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EFFECTS OF ELECTROMAGNETIC FIELDS AND THEIR
SHIELDING ON THE GROWTH OF DWARF RUNNER BEANS
Abstract: The aim of the study was to determine the effect of electromagnetic fields and their shielding on the
growth of dwarf runner bean Phaseolus coccineus L. Three sectors were separated on the device emitting
electromagnetic fields: "E" - sector emitting electromagnetic radiation with the predominance of the electrical
component, "EM" - sector emitting electromagnetic radiation without domination of its components and
"M" - sector with a predominance of magnetic component. Fields generated by the device were also shielded with
ADR TEX, a screen based on a nanocomposite in which the electric component of the electromagnetic radiation is
absorbed by water dispersed within a dielectric matrix in various ways. The composites exhibit high dielectric
absorption and shield electric fields within the frequency range from ~100 mHz to ~100 kHz. Electromagnetic
fields with the predominance of the electrical component and without domination of its components delayed the
initial emergence of runner bean seedlings. Shielding of electromagnetic field without domination of its
components with ADR TEX screen protected against this negative impact on the emergence rate of young runner
bean seedlings. Exposure of plants to differentiated electromagnetic fields adversely affected their growth. Plants
exposed to electromagnetic radiation without domination of its components had the lowest height and the shortest
internodes. Shielding of electromagnetic fields with ADR TEX screen efficiently protected against their negative
impact on the plant growth. Electromagnetic fields and their shielding did not influence the size of leaves and the
index leaf greenness (SPAD).
Keywords: electromagnetic fields, ADR TEX shielding, growth, runner bean, SPAD Index

