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HPERAE R (5025 mm) mik 80%>, A 55 EH
i TSI L ERFAE . JE— SO TR AR TR
LW TSR r>1.0 mm KGR A, EEITH<1.0 mm
LRl Eib L N TR G E 2 e o e weil LIRS
HAETC 2B, ASBEAR LT S Wi X ZE (AR A LS
H JCHOR B S IR R E BT LA TR A, ZIX
DA T 2 E AR A A (O B SRR AL, SS F-Ild
X HIRAR I 73 i RS S Rt WARTE, A itk — 2D e,
b, AW TE LIEAR BRI FURS 5, i 3 et (i et
AT AR ik, 73 AR I 2 PR AR PR o 28 (AR PR A1 B HL 7
WEARFAERIREM, DRI M FEmE 7T, v ARAE B XK
T ORFFE AT BEIR PERL A E -

1 #MRE7%

1.1 RIEXHER

IS AT W AE R B AR K b AR R 0B A
(47°21'16.95"N, 126°49'56.43"E) , Hr T SBIpiT 48 thffn
T S R, RN 226 m, EAT 30~8°, THE
THERAUON B AL SERRRIRA KRB ETR AR, 45
AT, BERREZW, WHRFEIN, BWNEPE 5—9
Hin (88%) , FHSH 1.5°C, FE¥ME/KE 530 mm,
PR R 2 300 mm, PR 1.8 m/s, SEIIA RO
2450 °C, AW 125 d*, ZIXAL T HEICE L X F,
P EORRRE R, BRI E X, ik
TS T SCE A S e i 7R 09280 S ) - 4y 2
HJE T Mollisol, T3Rs s ZHE, BHEREELN
30 cm, EAMRGFIARMEMBRE, Hp, $HZ 15
BEEAPERVERR 1.

*1 MREXLTEEAER
Soil physical and chemical properties in study area
MR A

Table 1

b ogm  ERCWRE L sy HAUR
Soil Bulk ki KIE WAL Bk it Organic

Field Satu'ration S%?.)Ild Soilt C})ay matter
oo comenrs |+ el
0~20 113 34.9 442 316 308 376 421

1.2 RERBESMH

PR & A MmN THU R R B (P E BB
IKFNERAK L ARFEF TS o PR EEN 7.5 m, PR
oot S e A YT AR O O R R g LR LA SR I, ARk
TGN 30~165 mm/h™, BERYIIE) KT 85%.

S A1 5iz b 2 52 45 SR OGSOk 2R 20, BB 1 i 22
YEZAF T 22508 20 em, ZE[AIFEA 70 cm, B ARLFH
RPEFIARR M . Rk, NS L PR . Kxii=
100 cmx70 em. /NX AR AR B 25, IR 122 30 cm,
/e H 2B TR 20 cm

Wb AR 3L T Ellison S8 pub B HEST T G, AR A
KxH=100 cmx70 cm, JERIBICERERAE J: KxFEax & =
100 cmx3.5 cm*3.5 cm. B APRIR AR 730 B T 22 &
AWM, WM RS Tem, FHEZEE2em (F 1) .
1.3 REWRIT5AHZE

FE g2 B A X 9 Ak S L I T R

layer  density
/em /(g cm™)

FFTEIE, R RRE IR — AN 1 hs skzg 225l
o b X A B AR v ) RN 5 AR #E A 0.71 mm/min
(42.6mm/h ), oo sl B 7 B R B 9 A oK Ak
1.72 mm/min (103.2 mmv/h) . 7 E RS TS5 E 4R
PRIEHBIX PR E BT RN R, 2 FHHR K1 M 6h
R B35 30 A1 50~70 mm ¥4 60 mm) , 100
E—IBECK 1 h BRI RN 80~100 mmCFH4 90 mm)OP,
SEE R RN B R (K 5 min W98, I5) , 304
60 F1 90 mm/h P& 3R AR RIS X I HIL, 0530 0N
19.6%, 5.4%H 4.7%. ABFFEHRTFFER R A 30, 60
A190 mm/h.

bR Splash board
m

Bl ZeRpKERETEA

Fig.1 Schematic diagram of splash board of ridge body

R AR L R B8 K S RS £,
TR AR T L XA R R — AR b T 30~ 5ok L,
AT RTE 80 L RO, 3o A X A B M AR B
SRz X AR b B A L AR RS (b [ERL 7 B
ARACH IR S A A ST TR o B RZ DR R
HOTEAFAL, HOEFE 1 3980 5o I FEA HH b 35 R
MR EL 3R (R2) .

