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Abstract

The application of magnetic technology to agricultural productions is considered 
new breakthroughs to the enhancement of food production. However, studies about its 
application on the hydroponic system of production on high valued crops are limited. Hence, 
the present study assessed the effect of magnetically-treated water on the growth and 
yield parameters of lettuce in hydroponic system. Magnetic device with different number 
of permanent magnets was used to magnetize irrigation water in the hydroponic system. 
Uniform and healthy seedlings are transplanted and arranged completely randomized 
design. Magnetically treated water enhanced the growth and yield parameters of lettuce 
such as weekly height, leaf area, fresh weight, and root length. The height, leaf area, fresh 
weight, and root length increased up to 44.30%, 199.93%, 50.72%, and 37.00%, respectively 
vs. the control. Results revealed that magnetic treatment for water in hydroponic system has 
potentials to increase the growth of lettuce and consequently its yield.
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1.0 Introduction
In the recent years, concerns on food security 

have grown accompanied by abrupt increase in 
food price focusing attention on increasing food 
demand and in what way this will be addressed 
(Linehan, Thorpe, Andrews, Kim, & Beaini, 2012).  As 
projected by the Food and Agriculture Organization 
of the United Nations (2009), the global population 
by the year 2050 would demand an estimation of 
more than 70 percent greater food demand than 
what is produced today (Linehan et al., 2012).  All at 
once, it is projected that fifty percent (50%) of the 
land fit for growing crops around worldwide will be 
unworkable for crop production (United Nations, 

2017). Accordingly, productions of food have to 
be increased by 110% to address high demand 
(Gashgari, Alharbi, Mughrbil, Jan, & Glolam, 2018).  
The Philippine government, along with other 
nations, adopted the 2030 Agenda for Sustainable 
Development in 2015 with a common goal of 
ending hunger, achieving food security, improving 
nutrition and promoting sustainable agriculture 
(Briones, Antonio, Habito, Porio, & Songco, 2017).

Because of the growing population, 
specifically in the Philippines, it is vital to increase 
the production of crops.  Besides, area of cultivated 
land is decreasing, and portion of it is being 
utilized to construct infrastructures for the growing 



1 6 D e c e m b e rR e c o l e t o s  M u l t i d i s c i p l i n a r y  R e s e a r c h  J o u r n a l

population.  Hence, the challenge is to produce 
more food with less soil and water. Furthermore, 
natural disasters exacerbate this situation and 
unrestricted application of chemicals for crop 
growing purposes caused the decrease in the 
fertility and quality of soil (Barman, Hasan, Islam, 
& Bauu, 2016) resulting to water scarcity and low 
yield.  The growing need for food in the Philippines 
puts pressure in land use, forest degradation, and 
natural resources.  This destruction attributes 
to food production (Gabriel& Mangahas, 2017).   
To sustain human needs, the development of 
new food production technology is essential 
(Pascual, Lorenzo, & Gabriel, 2018) and other 
farming methods for food production should be 
used to prevent food crisis in the coming years 
(Gashgari et al., 2018). Food productions could 
be increased in many folds through applications 
of technological interventions (Agrawal & Jacob, 
2010). Thus, developing new approaches to 
decrease consumption of water and soil for crop 
production is of significant importance. These 
made the researchers to develop an approach such 
as soil-less cultivation systems, commonly known 
as hydroponic, and the application of magnetic 
water in agriculture.

