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SILICON CONTENT, PHYSICAL AND CHEMICAL PROPERTIES OF SOILS
OF THE KHMELNYTSKY REGION OF UKRAINE

(MpedcmaeneHo 4YneHoM pedakyiliHoi Koneaii 0-poM 2eos. Hayk, npogh. C.A. Buxeoro)

Silicon plays the significant role in the growth and development of plants, their resistance to stress conditions. However, there
is limited research on the content of various forms of silicon in soils, the relationship with soil cations, which is particularly relevant
in the context of intensive agriculture and climate aridization in Ukraine. The purpose of the present study was to determine the
content of silicon compounds of different mobility in the arable soils of the Khmelnytsky region, the spatial variation of these
parameters, and to detect the dependence between the content of silicon compounds and soil particle size. The study was
performed at the area of LLC "Lotivka Elit" of Shepetivka district of Khmelnitsky region in field crop rotation. We determined for
soil samples: particle size distribution and content of fractions of granulometric elements of different sizes, pH of salt extraction
(1,0 M KClI solution), humus content, calcium and magnesium exchangeable compounds by extraction with 1,0 M KCI solution. The
results showed that the content of silicon compounds in soils depends on the particle size distribution of soil, the value of
exchangeable acidity, humus content, and the composition of exchangeable cations.

Keywords: silicon, soil cations, soil reaction, exchangeable cations, soil texture.

Introduction. The special attention require the soil
studies in Ukraine in the current conditions of agrarian
reform and the introduction of the agricultural land market in
Ukraine. In recent years, agrarians in Ukraine have noted
the direct impact of global warming on crop is increasing and
expanding. The study of soil nutrient regimes is of the great
importance. However, there is a limited amount of the
research of the individual elements, including silicon. That is
why our aim was to study the content of silicon compounds
of different mobility in soils and its correlation with indicators
of soil physicochemical properties.

State of the art. Silicon (Si) is the second most prevalent
crust mineral and occupies 27,6 % of the crust mass. Its role
in soils and plants is not well understood (Matychenkov,
2008). Its concentration in soils varies greatly from less than
1 % to more than 45 %. The main factor influencing this is
the parent material, but it is important to study other factors
of influence: climate, plants, the land use (Landré et al.,
2020). Silicon is a widespread and differentially distributed
element in soils that has important biological functions.
However, the content of silicon differs in different crops due
to their ability to use this element (Rios et al., 2017).

A number of studies (Coskun et al., 2016; Ranjbar et al.,
2019) have established the role of silicon in growth and
development of plants, their resistance to stress conditions,
including salinity and drought. The use of Si reduced stress
in soil salinization by reducing the absorption of sodium
cation and improving feed efficiency, thereby increasing
plant dry matter in sorghum by 27 % and sunflower by 41 %.
This occurred when Si was applied either by root application
or by a combination of root and root application respectively.
The use of Si can permanently reduce the harmful effects of
salt stress and increase the yield of sorghum and sunflower
plants (Hurtado et al., 2019).

The number of studies note the importance of silicon in
the face of global climate change. The silicon content of
plants can vary greatly between plants and perform different
roles and functions in plant biology (Katz, 2019). The content
of silicon in soils depends on the reaction of the soil
environment. The alkalinity of the soil adversely affects the

growth and development of agricultural plants, and therefore
studies on the effects of exogenous silicon (Si) and salicylic
acid (SA) on plants (Khan et al., 2019). Plants treated with
silicon formulations had formed larger biomass, had higher
biomass content and a better root system than the control
plants. Silicon preparations counteracted the oxidative
damage of alkaline stress, reducing the accumulation of
reactive oxygen species and lipid peroxidation. Silicon
improves alkaline stress resistance in tomato seedlings,
modifying the content of endogenous Na* and K*, regulating
oxidative damage and key genes, and modulating
endogenous hormone levels.

Recently, a number of studies considered the modern
approaches of soil properties estimation (Mank et al., 2019;
Tonkha et al., 2017, 2018). The studies require the
adaptation of land management investigations (Khmelovskyi
et al., 2019) and implementation of coordinated agroforestry
activities. Among the rapid methods of the investigation of
thermal transformations is the temperature programmed
desorption mass spectrometry (Palianytsia et al., 2014).
According to (Bobos et al., 2019), the density of the plants
significantly influenced the economically valuable indicators,
because there is always competition for light, moisture and
nutrients between plants in the life process.

Magnetic method is the low cost and time saving
technology to study soil properties (Gadirov et al, 2018;
Menshov et al., 2016, 2020; Menshov abd Sukhorada, 2018),
to assess soil erosion and degradation (Menshov, 2016). The
study (Menshov et al., 2018), showed a strong correlation
between the magnetic susceptibility (MS) and the erosion
index. MS and the erosion index were found to correlate with
the humus content (Kruglov et al., 2018). Environmental
magnetic studies require the attracting of the evidence from
the related fields to improve the methodology of the research
(Tabachenko et al., 2016; Dychkovskyi et al., 2020;
Lozynskyi et al., 2020).