Fz2 Wt

Table 2 Design of experimental treatments

e I T 4 e w1 T R EL
Slope Rainfall Rainfall duration W
gradient/(°) intensity/(mm-h™") /min Replication

30

3 60 60 3
90
30

5 60 60 3
90

HR AR50 17 M B SEBR B 5L, AR 4 g f o N T2
25 MO 22, IR EIEHIAE 1.00~1.10 g/lem®
B EE, AV 48 ho IERFEMAT—K, HYME
B Al, SREFH 30 mm/h i/ SREEAT P A Y B A I
PR, DARAER I AT A ) — Bt . TR
SERUG, B IR A 3K o 75 R R SR 45 B T R
FHIE R A 78 500 LA, #E 24 h 5 IEEW .

T RSO R IR 2 AT R R M, IR TT AR AT
X AR TR E, URENISERT 85%, Sl
N SRJE 5 H bR B SR N Z (/N T 5% 75 AT T 1E R
FERN . PRMIFLG S, oA P b I 0 FF i 75 B2 A,
R R 5 304 60 A190 mm/h FIBUEEIAIRE 7359 4 104 6
F1 6 mino K5 RAERTIRRIE YO RE S BEATIR T b, KRGS
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AN 5. 20 1. 0.5 F10.25 mm [ET, KEE 64
KR BIRIE (35, >2~5, >1~2. >0.5~1. 0.25~0.5 Al
<0.25 mm) JH 105 CHEFE AL 24 h JEFRIT & .
1.4 KBS SE

A e i Ay e A e el R e e e A
A5 A ok £ RSP B

KF SPSS 21.0. SigmaPlot 12.5 1 Matlab R 2010b i2£47
Beym b B 5 M. KA SPSS 21.0 HF LR 7 2 A AT
(One-way ANOVA) , ZELE (LSD) A FEA ¢ K55,
BT REMKTAEK: (P<0.05) o SR SigmaPlot 12.5 £
% F Matlab R 2010b ' Curve Fitting Tool % =i 5 4 [
SEPEANIE FE R RIATING,  [RIN 5 R FR I S

2 GER5HH

2.1 PEWSEE R E XTI E RS20

AN 7] 686 I 5 P55 AR PR 0 TR A P 2 A 0 B ) e A7
HEREER (£3, P<0.05 . HEABET, Sk
ARl R ) o oA S P P KT B o 243 PR 3°HF,
FERR 5 E N 30 mmvh #0590 mmvh B, b4 AT
Wt B ) B TN 2.3~ 14.3 {51 2.5~14.0 155 243 A
SR, PERNGRFEM 30 mm/h BEH0E] 90 mmvh B, s
AL R 2 ) BB R N 3.6~21.6 51 3.7~17.9 . 7F
ARIFI B RN DR T, Al T 75 AR e e 1) B o P )
KIMIEAN . 24355 A 388 SOl , &I ek o3-S ALl ik
A E BN 57.28%~94.26%F1 30.52%~74.08%

T X e ek 2 R O R R B % 3 R AT 22 g Bl UH 43
B, 2L

Es=5.448x10°F%38%7, 12=0.978, n=18 (P<0.000 1)
@))

