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Simulation of soil moisture distribution around of corn plant root in heavy soil
texture under drip-tape-irrigation system using HYDRUS-2D model
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Table 1- Soil specifications

Susbydeys
AL IS i e :
Apparent o5 Sossip E = Rt (s R JL’W
density o Field Soil (msand  @Silt  (Clay | Soil depth
@ricm?) Permanent  Capacity texture (cm)
Wilting (%)
Point (%)
1.35 11.8 24.5 Silty Clay 10 42 48 0-25
1.44 11.8 24.2 Clay 16 36.5 47.5 25-50
1.54 11.8 24.2 Clay 16 35 49 50-75

(14A+ (5 9is59) hro— (95987 09 Wl Sl 3590 (SS9 (S yiol s —F Jgur
Table 2. Hydraulic Parameters Required by Van Genuchten-Moalem equation (Van Genuchten, 1980)

Solde o Sasby ekl Gk, g mbl w7 el @S el Jube
gLl (S se gl S s Empirical Empirical Empirical Model
Saturated Saturated  Soil residual paramiter pararr:]eter pararlneter
hydraulic volumetric moisture x(m)
conductivity moisture 0,.(cm3cm®)
K. (cmday?) 6,(cm%cm?)
5.12 0.4313 0.092 0.0158 1.2773 0.5 ROSSETA
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Table 3- Statistical parameters calculated to simulate soil moisture for different irrigation regimes

EF R? ME RMSE
535 ¥ kT 51w 50
0.40 0.60 2 2.35 1 day after 2-day
irrigation regime
o535 Y kT S e 5
0.80 0.63 1.85 2.08 1 day after 3-day
irrigation regime
535 ol 5l 5a0Y
0.75 0.65 1.45 1.94

2 day after 3-day
irrigation regime
TSR QTSI NSRTSY
0.75 0.55 1.55 2.40 1 day after 4-day
irrigation regime

055 F ol 5l A 5,Y

0.67 0.64 0.88 2.26 2 day after 4-day
irrigation regime
0555 F ol 5w 55,3
0.90 0.90 0.87 2.28 3 day after 4-day
irrigation regime
15cm 60cm
'\ '
T-Tape
100cm

m————=_Time variable boundary
Atmospheric boundary

s Free drainage boundary

——————e No flux boundary

75cm

Jee (615 ol (g5l acdh 03 gudoen =) i
Figure 1- Simulated range for the model
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Figure 2 - Relationship between estimated and observed moisture values (percentage) in each irrigation regime
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hours after irrigation)
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Figure 5 - Simulation of soil moisture profile under 3-day irrigation regime with a flow rate of 2 liters per hour. a) 24
hours after irrigation and b) 48 hours after irrigation)

¢y




eyt SAL b (T 50 D50 olF Al y Bl bl Cugby 598 (S ilwdmd

0 0 0 N 6 W 0 O . N | R 0
0 0 0
b) ¢)
10 10 10
0 ) 2
0 | O ]
g 3
! A
o 5 o = ]
i~ 0
2 5
50 5 50| & 5
) Gl )
0 n 0
80 8 ]
90 90 : "' ; %
Diastance from line(cm) Distance from line(cm)
100 100 100

(ao)qaday

Distance from line(cm)

ST 5l dn ol FAD (o LT 5l el YF ) Sl Y (o Lossn B ool ol Cou ST by Jd5 5 (55l i —F JSC

(ol 5l dm CelVYC

Figure 6 - Simulation of soil moisture profile under 4-day irrigation regime with a flow rate of 2 liters per hour. a) 24
hours after irrigation and b)48 hours after irrigation c) 72 hours after irrigation)

123




YA—£A Olorio (1A Obiwn) & 0skd 10 Wlor Ol gl DB Mol § casly) g - oole 4o

Reffrences &bo Cw 5g8

2 Ol sla oo b Ol 0 ks s Gos 53 5L ey T oMl g (a8 0 ilyl 515 .z wp (DLl HLSI
OO ST 5 ol wtige asllas HYDRUS-2D Jus L 0T (5wt 5 ek 15 (slo b (g )LT (e 3 susby &5
ARACARR!

