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This study was conducted to determine the effect of deficit irrigation on the vegetative growth and the yield of
tomatoes (Solanum lycopersicum) irrigated with magnetic water. A magnetic field was produced by an electro-
magnet. The value of magnetic flux density used for treating the irrigation water was 719G. Tomato plants (va-
riety UC82B) were transplanted into 16 buckets (1 tomato stand per bucket) after 26 days at the nursery stage.
The tomato plants were grown in a transparent garden shed for another 94 days and irrigated with magnetised
water (magnetically treated water). A control experiment was also set up with 16 buckets (1 tomato stand per
bucket), irrigated with non-magnetised water. The treatments for this study were 100%, 80%, 60% and 50% of
water requirement (1.3 litres at 100%) by tomato plants, and the four treatments were labelled as T,, T,, T, and
T,, respectively. The heights of tomato plants with magnetised water after 50 days were 628.8 mm, 630.0 mm,
600.0 mm, and 562.6 mm, respectively, and the yields after 130 days were 587.8 g, 441.9 g, 410.7 g and 312.4
g per tomato stand (g per bucket), respectively. The heights of tomato plants with non-magnetised water were
601.3 mm, 578.8 mm, 557.5 mm and 447.5 mm, respectively, and the yield for T,, T,, T, and T, were 439.9 g,
379.5 g, 374.6 g and 236.6 g per tomato stand per bucket, respectively. The increment in the yield with magne-
tised water varied from 9.64 to 33.62% compared with the yield from non-magnetised water and the effect of
magnetic water on the tomato yield was statistically significant.

Keywords: deficit irrigation, magnetised water, tomato.



Environmental Research, Engineering and Management

Introduction

Irrigation is important for crop production during the
dry season and needed during the rainy season to
supplement rain that is usually erratic in some coun-
tries like Nigeria for adequate food supply. Inadequ-
ate availability of water for irrigation during the dry
season to meet water requirement of crops usually
hinders crop production in Nigeria. Deficit irrigation
is a partial supply of water to crop in which irrigation
water does not provide the total water requirement
by the crop especially during the vegetative growth to
reduce the cost of water for irrigation. Deficit irriga-
tion is usually practiced in the areas where water is
scarce, but total water requirement by the crop (full
irrigation) should be supplied at the flowering stage
to prevent the effect of water shortage on crop yield.
Anand et al. (2012) indicated that magnetic treatment
of irrigation water could alleviate an adverse effect of
water stress (water shortage) in crop because it redu-
ces production of free radicals and activity of antioxi-
dant enzymes. Magnetic treatment of water is a new
technology and a non-chemical method for crop im-
provement although the technology is not common in
most developing countries, and especially Nigeria. It
is an environmentally friendly method for a high crop
yield which does not cause soil degradation by sali-
nity and does not pollute the environment. Magnetic
treatment of water (magnetised water) boosts the
crop yield, improves crop quality and enhances effec-
tive utilisation of the arable land using the available
water sources for crop production (Babu, 2010, Dha-
wi, 2014, Hozayn and Abdul-Qados, 2010, Maheshwa-
ri and Grewal, 2009, Selim, 2008, Suchitra and Babu,
2011, El-Sayed and Sayed, 2014). The magnetic field
can only have an effect on water when water flows
across the magnetic field and the flow of water is at
right angle to the magnetic field. Magnetic treatment
of water reduces surface tension of water, increases
mineral dissolvability of water and provides adequate
nutrients for plant growth (Babu, 2010).

Moussa (2011) indicated that magnetically treated
water (magnetised water) that was treated with 300 G
improved quantity and quality of common bean crop.
Moussa (2011) stressed further that magnetic water
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could stimulate the defence system, photosynthetic
activity, and translocation efficiency of photoassimi-
lates in common bean plants. Noran et al. (1996) also
pointed out that the results of their work confirmed
the effect of the magnetic field on solutes, and the
interaction between soil particles and salts dissolved
in ordinary water is not the same as the interaction
between soil particles and salts dissolved in magneti-
cally treated water.

