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Commercial seed lots of onion (Allium cepa L.) of the cultivars �Octavia� and �Eureka� were soaked for 12 h
in water of the temperature 20 ◦C, then they were exposed to low frequency magnetic �eld (20 mT) for 10, 30,
and 60 min. The �eld was generated using a standard device for magnetic stimulation VIOFOR JPS applied
in human medical treatment. Next, the seeds were evaluated for energy and capacity of germination, length of
the received germs as well as fresh masses of the obtained seedlings using the routine methods recommended by
the International Seed Testing Association. For the seeds of the cultivar �Octavia�, the �eld did not a�ect the
energy of germination, however it did improve in all tested treatments their germination capacity. In the best of
them (60 min), the germination capacity increased by 4.6%. For the seeds of the cultivar �Eureka�, the tested
�eld increased their energy of germination, which improves evenness of plants emergences in the �eld and has
a signi�cant importance for horticultural practice. When the seeds were exposed to the �eld for 60 min, their
germination energy increased from 40% (control) to 63%. This result was accompanied by no di�erences in both
length of germs and fresh masses of the received from them seedlings.

PACS: 87.17.−d, 87.18.Nq

1. Introduction

E�ect of magnetic �elds on growth and development
of plants has been an object of numerous research car-
ried out for over 80 years [1�4]. Weak (about 50 µT)
magnetic �eld was one of the natural factors in�uencing
evolution of all living organisms on the Earth [5]. Due
to the lack of speci�c magnetic receptors, when testing
e�ect of low frequency magnetic �elds (LFMF) on the liv-
ing organisms, including plants, the received results can
be related either to changes in concentration of certain
characteristic compounds treated like biological indica-
tors, e.g. plant hormones, or to changes in the behaviour
of single individuals or population. From the practical
point of view, especially interesting is a possibility to use
LFMF to stimulate germination of seeds of cultivated
plants.

In case of seeds, it can be energy or capacity to ger-
minate, length of upper or lower part of the seedling or
its fresh or dry mass. On this issue, many experiments
had been done on the plant species important in agricul-
ture, horticulture and forestry, amongst others such as
wheat [4], barley [6], rice [7], maize [8], soybean [9, 10],
sun�ower [11], bean [12], tomato [13], cucumber [14],
onion [15] and spruce [16]. The e�ect of the magnetic

�eld on the seed germination is not univocal and the re-
ceived results, what happens, are even contradictory. In
most of them, however, the e�ectiveness of the magnetic
�eld stimulation is evaluated based on the same two pa-
rameters. These are: speed of germination (also called
energy of germination), measured in the laboratory in so-
-called ��rst counting�, which depends upon the species,
i.e. after 4, 6 or 7 days and the �nal number of normally
germinated seeds (also called capacity of germination),
measured in the laboratory after longer time in so-called
�last counting�, which depends upon the species, i.e. after
7, 12, 14, 21 or 28 days. These procedures, regulated by
the rules of the International Seed Testing Association
(ISTA), have been routinely used in the seed testing sta-
tions [17], and thereby � reliable and checked for prac-
tice. A result of higher energy of germination is often,
stronger development of a radicle, increased fresh mass
of the whole seedling and thereafter a plant. This, usu-
ally, results in better plant useful characters, e.g. yield of
roots, bulbs or leaves [18].

According to the available FAO data [19], onion is now
the third (after tomato and cabbages) most important
vegetable produced in the world. For many years, it has
also been the most important fresh vegetable exported
from Poland. Its seeds are expensive, amongst others,
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due to, as no other vegetable species, fast losing their
germination capacity [20]. It exposes seed companies
all over the world to huge losses [21]. Therefore, since
many years there has been a search for simple and cheap
methods to improve seed germination of onion and other
agricultural and horticultural crops [22].
The main purpose of the carried out research was to

check if LFMF can a�ect germination of onion commer-
cial seeds.

