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1. Introduction

People’s health directly depends on the quality of the 
food consumed. Since plant products, including vegetables, 
are an integral part of the human diet, much attention 
is paid by researchers not only to obtaining high yields, 
but also to its mineral value, that is, the content of both 
macro- and microelements in the food part.

According to various authors, the content of trace 
elements in plants ranges from 1·10-3 to 1·10-5% (Sheudzen, 
2003). The content of macronutrients and the diversity of 
the microelement composition of cultivated plants is due 
not only to the specific and varietal characteristics of the 
plants themselves, but also to the content of mobile, that 
is, forms of elements and organic matter available to plants 
in arable soils, which, in turn, depends on the underlying 

rocks (Protasova, 2005; Borisov et al., 2021; Zhevnerov et al., 
2021; Borisov et al., 2022). In addition, agrotechnics of crop 
cultivation and the use of microelement fertilizing play an 
essential role in the formation of the crop (Eliseev et al., 
2011; Eliseeva and Eliseev, 2012; Eliseev and Eliseeva, 2016).

Trace elements in plants play a significant role, 
which is associated with their participation in various 
biochemical and physiological processes. The functions of 
vitamins, hormones, and enzymes depend on the content 
of trace elements. They influence the synthesis of organic 
substances, which ultimately affects the productivity 
of crops and the quality of the products obtained 
(Eliseeva  et  al., 2017; Eliseeva  et  al., 2019; Chen  et  al., 
2023; Huang et al., 2023). Each trace element has its own 
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crops, depending on the granulometric composition of 
the soil, this element accumulates 56-187 mcg ∙ kg-1 of dry 
weight, and 72 mcg ∙ kg-1 in lettuce leaves on heavy soils. 
At the same time, the average Se content in vegetable crops 
ranges from 6 to 23 mcg ∙ kg-1 of raw mass (Combs Junior 
and Combs, 1986; Eliseeva and Eliseev, 2007; Trolove et al., 
2018; Cipriano et al., 2022; Cheng et al., 2022). Within the 
same limits, the safe content of selenium in plants for 
animals and humans is estimated (Neve and Favier, 1989; 
Hladun et al., 2013), and the accumulation of selenium in 
the aboveground parts of plants is higher than in the roots 
(Torshin et al., 1995).

The purpose of the research is to study the effect of 
non–root treatment of vegetative plants with sodium 
selenite solution on the chemical composition of radish 
root crops.

2. Objects and Methods of Research

In our research conducted on the basis of Russian 
State Agrarian University - Moscow Timiryazev 
Agricultural Academy, the effect of non-root treatment 
was studied (NRT) vegetative radish plants with sodium 
selenite solution on the quality indicators of finished 
products. The object of the study was a seed radish 
(Raphanus sativus L.) varieties Winter round black. Sowing 
was carried out on July 22 according to the scheme 
50 + 20 × 25 cm. The area of the accounting plot 2 m2. 
The feeding area of 1 plant was 875 cm2, the plant density 
was 11.5 plant ∙ m-2. Sodium selenite solution (Na2SeO3) 
was used in four concentrations of 0.0005%, 0.001%, 
0.002% and 0.005% Se. The experiment was carried out in 
3-fold repetition according to the following scheme: NPK 
(background) – control option; NPK + NRT Se 0.0005%; 
NPK + NRT Se 0.001%; NPK + NRT Se 0.002%; NPK + NRT 
Se 0.005%. Nitroammophosca was introduced into the 
soil at the rate of 30 g/m2 as a background macro fertilizer 
during sowing. Treatment with sodium selenite solution 
was carried out by spraying vegetative plants in the phase 
of mass molting of the root. In the background versions, 
the plants were treated with distilled water. Harvesting 
and evaluation of its quality was carried out in the phase 
of technical ripeness (October 2). The growing season 
was 70 days.

The dry matter content was determined by drying 
the crushed sample at 105 ° C to a constant air-dry mass. 
The content of dry soluble substances was determined 
by the refractometric method on the refractometer RL 
3. The content of ascorbic acid was determined by the 
method of I.K. Murri. The nitrate content was determined 
by a potentiometric method using an ion-selective nitrate 
electrode on an Ecotest-2000 device. The selenium content 
was determined by atomic absorption spectrophotometry 
on the AAS QUANTUM-Z.ETA.

