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The relationship between soil aggregates and eroded sediments from sloping

vegetated red soils of South China
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College of Environmental and Resource Sciences, Zhejiang University , Zhejiang Provincial Key Laboratory of Agricultural Resources and Environment,

Hangzhou 310058, China

Abstract; Soil erosion is a serious problem that has significant environmental impacts, including declines in soil quality,
sedimentation of reservoirs, and nonpoint source water pollution. Thus, it is important to study soil erodibility and
mechanisms for nutrient loss on sloping land. Plenty of studies have researched soil erosion factors, such as land use
patterns, plant cover type and ratio, slope length and gradient, rainfall intensity and amount, and raindrop kinetic energy;
these studies have been key to characterizing these processes. It is generally recognized that plant cover and slope length
have a significant impact on soil erosion and nutrient loss. However, these parameters have often been studied in isolation,
and few have researched the combined effects of sedimentation and nutrient loss. In this study, we analyzed the effects of
slope length and plant cover ratio on the particle size distributions ( PSDs) of soil and eroded sediments from sloping
vegetated fields under heavy rainfall. We evaluated the change in soil aggregate stability characteristics to explain the
relationship between PSDs of the eroded sediment and soil aggregate stability. Twelve simulated rainfall experiments were
conducted in a glasshouse with a rainfall intensity of 2mm/min and runoff was produced within 30min. For this study, we

implemented three slope lengths, 2, 3, and 4m, and four levels of vegetation cover ratios, 0% , 30%, 60% , and 90% , in
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2014 and 2015. The micropipette method was used for particle size analysis of soils and eroded sediments. Surface soil
samples before and after rainfall were separated into five soil aggregate sizes, >2mm, 1—2 mm, 0.5—Imm, 0.25-0.5mm,
and <0.25mm, by dry sieving and wet sieving. The experimental indexes to evaluate soil aggregate stability included water
stable aggregates (WSA ), mean weight diameter (MWD) , and dispersion degree of soil aggregate (PAD). The results
showed that clay particles ( <2um) and fine silt particles (2—20wm) were the main size fractions in eroded sediments.
Surface runoff, which causes soil erosion, is a selective transport process; hence, there were more clay particles and fine
silt particles in the eroded sediments (approximately 57.08% ) than in the original soils (43.92% ). The proportion of clay
particles in the eroded sediment increased slightly as the vegetation cover ratio increased. There were no significant
differences in PSDs of eroded sediments for different slope lengths with the same cover ratio (P >0.05). The content of >
2mm and >0.25mm PAD (PAD,,,, PAD,) increased, whereas the content of >0.25mm WSA (WSA_,;) decreased after
rainfall. Vegetation cover ratio had a more significant effect on >0.25mm soil aggregate stability than did slope length. We
found that the WSA index generally reflected the difference in soil structure stability. WSA 5 was the main factor affecting
PSDs of eroded sediments; the MWD content of the eroded sediments decreased gradually whereas WSA,,; content
increased. We also found a significant negative correlation between PSDs of eroded sediment and MWD of soil aggregate.

Finally, we observed that more stable soil macro-aggregates resulted in less coarse soil surfaces.

Key Words: slope length; vegetation cover ratio; artificial simulated rainfall ; erosion sediment; soil aggregate
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Fig.1 Schematic diagram of simulation rainfall equipment Fig.2 Schematic diagram of experimental plots
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Table 1 Physical-chemical characteristics of original soil

BALAE bR HfH B bR Hufl
Physicochemical parameters Value Physicochemical parameters Value
pH 4.5 2T TP/ (g/kg) 0.21

+ 457 Soil bulk density/(g/cm?) 1.42 ALK SOC/ (g/kg) 10.76
A TN/ (g/kg) 0.77 HPAEL Sand/ % 25.05
HAS A NO3-N/(mg/kg) 30.8 BB Silt/ % 49.10
BAE NH-N/(mg/kg) 7.4 HkE Clay/ % 25.85

pH Itk (1:2.5)

