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Abstract. One of the most common elements in the earth's crust is silicon. In soils,
its content varies widely. One hundred years ago, to the role of silicon in agriculture
and human nutrition was not paid attention. But with the intensification of agricultural
production in addition to the basic elements, nitrogen, phosphorus, potassium, the
importance of which for crop yields is recognized, much attention was paid to secondary
and trace elements, in particular, silicon.

The aim of the research was to determine the content of soluble silicon compounds
in the arable layer of chernozem-type soils depending on their particle size distribution.
The research was conducted on arable lands of Novoushitsky district of Khmelnytsky
region. In soil samples were determined: particle size distribution and content of fractions
of different sizes according to SSTU 4730:2007; pH of salt extract according to SSTU ISO
10390:2001; humus content according to SSTU 4289:2004; the content of exchangeable
compounds of calcium and magnesium by extraction with 1.0 M KCl solution. Silicon
compounds in soils were determined by the method of Mullen and Riley with extraction
of silicon by the method of V.V.Matichenkov.

Studies that were conducted on agricultural soils of Khmelnytsky region have shown
that the content of silicon compounds in soils is related to the particle size distribution of
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the soil, the values of exchangeable acidity, humus content, as well as the composition and
content of exchangeable cations. The average values of readily-available silicon compounds
in the studied soils of agricultural lands of Novoushitsky district of Khmelnytsky region range
from 87 to 120 ppm SiO2, and hard-soluble - 520-854 ppm SiO2. To assess the content
of silicon compounds in the soils of Ukraine and the need for the use of silicon fertilizers,
we propose to use the ratio of the content of readily-available (active) and hard-soluble
(potential) silicon. Optimal values should be 3-4 for the ratio of exchangeable calcium to
fixed silicon, and 5-6 for the ratio of hard-soluble to readily-available silica. The studied soils
of Novoushitsky district of Khmelnytsky region have low-deficient and non-deficient balance
of silicon, both of readily-available and hard-soluble forms. Since the yield of winter wheat
was closely related to the content of readily-available silicon compounds (r = 0.74 + 0.09), it

is important to continue research on the use of silicon fertilizers.
Key words: readily-available silica, hard-soluble silica compounds, reaction of soil
medium, exchangeable cations, particle size distribution of soil.

Actuality.

The intensification of agricultural
production leads to an increase in the
number of elements that are involved
in the biological cycle. Including meso-
and microelements, which are in the soil,
become part of crops during their culti-
vation and are removed from the crop.
Silicon is a micronutrient of ash type
and is an integral part of any plant or-
ganism. The silicon content in the ash of
cultivated plants ranges on average from
0.16 to 8.4%. The largest amount of Si
is contained in cereals - up to 8-16%,
and in the rice plant - up to 15-20% SiO,
(Opraniunmii kpemuid, 2016). The aim
was to study the content of silicon com-
pounds of different mobility in soils and
its relationship with soil physicochemi-
cal parameters, yield of winter wheat.

Ananiz ocmanuix 00cionceHv
ma nyO6nikauiii.

Large-scale studies of the effect of sil-
icon on crop yields have begun relatively
recently. The results of many studies con-
firm that silicon compounds can promote

better plant development, alleviate the ef-
fects of negative biotic and abiotic factors,
and increase yields in both stressful and
non-stressful conditions (Ma J. F., 2004).
The ability of the root system to absorb
silicon distinguishes monocotyledonous
plants, which include cereals, as those
that effectively use silicon from the soil,
and dicotyledons, which include legumes,
most vegetable crops, as those in which
is the low ability to absorb silicon com-
pounds from soil. The largest consumers
of silicon among cultivated plants are sug-
ar cane and rice (Jian F. M., Tamai K., Ya-
maji N., et al., 2006; Casey W. H. At all.,
2004; Mitani N., Ma J. F., 2005) Typical
plants that like silica are sunflower, table
and sugar beet, cereals (especially rice,
wheat and barley), and some berry crops,
such as strawberries. The use of silicon
fertilizers had a positive effect on crops
from the families of cereals, legumes,
nightshade, pumpkin, quince, root, grape
and others (Opraniuauii kpemHii, 2016).

