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Figure 1. Schematic of laboratory set up, 1- Reservoir, 2- By-pass pipe, 3- Electro pump, 4- Gate valve,
5- Gauge, 6- Screen Filter, 7- Convince pipe, 8- Manifold Pipe, 9- Lateral Pipe, 10- Emitter, 11- End Cap.
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Ry: Wetting radius on flat lands
E: Emitter position
Ro': Upstream wetting radius of emitter

A’: upstream wetting area of emitter

D: Wetting depth of redistribution front

Ro'": Upstream wetting radius of emitter

A": Upstream wetting area of emitter

S: Slope
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Figure 2. View of investigated parameters in flat and slopping lands.
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Table 1. Some physical properties of soil samples in this research.

S s asledoys Sl doys e des Sl il pb(c% KS(%:)
Samples Sand% Silt% Clay% Soil texture density Hydraulic conductivity
S b S
S 79 10 11 S 1.52 335
Light Sandy Loam
PRERCHE d
7= 55 15 30 S S 1.4 1.04
Medium Sandy Clay Loamy
ey
o 27 28 45 < 1.34 0.7
Heavy Clay
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Table 2.The coefficients of the developed equations for the investigated parameters in the redistribution phase.

SVsles al Gl gl el
Equations Coefficients Statistical Indices
SVslrs
RMSE
a 2 a a as as a ay ao ar (cm) CRM NS R’
Flat
Eq. (1): Ry 0.37 0.03 0.16 0.28 0.08 037 025 022 143 -0.07 - 1.39 -0.0005 097 094
Eq.(2:D 0.5 0.03 0.26 0.18 0.28 032 032 0.2 0.13 0.05 1.24 -0.0003 099 097
Eq. (3): Ay 0.7 0.05 0.29 0.57 0.11 049 053 015 278 0.07 - 0.0037 -0.0016 099 098
Sl
Slope
Eq. (4): Ry 0.23 0.03 0004 045 0005 023 036 018 287 0.02 0.21 1.46 0.00003 098 096
Eq.(5):R§ 0019 0.04 0.004 0.4 0.005 053 025 024 211 0.12 -0.21 1.34 -0.0005  0.99 0091
Eq. (6): Ay 1.76 0.05 0.3 0.51 0.4 0.19 025 049 225 -0.03 0.17 0.007 0.0007 0.99 097
Eq. (7): A¢ 0.35 0.07 0004 071 0.005 0.7 058 023 4.9 0.04 -0.33 0.01 0.0014 099 0.2
Eq.(8): D 0.25 0.03 0004 038 0.005 034 041 0.16 3.63 -0.061 -0.037 1.59 0.00006  0.99 0.74
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Table 3. Calculated statistical indices for the upstream and downstream wetting radius of moisture
redistribution front for investigated treatments.

=L 1) s S 4 gl
NS CRM MAE RMSE R2 oo () 4 g
(cm) (cm) Index  Slope (%) Soil Sample
0.99 -0.0001 0.35 0.43 0.99 R 0
0.99 -0.000001 0.31 0.4 0.95 R-
10
0.99 0.000009 0.18 0.24 0.92 R+
L il
0.99 0.000008 0.31 0.37 0.93 R- e
20 Heavy texture
0.99 0.00001 0.25 0.3 0.93 R+
0.99 0.00001 0.39 0.48 0.89 R-
30
0.99 0.00002 0.14 0.18 0.94 R+
0.99 -0.001 0.28 0.34 0.99 R 0
0.99 0.00005 0.33 0.41 0.91 R-
10
0.99 -0.000001 0.25 0.31 0.95 R+
0.99 0.00001 0.33 0.4 0.94 R-
20 Medium texture
0.99 0.000006 0.19 0.24 0.92 R+
0.99 0.00001 0.45 0.54 0.92 R-
30
0.99 0.00005 0.21 0.26 0.93 R+
0.99 -0.00001 0.33 0.4 0.99 R 0
0.99 0.00001 0.35 0.42 0.94 R-
10
0.99 0.00002 0.34 0.41 0.92 R+
S 3L
0.99 0.000008 0.43 0.5 0.93 R- i i
20 Light texture
0.99 0.00005 0.27 0.35 0.9 R+
0.99 0.00002 0.63 0.77 0.91 R-
30
0.99 0.00002 0.21 0.26 0.96 R+
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Table 4. Calculated statistical indices for the wetting depth of moisture redistribution front for investigated
treatments.

NS CRM  MAE(cm)  RMSE R? ) — “
(cm) Slope (%) Soil Sample

0.99 -0.0001 0.72 0.94 0.97 0
0.99 0.000006 021 0.27 0.95 10 )

O 3L
0.99 0.000008 0.23 03 0.92 20 Heavy texture
0.99 0.000002 0.38 0.48 0.93 30
0.99 -0.00002 0.29 036 0.99 0
0.99 0.00001 0.28 035 0.92 10
0.99 0.00002 0.3 0.4 0.89 20 Medium texture
0.99 0.00003 035 0.44 0.91 30
0.99 -0.00001 0.29 036 0.99 0
0.99 0.000008 033 0.4 0.94 10

S il
0.99 0.000001 0.34 0.4 0.96 20 Light texture
0.99 0.00001 0.43 0.54 0.94 30
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Table 5. Calculated statistical indices for the upstream and downstream wetting area of moisture

redistribution front for investigated treatments.

