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Table 1 Enrichment ratio and aggregation ratio of eroded sediment particles under different flow discharge conditions
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gradient/(%) ALmin") Enrichment ratio Aggregation ratio Enrichment ratio Aggregation ratio Enrichment ratio Aggregation ratio
4 0.17 0.09 1.82 1.06 0.87 16.42
10 6 0.28 0.16 1.88 1.05 0.78 17.90
8 0.25 0.13 1.84 1.05 0.82 19.18
4 0.21 0.10 1.61 0.95 0.98 15.76
15 6 0.25 0.12 1.82 1.04 0.84 13.01
8 0.22 0.10 1.66 0.98 0.95 18.03

2.3 RURIDTRATR R4

HE 6 FIRL AR IR AR T LER SRR R
THEEWMEFEIEARKR, SR EREZE KR,
HAa g S8R & B2 B R R E S, SRR
WORL B2 AR ARG, RV R TR 4R 8T
LR EIE. BB 7 AR, SR RN
FRELAR AR 7 TR AE R 2 PRI AR A e %, W RE d T of

FAI3A, 3 T 2 K AR 2 AR A X B %, R
TR TR HEBAN X BOR . (R BRI ol diva sk, 4
VZEETR B I AW TR, WNARRSIREIE A, KM
KisE 5L 88, FMURLAARRR 73 B8 0, AR5 T 4305
B, 153 A A 4 L/imin N, 20 TE4ERCF H1E & &
F 10350, MiiE 6. 8 L/min U £ A St

27 2.7 &l
= = =
g =0.0292x+2.3647 % y=0.0038x+2.3086 £ y=-0.0045x+2.6939
g 2_ sk o 2_ sk o g 2_ *k
;ﬁ E 26k R°*=0.976 ﬁg 26k R°=0.253 e ﬁg q? &0 R°=0.437
N T N T N o
N 13 N
Q Q Q
88 R SE
5525 B 25t %
<~ g <~ E <~ g
2 = 2
3 & s s
2 4 1 1 1 1 2.4 1 4 2.4 1 1 1 1 n 1 1 n T
4 6 8 10 30 60 75 20 25 30 35 40 45 50 55 60 65
FRi P i Clay content/% HrRiEr i Silt content/% TPREE i Sand content/%
a. Bkl (10°3 1D b. Bk (10°HTHD c. WKL (10°3THD
a. Clay (10° slope) b. Silt (10° slope) c. Sand (10° slope)
2.7 2.7r 271
=] =} =
-% »=0.0285x+2.3734 -% »=0.0027x+2.3804 E y=-0.0029x+2..6433
= g =} 2_, g 2_
ﬁg S6h R°=0.986** 5 ﬁ&é 6 R°=0.418%* ﬁg R°=0.527**
23 23 Rz
8E e 8
EE 25 ETE) 2.5 EE
= = =
(=] =] =]
> > >
24 : - ' : 24 : : Tty
2 4 6 8 10 30 60 75 20 25 30 35 40 45 50 55 60 65
Fkifr i Clay content/% HrRiE it Silt content/% bR P Sand content/%

d. BKL (15°80ED
d. Clay (15° slope)
VE: “xx” RIORTE0.01 KT FEREE.

Note: “**” indicates significant difference at the level of 0.01.

e MHRL (15°HTHD
e. Silt (15° slope)

£ ORBRL (153 THD
f. Sand (15° slope)

B 6 RIRRVABRSH UGN, WHEBK S THMEXE
Fig.6 Correlation between volume fractal dimension of eroded sediment and the content of clay, silt, and sand



118 My TFESHR (http://www.tcsae.org)

2022 4

L& Flow discharge/(L-min") -4 —-O—6 —A—38

1
“

b
=)

BT T 4E R
Volume fractal dimension
o o
& w

9
w

10 20 30 40 50 60
F= AT 1] Runoff duration/min

a. 10°3 T

a. 10° slope

27

03
=
T

R T EL
Volume fractal dimension
o o
= W

R
w

10 20 30 40 50
FE YR [ Runoff duration/min
b. 15°8 TH
b. 15° slope

B 7 FRAE ST ARARI I BRARAR T A AR 1] 6 T AL
Fig.7 Variation of volume fractal dimension of eroded sediment particle size with runoff duration
under different flow discharge conditions

