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EFFECT OF EXTREMELY HIGH FREQUENCY ELECTROMAGNETIC
IRRADIATION TREATMENT ON GERMINATION, GROWTH
AND AMYLASE ACTIVITY OF WHEAT SEEDS

G. H. POGHOSYAN *, M. S. MIKAELYAN ™, P. H. VARDEVANYAN ***
Chair of Biophysics, YSU, Armenia

In this work, the effect of low-intensity (non-thermal, flux capacity 0.06 mW/cm?)
electromagnetic irradiation (EMI) of extremely high frequency (EHF) (42.2 GHz
and 50.3 GHz) as pre-sowing treatment on germination, early growth and o-
amylase activity of wheat seeds (Triticum aestivum L.) has been studied. The
measurements conducted during seed germination were the germination energy
and germination power, germination index, shoot and root length, as well as fresh
weight. The laboratory experiment followed a completely randomized design,
with four treatments (control, 5 min — T5, 10 min — T10, and 15 min — T15) and
three replications. It was shown that EHF EMI pre-sowing treatment at both used
frequencies favored the germination and growth of wheat seeds, and results were
more expressed at a frequency of 50.3 GHz — the resonant frequency of water. We
found that EMI with 50.3 GHz for 10 min significantly improved germination
energy (by 6.5%) and germination power (by 7.6%). At the same time, shoot high
(by 11%), root length (by 12%) and fresh weight (15%) were enhanced
significantly at seedling stage compared with the control. Furthermore, the
measured activity of a-amylase reviled that EMI-treatment increased the enzyme
activity more than 2-fold, thereby probably promoting wheat germination.

https://doi.org/10.46991/PYSU:B/2023.57.1.019
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Introduction. Extremely high frequency (EHF) electromagnetic irradiation
(EMI) (a range from 30 GHz to 300 GHz) or low-intensity millimeter waves
(MMW) is a constant part of a biosphere and intensively influences living
organisms [1, 2]. Nowadays, MMW technologies are increasingly being used in
wireless communication, traffic and military radar systems, which makes the
investigation of EHF irradiation influence on living matter very important [3].

Plants normally grow on the land affected by electromagnetic and magnetic
fields (EMF), and many processes of cell normal metabolism are associates with
these natural fields [1, 4]. Plants are essential components of a healthy ecosystem
and have important role in the living world as main primary producers of food and
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oxygen, therefore, it would be beneficial to investigate their interaction with
today’s increased exposure to radio and millimeter frequency fields.

Wheat (Triticum aestivum L.), a crop plant of Poaceae family, is the leading
grain crop in the world with a production of 750.1 million tons in 2017-2018 [5]. It
is a staple food source of more than five billion people across the world [6]. Cereal
crops form the basis of agricultural production. They are the most common and the
most valuable in the world among all field crops.

The increasing demands of food and other industrial sectors for improved
corn yield has led the farming to new challenges. The traditional method to
improve crop yield is to improve the irradiation and fertilization, but their effects
are not sustainable.

One of the obligatory elements of the technological preparation of
cultivating cereal crops, which affects crop production yield and quality, is the pre-
sowing treatment seeds with physical (UV-rays, hot water, sunlight) or chemical
(antibiotics, pesticides) methods [7, 8]. But the last one could bring ecological risk
worldwide. Nowadays, in farming there is a growing interest in applying
alternative environmentally-friendly methods such as pre-sowing seed microwave
treatment [7—12] and the application of cold plasma technology [13, 14].

Electromagnetic fields are widely used to stimulate germination of seeds,
improve their quality and speed up to growth of plants, over the past 30 years [7-9,
12]. At present the ability of simultaneously generating the effects of
biostimulation, disinfection and disinsectization during irradiation of seeds from
different agricultural plants by electromagnetic waves of MM range has been
discovered and experimentally proved [7, 8, 12, 15]. Seeds treatment by MMW and
microwaves is an innovative approach resulting in improved germination and plant
growth. Many studies have conformed the potential of EMF pre-treatment on
germination, early growth and even the yield of wheat seeds [7, 9, 11, 16, 17], rice
seeds [10], barley seeds [9, 18], maize seeds [19], and other crops.