Introduction
All living organisms, including humans, animals and plants are exposed to
electromagnetic fields. The sources of electromagnetic fields are permanent magnets,
electrical appliances, power lines, electric wiring and also natural sources such as the Sun.
The intensity of the constant electric field near the earth's surface varies and amounts to
100-150 V m–1, while the induction of the Earth's magnetic field is in the range of
30-60 µT [1].
Studies carried out so far have shown differentiated effects of electromagnetic fields on
the plant growth, development and physiology. Gemici et al. [2] reported an increase in
abscisic acid (ABA) content and a decrease in gibberelic acid (GA3), chlorophyll a and b
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contents in walnut and cherry leaves exposed to electromagnetic fields of high voltage
transmission lines (0.1-10 mG and 50-60 Hz) compared to control trees. High voltage lines
had negative effects on the growth and development of the plants. Leaves were thinner and
leaf mesophyll was more densely packed than in the case of the control trees. Biketi et al.
[3] found that the level of chlorophyll a was lower in plants, which were exposed to 50 Hz
magnetic field with the induction of 0.5-3 mT. On the other hand, Racuciu et al. [4]
observed a biostimulatory influence of low frequency electromagnetic field (50 Hz, 10 mT)
on the biosynthesis of chlorophyll a in pumpkin seedlings after daily 1 hour exposure.
The positive linear correlation between contents of chlorophyll a and carotenoids, the
acceleration of the plant growth and root development and stimulation of protein synthesis
were noticed. Exposure of soybean seeds to 50 Hz magnetic field with the induction of
30 mT for 1, 2.5 and 5 min did not affect seed germination, but increased chlorophyll
content in seedling cotyledons [5]. Results obtained by Nurbaity et al. [6] reviled that
magnetically treated sorghum seeds were characterized by higher percentage seed
germination, vigour index, seedling growth, number of leaves, shoot diameter and
chlorophyll content than untreated seeds. The best results were observed for seeds treated
for 15 min with 1 and 6 mT magnetic fields. Significant acceleration of seed germination as
an effect of electromagnetic field treatment was also observed by Sudsiri et al. [7], who
found that oil palm kernels soaked in water and treated with electromagnetic field of
9.0 mT for 4 h germinated significantly faster than untreated watered seeds.
Rape, grown from seeds exposed to electromagnetic field of 10 mT for 4 h, produced
a lower seed yield. However, 1000 seed weight was higher and seed size was bigger than in
the case of untreated seeds [8].
Magnetic fields, strong and weak electric fields and electric currents can be classified
as abiotic stress elicitors to affect a plant growth and development [9]. Moon and Chung
[10] observed that alternating current (AC) electric field with intensity higher than
12 kV·cm–1 and exposure time more than 60 s inhibited the tomato seed germination. But
exposure to electric fields ranging from 4 to 12 kV·cm–1 for shorter time had a positive
effect and accelerated seed germination. Molamofrad et al. [11] examined effects of AC
high-voltage electric fields (2-4 kV·cm–1, exposure time 15-150 s) on onion seed
germination percentage and dry weight of seedlings. The maximum increase in seed
germination was found after exposure to electric field of 9 kV·cm–1 for 45 s, whereas the
highest dry weight of seedlings was noticed at field intensity of 2 kV·cm–1 and exposure
time 45 s. Janositz and Knorr [12] reported that the exposure of tobacco protoplasts and
cells with cell wall to pulse electric fields with strength of 0.25-7.5 kV·cm–1 and frequency
2 Hz resulted in a disruption of cell membranes. Both cell types showed higher degree of
cell disintegration with application of higher field intensities. The extent of protoplast cell
rupture was nearly twice as high compared to the cells with cell wall, demonstrating the
protective effect of plant cell walls.
In previous studies conducted by two co-authors of this study, the harmful effects of
the electromagnetic field of low frequency 50 Hz on humans was found. A significant
effect of radiation on male fertility has been demonstrated by the deterioration of the
studied sperm parameters [13] and accelerating the growth of neoplastic cells of prostate
cancer [14]. Despite the fact that in the case discussed we deal with an electromagnetic
field of low frequency (50 Hz), it turns out that this radiation is not indifferent to humans.
The influence of the external electromagnetic field on humans depends mainly on the field
frequency and its intensity. The values of EMF to which people are exposed in their
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everyday environment require the body to activate appropriate compensation mechanisms
in order to minimize such environmental stress. However, long-term exposure to even
minimal EMF has negative health consequences, resulting from biological reactions that
cause a noticeable weakening of the body over time [15].
In 2002, the International Agency for Research on Cancer (IARC) published
a monograph on the evaluation of carcinogenic risks of static and extremely low-frequency
(ELF) electric and magnetic fields to humans [16]. In many countries, the standards
regarding permissible electromagnetic field are being radically tightened, especially for
devices operating in the vicinity of places where people may live or work. According to the
IEEE C95.1-2019 standard, at 50 Hz whole-body exposure, in an "uncontrolled"
environment (low level), the ERL (Exposure Reference Limits) for electric field strength is
5000 V·m–1, while the maximum value is the ERL of the magnetic induction
is 0.904 mT [17].
The above results, indicating the negative impact of low-frequency electromagnetic
field on the human body, prompted the authors to undertake similar studies on plants.
Dwarf beans, which grow relatively fast, were selected as the model plant. The experiment
used the frequency of 50 Hz to simulate the conditions that occur in the environment of
humans and growing plants. An electromagnetic field of this frequency is emitted by
electrical installations in our homes and power transmission lines.
The aim of the study was to determine the effect of electromagnetic fields and their
shielding on the growth of Phaseolus coccineus L.

