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Abstract

Magnetic fields (MFs) can alter plant growth and development. One way of applying a MF is by magnetizing water, thus creating 
magnetic water (MW). This review focuses on the use of MW in a bid to alter plant growth and development. Irrigation with MW can 
improve the growth and development of plants both quantitatively and qualitatively. It can improve the germination of seeds, early 
vegetative development of seedlings and can also alter the mineral content of seeds or fruits. Therefore, MW could be one of the most 
promising ways of applying a magnetic field in the future to enhance agricultural production in an environmentally friendly way. The 
effect of MW, which depends on the quality and ion-content of the water and on the type of magnetization, is very strongly species- and 
genotype-dependent. Researchers seeking to use MW as an abiotic stress agent, or as a growth-inducing or growth-inhibiting factor 
ought to first test ideal parameters, preferably against the use of permanent magnets with sustained magnetism, since MW can lose its 
magnetism over time and distance.
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Abbreviations: chl, chlorophyll; EMF, electromagnetic field; GMF, geo-magnetic field; MF, magnetic field; MW, magnetized water; nT, 
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Magnetic fields: broad impact on plant growth and 
research conducted

Plants, like other living organisms on Earth, are under 
the influence of the Earth’s geomagnetic field (GMF). 
External application of a magnetic field (MF) or an 
electromagnetic field (EMF), which differ from GMF, alters 
the growth and development of plants both under ex vitro 
and in vitro conditions. Practical application and use of 
MF and EMF treatments on seed germination, seedling 
development and yields of different species, such as field, 
fodder and industrial crops, herbs and medicinal plants, 
different vegetables and fruits, grasses, ornamentals, and 
model crops, have been extensively studied during the 
last 80 to 90 years and summarized elsewhere (Teixeira da 
Silva, Dobránszki 2014; unpublished) together with their 
physiological and biochemical influences and possible 
physiological mechanisms. 

Beside greenhouse, pot and field experiments, in 
vitro growth and development of a wide range of species, 
including field and fodder crops (Dijak et al. 1986; Atak 
et al. 2003, 2007; Belyavskaya 2004; Alikamanoglu, Sen 
2011; Kahrizi et al. 2013; Radhakrishnan, Kumari 2013a, 
2013b), herbs and medicinal plants (Criveanu, Taralunga 
2006; Alemán et al. 2014), horticultural crops (Rakosy-
Tican et al. 2005; Tanaka et al. 2010), fruits (Yan et al. 
2009), ornamentals (Van et al. 2011a, 2011b, 2012) and 
tree species (Celestino et al. 1998; Ham et al. 2004; Çelik 
et al. 2008) were studied when exposed to external MFs 

(from super-weak to high MFs) or EMFs. Experiments 
conducted under an in vitro milieu proved that MFs and 
EMFs affected the growth and development of cultured 
cells, tissues and organs, and stimulated both axillary and 
adventitious organogenesis (reviewed in Teixeira da Silva, 
Dobránszki, 2014; unpublished). The effects of MFs on in 
vitro plant growth and development depend on the exact 
properties of MFs, such as polarity, intensity, exposure time, 
and magnet type. Since the observed effects were always 
genotype-dependent, all MFs should be tested individually 
before application to a given genotype.

Unlike pot experiments or greenhouse ex vitro 
trials, in vitro systems have the advantage of a standard 
and controlled environment and easy, fast and reliable 
reproducibility of experiments; moreover, such systems 
need minimal space and material (Dobránszki, Teixeira 
da Silva 2010; Tanaka et al. 2010). Therefore they are very 
suitable as model systems or tools for studying different 
physiological, biochemical, or molecular changes and 
processes induced by environmental effects, such as MFs 
or EMFs.