Thus, Regha at al. [20] proved that a certain level of microwave power and
exposure time can improve the germination and seedling vigor of wheat, Bengal
gram, green gram and moth bean, while a further increase in EMI frequency and
power density caused a reduce in seed germination and seedling vigor of the plants.
Talei at al. [10] have demonstrated that 2450 MHz microwave frequency pre-sowing
treatment from 1-10 % of rice seeds could significantly improve the germination
percentage and rate, as well as primary shoot and root length. Recently, Bezpalko
at al. have highlighted the positive impact of EMI (2.5-3.4 GHz at the power of
0.9-1.8 kW/kg during 5-95 5) pre-sowing treatment of wheat and spring barley
seeds on sprouting energy and germination power [9].

The data showed that EMF-treatment also influence the physiological
activities of seeds such as biochemical composition and activity of hydrolytic
enzymes-amylases [11, 18, 19].

Mazets et al. [21], using EHF EMI (regimes: 20 min — 53.57 GHz, 12 min —
64.0-66.0 GHz, and 8 min — 64.0-66.0 GHz) for the pre-germination treatment of
Lupinus angustifolius L. seeds, reported an enhancement in o-amylase activity,
shoot high and fresh weight depending on EMF treatment frequency used. EMF
treatment of MMW range has been found to increase the activity of hydrolytic and
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proteolytic enzymes such as amylases and proteinases in barley seeds [18]. The
results obtained in [11] testify an increase in chlorophyll content, photosynthetic
and transpiration rate, as well as a-amylase activity in pulsed EMF pre-treated
durum wheat seeds.

a-Amylase (1-4-a-D-glucanglucanohydrolase EC 3.2.1.1) catalyzes endo-
hydrolysis of 1-4-a-glucosidic linkages in starch and any related oligosaccharides
to make oligosaccharides and glucose. In plants, a-amylase plays a key role in
starch degradation during seed germination [22, 23].

The increase of enzyme activity could be a primary positive effect of MMW
field treatment that subsequently leads to higher germination and plant growth.

Obtained results indicate that effects of EMF on alive systems are strongly
connected with EMI intensity, exposure duration and especially EMI frequency
applied. However, the specific mechanisms of EMI EHF action on biological
systems remained not clear yet. A few mechanisms of EMI interaction with living
organisms are discussed [1, 24].

It is important to note that these effects are the result of exposure to EMF of
very low intensity (less than 10 mW/cm?) have the frequency dependence of the
resonant nature and are characterized by intensity thresholds, at which the effect
begins to show jump like manner [1, 24].

To the best of our knowledge, the results of previous studies on the effects of
EHF EMI on seeds germination and early growth trails are still contradictory.

Due to this issue, the present study was aimed to investigate the effects of
42.2 and 50.3 GHz frequencies EMI on the germination of wheat imbibed seeds
considering the germination energy and power, as well as shoot and roots length
and fresh weight. The a-amylase activity was also investigated to explain the
germination changes of sprouting seeds.

Materials and Methods.

Seed Material. For this study, conditioned and nonconforming wheat
(Triticim aestivum L.), “Bezostaya” variety seeds were supplied by forest nursery
“Kotayk” (Kotayk Region, Armenia) from 2019 harvesting year. Only ripe intact
seeds without visible defects were selected.

Seed Preparation. The seeds were surface sterilized (70% ethanol for 1 min
and 5% sodium hypochlorite for 5 min) and thoroughly rinsed in distilled water.
Seeds were imbibed for 12 % in distilled water. Fifty seeds were then soaked in
culture Petri dishes. Each culture dish was covered with two lays of filter paper
(15 mL distilled water was added). The seeds in Petri dishes were once subjected to
different (5, 10 and 15 min) exposure times of 42.2 and 50.3 GHz frequency EMI,
then placed to germinate at 22+1.0°C and relative humidity 70-80% in grow-
chamber for 8 days in darkness with a water supply as that described elsewhere
[17]. Counting the germinated seeds was started from 3™ day after soaking. The
standard to determine seed germination was checked when the germ length reached
half of the seed length. The germinating energy was calculated in 3 days, and the
laboratory germinating power was calculated in 7 days. Germination indexes were
calculated according to these equations [25]:

3rd day number of germinated seeds

— germination energy (%) = x 100%);

total number for testing
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7th day number of germinated seeds

— germination power (%) = %X 100%;

total number for testing

T G . .
— germination index G; = ZD—t , where G, is the number of germinated
t

seeds at ¢ day, D; is the germination day;

— 10 plants were selected randomly and analyzed for plant high, root length

and fresh weight.