@s@&gxq}bjcjjsjuw.ﬁfif.;Lé)Ml&.956!5@.C.f‘gl.l.\ll:s.).f‘.e‘el?gle}u%
FNN-084 (VA 5, 5LaS 5o ST g 4 i (gudns 95 wssdla Jube )| osu:.w‘l..vd:i;wdfls- B

2T 5 b, Fros 035 Je ATFR0.OLIYY £ 9 (owlie B IS F13.p (on 231 1S W51 p cp (b
AFFATE 00 Y 0l 285 5 T 4,2 HYDRUS-2D i eslizully sbaw

23S by Sk gy 53 HYDRUS-2DJuke 51,8 A YAA . Glas™ [ 9 5y BT o> .z g cqile Slans
AOFANOYA L(ITIF Ol 5l (2805 5 (6olT 4 oo 25 (5L s b 4ty O 53

@jj;&xgélﬁé,\,{pw”,\iu‘_j.u&\w‘).ﬁ"w (S gl g F> EN5.0 S lp Soplis . E e
DAO-OAY ((FY)Fe 65,55l 5o OT iash a i dtug Ol )d obow 55 5 oelaw (gl 0 k8 (65 LT 3 &Sl sy

Gl Lt a3 4 sdm 53 s pile 1l e Sl ol b )5 STl 5T (5le s ITAE L (o oy 9 (Gl B0 e (0
FAOV(DY8 (ST 5 &Sl psle) ST

LT sble Cou ¢,uf, Cpd iS5 S gy sh Slud ) 2 I TAA LOYLTL S g Ol L& (P gl 59
AA ol OLT .0t 2805 5 T e o K57 psler 5 ol o 0 K87 ool 20k 5 (65570 Gbla 53 (5l gicsle b

AbrRashid, N.S., M. Askari, T. Tanaka, J. Simunk and M.Th. van Genuchten. 2015. Inverse
estimation of soil hydraulic properties under oil palm trees. Geoderma, 241-242:306-312.

AboulLila, T.S., R. Berndtsson, M. Persson, M. Somaida, M. El-Kiki, Y. Hamed and A. Mirdan.
2012. Numerical evaluation of subsurface trickle irrigation with brackish water. Irrigation Science,
31:1125-1137.

Askri, B., A.T. Ahmed, T. Abichaou and R. Bouhlila. 2014. Effects of shallow water table, Salinity
and frequency of irrigation water on the date palm water use. Journal of Hydrology, 513:81-90.

Bristow, K.L., J. Simunek, S.A. Helalia and A.A. Siyal. 2020. Numerical simulations of the effects
furrow surface conditions and fertilizer locations have on plant nitrogen and water use in furrow
irrigated systems. Agric. Water Manag, 232: 124.

Bufon, V.B., R.J. Lascano, C. Bednarz, J.D. Booker and D.C. Gitz. 2012. Soil water content on
drip irrigated cotton: comparison of measured and simulated values obtained with the HYDRUS
2-D model. Irrig. Sci, 30: 259-273.

Cammalleri, C., G.Rallo, C. Agnese, G. Ciraolo, M. Minacapilli and G. Provenzano. 2013.
Combined use of eddy covariance and sap flow techniques for partition of ET fluxes and water
stress assessment in an irrigated olive orchard. Agric. Water Manage, 120:89-97.

Chen, M., G. R. Willgoose and P.M. Saco. 2014. Spatial prediction of temporal soil moisture
dynamics using hydrus-1D. Hydrology Pricess, 28:171-185.

Chen, M., G. R. Willgoose and P.M. Saco. 2015. Investigation the impact of leaf area temporal
variability on soil moisture prediction using remote sensing vegetation data. Journal of Hydrology,
522:274-284.



et Bl b T 53 33 ol 4dy 5 I bl Cagboy 398 (S 3lodeds

Ebrahimian, H., A. Liaghat, M. Parsinejad, E. Playan, F. Abbasi and M. Navabian. 2013.
Simulation of 1D surface and2D subsurface water flow and nitrate transport in alternate and
conventional furrow fertigation. Irrig. Sci. 31: 301-316.

