0.71 0. 54 2.61 2.65
% % Mesh covered land 0.02 0.26 0.35 0.53 1.28 2.85 2.89
100 1 100 1
e~ m]
St i Bare land %0 F
%80 B % M Mesh covered land g 80
o o
E 70 &8 J§ £ Original soil 27 r
)
2 60 S 60
53 =]
& 50 S 50
S &
z 40 5 40
G on
30 < 30
5 ‘M
& 20 #®& 20
= i
& 10 10

(=)

HS

HQI

HQ2
345 Soil code

& 2

Fig. 2 Comparison between sediments and original soil in clay dispersion index and aggregation degree

2.3 EMRTHYIRAERK

A BT I S Ak AR Ak ) B A R AR A
FfeE B RS ZE 7], SO b TR B, 3R 5 5
ey i A

ANFVRL 2 6 VD ok OM (Fed F1 Ald 5 & 43 A7
Kok SR ULIE 3 Fn 6., ol LA X F HS (HQI
AHQ2 T &, =R B a3 R U VD ORL (R A
) A2 B 58 8 K 5 B A A B A K
giRasE RSP T TGL A TG2 Wi, = F

HS HQI TGl TG2

HQ2
+ 345 Soil code

B U0 A0 1) 23 B0 KO AT 2R BE X He

T & B B 2 U8 VD R R AR Y K R T R AR,
<0.05 mmiJg bk 7 & A (OM hy 8.2 ~24.8
g kg™, Fed 7 8.57 ~22.36 g kg ', Ald iy 1.49 ~
7.82 g kg ™), BT TR M HORL B R S
Rk JI 859 , 3 S W i 2 B4 A R A ORI TR VD L
o T = ARG VD B d T L N (R (A5 A R SR
o1 OM Fed il Ald 7€ )6 V0 09 A X & & 22 SRR,
H10.05 ~0.25 mm V0 AW R X T
HS . TG1 H1 TG2 Tfi 55, e ¥ OM Fed F1 Ald 3= %1
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MARTE <0.05 mm VS b, BLWIN TR BRI IAI 8 RS , BEHE 7 > 0.25 mm PSR T <
VE AR5 00 + T =, AR YD ( <0.05 mm) J&3X  0.05 mm, 26 W75 36 WM, 3 5 4L 4 F 19 3 4T 4
ey 4 A oW T HQL A1 HQ2 W5, OM . I T A AL 7 A 4R e g B R A 560

Fed F1 Ald W] FZ 3 A 4E > 0.25 mm I <0.05 mm

3500 50.00

3<0.05 mm ~
3000 B0.05~025mm %
T 3>0.25 mm o 4000 T
= 25.00 v
Z 3
5 2000 g 3000 7
: E ‘.
2 15.00 8 20.00 f 5 & A
ED = ; F e ﬁ
S 10.00 #® 7 BB o
E 2 1000 [ f % O H
2 500 ¥ 1 A
z = 4B i 4 U

0.00 = 4 »
BEH

12.00 1

8.00

6.00

4.00

W B &AL 48 Free aluminum oxide (gkg™)

K3 25mide R e vb 0k COR 2080 Hh A HILE 30 8 S A o A R L

Fig. 3 Distributions of OM, free oxides in different size fractions of sediments( non-dispersion) (@ Bare land,2 Mesh covered land)

x6 ERHRRELIHAENRFEELINEERER

Table 6 Enrichment rates of organic matter and free oxides in sediments

4 BFEAR AL OM 1 B Fed i AL Ald
Code Surface condition Organic matter Free iron oxide Free aluminum oxide
HS 4 Bare land 1.55 1. 06 1.28
% Mesh covered land 1.22 1. 15 0.96
HQ1 # i Bare land 1. 14 1.22 1. 04
% ™ Mesh covered land 1.05 1.03 1. 05
HQ2 # i Bare land 9. 88 1. 14 1.24
3% [ Mesh covered land 9.53 1.07 1.16
TG1 L Hb Bare land 1.26 1.09 1.27
% % Mesh covered land 1.24 1. 09 1.41
TG2 A #h Bare land 1. 34 0.97 0.73
%5 ™ Mesh covered land 1.54 1. 15 0. 94
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5 - A L, 2 i Ve v h = R R A
R [ R B 1 B 4, v oA ML R AR R T, D LR
HQ2, 5 R KT 9, Hfb + 3 vb b 57 4 R AE
1.05 ~1.55 Z Ji] , iX 5 4 Bl A 5 % 8/ 5 =
A e Ch Ald HQ2 Fil TGL 3R VD Ald
AT R B, T AE TG2 +HE v R B
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Table 7 Correlations between different indices of sediments

MWDV cpr¥ ADY Fed Ald oM Clay

MWD" 1. 00

cpr® -0.48 1.00

ADY 0.49 -0.25 1. 00

Fed 0.74 " -0.05 0. 64" 1.00

Ald 0. 54 0.06 0.55 0.88"" 1.00

oM 0.33 0.29 0.33 0.82%" 0.92"" 1. 00

Clay 0.24 -0.15 0. 54 0.48 0.78"" 0. 62 1.00

1) ¥ & & 4 Mean weight diameter,2 ) %743 # & $4 Clay dispersion index,3) 4 & & Aggregation degree | [f]; =

