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A B S T R A C T

Although the North Delta region in Egypt is one of the most densely populated areas in the world, it suffers from
a severe shortage of fresh water needed to irrigate crops. So usually farmers resort to the use of low-quality
water, such as agricultural drainage water, which could pose a threat to the quality of crops and then human
health. Two field experiments were carried out during two consecutive summer seasons of 2014 and 2015 aimed
at delivering more information about the pros and cons of alternative irrigation for tomato using fresh and
agricultural drainage water with or without applying of magnetic field. The twelve surface irrigations, which
tomato needs during its whole growing season, were applied alternatively between fresh and agricultural
drainage water, respectively, at the following percentages (100 + 0), (75 + 25), (50 + 50), (25 + 75) and
(0 + 100). Magnetic field was applied using iron fillings at a rate of 150 kg ha−1. The results revealed that
growth parameters, early, total and relative yield, marketable yield and total chlorophyll and NPK content of
leaves were gradually decreased with increasing the irrigation using agricultural drainage water. However,
irrigating tomato by 100% fresh water had the highest values, while using of 100% agricultural drainage water
displayed the lowest values. Contrarily, vitamin C, total soluble solids (TSS) and fruit firmness where at their
highest values when tomato irrigated by 100% of agricultural drainage water. Applying of magnetic field not
only enhances the growth, yield and quality of tomato under irrigation using agricultural water but also under
fresh water. These results are of importance in areas where the use of agricultural drainage water irrigating crops
is inevitable for enhancing yield and its quality and consequently ensuring food safety.

1. Introduction

Tomato (Solanum lycopersicon) is one of the most important and
widely distributed vegetable crops grown in Egypt for either local
consumption or exportation. Almost 30% of the total area dedicated to
vegetable crops in Egypt is cultivated by tomato (Ministry of
Agriculture and Land Reclamation, Egypt, 2016). The water resources
in Egypt are very limited, particularly in the North Delta region, and
depend mainly on the stable historical right in River Nile water. The
importance of using agricultural drainage water, as an untraditional
source of water, comes from the fact that it forms a great portion of the
strategy of water resources. Hence, adding this non-traditional source
decreases the huge gap between the available and required water needs
(Ministry of Agriculture and Land Reclamation, Egypt, 2016). In Egypt,

nowadays, interesting in using agricultural drainage water, especially
in the lands which suffer from water shortage, is growing fast due to
rapid increase in population and changing climate. In this concern,
Malash et al. (2008) stated that use of saline drainage water for irri-
gation has an environmental advantage. It reduces the fresh water re-
quirements for salt tolerant crops and decreases the volume of drainage
water requiring disposal and treatment. Younis et al. (2010) cited that
irrigating of tomato plants with 80% fresh water and 20% drainage
water caused a little change in the tomato yield compared to using
100% fresh water. In any case, there are many caveats to be considered
before directing agricultural drainage water towards irrigation of crops,
i.e., alkalinity, salinity and contamination with heavy metals as well as
soil drainage and plant tolerance to such abiotic stresses (Abd El-Naim,
1995).

https://doi.org/10.1016/j.ecoenv.2019.06.018
Received 12 March 2019; Received in revised form 3 June 2019; Accepted 5 June 2019

∗ Corresponding author. University of Debrecen, Böszörményi ut 138, 4032, Debrecen, Hungary.
E-mail address: alshaaltarek@gmail.com (T. Alshaal).

Ecotoxicology and Environmental Safety 181 (2019) 248–254

Available online 11 June 2019
0147-6513/ © 2019 Elsevier Inc. All rights reserved.