The experiment had a completely randomized design (CRD) with four
(three different exposure times of 42.2 and 50.3 GH:z frequencies and control)
treatments and three replications. EHF EMI-treatment was applied for 5, 10,
15 min. The treatments were included as C (control), T5 (5 min), T10 (10 min),
and T15 (15 min). Seeds that were not treated were used as control.

Exposure of Seeds to Electromagnetic Irradiation. Wet, 12 h imbibed seeds
soaked in Petri dishes were irradiated with coherent electromagnetic waves of
42.2 and 50.3 GHz frequencies using a generator of G4-142 type (State Scientific
Production Enterprise (SSPE) “Istok”, Fryazino, Moscow Region, Russia).
The frequency stability of generator in continuous wave mode was up to 20 MHz;
the amplitude-modulation frequency was 1 Hz. The distance from the radiating end
of horn antenna to the object of irradiation was 20 c¢m. For this distance, the power
flux density measured using a M5-45 thermistor head and a M3-10A wattmeter
(SSPE “Istok™) was 0.064 mW/cm?. The frequency output signal was controlled by a
CH-25 wavemeter (SSPE “Istok™). The horn antenna with diagonal of 24 mm
and altitude of 34 ¢m provided equal distribution power to the exposed sample in
mentioned distance. Specific absorption rate (SAR) of generator was less than
4 W/kg, which does not invoke thermal effects.

At the end of the exposure period the temperature of the water inside
the Petri dishes was measured. The temperature was kept constant during
EMI-exposure near the irradiating samples and was equal to 22.0+1.0°C.

Amylase Activity Assays. a-Amylase activity was determined according to
the method of Jones and Varner [26]. Seeds were extracted in 0.2 M citrate buffer
(pH 5.5), centrifuged at 8000 g and the supernatant was used for enzyme assay.
0.2 mL of enzyme extract was diluted to make the volume 1.0 mL with distilled
water. The reaction was started by the addition of 1.0 mL of starch substrate for
1 h. The starch substrate was prepared by the addition of 150 mg potato starch in
100 mL of solution containing 600 mg KH>PO4 and 200 umol CaCl,. The mixture
was boiled for 1 min, centrifuged for 10 min at 3000 g and clear supernatant was
used as the substrate. The reaction was stopped by the addition of 1 mL of iodine
reagent (6 g of KI and 600 mg of iodine were dissolved in 100 mL of water, before
use 1.0 mL of the stock solution was added to 0.05 N HCI and made the volume to
100 mL). To this reaction mixture, 5.0 mL of distilled water was added, mixed and
measured the absorption at 620 nm. The a-amylase activity was calculated as the
amount of starch hydrolyzed per minute per mg of protein. Protein content was
determined according to the method of Lowry [27] with bovine serum albumin as a
standard.

For assessing the protein content and o-amylase activity UV-visible
Spectrophotometer (mode SF-46, USSR) was used.
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Statistical Analysis. For quantitative analysis results are represented as
means =+ standard deviation. One-way analysis of variances method was adopted
for statistical analysis. A value of p <0.05 indicated significance.

Results and Discussion.

Seed Germination. The effects of EMI pre-sowing treatment of wheat seeds
with 42.2 and 50.3 GHz frequencies on seeds germination energy, germination
power and germination index have been studied. For irradiation 42.2 and 50.3 GHz
frequencies were chosen the first of which is non-resonant and the second
considered as resonant frequency for water [1, 24].

Specifically, 42.2 GHz frequency was chosen as one of the most common
frequencies such as 35.1, 53.6, 61.2 and 78 GHz used in different medical
applications [3, 28]. The value of 42.2 GHz is non-resonant frequency for water as
it is obvious in the statements [1, 3, 28], and this frequency was applied earlier in
studies on growth and antioxidant enzymes activity in wheat [17, 29, 30].

50.3 GHz frequency was considered to be water resonant [ 1, 24]. Recently it
has been shown, that MMW with frequencies 50.3, 51.8 and 65 GHz (wavelength
5.96, 5.79 and 4.6 mm) are corresponding to water cluster structure vibrations or
resonant frequencies, in which the biological effects are more pronounced [1, 24].
It is supposed, that MMW of resonant frequency are capable to change the
structure and properties of water component of cells, thus, to influence at the
conformation of biomolecules, responsible for biochemical reactions [24, 28].

The average of germination was investigated under priming, a stage preceding
germination wherein the seed imbibed water and synthesized necessary proteins.

