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Abstract Magnetic field is an environmental factor playiag important role in
living organisms, although its effect is not weidwn. An increase of roots and stem
length was observed in seeds subjected to a stayianagnetic field. Some authors
have explained the close relation of the magnégid fo cell metabolism of plants.

This paper is a survey of magnetic fields effectsrice seedling exposed to
magnetic field of two induction values, both strenghan the geomagnetic field, for
various length of time.

Root length was measured on tH& 2" and 18 day after seeding. Magnetically
treated seedlings grew longer and heavier thareaietl ones. On thé&'@lay the length
of roots of seedlings chronically exposed to 128 2680 mT were significantly longer
(20.67 and 30.61 mm respectively) than control§3@n). On the ¥ day, significant
differences were observed for doses D6 (chronicelgosed to 125 mT) and D11
(exposed to 250 mT for 24 h) related to controls.tfe 18' day, exposed roots were
longer and heavier than control roots, but notiicantly. In addition, secondary roots
of plants chronically exposed to magnetic field evenore developed than untreated

ones.
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1. INTRODUCTION

Nowadays a lot of research is trying to developtasnable agricultural
techniques and eco-friendly environment. Many asth techniques to improve
crops introduce the magnetic treatment of seedspaisning method.

Effects of magnetic fields on seeds and plantshess widely studied and
although different theories have been proposedgethave been no conclusive
results.

The first known studies on the effect of the magngeld on plants were
made by Savostin in 1930 [1], and since then thedtas been on changes in seed
germination [2], seedling growth [3,4], assimilatiand absorption of nutrients [5],
early germination [6,7], the effect on dormancy.ampes in enzymatic and
photosynthetic activity, and among aspects [8,910Ag the earliest few studies on
the effect of magnetic fields on roots, there dresé focused on the growth of
primary roots [10-16].

Since 2000 many authors published articles on fifecteof stationary
magnetic fields on the growth of plant roots. Isheeen determined that exposure
to the magnetic field increased the entrance ohanaicids in the Vicia faba L.
roots, alters the movement of ions through thempéamembrane [17] and inducts
curvature of primary roots in radish seedlings. Téats presented geomagnetism,
this being negative, thus they responded signifigao the south magnetic pole
[18]. Magnetic treatment of sunflower seeds produee statistically higher
increase in seedling dry weight, root length, stefarea and root volume during
the first month of growth.

2.METHODS

To study the effect of stationary magnetic fielasroot growth, tests were
performed under laboratory conditions.

2.1. THE SEEDS

Seeds were supplied by the Spanish Office of Platieties, which
guarantees homogeneity and viability of seeds disawehe significance of results
without need of using large samples of plant makeri

Germination test scoring was performed accordintpéorules issued by the
International Seeds Testing Association [19].

In the experimental design four replicates (n =with 25 seeds were used.
Each group of 100 seeds was subjected to magmetitntent, and analogous
groups of 100 seeds without magnetic treatment weed as control.
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Seeds were stuck to filter paper with non-toxichkstglue, with the vertical
longitudinal axes. Each filter paper with seeds vadled up and placed in a vessel
containing distilled water, and no other substamae 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 tlegmetic induction B and
the time of application t varied. Ring magnets lasws in Fig. 1a were used to
generate a magnetic field. Magnetic induction valurethe center of the magnet,
provided by the manufacturer, are 125 mT and 250 Médgnets were placed on
top of vessels and rolls with seeds were placethé hole of the magnet to
generate each dose (Fig. 1b), during the time kstal. Control C ran
simultaneously with exposure to doses D1-D12.

Roll with seeds
Magnet /

-~~~ Location of seeds

Vessel with water

(a) (b)
Fig. 1 - (a) Ring magnets. (b) Magnets on vessalsrall with seeds.

Geometric characteristics of magnets were 75 mereat diameter, 30 mm
internal diameter, 10 mm high for B1 and 15 mm high B2. Doses D1-D12
applied were obtained by exposing the seeds to BA+AT and B2=250 mT for
different times, as follows:

Exposure to B1=125 mT: 1 min (D1), 10 min (D2), i2éh (D3), 1h (D4),
24 h (D5) and chronic exposure (D6).