T

http://www.sciencedirect.com/science/journal/01476513
https://www.elsevier.com/locate/ecoenv
https://doi.org/10.1016/j.ecoenv.2019.06.018
https://doi.org/10.1016/j.ecoenv.2019.06.018
mailto:alshaaltarek@gmail.com
https://doi.org/10.1016/j.ecoenv.2019.06.018
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ecoenv.2019.06.018&domain=pdf


Different chemical and non-chemical methods have been applied to
improve crop yield and quality, one of which is magnetic field
(Jinapang et al., 2010). The influence of magnetic field on plant de-
velopment is studied rather intensively but still not enough deeply.
Previous studies revealed that magnetic field improves the plant growth
characteristics (Ahmed et al., 2013), affects soil nutrient availability
(Maheshwari, 2009), plays an important role in cation uptake capacity
and has a positive effect on immobile plant nutrients uptake, and
leaching of soil salts (Estiken and Turan, 2004) as well as increases the
yield of tomato (De Souza et al., 2005), pepper (Ahmed et al., 2013),
cowpea and eggplant (Surendran et al., 2016). The use of magnetic field
may overcome the deleterious effect of agricultural drainage water ir-
rigation particularly on vegetable crops (Maheshwari, 2009; Selim
et al., 2013; Surendran et al., 2016).

The present work aimed at delivering more information about the
pros and cons of alternative irrigation for tomato using fresh and
agricultural drainage water with or without applying of magnetic field.
Also, growth dynamics and yield of tomato as well as economic effi-
ciency were evaluated.

2. Materials and methods

2.1. Experimental location

Two field experiments were carried out during two consecutive
summer seasons of 2014 and 2015 in Kafr El-Sheikh, Egypt (31° 5- 47.7˝ ̋

N and 30° 56- 53.5̋ E). Type of the experimental soil was clayey with the
following chemical characteristics: pH 8.21; electrical conductivity (EC)
0.631 dSm−1; and soluble cations and anions (meq L−1) were Ca2+

13.5, Mg2+ 12.1, K+ 0.13, Na+ 3.69, Cl−1 4.17, CO3
2− 1.42 and SO4

2−

0.88. The seedlings were transplanted on 18th and 22nd March in both
seasons, respectively. The experimental plot contained three ridges
making 7m in length and 1.2 m in width at spacing of 50 cm between
rows making a total area of 25.2 m2 per plot. Surface irrigation method
was used. The recommended fertilizers of N (285 kg ha−1 N), P
(119 kg ha−1 P2O5) and K (171 kg ha−1 K2O) were added according to
the recommendations of the Egyptian Ministry of Agriculture and Land
Reclamation. The other agricultural practices were performed ac-
cording to the usual local agricultural management. Meteorological
data of experimental location during both growing seasons are pre-
sented in Table 1.

2.2. Experimental design and treatments

The experimental layout was a split-plot design with three replicates
with a total of 30 plots. Irrigation treatments were randomly assigned
as the main plots, each main plot was divided subsequently into sub-
plots which randomly received the treatments of magnetic field (0 and
150 kg ha−1). The irrigation treatments included 5 alternative

irrigations of fresh and agricultural drainage water. Based on water
requirements of tomato, which are 12 surface irrigations during the
whole growing season, the treatments implied alternative supply of
water as the first irrigation was done using fresh water then the second
irrigation was applied from agricultural drainage water (Table 2). The
average electrical conductivity (EC) for the used agricultural drainage
water was 2.42 and 2.09 dSm−1, while pH was 7.65 and 7.45 in 2014
and 2015, respectively. Values of EC of all 12 irrigations of fresh and
agricultural drainage water as well chemical properties of agricultural
drainage water during the growing seasons are in Tables 3 and 4. The
magnetic field was applied using iron filings at the rate of 150 kg ha−1.
The applied amount of iron filings was according to the manufacturer
(Al-Ahram for Mining Co., El-Maadi City, Egypt.)

2.3. Vegetative parameters and yield

A representative sample of five plants was randomly taken per plot
for measuring plant growth parameters, i.e., leaf area (dm2 plant−1)
and shoots dry mass (g plant−1) at 75 days after transplanting.

The following growth attributes were computed at two growth
stages (45–60 and 60–75 days) after transplanting according to (Stange
et al., 2002):

• Crop growth rate (CGR), it is defined as the increase in plant dry
matter per unit of ground area per unit of time (g m−2 soil week−1)
and calculated using the following equation:

=

−

−

CGR W W
T T
2 1

2 1

where: W1 and W2 refer to dry mass of two samples at time T1 and T2 in
weeks, respectively.