As it is obvious from represented in Tab. 1 and Fig. 1 data, the effect of EMI
on germination trails varied with treatment duration and EMI frequencies used.

Germination energy and germinating power of control seeds were 74.5%
and 88.7%, respectively. They successfully germinated with a rate between
74.5-88.7%. Thus, 74.5% of the seeds germinated after 3 days, and this percentage
was even increased up to 88.7% after 7 days.

Table 1
Effect of EMI seeds pre-sowing treatment on wheat seed germination
Treatment Germination energy, % | Germination power, % Germination index
42.2 GHz
Untreated 745£1.6 88.7+23 203+£1.2
T5 75.6 1.7 90.5 £2.50 21.4+0.6"
T10 76.7+1.70s 94.1+2.8" 20.4+£0.8
T15 77.2+2.00s 91.0+ 1.6 22.1£1.30%
50.3 GHz
Untreated 74.5+1.6 88.7+£2.3 203+£1.2
T5 76.1 £1.8 " 91.6+2.6" 20.8 £ 1.1
T10 79.4£22° 95.4+3.1" 21.6+£1.7"
T15 752+ 1.6 89.2 +2.4ns 21.3+£1.6"%

Note: Mean value of three replicates + standard deviation. p-Significance by LSD atp from control,
*p <0.05, “p < 0.002, n.s. — not significant.
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For the EMI pre-sowing treatment with 42.2 GHz statistical analysis showed
not significant differences compared to control (Tab. 1). Only in case of 10 min
exposure duration germination power increased by 6.1% and reached 94.1+2.8%.
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Fig. 1. Germination energy (A) and germination power (B) of wheat seeds after irradiation with EMI

of 42.2 GHz and 50.3 GHz frequencies at different exposure times.

Similar but more pronounced effect noticed in the case of 50.3 GHz EMI
seeds pre-treatment (Tab. 1, Fig. 1). As it is obvious from Tab. 1, the use of 5 min
pre-sowing treatment of wheat seeds did not provoke statistically significant changes
in germination characteristics, which were practically the same as that for control.
In the case of 2-fold longer exposure duration — seeds 50.3 GHz pre-sowing treat-
ment for 10 min, significantly enhanced the laboratory germination energy and
germination power by 6.5% and 7.6% in comparison with control. The highest
values of studied trails were observed at the exposure 10 min duration (Tab. 1).
Surprisingly, the further increase of seed irradiation time up to 15 min resulted in a
significant decrease in germination energy and germination power by 5.4% and
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6.6% compared to 10 min exposure values, and these parameters became almost the
same as for control ones.

It is necessary to note that germination index of all treatment had no
significant differences compared with control (Tab. 1).

So, as it is obvious from obtained data (Tab. 1, Fig. 1), the greater response
of germination, which expressed by germination power increasing was recognized
in case of wheat seeds EMI pretreatment by 50.3 GHz frequency for 10 min.
Seemingly, this fact indicates that the biological effect of MMW EMI on organism
level is performed at water resonant frequencies that show the certain role of water
in biosystems response creation [ 1, 24, 28].

It is well known, that the high germinating energy characterizes the ability of
seeds to germ quickly and all at once. The healthy seed aligned with the physio-
logical stat, has this property. Fast and even germination of seeds indicates that
seedlings will be strong and resistant to unfavorable environmental conditions
during the sowing and germination [22, 31].

Seed dormancy is an innate seed property that enables the species to
reproduce generatively to survive [25]. EHF EMI of low, non-thermal intensity is
considered as a stimulation treatment to break down seed dormancy and to improve
germination trails [7-9, 15]. There is a large body of experimental data demonstra-
ting various effects of EMFs on seed germination, plants growth and development
[8-10, 13, 16-18, 20].

Also, the results of previous studies on the effects of EHF EMI seeds pre-
treatment on seeds germination trails are still contradictory. According to our
results, exposing the imbibed seeds to 10 min EMI on the first day of soaking was
very important in improving the seed germination percentage and germination
energy. Our data coincided well with the findings of Bezpalko [9] in wheat and
barley seeds and Talei at al. [10] in rice seeds. On the other hand, Kalie [18]
showed a significant delay in germination trails of barley dry seeds treated by EMI
of 64.5 GHz frequency in 5, 10 and 15 min.

Plant Growth. EHF EMI affected the plant growth after treating the pre-
sowing seeds with considerable changes in shoot high, root length and fresh weight
(Tab. 2).

