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Abstract. 11-days old plantlets developed from barley seeds exposed to
homogenous 50 Hz magnetic field (1 <+ 5 mT) for 22 hours, showed decreased level of
chlorophyll a while the content of chlorophyll b was significantly increased with
enhanced magnetic energy doses. The nucleic acids levels were increased in
comparison to the control.
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1. INTRODUCTION

Young plants are able to respond to the surrounding stress factors.
Electromagnetic field is an important stress factor with impact on growth and
development of plants. Even if magnetic component of oscillating electromagnetic
fields is often weaker than electrical component, this can be the main component
that affects the biological system. This is because the tissues containing a large
amount of water could absorb the electrical component, while the magnetic
component of the electromagnetic field can penetrate deep into biological tissues
and could have an impact locally.

When plants are exposed to environmental stress conditions, the balance
between the reactive oxygen species production and antioxidants activity is
disturbed, often resulting oxidative damages [1]. Stress affected plants response
could induce changes in the plant metabolism and development [2]. Extremely
Low Frequency Magnetic Fields (ELF-MF) are oscillating fields defined as having
frequencies below 300 Hz. ELF-MF is important from a public health and
protection standpoints because of the intensive usage of electrical power at 50 or
60 Hz. The typical environmental ELF-MF can vary between 0.3 uT (average
50/60 Hz fields in residences) and 130 mT (in industrial processes).
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ELF-MF bio-effects on plants are quite studied, the existent scientific studies
sustaining the concept of magneto-sensitivity of the living world. The various and
contradictory experimental results about the impact of ELF-MF on seeds
germination and plants development, seem to suggest that the bio-effects can be
dependent on plant species, genotype, exposure time, magnetic field flux densities
or frequency, pre-treatment of the plant material or even culture medium.

Lebedev er al. [3] have been exposed barley seedlings to 10 nT magnetic
field into Helmholtz coils system and obtained decreased fresh weight and dry
weight in comparison with control. Magnetic field treatment of soybean seeds has
been improved the germination process, seedling length, fresh weight, dry weight
and vigour under laboratory conditions [4]. Low 50 Hz magnetic field intensities of
10 and 100 pT have been observed to alter membrane transport in Vicia faba roots
[5]. In their study, De Souza et al. [6] report that electromagnetic field exposure of
tomato seeds has been resulted in a significant increased leaf area and dry weight.
No significant changes in physical parameter and biochemical constituents were
obtained by Ragendra et al. [7] to experimental investigation about effects of
5-100 uT electromagnetic field on germinated Vicia faba seeds. Also, enzyme
activity showed a significant decrease in activity. Magnetic fields of relatively low
frequencies have been stimulated growth of corn roots, while the higher
frequencies (above 240 Hz) have been inhibited growth [8]. 50 Hz magnetic field
pre-treatment have been reduced the inhibitory effect of heat stress on the growth
of cress seedlings [9] and the level of biological injuries induced by gamma
radiation treatment of spring barley seeds [10]. 16 Hz electromagnetic field of low
intensity (20 uT) exposure has been caused a small but significant increase in the
fresh weight of young plantlets of sunflower (Helianthus annuus), while the
germination process hasn’t been influenced [11]. Yano ef al. [12] have been shown
that the main effect of low frequency electromagnetic field (60 Hz) exposure on the
photosynthetic activity of young plant development was the changing of the
photosynthetic CO, uptake. When barley seeds were exposed to magnetic field
during germination (125 mT for different durations) stimulatory effects on
development were observed [13].

The present study aimed to quantify the effects of 50 Hz magnetic field with
different intensity on pre-treated barley seeds, by assessing of the photosynthetic
pigments and nucleic acids total level in seedlings developed from exposed seeds
under controlled conditions.

