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Peculiarities of wheat seed resonant exposure
to microwave radiation through oxygen-enriched water

Subject and Purpose. Peculiarities are considered of a purposeful modification of the functional indices of wheat seeds upon their
soaking in water preliminarily enriched with oxygen and simultaneously irradiated with a low-intensity electromagnetic field (EMF).
The aim is to investigate effectiveness of such an indirect exposure of wheat seeds to a low-intensity electromagnetic field related to
discrete bands in the extremely high-frequency (EHF) range and depending on the initial state of seeds, “norm” or “pathology”.

Methods and Methodology. The study comprises experimentally approved radio-physical, radio-engineering and chemical
methods. Generators G4-141 (37.5...53.57 GHz) and G4-142 (53.57...78.33 GHz) serve as radiation sources. Oxygen is obtained
by reacting a hydrogen peroxide solution with potassium permanganate. The oxygen enrichment of water is executed during its
irradiation. The verification of indirect electromagnetic field exposure is based on changes demonstrated by such functional indices of
seeds as germination energy and mean lengths of roots and seedlings in each sample.

Results. A possibility has been established to modify the functional indices of wheat seeds through their soaking in water
preliminarily irradiated with an EMF and simultaneously enriched with oxygen. It has been revealed that the efficiency of the effect
depends on whether the seeds are in “normal” or “pathological” state and that a feasibility exists of recovering properties lost in
a “pathology” state. The role that the oxygen in the water imbibing the seeds plays in the germination process has been demonstrated.
Peculiarities as to the efficiency of wheat seed EMF exposure through the oxygen-enriched water have been shown depending on the
signal frequency and length of exposure and on the total energy load.

Conclusion. It has been found that substances, including living entities, can be electromagnetically exposed through water. The
water-dissipative model of substance exposure to the electromagnetic field has been validated. In this model, water is one of the targets
liable to changing its properties at the EMF exposure. This point has been indirectly confirmed by the studies of the states of seeds upon
their soaking in the pre-irradiated water. The gas model of the EMF interaction with a substance has been verified, too. A possibility
of oxygen activation at resonance irradiation has been shown. Fig.: 4. Tab. 2. Ref.: 19 items.
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Development and introduction of electromagnetic
technologies open up promising opportunities for
targeted regulation of biological objects in medi-
cine, pharmacology, agriculture, and ecology [1, 2].
Of great interest are mechanisms of substance ex-
posure to the electromagnetic field (EMF). With all
the organization complexity of living entities, dif-
ferent biological links and structures can be EMF
influenced, giving rise to innumerable interdepen-
dent reactions and processes discussed in the lite-
rature [3—6].

Significant biological effects have been found at
the low-intensity EMF exposure characterized by
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that the increased general temperature of the irra-
diated object does not exceed natural thermal back-
ground fluctuations of t < 0.1°C temperature (the
power flux density is under 10 mW/cm?) [7]. The
frequency-dependent exposure to electromagne-
tic fields within narrow bands is noted in [8—10].
Resonance effects in gas and water media are nor-
mal for various substances and biological tissues,
being the most pronounced in complex bio-objects
where the role of large macromolecules, direct and
feedback systems and indirect neurogumoral regu-
lation is significant [11]. Non-resonance effects of
EMF absorption by water media and tissues are as-
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sociated with the emergence of convective move-
ments, molecular diffusion, structural rearrange-
ment of molecules and can influence membrane
processes and metabolism of the cells [12, 13].

One of the relevant models today is the water-
dissipative model where water is thought of as a
main target of the EMF exposure, taking into con-
sideration the structure and properties of water in
view of its hydrogen bonds, clusters, dipoles, etc.

Another important factor is water-dissolved
gases whose activation as a result of the EMF expo-
sure is the concern of the gas model. In the mm wave
range, effects arise caused by resonant polarization
of certain gases, their oxides and compounds (O,,
03, N, NO, NO,, etc.), see [8-10]. The spectra of
resonant transparency of thin water layers and ab-
sorption spectra of bio-objects are found in the
UHEF range. Thus, the 150.176...150.644 GHz fre-
quency band corresponds to the resonant absorp-
tion of nitrogen oxide (NO). The NO molecule is
a neurotransmitter, a powerful homeostasis factor,
a platelet aggregation inhibitor, etc. penetrating
directly into the cell. It also triggers biochemical
reactions. It has radiation and absorption molecu-
lar spectra meeting spectra of the relict micro-
wave background radiation and water transpa-
rency. It is supposed that the UHF radiation with-
in 150.176...150.644 GHz is a leading factor in the
living cell evolution [8].