To calculate the smallest significant Fischer difference 
in the content of dry matter, dry soluble substances, 
ascorbic acid, the accumulation of nitrates and the trace 
element selenium in root crops, a dispersion analysis was 
performed using the STRAZ software package.

specific role, however, at the same time they can perform 
similar functions from the point of view of biochemistry.

One of the trace elements, the content of which in 
plants is given great attention, is selenium (Eliseeva, 
2007; Vikhreva et al., 2011; Eliseeva and Eliseev, 2019; 
Alexandrovskaya et al., 2020; Seregina and Makarskaya, 
2021; Zou et al., 2022; Cipriano et al., 2022). This element 
in the human body participates in various biochemical 
processes and is very important for its normal functioning. 
However, in doses exceeding 200 micrograms per day, it 
is toxic (Gmoshinsky et al., 2000; Tutelyan et al., 2002; 
Baraboĭ and Shestakova, 2004; Deryabina et al., 2006). 
It should be borne in mind that with a lack of selenium 
in the human body, pathologies develop, and in men with 
selenium intake less than 21 mcg per day, and in women – 
less than 16 mcg per day (Ursini et al., 1999). In general, 
selenium deficiency in an adult is noted with a decrease 
in its concentration in blood plasma of less than 60 mcg ∙ 
l-1 (Reshetnik and Parfenova, 2000). Selenium compounds 
are antioxidants and protect the cells of the human body 
from the harmful effects of free radicals (Torshin et al., 
1996; Gmoshinsky et al., 2000; Hu et al., 2021). Due to the 
participation of this trace element in various physiological 
processes, there is a significant increase in the active 
life of cells, strengthening of immunity, since selenium 
contributes to the formation of protein molecules with 
protective properties. Sufficient availability of this trace 
element reduces the likelihood of cardiovascular diseases. 
In addition, selenium participates in the biosynthesis of 
nucleic acids, and also affects the stability of the nervous 
system, visual acuity and concentration. An important role 
of selenium is in the process of maturation of male germ 
cells, in the work of the thyroid and pancreas (Fleet, 1997; 
Scott et al., 1998; Johnson and Porter, 1997; Baraboĭ and 
Shestakova, 2004; Deryabina et al., 2006; Zou et al., 2022).

The biochemistry and physiology of selenium and 
sulfur have a lot in common. Different researchers have 
found that sulfur can be replaced by selenium in amino 
acids such as methionine and cysteine, as well as in the 
enzymes ferredoxin and galactosidase, that most plants 
synthesize selenistein, selenmethionine, selenmethionine 
selenoxide, etc. The use of selenium-containing top dressing 
has a positive effect on the formation of selenoproteins in 
plants and depends on the concentration of selenium in 
the solutions used (Klayman and Gunther, 1973; Brown 
and Shrift, 1982; Bollard, 1983; Gmoshinsky and Mazo, 
2006; Zou  et  al., 2022). Bollard (1983) showed that 
selenium participates in the formation of chlorophyll, in 
the synthesis of tricarboxylic acids, in the metabolism of 
fatty acids, and selenium-derived analogues of sulfolipids 
were not found.

An important source of trace elements and, in particular, 
selenium are vegetable crops, which in experiments 
Torshin et al. (1995) they have shown great potential in 
the accumulation of this trace element. Also, in other 
work Torshin (1998) it is shown that under the conditions 
of the growing experiment, the introduction of sodium 
selenite into the soil at doses of 25-2500 mcg Se/kg allowed 
to obtain selenium enrichment of vegetable crops by 
5-1600%. In the work of other researchers, data are given 
that when growing radishes without selenium in its root 
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3. Research Results

Table 1 shows data on agrochemical analysis of sod-
podzolic medium loamy soil on which radish was grown.

The soil on which the radish was grown is sufficiently 
cultivated, has a high supply of mobile forms of phosphorus 
and potassium, as well as an average supply of nitrogen, 
a slightly acidic reaction of the medium, is characterized 
by a low humus content, which is characteristic of soils 
of the Central Non-Chernozem region.