2. Materials and methods

The research was carried out on the commercial seeds
of onion (Allium cepa L.) of the cultivars �Octavia� and
�Eureka� received from 2 Polish seed companies �Torseed�
SA, and �CNOS� Pozna«. Both cultivars are commonly
used in professional production in large horticultural
farms in Poland. Theie seed quality met the actual mar-
ket standards.
Before starting the experiment, the seeds were surface

disinfected by soaking them in the 2% hydrogen perox-
ide then dried out by putting them on the blotting paper.
Prepared that way seeds were soaked in the room tem-
perature (20 ◦C) in the distilled water for 12 h. After that
time, they were soaked out, surface dried and placed on
the blotting paper in the Petri dishes. The seeds were
then exposed to LFMF 20 mT magnetic �eld for 10, 30,
and 60 min.
The magnetic stimulation was done using the device

VIOFOR JPS used for medical treatment. The applied
signal has followed the routine instruction provided by
the device's producer [23]. The Petri dishes with the
seeds were located in the middle of the geometrical ap-
plicator of the diameter 60 cm. They were not in the
thermal contact with the coil generating magnetic �eld.
This allowed to eliminate the increase of the sample tem-
perature during their exposure. Induction of the geo-
magnetic �eld and the �eld used for magnetic stimula-
tion was controlled by using a magnetometer type C-42
Chauvin-Amoux. The control seeds were not exposed to
the LFMF.
The tests were run in 3 replications of 100 seeds placed

in 6 Petri dishes on the 6 layers of blotting paper. Each
dish had 50 seeds. After �nishing the exposition, the
dishes were closed and placed in the darkness in the ther-
mostat at the temperature 20 ◦C (±1 ◦C). The conditions
of the seeds germination followed all routine seed test-
ing rules given by ISTA. During the tests, �rst and last
countings were done, after 6 and 12 days, respectively.
During the tests, the amount of water in the Petri dishes
was completed, always to full capacity of the blotting pa-
pers. When evaluating the germination of seeds in both
countings, the following groups were measured:
(1) germinated seeds, which gave normal seedlings,
(2) abnormal seedlings, (3) dead seeds, (4) ungerminated,
fresh seeds [17].
In other experiment, the seeds after being exposed to

the LFMF were placed in one line on a set of a double

blotting paper. Then they were rolled up, tied on both
ends with a rubber and placed vertically into a �ask with
the distilled water. Then they were treated the same
way as described previously. After 6 days, the sets with
the seeds were unrolled and the lengths of the individual
lower seedling parts (radicles) were measured.
In other experiment, the received after 6 days seedlings

from treated and control seeds from each 2 Petri dishes
(100 seedlings) were weighted and a mean fresh mass of
individual seedlings for each replication and treatment
was calculated.
The received results were analyzed in terms of variance

and the signi�cance of the received mean values was eval-
uated based on the Duncan and Tukey tests for α = 0.05.

3. Results

The e�ect of investigated LFMF on germination energy
of onion seed of the cultivar �Octavia� was various. This
was observed independently of the used treatments. The
energy of germination of the seeds hesitated from 53%
to 81%. Still they did not signi�cantly di�er from these
values for the check seeds (Table I). However, the used
magnetic �elds did improve their germination capacity
(Table II). It was observed in all tested treatments with
the use of the LFMF. In the best of them, in which the
seeds were exposed to the �eld for 60 min, their germi-
nation capacity increased by 4.6% in comparison to the
control seeds (78.9%). The detailed examination of the
received seedlings showed that this was a result of low-
ering a percentage of abnormal (deformed) seedlings in
the tested samples (Table III). This was observed in all
tested seeds exposed to the LFMF.

TABLE I

E�ect of LFMF on the energy of germination (%) of the
onion seeds of the cultivar �Octavia�.