The EMF resonant absorption is found in the
40.0, 42.2 GHz, 50.3, and 58.0 GHz bands related
to the excitation of ozone and hydrogen atoms, res-
pectively [11, 14].

Special attention is given to the oxygen model
considering oxygen as one of the main dissolved
gases that determine existence of living entities.
The oxygen absorption holds within the 61.0 and
64.5 GHz bands in the millimeter wave range. The
result of the low-intensity EHF exposure is the ac-
celerated delivery of oxygen and other substances
to cells and tissues due to their transport through
liquid media. It is assumed that the changes in the
membrane transport function are associated with
the presence of self-accelerating mechanisms de-
veloping in their lipid phase, a possible cause of
the affected metabolism of the irradiated cells, in-
cluding the appearance of stimulating effects. Oxy-
gen exerts effects on the formation and accumula-
tion of radical and peroxide states and on the de-
velopment of autocatalytic processes, such as chain
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reactions in the lipid phase of membranes with
the accumulation of final products, which cau-
ses changes in their functional state. Without oxy-
gen, the conformational shifts in the protein phase
of membranes are blocked, as well as the oxida-
tion of sulthydryl and other groups, which may af-
fect changes in the membrane permeability in the
presence of oxygen. The effect of oxygen that in
the resonance band of the EHF range can trans-
mit some part of the absorbed energy to hydro-
gen-bound water molecules and trigger the chains
of excitation, forming a general frequency depen-
dence of the biological effect, is considered in [15].
On the EMF exposure, the free radical reactions in
the membranes of cell components increase, which
also contributes to changes in their permeability.

An important point in this model of bio-object-
to-EMF exposure is forming hydrogen peroxide
(H,0,) in the aqueous superoxide solutions by su-
peroxide dismutase, which relates to both reactive
and active oxygen forms. The concentration values
of the formed hydrogen peroxide and other per-
oxide states determine the development of biolo-
gical effects — from the photosynthesis stimulation
to the cell damage. In the presence of so formed
peroxides, the photosynthesis processes are inten-
sified together with the accumulation of pigments.
It is known that photosynthetic oxygen is formed
from hydrogen peroxide of exogenous and endo-
genous origin rather than from water. Therefore,
an increase in peroxides in the cell by any reason
corresponds to the photosynthesis intensification
(the hydrogen peroxide model) [15].

Attempts are known to link EMF exposure effects
to biochemical changes in the structural elements of
biological cells. It is assumed that there are several
sensory systems that are characterized by their own
resonant frequencies and are liable to be influenced
by the UHF electromagnetic field [16].

The aim of the work is to investigate effective-
ness of the wheat seed exposure to a low-intensi-
ty EMF through oxygen-enriched water in discrete
bands of the UHF range depending on the initial
state of the seeds, “normal” or “pathological”.

1. Measurement technique and equipment.
Generators G4-141 (37.5...53.57 GHz) and G4-142
(53.57...78.33 GHz) are taken as radiation sour-
ces for signals of power P < 5 mW in discrete UHF
bands. The generator waveguide outputs are load-
ed with horn antennas having a square aperture of
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roughly 40 cm®. The power stream density (PSD) is
~0.1 mW/cm” and the radiation unevenness does
not exceed 3 dB.

The research objects are soft-grade wheat seeds
of 2015 harvest with different initial indices.

The oxygen is produced on lab-quality equip-
ment from the reaction of hydrogen peroxide solu-
tion with potassium permanganate [17]. The reac-
tion starts as

3H,0, + 2KMnO, - 2KOH + 2MnO, +

+2H,0 + 30,. (1)

The appearance of the manganese dioxide is ac-
companied by the following competing process

2H,0, - (MnO,) - 2H,0 + O,. (2)

To have water enriched with oxygen, we use a
self-designed device. In it, a container homing the
chemical reactions is combined with a system of
tubes for the delivery and uniform oxygen distri-
bution throughout the water.

