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Quantification of soil wetting volume development under
surface drip irrigation using artificial neural networks

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

Abstract; Based on the Richard equation of water movement in unsaturated soil and the characteristics
of soil water movement with drip irrigation from single point source, the HYDRUS-2D/3D model was
used to numerically simulate the soil wetting pattern under different dripper discharges (1, 2, 3 L/h)
in 33 kinds of soil textures ( seperately belonging to 11 kinds of soil types in USST). Based on the si-
mulated results of the soil wetting volume development under different dripper discharges and soil tex-
tures, and using irrigation amount and the ratio of soil saturated water conductivity and dripper dis-
charge as the input variables, the artificial neural network was built for predicting the soil wetting vo-
lume development under different soil textures and dripper discharges. The results show that the infil-
tration processes, which are simulated by this artificial neural network with less input variables and
more maneuverable, are consistent with the actual infiltration processes, and the correlation coefficient
(R*) is over 0.82. Therefore, the developed model can achieve good effect in predicting the migration

of soil water for different kinds of soil textures compared with the experimental data.
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Fig.1 Sketch of simulated boundary conditions for
drip irrigation
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Tab.1 Soil particle composition and parameters of soil hydraulic property

G5 o + )5 6,/ (cm? + em™3) 6./ (em? - em™3) a/em”! n K,/(cm - d7h)
kL kL A

1 10 33 57 B+ 0.084 2 0.428 2 0.008 3 1.493 2 5.43

2 33 33 34 FhigEt 0.078 7 0.413 1 0.012 6 1.399 0 5.90

3 60 27 13 MRt 0.069 7 0.411 0 0.022 4 1.337 6 20.21

4 2 11 87 Bt 0.061 9 0.428 2 0.006 6 1.617 2 16.43

5 16 19 65 Bt 0.065 6 0.394 9 0.005 7 1.628 8 11.36

6 43 15 42 4 0.049 3 0.366 2 0.011 3 1.491 8 13.58

7 64 10 26 bt 0.041 3 0.376 7 0.029 6 1.440 0 39.72

8 82 6 12 Hih+ 0.044 8 0.387 9 0.038 4 1.878 6 140.52

9 88 2 10 W+ 0.044 3 0.383 5 0.039 0 2.495 4 323.87
10 51 42 7 WHit 0.085 2 0.428 0 0.025 3 1.229 4 15.54
11 6 47 47 ML 0.094 0 0.449 5 0.012 6 1.3522 4.39
12 75 11 14 it 0.048 5 0.392 3 0.033 3 1.568 2 65.48
13 67 8 25 bt 0.038 7 0.375 2 0.034 2 1.461 4 49.45
14 81 15 4 bt 0.061 6 0.401 8 0.027 2 1.676 3 83.37
15 81 10 9 b 4 0.051 4 0.394 9 0.033 1 1.762 3 106.26
16 84 5 11 b4 0.045 0 0.387 3 0.038 5 2.026 5 179.02
17 86 4 10 Hih+ 0.045 4 0.386 6 0.038 3 22152 233.05
18 87 4 9 e 4 0.046 4 0.387 2 0.037 4 2.308 9 261.79
19 56 38 6 [ 0.081 2 0.424 1 0.025 3 1.244 2 19.21
20 6 43 51 MR E AL 0.092 4 0.446 4 0.0113 1.380 1 4.43
21 27 30 43 MRt 0.076 7 0.407 6 0.009 7 1.469 6 5.75
22 4 31 65 et 0.084 0 0.4350 0.007 6 1.517 4 5.41
23 56 24 20 g 0.065 1 0.403 7 0.020 1 1.373 3 16.76
24 32 23 45 it 0.065 6 0.387 8 0.008 6 1.520 1 7.46
25 22 22 56 Byt 0.067 1 0.390 7 0.006 5 1.588 3 8.41
26 43 23 34 A+ 0.063 9 0.391 9 0.012 8 1.443 8 8.82
27 7 21 72 HragE L 0.072 6 0.418 4 0.006 0 1.609 6 9.88
28 36 7 57 Byt 0.037 6 0.343 6 0.009 3 1.534 2 26.91
29 27 8 65 Bt 0.043 1 0.356 4 0.007 0 1.599 6 26.63
30 18 7 75 Wit 0.046 7 0.375 8 0.006 5 1.627 5 30.33
31 7 6 87 Bt 0.051 9 0.409 2 0.007 0 1.622 7 28.69
32 56 9 35 [ S8 0.037 7 0.361 3 0.022 5 1.427 8 31.56
33 59 15 26 et 0.049 7 0.384 5 0.022 5 1.422 6 25.57
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Tab.2 Input variables and value ranges used for
drip irrigation BP neural network model

training
AR R/ME [CoN1
Q/(L-h7h 2 75
K/q/(em « L71) 0.06 13.5
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Tab.3 Input parameters and values used in BP
neural network model
28 R TR
I 2 1
n; 2 2
ny, 10,20 8
n 1 1
Ju logsig—logsig logsig
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Fig.2  Estimates of soil wetting volume development
by BP neural network model using training
data versus HYDRUS-2D/3D simulation re-
sults
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Fig.3 Estimates of soil wetting volume development
by BP network model using test data versus
empirical algorithm solution (Ref. 3, ¢=1.0
L/h, K, =80.64 cm/d)
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Fig.4 Estimates of soil wetting volume development
by BP network model using test data versus la-

boratory measurements (Ref. 11, ¢=1.5 and
2.5 1/h, K.=47.52 em/d)
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Fig.5 Estimates of soil wetting volume development

by BP network model using test data versus la-

boratory measurements (Ref. 12, ¢=1.0 and
2.0 L/h, K.=57.6 em/d)
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