Muraji et al. (1992) also showed that there was an en-
hancement in root growth of maize (Zea mays) by ex-
posing the maize seedling to 50 G magnetic fields at
alternating frequencies of 40-160 Hz. However, there
was a reduction in the primary root growth of maize
plants grown in a magnetic field alternating at 240-
320 Hz. Magnetic fields can also influence the root
growth of various plant species (Muraji et al,, 1992).
Magnetic fields can also influence the root growth of
various plant species (Muraji et al.,, 1992). Kochmar-
sky (1996) indicated that the effective magnetic induc-
tion for water treatment ranged from 1,000 to 6,000
G. Kochmarsky (1996) also pointed out that 4,000 to
5,000 G could attain the efficiency of 60% to 80% when
applied on heater and low—pressure boilers. Mahesh-
wari and Grewal (2009) monitored and recorded the
magnetic flux densities inside the treatment pipe
where the actual treatment occurs and the values of
magnetic field strength obtained ranged from 35 to
1,360 G.

The objectives of this study were 1) to determine the
effect of deficit irrigation (water stress) on the vegeta-
tive growth of tomato plants irrigated by magnetised
water; and 2) to determine the effect of deficit irriga-
tion on the yield of tomatoes irrigated by magnetised
water.

Materials and Methods

The study was carried out in the Department of Ag-
ricultural and Biosystems Engineering, University of
llorin, Ilorin, Kwara State, Nigeria. llorin lies on the
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latitude 8°30'N and longitude 4°35'E at an elevation of
about 340 m above the mean sea level (Ejieji and Ad-
eniran, 2009). llorin is in the Southern Guinea Savan-
nah Ecological zone of Nigeria with annual rainfall of
about 1,300 mm. The wet season begins towards the
end of March and ends in October while the dry sea-
son starts in November and ends in March (Ogunlela,
2001). The temperatures from the wet and dry bulb
thermometer in the transparent garden shed where
the tomato plants were grown between 23 Septem-
ber 2014 and 30 January 2015 varied from 16.5°C to
30.0°C (wet bulb) and 23.5°C to 38.0°C (dry bulb) with
relative humidity of 50% to 90%.

The mean value of magnetic flux density used in this
study was 719 G (0.0719 T) inside the treatment pipe
produced from an electromagnet. The value of ma-
gnetic flux density corresponding to 719 G between
two magnetic cores without air gap was 4,310 G. The
tomato plants (variety UC82B) were firstly planted in
two buckets at the nursery stage; one bucket was ir-
rigated with magnetised water, while the other bucket
was irrigated with non-magnetised water. The tomato
plants were transplanted into 16 buckets (1 tomato
stand per bucket) after 26 days at the nursery stage.
They were grown in a transparent garden shed for
another 94 days and irrigated with magnetised water

Table 1
Chemical properties of the soil used
Element Sample A
1 2

pH 6.0
N (%) 0.58
P (mg/kg) 251
Ca? (cmol/kg) 1.28
Mg? (cmol/kg) 0.92
K* (cmol/kg) 2.20
Na* (cmol/kg) 1.03
Organic matter (%) 1.56
Organic carbon (%) 0.90

C.E.C (meg/100g of soil) 5.63
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(magnetically treated water). A control experiment
was also set up with 16 buckets (1 tomato stand per
bucket) irrigated with non-magnetised water. The tre-
atments for this study were 100%, 80%, 60% and 50%
of water requirement (with 1.3 litres at 100%) by the
tomato plants, and the four treatments were labelled
T,, T, T; and T,, and each treatment was replicated
four times in the transparent garden shed. A control
experiment was also set up in the garden shed and
CRD experimental layout was used with 16 buckets
for each set up. The soil used in this study was loamy
sand with percentage contents of silt, clay and sand
8.67%, 5.76% and 85.57%, respectively. The chemical
property of the soil used is shown in Table 1.

