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Abstract. Magnetic field is an environmental factor playing an important role in
living organisms, although its effect is not well known. An increase of roots and stem
length was observed in seeds subjected to a stationary magnetic field. Some authors
have explained the close relation of the magnetic field to cell metabolism of plants.
This paper is a survey of magnetic fields effects on rice seedling exposed to
magnetic field of two induction values, both stronger than the geomagnetic field, for
various length of time.
Root length was measured on the 3rd, 7th and 10th day after seeding. Magnetically
treated seedlings grew longer and heavier than untreated ones. On the 3rd day the length
of roots of seedlings chronically exposed to 125 and 250 mT were significantly longer
(20.67 and 30.61 mm respectively) than control (9.05 mm). On the 7th day, significant
differences were observed for doses D6 (chronically exposed to 125 mT) and D11
(exposed to 250 mT for 24 h) related to controls. On the 10th day, exposed roots were
longer and heavier than control roots, but not significantly. In addition, secondary roots
of plants chronically exposed to magnetic field were more developed than untreated
ones.
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1. INTRODUCTION

Nowadays a lot of research is trying to develop sustainable agricultural
techniques and eco-friendly environment. Many of these techniques to improve
crops introduce the magnetic treatment of seeds as a priming method.
Effects of magnetic fields on seeds and plants has been widely studied and
although different theories have been proposed, there have been no conclusive
results.
The first known studies on the effect of the magnetic field on plants were
made by Savostín in 1930 [1], and since then the focus has been on changes in seed
germination [2], seedling growth [3,4], assimilation and absorption of nutrients [5],
early germination [6,7], the effect on dormancy, changes in enzymatic and
photosynthetic activity, and among aspects [8,9]. Among the earliest few studies on
the effect of magnetic fields on roots, there are those focused on the growth of
primary roots [10-16].
Since 2000 many authors published articles on the effect of stationary
magnetic fields on the growth of plant roots. It has been determined that exposure
to the magnetic field increased the entrance of amino acids in the Vicia faba L.
roots, alters the movement of ions through the plasma membrane [17] and inducts
curvature of primary roots in radish seedlings. The roots presented geomagnetism,
this being negative, thus they responded significantly to the south magnetic pole
[18]. Magnetic treatment of sunflower seeds produced a statistically higher
increase in seedling dry weight, root length, surface area and root volume during
the first month of growth.
2. METHODS

To study the effect of stationary magnetic fields on root growth, tests were
performed under laboratory conditions.
2.1. THE SEEDS

Seeds were supplied by the Spanish Office of Plant Varieties, which
guarantees homogeneity and viability of seeds as well as the significance of results
without need of using large samples of plant material.
Germination test scoring was performed according to the rules issued by the
International Seeds Testing Association [19].
In the experimental design four replicates (n = 4) with 25 seeds were used.
Each group of 100 seeds was subjected to magnetic treatment, and analogous
groups of 100 seeds without magnetic treatment were used as control.
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Seeds were stuck to filter paper with non-toxic stick glue, with the vertical
longitudinal axes. Each filter paper with seeds was rolled up and placed in a vessel
containing distilled water, and no other substance was added. Four hours later, the
moistened seeds were exposed to magnetic treatment.
2.2. THE MAGNETIC TREATMENT

Applied magnetic doses, that is, the value of the magnetic induction B and
the time of application t varied. Ring magnets as shown in Fig. 1a were used to
generate a magnetic field. Magnetic induction values in the center of the magnet,
provided by the manufacturer, are 125 mT and 250 mT. Magnets were placed on
top of vessels and rolls with seeds were placed in the hole of the magnet to
generate each dose (Fig. 1b), during the time established. Control C ran
simultaneously with exposure to doses D1-D12.
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Fig. 1 - (a) Ring magnets. (b) Magnets on vessels and roll with seeds.

Geometric characteristics of magnets were 75 mm external diameter, 30 mm
internal diameter, 10 mm high for B1 and 15 mm high for B2. Doses D1–D12
applied were obtained by exposing the seeds to B1=125 mT and B2=250 mT for
different times, as follows:
Exposure to B1=125 mT: 1 min (D1), 10 min (D2), 20 min (D3), 1h (D4),
24 h (D5) and chronic exposure (D6).
Exposure to B2=250 mT: 1 min (D7), 10 min (D8), 20 min (D9), 1h (D10),
24 h (D11) and chronic exposure (D12).
Four magnets of the same material and dimensions, but without magnetic
induction, were used as control and the four control rolls with 25 seeds each one
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were placed inside. All the vessels with seeds were labeled and randomly
distributed for the growth test.
Labels were not related to the dose applied so that both counting of
germinated seeds and subsequent measurements was blind.
The objective of the test was to evaluate the effect on length and weight of
rice seedlings, and specifically root growth of the stationary magnetic field. Three
days after sowing, rolls of filter paper were unrolled and length of seedlings was
measured; afterwards, they were re-rolled and placed in vessels in order to remeasure the length of roots on the 7th and 10th days. On the 10th day the experiment
finished, and length and weight of seedlings were measured before discarding.
2.3. STATISTICAL ANALYSIS

