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2- Surface drip irrigation

3- Subsurface drip irrigation
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Figure 1- Schematic descriptions of the experimental device. 1-Reservoir 2- By-pass Assembly 3- Pump 4- Valve 5- Gage 6-
Filter 7- Main Pipe 8- Sub-main Pipe 9- Off-on Valve
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Figure 2- Schematic picture of wetted area distribution in surface and subsurface drip irrigation
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Table 1- Physical properties of soil samples

aiged ol Sk cdl Lo L s J& Sy Culas
Samples name Soil texture Sand% Silt%s  Clay%  Bulk density (gr/icm®) Ks (cm/h)
HT Clay 26 26 48 1.30 0.85
MT™ Sandy-clay-loam 50 18 32 1.36 0.92
LT* Loam-sandy 82 6 12 1.53 3.95

"Heavy texture (oS cdb)
“"Medium texture (Lwgie cib)
*Light texture (K cb)
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Table 2- Technical properties of used emitters

Celw 3 WY (o2
Emitter discharge (g=2 Lit/hr)

L WO JSVAUR L
Emitter discharge (g=4 Lit/hr)
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Figure 3- Comparison of down wetted area of emitter for continuous and pulse surface drip irrigation
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Figure 4- Comparison of down wetted area of emitter for continuous and pulse subsurface drip irrigation
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Figure 5- Comparison of up wetted area of emitter for continuous and pulse subsurface drip irrigation
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Table 3- The coefficients of the suggested models with statistical indices
Eq. ) . ° a a as a, as ag a ag - - MAE RMSE R?
’ 1.745 0.754 0.613 0.126 0.207 0.174 0.118 0.824 -0.253 - - 0.0031 0.004 0.99
Eq. (5) b by b, bs b, bs bg b, bg bo - MAE RMSE R?
’ 0.885 0.76 0.733 0.347 0.205 0.147 0.085 0.87 0.057 0.039 - 0.0025 0.0033 0.99
Eq. (6) c c C Cs Cs Cs Ce cs Cs Cq - MAE RMSE R?
) 1171 0495 0514 -0.181 0.316 0.292 0.107 1.097 -0.308 0.058 - 0.0036 0.0044 0.95
Eq.(7) d d; d, ds ds ds ds d; dg dg - MAE RMSE R?
0.694 0.657 0.653 0.378 0.291 0.365 0.267 0.899 -0.188 0.777 - 0.0044 0.0057 0.99
Eq.8) e e e, e; e, es e e, eg e ew MAE RMSE R?
0.327 0.679 0.834 0.075 0475 0.124 0.096 2111 0.363 -0.021 0.814 0.0044 0.0056 0.99
Eg. (9) f f; f, fs fs fs fe f; fs fo fio MAE RMSE R?
1242 0435 046 -0.143 0.265 0.264 0.166 1431 0.168 0.064 0.494 0.0033 0.0044 0.96
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Table 4- Statistical parameters for the comparison of measured and predicted values of up and down wetted area in
continuous surface and subsurface drip irrigation

(Experiment) (Wetted area)
R? MAE (m?) RMSE (m?)
Ad Aup Ad Aup Ad AUP

LT-DI 0.99 (0.99) - 0.0031 (0.0503) - 0.0041(0.0686) -

MT-DI 0.99 (0.99) - 0.0029 (0.0394) - 0.0036 (0.0482) -

HT-DI 0.99 (0.98) - 0.0033 (0.0293) - 0.0044 (0.0377) -
LT-SDI-15  0.99 (0.99) 0.96 (0.88) 0.0024 (0.0743)  0.0037 (0.0133) 0.0031 (0.097)  0.0046 (0.0147)
LT-SDI-30 0.99 (0.99) 0.94(0.91) 0.0019 (0.0842) 0.004 (0.0084) 0.0024 (0.1091) 0.0052 (0.0128)
MT-SDI-15  0.99 (0.99) 0.97 (0.94) 0.0018 (0.0477)  0.0035 (0.0195)  0.0021 (0.0628)  0.0041 (0.0214)
MT-SDI-30  0.99 (0.99) 0.97 (0.84) 0.0034 (0.0509) 0.0045 (0.017) 0.0039 (0.0655) 0.0052 (0.0199)
HT-SDI-15  0.98 (0.96) 0.96 (0.95) 0.0039 (0.0354)  0.0031 (0.0152) 0.0046 (0.0436)  0.0036 (0.0165)
HT-SDI-30  0.99 (0.99) 0.96 (0.83) 0.0016 (0.0318)  0.0026 (0.0114) 0.0029 (0.0403)  0.0039 (0.0134)

