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EXPERIMENTAL DETERMINATION
OF THE DOSE OF ENERGY RECEIVED
BY SEED MATERIAL AFTER
IRRADIATION BY ELECTRIC FIELD

Introduction. Maximum use of potential biological potential of seed material is among the ways to increase the
production and to improve the quality of agricultural products. In view of the above, various methods of pre-
seeding treatment of seeds of agricultural crops by means of electromagnetic fields are used. At the same time
there is insufficient clarity of reproducibility of the results of radiation.

Problem Statement. Howeuver, the conventional methods for determining germination capacity require a wide
range of equipment and materials and are time-consuming. Therefore, the search for new methods of pre-seeding
treatment and the development of rapid calorimetric methods are promising directions of research.

Purpose. 1o study the effect of irradiation on seed material, by calorimetric methods.

Materials and Methods. To determine the caloric value of seed material, two batches of Scarlet barley seeds
are taken, one of which is irradiated with an electric field. The caloric value of the grain has been determined
using the calorimetric device B-08M, according to DSTU 1SO 1928:2006.

Results. The results of quantitative indicators of temperature change of the irradiated and reference batch of
barley grain have been presented in a graphical form to visualize the effect of irradiation. The analysis of results
has shown that the non-irradiated seeds have a germination capacity of 82%, while for the irradiated seeds this
index is equal to 88% . Respectively, their caloric value is 10 842 k] /kg and 11 985 k] /kg, i.e. differs by 10.5%. An
experimental dependence has been established that to increase germination by 1% it is necessary to increase the
caloric value of seed mass by approximately 1.83%.

Conclusions. A 10—11% increase in the caloric value of the seeds after irradiation indicates that the
irradiation process is realized. The use of calorimetry methods can be recommended as a seed material irradiation
quality control method.

Keywords: electromagnetic field, calorimeter, effect of stimulation, germination, irradiation.

Increasing the yield of agricultural crops, the production of a sufficient number of envi-
ronment friendly agricultural products are extremely important issues both in Ukraine
and throughout the world. The global problem of increasing population requires growing
production of foodstuffs while the area of arable agricultural lands constantly decreases.
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A considerable part of yield (about 25—30%) is
lost because of poor quality of seeds [1]. More
than 30% of seeds is unsuitable for sowing be-
cause of a low germination capacity and insuf-
ficient energy of germination [2]. The partial so-
lution to this problem is introducing advanced,
economically advantageous, energy-saving, safe
technologies for stimulation of seeds before so-
wing. Now, there are many methods for treating
the seed material. One of them is irradiation of crop
seeds by electromagnetic field of different fre-
quency and intensity [3, 4].

Such irradiation positively influences on ger-
mination capacity and height of plants. The early
germination of seeds results in reduction of time
of vegetation, whereas the stimulation of metabo-
lic processes allows getting well-developed plants.
All this increases harvest and helps to get it in a
short term. The experimental data of Ukrainian
[5—7], Russian [3, 4, 8—11] and foreign resear-
chers [12—19] have testified to enhancing bio-
logical activity in the case of exposure to elect-
romagnetic fields of different frequencies. From
these studies it follows that the electromagnetic
stimulation at the stage of pre-seeding treatment
of seed helps increase the germination capacity of
crop and vegetable seeds by 10—27%, intensify
their growth and, as a result, raise the producti-
vity by 8—24%. However, electromagnetic stim-
ulation has not been widely used for the reason of
insufficient manufacturability of its methods,
considerable material resource consumption, and
understudied ways and mechanisms of affecting
biological objects, and insufficient reproducibili-
ty of results.

In studies [9, 10] Mrachkovska and Khnykina
assume that the mechanism of influence of a low-
intensity electric field is conversion of electric
energy into heat and determine the energy of ger-
mination of seeds based on well-known GOST
12038-84 [20].

In [5] Bereka has established that conversion
of electric energy into heat is the mechanism of
influence of high-intensity electric field created
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by a direct current on seeds. He has worked out a
method for norming and calculating the dose of
energy absorbed by the seed mass. In addition to
the quantification of electric energy conversion
into heat according to well-known GOST 12038-
84 the author has proposed an algorithm (com-
plicated mathematical apparatus) for computing
the dose of energy absorbed by seed mass under
the action of electric field.

