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Abstract. The paper overviews directions for electrotechnology treatment of grain seeds before
sowing. The hypothesis of the germination enhancement of seeds if treated with corona
discharge is presented here. Besides, the description of electrotechnology installation and
facilities for it including manufacturing process quality obtained as a result of scientific tests
are also provided in the paper.

1. Introduction
The paper is devoted to the technology optimization of grain seeds treatment before sowing through
physical methods excluding high tangible costs and providing the staff safety.

The major task of farming has always been and remains an all-out increase of grain seeds
production. At the same time the main factor of the grain productivity increase is a quality upgrading
of seed grain.

Meanwhile in Siberian farms no more than 50-60% of the first and second class seeds on the
average are filled up for storage annually. However, the majority of seeds are unconditional by the
germination ability, humidity and purity. Such seeds have a low germination readiness and field
survival. Thus, the Siberian farms sow up to 30% of nongrade seed grains annually. The composition
of such seeds is characterized by high heterogeneity, but the germination readiness for each respective
year is torn between 10 to 90%. Moreover, seeds have a high percentage of injury, frost damage,
humidity. As a result only due to a low quality of seed grains, the field germination is torn between 40
to 85% affecting the productivity respectively.

Under the farm conditions, the problem of low quality of seed grains is usually solved by the
increase of the seed application rate, but the seed waste in this respect is ugitmé&@/MBa. To be
sure the improving of seed quality, that is their germination enhancement and germinating energy,
gives the possibility to reduce the seed application rate and receive an extra yield allowing not only to
reduce costs on the grain production but to increase the closing gain.

One can increase the quality and field germination of viable seeds using the practice of preseeding
treatment through physical, chemical and other methods. Numerous research data reveal that different
types of action on seeds influence positively the up-regulation evolution of plants. Therefore, currently
satisfiers fostering the germinating energy enhancement and field germination rate of seed grain have
been widely used in agricultural practice. The easiest way used in most farms for improving sowing
qualities of seeds is pretreatment, solar heating and preseeding warm-up in aerated bins or seed driers.
In addition, the researches for seed treatment with gamma radiation, super-high frequencies, infrared
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rays, thermal and magnet radiation fields includihgir combinations were conducted. A positive
influence on germinating ability, growth and deyetent of plant and adequately on the yield and its
quality gives the grain seed treatment of variceps by electric field [1].

2. Theory

The problem-based situation is the yielding cagaoit mentioned technologies is not high, the
installation for seed treatment is difficult to nealtnd it is energy-intensive, zero tillage is daogs

for staff. Except that the most part of developese the hypothesis of germination stimulation and
germinating energy with impact of satisfiers ongenpotential of the seed bud.

The objective of this paper is to increase efficienf technology installation and crop yield. The
following challenges were offered to achieve tladest objective:

1. Machine design development where gravity foscesied for transporting seeds in the irradiation
zone by corona discharge.

2. Optimum performance development of grain sesattnent.

3. Physical phenomenon definition of the germimagohancement and readiness of grain seeds if
treated with electric current of corona discharge.

The hypothesis at issue was that electric currémpoona discharge flowing down the surfaces
with smooth curve was concentrated on pathogeredpmdies of pathogenic fungi and it burned them
out providing the seed bud with steady growth.

As a result of such treatment a slight lab gernmmagénhancement and readiness as compared to
control (by 3-5%), and sometimes lack of changebiserved.

There is also the possibility of negative resulthhwegard to physiologically immature seeds. On
the other hand, the germinative power and fieldrngeation exceed control by a quantity up to 24%.
Thus, the higher the efficiency is, the higher geemination ability is and the lower the germinatio
readiness is. Numerous tests related to seed gaaimcorona discharge area prove the germination
ability and readiness dependence of grain seedshencorona discharge field parameters [2].
However, there is no description of interactioreeffwith thermal current effect of corona discharge
up-to-date. Due to the above-mentioned reasondeaun tried to find complex connections of the
germination ability and readiness of seeds from fiekd parameters and also parasitic fungi
modifications while treating. To conduct experingeanh irradiator was mounted in the field of corona
discharge. In addition, a comparison test of digphachambers with pad and needle discharge
electrodes was carried out to obtain optimal destgjuirements. Besides, it is worth noting that tmos
of existing design installations have disadvantagesring away potential customers such as big
materials consumption, low efficiency, inadequatiéability of high voltage circuits etc. It is redal
to the necessity of forcing seeds to the treatna@ed. Having organized the seed supply to the
treatment area by gravity some design disadvantagesolved at once. One more possible way to
solve listed disadvantages is creating of air waykchamber divided into a number of working
cavities with pairwise-parallel joint of electrod&s.