According to M.P.Kolesnikov, plants
absorb silicon from the soil solution in
the form of ions (Si0,*) and (SiO,*), as
well as in the form of mono-silicic ac-
ids ( H,SiO, and H,SiO,), which in cell
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juice are converted into silicon gel SiO,
x nH,O . Then there is its biochemical
binding with cell polymers (proteins and
carbohydrates) and accumulation on the
surface of cell walls, in integumentary
tissues (surface layers of the epidermis
of leaves and roots, bark), or in vari-
ous types of phytoliths (organomineral
formations - globules that make up me-
chanical plant tissue). The formation of
integumentary and conductive tissues of
the plant, in fact, is accompanied by the
formation of a double cuticular layer in
the intercellular spaces inside the cells,
which is a silicon-cellulose membrane
(Opraniunnii kpemHiit, 2016).

The availability of silicon for plants
from silicon-containing fertilizers depends
on the acidity. Acidic soils are considered
more depleted, and therefore respond better
to silicon fertilizers. When conducting re-
search on acidic, neutral and alkaline soils,
there was an increase in crop yields on all
these soils (Ohyama N., 1985). It is noted
that there is a positive correlation between
the supply of silicon and phosphorus in
plants. This situation is explained both in
terms of the direct effect of silicon on the
availability of phosphorus (Mitani N., Ma J.
F., 2005), and indirect - silicon reduces the
supply of manganese and iron to plants, and
these elements are phosphorus antagonists.
Accordingly, the supply of phosphorus in
plants increases. Relevantly, the conditions
under which a large number of mobile com-
pounds of iron and manganese are observed
in soils that are formed in acidic soils and in
soils that have wet conditions.

Studies (Ma J. F., 2004; Matychen-
kov V. V., Ammosova Y. M., 1996) show
that the use of silicon reduces salt stress
in plants in arid conditions. Because this
element helps to increase the ability of
the root system to absorb water, root ac-
tivity increases and transpiration reduces.
Also, silicon is involved in regulating the

activity of enzymes, which increase the
ability to absorb potassium by plant cells
and reduce the absorption of sodium.

Some authors in studying the effect
of silicon compounds on crop yields in
vegetation and field experiments with
unregulated moisture supply found that
the effectiveness of silicon is higher in
adverse weather conditions of the grow-
ing season (drought and high tempera-
tures). The effectiveness of the use of sil-
icon-containing compounds to improve
drought resistance and productivity of
plants is mostly determined by species
and varietal characteristics of cultivat-
ed crops (Mitani N., Ma J. F., 2005;
TuroBa B.U., JIabaxosa E.B., /labaxoB
M.B., 20011; Tonkha O.L. ; Dzyazko,
Y.S., 2014; Tonkha O.L. at all, 2018;
[TixoBchka O.B., Bitsinpka O.1., 2016).

The aim of the research was to eval-
uate the dependence of the content of
silicon compounds of different mobility
on the physicochemical parameters of
soils of heavy texture of Novoushitsky
district of Khmelnytsky region.

Research methodology.

The research was conducted on arable
lands of Novoushitsky district of Khmel-
nytsky region. Crops grown on these ara-
ble lands: corn, sunflower, winter wheat,
soybeans. Soils of the territory - cherno-
zems podzolized heavy loam and light
clay on loess, have erosion of different
intensity. The humus content in the up-
per layer is up to 2.5-2.9 %. Availability
of mobile phosphorus compounds - from
low to high, mobile potassium - from
high to very high. Soil samples were tak-
en from a depth of 0-25 cm in the amount
of 44 soil samples by randomization ac-
cording to ISO 10381-2. Preparation for
chemical analysis was carried out in ac-
cordance with SSTU ISO 11464-2001.
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In soil samples were determined:
particle size distribution and content of
fractions of particles of different size ac-
cording to SSTU 4730:2007; pH of salt
extract according to SSTU ISO 10390:
2001; humus content according to SSTU
4289:2004; the content of exchangeable
compounds of calcium and magnesium
by extraction with 1.0 M KCI solution.
Silicon compounds in soils were deter-
mined by the method of Mullen and Riley
with extraction of silicon by the method
of V.V. Matichenkov. This method allows
to determine the content of monosilic-
ic acids in the soil. Silicon compounds
were determined in 2 types of extractants:
readily-available (actual) silicon was de-
termined by extraction with 0.01 M CaCl,
solution, hard-soluble (potential) silicon
was determined by extraction with 0.1 M
HCI, in the ratio soil:solution 1:10, time
of interaction of soils with extraction solu-
tions was 1 hour.

Research results

Organic silicon is multifunctional
and has two types of impact on crop
yields: direct impact on plants and in-
direct - through soil or soil fertility.
Today, studies aimed at assessing the
content of silicon compounds, their re-
lationship with other elements in soils
for agricultural use are becoming wide-
spread. In our opinion, it is important
to quantify the content of silicon com-
pounds in soils of different texture, as
well as to find the relationship between
the dynamics of silicon compounds and
physical-chemical properties and the
composition of exchangeable cations.

