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RESUMEN

El objetivo de este estudio es determinary cuantificar el
efecto de campos magnéticos estacionarios en la
germinaciénde semillasde avena(Avenasativa, L. var.
cobefa). Paraello, las semillas fueron expuestas a un
campo magnético 125 mT 0 250 mT durante distintos
periodosde tiempo: 20 minutos (E1, E5), 1 hora (E2, E6),
24 horas (E3, E7) 6 de forma cronica (E4, E8) durante
todo el proceso de germinacion. Se realizaron tests de
germinacion en condicionesde laboratorio, empledndo-
seimanescilindricos paragenerar el campo magnético.
Para obtener el tratamiento magnético las Placas Petri
conlassemillas se dispusieron sobre imanesdurante el
tiempo correspondiente a cada tratamiento. Grupos de
semillas sin exposicion a campo magnético fueron
empleadas como control. Los parametros utilizados
parael andlisisdevelocidad germinativafueron el nime-
ro de semillas germinadas (G), el tiempo medio de
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germinacion (TMG) y el tiempo necesario para que
germine respectivamente el 1, 10, 25, 50 y 75 % del
ndmero N de semillas utilizadas en cadatratamiento (T,
T,y T,e T, ¥ T,0). Estos, parametrosfueron proporciona-
dospor el software Seedcalculator, asi como las corres-
pondientes curvasde germinacion

En general, los resultados obtenidos muestran que el
tiemporequerido para obtener los distintos porcentajes
de germinacién fue menor en las semillas expuestas a
campo magnético (tratamientos E1 a E8), destacandola
reduccién obtenidaparael tratamiento E1, exposicion a
125 mT durante 20 minutos. EI TMG obtenido para las
semillassometidas al tratamiento magnético E1 resulté
significativamente menor (11.48%) que el TMG del con-
trol. LosparametrosT, Ty T, tambiénfueronmenores
para las semillas sometidas a tratamiento, obteniendo
reducciones del 46.62%, 24.02%Yy 13.46% respectiva-
mente. Lareduccion enlos pardmetrosde germinacion
implicaque lavelocidad de germinacion esmayor. Dado
que los parametros T, y T, estan relacionados con el
iniciode lagerminacion, este estudioreflejaunadelanto
enlagerminaciény disminuciondel periodo de latencia
enlamayoriadelostratamientos magnéticos aplicados.
Estudios previos realizados por los autores sobre la
influencia de campos magnéticos estacionariosrefleja-
ron incrementos en el porcentaje y la velocidad de
germinacionde semillasde cerealesyleguminosasy un
mayor crecimiento de plantas sometidas a tratamiento
magnético. Se puede concluir que el tratamiento magné-
ticoaplicadoincrementalavelocidad de germinacionde
las semillas de avena.

PALABRAS CLAVES

Velocidad de germinacién, semillas de avena, Avena
sativa, tratamiento magnético, precocidad

ABSTRACT

The objective of the present study is to determine and
quantify the effect produced by stationary magnetic
fields on oat seed germination (Avena sativa, L. var.
“cobefia”). For this purpose, seeds were exposed to a
magnetic field 125 mT of 250 mT during different periods
of time: 20 minutes (E1, E5), 1 hour (E2, E6), 24 hours
(E3, E7), orin a conic form (E4, E8) during the whole
germination process.
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Germination tests were carried out under laboratory
conditions with cylindrical magnets to obtainthe magnetic
field. For magnetic treatment seed on Petridishes were
placed on magnets during time necessary for each
treatment. Seeds without exposition to the magneticfield
were used as control group. Parameters used for
germination speedanalysis were: number of germinated
seeds (G), meangerminationtime (MGT) and necessary
timeforgerminationof 1, 10, 25, 50 and 75% of N humber
of speeds used for each treatment (T, T, T, T., and
T..). These parameters were supplied through the soft-
ware Seedcalculator, as well as the corresponding
germination curves.

In general, from the results obtained it can be said that
the time required to obtain different germination
percentageswas lower for seeds exposedto the magnetic
field (treatments E1 and E8). Reduction in time for E1
treatment stands up with 20 a minutes-exposition-time to
125mT. MGT obtained for seeds with magnetic treatment
E1 was significantly lower (11.48%) than the control
group. Parameters T, T, T, werealsolower for seeds
submitted to treatment, obtaining reductions of 46.62 %,
24.02 % and 13.46 % respectively. Reduction in
germination parametersindicatesthat germination speed
ishigher. Because parameters T1and T, arerelatedto
the beginning of germination, this study represents a
progress ingermination and areduction inthe induction
phase in most of the magnetic treatments applied.
Previous studies done by authors about the influence of
stationary magnetic fields have shown increases in
percentages and germination speeds for pulses and
cereals and greater growth for plant submitted to magnetic
field. It can be concluded that the application of
magnetic fields increases speed germination time for oat
seeds.