To define the optimal treatment mode and machirsggdeparameters for electrocorona treatment
of the seed grain, the parent population factonewingled out which finally could influence more o
less the germination enhancement and crop yieldinBuesearch it quickly became clear that the
range of stable corona discharge for chambers wvp#u electrodes is within limits of

(500— 600) k\%n’ for chambers with needle electrodes it is witlmints of(400— 500) k\%n' It is

related to end effects and explained as mutinglagety-pitched corona discharges. Such effect is
known in technology as Gas Treatment Station (GTS).

3. Experiment
The slope of curve indicates the prevalence of r@mischarge ignition at sharp elements. So in the
chamber with needle electrodes a negative coroigniged because of less mass of electric charge
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carrier and the corona start is observedeat (200— 300)k\%n. Further there is a positive corona

igniting at E = (400— 500)k\%n and has a gentle incline diagram. Due to negatolarity of lying
opposite needle electrode first a negative coroova §eeds and spores (as it was in the previogs cas
takes place akE = (200— 300) k\%n and then a negative one from needles of lying sig@@lectrode

takes place akE = (400— 500) k\%n'

In this case, the nature of curve is steeper asptbeess itself is avalanche-type, which is

equivalent of physics of processes.

In the chamber with pad electrodes under chargedtively opposed pad electrode the slope of
curve and start of corona ignitiofe(= (200— 300) k\%n) mean definitely that a positive corona from

seeds and spores on receiving electrode take plader charged positively opposed electrode. The
slope of curve says of a markedly negative corooin fseeds and spores. All above-mentioned facts
refer to the possibility of corona discharge namityn needles, seeds and spores. Taking into
account a thermal current influence of corona disgh on the great majority of pathogenic microflora

doi:10.1088/1755-1315/87/4/042013

spores one may talk of its devastation when peddrireatment.(Figure 1, Figure 2).
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Figure 1. The volt-amps chamber diagram with needle eleespdl- no load operation,(-) on opposed
electrode; 2- no load operation.(+) on opposedtirelde; 3- barley “Acha” in the gap, (-) on opposed
electrode; 4- barley “Acha” in the gap, (+) on oppd electrode.
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Figure 2. The volt-amps chamber diagram with pad electrodlesio load operation, (-) on opposed
electrode; 2- no load operation, (+) on opposedtrlde; 3- barley “Acha” in the gap, (-) on opposed
electrode; 4- barley “Acha” in the gap, (+) on oppd electrode.

Whereas it is hecessary to have experimental mioaflvanced hypothesis, the experiments on the
ground for consolidated influence of corona disgbdreld on the microflora germination ability were
in need. They were conducted.

The experiment results were estimated according tcategories: germination enhancement,
suppression viability rate of pathogenic microflaral germination readiness of seed buds.

The relevance is obvious, pathogenic microfloraibition should not coincide with seed bud
inhibition.

By efficiency of pathogenic microflora suppressi@n research given) is meant the difference
between empirical and control value of germinatedres quantity at standard sample of 50 seeds
referred to control.

Along with above listed functions the efficiencyppuession of parasitic fungi for each of the most
dominant was under investigatidsipol arissorokiniana, Fusariumsp, Alternariasp, Penicilliumsp.

The regression analysis of the test data receivetid process of experiments with sprouting of
treated barley seeds in roll form routinely, cafraut with personal computer, allows one to obtain
beta coefficient, assess the equation relevanteegirocess under investigation and standard efror
computing.

A complete equation is written as:

AB =0.000023 E +0.000202 7, — 0.000966 7, — 0.469864 B, —1.343358 j +

+0.000038 A + 0.005846E,,, - 0.002566E,, — 0.003305E,, + 0.035625E,, - , (1)
— 0.0000003733E 7, [F, + 0.05280, , + 0.001396F, + 0.4519+ 0.3233

where are/AAB - germination ability gain, relative unitE- electric-field strength,k\%n; T.-

e
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exposure time;7,- tempering timg B,- original germination ability, relative unit;j - corona
discharge current densit%z; A- heliocosmic unit factor, relative unilEgl- suppression rate

viability of pathogenic fungi aBipolaris Sorokiniana , relative unit;E, - suppression rate viability of
pathogenic fungi agusarium, relative unit; E ;- suppression rate viability of pathogenic fungi as
Alternaria, relative unit; E ,- suppression rate viability of pathogenic fungiResicillium, relative

unit; W,,,- quantity of electrical energy wasted in dischard@V [h; F, - corona discharge polarity.