The north and south poles of the electromagnetic
cores on the treatment pipe seat in this study were
alternated for effective treatment of irrigation water
by the magnetic field (McMahon, 2009). The irrigation
water was allowed to pass through the treatment pipe
four (4) times for duration of 113 s. The circulation
flowing method through the electromagnet shown
in Platel was used for effective treatment as stated
by Chern (2012). The growth (height), stem thickness
(diameter) and yield of the tomato plants during the
vegetative growth were monitored and recorded.

Sample B Sample C Mean
3 4 5
5.8 5.6 5.8
0.63 0.71 0.64
2.46 3.25 2.74
1.14 1.68 1.37
0.58 1.01 0.84
211 2.42 2.24
1.24 1.18 1.15
1.15 1.22 1.31
0.67 1.01 0.86
5.12 b.46 5.74
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Determination of water requirement
by the tomato and irrigation interval

Water requirement of tomato plants is the amount of
water required to meet the required evapotranspira-
tion, photosynthesis and metabolic processes. Crop
evapotranspiration, depth of water required to bring
the soil to field capacity at the beginning of the expe-
riment, available water, wilting point, net depth of ir-
rigation, irrigation interval, volume of water required
daily by tomato plants and volume required in a 3-day
irrigation interval for two stands of the tomato plant
were determined using Equations (1), (2), (3), (4), (5),
(6) and (7) respectively.

ETc =K, xET,

D, :,o,,[FC—(a1 D,
P\ 100

AW = B FCWPY
p, L 100

wp— FC
F

I = d,
ETc

Vy =K. XET,xC x4,

y

days

=V, XN, xI,

where

ET. is the crop evapotranspiration (mm/day), K_ is the
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crop coefficient, ET, is the reference evapotranspirati-
on (mm/day), D; is the depth required to bring mois-
ture content to field capacity at the beginning of the
experiment (mm), p,is soil bulk density (g/cm?), p,, is
the density of water (g/cm?), FC is the field capacity of
the soil (%), 8 is the moisture content of the soil prior
to irrigation (%), D, is depth of the bucket (mm), Aw is
the available water (mm), WP is the wilting point (%),
F is a factor ranging from 2.0-2.4 depending on the
percentage of silt in the soil. The value of F used was
2.2 and the wilting point was calculated to be 12.26%
when field capacity (FC) was 26.98%. A 1.30 litres of
water was determined as the water required by two
stands of the tomato plant for a 3-day irrigation in-
terval.

Statistical analysis for the yield of tomato by paired
t test

The paired t test was done to find out if the yield of to-
matoes produced by magnetically treated water (MTW)
was statistically significant or not when compared
with the yield of tomatoes produced by non-magne-
tically treated water (NMTW). The difference between
the two mean yields of the tomatoes irrigated by MTW
and NMTW was determined and then used to compute
standard deviation, standard error and the t test value
using Equations (8), (?a) or (9b), (10) and (11), respec-
tively, as given by Montgomery et al. (1998).

g-24
n
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d
tcal = 57
Er

where

d is the mean of the difference from the data x, and x,,
xd is the summation of d, n is the number of the ob-
servations, 6 is the standard deviation, &, is the stan-
dard error and t_, is the calculated value of t which
was compared with the Table value (t,,) of obtained
from Montgomery et al. (1998).