R BERE O FE WL AR ) IZFEAHT T 6 5 FI2R ( Brassica campestris L) o FEE FISEE AW, AR
/X AR B 5 B2 R 30 0,30% ,60% ,90% , FELSCRE i HE AR A 32 20 i v 15 3R O KO A BIL A 2 Hp e
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IS — B, RIHGBEE 14—20d Sy [ R [7] i Fsf [R] , BT 25 /0 DX A 38 P i 0 29 7K eI 5 38) 55 — YR g T s F 7K F-
RRRBEA RS X — R, R E RS 3 D 14, AT DUIRI B 7 B AR R 55 R 0% T
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Table 2 The design of rainfall experiment

R Wk R o E R IR Pk A 5 B
Rain number Slope length/m Coverage ratio/ % Rain number Slope length/m Coverage ratio/ %
1 2 0 7 3 60
2 2 30 8 3 90
3 2 60 9 4 0
4 2 90 10 4 30
5 3 0 11 4 60
6 3 30 12 4 90

NN AR 2 R Be K - ORI T B I A4 7 1) ] % 2l 8 s /N 28 N T ASE 4L 8 o724 5
1), 38 5 5 K H A Sk FLAR /N S TSR A RN o AT Hy 4 B T 8 8 20 I, 0 ) 2 0 A8 R 1) 7o A
(— ML) . W AR I 0 B 6m, [RITE/NX A it T 20 NS R AR W DU R 98 S X 5 B (a) |, 1T
BT .

V/S

P=10x-" (1)
a=(1-2) (2)

P
DZ:%E(P—PV (3)

AP P A DAY RE IR, mm/min; VO IR A A MR BOF R, mL; S /M BB, em®;
¢ RIS ) ming o WA POk BT b AP RTSR D S A I AR T AR A - 2 44 %) 13
2, D/P WU TV-BIRIX R 22 B 5 | BT 3 W25 b 119 22 57800, DR v 40 g S W R 588 25 ) 43 A 2 75 14 5
BIFIBREAR 5 o (EDBROR, TR S (6] A 0 A B S0 PR ARG 2SS THEEAR 12 Bk B T4 2 BE 45 SR8 T 3%
3,00 3 R AEABE ST B S BE IR B 90% Za A

®3 EBWREHTFHTRMENSSE
Table 3 The average rainfall intensity and uniformity coefficient of rainfall experiment
P& Rain number 1 2 3 4 5 6 7 8 9 10 11 12
RERHE5) BE/ %%

The coefficient of uniformity a

92.31 90.90  89.37 8937 86.76  91.34  92.61 9429 9137 9248  89.97 92.43
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1o 3 LR LRI RIS L i b 2 1= 498 5 AR CRUBPRL AT 20 0l ¢ i 08/ T 249 7.83% 1 5.58% ) .,

HRARE DAL 3005 45 545 A0 R 2538 AR D U0 LURAR B/ N iR ok 3, B s TR A R L i 4h
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Table 4 Particle size distribution ( %) of sediments were collected during rainfall events

MW 2 ek R K2l g HUBRL kL
Coverage ratio/ % Slope length/m Clay/ % Fine silt/% Coarse silt/ % Sand/ %

0 2 33.76 23.13 23.28 19.83

3 33.50 23.40 24.33 18.77

4 33.49 23.03 24.32 19.16

30 2 33.90 23.67 23.21 19.22

3 30.88 23.45 34.24 11.43

4 30.92 22.32 23.29 23.47

60 2 33.46 23.68 22.07 20.79

3 33.59 24.75 20.52 21.14

4 34.08 24.61 18.66 22.65

90 2 35.21 23.76 22.80 18.23

3 35.11 23.66 23.96 17.27

4 34.06 23.59 23.80 18.55

J 4 Original soil 25.40 18.52 30.58 25.50
HPRE : 0—2pm ; ZHFYRL : 2—20 um s HUBRL : 20—50m ; BPHL : >50wm

H AT, SR ™= Vb (%) 52 i) R 95 B R R 7 S T A P43, B A2 BV 3 1T R BB A & AR AR T AR A
SER M DR T (A K — [ AR AR R B A 2 S R ) - AR T B P B 2 — | R ) ok T A=k
FIREI 452 5 2 IR A BRI SE )T, BT BUS A 4538 AE AR AR KA TR ) ARG v, 0 [ B A 7 0 DA Ry
BT AR EE R S AR DRI T RS I AR BT D) g, (ARSI 3 T B — BOHE B 2 S5 W DURR, SO K X8
Vb A GO AR OB U I s i AN B ZEARRIE S BE T, 2m A 4m T B A GORAR TR VD Ok & ARk 252 BN
K, B E W E MK (P>0.05) .

