
Introduction. Several years experiments with seeds of 
various crops shows that the electric field used for 

cleaning, sorting and etching, at the same time has also a 
stimulating effect [1,2]. Extensive research shows that the 
sowing properties of seeds increases after their treatment 
under the electric field: they form more friendly and 
early shoots, and their plants give a vich cropand better 
quality [3,4]. This indicates the presence of the biological 
influence of the electric field, leading to changes of the 
agrobiological parameters of the plants. However, pre-
sowing seed treatment under the electric field must be 
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Table 1
The average size of the layers of pubescent cotton seeds [2]

carried out in such modes, in which the embryo of the 
future plant, located in the seeds, received a stimulating 
effect of the electric field. Academician Engelhardt 
emphasized, as " the basis of life consist of three streams: 
matter, energy and information. The flow of information 
is continuity linked with the flows of energy and matter. 
If life is impossible without the flow of information, then 
without nucleic acids it is impossible to move this flow" [5].

Taking into an aceount above mentioned, there is 
a need to study the electrophysical processes in the 
seeds, taking into account the energy, information and 
biochemical effects of external influence in order to 
justify the optimal parameters of the impact.

Research methods. The mechanisms of seed 
stimulation are considered on the basis of the theories 
of the electromagnetic field, physics of dielectrics, 
Biophysics and biochemistry, neurophysiology in relation 
to the stimulation of biological systems, as well as the 
results of experimental studies to improve the bioactivity 
of various seeds of agricultural crops. Consideration of 
the biological bases of stimulation of seeds is carried 
out based on theoretical and experimental research 

N.Nazirov, P.A.Ibragimov, A.M.Cuzin, N. M. Berezina, 
N.F.Batygin, B.N.Kitlaev, Z.M.Hasanova, H.W.Ellis and others 
[5-14], devoted to various aspects of the problem and 
non-spesific response of seeds on the impact of different 
external irritants. To consider the energy absorbed by 
the cotton seed in an electric field, we replace the real 
cotton seed with a three-layer elongated ellipsoid of 
rotation. The boundaries of the section for the undercoat, 
the skin, and the cores with relative dielectric constant 
values ε1, ε2, ε3 are confocal ellipses with major axes а1, а2, 
а3 and minor axes b1, b2, b3 (table1).

We assume that the dielectric elongated ellipsoid 
(cotton seed) is in an external uniform electrostatic field 
with a strength of E0 and in a medium with a relative 
dielectric constant εс, and its minor axis has an angle Ψ 
relative to the intensity vector. The external environment 
and the layers of cotton seeds will take isotropic.

The specific energy absorbed (bulk density of energy) 
of a seed consists only of the body polarization energy, 
and we do not consider its consumption for heating 
due to its insignificance, since the conduction current 
through the seed is absent due to its stimulation in air.

According to the electromagnetic field theory, 
the following expression was obtained for the specific 
energy absorbed by the core of cotton seed, where the 
germ of the future plant is located [24]:
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here, λi  are the dielectric coefficients of the layers;
Фai, Фвi - depolarization coefficients along the major 

and minor axes of the layers;
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In calculations using formula (1), seed moisture varied 
within 6–24% based on the results of their measurements 
under laboratory conditions [2].

Research results and discussion. In the course of 
studies [1,9] on the stimulation of bioactivity of seeds 
of various crops, it was revealed that the effectiveness 
of biological effects depends on the parameters of 
electrical processing (field strength, exposure) and 
the properties of the object (dielectric penetration, 
humidity, etc.), as well as agroecological conditions of 
plant cultivation.

The initial and main factor determining the results 
of the impact is applied field intensity. This is due to the 
fact that all effects at the molecular-cellular level are 
the result of the interaction of the field in the seed with 
the charges of certain chemical-biological compounds 
that determine the life activity of the biological object.

According to modern concepts, an activated 
substance is a substance in which the internal potential 
energy does not correspond to its thermodynamic 
equal-weight state. This can occur as a result of the 
influence of an external factor on it, which is a source 
of a certain type of energy. It is considered [15] that the 
more it is possible to shift the value of potential energy 
from the equilibrium state, the higher the intensity of 
activation of the substance. Seeds of agricultural crops 
are organic matter, so their biological state, which 
means quantitative and qualitative acceleration and 
improvement of the passage of various stages of plant 
development in ontogenesis, can also be activated by 
using the impact of external energy factors that change 
the supply of internal potential energy.