Material and methods
Seeds of dwarf runner beans Phaseolus coccineus L. were sown in plastic pots of
10 cm diameter and 0.5 dm3 capacity, filled with a substrate, produced by the Hartmann
company, based on highmoor peat and humic peat. The ready-to-use substrate included
PGMix NPK 14:16:18 compound fertilizer, supplemented with microelements, at the
amount of 1.0 kg·m–3. A substrate pH level ranged from 5.5 to 6.5. In each pot three seeds
were planted at a depth of 1 cm. Afterwards the pots were placed in a growth chamber
fitted with daylight fluorescent tubes (Philips TLD 36 W) and air flow, with an illumination
of 16 h a day. The average temperature was 23 °C and the relative humidity 60 %.
Plants in the growth chamber were exposed to electromagnetic fields emitted by
a specially designed device (EM emitter), as shown in Figure 1, for 20 days. The device
emitting electromagnetic fields is composed of 3 spiral coils, constructed using
a glass-epoxy laminate coated with copper (20 μm), which is used for printed circuits.
The coils are placed directly behind the upper wall of the housing which is made of plastic
and connected by electrical wires. The wiring diagram is shown in Figure 1. The electrical
wires are separated from the coils at a distance of about 5 cm. The distance between the
coils is 15 cm. The electricity receiver is a 57 W halogen bulb, which was placed in the
lamp outside the casing of the device, within a few meters distance to minimize the
influence of thermal radiation of the bulb on the tested object. A black shade on the lamp
protected against light exiting to the outside and its possible influence on the experiment’s
objects.
Three sectors were separated on the device. Thus different types of electromagnetic
fields were produced. They were marked as "E" - a sector emitting electromagnetic
radiation with the predominance of the electrical component, "EM" - a sector emitting
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electromagnetic radiation without domination of its components and "M" - a sector with
a predominance of magnetic component. The method for creating the predominance of
electric (E) and magnetic field (M) is shown in the diagram (Fig. 1). When the bulb is lit,
between the bulb and zero (neutral) there is a predominance of magnetic field (M), between
the lit bulb and the phase (live) there is electric and magnetic, where the antenna is
connected only to the phase (live) then there is a predominance of electric field (E). "EM" a sector emitting electromagnetic radiation, where the electric component "E" and the
magnetic component "M" are at their maximum values. Such a phenomenon occurs when
one of the three sectors of the radiating antenna is placed between the receiver (in this case
a 57 W bulb), which is installed from the zero potential side, and on the other side, the
sector is connected from the phase (live) side (230 V in this case).

E

M

EM

80 mm

m
m
0
8

57 W
zero
phase ~230 V
Fig. 1. Schematic diagram of the equipment used in the application of EMF
Table 1
Values of the intensity of electromagnetic fields measured 13 mm above the field generating device
Components
SE
SM

Sector E
2290 V·m–1
0.073 µT

Sector EM
2330 V·m–1
4.880 µT

Sector M
136 V·m–1
4.710 µT

SE - electrical component, SM - magnetic component, Sector E - a sector emitting electromagnetic field with the
predominance of the electrical component, Sector EM - a sector emitting electromagnetic field without domination
of its components, Sector M - a sector emitting electromagnetic field with a predominance of the magnetic
component

Pots with seeds were placed individually directly on the top of the device in the
mentioned sectors, emitting differential electromagnetic fields. Each treatment included
four replications i.e. four pots. Specific values of field components generated by the device
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are shown in Table 1. The different values of the electric field intensity and magnetic
induction that are emitted by individual sectors given in the table were obtained thanks to
the appropriate connection of the antenna with the receiver, in the form of a 57 W light
bulb. Measurements of electromagnetic fields were made 13 mm above the field generating
device using a Maschek E-100.
For comparison, the growth of runner bean plants in sectors E, EM and M of the field
generating device, after its precise covering with the shielding material ADR TEX was
evaluated. ADR TEX has been developed and patented by Wosinski [18, 19]. He has
designed an advanced technology based on a nanocomposite in which the electric
component of the electromagnetic radiation is absorbed by water dispersed within
a dielectric matrix in various ways. As the frequencies of the dielectric absorption bands of
water are determined by its state of aggregation (Fig. 2), an ice-like behaviour of water has
been engineered by nanopore confinement. This advanced dielectric composite consists of
a polymer matrix in which water is randomly dispersed in various ways. The composite
exhibits high dielectric absorption in the low-frequency range and does not need grounding.
The shielding ability of the composite can be tailored to various applications by selecting
an appropriate microstructure for the dielectric matrix (varying the pore sizes by processing
conditions or choosing characteristic properties) and by loading it with aqueous solutions of
various hydrated salts and modifiers. The composites exhibits a high dielectric absorption
and shield electric fields within the frequency range from ~100 mHz to ~100 kHz.
The electric field strength can be decreased by about two orders of magnitude, and the
harmful effects of the electric component of electromagnetic fields on living organisms can
be lowered considerably.
Figure 2 shows the frequency dependence of dielectric absorption of the matrix
impregnated with the aqueous solution containing MgCl2 and other modifiers.

Fig. 2. Room temperature frequency dependence of tanδ for a sample of ADR TEX LF fabric shield
made with ADR® Technology (relative humidity ~46 %)

An example of the shielding efficiency of such a flexible EMF screen, composed of an
active part consisting of a composite with a dielectric matrix made from a selected fabric
inserted between two protective layers, is shown in Figure 2. Comparing the field
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distributions shown in Figure 3a and b one can observe that the electric field shielding is
highly efficient.