Most of these studies, however, employed a static (i.e., 
stationary) magnet (see images in Tanaka et al. 2010). 
However, some studies have employed magnetized water 
(MW), and this is the focus of this mini-review. Irrigation 
with MW is another special aspect of using MFs for 
improving crop growth and development, although such 
studies are still very limited.
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Changes in the physical and chemical properties of 
water after magnetization

An externally applied MF causes changes in atomic and 
molecular and electronic structure of the treated water, such 
as changes to its solidifying and boiling point, viscosity and 
dielectric constant, the formation of clustering structures 
from linear and ring hydrogen-bound chains of molecules, 
the magnetic interaction between these clustering structures 
and increasing polarization effects of water molecules, 
all summarized in Pang and Deng (2008) and briefly 
described here. The optical features of MW change. The 
UV absorption intensity of MW, which is higher than that 
of untreated water, increases exponentially as the period of 
magnetization increases and as the wavelength of UV light 
decreases. These changes are related to molecule clustering, 
atomic polarization and changes in the transition dipole-
moment of electrons within molecules, as a direct result of 
the magnetic treatment. Pang and Deng (2008) also showed 
that the infrared absorption of MW increased as the field 
strength and exposure period of the MF increased, but the 
positions of absorption peaks did not change, indicating 
that there were no molecular changes. From a practical or 
application point of view, MW has some important features, 
including a saturation effect, temperature-dependence 
of magnetization, a memory effect and changes in the 
surface tension force. The saturation effect of MW implies 
that both for exposure time and field strength there is a 
maximum after which the properties of MW cannot be 
changed further, either by increasing the exposure period 
or by increasing the field strength. Studying the changes in 
infrared absorption of MW, Pang and Deng (2008) showed 
that the magnetic effect (applied MF: 4400 G for 40 min) 
decreased as temperature increased between 35 and 95 °C, 
due to a decrease in the number of molecules in clustering 
structures caused by the increase in the number of molecules 
with increased thermal energy. Moreover, changes caused 
by MF do not disappear immediately after removing MF, 
which is termed the “memory effect” (or residual effect) of 
MW, and is an important aspect of its application (Pang, 
Deng 2008). Pang and Deng (2008) found that the memory 
time of MW depends on the MF and that applying MFs 
of 600 G, 2000 G, 3000 G and 4000 G resulted in memory 
times of 35, 45, 58 and 60 min, respectively. Based on the 
experiments of Pang and Deng (2008), the surface tension 
force of MW decreases compared to untreated water, as 
does its hydrophobicity, due to the clustering structure and 
increased polarized effect of treated water. 

Application of magnetized water to plant growth 
and development research

The biological effects of MF or EMF treatments depend on 
the strength and exposure period of water conditioning, 
in particular the ion content, quality and volume of water, 

the speed of flow, and water temperature (Lin, Yotvat 
1990; Goldsworthy et al. 1999; Pang, Deng 2008; Table 1). 
An early investigation (Goldsworthy et al. 1999) of the 
effects of MW on the culture medium of yeasts showed 
that weak conditioning of tap water with pulsed 100 kHz 
EMF for 5 to 30 s stimulated the growth of yeasts (with 
about 53% more cells), due to interaction of the treated 
water with calcium in the cell membrane, increasing the 
permeability of the membrane to calcium and therefore 
activating the calcium-signaling cascade. However, when 
water was treated strongly (100 kHz for 2 min), growth was 
inhibited by about 50% because of severe damage caused to 
the membrane structure. When strongly conditioned water 
(treated for 2 min) was diluted with non-conditioned water 
two-fold, the same stimulating effect was detected as when 
weak water conditioning was performed.

Wheat ‘NR-234’ seeds with low (45%) viability were 
exposed to magnetic treatment (seeds were passed through 
magnetic funnels (Magnetic Technologies LLC, Russia) 2, 
4, or 6 times) and irrigated with MW (water was passed 
through the device 3 or 6 times), alone or in combination 
(Ijaz et al. 2012). Using magnetized irrigation water (i.e., 
MW), seed germination increased by 13.3%, but magnetic 
treatments of seeds did not affect the germination rate. 
Although the length of shoots (from 9.14 cm to 8.4 and 8.6 
cm at 3 and 6 water passing, respectively) and roots (from 
12.65 cm to 11.3 and 10.16 cm at 3 and 6 water passing, 
respectively) decreased as water passages increased, the dry 
weight of 7-day-old seedlings was increased by treatments 
with MW and its effect depended on the amount of water 
passed through the device. Highest (0.57 g) seedling dry 
weight was observed after seeds were passed through the 
device 4 and 6 times compared to the control (0.52 g). 
However, results of direct magnetization of seeds were 
inconsistent.

