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Abstract

The aim of this paper was to determine the changes in some biochemical and physiological processes, which occurred in
seeds and seedlings of faba bean and to evaluate the germination dynamics and plant emergence after pre-sowing seeds
treatment with a magnetic field. The study was carried out on Petri dishes in climatic chambers of the company HERAEUS
(Germany). Each plate was lined with filter paper and 80 seeds of faba bean were sown. The paper was sprayed with the
same amount of distilled water in each plate. Treatment of seeds significantly increased the activity of amylolytic enzymes
in faba bean seeds and seedlings. The greatest differentiation in enzymatic activity between stimulated and nontreated seeds
was noted after 96 h from the time of sowing. Seeds treated with the magnetic field showed greater dynamics of weight at
the time of imbibition than nontreated seeds. Treating of seeds with a magnetic field considerably increased the amount of
indole-3-acetic acid and gibberellic acid in germinating seeds, above-ground parts and in roots of faba bean seedlings. The

pre-sowing treatment with a magnetic field had favorable effects on the growth and development of seedlings.
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Introduction

An important factor in crops is the quality of seeds that
determines their germination and the vigor of seedlings
grown from them (Rochalska 2002). Therefore, some stud-
ies are currently being conducted with various methods
for seed improvement (Florez et al. 2007; Khawar et al.
2010; Marinkovie et al. 2008; Perveen et al. 2011; Zia et al.
2012). Recently, more attention has been paid to physical
factors, which may be used in the process of seed prepara-
tion (Delibatlova and Ivanova 2006; Hernandez et al. 2010;
Gtadyszewska 2011; Govindaraj et al. 2017; Samuilov
and Garifullina 2007; Szajsner et al. 2017). The prevailing
view is that physical factors stimulating seeds to germinate
act only on the course of physiological and biochemical
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processes which occur in them, and therefore, they are safe
for the environment (Govindaraj et al. 2017; Jamil et al.
2012; Podlesny 1998; Podlesny et al. 2003, 2004). One of
the physical factors that may be used in the stimulation of
germination as well as growth and development of seed-
lings is a magnetic field (Rochalska 2005; Pietruszewski and
Wojcik 2000; Pietruszewski and Martinez 2015). Literature
reports indicate the mainly positive effects of treating seeds
with a magnetic field, which is often referred to as mag-
netic stimulation for growth, development and yield of some
cereal, maize, sunflower and vegetable species (Florez et al.
2007; Martinez et al. 2009; Zepeda-Bautista et al. 2014).
Based on them, it can be concluded that particular species,
and even varieties, respond to a different extent to the mag-
netic field, and the effects depend largely on the magnetic
field parameters determined by the magnetic induction
value. There is a lack of research on the impact of magnetic
fields on faba bean seeds, their germination and the further
growth of plants. Conducting such a study in this species
seems to be particularly justified due to the relatively low
and variable yields over the years, often due to high sensi-
tivity to weather conditions and poor seeding quality result-
ing, among others, from the high susceptibility of beans to
diseases and pests.
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The aim of this study was to determine the effect of pre-
sowing seed treatment with a magnetic field on changes of
some biochemical and physiological processes in seeds and
seedlings of faba bean as well as on the germination dynam-
ics and plant emergence.

Materials and Methods
Experimental Conditions

The study was conducted in the Institute of Soil Science
and Plant Cultivation—State Research Institute in Putawy
[51°24'59"N 21°58'09"E], Poland.

Experiment was performed on Petri dishes in climatic
chambers of the company HERAEUS (Germany). Each
plate (diameter 150 mm) was lined with filter paper and 80
seeds of faba bean Tim variety were sown. The germination
capacity of seeds was 92%, thousand seed weight—624 g
and humidity — 14%. The paper in each pot was sprayed
with 170 ml of distilled water. Air humidity in the climatic
chamber was 90%, air temperature 24 °C, and light intensity
10,000 Ix.

Experimental Factors

The experimental factor was three doses of magnetic
field intensity: Dy—no stimulation (control), D; — 10,750
Jm™3s (B=30mT, s=15s), D, — 85,987 JIm~%s (B=85mT,
s=15 s). Magnetic stimulation of seeds was performed at
the Department of Physics at the University of Life Science
in Lublin, using a specially designed device for pre-sowing
seed treatment with a magnetic field (Fig. 1), equipped with

Fig.1 Block diagram of electromagnet (1—magnetic core, 2—field
coils, 3—mobile magnetic core, 4—air gap, 5—seed sample)
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an electromagnet powered by 50 Hz with a smooth regula-
tion of magnetic induction (Pietruszewski and Kornarzynski
1999). The basic element of this device is an electromagnet
consisting of a core made of transformer steel with wound
windings. The moving part of the core allows for smooth
adjustment of the gap width changes. Thanks to this adjust-
ment a smooth change in magnetic induction in the range
from 30 to 100 mT was possible.

