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In this research, the effect of forming a loop layout by connecting the lateral
ends in a tape irrigation system and magnetic water on yield and water use
efficiency of maize cv. Maxima was investigated. The research was done as
split plots on completely randomized blocks in three replications. Tube wires
and an AC to DC converter were used. Maize water requirement was
calculated using real-time meteorological parameters data of Zanjan synoptic
station and FAO-56 method. Results showed loop connection increased
means of the system discharge by 13%, decreased coefficient of variation by
1.98%, and increased emission uniformity and Christiansen’s Uniformity
coefficient by 2.2 and 1.5%, respectively. Magnetic water increased the
means of the system discharge by 4.2% and decreased the coefficient of
variation by 0.98% compared with no-magnetic water. Results showed that,
compared with the conventional layout of the system, looping of the
irrigation system increased means of the fresh plant weight, water use
efficiency based on fresh plant weight, plant dry weight, and stem diameter
by 27, 27, 32, and 13% respectively. Compared with non-magnetic water
irrigation, magnetic water irrigation increased means of the fresh plant
weight, water use efficiency based on fresh plant weight, plant dry weight,
and leaf area by 9, 9.5, 1.4, and 17% respectively.

© Authors, Published by Environment and Water Engineering journal. This is an open-access
article distributed under the CC BY (license http://creativecommons.org/licenses/by/4.0/).
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Introduction

In arid and semi-arid regions, with limited water ~ consumption is saved. These aims can be
resources, it 1is necessary to increase the achieved by changing surface irrigation systems
irrigation efficiency by applying appropriate to pressurized irrigation systems, using magnetic
management strategies. These reduce water water to irrigate plants, and forming the drip
consumption on the agricultural farms as well as  irrigation system lateral ends to loop layout.
withdraw water from resources, so water
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By changing surface irrigation to the pressurized
irrigation system, irrigation efficiency and
uniformity of water distribution on the farm level
increase. Crossing irrigation water through a
magnetic field improves the physical and
chemical properties of irrigation water. As a
result, water is easily absorbed by the plants. At
the loop layout, water pressure is distributed
uniformity on the whole drip irrigation system,
so throughout the field, irrigation water is
supplied uniformly and equally to the cultivated
plants. Therefore, by applying these strategies,
the yield of cultivated crops increases while it
uses 1 MCM of water (increasing water use
efficiency). In this research the effect of forming
a loop layout by connecting the lateral ends in a
tape irrigation system and magnetic water on
yield and water use efficiency of maize cv.
Maxima was investigated

Materials and Methods

In this research, the effects of forming a loop
layout by connecting the lateral ends in a tape
drip irrigation system and using magnetic water
on yield and water use efficiency of maize cv.
Maxima were investigated. The research was
done from May to October 2017 in the research
farm of Zanjan University. The research was
done as split plots on complete randomized
blocks with four treatments and three
replications. Experimental treatments included
the type of irrigation water at two levels (crossed
and no passing through a magnetic field) and
tape drip irrigation system lateral ends layout at
two levels (looping and no looping of the lateral
ends). tape tubes with 16 mm diameter and 20
cm space between nuzzles were applied to supply
plants’ water requirements. Tube wires and an
AC to DC converter were used to create a
magnetic field and a looping layout was created
by three-way tubes.

Daily maize water requirement was calculated
using real-time meteorological parameters data
of Zanjan synoptic station and FAO Penman
Montieth method. Irrigation water amounts in
irrigation frequencies (3 days) were obtained by
aggregating daily wvalues. To evaluate the
application of treatments on plant traits and
irrigation system hydraulics, at the end of the
growing season, plant physiological traits and
hydraulically parameters of the irrigation system
were  measured. The  measured plant
physiological traits were included plant fresh
weight, water use efficiency based on fresh plant
weight, plant dry weight, plant height, stem
diameter, and lives area, and the measured
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hydraulically parameters were system discharge
(Eg. 1), coefficient of variation (Eq. 3), emission
uniformity (Eq. 4) and Christiansen’s Uniformity
coefficient (Eqg. 5).