A Es AEIEMZE, g/(m*h); [ NFERIEE, mm/mb; S
R, () 5 n AFEAREL

HEE R RN, SRk 5 P R 5 P AN R 2 e
B R, WihE S —HYEDEEIEHEKLR. B
SRECTEECRT A, SRR AR TR RAE R, LHAE

T SIS T O PPN a0 2
%3 TEEMEE RS S THME

Table 3  Splash erosion under different rainfall intensity and slope

gradient
FERN Yy FEAMI S SEA A P4 R
i % G it S o 1 S R o N 16 ps¥iqhis
"~ Slope Leftsplash  Rightsplash Averagesplash  Total splash
Rainfall adi - B . K
intensity/ o1ent erosion erosion erosion erosion
oy O e g ) gm)
20 3 2.99+0.34cB  3.3940.24cA  3.1940.29cB  6.39+0.57cB
5 4.7120.19cA  3.64+021bA  4.17£020cA  8.34+0.40cA
60 3 11.15£0.75bB  11.34+0.91bA 11.25+0.83bB  22.49+1.66bB
5 21.66+2.26bA 17.49+9.96bA 19.58+3.85bA  39.15+7.69bA
9% 3 44.06+2.58aB 51.97+4.54aB 48.02+3.56aB  96.03+7.12aB
5 7572+1148aA 82.149.36aA 78.91+10.42aA 157.82+20.83aA

T AR FIRE N BUE G AN R NG S BER R B R R AE AN ) [ i i 32 A 0 ) 22
WE (P<0.05) , MFERENEE THIEGE RS T BERORSIRPRTE 3°81 504
HWZERRE (P<0.05) .

Note: Different lowercase letters at the same slope gradient indicate a difference
of significance at the P < 0.05 among different rainfall intensity treatments.
Different capital letters at the same rainfall intensity indicate a difference of
significance at the P < 0.05 between 3° and 5° treatments.

2.2 PETIRE AN B XM ik i A2 B 520

A [ 5 5 R R, e o 23R A T BT AR it
A ZESR, MAFEIE T, Sk b B w7 e
AT AL (B 2) o HBFEM SR 30 1 60 mm/h
I, A ok 2R i A T B 2 o T 9 /N — 2 1 ik /S~ B
FoE Hfash s M4 PR N SR E A 90 mm/h I, K B
Ré T g B 552 G 3l 348 o — 3 T ek /S B AR E T Ea HA .
1 30 mm/h BT SR BE A 3°HEFE TR, 1T 20 min ik Tk 20
AT, M 10 min ) 14.43 g/(m*-h)FE{%F] 20 min [
6.31 g/(m*-h), 20 min 2 J5 kMR TE 4.47 g/(m*h) £ F
Wz . f£ 60 mm/h FERY IR T SR, AT 24 min Uk
b G B, M 6 min 1) 68.82 g/(m*-h)F# 1K F 24 min
7 22.55 g/(m*h), )5 EREHENAENL. 190 mm/h
R W 5 P 2 SOHEFER, R 12 min Ji i AR I, 7E
12 min 3% # 0§ {4 213.96 g/(m*-h), £ 12~30 min J§
P 159.89 g/(m*-h)FFE N 64.96 g/(m*-h), Z Gk
Tt E .

20 1 Slope/(* ) 80 300
2 ——3 2 2
o —o0— b «
Ei1sr 5 260 =

~ ~ 2200t
[} [} [}
W E e LE
g}.élo- §-§40' Eé
o 2 o 2 o 2
o o o

3 3 G 100
= = =
5T 220 &
E] E] E]
i i i

1 1 1 1 1 ] 1 1 1 1 1 ] 1 1 1 1 1 J
0 10 20 30 40 50 60 0 10 20 30 40 50 60 0 10 20 30 40 50 60
P R 3 I R iy J7 it o 73 I
Rainfall duration/min Rainfall duration/min Rainfall duration/min
a.30mm-h’ b. 60mm-h’! ¢. 90mm-h
B2 R MMk E T & RiR R RS 7 6 R AL

Fig.2 Temporal variation of total splash erosion rates under different rainfall intensity