Such indicators of product quality as the content of 
dry matter, dry soluble substances, ascorbic acid, the 
accumulation of nitrates and the trace element selenium 
in root crops were studied.

The data presented in Table 2 show that foliar treatment 
of vegetative plants with sodium selenite solution in the 
studied concentrations did not significantly affect the 
accumulation of dry matter in radish root crops. However, 
there was a tendency to increase this indicator in variants 
with plant treatment compared to the background by 
38-53%. At the same time, this indicator was the highest 
in the NPK+НО Se 0.0005% and NPK+НО Se 0.001% and 
amounted to 14.1%.

Differences in the accumulation of dry soluble 
substances according to the experimental variants in 
comparison with the background variant were insignificant, 
but there was a tendency to increase this indicator in radish 
root crops compared to the control by 5-20%, depending 
on the concentration of selenium in solution. Thus, the 
content of dry soluble substances in the NPK+ NRT Se 
0.0005% was 7.1%. An increase in the dose of selenium 
to 0.005% led to an increase in the content of dry soluble 
substances to 8.5%.

The use of non-root treatment of vegetative radish plants 
with sodium selenite solution contributed to a significant 

decrease in the content of ascorbic acid in root crops, and 
a significant decrease in this indicator was observed only 
in comparison with the control variant (background). 
So, in the variants of the NPK+ NRT Se 0.0005% and NPK+ 
NRT Se 0.002%, this indicator decreased in comparison 
with the background, respectively, by 1.5 and 1.6 times 
and amounted to 26.66 mg ∙ 100-1 g and 25.08 mg ∙ 100-1. 
In variants NPK+ NRT Se 0.001% и NPK+ NRT Se 0.005% 
concentration of ascorbic acid was at the level of 31.08 and 
30.01 mg ∙ 100-1 g, respectively, which is 1.3 times lower 
than the control value of this indicator. According to the 
variants of the experiment with the treatment of plants 
with sodium selenite, there were no significant differences 
in the content of ascorbic acid in root crops.

Non-root treatment of radish plants also led to a 
significant decrease in the nitrate content in all variants of 
the experiment. At the same time, with an increase in the 
concentration of Se in the solution, a decrease in the content 
of nitrates in root crops was observed. In the experience 
options NPK+ NRT Se 0.0005% и NPK+ NRT Se 0.001% of the 
nitrate content was 483.7 and 494.8 mg ∙ kg-1 of crude mass, 
respectively, which is 1.6 times less than in the background 
version. With a further increase in the concentration of 
selenium in the solution (option NPK+ NRT Se 0.002%), 
there was a decrease in the nitrate content in root crops to 
423.3 mg ∙ kg-1 of raw mass. With an increase in the dose of 
selenium in the NPK+ NRT Se 0.005%, this indicator decreased 
by 3.2 times compared to the background and amounted 
to 241.9 mg ∙ kg-1 of crude mass. It should be noted that an 
increase in the concentration of selenium in the solution 
also led to a significant decrease in the nitrate content in 
the variants of the NPK+ NRT Se 0.002% and NPK+ NRT Se 
0.005% compared to NPK+ NRT Se 0.0005% and NPK+ NRT 
Se 0.001% by 12-14% and 50%, respectively.

Table 2. Chemical composition of products.

Variety Experience option
Dry matter 
content, %

Content of 
dry soluble 

substances, %

Ascorbic acid 
content, mg 

100-1

Nitrate 
content,  
mg ∙ kg-1

Se content, 
mcg ∙ kg-1 of 
dry weight

Winter 
round black

NPK (background) 9.2 7.0 40.04 778.6 209.05

NPK+ NRT Se 0.0005% 14.1 7.1 26.66 483.7 240.59

NPK+ NRT Se 0.001% 14.1 7.5 31.08 494.8 249.40

NPK+ NRT Se 0.002% 12.7 7.4 25.08 423.3 243.75

NPK+ NRT Se 0.005% 13.5 8.5 30.01 241.9 250.24

the smallest significant difference 05 1.6 0.7 6.6 57.8 10.32

Table 1. Agrochemical characteristics of the soil.

