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Abstract 

This study was conducted to determine the effect of water stress (deficit irrigation) on the growth and 

yield of tomato irrigated with magnetically treated water (MTW) and non–magnetically treated water 

(NMTW) (control experiment). The tomato (variety UC82B) was planted on 3rd May in 5 buckets and 

transplanted on 1st June, 2014 (29 days after planting) in the 25 buckets (5 treatments and 5 replicates) 

with two stands of tomato per bucket. The water was allowed to flow across a magnetic flux density of 

612 G in a pipe for 113 s and the water was used to irrigate the tomato in a transparent garden shed. The 

magnetic field was produced by electromagnet. The treatments were 100 %, 80 %, 60 %, 50 % and 40 

% of the water requirement labelled as T1, T2, T3, T4 and T5, respectively. The mean heights of tomato 

plant with the MTW 39 days after transplanting and 29 days at nursery before transplanting were 628, 

552, 496, 468, 436 mm, and the total yield 150 days after planting (DAP) were 1480.0, 1021.7, 1008.6, 

778.7 and 430.8 g per 5 buckets of tomato plant, respectively. The corresponding heights of tomato plant 

and the total yield with NMTW were 534, 500, 444, 424 and 418 mm, and 1072.4, 719.1, 522.5, 348.0 

and 228.3 g per 5 buckets of tomato plant, respectively. The increase in yield of MTW compared with 

NMTW for T1 to T5 were 38.0, 42.1, 93.0, 123.6 and 88.7 %, respectively which indicated that the tomato 

performed better with MTW especially when 50 % of water requirement was supplied which gave 123.6 

% yield higher than NMTW under the same deficit irrigation.       
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Introduction                                                                  

       Water is indispensable for crop production. 

It is required for photosynthesis, transpiration 

and it acts as a solvent for plant minerals (macro 

and micro elements) present in the soil. Water is 

usually scarce during dry season for irrigation in 

Nigeria which makes crop production difficult 

during the season. Anand et al. (2012) indicated 

that magnetic treatment of irrigation water can 

alleviate adverse effect of water stress in crop 

because it reduces free radicals production and 

antioxidant enzymes activity. Magnetic 

treatment of water is a new technology in 

Nigeria. It is a modern technology in agriculture 

which is environmentally friendly, boost crop 

yield, improve crop quality and enhance 

effective utilization of the arable land using the 

available water sources for crop production. 

http://dx.doi.org/10.19240/njpas.2016.A21
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Some researchers found out that magnetic 

treatment of water have some benefits in 

agriculture such as increased yield, saves 

water, early maturity of crop, improved 

resistance of plant to diseases, improved crop 

quality, increased fertilizer efficiency and 

reduced cost of farm operation (Babu, 2010; 

Hozayn and Abdul – Qados, 2010; 

Kronenberg, 1985; Lin and Yotvat, 1989; 

Maheshwari and Grewal, 2009). When water 

flows through magnetic field at right angle to 

the field, the structure of the water is altered 

and reduction in surface tension of the water, 

increased minerals dissolvability of water and 

this provide adequate nutrients for plant 

growth (Babu, 2010).      

        Some researchers agreed that magnetic 

treatment of irrigation water can increase the 

crop yield (Chern, 2012; Mohamed and 

Ebead, 2013; Moussa, 2011 and Podlesny et 

al., 2004).  Moussa (2011) indicated that 

magnetically treated water which was treated 

with 300 G (0.003 T) improved quantity and 

quality of common bean crop. He stressed 

further that magnetic water could stimulate 

defense system, photosynthetic activity, and 

translocation efficiency of photoassimilates 

in common bean plants. Noran et al. (1996) 

also pointed out effect of the magnetic field 

on solutes, the interaction between soil 

particles and salts dissolved in ordinary water 

is not the same as the interaction between the 

soil particles and the salts dissolved in 

magnetically treated water. Muraji et al. 