KEYWORDS

Speed germination time, oat seeds, Avena sativa,
magnetic treatment, earliness.

1.INTRODUCTION

The effects on the onset and germination rate of oat
seeds exposed to both magnetic field strengths (125 or
250 mT) for different periods of time have been explored
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2000.), a biostimulation on the initial growth stages of
barley (Martinez etal., 2002) and wheat (Martinez etal.,
2002)., and early sprouting and first stages of growth of
treated rice plants (Flérez etal., 2004). Results obtained
showed increases in germination rate and plant weight
and length greater when seedswere subjected to magnetic
treatmentthanrespectively controls. Inthe study realized
with wheat seeds, increased plant height was observed
when the magnetic dose was increased; then the
stimulatory effect could be related to the amount of
energy supplied to the plant tissues by the magnetic
field.

Thescience of applying electromagnetic fieldsto biological
systems known as magnetobiology has made rapid
strides in the past few years. The influence of magnetic
fieldsonthe behaviour of living systems hasbeen studied
forlong butthe mechanism of action between magnetic
field and plants is as yet poorly understood. Beneficial
effects of magnetic field of different strength onthe crop
andyield have reported, anincrease of crops of different
species subjectedto magnetic field has beenfound. The
enhancement of growth of agricultural species under
specific magnetic conditions appears to have been
confirmed by many scientists. (Aladjadjiyan, 2002)
detected that exposure to a 150 mT magnetic field
stimulated shoot development andledto increase ofthe
germination, fresh weight and shoot length of maize
plants. (Yano et al., 2001). observed the induction of
primary root curvature in radish seedlings in a static
magnetic field; the roots responded tropically to the
static magnetic field, with the tropism appearing to be
negative, these roots responded significantly to the
south pole of the magnet. Recently, (Yinan etal., 2005).
published that the magnetic field pretreatment had a
positive effect on cucumber seedlings, such asstimulating
seedling growth and development.

2. METHODOLOGY

The oat seeds were supplied by the Spanish Institute of
Seeds and Greenhouse Plants which guarantees high
seed viability and homogeneity. The experiments were
carried outunder laboratory conditions, with natural light
and average room temperature 20+2°C. Germinationtest
was performed according to the guidelinesissued by the
International Seed Testing Association (ISTA, 2004) with
slight modifications. The seeds were germinated by
placing 200 seeds in 4 replicated Petri dishes, and
soaking each filter paper with 12 ml of distilled water.
Magnetic treatment was provided as doses, depending
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on the exposure time and the magnetic induction. The
magnetic fields were generated by ring magnets with
magnetic induction values B, =125mT and B,=250 mT.
Analogous rings without magnetic induction were used
as blind. The seeds were placed around a circular line,
and then all the seeds were subjected to the same
magnetic field strength. To obtain each magnetic dose,
the magnet was placed below Petri dish for the following
times: 20 min, 1 h, 24 h, and chronic exposure, as
showed in table 1. When the corresponding exposure
time was finished, the magnet was changed for a blind
ring. Petri dishes of control group were located on blind
rings for all the experimental time.

Tabla 1. Magnetic Treatment applied for 125 mT (E1-E4), 250
mT (E5-E8) and control (C).

Madnetic Treatment (E)
Exposure Time B=125mT | B=250 mT
1] Contral C
20 minutes E1 EA
1 hour EZ Ef
24 hours E3 ET
Chranic Exposure E4 E&

For each treatment, the number of germinated seeds
wasscoredthreetimes per day and the rate of germination

Cumulative germination curve
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Figure 1: Percentage of oat germinated seeds function of
time, expressed in days, for E1 (seeds exposed to 125 mT
for twenty minutes) and C (control, not exposed seeds)
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was assesses by determining the following parameters:
G (number of germinated seeds), MGT (meangermination
time), T,, T, T,., T.,,and T _(timeneededtoobtain 1, 10,
25, 50 and 75 % of germinated seeds). Germination
curveswere plottedfor eachtreatment. Statistical analysis
was performed using the Seedcalculator software,
specifically developed by Plant Research International
(Wageningen, The Netherlands)

for seed germination data analysis. Resultswere compared
by the Student’s-ttestandthe p-value was calculated to
establish the significant differences between each
treatmentand control.