Humus, % рНKCl

Hydrolytic 
acidity, mg ∙ 

100-1 g of soil

Easily 
hydrolyzable 

nitrogen
P2O5 K2O

Degree of 
saturation of soils 

with bases, %

Se, mcg ∙ 
kg-1 of dry 

weight
mg ∙ kg-1 of soil

2.7 6.3 0.89 84 271 194 93.7 212.97
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The use of selenium as a non-root top dressing of 
radish plants led to an increase in the content of this trace 
element in root crops compared to the background version. 
The selenium content in the product part of plants was on 
average 1.2 times higher than in the control variant and 
lay in the range of 240.40-250.24 mcg ∙ kg-1 of dry weight. 
The differences in the content of this trace element in the 
variants of the experiment with the treatment of plants 
with sodium selenite solution were insignificant.

4. Conclusion

Thus, the use of selenium-containing top dressing by 
means of non-root treatment of vegetative plants led 
to an increase in the concentration of selenium and a 
decrease in the content of ascorbic acid in the product 
part of radish plants, as well as to a decrease in the 
content of nitrates in root crops, which was inversely 
dependent on the concentration of selenium in the 
working solution.

References

ALEXANDROVSKAYA, E.Y., SINDIREVA, A.V. and IERONOVA, V.V., 
2020. Ecological assessment of selenium action in the soil–plant 
system in Western Siberia. Vestnik of Nizhnevartovsk State 
University, no. 1, pp. 104-110. http://dx.doi.org/10.36906/2311-
4444/20-1/16.

BARABOĬ, V.A. and SHESTAKOVA, E.N., 2004. Selenium: biological 
role and antioxidant activity. The Ukrainian Biochemical Journal, 
vol. 76, no. 1, pp. 23-32. PMid:15909414.

BOLLARD, E.G., 1983. Involvement of unusual elements in plant 
growth and nutrition. In: A. LAUCHLI and R.L. BICLESKI, eds. 
Encyclopedia of plant physiology. Berlin: Springer Verlag, pp. 
695-744. Inorganic Plant Nutrition, no. 15B.

BORISOV, B.A., EFIMOV, O.E. and ELISEEVA, O.V., 2022. Organic 
matter and physical properties of postagrogenic eroded soddy-
podzolic soil and arable soddy-podzolic soil. Eurasian Soil 
Science, vol. 55, no. 7, pp. 971-977. http://dx.doi.org/10.1134/
S1064229322070031.

BORISOV, B.A., EFIMOV, O.E., ELISEEVA, O.V., TARAZANOVA, T.V. and 
PROKHOROV, A.A., 2021. Organic matter of sod-podzolic soil 
after transition to a fallow state. IOP Conference Series: Earth 
and Environmental Science, vol. 937, no. 2, p. 022022. http://
dx.doi.org/10.1088/1755-1315/937/2/022022.

BROWN, T.A. and SHRIFT, A., 1982. Selenium: toxicity and tolerance 
in higher plants. Biological Reviews of the Cambridge Philosophical 
Society, vol. 57, no. 1, pp. 59-84. http://dx.doi.org/10.1111/j.1469-
185X.1982.tb00364.x.

CHEN, J., CHEN, H., WANG, H., ZHAN, J., YUAN, X., CUI, J. and SU, N., 
2023. Selenium treatment promotes anthocyanin accumulation 
in radish sprouts (Raphanus sativus L.) by its regulation 
of photosynthesis and sucrose transport. Food Research 
International, vol. 165, p. 112551. http://dx.doi.org/10.1016/j.
foodres.2023.112551. PMid:36869458.

CHENG, B., WANG, C., CHEN, F., YUE, L., CAO, X., LIU, X., YAO, Y., 
WANG, Z. and XING, B., 2022. Multiomics understanding of 
improved quality in cherry radish (Raphanus sativus L. var. 
radculus pers) after foliar application of selenium nanomaterials. 
The Science of the Total Environment, vol. 824, p. 153712. http://
dx.doi.org/10.1016/j.scitotenv.2022.153712. PMid:35149065.

