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The dose of presowing treatment of spring barley seeds of
the varieties in the electromagnetic
f ield of industrial frequency 50 Hz is substantiated in this
article. Laboratory facility with circular pole pieces of
rectangular cross-section was used in the process of
experimental studies. As a result of variance analysis, the
data on the germination energy of spring barley seeds of the
studied varieties were obtained. The best values of
germination energy was reveled by the seeds of the
variety, under the following conditions of treatment - the
moisture content of the seed material was 16%, the time of
treatment was 2 s, the level of magnetic induction was
27 mT, theradiationdosewas 54 mTs.

Vakula, Vikont, Ratnik

Vikont

Abstract

Introduction:
Electromagnetic treatment of seeds before sowing
stimulates internal processes in the seed, strengthening the
activity of hydrolytic and oxidation-reduction enzymes,
that accelerates the supply of nutrients to the corcule and
thus stimulates the growth processes. It is known, that the
influence of electromagnetic f ield (EMF) increases the
number of fertile tillers, ears, grains in the ear and,
accordingly, the mass of the grain, as well as the average
lengthof theplantand ear. All this leads toan increase in the
yield of agricultural crops (Zholobova, 2013; Starodubtseva

., 2012; Vasiliev & Kononenko, 2008; Gazalov , 2010;
Ragha ., 2011).

The electromagnetic f ield of industrial frequency
(EMF IF) is an environmentally friendly process of pre-
sowing seed treatment. It does not give lethal doses for seed
material, it is technologically simple and safely for
operating personnel, it is easily coordinated with current
agricultural practices. The effect of EMF can be accurately
dosed, thereby ensuring the uniformity of seed treatment
before sowing. According to many studies, the plants,
grown from treated seeds, do not have pathological changes
and induced mutations (Starodubtseva ., 2012; Vasiliev
& Kononenko, 2008; Gazalov ., 2010; Borodin, 2008).
Previously proposed equipment forseeds treatment in EMF
IF before sowing did not always provide the required
radiation dose, because of the uneven supply of seeds to the
treatment zone, and non-stationary nature of the magnetic
f ield. This led to the lack of eff iciency of this process
(Zholobova, 2013; Zholobova , 2013; Vasiliev &

et al et al.
et al

et al
et al

et al.

Kononenko, 2008; Ereshko, 2000; Borodin, 2008). Also, the
developers of equipment do not provide fully substantiated
recommendations on the required doses of seed irradiation
in EMF IF before sowing. Therefore, the studies, aimed at
def ining the required dose of seeds irradiation in EMF IF
before theirsowing indifferentconditionsarerelevant.

The research was carried out on the seeds of the mid-
ripening spring barley of the prospective varieties Vakula,
Vikont and Ratnik. They are the main fodder-grain crops,
and their yield is almost always lower than in winter crops.
At the f irst stage, laboratory equipment for electro-
magnetic treatment of seeds with different doses of
radiation was tested. Itconsistsof the magnetizing coil with
a magnetic core and seed container, made of non-magnetic
material; timing relay with automatic switch-off; electro-
magnetic starter; and servomotor automatic voltage
regulator(Fig.-1).

Methodology:

Figure-1: Facilityand equipment forexperimental research
1-magnetizing coil with magnetic core; 2-element of non-
magnetic material, dividing the space of the working chamber
into sections; 3-automatic switch; 4-timing relay; 5-
electromagnetic starter; 6-automatic voltage regulator;
7–powerbutton.
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Automatic switching control of the process of magnetic
treatment of seeds (timing relay) ensured the setting of
predetermined time for keeping the seeds in
electromagnetic f ield. Magnetic induction was measured
in theworking chamberof the facility, inorder toensure the
treatment of seeds in the homogeneous magnetic f ield.
Based on the results of measurements, the curves,
reflecting thechangesof magnetic induction in the spaceof
the working chamber of the facility were built (Zholobova,
2013; Zholobova ., 2013; 2015). It def ined, that the
magnetic induction is uneven through the height of the
chamber. Itdepended on thedistance to itsaxis (Fig.-2).

According to the obtained data of magnetic induction
in the space of working chamber, a container was made,
which was necessary for the treatmentof seed material. The
shape of the container allowed to treat seeds in the

magnetic f ield with magnetic induction 10±2.0 mT ,

27.0±2.0 mT , 35±2.0 mT . The time of treatmentwas set in
the range 0.5-5.0s. Consequently, the dose of radiation,
obtained by spring barley seeds during the treatment in
EMF IF depended on the level of magnetic induction and
the timeof seed treatment.

At the second stage, the research on the magnetic
treatment of seeds with different moisture content was
carried out. This parameter was controlled by the moisture
indicator Wile-55. Seeds in the container, made of non-
magnetic material, with the previously established
moisture content of 14, 16 and 18% were alternately placed
in theworking chamber.

