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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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EFFECT OF SELENIUM ON EFFICIENCY AND PHYSIOLOGICAL ACTIVITY OF RADISH IN
HYDROPONICS AND SOIL CULTURE IN ARARAT VALLEY

Babakhanyan MA!, Simonyan KV**, Darbinyan LV2, Ghukasyan AG3, Ghalachyan LM!, Hovhannisyan LE'.

!G.S. Davtyan Institute of Hydroponics Problems, Yerevan, 0082, Armenia.

2Orbeli Institute of Physiology NASRA, Yerevan, 0028, Armenia.

3Agriculture Scientific Center SNCO, Yerevan, Armenia.

Abstract.

The presence of the ultramicroelement Se in food is
irreplaceable. Se is a component of more than 30 biologically
active compounds found in humans and animals. Se levels less
than 1 mg/kg have been found to be beneficial to plants. Radish is
one of the most commonly cultivated vegetables worldwide and
is rich in bioactive substances, vitamins, enzymes, and minerals.
Radish increases resistance and protects the human body from
a number of diseases, particularly diabetes, cardiovascular, and
gastrointestinal diseases. The physiological multifunctional
(anti-diabetic, antioxidant, and anti-inflammatory) activity
of the Se-enriched plant material was also studied. This is of
practical significance because the data obtained can be the basis
for the development of biotechnology for the enrichment of
vegetable plants with Se.

Key words. Radish, Se, hydroponics.

Introduction.

From a medical standpoint, it is well known that the presence
of the ultramicroelement Se (selenium) in food is irreplaceable.
As a result, a lack of Se in food is associated with more than
40 diseases. As a natural antioxidant, it contributes to the
protection of the body against cardiological and oncological
diseases, the destruction of various biological processes,
such as sulfur and lipid oxidation, methylation, hydrogen
peroxide radicals, hormone metabolism, reproduction, heavy
metal excretion, resistance to viral diseases, and maintenance
of the body's immunity. Se is a component of more than 30
biologically active compounds found in humans and animals.
It is also found in Se-containing amino acids, proteins, and
redox enzymes. The enrichment of agricultural plants with Se
is regarded as one of the most effective methods for providing
Se to the population. Because Se enters the body via the soil-
plant-food transmission chain, the agrochemical method is the
most promising method for enriching plants with Se to address
the problem of Se deficiency in humans and animals. The Se
content in plants ranges from 10 to 1100 g/kg dry weight.
Furthermore, leguminous plants accumulate the most Se (1.28-
0.54 mg/kg), followed by cabbages (1.00 and 0.32 mg/kg),
asteraceae (0.86 and 0.25 mg/kg), buckwheats (0.74 and 0.24
mg/kg), and cereals (0.58 and 0.19 mg/kg). Se levels of less than
1 mg/kg have been found to be beneficial to plants, whereas
higher levels are toxic to most crops. Se can act as a plant growth
regulator, antioxidant, anti-aging, abiotic stress modulator, and
pathogen defense molecule in plants at low concentrations. At
higher concentrations, plants exhibit various toxic symptoms,
including stunting, chlorosis, wilting and drying of leaves,
premature reduction in protein synthesis, and even death. The
World Health Organization recommends that the average daily

© GMN

intake of Se for adults is 55-70 ug per day [1-10].

Because of its high yield and rich food content, radish is
cultivated worldwide as a food crop. It is rich in bioactive
substances, vitamins, enzymes, and mineral elements including
microelements and ultra-microelements. Therefore, radish
plays an indispensable role in the regulation of the human
nervous system, digestion, and vital activities of various organs.
Moreover, the radish leaves, seeds, and roots have various
medicinal uses. Radish increases resistance and protects the
human body from a number of diseases, particularly diabetes,
cardiovascular, and gastrointestinal diseases. Radish removes
radionuclides from the body and exhibits bactericidal properties.
Itis used in fresh, marinated, and salad dishes. Radish is included
by the International Space Station as an important research crop
because of its unique characteristics [11-13].

Based on the aforementioned characteristics of radish and
considering the medico-biological importance of Se, to enrich
the plant material with Se, we studied the effect of exogenous
addition of different quantities of Se to the nutrient solution
and foliar nutrition of plants with Se solution in the soil on
the accumulation of Se in the roots under the conditions of
hydroponics and soil cultivation in the Ararat Valley. The
physiological multifunctional (anti-diabetic, antioxidant, and
anti-inflammatory) activity of the Se-enriched plant material was
also studied. This is of practical significance because the data
obtained can be the basis for the development of biotechnology
for the enrichment of vegetable plants with Se.

Materials and Methods.

The research was conducted in 2020-2022 at the hydroponic
Ararat Valley’s experimental station of the National Academy
of Sciences of the Republic of Armenia in soil and hydroponic
vegetation vessels with an area of 1m? (with three replicates).
The Ararat Valley is located at an altitude of approximately
850-900 m above sea level.

Statistical analysis of the results by variational statistics
method of Student-Fisher were carried out, determining the
validation criterion (M+m).