The equation analysis shows that some factors eaetigally nonfactors (meaningfulness is
defined according to the assessed value principdope factor in value of standard error.

A regression model described by the equation wasairdd due to successive exclusion of
nonfactors in the equation with specified factors.

AB, = 0.010615[E - 0.022247(7, - 0.2838[B,, + 0.005562(E , +
+0.02969(E,, — 0.0099350W +0.27526+ 0.18003. '

It is obvious all electric field factor&, 7, and 7, contribute much to the germination ability gain

and also non-controllable factors contribute to tebility of pathogenic microflora. A regression
model shows microbial products of pathogenic fuofjisuch kinds adipolaris Sorokiniana and
Penicilliuminfluence much the barley germination viability.

The test of equation for research adequacy wasnpeetl using Student criteri@nd it correlates
well with the research model.

Correlation data mining showed that such factorsEg and E[f,[f, correlate relatively

(2)

pairwise and it corresponds to physics of proceasds, and A, also show that total insolation by
cosmic raysA, was calculated with regard to astrometeorologiesh dluring temperingme.

A regression dependence analysis of suppressidulityiaof pathogenic fungiE,, £ ,, E 3, E
on treatment parameters was similarly done. Thieviahg regression equations were obtained on
reduction:
E, =0.212791E - 0.11384(7, - 0.63176[W,, + 0.074471[F, +

3)
+0.00667¢ +£0.04701]
E,, =010207LE +0,36617, + 0,03167F, —0,001775: 0,09188 4)

Ey; =0.30039 [E - 0.17796 [7, + 0.23278 [E [7, [T, —

- 0.00378: * 0.0832¢
E,, = —0.71848E (7, (7, — 4.56979(B, — 0271IW,, +

i (6)
+4.4411¢ + 2.077<
The factors-parameters of eletrocorona treatntent,, W,,, F, make great contribution to the

suppression viability of pathogenic microflora; elibcosmic factor does not influence much. The
equation analysis of 3-6 enables to relate thecetfesuppression viability with geometry dimension
of proper spore kinds (Table 1).

The data analysis states the relation of suppnesdmbility rate of various fungus strains on

electric-field strength at fixed valuB, = 0935 W, = 0156, r, = 0156 7, = 0033.

The electric-field strength variation, exposure éjntempering (storing) time, corona polarity,
corona current density, heliocosmic factor and fusuppression viability rate showed that all fastor
of electric- field including viable microflora famt make great contribution to the germination &pili
gain.
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Table 1. Geometry dimension relation of fungi spores wsthippression effect of its viability by
electrocorona discharge

Characteristics Bipolaris Fusarium Alternaria Penicillium
Spore size, nm
1) Length 50-110 5-60 7-72 -
2) Diameter 15-31 2-5 6-22 2-3
3) Shape of spore body cylinder cylinder club spher
Treatment parameters and their effect on pathodangi suppression viability
1) Length 50-110 5-60 7-72 -
2) Diameter 15-31 2-5 6-22 2-3
2) Diameter 15-31 2-5 6-22 2-3
2) Diameter 15-31 2-5 6-22 2-3
3) Shape of spore body cylinder cylinder club spher

The relations of germination ability and barley degrowth rate with electrocorona treatment
parameter performing have also been studied. Thmigation ability growth rate particularly defines
the effect of corona discharge factors on seedmstgaathogenic microflora. The germination ability
growth and development rates were computed dueetoate of sprout appearance and development of
plant through equal periods of time. The suppressiability rate of pathogenic fungi was defined as
quantity difference ratio of sprouted spores irt t8sd check samples to the quantity of sprouted
spores in check samples. Mycological and agrondraitalyses were run in all samples and variations
of experimental design. A computer-aided statiatialysis was performed according to experimental
results (Figure 3).

As a result of conducted research it emerged twaetis evident suppression viability relation of
pathogenic microflora and germination ability inaatber with pad electrodes and this confirms the
main hypothesis of the research [7, 8].

Practically the effect does not depend on eleéigid-strength and exposure time. In chamber with
needle electrodes an electric-field strength imfags additionally [9, 10]. Production inspectiorthwi
barley under conditions of seed farm produced t¢hleviing results: if treated with electric curresft

corona discharge and field strength (500—512)k\%n and current  density

(0.0043— 0.00Q@A/ m*[10°, germination ability gain was(26—-32)% and correspondently
harvest gainL6—19% to harvest in test area 3@éhtner/ha.