2.3 TImRKFS A F R AR 2 IR HFAE
ok 7 328 R 328 AN [ ARE 2% [ 3R 4 1) L A1) 8 AN [ o R

FERNI PR AL (K4, P<0.05) , >5 mm ki
R BRI AR AT, Wrh T B a<1 mm R R
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&, HEER 75.13%~87.73% CFHI8 79.01%) , Hrh
PL0.5~1 mm Kk, <025 mm Rk, >2~5mm
WD, R R 32.94%, 23.27%F1 3.36%.
WOt KRR [ SRAR IR 40 R AIE 52 B R o BE RE A I &, 17
THPERAE, (K 4) o HFENREA 30 mm/h B, ik
DIz <0.25 mmRLZR 1 R iR % , P35 e B 1) 29.61%,
AR5 Y 60 F190 mm i, Wit EE#HEE>0.5~1 mm
LR IPIAIZRAAR, 20 b S 27.14%F1 44.78%. BEAE P4/
SRFERIIIN, >1~2 mm F1<0.25 mm KiZ ) F1R AR 5
YR T 25.23%F1 32.11%, 1f>0.5~1 F10.25~0.5 mm Fi
RITATZRAR 3 P3G N 1 33.70%41 23.31%

R4 A[EIRERR R FOIK A A T i U 43 38 ] SR AR AiE
Table 4 Selective characteristics of water stable aggregates
during splash erosion under different rainfall intensity and slope

2.4 TR EREKIEERRIKR S IRT IR

T o 0 % r 8 K RS M T SR AR 1) o ddk ok R AE AN TR B
WY 3R N 2 SR, AR R N A R AR L (B
3) o 30 mm/h [ERYSRFETR, BEFEMIES G0, >1~2.

>0.5~1 F1 0.25~0.5 mm ki 2% 19 A Ak 23 5h 481k, %
08 FE > BN 10.28% ~ 40.11% « 5.29% ~ 40.33% F1
8.20%~52.59%; f7<0.25 mm ¥ 2% 1 [ T A 5L 3k PR A% —
LZNE PRI BN RS T A% . 60 mm/h PREFR SR N, B
Db BEIN, >2~5 mm 2 5 Ak L) 2 9 s AR A,

WANEE RN 0%~16.65%, T H AL 1 ] AR 270 %
Y S A B AR M B, Hi>1~2,>0.5~1 f10.25~
0.5 mm K7 2K [ SR AR 4 ) 2l b - sh AR e, R
B hn-k shfa e, HGEE gk - sh iR e s,
<0.25 mm R 2 0 1 3R A B A5 2 R AR AR - 22 18 AR AR 9

gradientr FFEE . 90 mm/h FENGREE T, BEFERY 738 0,
VIR KR T R A L - _ N ot
Ll;ainfall Slope Proportion of water stable aggregates/% >27=5, >1~2 ;FD<O'25 mm *Méﬁﬂ’];é’flt H‘ﬁﬂ%[éf‘ [é:F
/imen_slilt_ly gra/cgent 22 08— e s s a2 fk, 1M>0.5~1 mm A1 0.25~0.5 mm L2k ] [F R4k
(mm-h™) (3) 5 mm — 2;;“7sz ——— e 2 s A4k, AR BIE 43 50N 35.33%~51.30%F0

.66a R .82a. .55a. . 2F I b e

30 5  5.12abD 19.75aB  24.82bBC  14.65aC  35.66aA 17.09%~29.52% lFt’ %%%ﬂjﬁ&m%m’ W e
" 3 422aB 19.53abAB 26.76bA  24.45aA  25.04aA 18 A SR AR L ik 3R e ) B TR R, 7R AR 8 I AR AL TR
S T6lA 60 T 2099 TIA SRS . bL<0.25 mm RIBETRIEND, feRiE

.08a . T4a 22a T7a . . 2 o .
%0 5 211bD 1650aC  45.82aA  20.72aB  14.85bC 7960 mm/h BEEEH 5oo%AT T, B SRARLLGILE AT 12 min

T [ — HU A 5 /NS - BER A TE) RLAR 1 SRR TE [ — 3k JBE AN ) Bk 9 2R J3E b
HZEREE (P<0.05 , FA—ATHEERFKREFERRF BN %
KAz RISk ) 2 e % (P<0.05) .

Note: Different lowercase letters in the same column indicate a difference of
significance at the P < 0.05 among different rainfall intensity treatments under the
same slope gradient. Different capital letters in the same row indicate a difference of
significance at the P < 0.05 among different proportion of water stable aggregates.