The oxygen enrichment process takes 15 minu-
tes. Then dry seeds are soaked in the water until the
so-called “oxygen control” state comes.

The indirect seed exposure to the EMF is by
soaking of dry seeds in pre-irradiated water. The

irradiation of water is carried out simultaneously
with its oxygen enrichment.

The discrete UHF bands chosen for the EMF ex-
posure are: 61.0 GHz band of oxygen absorption
and 58.0 and 42.2 GHz frequency bands off the re-
sonance. The exposureswere 5,10, 30, and 60-minu-
te long. The seeds were soaked in the water for
4 hours at a temperature of 23 + 1 °C. With water
drained, the seeds were spread out in Petri dishes,
50 samples per dish, for the following aeration in a
thermostat. The 72-hour germination agrees with
certification system GOST 10968-88 [18].

Here, the thermal treatment of seeds means their
60-minute exposure to a constant temperature of
75+ 0.5 °C in a water ultra-thermostat (U-10).

The effectiveness of the indirect water-media-
ted exposure to EMF was evaluated from changes
in the seed functional indices: 1) germination ener-
gy (Eg, %), 2) mean root length (L, ,,;;, mm), and
3) seedling mean length (L, ,,;;, mm) in each set
with respect to their standard deviations.

The results were processed using the Student’s
test in terms of statistical analysis program “Bio-
Stat 2008”.

2. Discussion of the exposure results. First we
consider wheat seeds characterized by initially

Table 1. Comparison of functional indices of “normal”-state wheat seeds after their indirect exposure
to a low-intensity EMF through the oxygen-enriched and pre-irradiated water (" -p <0.05; ™ -p < 0.001)

Exposure mode Functional indices
0, EMF Eg, % L, iq> mm L, pyig> mm

T, min £GHz | T,min E, RMS Ly via RMS Lepia RMS
Control 90.0 47 19.9 53 15.6 2.7

Oxygen control 92.1 2.0 24.0" 24 16.3 1.8

5 90.4 2.6 28.4 2.7 18.2° 1.4

10 94.0 2.5 31.9" 1.6 19.3™ 0.8

010 30 93.3 2.4 21.7 2.5 15.8 1.4

15 60 92.8 42 24.9 2.3 18.0 1.8
5 91.3 1.6 26.5 5.0 16.8 2.9

580 10 91.7 3.7 25.1 2.7 16.0 1.4

30 91.7 2.9 24.0 1.6 16.6 0.7

60 91.0 3.0 20.7" 3.2 15.0 2.5

Control 91.4 2.3 18.4 3.9 14.0 2.5

Oxygen control 92.1 2.0 24.07 24 16.3 1.8

5 90.7 1.2 13.7° 0.9 13.3" 0.6

15 10 92.0 2.0 14.6™ 2.3 14.3 1.8
122 30 90.7 23 17.8* 1.1 15.7 12

60 92.0 3.5 15.6™ 3.0 14.5 0.8
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Fig. 1. Comparison of functional indices of “normal”-state wheat seeds against the time of the EMF exposure
through the oxygen enriched and 61.0 and 58.0 GHz irradiated water

high functional indices and not pretreated with
physical effects liable to affect the germination pro-
cess. We will call them “normal”-state ones.

The changes in the functional indices of the
“normal”-state wheat seeds after soaking them in
EMF-irradiated and oxygen-enriched water are
given in Table 1.

The seed soaking in oxygen-enriched water
stimulates all functional indices of “normal”-state
seeds. The root mean length is reliably 1.2 times
that of the control set (p < 0.05). These figures re-
ferred to as “oxygen control” data were used to es-
timate effectiveness of the seed indirect exposure
to EME.

The 61.0 GHz indirect irradiation of wheat seeds
reliably stimulates mean lengths of roots and seed-
lings at a short-length, 5- and 10-minute expo-
sure by the factor 1.2 on the average. The results
of a 10-minute exposure are more pronounced
(p < 0.001). At a long-length, 30- and 60-minute
EMF exposure, the changes remain within the con-
fidence intervals. After a 30-minute exposure, a
tendency appears to suppress the mean length of
seedling roots (Fig. 1).
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After the indirect seed irradiation in the
58.0 GHz band, a tendency is seen for E, to de-
crease regardless of the length of exposure. A re-
liable suppression by the factor 1.2 with respect to
the “oxygen control” state is only pronounced at
the EMF exposure for 1 hour (p < 0.05) (Fig. 1).