Elasbah, R., T. Selim, A. Mirdan and R. Berndtsson. 2019. Modeling of fertilizer transport for
various fertigation scenarios under drip irrigation. Water, 11(893): 1-15.

Elnesr, M.N., A.A. Alazba, and J. Simiinek. 2014. HYDRUS simulations of the effects of dual-
drip subsurface irrigation and a physical barrier on water movement and solute transport in soils.
Irrig. Sci, 32: 111-125.

Jin, X., M. Chen, Y. Fan, L. Yan, and F. Wang. 2018. Effects of mulched drip irrigation on soil
moisture and groundwater recharge in the Xiliao River Plain, China. Water, 10(1755): 1-18.

Karandish, F and J. Simunek. 2016. Afield-modeling study for assessing temporal variations of
soil-water-cropinteractions under water-saving irrigation strategies. Agric. Water. Manag. 178:
291-303.

Li, Y., j. Simunk, L. Jing, Zh. Zhang and Ni.Lixiao. 2014. Evaluation of water movement and
water losses in a direct-seeded-rice field experiment using hydrus-1D.Agriculture water
management. 142:38-46.

Li, X.W., M.G. Jin, N.Q. Zhou, J.O. Huang, S.M. Jiang and H. Telesphore. 2016. Evaluation of
evapotranspiration and deep percolation under mulched drip irrigation in an oasis of Tarim basin,
China. Journal of hydrology, 538: 677—688.

Li, X.W., M.G. Jin, J.0. Huang and J.J. Yuan. 2015. The soil-water flow system beneath a cotton
field in arid north-west China, serviced by mulched drip irrigation using brackish water.
Hydrogeology Journal, 23: 35-46.

Liu, M.X,, J.S. Yang, X.M. Li, G.M. Liu, M. Yu and-J. Wang. 2013. Distribution and dynamics
of soil water and salt under different drip irrigation.regimes in northwest China. Irrigation Science,
31: 675-688.

Martinez-Gimeno, M.A. L. Bonet, G. Provenzano, E. Badal, D.S. Intrigliolo and C. Ballester.
2018. Assessment of yield and water productivity of clementine trees under surface and subsurface
drip irrigation. Agric. Water. Manag. 206: 209-216.

Mguidiche, A., G. Provenzano, B. Douh, S. Khila, G. Rallo and A. boujelben. 2015. Assessing
HYDRUS-2D to simulate soil water content (SWC) and salt accumulation under an SDI system:
application to a potato crop in a semi-arid area of central Tunisia. Irrig. Drain, 64: 263-274.

Minacapilli, M., C. Agnese, F. Blanda, C. Cammalleri, G. Ciraolo, G. D’Urso, M. lovino, D.
Pumo, G. Provenzano and G. Rallo. 2009. Estimation of actual evapotranspiration of
Mediterranean perennial crops by means of remote-sensing based surface energy balance models.
Hydrol. Earth Sci. Syst, 13(7): 1061-1074.

Mo’allim, A.A., M.R. Kamal, H.H. Muhammed, N.K.E. Yahaya, H.B. Man and A. Wayayok.
2018. Assessmentof the vertical movement of water in a flooded paddy rice field experiment using
Hydrus-1D. Water, 10(783): 1-20.

Naghedifar, S.M., A.N. Ziaei and H. Ansari. 2018. Simulation of irrigation return flow from a
Triticale farmunder sprinkler and furrow irrigation systems using experimental data: A case study
in arid region. Agric. Water Manag, 210: 185-197.

-Naglic, B., C. Kechavarzi, F. Coulon and M. Pinater. 2014. Numerical investigation of the
influenced of texture, surface drip emitter discharge rate and initial soil moisture condition on
wetting pattern size. Irrigation Science, 32:421-436.

Selim, T., R. Berndtsson and M. Persson. 2013. Simulation of Soil Water and Salinity Distribution

under Surface Drip Irrigation. Irrigation and Drainage, 62: 352-362.


https://link.springer.com/journal/10040
https://link.springer.com/journal/271

YA—£A Olorio (1A Obiwn) & 0skd 10 Wlor Ol gl DB Mol § casly) g - oole 4o

Simunek, J., M.Th. Van Genuckten and M. Sejna. 2006. The Hydrus Software Package for
Simulating the Two- and Three-Dimensional Movement of Water, Heat, and Multiple Solutes in
Variably — Saturated Media. Technical Manual.