Thus the novelty of research results is:

1) in obtaining statistic regression germinatioiligtrelation versus electric field parameters twit
corona discharge, time of tempering spore viabditypathogenic mycoflora and quantity of electric
energy dissipated in discharger;

2) in experimental proof of suppression viabilitf mathogenic mycoflora with electrocorona
treatment;

3) in experimental hypothesis confirmation of garation enhancement with preseeding treatment
using corona discharge due to pathogenic mycofioppression.

Figure 4a and Figure 4b show the structure of eteatstallation for treating seeds. This set
contains seed tanker; frame-mounted plate-typetrelde cassettes, which are, parallel and angled.
They form a series of working cavities for treatswpeds in corona discharge [3]. Electrodes next to
working cavities are combined. Plates are made fronductive material.

Corona discharge-field electrodes are made in oh@ bf peaked lugs at low sides of cassette-
plates, but power-supply source poles are connewtitll cassette-plates in pairs and parallel.
Cassette-plates made from conductive material @siimultaneously as discharge and collector plate
electrodes in neighboring working air-gaps of rédrachamber allow one to simplify the working
chamber design and owing to its tilted installatiorincrease efficiency set limits to seed slipoedly



IPDME 2017 IOP Publishing
IOP Conf. Series: Earth and Environmental Science 87 (2017) 042013 doi:10.1088/1755-1315/87/4/042013

over the collecting electrode surface. [4]
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Figure 3. Suppression rate mycoflora viability relation veyslectric-field strength a, = 0935;
W,,, = 0156 7, = 0156 7, = 0033; E,, - viability of Bipolaris Sorokiniana; E,, - viability of

Fusarium; Egs - viability of Altemaria; Eg4 - viability of Penicillium.

It was found that the germination enhancement aadiness effect after electrocorona treatment
appears as a result of pathogenic mycoflora supresiwelling on seeds due to electric current
thermal effect of corona discharge flowing througttroflora spores (fungi or bacteria) because of
electric flux condensing in bodies of spores witkeager inductive capacity and greater flexure
interface of these bodies and environment [5]. Tdlation of suppression viability of pathogenic
microflora and germination enhancement, readinedgate was obtained as part of the study [6].

Pathogenic microflora inhibition on spores takescplas electric flux is thickened in interelectrode
space area on which the electric field is put and filled either with conductive material (living
bacteria, fungi, insects, small deer), or matesitth greater inductive capacity than the rest @ért
space. Besides, the electric flux condensing takaese at the environment interface with maximum
interface flexure.

As a result electric current energy of corona dasgh is dissipated throughout spores and it warms
them up and sterilizes reducing its part in germepoicrocenosis but the use of embedded partisles a
discharge electrodes allows to decrease powerdassesed by electric current through the machine
design.
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Figure 4a. Electric installation (set) structure to treatdseel- charging hopper for seeds, 2- dc power
supply system, 3- cable, 4- transporter, 5- runeiable, 10- electrodes, 11- stop plate, 12- body

dielectric.
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Figure 4b. Electric installation to treat seeds: 6- dielectase, 7- runner guides, 8 - seeds, 9 - fungi

spore.
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The calculation shows that in case of increasimglpetivity by 10%, an annual economic benefit
in the West Siberia context in one farm having cagpeage of about 10000 hectares will be over 1
million rubles. So, it could be said that the sgjlivalue limit of the installation is over 1.7 rokh
rubles, taking into account the real cost the Ifatan will pay off in spades in the first year use.

4. Conclusions
1. It is wise to design the chamber constructioa asries of plates- collecting electrodes mounted
the slope for seed free flow and with dischargetedeles backside.

2. All electric field parameters contribute muchth® germination enhancement: electric field
strength, exposure time, tempering time includingcantrolled factors- pathogenic mycoflora
viability. Values of factors are experimentally ska for each seed lot.

3. The germination enhancement and readiness efftmt electrocorona treatment emerges as a
result of pathogenic mycoflora suppression dwelbngseeds due to thermal action of electric current
of corona discharge flowing mainly through sporésngco- and microflora owing to electric flux
condensing in bodies of spores with greater ingactiapacity and greater flexure interface of these
bodies and environment. The suppression viabilitypathogenic mycoflora results in germination
enhancement, readiness and rate.
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