AR T, B (0—2wm) FRRE 7 i B 6 R 90 B 55 10 38 0 B Bl 384 IR 34 DAAE , HoAth 45k 42
Te VDO Y 7E— RE Y FE Pt o, T B A A A S s Ak g DR T BB L B R R A/ NRSE TR o R
AR B VR T 158 15 21 BA S 00 110 555 , 35 T K 11 R A gt ) s R 23 w01 (), A T A28 300 P S 4 3 MR
U4 e 7 RN VT 43 T T A R ) e T, I T B 1) IR 2805 R TR R R
T DA R AR WAL BE T () B i VD AR AL I A T, E— 25 T OB AR 8 VD R (1R 3B AL, (4 b 0 U v 1 4 A
By L E RN,
2.2 FEREI AR bk T A P SR R R X R ik Ul U R AR AR A 1 5 T
2.2.1  FERN AR A A R AR R TR S AT

R RN o IR 0 i SRS IR FH R, SRR AR I | A6 S B [ MR 2T Bt Bz, ST bl R e s 5/ 1N it
7R AR AR T, 76 - K B TR BRI, 8 T 3 IR AR RE 1, TR, BT AR A R K T s
T2 L HERR BN HER AR TR K AR WA B T s B BT B, 24 B 6 1 - ARk B R LA s . R,
TEAMWFFE T 75 45 B o 3 T - 398 A SR AR e S Az b e D R AR AR AR S e . JHOR, AR I A DG R 4518 4R
H P 60%—80% A3 1l 2 il I S 7 55 B, MR B R T > 80% i, 7 55 B MBS IO T R RE B S PR R D
AR BT B AR U IR P E RS TR e, BB AR AR 52 43 B AN () i 4 RIAR Bl 7 5 B T, Wi 322 148
(0—10cm ) BRI 1 38 AT SRR FRE P A AL RRAE , 898 T 2.3 4m 19 3 K I 0,30% ,60%1%) 3 T bk 4 55
FRESRPETR 3t 9 S A0 Ko T i R A T i A 30 T SR 5 3 a7 9 AR O 1 A5 ) ) 45 A SR AR ) 5
(FEFRRT BT JS ) , IR 25 o T3 5,

AT R AT 5 A R AR 0 (32 5) KB, B RN J5 <0.25mm 1> 2mm 0 7 A1 R 48k i1t 4y
SEERETR AT I T 29 1.22 F5H1 1.03 £, HAAS A RAR A AR Y908 /0  JR vk R AR, <0.25mm A Rk
TGN T 2 1.08 £%5 , HAE R A B S 24900, Wi 25 A 4 7 26 B 30, > 2mm AT <0.25mm A% 1 4]
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R IG E AW Horf1<0.25mm RiAR B RAIRARL o B, anZES K 4m  AE BB 5508 R 0,30% ,60% 1
HBCR S5 IN T 26.88% ,20.77%F1 16.55% , FEAHAE 5 B2 AR AL XT <0.25mm P 0 v AT SR A4 (1) 38 AR FH AL
WG Ul AP o X S AT SR AR ) A8 A RRAEAG 26 5 S 35 A S ), = B ol oA e I s 5 P 4
R Az i thRm A FH 52 1 - 38 PO [ A2 P SR AR Y 5

[FlHS , NZR 5 At AEASTRIAL > Tm 07 TR AR 55 8 B Jd R %o o7 F) 2 7 1A 2R A8 (> T ) 1) 75
It AT AR LR 0 A R A R K AR v S AR KRR PR A SRR, 0 2o 2 v AR AR M R A SR A R i UK A /S
14 PR SR A BRI /K R P R A (0 12 T SR A ) 19 5 i T B o T et - BB 45 W O AR MR A A
2.2.2  YEAORIRE Bl 7 25 R 05 1 A A SR OB R AR 1 56 R M HT

PEM 32 A IR AR 8 M R WAS, o5 (>0.25mm KFaPEH BIA S ) | PAD,( >2mm R ) L
J PAD,,5(>0.25mm PURARSFH80EE ) 3 AN EFR MG I, WAS 5 & B0 SRR T - SEh A2 i 2 1l e ) 15
55,24 WAS, s 7 S8 S 6] L BT (R Th AR B, ; 56T 00 AR 0T 408 T A SR AR IBURL 2 HURE PAD, B4 b
A P SR AACHE 3 TR o R v 52 W 7K WL BCRBE O T 3 508 43 FRORR BE ) /I S A HIURE PAD B0 | 8 Y 1T SR ARG 1
5k, T HELE RS T | BOAN ) 32 TR RN I A B R