CIPRIANO, P.E., SIUEIA JÚNIOR, M., SOUZA, R.R., SILVA, D.F., SILVA, 
R.F., FAQUIN, V., SILVA, M.L.S. and GUILHERME, L.R.G., 2022. 
Macronutrients content of radishes and the influence of 
biofortification with selenium. Scientia Horticulturae, vol. 296, 
p. 110908. http://dx.doi.org/10.1016/j.scienta.2022.110908.

COMBS JUNIOR, G.F. and COMBS, S.B., 1986. The role of selenium in 
nutrition. Orlando: Academic Press, 532 p.

DERYABINA, V.I., SKVORTSOVA, L.N., ZAKHAROVA, E.A. and 
SLEPCHENKO, G.B., 2006. Voltammetric control of selenium 
content and its forms in plants and food additives using 
extraction and ion exchange. Factory Laboratory Diagnostics 
of Materials, vol. 72, no. 11, pp. 7-10.

ELISEEV, A.F. and ELISEEVA, O.V., 2016. Formation of the assimilation 
apparatus of the indau seed when grown under conditions of 
flowing hydroponics. Doklady TSHA Collection of Articles, vol. 
288, no. Pt. 1, pp. 414-417.

ELISEEV, A.F., ELISEEVA, O.V. and SEREDIN, T.M., 2011. Features of 
foliage harvest of leafy radish depending on density of plants 
grown. Vegetables Crops of Russia, no. 1, pp. 36-39. http://dx.doi.
org/10.18619/2072-9146-2011-1-36-39.

ELISEEVA, O.V. and ELISEEV, A.F., 2007. Accumulation of trace 
elements by different varieties of radish. Potatoes and Vegetables, 
no. 1, pp. 31.

ELISEEVA, O.V. and ELISEEV, A.F., 2012. Foliar treatment of radish 
plants (Raphanus sativus) chromium potassium alum as a way 
for obtaining chromium-rich products. Butlerov Communications, 
vol. 30, no. 4, pp. 153-156.

ELISEEVA, O.V. and ELISEEV, A.F., 2019. Chemical composition of 
Raphanus indicus depending on foliar treatment with trace 
element. Potatoes and Vegetables, no. 8, pp. 18-20.

ELISEEVA, O.V., 2007. Features of crop formation and quality indicators 
of leaf radish. Moscow: Russian State Agrarian University – 
Moscow Timiryazev Agricultural Academy, 193 p. Dissertation 
of the Candidate of Biological Sciences.

ELISEEVA, O.V., ELISEEV, A.F. and BELOPUKHOV, S.L., 2017. Application 
of NIS-analysis for examination of the chemical composition 
of leaf radish. Herald of the Technological University, vol. 20, 
no. 12, pp. 143-146.

ELISEEVA, O.V., ELISEEV, A.F. and BELOPUKHOV, S.L., 2019. Application 
of near-infrared spectroscopy for basil chemical composition 
analysis. Butlerov Communications, vol. 60, no. 12, pp. 152-156. 
http://dx.doi.org/10.37952/ROI-jbc-01/19-60-12-152.

FLEET, J.C., 1997. Dietary selenium repletion may reduce cancer 
incidence in people at high risk who live in areas low soil 
selenium. Nutrition Reviews, vol. 55, no. 7, pp. 277-279. http://
dx.doi.org/10.1111/j.1753-4887.1997.tb01617.x. PMid:9279064.

GMOSHINSKY, I.V. and MAZO, V.K., 2006. Mineral substances in 
human nutrition. Selenium: absorption and bioavailability. 
Nutrition Issues, vol. 75, no. 5, pp. 15-21.

GMOSHINSKY, I.V., MAZO, V.K., TUTELYAN, V.A. and KHOTIMCHENKO, 
S.A., 2000. Microelement selenium: role in life processes. 
Ecology of the Sea, vol. 54, pp. 5-19.

HLADUN, K.R., PARKER, D.R., TRAN, K.D. and TRUMBLE, J.T., 2013. 
Effects of selenium accumulation on phytotoxicity, herbivory, 
and pollination ecology in radish (Raphanus sativus L.). 
Environmental Pollution, vol. 172, pp. 70-75. http://dx.doi.
org/10.1016/j.envpol.2012.08.009. PMid:23000967.