1
qa = H;ql (1)
C —(S—q}*loO
", (2)
©)
(4)
®)

where Q.. average of emitter discharge rates
(I/hr), Cy: coefficient of variation (%), Sq:
standard deviation of emitter discharge rates
(I/hr), n: number of tested emitters, g;: individual
emitter discharge rates (l/hr), E.: emission
uniformity, Quq: average discharge rate of the
lowest one-fourth of the emitter discharge rates
(I/hr) and Christiansen’s Uniformity coefficient.
The data of plant traits and system hydraulically
evaluation parameters were analyzed by SPSS
Ver. 22.0 software.

Results

A comparison of the parameter means for the
hydraulic evaluation of the tape-drip irrigation
system at the loop layout and application of
magnetic water is shown in Table 1. Results
showed at the loop layout compared with the no-
loop layout, the system discharge, emission
uniformity, and Christiansen’s  Uniformity
coefficient increased by 13, 2.1, and 1.6%,
respectively. The coefficient of variation
decreased by 1.9%. By crossing irrigation water
through a magnetic field, the means of the
system discharge increased by 4.2% and the
coefficient of variation decreased by 0.9%
compared with no-magnetic water which was
significant. The increase in the emission
uniformity and  Christiansen’s  Uniformity
coefficient were 0.7% and 0.6%. However, they
were not significant compared to the control. A
comparison of the mean of the interaction effect
of treatments showed maximum and minimum
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means of the system discharge were 3.38 and
2.87 I/hr at the loop layout x magnetic water and
no loop x no magnetic water, respectively. At the
coefficient of variation, emission uniformity and
Christiansen’s Uniformity coefficient, they were
respectively 5.17 and 2.23% (at the no loop

layout x no magnetic water and loop layout x no
magnetic water), 97.7, and 94.6% (at the loop
layout x not magnetic water and no loop layout x
no magnetic water) and 98.2% and 96.0% (at the
loop layout x magnetic water and no loop layout
X no magnetic water) as shown in Table 1.

Table 1 Comparison of the parameter means for tape irrigation system hydraulics assessment at the different
lateral end connections and magnetic water

Parameter a Cv Ey Uc
Lateral ends connection layout
Loop layout 3.362 2.3 97.6% 98.22
No Loop layout 2.98° 4.2 95.5° 96.6°
Irrigation water
Magnetic water 3.232 2.8 96.92 97.72
No Magnetic water 3.10° 3.7° 96.22 97.12
Lateral ends connectionxlrrigation water
Loop layoutxMagnetic water 3.382 2.28P 97.6° 98.22
Loop layoutxNot Magnetic water 3.342 2.23P 97.72 98.22
No Loop layoutxMagnetic water 3.09° 3.29° 96.3? 97.32
No Loop layoutxNot Magnetic water 2.87¢ 5.172 94.62 96.02

Means followed by the different letters in the same column are significantly different at a 5% level of probability

Conclusion

According to the research findings, the hydraulic
parameters for evaluating the tape drip irrigation
system improved by connecting lateral ends and
forming a loop layout compared to the
conventional layout and by using magnetic water
compared to using no magnetic water. At the
loop layout, water pressure was distributed
uniformly throughout the drip irrigation system
and by using magnetic water, chemical clogging
of dripper nozzles by calcite sediments is
reduced. Therefore, supplied irrigation water
depth for cultivated plants will be the same
throughout the field, so it can be expected that
plant yield will increase.
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Results showed that due to the loop layout and
use of the magnetic water, the means of maize
yield, and component of yield increased
compared to the control treatment which caused
an increase in the water use efficiency.

Data Availability

The data can be sent on request by the
corresponding author via
nikbakht.jaefar@znu.ac.ir email.
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(mg/1) (mg/1) @mg/l) @mg/l) (mg/1) (mg/1) (mg/1) dS/m) pH
195.2 0.0 582.2 103.7 258.45 0.0 50.0 2.35 6.5
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Table 2 Physical and chemical properties of field soil
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Fig. 1 Plots and irrigation system layout and
installation location of magnetic dev
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Table 3 Analysis of hydraulics parameters variance for tape irrigation system assessment

Source of variances Degree of freedom Oa Cy E, U
Replications 2 0.004" 1.656" 1.293™ 1.277m
Connection of lateral ends 1 0.844*** 23 443***  28471***  13.787***
Magpnetic field 1 0.101*** 5.023* 3.345m™ 1.832m
ConnectionxMagnetic field 1 0.047* 5.587* 4.735M™ 3.032m
Error 6 0.011 1.144 1.546 0.909
Coefficient of variations - 3.31 33.004 1.287 0.977