3 T i

e vb @ 5 R AR 2 Y, RIR &4 22 40 HE
R, W 5 2 B TR b Bk X ok 5 U DS, T
VAT ) 5 R A 55 L JORE K /N B o3 A B DIAH 9%, R A28 ek
AN NNZiE APS BN B YR e S £ b AT NN
AR SE T HT RS .

AW REK, RZjebFormbn bt s, ME
W FERE TN, RUJe b ok A R R, bk N, X
5 Lin 2570 45 BEONMIAL. BEE SRR A3, B
BRI AE i R, s Bx — 45 ). A AN,
B0 AN AN N T ) R b A = T S Y N 15 AN
NIRRT BRI I, X gk DR P I T h SR A
L, T R R B e g AR 8, ATREA BT
TR s — 7 TH A gk i 22 R A B, R MR S50 Xt
GONBUG I B0, T i RR e v H BIORL 2 A
ANFMER; S—J71H, ErRIPIE, SRy Ak,
T B I B AR 1 7 WO TR VD Bk, R AR S i
PBELUNR VP FRIE e, IR V0 AR BRI iR
Klo HRRIAE, Bk 5 A DL 807 Y0 8oes il 77
75, 15 B HEA 2 5] i B R A 50, R i)
WUk A] BEAEAR I AR NIRRT R, B “/NFIRL” B 4
BCORBIRL Y, IR TR P B, AT, Y
o1 R UR B A AR E BE 71, TR Tl Vb
FORLIR/D . WORIEE TN, GRS B D A .

AWFFH, BB NR PRI YRR & RN T 1,
B 54 PR & B, Bk gsm/ TRy, m
HPIRRMNT 1, YR M R i iz 2 i 33k 2k
THFE, B LLER R A WEE . A5 A E T Han
DS ge ch Bloki BR>1. AR<<1 U459, BARFREZIK
IKPRIRES, {H Han 2807 70 it 381 FH 1 22 v A
+ 3, TR HIEAAR i AR, R IR R A R
JLHRFR HIE R E £, FR0EE A L8 Y
P AR, T2 DL SRR AP . (R AE KR
W2 R AR R A 2 i, AT 23 il il BE 55 38 i B

INVBRL, SRR R AR E £ B4, Bk E
ERKT 1, FIRERA 1 A4, R\ EED kR
T#, FERMEWHELE, ks o=+
B RGP, MBI —E, ERY Rk E 5
Bt SIS YR YD i A i R R KN B i
P, HHT/RERRVDIEFE 5 2 LR K /ANAS [ (1Y
S Ve B N 13 S =i B = S e i w4411
SR ESE RN A7, A R IR 18 B T R A T BE S R VR
N S = E2 QAR HIEE S| o 4 N - ' b e s U3 TP N
T 1, BEFANT 1, RKPAERMERES, ZhEmED
FEUMNMERE® . SOl HEMLL, RV
RIS S, AR R R R AR R R A T DR
AFEIKFIZEAET AR YIS RN 43 A7 45 FL 3R WAL b
fr g EARAEEST, E il TR E SRR S TR
Sz S L SR SR LR ot/ T T 2 AR

1R PRI VL IR 3 T 4E ] LR AERLAR 70 A . I8
Hudy—FERE. BIRIgE i), JEIE M, n] FH R s 4
e LE MRl i B0, ARHF S A R, A2 e b i
P TR SRR MR g R EWMBEEIEMELR, 5
WO A AR R, X M H BB 4 R
ARk AHFFEE RIL R, AETEZM T 15°8 R 1
TRVD IR T AE IS = T 1003 . S K, Ay {2k
Mo RA, R EZL, WNBhREE K, FEEMRL
RFUBE N, PR RA RGO, #EmR I VAR
TEYEEIE N . PLAMASHIE 55 45 AR Bh e V0 AR 70 T 4
T 2.43~2.63, MET EEPEPI R4 ik, (HA
Jo Hofth 2 20 g8 B X AT g SR e R AR A B
xR, FREEME. P, SRS, KT
AR L3RR S BN 22%, KNS B TR MR
TR 25 R 3