The experiments were carried out using the standard
methods for determining the moisture content of seeds,
evaluation the laboratory quality of seeds, special methods
for studying electromagnetic devices and zones, for
def ining the required exposure dose in the process of
treatment of spring barley seeds in EMF IF, in the working
chamber of the facility (Zholobova,, 2013; Zholobova, .,
2015; Starodubtsev ., 2012).

As a result of these researches, the data on the germination
energy of seeds of mid-ripening spring barley of the
varieties Vakula, Vikont and Ratnik were obtained. We
assessed the impact of one or more factors of the
experimental research such as, the variety of spring barley,
moisture content of seeds, time of treatment in EMF IF,
magnetic induction in the space of the working chamber of

et al

et al
et al

Figure-2: Distribution of magnetic induction through the height in the
working chamber of the facility
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Results & Discussion:

the facility USE (p)-10 on the energy of germination
(Zholobova , 2013).
The analysis of variance was carried out using the program
Statistica 6.0. To estimate the influence of experimental
factors - the variety of spring barley, moisture content of
seeds W (%), time of treatment in EMF IF T (s), and
magnetic induction in the space of working chamber of the

facility B (mT ) - on the germination energy of seeds of
mid-ripening spring barley of the varieties Vakula, Vikont
and Ratnik, we f ixoneof the factors.

First of all we f ixed the value of magnetic induction in
thespaceof theworking chamber.

et al.

1 2 33.531 54 3.741 8.964 0.0004
2 2 60.383 54 3.741 16.142 0.0000
3 2 34.823 54 3.741 9.310 0.0003
12 4 3.364 54 3.741 0.899 0.4709
13 4 3.920 54 3.741 1.048 0.3912
23 4 2.105 54 3.741 0.563 0.6907
123 8 1.114 54 3.741 0.2978 0.9636

According to the results (Table-1), in case of f ixing the value of

magnetic induction in the space of working chamber B (mT ), all
the three factors (the variety of spring barley, moisture content of
seeds W (%), time of treatment in EMF IF T (s)) revealed a great
impacton thechange ingerminationenergyof seeds.

�

�

Table-1: Results of Analysis of Variance

Effect Df Ms df Ms r p-value
Effect Effect Error Error

-3:

-4: Thegraphsof comparisonof meanvaluesof germination
energy (W,variety)

Figure Thegraphsof comparisonof meanvaluesof germination
energy (W, T)
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As per the graphs of average values (Fig.-3,4), the best
germination energy was obtained after the treatment of the
seeds of Tthe variety-Vikont. The conditions of treatment
were the following: W = 16%, T = 2 s. It is obvious, that when
f ixing the value of magnetic induction in the space of
working chamber, the moisture content of seeds and the
time of treatment in EMF IF exert a signif icant impact on
the germination energy. The seeds of the variety-Vikont
gave the best results of germination energy at the same
parameters of treatment as the seeds of the variety-Vakula.
Theseedsof thevariety-Ratnik incaseof treatmentduring 2
s are similar to Vakula in value of germination energy,
except for exposure of 3.5 s. However, the energy of seed
germination of the variety-Ratnik deteriorates with the
increase in moisturecontent.
Next, we f ix the timeof treatment in EMF IFT (s).

1 2 33.531 54 4.555 7.360 0.0015
2 2 60.383 54 4.555 13.255 0.0000
3 2 15.197 54 4.555 3.336 0.0430
12 4 3.364 54 4.555 0.738 0.5699
13 4 0.290 54 4.555 0.064 0.9923
23 4 1.809 54 4.555 0.397 0.8099
123 8 2.484 54 4.555 0.545 0.8170

Table-2: Results of Analysis of Variance

Effect Df Ms df Ms r p-value
Effect Effect Error Error

-5: Thegraphsof comparisonof meanvaluesof germination
energy (W, B)

-6:

Figure

Figure The graphs of comparison of mean values of
germinationenergy (W,variety)

According to the analysis of initial data (Table-2), when
f ixing the time of treatment in EMF IF T (s), all the three
factors exert a great impact on the change in germination
energy: the variety of spring barley, the moisture content of
seeds W (%), the magnetic induction in the working

chamberB (mT ).
According to the graphs of average values (Fig.-5, 6), the

bestenergyof germinationwasobtained after the treatment
of the seeds of the variety-Vikont. The conditions of

treatment were the following: W=16%, B= 27 mT . It is
obvious, that in case of f ixed time of treatment in EMF IF,
the seeds of the variety-Vikont, with moisture content 16%,
gave the values of germination energy close to 76%, for all
three values of magnetic induction. This indicated a
signif icant influence of the moisture content in pre-sowing
material, in case of treatment in EMF IF. The seeds of the
variety Vakula gave better results of germination energy
with the same parameters of treatment as the seeds of the
variety-Vikont. Theseedsof thevariety-Ratnikwere inferior
in the value of germination energy to the varieties Vikont
and Vakula.
Next, we f ix the moisturecontentof seedsW (%).

According to the Table-3, when f ixed the moisture content
of seeds W (%), only two factors revealed a signif icant
impact on the change in germination energy – the variety of
spring barley, and the timeof treatment in EMF IFT (s).