The numbers in parentheses refer to the model of Karimi et al. 20152 (ssb e (¥+18) olan 5 o8 Jdo & bgsye 5l Jobs slacl)

LT, MT and HT refer to light texture, medium texture and heavy texture, respectively ( »,ls i 5 bugio « S il 4 o)Ll o g & HT
MT.LT)
DI AND SDI-15 refer to surface drip irrigation and subsurface drip irrigation with installation depth 15 cm, respectively
315y Bl VO s Bas b (oxdaw ) g (e (glojlad (o)l w4 0)L3l i 4, SDI-15 4 DI
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Figure 6- Comparison of measured and predicted values of down wetted area for continuous surface drip irrigation with 1:1
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Figure 7- Comparison of measured and predicted values of up and down wetted area for continuous subsurface drip
irrigation with 1:1 line
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Table 5- Statistical parameters related to comparison of measured and predicted values of up and down wetted area for pulse
surface and subsurface drip irrigation

Experiment  Pulse Wetted area
R® MAE (m?) RMSE (m%)
Ad Aun Ad AUD Ad Auo
LT-DI 30-30 0.98 - 0.0065 - 0.0082 -
LT-DI 40-20 0.99 - 0.0049 - 0.0059 -
LT-DI 20-40 0.99 - 0.0047 - 0.0057 -
MT-DI 30-30 0.99 - 0.0029 - 0.0036 -
MT-DI 40-20 0.99 - 0.0048 - 0.0056 -
MT-DI 20-40 0.98 - 0.0038 - 0.0051 -
HT-DI 30-30 0.99 - 0.0027 - 0.0034 -
HT-DI 40-20 0.98 - 0.006 - 0.0077 -
HT-DI 20-40 0.99 - 0.0046 - 0.0058 -
LT-SDI-15 30-30 0.91 0.92 0.002 0.0034 0.0032 0.0041
LT-SDI-15 40-20 0.98 0.98 0.0056 0.0016 0.0066 0.0019
LT-SDI-15 20-40 0.99 0.95 0.0043 0.0033 0.0055 0.0044
LT-SDI-30 30-30 0.97 0.89 0.0077 0.0036 0.0098 0.0055
LT-SDI-30  40-20 0.98 0.91 0.0061 0.0049 0.0073 0.0058
LT-SDI-30 20-40 0.95 0.97 0.0054 0.0021 0.007  0.0027
MT-SDI-15 30-30 0.99 0.97 0.0052 0.0031 0.0064 0.004
MT-SDI-15 40-20 0.98 0.98 0.0039  0.002 0.0048 0.0027
MT-SDI-15 20-40 0.99 0.96 0.0035 0.0037 0.0042 0.0044
MT-SDI-30 30-30 0.99 0.99 0.0032 0.0021 0.0041 0.0026
MT-SDI-30 40-20 0.99 0.99 0.0051 0.0035 0.0066 0.0044
MT-SDI-30 20-40 0.99 0.99 0.0034 0.0015 0.0045 0.0019
HT-SDI-15 30-30 0.98 0.96 0.0057 0.0054 0.0069  0.007
HT-SDI-15  40-20 0.99 0.99 0.0034 0.0026 0.0045 0.0033
HT-SDI-15 20-40 0.99 0.99 0.0039 0.0041 0.0051 0.0046
HT-SDI-30  30-30 0.97 0.98 0.0056 0.0025 0.0068 0.0031
HT-SDI-30  40-20 0.99 0.99 0.0035 0.0026 0.0044 0.0031
HT-SDI-30 20-40 0.99 0.93 0.0042 0.0067 0.005  0.0077
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Figure 8- Comparison of measured and predicted values of down wetted area for pulse surface drip irrigation with 1:1 line
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Figure 9- Comparison of measured and predicted values of down wetted area for pulse subsurface drip irrigation with 1:1

line
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Figure 10- Comparison of measured and predicted values of up wetted area for pulse subsurface drip irrigation with 1:1 line