Thus, the studies of the role of silicon in the growth and
development of plants, their resistance to stress conditions
are of the great importance. That is why studies of the
content of various forms of silicon and their relationship with
soil cations under climate aridization are relevant.
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Methods. The purpose of the research was to determine
the content of silicon compounds of different mobility in the
arable soils of the Khmelnytsky region. We determined
the spatial variation of the parameters, evaluated the
dependence between the content of silicon compounds and
soil particle size (soil texture). Finally, we detected content
of exchangeable bases of calcium and magnesium.

The experiment was performed in the fields of LLC
"Lotivka Elit" of Shepetivka district of Khmelnitsky region
close to the settlement of Mokiyivka. The study area is field
crop rotation: corn for grain — soybean — winter wheat — corn
for grain — pea. The soils of the territory are dark grey forest
and chernozems podzolized light- and medium-loamy on
loesses. Soils are characterized by good fertility rates. The
humus content in the upper horizon reaches 3,0-3,5 %. The
availability of mobile phosphorus compounds is medium and
high and mobile potassium compounds are high. The natural
development of the processes of podzolization and agricultural
use of soils with applying of high doses of nitrogen fertilizers
leads to a decrease in the reaction of the soil solution to slightly
acidic, and in some places — medium acidic values.

Soils were sampled from the arable horizon, from a
depth of 0—25 cm, the amount is 30 soil samples, and the
distribution of soil samples was random. Soil samples were
collected in accordance with 1ISO 10381-2. Preparation for
chemical analysis was performed according to DSTU ISO
11464-2001.

The soil samples analysis included: particle size
distribution and content of fractions of granulometric
elements of different sizes determination according to DSTU
4730:2007; pH of salt extraction (1,0 M KCI solution)
according to DSTU ISO 10390:2001; humus content
according to DSTU 4289:2004; content of calcium and
magnesium exchangeable compounds by extraction with
1,0 M KCI solution. Silica compounds in soils were

determined by Mallen and Riley's method with silicon
extraction (Titova et al., 2011). This method allows
determining the content of monosilicic acids in the soil. Two
types of extraction solutions were used to determine the varying
degrees of accessibility of the silica compounds: readily
available (actual) silicon was determined by 0,01 M CaClz
extraction, hard-soluble (potential) silicon was determined by
0,1 M HCI extraction, in a soil: solution ratio 1 : 10, time
interaction of soils with extraction solutions was 1 hour.

Results and discussion. The annual uptake of silicon by
crops is more than 200 million tons in the world, which leads
to a decrease in the concentration of silicon available to
plants, especially in the arable layer of soils used in agriculture
(Titova et al. 2011). There are only several case studies to
evaluate the content and dynamics of silicon compounds,
their relationship with other elements in soils of agricultural
use, especially in soils of medium and heavy texture.

The analyzed soil samples were grouped by the content
of the fraction of "physical clay", particle size less than 0,01
mm, in the following groups: less than 25,0 %, 25,0-29,9 %,
30,0-34,9 %, 35,0-39,9 % of physical clay content. Among
the samples tested, the largest amount contained more than
30,0 % of the particles of physical clay. The most of studied
samples belong to the medium loamy texture. For each
group of samples the average values of the studied
parameters are deduced. The deviations, which are
presented in relative percentages, are calculated. We
assume that if the deviation of the individual values from the
average is less than 30 %, then it is possible to make high
reliability —conclusions about the regularites and
relationships between the indicators.

Soils of the Mokiyivtsi area have an average pH of 4,9—
5,4, the acidity of these soils decreases with increasing
content of physical clay (see Table 1).

Table 1

Granulometric composition and physical and chemical properties of the investigated soils of the Khmelnytsky region,
Shepetivka district, Mokiyivtsi area, mean values and standard deviations

= . . . . Content of sum
S, = -3 Content of granulomentric particles of different sizes pH, salt Humus of exchangeable
2o T 2 o8 N extraction content, % bases Ca+Mg,
-g-g Ec “6 % <0,01 mm, % <0,005 mm, % <0,001 mm, % mmol/100 g soil
28T E | B s o ) ) ) s o -
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3978 | g E o S ) < '® ) Se o S o S @ S
° © > 3= > 3= > 3= > 3= > 3= > 2=
o ® © o X © o X © ° X © o R © o X © o X
<250% 4 20,8 10 17,7 12 13,2 17 4,9 16 2,1 29 6,3 33
25,0-29,9 % 4 26,8 8 22,0 15 15,7 18 4,9 14 2,1 33 8,3 19
30,0-349% | 12 32,0 5 26,6 5 19,5 8 5,2 8 2,9 21 11,6 17
35,0-39,9 % | 10 36,6 4 30,6 8 22,0 6 5,4 7 3,3 15 13,2 19

The average values of humus content in soils of the
Mokiyivtsi area increases from 2,1 to 3,3 %, and a positive
correlation of this indicator with the content in the soil of
physical clay particles is observed.