Results and Discussion

Vegetative growth and stem diameter

The results of this study revealed that using magnetic
flux density of 719 G for treating irrigation water has an
effect on the vegetative growth and the stem thickness
of tomato plants. Tomato plants which were irrigated
with magnetically treated water grew faster and had a
bigger stem diameter than those irrigated with non-ma-
gnetically treated water (NMTW) as shown in Tables 2

Table 2
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and 3. Tomato plants irrigated with magnetically treated
water also matured faster and the first harvest occurred
on day 77 after planting but harvesting started day 85
after planting with non-magnetised water. Reduction in
time of maturity (early maturity by about two weeks) of
plants irrigated with magnetically treated water was in
agreement with the research conducted by Maheshwa-
ri and Grewal (2009) and Sellim (2008). The pictures of
tomato plants 40 days after planting irrigated with MTW
and NMTW are shown in Figures 1 and 2. The growth of
tomato plants irrigated with MTW under deficit irrigati-
on (water stress) was not statistically significant when
the calculated value of F was 2.44 while the Table value
was 3.49 at a 5% significance level, as shown in Table 4.
The growth rate (height) of tomato plants irrigated with
NMTW under water stress was statistically significant
when the calculated value of F was 8.97, but the Table
value of F was still 3.49 at a 5% significance level, as
shown in Table 5. This means that magnetised water re-
duced the effect of water shortage (deficit irrigation) on
the growth of tomato plants because the effect was not
statistically significant. The statistical analysis for the
tomato plant irrigated with non-magnetised water with
deficit irrigation had a significant effect on the growth of
the tomato plants.

Mean height of tomato plants treated with magnetised water and non-magnetised water

Tomato plant height (mm)

Date D;);S:ger Type of treatment . . . T
1 2 3 4
1 2 3 4 5 6 7

30/10/2014 37 Magnetically treated water 3363 300.0 320.0 348.8
30/10/2014 37 Non-magnetically treated water 282.5 240.0 250.0 2150
03/11/2014 41 Magnetically treated water 415.0 376.3 4163 4525
03/11/2014 41 Non-magnetic treated water 385.0 3338 3438 290.0
09/11/2014 47 Magnetic treated water 545.0 5375 540.0 5238
09/11/2014 47 Non-magnetically treated water 531.3 487.5 505.0 3725
12/11/2014 50 Magnetic treated water 628.8 630.0 600.0 562.6
12/11/2014 50 Non-magnetically treated water 601.3 578.8 557.5 4475

T, = 100% water requirement supplied, T, = 80%, T, = 60%, and T, = 50%. Tomato plants were transplanted on 19 October
2014 after 26 days at the nursery (planted on 23 September 2014).



Table 3

Mean diameter of
the stem of tomato
plants irrigated with
magnetised water
and non-magnetised
water measured 30
mm above the soil
level

Table 4
ANOVA for the
height of tomato
plants with
magnetised water

Table 5

ANOVA for the
height of tomato
plant with non-
magnetised water

Fig. 1
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Date Days gfter Type of treatment Stem diameter of tomato plant (mm)
planting T, T, T, T,
1 2 3 4 5 6 7
01/11/2014 39 Magnetically treated water 4.58 4.50 453 4.30
01/11/2014 39 Non-magnetically treated water | 4.20 4.04 3.73 3.48
09/11/2014 47 Magnetic treated water 7.18 7.70 7.53 7.23
09/11/2014 47 Non-magnetically treated water 6.95 7.25 6.75 5.85
T,, T, T;and T, were as previously as in Table 3.
Source of Degree of freedom | Sumofsquare | Meansquare | Calculated Tabular F at P
error D.F (SS) (MS) F <5%
1 2 3 4 5 6
Treatment 3 120.797 40.27 2.44 3.49
Error 12 197.917 16.49
Total 15 318.714
Source of Degree of freedom | Sum of square | Mean square | Calculated Tabular F at
error (D.F) (SS) (MS) F P <5%
1 2 3 4 5 5
Treatment 3 558.375 186.125 8.97 3.49
Error 12 248.875 20.74
Total 15 807.25
Fig. 2

Tomato plants irrigated with magnetically treated water

Tomato plants irrigated with non-magnetically treated water
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Tomato yield