• Net assimilation rate (NAR), it is defined as the increase in plant
material per unit of leaf area per unit of time (g m−2 plant week−1)
and calculated using the following equation:

=

− −

− −
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where: W1, A1 and W2, A2 refer to dry mass and leaf area at the time T1
and T2 in weeks, respectively.

The early fruit yield (Mg ha−1) was measured from the first two
pickings; while the total fruit yield (Mg ha−1) was determined from the
total weight of fruits collected during all the harvesting periods.
Relative yield as percentage of the control yield was also calculated.
Economic efficiency was calculated by dividing net profit (Egyptian
Pound, L.E ha−1) by total costs (L.E ha−1).

2.4. Quality of yield

Five fruits per plot were randomly selected for measuring the fol-
lowing characteristics: i) marketable fruit yield (Mg ha−1), it was es-
timated by subtracting non-marketable yield (diseased and malformed
fruits) from total yield; ii) vitamin C content (mg 100 g−1 fruit), it was
estimated by titration with 2, 6 dichlorophenol blue according to
(A.O.A.C., 1980); iii) total soluble solids (TSS%), the percentage of TSS
in juice of fruits was estimated by a hand refractometer according to
(A.O.A.C., 1980); and iv) fruit firmness (kg cm−2), it was determined
by Magnus Pressure Tester.

2.5. Soil and water analysis

Soil samples were taken before the experiment at three different
depths as (0–20), (20–40) and (40–60 cm) in triplicates. The samples
were sealed in polyethylene bags and transported to the laboratory for
analysis. The collected soil samples were air dried at room temperature
(25 °C), pulverized, passed through a 2mm sieve and stored until

Table 1
Meteorological data of experimental location during both growing seasons
(2014 and 2015) as monthly average.

Date Max
Temp.
(°C)

Min
Temp.
(°C)

Precipitation
(mm)

Wind
(km/h)

Relative
Humidity
(%)

Solar
(MJ/
m2)

Mar-2014 22.94 11.71 9.09 3.45 71.46 20.05
Apr-2014 27.50 15.53 6.51 3.87 65.80 25.18
May-2014 30.47 19.57 6.05 4.12 62.90 26.16
Jun-2014 32.65 20.60 5.03 3.43 69.27 28.92
Jul-2014 33.15 23.64 4.08 4.08 69.15 30.25
Mar-2015 22.69 11.69 9.09 3.65 70.59 21.02
Apr-2015 25.64 13.70 8.51 3.99 63.40 24.71
May-2015 30.19 18.69 7.05 4.78 67.70 28.03
Jun-2015 30.85 21.40 6.09 4.39 65.00 29.30
Jul-2015 33.00 22.40 4.76 4.05 69.75 31.09
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analyzed. The physiochemical characterization of these soils was ana-
lyzed according to Sparks et al. (1996) as follows: soil pH was measured
in a 1: 2.5 (soil: water suspension) using a pH-meter (JENWAY 3510,
UK). Soil electrical conductivity (EC) was measured in a 1: 5 (soil: water
extract) using an EC-meter (Mi170, Italy). Soluble cations (Ca2+, Mg2+,
K+ and Na+) and anions (CO3

2−, HCO3
−, SO4

2− and Cl−) were de-
termined in a 1:5 (soil: water extract). Water samples (about 2 L) were
collected from both fresh and agricultural drainage water used for ir-
rigating tomato plants in triplicate and then filtered. pH and EC were
measured by pH- and EC-meters (JENWAY 3510, UK and Mi170, Italy,
respectively). Water cations and trace metals (Cu, Zn, Fe, Mn, Ni, Pb
and Cd) were measured by atomic absorption spectrometry (AAS) (GBC
Avanta E, Victoria, Australia). All soil and water measurements were
carried out at the Central Laboratory of Environmental Studies at

Kafrelsheikh University according to ISO/IEC 17025 (2005).

2.6. Statistical analysis

Prior to the ANOVA test, Levene's Test for Equality of Variances was
performed. The Levene test for different variables at ten treatments was
negative, p < 0.05, and then the variances are homogeneity. The ex-
perimental design was established as a split-plot design with three re-
plicates. Results of the experiments were subjected to two-way analysis
of variance by ‘CoStat’ statistical software program according to Gomez
and Gomez (1984) and the means were compared by Duncan's Multiple
Range Test (Duncan, 1965).