3.RESULTS AND DISCUSSION

The germination parameters determined for each
treatment, expressed as mean of the 4 replicates and
their standard error are provided in Table 2. The results
indicate that germination was intensely affected by the
magnetic treatment, with greatest effects noted for 20
minutes of exposure (doses E1 and E5). The onset of
germination, evaluated by parameters T and T, were
significantly lower than the corresponding values of the

control, for most of doses. In general, parameters for
treated seeds were below control value when seedswere
exposed to magnetic field (treatments E1 to E8).

The Figure 1 showsthe curvesof germination for control
(C) and seeds exposed to 125 mT for 20 minutes (E1).
The control seeds present a beginning of the germination
slower than the treated seeds. A great germination rate
in E1 group vs. control group is also observed.

The application of magnetic techniquesto improve the
germinationand growth of plantshasbeenresearchedfor
longtime. Anincreased rate of germination cereal seeds
exposedto magneticfield has beenobtained by Pittman
(1963). Pregermination treatment improved the
germination and seedling vigour of lowviability rice and
onion seeds by Alexander. Greater albumin, glutenand
starch contents in wheat seeds exposed to magnetic
field were obtained has been reported by Pietruszweski
. The mechanisms at work when plants and other living
systems are exposed to a magnetic field are not as well
known yet but several theories have been proposed
including biochemical changes or altered enzyme
activities (Murphy, 1994 ;Phirke,1996). A possible
mechanism associated with magnetism to accelerate
tomato ripening was proposed by Boe 1963.

Table 2 Germination parameters determined for oat seeds exposed to a stationary magnetic field, expressed as mean
and their standard error.

G Ti T | Tas | Tsa | Trs | MGT
Treatment - =
Magnetic (%) (T =SE} hour

Field . o0.00 31.92 4896 62.40 82.32 117 84 87 .84
+2 71 +4 5B +2 88 +1 B8 +2 40 +5 52 +2 40
1 s7.00 | 17.04" 37.20% 54.00% 78.48 117.36 f7.78

+4 12 +4 80 +3.12 +1 44 +0. 77 +17 28
+3 B0
EZ 9300 | 24985 4272 56 .55 7524 112.8 55 68
125 mT +1.91 +5.04 +5.24 +F5.95 1816 +11.04 +5.24
- 94.00 33.12 4E.32 5712 75.54 115.08 92 .40
+2 55 +3.12 +2. 40 +1 92 +3 0 +12 00 +5 04
e S000 | 24.24° 4560 B1.02 85 .20 11856 5502
+2 58 +4 80 +2 B4 072 +4 55 +12 24 +3.12
5 93.00 14.40% a5 04 52 5B* 758.00 112.08 20.40
+7 52 +4 80 4524 15 52 +2.40 +5.00 +3.12
- 93.00 14 407 35 04 52 56~ 78.00 112.08 8040
I +2 52 +4 80 +5 24 +5 52 +2 40 +5.00 +3.12
- 9200 | 2207 14 64 B0 24 83 76 121 B3 90 24
+3 27 +3.84 +7 16 +1.92 +4.80 +12.48 +3.60
- 5200 16.05" 58 40" 57 B0 5472 12072 55 68
+2 83 +3 B0 +4 80 +5 28 +6. 00 +7 92 +4 08

Legend C (Not exposed seeds, control), E1 (125 mT, 20 min), E2 (125 mT, 1hour), E3 (125 mT, 24 hour), E4 (125 mT, chronic exposure),
ES5 (250 mT, 20 min), E6 (250 mT, 1 hour), E7 (250 mT, 24 hour), E8 (250 mT, chronic exposure). G: number of germinated seeds (%); T,,

TlO’ T25’
differences vs. control: *(p<0.05).
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T, and T,.: time needed to obtain 1, 10, 25, 50 and 75 % of germination; MGT: mean germination time. Asterisks indicate significant
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4.CONCLUSION

Stationary magnetic field of 125 mT and 250 mT produ-
cesanincrease on germination rate of oat seeds, which
involves a reduction in the parameters registered (time
required to obtained 1-75 % of germinated seeds). This
effectisgreaterfortreatment E1, exposureto 125mT for
20 minutes.
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