It should be noted that the climate in that region is very dry,
with an average annual temperature of 11.0-11.8°C, relative
humidity of 40%, and average annual precipitation is 200-
300 mm [14]. The soils surrounding the hydroponic institute
are semi-desert, watery, and carbonate, with which humus was
1.5-2.5%, rich in phosphorus and potassium. In soil culture,
accepted agrotechnical rules have been observed (tilling of
the soil, fertilization, loosening, regular watering, removal of
weeds, etc.). In hydroponics, the plants were fed the nutrient
solution recommended by Davtyan (N=200 mg/l, P=65 mg/l,
K= 350 mg/l) [15]. A mixture of volcanic slag with particles
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of 3—15 mm in diameter and stone (3:1 by volume) previously
disinfected with a 0.05% solution of KMnO4 was used as
the filler. As an experimental crop, the early-ripening French
"Jolly" variety (Raphanus sativus L.) belonging to the cabbage
family was chosen (Figure 1), which has a short period of
growth and development, excellent taste properties, and keeps
its marketable appearance for a long time.

W i % 8y

Figure 1. General appearance of radish /a/ root fruits /b/ under
conditions of hydroponics (nutrient solution + 1.0 mg/l Se) and soil /c/
(exogenous nutrition of plants with 0.001% Se solution).

Several biochemical analyses were performed on the vegetation.
The content of vitamin C in the vegetable raw material was
determined according to Yermakov [16], vitamin PP according
to losikova [17], organic acids according to "Water Separations
Modul 2695" (USA) according to Shomod-Nelson [18], protein
nitrogen according to Kjeldahl [19], carbohydrates according to
Offner [17], and fats according to Soxhlet [17].

Sampling, sample pretreatment, and determination of Se
concentrations in the soil and plant samples were performed
according to the state standard method EASC-19413-89.
This method is based on the interaction of selenite ions with
2,3-diaminonaphthalene in an acidic medium, resulting in the
formation of 4,5-benzopiazoselenol [20,21]. Se is used in the
form of selenite ions. The obtained data were subjected to
statistical analysis Table 1 [22].

Table 1. Scheme of the experiment.

?thlon Option description

1. control- digestion without Se addition

2. nutrient solution + 0,25 mg/L Se

3. nutrient solution + 0,5 mg/L Se

4. nutrient solution + 1,0 mg/L Se

5. control - soil without Se addition

6. soil - extra-root nutrition of plants with 0.0005% Se solution
7. soil - extra-root nutrition of plants with 0.001% Se solution
8. soil — without Se addition and without plant

Results and Discussion.

The protein content in the roots of radish cultivated in the
soil was superior, and the contents of carbohydrates, organic
acids, and components of C and PP were inferior to those of
hydroponic root fruits (options 1, 5) (Table 2).

It is known that Se accumulation in plants mainly depends
on the type of plant, Se content in the soil, soil properties (soil
type, acidity, humus content, total Se supply, antagonism,
synergism of other mineral elements), chemical form of Se
by introducing Se (spraying plants with Se solution, soaking
seeds, etc.), precipitation, and environmental temperature [7-
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9]. The effect of exogenous addition of different amounts of Se
(selenium) ultramicroelement to the nutrient solution proposed
by Davtyan (N=200 mg/l, P=65 mg/l, K= 350 mg/l) and the
effect of extra-root nutrition of plants with Se solution in the soil
was studied. It was found that, in parallel with the exogenous
addition of Se at different doses (0.25, 0.5, 1.0 mg/l) to the
initial nutrient solution in hydroponics (options 2, 3, and 4), the
content of Se in radish roots increased (Figure 2) The greatest
accumulation of Se in radish roots was observed when 1.0 mg/1
of Se was added to the nutrient solution (version 4). At the same
time, it was revealed that 0.0005% Se in the soil and extra-
root feeding of plants with 0.001% solutions (options 6 and 7)
increased the Se content in radish roots by 1.2 and 1.5 times,
respectively, compared to the control. Moreover, the highest
level of Se accumulation in radish roots was observed in the
soil culture when radish plants were extra-rooted in 0.001% Se
solution (version 7). The obtained data agree with the literature,
according to which foliar nutrition of plants with Se-containing
fertilizers contributes to the enrichment of the crop with Se and
an increase in yield [1,6].

Table 2. Biochemical composition of radish roots under soil and
hydroponic conditions.

Soil Hydroponics
Index mg/%
Protein 1,0-1,3 0,80-1,0
Carbohydrates 3,2-3,5 3,3-3,8
Fats 0,08-0,10 0,07-0,08
Organic acids 0,09-0,10 0,12-0,14
Vitamin C 23,7-25,0 24,8-27,8
Vitamin PP 0,10 0,10-0,14
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Figure 2. Effect of Se-on-Se accumulation in radish roots under
hydroponic and soil conditions.
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Figure 3. Effect of Se on the accumulation coefficient of Se in the
nutrient-plant system.
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The calculation showed that the Se accumulation coefficient
(AC) in the hydroponic nutrient solution (the amount of Se in
the plant, pg/kg: the amount of Se in the nutrient solution, pg/l
or soil, pg/kg) [23] varied from 00,01-0,007 (Figure3), and in
the soil, in the range of 1.2-1.8 (Figure 4). In other words, the
AC of Se in the soil was > 1, whereas in hydroponics, the AC of
Se ranged from < 0.01.
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Figure 4. Effect of Se on the accumulation coefficient of Se in the soil-
plant system.