3. Results and discussion

3.1. Development of tomato under agricultural drainage water and
magnetic field

Data presented in Table (5) show that increasing the number of ir-
rigations done using agricultural drainage water significantly and pro-
gressively decreased the studied growth parameters (i.e., leaf area,
shoots dry mass and crop growth rate); whilst, the differences in net
assimilation rate were not significant in the two seasons. The treatment
(I1) resulted in the highest values of leaf area, shoot dry mass, net as-
similation rate and crop growth rate followed by treatments of (I2), (I3)
and (I4); while, treatment (I5) recorded the lowest values as well in both
seasons. Similar findings were reported in many literature (e.g., Malash
et al., 2008; Whab-Allah and Al-Omran, 2012; You et al., 2016). They
stated significant decreases in shoot dry mass, leaf area and crop growth
rate with increasing EC of irrigating water applied to tomato plants. The
harmful effect of irrigation with saline water on growth of tomato
plants may be due to alerting leaf water relations and stomatal closure
which influence CO2 exchange and photosynthetic rate (Romero-
Aranda et al., 2001). Also, increasing salt content in irrigating water
may lead to direct toxic effect on plants, which in turn, diminishes
carbohydrate accumulation in plants (Morales et al., 2008). Moreover,
the negative effect of salinity on plant growth have been attributed to
disturbance in protein assimilation, enzymes activity (Hussein and
Oraby, 2008), activity of growth hormones (Kaya et al., 2009) and
mineral and water uptake (Hussein et al., 2012).

Application of magnetic field not only affects the chemical proper-
ties of water but also, has significant influences on soil features, plant
root architecture, and cell membrane permeability. Zúñiga et al. (2016)
reported changes in surface tension, viscosity, and evaporation rate of
magnetically treated water. Moreover, another effect on water prop-
erties was theorized by Khoshravesh et al. (2011), they cited that
magnetically treated water had less hydrophobicity, due to its reaction
with liberated ions in soil solution, increasing the linkage of water
molecules to soil particles. Consequently, soil moisture content was
higher in soil irrigated with magnetically treated water than control
(water without magnetizing).

The effects of water exposed to magnetic field on soil features were
reducing soil pH (Maheshwari and Grewal, 2009), precipitation of
carbonate (Alimi et al., 2006), inducing soil microbial activity (Zúñiga
et al., 2011), increasing phyto-availability of P and K in soil solution

Table 2
Description of alternative irrigation treatments.

Treatment ID Descriptiona

I1 12 irrigations of fresh water and zero irrigations of agricultural drainage water (100 + 0%), respectively.
I2 9 irrigations of fresh water and 3 irrigations of agricultural drainage water (75 + 25%), respectively.
I3 6 irrigations of fresh water and 6 irrigations of agricultural drainage water (50 + 50%), respectively.
I4 3 irrigations of fresh water and 9 irrigations of agricultural drainage water (25 + 75%), respectively.
I5 Zero irrigations of fresh water and 12 irrigations of agricultural drainage water (0 + 100%), respectively.

a The number of applied irrigations is calculated based on the water requirements of tomato grown in this area as the farmers apply.

Table 3
Electrical conductivity (EC, dS m−1) of fresh and agricultural drainage water
during 2014 and 2015 seasons.

Number of
irrigations

2014 2015

Fresh
water

Drainage water Fresh
water

Drainage water

1 0.586 1.716 0.659 1.820
2 0.632 2.120 0.414 1.647
3 0.760 2.593 0.454 2.700
4 0.547 2.900 0.551 2.900
5 0.467 2.850 0.502 1.890
6 0.562 2.480 0.557 1.832
7 0.578 2.373 0.517 1.868
8 0.652 2.900 0.534 1.967
9 0.508 2.375 0.662 1.920
10 0.540 2.460 0.565 1.910
11 0.575 2.160 0.560 2.700
12 0.530 2.060 0.520 1.940
Mean 0.578 2.420 0.507 2.091

Table 4
Chemical properties of drainage water during 2014 and 2015 seasons.