HU, L., WANG, X., WU, D., ZHANG, B., FAN, H., SHEN, F., LIAO, Y., 
HUANG, X. and GAO, G., 2021. Effects of organic selenium on 
absorption and bioaccessibility of arsenic in radish under 
arsenic stress. Food Chemistry, vol. 344, p. 128614. http://
dx.doi.org/10.1016/j.foodchem.2020.128614. PMid:33208238.

https://doi.org/10.36906/2311-4444/20-1/16
https://doi.org/10.36906/2311-4444/20-1/16
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15909414&dopt=Abstract
https://doi.org/10.1134/S1064229322070031
https://doi.org/10.1134/S1064229322070031
https://doi.org/10.1088/1755-1315/937/2/022022
https://doi.org/10.1088/1755-1315/937/2/022022
https://doi.org/10.1111/j.1469-185X.1982.tb00364.x
https://doi.org/10.1111/j.1469-185X.1982.tb00364.x
https://doi.org/10.1016/j.foodres.2023.112551
https://doi.org/10.1016/j.foodres.2023.112551
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36869458&dopt=Abstract
https://doi.org/10.1016/j.scitotenv.2022.153712
https://doi.org/10.1016/j.scitotenv.2022.153712
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35149065&dopt=Abstract
https://doi.org/10.1016/j.scienta.2022.110908
https://doi.org/10.18619/2072-9146-2011-1-36-39
https://doi.org/10.18619/2072-9146-2011-1-36-39
https://doi.org/10.37952/ROI-jbc-01/19-60-12-152
https://doi.org/10.1111/j.1753-4887.1997.tb01617.x
https://doi.org/10.1111/j.1753-4887.1997.tb01617.x
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9279064&dopt=Abstract
https://doi.org/10.1016/j.envpol.2012.08.009
https://doi.org/10.1016/j.envpol.2012.08.009
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23000967&dopt=Abstract
https://doi.org/10.1016/j.foodchem.2020.128614
https://doi.org/10.1016/j.foodchem.2020.128614
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33208238&dopt=Abstract


Brazilian Journal of Biology, 2023, vol. 83, e277848 5/5

The effect of selenium on the quality of radish 

HUANG, S., YU, K., XIAO, Q., SONG, B., YUAN, W., LONG, X., CAI, D., 
XIONG, X. and ZHENG, W., 2023. Effect of bio-nano-selenium 
on yield, nutritional quality and selenium content of radish. 
Journal of Food Composition and Analysis, vol. 115, p. 104927. 
http://dx.doi.org/10.1016/j.jfca.2022.104927.

JOHNSON, M.A. and PORTER, K.H., 1997. Micronutrient 
supplementation and infection in institutionalized elders. 
Nutrition Reviews, vol. 55, no. 11, pp. 400-404. http://dx.doi.
org/10.1111/j.1753-4887.1997.tb01582.x. PMid:9420452.

KLAYMAN, D.L. and GUNTHER, W.H.H., 1973. Organic selenium 
compounds: their chemistry and biology. Sydney: Wiley 
Interscience, 1178 p.

NEVE, J. and FAVIER, A., 1989. Selenium in medicine and biology: 
proceedings of the Second International Congress on Trace Elements 
in Medicine and Biology. Berlin: De Gruyter, 419 p.

PROTASOVA, N.A., 2005. Heavy metals in chernozems and cultivated 
plants of the Voronezh region. Agrochemistry, no. 2, pp. 80-86.

RESHETNIK, L.A. and PARFENOVA, E.O., 2000. Selenium and human 
health (literature review). Ecology of the Sea, vol. 54, pp. 20-25.

SCOTT, R., MACPHERSON, A., YATES, R.W., HUSSAIN, B. and DIXON, 
J., 1998. The effect of oral selenium supplementation on human 
sperm motility. British Journal of Urology, vol. 82, no. 1, pp. 
76-80. PMid:9698665.