The content of the sum of the exchangeable bases of calcium
and magnesium in the soils of the studied area increases with the
increasing of content of the physical clay fraction.

The average values of readily available silicon content in
the studied soils range from 51 to 92 mg/kg SiO2 (Table 2).
But in the soils of this area there is a slight tendency to
increase the content of readily available silicon with
increasing content of physical clay in soil. But these soils are
characterized by high deviations of individual values from
the average (up to 90 %). In our opinion, this tendency is
also associated with a decrease in the acidity of the soil
solution in the soil of this area and increasing of content of
calcium and the amount of exchangeable bases in soils.

The dependence of change in the content of silicon
compounds from the particle size distribution and the
content of calcium and magnesium bases is better observed
for the fraction of hard-soluble silicon in soils of the studied
area. Average values of hard-soluble silicon in soils of
Mokiyivtsi area increased from 326 to 570 mg/kg SiOz2, and
deviations of individual samples from average didn't exceed
30 % (Table 2).

The dependence of change of the content of silicon
compounds from the particle size distribution and the
content of calcium and magnesium bases is observed for
the fraction of hard-soluble silicon in soils of the studied
area. Average values of hard-soluble silicon in soils of
Mokiyivtsi area increased from 326 to 570 mg/kg SiOz2, and
deviations of individual samples from average didn't exceed
30 % (see Table 2).
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Table 2

Content of exchangeable calcium and magnesium cations, and silicon compounds
of different fractions in soils of Khmelnytsky region, Shepetivka district, Mokiivtsi area

- Exchangeable Eachangeiable Readily-available Hard_;_soluble
= § | Calcium content. agnesium silicon content stlicon
Groups o8 c ka content, Mg, Sio K content,
by physical | %5 & a, mglkg mglkg 102, ma/kg Si0,, mglkg Ratio
© Yy physica ° c
° clay particles -® Ca exchangeable/
= c L) Do ) L) :
< (<0,01 mm) 3 3 ) EE g lg 5 g g; g SE SiO; hard-soluble.,
. . o © S ® © = © = © = & | based on averages
content in soil € g 5 S5 5 S5 5 S5 5 S5
< © > z - > s b= > 5 - > q>, =
» © o X © o X © o R © o R
2 <25,0% 4 1000 34 157 50 51 90 326 13 3,1
2 25,0-29,9 % 4 1330 24 195 9 60 53 405 19 3,3
'—g 30,0-34,9 % 12 1990 18 205 27 68 63 502 25 4,0
= 35,0-39,9 % 10 2290 20 165 28 92 65 570 22 4,0

The results have shown that the behavior of silicon
compounds in soils is influenced by the particle size
distribution of the soil, as well as by the composition and
content of the exchangeable cations. The content of
exchangeable cations in the soil depends largely on the
calcium content. We studied the relation between
exchangeable calcium and hard-soluble silicon compounds in
soil. The average calcium content of the studied soils is 1000—
2290 mg/kg of Ca. The average values of the content of hard-
soluble silicon are 326-570 mg/kg in terms of SiO2. The
content of these compounds of silicon in the soil is 3,14,0
times lower than the content of calcium. There is a tendency
of increasing of the Ca/SiOz ratio with an increase of physical
clay content in the soils of the Makiyivtsi area (Table 2).

We proposed to evaluate the level of balance of silicon
compounds in agricultural lands by the content of readily
available (actual) and hard-soluble (potential) silicon
according to (Titova et al., 2011). The mean values of readily
available (actual) silicon of 21-40 mg/kg SiO2 and 301-
600 mg/kg SiO2 of hard-soluble (potential) silicon by this
graduation are attributed to the low deficit of silicon, and
values higher than 40 mg/kg SiO2 readily available and
higher than 600 mg/kg SiO2 hard-soluble mean no deficit
silicon balance.

When evaluating the silicon balance by the specified
graduation, we observe that the investigated soils of the
Khmelnytsky region have mainly low-deficient silicon
balance, both of readily-available and hard-soluble forms.
However, individual samples of the Mokiyivtsi area have an
average deficiency of silicon, in particular if the evaluation is
carried out on the content of readily available (actual) silicon
compounds in the arable layer of the studied soils.

According to the field studies of the microrelief as well as
the content of silicon, physicochemical properties, we
attracted the data form the Mokiivtsiarray. The different
features of the relief were analyzed.

The field M3-06 has almost flat surface, the height
difference in the studied area is not more than 2 m per
1000 m of length (Fig. 1).

The point M3-06-21 is on the most elevated level section
when the point M3-06-09 is in a small depression between
two rises. The content of physical clay (particles < 0,01 mm)
at these points is 32,7-32,4 %, the difference is insignificant.
The content of the sum of cations of calcium and magnesium
between points differs up to 1,7 mmol/100 g or 16,5 %
relative. The content of silicon compounds extracted with
0,1 M HCI at these points is 350 and 714 mg/kg. The
difference is 364 mg/kg or 52,4 % relatively (see Table 3).