Character 2014 2015

pH 7.65 7.45
Soluble cations (ppm)
Na+ 144.9 152.7
K+ 9.98 9.72
Mg++ 48.0 47.0
Ca++ 20.0 21.0
Soluble anions (meq L−1)
Cl− 2.6 2.7
CO3

−- 0.00 0.00
HCO3

− 6.40 6.50
Trace elements (ppm)
Cu++ 0.053 0.067
Zn++ 0.267 0.285
Mn++ 0.337 0.346
Fe++ 0.331 0.340
Ni++ 0.602 0.580
Pb++ 0.430 0.420
Cd++ 0.032 0.038
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(Maheshwari and Grewal, 2009), reducing electrical conductivity
(Sadeghipour and Aghaei, 2013), and precipitation of salts (Zúñiga
et al., 2016). On the other hand, the effect on structure and perme-
ability of cell membrane and subsequently increasing ion transportation
via channels, which later will lead to changes in metabolic activities in
cells, were clearly reported by Balouchi and Sanavy (2009). Further-
more, treating irrigation water with magnetic field mitigated the det-
rimental impacts of saline water (1500 and 3000 ppm NaCl) on plant
growth of celery and bean, respectively (Maheshwari and Grewal,
2009). These consequences for application of magnetic field during
irrigation resulted in an increase in nutrient uptake by tomatoes
(Duarte Diaz et al., 1997) and citrus (Hilal et al., 2002), and finally are
expected to enhance the growth, development, and productivity of
various crops.

The results indicated, also, that magnetic field treatment (M) sig-
nificantly enhanced the tomato growth recording higher growth para-
meters than untreated tomato plants with magnetic field (M0) in both
seasons (Table 5). These results may be attributed to the generated
impacts on the structure of cell membranes and increasing their per-
meability and ions transport, which consequently affects metabolic
pathway activities (Stange et al., 2002). Moreover, Ratushnyak et al.
(2008) showed that the magnetic treatment increased the amount of
microbial community of the soils, which may expand the bioavailability
of macro/microelements in the soil to be easily taken up by plants.
Similar results were reported to tomato (Abou El-Yazied et al., 2012),
pepper (Ahmed et al., 2013) and Phaseolus vulgaris (Najafi et al., 2013).

The combined interactions among alternative irrigation treatments
and magnetic field significantly affected all the measured growth
parameters, although the differences in net assimilation rate were not
significant in both seasons. Therefore, the highest values of growth
parameters were obtained from (I1M) treatment, followed mostly by
(I2M), (I3M) and (I4M) treatment, while the lowest values resulted from
(I5M0) treatment in both seasons. The other treatments manifested in-
termediate effect on this concern (Table 5). Some investigators sug-
gested that magnetic field accompanied with irrigation water types may
alter the characteristics of cell membranes and cell reproduction

causing some changes in cell metabolism and various cellular functions
including gene expression, proteins biosynthesis and enzyme activities
in tomato (De Souza et al., 2005) and mung bean (Jinapang et al.,
2010). Likewise, several researchers revealed that the combination
between magnetic field and saline irrigating water increased one or
more of the evaluated growth parameters compared with the sole saline
water without magnetic field in tomato (Selim et al., 2013) and cowpea
and eggplant (Surendran et al., 2016).

3.2. Tomato yield and its economic efficiency

Data presented in Table (6) show depending on agricultural drai-
nage water as a main source for irrigating tomato led to progressive
decrease in early and total yields, relative yield % and economic effi-
ciency in both seasons. Moreover, treatment (I1) resulted in the highest
values of all the studied yield parameters followed by (I2), (I3) and (I4)
treatments; whereas, the lowest values corresponded to treatment (I5).
Our results were in the same line with those have been previously re-
ported to tomato (Whab-Allah and Al-Omran, 2012), pepper (Semiz
et al., 2014), cucumber (Abu-Zinada, 2015; Alsaeedi et al. 2018, 2019)
and Phaseolus vulgaris (Alsaeedi et al., 2017). Their results clearly
proved that saline water irrigation reflected negative significant effect
on both early and total yields. The decline in both early and total yields
with increasing sharing of agricultural drainage water in irrigating to-
mato may be due to some failure phenomena in fruit setting in tomato
flowers as this refers to the reduction of pollen grains viability, flow-
ering bud size, ovules and pistil length (Cuartero and Fernandez, 1999)
as well as pollen number (Ghanem et al., 2009). Also, Zayton et al.
(2009) revealed that increasing the EC reduced the fruit number per
plant, and thus produced smaller fruit size and weight and consequently
decreased the early and total yields. Magnetic field treatment sig-
nificantly increased early and total yields, relative yield % and eco-
nomic efficiency than control both seasons (Table 6). Similar conclu-
sions were also cited for pepper (Ahmed et al., 2013), tomato (Yusuf
and Ogunlela, 2015) and cowpea and eggplant (Surendran et al., 2016).
The increment in fruit yield as a result of magnetic field treatment may