WRAE AT (), (5) THERE R 5 AN R 3 RR o 2 35 B N, 3R £ (0—10em ) +- 3P R ARTR & PEAR bR, JFH%
SERFIAES 6, WL IR IR 45 T F 2. PAD, s Ml PAD, 7E R TR 5 24 1 30 T 38 K i e $, Hidh PAD, o L
PAD, I RIS W G WAS, s 7ERE R 5 270820, 100 I 63 R ol A e s 03 1 A D B A2 3t 1 vl VP 227 %68
S T 1) A AT SR AAR 2 K 7 A — s R B (R I, AT T 39 T - 38 A e o

®6 MBEWATMERERTAREREEFESHBILE

Table 6 Comparison of soil aggregates stability index in the topsoil before rainfall and the after

, e T 1] SR AR A e o i I SR AR AR S
VS 8 E . e A -
Soil aggregates stability index Soil aggregates stability index
Slope Coverage . . . . . .
. in topsoil before rainfall in topsoil after rainfall
length/m ratio/ %
WASg5 PAD, PADy,5 WASg,5 PAD, PADy,5
2 0 42.28 63.54 54.52 35.64 66.27 61.12
30 36.32 64.92 60.31 31.82 66.44 64.73
60 32.41 64.96 64.20 30.31 66.07 65.84
3 0 46.27 64.99 49.30 39.15 67.95 55.98
30 40.18 66.00 54.97 35.28 67.77 59.04
60 37.51 65.62 56.83 35.11 66.97 58.80
4 0 45.61 66.34 51.10 38.32 69.15 57.98
30 43.17 68.57 52.57 38.07 70.48 57.06
60 42.18 67.36 52.41 39.38 70.59 54.61

WAS, s AL MG ARLAE>0.25mm 3 R AR BT (5 19 5 5 & 43 L, PAD, > 2mm i 4% T SR A4 1) 431
B, PAD, , }1>0.25mm i 43 A R A 43 H0U%

[IEE, R 73— 25 T ff i A R 9k 7 55 8 X 303 1T 458 A1 2R (AR 55 A e 2k P9 s i, 445 28 WY s TR T 5
WAS, 5, PAD, , PAD, s 384 5 ( ikt ) 55 3 K Ve w7 25 B 22 (B 0 56 R EFTAH G0 A, i 5 SR R T 3=
7. WA KA T R - A R AR R MR e B R, P B B S X WAS s B PAD, s 3l
SRR R I AR SR A S S FR , DRI R AT e 7 AR b S A R R >0.25mm AR AR B kAR
F3R)2 S5, PR A R R R e M R 2 AT RE DR DR R A B T B, — R LR W
AR A TEAT , FEARAR L A e, )55 42 ik 10 - 49 A BT D), F N 22 AE AR 2R 5 VR F P R K B ) 1) +
BRZBE KT, R AR R BT SE , $E T R R R E T, A R BUR e
IR
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Table 7 Correlation analysis among soil aggregates stability index, slope length and coverage ratio

- . . et K 5 R L A

P A ek R 1 SIS SRR I

. . . ) K The combined effect of Slope

Soil aggregate stability index Slope length/m Coverage ratio/ % .
length and Coverage ratio

PAD, [} & Increment of PAD, 0.477 -0.517 ~0.214

PAD, s 93 1 Increment of PAD,) 5 0.084 —-0.994 ** —~0.884**

WAS,,s [ i Reduction of WAS ,s 0.149 0.997 ** 0.851**

x4 P<0.05( B3, ** N P<0.01(# 3)