Amylolytic Enzyme Determination

Evaluation of amoylolytic enzyme activity as well as TAA
and GA; content was performed at the Institute of Rural
Medicine in Lublin. The seeds, previously subjected to
magnetic stimulation, were placed on Petri dishes and then
analyzed at the following eight terms: 0, 24, 48, 72, 96, 120,
144 and 168 h after magnetic field stimulation. Enzyme
activity was determined based on the amount of glucose
released from starch by the complex of enzymes contained
in the supernatant. This supernatant was obtained by adding
5 ml of acetate buffer with pH 4.8 and containing 20 pmol
CaCl, to 0.5 g of dried plant material and then the mixture
was centrifuged for 10 min at 3000 rpm. The amount of
0.5 ml of starch solution at 0.5% concentration was added
to 0.5 ml of the supernatant and hydrolyzed at 37 °C for
10 min. The glucose content was determined by the modi-
fied Somogyi—Nelson method (1952), most often used in
biochemical tests for determining the content of reducing
sugars. This method uses the color reduction of the arse-
nic—molybdenum reagent with cuprous ions formed in the
solution as a result of the reaction of the copper reagent with
reducing sugars. The intensity of the color was determined
by colorimetry on a DRLANGE Tricolor LFM3 instrument
(Dr Bruno Lange Gm# Berlin, Germany) at the wavelength
A=520 nm. The instrument was run on program 9, with
X=07630, Y=07910 and Z=09680. Milled samples (4 g)
were placed in a 45 mL glass cell calibrated over a white
tile background. Measurements were made in duplicates to
obtain the CIELAB L*a*b* values (L =luminosity, a=red
component, b =blue component). The content of reducing
sugars was determined on the basis of the calibration curve
made for glucose solutions.

IAA and GA; Determination

TAA content was determined by HPLC and the modified
Hardin and Stutte (1981) method. The analytical procedure
was described in detail by Podlesny (2002). The content
of GA; was determined at the Institute of Rural Medi-
cine in Lublin, by the high-pressure HPLC method (high-
performance liquid chromatography) (Hardin and Stutte
1981; Hirosava 1989). The analyses were performed on the
HP-1050 liquid chromatograph. 10 g of acetone solution and
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water in a ratio of 2:1 were added to 10 g of pre-ground
plant mass. Then, the mixture was crushed in a mortar and
stored for 1 day, at +4 °C in a sealed bottle. The content
of the flask was filtered through a sintered glass, and the
obtained filtrate was concentrated on a vacuum evaporator
to a volume of less than 20 ml per 1 g of dry matter. The
solution was then poured into containers, supplemented with
distilled water to a volume of 20 ml per 1 g d.m. and fro-
zen at — 20 °C. Then, the solution was successively thawed
and centrifuged by withdrawing two times for 5 ml of the
supernatant. Fifty ul of acetonitrile was added to the first
portion and 50 pl of acetonitrile containing 10,000 ng IAA
and 36,000 ng GA; to the other. Both batches were acidi-
fied to pH 2 with 10% HCI and esterified twice with 5 ml
of a mixture of butanol and methyl acetate in the ratio 1:1.
The extracts were evaporated in a vacuum to dryness (bath
temperature 40 °C) and the residue was dissolved in 10 ml
of 20% solution of methanol in water. The obtained solutions
were passed through DOWEX 1x 8 100-200 Mesch anion
exchange columns, vol. 1 ml. Then, they were rinsed with
10 ml of a 20% methanol solution and with 10 ml of 0.2 N
sodium acetate — 80 ppm. and methanol — 20 parts. (V: V).
Next, 20 ml of a mixture of acetic acid and methanol (1: 1)
was added to each effluent which was then concentrated on
an evaporator to dryness (bath temperature 40 °C). In the
next stage to the obtained residue was added 500 pl of the
mobile phase and 20 um of it was dispensed into the loop in
a liquid chromatograph. GA; was determined on a UV detec-
tor at 254 nm, a mobile phase —0.15 M zinc acetate, 0.05%
acetic acid and 0.75% acetonitrile. The obtained graphs were
compared to the planimetric pattern. Indole-3-acetic acid
(TAA) was determined on an Ex 292 fluorescence detector,
Em 362, mobile phase MeOH, acetonitrile, 20/20/60 buffer
(0.05 M acetic acid, 0.005 M sodium acetate). ODS column
Hypersil 5 um 200 X 4.6 nm. Concentration of IAA and GA;
was measured 168 h after sowing of seeds.