M 44.97% R GEFFKE] 20.88%, 7E 12~24 min 2515 [%
REY B, B RAR LB 20.88% &% E] 12.39%, )5
£ 21.73% B Fish. M3y 5°mF, FYIEA 30 mm/h
B mE] 90 mm/h B, B IS 1A SR A Ak B AR e 1
18] A\ 40 min $& 5 3] 18 min.

742 Soil particle size/mm
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Fig.3 Selective processes of splash erosion under different rainfall intensity and slope gradient
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3 W o’

3.1 PETTSRE AN B X IR HAE A B2 0

PALAERT RN, W B/ Ak 2 Ak 1 2 22+ 1A
FARAE B R FE PR I E AL, A, B4
NIRIEIRAS, BRI BOE R B SRS 058, JL
T R 2 A2 N R T T IO U BRI 1 F s a7 &
P R BE 3 I, R A R T 2.5~17.9 f%. X
5 B R A AL, AT o R A e 2
Y R AR IR BRSNS 2R AR BRI,
TEN IO R, WM DR EER TG, 2
B4y 3 SR, B M N SR A3 0,
4T Sy 3haE, e LBk R K, A S
(IR BRI R B IR v G R, 78 AR PR 3
T Hh 2R 78 o5 T B TR R AT o o S K I e B e A Sy
2, AT R T A 3R (R B R IE N T 30.52%~
74.08%. YA GERHNPNE IR B A U 2R A ) 22 6 3K
T 450, HESTREA S, AW ENIEN, 2
GURHEESG N, 2B G R -5 /R RS ks
T 5 R T AR, i R AN [ B U043 kg hn
Bl IR o R R, IR s K, D
T i T e I T B L R N 0 2 O R B B TR AR B
ARSI, i e et S 3 R Rk 2 T ek B R R R
H1OA00 A 7T R R A R R AT R TR RS
IEAHSE, Y SEAT IR o S T, X 5 S gt
AN 5 UKUA R 7T 4 B AL

S ok R B T D7 B ) A I R A [ P R
Z5HE . 7E 30 A1 60 mm/h F5R T, Ak 52 iR
NGB PRI RS R . TTREM R R, PR
W, RSN, MR is & kR
2 HIRA BUBURL, B TR 0 I RA SR ks, I
TR PR . BB PR A4k, MR T ER N2
B RMIL G LE G 20, S EEA M BUKE, 1
— R A T IR h G HOE, TR 8 N T
e . £ 90 mm/nh W5E T, kiR 2 G -
IR NP AR e A . ATRERI R IR, BORNGR R,
R T A0 3 K30 20 RS 0 BB o FH T 20 O R 3 A R Ak, oy
T 25 W P i P (R e R b s B K R 3G
TG VERRAR, IR R, RN EY T
Z, Wiz N FEWE M, W ER T
R R 25 e, RN 3L K 2 SR FE S8 n, AT L
PR 1) R D, SRR R RN R I T )
FasE Al
3.2 BimxKER M E BB A ik E

oA HRASERD, RFEWAT, BLRmMEAL
AR A RIS, WEiTE. ARis
AR AL 2L R g 7 W Xt S -3 T A SR A ik
REHEN S I B 0 R 0 SR — 3 40 SRR T 3 T 2 1
FABIYD, 57— 50 IR T B AR A K SR AT, ACHs
FoH, AN [R] R N 5 A B TR I vk 3 S <1 mm R
HI B4R, 3% 5 ) — A2 2000t B 4 il ot RO TF 9 485 SR — B,

T R U ok BN R 0 >1 mm R R K S AR . AT RE TR A
SR AR S I B R Ve v, TR R BRI VD 1 ik
B EAME S, B PR R AR, ks 2
1 AR AR H1<0.25 mm 48A>0.5~1 mm, HFRZN
>0.5~1 mm 1 0.25~0.5 mm [ SR L3 0, T2k
>1~2 mm F1<0.25 mm IR AR LBk . AT RE R A A
JERUINNSR (30 mm/h) R, W AR 2 AR K
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Effects of rainfall intensity and slope on splash erosion characteristics of
downslope ridge on farmland in black soil areas of Northeast China