(1992) also showed that there was an 

enhancement in root growth of maize (Zea 

mays) by exposing the maize seedling to   50 

G magnetic fields at alternating frequencies 

of 40 - 160 Hz. However, there was a 

reduction in primary root growth of maize 

plants grown in a magnetic field alternating 

at 240 - 320 Hz. Highest growth rate of 

maize roots was achieved in a magnetic field 

of 50 G at 10 Hz (Muraji et al., 1998).  

Magnetic fields can also influence the root 

growth of various plant species (Muraji, et 

al., 1992, 1998).     

       Kochmarsky (1996) indicated that the 

effective magnetic induction for water 

treatment varied from 1,000 to 6,000 G while 

4,000 to 5,000 G could attain magnetic 

treatment efficiency of 60 to 80% when 

applied on heater and low - pressure boilers. 

Chern (2012) used permanent magnet with 

magnetic field strength of 5,500 G for 

treating water which was used to irrigate 

lady’s finger moench (Okra) plant and the 

effect on plant growth and yield were 

significant. The objective of this research was 

to determine the effect of water stress on the 

growth and yield of tomato irrigated with 

magnetically and non–magnetically treated 

water.  

Materials and Methods 

        Magnetic field used for the treatment of 

irrigation water in this study was produced 

from electromagnet. The electromagnetic 

device was developed using the readily 

available materials in Ilorin, Nigeria. The 

core of the electromagnet has 180 turns of 

coil with 2 cores facing each other as shown 

in Figure 1. The mean magnetic flux density 

used in this study which was measured inside 

the treatment chamber with a gaussmeter 

(Model GM-2 by Alpha Lab Inc) was  612 G. The 

north and south poles of the electromagnetic 

cores on the treatment chamber seat were in 

alternate form for effective treatment of 

irrigation water by the magnetic field 

(McMahon, 2006). The irrigation water was 

allowed to pass through the treatment 

chamber four (4) times for duration of   113 

s. Circulation flow method of the water 

through the electromagnet was shown in 

Figure 1 (Chern, 2012 and Mdsa’at, 2006).  

       The study was carried out between 3rd

May and 30th September, 2014 in the 

Department of Agricultural and Biosystems 

Engineering, University of Ilorin, Ilorin, 

Kwara State, Nigeria. Ilorin lies on the 

latitude 8o30¹N and longitude 4o35¹E at an 

elevation of about 340 m above mean sea 

level (Ejieji and Adeniran, 2009). Ilorin is in 

the Southern Guinea Savannah 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 season starts in November and ends 

in March (Ogunlela, 2001). 

       The experiment consists of 5 treatments 

of water application to tomato plant which 

were 100, 80, 60, 50 and 40 % of water 

requirements. Each treatment was replicated 
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five times. The tomato (variety UC82B) was 

planted on 3rd May in 5 buckets and 

transplanted on 1st June, 2014 (29 days after 

planting) in 25 buckets with two stands of 

tomato per bucket. This tomato plant was 

irrigated with magnetically treated water both 

at nursery stage and after transplanting. 

Similarly, a control experiment was set up 

with two stands of tomato per bucket in 

another 25 buckets but irrigated with non –

magnetically treated water both at the nursery 

stage and after transplanting at the same 5 

levels of water requirements. The tomato 

plant was allowed to grow for 121 days after 

transplanting. A 5 x 5 Latin Square Design 

(LSD) experimental layout was used for the 

allocation of the treatments. The treatments 

for the water application in this study were 

100, 80, 60, 50 and 40 % of water 

requirements by the tomato plant. Each of the 

treatments was replicated five (5) times. The 

magnetic water was treated with a mean flux 

density of 612 G when flowing through the 

treatment chamber.  

