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Impact of Initial Soil Moisture and Rainfall Energy on Splash Erosion
Characteristics of Black Soil Aggregate
ZHANG Zhuanmin'?, WANG Bin'?*, RAO Wei', WANG Wengang'*

(1.School of Soil and Water Conservation s Beijing Forestry University s Beijing 100083, China; 2. Beijing
Forestry University s Three-gorges Area (Chongqing) Jinyun Forest Eco-system Research Station, Beijing 100083, China)
Abstract: [Objective ] To investigate the influence of rainfall energy and initial moisture content on the
mechanism of soil aggregate splashing erosion. [ Methods] The typical cultivated black soil in northeast China
was selected as the research object. Artificial simulated rainfall experiments were conducted to explore the
splashing erosion characteristics of soil aggregates with varying initial moisture content, rainfall energy, and
initial particle size of aggregates. [ Results] (1) The splash erosion of the four kinds of black soil aggregates
with initial particle size was highest when the initial soil moisture level was 4%, and the splash erosion of the
aggregates with an initial particle size <{0.25 mm was 1.21 to 5.50 times that of the aggregates with different
particle sizes under the same rainfall energy conditions. Furthermore, as the initial soil moisture increased,
the splash erosion of the aggregates within each particle size group decreased initially, but increased when the
initial soil moisture surpassed 25%. (2) The splash erosion of four initial particle size black soil aggregates
increased with the increase of higher rainfall energy. When the rainfall energy reached 909 J/(m® ¢ h)

(equivalent to 5 m), the splash erosion of the different-sized black soil aggregates increased by 15.37 to 20.70
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(<€0.25 mm), 52.30 to 417.60 times (0.25~1 mm), 51.58~359.36 times (1~3 mm), 68.73~777.99 times
(3~5 mm), respectively. Notably, a clear threshold was observed for splash erosion of aggregates with
different initial particle size. When the rainfall energy exceeded 529 J/(m?* * h) (equivalent to 2 m), there
was a significant difference in splash erosion among different rainfall energy gradient. (3) The analysis
highlighted that rainfall energy was the primary factor affecting splash erosion. It exhibited a direct effect
with a correlation coefficient of 0.811, demonstrating a significant positive influence. Conversely, the direct
effects of initial soil moisture and initial particle size of aggregates were significantly negative, with
correlation coefficients of 0.193 and 0.352, respectively. [ Conclusion] The research findings can provide a

scientific basis for investigating the mechanisms of slope soil erosion in the black soil regions of Northeast

China, as well as for establishing process-based models for soil erosion.
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Raindrop size and rainfall kinetic energy at

different rainfall heights
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Fig. 2 Splash erosion amount of black soil aggregates under different initial particle sizes and initial moisture content conditions

22 AEBEWEETELEHAREKMBISFE

NI E IR Rew -5 3 U Ol N N CIE R TR R el e s LIS
A T I okt 2 357 B 648 R S A 14 i 44 R (1 3)

R T RE RIS A0 2= 909 J/(m® « h) (5 m) i, A JH]
Wl A A7 P AT SRS T K Aok £ A LY B T AE A 305 1/
(m? « h) (1 m)ZF JI84 i 15.37~20.70(<C0.25 mm) ,
52.30~417.60(0.25~1 mm),51.58~359.36 (1 ~3
mm),68.73~777.99 f5(3~5 mm), F&W fit & ik £
529 J/(m* « h) (2 m) Ji7 o AN R0 46 5 7K R 1A R K Y
T ok 2 S Wb 2, 3R WD A T B kX AN R ) s A A AT 2R
AT b B 119 52 I B AR B 7D s R AR 8 3 KM .
A7 e T 7 B (1 ) XoF 07 1) % T R 395 i 3 S Ry
37.09%(1~2 m),27.65% (2~3 m).20.20% (3~4
m) fl 15.07% (4~5 m), BN AERH 305 J/
(m* « W) (1 m)FIME 529 J/(m* « h) (2 m), R [FH)

TR A2 B AT SR % I ok R RE G0, 4 i 38
2.26~3.68(<C0.25 mm),5.69 ~ 38.85(0.25~1
mm),3.68~14.31(1~3 mm),4.64~39.75 f5(3~5
mm) ., MFEWAER M 696 J/(m® « h) (3 m) &
909 J/(m* » h) (5 m) , P W AE & 14 i £ 4 35.26 %0
AN TR H7) iy 7 A 11 B AT RS 198 G o 1 i DN
Ay BB m 0,46 ~1.12 (<C0.25 mm), 0. 86 ~ 3.70
(0.25~1 mm),1.05~2.27(1~3 mm),1.43~2.49
f5(3~5 mm), FEMAER 305 J/(m? « h) (1 m) 3N
F]529 J/(m?® « h) (2 m) 3G IR 58 696 J/(m” »
h) (3 m)EEMF] 909 J/(m? « h) (5 m) UG K 1.83% ,
Wl R B Y 25 5

WF5E K B, [ TN B 12 X P 4 AT SR AR ot 2 1) 552 1)
7E 305 J/(m* « h) (1 m) #1529 J/(m* « h) (2 m) [A]
AETE BB K

http: // stbexb.alljournal.com.cn



72 K A AR % 38 %
25 ¢ a (a) <0.25 mm 25 r . (b) 0.25~1 mm
b{a_ 8 20 .
iy g A } L |
i it ! b W[ b
H :I =B i) = =R
- ' ! ' g 10 '
aE oE s | 4B
g e ' e ' . g T o
Y 1 ' 1 ] 0 W d ] =
15 20 25 4 15 20 25
YIUEE K E/% YIUEE K E/%
25 - a 25 .
i (¢) 1~3mm (d) 3~5mm
20 | b} 20 | !
N et 2 o Al
- @ 0 A
g 10 o]l g 10 z !
s | d :E s | d H
2 ::' J [l | d :II 1
0 0
4 10 15 20 25 4 10
VIEE K F/% YIEE KF%
=305 J/(m® - h) B 529 J/(m® * h) E= 696 1/(m* + h) E=E 818 1/(m’ - h) [T751909 J/(m® « h)

T < TR P AN [ S B 3 7 7 AH (R0 4 55 7K S8 2% T 8 e DAL SR MR A AN T e R ek )l o 1 22 S (p<<0.05)
3 AEVIBHEMERNEETHELARGHRME

Fig. 3  Splash erosion amount of black soil aggregates under different initial particle sizes and rainfall kinetic energy
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