~ 88 ~ B 1 C HU K KuiBcbkoro HauioHanbHoro yHisepcurerty imeHi Tapaca LleBueHka ISSN 1728-3817
Table 3
Physico-chemical properties of the soil and the content of silicon compounds of different solubility
of the points of selection according to the relief cartograms
Code Code H H.0 Humus Content of particles Ca+Mg, S)I(g'za,gt?grlz ei;g’&;':{:
of field of point PH 12 content, % <0,01 mm in soil texture mmol/100 g ppm ’ ppm ’
M3-06 M3-06-09 6,5 3,5 32,4 12,0 72 714
M3-06 M3-06-21 6,0 2,7 32,7 10,3 56 350
M8-03 M8-03-09 6,3 2,8 33,9 12,3 319 694
M8-03 M8-03-32 5,8 3,1 35,1 13,5 92 186

The next field M8-03 is characterized by much higher
dissected relief, has a slope in the north-eastern direction
with a height difference of 18 m by 1000 m in length (Fig. 2).
The point M8-03-32 is located on a steeper section of the
slope, where the height difference is up to 4 m by 50 lengths,
i.e. the slope is about 4,5-5. Point M8-03-09 is located at
the gentler section of the slope, with a concave shape of the
microrelief, the slope steepness does not exceed 2°.

N

\

According to the content of physical clay, these points have
similar values (33,9-35,1 %). The content of the sum of
cations of calcium and magnesium differs up to
1,2 mmol/100 or 8,8 % relative. The content of silicon
compounds extracted with 0,1 M HCI at these points is 186
and 694 mg/kg, the difference is 508 mg/kg or 73,2 %
relatively in favor of a point that is within the concave shape
of the terrain (see Table 3).

N\
/ » 22 O

> | \ 2/ V s A A
Fig. 2. Relief cartogram in section of heights of 1 m, field M8-03

Conclusions. The average values of the content of
readily-soluble silicon compounds in the investigated light
loamy and medium loamy soils of agricultural lands of
Khmelnitsky region Shepetivka district Mokiyivtsi area range
from 51 to 92 mg/kg SiO2, and the content of soluble
compounds is 326—570 mg/kg of SiO..

The results have shown that the content of silicon
compounds in soils are related to the particle size distribution
of the soil, the value of the exchangeable acidity, the content
of humus, and the composition and content of exchangeable
cations. The considered cases show that the content in the
soil of silicon extracted with 0,1 M HCI depends on the
features of the microrelief, can be an indicator of accumulative
and erosion processes, and is the parameter that varies more
intensely compared to the particle size distribution and
content of calcium exchange cations and magnesium. This
statement needs further research.

Acknowledgment. This study was supported by the
Ministry of Education and Science of Ukraine as apart of
research projects #110/4-np-2020 of National University of Life
and Environmental Sciences of Ukraine as well as #18BI1049-
01 of Taras Shevchenko National University of Kyiv.

Cnuncok BUKOPUCTaHUX axepen

Kpyrnos, O., MeHbwos, O., Ynbko, €., Kyuep, A., Hasapok, M. (2018).
IHAVKaLis epo3iHMX NpoLeciB y rpyHTOBOMY MOKpUBI XapkiBcbkoi obnacTi 3a
MarHiTHUMK aaHumn. BicHuk Kuigcbko2o HauioHanbHo20 yHieepcumemy
imeHi Tapaca Llles4eHka. [eonoeaisi, 82(3), 36—44.

MartblyeHkoB, B.B. (2008). Ponb NoABMXHBIX COEANHEHWUI KPEMHUS B pac-
TEHUsAX U cucTeme noysBa—pacTteHune. Asmopedg. ouc. ... 0-pa. buosn. Hayk.
MywwuHo.

MetbLos, O., Cyxopaaa, A. (2017). OcHoswu Teopii Ta MeToaomnorii reodi-
3UKM I'PYHTOBOrO MOKPUBY: MepLUi pe3ynbTaT NPaKTUYHOTO 3aCTOCYBaHHS.

BicHuk Kuiecbko20 HauioHanbHO20 yHieepcumemy imeHi Tapaca Llleg4yeHka.
leonozis, 79(4), 35-39.

Menbluos, O., Kyaepaseub, P., Monos, C., XomeHko, P., Cyxopaaa, A.,
YoboTok, . (2016) TepMmomarHiTHWiA aHania I'pyHTIB TEepUTOPIl NoKnazis Byr-
nesopHiB. BicHuk Kuigcbko20 HauioHanbHoO20 yHigsepcumemy imeHi Tapaca
LllesyeHka. eonoeis, 73(2), 33-37.

MeHbwwos, O.l. (2016). 3acTocyBaHHS MarHiTHUX MeTOAIB ANsl KOHTPOSIO
3MiH NPOAYKTMBHMX 3emMenb. [eogiduyrull xypHar, 38(4), 130-137.

TwutoBa, B.W., abaxosa, E.B., labaxos, M.B. (2011). Arpo-un 6ruoxmmumye-
CKne MeToAbl UCCreoBaHNA COCTOSIHUA aKkocucTeMm: y4eb. nocobre ans By-
30B. H. Hosropoa: W3a-so BBAIC, 73-84.