4 % i

1) PR B I BB B K T, B Rl
RN, PR AR R A . TR 3 B
WRANEYE, WEEE 6 L/min, 1540 HHK



HH o

A5

B0 ST AR R P A YR v ROR A A 119

10°H TR I B340 . i3 8 L/min I & 4514 &/ 44
RE M=y R PR, 3 Z W HAE——
XFRE R FR, H 72 Ub S AR AR AL IS FE A 1) AR B % 5 4
8 B B 2 KA — 2

A

2) 2l LU RN, BRIIRZ, BRI . R

FANTF 1, MRS ERAT |, BRI S ERE

EF 1, RYUIARK T, BT AL A000R (RkL
kDD sriEfE s, BRI, Rk, R

HRAIAET 1, R UER LR, TR

YL 1, EBELLBRRLIE A .

3) Rk AR AR S FORURT L B 2 R

FHIEMHRKR, SO EMREZEHRKR. BAMR0
Ao R A5 B R L B R N RS A R R S, T
BRI MDA 2 “ K E% . R 0 TR 4R
DA SRR ARG — B, R BRLAR R )
UER L BN S R RE

(1]

(& £ x #l
WEEF. The global risks report 2018, 13th edition[R]. Geneva,
Forum, 2018: 1-66.
http://reports.weforum.org/global-risks-2018/.
Hao H X, Wang J G, Guo Z L, et al. Water erosion processes
and dynamic changes of sediment size distribution under the
combined effects of rainfall and overland flow[J]. Catena,
2019, 173: 494-504.
BN, BEEAE, X, S AR SRR AR 1R
RAE I B ARV AR D). K PR RREEHR, 2020, 34(5):
42-48.
Lv Gang, Jia Yanze, Liu Yazhuo, et al. Periodic variation of
water and sediment in rill erosion of cinnamon soil and
brown soil sloping farmland[J]. Journal of Soil and Water
Conservation, 2020, 34(5): 42-48. (in Chinese with English
abstract)
DI, AR, A, S S VD R R e v Bk
SRERFIELI]. AR LA, 2017, 33(2): 125-130.
Gao Haidong, Li Zhanbin, et al.
Characteristics of particle separation of erosion sediment in

Switzerland:  World Economic

Tang Shanshan,

slope surface covered with sand[J]. Transactions of the
Chinese Society of Agricultural Engineering (Transactions of
the CSAE), 2017, 33(2): 125-130. (in Chinese with English
abstract)

FR R, SR, W], S miRrOn R e I IR i
KERAZRSAMAHRRAT]. KELRFEER, 2019, 33(6):
54-60, 71.

Zhou Mengling, Guo Jianbin, Cui Ming, et al. Relationship
between nutrient loss and particle size distribution of eroded
sediment of Karst slope[J]. Journal of Soil and Water
Conservation, 2019, 33(6): 54-60, 71. (in Chinese with
English abstract)

Asadi H, Moussavi A, Ghadiri H, et al. Flow-driven soil
erosion processes and the size selectivity of sediment[J].
Journal of Hydrology, 2011, 406(1): 73-81.

Batista P V G, Laceby J P, Silva M L N, et al. Using
pedological
apportionment in tropical environments[J]. Journal of Soils

knowledge to improve sediment source

(]

[10]

[12]

[13]

[19]

and Sediments, 2019, 19(9): 3274-3289.

Asadi H, Ghadiri H, Rose C W, et al. Interrill soil erosion
processes and their interaction on low slopes[J]. Earth
Surface Processes and Landforms, 2010, 32(5): 711-724.