The results of the yields obtained from magnetically tre-
ated water and the yields from non-magnetically treated
water at 100%, 80%, 60% and 50 % water requirements
are shown in Table 6. The total yields of tomatoes from
magnetically treated water with 100%, 80%, 60% and
50% water requirements were 587.8 g, 441.7 g, 410.7
g and 312.4 g per bucket (g/tomato stand), respecti-
vely, while the yields from non-magnetically treated
water were 439.9 g, 379.5 g, 374.6 g and 236.6 g per
tomato stand, respectively. Magnetically treated water
produced a higher yield than non-magnetically treated
water because MTW can alleviate the effect of water
stress or deficit irrigation on crop (Anand et al. 2012,
Aoda and Fattah, 2011). The yield of tomatoes irrigated
with magnetised and non-magnetised water is shown
in Figure 3. The variation of the tomato yields from ma-
gnetically treated water based on percentage levels of

Tomato yield irrigated with
magnetised water (g)
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water requirement applied as the treatments was not
statistically significant because the calculated value of
F (F., =1.24) was lower than the Table value (Fy,, = 3.49
at p = 5%), and that of non-magnetised water was not
significant as well, as shown in the ANOVA Tables 7 and
8. The percentage increments in yields of tomato with
magnetically treated water for T,, T,, T, and T, were
33.62%, 16.44%, 9.64% and 32.09%, respectively, when
compared with the yields obtained from the non-ma-
gnetically treated water. The increment in the yield of
tomato plants irrigated with magnetically treated water
was in agreement with the results obtained by other re-
searchers (Babu, 2010, Dhawi, 2014, Maheshwari and
Grewal, 2009 and Moussa, 2011).

With the paired t test statistical analysis to com-
pare the yield of tomato plants irrigated with MTW
and NMTW, the calculated value of t (t_) was 3.367,
while the Table value of t (t;,,) was 3.182 when the

Tomato yield irrigated with Table 6

non-magnetised water (g) Tomato yield from

Row the water stress
T, T, T, T, T, T, T, experiment
1 2 3 4 5 7 8 9
1 155.5 101.0 223.6 85.6 90.9 86.0 150.1 100.5
2 115.2 169.9 77.8 108.3 170.9 141.9 16.2 20.6
3 190.2 64.2 61.8 78.0 159.6 97.8 117.9 97.5
4 126.9 106.8 47.5 40.5 18.5 53.8 90.4 17.9
Total 587.8 441.9 410.7 312.4 439.9 379.5 374.6 236.5
Mean 146.95 110.48 102.68 78.10 109.98 94.88 93.65 59.13
T, = 100% water requirement supplied, T, =80%, T,=60% and T,=50%.
MW = magnetised water (treated with 719 G) and NMW = non-magnetised water.
Source of Degree of Sum of Mean square | Calculated F | Tabular F at Table 7
error freedom (D.F) square (SS) (MS) p<5% ANOVA for the yield
1 2 3 5 6 of tomato with
magnetically treated
Treatment 3 9,743.94 3,247.98 1.24 3.49 water
Error 12 31,468.44 2,622.37
Total 15 41,212.38
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degree of freedom was 3 at a = 0.05 (o = 5/2 = 0.025)
(t= 3.367 > ty,, = 3.182). This means that the yield
of tomato plants produced using magnetised water to
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irrigate the tomato plants was statistically significant
when compared with the yield of tomato plants pro-
duced using non-magnetised water.