Currently, as these factors effects on seeds are used in 
different areas of a broad spectrum of electromagnetic 

Table 2 
          Dependence of the effective absorbed energy of wheat seeds on the 

impact factor [15]

Table 3 
Changes in the specific absorbed energy of the core (W) of the pubescent 

cotton seed from its equilibrium moisture content

fluctuations affecting the seed of 
crops of the same stimulus. However, 
this stimulation effect is achieved with 
different specific energy absorbed 
by the seeds, which also depends on 
the frequency of electromagnetic 
oscillations. For example, in the 
treatment of seeds of poultry, the 
biologically effective absorbed 
specific energy, which is understood 
to be its sti-mulating value, varies 
quite widely depending on the type 
of the influencing factor (see table 2).

As follows from the data in the 
table, with increasing frequency, 
the absorption energy first increases, 
reaching a maximum in the range 
of optical frequencies (visible 
white light), and then decreases. 
This indicates a different energy 
sensitivity of seeds to different 
spectra of elec-tromagnetic fields, 
which can be explained by different 
efficiency of its transformation by 
the object.As a result, part of the 
energy of the external action passes 
into a qualitatively similar form the 
own energy of the cells of the seed, 
which subsequently has a stimulating 
effect on it.

Such changes of the absorbed energy can be 
associated with the coherence of the electro-magnetic 
oscillations with proper frequency of the molecular 
structures of the seed. At frequen-cies below 100 GHz, 
the applied energy is rotationally relaxed. It is known 
[16] that the dipole-dipole interaction of molecular and 
subcellular structures has a strong angular dependence, 
which reduces the energy transfer rate when the 
rotational relaxation is excited in seeds.

In addition, the specificity of the internal energy of 
biological systems, caused by the constant polarity 
of bioelectric potentials inside and outside the cell 
membranes, causes its qualitative similarity with the 
external energy of the acting electric field of direct 
current. The set of the above features of the energy 
transformation of different parts of the spectrum of 
electromagnetic oscillations, apparently, leads to 
the greatest efficiency of absorption of energy of the 
electric field of stationary current by living organisms, in 
frequency, seeds of crops. 

Table 3 shows the results of calculations of the 
specific absorbed energy by the core of the cotton 
seed, consisting only of the polarization energy of the 
body, and its consumption for heating is not taken 
into account because of its insignificance, since the 
conduction current through the seed is absent due to its 
stimulation in the air.

In all the moisture of the seed with increasing field 
strength increases the specific absorbed energy of the 
core, as in its arrangement across the length and along 
the lines of force. However, the pattern of changes in the 
specific absorbed energy with the growth of equilibrium 
moisture strongly depends on the nature of the location 
of the seed relative to the field.
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When the seed is located across the tension, the 
maximum energy absorption occurs at low values of 
humidity (6-8%) and hyperbolically decreases with 
further growth of the latter to 24%. It varies slightly in the 
range of humidity 16-24%. When humidity is increased 
from 6 to 8% (by only 2%), the specific absorbed energy 
is reduced by 13 times, and by increasing from 8 to 10% 
- by only 2.5 times.

When the seeds are located along the external field 
strength, the specific absorbed energy first increases 
with an increase in humidity from 6 to 10% by 28 times, 
then in the humidity range of 10-14% it decreases by 16 
times, and further increase in humidity in the range of 
20-24% will cause a decrease in the absorbed energy by 
the seed core by 10 times.

With humidity up to 6-7%, the seed absorbs more 
energy in the position when it is located long across the 
external field. At 8% humidity and above the value of 
absorbed energy is much greater in the case when the 
seed is located along the length of the field strength. This 
indicates the need for an ordered arrangement of seeds 
in the interelectrode space in the process of stimulation 
of bioactivity in the electric field. But here there is 
question about the mechanisms of accumulation, 
change and use of the above absorbed energy.

Seeds, as a biologically integral organism of a 
single ecosystem, are constantly exposed to numerous 
effecting factors of the earth's surface from the moment 
of their formation to full maturity. The laws of physiological 
response of biological organisms of nature to the effects 
of various factors are studied by the theory of irritation 
[17-20].

According to this theory, reacting a biological 
system is considered special if the response to the 
effects of different nature takes different forms. If the 
system responds in the same way, it is said about the 
non-specificity of the response reaction of the body. 
The analysis of the impact of various chemical, physical 
and other factors showed that the seeds react to the 
effects of factors of different nature in a non-specific 
way. Therefore, based on the unity of different forms 
of wildlife, the physiological response of seeds to the 
effects of the electric field can be explained on the 
basis of the interpretation of the plant irritation theory, 
borrowed from neurophysiology [17, 18].