Fig. 3. a) Spatial distribution of electric field over an electrical source without shielding; b) electric field
distribution over the same electrical source after shielding with a flexible dielectric screening

Specific values of field components generated by the device after shielding with ADR
TEX screen, in particular sectors are shown in Table 2.
Table 2
Values of the intensity of electromagnetic fields after shielding with ADR TEX
Components
SE
SM

Sector E
215 V·m–1
0.141 µT

Sector EM
207 V·m–1
5.110 µT

Sector M
185 V·m–1
5.140 µT

For explanations see Table 1

For 9 days after seed sowing (29th of September to 7th of October) the numbers of
seedlings in a given stage of vegetative development were determined. Five stages of the
seedling development were identified, based on the modified BBCH scale, a universal scale
using a decimal code for the description of the growth stages of crops [20]:
9 - emergence: shoot breaks through soil surface;
9.5 - shoot forms a hook, first leaves visible;
10 - the hook straightens out, leaves folded;
11 - single leaves unfolded, elongation of a first internode;
12 - first compound leaves unfolded, elongation of a second internode.
When the plants reached the developmental stage of the first compound leaves, only
the strongest plant was left in each pot for further observations, other plants were removed.
The length of first and second internodes, the length and width of single leaves and leaflets
of compound leaves were measured four times at 3-4 day intervals (7th, 11th, 14th, and 18th
of October). Measurements were made with a ruler, within an accuracy of 1 mm.
Additionally, the index of leaf greenness (SPAD) was determined twice at 4-day intervals
(14th and 18th of October) by means of a Yara N-Tester apparatus. This measurement is
used to evaluate the intensity of the green colour of the leaves and is calculated
as a quotient of light absorption connected with the presence of chlorophyll at the
wavelength of 650 nm and the absorption by the leaf tissue at a wavelength of 940 nm [21].
The results obtained were evaluated by a one-way analysis of variance followed by
Duncan’s multiple range test, at a level α = 0.05.
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Results
Electromagnetic fields with the predominance of the electrical component and without
domination of its components delayed initial emergence of runner bean seedlings. Shielding
of electromagnetic field without domination of its components with ADR TEX screen
protected against its negative impact on the emergence rate of young runner bean seedlings
(Fig. 4).

Growth stages based on the BBCH scale (mean value)

12.0

10.0

C

8.0

E
E+ADR TEX

6.0
EM
EM+ADR TEX

4.0

M
M+ADR TEX

2.0

0.0
1

2

3

4

5
6
Time [day]

7

8

9

Fig. 4. Effects of electromagnetic fields and their shielding on the rate of seedling development in runner
beans; C - untreated seeds (control), E - electromagnetic radiation with the predominance of the
electrical component, E+ADR TEX - electromagnetic field with the predominance of the
electrical component shielded by an ADR TEX screen, EM - electromagnetic field without
domination of its components, EM+ADR TEX - electromagnetic field without domination of its
components shielded by an ADR TEX screen, M - electromagnetic field with a predominance of
magnetic the component

In the third day from seed sowing the percentages of seedlings at stage 9 (shoot
emerged through soil surface) were lower by 33.3 % after exposure to electromagnetic field
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with the predominance of the electrical component and electromagnetic field without
domination of its components (E and EM) compared to the control (75 %). Electromagnetic
field with the predominance of magnetic component (M) did not influence negatively the
speed of seedling emergence. Shielding of electromagnetic fields by means of ADR TEX
screen (E + ADR TEX and EM + ADR TEX) effectively protected emerging seedlings and
the numbers of seedlings in the development stage 9 were similar to the control.
Table 3
Effects of electromagnetic fields and their shielding on the length of internodes in runner bean plants
Length of internode [cm]
Date

07.10.2016

11.10.2016

14.10.2016

18.10.2016

Treatment
Control
E
E +ADR TEX
EM
EM + ADR TEX
M
M + ADR TEX
Control
E
E + ADR TEX
EM
EM + ADR TEX
M
M + ADR TEX
Control
E
E + ADR TEX
EM
EM + ADR TEX
M
M + ADR TEX
Control
E
E + ADR TEX
EM
EM + ADR TEX
M
M + ADR TEX