Siminek, J., M.T. Van Genuchten, and M. Sejna. 2016. The HYDRUS Software Package for
Simulating Two-and Three-Dimensional Movement of Water, Heat, and Multiple Solutes in
Variably-Saturated Media (Technical Manual No. Version 2.0).PC Progress, Prague, Czech
Republic.

Phogat, V., T. Pitt, R.M. Stevens, J.W. Cox, J. Simunek and P.R. Petrie. 2020. Assessing the role
of rainfall redirection techniques for arresting the land degradation under drip irrigated grapevines.
J. Hydrol. 587: 1-12.

Phogat, V., M.A. Skewes, M. Mahadevan and J.W. Cox. 2013. Evaluation of soil plant system
response to pulsed drip irrigation of an almond tree under sustained stress conditions. Agric. Water
Manage, 118: 1-11.

Phogat, V., M. Mahadevan, M. Skewes and J.W. Cox. 2012. Modelling soil water and salt
dynamics under pulsed and continuous surface drip irrigation of almond and implications of
system design. Irrigation Science, 30: 315-333.

Rallo, G., P. Gonzélez-Altozano, J. Manzano-Juarez and G. Provenzano. 2017. Using field
measurements and FAO-56 model to assess the eco-physiological response of citrus orchards
under regulated deficit irrigation. Agric. Water Manage, 180: 136-147.

Reyes-Esteves, R.G. and D.C. Slack. 2019. Modeling Approaches for Determining Appropriate
Depth of Subsurface Drip Irrigation Tubing in Alfalfa. J. Irrig. Drain. Eng, 145(10): 1-7.



L=
(@]
c
©
S

m

e
o
©

X

=
(%)
S
[¢3]

=
[

D)

=]
©

<
=
E

e

2L
(@)]

=
ie)]
[¢B]
[«B]
S

m

.
[

e

(a
>
S
(@)
[
(®)
—

g

Y
(@)

©
[
S
>
(@)

-
c

=
c
@©
S

Journal of Agronomy and Plant
ISSN NO: 2008-8485 Breeding
Vol 15. No. 3, 2019

Simulation of soil moisture distribution around of corn plant root in
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Abstract

Drip irrigation is one of the best irrigation methods that uses the least amount of water per unit of crop and
eliminates water losses through evaporation and deep infiltration. Due to the increasing tendency of farmers to
use drip irrigation system due to its higher efficiency, it is necessary to know the factors and parameters
affecting these systems in order to increase their efficiency. One of these factors is the dripping pattern of the
drippers because it shows how water is distributed and whether it is sufficient for the roots. Hydrusmodel
simulates soil moisture distribution according to their design conditions (soil texture and hydraulic properties,
dropper discharge, location and distance). The present study was conducted to evaluate the efficiency of the
HYDRUS model in simulating soil water movement and redistribution of moisture around the roots of maize
in homogeneous and heavy soils. This study was carried-out in the Agricultural Research Center of Khuzestan
Province under drip strip irrigation with three irrigation regimes of 2, 3 and 4 days with three replications during
two cropping years. In order to monitor the moisture around the roots, dig a soil profile to a depth of 75 cm
perpendicular to the drip irrigation strip. Observed and simulated moisture values were compared byR? EF,
MAE and RMSE statistics. The results showed that the average moisture distribution in each irrigation regime
is in the range of crop capacity. RMSE values for different diets ranged from 1.29 to 2.40% and MAE values
for different diets ranged from 1 to 2%. Moisture simulations were classified as excellent based on MAE and
RMSE values.Also, the results of the-coefficient of explanation are between 60 to 90% and the efficiency of
the model is between 40 to 90%. Based on the results, the lowest efficiency of the model was in the simulation
24 hours after irrigation and the best simulation was 72 hours after irrigation. The results show the high
capability of the model in simulating soil volumetric moisture.

Keyword: Corn, Drip-tape-irrigation, HYDRUS model, Irrigation interval, Moisture distribution.
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