2. MATERIALS AND METHODS

2.1. BIOLOGICAL MATERIALS

Due to importance for food industry and agriculture barley seeds (Hordeum
vulgare) were chosen as biological material for magnetic exposure. Biological
samples composed of 60 barley dry seeds each, on Petri dish, were exposed one by
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one to a homogenous 50 Hz magnetic field, for 22 hours in the central place of
Helmholtz coils system, to 1+5 mT sinusoidal AC magnetic field, before starting
of germination process. Untreated seeds were used as control under similar
conditions. Seeds with the same size as close as possible were provided by
experimental lots (micro-populations) developed with the aim of ensuring uniform
genophond. The moisture content was less than 12% the seeds being stored in dry
room in darkness at 4.00 £ 0.50 °C away from stray electromagnetic fields (in a
home-made Faraday cage) for a month prior to the experiment. After the 50 Hz
frequency magnetic field exposure, the seeds were let to germinate on the watered
porous paper in Petri dishes, using the same quantity of de-ionized water and in
controlled environmental conditions (on suitable temperature (24.00 £ 0.50 °C) and
darkness, 90% humidity) into laboratory room. After germination the young
plantlets development was realized for eleven days, in the same controlled
laboratory conditions (24.00 + 0.50 °C, illumination —14 h: 10 h light/dark cycle
and 70% humidity) and the culture medium of young plantlets was daily watered
with the same amount of de-ionized water (15 ml per sample). For illumination
was used a standard fluorescent lamp (40 W) supplied at the national electricity
network (50 Hz, 220 V). By means of C.A.40 Gaussmeter we measured the vertical
magnetic field background obtaining 0.13 = 0.01 pT value.

2.2. MAGNETIC EXPOSURE SYSTEM

A laboratory Helmholtz Coils System (HCS) was used for the 50 Hz
frequency magnetic field exposure. Two coils mounted coaxially and placed at a
mean distance of 130 mm each other constitute the HCS (Fig. 1). Each coil had an
average diameter of 260 mm and a thickness of 25 mm and was made of 1000 turns

of copper wire of 1 mm.
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Fig. 1 — Magnetic field exposure design setup — HCS.
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The coils have been powered through a power terminal of 50 Hz sinusoidal
voltage (220 V) for generating of a vertical uniform magnetic field in the centre of
the HCS.

Preliminary magnetic field measurements were carried out by means of a
low-frequency field analyzer, NARDA EFA-300 in the biological sample absence,
for the calibration curve of Helmholtz coil system getting. The calibration curve of
central zone for HCS is presented in Figure 2. The magnetic field magnitude
measurements have been evidenced that within the central zone of the HCS no
significant variations of the magnetic field value could be detected within 100 mm
diameter area.
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Fig. 2 — Calibration curve of Helmholtz coil system (HCS), used for seeds exposure,
carried out using a low-frequency field analyzer (NARDA EFA-300).

In the free air, the temperature measured in coil system centre exhibited no
variation during exposure. The low frequency magnetic field irradiation was done
by placing each biological sample (containing 60 barley seeds) on a glass Petri dish
(with 90 mm diameter), as dielectric support, in the centre of the HCS, for the same
exposure duration (¢ = 22 hours), controlled by automatic timer coupled to the
magnetic generator supply.

Magnetic field exposure intensity was expressed as magnetic energy dose:

2
p=2", (1)
21

where B[T] is the magnetic field induction, ¢[s] is the exposure time duration and
1, 1s the magnetic permeability of free space (47 -107 H/m).
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The magnetic energy doses, used for irradiation of barley (Hordeum vulgare)
seeds, ranged between 0.03 J's/cm’® and 0.79 Js/cm’ (Table 1).

Table 1

Magnetic energy dose level of seeds irradiation

50 Hz magnetic field induction (mT) 1 2 3 4 5
Magnetic energy dose (J's/cm’) 0.03 0.13 | 0.28 | 0.50 | 0.79

2.3. ANALYSIS METHODS

Length plants measurement. After the 11 days of young plants growth, the
length of individual plant was measured with 0.1 cm precision. The average length
of each batch of seedlings grown from magnetic exposed seeds was compared with
the lengths of the control, using the Student test.