I

II

9.0 b
4.3 a
6.8 ab
5.3 a
7.6 ab
6.5 ab
7.4 ab
9.6 b
6.0 a
7.6 ab
5.0 a
8.3 ab
7.1 ab
8.0 ab
9.9 b
5.0 a
7.6 ab
6.0 a
8.3 ab
7.1 ab
8.0 ab
9.9 b
5.0 a
7.6 ab
6.0 a
8.3 ab
7.1 ab
8.0 b

-------7.6 ab
7.3 ab
8.9 b
4.5 a
9.1 b
8.8 b
8.2 ab
8.2 ab
7.6 ab
8.8 b
4.5 a
8.9 b
7.3 ab
9.1 b
8.2 ab
7.6 ab
8.8 b
4.5 a
8.9 b
7.3 ab
9.1 b

Length
[cm]
-------17.8 b
12.1 ab
16.1 ab
10.2 a
16.7 ab
14.1 ab
16.6 ab
16.9 b
12.6 ab
16.5 b
10.5 a
17.1 b
14.4 ab
17.1 b
18.1 b
12.6 ab
16.5 ab
10.5 a
17.2 b
14.4 ab
17.1 b

Internode I + II
Difference compared to
control [%]
--------↓ 32.1
↓ 9.8
↓ 42.8
↓ 6.3
↓ 20.9
↓ 6.9
-↓ 25.4
↓ 2.4
↓ 37.8
↑ 1.8
↓ 14.5
↑ 1.5
-↓ 30.5
↓ 9.1
↓ 42.1
↓ 5.3
↓ 20.4
↓ 5.5

Means in columns followed by the same letters are not significantly different at α = 0.05 level according to
Duncan’s test. ↓ - decrease; ↑- increase; For other explanations see Figure 4

In the fourth day after sowing, in control 50 % of shoots formed a hook (stage 9.5).
Seedlings at this stage of development were not observed when electromagnetic field with
the predominance of the electrical component was applied with and without shielding
(E and E + ADR TEX). In the fourth day after sowing in control 50 % of shoots formed
a hook (stage 9.5). After exposure to electromagnetic field without domination of its
components 25 % of seedlings was at stage 9.5 and the application of ADR TEX screen
(EM + ADR TEX) increased the percentage of the seedlings at this stage of development to
41.7 %. The highest percentage of shoots forming a hook was found after exposure to
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electromagnetic field with the predominance of magnetic component (66.7 %). However,
shielding with ADR TEX screen (M + ADR TEX) reduced the percentage of these
seedlings to 25 %.
After exposure to electromagnetic field with the predominance of the electrical
component (E) only 16.7 % of shoots formed a hook in the fifth day after sowing and in
case of shielding with ADR TEX screen (E + ADR TEX) none of the seedlings was at this
stage of development. At the same time in the control 41.7 % of seedlings had the
straightened out hook (stage 10). In EM and EM + ADR TEX treatments the percentages of
seedlings in stage 10 of development were respectively 33.3 and 41.7 %. The highest
percentage of seedlings with the straightened out hook was observed after exposure to
electromagnetic field with the predominance of magnetic component (66.7 %). Shielding
with ADR TEX screen (M + ADR TEX) reduced the percentage of these seedlings to 25 %.
After 8-9 days from sowing the differences among the treatments in the rate of
seedling development were negligible (Fig. 4).

EM

EM +
ADR TEX

Control

Fig. 5. The growth of runner bean plants exposed to the electromagnetic field without domination of its
components, without shielding (EM) and after shielding with ADR TEX screen
(EM + ADR TEX) and in control