Table 5
Effect of alternative irrigation with fresh and agricultural drainage water, magnetic field and their interaction on some vegetative growth parameters and growth
dynamic of tomato plant during 2014 and 2015 seasons.

Irrigationa
2014 season 2015 season

Leaf area
(dm2 plant−1)

Shoots dry
mass (g
plant−1)

Net assimilation rate (g
m−2 plant week−1)

Crop growth rate
(g m−2 soil
week−1)

Leaf area
(dm2 plant−1)

Shoots dry
mass (g
plant−1)

Net assimilation rate (g
m−2 plant week−1)

Crop growth rate
(g m−2 soil
week−1)

I1 230.5 a 366.5 a 5.87 a 78.50 a 226.7 a 361.3 a 5.87 a 74.40 a
I2 221.9 b 353.8 b 5.86 a 75.70 b 220.3 b 350.2 b 5.74 a 73.80 b
I3 216.6 c 340.4 c 5.79 a 73.35 c 213.3 c 335.2 c 5.65 a 70.85 c
I4 211.2 d 329.8 d 5.83 a 71.80 d 208.6 d 321.5 d 5.65 a 69.95 d
I5 204.3 e 319.1 e 5.83 a 70.05 e 207.5 e 313.9 e 5.70 a 69.30 e
Magnetic fieldb

M0 206.3 b 321.4 b 5.71 a 69.60 b 205.4 b 318.9 b 5.59 a 68.18 b
M 225.8 a 362.3 a 5.96 a 78.16 a 223.6 a 356.1 a 5.85 a 76.46 a
Interaction
I1Mo 220.7 d 343.1 e 5.71 a 73.50 e 218.8 d 340.2 d 5.70 a 73.00 d
I1M 240.4 a 389.9 a 6.02 a 83.50 a 234.9 a 382.3 a 6.03 a 83.40 a
I2Mo 210.6 f 334.2 g 5.82 a 71.90 f 213.3 f 326.8 f 5.59 a 69.80 e
I2M 233.2 b 372.8 b 5.89 a 79.50 b 227.4 b 364.5 b 5.88 a 77.80 b
I3Mo 207.3 g 319.0 h 5.65 a 68.80 g 205.4 g 312.5 g 5.56 a 67.20 f
I3M 225.8 c 361.8 c 5.93 a 77.90 c 222.9 c 351.9 c 5.74 a 74.50 c
I4Mo 201.5 h 309.2 i 5.68 a 87.40 h 203.4 h 303.2 h 5.55 a 66.50 g
I4M 219.0 e 350.4 d 5.98 a 76.20 d 218.6 d 340.6 d 5.76 a 73.40 d
I5Mo 197.9 i 301.4 j 5.68 a 66.40 i 199.6 i 297.1 i 5.56 a 65.40 h
I5M 210.6 f 336.7 f 5.97 a 73.70 e 214.5 e 330.6 e 5.83 a 73.20 d

Means followed by the same letter in the same column are significantly different at the 5% level according to Duncan's multiple range test.
a (I1= 100% fresh water, I2 = 75% fresh water + 25% drainage water, I3 = 50% fresh water + 50% drainage water, I4 = 25% fresh water + 75% drainage

water, I5= 100% drainage water.
b M0=without magnetic field, M=with magnetic field (at the rate of 150 kg ha−1 iron filings).
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be attributed to improved capacity for nutrients and water uptake,
better shoot and root growth (De Souza et al., 2005), which led to an
increase in growth and consequently yield.