Replications
Exposure time

Control 10 min 30 min 60 min

1 72.0 77.0 81.0 68.0

2 64.0 71.0 74.0 77.0

3 63.0 68.0 71.0 73.0

4 63.0 66.0 67.0 69.0

5 60.0 64.0 66.0 69.0

6 53.0 63.0 53.0 55.0

Mean value 62.6 a∗ 68.3 a 69.0 a 68.7 a

∗ Means followed by the same letters are not signi�cantly

di�erent according to the Duncan test for α = 0.05.

The e�ect of the tested magnetic �eld on the seed of
the cultivar �Eureka� was more stable than of the cultivar
�Octavia� (Fig. 1). In the best combination, the seeds ex-
posed to the seeds to this �eld for 60 min, increased their
energy of germination from 40% (control seeds) to 62%.
In the rest treatments, the di�erences were smaller: for
30 and 10 min exposures, the received germination ener-
gies were 53% and 46%, respectively.
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TABLE II

E�ect of LFMF on the capacity of germination (%)
of the onion seeds of the cultivar �Octavia�.

Replications
Exposure time

Control 10 min 30 min 60 min

1 77.0 80.0 84.0 80.0

2 77.0 82.0 83.0 84.0

3 78.0 82.0 85.0 85.0

4 84.0 84.0 82.0 84.0

5 81.0 82.0 82.0 84.0

6 76.0 85.0 81.0 84.0

Mean value 78.9 b∗ 82.5 a 82.9 a 83.5 a

∗ Means followed by the same letters are not signi�cantly

di�erent according to the Duncan test for α = 0.05.

TABLE III

E�ect of the LFMF pretreatment on onion cv. �Octavia�
seeds on their percentage of abnormal seedlings in the
germination test.

Replications
Exposure time

Control 10 min 30 min 60 min

1 22.0 18.0 15.0 19.0

2 23.0 18.0 17.0 15.0

3 21.0 17.0 15.0 14.0

4 15.0 16.0 17.0 15.0

5 17.0 17.0 16.0 15.0

6 21.0 13.0 17.0 15.0

Mean value 19.8 a∗ 16.5 b 16.2 b 15.5 b

∗ Means followed by the same letters are not signi�cantly

di�erent according to the Duncan test for α = 0.05.

The e�ect of the tested magnetic �elds on the ger-
mination capacity of the onion seeds of the cultivar �Eu-
reka� was similar to the previous cultivar, i.e. they caused
its increase by about 6% (Fig. 2). However, this result
was not proved to be signi�cantly di�erent from the test
seeds. When looking at the germinating seeds, one could

Fig. 1. E�ect of LFMF on germination energy of onion
seeds of the cultivar �Eureka� (the vertical bars stand for
the standard deviation of the mean).

Fig. 2. E�ect of LFMF on the capacity of germination
(%) of the onion seeds of the cultivar �Eureka�.

Fig. 3. Onion seeds of the cultivar �Eureka� exposed
for 60 min to LFMF (left) and germinated for 6 days at
20 ◦C with clearly seen long roots. Right � the control
seeds.

clearly see di�erences in the lengths of radicles, which
in the seeds exposed to the LFMF were longer (Fig. 3),
however, the received variability was big in the extent,
which resulted in that the received di�erences were sta-
tistically not proved. Similar results were received for the
fresh mass measurements. The masses of the seedlings re-
ceived from the seeds exposed to the LFMF were bigger
than the ones from the control seedlings. These di�er-
ences, however, due to high variability of the received
data, were not proved to be signi�cantly di�erent.

4. Discussion

Since many years one has been observing problems
with storing onion seeds [24]. From the point of practical
seed technology, it has been known that in standard con-
ditions, i.e. at the air temperature in a seed storing house
5 ◦C and its relative humidity 40�60% with the seeds of
seed moisture content 9%, after 7�8 months of storing,
their germination signi�cantly declines [21]. For this rea-
son, for many years there have been research works to
develop any fast and cheap method, which could allow,
on one side � to improve their germination, on the other
one � to prolong their use for sowing [25].
Exposing, in the carried out experiment, the seeds of