The analyzed samples of the arable
layer of soils were grouped by the content
of the fraction of physical clay, particle
size less than 0.01 mm, in the following
groups: 40.1-45.0%, 45.1-50.0% (heavy

loam soils), 50, 1-55.0%, 55.1-60.0%
(clay soils). For each group of samples,
the mean values of the studied indica-
tors are derived, as well as the calculated
standard deviations, which are presented
in relative percentages. We assume that if
the standard deviation of individual val-
ues from the mean is less than 30%, it is
possible to draw conclusions with high
reliability about the patterns and relation-
ships between indicators. The exchange-
able acidity of the studied soils averaged
4.4-47 pH units, dependence on the
studied soil textures is not observed. This
reaction belongs mainly to the medium
acid, i.e. soils are unsaturated by bases.
The average values of humus content
tend to increase from heavy loam to light
clay texture, and varies from 1.8 to 2.4%
on average. The amount of exchangeable
cations of calcium and magnesium in-
creases with increasing of physical clay
content in soils, on average from 10.0 to
16.4 mmol/100 g of soil (table 1, Fig. 1).

The content of exchangeable cations
in the soil of Novoushitsky district is rep-
resented mainly by calcium. From this po-
sition, the content exchangeable calcium
and magnesium compounds was studied
in the soils of different texture and rela-
tionship with soluble silicon compounds.
The average values of exchangeable cal-
cium content in the studied soils are 1750-
2790 ppm, exchangeable magnesium
-183-302 ppm (Table 2).

According to the removal of silicon, all
plants are divided into two groups: plants
with low removal (usually dicotyledons
- potatoes, buckwheat, clover, etc.) and
plants with high removal (mostly mono-
cotyledonous families, such as cereals). It
is also noted that all plants remove silicon
slightly more than other macronutrients.
For example, for potatoes, the amount of
SiO, removal varies from 50 to 70 kg / ha,
for cereals - from 100 to 300 kg / ha.
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1. Granulometric composition and some physical and chemical properties
of the investigated soils of the Khmelnytsky region, Novoushitsky district,
mean values and standard deviations

— | Content of granulomentric particles of different

G b = sizes pH, salt Humus
roups by 3 tracti tent, 9
physical clay | 2 E | <0.01 mm, % | <0,005 mm, % | <0,001 mm, % | Xaction | content, %

rticl = - - - - -
@otmm) |£E| 8 |EE| u |EE| w | EE| v |EE| u|EE
content in soil | & g £ | 82 £ |82 S |82 5|82 § |ES
“%| 2 | 85| 2 | 85| 5 | 85| 5|85 ¢ |5
o= o X o o <X

40,1-45,0% 10 | 43,0 3 33,8 6 21,5 | 20 |44 | 11 | 1,8 | 17
45,1-50,0% 15 | 47,2 4 36,4 12 | 250 10 [47] 9 |22 14
50,1-55,0% 13 | 51,6 2 423 4 30,0 8 46 | 7 |24 ] 13
55,1-60,0% 6 56,2 1 444 10 | 323 19 [ 45 ] 11 | 23| 22

The minimum (critical) for most
plants concentration of monosilicic ac-
ids in the soil solution is 20 ppm (Ca-
sey W. H. At all,, 2016). Higher con-
tent increases the germination of cereal
seeds, ripening of corn cobs, increases
the accumulation of starch in potato tu-
bers. Organic silicon is involved in the
processes of phosphorylation of car-
bohydrates. This enhances the synthe-
sis of simple sugars and increases the

Nymyc, %
N651-7
M6,01-6,5
551 -6
Bm501-55
m451-5
[J401-45
351-4
[§301-35
251-3
Em201-25
m151-2
Em0-15

K

starch content of cereals, sugar content
of beets, citrus and berry crops. Aver-
age values of readily-available (actual)
silicon at the level of 21-40 ppm SiO,
and 301-600 ppm SiO, hard-soluble
(potential) silicon according to this
gradation refer to low-deficit silicon
balance, and values higher than 40
ppm SiO, readily available and higher
than 600 ppm of hard-soluble SiO, - to
non-deficit balance.