Results of interaction between irrigation and magnetic field in-
dicated that treatment (I1M) generated the heaviest weight of early
yield followed by (I2M) and (I3M) treatments; while, the lowest yield
was obtained from treatment (I5M0) in both seasons (Table 5). Re-
garding total fruit yield, relative yield % and economic efficiency, (I1M)
treatment produced the highest values of the three parameters followed
by (I1M0) and (I2M) interaction treatments; however, the lowest value
was achieved at treatment (I5M0). The relative yield obtained was
ranged from 100.1% for (I1M) to 83.1 and 80.5% for (I5M0) in both
seasons, respectively. Also, economic efficiency ranged from 5.49 to
5.17 for (I1M) to 4.16 and 3.93 for (I5M0) in both seasons, respectively
(Table 6).

The positive effect of the interaction between magnetic field and
type of irrigating water on early and total yields as compared with the
sole saline water may be due to that magnetic field assisting to reduce
the Na toxicity at cell level by detoxification Na either by restricting the
entry of Na at membrane level or by reduced absorption of Na by plant
roots (Maheshwari, 2009). Our results were in agreement with those
cited for tomato (Abou El-Yazied et al., 2012), potatoes (Hachicha
et al., 2016) and cowpea and eggplant (Surendran et al., 2016). They
stated that the combined interactions between magnetic field with
saline water increased both early and total yields as compared with the
saline water alone (control).

3.3. Quality of tomato's fruit irrigated with agricultural drainage water
under magnetic field

Irrigation tomato plants with more agricultural drainage water than
fresh water gradually decreased the marketable fruit yield in both
seasons (Table 7). Furthermore, treatment (I1) resulted in the largest
marketable fruit yield followed by (I2), (I3) and (I4) treatments; while,
the lowest marketable yield was recorded at treatment of (I5) in both
seasons. This result is related to that obtained from total fruit yield
(Table 6) and may be interpreted by the same way; since the marketable

yield represents the main component of total yield. These results are in
accordance with those reported for tomato (Zayton et al., 2009) and
pepper (Navarro et al., 2010). They mentioned that increasing water
salinity caused a decrease in marketable yield. In contrast, vitamin C,
total soluble solids and fruit firmness were progressively increased with
increasing the number of irrigation done with agricultural drainage
water. Thus, treatment (I5) enhanced the growth and consequently re-
sulted in the highest values; whereas, the lowest values were obtained
from (I1) treatment (Table 7). The increment in vitamin C might be due
to the accumulation of free amino acids and sugars in tomato fruits with
saline water (Fathy et al., 2005). Also, the raise of TSS% in fruits of
tomato plants irrigated with more agricultural drainage water than
fresh water may be a result of the interaction between reduced fruit
water content, increased ion content and maintained hexose accumu-
lation as proposed by Zegbe-Dominguez et al. (2006). These results are
in harmony with those of Bustan et al. (2005) reported on TSS and fruit
firmness, Zhai et al. (2015) on vitamin C and You et al. (2016) on TSS in
tomato fruits.

Magnetic field treatment significantly increased marketable fruits
yield, vitamin C, TSS and fruit firmness as compared with the non-
magnetic field treatments in both seasons (Table 7). Atak et al. (2003)
outlined that magnetic field may alter the characteristics of cell mem-
brane causing changes in the cell metabolism and help in pectin for-
mation and Ca absorption causing an increase in fruit firmness. These
results are encouraged by those of Peterson et al. (1998) on fruit
firmness, De Souza et al. (2005) on TSS, and Ahmed et al. (2013) on
vitamin C and marketable yield of tomato and sweet pepper fruits.

The treatment of (I1M) provided the highest marketable yield fol-
lowed by (I1M0) and (I2M) treatments; and the lowest yield was ob-
tained at treatment of (I5M0) in both seasons (Table 6). The other
treatments manifested an intermediate effect. Otherwise, the highest
values of vitamin C, TSS and fruit firmness were measured at (I5M)
treatment. The lowest values were achieved at (I1M0) treatment
(Table 7). These results are in the same line with those obtained by
Ahmed et al. (2013) for marketable yield, Selim et al. (2013) for vi-
tamin C, Feizi et al. (2013) for TSS and Efihimiadou et al. (2019) for
fruit firmness. They found that the combined interactions between

Table 6
Effect of alternative irrigation with fresh and agricultural drainage water, magnetic field and their interaction on early and total yields, relative yield and economic
efficiency of tomato during 2014 and 2015 seasons.