As it is obvious from the presented data, the EMI-treatment for both EMI
frequencies used gives statistically significant differences for studied growth
characteristics.

In particular, 42.2 GHz pre-sowing treatment of wheat seeds for 10 and
15 min results in shoot high and root length higher values (by 6 and 7%, and by 8.1
and 6.2%, respectively) compared to non-treated samples. In addition, fresh
weights of treated seedlings for the same exposure periods (10 and 15 min) were
significantly higher than that of the control by 12% and 11% (Tab. 2).

In 50.3 GHz exposure seeds the increase of growing indexes was more
expressed than in those treated by 42.2 GHz EMI for all irradiation periods. Thus,
shoot high, root length and fresh weight of seedlings derived from 50.3 GHz 10 min
treated seeds were 77.2 mm, 87.3 mm and 4.92 g, significantly increased by 11, 12
and 15%, respectively, as compared with control (Tab. 2). The same trend regularity
was observed for 15 min EMI treatment. Furthermore, treating seeds with 50.3 GHz
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water resonant frequency for 10 min could facilitate and improve the germination
indices (primary shoot and root length, fresh weight) in a significant manner.

Our results matched well with the data cited in literature. Increased
shoots length and weight in winter wheat (Treaticum aestivum L.), barley
(Horderum vulgare L.) and moth bean (Vigna aconitifolia L.) plants subjected to
EMI have been reported [17, 18, 20]. The result of present study are in good
conformity with these data.

Also, Morozov and Blokhin [8] in a winter wheat “Kazan 560 variety labo-
ratory and field experiment found that the treatment of EMF of 72 GHz for 20 min
increased seedlings high and root length by 2,6- and 1,5-fold, compared to control.
Talei at al. [10] concluded that by applying microwave treatment (2450 MHz 10 h
for 6 days) the shoot and root length of rice seedlings could be improved. Payes
and Ghanati [16] reported that 10 KHz EMF-treatment (for 4 days each 5 4) of
wheat seeds significantly reduced seedling length and subsequent vigor index I.
Their findings are just the opposite to our results.

In the present study, we observed that the plant high, root length and fresh
weight of wheat seedlings derived from EHF EMI treated seeds were significantly
improved at seedling stage. Compared to the control, the treated seedlings had
longer root, bigger high and heavier weight, therefore they will be better at
absorbing water and nutrition, and could get more sunshine for photosynthesis.

Table 2
Effect of EHF EMI seeds pre-treatment on the growth of wheat 8-days old
seedlings derived from treated seeds
Treatment Shoot high, Root length, Fresh weight,
mm mm g per plant
422 GHz
Untreated 684+23 78.0+3.2 4.28 £0.19
T5 71.1+£24 81.9+2.8" 4.45+0.29
T10 72.5+£2.6" 84.2+£3.4" 4.79+037"
T15 732+£1.8" 82.5+3.1" 4.75+0.26"
50.3 GHz
Untreated 68.4+2.3 78.0+£3.2 4.28+0.19
T5 72.8+£2.2" 83.6£3.5" 4.54 £0.33"
T10 77.2+£2.8™ 87.3£4.0"™ 4.92+0.27"
T15 76.0 £2.7" 88.4+4.6™ 4.88 +0.30™

Note: " p < 0.05, ™p < 0.002, ™p < 0.001.

a-Amylase Activity. In this study it was found that o-amylase from
germinating wheat seeds showed maximum activity after 5 days of growth and then
declined rapidly during following 2 days (Fig. 2).

From this information, we decided to measure enzyme activity in EMI-
treated seeds in the third, the fourth, the fifth and the sixth day after sowing (Fig. 3,
A, B).

As it is obvious from obtained data (Fig. 3), EMI pre-treatment by both used
frequencies increased enzyme activity, thus giving an advantage during germina-
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tion. The observed effects were more expressed at EMI treatment by 50.3 GHz
frequency, which is the water resonant frequency as it is known well [1, 24].
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Fig. 2. Evaluation of a-amylase activity during wheat seeds germination.
Each value is the average of three tests.
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Thus, on the 3™ day after sowing 10 and 15 min duration EMI treatment
enhanced amylase activity by more than two fold compared whit the control
treatment (Fig. 3, B). On the 4" and 5" day after seeding the EMI 10 min
treatments resulted in an increasing activity of 115-121% compared with untreated
samples.