Towxa, O.11., Banaes, A.[., Mikocbka, O.B. (2017). dopmyBaHHsi Mikpob-
HOrO KOMMMEKCY YOPHO3EMY perpafoBaHOro 3a PisHUX CUCTEM YAOOPEHHS.
Haykosuli xypHan "PocrnuHHuymeo ma rpyHmo3Hascmeo”, (269), 148-153.

Bobos, I., Zavadska, O., Tonha, O., Olt, J., Fedosy, I. (2019). Optimization of
plant densities of dolichos (dolichos lablab L. var. lignosus) bean in the Right-bank
of Forest-steppe of Ukraine. Agronomy Research, 17(6), 2195-2202.

Coskun, D., Britto, D.T., Huynh, W.Q., Kronzucker, H.J. (2016). The role
of silicon in higher plants under salinity and drought stress. Frontiers in Plant
Science, 7, 1072.

Dychkovskyi, R., Shavarskyi, la., Saik, P., Lozynskyi, V., Falshtynskyi, V.,
Cabana, E. (2020). Research into stress-strain state of the rock mass
condition in the process of the operation of double-unit longwalls. Mining of
Mineral Deposits, 14(2), 85-94. https://doi.org/10.33271/mining14.02.085

Gadirov, V.G., Eppelbaum, L.V., Kuderavets, R.S., Menshov, O.l., Gadirov, K.V.
(2018). Indicative features of local magnetic anomalies from hydrocarbon deposits:
examples from Azerbaijan and Ukraine. Acta Geophysica, 66(6), 1463—1483.

Hurtado, A.C., Chiconato, D.A., de Mello Prado, R., Junior, G.D.S.S.,
Felisberto, G. (2019). Silicon attenuates sodium toxicity by improving nutritional
efficiency in sorghum and sunflower plants. Plant Physiology and Biochemistry,
142, 224-233.

Katz, O. (2019). Silicon content is a plant functional trait: implications in a
changing world. Flora, 254, 88—94.

Khan, A., Kamran, M., Imran, M., Al-Harrasi, A., Al-Rawahi, A., Al-Amri, |.,
... & Khan, A. L. (2019). Silicon and salicylic acid confer high-pH stress
tolerance in tomato seedlings. Scientific Reports, 9(1), 1-16.

Khmelovskyi, V., Rogach, S., Tonkha, O., Rosamaha, Y. (2019). Quality
evaluation of mixing fodder by mobile combined units. Engineering for Rural
Development, 18, 299-304.



ISSN 1728-2713

FEONOrIS. 3(90)/2020

~ 89 ~

Landré, A., Cornu, S., Meunier, J. D., Guérin, A., Arrouays, D., Caubet, M.,
... Saby, N. P. A. (2020). Do climate and land use affect the pool of total silicon
concentration? A digital soil mapping approach of French topsoils.
Geoderma, 364, 114-175.

Lozynskyi, V., Medianyk, V., Saik, P., Rysbekov, K., Demydov, M. (2020).
Multivariance solutions for designing new levels of coal mines. Rudarsko
Geolosko Naftni Zbornik, 35(2), 23-32. https://doi.org/10.17794/rgn.2020.2.3

Mank, V., Tonkha, O., Galimova, V., Surovtsev, S., Menshov, O., Bukova, O.,
Rogovskiy, I. (2019). Electrochemical investigation of cobalt absorbtion
processes by soils of Ukraine Visnyk of Taras Shevchenko National
University of Kyiv. Geology, 86(3), 34—39.

Menshov, O., Spassov, S., Camps, P., Vyzhva, S., Pereira, P.,
Pastushenko, T., Demidov, V. (2020). Soil and dust magnetism in semi-urban
area Truskavets, Ukraine. Environmental Earth Sciences, 79, 1-10.

Menshov, O., Kruglov, O., Vyzhva, S., Nazarok, P., Pereira, P.
Pastushenko, T. (2018). Magnetic methods in tracing soil erosion, Kharkov
Region, Ukraine. Stud. Geophys. Geod., 62, 681-696.

Palianytsia, B., Kulik, T., Dudik, O., Cherniavska, T., Tonkha, O. (2014).
Study of the thermal decomposition of some components of biomass by
desorption mass spectrometry. International Congress on Energy Efficiency
and Energy Related Materials (ENEFM2013), Springer, Cham, 19-25.

Ranjbar, S.S., Motesharezadeh, B., Moshiri, F., Hosseini, H.M., Alikhani,
H.A. (2019). Silicon Utilization Efficiency of Different Wheat Cultivars in a
Calcareous Soil. Silicon, 11(4), 2159-2168.

Rios, J.J., Martinez-Ballesta, M.C., Ruiz, J.M., Blasco, B., Carvajal, M.
(2017). Silicon-mediated improvement in plant salinity tolerance: the role of
aquaporins. Frontiers in plant science, 8, 948.