Seeds of nine wheat cultivars (‘Giza168’, ‘Sakha 93’, 
‘Masr 1’, ‘Seds 12’, ‘Tabouki’, ‘Kaseemi’, ‘Yamanei’, ‘Madini’, 
‘Nagrani’) were exposed to weak pulsed MF treatment, 
exposed either to 0.3 T for 30 min, by placing seeds 
between the poles of a 58-mm diameter electromagnet and 
located 30 mm apart, and with a longitudinal axis along the 
magnetic line of force at MF, or by dipping seeds in MW 
in which seeds were imbibed with 15 mL of MW exposed 
to 0.3 T, alone or in combination (Almaghrabi, Elbeshehy 
2012). The combined MF treatment (exposure + dipping) 
resulted in the highest increase in germination percentage, 
9 to 30% higher in seven cultivars but a decrease in ‘Sakha 
93’ (96.67 to 66.67%) and ‘Masr 1’ (86.67 to 76.67%). 
Growth parameters (shoot and root length) of 21-day-old 
seedlings were stimulated by the combined MF treatment 
in the seven cultivars but MF treatment did not affect the 
growth of ‘Masr 1’ and decreased the growth of ‘Sakha 93’ 
seedlings.

The yield of snow pea (Pisum sativum var. saccharatum), 
pea and celery (Apium graveolens var. dulce) produced in 
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a greenhouse was affected by irrigation with magnetized 
(3.5 to 136 mT) tap, recycled and saline (500 and 1000 mg 
L–1 NaCl for snow pea and 1500 and 3000 mg L–1 NaCl for 
pea and celery) water (Maheshwari, Grewal 2009). The 
effect of the magnetized irrigation water (by passing twice 
through a magnetic device with a MF range of 3.5 to 136 
mT (Omni Environment Group Pty Ltd., Australia) with 
a flow rate of 10 mL s–1, 3 s exposure) depended on the 
plant species and the type of irrigation water. Magnetized 
recycled water promoted the yield of celery by 12% and its 
water productivity (based on the fresh and dry weight of 
the produce; kg of shoots per kL of water used in celery 
and kg of pods per kL of water used in snow pea) by 12%. 
Magnetized tap water enhanced the yield of snow pea more 
than magnetized recycled water (7.8% vs. 5.9%); similarly, 
its water productivity was increased by 12 and 7.5% by 
magnetized tap water and recycled water, respectively. 
However, the yield of pea was not affected by any type of 
MW. Magnetic treatment increased the Ca and Mg contents 
in the shoots of celery independently of water type, and the 
Ca, Mg and Na contents in snow pea pods. In the latter case, 
the rate of increase was highest in Ca and Mg content when 
recycled water was used. The MW also caused changes in 
the soil properties measured at harvest, such as soil pH, soil 
electrical conductivity (EC), P and K content.

Both the vegetative growth and the yield of common 
flax were increased in pot greenhouse experiments (Amira 
et al. 2010) after irrigation with MW (Magnetron U.T 3). 
Increases in plant height (6.01%), fresh and dry weight 
(16.62 and 12.58%) and water content (1.48%) were 
accompanied by an increase in photosynthetic pigment 
content, such as chlorophyll a (17.46%), chlorophyll b 
(67.8%) and carotenoids (8.55%), and total indole (18.2%) 
and phenol (33.35%) content. The synthesis and appearance 
of new proteins was also detected. Consequently, most 
likely as a result of an increase in all of these parameters, 
yield per plant also increased 9.1% after irrigation with 
MW. Control plots were irrigated with tap water twice on 
a weekly interval, while the remaining half of the pots was 
irrigated with tap water after magnetization. Fifty days after 
sowing the growth was improved when cowpea (Vigna 
unguiculata L. Walp.) seeds were irrigated with MW in a 
pot experiment (Sadeghipour, Aghaei 2013). The fresh and 
dry weights of leaves (22 and 20%), stems (19 and 20%) and 
roots (47% both), leaf area (26%), stomatal conductance 
(22%) and water use efficiency (22%) increased when plants 
were irrigated with MW (cylindrical magnetic device), but 
it decreased the shoot/root ratio by 14% and did not affect 
leaf/stem weight ratio.