Germination of Seeds and Biometric of Hypocotyl
and Roots

The Emergence Rate Index (Ed) was determined based on
the following equation:

Ed = % x 100% (%)

where Ne—the number of emerged seeds, Ns—the num-
ber of sown seeds.

Only normally germinating and fully developed seeds
were counted.

Dry matter content in the seedlings was determined
by drying in oven at 105 °C, according to the gravimetric
method (Wood and Roper 2000).

Statistics

The activity of amylolytic enzymes and the IAA content in
the seeds and seedlings were determined in three series and
four replications. Obtained data were processed statistically
in the Statistica Program, v.13.1 at a significance level of
p<0.05.

Results

Treating the seeds with a magnetic field increased the
activity of amylolytic enzymes in seeds and seedlings
of faba bean. The course of changes in the activity of
enzymes under the influence of the magnetic field
occurred particularly in the final stage of germination,
that is, in the period from 120 to 168 h after sowing
seeds (Fig. 2). However, in the first days after sowing,
the increase in enzyme activity was much smaller. The
activity of the studied enzymes was increasing over time,
reaching the highest value after 168 h from sowing. Both
doses of the magnetic field induction caused a beneficial
effect, although the higher dose (85 mT) had a slightly
stronger effect on the germination rate of faba bean seeds
than the smaller one (30 mT). The applied stimulation of
seeds caused increased amylolytic enzyme activity (on
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Fig.2 The course of changes in the activity of amylolytic enzymes in
faba bean seeds and seedlings treated and not treated with a magnetic
field
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Fig.3 The content of indole-3-acetic acid (IAA) in seeds, above-
ground part and roots of faba beans depending on the dose of the
magnetic field
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Fig.4 The content of gibberellic acid (GA3) in seeds, above-ground
part and roots of faba beans depending on the dose of the magnetic
field
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average for both doses of magnetic field induction) at 24,
48, 72, 96, 120, 144 and 168 h after sowing respectively
by: 10, 13, 51, 80, 120, 170, 240 and 275 I mg~! d.m.
Treating the seeds with a magnetic field considerably
increased the amount of indole-3-acetic acid (IAA) and
gibberellic acid (GA;) in germinating seeds as well as in
above-ground parts and in roots of young seedlings of
faba bean in comparison to control (Figs. 3, 4). A higher
content of IAA was found in seeds and above-ground
parts of plants grown from the seeds treated with a higher
dose of the magnetic field (85 mT). However, the higher
content of these auxins in the roots occurred as a result of
treating the seeds with a lower dose (30 mT) of the mag-
netic field. Higher GA; contents in above-ground parts
and roots were shaped by a lower dose of the magnetic
field (30 mT), and contents in the seeds by the higher dose
(85 mT). The highest content of these phytohormones
occurred in above-ground parts of young faba bean plants,
where the greatest differences in the growth of these com-
pounds were visible due to the magnetic stimulation of
seeds. The application of two doses of magnetic field
(Dy=35 and D,=85mT) did not differentiate the content
of IAA and GA; in the seeds and roots of faba bean plant-
lets. Significant differences in the content of these acids
in seeds and roots occurred between the objects with use
of seed biostimulation and control. Significant differ-
ences in the content of indolyl-3-acetic acid in above-
ground parts of seedlings occurred only between the
applied doses of the magnetic field. The magnetic field
caused the increase of IAA content in germinating seeds,
above-ground parts and roots of faba bean in relation to
TAA content in organs of plants from control objects by:
21.5, 27.5 and 22.0 ng/g d.m., respectively, whereas the
increase of GA; content, respectively, by: 180, 892 and
239 ng/g d.m. Differences in the course of germination
were observed already 24 h after sowing but the differen-
tiation in germination dynamics of faba bean seeds was
visible from 24 to 96 h after sowing. Plants grown from
seeds subjected to the action of the magnetic field grew
faster and more evenly compared to controls, however, the
higher dose of the magnetic field gave better results than
the lower one (Fig. 5). Control seeds and those subjected
to the magnetic field completed the germination process
after 168 h from sowing. Treatment of seeds with the
magnetic field effected the initial growth and develop-
ment of plants, which was observed as the increase of the
length of roots and stems of faba bean plants (Figs. 6, 7).
Both magnetic field doses significantly influenced the
increase of the length and weight of roots. Seven days
after sowing, D, and D, doses increased root length by
25.5 and 43.1%, respectively, and the stem length, respec-
tively, by 28.1 and 52.3% in relation to seedlings from the
controls. Pre-sowing stimulation of seeds by the magnetic
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Fig.6 The root length of faba bean seedlings grown from seeds
treated with magnetic field