two onion cultivars to the LFMF did increase their ger-
mination. It concerned both their energy and capacity of
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germination. The received results are in accordance with
the results received by other researchers who carried out
their experiments on the seeds of other species of culti-
vated plants [4, 6, 15]. Exposing in these experiments
seeds of maize to the magnetic �eld of intensity of 125
and 250 mT [8], seeds of sun�ower � 50 and 200 mT [11],
seeds of rice � 200 mT [26] and 100�1000 mT [27], seeds
of cucumbers −250 mT [28], seeds of rape � 50�250 mT
[29], seeds of broad bean � from 200 to 1000 mT [30],
seeds of the mung bean � 2�8 mT [31], seeds of win-
ter wheat � 40 mT [32], seeds of Chinese cabbage �
from 0.4 to 20 mT [33] as well as seeds of pepper �
100 mT [34], caused increase of their both energy and
capacity of germination. Moreover, it was often accom-
panied by elongation of radicles and increase in seedlings'
fresh mass.

The received by us results are contradictory to the re-
sults of the work done by Tkalec et al. [15] from Croatia.
In their experiments, the onion seeds were exposed to ra-
diofrequency electromagnetic �eld for 2 and 4 h of 400 to
900 Hz at �eld strengths 10, 23, 41 and 120 V m−1. The
used electromagnetic �elds did not a�ect the germination
of the seeds. Moreover, when used at the longest and
highest range (41 and 120 V m−1), it caused disorders
in mitotic activity of meristematic cells in the seedlings'
roots. On the other hand, however, as in our exper-
iments, the Croatians did not notice any e�ect of the
tested electromagnetic �elds on the roots' length during
germination.

O�ered today on the market vegetable seeds, including
onion ones, have a very good quality. Their germination,
measured in the laboratory conditions, i.e. better than
met in the �eld, often exceeds 85%. E�orts of seed com-
panies producing such seeds and then deliver them on the
market, consist on developing any method, which could
enable improving their germination even by only 3�5%
[22, 35]. In this context, the received in the experiment
results, in which the used LFMF increased the germina-
tion energy of onion seeds of the cultivar Eureka by 23%,
should be considered as promising in terms of using the
same method to improve germination of seeds of other
plant species.

The received by us results proving the e�ect of LFMF
on the seeds' germination could be explained, as for
plants, by increased production of plant hormones. If
so, it would be then analogical to human and animals'
response to this kind of stimulation, although results
of such experiments are not available at the moment
[36, 37]. The reason of the observed by us magnetic re-
sponse could be also a change in the ions concentration
on both sides of cell membrane caused by appearance of
the Lorentz force (the Hall e�ect) or the result of the
so-called ion cyclotron resonance [38]. It needs to be
said here that for some treatments of static and LFMF,
their interaction with the cell membrane protein creating
Ca++ ions' channels. In the carried out experiment, such
conditions: induction of the low frequency magnetic �eld
of 13 to 114 µT and frequency 80 Hz, were met [39]. Thus

this could cause increase of the speed of proliferation of
some cells exposed to LFMF [40].
The received results con�rmed the possibility to use

LFMF to stimulate onion seed germination and indi-
rectly also plant growth. However, further research is
needed to check the e�ect of the tested magnetic �elds on
seed vigour (measured amongst other in germination test
run at lower temperatures) and connected with it other
physical characters, e.g. seed drying dynamics. The lat-
ter was observed for common bean seeds with di�erent
vigour [41]. Another issue worth checking is also an ef-
fect of the tested magnetic �eld on plant emergences and
their uniformity in the �eld as well as their other useful
characters.

5. Conclusions

The low frequency magnetic �eld (20 mT) can be suc-
cessfully used to improve germination of seeds of onion
of the cultivars �Octavia� and �Eureka�.
The improved germination of the seeds hesitated from

4.6 to 22%. The improvement of the seeds germina-
tion was not accompanied by di�erences in both, length
of germs and fresh masses of the received from them
seedlings.
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