Fig. 1. Cartogram of the humus content of the field with the content
of physical clay 45-50%
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2. Exchangeable calcium and magnesium compounds in soils
of the Khmelnytsky region, Novoushitsky district, mean values and standard

deviations
Content of sum of
Groups by Exchangeable Exchangeable
physical clay Amoupt calcium content, Ca, | magnesium content, exchangeable bases
. of soil m M m Ca+Mg, mmol/100
0 oy | samples | PP il g sol

contént in soil analyzed average deviation, averace deviation, average deviation,
8% | o relative &% | o4 relative €C | o4 relative

40,1-45,0% 10 1750 19 183 37 10,0 17

45,1-50,0% 15 2060 12 248 34 12,4 15

50,1-55,0% 13 2520 9 302 24 15,1 9

55,1-60,0% 6 2790 19 295 25 16,4 20

The content of readily-available
silicon compounds in the studied soils
averages 87-120 ppm. At the same time
significant (31-59%) relative deviations
of individual values from averages are
observed in heavy textured soils. The
average values of hard-soluble sili-
con compounds in the studied soils are
520-854 ppm, the standard deviation of
individual values from the averages is
17-31%. That is, the content of these sil-
icon compounds in soils is 3.3-4.0 times
lower than the content of exchangeable
calcium. In the soils of Novoushitsky
district there is slight relationship be-
tween the change in the ratio of Ca/SiO,

and an increase in the content of physi-
cal clay in soil. The largest values of this
ratio are observed when the content of
physical clay in the soil is 45.1-55.0%,
decreasing at both lower and higher
content of physical clay in the soil.

In the soils of Novoushitsky district
there is a tendency to increase the con-
tent of hard-soluble silicon compounds
with an increase from of the fraction of
physical clay 40 to 60% (table 3).

For conclusions on the assessment
of the content of silicon compounds in
the soils of Ukraine and the need for
the use of silicon fertilizers, we propose
to use the ratio between the content of

3. Content of silicon compounds of different fractions in soils of Khmelnytsky
region, Novoushitsky district, mean values and standard deviations

- | Readily-available| Hard-soluble o8 » E
Groups by E 8 | siliconcontent, | siliconcontent, | =8 P g g
physical clay = SiO,, ppm SiO.ppm |, &g 5 o B 25
particles *gg ° g0 ° =2 ‘sgéz SEESE
(0ormm) |\ £2 | ¥ | 2F | F | 2% P25 233g
content in soil E g % =2 % =2 =S 2 Az
% LS oS R OZS|l & =
40,1-45,0% 10 101 59 520 31 5,1 34
45,1-50,0% 15 87 51 514 31 5,9 4,0
50,1-55,0% 13 112 52 671 17 6,0 3.8
55,1-60,0% 6 120 31 854 27 7,1 33
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readily-available (active) and hard-sol-
uble (potential) silicon. Optimal values
are observed as 3-4 for the ratio of ex-
changeable calcium to hard-soluble sil-
icon, and 5-6 for the ratio of hard-sol-
uble (potential) to readily-available
(active) silicon. The studied soils of
Novoushitsky district of Khmelnytsky
region have low-deficient and non-defi-
cient balance of silicon, both easily-ac-
cessible and hard-soluble forms. The
yield of winter wheat is closely related
to the content of readily available sili-
con compounds and the correlation co-
efficient is R = 0.74 £+ 0.09, it is import-
ant to continue research to establish the
norms of silicon fertilizers.

Conclusions.