Hydroponics is a culture technique in which 
plants grow in a soil-less media but use a liquid or 
a water solution.  Hydroponics is a viable method 
of producing different kinds of vegetables (lettuce, 
tomatoes, cucumbers, and bell peppers, straw 
berries, honeydew melons, celery, Mediterranean 
and Asian herbs and Asian greens) along with 
ornamental plants, and foliage plants (Dunn, 2013; 
Sace & Estigoy, 2015).  A great number of crops 
or vegetables and plants can be grown through 
hydroponic culture system.  The quality of produce, 
palatability and nutritive value of the end products 
are generally higher when compared with the 
usual soil-based farming or cultivation (Barman 
et al., 2016).  The yields of crops grown with 

hydroponic system are significantly higher than 
the crops grown with the soil (Sace & Natividad, 
Jr., 2015).  This cultivation technique is sustainable 
because it is cost-efficient, clean and eco-friendly.  
In addition, it is widely accepted all over the world, 
regardless whether developed or developing 
countries. Reviews of studies conducted related 
to hydroponics by Alatore-Cobos et al. (2014); 
Ferguson, Saliga III and Omay (2014); Pascual et al. 
(2018); Gashgari et al. (2018); Sardare and Admane 
(2013); and Sace & Estigoy, (2015) showed that 
the technology could increase crop productivity 
and is promising to meet increasing food demand 
with scarce water resource and decreasing 
arable land for food production. Further, sensory 
evaluation for hydroponically grown lettuce is 
comparable with conventionally grown lettuce 
(Murphy, Zhang, Nakamura, & Omaye, 2011). In the 
Philippines, despite the problems caused by high 
temperature and low relative humidity, planting 
lettuce in a re-circulating hydroponic system is 
still profitable as manifested by the yield of crops 
grown in hydroponics system to be three to four 
times higher than crops grown with soil (Sace & 
Natividad, Jr., 2015).

Moreover, magnetic water treatment (MWT) 
techniques have shown potential as a promising 
technology in different areas, especially agriculture 
(Ali & Samaneh, 2017).  The application of the 
magnetized water technology is regarded as 
a promising innovative technique to enhance 
crop water-use efficiency and productivity.  The 
utilization of magnetized water would enable great 
and more quantity and qualitative agricultural 
production (Hozayn & Amir Mohamed Saeed Abdul 
Qados, 2014).  Magnetized water can be obtained 
by way of passing water completely through a 
strong permanent magnet mounted in or on a feed 
conduit pipeline (Mostafazadeh-Fard, Khoshravesh, 
Mousavi, & Kiani, 2011).  Literatures explained that 
the structural arrays of water would be modified 
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when it passes through a magnetic field resulting 
in the increasing intercellular movement (Scaloppi, 
2008).  Magnetic treatment changes hydrogen 
bonding and increased mobility of ions in water 
solution and thus resulting to reduction in EC, TDS 
and increase pH of solutions (Surendran, Sandeep, 
& Joseph, 2016).  This permits the restoration 
of a structure of natural and enhanced water in 
its capability to disband and transport minerals 
resulting to more nutrients absorbed in the water 
(Hachicha, Kahlaoui, Khamassi, N. Misle, & Jouzdan, 
2018; Grewal & Maheshwari, 2011; Mohamed & 
Ebead, 2013; Eitken & Turan, 2004).  This process 
may result in higher nutrient uptake, increasing 
the physiological processes in crop production 
(Scaloppi, 2008).  Other researchers quoted 
changes in physical and chemical properties of 
water such as hydrogen bonding, conductivity, 
polarity, refractive index, surface tension, pH 
and solubility of salts when water is exposed 
to magnetic field (Chang & Weng, 2008).  These 
changes might activate the hormones and enzymes 
faster during growth process which may result in 
an improved mobilization and transportation of 
nutrients and bring out biological activity in plants 
and consequently influence plants resulting to an 
improved growth and yield (Maheshwari & Grewal, 
2009; Surendran et al., 2016). Various studies 
have claimed the beneficial effects of magnetic 
water in many farming situations.  According 
to the study conducted by Hozayn et al. (2010), 
the yield of beans, mung bean, and groundnut 
increased between 11-47% when irrigated with 
magnetized water.  Improvements of germination, 
plant growth, flower and a 26.67% increase in fruit 
yield of banana (Patil, 2014), enhanced seedling 
lengths, fresh and dry weights, and chlorophyll 
content of turnip (Haq et al. 2016) when irrigated 
with magnetized water. Crop growth and yield 
parameters of cowpea brinjal have improved when 
using magnetized water (Surendran et al., 2016).  