Exposure of plants to electromagnetic fields affected their height. Plants exposed to
electromagnetic radiation without domination of its components (EM) had the lowest height
and the shortest internodes. The average total length of first and second internodes, on
particular days of the measurements, was significantly lower compared to control (by
37.83-42.78 %). The considerable decrease in a plant height was observed also after
exposure to electromagnetic field with the predominance of the electrical component (E).
The average total length of first and second internodes was lower than in the control by
25.37-32.12 %. Electromagnetic field with the predominance of magnetic component (M)
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had also a negative influence on plant growth. The average total length of first and second
internodes was lower by 14.54-20.90 % compared to the control, but the differences were
not statistically significant (Table 3).
Shielding of electromagnetic field with ADR TEX screen (E + ADR TEX, EM + ADR
TEX, M + ADR TEX) efficiently protected against its negative impact on the plant growth.
The lengths of internodes in these treatments did not differ significantly from those in the
control (Table 3, Fig. 5).
Exposure of plants to electromagnetic fields without their shielding as well as with
shielding by means of ADR TEX screen did not affect the size of leaves. In general the
average length and width of single leaves and leaflets in compound leaves did not differ
significantly from the values of these parameters in the control (Table 4).
Table 4
Effects of electromagnetic fields and their shielding on the size of leaves and SPAD index in runner beans
Date

07.10.2016

11.10.2016

14.10.2016

18.10.2016

Treatment
Control
E
E + ADR TEX
EM
EM + ADR TEX
M
M + ADR TEX
Control
E
E + ADR TEX
EM
EM + ADR TEX
M
M + ADR TEX
Control
E
E + ADR TEX
EM
EM + ADR TEX
M
M + ADR TEX
Control
E
E + ADR TEX
EM
EM + ADR TEX
M
M + ADR TEX

Single leaf
[cm]
Width
Length
7.4 b
9.5 b
7.3 b
9.5 b
5.6 a
7.0 a
8.3 b
9.3 b
4.5 a
9.8 b
8.0 b
9.9 b
7.5 b
9.4 b
9.2 a
11.4 ab
9.6 a
12.3 ab
9.3 a
10.7 a
10.3 a
11.1 ab
10.6 a
12.7 b
10.4 a
12.3 ab
4.5 a
12.3 ab
9.5 a
11.7 ab
9.9 a
12.6 b
9.4 a
11.0 a
10.6 a
11.6 ab
10.7 a
12.9 b
10.5 a
12.6 b
10.8 a
12.8 b
9.6 a
12.0 ab
10.1 a
12.8 b
9.5 a
11.0 a
10.7 a
11.6 ab
10.8 a
12.9 b
10.5 a
12.7 b
10.9 a
13.0 b

Leaflet of compound
leaf [cm]
Width
Length
0
0
0
0
0
0
0
0
0
0
0
0
0
0
2.8 a
5.0 a
3.6 a
6.5 a
3.9 a
6.6 a
3.3 a
6.3 a
3.9 a
7.4 a
3.4 a
6.0 a
4.1 a
6.3 a
4.2 a
7.4 a
4.5 a
7.9 a
4.9 a
8.0 a
4.0 a
7.2 a
4.6 a
8.6 a
4.2 a
7.6 a
4.8 a
8.0 a
4.6 a
7.9 a
4.9 a
8.4 a
5.6 a
9.3 a
4.3 a
7.9 a
5.0 a
9.1 a
5.0 a
8.6 a
5.7 a
8.6 a

SPAD index
0
0
0
0
0
0
0
0
0
0
0
0
0
0
47.2000 bc
48.5750 c
41.7250 a
44.4000 a-c
43.9625 ab
47.2625 bc
45.6125 a-c
44.5750 ab
46.5375 b
41.8625 ab
41.4250 a
42.5000 ab
45.4500 ab
46.0750 ab

Means in columns followed by the same letters are not significantly different at α = 0.05 level according to
Duncan’s test. For other explanations see Figure 4

Electromagnetic fields and their shielding did not influence the index of leaf greenness
(SPAD) compared to the control. Only in the case of the treatment when plants were
subjected to electromagnetic field with the predominance of the electrical component
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combined with its shielding (E + ADR TEX) a significant reduction in the value of SPAD
index was noted during the first measurement (Table 4).