Shi Z H, Fang N F, Wu F Z, et al. Soil erosion processes and
sediment sorting associated with transport mechanisms on
steep slope[J]. Journal of Hydrology, 2012, 454(1): 123-130.
WP, Tt Bkt & BHIER A0 T RE R E X
ST R e v JURE 23 AR BRI D]. ARk TR AR, 2022,
38(11): 125-133.

Shen Ziya, Cheng Jinhua, Guan Ning, et al. Effects of
shrub-herb arrangements on the distribution of sediment
particles eroded from slopes under simulated rainfall
conditions[J]. Transactions of the Chinese Society of
Agricultural Engineering (Transactions of the CSAE), 2022,
38(11): 125-133. (in Chinese with English abstract)

Wang L, Shi Z H, Wang J, et al. Rainfall kinetic energy
controlling erosion processes and sediment sorting on steep
hillslopes: A case study of clay loam soil from the Loess
Plateau, China[J]. Journal of Hydrology, 2014, 512: 168-176.
IRMETT, M. AR R VD BURLRAE A 7T D], K Ok
4R, 2020, 34(1): 1-7.

Hao Yanfang, Tong Fan. of the
particle-size characteristics of eroded sediment[J]. Journal of
Soil and Water Conservation, 2020, 34(1): 1-7. (in Chinese
with English abstract)

RRAE, BEHE, TR F AR FE N R
FR S ENRMAED]. HRERE, 2012, 33(7):
2497-2502.

Wu Fengzhi, Shi Zhihua, Fang Nufang, et al. Temporal
Variations of clay content in eroded sediment under different
rainfall conditions[J]. Environmental Science, 2012, 33(7):
2497-2502. (in Chinese with English abstract)

Slattery M C, Burt T P. Particle size characteristics of
suspended sediment in hillslope runoff and stream flow[J].
Earth Surface Processes & Landforms, 2015, 22(8): 705-719.
Massey H F, Jackson M L. Selective Erosion of Soil Fertility
Constituents[J]. Soil Science Society of America Journal,
1952, 16(4): 353-356.

Martnez-Mena M, Castillo V, Albaladejo J. Relations
between interrill erosion processes and sediment particle size
distribution in a semiarid Mediterranean area of SE of
Spain[J]. Geomorphology, 2002, 45(3/4): 261-275.
Sutherland R A, Wan Y, Lee C T, et al. Aggregate
enrichment ratios for splash and wash transported sediment
from an Oxisol[J]. Catena, 1996, 26(3/4): 187-208.

Wan Y, El-Swaify S A. Flow-induced transport and
enrichment of erosional sediment from a well-aggregated and
1997, 75(3/4):

Research progress

uniformly-textured Oxisol[J].
251-265.

VNS, HIET, Ui, 4 RIS FEDR G b i
KR T[], AL T A2 4R, 2019, 35(20): 111-117.
Shen Haiou, Xiao Peiqing, Li Hongli, et al. Analysis of

Geoderma,

sediment particle loss at different gradations on Mollisol
hillslopes[J]. of the
Agricultural Engineering (Transactions of the CSAE), 2019,
35(20): 111-117. (in Chinese with English abstract)

Transactions Chinese Society of



120

Fk TREZAR Chttp://www.tcsae.org)

2022 4

(20]

[23]

(24]

(28]

[29]

Miao C, Ashouri H, Hsu K L, et al. Evaluation of the
PERSIANN-CDR daily rainfall estimates in capturing the
behavior of extreme precipitation events over China[J].
Journal of Hydrometeorology, 2015, 16(3): 1387-1396.

Chen X Y, Huang Y H, Zhao Y, et al. Comparison of loess
and purple rill erosions measured with volume replacement
method[J]. Journal of Hydrology, 2015, 530: 476-483.
W5, R, Mg, S5 JREATNT SRR AR A
RV BURLRFAE AR [T]. L3, 2014, 51(5):
974-982.

Jiang Fangshi, Huang Yanhe, Lin Jinshi, et al. Effects of
slope gradient and rainfall Intensity on particle
composition of erosion sediment from colluvial deposits of
benggang[J]. Acta Pedologica Sinica, 2014, 51(5): 974-982.
(in Chinese with English abstract)

A, IR, EZO6, 5 SRR NS 2%
I TR ke Vb TR R AERTE 72 [J]. 384, 2020, 57(6):
1387-1398.