Root growth of different plant species is influenced 
by magnetically treated water (Turker, Temerci, 
Battal, & Erez, 2017).  Hozayn, Abd El Monem, Abd 
El-Fatah Elwia, and El-Shatar (2014) reported that 
application of magnetized water could lead to 
better crop yield and water productivity of different 
crops like wheat, Faba bean, chickpea, lentil, canola 
and flax.  An increase in the foliate area of lettuce 
compared to plants grown in the hydroponic 
system was observed when the electric field is 
applied (Castañeda, Patiño,M., Patiño, J., Aleman, 
& Torres, 2016).  Significant positive effect of the 
application of the magnetic technology is revealed 
in different crop growth parameters (Selim& El-
Nady, 2011; Dagoberto, Angel, & Lilita, 2002; 
Moon& Chung, 2000; Socorro & Carbonell, 2002; 
Pittman, 1977).  Literature indicates that there are 
feasibly positive effects of magnetic field treatment 
of water on plant growth, yield and other related 
parameters.

Previous studies reported the potential of 
the two (2) technologies (hydroponic system 
technology and magnetic water technology) 
separately as a technological intervention in 
increasing food production for different crops 
in many folds.  Shukla, Wagh, Vaishamapayan, 
Gaopande, and Vishnoi (2016), conducted a 
laboratory scale experiment in determining the 
effects of magnetic field in wheatgrass grown in 
hydroponic system using permanent magnets (500 
Gauss) positioned directly under the roots of the 
wheatgrass.  Castañeda et al., (2016), conducted 
an experiment on the response of lettuce grown 
in hydroponic system as affected by electric field 
on a laboratory scale.  However, this method of 
magnetization is not for long term as it is affected 
by the availability of electricity, number of turns 
in the coil, and current density (Hilal, M.H. & Hilal, 
M.M., 2000; Majid, 2009). This presents that there 
are limited studies reported on the result of utilizing 
magnetically treated water on crops grown in the 
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Figure 1. Actual set-up of the experiment

hydroponic system, specially using high valued 
crops. The present study evaluated the growth and 
yield response of lettuce grown in a hydroponic 
system of production under field conditions, as 
affected by magnetically treated irrigation water 
using permanent magnets.

2.0 Methods
Preparation of the Nutrient Solution

The nutrient solution was prepared using 
nineteen litres of water. The three types of fertilizer 
(master blend 4-18-38; calcium nitrate and 
magnesium sulfate) were diluted separately in a 
three (3) one-litre capacity containers according 
to manufacturer’s recommendation. After diluting 
each fertilizer in a separate container, it was 
thoroughly mixed in the nineteen litres of water 
initially prepared.

Magnetic Field Simulator
The magnetization was done using a 

permanent magnetic device as shown in figure 1. 
There were two types of magnetic devices used 
separately to treat water solution.  The magnetic 
devices consisted of identical magnets but of 
different number of permanent magnets. The first 
magnetic device consisted of four (4) permanent 
magnets, while the second magnetic device 
consisted of six (6) permanent magnets.  A 46-
cm long PVC pipe of 1.27 cm in diameter passed 
through the magnetic devices. The submersible 
pump allows the water solution to circulate 
within the system, causing the water solution to 
pass through the magnetic field many times. The 
water was treated magnetically using the two 
magnetic devices and denoted as T1 (4 magnets) 
and T2 (6 magnets), whereas T0 (untreated water) 
as the control. The schematic diagram of the 
magnetization process used in the study is shown 
in figure 2.