Tabachenko, M., Saik, P., Lozynskyi, V., Falshtynskyi, V., Dychkovskyi R.
(2016). Features of setting up a complex, combined and zero-waste gasifier
plant. Mining of Mineral Deposits, 10(3), 37-45. http://dx.doi.org/
10.15407/mining10.03.037

Tonkha, O.L., Sychevskyi, S.O., Pikovskaya, O.V., Kovalenko, V.P.
(2018). Modern Approach In Farming Based On Estimation Of Soil Properties
Variability. 12th International Conference on Monitoring of Geological
Processes and Ecological Condition of the Environment.

References

Bobos, I., Zavadska, O., Tonha, O., Olt, J., Fedosy, I. (2019). Optimization of
plant densities of dolichos (dolichos lablab L. var. lignosus) bean in the Right-bank
of Forest-steppe of Ukraine. Agronomy Research, 17(6), 2195-2202.

Coskun, D., Britto, D.T., Huynh, W.Q., Kronzucker, H.J. (2016). The role
of silicon in higher plants under salinity and drought stress. Frontiers in Plant
Science, 7, 1072.

Dychkovskyi, R., Shavarskyi, la., Saik, P., Lozynskyi, V., Falshtynskyi, V.,
Cabana, E. (2020). Research into stress-strain state of the rock mass
condition in the process of the operation of double-unit longwalls. Mining of
Mineral Deposits, 14(2), 85-94. https://doi.org/10.33271/mining14.02.085

Gadirov, V.G., Eppelbaum, L.V., Kuderavets, R.S., Menshov, O.l., Gadirov,
K.V. (2018). Indicative features of local magnetic anomalies from hydrocarbon
deposits: examples from Azerbaijan and Ukraine. Acta Geophysica, 66(6),
1463-1483.

Hurtado, A.C., Chiconato, D.A., de Mello Prado, R., Junior, G.D.S.S,,
Felisberto, G. (2019). Silicon attenuates sodium toxicity by improving nutritional
efficiency in sorghum and sunflower plants. Plant Physiology and Biochemistry,
142, 224-233.

Katz, O. (2019). Silicon content is a plant functional trait: implications in a
changing world. Flora, 254, 88-94.

Khan, A., Kamran, M., Imran, M., Al-Harrasi, A., Al-Rawahi, A., Al-Amri, |,

. Khan, A. L. (2019). Silicon and salicylic acid confer high-pH stress
tolerance in tomato seedlings. Scientific Reports, 9(1), 1-16.

0. ToHxa', a-p c.-r. Hayk, npod.,

E-mail: oksana16095@gmail.com;

0. BukoBa?, 3aB. nab.;

O. MNikoBcbKa', KaHA. c-r. HayK, Aow,.;

l. ®epocin', kaHa. c-r. HayK, Aou.;

O. MeHbLWoOB?, A-p reosn. HayK, CTapLl. HayK. cniBpo6.,
E-mail: menshov.o@ukr.net;

A. Wenenb*, kaHA. c-r. HayK, AoL,.;

'HauioHanbHuit yHiBepcuTeT 6iopecypcis i npMpoaoKopmcTyBaHHsA YKpaiHu,

Byn. lepoiB o6opoHu, 17, Kuis, 03041, YkpaiHa;

2TOB NoTieka-EniT, XMenbH1UbKMUM, YKpaiHa;

3KuiBCcbKMUI HaUioHanbHWIA yHiBepcuTeT imeHi Tapaca LLleBuyeHka,

HHI "lHcTuTtyT Feonorii”, Byn. BacunbkiBcbka, 90, KuiB, 03022, YkpaiHa,
4XepcOHCbKUI AepXKaBHUIA arpapHuUi yHiBepcuTeT, XepcoH, YkpaiHa

Khmelovskyi, V., Rogach, S., Tonkha, O., Rosamaha, Y. (2019). Quality
evaluation of mixing fodder by mobile combined units. Engineering for Rural
Development, 18, 299-304.

Kruglov, O., Menshov, O., Ulko, E., Kucher, A., Nazarok, P. (2018). Soil
erosion indication by magnetic methods in Kharkiv region.
VisnykofTarasShevchenkoNationalUniversityofKyiv. Geology, 82(3), 36—44.
[in Ukrainian]

Landré, A., Cornu, S., Meunier, J. D., Guérin, A., Arrouays, D., Caubet, M.,
... Saby, N. P. A. (2020). Do climate and land use affect the pool of total silicon
concentration? A digital soil mapping approach of French topsoils. Geoderma,
364, 114-175.

Lozynskyi, V., Medianyk, V., Saik, P., Rysbekov, K., Demydov, M. (2020).
Multivariance solutions for designing new levels of coal mines. Rudarsko
Geolosko Naftni Zbornik, 35(2), 23-32. https://doi.org/10.17794/rgn.2020.2.3

Mank, V., Tonkha, O., Galimova, V., Surovtsev, S., Menshov, O., Bukova,
0., Rogovskiy, I. (2019). Electrochemical investigation of cobalt absorbtion
processes by soils of Ukraine Visnyk of Taras Shevchenko National
University of Kyiv. Geology, 86(3), 34-39.