Zhang Deqian, Ni

size

Shimin, Wang Junguang, et al.

Particle-size erosion sediment on
granite-derived red soil slope relative to erosion degree[J].
Acta Pedologica Sinica, 2020, 57(6): 1387-1398. (in Chinese
with English abstract)

JARE, SO, AR, A RO RS A ANE
v 5 L SRR 2L 1 B O TR RFAIE (D], K AR EEBEAL
2017, 24(2): 84-93.

Zhou Ping, Wen Anbang, Yan Dongchun, et al. Particle
distribution and fractal features of hedge soils with different
hedge heights along the slope position of the purple sloping
cultivated lands[J]. Research of Soil and Water Conservation,
2017, 24(2): 84-93. (in Chinese with English abstract)
Bingner R L, Wells R R, Momm H G, et al. Ephemeral gully
channel width and erosion simulation technology[J]. Natural
Hazards, 2016, 80(3): 1949-1966.

FEZE, FAR, BICE. g i o w48 & 5
ELHR A R[] %R, 2005, 42(4): 19-24.
Wang Guoliang, Zhou Shenglu, Zhao Qiguo. Volume fractal
dimension of soil particles and its application to land use[J].
Acta Pedologica Sinica, 2005, 42(4): 19-24. (in Chinese with
English abstract)

MUK, BWES, Z/NE, . VT RO S R v
AR M) KEERERE, 2014, 25(1): 90-97.

He Jijun, Gong Huili, Li Xiaojuan, et al. Effects of rill
development on runoff and sediment yielding processes[J].
Advances in Water Science, 2014, 25(1): 90-97. (in Chinese
with English abstract)

Han Z, Li J W, Li Y H, et al. Assessment of the size
selectivity of eroded sediment in a partially saturated sandy
loam soil using scouring experiments[J]. Catena, 2021, 201:
105234.

Lin J S, Huang Y H, Zhao G, et al. Flow-driven soil erosion

composition  of

processes and the size selectivity of eroded sediment on steep

[30]

[34]

[35]

slopes using colluvial deposits in a permanent gully[J].
Catena, 2017, 157: 47-57.

RRE, LHEE, FHARIL, . SR MR e v Bk
B AE[0]. 3R, 2012, 49(6): 1235-1240.

Wu Fengzhi, Shi Zhihua, Yue Benjiang, et al. Particle
characteristics of sediment in erosion on hillslope[J]. Acta
Pedologica Sinica, 2012, 49(6): 1235-1240. (in Chinese with
English abstract)

Bronick C J, Lal R. Soil structure and management: a
review[J]. Geoderma, 2005, 124(1/2): 3-22.

Durnford D, King J P. Experimental study of processes and
particle-size distributions of eroded soil[J]. Journal of
Irrigation & Drainage Engineering, 1993, 119(2):383-398.
Teixeira P C, Misra R K. Erosion and
characteristics of cultivated forest soils as affected by the
mechanical stability of aggregates[J]. Catena, 1997, 30(2/3):
119-134.

Rienzi E A, Fox J F, Grove J H, et al. Interrill erosion in soils
with different land uses: The kinetic energy wetting effect on

sediment

temporal particle size distribution[J]. Catena, 2013, 107:
130-138.

B, ZKA, @R, % W LHERUAREYE R
SIS RRL S AR FUI]. AU E AR, 2017, 48(8):
270-278.

Yang Shuai, Li Yonghong, Gao Zhaoliang, et al. Runoff and
sediment reduction benefit of hedgerows
characteristics of sediment particles on loess plateau slope of
engineering accumulation[J]. Transactions of the Chinese
Society for Agricultural Machinery, 2017, 48(8):270-278. (in
Chinese with English abstract)

Laceby J P, Evrard O, Smith H G, et al. The challenges and
opportunities of addressing particle size effects in sediment

and fractal

source fingerprinting: A review[J]. Earth-Science Reviews,
2017, 169: 85-103.