Exposure to B2=250 mT: 1 min (D7), 10 min (D8), &t (D9), 1h (D10),
24 h (D11) and chronic exposure (D12).

Four magnets of the same material and dimensianswlthout magnetic
induction, were used as control and the four comtlts with 25 seeds each one
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were placed inside. All the vessels with seeds wateeled and randomly
distributed for the growth test.

Labels were not related to the dose applied so bwdh counting of
germinated seeds and subsequent measurementsineis bl

The objective of the test was to evaluate the effeclength and weight of
rice seedlings, and specifically root growth of gtationary magnetic field. Three
days after sowing, rolls of filter paper were ufedland length of seedlings was
measured; afterwards, they were re-rolled and glacevessels in order to re-
measure the length of roots on tieahd 18 days. On the 0day the experiment
finished, and length and weight of seedlings weeasared before discarding.

2.3. STATISTICAL ANALYSIS

Windows SPSS 11.0 software was used for statiséioalysis of growth
data. Analysis of variance was applied to detefferdinces between the average
parameters. Levene test was used to check variamoeality of data and the
Kolmogorov-Smirnov testto check significant difeces between the two
datasets. Multiple comparison Tukey test and Dutesttwere performed to detect
treated and control plant parameter differences.

3.RESULTS

Length of roots of seedlings was measured on d4dys*3and 18' after
sowing; in addition, the fdday weight of seedlings was also measured. Figure
shows that the root length measured on thda&/ was greater than the control root
length for doses D2, D6, D11 and D12; the grealiéftrences were obtained for
the seedlings chronically exposed to the magnitid. f

Roots of treated seedlings were also longer thasetlof untreated seedlings
on the 7' day but significant differences were obtained dolydoses D6 and D11
(Fig. 3). On 18 day, roots of the seedlings exposed to both magiretuctions
were longer than those untreated ones, but nofisigmi differences were obtained
with respect to the control (Fig. 4) and similasukts were observed for the weight
of treated seedlings, as they were heavier thatralaeedlings. Figure 5 shows a
greater development of secondary roots of ricelsggdchronically exposed to a
magnetic field of 250 mT than that of the control.
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Fig. 2 - Root length measured on théday. Upper letters indicate significant differesice
related to controP(p<0.001)°(<0.05).
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Fig. 3 - Root length measured on tieday. Upper letters indicate significant differesice
related to controP(p<0.001)°(<0.05).
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Fig. 4 - Root length measured on thé' tiy.

Fig. 5 - Secondary roots of rice control seedliagd chronically exposed.

In summary, roots of magnetically treated rice §egd were longer and
heavier than the control seedlings; these diffezgngere significant for chronic
exposure.

4. DISCUSSION

Magnetically treated rice roots grew longer andvierathan the untreated
ones; these differences were significant for 2485, (D11) and chronic exposure.
The stimulatory effect of the different magneticsds, reported in this paper, is in
agreement with that obtained by other researchiespretreatment of rice and
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onion seeds increased germination of seeds asawétle vigor of the low viability
seedlings [20]; seeds exposed to magnetic fieldsorbled more moisture and
contained higher albumin, gluten and starch corj&ijt Cotton seed pretreatment
increased production as well as fiber length [22].

Mechanisms of action of magnetic fields in plants ather living systems
are, for now, not very well known although manydhes have been proposed.
One of the most widespread theories is that chaogaw both at the biochemical
level, and/or alteration of enzymatic activity [28] a study carried of exposure of
lettuce seeds to a stationary magnetic field oD I¥l, a greater water uptake of
seeds was observed, and they reported as the chtise higher germination rate
of these seeds [24]. In the same way, Zanini oleskalterations on water uptake
mechanism din palm oil kernel by application of agmetic field and proposes that
applied magnetic fields seem to target the siggadystem of plant cells involving
Cd" ion [25]. The influx of C& through the plasma membrane as the main
mechanism responsible for the effects, has beesrtegpband it can be associated
with the activation of voltage-dependent calciuraraiels embedded in the plasma
membrane by the stationary magnetic field [26].6Dtuthors paid attention to the
potential role of the cryptochrome as a plant maggensor. Other explanations
have been proposed based on movements of paransagndtamagnetism and
ferromagnetism substances and molecular and aelihianges [27-29] and other
mechanism of action [30]
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