The average values of easily-avail-
able silicon compounds in the stud-
ied soils of agricultural lands of No-
voushitsky district of Khmelnytsky
region range from 87 to 120 ppm SiO,,
and the average content of hard-solu-
ble compounds is 520-854 ppm SiO,.
Studies show that the content of silicon
compounds in soils is associated with the
particle size distribution of the soil, the
values of exchangeable acidity, humus
content, as well as the composition and
content of exchangeable cations. To as-
sess the content of silicon compounds in
the soils of Ukraine and the need for the
use of silicon fertilizers, we recommend
to use the ratio between the content of
readily- available (active) and hard-sol-
uble (potential) silicon. The studied soils
of Novoushitsky district of Khmelnytsky
region have low-deficient and non-de-
ficient balance of silicon, both easi-
ly-available and hard-soluble forms. The
correlation coefficient between the yield
of winter wheat and the content of read-
ily-available silicon is R = 0.74 £ 0.09.
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Axomayisi. OOHUM i3 HalinowupeHiwux enemeHmis 3eMHOI Kopu € KpemHit. Y rpyHmax tioeo emicm
cymmeso eapitoembcs. Cmo poKie Momy Ha Posib KPEMHItO 8 CirlbCoKoMY 20Cro0apcmsi ma Xap4yeaHHi
M0OUHU He 3eepmanu ysaeu. Ane 3 [HMeHCUIKayjiero CinbCbKo2ocrnodapceKo2o 8UpobHULMEa,
OKpiM OCHOBHUX enemeHmig: azomy, ¢ocghopy, Kasito, saxausicme AKUX BUSHAEMbLCA Of1A BPOMAIO
CinbCbKO20CMOOAPCLKUX Kysibmyp, 8eaUKa yeaed MpuoinaeEMbCA 8MOPUHHUM ma MiKpoenemeHmam,
30Kpema KpemHito. Memotro 0ocnideHHA BYs10 BUSHAYEHHSA 8MICMY PO3YUHHUX CrOAYK KPEeMHito 8
OPHOMY WaApi rPyHMI8 YOPHO3EMHO20 MUITY 30/EHHO 8i0 iXHb020 PO3M00iny 3a PO3MIPAMU YACMUHOK.
LlocnioreHHa nposodunucs Ha pinai Hosoywuybkoeo patioHy XmensHuybKoi obaacmi. Y rpyHmosux
3pasKax 8uU3HA4asU: Po3rooisn YaCMUHOK 3a PO3MIPOM ma emicm ¢paky,ti pi3HUX po3mipie 32i0Ho 3 JCTY
4730: 2007; pH conbosozo ekcmpakmy 32i0Ho 3 CTY ISO 10390 : 2001, emicm 2ymycy 32i0Ho 3 JCTY 4289:
2004; emicm obMIHHUX CrIOYK Karbuito ma maeHito Yepe3 ekcmpakuiro 1,0 M poz4yuHom KCl. Crionyku
KpemHito 8 rpyHmax susHa4asau memooom MarnneHa ma Palini 3 8usy4yeHHAM KpemHito memooom B.
B. MamuyeHkosa. [locnioxeHHs, nposedeHi y rpyHmax XmesnsHUYbKoi obsaacmi, nokasanu, wo emicm
Cr1onyK KPEMHIto 8 rpyHmax noe’a3aHull i3 po3rodinom rpyHmy 3a po3mipamu YaCMUHOK, 3HAYEHHAMU
0OMIHHOIKUC/I0MHOCMI, BMICMOM 2yMYCY, 0 MAKOX}C 3i CKAAOOM Ma 8MICMOM 0OMiHHUX KamioHie. CepedHi
3HQYEHHA 1e2KOOOCMYMHUX CrOMYK KPEeMHito Ha OO0CAIOHCY8AHUX PyHMAX CilbCbKO20CTOOAPCLKUX
yeiob Hosoywiuybkoz2o palioHy XmesnbHuybKoi obnacmi cmaHoename ei0 87 0o 120 npomine SiO2, a
BAMKOPO3YUHHI - 520-854 npomine SiO2. [lna oyiHKu emicmy criosyk KpemHito 8 rpyHmax YkpaiHu ma
HeobXiOHOCMI BUKOPUCMAHHA KpeMHiegux 0ob6pue MporoHYEMO 8UKOPUCMO8Y8aMU Crli88iOHOWEHHA
8micmy s1e2Kko0oCMynHo20 (GKMUBHO20) Ma 8aHKOPO34YUHHOR20 (MomeHyiliHo2o) KpemHito. OnmumarneHi
3HaYeHHA MosUHHi 6ymu 3-4 055 6iOHOWEHHA OOMIHHO20 Karlbuyito 00 HEPYXOMO20 KpemHito ma
5-6 0na eidHoweHHs MBepAopPO3YUHHO20 00 /1e2KOOOCMYNHO20 KpemHesemy. [locnioneHi rpyHmu
Hosoywiuybkoeo patioHy XmenbHUybKoi obaacmi marome HusbkodediyumHuli ma HedegiyumHuli
601aHC KpeMmHito, AK 71e2Ko0oCMynHUX, MaK | 8aMKOPO34YUHHUX ¢hopm. OcKinbKu ypoxall o3umoi
nweHuyi 6ys micHo noe’a3aHull i3 8Micmom ne2ko0ocmynHUX croayK KkpemHito (r= 0,74 + 0,09), saxiueo
podosHUMu 00cniOHEeHH: U000 BUKOPUCMAHHS KpeMHieaux 00bpus.

Kntouoei cnoea: neckodocmynHuli 0ioKcUuO KpeMHito, 8aXKOPO3YUHHI COAYKU KpeMHe3emy,
peaKuis rpyHmogoao cepedosuyd, 0bMiHHI KAMioHU, po3ro0in rpyHmMy 3a Po3mMipamu YaCMUHOK.
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