Figure 1: Electromagnet for the treatment of irrigation water

Determination of irrigation requirement  

        Irrigation was considered to be done 

when 60 % of available water (AW) was 

depleted in order to have a reasonable effect 

of water stress (deficit irrigation) on the 

growth and yield of tomato. Therefore, net 

depth of irrigation and irrigation interval 

were calculated based on this fraction or 

percentage of AW.  

Crop evapotranspiration (ETc), depth of 

water required to bring the soil to field 

capacity at the beginning of the experiment, 

available water (AW), wilting point (WP), 

net depth of irrigation (di), irrigation interval 

(Iv), volume of water required by tomato 

plant in three (3) days irrigation interval for 

two stands of tomato plant (Vd) were 

determined using Equations (1), (2), (3), (4), 

(5), (6) and (7), respectively.  
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Where; 

ETc = crop evapotranspiration (mm/day) 

kc = crop coefficient 

ETo = reference evapotranspiration (mm/day) 

DF = depth required to bring moisture content to FC at the beginning of the experiment (mm) 

ρb = soil bulk density (g/cm3) 

ρw = density of water (g/cm3) 

FC = field capacity of the soil (%) 

ϴ = moisture content of the soil prior to irrigation (%) 

Db = depth of the bucket (mm) 

Aw = available water (mm) 

WP = wilting point (%) 

Iv is the irrigation interval (day) 

dn is the net depth of irrigation (mm) 

Pn  = percentage of available water supplied during irrigation (fraction, 80% = 0.8) 

Vd = volume of water required by tomato plant (litre/day) 

Cc = crop canopy (%) and 

Ab = area of the bucket (m2). 

    

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 WP was 

calculated to be 12.26 % when FC was 26.98 

%. The values of Kc when the crop canopy is 

80% is 1.05 (Hanson, 2006), Reference 

evapotranspiration (ETo) of Ilorin for the 

North Central zone from the graph by 

Chineke et al. (2011) for peak value during 

the month of May of the year  was 4.7 

mm/day,                               Ab = 0.05433m2. 

The values ETc, AW, dn and Iv were 

determined as follows:  
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Therefore, 1.30 litres of water was 

determined as the water required by two 

stands of tomato plant for 3 days irrigation 

interval and 80 % crop canopy and at 100 % 

water requirements but 0.52 litre was 

calculated as the water requirement at 40 %. 
 

Statistical analysis for the tomato yield 

irrigated with magnetically treated water 

using  

LSD 

The effects due to row, column and 

treatment in the Latin Square Design were 

calculated by Sum of square row (SSR), 

Sum of square column (SSC), Sum of square 

treatment (SSTR) and Sum of square total 

(SSTO) using Equations (8), (9), (10) and 

(11), respectively while correction factor 

(C.F) and sum of square error (SSE) were 

respectively determined using Equations 

(12) and (13).                
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Paired t – test for tomato yield from first 

water stress experiment 

The paired t – test was also done to know if 

the yield of tomato produced by magnetically 

treated water was statistically significant or 

not when compared to the yield of tomato by             

non – magnetically treated water. The 

difference between the two mean of the 

results was determined and then used to 

compute standard deviation, standard error 

and t – test value using Equations (14), (15a) 

or (15b), (16) and (17), respectively as given 

by Montgomery et al. (1998).  
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Where; 

͞d = mean of the difference from the data x1 and x2

Σd = summation of d 

n = number of the treatments (observations) 

δ = standard deviation 

δEr = standard error and 

tcal = calculated value of t which was compared with the Table value of tTab. 

The data of tomato yield for the computation of t – test value is shown in Table 1. 