0.05 1 p <0.01 K FBEAME, n=10; * ,

s o SPIRIR p <

# # mean significant correlation at p <0.05 and p <0. 01 levels, respectively and n =10

x8 FREEDSHXITEMNEAERZEMNEIXR

Table 8 Correlations of physicochemical properties of sediments with the original soils

ik - 2 R 7> Sediment

Test soil MWD" cpr® ADY Fed Ald oM Clay
oM -0.49 0.88"" -0.05 -0.18 -0.08 0. 08 -0.14
CEC 0.52 0.29 0.55 0.93** 0.83%" 0.86*" 0.37
Fed 0.71°" -0.03 0. 62 0.99** 0.90*" 0.82*" 0. 50
Ald 0. 60 0. 04 0. 62 0.96* 0.97*" 0.91"" 0.68"
Sio 0.72° -0.16 0.64" 0.96"* 0.94*" 0.82"" 0. 66"

TbE Sand -0.52 -0.29 -0. 44 -0.87*" -0.64" -0.71" -0.07

¥y Silt 0.07 0.57 0.03 0.36 0.07 0.28 -0.50

Fiki Clay 0.73° -0.12 0.64" 0.98"* 0.92%" 0.81*" 0.59

1)1 & 4 42 Mean weight diameter,2) %743 5L & %0 Clay dispersion index,3) 1 & & Aggregation degree; = ,

p<0.01KFTREMK,n=10; =,

# x I} FRR p <0.05

# % mean significant correlation at p <0.05 and p <0. 01 levels, respectively and n =10
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Table 9 Correlations of particle stability indices of sediments with structural stability of the original soils

{38 £+ 52 Test soil

il A1 2B 1A Micro-aggregate

WSA 6,25 mm " PAD >0.25 mmZ) PAD 5 m MWD CDI AD
R ki Sand ki Silt  ZhkL Clay
MWD 0.33 -0.32 0.11 -0.12 -0.68" 0.72°¢ -0.29 0. 40 -0.34
(SRl )
CDI -0.72" 0.77"" 0.66" -0.55 0.55 0.08 -0.46 0. 36 0.81"
Sediment
AD 0.25 -0.20 0.17 -0.07 -0.60 0.58 -0.21 0.28 -0.16

1) >0.25 mm KFaPEF B IK Water stable aggregate larger than 0. 25 mm,2) | BAK /3 #1 )% Percentage of aggregate disruption; = , * * 43| 3¢
A p<0.05 Fl p<0.01 JKFEFEFEMAE,n=10%, % % mean significant correlation at p <0.05 and p <0. 01 levels, respectively and n =10
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erosion and rill erosion on slope farmland of loess area (In Chi-

COMPOSITION OF SEDIMENTS OF EROSION FROM DIFFERENT RED SOIL SLOPES
IN SUBTROPICAL AREA

Wu Xinliang' Wei Yujie' Li Zhaoxia' Cai Chongfa'™ Yang Wei' >
(1 College of Res ources and Environment, Huazhong Agricultural University, Wuhan 430070, China)
(2 Hubei Water Resources Research Institute, Wuhan 430070, China )

Abstract Particle size distribution and material composition was measured of sediments of erosion from slopes of red
soils (five different types of red soils derived from three different kinds of parent materials, i. e, Shale, Quaternary red
clay and Granite) as affected by rainfall kinetic energy of artificial rainfall. Rainfall kinetic energy was controlled by either
leaving the slopes bare or covering them with mesh. Results show that particle size distribution of the sediments of erosion
was influenced significantly by parent material and rainfall erosive force. That is to say, soils derived from the same parent
material would generate erosion sediments similar in particle composition and mesh coverage increased the content of fine
fractions (non-dispersed) in sediments which was due mainly to the interaction between stability of aggregates and erosive
force of rainfall on the slope. The sediments from red soils derived from Shale ( HS) and Granite (soil TGl and TG2)
were enriched with silt and clay (dispersed) (1.15 to 3. 14 in enrichment rate) while those from soil HQ1 and HQ2 de-
rived from Quaternary red clay enriched with sands with the highest enrichment rate reaching 3. 84. In sediments from soil
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HS, TGI and TG2, organic matter (OM) , free iron oxide (Fed) and aluminum oxide (Ald) were mostly distributed in
fine particles smaller than 0. 05 mm ( non-dispersed) in size; however, in sediments from HQ1 and HQ2, they were con-
centrated in two particle size fractions, i. e. >0.25 mm and <0.05 mm. Among them, OM was the most obvious with
enrichment rate varying from 1. 05 to 9. 88. In the sediments OM, Fed and Ald were extremely significantly related to each
other (r=0.82). So were they with cation exchange capacity, Fed, Ald, amorphous silica and clay in the original soils,
indicating that these substances in the sediments influence each other and depend largely on their content in the original
soils.

Key words Red soil; Slope erosion; Sediment; Material composition; Enrichment rate
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