According to the graphs of average values (Fig.-7 & 8),
the best energy of germination was obtained after the
treatmentof the seedsof thevariety-Vikont. The conditions

of treatment were the following: T = 2 s, B = 27 mT , hence

thedose of treatmentof spring barleyseeds D = 54 mT . It is

1 2 33.531 54 5.765 5.816 0.0051
2 2 34.827 54 5.765 6.041 0.0042
3 2 15.197 54 5.765 2.636 0.0808
12 4 3.920 54 5.765 0.680 0.6090
13 4 0.290 54 5.765 0.050 0.9951
23 4 0.420 54 5.765 0.073 0.9900
123 8 1.123 54 5.765 0.195 0.9905

�

�

�

�

Table-3: Results of Analysis of Variance

Effect Df Ms df Ms r p-value
Effect Effect Error Error
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obvious, thatwhen f ixing the moisture contentof seeds, the
variety of seeds, and the time of their treatment in EMF IF
gave a great impact on the germination energy. Gendreau

. (2008) demonstrated that at the tip of the radical of
swelling barley seeds, an increase in humidity is
accompanied by a decrease in the ABA content after 5 hours
from the beginning of swelling and cell division begins 4-6
hours before the appearance of coleorhizae. The
appearance of the radical occurs simultaneously with the
activation of a number of genes that regulate cell division.
Similarly, Bradford (1990) found that the germination rate
of the lettuce seeds linearly depends on the increase in the
turgorof theembryocells.

The main indicators of economic evaluation towards
the application of electromagnetic f ield of industrial
frequency for pre-sowing treatment of spring barley seeds
are the following: reduction in energy costs for pre-sowing
treatment of production unit; reduction in the prime costs
of the process of pre-sowing treatment of seeds; the
increase in germination energy of seeds; the increase in the
yield of agricultural crops; and theannual effect, received by
the enterprise, in the form of net present value (NPV).
However,, Kasakova (2018) concluded that the pre-
sowing treatment of spring barley seeds in an alternating
electromagnetic f ield of industrial frequency shortens the
seed swelling period, but simultaneously leads to the
achievement of a higher humidity during this time, which
may be associated with an increase in the suction power of
the seeds. In another study, Aguilar (2009) reported
that the effects produced by the alternating magnetic f ield
applied pre-sowing depend on genotype and combination
of irradiation parameters: magnetic flux density and
irradiation time. In anotherword, it has been found that the
effects of alternating magnetic f ield treatments, in maize
seeds, depending on the seed genotype. Besides, Positive
effects are dependent on the irradiation parameters
(intensity and exposure time) used in the pre-sowing seed
treatment.

Technical and economic evaluation of the application
of EMF IF for pre-sowing treatment of seeds was carried out
on the basis of data on material costs, labour costs for the
performance of works, capacity of the installation, and

et
al

et al.

et al.

energy of seed germination. When determining
commercial eff iciency, the indicatorCash Flow isused.

As a result of performed variance analysis, the data on the
germination energy of spring barley seeds of the varieties;
Vakula, Vikont, Ratnik were obtained. They showed that in
the process of treatment of spring barley seeds in an
alternating electromagnetic f ield of industrial frequency 50
Hz, the best values of germination energy had the seeds of
the variety-Vikont. The conditions of treatment were the

following: W=16%, T=2s, B=27mT ,consequently,

D=54mT .
Thus, the obtained data on the germination energy of

the seeds of mid-ripening spring barley of the varieties
Vakula, Vikont, and Ratnik, allowed evaluating the
influence of experimental research factors on germination
energy. The dose of radiation, obtained by seeds of spring
barley in the process of treatment in EMF IF, can be
regulated bythe level of magnetic induction, and the timeof
seeds treatment. On the basis of the foregoing, it can be
concluded that the proposed method is promising and that
itcan beused in thepresowing treatmentof seeds in EMF IF.

The data of the technical and economic analysis conf irm the
expediency of practical use of the proposed technology of pre-
sowing treatment of spring barley seeds in the electromagnetic
f ield of industrial frequency.

0 16500 16500 1 16500 16500
1 222815 0.9109 202972 186472
2 222815 222815 0.8298 184895 371366
3 222815 222815 0.7559 168428 539795
4 222815 222815 0.6886 153428 693223
5 222815 222815 0.6273 139764 832986
6 222815 222815 0.5714 127316 960303
7 222815 222815 0.5205 115978 1076281
8 222815 222815 0.4742 105649 1181929

The data of the technical and economic analysis conf irm the
expediency of practical use of the proposed technology of
presowing treatment of spring barley seeds in the electromagnetic
f ield of industrial frequency.

Aguilar, C.H., Dominguez-Pacheco, A., Carballo, A.C., Cruz-Orea,
A., Ivanov, R., Bonilla, J.L.L., & Montañez, J.P.V. (2009).

Table-4: Results of calculation of net present value

Years Indicators
Inflow, Outflow, Cash Flow, Cash NPV
rubles rubles py Flow*

(1+Ep)
(-t)

�
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