b g5 9 (P Sl 505 (5 )l whman )3 0 A11 Sledte (IS b5 g1 (5T sl Rl T Jgae
Table 5- Statistical parameters for general evaluation in surface and subsurface drip irrigation
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Parameter Application Wetted area
R? sl NS
Ad Aup Ad Aup Ad Aup
DI Continuous 0.99 - 0.0483 - 0.996 -
SDI-Down Continuous 0.99 - 0.0441 - 0.997 -
SDI-Up Continuous - 0.95 - 0.1338 - 0.951
DI Pulse 0.99 - 0.0548 - 0.994 -
SDI-Down Pulse 0.99 - 0.0795 - 0.99 -
SDI-Up Pulse - 0.96 - 0.109 - 0.96
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Introduction: Among irrigation methods, a drip irrigation system (surface and subsurface) is more
acceptable in arid and semi-arid regions due to high water use efficiency and potential crop yield. Pulse drip
irrigation (with suitable management practices) is one of the drip irrigation methods (includes a set of cycles,
each cycle consisting of the irrigation phase and a resting phase) that have high potential to improve the
uniformity of soil moisture distribution. Suitable design and management of pulse or/and continuous drip
irrigation systems substantially require a proper understanding of the moisture distribution pattern around the
emitter. One of the critical parameters concerning the moisture distribution pattern, taking into account the
wetted area of emitter. Important parameters of the wetted area include the down wetted area (Ay) for the surface
and subsurface drip irrigation system as well as the up wetted area of an emitter (A,,) for the subsurface drip
irrigation. Modeling the wetted area pattern and considering this parameter in design as one of the criteria for
increasing water efficiency in surface and subsurface drip irrigation systems is critical and important.

Materials and Methods: In this research, experiments were carried out in a transparent rectangular cube
with dimensions of (3 * 1 * 0.5 m) using three different soil textures (fine, heavy, and medium). The drippers
were installed at three different soil depths (surface, 15cm, and 30cm). The emitter discharge was considered 2.4,
4, and 6 lit/hr. Also, these experiments were carried out for two continuous and pulse irrigation systems. In pulse
irrigation, the pulse cycles were considered 30-30, 20-40, and 40-20 min. The first number refers to the irrigation
time, and the second number refers to the resting time of the system in each cycle. In this research, using a
nonlinear regression model, empirical models were developed to predict the wetted area of the moisture front.
The input parameters of the suggested model include emitter discharge, saturated hydraulic conductivity,
application time, soil bulk density, emitter installation depth, initial soil moisture content, pulse ratio (the ratio of
irrigation time to complete period of each cycle) and the proportions of sand, silt and clay in the soil.

Results and Discussion: The results of this study show that the highest and the lowest down wetted area (for
surface and subsurface drip irrigation systems) are related to sandy and clay soils, respectively. Also, the highest
up wetted area in the subsurface irrigation system is related to loamy and clay soils. The results of the
comparison between measured and simulated values of down and up wetted area indicated that these models
have acceptable precision and accuracy in estimating the wetted area of the wetting front in surface and
subsurface drip irrigation (with pulsed and continuous application). The comparison between the measured and
simulated down wetted area of the emitter (for surface drip irrigation with pulsed application) showed that the
R?, MAE and RMSE values varied between 0.98-0.99, 0.0027-0.0065 m* and 0.0034-0.0082 m? respectively.
Concerning statistical values, it is evident that these models have excellent performance in estimation of down
and up wetted area for subsurface drip irrigation. For subsurface drip irrigation with the pulsed application, the
values of R?>, MAE and RMSE for the down wetted area of emitter, ranged 0.91-0.99, 0.002-0.0077 and 0.0032-
0.0098, respectively. These models also estimate up wetted areas with less error, and the values of R?, MAE, and
RMSE for all treatments varied between 0.89-0.99, 0.0015-0.0067 m* and 0.0019-0.0077 m?, respectively.

Conclusion: This paper was aimed at presenting relationships for estimating the up and down wetted area of
emitter for surface and subsurface drip irrigation (with pulsed and continuous application). Regarding the
importance and applicability of empirical models, in this research, nonlinear regression models (NLR, which are
more widely used among researchers) were applied. For NLR method, different ten input variables (i.e., emitter
discharge, saturated hydraulic conductivity, application time, soil bulk density, emitter installation depth, initial
soil moisture content, pulse ratio (the ratio of irrigation time to complete period of each cycle) and the
percentage of sand, silt and clay) were considered. The results of this study indicate that the NLR model can
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estimate the up and down wetted area, and the statistical indices values are within acceptable ranges.
Considering these relations in designing surface and subsurface drip irrigation systems can improve the
performance of these systems.
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