Windows SPSS 11.0 software was used for statistical analysis of growth
data. Analysis of variance was applied to detect differences between the average
parameters. Levene test was used to check variance normality of data and the
Kolmogorov-Smirnov test to check significant differences between the two
datasets. Multiple comparison Tukey test and Dunnet test were performed to detect
treated and control plant parameter differences.
3. RESULTS

Length of roots of seedlings was measured on days 3rd, 7th and 10th after
sowing; in addition, the 10th day weight of seedlings was also measured. Figure 2
shows that the root length measured on the 3rd day was greater than the control root
length for doses D2, D6, D11 and D12; the greatest differences were obtained for
the seedlings chronically exposed to the magnetic field.
Roots of treated seedlings were also longer than those of untreated seedlings
on the 7th day but significant differences were obtained only for doses D6 and D11
(Fig. 3). On 10th day, roots of the seedlings exposed to both magnetic inductions
were longer than those untreated ones, but no significant differences were obtained
with respect to the control (Fig. 4) and similar results were observed for the weight
of treated seedlings, as they were heavier than control seedlings. Figure 5 shows a
greater development of secondary roots of rice seedlings chronically exposed to a
magnetic field of 250 mT than that of the control.
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Fig. 2 - Root length measured on the 3rd day. Upper letters indicate significant differences
related to control: a(p<0.001), b(<0.05).

Fig. 3 - Root length measured on the 7th day. Upper letters indicate significant differences
related to control: a(p<0.001), b(<0.05).
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Fig. 4 - Root length measured on the 10th day.

Fig. 5 - Secondary roots of rice control seedlings and chronically exposed.
In summary, roots of magnetically treated rice seedlings were longer and
heavier than the control seedlings; these differences were significant for chronic
exposure.
4. DISCUSSION

Magnetically treated rice roots grew longer and heavier than the untreated
ones; these differences were significant for 24 h (D5, D11) and chronic exposure.
The stimulatory effect of the different magnetic doses, reported in this paper, is in
agreement with that obtained by other researchers: the pretreatment of rice and
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onion seeds increased germination of seeds as well as the vigor of the low viability
seedlings [20]; seeds exposed to magnetic fields absorbed more moisture and
contained higher albumin, gluten and starch content [21]. Cotton seed pretreatment
increased production as well as fiber length [22].
Mechanisms of action of magnetic fields in plants and other living systems
are, for now, not very well known although many theories have been proposed.
One of the most widespread theories is that changes occur both at the biochemical
level, and/or alteration of enzymatic activity [23]. In a study carried of exposure of
lettuce seeds to a stationary magnetic field of 1-10 mT, a greater water uptake of
seeds was observed, and they reported as the cause of the higher germination rate
of these seeds [24]. In the same way, Zanini observed alterations on water uptake
mechanism din palm oil kernel by application of a magnetic field and proposes that
applied magnetic fields seem to target the signaling system of plant cells involving
Ca2+ ion [25]. The influx of Ca+2 through the plasma membrane as the main
mechanism responsible for the effects, has been reported and it can be associated
with the activation of voltage-dependent calcium channels embedded in the plasma
membrane by the stationary magnetic field [26]. Other authors paid attention to the
potential role of the cryptochrome as a plant magnetosensor. Other explanations
have been proposed based on movements of paramagnetism, diamagnetism and
ferromagnetism substances and molecular and cellular changes [27-29] and other
mechanism of action [30]

References
1. P. V. Savostin, Magnetic growth relations in plants, Planta, 12, 327 (1930).
2. J. D. Murphy, The influence of magnetic field on seed germination, Amer. J.
Bot, 29 (suppl), 15 (1942).
3. U. J. Pittman, Growth reaction and magnetotropism in roots of winter
wheat. Can J Plant Sci., 42, 430 (1962).
4. A. Aladjadjiyan and T. Ylieva, Influence of stationary magnetic field on the
first stages of the development of tobacco seeds (Nicotiana tabacum, L.).
Central European Agriculture, 4, 131 (2003).
5. P. S. Kavi, The effect of magnetic treatment of soybean seed on its moisture
absorbing capacity, Science and Culture, 43, 405-406 (1977).
6. V. S. Ghole, P.S. Damle and W.H.P. Thiemann, Effect of magnetic field on
ascorbic acid oxidase activity, Naturforsch, 41c (3), 355-358 (1986).