Discussion
It has been found in the present investigation that electromagnetic fields with the
predominance of the electrical component and without domination of its components
(E and EM) delayed initial emergence of runner bean seedlings. On the contrary,
electromagnetic field with the predominance of magnetic component (M) showed a small
positive impact on the initial seedling emergence rate. However, after 8-9 days from sowing
the differences among the treatments and control in the rate of seedling development were
negligible. The electric strength in sectors E and EM of the device emitting electromagnetic
fields was 2290 and 2330 V·m–1 respectively, whereas values of magnetic field induction
were only 0.073 and 4.880 µT. In the case of sector M the value of electric intensity was
over sixteen times lower than in sectors E and EM and magnetic field induction was
4.710 µT. Das and Bhattacharya [22] found that the application of electric field of
1.5 kV·m–1 to gram (Cicer arietinum L.) seeds for 20 min decreased the root length in 4 day
old seedlings by 14 %. With the increase of electric field strength the root growth was
reduced further. Rajendra et al. [23] reported that the exposure of germinating broad bean
seedlings to fields at 5, 50 and 100 µT did not affect their physical parameters and major
biochemical constituents (sugar, protein and fat), but had an influence on the activity of
enzymes involved in seed germination. α-amylase activity decreased at 5, 50 and 100 µT on
day 2 and 4 of growth. ß-amylase and protease showed a significant reduction in activity on
day 2 and 4 of growth at 100 µT, whereas the activity of lipase significantly decreased only
on day 2 of growth at 100 µT. However, at day 8 of growth, all enzymes were returned to
control values. Rochalska and Orzeszko-Rywka [24] did not observe an effect of alternating
magnetic field with low frequency 16 and 50 Hz (flux density 5 mT) on seed germination
and the seedling length of spring wheat at 20 °C. However, under stressed conditions, at the
low temperature of 5 °C a positive influence of the treatment was observed. According to
the authors magnetic fields can be responsible for fast mobilization of reserve materials
during seed germination under unfavourable conditions. Fischer et al. [25] found that 12
day old sunflower seedlings under continuous exposure to 16 2/3 Hz magnetic fields with
the induction of 20 µT showed small, but significant increases in total fresh weight, shoot
and root fresh weights, whereas dry weight and germination rate remained unaffected.
Treated wheat seedlings exhibited marginally higher root fresh and dry weights, total fresh
weight and higher germination rate. Radhakrishnan and Kumari [26] subjected soybean
seeds to pulsed magnetic field with low intensity (1500 nT) and frequency (10 Hz) for 20
days, 5 h per day. The treatment increased the height, and the fresh and dry weight of 8 day
old seedlings and the enhancement of protein content with the changes of protein profile
were observed. In addition, the activity of some enzymes i.a. ß-amylase, acid phosphatase,
polyphenol oxidase and catalase were enhanced while α-amylase, alkaline phosphatase,
protease and nitrate reductase activities declined. The authors also observed the increase in
Fe, Cu, Mn, Zn, K and Na contents with a reduced level of Ca. Treating faba bean seeds
with 30 mT magnetic field for 15 s increased amylolytic enzymes activity in seeds and
seedlings and had a beneficial effect on seedling growth and development [27]. Yadav et al.
[28] observed a higher activity of α-amylase, ß-amylase, catalase and peroxidase in rice
seeds subjected to 25 mT magnetic field for 15 to 90 min compared to untreated seeds.
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Cakmak et al. [29] reported that exposure of common bean and wheat seeds to static
magnetic fields with the induction of 7 mT improved their germination rate. However, the
significant increase in shoot and root dry weights of 7 day old seedlings were found only in
the case of wheat. De Souza et al. [30] observed accelerated and more uniform germination
after treating tomato seeds with 60 Hz full-wave rectified sinusoidal non-uniform magnetic
fields. The best results were found when field induction 160 and 200 mT for 1 min was
used. Seedlings, grown from seeds exposed to these magnetic fields, were characterized by
significantly longer shoots and roots. The treated seeds showed a higher germination
percentage after 4 to 7 days from sowing than untreated seeds, however after 14 days that
phenomenon was not observed. Carbonell et al. [31] observed a stimulating effect of
125 and 250 mT stationary magnetic fields on the first stages of growth of pea plants.
The major increases occurred when seeds were treated continuously. Mroczek-Zdyrska et
al. [32] reported that 130 mT magnetic field stimulation promoted mitotic activity in
meristematic cells in common bean roots. The authors did not observe an influence of the
treatment on the fresh weight, length of roots and shoots, and the length and width of leaves
in 14 day old seedlings. Stimulation with magnetic field did not affect either the chlorophyll