Figure 2. The schematic diagram of the 
magnetization process used in the study

Agronomic Practices and Sowing
The study secured lettuce (Lactuca sativa L.) 

seeds from an agricultural supply outlet. Before 
sowing, the seeds were evaluated manually for 
any defects that may cause low germination. Seed 
selection discarded defective seeds and the good 
seeds are sown in seedling trays (50% garden soil 
and 50% vermin compost).  Two weeks after sowing, 
transplanting was done using the planting media. 
The planting media used in this study to hold 
the newly transplanted plants was polyurethane 
foam placed inside a Styrofoam cup, is shown 
in figure 3a.  After transplanting, the Styrofoam 
cups are positioned in the holes provided in a 
piece of plywood. The plywood was used to hold 
the Styrofoam cups in position on top of the 
drum container as shown in figure 3b. The base 
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of the Styrofoam cups (punched with a hole) was 
partially submerged to the water solution inside 
the drum to facilitate the absorption of nutrients 

by the roots. The research experiment was laid out 
in Completely Randomize Design (CRD) with three 
treatments including the control in triplicate.

Figure 3. A photograph showing the (a) planting media inside the styrofoam cups used in the study 
and the (b) position of the styrofoam cups in the plywood on top of the drum spaced 20cm by 20 cm

Response Measurement
After transplanting, the heights of the newly 

transplanted seedlings were measured and 
statistically analyzed to ensure the uniformity 
of heights of the test crop before treatment 
application.  Response measurements include the 
weekly height of the plants starting from the day 
after transplanting until harvesting, the leaf area 
(cm2) of the plants, the fresh weight (g) of plants, 
and the length of roots at harvest. Using a ruler, the 
heights of plants were measured from the base of 
the plant to the tip of the longest leaf.  Leaves of 
the sample plants were taken and measured using 
standard methods of measuring leaves of plants 
of irregular shapes. The fresh weight was taken 
by weighing the plants using a digital weighing 
scale.  The root length (cm) of the plant was taken 
by measuring the root from the neck of the root to 

the tip and shoot from base to tip by using a ruler 
(Iqbal et al., 2013).

Statistical Analysis
The analysis of variance (ANOVA) for each 

parameter was calculated using the embedded 
statistical analysis in office excel 2007. The least 
significant difference (LSD) test at a 1% level of 
probability was applied to test the differences 
among means.

3.0 Results and Discussions
Growth Characteristics

The lettuce in the experiment prior to 
harvesting is shown in figure 4 while figure 5 shows 
the height of crops randomly selected from each 
treatment.
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Figure 4. Photographs showing the experiment prior 
to the final harvest (a) T0 (control), (b) T1 (4 magnets), 

and (c) T2 (6 magnets)

Figure 5. A photograph comparing the heights of 
representative crops from the three treatments

The weekly heights of lettuce grown in 
hydroponic system in response to the utilization of 
magnetically-treated irrigation water for twenty-
eight (28) days are presented in Figure 6. Results 
revealed that irrigation using magnetically treated 

water increased the height of the lettuce.  Seven 
days after transplanting (7 DAT), the height of 
lettuce irrigated with water magnetized with six 
magnets was found to be significantly higher by 
10. 66% than the height of lettuce irrigated with 
magnetized water using four magnets and the 
control, whereas, the height of lettuce irrigated 
with water treated with four magnets was found 
to be comparable with the height of lettuce in 
control.  The height of lettuce irrigated with water 
magnetically treated with six magnets remained 
significantly higher (p<0.01) than the heights of 
lettuce irrigated with water magnetized with four 
magnets and the control, but significant difference 
was observed between the heights of lettuce 
irrigated with water treated with four magnets and 
the control after 14 DAT.  This trend was observed 
continuously until the harvest at 28 DAT. The result 
of the present study revealed that the magnetized 
water positively affects the growth of lettuce in 
hydroponic system as manifested by the significant 
increase in height. It also showed that the height of 
the crop increased with the increase in the number 
of magnets present in the magnetic device.  This 
result could be due to the effects of the magnets 
on the water when magnetized as explained by 
different literatures. The structural arrays of water 
would be modified when magnetized resulting 
to an increase in the intercellular movement.  
Magnetic treatment changes hydrogen bonding 
and increased mobility of ions in water solution and 
thus resulted to reduction in EC, TDS and increase pH 
of solutions (Surendran et al., 2016).  This permits to 
restore a structure of natural and enhanced water 
in its capability to disband and transport minerals 
(Hachicha et al., 2018) resulting to more nutrients 
absorbed in the water (Grewal & Maheshwari, 
2011; Mohamed & Ebead, 2013; Eitken & Turan, 
2004).  This process may result in higher nutrient 
uptake, increasing the physiological processes in 
crop production (Scaloppi, 2008). These changes 
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might activate the hormones and enzymes faster 
during growth process which may result in an 
improved mobilization and transportation of 
nutrients and brought out biological activity in 

