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Quantification of Soil Wetted Volume Development under
Surface Drip Irrigation

CHEN Shuai MAO Xiaomin
(College of Water Resources and Civil Engineering, China Agricultural University, Beijing 100083, China)

Abstract; Understanding the behavior of soil wetted volume evolution in drip irrigation is essential for
improving agricultural water use efficiency and realizing precision irrigation. Based on the Richard
equation for water movement in unsaturated soil, the HYDRUS —2D/3D model was used to numerically
simulate the soil wetting pattern in 11 kinds of typical soils (USST). Results showed that soil water
content increment in wetted volume was in a positive correlation with the dripper discharge rate, and in a
negative correlation with the saturated soil hydraulic conductivity. The advancement of vertical wetting
front can be quantified by the selected influencing factors, i. e., the dripper discharge, saturated
hydraulic conductivity and irrigation time. The horizontal wetting front can be expressed by the dripper
discharge, soil water content increment in wetted volume, vertical wetting front and irrigation time. Then
two empirical equations were formulated to describe the development of soil wetted volume under different
dripper discharge, saturated hydraulic conductivity and irrigation time. By comparing with the numerical
simulation results and the experimental data from literatures, it showed that the empirical formulas were
reliable for predicting the migration of soil water in drip irrigation for different kinds of soil textures and
managing to be a convenient and practical tool for the design of surface drip irrigation in agricultural
activity.
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Tab.1 Soil particle composition and parameters of soil hydraulic property
a5 DR R FhRL 5T L B 0,/ 0,/ wem-! . K/
938 % I3 H8/ % I3 H % (em®+em ™) (em®-em™?) (em-d™")

1 10 33 57 3 IR 5 £ 0.084 0. 428 0.008 1.493 5.43
2 33 33 34 K e - 0.079 0.413 0.013 1.399 5.90
3 60 27 13 b J5ORG HE + 0.070 0.411 0.022 1.338 20.21
4 2 11 87 ¥ 0. 062 0.428 0. 007 1.617 16. 43
5 16 19 65 b 1 0. 066 0.395 0. 006 1. 629 11.36
6 43 15 42 1+ 0. 049 0. 366 0.011 1. 492 13.58
7 64 10 26 b s+ 0.041 0.377 0. 030 1. 440 39.72
8 82 6 12 Bt 0.045 0.388 0.038 1.879 140. 52
9 88 2 10 -+ 0. 044 0.384 0.039 2.495 323.87
10 51 42 7 WS+ 0. 085 0. 428 0. 025 1.229 15.54
11 6 47 47 MR RS £ 0. 094 0. 450 0.013 1.352 4.39
12 75 11 14 i+ 0. 049 0.392 0.033 1. 568 65. 48
13 67 8 25 [F: 0.039 0.375 0.034 1. 461 49. 45
14 81 15 4 1+ 0. 062 0. 402 0. 027 1. 676 83.37
15 81 10 9 b+ 0.051 0.395 0. 033 1.762 106. 26
16 84 5 11 Bt 0.045 0.387 0.039 2.027 179. 02
17 86 4 10 Hew+ 0. 045 0.387 0.038 2.215 233.05
18 87 4 9 g+ 0. 046 0.387 0. 037 2.309 261.79
19 56 38 6 R+ 0. 081 0. 424 0. 025 1.244 19. 21
20 6 43 51 WK+ 0. 092 0. 446 0.011 1.389 4.43
21 27 30 43 biE: 0.077 0. 408 0.010 1. 470 5.75
22 4 31 65 W K HE 4 0. 084 0. 435 0. 008 1.517 5.41
23 56 24 20 b 5K 4 £ 0. 065 0. 404 0. 020 1.373 16.76
24 32 23 45 1 0. 066 0.388 0.009 1.520 7. 46
25 22 22 56 b4 1 0. 067 0.391 0. 007 1.588 8.41
26 43 23 34 1+ 0. 064 0.392 0.013 1. 444 8. 82
27 7 21 72 Wb+ 0.073 0.418 0. 006 1.610 9.88
28 36 7 57 M 1 0.038 0. 344 0. 009 1.534 26.91
29 27 8 65 M 1 0.043 0.356 0. 007 1. 600 26. 63
30 18 7 75 Wb 4 0. 047 0.376 0. 007 1. 628 30.33
31 7 6 87 Wk 0. 052 0. 409 0. 007 1.623 28. 69
32 56 9 35 i+ 0.038 0.361 0.023 1.428 31.56
33 59 15 26 [F: 0. 050 0.385 0.023 1.423 25.57
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Fig.3 Variations of soil wetted volume with soil saturated

hydraulic conductivities in radial and vertical directions
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Fig. 6 Comparison of soil wetted volume development

between results of empirical method and HYDRUS simulation
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Fig.7 Comparison of soil wetted volume development between
results of empirical method and empirical algorithm solution for

sandy loam (Ref.12, K =80.64 cm/d)
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Fig. 11  Comparison of soil wetted volume development between
results of empirical method and laboratory measurements for

clay loam (Ref. 6, K, =11.59 em/d)
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