Determination of chlorophylls and total carotenoids contents in samples.
About 0.15 g of homogenized fresh leaf tissue of barley for each analyzed sample
was weighted by electronic laboratory analytical balance (RADWAG AS 220 R2)
with accuracy of 0.0001 g and was mashed with a mortar and pestle together with a
low amount of MgCO; and CaCO; and extracted with 15 ml 80% acetone. The
resulted solution was filtered through filter paper mounted in glass funnel. The
filtrate was quantitatively transferred to 25 ml flask and completed to 25 ml
volume with 80% acetone and then was kept in dark till its analyzing.
Spectrophotometric analyses of samples were carried out using UV-VIS
spectrophotometer CECIL CE 1021 device provided with quartz cells of 1 c¢cm
width. The light extinctions of 80% acetone extracts were measured at 663 nm,
646 nm and 470 nm wavelengths. The total contents of photosynthetic pigments
were calculated from the Lichtenthaler & Wellburn equations [14] for 80% acetone
extracts:

Chla(pg/g) = (12.21-E,, —2.81-E646)dL, 2)
m
Chib(ug/g) =(20.13- Eg, —5.03-E663)dL, 3)
-m
Car(ug/g) = (100-E,,, —3.27-Chla —104- Cth)L, 4)
227-d -m

where m(g) is the fresh vegetal sample mass, V(ml) is the extract volume (in 80%
acetone), E, is the light extinction to the wavelength A (nm), d (cm) is the quartz
cell width, Chla is content of chlorophyll a (CssH7,0OsN4Mg), Chlb is content of

chlorophyll b (CssH,gO¢N4sMg) and Car is content of total carotenoid pigments
(xanthophylls + carotenes).
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Determination of total nucleic acids contents in samples. The assay of
total nucleic acid level accordingly to a modified Spirin’s method [15-16] were
obtained by spectral extinction readings for green tissues extracts in perchloric acid
solution. The amount of nucleic acids can be extracted from biological material by
its treating with hot perchloric acid solution. In this case, the nucleic acids
hydrolysis with formation of soluble fragments is complete and their extraction
from the biological tissue is quantitative of. About 0.015 g of homogenized green
tissue of barley for each analyzed sample was weighted and grinded into a pestle
mill together with 10 ml 6% perchloric acid. After the extracts were boiled in bain-
marie for 30 minutes and then were centrifuged at 3000 rpm for 15 minutes to
separate the organic phases. The supernatant was transferred to a new tube and the
light extinctions were measured at 270 nm and 290 nm wavelengths, using
UV-VIS spectrophotometer CECIL CE 1021 device. Total nucleic acid level is
given by:

E, V

AN(ug/g):m._ (5)

0.19 m

m(g) is the fresh vegetal sample mass, V(ml) is the extract volume (in 6%
perchloric acid), E,is the light extinction to the wavelength 4 (nm), AN is total
content of nucleic acids (DNA+RNA).

2.4. STATISTIC ANALYSIS

The statistical analysis of the experimental data was performed using
SYSTAT v.10 software package. For every experimental data set were determined
descriptive statistic parameters. Statistic analysis of plantlet length was
accomplished using Student #-test and confidence levels P = 90%, 95% and 99%.
Also, the statistical analysis of the experimental data, resulted from the three
repetitions of the biochemical analysis, was accomplished by means of ANOVA
test, considering the statistical significance defined by a probability level of
p <0.05. Regression analyses have been done in ORIGIN 6.0 software package.

3. RESULTS AND DISCUSSIONS

On stressed young plants, grown from seeds exposed to 50 Hz sinusoidal
magnetic field of 2 mT and for 22 hours exposure time, were induced a statistically
significant decrease of average plants length, in comparison with control sample
(magnetic energy dose of irradiation was 0.13 Js/cm’) (Fig. 3). In the 4 mT
magnetically exposure case (0.50 J's/cm’) the stressed young plants average length
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was increased than control one (statistically significant). In all other experimental
cases were not significant differences.

11 days of growth, P=90%,
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Fig. 3 — Effect of increasing magnetic energy dose on average length of the Hordeum vulgare
seedlings; * statistic significant; ** statistic no significant (versus the control).

The average length of each batch of stressed young barley plants, grown from
magnetically exposed seeds, was compared with the lengths of the control sample
(young plants grown from non-exposed seeds), using the Student test. The values
of the equivalent dispersion and the ¢ value of each pair are presented in Table 2.