2.3 HHEARIRFRE TS R RN VDR ZH B ] Y O R

FEFE AR FT S R IR b R TS BB B R R B A iz | (A5 AR A2 45 /N ) U U SR, S ke Bhatk A
U, LR iz B g e , A R A S T R, 5 T T R A KA AR ARk AR v AR R
KA, ATEEHF PRV 22 Bz (R VR AR K 5 S 2 A8 i ik B A /N, AT BT YR Vb i /D R IR VDR /)N
ZHTRG A A R R R M S R ik 2 IR A 56 R A TR AT, A IR AR R R T AR ET A
R b 2D PR ARG 8 V252 W T A Dl ) PR 3R 5 I m] DM i) B SRR IE S8 Ka, SRR IE 7 1D
55 AR I S B B R 56 3 T B A SROAARARR S R T AR 9 e R A /IN I R e T 3 T A 3R Dl e VD L
BRI, DR AR SO P SR AR e P A28 T 2R B0 33 1T - SRR Dl e VD38 B AR Z [ A T AR DG A A, Il 4 2 2
TS,

W 8 Ji7m , MWD e \ WAS s, IR RECS IR VD34 1 8 ELARAE A S 3 (A OG5 R B YR V0P 3
Hiit AR5 PAD,, K W B IEAR G, ) PAD, RV RIAR Z [HANAE G, B AT 1, >0.25mm 7K A 1 AT SR 44
T RS R e U Y ORI AR A3 A Y R ZE R 2R B A 3 T > 0.25mm K BSUE 1 AR SN, 47
T YD -3 o e AR TR . T EEURT-Y BLAR S MWD e 2 W S 5 670 FH O, ] JH1305 1T K AT SR AR A
AL ARSI K

*8 ITHARGREMSHETERDTATEHNEZEZ BHXR

Table 8 Correlation analysis among soil aggregates stability index, average diameters of soil and eroded sediment

(=L SR Y ST i A P
& LEUE(’/?fJEJr ‘ MWD 4 PAD, 55 PAD, WAS, s ’ﬁi(}lh/%%&-
Average diameter of eroded sediment : - - Runoff coefficient
I FEL Correlation coefficent -0.822*" 0.830 " 0.252 -0.898 " -0.938 "
AR Significance probability 0.007 0.006 0.513 0.001 0.000

05 G S AT B A4 SR *
ﬁﬁi%?ﬁ*m$l@ﬁ'@_ . . . MWDz PADq 55 PAD, WAS 55 h(}ﬁ}%%&.
Average diameter of soil particles in topsoil Runoff coefficient
I ZEL Correlation coefficent -0.802 " -0.646 -0.208 0.638 -0.627
AR Significance probability 0.009 0.060 0.591 0.064 0.071

* 4 P<0.05(B3), ** N P<0.01 (e 5.3)

3 g

AR SCHEAN [R) A R 1 2 i B 9300 2 A, A0 5 A T e 7 b 3 T 8 DA SR AR e 1 B e i 4= ok e v
URLZF ) AR AR | RIS 30— 20 43 B B T - S8 A SR A AR e Mk 5 R b e Y UKL ZH 2 (B] AR LI R . 4594
g5,

1) IXI A5 R WPHAL (0—2wm ) FHAIA AL (2—20pm ) Sl 75 4 Hh BN ) B2 B A 8 (29 S R e v 5
[ 57.08% ) , R AT A AR T VD AR AR < 20pm (19 4 0RLY) 0 3 i 4508 5 HAAR DG IR o 45 R — 2, Al
I AT 5T 48 RS B SR X Y BURLZH A2 i A B IR (P>0.05) s AR BB 5 T, SOKTRL (0—2wm ) 5 F B
A AR o 2 SN 3G O, HA AR Y8 VD UKL 4 T B A2 fh i

http ; //www.ecologica.cn



10 A E = 38 G

2)) 38 kX PR i S SRR ) AR AR BLEA T R K B, <0.25mm 0 vk R i vk PSR AR 1) o5 B Y
BRI R AR I, e AR gl i B X+ R AR R AR AL R R B W, 7 IR R AR E S
(WAS,5,PAD, ,PAD,,, ) 5 iRH0 A8 i (K A BT S5 ) 2 18] A AR GRS AT 45 SR 46 th | A0 2 B Xt £ 3 A
BTN R TR

3) e IR R AT E M 5 AR D Y8 0 TUREZH B2 [ B9 70 A i, 45 45 10 AR B BT i R 1 o R
WAS, s (5t AE TR A IR EVE . [RIE IER S R R WAS, o & 2 R 12 1 U8 V0 i JURRL A%
oA R 32 B R S SR P SR AR |, S SR A R A S A
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