Matychenkov, V.V. (2008). The role of mobile silicon compounds
in plants and the soil-plant system. Extended abstract ... Doctor's
thesis(Biol. Sci.). Pushchino. [in Russian]

Menshov, O., Spassov, S., Camps, P., Vyzhva, S., Pereira, P.,
Pastushenko, T., &Demidov, V. (2020). Soil and dust magnetism in semi-
urban area Truskavets, Ukraine. Environmental Earth Sciences, 79, 1-10.

Menshov, O., Kruglov, O., Vyzhva, S., Nazarok, P., Pereira, P. and
Pastushenko, T. (2018) Magnetic methods in tracing soil erosion, Kharkov
Region Ukraine. Stud. Geophys. Geod., 62, 681-696.

Menshov O., Sukhorada A. (2017). Basic theory and methodology of soil
geophysics: the first results of application. Visnyk of Taras Shevchenko
National University of Kyiv. Geology, 79(4), 35-39. [in Ukrainian]

Menshov O., Kuderavets R., Popov S., Homenko R., Sukhorada A.,
Chobotok I. (2016). Thermomagnetic analyzes of soils from the hydrocarbon
fields. VisnykofTarasShevchenkoNationalUniversityofKyiv. Geology, 73(2),
33-37. [in Ukrainian]

Menshov, O.l. (2016). Magnetic method applying for the control of productive
land degradation. Geofizicheskiy Zhurnal, 38(4), 130—-137. [in Ukrainian]

Palianytsia, B., Kulik, T., Dudik, O., Cherniavska, T., Tonkha, O. (2014).
Study of the thermal decomposition of some components of biomass by
desorption mass spectrometry. International Congress on Energy Efficiency
and Energy Related Materials (ENEFM2013), Springer, Cham, 19-25.

Ranjbar, S.S., Motesharezadeh, B., Moshiri, F., Hosseini, H.M., Alikhani,
H.A. (2019). Silicon Utilization Efficiency of Different Wheat Cultivars in a
Calcareous Soil. Silicon, 11(4), 2159-2168.

Rios, J.J., Martinez-Ballesta, M.C., Ruiz, J.M., Blasco, B., Carvajal, M.
(2017). Silicon-mediated improvement in plant salinity tolerance: the role of
aquaporins. Frontiers in plant science, 8, 948.

Tabachenko, M., Saik, P., Lozynskyi, V., Falshtynskyi, V., Dychkovskyi, R.
(2016). Features of setting up a complex, combined and zero-waste gasifier
plant. Mining of Mineral Deposits, 10(3), 37-45. http://dx.doi.org/10.15407/
mining10.03.037

Titova, V.l., Dabahova, E.V., Dabahov, M.V. (2011). Agro- and biochemical
methods of investigation of agroecosystems stage. N. Novgorod, 73-84. (in
Russian).

Tonkha, O.L., Balayev, A.D., Pikovska,0.V. (2017). Formuvannya mikrobnoho
kompleksu chornozemu rehradovanoho za riznykh system udobrennya. Naukovyy
visnyk NUBIP. Seriya Ahronomiya, 269, 148—153. [in Ukrainian]

Tonkha, O.L., Sychevskyi, S.O., Pikovskaya, O.V., Kovalenko, V.P.
(2018). Modern Approach In Farming Based On Estimation Of Soil Properties
Variability. 72th International Conference on Monitoring of Geological
Processes and Ecological Condition of the Environment.