Table 2

Statistical analysis on plantlets length data

(* — statistically significant, ** — not statistically significant)

Magnetic exposure dose 0 0.031 0126 | 0283 | 0504 | 0787
(J*s/cm’)
Average length 114.44 | 112.91 91.93 | 12120 | 127.92 | 11851
(mm)
Standard deviation 16275 | 21.538 | 34513 | 25.131 | 23.716 | 31.193
Relative error 0.142 0.190 0375 | 0207 | 0185 | 0263
Confidence interval (mm)
P =90% 4.480 4884 | 15122 | 7919| 6707 | 9214
s, - 19.089 | 26982 | 21.171 | 20339 | 24.878
feale - 0.425 2.207 1.194 | 2.815| 0.654
P =90%, 1= 1.676 _ ok * - . o
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Since the photo-assimilatory pigments and nucleic acids are the most
involved biochemical factors in early ontogenetic stages of plants growth, we
focused on their corresponding experimental data extracted during the
experiment.

The photosynthetic pigments play very important role in solar light
conversion toward chemical energy stored within organic compounds
accumulated in the vegetal organism. Estimation of photo-assimilatory pigment
contents (chlorophylls and carotenoids) and pigments ratio (as Chla/Chlb or
chlorophylls/carotenoids) are important due to on their role as good indicators for
stress detection and photosynthesis efficiency [17]. When a plant is under stress,
low chlorophyll content changes are evident in the initial stages of development.
Then stress increases chlorophyll content decreases faster than other
pigments [18].

The magnetic treatments had an inhibitory effect (p < 0.05) on the content
of chlorophyll a with enhancing of magnetic energy dose, while for the content of
chlorophyll b was observed the opposite effect (Fig.4). The decreases in
chlorophyll a content (p < 0.05) for relatively short magnetic energy doses could
represent an indication upon the putative inhibitory effect of the 50 Hz magnetic
field exposure on seeds observed during of young plant development. On the
other hand, the content of chlorophyll b was significantly increased (p < 0.05).
The slightly variations of carotenoid pigments contents no had an evidenced
manner.

The chlorophylls ratio changes could be taken as strong proof of the
magnetic field influence on photosynthetic system efficiency, due to this
parameter is an indirect indicator on the response of the Light Harvesting
Complex II from the chloroplast membranes, where photosynthesis process is
located [19]. So, in our study the photosynthesis efficiency seems to be inhibited
for enhanced magnetic field exposure doses (due particularly to the remarkable
decrease of chlorophyll a level and increase of chlorophyll b level).

In Fig. 5 is presented the chlorophyll ratio variation with enhancing of
exposure magnetic field dose. The chlorophylls ratio value decreased
exponentially with D value of 50 Hz magnetic field, experimental fitting curve
being Chla/Chlb = 0.159 + 4.151e™%92 + 0.991e™** equation with
determination coefficient R* = 0.997. The chlorophylls ratio was remarkably
influenced by 50 Hz magnetic treatment of barley seeds (Fig. 5), thus the
magnetic exposure of seeds for 22 hours, revealed decreases of chlorophyll ratio
about 62% for 1 mT, 83% for 2 mT, 89% for 3 mT, 92% for 4 mT and 95% for
5 mT than control sample level.
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Fig. 4 — Photo-assimilatory pigments level (microg/g) in young Hordeum vulgare seedlings grown
from 50 Hz frequency magnetic field exposed seeds, after 11 days of growth (Chl a — the content of
chlorophyll a, Chl b — the content of chlorophyll b, Car — the content of total carotenoid pigments).
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Fig. 5 — Effects of 50 Hz magnetic field exposure on the chlorophylls ratio (Chl a/ Chl b)

in the seedlings grown from exposed seeds; * statistic significant
(versus the control — non exposed seedlings) (p < 0.05 accordingly to ANOVA test).
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For chlorophylls and carotenoids ratio ((Chla+Chlb)/Car) was observed
increased values for low magnetic field doses comparing with the control, while for
increased magnetic field doses were obtained lower values than control ones

(Fig. 6).
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Fig. 6 — Effects of 50 Hz magnetic field exposure on the chlorophylls and carotenoids ratio
((Chl a+Chl b)/Car) in the seedlings grown from exposed seeds; * statistic significant
(versus the control — non exposed seedlings) (p < 0.05 accordingly to ANOVA test).