In [21], Belyakov has stated that it is impor-
tant to determine the germination capacity of
crop seeds both for the purpose of sowing and
storing. He has stressed that the conventional
methods of determination of germination capaci-
ty require a wide set of equipment and materials
and takes quit a long period. In his opinion, a
promising direction of research is the develop-
ment of optical luminescent methods with the
use of photoluminescence analyzer, i.e. with the
creation of a new device.

The most similar to our research in terms of
technological approach are researches by Adamt-
sevich “Use of Calorimetry for Predicting Increa-
se in the Strength of Rapidly Setting Cement Sys-
tems” and Fomina “Application of Methods for
Calorimetry for Studying the Hydration of Port-
land Cement” [22, 23]. These works deal with the
introduction of new methods for prediction of in-
creasing strength of cement systems and substan-
tiate new techniques for the determination of ef-
ficiency of admixtures that change the kinetics
of hardening of cement-based materials without
using standard cement strength control methods.

Fedotov and Ochirov [24] have studied a bio-
energetic potential of wheat seeds. Bioenergetic
potential has been estimated by measuring an elect-
ric signal from the treated seeds, using an electro-
nic oscilloscope DSO 2100. Fig. 1 features frag-
ments of voltage diagrams obtained with the use
of computer oscilloscope DSO 2100, which show
the condition of treated seeds (Fig. 1, @) as com-
pared with the reference samples (Fig. 1, b) [24].

As one can see, the treated seeds have a bio-
energetic potential. The reference samples are used
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Fig. 1. Oscillograms of bioenergetic potential of wheat seeds in 24 h: a — treated seeds; b — reference seeds

in order to show that the untreated seeds are in
the state of rest. The only oscillogram is not suf-
ficient to judge about efficiency of the method of
pre-seeding treatment proposed by the authors.
For veritying the efficiency of method it is neces-
sary to link the bioenergetic potential to the ger-
mination capacity of seeds [24].

The authors of [24] have managed to show the
efficiency of irradiation. In our research, we, we
have gone further, namely, using the calorimetry
methods we have quantified the caloric value of
seeds before and after irradiation, presented the
results as integrated curve of change in tempera-
ture and linked them to the germination capacity.

Because of specificity of seed material as bio-
logical object, it is difficult to choose a set of pa-
rameters that would describe the final result of
electric field effect. We can talk about a genera-
lized parameter (dose of influence D) that deter-
mines the effect of exposure to an electric field.

In our view, the most acceptable approach is the
definition of dose as specific energy, i.e. amount of
heat absorbed by unit of mass or volume of mate-
rial. In addition, there shall exist a common app-
roach to the determination of dose for different
methods of physical influence. The mentioned ap-
proach to the definition of dose of treatment by
electromagnetic fields as specific energy meets
this requirement.
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Thus, the analysis of academic literature and
recent researches in this area have shown a lack
of justification of technological process of irradia-
tion of seeds by electric and magnetic fields of
different intensity. So, [3, 5—10, 14—17] focus on
the very technological process of irradiation and
description of structure and configurations of ir-
radiation devices. However, the influence of irra-
diation, namely the energy of seed germination is
estimated «visually», by sowing radiation-expo-
sed and the non-irradiated seeds, with further vi-
sual comparison. Therefore, the development of
well-known calorimetry method, its adjustment
for determination of dose of energy absorbed by
seed material after exposure to an electric field of
different intensity is a promising direction.

The purpose of this research is to use calorimet-
ric methods while studying the results of irradia-
tion of seed material by an electric field.