field significantly affected the rate of water absorption as
well as the weight of swelling seeds and seedlings of faba
bean (Fig. 8). Seeds previously treated with the magnetic
field significantly increased their mass compared to seeds
not treated with this factor. After 168 h from sowing,
the average weight of one seedling grown from seeds not
treated with a magnetic field was 1.14 g, whereas the
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Fig.7 The length of stems of faba bean grown from seeds treated and
nontreated with magnetic field

mass of seedlings grown from seeds treated with a mag-
netic field with induction of 30 and 85 mT amounted to
1.34 and 1.41 g, respectively. This means that pre-sowing
treatment of seeds with a magnetic field resulted in a
faster weight increase of swelling seeds and seedlings of
faba bean in relation to control seeds, because the field

@ Springer



Journal of Plant Growth Regulation (2019) 38:1153-1160

1158
14 T
ERER
5
]
[}
n
g 17
Q
2
5
© 08T ;
s Yy, = 0,0035x + 0,5565; R = 0,91
& Yy, = 0,0046x + 0,5686; Rz =0,93
06 LA~ ¥y, = 0,0054x +0,5732; R = 0,89
04

0 20 40 60 80 100 120 140 160 180
Time from sowing (h)

Fig.8 The course of changes in the dry weight of seeds and seedlings
of faba bean depending on exposure dose of magnetic field

induction doses 30 and 85 mT increased the final seed
weight by 17.2 and 23.5%, respectively.

Disscusion

The studies showed that pre-sowing treatment with a mag-
netic field affected the course of analyzed physiological and
biochemical processes. Changes in germination dynamics
and in the growth of faba bean seedlings were observed. First
of all, seeds treated with the magnetic field expressed higher
activity of amylolytic enzymes which causes acceleration of
the germination process in relation to untreated seeds. Then,
higher doses of the magnetic field caused increased IAA and
GA; enzyme concentrations in seeds and seedlings. Podlesna
et al. (2015) also showed significantly increased amylolytic
enzyme activity as an effect of pre-sowing irradiation of pea
seeds with laser light. According to Jakubowska (2004), the
increase in IAA content may be caused by hydrolysis of [AA
conjugates, whereas the level of reduction is the result of
irreversible conjugation or oxidative hormone degradation.
This indicates that the physical factors such as laser irradia-
tion or magnetic fields are the external factors controlling the
content of IAA in the seeds and affecting the mechanism of
its action. It is especially important in the beginning phase
of plant development because the main role of these com-
pounds is stimulation of plant growth by enhancement of its
elongation growth. Igbal et al. (2012) reported that a mag-
netic field caused a significant increase in the germination