The indirect irradiation of wheat seeds in the
42.2 GHz frequency band leads at any length of ex-
posure to the suppression of all the studied indices
with respect to the control ones related to the oxy-
gen-enriched water soaking. The reliable values ob-
tained at the estimation of sprout mean lengths get
less by the factor 1.6 on the average (p <0.001). The
greatest suppression is observed after the 5-minu-
te exposure: L, ;s by the factor 1.2 (p < 0.05) and
L, ia by 1.8 (p < 0.001) (Fig. 2).

Thus, the effectiveness of the exposure of “nor-
mal state” seeds to a low-intensity EMF through
the oxygen enriched water depends on the signal
frequency and exposure length.

A stimulating role of oxygen in the seed ger-
mination is noted. The oxygen activation in the
61.0 GHz frequency band additionally stimulates
the functional indices of wheat seeds. Reliable re-
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Fig. 2. Comparison of functional indices of “normal’-state
wheat seeds against the time of the EMF exposure through the
oxygen enriched and 42.2 GHz irradiated water

sults correspond to short, 5- and 10-minute expo-
sures. Further lengthening of the exposure is of
no use.

After the irradiation of oxygen-enriched water
at the hydrogen absorption frequency 58.0 GHz,

the electromagnetic effect efficiency decreases, ex-
hibiting a further decrease as the signal exposure
length increases.

The irradiation of the oxygen-enriched water
at the ozone absorption frequency 42.2 GHz sup-
presses the wheat seed indices. The value of sup-
pression varies with the length of the electromag-
netic exposure.

The next series of experiments refers to wheat
seeds in a “pathology” state achieved by pre-hea-
ting seats in a thermostat U-10 for 1 hour at 75 °C
(“thermal control”). The results of the indirect ex-
posure of “pathology”-state seeds to a low-inten-
sity EMF through the irradiated and oxygen en-
riched water are shown in Table 2.

The soaking of “pathology”-state seeds in the
oxygen-enriched water leads to a reliable reco-
very of the functional index E, by the factor 1.1
(p <0.001) and the indices L, ,,;; and Ly ,,;; by the
factor 1.3 (p < 0.05).

The soaking of “pathology”-state wheat seeds in
the oxygen-enriched and 61.0 GHz irradiated water
leads to their suppression with respect to the “oxygen
control” state and to their stimulation with respect
to the thermal suppression. The results with respect
to the “oxygen control” are reliable and correspond
to the 30-minute and 1-hour-long EMF exposures.

Table 2. Comparison of functional indices of “pathological”-state wheat seeds after their indirect exposure
to a low-intensity EMF through the irradiated and oxygen-enriched water (* -p < 0.05; ™ -p < 0.001)

Mode of exposure Functional indices
heat depression 0, EMF Ep % L, iy mm L iy mm

£,°C T,min | T, min f, GHz T, min E, RMS L, nid RMS ) S— RMS

Control 91.4 2.3 18.4 3.9 14.0 2.5

Thermal control 83.6™" 2.1 12.6™ 3.1 11.0™ 2.5

Thermal control + O, 89.3" 3.4 16.6" 2.6 13.9 2.7

5 84.0" 2.0 15.0 0.9 13.4 1.5

10 86.0 2.0 16.7 0.5 13.3 0.2

610 30 724" 0.8 8.9% 2.7 6.5 12

60 72.0™" 0.0 6.7" 0.3 53" 0.6

5 90.0 5.3 22.9 3.1 15.1 1.7

75 60 15 10 84.0" 2.0 19.3 47 14.2 3.0

>80 30 92.0 3.5 24,7 2.5 16.2 0.7

60 94.7" 1.2 21.07 4.7 14.0 2.2

5 84.0 4.0 15.5 4.5 11.0 2.1

10 89.3 42 14.6 1.5 10.6 1.1

42.2 30 81.3" 2.3 10.17 1.8 8.5" 1.0

60 92.7 3.1 17.6 1.3 12.2 0.2
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Fig. 3. Comparison of functional indices of “pathological”-state wheat seeds against the time of the EMF exposure
through the oxygen-enriched and 61.0 and 58.0 GHz irradiated water

Here, E, decreases by the factor 1.2 (p < 0.001),
L, niq by the factors 1.9 and 2.5 (p <0.001) and Ly ,,,;4
by the factors 2.1 and 2.6 (p < 0.001), respectively
(Fig. 3). The stimulation of mean lengths of roots
and seedlings in the “thermal control” case corre-
sponds to short exposure lengths. A reliable L, ,,;;
increase by the factor 1.3 (p < 0.05) is seen and cor-
responds to a 10-minute exposure.