Based on these data, we assume that most probably EMI energy by 50.3 GHz
frequency is absorbed by embryo being mediated through water. It was proven that
under EMI of MM range effect, the water structure becomes less ordered [24]. It is
very likely that energy content of the used EMI frequency facilitated the movement
of water molecules and perhaps increased the water absorbance by the embryo of
wheat seeds, and this can be justified by the enhancement in the measured trails
such as germination energy and germination power.

The germination and seedling establishment are the most critical periods of
the plant life. Seed development and maturation may be viewed as a preparation to
withstand these periods.

Starch, a primary product of photosynthesis in higher plants is storage
carbohydrate that supports metabolism and growth during the dark when photo-
synthesis is not possible [25]. The enzyme most frequency credited with the initial
attack on starch granules is a-amylase. This enzyme is responsible for initiating the
mobilization of starch in germinating seeds [32].

In this regard of considerable interest is the study of amylase activity as a
marker of the primary stress response of plant organisms to low-intensity EMI of
wheat seeds. Our results matched well with the findings of Mazets et al. [21] in
Lupinus seeds, where extremely low intensity EMI (range 53.57-78.33 GHz) pre-
sowing treatment leads to more than 2-fold enhancement of a-amylase activity and
seeds germination trails. Additionally, in barley dry seeds the pretreatment with
MMW testify that this type of radiation has either stimulating or inhibitory effect
upon germination process and amylase activity [18].

Conclusion. According to the results of the research, the pre-sowing EHF
EMI treatment enhanced germination, early growth and fresh weight of wheat
“Bezostaya” cultivar. Duration of 10 and 15 min at 50.3 GHz — water resonant
frequency of pre-sowing treatment gave the best results. Also, the exposure of
seeds to EMI was found to enhanced the activity of a-amylase in the three days
following the sowing, thus giving an advantage during germination.

Based on obtained positive effects of EMI wheat seeds pre-sowing treatment
on germination indices and seedling growth, this method is expected to benefit the
seed germination considering its simplicity and ecological safety.

Although the mechanism(s) of perception of EMI by plants is not yet
elucidated well, there is a possibility that like other stimuli, EMF exerts its effects
on plants by changing membrane integrity and conductance of its water channels,
thereby influencing the growth trails.

Further studies are required to investigate the mechanisms of action of EHF
EMI treatment in promoting of seed germination and growth of wheat.
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Uah 64 QUPLUOP WUShJd NFE83UL d.1U

Whmwumwbpnid niunidtwuhpyty £ guop htmbbuhynipyudp  (hnuph
hqnpnipyjul funnipynibp 0,06 ddm/ud?) duypwhtin pupdp hwwhwubn p-
Jubl (0L<) (42,2 @<g L 50,3 9<g) Ltijupuiwgihuwub Gwnwquypdub
(EUB) npytiu utipdtiph dwhoiwgwiipuughtt Yyujdwb gnpontih, wgntignipyniiin
gnptith  (Triticum aestivum L.) utipdtph Omibwlnipjul, ohbkph wéh W o-
wihjugh wliwhynipjud Ypuw: Munmdbwuhpdly £ oubpdbtph  jupnpunnp
onLbwinipynibipn, opwbh Ebtipghwd W hintipup, ohitiph pwpdpnieniin L
wpiwwnhyh plupnipynibp, hbgwtu bwle dhitiph Y2hep: Gnpap hpulubwgyt)
E qupnpuwmnp yuydwbdbipnid snpu muppbpung b Gowhypyantpjudp
(unnighy, Gunwquypwhwpiwdp’ 5 prwyk’ TS, 10 prwyk” T10 W 15 pnyl” T15):