For determining the caloric value of seed mate-
rial, the samples of non-irradiated and radiated
grains of Scarlet barley are taken at the Bondaren-
ko Department of Electromechanic and Electric
Technologies at the National University of Biore-
sources and Use of Natural Resources of Ukraine.
The irradiation parameters are as follows: inten-
sity of the created field is 17.2 kV /m, duration of
exposure is 300 s, and current density is 0.135 A/m?
The parameters of the irradiation chamber are:
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Fig. 2. Integrated diagram of change in temperature of radiation-exposed and non-irradiated bar-
ley seeds: 7 — non-irradiated seeds; 2 — radiation-exposed seeds

the electrode length is 0.1 m, the distance bet-
ween electrodes is 0.03 m, the area of coverage of
electrode is 0.08 m?. The first batch is the referen-
ce one, it is not exposed to radiation, while the
second batch is irradiated by the electric field.
The temperature of the seed mass is 20 °C.

Further calorimetry researches have been con-
ducted at the Department for Heat and Power
Engineering of the National University of Biore-
sources and Use of Natural Resources of Ukrai-
ne by means of the calibrated calorimetric device
B—08 M stabilized at a temperature of 25 °C.
Benzoic acid is used as reference substance.

Both the non-irradiated and radiation-expo-
sed samples are placed in a crucible and burned
in a calorimeter following the method state-
ments [25, 26]. The mathematical processing of
the obtained data and graphic interpretation are
made with the use of Microsoft Excel 2003, accor-
ding to the method statement as described by the
authors in [27].

The germination capacity of non-irradiated and
radiation-exposed barley seeds has been determi-
ned in accordance with GOST 12038-84 [20].

Calorimetry is a complex of methods for mea-
suring the amount of heat released or absorbed in
different physical or chemical processes. This re-
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search deals with irradiating barley seeds by elect-
ric field and measuring the transformation of elect-
ric energy into heat (energy dose absorbed by the
seed mass).

In [28], Askochenska states that the amount of
water, in dry seed, hesitates from 4 to 14%. For
example, barley, even the driest one, contains
8—10% moisture that is needed for the formation
of cells and tissue. Recently, in agricultural prac-
tice, these indexes have been tending downwards,
as it is considered that the most optimal moisture
content for storage shall not exceed 3—5%. After
electromagnetic stimulation, the seeds adsorb
moisture and are in completely different state. A
deviation from the state of rest is provoked for a
substantial increase in the moisture content. For
the germination, it is necessary to keep moisture
content at the level of 30—50%.

Exposure of seeds to an electromagnetic field of
different intensity results in their heating, mainly,
due to the presence of water molecules and dis-
solved ions in the cells. Under the action of HF
electric field, water molecules and ions start mo-
ving faster and cause heating. A temperature is one
of the factors influencing the effect of pre-seeding
treatment of seed and the energy of germination.
Proceeding from the Joule—Lenz law, the amount
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of released heat is proportional to resistance of
seed mass, squared electric current, and time. If
current varies with time, then it is possible to
write down:

Q.- [Rizd, (1)

where Q is amount of heat, J; R, is resistance of
seed, ohm; i_is current through seed, A; ¢ is time
of exposure, s.

Amount of heat that is attributed to time unit
and unit of volume is the specific amount of heat
(g,). Proceeding from the well-known relation-
ships between current density (j), intensity of
electric field (E), specific resistance, and specific
conductivity, it is possible to write the expression
for specific amount of heat as:

q.=Jj E (2)

Table 1. Protocol of Thermometer Readings, by Periods,
for Non-Irradiated and Radiation-Exposed Barley Seeds

Thermometer readings, by periods, °C
Measu
rement| Initial period Main period Final period
n];l:rl_ non- | radia- | non- | rradia- | non- | radia-
irradia- | tion- |irradia- | tion- |irradia-| tion-
ted |exposed | ted |exposed | ted | exposed
0 | 2506 | 25.56 | 25.06 | 25.56 | 27.31 | 27.31
112513 | 25.60 | 2512 | 25.62 | 27.31 | 27.25
2 2506 | 2562 | 2531 | 2581 | 27.31 | 27.25
3 12506 | 2562 | 25.75 | 26.12 | 27.31 | 27.25
4 12506 | 25.62 | 2612 | 26.31 | 27.31 | 27.25
5 | 2506 | 2562 | 26.43 | 26.50 | 27.31 | 27.25
6 | 25.06 | 25.62 | 26.62 | 26.68 | 27.31 | 27.25
7 | 2506 | 2562 | 26.75 | 26.81 | 27.31 | 27.25
8 | 25.06 | 25.56 | 26.87 | 26.93 | 27.31 | 27.25
9 | 2506 | 2556 | 2693 | 27.00 | 27.31 | 27.25
10 | 25.06 | 25.56 | 27.00 | 27.06 | 27.31 | 27.25
11 | 25.06 | 25.56 | 27.06 | 2712 | 27.31 | 27.25
12 2710 | 2718
13 2718 | 27.25
14 27.25 | 27.31
15 27.31 | 27.25
16 27.25 | 27.31
17 27.31 27.3
18 27.31 | 27.31