Under the influence of an effecting factor, in this case, 
the electric field, the seed is induced effect, continuing 
after the removal of the stimulus. If in the absence of 
irritation, the biosystem had a rest biopotential, then in 
response to external irritation, an action potential arises 
[21,22], which for a certain time can exceed the rest 
potential of the biosystem, after which the initial state 
is restored.

Under normal conditions, the seed is exposed to 
the electric field of the earth (Ee=130 V/m), directed 
vertically to its surface so that the latter is always 
charged separately [23]. The value of Ee varies during 
the year, days and depends on geographical latitudes, 
as well as the number of thunderstorm hours. Under the 
influence of this field, the seed receives a certain dose 
of exposure D0<DP, characterized by a corresponding 
intensity (E0), duration of exposure (expo-sure t) and is in 
phase I (figure 1) of a stable nonequilibrium state, which 

correspond to certain parameters (respiration rate, 
germination energy, germination, growth force, etc.) of 
the reaction of the biological object of the Ro.

The further increase in the dose of  D = f(E,t) of the 
electric field causes a reaction of the seed, as in other 
species of nature, consistently passing through three 
phases, qualitatively different from each other [18, 20].

I- phase of stable nonequilibrium;  II- preventive braking phase;  
III- phase of the stimulation; IV- the phase of oppression.

Fig.1. Dose dependence of the seed reaction to the 
electric field

Upon reaching the increasing action of the threshold 
dose (DP) in the seed, preventive inhibition (phase II) 
begins, the functional mobility of structures in which 
remains high. Inhibition is quickly eliminated as soon 
as the exposure is eliminated or the dose reaches the 
stimulating biological activity value of DS. In the first 
case, the state of the seed returns to its initial state 
and its reaction takes the initial parameters. According 
to the irritation theory [18], the phase of preventive 
braking occurs as a result of exposure to fields of low 
intensity and high exposure. With the achievement of 
D=DS comes the phase of stimulation of the biological 
acti-vity of seeds, characterized-causasia two lifts and 
a depression between them. The first rise (PM1) occurs 
without changing the growth proportions, and the 
second (PM2) is characterized by a change in the ratio of 
the growth of individual parts and organs of the treated 
seeds [20]. The depression (dead zone) is characterized 
by the fact that in it the reaction to irritation tends to 
normal, and sometimes even can be negative [20]. The 
first rise usually occurs under the influence of an electric 
field of high intensity (tension) and low exposure, and 
the second rise at medium and high intensities and 
long exposures. According to the theory of irritation, the 
second rise (PM2) corresponds to the long-term effect 
of a high intensity stimulus [20]. Increasing the dose to           
D=Du will lead to the beginning of seed oppression 
(phase IV), qualitatively divided into two parts: reversible 
(D < DL) and irreversible (D ≥ DL) oppression.

In case of reversible oppression (phase IV1), after 
the field is removed, the seed can return to the initial 
state of response after a certain period of time, while 
irreversible oppression (phase IV2) will definitely lead to 
death. Inhibition (inhibition) occurs as a response of the 
seed to an excessively strong (excessive high intensity at 
high exposure) impact from the electric field.

Thus, the above shows that the seed as a holistic 
biological reacting organism is protected on both sides. 
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Primary preventive braking blocks the action of weak, 
insignificant electrical signals, so that the seed "does not 
spend its energy potential "on trifles" and responds only 
to sufficiently strong irritation" [19]. A reversible inhibition 
(secondary inhibition) protects the seed from the 
action of excessively strong electric fields, contributing 
to the expansion of the range of response doses while 
maintaining its functional ability to metabolism.

It should be noted that the magnitude of doses the 
effects of electric fields, triggering the onset of different 
phases of the reactions depends on the parameters 
of the electric field (tension, exposition, species), seed 
(moisture content, variety selection, reproduction, 
physiological state) and environmental (time, 
geography, climate). This requires a substantiation of 
pre-sowing seed activation regimes taking into account 
the specific conditions of their treatment and zoning.

Thus, the comparison of figures 1a and 1b indicates 
the appropriateness of the applied regularity of the 
reaction of seeds from the dose of the irritating effect of 
the external electric field.

To start the stimulation of the seed, the electric field 
dose should reach the DS level, at which its information 
signal will cause an energy explosion in the family, 
changing the physiological equilibrium state of the latter. 
From this moment begins the transformation of external 
energy into internal free energy, which activates the 
internal biochemical processes of the seed.