MNupqyty L, np gnpkbh ubipdtiph Jbpwptipuy gnigwbihptiiph thnthn-
hnipyniip jupijud £ 0RA< EU tunwquypwhwpdubt hwéwhiujuini pynt ihg
. mlinnnieiniithg: 8nyg § wmpyty, np 42,2 9<¢g hwiwpwuinipyudp EUS
wgntignipgni wytjh pny) £ wupnwhwyunywo, pub 50,3 9<¢ hwmtwhiwljw-
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tnipjub ntiypnid, htyp hwunmwwmnid £ oph nipp 6R< EUGS wqnbtignipjub
Altwynpiwd gnpdnwd, pwbih np 50,3 @<g-p oph ntignbwbuwyhtt hwowhwuw-
tinienihilitinhg Wkl & Mupqyty k, np ubipdtiph Gwnwquypuwhwnpnidp 10 prylk
mbunnnipguip b 50,3 9<¢ hwtwhmuinpudp dtdwginid L utipdbph
onLilnipniip b Supdwpiubd Ehipghwt hwdwwyuwwmuupowbwpup 6,5
7,6%-ny: Uhudwiwblwl dhih pwpdpnipiniip, wpdwnhlh Gpupnigmniip b
ohitiph Yohnp wnid th unnighsh hwdbdwwn 11, 12 W 15%-ny: Muwipqyty kGl
np utipdtph EU wihpltpny Gunwqujpwhwpnidp pipnid £ hhnpnihnhly
dtipdtiin . wihjwgh wiwmpynipjut wytih pwb Ypyhwyh wéeh, npubnd,
hwjuwiwpwp, dyuwumbing gnptith ukipdtiph dpwbp:

I'. A.TIOT'OCAH, M. C. MUKAEJISH, I1. O. BAPAEBAHSH

BJIMAHUE OBPABOTKU OJIEKTPOMAI'HUTHBIM OBJIIYYEHUEM
KBY AMAITIASOHA HA ITPOPACTAHMUE, POCT U AKTHMBHOCTDH
AMWJIA3bI CEMSH ITIHEHMIIBI

B pabote mccnenoBaHo BIMSHHE HU3KOMHTEHCHBHOTO (IUIOTHOCTH IOTOKA
momnuoctd 0,06 mBm/cm?) SIEKTPOMATHHTHOTO H3ITYyYEHUS KpailHE BBICOKHMX
gacror (OMU KBY) (42,2 [Ty w 50,3 ITy) xak Qakrtopa npeanoceBHOI
00paboTku cemsH nmeHunsl (7riticumaestivum L.) Ha MX mpopacTaHue, paHHUH
POCT M aKTUBHOCTb O-aMWiIa3bl. B Xone mpopacTtaHus M pa3BUTHS IPOPOCTKOB
ObuIM HccIeoBaHbl TabopaTopHash BCXOXKECTh, YHEPrusl, UHIEKC MPOPACTaHUs H
BBICOTa NPOPOCTKOB, JUIMHA KOpPHEH, a TakXe ChIpOM BeC MPOPOCTKOB. OIIBITHI
NPOBOJIMIINCH B J1a0OPATOPHBIX YCIOBHSAX B YETHIpEX BapHAaHTaX M TPEX TMOBTOP-
HOCTAX (KOHTPOJIbHBIN, BpeMsa oOmyderns 5 mun — T5, 10 mun — T10 u 15 mun —
T15). ITokazaHo, YTO BBHIIIEOTMEUYEHHBIE NMAPAMETPBl CEMSH MIIEHULBI 3aBUCST OT
YacTOTHl M TpojoinkuTedbHOCTH 00myueHuss DMUW KBY numamasona. Ilokazano
TaKke, 4To MpHu obmydeHnn ¢ dactotoit 42,2 [Ty BoznaeiictBue DM BhIpakeHO
ropasno crmabee, yem mpu oOxydeHun ¢ dactorou 50,3 [Ty, yTO MOATBEpKIAET
ponb Bozapl B popmupoBanuu BiusiHus DOMU KBY, nockonbky wactorta 50,3 17y
SIBTISICTCSl PE30HAHCHOM YacToTo| Auist BoAbl. OOHAPYKEHO, UTO 00IyUEeHHE CEMSIH C
yactoTod 50,3 /7Ty W npoaoKUTEAbHOCThIO 10 Mun yBEIMUMBAET BCXOKECTh U
SHEPrHUI0 NpopacTaHus ceMsH Ha 6,5 u 7,6% cooTBeTcTBEHHO. OJHOBPEMEHHO
BBICOTA MPOPOCTKOB, UTMHA KOPHEH M CHIPON BEC MPOPOCTKOB YBEIUYMBAIOTCSA Ha
11, 12 u 15% COOTBETCTBEHHO 10 CPaBHEHHIO ¢ KOHTpoJieM. [laniee ObLIO IMOKa3aHo,
yro OMMU-06paboTka ceMsiH MPHUBOAUT K YBEIMUYCHHUIO AKTHMBHOCTH O-aMHJIA3bI
Oonee uem B 2 pasa, TEM CaMbIM, BO3MOXXHO, CIIOCOOCTBYSl IPOPACTaHUIO CEMSH
TIIIEHULIBI.