=L 1) s S 4 gl

NS CRM MAE RMSE R2 Nes () “ g

(m) (m) Index Slope (%) Soil Sample
0.99 -0.0002 0.0016 0.002 0.99 Ay 0
0.99 0.00002 0.0017 0.002 0.92 A- 10
0.99 0.00001 0.001 0.0015 0.95 A+ 10

S il

0.99 0.00003 0.0018 0.002 0.92 A- 20 e

Heavy texture
0.96 0.00007 0.0008 0.001 0.93 A+ 20
0.99 0.00009 0.0026 0.003 0.91 A- 30
0.99 0.0001 0.0006 0.0008 0.91 A+ 30
0.99 -0.0002 0.0016 0.0019 0.99 Ay 0
0.99 0.0005 0.002 0.0026 0.93 A- 10
0.96 0.00003 0.001 0.0016 0.91 A+ 10
0.99 0.0003 0.002 0.0028 0.91 A- 20
Medium texture

0.99 0.00009 0.001 0.0013 0.9 A+ 20
0.99 0.00013 0.002 0.003 0.92 A- 30
0.99 0.0001 0.0008 0.001 0.9 A+ 30
0.99 -0.0001 0.0019 0.0024 0.99 Ay 0
0.99 0.00004 0.0022 0.0027 0.94 A- 10
0.99 0.00009 0.001 0.002 0.91 A+ 10

S 3L

0.96 0.00005 0.003 0.0035 0.92 A- 20 : i

Light texture

0.99 -0.00003 0.002 0.003 0.92 A+ 20
0.99 0.00008 0.004 0.005 0.91 A- 30
0.99 -0.003 0.001 0.002 0.93 A+ 30
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Figure 3. Comparison of measured and simulated value with line 1:1 in investigated treatments.
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Figure 4. Comparison of measured and simulated related to the full shape of moisture pattern for investigate

treatments in medium texture.
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Abstract

Background and Objectives: The accurate estimation of the dimensions of the wetting pattern
is one of the important parameters in the design of drip irrigation systems, which reduce deep
water losses and additional costs of irrigation system design. The wetting dimensions of
moisture bulb are affected by the pattern of moisture distribution in the two phases (distribution
and redistribution). Various studies have been conducted on the pattern of moisture distribution
in sloping lands, but few studies have been carried out or not reported on the pattern of moisture
redistribution in these lands. Therefore, the main purpose of this study is to investigate and
simulate the pattern of moisture redistribution in sloping lands. Also, in similar studies, the
dimensions of the wetting pattern have been usually simulated on the soil surface, but in this
research, in addition to the dimensions and wetting area, the full shape of the moisture bulb has
been simulated.

Materials and Methods: In this research, two physical rectangular cubic models with
dimensions of 1.2 * 1.2 * 0.6 m and 1.4 * 1.2 * 0.7 m were constructed to monitor the soil
moisture advance front. These experiments were carried out for four different slopes (0, 10, 20
and 30%), three soil types with different textures (coarse, medium, fine) and three emitter
discharges (2, 4, and 6 lit/hour). This study was aimed to simulate the wetting area in a drip
irrigation system on slope land. The duration of irrigation was 4 hours and the redistribution
wetting front was recorded for different times (e.g., 3, 6, 18, 42, and 66 h) on the Polycarbonate
plate. Then, using the nonlinear regression analysis several equations were proposed to predict
the redistribution pattern in slopping lands. In the proposed models, emitter flow rate, the
volume of applied water, irrigation time, saturated hydraulic conductivity, the soil bulk density,
the land slope, the percentage of sand, silt, and clay were utilized. Also, using an enhanced
proposed model, the full shape of wetting bulb was estimated.

Results: The suggested models had the high accuracy in heavy soils with the average values of
RMSE and MAE for the wetted radius equal to 0.34 and 0.28 cm, respectively. RMSE and
MAE values for the wetted area were 0.0018 and 0.0014 m’, respectively. The suggested
models had the low accuracy in light soils and RMSE and MAE statistical indices for wetting
radius were 0.44 and 0.37 cm and for wetting area were 0.0029 and 0.0022, respectively. The
values of calculated statistical indices for the wetted depth of the moisture redistribution front
were similar for all the studied treatments and the values of RMSE and MAE varied between
0.43-0.5 and 0.31-0.39 cm, respectively. Also, the CRM values of the models are mostly
positive and their NS is about 0.99 for all the studied treatments.

* Corresponding Author; Email: bakhtiar.karimi@gmail.com
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Conclusion: The results of this research showed that the suggested models have higher
precision in heavy soils than light soils. Also, the suggested models have acceptable ability to
estimate the wetting radius, upstream and downstream area of the emitter, the wetting depth as
well as the full shape of the moisture bulb. The prediction values of the models were mostly
underestimated. Therefore, the use of these models recommended for determining the exact
location of the emitters in sloping lands, to reduce deep percolation losses and optimal use of
water via the plant.

Keywords: Moisture Distribution Pattern, Nonlinear Regression, Wetting Area, Wetting Bulb