ISSN 1815-2066. Nauka innov. 2020. 16 (5)

where g_ is specific amount of heat; j is current
density; E is intensity of electric field.

The majority of researchers determines the heat
generation capacity of liquid biofuel and, in gene-
ral, solid and liquid fuel theoretically, based on its
elementary composition. To this end, the Mende-
leyev formula is used [29]:

Qr=81C7+300H — 26 (0" — §7) —

— 6 (9H + W), keal /kg 3)

where C?, H?, O, Sn, Wrare gravimetric amount
of carbon, hydrogen, oxygen, combustible sulfur
and moisture in working mass of fuel, %, respec-
tively.

However, as the author states, this formula is sui-
table only for rough estimates. In the 1950s, at
all coal-concentrating and briquette factories of
the former USSR, there was an obligatory opera-
tion that was technical analysis of the quality of
final products. One of main tasks was determina-
tion of caloric value of fuel or its heat-generation
capacity in laboratory conditions, with the use of
a calorimeter. Let us assume that the seed mate-
rial is a sort of briquette and irradiation by electro-
magnetic field is an enrichment technique. In this
case, the application of calorimeter is justified.

Table 1 contains protocols of thermometer rea-
dings, by periods, for non-irradiated and radia-
tion-exposed barley seeds.

The integrated diagram of change in the tem-
perature of radiation-exposed and non-irradiated
barley seeds obtained using the method state-
ment as described in [25] is shown in Fig. 2.

Table 2. Measurements of the Combustion Heat
of Analytical Mass of Non-Irradiated
and Radiation-Exposed Barley Seeds in Calorimeter

Non- Radiation-
Index irradiated exposed
barley seeds | barley seeds
Q¢ (heat of combustion (caloric
value) of analytical mass):
cal/g 2593 2 865
kJ/kg 10 842 11985
73
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One can see that the temperature jump of the
main period in the case of radiation-exposed seeds
(position 2) is higher than that in the case of non-
irradiated seeds (position 1), which has been con-
firmed by the results of measuring the combus-
tion heat of analytical seed mass in a calorimeter
(Table 2).

The germination capacity of the non-irradiated
seeds is 82%, while that of those exposed to radia-
tion reaches 88%. So, an increase in the germina-
tion energy is 6% [5].

The analysis of calorimetry method results (Tab-
le 2) has shown that the germination capacity of
82% corresponds to the caloric value 10 842 k] /kg,
while 88% corresponds to 11 985 kJ/kg. Hence,
the caloric value of the radiation-exposed seeds
is by 1 143 kJ /kg or 10.5% higher than that of the
non-irradiated seeds. Proceeding from this, it has
been established that in order to increase the ger-
mination capacity by 1%, it is necessary to raise
the caloric value of seed mass by approximate
1.83%. Further research will deal with the germi-
nation capacity and caloric value dependence for
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EKCIIEPMMEHTAJIBHE BUSHAYEHHS
J103U EHEPTIT, OTPUMAHOT HACIHHEBUM MATEPIAJIOM
[MI1CJIA OITIPOMIHEHHA EJEKTPUYHWM ITOJIEM

