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Topsoil Pore Change Under Raindrop Splashing and Its Effect on Soil Infiltration

ZHANG Xiaoru', LIU Zhigiang', JIAO Fanxu', LI Guanglu'?"

(1 College of Natural Resources and Environment, Northwest A & F University, Yangling, Shaanxi 712100, China; 2 Institute of
Soil Water Conservation, Northwest A&F University, Yangling, Shaanxi 712100, China)

Abstract: To explore the changes in topsoil structure and infiltration capacity under raindrop splashing and provide reference for
predicting soil erosion conditions under raindrop splashing, this study explored the relationship between topsoil pore structure and
permeability under rainfall conditions by using the raindrop splash experiment, soil infiltration experiment and synchrotron
radiation CT scanning technology. The results showed that: 1) Raindrop splashing significantly reduced topsoil total porosity and
permeability coefficient (P<0.05). The total porosity decreased by 20.64%, 36.05% and 44.88%, respectively, and permeability
coefficient decreased by 15.69%, 40.42% and 71.77%, respectively, after the splashing of raindrops with diameters of 2.67, 3.39
and 4.05 mm. The fragmentation level of pores intensified after raindrop impact, leading to a more irregular pore shape and
connectivity reduction. 2) The size, shape and connectivity of pores had significant effects on permeability (P<0.01), the larger
the pores and the more regular the shape, the greater the impact on permeability. From the perspective of pore connectivity, the
radius of connected pore throats and the porosity had the greatest impact on infiltration capacity. On this basis, a predictive model
was established for permeability coefficient (K) in relation to the total porosity (Pr), macroporosity rate (Py,), regular porosity rate
(Prp), connected porosity rate (Pc,), and pore throat radius (Ry): K=0.402P1+0.104P,+0.1401P,+0.350P,+0.003R;,—0.415,
R’=0.93, P<0.05. In conclusion, raindrop splashing alters the size, shape and connectivity of pores, leading to the disruption of
pore structure and a decrease in infiltration capacity.

Key words: Raindrop splash; Pore microstructure; Pore network model; Soil infiltration; Topsoil
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Table 1 Physiochemical properties of tested soils
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(g/em’) (g/kg) (g/kg) (g/kg) HRI(2~0.02mm)  KPAI(0.02 ~0.002mm)  FKI(<0.002 mm)
1.29+0.07 133£04  0.87=0.03 0.83 £ 0.03 459.6£1.2 410.6£0.3 129.8+0.5
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Fig. 1 Diagrams of test devices
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Fig.2 Analysis methods of soil pore microstructure
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Fig. 3 Effects of raindrop splashing with different diameters on topsoil pore structure
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Table 2 Effects of raindrop splashing with different diameters on topsoil pore structure parameters

S8 CK SR-2.67 SR-3.39 SR-4.05
RFLBREE 0.241 +0.003 a 0.192 + 0.002 b 0.154 +0.002 ¢ 0.133 £ 0.004 d
FLER S 2902+ 141d 4713+323 ¢ 8976 = 1487 b 11508+521a

R SR B AR (pm) 3473+ 1.98a 36.02+3.68a 2625+ 1.77b 27.58+0.59b
BB AR £ 0.837 +0.003 a 0.814 +0.001 b 0.833 £ 0.007 a 0.792 + 0.003 ¢
ST HC A 2 3.08+0.09a 3.04+0.16a 2.97+0.07a 2.73+0.09b
KALF- B C 7 5 7.82+0.20b 11.12+2.01 a 11.55+0.95a 12+0.81a
FLIfE A% (um) 27.79+0.77 a 16.71 £0.69 b 14.04£0.76 ¢ 10.63+0.53 d
M 3 4 B (pum) 212.1+6.62a 146.63+6.75b 135.34+5.91 ¢ 11454+ 1.13 d

T RAPFEFTAR/ING FRERIR 2 LS5 S e AN (7] 1A R ik Ak 2 ] 22 S

0% (P<0.05); Tl

®3 TRERXIWBHTEXN LRENSSHRFE

Table 3  Effects of raindrop splashing with different diameters on topsoil infiltration parameters

24 CK SR-2.67 SR-3.39 SR-4.05
¥4 A% (mm/min) 0.85+0.09a 0.75+0.06 a 0.53+0.02b 0.32+0.09 ¢
&5 MR (mm/min) 0.73+0.13 a 0.58 = 0.06 ab 0.48+0.04 b 0.25+0.05¢
Z3t A (mm) 46.56+1.92a 39.07+1.71b 29.85+1.90 ¢ 16.49 +3.56 d
%1% £ % (mm/min) 0.29+0.01a 0.25+0.01 b 0.17+0.01 ¢ 0.08+0.02d
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Fig. 4 Regression between pore structure parameters and saturated hydraulic conductivity
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Table 4 Total variance explanation

EBS  RIER O TTEASH(%)  RBTTER (%)
PCl1 4.59 91.78 91.78
PC2 0.20 4.05 95.83
PC3 0.12 2.45 98.27
PC4 0.08 1.51 99.78
PCs 0.01 0.22 100.00
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Table 5 Soil saturated hydraulic conductivity and principal
component regression coefficient
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W 0.20 0.01 29.41  0.00

PC1 0.04 0.00 0.97 11.40  0.00
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