/[) 9 ARPRYA JLW‘ G!a.w B )‘kal.uo H ) 9
: significant at 0.1, 1 and 5% respectively

ns: not significant; *, ™ and ™
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Table 5 Comparison of the parameter means for tape

irrigation system hydraulics assessment at the
irrigation water magnetized or no magnetized

Irrigation water Oa Cv E. Uc

Magnetized 3.23* 2.8 96.90 97.72
No Magnetized 3.10° 3.7° 9628 97.1°

Wil oo 10 mhaw jo jlo pxe BT (godimslis S iin ué By >
Means followed by the different letter in the same column
are significantly difference at 5% level of probability
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Table 4 Comparison of the parameter means for tape

irrigation system hydraulics assessment at the
different lateral end connections

Connection Oa Cv Ey U
Loop 3.362 23> 97.6° 98.22
No Loop 2.98° 4228 955P 96.6°

Wil oo 10 mhaw jo jlo sixe BT paies il S e pé By >
Means followed by the different letter in the same column
are significantly difference at 5% level of probability
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Table 6. Comparison of the parameter means for tape irrigation system hydraulics assessment at the interaction
effects of lateral end connections and irrigation water magnetized

Treatment a Cv Ey Uc
LoopxMagnetized 3.382 2.28° 97.62 98.22
LoopxNot Magnetized 3.342 2.23° 97.72 98.22
No LoopxMagnetized 3.09° 3.29° 96.3? 97.3?
No LoopxNot Magnetized 2.87c 5.172 94.6° 96.0%

WAl oe 10 mhaw jo jlo Jxe BB puias il S i pd By,
Means followed by the different letters in the same column are significantly different at 5% level of probability
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Table 7 Analysis of measured trait variances in maize cv. Maxima

Source of Variances  Ds Fraf;g:]?nt WUEfresh wlgiglht hF:aIianft dii;[ﬁ(ranter Leaf Area
Replication 2 68.25" 3.08"™ 9.08" 190.75" 2.25" 376642.60™
Connection 1 1633.33™" 60.75™"  126.75™" 44.08™ 30.08™" 525008.33"
Magnetized Water 1 225.33" 10.08" 10.08" 30.08" 0.08" 1822081.33"
ConnECtlon >< ns ns ns ns ns ns
Magnetized Water 1 0.33 0.08 0..08 18.75 0.75 75208.33
Error 6 17.92 0.97 1.97 328.31 1.81 191360.25
Coefficient Of 4.30 5.20 6.17 7.64 5.44 8.86
Variations

1O g TN eIV Jloiml o 10 o et g i aksr ¢ ld Sae ué NS
ns: not significant; *, ™ and **": significant at 0.1, 1.0, and 5.0% respectively.

laJl5Y (slecsl Jlas! @glite ol 38 LowuSTle 03, 5,8 6L 10 oy (6 pSo05ll lio (slacnSilio anulio -A Jgu
Table 8 Comparison of the measured trait means in maize cv. Maxima at the different lateral end connections

Plant Stem

Fresh Plant WUEfresh Dry Weight : ; Leaf Area
Treatment . ) 3 Height Diameter 2
Weight (Tone/ha) (o9/md) (Tone/ha) (cm) (mm) (cm?)
Loop 110.18 21.22 25.92 239.18 26.22 5160.72
No Loop 86.9° 16.7° 19.6° 235.42 23.2° 474252

Jw.:l;‘_,,_n 1.0 6}4‘» 3o )los..»a ylied dcmoul.w.: JM):..C d5)>

Means followed by the different letters in the same column are significantly different at a 5% level of probability
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Table 9 Comparison of the measured trait means in maize cv. Maxima at the irrigation water magnetized or not

magnetized
Fresh plant . Plant Stem
Irrigation water weight \?IQU/E&’%S)“ 3%%6/;?63'[ height diameter Le(acf mAz\;ea
(Tone/ha) g (cm) (mm)
Magnetized 102.72 19.82 23.78 238.92 24.6° 5341.12
No magnetized 94.3° 18.2° 21.8° 235.52 24.8? 4562.1°

WSl oo 10 Fmhaw jo e pxe WS godimolis S ie pé By >

Means followed by the different letters in the same column are significantly different at 5% level of probability
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