plants and consequently influence plants resulting 
to an improved growth and yield (Maheshwari & 
Grewal, 2009; Surendran et al., 2016).

Note: Treatment means in a column that carries the same letter superscript are not significantly different based 
on the least significance difference (LSD) test at a 1% level of probability.

Figure 6. Weekly heights (cm) of lettuce as affected 
by magnetically treated water

This result of using magnetized water on the 
plant height of the test crop used in the present 
study is parallel but better (44.30% higher vs. 
control) than the results of Amira, Qodos, and 
Hozayn (2010) which reported that the height 
common flax irrigated with magnetized water 
increased by 6.01% compared to the control.  
Hozayn, Abdallha, Abd El-Monem, El-Saady, and 
Darwish (2016), observed a significant increase 
of 16.75% and 13.85% in the height of canola 
and wheat, respectively, after irrigating with 
magnetized water over the control.  Several 
research studies have shown that plants heights 
increased significantly in response to magnetic 

field effect against the control (Yusuf & Ogunlela, 
2015; Hozayn et al., 2014; Gudigar, 2013; Selim, 
2008; Aladjadjiyan, 2007).

Parameters T1 T2

Height (cm) at harvest 20.69 44.30

Leaf area (cm2) 80.93 199.93

Fresh weight (g) 14.58 50.72

Root length (cm) 19.16 37.00

Table 1. Percentage effect of using magnetically 
treated water on the growth parameters of lettuce
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An important variable affecting light 
interception for photosynthesis and carbohydrate 
production is the leaf area in a canopy.  The leaf 
areas of the lettuce grown in hydroponic system 
were significantly increased (p<0.01) as results 
of applying irrigation with magnetically treated 
water, as shown in Figure 7.  The leaf areas were 
found to be 1265.6cm2 and 2098.0cm2 for T1 and T2, 
respectively, whereas the control group recorded a 
leaf area of 699.5cm2.  The percentage increments 
in the leaf area were 80.93% and 199.93% for T1 
and T2, respectively against the leaf area of the 
control (Table 1). This result could be due to the 
effects of magnetization on the physical and 
chemical properties of water that positively affect 
the different crop growth parameters (Selim & El-
Nady, 2011; Dagoberto, et al., 2002; Moon& Chung, 
2000; Pittman, 1977).  The result conforms to those 
obtained by El-Yazied, Shalaby, Khalf and El-Satar 
(2011) that applying irrigation with magnetized 
water increases the leaf area of the plants. A parallel 
result was reported by (De Souza, 2005; Novitsky, 
2001; & Khattab, 2000) that magnetically treated 
water improves the leaf size of different seedlings.

Figure 7. Leaf area (cm2) of lettuce at harvest as 
affected by magnetically treated water

Note: Treatment means in the figure that carries the same 
letter superscript are not significantly different based on 
the least significance difference (LSD) test at a 1% level of 
probability.