Hapivwna po peakonerii 25.05.20

BMICT KPEMHIIO TA ®I3UKO-XIMIYHI BNACTUBOCTI FPYHTIB XMEJIbHULIbKOT OBNACTI

Kpemwiii eidiepae saxnugy posb y pocmi Ui po3eumky pociuH, ixHboi cmilikocmi do cmpecosux ymos. OOHak docidkeHHs1 eMicmy pi3HUX ¢ghopm
KpeMHilo 8 rpyHmax, ixHb020 83a€M038'A3Ky 3 KamioHaMu rpyHmie obmexeHi, ujo ocobs1u8o aKkmyasibHO 8 KOHmMeKcmi iHMeHCU8HO20 CiNlbCbKO20
2ocnodapcmea ma apudusayii knimamy e YkpaiHi. Memoro npedcmaeneHo20 AocnidxeHHs1 6y/10 su3Ha4YeHHs1 eMicmy CroJlyK KPeMHiro pi3Hoi pyxo-
mocmi 8 opHuUx rpyHmax XmenbHuybKoi o6racmi, ideHmudgbikayiss npocmopoesux 3MiH yux napamempie, a MaKoXx eUsI8JIEHHS 3aJ1eXKHOCMI MiX eMic-
MoM crnoslyK KpeMHito i po3mMipom 4acmuHok rpyHmy. [ocnidxeHHs1 nposodusnocsi Ha OinsHyi TOB "Jlomieka Enim" Lllenemiecbko20 palioHy
XmenbHuybKoi o6r1acmi 8 nosbosill ciso3miHi. [ns 3pa3skie rpyHmy 6ynu eusHayeHi: po3nodin yacmok 3a po3mipamu, emicm ¢hpakyili pi3Ho20 epa-
HyJsIOMempuy4Ho20 cknady 0ns pi3Hux enemeHmie, pH ekcmpakuyii coni (1,0 M po34ux KCI), emicm 2ymycy, kanbyil i Ma2Hili 06MiHHUX crionyk npu
ekcmpakyii 1,0 M po34uHy KCI. Pesynbmamu noka3anu, wo eMicm croJsiyk KpeMHito e rpyHmax 3anexums eid epaHysioMempu4Ho20 cknady, eenu-
4YuHU 06MiHHOT KUCIOMHOCMI, 8Micmy 2ymycy i cknady o6MiHHUX KamioHis. Y rpyHmi kpemHill, ekcmpazoeaHuii 0,1 M HCI, 3anexums eid ocobnueo-
cmeli Mikpopenbegy, Moxe 6ymu iHOUKamMoOpoOM HaKonuyyeaslbHUX ma epo3iliHuUxX npouyecie i € napamempom, sAKUli 3MiHIOEMbCS iHMeHcu8HiIwe
MoOpieHsIHO 3 2paHy/IOMempPUYHUM CKI1adoM i eMicmoM kamioHie 06MIHHO20 Kanbyito i MazHito.

Knroyoei cnoea: kpemHiti, kamioHu rpynmie, peakuyisi rpyHmie, o6MiHHi kamioHu, mekcmypa rpyHmis.
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COAEPXXAHMUE KPEMHUA U ®U3UKO-XUMUYECKUE CBOUCTBA NMOYB XMENbHULIKOMA OBNACTU YKPAUHDI

KpemHuli uzpaem eaxxHyro posib 8 pocme u pa3eumuu pacmeHull, ux ycmoul4ueocmu K cmpeccoebiM ycriosusiM. OHakKo uccriedoeaHusi code-
PXKaHUus1 pa3/iu4HbIX GhOPM KPEMHUSI 8 NoYeax, UX 83auMOCesI3U C KamuUoHaMu 1oY4e o2paHu4eHbl, 4YmMo 0CO6eHHO aKmyaslbHO 8 KOHMeKCMme UHMeH-
CUBHO20 ce/lbCKO20 xo3silicmea u apudu3ayuu knumama e YkpauHe. Llenbto Hacmosiwezo uccrnedoeaHusi 6bino onpedesieHue codepiKaHusi
coeduHeHUl KpeMHUs1 pa3/iudHOU NModeUXXHOCMU 6 NnaxomHbIX noyeax XmesbHuUUKol obnacmu, npocmpaHCcMeeHHOe USMEeHeHUe 3mux napaMem-
poe, a makxxe ebisig/ieHUe 3agucuMocmu mMexoy codepxxaHueM coeOUHeHUl KpeMHUs1 U pa3aMepoM Yacmuy no4venl. UccnedosaHue npoeodusiock Ha
yyacmke OOO "Jlomoeka 3num” Lllenemoeckozo paliona XMenbHUykol obnacmu e nosegom cegaoobopome. [jnsi o6pa3yoe no4yseni 6bi1u onpede-
JneHbl: pacnpedesieHue Yyacmuy no pasmepam, codepxaHue hpakyuli pa3Ho20 2paHy/IOMempu4ecKko20 cocmasa 0/1s1 pas3/iudHbIX demeHmos, pH
akcmpakyuu conu (1,0 M pacmeop KCI), codepxaHue 2ymyca, kanbyuli U Ma2HuUli 06MeHHbIx coeduHeHul npu akcmpakyuu 1,0 M pacmeopa KCI.
Pe3ynbsmambi noka3zanu, ymo codepxxaHue coeOUHeHUl KpeMHUsI 8 noYeax 3asucum om 2paHysloMempu4yecKko20 cocmasa no4ebl, 8eu4UHbl 06-
MeHHOU KucsiomHocmu, codepaHusi 2ymyca U cocmaea o6MeHHbIX KamuoHos. B no4yee kpemHuli, akcmpazupoeaHHbili 0,1 M HCI, 3asucum om
ocobeHHocmeli MUukpopesnibegha, Moxkem 6bimb UHOUKamMOPOM HaKONMUMesIbHbIX U 3PO3UOHHbIX MPOYECCO8 U se/siemcsi napamempoM, Komopbii
u3smeHsiemcsi 6o/1ee UHMEHCUBHO M0 CPAaBHEHUIO C 2paHy/IoMempuUYeCKUM cOCMaeoM U codep)kaHUeM KamuoHO8 06MEeHHO20 KalbUyusi U Ma2HUsl.

Knroyeenbie crnoea: kpemMHul, KamuUOHbI M046kI1, Ppeakyusi NoYebl, 06MeHHbIe KamUOHbI, MeKcmypa no4esbl.