and carotenoid contents in leaves. However, a marked increase in guaiacol peroxidase
activity in leaves was noticed. Serdyukov and Novitskii [33] investigated the impact
of weak magnetic field with the magnetic flux density of 185-650 µT on activities
of antioxidant enzymes in 5 day old radish seedlings. Magnetic fields in the range
of 185-325 µT inhibited superoxide dismutase and catalase activity, whereas at higher
values of magnetic induction enhanced activity of these enzymes.
In the present study, the continuous exposure of plants to differentiated
electromagnetic fields adversely affected their growth. Plants exposed to electromagnetic
radiation without domination of its components had the lowest height and the shortest
internodes. The weakest effect was observed in case of the electromagnetic field with the
predominance of magnetic component. Electromagnetic fields did not influence the size
of leaves and the index of leaf greenness (SPAD). Soja et al. [34] examined the effects
of an electromagnetic field from a high voltage (380 kV) transmission line on the yield
of winter wheat and corn cultivated underneath and near the transmission line. The average
electric and magnetic field strengths at four distances from transmission line were between
0.2 and 4.0 kV·m and between 0.4 and 4.5 µT, respectively. The researchers found that the
wheat grain yields were higher by 7 % in the plots with the lowest field exposure.
The responses of the plants were more pronounced in years with drought periods during
grain filling than in humid years. No significant differences were found for corn yields.
Radhakrishnan and Kumari [26] found that soybean plants grown from seeds exposed to
1500 nT pulsed magnetic field produced the higher numbers of leaves, pods and seeds than
control plants. The length of pods and weight of seeds were either considerably higher than
in the control. The exposure of wheat seeds to the low-frequency electromagnetic field
(16 Hz, 6 mT) for 9 min resulted in an increase in the height and weight of plants derived
[35]. Root and stem lengths and dry weights of thyme seedlings were enhanced after 50 mT
electromagnetic field treatment for 15 min [36]. Jedlicka et al. [37] reported that 50 Hz
electromagnetic fields with the induction of 20, 40 and 60 mT and the exposure time of
20 minutes a day had a stimulatory effect on plant growth and size of tomato fruits.
According to Dannehl [9] and Schmiedchen et al. [38] the stimulatory or inhibitory effects
of electric and magnetic fields are species specific and depend on the intensity, exposure
time, application form and the physiological state of the plant development.
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It has been found that the shielding of electromagnetic radiation without domination of
its components by means of ADR TEX screen protected against its negative impact on the
emergence rate of young runner bean seedlings, but the shielding of electromagnetic field
with the predominance of the electrical component did not protect against its negative
influence on the seedling emergence rate. Application of ADR TEX screen efficiently
protected plants against the negative impact of electromagnetic fields on their growth.
The lengths of internodes in these treatments did not differ significantly from those in the
control. Shielding decreased the electric field strength in sectors E and EM of the device
emitting electromagnetic fields by over ten times. Hence, the harmful effects of the electric
component on the plant growth were lowered considerably. At the same time a small
increase in the magnetic field induction was observed in all sectors of the device. Dorna
et al. [39] reported that exposure of carrot seeds to 40 mT magnetic field combined with
shielding of an alternating electric field with ADR-4 (Advanced Dielectric Radiation Trap)
improved their germination capacity compared to untreated seeds.

Conclusion
1.

2.

3.

4.

5.

Electromagnetic fields with the predominance of the electrical component and without
domination of its components (E and EM) delayed initial emergence of runner bean
seedlings.
Shielding of electromagnetic radiation without domination of its components by means
of ADR TEX screen protected against its negative impact on the emergence rate of
young runner bean seedlings. Shielding of electromagnetic field with the
predominance of the electrical component did not protect against its negative influence
on the seedling emergence rate.
Exposure of plants to differentiated electromagnetic fields adversely affected their
growth. Plants exposed to electromagnetic radiation without domination of its
components had the lowest height and the shortest internodes. The weakest effect was
observed in the case of electromagnetic field with the predominance of the magnetic
component.
Shielding of electromagnetic fields with ADR TEX screen efficiently protected against
their negative impact on the plant growth. The lengths of internodes in these treatments
did not differ significantly from those in the control.
Electromagnetic fields and their shielding did not influence the size of leaves and the
index of leaf greenness (SPAD).
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