@ Springer

rate of pea (Pisum sativum L. cv. Climax) seeds. According
to those authors, the improved germination rate compared to
untreated seeds was from 75.1 to 86.4% for the emergence
index, from 1.89 to 13.2% for final emergence percentage
and from 12.1 to 204.6% for vigor index. In studies of Sza-
jsner et al. (2017), laser radiation and magnetic field signifi-
cantly increased both the germination energy and capacity
of sugar beet seeds. Mridha and Nagarajan (2014) reported
a significant increase in seedling vigor and improved root
characteristics in chickpea after magnetic treatment of its
seeds. This also proved that the changes in the irradiated
seeds cause changes in the dynamics of the development
of the obtained seedlings (Delibaltova and Ivanova 2006;
Hernandez et al. 2010). The results obtained by Garcia et al.
(2013) concerning the application of a magnetic field on
soybean seeds showed increased germinated seed numbers
and seedling root lengths grown from the stimulated seeds.
According to Aladjadjiyan (2007), more intensive growth
of maize stems and yield, compared to control plants, were
observed after use of magnetic field with 150 or 60-200
mT, respectively. Vashisth and Nagarajan (2010) found that
pre-sowing magnetic field stimulation of sunflower seeds
with 250 mT caused not only faster germination but also an
increase of seedling dry matter. Matwijczuk et al. (2012)
confirmed a positive effect of magnetic field and magneti-
cally treated water at the intensity of 30 mT on the process
of sunflower seed germination. Aladjadjiyan (2007) reported
that maize plants showed the increase of steam in effect of a
static magnetic field effect on seeds with intensity 150 mT.
Simi et al. (2013) applied a magnetic field with intensities of
20, 40, 60, 80 and 100 mT on chickpea seeds and the great-
est increase of root and leaf length (depending on chickpea
cultivar) was obtained in the case of seeds treated with 60
and 80 mT as well as with 60 and 100 mT, respectively. In
turn Mahajan and Pandey (2014) observed a positive effect
of magnetic field induction with intensities of 87, 157, 194
and 226 mT and 100 min of exposure. Those authors elabo-
rated a new model called “the magnetic-time model”, that is,
the product of magnetic induction and of the exposure time.
Pietruszewski and Martinez (2015) showed that alternat-
ing magnetic field (35 mT) causes, relative to the control, a
greater increase in germination capacity than the static field
(100 and 185 mT). The paper of Nawroz and Hero (2010)
and Igbal et al. (2012) confirmed that a magnetic field stimu-
lates the process of seed germination and plant development,
as well as improves yield and quality. Novitskii et al. (2014)
also found a significant effect of magnetic field application
on radish seed germination, biophysical properties of seed-
lings as well as final yield of seeds. According to Hernandez
et al. (2009), the effect of magnetic field application depends
not only on its intensity but also on plant genotype.

The research carried out so far shows that some physi-
cal factors increase the vigor of seedlings, and later the
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growth dynamics of plants grown from them. According
to Pietruszewski and Martinez (2015), the effect of mag-
netic induction was squared. The literature shows that the
best results of seed stimulation with physical methods are
obtained when the optimal exposure dose is applied. Small
doses usually stimulate seed germination and the subsequent
development of plants, whereas large doses may have a neg-
ative effect, and sometimes even cause mutations (Rybiriski
1993). However, according to Pietruszewski (1999), deter-
mining the optimal dose of the magnetic field for a given
species or variety is difficult. Therefore, before the field
experiments, the optimal value of the exposure dose should
be determined based on laboratory tests of seed germina-
tion, including the economic factor, that is, doses requiring
the least amount of energy by the stimulation device should
be selected. However, it is not known whether the magnetic
field dose that is optimal for a given species or variety under
laboratory conditions will be the best dose in field cultiva-
tion conditions. In the available literature there are no stud-
ies in which the doses of magnetic field exposure proved
to be too high and the occurrence of negative stimulation
effects found. It is, therefore, difficult to determine when
the “overdose” may occur, which has been found in relation
to some other physical factors. However, in the conducted
studies, both applied doses of magnetic field had a positive
effect on the growth of faba bean seedlings.

Conclusions

1. Treatment of seeds with a magnetic field significantly
increased the activity of amylolytic enzymes in faba
bean seeds and seedlings. The greatest difference in the
enzymatic activity between stimulated and nontreated
seeds was noted after 96 h from the sowing.

2. Seeds treated with the magnetic field showed greater
dynamics of weight increase at the time of imbibition
than untreated seeds.

3. Treating faba bean seeds with a magnetic field consider-
ably increased the amount of indole-3-acetic acid IAA)
and gibberellic acid (GA;) in germinating seeds as well
as in the above-ground parts and roots of seedlings.
The greatest differentiation of phytohormones content
between stimulated and nontreated seeds was noted in
the above-ground part of plants, whereas their contents
in roots and seeds were significantly lower.

4. The pre-sowing seed treatment with a magnetic field
had, in comparison to control, a positive effect on the
growth and development of seedlings as well as their
dry and fresh matter.

5. In the conducted studies, both applied doses of mag-
netic field had a positive effect on the analyzed proper-

ties of faba bean seeds and seedlings. However, for some
changes in the period of seed germination and growth
of faba bean seedlings, the higher dose (D,) was better
than the smaller one (D).
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