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Response of Soil Detachment Capacity to Concentrated Hydrodynamic
Parameters in Citrus Orchards
ZHANG Fengwei, WANG Xiaoyan, CHEN Zhanpeng, CHEN Fangxin

(Chongqing Key Laboratory of Soil and Water Conservation and Ecological Restoration, School of Resources and
Environment s Southwest University s Chongqging 400715, China)
Abstract; [Objective] This study was aimed to explore the mathematical relationship between soil detachment
capacity and concentrated water flow hydraulic characteristics parameters in the typical slope orange orchard
in the Three Gorges Reservoir Area, and to provide theoretical basis and data support for predicting soil
erosion in slope orange orchard. [ Methods ]| Through concentrated flow erosion tests, the soil detachment
amount of a clear plowed sample plot and three green manure (Trifolium repens L., Poa annua 1., and Vicia
sepium L) covered plots under gradient hydrodynamic conditions of different slopes (10°~30°) and flow
rates (18~126 L/min) combinations was analyzed. The quantitative relationships between soil detachment
capacity of citrus orchard plots and hydrodynamic parameters (water shear force, water power) , flow pattern
parameters (Reynolds number, Froude number) and resistance parameters (Darcy — Weisbach resistance
coefficient, Manning’s coefficient) were explored, and corresponding mathematical models were established.
[Results] There was a significant correlation between the soil detachment capacity of green manure coverage

and clean cultivation of citrus orchard and various hydraulic parameters. The soil detachment capacity was
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positively correlated with hydrodynamic and flow regime parameters in a power function (R* was 0.86~0.99,
NSE was 0.88~0.98, »<<0.01), and negatively correlated with water flow resistance parameters in a power
function (R* was 0.32~0.60, NSE was 0.39~0.64, p<(0.05), indicating that the soil detachment capacity
significantly increased with the increasing of hydrodynamic and flow regime parameters, while significantly
decreased with the increasing of resistance parameters. [ Conclusion | In the citrus orchard covered with green
manure or cleared, the predictive effect of water flow shear force on soil detachment capacity was better than
that of water flow power. The reynolds number was more effective in predicting soil detachment capacity than
the froude number. The prediction effect of Darcy-Weisbach resistance coefficient was better than that of

Manning’s coefficient. Overall, the prediction of soil detachment capacity capacity by water flow shear force

had the best effect and the highest accuracy (R? average value was 0.96, NSE average value was 0.96),
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Fig. 2 Schematic diagram of soil simulated scouring tank
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different plots of citrus orchards
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Table 2 Parameters of flow dynamics, flow regime and resistance under test conditions

i/ KR/ Darcy— Weisbach 2T R/
BERE /) ' K3 b1/ Pa i S T ! )

(L + min (kg s %) BH 1 R (m7 +s )
10 18 6.26 4,10 3 332.06 4.34 0.112 4 0.014 6
15 18 10.14 7.19 3 833.27 4.55 0.154 8 0.017 4
15 36 9.86 8.92 4 765.94 5.91 0.091 5 0.013 3
20 36 14.14 13.57 5 320.79 6.09 0.115 8 0.015 1
20 54 14.90 15.64 6 108.97 6.49 0.103 2 0.014 3
25 54 19.98 22.91 6 964.72 6.93 0.113 9 0.015 2
25 72 20.81 24.45 7 411.62 6.99 0.113 6 0.015 3
25 90 21.65 29.91 9 036.51 8.01 0.085 0 0.013 3
30 90 26.96 39.38 9 610.38 8.52 0.095 8 0.014 1
30 108 28.22 45.41 11 044.20 9.12 0.083 3 0.013 2
30 126 29.71 54.01 13 081.20 10.07 0.067 7 0.012 0
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Table 3 Correlation between soil detachment capacity and water flow dynamics, flow regime and resistance parameters in citrus

orchards
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Table 4 Regression analysis of soil detachment capacity, water flow shear force and water flow power in citrus orchards

v s KBTI I3 () /Pa KFEIE W/ (kg » s °)
HE IR T R’ NSE FRE R’ NSE
g D, =4.57X10 ™" 0.96" " 0.97 D.=0.028 9W+0.029 5 0.97" 0.98
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