Zhang Xingyi'?, Qiao Baoling®, Li Jianyu!, Qi Zhi?, Yan Yue?, Zhen Huaicai®, Hu Wei**
(1. College of Resources and Environmental Sciences, Northeast Agricultural University, Harbin 150030, China; 2. Key Laboratory of

Mollisols Agroecology, Northeast Institute of Geography and Agroecology, Chinese Academy of Sciences, Harbin 150081, China; 3. College
of Resources and Environmental Sciences, Jilin Agricultural University, Changchun 130118, China)

Abstract: Splash erosion is the initial stage of soil erosion by water, particularly an important process of hillslope erosion. The
main cause of splash erosion can be resulted from the destructive force of rain drops, when acting on soil surface aggregates.
As such, the splash erosion strongly depends on the rainfall intensity and slope gradient. Most previous studies focused on the
characteristics of splash erosion, and dominated affecting factors, in order to reveal the specific mechanism of splash erosion.
Moreover, most current studies on splash erosion were usually conducted on non-ridge slope in the farmland. However, little
information is available on the up-down ridged slope, especially for the distribution of soil water stable aggregates during
splash erosion process in the typical black soil region of Northeast China. Therefore, in this study, an in-situ field simulated
rainfall experiment was conducted to investigate the effects of rainfall intensity and slope gradient on the characteristics of
splash erosion, and the distribution of soil water stable aggregates in the process of splash erosion. Three rainfall intensities (30,
60, 90 mm/h) of representative erosive rainfall, and two slope gradients (5° and 10°) were set, where all treatments were
replicated three times. The soil in this experiment was a Mollisol (USDA System of Soil Taxonomy), with 31.6% sand (> 50
um), 30.8% silt (50 to 2 um), and 37.6% clay (< 2 um). The filed study was conducted in the Hailun Monitoring and Research
Station of Soil and Water Conservation, Chinese Academy of Sciences (47°21'16.95"N, 126°49'56.43"E), located at the Hailun
city, Heilongjiang Province, the center of the typical Mollisols zone in Northeast China. An up-down ridge system was used,
where the ridged interval on the farmland was 70 cm, and the vertical height difference between ridge and furrow was 20 cm.
In addition, the splash board was applied to measure splash erosion. The results showed that the total splash erosion increased
by 2.5 to 17.9 times, as the rainfall intensity increased from 30 mm/h to 90 mm/h, whereas, the total splash erosion
significantly increased by 30.65% to 64.34% (P < 0.05), as the slope gradient increased from 3° to 5°. The relationship
between splash erosion with rainfall intensity and slope gradient can be expressed as a power function. Besides, at the rainfall
intensities of 30 mm/h and 60mm/h, the splash erosion rate first rapidly decreased, then gradually decreased, and finally
reached a steady state. At the rainfall intensity of 90 mm/h, the splash erosion rate first rapidly increased to the maximum, then
rapidly decreased, and finally reached a steady state. Furthermore, the <Imm soil aggregate was the main fraction of aggregate
size that detached by raindrop splash, accounting for 79.01% of total splash erosion. Specifically, the proportion of 0.5-1 mm
soil aggregate was the most, accounting for 32.94% of total splash erosion, while, the proportion of 2-5 mm soil aggregate was
the least, accounting for 3.36% of total splash erosion. In addition, at the rainfall intensities of 30 mm/h and 60mm/h, the <0.25
mm and <2 mm soil aggregates reached the steady state at the end of rainfall, respectively. The proportion of micro aggregates
first rapidly increased, then slowly increased, and finally reached a relatively stable stage. At the rainfall intensity of 90 mm/h,
the 1-5 mm and <0.25 mm soil aggregates showed a linear trend, whereas, the proportion of micro aggregates showed a
decrease trend. This study can provide a sound scientific basis to control water erosion in the typical black soil region of
Northeast China.

Keywords: soils; aggregates; erosion; ridge body; splash erosion processes; splash selective characteristics; black soil region
of Northeast China
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