This means that, in hydroponics, the content of Se in radish
is much lower than that in the nutrient solution, and in soil,
the content of Se in radish is higher than that in soil. In other
words, radish acts as a weak Se accumulator in the soil and in
hydroponics as a highly selective Se accumulator [5]. Thus, as
a result of extra-root feeding of plants with Se solutions in the
soil, Se penetrated into the leaves, increasing the concentration
of Se by 1,2-1.5 times compared to the control (options 6, 7).

The presence of Se in the soil and hydroponics contributes
to an increase in plant productivity. Thus, the maximum
yield of radish roots was recorded with the addition of Se at
concentrations of 1.0 mg/l in the nutrient solution (option 4),
and in the case of extra-root nutrition of plants with a 0,001%
Se solution in the soil (option 7) (Table 3).

Table 3. Effects of Se on radish efficiency under hydroponic and soil
cultivation conditions.

Aerial parts Underground Total plant | Yield,
N of the plant. part of the weight %
Option plant/root

Dry weight, g /m?
1. 370 190 560 100
2. 270 250 520 130
3. 260 280 540 147
4. 320 300 620 158
5. 100 90 190 100
6. 130 140 270 155
7. 280 180 460 200
Root
weigh(irj};ETos 86,1 70,6 157,4 -

To assess the level of Se provision in soils, Chinese researchers
[7] have proposed adopting the following threshold values: less
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than 125 pg/kg, Se deficiency area; 125-175 ng/kg, borderline
deficiency area; 175-3000 pg/kg, optimal area; and more than
3000 pg/kg, excess area. It is known that a total Se content of
100-600 pg/kg in soil is insufficient. Se-deficient regions in
New Zealand, Denmark, and Canada have 100-600 pg/kg Se in
the soil. Se fertilization of crops is currently permitted in New
Zealand, Finland, and to a limited extent in China and Canada
[8]. In other words, both the gray soils of the Ararat Valley and
the soils of Badara Village of Artsakh are areas of Se deficiency.

Conclusions.

Thus, along with the exogenous addition of Se to the root
nutrient solution in hydroponics and the extra-root nutrition of
plants with Se solutions in the soil, the accumulation of Se in
the radish roots increases. The highest Se content in radish roots
(7.2 ng/100 g) was recorded in soil culture and the highest yield
in hydroponics (620 g/m?). Se had a positive effect on radish
yield in the soil and hydroponics.
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BJUSAHUE CEJIEHA HA TPOAYKTUBHOCTb H
OU3UOJOI'MYECKYIO AKTUBHOCTb PEJIMCA
B T'MJIPONIOHUKE M MOYBEHHON KYJbTYPE B
APAPATCKOM JIOJIMHE
Baoaxausn MA!, Cumonsin KB, lapounsin JIB?, I'ykacsin
AT3, Kanausin JIM!, Oranecsin JID',

PE3IOME

[IpucytcTBHE yIbTpaMHUKpO3TIEeMeEHTa Se (CeJIeH) B IPOIyKTax
MMUTaHHSA HE3aMEHHMO. Se SBJIeTCS KOMIOHEeHToM Oozee 30
OMOJIOTHYECKH aKTUBHBIX COCIUHECHUH, OOHAapyKEHHBIX B
OpraHmn3Me 4€JIOBCKa M XKUBOTHBIX. Bbruto YCTAHOBJICHO, YTO
ypoBeHb Se MeHee | MI/Kr TOJIe3eH i pacTeHuid. Pemuc -
OJIMH M3 HauboJiee YacTo KyJIbTHBHPYEMBIX OBOIIECH BO BCEM
Mupe, OoraTblii OHOJOTMYECKM AaKTHBHBIMH BEIICCTBAMH,
BUTaAMUHaMH, (bepMeHTaMI/I U MUHCPAJIBbHBIMU DJICMCHTAMM.
Pe)mc MOBBIIIACT CONPOTUBJIACMOCTE U 3alUIIACT OpPTaHU3M
YyelmoBeKa OT psfa 3aboneBaHuii, 0COOEHHO OT auabera,
CepACYHO-COCYMCTHIX U KETyA0UHO-KHIISYHbIX 3a00JICBaHU.
Taroke Obla n3yuena (pusuonoruueckas (aHTHIUadeTHIeCKas,
AHTUOKCHUJAHTHAas1 H HpOTI/IBOBOCHaHI/ITeHBHaﬂ) AKTUBHOCTbH
000rameHHOro Se pacTUTEIBHOTO CBHIPhS. OJTO HUMEET
MMPAKTUYCCKOC 3HAYCHUE, TaK KaK MOJYYCHHBIC JaHHBIC MOT'YT
CTaTh OCHOBOH Ui pa3paOOTKu OMOTEXHOJIOTUH OOOTaIIeHuUs
OBOIIHBIX PaCTeHUH Se.

KuioueBbie cioBa: Penuc, Se, runpornonuka
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