A preliminary 58.0 GHz irradiation of the oxy-
gen-enriched water yields the E, suppression by the
factor 1.1 (p < 0.05) after a 10-minute exposure and
the E, stimulation by the factor 1.1 (p < 0.05) after
an 1-hour exposure. The root mean length in the
“oxygen control” case increases by the factor 1.3
on the average, with reliable results at a 5-minu-
te exposure (p<0.05), a 30-minute exposure
(p <0.001), and a 60-minute exposure (p < 0.05).
For the mean length of seedlings, there is a general
tendency to their stimulation within the statistical
error. A comparison with the indices of thermally
treated seeds suggests that in all the cases the re-
covery of the indices is reliable: E, is recovered on
the average by the factor 1.1 (p < 0.05), L, ,,,;; by the
factor 1.8 (p < 0.05 and p < 0.001), and L, ,,;; by the
factor 1.4 (p < 0.05) (Fig. 3).
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Fig. 4. Comparison of functional indices of “pathological’-
state seeds against the time of EMF exposure through the
oxygen-enriched and 42.2 GHz irradiated water

A 422 GHz 30-munute irradiation of water
and its enrichment with oxygen clearly suppres-
ses the seed functional indices: E, by the factor 1.1
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(p <0.05), L, ;s by the factor 1.6 (p < 0.001), and
L, ,.ia by the factor 1.6 (p < 0.05) with respect to
the “oxygen control” state. The 5-minute irradia-
tion tends to suppress the mean length of roots and
sprouts, with E, reliably suppressed by the factor
1.1 (p <0.05) (Fig. 4).

Thus, for soft-grade wheat seeds of 2015 harvest
the following things can be stated. For wheat seeds
with “pathology” due to the preliminary thermal
treatment t =75 °C, T = 60 min, the EMF exposure
through oxygen enriched water leads to the dis-
persion growth depending on the signal frequency
and length of exposure compared to the results ob-
tained for seeds in the “normal”-state. Depending
on the irradiation mode, either recovery of the lost
properties of seeds or enhancement of their “pa-
thology” state are observed.

The further water saturation with oxygen and
its irradiation in the resonant frequency band of
61.0 GHz to imbibe dry wheat seeds with “patho-
logy” leads to the recovery of the reduced indi-
ces in the case of short-length irradiation (5 and
10 minutes) or to the further suppression at longer
(30 minutes and 1 hour) exposures.

The water irradiation at 58.0 GHz (the hydrogen
absorption line frequency) and a simultaneous en-
richment with oxygen exert stimulation effect on
thermally suppressed seeds for all the electromag-
netic exposure modes.

The water irradiation at 42.2 GHz (the ozone
absorption line frequency) and a simultaneous en-
richment with oxygen lead to the recovery of par-
tially lost indices of wheat seeds depending on the
signal exposure length.

Conclusions. A possibility to purposefully mo-
dify the functional indices of wheat seeds at their
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IncturyT papgiodisukn ta enexrponiknm im. O.4. Yeukosa HAH Ykpainn
12, Byn. Akan. ITpockypu, Xapkis, 61085, Ykpaina

OCOBJIMBOCTI PEBOHAHCHOTI'O BIUIVIBY MIKPOXBIMJIbOBOI'O
BUITPOMIHIOBAHHSA HA HACIHHS ITIIEHVIII YEPE3 35ATAYEHY KMICHEM BOY