The total content of nucleic acids (AN) in young barley plants after 11 days
of development, grown from magnetic exposed seeds is presented in Figure 7.
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Fig. 7 — Effects of 50 Hz magnetic field exposure on the total nucleic acid levels in the seedlings grown
from exposed seeds; * statistic significant (versus the control — non exposed seedlings)

(p <0.05 accordingly to ANOVA test).
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It was observed that with increasing magnetic field dose of exposure the
nucleic acids biosynthesis was stimulated for all samples in comparison to the
control sample (plants developed from unexposed seeds) (p < 0.05). The higher
value of nucleic acids content was obtained for 3 mT magnetic field exposure
sample (32% increased than control sample level).

An unexpected effect was negative impact of 50 Hz magnetic field on
photosynthesis process efficiency in early ontogenetic stages of barley seedling,
evidenced by means of chlorophylls ratio level. Also, Lebedev et al. [3] reported
inhibitory bio-effects of low magnetic field (10 nT) on barley seedlings. In the case
of Zea mays seedlings exposed to 50 Hz magnetic field for lower magnetic energy
doses than those used in present study, were observed stimulatory effects on the
photo-assimilatory pigments level and the photosynthesis efficiency [20]. In the
present study all the experimental results suggested that treated barley (Hordeum
vulgare) seeds react differently against 50 Hz magnetic field as a biotic stress, than
another cereal specie (Zea mays), that is coming from the same Poaceae family and
the Cyperales order. Thus, the 50 Hz magnetic field exposure influence could
depend on the plant species involved in the study.

Moreover, we presume that, uninterrupted and longer exposure of biological
samples to extremely low frequency magnetic field, could conduct to injurious
effects on biological organism development. It seems that the magnetic energy
could be stored in seeds, being used later in the germination or growth processes.

Due to the large number of experimental results reported, it seems that the
biological effects of oscillating magnetic fields are dependent on the field
frequency, which indicates the resonant character of such bio-effects. One of the
weak magnetic fields influence mechanism is the ion cyclotron resonance [21]. The
oscillating magnetic fields may cause oxidative stress in living organisms by
modification of energy levels, orientation of spin electrons and the free radicals
lifetime, which changes the recombination probability of other interactions with
possible biological effects [22]. Given radical-pair mechanism, the oxidative stress
appears around of 1mT magnetic field induction. The radical-pair mechanism is the
only physically plausible mechanism by which weak magnetic fields exposure
could affect the chemical reactions. It is known that the metabolic processes in
living organisms are joined by the electrons transport [23], e.g. in the
photosynthesis process. Wang et al., observed an increased level of hydroxyl ions
at Chlorella vulgaris exposed to magnetic field, suggesting the modification of free
radical levels that might hyper-activate antioxidant defense system of the organism.
Thus, the membrane permeability and ion transport processes were affected, also,
and might be responsible for the acceleration of chlorophyll excitation by the
light [24].
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4. CONCLUSIONS

50 Hz magnetic field exposure of barley (Hordeum vulgare) seeds for
22 hours before germination revealed a negative influence on photosynthesis
process efficiency in early ontogenetic stages of barley seedling grown from
exposed seeds, evidenced by means of chlorophylls ratio level. The chlorophylls
ratio value decreased with magnetic energy dose in an exponentially manner. In
our study the photosynthesis process efficiency seems to be inhibited by enhanced
magnetic field exposure doses (due particularly to the remarkable decrease of
chlorophyll a level and increase of chlorophyll b level). Regarding the nucleic
acids biosynthesis, increasing magnetic field doses of exposure of the barley seeds
led to higher content of total nucleic acids than control sample. Therefore, 50 Hz
magnetic field exposure (with magnetic induction between 1 and 5 mT) on barley
seeds had disruptive effects at seedlings level, developed from exposed seeds,
regarding the young plant growth, photo-assimilatory pigments and nucleic acids
contents. Considering the omnipresence of 50 Hz magnetic fields in the modern
world, these results could be of interest for the environmental protection studies.
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