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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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EFFECT OF SELENIUM ON EFFICIENCY AND PHYSIOLOGICAL ACTIVITY OF RADISH IN 
HYDROPONICS AND SOIL CULTURE IN ARARAT VALLEY

Babakhanyan MA1, Simonyan KV2*, Darbinyan LV2, Ghukasyan AG3, Ghalachyan LM1, Hovhannisyan LE1.
1G.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 

intake of Se for adults is 55-70 μg 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. 
It is 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 1m2 (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.

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 Iosikova [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.
Option
 Ν 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-

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/l 
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.

Index Soil Hydroponics
mg/%

Protein
Carbohydrates
Fats
Organic acids

1,0-1,3
3,2-3,5
0,08-0,10
0,09-0,10

0,80-1,0
3,3-3,8
0,07-0,08
0,12-0,14

Vitamin C
Vitamin PP

23,7-25,0
0,10

24,8-27,8
0,10-0,14

Figure 2. Effect of Se-on-Se accumulation in radish roots under 
hydroponic and soil conditions.

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, μg/kg: the amount of Se in the nutrient solution, μg/l 
or soil, μg/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.

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.

Ν
Option

Aerial parts 
of the plant.

Underground 
part of the 
plant/root

Total plant 
weight

Yield, 
%

Dry weight,  g /m2

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 dry 
weight AET05

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 

than 125 μg/kg, Se deficiency area; 125–175 μg/kg, borderline 
deficiency area; 175–3000 μg/kg, optimal area; and more than 
3000 μg/kg, excess area. It is known that a total Se content of 
100-600 μg/kg in soil is insufficient. Se-deficient regions in 
New Zealand, Denmark, and Canada have 100-600 µg/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 μg/100 g) was recorded in soil culture and the highest yield 
in hydroponics (620 g/m2). Se had a positive effect on radish 
yield in the soil and hydroponics.
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ВЛИЯНИЕ СЕЛЕНА НА ПРОДУКТИВНОСТЬ И 
ФИЗИОЛОГИЧЕСКУЮ АКТИВНОСТЬ РЕДИСА 
В ГИДРОПОНИКЕ И ПОЧВЕННОЙ КУЛЬТУРЕ В 
АРАРАТСКОЙ ДОЛИНЕ
Бабаханян МА1, Симонян КВ2*, Дарбинян ЛВ2, Гукасян 
АГ3, Калачян ЛМ1, Оганесян ЛЭ1.

РЕЗЮМЕ
Присутствие ультрамикроэлемента Se (селен) в продуктах 

питания незаменимо. Se является компонентом более 30 
биологически активных соединений, обнаруженных в 
организме человека и животных. Было установлено, что 
уровень Se менее 1 мг/кг полезен для растений. Редис - 
один из наиболее часто культивируемых овощей во всем 
мире, богатый биологически активными веществами, 
витаминами, ферментами и минеральными элементами. 
Редис повышает сопротивляемость и защищает организм 
человека от ряда заболеваний, особенно от диабета, 
сердечно-сосудистых и желудочно-кишечных заболеваний. 
Также была изучена физиологическая (антидиабетическая, 
антиоксидантная и противовоспалительная) активность 
обогащенного Se растительного сырья. Это имеет 
практическое значение, так как полученные данные могут 
стать основой для разработки биотехнологии обогащения 
овощных растений Se.

Ключевые слова: Редис, Se, гидропоника
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