Beryn. Makcnmaibie BUKOPUCTAHHS MOTEHITHHIX GI0JOMTYHIX MOKIMBOCTEH HACIHHEBOTO MaTepianry — I1e OUH i3 IJIs-
XiB 36iJIbIIIEHHS BUPOOHUIITBA Ta MiABUIIEHHS SKOCTI CI/IBCHKOTOCTIONAPCHKOT TIPOAYKINi. 3Bakaloun Ha 3a3HaueHe, 3aCTO-
COBYIOTh Pi3HOMaHITHI MPUITOMHU TIEPEANOCiBHOI 060POOKI HACIHHS CiJTbCHKOTOCIOAAPCHKUX KYJIBTYDP €JeKTPOMArHi THUMU
nossimMu. [Ipu iboMy criocTepira€Tbest HEIOCTATHS YiTKICTh BiZITBOPIOBAHOCTI PE3YJIBTATIB OMPOMiHEHHS.
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IIpoGaemaTuka. Pazom 3 TUM, TpaguiiiiHi METOAN BUSHAYEHHS CXOKOCTI MOTPEOYIOTh MIMPOKOTO HaGoPy 06/ IaHAHHS Ta
BUTPATHUX MaTepiajiB, TPUBAINX TEPMIiHIB JOCTIKEHHS, TOMY MEPCIeKTUBHUM € TIOIIYK HOBUX METO/IiB MEePeIOCiBHOI
006poOKY Ta po3poOKa KATOPUMETPUYHHUX EKCIIPEC-METOIIB.

Mera. BuBuenns peaxiiii HACIHHEBOTO MaTepiay, a came, 10T0 eHepreTUYHOI IIIHHOCTI 10 Ta MicJIsT OTIPOMiHEHHS MeToa-
MU KaJIOPUMETPii.

Marepiamm i Meroau. /[y BUSHAYEHHST €HEPreTUYHOI HIHHOCTI HACIHHEBOTO MaTepiany OyJIo B3ATO ABl napTii HaciHHSA
stamento copty 'CkapiieT’, O/IHy 3 SKUX ITiJ[IaBaJI OTIPOMIHEHHIO eJIeKTPUIHNM TiosieM. EHepreTudHy IiHHICTH 3epHa BU3HA-
YaJu 3a OMOMOTO0I0 KasopuMeTpruHoi yetanoBku B-08 M srigno JCTY ISO 1928:2006.

Pesyabratu. B rpadiuniit hopmi nogano pesysasratu KibKiCHUX MOKA3HUKIB 3MiHU TeMIIEPATyPH OIPOMiHEHOI Ta KOHT-
POJIBHOI TapTii 3epHa STYMEHIO /I Bidyastizallii eexTy ormpomiHeHHsI. AHATI3 pe3ysIbTaTiB MMOKa3aB, M0 HEOIIpOMiHeHe
3epHO Ma€ cXOXicTh 82 %, a ompominere — 88 %, BIAMOBIHO eHepreTHYHA THHICTH mepimoro cranosmaa 10842 k[ /KT,
a npyroro — 11985 k/Ix/kr, To6T0 € Ha 10,5 % BUIIOI0. BeTaHOB/IEHO €KCIIEPUMEHTANIBHY 3aJI€KHICTD, 110 IS 301/IbIIeHHS
cxoskocTi Ha 1 % HeoOXigHo 361IbIIeHHs eHepreTHYHOI IIHHOCTI HaciHHEBOI Macu npuOausno Ha 1,83 %.

Bucuosku. [TifBuients enepreTuaHoi miHHOCTI 3epHa Ha 10— 11 % micis onpoMiHEHHST BKa3ye€ Ha Te, IO IPOIIEC OTPO-
MiHeHHs BizOyBcst, No3UTHBHUIT ehekT 3adpikcoBaHo. BUKOPUCTAHHS METOMIB KAJIOPUMETPIii MOKHA PEKOMEH/TyBATH SIK CTIO-
¢i6 KOHTPOJIIO SIKOCTI OIIPOMiHEHHSI HACIHHEBOTO MaTepiay.

Kntouoei crosa: eneKTpoMartitHe moJie, KaJopumerp, eheKkT cTuMyJIdilii, CXOKICTb, OIPOMiHEHHS.
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