SEREGINA, I.I. and MAKARSKAYA, I.G., 2021. Influence of selenium 
on the quality of spring wheat grain depending on water supply 
conditions. In: Topical Issues of Agroengineering and Agronomic 
Sciences, 01-03 March 2021, Chelyabinsk, Russia. Troitsk: South 
Ural State Agrarian University, Institute of Agroengineering/
Institute of Agroecology, pp. 215-221.

SHEUDZEN, A.H., 2003. Biogeochemistry. Maikop: GURIPP “Adygeya”, 
1028 p.

TORSHIN, S.P., 1998. The influence of natural and anthropogenic 
factors on the formation of the trace element composition of 
crop production. Moscow: Russian State Agrarian University – 
Moscow Timiryazev Agricultural Academy, 296 p. Dissertation 
of the Doctor of Biological Sciences.

TORSHIN, S.P., UDELNOVA, T.M. and YAGODIN, B.A., 1996. 
Biogeochemistry and agrochemistry of selenium and methods 
of elimination of selenium deficiency in food products and 
roots. Agrochemistry, no. 8-9, pp. 127-143.

TORSHIN, S.P., YAGODIN, B.A., UDELNOVA, T.M. and ZABRODINA, 
I.Y., 1995. Accumulation of selenium by vegetable crops and 
spring rape when fertilized with selenium. Agrochemistry, 
no. 9, pp. 40-47.

TROLOVE, S.N., TAN, Y., MORRISON, S.C., FENG, L. and EASON, 
J., 2018. Development of a method for producing selenium-
enriched radish sprouts. LWT, vol. 95, pp. 187-192. http://
dx.doi.org/10.1016/j.lwt.2018.04.048.

TUTELYAN, V.A., KNYAZHEV, V.A., KHOTIMCHENKO, S.A., 
GOLUBKINA, N.A., KUSHLINSKY, N.E. and SOKOLOV, Y.A.A., 2002. 
Selenium in the human body. Metabolism. Antioxidant properties, 
role in carcinogenesis  Moscow: Publishing House RAMN, 219 p.

URSINI, F., HEIM, S., KIESS, M., MAIORINO, M., ROVERI, A., WISSING, 
J. and FLOHÉ, L., 1999. Dual function of the selenoprotein 
PHGPx during sperm maturation. Science, vol. 285, no. 5432, 
pp. 1393-1396. http://dx.doi.org/10.1126/science.285.5432.1393. 
PMid:10464096.

VIKHREVA, V.A., LEBEDEVA, T.B., BOBYLEV, A.I. and MACHNEV, 
V.A., 2011. Accumulation of selenium by plants depending on 
the amount of trace element in the chernozems of the Penza 
region. Volga Region Farmland, vol. 2, no. 19, pp. 2-6.

ZHEVNEROV, A.V., BELOPUHOV, S.L., BAGNAVETS, N.L., 
DMITREVSKAYA, I.I. and ELISEEVA, O.V., 2021. Optimization of 
test placer composition for express colorimetric determination 
of mobile forms of phosphorus in soil and water samples. IOP 
Conference Series: Earth and Environmental Science, vol. 852, no. 
1, p. 012113. http://dx.doi.org/10.1088/1755-1315/852/1/012113.

ZOU, X., WANG, Y., SUN, R. and WANG, J., 2022. An analysis 
of the content changes in free and combinative forms of 
organic selenium in radish sprouts cultivated with solutions 
of selenoamino acids. Food Research International, vol. 158, 
p. 111558. http://dx.doi.org/10.1016/j.foodres.2022.111558. 
PMid:35840250.

https://doi.org/10.1016/j.jfca.2022.104927
https://doi.org/10.1111/j.1753-4887.1997.tb01582.x
https://doi.org/10.1111/j.1753-4887.1997.tb01582.x
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9420452&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9698665&dopt=Abstract
https://doi.org/10.1016/j.lwt.2018.04.048
https://doi.org/10.1016/j.lwt.2018.04.048
https://doi.org/10.1126/science.285.5432.1393
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10464096&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10464096&dopt=Abstract
https://doi.org/10.1088/1755-1315/852/1/012113
https://doi.org/10.1016/j.foodres.2022.111558
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35840250&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35840250&dopt=Abstract