Irrigationa
2014 season 2015 season

Early yield
(Mg ha−1)

Total fruit yield
(Mg ha−1)

Relative yield (as %
of control)

Economic
efficiency

Early yield
(Mg ha−1)

Total fruit yield
(Mg ha−1)

Relative yield (as %
of control)

Economic
efficiency

I1 7.0 a 55.25 a 100.0 5.27 7.0 a 52.88 a 100.0 5.15
I2 6.8 b 50.58 b 91.5 4.87 6.5 b 48.88 b 91.4 4.65
I3 6.5 c 47.68 c 86.3 4.54 6.3 c 45.45 c 85.9 4.28
I4 6.0 d 46.23 d 83.7 4.37 6.0 d 43.90 d 83.0 4.11
I5 5.3 e 44.85 e 81.2 4.21 5.5 e 42.70 e 80.7 3.97
Magnetic fieldb

M0 6.5 b 46.90 b 84.9 4.42 5.8 b 45.03 b 85.2 4.21
M 6.8 a 50.93 a 92.2 4.96 7.0 a 48.50 a 91.7 4.82
Interaction
I1Mo 6.8 c 52.65 b 100.0 5.04 6.5 d 50.83 b 100.0 5.12
I1M 7.5 a 57.83 a 100.1 5.49 7.3 a 54.93 a 100.1 5.17
I2Mo 6.3 e 48.83 e 92.7 4.87 6.3 e 47.40 d 93.3 4.65
I2M 7.0 b 52.33 c 99.4 4.88 7.0 b 50.35 c 99.1 4.66
I3Mo 6.0 f 45.68 h 86.8 4.50 6.0 f 43.80 h 86.2 4.27
I3M 6.8 c 49.70 d 94.4 4.58 6.8 c 47.13 e 92.7 4.27
I4Mo 5.5 h 44.43 i 84.4 4.35 5.5 h 42.23 i 83.1 4.09
I4M 6.5 d 48.00 f 91.2 4.39 6.3 e 45.65 f 89.8 4.13
I5Mo 5.0 i 42.88 j 83.1 4.16 5.0 i 40.93 j 80.5 3.93
I5M 5.8 g 46.83 g 88.9 4.26 5.8 g 44.45 g 87.5 4.00

Means followed by the same letter in the same column are significantly different at the 5% level according to Duncan's multiple range test.
a (I1= 100% fresh water, I2 = 75% fresh water + 25% drainage water, I3 = 50% fresh water + 50% drainage water, I4 = 25% fresh water + 75% drainage

water, I5= 100% drainage water.
b M0=without magnetic field, M=with magnetic field (at the rate of 150 kg ha−1 iron filings).
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magnetic field and saline water increased fruit quality of some vege-
table crops compared with irrigation with saline water without mag-
netic field.

4. Conclusion

The present paper highlights the pros and cons of using agricultural
drainage water as single or alternative with fresh water to irrigate to-
mato plants. Also, the role of magnetic field was assessed. It could be
concluded that the highest yield, relative yield % and economic effi-
ciency were obtained when plants were irrigated with 100% fresh water
and exposed to magnetic field. If there is a slight shortage in fresh
water, it is advisable to use alternative irrigation with 25% drainage
and 75% fresh water besides magnetic field treatment; since the yield
produced of this treatment was approximately equal to that obtained
from irrigation with fresh water solely (control). When there is a severe
shortage in fresh water, it is recommended to apply either alternative
irrigation with 50% drainage and 50% fresh water or 75% drainage and
25% fresh water in addition to magnetic field treatment depending on
the degree of severity in fresh water deficit. Since, the reduction in
relative yields obtained from the latter two interaction treatments were
mostly less than 10% in relation to the control as this relative yield is
acceptable to tomato producers under these conditions.
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