Table 8 Source of Degree of Sum of square Mean square Calculated Tabular F at
ANOVA for the error freedom (D.F) (SS) (MS) F p<5%
yield of tomato
with non- 1 2 3 4 5 6
magnetically
treated water Treatment 3 5,551.78 1,850.59 0.63 3.49
Error 12 35,043.79 2,920.32
Total 15 40,595.59
Fig. 3
Tomato yield from 700
the water stress
experiment irrigated 500
with magnetised \
water (MW) and <00
non-magnetised . \\\
water (NMW). g 00 \ T, T, Ty and
2 T, were as
% 100 ——MW . |
£ MW previously as
= in Table 3.
200
100
0
T1 T2 T3 T4
Water requirement supply (%)
Conclusion

Magnetic treatment of irrigation water has an effect on
the vegetative growth of tomato plants by increasing
the rate of growth and the yield of tomatoes under de-
ficit irrigation. The heights of tomato plants irrigated
with magnetised water after 50 days for 100%, 809%,
60% and 50% water requirement were 628.8 mm, 630.0
mm, 600.0 mm and 562.6 mm, respectively, and the
yields after 130 days were 587.8 g, 441.9 g, 410.7 g and
312.4 g per tomato stand, respectively. The heights of
tomato plants with non-magnetised water were 601.3

mm, 578.8 mm, 557.5 mm and 447.5 mm, respectively,
and the yields for T,, T,, T, and T, were 439.9 g, 379.5 g,
374.6 g and 236.6 g per tomato stand, respectively. The
increment in the yield with magnetised water varied
from 9.64% to 33.62% compared with the yield from
non-magnetised water and the effect of magnetic water
on the tomato yield was statistically significant. Magne-
tic flux density of 719 G inside the treatment chamber
was adequate for the treatment of irrigation water and
increased the yield of tomato by 9.64% to 33.62%.
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Gauta:

Nepakankamo drékinimo poveikis pomidory 2016 m. vasaris
. - . L. i dai:

(Solanum lycopersicum) augimui, drékinant T e oo

magnetizuotu vandeniu

Kamorudeen Olaniyi Yusuf ir Ayodele Olanrewaju Ogunlela
llorino universitetas, Zemés Tkio ir biologiniy sistemy inZinerijos katedra, Nigerija

Sis tyrimas buvo atliktas siekiant nustatyti nepakankamo drekinimo poveikj vegetatyviniam pomidory
(Solanum lycopersicum) auginimui ir derliui. Drékinama buvo magnetizuotu vandeniu, kuriam magne-
tinis laukas sukuriamas elektromagnetu. Magnetinio srauto tankis, naudojamas drékinimo vandens ap-
dorojimui, sieké 719G. Pomidory daigai (veislé UC82B), po 26 dieny daiginimo periodo, buvo persodinti
16 kibiréliy (1 pomidory daigas vienam kibirui). Pomidorai buvo auginami po skaidriu sodo stogu dar 94
dienas ir drékinami magnetiskai apdorotu vandeniu. Kontrolinis eksperimentas taip pat buvo vykdomas su
pomidory augalai buvo drékinami 100%, 80%, 60% ir 50% vandens poreikio (kai 1,3 litro priskiriama 100%).
Atitinkamai buvo pazymeéti keturi eksperimentai — T1, T2, T3 ir T4. Pomidory aukstis su magnetizuotu
vandeniu po 50 dieny buvo atitinkamai 628,8 mm, 630,0 mm, 600,0 mm ir 562,6 mm, o pomidory derlius
po 130 dieny buvo 587,8 g, 441,9 g, 410,7 g ir 312,4 g iS vieno pomidory daigo. Pomidory daigy aukstis be
magnetizuoto vandens buvo atitinkamai 601,3 mm, 578,8 mm, 557,5 mm ir 447,5 mm, o T1, T2, T3 ir T4
derlius buvo 439,9 g, 379,5 g, 374,6 g ir 236,6 g i$ vieno pomidory daigo. Derliaus iSeiga su magnetizuotu
vandeniu padidéjo nuo 9,64% iki 33,62%, lyginant su nemagnetizuoto vandens iSeiga, 0 magnetizuoto van-
dens poveikis pomidory derliui buvo statistiSkai reikSmingas.

Raktiniai ZodZiai: drékinimo trikumas, magnetizuotas vanduo, pomidorai.