Mahmood and Usman (2014) magnetized (235 mT, at 3 
L min–1 flow rate) different types of water (tap water, saline 
water by adding 1500 ppm NaCl, canal water and sewage 
water). MW promoted maize germination; it increased 
emergence by increasing both the emergence index (to 8.92 
from 5.5) and emergence rate index (to 12.84 from 10.06) 

and decreased the time for emergence by 17.9%. The growth 
of seedlings was also faster when treated with MW; both 
the height and weight of seedlings increased by 10.24 to 
17.09% and 17.4 to 24.8%, respectively, but this depended 
on the water type. More pronounced positive effects were 
detected when sewage water was magnetized.

Conclusions and caution

Summarizing the research results using MW for irrigation, 
it can be seen that the application of MW might be a very 
practical way to improve the quantitative and qualitative 
attributes of agronomic and horticultural production 
under greenhouse or field conditions. However, further 
studies are needed to make its use economical. For example, 
even though Amira et al. (2010) found an increase in 
several parameters of common flax, and Sadeghipour and 
Aghaei (2013) managed to increase yield/plant by 9.1% 
after irrigation with MW, the magnetic potential of MW 
decreases as a function of time and temperature (i.e., it 
decreases as time and temperature increase; Goldsworthy 
et al. 1999; Pang, Deng 2008), and the actual costs on a yield 
basis as opposed to the use of plain tap water need to be 
carefully considered before implementation of MW in the 
field. Moreover, due to the dependence of the magnetic 
ability of MW on temperature, it may be impractical to 
use it in in vitro experiments because medium needs 
to be autoclaved first, usually at or near 121 °C, which 
could/would demagnetize MW, possibly entirely (due to 
decomposition of hydrogen-bound chains), and thus filter 
sterilization of large volumes of medium would simply 
not be practical. One possibility could be to treat sterilized 
liquid medium with MF, but this has not yet been reported 
in the literature, and is certainly an option that needs to be 
explored to expand on current in vitro experiments. Finally, 
as shown by studies detailed in Table 1, the response to 
MW appears to be dependent on the species and on the 
genotype or cultivar, and even on the ion content of the 
water, suggesting that the optimization of a considerable 
number of parameters may dampen the exploration of 
MW for practical purposes in agriculture. 

Glossary

Geomagnetic field (GMF): MF which surrounds the Earth 
and generated from the combination of several MFs and 
dipolar on the surface of the Earth. It is generated mainly 
from the movement of conducting material inside the 
Earth (inner and outer cores) (main field). Other sources 
influence it, such as electric current flows in the ionized 
upper atmosphere, currents flows within the earth’s crust 
and local anomalies.

Electromagnetic field (EMF): a field which is generated 
from the acceleration of charged particles. It has two 
components, an electric field, which surrounds all charged 
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particles, and a magnetic field, which is produced by the 
motion of charged particles (current).

Magnetic field (MF): A field in the neighbourhood of 
constant magnets or that of electric currents. It is a vector 
field, i.e. it is specified by both a direction and strength. It 
is characterized by magnetic flux density [measurement in 
Tesla (T)], and magnetic field strength [measurement in 
amperes (A) per meter (m)].

Units of measure for MF: Ampere (A): measure of 
electric field intensity; Joule (J): measure of energy; Tesla 
(T): measure of magnetic field (magnetic flux density) 
where 1 T = 1 kg s–2 A–1 and 1 T = 10 000 G (Gauss, which 
is the non-SI measure of MF).
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