In this case, the transformation of the free energy of 
the external electric field into the internal energy of the 
seed depends on two conditions. First, the energy of the 
electric field should quantitatively sufficiently correspond 
to the internal state of the seed. The second free energy 
of the electric field to represent the information in a 
qualitative respect should have an affinity with the 
internal energy of the seed, i.e. the energy of the impact 
should be brought into line with the free energy of the 
seed. Obviously, this aspect of the information content 
of the acting electric field can explain the lowest energy 
costs for the stimulation of bioactivity of seeds during 
their treatment in the electric field of direct current (see 
table 1).

In the case when the energy of the electric field 
and the free internal energy of a particular seed will 
correspond to each other in an informative respect 
quantitatively,a process of stimulation occurs. This 
corresponds to the dose range of the electric field DS ≤ 
D < Du (figure 1). Further amplification of the information 
signal to the Control leads to the inclusion of catalysts 
– inhibitors that slow down the flow of biochemical 
processes, which corresponds to the beginning of the 
phase of seed suppression.

A special role in the regulation of life is played by 
enzymes that create energy polarization within the seed, 
providing directed movement of substances at the right 
time, in the right place and in the required amount, to 
discharge free energy or to slow it down in accordance 
with information. All this is aimed at maintaining the main 
function-self – preservation of the seed.

The standpoint of information the action of enzymes 
is the basis of metabolism in the cell, associated with the 
polarity of individual structures of the cytoplasm. In this 
case, the cytoplasmic polarization energy used for the 

direct movement of substances in the whole seed is the 
result of the signal effect of the external electric field 
on the internal free energy of the cell, where nuclear 
information (DNA) is the program of final behavior, and 
the cytoplasm is the structural memory of the seed.

The biochemical and physiological basis for the 
stimulation of biological activity of seeds by means 
of electric fields has not been sufficiently studied. In 
a certain way, these issues are studied to stimulate 
the seeds of crops with the help of γ – beam. There is 
minimal information about these mechanisms for the 
case of stimulation of bioactivity of seeds by treatment 
in the electric field. 

In the seed, all information is contained in the DNA 
of chromatin of the cell nucleus, which is a substance of 
chromosomes and consists of DNA, RNA, proteins, lipids 
and cations of a number of metals [24,25]. It coordinates 
the spatial and temporal deployment of the genetic 
fund of cells and includes it in the current morphological 
processes.

Chromatin is located in two structural States: dispersed 
(diffused) and compact (conden-sed). Dispersed 
chromatin is a functionally active part that can support 
the process of DNA synthesis in cells in a state of intensive 
metabolism. The condensed chromatin is functionally 
inactive and forms the main part of the chromatin of 
the cells of dormant seeds. The dispersed chromatin 
contains functionally active labile DNA involved in the 
current life processes. In the condensed chromatin, 
a stable DNA is localized, which is deeply inhibited by 
histones and deprived of metabolic activity due to the 
blocking action. Therefore, in the dormant seeds there is 
no synthesis of information RNA and enzymes.

Thus, there is a direct connection between the 
structural state of chromatin, DNA in cell poisons and 
the intensity of metabolic, morphogenetic processes 
in plants. In all cases, chromatin is more dispersed in 
actively functioning plant cells and cell nuclei are richer 
than labile and genetically active DNA. In dormant 
cells chromatin is compact, and DNA is almost entirely 
represented by its stable inactivated part.

The regulation of chromatin activity is based on 
the processes of condensation and de-gestation, 
i.e. repression and derepression of individual parts of 
chromatin and DNA sites. The process of activation of 
the seed occurs when the ratio changes toward an 
increase in the dispersed component of chromatin 
and DNA derepression due to a decrease in the level 
of inhibitors (histones). It follows that the main task of 
stimulating the bioactivity of seeds by the influence of 
the electric field is to increase the genetic activity of 
chromatin by decondensing its inactive part, ie. change 
of its structural composition and functional state.

According to the modern ideas of the stimulation 
theory [18], for this task in the seed cells it is necessary to 
form special substances – trigger effectors, as if allowing 
the process of gene release (derepression) and the 
beginning of metabolic processes.

From the analysis of earlier studies on the stimulation 
of bioactivity of seeds of grain, vegetable and industrial 
crops [17-25], it follows that when an electric field is 
applied in biomembranes, free radicals of white enzymes 
with an increased level of energy and biochemical 
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activity are formed (figure 2). Especially this process 
is enhanced in the skin and germ of the kernel of the 
seed, which contains lignin and gossypol, capable 
of interacting with free radicals to form a variety of 
hydroperoxides, synthesized subsequently trigger the 
effectors (auxin, Generalova acid, etc.) [8, 13]. With the 
formation of the latter after exposure to the electric field 
is decondensation chromatin in physiological norms, 
thereby increasing gene activity of the cell nucleus and 
increased synthesis and accumulation of RNA.