IIpenmer i MeTa pob6orn. PosrsaHyTo ocob6/mBoOCTi LinecrpsamMoBaHoi Mopudikarii QyHKIIOHaTbHUX ITOKA3HNUKIB HacCiHHA
MIIEHUIi IIJIAXOM JOr0 3aMOYyBaHHS y BOJi, IIONEPeJHbO ONPOMiHEHil HM3bKOIHTEHCUBHMM €/1€KTPOMATHiTHMM IIO/IeM
(EMII) i s6araveHiit kucHeM. Meta — mocmifutu e(eKTUBHICTb OIMOCEPENKOBAHOIO Yepe3 36aradeHy KMUCHEM BOJY BIUIUBY
HusbkoinTeHcuBHOro EMII y uckpeTHNX cMyTrax HaJ3BUYaiHO BMCOKOYACTOTHOIO Jlialla30Hy Ha HAaCiHHA IIIEHNI] 3a/1eKHO
Biff IIOr0 II0YAaTKOBOTIO CTaHy («HOpMa» ab0 «IIaTOMIOTis»).

Metoau i Meromomoria po6orn. Pobora e excrmepuMmeHTanpHOW0. Y Hilt 6ymn 3acTocoBaHi ampo6oBani papgiodismd-
Hi, papioTexHiuHi, XiMiuHi MeToAM Ta 3aco6u BIMBY. SIK [Kepena OIpOMiHeHHs BUKOPUCTOBYBAINCh TeHeparopu I'4-141
(37,5...53,57 I'Tiy) i T'4-142 (53,57...78,33 I'Tu). Kucenb oTpuMyBamu B pe3ynbTaTi peakiiii po3umHy IepeKucy BOJHIO 3 Iiep-
MaHTaHaTOM Kajiio. 36aradeHHs BOAM KMCHeM BifbyBamocs mif dac ii ompomiHeHH:. Bepudikariist ormocepefKoBaHOro BIUIMBY
EMII ouinoBanacs 3a 3SMiHeHHAM (QyHKIIiOHa/IbHUX ITOKa3HMKIB HAaCiHHA: eHepril IPOPOCTaHHA, CepefHbOI JOBKIHU KOPEeHiB
i IPOPOCTKIB y KOXKHiit BUOIPIIi.

Pesynpratin po6orn. Bcranosnreno mMoxxmmsicts Mopudikanii GpyHKIiOHaIBHUX IOKAa3HUKIB HACiHHA IIEHUI LIIAXOM
iloro 3aMoYyBaHHA y BOfi, nonepennbo onpomineniit EMIT i 36arayeniit kucHeM. BusApeno 3anexHicTb eeKTUBHOCTI BIUIUBY
Bif cTaHy HaciHHA («HOpMa» ab0 «IIATOMOTisA») 1, 30KpeMa, MO>K/IMBICTh BiTHOB/IEHHS BTPaYeHNX BIACTUBOCTEIL B CTaHi «I1aTo-
noria». ITokazaHO poJIb KMCHIO, 110 MiCTUTBCA Y BOJ, Ha IIPOIleC TPOpOCTaHHA HaciHHA. [TokasaHo 3a/1eXHICTh eeKTUBHOCTI
OIIOCEPeKOBAHOrO Yepe3 36araueHy KicHeM Bopy BIymBy EMII Bif uacToT Ta excriosmiii curHaty, a TakoXx Bij 3araJbHOrO
€HEepreTMYHOrO HaBaHTAKEHHS.

BucnoBok. Beranosneno, mo s EMII Ha pe4oBuny, BKII0Ya04M XUBE, MOXK/INBUIL Yyepe3 Bopy. [lifTBepmKeHo akry-
aJIbHICTDh BOJHO-AUCUIIATUBHOI Mozeni BiymuBy EMII Ha peyoBuHY, B paMKax AKOI BOJa — OfiHA 3 MillleHel, 3[[aTHUX 3MiHIOBaTI
cBoi BracTuBocTi mip giero EMIL. Lle 3HaxoguTh HenmpsAMe MiiTBeP>KeHHA IIPY OLHII 3MiHM CTaHy HACIHHA, 110 3aMOYYIOTbCS
B onpoMiHeHiit Bozi. IIpoBeneno Bepudikaiiito razosoi Mogeni B3aemopii EMII 3 peuoBuHoro. [TokasaHO MOXK/IMBICTb aKTUBALIil
KVCHIO IIPM PE30HAHCHOMY OIIPOMiHEHHi.

Kntouosi cnoea: enexmpomaztimne nosne, HACiHHA nuteHUYi, 600a, 0nocepedK08aHe ONPOMIHEHHS, KUCEHD, PE3OHAHCU 2A3i6.
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