Table 1: Data of tomato yield for paired t – test statistical analysis 

Treatment MTW(x1) NMTW(x2) d =  x1–x2 d2 

100 % 1480.0 1072.4 407.6 166137.76 

80 % 1021.7 719.1 302.6 91566.76 

60 % 1008.6 522.5 486.1 236293.21 

50 % 778.7 348.0 430.7 185502.49 

40 %  430.8 228.8 202.5 41006.25 

n = 5 Σd = 1829.5 Σd2  = 720506.47 
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9.365
5

5.1829
d          using Equation (14) 

Standard deviation was calculated using Equation (15b) 
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Results and Discussion   

Vegetative growth and tomato yield 

        The results of this study showed that 

magnetic flux density of 612 G for treating 

irrigation water has effect on the water, 

increased vegetative growth, increased stem 

diameter and yield of tomato. The pictures of 

vegetative growth of tomato plant irrigated 

with magnetically and non-magnetically 

treated water two weeks after transplanting 

were shown in Figures 2 and 3. The heights 

of tomato plant measured during the 

vegetative growth for the treated and 

untreated water was shown in Table 2. The 

stem diameter of the tomato plant measured 

30 mm above the soil level in the bucket and 

the yield of tomato for the treated and 

untreated water were shown in Tables 3 and 

4, respectively. The treatments used were 

100, 80, 60, 50 and 40 % of water 

requirements by tomato which were applied 

affected the yield. The effect of water stress 

as the treatments using magnetically treated 

water was statistically significant with 

calculated F value was 4.35 while the Table F 

value was 3.26 as shown in ANOVA Table 5. 

The effect of water stress as the treatments 

with non – magnetically treated water 

(control experiment) was also statistically 

significant with calculated value F of 10.74 

greater than Table value of F of 3.26 as 

shown in Table 6. This means that water 

stress (deficit irrigation) affected the yield 

because tomato plant needed water for 

evapotranspiration and metabolic processes. 

The effect of water stress on the yield was 

more significant with non – magnetic treated 

water than the magnetic treated water.        

       The yield of the tomato shown in Table 4 

indicated that magnetically treated water 

increased the yield by 38.0, 42.1, 93.0, 123.8 

and 88.7 %. With the paired t – test statistical 

analysis, the calculated value of t (tcal) was 

7.239 while the Table value of t (tTab) was 

2.776 when degree of freedom was 4 at α = 

0.05 (α = 5/2 = 0.025 for paired t – test) (tcal = 

7.239 ˃ tTab = 2.776). This means that the 

yield of tomato produced using magnetically 

treated water to irrigate the tomato was 

statistically significant when compared to the 
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yield of tomato produced using non –

magnetically treated water. The value of tTab

was obtained from Montgomery et al. (1998). 

       The result shows that magnetically 

treated water has a positive effect on tomato 

plant and improved the yield under deficit 

irrigation as supported by Anand et al. (2012) 

that magnetic treatment of  irrigation water 

alleviate adverse effect of water stress in crop 

because it reduces free radicals production 

and antioxidant enzymes activity. The graph 

in Figure 4 showed that the yield of tomato 

from magnetically treated water was higher 

than the yield of tomato from non –

magnetically treated water when the same 

quantity of water was applied to the tomato 

plant. The results of this study confirmed that 

magnetic treatment of irrigation water 

increased crop yield which was in agreement 

with work done by other researchers (Babu, 

2010; El – Sayed and Sayed, 2014; Hozayn 

and Abdul – Qados, 2010; Lin and Yotvat, 

1989; Maheshwari and Grewal, 2009 and 

Selim, 2008).  

Table 2: Mean height of tomato irrigated with magnetically and non-magnetically treated     

water                

T1 = 100 % water requirement supplied, T2 = 80 %,   T3 = 60 %,   T4 = 50 % and T5 = 40 %. 

Table 3: Mean diameter of the stem of tomato irrigated with magnetically and 

non – magnetically treated water measured 30 mm above the soil level. 