Ding W F, Huang C H. Effects of soil surface roughness on
interrill erosion processes and sediment particle
distribution[J]. Geomorphology, 2017, 295: 801-810.
RE, SR, AR, . SR XS 6 b i
KLt RFHELT]. KL OREFSER, 2012, 26(3): 18-21.
Guo Jin, Wen Anbang, Yan Dongchun, et al. Particle
characteristics of eroded purple soil from slope land in the

size

Three Gorges Reservoir Region[J]. Journal of Soil and Water
Conservation, 2012, 26(3): 18-21. (in Chinese with English
abstract)

B, AN, Tk, . =X ST Y E X3
T 398 73 T8 AR5 AR K R] il K B2 R 0], K DR R AR
2011, 25(4): 79-82.

Ma Yun, He Binghui, He Jianlin, et al. Effects of Herba
andrographitis hedgerow on soil fractal characteristics and
erodibility on sloping cropland in Three Gorges Reservoir
Retion[J]. Journal of Soil and Water Conservation, 2011,
25(4): 79-82. (in Chinese with English abstract)



HH W ERE RO AN R UL AR A e YRR R 121

Characteristics of sediment particles during rill erosion on purple
soil slope

Jiang Qian, Zheng Zicheng™, Wang Yongdong, Li Tingxuan
(College of Resources, Sichuan Agricultural University, Chengdu 611130, China)

Abstract: Studies of sediment particle distribution and sorting properties at different gradations can reveal hillslope soil
erosion mechanisms and better understand the processes of sediment detachment, transport, and deposition on purple soil
slopes. In this study, the research object selected was the typical purple soil in southwest China. The indoor water flushing
experiments were carried out on the purple soil slopes, with two types of slope gradients: 10° and 15°, and three types of flow
discharge conditions: 4, 6, and 8 L/min. The rill erosion processes as well as the various characteristics of sediment particles on
the slope were thoroughly investigated. The results showed that: 1) the runoff rate and sediment yield rate of 10° and 15°
slopes both increased with the increase of flow discharge conditions. Under 6 L/min and 8 L/min flow discharge conditions,
the average runoff rate of each slope increased by 1.35-2.37 and 1.70-1.97 times, respectively, compared to the flow discharge
condition of 4 L/min. The average sediment yield rate increased by 1.31-3.51 and 7.70-8.58 times. As a whole, the influence of
slope gradient on sediment yield rate was greater than that of runoff rate. 2) The silt was the main particle composition of the
eroded sediment on each slope, ranging from 47% to 55% depending on the flow discharge conditions. The Enrichment Ratio
(ER) and Aggregation Ratio (AR) of eroded sediment particles with different grain sizes differed significantly. The ER of clay
particles was less than 1, and the AR was more significant than 1, which indicated that the sediment particles of this size were
quickly lost in the process of erosion and migrated in the form of aggregates. Furthermore, the ER of silt particles was more
significant than 1, indicating that particles of this size were enriched in the eroded sediment. The AR of silt particles was close
to 1, which stated that the majority of them migrated as primary particles. For different slopes, the enrichment ratios of clay
and silt in eroded sediment increased with the increase in flow discharge conditions, indicating that the rise in discharge would
affect the enrichment of fine particles. Under the conditions of high flow discharge, fine particles were more susceptible to
enrichment. 3) The volume fractal dimension varied from 2.43 to 2.63 in different flow discharge conditions and showed a
decreasing trend with the duration of the scouring time. Furthermore, the volume fractal dimension had a very significant
positive correlation with clay and silt content and a very significant negative correlation with sand content. The volume fractal
dimension values were primarily determined by the clay particle content. The research can help to clarify the laws of the
sediment particle size varying with the development of the rill erosion process on a slope. Meanwhile, it can provide data
support and a theoretical basis for particle size selection of fingerprint factor and reveal the erosion mechanism on a slope.
Keywords: soil; erosion; particle sorting; enrichment ratio; aggregation ratio; fractal dimension