However, in the first days after the treatment of seeds 
in the electric field, the content of condensed chromatin 
of cell nuclei significantly exceeds physiological norms, 
which causes inhibition of RNA synthesis and a decrease 
in the genetic activity of the cell nucleus. Apparently, the 
seeding is necessary for the restoration of these processes. 
In the reverse process of condensation of the chromatin 
of the genes, open electrical treatment remains unfused, 
i.e. operational, whereas the untreated seed they remain 
in inactivated condition. Main problems for users enrolled 
in the open state after electrobraid parts of chromatin 
correspond to the genes responsible for the manifestation 
of quantitative traits of productivity [25].

To start the seed germination process plays an 
important role permeability of cell bio-membranes and 
numerous membranes of subcellular morphological 
structures (mitochondria, nucleus and other organelles). 
Therefore, another task of electrical stimulation of seeds 
is to increase the permeability of cell membranes to 
intensify the flow of nutrients from the cotyledons into 
the embryo of the future plant.

Thus, electrical treatment of seeds causes dispersion 
of chromatin of the cell nucleus, physiologically normal 
ratio of diffuse (genetically active) and condensed 
chromatin is restored in the process of seed maturation. 
However, a certain part of the dispersed chromatin 
continues to function in the process of seed germination. 
This is manifested in increasing the intensity of the synthesis 
of accumulation and specificity of the new synthesized 
RNA, as well as various morphological effects. This 
indicates that the positive effect of the electric field 
on the growth and development is mediated through 
the genetic apparatus of the cell-chro matin of the cell 
nucleus.

A specific manifestation of the electric field is the 
possibility of direct separation of DNA chains (transition 
from the paired state to the non-coupled), which can 
serve as a trigger for the separation of chromosomes in 
the cell nucleus [17]. As a result of accelerated division 
(reproduction) cells, so that the same will lead to the 
stimulation of the biological activity of seeds.

When processing seeds in the electric field, other 
processes occur, caused by the imposition of an electric 

field on a living cell with a biopotential. Cell membranes, 
which control numerous cell functions, carry positive 
charges on their outer side. The change in the action 
potential leads to the excitation of the cell, always 
contributing to the strengthening of metabolism.

In addition, due to the separation of charges in the 
membrane after the imposition of an external field, there 
is an absorption of energy consumed subsequently for 
the synthesis of ATP and other vital substances, which 
also accelerates the vital processes in the seed.

Another specific effect of the electric field is the 
electrophoretic effect that occurs in the cytoplasm 
of cells polarized by the imposition of an external 
electric field. It is well known that the inherent property 
of the cytoplasm is its constant movement along the 
walls of the cells at a rate of 1-2 mm / sec, regulates 
the exchange of substances in the cell. The result of 
superposition of the external field in the volume of 
the cytoplasm occur ponderomotive force exerting 
mechanical action on the cytoplasm and reduces the 
viscosity of the cytoplasm [18], which contributes to its 
movement, and with it activated processes of synthesis 
biochimical substances of the cells and the viability of 
the seeds.

The above-described physical, biochemical and 
morphogenetic changes in cells of the seed after the 
imposition of an external field may lead to physiological 
change, expressed in the acceleration of the process 
of respiration, the germination of seeds and the 
improvement in the flow of growth, development and 
yield of plants in the future.

Summary
1. The specific energy absorbed by the seed 

depends on its humidity and orientation relative to the 
external electric field. Increased efficiency of stimulation 
can be achieved by maximizing the absorbed energy 
by oriented supply of seeds relatively to the field-forming 
electrodes. 

4. Stimulation of biological activity of seeds occurs 
as a result of complex (energy, information, genetic) 
action of the electric field, which is to increase ten times 
conductivity of ions through the energized membranes 
due to the increase of their biopotentials, in the 
decondensation of the nuclear cells chro-matin under 
the action of trigger effectors, activating the synthesis 
of enzymes, DNA and RNA, which leads to increased 
metabolism and inflow of nutrient substances into the 
embryo of the future plant. 

5.The external electric field, which carries a certain 
irritant signal, has a significant information regulating 
effect on the flow of biochemical processes in cells and 
the seed as a whole, leading to changes in its biological 
activity.
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