Date  DAP  Type of treatment Tomato plant height  (mm)  

T1 T2 T3 T4 T5 

13/06/2014 41 Magnetic treated water 360 296 310 340 308 

41 Non – magnetic treated water 210 202 160 220 216 

23/06/2014 51 Magnetic treated water 482 394 409 380 342 

51 Non – magnetic treated water 364 340 304 320 323 

02/07/2014 60 Magnetic treated water 584 486 458 426 374 

60 Non – magnetic treated water 472 434 412 400 388 

10/07/2014 68 Magnetic treated water 628 552 496 468 436 

68 Non - magnetic treated water 534 500 444 424 418 

Date DAP Type of treatment Diameter of the stem of tomato (mm) 

T1 T2 T3 T4 T5 

02/07/2014 60 Magnetic treated water 7.78 7.12 6.22 7.34 5.67 

60 Non - magnetic treated water 6.71 7.12 5.36 5.60 5.30 

10/07/2014 68 Magnetic treated water 8.58 8.07 7.27 7.79 7.12 

68 Non - magnetic treated water 7.30 7.68 6.50 6.37 5.79 
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Table 4: Tomato yield from magnetically and non – magnetically treated water                      

Column MTW (g) NMTW (g)  

T1 T2 T3 T4 T5 T1 T2 T3 T4 T5 

1 618.7 493.3 194.1 141.3 117.8 223.7 117.9 140.2 53.9 96.4 

2 156.0 202.1 185.4 57.2 59.0 306.0 101.2 91.1 32.7 20.0 

3 159.1 55.9 119.9 336.9 132.2 246.0 165.8 74.0 73.5 50.2 

4 321.4 78.0 123.0 101.6 57.6 87.0 155.5 75.8 62.9 0.0 

5 224.8 192.4 386.2 141.7 64.1 209.7 178.7 141.4 125.0 61.7 

Total 1480.0 1021.7 1008.6 778.7 430.8 1072.4 719.1 522.5 348.0 228.3 

Mean 296.0 204.3 201.7 155.7 86.2 214.5 143.8 104.5 69.6 45.7 

Table 5: ANOVA for the tomato yield with magnetically treated water 

Source of 

error 

Degree of 

freedom (D.F) 

Sum of 

square (SS) 

Mean 

square (MS) 

Calculated F Tabular F 

at P ≤ 5 % 

Row 4 175,115.875 43,778.97 6.48 3.26 

Column 4 111,846.384 27,961.60 4.14 3.26 

Treatment 4 117,640.954 29,410.24 4.35*  3.26  

Error 12 81,128.934 6,760.74 

Total 24 485,732.148 

* - Effect of the treatment was significant on the tomato yield.  

Table 6: ANOVA for the tomato yield with non – magnetically treated water 

Source of 

error 

Degree of 

freedom (D.F) 

Sum of 

square (SS) 

Mean 

square (MS) 

Calculated F Tabular F 

at P ≤ 5 % 

Row 4 7,725.782 1,931.45 0.94 3.26 

Column 4 12,512.106 3,128.03 1.52 3.26 

Treatment 4 88,522.178 22,130.54 10.74* 3.26  

Error 12 24,717.680 2,059.81 

Total 24 133,477.746 

* - Effect of the treatment was significant on the tomato yield.  
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Figure 2   Tomato plant irrigated with magnetized water after two week of transplanting.                   

Figure 3:   Tomato plant irrigated with non-magnetized water after two week of 

transplanting.  
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Figure 4    Tomato yield under water stress with MTW and NMTW.          

T1 = 100 % water requirement supplied, T2 = 80 %,   T3 = 60 %,   T4 = 50 % and T5 = 40 %,  

MTW = magnetically treated water and NMTW = non – magnetically treated water. 

Conclusion   

Magnetic treatment of irrigation water 

(magnetized water) has effect on vegetative 

rate of growth of tomato plant. The yield of 

tomato under deficit irrigation (water stress) 

by MTW was increased by 38.0 to 123.8 %. 

Magnetic flux density with a mean value of 

612 G inside the treatment chamber (pipe) 

was appropriate for treating irrigation water 

and it improved the growth and yield of 

tomato. 
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