10

M. Florez, J. Alvarez, E. Martinez, V. Carbonell

8

7. M. V. Carbonell, E. Martinez, M. Flórez, R. Maqueda, A. López-Pintor and
J.M. Amaya, Magnetic field treatments improve germination and seedling
growth in Festuca arundinacea Schreb. and Lolium perenne L, Seed Science
and Technology, 36, 31-37 (2008).
8. G. Akoyonoglou, Effect of a magnetic field on carboxydimutase, Nature,
4931, 452-454 (1964).
9. I. S. Levedev, L. G. Litvinenko and L.T. Shiyan, After-effect of a permanent
magnetic field on photochemical activity of chroloplasts, Soviet Plant
Physiology, 24, 394-395 (1977).
10. A. V. Krylov, G. A. Tarakanova, Magnetotropism of plants and its nature,
Plant Physiology, 7, 156-160 (1960).
11. L. J. Audus, Magnetotropism: a new plant-growth response, Nature, 185,
132-134 (1969).
12. R. Kato, Effects of a very low magnetic feld on the gravitropic curvature
of Zea roots, Plant Cell Physiology, 31, 565-568 (1990).
13. A. Muraji, A. Takuya and T. Wataru, Primary root growth rate of Zea
mays seedlings grown in an alternating magnetic field of different frequencies,
Bioelectrochemistry and Bioenergetics, 44, 271-273 (1988).
14. S. Pietruszewski, Effect of magnetic seed treatment on yields of wheat,
Seed Science and Technology, 21, 621-626 (1993).
15. U. J. Pittman, Magnetism and plant growth. II. Effect on root growth of
cereals, Can J Plant Sciences, 44, 283-287 (1964).
16. U. J. Pittman, Magnetism and plant growth. I., Effect on germination and
early growth of cereal seeds, Can J Plant Sciences, 43, 513-518 (1963).
17. B. C. Stange, R. E. Rowland, B. I. A. Rapley and J. V Podd, ELF magnetic
fields increase amino acid uptake into Vicia faba L. roots and alter ion
movement across the plasma membrane, Biolelectromagnetics, 2, 347-354
(2002).
18. A. Yano, E. Hidaka, K. Fujiwara and M. Imoto, Induction of primary root
curvature in radish seedlings in a static magnetic field, Bioelectromagnetics,
22, 194-199 (2001).
19. ISTA International seed testing association, International Rules for Seed
Testing 2009 Edition, Zurich, Bassersdorf, Switzerland, 2009.
20. M.P. Alexander, S. D. Doijode, Electromagnetic field, a novel tool to
increase germination and seedling vigour of conserved onion (Allium cepa,

9

Stationary magnetic field stimulates rice roots growth

11

L.) and rice (Oryza sativa L.) seeds with low viability, Plant Genet. Resources
Newsletter, 104, 1-5 (1995).
21. S. Pietruszewski, Effects of magnetic biostimulation of wheat seeds on
germination, yield and proteins, Int. Agrophysics, 10, 51-55 (1996).
22. I. Palov, S. Stefano and K, Sirakov, Possibilities for pre-sowing
electromagnetic treatment of cotton seeds, Agricultural Engineering, 31, 3-6
(2000).
23. P. S. Phirke, A. B. Kubde and S. P. Umbakar, The influence of magnetic
field on plant growth, Seed Science & Technology, 24, 375-392 (1996).
24. F. Garcia and L. I. Arza, Influence of a stationary magnetic field on water
relations in lettuce seeds. Part I: Theoretical considerations,
Bioelectromagnetics, 22, 589-595 (2001).
25. J. Zanini, The Effects of Magnetic Fields on Seed Germination & Plant
Growth. Mississippi State University. University Libraries. Institutional
Repository. http://hdl.handle.net/11668/13340. Accessed 10 April 2018
26. A. P. Mello, E. Farrell, P. Prendergast, V. Campbell and J. Coey, Effects of
static magnetic fields on primary cortical neurons, Phys. Scripta, T118, 205207 (2005).
27. J. da Silva, A. Teixeira and J. Dobránszki, Magnetic fields: how is plant
growth and development impacted?, Protoplasma, 253, 231-248 (2016).
28. M. E. Maffei, Magnetic field effects on plant growth, development, and
evolution, Frontiers in plant science, 5, 445 (2014).
29. A. Vashista and S. Nagarajan, Effect on germination and early growth
characteristics in sunflower (Helianthus annuus) seeds exposed to static
magnetic field, Journal of Plant Physiology, 167, 149-156 (2010).
30. M.V. Carbonell, M. Florez, E. Martinez and J. Alvarez, Aportaciones
sobre el campo magnético: Historia e influencia en Sistemas Biológicos,
Revista Intrópica, 12, 2: 1-19 (2017).