The fresh weights of lettuce grown in 
hydroponic system in response to the application 
of magnetically treated water as irrigation were 
increased significantly (p<0.01) when compared to 
the control group, T0 (Figure 8). The fresh weights 
of the test crop were found to be 285.3g (14.58% 
higher than T0), 375.3g (50.72% higher than T0), 
respectively, for T1 and T2, whereas the control 
showed a fresh weight of 249.0g.  Hozayn et al. 
(2016) reported a similar effect of magnetized water 
on the fresh weight of wheat. The fresh weight of 
wheat irrigated with magnetically treated water 
increased by 24.52% over the control.  Recent 
studies concerning the effect of using magnetically 
treated irrigation likewise supported the results of 
the present research study, i.e., in turnip 22.76%, 
47.17% and 53.91%, higher fresh weight with 
magnetically treated water (Haq et al., 2016).  
Similar significant effects have been recorded in 
the yield of snow pea and celery when applied 
magnetically treated irrigation water but under 
controlled environment conditions (Maheshwari 
& Grewal, 2009).  This result is consistent with the 
research works of Moussa, (2011), and De Souza, 

T0 = control, T1 = 4 magnets, T2 = 6 magnets

Figure 8. Fresh weight (g) lettuce as affected by 
magnetically treated water

Note: Treatment means in the figure that carries the same 
letter superscript are not significantly different based on 
the least significance difference (LSD) test at a 1% level of 
probability.

T0 = control, T1 = 4 magnets, T2 = 6 magnets
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et al. (2006) which observed the effect of pre-
treatment of seeds with magnetized water as 
irrigation as the leaf, stem, and roots of tomato and 
bean significantly increased compared against the 
control. Further, magnetized water improves the 
fresh weight of different crops (Aladjadjiyan, 2002; 
Selim, 2008).

Figure 9. The length of roots (cm) of lettuce as 
affected by magnetically treated water

Note: Treatment means in the figure that carries the same 
letter superscript are not significantly different based on 
the least significance difference (LSD) test at a 1% level of 
probability.

T0 = control, T1 = 4 magnets, T2 = 6 magnets

The recorded lettuce root lengths were 45.4cm, 
54.1cm and 62.2cm for T0, T1, and T2, respectively as 
presented in Figure 9.  The percentage increments 
in root lengths were 19.16% and 37.00% for T1 and 
T2, respectively, higher than the control (Table 
1). This result could be due to the positive effects 
of magnets on the water when magnetized as 
manifested by better growth of crops. According to 
literatures, the changes in water when magnetized 
improved nutrient mobilization and consequently 
increased the physiological processes in crops. 
This improved root length enables the plants 
to effectively and efficiently absorb water and 
nutrients and consequently result in better yield.  

This result coincides with the work of Haq et al., 
(2016) which revealed an increase in the root 
length of turnip from 6.20% - 14.27% with an 
increasing magnetization dose of irrigation water.  
The root length of Triticum aestivum increased in 
response to magnetic irrigation water treatment.  
Several pieces of research have established the 
effectiveness of the magnetic field on the root 
growth of different plants (Belyavskaya, 2001 & 
2004; Cuartero & Fernández-Muñoz, 1998; Muraji, 
1992; Muraji, Asai, & Tatebe, 1998). Positive effects 
of magnetized water on the growth of roots are 
significant as they seem to induce better capacity 
for water and nutrients uptake, providing more 
significant physical sustenance to the development 
of shoots. Improved growth and development of 
the roots could lead to improved root systems all 
throughout the lifespan of the plants (De Souza et 
al., 2006).

4.0 Conclusion
Based on the analysis of the single run 

experiment, the results of the present study 
established beneficial effects of using magnetically 
treated irrigation water on the growth parameters 
(height, leaf area, fresh weight, and root length) 
of lettuce grown in a hydroponic system.  The 
magnetic treatment of water in the hydroponic 
system increased the height, leaf area, fresh weight, 
and root length of lettuce significantly.  Utilization 
of the magnetic technology could enhance crop 
production with limited resources.

Recommendation
Since the technology is yet for more 

verification especially on field or macro application, 
the researchers recommend that more trials and 
replication be done.
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