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Preferential flow characteristics of typical farmland soils in Hainan Province
under different rainfall conditions and their effects on solute transport

Li Daokuan'*, Wu Xiaolong®?, Chen Miao**, Wang Wenfeng'
(1.College of Tropical Agriculture and Forestry, Hainan University, Danzhou, Hainan 571737, China;
2.Chinese Academy of Tropical Agricultural Sciences Environment and Plant Protection Institute, Haikou, Hainan 571101, China;
3.Danzhou Tropical Agroecosystem National Field Scientific Observation and Research Station, Danzhou, Hainan 571737, China)

Abstract: [Objective] Preferential flow development and its effects on solute transport under different rainfall
conditions in typical farmland in Hainan were examined to provide a theoretical basis for agricultural water
pollution control and risk prevention in tropical areas. [ Methods] Using typical latosol in Hainan Province as the
research subject, field dye tracing, Br simulated solute transport, and image analysis techniques were used to
investigate the development of preferential flow and ion distribution in soil vertical profiles under different rainfall
conditions. Correlations between preferential flow indices, composition ratios of interflow types, and ion

concentrations in preferential flow zones and soil matrix zones were analyzed. [ Results] O Under heavy rain (30
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mm) and rainstorm (60 mm) conditions, the total stained areas were 506.85 cm? and 857.86 cm?, respectively.
The maximum staining depths were 16.80 cm and 31.08 cm, respectively. The evaluation indices for preferential
flow were 0.25 and 0.55, respectively, indicating that the degree of preferential flow development was higher
when rainfall increased from 30 mm to 60 mm. @ With 30 mm rainfall, the ion concentrations in the preferential
flow paths of the 5—10 cm and 10—15 cm soil layers increased significantly by 22.14%—63.91% compared to the
soil matrix paths. Under 60 mm rainfall, the ion concentrations in the preferential flow paths of the 10—15 cm and
15—20 cm soil layers increased significantly by 54.98 %—63.54% compared to those in the soil matrix paths. This
demonstrated that preferential flow significantly promotes solute transport. Macropore flow showed a significant
positive correlation with the coefficient of variation of solute concentration. The higher the proportion of macropore
flow, the greater the difference in solute concentration across the soil layers. [ Conclusion] Preferential flow was
evident in the typical farmland soils in Hainan Province. The comprehensive evaluation index of the preferential

flow increased with rainfall. The difference in solute concentration across the soil layers was greater with a higher

proportion of macropore flow. The preferential flow paths significantly promote solute transport.

Keywords: preferential flow; matrix flow; interflow type; solute transport; tropical region
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Table 1 Basic physical properties of experimental plot
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Fig.2 Distribution trend of stained path numbers in soil vertical profiles under different rainfall amounts
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Table 3 Correlation and conversion parameters for
each preferential flow evaluation indicator

T 8 AR ¥IE Yoy MERK
e £ R L 0.39 0.34 0.19
Yol B AR S R AR 0.59 0.31 0.17
SR N 0.48 0.33 0.19
fLoes b 0.38 0.21 0.12
KR A 0.23 0.29 0.16
T R Y (R 0.30 0.29 0.16
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Table 4 Indicators of preferential flow characteristics under different rainfall amounts
X REmR S DC/% TSA/cm’ CVv UniFr/cm PFfr/% LI/% Depth/cm Py,
30 mm 20.2742.30" 506.85£57.62" 1.78+0.13" 7.84+£1.27" 22.8644.73" 119.2+6.48"  16.80+1.44" 0.25+0.03"
60 mm 34.3145.27" 857.86+131.71" 1.18£0.21" 11.841.54" 30.6347.41" 223.47+80.33" 31.08=£8.25" 0.554+0.14"
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Fig.5 Distribution of solute concentration in soil vertical profiles under different rainfall amounts
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Fig.6 Vertical distribution characteristics of solutes in two pathways under different rainfall amounts
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Table5 Impactofpreferential flow developmenton

solute distribution across different depths
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Fig.7 Fitting of preferential flow integrated evaluation
index (P,,;) to solute concentration in different
soil layers
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Table6 Correlation between proportion of different types of subsurface flow in soil

vertical profile and coefficient of solute concentration variation
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